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Abstract.

This resscnrt f was directed towards developing flexible,
operationally-oriented methodologies to assess the effectiveness of
conventional airfield attack. Two methodologies were pursued: computer
simulation and response surface methodology.. -

The computer simulation was based on the Attack Assessment Program
.(AAP) originally developed by. the University of Oklahoma for the Joint

Technic Coordinatin Group for Munitions Effec iv.ness and modified by
Captain Robert N. MigMin,--•A1, in 198. was modified
further to simplify input file generation, translated from FORTRAN VWto
PASCAL, and implemented on microcomputers. The PASCAL version of AAP
consists of four separate programs: three to build the input file and afourth, called AAPMOD, to accomplish the simulation. A user manual

provides complete documentation of the new implementation.

The response surface methodology (RSM) demonstrated how to predict
system responses in a simplified airfield attack scenario consisting of
two runways. A screening design, a first-order analysis, and a second-
order analysis were accomplished. The analysis employed least-squares
regression and various statistical tests to fit the response surfaces.
The report includes an overview of RSM.

The findings .oE-4 e. ie indicated that response surface
methodology was capable of determining optimum operating conditions, but
-only for very narrow ranges of the input parameters. The methodology
would offer little flexibility to aircrews during mission planning.
Further, changes to the target airdrome would dictate reaccomplishment
of the response surface fit.

The microcomputer program is recommended for t4fiely, .. conyentionfal
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Preface

A thesis effort is by no means a small undertaking, and in choosing
an area for analysis, we sought a topic that would be of wide interest.
Naturally, we wanted the analysis to be interesting to ourselves, and in
this vein, our extensive backgrounds in tactical air force fighter and
reconnaissance missions helped narrow the search. We wanted to spark
the interest of our advisor, Major James R. Coakley, a fighter pilot of
long standing. Further, we wanted to research an area of interest tc
the tactical air force community in general. Airfield attack certainly
is a complex problem, constantly discussed by a large number of r
interested parties, and worthy of analysis effort. Hence, the area of
airfield attack seemed perfect.

Simply stated, we could not have produced this thesis without the
assistance of a number of people. First, we must acknowledge the fine
efforts of Captain Robert N. Miglin, who wrote a thesis last year on the
same area of research. His project formed the basis for our follow-on
work, and it provided a wealth of information and references for which
we are grateful. Second, we are most appreciative of our thesis
advisor, Major James R. Coakley, for his instruction, advice,
assistance, motivation, and continuing support throughout our tenure at
the Air Force Institute of Technology, and especially during our thesis
research. Third, we thank Lt Col Palmer W. Smith for introducing us to
the area of Response Surface Methodology and greatly assisting us in
this difficult methodology. Finally, we would like to express our
gratitude to Lt Col Ivy D. Cook, Jr., our thesis reader, for his expert
opinions and invaluable suggestions.

It would have been impossible to complete this project without the

love, understanding, and support from our families. To them, we wish to
say a special word of thanks, and remind them that they, too, are an
important part of our nation's security becauseof their efforts to keep
us.performing at peak capacity.

THOMAS K. GREEN, Captain, USAF DAVID A. ROODHOUSE, Major, USAF
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Abstract

This research effort was directed towards. developing flexible,
operationally-oriented methoduop to assess the effectiveness of
conventional airfield attack.%_...W_methodologies were pursued: computer

," • simulation and response surface methodoI6gy.<Tbe • d i -• Thod eP6 A-

--Thbe computer simulatioi-_as based on the Attack Assessment Program
(AAP),--GaginaLl developed -by•-the4niversity of Oklahoma-for the Joint
Technical Coordinating Gr-up--fr-Munitions Effectivenessand modified by

.-' Captain Robert N. Miglin, USAF, in 1984. --7The program was modified
""" u• to simplify input file generation, trhnslated oem-FýGRRA to

PASCAL, and implemented on microcomputers. The PASCAL version of AAP
consists of four separate programs: three to build the input file and a
fourth, called AAPMOD, to accomplish the simulation. A user manual
provides complete documentation of the new implementation. 7k, 5-e r-00

.e response surface methodology (RSMrdemonstrated how to predict
system responses in a simplified airfield attack scenario consisting of
two runways. A screening design, a first-order analysis, and •-second-
order analysis were accomplished. The analysis employed least-squares
regression and various statistical testp to fit the response surfaces.
"The-report"rnc-ludes a overview of RSM"i•'-/ wi ti, -

The findings of the analysis indicated that ýresponse surfaceX MI
i .inmethodalogy was capable of determining optimum operating conditionsp but

only for very narrow ranges of the input parameters. The methodtogf---..
would offer little flexibility to aircrews during mission planning.
Further, changes to the target airdrome would dictate reaccomplishment
of the response surface fit. Air c ls- kna~j. 04s1 .k: eA

The microcomputer program is recommended for timely, conventional
airfield attack analysis at the wing and squadron levels.

x

,- . . * * ** >



AN ANALYSIS OF OPTIMAL RUNWAY ATTACK PARAMETERS

I. Introduction

Overview of the Report

This analysis investigates optimal attack parameters for fighter

and attack aircraft delivering conventional munitions against airfields.

The report is divided into chapters corresponding to the major areas of

emphasis. The chapters provide background material before describing

"more detailed implementations. Chapter I is an introduction to the

airfield attack problem. Chapter II considers previous efforts in the

area of airfield attack. Chapter III describes the Attack Assessment

Program--MODIFIED (AAPMOD), the computer model used in this analysis.
Chapter IV describes modifications to AAPMOD and its loading program

(AAPIN). Chapter V covers the initial screening experiment conducted to

eliminate insignificant variables. Chapter VI provides a primer for

Response Surface Methodology (RSM), which combines previously developed

mathematical tools to find predicted system responses and optimum

operating conditions. Chapter V11 describes RSM as applied to this

thesis effort. Chapter VIII makes use of the response surface fit and

'the calculated stationary points to highlight potential applications for

the output. Chapter IX considers the sensitivity of the analysis to

various parameters and distributions used or assumed. Chapter X

concludes with a summary of the study and recommended areas for further

:-, research.

1 1
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Background

Since shortly after its inception, airpower has assumed offensive

as well as defensive roles. Airpower offers flexibility and speed that

are unmatched by other assets availabLe to ground commanders. Ground

commanders receive air support directly in the form of close air

L support, battlefield air interdiction, and deep interdiction. Only the

time frame differs as to when the ground commander will benefit from

such support. The effectiveness of direct support missions can be

eroded significantly by enemy air activity. Consequently, the ground

commander is supported indirectly by friendly actions which might limit

the enemy's ability to prosecute an effective air war. Indirect support

of this type is called "counterair."

"" The requirement to conduct counterair operations is widely

recognized., Air Force Manual 1-1, Functions and Basic Doctrine of the

United States Air Force (13), highlights counterair operations as a

Sprimary task of tactical air forces. Counterair is a broad term which

can include either defensive or offensive operations. An example of

defensive counterair might be friendly surface-to-air missiles or

friendly interceptor aircraft. Offensive counterair can cover attacks

on airborne aircraft behind enemy lines, attacks on lines of

transportation feeding into airdromes, and attacks on the airdromes

themselves. This thesis will concentrate on attacks against enemy

airdromes.

•",Attacks against an enemy airdrome can employ various means of

achieving the same objective -- that objective being ,to reduce enemy

. sortie generation capabilities to minimal levels or to render the

airdrome unusable for enemy operations. The means can include

..4
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conventional, chemical, or nuclear attack agaiDst runway or taxi

surfaces, unsheltered aircraft, hardened shelters, command. posts, -

operations centers, quarters/dining facilities, maintenance facilities, V

fuel storage, and others. In some cases, runways and taxiways are the -.

easiest to see since -the-other facilities can be camouflaged and

hardened more easily. Runway camouflage (also known as "toning-down")

is underway,'in many parts of the world. Nevertheless, large surfaces

will be easier to find than small, structures, ýand may• be quite

•..extensive. 
,L

The multiplicity of taxi and runway surfaces at many airfields -

makes the attack of these surfaces difficult. Aircraft require certain

• widths-and lengths of surface for takeoff. The width must be at least

as wide as .the landing gear with some margin for error being highly
desirable. A-common range of minimum widths for fighter operations-is

50-75 feet. The required length is a function' of aircraft

characteristics and payload. Minimum runway length for fighter

operations can vary from as little as 3000 feet up to 5000 feet or more.

Distances this short usually require partial weapons loads, partial fuel
.loads, or both. Takeoff distances are usually longer than landing

distances for a given aircraft unless landing at heavy gross weights.

Aircraft touchdown points during landing are subject to a higher margin

of error compared to-takeoff parameters. Either takeoff or landing

distance could be the critical variable depending on the specific

" aircraft and situation. If attacks against runways or taxiways cut the

surfaces in sections smaller than the minimum dimensions for takeoff and

landing, the airfield has been closed.

3
.= 4..
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An alternate approach would be to attack taxiways and other .

approaches to the runways; however, this would require closer crater

spacing.. Maintenance personnel could marshall taxiing aircraft around

intervening craters via a meandering path where the same craters might -

prevent high-speed takeoffs and landings. High-speed aircraft have a

restricted turn ability while on the ground. Such aircraft must follow

what is essentially a straight line along the surface with only minor

deviations permitted.- High-speed turns might. sheer the landing gear or

rupture the tires. Slow-speed taxi over cracked and buckled pavement

may be-possible where high speeds over the same pavement might cause the

tires to rupture. This translates into a much smaller-required area for

taxiing aircraft.' Consequently, taxi surtaces must be handled-

differently in targeting and assessment of damage. Also, crater repair

criteria for taxiways are less stringent since the patches do not 'have

'to withstand the shock of aircraft landings.

Since airfield attack is notoriously difficult, requiring many

sorties and a great deal of ammunition, ground and air commanders are.

interested in using the available aircraft sorties as efficiently as

possible. Target selection and force composition cannot be tested

effectively in peacetime due to the expense of destroying airfield

facilities; wartime would be too late. Therefore, the analysis of

. optimal airfield attack options is a natural problem for computer

modeling.

In discussions with Air Force Institute of Technology (AFIT) Class

GST-84M, Brigadier General Goodson, Deputy Chief of Staff for Plans,

United States Air Forces in Europe (USAFE), emphasized the critical need

"for estimating survivability and effectiveness tradeoffs (20). This was

4



'Studies and Analysis. He presented current models for survivability-

effectiveness tradeoffs, and sought interested. parties at. AFIT to.

continue the work (39).

- . , V

Many. of the current ofi184i aittack models are quite large and

r. equire:.a mainframe computer for execution. This~is acceptable for

force istructure analysis at HQ USAFrt but aircraft operatorscwill H have *

•2i. very limited mainframe computer support at the front lines.-.However, it.

::is highly likely that microcomputers will be available. Microcomputer
analysis of potential airfield attacks could be extremely,useful.

.. .High level interest in survivabilnty-effectiveness tradeoff studies

has resulted in a series of AFIT thesis efforts. Various airfield

S..Mattack models were considered by members of AFIT Class GST-84Me Captain

:,• " •Robert Miglin streamlined the Attack Assessment Program (AAP) and i

..associated computer code into a program called "AAPMOD", which returns
expected damage levels and probabilsties of cutting runway/taxiway

surfaces. Another major effort emphasized aircraft survivability during

a stairfield attacks. Captains MichaelsJ. Foley and Stephen G. Gress

produced a continuous simulation model which analyzes aircraft

hprobabilty of survival in a restricted scenario with a fixed attack

"heading. They considered target damage levels, but did not tie them

L..directly to the survivability aspects of the problem.

rSummary. Offensive counterar is a long-standing tactical air

•'. mission necessary for the indirect support of ground commanders.

Airfield attack is a valid offensive counterair mission. Many



K .e.

. .. . counterairý targets are easy to hide or harden and are usually well .

defended. Research in th~is area is still needed. L

r .Chapter I -provides the backdrop for further discussion and

r~esearch. The -next chapter expands this background by considering

previous research..concerning airfield attacks. -

I%'
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II. Historical Development

Existing Methodologies

This section provides brief descriptions of existing models and L.

methodsi.

The Joint Munitions Effectiveness Manuals (JMEMs) (28) are the

S., accepted standard for assessing weapons effects and levels of target

destruction. These documents consider the threat by decreasing delivery

accuracy as the threat increases. No consideration is given to, whether

the aircraft arrives in a position to deliver ordnance. Range and

"K, deflection errors for both weapons delivery and ballistics are assumed

independent of one another. For large-scale attacks, JMEMs

methodologies are complicated and tedious,

TAC Repeller incorporates aircraft attrition from surface-to-air

missiles (SAMs) and anti-aircraft artillery (AAA). Flight paths must be

.. " programmed in advance. Aircraft maneuvers are not permitted and target .

damage assessment is not performed (39).

TAGSEM is an Air Force Systems Command model which outputs target
p.q

.'damage in a fashion coAsistent with the current series of thesis efforts

• •";concerning survivability and effectiveness. However, weapons lethality,

and aircraft survivability must be fed into the model as inputs when

these are the desired outputs (39).

In 1976, the Rand Corporation developed the Airbase Damage

Assessment Model (AIDA) (16). This model duplicates JMEN figures but

does not yield survivability figures. It considers point impact weapons

only and requires a large computer to run the program. AIDA offers no

* advantages over JMEft and JI4EZs are already well accepted.

* 7
rA
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'. •J•.' ,. -.'.' .. .'',..''.."•.'•2, .... '',J. ." . 4;'*'"",4, . " . ,:*. " +.'j4 4.4. . . *"-'-•• . . . 4'.'/ •',,.' . 4•..€•.



?--C - =7 =N

Attacking Hardened Air Bases (AHAB) (4:232) is another Rand

_Corporation model which incorporates decision maker value functions to

maximize attack results. Value functions are hard to assess. In

"addition, AHAB attacks are limited to perpendicular runway cuts with a

.single weapon type. The model is too restricted for this thesis effort.

.. RUNW was developed at Supreme Headquarters Allied Powers EuropeSh

(SHAPE) in the early 70's to assess runway cuts with a single weapon

"type. No flexibility is allowed in designing attacks (35:17).

.. In 1967, USAF Studies and Analysis developed a dynamic programming

tactical air warfare model (TAWM) (35:9). Since then, newer and more

* responsive models have been developed. One of these, the Theater Air

Warfare Model 84 (TAWM84), requires quantification of many continuous

levels of target damage. Some of the inputs are subjective payoff

matrices relating aircraft lost to targets destroyed. Developing the

inputs for this large model proves quite complicated.

TAC Avenger (4:84) is an air-to-air combat model which produces

results for one-on-one engagements. It incorporates Newton's equations

"of motion in three dimensions and aerodynamic performance equations. It

•I is useful for comparing alternative aircraft. TAC Avenger is typical of

models which providi inputs for more highly aggregated models. T-AC

Avenger does not consider air-to-ground operations.

TACTICS II is the one-on-one air-to-air model preferred by
,a.i,,a 4:53) mde

Battilega (4:153). This model is a very detailed simulation of aircraft

*." maneuvers during aerial combat. Air-to-ground applications are not

"modeled.

TAC Brawler (4:137) is also an air-to-air model which considers

few-on-few engagements.

,, - 9
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TAC Contender (4:123) is 'a theater-level two-sided sortie

. allocation model.* TAC Contender uses game theory in search of optimal

sortie allocation considering tons of close air support (CAS) munitions

delivered. This model has been criticized for identifying local optima

which can be far removed from global optima.

TAC Spartan (4:159) was the working title for the campaign-level

k.model which evolved into TAC Gladiator.
TAC Gladiator .(4:129) is a campaign-level model of a Central

European Scenario. TAC Gladiator considers each classic role of

tactical airpower including offensive counterair. It is designed to

analyze force structure problems by employing var~ying forces at the

*start of the war. This model is too highly aggregated to use for

* specific airfield attack missions.

TAC Appraiser (4:131) combines exchange ratios and kill results

. 6 from TAC Gladiator, adds effectiveness measures and costs, and

L"'calculates tactical air force structures and cost/effectiveness . .

tradeoffs.
41.

TAC Warrior (4:136,35:12) approaches theater-level analysis from

the bottom-to-top where TAG Gladiator and TAC Appraiser aggregate data ..

before calculations commence. TAC Warrior is very large and requires ...

vast numbers of inputs. including inputs from TAC Avenger, JMEN,. LOON

FORIMAT, TAC Turner, P001, and SAM models. JMEgN capLures the essence.:of

JMEM models. LCOM FORMAT generates properly formatted input from the

Logistics Composite Model (LOON) for TAC Turner which is a M~onte Carlo

taodel of sortie surge operations. The SAN series models various enemy

1surface-to-air missiles. PO01. models anti-aircraft artillery (AAA)

engagements,

9
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TAC Thunder is a follow-on model to TAC Warrior, but is still being

written by USAF Studies and Analysis. It will be a large model as well.

The Attack Assessment Program (AAP) (27) is a large Monte-Carlo

model which allows for variable attacks against airfields using several

munitions types and a variety of weapons delivery patterns. This model

is the basis for Miglin's thesis which produced AAPMOD (35). AAP is

used extensively at Eglin AFB for new munition development. Exhaustive

work has been performed by a variety of interested parties. Whitehead

(55) has researched the airfield attack problem thoroughly using AAP and

* ,concludes that the probability of cutting runways and the expected

number of craters on the runway are conflicting goals. He stated that

the highest probabilities of cutting runways are achieved by attacking

perpendicular to the primary axis of the surface. This was verified by

Douglas (15). However, the number of craters on the runway is optimized

by attacking along the axis of the runway. Aircrews are reluctant to

, use this approach because of the chance of missing the surface entirely
on a single pass. If an expected value approach is used, these.

occasional misses are overshadowed by the large number of craters which

can be produced by passes which do hit the runway. Of course, all the

*"impacts could lie on one side of the runway, ailowing enemy aircraft to

use the other half. Whitehead stated that the best compromise between

"the con~lictinS goals is to attack at an angle of 30* relative to the

runway axis. This work is exceedingly valuable,. However, optimal

"4' aimpoints and attack paramieters (other than the axis of attack) were not

4. ,* mentioned.
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Previous Tei fot

In 1981, Leek and Schmitt (32) addressed aircraft survivability in

a thesis encompassing Forward Looking Infrared Radar (FLIR) equipped

fighter aircraft. They present a detailed approach to modeling SAM and

AMA encounters but did not address effectiveness in the form of target

damage. :
Anderson and Nenner (1) extended this work in 1982 by expanding the

rSAM and AMA command and control process. Aircraft damage was not

assessed as this model addressed Wild Weasel effectiveness in

suppressing enemy threat systems.

Kizer and Neal (29) addressed aircraft survivability versus target

damage in a close air support (CAS) scenario. Point damages wereK

assessed based on use of cannon and Maverick missiles.

Pemberton (43) assigns aimpoints for perpendicular runway cuts

* using set theory to find an "'open"* cell by means of discrete

.. approximation. This wartime tool is-designed for fast execution and

addresses only precisions singly-released weapons.

.1lachida (22) impiroved on Pemberton's discrete. approximations by.

eliminating redundancies and improving the search algorithm.

Foley and Gress (18ý pai formed LA tFree-4timensional continuous. 0

simulation in which a probability of survival was determined for a fixed

attack with a limited threat scenario. The attack was assessed for .

target damage by means of JHEMs routines. The output is a valuable

resource, but the continuous simulation model takes too long to execute.

F~or this reason, the output from F'oley and Gress.'s model may veillbe the *%

key to more efficient deterministic models.



In 1984, Miglin (35) modified AM', calling the new program the

Attack Assessment Program--MODIFIED (AAPMOD). He also developed a

program, called AAPIN, to create the complicated file required to run

AAPMOD. AAPMOD can be considered a subset of its parent program, AAP.

Both programs model airfield attack with Monte-Carlo iterations of a

scenario specified by the analyst in the input file. The database

contains the number, type, and location of targets to be attacked;

number and type of weapons to be employed per attack pattern; number of

submunitions per weapon deployed; extent of damage inflicted upon

targets for munition4 impacts; and attack pass information for each

*,aircraft participating in the mission. AAP's additional capabilities

include a larger database and multiple attacks on the target complex
't4

with damage repair after each attack wave. AAPMOD was designed for

shorter execution times and smaller comptiters; hence the aforementioned,

features of AAP were deleted. Output available from the programs

-: - includes the expected number of hits per target, expected area damaged,

probabilities. of cutting runways and :taxiways,..and the expected number

ofg craters to repair before a cut runway could be re-opened.

Li, mitations of E..i.ting MethodoloRies,

As' mentioned in Chapter 1, the objectives .of airfield attack are to

"reduce significantly the enemy sortie generation capabilities or prevent

"aircraft operations from enemy airdrome surfaces. Existing Models do

not address euemy sortie generation capability adequately because

4. 'numerous damage mechanisms are involved. With the exception of JME9s*
-air-to-ground models in the previous section are lhaited to attacks
ai-ogon mo liio oatak

against runway surfaces. While attacks against runways are complicated,,

A..-- 12
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they are easier to model than attacks against other airdrome facilities.

JMEMs methodologies are too complicated to calculate commensurate

reductions in enemy sortie generation capabilities.

p.-,'Analysis of airfield attacks is performed frequently throughout all

levels of the tactical air forces. The majority of models surveyed in

the previous section concentrate on theater-level analysis for force

"structure planning. The smaller models are restricted to precision

guided weapons, perpendicular runway cuts, or very limited attack plans.

* Existing models were not designed to analyze air-to-ground operations

*, between the two extremes; this void needs to be filled.

.* The, requirement to perform theater-level modeling of airfield

' attack is well documented. The need foi" analysis of specific airfield

attacks is just as real, but not as well documented. Weapons and

6-k tactics offices throughout the tactical air forces are responsible for

analysis and improvement of mission planning and execution. The

responsibility is shared at wing and squadron levels by these offices

and the aircrews themselves. The tactical community constantly seeks

, better ways to fight die war; the aircrews not only are interested in

putting the bombs on target, but surviving the mission as well. The.

aircraws fuse training# experience, and judgement to accomplish

effective wission planning and develop heuristics for less experienced

aircrews. Flew other tools exist for this extremely important task.

Successful airfield attacks balance the two conflicting goals of

survivability and effectiveness. For a fixed level of survivability,

airerews vant to maximize mission effectiveness. The complexity of

airfield attacks renders maximum effectiveness, an elusive goal.

Quantification of the numerous variables of airfield attack, combined.

4 -13



with tactical experience, could provide a useful mission planning tool.

This could take different forms: computer programs, deterministic

' - equations, or quick-reference tables and graphs.

To be useful at squadron and wing levels, a computer program would

have to be portable, flexible, and compatible with available hardware.

A computer program that potentially could fulfill the requirements of

squadron- and wing-level mission planning is the Attack Assessment

Program--MODIFIED.

Outside JMEMs, few deterrministic means exist to produce mission

planning equations, tables, or graphs. However, methodologies exist for

analysis of mathematical optima which could lead to deterministic

planning tools. One example is response surface methodology (RSM):,

Since most input variables are continuous, quantitative y
variables, RSM seems a promising approach to optimize the
damage resulting from an attack plan (35:94,49:170).

The most likely candidate for further research is a combination of

AAPMOD and RSM.

Limitations of AAPMOD

Miglin's objectives were to translate AAP from FORTRAN IV to

FORTRAN V and run AAPMOD interactively on a CDC 6600 and a

microcomputer. This was a notable effort for one individual; Miglin

successfully translated AAP to FORTRAN V and ran it interactively on the

"CDC 6600. However, the AAPIN input generation program for AAPMOD is

awkward because of the multitudinous inputs required at one sitting.

These are placed in a separate file which cannot be changed except with

detailed knowledge of AAPMOD. Miglin recognized the limitations of

AAPIN and recommended several enhancements to ease the user burden of

14
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"database generation (35:91-92). 'One suggestion is that "AAPIN should be

prettied to further enhance useability." Experimentation with the
V.

latest version of AAPIN revealed a strong need to improve the program:

some input prompts are confusing, various data inputs are redundant, and

l! very little ability exists to recover from a mistake during excessively

K.'long interactive sessions. Furthermore, minor changes in data require

repeating the entire sequence of inputs.

As it existed when Miglin graduated from AFIT, AAPMOD required

- further verification and validation. The need for further verification

* ' o-f the FORTRAN code became apparent with a review of the compiled

listing of program AAPMOD: several undefined variables were identified.

Miglin validated AAPMOD using a three factor, two level (23 factorial)

"experiment with the following variables: weapon delivery error, mode of

release (singles or paired), and axis of attack (35:76-87). Though the

s,'., results of the qxperiment were valid, further testing with other

variables and more levels would be in order.

"With AAPMOD shown to produce valid results, it may well, suit the

suggested uses Miglin identifies in his thesis summary:

AAPMOD can be used by aircrews and tactical planners to
optimally employ the conventional weapons they have available
to them today. Crews can use AAPMOD to optimally assign
weapon systems to targets (35:89).

a..In order for the program to be of value, the user must be able to

"understand the design considerations of the input database, correctly

build that database, successfully execute the program, and properly

interpret the output. In its current form, the user could not begin to

, ,understand the structure of AAPtOD vithout significant effort. Use of

AAPIN to build the input file is a vast improvement over the previous

v"C 15
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methods of input (text editors and IBM cards), but is still far from the

level of friendliness needed for field use.

To generate output useful to aircrews in planning missions, AAPIN

must be revamped to provide clear, step-by-step instructions for

building the input files. A user manual to accompany the program would

be highly useful.. Examples and significance of the output must be

provided. Furthermore, a description of the unique capabilities of

AAPMOD would enhance the end user's ability to tailor attack plans in an

efficient manner.

V i With the versatility of AAPMOD, it might be possible to develop a

deterministic quick reference guide for aircrew planning. The guide

-. could take the form of tables and graphs, equations, or separately

written computer programs. It might be necessary to develop a

combination of the above for each target complex considered as a

potential wartime target, or it may be possible to find an even more
II

general, generic set of guidelines.

Finally# more research is -warranted for making AAPNOD usable on a

microcomputer. Due to the size of the FORTRAN program, AAPMOD will not

* " run on microcomputers with 256 kilobytes (K) of random access memory

"(RAM). Miglin attributes the large program size to FORTRAN "COMMON"

variables that require excessive RAM, and estimates a need for 544K RAM

, A to run AAPNOD. He recommends investigating the feasibility of placing

AAP•OD onto microcomputers currently available to. the tactical air

forces (35:93). Considering the latest government purchAses of

microcomputers, this goal is in line with -available equipment and

* current technology. Additionally, analysis of classified attack

scenarios is made possible with currently available TEWPEST machinery

16
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(for example, :the.Heathkit/Zenith Z-150 systems and the International ..

Business Machines Personal Computer :(.IBM PC), both obtainable with RAM

in excess :of 256K).. One way to make AAPMOD compatible with

microcomputers containing 256K or less RAM is to translate the FORTRAN. V ..

into a different, more compact-programming language.

Problem Statement

Air Force planners at all levels require: accurate estimates of

fighter aircraft survivability versus target destruction

(effectiveness). :'Present methods are either too cumbersome, too time-

consuming, or too restrictive to fill the perceived needs at levels

ranging from the Chiefs of Staff to operational units. The utility of

"" most existing models.decreases drastically when considering specific

airfield attack missions.

Implications. Runway attack effectiveness was perceived to be the

most lucrative area for immediate study. This thesis concentrates on

"mission planning at the wing or squadron level for targets assigned by

" higher headquarters. A complementary thesis effort would be. further

study of runway attack survivability. The final objective would be to

meld these efforts into a single analytical package.

-. Research -Questions

1 Can parameters for airfield attacks be optimized? S

2. Can the resulting computer program be reduced to portable form
compatible uith microcomputers now common in the field?

.3. Could this program be used for operational unit mission
' - .planning?.

"%• .. : 
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Objectives

There are several broad objectives for simulation of airfield.

attacks. First, the analyst should gain some insight into the problem.
*'This is more likely if an experienced aviator serves as the analyst.

Second, potential targets can be tested in a benign simulation

, environment:: to determine if they are worth attacking in terms of enemy
- losses. Third, , the differences between various munitions could be

explored to find the most effective combinations. Finally, the method

,- and parameters of attack could form the basis for experimentation to

determine how best to attack an existing target with the aircraft and

munitions on hand. This report and the underlying analysis focus on the

last objective: varying parameters to determine how best to attack an

enemy airfield.

Specific Research Objectives,.i, 1. Streamline AAPMOD input procedures.

2. Perform verification and validatioi1 of AAPMOD.

3. Run a screening experiment using AAPMOD to identify
"insignificant airfield attack parameters which affect the
probability of runway denial.

.. ,4. Fit a response surface to AAPMOD using the significant airfield
'1 attack parameters mathematically to locate optimal attack

parameters.

5. Generate output useful to aircrews in planning missions.

6. Translate the computer programs to run on microcomputers
"available at wing and squadron levels.

Planned Methodologies

"The methodologies employed closely parallel the research

;objectives. An initial screening design is used to winnow insignificant

,".'18
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L ý.factors from numerous airfield attack input parameters. AAPMOD is used

extensively during this 'analysis. Ne tesponse surfaces-are fitted to'

the significant attack parameters to predict the results of an attack$

I eliminating the need to perform the actual attack. An optimum set of

atak parameters is sought using the method of .steepest ascent folloe

by a quadratic surface fit.

Since- this' thesis effort extends Miglin's work, an expanded

discussion, of -the.Attac~k Assessment Program-MODIFIED-follows in the.

next-chapter.
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SIII., AAP/AAPMOD -- Computerized Attack Assessment

"Attack Assessment Program "

SThe Attack -Assessment Program (AAP) was developed for the Joint

Technical Coordinating :Group for Munitions Effectiveness under contract

F-08635-79-C-0255. Written in FORTRAN IV, AAP is used by the-Armament

Development Laboratory at Eglin Air Force Base, Florida, as well as 50-

60 contractor locations (35:44). This versatile program accepts up to

I. .- ,207 target elements of which 3 can be takeoff and landing (TOT.)

surfaces (runways) and 43 can be runways or taxiways. The remaining

targets are assumed to be structures. Up to 11 target types are ,

identified by their "hardness" codes. Extensive error trapping prevents

L ., entering too many targets in a particular category. AAP can store up to

, 16 different weapons delivery patterns and 6 different weapons. These

can be paired :in any combination for up to 64 attacks (passes) against

*,selected target elements. Up to 36 weapons can be delivered during each
*, pass; -each weapon can have numerous submunitions. Up.to 10 separate

attacks can be programmed for analysis of airfield closure-times versus,

time to repair damage. This substantial versatility results in massive

core memory requirements. AAP cannot run interactively with success,

even on the largest of mainframes. It Was designed..to'be run in the

batch mode with prearranged input. Entering the numerous bits of deta

in an interactive mode would try the patience of even the most. dedicated..

"user, who would have to start from scratch each.time.

S - AAP Implementation, AAP uses Monte Carlo iterations to determine

the desired 'output statistics. One iteration tepresents one entire

"missioa. This mission includes all passes and weapons deliveries 'for..

20
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• all aircraft participating in each of the separate attacks. This entire

process is repeated for each iteration until reaching a predesignated

a~,1 number of iterations, or sufficient accuracy if that option is selected.

- Within an iteration, AAP analyzes one attack at a time. This is

L intuitively appealing since subsequent attacks come at later times.

K Success in keeping the airfield closed may depend on previous attacks.

Within a particular attack, the individual delivery passes are p.

considered. Random numbers are generated to determine.. weapon or

submunition impact points and probability of functioning. If the weapon

functions properly, the resulting crater damage is stored for later

"analysis. When the iteration has been "flown out," search routines

"determine the status of target pavements and stru.'tures. Within a

particular iteration, the runway or taxiway is either cut or not cut.

This, essentially, is a step function for the single iteration.

Structures are handled slightly differently. The area of the craters

which physically infringe on the structure is subtracted from the total

area of the the structure. This is reported as the level of damage.

After completing iterations, output statistics are generated, AtV.a--

;".":this point, fractional probabilities of runway cut are computed.

Depending on the selected levels of airfield attack parameters and the

random number stream for a set of iterations, some iterations will yield

runway cuts, and the remainder will leave the runway intact. The

'', fractional probability of runway cut is calculated by dividing the

number of iteratioas in which the runway was cut by the total number of

iterations. For instance, if 200 iterations were performed and 150 of

the iterations cut the runway of interest, the reported probability of,

4, 21
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. .cut would 0.750. This is the manner in which Monte "Carlo sampling

returns an aggregate figure of merit from a set of Bernoulli trials.

AAPMOD also calculates the probability of denying TOL operations

(probability of cut) for combinations of runways. Since three runways

" are permitted by AAPMOD, possible combinations are runways 1 & 2, 1 & 3,

.2 & 3, and 1 & 2 & 3. At the end of .each iteration, the program

17 compares the status of the runways. If all the constituent runways of a

combination -have been cut, a counter is incremented. When all

iterations are complete, the combination counters are divided by the

number of iterations to calculate the probability of "cut" for the

various combinations. Thus, *the combined probabilities of cut are

calculated by multiplying the results of Bernoulli trials for the

individual runways. However,' the final combined probabilities of cut

cannot be derived from the product of the individual probabilities of

""'" runway cut. Table I depicts a 10-iteration example of how. probabilities

," •' . ~o f c u t a r e . ea l c u l a t e d , e . . : . . :

""Iteration 1 2 .3 1-2, 1 . 2&3 &2&3

1 .0 0 0 0 0 0 0. ."
2 0 .0 1 :0 0 0 0
"3 0 1 0 0 0- . 0
4 0 1 1 0 0 1 0
5 1 0 0 0- 0 0 0"a" 6- 0 - 0 1- .0 .0

<""..;- .~ 1.- 0 '1". 01 0 '- 0
0= 0

8 1 1 1 1 1 1
9 1 0 1 0 1 0 0

""10 1 0 1"1 0 0
". .P(cut) 0.6 0.4 -0.6 0.2 0.4 0.2 0.1

Table 1. AAMD Probability of Cut Sample Calculations
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AAP/AAPMOD Output. This section'describes the output available

from AAP/AAPMOD. The reader should refer to Appendix E during this

discussion. AAP output starts with an echo check of the raw input file,

if this option is selected. (The echo check is not available in the

TURBO PASCAL version.) The raw input file is described in detail at

Appendix D.* The first values of interest are the confidence limits for

the simulation. These limits are the half-interval centered on the

expected number of hits for the listed target element. AAP picks the

target element with the greatest number of hits for the confidence

interval. The target element also can be identified by checking the

"EXP NO. HITS" section immediately following the confidence limits. The

confidence interval is based on the Student's t-statistic. A separate

standard deviation "SIGMA" is reported for the expected number of hits

on each target element,

The output :continues with the expected area of damage by target

element and its standard deviation denoted by "EX? AREA DAM" and

"SIGMA." This is suppressed if total damage area calculations are

suppressed. Calculation of total damage area increases computer time

since overlapping craters must be taken into account. This factor is

irrelevant for determining.probability of cut. Next, thetarget group

of the target element is listed. Target groups are a matter of.

convenience .in the bookkeeping of the damage., Tie area of group damage

is simply the sum of constituent target element daimaAes t Tle target

group standard deviation is tracked from iteratioa to iteration and is

calculated separately,

It should be noted that the initial lines of output summarizing the .

expected number of hits and expected area damaged contain the only .

2~3.
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output available for structures. Repair of structures is not K
considered.

The next section of output contains data for TOL surfaces and major

taxiways. Probabilities of cut and expected number of craters are

listed for each major surface along with their standard deviations.

These are labeled "PROB CUT" and "SIGMA." The "PROB CUT" is actually

the probability of denying TOL operations since more than one cut may be

required for long surfaces. A cut is defined as a series of craters

sectioning the surface into areas smaller than the minimum clear lengthI......

•.and width required for TOL operations. Next is the expected number of

craters which close the minimum clear strip which will be easiest to

repair. This amounts to a clear strip which can be opened by repairing

the fewest craters, which would certainly be the object of the base

.engineers at the attacked airdrome. The method of determining where the

"best strip is located is not important for this analysis. The expected

number of craters to repair would be important for repair time estimates

and the time-sequenced attacks available in AM'. This value is labeled

"-'"EXP 'NO CRATERS" along with its standard deviation "SIGMA." Suppressed "

output is denoted by a string of asterisks or tN/A."

Related to the. expected number of craters to be filled is the

*"expected area which must be filled, "EXP AREA FILL," and its standard

.,deviation, "SIGMAI" Since fraccional craters can be filled to open a

minimum: clear strip, there is no direct correlation between expected

n'4. number of craters to fill and expected area to fill.
The next portion. of output is not used for AAPHOD. AAP -has

provisions for multiple attacks and crater repairs between successive

attacks. The expectýd number of craters filled between attacks and its

24-
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standard deviation are labeled "EXP NO FIL•D'" and "SIGMA." The

subroutines used to calculate number of craters filled and repair times

have been retained in AAPMOD, but are not used since only one attack is

permitted.
1!P1

The output concludes with statistics on approaches to a TOL strip.

"AAP considers either an open minimum clear strip (in which case the

attack failed) or the easiest minimum clear strip to repair and then

calculates the number of craters that must be filled to reach the clear

"1:4 strip. This is handled in a manner similar to the TOL surfaces although

S."there is no minimum clear length for aircraft taxi and minimum clear

width is usually less than for TOL operations.

This data is repeated for all combinations of major TOL surfaces*

"These combined figures give an indication of probability of cut and

difficulty of repair for airdromes with more than one runway.

The last section of output summarizes statistics for minor

taxiways. Only. the minimum clear taxi width is required f thr hose

calculations, The target element and minimum clear width are identified

as well as the expected number of cuts, the expected number of-craters

-to fill, and the expected .area to fill, along with standard deviations

for the latter three.

Attack Assessment Proqrn -- MODIFIED (A.A..OD)

As stated earlier, Higlinla aim was twofold. lie wanted to

translate the original AAP from FRTRAN IV to FOR111AN V and succeeded in-

.'this endeavor. The major improvement .was the addition of comments and

* ., improved logic of IF-TIIEN-ELSE statements available in FORTRAN V.

I tiglin's second objective was to run AAI'HOD on a microcomputer. In

,:':, 25 ,
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Item AAP AAPMOD

Target Elements 207 112
Taxiways 43 30
,TOL Surfaces 3 3
Attacks 10 1
Passes per attack 64 32
Target groups 20 15
Delivery patterns 16 12
Weapons in a pattern 36 12
Hardness codes 11 11
Warhead codes 6 6 V
Reattacks' per aircraft 63 1

"Table 2. AAP/AAPMOD Capability Comparison (35-51)

• •. Niglin's case, this was an IBM PC with random access memory (RAM) of 256

kilobytes (256K) and a FORTRANV compiler. AAP was too large to fit on

the IBM PC due to the massive amount of memory consumed by FORTRAN

"COMMONs." For those unfamiliar with FORTRAN, COMM)N variables are

roughly equivalent to global variables.

"First, Miglin. separated the single large program into a loading

program called AAPIN and an execution program 'called AAPHtOD. AAPIN,.

performs some user input error checking and generates an input file for

AAPM0D. AAPMKD uses the input file to perform calculations in the same

manner as AAP. ,Miglin significantly reduced the permitted number of

target elements# passes, and weapons dropped per pass to reduce storage

requirements, lie also removed the capability for multiple attacks

spaced over periods of time., Table 2 summarizes the capabilities of

AAPM0D versus AAP. AAPMOD retains a significant capability for

representing potential target areas, weapons* and attack patterns.

AAPMIOD atill handles virtually all realistic attack scenarios. The only
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:•. major capability possessed by AAP which is not present in AAPMOD is time

"•sequenced attacks. AAPMOD generates a snapshot in time: results of a

Ssingle attack are analyzed for the number of craters produced and

'a '4

majprobability of runway closure. Several subroutines relating to
Ssubsequent attacks were retained but are essentially useless without the

full facilities of AAP. These subroutines deal with rlmway repair

materials and repair times.

K Similar to AAP, the analyst can program up to 112 targets for the

"airfield to be attacked. Up to 3 of these targets can be runways, up to

30 can be paved surfaces (including taxiways and runways), and the

remainder, buildings or structures. Up to six weapons can be

programmed. These are represented as a number of submunitions; (I in the

"case of general purpose bombs and guided munitions) and the associated

crater sizes of a submunition against targets of various hardnesses.

Next, patterns must be defined. Unlike the aircrews' conception of a

"pattern, AAMD's patterns are the end result of the weapons delivery

pass - the pattern of weapon impacts on the ground.. Relative to -an

intended target, these are modified by expected mis=f..z'es ' ..

aiming.$ delivery, and ballistic errors. The aircrew ýMq#_ 4'- to,

consider the maneuvers up to the weapon release point as the patternt,

but AAP assumes such maneuvers ore accomplished external to the program.

i.Finally, the tarsets, weapons, and patterns are related in an airfield.

attack scenario. AARD runs this attack scenario with a user definable " "

number of Monte Carlo iterations..

IAAPOD uses discrete simulotion, 11te events involved for the
airfield attack are one-time occurrences. Many of them are stochastic ..

. in nature and vary over a continuous range,. but do not lend themselves
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to continuous simulation. This simulation does not use Lanchester

equations or other forms of differential equations characteristic of

"continuous simulations. The results from numerous Monte Carlo

iterations are combined to give probabilities of cut for the runways,

expected number of craters, and other statistics. In essence, these

statistics are discrete, with decreasing step sizes as the number of

iterations increase.

Further Study

Further study of the airfield attack problem is warranted.

Although the simplified logic offered by FORTRAN V resulted in faster

execution times on mainframe computers, AAPMOD's large size has

prevented microcomputer implementation. Furthermore, the loading program

needs to be streamlined and equipped with file editing capabilities.

Second, aircraft operators will have very limited mainframe computer

support at the front lines. However, it is highly likely that

microcomputers will be available. AAPMOD could be extremely useful for

the assessment of potential airfield attacks. One problem persists in

this area: use of large FORTRAN programs on microcomputers. Miglin

discovered that AAPMOD was too large of a program to run on a 256K IBM

"PC. The code segment required 571K, but the data segment required

approximately 251K additional memory. Miglin found that the FORTRAN

loader would not function properly under these circumstances (35:93). A

"possible solution would be a translation of the FORTRAN version of

AAPMOD into a different computer language compatible with the

microcomputer capabilities predominant throughout the tactical air

forces.
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IV. Specifications of the Analysis

This chapter deals with two major issues. First, the airfield

attack problem will be considered in more detail. Particular attention

will be directed toward the required inputs for simulation of airfield
attacks. Second, the steps taken to model airfield attack will be

covered. These steps include some considerations and assumptions for

the model and computer coding.

AAPMOD Input Parameters

Banks and Carson (3) emphasize that the real world situation should

be the first consideration in simulations. This prevents the

misapplication of existing models to loosely related problems. Models

are simplified representations of real life. The underlying assumptions

may be valid for a particular applicatiorn, while inappropriate for

others. Consequently, this chapter considers real-world considerations

first and then examines whether AAPMOD is suitable for optimizing

airfield attack parameters.

Miglin (35:26-33) provides a cogent discussion of the parameters of

airfield attacks. The parameters are repeated here with a short

discussion of each.

Two main categories of parameters will be discussed in this

section. Vaziables which are probabilistic and are not under the

control of the aircrew will be referred to as "stochastic" variables.

Variables over which the aircrew has direct control will be referred to

as "controlled" variables. Some variables may not fit perfectly into a

single category. In this case, they will be categorized by their

predominant tendencies.
¼i
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Target Parameters.

Runway Dimensions. The runway dimensions are parameters which

define the length and width of a runway. The units may be any the

analyst desires, but must be consistent throughout the analysis. This

analysis is conducted using feet.

Minimum Clear Dimensions. The minimum clear dimensions are

parameters which define the minimum clear width (MCW) and minimum clear

length (MCL) for aircraft TOL operations. These will vary among

different aircraft. For this analysis, MCL equals 4000 feet and MCW

equals 50 feet.

Probability of Reaching the Target.

Navigation Error. Navigation error is a etochastic variable

that depends on aircrew proficiency and aircraft systems. Combined with

the probability of being shot down by hostile fire, this amounts to the

probability of the aircraft arriving in position to deliver ordnance.

Survivability. Survivability is a stochastic variable which

quantifies the chances of evading various threats to the mission.

Separate probabilities usually are calculated for probability of

arriving at the target for the first time versus returning for a

reattack. The probability of surviving for a reattack is often the

lower of the two since the enemy has been alerted by the first attack.

Survivability will be considered fixed for this analysis, but is a .

primary concern for a follow-on analysis of survivability-effectiveness

tradeoffs.
Ability to Engage Target. L

Aiming Error. Aiming error is a stochastic variable that

depends on aircrew proficiency and aircraft navigation systems. This

3.
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-. variable accounts for the ability to find the preplanned aimpoint on a

line feature given that the target complex is in sight. For runways,

AAPMOD uses a triangular distribution with zero for the mean and 1000

feet for the end points. This is discussed further in Chapter IX under

sensitivity analysis. Aiming error is assumed to be negligible for

targets other than runways.

Release Mode. Release mode is a controlled variable which

dictates the manner in which weapons are released. This usually

includes the release of bombs singly or in pairs. Other modes may be

possible depending on the weapon release system.
Release Interval. Release interval is a controlled variable

which specifies the time interval betwean weapons releases. Release

interval can be based on time for older aircraft or desired munition

ground spacing for newer aircraft with computed release systems.

Releaae interval is usually quite precise unless a system malfunction

occurs; malfunctions are very rare.

Number of Pulves. The number of pulses is a controlled

variable which is set in the armament system to release the desired

number of munitions,

Release Altitude. The release altitude is a controlled

variable which, among other factors, will affect the range and

reliability of munitions dropped or fired. Errors in release altitude
can be reduced through aircrew training or use of an automated release

system, but will still have some stochastic characteristics in that

nearly every release will have an associated altitude error. This can

4: be compounded by errors in cockpit altimeters.
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Release Speed. Release speed is a controlled variable which

affects the range of munitions expended. This is subject to the same

considerations as release altitude.

Dive Angle. Dive angle is a controlled variable which affects

the range and reliability of munitions expended. Dive angle has effects

similar to release altitude and release speed.

K Axis-of-Attack. The axis-of-attack is a contrulled variable

which dictates the relative azimuth an attack pass makes with respect to

a target. This may be restricted by available navigation aids or enemy

defenses. The axis-of-attack will affect the orientation of the weapons

Son the runway and may be related to deflection. errors. Deflection

4,.."errors are more likely if the axis-of-attack lies perpendicular to a

strong crosswind.

Delivery Error. Delivery error is a controlled variable in

N." that aircrews can be trained to improve accuracy. Delivery error is

distributed as a bivwriate normal corresponding to possible errors in

range and deflection. Range errors lie along the aircraft's grotnd

track while deflection errors are referenced perpendicular to the ground

track. These separate components can be represented by standard

deviations of the distribution, or, more commonly, as range error

probable (REP) and deflection error probable (DEP). The conc'ept of REP

and DEP is that 50 percent of munitions expended will impact inside the

range error probable or the deflection error probable. Note that a

munitoion can impact inside the range error probable and still fall

outside the deflection error probable. REP is usually larger than DEP,

"since it is easier to fly over a target than to release the weapons at

just the right point in space. Finally, if only a CEP is known, this is
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! entered by inputting the CEP value for both the REP and DEP. (When REP

and DEP are the same, the bivariate normal distribution degenerates to a

;.•circular normal distribution.)

•.Ballistic Dispersion. Ballistic dispersion, also known as
Sballistic error, is a stochastic variable which defines the probability

distribution of a munition's trajectory. As with delivery errors,

•.•4ballistic dispersion is separated into range and deflection components.

I•This is handled in the same manner as delivery errors in that the

", ~interactive programs deal in REP and DEP while the raw data are stored

;• as standard deviations for input to AAPMOD.

SWeapon Pattern, The weapon pattern is the actual location of

","munition impacts compared to the desired center point of a stick or

-. series of bombs. For AAPMOD, this includes interactions of the release
mode, releasd interval, release speed, altitude, and dive angle. The

weapon pattern assumes no aiming, delivery, or ballistic errors. AAPtOD

applies aiming and delivery error to the center point of the stick and

Bballistic dispersion to each individual munition during execution.

Weapon Reliability. Weapon reliability is a controlled

besvariable which states the probability of a weapon functioning. Weapon

":'reliability is controlled in the sense that the most frequent cause of a
weapon malfunction is releasing the weapon too low. In this case, the

balitifuze does not haie a chance to arm prior to impact. Another factor

afhectin d euze function is the correct setting oe switches in the

V •cockpitatiuze optionsd release modes,, and the master arm switch are

:•:examples. Additionally.. a weapon may not release ot arm due to weapon

"'!•systems malfunctions. Weapon reliability also can be affected by small

impact angles that would cause munitions to ricochet or break apart.
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All of the previous factors can be controlled by aircrews to a certain

degree: meticulous aircrew preflights will reduce the chances of a

weapon release malfunction, proper inflight training will reduce cockpit
%.p

switch errors, and increased aircrew proficiency will decrease release

point errors. Weapon reliability also has a stochastic nature in that

"there is a finite probability that the fuze will not function

internally.

Crater Radius. Crater size, defined by crater radius,

normally is a stochastic variable which is a function of munition impact

angle, depth of penetration, amount of explosive, and weapon design.

Crater size is an input to AAPMOD, so it is considered controlled for

this analysis.

System Response. System response, or damage to the airfield, is

the dependent variable or set of variables of interest. Potential

dependent variables will be discussed in more detail later in this

chapter.
INI

The preceding variables and parameters provide the first step

toward defining the system to be analyzed. The next step is to coalesce

the variables into a scenario for analysis.

Test Scenario

"A fundamental task of this analysis is to develop a small scenario

to test untried portions of AAPHOD and conduct the analysis itself,

Figure 1 depicts the test airfield. Attacks against two runway surfaces

'U. v were chosen for several reasons. First, two runway surfaces narrow the
",'4 v

",4'; scope of the analysis and streamline some of the more exotic portions

of AAPMOD that demand large allocations of computer central processor
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0

"I.2' (3000,5196)

Runway 2

(6000 x 150 ft)

X (1500,2598)

Runway I

(9000 x 200 ft )
. .X X _.0

4 (0,0) (3000,0) (6000,0) (9000,0)

KEY: o = end point of surface
x = aimpoint for attack ( y-axi) + 900

*9!

(+ x-axis) 0*

Figure 1. Airfield Layout for the Test Scenario

unit time. Furthermore, a scaled-down program may be the only

reasonable option when operating on relatively slow microcomputers.

Second, bombing the approaches to a runway usually does not close an

airfield for long. Third, the AAPMOD routines that handle structures

1 and repair capabilities are so limited as to render them impractical.

iv" Damage to structures is assessed only in terms of crater sizes

infringing on the structure. Blast damage and fragmentation damage are

not considered. Consequently, structures were also omitted. Provisions

.. are not available for repairing cratered surfaces in AAPMOD. As

mentionted in Chapter III, AAP originally provided for a series of

attacks spaced in time. The repair module is a throwback to the earlier

m odel for repairs between attacks and was retained only for possible
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future use. For these reasons, the analysis concentrates on runway

surfaces.'

A standard attack will be used against this airfield. Six aircraft

will attack the airfield using the same attack heading. The attack

heading will be a variable in the analysis, but for a given set of
wK

passes, all aircraft will fly the prescribed heading. Three standard

aimpoints will be used. These are designed to chop the runway surfaces
%"into 3000 foot sections. Two aircraft will attack each aimpoint. Each

Saircraft will make only one pass with the same weapon and same attack

pattern as the others. This scenario is quite restricted, but will

serve as a test vehicle to determine if a response surface fit of this

airfield attack is possible.

This thesis is concerned with the interactive effects of attacks

against multiple targets such as might be encountered by a mission

package assembled for an airfield attack. An alternate approach would

P. have been to consider a single runway requiring only one cut. The

reader is encouraged to refer to Peck (42) for a thorough discussion of

this approach.

Measures of Merit

There are several potential measures of merit important to the

analysis of airfield attacks. Ground and air commanders would be mostPP

P., interested in the time period during which enemy aircraft could not use

the airfield after an attack. This could be represented by the number

9,2' of expected craters to fill or expected area of craters to fill. The

expected area to fill would be the more accurate of the two, but

requires large amounts of computer processor time to calculate. In
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benchmark testing conducted during this analysis, calculations of

expected area to fill required up to 20 times the processor time

compared to calculations of expected number of craters to fill. In

either case, the average times to fill a specified area would be

required to estimate airfield closure times.

Equally important is degradation of enemy sortie generation

,K -,capability; however, this is not available from AAPMOD in its present

state.

Another potential measure of merit is the probability of cutting!I7.

r- ruitways or combinations of runways, readily available from AAPMOD. This

gives a clear indication of expected success of attack plans. For

surfaces requiring more than one cut, or for combinations of surfaces,

'.AAPMOD actually calculates the probability of denying TOL operations. ,

However, this is still reported as the probability of runway cut.

Another possible measure of merit is the number of craters on
'a7

runway or taxi surfaces. This would give some indication of expected

repair times, but the number of craters on a runway does not indicate

the presence or absence of a minimum clear strip.

The primary measures of merit for this analysis are the expected

number of craters to fill and the probability of runway cut for

individual surfaces and combinations of surfaces. Given adequate

computer time, expected area to fill replaces expected number of craters

as a primary measure of merit.

Structural Model

S." Different levels of the deterministic and stochastic variables

discussed earlier produce various system responses. This analysis
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of the variables for the analysis. Figure 2 summzarizes these variables

and their expected influence on the probability of cutting a runway or

taxi surface.
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To simplify the simulation, the attack is considered from within a

reasonable, but unspecified distance of the airfield. This precludes

calculating the effect of the probability of engine start on the ground

and other unlikely factors. A probability of arriving [ Pr(arrival) ]

at the target area in position to deliver ordnance is the first input

and combines all the intervening probabilities up to that point.

The next variables deal with various errors possible in attacking

predetermined points of the runway. First, the aircrew may have

difficulty in determining the precise location of an aimpoint that is

3000 feet down a 9000-foot runway. AAPMOD uses a triangular

distribution for this with the mean at the intended target and the

extremities at 1 1000 feet along the runway. This was Miglin's estimate

based on the practical experience of a number of fighter aircrews

(35:27). Since there definitely is some error in identifying the

aimpoint on a line target such as a runway, the triangular distribution

was left intact. The triangular distribution is "hard wired" into

AAPMOD in routine '"RISUB." It only can be changed by altering the

source code and recompiling. Sensitivity of the triangular distribution

end points is investigated in Chapter IX.

Next, given an aimpoint intended by the aircrew (not necessarily

where intended by the attack planner) there is a possibility of

delivering the ordnance on other than the "desired" aimpoint. The

second input variables affect the range and deflection due to delivery

errors of bomb impmct relative to the aircrews' aimpoint. This can be

varied from pattern to pattern. There are also range and deflection V.

errors associated with munition ballistics. The standard deviations for

ballistic errors were fixed at 30 feet (20.25 feet MP) for all weapons.
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- The USAF Fighter Weapons School considers typical ballistic errors to be

on the order of 5 milliradians (mils). At 4000 feet slant range between

the target and delivering aircraft, 5 mils = 20 feet CEP. Delivery

.- errors are usually 20 mils or more, even with computed release systems.

"This is intuitively appealing: bombs are fearless in the face of heavy

defenses; aircrews are not.

The next inputs are the release point and the release mode of the

munitions. AAPMOD allows for sticks of bombs to be dropped singly or in

pairs. This corresponds to modern tactical fighter weapons release

systems. Some fighters set time spacing between releases while some

computed systems permit input of desired ground spacing and release at

the appropriate time. The dive angle, true airspeed and bomb

. trajectories influence where the bombs actually will impact the ground.

This makes little difference to AAPMOD as the releases must be

translated into intended bomb impacts with the ground. These can be

entered manually or with a stick calculation routine built into the

input program. The release altitude is an indirect input for AAFHOD;

ranging errors and weapon reliability are the direct inputs that relate

to release altitude. AAPtOD does not calculate weapon fragmentation

0 damage to the delivering aircraft; however, the probability of an

aircraft surviving in the target area to reattack may be input to

account for the effect of fragmentation daage. Low releases could

prevent the fuze from functioning properly. This can be considered when

inputting weapon reliability, although an aggregate figure would be

required. This is a simplification, but a reasonable one. The

Sorien'a;ion of the stick is set by the attack heading of the aircraf,

entered on a pass-by-pass basis.
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Once the bombs or submunitions impact the runway, they must form

craters to impede aircraft movement.' As long as the analysis is

-restricted to conventional weapon's (as is the case with AAPMOD), it

really does not really matter what made the hole -- as long as the hole

is there. This is exactly the case with AAPMOD. Where the airciew

would think in terms; of munitions, AAPMOD uses crater sizes defined for

the hardness of the particular target. Different circumstances dictate

the crater size a munition will produce. For surfaces, .AAPMOD uses two

categories of crater sizes, "deny-TOL" and "deny-aircraft-taxi,"

illustrated by the following example: Assume that the result of a Mk-82

impact prevents aircraft takeoffs (deny-TOL) within a 15-foot crater

radius. The same aircraft might be able to taxi slowly over some of the

minor rubble and cracks to within a 10-foot radius of the crater (deny-

aircraft-taxi). The same munition might result in a different crater

size upon impact with a building of equal hardness. Furthermore, it is

.4...logical that the notar miss of a building might cause some damage, but

not as much as a direct hit.

Bombs are discrete in nature, but the damage they render can be
. %.

considered continuous. Many different permutations of munitions, fuze

Settings, explosives, and variations in target hardness and impact

conditions result in a continuum of crater sizes. Crater size is

64 .treated as a continuous variable in~ this analysis.

CIS. AAPMOD uses square craters since thie: greatly simpliify the search

procedure for clear takeoff and landing strips. Thiis may appear to be a

radical siwpli.~ication, but the amount of misrept-esented area is

~'actually quite so-all. The side of the squaro crater is adjusted such

that the area inside the square is the sauge as that of the equivalent

4.1
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round crater; the side of the square crater is not the same as the

diameter of a round crater of equal-area. Either half side length or

radius can be used to load crater Size in AAPMOD. Miglin describes

equivalent crater areas in great detail (35:53-54).

The last variables of interest are the minimum clear dimensions for

aircraft taxi and aircraft takeoff/landing. As discussed earlier, taxi

dimensions will be different from takeoff dimensions.

In summary, there are many types of inputs to AAPMOD. The airfield

layout is fixed for the course of the simulation as are minimum clear

dimensions for aircraft operations. The location of intended bomb

impacts is fixed for a particular pattern, but can be changed from

pattern to pattern. Fixed probabilities can be used for aircraft

arrival at the target, reattack of the target (if used), and weapons

reliability. Aircraft arrival probability can be varied from aircraft

to aircraft, while weapon reliability can be changed from pattern to

pattern. Runway aimpoint determination is governed by a triangular

distribution with fixed parameters. Delivery and ballistic errors are

distributed as bivariate normals with provisions to change from pattern

to pattern. Obviously, this is a very complicated setup. The reader is

encouraged to refer to Miglin (35) for a complementary discussion of

input variables.

Computer Coding

Miglin identified the major limitation of the FORTRAN microcomputer

version of AAPMOD to be FORTRAN's large memory requirements for "COMMON"

- variables (35:93). COMMON blocks can be programmed as global variables

in other languages with significant memory savings. With this in mind,
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an evaluation of available microcomputer programming languages was

performed.

The first consideration Was giyen to BASIC, perhaps the most widely

used of the microcomputer languages. However, most computers have their

own peculiar versions of BASIC depending on the particular capabilities

of the hardware, and in some cases, non-programmable read-only-memory

(ROM) software. Furthermore, translation of AAPMOD to BASIC would

result in an extremely unwieldy program due to the relatively

unstructured nature of the BASIC programming language. Even with a

successful BASIC implementation of AAPMOD, resulting execution time

would be much slower, simply due to the nature of BASIC. £
ADA was considered because of its future as the standard

programming language of the Department of Defense (DOD). Unfortunately,

the ADA compilers available for microcomputers are not a full

implementation of the language. Additionally, ADA has such a large

program overhead that much of a microcomputer's memory would be usurped
4.

by the compiler, leaving little for AAPMOD to use.

MODULA-2, due to its general unavailability and standardization,

and COBOL, which is unsuitable for the kind of programming necessary for

AAPMOD, were other languages quickly discarded.

Two languages, PASCAL and C, were considered. Both are widely

available for microcomputers, reasonably standardized, and very

efficient. Either would be suitable for reducing AAPMOD to a size

compatible with 256K microcomputers. Both languages are strongly

"structured and lend themselves to modular programming techniques. They *

are available on mainframe computers as well, making a new version of

*4q
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AAPMOD potentially compatible with an excellent variety of hardware. Of

the two languages, PASCAL was the-language chosen.

Several factors swayed the decision to use PASCAL. PASCAL language

construcfs are very similar to those in ADA, the new DOD language. A

future translation of AAP to ADA would be-much easier from 'PASCAL than

from C. A review of current software on the market revealed that of the

available C and PASCAL compilers, costs of the PASCAL compilers were

generally lower. One particular version of PASCAL, called TURBO PASCAL,

was particularly appealing due to its low cost, versatility, and wide

range of hardware compatibility. Therefore, TURBO PASCAL was chosen as

the language for the microcomputer version of AAPMOD.

TURBO PASCAL is readily available from Borland International, 4113

VI
Scotts Valley Drive, Scotts Valley, CA 95066 at very reasonable cost. K

Versions are available for the following operating systems: Digital

Research's CP/M-80, CP/M-86, and Concurrent CP/M-86; Microsoft's MS-DOS;

and International Business Machine's PC-DOS. It is largely compatible

with many other versions of PASCAL. TURBO PASCAL compiles very quickly

and compactly into command files capable of standing alone and running K

at relatively quick execution speeds. Since random access memory is a

critical resource for AAPMOD, not having to load TURBO PASCAL into

memory to run the program is a significant advantage. Another advantage

of this compiler is support for the Intel 8087 arithmetic coprocessor

unit (for those microcomputers so equipped), resulting in a drastic

reducLion of time required to run long programs such as AAPMOD.

The next step was to take a critical look at Miglin's version of

AAPMOD and AAPIN. AAPMOD was deemed to be reasonable considering what

it was designed to do. There are enough comments to make the code
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'IN,

decipherable without adding excessively to the length. The large

storage requirements of AAPMOD make it inadvisable to add any more code

than absolutely necessary.

AAPIN required some modifications. This program was used to

generate the AAPMOD input file. This could be quite an undertaking with

up to 112 target elements and 32 passes with 11 different hardness

codes, 6 different weapons and 12 different attack patterns. There was

no provision to change an existing input file. The analyst would have-

"to run the existing file or spend the time to upload a brand new file

for the next run. Alternatively, the analyst could use a computer text

editor to change numbers selectively in the input file, but this would

bypass all input program error trapping and conceivably result in a

latent or run-time error. Finally, AAPIN was largely unstructured,

making translation to PASCAL difficult in its current form. The

reasonable course of action was to break AAPIN into three smaller

programs.

AAPIN has sections dealing with the target array, weapons, attpack

patterns, and a set of passes planned against the target complex. These

sections were ideal dividing points. The current set of programs

consists of the following:

AAPTGT - Input or modify target elements.
:", .AAPWPN - Input or modify weapons and/or attack patterns,AAPMSN - Combine weapons and attack patterns into passes

against targets in the target file.
AAPMOD - Execute the file generated by AAPMSN.

"This scheme has several advantages. First; target files can be

maintained for any number of potential targets. This can be

accomplished long before any hostilities erupt and can be updated as

1,4445
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required. The same is true of the possible weapons and attack patterns.

The weapon and pattern modules were combined since the individual

sections were quite small. Different weapon files could be maintained

if there were more than 6 different weapons or if more than 12 patterns

were desired. It is easiest to envision this situation if more than one

type of aircraft were to be stationed at the same base.

With the predefined target and weapon/pattern databases, the

analyst could run AAPMSN to generate a specific mission file. This

largely would be a matter of matching targets to attack with weapons and

patterns from the predefined database. Most of the time consuming work

of entering target, weapon, and pattern data could be performed before a

time-critical analysis was required. The file generated by AAPMSN would

be used to run AAPMOD. If minor changes were desired, the analyst would

have to rerun AAPMSN or use a text editor to change the AAPMOD input

* file.

Verification and Validation

. During the translation process, the FORTRAN V computer code was

""A verified and validated. Verification was limited since the underlying

"models were not readily available.

SErrors were discovered when working with the AAPMOD code. A

variable was misspelled in one instance. In FORTRAN, variables need not

be declared. The misspelling implicitly declared a single occurrence of

a new variable. Five other variables were declared, but not used

anywhere in the program. Thou3h corrections were wade, no effect was

noted in the output from runs conducted before and afterward. One

subroutine in AAPMOD is never called. This relates to runway repair

46

A 1

_10 A*'.*h t .t~*.~e t~t ~ ~ -

* * I



which has been deactivated in AAPMOD. Aside from the errors discovered,

the code appeared reasonable. The logic was easy enough to follow

although more comments and structured programming would have been

Some validation had been conducted previously by Miglin. He

compared AAPMOD outputs with AAP outputs during initial testing of the

new product. He found that some minor deviations occurred between the

two versions, but these were limited to less than 1.0 percent of the

original value. This easily could be attributed to lack of

synchronization in the random number stream between the two versions.

What is more, the results appeared to be reasonable. Changes which
'S.

should have altered the probabilities of runway cut produced changes in

the predicted direction. However, the high levels of the probabilities

of cut were somewhat surprising. As will be seen in the next chapter,

only six aircraft participated in the test case attack. These aircraft

% • achieved probabilities of cut for a runway complex with two runways of

"i0.'00 for one set of parameters. This seems quite high for only six

aircraft. The answers only can be considered as relative to one another

rather than absolute.

Random Number Generation. An area of concern with the FORTRAN

version of AAPMOD was in pseudo-random number generation. The random

number generator used in AAPMOD is the intrinsic generator found in

FORTRAN V as implemented on the Control Data Corporation 6600, CYBER

(45). This generator is a congruential generator using modulus 24. It

has passed several tests for random number generators including the

Coveyou-MacPherson test# an autocorrelation test, a pairs-triplets test

and others described in Knuth (30). In addition, a statistical
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experiment was conducted during the initial stages of this analysis

using different random number seeds and found that the random number

streams were not significantly non-random. The CYBER random number

generator passed all aforementioned tests. The analysis proceeded

assuming that random number streams were valid and truly "random."
" Random number generation was a concern with the microcomputer

version as well. Several tests were performed on the TURBO PASCAL

random number generator: a period test of 50 million numbers, several

replications of 100-bin and 1024-bin chi-square goodness-of-fit tests,

and a random walk test of 500,000 numbers. Results of the chi-square

tests may be reviewed at Appendix F. Within an epsilon of 0.0000000001,

no repeating pseudo-random numbers occurred with more than 50 million

.[. generated between the values of 0 and 1. The random numbers were

distributed uniformly (within statistically valid limits) across 1024
! bins of approximately 32,000 observations.each,

' The TURBO PASCAL random number generator appears suitable for the

purposes of AAPMOD. One particular drawback, howeverp is that it cannot

"be seeded. Therefore, AAPMOD results on microcomputers cannot be

duplicated precisely from run to run. However, the variance for Monte

Carlo iterations numbering more than 50 was so small that this did not

prove to be a major stumbling block. Results from the CDC 6600 and the

. NEC Information Systems Advanced Personal Computer (NEC APC) agree very

closely. Subsequent results can stand alone.

To further validate the TURBO PASCAL version of AAPHOD, results

"from the FORTRAN and PASCAL versions of AAPHOD with the same number

streams were compared. For these tests, the number stream was not

4'48
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random, but served to validate the code. The results were identical

within the accuracy displayed in the outputs.

Distributions. With the exception of the triangular distribution .

mentioned earlier, the only random variate used by AAPMOD is generated

from the normal distribution. The exact inverse method is used,

although Miglin suggested changing the generator if operations on

microcomputers proved too slow with the 300 or so calls made per Monte

Carlo iteration (35:63). Further information on this subject appears in

Chapter IX.

Microcomputer Compatibility

For full details of microcomputer system hardware and software

requirements, refer to the AAPMOD User Manual at Appendix A,

Section III.,

The TURBO PASCAL loading programs - AAP'GT, AAPWPN, and AAPMSN -

can be run on virtually any machine with 64K memory or more. All three

programs were tested successfully with TURBO PASCAL Versions 1.0, 2.0,

and 2.1. The programs also tested successfully on the following

systems: a 64K Kaypro 4 running Digital Research's CP/M-80, Version 2.2;

a 56K Electronic Control Technology TT-1O system running CP/H-80,

k Version 2.2 with ZCPR2; a 64K Integrand Single Board Computer (S-lO0

Super-Quad) running CP/M-80, Version 2.2; and a 256K NEC APC, running

2 Digital Research's CP/M-86, Version 1.107, Concurrent CP/M-86, Version

2.00, and Microsoft's MS-DOS, Version 2.11. Files generated by the

programs will be completely compatible among machines, operating

"systems, aad versions of TURBO PASCAL.
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AAPMOD requires at least 192K. AAPMOD runs quite nicely on a NEC

APC with 256K, running the operating systems mentioned in the previous

paragraph for the NEC APC and all previously mentioned versions of

TURBO PASCAL.

Contingent on the scenario and the machine, execution time can be

quite lengthy. The NEC APC with a floating point (Intel 8087)

coprocessor unit ran sample test cases in approximately 3 to 8 minutes.

These same runs required about 3 to 6 seconds on the CDC 6600 CYBER.

"Without the 8087 coprocessor, a 16-bit machine with a 5 MegaHertz 8086

central processor unit will require about 7 times as long to run the

4 same program based on results from a NEC APC.

In summary, the loader programs run efficiently on a great variety

of microcomputers, including many 8-bit machines. AAPMOD requires a

microcomputer with more capability in terms of memory and execution

speed. The floating point arithmetic coprocessor is strongly

recommended.

With the means of running the verified and partially validated

AAPMOD programs, the analysis continued with statistical

16, experimentation. Chapter V begins the experimentation with

documentation of the initial screening design.

|so
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V. Initial Experimental Procedure K

Focus of the Analysis

This analysis focuses on a wing or squadron weapons office with a

microcomputer, the AAPMOD series of programs, and a fragmentary order

(frag). A frag tasks the unit to attack a particular target (such as an

airfield) with specified munitions and a specified number of aircraft.

The task of the weapons officer and the aircrews is to determine the

best way to attack the airfield. The two variables under the direct

control of the aircrew are attack heading and weapon spacing. Note that

this is a completely different problem from that of higher headquarters

planners. In the latter case, the number of aircraft and munitions

loads would be the variables of interest. The focus of the analysis

influences the course of the experimentation and the variables

considered.

Overall Experimental Design

The design of the airfield attack analysis achieved a precise
estimate of system responses to airfield attacks with minimal cost. The

analysis made use of a screening design to be described in this

chapter. The objective was to fit a response surface to the sample

airfield shown in Figure 1 on page 35.

Response surface fit is accomplished more easily as the number of

significant independent 7ariables decreases. The screening design was

intended to eliminate insignificant variables.

The next step was to use the method of steepest ascent (first-

order) and quadratic (second-order) fit of a response surface to AAPtOD

output. The response surface was used to identify optimal attack
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parameters consistent with analyst judgement. The indicated

mathematical optima were infeasible in some cases, but the boundaries of

the feasible regions still indicated optimal parameters subject to

*" realistic constraints.

K Due to the complexities of airfield attack, the first step of this

analysis was to gain an understanding of the overall problem. This was

accomplished by considering the impact of variables expected to be

significant. The variables germane to the analysis included variables

under aircrew control as well as variables not under aircrew control.

Uncontrolled variables affect system responses, and may influence the

optimal values of the variables the aircrews can control.

For example, if weapon delivery errors are zero (not directly

"Kcontrolled by the aircrew), the optimal attack heading (controlled by

the aircrew) is perpendicular to the runway with weapon spacing

(controlled by the aircrew) set to span the runway width. In this case,

a perpendicular attack concentrates the munitions on the runway surface

with the greatest density and highest probability of cut (15,55). In

"contrast, the adverse effect of large delivery errors on the probability

of cut is reduced by attacking the runway from approximately 300 offset.

7 from the runway axis and larger weapon spacing.

'Mair Assumptions

K'The experimental designs used in this analysis comply with the

three basic principles as set forth by Montgomery (38:2). These

principles are replication, randomizatinn, and blocking. Replications

are employed to estimate error and provide additional degrees of

freedom. Randomization occurs in the sense that random number screams
52.
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are used. The CDC CYBER was used for this analysis, which provided the

capability of seeding the random number generator and synchronizing the
'- random number streams across replications. Finally, blocking was used

to separate the effect of the common random number streams from the

effect of the airfield attack input parameters.

.:•" Initial Screening Design

SFactors and their levels are described in Table 3. The rationale

.for these levels is as follows. The prooability of mission survival in

Viet Nam was in excess of 0.99. In the 1973 Arab-Israeli War, the

Israelis achieved e probability of survival of 0.97 during the peak loss

periods. Even for today's high threat environment, the range 0.99 to

0.92 seems broad enough to bracket possible real-life values.

"AAPMOD allows virtually any weapon type since they are defined in

terms of crater radii. However, the preponderant runway assault

munitions are general purpose bombs. The most common general purpose

bombs are 500-pound Mk-82's and 2000-pound Mk-84's. Mk-82's are located

IN in munitions storage areas throughout the U.S. sphere of influence since

these are used for aircrew training. In addition to training munitions,

vast quantities of Nk-32's are stockpiled in Europe for contingencies in

- that region.

Crater radiue is the next input variable. To keep the analysis

unclassified, the crater radii were ostimatod at first. The estimate

was updated by subsequent calculations. For the initial

experimentation, .rater radii for Mk-84 impacts on runway #1 were set at

40 and 15 feet for deny-TOL and deny-aircraft-taxi values, respectively.

For runway #2, the values were 50 and 20 feet. For Mk-82's, the values

.p. 53
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Code Factor High Level (+) Low Level (-)

"A Pr(arrival) 0.99 0.92

B Weapon type Mk-84 Mk-32
Equiv crater radius

Runway #1 40/15 ft 24/9 ft
.. Runway #2 50/20 ft 30/10 ft

"-"C Del error std dev 300/150 ft 100/50 ft
REP/DEP 202.5/101.25 ft 67.5/33.75 ft

D Number weapons 12 6

, E Weapon reliability 0.99 0.59

F Attack heading 170.0° 140.00

G Weapon spacing 100 ft 50 ft

4•-;

Table 3. Factor Levels for 2-Level Initial Screening Design

were 24 and 9 feet for runway #1, and 30 and 10 feet for runway #2. The

difference in values for the two runways is due to the different

hardness levels of the pavement surfaces.

, Updated crater values were calculated using equations developed in

Breuer (6) for the two weapons of interest. The methodology is based on

•''.. classwork in Systems Engineering 5.62, Terminal Effects of Conventional

Weapons. Since cratering is mostly a function of weapon blast, the bare

charge equivalent weight is found using the following formula:

0.41
_T* We C 0.6 +.. ....

I + 2(i/C). *, : *- S

',,iwhere

C is the weight of the charge in the encased weapon
H is the weight of metal in the casing
We is the bare charge equivalent weight
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This equation accounts for the amount of blast energy that is

absorbed in accelerating fragments. This bare charge equivalent is an

equivalent weight of Tritonal which must be converted to TNT. This is

done using the formula:

WT 1TritonaI)

"The crater radius is calculated as follows:

rcrater = (1 ± 0.5) WTNTI/3

The larger value was used as an approximation. Table 4 summarizes

Sthe resulting calculations.

Weapon M C We W TNT rcrater

• lk-82 339 192 132 149 7,64 ft
Mk-84 1075 945 687 776 13.78 ft

Table 4. Crater Radii for Mk-82 and =k-84 Weapons

* ,The crater sizes shown in Table 4 correspond to the deny-aircraft-

taxi crater sizes for AAPiOD. Some estimation for crater sizes which

would deny takeoff and landing was needed. Lt Stephen Colony (9) with

the Rapid Runway Repair Team of the Wright-Patterson section of Prime

Base Engineering Emergency Force stated that significant buckling and

heaving occur from 10 to 15 feet beyond the physical opening of a

crater. The l0-foot figure was used for the Mk-82Ws and 15 feet for the

,k-84's. This puts the deny-aircraft-TOL crater sizes at 17.64 feet for .4
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M,-82's and 28.78 feet for Mk-84's. Definitions of deny-TOL and deny-

aircraft-taxi values are given on page 41.

The next variable of interest was delivery error. There is general

agreement in the tactical fighter community that ranging errors are

usually larger than deflection errors. This was corroborated by an

informal poll of fighter pilots attending AFIT. Deflection error is

estimated to be approximately one half the value of ranging error for a

particular delivery. For instance, on a bad day, the typical pilot may

fling bombs outside of qualification criteria which is 175 feet for the

most likely type of deiivery for these bombs. Bombing results from

tactical air-to-ground ranges and realistic exercises such as Red Flag

indicate that peacetime delivery errors will double during wartime.

A minor problem exists when trying to input range and deflection

delivery accuracy. Aircrews think in terms of probable error while

AAPMOD requires standard deviations for the underlying bivariate normal

distribution. These are related easily by the formula:

range standard deviation - range error probable / 0.675

To avoid confusion, AAPWPN accepts piobable error figures and then

"converts them to standard deviations. Echo checks of data within the

program reconvert the standard deviations to probable errors prior to

display.

For the initial screening design, a 300-foot standard deviation was

considered for the high value and 100 feet for the low value. The high

value is representative of manual release systems while the low figure

is intended to represent the average pilot flying under hostile fire in

the F-16 or A-7 with automated release systems. In terms of range error
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probable (REP), the high value is 202.5 feet and the low value is 67.5

feet. The corresponding deflection standard deviations are 150 and 50

L ,feet (equivalent deflection errors probable of 101.25 and 33.75 feet).

Twelve bombs were picked as the maximum load with Mk-82's in mind.

No current tactical fighter can carry 12 Mk-84's. This figure was

chosen to drive the analysis to reasonably high probabilities of cut.
If need be, the high figure for Mk-84's can be considered as several

sorties for the sake of comparison. A low figure of six bombs was

chosen. Virtually all tactical fighters can carry six Mk-82's. The

A-10 aircraft can carry six Mk-84's. These figures served their purpose

for the initial screening design.

L ! Weapon reliability for general purpose bombs is very good if the
.4

bomb is released at the proper altitude and not too low. For dual

fuzing, the 0.99 figure is a standard with newer model M904 and M905

nose and tail fuzes. However, some means were needed for dealing with

low release altitudes, weapons release system malfunctions, and

incorrect cockpit switch settings. Tactical doctrine dictates that the

typical aircrew would tend to remain close to the ground as long as

possible to avoid hostile fire. Low-altitude ingress would result in

increased numbers of dudded bombs due to low releases in contrast with

V high-altitude ingress. The 0.59 low-end weapon reliability accounts for
4. low altitude releases, weapons malfunctions, and incorrect cockpit

switch settings.

Attack headings were chosen relative to runway #1 depicted in

F igure 1. Conventional wisdom says to attack a line feature at 300 off

the main axis with a stick of bombs. The stick resolves some of the

possible ranging error-s while the 30" angle resolves some of the
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-possible deflection errors. Experienced aircrews do not attack along

the primary axis of a runway to avoid missing the runway with all bombs

to one side or the other. The angling attack helps prevent this.

* :Suspecting 30* as a near-maximum, axes of attack were chosen to bracket

this figure. The screening experiment was run using angles of 400 and

100 relative to the main runway. This becomes 1400 and 170* in the

4..' airfield reference frame. The 1700 was considered the high figure.

The last item is weapon spacing. The 50-foot value is

approximately equivalent to the minimum intervalometer setting for

"typical fighters at attack speeds. Increasing the dive angle is one way

to shrink the longitudinal distance between weapon impacts, but dive

angles in excess of 200 are required before this is very effective.

Such large dive angles would expose aircrews to hostile fire for longer

periods of time. For this reason, high dive angles were not considered.

The 100-foot value is a high-end value considering crater radii and

number of bombs carried. A stick of 12 bombs would cover 1100 feet

while a stick of 6 bombs would cover 500 feet. Spacing the bombs

further apart might decrease the chances of denying a minimum clear

strip for aircraft takeoff. It also should be noted that larger inter-

bomb distances would mean longer times spent on final approach waiting
for the last bomb to release. This would decrease survivability because

of increased exposure to hostile fire. Fortunately, computed release

systems are not so limited in this regard.

4.,The preceding paragraph concentrated on "singles" release logic.

In other words, bombs are released one at a time. If the weapons pylons

* are closely spaced, two bombs released simultaneously (paired release)

. will impact in close proximity to one another. There may be some
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tendency for the bombs to spread apart or draw closer together due to

ballistic dispersion. While the expected distance between the bombs

would be the distance between the weapons pylons, subsequent analysis

indicated ballistic dispersion was sufficient to increase probability of

cut under certain circumstances. Single release logic was used for this

analysis. Paired releases are a subject of sensitivity analysis in

Chapter IX.

AAPMOD permit8 aircraft to reattack; aircraft reattack is a

potential input option. However, the vast majority of the fighter

4, " community would only expose themselves once to hostile fire in the

environment of an enemy airfield. Reattacks are not considered in thi6

analysis. Any additional passes could be added in the form of more

aircraft participating in the attack.

Other factors could be considered, but the seven factors found in

' Table 3 were chosen as the most likely to be significant. All nther

factors are held constant across the entire experiment. Weapons pylons

were spaced 20 feet apart. Standard deviations for ballistic disper3ion

were fixed at 30 feet (see page 39).

Fractional FactraDesn. Several choices were available for

Sinitial screening designs. Fractional faccorial designs were cnosen,

Montgomery mentions Plackett-Burman designs but also states "...these

"designs are identical to those presented earlier in this section" for
7-3 7-4

seven factor designs (38:346). Consequently, the 2,V and 2111

designs described in Montgomery were used. The designs are shown in

"Tables 5 and 6.

The appeal of fractional factorial designs was the drastic

reduction in the number of rons required. Hlowever, several assumptions
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Generators: I ABD = ACE = BCF = ABCG

A B D E F G
,A AB AC BC ABC

"(1) . . + + + -

a + . . . .- +
b - + - - + - +
c - - + + - +

ab + +.- + - - -

"".:ac + - + - + - -
bc - + + - - + -
abc + + + + + + +

- main effects which are confounded with second- and
higher-order interactions of effects

....

Table 5. 2 Design and Input Matrix

III.

Generators: I ABCE ACDG BCDF
.' * * F*

,* * * E G F
A BC D AB AC AD BC BD CD ABC ABD ACD BCD ABCD

""-1 (1) - - + + + + + + . . . . +
IN" 2 a + ... . . .- + + + + + + - -

3 b -.+ - - - + + - - + . + - + -
"4c -- +- + ++ - + - + + -
5 d . . + + + - + - - - + + + -
6 ab + + - - - + - - + + +
7 ac + - - + - - -- - + - + 1
8 ad +--+ - - + + - - + - - + +
9bc - +.+ - - . . + - - - + + - +
0 lObd -+-+ - + - + - + - +
1 Icd - - + + + . . . . + + + - - +

12 abe +++- + + - + - - + + + .
"13 abd + + - + + - +- -
14 acd + - + + + + - - + - - + - -
15 bcd'-+++ + + + - - - +
16 abcd + + + + + + + + + + + + + + +

"* main effects which are confounded with third- and
higher-order interactions of effects

%4 7-3Tabe 6. 2V Design and Input Matrix
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had to be met. The population needed to be normally distributed. There

is a strong historical basis for assuming that delivery and ballistic

Serrors are normally distributed. In fact, the one random variate used

in AAPMOD is normal.

Next, the population error variance was assuiged homogeneous. This

was tested using Bartlettts test. Populati( *rror variance was

homogeneous at a level of significance of 0.10 or better in all but one

case.

For fractional factorial designs, effects must be additive, a large

number of treatments are required, and the design must be balanced with

equal levels across factors. In this analysis, the effects were assumed

additive, treatments were specified by standard designs, and a balanced

design with equal levels across factors was used.

Finally, high-order interactions must be assumed negligible. The

experiment revealed virtually all 2-factor interactions to be

significant, therefore negating this assumption. In some cases, higher-

order interactions also were significant, but these were confounded

within aliases to be discussed subsequently.

" There are some disadvantages to the fractional factorial design,

however. Aliasing does take place, balanced designs are required,

computations are more complex, and fractional factorial designs may not

be available on some commercial statistical packages.

Before proceeding further, a discussion of design resolutions is in

"order, Resolution III designs have main effects aliased with 2-factor

"interactions. All interactions oust be assumed negligible. This was

not the case for this analysis. Ile resolution IV design has no main

effect aliased with any 2-factor interactions, but 2-factor interactions
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are aliased with each other. Resolution V designs have: no main effect

or 2-factor interactions aliased with any other main effect or 2-factor

interaction. Throughout, 3-factor interactions and higher are assumed

negligible with the rationale that 3-way interactions are difficult to

explain in real-life terms and Montgomery's contention that 3-way *

interactions are seldom significant in real life (38:326). Therefore,

the resolution V design would have been the obvious choice. -

Unfortunately, each time the resolution increases, the number of

required design points doubles. The resolution IV design was a good

compromise. In addition, the resolution III design was also used to

identify significant interactions within the aliases.

Separate design points were run for the resolution III and

resolution IV designs. This would have helped to separate interactions

within the aliases if enough interactions had been insignificant. The

resolution III design depicted in Table 5 and the resolution IV design .

in Table 6 were run using the design matrices located at Appendix H.

Somple Size and Reliability

The Monte Carlo simulation performed by AAPMOD consists of a user-

specified number of replications, called iterations or samples in AAPMOD

documentation (27). If the user specifies 200 or less samples, the

single run of AAPMOD consists of the specified number of samples. If

more than 200 samples are specified and the option is selected, AAPMOD

will stop at 200 samples, calculate the number of additional samples

required to meet a user-specified level of significance, and complete

the calculated number of samples. For a balanced design, 20W iterations

were used throughout the analysis.

%',
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Three separate AAPMOD replications were accomplished at each design

point to test the random number generator and provide degrees of freedom

for the analysis. Three seeds drawn from the random number table in

Montgomery (38:532) were used for each treatment. Consequently, each

treatment was run a total of 600 times: 200 in each of 3 replications.

"For AAPMOD runs consisting of 200 iterations, the sample variance

I4, of differences between probabilities of runway cut from seed to seed was

only 0.030 with mean values of approximately 0.5. The random number

streams were not statistically non-random. As a point of interest, the

implied number of replications indicated by the sample variance of 0,030

was 1.3 to detect a 0.1 measurable difference in probability of cut

between treatments. Using three replications drops the predicted

measurable difference to 0.06. It should be noted that future runs

could use the AAIMOD facility of error checking to achieve the desired

error. This was inappropriate for this analysis because of the balanced

designs used; if AAPHOD calculated its termination points, the number of

samples in the experiment would have varied among design points, causing

the design to become unbalanced.

Initial Experimentation

Problem Analysis. As mentioned earlier, one of the prime

"objectives in this analysis was to use AAPNOD and evaluate its

performance. This involved forming the design matrices located in

Tables 5 and 6 and the input matrices located at Appendix 1i.

"The measures of merit for the experiment were probability of

cutting runways and expected number of craters (see page 36). Based on

their significance, the hierarchy of AAPMOD input variables was the same

• *, a63

%M



Factor F P

Pr(arrival) 32 0.0
Weapon type 102 0.0

Delivery error std dev 3477 0.0
Number of weapons 392 0.0 3,

Weapon reliability 249 0.0
Attack heading 19 0.0
Weapon spacing 39 0.0

Table 7. Resolution IV Screening Design Results

i ee cs fro Runs per Tabls 7

in every case for both measures of merit. For this reason, only

analysis based on probabilities of cut is shown in Tables 7 through 13.

The screening experiment was accomplished in two ways. In one

case, the 16 design points of the-resolution IV design were run 10 times

each, with 20 AAPMOD samples specified per run. In the other case, the

same 16 design points were run 3 times each, with 200 AAPIOD samples

specified per run. For the resolution III design, only the. latter case

was used. The object of both approaches was to reduce the variance of

the output by trading off the number of runs versus the length of the

runs*

Table 7 summarizes the results for the resolution IV design using "

10 runs per design point. Only the main effects are shown. The F- and

p-values for each AAPHOD input variable are shown. With a level .of

significance of 0.05, all main effects are significant. In order for a

factor to be insignificant, its p-value must exceed the desired level of

significance. ...

Next, a total of 66 runs was performed at 200 iterations each. The

reduction from 72 indicated runs to the 66 runs accomplished was a [.
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result of overlapping treatments between the resolution III and

resolution IV designs.

A computer program for multivariate analysis of variance (MANOVA)

was used to analyze the output of the 66 runs comprising the experiment.

Results of the MANOVA's are shown in Tables 8 through 13.

Tables 8 through 10 summarize results for the resolution III

experiment. Tables 11 through 13 present the results for the

resolution IV experiment.

Tables 8 through 13 provide information concerning the significance

of the analysis and the AAPMOD input variables. The first section

indicates, a level of significance for the regression by means of a

V.p-value. Next, an R2 figure shows to what extent the input data have

been explained by a linear regression fit. An Ra value of 1.0 indicates

that all the data have been explained by the regression. As more

variables are added to an experiment, the R3 value would be expected to

increase asymptotically toward 1.0. Following this, Bartlett's test for

homogeneity of variance provides a level of significance indicated by a

p-value. The last section tabulates regression coefficients and

p-values for AAPMOD input variables. The regression coefficients form

the linear equation relating input values to a predicted probability of

"cut. Degrees of freedom are indicated by "d.f." The sums of squares

are squared deviations from the mean for a particular variable. Mean

squares are the sums of squares divided by degrees of freedom.
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A ANALYSIS OF VARIANCE E

Source Sum of Squares d.f. Mean Squares F

Regression 2.61345 7 0.37335 1152.46 0.0rL Error 0.00518 16 0.00032 1
Total 2,61863 23

R2 = 0.9980

Bartlett's test for homogeneity of variance:

a = 16.4298 d.f. = 7 p u 0.0215

S SIGNIFICANCE OF FACTORS

Factor Regression Coefficient Mean Square F 2

"Mean 0.4408
Pr(arrival) 0.0183 0.00807 24,900 0.0001
"Weapon type 0,1400 0.4704- 1452.030 0.0
Delivery error -0.2508 1.51002 4661.110 0.0

- # weapona 0.1033 0.25627 791,110 0.0
, Wpn reliability 0.1058 0.26882 829,782 0.0

Attack heading -0.0642 0.09882 305.027 0.0
Weapon spacing -0.006? 0.00107 3.293 0.0884

7-4
Table 8. Rswway 1, 21 Di
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ANALYSIS OF VARIANCEE

Source Sum of Squares d.f. Mean Squares F

Regression 1.76335 7 0.25191 345.95 0.0
Error 0.01165 16 0.00073

Total 1.77500 23

aR2 0.9934

Bartlett's test for homogeneity of variance:

Al X9 13.2419 d.f. a 7 p , 0.0664

"S IGNIFICANCE OF FACTORS

Factor Regression Coefficient Mean Snuare F

Mean 0.6846
Pr(arrival) 0.0258 0.01602 21.996 n.0002

*-Weapon type 0.1275 0,39015 535.808 0.0
Delivery error -0.1354 0.44010 604.412 0.0
# weapons 0.1163 0.32434 445.425 0.0

Wpn reliability 0.1567 0.58907 808.989 0.0
Attack heading -0.0067 0.00107 1.465 0.2437
Weapon spacing -0.0104 0.00260 3.576 0.0769

S~7-4
Table 9. Runway 2. 211, Design
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ANALYSIS OF VARIANCE

Source Sum of Squares O.f. Mean Squares F .p

Regression 2.80636 7 0.40091 818.88 0.0
Error 0.00783 16 0.00049

Total 2.81419 23

"R3 - 0.9972

Bartlett's test for homogeneity of variance:

Xo0  -13.6394 d.f. 7 p - 0.0580

"SIGNIFICANCE OF FACTORS

Factor Regression Coefficient Mean Square F

Mean 0.3831
"Pr(arrival) -0.0035 0.00030 0.615 0.4444
Weapon type 0.1640 0.64518 1317.810 0.0
Delivery error -0.2369 1.34663 2750.580 0,0
* weapons 0.1240 0.36878 753.247 0.0

Wpn reliability 0.1206 0,34921 713.281 0.0
Attack heading -0.0610 0.08943 182.658 0.0000
Weapon spacing -0.0169 0.00683 13.960 0.0018

7-4
STable 10. Combination, 2 Des-4
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Am N ANAL YS IS 0OF V AR IA NC E

"'iSource Sum of Squares d.f. Mean Squares F

" Regression 4.22925 15 0.28195 417.71 0.0
•""Error 0.02160 32 0.00067

,-Total 4,25085 47

-i R2 - 0.9949

"•Bartlett's test for homogeneity of variance:

•2Xo3 23.9723 d.f. - 15 p - 0.0656

Si SI GNI FI CA N CE 0OF F A CTOR S

SFactor Regressinn Coefficient Mean Square F_

•'[Mean 0.4378
" Pr(arrival) (A) 0.0378 0,06863 101.674 0.0

I'

.',Weapon type (B) 0.0449 0.09675 143.335 0.0
:..Delivery error (C) -0.2303 2.54610 3772.030 0.0

S#weapons (D) 0,1351 0,87615 1298.010 0.0

(AD) 0,0186 0.01669 .24.723 0.0
(AC) -0.0266 0,03387 50.174 0.0000
(AD) -0.0324 0,,05038 74.630 0.0
(BIC) -0.0041 0.M079 1.174 0.2868

;•(BD) 0.0030 0.00044 0,649 0.4264
(CD) -0,0289 0.039%6 59.205 0.0

SWpn reliability (E) 0.0759 0.27679 410,064 0.0
,,(AOD) 0.0576 0.15928 235.965 0.0

'.Weapon spacing (G) 0t.0282 0.03825 56.668 0.0
•..Attack heading (F) -0.02019 0.02104 31.174 0.0000

b.••.(ABOD) -0.0093 0.00413 6.112 0.0189

÷r )indicates factor code or interaction term

#"-" 7-3,.,Table 11. Runway 1, 21IV Design
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SANALYSIS OF VARIANCE

"Source Sum of Squares d.f. Mean Squares F

Regression 2.60465 15 0.17364 261.28 0.0
Error 0.02127 32 0.00066

Total 2.62592 47

R 2 = 0.9919

Bartlett's test for homogeneity of variance:

7= X.2 19.8483 d.f. 15 p = 0.1778

S IG N IF ICANCE OF FACTORS

Factor Regression Coefficient Mean Square F 2

Mean 0.6858
.Pr(arrival) (A) 0.0179 0.01541 23.185 0.0000
Weapon type (B) 0.0952 0.43510 654.701 0.0
Delivery error (C) -0.1056 0.53552 805.799 0.0
# weapons (D) 0.0742 0.26403 397.293 0.0

(AB) 0.0048 0.00110 1.658 0.2071
(AC) -0.0464 0.10360 155.891 0.0
(AD) 0.0371 0.06601 99.323 0.0
(BC) 0.0017 0.00013 0.201 0.6572
"(BD) 0.0348 0.05810 87.427 0.0
(CD) 0.0485 0.11310 170.186 0.0

Wpn reliability (E) 0.1358 0.88563 1332.620 0.0
(ABD) 0.0044 0.00092 1.382 0.2484

tWeapon spacing (G) -0.0448 0.09630 144.906 0.0
Attack heading (F) 0.0375 0.00068 1.057 0.3211

(ABCD) 0.0246 0.02901 43.6491 0.0000

( ) indicates factor code or interaction term

:-" 2i7-3. Table 12. Runway 2, 2 Design
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A N AANALYSIS OF VARIANCE

Source Sum of Squares dMf. Mean Squares F D

Regression 3.88395 15 0.25893 302.40 0.0
Error 0.02740 32 0.00086

Total 3.91135 47

R= 0.9930

Bartlett's test for homogeneity of variance:

"X0= 27.8880 d.f. = 15 p = 0.0223

SI.GNIFICANCE OF FACTORS

Factor Regression Coefficient Mean Square F 2

"Mean 0.3452
"" Pr(arrival) (A) 0.0519 0.12917 150.855 0.0

"Weapon type (B) 0.0710 0,24225 282.924 0.0
DeliVery error (C) -0.1946 1,81741 2122.530 0.0

# weapons (D) 0.1246 0.74501 870.088 0.0
(AB) -0.0181 0.01577 18.416 0.0002

- (AC) -0.0396 0.07521 87.835 0.0
* .(AD) 0.0125 0.00750 8.759 0.0058

(BC) -0.0288 0.03968 46.336 0.0000
(BD) 0.0375 0.06750 78.833 0.0
(CD) -0.0252 0.03050 35.623 0.0000

Wpn reliability (E) 0.1088 0.56767 662.982 0.0
(ABD) 0.0429 0.08841 103.251 0.0

Weapon spacing (G) -0.0090 0.00385 4.500 0.0418
Attack heading (F) -0.0265 0.03360 39.244 0.0000

(ABCD) 0.0206 0,02042 23.847 0.0000

( indicates factor code or interaction term

Table 13. Combination, 21 7 -3 Design
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Most of the factors were significant throughout the analysis. The

R2 value was in excess of 0.99 in every case. Virtually all the

variation in the results was explained by the linear regression

equation.

For the resolution III analysis of runway #1, only weapon spacing

was insignificant at a 0.05 level. Since the p-value was 0,088, weapon

spacing would have been significant at a 0.10 level. The remaining

p-values were such that the probability of ar-ival at the target,

weapons type, delivery error, number of weapons, weapon reliability, and

attack heading were all significant at any reasonabLe level of

significance. For runway #2, the same was true except that attack

heading was insignificant. This was to be expected, since the angles

from which the runway was attacked were 800 and 1100 relative to the

runway. This was almost symmetrical about the 90* axis, so the result

was reasonable. For the combined case, the only insignificant factor

was probability of reaching the target. This anomaly probably was

caused by the small interval chosen between the high and low values of

this effect as well as confounding interaction terms. Common sense

tells the analyst that the probability of getting to the target will

affect the probability of cuts. If the true range of probabilities of

reaching the target is small, then this factor probably should be

discarded as insignificant.

For the resolution IV design for runway #1, only the BC and BD

interactions were insignificant. This was reasonable, since the weapons

type should not interact with the delivery error or the number of

weapons. All other effects and interactions were significant to at

least the 0.05 level. For runway #2, the AB, BC, and ABD interactions
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and attack heading were insignificant. The probability of arrival

* should not interact with the weapons load (at least in this model); the

weapons type and delivery error should not interact; and the 3-factor

"i% interaction involving probability of arrival, weapons type, and number

of weapons should not be significant. The attack heading against runway

#2 was significant. The high and low values for attack heading resulted

in 70* and 800 angles with respect to runway #2. The i0* made enough of

a difference to show up with the additional runs and less confounding.

Finaliv, all main effects and tested interaction terms were significant

at a level of 0.05 for the combined probability of cut. This included

aliases which contained only interaction terms.

Bartlett's statistic is significant at the 0.05 level in several

cases. The variance acrcss cells is not completely homogeneous, but the

balanced design should be sufficiently robust to handle this small

deviation.

An alternate approach is to inspect the regression coefficients
. .

themselves. Since they are scaled in a sense, the size and sign of the

coefficients may give a clue as to how the system responds. The

coefficients are representative for the resolution IV experiment for

* runways #1 and #2 combined. The probability of arrival has a moderate

positive influence on the probability of cut (Pc). The weapon typecut

has a slightly larger positive influence. Delivery error has the

largest absolute value coefficient of any. Increases in delivery error

decrease the Pcut" The number of weapons has a relatively strong

positive influence on Pcut as does weapon reliability. The latter is

, due, in part, to the wide range between high and low levels. Weapon

spacing has a very weak and inconsistent effect. The attack heading is
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not much stronger based on the regression coefficient alone. If the

regression coefficients were scaled equally, the coefficients would

indicate that delivery error, number of weapons, and weapons reliability

should be examined first. Attack heading and weapon spacing probably

can be discarded. Probability of arrival and weapon type seem important

on an intuitive level and have moderately high regression coefficients.

This is supported by analysis of the structural diagram depicted earlier

in Figure 2.

Tables 14 and 15 depict the aliases for the screening experiments.

Normally, some of the main effects and most of the interactions would be

insignificant. Different combinations of insignificant effects and

interactions would be pieced together to break out the confounding of
h

the aliases. This is not possible for this analysis, since most main

effects and interactions were significant.

"'Implications. The initial screening experiments achieved the

objectives. Valuable experience with the new implementation of AAPMOD

and insight into its capabilities were obtained. The random number

"generators were successfully tested. Finally, all of the AAPMOD input

variables chosen for analysis proved to be significant.

The completed initial screening experiments have laid the

foundation for further analysis using response surface methodology.

* -"However, before applying the tools of RSM to the airfield attack

scenario, Chapter VI provides an introduction to response surface

methodology..
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F

Generators: I ABD ACE BCF ABCG

Aliases
Effect ABD ACE BCF ABCG BCDE ACDF DCG ABEF BEG AFG

A BD CE - BCG --- CDF -- BEF -- FG
B AD CF ACG CDE AEF EG
C - AE BF ABG BDE ADF DG
D AB- -- BCE ACF CG
E -- AC .. .. BCD ABF BG --
F BC .. .. ACD -- ABE - AG
G ABC - - CD D -- BE AF

A Aliases *
Effect DEF ADEG BDFG CEFG ABCDEFG

A -- DEG .. .. ..
B DFG -- --

C EFG --
D EF AEG BFG .. ..-
E DF ADG --- CFG --I , F DE -- BDG CEG --

G -- ADE BDF CEF

* 4-way interactions and higher are not considered, denoted by -

Table 14. 217-4 Generators and Aliases
I,,

I-.
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Generators: I ABCE ACDG BCDF

"Aliases *
Effect ABCE ACDG BCDF BDEG ADEF ABFG CEFG

A BCE CDG DEF BFG ---

B ACE - CDF DEG AFG
C ABE ADG BDF ---- EFG
D --- DACG BCF BEG AEF ----
E ABC BDG ADF CFG
"F .. .. BCD ADE ABG CEG
G ---- ACD BDE ABF CEF

AB CE -.. .. FG
AC BE DG - ... .
AD CG --- EF
BC -- DF - - --

BD ... .. CF EG -. ...
CD -- - AG BF . .. .

ABD CDE BCG ACF AEG BEF DFG --
ABCD DE BG AF .. . . . .

* 4-way interactions and higher are not considered, denoted by -

Table 15. , Generators and Aliases
,,V
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VI. Response Surface Methodology Overview

Basic Definitions

Response surface methodology (RSM) is a collection of mathematical

and statistical tools for discovering optimum conditions. This applies

to both deterministic and probabilistic problems. This chapter will

concentrate on probabilistic problems.

Box and Wilson (5) first proposed RSM in 1951. It should be noted

that the techniques involved existed long before that date. RSM

initially was intended for finding optimal conditions in industrial

settings. Most of the example problems found during research for this

chapter involved chemical processes during manufacture. However, RSM is

valid for any circumstance in which dependent and independent variables

are quantifiable, continuous and related by some sort of "response"

function. Extensions might be made to discrete variables but the

optimal point may elude the analyst. This is similar to the case where

linear programming is applied to an integer programming problem. The

results may be unpredictable.

The response function lasually involves one dependent variable of

interest (y) and one or more independent variables (x's). This takes

the following form:

y - F(XlX 2, ...0 Xk)

where k is the number of independent variables.

The response surface with two independent variables might appear as
~it°

shown in Figure 3.
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"" ~Figure 3. Typical Response Surface

The function F can take many forms but is usually assumed to be a

-"polynomial. This is particularly handy since solutions can be found (

with relative ease. However, caution must be used when extrapolating
'.['results. Polynomial fits are only valid in the immediate area of i

r.- experimentation. RSM does extrapolate outside the immediate area of

experimentation but validates this by comparing experimental responses

with predicted responses*

The polynomials could be of any order, but usually are restricted

to first-order for initial work and second-order when approaching the

,m,.,optimal point (also called "near stationary" conditions since the

j,,optimal point is also a stationary point). The first-order polynomial

takes the form:

'." y •b0 + b xi + .. + bk~

where the bi are regression coefficients for i 00O It .. k.

tt•

,,. .
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Including interaction and squared terms, the second-order

polynomial with three independent variables appears as follows:
tI,

y = b0 + bX1x + b2 x2 + b3 x3 + b11 xl 2 + b2 2 x2
2 + b33 x3

2

i + b1 2 XlX2 + b1 3x1 X3 + b23 x2x3

. As might be surmised, higher-order polynomials become complicated;
-.

RSM usually is restricted to second-order. In most cases, this is a

good approximation. Taylor series expansions provide the basis for

truncating the series above the second-order terms. For RSM, the

analyst should experiment in the immediate vicinity of the newly found

optimum point anyway. The more restricted the area, the better is the

• .approximation of a second-order polynomial compared to reality.

Second-order polynomials can accommodate any number of independent

variables. However, various interaction terms greatly complicate the

A problem. This can be alleviated by dropping statistically insignificant

variables.

Several steps are required in fitting the desired form of

polynomial to the simulation or industrial situation in question. The

first step is to identify an area of interest. This could be the status

quo or the suspected optimum mix of input variables based on the

analyst's judgement. Some knowledge of the actual system is helpful.

Experiments or simulations are run in the area of interest. The

resulting y-values (system responses) and the x-values (input variables)

are analyzed by least-squares regression to f-ind the polynomial fit of

the system responses.

79

.4

I.



LL

"First-Order Approximation

If the analyst has limited knowledge of the system, the suspected

center point of the problem is assumed to be remote from the actual
0L

optimum. A first-order polynomial is asst,,med applicable in that the

slope of a response surface is likely to be fairly smooth until

approaching the optimum point. The polynomial is found, fitting a plane

tangent to the surface at the present center point. A plane (or

hyperplane if more than 2 independent variables) is characteristic of

the first-order approximation. The math remains the same with

hyperplanes, but conceptualization becomes more difficult.

The method of "steepest ascent" is accepted as the best approach to

-. "the optimum point. The analysis moves in proportion to the regression

coefficients or "climbs the hill" perpendicular to the contour lines.

The main question is how far to step between iterations; the analyst

must exercise judgement to choose the appropriate step size.

Backtracking with smaller steps is always an option.

Eventually, the optimum point will be approached, at which time the

slope will level out. The second-order polynomial approximation is

required to find the optimum point mathematically, since the maximum on

a plane is at infinity unless the plane is perfectly horizontal. A

horizontal plane probably would represent design points which happened

"to be on the same contour. This could be interpreted incorrectly as

multiple optima inside the area of the contour, but should lead the

analyst to further experimentation. Second-order approximations perform

the experimentation in an organized manner.

RSM commonly ttes factorial or fractional factorial designs for

first-order approximations. To review, the suspected optimal point
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becomes the center point of the factorial design. Then unit changes in

each variable are defined on either side of their center point values.

If unit changes are not appropriate for the actual analysis, then the

changes can be coded. For example, suppose x1 has a value of 20 at the

center point. Values of 5 and 35 might be appropriate for experimenting

in the area around the center point. First, note that the spacing needs

to be the same on both sides (symmetrical). The values would be coded

as -1, 0, and I for 5, 20, and 35 respectively. The coding assumes an

appropriate scale for the variable, such as a ratio or interval scale.

The variable is coded as follows:

x (x1 -20)/ 15

The equation will be handy if the answer ends up being other than

one of the coded values. This is entirely possible when finding the

mathematical optimum of the second-order approximation.

The center point value should be checked before proceeding with the

analysis. The center point is not part of the factorial design matrix

for first-order analysis. The center point check may reveal that the

surface is not represented properly by a plane in the region of

experimentation. If the regression equation accurately predicts the

center point response, increments up the steepest slope are taken until

the errors between the predicted and experimental values of system

response are too large. When this is the case, another first-order

experiment is performed. If the slopes start to approach zero during :.,1:

this sequence, then the second-order model is required. A.

81 "
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Second-Order Approximations ,-

There are several considerations for second-order approximations

"that are not a problem with the first-order approximation. These

considerations are the number of data points required and the

orthogonality of the design.

The first-order approximations require only two levels for each

factor; these are sufficient to define the required hyperplane in ..

k-space. Factorial designs do not require excessive data points until

considering 6 or 7 variables. Fractional factorial designs usually

reduce the required number of data points with minor loss of

information.

Second-order approximations require three levels of each variable

to approximate the curved surface expected. With 4 factors, the full

factorial design requires 34 m 81 points to estimate 15 coefficients of

.9'.the 4 main effects, 4 squared effects, 6 interaction terms, and the

overall mean. Additional factors cau help explain system responses, but

geometrically increase the number of required replications. The analyst

must consider the advantages and disadvantages of added factors,

Fractional designs reduce the number of required replications, but not .
enough to offset the increase required by added factors.

Another consideration is the design of the experiment. Factorial

and fractional factorial designs are orthogonal: desirable features for

rotating the coordinate system and for determining the increments and

direction for the method of steepest ascent. Orthogonality and

efficient experimentation can be accomplished by central composite

orthogonal designs and are recommended for analysis by numerous experts
(8:343-348. 1:534,23:281,40:80,40:84,49:175)..
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"Table 16 contains an example of a central composite orthogonal

design matrix for 3 main effects, squared terms, and interaction terms.

S. •

Xl x2  x x2 x2 x xX xX xx
1 2 3 1 2 3 121x3 2x3

-1 -I8 -1 1 1 1 1 1 1
1 -1 -1 1 1 1 -1 -1 1

.,-1 1 -1 1 1 1 -1 1 -1

"0 1 1 01 1 1 1 1 -1 -1
L'"-1 -1 1 1 1 1 1 -1 -1
."1 -1 1 1 1 1 -1 1 -1
S-1 1 1 1 1 1 -1 -1 1

1 1 1 1 1 1 1 1 1

0.0-1.682 0 02 0.0 0 0 0
"1.682 0 012.828 0 0 0 0 0
"0"..2 0 0 02.828 0 0 0 0 0
0 1.682 0 0 2.828 0 0 0 0•"0 0-1.680 0 02.8280 0 0 0
o' 0-1.682 0 0 2.828 0 0 0

0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
"0 0 0 0 0 0 0 0 0","0 0 0 0 0 0 0 0 0

S0 0 0 0 0 0 0 0 0

"* .. '. Table 16. 33 Central Composite Design (40:80)
*~'1.

The first three columns in this matrix correspond to three main

effects, the next three represent squared terms, and the last three are

the interaction terms. The values in the design matrix are coded ms in

the previous section. Great care is taken so the coded values are ±k

where possible to simplify the mathematics of matrix operations.

".Normally, a column of l's would precede this matrix, representing

the mean. This is supplied automatically by the computer code provided

v at Appendix G. The first eight rows are the same as a 2 factorial

design. The last six rows are center points.
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Only one center point is required in a central composite design, but

added points provide degrees of freedom for estimating error. Degrees

of freedom also could be generated by replicating the entire design

several times, but less efficiently. While most of the design points

can be simulated using the same random number stream, this is not

advisable for multiple center points. If the same random number stream

is used for the different replications of the center point, identical

answers will result, yielding a zero variance for the analysis. A zero

variance might be misleading for stochastic processes.

The middle rows are axial points which are sometimes referred to as I'.'

the "star." These points lie outside the ragular polygon (for designs

with more than 2 main effects) formed by the factorial design as

indicated in Figure 4.

x3  .4'

V 14 6.

0.4-

SXl "-

47 1-20-
326-4

2 2 )

Figure 4. Star Plus Center Points
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A particular number which preserves the orthogonality of the design

is 1.682, calculated as follows (8:347):

2 (k/4) ( :: 1.682 for k 3 )

where k is the number of main effects in the central composite design. K
For a half-fraction central composite design, replace the "k" with

"tk-1 ."t

As can be seen from Figure 4, ahe axial points expand the area of

experimentation to provide greater accuracy for the second-order

approximation. This is accomplished along the primary axes only,

instead of all combinations as in the factorial design. This reduces

the required number of points from 3k to 2k + 2k + center points. This

can be a very substantial savings. For the example above, this reduces

the required runs from 81 to 20, with the added benefit of estimation of

experimental error.
In Table 16, 2.828 is calculated by squaring 1.682.

The last point to discuss is how coded variables may be decoded.

The following equation shows how 1.682 is decoded to a real-life value.

All of the entries in a column are decoded with the same equation. For

the previous example, the real-life values of the experiment are:

x= 20 + 15x1 ' (.45.23, -5.23 for x1' -±1.682)
( 35.00, 5.00 for xI' ±1 ),.'

With this design, the analyst performs experimentation or

simulations to gather the y-values (dependent variables). This is done

by decoding the x-valuea and performing the experiments, one for each

Srow of the design matrix. For the design presented in Table 16,
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x1 = 20 + 15xI'
x 5 + 2.5x2 '

x3  175 + 125x,'- 4'.

3S

Experiment Coded Values Actual Values for Experiment
Number ======== -==--- ------ =-•--- --

x x2 x xI x2  x

1 -1 -1 -1. 5 2.5 50
2 1 -1 -1 35 2.5 50
3 5 7.5 50
"4 1 1 -1 35 7.5 50
5 -1 -1 1 5 &.3 300

r 6 1 -1 1 35 2.5 300
7 -1 1 1 5 7.5 300
8 1 1 1 35 7.5 300
"9 -1.682 0 0 -5.23* 5 175

"10 1.682 0 0 45.23 5 175
11 0 -1.682 0 20 0.795 175
12 0 1.682 0 20 9.205 175

4 13 0 0 -1.682 20 5 -35,25* 4*44,

14 0 0 1.682 20 5 385.25
15 0 0 0 20 5 175
16 0 0 0 20 5 175'
17 0 0 0 20 5 175
18 0 0 0 20 5 175

: " 19 0 0 0 20 5 175 %
20 0 0 0 20 5 175

, assumes that negative values have physical meaning -- pick a smaller
'4. value for increment of x1 and x3 if this is not the case.

Table 17. Coded and Actual Independent Variable Values

20 experiments would be conducted as summarized in Table 17. Possible

coding formulas for x2 and x are shown at the top of Table 17. Note

that the experiment points are identified by number on Figure 4.

With the y-values, a computer program determines the regression

coefficients. The analysis in the next chapter demonstrates the use of

such a program.
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i The next step is to solve the second-order polynomial for an

optimum system response. The optimum response is represented as a set

of x-coordinates. The y-value is calculated based on the x-coordinates.

The origin of the coordinate system is translated to this optimum set of

x-coordinates and rotated to align with the contours of the response

surface. Similar to the method of steepest ascent, further

experimentation should be periormed in the immediate vicinity of the

stationary point to validate the surface fit.
4".-

'Higher-Order Approximations

"Current literature suggests that second-order approximations

suffice for virtually all realistic problems. However, in rare
I.I%

.: instanccs, the need might arise for third-order approximation

"techniques. The concepts are exactly the same as for second order.

Many more observations will be required with many more regression

coefficients. After completing the numerous observations required for

third- and higher-order curve fits, the resulting regression equations

are difficult to relate to the real-world problem. For example, the

third-order polynomial with three independent variables and full

interactions is as follows:

y b + b x1 + b2x2 + b3x3

.1.'. ÷bX ÷22 3x+ b2XX1 X + bX 4X b + b + bx + b2 3x2 x3

L + b1 l1 x1  4, b2 22x22 + b3 3x 3 + b1 12 XI'x 2

.-,-" + b1 22 xlx2 + b113x x3 + b1 3 3X1 X3 ' + b2 2 3x2 x3

+ bj.5X + bia3xl Xz 3

4'.
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Search for Optimal Point

The search for the optimum of a response function can have several

results. Figure 5 summarizes the possibilities for two independent -,

variables. The easiest case to interpret is the hill (or depression for

minimization problems). However, a saddle point is possible. This

implies two areas of optimal conditions. An example might be runway

attacks where reciprocal attack headings could be expected to yield ,4

alternate optima. The saddle can be detected in the following manner.

After rotation of the coordinate system, some of the slopes will be

negative and some positive.

Other possibilities include ridges and slowly rising ridges. These

provide the reason for preferring the method of steepest ascent for 5"

first-order analysis. Steepest ascent will climb directly up the ridge V.

while the alternate technique - sectioning - deals with only one

variable at a time. Sectioning will find the ridge, but way cross it at
.0

an angle. The "optimum" point thus identified may not be the true

optimum, which would be found higher along the ridge line. In the case

of a non-rising ridge, there are many optima, but sectioning only finds

one of the multi-optimal solutions.
4:"

RSM Literature

This chapter is not intended to offer rigorous explanations of ,

response surface methodology. Existing literature covers the field of

RSM quite well. For quick overviews of response surface methodology,

the interested reader should check Montgomery (38), Shannon (49), and

Hicks (23). The innovator in the field of RSM was Box (5); his

discussions are mathematically rigorous. For an excellent introduction

-. 4 
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to RSM, Davies (11) offers a comprehensive treatment, although the

British nomenclature may be hard to follow. The most sophisticated work

is by Cochran and Cox (8). Other references cover the same material in

more readable format. Myers' book - the only one specifically devoted

to RSM - does a superior job of discussing the subject (40).

Shannon recommends Schmidt and Taylor (48) for a discussion of

sectioning, though steepest ascent is preferred by most authors.

Shannon also recommends Mirham (37) for application of RSM in

simulation. Finally, Shannon cited Hill and Hunter's literature review,

published in 1966 (24).

ARplication of RSM to Airfield Attack

Airfield attack analysis may be performed with the tools of

"response surface methodology. In order to use RSM, quantifiable and

continuous variables are required. Many airfield attack parameters meet

"thesecriteria. RSM can transform a very complex, stochastic problem to

a deterministic regression equation: a primary objective for this

aanalysis.

[ The background material presented in this chapter outlines the

basic framework for the latter portions of the airfield attack analysis.

The next chapter documents the RM applied to this analysis.

. 4j -A* -
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,Vl. Response Surface Experimentation

. Variables for Analysis

Central composite designs suitable for response surface methodology

require increasing numbers of design points as factors are added. L

Cochran and Cox (8) recommend full designs with 20 design points for 3

"variables and 31 points for 4 variables. For more factors, half-

fraction central composite designs are recommended. For 5 variables, 32

"design points are required, and for 6 variables, 53 design points are

"needed. Each design point requires at least one run of 200 iterations

during each analysis. Therefore, the number of input variables

considered should be limited to the smallest practical value.

"As indicated in Chapter V, seven potential airfield attack input

parameters proved to be significant in affecting system responses. The

• 'responses considered were probability of runway cut and expected number
of craterq to fill to open a minimum clear TOL strip.  Cochran and Cox

(8) do not present a design for seven variables due to the excessive

number of runs required by such a design. Due to limited computer

* resources and the envisioned use of AAPMOD on microcomputers, a smaller

design was appropriate. The 4-variable full central composite design

recommended by Cochran and Cox was adopted. d

SIn order to fully explore system responses of the airfield attack

scenario outlined in Chapter IV, groups of four variables wore chosen.

The initial analysis considers the most significant variables as

* indicated by the HANOVA conducted in Chapter V. This is followed by a

parallel analysis which considers variables which aircrews can control.
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This parallel analysis permits comparison of results between highly

significant variables and controlled variable s.

The most significant variables were: delivery error, weapon type,

- number of weapons, and weapon reliability, None of these are directly

controlled by the aircrew. These variables were analyzed in one of the

* two 4-factor designs.

Weapon spacing and attack heading are among the least significant

of the main effects chosen for the screening design. They are also the

two which the aircrew can completely control. Weapon spacing and attack

heading are significant to a high statistical level, but less

significant than the variables highlighted in the preceding paragraph.

"Throughout the screening experiment, probability of arrival was the

least significant of the input parameters. Consequently, the other

4-factor design used the following variables: delivery error, weapon

reliability, attack heading, and weapon spacing.

In both designs, variables not considered were fixed at nominal

levels. For a particular analysis, summary tables show the, values of

*, fixed variables. In this case, the high and low values are the same.

First-Order Approximation

- . As indicated in Chapter VI, initial application of response surface

methodology assumes linear conditions, implicitly assuming that the

center point of the analysis is somewhat removed from the optimum and

-.he hyperplane describing the respoise surface is flat.

A fractional factorial design was run consistent with Chapter VI of

this report. Tables 18, 19 and 20 summarize the values of the input V4

variables, the design matrix, and the results. The design matrix in V
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*Factor Code Letter High Value () Low Value(-

Pr(arrival) A 0.955 0.955
Weapon type B Mk-84 Mk-82
Delivery error std dev C 300/150 100/50
Number of weapons D 12 6
Weapon reliability E 0.99 0.59
Attack heading F 1550 1550
Weapon spacing G 75 ft 75 ft

Table 18.. First-Order RSM Variable Values

Design Point B C D E

2 + + -

4 + - +

5 + - +
6 - + + -

le7 - + - +

84 + + +

Table 19. First-Order RSM Design Matrix

.4-Table 19 is depicted with +Iindicakting the high value of a particular

variable; "~'denotes the low value. Probabilities of cut and expected

number of craters to fill are summarized in Table 20~ for individual

runwatys and both runways Cmbine. Regression coefficients for the

different dependent variables were calculated vith the computer program

*~ at Appendix G. The regression coefficients are showu in Table 21.

For the other portion of the first-order RSH analysis, we~apon type

and number were fixed. There are ntumerous possibla combinations of type

*and number of weapons. For the analysis* 6 Mk-84's and 12 Nk-82's-were
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Probability of Cut Expected Craters to Fill ,
Design Point *R/W 1 R/W 2 Combined R/W 1 R/W 2 Combined

1 0.340 0.550 0.215 0.355 0.620 0.215
2 0.100 0.465 0.065 0.021 0.035 0.017
3 0.980 0.910 0.895 2.550 1.415 1.310 _
4 0.905 0.865 0.780 1.685 1.290 0.950 P
5 0.875 0.990 0.805 1.925 2.225 1.500
6 0.775 0.445 0.135 0.305 0.525 0.140
7 0.195 0.530 0.085 0.250 0.635 0.090
8 0.740 0.950 0.700 1.600 2.010 1.175

:.4

Table 20. First-Order RSM DependenL Variable Values

Probability of Cut Expected Craters to Fill
Factor R/W 1 R/W 2 Combined R/W 1 R/W 2 Combined

Mean response 0.551 0.713 0.468 1.086 1.094 0.677
Weapon type 0.104 0.104 0.135 0.221 0.296 0.236
Delivery error -0.224 -0.116 -0.221 -0.542 -0.293 -0.319
9 weapons 0.174 0.079 0.160 0.449 0.216 0.219
Reliability 0.146 0.132 0.169 0.495 0.477 0.344

Table 21. First-Order RSM Regression Coefficients

chosen as combinations of interest, because these loads can be carried

by selected tactical aircraft (See Chapter V, page 57). The goal was to

contrast results for a lesser number of heavy bombs with a greater

number of lighter bombs. Separate analyses were performed with weapon

type and number fixed at 6 rk-844s, and then at 12 Nk-82's. The analyses

fit the following variables: delivery error, weapon reliability, weapon

spacing, and attack heading. Table 22 summarizes high and low values

for the last four variables. Table 23 depicts the design matrix with

updated factor identifiers. Tables 24-27 summarize the results for
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Factor Code Letter High Value () Low Value(-

%Pr(arrival) A 0.950 0.950
Weapon type B Mk-84 -or--- tMfl-82
Delivery error std dev C 300/150 100/50
Number of weapons D 12 -or - 6
"AWeapon reliability E 0.99 05
Attack heading. F 1700 1400
Weapon spacing G 100 ft 50 ft

Table 22., First-Order RSM Variable Values

- Design Point £ !. £ G

II - - -

3 - - + +
4 + - +
5 + -+

6 +

7 +
6+ + + +

Ai

Table 23. First-Order RSM 'Design Matrix

6 Mk-64's avid 12 Nk-&Žs. tables 24 and 2S suamarizo tMt-$42 results.

Tables 26 and 27 .ummrize M4k-4 results uItng the. scae table layout as

Tables 24 and 25. )3oth sets of ~Alesr anlooug to Tables- 20, arid

21# discusseid: 6at 11cr in tHie chapter..

Close inspection of Tables 24 and 26 revealed that the probability

*and expected number 'of craters were gweater 'for the. %4k20s,

Intuitively, Nk-84's with weapon spacing sat at t he Same level -as

Nk482's should hoave produceld the larger systen responses, The miost

*lika'y explunetion is the interactiag oetofct ot delivery error -mid sa+ck
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Probability of Cut Expected Craters to Fill
Design Point R/W 1 R/W 2 Combined R/W I R/W 2 Combined

1 0.520 0.615 0.335 0.585 0.720 0.340
2 0.360 0.665 0.240 0.445 0.950 0.260
3 0.710 0.270 0.210 1.145 0.275 0.210
4 0.075 0.450 0.035 0.080 0.530 0.035
5 0.045 0.160 0.005 0.045 0.160 0.005
6 0.640 0.940 0.605 1.375 1.805 0.895
7 0.520 0.630 0.330 0.520 0.665 0.330
8 U.335 0.565 0.190 0.590 0.615 0.205

rable 24. First-Order RSM Dependent Variable Values (Mk-82)

Probability of Cut Expected Craters to Fill
Factor R/W 1 R/W 2 Combined R/W 1 R/W 2 Combined

Mean response 0.401 0.537 0.244 0.598 0.715 0.285
"Delivery error -0.197 -0.077 -0.126 -0.308 -0.151 -0.159
Reliability 0.063 0.163 0.098 0.134 0.294 0.138
Attack heading 0.039 0.019 0.016 0.199 0.091 0.051
Weapor, Spacing 0.002 -0.131 -0.060 -0.023 -0.286 -0.098

Table 25. First-Order RSM Regression Coefficients (Mk-82)

Probability if Cut Expected Craters to Fill
Design Point R/W 1 R/W 2 Combined R/W 1 R/W 2 Combined

1 0.360 0.645 0.220 0.380 0.885 0.225
2 0.180 0.455 0.075 0.205 0.660 0.075
3 0.385 0.380 0.150 0.445 0.400 0.150

. A 0.040 0.265 0.015 0.040 0.320 0.015
5 0,050 0.225 0.020 0.055 0.225 0.020
6 0,555 0.905 0.500 0.905 1.820 0.695
7 0.795 0.705 0.545 0.995 0.835 0,565
8 0.195 0.545 0.090 0.235 0.645 0.095

Table 26. First-Order RSM Dependent Variable Values (Mk-84)
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Probability of Cut Expected Craters to Fill
Factor R/W I R/W 2 Combined R/W 1 R/W 2 Combined

Mean response 0.320 0.516 0.202 0.408 0.724 0.230
Delivery error -0.204 -0.143 -0.152 -0.274 -0.261 -0.179
Reliability 0.111 0.137 0.101 0.178 0.266 0.128
Attack heading -0.026 0.008 -0.013 -0.001 0.073 0.009
Weapon spacing 0.036 -0.052 -0.001 0.025 -0.198 -0.023

"Table 27. First-Order RSM Regression Coefficients (Mk-84)

length. Mk-84 sticks miss enough of the runway enough of the time to

yield lower overall system responses.

The method of steepest ascent was applied to the Mk-82 experiment.

* ,"Table 28 shows the calculations required to determine the steepest

ascent direction and the number of steps possible before reaching the

bounds of the system. The limiting factor for both Mk-82's and Mk-84's

was weapon reliability. Further steps would have exceeded a weapon

reliability of 1.00 which is physically impossible.

SOnly Mk-82 results are depicted in Table 28. The first row

"contains the regression coefficients output from the computer program

given at Appendix G. The second row shows the step size indicated in

Table 22, The next row contains the product of the first two rows for

each variable. In this way, proportionality is maintained among the

* - variables. Next, the variables are scaled so thatt delivery error will

have an incremental stop size of 25 feet. This is done by dividing each

element of row 3 by a value of 4.0. The next row contains the original

v- values of the uncoded variables. The increment rows are calculated by

.. ,,4 adding row 4 to the initial row successive times for each increment.
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C E F G

Regression coefficient -0.126 0.098 0.016 -0.060
Step size 100 ft 0.200 150 25 ft
Proportional step -12.63 0.020 0.245 -1.5
"Change for AC = 25 -25 0.039 0.484 -2.97
In coded units -0.125 0.193 0.032 -0.119

Y Yactual

"Initial value 200/100 0.79 1550 75 ft 0.244 0.360 C
"Increment 1 175/87.5 0.83 155.5 72.03 0.286

S2 150/75 0.87 156.0 69.06 0.328
3 125/62.5 0.91 156.5 66.09 .0.370
4 100/50 0.94 156.9 63.12 0.412
5 75/73.5 0.98 157.4 60.16 0.454

Table 28. Steepest Ascent Increments

The increase in the response for each increment is found by substituting

the coded increments from row 5 into the regression equation while

ignoring the mean.

The method of steepest ascent proceeds with the assumption of

linearity until the difference between the predicted y-value and the

experimental value is greater than the error tolerance chosen by the

analyst. When the center point was checked, there was a 48 percent

error between the predicted value of 0.244 and the actual value of 0.36.

1: Therefore, the first order design did not represent the system responses

within the area of experimentation.

- There was a choice between limiting the scope of a first-order

search or proceeding directly to the second-order approximation. The

* ,scope of the independent variables could have been reduced drastically.

If a small enough area is considered, the linear assumption becomes more

.. accurate. This was undesirable in this analysis: the original ranges
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for the input variables were picked because they were of interest.

Narrowing the scope of these variables would have been counter to the

purpose of the analysis.

Second-Order Approximation

.* Since the first-order approximation inadequately fit the system

* responses, the second-order approximation was adopted. Table 29

summarizes the independent variables for the second-order analysis.

Separate analyses were run for 6 Mk-84's and 12 Mk-82's. Table 30 shows

the design:matrix for the second-order analysis with four independent

variables. Table 31 summarizes the results of the runs indicated by the

"design matrix in Table 30.

Both regression and lack of fit were significant at any confidence

level chosen. The analysis of variance is shown in Table 32.

The statistical significance of lack of fit indicates that the range of

input parameters had to be reduced. This was accomplished in the

follow-on second-order RSM experiment. The stationary point appears to

be a local minimum. The smaller area of consideration in the follow-on

Yt experiment led to identifying a possible local maximum.

The stationary point is indicated in Table 33. Note that the

independent variable values are within the ranges used in the

experiment, but that a local minimum may have been found. The status of

the indicated stationary point is unknown pending further testing.

Since surrounding design points resulted in larger system responses, a

local minimum seems to be indicated.

'.4
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Effect -2 -1 0 +1 +2

Delivery error std dev 0/0 150/75 300/150 450/225 600/300
Weapon reliability 0.59 0.69 0.79 0.89 0.99
Attack heading 90.0 112.5 135.0 157.5 180.0
Weapon spacing 0 40 60 80 100

Table 29. Initial Second-Order RSM Variable Coding

Design Point C E F GC 2  E2 F2  G' CE CF CG EF EG FG

2 1 -1 -1- 1 1 1 1 -1 -1 -1 1 11
5 -1 1 -1 -1 1 1 1 1 -1 1-1 -1 11

77 -1 1 -1-1 1111- 1 1- 1
5 -1 -1 -1 1 1 1 1 1 -1 1 -1 1 -1

10 1 -1 -1 1 1 1 1 1 -1 -1 1 1 -1 -1
12 1 1 -1 1 1 1 1 1 -1 1 -1 -1 1 -113 -1 - -1 1 1 1 1 1 1 -I 1 -1I- -1 1-'

12 1 -1 1 1 1 1 1 1 -1 1 1 -1 1 -1

15 -1 1 1 1 1 1 1 1 -1 -1 -1 1 1 1

16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 •
17 -2 0 0 0 4 0 0 0 0 0 0 0 0 0
s 2 0 0 0 4 0 0 0 0 0 0 0 0 0.

19 0 -2 0 0 0 4 0 0 0 0 0 0 0 0 '"
20 0 2 0 0 0 4 0 0 0 0 0 0 0 0 .
21 0 0 -2 0 0 0 4 0 0 0 0 0 0 0 •
22 0 0 2 0 0 O0 4 0 0 0 0 0 0 0
23 0 0 0 -2 0 0 0 4 0 0 0 0 0 0 •
24, 0 0 0 2 0 0 0 4 0 0 0 0 0 0 "
25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 •,.
26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ;
27 0 0 0 0 0 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 •
29 0 0 0 0 0 0 0 0 0 0 0 0 0 0•;
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ''
31 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 30. Second-Olrer Four-Factor RSM Design Matrix
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Design Point P Design Point

1 0.345 16 0.095
20.020 17 0.185

3 0.535 18 0.010
4 0.065 19 0.020
5 0.405 20 0.275

6 0.025 210.080
7 0.520 22 0.025
8 0.040 23 0.040
9 0.040 24 0.075
10 0.010 25 0.110
11 0.225 26 0.110

*-12 0.025 27 0.125
13 0.265 28 0.128
14 0.015 29 0.127
15 0.580 30 0.123

31 0.126

Table 31. Combined Probability of Runway Cut for Initial
Second-Order RSM Design

A ANA L YS IS O F V AR IA NC E

Source SS M~. HS F p

10tRegression 0.6107 14 0.0436 3.54 0.0088

Lack of fit 0.1953 10 0.0195 64.34 0.0

*Error 0.0018 6 0.0003

Total 0.8078 30

Table 32. ANOVA for Goodness of Fit for Initial Second-Order RSM
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Effect Coded Value Actual Value

Delivery error std dev 1.7880 568.2/284.1

Weapon reliability 0.1137 0.80
Attack heading -1.3672 104.20
Weapon spacing 0.9600 79.20

Probability of cut -0.0067 -0.0067

Table 33. Stationary Point Analysis for Initial Second-Order RSM

The Mk-82 regression equation developed in the initial second-order

analysis for the probability of cut for the combination of runways was:

y,= 0.126 - 0.124 C + 0.061 E + 0.024 F - 0,026 G

+ 0.012 C' + 0.024 E2 + 0.0003 F2 + 0.002 G2

- 0.041 CE - 0.036 CF + 0.043 CG + 0.006 EF

+ 0.014 EG + 0.039 FG

where C, E, F, and G are coded values for the main effects, and

y a predicted probability of cut
C - delivery error standard deviation
E = weapon reliability
F - attack heading

A."G = weapon spacing

1 The response surface represented by the equation has a stationary

point as identified in Table 33. Since this stationary point appeared

to be a local minimum, further experimentation was required. The next

section describes the follow-en second-order experiment.

. .Zond-Order Approximation of Reduced Surface

ýt. A visual inspection of system responses was the most direct method

-of narrowing the area for consideration. The design points were
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inspected to see where relative maxima occurred. This inspection was

the basis for the updated ranges of variables found in Table 34.

The smaller scope of the independent variables increased the

likelihood of a good second-order surface fit in the region of interest.

The further experimentation proved more successful. The stationary

point for Mk-82's appeared to be a local maximum, but the stationary

point for Mk-84's appeared to be a local minimum. Both optima were

infeasible, with their respective response surfaces extending beyond the

feasible region of the airfield attack problem. The surface fit was

statistically significant and valid. The analyst must supply the

boundary conditions which limit the response surface to a feasible .'

region. Restriction of the response surface to a feasible region will

be addressed in Chapter VIII.

The experiment design matrix remains exactly the same as before. ,

The probabilities of cut for combined runways are the results of the

experimental runs shown in Table 35. 4

The system responses from Table 35 indicated the center point was

closer to the optimal point than the initial second-order estimate. The

center point replications appeareG to have a larger variance than.*",.

before# which drove the p-values for lack of fit to larger values.

Regression results for data in Table 35 are summarized in Table 36.

The p-value of 0.0265 indicates that lack of fit is still

significant at a level of 0.05. Some variations in system response are

not explained by the regression equation implied by Table 36. The,

conclusions drawn from the analysis must be verified by experimentation.

The stationary point is indicated in Table 37.
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Effect -2 -1 0 +1 +2

Delivery error std dev 0/0 75/37.5 150/75 225/112.5 300/150
Weapon reliability 0.79 0.84 0.89 0.94 0.99
Attack heading 135.0 146.3 157.5 168.7 180.0
Weapon spacing 60 70 80 90 100

- -! Table 34. Follow-on Second-Order RSM Variable Coding

Design Point Pcut Design Point Pcut Design Point Pcut
cut c

1 0.430 11 0.355 21 0.330
'S 2 0.335 12 0.320 22 0.165

3 0.600 13 0.510 23 0.645
4 0.375 14 0.210 24 0.405
5 0.630 15 0.590 25 0.580
6 0.270 16 0.340 26 0.500

;- 7 0.700 17 0.435 27 0.550
"8 0.270 18 0.290 28 0.495
9 0.255 19 0.445 29 0.490

10 0.190 20 0.630 30 0.570
"i 31 0.520

* '5'Table 35. Combined Probability of Runway Cut for Follow-on
Second-Order RSM Design

i'gS

ANALYSIS OF VARIANCE

Source SS d.f. MS F p

Regression 0.5812 14 0.0415 8.08 0.00008

Lack of fit 0.0739 10 0.0074 5.33 0.0265

Error 0.0083 6 0.0014

Total 0.6634 30

Table 36. ANOVA for Goodness of Fit for Follow-on Second-Order RSK
(Mk-82)
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The Mk-82 regression equation in the follow-on second-order

analysis for the probability of cut for the combination of runways was:

y = 0.529 - 0.085 C + 0.045 E + 0.014 F - 0.055 G

0.045 C2 - 0.001 E2 - 0.074 F2 - 0.004 G2

- 0.008 CE - 0.058 CF + 0.029 CG - 0.010 EF

+ 0.010 EG + 0.025 FG

where C, E, F, and G are coded values for the main effects, and

y = predicted probability of cut K
C m delivery error standard deviation
E -- weapon reliability
F - attack heading
G = weapon spacing

Effect Coded Value Actual Value ..

Delivery error std dev -3.2096 -90.72/-45.36
Weapon reliability 11.3414 1.46
Attack heading -0.1812 155.46
Weapon spacing -4.4635 35.34 'a.

Probability of cut 1.0454 1.0454

Table 37. Stationary Point Analysis for Follow-on Second-Order RSM

(?k-82)

Once again the stationary point lies in an infeasible region, since

negative delivery errors and probabilities in excess of 1.0 are

infeasible. The analyst must apply the boundary conditions which will

keep the experiment in a feasible region of the system responses. (See ",

Chapter VIII.)

The analysis of variance and stationary point results for Nk-84's

are shown in Tables 38 and 39. For the first cime, lack of fit was
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ANALYSIS OF VARIANCE E

Source SS d.f. MS F p

Regression 1.1096 14 0.0793 21.99 0.0000

Lack of fit 0.0499 10 0.0050 3.86 0.0560

Error 0.0078 6 0.0013

"Total 1.1673 30

K-'..

"V Table 38. ANOVA for Goodness of Fit for Follow-on Second-Order RSM
(Mk-84) .

'S

"Effect Coded Value Actual Value

"Delivery error std dev 25.2622 2045/1022 .
Weapon reliability 2.4511 1.01
Attack heading 1.2563 171.63

.;.. Weapon spacing 11.8698 198.70

""Probability of cut -1.9638 -1.9638

Table 39. Stationary Point Analysis for Follow-on Second-Order RSM
(Mk-84)

statistically insignificant as indicated by the p-value greater than

0.05 in Table 38. However, lack of fit would have been significant if

"0.10 had been the desired level of significance. A p-value in the range
't'p.

0.20 to 0.40 would have indicated strong likelihood of correctly

assuming lack of fit to be insignificant. The chance for error is large

if lack of fit is assumed insignificant based on the p-value of 0.0560

"'S because it is so close to the chosen level of significance. Therefore,
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the regression equation for Mk- 8 4 's can be used, but should be checked

against further experimentation when stationary points are identified.

Once again, the calculated stationary point was in an infeasible

region. Weapon reliability was larger than 1.0, and the predicted

response was less than zero. The predicted probability of cut appeared I.

C
to be a local minimum. The analyst must apply boundary conditions to

constrain the analysis to a feasible region. Such constraints may

generate a local maximum.K

The Mk-84 regression equation in the follow-on second-order

analysis for the probability of cut for the combination of runways was:

y =0.394 - -0.197 C + 0.059 E - 0.033 F + 0.013 G

- 0.001 C + 0.009 E' - 0.033 F* - 0.027 Ga

- 0.006 CE + 0.000 CF + 0.024 CG - 0.011 EF

+ 0.005 EG + 0.012 FG

where C, E, F, and G are coded values for the main effects, and

y - predicted probability of cut
C = delivery error standard deviation
E - weapon reliability
F - attack heading
G - weapon spacing

Notel the coefficient for the CF interaction term was zero to the
I"• 1th

13, decimal place.

Sumimary

This chapter has applied response surface methodology to the

"airfield attack problem. Two first-order approximations were performed.

.. These explored highly significant AAPHOD input parameters in one

experiment and parameters controllable by the aircrew in another.

" " 107

t 4*ý



A check of the design center points indicated that the linear assumption

i required for first-order approximations was invalid. Rather than

"severely restrict the region of experimentation, second-order analysis

"was adopted.

The second-order experimentation concentrated on those variables

"controllable by the aircrew. Two weapons loads of 6 Mk-84 bombs and 12

"Mk-82 bombs were established for analysis. Second-order RSM analysis of

delivery error, weapon reliability, attack heading, and weapon spacing

- was accomplished for both of these weapons loads. The initial second-

order region of experimentation was too large. The regression equations

did not explain enough of the data to be conclusive. The area of

interest was narrowed with improved results. The final second-order

eyperiment for Mk-84's yielded a marginally valid response surface fit

and corresponding regression equation, although the stationary point

"appeared to be a local minimum. In all cases, the regression'equations

*, contained stationary points which were not feasible. In two out of

three cases, at least one independent variable value at the supposed

"stationary point was infeasible. In those cases, the. analyst would be

required to apply boundary conditions to maintain realism.

Several important conclusions resulted from this analysis. The

scope of airfield attack parameters was too large to permit effective

.,,. use of response surface methodology. The ranges of parameters could

have been reduced, and optimal operating conditions could have been

• found. However, the search for optima requires very narrow ranges of

input parameters to produce reasonable response surface fits. The

r limited scope of a particular response surface fit offers little

flexibility in attack plunning, Aircrews must choose att:ack headings
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Sto avoid hostile fire. Additionally, weapon spacing is iestricted by :

equipment capabilities and other factors. Therefore the calculated •

pcii

Soptimum conditions may not be attainable. For the methodology to be of

'!• ,• use, the re sp onse surface must rep resent a br oad range of in put

parameters. V.i

:•" In this analysis, the response appeared to undulate to sach an ,

,." ~extent that a quadratic surface fit over broad ranges of the input '

S~~variables was not possible. This was checked with several test cases: ..

'.'• ~simulation runs at the fitted design points predicted system response '-

'., accurately within a 10 percent error tolerance. Simulation runs at •

I-..

S~points outside the region of experimentation produced prediction errors
pof up to 50 percent.

-'•i, Suboptimization of input parameters directly controlied by the ,

• ~aircrew may be required. In the one experiment that appeared to yield a•

local maximum, attack heading and weapon spacing were both feasible

•" ~while delivery error and weapon reliability had driven to infeasible'"

values. Smaller delivery errors and higher weapon reliability should

produce higher probabilities of cuth Though Thfeasrble in this case, .

._ ~the vao-iables moved in the expected direction. Since delivery erro~r and *'

m• weapon reliability are largely uncontrolled* these should be %et at

• reasonable values, permtt~ing weapon spacing and attack heading to be

.: suboptimizeu d Thioism a prnmary topic in the next chapter.
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VIII Applications

" Two general approaches to optimizing airfield attack parameters are

on-the-spot computer simulation of airfield attack plans and-

mathematical optimization schemes.

"Computer Simulation -4

Computerized attack assessment offers the advantages of flexibility .

and responsiveness, but is hampered by relatively long execution times

and cost. Consequently, some care must be taken when organizing attack

assessment in this manner. The Attack Assessment Program--MODIFIED

(AAPMOD) has been designed to fulfill the requirement of validated

attack assessment for field use.

The most efficient use of AAPMOD would be to have available

"preprogrammed input databases containing target, weapon, and attack

pattern information. With these databases, the user could formulate

attacks quickly and analyze them. A single run could then be formulated -

and run in less than one hour in many cases. Wing mission-planning

"officers could run such programs upon receipt of a fragmentary order

and prior to aircrew briefings. Aircrews could use the programs to

improve tactics by analyzing proposed plans during peacetime training to

determine maximum effectiveness.

The User Manual at Appendix A is a comprehensive, step-by-step

guide for u3e of the AAPMOD series of programs, The database loader

"programs have been designed with the end user in mind; hence plenty of

on-screen help is available and extensive error-checking of inputs is

accomplished,*

,45
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"Use of AAPMOD for current analyses permits maximum use of the

considerable flexibility of this program. Airfield attack parameters

can interact in countless combinations. The fragmentary order for
I".

mission tasking fixes many of the parameters at specific levels, leaving

L fewer parameters subject to aircrew judgement.

N, -'.A possible method of employing on-the-spot computer simulation

V., would be to generate several potential attack plans for a given target

complex. Attack plans would correspond to the design points in the

RSM designs. Each plan could be programmed in approximately 30 minutes

and run on microcomputers using the instructions provided at Appendix A.

The plan providing the best relative system response would provide

maximum effectiveness for a given level of hostile fire. The number of

-> data points would be very small compared to RSM analysis. These points

hardly could be expected to yield the global optimum, but near-optimal

results are likely. On a daily basis, aircrews apply heuristics in

planning airfield attacks. Presumably, these heuristics would be

applied to airfield attack plans submitted for analysis. The process

would be one of choosing the best near-optimal plan.

AAPMOD computer simulation could be used in peacetime training in a

similar manner. Teams could compete to determine the best attack plan.

In the competitive environment of a fighter squadron, it would not take

long lor the aircrews to develop effective planning techniques and learn

from each other's mistakes. This, in turn, would be extended to wartime

operations, provided Lnat the aircrews gained confidence in AAPMOD

,*,5.' results.

.5i,..
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"Mathematical Optimization

An alternative approach to computer simulation is to conduct

extensive analysis of enemy airdromes prior to the outbreak of

hostilities. A response surface can be fitted to the particular

airdromes of interest. Within the limits of feasibility, optima can be

determined from the regression equation which characterizes the response

surface.

Aircrews can control attack heading and weapon spacing. The other

airfield attack parameters can be fixed at nominal levels based on

historical data, gunnery records, and standard weapon loads. In this

way AAPMOD can be used to sub-optimize attack heading and weapon

* 'spacing.

The coding equations for the airfield attack parameters are:

C=(C'-150o) 75 E=(E'-0.89) /005

7..." F1(F'-157.5) /11.25 G (G' 80)/0 G W 10

"where the primed values are real-world values, the unprimed values
are coded values, C is the delivery error-standard deviation, E
is the weapon reliability, F is the attack heading, andG is the,
weapon spacing.

- The regression equation for Mk-82 attack of the airfield depicted

in Figure 1 is repeated here:

y = 0.5293 - 0.0854 C + 0.0454 E + 0.0138 F - 0.0550 G

"0.0449 C - 0.0012 E' 0.0737 F4- 0.0043 G4

- 0.0075 CE - 0.0575 CF + 0.0288 CG; 0.0100 El

"+ 0.0100 EG + 0.0250 FG

where y is the predicted probability of cut; and C, E, F, and G are as
described above.

112



For this regression equation, probability of arrival was fixed at

0.95, type of weapon was a Mk-82, number of weapons was 12.

"Uncontrolled variables in the equation are delivery error and weapon

¾ reliability. Both of these could be estimated by the squadron weapons

officer. The choice for these parameters necessarily would be in the

feasible region. This would avoid some of the problems noted in Chapter
/V

VII when calculating stationary points. As an example, delivery

L. accuracy and weapons reliability might be determined to be 200/100 feet

and 0,85 for a particular airfield attack with designated crews. These

values can be substituted into the regression equation. This leaves one

equation with two unknown variables. The optimal values of weapon

spacing and attack heading with all other variables fixed are found by

solving the two simultaneous equations that result when the simplified

regression equation is differentiated with respect to weapon spacing and

attack heading. The two partial derivatives would be as follows:

ay
---- - -0.0165 - 0.1474 F + 0.0250 G - 0
D F at

stationary
".By point
-.. -0.0438 + 0.0250 F 0.0086 G * 0

23G

"These equations are solved giving G =-10.688 and F * -1.9427.

These are 'he coded values. The actual values for weapon spacing and4.-.,
Pit attack heading would be -26.89 feeL and 135,6*, respectivel.y. A

negative weapon spacing is infeasible. The analyst must bound the

system in some manner. There are sophisticated mathematical tools for

"01 searching for optima which also meet constraints. These are beyond the

"scopo of the typical aircrew in a flying squadron and were dOcounted.
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A more simple means of bounding the problem is possible. The negative

value for weapons spacing implies that small values increase the

probability of cut. If this is the case, then the weapons spacing can

be set at a minimum value in a manner similar to delivery error and

weapon reliability. Suppose that 30 feet is the minimum possible

weapons spacing. Substituting into the equation for ay/IF results in a

coded attack heading of 1.754. This is decoded as 177.2* -- almost

directly along the primary runway axis. The results easily can be

checked by using the original regression equation to find a predicted

value of y and then running AAPMOD to find the experimental value. The

predicted value of y is 0.074 and the experimental value is 0.120.

Several observations are appropriate. First, the indicated attack

heading is not very appealing on an intuitive level. Second, the

probability of cut is relatively poor. Finally, the center point of the

"* underlying RSM analysis gave probabilities of cut averaging 0.530. The

4., simplifying assumption of minimum weapon spacing was invalid.

The regression equation is valid in the region of experimentation,

which should facilitate the search for optima. Different tombinations

of weapons spacing :and attack heading can be checked with the regression

equation for the bcst system response. This is an informal methud of

L searching the response surface for optimal operating conditions. Table
40 summarizes the results of this search. The original center point was

a reasonable estimate.

Another possible drawback of this technique is the difficulty of

anticipating all the parameter levels which must be fixed. The scenario

used to generate the previous example war somewhat restrictive. Six

aircraft attacked a simplified airfield using the same weapons, attack
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SAT T A C K H E A D I N G

1400 1600 1800

W S 40 ft 059 0.496 0.000
E P
A A 60 ft 0.415 0.471 0.062
P C
0 I 80 ft 0.267 0.412 0.090
N N

G 100 ft 0.084 0.318 0.087

. Table 40. Search for Constrained Optimum Operating Conditions

patterns, and attack heading. The combinations of these variables might

require numerous such scenarios for mathematical optimization to be

effective.

Mathematical optimization would be accomplished more easily with a

further simplified scenario. This was the approach pursued by Peck

(41). Figure 6 depicts a typical chart from Peck's analysis. This is4.:

based on a single 4000 foot long strip, The object of an attack is to

produce one cut which will close the strip. From one to six passes are

considered. Peck found that individual attacks could be treated as

independent with minor loss of accuracy in limited cases.

Summary
Mathematical suboptimization has been stymied by inadequate

response surface fit and complex mathematical methods beyond the average

aircrew. Under certain circwuustances, heuristics seem to produce

results better than mathematically derived optima.
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based on two 250-pound bombs

"Figure 6. Airfield Attack Effectiveness

It is important to reiterate that response surface methodology is

capable of identifying a local maximum response, The search for this

optimum would cover successive sections of responee surface small enough

too, to produce an adequate fit. Once identified, the local maximum and the

accompanying regression equation would be restricted to the small area. ".

If that area were forbidden to the aircrew by hostile gun emplacements

or weapon requirements, the prediction would be of little use. The

regression equation would not be likely to make accurate predictions
*4 .5

outside the restricted area of experimentation#

In addition, the response surface could be invalidated by any

changes to the target airfield; numerous runs would have to be

reaccomplished for each change.

For these reasons, mathematical optimization and response surface S

S"methodology are not recommended for this problem, except to identify

areas of near-optimality useful in developing aircrew heuristics.

55 4.
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The recommended approach is use of on-the-spot computer simulation.

The user manual for the implementation of microcomputer versions of

AAPMOD is located at Appendix A. PASCAL computer code is located at

"Appendix B. Predefined databases can be maintained and updated easily

for potential target airfields, weapons, and attack patterns. When

time-critical mission tasking arrives at the squadron, several attack

plans can be assembled and analyzed promptly.
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"IX. Sensitivity Analysis

L Several areas of the analysis are sensitive to assumed

* distributions and parameters. Some sensitivity analysis has already

been performed in the form of the regression coefficients for the

various independent variables. The larger the regression coefficient,

the more sensitive is the analysis to that parameter. Some judgement

must be used in that the regression coefficient shows the effect of a

unit change in the scaled variable. The scaling could be such that
oK-

"fairly major changes in the raw variable have relatively little effect

on the system response.

There are other areas which might be sensitive to changes besides

the independent variables in the problems. One area is the probability

distribution choseii to model the aiming, delivery, and ballistic errors.

The bivariate normal distribution is used to model ballistic and h.

delivery errors. This is reasonable for large numbers of passes due to

i', the Central Limit Theorem. The normal distribution is very widely used "_,

for this type of error throughout the analytical community. JMEMs make

use of bivariate normal distributions although JME~s were written

assuming that range and deflection errors were independent. The normal

-l distribution is so widely accepted for description of probable errors

C that it would be ill-advised to use any other distribution. The

parameters of the delivery error distribution were varied during the

analysis. The standard deviations for the ballistic error distributions

were fixed throughout the analysis. These would have an effect similar 7,

#" to delivery error.

V ."18 .* 4:
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i,•oiA triangular distribution is used to model the ability of aircrews

S~to discern the desired aimpoint as designated by higher headquarters or

S~by the aircrew during pre-mission planning. This needs to be considered

•"because determining an aimpoint along a nondescript line feature isinherently difficult. Miglin's version of AAPMOD uses the mid-point as

,.jzero aiming error and the end points as ±1000 feet. This seems

'•. reasonable for line features which probably will be 8000 to 9000 feet in

Slength. Still$ some sensitivity analysis is warranted. The end point

parameter in the triangular distribution was tested at y, 500, 1000,

, .'.1500 and 2000 feet using one particular design point in which the 1O00-

S~foot end point had produced a combined probability of cut of 0.700. The

thdesign point chosen is'already near optimum for all other variables

ywhich should make the response particularly sensitive to abmpointdere

determination heminin an ere was no change in combined probability of

Scut at 0 or 560 feet. The probability of cut dropped to 0.610 for 1500 i!.,

,- .feet and 0.510 for 2000 feet. It was concluded that AAPMOD was not .

fti

particularly senditive to the triangular distribution or the end point as

• "parameter. The 2(00O-foot figure implies .that the. aircrew cannot

zdetermine the midpoint os an-8000 foot long runway f this only would be

the case in poor ieather or against a well camouflaged runway. 9
lengAPHOD S elerates normal random varlates using the exact inverse

method. This method can be time-consuminw since sines, cosines, and

natural logarithms must be calculated. An approximate method is r

discusoed in Banks (3:318)p This method was tested on the CDC Cyber 0 oT

•.'several representative runs. The average reduction in central processor

,".

time was 5.5 percent for 'he rues tested. pte approximate method is not

was accurate as the exact inverse method, suggesting that the exact

11 119

_ '4' fe a

't .. ...f A. .'



inverse generator be retained. The analyst should consider the accuracy

lost for the relatively small gain in computer time.

Another reduction in required computer time was realized by not

calculating expected area to fill to open a runway. Sensitivity of the

analysis to this parameter was tested against 31 separate design points.

In each case, the same relative ranking of design points was indicated

by both the expected area to fill and the expected number of craters to ,

fill. The latter figure is automatically supplied in the abbreviated

output and requires approximately one-fifteenth the processor time.

Calculation of expected area to fill is not recommended.

Release mode was not a variable considered for the main analysis.

System sensitivity to paired releases will be discussed next. Paired

releases resulted in more favorable system responses when low delivery

errors and attack headings near-perpendicular to the runway were

assumed. Paired releases were less favorable than single releases for

attacks along the runway centerline. 7f delivery error were assumed to

be large, the single releases dominated. Consequently, paired releases

are indicated for accurate delivery systems (such as the F-16), but not

for inaccurate systems. . . -

The last area for sensitivity analysis is the number of aircraft .

participating in the attack. A simple test case was run in which from 1

to 12 aircraft attacked the airfield depicted in Figure 1. The system

respotse decreases when fewer attacking aircraft participate in the

attack. Table 41 summarizes the number of aircraft attacking a

particular aimpoint as well as the system response, The expected number .• ,,

of craters to fill in'.reased monotonically with increasing numbers of

aircraft, but the probability of cut did not increase monotonically.

ft -: '

919n0 *'4 .'

L,.,U .,...



Aimpoints
# Acft (3000,0) (6000,0) (1500,2598) Pcut # Craters

5', S.

1 1 0 0 0.000 0
2 1 0 1 0.000 0
"3 1 1 1 0.160 0.160
4 2 1 1 0.225 0.225
5 2 2 1 0.340 0.340
6 2 2 2 0.700 0.815
7 3 2 2 0.775 0.985
"8 3 3 2 0.770 0.995
9 3 3 3 0.920 1.640

10 4 3 3 0.910 1.690
11 4 4 3 0.940 1.795
12 4 4 4 0.980 2.495

Table 41. Sensitivity of Number of Attacking Aircraft

The probability of cut dropped when adding an eighth aircraft and 5-

when adding a tenth aircraft. This anomaly was attributed to random

number streams at first. However, switching random number seeds

"generated similar results.

"+"4

C-'

121

07



I..0

iy

X. Concluding Remarks

Recommendations for Further Analysisq..

This analysis is only one step in the process of analyzing airfield

attacks. There are many possibilities for further analysis.

*.1. Douglas (15) concluded that single aircraft always should

attack near-perpendicular to the runway centerline for best probability

of cut. Addition of more aircraft broadens the range of effective

"angles from which to attack the runway. The method used for developing'

the response surfaces should be scaled down to a single aircraft to

determine if the results differ for a single attack as opposed to a e

strike package. The intuitive answer is that the results should be

similar.

2. Continuation of Dr. Whitehead's (55) work might prove

worthwhile in attempting to trade off probability of closure versus the

maximum amount of damage inflicted on the runway surface. These goals

tend to conflict. The former is an indication of whether the field will

be closed for any period of time, while the latter gives an idea of how

long the field could be expected to remain closed.

3. More work is needed on the feasibility of fitting response

surface curves. If families of curves cap be developedv then aircrews

could look up their particular attack zonditions to determine the best

attack heading and weapons spacing.

4. In the present version of AAPtOD, the only method of damaging

"structures is by craters. The portion of building upon which the crater

infringes is considered destroyed. This ignores both fragmentation and

* blast damage, which will be significant factors in structural damaige.
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- 5. In attacking an airfield, there is probably a "best" way to

attack and a surrounding region of "good" ways to attack. It is

possible that the best attack from an effectiveness standpoint may not

be the best attack from a survivability perspective. The most likely

avenues of attack may be the best defended. Identification of regions

containing near-optimal points would be useful for analysis of tradeoffs

between survivability and effectiveness - the ultimate goal of any

airfield attack study.

6. The non-linear transformations and non-linear optimization

techniques may streamline the search for optimal airfield attack

parameters. Hillier and Lieberman (25:748) suggest non-linear

programming using Kuhn-Tucker conditions when considering non-linear

"problems. The difficulties of obtaining valid response surface fits

indicate possible non-linearities in the airfield attack surface.

Conclusion

This thesis effort has succeeded in its primary objectives.

Extensive modification was performed to the AAPMOD input procedures.
S. 1

The old program was divided into three sections which now permit, easy:,.-

managemont of target, weapon, and attack pattern databases. Previoua to •

this effort, no such capability existed for microcomputers, and.

mainframe computer programs were unwieldy. Now the entire AAPHOD,

package can be executed on microcomputers common throughout the tactical

fighter community.

Verification and validation of AAPtMD were performed during the

course of the analysis. Previous coding errors were discovered and

corrected. Extensive testing of random number generators $Ads
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accomplished. Output from all AFIT versions of AAPMOD was cross-checked

and found to produce nearly identical results. Output based on the same

number stream produced identical results from the PASCAL microcomputer

version and the FORTRAN mainframe version of AAPMOD.

Several statistical experiments were performed. A screening

experiment was employed to identify significant airfield attack

parameters. Probability of arrival, weapons type, delivery error,

number of weapons, weapon reliability, attack heading, and weapon

spacing were all found to be significant. Response surface

experimentation successfully fitted a regression equation to airfield

"attack responses in the form of probability of runway cut and expected

number of craters to be filled to re-open the airfield. Stationary

points identified from the regression equations lay outside feasible

regions, but results could be bounded to produce usable results.

While response surfaces can be fitted to the airfield attack

problem, excessive computer runs would be required. Regions of interest

necessarily would be very small to obtain a valid response surface fit.

Extrapolation outside the immediate area of fit was shown to be highly

inaccurate. Restricted ranges of airfield attack input parameters would

not fulfill aircrew needs for planning attacks. In addition, any change

in the target airfield would render the response surface invalid.

This analysis recommends use uf on-the-spot computer simulation for

airfield attack planning. Databases for target airfislds, weapons, and

attack patterns caii be maintained easily with newly available

microcomputer versions of AAPMOD and associated programs. Airfield

attack plans can be quickly programmed and analyzed at wing and

squadron levels.
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I. Introduction

This appendix comprises the user manuals for the Attack Assessment

Program (AAP) package, consisting of four programs:

1. Attack Assessment Program--MODIFIED (AAPMOD).

2. AAP Target database generator program (AAPTGT).

3. AAP Weapons and Attack Pattern database generator program

"(AAPWPN).

4. AAP Mission database generator program (AAPMSN).

This appendix addressl system requirements for running these

programs, compilation of PASCAL source code into executable

microcomputer programs, and detailed instructions describing how to use

each program.

A
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II. Program Summaries

AAPMOD

AAPMOD is used to calculate probabilities of target kill based on

the input data contained in a single input database file. The only user

interface required is the specification of the input and output file

"names. The program reads the input file, calculates the output

statistics, and stores the results in the output file. Depending on the

input database and the computer system on which the program is run, the

"program may take from a few seconds to as long as several hours, or even

days, to complete.

AAPTGT. AAPWPN. and AAPMSN

AAPTGT, AAPWPN, and AAPMSN are fully interactive programs which

allow the user to build a new database or modify an existing database

for input to AAPMOD.

"AAPTGT. AAPTGT handles the target database. A new database can be

generated, or an existing one can be modified. The target complex is

defined here. Up to 3 runways, 30 pavements and a total of 112 targets

may be entered into the database. Runways and taxiways are categorized

as pavements, and all other targets are considered to be "non-

"pavements." Targets must be assigned a hardness code ranging from 1 to

"11, which is then used to indicate how much damage a particular weapon

will inflict on the target when hit. Targets also are assigned a group

number ranging from I to 15 so that output data will be grouped as

desired. The amount of repairs that cai be made to the pavements and
}. •.

the priority of these repairs are loaded into the database. When the

A 4,...A -4
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program ends, the new version of the file is written on the disk and is

K ready for use by program AAPMSN.

AAPWPN. AAPWPN handles the weapons and attack pattern database.

A new database can be generated, or an existing one can be modified.

v The weapons to be used and the attack patterns to be flown are defined

here. Weapons are defined by the sizes of craters they produce upon

impact with targets of the different hardness codes specified in the

target database. Up to 6 different types of weapons may be defined in

this manner. Once the weapons are defined, the program next loads the

"pattern data. Up to 12 different attack patterns may be defined. For

each pattern, the number of weapons dropped, weapons reliability, range

N.d errors, and deflection errors must be specified. When the program ends,

the new version of the file is written on the disk and is ready for use

by program AAPMSN.

'AAPMSN AAPNSN combines the databases from files written with

AAPTGT and AAPWPN with additional data input during execution of AAPMSN

and writes a single file ready to be used by AAPtOD. The additional

data include a random number seed, number of iterations desired,

frequency of reports during the iterations, the level of significance

A desired for the analysis and its corresponding Standard Normal test

statistic, and target attack data. The attack data include the target

to be attacked, the number of passes over the target, aimpoints, attack

direction for each pass, reattack information, and enroute attrition.

After the program ends, AAPHOD may be run using the newly created. disk

file.

V.-.
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"III. System Requirements

Hardware

The database generator programs (AAPTGT, AAPWPN, and AAPMSN)

require a microcomputer with 64 kilobytes (K) of random access memory

and 1 disk drive (or equivalent). The AAPMOD program requires a

microcomputer with a Aiiimum of 192K of random access memory and I disk

drive (or equivalent). All of the microcomputer programs were designed

for interactive display on a video screen with a minimum of 80 columns

and 24 lines.

""i...It is highly recommended that the microcomputer be equipped with an

8087 math coprocessor for reasonable AAPMOD execution. times.

Alternatively, AAPMOD may be run on a mainframe computer. Hardware to

"transfer files from the microcomputer to the mainframe computer may be

desired.

Contingent on the scenario and the machine, AAPMOD execution time

can be luite lengthy. The NEC Advanced Personal Computer (NEC APC) with
o•a floating point (Intel 8087) coprocessor unit ran sample test cases in

approximately 3 to 8 minutes. These same runs required about 3 to 6

seconds on the Control Data Corporation (CDC) 6600 CYBER. Without the

% 8087 coprocessor, a 16-bit machine with a 5 Megallertz 808M central

processor unit will require about 7 times as long to run the same

program based nu results from a NEC APC.

Software

The microcomputer AAP series is written in BOrland International's

TURBO PASCAL and is specific to this version of PASCAL. TUPMO PASCAL is

readily available from Borland International, 4113 Scotts Valley Drive,

A-6
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Scotts Valley, CA 95066 at very reasonable cost. Versions are available

for the following operating systems: Digital Redearch's CP/M-80, CP/M-

86, and Concurrent CP/M-86; Microsoft's MS-DOS; and International

Business Machine's PC-DOS.

To run the series, command files produced by TURBO PASCAL for the

microcomputer are recommended. These command files must have been

gonerated for the specific microcomputer terminal to be used. If the

microcomputer is equipped with an 8087 math coprocessor, command files

produced by the TURBO-87 version of TURBO PASCAL will be needed to make

use of the coprocessor. Should these command files be unavailable, the

standard, non-8087 files will run, but at the slavier speed of the same

computer not equipped with the 8087 coprocessor.

Alternatively, a version uf TURBO PASCAL compatible witb the

microcomputer may be used to compile and generate the executable coraand

files. A version of TURBO PASCAL (TURBO-87) would be required to

compile command files compatible with the 8087 coprocessor, if the

microcomputer is so equipped. In order to compile the progzras, the

PASCAL source code files for each progiam must be available while

executing TURBO PASCAL.

The operating system must accept filenames in the form

xxxxxxxx.xxx, where xxxxxxxx: and xxx are a series of alphanumeric

characters (A through. Z and the digits 0 through 9) separated by a

period. Though the programs will run with different operating systems,

the operating system must be compatible with XURBO PASCAL. Furthermore,

different systems require different amounts of available memory;

consequently, minimum configuration systems such as 8-bit, 64K machines

A -7



may not be able to run the AAP programs unless there remains a

sufficient transient program area to fit them.

AAPTGT, AAPWPN, and AAPMSN were tested successfully with TURBO

PASCAL Versions 1.0, 2.0, and 2.1. The programs also tested

successfully on the following systems: a 64K Kaypro 4 running Digital

Research's ('P/M-80, Version 2.2; a 56K Electronic Control Technology

TT-10 system running CP/M-80, Version 2.2 with ZCPR2; a 64K Integrand

* Single Board Computer (S-100 Super-Quad) running CP/M-80, Version 2.2;

and a 256K NEC APC running Digital Research's CP/M-86, Version 1.107,

Coticurrent CP/M4-86, Version 2.00, and Microsoft's MS-DOS, Version 2.11.

Files generated by the programs will be completely compatible among

machines, operating systems, and versions of TUIRBb'PASCAL.

AAPMOD was tested successfully on a NEC A.PC with 256K, running the

operating systems mentioned in the previous paragraph for the NEC APC

and all previously mencioned versions of TURBO PASCAL.

Program AAPMSN produces a disk file that is ready for input to

" ~AAP1MOD. This input file is compatible with the TURBO PASCAL version and

the CYBER CDC 6600 FORTRAN 5 version of AAPMOD. Therefore, by

transferring the disk file to the CYBER computers AAPMOD may be executed

in FORTRAN 5 with very quick execution times. Software for transferring

files to the CYBER may be desired. To run the mainframe version on a

comptoter other than the CYBER might require minor modification to the

FORTRAN 5 source code in order to make it compatible with a different

FORTRAN compiler.

'ft. "8



IV. Using TURBO PASCAL to Generate AAP Programs

The most convenient way to run the AAP series of programs is to

obtain or create command files from the PASCAL source code. This

section of the user manual describes how to create these files, and

assumes that the user has:

1. A microcomputer meeting the minimum hardware specifications
"given cn page A-6.

.. Borland lihtern-ýtional's TURBO PASCAL (any version).

"3. An operating system compatible with TUPBO PASCAL.

4. PASCAL source co'e for the AAP programs to be compiled on a
disk compatible with the microcomputer being used.

The source code for the four programs is in the form AAPxxx.PAS and

AAPxxxIPAS, where AAPxxx is either ..API-. D, AAPTGT, AAPWPN or AAPMSN,

and AAPxxxl ii• AAPMFOD], AAPTGT1, AAPWPNI, o.' AAPMSNl. Fach of the files

-" AAPxxx.PAS cuntains a single statement, as follcws, {$IAAPxxd.PAS).

This statement is the TURBO PASCAL compiler directive to INCLUDE the

file named AAPxxx1.PAS. Since these files are most likely too large 'for

the TURBO PASCAL editor to load, the INCLUDE directive Is necessary to

allow comaand file crtation. F-r other methods Df compilation and file

eiitifg, refer Lo the TURBO PASCAL Refereeico Hanual.

How te Creat a Cofi~an4 File

To cte•te a towand file, only 2 scurce code files ree4 be present

"on the di.-k; the pair of AAPxMx.PAS and AAPxxxl.PAS files (for example,

AAPMD.XXS and AAIODI.PAS tv create the eomwand file AA1MOD.C•M or

AAPMOD. WO). i.xst, "eecuce the I11RW1 PASCAL projram. If the

* '.%rocnwpater has an 8087 coprocessor and an 8087 version of TJRBO

A -9
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PASCAL is available, be sure to execute the TURBO-87 program instead of

TURBO. Respond "N" (no) to the question "Include error messages (Y/N)?"

, if system memory is a limitation (64K systems), since this saves

i.approximately 1.5K additional memory while TURBO PASCAL is executing.

From the main TURBO menu, first "log in" the disk drive containing the

diskette of AAPxxx files. To do this, type the letter: L. TURBO
VL

prompts with "New drive:" and you should respond: D <RETURN>, where D is

the disk drive designator (probably A or B). Now slowly (to allow

44" - different menus to stabilize on the video display) type the following

sequence of letters: OCQC. Then, when asked to enter the work file

name, type AAPxxx and press <RETURN>. TURBO PASCAL now should compile

the program and write the command file to disk. When complete,

X.•' indicated by compilation statistics displayed on the video screen and a

return of the TURBO PASCAL prompt (the > character), type the letter Q

to exit TURBO. Unless errors occurred, the command file should be ready

to run oy typing the command AAPxxx.

Possible Errors

TURBO may issue an error indicacing memory overflow. If this

occurs, be sure the work file was tha one with the INCLUDF directive in

it, and noL the one containing the large source code. If the work fill

was specified correctly, thea the micr.omputer coafigurat:on does not

have oufficient memory to allow successful compilation. This may occur

44 with one or more programs. The aiy solution is to use a different

configuration, such as a microcompiter with more memory or a smaller

operating system. ITis error 44ould not uccur" with M56 K (or larger)

machines. Another ertor mny be zaused by a disk with insufficiept r•om

- *i
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for the command file to be written, resulting in a disk full error. If

this occurs, files should be copied to a disk with more space available;

the only files that need to be on the new disk are the pair of

AAPxxx.PAS and AAPxxyl.PAS files to be compiled. If an error message

indicating the disk is "READ.-ONLY" occurs, the disk may have a write-

protect tab missing (8 inch disks) or present (5 1/4 inch disks), or the

operating system may have to be reset (for example, using control-C for

CP/M systems). For these or any other errors, refer to the Operating

System or TV9ýO PASCAL Reference Manuals.

V11
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"V. Attack Assessment Program-MODIFIED (AAPMOD)

AAPMOD is a program that may be executed on a mainframe computer in

FORTRAN 5 or on a microc.3mputer in TJ'RBO PASCAL. See the hardware and

software specifications (page A-6) for descriptions of system

requirements. For either system, AAPMOD requires a data input file and

room for an output file to be created and written. The input file may

be created with the AAP series of database generator programs (described

elsewhere in this appendix) on a microcomputer. The file also may be

created or modified with any system editor, as long as the input format

is correct. This method of input file creation is not recommended

unless the user is intimately familiar with the structure of the files

and how AAPMOD uses them. The input file format is compatible with

either the mainframe or the microcomputer versions of AAPMOD; hence a

file existing on one system may be transferred to the other and

successfully executed.

Mainframe execution speeds generally will be much faster than the

microcomputer; however, the results will be equally valid from either

system. For a microcomputer with an 8087 math coprocessor and

.- compatible TURBO PASCAL software, the execution speed will be tolerable,

taking about the same amount of central processor unit (CPU) minutes to

complete as the CYBER CDC 6600 takes in CPU seconds. Without the 8087

coprocessor, the execution will take longer by a factor of about 7 times

that of the 8087-equipped system CPU time.

"To run AAPMOD, first compile the source code if an executable file

"is not available. (For TURBO PASCAL, refer to compilation instructions,

page A-9.) Then be sure the input file is available (loaded on disk,

A - 12
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or in an accessible mainframe computer file). Next, command AAPMOD, and

follow the directions on the screen. When asked for the input filet

type the filename and press <RETUN>. Then provide the name of a new,

unused_ file for the program output, and press <RETUN>. After both

names have been entered, AAPMOD will perform airfield attack assessment

*and write the results onto the output file specified. No further action

h is required until the program ends. Then, to see the results# print the

output file on 132-column paper, or view the output file on a-132-column

video screen.

'4
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VI. Attack Assessment Program Target Database Generator (AAPTGT)

This program, designed for a microcomputer, creates the target

* database to be used in conjunction with programs AAPWPN and AAPMSN in

"IF 1ý order to create an input file for AAPMOD. There are two modes of

execution: new file creation, or modification of an existing file.

When creating a new file, AAPTGT requires the entire target complex to

be defined. When modifying an existing database, targets may be added,

inserted, or deleted, and other data also may be changed.

To begin the progtrm, an executable version must exist on the disk.

If there is no executable file (AAPTGT.COM or AAPTGT.CMD), one must be

created by compiling the PASCAL source code. Refer to the discussion

earlier in this appendix for compilation instructions. Assuming the

executable file is available, type the command AAPTGT and press <RETURN>

to begin.

Creating a New Target Database

First you will have the option of selecting the execution mode of

creating a new target database or uodifying en existing one. Select the

appropriate choice from the menu and press <RETURN>. The following

j discussion is based on creating a new database; however, for

modification, the same guidelines apply.

Next you will be asked if you would like a review of the input

prompts and options. Until you are familiar with them, answer yes (type

"y and press <RETURN>). When the review is complete, follow the

"*t• , instructions on the screen requesting you provide the filename of the

target database file.

I A 14
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The first screen of the review of input options and prompts begins

a description of the target input options and what they mean. There

are two ways to input targets in this progran: Target center and end-

midpoint coordinates, and these will be described later. The units of

measurement may be expressed in feet, meters, or any other units you

desire, but once you have chosen a unit, stay with the same unit

throughout the remainder of the programs. The coordinate system is a

positive right-hand, rectangular coordinate system, with an origin of

your choice. A useful origin is the center of the main runway, since it

makes the runway definition simple. Then, target locations are entered

by their X and Y coordinates with reference to the chosen origin. The

axis is defined by the positive X-axis as zero degrees. The axis

measurement increases from 0' to 360 degrees as you move counter-

clockwise from the X-axis. When entering the targets, their size must

* be specified. Be sure to specify the smaller dimension as the width,

* and the longer one as the length.

For target center coordinates, specify the .center-of the target in

X-Y coordinates with respect to the origin. For end-midpoint

.coordinates, you enter the midpoint coordinates of the shorter dimension

(width) ends of the target. For a runway, for example, you would enter

* the midpoints of the runway ends. It is important to enter the

"midpoints in the correct sequence. The program prompts for the X ard Y

coordinates of the leftmost short dimension. In this case, leftmost

A assumes you are viewing the target complex with the positive X-axis

pointing to the right, and therefore, the positive Y-axis pointing
straight up. The program also asks for the X and Y coordinates of the

opposite ends. In case there are no leftmost ends, then the

* A-i

S.....*., A - 15%" 4 •'', 'eg•,, ' ,.% 4.%• %o ';'*• ' .• '' *.. , •* ,•**qt4 . -, • •' "* . *. • ,, * .- ** * . ,*S•.e,9".. • ,k • .. '. • , ,' ,.•



X-coordinates of both ends are the same and Xl - X2. In this case, when

entering the Y-coordinates, enter the smallest (bottom-most) value

first. Based on end-midpoint entries, AAPTGT calculates the equivalent

X-Y coordinates, axis orientation, and target length. You must input

the target width.

If the length you enter or AAPTGT calculates is smaller than the

"width you specify, the program will display an error message and repeat

the input sequence for target location and size. Once the length and

width information is correct, AAPTGT will check pavement targets to

determine if the width is larger than 899 (feet, meters, or whatever

units you are using), If larger than 899, a message may appear on the

screen indicating a flag is set. This flag will be set upon the first

occurrence of a pavement width greater than 899 and will remain

unchanged as long as any pavement in the database is wider than 899.

The flag enables or suppresses AAPMOD execution of routine OVLAP. This

routine searches for overlapping areas of craters and adjusts the
..

damaged area accordingly. For wide targets, the routine takes

excessively long to execute, and therefore is suppressed by setting the

.,C, flag. You have no control over this flag in program AAPTGT, but you may

override the flag when building the final input file for AAPHOD using

program AAPNSN.

AAPTGT treats each target as one of 2 typos: a pavement or a

building (non-pavement). A pavement may be a runway or. a taxiway. A

building is any other kind of target. To each target, a hardness code

"4.' must be assigned. The range of hardness codes that may be assigned is

from 1 to 11. You must determine how many different hardness codes you

want to assign before entering target data. A hardness code determines

"'.A, A - 16
V.J
.4'" A,.~



what level of damage a target will sustain from a particular weapon

type. For example, a bomb would cause a larger crater in a soft asphalt

runway than in a hardened reinforced concrete runway and perhaps more

damage to the taxiways than either of the runways. If your target

complex had these two runways and taxiway surfaces of uniform hardness,

you would want 3 different hardness codes for the pavements and

additional hardness codes for other targets as desired.

Each target must be'assigned a group identifier, ranging from 1 to

15. This will not affect the results in terms of damage sustained, but

* serves to group statistics in a more convenient way for the output of

results. For example, you may want to group each runway separately, all

taxiways together, and all air'.raft shelters together. Me output will

calculate individual reports of expected hits per target and also will

give expected hits per target group,

.-. For the targets, you may specify up to 3 runways, 30 pavement

targets (runways plus taxiways), and 112 total targets (runways,

"taxiways, and buildings). You must enter runways first, followed by

"taxiways, and then all remaining targets, If you do not follow this

sequence, the program will reject your attempts to enter incurrect data

* and display appropriate error mensages guiding you to correct the

o mistake. If you find you cannot enter a target because of the incorrect

seqeneyou can save the file and edit it later in the modification

S• mode, or start over from the beginning.

When entering runways, you must specify the minimum clear length

and width required for takeoff and landing operations. AAPMOD uses this

* information to determine if a runway is damaged enough to prevent

"takeoffs and landings based on the distribution of craters. It will-9.
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search the damaged runway surface for an undamaged portion corresponding

to the specified minimum width and length to determine runway kill.

If a major taxiway could be used for TOL operations and you want to

calculate results accordingly, enter the taxiway as one of the 3

I.permitted TOL surfaces. Otherwise, a taxiway is entered as a pavement

p, with a minimum clear length for takeoff and landing operations of zero.

"In this case, the minimum width specified for taxi operations will be

used to determine if a taxiway is killed. The path for taxiing will not

necessarily lie in a straight line, since taxiing aircraft may maneuver

around craters (unlike aircraft taking off or landing). Note that

AAPMOD will still evaluate runways that are killed (in terms of takeoff

4' *and landing operations) to see whether they may be used for taxiing to

other runways that are not yet killed.

All. other targets are called buildings, or non-pavements. They

must. be assigned separate hardness codes from the pavement targets, even

if the same level of damage would be inflicted by a weapon.

After each target is entered, you are asked if you want to quit.
4.. p

* Answering no causes the program to prompt for the next target input.
4%'.

Answering yes causes the program to move to the next set of questions

*"concerning repair capability. First you are asked how many patches of

pavements resources will allow. Then you are asked to provide the
', S

priority for repairing the pavements. The repair informatiou is needed

"for analysis of multiple attacks, but not in this particular

implementation of AAPMOD. While the choice of specific numbers is

completely arbitrary, you must ywovide entries for the database to be

completed successfully.
4#i
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Following these last two questions, the target database is

complete. AAPTGT then creates the new target file, and writes the data

to disk. Then the program ends.

Modifying a Target Database

You can use AAPTGT to modify existing target bases by selecting the

appropriate response tom the menu when first executing the program.
%.5

The following discussiot pertains to the modifination mode of program

AAPTGT. If you are unfamiliar with the structure of the target

"database, you should review the procedures describing how to create a

new database. Subsequent discussion assumes you have some working

knowledge of the prompts and inputs described in the previous section of

this program description. When you begin program AAPTGT and select the

"modification mode, you may review these prompts and inputs in the same

manner as the creatioa mode.

The file you want to modify must be available on a diskette, but

does not have to be on the same one as program AAPTGT. You may specify

the disk drive when you enter the filename. AAPTGT will attempt to read

the file you specify. If an error message similar to "1I/0 error 10,

PC,1234, Program aborted" appears on the screen, there is a format error

in the input file or you did not specify the correct file. In either

case, AAPTGT will not be able to process that particular file.

In the modification mode, the current value of the minimum width

for taxi is shown, and you may update it if desired. Then the hardness

codes are displayed, and you way change these, too. Next you may choose

from 5 options on a menu for editing the target elemeat data: you may

delete a target of your choice, add a new target to the end of the list,

',,A - 19
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insert targets into the list, review the target matrix, and finish

* editing. The insert mode is especially useful for inserting pavements

"in the correct sequence. Remember, the sequence of the target database

must be runways first (a maximum of 3), followed by taxiways (a maximum

Sof 30 minus the number of runways), and all other targets last (maximum

of 112 targets total),

The options for editing a target database are presented for your

choice from an on-screen menu. The following are descriptions of the

% various options. For specific instructions on how to enter data, please

"refer to the previous section, "Creating a New Target Database."

Delete a Target, To preclude deleting a target mistakenly, the

program will accept your request to delete a target and ask that you

confirm the target number you entered. Once you confirm the deletion,

the target will be removed, and all other targets with a higher position

n -mber in the matrix will be shifted to fill in the hole created by the

deletion. If the target you delete happens to be the last pavement with

a width greater than 899, a message will appear on the screen advising

you that a flag is reset. This is the flag that enables or suppresses

AAPMOD execution of routine OVLAP, described in the database creation

mode section. The program will advise whether the target in fact was

deleted or not, and you also may confirm this by a review of the target

matrix when the program returns you to the menu. If you delete all of
','S

the targets, the program automatically places you in the "Add a target"

* .� mode, since you must define at least one target in order to run programs

AAPMSN and AAVMOD.

A, Add a Target. You may add targets to the end of the target matrix

as long as there are less than 112 targets currently defined; targets

"A - 20
9 -A



may be deleted to make room for a subsequent addition, if necessary,

-Adding a ý.arget means that the new target definition will be added to
-the end of the matrix as itcurrently exists. For example, if there are

4 targecs in the matrix, adding a new target will cause the new target

to-be placed in position number 5. If 112 targets already are defined,

the program will issue an error message and return you to the menu.

Other error nessagei will be displayed if you attempt to enter a target

out of the correct sequence, define more than 3 runways. or enter more

than 30 pavements. Otherwise, you will be able to load the new target

definition in the same manner as in the creation mode of the program.

After-the target is entered, the program will return you to the menu.

Insert a Target. You may insert a target anywhere in Lhe target

i"matrix as long as there are less than 112 targets currently defined;

targets may be deleted to make room for a subsequent insertion, if

necessary. Inserting a target means that the new target definition will

be inserted into the table at the position you specify, displacing the

target in that positioa. The displaced target, along with targets

following the displaced target, are shifted up in position number to

make room for the new target. For example, if there are 5 targets, and

you insert at position 2, target # I will remain unchanged in position,

the new target will become target # 2, and old targets # 2 through 5

"will become targets # 3 through 6. If you try to insert a target at the

"end of the target matrix where no target currently exists, the program

"automatically adds the target, effectively changing the option to "Add a

target." If 112 targets already are defined, the program will issue an

error message and return you to the menu. Other error messages will be
-- •v

displayed if you attempt to insert a target out of the correct sequence,
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define more than 3 runways, or enter more than 30 pavements. Otherwise, -

you will be able to load the new target definition in the same manner as

in the creation mode of the program. After the target is entezed, the X

program will return you to the menu.

Review the Target Matrix. When you select this option, the

contents of the target matrix will be displayed on the screen, up to 10

targets at a time. To continue the display, simply press any key. Note

the abbreviations under TGT TYPE (target type): TOL is a takeuff and

landing pavement, TWY is a taxiway pavemenr, and BLDG is a building or '

non-pavement target. After all targets have boon displayed, the program

returns you to the menu.

Finish Save the New Database. When you are finished with the

review ai~d modification of the target mflrix, euter this choice frow the

menu, You vill then have an opportunity to cnange the crater repair

data. Finally, the program will create the nuw file arnd save the old

file, The original (old) version of the file named FILENAME.XXX will be

renamed ULENAMEIAK as a backups The new version will have the same

name as the original fle before editing. At this point, the prcogram

ends. If nubsequettly you should want to eOit the backup filey you

first will have. to rename it with some other name, since the. AAP

programs will not accept a file with -be extension .BAK. Refer te the

Operating System itanual for the computer you are using tor instructions

oa how to revae the file (most likely the REN cowand).
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- VI.. Attack Assesswent Program Weapons and

Attack Patter-n Database GQeieratur (AAPPN-

I "V This progrma, deaigned for a mi•.-.rocomputer, crestes the weapon Pmnd

"attack pattern database tc be used in conjunctioa with program -AAPTGT:

and AAPMSN in order to create an input file fbr AAPMOD. Thre are two
Smodes of execution: new •file creation, or av'dificatiun of an exisring

H ie. Vnen creating a new file, AAPWPN requires all. weapons and attack

pattern information to be defined. When modifying an existing databdse,

data may be added, inserted, or deleted.

'. To begin the program, an executable 4ercion must exist on the disk.

If tLere is no execut3ble file (AAMPN.COM or AAPWPN.CMD), ouie wut be

created by compiling the PASCAL source code. kafer to the discussion

•at- earlier in this appendix for compilation instructions. Assuming the

execucable file is available, type the c3ontand AAPWFI and press <RFT51K>

* ,"to begin.

Creating a New Weapons a,,j Attack Pattern Database

First you will have the option of selecting the execution mode:

zoreating a new target database or modifying an existing one. Select the

* appropriate choice from the menu and press <RETURN>. Then folloi the

instructions on the screen requesting you provide the filename oC the

weapons, and attack pattern database file. Thi following discussion is

based on craating a new daeaba.e; however for modification, similar

"guidelines apply.

, - At this point in the program, you will begin building the database.

The following describes information you will need Lo enter. Much of
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this inforwation ie summarized and displayed on the vide', 'screen vjhei'

you execute program AAPWPN.

The program is split into 29 major e-octions: building the weapons,

Idatabase and building the attack patt~ern database. The tiirst. .section

builds the weapons database. AAPMOD assesses damege based on sizes of

craters caused by. weapons that hit targets specified in the carget

dstabasa. AAPMhOD uses~ an array, called the crater table, to store this

crater siza informaticu, The first-pnrt of program. AAPWPN guides you

Kwhile you build this array,

Thie Weapons Iatabase. The 3 dimnensi~ons (i, j, and k.) of -the crater

table azvay comprising the weapons datattuse are as follows:

i*, Hardness Code, Ran~e 1. to 11. This is a 4efined level of

target hardness, thiickness, type of material., aad similar factors all.

combined into one, r~ateScrical hardiese code. For each hardness code

yo~u defiaed in' tha target database# you must enter crater sizes

corresponding to the warhead typei and possible i nteractionas desc~ribed

When creating a new database, you must enter the hardness code

*iuformation -.orreesbonding to a specific existing tar~et database. If

you do not knov this litfor-maonju execute program AAPTT in the

modificatiop m~ode and specify the existing target database filename.

4. Follow thronh pro~rrj -AAPTGT uot~il the hardness Wnruui'.ion I~s

Vdisplayed, record this information for input to AAP¶IN, ari4 abort

program AAPTCTI by pressing control-C (hold down the <WNTROLD key while

siwultaneot-siy dopressiiig the letirer C). Then execute prgram UAPPN.

AAPWN, promupts you for the total number of hardness codes

entered in program AAPTrGTl then the number of hardness codes
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corresponding to pavaments.. A summary of this inf oimation, is displayed

o the screen, and'it should match the same display given in proga

:AAPTGT. Ifthis information is incorrect, you may reenter the data

until the .. dis'play is correct. Be sure the hardness information is

accurelte when 'creating..a new weapons database, because you cannot

correct this particular error later in the modification mode.

1: A Defined Tyeo Warhead. Range-1 to 6. Example: Mk-82

500 pound general-purpose bomb is one, possib~e type of warhead. An AGM-

65B.Maverick Missile is another possible warhead. A miinimum :)f 1 up to

a maximum of 6 different crater size sets may be defined. Note that

AAPMOD will not compute crater sizes; you load this information here,

using program AAPWPN. If you wish to load different crater information

for one particular kind of warhead under different delivery conditions,

you must consider each set of data as a separately defined warhead. For

example, you may want to define~ crater sizes for the main runway at Base

X: j - 1, Mkl--82 bomb delivery from an F-4 Phantom at 500 knots, 20

degrees of dive and, for j 2, delivery from an A-10 Thunderbolt II at

325 knutsg 10 degrees of dive.

When creating a new database, you are asked to. enter the

.numbev of ditforent types of warheads. Enter the numbier. of warheads you

wish to define for this database, Note that you cannot later define

attack patterns for which there are no defined weapons. Therefore, be

sure to define all. weapons you will. need for building the attack pattern

database if% section 2, of the program.

k~ nteacior. 1 or gtnexjctign 2_(k I J and ) There

are actually 4 interactions:.* Interactions 1 and 2 for targets defined

as pavements, and interactions 1 and 2 for targets defined as

1~A A-25
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non-pavements (buildings). Only one set of interactions is entered into

the array, and this is determined by the hardness code corresponding to

a pavement or non-pavement target. AAPWPN automatically prompts for the

V correct interaction, but it is important to recognize what the different

combinations represent. Since all interactions involve crater sizes,

the following first describes how AAPMOD handles craters ar-, then

Z,- discusses the different interactions in detail.

AAPMOD evaluates target damage by comparing the locations of

targets to the locations and crater sizes of weapon impacts. However,

AAPMOD uses square craters for its computations, becau3e this makes the

algorithm for evaluation of pavement kill status more efficient.

-'4 Miglin, in his thesis on the FORTRAN 5 version of AAPMOD, shows how use

I.' of square craters is a good approximation, where errors would tend to

* cancel each other over the course of the program. Because of AAPMOD's

use of square craters, you have a choice of how you will enter crater

size data: square craters or circular craters. If you enter square

craters, enter one half of the length of the side of the square. If you

"enter circular craters, enter the radius; AAPWPN will calculate the areai'- of the circular crater and convert this to an equivalent area square

I. crater for the database. Important: Remember to use the same units of

dimension (feet, meters, etc) you used in defining the target database.

Pavement In terections, If the target is a pavement (taxiway

or runway), the important piece of information is the damaged pavemept

surface area which effectively denies use of that portion of surface for

" - aircraft use. When requesting you to load weapons interaction data,

AAPWPN starts with the pavement codes (hardness codes associated with

pavements). This information is entered as follows:

A - 26

.. 9

.. *: -q .q .~~.'*. '.~ . t. ** *.* *.9.. . . .



Interaction 1. Interaction 1 corresponds to the crater
size which would disrupt takeoff and landing operations. This includes
thephysical size of the crater hole and the additional pavement surfacearound the hole where any cracks, buckling, and rubble would preclude
high speed takeoff and landing operations. AAPWPN calls thisinlu

interaction "Deny-TOL size." If the pavement code is associated with a
taxiway only, the "Deny-TOL size" would not be used; however, subsequent -
modification of tharget database may need the same hardness code fora takeoff surface. Therefore, you should provide a correct crater size
for takeoff and landing considerations.p 

ncl

Interaction 2. Interaction 2 corresponds to the crater a
size which would disrupt taxi operations. This includes the physicalsize of the crater hole, but little additional pavement. since aircraft

can taxi slowly over surfaces with minor cracks, buckles, and deposits
of rubble. Note that for pavements, the crater size for interaction 1

4.

i~~~~nteraction 2Dn-a sz." Interactio 2aeet co respondsied toathecrate

siz abe , wh ch o uld dis uta mtax ope ant ir dons This in lu e the pa e e thysicals r

codes. Bust dinisa NonlPavementlt . After all of the pavement hardness

S.

codes have been processedu AAPWPN requests data for the hardness codesassociated with buildings (non-pavements). 
If the target is a buildinn t

the important piece of information is the damaged structure area which ri
effectively denies use of that portion of the structure. This
information is entered as follows: 

'

Interactiion s . Interaction c corresponds to the crateraxi
size which would result fro a target near-miss. In o therpave dstihardess
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Sbomb missed the structure, but landed nearby, this is the size of the

crater that would result. AAPWPN calls this interaction "Near-miss

size."

Interaction 2. Interaction 2 corresponds to the crater

size which would result from a direct hit on the target. Note that for

non-pavements, the crater size for interaction I normally will be

smaller than that of interaction 2. AAPWPN calls this interaction

"Direct hit size."

The Attack Pattern Database. The second major section of program

AAPWPN guides you while you build the attack pattern database. This

portion of the program begins by asking you how many patterns you wish

v, to define. You must define at least 1 pattern and may define up to 12,

Next a menu is presented on the screen, giving a choice of general

purpose weapons, cluster bomblet units (CBU), or guided munitions.

"There are 2 choices for CBU based on the footprint of bomblets that will

Soccur: rectangular, with bomblets impacting uniformly over the

rectangular area and no voids in coverage; or elliptical, with bomblets

uniformly distributed over the elliptical area except that voids in
at * f

coverage are possible. You will have to specify the dimensions of the

* footprint and additionally, for the elliptical CBU footprint, the size

of the voids.

A weapons pattern can be considerod as the end result of a weapons

delivery pass producing a pattern of weapon impacts on the ground, For

each pattern definition, you must specify how many weapons will be

Sdelivered per pass (from 1 to 12 weapons). Exception: for guided

-,weapons, the program defaults to 1 weapon per pass.

ft.",
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Next you must enter the reliability (probability of functioning) of

the weapon/cannister fuze, taking into consideration all factors such as

proper fuze settings, arming, cockpit switch settings, weapons release

parameters, and weapon impact angle. This should not include the

reliability of individual bomblets inside the cannister of a cluster

C,-, munition; you will enter this information later, if applicable.

The program prompts for the weapon's crater table index. Enter the
S~warhead index corresponding to the crater table dimension j discussed in

the first section of the AAPWPN program description. In other words, of

"the weapons already defined in the database, identify which weapon is

being employed.

The next set of data is based on which one of the weapons

descriptions you chose from the menu. For unguided munitions (general

purpose and CBU), you must enter the delivery and ballistic range :and

deflection errors probable (REP and DEP), using the same dimensional

units (feet, meters, etc) as the crater sizes and target coordinate

system., Range errors, lie along the aircraft's ground track while

deflection errors are referenced perpendicular to the ground track. The

concept of REP is that 50Z of the range errors will fall within the

* range error probable distance, and similarly for DEP, that SOZ of the

t;.iv defltction orrors will fall within the deflection error probable

distance. For circular error probable (CEP), CEP. is. merely a

simplifying assumption that REP amd DEP are the same. Enter the, OEP_

value ior both REP and DEP if .only CEP is known.

Ballistic errors, also known as ballistic dispersion, include the

random errors induced by slight differences in drag, stability, mass,

,.bomb rack ejection cartridges, and other factors for a particular weapon
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type. The end result of ballistic error is an impact displacement from

the actual point at which the weapon is aimed (the aimpoint based on an

error-free pipper). The delivery error includes avionics error, aircrew

error in releasing the weapon at the wrong time, weather, and similar

factors, but does not include target misidentification (aiming error).

This is an important distinction; AAPMOD will stochastically determine

aiming, delivery, and ballistic errors as follows: The aiming error is

based on a triangular distribution built into the design of the model.

The delivery and ballistic errors are based on bivariate normal

distributions with the parameters you will enter into the attack

pattern database.

For CBU munitions, further information is required. First you must

specify how many bomblets each CBU cannister contains. Second, give the

reliability of the individual bomblets, expressed as a probability of

proper bomblet fuze functioning. Third, input the.footprint lbeth and

width. The last CBU data is for elliptical footprints only: the void

length and widthg which create a doughnut shape of the bomblet area of

ground coverage. Remember to'be consistent with the dimensional units

when specifying length and width.

For guided munitions, you may choose the.fom of input for errors

as REP/DEP or standard deviation (sigma). REP and DEP are as described

previously for unguided munitions.. Recall that if you wish to enter a

CEP,. enter figures based on CEP - REP -- DEPN Standard deviation, also

known. a sigma# allows you to input the errors based on the normal

distribution data for the weapon, if available. Instead of the delivery

and ballistic errors for unguided munitions, you will enter guidance

errors for guided munitions. There are 3 categories of guidance which
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1, you must consider: optimal, near-miss, and gross-error. Specify the

optimal errors based on optimum weapon performance (good weather,

properly functioning avionics, and weapon release parameters well within

tolerance). Specify the near-miss errors based on degraded conditions

(marginal weather, minor avionics malfunctions, or weapons release on

the edge of the acceptable weapons envelope). Specify the gross-error

data based on a major guidance malfunction, such as when a missile goes

ballistic or a smart weapon loses the designator signal.

The last inputs for guided munitions are probabilities of guidance.

Enter the probability that the weapon will encounter optimum guidance

conditions. Then enter the cumulative probability that the weapon will

encounter near-miss or optimum guidance conditions. This cumulative

probability will be the same as (I - Pr(gross-error conditions)], and

will always be equal to or greater than the probability of optimum

"guidance conditions alone.

AAPWPN continues to loop through the same set of questions for each

of the patterns to be defined. After the last pattern has been defined,

the file is written to disk and saved with the file name specified at

"the start of program execution. Then the-program ends.

IModiflink-an ExistinR Database

The following discussion pertains to the modification mode of
program AAPWPN. If you are unfamiliar with the structure of the weapons

and attack pattern databases, you should review the procedures

describing how to create a new database. Subsequent discussion assumes

you have some working knowledge of the prompts and inputs described in

the previous section of this appendix.
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The file you want to modify must be available on a diskette, but

does not have to be on the same one as program AAPWPN. You may specify

the disk drive when you enter the filename. AAPWPN will attempt to read

"the file you specify. If an error message similar to "I/0 error 10,

PC=1234, Program aborted" appears on the screen, there is a format error

in the input file or you did not specify the correct file. In either

"case, AAPWPN will not be able to process that particular file.

After AAPWPN successfully reads the existing database you wish to

modify, the program begins with a display of the target hardness

categories. There is no way to change this data; the information is

pr= •.--' for your review. If you discover an error in the hardness

codes, you will have to correct the problem by executing program AAPWPN

in the database creation mode. Note that target hardness information is

"based directly on a target file. Weapons must be defined with reference
"o: to kn•own targets, and the entire crater tabie is designed with the

,hardness codes as one of the dimensions U) of the 3-dimension crater

S~table-(it J, Q).

' The modification mode* like the creation mode, has two program

N sections: modifying the weapons database and modifying the attack

pattern database. Anytime during the program you way abort the

editing session, thus discarding any current changes, but saving the

. input file completely unchanged (including the filename). To abort an

.''"•, editing session, press control-C (hold the <CONTROL> key depressed while

"simultaneously typing the lecter C). If you run the modification mode

4 until the program terminates normally, your newly edited version of the

database will be stored in the disk file with the same name as the old

file you originally upe,ified. Additionally, the old version of the
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database also will be saved with a filename in the form FILENAME.BAK to

help in case of an editing error.

Throughout the program you will have numerous chances to review the

weapons and pattern information, presented in a compact, self-

documenting display on the video screen. You should frequently review

• these weapons and patterns matrices to be sure the changes you make are

reflected accurately. Once you are familiar with their design, you will

gain valuable insight into the structure of the database and become

"increasingly proficient at designing your model.

The Weapons Section. The weapons section begins with a menu of 7

choices. You may delete, add, insert or redefine a weapons description;

"review the weapons and attack pattern matrices; or exit the weapons

section and move on to the attack pattern section. Once you leave the

weapons section, you may not return without ending the program and

restarting. Following are descriptions of the menu choices,

Delete a Weapon and its Corresponding Patterns, This is the

most complicated of the weapons modification processes, because the

existing pattern matrix is based on the defined weapons in the crater

* table. If you delete a weapon which has been referenced by a pattern,

that pattern is no longer valid, and so it, too, will be deleted

automatically. Note that if you delete all of the weapons, you also

will deplete the pattern Matrix. To preclude your accidental deletion

of weapohs and patterns, the program will accept your request to delete

a weapon and print pattern information on the screen. If any patterns

"are listed, they are subject to deletion along with the weapon; however,

you will be given a chance to review the pattern matrix to be sure of

your decision, then asked to confirm the deletion. The program then
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will advise whether the weapon was in fact deleted or not, and you also

may confirm this by a review of the matrices when the program returns

you to the menu.

Another factor involved in deleting weapons from the crater A
table: the pattern matrix contains references, by position, to the

weapons in the crater table. If you delete a weapon, all other weapons

with a higher position number in the table will be shifted to fill in

the hole created by the deletion. AAPWPN automatically adjusts the

pattern matrix references so that the remaining patterns still agree

with the weapons for which they were defined.

it is possible to delete all of the weapons and patterns from

the database. In this case, the program automatically places you in the

"Add a weapon" mode, since patterns cannot be defined without first

defining weapons. If this situation occurs accidentally, you should

abort the program by pressing control-C, and your original database file

will not be disturbed, Then restart AAPWPN.

Add a ,eapqn. You may add weapons to the end of the crater

table as long as there are less than 6 weapons currently defined;

weapons may be deleted to make room for a subsequent addition, if

necessary. Adding a weapon meads that the new weapon definition will be

added to the end of the table ar it currently exists. For example, if

there are 4 weapons in the table, adding a new weapon will cause the new,

weapon to be placed in position number S. If 6 weapons already are

defined, the program will issue an error message and return you to the

weapons menu. Otherwise, you will be able to load the new weapon

definition in the same manner as in the creation mode of the program.

After the weapon is entered, -the program will return you to the menu.
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Insert a Weapon. You may insert a weapon anywhere in the

"crater table as long as there are less than 6 weapons currently defined;

weapons may be deleted to make room for a subsequent insertion, if

"necessar;. Inserting a weapon means that the new weapon definition will

be- inserted into the table at the position you specify, displacing the

.-weapon in that position. The displaced weapon, along with the weapons

following the displaced weapon, are shifted up in position number to

make room for the new weapon. For example, if there are 5 weapons, and

you insert at position 2, weapon # 1 will remain unchanged in position,

the new weapon will become weapon # 2, and old weapons # 2 through 5

will become weapons # 3 through 6. If you try to insert a weapon at the

end of the crater table where no weapon currently exists, the program

automatically adds the weapon, effectively changing the option to "Add a

weapon." If 6 weapons already are defined, the program will issue an

error message and return you to the menu. Otherwise, you will be able

"to load the new weapon definition in the same manner as in the creation

mode of the program. After the weapon is entered, the program will

return you to the menu.

Another factor involved in inserting weapons into the crater

table: the pattern matrix contains references, by position, to the

weapons in the crater table. If you insert a weapon, all other weapons

with a higher position number in the table will be shifted as described

in the previous paragraph. AAPWPN automatically adjusts the pattern

matri.. references so that the remaining patterns still agree with the

weapons for which they were defined.

Redefine a Weapon. The purpose of redefining a weapon is to

allow the weapon to be redefined without altering the pattern matrix
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reference to the weapon position number. For example, if a pattern

existed for weapon 2, currently'defined as a Mk--82 500 pound general

"purpose bomb, you could retain the same pattern definition but redefine

the weapon to model Mk-84 2,000 pound bombs using this option. of the

program. Use caution with this feature: if the pattern is built for

weapon # 2, a cluster bomblet unit (CBU) bomblet, and you redefine

A• weapon # 2 to be a Mk-82, your pattern still will be designed for CBU,

except that the bomblut crater sizes will be much bigger (Mk-82 craters)

"" than previously defined. You will be able to load the new weapon

definition in the same manner as in the creation mode of the program.

After the weapon is entered, the program will return you to the menu.

Review the Weapon Matrix. When you select this option, the

crater table format will be shown on the first'screen, and after you

press any key to continue the display, the entire crater table will be

"" .shown on the second screen. Then the program will return you to the

menu.

Review the Attack Pattern Matrix. When you select this

option, the attack pattern information will be displayed on the screen..

Because there is so much information pertaining to each pattern, only

one pattern is shown per screen. The display pauses until you press any

key to continue, then moves on to the next pattern. After the last

pattern is shown. the program will return you to the menu,

End Weapon Section Editing. When you are finished with the

review and modification of the weapons matrix, enter this choice from

the menu. The program will move to the attack pattern section for

further review and editing.
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The Attack Pattern Section. This portion of the program allowc you

to edit the pattern database. The modes of editing are similar to those

in the weapons section. The main difference is that there are no

internal interactions between the pattern matrix and the weapons matrix;

whatever changes vou make to the patterns, the weapons crater table will

remain unchanged. The attack pattern section begins with a menu of 6

choices. You may delete, add, or insert patterns; review the weapons or

pattern matrices; or save the edited version of the database and end the

program. Following are descriptions of the menu choices.

Delete a Pattern. To preclude deleting a pattern mistakenly,

' the program will accept your request to delete a pattern and ask that

,-, you confirm the pattern number you entered. Once you confirm the

deletion, the pattern will be removed, and all other patterns with a

* higher position number in the matrix will be shifted to fill in the hole

, created 'by the deletion. The program will then advise whether the

pattern was in fact deleted or not, and you also may confirm this by a

review of the pattern matrix when the program returns you to the menu.

If you delete all of the patterns, the program automatically places you

K Lin the "Add a pattern" mode, since you must define at least one pattern

-. in order to run programs AAPMSN and AAPMOD.

Add a Pattern. You may add patterns to the end of the pattern

"matrix as long as there are less than 12 patterns currently defined;

patterns may be deleted to make room for a subsequent addition, if

necessary. Adding a pattern means that the new pattern definition will

be added to the end of the matrix as it currently exists. For example,

if there are 4 patterns in the matrix, adding a new pattern will cause

the new pattern to be placed in position number 5. If 12 patterns
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already are defined, the program will issue an error message -and return

Syou to the menu. Otherwise, you will be able to load the new pattern

definition in thesame manner as in the creation mode of the program.

After the pattern is entered, the program will return you to the menu.

Insert a pattern.- You may insert a pattern anywhere in the

pattern matrix as long as there are less than 12 patterns currently

defined; patterns may be deleted to make room for a subsequent

insertion, if necessary. Inserti.ng a pattern means that the new pattern

definition will be inserted into the table at the position you specify,

displacing the pattern in that position. The displaced pattern, along

with the patterns following the displaced pattern, are shifted up in

0- • position number to make room for the new pattern. For example, if there

I. are 5 patterns, and you insert at position 2, pattern # 1 will remain

unchanged in position, the new pattern will become pattern # 2, and old
patterns # 2 through 5 will become patterns # 3 through 6. If you try

to insert a pattern at the end of the pattern matrix where no pattern

currently exists, the program automatically adds the pattern,

"effectively changing the option to "Add a pattern." If 12 patterns

already are defined, the program will issue an.error message and return

- you to the menu. Otherwise, you will be able to load the new pattern

S. ldefinition in the same manner as in the creation mode of the program.

After the pattern is entered, the program will return you to the menu.

Review the Weapon Matrix. When you select this option, the

crater table format will be shown on the first screen, and after you

press any key to continue the display, the entire crater table will be

shown on the second screen. Then the program will return you to the

menu.

A 3
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Review the Attack Pattern Matrix. When you select this

4 option, the attack pattern information will be displayed on the screen.

Because there is so much information pertaining to each pattern, only

Ns one pattern is shown per screen. The display pauses until you press any

key to continue, then moves on to the next pattern. After the last

"pattern is shown, the program will return you to the menu.

Snve Data and End the Program. When you are finished with the

review and modification of the pattern matrix, enter this choice from

the menu. The program then will save the newly edited version of the

database in the disk file with the same name as the old file you

originally specified. Additionally, the old version of the database

will be saved with a filename in the form FILENAME.BAK in case you need

the old, file in its original form.I

W4'
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VIII. Attack Assessment Program Mission Database Generator (AAPMSN)

This program, designed for a microcomputer, combines a target

database and a weapons and attack pattern database with additional

information entered during AAPMSN program execution. The combined data

are written onto a single disk file in a format compatible with the

input requirements of AAPMOD. Therefore, program AAPMOD may be executed

immediately with the new file produced by successful completion of

program AAPMSN.

Program AAPMSN has one mode of execution: new file creation. To

begin the program, an executable version of AAPMSN must exist on the

* disk. If there is no executable file (AAPMSN.COM or AAPMSN.CMD), one

must be created by compiling the PASCAL source code. Refer to page A-9

for compilation instructions. Additionally, you must have the 2

existing database files (a target database and a weapons and attack

pattern database) available on disk and be able to identify the files

when prompted for their names by AAPMSN. Assuming the required files

are available, type the command AAPMSN and press <RETURN> to begin.

How to Create the AAPMOD Input File
9'%

The start of program AAPMSN asks you for the file names of the

target database file, the weapons and attack pattern database file, and

the output file to be generated by AAPMSN. The program then will

attempt to read the 2 input files. If an error message similar to "I/O

error 10, PC=1234, Program aborted" appears on the screen, there is a

format error in one of the input files or you did not specify the

correct files required by AAPMSN. A different type of error may be

generated by AAPMSN, advising you of a discrepancy between the 2 input
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files in the number of hardness levels defined. AAPMSN reads both input

files, checks the hardness levels, and prints this error message if the

hardness levels are not the same. The descriptions of programs AAPTGT

and AAPWPN discuss how the number of hardness codes for pavement targets

and non-pavement targets must be defined. If you want to review the

hardness levels or any other information in the input database files,

use the modification mode of program AAPTGT for the target file or

AAPWPN for the weapons and attack pattern file.

As soon as the input files are read successfully, AAPMSN allows you

to review the target, weapons, and attack pattern matrices. You will be

able to review these at other times throughout the program, too. Then

the program prompts you for initial mission analysis information.

"Building the Mission Package. For the next series of questions,

the program has a set of default values. If you press <RETURN> in

"response to the questions, the default values will be loaded
Cw'

automatically. At the end of these questions, you will have a chance to

review the values and change them if desired. The inputs, discussed in

the next paragraph, have default values as follows: the flag that

enables or suppresses AAPMOD execution of routine OVLAP remains

unchanged, random number seed - 987654567, number of samples - 200,

results to be reported once, level of significance - 0.05, and Z -

1.645.

The first message you will see after reviewing the database

matrices is a description of the flag that enables or suppresses AAPMOD

execution of routine OVLAP. The message will indicate the status of

V this flag based on the particular target database you are using. If you

built the target file with program AAPTGT, the flag is set according to
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the width of the widest pavement. A width greater than 899 units (feet,

meters, or whatever the target database used) will set the flag to

suppress AAPMOD routine OVLAP. If all of the targets are less than this

size, the flag will not be set, and AAPMOD routine OVLAP will be

enabled. You have the option of leaving the flag at its current setting

or overriding the flag. You may want to override the flag and suppress

routine OVLAP to save execution time. Routine OVLAP searches for

overlapping craters and adjusts the total area damaged by the amount of

overlap. When the routine is disabled, this search will not be

accomplished for any of the target pavements, and execution time will be

reduced by an order of magnitude.

AAPMSN asks you if you want to specify a random number seed. If

you answer no, the program will load its own default seed, 987654567.

Note that the seed is not used by the TURBO PASCAL version of AAPMOD;

the seed is loaded in case of input to the mainframe version of AAPMOD

which does require a seed.

Next you must enter the number of Monte Carlo samples you want to

4' run, where each sample represents a complete mission profile. AAPMOD K
will produce output statistics for any specified number of samples, but

more samples result in more confidence in the answer. More samples also

take more time to compute. You must decide the acceptable tradeoff

between accuracy and execution time. This can be determined by use of a

confidence interval.

Start with 200 samples and generate the AAPMOD output statistics.

Decide which variable is of most interest to you, and develop the

confidence interval for it. It the expected number of hits on the

target receiving the most hits is of interest, you are in luck: AAPOD,
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automatically calculates what is called the confidence half-interval for

90% and 99% confidence. For instance, suppose that target element #1

has an expected number of hits numbering 14 with a 90% confidence half-

interval of 0.5 and a 99% confidence half-interval of 1.0. This means

that 99 out of 100 runs of the simulation will give a number of hits on

target element #1 numbering 14 ± 1.0. This is probably quite

acceptable.

If other statistics are more important, as probably will be the

Scase, you can calculate your own confidence half-interval. The

confidence half-interval is based on the Student's t-statistic. For

more than 30 samples, the t-statistic can be approximated by the normal

statistic. For the normal statistic, the required numbers to use are

- 1.645 for the 90% confidence half-interval and Z 2.576 fora,./2 0/ 12.7 fo

the 99% confidence half-interval.

"bý Suppose that for 200 samples, the probability of cut for target

element #1 (a runway) is 0.500 with a SIGMA of 0.035. Then the 90%

confidence half-interval is:

90% CI- (Z/ 2 ) ( SIGMA )/ (number of samples )
1645 ) 0.035 200 0.0041

Using similar calculations, the 99% confidence half-interval is

0.0064. In this case, 99 out of 100 runs would be expected to result in

"probabilities of cut in the range 0.500 1 0.0064. This is probably

accurate enough for any envisioned use of AAPMOD. In fact, the number

of samples probably could be reduced. Remember, running AAP4OD with
ft. Si

less than 30 samples will require use of the t-statistic for confidence

interval calculations: you would need to find these values in
A--
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statistical tables. The easiest solution is to use 200 samples and

check the accuracy afterwards.

Next, enter the desired reporting interval. If you are only

"interested in the final results of the run, enter the same figure as the

number of samples. If you specified more than 200 samples for the

program to run, the next prompt will ask you if you want AAPMSN to

" optimize its sampling procedures. Answering yes causes the program to

run 200 samples, then compute how many additional samples it will run in

order to produce the level of significance you specify. The next input

is the level of significance for the analysis. The level of

significance is the same as I minus the confidence level. Typical

values are 0.10 (90% confidence), 0.05 (95% confidence), 0.025 (97.5%

confidence), 0.01 (99% confidence), 0.005 (99.5% confidence), and 0.001
.•,(99.9% confidence). A high confidence level means that you are

reasonably sure that the results are accurate. The lower the level of

"significance, the more samples will be required, and hence longer

computer execution times will result, A commonly used level of

significance is 0.05. Following this entry, you must provide the "Z" or

Standard Normal test statistic for the level of significance. Typical

"Z" values are given on the screen for your convenience; however, you

may use the Standard Normal tables to obtain the correct value for other

levels of significance.

AAPMSN continues witA a partial recap of the mission package data

entered so far. Review this information carefully, because you may

correct any errors now, but not later. If there are errors, the program

. Vwill repeat the first section questions for you to reenter. If there
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are no errors# the program continues with the final portion of the

mission: entering the flight line-up.

Building the Flight Line-Up. The flight line-up is the sequence of

aircraft attack passes to be flown over the target complex. AAPMOD

allows a maximum of 32 passes flown by a maximum of 32 aircraft. Each

aircraft will fly a minimum of I and a maximum of 2 passes over the

target complex. Therefore, a wave of 32 passes may be flown by a

minimum of 16 aircraft assigned 2 passes each, a maximum of 32 aircraft p

assigned 1 pass each, or a combination of aircraft assigned 1 or 2

passes each. When prompted by AAPMSN, enter the total number of passes

to be flown. Then enter the number of aircraft participating in the

attack. Next, you must describe each pass in detail.

AAPMSN builds the flight line-up by requesting data for each pass

in sequence. The program effectively pairs an aircraft number with each

pass as follows: Pass number 1 always is paired with aircraft number 1.

Pass number 2 will be paired with aircraft number 2 unless you

previously assigned aircraft 1 to fly its second pass as pass number 2.

Pass number 3 will be paired with the next available aircraft unless you

designated aircraft 1 or 2 to fly pass number 3 as its second pass. The

process continues until all passes have been defined, or AAPtSN detects

that an insufficient number of aircraft are available to complete the

pass descriptions. Should this situation occur, AAPMSN displays an

error message and starts over again with the first pass definition.

Note that if you design the flight line-up correctly, give the correct

information. (number of passes and number of aircraft), and make no

mistakes in designating passes, this error will tot occur.
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Here is an example flight line-up:

•ieA CALLSIGN ASSIGNED PASSES ASSIGNED AIRCRAFT

RED 1 2 1

ie . /BLUE 3 6 2
GREEN 5 9 4
BLACK 8 10 5
WHITE 4 7 3

A,

In this example, you, the flight leader, brief the 5 flight

members, Red, Blue, Green, Black, and White, to fly 2 passes each over

the target complex. Red will fly passes 1 and 2, Blue will attack next

(pass number 3), White will fly pass number 4, Green will fly pass

number 5, then Blue will make his second pass (number 6), and so forth.

* The aircraft will be assigned by AAPMSN as shown in column 3 above.

For each pass you must enter the element number (from the target

matrix) of the target to be attacked. Then enter the preplanned

aimpoint using X-Y coordinates based on the coordinate system and units

chosen when building the target database. If the pass will involve -

multiple weapon releases, the preplanred aimpoint should be entered as

the midpoint of the stick of weapons. Next enter the attack direction

in degrees counter-clockwise from the positive X-axis. For example, if

the positive X-axis points east, and the attack is flown in a north-

easterly direction (from the south-west of the target complex), you

would enter approximately 45 degrees for the attack azimuth. Then you

must specify the attack pattern (from the attack pattern database) to be

ie*• flown this pass.

At this point of the program, a partial recap of the pass

definition will be displayed on the screen. You will have a chance to

reenter aiy incorrect information. Once you indicate the information is

-A -46
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correct, you will not have another opportunity to correct it. After the

information recap, you must enter the probability that the aircraft

I survives up to the first pass. AAPMOD uses this probability to

determine whether the first pass results in weapons release. Next you

will see a display of the current flight line-up. The aircraft numbers

displayed are the ones available for the mission. You must identify

which pass the current aircraft will fly next. If the aircraft will not

fly a second pass, enter 0. From the example on the previous page, if

you were describing Green's pass number 2, the correct response to this

prompt would be 9. The last entry for the pass definition is the

probability that the aircraft makes the second pass, This is the

*. probability that the aircraft is not killed from the time it makes its

, first pass to the time it expends its weapons on the second pass.

Prior to each pass you may elect to review any of the 3 data

matrices (target, weapon, or attack pattern). You also may view the

current flight line-up, which could help to prevent incorrect pass

assignments. After all of the passes are defined, AAPMSN writes the

data onto the disk file you specified at the beginring of the program

"": and displays this filename on the screen. The program then ends, and

you may run AAPtCD with the file newly created.

|47
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;I" ,.~PA.SCAqL LISTING.S FO.R' THE ATTACK ASSCSSHENI ,PROGRAM PACKAGE'

%i~iThis appen~dix provides the source code listings for the eight

SPASCAL programs in the microcomputer series of the Attack Assessment

'..

"" Program Package. The programs are wr-itten in Borland International's

',.

•i•TURBO PASCAqL, and are specific to this version of PASCAL. Further

S~details of the hardware and sortwarne requiremzents for running these

•". programs and descriptions of the program functions may be found in the

4'"

• ., User Manualf Ap•pendix A. The pr'ograms listed in this appendix ar'e%Sect i on I t AtOAPAS and B APMODI.PAS

p* ...

'" LSection 3F ATT•N.PAS and PPPNICK.PAS
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{FILE Af~iOD1.PAS It Feb 85

{ Airfield Attack Program (Modified

Older version used at Eglin AFB, FL, and 51-68 contractor locations.
Developed at Oklahoma State University, under contract F08635-79-C-4255,
for the Joint Technical Coordinating Group for Munitions Effectiveness.

Modified by Captain Robert N. Niglin, Air Force Institute of Technology,
March IM84, to provide interactive capability for tactics assesment with
a program written for the Cyber CDC 6688 in FORTRAN S.

Converted from FORTRAN 5 to TURBO PASCAL by Major David A. Roodhouse and
Captain Thoias K. Green, Air Force Institute of Technology.

ppogra am d

label 85,28S,341,351,361,371,431,561,581,591,641,651,661,678972617311
761,77S,788,791,8189811

const twopi .6 real a6.2838531718

var i ,ifingii~ij,ii3,inflag3,irepr,is,iseedlit,itgtgp,itgttp,itt,
i3,j ,jdljdef ,u ,jkljrljrngljwpntplklkalkj ,kkikk2,kuilkodelkpl,
ktw,kwl,kz~kzp,kzt~kzl,kO,k2,kB,l ,1astj,li~lv,m~mflag,uS,m1,
axptchlnloareagnb 'o,ncp,nel t nf ilI ,nflagil~nflag2,nflag3fmaxIfin,
Rpatt Inpass Inptrn 1nSApInsamp Insuup2 Insampr fnsmpt MOtPSI
nttt~ntx~y,nvals,nwep,nxtp i integerI

apprcwlarfilil ,filslcosp~costtcrazynlcmax,cruinticuts,dldapldiffars
errorlfilll oechospassxtlpassytortrmajlrminislnplsint,siurunlstmstpI
sils2,s3,tbhldI,tbhld2,t1,vmajyminlxlxctrlxiwodgxplxs1,xs2,x1,xlylol,
xlylilsy,yctr,yiwodgyplystlys2,yl,ialph real

icrat, 12cut -arrayEl..4 of integer1
7'ý Icut : array(l..4,I..31 of integerI

ihit, ipcut, kh t array~l..31 of integer
h ipass : arrayll..329,1.2 of integerI

ipat i array~l..12,1..43 of integer
ip] i arrayl1..413 of integer
1gw I array[C1.41II1 of integer
itgt : rray~l..112,l..31 of integerI
Wnits s. arrakytl..112] of integerI
npx t array(l..321 of integerI
numraW array( 14.41I..21 of integer',

%4
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ids, countr, decar, rapf, rcut, rhit, sigaft, sights, signaf
arrayll..1121 of real

amin, apra, aprimin, arep, astp, dstr, enapfl, sigarp, sigasp, sigcrt,
snapfl, xc, yc : array~l..31 of real

crit :arrayti..112,14.21 of real
crtab :arrayll..11,1..6,1..2] of real
gpidac, Wpaft, gpatas, 9parea, 9pht, 9phtac, gphts :array(1..151 of real

patt i rrayll..13,1..341 of real
sapr, sapra, sgapr, sgapra, sgcrat, sgaina, smina .array~ll.4l of real
save i rrayEl.A861,1.33 of real
sigcts, sigfil : arraytl..27] of real
square :arriyEl..918] of real
stemp :arpaytl..3831 of real
tgt : arrayUl..12,1..5] of real

1st :text ;(REMOVE THIS LINE AND MODIFY INDAT FOR HARD COPY

%(
(procedure declarations

procedure trisub(var rv . real)
var al x : real

begin
U -, random
x :3 sqrt(2 I u)
rv IU 166I x - 1611

end I of procedure trisub

procedure clstrpI
label 10, 25, 41;
vapr lore, quit : boolean

icc, is, istart, it, ix, J, jdp, im, Jr, Jz, min: integer1
alcc, cstar, gaep, tempi tsxul tsyut xi, ys I reall
isort, isort : arriyt..~86I0 of integer
area t arrayl1..8011 of real

begin

tsxu in crittl,!] ;
tsyu in crit(l,21 ;
cstar in iS.8u15
main :a n
---- define area(j) in difficulty of repairing crater i

changed 28 act 81 to compute area of square craters----
for i in I to n do area(J] in 4 1 sqp( crtab~itgttl,2],isav(k83,13
---- set up for sweep----

25:

istart In I;
s9ep :in .e1



for j = I to n do begin
if ( save[kS 4 4 - 1123 4 crtzb[itgttl,2l]isav(kS 4 J - 13,1] ) ys

and
saveHk6 * j - 1,21 - cr~tb[itgt[l,21,isav[k8 4 1 - 11,11 ( tsyu

"then begin
if min = 8

then begin
min :.= I
isort[Il] ;

end
else begin

it := rain
rain : rmin4 1I
*quit :: false
repeat

"jz := isortlit] ;
if savetkl + j - 111] 4 crtab[itgt1l,23,isavtk6 4 4*- 13,13 (

C - saveEk[ + jz - 1,1] crt/b~itot[1,2l,isav[k8 + jz - 11,1]
then begin

isortEit + 11 t: isorttit]
it :: it - I
if it )

then quit ;- trui
else isorttl] :2 ;

end
else begin

quit := true
"K isort~it 4 1i: ;
". end I

until quit 1
it :i min - ;
quit I= false ;

jr i= isortiit]"r"if savekl + - 1,21 4 crtab~itgtll,23,isav~kS 44 - 13,1] <
4.

savelki + Jr - 1,21 + crtabcitgtl,21,isavlkl + ip -" y1i
then begin

Jsorttit~ll ': Jsortlitl 1
it :2 it- I
if it ) I

then quit i: true

else JsortHl I:- ;
*.* end

else begin
quit in true I
Jsortlit + 113: 4;

end;
until quit 1

end; I else )
end ; { if stateaet just below 4 loop )

end; (4 loop)

S-1-4



(---execute sweep
determine difficulty of repairing craters touching frame----

1o.
ix - istart 4 1
aicc 1= ;
icc S;
repeat

quit :2true

if ix @min then begin
in : isortfix];
if savehOS 4 Ai III]1 - crtabtitgtE1,2],isavfkI 4 jim - 13,13 tsxu
then begin

iicc := aicc 4 arealitml;
icc -= icc + I;
ix I= ix 41;
quit =false

end
else begin

if s~ave(ko 4 Ai - III] - crux (tsxu then begin
ix 1=ix + 1;
quit false

end;
end;

end;
until quitI

( -- compare repair difficulty for froge----
F mart in true;I

if cstar ) alcc then begin
cstar in aicc;
min in icc ;

xCEI13 xzsI~
iycstI (z 1.101 then begin

icCi] I- Xc~ll + crltEl,13 ;
more 1= falseI

end;1
end;I
{ ---mvefroge----

if woe then begin
4- top 12 .1cc - cstar

41.,
istart in istart 4 1;
if istart (m min thee begin

is in lsort~lstart] I
if tomp ) area~isl thee begin

7 "itemp to tomp - arealis)
goto, 41

end;I
if wep ) aicc then swep I* alccI
tsxu i= milek$ 4 is - 1911 4 crtabtltgt~l,23,isavlkS + is - 11,11*

cr1111,!] * 0.1111111ii

81-5



if tsxu (z tgtfl,4] then begin
xs 11 tsxu - Crittfl,1I
goto 18;

end;
* ~end;

4' (---sweep finished---
temp ;swep - cstar; .

jdp I28
repeat

quit .= true
jdp #.= jdp $ I1I
if jdp ) min then begin

xcfll :~XCII 4 Critflit3
more :false

end;I
is i= isortlidpl;
if temp )areatis] then begin

tomp :~temp - areatis]
quit 1= false

endI
until quit I
if moe then begin

tSyU I= Save(U 4 is -1,21 * crtab~ltgtEl,2],lsavtk3 4 is - 11,11 4

crittl,21 +I.138S
if tsyu ) tgttl,53
then XcCEI -a Xc~l III crittli13
elme begim

ys in tsyu - critEl,21 to
Is :2 I
tlux crlttil)]
goto 25 1

end;I

#a; ( pracedwe clstvp

procedure alscw( vain, xy I integer; I i y I integer; yap It I IWteweI
var W, w i real)

* , (-harnett's taxiway progra Iaserted to replace uioco I oct 81
latest versiom of taxiway 23 apil 1982

cc to sax AUWWe of craters il a ebprobla
asub is sax amber of subproblms to be solved
a is nowbe of craters is entire, prolobm --

type iaturaySI = arrayll..513 of inteqtr I

libel 71, 113, 114, 122, 218. 233, dill, 761111 7611, 711211

vat moral. quit, nusore i boolean

1, iflag, ismv, junder, J, Jiast, Jail Jp, Js, It, 1, *1
cc, of, ofilic, Ofni, al a, ap, osub a iateWe



min, bWeas, bod, dist, ell @v, rep, rain, Al, yd I real

istart : arrayll..101]1 of integer

a I array~l..l0S]1 of real 1

twr, wx, wy : arrayll..53] of real;

procedure check(var ionn intarraySt

label 11, 12, 13,17, 21, 518, 511, return

yap jflag, ji, ii, it, Iteup, ill im integerI

dif, xd, xain, yd :real

ProcedUPe betwa;

label 1, 2,7$,8, 9,999, 2111

yap il, k, Wilg, km, kp, kI, k2l Ill 12, nit, mill 0'2 integer;

L dis, dx, dy, tap, Ad, sax, nia yd treal

-(Jlag(a ) limplies 'under-cmf'
Qfi =2) implies lowe-oador' -

oil .2 1

nit :

xlan I= wxtjx) - uw(jxI - croa - wI
( --constrict 'lieUl' of craters behind is impiaging

diretly or iodirectiy qup it-

kto vt J=
( ---dterineif bn impiagos upo. k----

2:
if wx(Eal )z muin then begin
ix ta II
mbile (to 0 listilix)) and (is Gy all do is in is 4
Rf ka 0 listirixi then begin

* . d 32 wx~tl - wiftol
yd in wytkl - wylb) I
dis :a Wqt( sqrfxd) 4 sqr(yd) ) - Itn - welk]
if dis ( w the. b-qio

I"if ( iflag (a I) and ( wy11A) 4 mI~an)) ww -w
Or

( if lag )a 2 ) aid ( wyltul - w!Emi ( w them goto 999

B-1 7
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{-- ----- deterimine if bm impinges upon ixm ----- I
A2 wxEkmI - wxtjxm];

- . yd in wy~Ku1 - wy~ixml
dis :=sqrt( sqr(xd) 4 sqr(yd) )-wrEkal - wr~jxul 1
if dis (w then goto 799 ;
temp := wx~kul - wr~kaI - cruax - w
if xmin ) temp then xmin ::temp
nil :=it]l 4 1;1

listinil]:2 i
end;

end1
ka in km - 1;
if ka ) 8 then goto 2;i

end;
nit 22nit 4 1
if nit (= nil then begin
k I= listi~lt] I

end;
(--construct 'list2' of craters ahead of ixe impinging

directly or indirectly upon it-
012 I=1I

* IlsHOWl jxma ;
Bit %= I

tux ta wutk] wrIk) 4 creax 4 w I
(---determine if kp implnge5 upon k-

7:

if wx~kp) (a xmax then begn
for ix in I to 012 do if kp listZlix] then 9uto 9
Ad ;a wx(k] - wxtkpJ I
dyd- wytkl - wylkpI
dis :' st( sqr(xd) 4 tq~yd) )-wt~kp) wpik) I
0f dis ( w then begin
if ( ifag (x I) and ( wylkol -wr(kp) ( w)

iflag ), 2 ) and ( wytkp) * wrtkp] ) w - w t hett goto 999;
* ( ~ ~-dt ermioe if kp impinges qpo lx- )

id tv wxtkp) - witisl
yd amwytkpl -wyC~xi
dis is qrt( ,4W(xd) 4 tW(yd) ) lkpi - wlix) I

* ~if dl (w tbh goto 999;1
V .top ait wfIkp) # wrtkp) cremx w;

if max ( telp the$ max top;
012 in 012 4 1
iist21nl2) :- kP;

end;I
9:

it kP (a J1 than qoto 8
end I



. , , , ,- , .', 7. 7-, , ,T, 77.7; 17 .•, , , .

nit := nit + I;
4" if nit (= n12 then begin

k := list2tnlt] ;
goto 7;

end;
"{ --- determine if list] impinges upon list2---- )

fo- .or kI := I to nil do begin'-':" I1 := listi(kil]

for k2 3= I to n12 do begin
• 12 l= st2(K2]

dx wxtlIJ - wx[12]
dy : wyill - wy12l ;"
dis := sqrt( sqr(dx) + sqr(dy) ) - wrtll] - wr[12] ;
if dis (w then goto 999 ;

end
end;
goto 2988

999:
Wag :=0;

K '2150:

end ; ( procedure betwn

"begin ( procedure check )S~~iflig z
it :I= I

.for ix to nc do beginI..i WnI I then begin :1
i, t in rItII

,...jj in nim J x I
wx.[t] r- savetxy - I + jJjx) I
w! y(Jt) ix satE~xy - 1 4 jj~y)1
[:::::arvt e := crtblttsav~xy - I + *12

end;
end;
i, It I" 0 then goto return I

i '-, till = -1

if wy[l1 - wr•i1 1z w then itell s I I
if wyi• ] + w•[l] (= w- w then ittl] I I
., it~l] ( I then begin
iflti t"o It
goto return I

end ;

.. ' J •,,ix : I ;

"Jim in Ix - I I
:4 Ji ) It then gota return I

-:. ( -cm w get Over IN?- I
:' it• wy(jxi + wr(Jx] (w w - w then begin

it itxal I ) then begin

'..,.,e- I -9
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{-------do an oe-e'----}
xMin := wxljx] - wrtjx] - criax - w

---- ---check back --- ----
itemp :2 ina

13:
jtemp, - itemp -1I
if itemp )6I then begin

{ -----does an 'under' impinge upon jx? -------- I
xd :=wxtjxl - wxljtermp];
yd :wylix] - wytjtomp]
di -.= sqpt( sqr(xd) + sqr(yd) I-wrEjx] - wr~itap];

* if di < w then begin
if itjtitmp] (= I then goto 12;

end;
if wxtjtmpJ m=xin then goto 13;

end;
itljx] I 1
goto 16;

end;
{-----try for 'under-over'----

iflag I 1
betmi
if ifliq I then begin

end;
(---can we get underJx ?----I

%7if WYEJXJ - wrltix] (w then begin
iflag, 2:=6I
goto returnI

end;I
211

if it[xul (1I then begin

xmin :~wx(Jxl - WrclJXl - cruax - w I
(----dme an 'over' imping, upon jx ?-----)

j top 1= in I
17:

*~ temp to Itinp-1
if Itamp ) I then begin

Ad i= wxtjxl - wxtltmpl
yd im wy~jxl - wyjtinp]
dif iz sqpt( sqr(xd) + sqr(yd) -wr~jxi wrEltmapi
if dif < w then begin

if itljtmp1 )z I then goto III I
end; I .m hngt 7
if wxjt~mp] ali he oo1

end;I
it[JxJ I= I
goto 16;

ead;I



(---- try for 'aver-under'---
jf lag :=2
betwa;
if iflag ) I then begin

itjXI I= I
goto to0;

>8 end;

me8:

* . ji 2ix I1

if ji )I then begin
if it~i] <z I then goto 581
ix I= ii;

*if in )I then begin
if wy~lxl wilx] )z w then goto 28;j
goto Sig;

.. ~~~end te ei
if wyli] - Wi~ll )N thnbei

cad;
if lag in 1 ;

* end; I procedurt check)

begin (procedure miam

if n 51then begin
writlin( Ist, ' 18be of craters *KcIA&s 58:n 'a :
hait 1$call alit J.

end;
(----ckanged to coputv area of square cra 21 oct 81-'---
for j 12 1 to n do

if criax crtAb~ltsavhxy - 1 4 J1,23 then begin
dill 11 crtab~l~tliswCy - 1 J101,23
all) tv 4 1 Wq( crtabiltoisavixy - I *11,2))

end I
nuill in I
arfill

L (----wSarch f or subptoblns--

asub in I;
Wt 3= a - 1
forI J i I to nodo begin

.1 3 j

*~~~@ cin saveixy * j -II crtabtitlisavixy- 1$ 112
*t :U2~ smtdCy *jp - 1#0I - crtabtlt,isav(Ky - I * pI9ZI

SC~A A,-I



if el + w (= eu then begin
repeat

quit := true
inI ji - 1;
if in )z I then begin
if svEtxy - I + jmjxl crtabflt,isavdxy - 1 ja],2l el
then el *: 5avelxy - 1 + jm~xl + crtab~lt,isav~xy - I jmI,21

if sav.xy -14 j,xl 4 craix > it thin quit :=false
end;

until quit
repeat

quit tz true
iP ip + I;
if ip (m n then begin
if it, ) savetxy I + 4px - crtabflt~isav~xy -I + jp],21

thenet, J= saVeIXy - 1 4 jp~X] - trtabi1t,isavtxy - 1 4 ip]12) I
if en )savelxy - 1 + 4p,P91 - ril"a then qudit I- false

lad;
until quit
if el 4 w (a eu thes begin

Nu.:, 44 sub t= niub 4 1 1
if nsub ) IIIR then be~io

* wtel( ltSubproblen wxeed 11481 1

*halt ; (call flit)

"ed;
end I 1 4 loop)

iata~t~u 41) ts. A 4 1;
* (~-solve subproblus--

for It to I to niub do begla

for j ir of to at do
Hf crax (CrtabItltswtxy - 1 0 1)121
then twxA in Crtatlt'isavtIy 1 I j1*23

f cc) thee belia
* '1.iUtittlM( lIt, MLtz~r of cuAtes is subptogr exceeds 50,'

halt ;(call #lit)
"edI

* if At (m 26 then beqio

it Savtly - 1 04 n,Y) * rtabtlt'isavtxy - I f nfl,21 ) -' then bogia
it Saelay - I Of~y) - tetab~lt'isav~zy - 1 40 s 21, ý w

that goto 12?
Wfas ta biwa 4 tiof I

i i



irepinfill] 0=o
apfill :arfill + atof]
if nc I= then goto 238
A savetxy - 1 + nply] + crtabtlt,isavtxy - I + np],2] @ w - w

then goto 230;
if savetxy - 1 + nply] - crtabEtltisavtxy - I + np],2] w

then goto 238
Wfas W=bfas + atop]
ofill ft fill 4 1;
ireptofill] := op;
arfill := arfill + atop]
goto 236;

end;
if ac (=1I then gota 238;
if savelxy -14 nply] 4 crtabllt,isav~xy - 1 4 npl,2] (ws -w

then goto 236
if savetxy - I + np,y] - crtabtlt,isav~xv - I + np],2] )z w

then goto 114

arfill :=arfill + atop]
Wfas W=bfas +atop]

otfill :ofill I 1
ireptofill] :np;
goto 231

114:
xd :=smvexy - 1 + ofli] - savelxy - I + nplil ;1
yd :savetxy - 14+ nfqy] - savelxy - 14+ nply]
Oist := sqrt( sqp(xd) 4 sqr(yd) ) -2 1 crtabtlt,isav(xy - I np],21 ;
0f dist )= w then goto 2316
if ( savelxy - 1 + nf,y) - crtabltltisivtxy - 1 4 03l,21 )z w )

and
( savetxy - 1 4 np,yI - crtibItstisavtxy - 1 4 op],21 )z w )

then goto 231
main :a atnflI
isawe in ofH
if atofi ) i1op] then lsaw z= op;I
if atOf] ) atop] then &Ao ilaplp]
irfill i= arfill + min
ofill I= nfl~l 4 1 ;
irtptofilil in isave I
Wfeas :a Wfas + main
goto 2361

122:
if nc (z I thin goto 236
0f save(xy - I + oply] - crtab(tltisavtxy - I + np],23 )z w

then goto 236
if savoExy - 1 + nptyl + crtabltltisavtxy - I + np],2] w@ -

then goto 114
goto 113;

end;

1 13



( --- check clear path ----)
for j := Ito nc do ipsolj] :a ;
check(ipsol) ;
if iflag ) I then begin

bleas i= I ;
goto 261 ;

end.
�----initialization for implicit enumeration -----
for k := I to nc do begin

ibeasRk] :I 6;
icmp[kl 1=

end ;
Plast I26; -'

nfillc I= I;rep := S ; '

bfeas ;: 11.e28 ;
( ---- forward move---
7160:

jlast .= Plast + I;
{under i: ilast
ipsoltjlast] := I;
P*p := rep salnef jlastl ;

.--- test 2---- -
if rep )= Weas thn goto 7826 ,

checklipsol) ;
if iflag (= I then goto 7116
bfeas in rep I
for k i: I to sc do ibeask(] in ipsoltkI I

( ---test 6--- )
70261

if ofillc a last then goto 71;
(---bacWad owe--- I

nfIllC t= nfillc + lunder - Plast 4 1 ;
ipsoltiunderl o I -
Plast 14 Wunder ;
rep t= rep - atnfm * Jiast] ;
if ilast (= I then goto 7111 .
u :t iulder - I ;

ka ' t= k os 4
nere :~klet

It•k + l; 5

I so Wunder - k
if ipsolit * I then begin

iunder m i|under - k ;
nowore i= true ,

end I
until ( k m ) or ( nmore t-

1 
.% '114
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"7818:
ff i jlast 0 nc then begin

S:=jlast+ I;
rmin := tell$ ;

- lor K := ito nc do if aina U < min then min := atnsa 4 U ;
end ;

s,''- bnd := rep 4 min ;
--- test 3----
if (bad ) bWeas) or (jlast nc) then goto 7620

".'. { ---- test 4--- )

if ipsoltjlast) = I then goto 70808
- .. for K := I to jPast do icmptk] = ipsol[k] ;

check(icmp);
i{--test 5---}

if iunder () jiast then begin
a := under + I ;
for k i: m to nc do icop[4 :r i ;

end ;
if iflag (I then goto 7020

70: goto 7111

arfill := arfill $ bWcas ;
211:

"if bfeas ) I
then for i I to nc do
if ibeastil ) I then begin

noill in nfill 4 1 1
irep(nill] Me n #a 4i I

end;
A 230:.

e, mnd I ( js loop; do subproblms ),,. cuts o I;

if nfill 001 thef cuts = nRiub
end I ( procedure liow )

"procedure olap( k, It t integet; xi, yl i real; iti, it., kz . integer;
.. vatr sum I real )

label 30, 4, 1, 6d1,7,,

vvr quitting t boolean I

i, J, j6, 4•6, ki, k2, 1, 11, 12, 13, al npi a integerI
S..,-

dip, dl, wap, xl, x2, x3, yl i real I,* C --- initialize---- )
,." begin

"for i := I to it. do squareil to 0 1
SUN 1= 0;

sup - 1 - 15
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( -- find first and last values of x to consider- I
13 '= trunc( save~l,1 - cmax 1 1 - xi )
if 13( < then 13 : 1;
-12 := trunc( save•k - I1s kz,l] cmax 4 -x)
if 12 > itl then 12 it]

"-" j46 :: I ;

a- in ;
11 = 13;

( -- loop-one square at a time in x
I •= x value at top of square---- I

-... •1 1=il- 1 ;

"while 1 (12 do begin
:':.•, 1 : 1 4 1 ;

dxp := I= ;

if A6 kz
then I := 12 ( ends procedure I
else begin

(-.if all craters have been considered, return
loop-crater by crater...consider all craters which
could possibly intersect in x ------

,..-....,.i = 46 - 1;

while i ( kz do begin

--( ---- locate left hind edge of crater---- I
npi 3= isaICk - 1 + ii;
xl :i savelk - 1 4 i,1] - crtab(lt,npi,t] - x1 I
if x1 (1 - I then goto 31;
x2 := sav•(k - 1 4 il] - crux - xl I
if x2 ): I
then i in kz ( ends while i( ki loop
else if xl ( I then begin

{ ----- left-hand edge of crater lies insidt Ith square.-----
idnp 1 -xl I

.. goto 61 1
( -- left hind edge of crater is below x-square

locate right hand edge of crater ..... I

xl :t savelk - 1 4 il]'4 crtab[Itlpil] - xl I
if xl (M I - I then goto 4a
if xl )z 1 theu goto 56 ;

( ---- right hand edge of crater lies inside Ith square- )
dxp i= xl - 1 4 1 1

""r"goto 61 1
--( --- crater i lies entirely left of x-square...o need to consider

this crater any we ....- I

x3 in sawelk - 1 4 1,1) D cmax - xl

if x3 (=a - I then a tz a 1;
goto 96;1

dxp to I I

,"B- I - 16
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C-- crater intersects x-square...check intersections in y -....--
68:

yl := swelk - 1 4 i,2] - crtablltinpi,l] - yl
( --- Ki :2 index of y-square containing lower edge of crater i--- I

KI := trunc(yi) 4 1;
if1kl( Ithenk = := ;

-- --- di t= X of y-square occupied by crater----- .
dl := ki - yl ;
if dl) I then dl := I
squareRki] := dl I dxp + square[kl] ;
if k! = itw then goto 98;

.. yl : save[K - 1 4 i,2] 4 crtabilt,npil] - yS I

K2 : trunc(yl)
if K2 ) itw then 1:2 := itw ;
if k2 = itw then goto 71;

--- la dl = yl - V2
----.load square containing top edge of crater i---- I

squareik2 + 1] := dl I dxp 4 squarelk2 4 1]
. --- load intemediate y-squares...dl := 1- 1
71:

for j ,= k! to k2 do squareil ;= square[j] 4 dxp ;
end; ( else if begin I

91:
end; (while i loop "

"( ---- count squares that are at least half-filled----- I
for j :x I to itw do begin

if squareij] )1 .• then sump := smp + I I
squaretj] := l

"end;
su I- : su i 4 slp I

'' C ....---if there is a gap in x-values, skip to next x-value needed---- I
quitting = true I
if ( dxp(:8) ind( m 0 ) then begin
Jd6m :2 id a4.
if jdm ) kz

then 1:: 12 C ends procedure I

else begin
quitting :: false
13 := trunc( save(k - I 4 J6ze,1] - crmax - xA ) I 1;
if 13 ) I

then begin
t11 t 13;

I uII - 1;

end
else begin

, 13 to 1 41
,l::13 ;

"",.. 1 tull-!;i

"end
end;

end

8 -1 -17
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if quitting then sump A:
end ;(else)

end ; (while loop
end ( procedure Mvap

procedure bldg
(-assess area reaining undamaged after all bits are

evaluated for this attack --

var j, ka, Opi : integer;
dl, 6A, d~l d2, oarea, olngth, owdth, ratio, xcen, Ah, xocs
ycen, yh, yac 2real

begin
ratio in tgt~l,41 /tgtll,51

repeat
j inJ j
do :2 sqrt( decartll /ratio)
dl in do I ratio
Ah:. tgt1l,4] - di) / 2
yh is( tgtE]15] - dw ) /2;
xoc in tgt~l,41 / 2 - Ah
yOC I= tgt~l,5) /2 -yb;I
Xceft in save[ks + j - 1,11 - Ah
YCCI in SavehO 4 j - 1,21 - yh
dl in abs( ycen - yac I
d2 in ibs(: xctn - xoc

i4 (di crtablitgtfl,21,apj,13 4 du 2)
and

Q 2 crtabtitgtfl,21,npj,fl 4 dl) 2)
then begin
H4 ( di (a tgtEl,51 / 2 ) and ( d2 <m tgtEl,41 2)

them ka r- 2
elist a :11;

owdth in ycun 4 crtabEitgt~l,21jnp~jjka1 1
if do ( owdth then owdth is dwI
if ycoA ) crtab~ltgttl,21,npj,kal

then mdtb in owdth - ycen 4 crtablitgt~l,23,npjka1 ;
olngth in xcen 4 crtab(itgt~l,21,npjjkaI
if di ( olngtb then olngth in dl I
if xci. ) crtab~itgt~lj21tapjka1

then oingtb ic olngth - xcn 4 crtab~itgtEl,21,apjka3I
uirea 2ologtb I owdthI
decaril) in decar~l] - oarea I
if decar~l] On I then mi2 n ;(end procedure)

end I
until Jan;

41
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procedure sort( n9 i, xi, yi, xi: integer)
var it, jo, ko, lo, no, no :integer

t : real;I
begin

jo :261
i :1-l;i
repeat jo 2= 21jo4 1 Until jo )zR
while Jo ): 2 do begin

Jo iz truncjo/ 12);1
to := n - Jo;
for lo -z I to to do begin

repeat
{no: - o4 Jo;

if Sav(i 4 mo1xi] )Saveli 4 no~xi]
then begin

14 t Is SavEi 4 o~xi]
saveli 4Moixi] :saveti 4 noqxil
Savei 4no~xi] 121

t I= Saveti + mojyiI I oyi
%4well 4 molyli is svEti 4 nli
saveti + novyi] tu I
t 12 Savel 4 .o,Zll

sawell + molzi] 2Sy~ colzi]
SaveU 4 *0,Zil is2t;
it :2 lsayli 430]

iWNli 4 no] 12 iSaVll 00no
luayli + no] :~it I
No In so - Jo

end

until no (-
mnd; lo loop)

end I ( wh~ile
ead; I procedure ntort

procedure, norao(var r~seldlid i real)
vvar ,x t real

begin
x -, rando;
if x z then x in random; I trap to prevent tm(l) next line)

x in randonmI twopiI

d in a Isd I cos(x)
end; P OC W prcdweoran
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procedure initialize (call after reading input file
var i, i integer;s

444 begin
* ~~randmuize ;(initializes TURBO PASCA. randm. number generator)

nsampr :1

max :0
cmax :

forin 1.#1 1t td ei

for j : I to nplt do begin

nptrn :ipassU,1l]I;
jwpntp ;mipatinptrn,31;

if itgttiI] = I then begin
tbhldl ;= crtablitgttpljwpntpi1]
tbhld2 := trtablitgttp,jwpntp,21;
if tbbldl ( cmtin then crmi i= tbhldl i
if tbhld2 ( cramn then crmi tz tbhld2I
if tbhldl ) cruax then craax :=tbhldl
if tbbld2 ) cruax then cruax :ztbhld2

end;
.. '~end;I

end;
-for i :u I to nelt do begin

siigtstll I= I I

* ... *sigichil3 :r- I I
end;

44:'~.for' 1in I to otW% do begin
gpamsili in I

end;
log' 1: to to IV 4 ncp do begia

4 *rapit13 in I I
;. * llaf(i Im I I

rcuttl) i

Sigfilil in Ia I
ad;
4ow iin I to ncp do begin

sigcrttll -. I

Siastptl I- I

areptfl 1'2 1 1
enapfl~i) :w I

SIhil(il I' I I

ipcot(il I= II

apaincil I= I

8 -1 20



"*� �- aprEili := * ;
dstr~i] ~6;
sigarplil ;Z= I

. ~end;
;for i := to ncp + I do begin

i2cutti) is I I

-,; icrat~i) r- 1 ;
I"- sgcrat(i] 1= 1 S

Suinalii :=S;
sqmina(i] :: S

sapr(i] am 8
sg.pr:(i) i I
sapriai] I I |
sgapratil 1= 1 1
for := I to ncp do icutti,4] :m 1 1

end ;
end ; (initialize )

procedure repair

label return, 31, 68 1

var itgttp, j, Jwpnatp, 41, Us, ktyps i, k5l k?, 1, orep : integer ;

"sow •I reIl I

* begin
a rep is ki;

,*. if Drep ) mptch then nrep to mptch
if nrep I6 thee goto return I

k9 ,is ; I
ktyp im irWp sod If" )if ( ty ) I ) ( ( smw(i3] (M3 ) or ktypt 2)) then begin

if ( suav1i,31 ) H3 a) d ( ktyp u 2 ) then to returnt

whilte ( m C ha ) and ( swoeJ,3) (a 113 ) do begin
* if sIvetJ,31 (113 then ki i, n ;

"end;
k9 'J - I;

end I

if k9 ) nrep * ki thee k9 to arep 4 It1
ki t khi 91;
if k9 ( ki then begin

if ktyp 2 then goto retvrn
k9 i ki I

goto 31 1
Sendt

B 12
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I trunc( savelklý3] 4 6.91)
Sum, -.= khfl) - KI +1I
if narea =U then swur : inti]
i f k9 ( th(11 then begin

¼. ~stir := k9 - ki + I;
if narei = I then begin
if siur (= khU]l - k9 then begin

L olap( ki, itgtll,2], xcill - critfli, ycil], trunc( crittili),
trunc( critfl,21 ),k9 - ki + 1, suinr);

g~oto 68;
end

.j3k? 41
suar i=8
oviap ( .is itgtll,21, xcil] - crittil, - 2 1 cruax, yc[IJ - 2 1 crinax,

trunc( crittIl,] + 4 X cruax 1,trunc( critil,2] + 4 1 cruax)
kh[I] - k9, soar)

,w' at h mi -l sarn
end;s

a ~end;

V.etl :zaep~lh + SUPr
Sigapih] mSigarpil] 4 Sqr( Sin I
k5 &. khtll ;
if k5 ) k9 then MS to k9
0S : K0 4 1;1
for' J :1: 0 to .0 do begin

11 ;=.kl + J - k5

sav(itI 112 savelj,21

savtEJI,3] t sav.IJ,3]
* isiviji] in isav(iji

end;I
*~k Kst :ks - ki;

4 arep ta nrip -kS;
* mxptch I= mxptch - US I

4~~~k in :=Ki - k5 I8= I S

for ji toIto ncp do kh(i] to khU]) -k5
if ( Drep =01) or ( K: as I) then goto return;I
if ( saw(kI,3) () 1 ) then begin
if ktyp 2 then goto return;

k9oto 38;I

end;I
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C --- repair hits on approach for Ith target - if approp.iat.--- I
.i :: kI ;

while ( save[j,3] = I ) and i - kI 41 Iu orep ) and (i<= kz ) do begin
itgttp := itgtl1,2] ;
Jwpntp :i isav(j]
if naresa 8 then sw in suar 4 41 sqr( crtab[itgttp,jwpntpI] )

end j=
ki i: j - ki ;
writeln( 1st, 'k ',I XI' kz =', kz,' I me ', aSl j 'i I
for kk * I to a$ do

wpiteln( 1st, swelkk,1•:13:2, savelkk,21:13:2, siveikk,31:13:2 )
for it := j to a$ do begin

K: i ki 4 it - j
K sive(kk,1] := saveljl,11 ;

savel(kk,23 := saveli,2];
swe(kk,31 - saveQ( ,31 ;
isavIkk] :: isavtjll I

end ;
wt (1if narea :I then sur :, M5S•wtteln ( st ;

writeln( 1st, 'NMber of craters filled on approach 1',1 )
nrep : nrep - k5
""xptch in *xptch - ks-;
kz i= kz - k5 ;
m : mI - k5;
1 u 141
if 1 ( ncp then for j :u I to ncp do kh~ji in kh[j) - K0 1
if ( nrep= )I or C kz - ) or ( ktypu 2) then goto return;

k9 :i nz ;
goto 31 t

S~return:

""nd; C procedure repair )

procedure ncmp I
" - this routine is entered to calculate the minimum smple size

of monte carlo Iterations to give a specific confidence level
-. and interval for the probability of cutting a takeoff

surface. it cannot be entered unless nfla93 is set in main
program and hsamp specified as greater than 211. ---- I

var ustflig : boolean
J, Jx, non : integer I
(integers i and ix remviedl inactive in fortra version)

"pknum, small, smalll, ssite i real I

pr i arrayll..3] of real
C --- calculate and store in a matrix the probability of cut for

each target elemnt, using this pattern. - )

8B- 1 -23
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begin

setflag := true 1
if ncp I I then begin

if zalph ( 1.645 then zalph := 1.645
if ( error ) 1.05 ) or ( error ( 8.681) then error :1 6.65
for := I to ncp do pr(j) := rcutt~i / asmmp

( --- initialize a loop to find that probability of cut closest
to 8,5. this maximizes required simple size for worst case
target element and attack. --- I

.mall := abs( pr(I) - 6.5
"jx 1;

"" -----loop to find probability of cut closest to 8.5
and record it as pknum. ---- -

for j .= I to ncp do begin
smallI := abs( pr~jl - 8.5 ) ;
if smalli ( small then begin

jx := i
Sumll := smalli

end ;
end;
p•nm : prjxI ;
num := ;

-{- if pkhm is very close to zero or one, the statistics
collapse monte carlo iterations to a very small number.
then calculation of additional iterations to run or
return to the monte carlo loop should not be completed.
this accomplished by setting nflagl. -- .

if ( pknum ) 1.119 ) and ( pknum ( 1.9995 ) then begin
"-( .---- calculate total sample size to assure confidence level

and error interval, - I
ssize i= pknm I ( 1 - pknum ) I ( sqr( zalp5 / error) ) I

Sno I= trunc( ssize I
.------- test if more iterations required, setting appropriate flags

I kether to return to the monte carlo loop. if so, set lower
and upper onte carlo loop limits. -......

if nun ) nsmp then begin
'namr n, Rsamp 4 1 1

;' ~nflag2 :21;

if num (max
then nAmp In nm
else nsup t mlax I

setflag I: faah I
end I

end ;
end ;
if setflag then nflagl I= I

end; ( procedure ncomp I

1°2
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procedure nusts

var i, ia, ib, iell, iu12, ipli, itqtgp, k, ki, Us, kit,
1, Icount, Iv, ncpl ainteger; t

rft coo0v81 cis sap]I, saipo : real I

pri, pi'2, pr3, pMl pr5, pP6 a riry~l..153 of real ;

begin
IV 1= a
Icount in I

P1 sampi on I1/ nsmup2;
sapo innsamp2 -I;
fop i := I to ntgps do begin

gpireati1 =
gpaha~i] I= 6;
gahtti] in I

r ~end;
ct r- I
for I := I to nelt do begin
if COMMt~] )Ct then begin
Icount in 1I
c ina countril]

end; ~:
itgtgp im itgt(l,31I
gpbttitgtop] in gpht~itgtg~I 4 coubtr~ll
gpadmitgtgp1 in gpachitgtgp] 4 IAE(l3 I f

oparellitogt l az gpaealitgtop) + tgtol,43 I tgt(l,51I
end; I .L I At f tf f.f.

COR191 i :siarpsilcoyIntj - SUmpiI Ksqr( coumtrtlcount).
eo1191 im Swt( colfVI / sapo ) I
Co090 Ise 2.576 1 coot" I %Wqt( supi I

writ#ln( lsit, a sap u',1nsan2i5, coot imterval for M9 level all
coofi1:731 1 for tot fit = ,icount);

witeO( lsis, coo# isterval for 91X level '

conf91003)
if ( 049a3 c I ) ad( asap2 )a 211)

thet witelo( Isits niap limited to least of value input or smbei needd '

'to give speified qvality to probability of cut.')

lb to Sb I

lb in ii # 14;
if lb ) nelt then lb in Wet

ft. writtin (list)
iwite( Isit, 'tot elumet'
fort k i ia to ib do wiitt( Isis ktaB ;
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for K I2 to km do begin
I1- k il i- I
OHIO2 supi I countr(11

* ~pr2tkI ; sigfttsu - sop] A sqr( couatr~i3)
pr2[kJ sqrt( pr2Ck] / samp)
PORIC3 sop] I ads( I
pr4Eki sigadm~ll - sapi I sqr( ads(I I
pr4(k :a sqrt( pr4Ckl / supo )

* ~end;
Writt( Ist, ' Oxp no. hits,
for k := 1 to IC. do write( 1st, prI~kl:8:3)

write( 1st, ' sip&a,
for kC := I to km do write( Ist, pr2[kl-:8:3)
writeln( 1st)
if narua= I then begin J
write( Ist, I*xp area dan-' I
fork 221I to ka dowrite( Ist, pr3[k1:8:S
writeln( Ist)
write( Ist, 'sglua'

for kC := Ito b do write( 1st, ps4lk]:8:I 1
4. ~writulik( Ist);

end;
.%write( Ist, ' tot op. no.'

for kC := is to ib do wri to( lI t, itgt~k,31:8O I

until ib )m nolt I?
write). (Ist)
wgituln( Ist, 'tarset WN~PI' I
lb 13, I

is a As lb 1
lA in is 4 14
i4 lb ) 0tps then Ab in Mogp
Wkm :i b - ia t I1;
write( It,$ tot gp. no.1 )
4v ko i s ~I to ib do wit#( Ist, tiS )

for kC: I to kmdo begicb

prilk)im gptil- l - %apt I sW( WkU13 )

parI(I is WAi'( p111k) / smoo )I
gpbtfll it $apt I W&tIM
pt2iIkl is gpduiI I - sap I W( 9pawbL11
pr~lkl := sqrt( pt2lk3 / sawo)

gptareall t- WWIl)I garea~l1

~Wite( III, I exp no. hits,
for k -~ ii to it do writ*( 1st, gpbHIM:S3

Witt( 1st, ' si(Pa' ) I
for kC: I to tm do wit#( Ist, pr~lkl:8%3)
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writeln( 1st)
if narea = then begin
write( Ist, ' exp area da'
for k :i a to lb do write( Ist, gpachIM]8.B
writelnt( 1st);
write( Ist, / sigma'
for k := I to kia do write( 1st, pr2EklB:8:
writeln( 1st )
write( 1st, ' exp per. dam'
for k := ia to ib do write( 1st, gpireilk]:8:3)

1st en ) ;
end;

until ib )= ntgps
if ncp ) I then begin
writeln( 1st );L
writeln( 1st, ' for runways and major taxuiways'
writeln( 1st, ' tgt mci mcw prob sigma exp no si gma',

exp area sigma exp no sigma exp appr',
sigma exp appr sigma'

writelnt( 1st, elt cut craters~',
fill filled no crat',
fill'

writeln( 1st)
for I:= I to ncp do begin

priti] - sump]I rcuttl]
prI12] : sqrt( ( prIIII - sqr( prItIl ) I suupi
pr1141 sigcrt~ll] - saup] X sqr( rhittI] )
prlt4] : sqrt( pr1141 / sampo);
prIE3] z= sampi I rhittli ;
prIl5] sampl I astp~ll
pr~td] :=sigaspil] - sampi I sqr( astptl]
prlE6] : sqpt( prI[6] / suimpo )
prit?] 3 s"mp I areptl]
prI18] sigarptl] - sampI I sqr( arept!] 1
prltI sqrt( prlt81 / suupo);
prPU123 : signaffl] - sumpl X sqr( rap4tl1)
prlt12121 sqrt( pr It 12] / sampo ;
pibIII] =SAupl I rapffl]
PrINlO] SnAP4l1:1 - sap] I sqr( Inapfltll
pri[iB] 2 sqrt( prit 161 / saupo ) I
prIE9] i= sap1 I enipfltl]
write( 1st, 1:11, critEl,I]:7:, crit[I,23:5:S, prfl)001:7 prIC2l:7:3

prIE3l:B:3, prlt4]:83 ) I
if narta =2

then write (1Ist, ' WNA W/A
*else write ( 1st, pri~lt5]11 , prlt(MM:

if axptch = I
then write ( 1st,' WA NWA'
else write (1Ist, prIt7]1:II:S prlC8:B )I

if appCW (1I
then write (1Ist, N/A N/A W/A /A')
else write (1Ist, pl~:13plI]93pl111:~rt2::

writulft (1st)
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end;
if Rcp )I then-begin
writeln( 1st ;
writeln( 1st, ' combined probabilities of cut'"
writein( 1st,

/ ~distributfion')
writeln( 1st, '

minimum craters')
; -writeln( 1st, ' tgt mci mcw prob '

'Sigma exp no si pa exp area sip&a elt
'sit eit exp appr sigma exp appr sigma' 1

writeln( 1st, tiets cut craters
'fill 1 2 3 no crat '

L writeln( Ist);
itii :2 1;
i el2 I= 2;
nept I= ncp 4 1

for 12-=1I to 3 do dstrill I= sanpi I icutlkj~l3l
while tj (= ncpl do begin

kk 2= 4- ki
pri~ll I= sumpi I i2cuttkil
prIE2J I= sqrt( capi I ( pri'lll - sqr( prill])))
P1(41 I= icrat~ki]
p1i(3] 2. sampl I pr143
prlC41 :a sgcrattki3 - sampl I sqr( prU141 j

pt!(41 in sqrt( prl(41 / %Wmp ) I
PP1151 I- sampi I uminaLkj]

pr~t] i iglnakil supI Xscr( sminatkj] I
pP1161 In sirt( PP114] / $Apo )I
pr1(71 12 Wl~ I siprlkjl
p1(8S] I= sgap(kJl - sampi I sqr( saprhil j
price : ITSqrt( price) / sapw
P1(E91 in Samp) I sapratkj]
priill) in sg~apraki] sop] I sqr( apralkJ3 )
p1(153l I* sqrt( p1(10]l / sampo
if UI ( 4

thin, begin
If kj a 2 then 1#12 is 3 1
if k~i = 3 then itlI in: 2;

if acp 03 the k4i o:cpl # ; I end kj loop
"ed

0160 Wiltt( Ist, MAYk3, Crit(1,tH.:?I, criti1,2115:S,
prli' 1::3,pel~I :3,pI!(31:8s3,prl(41:8:3);

thee Wiltt( 1st, W NA N/A '

Ose Wiltt( let, PrI(S3:IIIS, PrI1,6118:S, I
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for 1:in I to 3 do ifI kk
then write( Ists ' N/A')

*el se write( Ist, dstr(11:-6:3)

*then WHOMn Isit, W A IMA N/A N/A'
else writelo( Ists prl[71.*11:3, prlCSJ:8:31 prIC9]:I1:0,

PrI11OI:8:I
ki :~ki + 1,;

end;I kji I p I
end

end;
* writein (1st;

for I Iu to nelt do
Lif (itgt[1,1a 1) and critUI1, <I) then begin

iv ~ lv :2 1 1

end;
if Iv) S then begin
writeln( 1sit, for minor taxiways,
lb !X S 1
repeat
ia inlb 4 1
lb -: it + 14;
if lb ) IV then Ab in Iv I
ka := ib - ia + I1;
Writelm (1st )I
Write( Is, - target ugiant,
for k in ia to lb do write( 1st, ipitkl:7 I
writela( lIt);

(---non-ansi standard subscripts mAY PIONlr adjustmet. ---

write( Isi, target width' I
for k in ia to ib do write( lsit, tgt~ipi~k1,51:7:6
Writelft( 1zt
Witt( Isits minimum clear width')
for k in ia to lb do write( Isit, critlipl(U,1210il: )
writelft( 1st)
for k to I to im do begin

1 13 k * ia - II

*pritkI t im i &W zctlpl

pi21k1 im sigcts~l] - sopi I s4p( rcuttipilll
pr2tk) ir- Wqt( pr2Mk / suipo )I
POW I=SPI I rhitEipill I

pP41k) i- sigfii~l( - sapt I %Wr( rhittipillI)
pt4[kl iz W~t( pr4(k] / saupo )I
pwdlkI to sapl I rapflipilI]
pwS[kl im stqoaflipilll smpl I sqv( rapftipill)

*1pr%)k to sq~t( pr5(k) / sao )I;
40* end;

write( Isit, expected nmber of cuts'
for k s I to Ka do wit#( lsit, prllIM.:3 I
wriiela( Ist ;
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write( 1st, iu );
fork K= 1 to kb do write( Ist, prl ':: )
writeln( ist p2k::
write( 1st, ' expected craters to fill')
for k := I to km do write( 1st, pr31kJ:7:3 ) -

writelo( 1st)
write( Ist, sigma" );
for k :a I to km do write( lIt, pr4Ck]hl:3
writeln( 1st)
if nari a I then begin
write( 1st, ' expected area to fill'
for k m= I to km do write( 1st, pr6[kI:7:1
writeln( Ist)
write( 1st, 'sigh' )
for k := I to km do write( Ist, pr5Cklt7:1
writeln( 1st)

end;
until ib )z ly ;

end;
enod ;{procedure resits

procedure query( var ichc: integer)
( this procedure returns the response to a yes-no question

ichc is sot toSI for yes,'and I for no or (return)

var ans I Char
begin

Wiltt( I (y/n) ~) 'I
repeat readln( ans Iuntil (upcane( ins Iin E IY',IN' I) or tole
wliteln
if tle or ( upcast( ins) IN,)

then lcbc := I
else ichc in 1

end ;Cprocedure query)

procedure pauseI
( delays crt output until a key is pressed

begin
vitela ;
Writt(I p retss anay kety t o c on4tinuevt
repeat until keypressed I
clrscr 1

Oof; I procedvie pause
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procedure indat
{ this procedure prepares the output file and roads the input file

for PAAMO. I
type str14 =stringC 14]

var goodfile : boolean
is is, jr, yo 1 integer
fnjmell fnuue2 :strl4
dlskfile : text

procedure processfile( var fname :stril4; which MPtH4
i initial processing of file name entered by user I~K
var dot, goodnaue : booluan I

p, size, dotpos i integer
begin

clrscrI
Writeln
writeln( 'For the following entries, allowable filenames may contain '

'only capital letters',
writeln( land numbers. 14 you enter lower cast letters, they will be '

'treated as if they')
writeln( 'are upper case. The format must be as follows:'
writelnt
WHOM~n 9)OOQO OIcXUXX
writele;
wpittln( ' where D.- is in optimnal drive specifier,' I

wrlteln 'I OCOOCis a flleaue I to 8 characters long, and' )I
WHOtMe .)MX is an optional I to 3 chai-acter fill type',

writaln;
WHOtel( 'Examples of valid filnmes: FMN MM. I ARVI.DA

WriteWn 'If as existing file Y yow e to use contains characters not '

compatible with' )I
writeMn 'the abome fomat, you wIll need to AMW~ this peogram by '

'rsngcontrol-Cf,'
w'lttln( 'and then rename the fie tomad# it cpAtibla.' I
pause;I

go&ame .* trueI
dot to 4alse;j

witein I
writ@( 'Enter nm for the ',whicho File =

9 &42111,dl fj~a )
writch ;
for p in I to 14 do fmamelpi ta upcase( 4aaw~p) i
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repeat ( delete blanks from
p := pos( ', fnhme ) ; ( filename
if p 0 1 then delete( nmae, p, I);

until p = I
until 4nme 0 * ; ( trap for carriage return/blanks only I
dotpos := pas( 'Y', fname ) ; ( filetype can only be 3 characters long,
if dotpos 0 1 then delete( name, dotpos 4 4, 14);
size := length( fnme 1
p := pos( ':'s fnme ) l
if (p=2)

then begin

if ( not ( dotpos in E 6, 4..1 ]))
or

( not ( fnametl] in E 'A'..'Z' I))
or

(size (3)
or

( ( dotpos I ) and (size) iS))
then

goodnae = false ;

if goodam. then for p :P 3 to size do begin
if not ( fnamenp] in E '1'..'9', 'A'..'Z', ',' 3)

then goodnaue i: false .'
if dot and ( fnmelp] = ',' ) then goadsm. :- false
if fnintp] * '.' then dot :t true I

end;
end "..."

else begin

if'. not ( dotpos in I of 2..9 1 ) )

. size ( I )or ;:/
( ( dotpos a I ) aud (size) 8))

then
goodam .m falw I

if goa•ds. then for p is I to length( faim) do begin 0
if not ( fumetpl in I 'S',,'9', 'A'I.'V, . ,)

thee goodsme in false .
if dot and ( nielp) a ',' ) then goodsne w lals"
'f fumipi - '.' then dot = true

endend; B;
if pas( '.OAK', fume ) 0 1 then begin

A'..='ale ,

WHOM 'You may not eter a filaee with the filetype *.aK" ' )
uitteln I /

writelo( lTo use the backup OAK file, raim it before executing '.

'this Program.' ) I
riteln

'8 1B - - 32 :
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.* h- ... . .*.

end;
writeln
if goodname

then begin
write( 'Confirm the correct filename is < ', name, ' V ?'
query( p ) ;
if p = I then goodname : false

end
"> -.else begin

writeln( 'Invalid filename ( 'Ifnaies ' ' ) ;T
writeln ;
writeln( 'Please try again, or press control-C to ABORT this '.

'program.' ) ;
end;

until goodname
end ; (procedure processfile 3

function filexists( 4nae : strl4 ) : boolean
(Checks to see if file fname twsts on disk. Returns true if it does. -
var exists : boolean ; F

begin
assign( diskfile, Inne )
M$I-) reset( diskfile ) ; ($I+ this checks if the file exists)
exists ioresult 6I
if not exists then begin

writeln( 'File ( ', 4nme, ' ) does not exist. Be sure to specify the,
'correct drive ' )

writeln( 'and the correct file nine.' ) ; !"
writein ;
writeln( ' To ABURT this progm, press control-C.' )
pause .

end 1
filexists t: exists -

end ( {•function filexists )

begin ( body of 4unction iondt ic I r s c r I" '.

*witeln 1weiteln NEL gE'
,eiteln(~~~ E L C 0 HI El ,.a'.•

riteln(' to the')
Writeln
writn( A 1 0F IELD AITTACK ASSESS ENS 'H E-

'P R 00G R A H1• ritilft p OG A,

w•itsln( ' _- == == ,2= = = = = = = ' °-

writeln
writeln;
witelo( ' This progra was rewritten in 7UN30 PASCAL ( Version •,

'2.1 )' ) ;l
writulo ;

61.
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writeln( ' by' ) ,
writein
writeln( Major David A. Roodhouse, USAF and Captain Thomas K. Oreen, '

'USAV)
writeln;'
writeln( ' AIR FORCE INSTITUTE OF TECIVOLO6Y' ) ;
writeln
writeln(' WRIST-PAITERSON AIR FORCE BASE, OHIO')
wiiteln ;
writeln( ' February 1985' )
writeln -
pause;wpiteln ;""'

writeln ;
writeln( 'First you will need to enter the name of the file containing the'"

'input data'
writeln ; -".

witeln( 'for this program. This could be a file made by running the '.
'program called'

writein ; 'i

writeln( WIS, or you may be using same other existing input file.
'Then you need' ) I

writeln I
writeln( 'to select the name for the no output file to be generated by ',

'AAPH0,' ;

kritell I
krltela
pause I
rWpeat processfile( fowm.l, 'WE•1) Input' ) until filexists( 4nml )
writeln( 'Reading AAtOO input file fram disk files ( 'Ifnsmet, )' )
assign( diskfile, fInse ) I
retet( diskfile ) ;
readlm( diskfile ) I ( Ignore see in the input file )
read( dskfile, nsp, soampt, nflag3j error, zailph, nelt, otgps, aWcw,

,% . rea ) '.

for i to I to aelt do b•ein
for j a I to 5 do read( diskfIle, tgtti,j) I
for j t= I to 3 do read( diskfile, itgtti,j] ) "
if itgt~i~tl]I a,

then read( diskfile, crit~iI], crit[i,21 )
else begin

criti] W = 12 1: 1"

end I
tgt I 3) ta tgtti,31 Ip / 181 ( convert degrees to radiuas }

end;
read( diskfile, ncp, lv, npatt ) ,
for i := I to npatt do begin

for J is I to 4 d& read( diskfile, ipatij ) I
for j iz I to II do read( diskfile, patt[iji )I
for j :x I to ipattll] do begin

2t :21 9;
read( distfile, pattlijrI, pattli, jr *11);
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end; _
end;ira read( diskfile, m, n);

for i t1 I to m do begin
for j := I to n do read( diskfile, crtablijl] ) ;
for j := I ton do read( diskf le, crtablij,21) ;

end;
read( diskfile, mxptch, irepr, npass
f•r i am I to npass do'begin

for 3 : I to 5 do read( disk41le, passti,j] )
read( diskfile, ipassti,1], ipassti,21, Pnpxri]
passli,31 = passti,31 I pi / 18 { convert degrees to radians )
pissli,6] = passU,5) ;

end;
close( diskfile ) ;repeat

procoss4ile( 41 me2, 'New Output' )
assign( 1st, 4nmu2 )I

H$1-) reset( lst ) ; ($14 see if file already exists 3
g.odfile :=/ oresult ( 1 ; { want the file not to exist }
if not goodfile then begin

write( 'File ( ', fnue2, ' ) already exists. Erase' )
query( yn 3
if yn = I then begin

write( 'Are you S you want to erase file ( '1fnam2l ' ) ?. I;
query(y•);
goadfile to yoa ; I

led;
end I

until goodfile 1
"rmrite( Ist 3;
witelm( lit, famel, ' was the input file for the following run.' )

r'iteln( lit )

W-iteln I
Writeln
writela( Ike output file is called " 4amine2, ) !
Witeln j

writeln(INU HBER CRUNCHING IN PRO6RESS V');
• -'. ritelin;

end; ( procedure imdat )

.3
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"begin ( MAIN PROGRAM )

( -- input/initialize -- }

indat ; { read input file and set up output filet
initialize ;

{ test to see if limiting Monte carlo loops is both desired (nl ag3m1)
and appropriate (nsamp ) 233). if so, set flags and set initial F

.'monte carlo loop limit.)

if ( (oflag3 = I) and (nsap)= 296) ) then begin
nflag :i I;
0f"1a92 := 6 ;
nnmx := nomp
nsaip i 213 ;

end I
{ ---monte carloloop - 821 on (it) --- }

for it := nsaupi to nsamp do begin
( -initialize variables which get reset each monte Carlo rep-
mS.p2 :a it I
for I i I to nelt do decaril :l tgt[l941 I tgttll5);
for I in I to 3 do begin

,' .ipcut(ll I= I ,
ihitlll i ',

i etal) WW I I

apraCU 'S;
todl "

Kz I= I
( -set rnuler of hits Wp target equal to zero--- )

,..+ for I in I to melt do Inhits(l] i I ;
( ---compute impact points of wapons---

forl :o i I to opans do begin
( --- m iH a// sm ived, if yes, change next pass ps to reattack ps

0 if not, change next pass ps to 9.3,
aid log so hits loa this pass )

uxtp in ip1sstig23 I
if radoa )a assti|,4]

passlntp,4) is I I
"gotO 371 1

a. end
.t.else pa•snlxtp,4) i: pasas5l,]
" '*aptrm Is ipasstill I

,,p := ipattaptrnl] I
W. ab ita ipat(mptro,21 j
Mais :-3 pitt~liptra,5l I
mel is pattlnptronA I

in pattloptri,)7 I

i lei
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voin t p~t~ftprfr*
kode in ipat(nptrn,41

(--locate stick pattern center---
passit in passfi'llI
passyt i:2 passUi,2]
if npxlil (z ncp then begin

nttt in npx~il;
trisub(dap) 1
passxt := passxt + dip I cos( tgtlnttt,31 ) ;
passyt in piissyt + dap, I sin( tgtlnttt,33 ) ;

end;

cosp :=cos( pass~i,31 );
i* kode =3

then begin C- --guided munitions...
crazyn :urandom I
if crazyn (= patttnptrn,71

then noran (r, patt~nptrn,l1, do pattlnptrn,21)
else if crazyn (= pattlnptrnla

then normn (t, pattfnptrns31, do pattlnptrn,41 )
else norin (r, patttnptrn,51, d, patttnptrn,6] )

x it passxt 4 r I cosp 4 d I sinp1
y in passyt + r I sinp -d I cosp

end ( guided munitions)
else begin -- -dumb bombs... )

noran (r,pattlnptralil,d,patthoptrn,2]) I
xctr := pasut + r I cosp + d I sinp I
yctr in passyt 4 r I limp -d I cosp

end;
-- locate weapon ikipact or center oi dispeser pattern-)

C.for k in I to maep 0~ begin
if random ) patttaptraý,V) then goto 368
if kode ( 3 then begin

noxaa( r, patttnptrn,3], do patt(nptro,4]
k2 in 2 1 k + 9
ziwod to XCtr 4 ( pattitiptralk2l 4 r ) I cosp

+ C patt~nptrn,k2*l1 4 d ) I sinp;
yiwod in yctr 4 ( pattlnptrnlk2l 4 r ) Xsnp

- C patttnptralk2*11 # d )I Ncosp;
#ad ;1

C----locate Impacts (nbwa I or ubP booblots/cbu le)- )
for ml e I to nbam do begin
if kode ( 3 then begin

RI liwd I
y it yivodI
if nbom ) I then begin

if random ) pattlaptra,11l then goto 35$
281: citi :2 1 aj Iranadom -ruaj

*yI it 2 N min I random - min
if Woe =2 then begin

Ilylol :2 ( Sqr(xI) / sqr(rmj) )'Csqr(yI) /sqr(ria) I
it clylol ) I then Soto 2a8
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if I ~iai> ) and ( iin I 8 then begin
Xlylil -.= ( Sqp(%D/Sqp(Vaaj)) 4 CSqr(y1)/S~qr(Vnin))
if xlylil ( I then goto 288

end;
end
x :=x + xt I cosp + y I Simp;1
y :y + xt I sinp - yl I cusp;

end;
end;

{------checkc for any hit or near-miss-------I
for I -.= I to nelt do begin

Sint s= sin(tgttl,31)
cost -. cos(tgttl,31)
xp :=x - tottlIII;
yp y - tgt[I,$2
ti 2u p I cost 4 yp I Sint I
xp 2=yp I cost - xp I Sint
itgttp tis itqtIl,21
jwpntp 2ipat~nptrn,33
if (1) ncp ) and (1I (z lv ncp
then begin

5 ~if ( abs~ti) - crtabtltgttp~jwpntp,2] )z 8.5 1 tgttl,41)

i bs~xp) - crtab~itgttp~jwpotp,21 )2 1.5 1 tgtfl,53
then goto 341

* ., end
else begin

if (abs(tl) - crtabtitgttpjwpntp,1 )a 8.5 1 tqtUj41)

Cabs(xp) - crt&b itgttpj~tpjl3 )z 0.5 1 tgt(115)
tben goto 340

end;I

if a (a NO then begin
savelm 111 ti *t 1.5 K tgttl,41 I
SavIm,21 in xp .6.5K1 tgttl,53
molem,31 tv I;

cowutrtI Is cutCOMM I 1
labitstil ts Ithits~i3 I;

end;I
3411 end I ( tift-loop

if a ) 883 thou begin
w~ittln( lst,'Nore than 888 hits were fovnd in passit4,'.' I
wittla( Me, Excess wee igoaued.' .

cud;
3511*4

"ed; at lowp

end ; i loop
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ifm tenbei

ifo j := I thentp begin gi

* end I

for i := I to netgp do begin

.4 ~itgtgp := itgtti,31;
* ~gphtaclitgtgpl ;= gphtactitgtgp] + Inhitstil ; 1

sights(i] .= sights~i] + sqr(lnhitstil)
end;
for im I to ntgps do gphtsJljl: gplitsti1 sqr(gphtactj1)
(-initial conditions for bda
I :1

*cuts I= I
fill :=3;

arfill Iu
sarus2

(---loo on each impact, and group oa target clement- 3
for k -.= I to m do begin
if ( saw~k,33 )I ) or k a m)then begin

4311

if .&iafk,1g I then n i=f a I
( --- duag assessmest-

if itgtfl,13 a I
4 then begia

(- tgt I is a bWilding or nov-pavw et--- 3
af I ) ) &Ad ( decanil) )S I theu bldg
ife tgttl,41 I tgttl,5) - decuril I

a4di) is aMhl * difiu I
* sigawsl) tu sigia~til 4 spdiffar) I

i tgtgp to itgt1l3) I
gpadaitgtgp) angpdac~ltgtg) * diffarI

end
4 eso begin

( ----tot I is a Pavemen---- 3
if n ( theo begin

141I (x acp thee begin
xc~l1 I vq S I ( IgtEI,41 acritt~lI)3
ycIlI 22 1.5 1 ( tgttl,51 - ctittl,2] I

end;
goto M I

sort( a, ki, 1,2l,3)
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if narea 8
then ailap( Ng, itgt1I,23, 11,9, trunc( tqt[l,41 )

{ ------taiways trunc( tgt1l,53 )l a, sumrun)
----taxiays(minor paviments)

find wandering path only for taxi-only tgts (critUl,1] ) 4
if crittI11 < I

then begin
uincw(n, ki, 11 2, itgtEl,239 critEl,21, tgttl,5]

arfils tz arfill
fill 1= nfill
rhit~ll iz rhitEl] + fill
ntxwY I= 1 - ncp;
sigfil~ntxwy] :- sigfil~ntxwyl sqr(fill);
rcut(l) :z rCUtill 4 cutSI
sigcts~ntxwy) : sigctt51txuy] sqr(cuts) ;L

end
else begin

(-----umiys(major praveets)
search for a clear strip Clength~critI1,!] x.x widthincritll,23) -

Fif k a~m and (sav.Um,3] I) then a&:a= al 1;
ipcotilU .

avin(l] :M I;
Wapinili z 3;

4al I= II

for kk im I to 4 do

cltPfo K Ionwmptkklkk2l to I

if mi I the begin
rcuttl) I* rcuttl) # I I
ipcottll it I

nd;I
rhtl ~rhtt~l] 4 "Al

kiAI:v k-
if ( k a im and ( ttk,M I this kal :k
ka -.1 1
eflag :

,ts :~~Cl * rit(I'2) I
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568: if (kpI mr and (kmIi mi then begin
itgttp 3=itgtfl,2]
for kw 3=kpI to kim! do begin

jwpntp := isavlkw];
if saveU~w,11 + crtabEitgttp,jwpntp,ki] @xs2

then goto 588
if savelkw,!] - cmix )-- xsI then goto 596
if ( savelkwill - crtib(itqttp~jwpntp,ki1 )=xsl )

or
( saveikw,23 4 crtabtitgttp,jwpntp,k4. <= yst )

or
(savelkw,2] - crtab~itqttp~jwpntpjkaI ) ys2)

then goto 586
RZ in Kz 4 1;i
if kw (> kz then begin

ii in savelkwjll ;5
s2 in save~kw,21
3s in savelkw,3]

itt 3=isav~kw]
kip in kz 4 1 '

-~for KO in kip to kw do begin
kk := kw - k8 + kip
savelkk,13 i= savelkk-1,i]
savelkk,21 in save[kk-1,21
siveikk,31 in saveEkk-1,3]
isav[Kkk in isav(kk-t]

end; kO loop
savelki,1] in i;I
savetkz,21 i: s2
savelki,31 i= s3
isav~kz] In itt

end I
Sao: end; kw loop

end;
590: if tuflag: I then begin

kit :2 01
if kz 0 khEl] then begin

kit in ki - Khfll
kk m= kh~l] + I;
khtl) in kz
if nra(

then oylap( kk, itgtl1,2], xIdil - crit(tl~lb yctUl,
trunc( cpit(l,1] ) trunc( crittI,2] )

astpUl in astp(l] 4 suustpI
sigasp~l] I= sigasptUl 4 sqr(suustp)
auincl :0 sumsip ;

end
af lag in t
ka :2

* kpl in kpi + kit;
ki I= kpI - I1I
kzi in kzI
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xsI :~XCEl1 - critU,1 ;
if xsI )-- Critil,21
then begin

goto 561

else goto 648
end ;(if at label 598

nufll m: 81
if kz 0) kzi then begin-

tit sm kz - kil;
kk ,= kzI + I;
if nflag )r 3

then sort(kzt, kk, 2 ,133);-
for ii := I to kit do begin

savetkk + ii - 1,2] :~savekk + ii - I,21 - ysl
SaVI(k 4 ii - 1,111: sawekk 41ii - 1111 -xs2

if milag <(; 2r ~then mincw(kztg kk, 1, 2, itgtll,2), apprcw, crit(l,2]
else mincw(kzt, kk, 2, 1, itqt[l,21, apprwl critE1,231;

for ii in I to kit do begin
smv(kk + ii-1t2] := savelkk + ii -1,2134 ysl
uvelkk 411-,1til i swlkk 4 ii - 1,11 f Wi?

ed;
urfils in arfils, i arflill

end;
ouartuflag,23 in kit I
zk a~ kzI 4fill I

k:! 12 Ku
nANrInflag,13 in 1nfillI;
fill to fill 4 AfillI
if ki mkm! then goto 671;

cast %lag of
I igoto 648;
2:1 goto 651;1
3 1goto 64 1
4: goto 678

end I cast
448: *aflag in 2;1

kpi in kpl 4 kit I

if xc~l] * crit(l,23 (a tgtll,41 then beghi

goto Us8I

58: It lgo it, 3
Ipt I= ftPI - rAapr(I,21 # nwalpd),1) 4 ofillI
(call) sort(k - kpl, kpI, 1, 2, 3)
xi: trit(l,21

ysi IU I
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xs2 I:8
ys2 in yc~ll + crit(1,2]
goto 560

660: aflag ;=4

I 4L kpI - kPl 4 kit;
xslin1 tgtEl)41 crtl2 ;
xs2 in tgttl,43 rt12
goto 560;

678: ki :ukhfll
if (irepr If10 and ( fill.) I then begin

WHO . rten st, 'target '11:31,' th(1) = ,*khCJI:41
I to ',kB:-41' fill = ',Ifilli7:S

for kk n I toa do
writeln( 1st, ' ,savekKk,llilS:.2,savetkk,21:1S:2,

kz :Kh~ll + trunc(fill + 1.11)
if I) I then begin
k8 in trunc(fill + 0.11)
for kit -. I to k8 do begin

.in k ki + kzI - 1;1
st svE[kK,1l
s2 savehkk,2]
s3 in savelkk,3J
Is ta isavtkkI
kip In khlll 4 kit 4 1;
fo kw :x kip to kk do begin

bu I inkk - kw 4 kipI
savKw1,Hll in savetku1 - 1, 11
swlbol:21 in iaytEb - 1, 21.
smvekwt,3] is sweE;M I - 1,33;
isavikwll :an isaylkwi - 1);

kip in Vzp I I
smv(kip,iIla in s
saielkip,21 m:$2sZ
sivelkip,3I in s3I
Asavikip) in is;

end;
r end;

eod( Iif near label 671
sipgftfll In slg(Pttll 4 sqNruh) ;
eealpfl~lJ in teapfl~ll 4*fill
maapflil3 to saapflhi 4 cq~(fill) I
Ormix~ll 1:2 fillI

~,*.goto 720 1
end ;fif crit(lII) elset begia

720: adWil to auoill # Iawo

gPadA~itgtqpl :z gpadaccitogt3 * nwmvn I
sigiaEhfl iz sigadioll] + sNsu.,m) I
rapftil in rtpftll 4 arfils
siniaf~lJ t2 sigoaf~l3 * siq'(efils);
if crit~l,l13 8 then aprill) in arfils
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7: end (else: target I is pavument

fill := I0

arfilI 3 I;

cuts := I
suwun 12,0
if (save[k,31 I1 or ( k a* and savetk,33 I) or

(I (--helt ) and (k=m) ) then goto43l
end ;{ if, it start of M-oop )

end N ( c-lap
for j it I to ntgps do gpachsjl :2 gp&dStjI 4 sqr(gpadac~jI);
Hi3 := I;
---- compute combined probabilities for rumiay, taxiway,and sod----
if ftcp ) I then begin

ki I=1

far jii I to 2 do
for Ain I' to ncp do begin

---- -only interested in M&2 03=01) 1&3 (1Cj2), 2W (kj=3)-
0f Ji )= then goto 791 1
if ipcuttii3i' I then goto 741
if lpcvtUjJl 0I 1 then H13 to jj
if iptut(.ik] (I tien 11 I= 1k

74: -if ( iptutJIM 0 1 ) or ( ipcvt[Jkl ( 11 them goto 786
(---both surfaces are cut-

13I 0~ 141;
C-ii indicates. Aich surface has the minim number of craters to

repair for combinations of 2 surfaces aid M1 for all 3 surf aces-2

if ihiItjI ) thitijk) then H1 ix A
if MUMtilS ) ihltCjkI then M1 it A~

-----distribution of shim number of craters----
4 701 icuttkj,1ii in lcotCkJ,ii] 4 1;1

* i2cuttkjl I- i2cutikjI 4 1 1
''S.'>W sMEN)kj i= sgcratlkil + sqr~ihit(iiI)

C ----ianiu anvow of craters ---- ----

--- area of craters - -----

winalkil iz slakina l # alaffii
%giatki3 := sgpinalkj3 4 i(ani)

C -uiul~m vabor of crateso 00 approach to operatiocai strip- 2
'S. ~sap(ki) to saptki) # Waitlfil I

sgWprkjlin sgaprkjl 4 sqr(apriatil
C -----reaof craters 00 appoach-----

sapralk]it : sapralk # apa~lii I
sgW&I'akjl is sgapri(kJI ' sW(Wpaiii) I
if Ric I then goto UI

7011 KJ k)~ I;
if (44 02) or A 1K (3 then qot 79
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( -- all cmbinations of 2 surfaces have been looked at. if all 3
surfaces have been cut (iU3) campute statistics for all 3 & exit
loop (if ir~)

if i3 0 3 then goto 881;

4 4,.'ki ~4;
r'-4.. .4 ii M: ii3 ;
r4 ifin := I;

goto 771;
79•: end ; ( jk-loop I

end ; ( if ncp) I I

"repair;
• .,, n* := ml

30 := I;

S~811:
if it mod nsampt I S then resits I

ead ; ( it-loop }
( --- test to see if limiting monte carlo loop was desired

and appropriate, if not, avoid subroutine hncmpl--- }
if ( nflag3 = I ) and ( nsap )= 211 ) then begin
( -tests on flags set inside subroutine 'ncmp' to direct

" -4"either return to monte carlo loop or pass on, based on
estimate of iterations required- I

If nflaq2 = I then nco-p I
If nflag9 I then begin

nflagl r II
goto 85 ;

end I
end I
( - calculate and print statistics--- )
if it mod nmupt 0 1 then roesits I

i''€close( Ist { needed doe to assiging lst as a disk file )
end.

V.S

.',%

•-" B- I -45

i



I' � �
I &

( *i1e�PT6T.MS 18Feb85 ) b
C - { I

{$I�APT8T1.PAS cuipiler directive to include iile �PT8T1.MS)

%9

.1w,

&1.

1:
I'.

V.
I..,
4M

4-
'A

A
4.

r

I,

* 4

4 I..

A.

p.

A

I
44.

t B-2- I

#4

.4 .
* 4 *t*%A*t&* *'AA�A44 A.

t 
.4.4.... ' *. *4 *. .. . . . 4 .***.* .* *.tA *� *4 * .6. *�A�&4 A A , A

4�t *j.*A*'.* 4�* * *.'� * * * * � � �A�S'A.".A.. �-¶* .,'. - . *�. *A *��A * A�
4

-� *** , - *



{ FILE AAPTOTI.MAS If Feb 85 I

program aaptgt tngl;

type strl4 =(tin[4 for filename
~'~9codes = set of 8-.12 ; (codes for irepr

yarp V A RI ABL E D E CLA R ATIO NS8 A ND K E Y

diskfile :text I disk file VariableI

- -.new :boolean ; (true if new tqt base being created

p ~repaircodes i codes ;(repair codes for irepr

crit : rraytl..112,1..23 of real I critical takeoff, taxi distancesI

itgt arvray[I..112,1..3] of integer ; target category, hardness code,
(and target group

'N-tgt :array(1,.11?,1..51 of real ; (coords, axis, &dimensions of target)

fame, backup :strl4 1 ( for file nomes

iLIIL, iden~tifie desired chooice
irei, code for repair priorities
IV$ amber of taxi surfaces

A mptch, ( auiber of roomay patches available
marta$ ( flag: I a) c~utv 70L damag, I m) doa**t ciipte

Acp ( numiber of bueofl anir ng) capabile surfaces
nelt, (total number of targets
shard, (nowbe of hardness levels (total)
fthardp, conbe of hardness levels for surfaces)
ApprcW, min taxi width required, 1.1 suppresses stauck for taxiways
atops honmbe of distinct target groups

tinteger I

fvariablas local to peoce~rst

integes
* iopt idenitifies desired option

it 1,j loop covoters
Jchc idestifies desired choice
Ofbr desired target to delete, add or insert before
p used for string maaipolatioas ( for fieowms)

pealIS:
It, x2, yl, y2 coordinate covoersios variables

8-2 -2
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procedure: realread( var r : real )
{ Procedure to read a real value with error chekikg. )
begin

rgpeat ($1-) readln( r ) ($14) until ( ioresult = I )
end ; C'procedure realread )

procedurt? intread( var i : integer ) ;
. Procedure to reid an iateger value with error checking. )
begin

repeat ($1-) readla( i ) ($14) until ( ioresult 8 )
*'•'• end ; I. procedure intread}

procedure init
' This procedure initializes MPTST variables. )
yva i : integer ;

begin
repaircodes := C t,.2, 13,.12 1; C acceptable values for irepr )S~na'ea ,'=;

ahldg := I;
n. ocp in 1 ;
IV in I
colt m I•'• o~tgps 1.'6

for i :" I to 112 do b1gin

crit~i,23 in I I'• end I

end I ( procedure Ait 3

procedire pau Ie
"(Delays crt otput uatil a key is pressd )

begin
writei ;
Wit p press any key to continue ')I
rtw t ustil teypreed ;
clrscr I

ad I proedWe pause

2 3
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procedure hardnessI
C print hardness information I
var i :integeI

begin
.titein ;
.witein( 'Hardness Code Target Type'
writtln( '1
for i := I to nbardp do witeln( i:7, ' pa•vment' )
for i in nhardp 4 I to nhard do writeln( i:7, ' n-pavement' ) I
writein ;

Is end { procedure hardness I
J'.

procedure tgtmatrlx
- print target matrix data I
varlJdiategr;

begin
clrscr I
for i in I to nhlt do begin

i4 i mod i1 = I thes begin
j.- witein I

"w.itela( '!OT X Y AXIS TOT IMi',
TOT CRIT DISTRI•4S' ) ;

.Witeti( ' I CMOR1 CM (DES) LDOTN WIDIITYH VE CIU)',
"O S L 141DTH')S•~~~~~ittig(.... ... '

end I
.. , ,r~itt( 0'

for J1 to I to 5 do wito( tgtlitJBti ) 1
,'•,if itgttll)l I

th wi teo( BLOB'
Onls if critti,il ( I

• "," ~~~~th" '•(• lTelse Witt( ' TOL' )

witt( ittotti,2S, ltgtJi,316 )
if itgtlilI 1 than wite( criitti*,l]dlI crtitUi2, 1tl )
w'ituln; I an

ifo i md ItvIteepn
"ed;

*-' ed I P i todeio totatrix )
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procedure query( var ichc: integer; ix a integer ) ;
( This procedure returns responses to severil categories of

yes-no and multiple choice questions. )
procedure yn
( Prompts for yes or no with a(yn) ) "

Sets ichc based on response: y =) 8, n :) 1, (return) ) S )
var ans : char

begin
write( (y/n) -) ')

repeat readln( ans ) until ( upcase( ans ) in I 'Y','N' I) or eoln
witeln ;
if noln or ( upcase( ins ) = 'N' )

then ichc I:
else lchc :I

end ; ( procedure yn I

begin ( body of procedure query I

ichc := 5 ; (initialize out of range

case ix of

I aye;

2 1 begin
writein.
write( 'Do you vat to update tkis value?' )
yo I

3 :egin
repeat ••

wituin t
witela( 'The na~r of targets currently defined B elt,

witelft I
if Belt ) I ,,
the begin

wittln t
writeln( 'Taret databae editing option%.' ) ;
witela I
witeln( ' It Delete a target.' )
writelOC ' I: Add a target. ( Nax ium ',

'112 )' )

witeln( ' 2: Insert a target.' ) I
witeln( ' 3t Revie the target matrix.' )
witelC( ' 4: Finish swe the am ',

'dattbae.'
Write( 'Eatat choice =) ' )
intread( ichc ) .
clrscr ;

"ed

8' 2
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". 9.

else begin
writeln( 'You no must add at least one target.' ) ;
ichc := ;

end;
until ichc in E I..4 ;&" ,weitein

end;

4 :begin
repeat

writeln( 'There are two ways to enter the target coordinates.' )
witeln ;
Writeln( ' Ti iarget center coordinates.' ) ;
writeln( ' 1 End-midpoint coordinates.'
Swrite( 'Enter choice ) '

intread( ichc ) ;
clrscr ;

until icbc in C I.) ;
end;

5 : begin
"repeat

writein I
w'itela( 'Your options 4r, this program are:' )Ii•' wittein ;

writelun( ' I Create a nmw target base.' )
,W *itelA ti Updte an existing target ',

W'" "g'I; , ) .

4" rwite( 'Enter choicer ,) ' ) ;,
NlOtred( lchc ) ;

UAtW ithc in $..I I
witelie I

end;

"' 6 begil9nwiet#( 'Mld you like a rwiew of lapat prompts ad optims?' )I

cirscr ;;"'. riteln I

lad;
,i.

*end; C caset

#ad; C procedue query 3

"8 -2 -6
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procedure info( ix : integer )
{ This procedure declutters the main program and procedures

by placing text in a separate location. I
begin

"case ix of

I1: begin
cirscr ;
witeln ;
witeln(' AAPT6T TARGET PROGRAM');w#. rlteln( '-----------------------------------=====' I
writein;
witeln ;
writeln( 'This program creates a target base for the modified ',

'version of the Attack' )
writeln ;
w.itein( 'Assessment Program - AElOD. You must also ',

'generate a weapons base with');
writeln ;
writeln( 'MAPM4 and a laundered input file for AAMOD ',

'using Al1HSN.' )
"writeln I
w.itei, l
writeMn( 'Keep track of the file nanes is you g"nerate thb.' ,
writein, ~ ~end •iln;

s',' 2 1 begin

tritelp
.it.ttle( 'Target definition' ) ;
witelm I
w'itell( 'Eater rummyO/TOL surfaces first, followed by tuivays, ',

,'ad then buildings.' ) I
;. . uiteln t

writets( 'Rashr that AAMID perits a maximum of 3 runways, '
'31 rumay/taxiways, nd' )i

Witell( '112 riumy/taxitayibuildiegs.' ) I
uitelin I
Witlli I
witie:( 'You mwst defin# each target in tie.' )

Writela( 'Establish a x-y coordinate syste for the CumPlex.' I
Wite I
Witeln( 'The positive x-axis becous I degrees utmth.' ) I
rittle I

* • writeHO( 'Recieedatiout Let the mail ruaway center and'
'orientatio• define the',

.nitelm( 'coordinate system. Attact passe miIl also have 'I
tpause 'aiipoitts ad azimath defined' )

Wuitln( 'ie this syst.' )I

S.1; uriteln.;

• B- 2-7
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end

3: begin
clrscr ;
writein ;
writeln( 'Input prompts ire defined as follows:' )
writeln ;
writeln( ' Input options: ' )
writeln ;
writeln( ' Target center coordinates.' )
writeln( ' End-midpoint coordinates.' )

K riteln ; "'"

writeln( 'For target center coordinates:' )
urittln 1 ""
writeln( ' X-coordinite: X-€owdinate of the center of the ',

r'target referenced to the' ; .

writeln( ' coordinate systm of the complex.' )
writeln ;
wituln( ' Y-coordinate: Similar to x-coordinate.' )

trteln
Writeln( ' Axis: Axis orientation is target '-

'centerline measured CCWI' ) ;a o
writein( I ( in integer degrees ) from wxis of

'coordinate systm of' )
WHOteln(' the coipplez.' ) I
writeln ;
witeln( ' Logth: Length ad width are s#l4-explaoitory.' )
witein ;L,

witteln( ' Width: kidtk must be maller than or equl to ',
'leegth.' ) ; "-

pause;
writeln ;
witein
witelm( 'For end-midpoint coordinates:' ) h
writei t',

wltelo( ' X-coordinate ( le4t-mot short dimmsuio ) '"
'X-coordioate of midpoint of the' ) I

W OtelM( ' end of the treget with miller x1-alue.' )
wittle I
witeln( ' X-coordinate, other ead: X-cowd of midpoist of ',

'Oposite end of target.' ) Iwritei th;';;

wlttlo( ' Y-coordioate, ( let-most short diansioa )i ',

~'tl('Y-cordiate of midpoint of the')
wittl I e"d of the target with smaller t-value. (14 ', 1.

"xl= x2, pick the end with' )
W Miteln( ' the Smaller y. )' ) Y...
witeln .
ritela( ' Y-coordinate, other todh Y-coord of sidoint of opposite',

'end of tavqet.');
pause ;
witeln ;
witel,( e prompts,' ) ;

8- 2 -8.,
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writeln ;
.riteln( ` Type of target: I = non-pavment (building).');

S writeln( ' -4I = pavment ( taxi or TOL ).')
writeir,
"Uriteln( ' Hardness: Hardness of target (for crater table,

'lookup),');
"writeln ,
writeln( '/ Target groups Target group of the target in ,

'question.' )LO
writeln I
writeln( ' Minima lengthi Miniiwm clear length required ior '.

'TOL operations. Ent,.' )
writeln( ' zero for taxi-only payments.' ) I
writeln
writeln( ' Minimu width: Minimu clear width required for:' )
writeln ;
writeln( ' Taxil Ii minimum length I '.

"( taxi-ly ).' ) ;
writeln( Takeoff/Laod. if minimum length ) I.')"
writeln ;
writelo( 'First, enter TOL capable pavments, followed by ',

'taxi-only capable pivmeats,' ) I
w|itela( 'folloed by buildings or non-pavanmts. The r.m '.

'hardness in a pavuent and');
witeln( 'a building requires two differet code numbirs.' )
pause;I

end;

4 1 begli
clrscr ', .

wrtteln I
writel I"

Riteln( 'Select crater ilPair prmority:' )

witclh "

writtla( ' Is All 10L strips to oeder of target nuber.' ) -
ritel"

UItelN( 1; Easiest IOW strip first, res( it order.' )
writela ;
wrtela( ' 21 Repair only the e#slest 1A. strip,' ) 1
uritoln :

writels( ' It: All pwvuects is order of targt uamber.' ) ,

wrtteln( ' Ili All approaches and easiest TOL strip first,' )Writell( ' follmed by others in target order.' )
w'it*Ih• ;L..o

writel( ' 12t All approaches and only the easiest 10. strip.' ) ;
Witin'a
wri tell ;

e-d2
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5 :begin
writeln( 'E R R 0R ' )R
writeln( 'You must enter runways first, taxiways second, and ',

'non-pavements last.' )
*, wrteln ;

end;

end; { case I

end ; ( procedure info )

function chkgood( nval, hi, lo : integer ) : boolean
This function returns false when nval is out of range. I

begin
if ( nval (Io) or (nval ) hi)

then begin
S, Nwriteln ;

writeln( 'Value must be between ',lo,' and ',hi I
writeln;
chkgood : false

end
else chkgood : true ;

end ; ( function chkgood I

procedure processfile( var fnne strl41 which a strl4 )
(Initial processing of file nme entered by user. I

var dot, goodnan : boolean
p, size, dotpos I integer I

begin
clrscr ;
Writeln ;
writeln( 'For the following entriest allowable filelues may contain only ',

'capital letters'
weittln( 'and numbers. If you enter lower case letters, they will be ',

'treated as if they' )
'rituln( 'are upper case. The format must be as follows:' i
writelo ;
w•itela( ' DXXOOOOONJONXXX' )
writeln;
writeln( ' where Di is an optional drive specifier,'
"writeln( ' X is a digit ( 8 - 9 ) or a letter (A-Z - ,' )
writeln( ' X)000X0( is a llenume I to 8 characters long, and' )
writeln( ' .MQO( is an optional I to 3 character file type',

( not AdK ).' ) ;
writelnf
w•iteln( 'Examples of valid filenames: NtS 1 ,SN.I MMtOD)DTA ',

- -'iai W484dcite ) ;
writeln ;
Wr~teln;
writeln( 'If an existing file you need to usr coatains characters not ,

'compatible with'

8 2 10



writeln 'the above fonuat, you will need to ABORT this program by '

'pressing control-C,'
writeln( 'and then rename the file to make it cmpatible.' ) ;
pause
repeat

goodname := true
dot *. false;
repeat

K ~writeln;
write( 'Enter owme for the ',which, 'File )')
readln( fname ;
writelo ;
for p t= I to 14 do fnamelp] :~upcase( fnimelp])
repeat ( delete blanks from

p - pos( ''fname) ( filename
if p 0) 1 then delete( fuame, p, I)

until p = I
until foam# C) " trap for carriage return/blank filename)
dotpos -~ pos( I,', f nme) filetype can only be 3 characters long I
if dotpos C) 1 then delete( foam, dotpos + 41 14);

Vsize r- length( fonue
p P Pos( 'a,4na. I
if (p 2)

then begin

if (not (dotpos in CI is .11 1
or

(not (fnamu[1 in E 'A'S..'' I)
or

(size (3)
or

((dotpos a I ) and size 110)
then

goodow.. 2 falm e

if gooothen forp 1*3 to size dobegin
if not ( fn m (p] in 1 11,11 'A'..'Z', 1.1 1

the, good. ta false I
if dot and (femelp) . then goodpm. t- false;
if fnuwlp) Y . thes dot to trio 1
od;I

end*
else begin

if (tot (dalpos in 14, 2..t I)
or

(size (
or

dotpos 0. ) and ( she )

pdawe to false;I

a 2-I1
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if goodiase then for p :I ! to length( lome ) do begin
if not ( fraeEp) in '11'..'9', 'A'..'Z', '.']

then goodname := false ;
if dot and ( fnu[p) ',' ) then goadname false i
Hi 4nse(p) = 'Y' then dot : true

end ;
L end ;

if pos( '.OAK', fnae ) 0 1 then begin
goodname -. false
writela( 'You may not enter a filename with the filetype 'AK' ,' ).
writeln;
w -iteln( 'To use the backup OAK( file, rename it before executing ',

'this program.' )
Writeln

end ;
writeln ;
"if goaduae

then begin
write( 'Confirm the correct filennae is ( 'f anse,.' ) ?' )

" .A query( p, I);
if p= I then goodnme :t false I

end
"else begin

writeln( 'I1valid f1el ( ',fna, ' )' ) I
writeln;
writeln( 'Please try againg or press control-C to ABRT thii '

'program.');
end ;

until goodman
end I ( procedure processfilt )

aunctiol filexists( nma strl4 ) boolen
{ Checks to see if file fnaue exists on disk. Returns true if it does. )

var exists ibWolen•
"begin

assigl( diskfile, 4fnw )
0 1-1 reset( diskfile ) ; ($I+ this checks if the file exists)
exists in i'etsult a I3
if not exists then begin

writel( 'File ( ' fname ' ) does not xlist. Be sure to specify the '
'correct drivw ' )

writeln( 'ad the correct file name,' ' ii., uwiteln ;

writeln( ' To ABT this praom, press cotrol-C.' )
*. piuse

filevists :2 exists
end f ( functioA filexists )

.B- 2 - 12
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procedure nasval(var nvrbl integer; ichc ainteger)
{This procedure prompts for a new value and reads it. I

begin
if ichc = I thea begin
write( 'Enter now value ) )
intread( nvrbl ;
writeln;

end;I
end ;(procedure nowa&)

procedure pack( nmbr : integer)
{This procedure remwes empty lines from the target array.
var i, 4 integer;

begin
if ombr ('nelt then begin

for i vi br to nelt do begin
for j :=I to 5do tgt~ilj1 tgt~i + 1, j]
for a= lmIto 3doitgttiljI i= itgtUi4 1 43;1
critti1i1 :2 crit~l + 1,1];
critt~i23 :2 CrltU 4 1,23;9

end;
crittnelt 4 Is 13 4. a
crit~fnelt + 1s,23 u1=

"ed;
end I procedure pack

procedure entgt( 13 :integer)
Ibhis procedure etotts targets ia the target base array and
updates the various counters.
vap floerror : booluant

* lchc, lopt I integer
X11 12, yll Y2 a real;

procedure wideflaq ; checks for wide targets to set the narca flag J
begin
if Rarea =I then
if ( ilgttl, I and (tgtti,53 8~9t then begin
clersr
Writoin I
wpltela( 'Because the width of the target is so large (greater '

'than 8J99), a flaguaill' ) I
wpiteln( 'be set to sepres AMFD execution of routine WWAA.

In ~'This routin, searches'
writtla( '40Potr elapping areas of vaters, and would take '

"excesisive execution tine for,
wrltels( *large vi dth targets. Note that the search i s

'suppessed for ALL targets with'
WHttl( 'this flag set.'"
narea I= I;

tad;
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L

end ; ( procedure wideflag I

begin { entgt )

query( ichc, 6 ) ;
if ichc = I then info( 3);
if nhard = nhardp then begin

writeln( 'Non-pavments cannot be entered as targets because all ',

'hardness codes are' ) ,
w.iteln( 'dedicated to payments. Therefore, Target ',i, i is a',

:-V.'. 'pavement.' ) ;!'-'• w'iteln;
i':.itgt~ill] I= I

end;
if nhardp = I then begin

iuiteln( 'Payements cannot be entered as targets because all hardness '

'codes are'
writeln( 'dedicated to non-pavements. Therefore, Target ',i, ' is a 'z

!.;..,'noa-pavmelt,' ) ;
•"" Jtottill] I= I I

Send;
if ( nhard 0 nhrdp ) and( nhardp 0 1 ) then
repeat

write( 'Type of targeti Ia bldg, I pavment. Enter code :=) )
"ntrad( itgt[lil] ) I
writeln I

until chkgood( ltgtii,l], Is)I
noerror 12 true
if itgtill) = I (target is non-pavuent

the if i (a ncp 4 Iv
•."then begin

info( 5 ) ;
pick( i )
notrror 14 false I

end
else nbldg 23 nbldg 41

"else ( target is a paimet )
if ((nbldg ) I) and (i) ncp 4 Iv ')) or ( -cp 4 IV)a 3)

then begin
if ( nbldg I ) and (i ) ncp 4 Iv 1 )then info(5) ;
if ncp 4 lv )z 31 then begin

w"itell( 'I R R 0 R :' ) 1
writeln( 'Nmer of pavemnits exceeds 31. Rmewed.' ) ;

end;I
pick( I )I
nocrror 1= false I

..: end
else begin

i.teln( *'target $,i,' pavement. Enter minim length for
11'TO1, operatioas.' )

ISite( 1( 1 implies taxi Mly ) 2)

reilread( critiil] ) ;

- -2 14
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wpiteln ;
if critti,1] (I

then if i ( ncp
"then begin

info( 5 );
I. pick( i ) ;

noerror := false I
"end

else begin
IV :. Iv= 4 41;
w.iteln( 'Payment ',i,' is for taxi only.'
write( 'Enter minima width for taxi operations. ',

realread( crit[i,21 ) l
end

r else if ncp )= 3
then begin

writela( 'E R R 0 R');
w.iteln( 'No more than 3 TOL surfaces permitted. '

'Rmoved.' )
writein
pack( i )I
noerr• false I

end
else if i ) ncp + I

then begin
ifo( 5);
pack( | ) I

"", n~awror I= fU)"

and
else begin

ncp in mcp 4 1 1
witeln( 'Pavement 'pi,' sup•orts 7OL operatios.' )I
wite( 'Enter minlm width for 70L operations, ",,=') I ) I

*. , realrad( critti,21 ) ;
.V,,nd l
,.end I gtet is a pa nit

if at oer thee begin

fit :8 alelt 4 1 1
repeat

noeirr o tM t',,,"hardfis I

S".'uw~ite( Ifnter hardwes code-) ' )
Sltread( itgtti,23 ) ;

Stif( ( itgtti,23)).Jr) )nd( Itatld,1] = I )I
or", ( ( tqt~l,2) (1 chidp ad • itgt~ill) =Il

"the* begim
noerror in false
"tlrscr I
writela ;
witela( 'E 9 10 R9' )

e, - 2- L5
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writeln( 'Discrepancy in nmuber of hardness codes, this target')
writeln( 'type and this particular code.')
writein
iritelo( 'Ensure that target elemnt types and declared

'hardnessis agreec.')
.~ end;

. Puntil noerror and chkgod( itgtli,21, nhard, I
clrscr;

r ~writeln;
repeat
write( 'Enter target group I
intread( ltgtfi,31
writein;

Luntil chkgoadi itgtti,3]t 15, 1)1
if itgtti,31 ) ntgps then otgps :~itgtli,31
query( iapt, 4)
if iopt =6I

then begin
writeln( 'Target center coordinates: )
writeln ;
wirte( 'I-coordinate I
realread( tti1
wriielnI
write( 'y-caordinate I) '

reilread( tgt[1121 )I
Writlim;I

, to realread( tgt~i,31 ) I

1f tgtCI,31 )a 18* thee tgt[1,3I to tgt~i,31 - 186 -
clrice I
writuim
repeat

wilt#( 'length (larger or equal to width) Ii)
* ~evalread( tgtti,41 ;

writelft
s ~~weltv( 'width = '

rtalreadC tgt(1,53);
Witein at
H4 tgtti,5) )tgtti,41 thei begim

clrscr I

witilM( 'ER R 0 Ri' V
wituln( 'The width is greater than the length. Reenetr.' I
writeim I

end I
until tgtcl,5I 0= tgtiti4l
widullao

4%
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* else begir4
repeat
write( 'x-coordinate (left-most short dimension) ')

reilread xl)
writein ;
write( 'I-coordinate, other end )'
realread( x2);
writeln a etms

Vwrite( 'y-coordinate, (etmo short dimesio
realread( yl);
writein;
writ#( 'y-coardinate, other end ~
realread y2 )I
tgtri,41 ::sqrt( sqr( x2 - xl ) + sqr( y2 - yl) ;
clrscr ;
writuln ;
write( 'width ( specify shortest dimension) )')
realread( tgttU,33
writeln
if tgtli,31 ) tgtUi,41 then begin

clrscrI
writeln;
wrtikiERR

writeln 'The width of the target is greater thin the '

'calculatcd length. Be sure you')
writulnC 'enter the target correcty.' I
writelck;

end;-
until togtCi,s (a tgtll,43

-. wideflag ;

tgtlijll im y l 4 y2) 21
if %I a x

then tgtti,31 ta 91
else totli,33 la actan( (y2 - yI )/CX2 -xl)) 1181/ p1

end;
end;I

#Ad I (pv.edure #etgt
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procedure newtgt
. This procedure creates a now target base to be written to a user defined

file niae. .
vv badnme : boolean ;

: beginichc : integerL.•' begin

repeat
clrscr ;
processfile ( faem, 'New Target' )I
assigo( diskfle, feme )
0$1-) reset( diskfile ) ; O$I+ check to set if diskfile exists I
badname tz ioresult = I;
if badnmae then begin

write( 'File t foame, already exists. Erase?' )
-i query( ichc, 1) ;

if ichc : 1 then begin
writeln ;
write( '"Ae you SURE you want to erase ( 'fnam,' )?'W
query( ichc, I ) ;
il ichc = I tlfie begin

.erse( diskfile) ;
badane := false ;

end ;
Nd I

w' itell;

until not eadr tI

ln", ad( 2 pp; )

Writein;

.witela( 'Eater noer of different bar ess1 codes. Notet the sm',
'absolute hardmess')

witela( levl ia pwvmt ad ind ais ) a a ilding will uire two
'different codes.'

WHOMaI
w"it*( 'n ber of hardtess levels (tan I t a ) ' )11

.::". ~intread( ,pbud,)

until cbkqoodý obardo III I
"Writela I

8-2-18
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repeat

writeln( 'Enter number of hardness codes associated with pavments.' )
write( '( Max is ',nhard,' ) ) ' ) ;
intread( nhardp ) ;

until chkgoud( nhardp, nhard, 6 )
clrscr;
hardness
repeat

if nelt (112
then begin

entgt( nelt I);
write( 'Do you want to quit now?' )
query( ichc, 1);

end
else begin

writeln( '112 targets already entered. You will have to delete ',
'targets before more can' )

writtln( 'be entered. Completn your other entries, exit and
're-enter AAPTST to delete' )

writeln( 'and add targets.' ) ;
lchc : I;

"end ;
until lchc = a i
.uiteln I
writIln( 'Target complex repair capability. )"
Srteln;
write( '11w many patches will resources allow? ) ' )
intread( uxptch ) ;I' mirtela l
repeat

"nlo( 4)
w'ite( 'Choice =) '

intread( irepe ) I
until trepe In repaircodus ;
writeli

ad; I procedure wtgt)

IIN

2'
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procedure deltgt( robe I integer )
{ This procedure deletes a target entry and repacks the array. I

var i : integer I
widthok , boolean ;

,."begin

if nabr (= ncp
then ncp := ncp -1

L else if nwr (= ncp4 Iv
then lv := Iv I
else nbldg := nbldg - I;

nelt 1= nelt -I
pack( mbr);
if narea z I then begin

iwdthok ;= true I
for i -- I to ncp 4 Iv do if tgtt,5] ) 899 then widthok iz false I

.* if wldthok then begin
earn I= I L

•"" writeln ;
2W'iteln( 'The flag to suppress •M routine No is no reset to ',

n'Hable march.' )
Writeln I

end ;
end I

end ; ( procedure deltgt )

procedure instot( ibr 1 integer)
( This procedure iserts a new entry aboew a sp~ified target

by aowing the rest of the array don and inserting.o
vv i, J 1 integer

begin
for i tz nilt dowto rbi do begin

for j r I to 5 do tgti 4 I, j I I= tgtti,J] I
for j I= I to 3 do 1t1t9 It J] il" itgltJ IL crittl 4 It el a= crttli~l] I

crltli 4 t, 23 1 critli,21 I
* end I

"eetgt( nc& ) I
end I procedure instgt )

8'ft2
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procedure oldtgt
F- (This procedure updates an existing target base cuipatible

with the AAtIOD series of programs.
var badnae , boolean

is ichc, is jchcf nmbr, p : integer
begin

repeat processfile( imae, 'Target' ) until filexists( imae
writein;
writeln(' Re a d ing f ilIe I'*numes'. *'

writein;
writelo;
read( diskfile, nelt, ntgps, npprc, narea I
for iI : to nelt do begin

far I :Ito 5 do read( diskifle, tft~ijl i
for I ;Ito 3 do read( disifile, itgt~i~j]

Lif itgttitll= I then read( diskflle, critli,1l, critti,2]
end;I
read( diskfile, ncp, lV ) ;
read( diskfile, nhard, nhardp )I
read( dlskfile, .xptch, irWp )
cloise( diskfile
nbldg -~ nut - ncp -IV I
writeloI

k.writeln( 'Current min width for taxi is',1 nppcw, Y.' I

then writela( 'This Value will suppress AM~tU search 4crw taxi approach '

'to a clear strip.'I
query( ichco 2)1
Atuval( Dppcw, lchc t
repeat

clrscr I
hardnessI
write( 'Do you want to vpate this table?'
query( jc~c, 1 I;

* ~ .*if Jchc a then begin
wiltela( TCwreet total hardness levels (surfaces plus buildi445) '

rgpfeal lcht, 2 );
aevwal( chard, icbc
Itht ta II
vtlchkgoodc nhtrd, It, I ;

WHOMia 'Curreat hiarinuss levels for 9Wamebts 11',oardp)
qe#ry(iCbC,2) I

- repeat
DewvW( nhardp, ick~ ) I

ustil cbkgood( abardp, habed, I) j
end;

until jchc I I;
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A.. repeat

2, query( ichc, 3);

*1 case ichc of
.. o if nelt

then writeln( 'There ape no target elements left to delete.' )

else begin
repeat

write( 'Which target elment is to be deleted? ) ' )
intread( nibr ) ;
writeln I

"until chkgood( mbr, nelt, I);
write( "Ape you SURE you want to delete target ',mbr,' ?' )V
query( jchc, 1) ;
clrscr I
"writeln ;
"if jchc I

then begin
do]tgt( rab' )

w.rteln( 'Target ', mbr, deleted,
end

"else writela( 'Target ', mbr, 'NOT deleted.' )
.'.,. wtttln ;
"'•" ad I ;

i selt )= 112
thee begin

wr"itels( 'There are 112 targets already defined. You must ',

'delete a target before you cal' )
""ritelp( 'add alother oa.' )

ted
aelso etgt( clt * I ) I

4 ''.2 1 casa el t of ( use for target inset )

... , Ot emtgt( 1 )

I.All begiol~i l.lll = twiti~

w"iteha( 'ke nwm ltargt will be iserted at the position ',

'yON Specify, displac:ing, )
-.' wtWtelM( 'prMious retries.' ) I

writelft
w.itoll( 'You prtsntly hbw ', ncpt I 1. sur4ues ad ',

Iv, ' taxi safac.' ) l
wi'lttlio I
writt( 1m tvpt to be inserted at position I
imtrad( mbr )
writeim

until MhkgOWd( WIWI Aelt * I, I )
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L:.

if mbr nelt + I
then entgt( niW)
else instgt( er );

::- end ;
A~A.

else begin
"writeln( 'There are 112 targats already defined. You mist ',

"delete a target before you can'
Mwiteln( 'insert another one.' ) ;

end 
*

end I ( case for target insert I

A: 3: tgtbatrix I

end; (case)

until ichc 4 ;

writeln( 'Current nImber of patches available is ', uxptch )
query( ichc, 2);
nm'al( mxptch, ichc I

.'. info( 4);
witeln( 'Current crater repair priority is ',irer, '.' )1
w).teln I
if lrepw in reparcodes

tbhn query( ichc 1 2 )
else lcbc n 1 ;

repeat
nmr i( irwpr ichc ) I

, tO lrpw it reuircodes ;
. - b...ckup A= famw I ( create a filing* equal to I

1 poS( '.',backup ) I ( specifid filend 1 except )
if p (1) t1en delete( backupp, ,4 )1 ( with a ,am filetype. )

, .. atckop :a backup 4 I.,B• I&%Sign( dilkfile, backup ) I

M(1-) reset( dikf lte ) M ($1,) ( set if old MI file exists )
if ior•ilt r I then erase diskile ) ; ( eras, old ,69 file )

""aissigo ( diskfilet fhaw )
rem( disk~fle, bickup ) I ( old file ow mvd with AU exteatioi )

"end C pmocdas oldtgt I

,.2:2p. .
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procedure outdat
( This procedure writes the target base to a new file with the name

specified by the user at program 4nvocation. If the file specified
was an existing file ,amed (filename).filetype), it was renamed
(filenme.BiW.J by procedure oldbas and saved. I
var i, j ; integer

begin
clrscr
writeln
wpiteln('OATA INPU'r COMPLETE') ;

S:.-•.i writain ;
writeln( '-Be sure to write down hardness information. You will need this',

'when formuing )
writeln( 'the weapons base in program AdFPN.' )
writeln ;
writeln( 'Total number of hardness codes = 'I nhardv '.'
"hardness
pause
writeln ;
writeln( 'You are now finished developing the target base. The next step ',

"is to define a' )
writeln( 'weapons base with AAfPWP.'
witeln
writeln ;
if not new then writtln( 'Old file ( ', fnme, ' ) will be renamed ( ',

backupt ' } and saved.' I
writein
writeln

" writeln( 'W ri t ing t o di s file ('I4name,') .. ')
writeln
assign( diskfile, fname ) ; { reassign file to use as the )
rewrite( diskfile ) ; { specified filename )
writeln( diskflile, nelt:5, ntqps:5, npprcw:5, nareat5 ) ;
for i= I to nelt do begin

for j := I to 5 do write( diskffile, tgt~iJ19i1 )I
for I ;: 1 to 3 do write( diskfiloe, itgti,,i6 )I
writeln( disklile )
if itgti,l] 1 then writeln( diskfile, crit~i,1:9-l$, critti,2l9:l )

end;
writeln( diskfile, ncpt5, Mvi5 ) I
writeln( diskfilet nhard65, nhardpt5 ) 1
writeln( diskffile, mxptchi5, irepri5 )
close( diskfile ) ;

end; ( procedure outdat I

B - 2 - 24
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{===== MAIN PROBRAM
begin

info( 1)
query( ichc, 5);-
am ;= ichc I
query( ichc, 6);'
if ichc = then info( 3);-
i4 new then newtgt else oldtgt
outdat;
writela( 1E ND 0F P ROG6R AM')

end.

8 2 1h
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(FILE AAdARIPAS If Feb 1985

program aapM1pn

type str14 - string[141 ;{for filenames.

var ( VARIABLE DECLARATIONS AND KE Y

dis'file atestis;{ disk file variable

crtab aarrayl..11,11.6,l..21 of real

{crtabli~jik] - crater tabulated data
i - surface type (hardness code)
j - weapons type
k - crater radii subdivided by surice type

payement:t 1:, TOL crater, 20) taxiway crater
buildingi W= Rear miss, 2=) direct hit

ipat i rray[1..12,l..41 of integerI

(ipattitjl -for each defined pattern(i), j:
I- nwiber of weapons delivered (12 or less

2 - nmnbe of submunitions per weapon
3 - weapon cock (crtabli,j,kl index number J)
4 - pattern shape

6 m) Qeneral purpose bomb
I M)VU rectapgular footprint
2) CBIJ elliptical footprint
3 =) uided bub

patt i arfray[1..12,1..341 of realI

{pattE.4g0 - pattern ditat for each pattern(l), J;
I-delivary or optimal quidance range error sigma
2-delivery or oiptiual guidance deflection error sigma
3-ballistic or pear-i~ss rauge epror sigma
4-ballistic or near Miss de~lection error sigma

* ~~-COJ half pattern legth or gross-error range error Sit%
4-COU half pattern widtha or gross-error deflection sigma
7-MU1 half void lenqth or probibility of optimal guidance
S-co half void vidth or proo of fisir-niss or better- guidance
9-weapoo or cannittter iuze reliability
111-bomblet reliability
11, 13, f.. M - stick lopact points ( range from aimpoint
12, 14, ..34 - stict lJapact points ( offsot frail aimpoint)

*naw, backup astr14 I for file names
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* ichc, ( choice flag }
nrhard, ( total hardness codes for bldgs + surfaces )
nhardp, ( hardness codes for surfaces
Ipatt, ( number of patterns ( 12 or less)
naqr, ( crater input flag; I =)square, I =) round I
nwp( #I of different weapon types (6 or less)

integer

(integers iocal to various procedures:

it , i, l loop counters
. jchc choice flag

idef deflectinn counter (index in patt matrix)
irng range counter (index in pattern matrix)
np number of release pulses
opatt patteru option flag
p integer for filennae (string) manipulations

reals local to various procedures:

all length of CDI pattern
a", width of CDB pattern
cepl, optimal guidance (guided munitions)
cep2, near miss CEP (gided munitions)
df, distance botween bob impacts
dt, delta t or intervalmeter setting
fps, true airspeed in feet per second
ft, width of stick/string of bombs

astart, stArting location of stick
.,stickl, stick ingth in feet

"tas, true airspeed in knots
theta, div# angle
vi, ength of CBU void
V. •width of CIM void

'."•'wit stick W4l-width

procedure init I (Iteh out all ?rrays$
va•i,j j I intt"eg I

begin
"for i in I to'll do

for J t, I to 6 do begin
crtabliJI] := S

* "crtabtiJ,21 ix I I
end;
fopr i z I to 12 do begin

"for j r-1 I to 4 do ipat[t,J] tz I I
for J :m I to 34 do patt(i,j) ,I I ;

end I
end I A procedure ait )
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procedure realread( var r real )
( Procedure to read a real value with error checking. )
begin

repeat ($I-) readln( r ) ($OW) until ( ioresult x I )
writeln ;

" " end ; C procedure realread )

procedure intread( vYr i : integer )
. Procedure to read an integer value with error checking. I
begin

"repeat ($I-) readln( i ) ($14) until ( iortsult :I)
writeln ;

end ; ( procedure intread I

procedure pause;
.Delays crt output until a key is pressed.)
begin

writeln I
Write(' press any key to continue ') u
repeat until ketpessed I
cirscr ;

end ; C procedure pause I
S( .. . . . ... .. . )

procedure revis I
D lsplay hw auny weaps ad patterns are dtied. )

begin

Writein I
I. writlnrite( 'You presently have ', mp", ' weaON' )

i4 W" 0 ) then write( 's' ) I
wite( ' ad ',npatts' pattern' )I
if npatt 0 I then write( '' )s
witetl( ' defined.' )
Writeln t
W.ite). t

end ( procedu# review)

t 8 B-3-4
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procedure query( var ichc: integer; ix : integer
f This procedure returns responses to several categories of yes-no and
multiple choice questions.

X,; vii" ans : char;
','.•begin

ichc: -i; (initialize ichc out of range )

case ix of

I: begin
write( ' (y/n) ")

K . repeat readln( ins ) until ( upcase( ans ) in I 'Y','N' 3) or eoln
writeln ;
if eoin or ( upcase( ins ) 'N')

then ichc I:
else ichc :I S

end;

2: repeatS~review;

then begin
writeln( 'You now must add a weipon.' )s
pause
writee
echc I* I;

end
else begin

writtln( 'l•ieq section editing ootons.' )""t uriteln
--•" w'teln( ' it Delete a weao and its '

"correspMding patterms.' ) .
witeln( ' It Add a wapo ( maxlm is 4 ).' )
w'itetn( ' 2: Insert a weapon.' ) I
witelt( ' 3t Redefine a weapon,' )
,.w~iteln( ' 4: Review the w•epon matrix.1 )
WHMtel( ' 5: WINw the attack patteim ',"" " 'matriM.' ) ;

Witig( 6: lad weapon section edI•ting.' )
write ( 'Entor choice s) ' )
tntraad( ichc

writeiI
end ;

* until ickc in 1 1..6
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3 : repeat
review
if npatt 6

then begin
writeln( 'You must now add a pattern.' )
pause;

ichc ; ''

end
else begin

writtln( 'Attack pattern section editing options.' )
writeln ;
writeln( ' It Delete a pattern.' ) lc.
writelft( 'It Add a pattern.');
writeln( ' 2: lnsert a pattern.' ) ;
writeln( ' 31 Rwiew the weapon matrix.' )
WHOtel( ' 4: Review the attack pattern ',

'matrix.' )
writeln( ' 51 Save data and end the progra.' ) a

write ( 'Enter choice ) ' )
iMtread( ichc ) k
drscr ;
writel .

until ichc in 1 1..5 3;

4 t repeat
writell I
witeln( 'Individual weapon trajectory code' )l
writen

Wiitell( ' I. Single gmera purpose waoS,' )
Writell( ' It CBU, rectangalar pattern ( voids not ',

•alllowed ),' )
writelt ( 2i COIO, elliptical pattern ( voids ',

allowl ).' ) ,witelm( ' 31 Gelde muoitioa' ) ,
wite ( 'Entee code.) ') m

W Wtread(lcc) ;,-.
until tchc ltk 1..3 t;

clrscr ; -

Writell I
Wltela( 'You may choose to drop tIe string of bIbs is single or in

'pairs.' ) ,
W'itels I
Swatetm( ' h: lroI D eapoas in singles,' )
witelH ( ' 21 Dropw•wapos inpairs.') ;
write ( 'Enter choice ) ' )
intread( ichC ) '

until ickc in I 1 2 3
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6: repeat

writela
WHiOMn 'You must now describe the weapons stick. Manual entry '

~ ,.;,~ -'requires you to enter')
writeln( 'each impact point by deflection and range from the aimpoint.',

'Alternatively,' ) s
writeln( 'the automatic calculation procedure requires you to enter

'the release dive' );s
writelo( 'angle, true airspeed, intervalumeter setting, and width of'

-~ 'the stick.')
-, .~writein I

writelnt( It.~ Manual entry.' )
writelnt( '1: Automatic calculation.'-)
write( 'Enter choice )')
intread( ichc);

until ichc in I(6s1I;

7: repeat
clrscr I
writeln ;
writeln( 'Describe error distribution for guided munitions with '

'standard deviation'
* ~. WHOMln ' signa or range and deflection errors probtable '

(REP/ DU)*.') j

Wilttig( 'It Entry is REP / DEP'
Wittig( '21 Entry as standard deviation '

writs( 'Enter choice -
A.. lattread lchc)

Witi ick n 1(1,231

1repeat

weites 4~10 1 i II use square craters, bvt you may choose the ln~tut I,

W'ittig( is0 Half-1e1gth of side of CPU*r '

vrlteis 'Ite. It ":R~us of circular crater.,
write 'Enter yWu choice ~

I~~.,.WPMtr ( icic ;

"teitei IC oIi

mnd;(cawe

ead; I pwedur quey)
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procedure hardness I
{ Print hardness infomation. }

L .va i : integer ;
"begin

writein-i

wniteln( 'Hardness Code Target Type')
wniteln( '________ ' ) ;
for i : !to nhardp do w*iteln( iW7, ' pvment') ;
for i : uhardp + I to ahard do wniteln( 1:?,7 non-paement' )
writeln ;

end ; ( procedure hardness I

function chkgood( wvill hil lo : integer ) • boolean ;
(This function returns fails when wal is out of rage. .
begin

if ( wal ( lo ) or ( oiv ) hi)
then begin

wrlteln( 'Yalue ust be between ',lo,' and 'lhi )
W.iteln
ch.kod I= false I

"end
else chkgooW r true !

eand; ( fuction chkgood)

function probchk( prob I real ) I boollan
.This functiou retoMus false wen p1ob is out of raug (I to I). I
"begin

it A' prib ( I) or ( ob ) I)
than begin

witlln I
witelk( 'Fater a value btwm I ad I.')

", ~witch.

"ed
#else tprobc to true;

"end; (finction pr*khk )

9. 3.'4 .
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* procedure processfile( va fnae : strl4j which : strl4 )
(Initial processing of file name entered by user. I

"var dot, goodname : boolean ;
, p, size, dotpos i integer

". begin
.-* clrscr ;

W Oritel
writeln( 'For the following entries, allowable filenoes may contain only ',

'capital letters',
writeln( 'and nabers. If you enter lower case letters, they will be ',

'treated as if they' ) I
writeln( 'are upper case. The format must be as follows:' )
writeln t

writeln i
writeln( ' where OD is an optional drive specifier,' )
Writeln(' Xisadigit(I 9) oraletter (A -Z),')
w iteln( ' )OCOOQ00 is a filenme I to 8 characters long, aad')
Witeln( ' JXX is an optional I to 3 character file type',

'(not OAK)')
writeln i
writela( 'Examles of valid fMlinms: lS 1154.1 AMMOO.)TA ',

. ~'8al1W84.MP' )i
S.~ritelli

wittin".' wilteln ;

wituel( 'If n existing file you need to Qs cotains characters Dot ',
'cmpatible with' )

witelh( 'the above formt, you will e•ed to AMORT this pog•am by ',
"pressing Coatrol-C, ) j

witetl( 'ud tWe mam e iele to make it comnptible.' )
"pause;
repeat

good""m , troet
dot 1. fle 1

;"-" repeat

Writel I
wit#( 'Emate am for te', which, ' File w) )
eeadla( 4am) I
writela ;

* for p :. I to 14 d* fuewIp) i upase( 4ua(p) I
trwpat ( delete blues frm )

p tX pos( ',fame) ; (fileaise )
* if p 0 i thn dlfete( fis, P# I)t

Vatil p 1 1
until 4aw 0 " 1 ( trip for carriage retura/blui filnam)
dotpos tr pas( '.', fame ) ( C filetypt cu oily be 3 characters loag )
if dotpos 0 1 then delete( faei, dotpos * 4, 14 ) 1
size -= ueth( fa me ) f

'..-p ta po( 1:1, 4uw )I
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if p 2)
thnbegin

if ( not (dotpos in E I, 4..I1~ )
or

(not (AM f eI] in E 'A'..'Z' I))
or

(size (3)
I- or

(Cdotpos )and (size) 11)
thin

goodname := fal se

if goonam then for p :.z 3 to size do begin
if not ( fnnetp] in I 1'./91g 'A'..'Z', ' I)

then goodname i= falseI
if dot and (faauelp] = Y ) than goadnat m false
if 4nm[p] . thin dot %a trueI

end;
end

elise begin

if (Dot Cdotpos inC I I 2..9 1)
or

$sill(
or

((dotpos I ) aid Csize >86

Poo m im fat se

if goodom. thn fat p im I to luegth( fonat do begin
it not ( fotWP) in I IS.'' WA..TZ' Y.
thee goodom .= f On I

if dot aad Enamelp) a Y') this goodsuum as inM
if famato~a~ thea dot intm tre

if pos( ',BM', fnv*, 0 () tien begis
6odm *.= falseo

wittloC 'You saY cot Oter a fileame with tit filitype "J.PIC .

Witths( '10on uslkv backup W~ #it*, tmna it before excoting '

'this progra.'
witelh ;

witei

thebegim
* witeC 'CoNfirm the corrct film"~ is ( ,few,' ?I

th9 (ee goodmu a fls
end
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I.4

else begmAn
writeln( 'Invalid filenane < ',fname, )' )Y
writeln ;
writeln( 'Please try again, or press control-C to ABORT thi1 ',

program.' ;
end ;

until goodnuae ;
end ; ( procdure processfile I

function filexists( fname : strl4 ) : boolean 1
• {- Checks to see if file fnae exists on disk. Returns true if it does. )

var exists : boolean
begin

assign( disklile, fnne )
S( I-} reet( diskfile); ($1+ this checks if the file exists)"• ~exists im ioresult = I

if not exists tken begin
writeln( 'File (', fname, ' ) does not exist. Be sure to specify the'; ' ~'correct drive')

jA.writeln( 'and the correct file nae.' ) ;
writein ;
W 1riteln ' o ABORT this program, press control-C.' )

* pause l
end ;

filexists :u exists ;
end ; { function filexists I

(rocedare thro( ix t inteer I

(This procedure declutters the mim pro and procedres by placing text in
a spate location. )

begin
. cast ix 0o

'4", €ltncr ;
wtittlo
Witelt( AAPWPN MEAPONS PRO A ) 6 R"
w'itelm( ' =*Down a a a=M a mof ) ;

* ~Wtittig

iWHtOM 'This prgam creates a weapos bute agd an attack pattern '

'bass for' (t"e
wittle I
writthu( 'eadif led vesion ol the attack assessment proga -AMOD

* ' Thi% data is)
Witeti
WHOtel( 'to be used Is concert with a target base developed by the ',

'Kagram AWTO,') j
Writtiga
Writtig( `PT8T and AW are iodpnet of one atother Ad perit

'easy upidate of

*.4 ieilwtl 8'r•' IPG. ) 3-

*". **it........ O ' 'U.. ) ;
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* writein
writelM( 'the target, weapon, and attack pattern data bases. The ',

'output file of');
writeln
writeln( 'this program and MPTST are combined by the program

.5 'AAFfi3 to fort. the'*
writeln ;
writeln( 'laundered input file for the main program - • tMROD. Your ',

'options for this');
"w rteln
writeln( 'program aret' ) ;
"writeln
"uriteln( ' 6: Create a new weapons/pattern base.' )
Writeln( ' I: Update an existing weapons/pattern ',

'base.' )
ichc -1;
repeat

"write ( 'Enter choice ) ' )
intread( ichc )

until chkgood( ichc, I, I )

end;

2 begin
clrscr 1
Witetn I
w•lteln( 'Crate table 4ormat is:' )

writeln( 'target w" I wM 2 wpa 3 .,,' )
wlteln( 'hardness' ) ;
.riteha( ' I crater steel crater stial crater sieel.,' ) ;

" wHOtelM( ' I crater size2 crater suze2 crater size2...' ) ;
Witeln( ' 2 . . .') t

. ritehu( ' 2 . . .' ) ;
*. wtiteln( ' 3 . . ' ) I

wrltelm( ' • . . .' ) ;

Wiltels ;
wite i( 'trater sliel Is the size for the weapo against IOL ',

u'Surfaces if the hardoess' ) ;
WitelM( 'code is for pavements, or $aI miss crater size ',

'for buildings. Crater size2!
witels( 'is the size for the W"apo against taxiways ',

'if Ikke hardness code is for' )
writuluM 'pvomts, or direct bits against buildings.' )I
Writell ;

• ... pause;i

9 tead;

3 1
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3: begin
clr~cr
Witel| ;
W:iteln( 'Crater data' )

Writelft
writelA( 'The daage mechanism of AAIMAP% k is cratering.' )
writeln ;
writela( Wt1O0 uses a 3-d array ( i s j, k ) that you ust now,

"generate.' ) ;
Writelo
witeln( 'Vhe size of a crater is defined by the cmbination of:' )
writeln ;
writeln( " it a defined level of target kardness, thickness, type ',

'of material, etc.,' ) ;
writeln( all cmbined into oa, categoical hardness code.' )
writele ;
"w"itelN( ' a.: a defined type of warhead, and' )
writell ;
writela( ' a: a defined type of interaction.' )
uritels ;

writels
"writelm( 'This sectios builds the crater table for eack hardness code ',

'you specified. The' ) I
writela( 'codes will be handled in the order atered in AMTST. ',

'For each hardness code' )
w itela( '( pavemnt/lildal type )t you Vill enter crater sizes ',

' for eack of the' );
witela( 'potential waapas to be defiid. Thme wapos interact ',

l'i varying maners' )
witelm( 'with the p;ammsts/buildings dpeoding oa how close to tie '#

'target tke weapuus' )
writelo( 'impact. Fir a specific wUaps and target, yo il ',

a'eter beth of the pessible' ) I
witelo( 'interaction types and em to the mt weepum. For ',

"pavtsts, iteractius' ) ;
w.itelm( 'types rt: crater si2 to dey take laM dimp '*

'aid crater size to dey taui' )l
w.telm( '( probably smaller ). For buildings, isturactim ',

'typs Are: crater size for' )
w'itolo( 'sear misn aid crater size for direct hit '

S.auly irer ). After esteriug'
writele( 'all the weapons effects aaist A particular ',

"tvvt, the pera will Noe to' )
witelm( 'tie t lert in tlesequc developed by 761T.' )I
paune

and
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4: begin
cirscr
writeln ;
vriteln(' )))) READ CAREFULLY 'Y

4 '((((') ;

writein ;
*ritelM( 'For the ccabination of hardness and warhead, t(O uses ',

'two different crater' )
uriteln( 'sizes.,' ) ;
writeln ;
writel ;-
writil-( 'If the target hardness was assigned to a pavement, ',

'first enter the size of' )
wrlteln( 'disruption severe enough to deny hi-speed TOL',

"operations, then the size of' ) ;
witels( 'disruption severe mw* to dny taxi operations.' )
witelft
witell .
wittlo( 'I` the target was a building, first enter the crater radius '"

'resulting fro a' )
witelm( 'nat-miss, then the radius Pesultiag fro a direct hit.' ) ;
Writul ;-

end!

5 :belie
vritulm( 'Te maxims nAuher of wepms is 6.' )
writele( 'Yoe must delete a wipem pior to addiog a bw nee.' ),
Wuiteln i

ad I .

6 1 begin
Witteln( 'he maxim u mab" of attect patteens Is-I2' ).
uWittli( 'Yoe. will ke to delete a pattuu before a_,ing a '

witali t
tad I

7:-o. ".
Wite( 'YON preetly hatv ', up., 'wip ' )I
if uips 0 I tem Writt( '' ) Is,
wittlel( ' defild.' ) -
Wittig

ad;I

Ia begil
Wuitet 'You prueatly ki ',upatti' patter' ) t 9
if it Iatt ) tm Wite( 'Is
withli(' dfliied.',
Wittig I

ad I

8 - 3 - 14
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"9: begio
uriteln ;
writeln ;
writeln('D ATA INPUT C01NPLETE') ;
"w riteln ;
"Writeln ;
Writeln ;
writeln( 'You are finished developing the weapon/pattern base. The ',

'next step is to put');
"Writelnf

% writeln( 'together a mission using ARFSM and the two 4iles you ',

"have generated: the' )
wpitela ;
writeln( 'target file ( 4rom APTST ) and the weapon/pattern file ',

'from this program.' )
writein ;

writelm( 'IIAF9 uss then files in cabinations you specify to ',

'geurate a single,' )
writell ;
witula( ',usv-nemd input file fop the main p•ogrn -- MM0.' )"
pause;
w.ittle I

wittelI('Kri ting to disl ... ') s
", vewitel)

nd i

ead; (came)

aNd I C pxoedhre 1i.4 )

procedre mmtrlx ;
rV : i I s Ite

og strig[221 ;

procedAre witeader; (I header formapous matrix)

mitel. Iwleitapesl ! j= I') ;

Witt( ;A WS"".. ew J to 2 to em do it*(' ',~

e'd; (I Prca N writebeade)
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begin (•qmatrix
info( 2);
if nthard 0

then am : PRESS ANY KEY
else MS(J• '•

writeheader
w-itein( 'Hardness ! Radius of Circular Crater');
writeln( I Code !
for i :: I to nhar'd do begin

write(msqE[( 2 1i)- 1,' 19,i:2,1 1 01 V
for j in I to mp do write( 2.8 /sqrt( pi ) I crtib~i,j,l):9'l )
writeln;
write( asso 2 1 i 1,' it=2 V')
for I = to nwpn do write( 2.1 sqrt( pi A crtablilj,2)::91!
writelnt 1
if i = 9 then repeat until keylressed

end
m'itelo( I --------. --...---- ------ ..- . ........-- .-.--- ........--

I.. . . .. . )

" if i )8 then writt•eder
pause;

end; protedure qmtrix)

beginre potwuatrix I

yap is J I integer I.

beinfo )

c~rscr I
if aatt a I then begin

witelnal
writeln( 'The attack Patte matrix is Upty." I

far i := I to nhatt do begin
uriteln I
Witea( 'Patters1,' k#i t 'ip)ttiII], I

casiepothtir4 of

I n b;in
Witt(ln 'posta--l - p0- but-'-)- -
if Ip8oll t h ene WilteSade Is

(d I

I i Witt( ,OI ( r;ctaxplar footprint with ipatti[I,
ubionitios tak'.

2 t wit#( 'COU ( ellipfical footprint )witlk 1, ipatli,2],
u b -cptlte atis e m' ) t

8p3a I
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S3: begin
write( 'guided bomb' )
if ipattil] 0) 1 then write( 's' )

end;

end; (case)

• .~~rittin( .

writeln( 'Crater Table Index: j ', ipat~i,3], '. NOTE: Error ',

'values shown below are REP and DEP.' )
writein

4W.; 0 ipatli,41 ) 2
then write( ' Optimal Optimal Near-miss

'Near-Miss ')

else write( ' Delivery Delivery Ballistic
'Ballistic ' )

if ipatti,43 in 1 11 2 ]
then writeln( ' Cannister / )
else writtln( ' Weapon' ) 1

writeln( 'Range Error Deflection Error Rang Error ',

'Deflection Error Reliability' )

.'" write( 1.675 1 pattti,qIl:: )
,for j i 2 to 4 do write( 1.675 1 pattli,jil7: ) ;

writeln( pztt~ij9]T:3j ~Wlttln

if ipat[i,4] in C 1, 2 1 this begin
uriteln( ' Footprint Footprint Void

'Void Bomblet' )
writelm( ' Length width Length

w'idth Reliability' )-

Ia 4-- 4--~~---4-4-* ... ) I
w.its( 2 1 patttl,5Ul95 , 2 1 pattti,61:18:0 ) ;

" ". if ipatti#41 a I
then writ@( ' NWA WA' )
elm wsite( 2 1 patt[i,7T1:16., 2 1 patti,8]1•:1' )

wliteli( pattli,1I3:17:3 ) I

if ipatti,41 a 3 then begin
. 'itelm( '6ross Error Bross Error Probability of

. 'Calative Probability of' )
witeln( 'Rape Error Deflection Error Otimal Giduce

'Near-Hiss or better');
wittl• ( '-- _ ... .... .-

witelu( 1.45 A pattti,$3:81l, 1.675 1 pattti,61:1•'6,
pattHI,7]a22:3, patt[,#8124W3 )IC . end ;

8'. B- - 17
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if ipatii,1] I then begin
writein ,
writeln;
writeln( 'Stick Impact Point Data: (Distance fron mean impact '

'point.)');
writeln ;
write( weapon I ' )V

i for j = 2 to ipatti,l) do write( j:6) ;
writeln ;
write( ' . ) ;
for j :=2 to ipatli,l] do write( ' --- ' )!:•.' writel.• ;

write( ' Range'
'for j := I to ip&tii] do write( patt[ is 2 j 39:61S)
writeln;
write( ' Offset')
for j :r I to ipatti,l] do write( patti is 2 1 1 ]:6:1
writeln

end;
pause ;

end
end ; ( procedure pattmatrix )

procedure mntwpn( i, j: integer )
(This proc•dure enters a weapon into the weapon matrix. )
begin
crtabiij,1l ra -I;
"crtab~i,J,2) :- -i 1
"writeln I
i•f nsqr =M

"then writeln( 'Square crate'si use V/2 the length of a side.' )
else writeln( 'Round craterst use radius of a circular crater.,' )

repeat
writein I
if i ( nhar

then write( 'Pavemnt code ',:,', wMao type ',Jl':a Dny-TiL size '
*.. '=.) , )

melse wtte( 'Building code ',is', weapom type 1,4,': Near-miss size ',
,:) ) I

,i i'i.realread( crtab[lij,)1 ) ;
until crtab•i,j,11 )a I
repeat

'."- writeln ;
•:,if i <=x okr@

4,.. thu witte( 'Paemnt cOd ',il,, WeN tye ',4,: Deay-tali size ',• i'.',) ' )

else write( 'hilding code ',i,', weapo type ',J,': Direct bit si•, ',
•'. 'u)' ) I

r.alread( crtabli,J,2] ) ;
ustil crtabuiso2 ), S ;
clrscr
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if nsqr = I then begin
crtabli,jI] crtabli'j,1] sqrt( pi ) / 2;
crtab[ijjj2] = crtgbfi~j,21 I sqrt( pi ) / 2 ;

end ;
writeln ;

"end ; ( procedure entwpn )

procedure napn
( This procedure creates a new weapons base to be written to a user defined
"file nue. )
var badnuue : boolean

i, ichc, , : integer
begin

repeat
.. Iprocessfile( nmle, 'New Weapons' )

assign( diskfile, name
(.$-) reset( diskfle ) ; ($14 check to see if diskfile exists I
bdnaime := ioresult = I ; (the 'new' file already exists I
if badname then begin

write( 'File (', feae, ') already exists. Erase?' )
query( ichc ) I ;
if lchc = I then begin

write( 'Are you SMRE you want to erase file (',inme, ') ?' )
query( echc, I ) ;
if ichc a then begin

rewite( diskfile )
badnum a false

end;

end;". ~end ;

until not badname
info( 3);
repeat

clrscr
"nhard Im-I 1
.nhardp a -1 1
repeat

"wniteln Iit'• writell I

witela( 'Eater the total uMber of hardness levels you specified' I
wite( 'in prograMPT ) '
intrad( nhard

until chkkpd( nhard, III I
repeat

writelm( 'inter the number of hardness hevls reserved for pvamests' I
writs( 'ie progra MPT6T -) ');

", iltread( nhardp ) I
• ' clrscr

ustil chkpod( mhardpv ohard, I I
hardness;I
wnite( 'Are thm correct?' )
qhry( ickhc, I)
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until ichc a
repeat

write( 'Enter number of different types of warheads ( max is 6) ) '
intread( mpn ) ;

until chkgood( iupn, 6,1 );
info( 4);
query( nsqr, 8 ) I
for i :I I to nhard do

for j :I to nwpn do begin
entwpn( i, j ) ;

end;
writein ;

end ; ( procedure newwpn

procedure delwpn I
(This procedure deletes a weapon type from the weapon matrix. I
yap it ichc j, jchc7 k, pattern I integer

pattak : boolean
"begin delthis : array [1..12] of boolean•'• begin

pattok : true 1
for i := I to 12 do delthis~i] i false
if Rwpn I

then writeln( 'There are no more weapons left to delete.' )
else begin

repeat
write( 'Enter weapon nuber to delete ) ' )
intread( lchc)

until chkgood( lchc, mip, I ) I
cirscr Iu,'iteln I.

for i in I to npatt do if ipatti,3] a ichc then begin
write( 1:4 ) ; ( pattern references the weapon to be deleted I
delthisti] i= true I ( flag pattern to be deleted )
pattok := false

end I
if pattok

"then begin
writeln( 'There are no patterns Me imed for weapon I', iclcl2i

". so no patterns will be deleted' )
w"itela( 'fra the pattern mtrix. Hoamee, applicable crater ',

'table index values will' )
"" teln( 'be adjusted as neessary.' )I

end
*.-,els begin

w'•telm(' ( W A R N I N 6')
lrttelnt

writeln( 'Th above listed patterns a@ defined ft the weapon
'yom wish to delete.')

".iteln( 'Therefore, if yov delete weapon 6', tckc2, ', thesm ',
'patters wi lI be deleted also.' )
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writeln( 'Furthermore, applicable crater table index values ',

witeln('vwill be adjusted as' )
riteln( 'necessary.' )

end ;
""riteln ;
writeln( 'Would you like to review the pattern matrix be"ore' )
write( 'deleting weapon I ', ichc, 'I' )
"query( jchc, I ) ;
if jchc I then pattmatrix
writeln ;
write( 'Are you SURE you want to delete weapon I ',ichc'?' )?
query( jchc, 1);

*-"clrscr ;
writeln ;
if jchc I

then begin
for pattern := 12 domto I do if delthisIpattern] then begin

npatt := npatt - I;
if pattern ( npatt 4 1 then

for i := pattern to npatt do begin
for j is I to 4 do ipattij) 1: ipat(i4 i4 1,
for j . 1 to 34 do patt~i,j) -. pattti 4 1, J]

end ;
end;
for i :t I to npatt do if ipatti,3) ) ichc

"then lpatti,31 := ipat[i,31 - I; ( pattern crtab index info )
0" in uipn -lI;
if ichc( Iw +1than

.. f or :a I to nhard do
for IJ :t ichc to np do

for K • s I to 2 do crtab[iJ,kl) : crtablilJ4,k] I
"writeln( 'IWeapon ', ichc, ' deleted.' )

#ad
else wituln( '%eapon I 'o hic, ' NMR deleted.' )

end I
witell

nd ; ( procedure delwop)

procedire adfp I
(This procedore adds a wepou type to the weapons matrix. )
var : I intet

begin
if N )z 6

* .,*, then info( 5)
else begim

"'•" qAm'y( asq, 8 6

for I i I to ahard do tatwp( I, Wmp )"'"" end I

ead ( prxedue adpe )
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procedure inswpn
{ This procedure insrts a now weapon into the crater table. )

var i, j, k, wpopos I integer;
"- begin

"cirscr ;
writele ;
case upn of

6 addepno;

1..5 : begin
writeln( 'The new weapon will be inserted at the position'

'you specify, displacing' )
writeln( 'previous entries. The pattern matrix will be adjusted's

'to reflect the modified' )
writeln( 'weapon embers ( Crater Table Index j ),' )
writeln I
info( 7 ) ;
repeat
write( 'New weapon to be inserted at position I ) )
intread( wpnpos )
"writeln ;

until chkgood( wpnpos, pa * 11)i
if WPnpos a Wp~ 4 1

then adepa
elm begin

qvwery( WI, 8) 1
4or j i wpe dmto wpIpos do (make room for insert)

for I i: I to AWd do
for k in I to 2 do crtabi i, 441, k I in crtab[ liJk I I

for i to I to nard do etwAP( i Ippos ) I ( ter Rm ew")
for I in I to npatt do C adjust pattern matrix crtab index j4

if ipat[l,31 )a vipM thea ipat[1,3) in ipati,33 * I
end I

end I

71 6 1 info( 5)

"end I cam

ead; procedho iael pe

3',.
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procedure mockpn;
{ This procedure redefines an existing weapon without altering the
corresponding pattern in the pattern matrix. I

var i, Inodpos • integer
begin

*,•. if r~pn =6
then begin

writeln( 'There ire no weapons in the matrix to redefine. You now '

,.it. ;must add a weapon.' )•" iwriteln
•-" end

"else begin
writeln( 'Now select the weapon you wish to redefine. Note that ',

'any corresponding' )
writeln( 'patterns in the attack pattern matrix will remain',

'unchanged.' )
writein 1
info( 7);
repeat

write( 'Weapon to be redefined I ) ' )11
intread( modpos ) ;

''4 uwritein
until chkgood( modpos, owpn, I )

"query( nsqr, 8 ) I
for i to I t nhard do e twp( imodpos); featerwepon info)Z end I

.ed I ( procedure modo)

procedure ohi6e I
"S. ( This procedure updates am existing weapons base. 3

var i, icbc, j : integer
begin

repeat procastilt( t4am, 'Old Weapons' ) until fllexists( fae )
WiteinI

,.- Witelt( ' Readig f il e ('1fna,') , ,,
,.5. writeln ;

uWitelt I
read( didkfil., shard, nhardp, w ) ;
for Ilis I to shard do begin

for j :a I to iwp do read( disifilet crtabtJ,l2 ) I
for J to I to mp do read( diskfile, crtabLiJ,21 )

,..'.end I

rlad( diskfile, opatt ) I
for I in I to opatt do begin

for J z= I to 4 do read( diskfile, ipatlij] ) I
*"for J t= I to II do read( diskfile, pattitJI ) I
,...for J in II to (2 1 ipattil) * If) do read( dlskflle, pattij ) I

." ead I
close( diskfile)

. liof( 7 ) ;
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""" uwritein;
ritein( 'The only way to update the number of hardness levels is by',

* 'updating the
w.iteln( 'target base using PTST.' ) ;
pause
writein
w:iteln( 'This section adds and deletes weapons to and from the ,

"weapons base.' )
writeln ;
repeat

query( ichc, 2);
"case ichc of•:":'! : delwpn;

1I addwpn
2 :inrpn;
3 dapwpn;
4 wpmatrix
5 pattmatrix 1

"end ; case )
until ichc Z 6

ead ; procwdure olpn)

procedure patdat( i I integer )I
( This prxocedure collects preliminary pattern data. )
begin

ipatti,l) r I I ( default number of weans in the pattern
ipitUi,23 im I ( default number of sub•aitioas )

, •Witelnw.itela( 1o0ts'ibe weapoos delivery pattern iuiber is , '. Enter:')

writeln ;
query( ipatti4), 4 ) i
if ipatti,41 ( 3

"the re"It
wite( 'Number of weaps in th pattetrs misi 12) ) 'x )
intMead( ipat[iol] ) I

until tUWgood( ipattill), 12, 1);

if ipatti,4] in t 11 2 1 theo wite( 'Cuaiste' ) else wite( 'Neapoa' ) I
writ*( ' fuze reliability I) )
realread( patti,93 ) I

until p•ok1k( patti,9) )I
pattliIll IM paitti,.9 ;
writelni.Wit

write( 'Eater the weapsm"s Crater Table late ) ' )
istread( ipati,31 ) I

.atiil ch•pg l( ipat(i,31, mp, I) ;
"#ad; (prvce•,ue patdat)

,I".
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procedure delpat ;
(This procedure deletes an attack pattern frm the pattern matrix. )
var i, ichc, j, jchc : integer

begin
if npatt = I

thn writeln( 'There are no patterns left to delete.' )
"else begin

repeat
"write( 'Enter pattern nmber to delete--) ' )

Mitread( ichc ) ;
until chkgood( ichc, npatt, I ) I
wirite( 'Are you SURE you want to delete pattern ',ichc,'?' I
query( jchct I);
clrscr
writel ;
if jchc = I

then begin
.patt := npatt -1
if ichc( npatt 4 1 then

for I := ichc to npatt do begin
for J r- I to 4 do lpattij] :,ipatli 4 1, ji

Sfor j i* I to 34 do pattti,J) :t pattli *, j] i;
eadI

writelo( 'Pattern ',ichc ' deleted.' )
"ed

telse w itea( 'Pattern ickc, 'NOT deleted.' I
end !

W.hitelm I
e.•d (procedure delpat)

procedre guided( i i integer) !
4 Ibis lrocere "lthet isvatlim 4w guided mwatics. )

va ickl, j I istewge
begin

q.ery( ick, 7);

WHOrit( 'EAt '
if IckC N I

* ~tba beil
Write( 'ptiml goidace R, -- ' )
.ralread( patt"ill )
Wite( 'Opti/al guidae D• i) M )

a,•lrea( pottli,21 ) I
wll(tet 1H ars , RE -) '; )
malreh•l patt~l,3] I
.ite( '•N iss ai -- ' ) ;
.lreai d( pattfi,1 )l
.rite( 'GPM error WEP .) ')IA".' sulread( patt~lt.3] )I

write( ',ross errori -) ');
' ' thr Ct p3tt5i,6J);
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for j I Ito 6 do patt~i~j] :pattti,j) 8 .675
end

else begin
write( 'Optimal guidance, range error sigma ~
realread( patt~i,1]
write( 'Optimal guidance, deflection error sigma ~
reilread( patt~i,2] ) ;
write( 'Near-miss, range error sign )
realreidC pattli,31)
Write( 'Near-miss, deflection error sip& )
realread( p...tli,4] )
writ#( 'Gross error, range error sigia )')
realread( pattti,51 )
write( 'Gross arror, deflection error sigma =)
realread( patt~i,61 );

end;
clrscr

repeat
write( 'Probability of optimal guidance ~
realread( patt~ii,]);

L until prokbck( pattli,71 I
repeat
write( 'Cumlative probability of near-miss guidance or better ~
realread( patt~lSJ )I
Hf ( pattli,S1 ( paitt~iMf ) or ( pattti,8) ) 1) thee begin
'wlttle( 'Cumulativo probability wit be eopal to or greater tlhuA

'the probability' )
Writtig( 'of optimal qviuae, ectered bu.)

Wittig( 'EAtter a valve betwem 'I patffi,710015 ' ad 1.' j
Writetig

"ed
vatil Cpattli,81 )v patttil?] ) Ui pattlits) (a i)

protce $si.sat;( i 2 16t4W )I
(Ibis Procedort smaally @steps a stick of WWaoS.)
var 46, Inego 14 M ~egw ;

bevis
Clescr I
Writtig I
Wittig( 'For sixi w"ao, eater its siVed (41-'o rape aid deflectiom '

Wittig( 'witibi ta* stick, efermeed to tie aivlap t.'

for Ii j t I to ipatUtiji do begis
jug9 :% 2 1 U 90

wi ite( 1Ipm ,14 raagp eaitcoS~ -o )
rardfpattli,jr*9 )
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write( 'Weapon ',I, deflection position )/)
realread( pattlilideil)
writeln;

end;
end ; procedure manstk

procedure atostk( i.. integer)
(This procedure calculates impact points for a stick of weapons.}
vap j, idef, i4mg, 1j, np : integer;

df, dt, fps, it, sstart, stick], tas, theta, wit P eal
begin
write( 'Enter true airspeed (knots )~
•tealread( tas);
fps := 1.6875 1 tas;
write( 'Enter dive angle in (degrees )=
realread( theta)

Atheta := theta I pi /181 1(convert dive an~gle to radians)
query( np, 5) o pt returned as I for single release, 2 for pairs)
np %= round( 1.25 + ipatli,1] / np );(calculate # pulses based on I wpns
if np) I

then begin
write( 'Enter intervalometer setting Cmilliseconds )=
realread( dt)
dt t= dt 1181S; convert dt to seconds)

end
else dt im I

write( 'Enter width of weapon stick (feet) ) )
rfalreid( it)
wit :a it / 2;
dfin f~ps I dt I cos( theta)

sstart i -6.5 1 stickl M d
H i ipattill) np ( dropping in singles 1

thin for UJ 1-3 1to ipitl1..ll do begin
4rng I=2 1 +9;
jdeI to 4mng 4 1
pattti,jmng) to istart + IU I df I
patt~ljdeil to wit
if 14 mnod 2 a then patt~lijdefI to pattti~idefl 1 -1;

cad
else begin (dropping in Pairs)

while I (a ipattilI do begin
pattli, 2 1 *71 to sitart #df I J/2 1
p~attti, 2 1 itO ] I=wit
patt(i, 2 1 j491 to sstart #di I j/ I

A ~patt(i 2K 1 * 1611: -11 wit I

ead IK 7 end ;(procedure atostk
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procedure descbu( i :integer)
(This procedure enters descriptive information fat CBU patterns. L
var al, aw vi, j real;¾

begin
clrscr;
writeln

-write( 'Enter the number of bomblets per CBUJ cannistep
intread( ipatti,21);
repeat
write( 'Bomblet fuze reliability '

realread( pattti,1SI)
until probchk( patt~i,18]
writeln( 'Describe COU bomblet distribution. Enter:
writein;
write( 'D-Aspenser ground coverage, full length (range )=
realread( al)
pattli,53 :2 a&1 2;
write( 'Dispenser ground coverage, full width (deflection) )')
realread( aw)

if lpat~i,43 > I
then begin

write( 'Void length (range ) )'
realread( V)

patt~l,71 i= vA 2 21
write( 'Void width (deflection) ')

patttivel I= W/2;
and

else begin

patt~il,7 I= IS

end;
end 1 (procedure descbu

procedure entpat( i i integer)
(This procedure enters a delivery pattern at ind.'% i in the pattern matrices.)
var ,J, opatt : integer I

begin

patt~l,12l ta I I

patdat( i ) I
if ipitti,41 ):a 3
then guided (i
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else begin
cirscr;

L writein
writeln( -Describe error distributions with range and deflection '

'errors probable.')
writein ;
writeln( 'Enter:')
writein ;
write( 'Delivery range error probable )
realread( patt~i,1] 1
write( 'Delivery deflection error probable ) )
realread( pattli,2]
write( 'Ballistic range error probable ) /)
realread patt~i,3]

L ~~write( 'Ballistic deflection error probable ) );
realread( pattEi,4]
for j I Ito 4 do pattli,j] :=pattli~j] /18.675
if ipattis1l )I then begin

query( opatt, 6)i
if opatt =I

then manstk( i
else atostk( i)

end
if ipatti,4] > I

then descbu( i)
else for j :5 to 8 do patttisil I2

end I
clrscr;
writtint

* ~end ; procedure entpat

procedure addpatI
(This procedure adds an attack pattern to the pattern matrix.)

begin
if npatt )z 12

then info( 6)
else beqin

apatt I= npatt + I;
entpat( npatt ) I

end I

- Iend I procedure addpat
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procedure newpat
(This procedure adds newly defined pattern data to a new or existing weapons
base. I

var i : integer -
begin

repeat
writeln( 'Enter the number of different weapon delivery patterns',

'to be entered' )
write( '( Maximm Im ) ' )12
intread( npatt ) ;

until chkgood( npatt, 12, 1);
for i := 1 to npatt do entpat( i )

en0 1 { procedure newpat "

procedure inspat
(This procedure inserts a now pattern into the pattern matrix at position
patpos. .
var i, j, patpos integer .

begin ::
clrscr
writein;
cast npatt o4

I :ddpat; I.-

writiln( 'The new pattern will be inserted at the position you '"

'specify, dispiaciag ' ) ;
writeln( 'prwious entries,' I ;
writeln ;
into( 8);
repeat

"write( 'New pattern to b inserted at position I a=) I
intread( patpos ) ; ..

wrlteltt I
ontil chk•kod( patpos, ,patt , 1 )1 j
if patpos 3 npitt 4 1then addpat

Ons begin
foi' 1 12 apa tt dwnto patpot do begin t ake rocs for insert)
for j i= I to 4 do ipatIP t1,j in tpatti,jl]
for J := I to 34 do pattli 4 IJI = pAttli,j] I

upatt in npatt 4 I 1
"entpat( patpos ) t

eald I 'oend I

12 in40o( A ,,

end; (caset) r
end; ( procedure inse•p
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"procedure oldpat
{ This procedure modifies the existing pattern base after the existing weapons
base has been modified. )
var i, ichc, j, p .integer;

begin
"writeln( 'This section adds and deletes attack patterns to/from the ',

'pattern matrix.' )
writeln ;
repeat

query( ichc, 3 )
case ichc of
I : delpat l
I : addpat ;
2 : inspat
3 : wpmatrix ;
4 pattmatrix ;

end; (case)
until ichc = 5;
backup = fname ( create a filenme equal to I

p := pos( 'Y',backup ) ; ( specified filenme except )

if p 0 6 then delete( backup, p, 4); (with a AAK filetype.
backup i: backup + '.K' ; ( i

assign( diskflle, backup I
(SI-) reset( diskfile) ; (010) ( see if old BAK file exists )

Uf loresult -I then erase ( diskfile ) ; { if yes, erase old A•X fle )
assign ( diskfile, fame ) O W f Mae original file )

rene( dtskflle, backup ) I ( origimal lile now av witb.h. nAA e )
:]'[]• crscr 1

Wttela I"-"'. iteln 1

wittln( 'lee original version of ', fme, ) is been saved in' )
writelaC 'a file named ( 'bakup ' I )I I

SAWitein I

ted I C piocedre oldpat
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procedure outdat
{ This procedure writes the weapons base to a new file with the name specified
by the user at program invocation. If the file specified was an existing file
named (filename).(filetype), the old version was saved with the name
(filename.BAK) by procedure oldpat.

var i, j, jr : integer
begin

in4o( ? )
assign( diskfile, nmue ) ; ( reassign new file to write as the
rewrite( diskfile ) ; ( original, user specified filename
writeln( diskfile, nhard:5, nhardp:51 nmpn:5 ) ;
for i I 1 to nhard do begin

for j ;= I to nwpn do write( disklile, crtabti,j,1l:9: ) ;"
writeln( diskfile )
for 4 := I to nwpn do write( diskfiles crtabiij,2]:9:1 ) ;
writeln( diskfile ) ;

end ;
writeln( diskfile, npatt,:5 ) ;
for i := I to npatt do begin

for I := 1 to 4 do write( diskfile, ipittijJ5
writeln( diskfile ) ; ;
for j := I to 8 do write( diskfile, pattti,jI:8l ) ;t
write( disk4ile, pattli , 9]:703, pitt[i,•10?%3 )
writeln( diskfile 1;
for j :2 I to ipatti,1] do begin

jr .:2 2 j + 9;
uritela( disfile, patttijrlS:1, pattli, Jr 4 11::1 ) ; L

* -, end;
end I
close( disWfWle ) ;
Writteln I
Witeln( k1he new file created is named ( ' 4fO ' ) );

ed; ( procedare outdat )

* begin
isit I
ln4o(I) ;I
14 ichc I

tbm begin

nm~pat ; .'"
ii ~end . :

else begit,
ol1 dpn I

oldpat ;
end ;

*. outdat 1..
rwiteln ;

""witelo( 'ENO OF PROGRAAN')
Witela ;

*: end.

3 .3
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{ ~FILE AMOR1S4VA 1S Feb 85

program aiansa

type strl4 =stringE14l

var diskfile : text

nasel, iame2, 4name, seed strl4 I

crit :array(I..112$1..21 of real
crtab array( I.. .1....611..21 of real •
pass :array(1..32,l..53 of real
patt :arrayl1..12,l..341 of real
tgt :arraytl..112,11.5] of realI

acft t arraylI..64,I..2] of integer
ipass, apt : array(L..32 I.S.21 of integer
ipat : arrayll..12..41 of integer .
itgt : arrayll..112,l,.31 of integer;
npx .arrayll..323 of integer

irepr lised, kac, lv, mxptch, nacft, narea, nbldg, acp, colt, nflag3,
ahar~, nhardp, Apasl, npatt, norwl atmop, nsampt, nsW, n,.gpsl ixWp

Sinteger

motw, zalpba Ireal

passifag W ooean;

( vadiable keyt
cr.ttit ,j - array with critical dlstanco (it)

i I target element number ( 112 max)
•.iti *Iin clear takeoff length (,,21 taxi only)

2 - *in clear takaoff~tail) width
crtablj,k] - crater tabulated data (it)

ptit surface type (hess CO2) (11 %l)
Im otype (6 sit)

'4-,.ki crater radii svbdlvided by surface type (ft)
I.- if soe tat crater siel4 bldg, hear miss six
-,2 if pavi: taxiway cryteri, 2 o bldg: dirert

kit size
error - thlel of statistical signtflcane ror analysis
fname - character variable for file names
hi n high value for integer ruge comparison
i'j - loop counters
lchc - choice flag
ipassltij) - supplementary mission data

itpass nuaer (32 max)
.eI - pattern number flo this pass

"S . ~ tl] -•ryvi rtcldszc s .lt "

.2 - next p ass . .o.l.t..) this 5 A/C wl fly

!],;,'~~~ ~~ ~~~ 4rz~oj "(i• i~ll illt



ipatlili - supplementary pattern data
it pattern number (12 sax)
is I - number of weapons delivered (12 max)

2 - number of sublunitions per weapon
3 - weapon code (crtab index number)
4 - pattern shape

I = general purpose boxmb
I = cbu vrectangular)
2 = cbu (elliptical)
3 = guided bomb

irepr - code for repair priorities
I = all tol strip in order of target number
I z easiest tol strip first, rest in order
2 = repair only the easiest tol strip
11 = all pavements in order of target number
,I = all approaches and easiest tol strip first,

I�followed by others in target order
12 all approaches and only the easiest tol strip

iseed - random number input number
itgttilj] - array with supplmentary target data

I i: target element number (112 max)
! : I - tpavement, Sbuilding P
2 - hardness code for target ( II max)
3 - belongs to target group number

ix d-day argument for procedure call option
Jchc - choice flag
jd,.jr - intermediate variables (deflection and range)

.i i. jdef - deflection counter (index in pattern matrix)
jrng - range counter (index in pattern matrix)

SI! kac - aircraft number performing current pass
Io - low value of integer range cumpariso.
Iv - number o0 taxi surface, (31-cp aX)
s - intermediate storage for nhud 0:--J
Iuptch -amber of runway patches available
a - intermediate storage for nhardp
nacI - naber of aircraft in mission
IIrea - flagi I a c€•pt tot dmage, I a don't copute.

* II bldq - number of buildings (lt2-ncp-lv max)
icp - nnWer of takeoff/landing capable surfaces (3 rax)
i~ lt - total number of targets (112 ux) S
Intag3 - I no effect, I a optimize Wonte carlo iterations (M42111)
Iubad - total hardness codes fto buildings plus surfaces (i1 max)
nhardp - hardness codes for surates (nhard sax)
Ipass - namber of attacks/passes os target (32 mox)
apatt - numer of patterns (12 tax)
pII w. - min taxi width required, 11 suppresses search for taxiways

Ip{il - target group of target being attacked this pass
is pass umber (32 max)

I I Iu - number of monte Carlo iterations
Iso pt - namb of muate carlo iterations between intermediate reports
Insr - crater input flag (4) square, 1) round)Itgps - nuamber of distinct target groups
oval - I'y argument for integer rage caparisons
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ovals - intermediate variable
owpn - number of different weapon types (6 mxax)
opt~isi1 optional second pass data

i : pass number (32 max)
j: I - IS first pass for this A/C

1 = second pass for this A/C
2 - A/C number flying this pass

passlisiJ mission data
it pass number (32 sax)
j: 1 - aiipoint x-coord (ft)

-2 -aimpoint y-coord (ft)
3-axis of attack (deg)

4 - probability A/C reaches target
3 - probability A/C survives to reattack

patt~isi] pattern data
i a pattern namber (12 max)
it I - aiming range error (ft)

2 - aiming deflection error (ft)
3 - ballistic range error (ft)
4 - ballistic deflection error (ft)
5 - Cbu half pattern length (ft)
6 - cbu half pattern width (ft)
7 - cbu half void length (ft)
8 - cbu half void width (ft)

- fzt reliability
If - bmblet reliability

rat -average number of attacks pW airplane (2.1 mau)
tgtti ,jl primary target data

it target elmnt nuMWe (512 "0x
j: I - x-coord (ft)

2 - y-coord (40)
3 - main axis (deg)

lit4 - lengtk (4t0
--width (ft)

wail - towtary Stoaew variable
* ~zalpba - standard normal statistic)

procedure roalroad var r Ireal
procodon- to road a real value with trfor checking,

begin
reea (1-tsidla( r )(114) until (iortsuilt I

#ad I proceWo realroad

procedure iotreadC vau i integer I
(procedw'n to read &an Integer Miue with error checking.

begih
repeat (01- teadln i ) ($541 until (icreivt 2 0

ead I procedure intread)

8 4 4
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procedure pause
{delays crt output until a key is pressed L

begin
m'ituln ;
wite( pr ess an y k eV to, co ati uc
repeat until keypressed;
clrscr I

end; procedure pause)

* )*

function chkgood( nal, hi, lo , integer boolean

this function returns false when sal is out of range
begin
if ( oval ( In or (nval hi)

then begin
* mwittln;

witeln 'Value oust be betmee ',Io,' and 'tbi
writein ;
chkpWo r-41t fa1

end

.4-q

else( phq . rue s y e to o ti );..+.
eped function heykessd ;-""

(.. .. . .. . . . . . . . .. ) '4+. +

function probchk( prob h real : boolean
( this function returns false len prob is oat of range I to I)
begin

if ( Iob ( I or probflI
the beginN

*ritelat

WMiteln( 'Ete a vaes beteN I ad 1o ' 1 ;.
witeln I

hprobk I* false I

els* chptolk t true I
ied j function proodhk

P , procedure quety( var itet! ) ; ,' 6
( this •tocedure, returns respsas, to a YeS-0 o question

"ichc sot to I for yus,i•a I for) oor) Mum
var us c Cha

betinl

Wipet readla( &as ) until (upcae( ans )in I 'Y','N* I )or Polo

,,, ~ ~~t~l~mln )
. 4r t l 4..- ,4

i, f itelor 't vpcUPC&"( a ) )
Ili"H iclt Z= 1
else ickc ta 1 1

ead; (procedt w quary)

8 4 5
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procedure processfile( var fn4ame : strI4; which : strl4 )
(initial processing of file name entered by user "

vLr dot, goodname , boolean
pj size, dotpos : integer .

begin
clrscr ;
writeln;
writeln( 'For the followiny entries, alhauible filenimes may contain only '

'capital letters' )
Writelu( 'and numln.rs. 1f you enter lower case ietters, they will be ',

'treated as if they' ) ;
. writeln( 'are upper case. Yhe fomt must be as 4ollows:' )

w i'teln ;
writeln( ' DOO(DO(X.XXX' ) ;-
wiitein j
writeln( ' where D; is in optional drive specifier,' )
writeln' X is a digit ( I-9 ) ora letter (A - Z,')
writeln( VOXIOQO(X is a filename I to 8 characters long, and' )

* - w'lteln( ' .)XT is in optional I to 3 character file type',
' C not OAK ).' )

W'itelo ;
witela( 'Examples of valid filenaMes! H•f I ! •1 )D. A 'M M "'.,

'BI 4Ap ) ; •-

•ii•'• witeln

witelk( 'If oa existing file you nse•d to use coataias c6tracters not ',

I.'ccptible with' )I
witelu( 'the above format, you 4ill ed to ABUOT tiis progriam by ',

'pressiag coatrol-C' )"
witili( 'ad t refamw the file to ake it ca atible.' )

* pauseI
etpeat*

goew V true '
dot is falsO
repeat

wit#16
wit#( 'Eptir nam for the ',which, ' File ~
readlnC fawe
Wite i ;
for p := I to 14 do fawlp) W is se( ftalpl ) I
repetat ( delete blaks fra )

p I: pos( ' A fme) I( fileag,
if p 0IS thea del~te( fame, p, I )

.util p V I
until Iale 0 *# ( trap for carriae returahblana filefae)
-otpas := prcs( '.', fam w ; ( filetype cam only be 3 chracters lIo.g
if dotpos I 1 then delete( fame, dotpos 4 4, 14)
size - leagtbh fnme);
p := post law

. 4 - 6
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i'-',if (p=2)

then begib

if ( not ( dotpos in E I, 4..11
•., or

(riot (n tli -.ZS"-•-,( hot f~aetLI in C "•A'o.'Z' I ) )

or
(size (3)

((dotpos=I) and( size) 11))
then

goodnae in false

if goodane then for p ; tB size do begin
if not ( fnetpl. in E 'S'..'9', 'A'..'Z'l 9.Y I )

then goodnaw := false
if dot aid ( fame~p] '.' ) then goodnuae = false
if fnmiip] Y . then dot v, true I

end;
k els begin

if ( not ( dotpos in 1 11 2..? 3))
or

( size ( )
•',- or

( dtpos a I ) ad (size )8))

.oodom i false I

if gculamw the for p i= I to length( fnum ) do begin
if not ( fimlpl in 1 '1'..'19', 'A'..'Z' '.' 3 )

the Poatnm :2 false a
if dot and ( fWa p] a '.' ) then goodnue in false I
if f4mepip] Y ' then dot in true 1

end ;
vad;

""• pos( '.OAK', fonw ) ()1 then begin
gooam ne fainse
writelm( 'You may not enter a Mlenute with the 4iletype '.OAK' )
witell I
wrtteln( 'To use the backup IIAK file, renlme it before executiog ',

'this propsn.' )I
writela ;

end I

"w-iteln ;
i•f goodnam

t"en begin
"Wite( 'Confim the correct filename is ( 'f fmie, ' ) ?' )
query( p ) I
if p 1 0" goodom : false

end

B-4-7
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else begin
w•rteln( 'Invalid filenme ( ',fnnae, Y )' )
writeln ;
writel•n( 'Please try again, or press control-C to ABORT this ',

end ', •program., ) ;'[2•' end

until good, me ;
end ; ( procedure processfile )

function filexists( amie i strl4 ) • boolein
(Checks to see if file fnain exists on disk. Returns true if it does. I

var exists : booleanf
begin

assign( diskfile, fnme )
($I-) reset( diskfile ) ; M$1+ this checks if the file exists)
exists := ioreslt = I
if not exists then begin

writeln( 'File ( ', fame, ) does not exist. Be sure to specify the '

'correct drive " )
writeln( 'and the correct file name.' )
writeln ;.

* •i:writein( ' To ABORT this progrm, press control-C.' )
"pause ;

end ;
filexists I= exists 1

end 1 ' function filexists I

"procedure info( ix : integer
( This procedure declutters the mein progra by placing son. text in a

central location. I
begin

case ix of

I I begin
*.". clrscr ;

witein ,
• writein(' <(( AAPHSN )))') j

witeln t
writeln
wirteln( 'This progrm uses predefined target and weapons/pattern ',

'files to generate the' ) j
'witeln I
I-'w.�iteln( 'input Wle for the auin progrm in this series -- AAI4O, ',

'First, you will be'
.riteln I
WHOMiteln( prompted for the nnes of the 2 files this progra needs ',

'to read. Next, you I
""* riteln I

.riteln( 'must select the nm for the file this program i;. ',

'generate. Then you• ill' )
'. . miteln I

','- 8-4-8
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writeln( 'select various combinations of the input files to build ',

'your mission package.'
writein;
writeln( 'This program will accept those inputs and produce the ',

"input file formatted')
writeln;

Swriteln( 'properly for input to AIAtOD.'
"Writel-n
pause I

end ;

2 : begin
clrscr ;
writeln ;
writeln( 'Crater table format is:' ) ;
writeln ;
writeln( 'target MM I wpn 2 wpn 3 ... ' ) ;
writeln( 'hardness' )
writeln( ' I crater sizel crater sizel crater sizet...' )

.. writeln( ' I crater size2 crater size2 crater size2..,' )
N Writeln(' 2 , ,') ;
*-' :•writeln(' 2 , ,') ;

'.. riteln( ' 3 , ,' ) ;
"writeln( '
writeln(

writela( 'Crater sizel is the size for the wepoa against IOL '"": ~~'surfaces if the lhardness')

W'itela( 'code is for pa-ments, or nRe miss crater size ',

• .t ln( 'for buildings, Crater size2' )
".ritela( 'is the size for the weapon i9tinst taxiways ',

'if the hardness code is for'
writeln( 'pavtmnts# or direct hits against buildings.' )
U'ritelft I

, Paus"
. wltelt ;

"ed;

3 1 begin
, €clrscr

* ~wrlteln
w.iteln( 'Partial recapt confim the following are correct, If '•

'there are errors,'
Writeln( 'you may reter the information again.' )
writ*1o

end;
* 4 9
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4: begin
writeln( 'The flag to suppress execution of AAttOD routine '

'GJLAP is set, normally'
writeln( 'indicating at least one pavement wider than 899. This '

'routine searches for')
writeln( 'overlapping areas of craters, and would take excessive '

'execution time for')
writeln( 'the large width targets. Note that the search is '

'suppressed f or AU. targets' )
writeln( 'with this flag set. However, you may choose to override '

'this flag and force'
writeln( 'AARiGD to execute routine WMAP.' )
writeln 1

end;

5: begin
writelnt( 'The flag to suppress execution of AMiOD routine OW.A '

'is not set, normally'.,*
writeln( 'indicating no targets wider than 899. This routine ',

"Searches for overlapping'
writeln( 'artas a-f craters and takes additional execution time, '

'especially for larger'
-.. writeln( 'width targets. You may choose to override this flag '

'and lorce AMlO to')
wpiteln( -'suppress execution of routine OJLAP, thus saving '

'execution time. Note that')
writeln( 'the search will be suppressed for AL.L targets if you '

,~tl choose to set this flag.')
writtla

end;

end; (case)

end ;(procedure info)

p -xqdvre tgtbatrix
(peint target matrix data)
var IJ:integer;

begin
clrscr I
for i is I to nut do begin

if i mod 11 I thin begin
writell
WHiOMn 'TOT X Y AXIS TOT M~D,

' TOT CRIT D)ISTANCES')
vritela( J COWR C0029 (N~O) LOGTO WIDTH TYPE CODE',

GORMP LI.It3T WIDTH'
writela( -- - -- - - - - -

end;
write( 1:3);
for j to I to 5 dco wit*( tgtM,Jb1a1 I
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•" if itgt~ij1l I

then write( ' BLDG' )
else if critti,i] ( I

" .. " then write( / ThY' )
"else write( / T:IL' ) ;

• r ife( itgt~i,2]:5, itqt'&i,3);6 )

if itgtji,1] = I then %ite( critEi,1]:11:1, crit[i,2):9:1 )
writeln

if i mod t= I then pause;
end;
if i mod It0) 1 then pause;

Wi ; (procedure tgtmtrix )

procedure wpnmtrix { display weapons matrix on screen )
var i, J a integer;

Ns9 : strinO§221 ;

procedure writeheader t ( header for weapons matrix )' "" begin,

write( 'Weapon # Vs . ');
• . forj= 2 to wp do•wite(' )
" " writeln ;"'," •~~~riteln( ------ !..... -- -.. . . . . . . . . . . . . . . .--

end I ( procedure writeheader )

*."*. "begin ( i.pnmatrix)
"info( 2); if chard) 8

thenuat a"' PRESS A KEY
else mso ' 'i

writoeeader ;
writelm( 'Hardness Radius of Circular Crater' )
writeln( ' Code . !' ) ]

.for i in I to nhard do beginw"• ite( msgE ( 2 1 )- 1 1,' ,It 12,1 1 k !I)

for j i= I to ap do writeo 2.0 .1rwt( pi ) I crt4 i,J,111:91 )1
write]n I:'.:,•:writ@( ate( 2 1 1 )1,' 02 !1

for J in I to up do wite( 2,/ sqpt( pi) crtab~ilJ23iati ) ;
writeln I
if i 9 then repeat until keypresd I

'" ".en6 I

wrlteln(------------- .....

if 1 )8 then writeheade,
"pause I

I.' end; ( procedure wpatrlx I

8-411
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va.. a'I II6% iI

"procedure pattmiatrix ; (Display the pattern matrix on screen.
var i j: integer; .

begin
for i t= I to npatt do begin Is

"writeln ;
write( 'Pattern I'V, i, his', ipatii 1•'' ) ;

case ipattil4] of
* L."

f i begin
write( 'general purpose bb' )
if ipatUill 0 I then write( 's' ) ;

end;

I W write( 'CBM ( rectangular footprint ) with ', ipatti,23, K
a,'•I ' sub-munitions each' I ;

2 write( 'CIM ( elliptical footprint ) with ', lpit(i,21,
'sub--,untioas each' I;

3 1 begin
'.\ uWite( 'guided ub' )l

if ipat[l,3l 0 1 then Write( 's' i
end;I

d Iten( caw )

-witln( 'Crater Table Indexi J 1 ', ipatti,31, , NOTEM Error 'I
'values shm beolw a' REP ad DE'.' I

a". tritein t ,

if ipatti,4) 2
tkhe Wite( ' Optimal Optimal Neaeisits

a'.'. 'NeaeHis ')
"". else write( I Delivery Delivery Ballistic '

,'... '9lallistic )|
:if lpatti,43 in ( 11 2 )

then Waiteln( Cannister
* ese Witelh( ' Ifapoe.'

w.iteln( 'R&aqe Error Oeflection Error Ruge Error ',

* .,'Deflection Erpor Reliability' ,

a" ..... ... . ....... .
a' Wlitt( 1.675 1 pattli,1170 )
Sfor I :o 2 to 4 do write( 1.675 1 pittli,J)•:sIt ) I

•.'i riteln( pattlt,glai7:3 ) ;
o...• Witela I

"i ipatli,4) in (I , 2 thON begin

writtel( ' Footprint Footprint Void
'Void 8mblet' ) ;w'itelm( ' Length Width Length

a"'Width Reliability' )I

8- 4- 12
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_... . .j. - - ---

7.- ---- -------

write( 2 1 pattti,5h8:8, 2 1 pattti,61:18:8
if ipatli,41 =I
then write(' WA W/A'
else' write( 2 1 pattli,71:16:S, 2 1 patt~i,83:16:6 )j

'i'.writeln( pat.. .... .7:

end;
if ipatli,4] = 3 then begin
writeln( 'Bross Error Fross Error Probability of

'Cumulative Probability of'
writeln( 'Range Error Deflection Error Optimal Gidance

'Near-Hiss or better')
writeln( ' ------- ---- -------------- -

writeln( 0.675 1 patt[i,51:8, 6,0675 1 pattli,6:16 .8,
I i pattlil?3:22:3, pattti,81:24:3

end;
if ipatti,J] = I then begin

writein o
writein ;
wrt.ln( 'Stick Impact Point Data; Distance from min impact

'point. )

writeln
wit@('NWeapon r 1r )
fo Jriteln( to . patt.l . .. .write( ji..

S ' .. ........ 1....,)
w~lte~n[-2', ur~~~~~~~iteln( I.7 ati]e$ 86•tNti6:S8

write('
for j Ip 2 to i l piti 11 do wrei te(
writeln ;
write( ' Rage'

.. for J ta I to ipatt1,11 do wilt*( patt i:, 2 1 j 9 W6:6

Witt(in S

,.- ~~~~~~~writei( 'fSet);(IpatPitDt (isne r enipt'

fop'~; I tolipatti,l3 do wite( pattl 1, 21 j 1610:6:
urittln ;

#ad;

end I
"e.d I ( procedure patthat)i t 6

procedure passiaofo i i integer I; (write pass information
begin

writeln I
w.itel( 'Pass n ... 'Ii,' of ' pass, I total- flo by A/C number

i,'oprteln ,) It

Sv•'~itein;":

4 44 ( ; Ittpttl ow.i r(pt(i2 I 11=1)t.i z

,. ead procedure passinfo

4 1,

.,'.ot.,2 '4 ) ;.,

4,. . 4-d.. . . . . . . ed 4 .e pa soo 4,

S4 ** * . .."4 ¶ * 4 . . . . . . ..4 - 134. . 4 4 4 ~ ~



a.' -.

M77 -7 - -.--- 2.-ý-%-7-; ý.-...--

procedure passplan ; { display aircraft and pass sequence -
var is i, k : integer;I

procedure none( n : integer ) ;
vir a : integer;

begin
for a :: I to 2 do if acft[n,m] -1

then write(' none')
else Write( acittn,aI:12 ' ' ).

end {procedure none "

begin ( passplan "
write( 'AIRCRAFT 1ST PASS 32D PASS' )
if nicit ) 16 then write(' AIRCRAFT ST PASS 2•D PASS' )
witeln ;
Write( ' I . . . . .. ' ) ; --
if nacft ) 16 then Wite(' - - --- ' )
writeln ;
for i := I to nacft do begin

for j :- I to 2 do acft[isji : -1 4,
for J t= 1 to npass do
if optQ121 2= then
if acftlill =-I'

then acft[,Il )= ,i
else if acfttiil ( ..

then ACOUi,21 to -

else beginaclt[i,21 im WIIt[~] I •"
1cft~ijl]:: ta "

etod I ,

end I
for iI=a I to 16 do
if i (a macft then begin

Wuite( 1, ' ) !5,
nane( I ;a.'
k to 1 16-
if k (v nacft the begin
wite( k:17, ' '' I -
none( k

cud;
ttiteln ;

end 4...-.

end; (procedue passplan"

1V

4 -414



zf. -V M77

procedure review ; { see if user wants to review dati.base matrices I
var ichc : integer ;

-. begin
.• "writeln

write( 'Woul d you like to review the target matrix?'
-* query( ichc ) ;

if ichc = I then tgtmatrix I
writeln ;
write( 'Would you like to review the weapons matrix?' I ;
query( ichc ) ;
if ichc = I then wpMatrix 1

- f •writeln ;
write( 'Would you like to review the pattern matrix?' j
query( ichc
clrscr ;
if ichc = I then pattmatrix
if passflag then begin

*.. writeln ;
write( 'Mould you like to review the flight line-up by aircraft ',

'number?');

query( ichc ) I
"-'•' clrscr ;

if ichc I then begin
"writeln ;
puisplan I
pause;

end I
end;I

end; (procedure review)

procedue init I
(This procedure loads in pre-exisiting target ad weapo/pattern files. )

"vau abortiag, goodfile i boleva I
i, lchC, J,, at a Intege

* ~" ft begin f.

abortaso to false;1
repeat procossfile( fnmel, 'Target' ) until filexlsts( fnwael )
rWat processflle( fnua2, Weapon/Patterm' ) until 41lexists( f4me2 ) ;•• repeat

-ft.wprocessflle( fname3, 'Ne Output' )
assign( diskflle, fnaue3 )
O(H-) ruset( diskfile ) ( C$14 se i file already exists )
goodfile i' ioresult 0 ( want the file not to exist )
1i not goodfil. then begin

-t., . write( 'File ( ', fnue3, a ) already exists. Erase?' )
query( ichc ) ;
if ichc = I then beg•n

4.'t write( 'Are you SLU you want to etrau file ',fae,3,') ?'I Y

Uqutry( lchc ) I;
goodflile I= ichc S 0
0f goodfile then erase( diskfile )

B -4- 15
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end ;
end

until goodfile
writein
writeln( 'READI) N6 NP UT FI LES. S ') ;
writeln ;
"assign( diskfile, iname ) ; (read in target Mile)
reset( diskfile ) ;

L read( diskfile, nelt, ntgps, nppcw r ) ;
for i : I to nelt do begin

for r-: I to 5 do read( diskfile, tgtEii] )
for j :I to 3 do read( diskfile, itgtti,j] ) ;
if it9t[i,l) = I then read( disklile, critti,l), critUi,21 )

end;
read( diskfile, ncp, lv ) I
read( diskfile, nhird, nhardp ) ;
"read( disk~ile, axptch, irepr ) I
close( diskfile)
"assign( dlskflle, fnne2 ) I ( read in weapon/pattern file )
reset( diskfile ) ;
read( diskfile, a, nj impn )-
if a 0 nhird then begin

write( 'Discrepancy in the total nowber of hardness levels. You 0.
'defined ', nhard,' level' )

if nhard 0 1 then wite( 's')
* ~widP1$anR I for.' '

"write( 'targets, but crater sizes in terms of 'a 'level
if a 0 1 then write( Is' ) "

writeln ;
ibortueg im true ;
nhard ,= m ;

end 1
if n 0 nhardp then begio.

* "write( 'Discrepancy tn pavement hardness levels. You defined ', nhardp,
i'.- 'lweve' )

if nhardp 0 I then wite( 's' )
witeln( ' for'
wite( 'pavements, but pavement crater sizes in terms of 'I n,' level' )
if n 0 I then •'ite( 'S'
writeln( ',' )
witeln ;
a..rtaso to true
-hudp := a I

end 1
for I :t I to nhard do begin

for J vt I to mp do read( dlskfile, crtabiiIJ,1l )
for JI Ito mmp do read( diskfile, crtabliJ,21 )

end I
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. read( diskfile, npatt )
for i := I to npatt do begin

for j := I to 4 do read( diskfile, ipatti,j] )
for j :I to If do read( diskfile, pattlij] ) ,
for j : i1 to 2 1 ipatti,I] + 18 do read( diskfile, pattfij] )

"end;
close( diskfile )
if abortms; then begin

witeln( 'You may have to correct before proceeding. To ABORT, press '-

•,, ~~'control-C,' ) ;":
pause;

end;
"end; (procedure init -

procedure mission
{ This procedure collects input options. .

"var badval, goodval : boolean
correct, i, ichc j, nac, p : integer -
"rat: real ;

F ~begin
writeln ;

,.- passflag := false ; ( suppress pass review info "
reviqw;
writeln ;
writeln( 'Now you will build the mission package which AMS will use ',

'to generate the'
writeln( 'AAI0 input file.' )
writeln;

bda ta false ::

repeatS~~wrlteln i '-

if narea I
then info( 4)
"else info( 5);

w.•lte( 'Do you want to change this flag?' )
"query( ichc ) t
clrscr I
"If ichc= I then repeat

;...,• ~nirea :Is-1 t ,,,.
::.'. wniteln ; ,

w'iteln( 'Options for setting the 0" flag' I,
wniteln ;I
"writeln( ' I: Enable execution of routine OVLAP.' )
wniteln( ' I: Suppress execution of routine IVLAP.' )
wnite( 'Enter choice =) ' )
lntread( narea ) ;

:,'. €~lnscr .'
"until narea in C..I I
Lwiteln -

8-4- 17
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i .

write( 'Do you want to specify your own randca number seed?')
query( icbc ) ;
if ichc =

then repeat
write( 'Enter seed )/
readln( seed)
repeat (delete leading blanks frat seed
p -.= pas( ' ,seed

if p 1 then delete( seed, p, I
until p 01;
repeat (delete trailing blanks froi seed
p :=pos( ' ,seed)

if p0 6 then delete( seed, p, I)
until p =6
write( 'Confirm seed ',seed)

query( ichc
until ichc = I s

else seed := '987654567'
writeln
write( 'Enter the desired total number of Monte Carlo soeples ) I

F 1sa :=~ 1246; default)
intread( ftsap )
wrlteln
writeln( 'Enter the desired interval between intermediate reports for '

'MfilOD output.'
*write( '( Enter '21' for a report wvry 21 Monte Carlo iterations. )',

nsapt im211; (default)
intread( nsapt
writelnI
049a3 im I;
if siamp ) 201 then begin

write( 'Do you want MRIU to optimize its sampling procedures?')
query( ichc )I
if ichc I then nfli93 i- 1
writele

ead;
clrscr I
writeln
repeat

witteln( 'What is the desired level of sigiificanct for this analysis ?V )I
w~it@( '( I - confidence level )')
error to 0.15 1 default)
realread( error)

until probchk( error
&uriteln I
w'iteln( 'What it the IZO or Standard Nomtl test statistic for your '

wlitelft( 'significaace ? Typical valuesi' I%
wrlteln j -
writeln( C oof idence Lweye 1.91 6.m 1.975 6.99 '

1.395 1.999' 1
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4,,"

writeln( ' Significance: 8.18 8,85 8.825 8.81 ',

". 8.885 8.881'
writeln( ' Z vai'•i 1.282 1.445 1,968 2.326 ',

'2.576 3.898' )
writeln

4. *.. write( 'Enter test statistic -) )
"4•... zalpha := 1.645 ; { default ,

realread( zalpha )
info( );
vrite( 'AAFtOD will ' )
if naea = I

" . then write( 'suppress
else write( 'enable '

writeln( 'execution of routine OVLAP' )
uriteln ;
writeln( 'Seed: ', seed, ' (Default 9876545U7 )' )
writeln
writeln( 'Number of Monte Carlo samples a ', nsmp )"

"writeln ;
if nsuap ) 268 then begin" •~rite( IAPMOI) will IFrt(•F wi. if nfla93 = I then write( 'not ' )

writein( 'optimize its sampling procedures.' )
"writeln -

* ~end;
- . writeln( 'Report interval ' nsapt ) I

writeln
writeln( 'Level of significance = ', error:3:4 ) ;
wruiten ;
,riteln( 'Standard Noml test statistic z ' zalpazW34 )I

Wrlteln
write( 'Are the above correct?' ) ,..'

qaery( correct ) 1
cirstr I .-

i • jwrteln ;,.
•'. itH correct, a then beg}in.,

,ritoln( 'Reenter the following ' )I

"44 �writeln IRent.

end
until correct I I,
repeat

b~oval 12 falseI
w.iteln( 'Enter the follwings' ) I
npass :2 -1 ;

*: repeat
writeln
write( 'Number o4 passes over the target cmplex ( max 32) =) ' )
intread( npass ) I

until chkgDod( npass, 32, 1)

"- ~8- 4- '
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nac :
repeat

writeln( 'Each aircraft may reattack one time.'
writeln ;..-
write( 'Number of aircraft participating in the attack )')
intread( nac);

if-nac (I (trap for I or negative acft
then rat t= 3
else rat - npass / Rac
if rat ) 2 then writeloC 'Insufficient A/C to accomplish attack.')

until (rat (= 2 ) and chkgood( Rat, npass, ( pass 4 1) div 2)
kat := 1 ( aircraft count14
for i := I to npass do begin {initialize arrays)

for j := I to 4 do passli,j) := II
passli,51 i= 1;1 (rPeattack probability)
for j := I to 2 do begin -

opt(iti1 := 0;1
ipassitilj I= I

en d
end;
passiflag :M true I enable review of pass ino

repeat (i loop)
cirscr I
writelo ;
Witt( 'Pass Roabot 0,i, of apass, 'total;

if optUi11) = I then begin ( 1st pas% for acft
p ta II ( P will count # 0f passes lot yet assioned to ACRtI. .

for j t= I to apass do if opt(U,21 I then p :t P * 1
if ( aac- kit) 12 p thinbegin nuoteo4wq ig ct)

badvat 1-1 true

writuin

writoln( 19 R RD R iI ASUfficiee 4i4:raft available.' ;
writeln I

* wlt.o)a( 'TotAl number of aircraft fow this vission '

wititla( 'Current cumbor of airtraft assigned to '

"passe kuta
writenin;
WHOMla ' Ikbtr of passes without aircraft issigaed

p) I
W ittlo( 'Nabtw of aircraft available for unassigned ~

'passes ' aic - kar

aoWle( 'To correct this error condition, you will have to ',

re-enter ill pass data.')
iwitela( 'You may ABORT the program by pressing cobtrol-C.')

titelo ;

44
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"."ite( 'Would you like to review the flight line-up by aircraft ',

query( ichc )
clrscr t
if ichc I then begin
writeln ;
writeln( 'Flight line-up that caused the error condition: )'
writeln;
paissplan;
pause;

:..-.end';

writeln ;
end;
"kac kac + 1I (need new acft I

end ;
if not badval then begin { continue loop )

repeat
if optfi,1] = I then optli,21 kac l { assign acft to this pass )
writelM( 'flown by A/C number ', opt~i,21, ':' )
writeln
reviw;
pussinfo( i);
write( 'Enter element number of primary target - )
"intread( npx[i] )
-iteln ;
wpite( 'Preplanned aimpoint -- x-coord ) ' )
realread( pass~i,11 ) ;
'witein ;

wr'ite( 'Preplanned aimpoint -- y-coord ~
realrezd( passai 21 ) I
writtln
wte#( 'Attack direction ( referenced CC4 from 4x-axis ) j) ' )
realread( passti,31 ) ;
repeat

writeln;
writein( 'Next you must enter Ithe attack pattern t frcip the",

'pattern matrix ) this'
write( 'aircraft will fly. Do you want to review the pattern ',

'matrix?' r
qilery( ichc ) I
clrscr ;
if ichc a 6 then pattmatrix I
passinfo( i ) ;
write( 'Attack pattern code fim pattern matrix "> ' i
intread( ipassli,1] ) ;
if ( ipass[ll] ) npatt ) or ( ipass(i,l] (z S then begin

writeln( 'Undefined pattern. If irreconciliable at this point ',

'you must ter-in'te' l
writeln( 'and define the pattern with AIP L. For the ',

'weapons file currently in' I
w'iteln( "use ( ', fname2, ' I, total number of defined patterns ',

':' pitt, Y,

writela

8 4 -21
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writeln( 'To ABORT program, press control-C,'
end

until chkgood( ipissti,1I, npatt, 1);
inio( 3);
ps•sinfo( i ) ;

,* " writeln( 'Element number of primary target = ', npxti] )
Writeln ;
writeln( 'Preplanned aimpoint -- x-coord ', pass~i,1]:3:1 ) ;
writeln ;
writuln( 'Preplanned aimpoint -- y-coord = ' pass[i,23;3:l ) ;
.'iteln ;
writeln( 'Attack direction ( referenced CC1W from 4x-axis ) =

passti,31]3:1 ) ;
writeln ;
writeln( 'Attack pattern code from pattern matrix

ipassti,1 ) ;
"writein ;
"Writeln
write( 'Is this iormoation correct ?I ) ;
query( correct )
clrscr ;
if correct I then begin

writeln ;
write( 'Reenter pass number ', is ' of Is npass, ' total; l ) ;

end i
until correct = I
if opttEiI] a I

then begin
-passi,41 := -1 ;
repeat

passinfo( i ) ;
wrlttln( 'Enter the probability that the aircraft survives ',

-'nroute attrition and' )
write( 'begins its first pass. ') ' ) t

* •realread( pass~i,41 ) ;
until probchk( pAss(i,41
goodvil I= true
if i ( npass
then repeat

-•, clrscr -

"" witen ;I
if goodval

thin begin
writeln( '1f this aiercaft will fly a second pass, ',

'enter which o4 th, rmaining passes' ) I
WritelW ( out of ', opiss, ' total ) it will fly. ',

'Enter I for no wood pass.' ) I
end

.4. else writela( 'Pass '5 ipass(i,2i, ' is not available.'
Witeln ;
passplan I
Witelt ;
wit*( 'Second pass will be number =) ' )

B - 4 - 22

... A

4.' * ... ', .. 4 \ * t * 4* .. * '*L '. . .



K LL I •
7 -........

intread( ipasshi,2] ) ;
clrscr ;
goodval := (ipassli,2] (= npass ) and ( ipassli,2] )= ) ;.
"-if goodvl and ( ipass[i,2] 0 1 ) (array subscript in range)

"then if opt[ ipassli,21,2 ) 6)
then goodval := false

until 9oodval
else ipas5[i,2I = 6;

if ipissti,2) ) 6 then begin{ for next pass info: 3
'~pIssti,5] := -!

repeat
writeln ;
writeln( 'Enter the probability that the aircraft survives ',

'target area attrition and'
write( 'begins its second pass. ) ' )
realread( piss~i,5] ) ;

"until probchk( passfi,51 )
.opt ipass[i,21,1 I : 1; { second pass flag I
opt( ipassli,21,2 I :t ic ; ( assign acft to second pass 3

end;
end

else begin ( current pass is acft's second pass
pass[i,41 I ; probability of enroute attrition: W/A V

ipassti,2] = S ; ( can't have a third pass )
passi,51 := I; { probability of survival to reattack: t/A W

end;
i I=i + ; {passcounter 3ead I

"until ( i ) npass )or WbIdva ( loop terminates normally at npass Ii)
until not badval ; ( loop in case of discrepancy in number of A/C 3

end ; ( procedure mission )

- 23
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A procedure outdat
{This procedure writer, the input file for AM~tO.

begin

A ~~clrscr; A

writeln
writeint

V writeln( 'Now you are ready to run the main program -- MPOD. '

V ~'Remumber the file"
-writeln( 'one sonbelow, as you will need to enter it when prompted !,y '

writein
writein;
writeln
writeln( 'Writing ~AAROD input file to disk filet < 'I fname3l Y'
assign( diskfilie, fname3)
rewrite( diskifle)
writeln( diskfile, 5eed~iU
writflp( diskfile, nsimpi5$ nsaupt,5)
W iteMn diskfile, oflagM:, arror:d:21 zalpl~iaiM
writeln( dlsk~ile, nelt!51 ntgps15, nppew:51 narei-:5)
for i -- I to nelt do begin

for j in I to 5 do Write( dlskfile, tgttisilifil
for j t= Ito 3 do writs( diskfile, itgtUtJ1:5 I

if itgttil11 = I then writelo( dis~filst crtt~i,I3:9it, critUi,23.9:il
end;

fop it inIto npatt do begin
for J in I to 4 do write( diskfilt, ip~ttijl:5 ) ;
writeln( diskfile) v

-A.for j im I to 8 do iwit#( diskfiles pattEIIJltOI I

fa?, j :z I to ipattiI] do begin
LA*Jr in 2 X J 9;

-4~Writal!A( dzskflle, Patt~lJr):B41, pattli, jr 114I8:1
end;I

end;I
writelo( diskfile, nhadtJ5f nwpaa5)
fop i :u~ I to obud do begin
foj' j to I to W~ do writt( disti4l~e, Crtwbilj#I3:7i1 )
iWHOMl diskflle )
fori' it: I to wup do whlt,( diskfib, ctalitild,2I:?: )

* writolo( diskfile )I
end;I
writeht( diskfie# axptcht5# irprs5, 4pass:5 I
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for i :~I to npiss do begin
for j: to 3 do write( diskfile, passfi,jl:?:I ) ;
hen j 4 to 5 do write( diskfile, passfi,j1:8:3 ) ;

end;
close( diskiile);
writein;
writein;
writein;
end i (procedure outdat

M A IN P ROG6R A M

begin

' info( I)

outdat
writeln('E N D O F PROGRAM")

e~'.4
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APPENDIX C

FORTRAN LISTING FOR THE ATTACK ASSESSMENT PROGRAM-MODIFIED

This appendix provides the sour-ce code listing for the FORTRAN V

version of the Attack Assessment Program-MODIFIED (AAPMOD). The

program, as shown, was written for the Control Data Corporation (CDC)

6606 CYBER.

6 it

b6'6.

'.4.
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X LAST UPDATE 3V1580 JAN 85 FILE-*MIN.?AFMOD I

PROGRAM AAPMOD

* ~AIRFIELD ATTACK( PROGR1 *

"--SED AT EGLIN APR, FL, AND 58-6S CONTRACTOR LOCATIONS. L

I DEV.ELOPED AT OKLAHOM'A STATE UNIVERSITY, x

I GROUP FOR MU17ITINS EFFECTIVEN~ESS.
I MODIFIED DY CAPTAIN ROBERT N. MIGLIN TO PROVIDE INTERACTIVE I
I CAPABILITY FOR TACTICS ASSESSMENT.
I FURTHER UPDATES BY MAJOR DAVID A. ROODHOUSE AN~D CAPTAIN T.K. GREEN I

1--NON-ANSI. * NSImI REQUIRED FOR CDC 6684. 1

CHARACTER RWIE16,ENAIE216
INTEGER NPX(32)

2 AMIN(3) ,6PHTAC( 15) ISIGARP(3),
3 APR(3) 16PHTS( 15) . SIGASP(3),
4 APPMIN(3) ,LNHITS(112) ,NSAMPI IsscRT(3)
5 AREP(3) ,ICPAT(4) IPASS(1i32,6) ,SI6CTS(27),
4ASTP(3) tICUT(413) IPATT( 13,34) *SI6FIL(27)l
7COUNT1R( 112) ,IIIIT(3) I RAPF( 112) ISI6IfTS0 12),1
8 CRIT(112,2) IIPASS(32,2) ,RCUT(112) 131 GNF( 112),
9 CRTAB(I1,612) ,IPAY(12,4) ,RHIT(112) ,SMINAW,
& DECAR( 112) ,IPCUT(3) IAPR(4) ,SNPFL(3),
I STR(3) ISAPRAW4 $767(11215),
2 DWROU) lJPL(41) ISAVE(8U3,3) ,XC(3),
3 6POAC0 5) ,ISwJ(8l) gSGAPR(4) syc(3),
4 GPA~M(15) ,ITGT(ll2t3) ,SGAPPA(4),

'15 GPAOMS( 15) ,12CUT (4) ,SMfT(4),
6 GNUR ( 15) ,kU(3) ,SGNINA(4)

* . CWWRAY2/S4UARl(9IO) jCW~i

OQOQAISW21UELT ,NTGPS ,NCP,CAP9IIAO4,tRAM

* COIIOV~M JOWWFLAGI tNFLA82 ,tNX,NSMtPR ALPH,ERROR,PNLA$3
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*-----INPUfl/INJT!ALIZE

*TNOPI=6.283185387 18

PGJ1IWO.81745329252 h

PRINTX,'WIE OF INPUT FILE=)
L ~READ 9119RWIE

OPENOJINIT:12 ,FILE=FRWE STATUS-'OLD')
REWIND 12
PRINTII'NAME OF OUTPUT FILE=)
READ 911IRMiE2
OPEN(IMIT: 13 ,FILE:RWIME2s,$TATLLS-'NEW')

11 READ(12,991)ISEED
CALL RMISLISEED)

READ(1211)NW~PINWlPT
READ( MI)NFLAS3,ERPORZALPH

1----READ TARGET DESCRIPTION

-. ~READ( 12,I)NEL7 ,NT6PSAPPRO4,tAREA
DO 31 MI~NELT

TOM 1,3) aTOM(1,3)11.11745M3

IF (ITGT(It).Q.1 THIN

31 COfflNUE
RFAD( IZ,)NCPLY

K--ADPATTERN DESCRIPTIONS

READ 12,0)FArT
W ~41 Iu1,NPAUT

IM(2,X)(PATTI ,J) sPI,14)

411 ~READ02ol)(1PATT01) ,01420)

RMAO(10PA)TT(I I JR) PAlld(1,494 0
41 £CWT1NUE

* 1-EA0CMTERING TABLE

*M 1 1 MO

DO 52 1I= IO

p. EiW( 1211) (CRTAB(I ,J, 2) 1 J2 IN)
.4.52 CONTIU~

4 . 11
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CRt'AX=l.

I------------- -----READ MISSION DESCRIPTION
I IREPR... TELLS WHAT TYPE OF REPAIRS ARE TO BE M'ADE

I- B --ALL MAJOR PAVEM1ENTS (CRIT(L 11) 3))
I ARE REPAIRED IN ORDER INPUT
I~ 1-I-EASIEST STRIP TO REPAIR FIXED FIRST,
I ~THEN REST WITH (CRIT(Lif)6I) IN ORDER INPUT

I = 2--ONLY EASIEST STRIP TO REPAIR IS DONE
I~~ =X--REPAIR STRIP AND APPROACH IN ORDER OF

'X' AW~E, I.E., II =) APPROACHES AN4D 1.

READ( 1291)MXPTCHIIREPRNPASS
DO 71 I=1,NPASS

A ~PASS(I,3) = PASS(113)1S.S174533
PASS(I 16)zPASS(I 15)

76 CONTINUE
CLOSE(IHIT=12)

PRINT1 'DO YOU WANT AN OUTPUT ECHO OF INPUT? 1=YES, W0 =)I
READXI OECIIO
IF (OECHO.EQS1) 70E

WRITEC13,1970)
WRITE( 13, 1"l) I SEED
WRITE( 13, 1150N)N~P INSAPT A

WRITE C13, 198)Nt1A83,ERRORZAl.PHl
A. ~WRITE( 13, 1975)NELTINT6PSIAPPREW,1NR

DO 1511 1I-ItELT r

1 1670114) IT6T(1,5) 107670 ,J) Jx1,3)
IF (ITCTUIjl).E0.1) I4RlTE(13,19M5CRIT(I,1) ,CRIT(I,2)

* 1511 CONTINtE

WRITE(13, 1951)NATT
DO 1510 1- 1 NPATr

A **WRfITE 3,1961)(QPAT(I 1 J) 11~4)
* .. ~WRITE( 13, 196 1) (PA71alajai J1,11)

00 1510 J-IIMTA(IIl)

Isis CZONTINUE

00 1522 1I1 M
WRITE( 13, 1965) (CRtAB(i ,Ji 1) ~JtizIN)
WRITE( 13, 196W)(CRTA8(1 ,J,2) ,Jj1 IN)

'4.1522 CONTINUE
NRIlt(I 1, 9S3)?UPTCHIRMP,NPASG
DO 1531 htUPASS

W4ITE( 3, 1955)PASS(II1) ,PASS(I,2) ,PASS(I ,3)13d1/TI4OPlI,
I PASS0I,4),PAS(1,5),(IPASS(1,J) IJ-1,2) ,I1X(I)

153 W W I Mg~UE
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ENDIF

I---INITIALIZE FOR MONTE CARLO

WRITE( 13,985) FNAEIRAME2
NSMPR-- I
DO 89 I=11NELT

iTGorrp=IT6T(I ,2)
DO 88 J=1,INPASS
NPTRN--IPASS(J 11)

MNfP-IPAT(NPTRN,3)
IF (ITST(I1).EQ.1) THEN

TBHLD 1:CRTAB( IT6T!P ,M5PNTP, 1)
TGHLD2-CRTAB( TGTTPJWPNTP ,2)

CRMIAIN IN(CRMIN 17OHLD1 I TBHL02)
CrMX=M I(CIAX IT8HDI ITSHLD2)

ENDIF

CALL INITL(NELT JNTOPS ,NCP LY)

N--TEST TO SEE IF LIMITING MONTE CARLO LOOPS IS BOTH DESIRED (NFLA63-I)
I AND APPROPRIATE (NW~l)211). IF SO, SET FLAGS AiND SET INITIAL
I MWNE CARLO LOOP LIMIT.

* ~IF ((0ELA83.EQ.I).M .(NW.8E.2II)) TOE

NELAGO=I

EN D

1---~-I-MNE CARLO LOWP - 2 ON (It~
I
85 Do on8 ITwiNS RnSiw
I
1---N3TK~IZE YWARILES NNI1C11 GET RESET rACI MWNE CA0L REP

111 00 11# -L4NILT
DEW(RL) *61(L 4) ITGTL 15)

00 128 LU 103

APW(L)4.
123 CONTINUE

KZ4
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1-----SET NUMIBER OF HITS PER TARGET EQA TO ZERO

DO 131 L:1,NELT
LNHITSU)=8

136 CONTINUE

1---COWUtTE IMPCT POINTS OF WEAPONS

206 DO 376 I=1,NPASS

6-------SEE IF A/C SURVIYED. IF YES, CIW4E NEXT PASS PS TO REATTACK PS
I IF NOT, CIWNSE NEXT PASS PS TO 6.6,

:4 6 AND LOG NO HITS FOR THIS PASS

K XTPrNPASS(I 12)

IV (CRAZYN.OT.PASS(I,4)) THEN
PASS(NXTP,4)=4.

1G 0TO 371
ELSE

EHDIF

NPTRWIPASS(, 1)
- - ~EP-IPAT(PTrffi 11)

FMJPATT(NPTRN,6)

KODEMPAT4N0rR4,

6----~A1ESTICK PATTERN CENTER

* PASM=PA$SSI, 1)
FoSSTPASS( 12)

IF (NP01).EMNP) THE
NI*M( I)

MS0-mASS04DAPACOS00WITG~f1T3))

EIMDIF
SINPmSINWO(PAS(13))

* cOI~COiMSS1,3)



219 IF (KODE.Eg.3) THEN

IF (CAZYN.LE.PA7T(NPTfl~t7)) THEN
CALL NORAN (R,PATT(NPTRN,I) ,D,PA1T(NPT~4,2))

IF (CRAZYN.LE.PATT(NPTR~,8)) THEN
CALL NORA'I (RPATT(,4TN,3),DPATT(NPTRN,4))

ELSE
CALL NORM (RIPA1T(NPTN,5) ,DIPATM(PTENO))

ENDIF
ENDI F
W~AS~(TRICOSP4O18INP

YSSAMT+R1SlNP-DXICO
ELSE

I --- DUM9B VMS...
CALL NORM (R,MATTtIPTRN,1),DATr(NPTIN,2))
XCTRzPASWT4RlCOSP4D1SINP
YCTR--PAWSTiRISINP-OICOSP

1-----LW'ATE EWEAON IMPACT OR CENTER OF DISPENSR PATTERN

CMZYW()
IF (CRZ N. TATThNPTRl4j)) 60 TO 3Ml
IF (KOGE.LT.3) 'THVfl

CALL NO~ (RIPAT(T,3) IDIPATTQ(TIN14))

VýXINODXCTR'(PATT(tf'TM,K2) .R)IC0SP.(PMT(Nr( W!Ni24 I) D)SINP

EDQIF

I -------LOCAIE 1NPACTS (N~O a I M O COW9tES/COU SHEW

218 Be35I1 "1# 1 $NWO
'V IF (KOOE.LT.3) THEN

. .. .. .IF (NBON.6T. ) 10V

IF (CMN$.sPaTu.NpTi, 11)) GO60 3Om5

XI:MZ)*W Z() -t~

IF (KODE.EQ.2) THE

s:: IFAIYLL.GT.I.I GO TO 264
IF (aJ,.G..MNG S) THEN

If (XIYIIL.LT.I 010)GOT 2U8
WNIF
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ENDIF
* -298 X=X4X1*COSP4YIXSINP

L ~Y=Y+X1XSINP-Y INCOSP
ENDIF

ENDIF

1----- -CHECK FOR AY HIT OR NEAR-HISS

386 00 346 L=1,NEL7
- SflNT~SIN(TOM1L3))

COST=COS(70T(L ,3))
XP--X-76T(L, 11)
YP--Y-TOT( L ,2
TI=XP*COST+YPISINT
X?=-YPICOST-XPISINT
]TqUPTTNTGT(L,2)

* W4TP-IPAT(NPTIM,3)
* ~IF ((L.ff.NCP) .AtD.(L.LE.(LV+NCP))) THEN

IF(A8SC 1) -CRTABIT76TrP,A4fP ,2) .GE. .5IGT(L ,4)) 80 TO 346
IF(AeS(XP)-CRTAa(ITGMPIMRUP,2).6E..5IT6T(L,5)) GO TO 346

ELSE
IF(ABS(TI)-CRTA8(ITGrTP,1UPP, 1).GE..5XTGT(L,4)) SO TO 340
IF(ABS(XP) -CRTA8( ITG1TrP,MWNP, 1) .GE. .5iTGT(L,5)) GO TO 346

ENOIF
ft 333 WH*

IF KHdE.886 THEN
SAVE(fg 1)414 .5ITGT(L4)

SAME(h 3,2X --LQAT(L,) 't

* ~COR(L)'COIMR(U 4 .
* W~LH17$(L)80~1TS(LUsat.

NiIF
340 aiNTIM

IF (N.GT.600) WI8TE(t3,I20I)1tN

*3S0 C(4TINUf
ft. ft 3$ C(P(INUE

370 CMINUE

IF (H.E0.0) T16N

* GO TO oil
* D0IF

* ft 00 400 J=IINTGPS*

GPI4AC(J)=#.
400 cowl"NU
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VL * 4 *Tý77- 77 7-0"~4~4.7-7 .4

00 411 MI~NELT
ITGT8P=ITGT(I ,3)
GPHTAC( 1TGTGP)=GPHfTAC( ITGTGP) +LNHITS( I)L

48 SIGFITSUI)=SIBHTSU1)4LNHITS( I)fl2
48 CONITINUE

00 421 J-=ijNrers
GPiTs( J) =GPHf SCJ) 4GPF 7AC(J) 112

* 428 CONT1INUE

I ---- INITIAL. CON~DITIONAS FOR ODA

-. K6=l

FILL~I.
ARFILL:Sl
ARFILSMI.

'4, K---LOWON EACH IMPACT, AN4D GROUP (I TARGET ELDO1

DO 741 W~IN
IF ((SM*E(K,3).GT.FL1AT(L)).OR.(K.EQ.1*) TO~

4 ~IF (SWE(K,3) ,EQ.FLOAT(L)) N**4.

II

4 *MI F (U 4GT(L,4I).EQ.S) T UL4EN

6PAOA(I.GTGS)=GMZO.(DEA7) GTG t.) r0F

2 ISAV.(l6KO,) NtCRT(Lo4 MTrL~ O~RL);
YWA*CT(Lt,5 )ITGT(L,5KRITCAR(U

901FzDI()'DFA
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I (SJ(KS, 1) ,SAVE(K@12) ,CRTAB IITGT(L,2) ,l8AV(K8) 1, 10,e
2 IFIX(TGT(L,4)) jIFIX(TGT(Lj5)) ,N,SIJMR1W1

-- . - ----- TAXIWAYS (MINOR PAVEMENTS)
I ~FIND WANDERING PATH ONLY FOR TAXI-ONLY TARGETS (CRIT(L,1)=@.)

IF (CRIT(L,1).LT.1.8) THEN
CALL HINEW (CXNISWE(Kil)I),AJE(K6,2),

I CRTAB(1,1,2),ITGT(L,2) ,ISAJ(K0)I
2 CRIT(L,2) ,TST(L,5) 1NFILLCUTSARFILL)

ARF1LNARFILL
FILL=FLOAT(NFILL)

711 RHIT(L)=RHIT(L)+FILL
NTW=L-NCP
SIGFIL(NTXIW)=SI SF1L(NTM) 4FILLXiILL
RCUT(Ul(=CUT(L) .CUTS
918 TS(NT :MSIGCTS(NTW)4()CUTSXCUTS

ELSE

I------R~t4~YS(MAJOR PAVEMIENTS)
ISEARCH FOR A CLEAR STIP Q.FNGTH=CRIT(L,1) .X IIDTH-CRIT(1.12))

WnK- I
IF ((I(.EQ.N).MD.(&WE(N,3) .Eg.FLOAT(L))) N9Ml6sI
IPCUT(L):6
IHIT(L)=6

APANIN(UL).
APRA(L)4l.
D0 541 K&=114

DO 546 KK2=1,2
NtRAR(KK,IU(2)=l

548 CWNINUE
CALL CLSTRP(C1RXN,SAVE(K6,1) ,SV(K6,2) 1CRT46I

1 ITOT(L,12) ,ISAV(K0),T,,T(L,4) jTGT(L 15) I
2 IFCRIT(L 11) 1 CRIT(L12) ,XC(L) ,YC(L) ,tN1IN)

IF (NNN.BT.6) THEN
RCUT(L)=RCUT(Ul(4.

ENDIF
556 RHIT(L)=RHIT(L) +FLOATQNI10N

SLHSTP4.
IV IiK- I
IF (QK. EQX AN~D, (SAE(K 3) .EQ.FLOA7(LU) K1iI*K

NFLMSO
XSI=XC(L)
YSI=YC(L)
XS2-XC(L)-CRIT(L, 1
YS2-YC(L)4CRIT(L,2)
KH(L)=KZ

KP I-K

.... ... .... ... ... .... ... ...



L.

560 CONTINUE
IF ((KPI,LEdl.M4).K.041.LE.t*) THEN

ITGTTPWIi6T(L g2)
DO 588 IGWKPI I M
MMfTP=-ISAJ(IG4)
IF(SJE(4,1)+CRTAB(IT61TPJI4FTiP,)A).LE.XS2) SO0O0583
IF(SMENRID41-CItM.E.XSI) GO TO 590
IF(SAVE(IG4, D-CRTAB(1PIT9T JWRt(TPIK) .6E.XSI) 60 TO 583
IF(SAYE(1K,2) +CRTAB( ITGTTP ,J1WR4P,KA) .LE.YSI) GO TO 589
IF(GAE(IM12%)-CRTA8(16TTP,JWtfP,KA).8E.YS2) GO TO 588
KZ=-KZ+II
IF (1G4.E.KZ THEN

s 1--SVE(IG4 11)
S2S#.JE(IO2)
53-SAJE(IU 13)

KZP=KZ+1
DO 578 W~KP,411

SAVE(KK,2)-S-JE(KK-1 ,2)

578 CCNTINUE

S~4E'KZ 2)-S2
MYJE(KZ ,3)=S3
ISAJ(KZ)2117

RNIF
5a8 CONTINUE

RNIF
590 IF (MFLAO.Eg.1) THEN

KZTN
IF (K?.NE.KH(L)) 70E

KH(IUM(Z
IF Q'bWA.EA) CALL NMA

I (SMJ(K1(, 1) ISNE(~KK2) ,ITA0,1TGT(Lob v
2 IGN(KK) ,XC(L) -VRIT(L, 1) tYC(L) IIFJX(CBIT(Lo D)),
3 IFIX(VRIIT(2)) tKZTIISWP)

"I8 ASIP(L)=ASTP(L) #SW~SP
SIGSP(U::SIGASP(U #SMHMST~~SP

ENDIF
611 MWLA.

~ 4..~ KPI=KP14MZ
KZ=KPI- I

4% 1(2 IuKZ
XS1*XC(L)-CRIT(Lo 1)

c It



IF (XS1.GE.CRIT(L,2)) TOB
XS2--CRIT(L ,2)
60 TO 568

4' V ELSE

60 TO 448
'4.. ENDIF r

628 B'IDIF
628 KZT:6

NFILL-m8
IF (KZ.NE.KZ1) TO~:

4,. KZT=KZ-KZ I

KK-KZ 14I 1.
IF (riFLADG1 E,3) CALL SORT .

I (KZTIsaJEeKK,2) ISAJE(K, 1) ,jSE(KK,3) ,ISW(KO))
008$92 11=1,KZT

SAYE(KK+II-1,I1)=SAYE(KK.II-I 1)-XS2
892 CWTINUE

IF (MFLAC.LE.2)
I ~CALL M1NDA(CPMAKZTWVE(KK, 1) SWE(KX(,2) I

2 CRTAB(Il1,2) ,ITGT(L,2),ISAV(KI 1APPRO,
3 CRIT(L,2) ,NFILLICIJTSIARFII.L)

IF (HFLA6.6E.3)
I ~CALL MINDA(UCItKZTSAYE(KI(,2} ISAYE(KKo 1),1

2 (RTAS(I111,2) 1I1767t L2) 1ISW(K)IOQAPPR4,

3 CRIT(L,2) INFILLIM,CU8$fl .)
j4,4 W 893 I1ut,KZT
* ~~~JE(K0~31, 112)oMiE(K0$-11 4XS2

893 CNINUE
* ~ARFILW'RIL84ARFILL

4' NDIF

KZXZ INFILL
K2 1=KZ

-~ N~j~g(jMFLAa, 1)4*iHLL
FILL'P1LL4FLW FIFLL)
IF NZ A 60~g~iw TO 671
60 10 (641 16N I US 670) hf LAO

PR ~ VA GT ORIORAL LINE MMR 733'

640 HN0A2
NFILL41
KPltKPl4KZT

p. XSt'TOT(L,4)-CUT(L,2)
IF (XC(LUsCq1T(L,2).LE.TGT(L,4)) 10i

Al, XS2bXC(L)
00 TO 368

WNIF

C -12
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658 NFLAG=3

CALL SORTr(K-KP1 ,SU(KP1 , ) ,SAE(KP1 ,2)I
XSluCRIT(L,2)
YSI4. p

r X"- .
YS2-YC(L)+CRIT(L92)

661 tfIA~z4

XS1:-T6T(L ,4)
XS2--TT(L,4) -CRIT(Lt2)
60OTO 568

678 KZ--KH(L)
IF ((IREPR.OE.18) AND. (FILL. OT.B.)) TOB'
WRITE( 13,091) L KH(L) jKlIFILL,

I (SA'E(KID1 ISAVEM1K2) ISAVEM9K3) IKK-1,M)
K~~ VKH(0)41FIX(FILL4 .81)

IF (L.ST. 1) TO~

00 6Of KZI=1,KB
Ki4K64KZ1- I

S3-SAYE(KK,3)
ISISM(KK)

WJE(Kt04I3)mSM0MltI) 13)

a$ CftTIt4UE
r I(ZF-(ZP- I

v7 SAYEMKP, t)mS1

SAVE(KZP,3)=S3

969 CONTINUE
ENOIF

ENIF

* .. PPL(L)=EMPPL(L)4FILL
PffL(L)=W~PFUL) $PLUl2

AI~RN(L)=FILL
1: .~60 TO 728

ENDIF
728 ADN(U=MDIUL#S11KRIt4

C -13



ITSOTP-ITGT(L,3)
6MADCUIT6T6P)=8PADC( ITOTSP) +SUMI*11
SIG0(LWSIGADM(L) +SLHRLNXSHRIN4
PPF(L)=FPF(L) +ARFI LS
SIGNAF(U=-SIW(L) ARFILSXARFILS
IF (CRIT(Lsi).OT.1.) APRA(L)ARFILS

ENDIF
731 CWU1NUE

KMK
FILL=E.
ARFILL4.
ARFILS4.

IF (MVE(K,3).GTSFLOA7(L)) 6O TO 431
IF ((K.EGl).AND.(SAVE(K,3).EO.FLCAT(L))) 60 TO 430
IF ((L.LE.NELT) AND. (K. EQ.tO) 60 TO 438

ENDIF
741 CONTNUE

7- DO 751 J1,NT'SS
6fMAfl(J)4PA6N(J)*6PAAC:(J)112

750 ITIU
113--l

1----CMIUE M[HINED PROMIL171ES FOR RIIW( TA1IWAYAD SOD

IF (NCP.BT.1) THEN

IFIt$4
00 7"0 JJ21,2
Do 7" it- I NCP

I -- ----- KY INTERESTED IN 1&2 Mal~), Ih3 Mob2, 2k3 (KJ23)
NIF (JJ.GE.JK) 60 TO 791

IF(IPTr(II3).E.0 6070O 761
IF(IKUT(JJ).NE.1) 113*JJ
IF (IPCIT(JK)JLA.) 1134JK

761 IF ((IPC1T(JJ).NE.1).OR.(IPCUT(JK).NE.1)) (0070 788

I -- - ---- MH SURFACES ARE CUT

1321341

I-1I INDIMAES WI4HCH SURFACE HAS IHE MIINIMW NUNISR OF CMIERS TO
I REMAIR FOR COGWINTIONSOF 2 SMU SANE~D113 FOR ALL 3 S!"CES

*~~ II=JJ4.
r ~IF (IHI7(JJ).GT.IH17(JK)) 1149K

IF (INIT(113)AMTIIIT(MO 1II2K

C -14
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L77

I -- --- -ISTRIBUTION OF MINIMUMI NUMIBER OF CRATERS y

771 ICUT(KJ,11)=ICUT(KJI1)+I
I2CIJT(KJ)=I2CUT(KJ)s1
SGCRAT (KJ)=SBCRTi(W) +FLOAT( I H17 (11) 11K2

K--------INIIIINUMBER OF CRATERS

- ~ICRAT(KJ)=ICRAT(XJ)fIHIT(II) V

-------AREA OF CRATERS

SBQIN(KJ)=SOMINA(XJ) $AlIN(II)KK2

IK-- - -----NINIMUM NUMBSER OF CRATERS ON APPROACH TO OPERATIONAL STRIP

SAPR(KJ)WSAR(KJ)4APRIIN( II)
SOAPR(KJ)=SRPR(KJ) APEiIN( II I>K2

*--------"AREA OF CRATERS ONAPPROACH
I

* ~SPRA(KJ)=SAPRA(KJ) 4APRA( II)
SRAPR(KJ)=SGAPRA(KJ) IAPRAUII)1K2
IF (IFIN.Eg. 1) 60 10 Oil1

788 KJ=KJ+ I
IF (WJNE.2).OR.(rkh.NE.3)) 6010 798

K-----At.L COMBINATIONS OF 2 SURFACES HWJE BEEN LOOKED Al. IF ALL 3
I WUFACES HAVE 8EE CUT (1343) COMPE STATISTICS FOR ALL. 3 & CIT
I LOOfP (IFIt21).

IF (13M.E3) 80 TO 801
KJ--4

I. IFIN:1
r. GO TO 770

790 CONTINUIE
ENDIF

8ff CALL REPAIR(UtMC)1,XZ ,NOIREPRCM~,I l3,1WAINCP)

I It'sI
Oil IF (11,07.1) TOI~

IF (N01,~P)E.)CALL RESLIS
*1'* ENDIF

821 COTIU

c 1-



'----TEST TO SEE IF LIMITING MONTE CARLO LOOP WAS DESIRED
I AND APPROPRIATE. IF NOT, AVOID SUBROUTINE °NCIOiP'.

I"-':' IF ((NFLA63.Eg,1).AND).(NSMP.SE.211)) THEN

1..-'TESTS ON FLAGS SET INSIDE SUBROUTINE 'NCONP' TO DIRECT
I EITHER RETURN TO MONTE CARLO LOOP OR PASS ON, BASED ON
I ESTIIMATE OF ITEPATIONS REQUIRED.

IF (NFLAG2,EO.8) CALL NCO4P
825 IF (NFLAGI.EQ.1) THEN

NFLA61= I
GO TO 85

ENDIF
E4DIF

"----.CALCULATE AND PRINT STATISTICS
;-• If

831 IF (MOO((IT-I),NSAIPT).NE.S) CALL RESLTS
CLOSE(LNIT=13)

843 FORMAT (IX,'NO HITS DURING ATTACK, NONTE CARLO ITERATION,: 1,14)
898 FORMAT (8H TARGET 113t9H KH(L) = 114,61 KI = ,141$H FILL = ,F7,8 18

,*,ISI(/lX,3FIS.2))
"901 FORMT(A6)
915 FOAT('I INPUT FILEt 'IA6,' OUTPUT FILEi 11A6111)

, 991 FOWItT(11)
1210 FORMAT (11t,37H0ORE THAN 811 HITS MERE FOIk4D IN PASS, 141 ./IX128H1

,.-:, 1EXCSS WER IttREDl.) ;

'A... 1934 FOIST(A1)
1935 FOMT(A6)
1951 FORMAT(41 10)
1955 FORAT(5(F 15.41 IX) ,31 I)
"1961 FOlMTA(4]6),.•" 1961 FORMAIT(0 I(9.31 IX)),

1965 FO•T(6FW 2. 1)
1970 FO T('I',72S,'III DATA INPUT ECHO 111'1/1)
"1975 FO 7T(2010FIlF. 111 1S)
1961 FOMIT(I 6,2FI1.4)

END-::'Itttf113131tt1tlitl1311311313111111111t11113 131 1t11Ii111311131131t

I LAST UPOATE 23/2100 JAN 84 FILEtSIMSIAAP

SUBROUTINE TRlSUB(IN)

XgSORTM 2 SU)
4Rem .. ~RETh~q

C- -16
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SUBROUINE NORA4(RISR,DISD)

C"WH&/~YTAOP!

A=SURT(-2.IALOG(X))

* ~RMOSR*SIM()
D=AXSDICOS(XD
RETURM
END

SURROMTNE INITL(NELTNTGPSNCP,LV)

I AMI(112) ISPHT(15) $WIUCK ISISDH(1I2),
2 MiINM3 ',6IfAC( 15) iSIlaP(),
3 RM(3) lewfs(15) SI~sP(3),
4 AP~iIN(3) * LNHITS(112) INSAMPI IscRT(3),
5 AREPM3 ,ICRAT(4) ,PMSSU:216) ISISCTS(27),
6 AST(3) ,IOIC(4,3) ,MT1(!3,34) ,SISFIL(27),9
7 COUNTR(112) IIHIM() ,MAPF(112) ISIONTS(112),
8 CRIT(112,2) ,IFASS(32j2) ,RCUT(112) ISIM~(1I2),
9 CRTA8(SI,6,2) 1IPAM~2,4) sRH4I1(II2) ,gIMIN(),
t DECAR(112) ,IFWU(3) ,SIWR(4) J R3
I DSTR(3) ,SAM(4) 1767(11215),
2 ElMFL(3) IL41 SAE(818,3) 3XC(3),

I.3 6PWC(15) ,IJ(8IU0 ,SWPR(4) lyc(s) I
4 6PMI1( ) sITOT(112,3) $SWRA(4) i
5 8FM(15) ,12M~f(4) ISBGMT(4),

4 WMEA( 5) ,KKMi~ tS8W (4)

D0 10 ImINELT
COUNTR( 1)2

rSIIST(I)4.

It CONT~INUE

GMCS(J)4.
o21 CONTINUE

RCUTMK)4.

SIGIIT(K)4.

*38 CONTINUE

C 17
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00 48 L-1,NCP

IASTP(L)=#.

AREP(L)=O.

WPFL(Ul),
IHIT(LUzI
IPWUT(U4o

AMIIN(L)z6,
f .. '-APRAI( cl).6

DSTR(L)4.

48 CWHTINUE

ScI)=I.N
9lCUT(I)=I

ICM(I)=6.

SIAIM(14.

50 UTINUE

END

. . ... . .. ... ... .

EQIkk(00L.N (0106

0: J40/2
IF (.$OLE46) RETUM4
K04*-JD
DO 41 L0*I,K0

38 NO'4O$J0
IF (XI(t$O).GT.X!(NLI) ThEN

YI(f0)=XI (NO)

1MY1c-l)

4~~~~~ -* le*..



YI(ND)=T
T=2I (HO)
ZI(NOW=ZI(NO)
ZI(NO)=T

~V. rr=IX(MO)
4' IX(tiO):IX(NO)

IX(NO)=IT
ticMO-jo
IF (MO.GT.B) 60 TO 38

ENDIF
4# CO4TINUE

60 TO 21

--- ---D------ ----------------------- ---------

SUBOUTINE BLD6(XI ,YI ,CRTABLNPNTL,114AREA)

DIM INNI4 XI(tO ,YI (N) ,CRTAB( I dj2) ,NP(N)

I ----- ASSESS AREA REMAINING IHDUSED AFTER ALL HITS ARE
4'I E U&ITED FOR THIS ATTACK

RATII-TL/Th

DOl 10 P--1N
IWSQRT(AREA/RATIO)
DL=DWIGATIO4

.4. 4,:XOO~uTh-XH

XCF~XI (4)-AN
Dawl~B(Yc-YoC

ODm8(XCEN-XlXC)
NPW~(J)
IF ((DI.LT,(CRTA8(LItE'J,1)$l.51O) .a40

I (021.0T(TAB(LINPJ1i~04.5I0l) TO4~

IF ¶ULLV.Ifl..DZL.05t))KA*2

Olfl1l9~IN (L Y0-NCRTA8(L jNPJjMA))
OIM6THINOU4T'LX10 X CEWA(LN-cTW()eJ

IF (AREA.LE.l.) RETURN

ED~1

C - 19



I LAS UPDATE 1-28 JN FILE:SUBS2.AAP

SUBROUTINE CLSTRP(CRWNXIYI ,CRTAB LT ,NPTL,114,CLOC XSTARI
I YSTAR 9 1 CSTAR)

DIMENSION XI(N) ,YI(N) .ýRTAB(11,6) ,AREA(808) ,ISORT(B68) ,JSORT(8u8)s
I NP(N)
YC= .8

h ~TS)U=CL
TSY0:CW
CSTAR-IS.8EI5
ICSTAR=N

1? K -DEFINE AREA(JDIFFICULTY OF REPAIRING CRATER J
I CHANGED 28 OCT 8II TO COMPUTE AREA OF SQUARE CRATERS V

00 24 J=19N
4 ~AREA(J)=4,8KCRTAB(LT ,NP(J>))II2

V .24 CONTINUE

I-SET UP FOR SWEE
I

~I ISTAR N-
S(EP=111115

IF ((YI (J)*C.RtAR(LT INW(J) G5T.YC)AND.
I (YI(J)-CRTA8WrINP(J)).LT.TSYU)) TOfl

14 IF (NMIN.Eg.I) TOIt

ISORT(l)=J

* BNDIF

5 ITcNNIN

I? JZ;I1SOR(IT)

IF ((X1(J)sCRTAB(LT,1P(J))) .LT.(XI(JZ)sCRA8(LTNP(JU)))) ToIE
ISOlt(lTfI)=ISORT(fl')
7,IMT-I
IF CIT.GT.#) GO TO 17
ISOR(t)uJ

ELSE
18 ISM~(1714)*i

ENI

*116 ITZIIN-I
Ill JN~SORT(IT)

C -20



IF (1T1(J,.uKIRTA(LTINP(J))) .LT(I.'.1 ,AB(Ti~i.~~Ir~NPJR)) THEN
JSORT( T4 1)=JSORT( IT)

V 1 7.073)- TO 117

JSORT( 1)=J
EL.SE

118 JSORT(IT.IW=J
ENOIF

ENDIF
11 CONTINE

1---EX(ECUTE SWEEP
I DETERMINE DIFFICULTY OF REPAIRING CRATERS TOUCHING FRAME

18 IX=ISTART+1

AICC4O.

36 IF (IX.LE.MIIN) THEN
1JtiISORT( IX)
IF ((XI(Jti)-CRTAB(LT,NP(IO))).LT.TSXU) THEN

AICNICC+AREAU$M)
ICC=ICC4l

31 IX=IX+l
GO TO 30

ELSE
32 IF ((XI(R*)-CM 4.L1 5MX THO

IXClX, I

ENDIF

-. ENDIF

I ----- COMM REPAIR DIFFICUiLTY FOR F~$E

6 If (ICSTAR.GT.AICC) THEN
CSTAR"1CC
ICSTAR91CC

4. XSTAR-'XC
YSrAR*Y1
IF (CSTAR.LE.O1.3IRIII) THEN

* XS1AbX$rAR.CL
RETURN

ENDIF

1-----WE FRW

16 7Bte Ptw'-CSTAR
41 1 START I START I

4't4'C -21



IF (ISTART.LE.WIN) THEN
184SORT(ISTART)
IF (TEIIP.GT.AREA(IS)) THEN

60OTO 41
ENDIF

998 IF (SWEP.GT.AICC) SWEP=AICC
TMUXI (IS) CRTAB(LT ,NP( IS)) 4CLIS .866596601
IF (TSIJLE.TI TOE
XC TS(U-CL
80 TO 18

ENDIF
MDIF

~---SWEEP FINISHED

25 TBIP=SWEP-CSTAR
JDP--

46 JDP-JDP+ I
;17IF (JDP.BT.NIIN) THO

XSTAR--XSTARiCL
RETURN

ENDIF

IF (TEiIP.GT.AREAUS6)) TOE

60 TO 46
RNIF

45 TSYikYI(IS) sCRTAB( IT NP( IS))404'* .6116116 I
IF, (TS1U.07.T) 'THEN
XgtAR*#STAR#cL
REMU~

RNIF

SU8ROI~NE NUtQ(CRMN,XY,CR,LT,KP,W*N44NE,CUTSAWtrAI)

N-~CH'STAXIMWY PROM~ INSERTED TO RERlAC HINDI I OCT 81
I LATEST MESICN OF TAXIWIAY 23 APRIL 1982

I NC MAX R OF CPAERSIN 4SWPR8W

N NNR OFCM ERS IN MrIRE PkMw

DIM~SON ISTART( liii) jA(Il 6) X(Nf ,Y(N4) ,GR(I 11,6),
I LIST1(06) oLIST2(54) , 1T(5VWX1(56) lWY14 ) ,14R(5),
2 IREP(50) ,KP(N) 91PSOL(54) 1,INe58) 118=AS58)

C - 22



IF (N.GT.58) THIN
WRITE(8 ,799)N
CALL EXIT

ENDIF

* 1-----CWWA8D TO COMPUE AREA OF SGU1RE CMATERS 28 OCT 81

753 00 100 J:1IN
IF (CIM.LT.CR(LT,KP(J))) C~iX-CR(LTKP(J))

* ~A(J)-4 .SKCR(LTKP(J)) 112
III CONTINUE

NREP-0
A70TAL-1.8

I--SEARDl FOR SUIROSLOIS

ISTART(D-1

JN4 I

EL=X(J) $CR(LTKP(J))
EI.-X(JP)-CR(LTIKP(JP))
IF ((MIO.L.E.Ell THEN

IF (J.H.GE.1) TOlNS
IF ((X(,"sCR(LYKP(J*)) .GT.EL) ELiaX(JK)fCR(LTi(P(O))
IF'((X(M*4C2MX)GT.EL) GO TO III

IF 'Q1PLE4A 70I
If EUU67,X(JP)-CR(tL~J)) lXJ)UIT*KP(4P))

ENI

1#5 IF ((ELsIO.LE.EU) 'T0I

If (NSlJ8.GT.1f3S) TOI

ENDIF

ENOIF
N*IF

I1Is CONTINUE
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00 238 JS=INSUB

W-STARMS )

IF (CMI~.LT.CR(LTKP(J))) CMr-QCLTKP(J))
5 CONTINUE

ND*L-NR1i
IF (NC.ST.51) THEN

WRIIE(6,7?7)NC
CALL EXIT

ENDIF
778 IF (NC.LE.2) THEN10

OFEAM.4~
NP Vi~ I
IF (Y(NF) 4CR(LT ,KP(NF)) .GT .WW-W) THEN

IF (Y(NF)-CR(LT,KP(NF)) .6E.RO 00 TO 122
BFEAS=-BFEfQZ'A(NF)
NREPANREP. I
IREPINREP)44F

AT^CTAL=ATfTALiA(NF)
VF (NC.LE.I) 60 TO 236
IF (Y(NP)+CR(LTIKP(NP)) ,LE.I4W-W) 60 TO 238
IF (Y(NP)-CR(LTIKP(NP)).GE.W) G0 TO 238
OFEASDFEAS+A(NP)
NREP'4IRP4 1
IREP(NREP)*NP
AT0TAL7ATOTAL4A(NP)
0O TO 236

ENIF
112 IF (NC.LE.1) 0O TO 231

IF (Y(NP)+CR(LTIKP(NP)) .LE.144-W) 00 TO 236
IF (Y(NP)-CP(LTKP(NP)).GEM) 60 TO 114

113 ATOTALWATUALWANP)
OFEASI2BFEASWANP)
NREWEP+ I
IREP(I4REP)4*P
8070 236

114 XD:X(NF)-X(NP)
YD=Y(NF) -Y(NP)
DISTGRT(XiDi12+YD112)-2.UICR(LTKP(NP))
IF (DIST.EM) 80 TO 238
IF (((Y(NF) -CR(LT,KP(NF))) AGM) AND.
I ((Y(NP)-CR(LTIKP(NP))) .GE.)) 00 TO 238

IF (A(NF).GT.A(NP)) ISAYEmNP
IF (A(NF).BT.A(NP)) NINWA(NP)

ATOTALVATOMA WNN

C -24
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NREP--NREP41I
IREP(NREP)=ISWE
OFEASMFEASVUNN
6010O238

122 IF (NC.LE.1) W. TO 238
IF (Y(NP)-CR(LT,I(P(NP)).GE.M) 60 T0 238
IF (Y(NP)ICR(LTKP(NP)) .LE.(14-W)) 60 TO 114

*~8 601 113
ENDIF

I- CHECK CLEAR PATH

I DO2 J 1,NC
IPSOL(J)zl

2 CWfTINUE
rALL CH.ECX(IPSOLIFLA8,XYCRWXHYWRNCLISTILIST2sITs

I LTKPI(,144,W)
IF (IFLAG.LE.6) 00 TO 6866
BFEAS6 .6

--- INITIALUZA7IGI FOR INPLICIT DREMPATION

6618 DO 7511 KW1NC
IBEAS(K)=6

7566 CONTINU

* JLASTre

NREP04
REM

7616 J1AST-JLAST# I
I MEmLASr
IPSOLULASTM~
REWWWWPA M~1*LS)

1----IEST 2

IF (REP.GECE.AS) 60 T0 7121

I

* CALL CHECX(PSOL, IFLAS I,XY CRIjt~I4RNC UST I LIS72 I T,

IF (IFLAG.LE.1) 6000 7986



- DO 7836 K--1,NC
IBEASMI IPSOL(KO

708 CONTINlUE

1---TEl,1 6 K

7626 IF (NREPC.Eg.JLAST) 00 TO 76 .

1----BciG4RD HOYE

NREPC*#REPC41LtIDER-JLAST4 i
IPSOL(IIHDEJD48
JLAS:I WDER
REP-REP-A(NRi+JI.AST)
IF (JLASTlE.1) 80TO71071

00 764# R-11M
LAUNHDER-

.4 ~IF (IPSOIAL).E0.1) TO~
IUNIJ4DJUtDER-IC
0 0 T 76161

704 BDIF

7116 IF (JLAST.EOC) 60 TO 7655

DO~ 7661 "I~NC
IF (A(NEWs LTISEIR BIIN~(NRMsKl

7068 CWTfINUE
7154 84MEP44INIt

J1-flBT 3

IF ((GND.0E.8FEWA5), L(AST.EM1 C) 60 TO07126

1- -TS 4

- ~~IF (IP1SOL(JLAT) .10410 TO 7015
0O 7174 Ktzi~laMT

7071 CWITI14Ut

1--TEST 5

* ~IF (Itt&M41H1AST to~

DO071 U K*4 tNC
I~tatPK) z I

.4 ENDIP

4c C 26



F-, 00 TO70799
78 ATOTALzATOTAL+BFEAS
299 CONTINUE

IF (8FEASPGT.S.8) TOE
DO 291 1=1,NC *r

IF (IBEAS(I)8 YT.8 T
NREP=NREP$1

ENSDIF
281 CONTINUE

~ ENDIF
231 CONTINUE

IF (NREPINE.8) CUflS4LOT(NSUB)

79 OR IO X,49 M OF CMT7ERS IN SU8PROGW4 EXCEEDS 58, NC-

798 FOT1HIR1SX)(234IS9P 8EMS EXCEED 1199)
799 FOIMT (1HlIX,33WBhIER OF CMATERS EXCEJEDS Sit$ W 15)

END

hi.- ~,,I LAST LIPMTE 14/2301 JA 84 FILE-.SU3.AMP

!8RCDTINE CHEMKIN11FLAOIX IMCRAY,1fNRINCIL1STLIMi2,17,

I W1R~1,6) ILIST1(NC ILIST2QNC) ,KP(NC)

CMMI AXIW~ IRLN~

IFLA82I

00 6 a- I owC
IF (IN(JX).LT.1) TOE

ItYAJT)*X(J"J)

IF IMM

IF (JT.LE.S .E.(JA) 17(TUr

IF (1Tl).LT.) Toi
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'4 ~~IF (J1~.STJT RETHM

A-CWEGET OVER A?

* IF~~1 ((iJX4I4NR(GM).E.(I-W) 'THEN
IF (IT(UM¶)6.rs) THEN

*-----Of AN4 -VER-NER'

13 JEr1lP=TE14P.I
IF JTENP.$T.S) MIN

*-----OES AN 'UUER' 1t1PIN~t UPON JX?

~' YM(JX)D*,(JTeip)

IF (DIFA.LT) THIN
IF (IT(JTDON..LE4*6Ot 1.2

15 IF 00.0.M 607TO 13
N~IF

60 To 10

i----T~(FOR IhADER-WER'

Cu. B1,MJxJrJRLA6 iC,fWL WTLIST1L$2,CMX,144,)
IF OMUTA8T) THO

IT(JX)lI
p 607 toII

4,. 44 25 EN01IF

12 IF (ITY(JX)41N)..i) J T 10

21* IF I( OT

1---0 AN I4OER-WIfER'

A- C 28
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-----DOES AN 'OVER' IMPINGE UPON J?

(~.17 JTEMPt=J1T EP- I HE

IF X(JTEXS.) TE
YXy(JX)*Y(JTEMP)

DIF=SORTXD124YD1*2)-WR(JX) -IR(JTEMP)
IF (DIF.LT.W) THEN

IF (IT(JTEMP).GE.1) 60 TO 598
ENDIF

~.t1 IF (1X(JTEMP) .GE.)X1IN) G0 O 107
ENDiF

ENDIfF

I--TYFOR 'OJER-1INDER'

14 JRFt&?
CALL BEMJMJITJLSWIIRLSILS2C~ iW
IF (JRLA6.61.S) THEN

IT(JX)uI
601 is t

ENOIF

536 JIMAX

IF (JI.GE.1) TO bN

IF (IT(JI) LE.1) GOT0 51

I JXJ1 Y0 1

IF (64Y(JX)-W4(JX)).GE4N 0 TO0102
80170513

ENDIF
542 IF (f() ()6U)HE

999 IFIM40
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- ------------

SUBROUTINE BErI$(J)M4,JX 1JT,JFLAS,WX,WYWR,LIST1 ,LIST2,CM,I4W,W)

DIMN4SION WXJT) ,WY(JT) ,WR(JT) ,LISTI(JT) ,LIST2(J'T)

CfHO /TAXMIfNNF,NL

*-----(JFLAS.LE. 1) IMPLIES 'UN~DER-OVER'
I (JRAB.CE.2) IMPLIES 'OJER-UN4DER.,

KFLAG*1
NLIi1
LISTi(9I=JX

K=JX

1-----CONSTRUCT 'LISTI' OF CRATERS BEHIND JX( IMPINGING
I DIRECTLY OR INDIRECTLY UPONI IT

1----DETERNINE IF KMi IMPINGES UPON K

* 2 IF (WX(KI) .GE.XMIN) THEN
D013 IX--1,NL1

- ~IF (WED.LISTI(IM) 60 TO 3
13 COTMIE

DISRSORM(XDI2sYDI2) NR(IOO44R(K)
IF (OIS.LTSI4 TOE

IF ((FI.AS.LE, 1) AND (WY(I00sbIR(IM)) AST. ( 6O) 0 TO "999f
IF ((JFMGAE.2) AD.((WY( 1(IQ'4I0)),T.W)) 6010O 999

I

OM f' Y 011201) m( J m

* ~IF (DIS,LTAI4 00 TO 999
ft.._W~fC _

IF (OIIN.GT.TEII) XMWIVNTI

LISTI(NLWU1M

ft.& KM EN IF

IF GO'tOTS 00 TO2
ENDIF

* C -38



IF (NLT.LE.NLI) THEN
K=LISTI(NLT)
60101T

ENDIF

-- CONSTRUCT 'LIST?' OFCAESAHEAD OF J)O1 ItIPINGINS
* DIRECTLY OR INDIRECTLY UPON IT

5 NL2=1t
LIST2( j)=JMj

K=J)QI

I---DETERMIINE IF K? IMPINSES UPON K

7 KN--X
8 IF (WX(XP).LE.M) TVC

00 19 1X1,INL2
IF (KP.EL.LIST2(IX))O TO 19

19 W.~INUE

Y=W1(K)-Wf(KP)
DISRSQTXDli2+YDIN2) -NR(KP) -WR(K)
IF (DIS.LT.M) THEN

IF ((JFLA8.LE.1).M4D.((WY(KP)-MR(KP)).LT.iO) 601TO 999
IF ((JFLA6,6E.2)d*JD.((IiY(KP)4NR(KP)).0T,("iI)) 60 TO 99

XW4(KP)-4C(JX) IPNE PN

OI$S3RT(XDNIZ4YDIK2)*-W K) -W(JX)LIF (DIS.LT3M) 60 T099?
rEMPxW(KP) 4WR(KP) I CW¶X4W
IF (XW.LT.TENP) M~Y
NL24&~241
LI$T2(NU~z4(

EN1F

IF (KP.LE.JI) GO 70
WNIF

Is NITA.T# I
IF (NLT.LEJAL2) YHEN

K-4IST2(NLI)
GO TO 7

K----OETIJNEIF LISTI IMPIN6ES UPON LIS72.9
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1608 DO 316IljL

DO 36 K2--lNL2
L2=-LIST2(K2)

DY4(Y(Li) -K(L2)
DIS=SWRT(DXIfl+0YX12) -1R(L1) -WR(L2)
IF (DIS.LT.W) 60 TO 999

36 CONTINUE
60 TO 2166

999 MFAN9
2618 JFUW-KFLAS

END

SUBROUTINE OVLAP(X,YCRTADLTNP ,XS ,YB ITLI71l4KZ ,SII)

COtW P/AY2/SflLRE(98S) ,CM

* ~~DItM4SION X(KZ) ,Y(KZ) ,CRTAS(11,6) ,N(KZ)

I-- -INITIALIZE

Do Is 1=1,117W

IS CON(TINUE

L2*iINI(FLOAT(IT I (X(KZ)*CIW+1.-Xl))

26 LIrL3

: E----EOP-I~StMRAT ATIME IN X
I LPVALU TTOP OFSO MAE

f ~00 126 L,4LI,L2
DUP4.

IF(Jd.OT.KZ) RETWfIN

I----IF ALL CPMERS WA4 BEEN C01ISIDERED, RETIRI
I LOOP-CRATER BY CPMER ..11CONS10R ALL CPAIERS WHICH
I COUD POSSIBLY INTERSECTIN X
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SI ----- OATE LEFT HAiND EDGEOF CATE

NPI=NP(I)
Xt=X( D-CRTAB(LTNPI)-Xt
IF (%Xl.LT.FLOA1(L-l)) 60 T0 38
X2=-X( I) -ciX-xe
IF (X2.GE.FLOAT(L)) G0 TO lee
IF (Xl.GE.RthAT(L)) 60 TO 96

I-----LEFT-HAND EDGE OF CRATER LIES INSIDE LTH SQUARE

h ~~DX&FLOAMLM-X
6010O68

1-------LEFT HAND EDGE OF CRATER IS BELOW~ X-SQUARE
I LOCATE RIGHT HAND EDGE OF CRATER

36 XI=X(I) 4CRTAB(LTNPI)-Xl
IF (XI.LE.FLOAT(L-1)) 60 10461
IF (Xl.GE.FLOAT(L)) 60 10 58

I-----RIGHfT 1W40 EDGE OF CRATER LIES INSIDE LTH SQUARE

6O TO 68

f----CRATER I LIES ENTIRELY LEFT OF X-SQUARE... .NO NEED TO CONSIDER
I THISCRATER MNORM

46 X3mX(I)+Clft-XI
* ~IF (X3.LE.FLOAT(L-l)) "*tI$

I

1-----KI2NDD( OF Y-80UARE CO4TAININS LKR EDGE OF CRATER I

I-----l~fOF Y-SgUAR OCCUPIED BY CRATER

4 ~SQUARE(K )0=0 W(P$SQUARE(K)
IF 01I.10.17W) 60 10 ~

YllY(1) sCRTA8(LT,61P1 )-YI

IF 021.11WTN 60 TO 71'
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1-----LOAD SQOiARE CONTAINING TOP EDGE OF CRATER I

SOIARE(K24 1)=D1*DXP4SQ1ARE(K24 I)

I-----LOAD- INTERMEDIATE Y-SQthARES ... D1=1.

71 DO 86 J=-KIK2

SQURE(J)=-SGiARE(J) +DXP
as CONTINUE

I -- ---- COUNT SQUARES THA~T ARE AT LEAST HALF-FILLED

161 DO II6 Jrl,1TI4

SQUARE(Jlm@.
116 CONTINUE

0 1SJNSI1

1----IF THERE IS A GA IN X-VALUES, SKIP TO NEXT X-WLUE NEEDED

IF (DXP.LE.6.) THEN
IF (tI.NE.I) THEN

K ~IF (JARI.BT.KZ) RETUM4

* ~IF (L3SGT.L) 60 TO 23

Go TO 23
BEDIF

ENDIF

120 CONTINUE
RETWIN

C 34
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I LAST UPDATE 14/2281 JAN 84 FILE:SUBS4dAAP

L. ~SUBROUTINE REPAIR(IUPKZ ,NS,IREPRCW~XI 3,tAREA,NCP)

I AOM( 112) SOPHT( 15) sw"PCH ,SiGAJI( 12)
2 AMINM3 16PHTAC(15) ,SIGARP(3),
3 APR(3) ,GPHTS( IS) SISASP(3),
4 APRIIINM3 LNHITS(112) ,NSMPI ISIGCRT(3),
5 AREP(3 11CAT(4 ,PASSMS:32,6) ,SISCTS(27),
6 ASTP(3) ,ICIJT(41,3) ,PArr(13,34) ISIGFIL(27),
7 CDWTfR(112) ,IHIT(3) IRAPF(112) ,SIGHTS(112)l

8CRIT(11212) ,IPASS%3,2 IRUU2 SIGNA 12),
9 CRTA8(11,6,2) ,IPAT(12,4) ,RHIT(112) ~SMINAt(4),

*& DECAR(112) ,IPCUT(3) ISAPRM4 ISHAPFL(3),
I DSTR(3) ,sPM(4) ,TBT(11215)l
2 ENAPFL(3 IIPL(48) SAYF(88I,3) ,XC(3) I
3 SPADAC(15) ,ISAJ(88I) ISGAPRM4 IYC(3),
4 6PAfI415) ,ITGT(112,3) SGAPRA(4),
5 6PACIS( 15) ,I2CLJT(4) ISSC~mT),
6 GPAREA( 15) ,XH() ISMINAM(4

NREP-MINIMI(ZtP)
IF (MEP.EQ.I) RETURN

KTYP4COD(!REPR 111)
* ~IF (KTYP.GT.1) TH1N

IF ((SMI( 1,3) 1LT.FLOATWI3)) 1OR.(K1YP.E9.2)) THEN
IF 't(SJ( I1,3).6LFLAT(I 13))AN. (KrYP.El.2)) RETUIN
Do is j:-lKZ
IF (SM4(J,3),8lTFLOAT(1I3)) 60 T0 21
IF (SAYE(J,3).LT.FLOAT(II3)) KW~

11 CMJ1NUE4

DOIF9*
ENDIF

__ 31 KM4INjQ~jK9, P4K1)

IF 0K94.0TK TOE
IF (KTYP.Eg.2) REM12

GO10 31

* ~41 LmIFIX(SOAM(1t3..SI)

IF (1810~E.1Q.) VS1 IN($WI

.4. C - 35



IF !dK7.LI.iKflIL)J THEN

SLWiK9-K14
IF (NAREA.EQ.I) THEN
IF (SUl1R.LE.FAT(H(L)-K9) THEN

CALL CVLAP(SJE(K1,l),SWJE(KI,2) ,CRTAB,ITST(L,2) ,IS4(KiI,
I XC(L)-CRIT(LI) ,YC(L) ,IFIX(CRIT(LIl)),
2 IFIX(CRIT(L,2)) ,K9-K1+'lSIMR)

60 TO 48
ENDIF

t JK49+1

CALL O.JLAP (SAVE(Jil) ,SAVE(J ,2) ,CRTAB, ITBT(L,2) ,ISAV(J)I
XCL-CRIT(L ' -2.JCR,YC(L)-2.XC~iXl

3 KH(L)-K9,SWIR)
StH"wIN(U -StI1R

ENDIF
ENDIF

4# AREP(U=AREP(L)+SLMI

00 70 MjUK5l
JI=K1~j-K5
SM~(J , t)ZSAE(J, 11)

71 COffINUE

WNRWIE-KS

ht"-KS

4 009 80 XNCP
*KH(J)KI(J)4(

U8 C9NTINUF
IF ((N[P.EQ.I).0R.(K.EQ.I)) WO1R

IF (krTP.EQ.2) WoU~

60 TO 31

1----tMP IR HIITS ON APPWIC FOR LIII TARGM IF APRM~IATE

91 Do III miiK
IF (GJ(Jo3).UE.FLQAT(D) GO TO IN*::IF(J-I41.7.Na) GOTOIII
ITG-TTP-ITri(L,2)r

IF (WM.EO.1) &W tSM 4.ICRTAi%( TGVTP,*dTP, 112
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166 CW(TJNUE
113 &5J-K I

WRITE( 13,15S) K I K2 NO IJ(I MUMK, 1) ,'VE(KK 12) ISNE(KX13) ,KK--IN3)
DO0128 JI=JN3
KK=1(I+J -J
SNEUKK,1)=SAVE(J1I,11)
SAE(KK,2)=VJE(JI ,2)
SAJE(KK,3)-SAVE(J1 ,3)
ISAV(KK)=ISAV(JI)

128 CIJIINUE
IF (NAREA.Eg.1) SW-IK5

WRITE( 13163) K
NREP=NREP-K5
MXPfNXP-K5
KZ=KZ-K5

IF (L.LE.NCP) THEN
M~J 131 J2LNCP

138 CONTINLK
ENDIF

143 IF M(REPALVA~.R.(KZE0.0)) RETUA
IF (IcTYP.EQ.2) RMINR
K 1=1
K9-IXZ
GO TO 38

151 F0O'AT (6H1 K I a llI,6H KZ J13,dI NO 114,5H1 J a 1418U3(IXIMF
*1 12.2))

4%~~~ 64 FORMI (41 NA1ER OF CMIERS FILU.D ON4 APP'RC~C m 314)
41% END
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SUBROUTNE RESLIS

CPAWIER NME1E4

* ~~DIHMSIUN PRI( 1) IPR2( 15) ,PR3( 5) ,PR4(15) IPP5( 5) IPR6( 15)

I ADMi(112) ,BPHT( 15) ,IUPTCH ISIGADN(112),
2 AMINM( IOVHTAC( IS) ISIGARP(),
3 APRAQ) 1GPHTS(n 15 SIGASP(3) s
4 APR!N(3 JLNHlT$(tl 2) INSMP ,SISCRT(3),
5 AREP(3 j1CRAT(4) ,PASS(I.,32,S) ISI8CTS(27),
6 ASTP(3) IICIJT(4 13) ,PATT(13134) ,SIGFIL(27),
7 C~OMMT(12) ,IIHI1TM ,RAPF(112) SIslGHTS( 112),
8 CRIT(l2,2) ,IPASS(3212) 9RCUT(112) ,SIGrMF(112),

& DECAR( 112) ,IPCUTM3 IGAPR(4 W~PFL(3),
I DSTRM3 1WRAM4 pTUT(112,5),
2 M~FLM3 ,IPU41) ,I.JE(86813) 10C3),
3 SPADAC(1) 11SMV886) jSSAPRM s4))
4 GM~t(15) ,IT6T(ll.,3) iS1APPA(4),
5 SPAM~SM!) 1I2MM(4 ISScMT(4),
4 GPARE( 15) ,KIM() ,SSItN(4

CINIEND/ N& tELT If lOPS ,NCP,CRMUN APPRO4WREA

CMW~4JOCft/FLA61I NFLA62 IM I NSM I RZALPH IERROR ,t&IN P2 INFLA83

INle' NO'
SMPl~,/FLOAT(NSAs1P)

00 11I= 1 ,NTGPS
SPAREAUI)4
"UM~lI).

11 CONTINUE

DO 31 LA1,NELT
IF (COIMtT(L).BTT) THEN

LCOIr=FL
CT=CO&HTR(L)

ENDIF
JTSTOP-ITOM1L3)
GPI?( ITOTOP)-PHT( ITTOMP) sC0~tWR(L)
6PACH( ITOzMOTSP4AI O lTP) 40Qi()
GPREA(ITGTOP)=6PARFA( TSTOP) +TGT(L,4) XTGT(LfS)

35 CNT1NUE
C0NF9SIONTS(LCOWT) -?UW HRLCONR U )**2
CUW9lSQRT( CONF96/SAiO)
CONF961225761CWIHFSIBRT(SW1PL
WRITE( 131,24S)N&W jiCQNF96,LCOIHT
CONF9S I.6451W4F96/2 .576
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WRITE( 13,250) C(F9#
IF (tFLABLG3.EQ.A.DANS~i.E.288) WR:TE0313490)

K ~~IM~INICAMIA 4NELT)

WRITE0 3,2d0)(KKIMA1IB

L=1(*lA-1
PRI(K):=iPLlCOttTR(L)
PR2(K)4SIIfUS(L) -WPLXCOWITR(L) X2
PR2(K)=SQRiT(PR2(K)/SMPO)
PR3(K)=-iPLlAW1(L)
PRO() 41 GAi() -S44PLIAIXI(L) IX2
PR4(K)=0RT(PR4(K)/SANP0)

50 CONTINUE
WRITE(13,278)(PRI(K),K=,Ii)

WI7E(IREA.E0.) WRIT( 13,290j)(R3K K1I)
IF (NAREA.EO.0) WRITE0 3,310) (PR4(K)-1 ,M~)

WRITE( 13,311) (I1GT(K,3) ,K=IA,IB)
IF (IB.LT.ELT) 60 TO 40
WRITE( 13,320)

0 AIBM$

)MtIN(IPAI 4NTOPS)

WIMRT~13,330) (KIPKA1A8)

6PIT(L)mSMI3OHfT(L)
PM2K)4PGt)4S(L) -SM SPAOJ'A(UlU2

N.. PR2(K)Z4GRTiPR2(K)/Swfa)

OMfA(UmtM(U/GPARE(L
70 CORT1NtVE

WRITE( 13,248) (PRIM (K ,K- AI 8)
IF (NA<A.ET.mBS) GOHM

i DI
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L

IF (NCP.GT.0) THEN
'WRIIE( 13;35$)NME
00 121 L=1NCP

r ~PR1( 1): IPLIlCIJT(L)

PRI(A4)=S1$CR(L) -&1LlRHIT(L) *12
* ~PRI(4)=SWR(PRI(4)/WlPO)

PRI(5)=SMiPL*ASTP(L)
PRI(6)=S1GASP(L)-S&lPL*ASTP(L) 112

PRI(7)-1Pt*AREP(L)
FR1(B)=SIGARP(L) -WMPLIAREP(L) X12
PR1(8)SORT(PR1(8)/APO)
PRI( 12)=SIU.F(L) -WPL*RAPF( L) *12

PR1( 11)=SVRT(PR1( 1)U I0

PRI( 1B)=:St~L(L)-W1PL*8NAPFL(L)**2

PRI(9)=lSMXEAWL(L)
IF (NAREA.EQ.1) THE~N

PRI(5)u SEZ
PRI(6)=1,E28

NIF
91 IF (MXPTCH.EUIO) THIN4

PRI(7)12 IE
PR1(8)u.E21

ENDIF
110 IF (API3ROU.T. 1.) THE0

'4 ~PR1(U)M.E2I

PRI( 12)ml.E21

.121 CtITIN4UE 4

IF (W(.61. 1) THEN i
* I4RITE( I3t371)

NCP1 t4CP+I .

00 178 KU1,N1.P
KK*4-KJ

*00 133 L=113 .

IF (KI(.&T.0) 0SfR(I(K)t1E2$
138 CWTINUE

PRI(3)u*tMtPRI(4)
PRI(4)rnSGERAT(KJ) -SE1PLPRI(4)112

C -48
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PR I (6)=MPLSIN (KJ) - IMNM 1

PR16S=9GRTPRl'A)/SMPO)
PRI(7WS=9Ml.fR(KJ)
PRI(8)=S1APR(KJ)- PIAPU~R'KJ) **2
PRl(6)=SQ~R(PRI(8)/SMPO)
PR1(9)KPLISAPRAMK)
PRI( 1S)=SGP(KJ) -WPLXSlPRA(KJ)112

IF (NAREA.Eg,1) THEN
PR1(5)=1 .E28
MM(6Ml.E28

ENDIF
140 IF (APPRXILT.I.) THEN

V ... PRI(7)1I.E2#
PRI(8)= .E2l

PRl(Mm)X1E2

I. ENDIF
158 IF MK.1.74) THEN

IF (KJ.EQ.2) IE.2--3
IF (KJ.EQ.3) IELI=2

NRITE( 13,488) JEI lIEL2,CRIT(IELI, ) ,CRIT( IR2,2) ,(PRI(K),
1 0116) (DSTR(O K101A),(PRIM(K),K7,18)

IF (NCP,E2.3) 60 TO 178
60 TO 108

ENDIF

ids WIE 13 K8)CIS)(i DRIT(1OK712) 1 FI P14 4SRK

NI F

ENIF

P181 IF (LV.OT.#) I4RITE( 13,398)

DO 190 L4,NtLT

ENDIF
16 CW4TINUE

IF (MV.T.S) THEN
U A1841

~--N -~9 EMON~D SUBSCRIPTS MAY REQUIREt 0,J~N108M .
I4RITE( 3,4 IP)(T8T( PL(K) 15) 101A,1 6)

4 N~RiTE( 13,428)(CIIT( IPLK) 12) 19:4A,18)
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DO 216 K-1,1KM
L-K4 IA- I
IPLL=IPL(L)
PRI(K)=Si'tPLflCUT( IPLL)
PR2(K)--SI6CTS(L)-SMiPLURCUT( IPLL) *12

* ~ PR2(K0=SORT(PR2(K)/WaPO)
PR3(KO=-WPLJiHIT( IPLL)
PR4(K)=SI6FIL(L) -%iPL*RNIT(IPLL) fl.
PR4(K)=SQRT(PR4(IO/W1PO)
PR6(K)=SWLXRAPF(IPLL)
PR5(K)=SIGMF(IF-LU)-SAPLIRAPF(IPLL)ý1*2
PR5(K)=SQRT(PR5(KO/W0P)

216 C~kNTINUE
WRITE( 13,4436)(PRI(K) ,K= 1,111

W4RITE( 13,456) (PR4(K) I ,I~I0

Wi.IF (NAREA1.0Q8 TO~

WIRITE( 13,476) (PR5(K) ,Ký- I IN
ENDIF

221 IF (I84.LLV) 80 TO 266
ENDIF
RETURN

246 FOUMT(IXI'NS1P :'11515,'Ctff 111TEff.A FOR W1. LEVEL. c',F7.3,
12XI'FOR TOT ELT ml 15)

256 FQMT(IOX,29HCWF INTERJA1 FOR 9#X LEVEL mF7.3)
26# FOlWTQH6,Xj1IrrO6T ELEMENT11518)
271 FOUT(tXIl2E)( NO. HVTS115F8.3)
286 FM7(fi,5HSIGMAIISFO.3)
291 FOF*7(IX,120IP AREA W4,15F8.I)

3t1 FO"4T(2X,IIHTST OP. NO.11518)
326 Fft(IT(11,lf=AR6ET GROUPlS)
33# FO"Wr(ll46,X,1IfIR6T OP. NO.11510)
340 FORNT( IX,12HS(P PER. OM,15FO.3)
351 FOItMT (IHIW4X,361HF0R RMhIYS AVO tMOR TAIXlIAYS,/8X,3HT0TI4X,3MtC

IL2lM 3lHR82lHlM29HX NOI3X5SI,~,S1I8KP AR

4 3BIIEX3 P APPR,3X1IHSI~,/8XIELTI I6X,3ItCtT,~,7WllTERS, LSX,411FILL,
41SX16liFILLED112IMI CPAl,15X,414F11L)

361 FIOT(B)13,F7.SF5.I2F7.3,2F8.3,4XF71S, IX,F7.J,4)XF7.6, IXF7.

378 FWRT (INl,4X,29HCO{8ItED PRODAILITIES OF CUJT,/77X, 12RIID1TRAU1TI

22X,158IGNS1Q2X ,MIDP NO,3X,5)4SIQftj3XlP ARMI3X9%5I481~4X,3QHI
UELTX) IM~P APPR3,ZS1SMBIIOP APPRt3X,5HlMSWj/7X,4IIELTS,
41X3CtX7M ES (4FLLI~llt~ IlU,1, 1)3,5X,7It CR

381 FOlt*T(6X5HI&21&3IF7.0 ,F5.l2F7.3,2F6.3,4XF7.lB,)XIF7,6,X,3(f 5.3

390 FOMT( tI4X, I IIFOR MiINOR TAXIWAYS)

463 FON~T( IS1)11, 11,IITARGET ELBIWT 11517)
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L 418 FORMT(W1d12HTARSET WIDTH,15F7.0)
421 FORMT(9X, 19IIININIRI CLEAR WIDTH, 15F7.6)
438 FCRMAT0XI23HEXPECTED NUMIBER OF CUTS, 15F7.3)

I446 FORMT(23X,15HSISMA, 15F7.3)
458 FORMT(4X,24HEXPECTED CRATERS TO FILL, 15F7.3)
461 F0RMIAT(7Xj21HE0(PEC7ED AREA TO FILL,15F7.S)
471 FO~iT(23X,5HSIGMj15F7.1)
488 FOR%1(8XIlII~,IIIF7.6,F5.8,2F7.3,2F8.3,4XF7.8,1X,F7.8,3X,3(F5.

* 491 FORMAMH 'NSAMP LIMITED TO LEAST OF VALUE INPUT OR NUMIBER NEEDED
-TO GIVE SPECIFIED QUALITY TO PROBABILITY OF CUT.')

C 43



SUBROUTINE NCOMP

--------------- -----THIS ROUTINE IS ENTERED TO CALCULATE THE MI1NIMUMI SAdPLE SIZE
I OF MNOTE CARLO ITERATION4S TO GIVE A SPECIFIC CONFIDENCE LEVEL
I AND INTERVAL FOR THE PROBABILITY OF CUTTING A TAKEOFF
I SURFACE. IT CANNOUT BE ENTERED UN~LESS NFLAG3 IS SET IN MAIN
I PROGRAM AN~D NSAMP SPECIFIED AS GREATER THAN 288.

I ADM(112) ISPHT( 15) ,IUTCH ,SIMMl(112),
2 AMIN(3) IOPHTAC( 15) lSIGARP(3),
3 APPA(3) 1GPHTS( 15) ISIGASP(3),
4 APFMIN(3) ILNHITS( 112) INGAMP1 ,SI6CRT(3),
5 AREPM3 ,ICRAT(4) 1PASS(8:32,4) ,SIGCTS(27)j
6 ASTP(3) ,ICUT(413) ,PATT(13,34) ,SISFIL(27),
7 COUHTR( 112) IIHIT(3) ,RAPF(112) ISIGHTS(112),
8 CRIT(112,2) ,IFASS(3212) ,RCUJT(I12) ISIGNF(112),
9 CRIAB(1t,612) ,IPAT(12,4) 1RHIT(112) ,S1IN(4),
& DECAR(112) jIPCtJT(3) ,SAPR(4) ISAMF(3),
I DSTR(3) ,SAPAA(4) ITBT(112,5),
2 ENAPFL(3) lIPL(41) ISAYE(8IU,3) ,XC(3),

I'3 8PADAC(15) IISAV(8I3) ISMP(4) ,YC(3),
4 6PAON(15) IITST(11213) SGAPRA(4),
5 6PAOMu(15 ,I2CtIT(4) ,sscwT(4,
6 8I'AREA( 15) IKHM3 ,S(IiIN(4)

CNhIYEMMW2 ,NELT 1 T6S1 NCPCMN1API'R M,~

O1DNIW4O PR(3

1---CALCULATE AM STORE IN A MATRIX THE PROONILITY OF WT FOR
E ACH TAWGE ELOWNT USING THIS PAIlERM.

IF (NCP.GE. 1) THO
I IF (ZALPH. LT.1. 45) ZALPP 1. 645
IF ((ERROR.GT.S.*5).OR.(ERROR.LT.O.1181)) ERROM4I6
DOll J--I NCP

K-----INITIALIZE A LOOP TO FIND TIffi PROBABILITY OF CUT CLOSEST
I TO 6.5, THIS MAXIMIZES REQUIRED StPLE SIZE FOR WW151CSES
I TARGET ELEMENT AND ATTACK.

* Ix= I

JXZ I

44 -44
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.------.LOOP TO FIND PROBABILITY OF CUT CLOSEST TO .5
I AND RECORD IT AS PIXIiJU.

DO 21 J-INCP
WLLI=ABS(PR(J)-B.5)I,....

IF ('MLLI.LT.S3•t) THEN
Ix=I,"•
,IX=
3'4ALL=g'IL~ I

ENOIF
28 CONTINUE

PKIU4NPR(JX)

1-----IF PNUMI IS VERY CLOSE TO ZERO OR ONE, THE STATISTICS
I COLLAPSE MIfTE CARLO ITERATIONS TO A VERY SMLL NUMBER.
I THEN CALCULATION OF ADDITIONAL ITERATIO.S TO RUII OR
I RETIUR TO THE MONTE CARLO LOOP SHOULD NOT BE CONPLETED.
I THIS ACCOMPLISHED BY SETTIN6 NFLA61.

IF ((PIG4114,6T~i.i.5ii) ,A•)D.(PIO~iIJ.LT.8.999511 THENl
I

I ---------- CALCULATE TOTAL S*IPLE SIZE TO ASSURE CONFIDENCE LEVEL
I AND ERROR INTEML.

SSI ZE=PNMI•Ug(.-tPWJH t((ZALPWERROR) 12 .) F t

1-----TEST IF NORE ITEPATIONS REQUIRED, SETTINS APPROPRIATE FIA68
I W4NFTHER TO RETURN TO THE MONTE CARLO LOOP. IF S0, SET LOWER
I AD UPPER NNTE CARLO LOOP LIMITS.

IF (NMli.LE .NSAM) THE
NFLAG 1, I
RETURN

ELSE
N S%'R4l~PRsP I,"'
NFtA03Z-il
IF (NWIItLTW TOeI

ELSE

ENOIF
RETURN

* ENDIF
EWOIF

EtOIF
95 NFLAGI=I

RETURN
END

C -45

..i



APPENDIX 
L)

SAMPLE DATABASES AND INPUT FILE

Sample Target Database

2 a b c d
4500.6f 6.8g00 90008.6 200.6i 11

;,., 4 5 086.e 4hI I

; 488.m 50.

1588.8 2598.0 68.8 5999.9 158.8 1 2 1

4888.6 58.8

2 p 8q

2r aS2r 2'

t iU

Variable

a - number of target elements NELT
b - number of target groups NTGPS
c - minimum width required to taxi aircraft (9=no taxi search) NPPRCW
d - flag to compute overlapping craters (0 compute, I = do not) NAREA
e - target element I center-point x-coordinate TGT(I,1)
4 - target element I center-point y-coordinate TGT(1,2)
. - target element I azimuth of primary axis (orientation) TOTM1,3)
h - target element I length TGT(1,4)
i - target element I width Tl<I,5S)

" ".J - surface code (8 = non-surface, I = surface) ITOT(l1)
k - target element I hardness code (crater table index) ITGT(Iv2)
1 - target group of target element I ITT(It3)
" - minimum clear length (MCU) for target element I CRIT(Iji)

, n - minimum clear width (ME$) for target element I CRIT(I,2)
o - target element 2 hardness code (crater table index) ITGT(2,2)
"p - number of TOL surfaces NCP

N q - number of taxi surfaces LV
r - total number of hardness codes NHARD

'.. s - number hardness codes for surfaces NHARDP
, t - number of patches available MXPTCH

u - repair priority code IREPR

D i



LL

Sample Weapon/Attack Patterli Database

2a 2b 2c '..

2 5 . 5 d 15 . 6e

12.2 6.7.

26.6h 17.7i --

13.3 8.9

1~

Im In Op

s t U V W X z
3 8 .0.q 1 5,or 36.8 30.8 0.8 0.8 0.8 0.8 9.998y 8.808 ''

A '

-58.0 10.9

-108.0 -1e .e 0:50.8 1.

10. Var"i able•"'•

a - total number of hardness levels NaARiabl Nk RD
b - number of hardness levels for pavements NHARDP
c - number of weapons defined NWPN
d - hardneis 1, weapon I deny-TOL crater size CRTAB(1,1,1)
e - hardness 1, weapon 2 deny-TOL crater size CRTAB(112,1)
f - hardness I weapon I deny-mtaxi crater size CRTA0,s12)
f - hardness 1, weapon 2 deny-taxi crater size CRTAB( ,2,2),
h - hardness 2, weapon I deny-TOL crater size CRTAB(2,I)
i - hardness 2, weapon 2 deny-TOL crater size CRTAB(2,2,1) ft

- hardness 2t weapon I deny-taxi crater size CRTAU(2,1,2)
k - hardness 2, weapon 2 deny-taxi crater size CtNTAS(2,2,2)
I - number of attack patterns defined NPATT
m- number of weapons in pattern IPAT(I,1) •.,%
n - number of submunitions in weapon IPAT(I,2)
o - weapon code (crater table index number identifying weapon) IPAT(1,3)
p - pattern shape (8-gen purpose, $Irec CBU,12elip C8U,3*quided)IPAT(I14) ,.
q - range delivery error standard deviation PATT(t,1)
r - deflection delivery error standard deviation PATT(I,2)
s - range ballistic error standard deviation PATT(i,3)
t - deflection ballistic error standard deviation PATT(1,4)
u - CBU half-pattern length PATT(1,5)
v - CBU half-pattern width PATT(106)
w - CBU half-void length PATT(1,7)
x - CBU half-void width PATT(I18)
y- munition fuze reliability PATT(119'
z - s ulxunl tion fuze rel iabilIi ty PATT( l, 101..:

A - munition range coordinate relative to center of stick PATT0(,11)
8 - munition deflection coordinate relative to center stick PATT(I,12)

D-2 2."
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Sample -PMSN Output File/AFt1OD Input File

512597745a

b,:.

4588 8.1 8.8" 9888.8n 288.8° 1  q 1r

4888.8s 58.8
1580.8 2598.8 68.8 5999.9 158.0 2 1
4888.8 58.8

,,• ." 2 U
u V

S6x l Izi8
2 0'

3068.8 15 .08 C 3880 3 8 .E 8 F 6. 8.H 8.81 6. 99 9J 8 .8 0K
o:::: 158 18 , I- e,eM

-188.8 -18.8
-58,8 18.8

" ."t58.8 -18.8
188.8 18.8

S158.8 -18.8

2P 0

25. 15.6'
12.2 6.7
26,.6 17.7

•:,•13.3 8.9

8 IS 2 T

,3ee.,U *.V 17 8 W x t .ebb

15,86. 2598.8 135.8 .960 1.0 1 0 2

Variable

a - random number seed (if required) ISEEO
"b - total number of samples to be run NSAKP
"c - interval between reports NSWPT
d - flag to calculate number of required samples NFLAI3

(8 = perform NSMP samples, I = as calculate 280)
e - required level of significance (error allowable) ERROR
f - standard normal variate associated with allowable error ZALPHA
g - number of target elements NELT
h - number of target groups NTGPS
i - minimum width required to taxi aircraft (O"no taxi search) NPPRCIW
"J - flag to compute overlapping craters (8 = compute, .1 do not) tN1REA
"k - target element I center-point x-coordinate TGT(iI)

D-3
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Var i able

I - tzrget element I center-point y-coordinate TGT(1,2)
rm - target element I azim~uth of primary axis (orientation) TGT(113)
n - target element I length TOT(1,4)
o - target element I width TGT(195)

N p - surface code (8 non-surface, I = surface) ITGT(,I1)
q - target-element I hardness code (crater table index) ITGTQ(l2)
r - target group of target element I ITGT(0,3)
s - minimum clear length (MCL) for target element I CRIT(II)
t - minimum clear width (MCW) for target element I CRIT(192)
u - number of TOL surfaces NCP
v - number of taxi surfaces LV
w - number of attack patterns defined NPATT
x - number of weapons in pattern IPAT(I )
y - number of submunitions in weapon IPAT(1,2)

z - weapon code (crater table index number identifying weapon) XPAT(1,3)
"A - pattern shape (B=gen purpose,1=rec CBU,2=elip CBU,3=guided).PAf(l,4)
B - range delivery error standard deviation PATT(I I)
C - deflection delivery error standard deviation PATT(1,2)
D - rant,:, - -6. tic error standard deviation PATT(1,3)
E - def4.tioa, ballistic error standard deviation PATT(114)
F - CBU half-pattern length PATT(1,5)
. - CBU hilf-pattern width PATT(1,6)
H - CBU half-void length PATT(i,7)
,1 - CSU half-void width PATT(l,8)
J - munition fuze reliability PATT(19)
K - submoinition fuze reliability PATT(1,18)
L - munition range coordinate relative to center of stick PATT(I1,1)
4 - munition deflection coow,dinate relative to center stick PATT(I,12)
N - total number of hardness co s NN RD
0 - number of weapons defined NtPN
P - hardness 1, weapon I deny-TOL .irater size CIVIA (1IlI1)
0 - hardness 1, w*epon 2 deny-TOL crater size CRTAB(I12oI)

... R - maintenance patches avail-aI ItOPTCH
S - repair priority code IREPR

'..T - number of attack passes to be flown NPASS
U - aimpoint x-coordinate 4or pass I PASS(I,1)
V - aimpoint y-coordinate for pass I PASS(I,2)
W - attack heading for pass I PASS(I,3)
X - probability of arriving at release point (Ist time) PASS(114)
Y - probability of arriving at release point (2nd time) PASS(105)
Z - attack pattern to be flown (PASS matrix index) IPASS(II)
aa - next pass this aircraft will fly IFASS(1,2)
bb - target element number being attacked NPX(D)

1.SD"
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APPENDIX E
I..

t�PHOD &�1PLE OUTPUT

-.

This appendix describes �PI1OD output. A typical listing is shown

on the next page, followed by a brief description. This particular
- . output was produced by the TURBO PASCAL version of �Pt1OD.

. .. U -

* 21
I.

* 4'.

p
I, *

I.'

I,.
4,

I,. =4
1,

.'

�4,W

4''

-
4$ '4.-s

* *

4.

�¼, *

�4*
*U4 4...."-

&4 S

£- I
'U

S..

/ S
U. S�.

* �,

... UU'.. **U**UUUUU.
4
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A- number of samples used to calculate report
B - confidence half-interval for indicated target element. APHO1D picks.

the target element with the largest number of hits for this portion
of the report.

C - expected number of hits for target element number I) - expected number of hits for target element number 2
E - standard deviation for expected number of hits on target l m.b
F - standard deviation for expected number of his, on target 2

G - expected number of hits for target group 1
H - standard deviation for expected number of hits on target group I
I - minimum clear length for target element number 1
J - minimum clear width for target element number I
K - probability of cut (probability of denying a minimum clear strip)

for target element number I i. c.
L - standard deviation for item K .-=

M - expected number of craters to be repaired in order to re-open a
minimum clear strip on target element I

N - standard deviation for item H
0 - expected area to fill in order to re-open a minimum clear strip on

target element I
P - standard deviation for item 0
G - not used by AAPMOD
R - not used by ANPtOD
S - expected number of craters to be repaired in order to clear an

approach to a minimum clear strip.
T - standard deviation for item S
U - expected area to fill in order to clear an approach to a minimum

clear strip. .
V - standard deviation for item U
W4 - summary statistics for combinations of runways
X - the distribution of minimum number of craters sum to give a

probability of cut 4or a particular runway combination. In this
example, 0.376 and 6.340 sum to give the 6.718 figure shown for the
combined probability of cut. The distribution of minimum craters
gives the relative percentage of time that a particular target
element must be repaired to open a minimum clear strip. Recall that
if the field is closed, only one minimum clear strip must be re-
opened.

3.:..
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APPENDIX F

PASCAL RAN~DOM NUMBER GEEAO TEST RESULTS

This appendix provides the source code listings for three of the

PASCAL programs~ us~ed to test Borland Intevnational's TURBO PASICAL random

number generator and the results of the tests. All of the tests were

accompl ished with with a 16-bit microcomputer, an 8887 numeric

coprocessor unit, and the TURSO-87 Version 2.16A <8887-compatible) TURBO

* -*.PASCAL compiler.

F-I



The following program was used to test for the period of the TURBO

PASCAL random number generator. The program begins by initiating the

random number generator (randomize), drawing a random number, and

assigning this value to a variable (rn). The program then continues to

draw random numbers, update counters, and display how many millions of

random numbers have been checked on the screen. The program ends if a

new random number comes within 6.088800801 of the original number

stored in variable rn.

The test program was run until 58 million random numbers had been

generated, at which time the program was stopped by the user.

Therefore, there was no reoccurence of the first number after the next

58 million random number draws within a tolerance of e.e8eo8ee 1e..

program Randou rPuPeiod;( 4 Jan 05

Var , Irn I real I.
covut, mIllinas, tlohsUds : istege .

C(rscr I..
uriteln( 'Raudom Ntber Priod Test Progra' ) ; writte I ;witln I"
cunat t I i millibs t I thtkouads Iw I (initialize comnters
raundmize I C initialize ra•dm n ab generator I
rae rudm; Craudms ioduces a rudomm nberItm I and I)

coat I= cuot ,.
if count a 0IM tima begi"

coat ; I j 0
thousands x thoauunds 1;
if thousauds a OI thNu begin

thousnds :aI I'
aillilu 4.8 Millicas I j -.

gotoxy( Is 3 ) I
lrtaml I ._

Wite( DillioNs 'o60,06 InIMrs chektd.' )1
end;

ed;
r : randm I ( dm M saiumerand ste is variable r,

util a •(iC r -rn) (e -iS) or C mllies a Qmiet )
aed.

F 2.
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The following program conducts a chi-square test to determine

whether the random numbers drawn from the TURBO PASCAL random number

generator are uniformly distributed. The model for the test is shown in

Banks and Carson (3:271). The test is programmed for the observations

to be stored in one of 188 bins. The test ends when any bin becomes

full: 580 observations maximum per bin. The test was run three times,

with the results as shown after the program listing. At a level of

b significance of alpha 6.18, the null hypothesis that the numbers were

not uniformly distributed would be rejected if the chi-square test

statistic was greater than 118.5. All of the tests produced a chi-

square value less than 118.5, thus indicating that the null hypothesis

could not be rejected. The high level of significance, 8.10, gives more

power to the rejection of the null hypothesis, and hence more credence

* to the conclusion that the random number streams analysed were uniformly

distributed.

( )

progra RandaftberTusts ; { 4 Jan 85)

vAr count, mr, r, Pa, sI, stMx, simsn , sx, sn, x : real I
it icount, J, thousands integer I
period, quit I boolean
'req : array(l..II) of intoger I
lit : text;

procedure dlskoutput i
begin

assign( lIt, 'NiBIS11IU.O ' ) ; .

rewiteC lit )
* "d;

begin (main progra)i: ~cirscr i .
diskoetpot I
"wuitln 'Ramia Nod r Test Procrm') I witle writeln
wirtela( lIt, 'TUO PASCA. Randi Nobar Test Prola' )
wHiteM( lIt ) ; W'iteln( lIt )
quit :a false ; pe•lod :a false

r3.4
!.f *"
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for i := ito Ill do freq[ii := 6; ( zero array values }
count := 8; icont ;= I thousands : ; ( initialize counters )
randomize ; ( initialize random number generator I
rn := random { random gives a random nember between I and I)
r :- rn ;
repeat

count := count + I;
icount ,: icount 4 I;
i - trunc( r I III 1 + I; ( convert to integer between I and 116 8
freq[Ji r- freqtil 4 1;
if freqti ] 500 then quit := true
if icount 1606 then begin

icoupf 1= S
thov.rZ.dds .= thousands + I
gotoxy( , 3);
clreol ;
write( thousands, ',8BS numbers checked.' ;

end;
r := random ;

%1 if abs( r - rn ) ( le-7 then period := true; check for period)
"until quit or period
write( 1st, 'The period of this generator
if period then write( 1st, 'equals' ) else write( Ist, 'exceeds' )
writeln( 1st, 'the meount of numbers generated.')
writeln( 1st, '(Epsilon = 9.5e1e1j )1 )V
writeln( Ist )
writeln( 1st ) ;
writeln( 1st, 'Number of random numbers generated ', counti5zi I
writeln( ist );
wrlttel( lst ) ;
.m i= count / III
"s"mxsqr 1= S
for i := I to III do sumxsqr :a smxsq + sqr( freqtil - m )u
writeln( !st, '1 u ',,)
wrlteln( 1st );
writelo( 1st, 'Sum o ( Xi Squaed ) = ,,umsqr )
"writeln( 1st 1;
w.iteln( 1st, 'Chi squared = ',• suxqr / mu)
writelA( 1st );

* writefl( 1st );

wr.telm( 1st, 'Contents of biAs from I to Ito. (RO I B Bins 1-5 )' 1;
"writell( 1st ) ;
for i sm I to 19 do begin

for J :a I to 5 do write( 1st, freq[ iI 5 4 J 1:16 1
OitelM( 1st )

ed I
close( Ist);
med.

F -4
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The results of test #1, 180 bins:

TURBO PASCAL Random Number Test Program
IA,

The period of this generator exceeds the amount of numbers generated.
( Epsilon = 8.98e8801 )

Number of random numbers generated = 45481

Mu = 454.81

Sum of ( Xi Squared ) = 47,765.39

Chi squared = 185.82

Contents of bins from I to 108:

Bins I to 5: 446 476 445 480 486
Bins 6 to 18: 434 436 476 434 493
Bins 11 to 15: 478 497 426 445 463
Bins 16 to 28: 446 450 468 434 447
Bins 21 to 25: 481 438 437 433 472
Bins 26 to 38: 461 431 441 469 471 K
Bins 31 to 35: 456 458 475 482 457
Bins 36 to 48: 446 488 464 427 415
Bins 41 to 45: 446 487 456 472 407
Bins 46 to 50: 469 458 461 437 468
Bins 51 to 55: 439 453 486 421 498
Bins 56 to 68: 424 458 481 450 451
Bins 61 to 65: 449 463 477 464 441
Bins 66 to 78: 500 417 495 443 479
Bins 71 to 75: 438 416 419 445 487
Bins 76 to 80: 452 466 462 491 451
Bins 81 to 85: 448 468 434 438 426
Bins 86 to 98: 455 453 438 432 437
Bins 91 to 95: 442 428 454 489 494
Bins 96 to 188: 465 426 462 448 461

F 5
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The results of test #2, 180 bins:

TURBO PASCAL Random Number Test Program

The period of this generator exceeds the amount of numbers generated.
< Epsilon = 8.0686661 )

Number of random numbers generated = 43826

Mu 438.26

Sum of ( Xi Squared ) = 56,711.24

Chi squared 115.71

Contents of bins from 1 to 188:

Bins I to 5; 447 429 494 478 413
Bins 6 to 16: 486 446 410 486 462
Bins 11 to 15: 467 461 417 429 420
Bins 16 to 28: 432 444 453 434 46-
Bins 21 to 25: 432 477 434 476 438
Bins 26 to 38: 376 439 415 440 474
Bins 31 to 35: 433 425 500 455 453
Bins 36 to 48: 457 429 415 431 415
Bins 41 to 45: 414 462 434 419 448
Bins 46 to 58: 437 463 416 416 438
Bins 51 to 55: 471 439 454 461 451
Bins 56 to 68: 421 424 449 418 439
Bins 61 to 65: 437 445 456 456 462
Bins 66 to 70: 429 432 409 443 471
Bins 71 to 75: 431. 418 410 449 436
Bins 76 to 80: 464 454 434 486 435
Bins 81 to 85: 454 404 431 421 418
Bins 86 to 90: 424 448 448 436 415
Bins 91 to 95: 406 441 426 458 473
Bins 96 to 186: 416 435 428 418 451
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::•, The results of test #3, 188 bins:

,, ~TURBO PASCAL Random Number Test Program.

,.The period of this generator exceeds the amount of numbers generated.
•i ( Epsilon = 8.6808681)

•':;Number of random numbers generated =45821

" "Mu -u 458.21

S~Sum of ( Xi Squared )= 45,682.59

Chi squared = 181.29

Contents of bins drom N to 18P:

"Bins I to 5: 414 486 457 445 58

:-.Bins 6 to 16: 437 417 442 483 486
.. Bins 11 to 15: 467 436 426 427 459 '

SBins 16 to 28: 440 432 443 455 449
I!Bins 21 to 251 478 450 467 452 454 J
'.-Bins 26 to 38 : 442 437 448 451 448 r!
,,..Bins 31 to 351 451 429 448 495 423 ,:TheBins 36 to 4t: 444 49e 453 461 468ne d

Bins 41 to 45: 457 449 449 442 468

! •Bins 46 to 50: 485 453 461 443 448 ;Z
,'-Bins 51 to 55,. 433 436 434 472 480
!: Bins 56 to 68: 448 431 475 478 434 ,

",Bins 61 to 651 438 471 429 429 477 'Bins 66 to 7ue 441 433 472 495 442.
Bins 71 to 751 488 453 426 451 432

N Bins 76 to Be: 463 474 442 449 486
Bins 81 to 1St 467 469 443 429 437
Bins 86 to 98: 487 432 457 464 417
Bins 91 to 953 434 435 451 471 424
Bins 96 to 108: 472 451 474 424 448

F% 7
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Another chi-square test was accomplished using 1924 bins, a maximum

of 32,767 observations per bin, and a smaller period tolerance level of

"a."008808081. The chi-square value obtained was divided by the number

of bins, 1824, to obtain a test statistic. The resultant value would be

L indicative of uniformly distributed numbers if it were in the range 9.5

" ,to 2.6 (56:446). For each of several tests performed, the test

statistics fell within the range indicative of uniformly distributed

U"numbers. The following shows the program used and results for one of

the test runs.

program Randa4umberTests ; C 4 Jan 85 "

"a count, MU, rP, Mn ssi six, siuxslr sx, sxnj x : real
"i. icount, J, millions, thousands Integer
"period, quit i boolean1
.4rq i arrayll.d124l of integer

Ist I tut

-proceAdre lprltrow I

begin
4., for j ti I to 8 do'Wit( lIst, freq i 8 1 + 1:9)0

erittle( lIt )
'. #ad I

procedure diskoutput I
begin

-4. assiga( lIt, 'h:IfTESSUT' ) ;
tuwrlte( 1st);

,._ end I

begin { cal priwo)
clrscr l
"d"'kdutput I

,. wi'ltllW ( 'Rudm NOW Test Pratea' ) Writll t Writela I
witall( lIt, 'l7MO RAM Ruda Nabe' Test Prgra' ) I
wittll( 1st ) Wtittla( It )
qvit is false ; period :* falt I
for i :a I to I124 do freoql im I I
coast :a I icout ;s I I tkvusaads to; Il iions -.a I

F 8
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•:'-.repeat

count :count4 1;
icount :i icount + I
•- in= trunc( r • 1024 1
freq~i] := freqil + 1; t
if reqt)[i maijet then quit in true I•'..;''if icount 101ol then beginicount 1= I

thousands := thousands + 1I
if thousands 1IM0 then begin

"thousands :1 ;
millions :i millions 4 1;
gotoxy( , 3);

L'write( millions, ',il0Um wxbers checked.' )
end;

end ;
r *= rmnds ;
if Abs( r - rn ) (lt-It then period in true I

until quit or period
write( Ist, 'The period of this generitor ' )
"if pepiod then write( lst, 'equals' ) else write( Ist, 'exceeds' )
writelm( 1st, ' the moout of nmbs generated.' ) I
Witeli( 1st )
witelt( 1st ) ;
witelt( lIst count, ' rads numbers wee generated.' )
writelo( lst ) I
witelt( 1st )
u. ism count 1124 t

H S in

for i im I to 1024 do smW in a sr 4 sqr( frqil] - m 1
Wittig( Ist, 'I N )
WLiteti( let )
Writelt( Istl, 's of ( Xi Squved ) u ', sizfqi ) I
witelt( Ist) ;
writelm( lIt, 'Chi ulpred ', sI r / u ) I
writela( Ist, 'L'fCatests of bias frm I to 1024. ( I B i Oas 1-8 )' )

," rWitela( lit ) ;
for i ix I to 0 do piomtrw IwP
"witelt( lt, L ) I
,or t in t to " do priitroi I
Wituli( let, 1L )
for i t IN to 127 do pistro ;I
Clowe lot)

-a'7
ad.

F-9
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I. "

The results of test #1, 1824 bins:

L TURBO PASCAL Random Number Test Program

The period of this generator exceeds the amount of numbers generated.
" Epsilon = 6.8666600861 )

Number of random numbers generated = 32,986,943

Mu 32,213.81

Sum of ( Xi Squared ) = 34,529,942.62

"Chi squared 978.778941187245E+8082

Test statistic = 0.956

Contents of bins from I to 1024. C Raw I = Bins 1-8 )

.1 31912 32455 31819 32102 31952 32054 32246 32081
2 31864 32105 32307 32323 32245 32394 32144 32139
3 32767 32231 32238 32062 32288 32269 32264 32173
4 32251 31865 32344 32098 31944 32263 32409 32175
5 32305 32164 31841 32382 32280 32891 32826 32317
6 32121 32395 32475 32282 32283 32178 32113 32282
7 32355 32365 32236 32252 32071 32224 32165 31956
8 32438 32492 31920 32236 32316 32348 32182 31981
9 32885 31902 32828 32122 32172 31769 32492 32111

* 10 32190 32193 32393 31988 32271 32073 32128 32041
*,,11 32363 32283 32287 32409 32846 32111 32279 32250

12 32303 32019 32152 32484 32028 32418 32117 32383
13 3266• 32197 32890 32441 32224 32081 32142 3237;'
14 32123 32316 32888 32143 31974 32264 32099 32044
15 32485 32194 32337 32263 32236 32620 32090 32077
16 32278 32082 32325 32035 31926 32165 32327 32274

*17 32133 32448 32147 32487 32266 32439 32272 32236
"18 32398 32448 32089 32323 32162 32075 32208 32378
19 32073 32024 32339 32421 32253 32241 32238 32201
20 32182 32127 32191 32072 32133 32243 31911 31949
21 32194 31977 32238 32103 32358 31973 32307 32956
22 32061 32022 32226 32194 32061 32421 32389 32M.91
23 31951 31930 32361 32186 32372 32151 32154 32043
24 32348 32386 31943 32372 32477 32061 32329 32269
25 32258 32010 32287 31895 32307 31992 32088 32049
26 32447 32322 32263 32529 32145 32271 32682 32121
27 32243 32145 32466 32384 32375 32183 32436 32538
"28 32355 32519 32555 32058 32217 32532 32231 32476
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Raw
29 32357 32868 32198 32319 31988 32883 32118 32286

38 31883 32452 32518 32385 32297 32218 31962 32176
31 31965 32192 32148 32893 32408 32284 32296 32381
32 32564 32358 32563 32536 32818 32433 32214 32396

33 32175 32368 32849 32388 32877 32192 32594 32986

34 32169 32118 32253 32358 32198 32222 32559 32145

35 32344 32193 32267 31924 32343 31776 32475 32242

36 32187 32192 32175 32892 32188 32232 32438 31954

37 32386 31962 32114 32116 32112 32831 32153 32375

38 32536 31916 32359 32897 32894 32296 32231 32198

39 31874 32318 32562 32289 31978 32895 32848 32238

48 32184 32864 32846 32721 32429 32218 32284 32832

41 32167 32495 32128 31829 32188 31983 32325 32112

42 52127 32411 31914 32336 32117 31738 31924 32188

43 32334 31939 32281 32522 31932 32216 31931 32423

44 32538 32168 32283 31974 32382 32298 32185 32127

45 31981 31757 32232 32112 32849 32259 32432 32299

46 32220 32216 32892 32248 32267 31998 32238 32244

47 32226 32286 32142 31984 32127 32115 32242 32294

48 31967 32388 32333 32417 32685 32182 31921 32286

49 32388 32476 32192 32233 32597 32383 32133 32132

38 32149 32893 32138 32133 32319 32375 32166 32151 I.

51 32863 31884 32878 32195 32169 32214 31951 32843

52 32578 32495 32157 32267 32197 32191 32369 32436 ",

53 32589 32384 32851 32429 32291 31994 32878 32216

54 32391 32234 32566 32258 32143 32392 32322 32554 a

55 31996 32113 31928 32883 32406 31862 32222 32232 -

56 32421 32115 32299 31928 32199 32125 32841 32373

57 32367 32011 32288 32112 31747 32179 32314 32189

58 32224 32249 32393 32393 32693 31937 32284 31825

59 32215 32449 32271 3194b 323!5 32271 32304 32299

d6 32459 32252 32228 32488 32607 32972 32165 32229

61 32184 32261 32117 32423 32036 32510 32091. 32425

62 32304 32129 32371 32420 32333 31863 32157 32155

63 32189 31935 32235 32162 32269 32471 31968 31958

64 32118 32217 32138 32109 32126 32278 32442 32402

65 32394 32708 32210 32535 32253 31776 32204 32991

S32255 32398 32149 31969 32344 32063 32080 31911

67 32113 32122 32346 32684 32012 32227 3288P 32401

68 32062 32184 32152 32540 31658 32417 32278 32042

69 32261 32234 32393. 32126 32322 32415 32A94 32354

70 32251 32365 32162 32223 32393 32175 32466 32280

71 32431 32274 32429 32452 32137 32211 32725 32219

72 31849 31997 31979 32165 32563 32129 32478 32525

73 32315 32408 32381 32078 32212 32072 32152 32259 g
74 32151 31751 32328 31968 32318 32337 32282 32171

75 32348 32228 32185 32459 32251 32862 32518 32249

76 31923 32814 32211 31995 32406 32164 31819 32023

77 31956 32268 32174 32149 32235 32083 32433 32025

78 32172 32237 32435 32325 32266 32330 32189 32225

79 32464 32855 32971 32158 32231 32362 32245 32123

80 31968 32234 32447 32847 32391 32233 32269 32355
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81 32166 32163 32165 32842 32388 32119 32214 32285

82 32483 32856 32116 32227 32251 32443 32358 32289
83 32446 31856 32875 32453 32883 31874 31965 32171

MX 84 32115 32238 32885 32162 31888 32374 32153 32877

85 32126 32238 32465 32189 32193 32468 32348 32348
86 31981 32319 32488 31994 32318 32161 32342 32154

87 32246 32283 32188 31933 32295 32183 32257 32188
88 32376 32389 32165 31861 31976 32837 32331 32284
89 31875 32281 32413 32843 32882 32386 32287 32264

98 32553 32337 32175 32311 32147 32884 32318 32893
91 32262 32288 32174 32294 32168 32252 32322 32221
92 32264 32127 32112 32281 32353 32296 32849 31981
"93 32481 32459 32446 32258 32436 32184 32149 32845
94 32891 32131 32254 32153 32888 31832 32119 31971
95 32231 32496 32183 32846 32858 32215 32258 32285
96 31954 32858 32492 32272 32279 31882 32178 32345
97 32213 32192 32188 31943 32614 32222 31967 32885
98 32397 32137 32495 32265 31873 32239 31956 32825
99 32872 32424 32828 32147 32193 32483 32878 32275

188 32333 32331 32279 32238 32163 32124 32229 32249
181 31976 32512 32313 32051 32932 32327 32182 32282

102 32467 323?8 32535 32189 32345 32258 32196 32226
103 32568 32339 32383 32272 32566 31939 31945 32948
"184 32825 32158 32151 32228 32313 32462 32584 32876

"185 320" 32142 31847 32166 32965 32314 32259 32386
196 32434 32313 32346 32185 32080 32134 32374 32344
167 32209 32864 32061 32043 32104 31863 31935 32266
108 32147 31812 32482 32105 32267 32590 32988 32238
"109 32313 32123 32148 32135 32101 32891 32164 32361
118 32224 31972 32177 31967 32261 32175 32213 32329

""% 111 32135 32164 32278 32025 32384 32161 32314 32115
112 32996 32130 32297 32z22 32256 32392 32344 32337
113 32393 32063 32964 32384 32573 32348 32605 32379

; 114 32243 32118 32113 32118 32218 32032 32396 32531
115 32316 32218 32508 32324 32277 32445 32159 31896

.]'116 32191 32321 32359 32323 32249 32258 32202 32122
","117 31955 32247 32332 322913 32461 32255 32843 322611

118 32280 32359 32320 32096 32338 323156 32580 32163
- 119 32255 32668 32650 32262 32352 32A44 32280 32074

"128 32216 32190 32411 32328 32497 32183 32681 32235
121 31914 32221 32427 32298 32354 32262 32474 32122
122 32236 32882 32139 32864 32278 31963 32429 32023
123 32699 32116 32805 32518 32289 32584 32343 32993
124 32132 32216 32165 32286 32334 32197 32225 32324
125 32313 32283 32210 31949 32399 32299 32221 321"9

. 126 31764 32376 32518 32671 32182 32239 32044 32406
1 227 32249 32195 32201 32179 32358 32054 32340 32384
128 31'993 32456 31891 32171 32261 32271 32532 32880
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APPENDIX 0

PASCAL LISTING FOR RESPONSE SURFACE METHODOLOGY

This appendix contains TURBO PASCAL computer code for performing

regression and analyzing response surfaces. The main file,

RESPONSI.PAS, is self-documenting with a short description of the

program as well as required inputs and various options. Two separate

files are contained in this appendix. As described at Appendix A, large

TURBO PASCAL programs are most easily compiled by using *Includew filies.

RESPONSE.PAS contains only one line of cod* which OincludesO the main

-~response surface methodology program located i n RESPONSI.FAS.

RESPONSI.PAS is too large to be compiled directly on 64K machines in

TURBO PASCAL. The programs listed in this apendix apet

9' SectIon It RESPONSE.PAS

Section 21 RESPONSItS'AS

G- I
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-FILE !ESPONSI.PAS 17 Jan 85 - . I

prqgra Response (17 January 1985, Hiaj Ovid Roodhouse I

(X ProgrM Description: This program performs linear regression on
X input data. One dependent variable (y) and up to 16 independent
I variables (x's) are permitted in the present configuration. This
X iacludes any second-order terms, so the largest waond-order problem
I can include up to 4 first-order variables, 4 squared terms, 6
I interaction terms, and the mean for a total of 15. The largest
I first-qrder poblem can include 4 main effects, six 2-4actir
K. interaction terms, four 3-factor in-Zerictinn tr.'ms, one 4-factor

*I inter4ction term, and the meen for a total of 16. This can be
I easily expanded i1 the declaration and initialization sections.
I Note that emory becomes an increasing problo with larger designs.
I Up to 51 data points can be entered presently.

I Input data can either be placed in an input disk file (for which
I you will be prompted) or entered directly. The disk file is
I encouraged since there is no provision for correcting errors when
* entering data directly.

"I A typical input disk file would appear as follows:

I.

17

6 1.146 1 -1 -1 -1 -1 1 1' t 0.740 -I -I -l -I "I -i l "
"V Kl 61,3 -Ii - 1 "1 i "1 1 :

1 0.873 1 1 -1 1 -1 - -1 1
*16,145 1 -1 1 -1 I -1 -I

K 6.825 -1 1 1 - t I-
6428 , -1 1 1 -1- 1 -1

I where 8 is the number of observations , 7 is the number of effects
I NOT includino the mean, the left-most column contains the dependent
I variables v4ues for each observation, and the remainder represents
I the design matrix. In this case, the design is for 3 factors with
I full factorial (columns 2-4), three 2-factor interaction terms I. -

4. iX (columns 5-7), and the single 3-factor interaction teon (colmn 8).

I The program expects data in the form of an equation:a
It y = bi + bilxl + b2Kx2 + bxI 4 b4Mx2M2 b5'xlx2

I The y (dependent variable) and x's (independent variables) are entered
I in order. The program uses least squires to figure the b's,

0-3%'-.'ft-3t
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I The program uses matrix manipulations (Gram-Schtidt Orthogonal-
I ization to solve for the regressioa coefficients (b's). This is
I done as follows:

1 I. Reid input data (X and Y matrices), from disk or keyboard
1 2. Break the X matrix into 2 component matrices ( X = OR) f. -'

I a. a is orthogonal (greatly simplifies matrix ops)
- *' * b. R is upper triangular (easy to back solve)
1 3. Back solve for beta's (b's or regression coefficients)
Sa. This amounts to solving ( Rlb = Q'y)
1 4. Compute variance and covariance matrices
i 5. Write the results to the screen

I The program employs more classic Gauss-Jordan matrix inversion
I for finding response surface stationary points if this option
I is selected by answering 'y' when prompted.

I ANDA is performed with the Poper response to the prompt.
I More thin one center point is required to perform ANU in this program
I and the center points must be the last lines in the input file.
I The multiple center points are used to estimate variance in the data.
I More thin one center point enables the AM. At this point the
I ANUO tests how well the model fits the data and how significant
I lack of fit is. When prompted, an entry of 'T' supresses the A--.
I since only one center point is implied. Use this entry even if there
I no center points included in the design. Any other positive number

I enables the AHOA and must correspond to the number of center points.

I Finally, stationary point calculation are made if selected.
"I You should only use this section when employing a second order model
I or the results will be unpredictable. The x's for the stationary
I point ire- the coordinate of a local miniwul, maximm, or saddle point.
I The y value is the deptndent variable value at the stationary point.

type 7TY PE DECLARATIONS)

matrix = array[l,.4,Lý,41 of real

Svar RVARIABLE DECLARATIONS AND KEY)

{ the program is presently configured for up to 50 observations
and up to 16 explanatory variablesi be sure to update the array
declarations MD procedure Initialize when expanding arrays as
well is procedure EnterDati for error trapping, All the sections
that need to be changed can be found by iearching for 'update point' '

diskfile : text ; (disk file variable)

'• fname : stringt141 I (for file names)

Beta, Oetainverse matrixi i (cross product correlation coefficients)

*-4

' . .. .. . . .. .. -. . .. . . . . .!. . . . . . . . .. . ...," ' , - • - , "
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b, (regressida coefficients)
C1  (intermediate matrix)
XprimeYbar, (matrix intermediate product)
Xcrit (response surface stationary point)

array(1.,16] of real ; (update point)

e, (error matrix)
y (dependent variible values)

arrayl1..583 of real ; (update point)

r, (component matrix X GR)
V1  (variance matrix)

w (unscaled variance-covariance matrix)
array~l..16,1..161 of real ;(update point)

(orthogonal component matrix X OR)
x (indepmndent variable values)

arrayfl..56,i..161 of real ;(update point)

8hatXprineYbar, (uncorrected regression son of squares)
ey, (error variance)
NSE, Wien square - error)
WISits (mean squre - lack of fit)

MSR, (mean square - regression)
SSE9 (sun of squares - error)
SSFitj (sum of squares - lacU of f1t)
SSR, (sun of squares - regression)
SST, (sum of squires - total)
SSTcoppected, (sum of squares - total, corrected for mean)
sumE, (sum of absolute errors - center point)
S, (intermediate variable)

:7ycrit (dependent variable value at stationary point)

i~j~lm~z,(loop counters)
f, (number of main effectsl

(number af independent variables)
nj (number of observations)

p (number of center points)
integer I

SolveXo, (flag for solving responsit surface stationary point)
111ova, (flag to perform ianov)
print, (hard-copy flag)
continue (crass product matrix nonsingular - can continue)

booleanI

Choice, (hard-copy option)
cboice2 (solve stationary point option)

Ichar;I



procedure pause

I delays crt output until a key is pressed

begin

write( p press any key to continue 'n ;
repeat until keypressed
writeln ;

end ; (I procedure pause 1)

procedure Protessfile

f Initial processing of filename entered by user I

var p : integer
begin
writeln;
write( 'Enter name for the regression input file ) ' )
readln( fname )
wr'itein ;

p :2 pos( '.'- * ne ) ; (filetyp. can be 3 characters max)
if p 0 I then delete( fname, p., 4, 14 )
for p aul to 14 do 4nimenp] :x upcase( fname(p] ) ;
repeat (delete leading blanks)

p p:pPs(' neM ) I
if p= I then delete( fnme, p, 1)

until p 0 1 1
wituln ;

,-end ( proedure Processfile)

6W
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(L
procedure Initialize

U~ Initializes various arrays and variables used throughout program )

.&~ begin
w'iteln ;

writeln( 'Initializing .. *

witeln;
R 51S ; (update point) (up to 58 observations)
k ::16 ; (update point) (16 explanatory variables including mean)
anova := false
solveXo := false
continue a~ false
for i I: to k~ do begin
blij I6
cUi] I;
for I : to k do begin

vMIDj :26 1

end;
end;
for i I= to a do begin

ylil I:S

for j tu I to k do begin.

x~i,j) in I;
end;

r end I
end I (procedure Initialize)
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'.. Fprocedure EnterData;

begin
*, " writein I

writeln( 'Least squares estimation using 6rm-Schmidt Orthogonalization' )
r.': writeln

* write( 'How n any observations do you have? I

repeat ($1-) readln( n ) ($1MO until ioresult S ;
writeln;
if n ) 58 thin (update point)

begin
writeln( 'You must resize arrays for this many observations.' .

"Terminating...' )
halt

end
"write( 'How many explanatory variables (X"s) do you have? ' )
repeat ($O-M readln( k ) ($SI4 until ioresult I
writeln ;
if k ) 16 then (update point)

begin
rliteln( 'You must resize arrays for this many variables.' ,

"halt ; '/ Terminating...' ) ;
i';'halt I

end I
writeln( 'Please enter equations in ordert' I
writeln( 'For X"s - the first subscript is the equation number,' )
writela( ' the second subscript is the variable amber.' )

3. ~WitlIIC
for j i: I to n dobegin

write( 'Y(' J') ?')a
repeat ($1-) readln( yCj ) ($14) until iore5ult I
writeln

"" for i i:= I to k do
• begin

.,.\. •~~wit#( 'X('tJt'' ) ? )I
-repet N( -) readln( x[jtl'] ($I+) until ioresult I i

writehl I
end;I

"W"iteiln
*? xJIt " '1 l (constant tewi

.end I
'riteln I

Seni"d ; (pvcedre EntttData)

"44%4
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procedure GetData

-. ( Retrieves data file from disk)

var badnme boole ian

begin
L - repeat

processfile ;if length( fnae ) I
"then badna. ': true
el se'5

begin
assign( diskfile, fname )
OH$I- reset( disldfile ) ; {$1I+ check if diskfile exists)
badnaue := ioresult 0 I,

end;
if badname then

begin
writeln( 'File ( ' mnme, ' ) does not exist. Specify the correct ',

'drive if');
writeln( 'different frm the logged drive. Enter coNtrol-C to ',

'abort progr.. ');"." writein

end ;
until not badnme
writeln .
wituln( 'R e a d i ng dis fi e ('fmae') ... ' ) k

,.."'-' writein ; .•

r#adln( diskfile, n ) a
if n ) 50 then (update point)

begin
writeln( 'Too many observations for mntrices. Trminating ... ' )I
hilt I

end ;
readln( diskfile, K ) k
if K ) 16 then (upd&te point)

begin
writeln( 'Too nay variables lor matrices. T iaaog *,.' )
halt I

end I
for J t: I to a do

begin
read( diskfile, yil ) ;
lor i to I to k do

read( dlskfile, tll ) t;i,,

end;
close( disile)t

end t (procedure GetData)

41
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procedure FirstCalculations ;

{ Calculate SST and other values before input matrices are modified I

begin

for i i I to f do
SST :i SST 4 sqr( y~i] ) ;

for i n I to k4l do
begin

Xpr imeYbarti] 2 S ;
for j is I to n do
XprimeYbarfll := XprimeYbar~i] 4 xEjoi] I ytj] ;

end;
end ; (procedure FirstCalculations)

procedure RKeyElement;

var rr real I

"begin
.='. ~~rr I ~

for 12i Ito n do rr is rr 4 sqr( xi,z] )I
rCz,z) in sqrt( rr )

fe4 1 (procedure RK"Ey wmt)

"proc"edre •QCo I;

begin
-°for i in I to f do qlilz is xHiZ / rVIIz)

end I (procedure GColim)

procedure RCOIUM ;

K2 begin
if z 0 k then

for I i, :4l to k do
begin

"for I in I toa do rCzl is riz,Ul x it,11 I qti:3l

end;
Aed ; (prcefdtre K~olim)

leV
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procedure CElument
S~begin

C.z3 : 8.8 ;
for i := I to n do cizI :czl + y~i] X q[i,zI

end ; (procedupe CElment)

procedure ReviseX

begin
if z 0 k then
for i := I to a do

for I t= z4l to k do
. x~i,1l := xti,1I - q[Ulz] t r~z,]]

end ; (procedure ReviseX)

procedure Orthogowalize I

begin
'•'" i'~~wittln( I m~puting ,

or z i,, I to k do
* begin

KoOM I

Realm•It

"vd;
"e•d I (opcedors Ogthogmaliat)

"procedure BckSolvt I (foe r~toiloab coefficiletsi

-. bilk) in ctk) rr(kk) I
for I tu k-I dmw-to I do

* g ra 1. (~-gide s1m)
f i l to k do s to% r$ij) I rtI ;

""'..end ;"'

""d I (protedare SkSolvi)

'6
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procedure ErrorJariance ; (ector of residuals (Z Y - 00))

begin it nd
for i :=Itond

- begin

for j in I to k do s :s. qti,j)I XcQJ ;
Oil r- yEll - s

end;
s := 6.3 (Error variance)
for 1:2= I to ft do S ,= s4 sqr( e~]);
if n 0 k then e i sI/ 0-0)

else ev -~ 6.3;1
end ;(procedure Erro$Jariance)

procedure lnve$atIM0 R

1for i -.2 1to k do v(,i]i Ia1 rjiili I (Diagonal flumets)
* for i t= H- doiato I do (Off-dlagoaal *lineits)

for J1 m~ W to k do
begin

fa I =0 to j do s S ol 1 VE1s,4 swa

for i 21tokd

for I % I to k do

begin

for I:-x I to k do tj3 i vi~V jJ 0 vii,Il I v 1j,I)
end;

end; (proXtdvt lOascate~JrCo'Jaris)

begin
Ertwi~riaact

Uostaled~ar~o~trix
end; (puiocede IvariaukcCarianre)

G 1



procedure SWifSquares;

begin
writeln;
writeln( 'Enter the numb~er of center points run for response surface'

analysis,' 1
write( 'Enter 1 if no ANV is desired j
repeat 0HI- re?.dln( p ) (414) until ioresuit I I
writeaIn
if p ) I then ancva ::true;1
if Inova then '

begin
BbatxpriaeYbar tv I
for i := I to k do

BhatXpriueYbar .= BhatXprineYbar 4 bil I Xprim#Ybar~i)
SSTcorrqectod ,= SST - sqr( Xprimiufbart U ) n
SSR := bat)(psinaYbar - sir( XprijwYbardll) /,a;
SSE: I;

for i za -p+I tona do
begin

swinE to su 4 yl iI I
end I
WvxSS - %Vr( sumiE)/ p

Wsit -- S~rcwrcted - 0 -SM

Wtilt -V WSit / (A-k-ptl)

"ed;
ead I (pprixdrt %SWm Sqaros)

6 - 3



_77 - 7,7 .

ný %

"procedure InvertMatrixB( b : matrix1; var c matrixl ; r : integer

var ilijkl : integer
5,t : real 1
nonsingular : boolean ;

begin
continue : true
for i := I to r do

for j := I to r do
Ei,j] := 6.8 ;

for i := I to r do
cliil : i.6"• ~j :: U;

repeat

"nonsingulir : false ; (reinitializing flag - presumed singular)•]]]] i := i-I ;

repeat
: .i :=i 4i;

X_ if bli,j) 0 8.6 then nonsingular : true 1 (found non-zero value)
until (i = r) or nonsingular
if not nonsigular then continue : false I (singular matrix)
if continue then

begin
for k :I to r do
begn

s := bUK] K
bjk] :z= bilk]I
"blik] := s ;
"s = c(j,k] I
cIJ,k] := c~i,k] ;
ci,lk] := s ;

end I
t :I/b[j,J] ;
for k a= I to r do

begin
..bWj, = t I btjk] ;
cj,k] : t I c(J,k] ;

end ;
for 1 :2 1 to r do
It 1 0 j then

begin
t I= "b[lj]j
for k =: I to r do

begin
b(I,k1 im bilk]3 + t I bUJjk3
ctl,k] i= c[li= + t I c(J,k] ;

' etid ;
end ;

end

until (Q r) or not continue
end ( (procedure InvertHatrixB)

G 14
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procedure StitionvyPoint; ,.,

vir step integer ( keep trick of position An beta array) 0••.-

begin ""
witeln( 'Do you want to make stationary point calculations for', . .,

,epos surface'
Witt( 'analysis (y/n) =K) .) I
rede M-t readln( choicn 2 ) OW until ioresult I

if upcrse( choice2 s aYc' then sivXo true .

if solveXo then
begin

write( 'Enter the number of main effects ) ')
repeat MS1-) readln( f ) (MO} until loresult = .
writein
step I1;
for i i: l to 4 do

begin
Betafii) in btf41ii4 I
if 1 ) f then

begin '.

fo ,i 4= i * I to f do
begin

8.tati,j) :- b-214 4 14• step] /2 ;
keta(j,i) iu Beta~l,JI ;•""

step .2 step 1 1
"end;

end I
lmewrtmlatrixB( Beta$ eetalers., f ) ;
crscr ;
Witel.
Witeln( 'lta matrix followt ' )w'itmnlnI"

for i t I to f do '..
A-,

begia
for I Iz I to f do

Witeo ktIJla~a4 ) i L
w'Ituin I

end I
writulA
Witein I
eWitelt( 'letalnverse matrix olls ' )MIC
iritela I

for i t- I to f do

for j I: Ito 4 do
write( .talnvmInetI,4•O4 )8"

writetl ;
"td;I

,A,
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f r to f do

begin 
4l

f4w I s to f do
xcritii~l] := xcrittU~l] - Betalnverseli~s] I btj*1]

xcritli411 : xcrittfisl) 2;
end;

for i := Oz~ to UP + i do
xcrit(i] r- sqr( xCrit(iHI);
if f = 2 then xcritEdl a xcritE21 I xcrit(31
iff: 3 then
begin

xcritt8] : xcritt2] I xcrit[3]

wcitt1i i= xcritt3l I xcritt4]
and;
if f 4 thenr

* .. begin r
xcrittilS]l xcritC21 X xcritt3]

xcritrl~l :=xcritE2] I xcrit(4]
-xcrit(I3I 1 xcritl~l I xcrit[51

xcrittl4l :a xcritl3] I xcritC51
* .xcritE151 .= xcritE41 I~xcrntC51

end;i
ycrit j= I I
for i 1= I to k do

* .. ycrlt 1= yerlt + xcrittlU I bUiI
end;I

cad ;(procedur StationaryPoint)

t~16



procedure DisplayResults ;

begin
print := false
writein ;
write( 'Do you want hard-copy (y/n) -)

.,'• repeat ($1-) readln( choice ) {$I+) until idresult = 6;
Writein ;
if upcAse( choice ) = then print = true
clrscr ;
writeln( 'Estimated constant term and regressioa coeffitients:' ) ;
if print then writeln( Ist, 'Estimated constant term and regression ',

'coefficients" ) ;
mwiteln I
if print then writeln( 1st )
for i r- I to k do

begin

ifp" IBV H I)=' b(ie t
•.. ~witepint then writeln( 1st ) :""d !

, •Witeln

if print then Witel Ist
pause;
clrscr ;
-riteln ;
writeln( 'Estinated standard errorsi' )
Writen ;a

*.~ if prlit then begin
writen( let )I

.• llwittln( lit , 'Estimated standard prorosv*)

• " lirwittln( 'SEC I i I ')a I , sllrt( wv X w'i"il]) i '
"',' ~ ~~if print thin WlitIln Ist I ISE' jig, 'I) I lsqpt( ev I Cl/IO ) '

end I
pause;

iN.
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if anlova then
begin
clrscr;
writelatO

writeln( ' =NLY I - F -V A R: I CE
writelfn

writeln( 'Regression Is SOR:12:41 Qk-1):81 HISR:12.-4s (MSR I (n-)
K I ~~(SSE 4 SSit W:204)

Nwritelan

writeln( 'Lack of fit', SSFit:12:4, (n-k-p41):8i NSFit.,12:41 (NS~it/
NSE) 12 -4);

L writeln
~writeln( -Erroi- I SSE-.12:41 (V-l0:8,SE1 2: MO -1
writein

writelnt( 'Total ',SSrcoi'rected:12:4, 4n-9:8)
if print then
begin
writOln lIt);
witeln Ist, 'A NA L YS IS OF V AR IA NC E')
witeMn 1st)
wrileln( lstt' Source SS d.4 HS F')
writeln( I st'

witeMn Ist, 'Regression ',SSU12:4, (k-D:S, WlS:2t41
(tS/ND1204

wrltula( ist, 'Lack o4 fit', SSFitt12:-4, (-k-p4l)):S, t1it:12:4l
(HSFitAISE):12i4

writelnt( Ist )

wi1teMn 1st)
rtlteln( lit, 'Total ',SScorrectod.,l2:4, 0n-008

end;
paule, I
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if solveXo and continue then
begin

clrscr ;
writein ;
w•iteln( 'Stationary point is located at:' )

"4. riteln ;

for i 1s 2 to f+1 do
writeln( ' X(', i-H,') ', xcrit~il:12:4 ) ;i tritein

writeln( 'Dependent variable value at critical point is:' ) ;
writeln( ' Yo ', ycrit:12:4 ) ;
if print then
begin
writeln( 1st, 'Stationary point is located at:' )
writeln( 1st ) ;
for i := 2 to f01 do

w-iteln( Ist,' X(', i-I1 ') = ', xcrit(i):12:4 )
W Mteln( 1st ) ;
writeln( 1st, 'Dependent variable value at critical point is:' )
'riteln( Ist, ' Yo = ', ycritt12:4 )

end ;
end;

end ; (procedure DisplayResults)

begin (NAIN PRO6R A M
Initialize t
writeln( 'Enter Id' if your data is on disk, any other letter for' )
"wite( 'keyboard input =) ' ) ;
repeat ($O-) readln( choice ) ($14) until ioresult I I
if upcise( choice ) '

then Gotoata
else EnterOata

Firstalculattons I
"Orthoonailze ;

" .* BackSolve I
VartanceCovariance I
sumhOfwares I
Statio•aryPoint I
Displaybesults,* . end.

G•- 19

Ki

",'," '•,'• ,• ,".. . . , ,'•. . ,. . •. .•. ,,,,,.. ,..' .. ,' ' .,.. * .,,.,- ' .,,.. ,,, . .. . , , ..-. "



;tI..

APPE-NDIX H

EXPERIMENT INPUT MATRICES

This appendix describes typical design matrices and input files.

In each case, a summary of input variable ranges, the specific design

matrix, results from AAPMOD runs, and a sample input file for PASCAL

program RESPONSE.PAS are provided. The following designs are described:

Section 1: Initial Screening Design

Section 2: Follow-on Screening Design

Section 3: First-Order RSM Design

Section 4: Second-Order RSM Design

"Section 5: Follow-on Second-Order RSM Design

V°..

'I"

'A.
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INITIAL SCREEN!NG DESIGN

Screening Design -- Resolution III with 7 factors, 3 replications per
design point.

÷7 -%
+

A Pr(arrival) 0.99 8.92
B Weapon type Mk-84 Mk-82

equiv. crater radius 40/15 ft 24/9 main runway
50/28 38/10 aux runway

C Del error S/D 380/150 188/50
REP/DEP 282.5/101.25 67.5/33.75

D Number wpns 12 6
E Wpn reliability 0.99 8.59
F Attack heading 170 140
G Weapon spacing 18 50

Pylons were spaced 20 feet apart. NAREA set on (no overlap search)
NSAMP=-288, Standardized attacks, ballistic dispersion 38/30 S/D,
ballistic dispersion REP/DEP 28.25/28.25 -- 4000 ft slant range for
5 mils ballistic dispersion

Design matrix:

D E F .
A B C AB AC BC ABC

(1) -I -1 -1 1 1 1 -1 ,.4.'.
a 1 -1 -1 -1 -1 1 1 .'.I

b -1 1 -1 -1 1 -1 1c -1 -1 1 1 -1 -1 I1"¢

ab I 1 -1 1 -1 -1 -1
a1 -I 1 - 1 - -I

ab c 1 1 1 1 1 1 1 •.

AAPMOD Results:

RWII RW2 Comb IAJ1 RW2 Comb
Cell Rep Cut Cut Cut Crat Crat Crat

1 1 .675 .960 .650 1.665 2.405 1.185
2 .650 .955 .625 1.788 2.385 1.178
3 .738 .955 .705 2.038 2,388 1.430

2 1 .300 .440 .140 8.330 e.480 0.140
2 .28e .415 .14e 0.305 8.460 0.140

3 .290 .470 110 e8.335 0.515 0.110

* X- 1 - 1"

.i °..
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RW I RW2 Comb RiW I RW2 Comb
Cell Rep Cut Cut Cut Crat Crat Cpat

3 1 .865 .928 .795 1.365 1.685 188N
"2 .885 .970 .868 1.418" 1.735 1.185
3 .878 .945 .838 1.328 1.628 1.188

4 1 .890 .358 .838 8.898 8.365 8.838
2 .885 .340 .835 8.885 0.368 8.835
3 .885 .325 .835 8.085 8.375 8.835

5 1 .915 .955 .875 1.788 1.998 1.328
"2 .915 .915 .848 1.750 1.990 1.338
3 .925 .948 .870 1.638 2.845 1.235

6 1 .135 .475 .845 8.175 0.475 8.845
2 .145 .455 .855 0.145 0.738 0.855
3 .145 .545 .868 8.155 8.855 8,865
1 .848 .395 .028 8.840 8.688 8.828
2 .848 .355 .825 8.855 8.465 0.825
3 .855 .435 .830 8.878 8.655 0.030

*.8 1 .468 .975 .458 1.245 1.825 8.735
2 .495 .975 .480 1.368 1.785 8.748
3 .585 .965 .498 1.418 1.775 8.768

"Sample Input File for RESPONSE.PAS;

Runway I probability of cut

* 8
7
8.675 -1 -1 -1 1 1 I -1

(o 8,308 1 - -1 -1 -I 1 1
,,•885-1 1 -1 -1 1 -1 1 .

0.898 -1 -1 1 1 -1 -1 1
8,915 1 1 -1 1 -1 -I -1 •

0.135 1 -1 1 -1 1 -1 -1
8.040 -1 1 I -1 -1 1 -1

-.. .. 0.468 1 1 1 1 1 1 1

H- 1-2
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Screening Design -- Resolution IV with 7 factors,. 3 replications per
design point.

A Pr(arrival) 8.99 8.92
B Weapon type Mk-84 Mk-82

equiv. crater radius 48/15 ft 24/9 main runway
58/28 38/18 aux runway

C Del error S/D 388/158 188/58
REP/DEP 282.5/101.25 67.5/33.75

D Number wpns 12 6
E Wpn reliability 8.99 8.59
F Attac, heading 178 148
G Weapon spacing 188 58F

Pylons were spaced 28 feet apart. NAREA set on (no overlap search)
NSMP=-280, Standardized attacks', ballistic dispersion 38/38 S/D,
ballistic dispersion REP/DEP 28.25/28.25-=- 4808 ft slant range
at 5 mils

Design matrix:
E 6 F

A B C D AB AC AD BC 8D CD ABC ABD ACD BCD ABCD

b( 1>---- 1 -1 -1 - 1 1 1-- 1 1 1 1-1-1 -1

ab 1- -1 1 1-1 -1-1 -1 1 111 1-1-1ac.'a

(I) -. I -I -I 1I I I -I I I It -I - -I ,_•-'

ad -* -1 -1 -1 1 1 1 4 1 * * 1 1 -

bc -I 1 1 -1 -1 I I 1- 1- I 1 1 -1 1 -I *.

cd -1 1 - 1 I-1I 1 -1I I 1-I I- -I- 1 -1"

abc I -I-I 1 1 1-1 1 -1 -1 1 -1 -1 -1 -1
abd I 1 -1 1 1 -1 I -I 1-1 -1 1 1-I I I I .
acd 1 -1 1 1 -1 1 1-1 -1 1 -1 -1 1 -1-1

bad 1 -1 -1 -1I-II 1 -I -1111- I-I

bcd I I I 1 1 -1 -1 1 1 1 1 1 -1 1 -1
abcd I I -I I I -I I -I I - -I I -I -I -I"

H 1 3
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Results from AAPMOD runs:

RWI1 R142 Comb RWI R142 Comb
Cel l Rep Cut Cut Cut Crat Crat Crat

I,--

1 1 .258 .685 .155 8.260 8.865 0.155
2 .198 .618 .185
3 .250 .615 .145

2 1 .755 .768 .558 8.848 0.965 0.555
2 .725 .825 .605
3 .705 .e85 .565

3 1 .548 .935 .515 1.868 2.898 8.958
2 .485 .945 .450
3 .568 .998 .558

4 1 .885 .568 .850 0.118 8.625 8.850
2 .855 .515 .038 0.
3 .888 .528 .835

5 1 .765 .418 .325 1.458 8.445 8.348
2 .775 .488 .338
3 .755 .375 .270

6 1 .525 .735 .355 8.725 8.968 8.398
2 .545 .645 .335
3 .528 .728 .358

7 1 ,015 .248 .e88 8.828 8.308 0.088
2 .010 .275 .880
3 .810 .285 .885

8 1 .735 1.880 .735 2.880 2.785 1.585
2 .755 .995 .758
3 .778 .975 .745

9 1 .078 .440 .040 80.870 8.525 0.040
2 .095 .375 .825
3 .130 .468 .875

18 1 .905 .978 .880 1.528 1.725 1.228
2 .865 .938 .818
3 .905 .948 .845--.

11 1 .470 .795 .385 0.735 1.545 0.525
2 .368 .735 .260
3 .458 .798 .368

12 1 .215 .595 .125 0.325 1.215 8,148
2 .225 .598 .115
3 .225 .635 .!15

13 1 .915 .955 .875 1.788 1.998 1.320
2 .915 .915 .848
3 .925 .948 .870

14 1 .165 .355 .065 0. 17 0.355 0.065
2 .155 .370 .855
3 .145 .360 .055

15 1 .285 .700 s158 8.325 1.21o e.185
2 .205 .705 .155
.3 .150 .718 .095

16 1 .460 .975 .458 1.245 1.825 0 .735,

2 .495 .975 .480
3 .55 .965 .498

H- 1-4
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Sample Input File for RESPONSE.PAS:

Runway I probability of cut

15
8.258 -I -1 -I -I 1 1 1 1 1 1 -1 -1 -1 -I
0.755 1 -1 -1- -I -I -I 1 1 1 1 - -
8.540 -I 1 -1 -1 -1 1 1 -1 -I -1 1 -1 1 -1
0.885 -1 -1 1 -1 1 -1 1 -1 1 -1 -1 1 1 1 -1
8.765 -1 -1 -1 1 1 1 - 1 -1- 1- 1 1 1 -1
0.525 1 1 -1 -1 1 -1 -1 1. -1 1 -1 -1 1 1 1"•.'" ~ ~8.015 1 - - - - - I I I I -

48.735 -1 1 -1 1 -1 1 1 1 1 -1 1 -1 1 1 1

0.70 -1 1 -1 1 -1 1 -1 -1 1 1 1 1 1 -1 1
80.470 -1 - 1 1 1 1 -1 -1 -1 1 1 1 -1 -1 -1

0.915 1 1 -1 1 1 -1 1 -1 1 -1 -1 1 -1 -1 -1'"!1 0.915 1 1 -1 1 1 -1 1 -1 -1 -1 -1 -1 -1 -1 -1 "

0.285 -1 1 1 1 -1-1 -1 1 1 1-1 -1 -1 1-1
0.460 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

r,

' , . . ' . 1 4 - 1 - 5 ,

.............................................
.. ... . .. .. .. . . .. . . .. . .. . . .. . . .. . .



FOLLOW-ON SCREENING DESIGN

Screening Design -- Resolution IV with 7 factors, 18 replications per
design point

A Pr(arrival) 8.99 8.92
B Weapon type Mk-84 Mk-82

equiv, crater radius 40/15 ft 24/9 main runway
58/28 38/18 aux runway

C Del error S/D 388/150 180/50
"REP/DEP 282.5/181.25 67.5/33.75

D Number wpns 12 6
.. E Wpn reliability 8.99 8.59

F Attack heading 178 148
" Weapon spacing 18 5so

Pylons were spaced 28 feet apart. hNAREA set on (no overlap search)
NSAtIP=208, Standardized attacks, ballistic dispersion 38/38 S/D,
ballistic dispersion REP/DEP 28.25/28.25 -- 4080 ft slant range for
5 mils ballistic dispersion

Design matrix;

Same as previous Resolution IV design.

,'.• AAPMO Out•ut t

Each design point was run with 10 replications. Pr'obabilities of
cut for conmbined runways are depicted#

OESIN P..1ONT ,
Replication 1 2 3 4 5 6 7 8

I e.388 0.558 0.650 0.150 0.358 0.450 0.000 8.718
2 0.100 0,780 0.500 8,900 0.490 0.250 0.000 0.708
3 8.150 9.550 0,659 0.08 6.580 0.210 O.O8 8.650

'"4 0.100 0.558 0.550 8.000 0.258 0.450 0,080 0.900
5 0.108 8.658 0.480 0.080 e.258 .350 0.008 8.808
"e6 .280 0.558 8.508 8,100 8,206 0.400 8.000 0.858
7 0,188 0.4@e 0.350 0,108 0.600 0.150 8.008 0.708
3 0.158 0.45 0 .650 0,10e0 8.28 0.359 0.808 0.558
9 0.250 0.588 0.450 0.059 0.500 e.358 0.000 9.750

to 0.100 t .600 6.450 8.009 3.350 0.500 0.960 8.700

HII
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--.-- DESIGN POIN.
Replication 1 2 3 4 5 6 7 8

. 0.050 0.950 0.400 0.150 1.000 e.050 0.10e e.450
',,"2 0.880 0.988 6.588.150 8 .858 0.880 8.150 0.40

"3 8.888 8.808 8.5508 8.858 8.858 8.288 8.500
4 e.858 0.880 8.288 e.058 e.858 0.180 8.100 0.650
5 8.058 8.908 0.250 0.188 8.758 e.050 8.198 8.400
6 0.108 8.888 0.308 8.058 8.958 0.158 8.158 0.450
7 0.850 0.850 0.458 8.380 8.858 0.058 8.100 8.488
8 8.050 0.958 0.388 0.108 1,88B 8.850 0.150 0.380
",9 .858 0.900 8.400 0.150 8.900 0.180 0.250 0.500

18 0.800 8.958 8.588 6.858 8.758 8.858 8.288 8.458

Input file for RESPONSE.PAS:.

The file required one-time modifications to RESPONSE.PAS due to the

large number of data points. The input file was similar to the ones

shown previously. In this case, each design point was replicated 10

times with appropriate system responses inserted as before.

H.2

A.•

6,,

A
4



FIRST-ORDER RSM DESIGN

First-Order Response Surface Methodology -- variables to fit were weapon
type, weapon reliability, number of weapons and delivery error.

+
A Pr(arrival) @.?35 0.955
B Weapon type Mk-84 Mk-82

equiv. crater radius 48/15 ft 24/9 main runway
50/28 30/10 aux runway

C Del error S/D 388/150 1t8/5s
REP/DEP 282.5/101.25 67.5/33.75

D Number wpns 12 6
E Wpn reliability 0.99 8.59
F Attack heading 155 155
G Weapon spacing 75 75

Pylons were spaced 20 feet apart, NAREA set on (no overlap search)
NSAMP=2-8, Standardized attacks, ballistic dispersion 38/38 S/D,
ballistic dispersion REP/DEP 28.25/20.25 -) 4808 ft slant range for
5 mils ballistic dispersion

Fractional factorial design matrix (half fraction);

B C D E

-I -I I C1 -1 1 -I "
"1l,. -1 -I 1

Cell Cut u-1 1 1 -1 ,
1--.40-I 1 -1 1 80

2 1 1 1 .,
.. laJ - •" tS..

. .989AAPMO Out put2 1 1.,

-- RWI Ril2 Comb RW I RH2 Comb 4.:

SCell Cut Cut Cut Crat Crat Crat ti.

1 .340 .550 .25 0.355 8.620 0,215
"'" •2 .100 ,465 .865 8,021 8.835 0,017 •L

S3 .988 ,910 .895 2.558 1,415 1.310
4 .985 .865 .780 1.685 1.290 0.950
5 .875 .996 .865 1.925 2.225 1.500
6 .275 .445 .135 0.385 0.525 8.140
"7 .195 .538 .885 0.250 e.635 0.090
8 .748 .950 .708 1.680 2.810 1.175

H - 3 - I
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Sample Input File for RESOONSE.PAS:

4 Runway I probability of cut

8

4~4. 
4

0.4 -1 -1 -1 -1

8.188 1 1 -1 -
8.9'80 -1 -1 1 1
8.985 1 -I 1 -1

4'~'.40.875 1 -1 -1 1
8.275 -1 1 1 -1

8.740 1 1 1 1

KI

%

H'3



First-Order Response Methodology fitting delivery error, weapon
reliability, attack heading, and weapon spacing.

Crater radii were updated for this and subsequent analyses. The

new figures are displayed below. Weapon type and number of weapons were

fixed for this analysis, but several combinations were of interest. The

entire first-order RSH analysis was run for 12 Mk-82 bombs and then for

6 Mk-84 bombs.

+

A Pr(arrival) 8.95 8.95
,, B Weapon type Mk-84 -- OR-- Mk-82 analyzed separately

, equiv, crater radius 28.8/13.8 17.6/7.6 main runway
30/15 28/10 aux runway

C Del error S/D 306/158 108/58
D Number wpns 12 -- OR-- 6 analyzed separately
E Wpn reliability 0.99 0.59
F Attack heading 176 148
G Weapon spacing 1@0 58

Pylons were spaced 28 feet apart. NAREA set on (no overlap search)
NS•MP=-208, Standardized attacks, ballistic dispersion 30/30 S/D,
ballistic dispersion REP/DEP 20.25/28.25 ' 4080 ft slant range for

""I 5 mils ballistic dispersion

Fractional factorial design matrix (half fraction):

C E F G

H- -l -l -31''. 1 -,1 -1
|•,-i -1l 1 1

1' -1 1 -1
• 1 -1 -1
S-I 1 1 -1

-I I -I I

,:'..,,H - 3 -. 3

2",'
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new figures are displayed below. -eapon type and number of weapons were

fixed for this analysis, but several combinations were of interest. The

entire first-order RSM analysis was run for 12 Mk-82 bombs and then for

6 Mk-84 bombs.

tA Pr(arrival) 0.95 0.95
13 Weapon type Mk-84 -- OR-- Mk-82 analyzed separately

equiv. crater radius 28.8/13.8 17.6/7.6 main runway
30/15 28/18 aux runway

C Del error S/D 380/158 188/50
D Number wpns 12 -- OR-- 6 analjzed separately
E Wpn reliability 9.99 8.59
F Attack heading 170 140
G Weapon spacing 10 59

Pylons were spaced 20 feet apart. NAREA set on (no overlap search)
NWu•1P=200, Standardized attacks, ballistic dispersion 38/38 S/D,

ballistic dispersion REP/DEP 28.25/28.25 =} 4906 ft slant r4nge for
5 mils ballistic dispersion

Fractional factorial design matrix (half fraction);

•.•C E F

p.. . 1 -1 -1 -1IP

1.- -1 1 -1-

H, 3 4 I

, ,-1 1 1 -1
,. -1 I - I 1

1+ 1 1 1

,I.

.4

V+V
* .
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AAPMOD Output (MK-82):.

RWI RI2 Comb RWI RW2 Comb
Cell Cut Cut Cut Crat Crat Crat

1 .52(! .615 .335 G.585 8.728 8.348
2 .368 .665 .248 8.445 8.958 8.268
3 .718 .278 .218 1.145 8.275 8.218
4 .075 .458 .835 8.888 8.538 8.835
5 .845 .168 .805 8.845 8.168 8.885
6 .648 .948 .685 1.375 1.885 8.895
7 .528 .638 .338 8.528 8.665 8.338

.8 335 .565 .198 8.590 8.615 8.285

.APItQD Output (Mk-84) :

"RWt RW2 Comb RWI RW2 Comb
Cell Cut Cut Cut Crat Crat Crat

1 .368 .645 .228 8.388 8,885 0.225
"2 .188 .455 .875 8.285 8.660 8.875
3 .385 .388 .158 8.445 8.488 8.158
4 .848 .265 .815 8.848 8.328 8.815
5 .858 .225 .828 8.855 8.225 8.828

- 6 .555 .985 .588 8.985 1.828 8.675
7 .795 .785 .545 8.9?5 8.835 8.565
8 .195 .545 .898 8.235 0.645 8.895

""K"Sample Input f11e for RESPONSE.PASt

Runway I probability of cut

8
"f.. 4

0f. f. .718 -1 -1 -1 -1
fft8.368 1 1 '-1 -1

:-18.718 -I -1 1 1

e.875 1 -1 1 -1
8.845 1 -1 -1 1

""8.648 -1 1 1 -1

8.335 1 1 1 1

H 4'

.t 4

'f".
4.I
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iii

'• SECOND-ORDER RSM DESIGNIll

"Initial Second-Order RSM

-2 -1 0 +1 +2
A Pr(arrival) 8.95 0.95 0.95 8.95 8.95

V B Weapon type Mk-84 -- OR-- Mk-82 analyzed separately
equiv, crater radius 28.8/13.8 17.6/7.6 main runway

--. 38/15 20/10 aux runway
,. C Del error S/D 6/G 158/75 300/150 450/225 600/308

D Number wpns 12 -- OR-- 6 analyzed separately
E Wpn reliability 0.59 8.69 0.79 0.89 0.99
F Attack heading 90.0 112.5 135.0 157.5 180.8
G Weapon spacing 20 46 68 88 100

Pylons were spaced 20 feet apart. NAREA set on (no overlap search)
NSAMP=280, Standardized attacks, ballistic dispersion 38/30 S/D,
ballistic dispersion REP/DEP 26.25/28.25-- 4888 ft slant range for
5 mils ballistic dispersion

-,', Central Composite Design for 4 variables and 7 center points:

C E F G CC EE FF G6 CE CF CS EF ES FG

"S -1 -1-1 -1 1 1 1 1 -1 1 -1 1 1 1

1,.- I -1 -1 1 1 I I -I I I-I- -I I
-l. -1 1 -1 1 1 I1I 1 -1 -1 -1 -1 -1

e -2 1 -1 1 1 1 I -l 1 -e -8 1 -1
-...1 I 1-1 1 1 1 1 -I "-1 1 1-1 -1

..'. ,1 1 -1 1 1 1 11 1 -1 I-I -I
-1-1-1 " 1I 1 1 I I 1 -1 -I -I "

'..\l-1 -1 1 1 1 1 1 -1-1 1 1 -1-1
* .. -1 I -1 1 1 1 1 - 1-"1-"1 1 -1

1 1 -1 " 1 1 1 1 1 1 -1 1 -1 1 -1
e -1 - 2 I I I I 1 1 -1 -1 -1 -e 8
8 -1 2 e e 1 1 -4 1 1 -e -1 1-,i 1 1 1 1 1 1 1 1 -1 -1 -1 1 1 1

.' 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-2 0884898888008t

V,. 8 02 888 OO 4 O88O88808

:'" H-4- t



I.j

1"M

C E F G CC EE FF GG CE CF CG EF EG FG

' a, a 0 a 0 a 0 8 0 a a 0 a

a 0 8 8 8 0 0 8 8 8 8 8 0
:.:.-

AAPMOD Output (Mk-82):

"RWI1 RW2 Comb RWI RW2 Comb
Cell Cut Cut Cut Crat Crat Crat

1 .438 .775 .345 8.488 1.468 8.368
"2 .045 .360 .828 8.045 8.480 8.828
3 .595 .985 .535 8.785 2.115 8.650
4 .140 .520 .865 0.148 0.875 0.865
5 .530 .765 .405 8.785 1.258 8.470

-,, .898 .365 .825 8.118 8.415 8.825
7 .615 .835 .528 1.388 1.625 8.818
8 .120 .385 .846 8.168 8.555 08,48
"9 .870 .645 .848 8.878 8.768 8.848

"t 10 .048 .378 .810 8.848 8.460 8.810
It .270 .765 .225 0.275 1.835 8.230
12 .868 .458 .825 8.868 8.580 8.825
13 .588 .468 .265 0.728 8.495 8.265
14 .875 .380 .815 8.085 8.315 8.815
"15 .825 .685 .588 1.318 8.745 8.688
16 .235 .395 .895 8.288 0.455 8,895
17 .345 .525 .185 8.355 0,620 8.185
18 .045 .280 .818 0.045 0.315 0.818

*"19 .180 .345 .820 0.100 8,388 0.828
28 .395 .648 .275 0.450 0.888 0.298
21 .148 .788 .880 8.145 1.358 e.888
22 ,855 .685 .825 8.885 8.825 0.035

71 23 .128 .425 .048 8.178 8.858 8.050
24 .150 .418 .875 8.158 0.425 0.075
25 .225 .578 .118 8.258 8.785 8.115
26 .235 .46 • .118 0.245 8.568 0.118

%A, 27 .288 .558 .155 8.328 0.635 8.155
28 .215 .54e .135 8.235 80.64 8.135
29 .225 .555 .125 0.240 8.690 0.130
38 .285 .588 .185 8.215 0.645 8.185
31 .268 .528 .148 8.275 8.675 0.145

H-4-2
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"Sample Input File for RESPONSE.PAS:

31
14
8.438 -1 -1 -1 -1 1 1 1 1 1 1 1 1 1 1

•'-0.145 1 -I -1 -1 1 I1 I -I -

0.120 1-1-1 -1 1 1 1 1- - - 1 1 1

2r• 8.595 -1 1 -1 -1 1 1 1 1 -1 1 1 -1 -1 1
8.148 1 1 -1 -1 1 1 1 1 1 1 -I -1 -1 -I
0.28 -1-1 1 -1 1 1 1 1 -1 -- 1 1-1

08.58 -1-1 1-1 1 1 1 I 1-- 11

i.:8.615-1 1 1-1 1 1 1 1-1 -1 1 1 -I-1

8.120 1 1 1 -1 1 1 1 1 1 1 -1 1 -1 -1
8.85 7 -1 1 -1 1 1 1 1 1 1 1-1 1-1-1
8.:' .848 1 -I-1 1 1 1 1 1 -1 -1 1 1 -1 -1

0.2783-1 1-I 1 I 1 1-- 1-1
,8. .848 1 I1-1 1 1 1 I 1 1 -1 1 -1 1 -1
;.8.588 -I1-1 1 1 1 1 1 1 I-1 -1-1-I 1

8.• .875 1 -1 1 i 1 1 1 1 -•t 1 1 -1 -1 1
8,. .825 -1 1 1 1 1 1 1 1 -1 -1 -1 1 1 1
8/ .235 1 1 1 1 1 1 1 1 I 1 I 1 1 1 1

8.345 -2 8 8 8 4 8 8 8 8 8 e e 8 8
8.045 2 8 8 8 4 8 8 0 8 8 8 8 0 8
"0.108 8 -2 8 8 0 4 8 8 8 9 0 8 8 8
0.395 8 2 8 8 6 4 8 8 0 8 0 0 0 e

"" 0.140 8 0 -2 0 8 8 4 8 8 8 8 0 8 8
"".055 0 0 2 0 0 5 4 0 8 0 8 8 8 8
0.128 8 0 8 -2 8 8 0 4 8 8 8 8 8 0
8.150 8 8 8 2 8 8 8 4 8 8 8 8 9 8
"0.,225 2 e 8 8 9 8 88 0 e 8 8 8 0
8.235 8 8 8 8 8 8 8 8 8 8 8 6 8 0
8.288 8 6 8 8 8 0 9 8 8 8 8 8 8 0
e.215 8 8 6 6 0 8 o 8 8 8 8 8 8 8
8. 225 0 9 e 0 0 0 e 0 0 0 e 0 0

HV -
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FOLLOW-ON SECOND-ORDER RSM DESIGN

Follow-on Second-Order RSM

- -2 -1 6 +1 +2
A Pr(arrival) 6.95 8.95 8.95 6.95 8.95
B Weapon type Mk-84 -- OR-- Mk-82 analyzed separately

"equiv. crater radius 28.8/13.8 17.6/7.6 main runway
38/15 28/10 aux runway

C Del error S/D 8/0 75/37.5 150/75 225/112.5 380/150
D Number wpns 12 -- OR-- 6 analyzed separately
"E Wpn reliability 8.79 0.84 8.89 0,94 6.99
F Attack heading 135.6 146.3 157.5 168.7 188.8 L
G Weapon spacing 68 76 86 98 166

"Pylons were spaced 26 feet apart. NAREA set off (overlap search)
'- NSAMP=-298, Standardized attacks, ballistic dispersion 38/38 S/D,

ballistic dispersion REP/DEP 28.25/28.25 -=) 4888 ft slant range for
-. 5 mils ballistic dispersion

"Design Matrix: same as initial second-order RSH .'

AAFPOD Output (Mk-82) including expected area to fill:
RWI R12 Comb RWI RW2 Comb RFI RW2 Comb

V " Cell Cut Cut Cut Crat Crat Crat Fill Fill Fill

1 0.715 0.630 8.438 0.945 8.785 0.468 340 317 151
2 8.538 0.669 e.335 9.595 0.675 8.358 214 248 128
3 0.845 9.710 0.600 1.275 e.850 8.455 492 347 227
•4 .595 0.65e 8.375 8.775 8.810 8,395 294 331 134
5 0.875 0.729 9.630 2.129 8.878 8.738 856 378 297
6 0.360 8.665 e.279 0.535 0.775 0.295 282 293 182
"7 0.925 0.755 0.700 2.470 8.915 8,815 1648 365 3864
8 0.385 8.668 0.278 8.635 09.75 0.31e 241 356 187
9 0.485 e.515 8.255 e.528 e.575 8.255 183 224 86
18 0.408 8.475 8.190 8,438 8.528 8.190 141 191 65
11 0.645 e.538 0.355 0.755 8.560 0.360 276 209 119
12 0.538 8.575 0.328 e.598 0.625 8.325 289 237 106

""1 13 0.915 8.549 e.510 2.239 9.598 0.545 945 229 285
14 e.445 0.405 8.219 e.659 8.585 0.219 229 117 72
15 0.960 8.695 0.590 2.785 8.665 0.625 1194 250 216
16 8.518 0.635 8.349 8.885 9.729 0.355 348 259 124
17 0.795 8.555 0.435 1.229 0.645 e.470 470 232 159
18 9.465 9.555 .0.290 8.625 0.665 0.308 237 245 106
19 0.750 0.595 8.445 1.055 e.640 0.455 481 229 142
20 e.875 8.725 0.638 1.56e 0.890 e.785 648 362 264

i.', ~H " 5 - I .
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RW I RW2 Comb RW I RN2 Comb R I RW2 Comb

Cell Cut Cut Cut Crat Crat Crat Fill Fill FillK.t
"21 8.475 8.665 0.338 8.515 8.765 0.335 188 299 117
22 0.255 8.708 0.165 8.395 8.885 8.185 151 383 65
23 0.825 8.775 0.645 1.488 1.865 0.785 578 456 276
24 8.778 8.515 8.405 1.838 8.548 8.418 39e 287 148
25 8.825 8.685 8.588 1.310 8.745 0.680 581 286 212
26 8.888 8.635 8.588 1.300 0.755 8.565 515 286 212
27 8.820 8.665 8.558 1.380 0.798 8.615 538 334 233
28 8.798 8.648 0.495 1.395 8.715 8.538 518 264 185
29 8.790 8.685 8.490 1.245 8.665 8.528 483 255 187
38 0.855 8.658 0.570 1.390 0.745 8.615 541 267 287
31 0.825 0.630 8.528 1.385 8.735 8.56e 544 288 287

Sample Input File for RESPONSE.PAS:

31
14
0.715 -1 -1 -1 -1 1 1 1 1 1 1 1 1 1 1
0.530 1 -1 -1 -1 1 1 1 1 -1 -1 -1 1 1 1
0.845 -1 1 -1 -1 1 1 1 1 -1 1 1 -1 -1 1
0.595 1 1-1 -1 1 1 1 1 1 1-1 -1 - 1 1

0.925 -1 1 1 -1 1 1 1 1 -1 -1 1 1 -1 -I
0.385 1 1 1 -1 1 1 1 1 1 1 -1 I -1 -1

0.485 -1 -I -I I 1 1 1 1 1 1 -1 1 -1 -1
8.480 1 -1 -111 1 1 1-1 -1 1 1-1 -1

0.645 -1 1 -1 1 1 1 1 1 -1 1 -1 -1 1 -1

"0.445 1 - 1 1 1 1 1 1 1 -1 1 1 -1 -1 1

0.795 -2 0 0 0 4 0 0 0 9 0 0 9 8 0
0.465 2 0 0 0 4 e 0 e 0 0 0 8 8 0
0.750 0 -2 9 8 0 4 0 0 8 0 e 0 e08
e.875 8 2 0 0 9 4 0 e 0 0 0 0 0 0
0.475 0 0 -2 0 0 0 4 0 9 0 0 0 0 0

.0255 0 8 2 0 0 0 4 e 0 0 0 0 9 0
"0.825 0 e 8 -2 0 0 0 4 0 0 0 8 0 0
e.770 e 0 0 2 e08 0 4 0 0 e0 e 0
0.825 0 0 0 0 0 0 8 8 9 8 0 0 0 0

0a2 0 0 0 0 0 8 00 0 0

0.790 8 0 0 e0 8 e 8 0 0 e 0 0 0
0.790 e 0 0 0 0 0 0 8 0 0 08 8 0
"".855 0 e 0 0 0 0 0 8 0 0 8 0 0 0
0.825 0 0 8 0 0 0 0 8 0 0 0 0 0 0

H -5-2
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APPENDIX J

SELECTED EXPERIMENT RESULTS

This appendix contains selected output from the response surface

methodology program located at Appendix 6, The output consists of

regression (sometimes known as beta) coefficients which define the

regression equations which are to explain the input data. For second-

"order response surface methodology, analysis of variance (ANOVA) and

stationary point data are included. These are explained in Chapter VIII

of the thesis.

The exact form of the regression equation for a particular analysis

can vary, but the resolution III first-order regression equations take a

"form similar to the following:

y b8 4 blx1 * b2 x2 + b3x3 + b4x4 4 bsx5 + b~x6 + b~x?

where y is the predicted system response (probability of cut, etc.)

b i is a regression coefficient for i a 8, ... .7

, i is a coded independent variable for I , ... I7

Screening Design -- Resolution III with 7 Factors,

Regression RWI R142 Comb RW4 RW2 Comb
Coefoicient Cut Cut Cut Crat Crat Crat

b(s) 8.435 8.684 8.376 8.026 1.218 0.56?
Wb() 8.18 0.928 0.082 0.036 -4.826 -8.e609
b(2) 8.135 8.128 8.159 0.261 0.287 8.219
b(3) -1.254 -e.135 -8.239 -8.439 -8.482 -0.362
* b(4 8.168 0.126 8.126 0.349 0.428 8.248
WSb(S) 8.899 0.149 8.109 0.286 8.359 9.192
b(6) -0.066 0.089 -8.061 -0.806 0.199 -0.849
b(7) -8,886 -80813 -0.822 -0.869 -8.149 -8.873

='-\•J-1
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~.t

Screening Design -- Resolution IV with 7 Factors

Regression RI• RH2 Comb RWI RW2 Comb
Coe44icient Cut Cut Cut Crat Crat Crat

b(8) 0.442 6.627 0.353 8.796 1.259 8.510
b(1) 8.831 -0.858 8.841 8.898 8.830 8.878
b(2) .8037 6.161 8.878 80882 8.283 0.112
b(3) -8.231 -0.844 -O8195 -8.415 -. 309 -8.293
b(4) 0.135 0.818 0.138 8.363 8.216 80226
b(5) 8.018 0.877 -0.813 8,829 -8.875 -6,854
"b(6) -8.828 8.889 -8.839 -8.833 -8.857 -8.668
b(7) -8.848 -0.624 8.807 8,047 8.213 8.892
b(8) -8.816 -8.866 -8.837 0.835 -0.040 -8.854
b(9) 8.807 0.894 8.035 -0.837 -8.078 80.17

bMID) -8.021 8. 186 -8.825 -0.128 8.868 -e.866

"b(11) 0.878 6.872 8.188 0.288 0.428 8.199
b(12) 8.957 :.862 0.039 0.128 8.052 ,8647
b(13) 0.924 0.824 -0.814 -8.823 -8.331 -0.087
b<14) -0.826 -0.6858 -0.831 0.887 0.111 8.808
b(15) -8.813 -8.832 6.822 0.842 8.847 0.868

•.'o4

-K-
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Screening Design -- Resolution IV, 7 Factors with 18 Replications for
Each of 16 Design Points. Due to the large amount of data, ccmbined

V probability of cut for runways #1 and #2 is evaluated.

7, Regression Cmnb
Coefficient Cut

b(O) 8.355
b(i) 8.838
b(2) 8.068
o(3) -0,197
b(4) 8.133

,"b(5) -0.812
b(6) -e.036
b(7) 8.886
b(8) -8.034
b(9) 0.834

-b(1) -0.820
b(11) 0.186
b(12) 0.842
b(13) -e.013
b(14) -0.029
b(15) 03.019

'St.

:.°.J -3
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First-Order Response Surface Methodology

The following regression coefficients fit weapons type, number of

weapons, weapon reliability, and delivery error to system responses. ,.,

Regression 4I R142 Comb mIi RW2 Comb
Coefficient Cut Cut Cut Crat Crat Crat

b(S) 8.551 8.713 0.468 8.199 1.894 8,675
b(1) 8.184 e.184 8.135 e.221 8.296 8.236
b(2) -8.223 -8.116 -8.221 -8.542 -8.293 -8.319
b(3) 8.174 8.879 8.169 8.449 0.216 8.219
b(4) 0.146 8.132 8.169 8,495 8.477 8.344 r

First-Order Response Surface Methodology
So..

The following regression coefficients fit delivery error, weapon

reliability, attack heading, and weapon spacing to system responses.

lk-82 Analysis

Regression RWI 4 12 Comb RII R142 Comb
Coefficient Cut Cut Cut Orat rat Cratl

b(S) 6.409 0.537 0.244 ,5918 8.715 6.205
b(V) -4.197 -0.769 -0.126 -0.388 -0.15! -0.159
b(2) 8.963 9,543 8.898 0,134 0,294 0.130
b(3) 0.03? 0.919 9.916 0.1 $? 9 tF A4-ASi,
b(4) 0.082 -fl. 131 -0.068 -8.023 -e'.2 -6.0..* .S .r y ~ w ~ t- . .....

M A-84 Analysis I.-

Regression Rt41 t112 Comb RIM) R1142 Comb
Coefficient Cut Cut Cut Crat Cral Crat

b(9) 8.328 9.516 0.262 8.408 8.724 0.238
b(l) -4.283 -4.143 -8.152 -8.274 -0.261 -0.179
b(2) 8.1)1 0.137 0.11 #.178 0.266 8.128
b(3) --. 026 80*88 -0.913 -0.891 9.073 8.899
b(4) 80884 -1.052 -0.801 0.025 -8.198 -9.823

J-L4
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Second-Order Response Surface Methodology

The following regression coefficients fit delivery error, weapon

reliability, attack heading, and weapon spacing to system responses.

The same four independent variables will be used for the remainder of

the analysis.

Mk-82 Results

Regression Ri•I RFM2 Comb RWI RW2 Comb
Coefficient Cut Cut Cut Crat Crat Crat

b(B) 0.235 6.528 8.126 8.254 8.651 0.128
b(1) -8.155 -e.133 -8.124 -8.226 -0.248 -0.145
b(2) 8.866 8.062 8.861 8.111 8.140 0.877
b(3) 8.852 -8.833 0.024 8.114 -8.123 0.035
b(4) -8.815 8.836 -8.926 -8.842 -8.199 -0.646
b(5) 6.011 -6.020 5.812 8.824 -8.022 8.816
b(6) 0.824 8.883 0.824 8.843 8.619 8.838
b(7) -8.013 8.843 6.681 8.883 8.133 8.866
"b(8) -8.684 -8.016 8.882 8.614 8.821 6.087
b(?) -8.824 -6.812 -0.041 -8.878 -8.848 -98.63

b(16) -0.659 8.866 -. 836 -6.135 8,838 -8.851
b(1I) 6.828 6.838 8.843 8.062 0.181 8.872
b(12) 6.803 -8,005 8e686 8.845 -8.034 0.014
b(13) 8.816 8.88? 8.814 8.683 -8.849 -0.684
b(14) 8.871 -0.611 8.639 8.865 8.816 6.826

The following analyses of variance use the center point variance to

"calculate statistics for lack of fit and regression. This was later

modified such that lack of fit was compared to center point error

. .variance, but regression sum of squares was compared to the combination

, of center point variance and lack of fit. The F-vaiues change, but the

p-value remains approximately the same due to the increased number of

degrees of freedom. This appendix contains results using the older

method.

•'--
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Runway I -- Probability of Cut

A ANALYSIS OF VARIANCE

Source Sum of Squares d.f. Mean Squares F p

Regression 8.9388 14 0.0671 96.953 8.8888
Lack of Fit 0.2774 1 0.8277 48.188 8.0881
Error 8.8842 6 8.8067
Total 1.2283 3s

i~ii.
STAT I 0NA RY P OI NT ANA LY S I S

The stationary point is located at:

x(1) = 2.9282
x(2) = -8.3345
x(3) = -8.6945
x(4) = 1.4739

with a probability of cut of:

•.-y = -8.8312

!'.::•Runlvay 2 -- p..rokabil.ity of Cut

ANALY SIS OF VAR I AN CE

Source Sum of Squares d.f. Mean Squartes F p

Regression 8.6803 14 0.8486 33.928 0,0882
Lack of Fit 8.1142 18 0.9114 7.977 8.0097
Error 8.8086 6 .8014
Total 0.8831 38

STATIONARY POINT ANALYSIS

*,The stationary point is located att

x(2) = 2.5116
"x(3) - 3.3042
x(4) im 37.4168

with a probability of cut of:

y a -2.2867

", J -6
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"Combined Runways -- Probability of Cut

ANALYSIS OF VARIANCE

"Source Sum of Squares d.f, Mean Squares F p

Regression 8.6128 14 8.8437 126.630 8.0888
Lack of Fit 6.1953 18 8.6195 56.572 8.8608
Error 8.8821 6 8.9883
Total 6.8894 38

STATIONARY POINT ANALYSIS
The stationary point is located at:

x( 1) = 1.6829
x(2) = 8.8144
x(3) = -1.2578
"x(4) = 8.9393

"with a probability of cut of:

"."y = -8.8052

Runway 1 -- Exiected NuMber of Craters to Fill

ANALY S I S OF VAR I AN C E

Source Sum of Squares d.f. Mean Squarces F p

Regression 2.4956 14 0.1783 153.426 0.0060

Lack of Fit 0.8176 18 8.8818 78.369 8.6890
Error 0.8078 6 6.0012
Total 3.3282 38

STATIONARY POINT ANALYSIS

The stationary point is located at:

x(2) = 0.5035
* "x(3) = -1.0714
-. x(4) = 0.8697

with an expected number of craters to fill:

.- y 0.8463

J 7,
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Runway 2 -- Expected Number of Craters to Fill

ANALYSIS OF VARIANCE

Source Sum of Squares d.f. Mean Squares F p

Regression 4.4664 14 8.3186 140.339 6.8888
Lack of Fit 6.5966 19 0.8597 26.288 8.8864
Error 8.6136 6 8.0023
Total 5.8787 38

STAT I ONARY P O I NT ANA LY S I S

The stationary point is located at:

"x(1) = 6.3539
x(2) = -1.9384
"x(3) = 6.1118
x(4) = 8.9233

"1. with an expected number of craters to fill:

= 0.3727

Combined Runways ,- Exo.cted Number of CPaters to Fill

ANA LY S I S OF VAR I AN C E

- Source Sum of Squares d.f. Mean Squares F p

Regression 8.9585 14 4.0685 196.289 e.6880
Lack of Fit 0.2944 18 0.9294 84,480 .00968
Error 9.8021 6 8.8883

V '-, Total 1.2558 36
p

STATIONA RY POINT ANALYSIS

Th. stationary point is located at:

x(1) = 0.8624
. x(2) - -0.8734x(3) = -1.8514

x(4) = •.8377

with an expected number of craters to fill:

y $.A256

.4 :J -8e
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Second-Order Response Surface Methodology -- Reduced Surface

The following regression coefficients fit delivery error, weapon

reliability, attack heading, and weapon spacing to system responses.

Mk-82 Results

""- RW$1 R2 Comb IW1 RW2 Comb RWI RW2 Cow-ib
Coeff Cut Cut Cut Crat Crat Crat Fill Fill Fill

b(8) .815 .644 .529 1.319 .736 .572 528 282 286
b(1) -. 136 -. 818 -. 885 -. 383 -.811 -. 998 -163 -11 -36
b(2) .838 .832 .845 .131 .651 .854 62 26 28
b(3) .888 .828 .814 .258 .831 .825 118 13 13
b(4) -. 619 -.865 -. 655 -. 059 -. 119 -. 97? -22 -58 -38
"b(5) -. 849 -. 826 -. 845 -. 874 -. 829 -. 651 -38 -15 -19
b(6) -. 884 -.688 -.881 .622 -.862 -.682 12 -2 -2
"b(7) -. 116 .885 -.874 -. 191 .013 -.082 -76 18 -38
b(S) -.887 -.804 -.004 .869 .668 .802 2 7 -1
b(9) -.866 .888 -.088 -. 956 .824 -.968 -23 19 -2
.b(1) -. 884 -. 884 -.858 -. 362 -.082 -.067 -161 -6 -29
b(1t) .823 .813 .629 .833 .817 .838 6 4 16
b(12) -.019 .61 -.818 .821 .889 -.018 12 5 -5
"b(13) .008 .889 .861 .014 .882 .068 5 1 3
b(14) .857 -. 804 .625 .138 -. 607 .826 57 -9 4

RunwaI -- ProbabilI i ty of Žgt

ANALYSIS OF VARIANCE

Source Sum of Squares d.f. Mean Squares F p

Regression 1.8985 14 8.8785 142.662 9.6986
Lack of Fit 0.0867 1t 9.0.87 15.766 a.O015
Error 8.9833 6 8.8886
Total 1.1885 38

STATIONARY POINT ANALYSIS

The stationary point is located at:

x(I) w -1.9742
x(2) = 6.2768
x(3) 0 8.3939
x(4) 8.2587

* with a probability of cut oft

... y~ 1 |.8686

/, ~J - 9
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Runway 2 -- Probability of Cut

ANALYSIS OF VARIANCE
Source Sum of Squares d.f, Mean Squares F p

Regression 8.1666 14 8.8119 17.980 80.818
Lack of Fit 6.0118 18 8.8811 1.664 8.2753
Error 9.8940 6 0.6887
Total 0.1816 38

STATIONARY POINT ANALYSIS

The stationary point is located at:

x(1) = -0.8028
x(2) = 3.4624
"x(3) = -3.2109

Sx(4) = -2.7528

"with a probability of cut of:

, .. y 6.7588

Combined Runways -- Probability of Cut

A ANALY S I S OF VAR I ANC E

Source Su of Squares df. Moan Squares F p

* Regression 8.5812 14 8.8415 29.931 0.0002
Lack of Fit 0.8739 1t .8.074 5.332 0.8265
"Error 0.e883 6 8.0014
"Total 0.6634 30

STATIONARY POINT ANALYSIS

"The stationary point is located at:

x ( 1,, = -3.2896
x(2) - 11.3414
x(3) m -4.1812
x(4) = -4.4635

with a probability of cut of: ',

y= 1.0454

*. J -18e"
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Runway I -- Expected Number of Craters to Fill

-. 4 H ANALYSIS O F V AR IA NC E

Source Sum of Squares d.f. Mean Squares F p

Regression 9.2691 14 6.6621 258.291 6.9888
Lack of Fit 1.8598 1e 6.1866 76.367 8.8688
Error 8.8159 6 6.6826
Total 11.1448 36

STATIONARY POINT ANALYSIS

The stationary point is located at:

x(1) = 16.3333
"x(2) = 12.9911
x(3) = -7.7877
x(4) = 18.5375

"with an expected number of craters to fill:
L.4 .

<.,y = -2.5818

t!.,•. .~Runway.. - Exoercted Number of.Craters to FJill•

"ANALYSIS OF VAR I AN CE

N Source Sum of Squares d~f. Mean Squares F p

"Regression e.4771 14 0.6341 22.918 e.8085
Lack of Fit 0.828e 18 0.8628 1.886 8.2258
Error 6.4089 6 0.6615

,f,,Total 6.5140 38

STATIONARY POINT ANALYSIS

The stationary point is located at;

x(2) 28.9471
x(3) a -13.9772

ft.x(4) - -12.3555

with an expected number of craters to fillt

y 1.9396

'" J - 1

Sf.



Combined Runways -- Expected Number of Craters to Fill

SANALYSIS OF VARIANCE

Source Sum of Squares d.f. Mean Squares F p

Regression 0.8259 14 6.6598 38.715 0.6861
"Lack of Fit 6.8991 1i 8.8699 6.583 0.8163
Error 6.8891 6 6.8615
Total 8.9342 36

"STATIONARY POINT ANALYSIS

The stationary point is located at:

x(1) = -1.6356
x(2) = 17.8713
"x(3) = e.8215
"x(4) = 1.7389

with an expected number of craters to 4illl:

-''.y = 1.,6481

Runway I -- Exdected Area to Fill

A ANALYS I S OF VAR I ANCE

Source Sum of Squares d.4. Mean Squares F p

Regression 1754988 14 125355 242.624 .90690
Lack of Fit 369613 16 36961 71.538 889896Error 3169 6 517

Total 2127693 38

"K"STATIONARY POINT ANALYSIS

',he stationary point is located at:

x(l1) -13.2263

x (2) =-12.9150

x(3) * 4,8556
x(4) =-23.8011

with an expected area to fill:

y 1758.1215

SJ -12
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Runway 2 -- Expected Area to Fill

ANALYSIS OF VARIANCE

Source Sum of Squares d.f. Mean Squares F p

"Regression 127635 14 9977 13.557 8.0821
Lack of Fit 12289 18 1229 1.822 &,.2389
Error 4817 6 676
Total 143383 38

STATIONARY POINT ANALYSIS

The stationary point is located at:
"%4

x( 1) u -3.8969
.-..

"x(2) -6.4726
x(3) 3.3158
"x(4) 7.6749

with an expected area to fill:

" y = 12.8886

Combined Runways -- Exoected Area to Fill
I'..

ANALYSIS OF VAR I AN CE

Source Sum of Squares d.f. Mean Squares F p

Regression 119788 14 8556 31.997 8.9002
Lack of Fit 18405 1e 1849 6.911! 8.8140
"Error 1605 6 267
"Total 139071 36

STATIONARY POINT ANALYSIS

The stationary point is located at:

x(1) 0 8.8837
x(2) = 9.2654
x(3) - -.. 6872
"x(4) - 4.1461

with an expected area to fill

-' iy = 214.5446

.'" J -13
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"Mk-84 Results

,4 Combined Runways Probability of Cut

ANALYSIS OF VARIANCE

Source Sum of Squares d.f. Mean Squares F p

Regression 1.1896 14 0.0793 61.189 0.8008
Lack of Fit 6.8499 18 8.6050 3.855 0.1159
Error 0.8878 6 6.8013
Total 1.1673 38

STATIONARY POINT ANALYSIS

The stationary point is located at:

x(1) = 25.2622
x (2) = 2.4511
"x(3) = 1.2563
x(4) = 11.8698

with a probability of cut of:

y= -1.9638

WIT'

? .

J 14

%?.

.4

.4'

"." J - 14

i* ' .4 
g 

.... S



APPENDIX K

GLOSSARY

AAA - Anti-aircraft artillery

AAP - Attack Assessment Program

A2PMOD - Attack Assessment Program--MODIFIED.

AAPMSN - Used to generate AAPMOD mission input file

AAPTGT - Used to create and maintain AAPMOD target databases

AAPWPN - Used to create and maintain AAPROD weapon and pattern databases

AFB - Air Force Base

AFIT - Air Force Institute of Technology

aggregated - specific data which is summarized into more general form to
reduce input requirements for simulation models. For instance, the
number of tanks destroyed might be the value of interest in
simulations of a specific battle while tons of munitions might be
the indicator of a similar statistic for a theater-level model.

AiHB - Attacking Hardened Air Bases, a RAND simulation model

algorithm - a procedure for solving a mathematical problem

alias - in fractional factorial designs, an alias is a group of
interactions which are confounded or confused with a main effect or
another interaction. Each member of the alias can affect the
system response being studied, but tQo few data points are used in
fractional factorial designs to distinguish among the members of .
the alias.

alpha - level of significance ( I - confidence level ), Probability
that the test fails when in actuality it does not.

ANOVA - analysis of variance, A means of comparing statistical entities
and performing other tests by comparing the variance of the
entities. If the variances of the entities are similar, the
entities are assumed to be the same. *1

APC - Advanced Personal Computer by NEC Information Systems

K- I*. *9 .~ * P p p * . *.A
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crater - one effect of munition impacts on a target. The crater is the
physical depression which forms when the explosive force of the
munition ejects earth or other material from the immediate vicinity
of the munition impact point. The term can also include areas of
buckling and cracking which extend beyond the physical hole.

deflection - right or left of a target. Deflection is referenced
perpendicular to the munition's ground track.

DEP - deflection error probable-.'

deterministic - a problem which can represented with certainty by
mathematical equations. This is contrasted with stochastic
processes in which particular outcomes may vary when tested several
times under the identical circumstances (within the analyst's
ability to control the circumstances).

DEV - deviation

discrete - a variable which can assume only fixed values. For instance,
one bomb, one sortie, .6.5 probability, etc.

dud - a munition which did not function properly

editor - computer software which facilitates creation of or changes to
computer fIles.

execution - computer processing of a computer program

extrapolate - an estimation of unknown data based on known data

factorial - a statistical design in which all possible combinations ofthe independent variables are tested. The levels of the variables
are usually restricted to either two or three to limit the possible
number of combinations.

finite - measurable

fit - the process of calculating a mathematical equation which either-K
contains all design points of interest or minimizes the deviations
from the actual points.

FUR - forward looking infrared. A device used at night or during poor
visibility conditions.

floating point coprocessor - an arithmetic processing unit which
performs math calculations more quickly than normal microcomputer
processors

5i%

FORTRAN - Short for 'Formula Translator.* A high-level computer
programming language available on many large and small computers.
FORTRAN is designed for rapid scientific calculations. V

K-3
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I.fractional factorial - a statistical design which uses a portion of the
full factorial set of combinations. The number of required design
points is reduced, but aliases result.

F-statistic -'the test statistic for ANOVA. Used to compare the
variance of two or more entities.

"" fuze - the device which causes a munition to function. In many cases, a
fuze is a small explosive device which triggers the larger, but

*' . more stable, charge within the main munition.

- GST -Graduate Strategic and Tactical Sciences

. hardened - potential targets which have been modified to withstand
attack,

OH - headquarters

hyperplane - the nurface described by a mathematical equation in more
"than two independent variables. Conceptually, a plane results when

TN• linear combinations of two independent variables are 4ormed. A
hyperplane uses the same idea, but the conceptualization is more
difficult due to the lack of physical examples.

,IBM - International Business Machines

"intervalometer - a device which sends release pulses to weapons stations
at a selected time interval

"intrinsic - a pre-defined computer function which is available for use
4.., by the prograimer

"inverse (exact) - a precise method of generating random variates

iteration - one pass through a particular algorithm. In this analysis,
'X,.. number of samplest replications, and iterations have similar

imoaningsl depending on the context.

K J8EM - Joint Munitionot Effectiveness Manuals

Lanchester equations - differential equations which purport to describe
various types of military conflict

"language - a system of computer constructs which the programuer can
combine to make desired calculations and print desired output

least-squares - a mathematical method whir~h fits an equation to a set of
4 ," data points

lethality - the ability of a munition to achieve a desired level of
"effectiveness

K 4



linear - characterized by straight lines. In mathematical terms, linear
conditions mean that 4irst-order terms ate :onsidered; there are no
interaction terms or squared terms.

mainframe - .a large computer capable of many operations per second.
Mainframe computers are not portable and require extensive support
facilities.

MAN"OV - multivariate analysis of variance

4, MCL - minimum clear length, The minimum length required by an aircraft
to takeoff and/or land successfully.

MCW' - minimum clear width. The minimum width required by an aircraft to
takeoff and/or land successfully.

microcomputer - A self-contained computer, relatively less capable and
smaller than mainframe computers. In many instances, can be
transported easily.

model - a representation of a real-world situation. Models usually
employ simplifying assumptions to permit analysis in a timely
manner. The assumptions can be the most limiting factor of a
particular model.

modulus - an arithmetic operation whereby a remainder is produced. For
instance, It modulus 3 is 2 since 3 divides into 11 three times
with a remainder of 2.

Monte Carlo -a simulation technique which uses random numbers to
evaluate a stochastic process. A complex situation may require
many such numbers for a single iteration. "any iteration% are
performed and then averaged to calculate an *expected* respoosev
from the system under average circumstances.

MS -mean squares also) "Wsen' of Sciences

normal - a probability distribution which is characterized by the *bell"
curve. The normal distribution is used extensively in modeling
various error tolerances and occurrence%.

optima - th most desirable or ben*4icial combination of independent .

I.*q
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"p-value - the critical level of significance at which a particular test
would change answers. For instance, a p-value of 8.95 might
indicate that, with a desired level of confidence lower than this
value, a certain statistic 'passed' the test, while a higher level
of confidence would result in "failing"' the test. In statistical
experiments, the level of confidence is set ahead of time, so the
p--value is compared to the preset level of confidence. Suppose
that the level of confidence was chosen to be 8.18. A p-value of
9.85 would mean the test had been 'passed' (actually, the test
failed to reject) while a p-value of 8.15 would "fail" the test.

pair - two bombs which are released simultaneously from weapons stations

PASCAL - a programming language which uses structured programming and
emphasizes calculation and mathematical formulations

polygon - a shape which is defined by several planes

"polynomial - an equation which does not include complex functional
relationships. The independent variables may be combined only with
integer exponents. The variables can multiply one another to
p•oduce interaction terms.

portable - computer programs which can run on a wide variety of
computers. Fcri microcomputers, portability can also include the
ability to physically transport the machine from one location to
another.

power of a test - the probability of incorrectly failinr to reject a
null hypothesis (i.e. thinking the test passed when it should not)

predicted response - the result calculated by inserting values for
"independent variables into a regression equation

processor - that portion of an electronic computer which performs
arithmeic and other operations

- .quadratic - a second-order equation

quantifiable - a variable which can be compared to a number scale

RADAR - radio detection and ranging

RAM - random access memory. The memory a microcomputer uses to store
data and computer code

random - occurrences which are not predictable in any fashion

regression - a mathematical procedure by which an equation is calculated
to represent a set of dat4 poiik.

REP - range error probable

K-td
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replication -a repetition of a particular design point using a
different random number stream. Replications are used to determine
the variance of a particular system response.

resolution - the degree to which a particular fractional factorial ~
design avoids aliasing. Resolution III designs have no main I

effects aliased with one another, resolution IV designs have no
main effects aliased with each other or 2-factor interactions, and
resolution V designs have no main, effect or 2-factor interaction
aliased with any other main effect or 2-factor interaction.

* ~Increasing numbers of design po~ints are required to achieve the
higher resolutions.

L RSM -respopse surface methodology

saddle point - a stationary point which is neither a maximum nor a
minimum; in 2-dimension space, an inflection point.

I.'SAM - surface-to-air missile

screening - a statistical experiment which is performed to determine the
significance of various independent variables

sectioning - a method of response surface methodology which searches for
optimal operating conditions. One independent variable is
considered at a time. The method of steep~est ascent is preferred
over sectioning.

seed - the starting number for a random number generator 1

sensitivity -the degree to which a system response may be affected by
changes in independent variables, probability distributions, and
assumpt ions

sigma -the standard deviation of a normal distribution .

significance -a measure of the desired degree of accuracy. The level r
of significance is the probability of incorrectly failing to reject
the null hypothesis <i.e. assuming the test passed). Failing to r.
t~eJect near the lvel of significance results in low power of the
test.

singles - the Peleasa of one munition at a time#

-S sum of sq~iares

star - the physical reprewmtatiwn of a centrail composite desiqA. Its
three indopendent variables, the factorial portlon oW the design
forms a box while the axial points forma tbo star.

stationary point - a point which may be A local minittum, a local
maxifuum, or asaddle point. An optimum point mus~t occur at a

stationaiy point,, but not all stationary points will bo optimum.
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steepest ascent - used in first-order response surface methodology to
*'�find optimal operating conditions. Steepest ascent is preferred to

sectioning since steepest ascent considers any pertinent variables
simultaneously in climbing a local gradient.

•.y stick - a series of weapon impacts

•°,," Student's t-statistic - used to compare the average values of statistics

suboptimizing - for fixed levels of overall system response or fixed
levels of selected independent variables, the remaining independent
variables are optimized. If overall system response is fixed, the

IVindependent variables of interest are adjusted to the most

favorable (least costly) combination to achieve the response. If
some of the independent variables are fixed, the remaining
variables are adjusted until the optimum system response is
achieved.

survivability - the probability of not being killed during a tactical
"I. mission

system response - for this analysis, probability of runway cut, expected
number of craters to fill to open a minimum clear strip, ani the

.., expected area to fill to open a wlniumum clear strip

TAC- Tactical Air Command or tactical

TAIM - Tactical Air War Modtl

theater - a large area of operations slich as Europe

triangular distribution - a probability distribution completely
described by a mean and two endpoints.

USAF - United States Air Force

USAFE - United Stated Air Forces in Europe

V."validation *- comparison of a model and its output to Perl-world results

variate - usually a random variate: a variable which behaves in
accordance with a particular probability distribution

verification - checks o4 computer code to ensure that the computer

program accurately reflects 'he iotended model,

x-value - the particular value of an ind•ndloent variable

"y-value - the parti-ulat, vlue of a dependent variable

"Z-value - te rand•o variate corresponding to a particular level of
'V. probability.

*1,Z•

1*"K


