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TARGET ACQUISITION MODEL

SUMMARY

1. Purpose. - This documentation describes the methodology and
input requirements for the Target Acquisition Model.

2. Background. - The Nonnuclear Amunition Combat Rates Methodol-
ogy uses computerized simulation models to assist in war gaming
combat activities affecting theater amunition requirements. The
US Army Concepts Analysis Agency has been tasked by ODCSOPS to
perform a Nonnuclear Ammunition Combat Rates Methodology Improve-
ment Study-Part IT (AMMIP II).

3. Methodology. - The Target Acquisition Model simulates the
acquisition of units in a target force, by the sensors in an
acquiring force. The target force is played at small unit resolu-
tion. The acquiring force is played at the individudl sensor level
of resolution. The model produces an a priori history of the
acquisition events that will occur over a period of time. The
Target Acquisition Model uses basic sensor data and target arrays
as input. The outputs of the Target Acquisition Model serve as
inputs to the Blue Artillery Model and the Red Artillery Model.

4. Summation. - This doctr.ent is one of a series which describes
the modes and associated m-,hodologies used in the Nonnuclear
Ammunition Combat Rates Methodology. Figure I presents an over-
view of the methodology and illustrates the flow of interactions
between the models and associated methodologies. Additional
information can be obtained from:

Comander
US Army Concepts Analysis Agency
ATTN: Director, War Gaming Directorate
8120 Woodmont Avenue
Bethesda, MD 20014

Pp
Preceding pagebln

~(



Tairget Acquisition Model

Closeb CModeMoel

Iats oat Meodloqe
TankAtiank Air e

Air~~ Defns tiller

Bulk Arriur Modet s

Associa1ed NrncerAunitoCoatResMethodolog

Tactial A2



TARGET ACQUISITION MODEL

CHAPTER I
TECHNICAL DESCRIPTION
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I. Introduction. - rhe Target Acquisition Model (TAM) is a
simulation of the acquisition of targets in a target force by the
sensors of an acquiring force. The purpose of the simulation is
the generation of icquisition events which will ultiimately result
in requests for fire missiuns to be delivered by an artillery
firing force. The target force, represented to the model by a A

static target array, is played at the small unit level of resolu-
tion. The acquiring force is played at the individual sensor level
of resolution. The model addresses input target arrays for a 6-
hour game time period and produces an a priori list or history of
acquisition events. A time sequenced acquired target list is out-
put in the format necessary for subsequent simulation by the Blue
Artillery Model (BAM) and the Red Artillery Model (RAM) used in the
Nonnuclear Ammunition Combat Rates Studies.

2. Assumptions. - The Target Acquisition Model converts a static,
time independent target array into a dynamic, chronicle of acquisi-
tion events. The methodology used to accomplish this conversion is
based on the following assumptions.

a. Detection events which do not result in a reasonable iden-
tification of the elements detected do riot result in target acqui-
sition for purpose of engagement by artillery fire.

b. Detection events which do not result in al accurate loca-
ticn of the elcments detected do not result in target acquisition
for purpose of engagement by artillery fire.

c. Acquisition events against targets known to have short
dwell times by sensor systems which have slow report response times
do not result in target acquisition for the purpose of engagement
by artillery fire.

d. The length of the time period being simulated is sufficiently
short that the movement of target units during the time between
acquisition events can either be ignored or accounted for outside
of the model.

e. The acquiring fc-ce and the target force are located on
opposite sides of a conventional, continuous forward edge of the
battle area (FEBA).

f. The probability that a target is acquired is a function of
single element p-obability of detection, the probability that the
target is covered by a sensor, and the probability that line of
sight exists from the sensor to some elements of the target.

g. lhe target array is resolved to those target sizes which
are expected to be acquired as individual targets.
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h. The decision process of estimating the particulars of a
target, given that some, but not all, of the target elements have
been detected and identified, can be simulated using a binomial
probability formulation.

i. Data exists which will permit an acceptable treatment of
multiple acquisition of the sdme target, given those targets which
will be acquired at least once.

j. Data exists which will permit a realistic assignment of
clock times to acquisition events.

k. The elements which are likely to be detected in a target
can adequately be described as tronps and any one particular type of
military equipment.

3. Limitations. - The following limitations are inherent in the
methodology implemented by TAM, or in the model itself.

a. Only 20 different kinds of sensors can be played. The user
is required to provide data for eight specific kinds of sensors,
dei;cribed later in this chapter. The user may suppress one or more
of these base case eight sensors through inputs

b. The targ't force cannot have more than 4,000 individual
targets. The acquired target list, including multiple acquisitions,
cannot exceed 1,000 target acquisitions.

c, The model is programmed to addre-s a 6-hour game time
period. The user can cause the model to address a period shorter
than 6 hours by providing multiple acquisition function inputs
and clock time distribution inputs for a shorter period. The user
cannot cause a te period simulation to exceed 6 hours.

d. The model will address as many as four consecutive 6-
hour periods in a continuous game time day. It can be used to
address the same target array in each of these periods or a
different target array in each perioJ. The model does not have
provisions for determining which targets have been destroyed from
one acquisition to the next or from one period to the next. The
game clock time cannot exceed 2400 hours.

e. The user can describe targets as being one of 16 categories
of target. Target categories six through nine must be defined as
armored or mechanized targets. The 16 target categories used in
the Nonnuclear Ammunition Combat Rates Studies are described it
Table 1-1.
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TABLE 1-1, Sample Target Category Definitions

Category Description

1 Dismounted troops prior to final assault

2 Dismounted troops in final assualt

3 Dismounted troops in assembly area--hasty
positions

4 Dismounted troops in assembly area--prepared

positions

5 Infantry in prepared defense

6 Mechanized/armor units in assembly area--
hasty positions

7 Mechanized/armor units in assembly area--
prepared positions

8 Mechanized/armor units in column

9 Mechanized/armor units in attack

10 Service units in hasty positions

11 Service units in prepared positions

12 Headquarters, coumand posts, observation
posts

13 Truck convoys stopped--troops prone

14 Dismounted troops in approach march

15 Artillery units in hasty positions

16 Artillery units in prepared positions

f. The methodology implemented by the model is designed to
treat sensors which are located on, :r on the friendly side of,
the FEBA. These sensors are simulated as though they search
across the FEBA in a continuous zone bounded by the sensor maximum
range. Sensor types that do not fit this description can be played
in the simulation if suitable adjustments are made in the input
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data for those sensor types. Methods for ma'in' hese adjustments
are discussed later in this chapter.

g. The model does not provide for the !lput of different
probabilities of detection for daylight cond':ions and nighttime
conditions during a series of consecutive ft-hour period simulations,
The user can either modify subroutine ADJUST to accomplish modifi-
cations to i pul probabilities or he can treat daylight activities
and nighttim. ;"Livities with different simulation runs.

h. The model does not provide for false acquisitions. The
user can include in the target array, units which are described as
targets for acquisition purposes, but which in fact have ",. troops
or elements at risk to artillery.

4. Preparation of Siuulation. - Detailed formit specifications
for the pre par f inpt-da ta necessary to exercise TAM are
described in Chapter I1. A sample game situation and the cor1 ete
set of inputs necessary to use TAM to simulate that situation ore
contained in Chapter V. The procedures suggested to prepare a
situation for simulation with TAM are described below, A combat
sample (or combat stylized period) is defined for the purpses; of
this discussion as a set of target arrays which represent opposing
forces at a particular level of activity. for one day. A specific
combat sample might be defined as a blue division defending against
a red army attack, for one day. The Target Acquisition Model can
treat as many as four combat samples in two model runs. One run
would treat the red force as the target force. The other run would
treat the blue force as the target force. The procedures outlined
in the remainder of this paragraph must be implemented twice for
each combat sample; once for blue sensors acquiring red targets
and f ; fr red sensors acquiring blue targets.

T._rnet Array. - The user must develop or obtain a target
array for the combait sample target force which does not exceed the
model limitations. Each unit in the target array must be coded in
the format prescribed for the Target Array Deck (see Chapter III).
Target array data consists of:

(1) Necessary Data. - The target array data which is
t :,,d by TAM includes:

(a) target environment codes

(b) target mobility codes

(c) target category codes
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(d) distance from the target to the FEBA

(e) military equipment type code

(f) quantity of troops in the target at risk of
acquisition

(g) quantity of military equipment in the target at
risk of acquisition

(2) Extraneous Data. - The target array data which is
not used by TAM, uit ;5tch-iiy be included by the user for in')ut
to subsequent models, Includes:

(a) target identification number

(b) target coordinates

(c.) quantity of troops in the target at risk to
artillery

(d) quantity of tanks in the target at risk to
artillery

(a) quantity of 18 other- items of military equipmont
in the taroget at risk to artillery

b. Target Characteristics. - The model recognizes six
different types of targets with respect to target element composi-
tion. The six types of elements are combat troops, service vehicles,
tanks and armored vehicles, artillery pieces, noncombat troops,
and heavy weapons. The data in the Target Array Deck describes
each unit as being one of the above six types (the model assumes
that all targets have troops). To provide a basis for estimating
the size of acquired targets, the user irust analyze the target
force and make the following determination for each of the six
type targets,

(1) Organizational Size. - The user must select the
three most 11kelyF rganizatonal sizes of a uni' which might be
acquired. Generally, these should represent a .v all, a medium and
a large target of that type. For example: plotoon, company, and
battalion might be selected for units having tanks and armored
vehicles. If a type unit (such as artillery) Is likely to bm
acquired in only one organizational size, the user can select that
size (battery) to represent all three sizes.
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(2) Organizational Inventory. - For each organizational
size selected, a detemination must be made about the quantity of
equipment (of the type which defines the organizational type unit)
expected to be in that size unit. For example, it might be
-determined that in tank and armored vehicle targets, platoons,
companies and battalions have 10, 30 and 90 tanks and armored
vehicles, respectively.

(3) Target Typical Sizes. - For each organizational size
selected, a deterination must be made about the radius of the area
each such organization size 1- expected to occupy. For example, it
might be determined that, in :ank and armored vehicle targets,
platoons, companies and battdiions are typically contained within
a 100 metcr, 200 meter and 300 meter radius, respectively.

c. Environmental Characteristics. - The effect of terrain on
the capability of the acquiring force to detect target elements is
input to the model with line of sight functions. The user defines
a sot of 16 ranqe bands which are measored in distance from the
FEBA. The first range band must extend from the FEBA to some
specific distance (for example, FEBA to 200 meters). The last
range band must extend to the rear of the target array (for example,
15 kilometers and beyond). The user may select as many as five
line of sight functions which express the probability that line of
sight exists from a typically located sensor to a randomly located
target, as a function of the range band in which the target is
located. Different sensor types can be assigned different line of
sight functions. Certain types of sensors are not affected by
sensor target line of sight. These sensors should be assigned a
line of sight function which expresses unlimited line of sight.

d. Sensor Characteristics. - As many as 20 different sensor
types can be assigned to the acquiring force. The model reserves the
first eight sensor codes for specific sensor types. These base
case sensor types are described in Table 1-2. For each sensor
type played in the simulation, the following technical data must
be obtained.

(1) Probabilit of Detection Functions. - The probabili-
ties of detectuonse by TAM are single sensor, single element
conditional probabilities. Each probability expresses the likeli-
hood that a sensor detects (and identifies) one element in a target,
given that:

(a) There is one such element in the target area.

(b) The sensor is trained on the target area.

(c) Line of sight exists from the sensor to the
target element.
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TABLE 1-2, Base Case Sensor Types

Code Sensor type

1 Forward observor (FO)

2 Movement detection radar

3 Movement detection radar

4 Light observation helicopter (LOH)

5 Photo reconnaissance mission flying
over the target force

6 Infrared reconnaissance mission
flying over the target force

7 Patrol operating within the target
force

Countermortar or counterbattery radar

Each probability function must have 16 entries; one entry for each
of the 16 range bands defined to cover tho target array. A total
of 18 probability of detection functions is needed for each sensor
type; one function with respect to each of the six type target
elements (troops and military equipment) located in each of three
environments (open, woods, town). Certain sensor types are only
effective when a particular activity occurs in a target. Counter-
battery radar, for example, only senses when a battery fires.
Probability functions for such sensors should assume that the
required activity obtains in the target.

(2) Expected Sensor Coverage. - The model does not
consider specific coordinate locations for sensors. The density
of a sensor type on the battlefield is treated by the concept of
expected sensor covera e. Expected sensor coverage is defined as
the number of sensors ?of a given type sensor) which are expected
to be within range of a target. Since the density of sensors is
likely to vary from one combat sample to another, an expected
sensor coverage function is required for each sensor type in each
acquiring force. An expected sensor coverage function has 16
entries; one entry for each of the 16 range bands defined to cover
the target array. Factors affecting the expected sensor coverage
calculations are sensor maximum range, sensor density, sensor set-
back from the FEBA and the width of the target array. The
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formulation used in calculating sensor expected coverage is
presented later in this chapter.

5. General Description of Methodology. - The methodology
implemented in TAM operates in two distinct phases with respect to
the n.,del inputs.

a. Fixed Data Phase. - At the start of a model execution,
all of the input data prescribed in the first six input specifica-
tions is read and stored. These data include target force character-
istics, terrain characteristics and sensor characteristics. Certain
-of these data are related to specific combat samples. When
-specific combat samples are addressed during the simulation, the
model will select the appropriate data. The remainder of these
data are applied to the simulations with respect to all of the
combat samples addressed during the model execution.

b. Simulation Phase. - The model, in this phase of execution,
performs the simulations of the target acquisition process.
The procedures described below are repeated for each set of combat
sample data included in the execution runstream.

(1) Cobat Sample Situation Definition. - A set of data
describing a combat sample target force and the simulations desired,
is input and stored. This data includes a target array, a set of
multiple acquisition functions, a set of acquisition clock time
distributions, and a set of codes which indicate the particular
6-hour time periods to be simulated. The procedures described
below are repeated for each 6-hour period of the day that is
simulated.

(2) Combat Sample Period Simulation. - All sensor systems
in the acquiring force are played against each target in the target
array. This process is defined as a simulation replication. A
detailed technical description of the methodology employed during
one simulation replication is presented in paragraph six of this
chapter. A minimum of 25 simulation replications is performed
before the model attempts to produce an acquired target list.
During each replication, a stochastic determination is made stating
which targets are acquired and which targets are not acquired. The
purpose of these replications is to extablish a basis for estimating
the average size and compositioi. %f an acquired target list. The
model keeps track of three acqLired target list characteristics
(having two degrees of freedom) ,ver the replications; number of
armor/mechanized targets acquired, number of other targets acquired,
and total number of targets zcquired. At the completion of each
replication (subsequent to the mi"1 mum 25), a check is made to see
if that replication has produced z, ,srar average acquired target list.
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Any acquired target list in which the number of armor/mechanized
targets acquired and total targets acquired are within plus or
minus 10 percent of the running average of these observables, is

- - considered to be near average. If a replication is not acceptable,
the estimated averages of the observables are updated and a new
replication is begun. Once an acceptable replication has been
observed, that replication is repeated for record and used as the
basis for generating an acquired target list for the 6-hour period.

(3) Acquired Target List. The multiple acquisition
function and clocK-time distribution function appropriate to the
specific combat sample and time period, are applied against the
targets acquired in the record replication. A print record and a
punch record of the acquired target list is provided as output.
The punch record format is consistent with the input specifications
described for the Blue Artillery Model and the Red Artillery Model
used in the Nonnuclear Ammunition Combat Rates Methodology.

6. Acquisitior Methodology. - This paragraph describes the
methodology implemented by TAM to simulate the acquisition process
during each simulation replication. The methodology is stochastic
and each replication partitions the target array into two sets;
those targets which should be acquired one or more times, and those
targets which should not be acquired. The targets which are assioqad
to the acquired set tend to be targets which are at greatest risk
of acquisition because of size, type, location, environment and
sensor characteristics. The description of the acquisition method-
ology is presented in terms of a type sensor located at or near
the forward edge of the battle area. This type sensor is assumed
to search across the FEBA in all directions up to maximum sensor
range. Suggested procedures for treating sensor types which do not
fit this description are contained in paragraph eight of this chapter.

a. Target Array Processing. - In each simulation replication
the model processes each target in the target array, one by one,
in the input order. As a target is processed, it is confronted by
the entire acquiring force sensor array. This process will make a
determination that the target should be, or should not be, acquired.
The data available for each target describes the target environment,
the target mobility, the range band in which the target is located,
the type and quantity of military equipment in the target, and the
number of troops in the target.

(1) Let bc{l,2, ...,16) be defined as the index of the
range band in which a target i3 located.

(2) Let Ek, k{OPEN, WOOD, TOWN} be defined as the Pnviron-
nvt codes for a target, where Ekc{O,l} and Ek = 1 implies that a
target is entirely or partially located in environment k.
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(3) Let t>o be the number of troops in a target which
-are at risk of detection.

(4) Let me{service vehicles, tanks and armored vehicles,
artillery, heavy weapons} be defined as the type military equipment
located in a target and let e>_o be the quantity of such equipment
in a target.

b. Sensor Processing. - Each target addressed during target
processing is confronted by each sensor system type. The data
available for each sensor type describes the probability that line

-- of sight exists from sensor to target, the expected number of
-sensors that cover a target, and the single element probabilities
of detection for the sensor with respect to the type elements in
a target. The process described below is repeated for each sensor
type.

(1) Line of Sight Probability. As many as five line
of sight functions can be considered y the model.

(a) Let s be the index which identifies the sensor
system type confronting a target.

(b) Let Lsb be defined as the probability that line
of sight exists from a sensor of type s to a target in range band
b, given that the sensor is located on the extersion of . perpen-
dicular from the target to the FEBA.

(2) Expected Sensor Coverage. - Expe &' sensor coverc i
is defined as the number of sensors that are expeL.ed to be closer
to a target than the maximum sensor range. Figure 1-1 depicts the
analytical basis for expected coverage calculations for a type sensor.

(a) Assume that a target located in range band b is
at a distance Db from the FEBA.

(b) Assume that type s sensors are univormly placed
across the target array width.

(c) Let S, be the distance that type s sensors are

set back from the FEBA.

(d) Let Rs be the maximum range of a type s sensor.

(e) Let N8 be the number of type s sensors deployed
against the target array.

f) Let W be the width of the target array.
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(g) Let C.b be defined as the length of the chord
formed by a line parallel to, and a distance lb from, the FEBA,
and contained within a circle of radius R6 centered at a type s
sensor location.

Then CI, is the measure of the width of range band b that can be
covered by one type s sensor. The magnitude of Csb is given by:

Csb --2 ; - (Db + S,)' when R, > (Db + Ss)

CI, = 0 ; otherwise.

Let A.o,; be defined as the expected coverage in range band b for a
type . sensor. Then:

As,, =N Cb/W

(3) Probabiliy of Detectior. - The probability that one
type s sensor detects at least one troop, or at least one item of
equipment, in a target, given line of sight and coverage, can be
calculated from the single element probabilities of detection.

(a) Let Psbk be the single element probability of
dlctection for one type s sensor with respeLt to ue troop in
e'vironment k, range band b.

(b) Let Psnbk be the single element probability of
detection for one type s sensor with respect to one type m item of
military equipment in environment k, range band b.

Then we can define P.b and Psmb as single element probabilities of
detection averaged over the target environments as follows:

[(PsmI)k E)1 -k
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Defir P., as the probability that at least one troop in a target
will be detected by one type s sensor, given line of sight and
coverage. Define P., as the probability tha. at least one type m
item of equipment in a target will be detected by one type s sensor,
given line of sight and coverage. Then:

Ps = (1 - Psb) t

P ,. 1 - (1 - esmb)

where . and t 3re as d,finea on page I-l1.

c. Simulting -c uisition. - The four factors necessary to
treat target acquisition as a stochastic process have been defined
for each type sensor (expected sensor coverage, A~b; probability of
line of sight. L., . probability of detecting onp or more items of
equipment, P-,, or troops, P,). Note that all of the input
charactetistics thit vary from target to target are considered
in the calculation of the four factors, as appropriate. The
stochastic process described below is applied fot each sensor
type against each type in the array.

(1) Let A.,. x.y imply that expected sensor coverage is a
real number read as x decimal y. Define n, = x + 1 as the maximum
number of type s sensors that covet a target.

(2) Let Gi(n,zi,qi) define a stochastic process (or game)
which is iterated n times. Each iteration is performed as follows:

(a) Draw a variate zi from the rectangular distribu-
tion; that is, define zicR(O,1).

(b) If zi>qi, set Gi = 0. If zi_<q i , set Gi  1.

(3) Define the results of the stochastic process Gi as a
vector (q1,g2 .g 0) where gjcf0,l.

Target acquisition in TAM is defined by two stochastic processes,
S m in

G1 (n,,z 1 ,qi) and Gn(nsz',q7), where:

qi - P.,L. b[I (i-)/,] when i < n.

ni
=1 (-14)/ j when i <
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qj = YP,'b [Il - (i-l)/n S vhen I = n,

q = YPSML,[l (i-1)/nq] when i n n,

That is, ns distinct type s sensors are played against the troops
and eq,,ipment in a target. The first ns-1 such sensors cover the
target with probability 1.0. The first one of these ns-1 sensors
is closest to the target and has the highest probability of line of
right. All other type s sensors that cover the target are succes-
sively farther and farther from the target and have successively
lower and lower probabilities of line of sight. The nsth sensor
has the lowest probability of line of sight and has a probability
of coverage of y< 1.

d. Acquisition of Targets. - Subsequent to the stochastic
process for all sensor types, a determination is made whether
acquisition occurs. If the gi> 0 or the E g >0 for any sensor
type, then one or more sensors have detected one or more troops or
items of equipment in a target. If one or more troops or one or
more items of equipment have been detected during the stochastic
process, acquisition is assumed to occur. When acquisition does
not occur, processing transfers to the next target in the array.
When acquisition ocLur5, the record of acquired targets is updatcd.
Processing then transfers to the next target in the array, except
during the record simulation replication. The processes described
below apply only to targets acquired during the record replication.

e. Acquired Target Definition. - Data concerning the actual
target size and composition (type and quantity of troops and
military equipment) is available to the model. This paragraph
describes the process employed by the model to estimate the size
and composition of an acquired target, given the limited informa-
tion provided by the acquisition.

(1) Type of Elements Detected. - The model identifies
each sensor type which has detected one or more troops or items of
equioment. For each such sensor, the operating single element
probabilities of detection at the time of acquisition (Psb and
Pmb) are modified to account for the phenomena that the probability
of detecting more elements, once one element is detected, is
greater than the single element probabilities of detectii)n. The
modified probabilities, P* (for trop detection) and P*m (for type
m equipmnt dotection), are computed as:
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r*

P* = 75 P,;b + .25

P*m = .75 smb + .25

For each sensor type that has oetected troops or equipment in the
target, the model estimates:

(a) the number of items of equipment of type m detected,
if equipment or troops and equipment have been detected.

(b) the number of troops detected if troops only have
been detected.

(2) qu_ntity of Elements Detected. - The estimates made
for each type acquiring sensor is baseJ on drawing a binonial variate.

(a) Let z = B(j,p) be an integer variate representing
the number of successes which occur in a series of j Bernoulli
trials, each trial having probability of success p.

(b) Define Q. and Qsm as the quantity of troops
detected and the quantity of type m items of equipment detected,
respectively.

Then, either Q , or Q.,, is deteni-ined stochastically for each
type s sensor, as follows:

Qsm = Maximum [l;B(q,Ps)

Qs = Maximum [I;B(t,P*)]

(3) Estimation of Target Size. - The target force
characteristics input data includes descriptions of the type and
quantity of military equipment, and the quantity of troops, typically
found in targets, for three organizational sizes (small, medium and
large). This data also includes typical radii for such targets.
The model estimates the radius of acquired targets using the data
provided by the sensor type which detects the greatest quantity of
elements.

(a) Let Q., be the largest quantity of type m equip-
ment detected by any of the acquiring sensor types.

(b) Let Q be the largest quantity of troops detected 4
by any, of the acquiring sensors.
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(c) Let B(j,p:h) be the probability that h successes
occur ir, B(j,p).

(d) Let Mor,od{l,2,3,) be the expected number of
type m elemenLS in a unit with organizational size oc(sinall, medium,
large; respectively). Let To,oc{l,2,3), be tha expected number of
troops in such a unit.

(e) Let F"(o),oE{l,2,3}, be the typical radius of a
target with type m equipment, organizational size o. Let F(o),
oc{l,2,3} be the typical radius of a target described as having only
troops, organizational size o.

(f) Define P(o) as the probability that an acquired
target has organizational size o.

If Q, > 0 , a target size estimate will be based on equipment detected,
as follows;

P(o) = B(Mm,P11.:Qm) : o =  {1,2,3}

If Qm 0 0, a target size estimate will be based on troops detected,

as follows:

P(') = B(I0,P;:Q) o = {,2,3}

The size of the target is selected to be the most li',fly size,
given the number of elements detected. Let cc{l,2,3 be the value
of e which re;ults in the greatest value for P(o). The target
radius is estimated to Fm(C) if type - equipment was detected, and
F(c) if only troops were detected.

7. Acquired TaretList. - The record replication of the target
acquisitio-n simu -ation process is a list of the specific arrayed
targets which will be acquired one or riore times during a 6-hour
period. All that remains to produce an acquired target list for
the 6-hour period is to determine how many times each such tarqet
will be acquired and at what clock time each acquisition will occur.
The process employed by TAM to perforv: these tasks is described below.

d. Multiple Ac-quisitions. - rhe combat sample input data
includes a muftiple- acquistfior. function for each 6-hour time
petiod.

(1) Let N be the number of targets acquired during the
record replication for the 6-hour time period.
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(2) Let F be the multiple acquisition function for the
6-hour time period. Fjic{i,2,...,lO} is defined as the fraction
of acquired targets which should be acquired i times.

(3) Let Tp,ic{l,2,...lO}, be the number of targets that

should be acquired i times. Let T* be the total number of acqui-
sition events that should occur in the 6-hour time period.

Ti = NF, i1,lO

10

T* =2 iTj
i-i

(1) The frequency of acquisition factors are randomly
assigned to the acquired targets, with certain exceptions. These
exceptions are intended to cause multiple acquisition to occur
only for those targets most likely to be acquired more than once
in a 6-hour period.

(a) Targets acquired only by photo or infrared
reconn.iissance are not considered for multiple acquisition.

(b) Targets acquired only by long range patrols ar?
not considered for multiple acquisition.

(c) Targets in range band 16 are not considered for
multiple acquisition.

b. Clock Times. - Once the list of acquired and re-acquired
targets has been generated, the list is shuffled to produce a
random order list, The shuffled 11,t is taken to be the order in
which the acquisitions occur during a 6-hour period. One clock
time is drawn out of the appropriate input clock time distribution
function for each target on the list. A total of T random times
are arranged in order of increasing clock time and assigned; one to
each target on the list.

8. Treatment of Sensors. - lhe methodology applied to each sensor
type'-Su'rn'i-uato--n replication assumes each sensor is located
at or near the FEBA. Methods which are suggested to play other
types of sensors are described in this paragraph. Each such sensor
requires adjusbrnent of thc input dati.

a. Moving senors which penetrate the target array can be
played. For sensors such as vertical photo or infrared, probauility

1-lB

I L



of detection is not a function of range band (distdnce from thr
FEBA). The expected sensor coverage in each range band can be
calculated if one knows the numqber of sorties (Sb) in a 6-hour

4....... area covered in a range band by one sortie (Ab), and
i.e ,.c.i contained in the rt,9ge band (At). In such a case:

A~b = SbAb/Ab

Probability of line of sight is not normally a factor for such
sensors. Therefore, a line of sight function must be included in
the inputs which indicates unlimited line of sight. If such a
sensor employs s;de looking imagery, a line of sight function
appropriate to the operational altitude of the sensor must be
included in the inputs. Finally, sensors which penetrate the
target array at ground level (such as patrols) can be treated in
a manner similar to that described above. Probabilities of detection
and line of sight for the range bands in which such sensors operate
should be based on short ranges. This assumes that such sensors
can maneuver within their areas of operation to find targets which
would otherwise go undetected.

h. Moving sensors which operate parallel t% ihe FEbA
can te played. Probabilities of detection appropriatc to the
sensor and line of sight functions appropriate to operational
altitudes are required. These probabilities should be related
to the ranqe bands. Covercge calcu.3tions should be based on the
number of sorties and the fraction uf each range band covered per
sortie.

c. Sensors which require that special conditions (not para-
meters in the inputs) obtain in the targets, can be played, but
require model modifications. Subroutine ADJUST is called by the
model during that phase of the logic when specific sensor probabili-
ties of detection are being set for play against a specific target,
Infornation containing sensor type, target characteristics and
e!nvironmental conditions, are available during calls to the subroutine.
Modifi atlons to the subroutltip which cause the program to sense
target, senor and environmental conditions, can be used to cause
zero probabilities to be returned to the main ,,gram. Conditional
senses included In the documented version of TAI are described in
Table 1-3. Sensors which do not depend on liro of sight, but which
do requlic probability function, not otherwiise covered in the inputs,
can use the input specifications for line of sight functions as a
vuhicle to input, these other functions. One of the "line of sight"
fuictione " I descrih,, the probability that artillery units are
tiring. 1hi,, ,unction can be used by counterbattery radar sensors,
in place of n line of sight function,
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TABLE 1-3, Base Case Sensor Limitatiomns

Code Sensor type Conditions required for play

2 Movement radar Moving targets only

3 Movement radar Moving targets only

4 Light observation Daytime orly
helicopter Stationary targets only

5 Photo reconnaissance Daytime only

6 Infrared reconnaissance Nighttime only

7 Patrols Stationary targets only

8 Counterbattery Artillery targets only

d. Factors such as operational maintainability and .,eadinesf
limitations should be considered for all sensor types. Percent
availability factors which are applied to the expected sensor
coverage functions directly impact the acquisitions of targets.

9. Outputs. - After a 6-hour period has been simulated the
mode pr-ouces two records. The first is a card punch file of
the acquired tarjet list. This file is consistent with the input
specifications for the Target/Event Deck described for the Blue
Artillery Model and the Red Artillery Model. The second record is
a printer listing of the acquired target list arid a suninary which
presents an analysis of the input array and the acquired target
list, by target category and size. Sample outputs are presented
in Chapter VI.
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)ARGET ACQUISITION MODEL

p CHAPTER III
INPUT DAlA SPECIFICAT(ON,



1. Standard Size and Radius Decka

Columns Variable Data Description Format

J Combat sample activity level Il
to which this card applies
(1:5J:54)

2 K Size of urit to which the II
data on this card appliesb/

3-6 JTSZ(JKI)C/ Average number of elements 14
type one in a size K target
at activity level J

7-10 JTSZ(JK,2) Average number of elements 14
type two in a size K target
at activity level J

23-26 JTSZ(J,K,6) Average number of elements 14
type six in a size K target
at activity level J

27-30 na Not used 4X

31-36 ATRGR(J,K,1)- / Average radius code of a size 16
K target, activity level J,
described as having element
type one

61-66 ATRGR(JK,6) Average radius code of a size 16
K target, activity level J,
described as having element
type six

a/ This deck must have 12 cards. These 12 cards are divided
Tnto four subdecks having three cards. Each subdeck carries data
for one of four combat sample activity levels (for example; delay,
defense, inactive, attack). Subdecks can have zero entries if
the run does not address all four activity levels. Each subdeck
has one card for data for each of three target sizes (see b/ below).

W The model will estimate one of three sizes for acquired
targets (these three sizes night be specified as platoon, company,
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battalion, for example). The user specifies K on each card to
indicate which of the three sizes applies to tiP Jata on the card.

c/ See note j/ in the Target Array Deck input specifications for
an explanation of element types one through six.

d/ Radius codes for ta.-(,et sizes are integers I -,2,...N which
map radii 50 meters, 100 meters, ... , 50t meters.
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2. Indicator CardA-/

Columns Variahle Data Description Format

1-4 INDER(1) Line of sight function code 14
applicable to sensor type one

5-8 INDER(2) Line of sight function code 14
applicable to sensor type two

2g-32 INDER(8) Line of sight function code 14
applicable to sensor type eight

a/ This card carries a code for each of the N>_8 sensors played
Tn the simulation. The code, C - 1,5; for a sensor states which
one of the five line of sight functions in the Line of Sight
Probability Deck is applicable to that sensor.
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3. Range Parameter Card-
/

Columns "iriable Data Description Format

1-5 RANGE(1) Cut off distance of range F5.O
band one (kilometers)

5-10 RANGE(2) Cut off distane of range F5.0
band two (kilometers)

71-75 RANGE(15) Cut off distance of -ange F5.0
band 15 (kilometers)

a/ This card specifies information which defines range bands
measuring distance from the fcrward edge of the battle area (FEBA).
Subsequent inut decks (probab(Ity of line of sight, coverage,
and detection) are parameterized as a function of distance from the
FEBA. This input card defines the 16 range bends to which "he
subsequent inputs are related. The model assumes that range band
one extends from the FEBA to RANGE(1) kilometers from the FEBA.
In general, range band I extends from RANGE(I-l) kiloneters to
RANGE(1) kilometers from the FEBA. Range band 16 extends from
RANGE(lS) kilometers to the rear of the ta,'-et array.
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4. Line of Sight Probability Decki/

Colurns Variable Data Description Format

1-2 PSIGHT(I,l) Prob6.ility of line of sight F2.2
in range band one

3-4 PSIGHT(A,2) Probability of line of sight F2.2
in range band two

-------------------------------------------------

31-32 PSIGHT(I,16) Probability of line of sight F2.2
in range band 16

a/ This deck contains five cards. Each card carries 16 point
entries of a probability function. The user might specify five
different line of sight functions to be used by various sensors.
For example, functions one through five might be specified as
probability of line oi sight for:

Function Description

1 Observer (or sensor) at optimal
vantage point

2 Observer (or sensor) at typical
weapon position

3 Airborne sensor at 1,000 meter
altitude

4 Line of sight infinite

5 Other function

Functions not mentioned on the indicator card can have all entries
zero. The function described as "line of sight infinite" can be
used by sensors (such as counter battery radar) where line of
sight is irrelevant. Other function implies that a probability
function other than line of sight can be entered in the deck.
Counterbattery radar, for xample, is independent of line of
sight, but is a function ul the probability that a target is firing.
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5. Expected Coverage DeckO /

Columns Variable Data Description Format

1-4 PCOVER(I,1,K)b/  Expected number of sensors F4.0
of type I, in range of
targets in range band one,
given combat sample type K

5-8 PCOVER(I,2,K) Expected number of sensors F4.0
of type I, in range of
targets in range band two,
given combat sample type K

61-64 PCOVER(116,K) Expected number of sensors F4.0
of type I, in range of
targets in range band 16,
given combat sample type K

a/ This deck consists of at least eight subdecks, one for each
sensor type played in the simulztion (see rote a/ of the
Probability of Detection deck for discussion of the base c ;e
Eiqht sensor types). Each subdeck contains four cards. The data
on each card in the suhleck presents expected coverage by a sensor
type at one of four combat sample activity levels. For example,
activity level one (K = 1) may be defined as delay. If a particu-
lar sensor of the base case eight sensors is not being employed,
its faur card subdeck should have all zero entries. If a simula-
tion run will address less than four combat sample activity levels
(entered in variable JACT on each Combat Sample Day Hea..iO.n Card
in the runstream) those cards in each sensor type subdeck that
ire not needed Fhould have all zei fntries.

b/ Each entry expre.;ses the exp(cted number of sensors in range
of a tzrget as a function of range, sensor type and combat sample.
See Chapter I for discussion of computation of expected sensor
coverage (formula for Asb it- paragraph 6.b.(2)).
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6. Probability of Detection Decks- 
/ b

-
/

ColuPns Variable Data Description Format

1-2 SREL(I,J,l) Single element probability of F2.2
detection for sensor type I
detecting element type J
located in range band one,
given coverage, line of sight
and terrain type (open, woods,
town)

31-32 SREL(I,J,16) Single element probability of F2.2
detection for sensor type I
detecting element type J located
in range band 16, given coverage,
line of sight and terrain type
(open, woods, town)

a/ There must be one deck for each of the N -8 sensor types played
in the simulation. The oser must assign data decks for the base
case cight sensors, consistent with the following instructions:

Sensor type one must be the forward observer. Probabilities
should be for daylight conditions. The model reduces the input
probabilities by one-half for night periods.

Sensor type two must be a movement detection radar. Probabili-
ties should assume the element is moving. The model does not play
this sensor against stationary targets.

Sensor type three must be a movement detection radar. Sersor
type two instructions also apply to sensor type three.

Sensor type four must be an observation aircraft operating
from the fric.dly side of the FEBA. Probabilities should be for
:aylight corniitions. The model does not play this sensor in night
periods.

Sensor type five must be a photo reconnaissance sensor. Prob-
abilities should be for daylight conditions. The model does not
play this sensor in night periods.

Sensor type six ltust be an infrared photo reconnaissance sensor.
Probabilities should be for night conditions. The model does not
play this sensor in day periods.
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Sensor type seven must be patrols (short range or long range).
Probabilities should be for daylight conditions and should not
vary with range. Probabilities for range bands in which patrols
are not played should be zero. The model reduces the input prob-
abilities by one-half for night periods.

Sensor type eight must be a counterbattery or countermortar
sensor. Probabilities should assume the target is firing.

If the user does not wish to play one or more of the base case
eight sensors, the probability entries in the appropriate decks
should be zero.

b/ Each Probability of Detection Deck has six subdecks. Each
subdeck has three cards which contain probability data for the
sensor with respect to the six target element types (described
in note d/ of the Target Array Deck input specifications). The
three cards in the subdecks contain probabilities for the element
in each of three environments: open, woods, town.
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7. Combat Sample Day Heading Card- /

Columns Variable Data Description Format

1-40 WORDS(I) Heading desired to identify IOA4
output

41-45 IPERD(1) b/ Enter seed if simulation of 15
0000-0600 hours is desired

46-50 IPERD(2) Enter seed if simulation of 15
0600-1200 hours is desired

51-55 IPERD(3) Enter seed if simulation of 15
1200-1800 hours is desired

56-60 IPERD(4) Enter seed if simolation of 15
1800-2400 hours is desired

61-65 JACT Enter activity level code 15
1, 2, 3, or 4

a/ Runs may be stacked by successive sets of Combat Sample Day
Heading Cards, Acquisition Clock Time Distribution Decks, Multiple
Acquisition Distribution Decks and Target Array Decks.

b/ A seed is a five digit odd integor not divisible by five. It
is used to begin a sequence of pseudorandom rectangular numbers.
If simulation of a pdrticular period of the day is not desired,
enter bbbbO in lieu of a seed.
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8. Acqui .tion Clock Time Distribution Decka/

Columns Variable Data Description Format

1-3 TIME(I,1) Fraction of total acquisitions F3.3
in period I which occur during
the first 15 minutes

4-6 TIME(I,2) Fraction of total acuisitions F3.3
in period I which occur during
the first 30 minutes

67-69 TIME(I,23) Fraction of total acquisitions F3.3
in period I which occur during
the first 5 hours 45 minutes

a/ This deck must have four cards; one card for each of the four
six hour periods of a combat :.ample day. Each card contains the
ordinate of the cumulative (i-tribution o frequency oi ac 'isition
events during a particular s:x hour period. These ordinat . should
be taken at points 15 minutes, 30 minutes, ..., 5 hours 45 minutes,
into the six hour period. This yields - total of 23 entries. The
model sets the value of TIME(I,24) equal to 1.00 for all I. The
uiser should override the F3.3 format and enter 1.0 if he wishes to
close the distribution short of the last (24th) 15 minute interval.
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9, Multiple Acquisition Distribution 
Deck)

Columns Variable Data Description Format

1-5 FREQ(I,l) Fraction of acquired units FS.0
which will be acquired once
in a six hour period

6-10 FREQ(I.2) Fraction of acquired units Fb.O
which will be acquired twice
in a six hour period

46-50 FREQ(I,l0) Fraction of acquired units FS.O
which will be acquired ten times
in a six hour period

a/ This deck must have two cards The first card contains data
'or night six hour p.'lods, The second c:untains data for daytime
six hour periods, Each card specifi(;& th fraction of acquired
units which will be engaged N times, N , 1,10, the sum of the
entries on a card must obviously be 1,00.
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10, Target Array Docks'

Columnm Val abla Nta Uvscr,ptjon M

1-4 JINBIQ h/  [our digit target identification 14
number greater than 0 and liot
than 4,0 0O

L -1O ICOOR b/  $Ix digit coordinates of target 16
location without quadrant or
grid iquare dbilgnator

11 JENVO Enter "1" If target it all or 11
partially in the open. Enter

1 JLNVW ft ,oy "I" If target t all or 11
partially in the woodi, Enter
"0" Uthtrwlie

13 J[NV1 Lniar "I" if torgnt it all or 11
paitlally in A town, Lntur
"0" otharwie

14 J14M) Lt tvi "i" If tn t . 1 1 tbll ot, 1!
Lnter "?" if targr't is fleeting

IA-IG ILAIY larqnt catLrgiry codc

17.?U J1LOA DiflIaL fro, Lt target to the 14
loadlng odgi- of th' oppoting
forco expre od In hu~tom v.rs

71 JIYPI Iln(llontt at risk to vqui- 11
blthu,, other then troups,.=

?-24 JI'I N Number of U oOD t I flik to I 1
a(.qu' I I Li9n

2 L Numibu, .Iyintn of Iyp, J!YP[ 12
Ot V10 to 4acquitlwi

27"2'7 IOU(1) h l / Number of troop'° at 'irk to
artillry firv

30-31 100 (/) '1 Num.er of tanks at risk to I?
artillery fire
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Column% Variable Data D.escription Format

32-33 IRADb/ Target radius code where 12
IRAD w 1,10 maps target radii
of 50 meters, 100 meters,
500 moters

34-35 1O0l4(3) b/I;  Number of elements of type A3  12
at risk to artillery

36-37 0013(4 )/' L/ Number of *leliunti of type A4 12
at risk to artillery

68-69 |00D1(2 0)b/0I Number of elaments of type A20  12
at risk to Artillery

e/ Thh dack containb ore card for Pac.h target at risk to acquisi-
tion, ince the model Is designed to addr.'ts a static array, tho
targets %hould be describod In that condition In which It It most
likoly to be acquired, lhe last card in the deck must have A "9"
punched in columns I through 80.

b/ lh1% dtat i% trut u-,d by 1AM, It is pe od through the modi'1
?or subsequent use by models whi,;h usu the output 1.t4uirod target
list is Input,

c/ 1hik dita array permits troniw,%%iun through the rndtl of
l.rt I nvanturina ot troopt, tanks and lU other Itfem Of 1qu1mlent
(Aj, A4 ,-,., AU) fur oeh target,

Q/ The iiwdel recognilie # '. ,. 11I (.iminltb (&quip'nent). The
dvcrip'liun and code numbi, ul It,, %v. 0,) tyl)os are:

ruops In cooitlat un1Lt 1

IFVLk%, vsris, survict, vhIoliv 2
1 nk , irormord vohlicio1 3

rtillory, nieibs, lm rtars: suIJoct to
Luuitovtiittery -'r (counterwvitrt devieas 4

rool'. Il 11 nic'pLc ., t un'i ts

110evy wvltolMS nut Irldud'J a:,ve 6VI

HI 14



The user must specify one of the above codes for each target, The
code selected should be for the type element which best describes
the element most likely to be detected, other than troops. The
model always attempts to acquire troops in addition to the specified
type olement. Codes "I" and "5" should not be specified for a
target unless troops Is the only detectable element type,
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11. Run Stop Card

Columns Variable Data escrition Format

1-80 JACT Enter a "9" in each column 1615

111-16



TARGET ACQUISITION M1ODEL

CHAPTER IV

DICTIONARY OF PRINCIPAL VARIABLES
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Variable T Definition

ATRAP INTEGER Variable computed as 100 times the
target radius code plus the esti-
mated target

ATRGR(4,3,6) INTEGER Typical radius (code) of a target
described as having elements type
K, unit size J, at combat sample
activity level I

BAND ALPHA DATA to 6HbRANGE

CUMA REAL Sum of JENVO and JENVT

CliMB REAL Sum of JENVO, JENVW and JENVT

CUMTOT REAL S;rne is CUMB

D REAL Const;nt set to 1.00

DPIOB(20) I'F'\I- Probak,i'ity of acquisition for the
Ith conor that detect.-d at least
c f- - e,!ent

FNI A' ero(.* -number of nonarmor targets
a(quird over the replication,

FMT REAL Average number of armcr targets
acquired over the replications

FREnk2,10) REAL Array containing multiple a:quisi-
tions distributions: s~e input
s *ecif i ations

IAD INTEGER Disc idJress of target array data

ICATY INTEGER Target category code

ICOOR INTE'.E, Target coordinates (not used by
TAM)

IFREQ(l0) INTEGER Array containing the number of
acquired targets which will be
acquired I times

IN INTEGER Device code o? the card reader
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Variable !Ype Definition

INDER(20) INTEGER Array containing line of sight
function code for sensor type I
(see input specifications)

T0 IiTEGER Device code of the line printer

IOOB(20) INTEGER Array used to transmit input
inventory :)f element type I (not
used by IAn)

IP INTEGER Device code of card punch

IPERD(4) INTEGER Array containing input random
seeds (see input specifications)

IRAD 1NT EGER Target true radius code

ITARG(IO00) I.,EGER Array containing an oi-dered list
of the identification numbers of
the target acquired on the Ith
line of the acquired target lit

ITIME(IO00) INTEGER Array containing the clock time of
occurrence of the ith acquisition

JACT INTEGER Code number of the combat sample
array beinq addressed in the
current s' ;:.lation

JENVO INTEGER Open e.ivironment code

JENVT INTEGER Town environment code

JENVW INTEGER Woods environment code

JFEBA INTEGER Distance from the target to the
FEBA in hectometers

JMOB INTEGER Target dwell time or mobility code

JMOST INTEGER Index of the sensor which has
detected the most elements in an
acquired target

JNEL IJTEGER Number of detectable elemcats in
a target

IV-3
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.Variable jyeDef in ition

JPER INT EGER Number of detectable troops in
a target

JSEED INTEGER Updd,.ed random seed

JSENC20) INTEGER Array containing a list of the
sensors which have detected a
specific target

JTARG INjTEGER Estimated number of elements in
an acquired target

JTIME INTEGER Six hour period of the day for
the current simulation

J1INTEGER Target identification number
(not used by TAM)

JTSZ(4,3,6) INTEGER Nurilber of target elements K
typically found in a unit of size
J at activity level I

JTYPE INTEGFP Type element likely to be detected
in currei. target

K I rilEGE~ Rn nf day code for currenit sirnu-
la Ain

KAD INTEGER Disc address of information about
the acquired targets

KIX INTEGER Code used to indicate that non-
troolp ci neimts have not been
detected and that troop detection
should be simulated next

KKKK 1 fI iR flinim~ir' H Aications -P-mitted
(set tr) 2S in the model)

KLGP ITHTFU.R tKrilber of Ui)served tanrks and
~irmored vehicles in ian acquired
targe*

KNEL IrITEGVP Number of :.inks and armored
vehicle, in acquired targets in
-h-ch at '.Past one tank or armored
v~.aiclo hi. been observed
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Variable Type Definition

KOFF INTEGER Cutoff code to ind',otc that the
previous replicatiot, is acceptable
and should be re-run for record

KOUNT INTEGER Total number of acquisitions
occurring in a six hour period
(Including multiple acquisitiuns)

KSEED INTEGER Random seed used nnly in the
record replication

KSEN(20) INTEGER Number of elemL 's of a type
detected by the Ith detecting
sensor

LIST(O00) INTEGER Array containing the identific.-:ion
number of the array units whic
have actually been acquired

LSEED INTEGER Value of JSEED at the start of the
current iLeration

MSEN INTEGER Code indicating whether an
observing or a remote sensor has
acquired a target

N INTEGER Current target range band index

fACQ INTEGER Number of distinct targets
acquirets 6iring the current iteration

NBRDET INTEGER Number of elements of a type
actually detected in an acquired
target

NINF INTEGER Number of nonarmor units detected
during the current iteration

NOSEN INTEGER Number of rsor t'ipes played in
the sinul.. (set to eight in
l'o rod&

NSEN INTEGER Number of sensor Lynes that have
acquired A target
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Variable L Definition

NTHREP INTEGER Counter index of the current
iteration or replication

NTNK INTEGER Number of armor units detected
during the current iteration

NUFX TNTEGER Index which causes read of Target
Array Deck to occur only olie per
Combat Sample Activity Lcvei Deck

NUMNUT(16) INTEGER Array where the Ith element is
equal t( !

P REAL Probability of detecting one
element, given line of sight,
coverage and acquisition

PCAV REAL Attrited expected coverage across
the frort

PCOV REAL Expected coverage for the particular
sensor being simulated

PCOVER(20,16,4) REAL Expected coverage by sensor I of
a target in range band J from
combat sample array K (see input
specifications)

PF R[AL Probability that a target will be
detected by a given sensor

PINK REAL Variable used to estimate the
range from the covering sensors to
a target

PROB REAL Average probability of detecting
one element, averaged over the
target environment

PSHIP REAL Variable whose value is the attrited
probability of line of sight for
a particular covering sersor

PSIGHT(5,16) REAL Probability ot line of siqht,
function 1, at range band J

IV-6
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Variable _ype Definition

PT1 REAL Probability of detecting one
element in the opei

PT2 REAL Probability of detecting one
element in the woods

PT3 REAL Probab*ity of detecting one
elemer: tn a town

PXl REAL Probability that a target is
size one (small)

PX2 REAL Proh-bility that a target is
si,- two (medium)

PX3 REAL Probability that a target is
size three (large)

R REAL Pseudorandom re-- angular variate

RANGE(15) REAL Maximum distance from FEBA for

range band I, in kilometers

RFEBA REAL Distance from a target to the
FEBA in kilometers

RREL(3,16) REAL Array contdining the probabilities
of detecting one element by a
given sensor for elements in
environment I. range band J

SREL(20,6,48) REAL Array containing input probabili-
ties of detection for sensor I
against element type J (see input
specifications)

TIMF(4,24) REAL Array containing clock time
distribution in six hour period
I. 15 minute period J (see input
spefcications)

TOTAL ALPHA DATA to 6HbTOTAL

TOTI REAL Total nonarmor targets acquired

over the replications

IV-7
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Variable lyeDef initi on

TOTT REAL Total armior targets acquired over
the replications

WORDS(1O) ALPHA Array containing input heading data

X REAL Pseudorandom rectangular variate

xxx REAL Pseudorandom rectangular variate



TARGET ACQIbISITION MODEL

CHAPTER V
SAMPLE INPUTS LISTING



1. General. - This chapter contains a complete set of sample
inpuTRwhTch may be used as a program run test deck. Note that the
listing contains comments Atch begin with asterisks Ini card col-
umns one through five. These comments Are not part of the qctual
sample inputs. The user should refer to Chapter III for d' ,ailed
input specifications. The following explanations are provided to
assist the user in interpreting the situation simulated in the
sample deta.

2. Explanation of ,j je Inputs

a. Standard Size and Radius Deck. - The target force has been
analyzed aintTF ia'e 'e decii de e to scribe target sizes at either
platoon, company or battalion. The first card In the deck states
that for combat sample array one (acquiring force delays), small
.argets (platoons) described a, having element type three (tanks,

armor), typically have four s, i elements. These targets are
normally in a 50 meter radius area. The last card in the Oock
car-ies similar Inormation for large targets (battalions) In
comuat sample array four (acquiring force attacks).

h. Indlcato.- Card. - Sensor onJ is subject to lint; of .,
fi.nc.ion one te -ry in column i,,r is "I").

c. Ra .e Parameter Card. - The rnge bands to which subsquent
data appl-es a-,1 i-n- e from FLBA to 100 meters, barnd two rom
100 me+.rs to 200 ,'eters, ... , band 10 from 15 kilometers to rear
or to-, : array.

d. Line of Sjjht Probabil)jy Deck. - Five line of sight 'unctions
are prested. -'he probaTTiy oY_1"'r e of sight from an observor
(or sensor) at ground level to a target element at ground level
within range bane ane (100 mets.r) is .66 (the entry in columns 11-2
of card one i' 66).

(:. Expcted Coverage Deck - The decO h., eight sudock of
four cards each.The last three cards in each subdeck aie zuro
because the run only calls for activity level nne (delay), Tho
f;rst card in subdeck oi.. carries expected coverages for sensor one
(vorward observers). The expected coverage for this sensor type
in range bond four is 2.2 (the fourth entry on th card is 2.2).
This means that the range arid density of this type sensor implies
that on the average, a target locatc,. In range band four will be at
risk of detc.'tion by 2.2 sensors of ,' s type.

f. Probabiliy or Detection Decks - There are eight 18 rard
such dec-s-n n-e .mpleTe ' "t hree cards in the first deck
carry 16 range dependent probab;lItles of detection for forward
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1

observers detecting elements type one (troops) In the open, woods,
or town, respectively,

g, iombat Sampe Day Headlir. Card. - 1hP iuading includes the
astertsk..-" 6 ny ion-e -sei p-r- uYI provtZi (97137), Thim seed ', entered
in the second five digit field, Indicating that only the secund
time period (0600-1200 hours) is to be s4mulated. 1 hr Target Array
D k input should be simulteed using the data relevant to combat
sample activity level one, (delay).

h. Acquisition Clock lime Distribution leck. - The entries for
time periods one, three and four are zero "(th Tun will not addres.
these time periods), The first three digit entry on card two
directs that 3.7 qercent of the acquisitions that occur will occur
during the first 15 minutes. The second entry implies that 7.9
percent will occur in the first 30 minutes.

1. Multiple Acquiition Distributjjon Deck, . The entries for
hours ofTaT Wi-s 'Ccid one T rcl -r -Reaui the ru;i will only
address the mornt:.U (daylight) purlod. The second entry on card
two implies that 21,l percent of the units acquired, will be
acquired twice.

J. Tirget Array Dock, - There are '/72 individual targets in the
array. TfI-e-lootn(:}ila)g-f -hat Identilflcation number 10 (it need not
be 10). Target 10 it located at coordinates 806276. lrget 10 is
In tne open, iL fleeting, and hat a catenory code of "I". Target
10 is 16 nrctometers from the FEDA and hat principle olwments of
type three (tanks and atriored vehicles), Target 0 hats 120 troops
at risk of detection and 13 tanks and armored vehicle: The same
number of troops and vehicles are At risk to artillery. The target
is in a 250 mater radius circle,

i3. Resilts, - The listing which results from executing the sample
inpu-e' -I c:ontalned In ,hopter VI. The user c.arnot expect to
duplicate thu run bcause of the stochastic nature of the proces.
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1. Ge,.ral. - The sample output listing that follows is based on
a run of TAM with the inputs exactly as specified in the sample in-
put lic ing contained in Chapter V. The user will not be able to
repro e the run because of the stochastic processes involved. The
sampl ,utput is in three sections. The first section (see pages
VI-5 through VI-9) is a time sequenced list of the acquisitions
which occur during the 6-hour time period. This list is a line
printer output. The second section is a summary of acquisition
events (see page VI-IO). The third section (see pages VI-llff)
is a listing of the card punch output of the acquired target list.

2. Abbreviations

a. Acquired Taret List tion. - Column heading abbreviations
used in the section are:

(1) TIME: Clock time t~at acquisition occurs

(2) TAP: Target i(jentilication number

(3) COORDS: Target coordinates

(4) CT: Target category

(5) OWT: Open, Woods, *own codes

(6) M: Mobility code

(7) RFEBA: Target oistance in hectometers

(8) T: Type element detected

(9) NEL: Number of elements T in target

(10) DET: Number of 2lements T detectcd

(11) EST: Estimated number of elements I in the targe,

(12) RAD: Actual target radius (first digit) and est.,nated
target radius (last digit)

(13) SENSORS: List of sensors wnilch detecced the target

b. Sumnary Section. - The upper matriA preents an analysis
of the input tarE array by target category (column headings) and
by target radii (row headings). The last row presents the distri-
bution of the targets in the array by 16 ?'dnge bands (described 1,y
user input). The lower matrix presents analogois data based on



the acquired target list. The data present J by categories id
radii includes multiple acquisitions of the same target. The data
presented by range band do not include multiple acquisition. The
user can conclude from the sample output that 97 distinct units
were detect,;d. These detections resulted u,, 238 acquisitions (and
fire missicn reques's). The only abbre Acion used in the summary
is REP, which means replications performed.

c. Card Punch Section. - The data presented in this section
has no hea-d-nns. T nheii-terpretation of these data are outl ined in
Table VI-1.

TABLE VI-I. Punched Data Output Format

Columns Data Description

1-4 Clock time acquisition occurs

5-8 Target identification number

9-14 Target coordinates

15-16 Target category code

17-il Target envorcriert code

20 Target mobility code

21 Type element detected code

22-23 Target true radius code

14-25 Target estimated rddius code

26 Detecting sensor code (one for observed
targets; two otherwise)

27-49 froops at risk to artillery

30-31 Tanks at risk to artillery

32-33 Equipment type three at risk to artillery

69-71 Number - observed tanks and armored vehicles

72-74 Number of tanks and armored vehicles in target

V'-3



3. Diaostics. - 't any of the target array inputs exceed the
constrain s statea M the input specifications, the output will
be headed by a column of target identification numbers. The
numbers will refer the user to the specific target card which
contains unacceptable dat: elements.

V1-4



**TARGET ACQUISITION MODEL SAMPLE RUl " = REPS= 29

,IME TARG COORDS CT OWT M RFEBA T NEL DET EST RAD SENSORS
601 902 135527 3 010 1 438 2 50 1 7 702 5
603 812 336250 10 110 1 210 2 41 7 7 802 5
603 779 393296 12 010 1 260 2 18 1 7 302 5

.64 162 24386 0 1C 1 178 3 10 1 4 201 5
604 770 350206 i 1o0 1 1;9 4 6 1 6 101 5
605 955 495333 10 110 1 3 4 5 195 1 26 401 5

608 750 370272 10 001 1 237 ? b3 7 202 5
6lL - 7 25 ._}2_306 JS.l 2'_ . .. 1 _ 3__ _l_ _ .

611 337 124184 6 110 2 31 3 13 4 13 4C3 2
-612 70.2 9130$ .12 001 1 223 1 2G I_ 20. -101 5
615 813 336354 15 11C 1 2AA 4 48 1 6 SU1 S

-.- 15 _30l -38221 - 1q 0 2I .1 .4 . 13 I1 ..- 13 4U.3 1 _.
619 399 253403 1? 001 1 216 1 110 1 20 301 5

__F,2 -- __-53I-9 4 LZS _fa - l -2 2 i--_L3_ 4n _L.B __I _ ..

622 1F8 14245 4 110 2 4 F 3 4 1 4 101 1 2

-622-418 1363S9 10 001 1 186 5 sb I .2b 201 5
623 925 316475 6 110 1 179 4 31 1 6 1001 5
6 23-- 343-.A22S73 10 UO1 1 522 S. 115 1 26 301 S
625 330 246372 15 100 1 258 6 1 1 3 101 5

- G-2- 'A. 321. 12. - --- - -- L - ____--. 2.- -L-

645 640 285099 6 10G 2 45 3 13 5 13 403 1
-" - 92Q--183S29 1C.001 L - .358.2 12 1 - 7 202 -S
648 14 686284 IS 100 1 23 6 3 3 3 1 81 1

648 468 220300 12 010 1 179 2 19 1 7 202 S
6 9 . r-3---S.1632_ .Il. zz . I----9- -2-. _ . .9-Z% 1 7__.-
649 57 94c26 1 1n0 2 24 _' 14 14 40 508 1
-.653. 96 _ 438357 1 IJCl I 373 2 .. 46 I .. 7 .302 5 . ....
654 59 954250 15 I,0 1 24 5 20 3 26 I,1 1

_$56.. 90Q 264658 1-11C 1 -. 510 5.125 -126. 102& .. ..-
657 354 169211 15 IOG 1 77 6 1 1 3 101i 7

--. lZ _I_..21fl.30L . 1 .I 1 . 1 .5L.._L -__2f,-- LI5 -
658 604 194139 12 010 I 2q 1 62 3 50 101 1

659 11 902267 1 100 2 14 3 13 13 13 5u3 1 2
_.6S3.. 1.3. 4 #0298 12 1.GI .1 -293 .1 156 1 20 G -3LCL &
700 630 247216 10 oilI 1 123 '- 215 1 26 303 7

_r I __ . i 2-LO .1 Q l 2 .... _31 -13. -f,._.. 1 5_._ 2
701 2 8;729b I VIL 2 23 3 13 3 13 SO'l I

I 7D1 2.1167294 I J 1U 2 23 3. 13 .1 3. 1 L 1 ...
701 970 4613f8 1'; II I 1 365 f ' 427 1 26 70 1 5
701 711 303303 15 U, I I 184 t 6 1 3 11) 1 -a

702 66 9962S7 I II1 2 43 118 1 94 5-53 1
702 188 _ 14245 4. 11 ( 2 _ . 3 4 1 4 1 l 1 2.
70l2 1, 898289 1 10O ( 33 3 14 14 40 51E 1 2

VI-5



?O3 9Ej,?.6,201.. I_5 100 1 1 ._ b3_ _. _ _ .0 ' 7
705 2 8C,72i4 1 010 ? 2. 3 13 3 13 503 1

7_ _ Z-_ _ LU106 8 2- I P 1 ._O . 1-4 . - _- 4 L I 6 01 5
706 20 901321 1 110 2 62 3 13 13 40 508 2

_O- ?.Q.L g [-5 iL5A00 1 26 3- is 101 1
707 J3 245655 11 110 1 49S S 407 1 26 1001 S

7_._ .33 211 1S. 100 1 2.4.6 1 - 1 .a0 -1
708 56 95224"4 1 100 2 1 H 3 13 13 13 503 2

700 83 939?79 15 100 1 43 6 1 1 3 101 1
.709 59 954250 15 100 1 24 5 20 3 26 .101 1

709 337 124184 6 110 2 31 3 13 4 13 403 2
_ 709 493 266341 15 100 1 ? 6 I. .. _1.|UI.

710 318 94205 15 100 1 31 6 1 1 3 101 1
lp .. 9_J_9j3. 10 i I 1 _ .3_ 56 _ 1 . 101 7
710 606 230107 9 010 2 22 3 13 3 13 503 1
710 395 ?02297 15 100 1 169 6 1 1 1 101 5 _

711 S6 952 i'44 1 101 ? 19 3 13 13 13 503 2
711 11_902267 1 1o 2 1" 3 13 _13 13 5U.3- 1 2
711 640 285099 1 100 4 4 3 13 5 13 403 1

_ L1J._. ~_2. , . . 0o 5 11 1
712 60 230107 q 01(l 2 2" 3 13 3 13 Y)3 1
713. -S5 92325 I 1 0 2 13 3 is i.s 13 eu3 1 2-
713 34G 145169 6 100 2 45 3 13 13 13 403 1 2

713 c,37 2G4 r,' 1 110 .2 31 3 .13 7 J.3 .-.403-2 ..

714 1 857307 1 il10 2 30 3 13 6 13 503 1
-7-S -- 1C. SAG-,5727t I 10U -2 . .1h 3 - 13 - I3I.- 1I33-503-1- 2 3--

717 83 9392/" 1' 10 1 4l 3 G 1 1 3 101 1
.--- 749 -- 54- 9332 1 15 1U(; 1 2, 6 3 3- 1-4-, It -- . -

720 188 14 ?# 4 11G 2 4 r 3 4 1 4 101 1 2

.- 720--b - 44245 4 110 2 - S S 4 -4--4--401 1 2-
721 469 216299 15 1OC 1 1 74 5 69 1 26 101 5

----7-2----1-3-909-29-- I- Ith---- --- -. 3-----*---L-44- -
722 IG6 982312 4 012 1 92 S 1 1 26 101 7

-- ?2-- 1-8-17 ?7 i UIJL 2 3-0 3 13 -(----iS4--5i3 f
722 152 991445 1C G(. I 21s S ?4 1 26 201 S
T-- 1 - FrG7 -- ,K? 9 119 2- 3 3 13 ---. r 3-- 2-
723 2714 35411 1 11 1 207 2 41 1 7 802 S

-:;? 3- -4-6 -4- 4---- -  - ---- 4--4-1# -31 -

724 2 86729* 1 I Ul 2 23 3 13 3 13 503 1
72S---"2 19111# 9 1iJ 2 - 4 C -- 1 1 .- 4 4L 2-
726 123 494 5? 1 Itif 1 247 6 1 1 3 101 S
728- 7 12458 1,, 001 , .- 351 .2 15 4 .-. .-2u2 &
728 950 45635S 1'L 019 1 3-C 2 48 1 7 3J2 5

_72.h___4..8 Z-7. " - Iflfrl -1.-22 F. 2 -.2-- _ nL L
728 1 857307 I Ul 2 3n 3 13 6 13 503 1

731 64C 26S099 & 40,.' 2 - - 3 A4 , 41 4 U I t-
731 13 9 092qi 15 1 1 41 S 30 1 26 1UI 1
732- ." -722S 12 1c0o 2 44 2 f6 6 -4 -4t'2 - - . -

736 47 893279 15 10E 1 22 6 2 2 3 101 1

I-6



7 _4, 3 7- 19 9 |t- Y- 1 r

743 939 297601 16 101 1 480 6 r 1 3 1001 5
--q- --~g 2-04OJ - -31 - -- -2 ---13 3 13 50__ -1-

745 47 893279 15 100 1 22 6 2 2 3 101 1
._-I.k_5_/ . A 35_. 13- IS I (.l_1 .2D.1 . -- 4 - --- -n-.- 5c

746 302 51208 9 110 2 10 3 13 13 40 40P 3

748 480 306424 15 100 1 331 1 1 3 lul 5
--. . . _25 -4-2 .IC-.0l 4 .. 5 S2-1-8- S- 6 --4-- 26 -2-2.- -

750 228 996288 12 010 1 79 1 73 1 20 202 7
15n--2-42--5MaJDi6 1-5 -1_l .16 1.5 -. I.. I -- 3 40- - - -

751 66 9962S7 I IIC 2 49 5 118 1 94 503 1
7r, ._L&1'.7 _ _z5.4 . .1.2 _01f 1_ 2 3 -L _L --n__ ?2 n i _
753 83 939279 15 100 1 43 b 1 1 3 101 1
7SA 17-7 13.0467 1.5 100 1 301 6 1 L. Si 101 5_
7S5 265 946467 15 100 1 211 5 28 1 26 101 5
756 489 27425 15 100 1 2P9 6 1 1 3 101 5
757 188 14245 4 110 2 4S 3 4 1 4 1 I1 1 2
759 236 980477 12 001 1 2 R 1 148 1 20 201 5

S7-59. 12 898289 1 1 [ 2 33 3 14 14 L 508 1.2 _
803 G06 230107 9 LI0 2 22 3 13 3 13 5G3 1

_ _ 8_5t3 [7 1 Q .- .. 30 .3_. b_ .13 5031I
805 11 902267 1 100 2 14 3 13 13 13 503 1 2

.eOCS-34Q 145189 6 100, ; 45 3 13 13 33 403 1 2
806 302 51208 9 110 2 10 3 13 13 40 40 8 3
808 - 10 886276 1 1UUL 2 16 3 13 13 13 503 1 2 3
809 337 174194 6 11C 2 31 3 13 4 13 4'3 2

.. £1 ._'0.2_85099 .5.100 2L 4 3 - 13_ __1I._ U3 1 ..

812 56 952244 1 lUu 2 19 3 13 13 13 s03 2
-B12 601 227120 9 110 2 31 3. 13 .11 40 .-50 2 3
817 188 14245 4 11 n 2 'a1 3 4 1 4 1f)1 1 2
-81 a -26-7 919394 15 10; 1 135 4 6 1- 6 .101 _
821 40 285091 6 100 2 4r, 3 13 S 13 401 1

- -2-2---- I-.5-2-7-q24 8.-, - - --. '15---.. &- --. 3-1 ._ .. .
824 482 281430 15 100 1 32'4 6 1 1 3 101 5
824L-34C 14519 6 10 2 45 3- 13 1-. 11-. %3 i -2
827 S5 32325 1 1O. 2 13 3 13 13 13 203 1 2

-- 3-I- -- 44 -8 6244 IS 4 0-1 -23 & 3- S- - -401 1--
836 I0 886276 1 100 2 16 3 13 13 13 503 1 2 3

- ------ A--.---4. 2----2-3- - 4-- --4---- is A 3 - -
846 303 4923b 8 100 2 3n 3 13 8 13 503 2

---6 4v- A ?M6 -- 9384 15 t0 1 23- -6- I t 3- 1- ---
850 613 199127 IS I[10 1 22 6 1 1 3 101 1

- --- -56 952?,d, - -100 - -.. 13-- 4-A- -- -5, 3- 2-
852 18 904299 3 001 1 44 1, 6 17 10 4 1

- -#-- -- -- -0 ? -- -- ?.- ---- i3- -3---* 3---,b----- --
906 58 933241 1 13n 1 24 6 3 3 3 ll 1
906 2 967294 1 GI 2 23 3 13 1- 135 *1 1-
911 370 188226 12 LI 1I 1 10 n 66 1 2n lul 17
912 £1 939279 15 IOU "3 6. 4 1. -3 -1U1- 1-.
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913 307 87210 9 110 2 31 3 1_ 13 S03 2
52, 3 ? q1715 47_ _.n-E .If .. .& . !.5 .iL ___1 7 I I I

933 640 285099 100 2 45 3 13 S 13 403 1
-33-4- - -64W2 -JO-4-0 7. 9- - 1 0 1 ... $ -1 _14 3-- $--I
942 14 886284 15- 100 1 , 6 f 3 3 3 101 1
_ 4 ,_ 1_ J3 -1-3-327 -LS L _ 22 G,__ 1. _1 _3.. 01 1
945 637 264094 6 110 2 31 3 13 7 13 403 2
948 -if) I @ 3 4Fi A n 3n A 13 8 is 503 2
949 66 9962S7 1 110 2 49 5 1 18 1 94 503 1
.9S3 A_8. 7_. -L _._O_I __Z 30o J___ 13_ _E _ 1 5o3_.
9S3 606 230107 9 010 2 22 3 13 3 13 S03 I

_9551 4 1-8_ _0 ;Z9. _ __3 _0_U _ _ _ ; _I ._ _ 17 -_L0____ I . .
954 66 996257 1 110 2 49 5 11la 1 94 503 1
9S4 613 199127 15_ loo 1 ?2 G .1 1 3 1O01
956 59 954250 IS IOC 1 2's 20 3 26 101 1

1.000 _446 2 2.i 43 2 .10 .010 1 qZ 6 1 7 _j07Z _5
1001 14, 886284 1S tO0 1 23 6 3 3 3 101 1

6.1 3 fl .19 912 7 15 1 I _ 1 22 6 __ I_ i _. ._I I _
1002 303 4823r 8 13C 2 30 3 13 8 13 .90 3 2

1005 59 95S4 2 S0 16 ID 1 " 2@ 45 20 3 26 101 1
I-M7_ -L88._ 1424S 4 110 2 45 3 4 1.. 4. ID 1 1 2
1008 465 100243 IS 1o Or 1 r 7 4 6 1 6o 101 8
1008 58 9 332? -1 15 1 IOC I ?24 6 3 3 3 !.01 1
10.0 8_ 12 89 82,9 1 1ooa 2 33 3 14 14 40 SOS i 2
106 9 34.3 164211 12 010 1 74 2 16 7 10 1 7

1012 66 996257 1 1Ir: 2 49 S< 1 18 I 9@ 4 503 I
LQ/_U _ 6__0_ 2_850_D9 6 .1 C .2.. 45. 1 _11 1. 3.._. . ___40.3_ 1-
1014 307 87 2 0 5 1II, 2 31 3 13 6 13 S0J3 2

O fLE 607 2277120 9 1 G 2 31 3 13 1 a4G. 508 2 _3
1021 647 26714G 12 0C 1 1 8r 1 75 1 20 l01 7
10127- _465 10C024 3 1 S I C0 1 6 7 4 b I __ai 1 . .
1033 11 90Ci2 267 1 I[I0 2 111 3 13 13 I153 - 2
_L_03___188a_ Iq2-s I !iI C 2_ As t- -_ • ... 1 .L._!10A -l .
1037 10 886276 1 100D 2 16 3 1 1 13 13 503 !2 3

.-lau2 __L5 I 024.3 15 -ifi 1 la 7 ,. Ll I _ E _ 101 . ..
1049 6016 23C107 9 010] 2 22 3 13 3 13 503 I

-C S4- 102 512089 13 1 r 2 -10 4 ,J IS .1 O JA0 08 - - -
1 100 51 944256 1I lit L) 24 3 1 14 40 508
--- 00.---44 40-14-7- -4- 4 -J C -14 - - ,.-. 1 ,...4L . ., . .
1 102 46 faS I00243 IS ICU 1 b 7 1 6 10 8
4 IQI - -- -84457-107 .4 3 1 2 i.P 3 is. 4a -IS SO 3 1-
1 103 IU 88627b i 1011 2 1lG 3 13 ] 3 13 Sf53 1 : 3
-1W - ---&6 3 199127 IS 1n00 1 22 r, I i I 1 ; -4- -
1I108 606 2301[]7 -3 U 10 2 2? 3 1 - I3 13 03 1

-4 % -- 4- g 2q 7 . 110 -2 4-9 1 19 4 --.9 ---. 1- .. 6- . ...4 -
1I11 ilk) 100243 15 1O ( I 1 ;7 4 1 6 )(,,1 8

-. 1112 4,46 285,n99 j, loo 2 49 r- 13 -S I 1- 4;) 3, 1

VlI-8



1112 12 898785 1 100 2 33 3 14 14 40 508 1 2
-1113 --607- ?2-7-120 9 119- 2--- A. 1 -3- -- 13 - -Ii 0 i 4G -S P- .....
1113 bH 933261 1' 100 1 24 f 3 3 3 101 1

3.-9-3-6 ---- -+H1 -2---3 3-13-6 ~-3- 5(3 3 2
1114 465 100243 15 100) 1 ;7 4 6 1 6 101

-1 11S -- 14 8 96284 1 10 1 23 6 3 3-- -10-1 1- --1
1119 57 944251, I 1cc 2 24 3 14 14 40 508 1
-1-2-1- ~- -- "410 -9 1- 0 2 -- 34 -3 1-3 4----- -V14- 2 - -

1122 307 87210 9 110 2 31 3 13 6 13 503 2

-44I-3PS - -S--42"-- -- 4- -14C-~-2 .- -4.9 -3.- 1-3 40 h1 a-14 8

1127 P4 886284 15 IC 1 23 6 3 3 3 101 1
---. 9-- 23M10 ? - 1 0 22 3 13 3-- 03 1 --

1129 J 145189 6 IOC 2 45 3 13 13 13 4U3 1 2
1-430 -1- s -9420- IS 100 1 1 f I I - 3 -0 I I -. .
1131 5 923253 I 10O 2 13 3 13 13 13 2U3 1 2

) --3 --4 4P.4 -4--I 10- ...-. 45--3. -- 4-- 1------+--4 -- -

i 1 1 14 886284 1'- 10[ 1 23 6 3 3 3 1'1 1
S'1 - 59 1JS4 2St iS 1I 1 214 5 1 26 -I"I I

1133 301 312??1 9 l1U. 2 143 13 11 1 403 1
1.134. 307 87210 3 11 C 2 31 3 13 , ._li .LJ3 2--
1 134 302 5Il?ol 'R , 10 2 11) 3 13 13 40 4C 8 3

J_115 'IL' L _1. 1 a 9 _ Il I .Q .1....-3-_.1 -! 2
1136 .,o 8 8% 2) 1 1 0 2 16 3 13 13 13 S5''3 1 2 S
._L116. -20 S 01321 1 110 2 62 3 13 13 .40 LL0a 2 .
1137 83 939279 15 10 P0 1 43 6 1 1 3 101 1
1137 13 94.205 IS 10.! 31 6 1 1 3 .1 0. 1 -

1 138 11 9U22j-,7 1 100 2 14 3 13 ]3 13 5 3 1 2
_L13_ 14 2 '62_4 ia 10) - - 23.1 6. 3 - 1 1. -

1139 301 -.12?1 9 1'.0 2 1c4 3 13 11 13 403 1
1 139 318 942U5 15 IO 1 31 6 1 1 1 101 1 -
1142 640 28S099 6 IO 2 45 3 13 S 13 ,0,3 1
1143 302 512n8 9 11C 2 10, 3 13 13 40 408 3
1143 83 93,279 IS io 1 43 6 1 1 3 1L 1
1144 11 9 o2267 1 1GC 2 14 3 13 1- 13 59)3 1 2
114S _5 r 51208 9 110 2 1 3 13 13 40 408 3

1145 307 t2d10 9 11, 2 31 3 13 6 13 503 2
.-11 6 _ 1 42.9' I L I I _ 44 Z. 1 -a .. 7 1 _1 . -
1 147 331 124184 6 IIl 2 31 3 13 4 13 403 2
.1,148 31@f 54205 15 1C?(; 1 31 6 1 1 3 )1 1
1 148 10 86626 I IOC 2 16 3 13 13 13 503 1 2 3
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