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FINAL BRIEFING

Software Partitioning Schemes

for

Advanced Simulation Computer Systems

CONTRACT F 33615-78-C-0013

COAL ITEM 6

Prepared by
TELEDYNE BROWN ENGINEERING

153



AGENDA

* PROJECT SUMMARY

" SCHEDULE AND APPROACH OBJECTIVES

* DESIGN GOALS AND ALTERNATIVES

" RESULTS

* PARTITIONING ALGORITHM DESIGN

* ORGANIZATION OF DESIGN MATERIALS

* FEASIBILITY DEMONSTRATION

* DETAILED DESIGN REVIEW
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PROJECT SUMMARY

•0 SCHEDULE AND APPROACH OBJECTIVES

- PROJECT OBJECTIVES

- MILESTONE SCHEDULE

- LITERATURE SEARCH

- FLIGHT TRAINER ANALYSIS

- DESIGN

0 DESIGN GOALS AND ALTERNATIVES

0 RESULTS AND RECOMMENDATIONS
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PROJECT OBJECTIVES

* RESEARCH FLIGHT TRAINING SIMULATORS

* ANALYZE FLIGHT TRAINING SIMULATORS

" DESIGN A SOFTWARE PARTITIONING

ALGORITHM TAILORED TO FLIGHT

TRAINING SIMULATOR PROBLEMS

" DEMONSTRATE THE ALGORITHM'S CAPABILITIES

" RECOMMEND UTILIZATIONIAUTOMATION
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MILESTONE SCHEDULE
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LITERATURE SEARCH

o GOVERNMENT AGENCIES

* MILITARY CONTRACTORS

* COMMERCIAL AIRLINES

0 TECHNICAL PUBLICATIONS

e DOD ABSTRACTS

o NASA ABSTRACTS

I
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LITERATURE SEARCH

KEY INFORMATION SOURCES

" ASUPT '74 & '76 DOCUMENTS

* ASPT VISUAL SUBSYSTEM EXPANDED PDR

" DEVICE 2E6 TRAINING ENGINEERING

DESIGN REPORT

* SPECIFICATION FOR AIR COMBAT

MANEUVERING SIMULATOR DEVICE 2E6
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LITERATURE SEARCH

HIERARCHY OF FLIGHT TRAINER DOCUMENTS

TRAINER SYSTEM SPEC

e POSITIONS
o CONFIGURATIONS
* COORDINATION - CONTROLS

SUBSYSTEM INTERFACE SPEC's

o COMMUNICATION PRIORITIES
s DATA FREQUENCY AND FORMATS
# FUNCTIONAL DESCRIPTIONS

SUBSYSTEM DESIGN DOCUMENTS

CREW POSITION - AIRCRAFT -INSTRUMENTATION

CONTROLS - SWITCHES -ELECTRONICS

HYDRAULICS - WEAPON SYSTEMS - DISPLAYS
AUDIO - VISUAL - MOTION - FORCE - NAVIGATION

TERRAIN -INSTRUCTIONAL OPERATIONS -SCORING

... COMPUTATIONAL...
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FLIGHT TRAINER ANALYSIS

ANALYSIS OF FLIDII
TRAINING SINULA TOR

DETERMNIE ALGORIUIM
GOALS

INPUTS PROCM.ES OUTPUTS
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DESIGN CONSIDERATIONS

OPERATIONAL ENVIRONMENT QUESTIONS

* AT WHAT POINTIS) IN THE SYSTEM DEVELOPMENT CYCLE IS THE

ALGORITHM TO BE USED?

" WHAT TIME FRAME AND COMPUTER RESOURCES ARE ANTICIPATED

FOR CANDIDATE EVALUATIONS?

" WHAT FORMAT AND TO WHAT EXTENT WILL THE SYSTEM REQUIRE-

MENTS BE DOCUMENTED?

* WHAT FORMAT AND TO WHAT EXTENT WILL THE ALTERNATE

CANDIDATE DESIGN CONFIGURATIONS BE DOCUMENTED?

162
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DESIGN CONSIDERATIONS

ALGORITHM RELATIONS WITH THE SYSTEM LIFE CYCLE

REQUIRED OPERATIONAL CAPABILITY
I

CONCEPTUAL SYSTEM
SYSTEM DEVELOPMENT

SYSTEM YES

REQUIREMEN CISIAIt

i REQUIRED

INTERFACE AND ?
SUBSYSTEM
REQUIREMENTS

OPERATIONS AND

SMAINTENANCE
SUBSYSTEM PRtOCUREMNT

DEVELOPMET _____ ______

FUNCTIONAL SYSTEM
SPECIFICATION ACCEPTANCE

TESTING

DETAILED DESIGN INTEGRATIOM AND

VERIFICATION
BUL.DEBUG AND TESTING

VERIFICATIO
TESTI _I

163

h.-..,.



PROJECT SUMMARY

* SCHEDULE AND APPROACH OBJECTIVES

: e DESIGN GOALS AND CONSIDERATIONS

* GOALS

" ALTERNATIVES

" GOAL PROGRAM ENGLISH STATEMENT

* HEURISTIC GOAL PROGRAM DECISION MODELS

* RESULTS AND RECOMMENDATIONS
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DESIGN GOALS

" PARTITION TASKS TO A USER SPECIFIED MULTIPROCESSOR
HARDWARE CONFIGURATION

" IDENTIFY INTERDEPENDENCIES AMONG THE TASKS

" PRECLUDE SYSTEM DEADLOCKS

" BALANCE THE PROCESSING LOAD

* CROSS REFERENCE TASK(S) ASSIGNED TO PROCESSORS

* LIST CRITICAL CONSTRAINTS WHEN A VALID PARTITION

IS NOT OBTAINABLE

" PROVIDE A DEVELOPMENT COST ESTIMATE
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DESIGN ALTERNATIVES

LINEAR PROGRAMMING
VERSUS

GOAL PROGRAMMING

MIXED INTEGER
VERSUS

CONTINUOUS
SOLUTIONS

OPTIMIZER

V ER 
SUSVERSUS

U: 
P TI 

m IZER

HEURISTIC1 STICHE 
R D

INITIAL ALLOCATION
USER SUPPLIED

VERSUS
AUTOMATIC GENERATION
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GOAL PROGRAM ENGLISH STATEMENT

* COMPETING OBJECTIVES:

* BALANCE THE PROCESSING LOAD AMONG THE PROCESSORS

* BALANCE THE MEMORY STORAGE UTILIZATION

* MINIMIZE DEVELOPMENT COSTS

* SUBJECT TO:

" REAL-TIME TASK RESOURCE REQUIREMENTS

" PERFORMANCE SIMULATION FEEDBACK

167
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GOAL PROGRAM SIZING

CASE CONTROL PARAMETERS RESbITANT MATRIX

T P B M I 0 VARIABLES ROWS COLUMNS
Kou MK __L__K__uTs __a,.

1 30 2 61 3 3 2 1330 1747 4824
2 30 3 61 4 3 2 2383 3009 8401
3 30 3 120 4 3 3 3038 3608 10224
4 30 3 120 6 3 3 4358 4688 13734
5 60 4 140 6 3 3 10351 12271 34893

PROS 1 5 2 12 3 3 3 264 348 960

PROB 2 7 4 21 6 3 3 1250 1642 4534

VARIABLES - B + P M + + MO + 3TP + TPM (I + 0)

ROWS - D + P + M + I + 2T + 2TP (I + I + O) + IMP I + 0)

COLUMNS - VARIABLES + 2 (ROWS I
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HEURISTIC GOAL PROGRAM DECISION MODELS

" GENERALLY REQUIRE AN INITIAL FEASIBLE ALLOCATION

" TAILORED TO SPECIFIC APPLICATION MODEL RELATIONSHIPS

" SEEK AN "IMPROVED" ALLOCATION SOLUTION WHICH MAY

NOT NECESSARILY BE THE GLOBAL OPTIMUM

" PREEMPTIVE PRIORITY TECHNIQUES CAN BE EMPLOYED FOR

MULTIPLE OBJECTIVES

" FOR LARGE PROBLEMS (MORE THAN SEVERAL HUNDRED

VARIABLES OR CONSTRAINTS) HEUJRISTICS TEND TO BE
COMPUTATIONALLY MORE EFFICIENT THAN A GENERALIZED

OPTIMIZER IN PROVIDING ANSWERS TO USERS

" ONLY IMMEDIATE DECISION PARAMETERS ARE REQUIRED
"IN MEMORY"
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PROJECT SUMMARY

" SCHEDULE AND APPROACH OBJECTIVES

" DESIGN GOALS AND ALTERNATIVES

=:>0 RESULTS AND RECOMMENDATIONS

" ALGORITHM COMPUTATIONAL STEPS

" SIMPLIFIED PROBLEM

" SOURCE OF INPUTS

" RECOMMENDED AUTOMATED IMPLEMENTATION TASKS

" RECOMMENDED IMPLEMENTATION TIMELINE

" FURTHER STUDY REQUIREMENTS
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ALGORITHM COMPUTATIONAL STEPS

[lUSER I
INITIALIZATION I

IBASIC 1
PARTITIONING --- 1
ALGORITHM 1

IPERFORMANCE
IPREDICTOR I

PERFORMANCE 4
FEEDBACK
OPTIMIZATION
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SIMPLIFIED PROBLEM CONFIGURATION

D2

M2 M3

IDEVICE 3 MEMOR IES

2 PROCESSORS 3 BUFFERS
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SIMPLIFIED PROBLEM APPLICATION

20SEC

10/SEC _2OISEC

12 13

14j
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SIMPLIFIED PROBLEM APPLICATION

B1

20/SEC
T1

T4  T5

EXTERNAL 110
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SIMPLIFIED PROvaLrEM APPLICATION~

G2  T4G3T 5

GLOBAL 110
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SIMPLIFIED PROBLEM APPLICATION

201SEC

Ti3

T4 TT5

SEQUENTIAL 110
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SIMPLIFIED PROBLEM1 APPLICATIO%

201SEC
T

10/SEC 20/SEC

2 3

INSTRUCTION BLOCKS
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SIMPLIFIED PROBLEM OUTPUT FORMAT 101

PRIORITY GOAL SUMMARY

MAJOR PRIORITIES - --- --- PRIORITY COMPONENTS----

CURRENT TOLERANCE CURRENT
IEVEL PRIORITY IDENTIFIER/ GOAL/ ACHIEVEMENT COMPONENT GOAL PERCENT ACHIEVEMENT

UNITS TOLERANCE LEVEL I FLAG LEVEL I FLAG

I PROCESSOR UTILIZATION 60.00 60.00 P1 60 5.00 60
s BSY 5.0 P2 60 5.00 60

2 DEVELOPMENT COST 5.00 5.60 TI .5 10.00 .5
MANYEARS 10,00%

T2 1.0 10.00 1.0

13 1.0 5.00 1.5

T4 .5 1.00 .5

15 2.0 10.00 2.0

3 MEMORY UTILIZATION 60.00 53.00 MI 60 5.00 66.00
S ASSIGNED 5.00%

M2 30 2.00 32.0O

M3 60 5.00 59.00

178
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PRIORITY GOAL SUMMARY

-MAO PIORITIES ---------------- PRIORITY COMPOdENTS ---

OOAUl CURRENT CO RE TLEVEL PRIORITY IDEIdTJIEKI TOLERANCE A041EVEMENT COMONENT GOAL TOLERANCE MIV&I
UNITS5 LEVELNFLAG PERCENT LEVEL FLAG

9 IMIXX XX..XXXXX3( st FF~ uAxxtU!s XXXXXXUS OLDu~. ineM

I xxxXxons low I 1 rs.

xxxxx I ang u.S

9 XXXXXXXXXXXXXXX I m I~t Ugftu XXXXXISa a. WWW FF :
L! J xxxxxuu" smes was @* un

USER SUPPI'ED PRIOR TO PARTITUIONN
- - - - USER IMPLIED PRIOR TO PARTITIONING

--- USER MAY SUPPLY OR IMPLY PRIOR
TO PARTITIONING

---- RESULTANT PARTITION MEASUREMENT

179



MAJOR PRIORITY PARAMETERS

1 TO 3 LEVELS MAY
BE SPECIFIED BY USER

- MAJOR PRIORITIES - ~GOAL OR
f //TARGET

LEVEL PRIORITY IDENTIFIER/ GOAL/ RRENT VALUE
UNITS TOLERANCE ACHIEVEMENT

LEVIxxxxG PERCENTOVER GOAL9,.----, ..... PCEN OVR G 99999.99 WHICH WILL BE]

PERMISSIBLE

9 XXXXXXXXXXX 99999. 99ACTUALVALUE
XXXXXX 99.99 FF ACHIEVED BY

PARTITION
9 xx 99999.99 99999.99 FOUNDXXXX99.99 (

FLAG INDICATOR BLANK
BLANK :GOAL ACHIEVED

'IDENTIFIER SPECIFIC PRIORITY PRIORITY UNIT * 'WI1HI N TOLERANCE

- PROCESSOR UTILIZATION PERCENT BUSY 00 *OUT OF TOLERANCE
- MEMORY UTILIZATION PERCENT ASSIGNED
- DEVELOPMENT COST MAN YEARS

180



PRIORITY COMPONENT PARAMETERS

- - - - - - PR I OR ITY COMPONENTS E -

CURRENT
COMPONENT GOAL TOLERANCE ACHIEVEMENT

PERCENT LEVEL FLAG

XXXXXX9999 99999.9 999 99999.99 FF

XXXXXX9999 99999.99 99.999 99999.99 FF

XXXXXX9999 99999. 9. 999 99999. FF

XXXXXX9999 99999.99 9. 999 99999.99 FF

XXXXXX9999 99999.9 99.999 99999.99 FF

XXXXXX9999 99999.99 999 99999.99 FF

XXXXXX9999 99999.99 9. 999 999.99 FF

XXXXXX9999 99999. 9 99.999 99999.99 FF ACH I EVEMENT FLAG
XXXXXX9999 **9*9 99 4~~ ABOVE GOAL BUT

WITHIN TOLERANCE
*->OUT OF TOLERANCE

PROCESSOR ID
MEMORY ID GOAL OR TARGET MAXIMUM ACCEPTABLE LEVEL ACTUALLY
TASK ID DEVELOPMENT FOR DEVIATION ABOVE ACHIEVED BY

GIVEN COMPONENT TARGET PARTITIONING
ALGORITHMS

I
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SIMPLIFIED PROBLEM OUTPUT FORMAT 102

TASK ALLOCATION

TASK PROCESSOR EXECUTIONS TIME FLAG BLOCK MEMORY INPUT OUTPUT

TI P1 20120 .20 11 Ml V V
BI M] V
61 M2 V V
SI MI. V
S2 M2V

12 P1 10/10 .20 12 MI V
G1 M2 V,
G2 M2 v

13 P2 20120 .20 13 M3 v
61 M2 V
G3 M2 v

M3 v
S2 M2 V

T4 P1 20V20 .20 14 Ml v
B2 Ml V
G2 M2 V
63 M2 V

T5 P2 20120 .40 15 M3 V V
B3 M2 V

G3 M3 V/

182



TAS ALOATO SUMAR

TASK ALLOCATIONSUMR

TOTAL--------TASKI/O- -----
TASK PROCESSOR EXECUTIONS TIME FLAG BLOCK MEMORY INPUT OUTPUT

xxx r999  F 7  F xxxxxx lxxxgg 9. [.79"
Ji IXXXXXX 1XXXXXX9991 9999999119.9999

IIXX9 9l 991.99F XXXXXX IXXXXXX9"99 9 99"9.99 9
lxxxx I'xxxgg II." 1 9.9999

XX999 i99~9~19999 FIxxxxxx IXXXXXX9 .9999 " 19.9999991

xxxxxx ~ ~ IXXX991199 .9" I XXXXXX IXXXXXX9"99 19. 999999 9. 9999991

I I Ix I X XXXXXX" 9 9 99 9 I.99999

J~ Li' L-1 =L 1 L_- J L- j

-USER SUP P LI ED V IA BASEL INE SOFTW AR E TASK D ESCR I VT IONS,
DATA, AND LOAD TO BE PARTITIONED

-- PARTITION ALLOCATION OR RESULTING MEASURE

183



PROCESSOR ALLOCATION SUMMARY

- -PROCESSOR UTILIZATION -

PROCESSOR TASK EXECUTIONS COMPUTATIONAL INPUTIOUTPUT RESOURCE MGM[ FLAG
TIME PERCENT TIME PERCENT TIME PERCENT

XXXXXX9999 XXXXXX 999 9.9999 99.99 9. 9999 99.99 9.9999 99.99 FFI

XXXXXX 999 9.9999 99.99 9.9999 99.99 9.9999 99.99 FF1

XXXXXX 99 9.9999 99.99 9.9999 99.99 9.9999 99.99 FF1

°*TOTAL'* 199999 999.9999 999.99 9.9999 99.99 9.9999 99.99 FF11 I
XXXXXX9999 xxxxxx m 99.99 9.9999 99.99 9.9999 99.99 FF1

USER SUPPLIED VIA CANDIDATE CONFIGURATION INPUTS

-- PARTITIONING ALLOCATION OR RESULTING MEASURE

I
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SIMPLIFIED PROBLEM OUTPUT FORMAT 103

DATA BLOCK ALLOCATION

BLOCK MEMORY LENGTH PERCENT PROCESSOR STORES FETCHES TOTAL FLAG

Bl MI 1000 3.1 PI 500
B? M! 2000 6.2 P} 1000
B3 M2 4000 12.5 P2 2000

GI M2 4000 12.5 PI v v _

P2 v _

G2 M2 1000 3.1 P1 V V _/

G3 M2 1000 3.1 PI ' _ V
P2 V

M3 1000 3.1 P2 v V

si MI 256 .8 Pi v v
S2 ? 256 .8 P1 v

P2 V,
II MI 2000 6.2 PI v v_

12 MI 12000 37.8 PI v V
13 M3 8000 25.0 P2 v v

14 M! 4000 12.5 PI V V _

15 M3 10000 31.2 P2 v V

185



DATA BLOCK ALLOCATION SUMMARY

DATA BLOCK ALLOCATION

BLOCK MEMORY LENGTH PERCENT PROCESSOR STORES FETCHES TOTAL FLAG

XXXXXX XXXXXX9999 999999 99.99 XXXXXX9999 999999 9W999 9999999 FF

XXXXXX9999 999999 999999 9999999 FF

XXXXXX9999 999999 999999 9999999 FF

XXXXX9999 999999 99.99 XXXXXX9999 999999 999999 9999999 FF
I

XXXXXX XXXXXX9999 999999 99.99 XXXXXX9999 9999 999 9999999 FF

USER SUPPLIED VIA SOFTWARE TASK BLOCK DESCRIPTIONS

-- PARTITIONING ALLOCATION OR RESULTING MEASURES

186



MEMORY ALLOCATION SUMMARY

MEMORY ALLOCATION

MEMORY BLOCK LENGTH PERCENT PROCESSOR STORES FETCHES TOTAL FLAG

--------------------------------------------- 1

XXXXXX9999 XXXXXX 999999 99.99 XXXXXX9999 999999 999999 9999999 FF I
XXXXXX 999999 99. 99 XXXXXX9999 999999 999999 9999999 FF

XXXXXX9999 999999 999999 9999999 FFI

TOTAL 999999 99.99 XXXXXX9999 999999 999999 9999999 FF I

XXXXXX9999 999999 999999 9999999 FF

**TOT PROC 9999999 9999999 99999999 FF

-" USER SUPPLIED VIA CANDIDATE CONFIGURATION INPUTS

-- PARTITIONING ALLOCATION OR RESULTING MEASURES

187



RAW L!IED PRfal ' 'Tl1L!ZATlCO"%

RELATED PERFORMANCE SIMULATION

TYPES OF OUTPUT BASED ON STATIC LOAD

P2 T3 T5 T3 T5  T31 ' T5 1 T  T3  T5  T3 T5 T3 
T  T3  T5

m. -in -0M

M 2  - *. . . . . . . . -.. . . . . a l nl
[' T2T4 T1 T4 TI T2T 4 T1  T4  T1  T4  T1  T4  T T4T4 T] T

0 .05 .10 .15 .20 .25 .30 .35
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SOURCE OF INPUTS

DOCUMENT(S) INPUT AREA

COMPUTATIONAL SUBSYSTEM EXTERNAL DEVICE INTERFACES
INTERFACE SPECIFICATION REQUIRED COMPONENTS

FUNCTIONAL I1/0 MAP
COMMUNICATION RULES & PRIORITIES
BASELINE LOADIS)

SOFTWARE DESIGN AND DATA BLOCK DESCRIPTIONS
DATA BASE SPECIFICATIONS TASK DESCRIPTIONS

TASK THREADS
BASELINE LOAD(S) TASKING

HARDWARE CONFIGURATION PROCESSORS
DESIGN SPECIFICATIONS MEMORIES

INTERFACES (INTERNAL & EXTERNAL)
COMMUNICATION RULES

189
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REPOSITORY SOURCE OF INPUTS

SPECIFIC TRAINER DEVELOPMENT

COMPUTATIONAL CANDIDATE
INTERFACE & SOFTWARE &
FUNCTIONAL HARDWARE M

O REQUIREMENTS SPECIFICATIONS p
T U
H T

I

U__ CANDIDATEN
ELDESIGN uL

y PARTITIONING& L
S EVALUATION S
T
E
M

STRAINING, MEMORIES, I
INSTRUCTOR, IPROCESSORS,I
& OPERATION I& COMMUNICATION E
DEVICE I DEVICE M
INTERFACES I INTERFACES S

I

TECHNOLOGY CAPABILITY

190



RECOMMENDED AUTOMATED ALGORITHM IMPLEMENTATION TASKS

V V A I D A T O NA 
A E 

C O M P R 
O PA 

LE
IERFANDED ACPAPLALNT'ON MNGEENEL CT IN ITRFC
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RECOMMENDED IMPLEMENTATION TIMELINE
PHASE I

TASK DESCRIPTION MONT __

I!.1 VALIDATION PLAN
I1.2 DATA MANAGEMENT PLAN

j.f COMPUTER SlELECTION

PHASE II

TASK DESCRIPTION MONTH0 11K 2.1 VALIDATION PROCEDURES

2.2 DESIGN R!EPO.ITOR~Y PROC.
2.3 CODE/VERIFY B.A.
2.4 DESIGNOPTIMIZER AROG

PHASE III

TASK DESCRIPTION 314 MONTH J

3. SCFRIPT VALIDATION D AAM

3.2 DEVELOP REPOSITORY PROG. t~~44 I
3.3 _DEVELOP OPTIMIZER PROC. I
3.4 VLIDATE BASIC ALGO M J L 4 4.4)

ITASK DESCRIPTION _______ MONTH-_192i02122 23242i62621282830q
A- iNE Rim OGtE ofma _!.IFUE 41_VRFY EXPANDED MOREL

PROGRESS REVIEW AND OSISION 4.2 _VALIDATE_ EXPANDED MODELA

-DOCUMENTED PRESENTATION TO AF A? fO9 RMALk ACCEtANCE TE STS

-INDEPENDENT ASSESSMENT REPORT4 IA EPR
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FURTHER STUDY REQUIREMENTS

* POTENTIAL EMPLOYMENT AND EXPANSION OF

MIXED INTEGER PROGRAM OPTIMIZER

* DEVELOPMENT OF MASTER FLIGHT TRAINING

SIMULATOR COMPUTATIONAL SUBSYSTEM

DESIGN REPOSITORY WITH AUTOMATED FILES

193



PARTITIONING ALGORITHM DESIGN

* ORGANIZATION OF DESIGN MATERIALS

=. FEASIBILITY DEMONSTRATION

- AREAS ADDRESSED

- USER INPUT PREPARATION

LOAD BALANCE

- MEMORY BALANCE

- REDUCE DEVELOPMENT COST

- PERFORMANCE BOTTLENECK FEEDBACK

- REPORT GENERATION

* DETAILED DESIGN REVIEW

1 94



DEMO AREAS ADDRESSED

" PURPOSE

" PROBLEM

" SOLUTION

" FEASIBILITY ISSUES
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INPUT PROCESSING DEMO

PURPOSE: TO PERMIT AND FACILITATE USER
PARTITIONING PROBLEM DEFINITION

PROBLEM: PARTITIONING REQUIRES CAREFULLY
COORDINATED (YET DIVERSE) SETS OF
DATA BASE PARAMETERS

SOLUTION: MODULAR DATA BASE FILES WHICH ARE
EASILY CROSS-REFERENCED FOR
MINIMIZATION OF REQUIRED AND/OR
REDUNDANT USER INPUTS
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INPUT PROCESSING DESIGN

INPUT FILES

" COMPUTATIONAL SUBSYSTEM INTERFACE REQUIREMENTS

" BASELINE SOFTWARE TASK/JOBILOAD CONFIGURATION

" CANDIDATE HARDWARE CONFIGURATION

" TECHNOLOGY DATA BASE

* EVALUATION CRITERIA AND CONSTRAINTS

" INITIAL ALLOCATION

198
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EVALUATION RUN IDENTIFICATION pT I0LO1-0lL. YI$T,1 ,.] p 1A I

FILE IDENTIFIER

COMPUTATIONAL INTERFACE REQUIREMENTS 1  1 - bL.F,,] )/I] TI,0M
BASELINE APPLICATION COMPONENTS i~h(W.Ii. ,P2 tJtfl,1i D,
CANDIDATE CONFIGURATION COMPONENTS IMAOfldi IF, com )tl./1| j , l ' gII ,/ ,oM1

BASELINE PARTITIONING LOAD I(,LO),L, *L.Dtli .ftiO1dE.
TECIINOLOGY DATA BASE ., .0 .L. T" C if,
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DE ALS

(ENTRY)

PI IRS A RESET ERROR 0
INITIALIZATION FLA REDA140r

AND RUN CONTROL COUNTERS PARdUN
IDENTIFICATION READ EVALUATION IDs PCNDDAT

OPEN A. VE RIFY TECH. CADAT

-- D. IETCH DATE CONIURIO
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'183BUILD PRINTER/ Di ON 1EXPAND REDUIRED
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I FIGURATION XREF
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PROCESSOR CONFIGURATION

300 M8 Sm
a a DISC 11

MASTER EVA~
SEL 32/75 SEL 32f75 S EL 32/75 E32b

TIME SHARING COSL

TERMINALSA

MAO SEl ELI 10
TAPE
DRIVE L - 1063 : ONSOLE

LINEz
PRINTER

SPECIAL PURPOSE COMPUTER
lSPC)

CARD LJ (iLOBAL PARTITION EXAMPLE

<VISUALDISPLAY DETAIL PARTITION EXAMPLES



MEMORY CONFIGURATIONS

M6
MASTER ENV Al 1I 0 A

0 0
ENV. BAIA
$I11PEO 10 iPU-A
SVC FROM PROGRAMS
lifll

4K lK
DYN. DATA
SIPPED I

w FROM
leg 169 10 -Ml IS1 -M2- Il laxDTA 1 IERE

J $iUIPPE 0 TO
SPC FROM --

24 I(fi .... ...........

24K _ 
24KR

I t CPU-&

I : fflKOGRAMS'
- M3 M3 . .40K. . 4 .............

419% 41K0|5 I ...... ...... .. -- -

96K - iK ... r -I
56K 56K -L J GLOBAL PROBLEM MEMORY

SHARED MEMORIES

I 112 .

29120

128K FI ...............
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SAMPLE CONFIGURATION MEMORY PROCESSOR COMMUNICATIONS

EIO--4

BUO MASTER T

EJO-2

10-2

Z0M0

BU 2
EIO ... .3~



5.UEIPIAIINAL SIMSYEItM IIEIIPAC4 RtOUIMMIS FIL IDENTER ~tFcE ~J':.o
SEGUINED COUPOSIENIS

olPWN NOIOPTIONPTO OPTIONI CONITIU

PA~i&. AL~l~~ ..... I Iu i

L-" rp R._P__V,_TY,__f orLA.I LL.J
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.(i.11-A tLAIL £f .... A L L

I~ Li

PU PHOCESSOR I ACTIVE LEVELS 2 PRtN SYSTEM 3-LANGUAGE I CONTINUE IF
DEVICE 4 LANGUAGE 3 LANGUAGE 3 0LANGUAGE 4 MOnE LANGUAGES

ARE ,spELJ Ito

LIM MEMORY I - SIZING UNIT1 3 -SIZE

CIL -cum ITER ACI 0 INTERFACING PRIORITY CONTINUE IF
DEIEDEVICE I'll COMPONENT MORE INTERFACING

DEVICES
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SAMPLE APPLICATION

JBLI T LIGHT
CAOU DC3 A&CTIVE KLKI i

CT WILDLDPRIORJ

1.3 
A7-13

T 
16

TEL 
07-13 

= 1c,
4-6 DATA

FRAME SYNC AOI COCKPIT 6
INTERRUPT CAL UPDATE
36111EC CHANNEL COSINE

MATRICES
14614

NAMICS
AOWL PAOL AAFE
MOOPLIST 8"00u00B/sDTV1 M'CS
DYNDATA DIRLITE IMPACT ADZM

CAWT
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SAMPLE PROBLEM MASTER BENCHMARK INSTRUCTION LIST

INSTRUCTION
IDENTIFIER BRIEF DESCRIPTION

AOI -AREA OF INTEREST VISUAL COMPUTATIONS

BAOL - BUILD ACTIVE OBJECT LIST

BLR - BLINKING LIGHTS ROUTINE

BMBSTRAIMP - BOMB STRAFE IMPACT TABLE ADJUSTMENT

BMPL - BUILD MODEL PRIORITY LIST

CADCOSMAT - COMPUTE CHANNEL ASSIGNMENT DIRECTIONAL
COSINE MATRICES

CONIF VISUAL CONSOLE OPERATOR INTERFACE

Page of 3
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SAMPLE PROBLEM BENCHMARK INSTRUCTION LIST

INSTRUCTION BRIEF DESCRIPTION
IDENTIFER

DRLITADJ - DIRECTIONAL LIGHT TABLE ADJUSTMENT

FADCOM - FADING COMPUTATIONS

HOODDYN - HOOD DYNAMICS

MMP - MOVING MODEL PRIORITY

MMSADJ - MOVING MODEL SITE ADJUSTMENT

PDYN - PREPARE DYNAMIC DATA FOR OUTPUT

PEV - PSEUDO EDGE VECTOR CALCULATION

RWV - ROTATE WINDOW VECTORS

RWVM - ROTATE WINDOW VECTORS MOVING MODEL

Page 2 of3
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SAMPLE PROBLEM MASTER BENCHMARK INSTRUCTION LIST

INSTRUCTIONINTRCTIOR BRIEF DESCRIPTION
IDENTIFIER

SHIPCAIPT - SHIP CHANNEL ASSIGNMENT INPUT DATA

SIMIF - SIMULATOR MATH MODEL INTERFACE

TELV - TERRAIN ELEVATION COMPUTATION

TSMMC - TRANSFORM SUN VECTOR TO MOVING

MODEL COORDINATES

T3 -SHIP POTENTIAL ACTIVE OBJECT LIST (PAOLI
AND DIRECTIONAL LIGHT TABLE (DIRLITE)

Page 3 d 3
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EVALUATION RUN IDENTIFICATION ,L.B Ai. t J/A' ,L,1,W E.X

PARTITIONING ASSIGNMENT CONSTRAINTS

ASSIGNMENT COMPONENT APPLICATION CANDIDATE
TYPE ASSIGNMENT COMPONENT CONFIGURATION
F - FIXED D - DATA IDENTIFIER COMPONENT
I - INITIAL T- TASK
P PROHIBITED IDENTIFIER VALUE IF APP.

IF3 TEi iT&&LL, I J a d lLLa.aLLL.aLaJaJi jI&L- _ L_._L.W #,LL,,,,... , .. ,,

UT vi 5, -, L ,,,,,l a A ,,,,I , , ,.
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,i UT ,,, , •Lj &1, . ,L ... , I
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EVALUATION RUN IDENTIFICATION IdJ-,OA,1, P.1i",,7J,0J i ,A

PARTITIONING ASSIGNMENT CONSTRAINTS

ASSIGNMENT COMPONENT APPLICATION CANDIDATE
TYPE ASSIGNMENT COMPONENT CONFIGURATION
F - FIXED D - DATA IDENTIFIER COMPONENT
I - INITIAL T - TASK
P - PROHIBITED IDENTIFIER VALUE IF APP.

18~ 4b IAA I ifi i a Ia a

Fj , , . , i .. i . . I, LAa

,E, ~ i */1 alI ... ,,,.,,.. ,,mi
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PROCESSOR LOAD BALANCE DEMO

PROBLEM: THREEFOLD BALANCE CHARACTERIZATION

(1) NPGTL PROCESSORS OVER ABSOLUTE
UTILIZATION LIMIT

(2) NPGTG PROCESSORS ARE ABOVE GOAL
UTILIZATION

(3) (NP-NPGTG) PROCESSORS ARE AT OR
BELOW GOAL UTILIZATION

218
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PROCESSOR LOAD BALANCE DEMO

QUESTION POSED:

DOES AN IMPROVED ALLOCATION EXIST?

I.E. CAN THE PROCESSORS BELOW GOAL N
UTILIZATION PERFORM SOME OF THE TASKS
CURRENTLY ALLOCATED TO HEAVILY i
UTILIZED PROCESSORS?

.I

2191
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PROCESSOR LOAD BALANCE DEMO

ALGORITHM SOLUTION TECHNIQUE

" RANK PROCESSOR UTILIZATION Up WITH RESPECT

TO GOAL Gp USING (Gp-Up) AS MEASUREMENT

" IF Up->Lp (ABSOLUTE LIMIT EXCEEDEDI ADD
A LARGE NEGA.TIVE PENALTY TO DIFFERENCE

" RANK RESULTING DIFFERENCES IN DESCENDING ORDER

NOTE: LEAST LOADED PROCESSORS WILL APPEAR FIRST

" ATTEMPT TO OFFLOAD PROCESSOR ABOVE LIMIT

" SEE IF LEAST LOADED PROCESSOR CAN RELIEVE ANY
OF THE HEAVILY LOADED PROCESSORS
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PROCESSOR LOAD BALANCE DEMO

SAMPLE PROBLEM INPUTS

COMPONENT U G U
PROCESSOR TASK UTIL U p Gp to -p p

1 1 50 100 60 75 -140

2 10

3 25

4 15

2 5 40 40 40 75 0

3 6 20 20 60 75 +40

*PENALTY FOR BEING OVER ABSOLUTE LIMIT - 100
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PROCESSOR LOAD BALANCE DEMO

SAMPLE PROBLEM TEST CASES

CASE DESCRIPTION RENULTS
___IZI U NL

IDENTICAL PROCESSORS P1-fl, 12 60
SHARED MEMORY ALL BLOCKS P2-75 40

P3-T6,T3,T4 60

2 IDENTICAL PROCESSORS Pi-Tl,iz 60
SHARED MEMORY DATA BLOCKS P2-43 40
PRIVATE MEMORY INSTRUCTION P3-6, T3.T4 60
BLOCKS

3 IDENTICAL PROCESSORS P1-"1,13 75-
SHARED MEMORY DATA BLOCKS P2-T5 40
PRIVATE MEMORY INSTRUCTION P3-T6,T4,T2 45
BLOCKS
T3 FIXED ON PI, TI PROHIBITED ON
P3

*ABOVE GOAL UNABLE TO OFFLOAD
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DEALS
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MEMORY ALLOCATION BALANCE DEMO

PROBLEM THREEFOLD BALANCE CHARACTERIZATION

(1) NMGTL MEMORIES ARE ABOVE ABSOLUTE LIMIT

(2) NMGTG MEMORIES ARE ABOVE GOAL UTILIZATION

13) (NM-NMGTG) MEMORIES ARE AT OR BELOW GOAL
UTILIZATION
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MEMORY ALLOCATION BALANCE DEMO

QUESTION POSED

DOES AN IMPROVED ALLOCATION EXIST?

I.E. CAN THE MEMORIES BELOW GOAL ALLOCATIONS

BE ASSIGNED DATA I INSTRUCTION BLOCKS FROM

OVER ALLOCATED MEMORIES?
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MEMORY ALLOCATION BALANCE DEMO

SOLUTION TECHNIQUE

* RANK MEMORY ALLOCATIONS um WITH RESPECT TO GOAL

USING (q m-u AS MEASUREMENT

OMEMORY HEURISTIC CONTROL FLOW IDENTICAL TO PROCESSOR

LOAD BALANCE HEURISTIC WITH

o BLOCKS IN PLACE OF TASKS

oMEMORIES IN PLACE OF PROCESSORS

oDETAILED CALCULATIONS DIFFER SIGNIFICANTLY
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MEMORY ALLOCATION BALANCE DEMO

SAMPLE PROBLEM INPUTSK

MEMORY COMPONENT Urn G m L m U' Gg Um
_____ ____ BLOCK UTIL. _ _ _ _ _ _ _ _ _

11 10 80 60 70 -1200

2 30

3 40

2 4 20 20 60 10 +40

*PENALTY FOR BEING OVER ABSOLUTE LIMIT - 1100
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MEMORY ALLOCATION BALANCE DEMO
SAMPLE PROBLEM TEST CASES

CASE DESCRIPTION RESULTS
___________________________MEMORY-BLOCKS UTILIZATION

BOTH MEMOR IES AVAILABLE MI - B3. El1 50
1 TO ALL PROCESSORSM2-FB25

I DENTI CAL MEMORIES B25

SAME AS CASE 1 EXCEPT MI-B82, B3 702a B2 FIXED ON MI M2 B4. El13
W ITHOUT SWAP

SAME AS CASE 2a EXCEPT MI - B2, 84 50
SWAP ALGORITHM ADDED M2 - B3, Bll 50

M2 REQU IRES DOUBLE SPACE
TO STORE BLOCK 1 AND NO Ml - B2, B3 10
FIXED ASSIGNMENTS M2 - B4, 81 40
NO SWAP

3b SAME AS CASE 3a EXCEPT MI - Ell, 83 50
SWAP ALGORITHM ADDED M2 - 84, 82 50
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REDUCE DEVELOPMENT COST DEMO

PROBLEM AREAS:

(1) HOMOGENEOUS VERSUS HETEROGENEOUS CANDIDATE

CONFIGURATION COMPONENTS

(2) EXISTING VERSUS NEW SOFTWARE I FIRMWARE

CAPABILITIES

(3) SOURCE OF GOOD INPUT ESTIMATES FOR A GIVEN

ALLOCATION

239
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REDUCE DEVELOPMENT COST DEMO

QUESTIONS POSED FOR HOMOGENEOUS CASE

(1) CAN A MORE COST EFFECTIVE DEVELOPMENT LANGUAGE

BE USED FOR DEVELOPMENT AND STILL MEET REAL-TIME

CONSTRAINTS?

(2) IF A TASK IS CURRENTLY ALLOCATED TO MORE THAN ONE

PROCESSORS CAN THE NUMBER OF PROCESSORS BE

REDUCED AND WHAT IMPACT DOES THIS HAVE ON

DEVELOPMENT COST?

240
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H
REDUCE DEVELOPMENT COST DEMO

QUESTIONS POSED FOR HETEROGENEOUS CASE

1) ARE ANY TASKS ASSIGNED TO PROCESSORS OF DIFFERENT

TYPES?

(2) IF SO, CAN A HOMOGENEOUS ASSIGNMENT BE FOUND FOR

THEN TASK ALLOCATION?
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REDUCE DEVELOPMENT COST DEMO

I.

ALGORITHM TECHNIQUES

1. DO NOT PERMIT PARTIAL ALLOCATIONS OF TASKS TO HETEROGENEOUS
PROCESSORS IN LOADBL UNLESS PRESET CONSTRAINT.

2. DO NOT PERMIT DUPLICATE BLOCKS ON HETEROGENEOUS MEMORIES
IN MEMBAL.

3. CREATE A TASK ALLOCATION CHANGE LIST OF TASKS WHICH COULD
BE SWAPPED TO REDUCE DEVELOP COST AND STILL MEET REAL-TIME
CONSTRA I NTS.

4. PROCESS CHANGE LIST TO SEE IF TASK EXCHANGES CAN BE MADE
BETWEEN A GIVEN PAIR OF PROCESSORS.
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REDUCE DEVELOPMENT COST DEMO

TEST CASES

CASE TASK PROCI PROC2D.C. D.C.

TI 5 3
BASIC INPUTS

T2 2 4

CASE 1 TI

SWAP CONDITION T2

CASE 2 TI /

REDUCE PROCESSOR CONDITION T2 v
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DEALS

~ ISSUE NEAD EVALUATION HEADER AND
0:1ASINS SET UP PRINT IDENTIFIEWS AND

PARTITION

READ IERNAL PARIMEIERS
FO PATITI ON BEING EVALUATEDIIA1 1.! l0 PT-9 TABLES

fl~z.- l PROCESS EVALUATION CHANGES LIKE

IP.A3IZU f PAISSM EXCEPT ORIGINAL INTERNAL
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DE ALS

AmEAmcH DCPgnDING ON FEt~bACK RECORD TYPE

SUP, gAL 90(S.J3 im -61j /DEALS in( 1.5 EAL 1511
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SUEAf:ND TASK PTIOIT)s*

AWURIFY BLOCK j
IOENIlIFIU (PERCECE c T)
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REPORT GENERATOR DEMO

PURPOSE: TO PRESENT PARTITION SOLUTION

FOR USER EVALUATION AND ANALYSIS

PROBLEM: DIFFERENT USERS HAVE DIFFERENT NEEDS

SOLUTION: FLEXIBLE REPORT GENERATOR DESIGN

" MAINTENANCE OF A MASTER SET OF REPORTS

" USER SELECTED AND ORDERED REPORT

GENERATION
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REPORT GENERATOR DEMO

FEASIBILITY ISSUES

* SOLUTION DATA BASE FORMAT

* NUMBER OF PARTITIONS SAVED

* MULTIPLE FILES WITH REORDERED RECORDS

VERSUS TEMPORARY FILE SORTS AND/OR

CROSS INDEXED LINKED LISTS

* HARDCOPY VERSUS INTERACTIVE DISPLAY
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REPORT GENERATOR DEMO

INITIAL MASTER REPORT FORMATS

* PRIORITY GOAL SUMMARY

" TASK ALLOCATION

" DATA BLOCK ALLOCATION

* PROCESSOR ALLOCATION

* MEMORY ALLOCATION
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PRIORITY GOAL SUMMARY DEMO

PURPOSE: TO PROVIDE MAJOR PARTITION

MEASUREMENTS IN TERMS OF

EVALUATION GOALS AND

P R 10OR IT IE S

PROBLEM: CLEARLY INDENTIFY PRIORITIES,

UNITS OF MEASURE, TOLERANCES,

LEVEL OF ACHIEVEMENT, AND

CONTRIBUTING COMPONENTS FOR

A GIVEN PARTITION ALLOCATION

255



TASK ALLOCATION DEMO

PURPOSE: TO PROVIDE PARTITION ALLOCATION

OF EACH TASK IN TERMS OF ASSIGNED

PROCESSORS AND TASK 1/0 BLOCK

MEMORY SOURCES
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PROCESSOR ALLOCATION SUMMARY DEMO

PURPOSE: TO SUMMARIZE PROCESSOR ALLOCATION

VIA ASSIGNED TASK MIX AND

UTILIZATION PARAMETERS
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DATA BLOCK ALLOCATION SUMMARY DEMO

PURPOSE: TO PROVIDE MAPPING OF EACH DATA

BLOCK AS ALLOCATED TO MEMORIES

OF CANDIDATE CONFIGURATION AND

CROSS REFERENCE TO PROCESSOR

COMMUNICATIONS

Z58
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MEMORY ALLOCATION SUMMARY DEMO

PURPOSE: TO SUMMARIZE MEMORY ALLOCATION

VIA ASSIGNED DATA BLOCK MIX AND

UTILIZATION PARAMETERS
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CA4 SAMPLE OUTPUTS
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SAMPLE PROBLEM OUTPUT FORMAT 2

HARDWARE COMPONENT SUMMARY

CATEGORY/DEVICE IDENTIFIER REQUIRED

PU 86-PROC A YES

PU SPC SPC YES

PU XYZ32/75 Al CAND

PU XYZ32/75 B1 CAND

MM 86-MEM M6 YES

MM 32-MEM Ml CAND

MM 32-MEM M2 CAND

MM 32-MEM M3 CAND

MM 32-MEM M4 CAND

MM 32-MEM M5 CAND

CL ASYNC-IO EIO-l YES

CL ASYNC-10 EIO-2 YES

CL M7LINK-86 EIO-3 YES

CL HSD EIO-4 YES

CL MBUS Cl CAND

CL MBUS C2 CAND

CL MBUS BUS2 CAND

CL MBUS BUSlA CAND

CL MBUS BUSiB CAND

CL HSD HSD CANDt

CL 86MBUS BUS3 CAND
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APPENDIX D.

DETAILED DESIGN
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D.1 SYSTEM INTERFACE
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D.2 HIERARCHICAL STRUCTURE

PAIID100 DATE TIME

ADDPU

-PA1200 ADDDEV ADDCL
ADDBLK AD"*9

ADDED

-PA1 300 ADDBLK

ADDPU

-PA1400 - ADDDEY V --- ADDCL L

U...ADDED
PASS 1

-PAl1500 PACFAC PAPUB

PASFACPAMUB

PABLLD PATOC

I ~ PATALC
PAACON PABALC

PASCCH

PATP

PAMBC u
-PACLC

-PASZX
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-PAZ 100 PACPTR

PAVPTR

PACMPR

PAVMPR

-PA2200 PACPS

IRANKD
P AC MS

PASS2 PA2300 LOPDCK IRANK

Ll~llLPACTS K

LOADM - PAPJ2K
MEMCKIPANKD

MEMBAL PAPCBLK

COSTCK PAt4J2I

ROCOST PA2521

PA2522

PA2523

PA2 530
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{ PA110
PA31 00 P31

_ PA3120

PA3130 a

-PAFBPU

-PAFBMU
-PAFBCU

PAFBCU

PAFBED

PASS3 PA3200

PAFBBB
-PAFBCP 

PAFBCB

PASS2
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PARKGS

-PARTAL

PASS4 -PAROBA

-PARPAL

-PARtiAL
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D.3 FLOW DIAGRAMS
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D.4 ERROR MESSAGES

MASTER ERROR CODES

ERROR PPD BRIEF DEFINITION

1 1100 Invalid technology data base identifier

2 1200 Invalid required interface file identifier

3 1210 Invalid technology type

4 1210 Invalid technology device

5 1211 Duplicate system or candidate processor
device identifier

6 1211 Maximum processors exceeded

7 1213 Duplicate system or candidate memory

device identifier

1212 Duplicate system or candidate device
identifier

9 1212 Maximum communication devices exceeded

10 1213 Maximum memory devices exceeded

11 1300 Invalid baseline application file identifier

12 1310 Duplicate system block identifier

13 1310 Maximum blocks exceeded

14 1320 Maximum task identifier

15 1320 Maximum tasks exceeded

16 1400 Invalid candidate file identifier

17 1310 Undefined goal priority index

18 1310 Two goal priorities at same level

19 1510 Processor utilization goal is greater
than absolute limit

I3
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M~ASTER ERROR CO)DES (CON'T)

ERROR PPD BRIEF DEFINITION

20 1510 Memory utilization goal is greater than
absolute limit

21 1510 Development cost goal is greater than
absolute limit,

22 1510 Invalid default coefficient code

23 1520 Invalid goal index

24 1521 Invalid processor identifier

25 1521 User supplied processor goal greater than
user supplied absolute limit

26 1521 Invalid processor coefficient level code

27 1522 Invalid memory identifier

28 1522 User specified memory goal greater than
user specified absolute memory

29 1512 Invalid memory coefficient level code

30 1523 Invalid task identifier

31 1523 User supplied task cost goal is greater

than user supplied absolute limit

32 1523 Invalid task coefficient level code

33 1540 Invalid constraint type

34 1541 Invalid task or processor identifier in
constraint definition

35 1541 Duplicate task to processor constraint
encountered

36 I 1541 Invalid task to processor constraint

37 1542 I Invalie block or memory identifier in con-

straint definition
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MASTER ERROR CODES (CON'T)

ERROR PPD BRIEF DEFINITION

38 1542 Duplicate block to memory constraint
encountered

39 1542 Invalid block to memory constraint

40 2200 Saturated processor bottleneck detected

41 2200 Saturated memory bottleneck detected

42* 2300 Invalid goal index

43 2320 Fixed allocation has overloaded processor

44 2320 Unable to offload processor j to be within
absolute limit level

45 2320 Maximum processor balance iterations

encountered

46 2320 Offloading has converged to single processor

47 2320 Least loaded processor unable to take
on additional tasks

48* 2322 Invalid processor reallocate code

49 4000 Invalid report request

50 2420 Fixed allocation has overallocated memory j

51 2420 Unable to offload memory j to absolute

limit level

52 2420 Maximum memory iterations

53 2420 Least loaded memory j unable to take

additional blocks

*Fatal Algorithm Error
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D.5 INTERNAL PARAMETERS
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