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1.0 Management Overview

The Interim Report on this program , dated 15 Jul y 1978 , concluded ,

among other things , that the Topographic Support System (TSS) confi gura-

tion , agreed to by the Integrated Equipmen t Eva l uation Team (IEET) at

Its June 1978 meetIng , should be simulated. In addition , i t was recom-

mended that this new simulation have the capab ility of vary i ng the num-

ber of personne l In the TSS to resolve staffing problems . This has been

accomplished , and the results are contained in this report.

The previously simulated TSS confi gurations contained a maximum of

26 Modules , whil e the IEET recommended a total of 34. Eng i neer Topogra-

phic Laboratories personnel recommended changes to the previously used

Product List and Procedure s Lists. These change s generally had the effect

of decreasing Production times .

At an interarriva l rate of three requests per hour , the system per-

formed very well in mos t product categories, and adequately in all others.

Almost 73% of all requested products had been completed at the end of 144

hours. Only the Copy Camera had a si gnificant queue .

The simulation was then run again with a 33% reduction in personne l ,

and performed equally well. Overcapacity was found in severa l equi pment

areas.

The simulation was also run at an inte rarriva l rate of two requests

per hour , and , at the end of 144 hours , almost 86% of all requests had

been completed. This represents almost all which could have been com-

pleted if products had no competition . Overcapacity also increased .

I t is conc l uded that the ICET recommended TSS wil l  produce products

and services rapidly In a comba t env i ronment, It is noted , however , that

the approximately 50% increase in ModuL coun t resulted in a 25% increase

I n throughput over the previously simulated TSS reconfiguratIon , which

In troduced some produc t orientation into the system.

_ _ _  
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2.0 Introduction

The Interim Report on this program~~ conc l uded tha t the System

confi guration as of January 1978 had rathe r severe defic iencies. This

System confi gura t ion , as presented to Decilog , consisted of 23 opera-

tIonal Modules. During the study reported In reference I , the Module

coun t was increased to 26 by doubling Drafting, Rec tifier I and Camera.

Al though throughput increased , I t was st il l  not accept abl e.

2.1 Background

During the ICET meeting of June 1978, the Module Coun t was increased

significantly to a total of 34 Modules , some of which were “new” in that

the contained equipments not previously included. Specifically, in the

Car tographic Revision (CR) and Image Based Products (IBP) Subsystems , a

total of eleven Modules were added to the original 23, resultIng in a

total of 30 operational Modules. The Drafting Subsystem was completely

redes i gned and a modif i ed Rec ti f i er I and Rect if i er II added to I mage

Based Products.

Add itionally, staffing problems were uncovered in the study described

in the Interim Report.

For all of these reasons, the Engineer Topographic Laboratories re-

quested that Dcci log simulate the June 1978 TSS configuration , and include

I n the simulation the ability to vary the staffing within Modules. In

add it ion , ETL made changes in the previous Produc t List and Procedure Lists.

These are discussed In detail in Section 3 of this report, but , in general ,

they had the effect of reducing the throughput times for several Produc t

Categor ies , and reducing the percent age of occurrence of some Produc ts

which are t Ime consum i ng to produce .

(1) 
DAAK-70-77-C-0275-l. System Analys is of the Entire TopographIc

System. Interim Report. Decliog , Inc. 15 July 1978.

L 
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Finally , ETL requested that the TSS be simulated at Interarr lva l

t imes of Requests at rates less than three per hour. This Report , there-

fore , presents the results of the simulation of the TSS under the follow-

ing cond i t ions :

- June 1978 configuration ; T.O.E. personnel; Inter-

arriva l tIme three requests per hour.

- June 1978 confi gura tion ; altered personnel; inter-

arriva l rate three requests per hour

- June 1978 confi gura tion ; T.O.E. personnel; Inter-

ar riva l rate two requests per hour.

The reasons that the simulations were restricted to these comb i na-

tion s w i ll become obvious In the next subsection . It should be noted that

the assumptions used in Reference (1) are unchanged in these simulations.

2.2 Results

The firs t simulation run was the June 1978 confi gura tion ; T.O.E.

personne l at three requests per hour. At the end of 144 hours , almos t

72% of all requests tha t had been entered Into the TSS had been com-

pleted . This is certainly adequate performance. Only the Copy Camera

in Camera had a si gnifican t queue . Although the Li gh t Table in Synthes i s

had hi gh utiliza tion , i t was not a bott leneck , and a si mp le change could

be implemented to reduce its utIlization . More i mportantly, overcapac i ty

in both equ i pment and personnel was uncovered.

W ith respect to personne l overcapac i ty, It was noted that , in many

Modules , more personne l were assigned than there were major pi eces of

equipme nt. For this reason , the si mulation was run again with one per-

son assi gned per major equi pment. This was a reduction of 36 persons ,

or approxIma tely 33% of the total TSS operationa l personnel. At the end

of 144 hours, almost 73% of all requests which had entered the TSS had

been comple ted. That Is , the system performed equally well with a 33%
reduc tion in personnel. Since the criterion used for assi gnment was one

_ _ _ _ _  _ _
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person per major equipment , i t was felt there would be nothing to be ga i ned

from further reductions . The details of personnel reduction are discussed

in Section 4 of this report.

F i nally , the request rate was reduced to two per hour with the ori g ina l

personne l comp l iment. (The results would have been the same with the 33%
personnel reduction). At the end of the 144 hours , almost 86% of all re-

quests which had entered the TSS had been completed . Based on the specific

requests entered during the last 16 hours of the simulation , i t was possible

to calc u la te the maximum percen tage wh i ch could possibly have been comple ted ,

assum ing no simu l taneous demands. It was found that 90% of all requests

would have been completed had there been no competition among requests.

Thus , at the rate of two requests per hour , the TSS is perform i ng very well.

Naturally , overcapac i t’~ i ncreased .

2.3 Concl usions

1. I t is concluded that the 34 Module TSS agreed to by the IEET

will perform adequately in the field. Mean Processing Times

are g iven in Section 4 of this Report.

2. The I EET changes to T.O.E. personne l can be reduced by 33% ,

assuming personnel within a Module are cross-tra i ned on all

equi pments in the Module.

3. Overcapaci ty exists in many Modules within the System. For

example , one of the Mosaicking Modules in CR could be eliminated

without affecting throughput. Further details of overcapac i ty

H are discussed In Section 4.

4. The approach taken by the IEET in redes i gning the TSS appears

to be “brute force”. The approximately 50% increase in Module

count resul ted in only a 25% Improvement over a slightly re-

configured System previously simulated.

5. There can be little doubt tha t a system design wh i ch would be

somewhat more “product oriented” should perform as well or

-4-
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I
better than the June 1978 “process-oriented” configurat ion wIth

fewer Modules. This would result in decreased cost , decreased

I vulnerability of the TSS , greater fle x i b i l i t y  in deployment , and

i ncreased eff i c i ency .

-5- 
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3.0 Changes to TSS ConfI gurat Ion and Mode l

3 .1 P.C.L.

The P.C.L .  (Proposed Component List) used In th is  s imulat ion was

the June 1978 TSS confIguration . This confi gurat ion includes the changes

made by the IEET in the June 1978. The fo llow ing lists descrIbe the TSS

confi guration used :

List I - listing of the TSS modules and their numerical

desi gnations.

List II - listing of the TSS equipment and their numerical

des i gna t ions.

Lis t I I I  - listing of the changes made to the January 1978

ISS conf i guration that produced the June 1978 TSS

conf i guration used in this simulation .

L i st IV - l i sti ng of the proced ure time s ass i gned to each

piece of equipment and their associated procedural

d e s c r i p t i o n s .  The t imes are organized by using

the equipments ’ numerica l desi gnati ons.

The l i sts describ ed above, follow :

-6-
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L I S T  I

TSS MODULE DESIGNAT I ONS - VERSION C

Numerical
Desi gnations

C S C Subsystem -

A. Operations Module VAN #1

SR D Subsystem -

A. Distribution Module VAN 02
B. Storage/Retrieval Module VAN ~3

MGI Subsystem -

A. Information Module VAN 4
B. Collec tion Module VAN #5
C. Anal ysis Module VAN #6
D. Synthesis Module VAN ~‘7

CR Subsystem -

A. Drafting Support Module VAN ~8
B. I.G.S. Module (not used) VAN 09
C. Compilation Modules (2) VAN 010
D. Mosaic/Drafting Modules (3) VAN # 11

IBP Subsystem -

A. Rectifier I Modules (2) VA’~i 012
B. Rectifier II Modules (2) VAN 013
C. Mosaic/Drafting Modules (2) VAN #14

REPRO Subsystem -

A. F inishing Module VAN #15
B. Map Layout Module VAN 016
C. Photomechanica l Module VAN #17
0. Pla te Processing Module VAN #18
E. Camera Module VAN 019
F. Press Module I VAN #20
G. Press Module II VAN :21
H. Press Module II I  VAN #22
I . Press Module IV VAN #23

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



LIST I (Con t ’d)

Numerical
Desi gnations

SURVEY Subsystem -

A. Survey Module VAN #24

-8-
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t~IST II

TSS EQUIPMENT CONTENT - VERS I ON C

Numer ica l
Designations

SRD Subsystem -

A. Dis tribut i on Module VAN #2

I. Files (std. maps) (2—1)

B. Storage/Retrieva l Module VAN #3

1. Rol odex Card Files (2) (3-1)
2. Fiies (repromats , film) (3—2)
3. Wrapper (3 3)
4. IBM Card Punch (3-4)
5. Production Status Board (3-5)

MGI Subsys tem -

A. I n format ion Modu le VAN #4

1. Rol odex Card File (k’l)
2. Files (4-2)
3. Diazo Printer (4 3)
4. Desk Top Copiers (2) (4-4 )

B. Collec tion Module VAN #5

1. Facsimi le Machine ( 5 —1)

C. Ana lys is  Module VAN #6

I. APPS (+ HP-9830 + Plotter) (6-I )
2. Ligh t Table/Split Stage (6—2)
3. Photointerpreter ’ s Desks (2) (6— 3)
4. Zoom Transfer Scope (6-4)
5. Diazo Printer (6— 5 )
6. Drawing Board (6-6)
7. Stereoscopes (2) (6-7)

D. Syn thesis Module VAN #7

1. Diazo Pr inter (7-1)
2. Typewriter (7-2)
3. Light Tables (3) (7-3)
4. Viewer/Pr inte r (7-4)

-9-



LIST II (Cont ’d)

Numer i cal
Des i gnatIons

CR Subsystem -

A. Dra f t Ing  Support Module VAN 08

I. Drafting Table (8-I)
2. L i ght Table (8-2’)
3. Coordinatogr aph (8-3)
4. Pin Register Board (8-4)
5. Phototypesetter (8-5)

B. I.G .S. Module (not used) VAN #9

I. Interactive Graphi cs
Systems (2’) (9-I)

C. Compilation Modules (2) VAN 410

1 . Zoom Transfer Scopes (3) (10-1)
2. Trac ing Tables (4) (10-2)

D. Mosaic/Drafting Modul eS. (3) VAN Oi l

1 . TracIng Tables (4) (11 - I)

IBP Subsystem -

A. Rectifier I Modules (2) VAN 012

1 . Printer/Enlarge r (12— 1)
2. Automatic Film/Pape r

Processor (12-2)
3. Frame Rectifier (12— 3 )
4. Panoramic Rectifier (12-4’)
5. TracIn g Table (12-5)
6. Pr inter Contact Processor (12-6)

B. Rectifier II Modules (2) VAN #fl

1. APPS (+ HP-9830 + Plotter ) (l~~-l)
2. TracIng Tables (2) (fl-2)

C. MosaIc /Drafting Modules (2) VAN #14

1 . TracIn g Tables (4) (14-1’)

- 10-
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LIST II (Cont ’d)

Numerical
Desi gnat ions

REPRO Subsytem -

A. F inishing Module VAN #15

I. Wrapper ( 15 - 1)
2. Binder /Stapler (15 2)
3. Paper Cutter (15-3)

B. Map Layout Module VAN #16

I . L i tho Layout Tables (4) ( l6~ l)
2. Pin Reg i s te r  Board ( 16-2)

C. Photomechanical Module VAN 4 17

I. Photo Processing MachIne (1 7 -1 )
2. L itho Layout Table (17-2)
3. Plate F in ish ing  Tables (2) (17- 3)
4 . Vacuum Frame ( 17-4 )
5. Li tho Processing S inks (2) ( 17- 5)
6. Platemake r (17-6)

D. P late Processing Machine VAN #1 8

I. P latemake r ( 18-1 )
2. Lltho Processing Sinks (2) ( 18—2)
3. Plate F in ish ing Tables (2) (18—3)
4 . Li tho Layout Table (18-4 )

E. Camera Module VAN #1 9

1. Copy Camera (19 l)
2. L i tho Processing Sink ( 19-2)

F. Press Module I VAN #20

I. Offset  Press ( 2 0 — 1 )

G. Press Module II VAN # 2 1

I. Of fset  Press ( 2 1 — I )

H. Press Modu le I I I  VAN #22

1. O f fset  Press (22 -1 )

I. Press Module IV VAN #2 3

1. Of fset  Press ( 2 3 — I )

— ,
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LIST I I  (Cont ’d)
Numerica l
Des i gnat ions

SURVEY Subsystem -

A. Survey Module VAN #24

1. Survey Equipment Set (3) (24- 1)

~4.
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LIST III

CHANGES TO TSS CONFIGURAT I ON - VERS I ON C

MGI - Ana ly s i s

a) Zoom Transfe r Scope added
b) Stereoscope added
c) Two Photoi nterpreter ’s Desks added

MGI — Syn thesis

a ) Typewri ter added
b) Drawing Board deleted
c) Ref lect ing Projector deleted

CR - Dra f t ing funct ions are now performed in the Draf t ing
Support Modu le and the three Modalc/Draft ing Modules

CR - CompilatIon

a) Instead of one , there are now two Compi lat ion Modules
b) Two Zoom Transfer Scopes added
c ) T racing Table added

IBP - Rect i f ie r  I

a) Ins tead of one , the re are now two Rec t i f i e r  I Modules
b) Printer  Contact Processor added

IBP — Rect i f ie r  II

a) Ins tead of one , there are now two Rect i f i e r  I t  Modules
b) Trac ing Tab le deleted

IBP - Or thophoto Module dele ted

IBP - Mosaic /Draf t ing

a ) Instead of one , there are now two Mosaic/Draf t ing Modules

REPRO - Map Layout

a) Two Litho Layout Tables deleted

— 13—
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LI ST I I I  (Cont ’d)

REPRO - Photomechanica l

a) Two Pla te Finishing Tables added
b) Diazo Printer deleted

REPRO - Plate Processing

a) Litho Layout Table added

‘4
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L I ST IV

TSS EQUIPMENT & PROCEDURE TIMES - VERS I ON C

EQU I PMENT
NUMERICAL TIME
DES I GNAT I ON (SECONDS) PROCEDURE

(C s C) a) 600 Mean supervisor conversation length
b) 1500 Verba l explanation
c) 5000 Mean production planning time
d) 900 Quality assurance
e) 1 800 Qua l ity assurance

(2 - 1) a) 240 + 120 Locate item to retrieve
5 Ret r i eve i tem

180 + 30 Prepare i tem for transit

(3 - 1) a) 180 + 60 Perform l ookup

(3 - 2) a) 240 + 120 Locate i tem to retrieve
5 Retrieve i tem

180 + 30 Prepare item for transit

(3 - 3) a) 180 + 30 Wrap item

(3 - 4) a) 120 + 15 U t i l i z e  IBM Card Punch

(3 - 5) a) 120 + 15 Utilize Production Status Board

(4 - 1) a) 180 + 60 Pe r form lookup

(4 - 2) a) 180 + 60 Locate i tem to retrieve
5 Retr ieve i tem

(4 - 3) a) 30 Copy

(4 - 4) a) 60 Copy

(5 - 1) a) 300 + 60 Rece i ve transmission

(6 - 1) a) 900 + 300 Setup & ca l ib ra te  on known points
900 + 300 Determine f i r s t  point coordinates
1,80 + 120 Determine addi t ional  coordinates

(6 - 2) a) 180 + 60 Tabu late point coordinates

(6 - 3) a) 1800 + 600 Analyze photog raphy

(6 - 4) a) 1200 + 300 Setup Zoom Transfer Scope
21600 + 3600 Comp ile

( 6 - 5 )  a) 30 Copy 
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LIST IV (Cont’d)

EQUIPMENT
NUMERICAL TIME
DES I GNAT I ON (SECONDS) PROCEDURE

(6 - 6) a) 1 800 + 600 Perform drafting

(6 - 7) a) 900 + 300 Analyze stereophoto

(7 - 1 ) a) 30 Copy

(7 - 2) a) 360 + 60 Type page

(7 - 3) a) 7200 + 3600 Utilize Light Table
b) 25200 + 3600 UtilIze Light Table
c) 72000 + 7200 Ut ilIze Li gh t Table

(7 - 1,) a) 1200 + 600 U t I l i ze  Viewer/Printer

(8 - I) a) 32400 + 360C Perform drafting

(8 - 2) a) 14400 + 7200 Perform inspect ion

(8 - 3) a) 18000 + 3600 Superpose gr id
3600 + 900 Plot horizontal control

(8 - 4) a) 1500 + 300 Register photo

(8 - 5) a) 7200 + 3600 Perform typesett ing

(9 - 1) a) 21600 + 3600 Perform draft ing
b) 1800 Setup draf t ing task

1800 + 600 Prepare & en ter marg ina l data
1800 + 600 Perform rough p lo t t ing
1 800 + 600 Edit
3600 900 Emulate scr ib ing
3600 + 900 Prepa re pee l coats

c ) 1800 Setup draf t ing task
4500 + 900 Prepare & enter marg i nal da ta
1800 + 600 Perform rough plotting
1800 + 600 Edit

1 0800 ~ 2700 Emula te scribing
7200 + 1800 Prepare pee l coats

d) 1800 Setup dra fting task
1800 + 600 Prepare & enter marg inal data
1800 + 600 Perform rough plotting
1 800 + 600 Edit
1 800 600 Perform fina l plotting

e) 1 800 Setup draf ting task
4500 + 900 Prepare S enter marg inal da ta
1800 ± 600 Perform rough plotting
1800 + 600 EdIt
1 800 ~ 600 Perform final plo tting

f) 1800 Setup draft Ing task
1 0800 + 3600 Prepare margina l overlay

-16-
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LIST IV (Cont ’d)

EQU I PMENT
NUMERICAL TIME
DES I GNAT I ON (SECONDS) PROCEDURE

(10 - 1) a) 1200 + 300 Setup Zoom Transfer Scope
21600 

~ 
3600 CompIle

(10 - 2) a) 14400 ± 7200 Perform inspection , comp i lat ion

(Il - 1) a) 43200 ± 7200 Pe r form draf t ing
b) 1800 Setup drafting task

9000 
~ 

1800 Draft special overlay
12600 + 1 800 Perform ink lettering
7200 Prepare overlay pee l coats
5400 + 900 Inspect & edit overlay

c) 1800 Setup drafting task
25200 + 3600 Draft special overlay
12600 ± 1 800 Perform ink lettering
1 0800 + 3600 Prepare overlay peel coats
9000 + 1 800 Inspect & edit overlay

d) 1 800 Setup drafting task
9000 ± 1 800 Draft special overlay
7200 Perform ink lettering
5400 + 900 Inspect & edit overlay

e) 1800 Setup drafting task
25200 + 3600 Draft special overlay
1 0800 ± 3600 Perform ink lettering
9000 + 1 800 Inspect & edit overlay

f) 1800 Setup drafting task
1 4400 + 7200 Prepare margina l overlay

(12 - 1) a) 450 + 150 Expose film
120 + 60 Expose film (additional exposures)

(12 - 2) a) 360 + 60 Process film

(12 — 3) a) 1 800 
~ 
600 Plo t control points

1 800 
~ 
600 Rectify photo

(12 - 4) a) 1800 
~ 
600 Plot contro l Doints

1800 + 600 Rectify photo

(12 - 5) a) 180 + 60 Inspect photo

(12 - 6) a) 360 + 60 Process film

(13 - 1) a) 900 ± 300 Setup S calibrate on known points
900 + 300 Determine fIrst point coord i nates
480 + 120 Determine additional coordinates

(13 - 2) a) 180 + 60 Tabulate point coordinates

— 17-
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LIST IV (Cont ’d)

E Q UIP MENT
NUMERICAL TIME
DE S I GNAT I ON (SECOND S) PR OCEDURE

(14 - I) a) 14400 + 3600 Assemble uncontrolled mosaic
b) 28800 ± 5400 Assemble controlled mosaic
c) 21600 

~ 
3600 Assemble semicontrolled mosaic

(15 - I) a) 180 + 30 Perform wrapp ing

(15 - 2) a) 240 + 60 Perform binding

(15 - 3) a) 120 + 30 Perform cutting operation

(16 - I )  a) 1200 + 300 Perform frame inspection
b) 5400 ± 1800 Assemble mosaic

(16 - 2) a) 1500 + 300 Register frame

(17 - 1) a) 360 + 60 Process sheet

(17 - 2) a) 300 .~~~ 
60 Check sheet

(17 - 3) a) 120 ± 30 Perform inspection

(17 - 4) a) 180 
~ 

60 Expose f i lm

(17 - 5) a) 600 + 30 Process frame

(17 - 6) a) 300 + 60 Expose plate

(18 - 1) a) 300 ± 60 Expose plate

(18 - 2) a) 600 + 300 Process plate

(18 - 3) a) 120 ± 30 Finish plate

(18 - 4) a) 120 + 30 Perform inspect i on

(19 - 1) a) 2250 + 450 Expose f i lm (no f i l ter)
600 Add itiona ’ exposures (no filter)b) 7200 Expose f i lm  ( f ilte r )
3600 Additiona l exposures (filter)

(19 - 2) a) 600 + 300 Process frame

(20 - I) a) 2700 + 900 Setup offset press
I Tper copy) Print specified number of copies

2700 ± 900 Dry printed products

-18-
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LIST IV (Cont ’d)

EQU I PMENT
NUMERICAL TIM E
DESIGNAT ION (SECONDS ) PROCEDURE

(21 - 1) a) 2700 + 900 Setup of fset  press
I Tper copy) Print specified numbe r of copies

2700 + 900 Dry pr inted products

(22 - 1) a) 2700 + 900 Setup of fset  press
I Tper copy) Pr int  spec i f ied numbe r of copies

2700 ± 900 Dry printed products

(23 - 1) a) 2700 + 900 Setup of fset press
1 Tper copy) Print specified number of copies

2700 ± 900 Dry pr inted products

(24 - 1) a) 10800 ± 3600 Trave l to survey s i t e
21600 ± 7200 Pe r form survey
1 0800 ± 3600 Trave l from s u rvey si t e

-19- 
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3.2 Product List and Percentages

The product l i s t  catalogs the products which can be p roduced by
the ISS In thIs simulation . This l ist Is the result of careful study

of the DMA L i s t  of Approved Products and of consul tat ion w i t h  ETL.

Along w ith the l is ted produc t s are thei r percen tages of occurre nce.
The percentage of occurrence for a produc t coincides with the expected

user demand for that product.

The produc t list used in this simulation includes some changes

in produc t description s and percentages of occurrence made by ETL . The

fo l low i ng is the product list used in the simulation of the June 1978

ISS con f i guration .

-20-
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PER CENT
PRODUCT - PRIMARY CATEGORY OCCURRENCE

(I) Car tographic Products -

Single Leve l 50

(2) Car~ographi c Products -

Multi-Leve l 20

(3 ) Photographic Products -

S i ngl e Leve l 10

• ( 4) Photographic Products -

Mu l t i — L e v e l 5

(5) Verba l Information -

and/or Explanation 7

(6) Textua l In forma ti on - 5

(7) Bound Vo l ume Information -

(8) Special Print Request - 2

~
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PRODUCT - PRIMARY CATEGORY #1

Cartographic Products - Sing le Leve l

Per Cent Assoc ia ted
Product - Secondary Category Occurrence A t t r i b u t e s

(1)  Standard Map - 70 A ,B ,C

(2) Overpr inted Standard Map -

Us ing over lay from SRD 3 A ,C ,D

(3) Overprinted Standard Map -

Using overlay f rom MGI 10 A ,C ,D

(4) Overprinted Standard Map -

Us i ng special MGI overlay

(ie. Helicopter Landing

Zones) 5 A ,C ,D

(5) Overpr inted Standara Map -

Using special MGI overlay

(ie. Cross Country Move-

ment) 3 A ,C ,D

(6) Non-Standard Map - scale

change & se l ec t i ve
o m i s s i on ( i e .  contours

omi t ted)  7 A ,C ,D

(7) Standard Map - with selec-

tive omissions us i ng

overpr in t  with MGI .Sub-

dued base one ove r la y

S MGI da ta 2 A .C ,D

_____
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PRODUCT - PRIMARY CATEGORY #2

Car tographic Produc ts - Mul t i -Leve l

Per Cent Assoc iated
Product - Secondary Category Occurrence Attributes

( I )  Standard Map - S ing le ove r lay

ob ta i ned fro m SRD 5 A ,C ,D

(2) Standard Map - Sing le over lay

comp i led in MGI 10 A ,C ,D

(3 ) S tandard Map - Four fac tor

overlays obtained from SRD

& i n te rp re ta t ion  performed

in MGI 50 A ,C ,D

(4) S t a n d a r d  Map - Four fac tor
overlays ob ta ined from SRD ,

interpretation performed in

MGI , & cartographic enhance-

ment in CR 15 A ,C ,D

(5) St a n d a r d  Map - With special

MGI over lay ( e .  Hel icopter

Land ing Zones) 8 A ,C ,D

(6) St a n d a r d  Map - W it h speci a l
MGI overlay ( ie. Cross

Coun try Movement) 2 A ,C ,D

(7) Non-Standard Map - Scale change ,

MGI ove r lay w i th  information ,
& compila t ion in CR 10 A ,C ,D

I
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PRODUCT - PRIMARY CATEGORY #3

Photographic Product s - Sing le Leve l

Per Cen t Associated
Product - Secondary Category Occurrence Attributes

(1) Standard Photos - Us ing

unrectif led frame photo-

graphs (9”x9” format) 8 A ,C ,D

(2) Standard Photos - Us ing

unrec t i f ied 3” panoram ic
photographs 2 A ,C ,D

(3) Uncontrolled Photomosaic -

Standard map size using

9”x9” frame photog raphy 10 A ,C ,D,E

~4) Semi-Controlled Mosaic -

Con t ro lled photo mosaic
of a s tandard map area

us ing frame photography 20 A ,C ,D,E

(5) Photomap - S tandard map
size using 9”x9” frame

photography 10 A ,C ,D,E

(6) Spec ia l Enlarged Photo -

Photographically annotated

with information from MGI 10 A ,C ,D

(7) Photos with control points -

Manually annota ted hori-

zonta l control points ,

9”x9” format includ i ng

APP S posItIon coord i nates 30 A ,C ,D

(90% APP S, 10% SURVEY)

I______________ _____ 
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(8) Photos wi th con t rol po i nts -

Annotated horizontal

contro l points , 9”x9”
for~nat inc l uding APPS

pos it ion coordinates,

also w it h MGI anno ta ti on 9 A ,C ,D

(9) Uncontrolled Photomosaic -

Us i ng unrectified pano-

ramic photos 1 A ,C ,D,E

J

I
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PRO DUCT - PRIMARY CATEGORY #4

Photographic Products - Mult i -Leve l

Per Cent Associa ted
Product - Secondary Category Occurrence Attributes

(1) Standard Photo Map —

S i ngl e overlay obtained
from SRD 20 A ,C ,D

(2) Standard Pho to Map -

Single overlay obtained

from MGI 20 A ,C ,D

(3) Standard Photo Map -

Single over lay obta ined

from SRD & interpretation

per formed in MGI 20 A ,C ,D

4 (4) Standard Photo Map -

Sing le overlay obtained

from SRD & two overlays
from MGI 10 A ,C ,D

(5) Standard Photo Map -

S i ngl e overlay ob tained
from SRD , two ove r l ays

obta ined from MGI & inter-
pretat ion performed by MGI 10 A ,C ,D

(6) Non-Standard Photo Map -

Us Ing overlay information

obtained from MGI & draf tIng

performed by CR 10 A ,C ,D

t

-26- 
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(7) Standard Photo Map -

Us ing overlay Infor-

mat lon obtained from

MGI S drafting per-

formed by CR 10 A I C I D

—2 7-
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PRODUCT - PRIMARY CATEGORY #5

Verbal Informa ti on and/or Exp lana t ion

ThIs category Is slightly diffe rent than those previously

mentioned . This category was designeo to simulate an activity that

would occur In the Ope rations Module. Namely, the distribution of

verba l info rmation to a “custome r”.

S in ce the s tandard ana lys i s of conversa ti on lengt h has been
-‘ found to be well represented by an exponen tial distribution , we have

se lected such a d i s t r i bu t i on  w i t h  a mean va lue of 25 mInutes to re-
present the transmission of information verbally.

It~

-28-
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PRODUCT - PRIMARY CATEGORY #6

Textua l Information

Per Cent Associated
Produc t - Secondary Category Occurrence A t t r ibu tes

(I) Standard Bulletin -

Re t rieved from MGI
Informa tion 50 A ,B ,C

(2) Standard Trig. List — 20 A ,B ,C

(3) Special Report -

Special 5-page report

prepa red by MGI 30 C ,D

4

‘~i
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PRODU CT - PRIMARY CATEGORY # 7

Bound Vo l ume Information

Per Cent Associated
Produc t - Secondary Category Occurrence Attributes

(1) Standard Maps - reduce
scale , 8~”xl l” format 5 A ,C ,D

(2) S tandard Maps - reduce

scale , 8~”x l l”  forma t ,

4 Including point pos i-

tion detail and tri g.

lists 20 A ,C ,D

(3) S tandard Maps - red uce
~4 .

• scale , B~’’x l l”  format ,
special purpose over-

lay and text from MGI 75 A ,C ,D

-30- 
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PRODUCT - PRIMARY CATEGORY #8

Specia l Print Request

Per Cen t Assoc i ated
Product - Secondary Category Occurrence At t r ibu tes

(1) Standard Map - Produce

1 000 copies of a map

using reproma t from

SRD 20 C

(2) Standard Map - Produce

1000 copies of a map
with revisions 80 C

-3 1- 
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3 .3 Procedure L is ts

The procedure l i s t s  describe the step-by-step process that each
product request must follow in order to become a finished product. In

the procedure lIsts , each step of the production process Is represented

by a piece of equ i pment and a description of how the equipment was
utilized. Thus, after entering the TSS, a produc t request is routed

1.. along the productIon path , predetermined by the equipment assi gnments

tha t are specified by the procedure lists.

The procedure lists for this simulation are contained In Appendix A.

9

S
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4.0 Results

This section will concentrate on report ing the results of the simu-

lation of the June 1978 TSS confi gurat ion . In addi t ion , however , some

comparisons w i t h  previously simulated conf igurat ions are included for

comparison purposes.

In interpreting these results , it is i mportant to keep in mind the

underlying assumptions , which are desc r ibed in detail in Reference 1 .

Perhaps the most i mportant of these is that the TSS is simulated operating

• In a European “SCORES” environment. This is very intense , short duration ,

combat. In a peacetime situat ion , or , in a longer duration , less intense

•1 
combat situation , the results might differ.

4.1 Overall Results

The June 1978 confi guration of the TSS was simulated under three

sets of conditions , as follows :

1. 3 requests/hour , IEET , T.O.E.

2. 2 requests/hour , IEET , T.0.E.

3. 3 requests/hour , 33% reduction in personne l

The results are presented in Table 4-1. The columns labe l ed “C-I” ,

“C-V’, and “C-3” correspond to the three conditions listed above . The

1-8 row entries are the Primary Product categories , and the entries for

each col umn show the number of requests rece i ved during 144 hours (“IN”),

the number completed by 144 hours (“OUT”), and the percent completed (%).

The last row shows the total throughput , in terms of requests rece i ved

versus those completed in 144 hours.

-33- j
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TABLE 4-I

JUNE 1978 CONFIGURAT I ON SYSTEM THROUGHPUT

VRS : C-I VRS : C-2 VRS : C-3

IN OUT 0/0 IN OUT 0/0 IN OUT 0/0

- I 236 186 78.8 149 130 87.25 235 183 77 .87

2 89 63 70.8 50 44 88.00 89 63 70.79

3 33 14 42.4 18 13 72.22 34 15 44.12

4 22 14 63.6 13 12 92.31 22 15 68.18

5 23 23 100 16 16 1 00 23 23 100

6 22 14 63.6 1 1 10 90.91 22 15 68.18

7 2 0 0 2 0 0 2 0 0

8 9 3 33 .3 7 3 42.86 9 4 44.44

T 436 3 1 7 72.7 266 228 85.7 1 436 3 1 8 72 .94

L

I 
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A comparison of C-l with C-3 shows that a 33% reduction in total

operating technical personne l , from 131 to 68 persons , did not change

total throughput. The reduction was based on the assumption tha t all

personnel within a Module are cross-tra i ned on all equipment in the

Module. One person was then assigned to each major equipment. Table

4-2 indicates where the reductions in staff were made.

TABLE 4—2

REDUCT I ON IN OPERAT I ONAL, TECHN I CAL PERSONNEL

T.O.E. (JUNE 1978) REDUCED PER
PERSONNEL MODULES ASSUMPT I ONS REDUCTION

Distribut i on 3 2 — l

Storage/Retrieva l 5 3 -2

Informa ti on 6 2 -4

Collection 6 1 -5

Analysis 6 4 -2

Synthesis 6 5 -l

Draft ing Support 6 4 -2

• Compila tion 6 x 2 4 x 2 -2

Mosaic i ng 6 x 3  4 x 3  -2

Rectifier I 6 x 2 4 x 2 -2

Rectifier II 6 x 2 3 x 2 -3

Mosaicing 6 x 2 4 x 2 -2

Finishing 4 2 -2

Map Layout 6 4 -2

PhotomechanIca l 5 4 -l

- ,a 
-
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TABLE 4-2 (Cont ’d)

T.0.E. (JUNE 1978) REDUCED PER
PERSONNEL MODULES ASSUMPT I ONS REDUCTION

Pla te Processing 5 4 -l

Camera 4 2 -2

Press 3 x 4  3 -

Survey 6 6 -

Si nce one person per equipment had bee n used , it is appa rent that

further personne l reductions would result in decreased throughput , the re-
fore , no furthe r reductions were simulated.

Returning to Table 4- 1 , a comparison of C-l with C-2 indicates that

the percentage of completed products rose from approx imately 73% at an

input rate of three per hour to approx imately 86% at a rate of two requests

per hour.

The Average Residence Time within the TSS was then calculated. Then ,

starting from the 144 hour “sna psho t” and working backwards in time , the

last input request to arrive at the TSS , wh i ch co u ld poss ib ly  have been
comp leted , was determ ined. As it happened , at 144-16 hours , or , at

approximate ly the 128th simulated hour , a Prima ry Product Category 3 was

requested . This product could have been completed (Mean Residence Time)

in approximately 13 hours. No subsequent request could possibl y have been

completed , since the requests simply arrived too close in time to 144 hours.

From this , the maximum percentage of requests which could possibly

have been completed was calculated. This calculation resulted in f i nding
that 90% of all requests which were rece i ved in 144 hours could have been

completed in 144 hours.

_ _ _ _ _ _ _  
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The actua l percentage of completed products , 86% , can then be com-

pared with the maximum possible , of 90% , to ge t an absolu te measu re of
system throughput efficiency. System Efficiency Is:

— 94. 6%

which is very Impressive performance . For this reason , request rate was

not furthe r reduced.

4.2 System Capacity

Since the total Module count was up to 314 Modules , a detailed analysis

was carried out , looking not only for undercapacity, which was perdom inant

in the simulations described in Reference 1 , bu t also , loca tions of over-

capacity. These results are all based on an input rate of three requests

per hour.

4.2.1 Unde rcapacity

The only really si gnificant area of undercapacity was found to be

the Copy Camera in the Camera Module. Desp i te  the fact that the Produc t

L i s t and some Proced u res we re changed , the Copy Camera had a ut ilization

of a lmost 80%, and a queue of 27 jobs at the end of 144 hours. This corn-

pares with a utilization of 95% and a queue of 21 jobs in the orig inal

January 1978 TSS configuration . The decreased u t i l i za t i on  is due to the
changes in Product List  and Procedures , while the increased queue is due

to the more rapid prior processIng of requests , which res u l ts in them
getting to the Copy Camera earlier.

The result w i th  the Copy Camera has been consistant throughout a l l
TSS s im ula ti ons run. In light of this , it is difficult to interpre t the

IEET ’s recomendation to utilize only one Copy Camera. One user stated

that , if his “back was against the wall” he would neve r use the Copy Camera ,

but , instead , prov i de alternate Products which would not require its use.

If this could be generalized to the user community, it is possible that ,

based on prior experience , a “fall back” position has been adpoted by the

—37-



IEET as the desi gn cr i terion , rather than an attemp t to alleviate a

problem.

The othe r two areas of undercapacity are , for pract ical purposes ,
insigni f icant .  In the Draft ing Module , t he u t i l i za t i on  of the draf t ing

tables is high , almost 64%, but wi th a queue of only six jobs, I t is not

creating any bottlenecks. Furthe rmore , an intelli gent Supervisor wou ld
probably route some of these jobs to the Mosaicking Modules in CR , wh i ch

• are somewhat underutilized , probably e l i m ina ti ng any queue.

F i nal ly , in Map Layout , an additional Pin Reg is ter Board would
a l l ev ia te  a queue , wh ich contains only a few jobs , but wh ich , due to
it s long time dura t ion , adversly affec ts Press operations.

- - Le.2.2 Overcapacity

Based on the assumption of the SCORES scenario , considerable over-

capacity was found . It Is emphasized that this overcapacity may be de-

• sireable in a peacetime operation . For example , in MGI , there is a Diazo

mach i ne n each of the Analysis , Synthesis and Information Modules. All

are underutil i zed. However , i n a peace t ime opera t ion , these Modu les m ight

conce i vably be so distant from one another as to make sharing inconven i ent ,

if not i mpossible. Considerations of this type should be kept in mind in

eva luat ing the fol lowing resul ts.

Table 4-3 lists overcapacity by equipments.

TABLE 4-3

OVERCAPAC I TY - JUNE 1978 TSS CONFIGURAT I ON

NUMBER UTILIZAT ION (%)

ANALYSIS
Photolnterpretive Desk 2 6.5

Stereoscope 2 3.2

- — 
-• .
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TABLE 4-3 (Cont’d)

NUMBER UTILIZAT ION (%)

COMP ILAT ION
Zoom Transfer Scope 6 5.6

Tracing Table 8 3.3

RECTIFIER I
• Prin ter/Enlarge r 2 13.2

Au tomatic Film Processor 2 29.6

Frame Rectifier 2 16.4

• Trac ing Table 2 0.6

RECTIFIER II
APPS 2 25.0

Tracing Table Ii 0.8

MOSAICKING (IBP)

Tracing Table 8 11. 7

MAP LAYOUT

Litho Layout Table 14 3 3

PHOTOMECHA N I CAL
Litho Layout Table 2 0.7

Litho Processing Sink 2 8.7

PLATE PROCESS IUG
Litho Processing Sink 2 9.5
Plate FInishIng Table 2 1.9

PRESS - IV
Press 1 12.2

.. . .__i__ ___
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Recomendatlons w i th  respect to the above instances of under- and
overcapac i ty w i l l  be found in Section 5 of this report.

4.3 Comparison wi th Previous Simulations

Table 4-4 presents a comparIson of the June 1978 TSS confi gura ti on
with confi gura tions previously simulated and reported upon in Reference 1.

Al l  confi gura tions were simulated at a rate of three requests per hour.

Vers ion C-I is the June 1978 configuration and has a total throughput of

72.7% of all requests in a 144 hour period .

Version A- I is the January 1978 configuration with a total of 26

Modules. Vers ion A—2 Includes 29 Modules , doubl i ng Draf t ing , Rec ti f ier  I
and Camera.

Version B-I is the Decilog modifi ed configuration , introducing p roduct

orientation in certain photographic processes and contin uing 29 Modules.

Vers ion B—2 substitutes an Interacti ve Graphics System for one Drafting

Module and adds an Analy tica l Stereopiotter to the Orthophoto Module ,

continuing with 29 Modules. The reduced throughput of Vers i on B-2 with

respect to B-I is directly attributabl e to the assumption that a dig ital

data base would not be available for the Interactive Graphics.

Clear ly ,  the C— l version is superior to all others , but at a cost of

five additiona l Modules. Table 14-5 shows the relative improvement of the

va r ious confi gurations si mulated at the rate of three requests per hour.

It can be seen tha t the June 1978 configuration shows an imp rovement

of 23.75% over the Dcci log—modified confi gura t ion wi th some sl i ght pro-

duc t orienta ti on, at a cost of five additiona l Modules. Since the Dcci-

log modified vers ion shows an increase of almost 18% over the ori g inal
conf i gura t ion , augumented to 29 Modules , wi th no increase in Module count ,
it is possible that product or ientat ion is a higher payoff direction than

merely increasing Modules in a process-orien ted direction .
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5.0 Concl us i ons and Recommendations

Based both on the results of the simulations conducted on both the

January 1978 confi guration and its reconfi gura t ions , and also the simu-
la tions of the June 1978 confi guratIon , the fol low ing concl usions and
recommenda t ions are offe red :

I. The June 1978 TSS configuration can be considered a quick-

react ion system at an input rate of two requests per hour.

2. I t is probable that a product-oriented confi gura t ion , ra ther
than the current process-or iented conf igurat ion, w i l l  resul t

in a reduced Module Count, reduced vulnerability, lower cos t ,

greater f lex i bi l it y in dep loyment and increased e f f i c i e n c y .

3. The technical , opera t ion s taff i ng from the June 1978 IEET changes

to the T.O .E. can be reduced by 33% without effecting throughput

eff iciency.

4. An addit ional Copy Camera should be added to the TSS .

5. An add i tiona l P i n Reg ister Board should be added to Map Layout.

6. Many of the Modules w i l l  be qui te crowded with equipment and

personne l, the re fore , every attempt to reduce equipment which

represents overcapacity should be made . These include (with
comments):

a ) Up to two Diazo Machines in MGI i f it is reasonable to
move from Module to Module to sha re a common machine .

b) One Photointerpretive Desk and Stereoscope from Analysis

Module.
c ) One Zoom Transfe r Scope from each Compi lat ion Module.
d) Two Tracing Tables from each Compilation Module. 
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e) One Printer /Enlarger f rom one of two Rect i f ie r  I Modules.
f) One Fram’- Rect i f ier  from one of two Rect i f ie r  I Modules.
g) One Tracing Table from one of two Rectifier I Modules.*

h) One Trac i ng Tabl e each from both Rectifier II Modules .

I) Two Tracing Tables each from both Mosaicing Modules (IBP).

j) Two Litho Layout Tables from Map Layout Module.

k) One Litho Layout Table and one Litho ProcessIng S i nk f rom
Photomechanica l Module.

I) One Plate Finishing Table and one Litho Processing Sink

from Plate Processing Machine .
m) One Press Module , unless it is desirable from a re l iab i l i t y

standpoint.

7. Since the TSS must support many roles (eg. short-term , high

intensi ty combat , longer term , lower intensity combat , and

peacetime functioning) the tool of simulation should be Lt ili zed ,

not only for pseudo-optimizing the system desi gn for one role ,

but also for maximizing the flexibility i nherent in modular ity .

* NOTE : I tems e) through g) reflect the l ayout of a Module and

then mere doubling of the Module. Equi pment could be
more log ically grouped .
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