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- whether or not the TSS had over or unde r capacity
- to locate tbott lenecks”, (if any), i n the TSS

which restric t produc t io n flow
- to recommend solutions to problems , if any were

detected.

A discrete even ts System Simulation Model was utilized as the
analysis tool. The language is one that is commonly used in the
analysis of large—scale assemb l y and production facilities , wa re-
hous i ng ope rations , etc. -

A ‘~scenar i o~’, consis ting of 39 different product requests ,
together with their frequency of occurrence , priority, number of
or i ginals and final copies , etc., was genera ted. These produc t
requests were entered i n to the TSS at the rate of three per hour
for a 144-hour period , both to simulate the hi gh intensity combat
environme nt and also to stress the system .~~

The ISS confi guration , as of January 1978 , was s imulated
utilizing the CDC 6600 computer. Under capacity was found in
Drafting and throughput problems were found in the production
of products which utilize aerial imagery. Draftin g capacity was
then doub l ed , and the under capac i ty was eliminated. Doubling of
two other Modules , Conta ining photo processing type equipments ,
improved throughput considerably, but did not resui t in achieving
adequate production rates.

Upon detailed examination of the resu lts , it became apparent
that the prob l em with Image Based Products resulted from inter-
media te products recycling through the same equ i pments. Often
these equip men ts were l ocated i n diffe rent Modules , further in-
creas i ng dela ys.

Minor modifications were made to four Modules , in some cases ,
adding equipments , in other cases , merely moving equipments. Simu-
lating th is confi guration , the production of the Image Based Pro-
duc ts imp roved ma r k e d l y , but throughput rema i ned unacceptable.

Finally, an Interactive Graphics System was substituted for one
of the d raftin g modules , an Analy tica l Stereoplotter Module was
added , and the s i mula ti on , again , re—run. The Interactive Graphics
had no si gn ificant effect on drafting production. Anal ysis revealed
that this was a result of the assumption made that the TSS would not
be prov i ded w it h a d i g it al da ta base.

The Analy tica l Stereoplotter significantly increased the Pro-
duction Rate of the TSS.

Al though the simulations were equipment-oriented , de ta i led
ana l ysis of the data ind i cated that some of the remaining problems
mi gh t be due to personne l d i st r i bu ti ons and proced ures. The J uly
1978 configuration of the ISS wi l l  be simulated in a mode l wh i ch
wi l l  allo w re—distribution of personnel. The results of these simu-
la tions should show an improvement in throughput.

Un~ las sif l ed
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I t is concluded tha t the TSS , as currentl y confi gured , can
meet some quick response requests. With major reconfi gura t ion ,
wh i ch would make the TSS product-oriented , it should be able to
meet all requests in less than 48 hours in an intense combat en—
viron ment.

I
C

~t ~:. 
2 - - - - 

-
• ~

- 

. 
1

~~~ ~~Unc1assi4e~~~



TABLE OF CONTENTS

PAGE

1.0 Management Ove rv i ew

2.0 Summary 3

2.1 The TSS 3

2.2 In puts to System Analysis 4

2.3 The System Analysis 6

2.4 Resul ts 7

3.0 TSS Procedures and Flow 10

3.1 Data Gathering 10

3.2 TSS Produc tion Assumptions 14

3.3 Production List 18

3.4 Ana lysis of Image Based- Product

Requirements in the ISS 32 F

4.0 System Simulation Study 37
I

4.1 Simulation - Basic Concepts 37

4.2 Generalized System Model 42

4.3 System Mode l Imp l ementation 46

I

5.0 Concl usions & Recommendations 68

5.1 January , 1978 T.D.P. Si mulation 68

5.2 Modified January , 1978 T.D.P. Configuration 70

5.3 Version “B” TSS Con fi gura tion 73

5.4 Vers ion “B” w ith IGS and ASP 75

5.5 Overall Compar i son of Systems Simulated 78

5.6 Recommendations 78

~ 

~~~~~~~~~~ 
.-——

~~~—---



•‘1
1. 0 Management Overvie w

The Topographic Support System (iSs) is intended to suppl y a l l  of

the Army ’ s requirements for topographic and military geographic infor-

ma ti on dur i ng a shor t , high intensity combat situation . The purpose of

the System Analysis , which i s describe d in th i s repor t , was to determ i ne :

- whethe r or not the 155 had over or under capacity

— to loca te “bottlenecks”, (if any), i n the ISS
which res tr ic t produc t ion f low

- to recommend solutions to prob l ems , i f any

we re de tec ted.

A d iscrete events System Simulation Model was utilized as the analysis

tool. The language is one that is commonly used in the analysis of large-

scale assembly and p roduction facil ities , warehousing operations , e tc.

A “scenar i o”, consisting of 39 different product requests , together

w ith the ir frequency of occurrence , priority , numbe r of o ri g inals  and
f i nal cop i es , etc., was generated. These product requests were entered

into the TSS at the rate of three per hour for a 144-hour period , bo th

to simulate the hi gh intensity combat environment and also to stress the

system.

The TSS confi gurat ion , as of January 1 978, was simulated uti l i z i n g

the CDC 6600 computer. Under capacity was found in Drafting and through—

put problems were found in the production of products which utilize aerial

imagery . Drafting capacity was then doubled , and the under capacity was

el iminated . Doubling of two othe r Modules , containing photo processing

type equipments , imp roved throug hput cons i derably , but did not result in

ach ieving adequate production rates.

Upon detailed examinat ion of the results , it became apparent that the

problem ~~th Inage Based Prod ucts resulted from intermediate products re-

cyc l ing through the same equipments. Often these equipments were located

in d i ffere nt Modules , fur ther i ncreas i ng de lays.
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Minor modifications were made to four Modules , i n some cases , adding

equi pments, in other cases , merely moving equipments. Simulating this

conf i gura t ion , the product ion of the Image Based Products imp roved markedly,

but throughput rema i ned unacceptable.

Fi nal l y, an Interactive Graphics System was substituted for one of

the dra ft ing modules , an Ana l yt ica l Stereoplo tt er Module was added , and

the simulation , aga i n , re-run . The In teractive Graphics had no si gnifi-

cant effect on drafting p roduction . Ana l ysis revea l ed that this was a re-

su l t of the assumpt ion made that the TSS would not be prov i ded wit h a dig i-

tal data base .

The Analy t ica l Stereop lo tter s i gn i f i can t ly i nc reased the Produc t ion

Rate of the TSS.

Although the simulations were equipment-or iented , deta iled analysis

of the data indicated tha t some of the remaining problems mi ght be due to

personnel distributions and p rocedures. The Jul y 1978 conFi guration of

the TSS wi l l  be simulated in a model which w i l l  allow re-dis tr ibution of

personnel. The results of these simulations should show an imp rovement

in throughput.

I t is concluded that the TSS as cur ren t ly confi gured can meet some

quick response requests. With major reconfi guration , which would make the

ISS product-oriented , it should be able to meet all requests in less than

48 hours in an intense comba t environment.
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2.0 Summa ry

2.1 The ISS

The TSS was defined as a rapid response combat support system, con-

sis t ing of the following subsystems :

- Operations wh i ch w i l l  provide the administrative and operationa l

management of TSS. It w i l l  also be the entry and delivery point

for all requests.

- The Storage , Retrieva l and Distribu tion (SRD) Subsystem wi l l  house

the data bank of genera l and special purpose topographic information .

SRD w i l l also maintain a stockpile of finished p roducts for distri-

bution . The remaining five subsystems are operational elements

which wi l l  perform specific functions of topographic data production .

P

- The Reproduction Subsystem (REPRO) wi l l  ‘reproduce the outputs in

the volume required by the user. It w i l l  also reprint the stocked

products wh i ch become depleted.

- The Cartographic Revision (CR) Subsystem wi l l  convert the manu

scripts prepared by other subsystems into reproducible form . New

da ta for updating the graphics in the data bank w i l l  be delivered

to CR for incorporation into manuscripts or reproduction materials.

- The Survey Subsystem (SURVEY) wi l l  acquire and store coordinate

and azimu th va l ues for contro l points required for topographic

support. It will also have the capability to determine coordinates

for specific poi nts identified by users.

- The Image Base Products (IBP) subsystem wi l l  perform all photo-

graph ic processing and transformations required. This includes

different ial and frame rectification , mosa icking and scale changes

as well as rout i ne photographic reproduction .

— 3—
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- The Military Geographic Information (MGI) Subsystem wi l l  be the

storehouse and center for ana lysis and synthesis for the terra in

intelligence aspects of topographic support. The outputs w i l l

range from simple direc t answers to specif i c quest ions through

graphic representations of terrain conditions to f~ill analyses

of terrain for specified military operations.

Each subsystem consists of one or more vans (Modules) for a total of

23 Modules in the January , 1 978 TSS configuration which was analyzed.

2.2 In puts to System Analysis

As will be discussed be l ow, a General Purpose Simulation System

(GPSS ~i) computer model was used for the System Anal ysi s. I n order to

utilize this tool , i t was necessary to:

— Deve l op a list of Products and Services to be p roduced by the

TSS.

- Manually prepare flow diagrams of each step per formed in order

to produce the Product or Serv i ce.

- Determine the Mean time required to complete each step i n  the

process and variab i li ty of tha t t i me.

The follo wing paragraphs summarize these activities.

2.2.1 Product List

A rev iew of the Defense Map pi ng Agency Approved List of Products and

Serv ices revealed the genera l types of output which should be expected from

the TSS. It was then necessary to prepare a l ist of specific products and

serv i ces. By preparing lists of Primary and Secondary categories of re-

ques t type , a l ist of 39 different requests was generated.

Based not only on past experience , bu t also on the TSS capab ilities ,

a fixed percentage of each request was then generated. For example , Pri-

-4-
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mary Category 1 , “Cartograph ic Products - Sing le Level” , occurs 5O~ of all.

requests, and , wi thin that Prima ry Category , “Overpr inted Standard Map” -

using overlay from MGI occurs 2~ of the 5O~ or l~ of the total requests.

The en tire Product List is presented in Section 3.2.2 of this report.

The product list was reviewed by many cartographic and user experts.

No one was able to suggest a better list , however , the percentage of re-

quests for Rep rin ts of Standard Maps was controvers i al.

2.2.2 Product At trib utes

All p roducts were assi gned attributes , such as Priority, Number of

Ori g inals required to produce product , Number of Copi es of Product required ,

etc. Associated with each attribute is a frequency of occurrence . By

taking all combinations of the 39 requests and the ir attributes over 20,000

d i fferent specific requests could occur.

The attribute list was also reviewed by many experts , and no fault ‘

found.

2.2.3 Manua l Flow Diagrams

For each of the 39 products , manua l flow charts were prepared showing

each and every step necessary to produce a product or serv i ce. The flow H

charts for all products occupy 76 pages. These flow charts and times for two

TSS configurations simulated are conta i ned in Appendices A through G.*

2.2.4 Task Tim i~ g

For each task requ i red i n the produc ti on of all p roducts , accurate

time-to—complete information was necessary. For many mundane tasks , such

as setting up a press and printing maps accurate informa tion was readil y

available from sources such as the Defense Mapping School .  Howeve r , for

many tasks of i mportance to the TSS , part icularl y in the MG I area , there

was great variance in the op inion of experts in the times required. For

* Interested readers may obtain copies of all Append i ces from the
Enginee r Topograph ic Laboratories , A ttn: LJSAETL-TD—SC.

L -5-
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th i s reaso n , detailed definitions of such tasks were developed , and a great

many sources were contacted in an attempt to obtain a concensus. In this

way, ti mes were fi na ll y develo ped and rev i ewed by personne l in a wi de range

of agenc ies. The concensus time s were found acceptable by all , and were

utilized in the simulation .

Because of the great care devoted to ti. .~ develo pment of accura te

timing information , there is no doubt that the times used in the simulation

are valid estimates of the rea l world times .

2.3 The System Ana l ys i s

The Sys tem Analysis was accomplished by means of a computer-based

d i scre te system model. The spec i fic s i mu la ti on la nguage used was the

General Purpose Simulation System (GPSS V). This system is desi gned to

develop statistics on utilization of equipment and personne l , le ng ths of

times required to produce products , lengths of times spent waiting for

available equipmen t , etc. It is frequentl y used to determine the numbe r

of equipments need in manufacturing, assembly or warehousing operations.

The model is described in detail in Section 4 of this report. The

follo w in g , howeve r , illustrates the s’~,stem model capabilities. In the

simulations reported herein , one of the 39 requests was chosen , utilizing

one random numbe r genera tor to selec t a Pr im ary Ca tegory, and a second to

select the Secondary Category. That request then entered the Operations

Module for processing . Based upon the request category and attr ibutes ,

a Rout e Cont rol Genera tor “told” the request where to go next. For example ,

i f the reques t c o u l d  be met by mere l y retrieving a Standard Map, the re-

quest was routed to SRD.

Within each Module a similar Route Control Generator “moved” the re-

quest about. Continuing the simple example of a Standard Map , a server

in the Distribution Mooule would utilize the Ro l odex file for a time sampled

from a distribution of times required to locate the required map. Having

found the location , another distribution of times would be used to deter—

mine the length of time required to retrieve it , etc. The time s required ,

of course , are modu la ted by the a tt ribu tes , such as numbe r of or i g ina ls , etc.

-6-
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If a request arrived in Distribution while all personne l were otherw i se

occup ied , or , for examp le , the Ro l odex was be ing used , the request would

have to wait in a queue . Whenever a queue deve l oped , the hi ghest priority

requests took precedence in line to the high priority , wh i ch , in turn ,

went ahead of the norma l priority.

The example of a retrieva l of a Standard Map is , of course , simplistic.

In the p roduction of more complicated products , very much longer time s are

required , as , for examp le , in cartographically enhancing MG I . It is obvious

tha t any “bottlenecks ” in the ISS would be detected where hi gh queues

develo~ed in any area , Drafting, for example.

Because the ISS was built up from an overall model of it , down to the

models of the Modules and then to models of the individua l equipments , it

is completely flexible. That is , where any queue deve l oped , capacity could

be added , and the simulation run again until the problem was solved. This

is how recommendatior.s were developed to solve prob l ems of undercapacity.

2.4 Res ults

The TSS configuration as of January 1978 was simulated at a request

rate of three per hour. Two twe l ve—hour shifts were simulated for 144 hours

or six days. Two areas of undercapacity were detected. One was the Draft-

ing Module , while the other invo l ved severa l modules used in the production

of Image Based Products comb i ned with the preparation of Synthesized MGI.

A t the end of 144 hours , Drafting had completed only 11 jobs , averag ing

18.5 hours per job. There was a queue of 21 jobs waiting for drafting. The

simulation was then run again with two Drafting Modules. Not unexpectedly,

22 jobs were comp le ted , each averag ing about 18.4 hours . However , the

queue was dramaticall y reduced to only 6 jobs waiting. There was , howe ver ,

underu tilization of the drafting tables in Drafting when Drafting was doubled.

Fur the r analysis revealed that this was due to understaffing in Drafting.

By i ncreasing the numbe r of draftsmen , this p roble m i s elim in ated.

— 7 -
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Average utilizations of the Light Table in Synthesis , the Automatic

F i l m Processor in Rect i f i er I , and APPS in Rec ti f i er II , the Photo Process ing

Mach i ne i n Photomechan i cal , and the Copy Camera in Camera ranged from 67 to

96~ . Queue leng ths ranged from II to 2!, except for the Copy Camera which

had a queue of 55.

Again , the s imu la t ion was then run aga i n , si mp l y  doubl in g Rec ti f i er I

and Camera , wh ich appeared to be causing the bottleneck. Although the num-

ber of comple ted products was up sharply, queue lengths did not decrease

significantly. Further analysis revealed that this was due to the re-

cycli ng of several int ermedia te products through the var ious photoprocess in g

equipments. For example , an Unco nt r o l l e d  Photomosaic  cyc les  s i x time s

through the Printer/Enlarger , the Automat ic Film Processor and the Copy

Came ra to produce negatives , wrong reading positives , positives , etc.

For this reason , a s l i gh t recon f i guration of the TSS was introduced .

One L ig ht Table was adde d to Syn thes i s ; an Automati c F i l m Processor , a

Printer/Enlarger and a Copy Camera were added to Rectifier I I ;  and a

Pr int er/Enla rger and an Automati c Film Processor were added to Camera.

It was determined that these equipments fit in the Modules.

The simulation was then run again. All queues , except the photopro-

cessing mach i ne in Photomechanica l and the Copy Camera in Camera went to

zero. The number of Single Leve l Photographic Products completed went

from zero to 38.7?~ of an Expected Value of 60~ , based on a no queue Situa-

tion .

In add iti on , the same TSS configuration was simulated , substituting

an Interactive Graphics System for one of the two Drafting Modules and

addi ng an Analytica l Stereoplotter to Orthophoto . The Interactive Graphics

d id not affect throughput. It was assumed that no di g it al da ta base was

ava i lable. If th i s ass umpt ion is i ncor rect , the In terac t ive Gra ph i cs mi ght

increase throughput. The Analytical Stereoplotter resulted in si gnificant

increases in Production .

The GPSS Report Generator Computer Output for the four configurations

si mulated are contained in Appendix H-l through H-1+ .

-8-
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I t is conc l uded that , wi th reconf i guration of equipment and personne l

above and beyond that already accomp lished , the TSS would have a quick

reaction capabil ity in a high intens ity combat situation . Additiona l

simulation should be accomplished to determine the required reconfigur-

ation .

P

i t  
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3.0 TSS Procedures and Flow

3.1 Data Gathering

Data gathering was preceding by study and discussion aimed at

“fixing ” TSS operational philosophy. This activity resulted in the

following general conclusions:

* The major port ion of TSS capac it y will l i kely be devo ted

to the preparation of special purpose MG I products;

~ To meet anticipated time constraints , a l r e a d y  ava i l a b l e

MGI factor overlays are a v ir tual necessi ty ;

* Time restrictions in the comba t environment preclude the

preparation of output products as elaborate as those pro—

duced in the peacetime base plant or garrison type environ-

ments~ and

* Since no means are provided to allow utilization of panor-

amic aerial photography in the compilation of line maps

and orthogo nal  pho togra phs , such photography w i l l  be used

s o l e l y  in the prod uc ti on of pho tomosa i cs, to the exten t

p racti cable.

Data gath- .ring i ncl uded de termi na ti on of the follow i ng :

* Procedures and p roduction flow for all anticipated TSS pro-

ducts;

* Estimates of the average time(s) to complete each manua l

func t ion , the time s expressed in either man-hours or total

hours based on the manning fig ure estabHshed for the parti-

cu lar module(s) under consideration ;

Es timates of the average mach ine and/or man/machine time(s)

as applicable to the function(s) under consideration ; and

-10-
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* Estimated equipment downtime.

3 .1 .1 Proced ures

Data gathering procedures included : personal interviews and dis-

cussions wi th recogn i zed experts in the var i ous mappi ng func t iona l areas

app licable to TSS; review of available documentati on , including pertin-

ent U. S. Army training manuals , personne l proficiency criter ia , manu-

facturer ’ s documentation and technical studies ; inspection of equipments;

and observa tion of both manua l and man/mach i ne operations. In virtually

all ins tances , the ave rage estimated times derived from these procedures ,

either individually or in comb i nation , were based upon the expert opinions

of severa l in d i v i duals.

In the areas of map compilation and special purpose MG I product

synthesis it was deemed appropr iate to think in terms of a hypothetica l

“average” 1:50 ,000 scale map sheet area (i.e. an area of “ave rage”

di f fi cu lty ’in terms of terrain and cultural detail) as well as a pro-

duct treatment commensurate with the demanding 48-hour maximum TSS pro-

duct turnaround time . The alter native would have been to create an in-

dividua l scenario for each product considered in the computer simulation .

This in turn , would have reduced the total nui~ber of products processed

through the computer model to the po i n t where “stressing ” the system

would not have been possible.

3.1.2 Organ izations Contacted

The follow i ng is a tabulation of the organizations contacted in

connec tion with each TSS subsystem :

Command and Control (Operations)

* Department of Cartography, OMS

Systems Concept and De finition Division , Topographic

Developme nts Laboratory , ETL

Storage , Retrieva l and Distribution

Mapping Deve l opment Division , Topographic Developments

Laboratory , ETL

— 1 1 —
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* Systems Concept and Definition Division , Topographic Deve l op-

ments Laboratory , ETL

Reproductior .

* Derartment of Graphic Arts , DMS

* 30th Engineer Bn. (T) (A)

* Survey ing and Eng i neering Division , Topograph i c Developments

Laboratory , ETL

Cartographic Revis i on

* Department of Cartography, DMS

* 30th Engineer Bn. (T)(A)

Survey 
-

* Survey ing and Eng i neer i ng Division , Topographic Developments

Labora tory , ETL

* Systems Concept and Definition Division , Topographic Deve l op-,
ments Laboratory , ETL

Department of Cartography, DMS

I mage Base Products

* Systems Concept and Definition Division , Topographic Develop-

ments Laboratory , ETL

* Department of Cartography , OMS

M ilitary Geographic Information

* Terrain Anal ysis Center , ETL
* Appl i cati ons and Sys tems D i v i sion , Geographic Sciences Laboratory ,

ETL

* Data , Prod ucts and Process in g Div i s i on , Geographic Sciences

Laboratory, ETL

* Depa rtmen t of Topograph i c Sc i ences , DMS

30th Engineer Bn. (T)(A)

* 64th Eng i neer Detachment (Terrain)
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3.1.3 Difficulties

A t the ou tset of d i scussions i n a numbe r of i nstances , the expert(s)

consulted found it d i fficu l t to relate to and, therefore , make produc ti on

timing commi tments for an “average” map area product destined to receive

product treatment in line wi th the short maximum turnaround time demanded

by TSS in the comba t environment. This was particularly true in connection

with the synthesis , compilation and drafting of the special purpose MG I

produc ts and , to a l esser deg ree, with regard to the processing of incoming

user requests. This difficulty is understandable and was to be expected ,

since many of the availab le experts had been engaged in peace-time base

plant and/or garrison type operations throughout the recent past , where

produc t ion ti me esti mates are based on the an ti c ip ated leve l of d i ff i cu l ty

of each individua l map product , and time is generally not as critica l as in

the tactical situation . This difficulty was overcome through a great deal

of d iscussion .

Considerable d ifficulty was also encountered in the area of equipment

reliability. Investi gation revealed that mean time between failure (MTBF)

and mean time to repair (MTR) per se was unavai lab’l e for both already

fi elded equi pment and new equ ip men t . It was found that annua l maintenance

man—hour data was available on most of the conventional equipment and this ,

coupled with estimates based on manufacturers documentation on “new”

equipment , was used to predict equipment reliability.

3.1.4 Results

Because of the procedures used in gathering the required data , and

the considerable amount of time and effort devoted to this activity, it

is felt that the results are quite rel iable. The most reliable estimates

are undoubted l y those which relate to reproduction activities , since these

activities are quite independent of the type of area mapped. Probab l y

the least reliable are those estimates related to MGI special purpose

product synthesis , compilation and drafting since these activities are

somewhat new and unique to TSS.
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3.2 TSS Production Assumption s

In building any model of a rea l system , it is necessary to make

assumptions regard i ng the operation of tha t system in the real world.

The results of exercising the model can be no better than the under-

ly ing assumptions.

I n the formulation of the computer simulation of the TSS , certai n

reasonable and basic assumptions were made. These assumptions are :

* A product request beg i ns and ends i n the C & C Opera t ions

module. When a produc t request enters C & C , a serve r wi ll

plan the job or wi l l  g ive a verba l explanation to the custo-

mer as a produc t. When a requested product is comp le ted ,

this p roduct is inspected and then distributed at C & C.

Thus, times to process requests from the user to the TSS

and time s to delive r the p rod uct to the ultimate user are

not i ncl uded .

* Production rout i ng of products through the TSS is done

sequentially. This is to say, tasks are performed on a

product one at a time in an ordered sequence instead of

perfo rm ing two or more tasks on a pr oduct concur ren t l y .

Also , a product is not divided into separate parts to be

worked on in d i f f e re nt vans .  A product , including its

parts , always remains together and is sent to one van at

a time .

* The environment in wh i ch the TSS is to operate is the SCORES (Europe)

scenar i o , as opposed to operating in a peacetime-garrison mode.

This i mpacts the quality leve l of certain products because

production times must not be excessive . Thus certain synthe-

sis , compila ti on , and manu al draf ti ng p rocedur es i n MGI and

Car tographic Rev i sio n reflec t a prod uct of less than excellen t

cartographic quality but of much l ower production time . This

quick response is appropriate for the SCORES scenario.
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* SRD , REPRO , and IBP func ti ons are “equipment ” oriented while

seemi ng ly the functions of CR and MGI are “process” oriented.

In order to make the simulation consistent throughout the TSS ,

CR and MGI are modelled in an equipment oriented manner. That

is , to perform a CR or MGI func ti on , certain equipments are

“l umped” together and assi gned to that function . Then , a

specified amount of time is spent at each piece of equipment ,

thus partitioning a function or process into discrete tasks

at the equipment level. This allow s all the subsystems to be

modelled in the same equipment oriented manner.

* The return of repromats back to SRD from other TSS elements

is assumed to be background activi ty. Also , repromats stocked

i n  the TSS are assumed to be availabl e for use at any time

without delay due to their usage elsewhere in the system .

* When a product fails inspection in the C & C ‘Operations module

at the’end of its production sequence , it recycles its entire

p roduc ti on route once more.

* The time needed for frequent in—process inspections of a

product is integra l with the time used to perform the job

on the various equipments.

* When a scribe coat is used during the production of a product ,

the application of a photosensitive coating to the scribe

coat is included as part of the scribe coat preparation pro-

cess.

* In the Rectifier I module , both fi lm processing and rectifi-

cation functions can occur at the same time because the darkroom

facilities are segregated from the rest of the module by curtains.

Thus the use of the darkroom facilities does not preemp t or inter-

fere with the use of the rectifying equipment.

-1 5-
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* Although MGI personnel are cross-tra i ned and supposedly able

to move from module to module as the workload dictates , in the

simulation the MG I personnel remain in the module to which they

are ass i gned. In the real world , they would be available to

backup other functions onl y when they are  no t otherwi se occu pie d.

* I n the Press modu les , “d riers ” are incorporated in the ink

so that the dryir ,g time of printed products is reduced .

* The TSS is i n i t i a l l y  supplied with a full complement of factor

ove rlays. Additiona l factor overlays reflecting changes due

to the effec ts of comba t are produced in MG I .

* The production status board is to be used to record and post

the presen t status/progress of the product requests curre ntly

be i ng processing in the TSS.

* The IBM card punch is to be used to update the TSS inventory

when materials such as standard maps are withdrawn from the - 

-
TSS stock.

* Telephone (or equivalent) communicat ions exists between all

modules. —

* Power , water , and supp l i es w i ll be ava i lable to the TSS at a l l

times.

* Wi th respect to the I nt erac t ive Graph i cs System , it is assumed

that no CONUS-prepared digital data base exists in the TSS.

* An APPS Data Base exists for the entire area of coverage of

the TSS.

* The Corps Leve l TSS conf i gura ti on i s used. Th i s comp le te , 23

module Corps Leve l TSS is positioned with a Mean of 120 meters

separation between vans.
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* The request rate for TSS products is three requests per hour.

Th is request rate w i l l  stress the TSS’s p roduction capability,

a l l o w i n g  any “bottlenecks ” in the system to be identified.

* Personne l efficiency wi l l  be constant , not degraded dur in g a

shi ft.

* Two twelve—hour shifts per day were simulated . No degradation

in TSS performance was assumed as a func t io n of chang ing shifts.

That is , each pe rson , when beg inning a shift was assumed to

con tinue the work of the person he replaced without any interrup-

t ion .

* Where alternate paths are available for the production of a p ro-

duct , the simulation log ic “looked ahead” to determine wh i ch

path would result in the earlies t completion of the task(s).

The product was then routed to fastest path . This simulates

an unerring management.

* All rep romats del i vered to the TSS wi ll or i g inally be film posi—

tives -. As nega tives are made , they wil l  be saved as intermediate

products.
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3.3 Product List

The product list contains the products which can be produced by

the TSS in this simulation . This list is the resul t of careful study

of the DMA List of Approved Products and of consultation with ETL con- 
-

cern ing p roducts tha t the TSS would be capable of producing. Along

w ith the listed products are their percentages of occurrences and asso-

c iated attributes. The percentage of oc-urrerice for each product coin-

cides w ith the expected user demand for that p roduct.

The produc t attributes describe the product ’ s priority leve l and

the numbe r of copies of the product to be produced. The product attri-

bu tes and their percentages of occurrence are listed at the end of the

product list.

The completed produc t list and its associated attributes lis t was

rev i ewed by ETL and ,othe r agencies and was found to be satisfactory .
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Per Cen t
Product - Pri mary Category Occurrence

(1) Car tographic Products -

S ingle Leve l 50

(2) Car tographic Prod ucts -

Mul ti—Leve l 15

(3) Photograph i c Products -

Si ng l e Leve l 8

(4) Photograph i c Products -

Mwl ti-Leve l 5

(5) Verbal Informat ion - 
-

and/or Exp l anation 4

(6) Textual Informa ti on — 2

(7) Bound Vol ume I nforma ti on - 4

(8) Special Print Request - 12

-19-



Produc t - Primary Category #1

Ca rtograph i c Produc ts - S ing le Leve l

Per Cent Associa ted
Produc t - Secondary Category Occurrence Attributes

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

(2) Overprinted Standard Map -

Usi ng over lay from SRD 3 A ,C ,D

(3) Overprinted Standard Map -

Us i ng overlay from MG ! 2 A ,C ,D

(4) Overprinted Standard Map -

Us i ng spec i al MGI overla y

(ie. Helicopter Landing

Zones) 
‘ 

2 A ,C ,D

(5) Overprinted Standard Map -

Us in g speci al MGI overla y

(ie. Cross Country Move-

ment) 3

(6) Non-S tandard Map - scale change 15

(7) Non—S tandard Map - scale change

& selec ti ve omi ss i ons

( i e .  contours omitted) 5 A ,C ,D
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Product - P r i ma r y  Ca tegory #2

Cartographic Products - Multi-Leve l

Per Cen t Assoc i ated
P rod uc t - Second ar y Ca tegory Occurrence Attributes

(1) Standard Map - Single overlay

obtained from SRD 5 A ,C ,D

(2) Standard Map - Sing le  o v e r l a y

compiled in MGI 10 A ,C ,D

(3) Standard Map - Four factor

overlays obta in ed from SRD

& interpretation performed

in MGI 50 A ,C ,D

(4) Standard Map - Four factor

overlays obtained from SRD ,

i n t e r p r e ta tion  performed in

MGI , & cartographic enhance-

ment in CR 15 A ,C ,D

(5) Standard Map — With special

MGI overlay (ie. Helicopter

Landing Zones) 8 A ,C ,D

(6) Standa rd Map - W it h special

MG I overlay (ie. Cross

Count ry Movement) 2 A ,C ,D

(7) Non-Standard Map - Scale change ,

MGI overlay with info rmat ion ,

and comp ila t ion i n CR 10 A ,C ,D
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Product - Primary Category #3

Photographic Products - Si ng le Leve l

Per Cent Associated
Product - Secondary Ca tegory Occurre nce Attri bu tes

(1) Standard Photos — Using

un rectified frame photo-

graphs (9”x9” format) 9 A ,C ,D

(2) Standard Photos - Using

unrectified 3” panoramic

pho togra phs 3 A ,C ,D

(3) Uncon trolled Photomosa i c -

Standard map size using

9”x9” frame photography 10 A ,C ,D ,E

(4) Orthophoto Mosaic - Controlled

photomosa i c of a standard

map area us i ng frame photo-

graphy 20 A ,C ,D ,E

(5) Con trolled Photomos i ac -

Standard map size us ing

9”x9” frame photography 12 A ,C ,D ,E

(6) Special Enlarged Photo -

Pho togra ph i c a l l y  anno ta ted

with information from MG I 12 A ,C ,D

(7) Photos with control points —

Manually annotated hori-

zontal contro l points ,

9”x9” forma t includ i ng APPS

pos it ion coord i na tes 12 A ,C ,D
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(8) Photos w it h control poin ts -

photograph i cally annotated

horizon tal contro l points ,

9”x9” forma t includ i ng APPS

pos it ion coordi nates , also

with MG I annotation 12 A ,C ,D

(9) Uncon t rolle d Photomasa i c -

Using unrecti fied panorami c

photos 10 A ,C, D ,E

-23-
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Product - Primary Category #4

Photographic Products - Multi-Leve l

Per Cen t Associated
Produc t - Seconda ry Category Occurre nce A tt r ibut es

(I) Standard Photo Map -

S i ng le o v e r l a y  ob ta i ned

from SRD 20 A ,C ,D

(2) Standard Photo Map -

S i ng le ove r l a y  ob ta i n e d

from MGI 20 A ,C ,D

(3) S tandard  Pho to Ma p -

Sing le o v e r l a y  ob ta i ned
from SRD & interpretation

performed in MGI 20 A ,C ,D

(4) Standard Photo Map -

S in gle overla y ob ta i ned

from SRD & two overlays

f rom M G I  10 A ,C ,D

(5) Standard Photo Map -

Single overlay obtained

from SRD , two overla ys

obtained from MGI & inter-

pretation performed by MGI 10 A ,C ,D

(6) Non-Standard Photo Map -

Usin g overlay i nfo rmati on

from MG I & drafting per-

formed by CR 10 A ,C ,D

(7) Standard Photo Map -

Us i ng overlay in format ion

ob ta i ned from MGI & draftin g

performe d by CR 10 A ,C ,D
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Product - Prim ary Ca tegory #5

Verba l Information and/or Exp lanation

Th i s category i s sl i gh tly different than those previously

mentioned. This category was desi gned to simulate an activ ity

tha t would occur in the Operations Module. Namely, the distri-

bution of verba l information to a “customer”.

Since the standard analysis of conversation length has

been found to be well represented by an exponential distri-

bution , we have selected such a distribution with a mean va l ue

of 15 minutes to represent the transmis sion of information

verball y.
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Produc t - Pr ima ry Cate~ory #6

Textual Info rma ti on

Per Cent AssociatedProduc t - Seconda ry Category Occurrence A ttri bu tes

(1) Standard Bulletin -

Ret rieved from SRD 50 A ,B ,C

(2) Standard Tri g. L i st - 20 A ,B ,C

(3) Special Report -

Special 5-page report

prepared by MG I 30 C ,D
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Produc t — Pr imary C a t e g o r y  ~7

Bound Vo l ume Info rmation

Per Cen t Associa ted
Product - Secondary Ca tegory Occurrence A tt r ib u tes

(I) Standard Maps - reduce

scale , 8~”xll ” format 40 A ,C ,D

(2) Standard Maps - reduce

scale , 8~”x ll” format ,

includin g point position

detail and tri g, l ists 25 A ,C ,D

(3) Standa rd Maps - red uce

scale , 8krx 1l ~ format ,

spec i al purpose overla y

and text from MGI 35 A ,C ,D
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Product - Primary Category d8

Special Print Request

Per Cent Assoc i ated
Prod uct — Seconda ry Ca tegory Occurrence A tt r i but es

(1) Standard Map - produce

1000 copies of a map

using reproma t from SRD 75 C

(2) Standard Map - produce

1 000 copi es of a map

w ith revisions 25 C

-28-
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Attribute Definitions

ATTRIBUTE A : This attribute represents the desired number of different

basic items of a particular nature , in a spec i f i c  Seconda ry

Category , per spec i fi c request. For examp le , (I) Four

Standard Maps , each of wh ich describes four di fferent, but

perhaps adjacent , topographic areas. (2) Three Standard

Photo Maps , each of wh i c h  d ep i c ts th ree di f f e r e nt , but per-

ha ps adjacen t , topographic areas. (3) Two Standard Military

Bulletins , wh i ch consist of the most recent and the one pre-

viously issued. This attribute can take on the va l ue in

the following table:

Number of Per Cent
Bas ic Items Occurrence

ONE (1) 75

FOUR (4) 1 0

SIXTEEN (16) 15

ATTR I BUTE B: This attribute represents the desired number of originals of

each of the different bas ic items of a particular nature , in

a specific request. This attribute applies only to those

basic i tems that are distributed to “customers ” in ori g inal

form. For example: (1) Standard Maps , (2) Bulletins , (3)
Tri g. L i sts , are all simply retrieved from files and distri-

buted. This attribute can take on the va l ues in the follow-

ing table:

Number of Per Cen t
O rig i nals Occurrence

ONE (1) 80

FOUR (4) 12

SIXTEEN (16) 5

HUNDRED (100) 3
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ATTRIBUTE C : This attribute represents the level of priority of the

request it is associated with. Each of the priority

levels w i l l  impact the service times and waiting time s

associa ted wi th the cu rren t t ransac ti on. Priority leve l

w i l l  also affec t the speed with which certain TSS per-

sonne l perform their dut ies. This att r i bute can take on

the va l ues in the following table:

- 
Leve l of Per Cent
Pr i ori ty Occurrence

NORMAL (0) 5

MEDIUM (1) 85
HIGH (2) 10

ATTRIBUTE D : This attribute represents the desIred number of copies of

a product resulting form a TSS processing action other

than just pure retrieva l /distribution. This attribute

differs from ATTRIBUTE (B) in that it applies to all i tems

exc l usive of those that ATTRIBUTE (A) encompasses. This

attribute can take on the va l ues in the following table:

Numbe r of Per Cen t
Copi es Occurrence

ONE (1) 80

FOUR (4) 3
SIXTEEN (16) 15

HUNDRED (1 00) 2
\ -
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ATTRIBUTE E : This attribute represents the numbe r of frames to be

rectified in the process of making a Photomosaic. This

attribute can take on the va l ues in the following table:

Numbe r of Per Cent
Frames Occu rrence

EIGHT (8) 60
TWELVE (12) 1+0
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3.4 Analy sis of Image Based Product Requirements in the TSS

The objectives of this effort were as follows :

I. To acquire user input as to the need for image base products

in the tactica l environment and , thereby , verify to the cx-

tent possible , the assumptions made by DEC I LOG concerning the

frequency of requests for these products as used in the TSS

computer simulation ; and

2. To specifically review the need for TSS production of ortho-

gonal photography , since the production of such products in

the TSS environment presents somewhat complex technica l pro-

blems in the areas of both source input (Ic. aerial photo-

graphy) and p rocessing instrumentat ion .

The orthophoto technica l prob l ems relate to the fact(s) that: the analog

equipment, ori ginally anticipated for integration into TSS and likely capable

of withstanding the harsh physica l environment , requ ires mapping quality,

vertica l aerial photography (ie. photography of hi gh geometric fidelity);

while the analytica l orthophoto equipment , subsequently proposed and some-

what more susceptable - in its commerciall y available form - to damage in

the TSS environment , is capab le of u t i l i z i n g  both mapping qua l i t y  photo-

grap hy and reconnaissance photography.

During the course of the study, meetings were held with the following

organizat io~s:

- Assistant Chief of Staff for Intelli gence (ACSI), U. S. Army
- Requirements Division , Directorate of Plans and Requirements ,

Defense Mapping Agency Topographic Center (DMATC)
- Techn i ca l Director , Defense Mapping Schoo l

- U. S. Army Engineers Schoo l
- U. S. Army Combined Arms Comba t Development Activity (CACDA)
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In addition , the GIANT-75 study was carefully reviewed to determ i ne

what , if any, justification(s) was/were used in formulating the recommen-

dations for TSS-produced image base products , particularly orthogona l

photographs .

During the above meetings , the assumptions used by DECILOG in its

TSS model simulation - with regard to the types and percentages of image

base products - were discussed , and the participants were asked to express

their views as to the reasonableness (or lack thereof) of DECILOG ’ s assump-

tions. The followin g products were rev i ewed :

- Individua l Photographs (Vertical)

2x Enlargement

Standard Map — Size Enlargement

- Individua l Photographs (Panoramic)

2x Enlargement -

Standard Map — Size Enlargement

- Photomosaic

Uncont rolled

Control l ed
- Orthogonal Photograph

- Photomap

Us i ng Cont rolled Pho tomosa i c

Us i ng Orthophotomosaic

In a ll cases , an attempt was made to i den t i f y  the user of the product ,

the purpose or use of the product , and the alternative product if the image

based product was not availab le.

Rev iew of the G (ANT-75 study did not reveal the existence of any hard

justification for ISS production of orthogonal photographs. It did ind i-

cate that: “contoured orthophotographs produced with a combination of these

dev ices (ie. Kelsh Plotter/SFOM 693 orthophotographic unit) and cartographic

quality photography can be the base for multi-scaled graphics for many

plan ni ng and opera ti onal pur poses. However , comp ilation is s low and depen-

dent on the availability of suitable photography. ’ The study recommen ded

incorporation of a modified van body to accommodate th is type (Ic. ortho-
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photo) equipment. The study also noted that:

I . The enhanced photomap is produced faster than the conventiona l

line map;

2. Photomap production requires the availability of new (ie. current)

pho tog ra ph y ;

3. Since requirements for cartographic quality photography are

secondary to the requirements for reconnaissance photography,

it is doubtful that suitable photography w i l l  be available for

photomap revision under battle conditions; and

1+. Therefore , it is adviseable to standardize on the line map

vice photomap.

The discussions revea l ed that the primary va l ue of the image based

products (part~icu 1 ar l y orthogonal photographs) was as an expedient. In

no case was it found that these products were an absolute necessity. Most

users indicated that the image based products were an i mportant and highly

desireable adjunct to the line map products. All i nd ica ted  that the con-

trolled photomosaic was of equa l va l ue to the orthophotomosaic.

Discussions as to the types and percentages of image based products

used by DECILOG in its TSS computer s i m u l a t i o n  revealed on ly  minor dis-

agreement in a few cases by the user. In all such instances , the user in-

vo l ved indicated that he had no better basis for his estimate than did

DEC ILOG.

Additionally, C.ACDA user personnel stressed the fact that maps w i l l

in the future , be used onl y for m o b i l i t y  purposes. Artillery w i l l  u t i li z e

advanced hardware such as FIRE FINOER and PADS for precision targeting.

Infantry and Armo r w i l l  s i milarly rely on laser desi gnators and the Position

Location and Reporting System. Even Intel l igence w i l l  require that all

mobile d i rec t i on  f ind ing and othe r l i s t e n i n g  systems w i l l  require on board

Pos ition/Location hardware .
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I t is concl uded tha t revised photomaps, prepared from controlled

mosaics of rec tified photography can replace orthophoto products in the

TSS.

\
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During recent d i scuss i ons one user group suggested tha t or thophoto

city maps mi ght be an expedient substitute for the line maps needed in

connection with Mobility Operations in Built-up Areas (MOBA) . A second

suggested orthophoto application was in the mapping of areas devastated

by nuclear attack.

City M~j~~ 
- One of the problems encountered in the use of aerial photography

in mapping built-up areas is the shielding of detail l ocated in the shadows

(ie. layback areas) of buildings , trees , etc., wh i ch are not loca ted at , or

c l o s e l y  adjacen t to , the photo center. In conventiona l photogrammetric

mapping this is overcome by extracting the desired p lanimetr ic and topo-

graphic detail while viewing a Stereo model. During the compilation of an

orthogonal photograph , a stereo model is used to orient and adjust the

photo image. However , during the subsequent scanning operation only one

of the photographs is considered. This being the case , it appears obvious

that all detail falling in the shadows wi l l  be omitted from the resultant

orthophoto. It may be possible to circumvent this problem by judiciously

considering other photo models of the area under consideration assuming

adequate photography (ie. adequate photo coverage). This , in turn , w i l l

dictate that at least tw i ce as many photographs must be scanned. Either

the additional time required or inadequate photo coverage could result in

this becoming a much less viable solution as a rapid mapping alternative .

Devastated Areas - Assum i ng severe devastation one must assume that the

de tail shown on the APPS photographs would be largel y non— existant. This ,

in turn , would likely dictate performance of a new control survey. Since

a b a s i c  map pi ng job wo u l d  be requi red , it would appear prudent to allow the

mappers to decide what technique would be most appropriate in line with

ava i lable source mater ia ls , equipment and manpower.
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4.0 System Simulation Study

A sys tem analysis of the ISS was conducted to determ i ne the operating

performance of the system. The various specifications concerning the

equipment and human resource comp lement of the TSS as of Jan uary , 1978

were used. The analysis was performed by means of constructing a computer-

based simulation of the system. The following sections describe the desi gn ,

construction of , and results p roduced by the model.

4.1 Simulation - Basic Concepts

I n bus in ess , industry and government today, large-scale , complex pro-

jects are the rule rather than the exception . In order to minimize the

hi gh cost and risk of such projects , the planning and imp l ementation phases

must be as efficient as possible. Preliminary studies to assess the suita-

bi l i t y  of plans , before the y a re ado pt ed , are thus vital to efficient and

economical execution of all  projects of any cons i derable size. One techni-

que of performing such pilot studies , which y ields reliable results while

being economi call y t rac ta b l e , is simulation .

Simulation can be described as the process of desi gning an algorithm ic/

mathematica l description of a system , subsys tem or p rocess and conduc tin g
experiments with this description for the purpose of either understanding

the behavior of the system , subsys tem or p rocess , or of eva l uating various

st rateg ies for the operation of the system , subsystem or process. This

fundamental process of desi gning the algorithmic/ma thematica l system des-

cription , is generally referred to as mode lling.

A model i s a representati on of a system , it is not a replica ; it con-

sists of a description that may be phys i ca l , verba l or abstract in form ,

togethe r with a set of operating rules. However , a basic requirement for

any model is that it should describe the system is sufficient de tail for

the behavior of the mode l to provide valid predict ~n s of the behav i or of

the system. More generally, the characteristics of the model must corres-

pond to the characteristics of the system being modelled .
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Fi gure Z+ . l  shows the concept of a model. The shape has been idealized

to show that the mode l is usually a s implification of real life . Para-

meters spec i fy i ng charac ter i s t i c s  or a tt r i butes of both sys tem a r l model

appear in each case. Input to and Output from the real system have been

formal ized in the model and correspondence be tween input to bo th sys tem

and model have been identified. However, the two outputs do not neces-

sar ily have the same correspondence . As both the system and the mode l

can be considered as functions that transform input to output , the output

from a suitable model mi ght be used to infer the output from the system

that it represents.

For a simula tion study to be tru l y useful , careful attention must

be paid to the formulation of the basic system model. This basic system

mode l structure wi l l  usually contain several subsystems , which , in turn ,

are composed of ele ments , whose operation are specified by certain rela-

tionships. The formulation of the system model must them proceed from

the “bottom—up ”, as depi cted i n Fi gure 4.2, taking into account all those

features from wh i ch the analyst builds up a log i cal structure for a simu-

lat ion experimen t , starting with the . basic components of the system from

wh i ch the “f inal” model is constructed. Once the first version of the

“f ina l” model is constructed , the first phase of the simulation study can

begin - exercising the model that currently represents a particular por-

tion of the system , or perhaps , the entire system itself.

At this point in the simulation study , the true va l ue of the model

is just coming into focus. The simulation/modelling process is most effec-

tive when used in an iterative fashion. One such iteration scheme is

shown in Fi gure 4.3. A simulation experiment , based on the current state

of the system model , would be run and the results produced would be ana-

l yzed . Analysis of the output would suggest modifications to the mode l ,

or the ope rating strategies that drive the model , and a second s imu la t io n

run could be made after performing the required modifications. Thus , step

by step, we gain more knowledge about the system des i gn and its perfo r-

mance until there is sufficient information to make final recommendations

abou t the sys tem , or par t thereof , to be imp l emented.
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Th is overall simulation/modelling/iteration process , a l l o ws var i ous
desi gn dec isions concerning extremely complex , and cos t l y , systems to be

eva l uated and compared without having yet built the target system . Simply,

simulation allows management to ask the question : “What would happen

if...?” (ie. “I added anothe r li gh t table here?” or “I substituted an

I nteractive Graphics System for Drafting ?” , etc.)

4.2 Generalized System Model

4.2.1 System Mode l Content / Organ i zation

The overall structure of the model of the TSS , as put forth in this

study, is shown in Figure 4.4, in stylized fashion . The functional sys-

tem elements are three in number and consist of the following:

- Dr iv i ng Func ti ons
2 - Subsys tem , Modu le and Equipmen t Models
3 - Route Control Logic

The driving functions of the system model generate product requests

and then con t rol the i r pa ths through the TSS. For product request genera-

tion , a product request is first selected from the product distribution

function . Then , the attributes describing the selected product request

are generated by the product attribute distribution . With the products

and their attributes chosen , the requests enter the TSS at a pace that

is con trolled by the inter—arriva l rate function . This inter—arr iva l

rate simulates custome r demand upon the TSS.

Once entered in the TSS , a product follows a pre -determined produc-

tion paTh through the TSS as specified in the route contro l matrix. Another

dr i v i ng function affecting ISS throughput is the van separation distance

matrix because the movement between modules is impacted by the amount of

d i s tance be tween the modu les. Fi gure 4.5 depicts a reasonable TSS con-

f i guration wh ich was used to calculate the distances between modules.

These in ter-module distances are listed in the van separation distance

matrix.
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The route control log ic i s res ponsible for gu id ing the produc t along
i ts pre-determined “asse mbly ” path to completion . Thus , the sys tem model

d r i v i ng func ti ons modula te the dynamic charac ter i s t ics of the TSS model.

The simulation of the physical elements of the TSS , ie. equi pment ,

vans , etc., was done in a modular fashion . At the basic leve l , models
were created for each piece of equipment. These equipment models were then

assigned to their res pec t ive vans which , in turn , were organized according

to subsys tem . A l s o , wi thi n each van , a numbe r of personnel is assigned .

The personne l in each van are assumed to be able to operate any equipment

within that van. The modularity of the system mode l allows for a log i ca l

organ ization of the TSS elements and for the capability to mod i fy numbers ,

types and l ocations of the equipments with relative ease.

The simula tion language used in the TSS System Analysis is the General

Purpose Simula tion System (GPSS). The GPSS simulation mode l of the TSS

also includes specially prepared report generator subroutines that organ—

ize , summarize , tabulate and neatly present the genera l statistica l out-

put provided by the GPSS simulation language . The resulting summarized

output reports on the status and performance of the TSS model.

4.2.2 System Mode l Driving Functions

In the TSS sys tem mode l , there are severa l driving functions tha t

dynam ically control the TSS’s input and throughput.

The f i r s t dr iv i ng func t ion that affec ts the sys tem model ’ s input

is the produc t request distribution . The product request distribution

is a ca talog of the produc ts tha t can be p roduced in the TSS and thei r
probabil ity of occurrence. This p roduc t request distribution allows

there to be varying degrees of demand for different products.

The next driving function is the product attribute distribution .

Each produc t has attributes , or characteris tics such as leve l of prior-

ity, numbe r of different i tems requested , etc., which have an i mpact on

a product ’ s input into the TSS and its subsequent throughput. The various

produc t attributes each have varying numerical quantities which are ap-
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portioned in a probability distribution . From this product attribute dis-

tribution then , produc t attritubes can be yenerated for each product request.

Anothe r input driving function is the product request inter-arriva l

rate. This inter—arrival rate controls the number of product request

tha t w i l l  be genera ted dur i ng a g iven time . For example , in this system

model , an inter—arriva l rate of three product requests per hour was used.

Th is rate was chosen so that the TSS’s capabilities would be stressed . The

product request inter—arriva l rate can easily be varied from simulation to

s imu l -~tion to reflect different loads on the TSS’ s production facilities.

The route con tro l matrix is a major driving function concerning TSS

product throughput. The route control matrix contains the pre—determined

prod uction paths for each product. As a product flows through the TSS

on its way to becoming a finished product , it must do a route con tro l

matrix look—up for each step of its production . Thus , the route con t ro l

matrix maps out a pre-determined production sequence for each product.

The van separation distance matrix also figures into TSS throug hput.

G i ven a certain TSS layout or configuration distance between each van is

measured and s tored in the sys tem model ’ s van separation distance matrix.

These d i s tances are used to ref lec t the t ravel l in g t imes of the product s

between vans.

I t should be noted that the model is modular to the extent that all

of t~~ - i ving functions can be changed easily and quickl y without chang ing

the ~ ~e; structure. Hence , the exact same mode l can be driven with differ-

ent fun ~~on specifications so as to i nvesti gate their effect on TSS perfor—

mance.

1~~.3 System Mode l Imp l ementation

In order to p r~ serve the flexibility naturally inherent in a simulation

study , while p rov id i ng for a c l o s e l y  pa r a l l e l  r e la ti onsh i p be tween the
functioning of the model and the actua l operation of the TSS , a spec i al i zed

scheme was developed for imp l ementation of the model.
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The implementation scheme focused primari ly upon the integration of

F four types of elements into an overall TSS simulation model. These d c -

ments , or submodels , consis t of the fol low ing:

- Operations Module Element

2 - Generalized Module Element

3 - Generalized Equipment Element

4 - Transaction Route Control Element

Incorporation of these functiona l system elements into the overall

sys tem mode l concept , i mmediately allowed for the dissolution of an

extremely complicated system analysis and modelling task into several

sma l l e r , more tractable , ta s k s .  He’nce , from the viewpoint of simulation

and modelling, the construction of an extreme l y complex model has been

reduced to the construction of several less complex subrnodels . The

log ic , which allows those submodels to be integrated in , collect ively,

a model of the en ti re TSS .

The concepts invo l ved in the desi gn and imp l ementation of each of

the four elements wi l l  be discussed in the following sections .

4.3.1 Operations Module Model

The operations module forms the foundation of the entire TSS system ,

for it is the place where transactions (ie. requests for products) are

ori g inated , p l a n n e d  and f i n a l l y  re tu r n , when they are completed. It is ,

i n  esse nce , the nerve center of the TSS. The organization of its model

is depicted in Fi gure 4.6. The follow i ng text presents the methodology

wit h wh i ch the mode l was cons t r ucted a nd the log ic by which it operates.

Since the prima ry TSS driving f unc ti on concerns  the ra te a t w h i c h

requests for products enter the operations module , the f i rs t log ical  s tep
in analyz ing the operation of the TSS was to determ i ne the int cr-arr iva l

time between “cus tomers ”. More s i mply s ta ted , how long is the time delay

between requests for products produced by TSS? Upon examining the tech-

ni cal da ta package , speaking with appropri ate personne l at ETL and appre-

ciating the fact that the sim ulation will be emula ting a TSS deployed in

a comba t si tua t ion , the assump t ion was made tha t cus tome rs w i l l  a rr i ve
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in a Poisson fashion with an average inter-arriva l time of 20 minutes.

Therefore , the GPSS imp l ementation of the “cus tome r” arriva l would

essentially i nvolve the random sampling from the appropriate distri-

bution and the creation of the “custome r” entity. This entity wi l l

then be admitted to the custome r queue. The GPSS processor wi l l  gathe r

statistics for each queue entry as to its time of arrival , time of de-

parture and other transactional information.

The nex t log ica l step in the operation of the TSS , is for the

“custome r” to converse with the operation s officer (supervisor) con-

cerning his need for an i tem that TSS produces. Again , examination of

the technical data package ~nd conversations with ETL staff members has

allowed the development of a function tha t represents the “cus tomer”!

operations officer conversation length. It has been determ i ned that

conversation length is best represented by an exponential distribution

with a mean of 10 minutes. The GPSS implementation of the talk function

would be similar to the imp l ementation of the custome r arriva l logic.

As a result, a person who “comes to the front” of the “custome r” queue

line w i l l  sieze the supervisor when he next comes available. GPSS wi l l

then sample from the appropriate distribution and serve the “custome r”

for a prescribed time interval. As a result of a custome r arriving and

conversin g with the operations officer , the request for a specific ISS

prod uct would become apparent.

After analyzing the operationa l information associated with the

functioning of the TSS and deciding on a modular , path oriented , mode l

topolo gy ,  the defi ,i t ion of the structure of requests was arrived at.

Careful attention was paid in desi gning the request structure so as to

for m a rea l i s ti c loadi ng effec t on the TSS. The s t ruc ture of a reques t

ccnsists of choosing a product-primary category and appropriate va l ues

for certain attributes associated with a p roduct. The product-pr imary

category consists of ei ght types of p roducts that the ISS is responsible

for producing. The list and the per cent of time that the Operations

Module would issue a particular request type is g iven in sect ion three .

As far as the mode l is concerned , the end of the conversation between

a “cus tome r” and the ope rations officer would tri gge r a samp l i ng of the
dis tribution of the per cent occurence of a particular product-primary

category . This would result in the creation of a transaction with the
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labe l of the category chosen .

The next step in the logic is to increase the specificity of the

transaction by choosing a product-secondary category. The tables in

Section 3 list the product-secondary categories , and their per cent

occ u rrence , according to product-primary categories. Again , spec i al
care and cons i dera t io n was g iven to the definition of these tables to

preserve realism in the simulation. During the simulation a random

sampling of the appropriate product-secondary category distribution re-

sulted in the assi gnment of a specific secondary category to the current

entity with the appropriate primary category label. Other calculations

and samplings were performed wh i ch resulted in the assignment of various

pa rameter va l ues (ie. number of copies of a particular map, priority of

request , etc.) to the current transaction . The total i mpact of the afore-

mentioned activities and computations was the creation of a bonafide pro-

duct/service request.

At this point , the log ica l flow path con t ro l through the simulation

mode l must be assi gned to the current product request. This is accom-

plished by retrieving the appropriate, pre—defined , path information from

a storage array and assigning it to the current transaction. The trans-

action w i l l  then contain all  the necessary information to traverse the

TSS. It should be noted tha t the request generator and path generator

have no counter parts in the TSS system. They appear in the mode l for

the sake of un i formity and reduction in the log ical complexity of the

model. A lso , their functions were performed in zero s i m u l a t i o n  t ime so

that the operation of the mode l was realistic. It should also be noted

that the tables in Section 3 include information pertaining to the request

parameters (attributes). Namely, the types of attributes , the p roducts

they are assoc i a ted wit h , the va l ues they can assume and the distributions

governing the assignment of those va l ues.

Now tha t the “cus tomer” has finished speaking with the supervisor

and a bona f i d e  re ques t has been c rea ted , w ith a specified priority, GPSS
w i l l  p lace the  “custome r” and his request in a queue corresponding to
the pr i o r i t y  of the request. These qu€ues , as shown i n F i g u r e  4 . 6 , are

the hi gh , med ium and low priority queues and are entered via a buffer

(traffic cop) block. Once the custome r resides in a serve r input queue
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a cer ta in log ic must be applied to determine which server wi l l  serve him.

I n the case where a request is for verba l information , the supervisor wi l l

per sonally service the custome r for the sampled conversation time length.

For a momen t , let us examine the Output queues that feed each serve r

as shown in F i gure 4.6.  These output queues correspond to the servers ,

(of wh ich only three of the five are shown for clarity). These queues

contain completed TSS products that must be verified for quality assur-

ance and distributed by the appropriate server. When the request is first

created by the C & C subsystem , it is tagged with the number of the server

who handled it before inputting it to the TSS. When the product is com-

pleted , GPSS utilizes this tag to route the product to the output queue

of the or i g inal server. The particular serve r w i l l , when just becoming

ava i l a b l e , scan his output queue for residents. GPSS w i l l  make note of

the hi ghest priority present. The serve r w i l l  then scan the input queues

to ascertain whethe r or not there exist any inputs of a hi gher priority.

If there ex i s t none , the serve r w i l l  be siezed by the hi ghest priority

resident in the output queue . The server wi l l  then examine the p roduct-

prima ry/secondary category parameters and , with the help of a quality

assurance t ime f unc ti on , pe rform a service for a prescribed amount of time .

If there were a resident in the medium or low priority input queues , and

h i s p r i o r i ty we re h i gher than the output queue residents priority, then

the serve r would serv i ce that customer. Again , the serve r having examined

the customer request parameters wi l l  service the input request for a spe-

cific amount of time , prescribed by sampling f rom the d e l a y  f unc t ion .

In the spec i al case , whe re there i s a r e s iden t i n the h i gh priority

input queue , a preemption will  occur. In essence , GPSS wi l l  interrogate

the servers to determine the servers who are currently servicing input

requests or output requests of priority med i um or low . The first such

serve r de tec ted wi ll be fo rced LO stop (preempt) h is  current a c t i v i t y  and

serv ice the hi gh priority request. The request that was interrupted w i l l

continue to be served upon the serve r ’ s completion of the high priority

task. This log ic discipli ne has been carefully prepa red to as to reflect

the realistic operation of the C & C subsystem.
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Among the statistics which were gathered on internal TSS operations

are :

* Per cent utilization of each “serve r” and supervisor

* Numbe r of requests in queue for “serve r” by pr i o r i t y

* Mean and distribution of times in queue by priority

‘
~ 

Number of requests in queue for supervisor

Obv i ous l y , conclusions regarding the acceptable inter -arriva l time

of requests and the adequacy of manning w i t h i n  C & C can be d rawn . Simi-

la r ly ,  the log ical process used to construct the mode l of the Operat ion s

Module has been app l ied  to the interial ope rat ion of each of the modules

in the TSS.

4.3.2 Generalized Module Model

The TSS i s an asse mblage of modu les , whose contents are people and

equipment responsible for performing a particular process , or par t the reof .

Therefore , it was relatively easy to build a generalized module model in

wh ich the models of the specific equipments could be later included . The

complicated integral model of people/equ i pment/van was divided into two

model component s , one of wh i ch i s the gene ra l i zed van/personn el  mod~ i

and the other is a model of the equipment content.

Fi gure 4.7 depicts the organization of the generalized module model.

The module model consists of four basic entities which are :

- Van Res i dence Queue
2 - Equipment Capture Queue

3 - Equipment Models

4 - Personnel Pool

In actuality, the equipment models are not inc luded in the van model ,

except for a log ic inter face which a l lows  for a check of the equipment

busy/free status flag.
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The first action that occurs in the operation of the module mode l

i nvo lves the arr i val of a reques t for a produc t , or p rocess tha t would
result in a product, or part thereof. This request is coordinated with

the other TSS components via the route control logic and entered into the

specific module as set forth in the pre-determined entries of the route

contro l matrix.

Upon enter ing the modu le , the trans ac t ion  immediatel y enters the van

residence queue . The transaction w i l l  remain in this queue until it has

completed its specific tour throug h tha t modu le , at which time the appro-

priate queue statistics (see Section 4.4) wil l  be updated and preserved .

This queue has been incorporated into the generalized module model so that

statist ics , relating to transaction van residence time s and population

activity, could easily be extracted from the simulation study.

Once entered into the residence queue , the transaction wi l l  be dir-

ected , v ia the route control log ic , to the capture queue of the first

equipmen t needed. After entering the specific equipment capture queue

a test is continually performed to ascertain both the availability of the

particular equipment and a person to operate that equipment. When the

tes t log ic y ields a positive result for man and mach i ne , the transaction

leaves the capture queue , siezes both man and machine and control trans-

fers to the specific equipment model.

When the transaction has completed its equipment use , it releases
both man and machine and , under direction of the route control , log ic is

placed in another equipment capture queue in the same van or be removed

from the van (and consequently from the particular van residence queue)

and p laced i n ano ther van . In ei ther case , the appropriate logic is
• i nvoked and the p rocess cont inued unt il the prod uc t i s comp lete.

When the par ti cula r reques ted produc t has bee n produced , it is re-

turned to the Operations Module for quality control and distribution .

4.3.3 Gene ralized Equipment Mode l

A disc ussion of a generalized equipment model will  be presented

ins tead of a discussion of each equipment contained in the ISS. This
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has been done because both the bas i c st ruc tu re and the sa l ie nt opera tin g
features of each of the equipment models are s i m i l a r .  In addi t ion , the

program source code l i s t ing is so heavily commented that an understanding

of the basic equipment model will  allow the reader to explore those equip-

rnent models of prime interest to himself. The basic GPSS log i c f low of
the generalized equipment mode l is depicted in Fi gure 4.8.

The first action to occur , when an equipment is captured by a trans-

action , is for the loca l iteration log ic to anal yze the attributes of

the product request. The type of product is identified by reference to

the transaction parameters that are associated with primary and secondary

ca tego ri es. Once the log ic examines the attribute va l ues and other log i cal
conditions it assi gns the loop counter a numeric va l ue defining the numbe r

of times the equipment function is to be executed. For example , if the

equipment were a photographic plate make r , the number of iterations (and

consequently, the va l ue of the loop counter) would be the numbe r of plates

to be made , to honor the requirements set forth by the parameters and attri-

butes of the transaction.

Once the number of iteration s is defined , the actua l emulation of the

real process would be accomplished. In the case of the platemake r , GPSS
would sample from a random number generator and map the sample into a

rectangular distribution with a mean of 300 seconds and a half width of

60 seconds. Therefore , the mapped time would be 5 minutes , plus or minus

1 minute , and would represent the time delay one would encounter installing,

exposing and removing a plate from the equipment. Statistics are auto-

matically gathered on the activity of the machine.

After completion of an iteration , the l oop counter numeric va l ue de—

cremented and compa red with zero. If all the iterations were completed ,

the transaction would free both captured equipment and server. Then ,

con tro l would be assumed by the route con t rol log ic and the transaction

would continue on its path throug h the sys tem. If the it era ti ons we re
not a l l  comp lete , the transaction would circulate around the loop and the

mappin g p rocess wou ld beg i n  aga i n.
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In i t i a l i z e
Loop Counter

Simulate the Function
by a T i me Dela y

Loop Coun ter

F ig u r e  4.8 GENERALIZED EQU IP?~~ENT MODEL
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I t sho u l d  be obv ious  tha t th i s bas i c s i ng le f unc ti on - s i ngle loop
equipment mode l can be incorporated into more sophisticated , multi-loop!

multi-function models , to emulate very complicated man-machine processes.

Th is is what has been done in the developmen t of the models of the TSS

equipment complement.

4.3.4 Transaction Route Control

The control and guidance of product request transactions throug h

the TSS is accomplished by the transact ion route control logic. The

tra nsaction route control log ic is essentially responsible for mon i toring

all transactions that are in existence , at any cloc k t i ck , w h i l e  the

s imu la t i on  is in progress. When a t ransact ion is f reeing an equipment

and serve r , the logic w i l l  exam i ne the pa rameters and attributes of the

t ransaction to determine two factors. These two factors are : (1) route

contro l matrix row address , (2) route control matrix co l umn address.

The remaining portion of the logic w i l l  retrieve the contents of

the matrix location as specified by the row/co l umn address , and then re-

solve the pre—deterniined packed information contained in the numbe r into

its three component parts:

- Van Desi gna ti on

2 - Equipment Desi gna t ion

3 - Logic Code

— 

Subseq uen t ly , the log ic uses this retrieve information to direct the

transaction to its next designated van , and then its next desi gnated equip-

ment . The equ ipment model then uses the assoc i ated log i c code to ass ig n

a va l ue to the iteration l oop counter. This process continues until the

tour of the transaction through the TSS is complete.

Th is de te rm in i s t i c  control structure was deve loped to assure that

the path of the transaction through the model could easily be changed and

that the path be essentially i ndependent of the model topology . The

developed log i c  per forms we ’l l and a l lows the model user a f l e x i b i l i t y
generall y not available in large system simulation models.
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A copy of the entire source code used in the simulations reported

herein is conta i ned in Appendix G.

— 

•
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4.4.1 Simulation Supplied Statistics

The system mode l provides us with the following categories of

output:

a) Clock Statistic

b) GPSS Statistics

c) Summary Statistics

The clock statistic is a listing of how many time units occurred

du r i n g  the s i mu l a ti on and of how lo ng the si mu la t ion l a s ted. The t im e

unit used in the simulation was a second. Seconds were chosen not be-

cause production time s were accurate down to the second , but beca use
va riances in production times could easily be described , and in the

long run , would produce more realistic statistics. The simulation was

run for 11+4 hours , ie. 518 ,400 seconds.

The GPSS statistics can be divided into two parts:

a) Queue Statistics

b) Utilization Statistics

The queue statistics provided by the system model are :

a) Queue Name - desi gnation of the queue .

b) Max imum Contents - the largest number of transactions

waiting in the queue at the same time during the

s i mu 1 a t ion.
c) Average Contents - average value of the queue content.

It is equa l to the sum of the times spent by all trans-

ac t ions i n the q ueue , d i v i ded by the tota l  s i mu la t ion

t i me.

d) Total Entries - the total numbe r of transactions that

have wa i ted in the queue .

e) Zero En tries - the total numbe r of queue entries that

expe r ienced no waiting.
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f) Percen t Zeros - percentage of total queue entries which

ex pe ri enced no wai t ing.
g) Average Time/Transaction - the average time that each

transaction spent wait ing in the queue (zero entries

are incl uded in this average).

h) $Average Time/Transaction - the average time that each

transaction spent waiting in the queue (zero enti res

are exc l uded from this average).

1) Current Contents - the current numbe r of transactions

present in the queue .

The utilization statistics provided by the system mode l are :

a) Storage Name - desi gna tion of the storage .

b) Capac i ty - number of equipments or units of the storage

tha t a re ava i l a b l e .

c) Average Contents - fraction of the simulation time in

wh i ch the s tora ge was used.

d) Avera ge Utilization - the average contents divided by

the storage ’ s capac i ty which g ives the fraction of

simulation time for which each element of the storage

was used.
e) Entries — the number of transact ions that have utilized

the storage.

f) Average Time/Transaction - the average time that each

transaction spent utilizing the storage .

g) Current Contents - the current number of transactions

present in the storage .

h) Max i mum Contents - the largest number of transact ions

utilizing the storage at the same time during the simu—

lat ion .

In addition to the GPSS statistics wh i ch were automatically generated ,

summary s ta ti s t i cs  were genera ted u s i ng log ic writt en by Dec i log . These
statistics summarize the TSS’ s pe r for mance and include :

a) Transac tion Parametric History Matrix

b) Transac tion Tempora l History Matrix

c) Transac tion Cumulative Summary Matrix
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4.4.2 TSS Statistical Interpretation

To furthe r explain the simulation statistics defined in the pre-

vious section , examp les of these s ta t is t ics w i l l be d i scuss ed.

An example of GPSS generated queue and utilization statistics is

shown i n F i gure 4-9 . These statistics are a “sna psho t” of the sys tem
and can be taken at any time during the simulation . Note that the GPSS

generated statistics are cumulative to that point in time in wh i ch they

are printed out. The example in  Fi gure 4-9 illustrates the statistics

genera ted for the Pla te Processing Modu le and it s vario us equ ip ment a t

the end of the 1 44—hour (or 518 ,400 second) simulation .

To beg in with , the Queue Name column of the Van Input and Equipment

Queue Sta t is t ics des i gnates the names of the que ues for the van and each

piece of equipment. For example , PMKI8 is the queue name for the Plate-

maker found in the Plate Processing Mod u le.

The nex t column , Maxi mum Con tent s , g i ves us the l a r g e s t numbe r of

transactions to wait in a spec ific queue , at one time , durinç the simula-

tion . Using the queue PMK18 , for examp le, its Maximum Contents was 2.

Average Contents derives its va l ue from dividing the sum of the

times of all the entries of the queue by the total simulation time . This

Average Con tent s va lue i s , in effec t , the expected numbe r of transactions

to be present in the queue , at any one instant in time , during the simula-

tion . For queue PMK18 , we find an Average Contents va l ue of .019. Thus ,

at any g iven t ime du ring the sim u la t ion , we cou ld  expec t there to be , on
the average , .019 transactions in the queue PMKI8. •

Total Entries is a count of how many transactions entered the queue

during the simulation . In our example , queue PMK18 , there were 38 entries.

Zero En tries is a count of how many transactions entered the queue

and did not have to wait. In queue PMKI8 , we see of the 38 total en t r i es ,

there were 32 zero or non-waiting entries.
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Percent Zeros lists the percentage of total queue entries which were

zero entr ies. For PMK18 , 84.2?~ of the total entries were zero entr ies.

Average Time/Transaction is the average time that a transaction

waits in a queue . This average includes the zero waiting time s of the

a ze ro en t r ies .  For PMK1 8 , the Average Time/Transaction is 264.368 secs.

$Average Time/Transaction is the average time that a transaction

wh i ch must wait , (non—zero entry), waits in a queue . This average ex-

cludes zero entries so tha t only transactions with w a i t r i g times are

ave raged together. This average value is normall y hi ghe r due to the

omission of the zero entries. In this case , PMK18 , the SAverage Time!

Transaction is 1674.333 secs.

Finally, the Current Contents co l umn gLves the numbe r of trans-

actions currently present in the queue . For the que ue PMKI8 , we find

there are no transact ions wait ing ;n the queue at the present time .

The ~~xt grouping of GPSS statist ics are the utilization statistics.

Looking at the Equipment Utilization Statistics section of our example ,

the Storage Name column desi gna tes the name of the “s tora ge” that repre-

sents the piece of equipment; for example , PMKI8.

The Capacity column tells us the number of elements or equipments

that are available in the storage . In PMKI8 , we f i nd a Capac it y of one ,

so ttv~re i s on l y  one pi ece of equ i pmen t ava i l a b l e  i n tha t s tora ge.

Average Con ten ts der i ves it s va lue f rom d iv id i ng the s um of a l l  the
times during which the storage was uti lized by the total simulation time .

Th is Average Contents va l ue is , in effect , the fraction of the simulation

time in which the storage was used. PMK18 , for example , was used .106 or

lO.6~ of the total simulation time .

Ave rage Utilization is the Average Contents of a storage divided

by i ts Capacity (number of elements). Th is value would then be the

fraction of simulation time for which each element of the storage was

used . In PMK18 , the Ca paci ty is one so tha t its Average Ut i l i z a t ion i s
.106.
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The Entries column is a count of how many transactions entered and

used the s torage. In our examp le , PMKI8 , 38 transactions utilized the

s torage

Average Time/Transaction is simply the average tim e that each trans-

action has spent utilizing the storage . The Average Time/Transaction in

PMKI8 is 1 449.474 secs.

The Current Contents is a coun t of the number of transactions cur-

rently utilizing the storage. In the example , the re ar e zero t ra n sac ti ons

now utilizing PMK18.

Finally, the Maximum Contents column tells us the largest number of

transactions utilizing the storage at the same time during the simulation .

For PMKI8 , there was a maximum of one transaction present at any one time

dur ing the simulation because there was only one PMK18.

To summar i ze the TSS ’ s perfo rmance, three ta b l e s  of sta ti s ti cs were

generated .

The f i r s t  of these is the Transact ion Parametr ic  History Matr ix .

Th is mat r ix  g ives a l i s t ing  of a l l  transactions tha t have been requested
during the simulation and their corresponding attributes. This matrix

is structured in the following manner:

TRANSACT I ON PARAMETRIC HISTORY MATRIX

Matrix Entry De finitions —

Col umn ( I) - Transaction Arriva l Number

Column ( 2) - Primary Category Number

Col umn ( 3) - Secondary Ca tegory Number
Co l umn ( 4) - A Attribute Va l ue

Col umn ( 5) - B Attribute Value

Col umn ( 6) - C Attribute Va l ue

Col umn C 7) - D A tt rib ute Va lue
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Col umn ( 8) - E A tt ribu te Val ue
Col umn ( 9) - Currently Unused

Col umn (10) - Currently Unused

An illustration of the first six rows (transactions) of the output

fo l lows :

HALFWORD MATRIX PSM (Parame tric History Matrix)

ROW/
COLUMN 

.~~. I ~~. .~~. L .2.

4 4 4 1 1 1 1 0 0
2 2 1 1 1 1 1 1 1 0 0

3 3 2 4 1 1 1 1 1 0 0

4 4 2 4 1 1 1 1 1 0 0

5 5 1 1 4 1 1 1 1 0 0

— 6 6 7 2 4 1 2 16 1 0 0

As an examp le , the first transaction has a Prima ry Category numbe r

of 4 and a Secondary Category of 14• The attributes describ ing this trans-

action are then listed in the subsequent columns. Thus , the T ransac t ion

Parametric History Matrix is a record of the TSS input.

The next summa ry l i s t i n g  is the Transact ion Tempora l History Mat r ix .

This m a t r i x  g ives a l i s t i n g  of the transactions that the TSS completed

during the simulation and their pertinent p roduct i on times. This matrix

organizes transactions in order of their completion and is structured in

the fol lowing manner:

TRANSACTION TEMPORAL HISTORY MATRIX

Matrix Entry Definition s -

Col umn ( 1) - Transaction Arriva l Numbe r

Col umn ( 2) - Primary Category Number
Col umn ( 3) - Secondary Category Numbe r
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Col umn ( 4) - Transaction Entry Time (Hrs - Portion)

Col umn ( 5) - Transaction Entry Time (M m - Portion )
Col umn ( 6) - Transaction Exit Time (Hrs - Portion )

Col umn ( 7) - Transaction Exit Time (Mm - Portion )

Col umn C 8) - Transaction Residence Time (Mrs - Portion )

Col umn ( 9) - Transaction Res i dence Time (Mm - Portion)

Co l umn (10) - Transaction Travel Time (Parts/10000 )

An illustration of this first six rows (transactions) of the output

fol lows :

HALFWORD MATRIX TSM

ROW/
COLUMN I ~~. 2. !. .2. 12.

2 1 1 0 49 4 44 3 56 33
2 10 1 1 3 40 5 28 1 48 73
3 11 1 1 4 21 5 50 1 29 89

• 4 13 1 1 4 28 6 35 2 7 63
5 14 6 2 4 52 6 37 1 46 75

6 5 1 1 1 46 7 57 6 10 21

The firs t transaction to be completed was the second transaction to

enter the TSS. From columns two and three we see tha t the product has a

Pr i ma ry Ca tegory numbe r of one and Secondary Ca tegory numbe r of one . The
column s that fol low l i s t important time s concerning production. Columns

four and five contain the time at wh i ch a transaction enters the TSS.

Col umns six and seven list the time at which a transaction exits the TSS.

Col umn s eight and nine contain the total time in wh i ch a transaction re-

sides in the TSS. Col umn ten lists the portion of the residence time in

wh ich a transaction spends in transit within the TSS. Thus , the Trans-
ac tion Temporal History Ma trix is a record of TSS output.

The fina l summary lis ting is the Transaction Cumulat ive Summary

Matr ix .  This matr ix  l i s t s  each p roduct type by each pr io r i t y  leve l w i t h

their pertinent production times. This matrix is structured in the follow -

ing manner:
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TRANSACTION CUMULATIVE SUMMARY MATRIX

Matrix Entry Defin tions —

Col umn ( 1) - Prima ry Category Number
Col umn ( 2) - Secondary Ca tegory Number
Col umn ( 3) 

- C A tt r ibu te Va lue
Col umn ( 4) - Number of Times Entered (Absolute)

Col umn ( 5) - Portion of Total Entries (Parts/l0000)

Col umn ( 6) - Number of Time s Ex i ted (Absolute)

Col umn ( 7) - Portion of Total Exits (Parts/l0000)

Col umn ( 8) - Average Residence Time (Hrs - Portion)

Co l umn ( 9) - Average Residence Time (Mm - Portion )

Col umn (10) - Average Trave l Time (Parts/l0000)

An illus tration of Product 1-1 and its three l evels of priority

descr i bed in the form shown above , fo l lows :

ROW!
COLUMN 1 2 I 2. 2. ~~ . 2. 12.

0 9 220 3 120 25 2 24

2 1 1 1 127 3112 124 5000 6 2 19

3 1 1 2 19 465 19 766 2 34 66

Col umn three denotes the priori ty level; the h ig her the numbe r , the
hi gher the priority. Col umns ei ght and n ine l i s t the average residence
t ime that a product of a certain priority l eve l spends in the TSS. Note

that as the priority level of a product increases , the average res i dence
time , ie . produc tion time , decreases . Thus , the Transac t ion Cumula t ive
Summary Matrix is a record of TSS throughput .

- 
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5.0 Conclusions & Recommendations

Four comparable simulation experiments we re performed. These were :

1 . January , 1 978 T .D. P .

2. Same as 1 with doubled Draft ing , doubled Rectifier I , and

Camera Modu les.
3. Deci log mod i f i ed vers io n , described be l ow.

4. Same as 3 with Interactive Graphics System substituted

for one Draf ting Module and an Analytical Stereoplotter

added to Rectifier.

The following sections describe the results of each simulation in

ch ronolog i cal order , and a later section wi l l  show numerica l comparisons

among a ll conf igurat ions. A l l  s imula t ions were run w i t h  identica l  product

requests at a rate of three per hour.

5 .1  Jan uary , 1978 T .D .P.  Simulation

Dcci log was instructed to simulate the Corps TSS as consist ing of

one each of the individual Modules , excep t Press , of which four were in-

cl uded. This y ielded a total of 23 Modules.

“Bottlenecks ” were defined as equipments wh i ch generated a queue

of twenty or more transactions. Undercapacity was defined as an equipment

which was utilized more than 67~ of the time . Table 5-I lists the equip-

ments , by Mod u l e , wh i ch me t ei ther or bo th of these cr it er i a a t the end

of 144 hours .
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TABLE 5-I H I G H  T R A F F I C  R E S I S T A N C E  - JAN. 1978 T .D.P.

MODULE & EQU I PMENT QUEUE LENGTH UTIL IZATION (
~

)

Dra f t ing
4 Dra fting Tables 21 34.4

Ligh t Table 10 92.0

Syn t h e s i s

Light Table 21 95 .5

Rec ti f i er I
Auto. Film Processor 6 67.0

Rectifier II

APPS 12 96.0

Photomechani cal
Photoprocessing Machine 17 72.1

Came ra
Copy Camera 55 96.0
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The above results were commun i cated to the Eng i neer Topographic

Labora tory and Dcci log was directed to double capacity in:

- Drafting

— Rec ti f ier  I
- Came ra

5.2 Mod ified January 1978 T.D.P. Confi guration

The effec t of incl ud in g 2 Draf ting Modu les , 2 Rec ti f i er 1 Modu les
and 2 Came ra Mod u les in the second s imu l a t ion was to i ncrease the tota l

module coun t to 26.

The resul ts of this module increase are shown in Table 5-2.

TABLE 5-2 HIGH TRAFFIC RESISTANCE MODIFIED

JAN . 1978 T.D.P.

MODULE & EQU I PMENT QUEUE LENGTH UTIL IZATION (
~

)

* Draf ti ng
8 Drafting Tables 6 32.5

2 Ligh t Tables 5 89.4

Syn thes i s

Ligh t Table 19 95.2

* Rectifier I

2 Auto. Film Processors 4 47.2

Rec t i f ie r  II
APPS 17 96.0

Pho tomechanical
Photo Processing Machine 13 64.5

* Camera

Copy Camera 54 93.6
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TABLE 5-2 (cont ’d)

Ind icates Module Doubled

A detailed analysis of the diffe rences between the ori g i nal and
mod ified versions was carried out. In the Drafting area , the li ght

table utilization rema i ned excessive , howeve r , queues for both drafting

tables and l i ght tables was acceptable. It was found that , by reorgani-

zing these Modules to increase the numbe r of li gh t tab l e s  and decreases

the number of draf t ing boards , there should be no problem with Drafting .*

The relat i vel y low drafting table utilization apparently was due

to a shortage of personne l in Drafting, and it was recommended that the

number be increased.

Both Rectifier I and Photomechanical fell out of the problem range ,

based on the above stated cr iteria. In the case of Rectifier I this was

a stra i ghtforward result of doubling. In the case of the Photo Processing

Machine , however , the res u l t i s more sub t l e .

Al though the Photo Processing Machine Utilization is stil l  hi gh , it

fell wi thin the acceptable range. This was due to the addit ion of the

Automatic Film Processor in Rect ifier I , and surprising ly (at the time )

because of the fac t tha t , when Rec ti f i er I was doubled , an additiona l

Prin ter/Enlarger was introduced into the TSS. These two equipments took

some of the load off the Photo Processor Mach ine , and led to fur ther
analys is of the results which wil l  be discussed be l ow.

Rec ti f ier  II , wh i ch was not doubled , rema i ned excess i ve ly  h i gh i n

Utilization and shows an increased queue . The increased queue is due to

the fact tha t more requests worked their way through the TSS , a nd were

ready for APPS p rocessing.

* Subsequently, and independen t ly , the IEET replaced drafting boards
w i t h  l i ght tables , and increas ed the Module coun t to three . This
new config uration will be simulated in the near future .

— 7 1 -  
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Despi te the fact that two Copy Cameras were now available , the Copy

Camera queue remained essen t i a l l y  cons tant , ie . 55 vs. 54.

Total Throughput , of cou rse , increased. Table 5-3 shows the total

number of requests served for each equipment for the ori g i nal and the
mod ified T.D.P. ’s.

TABLE 5-3 THROUGHPUT AT CRITICAL EQU I PMENTS

NO. PRODUCTS PROCESSED ORIGINAL 3 MODULES DOUBLED

* Draf t ing
Draft ing Tables Il 22

Ligh t Table(s) 16 39

Synthesis

Li gh t Table 52 55

* Rectifier I - ‘

Printer/Enlarger 58 85

Auto. Film Processor 66 94 —

Rec t if i er II
APPS 15 19

Photomechan i ca 1

Photo Process i ng Machine 55 62

* Camera - 

-

Copy Camera 6 16

* Indicated Doubled .

The large increase in requests served by the Printer/Enlarge r , which
had not been a hi gh resis tance equipment in the unmodified version , pro-
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vided a clue for further analys is. It was determined that many requests

involving Image Based Products were rec irculating among the same pieces

of equ ipment , and , were , conseque n t l y, delayed and re-delayed in queues.

This fact led the authors to the conclusion.that , by reorga ni z i ng the

loca ti ons of equipment w i t h i n  sub-systems , a more product-oriented and

more eff i cie nt ISS des i gn cou ld  be ach i eved. Wi th the concurrence of

ETL , the changes to the TSS des i gn desc ri bed in the nex t sec t ion were

i ncor pora ted.

5.3 Vers ion “B” TSS Configuration

The fo l low in g , minor , changes in the TSS equipment l i st and confi gura-

tion were made . In all cases where equipment was added , it was determined

that the equipment fit comfortably in the Modules. In fact , more f ree
floor space was available with the reconfi guration .

1. Retain double Drafting .

2. Rectifier I: add one Frame Rect ifier. Retain 2 Modules.

3. Rec ti f ier I I :
a) dele te 3 drafting/li ght tables to make room for

equi pment to be added. (Tnese previously had very

low utilization).

b) add one Automatic Film Processor

c) add one Pr inter/Enlarger

d) add one Copy Camera

4. Camera
a) delete one (of two) Copy Cameras

b) add one Printer/Enlarger

c) add one Automa tic Film Processor

5. Syn thes i s :  add one l igh t table.
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A review of the above changes wi l l  revea l that the IBP subsystem

and the REPRO subsystem have been given redundant capabilities. The TSS

is thus more product-oriented. Time is not wasted unnecessarily from

Mod u le  to Mod u le , and a grea ter degree of flexibility i s ava i lab le  in
subsystem and Module deployment.

This TSS confi guration , Vers io n “B” , or the Decilog modified con-

fi gura tion was then simulated under exactly the same conditions as Ver-

s io n A , and the results for the critical equipments are shown in Table 5-4.

TABLE 5-4 HIGH TRAFFIC RESISTANCE - DECILOG MODIFIED TSS

MODULE & EQU I PMENT QUEUE LENGTH UTILIZAT I ON (
~

)

Synthesis

* 2 Lig ht Tables 7 90.2

Draf ti ng
8 Draf t ing Tables 0 57.6
2 Ligh t Tables 16 91.5

Rec ti f i er I
Printer/Enlarger 0 15.4

Au tomatic Film Processor 11 35.7

Rectifier II

APPS 4 85.2
Au toma t ic F i l m Processor 0 5 .5
i~rin ter/Enlarger 0 2.2

Copy Camera 0 8.7

Came ra
Copy Camera 49 96.0

Prin ter/Enlarger 0 14.5

Au tomatic Film Processor 0 35 .9
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Drafting , hav ing rema i ned essentially the same , the Comments re-

gardi ng modified Version A above , appl y. The Image Based Products pro-

blems have essen tially disappeared . The serious problem with the Copy

Camera in Camera , remai ns. Howeve r , it shou ld be obv i ous tha t , an in-

te l l i gen t commander would route some Copy Camera reques ts to Rec t if i er II ,

thus re l iev i ng th i s p roblem.

In add iti on to the above , EU wished to simulate the effect of add-

i ng an Intera ctvie Graphics System (IGS) to Drafting, and an Analy ti cal
Stereoplotter (ASP) to Orthophoto. This was done , and is described in the

next s e c t i o n .

5.4 Vers ion “B” w ith IGS and ASP

One of the existing Drafting Modules was deleted , and re p lac ed by

an IGS. In addi t ion , an ASP was added to Orthophoto , howeve r , no APPS
were dele ted . The results of this simulation are shown in Table 55 .

TABLE 5-5 HIGH TRAFFIC RESISTANCE

VERS ION “B” WITH IGS & ASP

MODULE & EQU I PMENT QUEUE LENGTH UTILIZATION (
~

)

Synthesis
2 Light Tables 11 90.4

Draf ting I

1~ Draf ting Tables 0 60.9

Li gh t Table 1 91.5

Draf ting II

2 IGS 8 92.6
Tracing Table 1 73.0

Rectifier I

Printer /Enlarge r 0 15.4

Au tomatic Film Processor Il 35.7

- 
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TABLE 5— 5 (cont ’d)

MODULE & EQU I PMENT QUEUE LENGTH UTILIZAT I ON (
~

)
Rec t if i er II

APPS 4 64.1

Au toma t ic F i lm Processor 0 11 . 0
Prin ter/Enlarger 0 4.4

Copy Came ra 0 16.9

Or t hop ho to
ASP 4 77.6

Camera
Copy Camera 53 96.0
Printer/Enlarger 0 14.4

Automatic Film Processor 0 36.0

The results are very similar to those for Vers i on “B” without the

IGS and ASP. Wi th regard to p roduc t ion ra te , the ASP definitely increased

throughput and relieved the APPS load slight l y. The IGS had slightly

counterproductive effects on Drafting. However , it had been ass umed
tha t a Digital Data Base was not available for the IGS , and , hence , had

to be deve l oped for each request. Since this is very time consuming, it

is  l i k e l y  tha t , if the da ta base were dep loyed w it h the IGS , throughput

would be increased .

Table 5-6 shows throughput for Version “B” both with and without

IGS and ASP.
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TABLE 5 6  THROUGHPUT - VERS I ON “B”

NO. REQUESTS SERVED

CRITICAL EQU I PMENTS W/O IGS & ASD WITH IGS & ASP

Syn thesis

2 Light Tables 94 95

Draf ting I

4 Draf ting Tables 20 39
1 Li gh t Table 14 35

Drafting II
2 IGS — 25

Rect i f ier I

Prin ter/Enlarger 35 27

Au tomatic Film Processor 43 41

Rec ti f i er I I
APPS 14 22

Automatic Film Processor 18 18

Pr inter/Enlarger 16 16

Copy Camera 18 l8

Or thophoto
ASP - 16

Camera
Copy Camera 7 8
Prin ter/Enlarge r 40 40

Au tomatic Film Processor 40 40

As s ta ted above , there i s li tt le d i ffe rence between Vers i on “B”
with and without IGS and ASP under the assumptions made .
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5.5 Overall Comparison of Systems Simulated

There is no quest ion as to the super io r i ty  of Vers ion B ove r

Version A. Since this was only a minor modification toward a Product

Oriented TSS , i t  is concluded that furthe r work in th is  d i r ec t i on  cou ld
lead to increased efficiency , l ower m o d u l e  co un t and enha nced de p lo ymen t

flexibility.

None of the sys tem s s im u la ted co u ld be cons i dered a “quick-reaction ”

system. It is considered highly l ikely that a Product-Oriented system ,

with some thought toward optimizat ion , could meet the R . O . C .  requirements .

Table 5-6 shows the per cent of requested products completed at the

end of 144 hours for Vers i on A- l , (Original January , 1978 T.D .P.); A-2 ,

(Modifi ed Janua ry T.D.P.); 6-1 , (Decilog modified configurat ion) ; and

B-2 , (Decilog configuration with IGS and ASP) .

TABLE 5-6 ~ OF COMPLETED PRODUCTS AT 144 HRS .

PRIMARY VERS I ON VERS I ON VERSION VERSION
CATEGORY A-i A— 2 6-1 B-2

63.6 63.9 66.1 61.5

2 33 .3 36.2 69.1 55.6

3 4.2 8.0 38.7 37.5

4 0 4.5 0 0

5 100 100 100 100

6 80 80 80 80

7 0 0 7.7 0

9 52.1 40.8 52.9 52.8

50.5 49.9 58.8 53.9
I -
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The absolute va l ues in this table should not be relied on , because it

includes requests entered toward the end of the 144 hour period , which

could not possible have been completed . For example , in Vers i on 8-2,

Category 3, 37.5~ of all products represents 60?~ of the ex pec ted val ue
of this category which would have been completed , had no de la ys been

encountered. In addition , Version A-2 , fo r exa mp le , accept ed 22 more

requests than Vers ion A- I , and the absolute numbe r of f in ished products
was 14 more than A -l.

The last row in the table , “System Throughput Efficiency ”, is a

valid relative comparision of the versions simulated. It is concluded

that a Product Oriented System would be most efficient. If the Digital

Data Base were available , it is probable that Version B— 2 would not diffe r

si gnificantly from Version B-l.

The reader in terested in the de ta i l ed  s t a t i s t i c s  is referred to

in Appendix H. This appendix contains the print-out of all statistics

for all four versions run . These stati stics are in easil y read form ,

and were generated by both the GPSS Report Generator and also specially

prepared Report Generator Routines.

5.6 Recommendations

S i nce the final IEET recommendations as to TSS confi guration were

made at the same time that the work reported herein was completed , it

is recommended tha t this hi ghest priority be g iven to a simulation of this

confi guration . This confi guration consists of 34 modules. This simulation

sho u ld also have the ca pabi l it y of vary i ng the num ber of perso nnel per
module to resolve the s ta f f i ng  problems encountered to date .

Consideration should be given to a reconfiguration of the TSS to

make the system more product-oriented . This should result in reduced

module count , l ower cost , enhanced de p loymen t ca pab i li ty and in creased
eff iciency.
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If it is felt that a di g ita l da ta base wi ll be deployed wit h the TSS ,

the simulation should be re-run , assuming the data base. Th is  would have

a s i g n i f i c a n t  e f f e c t  on throughput.

The mode l should be modified to include intelli gence in the Route
Con t rol Ma trix. This intelligence should allow parallel p rocessing of

a ll requests. In Vers ion B , the log ic was developed to a l low some
pa r a l l e l  pa ths , based upon earliest produc t completion it is recommended

that this be included for al l products.
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