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Nov. ’ ! ; ‘e U ’ ,J C .. o: ~~~~~~ ~~( r e ~~r ,t 5 I 0 i: c : o;P’,~J I:

ur i n 1 ,l a c I ’L , !  j  ~~, iII C 11; ( ) C C _ C~ ’ 1 ’  ‘tO r c a ~ ! ( d C _ C - Cu p 1 O n i C C ’ C_ I! On CTeC

s a f et y  in . ’ ‘ 11; . The U n i t e d  N tate:: A1’C / k’’to ~ol 5- .’.ei&~ C _ C _ 0 C ’i ’t

arid 2 ead]  CO 51; C on,’:.and (sti~co: :) ~:: cur r c’n’Li;1 onen;.. orir~g air

C EC_ OC.C1 ’ 1 t~ on IC_ode: Ci  ?Ci U C_ CO’ 10’ ()~ CS: to 1CI: I ‘007 C a r C _ r u ” i C _  ‘Lion

produc t ion  f ac i l i t i es .  A pro~ ecti1o n e n ;. f a ct u o inp  f a ci l i t y

is to be ii :tal led a t  ar~ eno~~ :~~ t i o r . slant wit~ a n ev , fu l ly

au’toa e ’ t ed  r , atcrial CCI d1ICC co n c e u t .  :‘inco ‘the p r odu c ’U i o n

fa c il i  tv 1:: not cu e r at i cu a l , this is a test of a concept .

f u m o r ~g ‘these are  the numl . er of machii;e -:: per cub— system , the -

number of cradles per conveyor , input and output rates ,

machine operation times , conve::or speeds , failure rrobability

distributions (r.~T2F), moan repair times ( 1 :TT R),  and all

measurable distances.

Control led la boratory simulat ions of indust r ia l

situations are now possible . The systems analyst can learn

quickly and at low co st the answers that would rarely be

obtainable from manipulating the actual system .

This is a report of the analysis of a system which

lends itself to digital computer simulation . It provides

inf ormation on the vali d i ty  of the material handling

system and h ow it reacts to tool , machine , and ‘transfer

mechani sm failures. Although -the discussion here 
is1
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r e s t ;  i c t~~i ‘0  :u :’.’o, r ’ , . , O C C I ) C ] j C  -
~~ a : ; ‘t i or . :  oS a dcH .ip:u

C O: : u : : ’ t  , \‘;‘, C (Z C S I O  i C C: C,C~~, :  01: ~~C p i v o n  for  I a ’ C - ’r e r a  C: O ~~’O

C. O:’:::l~~:’ ‘‘ ‘ C . ’ ’ ’

t I e  3’ r uo ;zct  - ~ n Li 1.0 ~~~~~~~~~~ :n-~ to:;

d U O  pL ’ C d uct  .i Ofl i~ I i )  C C U  U :  ( I C _ P  id l ;d  in t o  SCVC [ si :-:u b—

E a c h  ::uI.~~sy s’tem ’ s i,a sk  n: . ,.’ be ‘J i f f ’ - : :n t ;  ho-ever ,

t he  :‘,‘:t ui  i; 1 :arldl:nf s ’nfl ’te :C _ ~ I; g&~~er’~~ll .y 1 h ( ’  l a n c i  for’ eacI’r .

A s u N _ C ; : , s t e :  cons ist :  of a t o — t i e r e d  c i i i  ‘ . i cal. C OYu ”E C_ ’Or

w i t h  a sper: ~ l i ed  riur’d ~r of i.deri’L i cal rC _ O ei’~1r:C:. l ocat ed

P ‘,‘ ,~~~ iC:  ‘the ‘tWO CO ; ’!1.’CO’Or C _ I .  (Nn ~ h’igure 1.1) , Lr ~ i t em  or

un i t  co : ,e : ;  IC. ~o a saL—; ‘‘ ,a:’t~’r:. 
‘ra a E t:’ai~ ht—1i :en co;-’~1c1c r

a m; ;] is t r a I l  ‘f or m’ ‘d a the top ~1ip’Uical cciv.’e: o:’ . T h e  u n i t

cortir~ues C O P i C p  on -t : ms conveyor until a machine can accent

it. (?ee FlIC_ ure 1.2) At this time , th e  unit leaves the

corive,’or ~nd er -tn: : a m a c h i n e ’ s finite w a it i r :p space.  The

mae~~C _ r~e a ccent ;  t h e  u n i t ,  os e r a ’L es , and t r ans fe r s  it to the

lower e l i r t i cal  con vey or . ( P e e  P’ i gure  1.1) F ina l ly ,  the

u n i t  ‘ tr svels on ‘Lo i s convo or u n t i l  i t  can move Onto

a n o t h e r  St :a iph t ~ l i m ’C e conveyor , cal led  p t ransfer

m e c h a n i s m , v.’hich t r an s f e r s  the un i t  to the next sub-system .

An elip’tical con ’-’cn or , h ence fo r th  to be called a

carousel , has a spec i f i c  number of equal ly  spaced cra dles.

These c ra d l e s  are continuously moving and must he in line

wi’th a t ransfer  po in t  to accept  or r e j e c t  a u n i t .

Finite waiting sr aces  or buf fe r  zones are locate d at~
in pu t  and out pu t  p o si t i o n s  of each mach ine .  These b u f f e r
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Z 0 i : Oa  ( P u l l  P~ aIJ~ uflte (i to hold . li (Oh 1 to 5 0 C C _ t I : .

The ‘Lr’a: jPc r i ; a ’c h a n i s m  i s  a s’t m’ai~~hL— 1i r~c corrve :, or

~‘.-‘h iC : h tr ;;ris ee:; a u:3 t fT -cm 0110 C U U — 7, OtOiI :  to ti’:’~ r u c :x t  cu b —

c’,’s ten at a co;::’U- ’n t  : ip c e a  It has a d isc:  e t c  r u u s ” a:c of

i tem sp ace :’ aed is a u t o ma t i c a l ly  contro l l ed  by ;:’.’/i t c h o c .

~‘hien t u e  I l u l O t  queue  to the n e xt  su c—s yoter ; ;  is fi l1c-r~
these  s - i t c he s  er~ab1e the  t r an : ;for  me ch an i : :u r  to d et o u r

incomiu.p units and stop mcv i op .

AlIt  the n e c es s s r y  va luer:  coo ideas were extracted f rom

project report:; ar~d cira ’.- -’inp s  in order to insure model

y ou ui t y .  Th e  no t h e sa  Lica l  r e l a ’ t i on r ’h i i - .s needed to

a iu”o~.csed nooduction line are given in 1.rper~dix A.

T N .  ciC ” ;i u ; ; oc t  in ‘the model  is .— u m m u r i z e d  in Table 1.1.

The 1lodeling A pproach

Dip it a l  ec::, nu ’Ler  s imu la t i ons  have increased dr ’emat —

i c a l i C _ -  in rr’cont pours due to the decreasing cost and

inc rea ; ’ in g  s ro ’e d  of e lectronic computers , as well as , the

imp r ov em’~ots in problem-or ien ted  simulation languages. Two

of the  m:: ,~or advantages  a re :  ( 1) computer simulations

allow study of the  system wi thout  actual  modi f i ca t ion  of

that  system and ( 2 )  the computer can mani pulate

elaborate descr ipt ive  models tha t consider comp lex

interre la t ionships  and s imul taneous ly  deal with a large

number of ind iv idua l  un i t s .

-
~~~ The GPSN programming language (IBr ~ , 1970; Schriber ,

1974) was used to develop this model . GPSS was chosen due
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Table 1.1 Irmut Data

Nub -- :  ‘ a  tom 1 uL— P ‘,‘ ste::, 2

Factual

S paci  na Lo’L ’.- ’een Crad les
on Carouse l  8 i n ch es  - 8 inches

t’ idth of Ca rouse l  12 fee t  12 fee t

A

Number of 1- ach in e c  6 - 

10
Number of Cradles per

Carousel  48 66 -

Input  Ra te  1 u n it / nc 1 1 unit/sec
T a ch ine  Out put R a t e  600 tarts/hr 360 par ts/hr
Conveyor  ~‘p e o d s  1. 1 25  ft/sec 1.0 ft/sec
Carous el Side ’s Length 9( in c h e s  160 inches
Ci rcumference  of

Carousel 51.1. feet 66 feet
Buffer haiting Spaces 3 3
Distance Between

A djacent Machines 32 inches 32 inches

Transfer Mechanism ’ s r . :ax irnu r n Queue Length 10
Number of Repa irmen = 2 
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to t h e  I : ’OLln r ; ’ :’ eon s) cxi  d y ,  t : c  i o 1p u a g e ’ l: local, ava i l—

abili  t.p, a ~~ GPPL I ‘ s u n i q u e  fea t u r  e n . 0 the: .-ide1~’ u; ed

J : ’o f ” r aCsC _ i r rp  lCnpOC; r n l I  i nc lude  P J 1.d ) CR ” PU , FORd’~ LN , aru ’J C! PP.

However  , us ,~ op th o s e  l angu anes  for model  inp comp lex s y st em s

r e q u i r e  ahr;orr:~]- 1y large propra:r .s . This  u sua l ly  r e su l t :-: in

a di , f f i c u l  y for  an in t e r e s t ed  in d i v id u a l  to u n der s tan d  the

model  logic .

The p r o d u c t i o n  l ine  wan s imula ted  as two c on n e c t i n g

Su b - S C _ s t e i n .  (See  F I gure 1 .3)  This  nodular  approach -

allows increar- ,ing or decreasing -the size  of the  model and

char ;  m r  of any  nece ;’sary input do- L a .  The output can be

s tudied  for the va l id ity  of the- concept , system reac tions

to fa i lures , and op t i m u m  maintenance schedul ing procedures .  -

L i te ra ture  Rev iew

The increase in s imula t ion  and modeling is re f l ec ted

in the l i teratur e of fi elds such as engine er ing, computer

science , operat ions res earch , statistics, economics , and

business administration . A search for infor.nation

- ‘ revealed no prior investigations concerning this

engineering problem . GPSS programming language texts and

‘ 1 
manuals received the majority of attention . As mentioned

earlier , two important references ?re the IF-I~ User ’s

-
- Manual (IBM , 1970) and Schriber ’s “Simulation Using GPSS’

(Schriber , 1974).
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THE ]. .Oi PL

I n 0  ta ‘P of ~ i t C I ’  ‘i: e tj  n r  t h e  ~ro1;lem in ‘t Cc cont c :’:t of

GP ;h ’  ~-.an  oe ; z’co c: r,d by o j op ic; -,], den c :  I st i  on of 1~he

mater ia l  NC _ nd t ins ’ :‘ , . ; ‘.t -. s.  S ince secti on:’ of t-~e PuOdEl ray

be c O i~ fuSi ; ’;s’ , an e xn l ; ; a t i o n  of’ t he  r at io : -:. le beh ind  ‘tiic.

pa r t i cu lax -  appr oa c h  used is riecensa~-y

t; t r u ctu r e  of’ ‘th e 1-~oii el

The model  is cor i p . o ’ed  of a maj or  mo de ]  sopsent , arid

‘th r e e  :;u : . ;or ’ t ~~na; u ;ngr n n t s  . In toe ro’: jor nngrC _ c-n’t~, I~odel

Segment 1, t h e  n roduc~ .i on 1)110 iS ci : :-uu:iaUed .  ldodel Segmen’t .

2 controL-; the failure:; of the ‘Lr’anc ~fe r  ~ri r i c i i a n i s m .  U h e th e r

the t rans fe r  me cNan ~ sm is c ur r e n t l y  working  is communica ted

to ‘the ma .ior : egmnnt  th rough  a LOGIC San ITC H . In another

suppor ting  segment , I-lodel Segment  3 ,  machine f a i lu res  are

s i m u l a t e d .  A Y ’RF,EhPT Block transmi’t s a machine fai lure to

the r ’a j o r  sep m cn t .  The f inal supporting segment controls

the d u r a t i o n  of the  r u n .

Develoning GFI’P reprcu;ent.a L ions  for the product ion line

presented many logic problems . Since it consists of two

similar suh-synte:ri;-; , sub-system 1, r equi r ed the main

programming effort. Once this was accomp l ished, the task

was simply to repeat a l is t  of program sta ’t emc ots. wi th  ‘the

necessary da ta for sub-system 2.

Each t ronsoet io r i  reprc ’ ents a un i t  as it moves through

9 
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t.Iodel So ; , . o u . t .  1. Tori I I : ; - : : e te r s arc’  d e f i n e d  f o r  (-ccli

d m 1 : ;  ‘ I - C  l i o n i T :  oi der for ‘dl ’; u n i  tn  to mov e in a fixed order

and re ’~~or - d r’: o v o m m - n t  da L a .

I~odel  Log ic

A t r an s a c t i o n  a sk s  a se r i e s  of q ue nt i o r i s  ~hi I .e it waits

on the  inp u’u  c o n ve , ’oI for  a cradle CC carousel  1:

h ! u ) C h  c rad le  is  curreot i :.’ in f r o n t  of
the  i,npu ’t~ CO IC _ Y O~. or’?

Is i t  vacan t. ?
Ye s , move o n t o  the ci adle .
r~o , wa i t  fo r  the next  c r a d l e .

To accon :l  ish t h i s  in the ‘sodel , a uni t erltel’n : an  !uPS IG ii

:d i o c k  wh or e  ‘the cradle nu,sn.;er’ currently in f ron t  of the-

i r l i u t  c o n v e y o r  b e c o m e s  the  value of P ar am e t e r  1. The unit

then arrives at a GA TE Block controlled by a LOGIC S’:ITCH .

If the cradle is vacant, the uni t continu es to the next

block and puts the LOGIC S~~ITC E into the “Set” position ,

ind ica t ing  th e cra dle is now occu pied. If the cradle is

occu pied , the unit is sent through a counter 1 which

incr ements the number w a i t i n g  in t h e input queue and then

leaves the model. This is made .possible since the input

rate is equal to the time it takes the next cra dle to arri ve

at the inpu t conveyor . The value of t h e  Variable “~ PACl ” is

the cradle number currently in fr,ont of the input conveyor

f or each tr ansact ion :

SPAC1= r(’the number of transaction:; entered _ i )/ Li.~~ +1

The Pr ankots denote integral porti on of’ a n u m b e r  . The

input i ” : t ’  in c o u ni  to -the t i m e  it takes the next cradle to

_ _ __ _ __ _ _ _  - -‘-_ - ‘ ‘- - ——- -~~~~ -‘ - ---“-- —-—-~~~~ -- ‘-.~~—-~~~ - - - - “ - ‘
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ama iv c- a ‘
~ t h e  I n o ’ . t cc inv ( ’ , ’Or ’ , t h u s , t h e - r i :  is a o n e - — t o — o : r .’

cor res j~c n C _ i ’ : m a . n-  b n t ’ .-:on! ; th e ’  L C f l l E f ’  01’ t , r  : i S ’ C C l  i o n ; -  w h i c h  have

e :y er ’ ed the  mode ’! and the l ued ’.d cr ’ - fl,e i;umLc~

O n ce C U ? n t , O C CC _ i 1n S 0 CT ’0C1i ( . ; , i t -  t. in- . v~ ’3. S c i i  t h e

en i ’ o u n o l  f rom one l oe nt l o n  to ; ; i ; c , ’t he ’i . Transfer point

po :’i t i e r ’ - 01 ;  c a ; ’ousc - l  1 ar e at the in pu t  conveyor  an d the

m acl ines. To r .i r . :u late  t he  r : oveme nt  of ’tee carousel , four

CIt ’S r~Lock r:  a r e  u t i l i ze d .  U hen  a u n i t  moves in to  the  Block

“AI’P ICS 3, 1- :P~; POA i~ , the t im e  rj c’ o cl ii:d fo r  the  u n i t  to reach

the no:-sL pa : i ties; is cop ied into ‘Li:e value of P ar ame ter 3.
I t  i;-: t h en  hold  at an ADV AP CE B lock  un t i l  the un it -  arrive:;

at  the l2pe e i . f ’.L ed l oca t ion .  A ft e r  a sr iv in e  at , th is  location ,

the  p o si t i o n  number becomes the value of Parameter 2 .  If -

the t r an s act i o n  can enter the machine ’ s f i n i t e  wai t ing space,

it leaves the carousel ; if’ it can not en’ter , it moves to the

next machine .

The Funct ion “TOAl” describes the time needed for the

uni t  to r each the next location . The data used in this

function is calculated with the following equation :

distance to the next posit ion
1

conv eyor spee d of carousel 1

wh ere Y~ is the travel time to the next ldcation from

loca t ion  i .

Onc e a uni t  has passe d through a machine , it waits in

th e exi t ing buf fe r  zone for a cradle on carousel 2 and

again askr : a series of quest ions :

L _ _ _ _  

_____________________________________
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t ’ c: o~ a’] c’ i s  e-~n er ;’~.lp in front of
c: t ~; r  ‘

~~ ;- I ’f ’ r.~r - Y~E r ; C ?
I ;; I t ‘

~
“ ; -~~~~

‘
~~~~~~ ; ?

Y ’.r , nave on o tn - c cm”;- dlc
Ho , ‘s-U 1, for I ‘;e i c>: t e:’nal,e

T h i s  is. ;-n:co:’. ;- l i s h~~ ) ‘.‘ i  U: . h e  n ame  :Jo cI- :  logi c )n e d  ~--‘hi le

the uai ’ t  \ ‘C_ i dccl 0 1 .  t h e  i~ ’:p ’il ’t c UIC _ V e -/ ar’  for  a crad le on

era-eu:’” 1 I . U he value of U”- \ariable “OUTi” is the cradle

r ;u:::i n~ c’,-. :’ ( - C t  .~~~ in front of a mac inc ’ s e x i t i n g  buffer

zone

OU’ 1’~ the n,n’ Per of trar’;se:,e’tions entered — 1 + FOUTl)/)~~ -
~~9

Notic e I he  5 1:-U ion ty ~t’.”~~ n the equations for the

Var i; LI en “CU , ]. “ and ‘
~ PAd ” and ‘ti e Pi’:-.ckc’t- r: a I I  demote

i i ;  egr’a, l r-cr-ti o :’ of their or gunent . The F un c t i on  “F CU T l ” I : ;

a ‘Lobular value w:-~ic}’ descr ib es  t h e  r ;nrC _, Ler ’ of cradle: -

be tween ‘the inp u t co m’ ,v eyo r onri each ‘machine. (See F~~ere 2.1)

The conr: ’t .ant . 49 is added si nc e  1-h o crad e numbers on carousel

2 range from 49 t h r o ugh  96.

Onc e a uni t  occup ies a cradle , it trav els on th e

carousel  to the t ransfer  mechanism . The Funct ion “TOA2”

describes the time needed for .th e unit  t o re c~nh the

transfer mechanism.  If  is the travel t ime to th e

tr ansfer mechani sm from location i , th en

= 
distance to th e transf er mech anism

1
- ‘ conveyor speed of carousel 2

The representat ion of the tr ansfer  m echani sm is

considerably simplified , sinc e the operat ional character-

istics are nonessential details. It is modeled as a finite

L __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _
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HI Lii Li
let: x~ = machin e number 

-

y1 
= num ber of cra dle s between th e input conveyor
and machine i

Function “FOUT i”

x i

1 34
2 30

3 26
4 10
5 6
6 2 -

Fi gure 2.1 D iagrammat ic  Rcni ’e sen ta t ion  of
Function “FOU T i”
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‘~- ‘~ i I i : , a: e l  \‘-‘it : a ea , c ’ : . ’ci, ’t; , cf  ‘t en .

S i c, - 1:.’ , a : .  un i . i s . ’ , ‘ t in ar ~ en-: . i t i rig N u fI  ‘a’- zero-  or ’ 
________

t h e  r ‘n:’le ; :;,ce i : - . n,i :- : : .  ~‘ nr a c - r r - .~~. L e  , on i -,’ ’1.he un i t  i n  f i rst

ui: ’:-’ 4H. ;:’n ta ; to 0’.:OS t - ’ C cr’~ d .l~~. In ox-den to stop all

0 t r , er  u n ’ i  ts ~‘r on ; s -i n ; to occaa~ a. cradle , w h i ch  would

be u~:; ~aU m t_ c - ;‘:,s a sr ste of coCi.u ~er ‘Lrne , LOGIC 5- ’ IIC Se- ,

am e u sed a: N o l d i n ~ g a t es .

I- : odel Im’nlem c -n’d a t ion

A s . n a l l  t i : ’: ’.’ i n c Y ’r :ner, t of 0.1 second in u sed , due to

the  rar -id r r , -. e - ::.en’t of t.h~ units during ‘the sin,alationi . The

sel~~c ti o~ of a l a rge r  ‘t i ne  in c r e m e n t  ‘sill cause conni d—

erable r o u n d - o f f  error’ s , due to the nature of the avail-

able CL.’ :...

The model in run for 6 minutes , with  no failure s ,, to

reach st e a dy  s tate  c on d i t i o ns .  The statistic:: are t i er i

reset to zero arid a 12 minute run , with f a i l u r e s, is

star ted . Ins pecti on of t h e  second START card s .h ows~; t ha t  t h e

card’s Sn ap  I nt e r va l  Option and -the signal for CHAIN

Printouts have been used. The Snap Interval  O p t i o n  causes

stat i s t ical printouts to occur after the 6th and 12th

minu tes of simulation . This makes it possible to trace the

behavior of sta’~istics. The CHAIN Printouts are not

necessary ; however , they give valuable information for

debugging the urogram arid tracing a unit’s movement .

GPS~ pr ovides an e f f i c i e n t  method  of sy st em s imula t ion.

The p r o gr a m  wa-s run on an IblU/)c;O and an AT~DMiL/47O. The
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( -C ’ . ’ 0~ u~~( , a - . , ! ’; I’C ’ : ’’C ; d I Sc:: , ~‘‘ ( to ~‘.I U . lt also  r ’enu . is’ e d ,

a:~ o v a  :o , e o f ’  19th o~ co: e ía :  a : : i m n l ; it i c ,n of ‘ tw e l v e

m i r ~ - ‘t e l ;  - 0

‘.‘ erifieo Lio n ;, Vol i d it a , or Ser i t ?

‘I~ie iv o .:ae ( I C  l ii’s: ;: ‘Lu -:iled has riot been CO: ’;S tm ’ e c t e d

UhIle a r~,~ ;r :  on: ’ vc: ’l f ’ i r,a ti o:’m el ‘the model  is 1!’.; ;;cti nal ,

t i e an- - m a e  ir;d c-ate the model  i.s so;,; ,-’

0:-i. i:: Ir :;to;vt n en:.,ale t h e  on ; ’. l :’nt  to u~’d n r s’c an s i  the

] ‘ -,-}‘ . ‘v i o r ’  of the model . Be caus e  e vent s  COO oceu’r

nimul I”- : n e o u s l y  in ‘this ss-s-tcm , but ar- c caused to occur

::equer:ti;’ll g in t h e  0555 model , t he  question; of ““—hat

hapeen s  n e s t ”  in C U - S  is of the u tm o s t  i,:, r o r t a n ce .  An

exp la n a t i o n ;  of “.-.‘hat happens n ex t ”  in given in terms of

cha in  c o n c ep t s .  Also , a stud:’ of the par ame te r  values.,

i n c l u d e d  in t h e  CULlS Pr in tou t s  showed the movement of

uni  I s ’through the system .

Four separate runs were made . The first run

considered no failures. The second , third, an d four th

runs cons idered  tool , t r ans fe r  r r e ch an i s n,  and machine

f a i l u r e s, r espec t ive ly. The s i m i l a r i t y  of the uni ts

behavior  in. the model  to “ real” systems for each run ,

implies the s imulat ion has m e r it .



CUP j ’JU’.;-: ii .1

- ; L:’:,;U., (:U’j nUT

L c er .t~ a: . ; ’ a s .  l i t er s ;” ’ a. l i o n ; : :  o f ’  I , i ,~ , a ’cj ’Cr, .

. a i (~~~~~~~~~[ l to ass.s’t i l l  (J .~ IClc ; . :5c f l t  of l r r : r ,r

: m ; ’ ’ l nc’~~e con m l : - ’-: : ‘ a .  “n .  P i: ’ c c- ’da~ s~ ’” .e ro~ of Ci’UL in

a ,o-c: , a . C :  ; . r  odi . .’. C gi ’:e :; a ], i st 01’ ‘h e  var  j o -u s .  CLI . ;

c a l l  t i e . :  u : v - : I  is ; ‘the :soic -l , -. “ i ,} a ; . r i e f  ‘ :-n ,I : :aut :( ’ :-’; of

4h’ ii’ I n t c -n - :  ‘, to Lii ,.:’; an element:: i ;‘~ ‘ti e ma t o ; ’ ial :;a: d l i  :‘g:

A r’ oc’t co: o~’ t i e  FU ’U,h’,U , E ’ii ’, . ’ : 0h ’~TS is. sh e ’. : :

e 
~~ 

.1 . U’ ; ‘i ca-.i P r : n . ’ae :  i ce’ c, . ’ a :: vh r’ v a m o e n -  am i ra’:’ I:’

this i ’ ”  i n t a - . ’’ t .  ( A : ’; c :-a - I ‘::: ‘. ‘t i o n  of ( ‘alans; label,n in CIt -
. 

—

C U A I I :  s:1n ,. cu t ’.; c-a.:’ be ton: :] in /,~~ j’; O n ; S i X  I~.) For anamy;le,

t r a : ;,  Se l l e r: 5k in ‘:-e : ’ i  . i in g in  ELOO }’I niunber 55 .  (The

a;: an LinL.n~ , lit Ars enals D in di cate s UI:: in

an AD~,A : 013 Bloc-I : in r-~odei Segmei t 1.) f l , h i r -  can be

t r an s l at e - I  ‘to say , ‘trann ;te’; 10;; 52 is a un i t  on caroucel  4

t r ave l ing  to the ‘ t ransfer  m e c h an i s m .  The p ar a m e t e r s  P1 ,

P2 , . . . , PlO a re  a record  of the tr a n sa ction ’ s move i : .en t .

P a r am et er  l ( = 8 9 )  in d i c at es  t h e  un i t  cap tu red  c rad le  09 on

carousel 2. Ii’his raises -t~~e que st ion of ‘shich cr adle ‘.‘: ‘ .s

used b:. t h i s :  un i t on, carouse l  1? - Sin c e  the va lue  of 51 j ,:

the  cr a d l e  number’  a u n i t  occu pie s on Sub- sys t em I , the

cradle  numb er  on carousel 1 is des t r ’a- c~~ivc .ly  replaced by ‘the

cr : d .1 e numb er  on carouse l  A a:’ the uni L t r avels  t h r o u g h f - he

16
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I. I

nub -- : ’ ’ ’ 105; . Par ’  .: : ;u ’Ler IL-h ) Is-U a:’ .o n ‘tr: ;’e:na ‘ ,:. a:i 52

C 
est . ’:: :d . l : h l l ; C) ( h- ’ ~’, ‘ • ~~C’ ;:~ ac-e (Prom a rouse] 1).

Pa r St:5: I 
3 

( n ) ,i ad ~. C:.: V I h c~ u t : t ~ ~ : ,.‘ ‘ie1~~d it c-:: I U:

~ ‘cad 1 ~~ i;- . ’ t ~or ( : ‘  c - h i . :a’ 5)  ‘to t n c - c - : : i  no C ( o r  (: “,r  ou t ’ ol 1)

in A .4 s o c - e n - i ’-  ( ‘ I  h -t i-a an1 :. i n  0.1 ~~~~~~~ . Pasa :n ’ C r

4( :22) I nh ,i em tan ti ,e car re .  send . : on t I a .” Ba Pi er’ :: crc for

rn-c-hi n c - h ,’ . ... - r±un : eL 2 2 .  m l :  an, . On 5 ( ~~Q)  i; ’U.ca’Le:: th e

urn t a i d  me t  r4ee d to usc -  thl : :  e x it i ng  b u f f ’ cn ’ zo ’r;e ‘

h o i d i~ p ro te . t h e n  ‘H o- un i t io~’.ched s’a’a—s~,’ntaa; 2, si::’U. lar

ca’i:l’,’Ls ~‘s,u a reo-C):’ drd 11’; ~,:,rama’t c~ ’a P6 ,P7, . . .  ~~~~~ r1~~c-

ruU t ear L u r e d  c; ’n ’ d I . e 22 1t C;t~ cnl’c’.:::el 4. On carousel 3,  it

ha d  ‘H~.vei  ad fr om i ts  rr ’e ca ’.i ng  p o s i t i o n  (m a ch i r e  12) to

m a c } ’ i n e  13 i n  2 . 8  s e c o n d s . .  The co rre : ’no :’,d i r p  ex i t ing  -

bu~ Per zon :a for  n;c: ;; ne 13 v.’as r:’a r rher  29 .  F i na l ly ,  the  u n i t

d id  not  n er d  -to use th i . r.: e :’:it lng bu ff e r  zone ’ s h o l d i ng  g a t e .

T i e  III1’IBHUUBT CUJ~1’~ is ni’ c- ’,- .-n in Table 3 . 2 ( a ) .  T:r~ere

in. one Lr’ansact:. on r e s i d e n t  on t i e  CHA Ih . Transact ion 71 is

the  u n i t  (nor ;-preenp ’ t iv e FACILITY u s e r )  which is an yet

un f i,n i she d  ‘- .‘ith the machir;e . .It is known to be a non-

preempt ive  use r  because  its “Next Block Attempted” is Block

17 ( the  2C LI VEVALUE Block in liodel ~ egrnent  1). The BDT

( “P l o ck  Depar tu re  Time ” )  column shows a value of 1. For

each tran sac ’L.ior i  on an INT E RR U PT Ch AIN , the EDT en try can be

irl ’La ’r’pre ted us its “remaining h o l d i n g  t im e ” at the mach ine

f rom wh i  ch it has been d isp l aced .  Hence , a repai rman (a

precmpt~va n r i c h i n e  u ser ) }Irn : 1 t i m e  u n i t ,  to go before  he ‘.- “
~ 11

1:
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under ti O : O j . ; C  I h i  f ’~~~~~~ ’
• NO. and PhEEI.?TIi’~G T N A N P . N O .

columns , r e sp e c t i v e ly .  This siso’.’r r:}’n -t t ransact ion 71 is a

d isp laced  use r of th e  m a ch i n e , and t ran sac t i o n  69 is

cur rent l y simu isf , ’LI n~s a rel :”alr of the  machin e .

The l ist i n g  of all LO CI C btJ ’iCiIEP , cu r r en t ly  in u se ,

is shown in Table 3 . 3 .  The LOGIC S’, 1TCHEP l i s ted for

cradles represent  the “ occup ied” c rad le s .  S ince  LOGIC

p’y~~~C~ C~~~~ 400 is in the “ on ” pos i t ion , the  ho ld ing  gate in the

t r a n s f e r  r r c c l a r : I s m  is present ly  being u s e d .

The PTCR ’
~CE :;tatistics. are shown in Table 3. 4 .  For

each  S T C I i n U E , seven d i f f e r e n t  p ieces of in f o r m a t i o n  ar e

p r i n t e d .  Cons ider  ‘the o u t pu t  for  P TO R AGE 110 ~- -‘hon -c

cap : c:L ’ty 3.8 ‘the n umb e r ’ of rein; r m e n  • The  C / i ’ ; - C T ’ Y  i’epresc : I I
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‘Ph i ’  :‘ c - h , ’,~~~~~
’ - , b e n  -.-:r’I t~~~

C . i ;  to en . ;b 1 e ~.: i” ’ : non to

u S ”  - - ‘ ‘c-c t i e  nL”,e c-f n u L — n y : ’ :t a m , ~ner ’ ea:’ e t i e  i n c- t h e n  of

, :n b —l: . . ‘ t c m - ’ • an d  ei , c-~’u -e  an , ’ de. Lu n e c c - r~u i r : , ’ - if core

‘Ii r-.j ‘La tjona 1Cd cost r e s tr i c t  L ’s  : I z e  of ‘the a c- s te m , it

a c - u  “- - u  ‘Las t an a ue~ima te rei:resen’tl: ‘tion of t}:s n1~:ter4~u1

I ’511’5 J ij  1 : :  ‘C . stem can 1, L i i i  be ob ta i r ueJ  . F i :”n t , i n c r ea se  the

nunbar of corunccti,r;~ n- n b — s c - : ;  t ens :  to onl:-! four  or f iv e

N eco~.d , run ‘the si:cU,io~t i O t;  for  an einl ;t  hour day .  If these

rc- n ’t .u ’i ct i o n n  are n o t  used , r e l a t i v e l y  expens ive  conianter

r e n ou i ’ ce n  ‘-“111 he needed. ‘

Three  tyusn of f a i l u r e s  wor e  incorpora ted  into the

model : tool , m a c h i n e , ari d t r a nsfer  mo cha  n i sm - The 
‘

a d d it i o n  of carousel f a i lu res  will give a comp lete

re pr esent at ion of all major fa i l u r e s .  These failur es wer e

ign ored in this inve st iga t ion  du e to t h eir in f re qu ency

and the extensive computer programming needed to simulate

them . The model contained in this report  viill cost

approximately $500 to simulate an eight hour day .  One

carous el fa i lure  may occur in this tim e perio d and it

would simp ly stop a],l output and fill all the buffers

before the failure point .

In th is  mo del , Block sequcr4ces are used r epe t i t ive l y

wi th different variables. A certain amount of keypunching

25 
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ei ’fo~ t can e : ‘ a : , r - ’d if ‘the Li och ;;~~q , ’ ) c - f l~~~~:; are d c -f i r , c c 3  a :, ’

1 5 ’ - , C- , ’ , ‘/ ,1 , .~ d’~:, , a, ’,’ C~~~:!~~~~~ C . ~~ I l ] ~ . C U 5 (~~ l e d  in the various

Ci t y  C I  Si ‘c-~ “ I en , — . The Y ’ r ’ oc u ,-sn or ’ ‘C lii then c-u . :,t i tu l .e  then ’s

Bloc : : :  at v’ i c - c -  po~ n t n ’L n  I n c  1:0(0- i  - I~ ~ in ,t , i e TIfC~ 0 card

in  u sed  at ~:. c i i  oS the e d i f :  c r c - n  L po ,i,r :ts ’io I lul l c u t e  thu -I

th e  n, :- crc P1cc-N :‘ e ”~u c r : c e  I: ;  to ~ e in  er t ed  an d  ‘Lee  dum my

c-- t r i a b l e : :  at  c to  be rep laced  - ‘ -~~th ‘C L c: uc: ’t ,u s-,l v ar i ab l e s

s~’-er: I fled.

Fro:., t h i s  ~‘ r elucinc - ’) . c- s ’Lu dy , it  cc-n he sc-I1J. t he

proc-cc-ed cc - .nr :~ . 1  :c- ia l l i rc -  l; S tc- l t  cc-n c~r~cr:1te ‘cffective], r

H o - a c t - c :  , Sac, t h c t ’  r Lu da  is sac-costed \- ‘ ath the a c qu : L c - i t J  on

of a:j-jitic: ac,l inl’c-run ’tioi’i for a more cosale:’: a- -stem . This

sh o u n d  ~,-~ vc- a bus ’)  for def l r I lt :Lve  :;tut e:- er:’Un on the

sy s t e m ’ a roe c t ions  to f a i l u r e s  and on op t t ’c~ ~ c- in’t enance

scheduliri~c ‘;-olic ’. Ii is impor t-art ‘to remcm ’Lsr , a

C 
simulation does not yield a “soluti on ” to  the problem as a

maThemat ica l  model yields an anal yt i ca l  so lu t ion ; ins tead

it pe rmi t s  a less ahstro.ct and r e l a t i v e l y  m o r e  f a i t h f u l

representation of a real system .

I 
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N ’ ‘ n ’ - :  , . .~~~~. :  , ~~~‘ j 5  ( p  5 5 5 C c - f  ci , i~n :’ocJ;~~c-:: , Inc .,
( c - i C C -tip’ c , .L .H . ,  ‘ ‘ -- 2.

Cox -ic . . ,  r . : C C ’H c- ‘H’’- - 1’ , c-f Np:: :- . ‘t c -  ~. : : c : ’— r ’ L - ~
N ’ i uca l : t t on , H1’ e:. ’ c o - c - , ,i J , ,  in c . ,  Ei’:c’ ,L(”- .’ood C L Lin ,
1’C~ C~l C 19 7 5.

C c , :  Ecl ~t e r g,  N . (~~~‘H T c - ’ . ’ , 
‘
~N l i  c -y - -’I n t or :-c i  enc, :  , a Di’iisi on

of Jc-nr. ~“len , - c’,. .e n ; , S i t e . ,  Ne : ’~’ York , N .  Y . ,  197 2 .

Kb jasa , J. P. C. “hor te Cai lo N inc-lu-Lion and Its
~~t a e n  st ie :  I D e c - i  c-n and !~i- s- i~ c- i s , ” N a ; ’ n ; ] r : t t er , V ol .  6 ,

No. I , Occ,oher 1974.
D i n r n ;. s : - c a; c-,1n j ic t,,tj or  of ‘the hont e  Car lo  m e t h o d

‘t o th -t e r ’: .. 13 H C r t -’o: ,:-i c-ac:: in rna - LLe r r i e  ‘t i cs , d i s t r i b u t i o n
n : - r , u i i : ’v~ in  5: ’, t: h r ; ” , ’ : ’Lical  s ta t i c - -t i c s , and d i n  tal
a .’. cc - nc - :  S ~r ’nn~ . ; t ic- n in m’ i’S-. c-e:n c:n ’t Science c-nc eeoc-on,] CS

~‘ i C  nor , F • C ’ j u -j i u t io n : A Sur-s -’ey v-’it h R e s e a r c h
L u c - N r s  t c o r c c , ’ I T  [ i14 ‘J r - e r : ’uc ’L io : :’ , ‘).‘ol. 7 ,  i-~o .  3,
t - c c- ’Le ;’ aer’ 197 . - ‘ —

Th is  tune:- at’S, c-ants to survey se lec ted  ac- :-’ec ta of
:-:l,uuietaon cu-nj n o int  out areas n e e di r~~ a d d i t i o n a l
r e s e a r c h .  !c-:onc- the  ‘top ics d i scussed  a r e  pro 1cr c - : c m i r ip

a t ar -t ine :  condi t ions-  , and validation .

N c hri l er , T. J .  N i c c L : i a ti on  Using GPN N, John ~Ni 1ey & Sons ,
I n c . ,  H e’ - ’ Yo rk , H , Y. , 1974.

T:c- 1-L - is a large volume that is very veil done .
Chap ’Le” 2 has an exce l len t  d iscuss ion  of GPN S C]iiiIN
features.

T e o r e , ’ , T -  J .  “ V a l i d a tio n  C rIt e r i a  for  Computer  System
N im u l u ti.onc- ,” i:c i e t t ~ r , 1’ ol .  6 ,.No . 4, July 197,5.

Ar, e x ce ll en t  rar er wl’, ich  addresses  the  ques t ion
of what are the major charac-Leristics of the emp irical
aspects of validation c-m d how one mi gh t car ry  out such
a v a l i d c - -t i or c  p rocess  for comp lex computer  system
models . -

In t e r nat io n a ] P c - s i n e :- :’; I C  0 1 5 C 1 -  C o rp o r at i o n , Genera l  Purno se
N-i mcfl c ’t a’ ~‘ -n:~ u’ - , / ‘5( N L N , i ’ o c i u c  t o r y  User ’s L~anua l ,
GH 0)i6~~4 , 1970 .
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