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E l e c t r o n i c s E n g i n e e r i n g Department 

Levraone l l v e r m o r t Laboratory , Ltearmwre, C a l i f o r n i a 

ABSTRACT 

A Mater ia l Hand11ns System Simulator (HISS) program l a 
d e s c r i b e d t h a t p r o v i d e s s p e c i a l i s e d f u n c t i o n a l b l o c k s for 
modeling and s l m u l a t l u n of nuc l ear u a t a r l a l h a n d l i n g s y s t e m s . 
Model* of nuc l ear f u e l f a b r i c a t i o n p l a n t s may be b u i l t u s i n g 
f u n c t i o n a l b lutka t h a t dicni lotc m a t e r i a l r e c e i v i n g , u t o r a g e , 
t r a n s p o r t . Inventory , p r o c e s s i n g , and c h i p p i n g o p e r a t i o n s a s 
w a l l as che c o n t r o l and r e p o r t i n g t a s k s of o p e r a t o r s or o n ­
l i n e computers . B l o c k , a r c a l s o prov ided Chat a l i o " the u s e r 
tr> observe ami gather s t a t i s t i c a l Information on the dynamic 
behavior of alcui l . i ted p l a n t s jver s ing le , or r e p l i c a t e d runs . 
Although I t ia c u r r e n t l y be ing J eve loped tor the nuc l ear 
n u t t t i j l n bundl ing a p p l i c a t i o n , ft IS 2 can be adapted to oHier 
I n d u s t r i e * In v l i l c h m a t e r i a l a c c o u n t a b i l i t y l a important . In 
t h l i paper , emphasLa la on the s i m u l a t i o n methodology of the 
KHSS program w i t h a p p l i c a t i o n t o t n e n u c l e a r m a t e r i a l s a f e ­
guards, problem. 

IHTRGDUCJlpS 

Computer s i m u l a t i o n can p l a y an important r o l * In t h e 
dralgn and e v a l u a t i o n of nuc l ear a r t e r i a l s a f e g u a r d s systems 
( 1 , 1 ) and hat a lready been used In the s i m u l a t i o n o f R£al TTme 
NAtet l . i l Control (RET I MAC) concept s for the U . 5 . Nuclear 
Regulatory Commtislon (.3). There I s A r e a l need for a s t a n ­
dardized s i m u l a t i o n methodology In Lhc n u c l e a r I n d u s t r i e s t o 
avoid the added complex i ty t h a t th_' use of d i f f e r e n t s i m u l a t i o n 
languages and d i f f e r e n t ad hoc t e c h n i q u e s would b r i n g t o the 
problem of e v a l u a t i n g the safeguard* sys tems of a p p l i c a n t s 
s eek ing l i c e n s e t o p r o c e s s nuc l ear m a t e r i a l s . 

StonJ.ird methods for m a t e r i a l hand l ing s i m u l a t i o n can of 
snurac be d ? v e l u p e d us ing any o f the e s t a b l i s h e d g e n e t a l -
purposv s ta . i l . i t lor. l a o ? . . a g e s (CPSS, SlMSCRIPT, SIMULA, e t c . ) , 
but a l l 1 ji!J;-i.».-«'-» trv not supported by a l l computer s y s t e m s , 
s o t o rah? t u - ? g<™.-rally a v a i l a b l e . I t would b e n*c*asary t o 
deve lop s tandardised 1 methods of t r u i e t l a l hand l ing t i m u l a i i o n 
In s e v e r a l s t rru la t ion languages . Due t o b a s i c d i f f e r e n c e s In 
the language-; t l i e n s e l v e a , t h e l i input and output format ! , e t c . . 
we b e l i e v e t:-<t would be Imprac t i ca l and that s tandard ized 
n u c l e a m a t e r i a l hand l ing s i m u l a t i o n programs shou ld be based 
OR procedural lnncuagei t h a t a r e g e n e r a l l y A v a i l a b l e and i n 
uldcsprea-1 u s e . 

Ttip GASP IV s i m u l a t i o n language ( A ) , on the other hand . 
Is a ri'tliH-i-iL-n „f FCRTRJW subprcgraaa t h a t could be used t o 
provide a s p e c i a l i z e d w t c r l a l hand l ing sys tem s i m u l a t o r , p e r ­
haps b a i c d In p s t t on the approach used In Q - C E R T S , a g e n e r s l -
purposu queue In* s?-.t«f» l i n u l a t o r (5>. MISS bega>i aa an e f f o r t 
i n t h l 3 d i r e c t l y , but It has e v o l v e d i n t o a c o n c e p t u a l l y 
J l t r v r e n t approach. Wc d o , however, acknowledge th..' important 
In f luence thar our f i r ^ t e f f o r t s to uae GASP IV have had on 
thii development of MUSS. 

HHSS syatcm models are s e t s o f I n t e r a c t i n g , h i g h - l e v e l 
b l o c k s that represent corresponding f u n c t i o n a l e l e a e n t s o f 
m a t e r i a l h.uidlln« sy- . tena . In block diagrams of t h e s e sys tem 
m o d e l s , t h e MllHS usvr a hoi. a o n l y t h e i n t e r c o n n e c t i n g p a i h s 
a long which x i t c r U l i s t r a n s f e r r e d f ron b l o c k t o b l o c k , as i n 
Fig . 1 ( a ) . I n t e r a c t i o n s arong b l o c k s a t e i m p l i e d by t h e i r 
f u n c t i o n a l ppc i - i i ' l ca t tona , but the rorc .unicat lon paths required 
t o lmplt-ncnt t h e e i n t e r a c t i o n * arc r\ot shov. i , as In F i g . l ( b > . 
and the HHSS usor does -.ot have t o be concerned w i t h the 
d e t a i l s ol t l ie u n a e r l y l n a s i m u l a t i o n m e t h o d o l o g y 

MHS:> i s not a language In which s i m u l a t i o n programs a r c 
w r i t t e n . I t i s a progr.ni that b u i l d s and runs nodcl aystwm.'. 
de f ined by the user In t e r n s that p a r a l l e l the t u n c t l o n a ; 
s p e c i f i c a t i o n s of c l e a c n t a of the s imula ted s y a t e n s . 

*Ce3pm»r S c i e n c e antl S t a t i s t i c s Department 
Cal i fornia . P o l y t e c h n i c S t a t e U n i v e r s i t y , Sao Luis Obispo 
San Lult Obispo , C a l i f o r n i a 
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Figure. 1 M a t e r i a l hand l ing sys tem b l o c k diagram n o t a t i o n : 
( a ) aa used t n KKSS s y s t e m m o d e l s , and ( b ) showing coamu-
n i c a t t o n p a t h s among I n t e r a c t i n g f u n c t i o n a l b l o c k s 

THE MISS PROGRAM 

O r t a n i t a t I o n 

The HHSS program c o n s i s t s o f two major s u b s y s t e m s : 
(1) an Executive Subeyatam that provides dynamic storage 
•anagteant, awent scheduling, means of communication among 
functional blocks, supervisory control of system twdals; and 
(2) a Kodtling Subaytem that contains the functional block 
and ut i l i ty tubprogram* used in material handling system 
simulation. 

Dynamic Storane Sanutemcnt KHSS does not reMj-v* stor­
age apace for prr-detar-iilntd numbers of functional block types 
or material data typea—an approach that, although straight­
forward, would require s large s-orage apace, use i t ineff i ­
ciently, and inevitably require program modifications to 
tailor the reserved storage for specific cases. KHSS instead 
Qltocsua storage at run time for a l l model dependent tasks. 
and wfeao allocated spate i s no longer needed, returns i t to 
• trae-atorege pool. 

Iha block-chain data structure in Fig. 2 ia used for 
dynamic atotage management and throughout yjlSS to u t l l l to 
storage allocated In noncontiguous segments. Storage Is 
f irst allocated In coutUv.ous blocks from the beginning of 
the free space until the original Mock i s exhausted and It 
Is necessary to reallocate space United to the end of the free 
•tore chain In the order that i t becomes avnilable. 

fc-r-^Sl 
availably 
locations 

available 
locations 

available 
Iocs Hon: 

Figure 2 Block-chain data structure 

' Work performed under the auipices 
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When temporary itorage la needtl, the free store chain 
in scanm-d and space 1* allocated ttam the f l t s t block that 
contains ut least the requited number of locations; the 
temalnder of the Mock la Left In the free store chain If It 
contain* at leaat ten available locations—the alia of the 
•nalLcBt storage fragment—otherwise the entire block Is 
allocated. If no block In the free store chain Is found chat 
contains at least the revolted number of locutions, a segment 
starting with the largest block found during the scan la cut 
Eros the chain and allocated; In this process, Mocks are not 
split IE fragmenta containing less than ten available 
locationJ would remain in the free Stare chain. 

As small blocks accumulate toward the beginning of the 
free store chain, more and more tine must be devoted to 
•canning the chain In search of large free blacks. The over­
head tine Is reduced by aggregating free storage during the 
scan process. Each time It Is necessary to scan the free 
store chain, one of the Erec blocks In the chain la checked 
for adjacency with the scanned blocks, and when two blocka 
are found co he adjacent, they are combined. The block 
checked for adjacency Is Incremented cyclically over the 
entire Erec store chain. Hence the tlae devoted to free 
•tore aggregation Increases with the overhead tlae requited 
co search for large free blocka. 

Event Scheduling MHSS allocates a large block of con­
tiguous locations within which a next-event chain and a free-
ever- e chain arc maintained. Event notices containing. 

a pointer to the next event notice, 
the time tne event la to ociiur, 
the functional block number In which the event originates. 
An event code, and 
a pointer co additional data 

are chained In Increasing order of event tines. Simulated 
tlae advances from event tine to event tine as the notices 
Are removed frorc the noxt-e/ent chair, and executed by 
functional block subroutines. Event notice storage blocks 
ate linked to che (tee-event cnaln as they ace removed from 
the oext-cuent chain. When an event is scheduled, the first 
available free-event block is used and the notice is linked 
into the next-event chain behind the notices with earlier 
event times. Events schedule! to occur at the same Instant 
of simulated tine ate executed in the order scheduled. When 
the free-event ihain 1B exhausted, a warning message i s 
printed and a predetermined arouns of additional space la 
allocated to extend the event scheduling fac i l i t i e s . 

Coremnlcationa Interaction ol the -.vecutlve and modeling 
subsystens ar.d interactions among functional blocks of JftSS 
model systems are based on A siaple coosunlcation data 
structure containing 

the address <lnteger block-number) of the sender, 
the address of the receiver, 
a communication type code • and 
a pointer to additional data. 

Ttic executive subsystem is assigned address zero and the 
HHSS user jay assign block-nuxbec addresses from 1 to 100, 
»n arbitrary saxlaua value detemined by the space allocated 
for a table of block location pointers. Cocaualcacion types; 

create block 
destroy block 
sec parameters 
net variables 
control fonction 
set init ial ^ondic.'.ons 
dump block T.odel 
eve.it 
block interaction 

ere used to classify £ 
the hlghuEt-levol stri 
subprograms. 

CanraualcBtlans are also categorized as either ncsaoaeg 
or ruofiaisco. Messages are transmitted by a sender to a 
receiver and aust eventually he acknowledged by a response 
transacted by the receiver to the sender. Several nesaages 
nay be transmitted consecutively, however, before their 
responses arc returned In reverse order. Response cogmninl-
cationa are Identified by negating the communication type 
code of ttie original message 

block subroutine, they suet be reentrant. And alnce the 
modeling subsystem functional blocks operate, in general, at 
the aaae level of authority, the subroutines that simulate 
the* must. In ef fect , b* coroutines among which control Is 
transferred freely during the execution cf sequences of 
events. These features era provided In MiSS ky the following 

The sender amd recelvsr addresses, communication type, 
and assigned statement label (or resumption of subroutine 
esacutlon upon receipt of the corresponding response coamKinl-
catlon ace pushed onto e stack each time « communication Is 
transmitted and popped off .he stack each time i response 
ts transmitted. The lender *»4 receiver addressee end type 
of the current communication ere checked for compliance with 
(he aforementioned •cssege/raaeonae rule end the assigned 
statement label i s used to transfer eontrol to the appropriate 
point in the subroutine. 

The control structure of the hUSS program Is Illustrated 
In Fig. 3. The main program communicates with functional 
blocks A, I , and C before and between simulation runs la 
order to , for example, create or destroy blocks, modify values 
of block parameters or variable Init ial conditions, or to 
request csports of date collected during previous rune. To 
petfora e simulation run, MAIN call* CLOCK, the MISS time 
advance mechanism, which removes event notices from the next-
svsnt chain In temporal sequence and transmit* event messages 
to the appropriate functional blocks. Many message/response 
communications may be transmitted among functional block* 
affected by an event that originates In one partlculsr block 
before dn event response communication it returned to the 
executive subsystem block-cumber aero Indicating that the 
svent has been completed end that sisuletad tlmu may be 
advanced to the time of the next event. All communications 
Are transmitted by transfer of control through an executive 
subroutine SEND. 

mm 
• • 

r CLOCK L r 
SEND - i _ — - i - i - i 

A 

Couaun tc a t ions 
it ion data i 

j transmitted hy placing the CDmeaini-
storage and transferring control to the 

i .-.. n f Inurj inrnc ~e 

Figure 3 MISS program control structure 
cation data in cosnon storage and transferring control to 1 
recipient bloak. Since any nusbcr of Instances of M c h 

functional block type may be situUtcd by each functional 
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Control oi .*»•*'•» (fade!* The »155 u i * r b u i l d s M t e r l a l 
handlTn* »ystrfc ffCYvl-. an-| vendue!* » l « v i l e t l o n expert w o t * 
us ing * U e tyP"* °* coMund* • u « * . « W n l b e l o w . 

CREATE bloek-nwiber blod—tupe 

par<rvt<r t»olm*» 
i w i o H v i i i s - i l 6ci\-iiii<m vat*** 

DESTROY Mtf.S'-iu-^'r M.irfc-tj,-" 

iuVnei,l";"<.'r lit--in!** f;*f» - .vrfj i n w ^ e f r * e t 

identifier lia:-iidex i j f e - w i i inttjcr r»itl 

Sv»tv*> <».'.IP1* arc b - i l U S CKtMint each f u n c t i o n a l 
bto.-k, .tnd iht- P O J P I H Rt'S l o i ,1 t i e * i n t e r v a l ."."-"f over 
.1 s i t i>( .'.•.-.'J- r i | ' l i c . i i i o n > w i t h a * y * i « * s » d e l dusp p i l o t t o 
itit- f l : » t run If -'-' "' 1< I and v t t h a l l .:<»e»onlcaiioni 
prltilr.1 II :>A '• i - I . 

Slo. i l .Ulo.1 •--(., - a y t * « ( K x o d by uslnfi 4 l o g i c a l • ir l f l f i 
of <Lorr.i>\'.\. r'-f x . i t p l c , 4 >o.}ucnc« o ( CklAH cusnand* '.hit 
b u i l d 4 t>-)rl > . . ! » an* 4 HI'S CoSUTVl t h a i conduct* * 
p4Mi.-ul.tr i « y r i i - m t bay b« f o l l o w e d by ( r o u p s o f to>avmd» 
th.it m i l l ) <r>- ttrtiiCtirc a M / o r parameter* of the audel 
q y s t c * j'tJ Rî i :'-e • v i t * o again under the tMdlfl«.d c o n d i t i o n s . 
Bl .uk* •s.iy be 4-lded t o the pr-jvlounly d e f i n e d • y t t e a usti<( 
r.«HTt c a s u n d N or ;hey w y b» resoved by DESTkOl cataund*. 
l\.r t n - t r t anJ l n l t i . i l c o n d i t i o n v . i l o e * s i * ^ e d i f i e d by 
PAP.UtJ.TfcK 4:,J VARIABLE c o m u i d s r t f«poct tv* ly . CONTROL « B -
SMIVN j r o u * . d , >,>r . ' J u t v l e . t o p r i m ,-eport* of d » t * gathered 
during prrvlf-i-i run*. Seta oi c o r s a n i s t h a t d e f i n e sequence*, 
of Hlir.; - i - i . U ' t . » n yti.% a t c t v r a l n a t e d by an END coauand. 
Cocirrnt* s.tv b<- v ipplU-d v l t h rach coaautnd t o a n n o t a t e the 
r f « j l t s of nlfn.I.it inn v x F c r l e c n t * . 

MUSS f u n c t i o n a l b lock* 4rv d i v i d e d Into e i g h t C 4 l t t ° r U ( 
U e n t l f l r d by ttii> ( l r » t d l l l t of the block-type . n j » b e r : 

Ixx MONITOR b l « c a s that c o l l e c t ant r r p c r t • y i c e a 

2K> CONTROL b l o c k s that » 1 » U U I D «4ti4|;rs,enc and con­
t r o l f u n c t i o n s o f c [ t*rj tur» or 4utus.1t Ic 
equlpewnt 

3HX HtCKlVISC block* thar a c c e p t t u t o r i a l f roa ou l» idc 
t h e a l a u U r e d » > • ( « • 

5x» IVVt̂ TORV b!vCkA that d e t « r n l n c 4 u a n t l t l « i of 
Utc( l i l> present vltttln the tleulated 
e,y>te« 

6xx THASSPORT hloc l t l that ataAJlate th* conveyance of 
u t e r l a l a troai one locAt lon t o another 

T*» STORAGE b l o c k s that hold s y i ' e r l a U f o e extended 
p e r i o d s o f t l s e 

9MX PROCtlSSlS(; b U c k a that »odIfy the f o r * or c o n t a l n -
auat of a i ter l - i lM 

Ue next d e s c r i b e aoev b lock* In d e t a i l t » U l u - t r a i e th« 
functUmal i i p v c l f l c » t l o n i uacU In KISS o o d e l l n j .'i • a l e r l a l 

hMdllne; •yKt«WM. ! • the iHitlcl development at tk« *ro>tT«*. 
•a*ti*«u ha* ben « BICCBB that «I«ML»C heetc eleaaatt «f 
•wUar t j ivr la l fr«<ettlfic and aaleiuarde iiftteae, ««d the 
ilocVa deocrlbed bar»*-*i(h*jth thev tuy ke uMd IK t i M r 
•apllcatlffnn—are k»t lnten4ed t i arovlde 4 co*»l«ia | t M n I -
»Mr»»ie r *Kf lo lM. **• »1AR t« aM extra t***r*>l*r"V*a< klocka 
In tha futwret kut feel the »rln«l»dl adventag* • ! MISS U la 
the Bptclallied fw»eti«fl»l corrat»»n4tiK« «( rJ|h-hltra*e.Mcal-
l «H l tl«atntt «r ve*t and aodtX ayatesa. I1«<R 4U|r*a 
•yahata far the funetlaaal »U«at deter l»t i hara ara ahav* |o 

COSTA I "It* ««IV|HG STATION 

7T£ 
•.Ml 
corniHU «li«r 

TT 
n.101 POINT lOIITW) 

ML 
M M 
KKTCRIM. PROCESSING 

TT 

1 t!K< — «,.".. .. 

3^11.102 JO* HJ«|!0«) 

1 
n.UI | 
COKUIMU Wt>P|U SUTI0H | 

Flftifa *J Sow fKSl klock. dUflfaa. tmasol* 

Catttatnar Rece l^ lna S ta t io f t 101 TMe t « a c t l « « a l b l o c k 
l y p a a lau i la tca Jh* a r r i v a l ol b a t e h e * of u t a r l a l i t o d t v c r e i r 
c o a t a t r i e r . . The nuaiiar o l ceacal«aj ta r e c e i v e d 1* u n l J o r o i y 
d l t t r l h u t t d w i t h a t a e c l f l e d aaan a a j e p r e e d . and :bmt% cuy 
B « any BuB&et of d l f t e r a m typaa a f M t e r u l in t h e CQntalru-rt; 
t h a aaJii of * a t h t y * t l a n e t a a U y d i s t r i b u t e d w i t h a « fac> . ; i«d 
M a d t a t a n e e r * d a v i a t l i w , aaKlawan and k i n i v u a v a l u e . .'n« 
M t a r l a l * a r e h o « e | e n * o u « l y Mixed, and t h e c o n t a i n e r * *tm na t 
t * U « « > 

t a t c h a a o f e o n t a l n e r t a r e i c h e d a l e d t o a r r i v e 4t p e r i o d i c 
d e l i v e r y t l b e * , but t h e y A e t u » l l y a r r i v e *\ t a n i o * t i n e a wl'.h 
« * l ( o n » l y d l e t r l b u t e d d e v U t U n i froet t h e a<h«duled a r r i v a l 
t l s e a . The r e c e i v i n g a t a t l o n a «ay ba e p o r e r r j c o n t i n u a l l y . 
I . e . , a c c e p t d e l l v e r l c * whenever they 4 r r t v « , <M t h e i r hour* 
of o p a r a t l o n M y be c o n t r o l l e d by t p a c l f i e J U M C b l o c k * . 
«he» o » e r « l n « unjer the Coatro l a t a t l s e r b l o c k , d e l l v r r l e < 
t h a t a r r i v e w h i l e a ; ^ c a l v t o c a t a t l o n l a c l ^ i e d ar* a c c e p t e d 
a t thu b e f l n n l o i of the next s h i f t or I n t e r v a l . 

Tha r e c e i v i n g s t a t i o n b lock* have no e t o r a i e c a p a c i t y aa 
lhay »unt ba c o n n a c t t d t o ana s r s o r e a l o c h a t h a t w i l l reaova 
a l l nt t h e c o n t a l n n r t a t i h r t i e s of a r r i v a l , t f b l o c k s j r r 
coancctad t o t o r e than one r e c e l v l r j s t a t i o n output t e r s l n a l , 
t h e y 4 r « n o t i f i e d o r t h o u t e f l a l a v a i l a b l e f o r t r a n a f e r In t h e 
• U M M c t l order of t h e output terminal nua i<en . If a l l o f (ha 
c a n t a l n r r a are not r a w e d by tha b lock connec ted t o t h e f l e s t 
output ' t e r v l n a l . tha b lock connected t o (he second output t e r -
a l n a l i s n o t i f i e d , an4 s o or,, u n t i l a l l of the c o n t a i n a r t have 
b e e * reetovrd o r a l l o f t h e output b lock* have been n o t i f i e d 
t h a t m a t e r i a l i » « v a i l « b l e . F r l o r U y of output b l o c k s t o 
• a t e r l a l a ^ U a b l e a t the r e c a i v l n c s t a t i o n I s rhua daearminad 
by tha ord^r of output t e r a l n a l connect l e n t . 

To CTIATI Container XrcsLvcr S t a t i o n » 1 b l o c k * t h e u s e r 
s u p p l i e s the f o l l o w i n g d a t a : 

OUMbrr o f d e l i v e r i e s per p e r i o d 
M a n number of c o n t a i n e r s In batch d e l i v e r i e s 
spread of the nuafeer of c o n t a i n e r s i n bareh d e l i v e r l e a 
nuafcer of »«t«:r la i t y p e * In the r e c e i v e d c o n t a i n e r s 
Buafter of cutput t e r a t n a l s 
c o n t r o l o p t i o n : cunt l i - i ta l . dur ing t t s e r a h l f t s or 

duTlne, tl**:f I n t c r v j l * 
t l a a r blocb-nua'.-ir 
p e r i o d of the d e l i v e r y achr-dul* 

\ 
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apra*4 el delivery On* 4e*UMa*« f rM IK« pckedalad I I M i 
tUt at ewtrwl (*ninr>.(l«n* 
lint af achatMad J» livery H M « raUilva l * l»t »v|tnM*i 

• I ««ch per lad 
•»J lar • « I I notarial In tha cactlvad C M U I M I I , tha 

material tapa 
•ran auaa 
standard deviation el aaae 
M M leu* aase 
•Inlaua *-*•• and 
deaalt*. 

Thaae 441* at* pllnted In InpMt ffflMC eo the wsef N f cliaeb 
<*•« aadallna errors 4*4 verily that tha data ha* barn r«*f 
correctly. 

l « h functional blara LA the eWel ovate* la a* I M I M C * 
ei t(* f-tncttanal black (VJM vMch naa a • tactile data 
»!fui(jr». 1h.e «rn*ral btv^a A Alt attuctwte cent*l«t * Mac* 
hrjj<-r et Initu-n I I . a p-tt-taaiix ! I « I at location t r , * 
VJUJM« i m •>• location 1.1', 4n4 an Initial cendllten liat 
at location I t . Pot enaafle, th* Ontainer ftatelvlnt Statu* 
)01 Mo<« data atrvctute t* ahavn (•claw, 

U» 0 Hock type • Ml 
• I blcck it/a • I* 
• i %leck lusaar 
• J auaser i>l paraac!*r« * 11 
> i B.UU -̂S at K i t l A l t i • : 

Lf« 3 r.uobei of dellverta* far aer'tfcl 
• I acan nmtbet of J O M J I M H ?er batch 
• I «ptcW jf ift* nuitbar f! ^a.t;jfser* far batch 
• 1 nusirr of U l . ' rU I i*;«a received 
• 6 AWASHr it am-rut ;»t*Ir.4t* 
• % control j^tl.'ft irĉ jr 
• » tlAM bI.-ck-r..*-J..t 
• 7 period ii the Jcll.vfi ><h*.Iul* 
• • apteaj v! <J«ltY*ry iIT" J?v|et(ana 
• 4 painter ic lt«t e| ovtput terainal conne: U*>n* 
•10 painter ;.• t i*t t>( «t,-htdul*-I J* 11 very ttae* 
• I I point*r id It*? ft »aiciul spe:tfteat tana 

»•.'• 0 atscrKanaau* 
• ; g«>lnt*f t« aatoctal l«ta 

t:« c o 
• i o 

NjiadUr. the **>* •»** MIIL net be t^jeraed with f<*ncll«nat 
hi oik data «irw!j |y; hut to U4 In dri-ucjlBi new functional 
»lMk tu!ir«wttp.<i J^4 pcavt** * «a?Ut« «c4«l vatltleailan 
ca^abtliey. thr futplata *)t»Ten nalcl ;aa k* a'uayaa' in block 
data aituE.uta !.>trj; !«M brl.-t* slitilatlan run* aT« «tatt*< 
ay ielttn* HK.*rr c* t In KL*\ ^BBMIUI . 

tltoi <.iJr» 4f< pttnirJ »̂ the «**cutl\n *vbfl]iet*E Anil 
b> functlunal bl-.k m^llu;\r.tt -^cn lU«a*t fon4ttlM* *t* 

Tic Cdntalr.«t »<-cctvlr* Sutton Ml * I « W , Ut 
>ultr,« strut >:o4** ccaHn ta ali 
•m it tit i,-J* atkl tta? iha ?tocras 
t.ll#C-tl con-tfi ovtlan at If in* 
I M V ( all of tt« contalnatk trcclvad. 

f<tnettonal »>*•« . r«l»*-

output bto.:kf») SjtL to 

Cpnt*ln»T Statjjt *Q1 Tl.lt (unttlaaal block ty;« 
*inula\«i th« *<orj£* at Vfjn>7»tcaM« sat*rtat containera. 
Vh*n in oTaratlonal t i i f j (o %!<*:• r«;4iv«a notice that 
rrntalnat* *t* i . a l l r t l r , tbry 4fc tt4nil«tt«d tM« |K« 
bloc* .-nd places] on a ..r.tiirtct -;nalA tn lit? or4«r t«<*:v«4. 
Any nu'atxr >>f coni^ir^r^ say ^ v t Tore J jml u r b< f«nv*J 
(f™ »torj** la *tr orJ»r by bl«c*> ionn»<t«il to the uuiput 
tcralnaU; thase block* *tv noilflcJ vt.cnavct tha »'.<tu» of 
satcrlal available i.t »t3(j tp t« <i.,inc«d. Mian operating 
undar the cuntrot of a tlacr blJi*. avttrrlAt la cranaOrr*d* 
Into a^orasf only «->rtn( tha »p»t:f.«J ahtfta or tntvrval* 

An option S,«II b« t«vofc<s*l to ^ctctxlnc th« Malaua n»w 
be: e( containers troreJ. the " t i t ; l " th« saalaua la 
tcatnpU. tha **AI, jnj aur.-JjtJ ifcvUtUn of tha makaar of 
contatnera atarc:. lne»o data eit rcpurtaJ upon COBTROL 
coccunla In the- u<rr input -Jjta or vatv; th» altastlon o( 
rr?ore n«ncrator block*. 

To CR£*tli Ciotjjncr Stof4(« T<--1 block*, tha u «a r 

aupvtlaa th« £oII»wlns ilata: 
nuabar ot mitput tcralnaU 
cnattol option: ciottftw.it. durlrs f!«*r <hl(ta or 

rfurlrtj t i e r tn:*rvala 
tlner bltfck-nuaicr 
wntrol o?tl«r.: aupprna data collection of eollacs 

o«(feT**n<:e data H i t of output cuantctlona. 

A v«CWl*t MMaffr la prmt*4 I I J ataraya block 
I tci lvw * »Utfk i M r t M t M (aajHinltai I** ln4l<atln« tfwt 
•U l t tU I la 4K4tla»U k«t (Mia ai* «.< ttjnapartal>tv 
C««(altMia at | M l«MI<ai«« M l a i U l iMatKa. 

SgJliiHSS. *tS?JLS£* I * ' » l-jn.*tt«v*l block ir*« ataMlata* 
Ut* •«btaal(w<lt«a- >*aa* of *p«vUlrJ a-itrflal i»**a In t t m -
•aftaklv caotalna-ia. Uilnf in* A.^imil ntai *'. aaaayoj 
&H«fl* l* III In* rpntAIMin, curtatpv*Jtn* • .; »tta mlu. i 
* l * 4at«lBl**4 wl«h atihjUiW wicariaint* <n4t,*ci«-f i«><4 >» 
t t t t l r t lc * of abaaUt* a** taUtlva coa*on*o:. ui *--)»«!.-
prni «ffar< Tlw « n i <aa*a*ant» at* normally Jt%tttt>ui«J, 
bill tH* tat a I arrar l> ttunralaa* M> a* la nat »IK»C4 a 
afCCttl**. Umt̂ UB *»Ur or pvadut* t naiatla* t«« aa^tni al 
outttlal In anr <«>i4ln<r. 

Cantalnara arr avaagraa: oaafafa-tlar Ami ara translaT***! 
Into tka *a«a« « ( * i l i^ Itaa> tha baftnntnc "1 iHr <»J»IJVI-
COMalwr chain al |fcc black C*IM*CI*J I J ih* if>r«t tvr*|i*L. 
CansalMr aaaagr fine* 4fa an Mainly 4i«tris u trj M | tS 
«raclftaJ B«an *nJ -4pt«a<l. Uhan ofatatlni wnĴ r "•«• <<^tr^l 
•f • tlnar blccb, r.<nla|Mta W« iran«(rrta4 Into thr M.«a 
|ar « IMW ««lr (i <fi.* liar ia«alMac In inv currant *hii- ut 
latarval ancaada tha * * » aaaaa/aMnt tiar. tl tha *»»*y 
f ta t lM U •fatatrJ CMttlnvcl'.y. availaSla cantalnart acr 
tr«n«(arral Into tl>« black *: an> Una lh« praviovalv d*»^p>0 
CMII lMt 1* rta*K»4, JW4'.nra«anti afr nallaJ I I tha b|...» 
fan at l »4 ta tba <*̂ ipnt ;arBinat <taa» » i ir«»va an a^»^yr.i 
(OBtalnar. tKa*a bl^.ba nonullp ( « i l . c tcntatnara Iiva 
ana •alt*?* ;^, tain«r> ta t<ara<« blacki. 

T# CUATI Cantalncr Aaiay Ml bto<*». th* «»•» auppUat 
(h» r*llBWlll| «*!•: 

taatrvi Bftlon; rnnllMMl. Jurist tlajt ahtlta at 
4artn« ttaar tnt«r«aln 

Itaar blarkHiuMbirf 
aittpiit ca*MCtl*n 
nuaaar al *4iaJUt lypaa a*aay«<J 
•caa Baaaufcaant tira: 
•praaJ af aiaiurmant Hat 

B M far *aeb natartat tyja aaaayad. thr 
utarta! type 
aaan *b»*Ut« v^vraaant armi 
ataaj«ar4 aavlailah ul abialuta sc»>.*ti«cnr vtror 
aaan taUl l /a Baaautaaani arrar 
•t«Mar4 aawUllan of ratatlva B*a>graacn: airer an4 
aatlaac total «a«wTan*nt Attar. 

A V « K U | t n i * | « la print#4 If a containei I* In itw 
black at tha Una a «t4rfnaa*uiaa*ni went wan *<tiadulrd to 
a«utj an4 ariari ara prtnta<! If th« ui-r • f * I i ( i *< : an i|lr«al 
control option, a fintah-aaaaaraaant rvcii n.ii.# i . n . f U f J 
with •» aantalnar In IH» black, at i'« a*:.!**! type t.> *••• 
a»ay«4 U ftol Utinr* In a caat4lr.at ^J-.J itru<i>.r«. 

Tlaac :01 TM«, laactlonal blc.-a typa i.(«4vWi p*rivJlc 
•httta «n4 Intarvala oj oparatlxn tor any nunbvr si othrr 
blocks that rafar t» tha tlacr block* to obtain tha 

tlaa tha currant rarl«4 wilt and 
current ahlft 
tlaa tha currant .1,1ft wil l o«4 
tlaa tha natt i l i ld a.Ul b«(ln 
mrrent Intarval 
ttae tha currant intarv*! wilt enJ n̂d the 
tlaa tha n««t Utar/al wilt btfln. 

Any flwBbat o( tlaar blacha mtf V* aaad to aata»llah Jitfarar.1 
aparatlnf ychadulaa tor aubaaia of aystctt fwnctionai Mock*. 
Ttit n..' n,. . . . In tha tlaar block dlagraa. aynbul intl.air thr 
block* thle rafar to a particular tlaar block. 

To CUATE Tlaet 101 block*, tha uaar auppllaa tha foIl<~-
l n | dataJ 

tlsar parlod 
auabar of ahlttv +*,- pariod 
•uahar af IntarvaHa per pariod 
aptlon; auppraaa Maaaata*; print a»->.a4taa v. achadala ttnrn 
llat of ahlft itartlnit tloaa 
l ist of shift andtnt tlwaa 
ltat of Intarval atartlni clowta 
Hat af intarval andlnt tlaara 

Point Hnnltor loi This fiMctlona! block up* U utcd to 
«baa-v» aatartal Ho* at apaclf.c point* In tut-rlal h.mdtlm 
•yatvaa. Any noaber of u.at lal type* auy be oonltrrcd atthar 
cjantlauatly or uniVr tin- control of tlaar tlacko. 
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[ • « , « c t u j l , tt r r r » r ( tag • i r m i l ) valuta o( s m e r t e l 
f o u n l . B J - B , or vr>lt*w M p kr tabulated ireih t l a e a discrete 
««rv:>( uf e>aicrt4l 1 * t i e r . i t erred i l . j w i i h the • o e l l o r p o i n t , 
or i l t * o a M l a t l v r valuta of "•>*»*• ^ u n t i t l e s ewy be tabulated 
at a speci f ied t i e * In repl icated « 1 M I 4 1 | M tuna. Point 
NuoMor 141 block* e i» net used to O M l t e r ceetleoous mater ia l 
flow. 

The Bee* end «tAnderd deviat ion end histogram of tabu­
lated value* ere p i lo ted In paint Monitor report ( e r o j t upon 
COXTKUL command or \ i M * i t i t * contra I of report, generator 
bt«k«. 

#4lnt monitor Mucks have on* Input and one output 
tevmlaal. Any nutter ol block* a jy be connected t o the Input 
I f they i f * a l l « .»* |4! lv ia wi th the block typo connected to 

T* C-,"-tt peti.l 1,-nltut 10) t l s . . k> , the uaot supptle* 
th» JollDwto* I J I J . 

outpv* co*inr< I !«n 
owaWt of e t i t e r M l nemiortnc spec i f i ca t |o *e 

4»d l?< *arh ewtHCxt'd O i l r r U l , the 
SMI*7la! ty|-* 
«pll<H> 1 * t . 4 c i « * l . of fer 
option, cawi i , » • » . v l u a * 
uptlun: v-ont ! f t * l , d v t I n * Hour » M f t » . during timer 

t n t n . i l . - r Jl rr[>ll<-,itri! r i n t Iowa 
tto»r !>!<•<•>-ft-,f3!>rr 
s j ^ r r of h l * t ocr*:> « r l I * 
ulv'i*i nl h i * : v ( i 4 A %vll> 
lower i t n l i •>( M t s t M » t o < t j a e l l 
• j ap l tn t t i r e in r c p t U a t e rum 

*"."* .*V,_''";'.' A 1 - I**i» l-aie.'ton*! Muck tyre la use* :» 
e+t , [ .» thr ^ . j M i i r J ) g r i l l e ] *A!«r i -» l i w i th in bounded 
l * a | cnn l / . -nr . l ••* u - m a i . m J l l m • v i l e s * . A toe* « j y 
i»ptr»«-n( • ;«r.7K i « i facidA iu;n J I roua or e n t i r e bu i ld ing , 
oi l i a*? r v f r ' T i - t • J U j o n i r e t i n a »uch a* A aoi of 
• t«ra( r * r * * > ts.ii j r e d i t t i i b u t e i ! ihruugheut a mater ia l 

Ivtic S O R U O T *("t«li i t at I J O * » t * s imi lar to those of 
PMiat annltot * ! • « • » , nowevr-r. a jene eon U or oust observe 
e l l a. i ' .ai idl f M n i r . i or i *4vtnt the rone and flHtt therefore 
h*we. in a t t r c i . p- i t i i = ontr . - t» «t cvary plac* ttatorUla * ra 
t * a M i * r t r d j i - t -na tnr c»r.<- boundary. Toralnal nuobata, t . 
M r » « i in ttia I * M tumltot ilocV dli i trait ayoxtol to d l a -
J ln( j l» ! i ( ^ t n t . <>: %Jtctt-)l cfttty and a i i t t . and several 
•yae<r>U **» ^ c o - r j i l v t r^ 'UrcJ !<j raprcacnt a a lngtr lona 
ei^ntixt Junetl^nj'. '.•!•><:«. 

•*fp_rt_j>-i^tjr .f : M I M » functional kloeh typo rc*J» 
r u w i v i M i w j ' i i ' M r i i V . - J i * p m i t «4» * i t data i r o « tl.e jacr 
l i i fui -HI-AA *n& »-»4C« Cif Jpptopr l j te CONTML eoenanJ* t«r 
p f l n t l n ^ of !u&< Li-t-.-il fclut» i«p\Jt i t . 

C«M*.|h*T **}£?}*£.'•miZZLiSX ^ l 1 ' lunctlonal blcek 
tfpr • I M l j | > - t ('lit .V lp^rM ot a u t c r i a l tn d l a e r a t * con-
td lnr ts H^= J - . lor- i f 1 bl~<k t o n r t t i f j to i t * Input t e r M n a l . 
A ochtJul* of 3:.ii»rl»f l t » » - ! >r p t . * < t t t ^ d nuaftara o( 
Cunia lnro taubj- . - ; i.-> T J - . J J ^ v4 ; t4 t lo r» ) is »p*et f led in a 
nannct 111311); :•• T lu ' l-'f i^ntJlnar Hacolvtnt Stat ion 101 
b lo ik* da ic t lbrd rtcvtc<(vl>. 

* ' r i l 2S*a r _C£!> t r i tL i ! l i 7 h u < t - 0 l ? t ' e ' a * l k*<«^ tyr« <entrola 
the trVnator ol w i Z r U l ( ton in« b W k output toraHn^l tu t -o 
ot aore Input t r i n l m U . Tii" blork s;<>r4t«» In e i ther oi two 
owdes: In ; c . . : - > . - *Jc, bt.";k<i J t * r .ut i f l«d o! u t c r l . i l 
a v a t l ' M v In tlm writer ol the i r connecttfln to the Muck output 
t r r a l n a l * . In rj»j,' -• -r..'.', the bicvi .* ronneetvd t o the output 
iprvlnala Jto n o t l i t v l with 4 xpecit trd dlacrcto probabi l i ty 
d l v i r i n u t l o n . 

f'iHf, ?S&f3£? * ° - T h l ' 1 luiu-' . ioMl block type alnuUcca 
c^r ot cote i t j u u n j l v st.n.n;i' •.r--irlr-. Avai lable e a i c r l a l 
In arcrpt^'i vlirn JTV D I the KtRuljtr i l v t u f l * la bclou a 
aorc l t t ' ' ! C4r ic t tv . H a n ' t : J U Arc horop;en«ou»ly Blknl 
v l t M n c j fh w*-.i* I . j n j are ova l l jb tv .-nly in the current 
k l i t u t r t J ! ! . - . :«.K!:.in r. » 4 t « l l j l In placvd In ono weasel 
•oJ oultnln^ n a i . - t i j l th tvooved ( t o n the OJ*» veaael u n t i l 
U ! • ei ther I U M or coptlod. 

Ha to t lo l f r o t a a w l m laj i Sever*: ( u M t l e w l block typoa 
yloMttd lo r elBailetloe e l nuclaar lu«J. u e o f e c t u r t a i preeotaoa 
ere i tpretontod by the aaneie l M t t r l e l proeetelng block d u * 
g r m n n a w l In F tg , 4 . tnese p r e c t a M i Inc l tee 

enloedtnf ef ceetelnore U t o bulk eteraca v e a H l e 
fcirifc « t o r e | * , a J u l n S * . M 4 ' « *« hopeer l * ^ * * i 
a « C h Vlendtn* ef a L n 4 H i t t « pwrdece 
pevdei CO**action 
p e l l e t e l n t e r l m 
p e l l e t |rL^4tnK 
p e l Lee Isapactltm 
Cttel red leading 
f u e l red t u e e c t t o n 
CtMl rod d lenant l lng 
H l l a t eruohtttg 
c lean eerep raeovary ead 
vaate t r e a t a a a t . 

A i l « f Eheae proeetaci <an be «har«ctar l iee by a few funct ional 
block type* wi th proulalene for a l a u l a t l o e or 

• e i e c i l v e r u t a r l e l t ranefer t r e * input te ra lna la 
eojMjratio* of s t rep 
t * n « r a t t o a ot waste 
e tcu«uUt ton (holdup) of eater l e i w l t h U the proceta 
o«aa>ll«t ef t u t o r i a l lor a n a l y t i c a l aervlcae 
4o l« r " ^ t r a n s f e r u t i o a i ef product • a t - t r i a l f o n or 

ccwtetftMet end 
se lec t ive e a t * r i a l t ransfar t o output torwlna le . 

C t t l l t y Subroutines 

rMSS funct ional block subroutines ere e l e p l l f l e d by sub­
programs that per fe rn th« fol lowing operat ions; 

create funct ional block instance 
dues* funct ional block eodel 
p r i n t error or warning Maaeae 
locate i n block-chain date structure 
determine the aaaunt of • e * t « r i a l type ava i lab le at a 

• a t e r l e l data locat loa 
prepare notice of a s c e r l e l ava i lab le 
generate randooi var iab le wi th specif ied d i s t r i b u t i o n 
* U . : 4 u l e event 
• e t pereaeiar value 
set var iab le value end 
t ransfer e l l oi a speci f ied nuabar of containers. 

Structured fOltnmi ftogtsawing Conventions 

The W I S program la w r l t t * * In IttKTlULN using slsc.1* 
t rans la t ions at the structured prograsmlng constructs 

I f then 
I T then e lse 
case 
wMte. ,<untll) do 
do v M l o (un t i l ) * and 
tor do 

WTptTla j . ATrilCATlOSS 70 WCLfJJt HATtKIAl. SuncUAIUS 

An evpaadlni nuclear Industry, with i t * associated 
increased o o e a t u i e s ot nuclear f u e l , has gonrrated concern 
for the safeguards » t j i u . of Specie! Sueleer Mater ia l (SNM) 
w i t h i n a processlot ( a c l U t y . Various safeguards Measures 
saw under cocslderat len, s p e c i a l l y invantory c o n t r o l , can 
benef i t f r o * the uae ef a JW5S prograe to assess the e f f e c t i v e ­
ness of s proposed safeguards systca. A d d i t i o n a l l y , th i» 
prograa con b» used to perfora s e n s i t i v i t y studies for dlveroe 
Instruaent deployacnt s t r a t e g i e s , thereby, a r r iv ing at a cost -
e f f e c t l v o coot lgur4t Ion. 

Aside froo let u t i l i t y in safeguards ana lys is , e HISS 
pr.ogran can operate aa a scans of evaluat ing the funct ional 
requlrcacnt* o( the proceaalng eleaents thaaaelves rcr 
O K M p U , I t could bo used in scheduling n a t e * U l (low 4.nd 
In pinpoint ing bottlenecks In the process, thus Indicat ing 
the ne*d for addi t ional p j r a l l e l processing u n i t e . A l t e r ­
n a t e l y , I t could also locate i n e f f i c i e n t l y used eqa.peteat. 

J.a oussury, when confronted wi th a coaplex I n t e r r e l a t e d 
problem, stoulat ion can be en e f fec t i ve technique for per ­
formance appraisal of nuclear mater ie l proceaalog f a c i l i t i e s . 
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