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-— Safeguard Systexn',. Simulat ion Approach' -

* ' • • - - - - - " ? • " . • • ' • • • ' . . • 
,• * • • • • • • ' • - • - . < - \ • • " . . - , 

1 INTRODUCTION •>' 
• ' • ' . " ' - ' . ; . . " ' ' , - / . - \ • ; . ' . - ; 

PURPOSE OF MCSS . . . . . 
Tho objective, of the Material Contro.1 Project at Lawrence. Livermore. * 

Labonatqry is the development of a,1, methodology for use'by the Nudear 
Regulatory Comm.iss.i on- in the _ assessnent of ,matei*4s.l control and accounting 
sy s tens . This report descr ibes the use of ̂ a' Mater 1 a I .Contra \ System •* 
Slnu 1 ;itor (MCSS > program for deter m mat i 6ri;of mater'1 al 'accounting ' • , 
uncertainty and system response to particular adversary ac«t i o'n sequences' 
that constitute plausible nater i a I diversion attempts.. The' program is 
intended For use in situations where randomness., uncertainty, o> ' i nteract i on 
of adversary act I ons gnd nater lal contro I system components make i t 

r i 
•difficult ,to assess safeguards"effect i veness aga inst, particular mater i a I 
diversion .attempts, Although MCSS nay" be used independent ly .1 n the design 
or anaJysis of meter i a I hand Ii ng and process i ng systems; i t has been. 
tailored toward the determination of material' accountability and the 
response of mater lat control.systems to adversary- act i on sequences, 
SAFEGUARD SYSTEM sfllULATlON APPROACH' : . .• ' "• 

The MCSS program provides a set of* predef^i ned modeling functions that 
are generic s fmulati ons of -mater iaI process ing and safeguard components, To . 
'simulate a particular system, the user selects MCSS functions that represent 
'the relevant components^, then assigns parameter values to define the-
performance character 1st ics and -interconnect i on -of a l"l f unct.i ons in the 
model. 'Initial vaWos of system state variables ore -specified and" the model 

D 
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J Section 3 defines each' of f̂ie. MCSS. ttfncx icris . In detail. The Sixteen 

- Js-operated in the computer toXbbservs erthef- its detailed bchavjor during 
single sinulation run ?r its probabi 1 isti*c behavior over an dnsdnbie of. 

. repl icatcd runs. ^ • '- ""'*e. 
Section 2 of this,manual deseribGs"thG prdpe'rajt i on' of input data, " 

execution of _ the program - output i ng of results/ and 'bravis i o.na that,aid -in 
development of'nodcl systems.. These are the ̂ neb'tienics of using MCSS. , ' 

/included .in this first' ed.'ftiipn of the ysetr's na'nual represent s variety ;of 
bâ i.e process and MC "system conpV>nents\ Theyj^enonstrate the general 

1 capability and features of t hie"* MCSS program 'but are not-a'complete" • 
repertoire and many %ew functions are planned*for .add it ion in" the futun 
It' is a.lso eptpee^ed that revisions in many -f unct'ipns "wi IU be made as % 
requirements of design and (SssessifeTj't-, app Heat Ions are'.better defined-

, , ' " * • - * * ' ' - • * ' • / • Section A contains two example applications that-show- I n detail how *~ 
/ > • - ' . . * • - . • " . 

f unctj^ona 1 modie.l-s are constructed _t©\ determl ne the uncertainty of material, 
ba lanco area ^cc&Vintab I I I ty\ due rto, messareement errVc- and ,to obta i n MC* s,ystonv-
response information that nay be used In assessing, the system'^ , *7"~ -
effectiveness against particular adversary action sequeho^-1 / In the- **. " 
hypothetical systems simulated in.these examples^ eight differ̂ n*t-̂ typ̂ e* or* 
material, ,i n v'arl ous{ countable and cont inuous "quant it i'es,. arrive at three - / 

•" receiving Vtat i-orw| at times that deviate'Vandomty from, per iodic' setfedules. 
. Upon arrival, the )not>m\r\& narterials are measured and the observed 
quantities ape-recorded as entrkes .In a material balance arfea accounting. 
• Measurement uncertalmty 4s characterised by. systematIc and 'random.components ' 
of error. Random residence tImes in this .mater ial balance area are simulated. 
by transport functions that convey_na_ter ialvbatchas' from/incoming \E i voa^c 
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\ Me^sy'romerrt instruments to a s.ingle outgoing measurement Instrument .where-
all nat^rfals.are again measured before placement in storage. " 

3r» the first e*amp9le. the material balance uncentainty Sdue to different 
"' . measurement errqrs^ls determined- for ̂ 1 week o|beVat.ing periods. Then d&ta 

are coHoeted over 1 Qt and SO-rep11 f cat i ons of .the h week operating peH od to 
dctV-r'rfine the ricansj var Sanctis,, and "observed lprobgb i lity'd istrib'ut-1 otos of 

'. -• i*"' • * ' . • • \ . ' : x 
material balance errors at.- specified tines over the ensemble 'of runs, ̂ s v 

S ' ' » •'' > •" •": " • >' v ' '* 
In,, the second example i ni is supposed., that certain, coordinated actions , '~rr . * »" ..*' \ 

of two adversaries night acconplish diversion from bsftenes in processing 
within-xhe fiaterial, balance area.. Three actions' are required of an 

< , adversary*A arfd fCTflr actions are required of an adversary B' to coHpVete -the 
. material diversion^ Adversary A disrupt? theprocesslng of materials , * 
v received a*t one of the" three receiving stations aYid thereby -increases -the. _, 
fiinean % i'ne that-those batches remain in the balance area. Adversary B 
ipcrfaj-hs two initial actions,to gain access to the d,elav©or 'mater iaU 

. /• acquires a-specif ted amount fjrom thê - processing operat ion= within the bala_nce 
/. area, Lend per.forms a filial ^ctien in removing the -mater iat fron the , 
., boundaries o*f the naterfal control i&ste"m. Various stimuli are presumed 

•geiiiofl-ated by these advej^sari? a c t i o n s and s p e c i f i c c h a r a c t e r i s t i c s o,f the 
•. s t imul i "are 'ass igned, Monitor's"; ' con t ro l act ions, and' dec I s i op f unet I ons of " - ' . - ^ ' . . $ ' ' ' . 

»' ' a h y p o t h e t l e a l . MC s-ysteri,are de f i ned and parameter va lues are s p e c i f i e d . 
t ' ' - v * " '. * 

• 'The riatcc i a l process Ing^'- adversary. 'act i on, and MC systemVmOde.ls V e f i-p'st 
f^m for* a per teid o f 137, hours w h i l e t r a d i n g ! (n crrronplogl icel order a l l 
events t h a t occur , The s i m u l a t i o n run is' then rep I i ca fed 50"- t ime-i wh i l e 

/ d a t a are ga the red - fo r detormi pa t ron of means,' var ianc.es, and observed t 

'/' Pirobabl UXy -d i s ' t ^ ibut- ions of tjpie m a t e r i a l balance .uncer ta in ty and :.*the-MC ' • 
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\ ' V Proaran Featujps 

...j 

• v . -

• ' response variables a"t ,specj F ied t yse's during the. time interval *of the •". .. . <' ' t 

ilr s mutated diversion attempt, * "---'.. . ...' "" *• "t- . * • 
, i . As' thoy- arc now envisioned, systems -that saxi'sf y,Lthe NRffî js performance •' * -:t 

baped'regulations.wi11 require the interaction of'several different- types of "' ' *'.*• 
*r* process end saf ooustrds^.f unci i ons; -nany.^f which Will involve uncertain *y , „ ' '. 
' . phenotneng that can be characterised only In'terms of probab I I i'st i*q ' , ( ^ % ..»'.-*.•'•'' " 

par"aneters. Complexity and unc'erta.iVrty_ Involved in these pystejjis make the ' .• -*•-.'"• 
credible prediction of* the i r perf ornance with, respect to publ ic .saf'eguards ' , '̂  '-t' ̂ . 
v̂ -*y difficu.lt. And .the economic and strategic importance '.of. these * " •7*-' t •. -
^predict i'ons only incr.ea.se the need^ for credibility'.' By' £ocusing attention;*.;" ' , . \ • ' ,' 

x "" on^ thei r(» f unct lonal elements", MCSS -prov i des. "a systematic Pjean's .'of •. ' *' *. ' • 
daennposing cvnplex 'SNM processing "faci l.ities and xhpfr MC. systems -i*hto --..*' •. * ; . '' 

"t ;. subsystem models that can be validated- i nd i vidua i.ly and combined to predict.'"'- •. , U . 
'" • t safeguards-"effect iyeness ax the hierarch.ical levels' xtT the NRC's perf irnance ;i 

based regular/! ons. '-, ' -. *' ' '' ' ' , " '•.'•"'*•' 
• - • - . i : ' v , ' . . ' . - . . . " • - ' . • ' • m • ' • ' ' • • : ' + , , . - ' 

. , . * • PROGRAM FEATURE'S • , • ' •' • / " ' J ' * , .-' 
' • ^ l . . " - "*> • " * , : ' ' " " • ' * - • • ' 

" * ' " ' ' ' • ' • • ' * • , s - ' ' ' . , ' • , * 

simp̂ J j f loathe. Use of Computer' Slnulajt ton ' ••••" • ' ' • ,r - . -' .-

Computer slnulatidn is 'often .the only practical moans ,of appr.peching 
the design or analysis of complex syste.ma-, 'e£pec'-i,aViy:i'ho.set.i'-h .which'* ' • 
uncertainty is ..involved. But the? sinulatiftn of'..complex s y s t e ^ is itself a • * *"" 

, complex probiVen/ arfid the fef fort required to-implement a computer simulation 
x ' ., 7 . - - *. ** _ ' * . - • .• * • . , • -

'. i must be carefully Ve^Cihed against .the* benef I ts expected fr6'm> it" -The » '••• *. 
• * ~ . * - . V " ' " ~ I • ' ' ' . . . . , • • • * • . . 

details of simulation tedtoinuecan easilv obscure important- info'rttation and 
. • * ^ L j U ' •* ; * • • ! . . 'V..-

• i .insight concerning the systolfMjndeTN-l'nOestigat-ion. MCSS simplifies the 

. - . * i / . 

• • - " . • • , ^ \ " ' V 

http://difficu.lt
http://incr.ea.se


• w 
i # \ 

:J» 
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' • '£ toliVation. ^>rpbt.em,by. provj,ci.irtl a p r e d e f i n e d s a t of f u n c t i o n a l , e l e m e n t s ' . 

' v/hoso s p e c i f l e s t ion; , i n system" mode'ls r e q u i r e s o n l y I n f o r m a l I o n - p o r t a l r i i l S g t o 

' tfc*e p e r f o r m a n c e c h a r a c t e r i s t . i c s jof m a t e r i a l pr.opesjj^ng and s a f e g u a r d • •:--f." 

c o r p o n e r i t s , . 'f iet'ai I*-, c o n c e r n i n g ' d a t a s t r u c t u r e , coromun>>cat ions snohg 
> . * - - . * * • ' . " . * ' 

i n t e r a c t i n g e lement 's , s e h e d u l i n g J of* eve / i ts , . e" tc . .> 'ere S u p p l i e d and managed 
>v •'' 'V ' * "* • / ' • ' ' ' . ' * •s 

- • -by-ths?. MCSS c o n t r o l p^bsrsn? The- u s e r , needs no p r tor* knowledge o f computer 
., cfrourammiiig.' of s i m u l a t i o n . ' . . : , ' . • ' V , •• • ' r 
•.- : >' • • : • * • • . ' • . ; • • . • ; v : • ' 

. " ' • ' • . . ' < " . " " - ' ' , : . ' • • ' . •. • ' , • . : " ; • • • • • . - ' • . ' 

-.'- Structured FORTPAN Program •."'.'.'.J '•'."' ' • •. ." . ' .*' '.- •. 
, •• " ' HCSS'is a conventional: FORTRAN "program that-requires brily-ari ANSI '•" 
' ' • . ' , - ' • . . - . . ' • V • • ' . • . ' • 

, standard compiler for initial Installation on most computing systems. O.nce 
• ' . - " • " • • — • • • _ . . - " . " * • ' ' ' • - • " ' * ' ' ' • " ! 

i the - pr oefraH has-.boa-n installed^' different, model systems may be defined and -
' -•- i .,v '.- --:.•> v • ' • v ~m • ' • • ' - '• 
cperate'd.. without apy additional <compf lat ion. The FORTRAN program i-s 

' opr.̂ rat'eoVf ron'p source program written in a specialized macro lanfluago th^t," 
provides T-hj-} contro.v mechanisms of structured p'roflpamni irig and s trip VI f i ecf 

'statements.for ra&yrrent7segmonts of code. Its organization isJoased on the 
V top^-down?phi l.osofHjjy' of systematic programming (,t,.-2), and its codlng'-ls' made 

9 uniform by use of structure'd programming (3,4). .Details of the program are _ 
deser i'bed ,in the Material Control - System Simulator Program Ref er.bn.ee. Manual 

'^Memory Space rs d/sedi Econom ica I ly -\ . .r • . • 
:Spaco for nodet" system "functions/-materia, I. data, communicat ions, etc. '• \ '• 

is-allocated,from a free storage pool as it.js-needed dur ing .the execution '-"'• 
' of-itho program/ and if Is returned ta»*the pool when it is no "longer needed. .._ A-
Si nee space . is not-̂ aI located for. .a predetermined number of any .of the-

N X 

. **». 
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Program Features 

f unct, i'iinsl c I.C! rcntKt "fencf on'Jy Wp&cc acti if V'.y 'gecd at'any -time.is tatcon -frorrf 

the." free. sKnr ecio pool, tho <50npos.iT. i on and si.ze.-ef model systems* i,s. l imited 

only by iho t'ota-Wsticr.^o kpaco ava i lablo;. • -, W i th 20; 000 words of dynamic ; ~ 

'if-'* ."'Cjc v o,-j->.' sva i'l ^bl c wh i ch is 'appro;-: imsjte ly twi co -that roqu i rod - for fche " 

1 tjrfo c^np io problems dcs«;r -bod in\Soctioi. 4 cf th i s manual, the" f i le .s tzo of 

.thro c'onplc-no program -or.- xho tfDC.7600 conpJutcrs at -Lawrence L.ivcrmore . * - l . 
- - J ' ' * 1, <• -- ' • • . • • • ^ ~ < ^ \ . V 

• •tsbofp.tfjfy ji s- 51, 08 1 words The. TrtCriory TJOQU i raments w i l l vary-, sornewjiat on 

di rfcrcMt c^mptft ing system:* a-nd' w i n increase; a$. now model in&- f unctM.bns. efi 

^jd'-fad, howav.r.^nany r»cv functions-and a two or throe fo ld increase In the • 

dyr,en i r. ^ t̂?< n^c spftfed* avai tabic for .model systems w i l l require only,about. > 

I ga^OflO "t7or.J«s- nf nonory- ^iliich i3 available on some mini- and 4most mi'd-sized 
-J*' ' " * _' • ' •, 

' cor-put'i n-;j --'.̂ a-tens today. ^ ''•:•* 

"/-. 

ifc.i'rtlc-ji A n y Number o-? Mater la'l Typos \, ' ' 
ri-T-<• rr-j ,M ,1 s- rrpr,,G"j;rt,S^*^t;by s rpcurslvo data, structure in wMefjjfcthie**'̂  .• 

linfcaac of r i f i tcr igl deta blocks defines the nature aYief • \ ewe.1 .. of' matep i a \<,. <\ 

'•contai r»mont., ameKqurier fr?kJ*_j?onte'wts of the blocks def l-ne the intern. Cptint ahd-

or 'naii? or part i culeh tyjins o-F material. ..Subprog^aj^a^^ia^ maj^pu'late 

'materia* tla"ta: arc designed to handle art arb i t rary huribar o"f' matter ia l types t]\ 

bui in -Tiny p&rt,ifutsr.,sys-Tom model tho ai>ai Iqble storage space w i l l / .', 

, even-rue Uy l im i t t?hc itumbcb of material .types that can be used. 
; • * ' • . . . * • ' . . . « . . 

• * • " " x ' • - . \ . • * • • ' - l - ' . " • , ' " . ' • ' • • : " • , 

'"•/ • .. Flex ib'le , Tnput Format 
" lnpuX-".dEta that define and control the operation-of model system's are. 

'j^easy to prepare. U3 m o limple' commond lamguagajc'eywords: " CREATE/ DESTROY) • }-' 
PARAMETER, VARIABLE, -RUN,-', REPORT and ENB. -Numerical values' are"' entered in a 

rJS*'-*?****""***^ 
• • • ^ 

•«; 

o 
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* ' Program Features 

. - . • ' • ' • ' ' * . - . • ' • ' . - . ' • • • : • • . ' • ' • a - ' • • • • • ' • 

* tyr»c- *nd f.iGlH-fro^ forn«t arid nay be interspersed .With annotation to. »;d* 
in the tfocunenrtat. i.nn of simulation results. Or,, as?' nay. be the case i.f 4t" is 
goner at r-d' aiatdnat iral \y by other proararns, the MCSS input data can be • 
conprcss-nd by omrttinc; the annotation"-, , 

* Appl i cax i on Or i cnted Output Fornax' 
• .' Results are autorwt Icril ly/taJ lored to. the. partieular type of system 
boina slnu-letQd because tho MCSS progran output' is generated in the Forn of 
ropbr %*&, y*r intod by-the individual functions" involved jn a .system model. 
Special Report generation functions ^ro also provided to gather, condens*j 
-end-pr inj output, d^ta irt*?ornat'5 cj*pecia.l\y useful *in systotn design and 

PS^cn ' j nT app I i c a t i ons - ' * . ' * • V " 

• •• • . A - ' . - ' • • • " 
D'i aanost i 95. 

-> Error- noasigos are pr m*red^and the sj.nnJtat ion" 'is halted when abnormal 

'•condj t,^ons occur tbdt are .caused by^eH<Jjer system limitations or. the user 's " 

vtolatiftn of MCSS node lino rules. The" s I nutat+ftQt I no at vrhic^ :the error 

occurred, the systcn progra'n or /functional element- subrout i ne in cbrvtrol-at 

-the t ine of the error, and an explanatory no£&jare followed by a dump of. the 

complete— nod,oI syston which mny be useful in diagnosing the cause of the- -

err.or condition. Warning nessa&es-that include the time, program 

ident I f i ceit i on., end-.'an oxp \ anatory note are also prl nted when non-fatal * 

ĉ oV̂dji t ions occur that should-be brought to the user's, attention. Warning 

cond i t i 01*1=.; dp not produce a 'ci.urip of tn"e model" system or "halt exeeut i oh of 

the proorar.. ' , ' " lm * . ' * . , . 
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r t-.. '*'''- \ '. '•. ' ' w "--.'•'"; """ " Pr°O r a n Features 

.• • M o d a J B'ui-ld-lna A i d s . "• ' • // '- '. • -, •. , '' -
Jrj?c,inq and i n tococ t Lvo-'d^brjag i ng capaB1 V l t i e s aro p rov ided ' t o a id in 

the development o f complex s i m u l a t i o n nodo ls . Trac ing a t J a r iouls l e v e l s of* 
• • " ' . ' \ f * • . " • ' - , Jp " ' • ' ' ' - . ' 'T! ' • 

dfc-:aM Is c o n t r o l l e d ^ b y apis i gnnent- "of a nuner i.cal ' tcaQp^contro l ' , parameter i n 
"•the RiilN'cor.-.i-r^fipi 1 ioc. MotioI systens mt-y bo Kurt.-yf*ho»at"*P&eYnaV-wl""-1"1 t r a c e 
i-.c r=aGc»"wr trtTon on ly a t ewent t imes , w i t h t r a c e eitssagos tfc.itterv.afc event 
T. jnf>& ssr.fr ' "ron each i nterar.fc i orj of n'odol . funct i ons* br*£a^"tn©'~'fc.ijnd,3 dust '*'. 

.rv-r.i,. inqd and upon en t r y and r e t u r n from, k«y subprograms:." 1 ft- the MCSS system. 
T.hc c*sor nay f j l ec t t o ha^o^ t race messages w r i t t e n on an' I n t e r a c t i v e t e rm ina l 
r'or inncdi^jf-o obse rva t i on and possible^' i n t e r v e n t i o n d u r i n g the- oporat Pen o f " ' 
« i-ddc-l ssif&tcj*. ' Fol low ing- t h e outp-.it of. ea<2hj I n te rac t ' i vc ' t r a c e ncssggfe, "J*ho 
ki:.cr nsy " i n t r r rogg tR any,' o f t he system- comnron' s to ragc -va r tab les or any 

. . " • . \ ' • • - \ - "• - ' .,- " "^ .-
l o c a t i o n in the* dynamic s torage a 1.1 ocat ion space-.. Th is .prov ides a d e t a i led">: 

' ' • • • " * ' " ' . " * ^ ' . - - * - * -

s t e p - b y - s t r>f i'•cf^uos? i ngj„-r; ap^bJl t t y w j t h , which evory -event e'ndj every *, x . . 
i n.LorstcT. i on eaTcns f u n c t i onaV" o tenant's of the'.-niodel system nay be mon i t o r o d ••. • 

' - < ! • . „ ' 

/ 
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Functional Model Ins b 

fc* ' ' v 
2 USING nCS§- -, 

FUNCT MJNAL. MODEL! NG . , " _ - . - ' . . /, ' •; 
rtCSS. provides a ̂ et of predefined bui Idtng blocks thax. represent!; . ' , 

functional e^cmen^s of SNM processing facilities and HC systens. These 
functions .include, for example, natcr ial- recoi v Ing and sFTjppinfl stat ro'ns-i" J'• _ 
nato" ial transport and. process ins operst tons, natcr ial measurement' and 
storage; .process control.act ions, 'adversary /act i ons, monitor IAQ, 'ctecisian . * . 

. • ' "•=' ' ' • * ' ^ f * ' / ' '• 
making, and reporting- functions used to-col lee*. and •display/data on the 

- performance of simulated sy.stems. The user selects MCSS functions • -^ 
•COrreEpondTnoj'to those of the actual system bo-iho; simulated and-.constructs'-^ 
1 • . ' ' * ' . - ' . • ' ' *"•* V -- -/*•--. 
•model system* b-y, assigning values to paremetrrs that def-ino porfornance % • 
' " ' * • " ' ' , - I * ••"•' "-A 
' chsractor i st les of the i nd i v idual f unct I on 5 and how thoy are i ntcrcopnecrt.ed. 
Behavior- of the sinulateci system is investigated by observ i nib the behavior 

• ' • ' • . * . - • •*> , • - " * . . -, 'or t,hc interacting furvct I ona \ '-elements of the model system. Modgl' systens 
^ '* - ' • ' • . " ' • /nay, be observed 1n detail during frwilyidual slntrlarion runs or data may be 

' ~ * * • -

CiOllccted over an. ensemble of replicated runs to obtain, statls+'cal 
information on the. behavicr of systems i"n which ranctom.variables represent: 
either' ttnbwn var I r»t i on in- f unct I onal perf ornanco pr uncert-a Int^ .In the 
. charrjr^cr-isat I on of system components. •- •'*• 

All of the MCSS, f unct i;c-ris2are described in* detail rin Scct/ibr> 3.oft.this 
manual. -' TKe user must be aware of the f ul I reperto ire of modeling functions 
and^>&.ahie to specify values "of pafanetors and initial conditions of -••« • 

: varjablcs that correctly represent the functional characteristics of,the • 
* , * ' ' -'-5-,.' • ' 

actuaU--system J- but no p r i o r knowVcdoe of conputer programming or sJ-nuleVJor, 

•*S 
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Progran ,1 riput 

(S rcq i j i r cd ' to . JSC F4CSS. Mode* sysi.cn a arc def ined and. .operated us i ng a> 

sin,j.l.; <£orinarj,d longOaoe^ of. seven Keywords doscr i-bed. bdUoV- 'Spec i f ica t ion of 

*n<.'<!!"l ^'" i tcrj pnr^rfltor'R roquiros only j nf ornat i on pertjbinina [to the SNM 

fi«r.i I ity/MC syfs'ron . Oetg i ls coneornl-ns data' -s t ructura l ''cdrtmunicst ions anong 

'i^.r.nreci. i no cements , scheduling of ?everits7 e tc . arc sjjjppl iedusnd managodby 

the MCPS cont ro l program. . , 

i'-.RAH. INPUT 

PI Ic-nCSSIN 
Input tn the1 MCSS pragnan must bo placpd in . a ' f l l e natiod MCS5IN. 

o : . 
There 

reiy'bc tiny rviml -sr of l i n t s ' o r records" in MCSS IN, bu;t there nay be no. nor© 

,th*jn r.h cKni-cu i c rs per I tno . _ ; -- .* '• \ ' : 

" ' ' AH "of f l ic MCSS f ypict • w s us-od in 3 'motjel System, arc def-i-ned in* the • 

fjnput f i l e . Ilp'oc'i.f ic values are.assigned to a l l funct ion partsnet6rs,.and to 

i n i t i a l condi t ions of a l l .runction s ta te v«r iables"not assigned ' 

aij-k on^t i'cal ly by the func t ion subroutines. The number of~rep I i ea t ions snd , -

the- t i FiC durat ion of each s inu te t i on run aVe specif-ied, 'The input f i l e al©p,- • 

.."ifit'c i f ios whether the modc-l system s t ruc tu re , parameters, and var fables, arc 

. iio bo displayed j u s t p r i o r tooths s t a r t p f the f i r s t run; whether t race 

ribs^-sgos ind ica t ing , tfho occurrence of- events and in terac t ions among 

funct ions arG to Jao w r i t t en dur ing the x-uns;•and whether standard reports by 

.al.l functions* or ort\y"S'eTe»cted-reports arc,~tt--&cr^r^dQttd;&*^jtk&Q 

sif l iulat i'ori run or s*rt . of runs. * ' 

Tho ,input f He'may.-aI so contain statements' that modify, a model sy.«ten 
previously .defined and run -fn* xhe same Input f,Jile. * "Cl-d functions nay be "'. 

-10-
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i; Proflram Input" 

destroyed snd' nsw ones "added-. Parameters arid ( i n i t l a 1 condfTf'i,o'ns-,.ioJF f unct-i on 

' s tate variables nsy be sssifl'nod new -values. UsVna those, feature? "a ' *." . 

par t icu lar system, design may* be LrwGStigatcd under'a sot- Of-various . , ''-' : 

• .ofwsrat in$ condjc .̂ i ons, orJ the* o f fec ts 'o f varying, desifln parameters - of a 

syston nay be determi hed' -for- a .peat icular -operat inq- condlt ioe*.;^ 

" . > * " "• ' . . ' • " • . ' f j & V * - ^ - . ' - * * • 

* Keywords ' " " ' „ ' . * , . . "••'•; 03*".' ^ 
Seven* keywords used in the input f i l e provide bas-ic instrucxions to- the 

aHCSS-cb>ftrb-i "prooren. These,.keyword^ are CREATE, DESTROY, PARAMETER, 

VARIABLE, RON,. REPORT!- and" END. ;,Keyirforcfs nust bcflln in the^JRjrSt 'column of-_ 

an input l i n e , -however, they nay also appear'-elsewhere In tho annotation „. '• 
« ' ' * " " . • • ' - m. . . i . . 

'used-to document an input' f i l e . To emphasize the keywords, •.!•*'£ " is , " • . 
J't" . •* * a ' V " ' ' . -~. \f' * . * ' ? • ' 

>rcccimcnclod thay- ort^y qommand 1 (nC-s that .'-beg In with a -keyword be 'started in . 
h rs t coUinn a<icthat a 1.1,,other> Uf.^,J>f the Input f i l e l5'o; indented the 

This wl-i'l oliminstc- ae<s,tri'>nt«l appearances'of. keywords where they are not 
i ntended. V 

. ' . ' CREATE "n m x * * ' r , ' ^ - ' . . 

. t h i ^ input Une instructs the MCSS*"proaram to'•create funct ion rv of type- * 

• n. n nu^t be an i nr-cger • botwercn 1 €nd 100, the maximum, allowable number of 

"functions in a model systcn. Function numbers -na^ be assigned arbLtrar i3y ". 
1 , by .the u^or,. hut theyinusi be unique. I f an attempt is made t o create a ;v 

,,funcrtforvJ-etrat -sfVrWRiy e* rS'Ss^i j^grror- messaae—«fTl V . 8 * ^ i r W S n S 4 S M ! T ' t r i e - C " T f * 

/ • 

progrMi will be halted. M is the 3-digit type number of the- tunction, to be 
cheated. Type numb-irs are olveft in the detailed, func/t fon descriptions of 
Section 3. I n< nc*nnral', any number of functions ef a p^artlTKiar type nay 

S ' 
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• ' . ""' , - , . , ' . , . "''•,,. -. *.. .! Proa ran Input 

19*5 torn- whqro every f unct i on _-fcs ' an instance of ' i t s 
is. an*apbltr-ar*y' ^ -charac te r ' mnemonic func 'on 

if. vfhlch is a lso g iven in the' d e t a i l e d ' f onc t i An d e s c r i p t i o n s of sec t ]pn\.3. 

fsppc.jr i n a n"odc' 
pa r t icu l an . funct ion type 

1i 
.'Tho runc t : <^n' names nay be omi t ted f r o n the CREATE Input I I no", J1iut th#y are 
- r c ro -v i cn^d tcf-remina t t t a ( uaen of t b c f u n c t i o n typos and t o s i m p l i f y andj 
•standf^rcjj ?n t t r j p repara t lory'.of nodcl" d*iaa~ar?i:5 and input f l i c s . • . . 

'. ; . v ^ - • . \ • • '" ' • : • • • ; 
- D E S T R O Y n* • , , . '• • 

" 1 ' . ' ' * i - • • • . " . " " . * . . 
XHl-S input lino destroys the previously 6rca*ed. function n'„ l-f anj 

• -. ' _^> i 11W..11 '" 
atCcnpi i-j naoo*tc-dc'stroy a function th&t does rwVT&MPStj >an .error ncssag< 
will br; written onri the proscan halted. ' AWhotat i^rn'mafe be supplied' on .any 
nunbrr of following lines. '""'•:. . I ." ' ' •'•••.. 

-/ PARAMETER n"^ ' 
.Th is , I npm- 1 i -nq -no t i f i es the MCSS proosam *£hat tf iS Fol lowing I ines 

conra in vn I Lies' t n bo ass Erjiicd t o , tho parameters of fjb^ct. foWr i . Funct i on n 
.PiGst be c ro f l t cJ be fo re parJanetor - va lues arc assigned'. ĜW nefe^or'of 
PARAMETER l i n e s ' n a y toe-used t o ass jgn parameter v a l u e s - t o fynes r o ^ O y but i t 
i s rc&oitiricridod^xhaiif a l t parameters be~assigned- ax one fr\me irei i t^ l^tesb^' » 
f o l l o w i n a tho c r e a t i o n of the f u n c t i o n and the reo f t o r . orvly, when changes^ 
made in p r e p a r a t i o n f o r a d d i t i o n a l s i n u l a ' t i o n runs-. '" "Who parameter values' 
t h a t must be s p e c i f i e d f o r each f u n c t i o n a re de f ined , i n Sec t i on 3 

Parameters-ore i d e n t i f i e d by in teger indexes 1, J Z, ... and-nay be 
c i t h e r scalar- or l i s t va lued . Scalar valued parameters are s p e c i f i e d in the , 
input l i n e s f o l l o w i n g a PARAMETER l i n e .'by e n t r i e s o f , t h e type 



'.f 

Program, Input 

' whtce i is the parameter index', \r, is a 'blank ,'cleii ni ted, i ntegcr or ,r,eal ¥ f-, " 
nunor ni "val uo to bo ass i'gncdjto ̂parameter i, and . .' may be anyicharacter. 
string noXJnc\*udino a t̂ lank delimited numeric value-, - Thl-s'means simply . 
.that scalar'pareneter values are specified by placing the parameter index Ĵ n 
parentheses followed by the nunoric 'value to be- assigned to the ̂ parameter," 
tfnd that the ^ nde^: ̂Ntenti-?tor/ .and nuncric value naV be("interslporsed with 
arsy string* of characters<y;icd. to annotate the para^ter • speci f icat ion 
p̂rov'i ded j-t-hat the annotat i r5« does not connain parfehtKcSos or nunor i c values 
'that coOld be corf fused w i th thVl nt ended parameter idont i f icat i on or °V . 

•I - : 
—i 

a^s f gncd tfelue. 
List valued psrsmotcri; erg, speeYfjed similarly by entries'of the form\, 

... !.l j k)' ,.'.•* v x l v '••• w '•.• " . • 
whore i, yt e.nd ., . . are a"s defined for scalar*, bar.orooi'ecs and J and -k are. the 
lower and upTSer indexes roapoct i vo \y of copsoouii^o ̂l ist - elements to be 
assigned l.hc vaiur? v' In the.-br,don ofttiGi'r Appearance, 
i riput 1 i nts . !j~ \ • •' -f 

•For pvamp. le , " the 
Wti 

PARAMETER. 19 . , , 
I D DEFINITION OF PARAMETER 8^.304 , 
(Z 1 3) DE.riMinpN OF--PARAMETER LIST 5.1 3.2 9 .5 • 

idica^e to the^MCSS procran'Ahat 'parancter values aVe-to be assigned to 
Fun^Ioj i 19, that value 8.304 "~fs to be assigned to scalar parameter 1 \ and 
hat" Values 5.1; 3.2, and 4!3f.5 are to be assigned to the first 'three, elements 
of'"J.lst vaVgod'parameter 2 :. 'Notice thst the annof at.i on could be oriitted and 
the order of thqf assignnent changed'as in the following input lines that. 

r 

PARAMETER 19 ^S. ' (2 1 3) 5.VN 3.2 9.5 J .V 

-$ 



X 

;'- j . XI l/ 8.304 •;' , '• 
All of thb. olenema of 3 list 

• x;trja. values art? ass S sned. •'- Th 
total-.nunbcr of elements"in t 

Proflniam • I npiit ' 

/ isrter imjst /be speci f ied the . ( f i rs t 
the MCSS cohtrol program of t^e 

neter l i s t , After a' I fst valued / 
howovopj •' ya I yes fiay bo ^tesjtflnoq lo any ; papaVteter 'h*as been initially . 

segment.sf contiguous e(c'tnont's.' iV1, for, example, vlrtt.,wished co change the 
last two G fcinents of parano^ep ?2 of functijpn 1§, we.-could do so as follows:' 

PARAMETER 19 / • • • 
f- • (2 2 3). NEW VALUE OF/SEEOND ELEMENT 2,2. '• MEW VALUE OF/THIRD ELEMENT 8 

ir:; 
/ • 

the-valuaa-TBay be ' 
the data. -The user is 

The example above shows -hpw "parameter values' may. be placed on any number.of 
lines following tha parameter identifier and ihat 
int«irspersed with notfcs/or cxplanat ions anno'tat ing 
free to arrange the parameter values in rows, co'li/mnSj- tables*, OP'"whatever 
arrangement is desired as 1onp as the rules described a&ove sre strictly 
followed.* * „ i .-' ,-"'*•.-

The last "c-amp*© also sbws that par ami •. a lues may be "entered as 
either i ntcqc pr r̂oal numbers. Tha require ->?i aneter typ£ is known to--the 
f unci ion «ubrou*t i nc , •. so .if an intecer value i & &uppl led for 'ass tgnmont to a , 

; Veal paranctor, it w I 1 t- be converted to the correspond i np; real . ual uOj and Lf 
a real value is supplied fop assignment- to an fntegep parameter," it will be 

, truncated to the nex-t" smaller integer value.' Notice that real, values, arc -
nox .rounded tqfr-the nearest integer value. . l 

• • . ', VARIABLE n" 
This input line' notifies the MCSS program that the following -lines 

contain values to be'assigned to the'initial conditions of state' variables 
» • " -14-* ' - \ •' * • - ' -* 
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Proorom I nput 

7 
/bf.function n, Function n rngst be created befora var lab t«e ' inl t lal - . . 
,'cond i t ions nay-bo assigned' Any 'number of VARIABLE-1 Inds toay * be 1 used to -' 
assign var* i able Initial cjondi-t fons, but It is recommended „thatr, all- ; /' 

" " • ' * • * ' • * * . * " ' ; 

assigrim'ents be fnado at the ^ane'tiftie; immediately f&llpw.ing' ^he. creation and 
ass.ignnont of .parameter* values for function n. Any' of tfhfe' o*ser defined 4 

initial ' condit i on values*of'state variables may be changed by u W of'the 
VARIABIE input lino Setwceh simulation runs specified in a'h input .lUte. 

Scalar end list valued fnitia*! conditions are specified in \jg& input 
Tines following a. "VARIABLE Tine In Exactly the same Was "as described above , 
for scalar and 1 i ŝ t valued ^aranetcc speci-f-LeaX Tons. The f ormaVlof* 
parenthos i .Ted identifiers .and value entries with interspersed annotatibn is 
the same. - All e l«nh»?f>t2J of list valued initial conditions must be specified 
the first \ i no, they are ass I gncd, initial cond it i.on values may also bo 
•suppUcd in either, i ntcoer on- real form bjnee they are qonvdrted- to the 
required form by the MCSS proaran. _ ' *••' 

.-:>-,'•'. ' J . ' RUN n t -i J ,k , '. k • ,:';! i 
•This input line tells, the MCSS program to operate the* ex 1st fnpj model . -

system n tines, starting-at* simulation time.zero and .ending at time t.-
i is 1 assigned integer value 0 to inhibit or; value V. to enable the ̂ V- - ^ 

» output "of the nodel structure, parameter values, ajid initial va-lujas~'of state 
- varlab'os just before the start of the first run. This Is referred to as'-aj 
dump of -the *mo"dol .system. ' It may be used to ver,ff y ' i"h detail, that the 

"parameter and variable assignments have been incorporated Into the model 
system and as a. precise record of the system tisedr in simulation rXins'.- Once -

-T5--
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Progran Input 

/ 

a model system has been deyslopod, IT;, wi \ \' seldom be necessary, ta Request , 
' ./dumps oi. -i .w complete systcjni. • . -'.."* - • * , •*:-> - * 
.'..'".. J Ts* 3ss Egnccl integer- values from 0 to 6 to' control .the trace 'messages'. 

' written by the-fjICSS pro'flrqn during the "operation of'the model system.". Use • 
, .Of tba trtiGb. corrfpbl •pnrwnBto'p J" is described'below unde£ MCDEL ENVELOPMENT":, 
Jraclpg. . • - , . . 

K Is the standard report pontrol parameter, , If it Is'assigned .value 0, 
only. rjeponts'gc'nerated by REPORT lines following the RUN line, are generated, 

. If k is assigned value 1 f trie JJCSS r-pVogram automatical \y' requests a.repoht •• 
by each function In the rrodol system. This is cabled a* standard r&port 

:because, a report is requested of evgey function in the Model, however-, the . 
staqdard report.is actually tailored to the model system*because .it is \. 
generated by the funcfrf.oris" involved rather than by a'general purpose" report 
generator. • ' *" . •••*• •» • ' 

• ' ' S-y f " 
...-'' -• ' • • _ REPORT n . ' ', ' 
•This input .line instructs function n to" write 9 report oh its current-

status 'into the program output file. REPORT lines will normally be used1 

'only foil owl no a run. line that specifies an operation of "the modetl- system 
' • ' • ! ' -

over-a specific sinutat I on' run or sot- of runs- -i n which data-are collected 
for - subsequent analysis and reporting. Reporting' features o'f MCSS functions 

.arc described in Section-3 ofvther nanus I :* 

i. -. ' '. •' '. ' E N D •'-' - . ; ' ' • . 

.QThis input lino terminates the MCSSIN input file and produces a nornal 
ex it • fr-oft" -the- MCSS prograu^ If omitted, an.MCSS error message will be 

•16-
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, . _'\ , . , ,•' K-* Program Input 

'vritten indicating that ".no-END lino was found in kthe Input file:., This will -
.- • .' , • ' .? •• . ' also terminate execution of the CICSS program,., but It will produce a dump of . ' " v • . c k; ". . • • • the current model system which-'is usually not noededi The END line should 

' . * *r " i. - -' 
be used to terminato MCSSIhf input f I lps'.bacause some computer- operating 

' ' • / ' % '• I • -
systems nay abnormally ter;nlha-te ewecutmn'ef tho^program. if an "end- of 
file" ls'encounterred as MCSS reads on looking for additional keyword input 
1 i nes. 4 » * '" _• . * : / ~ r 

,-%. ,. • ».j C " . . " • • 
Foriiat '• •'• •* ' ' 

CREATE n n x 
PARAMETER h' 

VARIABLE n 
• '.':'. ( i > , 

RUN n't' i J k 
REPORT'n 
CREATE n m K 
DESTROY'n *" 
PARAMETER n 

'.'.'. CD . 
VARTABLE.n 

::': i u . 
RU.N n ' t ' i j k 
REPORT' n 
END ' ' ' ' -

X-
J k) 

J k) 

<i j k) 

(I j k) 

• \ 

St. 
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I Priogrsn Execution.;,;' ;. 
:.V. 

•* where the input I i.nes beginning in colunn 1 'with keywords • are. as described* ," 
above and . ,, stands for any string of characters used • for ahnotat-i on ,that • 
d$es not fcontaln blank delimited parentheses or'pu'merle values *that could be 
confused wi.th ' ident if lers or values to bo,assigned' tcL-paratrieters or the^ 
initial conditions of function state yariables. Any number .of ji hput l i ne>,. 
of the type indicated piaiy be- used where they appear sboye *ncf, any »rder of-> 
input lines may bra u*jed provided, of course, that functions- are created «• 

""•before they are assigned parameter"values or Initial coridlt'joivyaRies for . 
state- var iabl.es or before they are destroyed. . , . :̂-'-

PROGRAM EXECUTION • "*, . * -• - . " . . . . 
'. Once'the progranvhas been installed on a computing sy'ste'm, .Its use. 

Involves three steps: - .-* . f *. . fc !*. ' * v. .̂  . -.?-
, o -preparation qf the Input fi'le MCSSIN v , •%'"•',', ' ~-
o' execution of the MCSS program > - r • " •, 
o printing of the output file MCSSOUT , - . **• 

Using the Keywords, data format, and annotation describes* above,, the input 
file MCSSiN nay be prepared by any available means, for 'example* on.cards 
(off line) .using art ordinary keypunch, or- on disk (on lir(je) using a textj" 
-editing utility program.-,, The user may assign arbitrary names to input files 
and 'chang« the names to MCSSIN at the time they are to \e used1for input to 
the-MCSS program. The file names should be declared in Ahe annotstion of. 
'the input files so tha$ the names will also appear In theXoutput^ f f le * -
MC^SOUT and •there, wfit be.no confusion as to which Inpbt f\le produced "a 
particular output. * 

-The procedure used in 'actual execution or running1 of the MCSS program 

< • . ' •'" - i s - ' • ; . ' - ' • • 

X ^ 

•x^V> 
B^.,* 

\ 
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willidepe.no; upon the operating system snd management of the. user's computer. 
On the l-TS sys.ten. at Lawr,one» L Ivermore -Laboratory, \the 'program is available 
as' â j-control )ee by. the nariQ MOSS. "The command 
MCSS / t V '•' • .. '* • I '•' '• 
win read,data'from an existing Input file MCSSIN, create an output file 

•"•?'% • •" ' '. i , I ' . . ' . - . • . . -.MCSS&UT,. and interact via the user's terralnal,. So -thpt'ControTlee MCSS nay 
' K .ilCOS is. edited each tine tho ^ ^ ' vbc rota.̂  nod in rsWa-'i-only "states, a drt 

propran is executed.." _. , I . | - .. 
i- ' The. output "f [lu MgSSOUT aerueratreoV-by execut lori-"ofrthe MCSS program nay 
' be printed ©ty any*mpa'ns' avQi labl'e. On the LTS system~-»t-Lawrence .Liyerhore 

Laboratory, utility rout'lno ALLOUT nay be used to print the output""? lie on 
'. either the FtJET or -high speed-printers. . If noce then! one .output file isto" 
' be'generated before print.ing., the last-one generated should'be Assigned a 
nanc other than MCSSOUT before each execution.of the prograni. . Ifithia Is 

• not 'done, the LTS system wil.l generate.a family of output files with unique 
' harics obtained by nodifyina the^last character of the otherwise duplicate 
'nane.; This procedure, is acceptable if the. user has. idept.i.f'led. the* input 

.i f'iles internally as reqetnnended earlier; if no-t,.'-it way be difficult to. .•-' 
' determine wh ich. output* f i le -was produced by a particular, iiiput f i'le. 

* . - ~ - - . * • - . . _ • .' " j Confusion of this sor.t can be avoided by attach,!ngwfunierie suff ixes.^o-
MCSSIN In nanlng input flles^and the same suffices to MCSSOUT, in naming'. 
outp.ut f Lies. • .• . • ' - ' . : 

PROGRAM OUTPUT , ' / 
Flle MCSSOUT 

http://willidepe.no
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/ 

A new output, file MCSSeUT is crested b*y the:.HCSS no in pnogran jeae'r. time \ 
-ft is exacujted. The file; will be'.on the output, mass storage 'device 
—CnpA4TiaTly disk) defined at the tine the MCSS program,is Installed on the\ • '• 
user-'s computer,-' ThefT? ile' i*s se^uqntial. The first I i-ne , !••-'* 
MATERIAL CONTP«L SYSTEM SIMULATOR VgRSFON 1.0 1/1/78 . ' •/ , ' V r- y 

. is written^bytho MCSS'bain program f&f—frtent 1 f feat forT The- rema 1 n in© tine«" 
• are. written by MCSS control programs and Punct.ion subrout:! nus during the. 
' execu'*&&ei of the program. Each lino pf the' input file MCSSlN'Ms copied into 
the output file with results prodwcecT by exequt i on of the' proarac»£insertedl 
as they arc gc-norated. Dumps of the mode I' system immediately follow the*RUN 
1 i ne in which they are requested: 'Trace mes*3aa©s wr it/ten 1 hto "the)'o'Qftput 
file during opcrst ion of the simu-lated system follow the model system 'dump 
output. If Q sten^erd report iV rrnjiiiT̂ crl hy nr,~, igrrmg^Vh lAlQ-.l tnj pffN Vi'nr t 
parameter fc, the trace messages are followed.by. a table shoytng the., number' 

5r~am control entered, .eacn of 'the function subrout'imes of'the 
model system and the f pact i on^SV the total .nunber of entries.* An Individual 
"-report js then generated by/each function bf_the model system. Fjha'lly, tne ;' 
m'iriirrum numbqr of free locat i'ors -in\ the *MCSS dynamic storaae^-s^acgl-our-tna 
the program, execution' I's written ihto'the output file when execution is 

*• terminated By an END I fne in the input file. -The output file i's, k| herefore. 
cbmplete ro©ord'of the-model' system end tha results of- simulation runs. 

• \ : 

ReporW'S 
R e p p r t s g^nerwtcd by i n d i v i d u a l f u n c t i o h s - a l l b e g i n w i t h a 11[\e ' o f t h e 

f o r m , , •- '•* ' j • 

FUNCT.ICN n m tl • ' • .' , • ' * 

•?*W. - 2 0 - _ . I 
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-Wiors'n, m, end x are ,*̂ he f unci ̂ bh ncimber, function type, and mhemqnle-
fundtion name as appears -on the > CREATE* I ine' of .the - Input^fJta^'Contcnjts of 
the individual function reports;''vary, from the simple &%a?x*men% NO REPORT, 
Indicating that.'no data vere collected during tho simulation tun- or /nuns, "to. 
elaborate t*'op;pr-t5 that require computation* of mean and standard-deviation . 
Tsĵ 'at la L lu.̂  r-upm' ̂  tol loct'l oh of obsorvat J ons, tabu lot i on, of maximum and 
hinlnum values of observed , qapnt.it ies and the times at wh,ich -the max f mum and 
r.inlnuim values Cirdt occurred dur frig the r,u.n, and plots of • h-istograms that 
display tho distr-ibutibp of samples of -randomT variables !co lice-fed during the 
opo/s^T. ion of tho modeW systah. . Details of - the'- report fc_ng features-of MCSS -
functions are dc:;cV"jL>ed in Sectidff 3' and'examples are shown in Section A 

Dumps . - , . ' - - Y - •"• 
If RUN line dump control parameter I is ass fgned 'value 1, .flCSS common 

storage variables; the..structuror...par.smetersi variables, and variable . 
initial ^conditions of each-funct i on'of the-mode^l system; and the currant "\ 
status.-of f ree st^re;space areigpr&ited, fol lowing the RUN l i n e . The-MCSS , 
common storage' variables are deJF.i'ned'as follows: 
MTO The -last-function to receive a commun 1 cat J on - In dumps requested v '«• tho' RUN -1 I no, this will be the-^last function In- the 'model system. t>o receive a cbmmunlcat 1 on"1 nstruct ing' it' 

' , " to set inltiaTl condition values of state'variables. - ...I"n dumps* • "^ _ " generated by an MCSS. error; condition. MTO wilt -be the-' • ; "Vast function that""recefved a cbmnitihlcation before the error'* occurred. - - * -_ "• " ""'v., • 
MFROM '• The last function that transmitted a communication at-the .""--ti-mo-tho dump was generated. .In dumps • requested via'the* RUN line dump control parameter, this will be 0. the *unction number assigned to MCSS control programs for communications with > 

>. " * . . , * ' • ' . - # • v . ' 

• • • ' ~ 2 1 ' . . - ^ ' . . . " o • 

N. v 

•s 

'-st*' 

( ; ' 

wO 
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F CTYPE 

IPOI NT 

I'CfUMP, 
'.ISECA 

! TRACE 
LB 

....••LBI.IST 
•J.BPT. : 

LBl)F 

LC5B 

LE 

LEG 

LFFB 
'\ LFFE 

LI i 

\ 

functions of the model system. .r>. ;,. ,_ . 
A code Integer i ndicat ing> the .-type of the last Gonm^tYi'o-ktt I on •that" V/PS trer*sir. itfd at tho.tino the dump-was generated: 1 = create sin inutgincc of a particular function type, £• = destroy a particular funcfi-on,, 3 = assign p_arqmeter values, . 
A '- sssijgn initial condition values, 5 ~ print, function report, 6<-= set'.initial condition values of state variables, 7 = pr.in't data in dump format,*8 = evejYt notice*, end 3 ~;ihteraction mess-age. - «- '"' • " 
Location in MC5S .dynamic storage space of data • 
associated with the la&fe eoKinunieatipn. 
Current value'of the, RUN. \ ine dump centre! parameter. 
Increment .s i ZQ of the event chain' storage allocation. This is tho number of additional storage I'ocstions allocated if the spsce needed to store scheduled event notices, oyeceds the space previously allocated. f * 

•*-+!.' : ' • - - " . ' • • Current value of the RUN line trace-control parameter. 
Locatfonjn MCSS dynamic storage space of the last function -£pa.assume .control of proqran. execut-i on. t ,* 

" * ' ' . ' T ' ' • • . . Location "of the free .storage block currently being checked for adjacency with blocks on the free stone chai.n-' 
Location of the „t I st, of * f unci ions In the current model system. 
Location .of the table of pointers.jso functions In the model system arranged by functien-number. - r . 
Location of an 80-word buffer in dynamic storage space allocated to the MCSS main progreyrr and-used by various MCSS c&irtrpr.programs. * • " * . ' • " 
Lf'Cs-t'ion" of a dynamic storage block/containing the location*' . returned by MCSS control function LCS. • " '.v- V 3" '- « 
Last locatio'n of the last function to assumevcontrol of ̂ program execution*, '.''"' •'.• ' 
Location of the oVorv£ chain^cen^alnlna, in chronological order, ̂not ices of currently EcrTeduled events. 
Location.of the first free block of dynamic storage space. 
Location of the' first free event notice. V ~*r-
Location of the first, initial* condition vaj'ueYof -the . last ' 

-2'2--" \ ' • 

> - ' , • - • • J . • . . 
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LLE 

LLFB 

LLFE 

ilMS ' 

L-NE 

LP 

' UV 

MINNFL 

MNSE ' 

NFL; 

. NFL 

NI 1- ' ' 

Nia 
NO I 

mi' 
NREP . 

NRUM ' . 

NSE 

TIME ' 

TSTO.P 

Mode 1 'De\je 1 o p r i e n t 

f u n c t i o n t o ' a s s u h p e c o n i r r o l of- p r o g r a m e x e c u t i o n . ' ' 

i s s t evam^rrjot i C G oh t h e c h a i n o f s c h e d u l e d • Locali on of the 
events,. 

.'ip.sce - ; 
L i ; c - 5 t i o n o f t r i e I s s t 

':/• e v e n t n o t i c e , 
L o c a t i o r i o f t h e - n o s s a f l e ^ t ^ c k u s e d by MCS£ c o n t r o l 
p r o g r o n SEND t o ; c r i ffo t h e ; a c k n o w l e d g e m e n t o f comrri _ _. _ _ cor/ i fTiunLcaiaons 
aiT,arv3 i n t e r a c t i n g f u n c t i o n s o f ' t h e m o d e l s y s t e m , , 
L o c a t i o n o f t h e n c x | s c h e d u l e d e v e n t . 

L o c a t i o n o f t h e p a r & n o t o r s o f t h e l a s t , ' f u n c t i o n " t o - assume . 
c o n t r o l o f p r o o r a r i , 'oaecu.t i ion . * 

, I * .= s ' '• . - . . " " 
L o c a t i o n o f t h e v a r i a b l e s ; o f t h e l a s t f u n c t i o n t o assume 
c o n t r o l o f proqrpiri c * 5 C u t j o n . . / \ f 

Min imum n u n b e r o f ^ ' t r e e l o c a t i o n s ' I n f r e e s ; t o r e f l e : ' s p a c e r — -

M s x i n u n number of l s c h e d u l e d e v e n t s , 
i \ 

MumbSr o f f r e e o ^ e n t n o t i j e e s . 

Number ,o f f r e e y< 

Nt jnbcr o f t h e d i , 
j 

T 
/ 

l / o c s M o n s I n f i c s s dynsmt 'c s t o r a o e s p a c e 
' / • f "'*• / ' : " • 

o v i c e f r o m , w h i c h i n p u t ,'f i 1'e MCSSIN i s n ead. 
Nunber of- the device from which interactive user* input ts-road.. 
Number of" the,.-afc'; Ice on whtch output it I la MCSSOUT-.- is yp itten. 

<• ' 

Tf3 device on which interactive outpu-C is written* Number of t 
Number of replicate puns'currently'specif led. 
" — " / I -. ' •' I 
Number of /the Current run In a replicate set of runs.-
Nurabep of scheduled events. . .' * - . 
Current >/alue jof "stnuletod time."-
Stopp'ingi tlme'bf the currently speel'f ied. slmUlat ion run or-
set of\ropl teste runs. .* , 
listing the values of-common storage1 variables defined above, a 

' v -23- ' ... . & 

# 
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dump Includes'a" printout of the structure-, parameters, variables,- and 
initial conditions of each Function in the model system. . The function dumps 
arc generated in-numorical order and have the following format: 

•Function type • SfC*. 'ipumbor of storage locations occupied -' function number » number of parsr.ictars » number.-of variables _*."•: 
0-value f location of parameter types Z • or 4) •• (values of parrariieter types -2 or 4) alue (location of.-parameter- types 2 or 4) ^ Hvalues of parsnj&ter typos 2 or 4i 

. . . . . . # . ' 
T • t T L value (location of list valued varTabTasf . - • (values of list' valued variables)' S T L ' , value (location of' \ '1st valued variables). . (values of lisx val'ued variables) 

FUNCTION n 
I.P.*0u ' L 

• 1 L 
+ -2 T. 

. . * 3 " L 
+ 4 " L 

i.r* o, , i L 
* 1 • T i. 

van 

o i c o > vs. 

'.'•• " ' . • " • - • • . . . ' - . -

6 1 t o . . , 1 T L - . vaUlp (location of list valued'*lnit lal condition) (values of list valued initial conclit i-ons) 2 T ''1_ v̂al'u© (location of list valued initial conditions) (values of list valued initial conditions). 

In th«" function data dump format-above, -n is. tho function number* ' L is an 
in;i;r:.j.7r t'ocBtfori in MCSS dynanFc storage space ,<Jand T J s an -integer code 
irKllfi:yt I no a t"po of pBranoton or var labia: ™ = integer scalar, 2 = Integer 
ll^t, 3 = real scalar, 'and 4 p real list. .Notice that parameter 0 and 
variable 0 ar'6'always integer scalars assigned value zero. .Parameter 0 is 
used 'as a pointer location during communications initiated by. 'the functipn, 
and. variable 0 is used to count the number of times program cortir-ol enters 

' - 2 4 - . . : '"• • ' . . • 
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the function subroutine. Parameter 0 and.variable 0 are .never assigned 
values by the user. ' •*•_-/ • ' - / " • 

.V*Uiqs of ,common: storage variables associated- w.ith. tKe event..,chain, nnfll-. _ 
the chainr .of. scheduled event notices-are printed next, following the dump 
output of the last function, in the model system. From left to right, the. 
dsia printed for each of the'scheduled events I'n the chain are as fallows: 
11 location of" the svont notice, 1.1 ) location of the next event notjee on 
the chain; lif) tino of the schedul^d* ?vent, Iv) function in whlih the event. 
will occur, v)- event code, and vi) the locet'-ion.of data associated with the -
scherkited- event. „ ; 

" The dump output is completed by listi.no the common storage .'variables 
pE-^ociated-with the free store chain and, for each block. In the chant, the 
"location of the block, the location of the next .block* in the chain,- and the 
nunbor of avaliable locations in the block, This allows the user to exanlne. 
the free storage space &% the^-begInning of a simulation run. If a large' 
number of small blocks'have accumulated at ttW'beginning of the free store 
chain as a result of previous simulation runs and modifications -of a toodet 
system, long runs involving. many repl icat Pons., should, be avoided. They \jon . 
be run $na$t effectively just*, after'^a system has lieen def Ined, when, the free 
store -space consists of a single -block. In this c«Mse, the >16SS program 
saves the status of the free storage space at the tTUjievthe first of a 
rep I i cated' sequence of; 

ihe beginning of each of the replicated runs. This 
bn of free storage space over a set ofXreplIcated runs-

to this condition at t;. Ij-t \ o 

\ 

avoids gradual depIeti 
• l . . . , ., 

in which some of, the space allocated during the run Is not returned during 

- / • " * 
., / -2=-

/ . • • • • . ' • • S 
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the run and is not" recovered at the tinie initial' conditions "are reset before 
the next run, , , ' - ' 

X 

Traco nfg 
In "he development of complex model systems, the user may need to'̂ o 

verify the 'detailed operation of the system by* tracing *the_ occurrence of 
events and Interactions among fuhgtIbns. This capability is provided by the 
tro.-:n central parameter j of the RUN line. If J is assigned value 0, no 
trace* nwssaQO'i are written.«, Assigningla .value 1 Instructs the MCSS program' 
to write event messages into the program output file each time an event 
occurs. Event messatfes indicate the time of occurrendigj ' the number of the 
Function in which tne went occurred, a general notice that an event has' 
oc-.-urrod, <ind* var I ̂Lis.-spoci'sil tzed messages that are written by' the 
individual functions. If the RUN line trace control'parameter j is assigned 
vrsTuo 2j the event. informflt l on is written into,the program output file and. '•; 
• a)«o onto the i ntoract ive output dev ice for J mmediate,obsorvation and ^ 
possible intervention by the user- When,'trace messages .are sent to the 
in tor sex I v<» output, device" the program prints the mossaoc'and waits for . 
cither a user request.for add itional information or an instruction to > 
continue operation of, the nodol system..,, Requests for information are placed 
/by-typing either the' symbolic name Of a variablo whose numeric value is to 
"bo displayed or-an abbreviation of an operation to beeperformed such as 
.Iprjnting out InformatfSn or> the next several events that have been scheduled. 
or printing out tne detailed description 'of material at a particular 
location in memory. Details of user interaction 'with the program will be 
de^cribed below In the sect I Oh on model .development.' 

-\. •, -is-- " 
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If the RUN line trace contr.ol parameter J is assigned value 3; the. J1CSS 
program writes nesspjes Into the output file each time an event occurs and' 
'<*ach tine there is en -interaction among functions of the model 'systiem. 

: " ; -\t , _ . • • • ! -

Interaction mossne^s indicate the time of the i nieraet i on j the number of. the 
function that has received en interaction message," a general' notice; that an. 
Interaction has taken place, and various specialized interact ion-messages * 
that' aro written toy the individual functions. If J,is assigned value 4, the 
sane information is also written on the interactive output device., ;; 

When the.-ftun--.line trace control psrsneter J is assigned value 3' 
' ' • " ' • S 

dntaTTed' di sonnet I c messagras are written into the program output file b^ Jt'ey 
•Ĵ CSS subprograms In addition to the event arid interaction Information Jujst̂ "*' 
described. And when J is assigned value 6= all c$&-Lad£fc£d diagnostic 

* r- • : . y^t* ' '' , -•' • •-

infornet i qn is a Iso wr i tten on the i ntersct ive output dev ice. i 
Use of the RUN line trace control parameter J is summarized irY fable 

2.1. 

f 

J 
\ 
V 
\ 

N / 
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TABLE 2.1 Use of RUN 1 Lie trace control parameter J.' 

Trace information generated 

ire written> into the 
'None , ; 

/^Ex/enV n o t i c e s and messages 
p r o g r a m ' O u t p u t f i ' . e . " . - • _ • • 

/"• .|"ve'nt not ices and messages are written into the 
•program output file and on the interact i ve input/output dovice. - - ••&- • . • 
' Event notices and rressages and interaction notices * nnd riwssagca are wrfxton into the program output file; 
Event not Ices .and messages and interaction notices' 

• find rnesstiai'-n are written into the program output file and on tfic interactive input/output device*, 
, Event natiens end messages; interaction notices and / ' I'lcssages/ sttd MCSS Subprogram diagnostic messages 
. arc 'written' into the program,output flje. 
Event not I cos. and messagesj i ntet^act I on not ices and - n:.r.°.agesJ and MCSS. subprogram diagnostic masi-ages ? 

aro written into the program output file and., on the interactive input/output device.. 

. / 

User .1 ntcract i on I - . ' -t 

When event, interaction, or program messages are written on the 
interactive output device, the Oser may continue operation %f-£-the model 
system by entering a corriaqe return,-, request curre^J inf ormat i-on ̂ by typing 
the symbolic narna of a1 variable or diagnostic operation," or discontinue 

"^operation ev .the model"!system b y 'tVPing ABORT,. Values Of" any of the MCSS 
common storttan variables nay *be' -requested by typing-jfhe symbolic name 

x T i.i- s- -: t• -

V • - • M -
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• ' • ' ' • ' • ' " ' • " • ' • ' V ' • •' 4 • • • 
,'dafi'nad above. The" f el lowing* diagnost ic _operant ons are. performed by\typing 
the name bf_the operation shown at the left: \ - ^ ". . \ \ 
ABORT The 'er-ror mejsŝ fjo USER ABORT is written Into the program -. \ output file, a-node! systen dunp is generated/ and execut i.on, of •' tho progran is'halted. • ,' . , i . 
EVENTSCN) The f i rsfeTtf̂ event notices in the scheduled event chain are .. i - • writtcna^on the interactive, output device. ( Data contained in the> event/" not, i cos ere, from left to right, the location of the event < noticfe, the location- of .the next event notice, on the event cha<in, the time the event Is scheduled to occur, the function-in which - the event will occur;, the event code, and the location of data '-associated with the scheduled event. 
FREE ' The current status of the free store chain is displayed by listing, for each block In tha cha I n, ...the location of the b'lock, \ the location of the next block in the'ehain, and the number of available locations, in the block. , •••-, 
lA'Cn? • The contents of dynamic storage location IA(n) are . V 

written on the interactive output device. \ 
lAtn^tn) The contents of dynamic storage locat I ons- l'A(n) through IA.Cn) are written on the interactive, output device. 
IAC(L,*t) , The contents of dynamic storage location I A( LCS( L, h) ) ore written on the interactive output device. 
IAC(LtnJtvi) The contents of dynamic storage locations IA(LCS(L,n)) . 

>'t through IA ( LCSU-, m) ) are written on tho interactive " .oyr.put de v i ce... 
MATL(L) The material data structure at location C Is written*pn the interactive output device. See Appendix B for a description of MCSS material data structure. 
MSG If the lost fcomnuni cat ion was .an'event notice UCT't'PE ©>., , " the event cade and location of event data are written on the interactive- butput devifce,, Otherwise the current. values of . ' connon variables MFROM, MTO, iCTYPE, and IPOINT" . * •< ere written f*ol lowed by the eight integer values In the message *~ block at IPOINT-. • - -
RA(n) The contents, of dynamic storage location (JArn)--ar.o' *"""• 
"' _. - written-on the ^interactive output device. 

RAfn,m) The contents of dynamic' storage locations RA(n) tnrougj-t: *. • RACn) are1 wr i'tton on the interact ive 'output device;, 
RAC(L,n) The .contents of* dynamic storage Tocat ion RA(LCSCL,n)-| 

• ^ ' fc- - • - 2 9 " • .. ' ; . • " 

''- S*-
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"arc written on the Interactive output-device.-
RACtL,n,m)' The contents of dynamic storage locations RA.Cl.CStL, n) > ttyoucjh RA(LCS.(L, m)) arc written on the interactive , *• output device. t £: 

" * . " ' . * . • ' 

b Error ©nd Wgrni*no Hessages * • . %. 
Wher. the MCSS prograi detects conditions that will Invalidate the 

results of.,a simulation, run, on error message is written into the prograri 
output f Ue, a model syster^ durtp is generated, and the program Is halted. . 
"Error messages have the PorS^E * / * • 
«»"i«ERRl5Rx«*-" '• * ~ -..•' 
ERf.'OR MESSAGE ' ' .. 
and the noe*ol system jdump format is as descrjbed above. 

When the MCSS program dotoctc conditions that should be brought to the 
astnntioh of the user but which In themselves do not invalidate the results 
bf a simulation run, a warning .mossege is written on the '.interactive" output 
'device and the run Is continued, The warning nesgage Is not wr-itten into 
the program output file, and no dump.of the model system ts generated. 
Warning messages have the format.. . 
.«x»»*WARMIMG»»'*i« . 
WARNING MESSAGE ' . -, 

• ( 

J 

V 

*i 
.& 
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ClassjfIcavion of Mpdeting Functions 

3. MCSS MODELING FUNCTIONS1 

. INTRODUCTION 
This sect ipfx of the manual describes each of the MCSS functions*and 

defines the information that must be supplied wben they are used in model. 
systems. Each description includes: "__,.. -^-f 

o the function type number end nnenonlc nane, 
o a detailed description of the simulated proce&s or MC system function, 
o reportingfeatures, \ > - , 
o events thati may occur Y'* n* n " t n c function and Interactions with'"'. 

lothen functions causod.jby these events, 
o i ntoraot I ons caused by' jevents that occur . i n othb'r f unct I ons, \ 
o parameters "that must be specified for each i nstanco -of tho Cunction 

used in a model syaten', •'".••. 
T , -^ , -1 ' I. .- L' 

o Initial conditions of state variables that must^^pe specPfiod for 
each instanceof tho function, used tn a model system, and , -

e error and warning ncsaaoes printed when abnormal or suspicious 
conditions occur. 

CLASSIFICATION OF MODELING FUNCTIONS- * " 
MCSS modeling functions are divided into nine categories indicated by 

the silhouette of symbo'.s usect-in model diagrams and the first digit of *• 
f unct ion -t$rpc numbers a? shown in Table 3.T.' The symbol si thojjett'ds and -
nnomonic nanes ore easily memorized and simplify the graphical • • 
representation of complex systems by'eliminating, the need for, annotatIon 

-31-
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explaining the general purpose, of functional elements.. Function type 
numbers" are-unique and define a specific type of afunctional element whose 
characteristics, and specifications ar̂ f desprt lbed In the fot1o^ing sepnepta 
of this section. Diagram symbol pi Ihodet-tes and mnemonic .names arenot ' , •' , 

TABLES 3.1 Categories of MCSS functions. •-':*•• 

Funct ion Type NunbGr 0 i agram SymboI Category 

IKK 

2x« 

-3XX 

4xx 

6XK 

ENTRY f U( of -ent i t ctfons s 
es enter 

LmuiXate the a r r i v a l 
ing system boundaries 

EXIT fun. 
a- lent i t 

t 9 x x 

t lons simulate the departure 
e's Teav I ng Ksys^ero boundar 1 es. 

TRANSPORT of material or information 
within system boundaries. 
STORAGE of mated a it or data Without 
a l t e r i n g t h e i r propj^mties. 
PROCESSING operatl 
or data that, a l t e r 
form, contents, etc 
CONTROL actions' of . 
equipment in direct 
of simulated system); 
MONITOR f u n c t i o n s i 
t b the operations i 
slimulated systems. 
DEC I s I ON , f u'net Jons 
•output of -monitor4 • 
cpntrol actions or 
REPORT f li'net I ens ce 
data re la ted to the 
simulated systems. 

ns'oh mater lal 
the i r propert ies 

befsonnel or,' Ing the operations 
l.lect data re la ted 
performance .of 

r.ansfgjysi the 
ijjnetions into 
ij-esponses. 
lect and reduce performance of 

unique and may be shared by several model.Ing function! 
r j- • . 1 • . r ' 

' v - 3 2 - • 
of similar type. 
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•Emrn. l functlon_ 101, RCMB 

101 RCMB Receive M a t e r i a l Batches 
\ 

-V 
.X.. a r e r e c e i v e d a t d i s c r e t e t i m e s d e t e r m i n e d 6y rartddmr 

1c s c h e d u l e . Any number ' o f a r r I v a l s . -issy b e * . »'•-

e r i\p 

Funct'i 
6a*..->>QS otfvnater ia.l. 

deviations fron a periodic 
scheduled at arbitrary timos within each period, The tieviat.j;ons of actual 
arrival tines from the scheduled times have aXuniform d istr.lbut i on" V*th. zero 

V *•' '' * • ' - =-"*' -' wean. . . . - . — • \ • .• g? • 
Any number-of different rhalS&Mal types n&y\ be* recci-ved tin" either 'bulk .-, 

. " ' . ' ? " % \ • " ' ^ • •• ' 

forn or in -centalners, TTWJ'. dmounts of each naterial type received in bu\k •' 
batches "and in individual container's are characterized by* uniform 
d-istribut ions otfer integer, vaIu©s of item count -and/or by truncated-normal -
distributions of mater I a I mass. The number .of" contai ners reco 1 ved in 

\ individu-jl batches also nay vary randomly with a unciform discrete 
probability distribution. 

Materials are not stored In the 101 RCMB function, At' arr 1 vol' times, 
transport funct i on" i s not i f i edj and, if it -fta-l Is to remove the I ricom ing 
material,' ar> error message Is viî itten and the simulat Ron" is halted. 

' \ •" * • '•"* • 

$ Timing may be controlled by a 601 TIMR functlorfxo simulate., for 
ex.artplc, orriva.ls of• incomino nateriyals at a receiving aock operated only 
during- spec if led working hours: 

; ,.- Report * 
Each > instance of "the 101 RCMB function reports the Viiimber - erf material 

batches received! dur i no tho report loo interval. . . _„^^ 
The" trace level 1 message MATERIAL BATCH RECEIVED is Written hhan •» '» 

>* 

$**• 

r 
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J Entry Funct i on 101 RCM& 

baton has boon received and accopte^f by the transport funct.iorj connected to 
the 101 RCMB function, . . * * " , . „ *. ' " 

E verves • ~~ \ ' 
• Arrivals of material bstch'es, are" the^only eyents that,-occur In 1 0 M R C M B 

fun-stioh^. "When an arrival occurs in a receiving function.that is ^ 
contro I loci by a 601 TIMR funct i on , 'the t Iner,. i s--: checked to determine 
operational status of the recoivIng functioft^;l^-jt \is in operation a?"the ' • 
arrival tine-, data representing th£ incoming material Es generated according 

Jto the notorial spec if I cations*Of the recoiving'function;"the "transport 
function is notified, and. the newt batch arrival is scheduVed.' If the 
function is not in operation at the 'arrival tl-ne* the arrival -Is reschediHed 
to oc^ur at the. next-time .the receiving function wtl'V fesuine operation;. If 
the receiving function is not controlled by a '601 ' TlfJR- flmct Ton, a.U 
arrivals are accepted whenever' they- occor." •*!.•.• 

Interactions 9 '•' ^ 
Events that occur in other functions' do not cause i.ht'er act ions with "101 

RCMS functions. If an illegal interaction message is received,, an error ' 
message is written and -the simulation is halted.. , " * 

Parameters • ' -. . 
(3) Period'of the batch arrival schedule. (2) Number - of batch arrival's. -'• 

"scheduled per period, (3 n n)-Scheduled tiroes. In chronological order, of' 
batch arrivals w f th i n ̂ ach deV i'fkcf. ( 3$ Max I mum .un i form dev'iat I on. 'from the 
scheduled arr 1 va'l t Imos. •" (51 Number' of -different bu,lk mater-la 1 types-. 
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_ J . . . . . . . ' 
received. (6, n m\ feulk .maxen i al spec i f l cat ions. Repeat, the follofwlng for •' 
each natert'at type'. i> mean count (number) of dfHereto items, in nax-imum 
un.jform deviation fr.Om the mean-N?.Q.unt, iii) mean t)8ss>. iy> Standard normaj -

..deviation of- mass, v) maximum mass; vi) minimum ir,ass> (?) Number of ' 
dH"fer*ent material types received ih containers. •(8 n m> Specifications for--
material received In contemners.' Repeat the data i3*through, vl) above for 
each material typo. (9) Moon number- of containers received in individual 
batches^ M O ) Maximum uniform deviation from themean number; of containers 
received in individual batches. (II) 6*1 TIMR timing code. U 2 ) 601 TIMR 
Function, t13) Destination function. This Is the function to which the 
rcceived'naterlal Is to be transported. E-l£t) Transport function- . 

. • ^ v : 

# * • ' ' •• . ' .J 

Errors, 
PARAMETER 10 LARGER THAN PARAMETER 9--This could cause the "receipt -of a 

neciat i vc number of Containers, The parameter values are checked at- initial' 
condition tine to avoid repeated testing for a negative number of containers 
at batch arrival times, ATTEMPT TO SET INITIAL COf̂ D I TI CNS~- -"Th~e~us"pf* has L J 

lUcgaliy attempted to specify an initial condition value. .All statue 
Variables of the 101 RCMB»function are assigned automat leally' by' the 
function subroutine^. 1LLEGAL^ If^JERACTI§iN--An interaction message other than 
3n expected response from a transport function has been.^re,^ 
NOT REMOVED. AT. ARRIVAL TIME--The transport function did not accept the batch 
of material received* a^ an arrival time. 
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102 I0AS 

FvFunfft ion 

of v l i l k na'Ccrla 
m a t q r i a l f r o n o 

: . - ^ ^ 

lata Diversion Act ion.'Sequent© 

:H» 

/ 

1*02. IDAS 

This funct ' ior i i n i t ' i a t q s .one or |nore se,qu'en sqsVd'f adversary act I onb ~thaji 
c o n s t i t u t e , a sinfutat'ed 'mater ia t d i v e r s i o n a-tyfcem it*. *i The /ob j^ ct^ive of t he 
at tempts may- be tq^ nemove a nunbor of d i s c r e t e I i'emsVo'f bulK matter i a.l,' a i : :riass^ 

\\, \m\ number of d i s c r e t e items fcrMn ct f rr ta i ; hers; :a\nass o f \ 
onta i lners , -or a" number of en t i r je conta iners- •Yywji c e r t a i n ,\ ^ 

ln\ tl \ t a r g e t f u n c t i o n s l ' ^ the model system1. The amoCTnts of• ma^er/ 
£ removed f r o n p a r t i c u l a r t a r g e t f u n c t i o n s are rpn f̂Jom v o r i o b l e S i C h a r a c t e r l z e d \ 

b y . t h e mean and maximum, d e v f a t ion o f u n i f o r m l y rfiitr i'bqtted ViumbersJ of items. \ 

or con ta ine rs and by t he meen'and s tandard normal dev-jat;io-w o f mass. 
hc-.Cs:i 

al ivactual Ty 

•V 
These 

dataware specified by the ffirst .eight elements ok 
paranrter of the 102 IDAS function. The-.remaining elem'onts' o.f̂ the parameter 
specify the. order of 'actaions' in the sequences andl-the time djstays between 

• • ihe completion of one actj oh and the beginning of j the. next1, - iTfte^order of 
actions in each sequencers, specified by Jan onderc|dp 11st of ( the-numbers of 
the corresponding model functions, where a negative functio'n jnumber 
designates the first action o*f a sequence; The^action starting time-delay 
distribution type and statistics are inserted in *tti.e 1 ists.-f ojn.oving each 
action .function number. Tna stan-ting time of each liequcfnce is specif ied'by. 
the character; ist.fcs of the t̂ime delay of the if ipaŜ 'a'ĉ .ion ĵ n/the. sequence. 

JT single parameter is used En th# 102 fyno^tfon to, simp 1 iVy the passage 
of these oBjective, order, -i""J ~' — " s- K -1 

Y, actions. Target functions 

-•A 

iâ tion to 
, and tlm'iniS data to functions s-lmiAla'd ing adversary 
s from which material- is removed dur>i n'g diversion 

• A 
v^f.r-

.\, 

•A.;-. 
\ 
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-'sequences arc s p e c i f i e d by the'- incf iVlduaV mater i 'a l a c q u l s l t i o n a c t i o n * 
f unc i i ons rathRr -than-bV 102- J'D.AS f u n c t i o n s . .. , '* / • "• . 

Report * „ , -. 
No I n f o r n & t i o n i s gethorisd by- 1 02 I DAS •¥ unct i on: 

REPORT is wr i t t ^ n wf^en" r e p o r t s aro rcquosted 

Wo events occur , in )02 IDAS ,f\ jnctionsf. I f an I l l e g a l even t -ho t i ce ' Ts * 
•- - - • ^ * * ' ' - , - - ^ 

•"i-ocoi vf id, an or r or ,message Is w r i t t e n and tho p're-gram i s ha Ixed, ' ', 

mebisaEK-V'are" r e c e i v e d - f r o n otneF f'ari^albhs"lLK~tne model 
'system-', i I f en i l l e g a l ihtQract"i_ori ne&sago i s rece ived^ an e r r o r message is 
w r i t t e n and t h e program is h a l t e d . ' ' 

I n t e r a c t iohfe 
i i u I t i t f ' ; i-*a«jx. iO.f i 

• A -

<, • 

,x 

Parpnetcns , - ~" - '* ' • - '• • ' 
(1 h 0>) Diversion objective and action sequence specifications: i) -

objective typo where'l - cnuntab/le''I terns-of. bulk material, 2 = mass of bulk 
mate.rlal| 3 = countable items from containers.; 4 = .mass 'from-containers,-..and 
'5 f containers; I i). material type where 0 = blended materials and positive 
Integer «• specific material type; iiil mean number of countable items toifbe~ 
renovod by' e^ch. acquis'it ion-act* i on; IV),maximum uniform dev'at ion of the 
number ofl courttable Jtens-.to be, removed;' vO, mean mass'Vf bulk material toi be 
removed by each acquisition action;' vi) standard normal' deviation of the 
mass to.bs removed by eoct-i acquisition act ion;'yi I) mean number of • \ 

I -37-
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cornviinops to b« rcnovocl l:sy each acquisition acxion; vili) maximum uniform 
deviation of thn number of containers to be removed by each acquisition 
jctio--»; (r<?pe."<i; i.tons ix V.hrouah i'i for each actj-on of the. specif.l#jl. 
JO ,-• ••.i'". T) ix) .v.:tion fur.ci.ion fricative for-the first of-a sequoncdb; xj 
ar.cl.in •snrtlno time? doliy distribution tVpSei and xl) act i on starirl ng tins • 
dcrlriy " t'Jt ist ics (number of' values dopends on the distribution'type). , * 

Initial Corvl it i on£- -̂ . 1 . -
Mo init inlr.-condit i on valuof of variab.los arc specified by-the user, 

sn Rt.f(Tpt io S O T ini-tial condition values is nade* an err*or message is 
written «nd the program- is halted'. Si. 

if 

Errors . - -
ATTEMPT TO SET, INITIAL COND f.T I ONS- - I ni t-lal values of all .s£Bte 

vari-jbic« arc assiqned autoftatically by the function subroutine. ILLEGAL 
'EVENT MKSS.V3E --An illegql ovrnt noTice.has been received. .ILLEGAL 
INTERACTI8N--An illegal interaction message has been received. 
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I Y - > • V 
"VJ301 TRMB Transport Material Batches 

Funct i on , -|̂._ 
, , This function transports batches of material .frow point to^pdint within 

s nc-lfM systcn. Its performance Is charucterlzod only by the" tine required 
to croifî lcrtG transport operations, so the 30.t TRMB f unct i on' may be -used' to 
slnulBLo diff.ppant nioxhods of conveyance. Th*e random transport .time is 
do f Jjv̂ JTfcy the near, and mexinun deviation of a uniform probabfVity 

"̂*"di> tr ihut ion. * -_ ' " ' w 

Tito 301 TRMFV function may he used ^JoStranspdrt bulk end or 1 - . •• 
cont.n I n*?r ized nn.tnr ials in'ahy of the MCSS BaxjSm cdnf igurat ions-, . and the -- '. - . 
dashed or broKrln "line used to represent the function is to remind the user 

' '" • - A - • • • 

•of. its ippl ieffibi I ity to batch transport- Solid, *Hnes represent functions v 
theat transport continuous naterial f lowest r cartas, ̂  * •• i 

Any number of material batches may Y e transported i concur rent.tŷ f.ren one ' 
source function to another destination funct I o rft̂ Ejr̂  if several transports .' " 
operations'have the same" transp'ort time statistics, they'waY^be simulated by ,.: -, 
the sane 301 TRMB functiont even'-.though.they invô Vê eŜ .tetierit source and ' "'''i£. 
destination functions. rf the effect on the reporting characteristics are .7" 
accepts1:, le, thi.n may significantly reduce -the number of transport •functions 

-"'required to sJnulate a particular system. The user-should think.ef the 30.1 ,• -
TRMB function as ^'batch transport .capabil ity that may be employed at one or 
more I ocet i ons in the mode l.. :. - * , ^ ^ ' ' 

Material is removed'from the'-sourco as soon as the transport function i 
is notified that it .is evailnbSe for transport. The material is then held ' 
in the 'transport function for the duration of the transport- "operations after 
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• * . Transport Function* 301 TRMB 

which It is transferred to th*- destination. The "301 TRMB funct ion always 
ftceopT.s matorlol from s source function, and it' will halt the simulat i on , i*f 
material Is rdfured by a destination, function. • ""' , ____—-^———"—"— 

When matorial' batches ©re received and when the^-taarfchfes are delivered 
to the dsst irvn't ions, a }is% of functions are notified wtth an indication of 
the location*of the batch then entering or AeavinQ. tfThis gives the notified 

si at the.beginning or end of the funcvt i ons an OftpoV* tunity ̂ to ac.quire hater i 
transport operation, Mater lal-may also be acquired at any time durtrtQ-the 
transport operation. Batches of notorial in transport ariS chained in -the 
orefcn- they are received, so functions'that make .material acquisition . 
attempts are free to i»'eno'/o mater I a I from, any of the batches then in-the —^ 
.transport fun^tipn.. .,' ; \% " * 

Report '••'' \ 
Each 301 TRMB • funct ion reports the. maximuVi ngmber of batches 

^ ''• \ • ' , \ • 

concurrently in the trd'n^port function during the reporting interval and the 
time at which the maximum first occurred, ' These' data, apply to all -of the 
"ti^anspw^t, operations simulated by a particular\30,l .TRMB function. if they. 
are required for individual transport . operat i pnsS, separate transport 
functions must be used even though they may have the same transport time 
at/t, i st i cs.. " '- V 

Events _ 
When a transport function Is notified that mater* I aM Is ready for 

. " • - * ' " * • ' * ' \ 

t r enspor to i t immodi'atoly removes the m a t e r i a l from the^ source 'funct-*) on,. 
The actual time required t o "tr'aTislsoTTf^the-ba-tch—l-s—then-^lssermihed by 

' . ' " • ' - - * o -



Transport Function 301 TRMB 

Ĝ nerert, i ng a sarpple value" of the random transport t Imc var iabl'e • If. the 
Bct.ua 1 transport t i me Is preater than -zero, an event i s scheduled to occur 
at the future tine at which the transport operation Is to be completed. 
(Zero transport times will not occur if the mean of the random transport. 
tine is "archer, than the>:aximum deviation, but instantaneous transport 
cixrntions arc soir.ot Ncs desired, and maybe simulated by assigning zero .. '-
values to those parameters.) If the transport time is zero, the transport. 
pporat'ion i r> completed immediately and there Is no need to schedule a future 
event. 

At the times those scheduled*events occur, the transport function i 
not if less the destination Tunctlon that material has arrived. If -the 
destination function doc- not accept the material at the time tho transport 
operation .hac been scheduled for completion, the transport function writes • 
an orror nos^ago and'halts execution of the program. The trace level 1 
message TRANSPORT COMPLETED Is written when a transported material batch has 
been accepted by a destination function. 

Interact Ions • • 
Two types of.interact ion messages are accepted by 301 TRMB /unctions. 

N. • • - :. The first is a notice that a material batch is ready for transport. When 
this type of ness^oe is received, the batch"is accepted- Then, if the mean' 
'transport time]is greater than zero, the batch Is placed on a chain tn the 
order received with.other batches in the transport "functIon. The event that 
completes tho transport operation Is. then scheduled and the "trace level 3 
message TRANSPORT*STARTED is written. If the mean transport time Is zero. 

http://Bct.ua
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t'hore i s .no need 'to pl,ace the ba tch-on t h e ' e h a i n , and the t r a n s p o r t ' 
ope ra t i on Is eonr - le to^ i ^ t t f i ed ia te l y . i " . • 

. _, • The. soc^jpj^typo of i n t e r a c t i o n ncsssge i s a - n o t i c o t h a t © m a t e r i a l 
gcnCrl3^-t^r$n a t tempt i s t o .be^nade»"on-"mater i a l c u r r e n t l y ^ i n t h e t r a n s p o r t 
f u n c t i o n . ' T h e t r a n s p o r t f u n c t i o n r e t u r n s th'e l o c a t i o n of t he l a s t b a t c h ' 
r ece i ved , b u t , s i nce a i l batches c u r r e n t l y in t r a n s p o r t a rc chs indd t o 'fchi's 
be tch , t he f u n c t i o n nalcina t he d i v e r s i o n svttenpt' .i s " f ree t o remove.mater ia I 
f r o n nny .b^rqh i t f i n d s i n t he t r a n s p o r t f u n c t i o n . -. The t r a c e l eve l 3 

v«a£ic- WTF^jlAL ACQUISITION ATTEMPT i s w r i t t e n a t t h e t ime, t h i s response. I s 
rfcturl&edj.t'o" t>fcjo. intisraet.Ir ia f u n c t i o n . ' • ' . - . t 
rJ? 

/ 
v- ParemotarA ' , - s. 
"s(I)*Hcan transport tine. (25 Maximum deviat\ori.of the uniform 

• Snf-n^port tirte d i.etr* ibut Ton. (3;) List of f unct i oris to' be" nb't'i'f f'ed ' when 
mater in\ batches enter and leave the -transport funct i on. 

\ 

Errors ' . 
PARAMETER P. 'LARGER THAN PARAMETER 1 

11 f" tr^n^port times. . The parameter val 
to ovoid repeated- testing "for negst 
,js Started. ATTEMPT TO SET INITIAL 

r a t t o i i p t o d to,, . ;Spcci Py a n - I n i t i a l c o n d 

_3C1 TRT18 " f u n c t i o n . r e a s s t o n e d au ton? r 

. I L t W ^ I . INTERACT I O U - - A n |L l e g a l i n t . 

A n o t h e r f u n c t i oh **&ay • b e l ! r»cor rec t Vy 

t h e t r a h * s r t o r t v , f ; p S € t i o n . ' MATERrAL.,NO 
&*s • 

This cou)cl cause, negat ivo ' 
at., initial condition tine 
mes each time a transport 

The user has illegally ,"''• 
A.II..-state variables of the 

the function subroutine. 
age has boeri received * 
or incorrectly reference 
TRANSPORT TIME--A :-

/ ,./ 

http://is.no
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destination function failod to accept a- batch of nstorisl. at the time a 
tren-|X/rt opsra* I on was to have been completed. RESPONSE TO CO.NDITI.ON 
NOT r'C£ - - A f unct i on -not i f i oti at the beg i nn ino or- end of a transport operat i on 
feilnd to ackno'i'locln^ t.he condition nessggo. - . " 

\ 

%: 

•C 
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Storage Furtction 401 STOM 

401 ST8M Store Ms*.er'ial.\\ 

**6 

>V 

FunctI on. J * 
- . , • . . . «i 

Bulk ns.ter i els and/or portab Ve conta inerS p laced in th i** Tunct ion are 
stored indefinitely or'untiI thoy &ro ronoved by other functions/ Bulk 
maTor I als arc homogeneous! y m i wed, i n '-a s i ng I G storage vessel where some nay 
be "held up" by adhering to contacted surfaces. A single-deposit hold up'' . 
nodel simulates "the stoVagb of materials that "adhere to the .vessel surfaces 
c.n initial .contsc'; .and^aro not dislpdaed i m replaced, nor does additional 
material adhere to that rnitially dep.ositcd. " A re-deposjt hold up node! 
Simulates the storage of nisclble liquids that adhere \o surfaees_but a ISO 
mi« rapidly, with. materials -later placed in the vessel. The bulk storage ' 
teasel is a vertical cyjl indor with spec ifiod ond area and vert leal surface 
ares contacted per..unit mass of stored material. Portable containers aro'» 
stored in tho-^orrior recQlvod, but they may. bo * removed .in any order. 
- S* A schoriajj <c of the imater ia I in 40 V STOM stora'ge i s shown in F i guhe 3.1, 
""•arid the corro^pondVna .data structure . i s shown in F i gure 3.2. All mater ia 1 
is o i-thor i ) stored at locat' ion. "SM and ay a liable for routine removal by •« J J 

• bther *funct ions or i i ) held up bulk mater ia I at I ocat i on HBM vyh i ch may be 
removed only 'by i i mulcted clean out operat i ons . Stored bulk roster ials A, B, 
,,, at location SBM are hoiiogeno'ously mixed and are removed only with other 
materials in storage"at the time of the removal, Held up bulk materials X, 

Y, . . . " ot local, idh. HBM ar^e also homogeneously mixed arid are cleaned out 
only with other he I d-VtJp -jr.ater ials. Jhe holdup mechanism is represented by ' 
either a s I ng-U--deposit or a re-deposit model; as follows, . 

S 

,.-t. 
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Storage FOnc'tlon 401 |STOM 
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- B u l k StOr'Sgi* VCHCl 

SWetybu lk material 

•HeRl up bulk material 

Portable contA iwrs 

stored in/«401 STOfl functions. 

x*0-
FIGURE 3.2 Data structure of material In 401 

The singlo-dopdsit hold up model assumes 

&T0M functions. 

hat a specifjed mass of bulk. 

,' - * . - • -f 

"^ 
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latorial sticks to each unit of 

Storage Function 401 STOM 

surface area upon- inlt.l 
dislodged or replaced. Only that material in direct contact with the vess 
surfaces is held up, This moans that a clean vessel ha 
material A, then completely "II l\ed by addition.'of mftei 
material A -held up on the be ton (5nd lower* half of the 
area, and a mixture of A'and B will bo he l-d up on the 
vertical surfaces. If the vessel is then emptied, and 
C, none of. It.will be held LJ because it will' not stick 
and B already deposited. /The ajssumpt I on that held upimaterials ore 
honogencous 1 y ' m i xed does, not afjfect the quantity of .mat 
single-deposit node I . It does preclude c loan'i ng''soct i'o 
which certain materials may 31/e been deposited; but if 
to clean them out, the held up 
process, and ,thcre is no' nee 1 ti 
This saves memory space when bu 
renoved from storage. ,. • 

The re-deposit hold up rodel also assumes a specif 

matera.ls w i'in ' be mixed d, 
o simulate hold up^on separate surface areajfc. 
Ik materials are frequent I y. p laced in and 

led rias.s of materia 

I 
a I contact and- rsjno-t 

f f I. lied with 
a I B, will have on 
jertlcal surface 
per half;of the 
I led _.w Ith mater ial 
to the coating of t\ 

y 

srlol hetd up by Xh4 
is of the vessel op 
vessels.are flushed 
jr i ng the clear, out 

eld'up sticks to each unit of surface *aijea upon initial contacjt,' but 
materi-al mixes with that later (placed in the vessel, 
material is removed is detor i ined largely by what was I 
STOM function provide^ two' v )rs 1 ons of "re-deposit hoVd-

One' verslofl -assumes that f I 11 1 ng occurs without naltoMal contact ing .tffie 
vertical surfaces of the storage vessel above the sta 
The sides are not washed dov, 1 by the entering stream, 
enough agitation to cause tsp ashing up "onto •the'sj^os 
simulate this type of bulk storage, only the 'mate.r-.'1-al 
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and v o r t i c a l sur faces up t o t h e - s t a t i c levt=l Is mixed, w i t h he^ ly s t o r e d 
material to form the mixture ro-depositod on the same surface area. In* , 
using t,his model,- the assumption that held up' nater Ijals are homogeneously 
nixed should' be carefully considered. Swpp&se, for example, that a clean 
.tank is filled with material A, emptied, then half filled with material B,* 
The nodQl will nix half ,of the mater'ial A initially held up with the half 
tank of r'ater ial B, then' re-deposit the correct amount of the-mlxture of A 
snd'-B. If the tank is emptied again and a' sna11 "amount 'Of naterJ.a-L-C—4;s 
stored, the held up naterial mixed With the newly-stored C will contain nore 
naterial A than if held up materials'were separated rather than l\ • " . 
homogeneously nixed,- In general, the assumption of homogeneous mixing of 

^fteTd up materials will accelerate the decay of materials held up at hhgh * 
w r - i - * " * -" _•* * storage levels- and-retard the decay of materials held' up at low storage 
l e v g ^ s . . ' , - • • ' 

. Another re-defy>sit modal assumes, that the,'sides of the buUc storage. 
vessel: are thoroughly, washed down either by the inlet stream or by 'st 1 rrl-ng/ 
sparging,, etc, Until- enough material has been.placed in storage to coat the 
entire" inner surface area of the vessel, none is available for removal^ 
except by clean out.- Thereafter, a fixed amount of material is held up 
until the next clean out operation;, and each time additional material is 

-. . . . . _ ' • . - " ^ 

plac-sd In storage, all- of the*previously held up""material is mixed with theA 
storod ma tor ial" to obta In the new ml xturc Ve-dopos £ ted on the vessel 
surfaces. in thfs case, homogeneous nfxi.nd of tihe held up'natoriais 
accurately .simulates the1mechanical operation of the bulk...storage vessel. 

"Stored containers CI/^CS* . .. at locations SCI, §p&/'. . . respectively 
; are linked 'In the order they are;placed in storage, so they may be removed 

•i 

) 

• / 
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Storage Function "401 STOM 

V 
\\. 

in the sane order .'. f irstM n-f I'rst-out), the\reverse-' order 
< last-'in-f (rst-outl , air in arbitrary order detjsrrnj ined *by the' function that 
controls thol r renoual - - -~" ° " \ 

* A specif ied. 1 ist of functions are r atifiM each time material-, is placed 
in or removed from storage If any of :nesc "functions acquire, dWerteo* • 
material from the storage function, thsy must. asknoWTedp© the' removal; so the"1 '"• 
storage function can update- its-de^ta collection regarding bulk material and' 
'contsiner storage. Material in the storage* function -is also' susccptl blc to 
diversion at any time, by functions that may or rjayv not be includedTfcn the 
1 i st not i f i ed a.t' the times meter ta l - is placed in or, renoved from storage . 
When an acquisition attempt is made/ the storage function acknowledge^ the 
interaction message by returning the* location o-f Its scored 
(notorial is not ,'d I verted -"*r on hold up), - . 

* • 

• ^ 

id ma^teMat 

/ '\\ 
•• R e p o r t • , • >, •. "• « 

3y ass igning, parameter values that enable., data'col lect i on and repenting 
options, 101 STOI1) functions nay be directed, to print a statistical summary* 
©f> bull;, maf-eriai and container storage during tKe";*c,eport 1 ng interval and/pr • 
•print the d=>tg represent Inn material .in storage and' hoTbN-up .at the. reporting 
tine. The'reported, bulk . material storage data include the currferrV.mass .in\ 
storage,, the nax.inum mass stored and the tine at which the: maximum amount -

• wes first stored, the number of observations nade at'times bu.lk materVsfl swai 
cither placed in or removed from storage, thsjtime average of mass stored" 
over the reporting Interval, and the standardideviation of mass stored 
during the reporting interval.. Similar data are reported for the number o 
containers stored..' And if selected-, the- complete" data Representing the."c 
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^quantity a'nd contaInmcnt of materU 
reporting time are printed> 

. - " • ' " / - - . . . • • ' 

Events 
Noi scheduled events occur in <4bt STOM functions. 

Storage f u n c t i o n 401-SfOM 

l in fetepag^antf/op' in hol<3-;up. at^tbe--

rczcei vec}/,an error message is wr i t t en and the simulation is.halted-. 
/• 

I n te rac t i ons - . . 
When a 401- STOM function recei 

•<$.; 

7 

* A' .-
If an evarrc notice Is 

res a notice that material is ready to be 
:placod rn storage, the total* bulk mass and number of containers to be 
• received are*first determined; 'If the new bulk'mass exceeds the maximum • • 
bujlk mass |.'.-evl ouMy stored,, the excess is detejjmi ned..,and, saved fpr use by 
the stngle-deposit hold up node!. if, enabled by assigned "ya.Ujee--of" re"port 
'control parameters, data are col Veicted on bu Ik and container storage; and 
the i nepmf ng nator lal - I s transferred fco storage. ,The selecgyasLhold up* model, 
then transfers material from bulk storage to'ho I'd "upland: acknowledgement .-
•tapt.tha material,, has been accepted 'is returned to the functI on placing the ; 
.manorial in storage", , , 

' When attempts to divert naterjal sre made at times other than those., at'-' 
which material is placed in or- removed from starve, the location of stored. • 
material is returned to"the "function^axtemptfng the acquisition! 
",'w*- Ŵ''"'h"*̂ 1̂ hdr-awa)is fron storog^.and clean out el materials ini hold up are,' 

made., the locations of, stored and held up material are returned to the 
I ntaract inĝ .f unct lofts ;upon request. t 

When a 401 5T0H function receives notice t hat 'mater i a I has been remove a 
from"storage/ the bulk mass and number of containers currently in storage 
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are updated, and, I f enab leavdata -co l lec t lon . on butR>ahct"container "storage 
• •" ••• ' • >~^ v V ' '. 'S' 

• is nade. The ojuant it». of bulk mass, and the huraber and order^of" eohyaitnteps' 
renoved is controlled entirely.by the functions that.-withdraw natTcr^i'a^: .The 
storage function does not gather .statistical ds"t;a on hold up mater lolsA so 
It does not havo-ito be in-formed vhen they are .remo"ved-.-̂  

Parameters -..: • . • *<r 
• < 1.) jHbld up model whore 1 = stngl&vdeposit, £ = re--deposlt on only 

surfaces contacted by static materiel, and-3 ~ re-deposit on all interna 
surfaces of the bulk storage vessel. (2(. End area of the .bulk-storage 
vessel. 13) VeuJlca-t-sjjrface area contacted per unit,mass o'f-'bulk material 
stored :-if hold up models'l^on 2 are used, or the'total., area contaced if-hold 
up model 3 Is used. (4) Surface--hold up-coefficient of the bulk storage 
vessel. This is the mass of material he.id, up per. unit of contacted surface 
area. C5 1 4) List of four report controTs.paramete.rs .where 0 = disable'and 
1 = enable' tl\G foll.ow.lng data collection snd_, report I no featur.es: i) bulk-.. 
storage, ill container .storage, iil) durrent materia! In storage, ..and iv) 
current material i-n hold up' 

S. 

'diversion opportunity times. 
£6 n n).,List of functions to;be notified at' 

Errors. j ' . * 
ATTEMPT TO SET INITIAL CONDI T10NS--1 nit I at values of, all state 

variables are set automatically by the storage funct Ion' subroutine.. ILLEGAL' 
HOLD UP MODEL SPECIFI CATION-jParameter 1 has nqt been assIgned 'integer value 
I, 2, or 3. ILLEGAL EVENT NOTICE--Everrts, do not occur in Jul W O M 
functions. ILLEGAL INTERACTION--An Illegal InteraetI on'message has been 
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\ received. RESPONSE TO CONDITION ttoTICE--A function n o t i f i e d a t the t i n * 
. \ mater ia l was placed! In or-removed fVom storage-did'not acknowledge'the 

\ . . ' • ^ - - • . ' . \ " - . " • - < ^ . > ' ' . ' 
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Processing, Function 501 4 NDA 

501 t NDA J ndepGrdent Act i on 

\ 
Fune't i on • *r *• •" - . . ? ' • 
This function simulates activities that take.time and-may generate"."* 

stimuli bict'.do not deopnd upon" other functions in the systefi model. The -
'^-i "'" §• - ":,'' • . - * ' • ' ' 

^' tine required-to complete 501 -1 NDA" act i'v i t ies • is a random variable with 
specified distribution type and stat isjj/cs. Stimuli 'are-characterized'by 
type, delay tine distribution type and statist icSj duration t.t.me • •-. 
distribution type and statistics,-and,intensity distribution type and 
statistics. iTypes of stinuVi generated by adversary actions are described 
in'Appondix C. ) O&ponWusnz activities arê.-ri'ot if iod at the actual conp let ion 
tines of 301 i NDA „»ct j v it tos . INDA activities may be placed, "aTiywhere in' 

> action sequences-SnoV^hey nay senerate_'anyvj?tunber of "stimuli 

Report * 
No. data arc gathcrod by .501 INDA functions. 

written.whep Reports er.e requested. 
The nesssgo NO REPORT is 

Events _, " • . - " " . ' ' ". . 
• " - e . 

When ah INDA activity begins, its durat ion.^ ime is determined-us-i-ncr:i:"He=: 

specified cftrtr Ibut ion tyi-ie1 and statistics, .}f actTyJ-t-has that, depend upon 
completion o'f the TNDA activity ar^ speci'f ied̂ -jfe completion evefjt ,ls 
scheduled so that condit Ion -messages may'be sent to* each of then at that 
t̂ me,; otherwise the duration of the-rl NDA activity is incorporated in -
scheduling the next activity of the sequence but an-JNDA completion-event is 
not scheduled. tf it is not the last activity of a sequence-;'a vaA'ue of the 

' / • 
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_ . --'. ' ' • " Processing Func t ion 501 INDA 

nn r i on t inc ' de lay f o r the n«xt a c t i v i t y ' i s then .deternri ncd us ing t he • • .• ^ 
• • d i s t r i b u t i o n typo and,sta7. isT- ics s p e c i f i e d ' b y t-he f u n c t i o n t h e t . I n i t i a t e d ' 

"'"V* the .sequence, *?nd t h e . n e x t a c t i v i t y i s ' s c h e d u l e d . St Imul 1 •. c h a r a c t e r i s t i c s 
a rc tlvsn -£ra-ismittajd t o the non r l to r ' f u n c t i o n s assigned t o each^O-f.-the 
s t m u l i generated by ' i y ie a c t i v i t y , I f a 'mon i to r f u'net lonr w i l I not accept 
the .**t. imulu.s t r a n s m i t t e d t o i t , an e r r o r massage' i s w r i t ' t en and J>he program 
is h a l t e d . . • ' 

s 

'A . 

•I n t e r a c t i ons - - • .,-
The iNDA . functTon w i l l not accept i ntorac^i-dn ''massages i n l t i a ted by 

other f unc i i ons; v ~ (,£'an U t e g a l M.nteract^on' nessoge iSx rece i vcd , an error -
"• fTiCEs.̂ O'S • i s - wr i t t & n ' a n d the &r*o<ar*am~~ts h a l t e d ! - •' v-.-^--

" . . . ' A-'.%V *Sw,. 
• • • • • • - . • . . . . - . . - . • l i ^ - T a f f , 3 r - ^ •• '*> 

rafamoteVs ' . - . ^ . . ' - f c ^ . . ; . / ' ." . / / 
. ( l ) Dura t ion t ime *e*J a tp^but iSt\ fy &$..•• jri'l 2_ a ri> Durat ion , t Inc s,tat i s t i e s . ' 

*- (3 n"n) StJ'nujus spoei ' f i can ions. Repeat. t he f o l l o w i n g f o r each- , '-'_ 
s t i m u l u s 1 i ) mrirt-itor" f u n c t i o n , i i ) s t i m u l u s t ype , ,' I 1 i ) de lay i i n e v 

c*i r.ri; ibu't (on typ*», i'v) vJatay t t n c ^ t a t i s t i o S j v ) d u r a t i o n t i'mo d i s t r i b u t i o n 
t ypo , v-j > d u r a t i o n t i n o sr.at i s t i e s , /Vi i > j n t e n s ' i t y d i s t r i b u t i o n t ype , and ' 

' v i i i ) ' ' i n t n n s l t y s t a t i s t i c s (4 n run Funct ions t o be n o t i f i e d a t the t imes 
a c t i v i t i e s a rc comp l& tc i . - . ^ " ' " 

• - V - . . ' • * ' • • . ; . " • . . . . r •"• - ' • 

Er ro rs i . "'".. 
ATTEMPT TO SET INiTIAl . 'CONDITlONS- ' - In l t ia l values of s t a t e v a r i a b l e s 

are sot a t i r omo t i ca l f y by the f u n c t i o n sub rou t i ne . ILLEGAL' INTERACTION-;.-An > 
i'Vlerpsl l-n^'ersction mjjs-.sarje" has "been received.- • STIMUpi PflJA' NOT" ACCEPTED:-'A A ^j-

i ' • • •. • : \ " • ' • • „ ^ - j * " " " ' ^ ' " " • 

•• . . ' . . - 5 3 . • • " ' • ' . • ' . • ; " " • i . . . - . " " " ' 

'r-'X 

• . - , > ? ^ '!*» 
• ' • , . ' . • • ' • • - * , 

! • • " • : ' ' •" •• ..•Hi"-;4:-. ^Z-
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itor function-would not accept the stimuli characteristics transmitred to 
CONDITION LIST—An activity eompletion event was scheduled with no ' '"' 

=ndcr.t function to notify?-* -RESPONSE TO CONDITION N0TICE--A f unct Ion i?yr-
ificd at an activity completion tine failed io acknowledge the condition* 
sage. „ - ,-'' "̂"""-̂ V ' . . . - • ' ' . ' 
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... . T Process i no Fdnct i on 502 MAQA t 

' ' • , . ' X 
502 MAQA Material Acquis it (-on Act ion • -„ . "'"v. 

•Functi on 
This function simulates attempts to acquire material from specific 

target functions in the system model. The time-required to complete 502 
MAQA activities Is a random variable' with specified distribution type and -
statistics. Stimuli generated by the MAQA activities are-characteri£ed by 
trype, delay time distribution typedend statistics, duration-time 
distribution type and statistics* and the intensity distribut-iori type "and 
statistics. (Types of stimuli generated by adversary actions are described' 
in Append!* C.) Dependent activities ^re not ifJed at the actual completion 
tines of 502 MAQA functions, MAQA activities may be placed anywhere'in 
action sequences, and ifhey may fierierate any number of stimuli. 

Durina the activities si mutated, by 502 MAQA' functions,, arv attempt is 
made to acquire material from each" of a list of specified target .functions. 
The type and quantity of material to be acquired from each ,target function 
is specified by the diversion objective of the-function that: initfated the 
action sequence. J f a'targef function has no material suscept lble'i#to 
diversion.at the time of~*an attempted acquisition, or Ff'no material of the 
typn *:p(?cifled by the diversion objective is present/ no nrortŝ -ial "is7 
• acquired from that target function. If a particular attempt-objective t-the 
quantity of material to' be acquired may be random), is to remove more 
meterial of a specified type than -is susceptible to diversion In a. target 
function", all oP^the-susceptible material of that type is removed. When the 
objective Is to remove"material from a container end more than one container 

, A • - -
fs susceptible to! diversion, the 502 MAQA function selects one-1 of the 
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. .rnor.,1 i rr^r.s f i t . r- înrJ'Sn-'̂ hH nnkos; the a c q u i s i t i o n at tempt pn t h a t one • • •• 
.i?<>< 11 i i n ?r . 1 fi .'fehcre ' hf^ppons^Tfq^be no mater 1 a I "pf*" the-,ty* i6' spugjjt in the 
<\f', ;.--ii n^r- .•«l->H?'Cl a t randon, no mater ^al^ jJ^-^Be^adquircd^.- ev eft"'Though ".t 

. .,'• i .-/• d' i.. t.'*rirJ! msy. be. J^p_ojJ>ap^-eo7^t^nehs^sa^c^p^^rG' tb"div.ersTor i 
—7 ' ft jn<—t^T^j^f.TTunct i on5, suc l vas ' t r a n s p o r t and. jfroaaurament' f UnCTj^o'ns, 'may 

r.ofit, j i n noro ' t f rnn ono batch of mater i a l t h a t i s suscep t ib le , t o divera.t,on .a t 
£hc t i n e ' o f an a t tempt . ' " "The 5D2 ttAOA f u n c t i o n s e l e c t s orie o f t h e ' 
nij?>c.'?pT, i b l o batches at-rapdorv and nak.es t-h'e d i v e r s Ton a t tempt ort tha t^one -
l«i*tcl;i- 1 t-*i"s p o s s i b l e , t h e r e f o r e , that-^nrp.. mator iaV o f trhe t ype sought w i l l 
'V>A fjchj"! rnift In"" -^rapt i c u l s r e t tenp t , - even -^oiagb__nater i a l *of t h a t t ype fs 
present; snd t ,i s^susc^p^ ib l c t o d i v e r s i o n i n o ther .batche^s*."^^ - ^ . 

^Whc?f'15»p_ort.s are requested, the^SQZMAQA f/CJhetion wr i t e s ~~-i;he~data. ; 
V. 

str - jcr ,ur^ .of -al 

' '-Events 
• Whno an g c t l v ' i t y bc-ains in an 502 f̂ AOA f u n c t i o n , I t s d u r a t i o n t ime is 

dcjcornlncd uL*.lhg t h £ soec i f Peei-cU^tr /but ion type .and s t a t i ^ i c s , .. I f 
rjr ;-.cr'Hont n c H v i t l a s aro s p e c i f i e d , a conpl'eTlon event Vs scheduled so t h a t 
c o n d i t i o n no s •=-spes fcay be :SO:?T, t o each of them a t the t i n e the. MAQA a c t i v i t y 
is cnnplctncj ; otharwi&o tho d u r a t i o n of the MAQA a c t i v i t y I s" i ncorporatep^ i np 

' sebedu \ Iria t he n e w t • a c t i v i t y o f ^ t h e sequence.' i f t h e . a c t i v i t y i s not t he 
la*>tf onrs' of A aff luence, a value' o f t he candom delay t ime of t he 'next 

. c ioT iv i t y io dotor in ined usJng tho d i s t r i"but ic?rx£ype and s t a t i s t i c s s p e c i f i e d ' 
by t h ^ f u n c t i o n t h a t . i n i t i a ted t he sequence,- and the^next a c t i v i t y Xst- -

. & ' * • . 

° * ^ . 

• S 
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' r r o c e s s i h g Func t ion SOS MAOA 5. 

An fltjternpt i s ' tlaen made t o acqu i re a s p e c i f i c amount of m a t e r i a l 

\ 

F—th.e .specified I 1st, of target functions. the quantity of 
B«tiadu)ocl. 
. fron oech 
ri3teriat_to be acquired in each .attempt Is determined using "-Che distribut.ion 

, types and statistics specif-ied b»y the objective... After -*the-'"acquisition 
. * 4 £ * . ' • • - ' • • . • ' , - .•• . : ' • - • . '. - - - - . attempts on-all.qf th^jtarget ,funct ions have been completed, stimuli are' 

•stro'riŝ ilttod to^the- monitor-' funct ions assigned tor each of the stimuli 
ŵ flenê ateoJ by. the activity,. >If a monitor furictton will not accept the 
'•••si-i.mul us^tjyinsn i^ted f^u^t, an error message* ..(s* wr i ttan end the program is 
halted. 4 *̂**̂ *>̂ -̂  "~"̂--̂  V 

•- - 1 • 

I n t e r a c t Lfifns 
When an i n t e r a c t i o n " message, request I no-' aval labile m a t e r i a l i s r e c e i v e d , 

I t h e 502 MAQA f u n c t i o n r e t u r n s t he l o c a t i o n of t h e ' m a t e r i a l i t has acqu i red 
s i nco the l a * r. f unct i on i ni t i a M Rat i on. '~>te.,.otHef E 1 riteraci i on Tnesssflcs are 
Sftc-.-ptod L i f o r o is rpceivocf, an eproV' mc'^-Sjaae./is. wr i x ten and the program is 

.V 

•-., Pc.ranetsrs »•*• -. . ' _ •—i. ' *- . 
\ C» Duration time dlsiv ibution type. :<2 n m) Quration i'iî ttt-stet.is't ics. 
(.3 n n) Stimulus* specifications," . Repest" the following for each • 
s.,t iriuHî : i) noni toqi f unn-; i onj i1) stimulus type^ i i i ) ?delS"y t̂ rne -:' 
distribution type, iy) delay tine statistics, vj duration tine distribution 
type,- vi) duration time statistics; viil intensity distrjibut ion type, ..and 
viii) intensity statistics. (4..h n) jTarget functions. 1(5 n ml Funcyt i ons to 
be notified- at the times activities are completTepJ.- I .".*•-

( ' 
;, v ^ 

/ 

• \ 
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.Processing Function 802 t-IAQA 

Errors -- ~ 
AT1F.I1PT TO SET INITIAL COHIHTIONS- -1 nii,tk\ values of « U state 

variable- .ore sot mrtomat ical ly by the function subroutine. ILLEGAL 
INTERACT I ON--An illegal interaction message has been received. STIMULI MOT 
ACCEPTEC>r-A nonito/'ijf unction would not accept the st tmul P character ist ics 
tr"sir,:»nltted to it. MESSAGE BLOCK LINKAGE--A 1 (nfceo.ei.e'rror' was encountered 
while traversing the chain of message blocks pointing to material 
susceptible to\arauisition in a target function. ILLEGAL TARGET 
RESPONSE--An illegal response message was received from one.of the'specifIed 
target functions. ~ VLLESAL MATERIAL DIVERSJON OBJECTIVE TYPE--An il'legal 
r>hj active type was specified for the function that i'ni'tiated the activity 
seiuon^o. ̂ LOCATING' BULK AT^LM^-A data structure'error was encountered 
while at.tnnptlha to locate the' bul-k material susceptIbl^ to acquisition in a 
targot function., LOCATING CONTAINER MATERIAL DATA STRUCTURE--A data 
structure errc - was encountered while attempting to locate the first 
container- susceptible to acquisition- in a target function. CONDITION 
LIST--A rniwnl-ot Ion .event was-scheduled with no functions to notify'.. * 
RESPONSE^ .TO CONDITJON N0TICE--A function notified at an activity completion 
tine fai iVd.to'aeknowHedflP'^he condition message. IjWP" '•' 

"̂  

ion message. 
\ V :t. 

../' 
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503 DEPA Dependent Action 

Funct i on 
This function-inh 

^ 

•Processing Function 503 DEPA 

libixa progress in a snqucnc^.Taf actlvitHes until 
"specific conditions^occur in other, function!, of the system -model,.. Two modes 
of conditional activity are simulated, in rode T the-start var the activity 
is inhibited unless a condi 11 or\ has occucro* within a spec I fled" references 
tTme 'interval. If no such-condi11 on has occurred and.the activity I s 
delayed, it will begin at;the time the next "condition oe'durs," When the 
activity is actually started, stimuli; are gehprated and.the. next activity is 
scheduled using the jactual• ti-ne duration of the'503 DEPA .act iv i'ty an(i the ' 
actual time delay of the next activity in'the sequence. In mode 2 the -
activity is started and the specified stimuli are generated at £tje ;t.i$.e - \ 

"act ivity'progresses to the 503 DEPA f unct i on, . but 'camp I at' Ion. of the activity 
Is inhibited unless e condition has^ occurred within a,specifiid reference ' s 
tine interval. If no condition has occurred, and completion of the actiyity-
. i-s delayed, completion of-4he activity and the beginning of the tine delay 
preceding, the next activity occur at the tine of• the next conditioner Figure 
3.3. illustrates the olserat.ion of 503 DEPA funct t-ons . in anodes 1 aKd^2.- In 
the example of node 1 operation shown in the -upper,part of thq figure, no '/ 
opportunity occurred in the reference time interval preceding the tine "P at 
which the ar.tivity could be started. The start of the activity,, la delayed, 
to time T1* whan the next opportunity octfurs. Notice that si my I i generation 
begins at the actual time thauactivfty is started and that the time'delay of 
the ncx"t act i v j ty begins at tine T2* when the activity is actually 
completed. In the example of node 2 operation" shown in the'J,owep part o.f 

•/. 

/ 

\/_ 

: / • 
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processih ĵ uhjEJt ion 503 DEPA 

• tho. fjouro, an actfv(iy.tB starred and stimulus gonaretlo 
detern i ned by the previous progress of adv/ersaryact.i v ity 
. t-he'.oct Ivity is i nh I b!ltod| because no condition has occurr, 
reference tine Interval.preceding time T2 at which ^he 
normally bo completed', Cjompleiio'n of the activity is. del 
when the next opportunlty^occurs.> The time delay of the' 
beflins eft the time the activity, is actually completed. 

SumUii 

A c t i v i t y , 

Rnlerr-ncc 
time interval 

beoins^at' time 
but complet I On 

'^•within tho;. 
ivlty would •„ 
ayed to timeT.T2* 
'next actlvIty 

Hmc dela1, 
of ncxi 
af t i vi i v 

Modi} I Conditional starling ul an ftdvOrS^ry j c t ^ ' t y i 

3 & i w l i 

/ 

^ ^ • ' 

J* 
• Ralerenee 

t t m * inletVal 
'irttc delai 
>l t i n t 
c t m t y 

OJF 

Fl 
" a 

S U R e * 3 . 3 . 

I Mo£(tj2: Condit ional complel ion df an adversary activity • 

Oploratlor'i o f 603 QEPA f Unct I ana .-Iri modes' 1 and 

- 6 0 -
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Processing-Function 503 -DEPA' /-

\r\ either mode, other activity/functions that" depend upon conpHe,ti=prv of 
' / l • j? 503 DEPA act i v-it ies ara noti f led" a* the actual completion time'ŝ .'. . ../ _ •— 

Report 
The- 503, DEPA function collects data on thevitlme at which the conditions 

occur and, when reports arcs requested, prints the mean, standard deviation, 
nunber- o.f observations', raaxlnum, and minimum .values-. These, *d.ata" are 
'collected over ropl icatred runs and-should be careful ly. interpreted -tie -more 
then one condition ntaj? occur in.any single riih. 

When a se^^nce of actions reaches an activity simulated by a 503 .DEPA' 
function; a so,nc<-lu.! cd event occ(jrs>whJlch mayvor nay not cpincide with the' V" 
stcrrtî si of tlio ainutefed DEPA act iuity,. depend I nq'*bn ithewode of operat i or«. 
Ĥ v.'svc-r, ronar:Jn.o=,*i of the operating modej at the time of the event the .' 

/ - ' . ' ^ &j \ , - • • - •:;• 

' du ra t ion >6f thq; DfTPA a c t i v i t y and ( i f t h e r e i& s) next., ac t iv i t y I n - t h q . '' . 
soqucincje, the t i n e delay o f - t h e next a c t i v i t y , ^ re determined- ..-Then i f t h e / 
OEPA Wjrtct ion is i n node 1 and a c o n d i t i o n has occurred w i t h i n " t he s p e c i f i e d 
,rc Tc/onr-c t ime i n t e r v a l / , t h e ' a c t i v i t y i s "s tar ted an'd the^speoi f t ed s t i m u l i ' ' . 

g e n e r a t e d / Otherwise on i n d i c a t i o n that r " the ac t i v i t y i s pend f ng and i\ s..r 

a f t i n g f o r .the occurrence of a - c o r i d i t i o n i s s t o r e d . . I f t he . f unc t i on ' Is.-In.-*• '»' 
mode 2,,-'the a c t i v i t y ?s s ta r ted . 'and the , s p e c i f i e d s t i m u l i a re generated. I f 

.o ther 3 c t i v V * i © s ".that depend upc^JcoWpletion" o f t h i s a c t i v i t y are s p e c i f i e d , ' 
a ccnp lo t f on ' event i s scheduled so t h a t condit ion^messages nay be sent t o 
each of thorn at t h a t t ime ; titfcserwtse the d u r a t i o n 'of t he DEPA a c t i v i t y Is ;' 

- 6 1 -
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Proccssina Fur-ction 50.3 DEPA 

i n co rpo ra to r v i n sehedi j i ihH the next a c t i v i t y of the - sequence b^t" a DEPA, 
* co) ip lot i<t.n event i's not scheduled. . , .' . . '* --. 

^ . I n t e r s c t i o n s -•:.', 
••'•"" Only j;in£©ract iorv-messages ipd-icat ing occurrence of a condii Ion are 
accepted.Ky 5p3.DEPA functions." Receipt- of any other type of ̂ interaction 
nasagjj^wffl produce an error nessagc and'hatt the program. If the function 
•i-s""Tn -node'- 1 and adversary activity has not progressed' to the DEPA function 
at the tine a condition n&ns-age Is rcfeelvcd, the -time of'the condition Is 
.recorded. If adversary ax?tjvlty has-progpessopt to" the DEPA function, the 
aGt i vi_t'y ' is" started, at v.hc tine .of the condition, 'ijf the function Is I h"̂" 
node S and.'the DEPA activity has not been-started, the time of-the condition 
is-recorded. And ,if the DEPA activity has "baeoj-ax&jrtecl but It- hajsnotye' yet/ " 
_bcen con^rpted', the next .act ivtity yjs scheduled with iVs time delay starting 
at tjie tine'the OEPA • activity ' l-s. actually1 completed. I.f "thê DE'PA .mctijffx.y -
has bê F;.-deT*!yicdr 'the next ac^fyity is* sched»7l[ed~T^^r-rt«T^Hnfe-ctelay 
starting at the tine of the condition that determines .tVe'dclaye^Tcompletion 
• tine of .the- DEPA activity.' . 4 " •. .-.." 

S 

.-• s-

Par arvcir'ers / • 

. • " • " • 

(\) Durst-fon t ime d i wtn rbut 1 on type. , , (2 n m) j u r a t i o n t ime s t a t i s t i c s . 
——..l_J^.n ft,* ^Ma.uJ_us - P e c t f i c a t i o n s . * Repeat t h e ' f^jMjowTng 7br~^each . " 

s t inulOs;"" i ) non' f tor f ut ict lon^,.. I i ) s t imu'IKia "type, I i i ) . de lay t i n e -
> # d i t . t r i b u i i o h ^ t y p o , iv>- defay t ime s t a t i s t i c s , y> d u r a t i o n t i n e ' d i s t r i b u t i o n 

t y p e , v n , tlyraflV !-on t ime s t a t i s t i c s , " cvf'i ) i n t e n s i t y ' d i s t r i b u t i o n t y p e , and / 
£$' - v i t i : l . i»tui-vc!.+ y s t a t i s t i c s ' ' "(4) Pper-atlng mopje''where 1 = c o n d i t i o n a l " ; 

• ' . , ~ ^ • . * - • • . 
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Process log Function 503 DEr*A s s l 7 t 

t̂zg* t i ng .'and 2 = c dhd 11 i ona 1 completion. ' CSl-'Refererice/tAme interval fqr^ 
condittionsl starting or conditional completion. (6 n fti) Functions net If'lid' 
at activity.completion times. -

. E r ro rs , / . . - -. , - • . ' • ' . 
ATTEMPT TO SliT INITIAL CONDITIONS--No i , n i t i a l c o n d i t i o n "values, a re 

s p e c i f i e d toy t he user . ILLEGAL MODE SPECTFlCATigN--A node tb the r * then I *.r 2 
' J ' „ ' a f c • ' •'• • -

has noen s p e c i f i e d . CONDITION LIST»-A comple t ion event Was scheduled w i t h 
n o - f u n c t i o n s t o n o t i f y . "ATTEMPT TO SET I NI TI ALl CONDI TI-ONS-- I n h t i a l va lues r. 
oT a l l s t a t e vf t r i«bl©s.©r© set a u t o m a t i c a l l y by t he f u n c t i o n , s u b r o u t i n e . ,. * 
RESP0M3E TO COIini TI ON "N'cfTI CE--A f u n c t i o n n o t i f i e d e t an. ac t i',v.Hy" comp le t ion 
t ime fa j . l ed t o acknowledge the c o n d i t i o n message., . ILLEGAL ,INTEI'ACTIdN--An • 
Intor-act Ion m?T.E^ae "other than a'-roato-ial a c q u l s i t ion attempt' message was' 
r ece i ved . CONDITIONAL START'-A l o g i c a l e r r o r was onuouritered 1 n rtiode 1 alJ 

—the ti-we-a^j^j^Ji^XorrymossEige ,was ' rece ived. CONDITIONAL END--A l o g i c a l e r r o r 
w>'j enr^untore'd in mope P. a t t he t rrrie~~"s—eond_Ltj on message* was 'received.. ' 
STIMUl/t NOT iACCP ;lsTEu--St tmulus data were not accepted~b!TTirne~o.f_ihe_^assioned 

' s t i m u l u s mo'-iitor f u n c t i o n s . 

X 

. * - 63 -



\ . 

Process'infl Funct ion 504 HO DA 

504-MODA • Modification Act ion 

Funct i on , \ ' ., 
This function stimulates-act iv it i es that modify parameters and/or • 

current values of state variables In- any function of the model system. The 
t . 

' tiw'e required to complete these modification activities is a random variable 
with specified distribution typa vand stat-istics. r Stimuli generated by the" 
. activities a^e. character iaec by type, delay t,hne distribution, type and 
statistics, duration, time distribution type and statistics^ and l-ntensity 

• - * * * ' 

distribution type and statistics. (.Types of stimuli generated by adversary * 
.actions are described in'Appj&nd-ix C, ) Activities tfiafvdepend upon ' '' 
completion of MODA activities are. notifiidT-at t&e a/ctua1!.' eompVetion times. 

. _ — - ^ • >-v. • " \ • 

MODA activities nay bo pl,aced anywheR^ in action sequences, and they nay 
generate ar\y number ./of stinul 1 . ^ ^ 

Any number of. parameters and/arvvar iab res of*'any number of functions The-modifications nay" bo modified by an instance off t£ie 504 MCDAifliKct ion. 
are tiadc at the starting tine of_ the activity, at thovSSme time stimuli 
genpratod by the activjtyarc transmitted to monitor functions. Each 
mod|frcation is specified by f) the -function td be modified, >J) 
paranoter /variable irtdex, i i i ) a f tf*st elbrfent index, and iv) a Vast element 
îndcx..'- Positive values of the -parameter /var i able index indicate parariejep 
mod i f icat, ion and ncgat f ve values i ndicate variable modif Icat i on. ̂  If the 
psrsnotor/vgr ia'bie to bo modified is a scalar, the first element index is 
assigned value 2e^o and the second element index is assigned value^zero or 
''one to indicate respectively integer or real type, I f the 
paraneter/varfable to bo modified is list-valued,, positive (hegativc) values 

f * t 
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^ Process!no Function 504. MODA 

arc used for the first element index to specify the first of. contiguous " 
.¥o1crto-rt*s to be* modified jn an integer (real) list./ The second element i 
index, which must bs assigned a positive, value, specifies the last of thp 
cont i-guous' I is\ elements xo be modified. .'The user must specify the correct 
typo and scalar or 11st- va.lucd' designation; the 504' MODA function MJ\\\ hox\ 
correcfthe type if iti is incorrectly specified. The new values of modified-
parrancherb (Variables) and initial values to be resett at initial condition * ' 
tin© aro sp<*eifi«?d by'list wg 1 Lied parameters. ' • • " . ' 

Report < < m ' . " ' - . . . • \. 
No data arn gathered by 500 MODA functions. 'The message MO R£P6RT is' 1 

' • * if. 

writ ten, when report's are requested, , • ' * -• , 
' : '? .ji •. ' .' • 

* Events _,• f 

When an activity begins..in a MOC>A -f jnctiopj its..durat Ion time Is 
determined using the.. specl-f-E-gd distribution type and statistics,' If t 

act i v i t i es + Kat depend upon completion of this act ivfiy are specif Ped-; • a •-
co.nplet>on-.ove?nt- is scheduled so that condition messages may. bo sent to each 
of tfifitw at thai, time; otherwise -the duration of the MODA activity is. - "... 
incorporated in scheduling the ^cxt.activity of the sequence hut a MODA 4 ' 
completion event is not scheduled7. If the activity fs not the., last *one of1 a. 
sequence* the delay .time of the next, activity is determined using the 
distribution type and statistics specified by , the function ,that initiated 
the *se<*uence, and th© next activity is scheduled- Stimuli .are jfthen 
transmitted'to the monitor functions assigned to each of ine atimulV '* 

I • 
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"Process i ng~ F u n c t f o n J5Q4 MODA 

. - • / / 

, generated by. the act i v t t y . Ait -a Monitor funct ion w i l l * not accept the 
i y ' , • • / ) 

stinulus transm i^tad to it, an error messages Is written and the•program is 
h a l t e d . " , -'i ' 

Interactions \ 
The MODA functl^on \ i 11 _not accept Hntenact ion messages Ini.t-jated by Ci/Ji 

" ' • \ • - • • " \ ' 

/ 
other functions, .If ̂ n '.fo$xers.c% ien message is recetvedi an error messages is 
written aifd the program—LaVialrcd. '. ;'• • ' . ._ 

7 - '• " '• . . V - ' .. • ' • ' . , • • : -- - ' ^ -
Paranetors .p. • ^ -\ • 
-.(1) Duration-^-ine dlstributjton type. *" (2 ,n m) Duration t'imê  

(3 n m)'Stimulus speci f teat i-ons.\ Repeat, t he following for each 
stinulus: . [}) mbnitTSr function, i \) stimulus type, I i \ "if-ffo lay, tine ','•' 
distribution, type", i v )' 'dp I ray t imc jlf.at i st i cSj v) durat/ion. tine, distribution 
type, v i ̂ .duration time statistics^, vii) intensity di'̂ tr i but i on type", and 
v i i i ) intoTisi ty star i st i cs, - C4 n n) Mod ! f lcat ion spec i f icat i ons. Repeat 
the. ft) I lowing for each paraneter.-or variable .to be, modified: ' i)'function . 

./'number, ill paranoter (variable) index where positive (negative) values 
indicate a parameter (variable) is-to bctiodifiedj I i i) .-first element index 
^horq 2oro indicates scaiar values and positive (negative) values indicate7 • 
the first index of a contiguous list of int̂ jper (real) value's, |v) last' 

, . - *" v ,, .-element index of contiguous list of values, C5 rr m) New-values to be . - * -*" ' ' . ^~~ \ -. . . . . assigned to the specified parameters or, vjar iab^es. These values are 
specified by a real parameter list of the MODA function but are assigned as 
the-type specified by 'parameter 4. ,(6 h m). InitJal values of modi-Fried-

-66^ 
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Fuhct i on 504 MODA. 

. paranetcrsAvariaeles) to be reset at initial condit Ion t i'lne. > * <7 n m)'.' .-. 
-Funct i ons h-o. Be n'otified at activity completion tfyne. ' ' '!-

Errors 
.'ATTEMPT TO SET,INITIAL §0NDtTIONS--I n i t i a l valued o f ' a l l - s t a t e ' 

var iables are set automatical ly by the function subroutine,:' CONDITION "!. 
LIST--A ,coro|3letlon»event was scheduled wi th no function to ' rvot i fy . RESPONSE 
TO CONDITION NOT1CE--A function n o t i f i e d at- an act ly f ty . corrip let-ton t.'i rie'1' ' ': 
f a i l e d to acknowledge the cocieTition rncssag. is. ILLEGAL INTERACTION--An 
illegal interaction nessaac has, been recelv'ci). ' STIMULI DATA NOT ACCEPTE0--A 

' / • •••' » - 1 T*' * - li monitor function would not accept the stimul'i characteristics transnitted to 
S • ' ' [' '•'- -" •' • 

it. ATTEMP.T TO MODIFY AN UNDEFINED FUNCTION--A function deslonated In* the -
notii f icat Ion specif-tca't iona d d not exist at the tine the modification was. 
to be porfo'rmed-.^ ILLEGAL PAR/iMETER/VARl ABLE NUMBER ;ZER0--An 11 legs 1' zero' . 
'4s I ua Was specified for the pt rane.t'er or'-varlable^ilri'dexxv,, LAST INDEX FOR '"' 
SCALAR--A va^ue other then 0 <r !• was specif led or"a modification in which J I ndex'. a value 0 wasi specif led for tte first element Index'. (.AST INDEX FOR'hflTEpER 
LISTM-The- lasi element index «f an integer I ist modif lcat Ion spec-lf icat ion 
Is e'ithor' negative or less thsn ihe first element index.. LAST I NDEX FOR 
REAL LIST--The lss/C element jrdex of a real 11 st.mod i f'l ciA i on spec i f'i cat/on-
is either- neaatiive or less thajfl the first .element indaxf . < • ? • ' i * 
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505 HDAS H a l t D i v e r s i o n A c t i o n Sequence 

P,pdcesslna Funet 5.05. HDAS 

Function ^-- .. • * ., 
ThJJs4funciion may. tbe used to halt .and subsequently resume diversion.V 

action sequences at any number of points. They are Inserted as dummy 
..-''act i ons that are init IaT-l.3od .to a :ndn halt status. *lri which-they serve as 

null act I ons. that., are performed in zero 11 me jgnd'generate no stimuli. • When 
ptj»C9d 'In a.tialt, status by modifying the value of 505 HDAS variable 1' from O 
•co-'if they will Mrtterrupt (halt) progress of the ̂ ction sequence at that" ;,"' 

~S po i rit. .unt.l 1 returned to th'o non halt status by receipt of an Interact I on,--' 
/ • - ' • -f 

'message from any/otner function in the-model-'system. / [ -

7 -̂ ^ • Ropor.^ . 
• • • ' ' ' • ' : - , ' " ' ' •No information Is gathered by 505 HDAS functions which write the 
r.e'ssage NQ REPORT when reports, are requested, 

.l_ 
Events. 

. At- the evont ti!m© of the dummy action, the information rtGGdieci to 
continue'tKe-sequence Is saved. If the HDAS function is In the non halt 
status, the sequence J-s continued immediately without , fntercupt.ion. If the 
"function is in the halt status," the next event in the act Ion sequence is'not 
sdhcdu/l-e'd, and the action sequence is thereby halted.. ^ -. 

• ' . • J ' ~ ' ' . * " • . ' . 

Interact |'ons. '" --_'..*. . , .̂  — e 

WhonT* 505JHDAS f u n c t i o n r e c e i v e s -an i n t e > a c t - i o n ebmmunicavlon 
1 — . - * • • > • . • • • * , 

inst ruct ing/ It" tofc'perf arm. ^introl funct ion, the interrupted action 1 

\ 
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Prbfcessiiia Funct i cm 505 HDAS 

sofjusncr Ts continued by scheduling .the next ovdnt Jn the sequoncf. No ,'• 
,sfcti«on is tsfken if an interact. Eon nessagd t's received1 while the function is. 
in the non halt status. i 

' ' • • • ' • • / • • • - • ' - • . ' . - - r 

/ -'"V-v *• ' 
^ ^.n' 

• Parameters . . • • 
Mo j^af-'Sfncters aro st3*?cifiGd by-'the user. ' 

, ^ t n i j d & t Cond i t ions ' , ' . - • . 
(1> H a l l status^ ...The 505 HOAS.function nay be init ia"\r2ed to the hal t 

stntuR i iy se t t ing -tfHe i n i t i a l va lue of v a r i a b l e ' 1 -to. 1 . 
• ' • ' ' " % ' . • • ' , ; " : • w . „ - . 

•- « * * • 

Errors ,.' • < 
ATTEMPT TO SET PARAMETERS--No parameters are assigned by the user.• 

ILLEGAL I NTERACTICN--An llleoal Interaction no's'saao has been recei vSwT^frpm 
3onc otjher function in the model system. ' . / 

;•. '; . v"*-̂  

, • / 

, • * . . * 
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Contrpf,Function 601 TIMft 

Funct i on ; " .,.- * '* ' * • " • 
A p e r i o d i c schc-Jj i Ici-o^^shlf isr-and i n t e r v a l s is mainta ined f o r re fe rence 

by oth i i r f u n c t i o n s ' i n c o n t r o l l i n g thn t i m i n g of xjic i r operat i ona. For 
*-^ -'""P'<fc£etif one or* nore f u n c t i o n s aVa t o operate only- du r i ng n o m a ! 

*' 'ol^; ••^rrT r -..'orklno hr.ur<s (3 a . n . t o 5 p.m. ' on weekdays y i t h an. hour break. 
. - f r i / n . 12. noon t o 1 p.. in. > A a t imer w i t h a 168 hour 'C7 days X 2*1 hours per day) 

p a i oJ cou ld be iri<5Uirtad i.n the MCSS model system t o c o n t r o l , those 
" " * • . . . • • ' ' • • 

f u.rv:,r ions , S h i f t s represent the .B'*" a.m. t o 5 p.m. segments end i n t e r v a l s i 
'-ho C t j . n . t o 12. noon and 1 p.m. t o 5 p.m. segments of t he weekly p e r i o d , -
s p i n this cp-sc th^rp.yould be "5. shifts and 10 intervals specified in each 

, prrioH. The per Lod ,•; number of shifts Eind (nter.vals.^and the starting and 
'ending tines of each', aro parameters to !oe specified for each instance of the 
t trior. Tunc:-t ion. . • 

.̂I'ii the example above1, Intorvats. are"contained w i th in/shIfts. However 4 

shifts -iivi intervals aro independent end may overlap provided that no shift 
ovcrlp-p^ another-shi ft and "no. Interval over')ap3,_ another •• interval. The en^ 
of one shift or interval nay coincide with the begi'nnrno of "Che next. 

Any number of functions may refer to a particular timer function*. And 
cny nunber of. timer functions may bo used in an MCSS model to establ ish 
different operating schedules for subsets of, functions/ -But no function nay 
rafor^ to more than one tiner, x.. 

' V , - , , _ ; ' . ' - . _ ; - ' . • • . ' . 

Report' . - < . . ' . -
No information is gathored by the 601'tlMR functions Which wcitethe 

••-•-'. _ • • . T ' ' - ' 
, _ -70-

•• • / 

. ' • - " ' • . . . • • • • • .•'• v 

• • • / 



PloKEtiafi NO REPORT whon r e p o r t s are requested. ] 

C o n t r o l FkSnc-Uon.601 TIfJR 

• • . i .' . .-

E v e n t s 'I .N I • , , ' . 

Events occur in 601 TIMR functions at the bog inning of each Iper.iod, 
.1 » . • . • ' - - ' • 

shift, and interval, and at the end of shifts and intervals. Trice lev.et 1 
re-.wr.ns BEG(N PERIOD, 3EGIN SHIFT, END SHIFT, BEGIN !NTERVAL/ anfcj END .-
INTERVAL ere written gt the corresponding event times. 

• • • • ' i . - ' " . • ' • ' ' • • • • - ' . • - : . • " : ' - • • • • 

1 nteractI ons " . . . I 
Wh.cn- thel t inor fflfcti.on receives a request for tiding information, ,it ̂ * 

ret.ui-n's a pointer to a der.a vector containina the time the current period 
* i I 1 end (and the next per i-od boo i n) K the number of the current shi ft', the 
t i no th-% current shift wi.l.l end, the tine the next shift will begin, the 
nunlvr of"the current internal, the time the current interval will end, and . 
this*1', trie the t>e*t interval, Will begin.'. The timer writes the,, trace "Level 3 
ness-trjo- RETURN! NG TIMING RATA at the times this information I s requested, v 

P a r fc.i'r.» t o r s • ' 
^ <J 3 Period of the .timing schedule. L2) Number of shifts f>or period? 

<b n rtl List of shift starting times, in cbrono logical order ,t relative to . 
thes beginning ijof esch period.' 14 n m) Ll3t of shift ending t i-riies-,;'In 
chronological order, relative to the beginning of each period. No shift . 
ending time may be less than the corresponding shift starting time. <5) 
Nuriber of intervals p<?.r period, -(6 n m) List of Interval starting times/ irf 
ctvcnologicali oî der, relative to the beginning of each period. (7 h m) List 
.of intorval ondi.no tines, in chrohotogi-Qal order, relative to the beginning 

I f . 
' ^ " - 7 1 - / , . . • " : . 
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Control Function 601 TIMR 

af *.-.̂ch period.[ No interval ondlna titfo may be less than -the. correspond!no 
internal startling' i. she. .., ,.' 

. - ' . • ' • « 

~'4, ' , '. ' '' , " • 
F,rcors ..-.,'.-
ATTEMPT TO SET ^ I N I T I A L CONDI T I DNS- - 1 rtJItlal V a l u e s o f a l l s t a l e 

v.-ir jab les srv sevau tomat ical ly by the .function* subrout ine. 

' • ' . • . " . . . . ; ' • * . . > < * 
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F u n c t i o n 602> 

i 

SpAS 

602 SCAS 'Start,Control Action Sequence 

Funct ion ' - ^ A 

i . This" function starts control action sequences1* orron command of other . 
f unc ,t i c/ns . An 80'* 0TB f... dtfc i s i on function, for •sxamplc., may'start one or 
nore control act i nn- seqypnces • i f the. condixions of a particular .decision 
rule arc satisfied.. Any number ,of control' act ho n sequences may bo, started 

• concurrently, The t̂ rne delay 6t- /noMvidual act-ions in Jihe sequences are 
sp'.-c i f ied by t ine cislay distribution type snd statistics. 

Report • , • • * . . " 
No data arc gathered by 602 SCAS f-unctions, , The nossage NO REPORT is 

written when report's are" requested*., .. -,' .' » • 

I pteract i nns • ' • . , - ' 
H When an jnteractJoft nossage is received mqicatlng that the ctontrel* 

action sequences/defined, by the 602 SCAS function are ftp bo started, events 
arc <ie>vrduled at. the current time plus the tine do I ay/of the first event in1 

, ce*ch sequence, By appropriate choice of tine delay Characteristics for the 
first action" of erich sequcrice; .an^ nunber of action Sequences may .be started 
with a r-srt fcular des ired t f n inq i*elat i onsh ip. '/ . * 

^Parameters , » • • ,.' 
i(l n n) Action sequence specification. Rcpaeft. the-f-o Mowinc for ca*;h 

action:* i) action function (negative fo'r the f Irs't action' of a sequence i( 

• • / ' ' : 

- ; * . : ' 
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i iO s t a r r i> 
s t n t i s t i e s 

t lmo delay 'dr i j i t r I but i-on'"type, I i i ) ^^srtVvria 't l.mo delay; 

:* Control Function 602. SEAS • -( 

<i Errorjs *. 
.ATTEPP.T TO SET INITIAL CONDI TI0NS-- I fiiT, ia< /alucs of all state 

vari,7jhln̂  'arr rrt -autotn=iT ira 1 ly by the "function subroutine. ILLEOAL EVENT \" • 
> - ^ ' / • * " " ' • 

MESSAGl;-*An ill̂ ;3F>̂  event notice has been received. No-events occur -in 602 '• > 
SCAS .function's. 'ILLEOAt. I NTERACT I ON--An 11 Legs I interact ion 'message has 
be-n roec I v,?d. / • . 

. . . ' • " . ' . ' / ' • - . • - ' - . 
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Monitor Function 701 MZMB• 

701 MZMB Measure Material Batches 

Funct ion * / / . 
Th is func t i on- s i rnu latins the necsurenent of item count and/or mess of 

s p e c i f i e d n o t o r i a l types in d i s c r e t e ma te r i a l batches, The s imu la ted 
nrr.isurciwnt's Eire rrtadc wi t h *uncart4i n ty chars . i tu r i zed by the ncan and, max imum 
do*' i at Ion of urfi f o rm ly d l s~ r ibutfed count e r r o r , a"<% i as ogh«feVs"tc?mat i c .mass'' • 
: c r r o r component, and the s-.andard devi -at ion of a normally- d i s t e ibu ted random 
'no'.u p r r o r conponent.' -' The observed (measured) numbeft of : f t i 5 c r e t e i t e n s "of-
aa-.. h njc^i^jrcc* l i s t e r i a I typo e re 'de te rm ined by adding "an-" *i ntegqc sample from 

> - . . . . • • -fit*. 
t h i - count **rrvr -r.o t ho ac tua l number -of items in the ba tch , The- observed . 

* i ' , . - • - " • - • 

nans oT ench ri.^-.<= c-ed mstoVia l t ype is ds te rn I r.ed by sunmlng the; ac tua l ; 
nqr.s, t he systcms/t ic error* component," and a sample from the s p e c i f i e d 'random-
mans e r r o r . / "• ^ ' , ' . ' ' 

Tha.ti.rTic rcqu i r e d / t o ' complete a M of the s p e c i f i e d ma te r i a l measure . icnts f o W a batch la a un i f o rm ly djs*firibu, 
<?p»c.lfi:?d rc-an sir-J p)^y Inun devYatlc 

cd rafidon var i ab le w i th ' " 
i o n . ' M2MB func t i ons may represent * 

measurement p r c r - = . ^ s i n which samples cfrawn from|j i iater i a l batches ar'ftj^ „ "; 

-ana-ly-zcd s irjultem^ous/ly and the overa l U neasXirement t ime is determined by 
/ / ' ' ' • - j -

t he p'rocnWiire t h e - takes the g r e a t e s t l e n g t h o f t ime . Or they nay represen t 
' jnenr.urcmer/ts wr^ose .complet ion t i me** is ^ c o n t r o l l e d by something other t!han the-

ac tua l 'm^'suroment process, f o r ex'amp/te, ^he reco rd ing and v c r i f i c ^ t i - o n t h a t 
may be requ i i/eri by saf ioo;ur3r.ds procedures i n an .analyt i cat -. laboratory .-* 

/ f y . - « Op'portun.i t ieo to divert material from tho measurement function OCCUP 
each time £ measurement Is started and each time a noascrement is completed,. 

a'.list'of functions- are notified with-an i^idicetion of the t t h e s e ,t i r i^s . 

i 
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Moni tor Funct ion 701 riZMB 

l o c a t i o n of ' the n c t c r isj l batch"t*han .enter ing -or 
• Mistor^sjl -is &lso sub jec t t o d i ve rs ion ,©t any t i n e d u r i n g t he 

~nt opnrf-t i on,: Bo"cchf?3 of mater i s i l-n the.' rtic^sarcncnt f Mrtct i on •. ar.e 

the d j Vr-r'J. U 
cF<\v-.t >n 1 l-v-* obv^r^orf v a r i e s o f t h s meeisurcrjent w l 

«csv i ng ..the moas urorient-
F-i/nr i i on. 
ritvf- '-• 

chained ' i n ' t h t f ercio'r- they ,a're recdivod 1 , so f i jnet ' ions t h a t nako n a t o r i a l '. 
ssccs'Jj *M t i on ' ^ t t onp fs Bra . f r e e - t o remove m^t^r ia t • f r o n any of- t he batches 
- thon/ tn the nonrjMrtjri^ni: f u n c t i o n , -^tf n a ' ^ ' i a l ' i s removed ' a t t h e t i n e ? .. 
,b-*"*ch ti,* 3' '.!r-",mcnt i.% Fvtsir.tcci" • fho observed values are based on t h o ac tua l 
arioi'nt- of n^ top ' io l l e f t af (tcr." t h e 'd.W«Jr»iOJr» taMe^ p lace . However, i f 
n a t o r i a l " is, rortovnd a t t ho t i no -s r baj.ch neejsurememt i s c o n p l e t G d j t he 
ob:.-jr-^r-cJ vr-hros a rc bn$?d t>n the ac tua l amount, of. ma te r i a l present , b'ef6r& 

I f n a t o r i a i is romovcic' du r ing the measurement process, ' t^ho 
be the-samev,as ' i f th*c. 

d i v e r s i o n lv/d occur red a t -'he* ̂ t i roc theVmeafeurbnorrViwas. s t -ar ted. 
At (.ho t i n o . each bej&ch • nce^uro^cnt i n c o m p l e t e d , , t he act-us I **-and 

. ob nor vof J' ya' lurs of Ucm count- and mass of a ' l l . measured mat or i a'\ types arc 

..soiit t o a <=r«*?c i f i cd l i s t o f moni tor vf unct j 'ons. " If" «ny o f t h e "mon i to r * 

. f u n c t i o n s f i * U t o ,s--Kn6wlodo> R e c e i p t of *hc measurement-data, ah e r r o r -" 
nc^'--r\Qe i s- wr \ ttcn,„?snd the . program is h a l t e d . Any number of batches nsy be 
nonvuTcd concur rent ly.e and t h o ' o r d o r in which they are completed na^ ' o r nay 

- not bs.th.2 ssne e-i irhe ardor ^n wh ich t hey wore rece i ved and tho 
.BO-gfiiircnGrits s t a r t e d , • ' * * . . • " * . .•• 

. Op r ra t l on of MZMR.functions'may be cqr i t ro I led" by 601 Tl MR func-cTons. 
M a t e r i a l hatches «ro accepted from, t he Input, t r a n s p o r t f u n c t i o n whbneyer , 
th._^y ar;ft ave i l ab lo ; . but J f aj> MZMB f u n c t i o n i s not In o p e r a t i o n a t the .^ imo 
a ba tch ffc r ece i ved , • t he ;s%.art of'- the- measurement t ino i n t e r v a l is- 'delayed 
unt i l t i t / - ns i x t ' t imc the mcp;4uroipbnt f unc t i.on 'r^s u'hjes opppa't-l on.. ,•.! f an MiJMB 

Ifr &* 
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' ' •-• .-..Monitor Function 701 MZM& 

' ' ' ' • • •. V ' ' . : : • • • 
function is. o$& of operation at the end of a batch measurement- time 
interval*, compietion of tha neasurenentMs also delayed until ."the 

i . ' • J-- . > measurement function, resumes operatXt**/ In other words, measurements are '•* r ^ ;• s_ ' -
smarted and conpleted only when MZMB functions are In-.operation,, regardless ' ' ' . <tm%*&. - - « ' of the random tine interval required to perform the measurements . 

( * • / • • • • • . , . . . ' " ' • * > * • 

Material batches are stored wh i le -w£ 11'! NO for measurements'to bo ' 
a £.&>'- Lod, dur i no the measurement" process^ and wh lie wa i t.i no- f-£>r complet I on • of 
me^'irervsnts. But they arp not st'orod beyond'the tine at which the . , 
r.c-asurcnent is completed. At that tine., an output- tranport function is. 
notified that the nateriat'batch . 1s ready, and it must remove the hdterloV 
from the rin«iFijrement f unci i*oh or an error message w I M' be written- and the 
s inul.at4jon halted. , s£" ' «•; • • 

R e p o r t ' 
•i J ' -

Each Instance of the 701 MZM.B* function reports the max inum number of B 

batches^ cuncurront.ly .measured and the' tine the max Imum^umbcr of batches-
"f irst, cntferc-d the measurement function. "-";• t' \ 

.• ' \ •'. '• . ' • • *. , ° . . ; , • ' - * 

Events ^ « ' , • • . ' * - . 
Completion of'material batch measurements Is -the only event *that occurs 

in '701 HZHB^untft'ions. if the measurement function'.is*-in operation' at the 
tiiio .e bs-tch neasurenent has been scheduled for completion,, the observed > 
•values oflltem count and/or mass-are'determined "for each of the specified • *• 
material type.3 to bo'measured, • the aciubrl arid- observed values are sent to 
the specified monitor functions, and. the' output/transport function' is 
notified that .the- batch is. ready, , If tfre measurement functjoh is not In •'"*"*' 
-. ': * '. . > ' ' ' ' ' ' \ 
- * • - . • - 7 7 - ' . "/ . - . , . " 
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.'. • .' Moni tor- Func t ion 701* M2Mfe 

ope ra t i on a t the t % i nc . t he ncasurcnenx ha^ boon scheduled fo r comp le t ion , the 
, cop ip jo t ion oypnt i s veschertu Led t o occur t he next t i n e iK J'measurenent, ,. 

f u n c t i o n rosones ope ra t i on , The t r a c e . ' l c v o l ' 1. message. MEASUREMENT COMPLETED 
it; w r i t t e n r.% t ho tiiryas4 ba-teh ne^sur-erien-ts a r c .ac tua l l y completed and the 
b?vrchr,-s Incvc t he moasV ! : i*e r i o r i" t ,-funct i on . ' -•£>" ' - * * , " * ' ." 

' ' 1 » * •• • ' • 

lntorrar,t ions' . "/ ? , ' * • •""•' ' • ' 
t ' Tv/O typo& of interaction riessages are' accepted by 701 MZME> f unct i-ons.. . 

The first is a-* rat ice that ja'.natcridl batch .is read]/, for measurement. When 
mn interaction me"s;fiaaefof this "typo is received, ."£he bstph, is placed on a 
chain .in the order rece tved'v/i th other batches 'irn tho measurement function. 
Iho -ricasurcnrnt conp\,e*'i on cvera'.rŝ  then sched.u.led and- -the* trace level .3 
no'-.i-.igc HATCH RECEIVED FOR MEASUREMENT/ i s written.., Data, are' then collected 

• * • • • " - * on the num&cr"of batches concurrent 1 y- • i n the neasurcnenf *f unpt i on ̂jind 
Ê cl'.nowlqrJfienGnt that the' htatch .has ,bccn, acceptod i s returned to thS 
i ntoract i ng f unct i o n . - ' , ., _ • 

The'sccond type of interact ibn^message"accepted by the 70T MZMB 
function is the notice of on attempt to acquire material -firom the 
ri'^suroiicnt function. When this types; ofL interaction, message is received, a* 

.-response is returned indJeat ing 'the location, of the material batch last 
accepted, and, sirico toatchos of nate_rial ore chained-in tho'order of. thoi-r . 
acceptance', .the f unct i..ort> nattj.ng the Requisition attempt.Is free to remove '"• 
nster ial-f ron any of the batclnss it 'finds in the measurement f unct/on^. The, 
trace Ipvql 3 message .MATERIAL^ ACOU-ISI T l-OM ATTEMPT^ J S writtqn.when the * 

;\ response Is returned to thQ interacting function, * 



•V •' . - ' • . . . ' • • .Monitor Function 701 MZMB\ 
' . ; • - 1 •• • ' - " . - ; • _ • • • • • . , . • / - . " " * 

•^ " Par-aneters " • ... '• .-JO ** * 
(1)•Nunbor oT notorial types measured. C2 n m> Measurement 

* . Spec, i f feat i ons Repeat* the fol \owing for each "type of nater ial measured: „. . * 
>-* s. • . i'} ir>i;c.jr,r rvatetr ial" t'ypo-code, il) noan. c o u n t error, iii) max irnun. up If orn • .* '-̂-* ' '•" 

Jt '.do-.'î t i:>n of count error, iy) systematic mass .error, v) tiean of randon mass* 
error, and vij standard normal deviation of'the rarjdon masts errors C'3) Moan 

• \ • tine to conptote all neasurencp'ts. M ) Maximum uniform deviation of the r ., 
''• • PKJ- s'irc'f iun^ t.ine (5) 60* TI M'R timing code. (6) 601 TI MR function. t7 n ' " •' • ' "V 

nJ L 1-Et of - nc-ivi tor f unct i ons.to receive observed and true values of measured 
•".•.'iT r,- i o 1 .fiount and nas'&s HT, ' the tines nogs Ur omenta are completed , '( 8 V 

' 'n'i"i i rvjt,( i on function to which, the nater.l a I batches are to be ^transpoVted.. 
'"• — when the ncBfturenonts a.-e completed. (9) -Transport function that tajecs the 

* r'.af'Or.ial bntches when thoj ncrj^urenents are • camp loted.- M O n m) List of 
• ' f unc t. ; ons to be notified whon" .fatcRjal batches --are received^ and when'the 

n1".'- '••' ir- -inr.-nt«-: arc conp teT.cn ' ' ' . . % • • ' 

Errors • ' 
v A T T E S T TO S E V INITIAL COMD I T I 0NS--A \ 1 "state, var iabless .are Initial ized 

|.pt , . autbrmt i -e-t \y by the function subroutine'. ILLEGAL I vNTERACTI G N T - A S I illegal 
'inTO,r?-'cr.ion nes*#ne has beer. V b c c i y'-ad. MATERIAL NOT REMOVED-AT TRANSPORT '• 
TIME--The transport function failed to remove a material batch at the .tins' 

.its neasurroment wSs. conpltj'.ed, RESPONSE TQ> CONDI Ti ON NOT I CE,--,-A function ?' 
notvficd St the tine a batch was received o r 1 a batch measurement was . * , 
.consisted f,3 i.1 e.d# to acknwtedge .the ,cohdt jon message.- * . < V '** 

•v . : - • = v - • • . \ \ . ^ 

• " * » - . . • . . ' -

file:///owing
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- *' Monl'tor Funct ion 7&2 OMB A wr 

702 CUBA Cortri'jtc Mater ivV* 'ftalanco . .1 
» Function** ' . " ' , . ' ^ " " 

The 702 £MQA fonctior> is used to compute natorlaV balances of areas' 
defined i.n ,thc node-1 aystiin ̂ by input shd'Output rioaVijasnorita a£ shown in 
'•Figure -3 4 Balances on an/ rujnboV of different natdriel types nay bo 
conputod if e$l 1- batch pathways and stroang "entering and leaving the jfoalsnco". 

r' eroa-'are ncasurod for the-spec if led rtatcrfal typos. Each tine ar quantity of 
a-noasurcd nator ial* enter:; or leai^s a balarfpo area, one of the, input^putput 

. function*;- reports the obsm'uod f measured* and -true amounts to a list of 
r.onitor functions.- Wh^n, those noas^renc-nt daxa ere received', CMBA functions 
scan *>T.hc ir* lists of Input/output f unct IO^S to dbtcrn i no whether the natcr i a'l 
]s entering ,or' loavinci'the balance area, and then, 1 f- the, nator I «1 iyî c i.s 
one of thoao spec i f i od For the CMP A Function,. _thoy update the quant l tj' of } 
na'torjal of -thyt typo currently in the bji-l ance area - *• 

• & 

( *• •• f. 

• i 

' s~r?t' 

Vi 

; - ' \ . • • • / . : 

jm 
\ 



lali*'Ml efiHTirnj ti,i!jriQL' J 

r' Dr-O- -
Mpnilqr .Function 702 -RBBAl, 

-V-

Input ntrlrtJ^TUt'"! 
1uriennnti:'ft 

;l 
Output moa&JtiOTWnV 

Ma1f<ial ifoVing lulaitcv aip.i •s»: 

F.I GURE 3.4 Use of t'ho 702 CHBA Junction to compute tho-".hatop I atvbalance"of. 
,an orfca .defined by input .arid oujtput ncasurcneht functions.. , :.".. 

R e p o r t • • • ' " • ' i 5 8 , ' •. i.^- " . . •. •• . ' '. , \ 

- Ha^oriial balances nay be cenputed for 'observed, true', and/or, error-

{observed -' truQi quant I t ios and for c ix.hcr disardtc " 1 tert count • or nass of ^ 

aip'y natortaiii typo.. \ * • . ' :

 iw ' ,_;.v • . .. . . 

''. - Data Bfet gathorod f©rVthe CM8A report us i rifl oithorT^cff' two: types of A 

sarip 1 i ng. - When s^npi 1 i hg typo 1 Lf^spcci f led, 

riater i a t 

the area. A*These' sanple values are tabulated ever Ind'lvi.dO.al ̂ imuiatrion runs 
and arc discarded *he,n the! CMBA functions'are fnftialfzcd at the beg innihi 
of eac^ 

Ls^spcclf fed, the new quantity of nonitored 
• • - ; W ' i ; • • : • • ' • ' . • . * * • -"-j 

in the balance area. ls\senp-lod dach time njaterjial enters-or 1 eaves-; 

\ 
bf eacVi run. . When • sarip 11 no type 2-is specified, one sample ot the material 
quantity'i.n'the balance aroa is'taken at a spec if.fed rep I i cats samp II n°g tin* .«*-. 

/. --. 
-81-



* e - . • -^ 
., :v 

A 
•\' ' 

3>* 
*.w 

^ 

in 

- rtM-t-jr: * ; j i ^ h ; r . j f . Th«s!i«T d f i ^ . a a r e Q a T . ' V o t f . c . y c . ' ' -ar . g n s o r . f r ! c ' - 'o ' f '""cya i 

• " • i n * , r»r,d j r«> r <.-fiOf t r y * tft- 4 . i * . t r r i o f . t r . i l - nJVf . ' u c q u O r i w , ; ' '* '• .1-

• A n / r i i . - ih - .V o f r v i ' o r l n l - t . a l . ' j r . r .c . r . c n p u T f * t l o n i n a y - ' b c i R ^ t f 1 Od f o r 

i n s t ^ r V c c o f , t h e 7 0 2 CMBA f u r S c t r c n C o r - t o u , t a i ' 1 on«a , f o r 0* 1 f f j p r f c r i t b a ! a r i c 

d & f i n o d b / d i T f c r i o . - i t * iOt to _of ~i h p u t / p t j t p i j i . n c a s u r e h o n . t ^ F y g & ' y l o ^ a , " * * 1 I 

. c o u r s e , r o ^ 

•not. ' , ; r r i a l • tw j 

•o-f' 

r o t h o u s o ' i o * O l f r o r o r i T , J n s t j > f ) C C i l O f t h e ' , C f * j £ A - • f .u f l c . t -Lor i , ' £ o r : h 

r . - i n p u t (St i an, g o ' - h r a t p i . a n c p o c ' t t r n o V . tn ' j f jH 'udes" - t iws ^ " . j a * - . t ' i t > 

t a b u W i l - v t i , , . - s a r ^ p l I nc * t . y p o , ' * e p l t c» to !« /«4&r tp -M p g j \ Yrio f trip *o™pytod near-. 3£Ki/ 
^ s; 

C.T* standard'dov i at ion of -the tnbutatcdi va t t ics n f ho 'na/ inurjf and n i r. I nun va I uri"s . ^-• 
' ' : ' ' ' - • " • • ' . / ' ' . £ • ' - . . - • • * - ' « * . 

ar>cl| xho tinea a?~ whlclt the rnnmun and mi r*lr-Vum~-vo lues .J i.fu">t occurred / . ^ 
' * ' « •» . • » - ' - . - • ' ' • / ' • - r • - v " - < 

V Ml at<**c*f Ht-.'s of- the tobulotod data nay\also*b*6 goVsbratcjd by spec I f /ipO -too ^ 'A .» 
x ; " ' • ' ' • * t • * '' *'' •' / ""•* '.'"""^"S-" 

'ntj.-,bcr ijr.cj w,ld*h of Lhc&nMi acuJ i !-ii>~-lovcr Lint 1 t 'of / the f i r s l ce l l ''V , 5 .̂- * 

\ , 
.4 - ^ 

•S; 

'V' 

k. . - ' : e >r t .s. . . . • 
••' f At 1 n i t |,a\ I zot I on J i inO', 'iianp I 

specif ied rcpl [cat© ' sanfc> t vno t ines Thcs.a'-erd1' vho : on t^.-cvcl^&js -Aha>' occur 

'?02 CM8A funci lOnf *Tho t r a m love) I'noSiisoo REPU.CJfTE SAMPLE j Y^gg j I s 

r " ~" ""* 

aSSf' 

/-
/ • : 'Int&r&ct lona. -* .•" -

• • " • ~ " \ - • • < • • . - - • - 1- -> J 

» .702 ' CMB8fi> functions acenpt only interact i an nossajges cbnveyino natter 1 nl 
' ' " \ * • t - . "• ^ " ' * ' ^ ' . ' • . * c r ' r " \ -

jasurohorit dat î".\ I f. any other *i ntoract I on ,ricssaoe ' i i received,; .an orrW- •• noe 
noSft»"g© t a W P ixtof»"'artd- t:io progran is halted. When rioasurcnont datfc aro 

rcco.ivod, tho CMBA. function scans Jts report specifications to .isee' u.f "*s.. \ 

matcf*"] a t" i?a lance Is'to be .J computed .on tho measured natepiVl--^ype. ' T-f so, \ 

•fihe Tists of* input/output functions arc checked'to ver J fy ^hat^thje •--«**•-

- T)
SS>~-

'*V 

' -̂  

' i: > 

• \ ^ 

•'.V.1'; "N. 
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W - ' i o ' FunevL f o n 702 CWBA* 
ii 

•rivjt-w w c C M - M I q ; ^ r o r »vv«.) i tt r.oij j u f i f p o ' - . t i y n c t i o ^ , a n d t o 

. jT ' o " ' • « t i ' r - , ? j ' . : s ftn.^cr ; r ' (?. p^?1 1 cov j ng • t ho fc>» i o^.qo a r o a Cur r 'On t 

JS * jjf-- l A t M f|'in'»T : t i f l s flroT"^f;f?>i ^ p n a t u d ,anrs j ' f .^snpT f n g . typo. ' 

i ^/II-(»>.•«! ^ " n *»&-«_" - A : ^ T : l e v e l 3 n o i t n a o - MEASUREMENT DA"A ^ 

C •& y a -* i " ' " !'*5 ' f lC8 i i - cno n 1 V ' • w o r t o J l o o "702-
• / ' i f * 

a-, f <• : a t oo I a r c o r c p o ^ i 

CPJI T I O f c l l o - i : n a f o r 

i aftl c ,ty&c *• hf.-r 
'*c 1 = ax cacC' 

p n .r\> - R e p o r t 

fier, r i o t e r \n\ A 

,IO be p«tf)cjf ax od;. 
<z'r- rep &/{;&„' . i ) Infi 
2 = iruo, *'ari0 3 =/ error • f 

d t s ^ r n r ' •: ten/count end .-•'2 = 
put or output and 2 -. ot 

E r r o r t 

ATTEMPT TO SEJ.'. J-Nl TIM 

i bor o f h is - t n g r a n c o l l s , v i J /w i d t h o.f 

hpt' l o..qr l i n i t of .the f i r s t h i b togran co I I . 
yr-ictiorTs ".(J r> n.j o^YjuiCi'tWcasurencnt funct ions,-

CO-NOT TI0NS--A.I -1 s t a t e 
- b r o u t I ne I LLEGAL I NTPRi 

v a r i a b l e s afeo 'Xpi t j a I i zed • 

lojjn.l 'a^flwijhet l e a l l y by the func . t on 
I n-Acrafcticq'passage v*a*i r e c p i v o d ' DATA .RECEIVED FROM I LLEGAL ] /C ..... 
FUNCT I ON-- Measw-oncnt daCn was rece ived f r o n a f u n c t ! 6 n rk>t i n t,Jtfe sac.£7tficd 
l i s t ' of Inpu t -o r output furicx i ons. ILLEGAL SAMPLING PARAMETER- -A ^sampling \ 
typo',ot.hor than 1 or 2 was s p e c i f i e d . NO REPORT DATA TO RESET--No r e p o r t 
data e x i s t e d a t i n i t i a l i zo t Ion t i n e whon I t was t o be ' - rcset . 1 LLEGAL r̂ EPORT ' 
DAT/Cr-ftARAMETER;--A report, da ta 'pa rane ten ,o the r t h a n 1, 2, or 3 was s p e c i i 

v £*.. 
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.•rtbnitdr Function 702 CgJA' 

rLLEGAL REPORT VARIABLE PARAMETER--A neport var iab le parameter- other than 1 

or 2 was- spt.scH f ied. . v ' * ' ' 
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Monitor Function 703 MNTB 

703 MNTR Monitor $tinulu.-5 Type 1 

Function- . ' 
This function-simulates devices thai inonIt.or stimuli of type 1 which" 

gra rectangular pulse signals character fzed \by delay tlnej dlirat i on, and 
ifjicnslty. f "The types of a.'t inul i generated by act,lv i ty f unct. i ons are ' 
do-ncr i bod i n/ Appends x C. ) When -a ty.p;c !•• stinulus Is transm ittod* to a 703 
MMTR funct i/>n, the non I tor nay or nay hot japoduce an output s'l gnSl 
1ndiestino detection of the stinulus.. The probability of.-'detcct I on depend?^ 
upnn the "sit inul us i ruens i t.y as spec i f i od-by. pa i rs of i ntens i'ty arid de>cct I on 
pr cLubi \ i ijy vnluos. that" do- Ine a p 1 QCGW i so constant fstaircase t-̂ >'"' 
r<: nr r-•?*•;-* J*?, ""'ft of ftn nrb 1 tr'.̂ ry sensitivity curve as sKown---rn Figure 3, 5, .*-
Anj?-nunber -of pairs nay.be used in specifying the norfftor sensitivity. For ' 
stinulus' Intensities greater than or equal to Ai but less.'than Ai-+1, the 
probub i I i t̂y thaf-tho mpnixor will produce an output pulse i s P i . • v 

«.. 

t :. t :. 
. 1 ' t 

o 
> • 

H p? 

• » ' 1 -': I. • » ' 1 -': 

..PI 
FT • ' ' : • : • • - . : - / : : • 

Stimulus intcrrffly 

FJGURE-3.5 Representation of 703. MNTR monitor sensitivity by pairs CA1 (A3.P2), .... " - *- ""A • * 

i? 

r"--. 
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, • . Monitor Function 703 liNTR 

.WJvn stimuli s~c 'dGt-̂ rtedj • the .nonitor\produces an output pulse siana'V 
01" spociTiod finptl ituds dqr i«n<3 a monitor detection signal i ntcrval. as shown 
in Figure 3.6. The -nonltor output is doVayed by a random monitor delay .tine 
.-ri-cr th;? bvginnina of the stimulus pUJse, and tfcto duration of the monitor 
put^fe^si3nsI depends on'which of three operating nodes are specified/ In 
n-odo 1/ thn monitor detection signal i-ntervâ  is a random variable &f 
:-p ic i f i rtd distribution typo and statistics. In node 2, it Is-equal t:o the . 
durrlon of the stimulus pwlseplus a random variable of specified 
distribution typs_ and statistics. In mode 3, the output of the"monitor" » 
rcî o i'r.a l-stcSad until.it is-cleared by receipt of a control signa-l /rom * 

6 * • / " 
rm-TliT function- "of .tho mode I system, J 

•Spurious dutput signals are generated by,the monitor at random times. 
The number of spurious output signals generated'per"unit time is Poisson 
d i Ktr 1 lyutori , Since in HOST, cases the maarv rate of spurious signal 
acn«i,vat in'tp w i 1 1 be ver/ SMU 11, this characteristic of the monitor 
;>:-rfrtrixvv"--> js specified in terms of the mean of the cxponent-ia! ly 
•dis tr*ib»ifĉ d time interval between spur i'ous output signals. 

\ 

• t 

A « • * • -

• / : -

- / ; * • • . : \ 

i: 

T-: 
't 

\ V 
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/ M o n i t o r / F u n c t i o n 7 0 3 ' MNTR 

, Type 1 stimulus 1 

"' ' activrty 
\. - 4 'Intensity 

• : » • 1 • 
\. - 4 'Intensity 

r 
• : • 

-* 

• ! - ' '"• 

• v ( 
- Amplitude 

: •*• \ - - . T 

: * ' * Monitor Manner '• 
- - . T 

lime detection signal ' 
delay . interval 

3'. 6 <Q o f 703 rl!"iTR' m o n i t o r d e t e c t ! Ph S i g n a l s , 

R e p o r t '- • * , / t 

Mo datn q.re gathered l>y 703 JINTr: functions.-' 'ThV mCuKSSc NO- SerCST 
*r i tton'whon nenonts are rtiguostcd. ' ' ' 

Evonts , 
Scheduled overits^ccur a t ' t h e . beginning and end of tho monitor. . 

cintoi-.tlori .signs,) interva,) At the t ime 'of the .bee I rji i'ng event, t h e 1 ' -• 
spec i f isd detect ion signal amplitude is sent, to each of a speci f ied l i s t pf-
decision fu-iqt(ons, "afnd.at the t i n e - o f the endi.nfl ovo'rvj s a e n p V a l u e is sent 
to the sano l i s t of functions, . , ;.- ' V ". -' ' ' •' * ' ; f-

- Events sls>o'occur .at -shs t i i ies spurious output "sionals ~oro. generated! 
v T B P , f i r f * spur i-ous.output raveht is'scheduled before tho run begins, a t the . ' • 
t ir io I n i t i a l - c o n d i t i o n s of s ta te var iables are assigned,' Thereafter , tfte 
next spurious output event is scheduled each t i n e a'spurious output event 

'-t • t .. •' V . " "'."' - 87 - . . .' '" . ' >"" ' 



rjr.1* u r -_•. I ' T h e - tT . r -1 11 ' ^ - o"-T ' ;p»ur i o u ; } ^ o u i f i u t s i c j n a l s i s t h e s a n e a s ^ h o s o / y 

!;. ; " •"• r' - J " ^ ' . i : 'y, : , v r .NO " " c c i ^ t ' o - ^ t i n u l u s . - ' ^ i g n a l . s . ' o f s u f f i c i c n t i n t e n s i t y .' fj / 

/, i r - t c r a c t ' t o n s • ' \ ' ;•*•"' .' . / ' 

T.-i,o, t y p o s ' o f , i f i t ' s r a c " . i o n n p s a a g e s a Y c a c c i e p t c d b y 7 0 ' 3 J r M N T R * f uncii o n » . 

; O r c f'-. "f '"-n" s > t i n t j l u s n d ^ i s ^ r j a s e n t - b y a c t i v i t y f u n c t i o n s ' . T h o MNTR f l i n c t j o n 

, „ ''f J • '->' r ' ' - ; - ' - ' v r i i n o ' V t H c cJo l a y , ^ \ i u r a t i o n , a n d A n i e n s i t y o f xh"e s t i n'tj I ua?' u s i n n 

^ ^ - f l v ^ " ri i - i.r i b u t t on_ t y i ? t ? a n d : > t a t j s t i c s " '~>MPP 1 ^ccJ 1 b y t h e a p t i v i t y ' f u f i f c > i o n . 1 t 

" t i - c n - d c t c r v i ' i . n o s t h e ; p r o b a b i l i t y o-f- d e t e c t V o n \ j s i n g t h c ^ c j p c i f I cd j S e n s ^ t i v i t y 

e l r::i- v . r c : - i t , i . i c s . . - ' r , d i n t o n s i t y o f t h e : g o n o r a t G " d \ s t i m u l u*^.; a n d , w i / t h , a 

c'<j' . c - . ^ o r v J i r>g f r o q ' j c n c y , d o t c r n i n c s w h i t h e r • o r ' V t ' _ t h e . n o n l \ t o r .yw i . t ' l • p r o d u c e ^ 

a ^ V . ^ c - t i o n 'J i g r i s I . ' fthy\h d e t e c t i o n : s i ' ^ n a i s ' a r e p r o d u c e d a n d ' t h e r j ° n » i t a r i s 

o h :- -;T. : r:rj i n r--;-d;> 1 ' . J I ' / ? ^ , t h e .' a n i ' i f e r t i n e ' / d o ' i a y a n d ( d e t e c t l c^; s,-iQnpi' i < / 

1 r-r.cr ' ' a I - a r ; o d c r o i - n t " n d d u ^ i n q t h o s p e c i f i q d d i s t r i t s V t i o n , t y t > p s \ a n d r • ' • \ 

•it?-, r..| s f - ' i c s a n d ( f o r r /odc - 2 ^ ' t h o - a c t u a l d i j r a t i o n - o f ' - f ine s t i t n u l u s . o u l s ' e . T f t e • 
• • ' • " " • " * * " / • ' -V . " - J - , - V x - .' • - . ; / $ 

1 -c>r i , !T i i n<*j ? n f | o n c M n i j c \ ) c r i " !» \ -o f t h o n o n i t o r d o t c c , t i o n s i a n a l a r e . ; t h e n ' / ' 

r-j,'-.: :. l'-\-:<~} -»-o o c c u r / a t \.hc . . i m p r o p r i a t e ' t i n e s . \ - . ' •' • • / 

4 The joennd t-'pc o/f interact i'qn—nr̂ sssage. accepted, by 703 MNTRv.f unct i ohs 

i *-. rt nntrol ncf.e^Q^ i nd i cat i ng that -the; monitor /output- is "t\o. bo /reset to -

tK,n nf.n^-te'rr; Ton .state. I •? the nonitor is\not operating ih; rrio.de CiMprv the" „ 

ouiiiui, is not 'in the dctVTcvion state* an crVor- -rrfessagc1 is- wr it ' tcn aVid The ( 

\tr -win i-; halted. "\ ', \ I ' ' ' * \ - : • ' 

• " ' ' • ' - - %-\ ' \ - : \ •• V • • ' " • ' • • - l * . J " \ - . ^ • • ' • 
• P r i r ^ h G t e r s • ^ _• - . •'_ ! •"• ' ' , \ , -J '. \ '' . t 

. ' "i • n In) Sens i t i v i t y char'actetTi'2-* ies-. Any-"number of pairs of . st ii-iul^s'' 

' " : intcnsitj/rt ind dete'eijon probab t 1\1 t j / nay"'be-'specif red, . but the pains must tSe'-"" ' 

• ' " • ' • • • [ • • ' . : • \ • • >"' • " ' ' • -'' " • ' ^ \ > ' ^ ' ' 
' •. If i. ; . . \ ! -88- - . , ' \ . \ 
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Mon I toP ' ' Furidt i orf 7Q£ MNj 

\ i n i nc rces i ng o rde r - o f s t o n y l i / s i n t e n s i t y , (2 n n> Mon i t o r t m c ' oclaj? • ^• '* r ' ' 

rti i' ur itout i oh ziT-a &nd sta'*» i s t ic*s ^ (3) Opona t ind nodcj vhc re 1 - ra.ndon'' * 

cJdti v,-?. i on ' j 'gn.^.l - i n t e r v a l ' , 2 = do coa-t-i-em s i q n e V ' i n t e r v a l - based- on th<3~ • 1 _-.-

•durVx i on oF the- s t m u l us l and 3.= d e t e c t ion. s [gha I l a t c h i np.--^nt i I c icaccr i fey 

rcc. -Apt o f a c o n t r o l rvasoeigo, ' ( 4 n : n ! D i s t r i b u t i o n - t y p o and' s t a t i s t i c s " o f ,< 

th:. 1 r.gnrfdn conpenont o f t b o d e t e c t i o n s i gna l i n t e r v a l w h o n ^ ^ p c r a t i n g . j n , , 

noc-'cb "'l\.'or 2'. ,c^) . ^ i j3ns l \ t 'hdo*. ' ( 6 ) Si gna \ anp l i tudo.. (? n r>i D e c i s i o n 

* * £• ' 
f u n o t i e m s t h ^ T i r r r ^ i v c - n ^ w y a l u c s o f . t h n n o n i t o r o u t p u t s l f ^ o V c e c h A i n f i i t . 

" \ i ' ^ - " " ' - - " ' . . : * ' . * •* ^ ^ 

ctv inf ios. - (8J, Mran o f the* nVrpononrr/i"?l l y d>st.r i bu tcd . r i n c - i.nt-srwal b c B c e r u • 
" ' . • l ' ' < \ ' ' "'• W ' * "* 
s p u r i o u s omtpat s i g n a l s . "If \ ^ h i s p a r o n e t c r i s , a&s.igncd a non;>os i t i v c .va^ue. 
no- spur idg.s; s i g n a l s a r c e n n c r a t c d . 
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Deci s i on Fuhct ion 801 DTBL 

eoi DTBi. Dooisfon Table 

PunctI on 
This fun**.tion Implanon*.!* decision tables having "the structure shown in 

ri •". -i 3.7. Docision tab Ins provide 3 simple and systematic means of 
r. , , "v*.cnt.in<*i decision neKins situations in which specified actions are to be 
p. . r̂ rnc-d ,»l,on certain specified conditions arc satisfied (6). The four 
••.-.' -s op j decision tabic Q P C separated in Figure 3.7 by the horizontal and 
•.'<••-• inal d<--iiblc li«?R. lit the upper loft corner arc a set of n conditions 
•i:.-mlvcd in the decision rules represented by the tabic The entries in the 
:.-<.! i« thvt represent thesn conditions arcs called "condition stubs". To ncct 
tiv- rc-juirs/ici'its of a p-arr icular decision rule, son© of the conditions 
i i ,-j- :'.:•:» i i: j.-l l*y rondition s*".ubs nay have to be satisfied, some r\3y have to bo 
.̂•i !"•!••' ""I, -i.d it npy n^t riirttnr if some of the conditions listed in the 
r..--.r-..'U i Wm ^ ' •» of the tali la are satisfied or not. Tho conditions that mist 
b*- r-rt, i r>r ird are said to lie required to bo true, those that nust be violated 
=jpc -ir»M -to be required to be false, and the others are r-oferr-cd to as 
•\;:)n'i. cen" conditions. in the lower left corner of the table are a set of 
n -!c.t. i on" involved in T.ho decision rulos represented by the teble. Each 
j"*t ior i.« represented by an action stub. A particular decision rule may 
rciuiro iiitikt son; of the actions be performed and that the others not be 
per f or ITK---J. There are no "don't care" actions; it must be explicitly defined 
whorhci- c-.-.ir.h of the actions are to be perforned or not if tho conditions of 
.-3 pan.'r*t.,i;ar decision ruin sre satisfied. The condition and action entries 
in tho upp«r and lower right corners respectively define the k decision 
rules represented by the I; colunns of the table. 
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Any nunber of condition rows, action rows, and decision rules nay be 
used in an 001 DTBi. decision table. Condition stubs arc of tho forn 

Si (operator) Sic 
or 

Si (opsrstor) VK 
where Si Find Sk. :rc input signals, Vk is a specified nuncric 
value, and "iterator" is one of the relational operators below: 

.EQ. EOUAL TO 

.LT. LESS THAN 

.BT. GREATER THAN 

.NE. NOT EOUAL TO 

.LE. LESS THAN OR EOUAL TO 

.BE. GREATER THAN OR EQUAL TO 



Decision Function 801 DTBL 

Rule Rule lljjje 
1 7 k 

Co»cf :hwn 1 i 
— I 

CnirtfifKir) 2 

i 
— I 

G»l<Miort G»l<Miort 

Condition n 

Action 1 
i 

Action ? i Action 
i 

•> : c n t r m 

| 

l 
FIGURE 3.7 Decision table structure of 801 DTBL functions. 

The condition stubs are specified in a list parameter by triplets i,J,k 
whore i is ths index of the first operand Si, j indicates the type of 
condition and the relational operator as defined in Table 3.1, and k is 
cither the index of the second oporand Sk or the numeric value Vk. 
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TABLE 3.1 Oofjnit ion of condition stub specification parstntar j for 801 DTBL functions. 

J 
Relational Operator Condition Operands 

, .Ed, Si.Sk 
2 .LT. '• 

3 .GT. " 
4 .NE. '• 

5 .LE. •• 

6 .GE. " 
7 ' .EG. Si.vk 
8 .LT. •• 
9 .GT. •• 
10 ,NE. " 
11 .LE. •• 

12 .GE. ,i 

Two types of action may be specified. One is the assignment of a 
specified vslue to an output signal of the decision table, and the other is 
the initiation of specified control action sequence. Output signal values 
are asslQned by the 801 DTBL function, and the control activities are 
perforr.ed by other functions in the system nodal. Action stubs are 
specified in a list pareneter by pairs f,j where, if i is positive, it in 
the index of the output signal Si to be assigned value J, and if i Is 
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noftjtivo, -i is the function notified that a control action sequence Is to 
he init»«tod. 

Condition entries -1, 0, and +1 stand for "no", "don't care", and "yes" 
rcspoctively. Else rules arc specified by don't care entries in every 
concf it i on row. 

Action entries 0 and +1 stand for "don't perform action" and "perform 
3C>. i on" respect ivc\y . 

Report 
Samples of output signals taken at specified times in replicated 

simulation runs are used to determine their mean, standard deviation, 
nawinun, and nininun values and to construct relative frequency histograns 
that represent *h<? probability distributions of the signals at the specified 
BBiiplino tines. The responses of simulated materiat control system are 
def irif?d by these output signals, so 801 DTBL f unci i on reports are essent ial 
in sifoguards. assessment applications of MCSS. 

A report is generated toy specifying the output signal index, sampling 
tine, nunber of histogram cells, width of the cells, and the lower linit of 
the first histogram cell. Reports nay be generated for only those signals 
that nre outputs of the DTBL function. 

Events 
Decision events are scheduled to occur at the same tine the DTBL 

function receives new values of any of its input signals. This allows the 
function to receive new signal values from any number of Interacting 
functions before it nafces its own decision, that is, determines which of its 
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do^ i i* i-jn rules is satisfied and takes the corresponding action. At nost one 
dsalMnri oviint is sehGdulnd to occur at an fnstant of simulated tine, so the 
d<-. i:;j an logic ' mp loricntcd by scvsreil DT&L functions may contain loops in 
whlrh control r. I ana Is :nr-*i assigned vatucs that depend upon their previous 
vuIuo». 

At decision event tines, using the current valuer of input signals, the 
decision rules are tested fron left to right until one is found for which 
all of the conditions arc satisfied. The actions of that decision rule are 
then carried out in the order that they appear from top to botton in the 
decision table. The specified decision rules must be exhaustive so that at 
Icr.st one will be found for which the conditions are satisfied for all 
possible va'u-35 of the input signals. If no decision rule is found for 
which all of x!ie conditions arc satisfied., an error ricssage is written and 
the prograr\ is halted. The S01 DTBL funct i on does not check for redundancy 
or contrsd ict i on among the doc ision rules - If two or noro rules are 
redundant or contradictory, thQ leftmost rule for which the conditions are 
satisfied will be invoked. If actions of 3 decision rule assign new values 
to output signals of the DTBL function, a specified list of functions are 
notified of the ivsw values. Notice that every material control signal *̂ ust 
be an output signal o. »ne and only one decision function, but the control 
si anvils r.a? be inputs of any number of decision functions. 

Scheduled events occur in eech run at the sampling tines specified for 
r*-h report. At these event tines, the current value of the specified 
r\>''TJr.1 ...orrtrol signal and its square are added to running totals, the 
vnlna iB compared with thra max Inun and mininuro values previously 
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encountered, end the count In the appropriate histogran cell Is incremented. 
The trace level 1 nossago SAMPLE TAKEN is writton at the sanpllng tines. 

I nt-oract ions 
The 901 DTBL function will accept only Interaction messages that convey 

now values of notorial control signals. If any other type of interaction 
nc-Bŝ gr? fs received, an error n ess ego is written end the program is halted1, 

Paranetors 
( I n n ) Input signal indexes. (2) Nunber of condition rows. <3 n n) 

triplets ijj,k. that define the conditions of each condition row. i is 
always the Ir-.iQx of the first operand signal. See Table 3.1 for the 
definition of j. K nay be either the index of a second signal operand or a 
specified numeric value, depending on the value of j. tA n n) Output signal 
indexes, (5) Nunber of action rows- E6 n n) Pairs i,j that define actions, 
Positive values of i mean that value j is to be assigned to output signal 
Si. Negative valu s of I mean that function -I is to initiate control 
action type J. (7) Number of decision rules. (8 n m) Decision rules. A 
list of integers representing condition entries <-1 = no, 0 = don't care, +1 
- yes) followed by a list of integers representing action entries (negative 
integer values indicate action sequence order, 0 = don't perform action, 1 = 
perform action) nust fce spocifiid for each decision rule. 19 n n) Functions 
to be notified when any of the output variables 9ro assigned a new value. 
(10) Nunber of reports. (11 r\ ni Report specifications. Repeat the 
folloving for each report: i) naterla I control signal Index, fI) sanpling 
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tine, lii) nunber of histogram cells iv) width of histogren cells, vi lower 
Unit of the first hlstocrum cell. 

Initial Conditions 
fl n n) Input signal values. (2 n n) Output signal values. The 

default initial condition value of input and output variables is zero. 

Errors 
ILLEGAL I INTERACTION--An illegal intcrction nessage has been received. 

NO REPORT DATA TO RESET--N0 report data existed at the initialisation tine 
of the first run of a replicated set of runs. At least one report nust be 
specified. NO INPUT SIGNALS IN THOSE RECEIVED--/, control signal ncssaoc was 
received that conveyed no DTBL function input signals. NUMBER CONTROL 
SIGNALS TRAN5MITTED--The nunber of control signals received did not natch 
the nunber indicated In the control signal r.assagc. ZERO CONTROL SIGNALS 
TRANSMITTED--A control siftnal was received with no trsnsnltted signal 
values. NO CONDITION SATISFIED--No decision rule was found for which all of 
the specified conditions were satisfied, RESPONSE TO OUTPUT SISNALS--One of 
the functions notified at the tine an output signal changed value failed to 
acknowledge the control sional message. ILLEGAL CONDITION ENTRY--A value 
other than -1, 0, or +1 was specified for a condition entry. ILLEGAu SIGNAL 
INDEX IN ASSIGNMENT ACT10N--An index value of an assignment action 
specification is not in the list of output signal i.doxes. RESPONSE TO 
CONTROL MESSAGE--/* function notified in order to initiate a control action 
failed to acknowledge the control nessage. ILLEGAL ZERO VALUE IN ACTION 
PAIR--A zero value was specified for the first element of an action pair. 
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IU-EI5AL REIATIOIWL OPERATOR IN CONDITION--A valuo other than 1 t o 1Z was 
speci f ied us tin? iioeond olnnont of a condition t r i p l e t . SIGNAL OF CONDI ~ I ON 
ENTRY NOT AN INPUT--Tho signal Index in a condit ion spec I f i c a t i o n Is not In 
tho list of Input, si anal s. 
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901 TRCN Trace Control 

Funct f on 
This function allows tho user to sot the trace control parancter during 

the operation of a no-do I sjyston. A* slnulatcd tine zero, and &i subsequent 
tines specified by the user, tK* 301 TRCN function queries tho user via the 
intcreict i ve dev'cc end rcadii I np t values of the trace control parameter and 
the next tine at which tho parancter is to be assigned a new value. 

This capability is very useful in debugging model systems. Assunc, for 
exanplo, that an error halted opera t i or. of a model system late in the t ino 
i ntorval of ope «t ion and i nspect i on of the input f ile does not reveal the 
cause of the error. The user nay add a 901 TRCN function to the systen, set 
the initial trace control value to zero (no trace) or an odd value (trace 
n^Rsagos are written into the output file but not on the interactive device) 
and spec ify a tine for assignment of a new trace control value j ust pr ior to 
the tine at which the error occurred in the previous run. The trace control 
psrnneter nay then be set at £ (event messages), 4 (event and i nteract i on 
ncsagos), or 6 (event, interaction, and control progran messages) to 
obr-crvc the operation of the nodol system at various levels of detail as the 
error occurs. 

Events 
At event tines, the message NEW TRACE? Is written on the interactive 

output device. The user must then enter an integer value specifying the 
value to be assigned to the trace controV parameter. If the value is less 
thwn 0 or greater than 6, the ne&sage ILLEGAL TRACE VALUE is written and the 
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uic<4 must enter a value within this range to procodc. Aftor the new trace 
control value has bjon read and accepted, the message NEXT TRACE CONTROL 
TI ME? is written on the i ntcrsct i vo output dev Ice. The user r.ust then 
enter a real (non-intcgor) value specifying the next ttnc at which the trace 
control psrgnotcr is to be assigned a new value. If the specified tine is 
less than or equal to the current tine, the nessaoc TIME IS NOW (current 
tire) is written r.nd the u'̂ or nust enter a new value greater than the 
current tino in ordor to precede. 

Errors 
ATTEMPT TO SET INITIAL CCNDIT]ONS--1 nitiat values of all state 

var iablcs are set autonst i cally by the funct i on subrout ine . I Ll.EGAL 
1NTERACTION--An illegal interaction message has been received during 
operat'on of the model system, 901 TRCN functions do not interact with any 
of the other HCSS functions. 
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902 RMD*i Report f i a te r i o ' . D i v e r s i o n S t a t i s t i c s 

Furjist i on 
Th:« function collects and reports data on the tine required to reach 

specific points in action scowncos, and the snount of natcrial acquired by 
acr.iu i si t ion functions up to that point. 902 RMDS functions ngy be placed 
rnyi.'hopo i n act. i on sequences w I th no effect on progress through the 
sequence. When a 902 RMDS function is reached, the current tfnc and 
quantity of material that has been acquired by a specified list of nator;al 
acquisition functions are recorded. The recorded material type is that 
defined fry the diversion objective of the function that initiated the action 
sequence. These de.ta are collected over- replicated sinulation runs. 

Report 
902 RMDS functions report the nean, standard deviation, tiaxlnun, and 

nininun tiros e. which progress through an action sequence reached the 
function duMnc * ^et of replicated runs. A histogram showing the 
distribution of those tines nay also be requested by specifying the nunber 
of histogram, cells, width of the colls, and the lower Unit of the first 
cell. 

The function also reports the mean, standard deviation, naxfnun, 
mir.inun, and the tines at which the naxinun and nininun values occurred for 
the quantity of notorial in the specified set of naterjal acquisition 
functions at the tine activity reached the function during individual runs. 

Events 
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r. vr-i-i*.* O'.̂.'j** in r)0P PflDS f kinct i arts at the tine progress through an 
ar.; i or i •_, -̂ û niv: reach,*.-1' Uio function. If a zero tino delay is assigned to 
r.(v; ̂«1:J'« furic uon in the- r.*joc i f icat ion of tho act i on soquoncc, the funct .on 
/:M • n' I*? fi"1 r-""core/- 'i «/nIucs oi the tine tho preceding action in the 
*i»wmv.«s is oMiploted I* the tine delay associated with the following 
onifin in tho •..«quonco I *•» assigned to the PMDS function and tho tine delay 
e?r ti-r <o Mowing action i« set to 2cro, tho function will sanple the 
. c")r"'.rJ vghiss at the tln« the following action is started. Or by dividing 
the ti"f r^lay of the Follo'/ing action into two delays, tho function nay be 
used to •s-vniplc the rernre'ed vaVjes at any tine between the preceding and 
ro! lowing actions In an;/ case, the 902 RMDS function placed in a sequence 
of Kf-t i *>r>f> nsjty be v'owed &'> a sanpling action that requires zero tine 
'i^ntum and, th-jrtForo, has n-3 offee?. on the progress of activity through 
the. -«/ i on ST. '.iwcnr.c?. A 902 nnns function placed at the end of an action 
•5C -ji ITTTO v i i 1 :-;a-ip 1 n tho recorded »a1 ucs st tho t i nc the sequence i s 
r.„fvlf.M,O.J. 

Tr.r *• meters 
(1 n n) Ma**,*-ial F-cvMsition functions tabulated at sampling tines. T2 

n n) 7in^ report spec i f ic •~ »ons: il nunber of histogran cells, li) width of 
the hi ?;t ojrrari cells, lii> tower I in it of the first cell. (3 n rt> Diverted 
r.aicnnl report specification: j> nunber of h i stogran cells, iiJ width of 
the hi .* i;'v:»*an eel is, i i i ) l ower I in it of the f irst eel I. 

Errors 
ATTEMPT TO SET INITIAL COMDITI0NS--Initial values of all state 
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v a r i a b l e s ©re r.cT. a u t o n a t i c a U y by the f y i w t l o n sub rou t i ne . RESPONSE OF 
T/> '.ULATFO FUHCTION--A n a t o r i a l «c.rtw i s i x i On f u n c t i o n d i d not acknowledge a 
rc<.' i '»i i f o r -».hr- i o r a t l o n o " n r . t c r i a l i t had acqu i red ILLEGAL MATERIAL 
CI ' ' T >10!J rip, JT" i T.'E. TYPI!- A nf l r tcr ia l d i v e r s i o n O!JJOC;XJJC typo c o d ; o ther 
th.-n I - 5 •-<!-!•• found i n .:li:*oi*n : r, i nq the m t o r is 1 acciui red by a t n b u l a tcd 
r i*;! or i a 1 p f c • i ;•, i I. i on f unc* I on . 
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d EXAMPLES 

M A T f . - I M D/'l-'-HOr: fl&Ffl ACCOUNTABILITY 

: r i L r u d u r t i on 

The sy"*•".•> simulntod in this a ^ n p ' c is a hypothetical one contrived to 
i I 1 u-jtrsat*- various features of the MCS3 program, All characteristics of the 
£i.*-"Ton f Ktrvzx.«ons have bear n?. sign-Ed arbitrarily, but with realistic 
p3i-a.iTT.cr »/?:lurr*- ttoix servo the purposes of the cxanple as well as those 
iiv-:t nsvjht r̂ o obtained fron an actual s.ysten. 

Tne c/nrpic syaten, ss'3 : v/n in Figure 4.\, has three receiving 
stations at which inconinrj materials arrive. Eight different types of 
ite-ter ial cnt.or tho syaten at tines that dcvia.e randonly fron a periodic 
delivery schedule for each receiving station. Tho naterials arc Identified 
as types I, 2, , . , , 8. R.-i i 1 y dc I i vcr ics of bulK quant i t ics of nator ials 1 
and 2 nrz: srhHulrd at S a n. and 1 p.n. , but tho actual deliveries nay 
n i ::s the schorl i >ed t incs by as nuch as two hours. On tho average, 100 
discrete or c^unrab lo un i :s of natcr ial 1 arc roce i ved I r> each del Ivory, and 
the item ct-Jiit, varies randonly with a naxinun deviation of 50 units. An 
nvcr--.Qf! of PO.O t-vjss units of natcrial 2 aro received in each delivery, and 
tho quantity vrrios randomly with a standard nornsi deviation of 5.0 nass 
un i t.s, 
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, Matt-rtfl Iwlanci- rirci 

Receiving I Ktosutviw 
Siaran 1 

rj 

Receiving 
Station ? 

| ViKKuretneni 
>Q 

* , > j : j r ( ' ! T i ' j - n 

St 0/a go 

Receiving | Measurement 

FIGURE d,1 System simulated in the Material Balance Area Accountability oxnnplo. 

-IDS-



Material Balance ^ c a AccountabH ixy 

Upon the nrrivnl of each tosatch of material * t and 2 at receiving 
vt ' i vi 1, thr- (•. • fr-K̂ S are moved imi~it.-dJaT.oly into a ncao«jrcnont facility 
• ••)•. .• f.h ni.ril.-~r of unit's of material 1 arc counted and the mass of material 
2 i« •T'-iind. Thcia n.sasuPOMOnts grc accurate In the sense that the average. 
ci1 , ..!•'! are '.'.no, but they nro not precise. The measured or observed count 
of units of hi'wOi*!J3l 1 nay bo off by plus or minus one unit, and the 
ii . ,. i n cl r.ori it deviation of tho randon error in the neaSL-r^ment of notorial 
? i-. *5.0 per----int of the ncan Pnount scheduled for delivery or 1.0 mass 
ijnit 4. The r-.y-Toĝ  time required to cor-ipletc tho measurement of each 
iri''o.'iif>3 !.iyt,ch of natcriala 1 and 2 is d,0 hours, and this time varies 
i--...!o.ilv !iy s'Ji ni/nh as 0.!> h<-urs. 

When thy ncssurcraoritti of each incoming batch of material arc completed 
thr? ro'.iulr.s ̂ rr* used to update 3 record of the Quantity of each material 
typo |ircconr. in the material balance area defined by tho Incoming and 
oi.np,er>i r\Q nr.-- • irenont facilities shown in Figure 4.1. After they have been 
ro<-:.-.-i \/CTI Î><1 mrtvircd, batches of Materials 1 and 2 remain in the material 
ĥ l-ii-ice are:i for a random tins interval that varies betv;ccn 12.0 and 36.0 
hours. The rinrnils of tho haiviling and processino of materials within the 
n^tr-rial h-,'.. nco nroa are not. af concern in this case because it is assuncd 
tlv.it no i-.-.tî;-i ̂ l is removed fron or added to the individual batches while 
th«"y .'jro in ths material balance area. In nany systems the inconing batches 
will lô c: Lhcir identity uithln tho material balance area as the meteriats 
sir-- ["•-'•'»c-v>'v.-'i1 blondcd, roprck^a^d, etc. before they leave the ba'ants $rzo. 

As they lenve the material balance area, batches of material are 
niCL'v:u'*r«d a second time anrJ the results are used to update the record of tho 
quantity of escih material type in the balance area. The error or 
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uncertainty in the messurene-nt of natcrial types 1 and 2 as the batches 
Icuv^ ti.o n:ii.?rial balance ares is the sane as described ebc/c for the 
incnnin^i ncj7-".ivroncnt facility. The t i no required to complete the 
riGr/.'Urrjncnt o P each batch in the outgoi ng measurement fac i 1 i ty var i cs 
randomly between 3.0 and 5.0 hours. 

Finally, as the measurements arc completed on batches of natorial 
Icavirw; rho l'-il;.inf;e area, thoy are innodiatoly placed in a r^ora^c arcs. 

M- f r ial typos 3 s*nd <1 arrive in conts iners at rocc iv i ng stati en 2 once 
a day -.%% tines that vary randomly from 8 a.n. to 5 p.n. Two containers are 
received in each delivery with an average of 300 countable units of natcrial 
3 and an avsraric of 40. 0 HHSS un its of mater ial 4 in each contt i nor . Tho 
count of naterial 3 ttens varies randonly by up to 100 units, and the 
stsi !.ir>rd normal devi 3t i on of natorial 4 in each container is ?.0 0 nsss 
units. The containers of Materials 3 and 4 are immediately placed in the 
neeswrcn^nt facility upon arrival at receiving station 2. There the items 
of natcrial 3 arc counted vith zero average error and a maximum count error 
of 3 units. The mass of material 4 is measured vith zero avcre-ge error c?nd 
a -standard normal dev i at i on of 2.0 mass uni ts . The batches of p£itc i al s 3 
and 4 renn i n in the balance; area for a random time interval ranging from 
24.0 to 72.0 hours after which they arc measured as they leave the balance 
area with th& ^^ne unccrtai nty as i n the inconing measurement. The tine 
required to complete the outgoing nsasurement of material 3 and 4 batches is 
the p. owe 3.0 to 5.0 hours as for materials 1 and 2. 

Four material types: 5, 6, 7, and 8 arrive at receiving station 3 wj-'ih 
one delivery botween 3 a.n. and noon and a second delivery between 1 p,n. 
and 5 p.m. of csch day. Materials 5 and 6 are in bulk form. Materials 7 
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.and 8 arrive In two containers at each delivery tine. An average of 500 
covrit-ititc items of material 5 with a random variation of up to 10 items and 
an r,, t..' ,-!•..••- of 60,0 mass units with a standard noma! deviation of 6.0 mass 
urn',!-, of n?.ir,crial B a--rlvn in each delivery, In each of the cortainers 
arr i v i nci nt rcco 1 vi ng stax. i on 3 there arc an avoragc of 700 i tens of 
natoriil type 7 with a randon variation of up to 50 itens and an average of 
60 0 i'iŝ*- units of naterlat 8 with a standard nornal deviation of only 0 8 
mas';, units. Materials 5j 6, 7, and 8 ere measured with thr sane urtccrta.nty 
es they enter and leave tho material balance -*C8. A H of th<2se 
muas'-irr icntis heive zero average error. The noxir.jm deviations of count error 
for materials 5 and 7 are S and 7 respectively, ono the standard nornal 
deviations of the random mass neasurenent errors for materials 6 and 8 are 
rcsr-oct i voly 3.0 and 4,0 r.ass units1. The batches of materials 5, 6, 7, and 
8 rciioin in the ha lance arrt̂  for a random tina interval betv/aon 36.0 nnd 
60. 0 hrwrs. 

Funct i o.ng I Mode I 
The MCCS nodal systcn is shown in Figure 4,2, Three instances of the 

10) RCHB function are used to represent the receiving stations of the 
simulated system. Function A Es used T O transport the arriving material 
batches from their receiving stations to the incoming measurement 
facilities. Notice that a single instance of the 301 TRMB function is vued 
to represent the three tranport operations since they are all to bo 
r>or formed instantaneously upon arrival of materials at the receiving 
stations. Functions 5, 6, 7t and 11 represent the four neasurenent 
facilities of the simulated system. Separate instances of the 701 MZMB 
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function are used since different material types arc measured and it nay bo 
desiroabic to be able to assign different measurement time characteristics 
to the individual facilities. Throe instances of the 301 'KMB functie-n are 
used to represent the random tine intervals that the three dlffcront types 
of notorial hatches remain In the material balance area. Separate Instances 
of the transport Function nre required hero because of the differences in 
the charectcristics of the three transport tines that are required-
Function 12 represents the instantaneous transport of material from the 
outgoing measurement facility to the atoraoo sroa, Although a separate 
instance of the 301 TRMB function is used here, function 4 could also have 
been used since it has already been selected to represent instantaneous 
transport oporst i ons. Funct ion 13 is used to represent the storage area 1n 
order to illustrate the use of the 401 STOM function' and the data structure 
represents no noterial in storage and hotdc.o. Function 14 represents the 
confutation or recording ov* naterials currently in the balance area and is 
associated with Input nessurenent function* 5, 6, and 7 and output 
noa&urencvt function 11, Finally, function 15, an instance of the 601 TIMR 
function, is used to provide operational timing control of any of the other 
functions in the nodeI sysicn that refer to ft for operation schedule or 
tintng infornation. 
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/ h /in \ / « w \ / i m \ 

AMI . •:-» 3 0 1 • ' iT i ' j i 
NiMH . Tl'Vt -" Tf!?,!|| 

/ 11 /fil \ vzv 
u /as \ 
CVBA \ 

lM . f i . / 

TIMR J 

P I C I I W ! " 4 2 Fitrv'.t i o ^ a l noiJo I f o r t h o r-fetor i g 1 B a l a n c e Aroa Acconntab i I i t y 
«?> ,r I V I - e . 

! f thr. -cf;f!-;r has not already dooe so, the de ta i l ed descriptions of the 
•furtot m n i lî .v-tJ [ n the nodu l svstcr i shouId now be rc&d car of u I ly t o see how 
XS'\c\i rcnr-jE.-jr-t the. correspond ing f unct i or>s of tho a inulatcd systcn. 
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Input Fi le ncsSIN 
The inriu'r. filo reproduced below creates and specifies all of the 

functions of the nodcl sys-.Gti, nakes a throe day simulation run of the 
sy.*,t«.-ri a-j originally definodj then ocrPorpis additional runs after various 
no.Ji f icflt ion-; of tho nodcl syston have been nedc. The last two runs arc 
r .;f. 1 i <-->Xfd 10 and 50 tines roiipoct ivcly to illustrate how data arc aathcrod 
over art oniv.'nMo of runs to obtain statistical information on randon 
processor, a-, particular tines throughout the simulated operation of tho 
sy:;tiin. Tho input filo is sho»/n here exactly as it is prcoared for 
execution of the MCSS proaran. Further explanation of the input date and 
tho r.'sHults produced by the progrsn are included in the following 
description of the output file produced by MCSS, 

MCSS Ijr.ERS MANUAL EXAMPLE 1 MATF.RIAL BALANCE AREA ACCOUNTABILITY 10/10/77 MCSSIN24 

CPI:ATE I 101 RCMB 
Kli'CL'lvr. BULK MATERIALS 1 AND 2 

PARAMETER 1 (1) PEKiOD OF ARRIVAL SCHEDULE Zd. (2) MUI1PER Of" ARRfVAI.5 PER PERIOD 2 (3 I 2) SCHF.UUI ED ARRIVAL TIMES 8. 13. Ml MAX DEVIATION FROM SCHEDULED TIMES 2. <S! MUV.Ci; O!- BULK MATERIAL TYPES 2 (6 1 14) BULK MATERIAL SPECIFICATIONS 
1/PE 1 MEAN COUNT 100 MAX DEVIATION OF COUNT 50 MFAH MASS 0. SID DEVIATION SF MASS 0. MAX MASS 0. MIM MASS 0. 2 0 0 £0. 5. 1000. 0. (11> TIMING CODE I (12) TIMER FUNCTION IS 
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<13) DESTINATION FUNCTION 5 (14) TRANSPORT FUNCTION 4 
CREATE 2 101 RCM8 

RECEIVE CONTAINERIZED MATERIALS 3 AND 4 
PARAMETER 2 Mi 24, (2) 1 (3 1 1) 12.5 (4) 4.5 (7) NUMBER OF MATERIAL TYPES RECEIVED IN CONTAINERS 2 (8 1 14) CONTAINERIZED MATERIAL SPECIFICATIONS 3 300 100 0. 0. 15. 0. 4 0 0 40. 20. 1000. 0. (9) MEAN NUKBER OF CONTAINERS RECEIVED PER ARRIVAL 2 (10) MAX DEVIATION OF NUMBER CONTAINERS RECEIVED PER ARRIVAL 1 (11) 1 (12) 15 (13) 6 (14) 4 
CREATE 3 101 RCM3 

RECF-IVE BULK MATERIALS 5 AMD 6 AND CONTAINERIZED MATERIALS 7 AND 8 
PARAMETER 3 

(1 ) 24. (21 2 (3 1 2) 10 15. (4) 2. (5) 2 (6 1 Id) 5 500 10 0. 0. 0. 0. 6 0 0 60. 6. 10O0. 0. (7) 2 (8 1 14) 7 700 50 0. 0. O. 0. 8 0 0 so. .e IOOO. o. (3) 2 (10) 0 (11 ) 1 £12) 15 C 13) 7 (14)4 
CREATE 4 301 TRMB 

TRANSPORT MATERIALS FROM RECEIVING STATIONS TO MEASUREMENT STATIONS 
("ARAIETER 4 (1) MEAN TRANSPORT TIME 0. (2) MAX DEVIATION OF TRANSPORT TIME 0. NO FUNCTIONS ARE NOTIFIED AT CONOITION TIMES 
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CREATE S 701 MZMB MEASURK INCOMINS MATERIALS 1 AND 2 AND REPORT TO MATERIAL BALANCE FUNCTION 
PARAMETER 5 (1) NUMCER OF MATERIAL TYPES MEASURED 2 <2 1 IS) MEASUREMENT SPECIF!CAT IONS TYPE 1 MEAN COUNT ERROR 0 MAX DEVIATION OF COUNT ERROR 1 SYSTEMATIC MASS ERROR 0. MEAN OF RANDOM MASS ERROR 0. STO DEVIATION OF RANDOM MASS ERROR 0. 2 0 0 0. 0. 1. (3) MEAN TIME TO COMPLETE ALL MEASUREMENTS 4. 

14) MAX DEVIATION OF MEASUREMENT TIME .5 (5) TIMINS CODE 1 (6.i TIMER FUNCTION IS 17 1 1) MONITOR FUNCTION 14 (8) DESTINATION FUNCTION 11 (9) TRANSPORT FUNCTION 8 NO FUNCTIONS ARE NOTIFIED AT CONDITION TIMES 
CREATE 6 701 MZMB 

MEASURE INCOMING MATERIALS 3 AND 4 AND REPORT TO MATERIAL BALANCE COMPUTER 
PARAMETER 6 (1)2 (2 I 12) 3 0 3 0. 0. 0. 4 0 0 0. 0. 2. (3) 4. C41 .5 (5) 1 (6) 15 (7 1 1) 14 (6) 11 (9) 9 
CREATE 7 701 MZMB MEASURE INCOMING MATERIALS 5, 6, 7, BALANCE COMPUTER AND fl AND REPORT TO MATERIAL 

PAPM1ETER 7 
( 1 ) 4 
( 2 1 24 ) 

5 0 5 0 . 0 . 0 . 
6 0 0 0 . 0 . 3 . 
7 0 7 0 . 0 . 0 . 
8 0 0 0 . 0 . 4 . 

( 3 ) 4 . 
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M> 1 . (0) 1 <6) 15 (7 1 1) 14 (0) II (9) 10 
CREATE a 301 TRMB 

TRAIIEPOST MATERIALS 1 AMD 2 FROM INPUT MEASUREMENT N A T I O N TO THE 
S I G R A I J ? •.•\:-f.s:.irn;-::'n x'Aitott 

PAT>METFR 8 ( 1 J 24. (2) 12. HO -UNCTt'-NS ARE MOT I l"I ED AT CONDITION TIMES 
cnrATF a ioi TRKB n<i'.N3f'CRT .-1A1ERIAI.S 3 AMD 4 FROM INPUT MEASUREMENT STATION TO THE 

srciJAor fTi/'S'jr-'; fi ' if ir S T A T I O N 

PARAMETER 9 Mi 46. CS> 24. NO FUNCTIONS ARE NOTIFIED AT CONDITION TIMES 
CREATF 10 301 THHB 

flWSPOPT r'fmi'.i S B, S, 7, AND 8 FROM INPUT MEASUREMENT STATIONS 
"IO T H E j>i J, .••'.«. nir.'.,-u'-(-:fii:N'f S T A T I O N 

PAriAii:; rr:a i o 
<1) 46. 
<?.) 12. MO FUMCTU.MS ARE NOT! r I ED AT CONDITION TIMES CRFATC 11 701 i'1?llB MtASUSE OUTGOING MATERIALS 1 THROUGH 8 AMD REPORT TO MATERIAL BALANCE Cnc.i lITgR 

PAFiAMFIER 11 
( i > a 
( 2 1 4Q) 

1 0 1 0 . 0 0, 
P. 0 0 0 . 0 . 1 . 
3 0 3 0 . 0 . 0 . 
4 0 0 0 . 0 . 2 . 
5 0 5 O. 0 . 0 . 
6 0 0 O. 0 . 3 . 
7 0 7 0 . 0 . Q. 
e o 0 O. 0 . 4 . 

( 3 ) 4 . 
( 4 ) 1 . 
( 5 ) 1 
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(6) 15 (7 1 1) 1a <S) 13 (9) 12 
GWATE 12 301 TH.1B 

flW-.il.Tru^T rW lEH IALE 1 THROWN B FROM OUTPUT HEASUntHENT TO 
PARAMETER 12 

( 1 ) 0 . (2) 0. 
CREATE 13 101 STOR 

STORE SULK A"ID CONTAINERIZED MATERIALS 
PARAMETER 13 (1) SINGLE DEPOSIT Hi'.I.DUP 1 (K) END AREA OF BULK STORAGE 10. (3) VFR1ICAL SIIRFA^r AREA COnTACTFu PER UW1T MASS BULK STC (4j BULK STORAGE SURFACE HOLuUP COEFFICIENT OS (5 1 1 ) REPORT BUI K ".TORAGE DATA 1 CONTAINER STORAGt: DATA 1 

HATER:.».L IN STORAGE 1 MAI SRIAL IN HOLDUP 1 NO FUNCTIONS ARE NOT i 5"! ED AT CONDITION TIKES 
nrtFATE 11 70 i i CCI3A 

MATERIAL BALING? COril ' l iTATlUN 
PARAMETER 14 CI J rillrWIR C.r REPORTS IS 

kZ \ i26) 1IF!ORT SPEC. FIUATIONS TYPE 1 'i RUE Z COUNT 1 iAMPLIWS AT INPUT/OU'IPUT TiMES 1 DUMMY SAMPLING T' ME 0. 
Nurarn OK HISTOI>I:AM CELLS ao 
WIPTH Or HISTCiG!!VI1 CELLS 2 0 . 
LOWER L I K M OF F R3T HISTOGRAM CELL O. 
1 3 1 1 0 . 40 1 . - 2 0 . 
2 2 2 1 0 . 40 5 . 0 . 
- - - - - 40 1 . - 2 0 . 

40 SO O. 40 2. -40. 40 10 0. 40 I. -20. 40 100. 0. 40 5. -100. 40 SO 0. 40 2. -40. 
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7 2 1 ] 0. 40 500. 0. 7 3 1 1 0. 40 5. -100. 8 2 2 1 0. 40 50 0. 6 3 2 1 0 . 40 5. -100. (3 1 3) INPUT FUNCTIONS 5 6 7 (4 1 1) OUTPUT FUNCTIONS 11 
CREATE 15 601 T1MR TIMER FOR A STANDARD WORK WEEK WITH ONE 8 A.M. TO 5 P.M. SHIFT WEEKDAYS AND INTERVALS 8 A.M. TO 1Z NOON AND 1 P.M. TO 5 P.M. EACH SHIFT 
PARAMETER 15 (1) PERIOD 168. 

( 2 ) SHIFTS PER PERIOD 5 (3 1 5. SHIFT STARTING TIMES 8. 32. 56. 80. 104. (4 1 5) SHIFT ENDING TIMES T7. 41. 65. 89. 113. (5) INTERVALS PER PERIOD 10 (6 1 10) INTERVAL STARTING TIMES 8. 13. 32. 37. 56. 61. 60. 85. 104. 109. (7 1 10) INTERVAL END:NG TIMES 12. 17. 36. 45. 60. 65. 84. 69 108. 113. 
SIMULATE 2 DAYS OF OPERATION WTTH A DUMP. LEVEL 3 TRACE, AND NO REPORT RUN 1 48. 1 3 0 
SIMULATE 28 DAYS OF OPERATION WITH NO DUMP OR TRACE AND WITH A STANDARD REPORT RUN 1 672. 0 0 1 
REDUCE THE UNCERTAINTY OF ALL MASS MEASUREMENTS BY A FACTOR OF TWO AND REPEAT THE 28 DAY RUN COLLECTING ONLY MASS ERROR DATA AND REPORTING ONLY FUNCTION 11 AND 14 PARAMETER 5 (2 12 12) .5 PARAMETER B (2 2 52) 1. PARAMETER 7 (2 12 12) 1.5 (2 24 24) 2. PARAMETER 11 (2 12 12) .5 (2 24 24! 1. (2 36 36) 1.5 (2 48 48) 2. PARAMETER 14 (1)4 (2 1 32) 2 3 2 1 0. 40 1. '20. 4 3 2 1 0. 40 1. -20. 6 3 2 1 0. 40 2. -40. 
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a 3 2 1 0, <10 2. -40. RUM T 672. 0 0 0 REPORT 11 REPORT 14 
PLACE ALL MCASI IRrMENT FUNCTIONS ON THE 8 A.M. TO NOON I P.M. TO 5 P.M. OPERATING SCHEDULE OF TIMER FUNCTION !5. REPEAT THE 28 DAY RUN AND REPC.RT FUNCTIONS D THROUGH 12. PARAMtTER 5 (5) 3 PARAMETER 6 
(5) 3 PARAMETER 7 (5) 3 PARAMETER 11 
( 5 ) 3 

RUN 1 6 7 2 . 0 0 0 
REPORT 5 
RL.-OKT 6 
REPORT 7 
i-FCPRT 0 
R t l CRT 9 
REi'ORT 10 
S r t W T 11 
nL,"'or?T iz 

RETURN MHASUREMENT FUNCTIONS 6 AND 11 TO CONTINUOUS OPERATION AND HEAPURF ONLY MATERIAL A WITH 2.0 STANDARD DEVIATION CF RANDOM ERROR PARArl£TEi'< 6 (111 (H 1 6) A 0 0 0. 0. 2. IS) 1 
PArwFir iR 11 

Cl ) 1 ( 2 1 6 1 4 0 0 0 . 0 . 2 . (5)1 
CHANRE CF1BA FUNCTION 14 TO REPLICATE SAMPLING OF THE MATERIAL BALANCE MASS Ei>RCR FOR MATERIAL 4 AT THE END OF EACH OF THE r-lftST FOUR WFEK? CF OPERATION AMD REMOVE INPUT FUNCTIONS 5 AMD 7 PAfJAK-TTEP 14 
(1)4 (2 1 38) 4 3 2 2 168. 40 5. -100. 4 3 2 2 336. 40 S. -too. < 3 2 i 504. 40 5. -too. 4 3 S> 2 S72. 40 5. -too. (3 1 1)6 
ELIMINATE FUNCTIONS 1, 3, 5, AND 7 DESTROY 1 DESTROY 3 DESTROY 5 DESTROY 7 
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TtTM m i r - A T J . ' ! ' ^ rsr s?u D A Y S O F O P E R A T I O N W I T H A D U M P , MO T R A C E , 
AND rT:,- i j : ; i .:»;• GivLY OilriA FUNCTION 1*3 

•'irn ID f ,7 : j . T (j 0 
! ...-OKI" 14 

r?ri>t*AT M J fJ I FIFTY RfTI'l ICATE RUMS AND MO DUMP 
K'Uil NO 8 / 3 . fj 0 0 
I.... Or? i" M 

FNfl 

P r ' . C ( r g p F j ' f ' U t i O i l 

With the in-:iut file above nsned MCSSIN, the MCSS program was executed 
on th-.* t i m r.lwrin<3 pytirn *>t Lawrence Livcrnoro Laoor^tory as snown in the 
i"ol lo..'ir..r* <v.rv oF vhs-.t sofvo^rcd «n the user's terminal, The first two l;nes 
-<« .' .».' :hj*-.-..-j • -, 5i COK1 KfJL-• I; U inquiry to determine xhc user's tine error ̂od 
•*>i i «-»r- TO .--.'-•. ••! jon of i ho f?y!r">lG prot>lc*n. The Third tine- is xnc user 
coi.,-'in'J thar. •̂:.-ut",i tho MCSS program v-ith a tine linit of one minute and a 
p.*iorir,y of 1.0. Thc::c are followed by the keyword connancl lines of the 
iiv-i1"- fi(-i v.'hi<:h arc wri'fctcfi on the interactive output devise at thoy are 
•-r.-... "i,tT. .r,,t .v.iritvj «x< fit, ion of the progren. This informs the user of 
pr̂ -.i-/!'-: in c-out ion wh»-r« Severn 1 tasifi ore defined if) a Single input file. 
Tha ALL DOMF nns'i/aqo indicates normal complct ion of control Ice execution on 
tho i.TS system. And the last two lines are the response to a second 
GOM'i rtfii, - £ U inquiry. The difference in user's charged tine before and after 
£xH-.urinri or She cx*np1c indicates that 0.4796 minutes of CDC 7600 tine were 
roM'< ircd. 
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0000. !£?£' 
He** I 1 

CPgrtTE 1 1 01 BCMT 
R*PRM£TER 1 
CREATE c' 1 01 RCMf 
PftfJAMETEP c 
CWEST6 3 101 PCM* 

CREATE 4 ?01 TPMI 
PAPAnCTEP ^ 
CPCSTE 5 701 MZMC 
FAPiftnETEP 5 
CREATE * 7 0 ! M3M» 
PftPflMETEP * 
CPEftTE 7 701 nZMf 
PflPWETEP 7 
CREftTE 3 301 TPMP 
FflPAMETEP 8 
CPEfiTE ? 501 TPMP 
PflPftMETEP ? 
CPEftTE 10 3-01 TPWS 
PflPflHETEP 1 0 
CPEftTE 11 701 M£MI 
PflPftMETEP 11 
CREATE 12 301 TPnt 
FftPHMETEP 1£ 
CPEftTE 13 401 STOP 
PARAMETER 13 
CREATE 14 70S CHt« 
PflPftMETEP 1-4 

• ••••WflPNIN'5»»»»» 
SET PflPRHETEP LIET E>CEEI»S 100 ELEHENTf 
CREATE 15 601 TIMP 
PARAMETER 15 
PUN 1 4!?. J ? 0 
PUN 1 672. 0 0 1 
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PARAMETER 
PflBflMGTCP 
Ff lPWMETEH 
F-APAhrETER 
FPPAMBTEB 
RUM 3 67£ 
REPORT J 1 
PEPDPT 14 
FABPHETEP 
PflPPMeTEP 
PflPftMETEP 
PARAMETER 
PUN 1 672 
PEPDPT ".' 
REPnPT 6 
PEPDPT 7 
REPORT 8 
REPOPT 9 
PEPDPT 
REPORT 
REPORT 
PflPfiMETEP ' 
PARAMETER 
PARAMETER 
TJESTPOY 1 
ne*TPDY :? 
fESTRDV 5 
BESTPQV 7 
RUM 1 0 673. 
PEP-OffT 14 
PUN 50 673 
REPORT 14 

11 
14 
0 4 

0 0 

10 
11 
12 

0 0 

0 i? 

ALL. T>CWE 

0000.6028 
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Output Fllo MCSSOUT 
The complete output -Pile produced by execution of the program is 

reproduced bolow. All output produced by the MCBS program is in upf>c- c:\i.c 
lettering. Explanatory notes inserted at various places in the procjr̂ tr. 
output are indented and are in lower case text format. 

MATERIAL CONTROL SYSTEM SIMULATOR VERSION 1.0 1/1/76 

MCSS USERS MANUAL EXAMPLE 1 MATERIAL BALANCE ARiTA ACCOUNTABILITY 10/18/77 HCS31N24 

CREATE 1 101 RCMB 
RECEIVE BULK MATERIALS 1 AND 2 

PARAMETER 1 (1) PERIOD OF ARRIVAL SCHEDULE 24. (2) NUMBER Or ARRIVALS PER PERIOD 2 (3 1 2) SCM1FDULED AI1R1VAL TIMES 8. 13. (4) MAX DEVIATION f-S?!JM SCHEDULED TIMES 2. (5) MUMDEI' OF" BULK MATERIAL TYPES 2 (6 1 Ml BULK MATERIAL SPECIFICATIONS TYPE 1 MEAN COUNT 100 MAX DFVIATION OF COUNT SO MEAN MASS O. STD DEVIATION UF MASS 0. MAX MASS 0. M1N MASS 0. 2 0 0 20. 5. lono. O. (11) TIMING CODE 1 
112) TIMER FUNCTION 15 113) DESTINATION F'.'HCTIOM 5 (1 4 ) TRANSPORT FUNCTI ON 4 To avoid repetition, annotation defining values specified in the input file is included at only the first sppaeronce of a particular type of entry. In specifying the 14 elements of list valued ner.3r.eter 6 above, annotation is included to define the first seven elements, but, since these definitions also apply to subsequent groups of elonents within the list, only numerical values of the last seven are supplied. In specifying the parameters of function 2 below, only nunerical values of parameters alrondy defined in ne specification of function 1 are 
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i nc luded . Moto these pf - ranctors 7 th rough 10 a re not s p e c i f i i d In 
f u n c t i o n 1 "so tl i i :y o r i 4nfir.ee! i n the p a c i f i c a t i o n s of f u n c t i o n 
2, N o l l e ) r\M t h a t a incc e l l o f tho parameters of 101 RCMB 
fui-ici; i c.uz h:.vc l iccn '.-•-fin^d p r e v i o u s l y , on ly nuno r i co l ve luos f i re 
s u p p l i e d f o r t hn psr.:.flO'..crs of f u n c t i o n 3. To s i m p l i f y 
nodi r lcr>t ion of noclat *aystai-ns, tho sn<2ci f i ca t IIons of par^no ta ru 
•3nri \jz.p i.-..! i l c I m c l s ! c o n d i t i o n s a rc p laced in :;cp<n -^tc l i nes oi' 
the in,3ut f i l e , These convent 1 ons in dQ f i n l nn 2nd s p e c i f y i n g 
v a k r s .•*'.>r>pI irtri t o tho MOSS progrart era not r equ i r ed by the 
proQrcn. The u'-ior i'ii:y onploy other p.ethoris of rfocuncniai: i on and 
nay choosa t o co.-iprc-s,^ the input f i l e aubstant I s l ly by 
sor.c i-.n.'f. l«o i i w « ' n ! o n i r i c s on s i n o l c l i n o s . 

Cl.rATF 2 101 RCMB 
KFCEIVE CONTAINERIZED MATERIALS 3 AND A 

iV.PAfl'CfER 2 
I 1 I 24. 
(2) 1 
( S I 1) 12.5 (4) 4.5 17) HuTT-CR OF MATERIAL TVPES RECEIVED IN CONTAINERS Z (8 I M ) COHi'AlliERIZED MATERIAL SPECIFICATIONS 3 300 100 0. 0. 0. 0. .1 0 C « . 20. 1000. 0. (9) MEAN M'.TOI:R OF CONTAINERS RECEIVED PER ARRIVAL 2 (11) tl«/. DEVIATION t-'r tfV\t-yZ>-. CONTAINERS RECEIVED PER ARRIVAL 1 (11) 1 (12) 15 (13) G < M ) A 

CKEATE 3 m i RCKB 
rslCliVF RIJIK MATFRIALS S AND 6 AMD CONTAINERIZED. MATERIALS 7 AND 8 

PARAIGiTFIr 3 
(1) 24. 
(2) 2 
(3 1 2) lO. IS. 
(4> 2. 
( 5 ) 2 
iC 1 14) 

5 500 10 0. 0. 0. 0. 
6 0 O BO. R. 1000 0, 

(7) 2 
(0 1 14) 

7 700 Sri 0. 0. 0. 0. 
e o o oo. .6 lorao. o. 

O ) 2 
(10) 0 
(11 ) 1 
(12) 15 
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( 1 3 ) 7 
( 1 4 ) A 

CREATE ". 301 iT<MC 
TKAMSrOm lA l 'ERIALS FROH RECEIVING STATIONS TO MEASUREMENT STATIONS 

PAR« i r : v i : n 4 
(1) MEAN TRANSPORT TIME O. 
<S! HAK M V I A T K ' N 0!" TJAIISPORT TIME 0 . 
NO F l M C T ' O f S ARE NOTIFIED. AT CONDITION TIMES 

By si'i*: - i Fy in r j f.oro n o a n i r ^ r . i p o r t t i n e a n d z e r o d e v i a t i o n , 
tre;rr;|-- n f u n c i * i r - n 4 a i n u l a t ^ s t h u n c v c i w n t o f f ncom i ngj n a t c r i a ] 
b e l c h ' s i n t o t h e n e f - s u r c n e n t f a c i l i t i e s o f t h e t h r e e r e c e i v i n g 
s - l ^U - ' s ;: u i i . .ad i . r . c i . ' u p o n t i i c i r s r n v e K 

CRE/>Tir 5 7 0 ! M*r!R 
MI.ASlir-E I !•"•• OI" I NB MATERIALS 1 AND 2 AMD REPORT TO MATERIAL 
OAI.ANC: FI ' f ' i .TION 

F'AR».METF.r< 5 
(1) HLTOFI". nr MATERIAL TYPES MEASURED 2 
C2 T 12! t7.#%~.!JH6Mei«T »PLCf FICATIOMS 

TrPE i 
MEAII i.C'JKT ERROR 0 
MAX Ii'VIATION OK r.OUNT ERROR 1 
SYr. ir./.nr, M A * 5 rnrOR 0. 
Mli'.M r l " HAKD0I1 PSAS.S ERROR O. 
STD A V I A T I O N OF 7AN0OM H.",SS ERROR 0 , 
2 II l i i i , 0 , I . 

(31 MFAN l l l l t TO COMPLETE ALL MEASUREMENTS A. 
f - l ) MA," PKVI.'.TION Or l-FAFURFMEMT TIME . 5 
(!>i T I l l i r K . ' l>DE 1 
!6> 'I IMC* riJh't.TION 15 
IV i ) ) f|,.'H;l iuli FUNCTION 14 
! 0) Ur.ST 11 .'A f J ON F U N C I Oil) I I 
( f ! ) T ' V ' l i l 1ST FUNCTION 3 
NO I-Ulll-TIO ••; AlSE. NOT! f I ED AT CONDITION TIMES 

CHEATS C 701 KZ»n 
PE..3UPE IIICOMiMG MATERIALS 3 AND "I AND REPORT TO MATERIAL 
::M • \NCf-" : r'i- - ;u i Ift-P 

PARAMETER 6 
I I ) 2 
( 2 1 I E ) 

3 0 3 0 . 0 . 0 . 
A 0 0 0 . 0 . 2 . 

( 3 ) 4 . 
( 4 ) . 5 
( S ) 1 
ce> 15 
1 7 1 1 ) 14 

file:///NCf-
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(8) 11 CO) 9 
t-F'EATi: 7 701 M2I1B MEASURE IMC0I1INC MATERIALS 5. 6, 7, AND 8 AND REPORT TO MATERIAL BALANCE CVi.UITf! 
PAr/.nETtrs 7 

11) 4 
(.2 1 24) 5 0 5 0. 0. 0. 6 0 0 D. 0. 3. 7 0 7 0. 0. 0. 8 0 0 0. 0. 4. (3) 4. !4) 1 . 15) i (6) 15 (7 1 1) 14 
(8) 11 (9) 10 Hcosurcnont functions 5, 6, and 7 have in this exareplc been Er-coificd xo rK^'vjro all of the nevteriels that are received. Th 701 rl̂ ilD function nay, in general, bo used to measure any spfcrf iod set of nntorial types. If no natcrial of a specif iocf typo i? present in a measured batch, ths noa'iurod quantity r-Ti-'tod to tho apoeffied nonitor function is zero. 

CI'niATE 0 00". TRKB 
TRANSPORT MATERIALS 1 AND 2 FROM INPUT MEASUREMENT STATION TO THE STOrRGr r-if.'.-:UREWCHT STATION 

PARAMETER 8 (1 ) 24 £2) 12. NO rilNCTIOMS ARF. NOTIFIED AT CONDITION TIMES 
CriFATE 9 301 TRMB TRANSPORT MATERIALS a AND 4 FROM INPUT MEASUREMENT STATION TO THE STORAGE MEASUREMENT STATION 
PARAMETER 9 (i) ae. (2) 24. M0 FUNCTIONS ARE NOTIFIED AT CONDITION TIMES 
CREATE 10 301 TRMB 

TRANSPORT MATERIALS 5, 6, 7, AND 8 FROM INPUT MEASUREMENT STATIONS TO I HE STuttAQE MEASUREMENT STATION 
PARAMETER 10 (1) 43. 



Materiel Balance Area Accountability 

C2) 12. NO FUNCTIONS ARE NOTIFIED AT CONDITION TIMES Thrco instances of tho 301 TRMB function were required to simulate the different tines that material batches fron the throe receiving stations reside in the netorlal balance area. If tho statistics of these thrco residence times had been the same (and no necessarily zero as [n the case of function d) a single transport function could have bean used to simulate all three transport operat i ons. 
CREATE II 701 MZMB. 

MEASURE OUTGOING MATERIALS 1 THROUGH 8 AND REPORT TO MATERIAL BALANCE COMPUTER 
PARAMETER 11 (IIS IS 1 48> 1 0 1 0. 0. 0. 2 0 0 0. 0. 1 . 3 0 3 0. 0. 0. 4 0 0 0. O. 2. 5 0 5 O. O. 0. 6 0 0 O. 0. 3. 7 0 7 0. 0. 0. 6 0 0 0. O. 4. (3) A. M> 1 . (5) 1 (S) 13 (7 1 1) 14 (S) 13 (9) IS No annotation is used in the specification of function 11 because all of ths parameters of the 701 MZMB function have previously been defined in specifying functions 5, 6, end 7. Notice how the 16 values of parameter £ are arranged in tabular form to make the input file readable and easy to modify; each row of the table contain? tho ncrs^urcnent specifications for a particular material type, 
CREATE ia 301 TRM.9 

TRANSPORT MATERIALS 1 THROUGH 8 FROM OUTPUT MEASUREMENT TO STORAGE 
PARAMETER 12 (1)0. (2) 0. 
CREATE 13 401 STOR 

STORE BULK AND CONTAINERIZED MATERIALS 
PARAMETER 13 

(1) SINGLE DEPOSIT HOLDUP 1 
-125-
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'? I-"!71 AMI f - OF BUL!" STORAGE 1 0 . 
. ' 3 . -n •!! 1 r.l :. SUfjrACr AREA CONTACTED PER UNIT MASS BULK STORAGE 1 . 
M l .iiJI.r. fln.R/'G'J Si l l - IACF HOLDUP COr.F-F I CI ENT . 0 5 
•Z 1 4 ) M 1-uFff 

F!"..:• -"."oftAei; o.« *" i 
cui'l AM-E.R STOli: ' ' /-" D4TA 1 
NATi'RI ": IN STDIWGK 1 
!'.A i' ' ' ."•' i *: !l'',• 'f'Hp ; MO ' MfICT!OI!7- ARE HOT FIED AT CONDI TIOI-. TIMES V v •'.':' sTOil fi*i CIIOII i!» used ir. this oxanplo only to illustrate r.h.: ci': u--i • Is of i".s specification and reporting. If the n;--. i. ir.i,: : on rum- ion snncrfirvJ by paramotor 8 of function 11 had :..• in 4-:.. iLjnc*.! •• \JC zero, the material bratches would have been ri- :,r*>;Td at f.< •. i ̂  they completed tho transport operation -. ir.•»'..;.̂  j:." *, " :'.ri 12. The storage sppce occupied by the data Mru: i.îrr repp .. rit ,:.y natoricjl batches would then h3vc been • t:;-cj!j. ••! t'j frco -store at the tine the batches were destroyed In vhi'- cr-'-'--, ell o" the nateriol is- placed in the storage function t?hd rcto-trtfc the.-'* until tho ond of each simulation run. Arbitrary •'::l .--•: n" bulk - -..-.-ĉc vcss-el end (botton) arcs, surface area :_•'.'...*;• i.^rt psr ui^t of Iiass in b'.jlk storage, and tho surface holdup c- ••:" ic i-.-r-H: of ̂ hc single deposit holdup nodcl wore specified for 

1 < 7 •' 'A .' I 
• >i::r. C^i i rUTATION 

CAT1CM3 

&J 2 
COtTiT 1 
SIAMPLir-ir; AT I MI'UTVOUTPuT TIMES 1 

'IV '.">'>" •"« lii'iTCIiRAM CELLS 4 0 
Wl n v H r. '- l i r o C G » ' . M CELLS 2 0 . 

: . - i _ : . 
: . 1: I <-r r iF iST HlSTCiUPAl-

' 3 1 •J. 10 1 . - 2 0 . 
ri 40 •".. 0 

? ~ 2 ) b. 40 I - 2 0 . 

i i : : ?:' •no : i o . 0 . 
40 a . - 4 C . 

4 S. 2 a'. 40 10. 0 . 
Z 0 40 i - a o . 

5 1 0 . 43 100 . 0 . 
1 0 . 40 B. - 1 0 0 . 

5 '> J> i 0. 40 ; ; o . 0 . 
6 ri 2 i 0 . 40 ;>. - 4 0 . 
7 ;: i I 0 . 40 5 0 0 . 0 . 
7 3 1 ! 0 . 40 5 . - 1 0 0 . 
0 2 2 1 0. *A IV ] . 0 . 

r 
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8 3 2 1 O. 40 5 -100. 
(3 1 3 ) INPUT FUHCTIOnS S 6 7 
( 4 1 I ) iMJIi-UT FiriJCT !uNS 11 

Function 14 is upecified to naintain two material balance 
cenptr- -ji ions for each of the eieht tyaos of notcrial encoring nnd 
loGvlnc the notorial balance arcs. True and error (observed or 
book. v»slu~ ninun the true value) notorial halencc computat 1 ons arc 
sc*~ i ? ir:c! by i-ni- second elcncnc in each group of cioht ctencnts of 
I i lit ^aluod [-'«-<* «**ncxor 2. Notice hort the values of parameter 2 are 
•trr='A'_y:(\ in . -h-tlar forn vit!"» each row or line of -the input fi'ie 
sr>f.c. I ','y i ng the material bt'le.-ioc computation for a particular 
n-> •: -r > a! T ypn . 

CWcATf 15 601 TIMR 
riiirc; "01! A STAI'IO/VM KfiRv; W E e i < W I T H ONE 8 A.M. TO 5 P.M. 
SHlT'l WELKUAYS AMLl INTERVALS 0 A.M. TO 12 NOON AND 1 P.M. 
TO 5 P M. EACH SHIFT 

PARAMETER 1 5 
( 1 ) PCI: 160 160. 
( 2 1 SHIFTS PER PILRIO0 5 
( 3 1 5 ) SHIFT STARTING TIMES S. 3 2 . 
( 4 1 S) SHIFT ENLililG TIMES 17 . 4 1 . 
( 5 1 I M ERVAl.S PEf; PERIOD 10 
(c i io) iNTr:r/*.L STARTING TIMES 8. 

104. 109. 
(7 1 10) INTERVAL ENDING TIMES 12. 

luO. 113. 
This conplotos ths creation and specification of the model system, 
To '.'orify o.\-.iX ttm nodol systert has been constructed properly and 
thai. it. pnrfornjj as specified, wo noxt perforn a short simulation 
run, recasting a dump of tho node I system and printout of event 
and ifrtGraotion ne^sages. 

AT I ON WITH A DUMP, LEVEL 3 TRACE, AND 

56. 80 
65. 89. 

101. 
113. 

13. 32 37. 56. 61 ao. as 
17. 36. 41. 60. 65. 84. 89. 

SIM'll.ATE 2 DAYS OF 
NO REVORT 

RlMI 1 111. 1 3 0 
conMOM 

MTO 15 
MFROM 0 
1CTYPE -6 
I POINT 0 
1 DUMP 1 
ISECA 100 

I TRACE 3 
LB 1463 

LSCA 2417 
LBLIST 1S60 

LBPT 1 
LBUF 650 
LCSB 104 
LE 151 1 
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LEC 
LFFB 
LFFE 

LI 
LLE 

LLFB 
LLFE 
LMS 
LNE 
LP 
LV 

MINNFL 
I1NSE 
NFE 
NFL 
NI 1 
N12 
NO) 
N02 

NBEP 
MRUN 
NSE 

TIME 0. 

148 
2417 
180 

1504 
1C5 

2417 
645 
104 
165 

1488 
1496 

17582 
6 

94 
17582 

5 
59 
6 

59 
1 
1 
6 

TSTOP 4. 6000E*01 
FUNCTION 1 
LB+00 732 101 

+ 1 733 22 
+ 2 734 1 
+ 3 736 15 
+ 4 736 2 

LP+ 0 1 737 0 
+ 1 3 73B 2, ,4000E*01 
+ 2 1 739 2 
+ 3 4 740 756 8. .OOOOE+00 1. 3000E+01 
+ 4 a 741 2. OOOOE+00 
* 5 1 742 2 
* 6 4 743 766 

1 
0. 
.OOOOE+OO 1 , 

0. 000OE*O2 
5 
2 

OOOOE+01 
.OOOOE+00 0, 

0, 
a ioOOOE+01 s, ', OOOOE+OO 1 ,OOOOE+03 0. 

• 7 1 744 0 
• e 4 745 0 
+ 9 3 74C 0, 
• 10 3 747 0. 
• 11 1 746 1 
• 12 1 749 15 
+ 13 I 750 5 
•14 1 7S1 4 

LV* 0 1 752 1 
• 1 1 753 0 

L1+ 0 1 754 0 
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+ 1 1 755 0 
FUNCTIOIJ 2 
LB-+00 784 101 

• 1 785 22 
• e 786 2 
+ 3 787 19 
• 4 788 Z 

LP+ 0 1 789 0 
+ 1 3 790 2 .4000E+OI 
+ 2 1 791 1 
• 3 4 792 808 

1 .2500E+01 
+ 4 3 793 4 .5000E+00 
* 5 1 794 0 
• 6 4 795 0 
+ 7 1 796 2 
+ e 4 797 SIS 

3 
0 
.0000E+00 3 

0 
.OOOOE+02 1 

4 
.0000E+02 
.OOOOE+00 

0 
0 

4 iOOOOE+01 2 '. OO00E + 01 1 .O00OE+O3 0 
+ 9 3 798 2 .00O0E+O0 
+ 10 3 799 1 .OOOOE+00 
+ 11 1 800 1 
+ 12 1 801 15 
+ 13 1 602 6 
+ 14 1 803 4 

LV+ 0 1 804 1 
+ \ 1 305 0 

LI+ 0 1 80S 0 
+ 1 1 807 0 

FUNCTION 3 
LB+00 836 101 

+ I 837 22 
+ 8 838 3 
+ 3 839 15 
+ a 840 2 

LP* 0 1 841 0 
+ 1 3 842 2. 4000E+01 
+ a 1 843 2 
+ 3 a 844 860 

t . 0000E+01 1 . 5000E+01 
+ 4 3 845 2. OOOOE+00 
* 5 l 846 2 
+ la 4 847 870 

5. 
0. 

OOOOE+00 5. 
0. OOOOE+02 

1 , 
6. 
.0O0DE+01 
.OOOOE+00 

0. 
0. 

6. 0000E+01 6. 00O0E+O0 1 . .OOOOE+03 0. 
+ 7 1 848 2 
+ 6 4 849 888 

7. 
0. 

OOOOE+00 7. 
0. OOOOE+02 5. 

8. 
OOOOE+01 
OOOOE+00 

0. 
0. 

8. 00O0E+01 8. OOOOE-01 1 . OOOOE+03 0. 



1 

Plsxcr i s 1 . B s l a n c o A r e a A c c o u n t a b i 

• 9 3 850 a r>c>o"r>')o •10 3 SSI 0 
+ 1 1 852 1 
+ 12 853 s "-13 8S4 7 
+ 1(1 855 4 

LV + 0 036 1 
* 1 837 0 

LI * 0 80S 0 * 1 859 0 
FIJMCTIOH 4 
LfsiDO 

• 1 
90S 907 301 

18 + p 906 4 
* 6 909 5 
* 4 910 5 

LP* a 1 911 0 
+ l 3 912 0 
* 3 3 313 0 
+ 3 2 914 0 
+ A 915 0 

LVH 0 916 1 
+ 1 917 0 
+ a yio 0 
• 3 3 919 0 + 4 9?0 0 

L I * a 921 0 
* i 922 0 
* 2 923 0 * 3 3 924 0 
+ a 1 925 0 

FUNCTION S 
L&+00 926 701 

+ 1 9a"' ;>4 + 2 92a 5 • 3 929 11 
+ 4 930 5 

LP+ 0 1 931 0 
+ 1 1 932 2 + 2 4 933 952 

0 
0 

OOOOE+OO 0. 1.OOOOE+OO 0 
2.OOOOE+OO 0. 0 
1.OOOOE+OO 

+ 3 3 931 4 ooooe+oo + 4 3 935 5, 0000E-05 
* 5 1 936 1 
+ 6 I 937 15 
* 7 2 938 see 14 
+ 8 1 939 11 
+ 0 1 940 8 
+ 10 2 941 0 

- 1 3 0 -
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LV-i C 942 1 
+ 1 943 0 
+ ?t 944 0 
'' 3 3 345 0 
* 4 94G 0 

LI t l! 047* 0 
* ) ?4d B 
+ £ o-to 0 
• 3 3 S60 0 
+ 4 I 951 0 

i'Ui!f:i'[QI» 6 
1. V.'. 0 0 37 B 701 

• 1 970 24 
• 2 QGu 6 
+ 3 901 : 1 
-* 4 ft." 2 5 

LP* 0 I <!33 0 
• 1 I O.I 4 2 
* a 4 0«5 1004 

3 
0 
0 

O00OE '00 0. 
4.0000E-CO 
2 3O00E*OC 

3 ecc'- -••-
0 ? 

• 3 3 ^36 4 0O00E*!)0 
* a 3 987 5 G000E-O1 
•> 5 l 988 1 
* 6 I 039 15 
+ 7 2 990 1020 

14 
• a l 991 i 1 
• 9 l 392 9 
+ 10 p 093 0 

LV+ 0 l" 394 3 
• 1 l S95 0 
• 2 l 926 0 
• 3 3 097 O. 
* 4 l 930 0 

LI* 0 ' 999 0 
• 1 1 1000 0 
• 2 1 1001 0 
• 3 3 100? O. • .1 1 1003 0 

FUNCTION 7 
LE + 0 0 1030 70) 

+ l 1031 24 
• 2 1032 7 
' 3 1033 1 1 
• 4 1034 5 

LP* 0 1 1035 0 
• I 1 1036 4 
* g a 1037 lose 5. 

0. 
000 OE* 00 0. 

6.0000E+00 
5.0000E^OO 
0. 8 o. o. 
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0 
0 
0 

+ 3 3 1036 4 OO0OEH50 
* 4 3 1039 1 OOOOE+OO 
* 5 1 1040 1 
+ 6 1 1041 15 
+ 7 2 1042 1034 
+ 8 1 1043 11 
• 9 1 1044 10 
+ 10 2 1045 0 

LV+ 0 1 1046 1 
+ 1 1 1047 0 
• 2 1 1048 0 
+ 3 3 1049 0 
+ A 1 1050 0 

LI+ 0 1 1091 0 
+ 1 I 10S2 0 
• 2 1 10S3 0 
+ 3 3 1054 0 
• A 1 1055 0 

FUNCTION 6 
LB+OO 1094 301 

+ 1 1095 18 
* 2 1096 8 
+ 3 1097 5 
+ A 1096 5 

LP+ 0 1 1099 0 
+ 1 3 1100 2 4D00E+01 
* 2 3 1101 1 2000E+01 
+ 3 2 1102 0 
+ A 1103 0 

LV+ 0 1104 1 
+ 1 1105 0 
+ 2 1106 0 
+ 3 3 1107 0 
+ 4 11 OB 0 

LI+ 0 1109 0 
+ 1 1110 0 
* 2 1111 0 
+ 3 3 1112 0 
+ A 1 1113 0 

FUNCTION 9 
LB+00 1114 301 

+ 1 11 15 18 
+ 2 1116 9 
* 3 1117 5 
+ A ma 5 

LP* a 1 1119 0 
* 1 3 1120 4. 8000E+01 
+ 2 3 1121 2 4000E+01 

3.0000E+00 7.0QOOE+00 0. 7.0000E+00 0. 0. 8.0000K>00 0. 0. 0. 4.0000E*00 
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» 3 2 1122 0 
• a 1123 0 

LV* 0 1 124 1 
* 1 1 125 0 
+ 2 1 12S 0 
+ 3 3 1 127 0 
+ 4 1 12B 0 

LI + 0 1 120 0 
+ 1 1 130 0 
* 2 1 131 0 
• 3 3 1 132 0 
• 4 1 1 133 0 

FUNCTION 10 
LB+00 1 134 301 

* 1 1 135 18 
+ 2 1 13S iO 
• 3 1 137 5 
+ 4 1 1S8 5 

LP* 0 1 1 139 0 + 1 3 1 140 J 3000E+01 
+ 2 3 1141 1 20O0E+O1 
+ 3 2 1142 0 
+ 4 1143 0 LV+ 0 
+ 1 

1144 1145 
1 
0 

+ a 1146 0 
+ 3 3 1147 0. 
» 4 1148 0 LI+ 0 1 149 0 
• 1 1 150 0 
* 2 1151 0 
+ 3 3 1152 0. 
• 4 1 1 153 0 FUNCTION 1 1 L5"-0D 1154 701 
* 1 1155 24 + 2 1156 It 
• 3 1 157 1 1 
* 4 1 158 5 

LP* 0 1 1 159 0 
+ 1 1 1 160 a + 2 4 1161 1180 1 

0 
OO0OE*OO 0 

2 00O0E*OO 
1 o OOOOE+OO 0 

0 
0. 0. 0 0 0 0 

6. O0O0E*OO 

1 
0 
0 
5 
0 

OOOOE+00 

OOOOE+OO 

3 
0 
0 
0 
0. 

OO00E*00 0 
4 
2 
0 
0. 

OOOOE+00 
OOOOE+00 

3.OOOOE+OO 
0. 
5.OOOOE+00 0. 0. 3. 

0, 
0. 

0000E*00 7 0. 0. 
0000E+00 0 

8. 
4. 

0OOOE*O0 
0000E+00 

7 
0 

OOOOE+00 0. 
0. 
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+ 3 3 1 1 6 2 4 W O O ! ' ••00 
* a 3 1 1 •,-: 1 nnrtoi : l>0 
+ o 1 1 1 6 4 1 
• 3 I 1 1 0 3 ; S 
i 7 2 : n o l 2 3 2 

+ 8 1 1 1 8 7 1 3 
+ 3 1 1 IG<J 1 2 
+ 1 0 2 1 1 V 9 0 

• 1 
1 
1 

i 1 7 0 
1 1 7 1 

1 
0 

* a 1 1 1 V 2 0 
-i 3 3 1 1 7 3 0 
• .1 1 : 1 7 4 0 

L I : 0 1 i i 7 0 0 
+ I 1 1 1 7 6 0 
+ "? 1 1 1 7 7 0 
+ 3 3 I 1 7 9 0 
•i .1 1 1 1 7 3 0 

r i - i n i r i O N 1 2 
L 11 1 0 0 i H.ia 3 0 1 

+ ! i ^^J^j 1 8 
+ 2 1 2 0 / 1 . 2 
• 3 1 2 4 S 3 
:• 4 1 2<1Ci 5 

L i ' • 0 1 12 /17 0 
^ 1 3 i 24 . ' ; 0 
+ ? 3 i a - i r j 0 
'• 3 2 1 2 S U 0 
i A U S I 0 

L V + 0 1 2 5 2 1 
* 1 i?r;-» 0 
* a 1 2 3 4 0 
+ 3 3 1 2 5 0 0 
+ A 1 2 3 6 0 

L1 + 0 1?.57 0 
+ 1 1 2 5 R 0 
•l 2 1 2 S 9 0 
+ 3 3 1 2 6 0 0 
+ A 1 1 i iG1 0 

F U N C T I O N 1 3 
LC + 0 0 1 2 S 2 4 0 1 

* 1 1 2 S 3 •44 
+ 2 1 2 6 4 1 3 
• 3 1 2 0 5 9 
* A 1 2 6 6 1 6 

L P + 0 1 1 2 6 7 0 
+ 1 \ 1 2 6 0 1 
* a 3 1 2 G 9 1 OOOOE + 0 1 
f 3 3 12 />0 1 0 0 0 O C + 0 0 
* A 3 1 2 7 ! 3 . OOOOE - 0 2 
+ 3 2 1 2 7 2 I S 0 3 
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* 6 2 1873 0 
+ 7 1274 IS">9 
+ 8 lf!7ti 1"5I19 

LV + 0 12713 1 
+ I 1277 0 
+ 2 1278 0 
+ 3 3 1279 0. 
+ 4 1 lano Q 
+ 5 3 !S01 0. 
+ 6 3 1202 0. 
+ 7 3 12S3 0. 
+ 8 3 12B4 0. 
+ S 3 i?n<; 0. 
+ 10 3 120'S 0. 
+ 11 1 1237 0 
+ 12 3 12fl3 0. 
+ 13 3 1 v."SZ 0. 
+ 14 3 1290 0. 
+ 15 3 1291 0. 

LI+ 0 1 1398 0 
+ 1 1 IS63 0 
+ 2 1 1204 0 
+ 3 3 1295 0. 
+ 4 1 18BS 0 
+ 5 3 1R97 0. 
+ S 3 12TJ 0. 
+ 7 3 1239 0. 
+ 9 3 i :snn 0. 
+ 9 3 13<S1 0. 
+ 10 3 1302 0. 
+ 1 1 1 1 303 0 
+ 12 3 1304 0. 
+ 13 3 13n^ 0. 
• 14 3 1306 0. 
+ 1S 3 1307 0. 

FUNCTION 14 
LB+00 1318 702 

+ 1 1319 11 
+ 2 1320 14 
+ 3 1321 6 
+ 4 1328 ! LP+ 0 1 1323 0 
• 1 1 1124 16 
• 2 4 13Z5 1331 

1 0000E+O0 2 OOOOE+00 1 OOOOE+00 1 OOOOE+00 0 
a 000OE+O1 2 00O0E+O1 0 1 0000(5+00 3 OOOOEtOO 
i OOOOE+00 1 OOOOE+00 0 4 ooooe+oi 1 OOOCE+00 

-2 00O0E+O1 2 OOOOE+00 2 OOOOE+00 2 0000E+00 1 DnOCE+00 
0 4 0000E+01 5 OQOOE+00 0 2 DOOOE+00 
3 OOOOE+00 a ooooE+no 1 OOOOE+00 0 4 OOOOE+Oi 
1 OOOOE+00 -a OOOOE+01 3 OOOOE+00 2 OOOOE+OO 1 OOOCE+00 
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1 ,0OO0E+0O 0 4 .00006+01 S , oooon+oi 0. 3 .OOOOE+00 3 .OOOOE+00 1 .0QO0E+00 1 ,ooooc+oo 0. 
4 ,00OOE+01 2 .OOOOE+00 -4 .OOOOE+OI A .OOOOE+00 2. .OOOOE+OO a .0OOOE»00 .OOOOE+00 0 A. OOOOE+OI 1 . .OOOOE+01 
0 4 .OOOOE+00 3 !OOOOE+OO 2 .OOOOE+OO 1 . .OOOOE+OO 0 4 .0000E+01 1 .OOOOE+00 -2 .OOOOE+OI 5. .OOOOE+00 
2 lOOCOE+OO ) .OOOOE+00 1 .00O0E+Ci 0 4. .OOOOE+01 
1 ,OOOOE+02 0 5 .OOOOE+00 3 !OOOOE+OO 1 . ,OOOOE+OO 
1 .000UE+00 0 4 .OOOOE+OI 5 .00001:+oo -1 . ,OOOOE+02 
6. .OOOOE+00 2 !OOOOE+OO 2 .OOOOE+00 1 .OOOOE+00 0. 
4. .OOOOE+01 2 OOOOE+01 0 6. .OOOOE+00 3. !OOOOE+OO 2, .OOOOE+00 t . 0300E+00 0 A. .OOOOE+01 2. .OOOOE+00 

-4. ,UOOOE+Ol 7 UO00E+0O 2 '. OOOOE+00 1. OOOOE+00 1. OOOOE+00 
0. 4. OOOOE+01 5 .OOOOE+02 0. 7. .OOOOE+OC 
3 !OOOOE+00 1 .OOOOE+00 1 .OOOOE+00 0 4. .OOOOE+01 
5 ,OOOOE+00 -1 ,OOOOE+02 8 ,OOOOE+00 2 !OOOOE+OO 2 ,OOOOE+OO 
t, ,OOOOE+00 0. 4 .OOOOE+01 5, ,OOOOE+01 0. 
8. 
4. 

OOOOE+00 
OOOOE+01 

3. 
5. \OOOOE+00 OOOOE+00 

2. 
-1 , 

.OOOOE+OO 
C000E+02 1 . OOOOE+00 0. 

+ 3 2 13215 M 6 3 5 6 7 
+ <S 2 I3i>7 14'3 1 1 
+ 5 1 1320 16139 1 1 

LV+ 0 1 1329 1 
LI+ 0 1 1330 0 
FIIMOTION 15 
1.0 + 00 

+ 1 
1483 
140.1 

iSOi 
+ 2 i4es 15 
+ 3 14.16 8 
+ 4 1437 8 

LP* 0 1 14S8 0 • 1 3 1 480 1.S800E+02 
+ 2 1 1490 5 
+ 3 A 14S1 10'2 

8. OOOOE+00 3. 2000E+01 5. eoooE+oi 8. OOOOE+01 1 . 0400E+OS 
+ 4 4 1492 1522 

i , 7000E+01 4, ,1000E+01 6 5000E+01 8. SOOOE+01 1. 1300E+0S 
+ S 1 1493 10 
• 6 4 1494 1532 8. OOOOE+00 1 . 3000E+01 3. 2000E+01 3. 7000E+01 5. 6000E+01 8 IOOOE+01 8. OOOOE+01 8. 5000E+01 1 . 0400E+02 1 . 0900E+0! 
+ 7 4 1495 1546 1. 2000E+01 1 . 70O0E+01 3. 6000E+01 A. 1 OOOE+01 6. OOOOE+01 6. 5000E+01 8. 4OO0E+01 8. 9000E+01 1 . 080OE+02 1 . 1300E+0; 

LV+ 0 i M 9 6 1 
• 1 3 1497 1.6800E+02 
+ 2 1 1498 0 + 3 3 1499 0. 
+ 4 3 1500 e.00OOE+DO + S 1 1301 0 
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+ 6 3 1502 0 
+ 7 3 1503 8 !OC00E+O0 L1+ 0 1 1504 0 
+ 1 3 1505 1 .6600E •02 
+ s 1 1S06 0 
+ 3 3 1507 0 
+ 4 3 1506 8 'ooooe-i I-CJO * 5 1 1509 0 
• 6 3 1510 0, 
* 7 3 151 1 8 !6000E+00 EVENT CHAIN LEC LNE LLE LFFE LLFE NSE MNSE NFE ISECA 

148 165 155 180 645 6 6 94 100 
185 170 0. 
170 175 O.0O00E+O0 175 150 a.ooooE+oo 160 160 9.4375E+00 180 155 I.1125E+01 
155 0 1.5594E+01 FREE STORE LFFB LLFB NFL LBCA MINNFL 

2417 3417 
17582 2417 17S82 2417 0 17582 

15 15 15 1 3 2 

This completes the dunp of the model system. Sines this is tho first, run of tho nodcl system, the free store chain consists of a single block of 1 ?582 available neinory locations. The output file next contains tho chronological list of event and interactions written during tlva 48 hour simulation run. 15 EVENT BEGIN PERIOD 
BEGIN SHIFT 
BEGIN INTERVAL 

0 . 
0 . 15 601 T1MR 
O.COriOE+00 15 EVENT 
6 .00 i10E*00 15 601 TI11R 
e.OOOPEtOO 15 EVENT 
8 .000GE+00 15 601 Tl l iR 
9 . 4 3 7 5 E + 0 0 1 EVENT 
9 . 4 3 7 3 E + 0 0 4 INTERACTION 
9 . 4 3 7 5 E + 0 0 5 INTERACTION 
9,-1375E+00 5 701 MZMB MEASURF.MENT STARTED 
9 .4375E+0D 4 301 TRMB TRANSPORT COMPLETED 
9 . 4 3 7 5 E + 0 0 1 101 RCMB MATERIAL BATCH RECEIVED 
1 .11E5E*01 3 EVENT 
1 .1125E+01 4 INTERACTION 
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Material Be lance Area Accountability 

. 1 I Z H £ « 0 1 7 

. i isv.ir.toi 7 

. i i ? ' i - i n i 4 
t \?.--\. >n t 3 

. i ri!:or.< in 1 
i-jriu.-n-jl •I 
I'l'iOff + Ol 5 
i " - .nr , \ i b 

. 1 •«:-.CJE'01 4 

. 1 - , .pL*f i l 1 

.;:.•'» .r-:(j1 I S 
;:i-t^.oi:nji I S 

.:! i.-'Oi' !.oi 1 5 

. aonOEtg i i r. 

. :.7: fii::t)1 5 

. J / iOL . *01 i - i 

.;<700F.*01 1 4 
V O L f' l 1.1 
•.J/f.OE'Ol 1 4 
a/oor.+ni 5 
S / M F J O I £1 
3/ i j f l t>G1 fi 
4 r:";r;*oi 7 
443GE+01 1 4 
^Hoci^'-ni 1 4 
4^:.ob -01 1 4 
44:-C£>01 1 4 
'11';-.:r<0'- • ; 

*i ' i2se+oi 
t", 4^?eE*o i 1 4 

J'I^SEi-01 1 4 
. - I43SE-01 7 
.4^G&E»01 1 0 

443Sfc>01 1 0 
f..S77Ei-01 3 

. Sa7VE-:0l rt 

. Sti77£«01 7 

. 0-.-7 ' E * 0 1 7 

.5&77E+G1 4 
S077E+01 3 

. i>!..9 !fc :-01 2 
sr-o-iEtoi 4 
•:;r,.~,!ir-0' f" 
sso.it: i-oi e !>5nJE*oi 4 
3 S 3 4 O 0 I 2 
*SV72E*01 5 
5 7 / 2 E * 0 1 1 , ' 
5772L<01 l.i 6 7 > a r 4 0 1 l " 
'5. ' /ai i*0' i 1 " 
3V /2F+01 r. 

lNTKI'ACTION 
701 t12tt» MEASUREMENT STARTED 
SOI Tf:riP- Tf'AiV'SPOftT COMPLETED 
101 iiCMIi ilATEKIAL BATCH RECEIVED 
E«I;NV 
IMm-i , \CTiON 
I N I L:-'.'.C f 1 ON 
70 - •-.'VSfi MEASUREMENT STARTED 
301 IkrtP TRANSPORT COMPLETED 
101 I~I"NU MATERIAL BATCH RECEIVED 
Lvr N i 

END INTERVAL i lR 

BEGIN INTERVAL 

f.,01 Tlr 
EVI1NT 
301 T M f i 
EVENT 
I N'i INACTION 
702 CMCA MEASUREMENT DATA RECEIVED 
INYLiV.'.CTIUN 
702 CI IRA MEASUREMENT DATA RECEIVED 
701 Kim MEASUREMENT COMPLETED 
IHIErt.'.CTKJN 
30! TRtB TSAMSPaRT STARTED 
CVENT 
INTERACTION 
702 CM3A MEASUREMENT DATA RECEIVED 
INTERACTION 
70S CM3A MEASUREMENT DATA RECEIVED 
W E P A r n o N 
?0£ ChBA MEASUREMENT DATA RECEIVED 
INTERACTION 
70S tMSA MEASUREMENT DATA RECEIVED 
701 M2MB MEASUfiEMENT COMPLETED 
INTERACTION 
301 TrtMB TRANSPORT STARTED 
EVENT 
INTERACTION 
INTERACTION 
701 M7.KG MEASUREMENT STARTED 
301 TRTO TRANSPORT COMPLETED 
101 RCMii MATERIAL BATCH RECEIVED 
E Vli NT 
INTERACTION 
INTERACTION 
70! Mi(1n MEASUREMENT STARTED 
301 T f W TRANSPORT COMPLETED 
101 RCMU MATERIAL BATCH RECEIVED 
EVENT 
INTERACTION 
702 CMDA MEASUREMENT DATA RECEIVED 
INTERACT ION 
/OH CUBA MEASUREMENT DATA RECEIVED 
701 MZl'.fi ilEASUREMEMT COMPLETED 
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Material Balance Area Acconntabi ". ixy 

. S772' . *01 

. ?ti'-i.,;n)i 

. 7IH.'i.lE*0"l 

.?<"v:/*ni 

. ?(• juE + U1 

. !•:.••<, . > • • ' ! ; • > n i 

.'..!v-r<C.-i 

. iMOS't^Ol 

. '!/• ; r - *n i 

. 0 i" -T-trjl 
D n ?[:"•! 01 

.Cr1. , i | . :^ i 
, <l-1USEsCil 
o / n - T H . 1 

. $>'i'<£\ -i>\ 

. *»'! "• •fi:*oi 
,£ . f |S lLHI i 
. M-.MT ;01 
. 5 - : J U " I O I 
. ^ " l E - i - n : 
. 0 ' - . I h i O l .s.isioui 
.9 . i« i i" i - . i i 
. 3-i?1C»01 

r>. o ' / ' i r i r+o i 
r . . o / . i . ' i . i O i 
3. 0"/:it*l." + 01 
3 o? M : ; " " M 
3, Cl.JjiEHJl 
3 t ' / - > » r * o i 
S l / v / b + O i 
3 . 1767C-i0i 
2 .17B7E+01 
3 .17S7£*C1 
3 .?Onog+0: 
3 . £OO0ci-0i 
3.aonoe*oi 
3.i'0"» JE+01 
3 . 3 C 4 S E + 0 1 
s a i j ^ t + o i 
3 iJ04f !E+Oi 
i.ro«i3c<-oi 
3. a048E<01 
3.5CO0E + 01 
3.M1CGIM-0? 
3 .5000E+01 
n. '.'oonR+ni 
3, SO0OE'»O1 
3.3CJ0.0i~ + Ql 

14 
1 '1 
1/1 
1 4 
1 <1 
;<\ 
i 1 / 
in 
I 0 
G 

I I 
11 
54 

4 
1 a 

11 
i I 
a 

15 
15 
15 
15 
3 
4 
7 
7 
4 

14 
14 
1 4 
14 

5 

INTERACTION 
301 TDK) TRANSPORT STARTED 
EVliNT SOI TIKI* END SHIFT EVENT 
SO! Tll-lf! EMU INTERVAL 
EVENT 
INTEI.A'.TIttN 
70S CI-IMA MEASUREMENT DATA RECEIVED 
INTEFO.CI (ON 702 WOA MEASUREMENT DATA RECEIVED INTEr..'i:ntJN 702 CiC'A KEASUREMENT DATA RECEIVED INTERS r I ON 703 rMf-A MEASUREMENT DATA RECEIVED 701 K'.rSl f.f ASU3EMENT COMPLETED INTERACTION 301 IhVlii TRANSPORT STARTED EVENT INTEK.'l-TIISl; 702 ClUJA nT-A3UREMENT DATA RECEIVED IMTFP-,..TION 70? r.ri".A MEASUREMENT DATA RECEIVED 701 Mi': IIS HTASUREMENT COMPLETED INTERACTION 301 inili TRANSPORT STARTED EVENT JN.'EW.CTION INTERACTION 70) P,?.1P MEASUREMENT STARTED 30) Tiwm TRANSPORT COMPLETED 101 l-Clie MATERIAL BATCH RECEIVED EVENT INTERACTION 701 Mam MEASUREMENT STARTED TllAMSPCRT COMPLETED 

6LBIN SHIFT 
PEG IN INTERVAL 

301 TftMD 
EVENT 
60 i 1 I MR 
EVENT 
601 TIKR 
EVENT 
INTERACT I OH 
I N .'ERAC I I ON 
701 n.?Mn MEASUREMENT STARTED 
5 0 ! TXHft TPAtiS^ORT COMPLETED 
101 RSW MATERIAL BATCH RECEIVED 
EVENT 
INTliHACVIIW 
702 CMOA i-IFWUREMENT DATA RECEIVED 
IMTERA-r •[-,,! 
702 CUBA IV. ASIIREMENT DATA RECEIVED 

" Mt .".liUREMENT COMPLETED 

- 1 3 9 -
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Meter lal Balance Arcs Accountsbi": ity 

3 . 5onoE*o i 8 
3 . . 501f>E<01 0 
3 . b i K n j O l 1 1 
3 . Sft'::(.^0^ 1 4 

:; . s:-.;;-r i u l 1 'I 
3 . "J?V^. m i 14 
3 ?r'>»r-'i 'ji 1 1 
V . b?feC HJ1 1 4 
3 . , 52£Vr-+01 1 4 
3 . . 5 ; ^ :.+oi 1 1 
3 . Fi'--2F K31 1 4 
3 "j???! :-ni 1 4 
3 . .sa^fe+oi 1 4 
3 . . 52!>?t••> 01 1 4 
3 r,z:sji\ io i 1 1 
3 5?2?i :*01 1 4 
3 . . rtp5:?E CJ1 1 4 
3 . S.Zr.2<'£ K)i 1 4 
3 . 5828E-!-fJl 1 4 
3 . 5»2£E>0 I 1 1 
3 5822F. i-OI 1 2 
3 5S25T + 0 ! 13 
3 . r.aRaEhol 13 
3 . !????£'01 1 2 
3 S4O0r;:.1! 7 

S! 54O3E*0 l 14 
3 . 5«O3i:*01 14 

5403E : fj! "! A 

3! 540 iC+01 ; _; 3 . 5-103EK31 14 
3 . S403E*01 1 4 
3 . "><J03FtOI 1 4 
3 . 54031-+01 1 4 
3 . 54O3E+01 7 
3 . 54O3E*0i i n 
3 . S-403E>-0; 1 0 
3 . 5S14E+01 1 
3 . S514E<01 4 
3 . 5514E+01 5 
3 . . SS14FH01 s 3 . 5 5 H E + 0 I 4 
3 . n s u i F + o i 1 
3 . fjOOOE+Ol 1 5 
3 . SOOOE 1-01 1 5 
3 . 7000E+C11 1 5 
3 . 7000E+01 1 5 
3 . 7347E+01 * 3 . 7347E+01 4 
3 . 7347E+01 e 3 , 7.J47L+01 s 
3 . 704VK+C11 4 

7347I-+01 a 

INTERACTION 301 1RMB TRANSPORT STARTED EVENT INTERACTION 70S CMf.'.A MEASURCMENT DATA RECE \ VED I NVERACT I I'M 702 Ci-IOA MEASUREMENT DATA RECEIVED INTERACTION 702 CUBA MEASUREMENT DATA RECEIVED I NTERAC l': OH 70i CUBA MEASUREMENT DATA RECEIVED INTERACTION 702 CMDrt MEASUREMENT DATA RECEIVED INTERACTION 702 CM3A MEASUREMENT DATA RECEIVED INTERACT! Orl 70S C W A MEASUREMENT DATA RECEIVED IHTERACHOI 702 CM3A MEASUREMENT DATA RECEIVED 701 Main MEASUREMENT COMPLETED INTERACTION INTERACTION 401 STOM E1ATERIAL PLACED IN STORASE 301 TRME TRANSPORT COMPLETED EVENT INTERACTION 70S CM3A MEASUREMENT DATA RECEIVED INTERACTION 70K CKBA MEASUREMENT DATA RECEIVED INTERACTION 702 CUBA MEASUREMENT DATA RECEIVED INTERACTION 702 CMBA "IEASUREMENT DATA RECEIVED 701 MZMB MEASUREMENT COMPLETED INTERACTION 301 TRMB TRANSPORT STARTED EVENT INTERACTION INTERACTION 701 MZMD MEASUREMENT STARTED TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
END INTERVAL 
BEGIN INTERVAL 

301 TRMB 101 RCMB EVENT 601 TIMR EVENT 601 TIMR EVENT INTERACTION INTERACTION 701 fIZMB MEASUREMENT STARTED 301 TRMB TRANSPORT COMPLETED 101 RCMB MATERIAL BATCH RECEIVED 
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3 . 8337E-KJ1 3 
3 . 8 3 3 7 E t 0 1 A 
3 . 8 3 3 7 E K H 7 
3 . 8337E-K31 7 
3 6337E*01 A 
3 . 6337E«01 3 
3 . 93;6C*Ci1 5 
3 . 9 3 1 6 E * 0 1 1 4 
3 . S3ISt-:<01 1 4 
3 . <S316fc>01 14 
3 .9016E<01 14 
3 9316E*t11 S 
3 . 9 3 1 6 E * 0 1 a 3 . 9316E>01 a 4 . 0 6 5 1 E * d i 8 
4 . 0 0 6 1 O 0 1 1 1 
4 . 0 9 6 1 1 * 0 1 1 1 
4 .0961E+01 8 
4 .1O0OE+O1 1 5 
4 .100OE+01 I S 
a. . 1 0 0 0 E * 0 1 1 5 
A. .1000E+01 1 5 
A. I 315E+01 6 
A. 1315E+01 1 4 
A. 1315E>01 1 4 
A. 1315E+01 1 4 
A. 1315F+01 1 4 
A. 13lEi£+0l 6 
A, 131!5E->01 9 
A. 131S.E+01 9 
A. .2260E+01 7 
A. 226OE+01 1 4 
A. 2260E+01 1 4 
A. 2260E+01 1 4 
A. 2260E-1-01 1 4 
A. 2260E+01 1 4 
A. 3260E-101 14 
A. 22S0E+01 14 
A, aaeoE+oi 1 4 
A, 22S0EIQ1 7 
A. 2260E+01 1 0 
A. 22501^01 1 0 
A. 4693E*01 11 
A. 4693C*01 1 4 
A. 46S3E*01 1 4 
A. 4693E+01 1 4 
A. 4683E+01 14 
a. 4ES3E+01 14 
A. 4803E<01 14 
A. 46S3E+01 14 
4 . 4693E+01 14 
A. 4Sr-3E+01 14 

END SHIFT 
END INTERVAL 

EVENT INTERACTION INTERACTION 701 MZMB MEASUREMENT STARTED 301 TRMB TRANSPORT COMPLETED 101 RCMB MATERIAL BATCH RECEIVED EVENT INTERACTION 702 CMBA MEASUREMENT DATA RECEIVED INTERACTION 702 CMBA MEASUREMENT DATA RECEIVED 701 KEMB MEASUREMENT COMPLETED INTERACTION 301 TRMB TRANSPORT STARTED EVENT INTERACTION 701 NZMIJ MEASUREMENT STARTED 301 TRMB TRANSPORT COMPLETED EVENT 601 TIMR EVENT 601 TIMR EVENT INTERACTION 708 CMBA MEASUREMENT DATA RECEIVED INTERACTION 702 CUBA MEASUREMENT DATA RECEIVED 701 MZMB MEASUREMENT COMPLETED INTERACTION 301 TRHB TRANSPORT STARTED EVENT INTERACTION 702 CMBA MEASUREMENT DATA RECEIVED INTERACTION 702 CMSA MEASUREMENT DATA RECEIVED INTERACTION 702 CMBA MEASUREMENT DATA RECEIVED INTERACTION 702 CUBA MEASUREMENT DATA RECEIVED 701 MZHB MEASUREMENT COMPLETED INTERACTION 301 TRMB TRANSPORT STARTED EVENT INTERACTION 70S CMBA MEASUREMENT DATA RECEIVED INTERACTION 702 CMBA MEASUREMENT DATA RECEIVED INTERACTI ON 702 CMBA MEASUREMENT DATA RECEIVED INTERACTION 702 CMBA MEASUREMENT DATA RECEIVED INTERACTION 
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Material Bsiance Area Accountability 

M 7C.?. CM'.-. M'ASUREMFNT DATA RECEIVED : <\ . --.TLIVAi. us. n: I,i 7C? CI*-<- MEASUREMENT DATA RECETVEO 
.)• •-: /OP, C.Uf ' "'••ASUREI'E'J-t DATA RECEIVED 

l ' . " • < •« : . \SUf-'F.r;LMT O A T * R E C E I V E D 
• • ••-- '•• ' r . A " ; J » : i .:- '- ; . - ; • • - . E T E D 
'•:• : : 1 t r : ; - - u N 

. ••. i E I V i i j i i 
' i .-I ..-•. ' s e c M«r- :RrAL P L A C E D I N S T O R A G E 

f • r :.</!,•• Jf-ORT COW-LEI ED 
: : ' »:; : . ; ' . ^ f 

. i l- ' . ...aUREMENT STARTED .V :<.. .,. :P'..-3nR.- COMPLETED :..i >•••-•. . .-fcrc. specified, this completes trio operation of 
• h - : « i :i "cceified by the first RUN line. V,c next conduct . .in- -K «' ^'- !•:•) or-->r^ion of the rcodel syatcn -without o dunp •-..:-v ::,ii -t i •-<* trit: details of operation during the run, Data •- . -IL,I- . -:•• • oi-jcrat i o n of t h e n o d e 1 r.ysten o r e o u t p u t in a -- -; . : , - ' ' < **t tt:c end of the run. 
. ... v:.YS f OPERA":OR WITH NO DUMP OR TRACE ANO 
• i /• ••. , • .-"-c> r:i n,<T ;• ., .. s 

! .-. . ;:, /•' .or Into the proorsn output file during the oj.ee .. i or of . no-ric-1 systcn specified sbovc. The fo 1. lev/ins t-.-.-'-.ii r-.fj- l.iioir.ii v.'ith a t?b\c shovinqj the nunber of times • -̂ yi-rj.-, contr c -.'as transferred to the individual functions of the ~o;l~l 'iyrtcn. This docs ns>r necessarily indicate the relative •-MI..1 •.;.î iit in viiiutatins the different functions. "he table is foMovccJ by ar individual report generated by each function of the r-ioÔ l r.;y.':tcr>. 

I f : EMIR IE TRACTiON 
: a : 1 1 0 . 0 2 1 7 
' C * F5- 0 . C 1 0 9 
i 0 ? 1 l i 0 . 0 2 1 7 
oft i 2 8 C 0.CIS43 
" 'J J £ 3 ' 0 , 0 5 0 

? ! Ids. 0 C272 
yo : 3 s r 0 .ZV6\ 
u ' 16- 0 .C314 

" ' j £ 0 . 0 1 5 5 
• :o : 1£ 0 . 0 3 1 1 
' U l 1 1 3 0 . 2 7 7 3 
r;ci «.' 0 . 0 5 0 5 
- : r 131. 0 . 0 2 5 S 
71? 
•:.^5 

1-33° 
i y 

0 . 2 7 8 0 
S . 3 2 1 3 
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FUNCTION 1 101 RCMB 
Nupiarn GF BATCHES RECEIVED 56 

FUNCTION 2 101 RCMB 
NUMS'T" OF BATCHES RFCElVED 26 

FL'iJSI ION 3 i.Jl RCMB 
NUMEint OF BATCHES RECEIVED 56 

FUNCTION 4 501/TRMB MAXIMUM NUMBER OF UATCHrS IN TRANSPORT 1 TIMi. MAXIMUM FIRST OCCURRED 7. 1863E»00 

FUNCTION 5 7C1/MZMB 
MAXIf.Usl HUKBER OF BATCHES .N MEASUREMENT 2 
TII1L i-IAXIMUM FIRST OCCURRED 5 . 9 1 0 5 E * 0 1 

FUNCTION 6 701/MZMB 
M A / I I ^ M NUMBER CJ" BATCHES IN MEASUREMENT 1 
TIME MAXIMUM FIRST OCCURRED 1 . U 4 5 E + 01 

"UNCTION 7 701/MZMB M/,X; i Ul 1 NUMBER OF BATCHES IN MEASUREMENT 2 TIM!: MAXIMUM FIRST OCCURRED 3.73S2E+01 

FUNCTION 8 301/TRMB MAX!HUM NUMBER OF BATCHES IN TRANSPORT 4 TIME MAXIMUM FIRST OCCURRED 2.3165E+02 

FUNCTION 9 301/TRMB MAX I HUH NUM3ER OF BATCHES IN TRANSPORT 4 TIMC MAXIMUM FIRST OCCURRED 2.7638E+02 

FUNCTION 10 301/TRMB MAX < I iU'1 NUMBER OF BATCHES IN TRANSPORT 5 TIME MAXIMUM FIRST OCCURRED 6.6070E+01 

FUNCTION 11 701/MZMB MAX HUM NUMBER OF BATCHES IN MEASUREMENT 4 TIME MAXIMUM FIRST OCCURRED 1.3531E+02 



Material Balance Area Accourvtabi 1 ity 

FUNCTION 12 30VTRM& MAXIMUM NUMBER OF BATCHES IN TRAMSPORT 1 TIME MAXIMUM FIRST OCCURRED 4.2536E+01 

FUNCTION 13 401 STOM 

TIME 6.6545E+02 
BULK STORAGE CURRENTLY IN STORAGE 4.1C OE*03 MAX I HUM MASS STORED 4.1C>OE*03 AT NUM3LR OP-r.RVATIONS 104 MEAN 1.9486E+03 STANDARD DEVIATION 1.2779E+03 
CONTAINER STORAGE CURRENTLY IN STORAGE 1 41 MAXIMUM NUMBER STORED 141 AT TIME 6.5486E*02 NUMBER OBSERVATIONS 77 MEAN 6.26~5E*01 STANDARD DEVIATION 4.3OS5E+01 
MATERIAL IN STORAGE 
3047 0 2707 0 0 0 6 0 5. ,43I2E+02 
2707 0 3327 3047 0 0 5 4713 0. 
3327 0 3187 2707 0 0 2 0 1 . !7547E+02 
3167 2477 0 3327 0 0 1 651 0, 
27t7 0 2677 0 0 0 4 0 6. !0828E*01 
2677 27S7 0 2717 0 0 3 396 0. 
2757 2487 0 0 2677 1 0 396 S. 0B23E+01 
2S57 0 2S47 0 0 0 8 0 7, 8917E«01 
2547 2537 0 2557 0 0 7 658 0. 
2637 2497 0 0 2547 1 0 658 7, 8917E+01 
2527 0 2SI7 0 0 0 8 0 7, 8373E+01 
2517 2507 0 2527 0 0 7 685 0. 
2507 2567 0 0 2 5 i 7 1 0 665 7. S373E+01 
3317 0 2467 0 0 0 4 0 3. 3662E-I-01 
2487 2437 0 3317 0 0 3 392 0. 
2437 31 17 0 0 2467 1 0 392 3. 3662E+01 
2957 0 2917 0 0 0 8 0 B. C202E+01 
29)7 2997 0 2957 0 0 7 723 0. 
2937 2907 0 0 291? 1 0 723 8. 020aE»01 
2327 0 2387 0 0 0 3 0 7. 92S9E+01 
2937 2977 0 2927 0 0 7 692 0. 
2977 2967 • 0 2987 1 0 692 7. 9269E+01 
3227 0 3217 0 0 0 8 0 7. 9813E+01 
3217 3277 0 3227 0 0 7 652 0. 
3277 3267 0 0 3217 1 0 652 7. 9B13E+01 
2787 0 3307 0 0 0 8 0 8. 0286E*01 
3307 3297 0 2787 0 0 7 657 0. 
3297 3237 0 0 3307 1 0 657 8. 0286E+01 
3097 0 3087 0 0 0 8 0 7. 9840E+01 
3087 3147 0 3097 0 0 7 655 0. 
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31/17 3137 0 0 JC87 
2637 0 28-17 0 0 
2847 2877 0 2937 0 
2877 3107 0 0 2847 
3347 0 3337 0 0 
3337 2097 0 3347 0 
2397 2887 0 0 3337 
3307 0 3377 0 0 
3377 3367 0 3387 0 
3367 3357 0 0 3377 
3447 0 3 J 37 0 0 
3437 2737 0 3447 0 
2737 3177 0 0 3437 
3487 0 3477 0 0 
3477 3467 0 3487 0 
3467 3457 0 0 3477 
3557 0 3547 0 0 
3547 3537 0 3557 0 
3537 2767 0 0 3547 
3597 0 35137 0 0 
35S7 3577 0 3597 0 
3577 3567 0 0 3567 
2347 0 2937 0 0 
2937 2867 0 2947 0 
2867 2647 0 0 2937 
3807 0 3797 0 0 
3797 3657 0 3807 0 
GS57 3007 0 0 3797 
3707 0 3697 0 0 
3597 3687 0 3707 0 
3667 3677 0 0 3697 
3747 0 3737 0 0 
3737 3727 0 3747 0 
3727 3717 0 0 3737 
3897 0 3887 0 0 
3387 3867 0 3897 0 
3867 2597 0 0 3887 
3937 0 3927 0 0 
3927 3917 0 3937 0 
3917 3907 0 0 3927 
4177 0 4167 0 0 
4167 4157 0 4177 0 
4157 4017 0 0 4167 
3127 0 3067 0 0 
3067 3207 0 3127 0 
3207 3267 0 0 3067 
3787 0 3027 0 0 
3027 3167 0 3787 0 
3167 2857 0 0 3027 
4057 0 4057 0 0 
4057 4047 0 4067 0 
4047 4037 0 0 4057 

-145-

1 0 655 7.3840E*01 
0 8 0 7.8225E+01 
0 7 748 0. 
1 0 748 7.8225E*01 
0 8 0 9.0835E+01 
0 7 705 0. 
1 0 705 8.0835E+01 
0 e 0 7.9374E*01 
0 7 677 0. 
1 0 677 7.9374E+01 
0 8 0 7.8102E+01 
0 7 744 0. 
1 0 744 7.8102E*01 
0 8 0 8.1068E»01 
0 7 718 0. 
1 0 718 8.1068E*01 
0 4 0 7.0168E+01 
0 3 323 0. 
1 0 323 7.0168E+01 
0 4 0 3.3600E-I-01 
0 3 385 0. 
1 0 385 3.3600E+01 
0 4 0 6.1501E+01 
0 3 371 0. 
1 0 371 6.15O1E+01 
0 4 0 3.5695E*01 
0 3 394 0. 
1 0 394 3.5695E+01 
0 a 0 7.8419E+01 
0 7 675 0. 
1 0 675 7.6419E+01 
c 8 0 7.9600E+01 
0 7 729 0. 
1 0 729 7.9600E+01 
0 8 0 7.9103E+01 
0 7 746 0. 
1 0 746 7.9103E+0! 
0 8 0 8.0946E+01 
0 7 659 0. 
1 0 659 8.0946E+01 
0 4 0 1.8959E+01 
0 3 377 0. 
1 0 377 1.8959E+01 
0 8 0 8.0039E+01 
0 7 663 0. 
1 0 663 8.003SE+01 
0 B 0 7.8567E+01 
0 7 738 0. 
1 0 738 7.8567E+01 
0 8 0 7.9665E*0! 
0 7 711 0. 
1 0 711 7.9665£*01 



Mstorlal Balance *roa Accounxabi1ity 

4 1 0 7 0 4rj!.)7 0 0 0 9 0 8 0 4 0 0 E + 0 1 
4 0 9 7 4 0 8 7 0 4 1 0 7 0 0 7 7 1 5 0 , 
4 0 3 7 4 0 7 7 0 0 4 0 9 7 1 0 7 1 S 8 . 0 4 0 0 E + 0 1 
3 4 f l 7 0 j j v > f 0 0 0 8 0 7 8 6 3 0 E + 0 1 
2 7 7 7 2 7 9 7 0 3 4 9 7 0 0 7 7 1 4 0 . 
2 7 0 7 2 7 2 7 0 0 2 7 7 7 1 0 7 1 4 7 . B 6 3 0 E + 0 1 
4 2 1 7 0 41< )7 0 0 0 a 0 8 . 0 8 6 3 E * 0 1 
4 1 3 7 3 5 1 7 0 4 2 1 7 0 0 7 7 4 1 0 . 
3 5 1 7 3 5 0 7 0 0 4 1 9 7 1 0 7 4 1 B . D B 6 3 E + 0 1 
4 3 9 7 0 rl'<t!7 0 0 0 6 0 7 . 9 5 3 2 E + 0 1 
4 3 I J 7 4 3 5 7 0 4 3 9 7 0 0 7 6 9 1 0 . 
4 ' f « 7 2 6 1 7 0 0 4 3 8 7 1 0 6 9 1 7 . 9 5 3 2 E + 0 1 
4 iSV 0 .1-1:>7 0 0 0 8 0 7 . 9 7 S S E * 0 1 
4 4 2 7 4 4 1 7 0 4 4 3 7 0 0 7 7 2 1 0 . 
4 4 1 7 4 4 0 7 0 0 4 4 2 7 1 0 7 2 1 7 . 9 7 9 S E + 0 1 
4 2 6 7 0 2 7 . 1 7 0 0 0 4 0 2 . 1 5 0 4 E + 0 1 
2 7 / 1 7 3 4 2 7 0 4 2 6 7 a a 3 2 6 8 0 . 
3 4 2 7 4 2 0 7 0 0 Z 7 4 7 1 0 2 6 8 2 . 1 5 G 4 E * 0 1 
4 3 0 7 0 43137 0 0 0 4 0 4 . 8 9 6 3 E + 0 1 
42<>7 4 2 8 7 0 4 3 0 7 0 0 3 3 5 4 0 . 
4 2 . 3 7 4 2 7 7 0 0 4 2 9 7 1 0 3 5 4 4 . 8 9 6 3 E + 0 1 
4 5 7 7 0 45157 0 0 0 6 0 7 . S S 4 S E + 0 1 
4 S S 7 4 5 5 7 0 4 S 7 7 0 0 7 7 0 1 0 . 
4 5 5 7 4 5 4 7 0 0 4 5 6 7 1 0 7 0 1 7 . 9 6 4 9 E + 0 1 
4 6 1 7 0 4 S 0 7 O 0 0 e 0 8 . 0 7 O 2 E + 0 1 
4 6 0 7 4 5 9 7 0 4 6 1 7 0 0 7 7 1 2 0 . 
4 5 9 7 4 5 8 7 0 0 4 6 0 7 1 0 7 1 2 8 . 0 7 0 2 E + 0 1 
3 9 6 7 0 39157 0 0 0 6 0 8 . 0 1 5 8 E + 0 1 
3 9 5 7 3 9 4 7 0 3 9 5 7 0 0 7 6 6 0 0 . 
3 S 4 7 2 4 5 7 0 0 3 9 5 7 1 0 6 6 0 8 . 0 T 5 8 E + 0 1 
3 7 6 7 0 3 7 5 7 0 0 0 6 0 8 . 0 8 4 3 E + 0 1 
3 7 5 7 3 6 6 7 0 3 7 6 7 0 0 7 6 7 7 0 . 
3 6 6 7 4 3 5 7 O 0 3 7 5 7 1 0 6 7 7 8 . 0 a 4 3 E » 0 1 
4 6 8 7 0 4 6 7 7 O 0 0 4 0 4 . 9 1 2 1 E + 0 1 
4 6 7 7 4 6 S 7 0 4 6 3 7 0 0 3 2 2 6 0 . 
4 6 6 7 4 5 2 7 0 0 4 6 7 7 1 0 2 2 6 4 . 9 I 2 1 E + 0 1 
2 6 5 7 0 2 6 3 7 0 0 0 4 0 4 . 0 9 7 4 E + 0 1 
2 6 3 7 3 2 5 7 0 2 6 5 7 0 0 3 3 6 2 0. 
3 2 5 7 4 6 9 7 0 0 2 6 3 7 1 0 3 6 2 4 . 0 9 7 4 E + 0 1 
4 7 4 7 0 4 7 : 3 7 0 0 0 4 0 5 . 6 E 0 8 E + 0 1 
4 7 3 7 4 7 2 7 0 4 7 4 7 0 0 3 3 1 7 0 . 
4 7 2 7 4 7 0 7 0 0 4 7 3 7 1 0 3 1 7 5 . 6 6 3 8 E + 0 1 
4 3 2 7 0 30157 0 0 0 8 0 S . 0 5 S 5 E + 0 1 
3 8 5 7 3 4 1 7 0 4 3 2 7 0 0 7 6 5 4 0 . 
3 4 1 7 3 9 9 7 0 0 3 8 5 7 1 0 6 5 4 8 . 0 S S 5 E + 0 1 
4 1 1 7 0 4 0 2 7 0 0 0 8 0 8 . 0 7 6 7 E + 0 1 
4 0 2 7 4 4 9 7 0 4 1 1 7 0 0 7 7 2 0 0 . 
4 4 9 7 4 3 4 7 0 0 4 0 2 7 1 0 7 2 0 8 . 0 7 6 7 E > 0 1 
4 8 7 7 0 46137 0 0 0 8 0 8 . 1 0 8 2 E * 0 1 
4 8 6 7 . ' .357 0 4 8 7 7 0 0 7 6 5 7 0 . 
4 8 5 7 4 8 4 7 0 0 4 6 6 7 1 0 6 5 7 8 . 1 O B 2 E + 0 1 
4 9 1 7 0 4 9 0 7 O 0 

- 1 4 S -

0 B 0 7 . 8 3 1 9 E * 0 1 



4907 4697 0 
*!897 1337 0 
<»4S7 0 4IJJ7 
4187 4447 0 
4147 4487 0 
4237 0 42S7 
42S7 K307 0 
2807 4807 0 
5047 0 3087 
5027 4i47 0 
4647 4637 0 
5087 n 50-'7 
S077 6067 0 
5067 5057 0 
327? 0 V > 7 
3267 5237 3 
5257 524V 0 
5317 0 S307 
5307 5297 0 
5237 5287 0 
3877 0 3837 
3837 4377 0 
4377 3S27 0 
51 57 0 5147 
6147 5137 0 
5137 4537 0 
5007 0 4"sft7 
4397 4987 n 4987 3017 0 
4137 0 41:? 7 
4127 4147 0 
4147 S21 7 0 
5377 0 53157 
5367 5227 0 
5227 4517 0 
5537 0 5527 
5527 5517 0 
5517 2687 0 
4257 0 5.»07 
5407 4947 0 
4947 4937 0 
5417 0 S3 37 
5397 2617 0 
2817 4657 0 
5587 0 5137 7 
5577 5557 0 
5557 5107 0 
5627 0 5(5:7 
5617 5607 0 
5607 S597 0 
3057 0 5387 
5387 49S7 0 

r iator i a l 

4917 0 0 7 
0 -5 9 0 7 1 0 
0 0 0 a 4457 C 0 7 
0 41 87 ; 0 
0 0 0 8 

4237 0 0 7 
0 4227 1 0 
0 0 0 8 

5047 0 0 7 
0 5027 1 0 
0 0 6 S 

5087 0 0 7 
0 50"7 1 0 
0 0 0 s S277 0 0 7 
0 5Z67 1 0 
0 O 0 8 

5317 0 0 7 
0 5307 1 0 
0 0 0 8 

3877 0 0 7 
0 3637 1 0 
0 0 0 8 

5157 0 0 7 
0 5147 1 0 
0 0 0 4 

5007 0 0 3 
0 4997 1 0 
0 0 0 4 

4137 0 0 3 
0 4127 1 0 
0 0 0 4 

5377 0 0 3 
o 5367 1 0 
0 0 0 4 

5537 0 0 3 
0 5527 1 0 
0 0 0 8 

4257 0 0 7 
0 5407 1 0 
0 0 a 8 

5417 0 0 7 
0 5397 1 0 
0 0 0 4 

5587 0 0 3 
0 5577 1 0 
0 0 0 4 

5627 0 0 3 
0 5617 1 0 
0 0 0 B 

3057 0 
-147-

0 7 

655 0. 
655 7 BTlfeS-O' 

0 7 91S7£»C." 
660 o. 660 7. S157E-!.-

0 7. 9-132ET 
743 0. 
7"? "7 9432t*0l 

0 8. 033£E'0-
6S5 C. 
69S 8. 05SCE-C. 

0 3 0!73E+r> 
728 0 
728 B. 0173E-S1 

C 7. S64I=»0I 
S64 0. 
6 54 7. 964IE-C 

0 3. 193--T-C 
724 0 
724 6 >SVE-C" 

0 6 Gr,05E 0' 

* 6 | l:SS?irS' 

S ™&:# 
3 1 ! |:"S?i:81 

0 6,7077E*01 

2 JHioli^ 



! 

Matorlal Balance Area Accountabi\Ity 

4967 4827 0 o 5387 1 0 730 8.1906E+01 
5467 0 4507 0 0 0 8 0 8.0217E+0I 
4507 3817 0 S467 0 0 7 745 0. 
3817 4777 0 O 4507 1 0 745 8.0217E+01 
S717 0 5707 0 0 0 8 0 7.9798E+01 
5707 5697 0 5717 0 0 7 654 0. 
5697 5687 0 0 5707 1 0 654 7.9798E+01 
5757 0 57.17 0 0 0 8 0 7.9617E+01 
5747 5737 0 5757 0 0 7 680 0. 
5737 5727 0 0 5747 1 0 680 7.96I7E+01 
5847 0 5837 0 0 0 8 0 7.9905E+01 
5837 5827 0 5847 0 0 7 727 0. 
5827 5817 0 0 5837 1 0 727 7.9905E+01 
5987 0 5877 0 0 0 8 0 7,9563E»01 
5877 5867 0 5887 0 0 7 676 0. 
5867 5S57 0 0 5877 1 0 676 7.9563E+01 
5437 0 5427 n 0 0 4 0 4.3970E+01 
5427 4927 0 5437 0 0 3 253 0. 
4927 5947 0 0 5427 1 0 253 4.3970E+01 
60t7 0 6007 0 0 0 8 O 7.8945E+01 
6007 5997 0 6017 0 0 7 692 0. 
5997 5987 0 O 6007 1 0 692 7.6945E+01 
6057 0 6047 0 0 0 8 0 8.0012E+01 
6047 6037 0 6057 0 0 7 689 0. 
6037 6027 0 0 6047 1 0 689 8.0012E+01 
3777 0 5207 0 0 0 8 0 7.8520E+01 
5207 4817 0 3777 0 0 7 702 0. 
4817 5357 0 0 5207 1 0 702 7.8520E+01 
5127 0 4957 0 0 0 8 0 7.9495E+01 
4957 5657 0 5127 n 0 7 681 0. 
5657 3607 0 0 4957 1 0 681 7.9495E+01 
6167 0 6157 • 0 0 4 O 2.40I9E+01 
6157 6147 0 6167 0 0 3 219 0. 
6147 6107 0 0 6157 1 0 219 2.4019E+01 
5797 0 5187 0 0 0 8 0 7.9927E+01 
5187 4627 0 5797 0 0 7 650 0. 
4627 5567 0 0 5187 1 0 650 7.9927E+01 
4787 0 6097 0 0 0 8 0 8.0784E+01 
6097 5237 0 4787 0 0 7 744 0. 
5Z37 5647 0 0 6097 1 0 744 8.0784E+01 
6297 0 6287 0 0 0 e 0 7.6967E+01 
6287 6277 0 6297 0 0 7 725 o. 6277 6267 0 0 6287 1 0 725 7.8967E+01 
6337 0 6327 0 0 0 8 0 7.9235E+01 6327 6317 0 6337 0 0 7 668 0. 
6317 6307 0 0 6327 1 0 668 7.923SE+01 
5677 0 5497 0 0 0 8 0 8.0460E+01 
5497 5667 0 5677 0 0 7 673 0. 
5667 3077 0 0 5497 i O 673 8.04606*01 
6227 0 5787 0 0 0 8 0 7.979SE»01 
5767 5777 0 6227 0 0 7 742 0. 
5777 5767 0 0 5787 

-148-
1 0 742 7.97986*01 

I 



Material Balance Area Accountability 

6527 0 6SI7 0 0 
8517 6507 0-—6527 0 6507 6207 0 0 6517 £367 0 6SS7 0 0 6557 6547 0 G567 0 6547 6537 0 0 6557 6417 0 6407 0 O 6407 6397 0 6417 O 6397 6387 0 0 6407 6457 0 6447 0 0 6447 6437 0 6457 0 6437 6427 0 0 6447 6187 0 6087 0 0 6087 6077 0 6187 0 6077 6067 0 0 6087 6567 0 4347 0 0 4247 4837 0 6587 0 4837 5957 0 O 4247 5337 0 6377 0 0 6377 6257 0 5337 0 C257 5347 0 0 6377 S307 0 5S27 C 0 5927 6367 0 5507 0 63(37 6357 0 0 5S27 6857 0 6127 0 0 6127 6117 0 6857 0 61 17 5967 0 0 6127 6717 0 6707 0 0 S707 6697 0 6717 0 6697 6687 0 0 6707 6757 0 6747 0 0 6747 6737 0 6757 0 6737 6727 0 0 6747 6927 0 691 7 0 0 6917 6907 0 6927 0 6907 6897 0 0 6917 6967 0 69S7 0 0 6957 6947 0 6967 0 6947 6937 0 0 6957 6827 0 6817 0 0 6817 6807 0 6827 0 6807 6667 0 0 6817 6467 0 6237 0 0 6237 6177 0 6467 0 6177 5487 0 0 6237 6247 0 5907 0 0 5907 6487 0 6247 0 64S7 6477 0 0 5907 7067 0 7037 0 0 7057 7047 0 7067 0 7047 6637 0 0 7057 7197 0 7187 0 0 

-149-

0 4 0 3.2960E+01 
0 3 338 0. 1 0 338 3.2960E+0t 0 4 0 1.8461E+01 o 3 308 0. 1 0 308 1.S461E+01 0 8 0 9.0718E+01 o 7 676 0. 1 0 678 S.07I8E*01 0 a 0 7.8839E*01 0 7 700 0. 1 0 700 7.8839E+01 0 8 0 7.8760E*01 0 7 676 0. 1 0 676 7.6760E+01 0 8 0 7.8470E+01 0 7 700 0. 1 0 700 7.8470E*01 0 4 0 2.7523E*01 0 3 229 0. 1 0 229 2.7523E«01 0 6 0 «.0505E»0t 0 7 680 0. 1 0 660 8.0505E*01 0 8 0 8.1247E+01 0 7 694 0. 1 0 694 8.1247E*01 0 8 0 7.9670E+01 0 7 721 0. 1 0 721 7.9670E*01 0 8 0 7.9973E+01 0 7 744 0. 1 0 744 7.9973E«01 0 B 0 8.I054E*01 0 7 666 0. 1 0 688 3.1054E+01 0 8 0 7.9638E+01 0 7 707 0. 1 0 707 7.9638E+01 0 4 0 1.8926E*0t 0 3 255 0. 1 0 255 1.8928E+01 0 8 0 7.8236E+01 0 7 659 0. 1 0 659 7.8236E+01 0 8 0 7.9214E+01 0 7 665 0. 1 0 665 7.9214E+01 0 4 0 3.0S1SE+01 0 3 353 0. 1 0 353 3.091BE+01 0 8 0 7.6896E+01 



Material Balance Area Accountability 

7187 7177 0 7197 0 
71 n 7167 0 O 7187 7237 0 732/ 0 0 
7PJ7 /a r/ 0 7237 0 
7217 7207 0 0 7227 
•1737 0 •?2'77 0 0 
72/7 S017 0 4757 0 
5017 5177 0 0 7277 
SS037 0 02:7 0 0 
6217 6377 0 6837 0 
S577 3.587 0 0 6217 
6577 0 63157 0 O 
5807 6397 0 6677 0 
Si;37 6«;»7 0 0 6C67 
7007 0 6787 0 0 
G7B7 t>//t 0 7007 0 
6777 6767 0 0 6737 
7137 0 7427 0 O 
/w/ 741 V 0 743/ 0 
7417 7',07 0 0 7427 
7-177 0 7-H5 "> 0 0 
7467 7457 0 7477 c 7457 7.147 0 0 7467 
VU 1 7 0 1337/ 0 • 
fc>877 SI 67 0 7017 • 
Olfi? 7377 0 0 6677 7S37 0 7B27 0 0 782? 7307 0 7537 0 
7:!U7 70*7 0 0 7527 
7107 0 ;-.'<)7 0 0 
3107 5.147 0 7107 0 
5-147 7317 0 0 3407 
7737 0 7-'l>7 0 0 
771. 7 77 77 0 7797 0 
7777 7767 0 0 7787 
70S7 0 78:i7 0 0 ?«27 7817 0 7837 0 
7BI7 7807 0 0 7827 /0Z7 0 V'3i7 0 0 
7617 7607 0 7627 0 7007 75D7 0 0 7617 
7667 0 7o!57 0 0 
7657 7647 0 7667 0 7647 7637 0 0 7657 
7727 0 6-137 0 0 
6407 7137 0 7727 0 
7137 7257 0 0 6497 7707 0 6047 0 0 
6347 6557 0 7707 0 
S6S7 S457 0 0 6347 
7977 0 70157 0 0 
7S87 79S7 0 7977 0 

-ISO-

0 I 747 0, 
1 0 747 7, 909GE«01 
0 8 0 8. , 0484E+01 
0 7 71S 0, 
1 0 715 8, 0484E*01 
0 6 0 7 9445E»01 
0 7 741 0. 
1 0 741 7. 9445E*01 
0 6 0 a, 0293E*01 0 7 743 0, 
1 0 743 e. 0233E+01 0 8 0 8. 0351E*01 0 7 657 0, 
1 0 657 8. 035'E*01 
0 8 0 7. 88E2E-01 
0 7 744 0, 
1 0 744 7. 8B22E*01 
c 8 0 7. 9628E«01 
0 7 653 0, 
1 0 6S3 *; , 9628E+C: 
0 8 0 7, 9619E+01 
0 7 703 0, 1 0 703 7. 961SE*Ol 
0 4 0 2. 3543E---01 
0 3 380 0. 
1 0 380 2. 3643E<0t 0 4 0 2. 2561E+Ot 
0 3 388 0. 1 0 388 2. 256IE*01 
0 4 0 2. 9879E*01 0 3 288 0. 
1 0 288 2. 9679E*01 0 8 0 7. 95S0E+01 
0 7 6S8 0. 
1 0 668 7. 9560E+0I 
G p 0 8 .STOE•n ; 

c 7 691 0. 1 0 691 8 !379E«01 
0 8 0 8. 0847E-I-01 
0 7 744 0 1 0 744 8. 0847E+01 
0 8 O 7. 9446E*01 0 7 702 0. 
1 0 702 7. 9446E+01 
0 4 0 8. 4076E+01 
0 3 381 0. 1 0 381 8. 4076E+01 
0 4 0 2. 8764E+01 
0 3 301 0. 1 C 301 2. 6764E+01 
0 8 0 8. 0027E+01 
0 7 6S1 0. 



M a t e r i a l BeToncc ftrea Accourv tab i \ i i y 

7 SIS 7 7 0 4 7 0 0 7 £ 6 7 1 0 6 5 1 8 . 0 0 2 7 E + 0 1 
611 i 7 0 e o o 7 0 0 0 8 0 7 . S 0 9 5 E + 0 1 
s n n y 7 S 9 7 0 8 0 1 7 0 0 7 6 9 5 o 
; si'..y 7 0 3 7 0 0 8 0 0 7 1 0 6 S 5 7 . 9 0 9 5 E + 0 1 
7 3 U 7 0 73S37 0 0 0 4 0 5 . 6 6 C 9 E + 0 1 
7 0 . , SB9V 0 7 3 5 7 O 0 3 3 2 2 0 . 
C i ' i . - ' 7 3 4 7 0 0 7 3 2 7 1 0 3 2 2 5 . 6 6 0 9 E - I - 0 1 
GOV? 0 8 0 6 7 0 0 0 4 0 5 . 7 0 5 0 E + 0 1 
t i j j , ' 7 3 K 7 0 8 0 7 7 0 0 3 3 0 8 0 
7 9 i ' V K 5 4 ? 0 0 6 0 6 7 1 0 3 0 8 5 . 7 0 5 0 E + 0 1 
fc..i:./ 0 7 2 U / 0 0 0 e 0 7 . 3 7 3 4 E * 0 1 
7 2 1 ! 7 7 1 4 7 0 8 0 3 7 0 0 7 7 2 2 o 
7 I T / 6 6 3 7 0 0 7 2 8 7 1 0 7 2 2 7 : 3 7 3 4 E * 0 1 
S a t - / 0 T 7 S 7 0 0 0 8 0 8 . 0 0 4 S E * 0 1 
7 7 1 / 7 5 7 7 0 5 S 3 7 0 0 7 6 6 5 o 
7 5 V V 7 5 5 7 u 0 7 7 1 7 1 0 6 6 5 3 . 0 0 J 6 E * 0 1 
8 2 0 / 0 a i & 7 0 0 0 8 0 8 . 0 3 1 ! E * 0 1 
3 1 0 7 * ! 1 B 7 n 8 8 0 7 0 0 7 7 0 6 o, <S107 a 1 7 7 0 0 8 1 9 7 1 0 7 0 8 8 . 0 3 1 1 E * 0 1 
02^17 0 8 2 3 7 0 0 0 s L' 7 . 9 2 1 0 E * 0 1 
3 * * o 7 !>k.Z7 0 6 2 4 7 0 0 7 7 0 8 0 . 
8 2 2 / tyi.\7 u 0 8 2 3 7 1 0 7 0 8 7 . 9 2 1 0 E + 0 1 
8 1 5 / 0 tiA.V 0 0 0 4 0 6 ? 3 4 C E * 0 1 
f -1 .17 8 4 3 7 0 8 4 5 7 0 0 3 2 6 2 o 
C 4 3 7 a a s 7 0 0 8 4 4 7 1 0 2 6 2 6 . 3 3 4 Q E + 0 1 
• M 0 7 6 4 , '7 0 0 0 0 3 2 8 2 0 . 
6 4 7 7 8 4 6 7 0 0 8 4 8 7 1 0 2 8 2 0 . 
83<17 0 3 3 3 7 0 0 0 8 0 e . O S 0 9 E + 0 1 
8 3 3 7 8 3 2 7 0 8 3 4 7 0 0 7 7 2 2 o S 3 2 7 8 3 1 7 0 0 8 3 3 7 1 0 7 2 2 8 . 0 9 0 9 E » 0 I 
•'•S'U7 0 3 3 7 7 0 0 0 8 0 7 . < l H 7 E > 0 1 
C 3 7 7 8 3 6 7 0 8 3 8 7 0 0 7 7 4 7 o 32157 8 3 5 7 0 0 8 3 7 7 1 0 7 4 7 7 : 9 1 1 7 E * 0 1 
7 2 B 7 0 7 8 5 7 0 0 0 B 0 7 . 9 7 E 9 E * 0 1 
7 0 5 7 7 S 9 7 0 7 2 9 7 0 0 7 7 3 6 o 
>6?J7 /Zii7 0 0 7 8 5 7 1 0 7 3 6 7 , 9 7 2 9 E » 0 1 
7 0 7 7 0 7 f ! 8 7 0 0 0 8 0 8 . U 1 S S E + 0 1 
7 0 0 7 7 7 3 7 0 7 6 7 7 0 0 7 7 T 2 Q 
7 7 3 7 7 2 S 7 0 0 7 8 8 7 1 0 7 1 2 8 . 0 1 9 6 E * 0 1 
7 0 0 7 0 S 7 9 7 0 0 0 4 0 4 . 4 8 7 3 E + 0 1 
( 5 7 3 7 7 3 0 7 0 7 9 0 7 0 0 3 3 9 1 o 
7 5 0 7 P.267 0 0 6 7 9 7 1 0 3 9 1 4 : 4 3 7 3 E * D 1 
D 5 3 7 f> <W5;>7 0 0 0 4 0 1 . O 7 8 6 E + 0 1 
0 3 * 7 8 5 0 7 0 8 5 3 7 0 0 3 2 7 1 o 
6 5 0 7 7 3 9 7 0 0 8 5 2 7 1 0 2 7 1 l ! 0 7 8 6 E « - 0 1 
8 6 2 7 0 S S I 7 0 0 0 8 0 6 . 0 4 2 7 E * 0 1 
6 6 1 7 8 6 0 7 0 6 6 2 7 0 0 7 7 3 7 o 
6 6 0 7 8 S 9 7 0 0 8 6 1 7 1 0 7 3 7 8 . O 4 Z 7 E + 0 1 
8 6 6 7 0 36157 0 0 0 8 0 8 . O 5 O 8 E + 0 1 
6 S 5 7 8 5 4 7 0 8 6 6 7 0 0 7 7 3 0 0 , 
C.G47 8 6 3 7 0 0 8 6 5 7 1 0 7 3 0 8 . O 5 0 3 E + 0 1 
S 6 0 7 0 8 5 1 7 0 0 

- 1 5 1 -

0 8 0 8 . O 1 6 9 E - 0 1 



Material Balance Aroa Accountability 

8S17 8117 0 6607 0 
6117 8097 0 0 8517 
t-137 0 8027 0 0 
8027 7937 0 8037 0 
7937 8157 0 0 8027 
8777 0 8V157 0 0 
8767 8737 0 8777 0 
87S7 7067 0 0 8767 
7497 0 7917 0 0 
7917 8707 0 7497 0 
8707 7097 0 0 7917 
8577 0 /7S7 0 0 
7757 6687 0 8577 0 
6887 7747 0 0 7757 
8857 0 8837 0 0 
8837 841 7 O 8857 0 
8417 8407 0 0 8837 
8897 0 3037 0 0 
6887 8877 0 8897 0 
6877 8867 0 0 8887 
9177 0 9167 0 0 
9167 9157 0 9177 O 
9157 7847 0 0 9167 
9217 0 9207 0 0 
9207 9197 0 9217 0 
9197 9187 0 0 9207 
8947 0 8307 0 0 
8307 8167 0 8947 0 
8167 7127 0 0 8307 
89e7 0 8977 0 0 
6977 8967 0 8967 0 
80S7 8957 0 0 6977 
09-37 0 7l;>7 0 8967 
7127 0 9137 8957 8167 
9187 0 7«.17 7127 9197 
7047 0 8-S67 9187 9157 
8887 0 8407 7847 8877 
8407 0 7747 8867 8417 
7747 0 7097 8407 6887 
7097 0 7fi67 7747 6707 
7867 0 8107 7097 8757 
81 57 0 8097 7867 7937 
8097 0 8S37 8157 8117 
8637 0 8597 8097 8647 
8597 0 7397 8637 8607 
7397 0 8267 8597 8507 
8267 0 7267 7397 7507 
7267 0 7867 8267 7737 
7687 0 8357 7267 7697 
8357 0 8317 7687 8367 
8317 0 8467 8357 8327 
8467 0 8297 8317 8477 

152-

0 7 687 0. 
1 0 687 8.0169E+01 
0 8 0 8,0482£*01 
0 7 677 0. 
1 0 677 8.0482E+01 
0 4 0 3.8170E+01 
0 3 364 0. 
1 0 364 3.8170E+01 
0 6 0 8.1120E*01 
0 7 699 0. 
1 0 699 8.1120E+01 
0 8 0 7.9878E+01 
0 7 686 0. 
1 0 686 7.9878E*01 
0 8 0 6.0530E»01 
0 7 700 0, 
1 0 700 8.0530E+01 
0 8 0 8.0334E+01 
0 7 730 0. 
1 0 730 8.0334E+01 
0 4 0 6.2523E+01 
o 3 387 0. 
l 0 387 6.2S23E+01 
0 4 0 3.23S4E+01 
0 3 353 0. 
1 0 353 3.2384E+01 
0 8 0 7.9445E+01 
0 7 705 0. 
1 0 705 7.9445E+01 
0 8 0 7.9239E+01 
0 7 667 0. 
1 0 667 7.92396*01 
2 0 667 7.923SE*01 
2 0 705 7.9445E+01 
2 0 353 3.2384E+01 
2 0 387 6.2523E+01 
2 0 730 8.0334E+01 
2 0 700 8.05305*01 
2 0 686 7.9878E-I-01 
2 0 699 6. 1120E*01 
2 0 364 3.8170E*01 
2 0 677 8.0482E+01 
2 0 687 8.0169E+01 
2 0 730 8.0508E+01 
2 0 737 8.0427E+01 
2 0 271 1.0786E+01 
2 0 391 4.4873E+01 
2 0 712 8.0196E+01 
2 0 736 7.9729E+01 
2 0 747 7.9117E+01 
2 0 722 8.0909E+01 
2 0 282 0. 



Maierial Balance Area Accountability 

8297 0 8217 
8217 0 8177 
8177 0 7557 
75S7 0 $6!»7 
6627 0 ee.i? 6647 0 7347 
7347 0 79157 
7987 0 7947 
7947 0 5457 
5157 0 72S7 
7257 0 7637 
7637 0 7597 
7597 0 7807 
7807 0 7767 
7767 0 7317 
7317 0 7027 
7027 0 7377 
7377 a 74.17 
7447 0 7407 
7407 0 67(37 
6767 0 6907 
6987 0 3527 
3527 0 5177 
5177 0 7207 
7207 0 7)67 
7167 0 6637 
6637 0 6477 
6477 0 5437 
5467 0 6667 
6667 0 6937 
6937 0 6697 
6807 0 6727 
6727 0 6687 
6687 0 59157 
5967 0 6357 
6357 0 53.17 
5347 0 5957 
5957 0 60IS7 
6067 0 6427 
6427 0 6-31!7 
6387 0 6U37 
6537 0 6207 
6207 0 5767 
5767 0 3077 
3077 0 6307 
6307 0 6257 
6367 0 5647 
5647 0 5SI57 
5567 0 6107 
6TI7 0 3(507 
3607 • 53B7 
5357 0 6027 

8467 8437 2 0 
8397 8227 2 0 
8217 8187 2 0 
8177 7577 2 0 
7557 7147 2 0 
6687 7927 2 0 
6647 5897 2 0 
7347 7997 2 0 
7987 7957 2 0 
7947 6657 2 0 
5457 7137 2 0 
7257 7647 2 0 
7637 7607 2 0 
7597 7817 2 0 
7807 7777 2 0 
7767 5447 2 0 
7317 7387 2 0 
7027 5167 2 0 
7377 7457 2 0 
7447 7417 2 0 
7407 6777 2 0 
6767 6997 2 0 6987 6577 2 0 
3527 5017 2 0 
5177 7217 2 0 
7207 7177 2 0 
7167 7047 2 0 
6637 6487 2 0 
6477 6177 2 0 
5487 6807 2 0 
6667 6947 2 0 
6937 6907 2 0 
&897 6737 2 0 
6727 6697 2 0 
6687 6117 2 0 
5967 6367 2 0 
6357 6257 2 0 
5347 4837 z 0 
5957 6077 2 0 
6067 5437 2 0 
6427 6337 2 0 
6387 6547 2 0 
6537 6507 2 0 
6207 5777 2 0 
5767 5667 2 0 
3077 6317 2 0 
6307 6277 2 0 
6£67 5237 2 0 
5647 4627 2 0 
5567 6147 2 0 
6107 5657 2 0 
3607 4817 

-153-
2 0 

262 6 .2340E*01 
708 7 .9210E*0I 
708 8 .0311E»01 
665 8 .0046E*01 
722 7 .8734E+01 
308 5 .7O50E*0t 
322 S .6S09E+01 
695 7 9095E+01 
651 8 0027E+01 
301 2 3764E>01 
361 a 4076E+0! 702 7 9446E+01 
744 6 0847E+01 
691 8 1379E+01 
668 7 9560E+01 
288 2 9879E+01 
388 2 2561E+01 
380 ^ 3643E+01 703 7 9619E+01 
653 7 9628E+C1 
744 7 8822E+01 
657 8 0351E+01 
743 8 0293E-1-01 
741 7 9445E+01 
715 e 0484E+01 747 7 9696E+01 
353 3 0918E+0! 
665 7 92I4E+01 
659 7 8236E+D1 
255 1 8923E*01 
707 7 963SE*01 
688 e 10S4E*C1 744 7 9973E+01 
721 7 9670E+01 
694 8 1247E+01 
680 8 0505E+01 
229 2 7523E+C1 
700 7 8470E+01 
676 7. 8760E+01 
700 7. 88?9E+01 
678 8. 0718E*01 
308 1 . 8461E*0i 
333 3. 2960E+01 
742 7. 9793E+01 
673 3. 0460E+01 
668 7. 9235E-I-01 
725 7. 8967E+01 
744 8. 07S4E+01 
650 7. 9927E+01 
219 2. 4CI19E+01 
66! 7, 9495E+01 
702 7. 8520E+01 



Mat or \a\ Bslanct. Apoa Account 

6027 0 son? 5357 6037 
59fi7 0 U1.17 6027 5997 
5947 0 5-:>!>7 5987 4927 
58C7 0 5-1' 7 5947 5867 
S817 0 sv;i? 5857 5627 
5727 0 asu7 5817 5737 
5fi87 0 4 7'7 5727 5697 
4777 0 S:G.i'/ 5687 3817 
4827 0 f.5'.i7 4777 49S7 
SS97 0 sio? 4827 5607 
SI 07 0 4SK7 5597 5557 
4557 0 49:»7 51C7 2317 
4937 0 s.j>;7 4657 4947 
2687 0 43 17 4937 5517 
4517 0 S.-i: 7 2S87 5227 
5217 0 3 0 i 7 4517 4147 
3017 0 4 5:17 5217 4987 
4537 0 i-3;;7 3017 5137 
3627 0 S'ij? 4537 4377 
r:.287 0 *•-;-! ' 332/ 5297 
5247 0 O n :/ 5237 5257 
505? 0 . : »7 5247 5067 
46»7 0 A IU7 5057 4647 
4007 0 44B7 4637 2807 
4107 0 4 Jii7 4 807 4447 
4887 <; 4»47 4487 48S7 
43.17 0 '•"•••\7 4S87 4857 
-.17 0 3 :-.37 4847 4497 

-J ? 0 4>ll7 4347 3417 
•»U7 0 <!:'i7 3997 4727 
46£!7 0 4S:>7 4707 3257 
•1537 0 4.1'S7 4SS7 4667 
1397 0 5>.1f>7 4527 3667 
3457 0 4*---i7 4357 3947 
4sev 0 4i;.i? 2457 4597 
4547 0 4?'7 4587 4557 
•5277 a AT-.m 4547 4287 
4207 0 44t>7 £277 3427 
4407 0 2'3'? 4207 4417 
24.17 • 3r':>? 4407 4367 
3507 • 2 727 2817 3517 
2727 0 J.-17 3507 2797 
4077 0 4-1:') 7 2727 4087 
4037 0 2.-5S7 4077 4047 
2r)57 0 3,i'37 4037 3167 
3287 0 AJ!7 2857 3207 
-3017 0 S-.-07 3287 4157 
3907 0 2.i')V 4017 3917 
2597 0 3 V 1 7 3907 38(57 
375 7 0 3»77 2597 3727 
3677 0 3007 3717 3687 
3007 0 £'5.17 3677 3657 

-154-

2 0 680 8 .0012E+01 
2 0 6S2 7 .8945E+01 
2 0 253 4 .3970E+01 
2 0 676 7 .9S63E+01 
2 0 727 7 .990SE+01 
2 0 680 7 .9617E+01 
2 0 654 7 .97S8E+01 
2 0 745 8 0217E»01 
2 0 730 S .1506E+C1 
2 0 347 6 .707?E«01 
2 0 398 2 .8437E+01 
2 0 670 7 .8885E+01 
2 0 6S0 7 .9072E*01 
2 0 390 4 .7611E+01 
2 0 391 5 .3893E*01 
2 0 255 3 .4923E+01 
2 0 370 2 .8940E+01 
2 0 713 a .0416E*01 2 0 662 8 .0605E+01 
2 0 724 8 .I937E+01 
2 0 664 7 .9641E»01 
2 0 728 8 0l73Ef01 
2 0 695 8 .0582E+01 
2 0 743 7 9432E+01 
£ 0 660 7 SI57E+01 
£ 0 655 7 831SE+01 
2 0 657 B, 1082E+01 
2 0 720 8 0767E+01 
2 0 654 8, 0555E+01 
2 0 317 5. 6638E*01 
2 0 362 4. 0974E*Ol 
2 0 226 4. 9121E*01 
2 0 677 8. 0843E*01 
2 0 660 8. 0158E+0! 
2 0 712 8. 0702E+01 
2 0 701 7. 9649E+01 
2 0 354 4. e363E»-01 
2 0 268 2. 1504E+01 
2 0 721 7 9799E+01 
2 0 6S1 7. 9532E+01 
2 0 741 6. 0S63E*01 
2 0 714 7. 8630E+01 
2 0 716 8. 0400E-I-01 
:> 0 711 7. 966SE+01 
2 0 738 7. 8S67E+01 
2 0 663 B. 0039E+01 
2 0 377 1 . 8959E+01 
2 0 653 8. 0S46E+01 
2 0 746 7. 9103E«01 
2 0 729 7. 9600E*01 
2 0 675 7. 8419E+01 
2 0 394 3. 569SE+01 



M a t e r i a l B a l a n c e Arco Account-rib i '> i t y 

2547 0 3SI5? 3007 2S67 2 0 3 7 1 6 . 150 IF.+ 01 
asn? 0 27137 2647 3577 £ 0 3 6 5 3 .3KOOE+0I 
27d7 0 3.157 3537 3537 2 0 3 2 3 7 .016BE+01 
3457 D 31 77 27(57 3467 2 0 7 1 S 8 . 1063E+01 
3177 0 ;;J!37 3457 2737 2 0 74 4 7 .B102E+01 
3:157 0 2037 3177 3367 2 0 6 7 7 7 . 9374E»0 I 
28S7 0 CI 07 3357 2697 2 0 7 0 5 8 , 0835E+01 
3107 0 CI 07 2887 2877 2 0 7 4 8 7 . 822SE+01 
P I ay 0 S'W? 3107 3147 2 0 6 5 5 7 . 91J40E*01 
' . i2" l / 0 Si'.'i 7 3137 3237 2 0 6 5 7 S . 02613E*01 
3267 0 £9157 3237 3277 2 0 6 5 2 7 . 9613E-01 
2 9 6 / 0 £307 32S7 29V7 2 0 8 9 2 7 . 9'l5'5E-:-01 
2907 0 31 17 2967 2S97 2 0 7 2 3 0 . 0202E+01 
31: 17 0 25(57 2907 2437 2 0 3 9 2 3 . 3S62E>01 
2007 0 24!)7 31 17 2507 2 0 6 6 5 7 . 8373E+01 
2 4<i7 0 ZJB7 2S67 2537 2 0 6 5 8 7 . 8S17E»01 
24^7 0 2-177 2497 2 / 5 7 2 0 3 9 3 6 . 0023£>01 
2077 1579 0 2487 3167 1 0 5554 7 . 1853E*02 
1579 0 0 0 2477 2 0 89736 1 . 010GE -04 

MATERIAL IN HOLDUP 
25f>? 0 », '7 0 0 0 6 0 2 . 4 7 4 3 E 0 3 
2577 0 2 * 2 7 2587 0 0 5 20791 0 . 
2427 0 2.1 i 7 2577 0 0 2 0 9 . 1 3 1 ' E - 0 2 
2417 IS8S 0 2427 0 0 1 4164 0 . 
1560 0 0 0 2417 1 0 24975 3 3 8 7 4 E - 0 3 

REPORT TIME IWTItftVAL 0. TO 6 .720GE+0Z 
Th i % r-~mr% o f s1 ;<iraoo F u n c t i o n 13 i l l u s t r a t e s t h e o n o r n o u s amount 
o f d i a l s «:ru'.i ' .<J!'o t h a t nay be . - equ i rec i t o n a i n t a i n t h e c o n ' - d i n n c n t 
i d a n t i c y o f r ia l - - i - i a l s i n c o n p l c x n o d a l s y s t e n s t h a t hend I n a n d 
pro--: ' . . : n-any d ; * .'- re r / c l y p o s o f p.trtor i a I s . I t a l s o i l l u s t i - a t c s 
t h e 'st.< rp.g-'? -ii.:?..^o s a ^ i nrjs t h a t may bo r c a l l z e d by ctes i on i ng mode I 
s.y'x.1' .-'• t l i f . t i,-: •.-• S3 i i x t l o l o n g t o r n n a : c r i a l s t o r s i n r 2 « p s c i t y as 
p o ^ ^ i f i t K . The ; - e r . 'should t r a n s p o r t o r s h i p n a t u r i e l o u t o f t h e 
nrjo'>:?l ^;/7,Ccin ',,.!'.--.">\/cr i t i s p o s s i b l e t o c'o so and p . - c u r a t a l y 
<-e-| -r.r, t i .kr ^ t. '-.-I S J O d s y a t t n . 

"T.e T O U O L iri3 reports fjcncratctf by the 702 CMBA function ar^ 
sui-'jh .ticTl !••' .'.i. ?rtc^' on 2 now ps&c to svoid splittir-o *f 
hi !\*:< -..i-.-ns. 

-155-



t1a*.C"*ial B»l«r>co Aro^ Acco«*r.taBt'. >^y 

1A 702 MiJA 
..'. re, A L TrPE 

• • f t 

V; • - • ; • ! • • H f i i >l I K TS SWPI 
IV • „ ' W L O E 

.. . 'H1UM WAI, u£ 
•1 • 1: --• J.-1 WU UE 
I O " r H L I M I T 
OF t.lTLL 
n 
2 nooor • 0 1 
•1 OCOOK - 0 1 
F. o-.'Oor + 0 1 
a U'OOl ' 0 1 
i OOOOF . 0 2 

; %roor • 3 2 
IOOVE »fl2 

^no r . r » 1 2 
i 1 2 

H (".i.&or - 0 2 
. •> ? ! c ; r 
2 <-Ofl- f; • 0 2 
2 ."'jfl'-iF • O S 
? (f.*«or. - 0 2 
a .'jo.'jrjr •CIS 

; 2 
ri aOO-'L • O S 
2 p..iriv- • I E 
r> •L-O'iO-. - r ia 
• > OOOCC • 0 ? 

,-'> ' M ' G . ' 0 2 
A i ROi'inr • o? 

** .j.xir... • 0 2 
f.r<«-)r - 0 2 

C \ . . f . y 2 
s *.';I"IO. 1 2 

i:nr.. I P - •? 

-" W W OR 
r; .'3000'-. •?2 

•*nCi . j 0 2 
yroot . *oz 

i ( . ' •>!>-: • Oi! 
o .- .t,r ~ - 0 2 
V rtOOOE - 0 2 

~0f«G- - 0 2 
• ' 4C00E: 0 2 

REPORT NO. 1 
TRUE 
COUNT 
EACH INPUT/OUTPUT TIWE 
a . SUrcBf-R OF Ofif t f^ 'ATlOfl l 
2 326SE*02 STANDARD DEVIATION 
4 .4100E+0S TIME O.- MAXIMUM VALUE 
0 . TinE OF niNIMUTI VALUE <mM 

PISTRI 
NT DENSITY BUTION 

0 . 0 0 5 4 0 . 0 0 5 4 
0 0 . 0 . 0 0 5 4 
0 0 . 0 . 0 0 5 4 
0 0 . 0 1 6 1 0 . 0 2 I S 
1 a . 0054 0 . 0 2 6 3 
9 0 .0484 0 . 0 7 5 3 
9 0 -0484 0 . 1 2 3 7 
e 0.0-430 0 . 1667 

13 0 OEM 0 .2360 
2 2 0 i 1 S3 0 . 3 5 4 6 
2 1 0 . ! ) 2 9 0 .467? 
1 5 0 0306 0 .S4S4 
2 2 0 . 1183 0 . 6 6 6 7 
1 3 0 . 0 6 0 6 0 . 7 4 7 3 

7 0 . 0 3 7 6 0 . 7 « 4 9 
1 4 0 . 0 7 5 3 0 . 8 6 0 2 

7 Q.0376 0 . 8 9 7 6 
3 0 . 0 1 5 1 0 9140 
4 0 . 0 8 1 5 0 S3SS 
5 0 0269 0 9624 
6 0 . 0 3 2 3 0 . ? 9 £ £ 
0 O . 0.S94S 
1 0 . 0 0 5 4 1.COCO 
0 0 . 1.DOOO 
0 0 . 1.OOOO 
a 0 . 1.COCO 
0 0 . 1.0000 
0 0 . 1.0030 
0 0 . i.anoa 
0 0 . 1.0000 
0 0 . 1 . 0000 
0 0 . 1 . 0000 
0 0 . 1.0003 
0 0 . 1 .0000 
0 0 . 1 0000 
0 0 1 . 0 0 0 0 
0 0 . 1 .0000 
0 0 . 1 . 0 0 0 0 
0 0 1 .0000 
u 0 . 1.0000 

0 . 0 0 25 



Mater l&l Balance Area ^ccounxabi'. ity 

• i.i 70? S " W 
.-..iTERIfL TY»E 

'.AHPL 1 NO 
i -i.vic/ r'i *.yiPi 
i'.LAN VALUF 
•il -iri-.LI. VfilJiL 
.^JfR LIMIT 
v" t£LL 
-r or<no»f»i 
-1 flOCOE*-i *} 700Z-E+Ol -t.R0DOE+D1 - 1 5D0WT+O* ••' . •fUOOf-0) • I .^OOOi-i-01 
- ' . " . ooo '> r i 
- 1 . inooE-*i>t 
- I . r>r.nOF*0> 
•Sl.tMjfiW: >00 
- a . o - a o w i ^ o o 
-7 mi-rCS-or, 
- B . L ' - 0 O E * 0 U 
-!3 tc"'0?E + 00 
-.1 0'-vC<T>OiJ 
- a . o o o o i i + nri 
-P ''c-Cirii^OO 
-I .OOO0E*0O 

Q 
1.DOOOE+00 
T* 0000iT*00 
• • . n i n o e - p o 
•l,OO00E*00 
a. nciooir*OQ 
G.OOOQE»00 
7 , O O O C F : * O O 
a r.oooFi + oo 
<i OOOOE+OO 
I ,30QOE + Q1 
1 .1G00FO1 
; 2000E+0! 
i inOOE«-0 5 
i . 4SG0S+C1 
I , 'VlCflE^OI 
1.GGCOE+01 
i . 7 0 o o e * o ) 
I ./SGOuE'Oi 
1.3000E+OI 

REPORT MO. 3 

E^PCr? fRB^ERVED - TRJE> 
COU-7 
EACH ;riPUT/CUTPUT TK<E 
o V - . - ' B E S o r oe r : 

-6.010<3E>00 r r ? l C ^ f i Q CSV! 
0 . 7 i f T CF * » ' • ; • 

- ! 6CCOE *01 1 : MS O r v i K: -•' 

C ISTR1-
OEW*:TV B^~ I Of! 
0 0-
0 3. 0 3. 
o O. 
0 0i08 0-0106 
0 03S3 0 0J30 
0 0-iSO o.oeso 0 1022 o ias2 0 I 129 0.3011 
0 107E O 40BE 
0 0753 O £B39 0 t 183 O &t>22 
0 1129 0.7151 0 06-15 0.7796 0 0215 0 0O1 1 
0 0054 0 BOSS 
0 03 76 0 E»1<S1 0 0640 0 90S6 0 0-134 0 £&7C 0 0269 0.9C3S 
0 C!61 1 0000 0 1.0000 
0 1.0000 0 1 0000 
0 0 

1 .0000 
1 .0000 

0 0 0 0 0 0 0 0. 0 0, 0. 0. 0. 0. 

1 0000 i ooac i.ooao 
1.COOO 1 COOO 1 OOOO 1.CCOO 3 OOOO 1 0000 1.OOOO •.OOOO 
i.oaco 
1 0000 1.OOOO 

G. i2;7e:*c2 
0 . 0 



Ar.i-.ovjrto' i i . 

\:r • •'...;. v 

P-'-PCi'T 

1 i..*'1: r.t- - 0 1 
1 V j o ^ r • 0 1 

rv .co r • 0 1 
^;, . i r r • n l 

3 fci.Pifit » J 1 
3 3fir.0L- • 0 1 

r a.'- -. a! d 5fOC;" • 3 1 
nrT;c,r • 1 1 

& i ( i o ; ' * o i 

& c i n e : • 0 1 
5 5-JOC:- »cii 
7 coco ; . • 0 1 
7 « ( i ; r • - 0 1 
S oooi : . : - 0 1 
a 3 JU> 1" • 0 1 
3 OJ«« i i 
a sDur.i- - 0 1 

Orr''t' c.p 
i 0\r.u.' :*? 
i l o n e r ^ 2 

! 1 f.C(..i. 

\ ZOOOF u2 
8 5 « r *T12 

1 300'"-'' 'ZZ 
I SiOCT + 32 
1 **»Oi;l_ 
1 4500. : - 3 2 
1 OOOf" + n ' ; 
1 M>CC: *DJ> 
1 eooo r * D ? 
1 et'-CSIT •;•£ 
1 VOOOii * D 2 
1 7=-nnir" ! " 2 
1 8000L i - i ^ 

1 e&o&e - 0 2 
1 OOOGF * J 2 
1 SSGOC O Z " 

F* 

DENS IT 
C D3f,£ 
0 
0 Q?GS 
C 'J215 
0 0269 
c 3753 
0 •3215 
c 39G8 
c 15S3 
0 0753 
0 1 2T-7 
0 0253 
0 1207 
c 3 9 1 - : 
0 Q5e: 

|r,PUT.C-jTPUT TJPE 

I M IKi l fS 8 

I SIR': - G O C >"5 

. , - _ 0 
i . n o o o 
i cooo 
1 .1000 
i.aaao i oooo •.ooco 
1.OOOO 
i.oooo 
1.0000 1 OOOO 1 .0000 1.0000 1.0000 1.OOOO 1.OOOO 

1AC 
:.6C£f5E>02 
= 9SS2E«Ot 



Material Balance Area Accountability 

IF:...-.'. . lu:i 1*1 'ii'" £ 
HATr'RK-t 

1 fl' .' i: '"31 
1.?-', • •01 i G'.'r.F 4?1 

-01 
i vio^o1": -0» 
1 .'K-'.Cf* *01 
1 .jr-o.v- 01 
1 - iOOCf -01 
1 Ô .-'-O-f •01 
S i*"•/!"•(? •na 
7 Oi.r.rn 00 

'.* 0^00: • 
1 ciniju-. •• 
1 . I tM/C.• 
• *r«r.-.; -
! . 3C-V.I • 
1 . 4P0C < 
i Sbtbi. • 
l.GOOOt:* 
•• 70ot:r 
1 . 0000:: " 
1.900CE< 

REPORT MO. 4 
2 
EftRU^ (O&SERVsC - Tfi 
MASS 
EACH rriPUT^OUTPOT Tl 
0 

- ) . I ? 2 6 E * 0 I 
s. 
-2.0001E»01 

0.G591 0 0538 0.0376 0.0S38 0.03GS 0.0914 3 1032 O. 1452 3 04 S4 3 U2S9 9 C43C O C2G9 0.0034 O.C054 G.G323 O.C591 0.0516 
o.cisi 
0 01 .SB 

DISTR1-BUTJCN 
0.0414 0.1075 0.1613 0 !S«9 0.2S27 0.3333 0 4247 0.5269 3.U720 0.7204 0.7473 0. 7903 0.8172 0.3226 0.8280 0 SEC2 0 3194 
0 9731 3.9892 1.CCOC 1.CQ03 
1.coca 
1 .01)00 i.cooa 1.000a : ocoo 1.0000 
1 S C O J 1.ocoo 
1.0003 
1 0000 1.0000 
1 . 0000 
1.0000 I 0000 1.oaoo 1.0000 1.0000 1.0000 1.0000 

l-JLKSER OF 33&i:F.Vi-. :ONS 
STANDARD r£VMTiOI< 
v:Hs Of-" M A , : ; I : , ! ' . VAL t«E 
T I M E O F nif-j:'.;.": V H . U E 

»61V5r£ • 0 0 

G79tE-02 
0 75 



r - :o l FSf I f iOi- f Arr>? E r r 

INPUT'OUTPUT TM1E 

is 

<1 * J 2 3 2 E * 0 2 Sf.p>*>=> fcS 
.<Lf,3E*Q3 Tie/- v M A / 

' j T T I ' E c r I - I » I 

DISTPI - Q 0 
r. cf M : • B'J TIC.'. 

C 3127 
C 51C. 1 * 
C 3 1 * -

c 0 9127 + 
0 OT£7 C 3K53 
0 . ^ i ?0 C M 43 
0 0 04^3 
C GS'_:S C. 11C5 
0 C 1139 -C 0 6 3 3 C 177S 
C C-35i 0. * ' J 2 ' ; 
C 0 ' £ 7 0 & I52 
C • 3?€ C 3223 v •.• . * 

c oa?i i 0 548 ' 
n o^7c» 0 4051 
Q ' J l ? / 0 . 4 : 7 ? 
0 03T6- 0 4494 
P '"j^r.c 0 «'.'<} 7 
0 05JS G.538G 
0 n^' ia 3 5633 
0 05&b 3 e32S 
0 01 ?7 0 .&456 
r. -'•f.r,«? 0 7 *52 
f« 0SS3 0 .7S15 
0 n i 2 7 0 7342 
0 u i gG 0 7S3£ 
0 0S70 
O 

0 8 1 0 ! 
0 6101 

K - T 

0 C390 0 e-iGi 
n r. ^ i s 0. 8797 
0 

0 89S7 
0 8367 • 

1 < 053 
0 

0 9051 
O 9051 

-

r> r^ io O S430 
C . .-3D 
0 

0 9620 
C 9620 * 0 0 : 9 0 

0 
0 . 9 8 1 0 
0 9 8 1 0 * 

0 C'SO 1 CCOO r 

rc.""r 





Material Balance Area Accounxabi.it/ 

1FUNCfION 14 '/0£ CdSA MATERIAL TVP; DATA VARIABLE SAWPL IMG RFI*LJCATE K/tt.a 
NI:.\IJ VALUE: 
MAXIMUM VALUE. 
t-iifliM:;" VALUt" 

REF-CRT KG. 7 
A 
TRUE 
MASS 
EACH I INPUT/ OUTPUT TIME 
0. MUMB-TR C F CESFrrtVATicrjs 
l .1&6dE*DZ STAMUAR3 DE.V!f*7]UN 
0 a258E:*02 TIME OF MAXIMUM VALUK 

-J 36J2£-15: T!ME Cr MJNIKi.M VALUE 

0 £5 
l i l lffl l 

LHWFIft L IMIT O ISTBI - 0 0 
Or CELL I : O J S T PENS 1 TV 3UTI0N 
0 . 2 0 0127 0 . 0 1 2 7 
; ocooe»ci 0 C 0 . 0 1 2 7 
2 COOOE'01 4 0 . 0 2 5 3 C.03S0 1 '* 
3. O O O I E * O I 7 0 .0443 0.0(123 
4 COOOE+OI I d = .0666 0 . 1 7 0 9 
5 .0000E*01 6 0 . 0 3 9 0 0 . 2 0 6 9 
G.oooor+01 16 0 . 1 0 1 3 0 . 3 1 0 1 
7.OOOGE+01 18 0 . 1 1 3 3 0 . 4 2 4 1 
6 . 0 0 0 0 £ * 0 1 4 0 . 0 2 5 3 0 44S4 
9 0 0 0 0 E O 1 11 0.06SG 0 5190 
1.00ODE+02 7 0. 0443 0 . 5 6 3 3 
' 10C>OE*02 16 0 1013 0 .6S46 
1 2000l f*02 1 0 . 0 0 5 3 0 . 6 7 0 9 
1 .3000 f<02 4 0 . 0 2 5 3 0 6962 
; . 4r.ur^+op G 0 . 0 3 9 0 0 7342 
1 , 5 C 0 0 t ' 0 2 3 0 .01 SO 0 . 7 5 3 2 
1 , G C 0 0 £ * 0 2 3 0 0190 0 . 7 7 2 2 
1 . 7u00H*02 6 0 . 0 3 6 0 0 . 6 1 0 1 
1 .8000E-02 7 0 . 0 4 4 3 0 . 8 5 4 4 
1 . &r.iiCC*02 0 0 . 0 . 8 5 4 4 
2 . r i i>00E*02 5 0 . 0 3 1 6 0.6C61 
- i < w r » 0 2 e 0,03110 0 . 3 2 4 1 
2 =!LOa£<0? s 0 . 0 3 6 0 0 . 9 0 2 0 
2 .3 ( .cn£ro? 2 0 . 0 1 2 7 0 . 9 7 4 7 
£ , .H-ni^-Or! 0 0. 0 . 9 7 4 7 
r ->nooc«02 1 0 . 0 0 6 3 0 9810 
2 . ,-;riro!:*02 2 0 . 0 1 2 7 0 .S937 
2 7 - ( .0 l>C2 0 0. 0 9937 
2 . ' i r 0 v ^ * 0 2 C 0. 0 9937 
.?. MCC>I"--»02 0 C. 0 9937 
3 oooce*oz 1 0 . 0 0 6 3 1 .0000 
-* ir-r»: - . 0 2 0 c. 1 0000 
:* ^::C'0£'O? 0 0. 1 .000c 
;< .1000!i*02 0 0. 1 cooo 
i K 0v"i|->02 0 a 1 .0000 
: . •.CiOOL+02 0 a 1 .0000 
i r . (K0E*J2 0 3 . 1 .0090 
j. •0U0t»02 0 0 . 1 .0000 
r f:or>DF*rj2 0 0 . 1 . 0000 
:. WJBC'OZ 0 0 . 1 0000 

http://Accounxabi.it/


al-a^cc Ar ja ieco'i 

;Funi"" r;oM i •« 

••trr t.JMIT 

•••.J3E ••01 
" ;i, JC 
S'-C«' *o: *o: ii-tJCi * l . i 
'' V*r 

". 4^1 *C'J 
••'. - I *oe 

«.' ocn..-; • - C 
l nWiOf. o i 
1 i f . C- ] > 

* so.-ir -,; 

• " ! • r •< - / J 
1 &i '0Gr". "•D1 
! . EC-li'-- - J l 
1 . 7 G O O t 0 1 
1 . C O n O f 0 1 
' 9 C U 9 C 0 1 

REPORT PIO 9 

EAS? IhPJT-UIPi l i 

DfcHS I TY 0 2/65 0 'j£C3 3.0253 
a 0.?P3 
O.G:JS3 

0 Oi i7 
3 G253 
3 0536 
0 . W J 3 
& £.-.27 
O CC.63 
0 C-90 
0 QC53 
0 0573 
0 C-230 
0 C3B3 
0 S1E7 
0 S M ? 
O 0390 
o ooeo 
Q 03'S 
0 01^3 

0. 
0. 
0. 
0. 

m 
c 3SEi -

cne? 
3 4 1 " J 

4 3 6 7 
-• :S73 

0 '.•3 « •> 

5 L Q 6 
Sr.gs 0 S 7 5 S 

0 6 3 SS 
0 
o ?cse 
o 7 2 1 3 
0 7 3 5 8 

fifi3S 
& - O 
S 7 3 J 

0 £ ' " -30 

& 9 5 5 7 
c C1 S 5 S " 

acc-c 1 oooo 
c&oo 1 0 0 0 0 

1 3 0 0 0 
1 OODO 

OQOG 
1 oooc 
) 0 0 0 0 
1 oooc 1 0 3 0 0 

Ife ;1IM 



r;r,-j:. -

. 7-M-: •. " . ' 1 

PI 

i r.uoo 
T oooo 
i oano 
i ouoo 
1 0 0 0 0 
' 0 0 0 0 
' OCPO 



Material Balance Area iccouitnb i '. Uy 

DATA 
yAmASbC 
OAMPL : *>s 
I M P L I C A T E iAMi- , 
H E A? V A I . L E 
: -* , • : ! F U I I V A L U E 
M H I K U I 1 V A L U E 
LOWER L f t J T 
DP CEIL 

- i . o r .o r r -c -a 
-3 SOC'Ci: »01 
•*> oncer*Pi -o '*rjccr«ci -H.ooacf-ni 
- / "y'-ifji: * c i 
-7 O-'JC*. O l 
-e w H ^ * 0 i 
-6 CgO0£*31 
- s n o o c E - o i 
- a .JOVCI: - a J 
- J : ;003E*3 i 
- • r-C03E*3» 
-3 V J C OF. - o : 
-;- - r o a - 3 1 
-fr '.-irOOT-Cll 
- : 5oc-o?*oi 
- : . ar joot + O'. 
0 
5 OODOE+OO 
5 nrj ';CT*C; 
i . s.yjOE + O} 
? a c c o E O i 
" 3 0 y g i - o : 

-; •J& 'JOC'C 1 . 
* •< s n o o E * e i 
s ouocfe'<oi 6 'iooor*Ct 
r:- OODOI.^CI 
7 QOOOE-Ol 
7 »00O£*0 : 
B OOOvli+OI 

9 VODDE-S1 

REPORT MS 10 
£> £Rfr04 (CBSf.RVfD - T*UE) CCUNT 
EACH !N=j r 'OUTPUT TIKE 
o. ~ 
T.6B29£«Q1 
4 . * 0 0 0 E * 3 1 

-1.SOOOE'01 
p ; a r R ! -

NUMEJER OF CBbCR'/A i I C . V J 
STA^.P^^»D DEVIATION 
T i r E OF MA/II1W" VALUE 
TIME OP KJ*i(Mv.1 VALUF 

0 0 O 25 

IfrG 
I 5Q27E*01 
3 /6S7E-&1 

0. 0 1 . 
0. 0 0. 0 
c. 0 0. 0 
c. 0. 
o 0. ; * 3. 0. 0 ; t 
0. 3 i • 
0 0. 0. 0. 
0.0054 0 C05J 0.0215 0.0259 0 0914 o.ii63 O 1293 3 £.573 0.1290 a.3763 0 1-52 0.5215 J * r»* 
0.0753 0 59o9 0.09U 0.6 362 
a esse 0.75« 0 C59I 0 3441 0 0538 0.8978 0.CJS4 3 5 « S 0 C538 1-C000 0 1.eooa 0. 1.CO00 0. 1 CO00 0. 1 . 0OO0 0. 1 0000 0. 1 . COOO 0. 1.0000 0. 1.0000 0. 1.0000 
a. 1 . 0000 



Material Balance* Arcs *ccoimta.s i '. i ty 

• '/.!?:ABLE 
e-/ "PL ! NO 
• ^ E F L J C A T E S A W , T I G T I M E 
K [ : A N V A L U E 
:iAxinu:: V A L U E 
HIKIMUK VALUE 
LLJCR LIMIT 

2 OOODE*01 0 
J-OCCOE+Ol 0 6 OOQOE+01 1 Q OJDOE-tOl 0 
i _OOOOE*O2 3 
t -200OE+O2 0 
1 . 4000E*02 1 
i . e o o o E + 0 2 l a 
1.3OOOE»O0 7 
2 rj.jOCE*Oa 3 
Z 2OG0E*O2 49 
? -1fiOCE-02 35 
2 60UOt*02 3 
2 aaOOE+02 32 
3 0uOC:^O2 25 
3,Z£GOE*Q2 1 
3 . M 3 0 0 T » ; > 2 3 

3.3300E+02 O 
<i. OCJOUL*Q2 a 
d. 2 n c c £ * 0 2 0 
4 . s-^n<~i*C2 a 
/ i . GUUCI - :+02 a 
A.80001*02 0 
5 GO'JOiT'02 0 
5 . 2 0 0 0 1 1 0 2 0 
5-100 'J -^D2 0 
5. 600Ci:*D2 0 
s , 0 0 0 1 0 0 2 o 
6.coooc*oa o 
e.2000!:+02 o 
6. 4'J00iL*02 O 6.60£OE»02 0 G.BOO0E»O2 0 7.0OO0E+O2 0 7.2000£*02 0 7.4000E+02 0 7 6OO0E*O2 O 7QOOOE>02 0 

REPORT CO !1 
6 
TRUE 
MASS EACH INPUT/OUTPUT 
0. 2.47S6E+02 3.62:iG£+02 
6. 0223£>01 

DISTRI
CT* BUT 1On 

0 

0.005*1 O. 0.0161 
0. 0.0054 O.0968 
O. 0376 0.0161 
0.2634 
0.2097 0.016! 
0.I 720 
0.1344 O.0054 
0.01S1 
0.0054 

8: 

0 0054 O 0054 O 0215 0.0215 O.0269 O- 1237 
0 1613 0.1774 0.4409 0.6505 O. 6667 0.6337 
o.y?3i 
D.S7B5 0.9946 1.OOCC 1.0000 1.COGO 1.0000 1.0000 1.0000 1.0000 1.0003 1.OCDD 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 J.0000 1 .0000 
1 - 0000 1.0000 1.0000 

TIME 
HUPe&t Or OBSERVATIONS 
STANDARD OSVJATION 
TIKE UF (Willi.'!' VALUc 
TIKE OF HIWMlj-K VALUE l i f l l i l 
3 0 O 25 



M a t e r i a l B ^ I f i ne r A r c i l e c o w f i b t i t-y 

VAR1A^LF 
:'..«.-!1-LI !-;r; 
r.'!iRi_ICATe 5AMPI 
MEAN VALUE 
KAK."JUH /Al.UE 
MINI mm VA: utr 
LCUER L IK1T 
OF CELL I ~4.0000E*pl -3.8O0OE*01 -3.6O00E*Ol -3.4000E*01 -3 2000E*01 -3 0OO0E*Ol -2 eOOOE+Ol -2.6000E+01 -2. 40Q3E«-9l -2.200OE*OI -2.00C0E*pl -1.eOOOE+Ol 

- I .GODOE«CI 
-1 .4O00E*Q l 
- 1 .2O00E*C l 
-1.OOODE+OJ 
-e.OOODE*DI> 
-6.OOODE+O0 
-4.0COOE-00 
-2.OOOOE+OQ 
0. 
2.0000E+QQ 
J.0000E*00 
6.0000£>00 
1 . OOCCF>OI 
1 .2000£*01 
J . d0C05.+01 
1 .600C£>01 
1.8000E+CH 
2-OOOOE+CI 
2 . 2 0 3 0 E - 0 1 
2 . 4 0 0 0 E * 0 1 
2 . 6 0 0 0 E * 0 1 
2.B00DE+01 
3 0000E-01 
3 2 0 0 0 E + 0 1 
3 . 4 0 0 0 E * 0 1 
3.G0O0E+01 
a.aonoE+oi 

REPORT MO. 12 
6 
ERROR (OtiSERvED -
MASS 
EACH INPUT/OUTPUT 
0. 
2 1«S6E*0I 
-2 G582E*01 

0 02*5 C 0376 0 OS I 5 U 0645 Q.:0S2 C 0SR8 0 >?9D 0.1075 Q 04 9 J 0.0591 0.0376 0,0753 0,0699 O 0259 0 0161 0,0161 0.0215 0 005d 0.016-0.016* O.0054 
o.oysa o. o. 

O.02i5 
O 0591 o oeOG 
c. ;-i&2 
O 2473 O 3441 0.4731 0.5806 0-B29D 0.CS32 0.7258 0.6011 0.87!0 0.8978 0.9140 0,5301 O.9516 
0 3570 0.273t 0.9B92 O.99*5 I.O0O3 1.OCCO 1.OODO 1.OODO 
1 OODO 1.0000 1.0000 1.OOOO 1.O030 1.0000 

•uriBKR C F c-bsi"Rvf l r :of /s 
$TA*.PARP PEVIATICN 
TIME OF JViXIHMrl WLUE 
T I K S ©«•• " . | N : « U > < V A . UE 

5 0Ol 'E - *00 
1 2e57E-*02 
6 4170E »02 



•-.'A ' i - e / ; ftE'0?7 - .0 1 3 

•; £ A C I ( J M * / f / C U T P U T T I M E 
W: c:/.!1Pl 0 v | 11 i> i w . ' . . r i » o 
. .,u 0 0 0 2 3 3 o - ; J [ , V \ , 
-ALUET <-> 4 S 0 OE'- J O T ' r ^ f &>-• 
• . ' » L H K : 1 0 2 3 - . ( . • 0 3 T ' r . " i;t 

111 T U I S T R J - 0 0 
i r jUM- r 001 'J . I T J T ; O:\ 

0 0 0 
•J? 0 0 
Jit 0 0 0 5 . ' c 0 0 5 4 
; ; - i 0 0 0 0 5 - J 

0 • C O f ' ] 
c:; 3 'J G l b l 0 0 2 1 5 !'* T i 0 0 0 02 I F 
• j : c 0 0 0 2 1 5 ! + 

','/ i?6 0 1 2 0 8 a 1 <513 
2 0 0 1 S 1 2 

; s a 0 0 ^ 0 0 0 50 -43 
•3 0 0 A6<\2 0 e.Ws 

0 0 a 5 ^ 0 5 

.;: 3 4 0 ! C 2 C 0 0 3 3 3 • , , , , , . < 
2 5 c 13 3R 0 3 7 0 1 j , , , : . , . -

^ , i 0 a 0 9 7 3 1 1 

';'; 5 a. 0 2 G ^ 1 0 0 0 0 

J 6 D. 
0 . 

1 OCQO 
OGOO j 

0 0 0 0 i OCOO 

>; 0 . 
0 

i 0 0 0 0 
0 0 0 0 I 

• . : 

C a ' 
0 . 

i cooc 
M-::CC 1 

_'", c 
Q 

0 
0 j oocc 

ococ- i 

:-: J 

0 . 
'J. 
0 . 
0 
0 . 
Cr 
0 
Q 

i ccoo 
c o 3 : ; 

GOOO 
CCOO 
OCOO 
OJUC 
ooco 

'J-' ooco 
3- f j ccco 
?;: 0 

0 
O 
0 \ D 0 G 0 



lantc trca Aceountfeb!'. 

REPORT NO. 14 

ERPCS I OBSERVED - TPUE) 

-1:111 
o.o as? 

i ?^ii 

£ 0 0 1 3 8 3 0 1 3 3 
a 0 C 4 3 C 3 0 5 3 8 
£ 0 : - . 63 
•4 1 ^ 9 3 0 2 - : 7 3 

o csris n r~i28C 
' j u I t SB - 5339 
3 c IS-3 5 6 0 7 5 

0 L 
3 0 1 £ 3 7 0 * 7 6 3 

o nann 0 3 - J 7 3 
6 o :>:iir: c 3 9 9 2 
? 0 0 1 0 6 CCOO 
0 0 1 C O M 
O r> 1 OCOO 
0 c 1 Of^OO 
0 D ) ODOO 
0 0 i OOOO 
a 
0 
0 
0 

0 
0 
a 
0 

j 
i 
i 
i 

OOOO 
OOOO 
GOOQ 
OOOO 



Material Balance Area Accoumaki iity 

lF - ' r j . :T |oh *-1 V02- CUBA 

OAT A 

f /H i r i - ! r-'G 
Kl i 1 ! I f -ITC f-:',MPf : 
rilt.^N VAL.LH 
MAXIMUM VALUE 
i'iir.iMU-1 VALUE 

i.avr.n i-irii r 

1 .p-cont-aa 

2. O>i.'0F.*U2 
3 500-E+G2 
d.0OftPS=02 
^!, 5gn£!r.iG2 
5. 00f-0l>02 

r , .ooor j^>02 
C . r 0 f O - ~ ^ 2 
7 . ciouw +02 
V.&C-L'0r::-02 
- i . . j ; t f . o : -c-a 
n. L»OOQE: i 02 
";. nOCTj-'-'Cia 
1.00O0r»O3 
1 OuuUK'OS 
1 . IOO0t + O3 
'i 1500,1 "03 
1 VO00i:' + 03 
l 2=50 9F* 03 

: 3300c*03 
> ^r.00C'03 
. 4500E+03 
1 r.C00E*O3 
1 . t-.rj00£*03 
1 enOOE+03 
i . '?0<*E*03 
i 70OQE*C3 
1 7505E+03 
; . 3 n o o E * 0 3 
! 5500S*C3 
* r.nr.-0E*03 
t ;. , iCG£»03 

REPORT NO. IS 
B 
TKUE 
MASS 
EACH INPUT/OUTPUT TIME 
0 . NUMBER OF OBSERVATIONS 
6 . 6 8 7 1 E * 0 2 STANDARD DEVIATION 
a . e n f i E + 0 2 TIME OF MAXIMUM VALUE 
1.S7fc«E+oe TIME OF tffMIMUU VALUE 

0 25 

1 . 2665IM02 e. t703i:oa 
1 . 3 1 0 I L ' O l 

DiSTRI- 0 
JHT OEMS 1TY BUTION 

0 0. I 
0 0 0. I 0 0 0. 1 1 0 0054 0.0054 ] 
0 0 0.0054 i 
0 0 0.0054 I 
3 0 0161 0.O215 .' 
0 0 0.021 5 I 
0 0 0. 021 5 1 
as 0 1398 0.1613 | 
0 0 0.1613 I 
3 0 0.1613 1 

91 0. 4692 0.6505 ! 
0 0 0.6505 1 
0 0 0.6505 1 

4? D E5B7 0.9032 1 
13 D. 0699 0.3731 I 
0 0. 0.9731 I 
0 CI. f.9731 1 
5 0. 0ZS9 f.0000 I 
0 a. 1.0000 I 
0 a. 1 .0000 1 
0 0. 1.0000 I 
0 a. 1 0000 I 
0 a. 1 .OOOO i 
0 0. 1.0000 1 
0 0. 1.0000 I 
0 0. 1.0000 I 
0 0. 1 .0000 1 
0 a. 1 . OOOO I 
0 0 1.OOOO 1 0 0. 1.OOOO [ 
0 0 1.OOOO 1 
0 0. t.OOOO [ 0 0. 1.OCOO 1 
0 D. I.OOOO I 
3 o. 1.OOOO 1 
a o. 1.0000 1 
0 0 1.0000 1 
a o 1.OQOO 1 



M a i o r t o l Boiancc ftre& A c c o j n i a b i 1 . i t y 

IF'JIJCTIOH 14 702 CKBA 
MATERIAL TYPE 
DATA 
MAUI ABLE 
SAMPLING 
'ruKI-ICAVi SAMFL. 
.1EAM VALUE .•IA:!|MU:I VALUE MINIMUM VALUE 
LOWER L I M I T 
CF CELL C 

-1 .naoar>02 
- 2 . " i j n o i : * c i 
- 9 . 0 0 0 0 E * 0 1 
-C.SOOOEtOl 
-e.oaoo£*oi 
- 7 . 5 0 C 0 E « ) 1 
- 7 . 0 0 0 0 E + 0 I 
-6 .50nOE»OI 
-e .O' jeOr>01 
-S.UOOOErOl 
-r. CQ^OF'Ol 
-A.5&OC£+01 
- 4 . 0 0 0 0 E * 0 I 
-3.SO0£.ii*01 
-3 .0000E«OI 
-2.'51>D0E»01 
-2.OO00E+01 
- I .S000E>01 
-1 .GOOO£*01 
- 5 . 0 0 0 0 E V 0 0 

0 . 
5.0OQ0E*0O 
i . OOOOE<-OI 
i .30CJO".*ai 
2 . 0000E*01 
E.S&OOC+OI 
3 . 0 0 0 0 E * 0 1 
3 .5000E*01 
4.0G00E+01 
4 . 5 O 0 0 E * 0 l 
5 .0000E*01 
5 S 0 0 0 E * 0 1 
6.00OOE-M31 
6.S0«0E'a~i 
r.ooosE»oi 7.5000E*01 B.OOOOE-01 
e.soooE+ai 
9.ODOOE'Ol 
9.5000E»01 

as 
33 
23 
2 ) 

3 
2 
0 
0 

REPORT NO. 16 
ERRM (OBSERVED - TRUE) 
MASS 
EACH INPUT/OUTPUT TIME 
O. NUMBER OF OBSERVATIONS 
2.0CS6E»01 STANDARD DEVI ATI OK 
4 .0386E<01 T I K i OF NAXinuM VAIUE 

- i 59S6E*00 TIME OF MIMMU.-i VALUE 

0 . 0 1 0 8 
0 . 0 4 3 0 
0 . 0 6 4 5 
0.E151 
0 .13B2 
0 , 1 7 7 4 
0 .1344 
0 . 1 1 2 9 
0 . 0 4 3 0 
0 . 0 1 0 8 
0 . 
0 . 
o, 
0 . 
0 . 
0 . 
a. 
o. 
o. 
0 . 
0 . 

D ISTBI -
BUT ION 
0 . 

I 

o.oioe 
0 . 0 5 3 8 
0 . 1183 
0 .3333 
0 . 5 2 1 3 
0 , 6 9 3 9 
0 . 6 3 3 3 
0 . 9 4 6 2 
0 . 9 8 9 2 
1.000C1 
i.oaoo 
I.0000 
i.aaoo i. oooc I.oooo 1.0000 1.0000 1.0000 1.0000 1 .0000 1.0000 

f^Ilf 
a.o 0 25 



Material Balance Area Accountabj '. ixy 

I'II::-."i !o:i is sol Tins 
HO REI J i i : i 

Thi3 r,oj-,-^cr.cr. ',Ut: s i Drwl^rrf r e p o r t f jenorated by t he sccoric1 RUN 
l i n o ot i.l.c inpu-. f i l e The repo r t ! , generated by i n d i v i d u a l 
FnncLjf.n'; -,rc; sn t f ' j * p ' ar i t i tory , but t he rcErler i s renindc-d t h a t 
t h i s î '. i> rf.-pt/r*: i.f a s i n g l e ^ i nu t s ' t i o r i run &nd t h a t the sonplo 
valuei . rc/.or e-jd hy the 70? CHBA f u n c t I n n wore taken each t i n o ti 
(lu^nuii.-/ c f r.'i i..'.< n. ints Ki Iv n a t c r I o l cr-o>-'iCd the bour.dery of the 
n e t c r i a ' S>slsr-':c e res . The d - . - t c rm i i i t ion of n a t o r i a l balance 
ii'icor i;- i r w '• t s p e c i f i c t i . - i ^ w i l l be 11 I uB t r s t cd l a t e r in the 
a«Rnplc l:>v f-o'i 1 oi:t iti& cist^ o i>cr ensembles of r e p l i c a t e d runs. But 
be fo re domj i tr in-; *o w i l l next show h»>' nodel systems nay bo 
n_-r.Jifi--.-j i.rct! in . i iv id>ja l runs ropca'.cd t o determine th ' j e f f e c t s of 
n o d i i i c a t sons 

REDUCE THE UNCERTAINTY OF ALL MASS MEASUREMENTS BY A FAC"0R OF T»I0 AND nf.l'EAT THE 23 DAY RUN COLLECTING ONLY MASS ERROR DATA AND Rtr-..-- . 1 iW '.:fiLY FUNCTION II AMD 11 PANAME IER 5 (2 IS 12) 5 PARAKEl'Ei; 6 (2 12 12) ! . PAPMltVEi. 7 : 2 '2 1 £ > ! S 
'.P. 2 4 2-*!) :>. 

rAH-'.ncri'K i l 
'2 12 12) 5 t 3 8"' 34! . (2 3& 36) i . S 
c? 47 *a; ;;. 

PAHAHE'iFH M (1)4 (2 ! S2) 2 3 2 1 0. 40 1. -20. 4 3 2 1 0. 40 1 . -20. 6 3 3 1 0 . 40 2. -40. 6 3 2 1 0 . 40 2. -40. I nd i v i C"U5-1 Clements of list valued psrsnciors sre nodiiicti in functions 5, 6, 7, and 11 at)o"c. The number of reports to be ef norato'l try -unr.tion 14 is reduced from 16 to 4, and the first 32 clcr-c'ils of p.v i?.inf p 2 are nodificd to define the new natcria'. balance re,,v,rt specifications. Any nunber of tiod i f i cet i ons or rvtie f i n i... t.r •-• o- the- nstcrisl bsl-sncc report specif ic?'vions could h&vc bicfi rc-lc if there were no need to incror.se the r.un|j5jr of clcr.-irnts i r. 1 i S"H vwluod pfjroncter 2 To increase the number of clenent.e ir a i t:it valued parenctcr, the function rust bo ck-stroyed enrl rt:tir cated. RU'l 1 8V£. 0 0 0 This line proriunnt. a 28 day (672 roup) run of the nodificd nod« I system !:.IT. r.-x/i-iilcs no output. Individual reports of data gathered ciuri'-is ~;he run by functions 11 and 14 are requested separably rs sppoar:; below. Notice that, now only four reports 
-172-
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ero oonorotcd by function 14 and that a chango in the width of the colls of the crrur histogram for r.atorial B has boon cffoctod. 
RUPORT 11 
FUNCTION 11 701/M2MB MAXIMUM NUMBER OF BATSHf- IN MEASUREMENT 5 TIME MAXIMUM FIRST OCCURRED 1.3345E*02 
REPORT 14 
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" iax-c~:a i i'-ai&r-^c fl-<vi Ac^o.*nt3bi . i xy 

; :- it r 

• - • . . ' . . " '•ILT'-BER : ;F BATCHES I N ! 'EJSU=CEK£: . T 5 
" " • I >.- -• i \'-<S', ••-•-••$! C C C U n a g D 5 C.S3V-02 

-':.' .••••:••' 'Lj-it 'CH OF BATCHES IN TR*KS«»f3i>T : 

" !-"'SJRE!'!EliT r::\£''.Or:Z S Ar-.C " I "O C3rn 1 hvC^S r-fCRA-TICt-. AND 
! • ! ! _ ' : • ; ::';ij>.. .5 W I T H S O ; > T , V . - A = :! - I L : : * T : : . > . ; ; F SAriDO' esse.*! 

. •>. 1 6 i .1 0 :i 0 O 2 •• 5 > i 

S I B! J 0 0 O 3 2 . ( 5 ; i 
r '-->A rjncTlCN 14 TO REPL;C<IT=; SAI" -. IMG 0= ~"E 

•" ' • .'-• i •'«;•• MVil EHKOR FOR P£TEi«:/:,_ « AT Tn£ r-.D OF EACH 
-7 •-:•'•%; "o»' i m. ' i " * CF CFSRAT:C-.J A--.-D ,-STOVE : - < ^ T - J N C T : V , S 5 ^ND 7 

; :- •>. I R C •10 5 

HHS II: 
ICTIOhS I , 3 , 5 , 

' ••. ••"••'-.'. f u n c t i on:*, o f t h e o r i f j j r a ' . noc i c l s y s - t c * ha'-c ^o -.> been 
-i- r'r f socj t o n e h;? .*o b c o n d e s i r e ;.'cc; y and t h e r ^ t . c r i a I ba l a n e s 
-"•..'ex J or̂  Jias bO'".n c h a n c e d t o g a t n e r d^ i t a e v e r c p l K O ' c f l 
^ i i ' i u ' s t i e ' r u n s . Wc n e x t n a k c a s e t o f t e n r e p ' . : c a t ed r u n s v>i":h a 
rji.!r*,j~. (.." \,f\a c u f v o f i t n o d o l s y t t c r . t c v e r i f y t ^ e t . t i l l n? t n o 
• • iO-3 j f i r . a t i o r . i i i'navc b o o n i n p i o n o i t c c &ftz v*- ci . sc ' sv " *.c s t a t u s i>f 
V i - . !'f ov s. t f t j ' i - c h a i n . 
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. - t f ' i ; - ' : OF ONLY C/1EA FUNCTION 1£ 
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Materiel Balance Area Accountability 

! TRACE 0 
LB 14B3 

LBCA 7687 
LBLIST 1030 

LBPT 1 
LBUF 650 
LCSB 104 

LE 191 1 
LEC 148 

LFFB 2487 
LFFE 190 

LI 1504 
LLE 170 

LLFB 10867 
LLFE 645 
LMS 104 
LNE 17S 
LP 1488 
LV 1496 

MINNFL 9132 
MNSE 8 
NFS 92 NFL 
Ni i 
NI2 

14730 NFL 
Ni i 
NI2 59 
NOl 8 
NO 2 59 

NFiEP 10 
NRUN 1 
NSE 8 

TIME 0. 
TSTOP 6. 7300E+02 

FUNCTION 2 
LB+00 784 101 

* 1 785 22 
+ 2 786 2 
+ 3 787 15 
+ 4 788 2 

LP+ 0 1 769 2 
+ 1 3 790 2. . 4000E+01 
+ 2 1 791 1 
• 3 4 792 808 

1 .2500E+O1 
• 4 3 793 4 .50C0E+00 
* 5 1 794 0 
+ 6 4 795 0 
• 7 1 796 2 
+ 8 4 797 818 

3. 
0. 

0000F»0O 3. 
C. 

0OOOE*O2 
4, OOOOE*0, 2 OOOOE+01 

3 798 2.0000E+OC 

1.0000E+02 0. O. 
4.0000E+00 0. 0. 
1.0000E+03 C. 



r->ator ia t Balance £>-oa i r c c 

* 1 0 3 7 9 9 1 OOfiriE + CC 
M 1 1 8 0 0 ; - 1 2 1 S O I I S 
- 1 3 8 0 ? 6 
- 1 4 3 0 3 4 

L V - 0 80.4 1 
• 1 o 0 5 0 

L ! - C 
• 1 

S 0 6 0 
0 

r - . N C T I O N a _ 6 < 0 & 9 0 6 3 r l i 
• 1 SO? 1 3 
• 2 aoa 1 
* 3 9 0 9 5 
* A 9 1 0 5 

L.P+ 0 ! 91 1 ! 4- * Ci 9 1 2 0 
+ 2 3 9 1 3 Q 
f 3 e S M 0 
t 4 9 1 S 1 0 7 0 7 

L V * 0 9 1 6 1 
+ I 9 ' 7 0 
* 2 S I S 0 
<• 3 3 9 1 9 0 
* <1 9 2 0 0 

1 . ! + 0 9 2 1 0 
• 1 sag 0 
* 2 9 2 3 0 
*• 3 3 9 2 1 0 
+ 4 1 9 2 5 0 

~UNCTION 6 
u'5 i 0 0 9 7 8 7 0 1 

+ 1 9 7 9 2 4 
+ P. 9 8 0 6 
* 3 9 8 1 1 i 
+ 4 9 8 3 5 

LP< 0 T 9 8 3 A 
t 1 1 9 6 4 1 
< 2 4 9 8 5 1 0 0 4 

4 
2 
0 

0000E-.O0 
OOOOE-00 

0. 0 
4 OOOOE+00 0 
1 .OOOOE-00 

•• 3 3 9 8 6 A OOOOE^OO 
• 4 3 9 8 7 5 ooooe-oi f S 1 9 8 8 i 
- 6 1 9 8 9 1 5 
+ ? 2 S 9 0 1020 

I f i 
* 8 i 9 9 1 1 1 
• 3 1 9 9 2 9 
• 1 0 2 9 9 3 0 

L V * 0 1 9 9 4 1 
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0 0 l 1 1 - . ; 3 0 1 
1 1 i SFi ' 8 
2 1 i 3B ' 0 
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3 : / n J O O f O E ' - j j : 
2 -i i - 1 ! '. 2 0 ' . ' J E - : . , 
3 L : «?c 0 
i 1 : • <-.:i 

: t - • i 
•0 -\7 

v 
i . - • t 

1 - l a O t 
0 2 1 • 1 r fS 0 

3 :i i ! A > "I 

£. 1 i ' J R 0 
0 i : • -i a 0 

:• !:59 0 

* 3 
•» 1 

J I 
• 1 ; • : ; ? 1 

< 'AC 

^ OCCOE *-00 Q 0 . 0 0 . 
o 
a 
0 

OOOOiT - 0 0 !:SSS8I-8? 0 . 
3 . 0 C O O E * 0 0 
0 . 

c. 
0 
4 0 0 0 0 1 > 0 0 
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-+oo 5 . 
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OUOOff-OCi 

e or>oo£ - • • o 0 , 0 . 0 . 0 . ; 
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0 

5 0 0 C E ' C O 7 . 0 0 0 0 E » C O 0 . 
B OOOPE^OO 
? O 0 0 C £ - 0 0 

7 . C 0 0 C ! 
c. 

*co 0 . 
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3 3 • 1 t;'<r 4 . O M V . >O0 
4 3 1 1 . S •• . I5-J'. ;;: - 0 0 
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4 4 I 1 174 0 
LI • 0 

1 
i 
i 

1 17S 
1 176 a 

0 •V 2 i 1 177 0 
4 3 3 1 178 0 
4 4 1 1 1 79 0 

FUN CTiON 12 
LR> 00 1242 301 

+ 1 1243 13 
+ 2 1244 12 
+ 3 1245 5 
» 4 1246 5 

LP* 0 1 1247 1 
» ', 3 1246 0 + ? 3 1249 0 
+ 3 2 12^0 0 
+ 4 1251 52! 7 

LV» 0 1 25,2 1 
4- 5 1253 0 
4 2 1254 0 
4- 5 3 12U5 0 
4- 4 1255 0 

LI » 0 1257 0 
4- ! 1258 0 
4 -jr U-^SS G 
+ 3 3 1260 0 
+ .3 1 1 261 0 

FUM ;i i C M 13 
LB' 30 1262 401 

+ 1 1263 44 
* ? 1 264 13 
* 3 12S5 9 
* 4 1266 16 

LP + 0 1 12E7 0 
+ 1 1 1 268 1 + p 3 12C9 1 000 OEi-01 
+ 3 3 1270 1 OOOOE+OO 
4- 4 3 127! 5 ooooe-oe + 5 2 1272 1 303 
+ 6 2 1273 0 
+ 7 1274 1B79 
4- 6 1275 15B9 

LW* 0 1276 1 
+ 1 1 277 0 
+• 2 1 278 0 
4- 3 3 1279 0 
4- 4 1 1280 0 
4- 5 3 1281 0. 
4- 6 3 1282 a. 4- 7 3 1283 0. 
+ a 3 1284 a. 
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+ 9 3 1285 0. 
+ 10 3 1206 0. 
+ 1 1 1 1287 0 
+ 12 3 1268 0. 
-13 3 1289 0. 
+ 14 3 '•290 0. 
+ :s 3 1291 0. 

L1+ 0 1 1292 0 
+ 1 1 1293 0 
+ 2 1 1294 0 
• 3 3 129ii 0. 
» 4 1 12SB 0 
* 5 3 12S7 0. 
* 6 3 125*6 0. 
+ 7 :« 12S9 0. 
+ S 3 1300 0. 
•• 3 a 1301 0. 
• 10 3 1302 0. 
+ 1 1 1 ',303 0 
• 12 3 i30d 0. 
• 13 3 1305 0. 
+ 14 3 1306 0, 
+ 15 3 1307 0, 

FUNCT!ON \i LB->0Ci 
+ 1 

1&18 
1319 

702 
1 1 

• 2 1320 14 
+ 3 1321 6 
+ 4 1322 1 

LP+ 0 1 1323 0 
+ 1 1 1324 4 
+ 2 4 1325 1331 

A. OOOOE+00 
4.00OOE+O1 
2.OOOOE+00 

-1.OOOOE+02 
5.04OOE+O2 
3.0000E+O0 
5.OOOOE+00 
1.0000E+00 
3.0000E+00 
4 . 0 0 0 0 E T 0 1 
2.OOOOE+00 
0. 
O. 
2.OOOOE+00 
1.00O0E+O2 
1.00OOE+O0 
6.0000E+OC 
4.0000E+01 
2.OOOOE+00 
-4.0000E+01 

3 OOOOE+00 Z OO00E+00 2 OOOOE+OO 1 S800E+02 
5 OOOOE+00 -1 OOOOE+02 4 OOOOE+-0 3 OOOOE+00 
2 OOOOE+00 3 3600E+02 4 0000E+01 5 OOOOE+00 
4 0000E+00 3 0000E+00 2 OOOOE+00 2 OOOOE+00 
4 0000E+01 5 OOOOE+00 -1 OOOOE+02 4 OOOOE+00 
2 0000E+O0 2 OOOOE+00 6 7 2 0 0 0 0 2 4 OOOOE+01 
1 OOOOE+02 3 OOOOE+00 2 OOOOE+00 \ OOOOE+00 0 4 OOOOE+0! 5 OOOOE+01 0 
3 OOOOE+00 1 OOOOE+00 1 OOOOE+00 0 
2 OOOOE-rCO -4 OOOOE+01 4 co ooi:+oa 2 OOOOE+00 
1 OOOOE+00 0 4 OOOOSi+01 1 OOOOE+01 
4 OOOOE+00 3 OOOOE+00 2 OOOOE+00 1 OOOOE+00 
4 OOOOE+01 1 OOOOE+00 -2 rncOE+01 S OOOOE+00 
1 OOOOE+00 1 OOOOE+00 0 4 OOOOE+01 
0 5 OOOOE+00 3 OOOOE+CO 1 OOOOE+OC 
0 4 OOOOE'Ol 5 OOCOE+00 -1 OOOOE+02 
2 OOOOE+00 2 OOOOE+00 1 OOOOE+00 0 
2 OOOOE+01 0 5 OOOOE+00 3 OOOOE+00 
1 OOOOE+00 0 4 OOOOE+01 2 OOOOE+00 
7 OOOOE+00 2 0000E+00 1 COOOF+00 t OOOOE+OO 
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I.. '- C 
L : + a 
rU'-ICTiON 
LP. 10') 

• I 
+ n 

L I + 

1 3 2 6 

13.-?? 
! 13?8 
1 13S?9 
i 1 M U 

IS 
l « 3 
M ! M 
MO'J 
14fifi 
14«7 

1 1 4*io 
1 ! ' i 0 3 
I 1 <!50 
^ Mai 

Mrsa 
! 1.1fi3 

EVEN". 
3 

CHAIN 
LEC 
LNE 

M S S 
1 107 
M S P 
M.-S9 
I 50i> 
1501 
1S0K 
150C 
l'JO<! 
I'.'.OS 
l b 0 6 
ISO? 
1500 
1509 
1510 
151 1 

1 1(33 

1 J ' 3 

1 B'19 
1 
0 

SOI a? 
IS a 

8 
0 

1 .6000E+02 

115 2 

IO 
1S-.S2 

1 
1 .S600E+02 

0 
0 . 
8 . 0 0 0 0 E + 0 0 

0 
0 . 
3 . 0 0 0 0 E + 0 0 

0 
1 .68G0E+H2 

0 
0 . a.ooeOE*oo o o. 
8.0000E-+O0 

1 4 6 
1 7 5 

0 . 
3 . 0 0 0 0 E + 0 0 
5 . 0 0 0 0 E + O O 
I.OQOOE+00 
S.OOOOE+OO 
4 OOOOE+O! 

4 . 0 0 0 0 E + 0 1 
1 .OOOOE+OO 

-1.OOCOE+02 
0 . 
3 . 0 0 0 0 E + 0 0 
5 . 0 0 0 0 C + 0 0 

5 .COO0E+02 
I.OOOOE+OO 
e.coooE+oo 
4.0OO0E+01 
2.00002*00 
•1 .OCOOE+02 

8.00C0E+00 3.2000E+OI 5,r.0COE+Oi 
1.7000E+01 4.1000E+01 6.5000E+P! 

a. OOOUE+OC 
6. 1000E+01 
1,200QE+01 
S.S00C1E+O1 

1.3000E+01 S . OOOOE "-01 
1.7000E+01 
8.40O0E+01 

3.200CE-G1 
e. 5o:io;-o; 
3 .6000E+01 
8 .S0OOCO1 

o. 
0 . 
2 ooooi:<oo 
5.O00OE+01 
i . O O O O E I O O 

8 OOOOS+01 
<i. 9000 ! :+m 

'(. 7000K + 0 I 
1 0 100E-02 

f-^i:?2 

7.OOOOE+OO 
4.0000E+01 
2.0O00E+0O 
0. 
0 

1.0400E+0S 
1.I300E 02 

5 6000E-01 
l OSsOOE 02 

6.0000E-01 
1 . 1300E+02 
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-l E 
S.-FC 
: . L F E 

MSE 
M N d t 

N F E 
1-51 ?:n 
1 /.T 
1 CO 
1 0 ' 
1 !J0 
i r-iH 
i & o 
'<5"; 
i / o 

I..FF3 
L L F B 

l \ . "L 
LIJCA 

K 1 N M F L 
;•' 1 1 7 
i:--!07 
cm 7 
W t m\7 
?'-£ l7 

T o o r . 
ts I o.-.k 
rc - . ' i o - ' 
c h a j n 
r o l r -
b C Q 1 r; 
CXtTM 
riof ii-i 
b l e c i * 

10(597 
0017 
SI 3 7 
7747 

I.1R67 
S027 
S317 

IOS-,7 
I0S57 
!0S8? 
1 07 I 7 
10737 

160 
185 
ISO 
155 
ISO 
lS'i 
170 

J 
OOOOE-00 oonoE^ou 
5200E+01 
68COE+02 
3500E+02 

!i 0<=G0E*02 
13. 7200EI02 

1 5 
1S 
1 5 

2 
I d 
14 
1 4 
1 4 

H I S 7 
I O C S 7 
1 4 / 3 0 

7 6 3 7 
9 1 3 2 

? 4 T J 7 8 
3 5 1 7 S 
7 S / 7 8 
S3 1 7 6 
7 S S 7 6 
V 7 5 ? 8 
r r v c r n e c i : , 6 0 0 l i n c ^ r , f t h e o j t p b X f i \ e o r r : s i n : n g l i n k e d 
o f T. r v c i ' . s o l e L o c a t i o n s i n t h e f r e e s x o r c c n a i n h a " C b e e n 

'nrir o , i l ran : / o f t h e s e b l o c k s s r e p l a c e d i n t h e f r e e ? s t o r e 
h e n ; , ^ P I : O r e p r e s e n t i n g n a t e r i a l i n t h e s t o r a g e f u n c t i o n i s 

' : - - c i , ' ! I . o l ; : r r ; o n w i b c r o f s n a i l , n o n c o n t i g u o u i ; b l o c k s a t t h e 
i* i r . f l o f t h e f r o e s t o r e c h a i n d o e s , n o t c t s r k c d l y a f f e c t t h e 
l" i o i ' i t i n . T o - t h e p r o o r ^ i ^ b e c a u s e o n c e n n o d r l s y s t ^ , - h a s b e e n 
--o' n o s t o f t h e s p e c s : ? ! 1 c c a t c j d f r o n f r c f l s t o r e i s i n s n a l ' ; 

j s i ' . i i ••! n ; i t c " i s l c ist f -s s t r u c t u r e - ?.- . - ; f o r coi-Mnun i e s t i e n s 
jg ~>irc\ i o n s , 

8 3 1 7 
S I M ? 
7 7 4 7 

1 C Z 6 7 
501?? 
&-517 
H0< l? 
* 7 b ? 
3957 

1 ncr i7 
10Sb7 
10567 
10^17 
1-V37 
10r,27 
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10827 10747 8 
I0747 10787 8 
1078? 10797 8 
10707 10807 8 
10807 108)7 e 10917 10757 9 
10/5/ 10767 8 
10767 10777 8 
107/7 10837 S 
10637 10847 S 
10847 2707 8 
270"' 9997 h 
9997 r;217 B 10217 10367 8 
103lj? 10377 6 
10377 10397 8 
1 0367 10097 8 
10397 10207 8 
10207 10347 8 
103*7 103S7 8 
1 03b? 5217 8 
S21 7 1 0377 8 

10577 10607 6 10607 10S57 8 
10657 10667 8 
10607 10677 8 
10677 10687 8 
1068/ 10627 8 
10627 10637 8 
1063? 10647 8 
1064 7 10407 a 10407 9277 8 
9277 4647 8 
4617 6667 8 
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n"C S;i:",."n R'-spctsc o /jc: 'orsary Action Seoucnccs 

IIATP.P'. CONTROL SYSTEM PriSPOWiE TO ADVERSARY ACTICM SEQUENCES 

Introducti on 
Th i s c <<*Kp la ill ust.rpi-;os thi use of M- SS in the analysis of adversary 

action ^ecinon^r?s and in tho detGrninai'on of naxo lat control ayttcn 
revpontes to the d I vers i on gttoript'j represented by these se<"V-cnccs 

With one exception, which will toe t-^plraincu shortly, t~>e receipt of 
nai -or uil, measurement, trar-isportj record m g of natcr ia! ba lance data, and 
*;tcr?;;c arc the sane as i ri the previous yuanplc Wo now suppose that 
prclininary analysis has ruvcalcd that it n&y Po possible for xwo 
ad'-ortarics, by performing certain coordinated actions, to accomplish a 
d i uors i on of rictcr i a 1 4 fron tho process i ng opera', i ons per fomc-d between the 
r.ofi'iurcment of batches air iving at roco i v i ng stat 1 on 2 anrt the second 
nensuronont performed just before tho n a t o n a l s nro placed in storage ""he 
order of tho act i ons rocju i rod of the tv/o ac-vcrsar ics i s spec i f i cd, but the 
tines at v/hich each adversary action sequence nay begin and tho length of 
tine required T.o perform ouch of the act i or.s are uncertain and nay only Iso 
approximated by random variables. Some of those actions albo may bo 
performed only when nator i ;;1 is enter i np tho i neon i ng measurement f ac I 1 ity 
and during tho period of tsno that the naterial is being processed. The 
adversary action sequencer are, therefore, dependent upon the t m i n g of 
maroria I flow "hrou^h the -aei1ity, wh ich we have seen occurs with 
considerable random variation about a periodic oper&tlng schedule. Stimuli 
that nay be sensed by noni-.oru employed in the naterial control system are 
generated by the pcrformnce of rany actions of the sequences. The tine 
delay followi ng the start of an sdwraary act i on, the intens i ty, and the 
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WC Sysvem Response to Adversary Action Sequences 

<lur$tion of those stimuli arc, in general, random variables that represent 
k.nr>,.<n vanaiion of the generated stinul i and/or uncortai rity in the»r 
tliteraanrizauon. Tho ability of monitors to detect stimuli generated by 
ar> .'cr̂ -ii'y act l ons depends up an the sens itivlty character Iut i cs of f nd i vldual 
noniiors which are expressed in terns of probab I I i ty of detect i on 
vs. stimulus intensity. Sionals Generated by the monitors arc used in 
ncking decisions that constitute the rcsponso of tho material control system 
to the attempted adversary action sequor.-es. Jntermodiate decisions of the 
material control system may initiate control action sequences that activate 
monitors that wern previously turned off. 

The problem in this c:/anple is to determine the probability 
distribut ions of material control system responses at specified tines under 
tho condition that tho adversary action sequence occurs, that is, that the 
natonal diversion attempt is nadc. Wc are also to determine the 
nrohrhility distribution oc the quantity of material successfully diverted, 
tho probability distribution of the tine required to complete the diversion, 
and the uncertainty associated with the material balance during the time 
intr-val of tho diversion attempt. Thii, is the type of information needed 
to assess tho effectiveness of material control systems in detecting? and 
prevent i ng the successful completion of material diversion attempts. 

The actions of the two adversaries which wo will call A and B are 
illustrated in Figure 4.3 A begins tho sequence of actions AT , A2, and A3 
at sono time between 3 a.m 0 and noon of the f irst d,^y of the sinula-ted 
diversion attempt. Time t = 0. at the beginning of the simulated time 
interval so v/o specify that in the model system action Al besins at a random 
tine that is uniformly distributed on the interval 8.<t<12. as indicated in 
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MC Systen Response to Adversary Action Sequences 
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MC System Response to Adversary Action Sequences 

In this c^&nplo, tho period of naterlal batch arrivals at receiving 
stun on 2 hat brer mernatiod to a weekly interval of 168 hours, This waa 
donn to i 11 usir-ot..? n CSSCJ where coordinated t in i ng jf act I oris per formed by 
trfO advcriiaricj is required to conplete a successful dive-rtton. This is the 
Finnic change, mentioned earlier, in the process node 1 of tho previous 
c> ample. Now, w ith only one batch of natcr i?sl arr Iv ing at sone t inc between 
Q a.n. and 5 p.n. of the first day, adversary A must accomplish the dc'.ay 
of that botch in order to give adversary B an opportunity to acquire and 
remove the natorial while, it is being; processed in the material balance 
area. 

Adversary B is able T O begin the first action of tho sequence Bl, B2j 
B3, B4 at s<ie tine between 6 and 10 a.n.O on the fifth day of tho simulated 
diversion attnr,pt. Action B1 in the nodcl system is therefore specified to 
occur at a randon 11 no uni-ornly d istr ibuted on the interval 1Ofl.<x<106. To 
simplify tho exsnplo, each o* the actions performed by adversary B are 
assumed to roquire a un i formly d i str ibuted ranaon t ino i ntorval of between 
1.0 and 2.0 hours with no 'iir.o delay between the ending of one action of the 
sequence and the beginning of the next. Actions Bl and S3 might represent 
steps required for B to on~er and gain access to natcriaIs in the processing 
operation. During action B3 f adversary B nay acquire material from the 
processing jpcratior. Action B4 represents a step required in renov1ng the 
acquired nsterial from the boundaries of the material control system. 
Completion of the diversion attempt is defined as the time at which B 
completes action B4. 

The timo del ays (in this case only act ions A1 and Bl have nonzero t ime 
delays) and durations of actions in this example are all assumed to be 
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MC System Response to Adversary Action Sequences 

uniformly distributed 1 random variables. In general, each of these nay have 
cny oF i;hn prabtib i I i ty d i a-.;r 1 taut i ona def 1 nccj i n Append i * A. 

Fic'irc 4.3 d'-.rs. not denier the stimuli genc-etcd by the performance of 
actions involved in the simulated diversion axtenpt. Wc suppose that the 
ansjly^t has dotcrn i r-od, besed on the conF igurat i on of the material control 
system w>c\<nr f n*'csc igat ion. that n.o stinuli are flensrated by a * ->n hi, 

three by action A3, and enc c@ch by aetiens B1 , &2, B3 and Bd. -s hough 
actions *\p pnd BS do not yc?nerate stinuli monitored by the rytct gl control 
systpn, they must be included en the model syston to accurately simulate the 
tining t»r the adversary as;-, ion scciucr.ces in relation to material flow in the 
processing facility. Cnarnctoristics of stimuli generated by adversary 
act i on*; r.rc o'c Fined oolo-/ -n the description of the functional model of the 
C^&riple system. 

Functi onal Model 
F i rjure 4. A is the MCSJ* functional node! that represents the system 

s*riul=-c^d in this o/aiiplc. functions I through 15 ~- the left side of the 
figure, tr-e tho j-^ne a? in the Material Eslance A r t = -U,*. -untabi li ty example 
cxcT't, ss describee febovc for the period of nater '-,*teh arrivals at 
receiving station 2. 
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FIGURE 4.4 Functional node I of tho MC Systco Response to Adversary Action 
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MC System Rcsporsc to Adversary Action Sequences 

Function 20 Initiates the diversion action sequences pcrforncd by 
ndvor .̂ ar 103 A and B. A a i ng Ic I 1 st vatucd parameter of function 20 
Kpcc 1 f j c. the obj nc-nvu of the di vers i on attonpt, wh 1 ch functions. Emulate 
adversary actional '*< Q ordor of those Functions In the adversary action 
scnuonccs of A and B, and the tine delay characteristics of each action in 
xho sequences. In this ca:se, the objective is to divert, on the average. 
10 0 r=ass units of materiel type 4 fron batches in transport function 9 
which sinulsves the tine spent in the materia* balance area for processing 
operations. The standard deviation of the amount of material removed in 
individual acquisition actions is set to 2.0, so, unless there .3 
unsufficienx material of type A present at the tines of an acquisition 
action, a random, normally distributed quantity will be acquired in the 
successful d i vers i on attempts, 

Functions 21, 22, and 23 simulate respectively actions Al, A2, and A3 
of adversary A. Two st imu I i , ind icnted by vl and v£ In F igurc 4. 4 , ar-o 
generated by the eccurrcnci: of action Al . "The stimuli generated by 501 I NDA 
functions (and all other action functions in this example) are characterized 
by a time delay after which goneiat i on of xhe stinuli follows the beginning 
of tne action, a tine duration over which the stinuli arc present, and an 
intensity of the generated stinuli. Also specified for each stinulus 
generated by an adversary action, is xhe number of the function th^t 
simulates the naterfal control systcn monitor intended to sense the 
stimulus. The parameters of function 21 define functions 40 ar.o 41 
respectively as the monitor functions of stimuli vl nnd v2. Bo.h stimuli 
have unifornly distributed tine delays ranging fror 0.0 to 1.0; uniformly 
d 1 str i buxed durot i ons ranjg i ng from 0.0 to 1.0; and i ntens 11 iss of truncated 
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normal distribution with nnan value 1.0, standard deviation .2, naxinun 
value 100,0, and minimum value 0. 

Function 22 is a 503 DEPA function used in the conditional completion 
mode to simulate the waiting of adversary A for an opportunity created by 
tno L>9Q inning of a nca£urci'icnt in function 6. If a ncasurcnent has been 
started within 4,0 hours preceding the tine action A2 would be completed if 
:t wore not dependent upon function 6. A2 is ccnelcted without delay. But 
if this condition has not occurred v/lthln the reference tine interval of 4 0 
hours, conpUtion of act i on A2 will be do layed unt i 1 tha necessary cond 11 i on 
is sAjt i.tf ied , The Lnde I ay ad duration of action A2 is. ',-?\i f ornly d i str i buted 
and rvuncjcs*. from ,25 to .75 hours. No stimul i are generated by action A2 

Function 23 simulates a^tion A3 by which the moan transport tine of 
function 3 is nod i f i ed from 46.0 to 96.0 hours. Tho duration of A3 is 
uniformly d i strltauted and ranges from .25 to .75 hours. St jmu\\ v3, v4, and 
v5 sro generated toy action A3 and arc sensed by monitor functions A2, 43 
and AA of the material control system model. The three stinoli have the 
sane characteristics: their tine delsys are uniformly distributed ard pnngc 
fi*on .05 to ,15 hours; the ciurat ions of tho stimuli are uni form ly 
diatr:hutod and range fron 0.0 to 1.0 hours; and the stimulus intensities 
have truncated normal di s~ribut tons with mean value l.0, standard devi at on 
0.2, nsxinum value 100.0, and nininun value 0, 

Functions 24 and 25 are 50! INDA functions that simulate actions Si and 
B2 oF adversary B. Both are specified to have uniformly distributed 
duration times ranging from 1 C to 2.0 hours. Action Bl generates stimulus 
vS with uniformly distributed delay and duration times ranging from 0.0 to 
1.0 hours and a truncated normal intensity distribution with mean value '.0j 
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standard deviation 0.2, r»a:;ir.un value 100.0., and nininun value 0. Action B2 
docs not generate stimuli ';c,r.'icd by tho simulated material control systen. 

Function 26 simulate:; net ion B3 during which sdversary B acquires 
natcrjal fron function 9 according to the natcrial diversion objectives 
specified by function 20. ActFon B3 Generates stimulus v7 that nay be 
sensed by monitor function AS and which has stimulus chsrectoristics 
i dont ical to these of st i nulus v6 . The cfurat i on character i st i cs of act i nr\ 
B3 ore the same as for B1 twd B2. 

Finally, function 27 simulates the isst action, B4 , of adversary B. 
Th i s act ion generates stinulus v3 that nay be sensed by mon itor functi on 47 
and v/h i ch has stimulus cĥ r-litter ist ics icfent ical to those of st i nu I i vG isnd 
v7. 

The 902 RMDS function 30 ts- used to gather data on the completion t.ne 
of the act i on sequence representine adversary B and the quant i ty of natcr i a 1 
In tho possess i on of B at "hat t ine. This nay bo i r.torprctecl as tho 
completion tine of tho diversion attempt 2nd the quantity of material 
act",iaI W *ii verted by the r̂ -.tcr-pt. The t ine report hi steer gn, of f unct Ion 30 
is specified to have -40 colls of vidth 0.5 starting at 3 lover limit of the 
first cell at 100. The material report histogram is specified to have 40 
co M s of wi dth 0.5 start i 1113 at a 1 ov/cr limit of the first coll at 0. 

The 703 MMTR function;! 40 through d7 sinul-ato tho monitors of tne 
mater ial control system used to sense st imuli vl through v8 as i nd i cated in 
Figure 4,4, To simplify tine example, the characteristics of all of the 
monitors have been made identical. The sensitivity characteristics are 
represented by three pairs of stimulus intensity and detection probability 
values as shown in Figure .1.5. The tine delays of the monitors arc set to 
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sor-o by specify i na a unifo.-n piobabiltty distribution Aith zero r-oan and 
aero deviation, All cf tho nonitcrs arc operated .r tno 1 sterling node vhich 
IOLI.S thoir output signals ronain fixed *.jnt,il rose*, by rccciDt of conxro. 
signals tnat -jrrj not issued in the s-yExcr: of this- c-srplc Output signa*. 

qi q2, ... , qG ss shown :n Figure 4.4. The output signals J>? nomtor 
fun^t:or.s 42, 43, and 44 are specified to tot* transmitted tc decision 
function £D and those of monitor functions 40, 41, 45, 45, and 47 ere 
specified to be transmitted to decision Function SI 

Slirruluf m!t:iiitv 

FIGURE 4.5 Sensitivity clusracteristics of 703 MNTR functions used in t*ie MC Syitcn Pĉ .ionsi'" to Adversary Act i on oxsriplc. 

Function 50 starts a control action sequence sinulatcd by functions 51,, 
52, and 53 upon receipt of a signal generated by decision ^unction 60. A 
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list valued parameter of the S02 SCAS function 50 specifics the functions 
that sinulato actions In the sequence, their ordor, and the chsractcrist.cs 
of tine delays botv/eon the actions of the sequence In tho sane way that 
these characteristics are defined for diversion action sequences initiated 
by type 102 IDAS furttior.s In this example, the delay tine of tho action 
sinulatcd by fund. Ion £1 is uniforr.ly distributed and âncjes fron 4.0 to 
12.0 hours. This could represent the variation in delays of control 
personnel instructed by decision function 60 to turn on nonitor functions 46 
and 47 which had previously been inactive. The tine delays of functions 52 
and 53 arc s,-t to sero toy specifying uniforn probability distributions w.th 
zero ncan and zero deviation. 

The duration of action function 51 is uniformly distributed and ranges 
frcn 0.5 to 1.5 hours. No st inuli are generated by this i nstance of the 50T 
IMDA function, however, !•* appropriate to do so, stimuli may bo generated by 
control actions as v/el I as adversary act i ons. These st 1 rnul I could be used 
to simulate signals verifying the occurrence of control actions in more 
complex material control syston models. 

Functions 52 and 53 arc instances of tho 504 M00A function used to 
nodify the value of parameter 6 of functions 46 and 47 respectively fron 0.0 
to 1.0. Parameter 6 of the 703 MNTR function is the output signal 
amplitude, so the modifications perforncd by functions 52 and 53 sinulato 
the activation of initially inactive monitor functions 45 and 47. The 
duration of control actions simulated by functions 52 and 53 are uniformly 
distributed and range fron 0.5 to 1.5 hours. 

Function 60 simulates a set of decision rules that nay be expressed as 
follows: 
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I f Cone of q3, q4, ql5 Is caual t o 1] 
set r;9 v,o ve i UCJ 1 and do not s t a r t tho cont ro 1 act i on scnuciico 

Or r f Ceny two of q3. ojrt, q5 a rc equal t o 13 
sot .",9 t o vcUio ? and s>tfcrt tho c o n t r o l ec t i on sequence 

Or i f Call thrcso of q3, q4, q5 arc equal to 13 
sot »̂ n to value ;* and do not start tho control act i on ^oquenco 

Crthorw î c 
set q9 to vslun 0 and do not start tno contro", action sequence 

This set of docisf on rules t s inpl^nontoc! by 801 DTBL furct i on GO e-s ±*>e>i.r\ 
in Figure 4.6. Sc«3 the description of the 801 DTBL function m Section 3 
for details on the representation of condition stubs, action stubs, 
condition entries, eind gc^ion entries of decison tsbles. 



MC System Response to Aci^crsG-y ^ctior Scnucnces 

Rule 

1 2 3 A 5 6 ' 7 | 8 

q 3 . EQ. 0 -1 
~T 

i 
~6~ 

1 
-1 

1 -1 -' ? . -T 1 0 
q 4 . EQ. 0 

-1 
~T 

i 
~6~ 

1 
-1 1 

-1 

0 

r 
0 

- : ! J 

_ 
"o 

— i 1 _ J 
0 

? . -T 1 0 

q 5 . EQ, 0 

-1 
~T 

i 
~6~ 

1 
1 

-1 

0 

r 
0 

- : ! J 

_ 
"o 

— i 1 _ J 
0 

•i - i ; o 

q 9 = o 

-1 
~T 

i 
~6~ 

1 
1 

-1 

0 

r 
0 

- : ! J 

_ 
"o 

— i 1 _ J 
0 

o r o ] i 
qg = 1 i 1 1 i 

- : ! J 

_ 
"o 

— i 1 _ J 
0 

1 1 0 : 0 
q 3 ^ 2 0 0 o o 

- : ! J 

_ 
"o 

— i 1 _ J 
0 

0 j 1 0 

Start 
action 0 0 

0 1 ', 1 ; 1 I 0 0 
i t i . , . , 

F 1 tvilhT A . 6 Do. i rs- i on ru'iGS of 001 DT&L f unct J on 60 of -uhc tfC 5/stcr-i Reuponbc to A*"! .:J ,:;-ary Adtiort ̂ xr,:ip!o. 

The looie rt'f *"*nT decision rules simulated by functior 50 in this, 
cxc-nj-jl." sys+xn night be ê plflini-d as follows: Acton A3 ni-t.* fce perforno<i I n 
the vicinity of the safeguarded material wheru thrco cnf.ctj' —on'.tors are 
located. If any onn of thasa monitors detect an abnorndl :ty, a lo.-. levc. 
alert signal r opr est sn ted by setting o;9 to value I is to fc>e ̂ont to a higher 
Icvrl cf natcnnl control fsysten e'ecisior naming rcproscni^ by function 61 
If gny tv/o of these tnon i r.«>rs detect an etonornal ity, the ŝ sne alert slgna"' is 
gencr^tied and the control oction sequence represented by functions 51, 5£, 
and 53 is started to provide additional monitoring of the processing arcn. 
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If all throe of the nonitors indicate an abnornality, the level of the a".crt 
i;i«;jnal is raised by setting q9 to value 2. And if none of the nonitors 
imJioeiT.o © detection of tho sonscd stimuli, q9 is set to value 0. 

Forction 61 simulates tho highor level decision naming function of the 
r.'-.'^r i?il control systen that def i nos the four conponants of the systen 
rc^oonac M , r2, r3 and i*4. The decision rules of function 61 arc ss 
fo!lows' 

If Cql on q? equal 1 and q9, q6, q7j q8 equal 03 
SOB rl to 1 and 1*2, r3, r4 to 0 

Or if t^S equals 1 and q6, q7, qfl equal 03 
SG>. r? to 1 end rl , r3, rA to 0 

Or if IV.|3 equals 1 si-w**snv of q6 J q7'f q8 equal 13 set r3 to I and v\, rZ, r4 to 0 
Or if [q9 i?q'rjls 2 and any of q6, q7, q8 equal 1] 

s o t M v0 1 «nd i M , r 2 , r 3 t o 0 
Otitcrv/i se 

*i<s\ P 1 , r 2 j r 3 j r l t o 0 

i'i. .-.r- dr?- i s i or; rules ere inplerented by 301 DTBL function 61 as shown in 
riourc 4.7. TKo decision rules of function 61 were defined prinsrily to 
i I !«'Si:rato tha u-n of 80t OTBL functions, however, thsy do generate mutually 
r''-.!..isi"c response EIG^S-IS rl , r2, r3, r<3 that represent increasing iGve'.s 
of L,tmuUis indication related to possible diversion activity. The 
!->.•* jî P>l lit i«s of rl, r2j »-3, and r4 at specified times during the simulated 
dt ••rrsio'* attonpt dofino th-a response of the nstsrisl control system. 
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Rule 

1 2 3 4 5 6 7 8 9 10 

d ! ' Eq-0 - 1 o 0 0 0 0 0 0 0 0 
q 2 • Eq. 0 0 - 1 0 0 0 0 0 0 0 0 
q 9 • Eq. 0 - 1 - 1 - 1 - 1 - 1 -\ - 1 0 
ctg • Eq. 1 - 1 ~1 1 1 1 - 1 - 1 - 1 0 

£|g ' Eq. 2 - 1 - 1 - 1 - 1 - 1 - 1 7 1 1 0 
q 6 • Eq. 0 - 1 0 0 - 1 0 0 0 
q 7 • Eq .0 0 - 1 0 0 - 1 0 0 
q 8 • Eq. 0 0 0 - 1 0 0 - 1 0 
f 1 = 0 0 0 1 1 1 1 1 1 1 
r 2 = 0 0 1 1 1 1 1 1 1 
r 3 = 0 0 0 0 1 1 1 1 
r 4 = 0 1 1 1 0 0 0 1 
r , - t 0 0 0 0 0 0 0 0 
r 2 = 1 0 0 1 0 0 0 0 0 0 0 
r 3 = 1 0 0 0 1 1 1 0 0 ' 0 0 
r 4 = 1 0 0 0 0 0 0 1 1 I 1 0 

FIGURE 4.7 Decision rules of 801 DTBL function 61 of the MC Systsrt Response to Adversary Act I on exafip lo . 
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Input Pile MCSSIN 
Tho input file MCSSIN was reproduced in the previous example to shot* 

c«*?ctly how it is pr*ep««red and how It reappears in the output file produced 
by execution of the MCSS program. Since the output file is a complete 
record of the definition and operation of a simulated syston, the input fjlc 
is omitted in this cxsnnln 

Output File KC5S6UT 
The output file reproduced below contains the specification of each 

funct i on of the model system foI Lowed by two simulation runs. In ^ho first 
run, the model system is operated for 137.0 hours with a dump of the 
numerical deta structure o~ the complete model, a level 1 trace of cventSj 
incf a report of function 2(5 to illustrate the representation of material 
acqu i rod by cd^crsary B clur i ne a successful di vers i on attempt. I n the 
'jcconrl run, 50 rep I icat t on:5 of the previous run are made with no o'ump or 
trace but >«ith s standard report of all Functions of the nocicl system. 

Lines of the output -ile produced by the MCSS program are in upper case 
lettering. For the purposes of this user's nanual, additional explanatory 
rci'iarks have* boon i nser-:cri at van i ous p laces in the reproduct i on of the 
output file. These i riser t i ons are i ndented and are in 1 ower case format so 
they may be distinguished readily from the lines proauced by the MCSS 
program. 

MATERIAL CONTROL SYSTEM SIMULATOR VERSION f.O 1/1'70 

MCSS USERS MANUAL FXAHPLE ? MATERIAL"CONTROL SYSTEM RESPONSE TO ADVERSARY ACTION SEQUENCES 
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CUEAIL 1 101 PCWi 
i:i;i>:iVE EUI.K MATERIALS 1 AND 2 

p.Mv.:;r_ TSR 1 
(1> PER I Of) CF ARRIVAL SCHEDULE 24. (f!> NbMFÎ !! vK ARRIVALS PER PERIOD 2 
( « i a ) scKirnuL E D A R R I V A L T I M E S e . 13 , 
( / I ) liAX D.W I A: I On! FIWK SCHEDULED TIMES 2 . 
C i l NUMBER Or BULK MATERIAL TYPES 2 
rr. 1 1/1) E>HI I' MATERIAL SPECIFICATIONS 

TYPE 1 MEAN COUNT 100 MAX Dr V 1 AT : '• N OF COUNT 50 KUAN MASS O. 
STD DF.i/IATIOH DF MASS 0 . 
MAX MASS 0 . 
H I N MASS 0 . 
Z O O HO. 5 . 1000 . O. 

( 1 U TIMING CODE 1 
O K ) TIMER FUNCTION 15 
( 1 3 ) DESTINATION FUNCTION 5 
(143 TRANSPORT FUNCTION 4 

CRI7A1F E 101 RCMB 
I 'TXPIi ' l ! CONTAINER I 7 m MATERIALS 3 AND A 

PArt-V-IETER 8 
( 1 ) 168 . The period of scheduled material arrivals at receiving station 2 hfs bs'cri incras'iod. This is the only chsnge in functions 1 through IS of the previous Material Balsr.cu frca Accountability oianple. The values of paraneters 2, 3, --and 4 below specify one b«i;ch ei-rivsl u^cween 0 a.n. and 5 p.n. on the first day of operation. Adversary A must successfully delay the processing time (trsrisfjort line of function 9) to give adversary B an opportunity to acquire material some tino after 6 a.m. of tho fifth d-jy. (2) 1 13 1 11 12.S (4) 4.5 (7) NUI'.BPR OF MATERIAL TYPES RECEIVED IN CONTAINERS 2 
( 0 1 14} COi!TA!NERIZI"D MATERIAL SPECIFICATIONS 

3 300 i 0 0 0 . 0 . 0 . 0 . 
4 0 0 40 . 20 . 1000. 0 . 

C9> MEAN NI.11DER OF CONTAINERS RECEIVED PER ARRIVAL Z 
t l O ) MAX DEVIATION OF NUIiSFR CONTAINERS RECEIVED PER ARRIVAL 1 
( 1 1 ) 1 
( 1 2 ) 15 
( 1 3 ) 6 
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CUE ATE 3 101 f:CMB 
RECCI^F IMJI.K MATERIALS S , 

PARAMETEH 3 
( 1 ) 2 1 . 
( 2 ! 2 
<3 1 2 ) 10 . 15 . 
( 4 ) 2 . 
( 5 ) 2 
(6 1 14) 

5 BOO 10 0 . 0 . t), 0 . 
6 0 0 6 0 . S. 1000 0 

17) 2 
(S 1 I d ) 

7 700 50 0 . 0 . 0 . 0 . 
0 0 0 8 0 . . 6 10O0. 0 

( 9 ) 2 
(101 0 
C 11 > 1 
( 1 2 ) 15 
( I S ) 7 
( 1 4 ) A 

CFiCATE 4 3<->l 1Riv.B 
Tr.'AM.-.r rjli I MATERIALS PROM RECEIVING STATIONS TO MEASUREMENT STATIONS 

PARAMETER d (1) W..*n TRANSPORT TIME O. (2) I-..'•...; DFVIAT10M Or TRANSPORT TIME O. NO Filial luMK ARK NOTIFIED AT CONDITION TIMES 
CREATE 5 701 »ZMB nr«3'iri: 'MOOMING MATERIALS I AND 2 AND REPORT TO MATERIAL BALANCE l-i.'HCTION 
P/.f,Ai|r.TER 5 (I) MUMP.CR OF MATERIAL TYPES MEASURED 2 (? 1 \?.) MSASURFMENT SPECIFICATIONS TVPe 1 

MEAI4 COUNT ERROR 0 
MA/. LiF.VlATlON W COUNT ERROR 1 
SY31LNATIC MASS ERROR 0 . 
HE. " ! C-r IJAJIDOM IV.SS ERROR 0 . 
STD t i t VI AT I ON OF RANDOM MASS ERROR 0 . 
2 0 0 0 . 0 . I . (3) KEAii TIME TO COMPLETE ALL MEASUREMENTS A. (4) MAX DEVIATION 0~ MEASUREMENT TIME .3 (51 1 tMll-O CODE 1 (6) TIMER (-UNCTION IS (7 1 1) MONITOR FUNCTION 10 
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191 DESTINATION FUNCTION 11 
[<5i niA^SPORT FUNCTIOK 8 
i l u CiMC.ii'JiZ, AflE NO"l M E D AT CONDITION TIMES 

: A 7 I : R ' / O I nzMB 
lir.-..S;IJRE INCOMING MATIift lAi.S 3 AND A AMD REPORT TO MATERIAL 
P.AlAUrF.' ttji'PJTER 

PARAMETER 6 
( 1 ) 2 
C2 1 12) 

3 0 3 0 . 0. 0 . 
1 0 0 0 . 0 . 2 . 

( 3 ) A. 
( 4 ) .5 
( 5 ) 1 
( 6 ) 15 
C7 1 1) 14 
( 8 ) 11 
! 3 ) D 
CIO 1 t ) FUNCTIONS NOTIF IED AT CONDITION TIMES 22 

rt- i fATE 7 701 NZH3 
MEASURE INCOMING MATERIALS 5 , 6 . 7 . AND 8 AND REP< 
ij.-.LAriel CM.PJJ ITER 

PAn.'t-^TF.R 7 
( i ) 4 
( 2 1 24) 

r, o s o. 0 . 0 . 
S 0 0 0 . 0 . 3 . 
7 0 7 0 . 0 . 0 . 
B 0 0 0 . 0 . A. 

( 3 ) 4 . 
( 4 ! 1 . 
C5> 1 
( 6 ) 15 
C7 1 1) 14 
tn> M 
( 0 ) 10 

CREATE 8 301 TRMB IRANSFGR'l MATERIALS 1 AND 2 FROM INPUT MEASUREMENT STATION TO THE STORAGE MEASUREMENT STATION 
PARAMETER 8 (11 24. (21 12. NO FUNCTIONS ARE NGT^FIEO AT CONDITION TIMES 
CREATE 9 301 TRMB 

THZ-NBPORT MATERIALS :S AND A FROM INPUT MEASUREMENT STATION TO THE 
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STORAGE MEASUREMENT STATION 
PARAMETER 9 (1) 48. (2) 24. NO FUNCTIONS ARE NOTIFIED AT CONDITION TIMES TnkI no the latest possible arrival tlmo at rceelvlno station 2 (17.0T, the 1 oncost possible measurement time In function 6 (4.5), and the longest processing or transport time In function 9 as specified by the parameters above (72.0), the latest time material 4 will still be in the balance area where it Is susceptible to diversion by adversary B is 93.5 hours or 9:30 p.m. on the fourth day of operation Therefore, unless adversary A Is able to increase the transport tine of function 9, adversary B will have no opportunity to remove material while it is in processing. 
CREATE 10 301 TRMB TRANSPORT MATERIALS 5, 6, 7. AND 8 FROM INPUT MEASUREMENT STATIONS TO THE STORAGE MEASUREMENT STATION 
PARAMETER 10 (1) 48. (2) 12. NO FUNCTIONS ARE NOTIFIED AT CONDITION TIMES 
CREATE 11 701 MZMB MEASURE OUTGOING MATERIALS 1 THROUGH 8 AND REPORT TO MATERIAL BALANCE COMPUTER 
PARAMETER I 1 

(1 ) 8 
( 2 ' 1 48 ) 

1 0 1 0 . 0 . 0 . 
2 0 0 0 . 0. 1 . 
3 CI 3 0 . 0 . 0 . 
4 0 0 0 . o. 2 . 
5 0 5 0 . 0 . 0 . 
6 0 0 0 . 0 . 3 . 
7 0 7 0 . 0 . 0 . 
8 0 0 0 . 0 . 4 . 

( 3 ) 4 . 
( 4 ) 1 . 
( S I 1 
( 6 ) 15 
( 7 1 1 1 ) 1 4 
( 3 ) 13 
C91 IS 

CREATE 12 301 TRMB 
TRANSPORT MATERIALS I THROUGH 8 FROM OUTPUT MEASUREMENT TO STORAGE 

PARAMETER 12 
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(1)0. 
(2) 0. 

CREATE 13 401 STOR 
STORE BULK AND COHTA- NERI ZED MATERIALS 

PARAMETER 13 (1) SINGLE DEPOSIT HOLDUP 1 <2> END AREA OF f!iULI' STORAGE 10. (3) VERTICAL SURFACE AR1IA COHTACTED PER UNIT MASS SULK STORAGE 1. (4) BULK STORASE SURFACE HCLDUP COEFFICIENT .05 ;; i 4) (JEPOKT 
BUIK STORAGE DATA 1 CONTAINER STORAGE DATA 1 MATERIAL IN STURAGE 1 MATERIAL IN HOLDUP I MO FUNCTIONS ARE NOTIFIED AT CONDITION TIMES 

CREATE 14 702 CKBA 
MATERIAL BALANCE COMPUTATION 

PARAMETER 14 (1) NUMBER OF REPORTS 3 <2 1 2-1) EFFORT SPECIFICATIONS TYPE 4 ERROR 3 MASS 2 REPLICATE SAMPLING 2 
SAilPUWj TIME 88. NUMBER OF HISTOGRAM CELLS 40 WIDTH OF HISTOGRAM CELLS 1. LOUCr LIMIT OF FIRST HISTOGRAM CELL -20. 4 3 2 2 113. 40 1 . - 20. 4 3 2 2 137. 40 1. -20. (3 1 3) INPUT FUNCTIONS S 6 7 (4 1 1) OUTPUT FUNCTIONS 11 

CREATE IS 601 TIMR TIMER TO!} A 'STANDARD WORK WEEK WITH ONE 8 A.M. TO 5 P.M. SHIFT WEEKDAYS AND INTERVALS 8 A.M. TO 12 NOON AND 1 P.M. TO 5 P.M. E-JCH SHIFT 
PARAMETER IS (1> PEHICD I6S. <2> SHIFTS J'ER PERIOD 5 (3 1 5) SHIFT STARTING TIMES 8. 32. 56. 80. 104. 

(4 1 S) 5Hi i : r END1NU TIMES 17. 4 1 . 65. 89, 113. (5) INTERVALS PER PERIOD 10 (6 1 10) INTERVAL STARTING TIMES 8. 13. 32. 37. 56. 61. 80. 85. 
104. 109. 

(7 1 10) INTERVAL EMI1ING TIMES 12. 17. 36. 4 1 . 60. 65. 64. 69. 
100. 113. 
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CREATE ?0 I 02 I DAS 
INITIATE ACTION SEQUENCE 

P/-.r:/.r1CTER £0 (I 1 40) DIVERSION OBJECTIVES MASS FROM CONTAINERS d TYPE A MEAN NUMBER OF COUNTABLE ITEMS 0 MAX UNIFORM DEVIATION OF COUNTABLE ITEMS 0 MEAN MASS 10. STANCAKO DEVIATION OF MASS 2. MEAN NUMDER OF CONTAINERS 0 MAX UNIFORM DEVIATION OF IIUP'BER OF CONTAINERS 0 ACTION SEQUENCES FUNCTION 'NEGATIVE FOR FIRST OF SUBSEQUENCE) -2! STARTING TIME DELAY DISTRIBUTION UNIFORM 1 STARTING TIME DELAY STATISTICS MEAN !0. MAX DEVIATION 2. 
2 2 1 1 0 . 0 
2 3 i 1 0 . 0 
•24 ' 1 1 0 6 . 
2 5 1 0 . 0 
2 6 ; 1 0 . 0 
2 7 • 1 0 , 0 
3 0 i 1 0 . 0 The f i rst e ight elements of Iist valued parameter 1 spec i fy that tho d i vers i on object ivo is the renoval of mater i a I type A from conr.a i ncrs. The quant i ty actual ly removed in successful attempts is to be randan with a nean of 10.0 and standard normal dev i at: on of 2.0 nass units. The remain ins elements specify the action functionsj their tine delay distribution types, and the statistics of the tine daisy c!isiributions in the order of actions in the si mulcted sequsi.ce^. The f i rst act i on of a sequence i s denoted by a n/;o*jt i vc func*. ion number . I n th is example the t imc delays of act i ons s inulstcrd by f unct i ons 21 J3nd 24, the f i rst set i ons respect i vely of a^varsari es A and B, are un i fornly d i str i buted 'with rieans of 10 U and 106.0 and nexinun deviations of 2.0 hours. The t ine dclays of the other act i ors of the sequences sre set to zero by spec i fy i ng un i forn tine delay distr i but i on types v i th ^ero nveona and zero Miaxi nun deviations. 

CREATE 21 501 1NDA 
INDEPENDENT ACTION 

PARAMETER 21 (1) DURATION TIME DISTR1BUTIQN UNIFORM 1 (2 1 2) DURATION TM1E STAT*STICS MEAN 3.0 MAX DEVIATION \. (3 1 £5) STIMULUS SPECIFICATIONS 
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MONlTOn FUNCTION 40 TYPE 1 DELAY TIME DISTRIBUTION UNIFORM I DELAY TIME STATISTICS MEAN .5 MAX DEVIATION .5 DURATION TIME DISTRIBUTION UNIFORM I DURATION TIME STATISTICS MEAN .5 MAX DEVIATION .5 INTENSITY DISTRIBUTION TRUNCATED NORMAL 3 INTENSITY STATISTICS MEAN I. STANDARD DEVIATION .2 MAXIMUM 100. MINIMUM O. 41 1 1 .5 .5 1 .5 .5 3 1. .2 100. 0. 
CREATE 22 503 DEPA 

DEPENDENT ACTION 
PARAMETER 22 (1) DURATION TIME DISTRIBUTION UNIFORM 1 (2 I 8) DURATION Tlllli STATISTICS MEAN .5 MAX DEVI AT)OH .25 (4) CONDITIONAL COMPLETION MODE 2 (5) REFERENCE TIME 4, 
CREATE 23 504 MODA 

MODIFICATION ACTION 
PARAMETER 23 (1) DURATION TIME DISTRIBUTION UNIFORM 1 <2 1 2) DURATION TIME STATISTICS MEAN .5 MAX DEViATION .25 (3 1 39) STIMULUS SPECIFICATIONS 42 I I .1 .05 1.5.5 43 1 1 .1 .05 1 .5 .S 44 1 I .1 .05 1 .5 .5 (4 1 4) MODIFICATION SPECIFICATIONS 

FUNCTION 9 PARAMETER 1 FIRST INDEX 0 LAST INDEX 1 (5 1 1) NEW VALUES 96. Adversary A's delay of the processing operation is simulated by 504 MODA -function 23 which increases the mean transport time of function 9 by assigning a new value of 96.0 to parameter 1. With the naximun deviation of the transport time of function 9 equal to 24.0, aoversary B nay or nay not be able to successfully renova 
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natcrlal fron the processJng operation in the balance eroa, Successful diversion will depend upon the randor. notorial arrival tirio, the randon tine required to measure material batchos entering the balance area, the randon processing tine, and the randon tines of the actions of adversary B. Taking the earliest arrival tine 16.0), the shortest noasurcnent tine (3.5), and the shortest processing tine (72.0), we see that the batch containing nstcrial type 4 nay leave the processing operation (as it enters the outgoing nca&urencnt facility) as early as tine 83.5, sonc SO.5 hours before adversary B can possibly begin the first action of the acquisition sequence. On the other handj if we take the latest arrival tine O7.0J, the longest neasurenent tine (1.5) and the longest processing tine C120.0), the natcrie*. nay be in the processing area and accessible to adversary B as latc as i.ne Ml,5 which would give B anple tine to conpletc actions B1, B2, and S3 which are required to successfully acquire natcrlal fron function 9. 
CREATE 24 501 INDA PARAMETER 24 (1 > I (2 1 2) 1.5 .5 f3 1 13) .15 1 1.5.5 1 . 5 . 5 3 1 . . 2 1 0 0 , 0. 
CREATE 25 501 INDA PARAMETER 25 (1 ) 1 (2 1 2) 1.5 .5 
CREATE 26 502 MA0A 

MATERIAL AQUISITI0N ACTION 
PARAMETER 26 (1) DURATION TIME DISTRIBUTION TYPE 1 (2 1 2) DURATION TIMS STATISTICS MEAN 1.S MAX DEVIATION .5 (3 1 13) STIMULUS SPECIFICATIONS 

ae i i .5 .5 i .5 .5 3 i. .2 ioo. o. 
(4 1 1) TARGET FUNCTIONS 9 Any nunber of target functions nay be specified in Iist valued paraneter A of 502 MAOA functions. The objective of the attenptcd acquisition of natcrial fron each of the target functions is the same and is specified by the IDAS function, function 20 in this c^anple, that initiated the diversion action sequence 

CREATE 27 501 INDA PARAMETER 27 (1) 1 (2 1 2) 1.5 .5 (3 1 13) 
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47 1 1 .5 .3 1.5.5 3 1. .2 100. 0. 
CREATE 30 90£ SMiS REPORT MATERIAL DIVERSION STATISTICS PARAMETER 30 ( 1 1 1 ) KAOA FUNCTiONS 25 C2 1 3) TlilE REFORT •1ISTOGRA:-* SPECIFICATIONS MUVKE* OF CLLL:> 40 WiDTH Or CELLS 5 LCWEP LIMIT OF FIRST CELL 100. (3 1 3) MATERIAL REPORT HiSToSRAH SPEC!F1 CAT IOMS NUMBER OF CELL:-. .40 WIDVH OF CELLS 5 LOWER LIMIT OF FIRST CELL 0. 
CREATE 40 703 NNTR 

MONITOR STIMULUS TYPE l 
PARAMETER 40 

CI 1 S) i E t . ' S I T I V I T Y SPECIFICATIONS 
IM ' f tMS! "Y 0. P^OSOBILITY .01 

.5 .5 
1 . 95 

C2 1 3) MDMTOR TIME DELAY DISTRIBUTION TY«E UNIFORM t STATISTICS MEAN 0. MAX DEVIATION C. (3) LATCHiNG MODE 3 
CS) S1GPI&L INDEX 1 C6> DElLCTiCN SIGNAL 1 -C7 1 1 > OfCISiON FUNCTIONS Bl 

CREATE 41 703 MNTR PARAMETER 11 I 1 1 S) 0. .01 .5.5 1 . ,95 Th2 sens i T. i v i ty chcracttr • st i cs of all rcnitors in this example aro th- s.-.iric. Hoticc hov/ the six clcrv nts of list valued pai'-a.ictcr 1 s.-c -:nic-cd hero on a sincglc line without annotation to pr*.d,icc tr,-2 s;3ne result as for function 40 abec where thoy are entered in a tabular array. (2 1 3) 1 0. 0. (3) 3 (5) 2 (6) 1 . (7 1 I) 6! 
CREATE 42 703 MNTR PARAMETER 43 (1 1 6) 0 01 5 5 1 95 (2 1 3) 1 0 0. (3) 3 
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!Ii 3 
1 . 

< 7 1 ) ) SO 

Oii i:A"lS A'-. ! 7 0 1 MNTR 
p'.. i'!.\rii-. TEF ! 4 3 

( 1 ! G ) 0 . . 0 1 
<2 1 3 ) 1 0 . 0 
( 3 ) 3 

III A 
1 . 

( 7 1 1 > 6 0 

C't " A T E At, 1 7 0 3 MNTR 
r-.. i:/.,--iETcr : 4.-. 

f 1 ! 6 ) 0 . . 0 1 
( 2 1 3 1 1 0 . 0 
! 3 ) 3 
. ' 51 
! 5 J 

5 
i 

! 7 i "\ ) so 
CRi SATE dE 70S 1 MNTR 
TA: Wi- ICTER 1 5 

( 1 i S ) 0 . . : . l 
( 2 1 3 ) 1 0 . 0 
( 3 ) 3 
( 5 ) 
( 6 ) 

6 
1 , 

( 7 ! 1 ) 6 1 

CREATE A<i 703 MNTS PARAMETER AS (1 I SI 0. .01 .5 5 1. .95 12 i 3) 1 0. 0. (3) 3 (S) 7 (6! 0. Parenetcr 6 of functions AS and 47 arc as£ie.~-cd vaU;e aero to a i .Tula-cc initially inactive -icnitors Thssc parameters ere assigned value 1 0 by functions 52 and 53 to activate the nomtors dur i no a s l i-i'-'l citt:<3 control action sequence. !7 1 i) 61 
C H I M E * 7 7 C 3 MNTR 
•V.RAMETER 47 

( 1 1 6 ) 0 . . 0 1 
( 2 1 3 ) 1 0 . 0 
< 3 ) 3 
( 5 ) 8 
( 6 ) 0 . 
( 7 ' 1 1 > S I 
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CREATE 50 602 SCAS 
START ACTION SEQUENCE 

PARAMETER 50 
(1 1 12J ACTION SEQUENCES 

FUNCTION (NEGATIVE FOR FIRST OF SUBSEQUENCE) -51 
STARTING TIME DELAY DISTRIBUTION UNIFORM 1 
STARTING TIME DELAY STATISTICS 

MEAN S. 
MAX DEVIATION A. 

52 1 0. 0. 
53 t 0. 0. 

CREATE 51 501 INDA 
PARAMETER 51 

n> i 
12 I Z) 1 . S 

CREATE 52 504 MODA 
PARAMETER 52 

< 1 ) 1 
( 8 1 2 ) ? . .5 
(4 1 4) 46 6 0 1 
<5 1 t) 1. 

CREATE 53 504 MODA 
PARAMETER 53 

(I ) I 
<2 1 21 1. .5 
(4 1 4) 47 6 0 1 (5 1 1) 1. 

CREATE 60 801 DTBL DECISION TABLE 
PARAMETER GO ( 1 1 3 ) INPUT SIGNAL INDEXES 3 4 5 (2) NUMBER OF CONDITION ROWS 3 (3 1 9 ) CONDITIONS SIGNAL 3 EQ VK RELATION 7 VALUE 0. 4 7 0. 5 7 0. (4 1 1) OUTPUT SIGNAL INDEXES 9 (5) NUMBER OF ACTION ROWS 4 (6 1 8) ACTIONS SIGNAL 9 VALUE 0. SIGNAL 9 VALUE I. SIGNAL 9 VALUE 2. START ACTION SEQUENCE -50 DUMMY VALUE O. (7) NUMBER OF DECISION RULES 8 (9 t 56) DECISION RULES - 1 1 1 0 1 0 0 
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1 -1 1 0 » 0 0 
1 1 -1 0 t 0 0 
1 -1 1 0 } 0 1 
1 1 -1 0 1 0 1 
1 - 1 - 1 0 1 0 1 
1 - 1 - 1 0 0 1 0 
0 0 0 1 0 0 0 C9 1 1) FUNCTIONS TO RECEIVE OUTPUT SIONALS 61 

( i o ) rjunrsrn- OK REPORTS 2 (11 1 10) REPORT SPECIFICATIONS SIGNAL 9 SAMPLING TIME 12, NUMBER CF CELLS 3 WIDTH OP CELLS 1. LOWER LIMIT OF TIRST CELL 0. 9 17. 3 1. 0. 
VARIABLE 60 

(1 T 3) 0, 0, 0. (2 1 1)0. 
CREATE 61 801 DTBL PARAMETER 51 (1 1 6) 1 2 9 6 7 S (2) 6 (3 1 24) 1 7 2 7 9 9 

6 7 7 7 8 7 (4 1 a) 1 (5) 8 (6 1 16) 1 O 2 0 3 0 
1 0 1 1 2 1 3 1 
A 1 (7) 10 (0 1 160) -1 0 0 0 0 

1 1 1 0 1 1 1 1 0 0 0 1 1 1 0 1 1 1 1 0 0 0 1 1 1 1 0 1 1 0 1 0 0 1 0 0 1 1 0 1 0 0 1 0 0 - 1 0 I 1 0 1 0 0 1 C 
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0 0 - i i - i o o - 1 
0 0 - 1 - 1 1 - 1 0 0 
0 0 - 1 - 1 1 0 - 1 0 
0 0 - 1 - 1 1 0 0 -; 0 0 0 0 0 0 0 0 

( 1 0 ) 6 
(11 1 40 ) 

1 17 2 1 . 0 . 
1 41 2 1 . 0 . 
2 17 2 1 . 0 . 
£ 41 2 1 . 0 . 
3 69 2 1 . 0 . 
3 113. Z 1 . 0 . 
4 RS 2 1 . 0 . 
4 113 . 2 1 . 0 . 

V.M'I AB1.6 61 
( I 1 6 ) 0 0. 0 . 0 . 0 . 0 
I S 1 4 ) 0 0 . 0 . 0 . 
SIMULATE 137. HOURS OF CFERAT 
A PEPORT . r .T .••'••:T:0(l 25 

f.'iJN 1 157. 1 1 0 
;Oiii 101-1 

!1T0 61 
MFfclJM 0 

ICTYf'E - 5 
IPOI NT 0 

] DUMP 1 
lSECA 100 

I TRACE 1 
LB 2591 

LBCA 34 37 
l.BLIST 2913 

LIU' f 1 
LC1UF 6 5 0 
LCSO 104 

LE 2S16 
LEC 148 

LFFB 3437 
LFFE 255 

L! 2fi13 
LLE 175 

LLFB 3437 
LLFE S45 

LMS 104 
LNE ICO 

LP 2096 
LV 2609 

MiNNFL 1 6C.S2 
MNSE 21 

MFE 79 
NFL 16562 

1 1 0 1 0 0 t 0 
1 1 1 0 0 0 0 1 
1 1 1 0 0 0 0 1 
1 1 1 0 0 0 0 1 
1 1 1 1 0 0 0 0 
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Ml 1 5 
Nl 2 59 
NOl 
N02 

NREP 
NfiUN 
NSE 

TIME 0. 
TS10P 1. 

15 
59 
1 
1 

SI 
3700E-IOZ 

F U N C T I O N 1 
Lft + Oi) 732 101 

+ 1 733 22 
• 2 734 1 
+ 3 735 15 
• 4 736 2 

LP* 0 1 737 0 
+ 1 3 733 2.4000E+01 
* 2 1 739 a ' 3 4 740 736 a .OOOOE+00 1.3000E+01 
+ 4 3 741 2.0C00£*00 
+ 5 1 742 2 
• S a 743 7156 

0. 
.OOOOE+00 1.0000E*02 

0. 
5.0000E+G1 
2.0000IT-DO 

0. 
0. 2. !OOOOE+OI 5.0000E+00 1 . 0000= >'J3 0. * 7 1 744 0 

+ 0 & 745 0 + 9 3 74G 0. 
*1C 3 747 0. 
< 1! 1 748 1 • 12 1 749 i5 *13 1 750 5 
+ 14 1 751 A LV+ 0 1 752 1 
+ 1 1 753 0 LI* 0 1 754 0 + 1 1 755 0 

FUNCTION 2 
I.TJ+OO 734 101 

+ 1 7<J5 22 * 2 7.36 2 
+ 3 787 13 
+ 4 788 2 

LP* 0 
+ 1 

1 3 
70S 7 &', 0 

1.6800E+OZ 
•> 2 1 791 1 
+ 3 4 7'i2 808 1 . 2500E+01 
• 4 3 793 4,5000E*!10 
• 5 1 7S4 0 
+ 6 4 795 0 
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+ 7 1 796 2 
• 8 A 797 818 3 

0 
4 

OOOOE+OO 
OOOOE+01 

3 
C 
2 

OOOOE+02 
OOOOE+01 

1 
4 
1 
.OOOOE+02 
.OOOOE+OO 
.OOOOE+03 

0. 
0. 
0. 

c c 
+ 9 3 796 2 O00OE+OO 
+ 10 3 799 1 OOOOE+00 
+ 1 1 000 1 
+ 12 801 15 
• 13 802 6 
+ 14 803 4 

LV+ 0 804 1 
* 1 eos 0 

LI+ 0 80S 0 
+ 1 807 0 

FUNCTION 3 
LD+00 636 101 

+ 1 837 22 
+ 2 638 3 
+ 3 839 15 
+ 4 840 2 

LP+ 0 1 841 0 
+ i 3 R42 2 4000E^1 
+ 2 1 S43 2 
+ 3 A 8/14 830 

I 00OOE+O1 1 5000E+01 
+ A 3 845 2 OOOOE+00 
* 5 1 G4S 2 
+ 5 4 847 870 

5 
0 
6 

OOOOE+OO 
OOOOE+01 

5 
0 
6 

OOOOE+02 
OOOOE+00 

1 
6 
1 

OOOOE+01 
OOOOE+00 
OOOOE+03 

0. 
0. 
0. 

< 
I 

+ 7 1 848 2 
+ a A 849 886 

7 
0 
8 

OOOOE+00 
OOOOE+01 

7 
0 e 

OOOOE+02 
0000E-01 

5 
8 

OOOOE+01 
OOOOE+00 
OOOOE+03 

0. 
0. 
0. 

! 
+ 9 3 850 2 OOOOE+00 
+ 10 3 831 0 
• 11 852 I 
+ 12 853 IS 
+ 13 854 7 
+ 14 855 4 

LV+ 0 856 1 
+ 1 857 0 

L!+ 0 658 0 
+ 1 859 0 

FUNCTION 4 
LB + 00 906 301 

+ 1 907 18 
+ 2 908 A + 3 909 5 
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• 4 910 5 
LP* 0 1 911 0 

+ 1 3 912 0, 
• a 3 913 0. 
* 3 2 914 0 
• 4 1 915 0 

LV* 0 1 916 1 
+ 1 1 917 0 
+ 2 1 91 B 0 
+ 3 3 919 0. 
• 4 1 920 0 

LI* 0 1 921 0 
* 1 1 922 0 
+ 2 1 923 0 
• 3 3 924 0. 
• 4 1 92S 0 

FUNCTION 5 
LB+OO 926 701 

+ 1 927 25 
t 2 928 5 
< 3 929 12 
+ 4 930 5 

LP+ 0 1 931 0 
+ 1 1 932 2 
+ 2 4 933 953 

1.0000E+00 
0. 
0. 

0. 
2.O000E+O0 
1.OOOOE*00 

1.0000E+00 0. 
0. 0. 

0 
0 

+ 3 3 934 4. 0O00E+O0 
+ 4 3 935 5. 0O00F.-OI 
+• 5 1 936 1 
+ 6 1 937 15 
+ 7 2 936 9139 

14 
• 8 1 939 11 
+ 9 1 940 8 
+ 10 2 941 0 
• 1 1 1 942 0 

LV+ 0 
+ 1 

1 
1 

S43 
344 

1 
0 + 2 1 94S 0 

+ 3 3 946 0. 
+ 4 1 947 0 

L1+ 0 1 94S 0 
+ 1 1 949 0 
+ 2 1 950 0 
• 3 3 951 0. 
+ 4 1 952 0 

FUNCTION 6 
LB 4-00 979 701 

* 1 900 25 
+ 2 981 0 
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* 3 9B2 12 
- 4 983 S 

I.P + 0 1 9f;4 0 
i- l 1 9 6 a z * 2 4 9(,C 1O0S 

3 
0 
0 

OOOOE +00 0. 
4.OOOOE+OO 
2.OOOOE+OO 

3.OOOOE+OO 
0. 

0. 
0. 

0. 
0. 

i 3 3 987 4 OOOOE+OO 
+ A 3 £>•"*•{ '• 5 oooor-oi 
'• 5 1 Of.y 1 
+ B 1 fl-:0 IS 
• 7 £ E'jl 1 o:!2 

14 
+ 8 1 ft a ? ;1 
+ 9 1 ?>>!.': S 
•10 2 0"- .1 1032 

22 
+ 11 1 905 0 

L.V + 0 1 S T 1 
+ 1 1 <J'.'7 0 
+ 2 1 9fG 0 
+ 3 3 9S9 0 
+ 4 1 1000 0 

LI + 0 1 100! 0 
+ 1 1 '002 0 
+ 2 1 1003 0 
+ 3 3 lOO'; 0 
+ 4 1 IOCS 0 

FUNCTION 7 
LB+00 1042 701 

+ 1 1043 25 
+ 2 1044 7 
+ 3 1045 12 
+ 4 10-15 5 

LP* 0 1 1047 0 
+ 1 1 10<1S 4 
+ 2 4 104J. 11)159 

s. OOOOE+OO 0. 5.OOOOE+OO 0. 0. 
0. 
0. 
0, 
0. 

6.OOOOE*00 
3.OOOOE+OO 
0. 
0. 

0. 
7.0GOOE+00 
0. 
0. 

0. 
0. 
8.0000E+00 
4.OOOOE+OO 

0. 
7.OOOOE+OO 
0. 

+ 3 3 1050 4 OOOOE+OO 
+ ^ 3 mei 1 oaooE-i oo •l 5 1 10b£ 1 
+ 6 1 1053 19 
• 7 2 1054 1097 

14 
+ 0 1 1055 11 
+ 9 1 1056 io 
+ 10 2 1057 0 
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+11 1 1D5S 0 
LV* 0 1 1 0!f9 1 

+ 1 1 1060 0 
+ 2 1 10B1 0 
+ 3 3 106S? 0 
^ 4 1 10C3 0 

LI' 0 1 10C-1 0 
* 1 1 1065 0 
• 2 1 1066 0 
* 3 3 10b7 0 
+ 4 1 106B 0 

FUNCTION 8 
LB'00 1 50/ 301 

* 1 1 106 18 
+ L? 1 109 8 
* 3 1 1 10 5 
* 4 1111 K 

LP* 0 1 11 ia 0 * 1 3 1113 2 4C0OE-I01 
* 2 3 1114 1 2000E+0 1 * 3 2 1 1 IE 0 * .1 1 1 1 6 0 

L«< 0 1 1 1 7 1 
• 1 1 1 1 8 0 
+ ?. 1119 0 
* 3 3 1 120 0 * 4 1 121 0 

LI* 0 1 122 0 
+ 1 1 123 0 
* 2 1 124 0 + 3 3 1 I2S 0 
* 4 1 1 120 0 

FUNCTIL'N 9 
LB'00 1 127 301 

* 1 1 128 18 
* 2 1129 9 
'• 3 1 130 5 
* 4 1 131 5 

LP* 0 1 1 132 0 + 1 3 1 133 4 8C00EHJ1 
+ 2 3 1 134 ? 4000EH)1 
* 3 2 1 135 0 
+ 4 1 136 0 

LV< 0 1 137 1 
* 1 1 130 0 
+ 2 1 139 0 
+ 3 3 1 140 0. 
+ A 1141 0 

LI+ 0 1142 0 
* 1 1143 0 * 2 1141 0 
+ 3 3 1145 0. 
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+ A 1 1146 0 
FUNCTION 10 
LO+00 1 147 301 

• 1 1 146 13 
• 2 1 149 10 
+ 3 1 150 5 
+ 4 1151 5 

LP+ 0 
+ 1 

1 
3 

1152 
1 153 A 

0 
aoocif+oi + 2 3 1 154 1 2000E+0! + 3 2 1 155 0 

+ A 1156 0 
I.V+ 0 1 157 1 

+ 1 1 158 0 
+ 2 1 159 0 
+ 3 3 1 160 0 
+ A 1161 0 

LI+ 0 1 162 0 
+ 1 1 163 0 
+ 2 1 164 0 
+ 3 3 1 165 0 
+ A ! 1 166 0 

FUNCTI ON 1 1 
LP + OO 1 167 701 

+ 1 1 163 25 
+ 2 1169 1 1 • 3 1 1 "*0 12 
+ 4 1 \7\ S 

LP+ 0 i 1172 0 
+ 1 1 1 173 a + 2 4 1174 1194 t 

0. 
0. 
0. 
0. 
0. 
6. 

OOOOE+00 

OOOOE+00 

0 
£ 
1 a 
0 
5 
0 

OOOOE+00 
OOOOE+00 

OOOOE+OO 

1 
0 
3 
0 
0 
0 
0 

OOOOE+OO 
OOOOE+00 

0 
0 
0 
4 
2. 
0 
0 

OOOOE+OO 
OOOOE+00 

0. 
0. 
3.OOOOE+OO 
0. 
5.OOOOE+00 
0. 
0. 

3. 
0. 
0. 

OOOOE+00 7 
0 
0 

OOOOE+00 0 
8 
A 

OOOOE+00 
OOOOE+00 

7 
0 

OOOOE+00 0. 
0. 

+ 3 3 1 175 4 OOOOE+00 
+ A 3 1176 1 OOOOE+00 
+ 5 1177 1 
+ 6 1176 IS 
+ 7 2 1179 1346 14 
+ 8 1180 13 
+ 9 1 18) 12 
+ 10 2 1182 0 
+ 11 1183 0 

LV+ 0 1184 1 
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+ 1 1 11 as 0 
+ 2 1 1186 0 
+ 3 3 1187 0 
+ a 1 1188 0 

LI* 0 1 1188 0 
• 1 1 1 190 0 
• 2 1 1 191 0 
+ 3 3 1192 0 
+ A 1 1 193 0 

FUNCTION 12 
LB+OO 1256 301 

+ 1 1257 18 
* 2 1258 12 
+ 3 1259 5 
+ A 1260 S 

LP+ 0 1 1261 0 
+ 1 3 1262 c + 2 3 1263 0 
+ 3 2 1264 0 
+ 4 1 1265 0 

LV+ 0 1 1266 1 
+ i 1 1267 0 
+ 2 1 1268 0 
+ 3 3 1269 0 
+ 4 1 1270 0 

LI + o 1 1271 0 
+ i 1 1273 0 
+ 2 1 1273 0 
+ 3 3 1274 0 
+ A 1 127S 0 

FUNCTION 13 
LB+OO 1276 401 

+ 1 1277 44 
+ 2 1278 13 
+ 3 1279 9 
+ A 1260 16 

LP* 0 1 1281 0 
+ 1 1 1282 1 
+ 2 3 1283 1. 0000E+01 
+ 3 3 1284 1. 0000E+O0 
+ A 3 1285 5. 0000E-02 
* 5 2 1286 1322 
+ 6 2 1287 0 
• 7 1288 29135 
+ 9 1289 2965 

LV+ 0 1290 1 
+ 1 1291 0 
+ 2 1292 0 
+ 3 3 1293 0. 
+ 4 1 1294 0 + 5 3 1295 0. 
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+ 6 
+ 7 
+ 3 
+ 9 
+ 10 
+ M 
+ 12 
+ 13 
+ 14 
+ 15 

LI+ 0 
+ 1 
+ 2 
i 3 + 4 + 5 + 6 + 7 + 3 + 9 + 10 + 1 1 + 12 + 13 + 14 MS FUNCTION LB+00 
+ 1 
+ 2 
* 3 
+ 4 

L P * 0 
+ 1 
+ 2 

1296 
1297 
12E10 
1299 
1300 
1301 
1302 
1303 
130<1 
1305 

1 1306 
1 1307 

1300 
1309 
1310 
1311 
1312 
1313 
1314 
13115 
1316 
1317 

3 131R 
3 1319 

1320 
1321 
14 
1332 
1333 
1334 
13313 
1336 
1337 
1336 
1339 

+ 3 2 1340 
+ 4 2 1341 
+ S 1 1342 

LV+ 0 1 1343 L1+ 0 1 1344 FUNCTION IS LB+00 1393 + 1 1394 + 2 1095 + 3 133S 

*02 
1 1 
14 
6 
1 
0 
3 

11-15 

£'375 
1 
0 

(501 
37 
15 
8 

0000E+0O 0000E+01 OOOOE+OO OOOOE+01 3700E+02 
5 
11 

3.0000E+00 2.OOOOE+00 1.OOOOE+OO -2.0000E+01 2.OOOOE+OO 4.OOOOE+OO 
A.0000E+01 

1.1300E+02 3.OOOOE+00 1.OOOOE+00 

2.OOOOE+OO 
A.OOOOE+OO 
4.OOOOF:+OI 2.OOOOE+00 •2.0000E+01 

8.9000E+01 3. OOOOE+OO 1.OOOOE+00 2.OOOOE+00 
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UP' 

• 7 

I.V + 0 
+ 1 
+ 2 
+ 3 + a + 5 + 6 + 7 LI+ O + 1 + 2 + 3 
• A + 5 + 6 + 7 

FUMcric 
LB+OO 

+ 1 
+ z + 3 * 4 LP< 0 + 1 

1397 1 1398 
3 1399 
1 1400 
A 1401 

4 1-302 

1 1403 
4 1404 

4 140S 

1406 
1407 
1408 
1409 
1410 
1411 
1413 
1413 
1414 
1415 
1416 
1417 
1410 
1419 
1420 
1421 
20 
1470 
1471 
1478 
1473 
1474 
147S 
1476 

LV* 0 1 1477 
U* 0 1 1478 FUNCTION 21 LB* CO 1524 + 1 1525 

8 
0 

1 . 6 3 0 0 0 0 2 
5 

1422 

1432 

10 
1442 

1 
1 . 6600 L :+U2 

0 
0 . 
e . o o o o E + o o 

0 
0 . 
8 . 0 0 0 0 E + 0 0 

0 
1 .6800E+02 

0 
0 . 
8 . 0 0 0 0 E + 0 0 

O 
0. 
8,0OO0E+OO 

102 
8 

20 
2 
1 
0 

1.1 IJO 

501 
10 

8,OOOOE+00 3.2000E+01 
t.7000E+01 4.1000E+01 

8.0000E+00 6.1000E+01 
1.2Q00E+01 
6.5000E+01 

4.OOOOE+00 2.0000E+00 T.OOOOE+OJ 
o. 
-2.400OE+O1 1.OOOOE+00 0. 

1.3000E+01 
e.ooooE+01 
1.7O00E+O. 
8.4000E+01 

0000E+00 
2.OOOOE+00 2.30O0E+01 1.OOOOE+00 0. 
o. 
3.0000E+01 

5.6000E+O1 B.OOOOE+Ol 1.0400E+02 
6.5000E+01 8.9000E+01 1.1300E+02 

3.200OE+C1 8.5000E+01 
3.6000E+01 0.9000E+01 

0. 0. 2.2000E+01 1.OOOOE+00 1-O60OE+02 O. 2.7000E+OI 1.OOOOE+00 

3.70OOE+01 1.0400E+02 
4.10O0E+01 
1 . o e o o i i + 0 2 

I00OE+01 OOOOE+00 
2.OOOOE+00 2.6OOOE+01 1.OOOOE+00 0. 

S.SOO0E+O1 1.0900E+02 
6.0000E+O1 1.1300E+02 

OOOOE+01 OOOOE+00 

5000E+01 OOOOE+00 
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+ z 1526 21 
+ 3 1527 S + 4 1526 1 LP* 0 i 1529 0 + 1 i 1530 1 + 2 4 1531 1536 3 OOOOE+OO 1 .OOOOE+00 
+ 3 4 1532 13-16 

<! OOOOE+01 1 .OOOOE+00 1 ,OOOOE+OO 5 ,OOOOE-01 5.0000E-01 
1 "1000E+OC 5 .OOOOE-0! 5 OOOOE-0! 3 .OOOOK+OO 1.OOOOE+00 
2. OOOE-01 1 .OOOOE+02 0 4. ,1000C+01 1.OOOOE+OO 
1. OOOE+00 5 .OOOOE-01 5 iaoooE-oi 1 . ooooi:+oo 5.OOOOE-01 5. 
0, 

.OOOE-01 3 .OOOOE+00 1 .OOOOE+00 2 .ooooe-oi 1.OOOOE+02 
+ 4 2 1533 0 

5. 
0, 

LV + 0 1 1534 1 LI* 0 1 1535 0 FUNCTION 22 LB*O0 1S76 503 + 1 1577 27 + 2 1576 sa + a 1579 s + A 1580 e LP* 0 1 1581 0 + 1 1 15B2 1 + z 4 1563 1605 5. OOOOE-Ot 2. 5000E-01 
+ 3 4 1584 0 + 4 1 1565 2 + a 3 1586 4.0000E-00 
+ 6 2 1587 0 * 7 1 1588 3135 

LV + 0 1 1589 1 + 1 3 1590 -2.O000E+-00 
+ 2 3 1591 -1.OOOOE+OO 
+ 3 3 1592 -1.OOOOE+OQ 
• 4 1 1593 0 * 5 1 1594 0 + 6 1 1595 0 * 7 3 1596 1.OOOOE+00 

LI* 0 1 t597 0 + 1 3 1596 -2.OOOOE+00 
+ 2 3 1SS9 -1. ooooe+oo + 3 3 1600 -1 . OOOOE+00 
+ 4 1 1601 0 + 5 1 1602 0 + e 1 1603 0 + 7 3 1604 -i.ooooe+oo FUNCTION 23 LB+OO 161S 504 
+• 1 1616 12 + e 1617 23 



MC System Rnsponso to Adversary Act i on Sequences 

1618 1619 1620 1621 1622 
4 1623 

+ 4 2 1624 
+ 5 4 3 62S 
+ 6 2 1626 

LV+ 0 1 1627 
L1+ 0 1 1628 
FUNCTION 24 
LB+OO 1702 

+ 1 1703 
+ 2 1704 
+ 3 1705 
+ 4 1706 

LP+ 0 1 1707 
+ 1 I 1708 
+ 2 4 1709 
• 3 4 1710 

+ 4 2 1711 
LV + 0 1 1712 
L1+ 0 1 1713 
FUNCTION 25 
LB+OO 1741 

+ 1 1742 
+ 2 1743 
+ 3 1744 
• 4 1745 

LP+ O 1 1746 
» 1 1 1747 
+ 2 4 1748 
+ 3 4 1749 
+ 4 2 17S0 

LV+ 0 1 171 I 

7 
1 
0 
1 1629 

1639 

1602 
1692 

0 1 

S.OOOOE-01 2 5000E-OI 

7 
1 
0 
1 1629 

1639 

1602 
1692 

0 1 

4.2000E+O1 
i.ooooe+oo 
2.OOOOE-01 
1. OOOOE+OO 
5.OOOOE-01 
0. 
5.OOOOE-02 
1,0000E+00 

9 
9.6000E+01 

1 
5 
1 
1 
3 
4 
1 
2 

.OOOOE+OO 

.OOOOE-01 

.00OOE+02 
,OOOOE-01 
.OOOOE+OO 
. 4000E + 01 
,OOOOE+OO 
.OOOOE-01 

1 

1 
5 
0 
5 
1 
1 
5 
1 

. 000:;S+00 

. 0OOCE.-01 
'.OOOOE-02 
,OOOOE+OO 
•OOOOE+00 
.OOOOE-01 
.OOOOE+02 

0 

1 
3 
4 
1 
2 
1 
5 
0, 

.OOOOE-01 

.OOOOE+OO 

.3OO0E+01 

.OOOOE+OO 

.OOOOE-01 

.OOOOE+00 

.OOOOE-01 

1 

5 
1 
1 
5 
1 
1 
3 

.OOOOE-02 

.OOOOE+00 

.OOOOE+OO 

.OOOOE-01 
,OOOOE+02 
.OOOOE-01 
.OOOOE+00 

0 
SOI 10 24 B 1 0 
1714 
1724 

0 
1 

1.5000E+OO 
4.5000E+01 
1.OOOOE+OO 
2.0000E-01 

5. 
1 . 
5. 
1. 

OOOOE-01 
OOOOE+OO 
OOOOE-01 
OOOOE+02 

1 . 
S. 
0. 

OOOOE+OO 
OOOOE-01 

S. 
3. 

0000E-O1 
OOOOE+OO 

5. 
1 . 

OOOOE-01 
OOOOE+00 

0 
501 to 25 5 

0 
1753 

0 0 
1.SO00E+OO 5. OOOOE-OI 



MC Systen Response to Adversary Action Sequences 

LI+ 0 1 1752 
FUNCTION 26 
LB + OO 1763 

+ 1 1764 
+ 2 1765 
+ 3 1766 
+ A 1767 

LP+ 0 1 1768 
+ 1 1 1769 
+ 2 1 1770 

;772 
+ 5 2 1773 
+ 6 1 1774 LV+ 0 1 1775 

LI + 0 1 1776 
FUNCTION 27 
LB+OO 1 S14 

+ 1 1815 + 2 1816 
+ 3 1817 
+ 4 1818 LP+ 0 1 1619 
+ 1 1 1820 + 2 4 1821 
+ 3 4 1S22 

+ 4 2 1823 
LV+ 0 1 1824 
LI+ 0 1 1825 FUNCTION 30 
LB+OO 1853 

+ 1 1854 
+ 2 1855 
+ 3 1856 + 4 1857 

LP+ 0 1 1858 
+ 1 2 1859 
+ 2 4 16.60 
+ 3 A '361 
+ 4 1 1862 

502 
12 
;»6 
7 
1 
0 
1 

1777 
1787 

1804 
0 

31.15 
1 
0 

501 
I 0 
27 
5 
1 
0 
1 

1826 

o 
i o 

902 
I 1 
30 
6 
1 
0 

1896 
1876 
10iJ6 
3155 

1.5000E+00 5.0000E-01 
6000E+01 
OOOOE+00 
O00OE-01 

1.OOOOE+00 
5.0000E-01 
1.OOOOE+02 

1.OOOOE+00 
5.0000E-01 
0. 

OOOOE:-OI 
OO0OE+0O 

5.0000E-01 1.OOOCE+OO 

I.5000E+00 5.O00OE-O1 
7000E+01 
OOOOE+00 
O0OOE-O1 

1.OOOOE+OO 
5.0000E-01 
1.OOOOE+02 

1 .OOOOE+OO 
5.0000E-01 
0. 

S.OOOOE-01 
3. OOOOE+OO 5.0000E-01 

1 .OOOOE + 00 

26 
OOOOE+OI 
0000E+01 

-242-

5,0000E-O1 
5.0000E-01 

1.OOOOE+02 
0. 



MC System Response, to Adversary Action Soquoncos 

+ s I 1863 3209 
LV+ 0 1 1884 1 
LI+ 0 I 1865 0 
FUNCTI ON 40 
LB*00 1896 703 

• 1 1897 16 
+ 2 1898 40 
+ 3 1899 9 
+ A 1900 2 

L.P+ 0 1 1901 0 
+ 1 A 1902 1914 0. 

9.S000E-01 
1 0000E-O2 5.0000E-01 5.0000E-01 1.0000E+OO 

+ 2 A 1903 1324 J,O000E+0O 0 0. 
+ 3 1 1904 3 
+ 4 4 1305 0 
+ 5 1 1906 1 
+ 6 3 1907 1 0O0OE+O0 
+ 7 2 1906 1334 

61 
+ 8 3 1909 0 

LV+ 0 1 1910 1 
+ 1 1 1911 0 

LI* 0 1 1912 0 
* 1 1 1913 0 

FUNCTION 41 
LB+ 00 1944 703 

+ 1 1945 IE 
+ a 1946 41 
+ 3 1947 9 
+ A 1948 2 

LP* 0 1 1949 0 
+ 1 A 19E0 1952 

0. 
9.5000E-01 

1 OOOOE-02 5.OO00E-O1 5.0000E-01 1.0000E+00 
+ 2 A 1951 1972 1.0000E+0O 0 0. 
+ 3 1 1952 3 
+ A A 1953 0 
+ 5 1 1954 2 
+ 6 3 1955 1 0000E+00 
+ 7 2 1956 19(32 

61 
+*8 3 1957 0 

LV+ 0 1 1956 1 
+ 1 1 1959 0 

LI* 0 1 1960 0 
+ 1 1 1961 0 

FUNCTION 42 
LB+00 1992 703 

+ 1 1993 16 



I 

MC Sysicm Response to Adversary Act i on Sequences. 

• 2 1994 42 
+ 3 199S 9 
• 4 1996 2 

LP + 0 1 1997 0 
+ 1 4 1098 2010 

0 
9 

1.0000E-02 
.5000E-0I 

• 2 4 1999 2020 t .OOOOE+00 0. 
• 3 1 2000 3 
• 4 4 2001 O 
• 5 1 2002 3 
• 6 3 2003 1.OOOOE+00 
+ 7 2 2004 2030 

60 
• 8 3 2005 0, 

LV+ 0 1 2006 1 
• 1 1 2007 0 

LI+ 0 1 200S 0 
• 1 1 2009 0 

FUNCT1 ON 43 
L.B+00 2040 703 

+ 1 2041 16 
* 2 2042 43 
+ 3 2043 9 
+ A 2044 2 

LP+ 0 1 2045 0 
• 1 4 2046 2058 

0. 
9. 1.0000E-02 

5000E-01 
• 2 4 2047 2088 1. O000E+00 0. 
+ 3 1 2048 3 
+ 4 4 2049 0 
+ 5 1 20S0 4 
+ 6 3 2051 1 . COOOE+OO 
+ 7 2 2052 2078 

60 
+ 8 3 2053 0. 

LV+ 0 1 2054 1 
+ 1 1 2055 0 

LI+ 0 1 2056 0 
• 1 ] 2057 0 

FUNCTJ ON 44 
LB+00 2088 703 

• 1 2089 16 
+ 2 209O 44 
+ 3 2091 9 
* A 2092 2 

LP+ 0 1 2093 0 + 1 4 2094 2106 

5.0000E-01 5.0000E-01 1 . OOOOE+00 

0. 

5.0000E-01 5.0000E-01 1.0000E+00 

l.OOOOE-02 5.0000E-01 5.0000E-01 1.OOOOE+00 
-244-



MC System Response to Adversary Act i on Sequences 

+ 2 4 2095 21 IB 9.5000E-01 
1.0000E+0C 0. 0. • 0 1 2096 3 • 4 A 2097 0 * 5 1 2090 S • 6 3 2099 1.OOOOE»00 • 7 2 2100 2126 60 

• 0 3 2101 0. LV* 0 1 2102 1 • 1 1 2103 0 LI* 0 1 2104 0 + 1 1 2105 0 FUNCTION 45 LB »00 2135 703 * 1 2137 16 + 2 21 3D 4S * 3 2139 9 * 4 2140 2 LP* 0 1 2141 0 * I A 2142 2164 0. 9.5000E-01 1.OOOOE-02 5.0000E-01 5.0000E-01 
+ 2 A 2143 2164 1.OOOOE+OO 0. 0. + 3 1 2144 3 
+ A A 2145 0 + 5 1 2146 6 + 6 3 2147 1,OOOOE+OO + 7 2 2148 2174 61 
+ 8 3 2149 0. LV+ 0 1 2 ISO 1 + 1 1 2151 0 LI* 0 1 21S2 0 • I t 2153 0 FUNCTION 46 LB+00 2164 703 + 1 21SS 16 + 2 2166 46 + 3 2167 9 
+ A 2168 2 LP* 0 1 2189 0 + 1 4 2190 2202 0. 9.5000E-01 1.0000E-02 5.0000E-01 5.0000E-01 
+ 2 A 2191 2212 1. OOOOE+OO 0. 0. + 3 1 2192 3 + 4 4 2193 0 + S 1 2194 7 

1.OOOOE+OO 

1.OOOOE+OO 

-245-



MC Systcrt Response to Adversary Action Sequences 

1 6 3 21C-5 
< 7 2 21 SJ6 
• 0 a 2107 
+ 1 

i 
1 

2193 
2 I <>'l 

LJ> 0 
l 1 

1 
l 

2200 
22 jl 

FUNCTION •17 
LB+00 

• 1 
2232 
22J3 

*• i! 233/1 
* a RSro 
+ A 2236 

w< o 1 2?37 
+ i 4 2338 

+ 3 1 2240 
+ 1 4 2241 
+ S 1 224£ 
+ 6 3 2243 
+ 7 a 224.1 
+ e 3 2245 

I.Vi 0 1 2?^6 
+ 1 1 2247 

LI + 0 1 5!a«18 
+ 1 1 2249 

FUNCTION 50 
LI1+0U 2200 

+ 1 S281 
+ 2 2202 
+ 3 2203 
+ A 2284 

LP* 0 1 2205 
+ 1 A 2236 

LV+ 0 1 2267 
LI+ 0 1 2208 
FUNCTION 51 
1.11+00 2306 

+ 1 2307 
+ 2 2300 
* 3 2309 
+ A 2310 

LP> 0 1 231 1 
+ 1 1 2312 

2222 

1 0 0 0 
703 16 .17 9 2 0 2250 

] 
1 
0 

50! 10 51 5 1 O 1 

0. 1.000CK-02 5.0000E-01 S.OOOOE-01 1.00O0E+00 
9.5000E-O1 
I.O000E+O0 O. 0. 

-5.1000E+01 1.0000E+00 8.0000E+00 4.0000E+00 5.2000E+01 1.0000E+00 0. 0. 5.3000E+01 1.O00OE+00 0. 0. 
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MC System Response to Adversary Action Sequences 

+ 2 4 2313 
+ 3 4 2514 
+ A 2 2315 LV* 0 1 2316 LI* 0 1 2317 FUNCTION 52 U'-'OO 2328 • 1 2329 + R 2330 + 3 2331 
+ 4 2332 LP* 0 1 2333 + 1 1 2334 
+ P. 4 r;3?5 
* 3 4 2336 
< 4 2 2337 
* 5 4 233B 
+ G 2 2339 

LV+ 0 1 2300 LI+ 0 1 2341 FUNCTION 53 LB >00 2372 + 1 2373 + 2 2374 + 3 2375 
+ 4 2376 LP* 0 1 2377 + 1 1 2378 + a 4 2379 
+ 3 4 2360 
+ 4 2 2381 
* 5 4 2382 
+ 6 2 2383 

LV<- 0 1 2364 L U 0 I 2385 FUNCTION 60 LB *00 2416 • I 2417 • 2 2418 • 3 2419 
• 4 2420 LP+ 0 1 2421 + 1 2 2422 

2318 
0 0 1 o 

504 12 52 7 1 0 1 23.12 
0 

£352 
2362 

0 1 0 
504 12 53 7 1 O 1 2386 

0 2396 
2406 

0 1 0 
601 24 ISO 13 4 0 2442 

1.0000E+00 5.000DE-01 

1.0000E+00 5.0000E-01 

46 E 
1.OOOOE+OO 

1.0000E+00 5.0000E-01 

1, OOOOE+OO 

-247-



nc System Response to Adversary Action Sequences 

+ 3 4 2424 

+ 4 2 2/125 
+ 
+ 5 6 

1 2426 
4 2427 

+ 
+ 7 6 

1 2426 
2 2429 

2432 

2 2430 
+ 10 1 2431 
+ 11 4 24?2 

+ 12 1 2403 
LV+ 0 1 2434 

+ 1 A 2435 
+ 2 4 2436 
• 3 3 2437 

LI+ 0 1 2436 
+ 1 4 2439 
+ 2 4 2440 
+ 3 3 2441 

FUNOTION 61 
LB+00 2593 

+ 1 2592 
• 2 2593 
• 3 2394 
+ 4 2S99 

LP* 0 1 2996 
• 1 2 2997 

3. .OOOOE+00 7. OOOOE+OO 0. 4, 0000!- +00 7.0000E+00 
O. 5. OOOOE+00 7, !OOOOE *00 0, 

2465 
9 

4 
2475 

9. OO00E+OO O. 9. O00OE +00 1 , .O0O0E +00 9.OOOOE+00 
2. OOOOE+00 -5. OO00E+O1 0. 

6 
2487 

-1 
0 
0 
1 
0 
1 

-1 
1 
0 
0 
0 

1 
0 
1 

-1 
-1 
0 
0 

-1 
1 
0 
0 

1 
1 
0 
0 

-1 
1 
1 

-1 
-I 
1 
1 

0 
-1 
0 
1 
1 

-1 
0 
0 

-1 
0 
0 

1 
1 
1 
0 
0 
1 
1 
1 

-1 
0 
0 

2 2557 

3275 1 3255 
3265 
0E+O0 0 2671 
25 01 

801 24 61 13 4 0 2617 

9.OOOOE+00 9.OOOOE+00 1.2000E+01 1.7000E+01 3.OOOOE+00 3.OOOOE+00 1.OOOOE+00 T.OOOOE+00 

-248-



MC System Response to Adversary Act i on Sequences 

+ 2 1 2596 s + 3 1 2599 2627 
1 ooooe tOO 7 COOOE tOO 0 2 OOOOE +00 7 OOOOE+00 
0 9 OOOOE tOO 7 OOOOE • 00 0 9 OOOOE+OO 7 0000E+OO * OOOOE+00 9 OOOOE • 00 7 OOOOE +00 2 OOOOE+OO 
6 OOOOE tOO 7 OOOOE+OO 0 7 OOOOE +00 7 OOOOE+00 
0 6 OOOOE too 7 OOOOE +00 0 

+ A 2 2600 2635 
1 2 3 A 

• S 1 2601 8 
+ 6 4 2602 2665 

I OOOOE+00 0 2 OOOOE+00 0 3 OOOOE+OO 
0 A OOOOE+OO 0 I OOOOE •00 T OOOOE+00 2 OOOOE 1-00 1 OOOOE+00 3 OOOOE too 1 OOOOE •00 A OOOOE+00 1 OOOOE too + 7 1 2603 10 

+ 8 2 2 6 M 266S 
-1 
1 
1 
0 

-1 
1 
0 
1 
1 
1 

-1 
0 
0 
0 

-1 
1 
0 
0 
0 
0 
1 
1 
0 

-1 
1 
0 

-1 
-5 
0 
0 
0 
1 

0 
1 
1 
0 
1 
1 
0 

-1 
0 
0 
1 
1 
0 

-1 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
1 
0 

-1 
0 
0 
1 
1 
1 
0 
1 
1 
0 

-1 
0 
0 

-1 
1 
1 
1 
1 
0 

-1 
0 
0 
0 

-1 
0 
0 
0 
1 
1 0 1 0 

1 
0 

-1 
0 
0 

-1 
1 
0 
0 
0 
1 
0 
0 
0 
0 

-1 
1 
1 

-1 
1 
0 

-1 
0 
0 
0 
0 
0 
0 
0 t o + S 2 260S 0 

+ 10 1 2606 s • 11 4 2607 28.49 



MC System Raspanso to Adversary Action soquancss 

t.OOOOE+OO 1, 7000E + 01 2. OOOOE+OO 1 ,OOOOE+OO a t.OOOOEn •00 4.1000E< i-OI 2. OOOOE' • 00 1 ,OOOOE+00 0 
2,OOOOE+00 1.7000E+01 2. OOOOE • 00 1 .OOOOE+OO 0 
2.OOOOE+00 4.1000E+01 2. OOOOE+00 1 .OOOOE+OO 0 
3.OOOOE+00 8.9000E+01 2. OOOOE' +00 1 .ooooe+oo 0 
3,OOOOE+OO 1.13Q0E+02 2. OOOOE' +00 1 .OOOOE+00 0 
A.OOOOE< '00 8.9000E+0) 2. OOOOE-+00 1 .OOOOE+00 0 
A. OOOOE+00 1.1300E+02 2. OOOOE+00 1 .OOOOE+00 0 

+ 12 1 2608 3331 
+ 0 1 2609 1 
+ 1 4 2610 3311 

0. 
0. 

321 
0. 0. 0, 0 

+ 2 4 2S11 3: 
0. 
0. 

321 
0. 0. 0. 0. 

+ 3 3 2612 - 1.OOOOE+OO 
+ 0 1 £613 0 
+ 1 4 2614 2893 

0, 
0. 

303 
0. 0. 0. 0 

+ 2 4 2615 2! 
0, 
0. 

303 
0. 0. 0. 0. 

+ 3 3 2616 0. 
TIT CMA!N 

LEC 
LNE 
LI.E 

LFFE 
LLFE 
NSE 

MrlSE 
NFIi 

ISECA 
180 
185 
190 
ISO 
160 

185 
190 
150 
160 
195 

148 
ieo 
175 
255 
1345 
21 
21 
79 

100 0. 
6.OOOOE+00 
8.OOOOE+OO 
9.4375E+00 
1.1125E+01 

15 
15 
15 
1 
3 

1 
2 
3 
1 
1 

0 
0 
0 
0 
0 

ias 205 1.1937E+01 21 9 1460 20S 
155 
210 
215 
2S5 
220 
230 
165 
235 
245 

1S5 
210 
215 
225 
220 
230 
165 
235 
245 
200 

1.2000E+01 
1.5594E+01 
1.7000E+01 
1.7000E+01 
1.7000E-01 
4,10QOE+01 
4. 1000E+01 
8.&OOOE+01 
6.9000E+01 
8.9000E+01 

60 
2 

60 
61 
61 
61 
61 
14 
61 
61 

1 
1 
2 
1 
3 
S 
A 
1 
5 
7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

200 170 I.0506E+02 24 21 1480 
170 
240 

240 
250 

1.1300E+02 
1.1300E+O2 

14 
61 

2 
6 

0 
0 



MC System Response to Adversary Action Sequences 

£50 175 FRCE SIOrtE LI-KB LLFB NFL LHCA MINNFL 343/ 

175 0 I.1300E+02 I.3700E+02 61 14 
3437 3437 1656? 9437 T6562 D 16562 The RUN line trace control parameter was set to value 1, so only naes wore written into the output file ss they appear Hjj. 

61 Si 

BEGIN PERIOD 
BEGIN SHIFT 
BEGIN INTERVAL 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 

END INTERVAL 

0 . 15 EVENT 
0 . 15 6 0 i TIMR 
S.dOOOE+OO 15 EVENT 
8 .O000E<00 15 fiOl TIMR 
6 . 0 0 0 0 E + 0 0 15 EVENT 
8.00OOE+O0 15 601 TIMR 
3 . 4 3 / 3 f c * G 0 1 EVENT 
9 . 4 3 7 S £ < 0 0 4 301 TRMB 
9 . 4 " 7 5 r + 0 0 1 m i RCTS 
1.11SSE >01 3 EVENT 

1125E+01 4 301 TRMB 
11P5E<U1 3 101 RCilE 1937E+01 21 EVENT 
20t iOE*01 60 'iVENT S030EI01 15 EVENT 
SOCHIE+OI 15 601 TIMR 204SE1-01 -10 EVENT E643E»01 61 INPUT 1.00(10(̂ *00 0. 
0 . 

1 .2843E+01 
1 . 26«I3£<01 

1 
1 .2643E+01 

1 . 0 0 0 0 E * 0 0 O. 
1.293SFKJ1 41 
1.293UE101 61 

I.OOOOiM-00 l.OOOOE+00 O. O. O. 
0 . 

1 . 233SE->01 61 EVENT 
1.293nE>nT 61 RULE 

1 
1 .293EE+0I 61 OUTPUT 

1 . O0 f i r . r *oo 0 . 0 . 0 . iitinuii vl and vB ger.erated by adversary action Al were sensed by nonii.ors 40 and 41 and their output signals were received by decisio i function 61 which set MC response conponcnt rl to value 1 in ace orrtemc3 wi-sh rule 1 of the decision tabic specification. 1 ..?-! !<•!:< 01 5 EVENT 1 . 29'iCf+Oi 5 701 MZMB MEASUREMENT COMPLETED 
-251-

EVENT RULE 
61 OUTPUT 

EVENT INPUT .OOOOE+OO 



MC System Response to Adversary Act 1 on Sequences 

1.3000E+01 1.3000E+01 3C54E+0I 30S4E+01 38S4E+01 •1054E+0I .-W54E+01 4n54E+0t <JI43E*01 5502E+01 5302E+O1 5594E+01 5594E*01 5534E*01 3594E+01 

EVENT 601 TIMR EVENT 301 TRM3 101 RCHB EVENT 301 TRMB 101 RCMB EVENT EVENT 701 MZMIJ EVENT 301 TRMB 101 RCfIB EVENT A3 begins upon conditional conpletion of action A2 at tine IS.SQrl when the botch containing material 4 arrives at recctving station 2 and is innedlately placed in the ineon InQ measurement facility, The interaction nessEige indicatcing that the ncafurclient has henn started does not appear here because the run 

15 15 3 4 3 1 
a I 22 7 7 a i z 
23 

BEGIN INTERVAL 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 

MEASUREMENT COMPLETED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 

A c t i I t 

if &I550E+01 
5<S.r.0E+01 

3 
r .s50F+o i 
1 .0000E+00 
B65CE+01 61 
1.OOOOE>00 
0. 
!j(5!50E+01 51 
3f=50E + 01 61 

3 
5BD0E+01 
0 . 
5702E+01 
57022+01 
0 . 

1 .5 /0SE+01 
1 .5?02E>01 

50 
1 . 5 7 0 2 E + 0 ! 

6 
1 .5702E+01 1.OOOOE+00 1.S702E+01 61 1.00O0E+O0 0. 1.S702E+01 61 1.5702E+01 61 

INPUT 
EVENT KULE 

FSX event level I . 

1 .OOOOE+OO 

60 OUTPUT 
INPUT OOOOE+00 
EVENT RULE 

61 OUTPUT 1.OOOOE+OO <!3 EVENT i NPUT OOOOE+00 60 EVENT GO START 
60 RULE 
00 OUTPUT 

60 

INPUT .0000E+00 
EVENT RULE 

1.OOOOE+00 

1.OOOOE+00 

1 . OOOOE+OO 0. 



MC System Response to Adversary Action Sequences 

1.570RE<01 61 OUTPUT 0. 1.0000E+00 0. 0. Stimuli v4 and v5 are detected by monitors 43 and 44. Monitor signal r,5 reachn-s decision function 60 at tine 15.650. Decision function 60 then sets q9 to 1 as specified by rule 3, Upon receipt of the q9 si dial, decision function 61 invokes rule 3, returnino response signal rl to zero and raising r2 to 1. Notice that thrs decisions of function 60 and 61 occur simultaneously in simulated time since negligible tine delay is assumed for the transrii Bsion of signal q9 from function 60 to function 61. 
At time 15.702, monitor signal q4 is received at decision function 60 which then applies rule 6, again settino, signal q9 to 1 but also starting the control action sequence defined by 103 SCAS function 50. S*nee the updated input to function 61 is unchanged, it attain applies rule 3, setting rS to 1 and the other MC response signals to zero. 

1.7O00E+01 60 EVENT 1.7000E+01 61 EVENT 1.7000E-KJ1 61 EVENT The event occurrino at time 17.000 In function 60 is the second of the two campling events defined by the report specifications of list valued paren<jter 11 of function 60. The first of these two events occurred earlier at time 12.000. Tfie two events occurring at tine 17.000 In function 61 are sampling events for output variables rl and rz as specified by the report specifications of function 61^ 
END SHIFT 
END INTERVAL 
TIEASUREMENT COMPLETED 
MEASUREMENT COMPLETED 
MEASUREMENT COMPLETED 

the control action of function 51 begins 9.874 hours after the control action sequence Is started by function 50. The time delay of action 51, as specified in list valued parowoter 1 of function 50, is uniformly distributed between 4.0 and 12.0 hours. Actions 52 sriri 53 bagin at tines 26.955 and 28,234 respectively so the ac-usl durations of actions 51 and 52 were, in this instance, l.£79 and 1.279 hours respectively. The durations of actions simulEitcd by functions 51, 52, and 53 were specified to be uniformly distributed between o.S and 1.5 hours. Since it is the las- enc of a sequence, no event occurs by which we can de-.*mine the deration of action S3 In this run. . 15S-4E+01 1 EVENT 

1 .7000E+01 15 EVENT 
1 .700AE+01 15 601 TIMR 1 .7000Eto1 15 EVENT 1 .7000E+01 15 601 TIMR 1 .75S3E+01 5 EVENT 1 .?5S3E*01 5 701 M2MB 1 .8659E*01 7 EVENT 1 .665SE+01 7 707 MZMB 1 .S904E+01 6 EVENT 1 .9904E+01 6 70i MZMB 2 ,5S7CE+01 P=1 EVEUT 2 .6955E+01 52 EVENT 2 . a234E*01 53 EVENT 
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MC Systen Response r,o Adversary Action Sequences 

3 1 ! 9 3 4 E < 0 ) 4 3 0 1 TRMB 
3 . 1 5 0 1 E + 0 1 1 1 0 1 RCI1B 
3 P O I O E - i O i I S E V E N T 
3 . E ' 0< iCIE+01 1 5 6 0 1 T I M R 
3 rtOOliE'+OI I S E V E N T 
s , ^ ; . j r j c * o i 15 0 C 1 T I M R 
3 . - - l - I M E + O l 3 E V E N T 
5 . 11 t ' . E O l <l 3 0 1 TRME 
3 A V<<!E*01 3 1 0 1 RCMB 
3 L ' l / r - E + 0 1 5 E V E N T 
•5 ftSVSE+Ol 5 V01 MZMB 
3 . P 0 U 0 E * O t 1 5 E V E N T 
a . ' . n o O E >oi i •:; C 0 1 T I M R 

!* l..1f><1E + 0 I i E V E N T 
3 . i - . T j I E K J ! -1 3 0 1 TRMB 
3 . . G' . , I : /4E + 0 1 i i O l RCrIB 
3 7 H O 0 E + 0 1 \*~ E V E N T 
3 A i O - ' E + O l i :* C O l T I M H 
3 . 7 7 3 5 E + O I ;; E V E N T 
3 77!>! ' .E- '01 i< 3 0 i TRMB 
3 . •/ysoE+oi £. 1 0 1 RCMB 
3 . 0 1 0 0 E - : 0 1 7 EVENT 
3 . e i o O E t O ) 7 7 0 1 M2MB 
4 . 0 B 3 1 E * 0 1 G E V E N T 
d 0 8 3 1 E + 0 1 5 7 0 1 MZKB 
4 1 0 O 0 E + 0 ! S I E V E N T 
4 1 J P 0 0 E + 0 I 6 1 E V E N T 

Ou l . f . ' t V G P I E \b lO: 
t it ">o 11 . 0 0 0 . 

4 l O O O E f O i 1 5 E V E N T 
4. l o n O E - i - o i 1 5 6 0 1 T I M R 
4 l O f i O E + m 15 E V E N T 
4, 1 0 0 C E + 0 1 I B S O I T I M R 
4. 1 0 1 1 E + 0 1 y E V E N T 
4. 1 0 1 1 E + 0 1 7 7 0 1 M7.MB 
4. .'1<MGE + 01 3 EVENT 
4. 4i)4&E + 0\ a 3 0 1 TRMB 
< l . 8 3 3 / 1 E + 0 1 i ; EV i iNT 
4. B 0 S 4 E 4 0 1 11 7 0 1 MZM3 
4. < H ) 5 4 E * 0 1 1 2 3 0 1 TRMG 
5 . 3 l > 5 S E ^ 0 I s» E V E N T 
5 . 0 0 5 9 E + 0 1 8 3 0 1 TRMB 
r\ ' . u O O E f O I i n EVENT 
5 . ciOOOE+O] 1 5 6 0 1 T I M R 
5 . 'ioaoE< o i I S E V E N T 
5 . iCJOOE+01 1 5 6 0 1 T I M R 
5 . f S S 5 5 E * 0 1 1 E V E N T 
5 . C C 5 - 3 E * 0 1 4 3 0 1 TRMB 
5 6 ' j 3 S E * O I 1 1 0 1 RCriB 
5 , ! i tS!5E->01 1 1 E^ENT 
5 . S463E-<-01 1 1 7 0 1 MZMB 
5 . G 4 8 S E + 0 1 1 2 3 0 1 TRMB 

TRANSPORT COMPLETED MATERIAL 3ATCH RECEiViO 
BEGIN SHIFT 
BEGIN INTERVAL 
TRAKCfORT COMPLETED MATERIAL 3ATCM RECEIVED 
MEASUREMENT COMPLETED 
END INTERVAL 
TRANSPORT COMPLETED MATKMUAL EATCM RECEIVED 
fiEGIN INTERVAL 
TRANSPORT COMPLETED ilATF.MAL B^TCH RECEIVED 
MP.ASUKFMENT COMPLETED 
r-SA-.USEMEMT COMPt ETED 

rl and r-2 of decision function 61 a^c seriplsd 

END SHIFT 
END INTERVAL 
MEASUREMENT COMPLETED 
TRANSPORT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
TRANSPORT COMPLETED 
BSSJN SHIFT 
BEGIN INTERVAL 
TRAf.'CPORT COMPLETED MATERIAL BATCH RECEIVED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
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MC Sys^cn Response to Adversary Act. J on Sequences 

5 . flr>3flE + 0 1 3 E V E N T 
5 . 0 . ' ; t i 3 £ i ' 0 1 1 3 0 1 TRMB 
5 , S : ; !J3E>C1 3 1 0 1 RCMB 
5 . 9 ' 7 4 E < - a i 1 E « E N T 
5 . 9 r ' < I E i - Q 1 4 C 0 1 TRMB 
5 . 9 1 . ' . IF.+01 1 1 0 1 RCMO 
£ . o r o a f : >-01 1 5 E V E N T 
£j . CiOOOE+01 1 5 6 0 1 T I H R 
s nsisr+ot 5 E V E N T 
F. . O ^ i a E ' O ) 5 7 0 1 MZMfc 
Q . io( )OE«-cn 15 E V E N T 
6 . ino.'uv'-o) 15 6 0 1 T I M R 
5 . 1 6 « 5 E * 0 1 7 E V E N T 
6 . 1695E+0 ) 7 7 0 1 M2KC 
5 2>.Qll.*0\ 3 E V E N T 
5 . i g O J E + 0 1 A 3 0 1 TRMB 
?; --•20<3E+01 o 1 0 1 RC>1& 
R •}4 3 0 E * 0 1 5 E V E N T 
fi V i S O E + 0 1 5 7 0 1 MZMB 
s r : 6 a 9 E + 0 1 10 E V E N T 
E. . T . S 2 3 F . + 0 ! 10 3 0 1 TRMB 
e . 1 1 7 7 E < O I & t V E M T 
6 . " 3 1 7 7 E + 0 ! 8 3 0 1 TRMB 
6 . 4 0 4 4 E + 0 1 8 E V E N T 

&. . 48 - l< -J£*0 l 8 3 0 1 TRMB 
6 . 5 0 0 0 E + O I 1 5 E V E N T 
e 'SOODE+fl l 1 5 6 0 1 T1MR 
6 . ! 5 O O 0 E * 0 1 1 5 E V E N T 
6 5 0 0 0 E * 0 1 15 6 0 1 T I M R 
6 . K!510i£-«01 7 E V E N T 
6 . 6 6 4 0 £ * 0 l 7 7 0 1 M2MB 
5 = • . 1 0 1 0 0 1 1 0 E V E N T 
6 . 3 1 6 1 E + 0 1 1 0 3 0 1 TRMa 
6 . 3 1 7 2 E * 0 1 1 1 E V E N T 
S . ' ^ / • A i E + O I 11 7 0 1 K2f1B 
E . 8 < J 7 2 E * 0 1 1 2 3 0 1 TRi16 
S3. fc5*WE*01 1 1 EVENT 
; j . i i S f l c e + o i 1 1 7 0 1 Vt7SMl 

= 
c;r-;«:"!E*ni 1? 3 0 1 Tr IV. 

E . C B I R t •Cl'l 1 1 EVENT 
e n s i r . E i - o i 1 i 7 0 1 « 7 I " » 

.--:. ' • " . 1 i ; E - 0 i 1 2 5 0 1 T P . V 
-? _ 2 < 3 1 5 E + 0 i 1 1 EVENT 
7 . ? B 1 5 & + 0 1 1 1 7 0 1 M ? W 
7 . 2 0 1 & E * O i 12 301 Tiifil 
7 . 8 2 S 2 E * 0 I 1 E V E N T 
7 . osrirE'Oi A 3 0 1 TRrtft 
y . 8 2 S a E * 0 l 1 1 0 1 RCMIJ 
0 OOOOEt-01 i r . EVENT 
S . O O C O E ' 0 1 1 6 6 0 1 T I K R 
S . O O 0 0 E » 0 1 1 5 EVENT 
e. r o o o o o i I E S O I T I M S 

TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
END INTERVAL 
MEASUREMENT COMPLETED 
t.SGIN INTERVAL 

MEASUREMENT COMPLETED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
MEASUREMENT COMPLETED 
TRANSPORT COMPLETED 
TRANSPORT COMPLETED 
TRANSPORT COMPLETED 
END SHIFT 
END INTERVAL 
MEASUREMENT CeMPLETED 
TRANSPORT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
BEGIN SHIFT 
BEGIN INTERVAL 
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MC System Response to Adversary Art i on Sequences 

8.2009£-»01 3 EVENT 
0.2009F.*01 4 301 TRM3 
8.2009£«01 3 101 RCMB 
8.21S2E*01 5 EVENT 
8SI52E-i01 5 701 MZMO 
8.4000E<01 15 EVENT 
8.4000E+0! 15 601 71 MR 
S. 4306E-IO) 1 EVENT 
6.4306E+0I a 301 TRMI3 
8. 4306E*01 i I 01 RCl'Ift 
a.049SC+0I e EVENT 
e. 4J199E-IC11 8 301 TRHB 
S.SOOOE+01 15 EVENT 
8.5000E+01 15 601 T1KR 
8.S800E*01 3 EVENT 
8.5800£*01 4 301 TRMB 
6.3eOOE*01 3 101 RCrtB 
0.6S44E*01 7 EVENT 
8.6944E»01 7 701 MZK.1 
8.7122E*01 8 EVENT 
8.7122E*01 8 301 TRMB 
8. 741 7E-101 10 EVENT 
8.7417E+01 10 301 TRMB 
S.8232E+01 1 1 EVENT 
8.8232E-»01 n 701 MZMB 
6.9232E»01 12 301 TRMB 
e.87S5E+01 5 EVENT 
8.8755E+01 5 701 MZMB 
8.9000E+01 14 EVENT 
fi,9000E*01 14 702 CM3A 
8.9000E+01 S3 EVENT 
8 9000E+01 61 EVENT 
89000E+01 15 EVENT 
S.9000E+01 15 601 TIMR 
e.9oaoe*oi 15 EVENT 
8.9000E+01 15 601 TIMR 
9.0677E+01 7 EVENT 
9.0677E1-01 7 701 MZMB 
9.1872E*01 11 EVENT 
9.1872E+01 1 1 701 MZMB 
9.1872E+0I 12 301 TRMB 
9.1980E+01 1) EVENT 
9 1980E+01 1 1 701 MZMB 
9.1980E+01 12 301 TRMB 
9,5S40E+01 10 EVENT 
9.5840E+01 10 301 TRMB 
9.8EI83E1-01 1 1 EVENT 
9.S383E+01 1 1 701 MZMB 
9.89B3E+01 52 301 TRMB 
1 . 0357E<-02 8 EVENT 
1.0357E+02 a 301 TRMB 
1 . 0382E+02 I EVENT 

TRANSPORT COMPLETED 
MATERIAL BATCH RECEIVED 
MEASUREMENT COMPLETED 
END INTERVAL 
TRANSPORT COMPLETED 
MATERIAL BATCH RECEIVED 
TRANSPORT COMPLETED 
BEGIN INTERVAL 
TRANSPORT COMPLETED 
MATERIAL BATCH RECEIVED 
MEASUREMENT COMPLETED 
TRANSPORT COMPLETED 
TRANSPORT COMPLETED 
MEASUREMENT COMPLETED 
TRANSPORT COMPLETED 
MEASUREMENT COMPLETED 
REPLICATE SAMPLE TAKEN 

END SHIFT 
END INTERVAL 
MEASUREMENT COMPLETED 
MEASUREMENT COMPLETED 
TRANSPORT COMPLETED 
MEASUREMENT COMPLETED 
TRANSPORT COMPLETED 
TRANSPORT COMPLETED 
MEASUREMENT COMPLETED 
TRANSPORT COMPLETED 
TRANSPORT COMPLETED 



CIC Systen Response to Adversary Action Sequences 

1. 0332E+02 I.0382E+O2 1.0400E+02 ).04ooe*aa 0400E+02 0400E+O2 045IE*02 0451E+02 0431E*02 050EE+02 0630E+Q2 0/31E+02 07375+02 0737E+02 1.OOOOE+OO O. 0737E+02 0737E+OZ l 5 0737E+02 0, 

301 TRHB 101 RCK3 EVENT 601 TIMR EVENT 1301 TIMR EVENT 301 TRMB 101 ROMS EVENT EVENT EVENT EVENT INPUT 1.OOOOE+00 
EVENT RULE 

TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
BEGIN SHIFT 
BEGIN INTERVAL 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 

1.OOOOE+00 1.OOOOE+00 

61 OUTPUT 
o. 1.OOOOE+00 0. Action Bl begins at tine 105.06 with the occurrence of &n event in -function 24. In this case, stimulus vG is not detected by non'.tor •Function 45 so q6 renains unchanged. Hovover, nonitor 46 does detect stinulus v7 at tine 107.37 and transmits signal q7 to function 61 which applies rule 5 of the decision table, raising MC response signal r3 to 1 and returning r2 to zero. Monitor 46, which vras initially inactive, was turned on by control action 52 ax tine 26.955 when two of the throe nonitor signal inputs to decision function 60 indicated the detection of stinuli generated 

by the act f on 
0800E+02 15 EVENT 0800E+02 0826E+02 0S26E+02 08S3E+02 0S53E+0P 0853E+02 0a77£+02 0877E+02 0877E+02 0893E+02 0900E+02 0900E+02 0922E+02 1 , 0922E>-02 I,OOOOE+00 1.OOOOE+OO 1,092211*02 61 1.0922E+02 61 

5 I.0922E+02 61 

15 1 

61 1 

601 TIMR EVENT 701 MZMB EVENT 701 MZMB 301 TRMB EVENT 301 TRMB '01 RCMB |£VENT EVENT 601 TIMR EVENT INPUT .OOOOE+OO 
EVENT RULE 
OUTPUT 

adversary A. 
END INTERVAL 
MEASUREMENT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVES 

BEGIN INTERVAL 

1.0000E+00 0. 1.OOOOE+00 



KC Syste.-i Resrscnsc to Adversary Action S^cucncos 

MEASUREMENT COMPLETED 
TRANSPORT COMPLETED MATERI,"-. BATCH RECEIVED 

0. 1,000OE*Ou 0. Stlnulus >'3 Generated by function 27 which simulates adversary action Rd is doM-*.:tod by nonitor function 47, but the transmission of signal q£ to .-bcisi&n ."unction 61 cloô  riot change its output which already had r3 sot to 1 and the other MC response signals 
.,:vet Id /Oi"0. " EVENT 701 M2HB EVEN f ^Ol TRMB 

;oi PCMO 
O.f.HT The c." i v-rr. i on ac:ion s'vpurrncc of edvcraarv E is conpletcd at tine 1 10. (ifi. in thiii event, function 30 records Vr>2 ccnplotion tint? of the- attonot- and *.ha quantity of material successfully acquired by f encr. i :,j-. 2Z r.s fp.-.cificd hy list valued parancr.cr I. This cor>plov._3 the ad-'epssry and control action sequences. Except for ssripiin-'j events ,n function 61 th»t record the values of MC response 3iejn£*lis r3 sncJ r4 at tine 113.00, no other events occur in functions that sirmlste actions, monitors, or decision functions of cho MC cy^tcn. 1240E+02 5 EVENT "" " "" MEASUREMENT COMPLETED 

1 .0322E>02 1 09:>2E*02 1 0<i3Ct*02 
i o&aoFv+oa i .cmeoo np 
\. lassEi-os 

12/|nE.+02 
1,i<S3e+02 
1293E-I02 
m o O E * 0 2 
I3O0E+02 
l300E-*02 
isME+oa 
ISOOE-^OS 1300F.< 02 13uOEH02 1 3.10E+02 i i\aae*oe 
1430£*02 
i5 inc+02 1'313E*02 1 TH 3E+02 !72w£-02 1V70E-I02 
iv/oE+oa 
1 /?0E+02 I9.'0i£*02 l'ii0̂ *0S 1940E+02 HH^3E+02 P0^0E*02 tO?rtE+02 21S0E-102 2130E+02 
2473E+02 

5 9 9 
14 
14 61 31 15 15 15 15 7 7 lO lO 
s 
3 11 I 1 12 1 1 I 1 12 )1 I 1 12 10 10 

II 
1 1 

701 M2MB EVENT 301 TRKB EVENT 
702 CM3A KVENT EVcNT EVENT 601 TIMR EVENT 601 TIMR tVENT 701 M7MB EVENT 301 TRMB EVSNT 
UO i 7 RME EVENT 701 MZMB 301 TRMB EVENT 701 fiZ»D 301 TRMD EVENT 701 MZMB 301 TR|1B EVENT 301 TRMB EVENT 701 MSMB 

TRANSPORT COMPLETED 
REPLICATE SAMPLE TAKEN 

KNFl SHtTT 
END INTERVAL 
MEASUREMENT COMPLETED 
TRANSPORT COMPLETED 
TRANSPORT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
TRANSPORT COMPLETED 
MEASUREMENT COMPLETED 
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MC System Response to Adversary Action Sequences 

?.*y-.E-a?. 12 301 TRMB 
?'- l AE+O? 8 t'VCNT 
"51' jEi-O? S 301 TRilD 
, ,i w.'.ias a EVENT 

, :>>1 SJi>02 5 301 TRrtB 
' - '• ' • ' ' , • ' ' ( " : ' ' 1 LWFNT 

..':':•.\''r' t,i 4 301 TRilEl 

.<",--/'*az 1 101 RCrtB 

.: .'•• -jr-i-aa 1 1 EVEl>.T 

.2P.-i~rr.-0Z 11 701 M?MD 
" l.S'i' ' :"' IS 301 n. . iB 
•I'Jf.ijc 02 3 EVEN r 
••i . jot 'Hoa 4 301 T ; ; M E 

. lu ' . r .hfOH 3 I o i Rt-ne 

. ;. 1 J IEfO.? 5 EVENT 
j i ' . 'C.'Cifi S 701 M?rf!5 

' / i l o E ' - S S ! 1 EVENT 
j l l . i E + 02 t 1 701 nrr-iB 
. j i l JC<02 12 301 7i(rtS 

. :W;-*-Z 1 EVENT 

.V.i.'f.Z>r>Z A 301 TRM3 

. ~J>.&t:*02 1 101 RCMB 

. ~tY:?ri-OZ 7 EVENT 

. ~<2Ze. ' 0 2 " 701 M7riB 
3 . r / a r * 0 2 3 EVENT 

. - j - ; /o ; . -C2 •s 301 TKT-:il 
34VCC+G2 & l o i Rcrtr. 
r ;7nnr»o? M EVENT 
i'.QZr • 02 1 i 70'2 CM3A 

Th i s i c T-hC T^J 
i i i n o U «!i v c r s i •<! 
t h e no d<sl s y s t i i 
f o l i e i nt-i I i rt ~r i 
f u n c * i on 2 6 . x\~.? 
&z q u l s 11 i n r . fcer : 

TRANSPORT COMPLETED 
TRANSPORT COMPLETED 
TRANSPORT COMPLETED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVEO 
MEASUREMENT COMPLETED TRAKSFORT COMPLETED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
MEASUREMENT COMPLETED 
MEASUREMENT COMPLETED TRANSPORT COMPLETED 
TRANSPORT COMPLETED MATERIAL BATCH RECEIVED 
MEASUREMENT COMPLETED 
TRANSPORT COMPLETED MATERiAL BATCH RECEIVED 
REPLICATE SAMPLE TAKEN 

;<- the chronological treeing of events during the mionpt, A standard report of all functors of •ivss suppressed toy ths preced I r^ RUN I i ne. The ; •? oopy of the input line rcciuest i rig a report of S02 MAOA function that sinulet-ss the natorial in of adversary B. 

v& 0 0 0 A 0 1 , 1334E*01 
o 4837 0 0 3 126 0 , 
0 0 4027 ] 0 126 ! . 1 3 8 4 E + 0 1 
0 0 4637 2 0 126 1 1384E+01 

71 CM 23 *>n2 MAOA 
DIVEH'IE-D HATE 

'IU37 0 
.4827 4637 
rfS37 3145 3145 0 _ . . The report by function 26 indicates that in the sinutated diversion attcrif.- 11,364 nass units of material typo «i were successfully removed fron the processing area by adversary B. hrti'io that 126 itens of natarial 3 ware also ronoved because they v."cre honoacnoously nixed with the material J found In the container at the tine- of the natcrisl acquisition action 

MAKE 50 REPLICATIONS GF THE SAME RUN WITH NO 0UNP OR TRACE BUT WITH A 
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MC Syston Response to Adversary Action Sequences 

STANDARD REPORT RUN 50 137 0 0 1 

FUNCTION TYPE ENTRIES FRACTION 
1 101 24 0.0282 a 101 2 0.0024 3 101 24 0.0282 4 301 50 0.0588 5 701 60 0.0705 6 701 7 0.0092 7 701 78 0.0917 8 301 30 0.0353 9 301 4 0.0047 10 301 25 O.0294 11 701 167 0.2197 12 301 34 0.0400 13 401 17 0.0200 14 702 209 0.2456 15 501 31 0.0364 SO 102 c n. 21 501 3 0.0035 22 503 3 0.0035 23 504 4 0.0047 24 501 2 0.0024 25 501 1 0.0012 26 502 4 0.0047 27 501 2 0.0024 30 902 2 0.0024 40 703 1 O.0012 41 703 1 0.0012 IS 703 3 0.0035 43 703 3 0.0035 

44 703 3 0.0035 45 703 1 O.001Z 46 703 1 0.0012 47 703 3 0.0035 50 602 1 0.0012 51 501 1 0.0012 52 504 1 0.0012 53 504 1 0.0012 60 601 12 0.0141 61 601 16 0.0188 

FUNCTION 1 lOl RCWB 
NUMBER OF BATCHES RECEIVED 12 

FUNCTION 2 lOl RCMB 
NUMBER OF BATCHES RECEIVED 1 
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MC System Response "to Adversary Action Sequences 

FUNCTION 3 101 RCMB 
NUMUER OF BATCHES RECEIVED 12 

FUNCTION 4 301/TRMS MAXIMUM NUMBER Or BATCHES IN TRANSPORT I TIME MAXIMUM FIRST OCCURRED 8.0409^*00 

FUNCTION 5 701/MEMB MAX I HUH NUMBER OF BATCHES IN MEASUREMENT 2 TIME MAXIMUM FIRST OCCURRED 5.9012E+01 

FUNCTION 6 701/MZMB MAXIMUM NUMBER OF BATCHES IN MEASUPEMENT 1 TIME MAXIMUM FIRST OCCURRED I . 4376E+01 

FUNCTION 7 701/MZM6 MAXIMUM NUMBER OF BATCHES IN MEASUREMENT 2 TIME MAXIMUM FIRST OCCURRED 3.9207E+01 

FUNCTION 6 301/TRM6 MAXIMUM NUMBER OF BATCHES IN TRANSPORT 4 TIME MAXIMUM FIRST OCCURRED 4.07SOE»01 

FUNCTION 9 3D1/TRMB MAXIMUM NUMBER OF BATCHES IN TRANSPORT 1 TIME MAXIMUM FIRST OCCURRED 1.674ZE+01 

FUNCTION 10 301/TRMB MAXIMUM NUMBER Or BATCHES IN TRANSPORT 5 TIME MAXIMUM FIRST OCCURRED 6.045SE<01 

FUNCTION 11 701/MZMB MAXIMUM NUMBER OF BATCHES IN MEASUREMENT 2 TIME MAXIMUM FIRST OCCURRED 6.3792E+01 

FUNCTION 12 301/TRMB MAXIMUM NUMBER OF BATCHES IN TRANSPORT 1 TIME MAXIMUM FIRST OCCURRED 4.9454E+01 

FUNCTION 13 401 STOM 
BULK STORAGE 
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"• /•••Z'-.r* Fr.-rjor>--; tc ffclvc'L^iry Ac: i or. Scciuciioe 

ri^MLr».H'STSp#2F?:!^:SlAT r,nE 
HI'i i'.Li'i IV-.'.!">':VVI O.IS 16 
tVZMI f> .0Oi9E*0S 
ai.-i-f 'Aiio ')Lv'.;-.r on a . u i 7 7 E * 0 2 

nONIMMEf: <=Tf.3.'=f3 

STAHDArtn " iPVf .T 'OM 

1 3113E*U2 

TIME : 2855E+02 

M A T E R I A L I N STORAGE 
ioas7 0 9 ' j ' 7 0 0 0 6 o 2 . 7 8 0 G E + 0 2 

9 0 7 7 0 81807 1 0 8 8 7 0 0 s 2 3 7 9 0 , 
0K5O7 0 97"»7 9 0 7 7 0 0 2 O 1 . 2 8 4 8 E + 0 2 
9 7 7 7 1 0 3 0 7 C 8 6 0 7 0 0 1 5 2 4 0 , 

1 0 1 1 7 0 1 0 5 1 7 0 0 0 8 0 7 9 9 6 7 E * 0 1 
1 0 0 1 7 9 7 17 0 1 0 1 17 0 0 7 7 3 9 0 

9 7 1 7 7 3 C 0 0 1 0 5 1 7 1 0 7 3 9 7'. 9 9 5 7 E t 0 1 
1 0 0 9 7 0 5-515 7 0 0 0 8 0 7 . 9 7 8 0 E - 0 1 

!5eS7 3 9 3 7 0 1 0 0 9 7 0 • 7 6 6 6 o 
0 9 5 7 1 0 2 3 7 0 0 5 8 6 7 t 0 6 6 6 7 . 9 7 3 C E + 0 1 

1 U 3 7 7 0 1 OU 7 0 0 0 S c 7 . 3 8 C 2 E * 0 1 
1 0 0 1 7 1 0 3 4 7 0 1 0 3 7 7 0 0 7 6 6 2 Q 
1 03--S7 95»f»7 0 0 1 0 0 1 7 1 0 6 6 ? 7 . 3 e 0 2 E - » 0 1 
1 0 6 3 7 0 5 7 7 7 0 0 0 8 0 8 . 0 1 8 I E - 0 1 

S 7 7 7 1 0 7 7 7 0 1 0 6 3 7 0 0 7 6 5 7 0 
10 7 7 7 Kieev 0 0 6 7 7 7 1 0 6 S 7 8 . 0 1 8 1 E - 0 1 
1 0 4 4 7 0 9 1 2 7 0 0 0 8 0 8 , 0 2 0 9 E * 0 1 

3 1 2 7 l n ^ 3 7 0 1 0 4 4 7 0 0 7 6 5 a o 1 0 3 3 7 9 3 1 7 0 0 9 1 2 7 1 0 6 5 8 8 , O 2 0 9 E * C I 
7 3 4 7 0 1 0 5 9 7 0 0 0 8 0 8 0 0 7 3 S - 0 1 

1 0 5 9 7 3 fc?7 0 7 3 4 7 0 0 7 6 6 9 o 
3 6 S 7 9 1 / 7 0 0 1 0 5 9 7 1 0 6 5 9 S . 0 0 7 3 £ » Q 1 

K J 3 6 7 0 1 0 ' ' i i 7 0 0 0 8 0 S . 0 6 5 M E + O 1 
1 0 3 5 7 •J017 0 1 0 3 6 7 0 0 7 6 7 8 o 

9 0 1 7 1 0 3 0 7 0 0 1 0 3 5 7 1 C 6 7 8 8 . 0 6 5 3 E * 0 1 
9 1 6 7 0 Si>:»7 0 0 0 •3 „ 6 . 1 1 b ! E * 0 1 
0 0 3 7 1 1 5 7 0 9 1 8 7 0 c 7 7 4 0 01 
4 I S ' !ii.i7 0 0 S 0 3 7 1 0 7 4 0 8 . 1 1 8 1 E * 0 1 

1 0 0 4 7 0 ! 0 5 ! » 7 0 0 0 A 0 3 . 6 9 B 5 E + 0 1 
5 0 S P 7 9 3 6 7 0 1 0 0 4 7 0 0 3 2 4 4 0 

9ft.S / 1 0 I H 7 u 0 1 0 5 S 7 1 0 £ 4 4 oiesese+oi 
1 0 0 7 7 0 6r i 1 7 0 0 0 8 0 8 . 0 4 5 6 6 + 0 1 

3 S 1 V 1 0 / d 7 ft 1 0 8 7 7 0 0 7 6 7 1 o 
1 075J7 1 0 6 7 7 C 0 6 6 1 7 1 0 6 7 1 a.oisse+ot 1 .'J!V! 7 0 3 1 1 7 0 0 0 8 0 3 . OOO.^E+0! 

8 .117 8 1 2 7 J | 1 0 5 4 7 0 0 7 6 6 2 Q 
8lL>7 0 8 9 7 0 0 8 4 1 7 1 ! 1 6 6 2 8 . 0 0 O 5 E + 0 I 

inn;-/ 0 1Q- ' i i : - 0 0 0 s 0 8 , 0 > 9 3 E - 0 T 



TIC flyaiion Rcsp>onac T-a ^ch-cr^ary Ao*«- i on ^ q u . . - n c e 

1 0 2 8 7 c e i 7 0 1 0 0 7 7 0 0 7 6 5 0 0 
6 3 1 7 < i ? 6 7 0 0 1 0 2 B 7 1 0 6 5 0 8 0 1 9 3 E » 0 t 

1 0 3 2 7 0 1 0 ':>7 0 0 0 8 0 7 9 8 3 7 E * 0 1 
1 0 7 3 7 1 0 7 0 7 0 1 0 5 2 7 0 0 7 7 0 0 0 
1 0 V 0 7 1 <;::&? 0 0 1 0 7 2 7 1 0 7 0 0 7 9 « 3 7 E - » 0 1 

4 7 8 7 0 6(1!? 7 0 0 0 8 0 7 6 9 6 2 E * 0 1 
6 0 * 7 •3S67 0 4 7 S 7 0 0 7 7 3 7 0 
S & 6 7 a 4 7 7 0 0 6 0 5 7 1 0 7 3 7 7 3 9 6 2 E - - 0 ! 
3 7 0 7 0 613.17 0 0 0 8 0 6 I 1 4 3 E + 0 1 
•>Z,\s7 7 6 4 7 0 9 7 0 7 0 0 7 6 6 7 0 
7G<17 9 e 6 7 0 0 9 6 3 7 1 0 6 6 7 8 1 I 4 3 E + 0 1 
3 - 6 7 0 5.1"'7 0 7 S 4 7 2 0 6 6 7 a 1 H 3 E + C 1 
B ' i / 7 0 1 0 3 ( 3 7 9 6 6 7 9 5 6 7 2 0 7 3 7 7 8 9 6 2 E + 0 I 

1 0 1 S 7 0 -32U7 8 4 7 7 1 0 7 0 7 3 0 7 0 0 7 9 6 3 7 E + 0 I 
Oft 0 7 0 vjf '̂3 7 1 0 e 6 7 6 8 1 7 2 0 5 5 0 8 0 I 9 3 E + 0 1 
w:,7 0 10iJ" J 7 6 2 8 7 6 1 2 7 a 0 6 S 2 8 0 0 0 5 E + 0 1 

1 0 & 7 7 0 1 0 ' ! ) 7 S 0 9 7 1 0 7 9 7 2 0 S 7 1 a 015P .E + 0 I 
1 0 1 3 7 0 -3ii--V 1 0 6 7 7 9 3 6 7 a 0 2 4 4 3 6 9 6 5 E + 0 I 

K U V 7 0 1 0 :107 1 0 1 3 7 4 1 5 7 2 0 7 4 0 8 1 1 8 1 E + 0 1 
1 MSO 7 d 9 1 ' 7 6 3 7 7 9 0 1 7 2 0 6 7 6 8 0 6 5 3 £ f 0 1 

3 1 7 / 0 -SO- 7 1 0 3 0 7 3 6 2 7 Z 0 6 5 9 8 0 0 7 3 E + 0 1 
:<n7 f. ! O f i 8 7 9 1 7 7 1 0 3 3 7 2 0 6 5 6 8 0 2 0 9 E - 1 0 1 

1 i>f/W (• 0 3 -337 9 8 1 7 1 0 7 7 7 2 0 6 5 7 e oie;E*oi 
'J-IF-7 0 1 & S 3 7 1 0 6 9 7 1 0 3 4 7 2 0 6 6 2 7 8 8 0 2 E + 0 i 

l O S i / 0 7:10 7 9 3 6 7 3 9 5 7 2 0 6 6 6 7 9 7 B 0 E * 0 1 
7 3 0 7 0 1 0 - 3 3 7 1 0 2 3 7 9 7 1 7 2 0 7 3 9 7 9 9 S 7 E + 0 1 

i or sv 2 4 £ 5 0 7 3 C 7 9 7 7 7 J 0 2 9 0 3 4 06 -18E + 0 2 
3SJVJ 0 0 0 1 0 3 3 7 2 a 1 2 7 0 3 1 5 6 4 B E + 0 3 

M A T E R I A L I N HO!. UUP 
BO 1 7 0 7 5 : 2 7 0 0 0 6 0 1 3 3 7 9 E * 0 2 
71527 0 1 W 5 7 S 9 1 7 0 0 5 1 1 4 2 0 

loss/ 0 1 0 - M 7 7 5 8 7 0 0 2 0 7 0 3 0 1 E + 0 1 
1 0 S 4 7 2 9 6 5 0 1 0 8 5 7 0 0 1 2 7 5 0 

2 S 6 3 0 0 0 1 0 8 4 7 1 0 1 4 1 7 £ 0 4 0 9 E + 0 2 

REPORT TIME I INTERVAL 0 . TO 1 . 3 7 0 0 E * 0 2 

2 6 3 -



KC S y s t c n Response t o A d v e r s a r y A c t i o n S*=*a«ici*ccs. 

1*1 7Rg CMBA 
I ' .AI ihJAL TYPE 
DATA 
VZ-RVELE 
OAt i fL IWG 
RKlTL tCATE SAM*!.'Nft TIME 

MAXIMUM VALUE 
Pti l.iM'JM V/LUT 
I.O-'ER L I M I T 
Or-- CELL <;OLNT 

•2 .0000E-01 0 
-1 &Gl?0^*g! 0 
- 1 . 6 0 0 0 E * 0 1 0 
-1.7C00E+OJ 0 
- 1 . 8 0 0 0 6 * 0 1 0 
- l .SOOOE+01 0 
-1 ./*CO0E*-O1 T 
-1 . CiOOOE'OI 0 
-1 20O0E+O1 0 
• i . I O O O E + O I o 
-i.ooooe+01 o 
-0.C-CO0E+00 0 
-8.OOOOE+OO 2 
-7 00O0E+OO 3 
- 6 OCQOS+00 5 
• 5 OOOOE+OO 2 
-<! 00O0E+GO 3 
- 3 OOOOE+OO I 
- 2 00C0E+OO 2 
-1.OOOOE+CO D 

0 . 4 
1.COOOE+GO H 
P OUOOE+00 7 
a,ooooff*oo i 
4.00O0E+OO 5 
5.0000E«-00 0 
O.IOOOE+00 2 
7 0 0 0 0 i i + 0 0 1 
o.cnooE+oo i 
9.-dG4Q£-»00 i 
1 .(•COOE-01 1 
i . lu."#OE-0: 1 
1 J?i)O0E+Ol C 
i fif-OGE+ot 0 
1 -1000£*01 0 
1 5000E*01 0 
; . ji:oo"!-oi o 
1 .7GC6£-*0-i 0 
I . ftrr»0E+01 0 
i . ciciooe+oi o 

REPORT HO. 1 
ERROR <OBSERVED MASS REPLICATE B.9Q00E+01 I .2424E-02 1.*305E#0l -1 ,35C?E>Cil 

DISTRJ-
S!TY BUT I ON 

0. 

0. 
0. 
0. 0.O20O 0.0200 
0.0200 
0.0200 
0.0200 
0-O200 a.csoo 
Ct. laoo 
0 2 2 0 0 0. 2600 O.32O0 6.3400 
Q.3800 0.4300 
O. 5500 O.6000 0.7400 0,7600 0,8S00 0.8600 0.9000 0.9200 0.9400 0.9600 0,9800 1.OOOO 1.OOOO 1.0000 1.0000 1.OOOO 1.OOOO 1.0000 t.0000 1.OOOO 

0. 
0. 
0. O.0400 0.0600 
0.1000 0.0400 
0.0600 0.0200 0 04C0 
0.TOOO o.oaoD 
0,0100 0.1400 
0.0200 
0,1000 

0100 
0200 
0200 
0200 
0200 
0200 

MUMBER OF OBSERVATIONS STANDARD OEUIATfiON TIKE OP HAXinim VALUE TIME OF Ml til MUM VALUE 

50 
5 aas2E*oo 
a.9DD0E-*Ct 
3 ocoosr-oi 



MC S'jitan R e s p o n s e t o A d ' i c r s a r y A c t i o n S d l J O n c i - i ; 

\t. 7C>. CKBA 
n / . Y : . i < I A L T Y P E 
DAVA 
•if A B L E 
S . . I . . ' L I N G 
p . »! I C A i r SAMPI • 
r .L- ' . l V A L U E 
f l u - , MUM V A L U E 
• " M n i . - U H V A L J E 

' f v . - r n L | M | T 
o r ; i L i . < 

-?.ot.oo,'-:»oi 
- i . L-I-~>O.:-IOI 
- i .iurirt-i+ol 
• > . ? r . r > o r » o i 

I Cr .O:>L*C l 
- I 5 r 0 i 1 ! i » 0 1 
- i ..xr.-:r»oi 
-1 PPOO,:*O! 
- I . i - r . o n E t O l 
- I . I<>0><£*01 
- i .ooooooi 
- 0 . >V .OiVC*00 
- f t . 6 c - 0 0 E » 0 i > 
- 7 . 0 - r r . C F » 0 0 
- s. cc.ooy »oo 
- S . f . r . ICC i-OO -•s .r o^o" '-oc 
-3 .0r> ' i , -JE<-00 
-? orooTi-O'j 
- i . o: one-oo 
i rv: • 0 0 * C/f-S-oo 

7 ' - . r .L» i • 0 0 
fi . ' . ' l O i •-00 
s r o \ •>co 
1 . r-cnoc •» a I 
i .''. . o:-: *ai i .:nciOE < O I 
1 . ' i O - i O " + 0 1 
i . ••<• o o s 4-01 
1 S.-fOOE + 0 1 
i . ' v o r . 0 1 
i . > W J Q > ; • 0 1 
I ' fnr. • 0 1 
•. J.:-OOE • 0 1 

REPORT NO. 2 
A 
ERROR I OBSERVED 
HASS 
REPLICATE 
1.1300E< 02 
3.0575E-02 
1.5503E*01 

-1 .431IE*0I 

DEHSITr 
0. 
0. 
0. 
0. 
0. 
0.0200 
0.0200 
0. 
0. 
0. 
0.0600 
0. 
0.0400 
0. o. 
0 1000 
0.1000 
0.0600 
0.0600 
0 0500 
0,0600 
0.0400 
0.0500 
O.000C o. 
0 0200 
0.0QO0 

0. 
0. 
0.0200 
0.0400 
0.O40O 
0.O40D 
0.0400 
O.IOOO 
O.IOOO 
0.1400 
0.1400 
O.1400 
0.2400 
0.340C 
0. 4000 
0 4 300 
0.5400 
0.6200 
o.esoo 
0 . 7 2 0 0 
O . 7 S 0 0 
a.vsoo 
0 . 8 0 0 0 
O . 3 3 0 0 
0 . 6 6 0 0 
0 . 9 0 0 0 
O . 9 0 0 0 
O . 9 6 0 0 
0 . S 6 0 0 
O . S E O O 
0 . 9 6 0 0 
0 . 9 8 0 0 
1 . O O O O 
1 . OOOO 
1 . OOOO 
1 . OOOO 
1 . OOOO 

riUMBEft OF n S S I W i T I O M S 
STAfcCAI%U D £ V l a ? > O r J 
T I M E G*" r A / I M L H VALUE 
T I M E OF f- . IH:KL'!1 V A L U E 

. U 3 J 9 K 0 0 

. 1 3 P 0 £ - O S 
I 3 O 0 . - 0 2 



Mc System Response to Adversary Action Sequences 

Thi* ••c-,3itrt of ' u n c t i o n 14 descr ibes xha uncc r t ' i i nby of n e t o r l s l 
i v l ; . - t n rtcooutvtiil>i \ i t y a t t i n e 113.00 <5:Q0 p.r». on xhc f i f t h day 
nf ^ / v s t i o n t ''Ti.oh ' s JU*ET s l i g h t l y l a t e - thnn the nvorsgc 
c c v l f - r . ion t ime of t he d i v e r s i o n a c t i o n sequence ^h i ch i s shown in 
th.v f o l l o w i n g r c r ^ p t of f u n c t i o n 30 t o be a t t i ^ o 11* 93. The 
h i J ^ . - ' an ~.̂ .o«/2 .;hs*./e t h a t i n 5 o f the SO r*_p'«. ic;s^ ions of the 
divv.;*? i on attciM?";, t he u n c e r t a i n t y of eccountsbi I J t y f o r r a t e r , a i 
A rUr t o nf-"r.ur<norit e r r o r v-ras cjrentcr than xhs 10.0 mass un i t * ! 
removed on the i&vcr&gc in success fu l d i v e r s i o n a t tempts , 

Wa -ian in t * * rp ro t these r e s u l t s ss f o l l ov / s . I f , due t o 
p».= l!>*.e -z-dvw^iTry a c t i v i t y i nd i ca ted by the MC -"cs^ofisc s igners 
r l Through vA, a balencc o f n a c c r i s l 4 i s c losed a t t he end o f the 
noi-n- I GporiTf ing s h i f t (5 p . n . ) on t h o f i f t h d»y, t he p r o b a b i ' . j t y 
if; r, ^POBJn;.ic1y 0. 1 t h a t t h e noasurcnent u n c e r t a i n t y would 
cor., i - r , toly obsi^'irc! &z nuch as a 10.0 nsiss. u n i t d isc-cpency due t o 
&il .. -u9 l d i >.'sr-̂ . i on. Th is c o u l d near', t n s t t he ;tors*:jr enent e r r o r s 
Or f unc t i ons 6 *?nd I I ( se t a r b i t r a r i l y f o r t h i s example* by 
st-: •••d **d normal d e v i a t i o n s o f 5 percent of t he nn®r* eneunt of 
ne J-; i \ii\ 4 r c c j i v s r i i n i r c o n i n o bstchsti.* would have t o bo 
p.uh v».-i*nt »©l ty nsduesd, or t h a t chock ing -Po^ n i s c i n o n a t c r f a l by 
ac-i* . i t . tsbi 1 i t y i t t ^surencn ts should hot be used in Lftc ovent oF 
i ntti cr i tod d i v e r s i o n a c t i v i t y . 

266-



MC S > ' 5 T : C . I P;: " . c o n s t : t o firtv^rsary A c t ; u r 

REPORT NO 
4 
C ^ P O T l O I ? * : 
MASS 
R E P L - C A T E 
1 3 70CE-> i ; £ 
3 . < * 0 O F P - O 3 

-1 . 72-10E+01 

0 . 
0 . 0 2 0 0 
0 . CVtOC 
0 . 0---00 
a.OT-cio 

0 C":O0 

0 GECO 

o . ^ o c . ? t a o 
i".5..-'C a . i o a o 
r . ^ t . n 0 . i 5 0 0 
r ^ r t f j 0 . « inoO 
•• o o J y . - i o p o 
i n u n C . C D C O 
. " " . " j o . ; - o n 

o , e * ' t i 3 
0 . 6 1 0 0 
o . e e o o 
0 . 7 4 0 0 
0 7 6 0 3 
0 . 7 6 0 0 
0 , 6 2 0 0 
o . o s o o 
o . a e o n 

.£•10 a . e : - o r 
OF 0 3 0 . C-'OC 

0 . 9 J 0 C 1 

C 2 0 3 0 , £ 5 0 0 
0 9 6 0 3 
0 £ 0 0 0 



MC Syston Response to Adversary Act i on Sequences 

m w - ' i i o n 15 n p i v > T i H R 

F i iHIY iOM 20 10? IDAS 
NO Nr.fORT 

R;HC1!0N 31 501 INDA 
N O r-ri o n 

FM- l l ' i lON 22 FD3 OFPA 
MEAN TIME OF CONDITION 1.4620E+01 
STAh'tlAPQ IMiVIATION 3 . / I 910E+00 
NUKCf.P OF W' iL i iVATIGNS 100 
MAXIMUM TIME i> CKJSrFfOl 
MINIMUM CI ME S 1S3SE+00 

FUNCTION 33 504 MODA 
NO REPORT 

r,ll!CTION 2A SOI INDA 
NO REPORT 

FUNCTION 25 501 INDA 
t'O rfCPOHT 

FMHCTIOH § ^ , ™ ° J T K R , A , 

F I . - I - ICT ION 27 301 INDA 
NO RtPCRl 

- 2 6 6 -



I 

HC Systcn Response to Adversary Action Seouoricc*. 

SO 9 0 2 PMCS 
rEnuEiirrE CRVPI E T l O f J T I M E 
MEAN V * L U E T , 1 1 9 3 E » 0 2 
K A / l M L t t V i L J E 1 , 1 - S 5 9 E * 0 2 
r , | [ i : ; a VALJE 0 9 6 7 E » 0 2 
' I U M E E R O 1 " C j O E K V A T I O S S SO 

- C u E R L I M I T D I S T R I • 
OF C E L L C G U N * u E N S I T Y B U T I ON 
1 O O O O E ' 0 2 0 o 0 
; 0 0 5 0 < i * - 0 2 0 0 0 . 
i oiooc+o? 0 0 0 . 
1 , O I 5 0 ! : * O B 13 0 0 
1 0 2 G 0 E + C 2 0 0 0 . 
] Q 2 3 O E + 0 2 a 0 . 0 
1 0 3 a O T » 0 2 a 0. 0 . 
i or>soi>02 0 0, 0. T O d O O E - 0 2 o 0 . 0 . 
1 C n l S O E - 0 2 0 0 . a. 
} orcon+02 0 0 . 
1 0 5 S O E + 0 2 0 0 . 0 . 
1 , 060rsE-»G2 0 0 0 . 
1 0 3 5 0 ! : - C2 0 0 0 . 
i 07oce:-»ca 0 0 . 0 . 
1 0 V ^ C C * C > 2 J e 0 
• O S O O E - 0 2 0 0 . 0 . 

0 0 0 . 
: = L 0 0 £ - £ . 2 0 o. a. : 0 9 ' r . D k + 0 2 1 0 0 2 0 0 0 . 0 2 0 0 
: iccss.02 6 0 1 2 C 0 0 1 4 0 0 
i : osoe-ca « 0 tcoo 0 . 2 4 0 0 
! l i c r . ^ - t o ? 5 o x c o 0 . 3 4 0 0 
i ' i s c j . o a '. 1 0 . 2 2 C O 0 . 5 6 0 0 
1 ' L ' C O E - O g 3 D . C S C O 0 . 6 2 0 0 
i 'a. .a:.02 9 D '. soo 0 . & O C C 
1 I 0 0 0 E - 0 2 3 D . 1 2 0 0 0 . 9 2 0 0 
* : ^ 5 0 E + 0 E 2 0• oaoo 0 . 9 6 0 0 
1 1 4 0 0 £ - « 0 2 1 0 . 0 2 O 0 0 , 9 3 0 0 
I 1 1 5 0 E + 0 2 1 0 . 0 2 0 0 1 OOOO 
1 . 5 5 0 0 £ * 0 2 0 a 1 . O O O O 
1 . ; 5 t » 0 £ > 0 2 0 0 1 .OOOO 
1 IBCrrF- ' -OP 0 0 1 .OOOO 
t l E . i C - E - 0 2 0 0 1.oooc 1 . 1 7 0 0 E - 0 2 a 0 , 1.oooo I . 1 7 0 0 . £ > 0 2 0 0 . 1 . 0 0 0 0 
1 I S O 0 l C * O 2 0 0 . t.oooo 1 I C 5 0 £ « 0 2 0 0 1 . 0 0 0 0 
1 l * 3 n o E * C 2 • 0 . 1 .OOOO 
1 1 9 5 0 L - 0 2 a 0 . 1 .OOOO 

STANDARD DEVIATION l I515E*00 

0 9 0.75 



fj 3 5 0 ; ; 

o SoC-r, 
C-2D0 0 *QC>0 

i JO 0 0 
- 1 0 0 0 
1 O 0 0 
dfcOO 
^ 0 0 0 

•;<mo •a-:C-J 
"J 2 0 0 mooo 
?*:-» 'J- 5 ^ . ' C 

i . iOODE • i 
* • i t O E tC, i 
i . 'OOOE •01 
i "soor • 0 ! 
! •••b'j'i'l * 0 i 
1 W O O F . «-Q1 
1 r,-.r n r -•01 
i f..r,uor 0 ' 
i • or OH • 0 1 
I . ;*f<r,L" 0 1 
! h'fK.s *Gi 

0 9'JO'J 

I.0C0C 1.OGOO 1.OOOO 1.OOOO 
1 . OOrJC 1 . 000Ci 1 OOOO 1.OOOO i.OQOO 1 0003 1 OOOO 
i ocoo 
1.OUOO 1 0000 

,-•7- cr'St'.Cd by SCP 'VWS 'unction 33 



MC S y s c c n Response t o A d v e r s a r y A c t i o n Scq>. 

r b s n r v r r j rl i .sT.r i b u t i on o f t h e q u a n t i t y o f m a t e r i a l r a n o v e d owor-
f.O r-j'j 1 ' i-e-;.."'./ d i v e r s i o n y l ".cnp t s . I n 313 p e r c e n t C19 o f l l i c SO 
- - n l i Vf-jt ic->fi > n-A t h e d i v e r s i o n s t x o n j s t a no n a t c r i s l 'JCU r c n o . - a i 
T'..' c'i ^- i' 1is1.11 : •*?< o f r .? i . . ; r ! »1 r c n o y o d i n c . j c r c - . s ^ u ! s l t c n j M ' - * r 1 ^ . ' 
* . - - r i. o hr.-"-" o i i n o n c f a p o r c ^ i n a t o l y 10 C n a s s j n i t s . : ; -as. 
< - 1 ^ ; f .4-rj jjw - ' T i r ^ r z r i n cr '£. o f f u n c t i o n SO 

10 703 MNTR 
">w l«t.'"'0RT 

rUP.CT;o»l *~l 703 MNTR 
:,f> i ' f . roaT 

- j i r . T i o r . ' •;'£ 703 MHTR 
W> REPORT 

FUNCTION 43 703 MNTR 

NS r^oSt1™ 

ru'-iCTION 'IS 703 ;ir/TR 
NO REPORT 

*"6 703 MNTR 
;:0 '(EPOfiT 

FUNCTION 17 703 Ci.-JTR 
NO REPORT 

FUNCTION 50 602 SCAS NO REPORT 

FUNCTION 51 50J INDA NO REPORT 

•UNCTION 52 50-3 MCDA 
MO RFPOftT 

- Z 7 1 -

http://1is1.11


3-1! . . ' - [ ."•CO 
' A t * QO 

5 0 

DISTR; 
l l 'J t IOM 
0 02IS0 
0 C400 
1 ODOO 

i O - i u l t *5 » j t t i n n 1 7 OOO 1 5 D r- o r - • , 
h-,- H i Mtor j r - . - iM a b O ' / C I n o M y 3HC l ^ ' ^ ' - i 
/ w o a t t h i s , t i n e I-i 31 o f thei 50 
n 1 , er.«j : o t h e r c n n i n m c IS r o c • ir.,aT. . 

r e p o r t s arirt h i u o a ^ a n s d t f i r o t h e 



MC S jd ' . f i n Reaper »© TO i l ' o r ^ f t ' / A c t . " 

C O M CO, S;G;. -A_ 
s * " V L : s a T : T 
«fA«. VALLf 
MA*: w UM V A - J E 
I* i ri I MUT* VA:_JE 

70CCC * T 
OOLC£ i i i 
CQIiCE*CJC 

3 E N S i r . 
J 9B3CJ 
0 C?qO 

a:srR: 
BUT J C". 
O 90GC. 
i c y o c 

6 t SO) DlEtt. 
CGMT*&.. *" . IGSAL 
•5AMPi.lNG ' J ME 
ME*N '/A. ..IF 
MA^lllUK ; f lLOt 
MINIMUM VALoF 
NlJflDi:** £F C?-'.F» 

1 OOOOE-OO 

E.POFET NO 
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Appendix A 
RANDOM VARIABLES 

Random variables of MCSS functions are specified by an integer valuo 
indicating the probability distribution typo and the numerical values of 
statistics associated with the probability distribution. The following 
distribution types and statistics nay be used in the specification of those 
parameters that define random variables with optional probability 
distrlbut Ions: 

Uniform 
distribution type: J 
statistics: mean and maximum deviation from the mean value 

NormaI distribution typo: 2 statistics: mean and standard deviation 
Truncated normal distribution type: 3 statistics: mean, standard deviation, maximum value, minimum value 
Exponential distribution typo: 4 statistics: mean 
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Appendix B 
MATERIAL DATA STRUCTURE 

TYPE 
Material types are Identified by positive, non-zero Integer names. Any 

number of different matorlnl types may exist simultaneously in a nodel 
syntcn, and their names need not begin at I nor be contiguous, 

QUANTITY 
Distinct quantities of each material type are represented by an integer 

count of discrete items and/or the real value of material mass. 

CONTAINMENT 
The typo, count, and nass of distinguishable material quantities are 

stored in a recursive data structure that represents the transitive 
enclosure of materials in various types of containment configurations. The 
structure of material data blocks is shown in Figure B.l, and linkage of 
adjacent blocks in the natcriat data structure is shown in Figure B.2. The 
first word of oaeh material data block points to additional data that nay 
describe physical, chemical, or other proportles of the material represented 
by the data block. The second word contains the Integer 8, the number of 
useable tocations in the block altocated from free store. The third, 
fourth, fifth, and sixth words contain pointers to the adjacent blocks in 
the material data structure as shown in Figure B.2. The seventh word 
contains an integer 0, 1, or 2 indicating the containment level of the 
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materia) quantity Tha last threa words of material data blocks contain 
respectively the Intogar tiaterfel typo, the count of discrete I tons, and the 
mass of material represented. 

— - O a t a 

8 
LH 
LP 
LK 
LL 
Containment level 

Material type 

Count 

Mass 

FIGURE B.I Material data block. 

FIGURE B.2 Linkage of adjacent malarial data blocks. 
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A recursive definition of malarial containment is shown In Figure B.3. 
In any container A there nay be any number of bulk, materials 1, 3. ... and 
any number of containers B, C, ... . The bulk, materials In any container 
are assumed to be homogeneously nixed, so they can be removed only in 
combination with other bulk materials in the container at the tine of 
removal, The block, chain data structure representing the recursive 
definition of material containment is 3hown in Figure B.4. To simplify the 
figure, only the 7th and 8th words of material data blocks are shown; 
multi-way linkages defined by pointers LH, LP, LN, and LL are indicated by 
the lines connecting the simplified material data blocks, and locations LA, 
LBULKA, etc are the locations of the first word of each material data 
block. 

A 

r _ . 
B 

:D 
c : • 

FIGURE B.3 Recursive definition of material containment. 
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2 

0 

\ 
L8ULKA • 

0 
1 
1 \ 

L1A 0 

L2A 

1 

L2A 
I 

L2A a 
2 

LB 2 1 
0 

FIGURE B.4 Date structure representing* the recursive definition of material conta innent in Figure B.3. 

The block at LA represents all of the material in container A. The 
containnent level is 2 because container A "contains" other containers- The 
material type Is null (indicated by material type zero, which is otherwise 
an illegal material typf code) because container A nay contain more than one 
type of notorial, The last two words of the material data block, at LA 
contain respectively the count of all discrete material itons of all types 
In container A and the total mass of alX materials of all types in container 
A. 

The material data block at LBULKA represents all of the bulk materials 
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In container A. Its rr.nf..3.i'iitsr.t level of 1 distif-gtushes the collection of 
bull; rtt'.i:cr ia 1 -: n; c o m -si nr-r A fror. conte i nors B, C, . . and :nd icotes tivrt 
the; bl; rk î . o-r lov—'l "il~ ,'/c blocks that rcprosont specif ir I'atcrisl 
quant i t i C A *!>,,• 1 svt two .jr.rcl':, of the bl or'< at LBI'LKA contJ-T n re spec*. ! \.'ol y 
the count of •'•11 d i s.cr<-r,c riaticr j & I iters o? all type v. in bu Ik Porn w i th i n 
container A b-.it out.v i do containers B, C, ... and the tat?l r̂ ass of sll 
natct i Pi I a of ai 1 typos in bulk form vnthin container A but outside 
COnt -: : n«-r s B , £ , 

The blo'-.k̂  at L1A, L^A, . . . represent '.he ::ist"ict i/^-s of bulk 
nstcr i s 1 in carr.5hor A b* i" outs i esc containers B-, C, Tr-e contai r*nont 
'.evel 0 of *.h?jc hlocks mdicetrs that "the r'atcr i al they riyrcscrt, can not 
be further sibc' i v idc-d i nto 1 o.-.cr h icrsrch i ca i level 3 of cor-toi merit and by 
dc ? i n i t i on re/-" "-•• -nt « quo'H i ty of a spec i r • c notorial type 

The rrafr i-» 1 dat=? blocks at LB, LC, . . . represent the containers within 
conta incr A ^i^:1 arc roots, of s^btr:-;es wh ich have the recursive data 
structure chovn in Figure fi. J. Thus., each of the containers B, C, .,, nay 

contain bu Ik vricrials and 'or other corita i ncrs, etc. etc. to any depth of 
nrai.t-r:r) nst?r ; ;• '. containi-icn" and c^sta structure. 

Figure I>. " End 4 represent the no.st general naterial containncnt 
configuration v.hich subsunns the special containment configuratione shown in 
Figures B.5 thrfiugh B.9. 

Figure EiC shows a schenatic representation and the data structure for 
a container A cf bulk materials 1. 2, ... . In this cs-f-c the LN pointer' in 
the fifth war.-1 of the mater ia 1 data b t ock at LBULKA conta i ns a zero 
indicating th-rc are no containers within container A. 
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FIGURE B 5 Container of fcuU. materials I, 2, ... . 

A centsinor that conxatns only other containers•is illustrated in 
Figure B.6. Horo tho LL pointer of the natcrial data blocte 3t LA points to 
tho block at LB which revreonnts the first of containers B, C, ,., . 

' ^ LA 2 

0 
c 

0 

LB 2 

0 0 

• LC 2 

* 0 

FIGURE B.6 Container of other contsinc-s. 

-283-



Figure B,7 shows the representation of an c-̂ pty container. The 
contalnnent level is 2 because the container could contain othor containers. 
The linage pointers, material type, count, t)nd moss of tho data block at LA 
arc set to zero. 

FIGURE E.7 Enpty container. 

Figure B.S shows the representation of free bulk materials 1, 2, 
... that are not in a container. The data structure representing these 
natcrials is at location LBULK. Tree bulk, materials are represented by the 
same sub-tree data structure that represents bulk materials within 
contai ners. 



1 ' 
1.1 

L2 

L°J 
1.1 

L2 

1.1 

L2 

0 1.1 

L2 

1 
1.1 

L2 I 
1.1 

L2 0 

1.1 

L2 

7 

FIGURE B.8 Free bulk nateri^ls 1, 2. 

The conta I nnent. configuration and data structure represent 1 no free 
containers B, C, ... Is shown In Figure B.9. Free containers are 
represented by the sane sub-tree data structure that represents conta iners 
within other containers. 

D 
c 

D £ 
FIGURE 6.9 Free containers. 

EXAMPLE 
In a container A, as shown in Figure B.IO, there ire four bulk. 



ncitor i alE I, 2, 5, arid 6 nr.d Four other cents i nors. B, C, C, and E. 
Containers B and C ĥ lc* the ',ano anountt of bulk nateriats 3 and 4, and D 
and E contain the sane aroupts c r bulk natC'lali'. 7 and 0. Cdd natcrial 
typos are counted do discrete itcni. even natc : n 1 types trc measured i r 
naas units, and the 3-ount:-: of ;J t I nsterjais arc indicated in Figure B.IO. 

< 1 

FIGURE B.IO Example natcrial containncnc configuration. 

Tho data Etr-uct'jro re- *,his CXSHDIO is. shown, in Figure 13.11, where tho 
material data blocks now include the last two v.-ercls that contain the count 
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-Ci-i n~i'•-.;. of notorial represented. As before, the pointers to adjacent 
hlocifv. circ r-fj|r.»l"̂ j<cnted tay *;hc lines that connect the blocks.. And locations 
:r.riic-ii-od s% the top lofx of each block aro locations of the first -vord of 
thr; trji.-word material data blocks allocated by control procjran ASTORE 
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FIGURE B.11 Data strucxur© for the oxanp\e naxeMeV containnenx eonfIguratlon In Figure B.10. 
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Flguro B.1E shows the notorial data >truetL-e of the example 
concainrienr, r:onf f &rurat Ion «s it fs printed out by control progran WRMD. 
Fi-on loft to ricihti eech Uno of Figure B.12 contains the following: 
L Location of g notarial data block. 
LH, LP, l.ocsr. Ions of blocks adjacent to the block at L. i.N, LL 
Level Containment leva! of the block at L. 
Type Material type represented by the block et L. 
Count [ten count of thia quantity of natar ' al represented by the block, at L. 
Mijss Mass of the quantity of Material represented by the b 1 or.k at L. 
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-̂  t;," t"! n 7 v f i n I ! 

HVU-;.',l-> 1' 1 

1 -)R- j 1 9 f 4 ! • ' . 1 ! ! « 4 i C. J M ^ * : - i : i i i i - i i > , ' . i 
? 3 4 / | r i > : K ) I n :/] 51 K -< /.vir-):iK+-;-i i 
2 1 ) 3 4 ? . i a a r. ?t> nt, 3 n 7 7 PI 3 v1" 

•s ^ y /j V f ' l A ft ,, L Jtf .!•« i 11 7 n o K I'.-'./.^F + l l 1 
=» i n '• 19 H I * 'fi "/? y|? z ;> H 7 M f (. m#l?){)f:*p, ; 
l y f * U 1 r.';^ 2 « I a 1 Hit, <? •/. 7 PHI K WBHBK"* : t ! 
1 SfiiO [• ! F i / ) i ! ? / / < 1 < i94 2 l-i J H » 4 3 , ) C i l E * S I 
1 K 4 a C 1 iat, 1 SH4 I n i J ? 1.1 ISIS) 4 U M i i U F t f t 1 
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"1GURE B.12 nstoc- ia l da»a for the c*a'-.p ,.o r a t c r i a l uorvtai r.ner-t 
cor'f ioju r' -it i on pr i "<1ool by ^ - j n t - o l p r c g r i r WRMD-
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Appendix C 
STIMULI GFNErtATED BY ADVEP5AR' ACTIONS 

A t r. i on f u n r U o n s pisy . ;nn i r ra : . c v a r i o u s t y p e 1 ; o f s t i n u l i rss v p e c i f i e d by 

t h e U';.--J*. Tho i- t . i r i ' -Mi an.- s p e c i f i e d fry l i s t v a l u e d f 5 £ n n o * . c r £ o f t h o a c t i o n 

•rui'ict. i on ; ; " ;n r l - vs?.". DO con's • s t e n t .•• i t h t h e n o n i t c - F u r c t i ons .-IES: i gned t o 

t ' r . r , . AT ; - r<; - : r j n' t , tv /o r.y:):js o f -ic i nu ! i h^-.-n b e e r d a f ; ncd s n d ^ r - - c feser ; ocjd 

'^z I o -;. "J U t ^ ' fz /pos r--:v i j . : c'of inz-<3 3£ • , r .^„- j r e d by f u t u r e idC i T i -in o f c - t o r 

Tu--.ci: i i-'OS . 

STiM'JLUS TYPE 1 : R c c t a n g u a r P u l s e S i g n a l 

v;-i i •=; s t i n u l u:i i s ?. r e e t a n g u l a r po\ so s i cjna I c h a r a c t e r i zed , as s ^o i / n i n 

F i f j u r o C. 1 , by a t •: r e do \-jy r f t c r v/h sr.h t h o l e a d i ng edge c f t h o p u l s e 

r o • l r ;<• f.iv: f '^0 i nj-i! ri<g o f " h e a d v e r s a r y g e t t on t h a t ve r ie r .~ t r ; s t h e a t trsu I UJJ , 

by t : r-- J u r a t i o n o r t h e s t i n o i u s 5 > 5 ^ a l , and by t h e i n t e n s i t y o f t h e 

s t in -J I us , 

Spec i f i ca i - i c-ns o f " typo 1 s t i n u l i £ i ro s u p p l f c d toy t h e u s e r s s I i s t 

v e i l ' r.-H pcir-.vict.r-jr g o f s e t i on f u n c t i o n s , The n u n b e r o f t h e non i t o r f u n c t i on 

t h n t ",r n- e s t h e s t i n u ! us i n t h o node ) s y s t e m i s f i r s t s p e c i f i c d Then t h e 

s t m u l < .; t y p e ( i n f , cge r 1 ) i s f o l l o w e d by t h e d e s i r e d dc l a y t i n c d i s t r i b u t i o n 

tyn<= f - joe A p p e n d i x A) and d e l a y t m « . s t a t i s t i c s , t h e d u r a t i o n t i n e 

d i s t r • i b u t i on t y p e a n d s t a - i s t i c s , a n d t h e i t v t e n s i t y d i s t r i b u t i o n t y p e a n d 

s v i : . t4.it. i-^s . f o r o:ai".p I n , t h n 1 i s t 

41 1 1 . 5 . 5 ' . 5 . 5 3 1 . . 2 100. 0 . 

spec, i f i c s t h a t a ^.t i n u l us o f t y p e 1 i s t o be q c r e r - e t e d ond s e n s e d by n o n . t o r 
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•Function 41, The delay and duration tines ere uniforniy distr fbutod 
(distribution typo l) vith ncan value and naKlnun deviations of 0.5. The 
stinulua intensity has a truncated n o m a I distribution ftype 3> with near 
vatufe 1.0, stand-ard deviation 0 Z. naxinun value 100.0, and nininun value o 
The Dararvoter list above specifies the second of two stinulf generated by 
the 501 INDA action function 21 of the MC System Response to Adversary 
Action Sequences cxanplc of Section £ . 

Stimulus 
Adversary I 
aci ion 

i ! 
Intff *Slt 

_ j _1 • 

Del ay - „ •• — D u r a t i o n - - — -
Time 

FIGURE C.l Stimulus xye j 1: rectangular pulse si anal. 

STIMULUS TYPE 2: Absence of Acquired Materia] 
Stimuli of this type nay be generated by natcrial acquisition actions 

xhaX renovc naterial fron Xho nornal process conxaInmenx. These stinuli 
will be sensed by r.on i lor f uncx i ons xhaX represent nato'* i a 1 t oss dexecx i on 
devices or subsysxens based on cixher convenxional naxerial accounting 
noxhods or osxinaxion xechniciuos now under developnenx. 

Typo 2 stinuli are characterized by a do lay tine, removal time, and 
quantity of r.axcr ial renoved os illustrated in Flgure"C3. The delay tine 
is the interval following the start of the material acquisition action after 
which removal of material begins. The rensoual time is that required to 
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actually acquire the tnatorial fron the process containncnt. And the 
auantity of natcrlet la the total amount renoved during the acauisltion 
faction. Notice that the sun of the delay tlno and -etnoval tine nay not 
exceod the duration of tho natcrla? acquisition activity 

'he monitor function nunbert stimulus type Cintoflor Z), delay 
distribution type and statist lis, removal tine distribution type and 
steiistlcs, end the quantity of natcrial acquired aro entered as list valued 
parameters of action functions in the nannor described above *rr- <&tinulus 
type 1. 

Material acquisition activity 

"1 

Removal of materia! 
quantity Q 

Delay-
Removal 

time 
Time 

FIGURE C.3 Stimulus type 2: absence of acquired naterial. 
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