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iy - .. PURFOSE OF MCSS E : ) - : S L e

. - . 1. INTRODUCTION s

Tho objective, of tthﬁg;erial Controtl Prqject at Lahrcnce vacrnore
o Labonatory ip the develcpmcnt of al nethodology for use- by the Nuclear
. Regulatory Commission- in the assessnent of material control and accoum.ing ’ 7,
systens. This report d'=scrlbes the use of‘m Materiatl Com:rol System - '
Slmu11|t,ur- (I‘1C'SS) progr am for dctcrmnatldn of material accountlng o ,

unccrta:ntv and systcm response to partlcular advcrsar‘y agt i on sequences !

that, constltuta plausible material dive.rsu:n at‘\;enpts The' grogram_ is
) mtendcd For use in situstions where randonress uncertainty, or 'Irﬁ.gractlon L
< of advergary actions ?nd nateria'l control system components make it
cdifficult to assess aaFeguards efFectlveness agalnst partlcular materijal
diversion attempts. ‘Although MCSS may be used mdcpéndenﬂy .in‘ the desxgn‘
) or analysls of " naterlal handling and processtng systems‘ lt. ‘has been )
tailorfed \oward the determr\aticn of materlal accountabillt.y and the ‘

& /" . response §+‘ material control systens to adversary action scquences -

K

" 'SAFEGUARD S*ST&M STMULATION APPROACH ' - Lo T T
The H(‘SS program provldes a set of* predefined modeling functlons that ’
are aenerir simulations of material processing and saﬁeguard components, Tos_
+ slmulate a pnrtlcular system, the user selects HCSS Functions that repreqent

‘the relauant romponents 'r.hen assigns pararnet.er values to def‘lne the-

per-{-‘ormanca charecterlstics and —(nterconnection .of all functions in the ) L
model “Initial valdes of ystem state varlab}es are speclf‘led =nd the model L
R | PRI
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/" .~ basic process and MC systnn conponents They,,_-gemonstraﬂa the general

-2 . " -

&)'

"'- . !s~bperatc-d in the computer tg»%bscrvn ert,her H'.s detailod behavijor during a

singlae simnulation run gr i% %S - pr‘obablllstl‘c behavlor ovdr an dnadnmprle of.
¢
.

. réplicated runs. . - . . .
Section 2 of this, nenua\ dcscrlbes thé prdperthon of‘ input data. M | »

A
‘e.«:cutlon of. the progran,.ou‘tputmg of rcsults, and ‘provisions that .aldin
- devolopnont of model systnns.. These are t.ha mebhsnics of usxng Mess. | :

& Sect:on 3 deFines ‘each’ of the’ MCS um:tlons in detsil The s_lxteen
“Ancluded . 1n ‘l‘-hlS Firs‘t.' gaition of T.he air’s nahual represent. -] varlety of‘

< capahility and Foa‘turcs o'F the MCSS progran ‘but: are not-a complet.d :
) repertoire and many Hew functions are planned-for addi't.lcm in th}z futur
i It is also expecied that revnsicns in nany .'functipns will- be made as ¥ e
B . s r_equii-ements ciFe:')stgn end éssesrxﬂb appl ic:stiuns are’ better defsned
'Section 4 Tontains two example app,licat(ons that- show- In de'r.snl hcw .

' funct;,rm/al mocels are cons‘r.ructed _to. detcrmlne the uncertalnty o+‘ material,

[

rgspbnsn infornation that nay be used in assgssing, the system !: . 5
‘In the. ~. .

.

- aff‘ectxvencss agalnkt particular adversary actiéan sequen@\

' hypothpt‘;cal systois simulated in. these examples, eight dlfferen%i o
material, .1n var]ous d%untnble and continuous quantlties.. arrlve at thraa -

. Upon arrival, “the Jncpmlng hqterlals gre mgasured and the observed LI
T quantitles are- recorded o8 entr s in a materlal balance aré’a accounting. !

"‘ . of error. Random rcslldence timas ' ln th% matarial balance arca are slmulazed

by transport fur.ctlons tha'\. convcy gterlal\g’aatches From lncoming ‘_,,

balancr- 3rea ACt;\ln‘\‘.ebl'll't' duo r‘to mOmsuroment err\p_— and 1‘.0 obtain MC” S\ystonh

/ .

L recelving statio at tlmes “that deviate randon!y from p‘eridd‘c sci edules. .
5, -

-Mnasurnmcnt uncertalnty is characterized by systematlc and 'random componants ‘

7




7 - -ca, P . . B ,'." ,-' . :;' 7' ~ L s
safoguara system Slnulation Approach R Y
I . o . s

. -‘ . - a .

P .- .‘. neas gr-emcr-t 1nstr~umenr.s to a smgle outgoina mcasuremant lf‘\sti‘umeni .whcr‘e" ' ' o ‘,.
Al nat@rials are again rm-;sured ?eforc plecpment in storage. ' A o D
< . < Jn the f‘lrst exmple. the material balance uncentainty “due to dlfferent . T e
D Y ) no:zsurcncnt errorsfis derrrnined for 4 week oba’f-atmg periods, THen d‘e,ta E A K
/ . are collected over 10, and ")0 raﬁlicatrons of .the: 4" weok opsratlng period to o ) ' -
{ o dc‘u’rmne the ncans, vermncas,. and obscrved prcba,pl'lity dlstrlbutlo\lof. , . " &
« . material ba‘lance errors Bt speciFIed tlnes aver thé enscmble of - runs N e
\. 2 . in, the ':econd exanpln l‘ﬂ ls supposei that certain co&‘rdlnsted actionsi, ( -
o+‘ Two advel‘eﬁr ies minht —u.conplish dlverslon f‘ron betehds in proccssmg R : o

RS

thhin the paterlal belanru aree Threc actlons are requxred of an .
R L advr-r_.ary A ar(d e v- actions are r-equwed of an adver-sary B to coleete .Lhe ty
-0 s . material dlversxo' - Adver«‘ary A dlsrupts the - processtr\g of material.s “ .. . ‘4
a" . recelved a't one of the t.hroe receiving statlons and theraby -mcreases the. - o .. )

. imean tlme thatthoge betches reméin in the bslance area. Adversary B " .

u:acrf-‘qk s two initial’ actmm,to galn addess to the Qelaged material, o -

' . . .
*Db S / acqulrc-s a. sp=¢:|1‘ted amoun=. Eron tha- processing oper@tion:wnhm the balance ..
' - qroanand performs a quel qction in removing the mmerlal from the T s

. - boundaries k. the materfal control s‘&sten. various stinuli are presﬁm'ed
o . qer'q.c a'r.ed by these advqﬂm 9 actions and speclhc char.acter-xst[cs of the. r ) . ; i -
ot ’ . sumuli qre | ‘mgsigned, Mu“mtors céntrol acticns and’ declsxon ﬂmctlons of .
. ’ ¢ ‘a- ﬁypothctlcnl MC s{/sten are dafined and’ ponyatetor valuqa are speclf‘ied. . .
. . i * he natcria'l procosslnq, adver’sary actlon, and MC- system*‘hodels a Fh"st ’ ’ .
- i all -‘ ) '- . 3
P . avents thst occur The sx_nulatlon run 8 then replicafed 50’ IIQES whHe .
° / data ara gathercd .for de?m*mpetwn oF means,’ varlances, ‘and observed . E '\/

. 7

, . / probabnity-ulstclbutions of tyne natemal Emiance uncertalnty and «the-MC I,

L -, . N ¢ ) W “ . ’ e ..

g - . L . I T N . L. - i s

T I . oo R - /
o ’ . . . . ; RN o

% - o for- & porlod of 137 hours while traclv‘vy in ch‘ronolodlcal orde
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.puination, prnbrém hy prov,ldi a predeﬂned sat o~F Functxonal qlements

St . w;’u‘sc spéciflf:atlon in sys?cm‘-.models r-:aqulres only lnFormation pertslnlha to
. _.‘- o . ’ ‘. The porf\rnanv-e chardctcristlcs of - nﬂtcrlal proce*ng ‘and safaguard - :T‘f;
°. . LT ror‘pﬂnents. hetal ta corv'bl?nlnu ’da‘\:a str‘uc‘\:ure, commun-lcations Enong .
v (2 j.n'rcrar--nng l\enents, %cheduling‘ of’ evmts.i‘ gte. . are supplied and managcd

. -by th;MCSS r-&ntro'l progrqn. The user, riceds no prlor" knowledge of computer

’ .. drogr'amming o}‘ 5lﬁu1ation. L L
oL . Lo . : L . o
e A Strurxured FORTPAN Progran S ~ .
T e w7 % pMBsscjs-a conventiona\ FORTRAN" progran that r-equlres only an ANSI o
- . TR ST I

tn-ndard cohpl’ler fo)- ml'r.lal installation on most compu»ting systens. . Onte

St cper-ated wnhout any addi‘m onal w:ompl latxon. The FOI%AN program is -'k, o

o e Qor. ratodf from’ g :nur‘co nl*ﬂgrsn written ina specla‘\ |..ed mlc (<] lpnauago 'r,hat'
: N ’ pr-oyidcs Thg ::antr'ol nu"harﬂsns of structt‘.fad programmlng and sk.'npllfxed ’
. ' _statensnts Po( ,urrent E.Pgments of coda. Jts orgahlvat:on is,Kased on.the N

- » A top down-phll.os of sys:srnatic progrann)ng (1,2, and Its codlng Is nade
N ;'un:rorm by usé A5 Struc..a.red prégramming (3,4). .Details of the proaram are ' T S 2
Lo d. descr fhod .in the Matorial Control: Systcm Slmul-tor' Proogram Réferbnce Manual . T
- -‘5’ i < - [ I e, ‘ : L ¥

! ro Mcmory Sp-ce is *J‘sad Fconomlcal ly . . 3 . . .. . PO L
T s T Space Por node‘(' 5yatnm functions, -materigl da‘ba. comnunications, atc. - ’

- . : is- alloeat ed from s fr-ce sforage poot as lt gs-needed durlng the execuﬂon, - ey
.- ‘ . of-q:ho prbgrau, arrd 11‘.‘ is returned t’:he pda! when It is no -longor needed RN S B
. Yo L

S:nce_sp‘ace ia not-.al l-ocated fon a predpterm‘lned number oF any of' the.

w“
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'\:hc'fréc. -;'rnrer,c pool, ‘r.hn conro;i'lon atd size.éf model systims” ls, Hmted o =

“oniy by Lhﬂ toral- ’St‘af":"jﬁ ace svailabla, - With 20 0oo words of dy.nanlc s e -

A e ’ srecage Lpnse nml\ql.ﬂc uhlch is aprmr:.vmdtely t.unco that rcquu-cd-d‘ér r.he T ' N

ot the oranple prhhlf'ﬂ'% deser -bad in Sectlol. 4 of this mapual, the file .skzo 6f = ° - ' ‘o,

’ . - ) o ‘tr.ve complota pr ogram or. the €DC, 7600 cgnr:!utcr.s at Lawrgncc L.ivcrmor-e R N

. R A .
O . -Lahor.m:uxy jis S 51,081 words The Mcnor'y r-.oqulruments will vary SOP at on'.

v g fFarent ronpnfcxng syst un's and witt lncrcast. ag new model mg Funct‘lons &

- i . " dacktad, hc»r.:w_r . nany [tca" func-' ons--and a two or throe fold incr‘ease in the-

ZMAC Vt& e a.’¢d m/-nta‘blc for nodcl -.ystcms will requ!r—c only abouf. ' \‘
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-rontah.mf-nt, eng-quner i cy ontcrrns of the blocks de?lne the ivel ‘count and-
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ae
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’ L N mtdr‘spar..cd wnh nor.bs: or cpranatlons annotating t.he data The user is _’ . _' . e

free to arrangr- the rear'g.m"'acr' veluos in rows, colunns‘- tablo.,‘, or “whagever
' o [
arrangrmcnt is do%lrec} ‘as \ona es the rules described above zre strictly

/
followed.” ' ' . [ : N . '
Thc last Qv 9mp‘e also shows that param. . 1lues may be erterod as )

elthor intc-qc- ar roal nunhers Tha requiru =y ameter Type Is kmown t.o- the

vfunc‘ztlon ‘mbr‘owulnc,.so H‘ an integer value 1s aupp\led for asslgnment to a ..

. o . roal paramcter, xt wl\t' he converted to the cor‘respondlnn r-e'al value, and if . L
. “ a real value isg supplied -For- _assignmeny to an integer paremeter. it will be ¥

. trunceted to the nex.t ‘smallor integer velus’ Notlce that real valugs. are
/- ° . BN not ,r?undeg t-zfthe noarest imteger value, . . - . o o e R
IR A . s co VARIABLE n’ . : e
T - . This lnput llne nor.l-r es the Mcss progrsm tHat the followiﬁq Unes L :
N ) o contain values to ba as*lgnud to the’ 1nlﬂal condltlons of state varlables T

. D T-144 ‘ 3 - B L

T . 5 L -




- -

TR v i S - ’ oA A }:’nogrnr@ Inbuz
Fof. %unction " Functlon " mqs‘ be creatqd bofor-a var-lablo lnlﬂpl .
‘.Cohdltlol’l may bu g-.slgncd Any 'nunbcr of VARIA‘BLE lincs hay’ b-* used to' )
assion variable initial qond’itions. But it is recomncnded that. all P
assngnmentq be 'nado at the gane ti!he inmvdiately f‘bllpwlng "he creat ion and

ssglgnnont of par-nslen vBlues For function n. Any oF nhb

A for sca“l.ar and llqt valued paranetcc specj-F-Lca.‘: fons. The Formal..ofv

x par‘enthosi red ident.l?iors and vatuo entries with Intcr-spersed annotatl’bn is
™ thc samne. ‘- All claru;sntq oP list valued initial condltions must be spccﬂ'ed
¢ . ‘the firs T 1ime, thny ara es-slgned Initiml condition .va‘ucs may also ba'
' ‘ ’ X 'sunp't\c-d dn e!'r.her intoger on real form Since they are qonverted to the '

required form by th(‘ MCS.; progran. ,

‘ ) ‘ .o . T RUN n t i .k ! .
¥4 x'L'- . 'This xnput lina tells, the HCSS program to operatc the axistinq mode‘ ' - .'
. - kg ‘. sysn-.-n n tirmas, starr.lng nhslnulatfon time. zar'o and anding at time .- o
. o . L is assigned Integer velue O to\ i.nhibi‘c dr- value 1’to enable the * T\ l-,

\ o

© s output ‘of’ the r\odel structure, parameter valugg, and initiatl values of" siate'

- . y,ar-lab'q_s. Just before the start of the first run. This Is referred to as.a_
’ s dunp of 1he ‘médal system. ‘1t may be used to ver‘rf‘y n d-tail that the-

: parancter and variable assignmants have been lnco’hpqr‘ated In.‘t.o the nodel ’ ;
e ! systen and bs a-precise record of ‘the system used in simulation runs. . Gncé -

R . -
. - . . B - * L
. .. . B .
. N .- R B r g
. Ll . | " . . .t v
. R . . . . lrse - . R
,\ v . X N N : .
: . ! o . .
. " P N . . .
. Yoo :—-".;" .‘</
' J - ' .- “ v
. . N N " T ' ) P
. - ’, ) - *
ST P Y ' L
N o o .
[ \ B - .
At - - ’
. [ A
PR . N
EER - - | .
o v '_ ’ . . P :
¥ o R

: . ) PRT - .
-, o e o Yy wiapoi ! e . - Yoo

Vines Fol!owmg a. VARIABLE Tlne in exactly the same was”as described ubove . .




- o e
e . o

& modet stteg has been ue_i.a'loped ir. uill"s'eldbm be ne.éesé.iar*y:tu request ',

A /dunps oj. o compl_ete sys':em. - P
. 3%
gt 2 . J Ts*assigned im.egcl— vatues ¥dom O to & to qontrol t.he trace messages’

! wr‘it‘ban Py the HCcsSs pr-ogran durmg the aparatlon af ‘the model system Use -
HUPEI_. D’EVELOPHENT':. '

- e . .cr tha trace. ce frot parameter J is desc_rtbed below undo:
s i A = bk

racl EEE . ' . . . L : . .
T ng. L . . : P

- . - . - k Is the standard report pon%rol pardmater. ,If it is assignad valua O‘
only. r.enorts acnerated by REPGRT lmes Followlng the RUN line, are ganeretad.

Lo R E N 4 is assigned value 1 the P:ICSS “‘Program automatica\\’y requests a repof-t .

i R Iay each functlon in the rode, systen Thls is cal,_'Led o standard r-tporr,

' N ' '-bocause.a report - is rcquested of ev&y f'unctlbn in the nodel. howevan. the .. . v

NN - . stendard report.is actua\ly tei\orod to i1he model system becsuse it Is . “
generatad by thc Funcllons !nvolvcd rCather than by e gener-al purpose r-eport

1
- v .. @encrator. . g . . A . e N

. . ‘ . . o LN

v . . .
.- o - .
Bers £ e

B iy ks y .
. L . : L REPQRT n . . Y
. ‘This input line instructs functlon n to wrlto a report oh its currant-

' stétus ‘into the pro'gram ou'r.put file. REFORT lines will normally ke usad
on\y folldwing a run. llne that spcclfles an operatlon of thc mode’-} systan

for- subscqucnt analysis and raportlnu Repor'r.!ng Feaures of MCSS functions -

. are described tn Soction-3 on-the manual."

! . to. S e

. | R R . [N ’ ' : . A / "END Pl ) L A . . '
- s : .ﬁfﬁi; input ‘1ina torminstes the MTSSIN lnhutvflll‘e and produces a nornal n
' . exit: frof the MCSS proghanm. if omitted, an-MCSS error message will be e
el « . - s H . . ~ - R . ve
PR ¥ . - . “1e- - - - - ) !
' - V' * . . . -
- v ,; L . ’ : (‘ -

over -a speclflc sinul-atlon' r'un or sct- of runs .in which déta-are collected -

“



E i “ ! . . 3
- ; . [ v .
N ¥ . * - o, LR . . - ,
13 . . RN
v - . . ?
P . * - . 2 ) . < .
= i - ’ ~ o _'_ - B . - .
. . - R
i Vo : Tt i
4 ~r . . ® v <. . - . R %
" i » £ - 1, ¥ . s - . .‘_‘
- ° : b * - P - . e
) I . .
ESS - B - . ~ = ot ~ R e
- - . . * . h ; B a
T . * U . - ]
' » - - v
. - - . b N
: : ; = A SRR ,
- “u . :
4 . .
= e - . . . 4 e e R ~ ol
h . . - - oo o - -
L - . v . - . Y : . N T \
- o . H Ny . ‘. ) . R o . .
T o s ’ ) e N . ..o Y Program lnput . A
R ) - . . ) N . . - NI . CLee
N - 'wmtr_en 1nd|catlng ThaT. no* END lLine was Found inthe lnput flle . This will .
- .

alss terminate exscution of‘ the MCSS progran. bdt it wlll producg a dunp of‘ o .

’ o v‘;\." . the current model system which- Ls usually not’ needed. The END Vine should ' T
A " be used to termintto MCSSIN inpdt fl\ps tacause some computor. operatlng o '.,\ o ."e.
systenm may abnorpa/l 1 ternlnat‘e euecutlun ef t.he p-oar-m if an "and of -
- flle" is ehcnumerred as MCSS reads on 1ooking -For eddltlondl keyuord lnput .:_f - :
YL lines. . ot ot i - ‘f/ . T, . .
- - K *- {\;“ " . ‘., ‘. - ' . B ) . . N
' ) Format , . ' £ . ) ! e g ) .
A T Tl;.e‘ gcnc_ral _f‘-o'.rnaf. of an Mcssr input file (58 as fotlows! - 7' .
e CcREATESA R ca L S ‘ R o
. . PARAMETER h | Cs e, v “\h e, - - . — .
. L 'v“(l)..'.v...(IJk)...v...v‘...l.‘v,.." R .
. VARTABLE n ) L ’ C o ’
. il LU RY v Y v ' . ’
RUN a't'H J k0 o SEEVIN I _—
.+ CREPORT'A . e ; "
. CREATE'A m x ! . L U .
P — CESTR&Y 'n — - .© . e o ;

-

* . =~ PARAMETER n - .
o . Y oo Vo G R v ey S
i ) VARTABLE n : t
'ZI(‘ii‘...v'..._(ljk')...v'...u:‘.;l

o RUN n't'i § k Lo T . .
T . - PRPa - Y X . .- 1
. REPORT n o N . T . ] oL, . \ .
. . - END L. ECEE A L o
L -17- ! ‘ e - . .
. - . . . "
- LY v 5. R a
. i o ‘ D
5 . / ) - :
. v s R Y ‘.- . N ) . s
R N :‘ , : ? . i .
0 . . ‘&_ [ P b

- s 5 . . b
. A - T . . . . .
K o - ‘ -
. . N\ ‘ N - s .
- . .- . .«
oo . i PN » .
e .
. .- .
- & A . . o,
.
* - - . ! R
. g . :
. - H
. ’ . 4 *




b ' "
- . o . . - - e
. . . . N v
. N -t E - "
. - "~ 'S = - ' ’
R " .- ! . .
- 0
.
N @
- - e
s - N et . 5
. . P - ..
- = « -
- - - - - ‘£ s, .
- - . RO -
i " . - ‘
oo : T e
. I
a - <
. ~ s
. - N B
~ A .
~ . . .
. . - ‘ M
PO . ~
L. - - . .
T ", s T ' .
. 2 P

1wher~e the snput Hnes beqlnnsng i colunn 1 uith keywords aro. as d scrib(;d.

. & .
. ' sbove and v, stands for any siring of charar‘f.ol’"s uscd For- annetation that

E N T . dqes not Q:ont.aln blank delimited parenthoscs or numerlc values fhat could be

Any number of ,mput lmes

confused with’ Identifiers or values to ba asslqned ta- parameters or the- o

. . '_ fnitial conditlons of Fupc:lon State variebles,
N ! of the tyDe indicated may be uscd where “they appgar chove ﬂtmd any prdel- oP..
X C

that funct i lons. sre creatcd I
‘Inftial condltiun.,,values for

o . input Vines may be used provided of course,
R : -'AbeFore they are assigned paranater values r.’a‘r-
T , state. vcrlables or before 'Lhey are dest‘ﬂ:yed. ! 1

e SO T .

Tt S e

- oo . PROGRAR ¢ EXECUTION : o . to- L RO AR

L7 - oncer the programhas bo¢n Installed on a computing system, .ts use . -~ - - T -

. Lo l.nvotves three steps. ST e a7 L. . BT , R ":‘ N

’ . “ —preparat]on ol-' the inplt flle MGSSIN ', : et S L .

- o . 3; execut i on o'F the Mcss progdam . ‘ ) el : e
TN A ‘e erinting of the outfut file MCSSOUT . R & L.

. Ugsing “the keywords, data format, and annota.tlon descr]bed above. the input v

) . - fo:ﬁg‘;ample. on.cards v 7.

- . - file MCSSiN may be prepared by aeny available means,
or- on disk (on llr\p) using a text” - i .. :

K . toff 1ine) .uaing an ordinary. keypunch
edftinu u':xll‘r.y progran:) The user may assign arbi%rary names to input ﬁles : . ,.\ .
al used fer 1npu1. te .
-} annotatlon of - . < el -

.- ' ) and ‘changg the names to MCSSIN at the time they are 10,

the Mcss progran. The file names should be de’clared in

L -

. - partlcslar- ou‘r,pu‘t. L L . . . : L e
N . : k. v e ) v - - ,
M - The pracgdure used In ‘sctual execution or running of the MCSES program: - . .

. ) B N
s B

c N X .

’ [ -18-

————m—

-
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- ncssbur Cand

.1 flles internally as reconmended earlier;

| On the LTS system at Lawnones Livermore Laborabory, tha program ts avaﬂab'le

a§ta¢lcontrol3.ee by the name MOSS “ ]'h:e c.omn;an'd K - :- , )
MCSS ./ t v R N . ,Il" i e
cneatd sn oytput flle

Intnract via the user’s tcr--nlnal S0 that. cont‘

4 wll"l read g‘ete‘ﬂ-on an existinq jnput F!Ie MCSSIN,

lee HCSS nay

Clie -uquS ls i eated each tine thns*
. . |

»be rata'lned in r-éa -only s:atus,_a» dre

pr ogran is executed . o

- The, output ftla ﬁcSSBUT genmratec)by executlon— of‘ ttle HGSS program nay
be pr lnted by any’ mpans avai lable.

On the LTS system“ t Lawr-ertcg Lwcr-nor-e
Lahorator‘y,

utl!lty Fouting ALLOUT may be used to print the output Tfile on_
xther the RJET or high spocd. printers
“be” gf-ner—.-tﬂd ‘hefore pr-lntma,

. If nore than!one. outpl,n: file is o’
the last one generered should be ass!gned ‘a
" mame other than MBS 'erUT barore gach cxecutlcn of the progres.
" noy dene, the LTS

H‘«thxs is e
\ls'ren wnll goner-at‘éa a Fani'ly of output Fl'les with unique §

hanaes obcalned by modH»‘ylng the, last ch racter of the otherwise dupTicate R
’name.

This prom—dure is arreptab'le gF he. usér hesA idgptifledll'r.he' input. |

if not, - it may be‘ diffieutt o . .«

dotcr‘gjlne which output’ file ‘was produced by a partlcular iriput ‘file. ° _—
Confusion of this sort can be avoided by attachinq.ﬂumerlc sufﬂxes.,g.a i
MCESIN In naming Input. flles and t.he same suffixes to MCSSOUI 1n naming . "'
output fi les - ) C i .
. - . - 2 M
. .o - 4 . .S
4 . , . . ’ /
PROGRAM OUTPUT , - W S .
B . . R A . . . . - . -
. ; T el s vos e S Leoe
Flle MEssouT ' : B U ..
. - “’Ip . I - - ot L - '
. . I -19-
e - " ot '
- - ! a, a2 ) « - - .
- PP R R B v.
’ W " . . "
. . , $ . " “ : . B . /
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-(no.':nal!y dlsk) deNned at the 1.lmc the MCSS pr-:agr-am is installed on r.he\

e Reports gnnov-ated by mdlvidual Functions all. begin. with a Hhe

A nev output ch MC‘ESﬂUT is created by the .m:ss na fn progran ;’each 'r.une

-it is nxacu:ed The file wl\l be'on the output mass storage dev‘lce

user' s computer. 'Fhe(?:le s sertuem.:al The flr-st. 1I-ne )
HATERIAL CONY °"‘L SYSTEM "IMULA"OR VEPSF-ON 1.0 /1778 -, gz L

i ——— T —
is writtep by thc MCSS main progran fpr—d-dem:‘l’ﬂ"“atipn The- remaining \ine‘:‘
- @re written b/ MCSS control progr‘ams und Function aubroutlnas dur-mg the

ex&cu‘dﬂ@m of the px‘ogram Each ‘llnc qf_the’ mput file HCSS[N is copied into
v execution of the' pro ranﬁinsertedl

the sutput file with results prndwce‘

" as they are gencrated, Durps e-F ‘:he nodcl system imnediate‘ly Fo]low the RUN

line In which they arjé reqye"ted Trace messaqas wrl'r.t,eﬂ fnte ‘hhe output

file during operation of‘ .the iﬂluloted systen follow the model syscem ‘durp ©

output. If & stendard ‘roport s requestwwmm RON tine |

pFPenctér K the trace messages arc Pot'kowed by a tab\e sho\nng th_.nbmber"'
' wran control ent_er‘_ed eacn’ of “the function subroutlmes of the

.

model system and the Frac:t i'6n/of the to;al _nunber of entrles.. An lndllvidual_'
’/'/r'oﬁb,rt is then generatod by'each Function bf ‘the model system - Fi au_y, the

minimumn number of F-rae lor‘a'r.lor.s .lmtpe ﬂcss Qynamlc storage.—space—aurlng
T.he program execution’ I's wr-itten into’the output fll__- when' executipn is

'z 3

termlnated By an &ND ll“ne in ':he lnput file. -'The 6u1'.put' Hle i‘s, lher-efore,- ’

a cémplete record o-F ':he -model’ sya'r.em and the - resul s o-F sinulatlop runs.
. - ' ~
@ . . . -

Repom’.s o T ' i RN r o

form = - - ) . . . B |
FUNCTION nm %+ * - - . ‘ e o

i

.q.




';'h;:-r-e‘n. m, end X are .‘ghe funct l,on namber, Functlon type and mnemqnle h . N

Fundtion name as zppears .on the CREATE- line of the input Flfe ~Contanris of e

the individup!’ Function raports. vary from- tho slrnple s‘ta .ent NO REPORT, . Cos
< lndlcatlng that no data m‘:re c.g].lected durlna tho al/m .lation ‘cur'r or-/ﬁﬁ_r'\:, to. " P )

eluabsrate roperts that requlre computat ion of mean an§ standal\-ddaviatlon . . .
~——"s3.‘?13‘1.-1-1-_--5—1-‘.:;9ru‘ a%ollect!on of observatlons. tabuletion\ cf maximum and . : e o )
. ”;f ‘ nmlnum values of observed ,qupntltles and the tlmes at which <he maximum snd - Lo ' {
- - r.mlnum_\w_s first ocrum*ed dur ing 'Lhe ru » und plots o’F histograms that :
- disploy tho dxsfr;v;u?ion of qmples of —random ver iab\es co\\ec;ed durlng the . . :
cper.af.ion of tha madelfsyqzen Detalls ol-‘ the r-epor-tlng -Features..o-F MgsSs - - B . .
fynction-a are dosdiibed in Sectid‘ F and' exmbles are shawn Tn Sectlon 4 . '

. - Dumps .. - t . R v E .
v If RUN Hne cump contr-o] peremeter -l is esslgned value 1., .idcss'corhman 41f~,

atorage varleblcs, the STrUStlre,., par.—.meters. variables,- and. variable . PR \ -

= 1nitial condltionq of oach funcnlon of‘ the modél sysxem' and the c;ur'rhnt' '\_ PR * ™~
“"Red. cnowsng the RUN line. The MCSS . T :

- - conman storagd v*rnablas are dg ‘ned’ as follows! S
MTG . The- last- function to receive a communlcation. in dumps - . - . -
requecstnd via the RUN.line, thls will bPe the\lest function -
in the model svstem. to receive s communication lnstructing o "
. R o set inltia condition values of state 'variab : .. :
* L ?cnerated by an MCSS _error, condition, MTO will be th T R
ast function that’ r‘ecaivcd a comm‘uhicatlon before the errop Lo ,
v, : cccurred. i — "

MFROM * The last l-‘unctlon that transmitted a commuﬂlcnlon at ‘the " Teel N S
. timae the dump was generasted. .In dumps-reguested vla the: RUN -~ FE
MR * line dump control parameter, this will be 0, the Function number .- . J
’ g assigned to MCSS :ontrol programs For- comrnunlcatlons h - .
~ Lo . o . - .

N - . . stazus. of‘ f‘ree s‘rﬂ)re Rparﬂ are
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- L :;' s . . . R L
U - N ) ‘ Modal Dcveloprmnt
. - Ea '| B - ‘_‘.A.--4.
. N Functlons of the model system. | .. . L Lot
. ICTYPE. A cod® integor indicating, the type of the last commt .
N ‘thaty wes transmitied at the. time the dump-was generne : , JRIUNN .
L - 1 = craate an inutence of a particular function type, 2 = ! . . -
' - dt.s'r.r'oy a partijicular function, 3 = asaign paraneter va'lues, . T . T
4 S&algn initial sendition valuas, 5 2 priny functign-reporg, ‘
. set Yjnivial gondition values of state variab\cs. 7 = print .
. . N in <dump format, "8 = evaht notice;, ‘&nd EN ihteractmn . -
. b message. .- K . . '
1PCGINT Locatlon ih MCs‘; dynanlc storage space of data ' . s
, 7 associated with the lasg. cormunicatipn. | . oo -
T IDUMR. . Cu'rrent vatuz’ of tha, RUN, Hne dump contr‘ol parameter. .- .
JSECA lncrcment siza of -r.hc cvent chain storage allocatlon. This
: ig the number of additional storage locations allocated if the : ' B
« ’ sprce needed to dtore schedula d eyent notices guceeds tho spage o VS
N . provlol{fly allocated. - . . .
<~ i TRAGE Current v- ué of the RUN line race :ontrol parameter. K . ' _ .
Le . Location ,in MC5S dynamic storanc Qpaca oF the last Function - -
o, “ausumd .controt of program. exécutdon. | . £ . L
LBCA Location of the Fr-en stérage bloeck curront'ly belng checked ", ) R
for adjacency with blae.ks on the 'Free store chain. .. . . .
+LBLIST, Location of the Ylst of functiens in the current modul systgm.
“LOPT ' \ Location of the table of pointers. Lo functions: in the mode\ :
L. systen arranaed by functlcn-number, Loy - ’
PR B o .
‘LBUF Locatioh of an 30-word buﬂ‘er in dynamic sicrege spa . e
woaT allocated to tha MCSS main _progregy and - used by varlous MCSS .
. . com:rol pProgramg ., T . . .
LCSE ) Lecation of a dynamic storsgoe block, cuntaininq the le’aﬂon" L -
s . rc't.urnc'd by HCQS contrul functign LGS, | B .
LE , Cast 1oratl0n of the last funetlon to assumq rcontrol oF progran ST PR
. ' execuﬂon., . - " '
rd
LEC Locatlon of the dven€ chain, n-on:ainlna, in chronologica‘ .
. _ order Aotices of currently scHaduled events. - N
LFFB Locatlon of the first frée block of dynamic storage space. . - .
N, LFFE 7 Logatlon of the first free event notice. . . ¢ . - s .
oLl Lecation ef‘ the Flrs1. lmttal :ondltton valﬁetof -the last . c. T
s . . . ot N . “
R . _22_ ) al . . . . .
AN N Ll . . oWl . Ol - NI .
- - N M £ - o .
- _ . ~N . - -
; N . . - T .
. E N -




. function

to assuime control
of the {as't. even ry

pr‘oorem’ execit ion.c
tice oh the chskn of scheduled

' LLE Location
: N Vr‘ntS._ , - o v
. ! g
LLFB L‘cucatlon of tHe last. Fr7a bJock in MCSS dynamlc stor-age
. 3 ' . i '
. ) LLFE Luc3tion of thp 1382 F ©% event netice. & !
LMS - Location of the~ nessa ] stACk used, by MCS§ cantrol’ :
. A B . program SEND te wcrifly the! ack-v‘wlodgcment of comr-unlcatqons
amang lnteractins‘ fu/ ctions of ‘the. modal system,
LNE Location of the ncxy schedulcd —went. .
’ LP Location of the par,isne'l:ars of the last funct mn to- assuné
T control of progr an,e‘tecutnon, ]
T T . Y Location of the va.“lebles (of thr_- last funct:tho a,ssune
- . control of proarard enacut!on .
MINNFL Minirun number oFf‘ .;ea loc':ations‘ in, free s}.torsge, spacé\~
.. MNSE: Max fmun AumBber oﬁ scheduled events., , / -,
NFE Numbér of froe BVent notices L ,f : —; B
, ' . NFL . Number of free ioca;wns lr\ MCSS dynsm'c storage space Y . f
) o NIt ! Nunmbcr oF the drl*n:-e from whu:.h mput ’f'ile MCSSIN is read. ; v . 'i!
3 Niz2 ; Number o*‘ 1,he davica 'Fr'on which 1ntaract.lve user’ input is- r-ead T |
NO1 Number of\the, ey ice on whfch ouTpUY ,f‘lle HCSSOUT« is wrl'r.ten.
- N'OZ" Number of tl)e ovlre on whlch |nter-a tlve outpuﬂ Is wr;tten, :
NREP _Number of r’eplgcate runs ‘cur‘rently speclflqd -,“- I , -
- . NRUr/ Number’ of /the gurrent 'run In & replifets set’ of runs: T . T DU B
NSE Number oP scheduled events. . - -0 v L - /
. T 1 c o ! T - )
TIME - | Cur*r‘ nt value iof ..!rwlazed time - . . < g 1
] . .
TSTCP S'r.oppmg time iof the currently speclflsd slmutution run or . 1"
; set of*, repltca':e runs. . ~ . I
. . ) - \ i
After listing the values of—common. storage var f_ables def{ned above, = N
¥ i . . . . : - - . h e
) ' > -28- . Lo .
) . ' " - ) . 'a - .
- b . . 3
' . E . . B .
-, . - . . .
) . L ) te - . . - _
.:)' g : . < y - -
~ - N - * ' . -
N ‘ " . . ! _———
N : ' ' N vy |
- ¢ * . : . ' * .
T f - . (
. « ! .
- R . — i .
) C e ‘ ) . L ’ ’ . ’



file:///ropl

17<t, 3 = reel scalar, eﬁd/d\ reml Hst. Notlce thut parumeter 0 and

variable 0 ardlalways integer scalars assigned vglue zero. . Perameter O is.

)

o . us~gd ‘as & pointer locut.ion dyr‘ing conmunicat{ons initiated by 't_he fl]r_\cj: ien,
and variable 0 is used to count the number of times p;tggr.am corurol enters .
, . —2d- . ST -
N . - T . 0
> : - ‘
. - N . . .
N . . A ) ~ -
' . ~ - - . -
v £ - ) v -
. ) i
- -
. - & -
‘ 1 -
- . M . ' R ~ e .
\
1

. E LR ‘
E R ‘
N . - P * * R
v 3 - A
, . . ' . o
- AR Y . v
. ' ' -
p ) . -‘., , . .
M * - . . . ’ -
) L. : LT = . PSR
' ! - N Lot ! -:: l\‘j et
~ .7 v - : ’ . T . ’ ' R N ) ‘
L YE S T R R o « Modz1-Davelopnent
5 ot . N L . N
A dump Includss s orinteldt »f the struciure, perametors, varlabMS. and :
. L . inizial conditians of aach functmn in the model syﬁtém The function dumps e
j"-l . are genarated in- numorlcal ordar‘ and ‘have the fol‘lowlnu Forma‘r.- :
Ty . FUNCT1ON n . . [ T -
- l i 00 L #unct:on type - . - ¥,
1 bk mumbor of storage 1oca‘|ons occupied - R -
. + 2 L funetion number - L RN .
- v+ 3 L N number ¢f paranctors | T .
YaEL . + 4 L. ‘humbar. of variables R
v LEn O, , 1 L ... . o0 :
P ' + 1 T Lo valu. {location of paremeter types ‘2 or 4) g
f . ' « (values of parsmater types -2 or 4)
. €. L2 T L lua (location of.paremetdr. types 2 or 4)\ '
- - - . ’i(valuﬂs of pgr‘emexqr types 2 or 4)
S R V2 T T R o : ) : \_r .
M Ty 1 T L valué (location of 1lst' valued varTeblesy ..
e ot (vaturs of list valued variabtes)-’ tooe
. + 2 T L . . value (location of 118t valued varjables).. z .
.t o Lt . (valuns of llsT. valued varlables Lo
DR L+ 6 1 ; 0 )
+ T L - valug (location of 1]st valued"initial- condltmn)
- . {valugs of list valued initial condition
+ 2 T ‘b : ,wvalue (location of (ist valued initial condlt:ons)- .
~, . (valueﬁ of list \lalued tnitial conditlons .
' - ) . . ! h .
T . o - . - . ‘
L L. In tha function data dump fornat- sbove, 'n is the function number, 'L Is an
R fnuejor tncatlon in MCSS dynanic storage "paco,L)and T is an -im:@ger‘ code
- indicating @ tvpe of paramcter or variable: 7= integer scalar‘. 2= lhteger‘




e e - ) .'.'

the furction subroutihe. Paramdter d_énd\variablo o 9re.ncvé; ass igned

f

Jaluac by the user.
va‘Jes of common sterage varisbles assoclatod~wlth tﬁé _event:..chain_pnd.

R} he
the chaim of. scheduled event notices- are printed next, Fo!lowina the dump

ou?put of the tast fun-tlon In the modcl systqm From laft to right, tha |
N .

dntu printed for each of the’ scheduled events n the chain ara as Follows.
i) location of ihe avedt notice,, }l) Locatxon oF the next event notlce ‘on
t11) time of the =schedulqd Qvent, iv) function in whléh theé event

1‘th$‘charg;
v} avent code, and vi) the locetion.of data assocldﬁed with the

- will occur,

ocheduled-event - . .
The durp outnhx is conpleted by listing the common storage !var iables

eaqnclated with the frao store chsin and, for each block. In- thc chain, the

“location of the block, the location of the next hlock in the chain,-and the
" This allows the user to axanlne

If a larpe B

' numbor of ava!lSble locations in the block,

the frec' storage space aq the“beglnning of a slmulatlon run.
number of smatl block= have arcumu\atcd at the beginning of the Free store

chain as a result oF previous simulatlon runs and modifications <of a modolf
lona runs Involving mahy replncatxohs shoutd be avoldcd. They‘qan4

system,
be run ﬁé$& efFectlvely Just aftsr a system has “been deflned when the F;ee

‘store gpace consists of & gsingle bioc& In thts = e, the'Hcss proqram
saves the stetus of the froe storage ‘space 4t the ty\ma the first of a’ TN

rcplicatcdtscquenco oF runs ls started and restores the\Free storaga speca

to this coantIon at ths bnglnnlng of each of the repllcat d runs. This
“Bvoids gradusi depletion of free srorage space over a set of epllcatod runsf

in whlch some of,the space allocated durlnq the run I8 not retyrrhed during’

e

o oa
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C . - _3he run and is nét’ recovered at ‘the tine lnitlai' conditions a

" : . :he Aoxt rdn, . o : .

. . . Tracnr/ﬂ ) {
. ; o N In the davelopment of complex nodel systems, the user may need 10"

verlfy the'detalled operation of the system by* tracinq the_occurrence cf "
B events and - interactions among, Functlbdf. Thls capaﬁility is- provided by th_

' - ‘traze mntral paramater J of the RUN line. H‘ J is assigned value O, no .
-~  traca massages are written., Asslgnmg a value 1 instructs the MCSS program’
‘to write event messages into the program output fileg ‘each t‘ime an event
. . ' . .". : acours., Event messages indicate the timo of ocnul‘ronae. the number of the -
function in which tne rAveht occurred, a general notlca that an event has
. o ouread, and’ "ar-l%ls spocinl ized mossages that are written by’ the B N
= o inclividual Funntlons. If the RUN ling trace ccntrol parameter J ls assigned
vialua 2, the t.vent inf‘ormm«lon is written into.the program output flle and -

va].j-‘o onto the 1ntoractive output device for lmmadlate obs'er-vation" end I
- pm}:sib'le intu-v-.ntlan by thg user. When Jtrace messages are sent to the
. . 'nr.cracti\m Sutput d'eviee.‘ the program prints the message and waits for . *

N . -

_\ o) c:thcr a user raquest. {-‘cr -additional Inf‘ol‘matlon or- an instructlon to A
R continun oparat lon of the nodo\ system.‘. Requesfs for information are placed
S ’ by - typlng either the' l=yml:mllc name of a variable whnse Aumeric value is to .
o - b dlsp"ayed or -an sbbreviation of an operatlon to be.-performed sueh s
K .ﬁrjntnng out informattsn on the next scveral events that have bcen scheduled.

A

er- printing out the defai!ed desrriptlon of matorial at a particular

. ‘ dnscribcd'béllow ln the section on mode L development.

. ' locat lon ln memory. Detaijs of user 1ntera=tlon w!th the Drogr-am wILI be . .




o

N ) L Model Dovalopnant o
. CyT " o :

- Lo

If the RUN line trace control parémeter J is mssigned value 3;

program writes meesages into the output file each time ‘&n. avent occurs gnd .

- the’Mcss . T . .
W R

L ‘dach time there is &n .interaction among functions of the model~sys€em. :

thé nunber of . the - ) " .

lntrraction messAagas indiuate the time of the Interactlpn,

f funrtion thst has recelved an interaction messaée[ a genera\ notice, that an. | R
interaction has iaken place, and various specialized intaract ion. messages - " . -
ihat'sro written by the ind;vudual functions. lf J.is assigndd value 4, the . R z

interactive output device4. ’ T :

A - same infafmation is alse wrttten on the

. when the. RUN -1line trace control pzrameter | is assigned vslue 5 c L.

detatTed" diegnnn:lc messages are written Inte the prsuram output file by K
. .MC5S subprograns In addition to the event ard lnteruction information Jus
And when ] ls asslgned value 6, all ﬂb‘ai*?d dlagnostic e

daJcrlbed.

tnfornation

is aisec wrltten on the

Interactlve output device. i

is summar |zed

o Use DF the RUN line trace control paramncter | in-"l"alblu

2.1, X . . ‘

e )




ro ‘- TABLE 2.1 Usa of RUN 1la2 Trace

[« 2 ‘None .0l o . o . - -

. FEvent notlros and messages ere writwen.into the - . ' !
. “ . program -output fit : . - b

vént notices and ne'==ages are written into the - . - /
- program output filc and on tha interactive lnput/output o E
dovice. - T R 4 ~ : i

Lo 3 - Event noticas ‘and me.ssages and interaction notices - . B

w " v . and messagrs erae wrltton lnto the program oiutput Nle. A f

L 4 . Event -not cas .and’ messages end intaract(on notlces - Do
.5 . - arcd messag s are written into the program output file - «
o t- ' and on thc interactive lnput/outpht dev:cc}, L. -

N . 5 . Fvont nat icns and messages; Interaction notlces and /
- " . cEsuges, and MCSS subprogram disgnostic messages
_,:r-ﬂ wrltf.an inte the progrem output flile. .

B Event notlccs.lnd messages, Inter’actlon notices and

- noneages, ond MESS subprogram diagnbetic mes:zages . .

. . are written Intc the progran oLtPUL L1e and. on the C . G . b
- interactive Input/output davica., . . .

kN - - y . . . N " . -

) _ User Int&raction! . . . [N . . . N
' . when event, ‘inter!ec'tion, or program messsges are *wratr.en on the
interactive output dea Ice, the user may continua opcratlon %f‘ -mhe madel

sy=taon | by entering a c.rrl-zge retur-n, .r-equasf. curre\;i:\. ‘informat fof -by typ:ng : .

the s%boll:z namae of & var-lalple or dxagnostlc operation, or discontlnue ) . ’ &
. . operation of the model\syst»m by typing ABORT.. Values of any ¢f the MCSS
comion stora aa varlebles nay ‘be r’equested by typina’-.ﬁhe symbolic nama

< - -
. 1 ~ R .
. ) ) ) L . A . Y ] -
.. o . -pg- T L .
! iy D . E .
B - .
. L .8 ; .o
o . . . . x “o
.' \ N . R L,
* T - - . >
. R .
. Y
> - . i 7
: .
. ’ . y . 4 Lo -
A p B . . . - - T
. - - v ’!" ] - . Vo . R
. . . - . [P B . " ;
o v . * . . ’
[N - - ) N U . /S ; - ’
. . - v - . J L
- i o 4 oy . B} LR e
- - . . o
B . vt - -
. ’ . - -
- . “ - . . . . . . . <, -
+ Lo i [ - o ‘ .
. - [ 4 . ’ .



,dﬁFlnﬁd ahbove.

thn name of thP operamion shown at the left:

ABORT.

o

EVFNTVQNJ

" FREE

1A(nY

IA(D,m}

IAC(L,m)

IAé(h.n,n)
DA

MATL(L)

MSG,

'.‘u
RA(R)

RA(A,m)
A v

RAEIL, ny

" the event ¢

-..Model Developmant
RE '
.‘\

ﬂ{ons are. perfarmed by\typ:ng

A \

The Pclloulnd disgnostic opera

"~

The “enror megs=ge USER ABBRT 'is wrltten Into the program - \ .
output file, a Nodel system durmp is qencratcd and execution of
thc progeam is-haltedq, . ,‘
The firsixmrhvent ‘noticas in the schedulad evenrt chaln are . |
writtensdn the interactive output device. ( Data contained in the
event, notices are, from 1cft to right, theé location of the ev nt
not ic the location of the next event notice on the event: cha n,
the t ne the ovent Is séheduled to oceur, the function-in whi cA
the evant will occur, the avent:code, and the location of data N
associated wlth the Scheduled cvent,

The current ‘stetus of the free store chain is disbla ed by
listing, for each block in tha chain,, 1he location' of the block, \
the location of the naxt block In the cwaln and the number of
avallable lgcations in the block. . . :

I1A(n] are .

The contents of dynsmic storage loca:lon
written on the interactive output dav cg.

The contents of dynamic atorage locatlons- FA(n) through
IAln) sre written on the interactive output devic

, The contents of dynanlc storage locati{dn IA(LCS(L,n)) ' . R
‘are written on tho interactive output device. |

The contents of dynamic storage locetions 1A(LCS(L,n))
. through IA(LCS(L mi) are written on the interactive N
T eutput devlce

The naterial data structure at location L Is written’on

the interactive output device. Sce Appendlx B for a descrlption
of MCSS material data structure.

1¥ the last fcommunication was.an event notice (ICTYPE 8), ) .

e enc¢ location of eve date are written on the .
interactive butput deviée,, Otherwise the current. values of . A
Gormmon verjelles MFROM, MY8, [CTYPE, end (PGINT: v i
are written l\owed by the e1ght integer values in the message
bleck at IPOIN .

Trhe cohtents. of dynanic storage locatlon RA(N).afra-
writien on the interactive output device.

The contents of dynamlc storage locatlons RALM) throunb
RA(m) ere’ wrlttan on the interactive output device.

The gonterts of dynamlc'storage'rocatlon RACLES(Lyn))
.7 llL N _-29_ .

.

ot

b,
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- - T v - -
' . . :“" ’ A2 ) -
" .
. ! . - * K
. N s . . ‘. . . : SN
s T Le— G - . -
k ) ’ . - cv , . h
. - °
- - ! -
. . e .o R
. ' R
Lo e i
! ) . .. ' Mode! Developnerit

. ” “are written on the lnteractivo outpu; dev!

RAC(IL, R, m) The contents of dynamic storage Iocations RA(LCS(L nl} -
through RACLCS(L, m)) are writien on the lnteractnve .
N output device. . - Y E , .
B S . -
t . B o

Error end Warning Messages
Wher the MCSS progran dotects condltloﬁs that will

an error message is wrltten
is generated and ,t.hc pl‘-ogram

- y
invalidate the B
r-ccults c+' a slnuhlatlon run, lr'\to‘thé progran

Is haltad.

output FUo, -] moqel systen rJump

"Error messages hava the For e
nrxn<ERRBRx®x=x + - . . N = -
EREOR MESSAGE L

¢ R TN .

and the modeal system dump formut is as descr,bed above. -

‘ When the MCSS program dotoctr Condltlons thaz should ba brought to the
axtnntioh of the uscr but whlch in themse\ves do not invalldata the resu\ts
a warning nﬁssege Is written on the Yinmteractive output

of a simu'li)tlon run,
The warning message is not written into

ls contlnued
anc no dump of the model system is generated.

dev1ce and the run
thg progranm output Flle.

Warning nocsagcs have the 'Format.‘ : B
R xxwx e WARMI NG x ¥ ¥ . ' . Ty
. WARNING MESSAGE - L
- - . - ‘-" '4 - \, .
R * - e . - )
) b , X
-

v A
. .=30- ¥ .
- . A .
B ’ . Lo PR
- - . . L. a ’ .
.- N Los
) , "
. . ~
. - P
s
* ) o - - . .
- - - - - g .
" — LI
R .
- -t " : - v
7 ,
» . . . . s
. - . R ~.
BES ' . ~ .
. i ' [N
S < N . “
B . . LY T R e
. . - .
" ! - . -
- PR . . PR B o®
. . - . B 5
- - P b - . .
- . - - . - - r
L - L =
. - v
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| X . . , g - .
. ; . . {r . | 3 .
.o, - [} v
~— , L : \ . .
. W/ : o
. . : + \ . - - .
. 5 . a o o T
o . , 1 .
. ' "’ [ - " ' v
'_.‘ l . ‘-
’ » - : Lot - !
. ’ B . . . - ) - i i =~
. Co. . “ . CIassﬁlcat‘lon of dee!lng Functlons * :
- ' - 3 .
3 N . I3 N - . - Wt *
o ' ° 4 1 re
LT o 3. MCSS MODELING Funcneus_\l . o i- o :
- . ] |- . ’ . l . . .
rnmonucnou ’ ’ A,J___ o "\\ VoL . : s
) This scot Loi‘i ‘of the manuat descmbea each of‘ the MESS functlons and l .
'
chnes thé infor‘natlon that nust be supplled when they ar‘e used in model ‘ - J """""
systems Each descriptlon mcludes e /7"; N ) * .
(R} the funrtlon type number end nnenonlc nape, . . i o v 5
- - H t
- o a detalled descrlptia‘n of . the slmulated pr‘ocess or Mc system fl.mction, )
2 . - reportlng featunes, ‘. P - . - .
’ ) o avents that: may occur \yithin thc function and Intersctions with' ll
L, . ) i .
PR othen functions cause y-.these everts, . . . l B
. o intoractions caused by levents ‘that occur .in othér’ functions, Y . .
¢ parzmeters thet must b.{; spechled for each lnstancc of tha Euncﬂon } o .
.
usod in a model syéten/ - [ 5
o Initial condttlons of 'state variables “That mustbe specl"f‘lcd for s J e ..
each msrance ‘of the function used in a model sys‘t.am, and | - r(' -
¢ error end warnidg messages printed when pbnermal or susp lcious , ' S
conditions occur, . - _.,.“ —
. . . . '
= CLASSIFICATION OF MODELING FUNCTIGNS. * . _ T o TF .
1 MCSS modaling functions are divided into nine categories ‘lndlqatéd byb ’ o
. i N L
T~ the silhouette of symbo's usec -in model diegrame and the first digit of Lot
function t§pe numbers as shown in Table 3. fr.‘ The sy'rnbol silthouettds and -
i e N R .
N . mnomonic names ere @as[ly nemor ized and simplify the graphical - ’ '
. K ..
. repres cntatlon of’ cornplex st'tems by eliminating \\e need for, annotation . -
'.~ ) m . . ‘ C- * _31 - : o ’ . ’ L N '
. PR . - . ,
- - . il . ! ! .
e . 3 .., T
- - N —— y . - N
: - . > A g
. . i B . © ) .
L . - .
e . R : N . - .
. . I3 T . l - =
N - } A . e .
; T ‘ ~ : . .
i Iy . - 1]
2 : ' - : :
- | s , N e '




, o - o e S <t ’ -
= R ¢ - R ) .
.. o . B . N .
. . ) ) ..
R *. S N S x ! . ’
- .o - A . L ’
- " # . . . . |
\_ . bt r B
A to d . . 1 .
) i Iy -': - -‘h‘
. ~ Ol . . I ) ”. - « R .‘Tl__:;: .
o7 z. .. N T - . : [ Coa
o7 : . - T : .-.massiﬂcatlon of Hodeung ‘Funct fond L
. . ) .. R [ . N . %
. -, - . N . f f . [P M . ) . T
‘ ) explaming T.hﬂ qeneral purposd of functnonal elements,. Functlon-typé ‘
' ‘ humbers ‘aresunigue and define @ specific type of functional element whose ]
. N characteristics and Spaec|ficetions ar dascrlbed In the fohoglng se_gnsnta ; )
. : . i
of this segtion. Disgram symbol thodet‘tes and mncmonic nsmes are not’ | ‘. |
’ ¢ .7 TABLE 8.1 Catcgories of MCSS funétlons. T
. Function =« i : :_. o -
o Type Mumber ° - Dlagram Symbol : . Gategory - ‘ - K H
................................ . B bttt b N
- . N T " AT Nate the .arrival Lo .
B / - R " . g A ent:tles enterln j system boundaries. .
f . - 2w e E 1T findtions simulste the dedarture [ > :
4 . ) . * . ent 11'. es leavlng fsystem boundurles
s v _3xx o L TRANSPURT of: materisl or informetlon oo T
. . ' ! . " within system boundaries. e !
Axx R S " S5TORAGE of materlal sr date ﬂithout * e
0 . altering their properties. .
. ~ " I . . » .
CSuu . i e PROCESSING operatidms onh matarlal & -
N 2o - i or data that alter halr propertles L
R - form, contents, etc{ . ~ = T
Ce : 6xx oo 5 . CONTROL actions of pe‘?’sonnel or.
L ~ : By N aguipmant in directing the operations -
N " of simulsted systema. i ’ ,
h Frx . MONITOR functlons dbllect data Felated| ° o P
. . s tb the operations gr performance .of T e it -
N 3 - . Y sllnulated systems. . . - e AP
A ’ B83xx I |} o CISIEN, functions [transfacm the . - | e e
' v - gytput of monitor flinetions, lnto ) Lo . . 5.
. " ' ntrot octlone er [responsas. »
r 9xx . ki f N REPURT f‘unctlnns cdllect and reduce N '
. . : » . deta raelated to thg performance of e
. . 5\ N :lmulatecli systems, |.- . N .
. § e 1 .
reedmecsccermnen. ....-.-.-.._.--._..._.--_?-.__;.7.,.---..--,-..----.. ........... L. )
, | | . | .
" unique and may be shared I:y sevaral ;nodelln:‘; functiona of similer type. . .
' . A -g2- . o .
N C. . EAE . j . '.1 | et
4t ' " : NV
4 . - . . N [ . . .
’ . . = I N
. 1
. . o LU b * .
. . . i . .t ,I.V . > . .
. - : . C e ,
) : - R ,
- - L .. | H ) . e K 1
S Lo - Lo :
' ' - L K \ - g ) . B
< 1 ! ) ; N . , . o ‘
. . . - - -
Vooooe Sy poo v ) '
. - ] : . .
‘ . ! < ! . ‘ﬁ
M v ‘ - & W - By



R L .
. \ - . . . . v -
- B .- . . “ ; .
- 3 B - i
e, . ' . T - - - B -
. - : .
. : - - g = -
o ’ e - oF _ ~ N
l . . : 2 VoL o, o
. . . ,\.\ AR . b |- - . . . ;
- . e \ e s :
P ¢ N v - X \
. - R \ - N v
. . . . Ve W\ i o ’ . i \ )
- M . s Lo ' . . M . .
S e L. . . , \ B e Entr){ unction 101 RCMB. . -
2 t [ v\ - ] . -
K 101 RCMB  Receive Material Batches 5\ ‘ ) \_
.- . ) . o PR N \ . . . . N
. - o Functlm@- ’ . ’ \ . . ! T . ).. et
hY
. . Ba:\.‘wes ofvmaterial lre receivéd at dlscre‘r.c timecs d’ater-mmad E:y rgndon B _'7 - _“
-+ deviations fram a periodic schedule " Any m)xber of arrlvals. may be . . '._-'
sgheduled at a.rbl,tr-ai-y tlnos withim each per iod The deviattons of actual -

K i arrival tlnes from the schﬂduied times - have a unifor—n dlst‘:}tbutlon 'w‘hh. zer-o ‘7 - — .,
. ; - mean. o R e U L [ e . " = 7 ' ‘
Any nuribgr - of difFere-n magérial types may be recewed -I‘h emher— ‘bulk = , T
+ 0 form or in ton;alners :‘:nv anoum:a. of cach nate |a! Type received in bulk ; ;
. batches “and In mdividua\ cortainers are charact r12dd by’ Ehiform ' -
d-lstr-xbutions over (ntcger values of item count -ahd’or by truncated—nor‘ma‘l _J' - *
) dxstributlons of matur‘lal mass, The number of" con\ ajiners rccelved ln 4"_ ) .
s ' : mdivldu;\ batches alse may vary randomly with a u i form dlscret\e/',.”';m'r; R '
o - ) prasaibi ity distribution. o : ‘ .' : . o . a
< o Matcrials ara not dtered in the 101 RCMB funct, I\ o AT ar'r-l.vul T.ime.s, s )
v - 'transpor‘r. Punctxon is notif‘iéd and, i |1', ﬁnlls to remove ‘I‘.he lncomlng RN _. - ‘ .'_‘ \’
A n‘ater‘lal,‘ an arror message is written and tho simulat fon is halted ' ' . R - o
B ] Tlming may be controlled by & 601 TIMR function® At) slmulate, for - - ’
o ) o _ ’ cxanp'lc. arrivals of. incom-ng nater lﬁ‘ls a‘c a recelvlnq ock oper'_a,ted on'ly . - - P
during. specifled wor‘klng hours: . : C .
N ’_! . ; .
i ’ : . ., Roport ' - * ’ -
. T, Each, lnstance of- ‘:he 101 RCMB Functlun repor‘ts the n mb.r orf material
’ batcl-c rocoived, dur'ina the rcporting interval,
\; . . ' The tr—ac,e 'lt_!vel 1 messRQe HAT"RIAL BATCH RECEIVED Is
. - , . . ) ) - .. Lo
S . , . ) o _33_ ] -
. . . - ~ .- -
‘ b Lo
< _ ) -~ O LN
. L ..
' . ) ' ? : ° " - ) -a t . !
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T, vm . . "'1
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[ ) B
Entry 'Function 101 RCMB

. ~ . .
A . e .
LT . / batch has been recc:\lnd and acr‘epte}aéy the transport functlon connected to
oL the 101 RCMB function, . ) o o - :
o

. Events - ’ I . . ' .

Lo . Arr"va\s oF nater-ial batches, are the only events That, . occur in 1019RCMB

- - Funstisns. "WHen an arrival _oecurs in @ récelvlng functibdn. that is , -. S - o

L . corltr‘":\'lmd by a 601 T!MR 'Func"cion, ‘the tlmer i ghecked 10 determine e .-

=TT cooratiw\gl status of the ‘recejving Function\- H‘,-it is in o\pcration at the o

) .o arrival tlnc-, data reprasent mg thé mcomlng naterla-l is gen@*ated accordlng

T ‘to the n’\‘rcr‘IBI spoci-FIcat:ong of T.hc recoivlng fuhétlon, “the transport ’ - ’
R Func:lon is notified, and. the next batch arrival fs schedubed,. 1 the . - o

L. - : Functlon is not in oper'at on at the arrlval time, the arrival .is rescheda'!-ed

o occur at the . nexf,. *Hme the Peceiving Function wilb resume oper-ation f -

T the recelvmg funo’uon ls not con‘br‘olled by a'601° TIMR -Funct

* . “ ar-r'q v515 are acccptod whenover- thay- occur. .. . % Teees e L

1 . e

-t . .Interactlons L o B S e . -
1 T . : Events that occur ln other 'Functlens do not ceuse 1nter~actlons wlth 101 '
. B RCMB functions. 1¥ an lllcgal Interactlon messade is recelved, an erron»

message is written and the sSimulation is halted.. . T . ’ .- .

. i . . .

- Paraner.er-s‘ . : B . " ) }
. C (1) Period of the batch arrival schedy,le (2) Rumber - o# batch arnivais™

- P ~schedyled por period, (3 n n) Scheduled times, in chronolegicel order-. of -
‘batch arrlva!s within @ach p’éripd (4] Maxlmum AniForm devla‘t!on From the . . . :

' schedudled er-r-!va'l times. <(5) Number’ of - different bulk material types I P

- [ -~ M .. . - :

Tl T «t e LI . T e
. ° - .
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. received.

hRE grtry Functlga IQ]'RCMB -

(8, é n) Bulk materla1 specifiéat&ynéA

"Repest the following for

'ﬂ each ratorial type

i) mean count (number) of discrete

items,

ti)'nQWEMum

uni form dovlatlon ‘from the mean‘cnynt

ili) mean "wess,

deviation of mass,

v) maxlnum mass; .

vi) minimum mass.

iv) standérd normal- 3
(30 Numbor of “

dlfFerent me?erlal Types rccelvad ih containers.

‘(8 nm Speciflcations o

material received fn contelrers.

Repeat the datl {3 through vi) aboVe “for

_each materisl type.

(9) Mosn number- of containers received tn lndlvidual ’ . s -

" Eatches?s

receiyed

function.

10) Maxinum unlforn devlatlon from the. mean number: of containers

in

individual batches.

(i) sb TIMR timing code.

(12) 601 TIMR . Lo

(13) Destination fupction.

This Is the Function to which the

‘received‘naterral {s to be transﬁorﬁgp. (lﬁ) Transport functlon‘~ ) . -
. "_. - . ’ . . T

. - - e ) -

< . . Errors, : . . ,

PARAMETER 10 LARGER THAN PARAMETER 9--This coutd cause the recalpt of &

o negative humbar of contalncrs The parameter values are checkeﬂ at- lnltxal
’ condition tlne o avold rcpe-tey te;tlnn for a neaaﬁlve number of bontalners v

ATTEMPT T8 SET INITIAL ceNDI TIONS™
- , ol

. at batch arrlva] times,

[ uspﬁ has ) L
A state - ; Lo

‘ variables of tha 101:RCMB, finction are assianed automatically by the . - ,
1LLEGAL‘INIERACTIGN-—An interactlon nesssge other than ' TR \
\}_\ren.qued..,.,MATERlﬂL\ RN
v o . HOT REFOJFD AT ARRIVAL TlME—-The transport Functlon dld not accept the ‘batch : -

lllegally sttempted to specify an initial cdnditlbn vafue.

- ’ function subroutine...

an expectcd ﬁespchse from @ transport funct)dn has bq

of natcr:a\ reccivod-} an srrival time. T . o S =




et

L

T

S

v
i

of thegg objective, order, and tlmlné data to -Pun::tl&ns s-lmdlatlng ndver-sar‘y

.. sctions. Target functions -Fr-crn whlch r:}ater-ial is romoved du’inl nig dlversion

lnltlatqs one or Qnorc sxquen :

matgriat from contg ners, or & number of, entinﬁ conta‘lne é 1rov1| certam

targgt functions ln he model system The amou ts o-F ma):.er‘ al}ac;tual}y_ Y ‘e
removed from partlc-.\x'l r 1arget Funct fons ar-e ra ;lom variablﬂ ‘cha I

by -tha mean and naxinxm dEVIatlon of uniformly . v ¥umbc_ars“\: o-l-: ‘items,

or containers snd by 1. e meen “and standard norna y o*h ;aéé_ Tl-;ese )

data- ie specif‘led by the First <cight elcments of: - ; 4 \\ ) \—-

paranetér of the 102 1DhS function.  The- remainir >the parancter N Y

qucH‘y the or-der of Bctions in the seqyenceos and, the tlme dblays be:r.ween S Ty _'."\'

thp conplction of one action and the begmnlng oF the, nex‘t,- The or-der- of - ’ N
zhe correspondlng model f‘ ncttons, where a neaative Function \n ber
deslgna\r_es the Flrst acti n o‘F a sequence; The ac‘qlon start i\ng tine delay

dlstrlbutwn type and stat stl¢:5 are 1nserted in ‘t'h.e lists fc‘ylomng each

action function numbqr'. The star.t ing time of a@ach éequq'ne\e JE ] s eclﬂed by.
the characteristics oF tha ‘t.lrne dc'lay o-F the .-Fi t‘;t..lon hn he sequence
x slngle paramotsr is used in th 102 Pun tlon to slmp‘ll» y the passage
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; /“_ ; : v - Entry Function.102 IDAS ..
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Ae

Auences are specified by the' indivldual material arqulshlon acﬂon-

Funct!onsl rather -1.:.han by 102 TDAS 'Functlons P N .
) Report * e N ’ ’ N - T
Ho (m'orru—.tlon is gathered by— 102 DAS Functlons.=a-Thc‘messaag NO
RF!—'(‘\R| ls writt‘.zn whan* reports are requested.) Tl h :
—_ "»\,. 5 - —_—— T - N
Events . - - _ .. - T,

-'.~oceivcd, an error message i$ written ahd the program is halted. ° "

‘system: . I-F an iltlegal interac‘;ion nes-aaqe ls received an er-ror message is

wr

-

'No'n\mrt.q ch-"h.- in 102 1DAS functiong. If an i1logel event'rotice is *

(%

[n‘l‘.oractlons i : .-

. No inleract )orl m.‘ﬂ‘sap

.

- '

itren land the program is hslted, . ’ . .

N . o P : . - ! [ . R
moters N . S A
m) Dlversion obJecti\m and actfon sel:uence speclficatzons. i) -, N

abjecf.iv% type - where‘1 = r,nuntab/lc items o'F bulk naterlal‘ 2 mass o'F bulk

material,

3 = count,ab'le itens fncn contalnari; 4= mass ‘From. cnntalners. .and

s # conts lnors. ll). material type where 0 = blended’ materls{s and positwa

tnieger Sp-._GlFIC muterial type, iii) méa number of countuble items ton‘.be ]

e

" nurber of courtable ltens 10 be’removcd"w mean mass

roved y epch. 'xcqulsition action, iv} max!mum unlfor‘ dev ation of the
f bulk material toibe

renoved | y cach acquisltlon action, vi) standard ‘normal devlatlon of the x

mass 10.b r‘eno.led by each acqulsltlon actlon, vii) mean number of D
. K A .
. - - i -
- - <
. cET . N
. . n . ) ‘(;\ . '.
’ LN

T T .
'_are recexvca from other func:nlons “in ‘t.ne mode,l
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coniainchy to be romoved by each acquisition action; vili) maximum unitorm i
deviation of tha number of conteiners to be removed by each acquisition T
action; (repgni items ix through xi for emch actjon of the specifiey . C . -
16 oan) in) astion furction (quegétive Forl' -th'e first of-a é.e&quanc' ;o x) - . -
actisn starting time delay distribution tvpe; and »i) ‘actiep_ starting tine - ' -
delny ctatigtics (numbér of values depends on the distribut lon type). | K
Initial Comditions ™~ . ] Lom “" - ’
=. Ho initinlf;:'vr{diti.on valuae of variabj‘as ore specified by the user. 1¢ !
on =Lt-npt to set initial condition valucs is nade, an error message is - “ '
N B writien mnd the progran- is halted. ’ < ’
- . g ] . . ) . e : L. .\.-.\
Errors . - r t o v
ATTEMPT TO SET INITIAL CONDITIONS--Init{al vatues of mll ggmtie \ |
varisbles are assioned autorstically by the function sibroutine. .TLLEGAL
‘EVENT MESSAGE - -An iltegql evant notice .has been recoived. _4!4!_LEGAL ’ . ot .,
- INTERACTION--AR 1llegal inseraction message has becn recefved, ‘ N ) .
Ty - > ' coL .
- . '-. . . -
- f -
. - , . . -
. - . M P -~ " ' -
* - - - ] .
-~ - " ~ - .- »
: &
- 3 .
! N ! . e LA -
o a A -
. ; Co-
. L . S .
T 4
. -
Ed v»a. ~ - i :
. s , - , " .
. . . - # . \
" . . ’ ‘ - N -
. . J—— K R
I ’ . oV ’ N '
. : " _— - ~
- . . . . "
N ' « ) [N . v - .
-
/ ,
. A - .




ar

e | \.

».301 TRMB  Transport Material Betches -

N o, - o B ) .
R . ~ s e %
Functicon - -
L ’ .. . Thia function traQsports batchcs of material from point to'péint within

/
@ morel system. ~ 1ts perfermance 1s charocter‘lzad only by thd time requirod

to complate transport nper‘at fons, so the 30} FI'RHB functlon may bc wugaed to, el ; B

. : ' slnu’l'a o diffcrw-m; metheds of conveyance. THe random transport time is

N dafj_n- "By the mecan and maximum deviation of a unlf'orm probab[lxty
- dl-?rlhurlon. D ) : s s
3 - The '?0! TRHR Funrt{on mey, bhe ysed \f’o\ra}\sport bulk &nd -ort . EEEE .‘w .
* _ corﬂ’"ﬂ'\ﬂl"i?&'d matnrials in' ahy of the MCSS &a:;c‘éconﬂguratlons* and the - Lo 3 -

dashac or brokr‘n Mline ugaed to represent the func Ion is to r-em[nd the usar R :
e

~oF dts 1pplicvb1l|ty to batch t.r'ansport- Solid vl\Lnes r-epr-esent runctions

then 1.|~ansport rom.muous naterial Flost-r.rcema‘\ 4 '. - h
' . Any r.unber of . n.atﬂr‘la'l batches mﬁy \ae tr‘ansphm:edmoncurr‘entty}.ﬂ‘on one °

‘I scveral transporsr/""
R oppratlons have the same' transport )cime statistigs, they m\ be smula‘red by ,..-.
B

sourca Function to anothar destinstion -FunctloN

. the same 301 TRI‘lB function, evens, though they ‘in ﬁfe}g\ent source and

T destination Funct ions. I'f the effect on the reporttng cheracterlstics are
écre|;1 =hla, thns may signl“cantly reduce the Rumber of transport functions ’
I r-equ1 red to simulare a partlcular system The user’ should think of the Jou1 v N -
TRMB function as = batch trsnsport capabnlty that may be enployed at one or
" more locetions in the modml. , - . "
M-cerlal is removed from the source és goon as the transpor—t Functlon

is netified thoat itlis ava:lab*e ‘for transpor:. The material is then held n '

in the transpoq furict lon For the duratlon of 1he transport “operat |on,, aﬁ:er . . A
- - ! : e . " ‘ . ." ~ - '
—- i ) i . . _"?9_ -, : : . , -
. "%, . , . ) X Sl e . X .. -
- ) . ‘ ' .
' o C
- 1.
‘ . ) . ‘ ) ‘ ¢
- ] " ’ N 3
. et | =
P T 1 - -
v R N B
. [ . - X , -
- o PR
. - - TN .




transport operatién., Batches of n_ﬁterxal in transport are chalned in tho

orduc thay are roc'ahred so Eunctmns that makdy mlterial acquxsn.mn

. trun;port“ lt irnlnodlately Pemo\les the matarial from the

S~ _ ) ’ -
) . .
! - - ! ' !
N y
ot . ’ —
- Y 3 -
v o
N o ) * Transpopt Function’ 301 TRMB
: ’ ; o 5P co

which It Is cran .'ar-red to the destination. The '.!O'l TRP;IB Fum':tion'.alway:-i
accopts mat.o"!u'l from é gource Functlon and it wlll halt the simutation I'f
meterial is roi-‘u.-'ed by a d‘*stlnatlon 'Puhctlon.. o B

when matnr-la\ butchas are received and when the,bﬁEFréé _are dellivered
to the d'-st,irnfhrns, a lisy of functmns are not!FIed wH‘.h an indication of
the locatlnn' of the batch then entering or J,cavina o This glves the notified
funrtlans an om:orcunlty"‘.o a}qunre naterlal at the beginnlng or end of the

transport operatl:\m, Matr'rlal nay also be acqulrad at any time durt‘ne- the

attompts are free to remova material From any of the ba tches t.hen in the -

trnnsport FuTt ion \ ; N

. .
T N A 3 -
' Report . . \

Ezch 301 TRMB:X function reports the na Imuh number‘ oF batches
\.onrurrently in the tran.—xpor!‘. function durll\g '('.t}é report!ng interval and the
time at whlch tha maximum first occurred. A TR se data app\y 1) a\l -of thc
“tFonsport, opera't.ions Simulated by a partlcular 30! TRHB function. 1f thoy.

arc n_qt{xrcd for indlvidua'l transport . oper-atlon separate Transport -

o )
Fung,l.’lons must ba used even though they may have

s-pe‘r isties, ) . : ~

he same transport time

l- .
Events .

when a transport function is notlfied that mater‘i is ready for

ource 'functdon.

— /""—/_’—_.




L

N gén ratlnﬁ a samnle valuc af the random transport .time variable. if %B" M . C '-ﬁ
‘Is schsduled to occur FR

nrfual transport time is grester then‘zero an event

) ‘Bt the futdre time at which the trahsport operatjon is to ba comp\eted R
(Zoro trans port times will not occur Ff the mean of the random transport.

Stinme is urcd}er_thep the raximum glevistion, but lnstentaneous transpgr} I T

cperations cro sometrﬁcs déslred.and may be slmd{ated by'asslgnlng'zero N s B L

'\- - values to these pasrameters.) If the trandport time is zeré the transport

N . gporation is imrecdiately and there Is no ,need to schadule & future o .
LA ) , ‘ ‘
\” aevent.’ R ) R ) g
- ; . .
‘the transport function i | 4t

1+ tha

completed

At the times these scheduled’ cvents aceur,
notifies the dastlnatlon function that material F-s arrived
tho 1ransport

ination furction do not mccept the naterial at the time

dos 4
t : operation.has bean scheduled for completlon, the transnort Function wrltes N T .
The trace level 1 s

' . an error nnsvago and” ha1tq executlon of the program.
- message TRAN”PORT COMPLETED Is written when a transporsed material @etch bhas . 1
been accepted by a destination function. - - - 3 o o

30 . . .

. s 0,

Interactions
Two typds of interact non nessaaes are accepted by 301 TRMB functionb. . -
trafsport., When o
Then, if the méan' t : T

- The first is @ netlce that & material batch is resdy for

this type of messeqe is received, ‘the batch is accepted.

»

transport txme]ls greater thln zerao,

the batch is placed

on a chaln tn tHe . ) " 

order received. wlth other batches in the transport functlon.

The event'thet

conp\etes tho transport operation ls then scheduled and the trace level 3

- 4

S message TRAN#PORT STARTED ia wrltt-n. 1f the mean transport time is zero, . -, ‘l_
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acqiris

. . . oL o Transport Function 301 TrRMB

! .
H e N
\

there is.no necd to place the batch-on the’chain, end the transport’ - .
N - 1 . .

apnratlon lq conmf 1ot 6 Ifédiately. i [ L . s
n messzge is a'noticn that'a material : .

. e of in*..eract i

Tha, ‘.nce

n;matcrlal currently in the transpor't

_dh' attomnt is to be nad

Funi:f.ion o The wransport function returns the locat l_on of the last batch
r-ccnwr—d but. since all batches currently in transport are chsindd to thls
betch, tho ’?Llnrtiun naLmu the diversion 'lttenpt ,Is‘?vee 0 rcmovo materlal .

i
from any .botgh it finds in Tthe 'tr.—_.nﬁpc-r-t Functlon i The tr‘scn 'Ievel 3

'ﬁt-ta-r Hﬁ'["‘RIAI M‘OUIS!T!DN ATTEHPT is written at the time. thls rcsponsu "l‘s

tlJrhorJ, to’ Tho, lntaract{ng Functlon r. KR .. . .
L S N - . "' ) e .
"\ Pardmotars ' T - S T . L . ‘. :
T4 *Moan transport tine. (2} Maximum deviation.of the uniform ‘
: “r:,m--nqp‘f,vr'r. time djetrtibution.. A(3f‘) list of functions to be Rétified when

ma'tcrjni batches enter and leave the-tr-anspor—-t function.

Erpors’ ) ' - \ ) )
PARAMETER 2 LARRER THAI PARAMETER 'I——Thls could cause. negatlve
. Troanepart times. . The parnmct. 2 values are checke at, 1nh.ial condition t:lne -
to ovoid rcpeat.cd tasting for negative transbor times cach tlrne a transport /
-The User has lllegally L.

ds ‘Stsnrped. ATTEMPT "TO SET lN[TIAL COMD LT 1 ON: ‘g
B‘\'.l'."‘nr.-'tug to.8pecify an lmtxal condn-.l : Al atate ver-lsbl.es of *r.he' "-,
3¢ 'IRNE! funct/i‘on -} aabtgmcd automj ivalfy by the Functlon subrouilna. -

Il.'t E.r‘-ﬂ,l_ lNT?APT!ON--An |llr~g1| i '_ act fon mcsvane has bee;\ récelved

Anothar- Fund’t | on -

../ ' ~"' e ©edpe T ' . '
g S -f’ -..:2//- S e

. 7
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destination function failed ‘to accept & oatch of mat c>r" ial at the time a
transpert operation was to have been completed. RESPCMSE TO CONDITION aC
NOTICES-A functi on.notificd at the beginning or ¢nd .of a transport operation
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4071 STOM Store Material:’ . - * B T ot
Function ' : - . . e T . ';' / .
. Quih nztericls and/or portable container$ placed in this runqtibn are
storgd Lndcflnltnly orvuntll thoy are ronovnd by other functiqns Bulk ' :

Tcrlsls are hOmugenCoUSTj in a slngle storage vessel where some Hay

be "held up”

mixeq

by adhering to contacted surfaces, A stngle deposit hoild up .

N . g .
es "the stéragh of matcrlals that adhere to the ucsscl surfaccs

modellsjmulr

cn initiwl.contsct,and;arc not dislpdged - replaccd, -nor does adqltiona1 . Ry

matorisl adhere te that Tnitially deposited. A re-deposgit hold up model "

slmulates the storage of niscible liquids that adhere to surfacea_bui alsae ' .

mix rapldly with. mnterialﬁ -“later placed In the vessal, The bulk sterage

_urfacc

Portable cpntainers arcv .

Lo ssel is & vcrt:cal cyllndﬂr with ngCIFIOd and arca and vc%tlcal

aren coniactnd par, unlt mass of stored material.

in thogorﬂor recelvnd but they may . be!’ rcmovcd in any order ' . "

ln 40

STOM storage

- A sche, oF thesnatnrial is shown ln Figune 3.1, .
£ % e B :

is shown in Figure 3.2. Al1 materiel

i) 5to‘ad at locatlon 'SM" and available For routine'remova1 by«‘

it)

is nlthcr
helq up bulk material at location HBM
Stored bulk

which may be . « .

reinovert enly by simulgTed clcdan out operations. msterials A, B,
A h

. only with other

at locatjon SBM are homogencously mixed and are removed
: - i

materials (n stnrdge'at tha time of the removal., Held up bulk materjals X,
Y, ... "&at

only with other he\d Upuﬂatorlals

loca!lon HBM ane also homogeneously mlxed und are clcaned out’

The holdup mechanlsm is represented by
a slnglp—rnposlt or a ra- deposlt modol as Follows., ’ ’ -;"' !
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dlslodged or replaced

material A.

which cértain matorialq may

- natorlal

-The sides are net washed dowy by the entering itrgam, [a

" simulate this typé of bulk storage,

. - . -

matorial Stlcks to cach Gﬁit>6f surFacc area upon !nitl
- i
Canty th:t maternal in diredt ?o

sGrfaces |5 held up., This mcans that a clean vessel ha

then completély “ilied by addlticn-of wifar

rnateriat A-held up on the be tom dnd lower halF of the

arca, and a mixture of A ‘and B Will bc held up on the

vertical surfacas. If th? vessel is then emptied and| ¢

C, nane of. it will be held . because it wfif.not stick

and B slready ddposited ¢+ The agsumptlon that held upim
homngcncously mixcd docs not af#ect the quantlty of .mat
51ngle doposit nodel 1t docs #recludo clcaning sactio
ave been dcposlted' but iF

te clean them out _the held up materals will be mlxcd d

‘procoss and thcre is ne' neci Jo slmulate hold up.on. se

Thxs sﬂvcs memory space whon bJIk materials arec Frequen
}

-

renoved fron storaae R J .
e\ also assUmes a specif

Thc re- doposft hold up ro
stlcks to each‘unit of sur?are area upon inltlal conlac
materleI mixes with that \ateriplaced in the vessel, an
is rcmoved is detcr1lned largely by what wasTT
STOM function provxdah fwo virsions oF Fe-deposit hotd-

One‘vensign'a?sumes thatwfllijng oceurs wrf;;ut pha:
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O *a ) Stcrage Funct(on 401
and vertical 5urface§ up to the: static levsl ls mixed with- neyrly stored C e )
material to form the mixture ro- dcposited on the sama .surface area. In : A LT

'uslng thls model - the as'sunp.tlen that he‘}d up naterials - are homogeneaus‘ly
mixed should be carefully considered. SupﬁBSEh for examle. that & tiean L.
tank 1S Fllled with 'matemal ‘A, emptied, then half filled with material B, -"\_, DA o,

The model will mix half of the mmerxal A mmially held up w:th the halF . I
tank of :-atr_'rlal B, then ra- deposit the correct amount of the- mxxture of A .
—oncf'e 1 r.hc tank 15 emp*led agaln and a ‘small “amount -o€ nale_,jal -C——-ls-—"’

stored ':he held up naterxal mired with zhe nawly: stored C will con\gln r\ore R ‘ S L.

] "

neterlal A than if held up materlals were 5eparated rather T.han . . - o
horogenasusly nixed.. -In goncral, the assunp;xon af hemegereous nixina oF .':4-»» ’ T ‘,":-.
:’c'lﬁ up natcr‘ials will accelerate the decay o‘F materlals held up at hlgh o v T, .
s A . co- .

stnrago levels. and cetard the decay of naterla‘ls held up at low 5toraqe L

Jlevals.. P : . o - R R .
Ano'r.hor ra- depynsnf nadcl assumes that the sides of the bulk storaue T i .

gussell are thoroughly washed down slither by the inlet stream or by’ gtlrning, AN .

sparging, gtc, Untit enough moterial has been, placed in stcrage~ :.‘b'lcoet the - S

cr\t're inner vur‘Facc arda of the ves-sel none is avallable for renoval

e,xr_epp by clean out. Thercafter, @& flxed amount oP materlal ls held up :
untit the next clean out operation;. and each time addltlonal -materiat is
<

p'laced 'in.'s.torage, all- of the'previously held up materiel is mixed w!th the

stbrod mator iz to obteln the rev mixture ‘re- deposited on the vessel

surfares In this case, hnmagnnnous nixlnd of the hetd up materials

eccqrately sinulates the mechanical operation of the bulk“storaue vesael ) N
e Stqred contalners ct -\cz, ... @&t locations sc1. SBE . respecﬂvely * T
‘are 1mked 1n the order they are.placed in storage, so they may ba remavéd o
P . : »

. ’ A ) . . 'ATA-‘, o '. . c . - . - .




. . - - S . . “"
. R . ) o o ' A AT : .
m raﬁe order (firstrin- fl'rst out}, thc\r-ever-se ordet | \ - L

T

. (l.ssr.-m first-out), o m arb;trary order deternined by the’ Functlon that

N Ry

'1 4 . controls thcvlr‘ ranoual. - A . . | .
. N ! . "v A specu-erd list of -Funct:ons are -onh‘ cach time mater‘ial is placed ’ t T

. " - In er removad Pr-cm sterage I-F any of <nese functions acquire di\rer'ted

T F\atrvr‘ial from the storage Functlon. they must, aaknewledge the' remuval ET] 1he

storagc functlon can updatl ‘its dqx.a coi\ectlon r-egarding bulk matcrlt] and

1e to \
tha

‘container storage. Materlaf in the storaget functlon is also sU ccpt‘l

. . -~ dlver_,lon at any tlme, by functions that may or mayLnot be inc\ 1T
tist notified at the tlme¢ meterial~1s placed in or re novad from storage. . L
' - ot

B ’ " wher an acqulsaﬂon attenps is made; the stofage function ackno ; : ' -
i -
Tt - lnt-.r-actlon nc5=a::a hy r‘etur‘nxng the' location of its by ored
. ¢ (materiel is not,/diveried~*rom hold up). .

o { Report L
I 4 S

. P

P time. The reportnd bulk . matorlal storago data lnc'lude the currénumass in

) c storage,. the naxmum mass btored and the time at whlch the: naximun amount N
- - . - wwes first atored the number of nbservations nade at. tlmes bu!k meteh\je, ,ws -
Se ' ° ‘oeither placed in or removed from storage, the,tme avaragp of mass stcred
N over the Fepor‘tin.g 1r)-terval, and the standar‘d'devisti tl'\ of mass stored

e : during the -eportlng interval, Similar data a\r-e repo _ted for The number of ’ .

~ . .
B - ...-r"‘ ;

' : . T contamcrs stpred, "And if selected, the- complete da‘:a fepresenting thé™
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) _ .. R —e : . B e
. 'q_uantity and contalnment of nater iall in Stermw hola up at the—--_ - . -
A . roport ing T.ime are printed. L e S . "/’ - - .. -
. N o ’ e . ’

- - Evants o oD e T / ..

T e . “ . . - .
T N& scheduled ewents occur in 4Jt STOM funct:ons._‘ 1f ‘an evant notlce is . -

Al

' i-cE:eive_d_, dn error message is writt =n and the smulatlon ts halted

2 : . T . ;
[ . . - : RS .

Intgractions - . e

- YWhen ‘@ 401 STOM. fundtion recel es’a noticte ‘that material is réatiy‘ to be .

D :placad Pn storage, the totsl’ bu,lk'm;ss'ané number of contain"ers <o ba N .

o K recetved are!Tirst determlned. 'l? the new bulk’'mass excesds the maximum .o

\‘ ‘bulk mass | eviously stored ‘the excess IS detormmed and saved f‘pr use by R EENEES
[ B ' the stnqle eepcsxt hold up node'l IF enabled by asssaned y.aLuee--of‘ report - -3
e ' o -‘onw‘ol paranﬂters. data a-e co\ldcted on bulk and’ com.a&ner stpraga, and ’ '
the inconlng ‘meterial-ls transferred o sStorasge. The selec_ﬁqﬂ..hold up*model.
then transfers mater‘lal 'FPem bulk sStorage to' hcld up and a,cknowledgqment R \Jt

P thpt.the mhtarlal has boen eccepted ‘Is returned to the’ functlon placing the |

o .ma".arlal in storaga, . T co. . - W

»
4 ’ When sttempts ‘t.o dxvert naterlal _arc inade ‘&t 't.imes other than those - S
*. 7 which nateriq'l is placed in or removed from storage. the 1ocatlon of stored ' ;

rned o' the “function, y.ttempv.l‘ng the acquisltion{ S ) ¥

e T
e .‘\_‘\:‘a:. erial is r
T s WB' -n-’w*l"fhdrew 1s fron storagq_ and cloan out of materlals In hold up are' 3

: - made, 1he locet | oRs é’ storad and held up materlal are returned ‘to the - . .

" Nhan a 401 STOM function recelves ‘notice that. materlal bhas been r-smnvca

¥y © 7 ¥frem storage,” the hulk mass and numbar of cont Lafners currently [n storage

-as- -

—rny
!




" surfaces 6f the bulk. storege vesset (2} End araa of fhe>bdlk'ﬁtordge

_atored :if hold up models"

are upﬂated and, iF enabléd"‘uata ccllecyion on baTk;an\i::falner ftS?age
‘15 made. The ﬁuantitx of bulk mass.and tRe Atmber ‘and ordérgf cSh@ }nbrs

removed is com.r-oned enr.lre'ly by the functions that withdraw na\crla.:

storage Functicn does not ga'r:h:zr statistical daqa on held up’ materlals, ;
lt does not have-rto be lnfonmed Mhen they are.removed.\
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Parameters a ’ . L . . -

—— (1) 'Hb‘ld up model where 1 = stngl&rdepcslt 2 = re-deposit on o?ﬂy
surfaces centac‘cod by s':'atic me‘r.er'lal and 3 = ,r'e-uapos.,}_g on all lntern‘ay

vessel. €3) Ve;,tlca urface area contacted per unlt mass ofvbulk nater'ial \\

ar'en contaced if ho!d . N Lot

2 are used or tha: to‘r.a |
up model 3 is used. (4) Surface ‘hold up- caefficient cf the bulk storage '_ ' \ . -
vegsel. This ia the mass of materiul héld up par, uni‘r. of com:ac‘r.ed surfece C
area. (5 1 4) List of four report contro‘\\parameters where O = dlsable and o
1 = enable’ ﬁhe follewlng datas collection and, repczrtlng Features ) bylk-, ‘
storaga, ll) contu!ner storage, !il) current materimi in storage,.and iv) : . >
cur-r-tmr. mater;sl “in hold up’ {6 n m) ,List of ﬁunctlans to be notlﬂed at "

.~a|ver~slon opportumty timas, N . ‘-_ : N o
Error's . ’ T < = . o
ATTEHPT TO “SET TNIA 1AL CONDITIONS--lnitiBI valuves of all state’ T . e

vatiables are seot sutomatically by the storage functlon subroutme VIVLL}:'GAL'
HOLD UP MODEL sPEcIFICATIDN-':Parameter 1 has nqt been easign\zd ‘integer value

I, 2, or 3. 1LLEGAL EVENT RNOTICE--Evehts, do not ogcur in 441 STOM Lo )
.furlacf, fons. ILLEGAL INTERACTION--An 11 legal interact I_‘on 'message' has been - -

s -so- . Co ot ' N ]
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: 1501 INDA ' Jndeperdent Action - SN -
' 2 - -

. .. T [ .

. Funct.ion e e . ; . A i

Thls Functlon simulates activities that take tlme and- may gcncra.te' >

“'wt_-‘_,s‘tinu'li bt do not deppnd upon other funct)ons in the aysr.eiﬁ model. The .
> .

-l required. to complete aDI -INDA* actlvn:ics-is a r-andom variab.le with .

- speclfted distr.tbut;on typc and statisty St.u-nuli ‘are. chqracr.er.,lzod by P -
[/L K type, de'lay time dlstrlbunlon type and statlstlcs, durat.|°n time L oo -
T disteibution type and statistics,.and, mtensny #istribution type and T s

v statistics. (Typcs o}‘ stxnuh generated by adversary acr.lons are deScrlbed

N s ’ in Appondix C. Dopon\:lcn* actlvn.!es are.. otlflod at the actual complet:on
. - - tihbs of 301 iNDA activities. [INDA activitidas mag beo plar-ed a‘nywhere in' R -
. e o3 act | on SeQUANCAS - éhd#ﬁh._y may generate, anyJunber of s‘tlmull ) . ' “ .
' o Report ' . ; 4 . . ' s '

S ‘ i " Ne. data are gathcrnd by 501 INDA functions, The me's'sgc't N_d REPORT :&

. wr‘ltten.whcp r’r—:por‘ts sr‘.e rcquested. . L . X .

~— 1 ' N )

- - o Lot

RV Even'ts , : ‘ - ST r'_'. ' : /

when ah INDA activity begms its duratlon z2ime is detgrmined__u&lng—ths

qspcclflot‘ d‘.:tr[bution typd and statistics, activa—l‘es/t—l;at depend upon .

comr‘letlon ot the TNDA acT:vH;v ar-e specxfle completion ever]t. is

< ) schnduled 50 T.h-'r. condition - ‘messages may be sem: té each of 'cheln &t thot
- - .7 ‘L\img.. otherwise tho duration of the-1NDA uctlvl‘ty is lncorporated in - B N
sqhgduling the next activity of the sequpnce but an- lNDA conplatitzn— event ls

- -"~ ’ s . not sghedulad. JIF it s not the last activity ot a sequen;es a va-‘luo oF tha 2
. . - . - R K r
. . - / . S . . S ;

P ‘ - - ./{(/ - . -52- . “ . . » . . " . E
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. i : ' o ocessing Funct fon 501 1NPA .
. b - . . - - l=~ . L

di,' |hurinn tvpe and’ .etaws‘rlcs qpcc:ﬂcd by the furiction T.ha'c lnitiated - .

e the s~guence, and the. next activity is schcdulcd Stimull. charar,'r.erls‘r.»ics

1zu-c then ira-\smt tad to the monitor functlons ass:gned to each,(of' the
’

stmuli qnncr ated by’ :,he activity., If a' monitor Functlon‘ will net a scept
the st mulu". transmit:ed to it, en errnor mussage* is wrntten and he program

- . Lis halt.etl!. ; . : __— X o
LT .. ) ’ oLt - T, '
. - . lm.eractlons . ’ . - R - s A ! -
. ’ ) o The TNDA . function wiil not accept in‘r.érec én r';fleééégns inltl-ted by 7 N
. = othar functions. "L5 sn, lllcga! iipteraction ness"-ge is\rcceivcd, an errer . , I .
- % * \‘. ST e G218, w‘x*tan and 'hc pho_gn,am/tét‘:ed._ : LN t . -
vt . - - Ha
Pafenatgrs - e ; :
. tl ) Dur azlcn tlmo ~UJ stpﬂh':fi;/on ,Iype' .
. T3 N StJnulus spvc!ﬂca‘r_inns. Re_pcat thg following 'l’dr each A. ot
A\‘ R ..txnulus- i) monitor Funrtlon, il) s‘t.lnu'lus type, HU de!ay ‘Elne N B A' T
.‘.:“ . : ﬁlrfrlbutlcn zypm, {v) datay time ptaz:stice, V) duratjon time d/stribut(on -
R .. type, vi) <1ur~ation timo sfatistic‘s, i} im.ensnty distmbutlon type, ahd
: " I’viii) intensity statistics. ‘(4 n Yy Functions zo be notified a't. the tlmes ' )
v, ‘setivities are sompleted. . e . - , . - .
R Errors : i i : e .
‘ - ATTEMPT TG SET INITIAL CONDITIONS--IAltial values of. state vbrlab‘les ..
. . . are sct automatically by the funq,tlon subroutine, ILLEGAL’ INTERACT!ON An e W“,
. ) . j’i’lcg:.z‘l fnreraction mg:sar;e'has been r‘eceWed - STIMUL-E para’ NOT"ACCEPTE -eﬁ',)‘.,.m“""“wm- .
- i - / . , .. Lo - L ) . , ”,,/»o"" A»"" .
: - -53- e it ” .
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nonitor functton-would not acgopt theé stimul'l charactear,istics transmitted to
. y d r

it~ CONDITIQON LIST--An mcvivity completion event was scheduled with no
dopendent funetion to not'!‘iy*m-.f!ESPOHSE TO CONDITION NOTICE-~A function,
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502 MAQA Material Acquigition Action

. ’Funczlon . : . . R

R . Thls functlon 5|mulates attempts to0 acqulre materlal fron speciflc
The tlme required to complete 502

S targét functions in the system nodel
MAGA activities is = randon variable with speclf]ed dl§trlbutlon type and

Stimult generated by the MAQA actlvftlas are- characteri:ed by
duration: vime ’

- .7 sestistics.
pe, delay time d!strtbutxbn type dand statistics,
distr:bq;ion typo and statistics, and the intenslty distributioR type and
_ (Types of stimuli ueneratod by adversary actlgns are descrlbod
Dependent activltlos are notIFled at the actual conpletxon
MAGA actlvltfes may be placed anywhere in

.// sta}}stics.
in Appendix C.)
' - tines of 502 MAQA Functlons<
L action sequances, and fhe; may generate any number of . stlnuli.
’ ’ . During the activltles simuleted, by 502 MAQA Functlons, an ettpmptmis
list‘of specified tarqé{ﬁfync;ioﬁs.
acquired from each 3ar§et Funétioh

of the fUnction that Ainitieted the

macie to acquire material from each o€ a
T Fhe type end quantity of material to be

is spacified by the diversion objectlve
Jf & target’ function has no matarlal susceptlble LT}
or If'no material of the

5 Sqt iaon socquence.
diversion.at tho time of “an attempted acqunsltlon.

typa apncified by fhe divarsion chect:ve is present; hb EE:ﬁf '15
If a purtlcular attempt - obJactlve ftne'

cAacquired from that target Punctton.
quantlty of matarial to he acquired may be random)
. ) . meterlal of a -pecl{led type than .is susceptible to diversish In a terget

T : 7_ alt oP4the susceptible material of that type is removed, When the

is to remove more

PUQct.on,
- ochctlve is ta r#novp materlal fron a container end_more than one conta'ner

+ is susceptible tonlvarslon, the B02 MAQA function selects dne of the -
. ] . .

N - . e i ) .

' . - . [ .

A “

—




PRI )in ~mrr~ than one batch of natcrlat that ls suscep'rib'lo to d]version at,

Eoot vimsr, IF .g\r re h-l'-\pr\nsJ"tq

Sk l'rd fa b -N—A nsy. bew - on‘La!ncf‘s suSceptibfe 1o div.or-s [on.

lu"\,l‘“

dete

rhepesriAont .arrlvitlc arae %pcci’lcd a compleTlon cvent 1= scheduled 50 that '

conditidn nnssa0es Fv-ay be sent to each of them &t tha time ‘t.he HAOA act!vlty . o
B B o r.,_'
is cnmplotad; m,hm-wl sg tha duration of the MAGA sctivity Is° incorporatad\lnv - 1

T serdaut ing the next - actlvity ;\the sequonce.” If the activity is not fthc ~

.artlv.‘ty 1-: dqtc:r-mlncd Using tho distributidl

"", i

s’nd r--akcv, the acquL:tlon at‘wmpt on that one -
y«pe =augh\t In the

’ 'c no mater‘lal oF 't.he

wre s -nn’w {E\“(“"d at randon no nate’*iat

= DR Functlon§ such-as trhnsport and mcasuronent Funct/chns ‘may \

vr\f.iblﬁ brtrhes at- capdon 'md nakcs
Aterits posslble, tl‘n."cfor‘e tha‘r. rf hatoria'l- of 'l’rhﬂ ‘:ype saught will
-

|-,p nf-qnirnﬂ " partizular -itter\pt cvcn «Jgo gh neter\lal «of that type s . . ..,\"'—.\
pr:c:srzn_t; r:\nd. _!SW-MIQ to diversion in g?_ther‘ ,b*atche_s.\.kﬂ . L. »' .
! N L '\\" \ -, ',.--~" " .‘- v - e
N - - . - A
-~ - - . v
L~ =y L
- thcn g rts are requested, the 2 M#GA Functlon writes 1he_da ¢ s
3..ruc'r,ur-~ S8f, a\l ﬁc‘hj—a— <acgujred since “ihe lost functio_g__l.ni't‘lalim
. - , L N ' b -
-+ “Events o . ¢ 7. B
Lo »

Whrn an activity bcgi;ws iA an 502 MADA functlon, |ts dura'tlon tlna is

'butxon rype &nd st-tihics, . 1f R

simad ue g the saet:-i—? i‘?—.'d——d,ig.;

la%q ona, or a ssauence, a valua' of thc random delay time of the next

'ype and statistics speclf:ed AN
axt activity Is.

by tha Fum:t{on that initiated the anquence,-and t
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-7 sehedled. An Attampr

Tnteract 1.3"5
When an

; . interaction me«saqe requestlnn aval 1af
- / ’th 502 MADA Funct.lon rewrns thq locat ion of

b

. LA
o —_— - a “w.. Poranctors _\._:_. X ) L
) ~ \\ (M9 Duration timc distieibution’ t'ype‘
Lt ’ \(-‘3 n St:ir.\ulus' :-.pc&iﬂcam'&nsﬁ
oo ' s,t',i‘r‘.‘LLl_us.:‘ i) nonitc“:‘ funrzion, i1) stimulus t

distribition type,

‘viil) intensity statistics.

, M.,

vitl

«B7-

. Rapezt the fio.llowlng

iv) delay time stmtistics,
type,- vi) duratipn time szatistics;

*Processi-hg

th'e ¢ materle]

2(2 n m) Qura

is tl:ﬂn mdtle to acqulre a spnciru: 'smol.lnt OF maltur*lal
\ " . froen cech ~the ..pecnﬂ»d list of tar‘ge.t functlons.
: )

natema! to be arquir‘ed in each attgmpt is det rmlnad uslng tha dlstrlbutlon
. types and stetastlcs speaned by the obJectiv,

The quanf. ity of ’

A-Fter the acquisltlo‘n
at‘l.cmpts ‘Sn -all 04’ th\aq;arget runctlons have becn rompleted sttmull

s 1f a monitor— functton will not arcep'r, the '

snsnitted nlo,\i\rl\an error messa_g_c‘ Jds:written ang! the prpgram

is rcée ived,

it ‘has ecquu-ed
ince the last Functlon mntiu!!rat:on "‘Ne obherylnceracuon‘hess ges ere

e
ac.uvﬂ.od' n‘ ane ls r‘erench an cprcr me%‘ﬁage s written and “the progran is
\ helind. -

jon i'i@i-gzat_is,tics.
de 1=y ﬁrﬁé S
o‘ur-ation Time dlslributxon

-im.ensh.y dist !but!on Type, .pnd

td.h m Targe-t functions. ”‘,(,5 n m) Functi
be notified at the times activitlas are conpleted.

iatfon 502 MAGA
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Errors - . . i
ATIEMPT TO SET INITIAL COMDITIONS--Initfal values of all state .
jon sth-ouune 1LigcAL .

veriable - _ar.-e sot m:tonaiica‘lly by the func;
INTERACTION- ~An i1legél interaction message has beén r-ecelved STIHULI NbT
ACCEPIED:-~A noni?.qr.,funcmon would not accept the stimull® characterlstlcs
A orsnitted to it. l1ESSAGL BLOCK LINKAGE--A llnksge‘ érror was encoum.er-ed A -
while fr-werélng the' chafn of message blocks polntlng tu aterial o )
auchptihle 1'.0 \at‘aulsitlon in a target function, ILLEGAL TARGET o
nEﬁPONSE--An lllegal responsé message was reccived from ore, of the sneciﬁed
térgot functions, 1LLEGAL MATERIAL DIVERSJoN OBJECTIVE TYPE--An iViegal
ahJochc- Type was speciﬁ ad for- the #unctlon that lnit.iat.ed the acttvity
sequenca. - LOCATING BULK AT, LM A dat%a svructure ‘error was anccuncered
while sﬂ.nmptlhg to locate the BUK materlal susceptlbld ‘to mcquisition S
tsrget functiom, LOCATING CGNTAHIER HATERIAL DATA STRUCTUPE--A dota

© structure egrc was encountéred while attempting to locate_the 'Flr‘st

containah stSCEpflble to scquisition in a target functlcn CONDITION
LIST=-A rmnn\.:-tlon cvent was. schoduled with ne «f-‘unct’ions to not H‘y L) . ) o,
RESPOMSFE, ze CONDITIGN NOTICE--A function notified at an actlvitv comp]otion ' -

* time Pailed ro acknowle’dgp the con\ltnon nessage. - . S i
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& . S03 DEPA

. Dependenit Action ..

i
4

i

I

Functi'on
e i . Thls function inh

v speci'l-‘lc conditlons occ

i - of conditional actlvlta-
s A

bl€s progress in a s¢
ur in other, functionj

are simulated. in

S . “1s inhibited unless a

onditfon, has occur_-rm

b of the system nodel
ode 1 thefstart k:d’ the activn.y

Processing Function 503 -DEPA

!quence of actlviltl‘es un't.ll
Two modes

wnthln a speclf‘led refervnca

time YInterval. 1f no such canditlion has 6&'::ur-red and the activity s )
when 'the . R

stinuli are aenarated and .the. next actlvny

W . .. v
delayed, it will bPegin at'the time the mext condltlon occur-s,

ectivity is actuall;{ started, is

scheduled using the | actual tima duration of the' 503 DEPA gt wity anp the
In mode 2 ‘t.he B

actual time de\ay of the noxt. act.}vity ih the ' sequence

actwlty is. star:ed and the spcf‘iffed stimuh are gr-nersted at the xij

,'acthlty Dv‘Oﬂresses to the 503 PEPA Function,.but completlon of the actlvh:y
48 inhibized unléss =8 oondltlon has occurred within a spcclhid ref‘crence /

. time mterval If no condl'f.ion has occurred and campletlon of the actlvn'.y . _
. - . is delayed COmPlet.fén of—&he actlvity and the beginning of the time de’ﬁsy o

precedmg the neut activity occur at the tlne of. the next conditlon)/( Flguré
3.3 illustrates tho oberation of 503.DEPA functlons.in modes 1 arfd_z In

L _the example of mode 1 operatlon shown In the ‘upper. part of the -ngre, no / \\ K .
" . " oppartunity occurred in the reference time {nierval precedlng t.he time T? ’ ’
- thch the artivlty cou[d be started. The start of the activ:ty Is deli}yed oo, .
T T to time Tl' wh"m the next portunlty occurs. Notice that sipyli generation 2 -
'_ ' beuins at the actual tlme “th acﬂvrw is stztted and that the time'delay of
. . the next’ acﬂvlt’y beglns Bt TiYe T2° when th activity is actually : oo, to
v } ! complated. In the axample of fhode 2 operetion shown in the' },nwen part of - - .
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Processing
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ersar-y -act fvity

fqu'l us gonerot {of

. vhe'activity i8 inhlbitod\ becayse no ceondition has occurm

r‘of‘er‘cnce tlne Im:ar-vu'l pk’ecading time T2 m. whlch t.he (13

n begi ns__;fgt' time
but completion

b, Within the,

Livity would

norrially Be co.mplo,t_,ed, Cbmp'letion of the actlvity is delpyed to time T2, .
when the next opportunltyroccurs.-, The t.ime delay oF The” next,pct?v!ty
begms at the tlme the activity, is actually eonpleted. ’ -
L. . -~ .
. Gpportunity - T,
. . . - oceur . - . .
. 7 * . Sumuli .
‘ : / genevated o =
- Acti ‘ R
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- o i j L : ~ .
70 ki) 12 32 Yime
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Processi-no Func 1on 503 DEPA/ L. -,

\ o

Rep| ' N -

. ’ R The . PEFA runctl'sn cdllects dets on the@_tlme at whlch the. ccndltxens
occur and, when rcports are requested pr;m’.s the mean. standard de\tiatlor\,

’ nunbcn of observations, x ium, and mlnlmum values. Thesq data are .

N R collcrted ever replicated runs and should bo careFully lnterpre ed Lf more .
L - . Xhan on" conf‘!tlon " dGour ln_eny single rah.
o " Events’. ',/ E C ) . Tea

'VV; A Hhcn e s.r'!uf*n «e of ections re ches an actlvny snnulatsd by a 503 DEPA ’
. function; = .sr,l‘(c«h.‘cd eyent occlrsSyhich may.,or ray not cpincnd’e with the' -’ ’ R :

startipg of t’f(- .unuleat‘od DEPA actl ity,. dependlng on tr\o_no,de of operatxon,
! :
T.he time o+‘ the event the 0

Howovers, r ar-ﬂoﬁ, of tha opnrat!ng mode, _at

. Co -
"'durati'on f th"' Df—IF’A activity and, if there i next,_ activn.y
senuancg, the Tine delay of. the next acuvn.y ‘qre deternlned_. Then if the .
. . - o . .
metion is in nbdn 1 and a condition has occurred within' the speclf‘led

ti.mc mtcrval,. whe activity is © tarted and the’ specified sv.imu'll)

dicatlon that~the actwity"!s pending and ds. p

1f the, functlon ia

mode 2,,»the actlv:ty l’s s:srted and the specified st‘lmuh are generated ¢ .
othcr actlvtrtxe-'_ hat depﬁnd upoh completlon of this activxty are speciﬁed.

8 cempletisn evcm is scheduled 80 that condition, Messages may be sent to .
ts M

‘each of thén 51. that tlme' hthef‘wtse the dur‘aticn 'oF the DEPA actxvn‘.y
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- - P N Procissing Furetion 503 DEPA
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inr-nrpora;rw in schﬂdlnihn thg next act:vlty of ‘the- sequence bu 2 DEPA

\conpletion event {s pot schcduked. to X - ~

[ .
. 1 . 3 R -

lnteractions L . C ' Lo

Onl-y lnterar*lon_.mécsages ipdicating occurrence 6+‘ a condition arg

npted Iy 50:3 CiEPA Punctions. Recemt of any other type oF .interac*r.ion
ni&,sagefw‘r/ produce an error nessage snd hal‘t. the pm;gram 1¥ the Function
toodsT xn nodc and adversary acrivity . ‘-\as not. progressed to the DEPA Funct on
atmt.he tire & ‘condition nbﬁ.eage is received, -the Time of the cohdit-lo-1 lb
reco(ded. H—‘ advcrsar\; ac'l:j\.'lty has progresssd to the DEPA f‘um:tion, thr_-

‘activity’is' startod at who tirne.of the cénditlon. I tha Functlen s In...

s/
node 2 and the OEPA act.vnty has not been. started; the .tire of - tha condltion

is-recorded. And ,if the DEPA acnvlty hias boanusta_:Lted but’ It hag.not- ye‘ f“

hcen con‘dr*t.ed the nex'ﬂ mct:\mty |.. seheduled with It’s time de}ay start

q.r. f.he tine thc DFPA actlvn’.y lﬁﬂ actually comple"ed lF “the DEPA actwﬂf"ty

hag. be‘*n» .dc,l 2

¢ ‘the next acw!n(ity is schedul,ea ‘th‘—h:-s—{mer-—del;v o

’
.
o

“tine of the DEPA- artlvity N ‘.

, . -
- - 3

e . -

F’arar.o!er.,_ ’ RS B
:

't\) Buration tlme distribution’ type._, (2 n m) Efuration time statistics.
m) g'tlu_ulus kpec[ficatlons. Repeat the mng Tor"‘each - '. - ’
il moriter functlon_, ii) stimu‘hua—. typa. A1) dolay 'Hne -

dl'—tr!l‘nll‘l’.ion 'nip\.' w) defay time statlstics v} duratien t imo distr—ibunon

r.ypc, vi’l)u‘at'on Time q‘.—n:'stlcs, vfi) lntenslty dlstributlon t.ype and

vin~) xn-r.u..::!,ty EI’S‘tlavolC;s- _(4) ﬂper‘atln movq,e where 1= condltional‘ 7}‘

startlng at the timé of thﬁ cendltion thet de‘:er‘mincs 'r.h dolay completion
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. sigpting 'and 2 = cohditional completion. * (5). ReFerence t me’ interva1 For
‘condittidnel srarting or conditiopal completion.

at sctivity .completion times. -
. . -

-Er‘r-%rs oo . . . ; -"_' T
ATTEﬁPT TU SET’ lNlTlAL CONDITIUNS--No lnitlal qond!tlon 551ues are

) b -
. oo |
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Te, “ .- : Processing Functjon S03 DEFA
N . .

speclfied by tha usér. lLLEGAL MODE SPEC1FICATION—-n modeiother 1hen 1 ur 2

- has heen speclfied CUNDITION LIST--A conpletlon event was scheduled with
no Functlons 10 r-ot]Py A‘I‘TEMPT TU SET lNlTlAL CUNDITLUNS--lnIzlal valuea
of all sLate vhrinbles are set autonat]cally by thé Function subrout ine. '

REEPOMSE TO crnnxron NSTICE--A function notlfxud at an actiy}ty'compietﬁon

time fmiled to Pcknowladgc ‘the caondition nessage ILLEGAL lNTERACTlON--An:

lnteractloﬁ messnge ‘other 1han armaterial acquls:tlon attempt message was'
rbccfved . CUHDITIUNAL START--A \oglcal error .was gnpountered in ‘mode 1 gt

_a_,uugl1ionvmo -nge »¥38 "received. CONDI T1ONAL END--A 1oq1cal error

W Lnxnunlﬁrcd in moge 2 at thc t:ﬁé‘a\eondL‘gELEpssagé was received

stlmuﬂus moniLnr functions

o

4

, STIMUUI NOT ACCERTED--Stimulus deta Wwere not acceptea‘sv‘ﬁne—oi_lhe !S“lﬂﬂed
-‘\




A 504.MODA - Modification Aciien,

. - o . Function

currcnt values of stata varlablea

‘tnﬁc Peﬁulrbd to conplete these modl?lcatron activihies is a random varijable

In any function of the model system,

- . _a:tivnttes are.characteri”eu by Type,

* statis*lcs duratlon tlme distributlon type and statistics,

dl%tr:butlon Type and stat}stlcs.

corplotion of MODA
MODA ectivi

ganerate any nunber oF stimuly.

(Types of stlmull nencrated by adversery

.actions are described in A\pp.endix c.)
tivities 8re_notifiid et 1&9 attua Cbnpbﬂtlon timas,

Any number af. parameters and/on/var

arc hadc at thc starting tlne of, the actxvlty,
gemprated by the activity-are transnltted to monitor fun
. . mod i f rcat ion ‘is specified by i) the Functlon 19 be modlfﬁed

. . e B
‘ indcx.- Positive valucs of tnhe .paramnetér/varieble

nodlr-canon and ncgative valuas
1

is a scalsr,

. with speclrued dxs;rlbution Type and statﬂsnxcs.

nay bo modnf:ed by an in tance of*tne 504 MeDA i#

D paraneter/vaniable index, iii) a fifFst elerent

index,

index

ction.

This function SImU]B'OS'aGtiVIIiES that modify parameters and/or

Strmuli generatdd by the
delay tine distrfbufion 1ype and

Activitles tﬁat depend upon
Tes may be placed anywheré 1n actlon shqucnc\h and thcy nay’

;;;Tag\oﬁ any number of Functlons
The- mod:Flcatlons
at thegame time stinuli g

and iv) a 1

indicéte para

indicgte var iable modi?lcafion.,'

tﬁe first elément

is asgfgned value gzere or
[f the

positive (negativel valyes

, ) psrsneter/varisble 1o ba mpdificd
) ’ assigbcd vaiue zero and thae second element ndax
- “dne to indicaté raospectively intoder of resl type.
= L, peranater/varfable te be nedified is list-valued,,
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o, SN - . ! Prqcas:‘lnﬁ .F.unctl'on 504, I“I.UDA o

éFc used for the first element index to specify the first of. contiguous ST

.' (e]cmnwf" to ba modified ,ln an mteger (real) llst.u The second e‘lemene

PRY -

index, which must ba asslgnpd a positive value, speclﬂes the last of th' E ;"

- co-nti-g-uou.s lig c'lcments <o be modified. 'The user‘ must specif‘y the c9rr-ec‘t. 0 - . .
type and scslar _'onj list-valued-.designation; the 503 MoDA Fum:tlon IH not\

N . P correct'the wype if it is incbr‘rectl'y specified, Tha- neu va]ues of mdifled B e

= Darannters (variables) and inxtla. values to be reset at ini_‘tlal condlfl_._n < . i -

M Co tlno aro spﬂciriod by 'lIST. val led parameters. - . . P _' . .
* 1 o - - - . .
° - . L . L i .

' Report | . . ’ : S ) N - R

No data ara gathered t:y ‘504 MODA funét ions. 'The vh‘fésage nNo REPBRT i2 % . . . . IR

wr-n:r.r'n whan r‘cpcr‘ts are requosted , ' . b . -

- - Events ’ : . ’ . S e
Y ., When an 5ct-ivity begins. ln a ModA -‘une':tion', its.durat|on ‘tlrn'e is ,

detcrnlned using ‘the. spaecl £:ted distribution type and statistlics. - £ . ,' .

) [ actlvlties that depend upon completnon of this actlv,fty are specwl‘gd -a--
S . .romplet ron .ovent- is sqhedulﬂ-d so that condition messages may, bo sant to cach
he duration of the HDDA ectivity s, .

v of them at thei. time; ot.he:"wxsc ,w“‘_,\ ) o

thcorporated in schodulvim; the n t act.:vn'.y of the sequenco hut a MODA st

conplet&on event i not scheduled—' I+ the actlvity is not the. last one oi"‘

- sequence. whe d&lay time of the next. actlvn'.y is denernlned uslnu the L S} A
~ distr-ibution type and sta»istlcs specnﬂed by the function .that initlated A -
the sqqucnco, end the next activity is scheduled. Stimuli ere gcl_nen :

- - . + fransmitted .to the monitor functions assigned to each of the stimuli ~* : S
- - . . . - - '! - . .

we




. 1 ’ . N N
! stimulus transmigtad to iT, Aan error messaga s written and thehv’agram is

" distribution type, {v) 'dalay time

‘Précessing Functfon -S04 MDA .°

. ) . - ) . LS
- . . N T~ -
, generated by the activity. o2 monitor function will not accept] the

. . : . \ .
halted. ‘ . ) K N o

[ A

Interactions

The MODA funct l\c\m "will _not accept “intenaction messages Ini ted by { | .
other Funcﬂons. Af an I’bteract‘_fn message is r-eceived. an error nessag‘b s\ R
written arfd the progr‘am«ig_halted. - o ) - U . i N “;. .
ST . to . T " - T
N . oL ' : i .
* Paraneters . . . ' - " S . .
.1} Duration ‘xime distpibitlon type. * (z n m) Duraz cn tlme 37 tist:cs.'\ ", ’F’
(3 n m Stimulus speci?i—cetions Rapeat, the followinn or each . N \' ¢
. i - ¥
stimulus: . _1) mon 8 function, i s‘t.imulys type, lii) elay tlme ' ) o
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type, viliguration timé statisticy, yit) intensity diétribm:lon type, and R L
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“Functions ho Be notiFiad at, activity completlon time,
it

LlST--A‘completloﬁc-veht uas scheduled with' no func}ion to notify._
10 COND!TIUN NOT1CE--A fuhction notified at- an ‘Activity. completion t1ne_n

fajlod to &cl

l‘t

to be par-for-me& /ILLEGAL PAR
14
¢aluﬂ vas speclfled for tho py

Efrors

’ .. ! ATTEMPT TO SET iNlTlAL QGNDITIONS—’lnItIal valueé o?
variablés are set ahtomstically by the function subrbutine% CONDITIUN i

!

owladge the eo

t11egal into‘thinn neséaqe
monitor Function would not Fc.ept the stinuv: character!stius transnitted tb

I
o ATIEMPT 7o MODIFY AN UND FINED FUNCT!ON--A functlon designated inPthe
nodxFlrazlon spaciF&catlons d d not exﬁst at the vime the mod(Flcation was.’
[

|nltra1 condttlon timem;‘(7 n mL

g

1
Jll atate

RESPONSE

letlon nessage%\ lLlEGAL INTERACTIUH—-An R

has, been recelveq 2 STlMULl DATA NOT ACCEPTED--A i

HETER/VARlABLF NUMBER ZERO--An lllegal zero

raneter or varlableA!@;er LAST INDEX FOR
ora nodlflcation in whach

T

r 1 NQF‘specnfied

SCALAB“-A va\ue other than 0 ¢
e Fir‘st element lndex —?.AST INDEX FOR’ IQJTEFER

a valpe 0 was«speclfied for tH
L1st4-The: last e1ement
- is elther nedative ‘or less the
REAL: LIST--The lsgt elenﬂnt
Tis either negative orAless tha

-
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éger list‘noalflcatlon specification
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n the flrst etament lndax..
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S o 505 HDAS Halt Diversion Ac‘(.xon chuence .,
: - 1y B : . }
. . } N

o Function ’, ’ oo . . . oo
s . Tp,i-s\functlon maz\/b !
o et " S - ectlon sequoncas 2% any -nunber oF pOInts.

B ot actions that are initiatized to a_ non halt status in which - they serve as
in zero tlme .pnd generate no stimuli. Hhen ' :

a used to halz and subsequcntly r-esume divcrsnon
They are lnse:‘ted as, dummy c .

nu'll actions that are p\erﬁarned

they witl®] nterrupt {halt) progress oF the ac'r.uon saquenca at that™

CowenT
pom‘t um’.ll -'eturhad to the non hatit stqtus by recelpt of‘ an lnt.er-ac'r.io

y ' ‘message ffom any.rother- function in the-model’ .systom,

- T . e P . . : .
' ‘~~ .+ Repont . . : [ .
‘No infernatlon is qathered l:y 505 HDAS" functlons whlch wr-ite the ! .

L. e - message NG REPUHT r/hcn reponts. are Poqucsted. . ] . .

. Co . " T . . ' : -
Lot Evant= i L e g : E . R . -
. o o o At the event f.ilme of the dunny action, the informatlcn needed <o . - *
o . - continue tho- sequonre 1s saved. If the HQAg'function ‘is in t_he f‘.°"‘ hat: SRS .
) - . . 'status, the sequcnce fs continued fnterruption. 1F tha o .
e ’ o funétion is In the halt status, the next event ¢

! " s&eoyraEd,

lmmed'ateiy without |
in th. wction _seduénc_e
nnd the actnon sequance. is thereby hal'e'ed. " . : )

is’not . e

i
/T .
J .

e . : Interatt johs.
- e : Hhen—a 505,1-IDAs function receives -an inxé’ractlon communicat.ion
' A . . instruc‘t.i It t erform ntral funct:on the ln‘r.ar-ru ted action .
N o’ forn ageene ' > C
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is contlnued by srhoduﬂlng 1he next event ]n the sequ@nce

soqueancya
,detion .ie token if ap xntnraction nessage i's recexved while the funcflon ‘Is
AN . "

in the non halt status

"+ Parameters
Ne parfheters arde Specifled by. the useér
W e
. The 505 HOAS . functlon nay ha gnitlalrzed ta the halt
v
) }
St

!ni@al Co'ndltlons

ar Hslt status,
5t1Lua.hy settlnu fhe inltlal value of varisble 1 to 1
\
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some other function in"the medal system "
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Pt ‘Function -

A par i‘oﬂlc schadiite - af,

--_; <3l ¢‘r§

Tk,
. vf‘l"nn 12

. ' Funat 10..5‘

“he & e,A .

LAJ‘R-'Z“

ta 12 noon. and 1 p.m.

by othdr funcrions ln contn*gllinq thr_-
: . if ane or more funcr.inns aro
3 Eﬁ-ﬁﬁﬁé¥r"orklng heurs (8 &.m.  to 5

) » ) hoon to' 1 £, m. )Ka tinor wlth
v . © ped fod sould be iré1yched 32} the MCSS modal system to conzro] those

Shifts Ireprezent 1.!7@ 8 a.m.

Contrpf,Funétfqn 801

Cas

Tinlng of wheir’ dperatlons For '

to operate only, during nor‘nal N

FIMR

{frer end lhtorvals is mgintained for réference »

on wnckdays wlth an. hour bregk
& days X 24 hours por dlv)

saanents and iFw.g.r-vais PR

segments of the w Ic‘ly period, -

‘m in “This cRge *rhar-o Jould be * 5. shlfts and 10 lntervals spechne)cl in each

pr\r‘ ied.  The ‘porlod .-r numhor

01’ shIFts and

lnter\vals.,,and the starting and

. nnrlirg t.m.,s of ench’ are n.raneters to be spec!f‘led f‘or each lnstance of the’ :

AN tingr, I‘unrtion

- - T Uk the esamplae above,

e " everlaps snother (shift and “ne, Enterval over'lgps another---ln‘t.e'rval.

iftervals are~contsined within shifts.

- ) of cné shift or interval nay colnctde with the beginning o-F The next.

N zny mu"rhcr of timer Funcr.mns may bc. usad

. Lo
.o rafer, to more th,an ohe tmer. -
c . - Report- . [ . - K
L . Ne infermation ls gathered by the 501 TIMR Functlons \nmlch weite. 1he . -
’ o s - : . .y .
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difforent opor-a'r.lng schﬂdules for subsets of, functmns.

Azw number of functions may refer to @ particular timer functlon.
in an MCSS model te establish

Howover,
. w o shifts -nd intervals ara indopendent and may overlap proavided that no shift
The en@

“ARd *

‘But no function may
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ﬂokrﬁge NO #EPGRT whan repurts are requeste - _‘ .
| ' : , . . .,? ,‘ :

Ev&nts . . e

EUﬂnts ocecur in 601 TIMR _functions at the bng:nning of each\perlod

Intervals. Tr%ce leve\ 1
~

N ’

shift, and I.terval, and Bt the end of sthts and

noessoes BEGIN PERIOD, BEGIN SHIFT, END eH[FT BEGIN lNTERVAL, anH END e .

THYERVAL grelyrittgn at the, cqrrespo?dlng avent tlmes
\_'» L e T P Y
_interactjons ' g

Wch.the timor Fdict|an rececives a request for 1lning In?ormatlan,‘it -

rc\unns a pointdr té a den a vector contalining the time thé curre t parlod

the "%

will end tand the nch perlod begin), the numbér oF the current shiFt- ‘the
tire th2 currgnt shlft will end, the time the noxt- shlft will Eagin, the
aunir of "the ;urﬁcﬁt intePWal the time the current Interval wlll cnd, and |

ime the next interval, w‘]l begin.. The tlmer wrltes the. trace “lovel <]

- RETURNING TIMING DATA &t the times this

information |s rdguested. *

res

Prrenuters st . . . .
g o Pc"‘id °f the riming sehsdute. (2 Number of shifts per period’

3 nm 1!51 f shlft star in chronologtce\ order,erala%?vq to .

the ocnlnninn|of aach paeried.s
relative to the beginning of each perlod

ing times,
(4 n m) List of 5h1ft endlng times,;'In
Ne shift

rh:onnlogical order
S)

cndxng time m#y ko less than the corresponding shift starting time.

Nunlar of in rvals por period <06 nm) List of lnterval sterglng 1|mes, in

'~chronologlca? order, reletlve to the beginning of each pEFTEE“ (? »n m) List

of intorval 7nding timasg, in chronologlcal order, relatlve to the beginning
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602 SCAS

- - Ffunction

func tioune. An 80"
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‘Start.Control Action Sequence

’e

dvoision function,
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This' function sterts conyrol sction sequoncesiupon command ‘of other
for MKamplc

may' start one or

nore control act:nn sequvnces if tba condltions of 'a particular dgcnsion
Any number of controt actten sequnnces nay bn,started

rule are setlsflqd

’ concurrannly

sprsified by tnnc dclsy dlbtrlbution type and statistics.

Rcport

written when I”"’DO!"\:S are"r'r-quested
.

lnnersttlnns

when an qntorsctdob noSsage

is received

The mlme delay df !ﬂUiV\dual actions in the scqucnccs are

|ndicatlng that the cbntrel

Né cdatm arec gathered by 602 SCAS Runctlona.. ThF neasage NO REPORT s
. .

o«
act-on sequcncpﬁ/doflned bv the 602 SCAS functlon are 1p bo started evénts
arc «chodulcd at the current time plus the time dolay¢of the first event in:

cush

h

cpdence .

By appro;-late cholce of tima delay dharacterlstxcs for the

) first action of cach seqUhncc any number of :ctioniaequcnces may be startnd
withla particular desired t*ming ~elationship 7 . o .
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- * 701 MZMB  Measure Materisl Batches

Funbt ion oot

Thls Functlon simulatus thc mefsurenent of item qounf éhd/-or‘ mass of
e/éc

spor-lh..d mzterial types in di_sc mazerial ba'c'has. Thc smula..ed

- doviavion of uniformly distribu

d count error, athias ogiii.'ystonatlc mass: .
¥

L 3

N . L. S oan [eied .
: n&.3 Qrror component . Tho observed (m'-a ured) nunb(‘.‘; of " ?iscren:e itens of -

H
! # . ‘é oz h nﬂ:lﬁurr-d natcrlal 'r.,/pr' are de'r.ernlncd by sddlng an-hintegﬂr sanple Pr-om'

.. Lo the count qr-rgr to tho ac-uﬂl numbcr of n.ems in_ the batch, Thc- observed

mass of emach r-s ar-od matqria\ tType IS d"ternlne by sunmlng the artual

musns, the sy stomutic error «:nmponent N and a sanplc from the specnﬁed r-andom
7

mMEse arror. oL ' Lt

. - - . :

Ified materxal s
> r‘;‘ndon variable wlth

- ‘ N Th'e T.ime r‘o"miréd Tta' comp_l‘ete all of -i';hr: sp

rncnsurr»mm.s ‘{Ol‘frl bgtch s a uniformly distrib

eporlfiarl m an ared m’aYlnum dov’at‘l on. ﬁZHB funcii ons may rcprqsant

. L ncasur‘enent prrv-r- 2s in uhich samples qr*ayn From aterlal patches args

ana-ly?cd sinultary‘ously and the overallt neasurement time is determ |ned by

.2 the procn‘slure th =
£

{ pensurene

s wr}bse conplﬂf.lon time"ls'controlled by something other than the

- actuat 'nnasu*ohsnt r-rocoss, for cxanp’le, the r‘ﬁcm‘dinq and vcrnf‘:ca‘tmn that

me,l be required by saf"”uﬁ"[’ﬁ procnd(Jrcs in an .ana'lytlcal Jdaboratory.~ d
. . Ouporf nitlies to divert Haterlal from the moa..urement function oCCuUr

eﬁch ‘CimF a raasurrment ls started and @Ech tire a neasurement is complekcd

J ic At t}-ese tm" a .list’ of functions are notlﬂed with. an l»{pdlcetlon of the
. o4 - ~ R T ’, —_ . -
N - . \ C . PR
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- P w w
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(- Cr -
. PR L : A
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Fid © . .
P A . . )
. / . - i ) .
r ¥ .

“ . .,
- AnLsursnents arce made with 'uncc:)/s:n"y chartn..ter-lzod by thc mzan and nux mum

L

takes the greatest length of time. Or they nay rcprcsent'.

lefpofr componant., and the s—andard %gv iation of a narmally d:stalbuted random
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"location of "the nctcrlal batch " then cm.erlng ‘or neavi.ng the mea.‘:urenent- s v .
* kY s
: ’ Fume @ ion. .M.'Lm-,':: “is mlse. suchct to diVﬂrsxon.at any tmc during the * .
, nr- ‘Unreent opar mn. Batches of nat,cr-lal in tha' nogsurament f‘urictxan.arc . .
. L. C‘L!lnd-‘l ‘in “the erdor they dre r-ccr.rived~ so f?\'cnons that nakc nater:el : j. P '
- (.cmu“n.ior'\ Frtompts Bre free to r‘or-ove m&tar idY' from any of the batches -
. - v ~ A
' . - thon ‘i the noasur Nt functloh [F natcf‘lal is removed ‘at T.hO tlne e . <t

Cthe obrcrveﬂ vsluos ar-e basced on T.hO -_—ctuai

S bnueh ket ye SRERT L9, ...C'ﬁn
. , _anoent: of met nr-lal left a'r’cr thc dwarmpn Aﬁ takarn place.. Hvo\.fever, 7 .

LN . _— . n_—zrnr:ar is r-enevc-rl st thn tme a batch neqauremqm: ls conplr_ted thé .

- o ob-._rwod vifis bre bns'-d oh thé actual arn:-un't. of ma'(.er-:al ﬁf‘f-‘se\"" beforu

Thie d:v r:..lvn I'f -matarial :'5' rcnovnc‘ durmg the measurcmont orocess, "the ..
“ - ‘ - .

be the.seme.,as if - the: . e %\'

iwas svanted, e .

fn AR obcr-rvnd valur-s oF T.-h" r1casurc~)ent wi,

o oL di‘\fcr‘!-.»xon«h A ot‘cur o a'r. ~he” ‘t1mc ﬂhe» measuran

. o v m:, tha  imes ook banch - mna.alur-cr-;cnl: is conpletbd‘. the actuul--and P
. NN . . N
. mri va]ur‘.; of Jtcm coum; a")\d mass of‘ all measured rnatcr‘lal 1‘.ypcs are. . _ ‘. .

S eoe T Lsoat teo a sy recificd list of noniter fun..t._x'ons I =ny of 't.ho ‘monitor: : -
L I functions T&i1 To @ knowla*dgﬂ pgcmpt of ahe ncasurenont date, ah err-or =T T, . .

c""rmﬂ'i-a w-kt.v*n and thc pr-ogr-arn ls halted Any hunhcr o+‘ bs‘tches mey ba et
Moneurod r_‘oncur-rontly! and the or-dor in which thcy aro conpleted mMayet o:- nay

. .4 not ba. T.l""‘ somé é" tﬁe oraoer 1n vhich “they were rcce:ved and the S :
. o - . .
: mﬂ surencnts star ted, . : . - e .' . . - 3

- . . . Rt o
Opecration of MzMB funations ' may be gontr-ollecr by 601 TIMR Functiens. [

- . Mataerial hatrhos aro acceptcd freom the lnput transr:ort function whencvar . ' .
aveilablc, but g+ a,rr MZMB function is rot In opcratum at the funo e ’

recojuveod, - the! BLart of. the messurenent- tlnu mterval 15- delayud - Loet

e . it ,-t.h-‘yar—

s . a3 - bstch
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measurenant functlon resumes operaul.
started and conpleted only when MZMB functlons are In

siariod,
mesy. lrerr-:nt.- .

rca-*urcnent
notificd that thc naterlal ’batch is ready, and it must romove the naterla\
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703 MNTR

Monitor Stifulus Type 1

™

FunctLon

Monitor -Function 703 MNTR

This function: simula es dcv:rcs 1hat monltor stimuit. oF type 1 wiich®

arz rfctangular pulsc 5ignu15 character i zed by dclay time, duratlon. and

lptnnslty
dw'uribnd rn/Anpehd:x T.)

MMTR Functvbn, the momitor may or may

When .a ty

Incicating deteation of the stinulus,

upean the shlnuius 1ntcnsi Ty as specifiad-by. pairs of xnt nsity and detcctlon
¥

(The types of stimuli gencratcd by gctlv:ty functions arc

1 stimulus s transmltted to a 708

ot praduce an output slgnal
THc probability cf Eetcctlcn depenclg

pranoi\xVy vnlues that dc-lne a plecewise constant (staxrcaseL/

F‘nrv'ﬂﬂ:pr‘nn of &n ﬂrbi'rﬁw

sansitivity curve as shewn1% Flgure 3.5,

. A%Q-nunbeﬁvof pairs may.bé used In specifying the non tor sensitivity. For
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modﬁ 1,
4

The -monitor
1ha bvginnnng of the stimulus pdlsc, and ttie duratlon of the monitor

output

th menitor detection slgnal

IS

lmtorve1

npacififd distribution typa and statlstlcs.

chur 3~

distrihunion Ly

ro.vxna latchad

‘Tnoth e function

and

urn.ll

,taytstics
it

in mode 3,

Mohitor Func¢tiom 703 FNTR

cpnrxriod arplitude dyring a monltor detectlon signal
elayed by a random monitor delay time ‘.

whnn utuFuli are @atwvtedJ the nonxtor\produces an output pulse signa\

|ntorva1 as shown'

in

1s & random- varleble 6f

In mode 2,

o of thc stlnulus pulse plus a randon variable of - spac(fled
the output of the monitor”

it 1s.equal to the .

is: claared by »eceipt of a contrpl signal brqm .
5?3thn mo:ellsystem. :

Spurlous duhput signals are gencratad by the rtonitor at raﬁdom timea.

rho nunhﬂr of spur ious output slunals gcnerated per ‘unit ﬁlme
in MmostT cases the mnean rate of spurious sigmal
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small,
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Decision Function 801 DTBL

en1 NTRY Dezision Tak:le

Function

Thie furnctian implomonts decislon tablos having the structure shown in
ri a2 3.7, Dneision tablins provide a simple and systenatic means of
Moo TEnting dacigsion meking situations in which spacificd sctions are to be

i Purned when certain specified conditions are satisfied (6). The four
3 of g decision table arae scparated in Figure 3.7 by the horizantal and

ical Acuble lines, In the upper left cornor arc a set of n conditicons

unlved in tho doecision rules ~cprescnted by the taeble. The entries in the

isl 1 thet roprasent thesn conditions are called “condition stubs”. To ncet
Tiv. Feruirceeints of @ particular decision rule, some of thoe conditions
e, st 3ol By emondition swubs may have to be satisfiod, som2 may have to be

vindsl e =1d it Ry not nattor if somz of the conditiens listed in the

ition « ' v of the tehia are satisfied or not, The conditions that rust
Be oratinlisgd are said te be required to be true, thosz that nust be violated
arc soid te be requicrad to be false, and the others are referred to as
“ion’t cera” conditions. in the lower left corner of the table are a set of
1 m2tiont involved in the decision rules represented by the table. Each
s~tior s proprocented by an action stub. A particular decision rule may
rcauire 1hat somz of the actions be performed and that the others not be
perfarmaesd,  There are no “"don’t care” 2ctions; it must be explicitly defincd
whothais rach of the actions are to be perfermed or not if the conditions of
a parlicular decision rulr ®rc satisficed. The condition and action entries
in tha uyrper and lover right corners respectively dofine the k decision
rules rapeeacnted by the K columns of the table.
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Any nurber of condition rows, action rows, end decision rules may be’
used in an 80) DTBL. decision table. Condition stubs sre of the form
$i (opcrator) Sk
or
§$i t(oparater) VK
where Si and Sk =re input signals, Vk is a2 specificd numeric
valve, and "ascrater” i3 ane of the relatienal operators below:!
LEQ. EOUAL TO
.LT. LESS THAN
.8T. GREATER THAN
NE. NOT EQUAL TO
.LE. LESS THAN OR EQUAL TO
.QE. GREATER THAN CGR EQUAL TQ

g -




Decisien Function 801 DTBI

Aule Rule . Rule
1 ? [
T
Condition 1 '
J— . i
Condition 2 !
i Contition
4 enthies
: i
Cundition n
Action 1
#ztion 2 . :
! : Action ,
- v T entries i
H
: a
J— - I
Acunnm { H
i | i |

FIGURE 3.7 Denision table structure of 801 DTBL functions.

The condltion stubs are specified in a 1Ist parameter by triplets i,],k
where | is the index of the first operand $i, J indicates the type of
condition and the relstional operater as defined in Table 3.1, and kK is

cither the index of the second oparand Sk or the numeric value Vk,
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Decision Function 801 DTBL

TABLE 3 Dafinition of cendition stub
spcclf!catian parsmater J for 801 DTBL functions.
et Rclational “Condition
G S SR s S Operands ..

1 .EQ, Si,8k

2 LT, "

3 .GT. "

q NE. "

S .LE. “

6 .GE. :

7 T LEQ. Si,vk

8 LT, "

9 .GT. "

0 . NE *

n 'LE. »

12 .GE. "

Two tvpes of mction may be speclfied. One is the assipnment of a

specified value to sn cutput signal of the dacision table, and the other is

the

initiation of specified control action sequence. Output signal values

are assigned by the 801 DTBL functiom, and the control activities are

performed by other functions im the system model. Action stubs are

specified in a list paremetor by pairs i,j where, if i ia positive, it ias
the index of the outputr signal Si to be sssigned value J, and if | is
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neg:tive, =i is the function notifled thet a control action saquence {5 to
ke initiated,

Condition entries -1, Q, and +1 stand for "no”, "don't cerc”, and “"ves"
respectively, Else rulos are specificed by don‘t care ontries In every
concdition row.

Action cntrics 0 and *1 stand for "don’t perform action" and "perform

action® respectively.

Report

Samples of output signals taken at speclified times in replicated
simulacion runs aro used to determina their mean, sStandard deviation,
maximum, and mininum valucs and to construct relative frequency histograms
that represent tho probability distributions of the signals at the specified
sempling tines, The respanses of simulated material control system are
defincd by these output signals, so 801 DTBL function reports are essential
in safeguerds asscssment applications of MCSS.

A report is gonerated by specifying the output signal index, sampling
tine, number of histogram cells, width of the cells, and the lower limit of
the firat histogram cell. Reports nay be geonerated for only those signals

that are outputs of the DTBL function.

Events

Decision events are scheduled to occur at the same time 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 nekes its own decision, that 1s, determines which of its
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decician rules is satiasfind and takes the corresponding actfon. At most one
dogision avant 1s schedulird to occur zt an instant of simulated time, so the
vl iniza legle Yeplatertod by scveral DTEL functiens may contain loops in
whirh contrel signals ar~ assigned vatuecs that depand upen their previous
vialues,

At dzcislon event tinns, using thz current values of input signals, the
derision rules are tested from left te right until one is found for which
all of tho conditions arc satisfied. The actions of that docision rule are
then carried out in the order that they sppear from top to botton in the
riegision table. The specified decision rules nust be exhaustive so that at
lcast one will be found for which the conditions are satisfied for all
povsible valuzs of tha input signals. If no decision rulc is found for
which @ll of the conditions are setisfied, an error rigssage is written and
the program is halted. Tha 801 DTBL function does not chock for redundancy
or contradiction @amang tha decisien rules. if two or more rules are
redundant or contradictory, the leftmost i~ule for which the conditions are
sanisfiad will be invoked. If actions of a decision rule assign new values
9 output signals of the DTBL function, a specified list of functions are
notified of the rnew vatues. Notice that every materlial control signal *ust
b2 an output signal o. e and only one decision function, but the controt
signals ray be inputs of =ny number of decision functions.

Scheduled cvents occur in eech run at the sampling times specified for

vuth report. At thesc ovent times, the current value of the specified
e crvianl wontrol signal and 118 square arc added to running totels, the

value is cempared with the maximum and minimum values previously
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encountered, and the count In the appropriate histoegran cell is incromented,
The trace levael | message SAMPLE TAKEN is writton at the sampling times.

Intaeractions
The 801 DTBL function will accept only inteoraction messages that convey

ncw vatues of material coptrol signals. If any other type of interasction
rnessagae is recelved, an error message is written and the pregram is haltad.

Parameters

(1t n ) Input signal indexes. (2) Number of condition rows. (3 n n)
Triplets i,),k that define the conditions ef cach condition row. i is
always the irtox of the first cperand signal. Sce Table 3.1 for the
definition of j. X may be either the index of a second signal operand or a
specifiod numeriec value, depending on the value of §. ¢4 n m) Ourtput signat
indexes. (5) Numbar of action rows. (6 n m) Pairs i, that define actions.
Positive volues ef | mean thot value j is to be sssigned to eutput 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 rcpresenting actien entries (negative
integer values indicate action sequence order, 0 = don‘t perform action, 1 =
perforrm action) must ke specifiid for cach decision rule, {9 nm) Functions
to be notified when any of the output varizbles are assigned a new value.
(10} Number of reports. (11 n M) Rcport specifications. Repeat the

following far each reporw: i) material control aignal Index, il) sampling
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time, lii) number of histcyram cells iv) widtr of histogrem cells, v) lower

1imit of the first histogram cell.

Iinltial Conditions
{1 n n) Input signal values. (2 n M) Output signal values. The

default initial zsondition value of input and output varisebles is zero.

Errors

ILILEGAL INTERACTION--An illegal interction nesssge has been received.
NG REPORT DATA TO RESET--No report data existed at the initialization timo
of the firat run of & replicated set of runs. At least one resort nust be
spacified. NO INPUT SIGNALS IN THOSE RECEIVED--/A control signal messagc was
received that conveyed no DTBL function input signals. NUMBER CONTROL
SIGNAILS TRANSMI TTED-~-The number of contrcl signals received did not match
the number indicated In the control signal rmessage. ZERO CONTROL S|GNALS
TRAMSMITTED--A control signal was received with ne transmitied signal
valuaes. NO CONDITION SATISFIED--No decision rule was found for which al! of
the specified conditions were satisfied, RESPONSE TD OUTPUT S$IGNALS--One of
the functions notified at 1he time an output signal! changed velue falled to
acknowlcdage the contrel signal message. [ILLEGAL CONDITIGN ENTRY--A value
other then -1, 0, or +1 was specified for a condition entry. ILLEGAL SIGNAL
INDEX IN ASSIGNMENT ACTION--An index value of an assignment action
specification is not in the list of output signal i.dexes. RESPONSE TO
CONTROL MESSAGE--A funetion notified in order to initiate a control action
failed 1o acknowledga the control message. ILLEGAL ZERO VALVE 1IN ACTION
PAIR--A zero value was specified for the first element of an action pair.
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TLLEGAL. REI ATIONAL OPERATOR IN CONDITION--A value other than 1 to 12 was
gprcificd os the second clomont of a condition triplot. SIGNAL OF CONDITION
ENTRY NOT AN IMNPUT-=The signel Index in B condition spacification is not in

the 1ist of Ilnput signals.
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901 TRCN Traza Control

Function
This function allows tho usor to sat the traco control parancier during

the oparation of a model systen. Ar sinulated time zero, and 2T subscquent
times speciflied by the user, th 501 TRCH functien queorics the user via the
imteractive devicc #nd readu fnp t values of the tracc control paranctcr and
the next time o9t which the pararmeter is to bc assigned a new value.

This capsbility is vory uspful in debugging model systems. Acssunec, for
exzgriple, that an orror halzed operatior of a8 model system late in the time
interval of opeg' stion and inspection of the input file does mnot reveal the
causn of the error. The user mAay add a 901 TRCN function zZo zhe sysiem, seT
the initial trace control value to zero (no trace) or an odd value (trace
messugas are written into the output file but not on the interactive devica)
and spocify a tine for essignrnent of 8 mew trace control value just prior to
the time a1t which the crror occurred in the previous run. The trace control
prrameter nay thern be set at 2 (event messages), 4 (event and interaction
ne~sages), or B levent, interaction, and control progran messages) to
ebrerve the operation of the rmodel system at varijious levels of detzil as the

crraer Goeurs,

Events

At event times, the message NEW TRACE? is written on the interactive
sutput davice. The user must then enter an integer value specifying the
value to be assigned to the trace control paromecter. [ the value is less
1than C or greater than 6, the message ILLEGAL TRACE VALUZ is written and the
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usor Mugt entar a value within this rango 1o procada. After the now trace
contral value has boan read and accepted, the nossage NEXT TRACE COMTROL
TIME? is written on the intcractive output devize. The user must then
enter a real {(non-integer) value specifying the next time at which the Trace
contral paraneter is to bp assignod 2 now valueo, ¥ the specified time is
lces than or equal to the current Time, the nessage TIME IS HOW (current
tine) is written and the usor must enter a nevw value greater than the

current time in order to proccde.

Errors

ATTEMPT TO@ SET INITIAL CCNDITIONS--Initiat values of all state
variables are set autormastically by the function subroutine. [ILLEGAL
INTERACTION--An illegal interaction mescsage has been rcceived during
operatieon of the madel system. 901 TRCN functions do not interact with any
of the other MCSS furctions.
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Roport Fumction 902 RMDS
302 RMD3 Repori tiateriol Diversion Statistics

Fursstion

Thie function callec:is and rcports data on the time rocaquired to rcach
specific polints in action senvonces, and the pmeunt of naterial scaquired by
acuuisition functicns up o that peint. 302 RMDS functions may he placed
ammyvhere {n acriosn zoquences with no offect on progress through the
szauzace,  When o 902 RMDS functien is rcached, the current tirme and
quantity of matuerial that has beern acquired by a specified list of mater:al
acquisition funeciiocns are recorded. The reccorded matorial type is that
defined by <he diversion ebjective of the function that initiated the acticn

sequence,  These dzta sre collected over replicates sinulation runs.

Report

an2 RMDS funct'ons report the mean, standard daviation, nawimum, and
mininmum tines & which progress through an action sequence rcached the
Function during 3 et of replicated runs., A histogram showirg the
distribution of these times may also be reoquested by specifying the number
of histogram cells, width of the cells, and the tower limit of the first
cell,

The function alse reports the mean, standerd doviation, maxinunm,
mirimum, and the tines at which the maxinun and nininum values cccurred for
the quentity of material in the specificd got of materisl acquisition
functicns at the tine astivity reached the function during individual runs.

Events
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Lurats ocear tn 902 RMOS functione 2t the time pregress through an
act1an uoeutnes reachst thie funcrtion. 1f a zera tine delay 1s assigned to
i M fucction 1N theae rpecifircation of tha action scequence, the funct.on
S0 e b g pegard: sl ynlues a2t the time the preoceding action 1n the
SouAnee 19 aarplioted 1€ tha time delay agssaciated with the folloving
artran in the wrquence i3 assigned to the RMDS function and tha time declay

ing action is sct to 2ero, the function will sample the

of thm {olloy
e gt the time the following action is started. Or by dividing

. ctorser] vl
the tire drlay of the Folloving action 1nto two delays, the funcrtion may be
usord ta swple the recorcdcd valuecs at any time botween the preceding and
Tollowing actions tn any case, the 902 RMDS function ptaced in a scquence
of ertinsng pay be viewed 25 3 sanpling action that roquires zero time ‘
v ation and, thorefere, bas no ¢ffect on The progress of activity through
the .t inn goavonno. A 9CR RMDS function placced at the end of an action
sconen vwill sanpla the recorded valucs 21 tho time the sequrrce is

oy le Lo,

Far<moters

(1 n M) Mar*~eial #ornngition functions tabulated at sampling times. 2
n i) Time report specific~ions: i) number of histogram cells, ii) width of
the histogran cells, iii) 'ower Llimit of the first cell. (3 n m) Diverted
raicrial report specificasion: i) number of hisvogrsen cells, ii) width of

the hirtngean cells, iji) lower limit of the first cell.

Errors
ATTEMPT TO SET INITIALL COMDITIDNS--Injtial values of all state
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variihles sre <ot dutomatically by the function subroutine., RESPONSE OF
THUWAATED FUHCTION--A raterial acauisition function did not acknewledac a
rcounat for dhe incation ¢f naterial it had acquirod {LILEGAL MATERTAL

DI T S0 GRIES YR TYPIZY A nateraal diversien objaatiic type codz other
thort 1« 8§ war Founmed in dasermining the material scauired by a tobulated

e fal mepicition funcelon.
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4 EXAMPLES

MATE DAL BRLENGE AREFA ACCOUNTABILITY

inLlroduction

Thee sy=*s5 simalated in this eranplc is a hypothatical one contrived to
111ustrate various festurns of the MCS3S proegram. All characteristics of the
zy2tom Functions have benir musiqgred arbitrarily, but with realistic
oaraasier vyxluns thay serve the purposcs of the exanple as well as thoseo
th4t might e cbhtzingd from an actual systen.
Tre orarple systoM, =743 f wn in Figure 4.1, hes three roacniving

sustiorns 9t which imcominn materials arrive. Eight different typcs of
meLer ial cntar the system at times that devia.e randomly from a periodic
cdelivery schodule for cach reoceiving statien. The materials are identif.od

s typas 1, 2, ... , 8. Daily deliverics of bulk quantitices of rmaterials 1
sndd 2 ar? scheduled ot 8 2 . and 1 p.m., but thre actual deliveries may
niss the schechiled times by as much as two hours. On the average, 100
disrct2 or countable unpizts of material 1 are rocecived in cach dellvary, and
the itom ceunt varies randomly with a maximum deviation of S0 units. An
average of 20.0 mase units of material 2 are recaivad in cach delivery, and
thoe cquantity viries randomly with 8 siandard nornal deviation of 5.0 mass

units,
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FIBURFE 4.1 Sy=stem simnulatad in the Material Balance Ares Accouniabiltity
exemplo.
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tipon the: arrival of cach Latch of material. ! and 2 at receiving
Wb tice 1, the Brraben are moved immediately intoe a measurcment facility
sk kR nuedecr of units of mMeterial 1 oare counted and the mass of material

2 ie sy wnyvad, Thowo m.oazurennzats are accurate in the scnse that the average
or, Wit are rare, but they are not precise. The memsured or observed count
of umita of raterisl 1 May ba of f by plug or minus one unit, and the

5 wd nori At deviation of tho candon orrer {n the mcazuorment of material
2 i+ 5.0 paroant of the mean snount scheduled for dzlivery or 1.0 mass
units. The vorage time cequired to corplete the mzasurerment of cach

incaning Dateh of nmatgrials 1| snd 2 is 4,0 hours, and this time varies
ranloaly by 23 minh as 0.5 heurs.

Yhen the minasuremeonts of cach incoming batch of material are completod
e Posults are used to update a record of the quantity of cach matecrial
Tty pre<ont in the material balance area defined by the incoming and
ouLeing M rament faeilities shown in Figure 4.1, After they have beoen

rocaived and messstpced, batahts of materjials 1 and 2 remain in the material

for a randon tirz interval that varics betwecen 12.0 and 36.0

he laiese o
hours. The rinrnils of thn handling and processing of matcrials within the

mriorial balince orea sre not af concern in this case beczuse it is ssuncd

=~ial is removnd fron or added to the individual batches while

that nn st
they are in tha material balance area. In many systemg the incoming batches

will 1ose thair identity vithia the metarial balance area as the meterials

i, otc. before they lesvye the balc

ac racel, blanded, roprrok

are
As thev loave the materiat bslance aroa, batches of material ere

meotumed a second time amd the results are used to update the rccord of the

quentity of csch material type in the balance area. The cerror or
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ursertsinty in the mezeurepient of naterial types 1 and 2 as the batches
leove the naksrial batance area is the samc as described 2bove for thoe

inerHing messaronent facility. The tine reauired to complete the

neazurcint of cach batch in the outgoing measurement facility varics
randomly between 3.0 and 5.0 hours.

Finally, as the measurements arce cormpleted on batches of matorial
leaving Tha Lalanze area, <hey are imnediately placed in 2 sisrsge ares.

M=t=rial typas 3 and A arrive in contsiners at receiving statien 2 once
a day at times that vary randemly from 8 a.m, 10 S p.m. Two containers are
rec2ived in cach delivery with an averagz of 300 countable units of matcrial
3 and an averace of 40.0 mess units of material 4 in cach contzine:. Tha
count of material 3 items varies randonly by up to 100 units, snd the
stardlord narmal deviation of material 4 in each cent2iner is 20 0 mass
units. The contziners of naterisgls 3 and 4 2re imnediatcly placed in the
measurenant facility upon arrival at receiving station 2. There the itens
of matcrial 3 arc counted with zcro average error end @ m2xinum count error
of 3 units. The mass of naterial 4 is measured with zero averege error ond
2 standard normal deviatjon of 2.0 rma2ss units. The batches of matc.rials 3
and 4 rcimain in the balanre area feor a random time interval ranging from
24.0 ta 72.0 hours after which they arc measured 2s they leave the balance
arce with the 2m~me uncertminty as in the incoming measurement. The time
rFequired to corplete tha cutgeing neasurement of materisl 3 and 4 batches is
the some 3.0 o 5.0 hours as for materials 1 and 2.

Four matcrjal types: 5, 6, 7, and 8 arrive at receiving station 3 with
onc delivery baotween 8 a.n. and noon and a second delivery between 1 p.n.

and S p.m. of csch day. Matcrials 5 and 6 are in bulk form. Meterials 7
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ancd 8 arrive In twe containers at cach delivery time. An average of 500
countatile jtems of matarial § with a randem varlation of up to 10 items and
an meeereale of 60,0 mass units with & standsrd norngl devimtion of 6.0 mays

of matcrial B arrlvn in foch delivery., In cach of the corctainers

U
arriving at recelving station 3 there arc an average of 700 itens of
meLer1zl type 7 with a random variation of up to S0 items and an average of
B0.0 mzss units of material 8 with a8 standerd normal daviation of onily 0 8
mees units. Materials 5, 6, 7, and 8 are measured with thr sarme uncerta.nty
zx they onter end leava the mater lal balancu -=es. All of thzse

meazure wents have zero average error. The mexirum deviations of count error
for matorials 5 and 7 sre 5 and 7 respectively, ana the standard normal
dovizations of the random mass measurenent errors for materials 6 and 8 are
resrectively 3.0 and 4,0 m2ss units. The katchas of materials 5, 6, 7, and
8 radin in tho balance araea for a random time interval betwecn 36.0 and

B0.0 hours,

Functional Model

The MCSS model system i shown in Figure 4.2, Threo instances of the
101 RCHMB function are used to represent the receiving stations of the
simulated systom. Function 4 is used to transport the arriving material
batehes from their recalving stations to the incoming measurcment
facilities. Notico that a single instance of the 301 TRMB function is wvsed
to ropresent the three tranport cperations since they are all to be
porformed irstantaneously upon arrival of materials at the receiving
stevions, Fungtiens 8, 6, 7, and 11 represert the four measurement
facilities of the simulated system. Separate instances of tho 701 MZMB
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function grc uscd since difforent material types are measurced and it may bo
degiroabic to bo able to assign diffgrent measurament timo characteristics
to the individual facllitios., Thrae instences of the 01 ‘RMB functien are
used to repraczent the rondoem time intervals that the three differont types
of material batches remain in the material batance arca. Separata Instancaes
of tha transport Function are required here because of the diffarences in
the charezcteristics of the three transport times that are required.
Function 12 represents the instantangous transport of material from the
ovtgaeing measurement facility to the storage arca, Although a separate
instance of tho 301 TRMB function |8 used hare, function 4 cauld also have
becen used since it has already becn selected to represent instantancous
transport oparations. Function 13 is used to represent the storage area in
order to jilustrate the use of the 401 STOM function and the data structure
reprosenting naterial in storage and holdud. Functien 14 represents the
computation or recording of materials curréntly in the balance ares and is
assocliated with Input meesurement functions 5, 6, and 7 and output
measurenent function 11, Fimally, function 1%, an instance of the BO1 TIMR
fupction, is uUsed to provide operational timing control of any of the other
funttions in the model sysicen that refoer teo it for operation schedule or

tining information.
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FIGURE 4.2 Furetional modal for the Matorial Balance Area ficcountability
a.

1£ the coadir has not already done S0, the detailed descriptions of the
furatinns <ot [ the nodel svsterm should now be reed carefully to s2¢ how

Ty renrneart the corrcsvonding functions af the simulated systen.
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Imput File MCSSIN

The fnput file repreducer bhelow creates and specifies all of the
functions of the nodel sys=am, mekes & three day simulation run of the
systoerm as originally definod, then performs zdditlonal runs after varlous
nedification: of the rodet systom have been made. The tast two runs arc
roplicsted 10 and S0 times ragpoctively to illustrate how data arc gathered
ovor an onzomirla of runs to obimin statistical infermation on random
procreses av particular times throughour the simulated operation of the
sy=ztem.  The input file is shown here cxactly as it is prevared for
crxcsution of the MCSS program. Further explanation of the input date and
th2 rasults produced by tha progrsn are inctuded in the following
Jdrezription «f the output file produced by MCSS.

MCSS lJ SERS MANUAL

EXAMP 1

MATPRIWL BALAMNCE ARFA ACCOUNTABILITY
10/18/77 HMCSSINZ

CRICATE 1 1D1 RCME
RECEJVE BULK MATERIALS 1 AND 2

PARAMETER 1

1) PER1OD GF ARRIVAL SCHEDULE 24.

2) MEPER OF ARRIVALS PER FER!UD 2

3 1 2) SCHELUILED ARRIVAL TIMES

4) MAX DEVIATION FROM SCHEPULED TlMES 2.
S) MG O GF BULK MATER{AL TYPES 2

G 1 %ﬁ’CBULF MATERIAL aPEClFICATIGNS

HEAN GEUNT 100
MAZ DEVIATION OF COUNT SO
MEAN_HASS

D DEVIA"I;IUN OF MASS ©.

MIH MASS O,

20020 5. 1000. O.
(11) TIMENG CGDE 1
(12) YIMER FUNCTION 15
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(i3) DESTINATION FUNCTION 5
(14) TRANSPORT FUNCTION 4
CREATE 2 101 RCMB
RECEIVE COMTAI!MERIZED MATERIALS 3 AND 4
PARAMETER 2
(1) 24,
(2) 1
(3.1 1) 12.5
(4) 4.5
(7) MUMBER OF MATER|AL TYPES RECEIVED IN CONTAINERS 2
(8 1 14) CONTATNERIZED MATERIAL SPECIFICATIONS
3 300 100 0, G, 0. 0.
4 0 0 40. 20. 1000. O.
(9) MEAN NUINBER OF CONTAINERS RECEIVED PER ARRIVAL 2
E}?) MAX DEVIATION OF NUMBER CONTAIMERS RECEIVED PER ARR!VAL 1
)1
€12) 18
(13) &
14) 4
CREATE 2 101 RCM2
RECFRIVE BULK MATERIALS S AMD 6 AND CONTAINERIZED MATERIALS 7 AND 8
PARAMETER 3
(1) 24,
(2) 2
{3 1 2) 10. 15,
4) 2.
(S) 2
(6 1 14)
$ 500 10 0, 0. O. O,
B 0 0 60, & 1000. D.
(7) 2
(8 1 14)
7 700 SO0 C. G, O. O,
&€ 0030, .8 1000. O,
(9) 2
(10) 0
(11) 1
€12y 1%
(13) 7
(14) 4
CREATE 4 301
TRANSFORT MATERIALS FROM RECEIVING STATIONS TO MEASUREMENT STATIONS
PARAMETER 4
(1) MEAN TRANSPGRT TIME O.
(2) MAX DEYIATION OF TRANSPDR
NO FUNCTIONS ARE NGTIFIED AT

T TIME 0.
CONDITION TIMES
ne
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CRLATE 5 MzZMe
ASURF IMCOMING MATERIALS 1 AND 2 AND REPORT TQ MATERIAL
BALAMCE FUNCTIGN

PARAMZTER %
(1) NUMCER OF MATERIAL. TYPES MEASURED 2
21 }$&EMEASUREMENT SPECIFICATICNS

HEAN COUNT ERROR ©

MAX DEVIATION OF COUNT ERROR 1
SYSTEMATIC MASS ERROR 0.

MEAN OF RANDOM MASS ERPOR O.

STO UEVIATION OF RANDOM MASS ERROR 0.

0 0. 1.
3) HEAN TIME TO COMPLETE ALL MEASURF“ENTS 4,
(4) MAX DEV 10N OF MEASUREMENT TIME .5
{S) TIMING 1
{6 TIMER FY ON 1
(7 1 1) MONITOR FUNCTION 14
(8) DESTIMATION FUNCTION 11
(9) TRANSPORT FUNCTIDN 8
NO FUNCTIONS ARE NOTIFIED AT CONDITION TIMES

CREATE 6 701 MZMB
MEASURE [MCOMING MATERIALS 3 AND 4 AND REPORT TU MATERIAL
BALANCE COMPUTER

PARAMETER 6
(1

2

(21 12)
30 0. 0.0
4000, 0. 2

(3) 4.

(4) .5

(5) 1

(6) 15

(71 1) 14

(8) 1

(9) 9

CREATE 7 701 M2ZM
MEASIHRE INCOMING MATERIALS S, 6, 7, AND A8 AND REPORT TO MATERIAL
DALANCE COMPUTER
FPARAHMETER 7

1y 4

(2 1 24)
5050, 0. 0.
6000, 0. 3,
2070. 0.0,
8000, 0. 4.

(3) 4,
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{(a) 1.
(5) 1
(6) 15
(72.1.1) 14
8y 11
{9y 10
CREATE 8 301 TRHB
JRALUSPORT I"ATL‘RXMS | M‘lD 2 FROM | MPUT MEASUREMENT J1ATION TO THE
STORABE MRS MT SrAL O
PATAMETFR 8
(1) 24,
(2)_12. N
tiG TUMCTIGHS ARE MOTIFIED AT CONDITION TIMES

CRUATE 9 '!O‘I TFI'.B
Tl RT

PARANCTER 9
(1) 48,
(2) 24,
MO FUNCTIOMS ARE MOTIFIED AT CONDITIOM TIMES

CREATF 10 301 TRIMB
[RACIEQNT fhrrnlal s 8, 8, 7, AND 8 FROM INPUT MEASUREMENT STATIONS

AMD 4 FROM INPUT MEASUREMENT STATION TO THE
TATION

TO TIE 512 0L FEASUSEMERT ATATION
PAREMITER 10
(i) 48,
(23 12,
NG FUMGTIoNS ARE MOTIFIED AT COMDITION TIMES

CREATC 11 701 1721
MEASURE OUTEIING MATIIRIALS 1 THROUGH 8 AMD REFORY 70 MATERIAL
DALAMCE Chiv UTER

PARAMITER 11
(1)

-]

(2 1 48)
1010 0 O,
2000. 0. 1.
303 0. 0. 0.
4000. 0. 2.
S050. 0. Q.
6000 0. 3.
7070. 0, 0,
86 000. 0, 4,

(3) 4.

(4) 1.

[C-TI |
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(6) 115
(7 1 1) 1a
(8) 13
3) 12
CIITATE 12 301 _THMB
FaInT unT MATERTALS 1 THROUGH B FROM JUTRUT MEASUNEMENT TO 5 TeRAGE
PARAMETER 12
(i) qg.
(2) 0.
CREATE_13 401 ST0
STORE GULK A°ID CONTAIMERIZED MATERIALS
FARAMETER 13
(1) SINGLE DEFUSIT H"ﬁ DUP 1
{(2) END AREA OF BULK STORASE 13.
(3) VERTICAL ollR"ﬁ"F’ AREA CORTACTED PER UNIT MASS BULK STORAGE !
(4 BULK SYORAGE SURFACE HOLULUP CGEFFICIENT 0%
(S 1 4) o

REPORT
BULK STGRAGE DATA 1
CONTAINFI STURAGET DATA 1
MA'FER!AL HL ST@"/\CE 1
A 1AL 1N HOLG:P
NO FUHCTIONS '-\l’E NOT iFD AT COMDITION TIMES

CREATE 14 702 CM3A
MATYRIAL DAL ANCY COMPLHTATION

I‘h,.’lAME(fTF.R 14

1) HPDMER CF NEPBRYS 16

(g v i28) REFORT SPEC: FICATIONS
YPE 1
TRUE 2
COl

UNT 1
LAMPLIMS AT INPUT/0UIPUT TiMES 1
DUIMMY SAMPLING T ME O.
NlJI‘"‘lI"" OF HISTOBERAM CELLS 40

WIDTH G HloIOG'? vl CELLS 20.
LO'-'F.R LIMi1 OF R3T HISTOGRAM CELL O.
121 0. qap l -20.
22210, 40 8. .

23211 0. 401, -20
32710 40 S0 O.
33110, 40 2, -40.
4221 0. 40 1C O,
43210, 40 1., -20
52110, 40 10n. O

S31 10 4 5. -160
62210 40 20 O.
63210, 40 2. -40.
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22110, 40 500. O.
231 10. 40 5. -100.
B2210 4050 0.
83210 4C 5 -~100.
(3 1 3) INPUT FUNCTIDNSE 5 6 7
(4 1 1) OUTPUT FUNCTIONS 1
CREATE 1S 601 TIMR
TIMER FOR A STANDARND WARK WEEK WITH ONE 8 A.M. TO S P.M
SHIFT WEEKDAYS AND INTERVALS A.M. TO 12 NOGOM AND 1 P.M.
TO 5 P.M. EACH SHIFT
PARAMETER 1%
(1) PERIOD 168.
(2) SHIFTS PER PERIOD 5
(3 1 S. SHIFT STARTING TIMES 8. 32. 56. 80. 104.
(4 1 5) SHIFT ENDING -INES 17. 41. 65. 59, 113.
(5) INTERVALS PER PER:OD 0
(6 1 }g; l?ggPVAL STARTING TIMES 8. 13. 32. 37. 56. E1. 60. 85,
(71 }8) INTERV#L ENDIMNG TIMES 12. 17. 36. 41. 60. 65, 84. 88
8. 11

ﬁéﬁgégTE 2 DAYS OF CPERATION WITH A DUMP, LEVEL 3 TRACE, AMD
RUN t 48. 1

SIMULATE 28 DAYS OF DPERATIUN WITH NO DUMP OR TRACE AND
WITIH A STANDARD REP
RUN T 672. 0 0 1

REDUCE THE UNCCRTAINTY OF ALL MASS MEASUREMENTS BY A FACTOR OF TWO
AND REFEAT THE 28 DAY RUN COLLECTING ONLY MASS ERROR ODATA AND
REPDRTING CMLY FUNCTION 11 AND 14
PARAHETER 5
12 12y .5
PARAMETLR 6
(2 "2 12)
PARAMETER 7
(2 12 ; ;

AN
o000
N -
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8 3 1t 0. 40 2. -40.
RUM 1 672. 0 D O
REFORT 11
REFORT 14
PLACE ALL MZTASIRCMENT FURCTIONS OM THE 8 A.M. TO NOON | P.M. TGO 5 P M.
OPERATING SCHEDULE OF TIWER FUNCTIOM 15. REPEAT THE 28 DAY RUN AND
REPURT FIRMNCTINNS 5 THROUGKE 12.
"I\RAMETEI’I 5
(35)
PARAMZTER 6
(5) 3
PARAMETER ?
(5) 3
PARAMCTER 11
(5) 3
RUMN 1 6;2. ooo

N~

RETURM MCASUREMENT FUNMCTIONS 6 AWD 11 TQ CONTINUOUS OPE?ATION AMD
MEASURF ONLY MATERIAL 4 WITH 2.0 STANDARD DEV ATION CF RANDOM ERROR

PARAMEC FCx 6
(1) 1 (216)49000. 0. 2. (5 1
PARAMETRER 11
(1)1 (2 16) 4000, 0. 2. (51 1
CHANGE CMBA FUNCTION 14 TO REPLICATE SAMPLING DF THE

MATERIML BALANGE MASS ERRGR FOR MATERIAL 4 AT THE END OF EACH
OF THE Fi{itST FOUR WFEKS CF OPERATION AMD REMOVE INPUT FUNCTIONS S AHD 7

PAREMT IIR 14

(1)
21 32)
322 168. 40 5. -100.
4 3 2 2 336. 40 5. -100.
4 3 2 2 504. 40 5. -300.
3 2z 672, 40 5. )
(31 1) [
ELIMHATE FUNCTIGNS 1, 3, 5, AND 7
DESTRO
BESTROY

DESTROY
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PEtes T ie 3 RY 23 DAYS OF OPCRATION WITH & DUMP, NO TRACE,
N L G oA FUNCTIGH 14
YO

OFPEAT AT FIFTY REPIICATE RUMS AND ND DUMP
S0 G/3. 4 0O 0Q
i 14

Fr

Precran Freorution

Hith the inaut f£ile above nancd MCSSIN, the MCSS program was oxvcutod
on th~ time sharing sysimn At Lavyrence Livermore Lapeoratory as snown in the
no oy oF what appaosred an the user’s torminal, The first two 1l:ncs
o SORTLOL-E U inquiry to dstormine tha us2r's tine cnargod

fallay

PRTEIS NS TARRTY [N Lot
» o o ~es o gen of the oxarale problom. Ther thire line is tne user
2o a0 ng thath woutos Tha MESS progran vith @ time linmit of one minute and a

aro followed by the keyword command lines of the

Peiority of 1.0, Tha
it fila which are written en the interactive output devise o theoy are

Vo anTLeerl il aresation of the proagrezm. This informs the user of

preactsat in oesantion whets sovaral taske are defined in A singlc input file.

The ALL DONE noisage indicates nornal completion of controllce execution on
tha LTS system. And thae last two lines are the responsa to a second
COMIROL-E U ingquiry. The diftercnce in user’s charged time before and after

ex wution of she exanple indicatas that 00,4796 minutes of CDC 7600 time were

rocpired .,

-118-



Y

annn. teas
nogs 13
crenTE 1 101

RCME
FERAMETER |
CREMTE & 101 PoME
ERFIAMETER O
creaTE 3 101 ecME
FARGMETER
TPERTE 4 F01 TRME
EoPAMETER 4
CREMTE T T01 tTmE
FEPRHMETEP S
CPERTE & 701 mIME
FAPAMETER ©
CPEATE ¢ 01 mTmME
FRBLMETER
TREATE 2 301 teMe
FAPRMETER =
SPERTE T 301 TRMP
FAPAMETER 7
=PEATE LI 201 TemE
FAPAHETEP 11
CREATE 11 701 mMzme
FRRMMETEP 11
ZREATE & 2051 TPMEe
FERPAMETEP 12
cREATE 13 401 =zvoe
FRAPAMETER 13
IREATE 14 TO2 Zmen

PAPAMETEw 14

SOODSLIAPMNINCOCSSS

ZEY PAPAMETEW
cReERTE 15 501
FAPAMETEP 15

PN 1 38, 1 3

LIET
TIMP

il

PuN 1 B72. 0 O 1

Matcrial Belance Arca Accountability

E¥CEERS 0N ELEMENTS
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FRARRMETER
FARAMETER
FARRAMETER
PARAMETER
FAPAMETE®
PunM 1 %TE. i}
reEPORT 11
rEPORT 14
FAPRMETER
PARAMETER
FARARMETER
FRARAMETER 11

PUM 1 EV2., 0 00
rEFOPT %

REFPORT *

REFORT 7

REPORT &

RPEPORPT 2

rEFPORT 10

"EFORT 11

mEFORT 12
FARPAMETEP %
FAPAMETER 11
FARAMETEP 14
TESTROY
DESTRPOY
TESTRPOY
DEZTeOY
eur {0 ST32.
REFOPYT 14
RUr S0 B72. 0 0 4
REFQRT 14

—_— -
= b

k=4

=1 3.n

h S -

1448

ALL DONE
ey

0og, 5028
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CREATE 1 10
RECE[V

Mater izl Balance Arco Accountabil

Output Flle MCSSOUT
The complete ocutput file prociuced by execution of t1he program is

lettering. Explanatory noies inserted at varicus places in the program

output are indented and are in lower case text format.

MATERIAL CONTROL SYSTEM SIMULATOR VERSION 1.0 171778

MCSS USERS MANUAL

EXAMPLE 1

MATERIAL AL ANCE AREA ACCOUNTABILITY
10/18/77 Mss3tMza

1 RCMB
€ BULK MATER!ALS 1 AND 2

PARAIETER 1

1) PERICD OF ARRIVAL SCHEDULE 24.
2) VUVBEP 0F ARRIY

3 SCIFDULED n ES 8.

4) MAX OEVIATION i UM SCHFDUIED TIHES 2.
S) NUMBZY OF BULK HATERIAL TYPES 2

6 1 }¢&EE¥LK MATERT AL SPEFIFICATIONS

MEAN COUNT 100

HAX DFVIATION DF COUNT S50
EAN MASS

STD DEVIA;ION DF MASS 0.

0 0 20, 5. 1000. O.

MER F N 10N
DESTINATION F”HP]IUN 5
TRANSPORT FUNCTION 4

ity

reproduced belovw., All output drocluced by the MCSS program is in uppcr cusc

To avo!d repatition, annetation defining values specified in the

input file is included at only the first appsercnce of a

particular type of entry. In specifying the 14 elements of list

vatued perameteir 6 above, annotation is included to definc the
first seven clements, but, since those definitions also apply
subsequent groups of elements within the list, only numerical
values cf the last seven are supplicd. In specifying the
paramcters of function 2 belew, only numerical values of
pararetars zlready definsd in me specification of functicen 1
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included, Matao that perarcters 7 through 10 are not specifiid in
funchion 1 =o tiey ora dofined in tho shosifications of funstion
2, Moiina riss that since all of the parameicrs of 101 KCM

funchienz hove hcen d~finod proviously, only numcrical velues are

supplicad ~ Thn p& wers of function 8, Yo sinplify
nodiflaertion of nadgt sysioms, the specifications of pararatary
and var iale intuliel conditieng are pliced in scparate |ince of
the itnaput File Trheso convertions in defining =nd specifying
valurs 'thliﬂd o th2 MCSS progrem sro Not réauired by the
program, Tha Qoo nay empleoy other nrethods of clocurmentation and

may choozt 1o enprass the input file suidstantizslly by
GoRG it iiag tavarel cntrics on single linas,

CLIFATE _2 101 RCMP
RECEIVE CONTALNERIZED MATERIALS 3 AND 4

ArAI IR 2

t1) 24.
23 1
(21 1) 12,5
(4) 4.5
1?7) HUPFCIR OF MATERIAL TYPES RECEIVED IN CONTAINERS 2
(8 1 t4; 'JI‘!I'/.”'F | 2ED MATERIAL SPECIFICATIONS
3 200 100 D, U. 0.
4 0 0 40, ﬂO 100 [}
(9) MEAN MUMDIR OF CUN" AINERS RECEIVED PER ARRIVAL 2
(‘}?) TAOC BEVIATION O BULBEY CONTATNERS RETEIVED PEI‘\ ARRIVAL 1
( )i
(12) 15
(13) G
{td) 4
CHEATE 3 107 RCMB
fUCCivE PUTK. MATERIALS S AND 6 AMD CONTAINERIZED MATERIALS 7 AND 8
Fk 3
) 24.
)y 2
1 2) 10, 1S
» 2.
) 2
1 14)
5 500 10 0. 0, O, D,
EQOCGERN E 000 O,
(7y 2
(6 1 14}
7 700 GG 6, 0, Q. 0.
86 00 80. .B 1000. C.
(2) 2
(10) ©
(11 1
(12) 15
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¢
(
CREATE 4

301 TRME
(RAMNSIORT 4ATERIALS FROM RECEIVING STATIONS TQ MEASUREMEMY STATIONS

A

PARAMD L
MEAN W ‘\H FORT TIME O,
(el MAR T oM O 1 “ALISPORT TIME 0.
28] Fll‘ll.T Ui ;'\RE MOTIFIED AT COMDITIOM TiMES
~ifving =eire noan traniport tirc and zero deviation,
T funcLion simutat2s the ricvoncnt of incoming naterlzn
nto the niasurament facilitics of the three receiving
irwadiasel s upan their arrivel .

CREATE S 701 MR
FLASUIE TPVl NE MATERIALS 1 AND 2 AND REPORT TO MATERIAL

BALANCS FURCTION

PARONETER ©
€1) MUMRFE. o MATEREAL TYPES MEASURED 2
(2 7 12} 3V ASUREMENTY SFLCIFICATIONS

T
MEAIN 1. OUNT ERRD,

MAX [ YIATION UI' CUUNT ERROR 1
SYSIT. VIR MASS TRIPOR 0.

MEAM CIF ANDOI4 1ALS ERROR

STD v=/I ATION DF RAMDOM II‘SS ERROR Q.

20 6o, u .,
(3) #EAN T11E TO COIPLETE ALL MEASUREMENTS 4,
((:I! A DEMIATION O MIFARUREMENT TIME .5
i
{G)
(7 i 14
{8y I T1oN FUNG"'IO-\I 1
(5 e ©f FUNCTIOMN
0 IUI‘L!IH s path N-)T!'r'lED AT CONDITION TIMES

CREATRE_C 701 #zZnd
SURE lll"flhl"lG MATIECIALS 3 AND 4 AND REPORT TO MATERIAL

ANCE Y

PARAMETER 6

(1) 2

(2 1 12)
3Q030. 0.0,
4000, 0. 2,

(3) 4.

(4 .5

(5) 1

(6) 15

(7 1 1) 14
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J”}EC MATERIALS S, 6, 7, AND 8 AND REPORT TO MATERIAL
a

surcmznt funciiens 5, 6, and 7 have in this cxample been
e-ceificd to neasure aIl of the naterijals that are reccived. The
701 143 function nay, in general, be used to m=asure any
sp(chlOd set of mAtorial types. If no mateorial of a specified

Ty 15 presant in a measured batch, tha measured gquantity
rororitod to tho specified monitor function is zero.

ClauATE 8 00T THME
TRAH‘FOPT MATERIALS 1 _AND 2 FROM [NPUT MEASUREMENT STATION TO THE
STORAGT MLV ZUREMENT STATION
PARAMETER 8
(1) 24
(2) 12.
HO FUNCTIOMS ARE NOTIFIED AT CONDITICN TIMES
CLFATE 9 301 TRMB
TRANSTORT MATERIALS 3 AND 4 FROM INPUT MEASUREMENT STATION TO THE
STURAGE NMEAUUREMENT STATION

PARANMETER 9
(1) a8.
(2) 24.
MO FUMCTIOMS ARE NGTIFIED AT CONDITION TIMES
CREATE 10 301 TRMB
TRANISPCORT MATERIALS 5, 6, 7, AND 8 FROM IMPUT MEASUREMENT STATICNS
TG THE STUHAGE NcASUREMENT STATION

PARAMETER 10
(1) 43.
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(2) 12,

NG FUMCTIONS ARE NOTIFIED AT _CONDITION TIiMES
Threoe instancea of tho 301 TRMB function werc rcquired to simulate
the diffcrent tinos that material batches from the three recelving
stations resido in tho meterial balance srca. If the statistics
of thase thred residence times had becen the same (and no
nccessarily 2ero as (n the casc of function 4) a singla transport
function could have bean used to simulate all three transport

opergtions.
CREATE 11 7QG1 MzZrB
MEASURE QUTGOING MATERIALS 1 THROUGH 8 AND REPGRT TO MATERIAL
BALAMCFE COMPUTER

PARAMFTER 1"

n

[
mumunumag
00000000

oNoumowo-—
POOOOOOO
90000000
PQGONO*O

[hvreyes
———h

N—

) 14

VONOMAL

o mnnotation is uaed in the specification of function 11 because
all of thz paramnctors of the 701 MZMB_function have previously
been defined in spoclifying functions §, 6, end 7. Notice how the
46 values of parazmctor 2 are arranged in tebular form to make the
input file readable and essy to modify; each row of the table
containe the measurenont gpecifications for a particular material

type.

CREATE 12 301 TRM3
TRANSP@RT MATERIALS 1 THROUGH 8 FROM QUTPUT MEASUREMENT TO STORAGE

PARAMETER 12
(1) 0.
2) 0.

£ 13 401 STOR

STORE BULK AND CONTAIMERIZED MATERIALS
PARAMEYER 13

1) SINGLE DEPOSIT HOLDUP 1

Z—

CREAT
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2 rRr e OF BULY STORAGE 10,
i3, w16 SURFAC: AREA COMTACTED PER UNIT MASS BULK STORAGE 1.
4] IE 510RPGE SUIFFACE HOLDUP COFFTCIEMT 0%
21 A REILEG
oA IR |
'TOR!UE DATA 1
STHIRAGE

nﬂ i
HOT FIED AT COMDITION TIMES
furcuion 1e wsced an this axanple only to illustra'c
<% gsecification and rapeorting, f
ion specificd by paranetsr 8 of Funrtxon 11 had
ug zero, ihe raterial batches would have been
+ thiy comploted the transport operation
12. Tho storage sprce occupicd by the date
3 material batches would thon have boen
store 8t the time the batches wore destroyed In
vhe nateriol is placed in the srorage function
until the ond of cach simulation run., Arbitrary
Pl 414 vc; 22l ond (bottom) =z2ream, surface area
cecd par Wit uf Mass in bulk storage, and the surface hoidup
of whe single deno it holduyp model were spacified for

ta.

Y.
freo

L A A
Ty e s L lPUTATION

‘-PJRI“ 16
i SPTCIFICATICMS

Ry F/EUéPUT TIMES 1t

1 ._s 40

3 20,

FiRST RISt AgiAn Chi C.

A L
2. v 9. 46 1, -20,
e T 04 Q
2320 0. 40 V. -0,
a2 Y1 0. 40 k0. 0.
B0, 40 =, -4t
4 2 23 0. 40 1o, O.
A3 210 401 -2¢.
521 1 0. 40 109, ©.
53110 &d05. -100,
62200 40 20
632 i 0 40 2. -40.
7 w2 1 1 0. 40 500
73141 0. 40 5. -100.
4221 0. 42 S0, 0.
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s
- 8321 0. 408 00.

31 3 IHPUT FUIIC‘Tu)no 56 7

A1 1) GUFUT FLICTIONS 11 N
Funct:or 14 is )pcclflod to maintain two metcrial balance
cemnps” . tons o cach of the cight types of moterial cnering and
leayine the noter-ial balence arce. rue end crror (observed or
boock va&lus minus the truc value) material kalsance computations arc
spemificd by wnt- eccond clement in cach group of cight clcments of

lizi "dlU“d racaneter 2. Notice how the values of psrameter 2 are
ar e in imr form with cach row or line of the irput file
ying the matcrial bulessc computation for @ particular

rial typn.

CREATE 15 601 TIMR
TI0ie TOR A STANGARD WORK WEEK WITH OME B A.M. TG 5 P.M.
SENMY WELKLAVS AMU [NTERVALS 8 A.M. TGO 12 NGON AND 1 P.M.
TO 5 P.M. EACH SHIFT

(o]
PARAMETER 15
(1) =CR160 1E8.
(2) SHFTS PER PERIOD 8
(3 1 ) SHIFT STARIING TIMES 8. 32. 56. 80, 104,
t4 1 5) SUIFT ENMDING TIMES 17. 41. 5. 89. 113.
(S) |CRYALS PER PERIOD 10
o« :gz l?ggﬂ?hL STARTING TIMES 8. 13. 32. 37. $6. 61. 80. 85,
(7 1 }@é !ngé"ﬂL EMDING TIMES 12, 17. 36. 41. 60. 65. &4. 89.
vl

This completes the creation and specification of the madel system,
To warify what thoe nodel sysierm has bean canstructed properly and
Lthat (L performg as spacified, «we naxt perferm a short simulation
run, reauRsting a dump of tha modal system and printout of event
a2nd interactian ressages,

féMHEﬁEET2 DAYS OF OPERATION WITH A DUMP, LEVEL 3 TRACE, AND
1'OR

RUM 1 48, 1 3 0

CoOMMGH

=
o

r
Q
Iopile
-y
= RO=ONOWRO—-ONOW;
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Le+0
+

+
+

+
LP+
4
+
+

QUL QN—=OLWN—O

++ 4+

it ot et
C=0OrNIN=0W®E~

r
<

LIC I I I R Y

r

[ T

D=

R PN 2T A1 )

= N

n

QOONOD—=O®R~ L
ANIOASANARONG

[T oY, ) Ty N

-
~N——-

-
~
(4
Qo
N

TIME O.
TSTOPI 4. 3000E+01

mom
22
1
i9
2
]
2.4000E'0;
756
2.0000E+Og
766
o
o
0.
0.
1
15
S
q
1
Q
0

8.0000E+0Q0

Q00D0E+CO

1.
a.
2.0000E+01
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1.3000E+01

1.0000E+02
$. 0000E+00

O0O0CE+01 O,

2.0000E+Q00 O,

1.

QUUOE+03 O,
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+ 1 1 755 ]
FUNCT ) ON 2
LE+00 784 101
+ 1 785 22
+ 2 786 2
+ 3 787 15
+ 4 788 2
LP+ O 1 78BS 0
LS| 3 790 2.4000E+Q]
+ 2 1 791 1
+ 3 4 782 808
1.2500E+01
+ 4 3 793 4.5000E+0QQ
+ 5 1 794 [+]
+ 6 a4 795 ]
* 7 1 796 2
+ 8 a 797 818
3.D00CE+CD 3.0000E+02 1.00Q0DE+D2 O. 0.
. 0. 4.0000E+0Q0 O. Q.
4_.0000E+01 2.GO00E+0! 1.0000E+03 O.
+ 9 3 798 2. 0000E+QO0
*1Q 3 799 1.0000E+0Q0
+11 1 8pe 1
+12 1 801 15
+13 1 802 6
+14 1 803 4
LvV+ O 1 804 1
+ 1 1 805 ]
LI+ 0 1 806 0
+ 1 1 807 o]
FUNCTION 3
LB +QQ 836 101
+ 1 837 22
+ 2 Bas 3
+ 83 sas 15
+ 4 840 2
LP+ O 1 B84) 0
+ 1 3 B42 2.4000E+D1
+ 2 1 843 2
+ 3 4 8449 860
1.0000E+01 1.5000E+01
+ q 3 845 2.0000E+0Q
+ 5 1 @848 2
+ b 4 847 870
5.0000E+00 $S.0000E+02 1.0000E+01 O 0.
Q. a. 6.000CE+0D O 0.
6.0000E+01 6.0000E+00 1.000DCE+03
+ 7 1 648 2
+ 8 4 843 888
7.0000E+00 7.00Q0E+D2 S.000CE+DT O. [+B
Q. Q. 8.0000E+00 O. 0.
8.0000E+01 8.0000E-01 1.0000E+403 0.
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1
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+ 8 3 1502 O,
+ 7 3 1503 8,0CO0E+DD
L1+ Q 1 1504
+ 1 3 1505 1.6BCOE+02
+ 2 1 1506 [}
+ 3 3 1507 O.
+ 4 3 1508 B.0000E+00
+ 8 1 1509 o}
+ 6 3 1510 0.
+ 7 3 1511 8.06300E+N0
EVENT CHAIN
LEC 148
LNE 169
LLE 155
LFFE 180
LLFE 645
NSE ]
MNSE ]
NFE 94
$SEca 100
165 170 0. 15 1 «]
170 175 8. 0000E+Q0 15 2 e]
175 150 8.0000E +90 15 3 Q
150 160 4. 4375E+00 1 1 [+]
160 155 1.1125E+01 3 1 o
185 0 i.5594E+01 2 1 o]
FREE STORE
LF| 2417
LLFB 2417
NFL 17682
LBCA 2417
MINNFL 17582
2417 0 17582
This complotes the dump of the model systen. Since this is the
first run of tha model system, the firee storc chain _consists of a
single block of 17582 svailable momory locations. The output fila
next contains the chronological list of event and i1ntcractions
writtan during the 46 hour simulation run.
o. 15 EVENT
0. 15 601 TIMR BEGIN PERIOD
8.Q0GQE+Q0 15 EVENT
B.000DQE+D0 15 601 TiMR BEGIN SHIFT
&.0000E+00 15 EVEN
8.0000E+00 15 607 TIMR BEGIN INTERVAL
8.437GE+00 1  EVENT
9.4273E+00 4 IMTERACTION
9.43725E+00 S INTERACIION
9. 4975%E+00 5 v01 MzMB MEASUREMENT STARTED
9.4375E+00 4 3071 TRMB TRANSFORT COMPLETED
9.4375E+00 i IOI cha MATERIAL BATCH RECEIVED
1.1123€+01 3 EVE
1. 1125E+01 4 INTERACTIUN
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LHTETASTION

701 tZM42  MEASUREMENT STARTED

'1!1 TR TRANSPORT COMPLETED
ITLMH PATERIAL BATCH RECEIVED

PEASUREMENT STARTED
TRANSPURT COMPLETED
MATERIAL BATCH RECEIVED
END INTERVAL

BEGIN INTERVAL

u?EASUPEMENT DATA RECEIVED

MEASUREMENT DATA RECEIVED
_M?ASUREHENT COMFLETED

INTEPALT:

702 CMBA MEA'URFMENT DATA RECEIVED

INFERACT LU

4 CMBA' MEAoUREMENT DATA RECEIVED
il

; PMdA (PEASUREMENT DATA RECEIVED

i
702 LMSA MCASUREMENT DATA RECE!VED
701 MZ4B ﬂEASUPEHEVT COMPLETED
INIVERACTION

301 TnHE  TRAMSPORT STARTED

EVENT

[UTERACTION

INTERACTION

701 MZiMD  MEASUREMENT STARTED

301 THME TRAHS“ORT COMPLET

IOI RCM2 MATERIAL BATCH RECE[VED

EVLNT

TNTERACTION

IH1ERA'FTON

70! MZ Mﬂ MEASUREMENT STARTED

301 T TRﬂMSPORT COMPLETED
101 RCI! VATERIAL BATCH RECEIVED
CVENT

INTERACTI

702 CMBA HF#SUPEMENT DATA RECEIVED
INTERACT 10N

702 Ciiss  “EASUREMENT DATA RECEIVED
701 Mzt MEASUREMEMT COMPLETED
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"EASUREMENT
ON

MEASUREMENT
PiF AGUREMENT

8 INTERACTION

3 301 TRt TRANSPORT STARTED
1% EVLNT
15 5071 TIMR END SHIFT

15 EVENT

ib BRT Tl EMD INTERVAL

7 EVENT

il INTELAI

1 7O‘$ECH'XI\ JMF#%URFMENT DATA RECEIVED
1 K
1 '[702 ¢ tl‘-l ASUREMENT DATA RECEIVED
i 4
1 702 DATA RECEIVED

DATA RECEIVED
COMPLETED

TN
TRAIISPORT STARTED
EVENT
INTEFR ST H)
702 LA |1IA UREMENT DATA RECEIVED

TMTEFR 1. THON
7062 CriA I SUREMENT DATA RECEIVEOD
HIFASUREMENT CGMPLETED

oM
4 TPANSPORT STARTED

Ry

VA BMADMQUANNANRUNEOG = =0 A ~2 0 RGO a2 AR

B I e kB ) ek d ke s ot ot h kb e

EVENT
T THFERACTION
3. INTERACTION
3’ 721 zdn TMEASUREMENT STARTED
3. 301 (KRMB  TRANSPORT COMPLETE
3 T} OB DATERIAL BATCH REGE!VED
5 EVEHT
3. 11 INTERAUTION
2! 11 701 MINB  EASUREMENT STARTED
3 T TRAMSPERT COMPLETED

. 1
3 1 3 BEGIN SHIFT
1
1 L REQIN TNTERVAL

INTERACT IO

N ER in
3. 701 *MEASUREMENT STARTED
3 301 Tigie TRAUSPIRT COMPLETED
3! 101 roMt M4TERiIAL BATCH RECGEIVED
3.5 EVENT
2N 14 INTERACYiOM
3. 14 702 CMSA  IFASUREMENT DATA RECEIVED
S0 1 IMTERAS L,
3, 14 702 Ciies | it ASUREMENT DATA RECEIVED
3¢ 701 Fzii M *HUREMENT COMPLETED

-139-



L90NQE+01
.qO"ﬂE401
i

AT ST A SO NG

v
2NN VAR W VTR AR BN A

]

AGH

74:1/E+m
7247E+40Q1
.734/f+3}

7 L+
L 73476401
T3A7+G1

B ALS AT Y AT ATAY R EAPAYATA TR AT AR AR ARAT AR AT AT R PR RA YA YR YR RAFATSRAT AT AT AYARAYA FXERYATARRY KEAEA TS

i e T TV PV OUP NP S P PUr I UV U PSSP
CAANMNWON=ARMDMINADNBAIAAI AL IAANI—DED

e et ——

NANAXNONNN=DBNL~«0DNLADDLL

——rmre

Hoterial Balence Areoe Accountabi’

NTE RACT(UN

01 1RME  TRANSPORT STARTED
VEMT
HTERﬁCTH
2 A
1
T

i
3
T
70 : MEASURCMEMT DATA RECE!VED
IN CTl JN

p

N

E

HGA ﬂrqu"EMENT DATA RECEIVED
ERA T £

l

?O$ C?EA ‘MEASUREMENT DATA RECEIVED
AGYS

/OALCMDA MLAQUREHENT DATA RECE!VED

IMTECASTION

702 Chbu H:ASURFHENT DATA RECEIVED

INTER
702 CHoA I‘1EA SUREMENT DATA RECEIVED
INTERACTI
702 CcMaa HFA‘URF”FNT DATA RECEIVED
| HTERAGT 10N N
702 CM3A MEASUREMENT DATA RECEIVED
701 B2 MCASURENENT COMPLETED
IMNTERACT1OM

1NTERACTION

401 STOM HATERIAL PLACED IN STORAGE

901 TRME TRAMSPORT COMPLETED

EVENT

IMTERACT ION

702 CMBA HFAQUREMENT DATA RECEIVED

INTERACTIC

702 CHMBA MEASUREFENT DATA RECE!VED

IWTERACT i GN

702 CMBA MEASUREMENT OATA RECEIVED

INTERACT 10N

702 CVMBA ™MEASUREMENT DATA RECEIVED

701 MzMB  MEASIIREMUNT COMPLETE
NTERACTION

801 TRMB TRAMSPORT STARTED

EVENT

INTERACTION

INTERACTlﬂN

701 MEASUREMENT STARTED

301 TRMB TRAHSPORT COMPLETED
101 RCMB AT‘RIAL BATCH RECEIVED

EVENT
601 TIMR END INTERVAL

E -

601 TIMR BEGSIN INTERVAL

EVEHT

IMTERACT[ON

INTERACTION

701 1zZMB WEASUPE ENT STARTED

301 TRMB TRAMSPORT COMPLETED

101 RCMB  MATERIAL BATCH RECEIVED
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Material Balance Arca Accountability

EVENT

INTERACTIDN

INTERACTION

701 MZMB MEASUREMENf STARTED

301 TRMB TRANSPOKT CCHMPLETE

éS' RCMB MATERIAL BATCH RECEIVED

IM ERA TION

?SFEgggﬁ MEASUREMENT DATA RECEIVED

702 CMBA MEASUREMENT DATA RECEIVED

7C1 MZMB  MEASUREMENT COMPLETED

[NTERACTION

?e TRMB TRAHSPORT STARTED

IN ERACTIUN

701 HzMR MEA%UREMENT STARTED

23_ TRMB TRANSPORT COMPLETED

601 TIMR END SHIFT

EVEN

60 IMR END INTERVAL

EVENT

INTERACTION

7 CMBA MEASUREMENT DATA RECEIVED-

INTERACT I ON

702 CMBA MEASUREMENT DATA RECEIVED

701 B MEASUUREMENT CCMPLETED

JNTEP TION

geé TRHB TRAMSPORT STARTED

INTERACTIO

702 CMBA MEASUREMENT DATA RECEIVED

iNTERACTION

702 CMBA MEASUREMENT DATA RECEIVED

INTERACTIO

?g;ESEBA MEASUREMENT DATA RECEIVED

70? CcHBA MEASUREMENT DATA RECE|VED
HZN MEASUREMENT COMPLETED

INTERA oN

301 TRMB TRANSPGRT STARTED

EVENT

INTERACTION

702 CMBA MEASUREMENT DATA RECEIVED

INTERACTION

?S$EgMBA MEASUREMENT DATA RECEIVED

?g¥EgHBA MEASUREMENT DATA RECEIVED

702 CHMBA MEASUREHENT DATA RECEIVED

INTERACTION
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MAIASUREMENT DATS REDEIVED
rn

MEASUREMENT DATA RECEIVED
SSURENMEWT DATA RECE!VED

i A GUFE T DATA PECE!VEU

it PLACED 1M STORAGE
‘AIJ DT SUMPLETED

SUREMENT STARTED

: TPORS COMPLETED

cri spocificd, this completes the operation of
ccified by the first RUN line. Ve next conduct
operation of tha nodel system without a dump
he doimils of agoration during the run.,  Dats
tion of the mode! system are output in a
Jd @r the run.

OPERATICH WITH NO DUMP OR TRACE AND

onRT

zm output file during the
'puchxed zbova. The folligwing

]th a trbis shoving the nunber of tima

wransforred to the individual functions of the

ng docs not necessarily indicate the rolative

in »inutating tho different functions. The table is
Sy ar individual report generated by each function of the
“Srom,
Fe SN Gvby EMTRIE FRACTiON
i Tar 11 0.0217 -

7 <N 5. 0.C109
E: 0 11c 0.0217
L 301 28C 0.0%43
o L 28 0. 0585
6 ot 14¢ 0 ¢272
7 B 387 G.o761
2 1 16" 0.C314
2 = $.C155
P 1E Q.0311
o 143 0.2778
12 26! 0.Q50%
5 (<18 9.0252
14 1427~ 0.2780
) 1 0.3243



http://oj.ee

Matcrial Bzlancc Area Accountability

FUMETION 1 1? RCMB

NUM CF BATCHES RECEIVED 56
FUMCTION 2 101 RCMB

NUMSE ™ OF BATCHES REZEIVED 28
FURUCFTION

NUME R Gr BATCHLS RECEIVED 56
FUNCTION

B
LMBER OF LLTEHIS IN TRANSPORT 1
MuUM FIRaT GCCURRED 7.1863E+00

FUNCT{OM 5 7061/MZMB
PEA T MUY NUMBER OF BATCHES 1N MEASUREMENT 2
TiML visaXIMUM FIRST OCCURRED 5.9105E+01

FUNCTICON € 701,M2MB

MAATHGM NUMBER OF BATCHES IN MEASUREMENT 1

TIME MaX4IMUM FIRST QCCURRED 1.1145E+01
FUMCTOM ? 701/MZMB

MAA LT U1 MUMBRER (JF BATCHES 1N MEASUREMENT 2

TINE PAXIMUM F1RST OCGURRED 3.7382E+01
FUMCT [ On 8 3Q1/TRMB

MAXITUM MUMAER OF BATCHES 1IN TRANSPORT 4

TIME MAXIMUM FIRST GCCURRED 2.3165E+02

FUNCTION 9 301/TRMB
MAXTiMUM HUMBER OF BATCHES IN TRANSPORT 4
TIMC MAXINMUT FIRST GCCURRED 2.7638E*02

1 B
-1iU NUMBER (OF BATCHES IN TRAMSPORT

FUMCTION ug 201 /TRM s
ax
TIME MAXIMUR FIRST GCCURRED 6.6070E+D

701/MZMB
Iﬁuﬂ NUMBER OF BATCHES lN MEASUREMENT

FUNCT]ON X a
ME MAXIMUM FIRST GCCURRE 1.3331E+02
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Matcrial Belancc Aree Accountability

301/ TRMAE
éMUH NUMBER OF BATCHES IN TRANSPORT

FUNCTION .
MAXITMUM FIRST QOCCURRZD 4,2536E+01

FUNCTIOR 13 an} STOM

BULK STORAGE
CURREMTLY [N STORAGE

4.1C DE+03

MAXIMUM MASS STORED 4.1C.0E+03 AT TIME 6.6545E+02

NUMBLR CPSURVATIONS 104

MEAN 1.9436E+D3

STANDARD DEVIATION 1.27739E+D03

CONTAINER STORAGE

CURRENTLY [N _STORAGE 141

MAXIMUM HUMBER STORED 141 AT TIME 6.5486E+02

NUMBER ORSERVATIONS 77

MEAM 6.26<SE+D?

STANDARD DEVIATION 4,3095E+401

MATERIAL IN STDRAGE
3047 Qo 2707 [} o 0 & 0 $.4312E+02
2707 Qo 3327 3047 0 0 S 47t3 0.
3327 o 3187 2707 0 0 2 0 1.7547E+02
3187 2477 0 3327 o o0 1 a51 0.
2217 0 2677 0 0 4 6.0828E+01
2677 2757 o 2717 0o Q0 3 396 0.
2787 2487 2677 1 O 396 E.0B28E+0Q1
2957 Q 2547 0 Q9 Q 8 Q 7,8917€+01
2547 2537 o 2557 Q 0 7 658 0.
2537 2497 0 2547 1 0O 6358 7.8917E£+01
2527 0 28517 0 [ - 0 7.8373E+D)
2517 2507 o 2527 o o 7 665 0.
2507 2567 o] 0 257 1 O 665 7.8373E+0)
3317 0 2457 o] o 0 4 0 3.3662E+D1
2467 2437 0 3317 o 0 3 392 0.
2437 3117 o] 0 24¢7 1 © 392 3.36B2E+01
2957 0 2917 0 0O 0 8 0 B.C20Z2E+01
2817 2997 0 2957 o 0o 7 723 0.
2997 2307 +] 0 23817 1 O 723 8.0202E+0D!
2827 o 2287 o] c Qo 8 7.9268E+01
2987 29772 Qo 2927 Qg 0 ? 692 0.
2977 2967 o] 0 2987 1 O 692 7.9269E+01
3227 Qo a7 0 O 0 8 7.9813E+01
3217 3277 0 3227 o 0 7 652 0.
3277 3267 0 0 3217 1 O 652 7.9813E+0)
2787 0 3307 o] Qo 8 0 8.0286E+01
3307 3297 0 2787 o 0 2 657 0.
3297 3237 4] 0 3307 1 ¢© 857 8.0286E+01
3097 0 3087 o 0 0 & 0 7.9840E+01
3087 3147 0 3097 o 0 7 655 0.
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Material Balance Arca Accountability

0 sL87 1 0 685 7.3840E+Q)

0 o 0 8 Q0 7.822SE+01
2837 o 0 7 748 0.

0 2847 1 O 748 7,8225E+01

[} o 8 0 8,0835E+07
3347 o 7?7 70% 0.

¢ 3337 1 0 705 8.0835E+01

[} 0 0 8 0 7.9374E+0!
3387 g 0 7 8§77 0.

0 3377 1 © 677 7.9374E+01

0 0o 0 8 0 7.8102E+01
3447 a 0 7 744 O.

Q0 3427 1 O 744 7.8102E+D}

o o 0 8 Q &8.106BE+D1
3487 o 0 7 7218 0.

0 3477 1 ¢ 718 8.1068E+D)

0 0 0 4 Q0 7.0168E+01
3557 o 0 3 323 0.

0 3547 1 0 323 7.0168E+C)

o] o 0 4 0 3.3800E+01
35987 0 0 3 388 0.

0O 3587 1 O 385 3.3600E+0)

0 0 0 4 0 6.1501E+D
2947 o 2 3 371 0.

0 2937 1 0 371 6.1501E+01

[} cC O 4 0 3.5695E+01
33807 o 0 3 394 0.

0 3737 1 O 394 3,569S5E+0!

[¢] 0O 0 8 0 7.8419E+01
3707 o ¢ 7 675 0.

c 3697 1 O 675 7.8419E+D01

[} o ¢ g 0 7.9600E+01
3747 o 0 7 722 0.

Q 3737 1 0O 729 7.9600E+01

a o 0 8 0 7.5103E+01
3897 g 0 7 746 0.

0 3887 1 o 746 7.9103E+0!

o] o 0 B 0 8.0946E+01
3937 a 0 7 659 O,

0 3827 1 O 659 8. 0946E+Q!

] o 0 4 O 1.8959E+0]
4977 o 0 3 377 0.

D 4167 1 0 377 1.8959E+01

g o o & 0 8.0039E+01
3127 o 9 7 663 O,

0 67 1 0 663 8.0039E+01

Q 0 0 8 0 7,8567E+0D)
3787 o 0 7 738 O.

0 23027 1 O 738 7.8S67E+0)

] D O 8 8 7.9665E+0)
4087 D 0 7 711 o

0D 4057 1 O 711 7.9665E+M
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2 0 703 7.9619E+0
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2 0 741 7.9445E+0i
2 0 718  8.0484E+
2 0 747 7.9898E+Q1
2 ¢ 353 3.0918cE+Q1
2 B0 665 7.9214Z+01
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2 0 255 1.892s5E+D1
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2 0 308 1.B461E+0}
2 0 933 J3.29€60=+0Q1
2 0 742 7.9723E+Q1
2 0 673 38.046CE+Q]
2 0 668 7.9235E+01
2 © 725 7.B967E+0]
e 0 744 8.0784E+01
2 0 B50 7.9927E+01
2 0 219 2.4019E+01
2 ©0 681 7.9489SE+0]
2 0 702 7.8520E+01



O00000000000000C00Q000CO00C00VU0000000000000000000000

gan
igh]

Marerial Balanca Arca Azzountzbility

MANNRRNRN DD

NN

N

00000000000 00000N0000DCO0DCCOCDOOR00000JTD0000000000

NOQTMNNNNN
DU ==~ b
QONWO =R L

VWO
W
Lo

Uv\l\l\l.m.—':n_\l_\l_ﬂ NENNNANOGEEALGEEDNNNODNOOONDWNANNNABON YN L N

.0D12E+01
. 8245E+D

7077E+ 01
8437&+01

.BEQRE+01



Material Balance Arca Accountalaitity

2647 o] 3007 2867 2 © 371 6 +01

asn7 o} 2647 3%77 2 © 385 3 +01
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2427 0 24:7 2577 a o 2 9. i311E+02

2417 1588 2427 o 0 1 4164 0.

1589 ¢} 0 o 2417 1 © 24975 3.3874E+03

REFORT VAL Q. YO 6.7200E+02
Teis ¢ rage Function 13 itlustrates the enormous amount
af d that may e reguired to maintain the containment
idant in complax nodzl systems that handls and
pron LYSeS oF ratairials, It alsc illustrates
the ~1c > eavings that may be reallzed by desicaning medel
AV »as liztle long termsn material storazge zapasity as
pose r should transport or zhip msterial out ef the
mochal ver it is pnssiblc to ¢o so and ascurataly
~ey: ~ systen.

oy rapsrts generated by the 702 CMBA funcrion ars

2140 5 SLIRRGH on 2 hawW page to zveid splittirg of
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a. NUFBER OF QBSCRVATIAONS
2 9268E+02 STAMNDARD OEVIATICH
4.4T00E+02 TIME OF MAXIMUM VALUE
1 VAL UE o. Ti15E OF MINIMUM VaLUE
IOUIR LIMIT DISTR] - 0.0 0 25
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9 0.0484 0.07%2 xaze
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i 22 0.71183 9.35d8 wxExax .
2 21 g9.5129 0.4677 mrE=x
a3 13 9.009€ 0.%484 axn
E a2 0.1183 0.€667 wxzrwr
2 I} 20806 0.7473 wurn
e k4 0.6576 Q9.7348 .
% 14 0.07%3 0.8602 wxrn
9 7 n.9376 9.8972 =
3. 3 0.013 Q.8140 -
2. 4 n.0215 Q.6358 ax
a, s 00269 0.8624 nx
3 ] 0.0323 0. 2946 "
e [} 0. 0.E342
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o o} 0. £000
e, 0 0. 0000
=N o] 0. a0Ga
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Mater izl Balance Arca AcCountabl gty

WURGTION 14 792 crpa REFORT no. 7
ATLRIAL TYirs
TRu
VAR LE 55
JAFPL EACH THRPUT/CUTPUT TXHE
RFPLlCnTF SEMPLTNG TIME
h-ﬂu VALUE |.]25;E.Qz
MAK ] MUM VELUE 9 02588 +02
1413 MGY VALLE -1 26228-12
LGNER LIH!T . DISTRI - 0.0 o0 25
Or CEL LOUNT DENSITY 3uUTION . -
Q. 2 a o127 G.0127 1+
i DOOOEOOI 0 [ 0.9127 i«
2 a 0.0253 0.0380 1«
3. 7 2.0443 0.0823 1x
4 14 ¢.0886 Q.170% L« *
5. [ 0,0380 ©.2089 i +
6. 16 0.191% 2.91671 1 .
7. 18 ©.1138 Q. a241 IELLIY Y] .
8. 4 0.0253 G 4484 1xw
9 1 C.0ESE 0 5190 Ixeur
1. 7 ©.Nd443 0.5633 irex
. 16 01013 0. €546 Temuns
¥ i 0.00G3 Q. 6709 1x
T 4 0. 0253 0. 6862 I=x
I 6 ©.0380 Q 7342 1%x
I 3 0.0180 0,7532 Ix
1, 2 0 Q190 0.2723 x
1. [-] g.Q380 0.8103 lax
i rd 0.04438 0.8544 Ixxw
I [*] J. 0. 8544 I
2. 3 0.0316 0.80861 ins
> € a.03A0 0.g324% 1sx
z & G.0J€EQ 0.8620 1se
2. 2 0.0127 ©.9747 Tx
. [+ 3. &.9747 1
s 1 0.0082 o 2810 I=
2 0.0127 $.9937 1=
Q Q. o 9837 H
c 0. 0 9937 H
Q G. 0 2937 H
1 0.0083 1.0000 I
o c. 1 0000 1
0 Q. 1.0000 H
Q 0. 1.€Q00 i
0 2. 1.00 I
Q 2 1.0900 t
-] 2. 1.90090 1
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: ] 0. 1.0000 1
PHUGE e -] o, 30000 1
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tHatarsal S8alance Aroa Accountautt ity

REPOXT 1 10
1)

Erron (enzemven - TAUE)
EACH IN=.T/OUTPUT TiME

Q. NUMBER GF CBSERYVALICHS
1.6829£+01 STAALDARD DEVIATION
4.8000E+Q1 Tl OF MAF [T JALLE
=1.2003E+J1 TIME OF MI%IMeM VALUF
DISTR!- oo o 25
3t DENS!ITY BUTICN - -

- (2 < 0. Q9 .

- 10t a o o] +

. o0l a 9. [} “

- +Cl a9 ] ] .

- o1 o [} Q +

- 21 ol Q. Q2 .

- ET 9 C. Q N

- o +0i ] 0. I3 +

- a <3 c. [} M

- 01 G 0. ] *

- at 9] G. 0. e

-1 a: ] 9 Q. Mg

- 31 o 2. ] +

-3 a: < 9. Q +

- () < 9. 2 +

-e J) < 4] . +

- o g 2. a. +

- 01 1 2.0054 ] 54 -

-:.3n0 o 4 0.02)5 9. 52 L d

-5 IGCBI-LD 17 0.0914 0.1i83 rrvexe

o 24 c 1290 3 73 nEwrsew -

¥ 00QGE+2Q 24 Q.12937 3.3753 Trmxzww .

1 N0G0E+G! 27 0 1432 9.5215 ixrxrxres

i. T+0 14 .07%3 a %928 Tar

2 17 2.0914 0.€352 larx

59 13 a csén 0.7558 T

o il e CSS1 Q 3a41 LY

q 1c Q 0538 Q.8278 zxa

q 49 Q.C484 . 5452 vew

& 13 g €534 1.C003 LA

o [} ] 1.€000

1 ] Q. 3.€000

£ o 0. 1 CO0Q

b o Q. 1.0000

? Bl Q 0. 1 0000

7 D1 o 0. 1.C000

n 91 9 ‘B 1.0000

" K o1 o e. 1.0000

o ol o 0. 1.0000 t
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Meteri1al Balance Arca fccauntes) ity

1FUNCTION EEFORY (e 4
TRUE
MASS
MG EACH INPUT/QUTPUT TIME
LJCA'E 51‘-"F‘ “HE TIME Q. HUMBER CF CBSL FYATICNS

Arl 2.47865v02 MOAR: oM

L1E 3.62UGE «+02

.‘-.Hd" ‘IALI)E 6.0223E+01
LLWER LIMIT atsTa| -
OF CELL TOUNT OENST TY BUTION . -
c. 0 (4] 0. 14
2. 0DDDE=D) 0 o. 0. i+
4. GOCCE+Q Q . 0. i+
& OUQOE+Q 1 . 0054 o 1+
8 OONRE+ D Q . 0. 1+
¥ . QUUOE+D 3 L0161 o Irs
t 2000C+0: (-] . 0. 1+
1.4000E+Q kl 0054 o. I=e
1.50J0E+0; 8 09e8 o. Iemara +
1. 3000E +0: 7 0376 0 JTu=
2 JIDCE+O; 3 . 0161 0. In e
2 ?UGOE'O a9 2634 0. [rarramAmawms -
z 39 . 2097 0. Jemxvesarvoe
2 3 -D1B}1 0. I=
2 a2 1720 0.8 {vmorranwy
3 25 L1344 0. Jorrwwar
3.2 1 . 0054 0. Ix
9. 3 .0161 o. 1=
3. 11 . 0054 ). i
a. o 0. 1. 1
Aa. o [+) 1
4. Q Q. . i
4. o Q. . 11
<1, o [+ . 1
4. Q Q. . 1
5. ¢ o Q. . H
5. o] 0. 1. 1
G- =] 0. 1. i
5.500 [=] D. 1, 1
5. D00NT ‘EJ ] Q. 1. H
5, COODL »D2 o Q. 1. i
&. 2000 +0: Q Q. 1. ]
6. 400! Q Q. . I
6. 5O [+] Q. 1
S,BOODEOO Q Q 1
7. 00QOE+Q. g i
7.2000E +Q ] i
7. 4000 +0; Q 1
7. 6Q00E ~O: Q 0. 1
7. 8000E+Q. Q 0. 4
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Material Balance Aren Accountadbi oty

1R on 11 702 s REPGRT MO, 12
STORTEC TYE

/\ A FRRIJH {DUSERVED - TRUE)
\IAFH ;‘\"'\LF MA:
L1LE EACH [MPUT/OUTPUT
f ”n_l CATE SAMPI ivG TIMZ Q. FRYA TIONS 186
MEAN VALTE -5.5208E-30 ATICN 9 DOI7E-CO
MAX. UM VAL UE 2 1696L+01 !M vaLUE | 2ES7E402
MINTHMUM VAT UG -2 0%82E+Q01 N VAL UE 4170602
LOWER LIM1Y GISTRL - 29 3.5 c 75
OF CELL CAUNT DEMSITY 2UTI0H + - + +
-4. O0DDE~Q1 Q [+] [} I+
-3. 800CE~+O1 Q Q. a. *
=3.6000E+Q} 2 Q. 0. +
-3. 4000E+01 Q 9 ] +
-3 2000E+Q1 ] 0. O. +
-3.00COE+*Q1 Q [ o *
-2 B000E+Q1 Q 0. o M
-2 . 6000E+0) G ] Q *
-2, 400DE+DY ) ] Q -
-2.2000E*Q1 q 0 02* 0.02i5 [
-2.30COE+CT k4 G GI7 0 9591 364
~1.800Q0E+0) a 0 o2l 0.0806 [
-1.60CCE+C) 2 0 os4! C.1a%2
.9 Q.10 0 2473 -
B i8 . OSH ¢ 3aai .
. 28 0 1250 D.4731 0
. 20 0.1075 0.3806 -
- 9 D D483 0. 6290 +
-4.0C0Q0E~-Q0 13 0.039 Q.6832 -
-2. DO0OE+QQ 7 9.037 9.7258 +
Q. 14 0. 075" 0.8&011
2.0000E+Q0 13 D.p89 Q.8710
4.0000E+QQ =1 0 0z& J.8978
6.0000E+Q0 3 G 018 0.2140
6.0030% DY a Q.018 9.¢301
1.0CCOE«DY o 9.021 0.9516
1.2000E+0D1 1 Q J054 0.2570
1.400D5+01 k<) 0.016} 0.273f
1.600CE+Q!} 3 0.016* Q.2892
1.800CE+Q? 1 . 2084 0.9248
2.000CE+Q1 1 0.9Uss 1.09003
2. 2030E+31 Q Q. 1.9¢oa
2,4000E+0) Q Q. 1.0000
2.6000E+0) [ 0. 1.0000
2,800DE+Q) o Q 1 00no
3.0000E+0} g Q. 1.0000
3.2000E+07 ] 0. 1.0000
3. 4000 +01 o o, 1.0000
3.6000E+0] o 0. 1.0030
3. RONDE+01 9 . 1.0000
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ATERIAL TYPE

aTA ERRDR (OBSERVED - TRUE)
VARIABLE

EACH INPUT/QUTPUT TIME
o

SAMFI_. HG TIME NUMBER OF OBSERVATIONS

2. QCSEE +0) STANDARD EVIATIO\
My LUE 4.0396E01 TINZ CF MAATMUM VALUE
MINIMUH ‘II\L'.-E -1 S996E+CQ TEME OF l"lll‘.lNU. VALUE
LOWER LIMIT DISTR| - a.0 Q25
F CELL COUNT DENSITY BUTION + -
2 [} g. a. :
c o. a. +
c Q. a. +
c 9. a. -
o o. 0. -
[+] 0. 0. *
Q Q. 0. +
Q Q. 0, +
Q Q. 2. +
Q 0. 0. *
[} 2. 0. *
] Q. Q. +
0 Q. 0. *
0 0. 0, N
] o, o. +
Q Q. o *
a 0. 0. +
] o, 0. *
Q Q. g. -
2 0.0108 0.0108 *
0. 8 0.0430 q.0%538 =2
5. 0COCOE«0C 12 0.0845 0.1183 XEXX 4
1. 40 0.2151 D.3333 ebotebuietotolsliad +
1. 35 0,i1882 g.8218 oioioiotatelatalal
2. a3 Q.1774 Q.6989 HExNHRAXD
2. 23 Q.1344 0.8333 adalold
3. 21 0,1129 0.9462 XEmKu
3. [:] 0, 0430 0.9892 xem
4. 2 0.0108 1.0080 x
4 0 0. 1.0000
. ] o. 1.0700
G Q Q. 1.0000
&. 0 Q. 1.969G
6. o 0. 1.9909
7. Q 0. 1.0000
7. Q a. 1.0000
8, Q Q. 1.000Q0
8, 4 Q. 1.000Q
9. 0 0. 1.0000
9.5000E+0 o 0. 1.0000
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(2 1 22)
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ere generated by function 14 ang that ® change in the width of the
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REPORT 11
FUNCTION 11 701/MZ
MAX ] MU NUHBFR OF BATCHE-. 1IN MEASUREMENT 5
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00QE+Q0 3.Q000E+R0 2,N0Q0E+0Q 2.0000£+00 1,B68Q0E+Q2
QOOE+Q1 5,0000E+DO0 =-1,0Q008+02 4,0000E+70 3, QOOQE+CQ
OQQE+CO  2.0000E+00 3, 260QE+02 A4.0000E+01 5,.0000E+QQ
OOQE+02 4.0000E+DD 3.Q000E+00 2 0O0QOK+00 2, Q000DE+DO
400E+02 4.0000E+01 5,0000E+00 =-1,0000E+Q2 4.0000E+00
.000QE+00 2.0000E+CO 2.0000E+0Q 6.7200E+02 4.0000E+01
5.0000E+QQ ~1.0000E+02 3.0000E+00 2.Q0Q0QE+00 1.QODOCE+QQ
1.G09CE+Q0 Q. 4.0000E+Q $.900QE+0 0,
3.0000E+Q00 3.0000E+00 1i.00Q0E+00 1 QQOQE+ Q.
4.0000E+01 2.0000E~CO -4,0000E+01 4.CO00E+G0 2. Q00GE+QO
2.0000E+00 1.00Q0E+0Q O 4.990¢E+01 1.0000&+01
Q. 4.0000E+00 3.0 2.00006+0C 1.QQ0GE+(0Q
0. 4.Q000E+01 . QO -2.000QE+01  S.0000&+40Q
2.0000E+00 1.000QE+Q0 1.00 Q. 4.0000E+01
1.0000E+02 O. 5.0 3.DOCOE+CO  1.90G0BE+QC
1.0000E+0UD O. 4. 6! 5.00COE+00 -1.0000E+02
6.0000E+0C 2.0000E+00 2.0 1.0000E+00 O.
4.0000E+C1 2.000DE+D1 O €.N0COE+00 3. 00Q0E+QQ
2.0000£+00 1.0000E+Q0 O 4.0900E+01 2.0D000E+0Q
-4.0000E+01 7.00GOE+00 2 1.CO00F+00 1. 0GUDE+0D
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0. 4.0000E+07 $.CU00E+C2 O. 7.0000E+0OT
3.0000E+OD 71,.0000E+0Q 1.0000£+00 0. 4.0000E+0D)
S.000DE+DO -1.00COE+02 B.CODOE+00 2 5OCUIC+00 2.0N000E+DO
1.0000E+D0 O. 4.0000£+01 5.0000E+C]1 O,
£.0000C+00  3,000CE+QD 2.0000£+00 1.0000{:00 O
4 000DE+d! 5.0000C+00 -1.0CO0E+02
+ 3 2 1326 1163
] & 7
ro4 2 1327 1413 1
+ 9 1 1328 1599
L 1 1329
Li+ 2 i 1330 Q
FUMCT 1 Ol 1%
LRt9Q) 7483 s01
+ 1 1484 2z
+ 2 1485 (-3
+ 5 14O 8
+ 4 1487 8
LP+ & 1 1453 o]
+ i 3 1488 1.8800E+D2
+ 2 1 1480 g
+ 3 4 P49t 15 2 -
8.00C0E+DN  3.200CE+01 5. GUCIE+0T 8 0N0CE+C1  1,04Q00E+02
+ 4 4 1482 1522
7.7000E+C1  4.1000E+01 6.S0CJE+OY  5.80004+461 1, 1300E 02
+ 5 1 1453 10
+ 6 Tdad 1532
8.000CL=+00 1.3000E+D1 3.200CE~GC1 I, 7000% i S 6D00E~0]
6. 100CE+O1 8. 000DE 0% 8.820CI-01 v DISDE~CZE 1 Q%00E 32
+ 7 4 1495 1546
1.2000E+Q1 1.7000E+Q01 3.600NZ+01 4.1000E+0' 6.0000E-01
6,5000E+01 8.4000E+01 8.€0000+07 1 Q300E+02 1.1300E+D2
LV+ O 1 1486 1
+ 1 3 1497 1. GBUCE+02
o2 i 1428 3]
+ 3 31438 0.
+ 8 3 i500 B.0000E+0D
+ 5 1 1501 [
+ 8 3 1502 OQ.
+ 7 2 150L  3.00COE+0Q
L1+ Q 7 1504 0
+ 1 3 11308 1,.6800E+D2
+ 2 1 1566 0
+ 3 9 1507 O,
+ 4 3 1508 48.00C0E+00
+ 5 i 1509 4]
+ 8B 2 1510 Q.
+ 7 3 1511 8.0C00E+00
EVECNT CHAIN
LEC 148
LNE 1738
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LLE 179
LTFC 198
LLFE 545
MSE 3
RN 8
NFE 92
131 &n €0
172 160 n. 19 1 [«]
180 185 i3. 0000E DO 15 2 0
15 GO 3. LONOE +QU 15 3 Q
150 195 .S200E+0% 2 1 [¢]
160 180 .6BCOE+02 14 1 [¥]
160 1869 2. 3600E+02 14 2 [¢]
ey 170 5 DACO0E+N2 14 3 [¢]
170 o 3. 7200E102 14 4 (]
FREE Sl
LFE2 2437
LLFE 10747
Ml 14¢/20
Li2CA 7687
T MNEL g132
SAe? 2497 8
@<97 eo17 -]
oSi7 7977 8
ru?7 8GRI 7 2]
(6317 7687 &
¥eo7 V787 8 .
T Syt rpace, G0 nf the ouiput file onsainicrg linkesd
3 of & wveilsclz orns in the froe store crhain have broen
r e, 1any hiocks sro placed in ithe freze storc
i 208 rmaterial in the storage function is

T larce nunsor of small, noncortiguous blocks at the
bBegimrirg of the Free store chain does not markcaly affeoct the
execurion timn of the progran boeczuse ance # model systes~ has beon
definued mest of “he spzc2 allecceted from freg stapre is in smals
Blosks gl ia material dats structures o4 for coMmunicetions
SMonyg i rugcw;ions.

10697 831
0817 214 g
£137 77247 ]
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£027 317 e
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MC S,<%rm Rocponse o fdiersary Actior Seaucnces

MATER . CALTTCL SYSTEM RELPCMSE TJO ADVERSARY 4CT!CH SEOUENCES

Iniroduction

Thiz cwrplo (1lustratos thr use of M SS in the anatysis of adver:zary
action sequonaes and in tho detormination of mate Latl control system
resnonses to the diversion attarpts roprasented by these senuonces

With ont crxception, which will be crplaincy shortly, tne recaipt of

matzriatl, mzasurcment, transport, recording of naterial! balance data, and
ctorne are The £anc as in the previous orxample We now supposc that
proclimninary analysis has revealed that it may bo possible for 1wo
advorearies, by performing certain coordinated actions, to accomplich a
diversion of naterial 4 from the processing opcrationi perfornad betw«ccn the
reasurament of batches arriving at recoiving station 2 and the second
measuremaent porformed just beforoe the matorials are placed 1n =storage “he
orcer of the actions required nf the two adveresarties is specified, but the
tinecs at which each adversary action scauence may beglin and the length of
time required to perform ecach of the actior.s are uncertain and may anly be
approximated by random var:ables. Somne of these actians 3lso may be
performed only when matericl is entering the inconing measurcnent facility
and during the period of T:me that the materiail is being processed, The
adversary action sequenceos arce, therefore, depondent wpon the timing of
material Flow through the “acility, which wo have seon occurs wWith
considerable random variat:on about 3 pericedic operating schedule.  Stimuli
that may be sanicd by moninors crployed in the material contrel system arc

generated by the perform=inee of rany actions of the sequences. The time

doelay following the start of an adversary action, the intensity, and the
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durstien of thaesa stimuli are, in general, random variables that repraosent
knn.n variation of the generated stimuli and/or uncortainty 1n their
Characlarization, The ebility of moniteors to detect stimuli genersted by
arl el sary actions depends wupon the sensitivity characteristics of individual
moenitars which are expresscd in terme of probability of dotoetion

ve, stimulus intensity. Sionals goenerated by the monitors are used in

mek ing decisions that constitute the responso of the material control system
10 ithe attoenpted adversary action sceguer.—es. Intermediate decisions of the
maierial control system may initiate contrel action seguences that activate
monitars that wera previously turned off .

The problem in this cxample is to determineg the prabsbitity
distributions of materi{ial control systerm responses at specified times under
the condition that the advirsary asction sequence occurs, that is, that the
material diversion attemps is made. HWe are alse to determine the
pruiiehility distribution of the quantity of material successfully diverted,
the prebebility distribution of the tinme required to covplete the divers:oen,
and the uncertainty essociated with the material balance during the time
intc~val of the diversion attempt. This is the type of information nceded
to assoass the ~ffectivencss of material control systems in dstecting and
proventing the successful conpletion of material diversion atterpts.

The actions of the two adversaries which we will eall A gand B are
illustrated in Figure 4.3 A begins the sequencz of actions Al, A2, and A3
zt sone time ketwecen 8 a.11 Q0 and noon of the first day of the simulated
diversion attorpt. Time T = 0, 8t the beoginning of the sinulated time
1ntarval so we specify thaz in the model system sction Al begins at a3 random
time that is umiformly distriituted on the interval 8.<t<12, as indicated in
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MC System Response to Adversary Actrion Scquencos

~

FARES LS

0= J=0=]

ShnguLretean g Fire sy et

FIGURE 4.3 Actinn secaqueoncaes simulated in the MC System Responsc to

Advarsary Action axsiyrle.
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In this cranplo, the poriod of material batch arrivels at recciving
siution 2 hat beer inereascd to 8 weckly interval of 168 hours. This was
dorm 1o illusi-ate o case where coordinated timing uf actions performed by
tw0 pdvorsarics is regulred to complete a successful dive~sion. This is the
cingle chango, ncentioned earlier, in the procosy rnodel of the previous
c,omple.  Now, with only onc batch of material arriving at some time between
8@ a.m. and 5 p.m. of the first day, adversary A must accomplish the de.ay
of that barch in order to give adversary B an opportunity to acquirc and
remove the natarial while it is being processed in the material balance
arca.

Adversary B is able to begin the first action of tha seguence Bl, 82,
B3, B4 at scwe tine between 8 and 10 a.m.0 on the fifth day of the simulated
divergion atrtempt. Action Bl in the rodel systom is therefore cpecifind to
occurr at a randon time uni<orinly disiributed on the intorval 104.<t<106. To
simplify the example, cach of the actions performod by adversary B are
ascumed to require B uniformly distributecd rangom time interval of betweoen
1.0 ancd 2.0 hours with no Time delay between the ending of onc action of the
soguance and 1he beginning of the next. Actions Bl and B2 might represont
steps required foir B to oncer and gain access to materials in the processing
operation. During sction B3, sdvercery B may acquire materisl from the
processing speratior., Aetion B4 reopresents a step required in removing the
acquired masterial from the boundarijes of the material control system.
Conmpletion of the diversion attempt is defined as the time st which B
completes action B4.

The time delays (in this case only actions Al and B! have nonzero time

delays) and durations of act:ons in this example are all assumed to be
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uniformly digtributed rendom variables, In goneral, auach of these may bave
crny of e prababiility diswributionz deflned in Appendirz A,

Figrre 4.8 dnrse hot <Jepict the stinmuli gencrated by the perforrmance of
actions involved in the sinulated diversion 2cttempt. HWe suppesc that tho
analywt has determirod, bused on the configuration of the material cantrol
sycteon uncler fhvegcigation, that tue stimgli are gencrated by 8 * on AT,
threc by aztion A3, and che csach by acticns Bl, B2, B3 Aand B4, ~ hough
actiont AP £re B2 do net gorecrate stirmuli menitored by the ratar 2l sontrol
systom, thoy nust be included in the model systeon to acceurately simulate the

timing of the adversary an~ion seguecrces in ralation to naterial flow in the
procecsing facitity. Cnarnctoeristics of stimuli gencrataed by sdvyersary
actions nre deFinnd oecloy 'n the description of the functionzl modcl of the

e¥amplc gyetoh.

Functioral Modal

Figure 4.4 is the MCSS functional nodel that represents the systam
ssrmui: t~d in this cxample. Functions 1 through 15 ~- +he left =ide of the
figurs, =re tha s2ne =2z i the Material Balance Ascz A, cuntability cxsmple
excont, e dosarihen shove for the peried of mater w~tch arrivals at

recciving station 2.
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FlGUR% 4.4 Functional medel of the MC System Response to Adversary Action
chasrnple.
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Funztlon 20 initiates the diversion actlion scauenses gerforncd by
adver=zarins A and B, A single list valucd paramcter of function 20
spesifics the opjnc,.ve oF the divercisn attonpt, which function: simulaic
sdversary actlons, tie ordor of these Functiens In the adverssry action
ascaquences of A and B, and the time delay charascteristics of each action :n
thae scquenens. In this case, the objective is to divert, on the average.
10 O m2ss units of matorie! type 4 from batches in transport function %
which sirulzies the time spant in the material balesnece srca for processing
oprrations.  The stendard deviation of the amount of material ronoved in
individual! acquisition ecuions is set to 2.0, so, unless therc .5
unsufficient material of Type 4 present at the times of &n acquisition
action, a random, normally distributed quantity »ill be acquired 1n the
succaessful diversion attenpts,

Functions 21, 22, and 23 simulate respectively actinnas Al, A2, and A3
of adversary A. Two stimuli, indicated by vi and v? in Flgure 4.4, are
generatod by the oncurrenco of action AT. The stimuli generalcd by 301 [ NDA
functions fand a2ll other action functions in thic example) are characterized
by a timc delay after which generation of the stimuli fallows the beginning
e tne aciion, @ tine duraticn over which the stinuli are prescni, =nd an
intensity of the gonerated stimuli. Also specified for cach stimulus
gernerated by en adversary #action, is the number of the furcrion thst
sinulates the naterial consre. system monitltor intended to scrsce the
stimulus. The poramcters of function 21 definc func.ions 40 ara 41
respectively as the monitor functions of stimulj vi and v2., Bo.h stimul:
have uniformly distributed time delays ranging fror 0.0 to 1.0; unifornly

distributed durations ranging from C.0 to 1.0; and intensitias of iruncated
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nornal distribution with nean value 1.0, standard deviation .2, maxinum
valuc 100.0, and minimum value 0.

Function 22 is @ S03 DEPA function used in the conditiorai completion
noede to sindglate the waiting of adversary A for an opportunity created by
<12 baginning ef a acasurerent in function 6. 1f a mzasurcnent has been
stmrtend within 4.0 hours preceding the tine action A2 would be completed if
it were not dependent upan furction 6, A2 is combleted without delay. But
if thig condition has not occurred within the reference tine iptervsi of 4 C
houre, completion of action A2 will be delaved until tha necessary cond:tion
is sutisfied, The undelayaed duratior of action AZ is wnifermly distributecd
and rangms from 25 to .75 hours. No stimuli are generated by action AZ

Function 23 simulates action A3 by which the mear transport time of
function 9 s medified from 48.0 to 96.0 hours. The duratisn ef A3 is
uni formly distributed and ranges from .25 to .75 hoursc. Stimuli +v8, v4, and
vS are gorerazed by action A3 and arc senscd by menitor funciions 432, 43
and 44 of the =materiel conzrol sysiem model. The three stimuli have the
serme characteristics: <heir time delays are unifaormiy distributed ard renge
from .05 te .15 heours; the duratioris of the stimuli are uniforrly
distributnd and range from 0.0 to 1.0 hours; and the stimuius intensitics
sve trunceted normal distributions with mean value 1.0, standard deviat on
0.2, maxinum value 100.0, and minifmun value O,

Functiors 24 and 25 are $01 INDA functions that simulate actions 81 and
B2 of sdversary B, Beth are ssecified to have unifornly digtributed
duraticen times ranging from 1.C to 2.0 heurs. Action Bl generates stirulus
w6 with uniformly distributed delay and duration times ranging from 0.0 to

1.9 hours and a truncated normal intensity distribution with mean value .0,
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standeard deviation 0.2, maxirum value 100.0, and mininun value 0. Action B2
docs not generate stinuli scensed by the simulated material control systen.

Function 26 simulates zaictéion B3 during which zdversary B acquircs
material from function 9 according to the materizal diversian objectives
specified by function 20. Action B3 gencrates stimulus v? that nay be
zensed by monitur function 46 and which has stinulus chsrectoristics
identical to thasc of stimulus v6, Tho duration chararteristics of action
B3 are the gamc as for Bl and B2.

Finally, function 27 sinulates the last asction, B4, of adversary B.
This action gercrates stinulus v8 that may bo sonsed by rnonitor furction 47
and which has stimulus characteristics identical 1o those of stinuli ve and
v7.

The 902 RMDS function 30 s uscd to gather data on the completien t.me
of the astion scquance reprresenting adversary B and the quantity of nmatcrial
In the pnssession of B 2t <kat time. This may b2 intorpreted as the
completion time of the divarsion attempt 2nd the quantity of matorial
actually diverted by the cntermpt. The tine report histogran of furction 29
is spoeificd to have 40 culls of width 0.5 starting at = lower limit of the
first cell at 100, The ma=zerial report histograr ias specified to have 40
catls of width 0.5 starting at a lower timit of the first cotl at O

The 703 HNTR functions 40 through 47 simulote the nonitors of the
material control system uscd to sense stimuli vl through v8 as indicated in
Figure 4.4, To simplify zhe example, the characteristics of all of the
momitors have been made identical. The sensitivity characterisyice are
reprasented by three pairs of stimulus intensity and detaection prebability
values &8s shown in Figure 4.5, The time delays of the monitors arc set %o
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zero by sgecifying 3 uniforn probability distribution &,th zZoro oan and
2era doviation, All ¢f the nmoniters arce cpcrated . tne lotoning node vhich
mnLs thoir outsut signals renain fixed unt)l reset by rcceipt of coniro.
si1gnals that sro mot issued 1n the systom of this cxzrmpilce Cutput siana’
ingrece 1, 2, .. . O Sr s mcp e AAsrac e ansl e s T o (Lot A
Qi @2, ... , 68 an shoewn :n Figure 4.4, The outpLt s1arcis of monitor
Fun.t:orns 42, 43, angd 44 are <pecified to bu transniticd te decision
function EQ and those of ronitor Functions 40, 41, 45, 45, ang 47 ere

spzeificd to be Leransnitted to decision Function 6!

Datection probabilty

0 a5 i

Sturulus witesiuty

FIGURE 4.5 Sensitivity characteristics of 703 MNTR functions used in the MC
SvLtem Pucgongr to Adversary Action cxample.

(A
)
.‘

Function 50 starts a contrel aciion scquence sinulated by furciions 51,

52, and 53 upon roceipt of a signal grner~ated by dec:sion function 0. A
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(ist valued pararmcter of the 602 SCAS function 80 specifies the furctions
that simulate actlens {n =<hc scquence, their ordar, and the characterist.cs
of time dalays betyeon thr Actions of the seaquence In tho same way that
those charactoristics are defined for diversion action segquonces initiated
by type 102 10AS furstions Iin this exzample, the deolay time of the sction
sinulated by funztion 51 i4 unifornly distributed and ranges from 4.0 to
12.0 hours. Thir could rupiresent the variation in delays of control
personnel instrucied by decision function 60 to turn on monitor functions 46
and 47 which had previousiy been inactive. The time delays of functions 52
and S3 gre £.t to Zere By upecifying uniform probability distributions with
zero ncan and Zero deviation,

The duration of actien function S1 is uniformly distributad and ranges
frem 0.5 to 1.5 hours, No stimuli are gencrated by this instiance of the S01
INDA function, however, i appropriate to do so, stimuli may ba qgenerated by
control actions as well az advcrsary =ctions. These stimull couid be uscd
to simulate signals verifying the occurrence of control astions in mere
complax material contrel system models.

Functions 52 and 53 are instances of the 504 MODA function usad to
rmodify tha value of paracetar 6 of functions 46 and 47 respectively from 0.6
to 1.0. Paraneter & of the 7203 MNTR functien is the output signal
anplitude, so the nodificazions perforrned by functions 52 and 53 sinulate
the activation of initially inactive monitor functions 48 and 47. The
cduration of control actions simulated by functions 52 and 53 are uniformly
distributed and range from 0.5 to 1.5 hours.

Function 60 simulates a set of decision rules that may be erpresscd as

folilows:
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If [one of a3, qd4, g% Is equal to 11

set 2 o velue 1 and do not siart the control action seaquence
Or :f [2ny two of g3, a4, g5 arec cgual to 1]

S0t 149 to welun ! and stert the control ectilon scqueonce

ar if (all _threo of a3, g4, g% arc oqual to 11
set 40 to value 2 and do not stari the control 2ction vaoquonce

Gtiherwice
set 09 2o valur O and do rot start tho coeniroel actior scouerda

Thic set of decision rules s implomented by 801 DTBL fumetivm 60 =& shoun

Sca the deseription of the 801 GTEL function
acticr stubs,

in Figure 4.6, 1n Sectiorn 3

for dotaiis on the ropresentistion of condition stubs,

condition entries, and acs:an 2ntriecs of decison tables.
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142
gz EQ.O -1} 1
94 EQ.O | 1117
gg. EQ. 0 i
g = 0 o] o
qg =1 1 1
Gg =2 0] 0
g(:?i::n 0 0 :

Flenme
To At

6 Dor.

inn rules of 801 DTBL function 60 of the MC Systonm Response
ary Ac

ion axanplo,

Tha loajc of tihe decivien rules simuiwteod by furctior 39 in this
cxenn e systaen night boe explaintd as followz! Acton A3 nist oo performed in
the vicinity of the safepuizcded rmaterial vhore throo eriticas! —onttoars are
loca:zcd. 1f any onn of thasz2 monitors detcct an zbnormel:ity, a3 los ieve.
alert zignal rooresented by zotting 2 to value ! s Lo be zent To a8 higher
level of mE@tcri1al camtrol syeren decisior mzling reproscented by functior 61
I any two of these monitors detect an abrermality, the szne alert signa. is
gencrehed and the control action saquence raprasantad by fumctions §1, 52,

and 53 is stariad to provide additional monitoring of the processing arca.
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threc of the monitors indicatc an abnornality. the level of the a'ert

I+ all
if nonc of thc nonitors

signal 1s raised by sctting 9 to value 2. And
inlicate 3 dotoetion of tho sensed stimuli, g% is set to valuc O.

Furction 61 zimulatza the higher lovel decjsion maning function of tine

toem that dofines the four components of tha systen
decision rules of function 81 are as

pFrrarial contral sue

ronpense rl, r2, r3. and r4.  The

foliowz
It [g]1 or o2 cqual 1 and g9, qS q7 a8 egual D)
san 1 1 and r2, r3,
Or if (19 oo 1 and g6, g7, g8 equal 0]
sz, r2 o !} end 1, r3, rd 1o O

or if 03 cauals 1 ana%any of g6, a7, g8 cquzl 1)
set r3 1o | and 1rt, rZ, rd to O

Gr 1f [a8 oquals 2 and gn/ of q6 qg gt equal 11

aedl, rd 1 &mal p1, =2, r3
Cthwervige
ey 1, r2, r3, rd te O

it. v do.isien roles are inplerented by 801 DTEBL function 61 as shown in

Fiagre 4.7, The rocision rules cf function 81 were dafincd primarity to
illistrate thae v of 801 DTEL functioms, however, thay do generate muiually

~ecliasive respense signsis 01, r2, 3, rd4 that represent increasing ieve' s

indieation related to pessible diversion activity. The
13, and r4 at specified times during the simulatod

of stimilus
Frobanilities of rl1, r2,

di-rsiom attenant dafina th2 respense of the material control system.
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Eq.0
ag * Eq. 0
ri=0

0
ra=40
W=0

ry =1

*Eq. 0
* Eq.0

a5 -
9e
Q7 °
2
r3=1
rp=1

4y
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MC System Response to Adversary Action Sequences

Input Fite MCSSIN

The input file MCESIM was reproduced in the prcvious oxample to show
exactly how it is prepared and how 1t reappcars in the output filec preduced
by oxecutien of The MCSS program. Since the ocutput file is a ecsmplete
record of the definition and opcration of a simulated systenm, the input ¥ile

1s omitted in this oxarmle

Output File HMCSS0UT

The outpu* file reoproduced below contains the specificstion of cach
function of the modet system followed by two simulation runsg. In <he first
run, the model systom is operated for 137.0 hours with a dump of the
nurerical dets structurs of the cormplete moddel, a level 1 trace of events,
and a report of function 26 teo illustrate the representation of material
acquiraed by odversary B during a sucaessful diversion attempt. in the
second run, 50 replications of the prcovious run are made with no cump or
tracs but with = standeard report of all Functions of the madcl systen.

Lines of the outputr ®ile produced by the MCSS pregram are in upper case
lettering. For the purposes of this user’s nanual, additional explisnatory
rciiarks have baan insertod at various places in the reproduction of the
output file. These insertions arc indented and are in lower case format so
thoy may be distinguished readily from the lines produced by the MCSS

program,

MATERIAL CONTRCL. SYSTEM SiMULATOR VERSICN 1.0 1/71-°78

MCSS USERS MAMUAL

EXANPLE 2
MATERIAL CONTROL SYSTEM RESPONSE TGO ADVERSARY ACTION SEQUENCES
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1i/16/77 MCSSINZG

Clizadf, 1 101 RC
RECEIVE BU IK MATERIALS 1 AND 2

L TER
1} PERINAN OF ARRIVAL SCHEnUIE 24.
~) NUMRER LF ARPIVALS PER _PERIOD 2
31 2) HiZDULED ARRIVAL TIMES 8,

) AR BRVIAZION Fiiol SCHEDULED TIMES 2,
) MUMBER OF BULK MATERIAL TYPES 2
3 1 lﬁ E“ 1 MATERIAL SPECIFICATIONS

YPE
MFAN POUNT

PAIS

PN

-

-

100
Dk/lnl"H NF COUNT SO

NFAH MASS
STD DEVIATIGH DF MASS O.
MAK MASS O.
HiN MASS O.
2 0 0 20. 5. tooo. O.

{11) TIMING CODE

(12) TIMER PUNFT'ON 15

{(13) DESTINATION FUNCTICON S

(14) TRAMSFORT FUNCTION 4

CREATE 2 101 RC
PG VE rour‘rm:nwrn MATERIALS 3 AMND 4
PARNMETER 2

(1) 168.
The pnrnod of scheduled material errlvalg at receiving station 2
hes bog |nhr=avvd This is the only chenge in functions 1
Thhr o h 15_of the previous Material Balsrci frea Accountability
cxanp The values of peraneters 2, 3, and 4 belew specify ohe
bztch LI-IVal prsween 8 a.m. and 5 p.m, on the first day of
operation. Adverszary A must sucucssfully dol.y the processing

. rtime (tiasnsport Time of function 8) to give adversary B an

opportunity to mcguire materigl some time after 8 a.m, of the
flifth day.

(2)

{2)141) 12.85

g;)lNUlLrR SDF MATERIAL TYPES RECEIVED IN CGNTQINERS 2

1437 COiI'TATMNERIZED MATERIAL SPECIFICATION
3 3GJ 100 0. 0. 0. O,

4 0 0 40, 20. 1000, 4.
MEAN MIDER OF DPNTAINERS RECEIVED PER ARRIVAL 2

T;X DFY1ATION OF MUNM3ER COMTAINERS RECEIVED PER ARRIVAL 1
1
[

5
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{14)

CREATE 3 1Q1 HCMB
ECCIvE AUILK MATERIALS S AND 6 AND CONTAINERIZED MATERIALS 7 AND 8

PARAME

mm———~a D

-~
o~
n

00 50 0. O, 0. O.
G 80. .8 1nvo. 0.

1 TRMB
Ll HATERIALS FROM RECEIVING STATIONS TO MEASUREMENT STATIAMS

1
?
3
q
1
1
>
a4
h
r

TRAMSPORT TIM
PN DEVIATION OF 1RAN PORT TIME
FU“-IIJN“ ARE MOYiIFJED AT CONDIT]ON TIMES

CREATE & 701 112MB
MEASUNS THCOMING MATERIALS 1 AND 2 AND REPORT T2 MATERIAL
BALAMGE  HTTIOM

PLRMILTER
(1) NUMPER OF MATERIAL TY
21 ASURFMENT SPEC

P 1

MEAH COUNT ERROR O

HAA LEVIATION DF COUNT ERROR 1
SYZILMATIC MASS ERRCR O,

HEME O RAHDOM 19288 ERROR 0.

=

PES FEASURED 2
IFICATIONS

§1D yeyIATION or RANDOM MASS ERROR ©,
MEAL TIHE_TO COMPLETE ALL HEASUREHEISQTS 4.

AKX DFV’AT!C? 0% MEASUREMENT TIME

4l
MER FUMCT
) MDNIFDR rUNCTluN 14
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(8) DESTINATION FUNCTION 11
(a Pﬁ““PORT FUMCTIOM 8
o CUNC LSS ARE MO P TED AT COMDITION TIMES

(UTATE 6 701 M2ZMB
NASURE [HCCHMENG MATIESRIIALS 3 ANC 4 AND REFPORT TO MATERIAL
AICE e’ PUTER

PARAME. (ER_©

1y 2

(2 112)
3030, 0. 0.
4000, 0 2.

(3) 4.

{4) .9

(5) 1

(B) 1%

(7 1.1 14

8) 1

(3} 9

(i0 1 1) FUNCTIONS NOTIFIED AT CONDITION TIMES 22

”VFArt 7 701 MZ“3
1CASURE INCUHIMG MATERIALS 5, &, 7, AND 8 AMD REPORT TG MATERIAL
B“LAMC Coa Py

24)
5060, 0.0,
B O 0OQR. 0. 23,
07 0. 0. 0.
B GO0DO, 0, 4.

(3) 4.

43 1.

(5) 1

(8) 19

(7 t 1) 14

(ny 1

(33 10

CREATE 8 301 TRWMB

TRAMSFOR) MATERIALS ‘ kND 2 FROM INPUT MEASUREMENT STATION TO THE
STORAGE MEASURCHMENMY STAT!

PARAMITER B
(1) 24,

(23 12,
NC FUNMCTIGMNS ARE NGT! FLEC AT CONDITION TIMES

CREATE 301 T
P"N"FGRY MAlERlA]5 3 AND 4 FROM INPUT MEASUREMENT STATION TO THE
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STORAGE MEASUREMENT STATION

PARAMETER
(1)
(2}
NG F

9
8
4,
N ONS ARE
¥

~JCRS

C
k.
7.

specified

NOTIFIED AT CONDITICGN TIMES

!

ng the latest possible arrival time at recaelving stetion 2

0 the longrst possible measurament time In function 6 (4.5),
and the longes1 procassing or transport time in function 9 as

the parameters above (72.0), the latest time material

4 will sti IY te in the balance arca wheré it (s susceptible to
diversion by advarsary B is 93.% hours or 9:30 p.m. on_the fourth
day of operation. Therefore, unless adversary A is sble to
increase the transport time of function 9, adversary B wlll have
nce opportunity Tto remova material while it is in processing.

CREATE 10 301 TRMB

TRANSPORT MATER]IALS

AND 8 FROM 1INPUT MEASUREMENT STATIDNS

T8 THE STORAGE MEAsméMENT $TATION

PARAMETER 10
(1) 48.
(2) 12.
NO FUNCTIONS ARE
CREATE 11 701
MEASURE OUTGDING
BALANCE COMPUTER
PARAMETER 11
(2 1 48)
]

CONOUNB N ®
00000COo
ONOUOWO =
PQPEDPOO
09000000

————p

1.1) 14

——~_—— -
WONONLL

)
b}
b]
bl
p]
)

LN IATE

1
1
CREATE 12 301

NOTIFIEQD AT CONDITION TIMES

MATERIALS 1 THROUGH 8 AND REPCRT TO MATERIAL

»owONO-0

TRM
TRANSPORT HATERIALS i THRCUGH 8 FROM CUTPUT MEASUREMENT TO STORAGE

PARAMETER 12
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(13 0.

2y 0.
CREATE_13_401 STOR

STOKE BULK AND COHTA:MERIZED MATERIALS
PARAMETER 13

(1) SINGLE DEPOSIT MOLDUP 1

(2) END AREA OF BULI® STORAGE 10.

{3) VERTICAL SURFArE AREA CONTACTED PER UNJT MASS BULK STORAGE 1.

(4) BULK =TOP'\"E SURFACE HCLDUP COEFFICIENT .05

(S 1 4) REPOR

BUL ¥, STORA

E_DATA
CONTATNER STORAGE DATA 1
MATERIAL [N STURAGE 1
MATERIAL IM Hr‘LIU I
MO FUHCTIONS ARE MOT:FIED AT CONMDITION TIMES

CREATE 14 702 CMB
MATER) AL SALANCE COMPUTATION

PARAMETER 14
(1) NUMBER OF REPORTS 3
21 ?4) ESPORT SPEC Fi1CATIONS

S ll”G 1IP 9
NUMEeER OF TOGRAM CELLS 40
WIDTH OF HIS1OGRAﬁ CELLS 1.
LAWER LIMIT OF FIRST EISTCGRAM CELL -20.
4q 2 2 113. 40 1. -20.
4 2 2. 137. 40 1. =-20.
(3 1 3) INPUT H.INCTIIJIF 5 6 7
(4 1 1) QUTAUT FUNCTIONS 11
CREATE 15 601 TIMR
TIMER FOR A STAMDARD WORIKK WEEK WITH ONE 8 A.M. TO 5 P.M,
SHIFT WEEKDAYS AND [HTERYALS 8 A.M, TO 12 NOON AND 1 P.HM,
T4 @ P.M, EACH SHIFT
PARAMETER 1S
{1y PERICD 169,
{2) SHIFTS PER PERIDD 5
(3 1 5) SHIFT STARTING TIMES 8. 32. 56. 80. 104.
{4 1 8) BH4#T EMNDING TI11ES 17, 41. 65. 88, 113.
(5) INTERVALS PER PERIOD 10
(6 1 IOL l?A;ﬁVﬁL STARTING TIMES 8. 13. 32. 27. 6. 61. 80. 85.
Q4.
{71 }Oa l?{gRVAL EMDING TIMES 12. 17. 36. 41. 60. 65. B4. B9.
08.
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ON SEQIIEINCE

)
VERSION OBJECTIVES
MASS FROM COMTAINERS 4

TYPE 4

MEAN NUMBER OF COUNT/BLE ITEMS O

MAX UMIFORIM DEVIATION OF COUNTABLE ITEMS O

MEAN MASS 10,

STANQARD DEVIATION OF MASS 2.

MEAN NMUMDER OF CONTAINERS O

MAX UNIFORM DEVIATICH OF NUMBER OF CONTAIMERS 0
ACTlON SENUENCES

FUNMCTION ‘HEGATIVE FOR FIRST OF SUBSEQUENMCE) -2i

STARTING T1!ME DELAY DISTRIBUTION UNIFORM 1

STARTIHG TiME DELAY STATISTICS

MCANM 0.
HAXODLVIATION 2.

Q.
106, 2.
0.
0.
0,
0.
The fxr 34 elght elencnts of list valued parameter 1 specify that
whe diversion ob, tive is the removal of matcrial type 4 from
containers, The Guantity actually removed in successful attempts
is to ba random with_a rnean of 10.0 and standard normal deviat:an
of 2.0 mass uni . The remaining clements specify the action
functicens, their ime delay distribution types, and the statistics
of ‘the tine dalav ﬂistrlbutxons in the order of actions in the
simulated seque . The first action of a sequence is denocted by
= rmygative func .on nurber. In this example the time delays of
actions simulated by functions 21 and 24, the first =ctions
respectively of adversaries A and B, are uniformly distributed
with means or 10 U ard 106.0 and neximum deviations cf 2.0 hours.
The time delaye of the other actiors of the seguences sre set to
zero by specifying uniferm time delay distribution types wWith zero
means and zero maxinum deviations,

N
o
Go0o-

CREATE 21 501 1MDA
IMDEPENDENT ACTION

PARAMFTER 21

2)1DURATION TIME DIS TRIB$

1
b

ON UNIFORM 1
TICS

2) DURAT]ON TIHE STA
MEAN 3,
MAX DEV!AT!O

1 28) STIMULUS R°FC1F‘CAT.0NS
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MONITOn FUNCTIOHW 40
TYPE 1

Y
DELAY TIME DOISTRIBUTION UNIFORM 1
DELAY TIME STATISTICS

DEV iON .5
TiM ISTRIBUTION UNIFORM 1
lg TATISTICS
MAX [ON .5
NTENSIT D TRIBUTIiON TRUNCATED NORMAL 3
NTENSITY STATISTICS

MEAN 1.
STANDARD DEV[AT{DN .2
MAXIMLM 100
MINIMUM O.
a 1 1 .% .% 1.5 .5 213. .2 100, 0.

CREATE 22 503 DEPA
DEPEMDENT ACTION

PARAMETER 22
1) D

1A
E
E
l

-I wol

CREAT

PARAM 2
DURATION TIME DISTRIBUTION UNIFORM 1
2) gURgTIDN TIME STATISTICS

MEA
MAX DEVIATION .25
(3 1 39) :TIHULUS SPEC!F[CATIONS
42 1 1 .5 .8 1. .2 100, O,
1 1 1 05 I .5 .5 3 1. .2 190, Q.
1. .2 100, Q.

1 3
4) ODlFICATIOH SPECIF!CATIBNS
FUNC Tlﬂ
PARAMET
EIRST INDEX o
(5 1 1) NEW VALUES 96 .

Adversary A’s dnlay 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 maximum devistion of the transport time of function 9 egquai to
24.0, aoversary B nay or may not be able to successfully remove
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material fron thae processing opcration in the batance arga.
Successful divorsion will depend upon tha randor naterial arrival
tina, the randon time required to mcasurc material batchas
antering the balance arca, the randon processing time, and the
randon tiaos of the actions of adversary B, Taking the earljcst
orrival tine (8.0), the shortest measurcmant time (3.5), and the
shortest processtng time (72.0), we see that the batch contain:ng
moterial type 4 may leave the processlng operation (as it enters
the outgeoing measuremcnt facility) as early as time 83.5, some
20.5 hours hefore adversary B can posgibly begin the first action
of the acquisition sequence. On the other hand, {f we take the
latest arrival Time (17.0), the longest measuremant time (4.5)
ard the longest processing time (120.0), the materia. may be iA
the precassing arca and accessible 1o adversary B8 as latc as time
141.5 which would give B ample tine to complete actions B,
?nd B? whiﬁh ara required to successfully mcquirc naterial’ Frof
unctlion 9.

CREATE 24 501 INDA
PARAMETER 24

(
(
{

11
2

3

i
1

EATE 25
PARAMETER
t1) 1
(21 2) 1.8 .56
CREATE 26 502 M
MATERIAL AQUISITION ACTION

PARAHET;R 26
2

CREAT
PARAM

1

(31
(a4

)
3
S 1 1.5 .5 1.5 .9 31, .2 100, O,
o]
5

5
2

DURATION TIME DISTRIBUTION TYPE 1
ZéADURATION TIME STATISTICS

N 1.5
MAX DEVIATION .5
13) STIMULUS SPECIFICATIONS
a6 1 1 .8 .5

1) TARGET FUNCT[ONS 9 R
Any number of target functions may be specitied in list vaiued
paramater 4 of 802 MAOA functions. The objective of the attempicd
Bcquisition of material from cach of the target functions is the
samo and |g specified by the IDAS fynetlion, functien 20 in this
exampla, that initiated the diversion action sequance

531 INDA

3 1. .2 100. 0.
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47 1 1.5 .5 i.5 .5 3 1. .2 100. 0.

CREATE 30 902 =MLS
REPORT MATERIAL DIVERS|ON STATISTICS

PAR A’ETER 30

1} MAOA SUNCTIONS 28

€2 1 3) £ REFORT 1ISTGPRAH SPECIFICATIONS
MUMBER OF CEi
WiDTH OiF CELLS 5
LCWEP LIMIT OF FIRST CELL_1Q0.

(3 1 33 MATERIAL R:(ORT HiSITUGRAM SPECIFICATIONS

CREATE 40 703 MMTR
MONITOR STIMULUS TYPE 3

PARAMETER
€11

.5 .3 1. .9%
chgracteristics of all monitors in this example
tice how the six clenonts of list value
te~ced hore on a single 1:nc without annctation
sane result as for function 40 abevre where they are
dhulur array.

enterac |
1 3) 1 0. C.

CREATE 3 MHNTR

PARAME
{ Q. 01 .5 5 1. 85
f 10 0.




MC System Responsa 1o Adversary Action Scquences

1,
k]
XX 7
LTER 4
(11 ¢y 0. .01 s 1. .85
2 1 3) . 0.
(33
{S? 4
(6 1
(7 1 1} 60
CRICATE 449 703 MNTR
FOIVIETCE d4
(1 1 6) 0. .01 S 1. .85
tz 1. 3110, 0
t3) 3
'5) &
(51 1,
(7 1 1) a0
CREATE 48 703 MNTR
FARAMACTER 45
(1% B) 0, .1 5 1. .85
(21310, 0,
(3 3
(8) B
(er 1,
7 1 1) 81
CREATE 4% 703 MMTR
FARAMETER 46
81 0. .0t S 1. .95
i 311 0.
3
a
Pareneter B of functiions 46 and 47 are asZigned value 2ero to
shrdlate initially inactl'c “GTiiters Thesc paranelcers are
essigned vatue 0 by functiors 52 and 52 zc activate the monitors
during a simclaned contrel actien seqQuence.
17 1 1) BY
CREZATE 17 763 MNTR
SLRAMETTR 47
(13 6) 0. .01 .5 1. .95
(2 1.3})10. 0
(3} 3
(S) &
(6) C,
(71 1) B
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CREATE S0 _602 SCAS
TART ACTION SEQUENCE

PARAMETER 50
(1 1 12) ACTION SECQUENCES
FUNCTION (NEGATIVE FOR FIRST OF SJBSEQUENCE) -S1
START]IG TIME DELAY DISTRIBUTION UNIFORM
STA hEGNTth DELAY STATXSTI cs
MAX DEVIATION 4.
2 1 0. 0.

53 1 0.
CREATE 81 501 INDA
PARAMETER 51
1) 1
21 2) 1. .8

CREATE 352 S04 MODA
PARAH%{ER s2

{81
CREATE $3 504 MODA
ARAHEI?RISB
(2 12) 1. .85
(41 4) 47 6 0 1
(51 1) 1.
CREATE 60D & DTBL

01
DECISIGN TABLE

1
PARAMETER 60
(1.1 3) INPUT SIGNAL INDE-ES 3 4 5
(2) NUMBER 0F Cg“DITION ROWS 3

319 OGN S
SIGNAL 3 EQ YK RELATION 7 VALUE 0.
a9 7 0.
57 0.
(4 1 1) OUTPUT SIGNAL INDEXES 9
(5) NUMBER OF ACTION RO
(6 1 8) ACTIONS
SIGNAL 9 VALUE 0,
SIGNAL -] VAlUE L
516N S VA
START ACTION SEOUENCE =50 DUMMY VALUE O,
(7) NUMBER OF DECISIOMN RULES 8

(2 1 586) DEClSlBN RULES
-1 1 0 0 o
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SIGNALS &1
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NIY 5
N12 59
N1 -4
NO2 59
NREP 1
NRUN 1
NSE 21
IME C. |
570 1.2700E4102
FUMC TGN ]
LE+OO 732 m1
1 733 22
+ 2 734 1
+ 3 73% E-]
+ 4 736 2
P+ O 1 737 0
1+ 1 3 733 2.40008+01
“ 2 1 733 2
P 4 740 756
8.0000E+0G 1, 3000E+01
+ 4 3 7ai 2.0CUIE+DO0 -
+ 5 1 742 2
+ 6 4 743 766
1.0000E+CD 1.0000E+02 5.0000E+C1 O.
0. J . .0000€~-02 ©.
2.006CE+01 %.0000E+00 1.COQOE+ZZ Q.
+ 7 1 744 Q
+ 8 4 745 4]
+ 9 3 7246 O
)10 3 747 O
11 1 748 1
12 1 743 5
+13 i 750 S
*14 1 791 4
LV+ 0 1 752 1
+ 1 1 753 Q
Li+ O 1 754 0
+ 1 1 ?25% ]
FUMCTION 2
1LR+00 234 o
+ 1 765 22
+ 2 796 2
+ 3 727 13
+ 4 788 2
LP+ © 1 7482 I°]
+ 1 3 760 1.8800E+D2
+ 2 1 791 1
+ 3 a4 752 808
1.25C0E+0?
+ 4 3 793 4,%0008+00
+ 5 1 754 Q
+ & 4 795 [}
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2
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+ 3 962 12
b | 9383 -]
LP+ 0 1 94 Q
+ 1 1 9645 2
+ 2 4 6 10136
3.0000E+0Q0 Q. 3.0000E+Q0 0. o.
Q. 4.0000E+00 O. 0. 0.
0. 2.0000E+00
+ 3 4 4. 0000FE+00
+ 4 3 5.,00000-01
5 1 1
+ B 1 15
r 7 2 T2
14
+ 8 1 i |
+ 9 1 9
+10 2 1032
22
+11 1 Q
LV+ 0o ] 1
+ 1 1 Q
2 1 Q
+ 3 3 Q.
+ 4 1 o]
L+ 0 1 o]
+ 1 1 o
+ 2 1 o
+ 3 3 o.
] 1 s}
FUNCTION
LB+00 701
+ 1 25
+ 2 7
+ 3 12
+ 4 ]
LP+ @ 1 o}
+ 1 1 4
+ 2 ) 1069
S.0000E+0G O, S.0000E+00 O. 0.
0. 6.0000E<QQ Q. 0. 0.
Q. 3.0000E+00 7.0COCE+0Q0 Q. 7. 000GE+00
0, 0. O. 8.00NDIE+0Q O,
0. 0. 0. 4, 0000E+00
+ 3 3 1050 4,0000£+00
44 3 1081 1.0000E: 00
45 1 1052 1
+ 6 1 1053 15
+ 7 2 1054 1097 14
+ 8 1 1055 1
+ 9 1 1056 10
+10 2 1057 ¢}
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+ B 3 0.
+ 7 3 1297 0.
+ 3 3 1208 0.
+ 9 3 1299 0.
+19 3 1300 O.
+11 1 1301 [+}
+12 3 1302 Q.
+13 3 1308 Q.
14 3 13804 O.
15 3 1305 O.
Li+ O 1 1306 0
+ 1 1 1307 0
+ 2z i 1308 o]
+ 3 3 1309 O.
+ 4 1 1310 0
+ S 3 1311 0.
+ 6 3 1312 0.
+* 7 3 1313 0.
+ 3 3 13i4 D.
+ G 3 1315 O.
Q@ 3 1316 0.
+11 11317 o]
12 3 1318 0.
+13 3 13i9 0.
+14 3 1320 0.
1y 3 i321 0.
UH L 4
[el] 332 nz
+ 1 33 11
+ 2 334 14
* 3 33% 6
+ 4 336 1
LP+ Q 1 1337 Q
+ 1 1 1338 3
+ 2 4 1338 1115
4.0000E+00 3.0000E+00 2.Q000E+DQ 2. ODOOL*OO
4,0000E+01 1.0000E+00 -2.0000E+01 4.0000E+00
2.0000E+00Q0 2.0000E+00 1, 1300E+02 4.0000 2+01
~2,0000E+01 4.0000E+00 3,0000E+00 2.0 E+00
1,3700E+02 4.0000E+01 1,0000E+00 2.0000 +01
+ 3 2 1340 1373
-] 6 7
+ 4 2 1341 1383 -
+ 3 1 1342 £375
Lv+ @ 1 1548 1
LI+ Q { 1344 o
FUMCT 1 GN 15
LE+00 1893 601
+ 1 1394 27
2 139% is
+ 3 1396 8
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MC System Responsc to Adversary Action Sequences

8

[}
1.6800C+02
1422

1432

!
1442

1456

1
1.68004+02
0

. GOODE+NQ
o}

0000E+08
5800E+Og

0
8
[o}
8.
1.
0.
8. 0CO0E+0Q
c

0.
8, DOD0OE+DO
102
8
20
2
1
Q
140

a
-0
O= O

Qe

QO=NO—~Nh

8. 0000E+0Q
1.7000E+01
.0QO0E+00
. 1000E+01

. 2000E£+01
. S0QRE+01

. QDOBE+0D
. B000E +00
. Q0DOE+0}

. A000E+01
- DOOOE+00
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3.20CCE+01
4.1000E+O01
- 3000E+01
- 000QE+01

. 7000E+0),
. 4000E+01

. O0GOE+00
. O00QE+0T

.3000E+D1
.O0O00E+OD

. 0000E+01

o

W oW

- O0O0QE+0!
. 0E00E+D2

.7Q00E+01
- 00COE+00

.6000E+0}
- 5000E+01
. 20002+C1
. S000E+Q1

.B6000E+0)
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2000E+Q

1
0

B.

OOO0CE+O01

8. 9C00E+O1
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- b

O=RNNO-=NO

. 7000E+01
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. 1000E+01
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1000E+01
D000E +D0

O0QOE +Q0
S8000E+DY
COOCE+0D

-

, 0400E+02
1. 1300E+02
.60Q0E+01
. 0900E +02

§.0000E+D1
1.1300E+02

=

. O0OOE +01
. GOGBE+00
. SDQOE+01

1
1
0
0
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6 0000E+00
0




MC System Kzsponse to Adversary Action Scqueoncas

mmmmr

+ 2 1626 21
+ 3 1527 S
+ d 1926 1
LP+ O 1 1529 0
+ ] 1 1530 1
+ 2 4 1531 1536
3.0000E+DD 1.0000E+00
+ 4 1532 1516
<4,0000E+01 1.D0QQE+DO 1.0000E+00 §.
1.7000£+0C S.0000E-0! S.00D0E-01 3.
2. .000E-01 1.0000E+02 0. 4,
1. JOOE+00 5.0000E-01 S.0000E-01 1.
gA .000E-01 3.0000E+Q0 1.0000E+00 2.
+ 4 2 1533 o]
LV+ Q 1 1534 1
Li+ O 1535 o
FUNCTIGON 2
LB+00 1576 503
+ 1 577 27
+ 2 578 22
+ 3 5792 8
+ 4 S&0 8
LPs+ g 1 1581 0
+ 1 1 1582 1
+ 2 4 1583 1605
S.0200E-01 2.5S000E-01
+ 3 4 1584 0
+ 4 1 1585 2
+ 8 3 1586 4. 00GOE+0Q
+ & 2 1587 o
+ 7 1 1588 3135
LV+ O 1 1589 1
+ 1 3 1590 -2.000QE+00
+ 2 3 1%91 -1.0000£+0Q
+ 3 3 1592 -1.0000QE~+00
+ 4 1 1599 Q
+ 8 1 1594 0
+ B 1 158% 0
+ 7 3 1596 - 1.0000E+DD
LI+ 0 1 1587 ]
+ 1 3 1588 -2.00Q0E+00
+ 2 3 1599 -1.0000E+00
+ 3 3 1600 -1.0000E~+00
+ 4 1 1601 0
+ 5 1 1662 0
+ 8 1 1509 4]
+ 7 J 1604 -1,000QE+0Q
FUNCTION 23 :
LB+00 1613 504
+ 1 1616 12
+ 2 1617 23
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MC System Response to Adversary Action Sequonces

+ 3 1618 7
+ a 1619 1
LP+ € 1 1620 ]
3 i 1621 H
+ 2 4 1622 1629
5.0000E-01 2.S000E-01
-3 4 1823 1639
4.2000E+01 1.0000E+00 {.00052+00 1.0000E-Q1 5.0000E-02
1.0000£+00 S.0000E-01 5.000CZ-0' 3.0000E+00 1.0000E+0Q
2.0000E-01 1.DDCOE+D2 D. 4.3000E+01 1.0000E+00
).DOOOE+00 1,0000E-01 5.00DOE-02 1.DDODE+00 5.00DDE-01
5.0D0DE-O01 3.0000E+00 1.0ODOE+00 2.0DQDE-D1 1,000BE+D2
0. 4. 4000E+01 1.00D0E+0C 1.000DE+0O0 1.0000E-01
5.0000E-02 1,0000E+00 5.0000E-01 5.0000E-01 3.0000E+00
1.0000E+00 2,0000E-01 1.0GOCE+02 O.
+ 4 2 1824 1882
) 1 0 1
+ S5 4 16235 1692
9.6000E+01
+ 6 2 1626 (o]
Lv+ 0 1 1627 1
Ll+ O 1 1628 ]
FUNCT1eN 4
LB+00 1702 501
1 1703 10
-2 1704 24
+ 3 1705 5
+ 4 1706 1
LP+ O 1 1707 0
+ 1 1 1708 1
+ 2 4 1709 1714
1.S5000E+00 S.0000E-~0Oi
+ 3 4 1710 1724
4.S0DDE+0] 1.0DOOE+Q0 1,0000E+C0 S.0000E-O01 5, 00QQE-01
1.0000E+00 S.0000E-0]1 S.0000E-O1 3.0000E+00 1,00GOE+00
2.G000E-01 1,0000E+02 D.
+ 4 2 1711 0
LV+ D 11212 i
Li+ O 11713 o
FUNCTION = 25
LB+00 1241 501
+ 1 17242 10
.z 1743 28
+ 3 1744 S
+ 2 1745 i
LP+ O 1 1748 )
1 1 1747 i
+ 2 4 1748 1753
1.S000E+00 5.0000E-01
+ 3 41749 )
+ 4 2 1750 0
Lv+ © T 7e 1
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MC System Rezporse teo Adversary Action Scquences

1.5000E+00
4. 6000E+01
1.0000E+00Q
2.0000E-01

]

. S000E +00

. 7000E+01
.Q0COE+00
.0000E~-01

Nwsh -

26
4. 000QE+01
4.0000E+Q1
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1.0000E+00

5.C000E-01
1.0000E+02

5.000Q0E-01
1.0000E+0Q

5. 0000E-01
1.0000E+02

$.00C0E~01
$.0000E-01

1. 0000E+0Q0C
S.OOOOE-O1

1.0000E+0G0
5.0000E-01
o}

1.0000E+02
0.

S5.0000E-01
3. 000GE+00

S. 0000E -01
3.0000E+00

5.0000E~-0Q]
1.000CE+0Q

S.C00DE-01
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MC System Responsc to Adversary Action Sequences

+ 9 1 1863 3208
Lv+ Q 1 1864
Li+ Q 1 1865 o]
FUHCTION 40
LB+00 896 703
+ 897
+ 2 898 40
+ 3 899 9
+ 4 aco 2
LP+ O 1 1901 0
+ 1 4 1902 1214
0. 1,0000E-02 S,0000E-01 5.0000E-Q1 1.,000QE+Q0
9.%000E-01
+ 2 4 1203 1924
3.0000E+00 O. 0.
+ 3 1 1904 3
+ 4 4 1505 [}
+ 5 1 1906 1
+ 6 3 1907 1.0000E+10
+ 7 2 teo 1934 61
+ 8 3 1s08 O.
Lv+ O 1 1910 1
+ 1 1 1913 ]
Li+ O 1 1912 ]
+ 1 1 1913 o
FUNCT OGN a1
LB+QQ 1944 793
+ 1 1845 16
+ 2 346 41
+ 3 a7 9
+ 4 43 2
LP+ O i 49 ]
+ 1 4 <0 1952
Q. 1.0000E-02 5.0000E-01 5.0000E-O1 1.000DE+0O
9.95000E-01
+ 2 4 1951 1972
7.0000E+00 O. 0.
+ 3 1 1952 3
+ 4 4 1953 Q
+ 5 1 1954 2
+ 6 3 1955 1.0000E+00
+ 7 2 1955 1932 &1
+ 8 3 1957 oO.
LV+ O 1 1958 1
+ 1 1 1959 [*]
Li+ O 1 1960 [+4
* 1 I 1861 0
FUNCTIOM 42
LB+00 1992 703
* 1 1993 16
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MC Systcm Response to Advorsary Action Sequonces

42
g
2
5]
2010
°. 1.0000E-02 %,0000E-01 5.0000E-01
5.5000E-01
2020
4 1-0000EvC0 0. 0.
0
3
1.0DOOE+Q0
2030
60
0.
1
g
o
)
703
6
a3
3
2
o
2058
0. 1.0006E-02 5.0000E-01 5, 00CO0E-01
9.5000E-01
2068
1.0000€+00 O, o,
a
1. CO00E+QD
2078
60
o.
1
o
o
o
703
16
a4
9
2
o0
2106
Q. 1.0000E-02 5.0000E-01 5.0000E-01
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MC System Response to Adversary Action Sequences

9. 5000E-01
+2 42095 2118
1.0000E+0C ©. o.
+3 1 2096
+ 4 432087
+5 1 2000 ]
.6 3 2089 1.DO000E*Q0
P 2 2100 212
50
+8 32101 O.
LV 1 2102 1
+ 3 1 2103 )
LI+ D 1 2104 °
+ 3 1 2105 0
FUNCTION 45
LB +00 36 703
9 37 16
+ 2 38 as
+ 3 39 a
+ 4 20 2
LP+ O 1 2141 ]
1 4z 2154
0. 1.0000E-02 5.0D000E-O1 5,0000E-O1 1.00QDE+00
9.5000E-01
v 2 4 2143 2164
1.0000E+00 O. o.
+ 9 1 2144
+ 4 4 2145 0
+ 5 1 2146 8
+ & 3 2147 1.0000E+00
+ 7 2 2148 2174 o1
+ 8 3 2149 o. .
Lv+ D 1 2150 1
+ 1 1 2151 ]
Li+ © 1 2152 0
« 1 1 2153 0
FUNGCTION 46
LB+00 2184 703
1 2185 16
+ 2 2186 a8
« 3 2187 o
+ 2 2188 2
LP+ 0 1 2189 0
PR a 2190 2202
a. 1.0000E-02 5.0000E-O1 5.0000E-O1 1.0000E+00
9. S000E-01
+ 2 a4 2191 2212
1.0000E+00 O 0.
+ 3 1 2102 3
+ 3 42193 o
+ 5 1 2194 7
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MC System Resgonse to Adversary Action Seguences

2222
81
1
o]
o]
o]
703
16
a7
=]
2
0
2250
g. 1.6000&-02 S5.0000E-0' S.0000E-01
S.5000E-01
2250
1.0000E+00 0. 0.
3
o}
8
2270
61
1
o}
Q
o
602
8
50
2
1
[}
2290
-5, 1090E+01 1.0000E+C0 8.0900E+00 4.0000E+D0
8.0000E+00 0. 0. S.3000E+01
1
o]
501
10
51
5
1
0
1
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MC System Response to Adversary Action Seguences

+ 2 4 2013 2319
1.0000E+Q0 5, Q0C0NE-D1
3 q 2814 +]
4a 2 2318 o}
4] 1 2216 1
o 1 2317 [+]
:TION $2
n 2328 804
1 2329 12
4 2330 %52
3 23351 7
< 2332 1
4] 1 2333 0
1 1 2334 1
a a 335 2342
1.0000E+00 5.00CCE-01
+ 3 4 2336
+ 4 2 2937 2352
46 6 o t
+ 3 4 2338 2362
1. 0000E+00
+ 6 2 2339
LvV+ O 1 2340 1
LI+ O 1 23401 [+]
FUMNCTION 3
LB+DO 2372 504
+ 1 373
+ 2 2374 53
+ 3 2375 7
+ 4 2376 1
LA+ O 1 2377 1]
+ 1 1 2378 1
+ 2 4 2379 2386
1.0000E+00 S,0000E-01
+ 3 4 2380
+ 4 2 2381 2398
a7 6 [+ 1
+ 5 4 2382 2406 .
1.9000E+00Q
+ 6 2 2383
LV+ 0 1 2384 1
ir 0 1 3368 o
FUMCT I G 60
LB+0O 2416 8o
+ 1 2417 24
+ 2 2418 130
+ 3 2419 13
. 4 2420 4
LP+ O 1 2421
+ 1 2 2422 2442
3 4 S
+ 2 2423 3
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MC Systcm Response to Ldversary Actjon Sequeonces
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MC System Response to Adversary Action Seguences
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MC System Rosponse to Adversary Action Scquences
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MC Systom Respons@ ta Adversary Action Soquences

250 178 1. 1300E+0D2 61 8 [+]
175 0 1.3700E+02 14 3 0
FREE STORE
LFER 3437
LLFAa 3437
NFI_ 16562
LNRCA 2437
MINHF[ 16%62
3 4} 16562

Tﬁe RUN line trace control parameter was st 1¢ value 1, 50 only
evrrt moxcages waore written inte the output file as they appcar

below.

Q. 15 EVEN
a. 1S ©B0i TIMR B8EGIN PERIGD
8.0000E+00 15 /EN
8.0000E490 15 601 TIMR BEGIN SHIFT
§.0000E+00 15 EVENT
8.0000FR+00 15 601 TIMR BEGIN INTERVAL
9. 4325 +00 1 EV
9.4373E100 4 301 TRMB TRAMSPORT COMPLETED
S, 4?7LL+00 1 101 RCMB  MATEIRIAL BRATCH RECEIVED
1. 31125E+01 3 EVLNT
1.1125E+01 4 301 TRMB TRAMSPORT COMPLETED
1.1125E01 3 1061 RCil MATCRIAL BATCH RECE!VED
1.1937E+01 21 EVENT
1, 2000E+01  BC  £VENT
1.20206101 15 LEVENT
1.2000E+01 15 60! TIMR END INTERVAL
1.2843E+C) A0 EVENT
1.26843E+01  B1  INPUT

a.ODOUE*OO o, o. 0. o.
1.2843E+01 61 EVENT
1.254354?1 67 RULE
1.2843E+01 &1  OUTPUT

1.0000C+00 O©O. o] o
1.2935E+01 41 EVEMT
1.2935E+01 61 INPUT

a QUQOE+D00 1.COOQ0E+00 Q. . o.
1.22366+01 61 EVENT
1,295 E'?T 61 RULE
1.2935E+01 61 GUTPUT

T.anonfe00 0,

Q.
Gtinuli vl and v2 gc*crstcd by adversary action Al ware sensed by
ronitors 40 and 41 and thair output Si¢onals were received by
d:wl)l(l functinn &1 which set MC responss cenpeonent rl te value 1
o anca wiwh rule 1 of the decision tablc specification.
I,?ﬂiﬂ£401 5
5

EVENT
1.2945+01 701 MZMB  MEASUREMENT COMPLETED
~251-
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MC Sysiem Response to Adversesry Action $Seguences

3NDOE+01 15 EVENT

JONOE+01 15 601 TIHR BEGIN INTERVAL

SL54E+D) 3 EVEN

3884E+01 4 30 TRHB TRANSPORT COMPLETED
ﬁg§j§+g: ? 101 RCMB MATERIAL BATCH RECEIVED
A0S, + o

AOSAE+01 4 301 TRMB TRANSPORT COMPLETED
4NS4E+01 1 101 RCMB MATERIAL BATCH RECEIVED
4143E+01 22 EVENT

SS02E+01 7 EVENT

5302E+0D1 7 701 MZMB MEASUREMENT CCMPLETED
5594E+01 4 VENT

SHOAE+O1 4 301 TRMB TRANSPORT COMPLETED
S5S94E+01 Z IOI RCIM2 MATERIAL BATCH RECEIVED
(3H9AE+01 23 CVENT

Acticn A3 Degins upon conditional completion of action A2 ar time
15,584 when the bztch containing material 4 arrives at receiving
ststien 2 and is imnediately placed in the incoming measurement
facility. The intcraction masszge indicateing that tha
ncartrcmcnt has bern started does not appear here because the run
bllngvéﬁ?ced at ovent level

.5ﬁ50E+0| 44
LDRGOR401 60 INPUT

0. 0.
.U5S0E+Q1 S0  EVENT

1.0000E+0OQ

‘5650E+g1 80 RULE
‘,3505401 €0 OUTPUT
+00

s} 61  INPUT
.DOCVE+O0 1.000GE+00 1.0CGO0E+00 O. 0.

~g-
&-
&
o
m
+

0.
1.GGS0E+Q) 6] EVENT
.3650E+Q1 61 RULE

3
.O650E+01 61 GUTPUT

- At et e

1.0000E+00 O. 0.

0.
.B702E+01 43 EVENT
.G702E+01 60 [NPUT

1.0000E+0Q 1.0000E+QQ

0.
.5702E+01 BU LGVENT
.5?02C*01 60  START

.5702E*01 80 RULE

]
702E+OI 60  QUTPUT

"1,0000E+00
.5702£+01 (3]

1 INPUT
1.0000E+00 1,0000E+00 1.0000E+0D O, 0.

1.5702E+01 61 EVENT

1.87026+01 61 RUL
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MC System Response to Adversary Action Sequences

3

1.5702E4101 B1_ OQUTPUT

o] 1,0000E+00 O. 0. )
Stimuli v4 and v8 src detected by monitors 43 and 44. Monitor
signal a5 reaches decision function 60 at time 15.650. Decision
function 60 thenh sets g8 to 1 ags specified by rule 3, Upon
receint of the g9 signal, decislon function 61 invokes rule 3,
returning respohsc ssnna\ r1 to _zero and raising r2 to 1. Notice
that tha decisions of function B0 and 61 vccur Simultsneously in
simulzted time since negligible time delay is assumed for the
transfiission of signal g9 from function 60 to function B1.

At time 15.702, monitor signal g4 is received at decision
function 60 wvhich then applies rule 6, again setting signal gf to
1 but also starting the control action sequence defined by 103
SCAS function SO, S:nce the updeted input To function €1 is
unchanged, it again applies rule 3, setting r2 to 1 and the other

11C response signals to zero.

1.7000E+01 &0 EVENT

1.7000E+Q01 61 EVENT
1.7000E+01 61 EVENT ‘

The aovent occurring at time 17.000 in function 60 is the second of
the two sampling events defined by the report specifications of
115t valued paremeter 11 of furction 60. The first of these twe
events occurred corlier at time 12.000, The two events occurring
at tine 17.000 in functian 61 are sampling events for output
gariaplessql and r2 as specificd by the report specifications of
unction .

1.7000E+01 18 EVENT

1.7000£+01 18 601 TIMR ENC SHIFT

1.700QE+07 1S

1.70D0E+ 15 601 TIMR END INTERVAL

1.2583E+01 5

}.“' 3Eig} ; 701 M2MB MEASUREMENT COMPLETED
arF+

1. SE+01 7 701 MZME MEASUREMENT COMPLETED

1.92904C+01 6 EVENT

1.9904E+01 6 701 M2MB MEASUREMENT COMPLETED

2.557¢E+0r &1 EVENT

2.6955E+01 32 EVENT

2.8234E+01  °F EVENT

53 EVE
The cenirol action of function 51 begins 8.874 hours after the
contral acirion sequence is started by function 50. The time delay
of action 51, as specified in list valued psrameier 1 of function
50, is unifermiy distributed between 4.0 and 12.0 hours. Actlions
52 ana 53 baogin 8t _tinegs 26.955 and 28,234 regpectively so the
sctunl duratlons of actions 51 2nd 52 _were, in this [nstance,

L.S79 and 1,279 hours respectively. The durations of actions
simglatcd by functions 51, 52, and 53 were specified o be
uniformly distributed botween 0.5 and 1.5 heurs. Since it Is the
last one af a sequonce, no ¢vent ocsurs by which we can de -~rmine
the¢ <duration of action 53 In this run.

3. 1584E+01 1 EVYENT
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301 MR
101 RCMB
EVENT

601 TIMR
6C1 TIMR
EVENT

301 TRMER
101 ¥CMB
201 MZMB
EVENT
601 TIMR
LVE

201 TRMB
101 RCB
VENT
G601 TIMR
EVENT
307 TRME
lcé RCMB

EVEN
601 TIMR
EVENT
301 TRME
101 RCMBE
EVENT
701 MZMB
301 TRMB

MC Systen Responsce to Adversary Actiorn Seguences

FRANMSPORT COMPLETED
MATERIAL BATCH RECEiveD

BEGIN SHIFT
EGIN INTERVAL

TRAtCIORT COMPLETED
MATERIAL BATCH RECEIVED

MEASURCMENT CCGMPLETED
END INMNTERVAL

TRANSPORT COMPLETED
MATERIAL BATCH RECEIVED

GEGIN INTERVAL

TRANMSFORT COMPLETED
MATERTAL BATCH RECEIVEDR

MIASUREMENT CCMPLETED
M“TASURKEMENT COMPL ETED

ri and r2 of decisien function B1 arc¢ sgmplad az

END SHIFT

END INTERVAL
MTASUREMENT COMPLETED
TRANSPORT COMFLETED

MEASUREMENT COMPLETED
TEAMSPORT CCGHMPLETED

TRAMSPORT COMPLETED
BEGIN SHIFT
BEGIN INTERVAL

TRANCPORT COMPLETED
MATERIAL BATCH RECEIVED

MEASUREMENT COMPLETED
TRAMSPORT COMPLETED
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MC Systerm Response to Adversary Action Seguences

EVENT
301 TRME TRANSPORT COMPLETED
10t RCMB MATERIAL BATCH RECEIVED

501 TRMB TRAMSPORT COMPLETED
101 RCMD MATERIAL BATCH RECEIVED

EVENT
601 TIMR =MD INTERVAL

NNAUAGRSRHOOANRUIAONNG NN~ =S5 W
L5
Q
-
x
=
D

az1eE+0 =

D1 9E*D 701 MZIME MEASUREMENT COMPLETED

1000E+D 1 EVEMT

iNONE+0 1 B21 TiMR EEGIN INTERVAL

1605E+01 (]

169SE+CY 701 M2Mi MEASUREMENMT COMPLETELD

22936 +01 EVENT

2234E+40 TRANSPORT CCMPLETED
254E+0 101 RCHL MATERIAL BATCH RECEIVED

?4>UE+0 VENT

MZMR  MEASUREMENT COMPLETED
‘;HHB TRANSFORT COMFLETED

1 ;EMB TRANSPORT COMPLETED
1N;RhB TRAMSPORT COMPLETED
601NTIMR £MD} SHIFT

601 TIMR END INTERVAL

EVENT

701 M2Mia MEASUREMENT COMPLETED

S460E+0
2G22E+N

s)mo*.a)mc)mammmmmmo‘m'n:\::1m:vunmmow\ca:nmmmm:nmumm
—_——

. EVEMT
J1B1E+01 307 TRHM3 TRANSPORT COMPLETED
3A72E +01 EVEMT

Ga 7EEO] 701 MziB HEASUREMENT COMPLETED
£472E+0] 301 TR TROLEPORT COMPLETED

701 MZME  MEATUREMENT COMPLETED
3Q1 TFM? TRANSPORT COMPLETED

?Ol M7M2  MEASUREMENT COMPLETED

2N

e g e e et it

QU A== =S D) s N == OO
{2
<O

& 1251 301 TMk  TRANSPOGRT COMPLETED
2. +01 ENT

7. z+01 701 MzR  NMEASUREMENT COMPLETED
/. C+Qi 301 Trwal (RAMNSPORT COMFLETED
7. +01 EVEN

7. 1Q1 307 IRM}  TRALUSPORT COMPILETED
7.6292E+0Q) 101 RCM} MATERTAL BATCH RECE!VED
8. 00GO0E+01 1 EVENT

3.03F0E¢01 i 601 TR BFGIN SHIFT

8 201 1 EVENT

Z.0 +01 1 801 TIMR BEGIN INTERVAL
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301
101
EVE
701

EVE
301
EVEN

301
EVEN

707
301
EVE
701

TIMR
NT

TRME
RCME

NT
MZM3
N

T
TRM2
T
TRME
T
MzZme
TRME
T
MZmMB

EV

702 CMBA
EVENT
EVENT

EVEN
601
EVEN
601

701
3

T
TIMR
T

TIMR

MzrMB
TRMB

MC Systen Responsa to Adversary Action Sequences

TRAHSPORT COMPLETED
MATER!AL BATCH RECEIVED

MEASUREMENT COMPLETED
END INTERVAL

TRANSPORT COMPLETED
MATERIAL BATCH RECEIVED

TRANSPORT COMPLETED
BEGIN INTERVAL

TRANSPORT COMPLETED
MATERIAL BATCH RECEIVED

MEASUREMENT COMPLETED
TRAMSPORT COMPLETED
TRANSPORT COMPLETED

MEASUREMENT COMPLETED
TRANSFORT COMPLETED

MEASUREMENT COMPLETED
REPLICATE SAMPLE TAKEN

END SHIFT
END INTERVAL
MEASUREMENT COMPLETED

MEASUREMENT COMPLETED
TRANSPORT COMPLETED

MEASUREMENT CGMPLETED
TRAMSPORT COMPLETED

TRAMSPORT COMPLETED

MEASUREMENT COMPLETED
TRANSPORT COMPLETED

TRANSPORT COMPLETED
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3 oyt e ) e

. 03882E+02 4
.D3E2E+02 1
.D400E+Q2 15
.0400E+N2 1S
.04D0E+02 19
.Q40DE+D2 15
.0481E+02 3
0451E+02 a4
.0451E+02 3
.OB0GE+Q2 24
.0BI0E+Q2 25
Q7316402 26
.Q2J7E+02 46
.0737E+02 6%
é 00COE+0D

.07372+02 61
O737E8+02 61

S
.g?G?E*OZ 61

1

-0CO0E+Q0

EVENT
RULE

OUTPUT

function 24
function 45 so nB_remains unchanged. Howaver, nonitor 46 does
dete2ct stimulus v¥?7 at tine 107,37 and transmits signal g7 to
function Si which sppiies rule 5 of the declision table, raising MC

response signal

which was

MC System Response to Adversary Action Sequences

TRANSPORT COMPLETED
MATERIAL BATCH RECEIVED

BEGIN SHIFT
BEGIN INTERVAL

TRANSPORT COMPLETEOD
MATERIAL BATCH RECEIVED

1.0000E+00 O. 1.0000E+00

1,0000E+00 O,

Action B1 begi?s at time 105. 06 with the occurrence of an avent In
n

this case, stimulus v6 is not detected by mon:tor

"3 to | and returning r2 to zerc. Monitor 4
initially inactive, was turnod on By control actien’ 52

at tine 26.955 when two of the three moniter signal inputs to
decxs1on function 80 indicated the detection of stinuli generated

by
. OBOOE+02 1
. Q80QE+02
. DB2GE+02
. 082BE+02

then

G
]
a
o
™
v+ +
Q
hY

o
@®
~
~
™
*
L]
N
=A== AN =0

Q

0

N

N

T

- o
o

n
[ - Tedodt]

5
.0822E+02 61

the action of

EVENT
G601 TIMR
EVENT
701 MzZme
EVENT
701 MaMe

EVEN
601 TIMR
EVENT

[ NPUT
.0000E+CD

EVENT
RULE

QUTPUT

adversary A
END INTERVAL
MEASUREMENT COMFLETED

MEASUREMENT COMPLETED
TRANSPORT COMPLETED

TRANSPORT COMPLETED
MATERIAL BATCH RECEIVEC
BEGIN INTERVAL

1.CO00E+Q0 Q. 1. 0000E+0D
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MC Syztom Respensce to Adversary Action Szcucncos

0. 0. 1. 0000E+DO  O.
Stinulus 8 sroted by function 27 which simulatcs advors
acticn B4 ed by nonitor function 47, but the tra
of s3i1gnal 2 216 function 61 doc: not chanyc its ontput
which alreacdy Fad r3 sot to 1 and the other MG rocponse signats

20T Lo 0.

.0922E4Q2 7  EVENT

DU22E* N2 7 70t MIMB MEASURENMENT COMPLETED

0s3Ge+~02 3 EviEd]

0320F+02 4 201 TRME TRANSFORT COMPLETED

LQALAE02 3 .01 FCMD  MATERIA. BATCH RFECE!VED

L105%8EfQ02  3& T
The d' irrce of edversary B is completed at t.me
110.65. s unction 30 records th2 cempletion tine of
tiha at anitity of meterial succ sfully acgquired by
functi 5 cd oy list valued caranctor 1. This
cepplo thc ﬂdforsary and control action sequences. Except for
cgmpling cvents .n funciion €1 thet record the values of MC

r3 and r4 at tine 113.00, ne othcr cvonts occur

respensn digng ; c
. simulate actions, noniters, or decision

in Functiong thas

functicas of che MC systen.

1240E+02 s
. 124ANE+02 S MEASUREMENT COMPLETED
1265E +02 9

1293E4102 S TRANMSFORT CCMPLETED
1300E+02 14
. 130QE+02 14 REPLIJCATE SAMPLE TAKEN
1300E+02 6i

12¢QE+02 &1

. 1200E+02 15

13008202 15 cND SHEIFT

1300E402 15

1330E+02 15 EMD INTERVAL
. 1ABRGE«D2 7 L JENT
. 1450E+02 7 701 MZME FMEASUREMENT COMPLETED
.15138C+02 10 TVENT

1518E+C2 10 TRAHMSPORT COMPLETED
17223E+92 a

172,202 a TRANSPORT COMPLETED
LI720E402 10 E

L 2ENEH02 11 ? MEASUREMENT COMPLETED
1/70+02 12 30 THAMBPORT COMPLETED
191GE+Q2 1] EVENT

171405+02 11 701 MZMB MEASURENENT COMPLETED
LI9anE+R2 12 30} TRMD TRAMSPORT COMPLETED
L20723E+0N2 ¥1 EVENT

2020E+D02 11 701 MZMB MEABUREMENT CGMPLETED
& E+Q2 12 301 TRHB TRAMSPORY COMPI.
2153402 10 LVEN

.2180E+02 10 301 TBHB TRANSFORT COMPLETED
L2d75E+02 11 EVE
.2473E+02 11 701 MZMB  MEASUREMENT COMPLETED
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MAN Z

MC System Respense to Adversary Actior Sequences

-

?3& ;EMD TRANSPORT COMPLETED

EVEN

301 TRIIB  TRAMEPORT COMPLETED
fENT

301 TRMA  TRAMSPORT COMPLETED

Cv

1 TREN  TRANSPORT COMPLETE)
01 RCM MATERIAL BATCH RECEIVED

3 T
14 702 CriRs  REPLICATE SAMPLE TAKEN
This is the = u f the chronological tracing of events during the
singla al.cr tooatienpt, A standard report of all funcrons of
as aupprﬂ,sed by the preceding RUM line. The
? ring i a copy of the input line rcaussting a rcport of
Function 26, th> 502 MAGCA function that sinulates she material
acquisitian zcr 'on of adversary 8.

2

]

8

&

-

4 30 TRAIISPORT COMPLETED
g MATERIAL BATCH RECEIVED
1179 MEASUREMENT COMPLETED
1z 39 TRALZFORT COMPLETED
4 3g TRAPSFORT COMPLETED

A MATERIAL BATCH RECEIVED
.3 ie" MEASUREMENT COMPLETED
70 MEASUREMENT COMPLETED
g 301 TRANSPORT COMPLETED
4 301 5 TRANSPORT COMPLETED

1 101 RCMR MATERIAL BATCH RECEIVED
7 EVENT
7 701 MPMD  HEASUREMENT COMPLETED
2 EVENT
4 30

]

4

25 3NM2 MAQA

DIVERTED SATER
4837 [P o] o 4 C 1.13823g+01
4827 4837 4837 c 0 3 126 Q.
AGz7  314% g 4827 1 © 126 1.1264E+0)
ZidS o o] 0 4637 2 0O 126 1 1384E+01
The report by Fanflon 26 indicates that in the simulated
diversion atinnps 384 ns;s units of material type 4 were

ucﬂctsrully renovod fromM the processing area by adversary B.

MAT jre that 126 ems of matarial 3 wvoare also renoved because they
oS honegrnﬁau nixed with the material 4 found in the
container at the tine of the m2terisl acquisitiosn action

50 REPLICATIONS GF THE SAME RUM WITH NO OUMP OR TRACE BUT WITH A
-259-
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MC Systom Respanse to Adversary Action Sequences

STANMDARD REPORT
001

RUN S0 137
FUNCT!ION TYPE ENTRIES FRACTION
1 10) 24 0,0282
2 101 2 0,002
3 101 24 0.0282
4 301 50 0.0588
S 701 60 0.0705
G 701 7 0.0082
7 701 78 0.0917
B 301 30 0.0353
9 a0 4 0.0047
10 301 25 0.0294
11 701 187 0.2197
i2 301 34 0. 0400
13 401 17 0. 0200
14 702 209 0.24%56
15 601 k<) ] 0.0364
20 102 G n.
21 501 <] 0.0035
22 S03 3 0.0035
23 S04 4 0.0047
24 50 2 0.0024
25 S0 1 0.0012
26 502 4 0.9047
27 S0 2 0.0024
30 802 2 0.0024
40 703 ] 0.0012
11 70 i 0.0012
a2 70 3 0.003%
a3 70 3 0.003%
44 70 3 0.0035
45 70 1 0.0012
486 70 1 0.00312
47 703 3 0.003%
<o 602 1 0.0012
S1 S0 1 0.00i2
52 504 ] 0.0012
53 504 1 0.0012
60 801 12 0.0%141
61 601 18 0.0188
FUNCTION 1 101 RCMB
NUMBER OF BATCHES RECEIVED 12
FUNCTION 2 101 RCMB
NUMBER OF BATCHES RECEIVED 1
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FUNCTICN

FUMCTION

FUNCTION

FUNCTION

FUMCT TN

FUNCTIOM

FUNCTIGN

FUNCTION

FUMCTION

FUNCTION

FUNCTIOM

MC Sysztem Ro

3 101 RCMB
MUMBER OF BATCHES RECEIVED

4 301/TRMS
AR LHUM HUMBER OF BATCHES IN
1ME MAXIMUM FIRST OCCURRED

S 701/M2MB
AKIMUH NUMBER OF BATCHES IN
TIME MAXIMUM FIRST OCCURRED

az

6 _701/mM2MB
MAXIMUM MUMBER OF BATCHES INM
TIME MAXIMUM FIRST CCCURRED

7 _701/M2Z2MB
MAXIMUM NUMBER OF BATCHES IN
TIME MAXIMUM FIRST QCCURRED

301 /TRME
XIMUM TIUMBER OF BATCHES IN
ME MAXIMUM FIRST GCCURRED

5
44
TI
/ TRMB

2 30
AKIMU UMBER OF BATCHES IN
TIME MA*]MUM FIRST GCCURRED

10 301/TRMB
MAXIMUM NUMBER (O0f BATCHES IN
TIME MAXIMUM FIRST OCCURRED

11 701/MZMB
HAKHMUM NUMBER OF BATCHES IN
TIME MAXIMUM FIRST OCCURRED

12 301/TRMB
MAXIMUM NUMBER OQF BATCHES IN
TIME MAXIMUM FIRST OCCURRED

13 401 sTOM
BULK STORAGE
-261-

spornse to Adversary Action Scauances

12

TRANSPORT 1
8.0409€+00

MEASUREMENT 2
5.8012E+01

MEASUREMENT 1
1.4376E+Q1

MEASUREMENT 2
3.9207E+01

TRAMSPORT 4
4.0730E+01

TRANSPORT 1
1.8742E+01

TRAMSPORT )
6.04%2€E+401

MEASUREMENT 2
6.3792E+0

TRANSPORT 1
4.9454€E+01



e

frEton Rovporae

Lo Advercary ACT tor STquonces

CURFEMTILY 13 STORAGE €. 1057E+02
ST RIL] NS G ey 6 JOS7ESD2 AT TIME ) 3113E-02
e LY VIS 16
2. 0049E+02
MPATD OLVIAT O 2.0177E+Q02
CAMTAIMER ST
CURRENTLY f 15
AL th 13 A7 TIME T 2858E+02
() et
$.3722£+00
HOARD MFM AT DN 4. 7983E+00
MATERIAL M STDRAGE
16887 Q0 947 o] g 0 6 I 2.780GE+N2Z

3077 Q0 8817 10887 0 0 5 2372 O,

8607 G 9777 907 g 9 2 0 1.2848E+02

9777 10387 C 8607 0 0 1 $24 0.

10137 .0 13517 o] 0 Q0 8 g 7 9967£+01
V051 9717 g 10117 o 0o 7 732 0.

8717 730/ o] 0 0517 1 O 733 7.98567E+Q)
10097 0D 5357 o] 0 0 8 O 7.9780E+D1

5267 9457 Q9 10647 o 0 7 665 0.

4957 10237 Q 0 S&67 t O 666 7.9786E+0?
1377 0 iJu-7 o] g 0 8 G 7.38C2C+GH
10017 10347 0 10377 o o 7 662 O.

10347 9HBKRT7 o 0 10017 1 O 662 7.8E0ZE+01
10837 0 8777 0 0 &8 o 8.018IE-OM

6777 10777 0 10837 o 7 857 0.

10777 10€E87 4] o 6777 1 O 657 8.0181E+«01
10447 9127 o 0 8 O 8.0z209E+01

G127 10337 Q 1447 a 7 658 0.

10337 9817 o} Qo 9122 1 0O 658 8,0209z-+C1

7347 10597 o 0 o0 8 0 8 2073E+01
13597 36727 Q 7347 c 9 7 €69 D

3ez” 9i/7 o} g 10%97 1 © 63  B8.0073L-Ci
10387 0 1047 0 0 0 & Q9 B.0657&+0C}
103%7 9017 Q 10367 o o 7 €78 O

9017 16307 Q Q 10857 1 ¢ 678 8.0653E+Q1

2187 O 2037 0 o 0 3 . B.11L1E+0)

2u37 3157 0 9187 0 ¢ 7 740 0O,

4157 b7 0 0 @037 1 O 740 8.11B1E+0)
10047 0 10557 0 O 0 4 0 3.68B5E+01
10587 5367 Q 10047 o 0 3 244 0.

¥Gs, 1017 ¢} Q0 10587 1 0 244 3.G9G6%E+01

0377 0 ens17? 0 0 & O B8.0458E+01

7 10197 a 10877 o o 7 671 0.
7 10677 C C 6617 1 G 671 8.0458E+01t
o 317 Q 0 0 8 Q0  2.N00SE+D!

8.:27 3 10547 o o 7 662 Q.
<897 9 0o 847 } 9 562 8.00G5E+Q}
Q 1920 o] o 0 = 0 8.0'93E+07
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10287 6817
6317 &7087
10527 a4 102
1Q727 10707
16707 tuuey
4787 "0 6n5
6OR™?  9SET
SLE? 4477
83707 0 <63
o7 7647
7647 2887
287 o
B9s7 Lo 3 |
- Q
33 o]
7 (o}
! 3
[s]
G
108057 [
917/ o
LY <
ULty [
2967 4]
193257 0
7307 0
incg7 2885
26%3 0

MATERIAL IN i
8917 0

7527

01
10857 [}

10847 2963
2963 [+]

REPORT TIME

MC Syston Rospenze to Adversary

10077
0

0
10527
Q9

478?
Q

IMTERVAL O.
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FUNMCTION 1d 7G2 GCMBA
EAI:!!AL TyeE

v I‘EL~
GA
LATE SAMY,

Mo VALUE
PH L MU YrLuT

LOVER LIMIT
" CELL

-Z qDCDEOCO
-1.00C0E+T0

Al hOF+O1

¥iC Systen ROSPONEC 10 Adveriary Action STauoncos

M TIME

oL

DO0VO0VON st = NOUN=NRCTN=ONUNTOO00=2000000

REPORT NO. 1
ERRDR (OBSERVED - TRUE)
MASS
REPLICATE

1. 1303E+01

-1

ENSITY

o
N
o
Q

(<119
Q0000
{s]ale]

Q00000 —-0-00~0000=00
WO AN A

WRNA ONAS
Qoo Q0000
000 ©0000dO:

(-]
o

POP0.0.D_OF PD_DPO_DPOPPPOPOOOOOODQOPPQODOOOOPU
AN
QO
Qo0

L3567E-Q]
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TIME OF MAX MUY VALUE
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MC Systen Response to Adversary Action Scoguiercss

ta 702 CHBA
NATILRIAL TYPE
batra

H4A 0 ABLE

=, J

LA SAMPL “MNG TIME
ALUE

19 VALUE
Lt VALJE

W40
L7Onnragy
EL G+

D000 “0~00WI~0A~QRUNARBSRHITIONOWO0O~w 00000 %

REPORT NO. 2
ERROR (0OBSERVED - TRUE)
MASS

REPLICATE
1.1300E+02 NUMBER CF NE2SERYETIONS
3.0575E-02 STARCARD DSVialion
1.55G3E+01 TIME GF MAZIMIM VALUE
+1.4311E+0% TIME OF +IHIMCH VALUE
DISTRI - 0.0 9 28
DENSITY BUTION . -
0. 0. .
0! a: +
0. 0. +
0. 0. .
0. 0. .
0.0200 0.0200 i
0. 0200 0. 0400 x+
0. 00400 +
0. 0.c4a00 *
Q. Q.0400 *
0.0600 0.1000 ex
0! 0. 1600 .
©. 0400 0.1400 = +
o, 0.1400 +
o, 0. 140G
2" 1900 0.2400 amxe *
G, 1000 G. 3406 Rensx .
0.06C0 xun -
0.0809 v
00530 =xa
0,0800 xxan
2.9400 3 v
2.0600 0.7200 =ax
0.A500 07509 L
0. 1. 7800
0. 0200 0. 8000 -
€. 0300 6. 8900 aEux
0. 0.8800
0 o200 0. 9000 -
0. 0.5000
0. 0800 0.9600 wun
G, 0.960R0
<} 0.3600
0.9800 =
0.£800
1.0000 =
1.0000
1.0000
1.0000
1.0000
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MC Systom Rosponse to Advarsgsry Action Scauonces

metion 14 doicrikes tho dnueriainty of nsterisl
shility at time 112,00 (5:00 p.m.  on the fifih day
nf rﬂmratlon) r.¢h s ju=z sllqhtly tatcs than th2 avcerage
ccspslntion time of the diversion action sequance vhichk 1s shown in
follaoving rep:ort of funciion 30 te he at tie 111 893. The

e that in 5 of the S0 riplications of the
the uncertainty of gccountabil:ty fer mater.al
ant error was greater than the 10.0 macs units
rerage in succesgful giversion stiompls,

? 1nL=rpr~u thesc rosults &s fellows, I, due to
po .tihle =cuen sotivity indicgted by the MC ~csporse Signa's
rl1 1nrough rd a ba|rncc of nazerisl 4 is closed at the end of the
ng shift (S p.n.}l on the fifth day, the probabi’ ity
v 0.1 That thc riecssurcno uncertainty would
L much as a |0.0 s unit discrorency duc to
. This coull maan That lho a2 I oroent errors
oF :unctlons ‘& nnd 1} (set arb-trarlly for this example by
<l Al norﬁal deviations of S percent of the mosn &neunt of
i wad in inconing batchas) would have te be
<luced, or that chocking for missing material by
& Gasurcnonts should not be uzcd in Lke ovent of
indicoaied diversi1on activity.

Thi - “.mr T uf
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Appondix A
RANDOM VARIABLES

Random variables of MCSS functions are specified by an integer valua

indicating the prebsblility distribution type and the numerical values of
statistics associated with the probability distribution, The following

distribution types and statistics may be used Iin the specification of those
paramcters that dofine random variables with optional probability

distributions:

Uniform )
distribution type: 1 X
statistics: mean and maximum deviation from the mean value

Normal
distribution type: 2
statistics! mean and standard deviation

Truncated normal
diztribution typa: 3
statisticse: mcan, standard deviation, maximum value,
minimum value

Exponantial
distribution type: 4

statistics! mean
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Appondix B
ATERTAL DATA STRUCTURE

TYPE

Material types are jdentified by positive, non-Zero Integer names, Any
number of different materinl types may exist simultaneously in & model
system, and their names ncad not begin at | nor ba contiguous,

QUANTITY
Dictinet quantities of each material type are represented by an intoger
count of discrete items and/or the real value of material mass.

CONTAINMENT

The typa, count, and mass of distinguishable maverisl quantities aro
storad in a recursive data s$tructure that represents the transitive
enclosure of materials in various types of containmont configurations. The
structure of material deta blocks is shown in Figure B.1, and linkmge of
adjacent blocks in the material data structure §s shown In Figure B.2. The
first word of each naterlal data block points to additional data that nay
describe physlcel, chemical, or other properties of the material represented
by the data block. The sccond word contains the integer 8, the number of
useable ltocations in the bltock allocated from free store. The third,
fourth, fifth, sand sixth words contain pninters 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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reterial quentity. The last three words of materisl data blocks contain
respectively the integar materjal type, the count of discrete itoms, and the
mass of materisl ropresented.

—=- Data

tH
LP
LN
Lt
Containment level

LT TR

Material 1ype
Count
Mass
FIGURE 8.1 Materisl dats block.
(1
LR
L
(4%
LN

FIGURE B.2 Linksge of adjacent material data blocks.
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A recursive definition of matarial containment is shown In Figure B.3.

In any container A theoro may ba any number of bulk materials 1, 2, and

sny number of contsiners B, C, ... The pulk materials in any conteiner

msre assumed to be homogoneously mixed, so they cen be removed only in

combination with other bulk materials in the container at the time of

The biocck chain data structure representing the recursive

removal,
is shown In Figure B.4, To simplify the

definition of material containment
only the 7th and Bth words of material data blocks are shown;

figure,
and LL sre indicated by

multi-way linkages defined by pointers LH, LP, LN,
the lines connecting tho simplified material data blocks, arnd locations LA,

LBULKA, etc. are the locations of the first word of each material data

block.
A

r-'_——"“’__'-_ﬂ

8
N
2 D
. [
FIGURE B.3 Recursive deofinltien of material containment.
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L2Aa

FIGURE B.4 Dats structure representing the recursive definition of materisl
containment in Figure B.3.

The block at LA representg all of the materiml jn container A. The
containment level is 2 because contalner A “contains" other containers. The
material type 1s null (indicated by mesterial type zero, which is otherwise
an illegal naterial type code) becsuse container A may contain more than one
type of materlial, The last two words of the mataerial data block at LA
cantain respectively the count of mll discrete material items of all ypeas
in container A and the total mass of all materiails of all types in contasiner
A,

The material dsta block at LBULKA represents all of the bulk materiz2la
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in containcr A 1ts econca.rmzarnt lewvel of 1 distirguishes the colicction af

bulk

rorjals i comaince A fron conteiners B, G, .. oand ind:cotes

tha Blroll e o - lovol ak oue kRlorks that rooresant specific naterial
quantijitics Tro lact twe werds of the blotk at LBILKA contain rocpectively
the count of 211 diserste naterjat 1tems of all types 1n hulk fForn witin
cantainer A but outtide containers B, C, ... and tho tot2l nass of zll
malc: iAsls of all wysoe in bulk form within centainer & but outside

contuincrs B, I,

The blo~ie at L1A, L34, represont Lhe of bulk
retarial in cortaiatr A bt outside containcrs 2, C, . The contairrent
level O of thoie hlosks indicetos that the ratcerial they rocresort can rot

be further sidCividad 1nto lower hicrarchicail levels of cortalrment and by

dofinition res-orint & quantity of & spccific material wype

Tha mat-rizl dat= blocks at La, LC, ... represent tha contz2iners Within
container 4 and zre roots of s.btrues which have the recursaive dats
stryugture chassn in Figurs B. 4. Thus. cach of the contarers B, C, ... muy
cantain bulk icrials and’or other ceontainers, etc, eic. teo any deoth of
restad naterics ! contairment and gata structure

Figure B.2 nd 4 repruesent the mest general naterial containment
cenfiguration which subsumes the special containment configurations shown in
Figures B.5 thraugh B. 9.

Figurc 0.5 shows @ schem=tic representation and the data structure for
a nortainer A of hullk materials 1, 2, ... . In this casc. the LM peinter in
the fifth waor:l of the material data block at LBULKA contains a rero

indicating th-ri aro ne contairers within container A,
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LA
1
2
LBULKA 1
0
1A 4]
. ]
174 ]
2

FIGURE B 5 Container of EBulk matcrials ', 2, ...

A eccntz:iner thet comaing only other containers-is jllustrated 1n
Figure B.6. Here the Li pointer of the material dsoia block 2t LA points
the block at LB which represents the first of containers B, C, ...

A
)

B LAl 2

g °

C el 2
O °
H Le

H

| —

vee—f @l

FIGURE B.6 Container of other containc s,
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Figura B,7 shows the represontation of an cmpty container. The
containment lovel is 2 permuse the container could ceontain other containcrs.
The linsage peinters, matearial type, count, und mass of the data block at LA

arc sct to Zero.

FIGURE B.7 Empty container.

Figurc B.8 shows the repreosentation of free bulk materisls 1, 2,
... that are not in a container., The data Structure reproesenting these
ratcrials is at lecation LBULK. Frec bulk materials are represented by the
same sub-iree data structure that represents bulk maeterials within

containers,
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R =

LBULK 1
0

11 0
|
L2 0
2

FIGURE B.8 Free bulk materisls 1, 2, ...

The containment configuration and data structure representing free
centainers B, ¢, ... Ils shown in Figure B.39. Free containers are
repregsonted by the same sub-tree data structure that represents containersg

¥ithin other containers,

. m
1

Lc

veda [ wbkd oo

FIGURE 8.9 Free containers.

EXAMPLE

In ® container A, as shown in Figure B.10, there are four bulk
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materials 1, 2, 5

and € contain the

and 6 and feour otlhcr cortatners B,
Comtaincrs B snd € held the

sane

DESUNLVE

1ypes arce

countcd az discretc

LERC AarMounte

¢ bulh

rtoms

cUen nater:

ratcials

&

-
1

c,

and 8.

typcs @rce measurcd

c,

of bulk materiatls

and E.
3 and 4, and D

Cdd raterial

ir

nads units, and the a-ounts of all mEtarlais arc dicated in Figure B.10.

FIGURE B.10Q

The data structure fer

material data blocks new

’

~

m&w_,JJ

inciude

Example material containment

+his exarple
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v 6f muaterial ropresentod. As before, the poirters to adjacont

are reprenonted by whe lines that zonnect the blocks. And locations
‘rdicated gt the top loft of cach block aro locations of the first word of

tho toeword mateorial data blocks atlocated by control program ASTORE
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200s [0

8

0

2014 . . 0.

o] il
L2 B
00 o
]
o
80

FIGURE B.11 Dats structure for the crample nater{sl centainment
econfiguration in Figure B.10.
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Figure B.12 shows tho material data structui-e of the oxample
containment, sonfiguration ns it {3 printed cut by contro! program WRMD,
Firon leoft to richt, ezch line of Figurc B.12 contains the following:

L Localion of 3 mataerial data block.
Pn, tt, l.ocarions of blncks adjacent to the block at L.
LH,
lLevel Containment leval! of the block at L.
Typa Material type represented by the block at L.
Count [tem count of tha quantity of mater "al represented by the
block at i..
Mass Mass of the gquzitity of material represented by the
tack at L.
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ERYE
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1574
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1854
1214
1704
ey
2G04
J27a
19FR4
2341
24
TGP a
?i*1n
19 te
IRX=q
1R44a
194a
1ana

SIGLURE B.12  Material
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4
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4l

| 9sis
1974
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2hR24
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13
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¢

I3
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| AR
3
(5
{994
o
&
2034
[
A
t9 /e
In%da
1R44
1 Faa
[

Vi

daze for
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1944
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N o A
ooy
e 2
I T |
v 13 4
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1994 1
A o ~
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1244 » &

A the cxample raterial
configumation printed by waontrol progran ViRIAL
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Appendix ©
STIMUL! GENERATED BY ADVERSARY acTIONS

Action funrtions may gancrate various trpee of stimulil =s specificg by
the usos., The crimuli are specificd by list valued sar=znaciers of the action
FTunctionsg <o ust 32 coens!sShont L1tk Lha nenites Functions ascigned to

<n
A1 procsnt, two tvaas of stincli heve beer dofircd and z2ra descrinad

Lolor, T Bynes e definzgd as Jired Ty future scoivion of o tor

Tunctions,

STiMJLUS TYPE 10 Rocctangu ar Pulse 3ignat

in

“is stimulus is 2 rectangular pdlse signal charactcrizoed, as shoun

(o]
Figura ©.1, ty a2 <ire delaoy ofter which the lesding adao of the pulsc

Fellr 1o rinz Foginriigy of The adverszry action that qgoneratns the sriaulag,

by Tt Juration of the stiuvius signal, and by the imtensity of the
stimailus,

Spocificotions of type 1 stimuli are supplied by the user a2s list

s1rs of action funetions.,  The number of the momiter function

valand oo st

thot “rmres the stimulus in the model system is first specificd Then the
stirmll 5 type (inieger 1) is feollowed by the desirced cdelay time distributicon
tym: {ane Appendiv A) and delay tice statiswmies, the durztion time
distribution type and sta~:stics, and the intensity distribution typco andg
staniatics, "ar exarpio, whe list

41 11 .5 .8 ° .2 .531. .2 100, O.

specifics that a stimulus of type 1 is 1o be gerereted and sensed by moh.tor
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function 41, The delay and duration times sre unifornmiy disvr ibuted
{(distribution typa 1) with nean value and maximnum devietions of 0.5, Tho
stinulus intonsity has a truncated normat distribution (type 3) with rncan
value 1.0, standard deviation 0 2, maximun value 100.0, and mininum valuc 2
The parameter 1ist abovse specities the second of two stimuli generatcd by
the S01 INDA action fumction 21 ¥ the MC System Rosponse ta Adversary

Action Seauencns coxample of Section 4,

Stimulus

+
Adversary |
acnon | -

f —— — intersity
;
. Time
Delay Duration R

FIBURE €.1 Stimulus typ2 1! ractangular pulise signal.

STIMULUS TYPE 2: Absence of Acquircd Material

Stimuli of this type may bc gencrated by material acquisition acsions
that renove materisl from the normal process contalrment. These stinuli
will be sensed by ronitor functions that represent meaterial loss detectionr
devices or subsystems based on cither conventienal material accounting
mothods or estimation technicuas now under develaopment.

Typae 2 stimuli are charactarized by a delay time, removal time, and
quantity of matcerial renoved as iliustrated in Figure ©.3, The delay %tirne
is the interval following the start of the materisl scqulsition action after
which remeval of material begins. The reroval time is that reguired to

-292-



actunlly acquire tho matorial from the prosess containment. And the
cuantity of materiel is the total amount removed during the acauisition
Action. Notice that the sum of the delay time snd ~cmoval time may not
cxeeoed the duration of the matorial acquisition activity

'he =monitor function number, stimulius type (integer 2), doleay
distributicon Lypc and statistiis, reroval time distribution type and
statstics, end the gquantity of material ecquired ara cenicrod as list valucd

parameters of action functions in the manner described above fo~ <timulus

type 1. . e P
ve Mazerial acquisition activity

T T T T T

| —— e —

quantity Q
2

l
| Remuval of material
|
L4
I

3
Removal Time
Delay 1

time

FIGURE €.3 Stimulus type 2: absence of acguircd material.
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