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the ......... aJ••t• ......... ,., ....... llaalatlaa 1'T w9laa .the .... 
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.......... ~OB or. b.ft WZ.-... t11tlon'I, -- -tenalaaUcm 
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II• (x1,t1t, tx1,t,i, ••• , fx1,t1J, • .,. , 

WUn #/ta "41 ..-:•·----~ .. )a .... : ........ :' ...... at or belq 

...... ,.. ... ""' .. '1····;~.·--·• .._., ... •:•·--- .. ·-t.. 8lace 

JCbU .... -.t ·~IJ0""'4, .. ,. a -.:1": ..... IJ >: ~1•1• for all J I 1. 

We ~ ~ 11 > -. ... 'nail .,.._ ..... ., :a••t part. ca PftMlace. a .-cut 

at Ume •• ..,..,.,,....... ..... .,: .......... l.l IAtJliMa:.•wldcll*tl1 .... 

clllculld. ta ~ a.· .......... • lQat P' ca _.. a "°"""'* ua. 
' . . . . . 

~. .. .. ,.. ol . . tbe iii.pat ·aat1 output 

JaUtory. 
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- ' 't· . 

._. ttr114h4lf,,.•· _.\._·ct ,:•b•••••"'-.,~-j.- • .._,. • • 
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tsa n• 11•· 1 •i~t'J n.1. r •> ._,tt11Jt Ju .... _.. 11L•r 1 'llilaf.:_... wlddl 

I tlClllU 11 t 11..,] U •·I 2J itt M de lP ..... ib'[at.•11c•llll1t·W' a. 

51111tm>..ait.ttlf ... a<.81Jl 1 lla?t7ltr_;·>·· 
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·- ,,·\::.. ,; .. 

n. h1 la a bdtW ..,., or a.,. t•a&tll 111 ; 11,.<tl' It.a .c ha • hj • h,. 
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HI' • <111i,latj. ••• ,Ill~ 

t.llea HI s;. HI• It a4 oa1T. It• 

'De terbdS1w fac •lalt •tJat.·•11Ja;tq111;:.a . .,1\ •··= 11,..,,.wrn ..... 

.twU._. .IS ~. 119· ... , .. fJM·,Jla9 ·111111 .. ·c<~.-..•11•·;-" qat1• 

A nut__... is to 4eflM tile~ wt to- taae t. ·For a sin ... 
•. ·L~~Y5'\l.P~~ ,- ~ } . '-.f 

part, htt) ta a JalltGq, 11•, _.... II' cceWae all 11•••11 ta. b With U.. 
. ,,.,, ; 

ftlw ~ t. Baoe bCIJ ; la. Tldl tilM .. 1119 at10111 to_.... ltt,...., ~ 

' .. " 

Thu HI Ctt ; HI • HI C•J. 
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While a coam••toeUca cbaMI callOt c,,_. tJt.e vatw or data pecbts 
. .:, 

or their ........... tt·ca laUaaw • .dtllq llwtwwa: tlMt um at 1'1dch they are 
' " 

..... t an4 tile u.. ". WldclL ..,. ... '........... ,,. 6lllF ·- be ......... 
'· . 

lbace tt Will arr.ct the ID.put JlUtorT or tile .-. to wb1c:h ft· 11 coaaected. 

w. ca .....,. ~ tile 4elq ad a1a..., ht, • 11o, Tlda wwhl be 

appraprt.ata ta - .._. tile 4elq U.. of tile chftMJ II a'llCh •aller tha 

the W. u.. or a...---. ror • ._,., 11 a......_ ... c:1o11 ~ 

··~ ............. , ...... , ..................... ,..m 111e.,,..,. •all. 

..._...,. w. .. ~.Ila._ a .. .,. .. .r· Gil C1•rt11" •wt.t to lta output 

port.I • a s1q1e· Ult. COJIOlptu1IJ' W9 ca -.W aata • at..afJI& . the 

'°11...._ ot ·• ._. ... I to i11c1• tt1°,•••· .... "-\':•• 1111tua ·la name 

~.to •1-.•0J••• IRf••--,Gf.-olltiRoalln•l•.la.tJae.·.,...._, 

IUCh •··clt.n•JJ ••· .. 1 .. 1.allll:"''lllO ~ at.a ftuUY, the 

.on ...... QPl'WJl WDUl4 be to sla111ate tlae cbDMll • if tlaer .'WaN ·.JNlllCket 

mma1Udcatloa m:ldt-=tun ao411J& Tim ....-:Ja woal4 be l'4llf1llrell If U.. 

----·-~- --------------
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. . 
oa tts ID.pUt '°"" t1aa tt will 11aui.te a. ftdaC or u. ma4ale at u.e 28, . --, ... , 

•. ~ 

ad, l1acll the CeJay U.. ot tile mo4111e .. . &, pro4ace output ..-.U 

,.,..;. ,,.25). ~ (x/7,2&) • 
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.......... -·~·~:ot11a111attea·11o4•·otawt1aL:.· 
• ' ' r' \ ~. " ' ',, . ' . ~~ ,. : - ' ............................... ~..,:~··~··········•· ................................ , ............................. .. 

. wttll Udl ... , . .,., .. __, ~·•'mt·•· ·flllll.: _,. llf. a. •111Mtoa or 
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- ...... 1 ...................... - • " • .., - ... .... 

.......... 

ti- la 'J Jatl tr 'iur 1 11111 fir ••.I 1h wa •• 11~ l's ._Pt '~ 
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•nl•• - ...... a 8 ....... M I ti ·· ..... tllM lfSO • II), 
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.... rt 1·~~•:91,· P•nr•••ll·....._ __ 

... 11a b .. tia 11ntu ... 

TM ... 111111 IA ...... ·' 11111111¥ Ill a llbil wlllla t11111· 1at ,.._ llal 
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, ~ r . . 
'1lila 1111'Jil ta IHI I t9 Jllll•.t ... ' aMtt 1- Dt•'ltll ......... t• 

J min• •111111 ............ ,... ...... 1 



- aa -

lapwat port1 or Gut .......... m tJMt am111attaa, u.n 11 :Ao aura• ·that tJut . 
' ~ ., 

, . . . . 
nlaUw .......,. or·..-.. • 411t .. t IQat ,.. wm 11e pr111"94. Thia 

' "' ... }' . ~· 1 ' 

W U.. (/lrl ti lla111at14 WOJ9 all, ... jllclift''"11Ja· uiae $ tjlTI haft 

....._ / ,_ _.,._ if: ....... la tlif··~ ~ws a JSk8t hr,18) 

aa _. IQat J101't, It ..,.. ..... tM .... 11t tllliit ·ljlrf • 18 •. a4 (wa•••• 
It Ml a t.lq U.. ol 2) ..i Qae. pecMt (#,12> 911f'tts• .... t ,orL · 111.,._ 

The 

To ....... tlatl 11Jtl •.• ,, •••••• t ......... ,,._or .... at 

ttae.·.·.·fjtN _. lldt lllt' _.....,,,utll, 8i~'···~·:,,.,..........:llStorF 
1111~·· Ille ........... ' ... ..,. ........ ,,filit!lli••·. bblr'ti·_u. 

-- ·~··--- .... - ........ ,.,,, ......... ,,.,,l ....... .. 

ftllal -· .< ...... ;;, .... ,,,.. - ._, ..• d-~ lf-'t/li'f ':;:=.•··1'1Wl). 

1.) .,.......,..... aa.: ...... '; .... iftA•at-*'·tta. tftr• s 
• 111 .,tied.> 11-4 • a. data -. u.. ....... or aa.. ...-.. at 
="·--~lildft11Jrd••1•;•~•fi'i -~~·f1 

........ ~..- iF1 t1ut 
...... I _. t11i1 •'- ol •••,._. or -., ~ 
........ :l;'.1' ' i. ·•.·. .. ·.· ~:. ' . ; ·~:\··:o:<tl '.f' .. . ' • ; " • 

·&.> It Gut _. ... oaa nn, a.. 11aa1ate a. ftrtq or aaa aadale 
• l"'11cnna 
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·~!' ··.,.·-~,·. :c· .. ~ ·f,:., .. ','"'.,-,...~·:·:-'A,:;'_~.;;.,":;,~, • 

1t). 'Qildif'l&i - -.at·:- - I ad the output U.. . 
...._:rr.flJ?1'fll'1tU,V•11tvftt••lz ~.~·,,..."'i Jl ·11 •;·~th 
utae · ~· ' tjln. httta11••n. ell oattst u.. aut 1'e 

, .. ••:1~.~:~~..fllf. : '" 'J,, · >:.:r >,..,.fa;- ·-' ,~ 

•" . .,, _.,.~~-'' ;:.,-~~..,~- ~·~ :~;';'.1. 1~~l-_s~.~~-- ·:.- - f:f~ ~;~ ,.,,. :~+,~/.~-~"~""' t~ ~~-f'..~ :\~ . 

AilUdaC 0. ........... wtll ..... t119· ...... R\pat. ,.:ata wh ttae 
• • .. • .•· ••. , .. • • ;. ·fr> • ':""°'."'! ·~,.;, !::>-~··" , ~.' •• '$Ju1">.'~• r:·~ ", ~S 'l!tmMJ~4~; !'' :~~~ .. ~.,, ·,?v' 
u lbia11Ja1W· .- ....,:., .• -......a._,., it ........ wm .i..,. 11e 

·•·Ja&Uil.111.u,,t·t.·eC~:,tMl•·)tll• .. -G1:;6a_.. C •thl•iv:tllat is'"llSO Ii .HO. 
'1. 

~.~}• ., .............. ..-~-~• ...... tt~•:)ICI .... ~ the 

............ :,,, ......... I .. .., .. --~ lddcJl,;, .. ;.:Jltwr 

mlvt. ,.., ••..•. ~~11 .......... ,.~ ..................... .. 

...,_. .,.n L""···-- ,~r·• &.··•~··• • .tR«t ·•tmr 111-...._.1 .. ale 

cannot 1'1•tdrt• .......... , .• Hff• ...... :1at•l •z ... t•,_.1._,, Uut 

nit.a or a. ....... at .- If ... ._.. 1ie ·11111111w. .... ~ tll• 
-.. - ,~·~ 

. ....~ " ' ,..,. 
' . ....... .' '. ~ ....... tit....... .. ........ WI ........ tJlllliblW, WIMa tile lllft 

~~·f- ~~~;~ .'.;.~~./;•' ,• ajllf•t ,._.·,•2.t~•-,, ,.,.~.,..•••u•••l•• ••4« a. ........ 
' " ' . ._.' . ,_.... . .. "'/it ~. ''X'" . .,~.· .r.·:'..+ ' 

Will .............. , .......... , •• ~---·····- .... . 

' '(, 
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Coaolmdon · 

BJr . bacba41q the slmalatlml ttma ta MCh data ,_., the openUoa of • 

~u ~ 11e Jntw:IJ" ma11late4 wttllout .,. ftNll-4ime cmslralaU. Althoqla 

um nqa1ns elCll alaalattall proc1•or to ca.pate u.. ftlw •-..U •data 

ftlw, It • ..._ u to tlwtJate a .... Y..., af' "*" .car e•ak-=-

awlal ................ , ............ . 
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Ill II Mull, n aia , • ..._. • •&1 &Ill·• I ntntts ,_ ,._ a&m•W'• 

............ fJi. .. l , •• • 8 • 

,_ IH9Rlha .. ' ' IP IL JI • a .... mlllH la ..... &1 bM 

IU 1-..t. a I Int 1llllla -· 3 • .... - & tlllt mAlr• Ga ~ pmt 1. 

Bn• .... • • •,,,,. • S. • tlla ftt' ti flf ..... 11 · q1rat lie ... .a1t1I • 

.. -··· -· 111•1• .. _. ........... - .. - ... J8lt .... tlMt 

.... , ..... ...., ........................ nw. ,,.., 

•••lllllR lltll .._ - De•• I II 1 • I 1W ...... ln11indt:1I •t•r 

... -----.. , ..... 'Dllt d
0 

1· LUI ..... 111111 .. llat tlJll9 tm*et 

l:JI· • - l a... I RIP• wM1• 1L 111 .... ftlllll • ... 11, _. • -.. 

- 11t ..__ a ••t11' : 2 r oraa • 111 --. • ......... -.. a. _... .. 

4&1 •nlllll.. , •• ,; al I l ••• I lllliu JI .. llllIP ......... to 
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............. to; .................................................................................................. .. 
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1.) I-* :._ a._·• ._ ..._.its ...a'rill ·oa tnput port :t., 
update tmt1• · · 

2.) Determiae whether the aodule cu. be Aleq rtre4. That u, 
................. ·~ ............ to ftn at 
.,.. time tftr1, where 

:'tftr• 'S ::;,. i,., •. 
a.) Jr tile malaltt ·~ lie ~ ftre4, then 111111.Ulata the 
oPlftUoa of Ole moct• OD tllma input pac~ with time 
ftlw $ ·tftrt _. ,._ .. a. 4'dp1d data pecbta. For each 
output port o 1 flRl whtch 4ata ,.UU are aent, update the 

wl• '°' ,,.,,._ }' WJdch ts tlle U1M ft11ae of tlle most 
nceat17 mat output pdurt from o1. ror e.:h output port o J 
far Wlltah ,,.,,.,,,,J < ,,,,. + .,.,, .... time peclart (tjlr1 + 
,,.,, from 0 J mad uplate tlut-out J• 

'b.) 1f the mohle cauot be utely ftn4 than compute tow, 
.wttww 

'°"' • ""'" + .,.,, 
aD4 aan4 a time pacbt (tout)· from each output port o J tor 
wtddl ,.., > tltukltU 1. Thea _,.... the wtue of tlast-out 1 for 
a.ch or .a- output pm11. Tbe value of tlda' muat be 
....... than llio 1nlt· ·caa.t 119,,..... thn the mttdmum 

uae nqutre4 tor u. mah1e to procluca a output pmcat 
af'Wffdq. 

3.) .... to .. 1. 

s1mulattoa module muat stme the value of tlast1 for each input port, ad 

tlost....a 1 ror ach output port. Rowwftl', :ao storece ror ttme pacltet.s ta ~ 

ma th.,. are not aee4a4 once the ftla• or tlast1 haft ~ updated. 
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The termtuUoD operatlou for the lbaulatiOD module or the termtnatloa 

control module Tare u followsa 

1.) Perform normal simulation ad c:ocmUuUcm · activittes until 
nery input port which Is not ta fronu:lusr bas nce1V94 a Um• 
,.cbt With value co. 

&.) When there Is no way for the module .to tire without 
receiviD& more data packeta, •nd t11t .pacbts Ueet.+> from all 
oatput ports ta to_clus1. 

a.) Walt UDUl IC tllt packets haft been ncetved. OD the input 
.,.u,. where 

IC • 1 + L (jto_classtl - 1). 
•,(cJ 

11l. thta 8CJUUOD, I to_clant f , la the number or output ports of 
. aot111e .• , which . are COllDected to Input ports or other modules la 
tile· class. · 

4.) . _, any data or Ume pack.eta are rece1V84 ,,.hlle waitln& for the 
t.ist · ·pac1utta, continue With the lbaulatkm an4l coordinatloa 
..,..uou for the module. 

S.) Determin.e the valiclity of the test u followa1 

a.) It all IC test pacbta han value t•• t. +, and no data 
packetl were ncelved while watUD& for the test packets, 
then l8llCl Um• packeta (co) from all output ports or th• 
module. 

b.) It at least one of the rat111'DiDC test packets has vaJu 
tee t. - or a data packet wu race1V84 while waltiJI& for the 
test pack.eta, than 18lld packets h-eeet> from all output porg 
iD to_cla111,. watt for K (rHet) packeta · to return, and go to 
step 1. 

8.) Once time packets (co) have been received on all input ports of 
tile llmulation module, tenninate the sim.ulaUon or the module. 

Far tlftl'T oQaer module I J bl the clul, the termiDaUon operaUom for tlae 

.aautattoa IBOdUle are es followss 

l.) Pwform. aonu11111.iaucm mul coordluUoa . ....uau waUl a . . 
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Conolaalon 

The relaUvaly stm.ple coordiJLaUon operatlom of Chapter 3, which are 

4ut&ned to iu.ep the stm.ulaUon from daacllocJrln&, created· a much .. more difficult 

probiem Of terminatin& the simulation. The IOlUUon of thU problem requirea 

both compromt.tln& ·the mod'Glarity of de.tip of the amuliUon modules to IODUt 

degree and ·aJ.io ad.dbl& 1erminaUon . operaUom which are more complex than the 

ort,gbual coorcliaation operaUou. Thil lack of modularity and areater complexity 

ma. .the colrectneu of the termination operauom more ditrtcUlt to· prow ,Oum 

the correctness or the simulation and coordbaaUon operaUom. 

liowevv, the terminaUon operations do satiafy the destp goals· for the 

amulaUoa. Tb• stm.ulaUoa remaiu a packet commuDicaUOn architecture systea 

ln which ·all commUDlcaUon 11. bl the form of packeu, the mnulaUon modul• 

ae autonomcnu~. Ind the destp II Ume-bldependent. Fu,rthermare, while . ti•• 
terllablaUon operatiou are more complex thaa the coordbaaUon operaUou, their 

. Implementation should not 'be perUcularlJ' diff1cult, an4 tlaq _. .mcleat 

~ to IMlft little ttt-=t • the .,... or the 111au1auaa. 
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w1U sUll apply. 

llodul•. whleh Compute Monotone l'anotlons 

Many of the p.:ket commUJlicatlon architecture modul• which have b.een 

desl&Jled to date compute mo.nocone lu.nctlona ovar their hl8torles. That ls, if 

th• module· proclucea an output history H01 when &tV9D th~ input JaUtory HI 1, 

and an o1itput hlatory H02 when starte4 ID the .... baitlal .tate and prueatecl 

wtth an laput hiltory HI 2, where 

HI1 1;; HI,, 

H01 'H02. 

Modules · which compute m.oDOtone functions over their hi.stories are 

clulracter1aecl bJ' the property that the decilton about which taput JNIC)utta are 

abaorbeid from each input port and ul8d ID a parUcu1ar f1rln& la bl.dependent of 

the arrival Um.es .of any input pecltets. · 

IJl particular, any determlnate module computes a mOJU>toae fU~cUoa, 

where a de~ate modUle (12,18] ts a moclule for which the sequences of 

output pack.eta ·9'Dt from the output ports depend only oa the aaqueaces or 

input paclutta arrivln& at the Input ports, and not on their Urival Umes. For 

example, the ·runcUoul operator and switch modules of ~pter 1 are 

determ.tnate modules. 

One would expect many packet communtcaUon arcrhttecture modUles to be 

determtaate, mce they embody the ultimate form of Ume-indepemlmt operaUon. 
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module for an ADD module bas not received ay data packets, and tlast1 • 188, 

and tlast 2 • 18, then the f1r1DC or the module ror may time lea than or equal to 

188 will n•ver be aim.ulated, aven if a packet with time value U is received on 

input port 2. The coordillatton operatlom are overly cauttcnu. They uaume 

only ..,methin& which is true for any module - tr there are not sufficient 

packets ror the module to rtre, then the module cannot fire before the arrival 

of the next packet. It the coordination operations could take advantage of the 

flrlD.g requiremellta for a module, then it could often calculate values of tOllt 

Whlch ~ ~er than those obtained by. the method of Chapter 3. 

·Any change ill the method of calculatiD& tout, w11l illevttably be more 

complex· tbm the calculation 

tout • 1~;., Ulast1> + dlla,. 

Bence, the strength or the calculation, that 11 the closenea. to the m,axbaum 

possible value, must be balanced with the. stmplic1t7 of . t,he. calcPlation. The 

follow1Dg method of calculatbl& tout repntllDta a put1cular com.promUe betwaea 

stren&th and stmplic1ty. It II vary limple 19t ..., to be reucmably stroD& for 

many mocl~u. 

Bxpresaln1 the l'lrln1 Beqalrements 

First, a method of spac:H')'1Dg under what conditioDI a modUle ml&ht tire is 

required. for any modttle, a boolean-valued funcUon F can be atvan which 

takes u ariumeata the valu• of ,,. ls)Sn. where '' la the number or paclutu 

preaaJlt at _input port I J• It 
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forms 

[(P1~c11) A fp~c21) A ••• A fp,~c.1)J 
~ [fP1~c12> A (p~c22) A ••• A (p,~c12)l 

v C(p1~c1,J A lp~c2,J A ••• A (p1~c1,JJ, 

in which each c11 b some coutant greater than or equal to zero. This form of 

the equation b called the .swa of producu form~ Note that 1f c11 • 8, then the 

predicate (p1~c1iJ must have value true, thus th&R factors can be omitted from 

the equation. Equatloill with all factors or the form (p1~8) removad are in 

reduced sum of products form. ID. the prececllng examples, the functlon.s F ADD' 

F..,.., and. F , .. .,. are expressed ta racluced sum or products form. 

Many fWlctlons caDJlot be ezpraued la thil IUJD ·or producta torm. In 

fact, only those functl.ona for which 

can be expressed la thb torm. However. for u.y functlon F wa can always 

find. a "weaker" function F', such that 1f 

than 

F'('t•PJ•••••Pil •true. 

and. an equation for F' can be expre.ued 1D sum of products form. 

A sum or products equaUon for F can be traaalated lllto a equation for 
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Evaa if· the fwacUon F hu velue .1t.YI at IODla poiat ta the llmula~oa, if the 

data pacbta with Um.a Vllues lea than or ~ to ::.. (tlast1>. are not 

auttldeat. for the module to ftre, thn no data packetl cu be pro4uced with 

. Ume Yalu.es lea tha or equal to ~;,_ ftlat1> + ""°'J. Thu, the calculaUoa of 

tout must tab the maxtutum of the two PN41cUolll of the mtntmum output 

Um• - that bal84 OD th• tuact1cm F. and that bell4 OD tJut val1181 of tlast A· 

For example, for the ADD module the 8f.{Uat1on 11 

tout • l1AX( •ln(tl11t1,tltut2l+Ml"7 I 118>CftJ1•t21l+tlilt1,..€ ). 

For the arbiter. the eflUltioa ii 

tout • MA><( •In (fl4st 1• llat 2> +Ml"7 1 •In (t 11, t 21> +dfl4'-( J, 

• •ln(tlat1,tlat2l + 41147. 

Thb tll(Uatioa 4-&aerates to the ort&IDa1 8f.{Uat1on for tout. rtaall7, for the 

~ F tPUI the ~Un ii 

lord • rw<( :.:;.. ftlt11t1J+ilfl47 I 8+41ltrJ-€ ) 

• 1:;.. (tlat tJ + 41147. 

Tht8 equaUoa ~ 4eceurates to th• ortatnal equaUoa for tout. 

Oorreotaua of the Oaloulatlon 

thU modified method of calculatln& tout w11l not ca1118 the llmulaUon to 

violate U7 of the three raqutrementac correct module simulation, correct orderini 

or output packets, or correct ·coordination. Bence, the CorrectaUI of SimulaUoa 

Theorem &tvn la AppelldiX a w11l ltlU apply. Clearly the corr•t module 

1bnulation requirement will ltll1 holcl, 11Dce thia mod1ftcatton wUi aot affect the 

data psketa producal 'by the moduJ.e ta the llmulatkm. 
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laopa a number of Um.ea Jut to fire a module cmce ca be nduced. For 

ample~ mppcm the m.Ollule • 1 of n&ure 6.1 obeys the f'1mcUoa. 

F ('1' ,,> • l,1itl> " (,~U. 

UGD& the OriC1DA1 :method of calculat!DC tout, tout • •lnU8,188> + 2 • 12. Thu.s 

a Ume packet U2> would be .. t to 12, which ~ llDd. -bid. a Um• packat 

113) and .so on, until after M 2 has .. t 30 time ~ it would. fillally 

nceiw the _packet U88J ad th• nn., at time 188 cxnal4 be lbaulaied. If 

1-..t w. ua th• calculaUon 

tout • MAX( •lnU8t188J+2 1 •atcU8,188)+2-8.881 ) • 181.999, 

Qle time PKbt U81.999) could be .. t to la- which would . MD.d back 

(182. 999), and the f1r1D& of the module and4 be lbaulatacl. Thus, the 

Jar&• • 
................................................................................... 

M2 

delay • 1 

he, 19) 

delay • 2 

he, 50) 
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Chapter 8 

Conolwdon 

Indshts ancl Afterthoaehta 

As has been demonstrated here, it ta indeed possible for the slmulaUon of a 

packet commWlicatlon ·architecture system to itaalf fulfill the design 

phlloaophies . of packet communication architecture. The modularity and 

Ume-hadependence of the limulatlon allows it to be performed by ·Virtually any 

coaput.- qstem which supporta interc:ommUDJ.caUu.& proceaes. Furthermore, 

the oparaUou which muat ba performld tor each module 1D the system are 

~nably 81,mple and therefore can be uecuted by small processors such as 

\ 

The methods which have been developed here. are very general as well. 

Few rutrtcUou are placed on either the character1stlcs of the JDodulu ha the 

~m or on how these modules are interconnected. Moreover, the methods are 

prova~ly correct, which ta an important feature for any aqlichronous, parallel 

cmnputaUOD, due to the numeroui and often 111.btle cl1tt1cu1Ues which are 

9llCO'llllterad. 1D the 4eslp of such qstem.s. 

The coordination and termination operations are simple enough tp use only 

a small fracUon or the simulation module's proc:esstq. Ume. However, it ls 

difficult io estimate what fraction of the pmceutng UJl'le Will be spent waittna 

tor the necusary time or data packets. Thia will depend a great deal on the 

structure Of the simulation fac1Uty and OD the system to be slmulate4. Thus, it 



...... 
ii dam..MHtat ••. li .... \ ...... Gf: .. •.sl•••••••ttlllllll\il:".WMt fnCUoa or 

u. MQl1nnat• .. -.~.._,iihii~.~-11i·11mo4 •.,111111•: or ...... ._ 

~s.ca1 .... 1dr•.·· ~dllw .. ~ttma•••• llllll'rtl@fi'1&r:.~lf8P*' 

•• ~~~<); .. ~~'I.I ~~tlJlllP'1illldWN ,., ...._~rgaulb 

or:·~£-;:.~ 1~ilti:.1sw;·:~,,,:f,a~i1.iftd ... Hl;i~',1;.. or 

~•il::·•fiai"1ilu i K':'.iij·:.-·: .,,,;.;;9;r· ~:$ttli'i¥ii, ~,·:.;;~1 ., 
. ~~1.~)t.l;;~ .>t.n~i•:··t~~~~ .. . - ........ , ..... ),.-~•••••' "•)' ... ····-)).l' .• 1.8117 ....... .... 

~~~~~·"'IJJt .. ~~9'\':,rf-.'ff;~"~·Wb •··~:h'~~~ ..-rm 

·~. '1~~ ~Af'.fW.~~"4\!f'JJlltff~.fti.fllM...,JllJI••• ........ 

Of.!.flf'tJWftll~'flJIUt · l!IJ ifW'~1111f1111.-lll• .. e~tilUMPt-" fd 

u...,...... ••)111•t,,.1•1•.• lflllWa.t•, \2'ti1F'11'W•llMl9'•rn· 
.' • ,·f'.::-;~: t·'"" '·~fy':c.:5 ~·~·._: ?, . _ ~ .. ·'' .:··~·'. ·; · \ ' · .. 1• r·~· •. , :. e·.:\ ~f· '~F--·:. ·~,!~ ~ :. , ·.;:~ 

,1 . ~-;~1t1'11!PIW~!''-W~R:1~I: "1IW .a~~fif ~·~•·••ma 
. . ··· ·. ·., . ··~·:: ~~;_.;;~j-.;:it:~ :.·t:;;" 4~ii<!-i'~····~·- '-ii·:~{:'._ .-l:~·.~; ::'"Si;. :::-;. '.~,· , 

... : .~./.'t,Jf •. 1t!~::~.,'-·'.'"Jltr• nmr •~:~[~ -...:oc.:~ the 

;•' ~ .. -~f"IJ'p~~tJ!-t,,,lf ... Si~.(,.~t.4lPJf!tb tJMt 

~~-r·l.,/!~-·~·;J,.Jlf'• .... IP .... J~~- ·el 

, . : .... 1~4'M·'91•·•"fik !lll"•~"-Milf-nMllt~ -~·~n~ntl­
.. laYilllllle •.•:mi1t 1.11.1Mt111t•, : 11 ,,...,, 



- 86 -

The desiCR of owrhelld. computaUom for parallel S)'SteDUI is still in a 

rather primlUn state. Other parallel computer qsteml, such u I111ac: IV [3], 

are structured. in nch a wq that the amount of overhead operartions is 

mtntmtm. Th .. qnama coatala ceatral coatrollan w~ Ughtly control the 

operaUou Of the compoaantl, thereby •wt4bl& the ll8a4 for the processor• to 

commUllicate thalr atatu with one another. Bacaua of the rt&1d control 

structure, 119wewr, it is 4ltt1cult tor the uar to procram :such a qstem to rua 

effic:leDtl;r. Thel8 l)'lteml are suitable ~ tor applicatiou in which the 

structure or the aJ&orithm .c1olal;r match• the structure of the system. 

purpose than other P8J'allel qltema. llcnvner, a10DC with this increued 

capabllity com• a aeecl tor th• compoaatl of . the qstelil to keep their 

acUvtUes caordiaated properly. The dast&n of owrhaad. operaUou for thue 

dMl&ntna tradittoul systems. The overhead computatton.s lacorliorated in each 

~poaeat of the system can utllba only a 11mited amol'ult of iatormatio• about 

the rest of the qstea. For example, the only tatormation about the status or 

the rest of the system available to the coordblatlon and tenaiJlation operationa 

or Mell maulatioll mod.U:l• la ill the rorm or time aa4 test packeta .received at 

Uie input ,an.. Onrh911d operattou Whlch ca be "Dlod.11lari218d" in this 

fubton. .... . rather roreto, partly liacaue they Jumt 1lO lOC118 of control. 

1Utu4, th• operattom taJut place ill JUll7' klcatim,aa maultaneousl;r. 
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JDM»s of procrammtq the slmulattoa modules ta neacled. lduny, ·the user or a 

sim.ulaUon taclllty lhould be able to spedfy the operaUons or the components of· 

the actual l)'ltea bl a hieh·lewl J.agua&e, nch u the Architecture . DescripUon 

Lancwile or ....... al [14]. Th .. QICU1cattom would then be translated 

into Procrama for the slmulation modules by an ADL compiler. The user should 

not be concerned with the coordtnat1on and terminaUon operations, nor with the 

detatb or th• module ectivtty slmulaUon. Fortunately, the cocmlblation ad 

termblatton operaUou ·are 11mple and . unif'!Jrm enou&h ·.that they · wQl· not 

tac:nue the com.p~extty of tJm. translaUon &reat1Y· The ma,jof difficulty ta the 

dealp of a ~ whlch a11owl the QaCUtcatton or a wide variety of 

qstema ta a coacu. and 111l4entandable form, but can .. be tr....iated into 

Pliacrama for tbe .slm~Uon modules. With the iacrHr'D& blterelt bi parallel, 

upcluoaoua. com.puU., qstema, a conftllient an4 etttctat. m.u of stmul8ttq 

them wtll be ncpdrad to determine the best desi&DS. 

The other potatill· cUrectton tor further !'ll8ll'Ch ta to apply aome of the 

tecJmtqw -4 lnlt&hts which have baa claveloped . here to other uw. One . 

4trect appUcaWm wnhl be to the slmulattoa of l)"lt8m8 which are not strictly 

packet ~mmUDtcaUon ·architecture qstems. Some qstems which are common.l7 

sbaulated, such u air tratttc control modela, have the 8118Dttal properties . of 

PIC)utt commulllcation architecture ctutgn. That ta; the qstem. can be 

subdivided into a number or components which operate bl4epandently u4 

communtcate. wtth each other oDl7 tn a ltmtted and well-4efbltld. DUIJUler. For 

example, an. air tratttc control model can be nb4lv14ed blto &ao1raphtc nctou. 
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Thus, while the focus of this work was on simulatin& a parUcli1ar type of 

computer system in a particular Dl8DD.er, some or the techniques and concepts 

which were dewloped here haw much 'broad.er areu or applicaUon. 
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Appendix 1 

Correotn- of the S7atem Slmalatlon 

The folle>Wlq proof shows that the simulation . oparatiou or Chapter. 2, 
. . 

com.bhlecl wt.th the coorltDatton openttou of Chapter 3 W1ll atve a stm.ulatloa 

which accurately mocleb the actual system. 

Befon procwtng with the JmJOf, llOJDe ad.d.ltloaal aotaUon 18 needed.. For 

an taput ~ '1 ·°' .• llmulatton module, the valV.• or tlt1Jt1 u the 1ut time 

value ~iva4 on that input port. Thu, for an input port simulaUon hbtory, 

we can define a f11nctioD Tlaet Wh'91'9 TlaeHhai1J equal• the. mtntmum. value 

or t, lstsoo, nch that hai1 (t) • hai1• Stmtlu)T, for an output port or or a 

module, tlut-ov.t r equab the lut time value 18Dt from the . port. Thu, a 

fwlcUon Tlaet-out can be deftDld. for output port lbaulatlon. hUtories, where 

Tlaet-ouUhaor) equale the mtntmum ftlue of t, lstsoo, IUCh that hso,U) • 

hsor 

P1Dally, for a module Input lllllulaUoll ~ HSI ·the ·f1:1KUoD Tflnal u 

detbud • 

. Tflnal <HSI> • i:;._ (Tla1Hha11J), 

where 

HSI • chsi1, hsi2, ••• , hai1>. 

ThU tuncUon' can be applied to qstem input 11mulatioD hUtorl• u wall. 
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3~ P1 ad P.a .. both .data P1CbtL .................. :·,~~~,....,.., .• , •. ._.,,. .......... , ... 
·~~-~:;~r·~~--~ '~~~~.,"-~:~~' ~j;. ~ ~· 
4. .~1 Ill ···i~,-~ ..... ,-~"'~! ...,.,~~' :, , . . . . . , 
Pt W. ~ W'fttl a tlae ...... 1.f • 'lldtl '+--.,., Gall' tt. the ao4ule 
cnJ4 aot JllllltllF fin 'Wcite ar a& -. ....._ fte stu1 .-ui. alwap 
Ml • ~.I.II:- ...... ~ ~ -~- -~- .~,,.J~!!!!!!! -~- ad 
lll'Ohctlt&. °"'"' pdcP'a, ~ -..,,....~~ .. ~out 
• uta .-w Pa wltll - !a tij ·· · .~. ,, · · · ·. ·"Joft:· i!IW~j .._ 
......... , ' .·" ·.L '-'{/ 

,_ 9111:1a or a-;~,~..,, •. .---~~ ~J~' ~~~ • ..-.. ... o1 

~·· 'ff~M!.~• .. ·, .-: 

.~ 't. " 

fram. all oa-..t pa11a for which _, > ,,.,,..,,,, 1• ... U., Ill ;n.ter tlum 
• - '.· 2:. ~-t-

auo, ettlls told > tJIMl, or ,_ • tflMl • •· ...., .n. ta. lalt u.. -4 data 
;' . . ... ;:: -.• .' . : <·~ J ' "' 

JlllCbta baw ...... , baa ... -·· ... «Jr" lltlltlh 

. ,,,,,,._, a ..., '~'}Mil • 
. ' ' .-~- - . 

,,.,,.., J .. ,.., • """" • •• 

ftu, tile coneit••••......_,......,.dtM';wS·w--•I ..... 
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L) da~e ... J(tlf~• •tft~~ fm"· ~ ....... 

'-> ...... '• ........ JaF ..,., "" •; ....,,, ,. ·;-..,.,'. 
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That S.. the sla111aUaa wW be cornet ~ tlae t1, a4 all oatput ~ la 
.].: ,

1
' ·: . '.'{.'; . .lF' · · ·~,~-::,.at f'tifJ; :"<.> { • " ... : .• :'. .. 

the ... 1'1atkm 1"11 ..... W .... _Wltll. .... 'ftl1le ..... tba tl, U•1111 

ll • CD. 

Jllllls. I • 8. 

,. -.>: .i.&Ulllr •.. '80/«t•~·~•,-. ··•,•all bt s ..... .. __.,...:t 
•.> 1a1ua117, 1111,cer. HI1flt !·** r1 .. ·k111u1t.''"JJ u11a Tt1MJtm11tmt • 

I Im UT aOllu 11• ·.,. ---~·• I rtl•• .....,__t, tor aaT output 

,.,,.,,,;.> n••~ 111u· • 1. 
TJl-. ltao,Jll.~·IE(•U.,.. tDr, ... ._ .. ,,,_ a.ia.WJl!J •r· · 

; ~ ,;: ~~~ ~ <A ' .•. ~,- :C' ~ : ~~ 

wan .. .,..... to .,.. dMlt ~··~}ct~,~t~~<~ ·, -~L!'•.•.t~; -~ ~·;~ t.1~ 
--.uoa 

ctataf~l'an ~. ".'i''•.!-. .. "'., 
t ·. ' ~-~_::· ·<': ·"' -,'· - . .. .... _£ .<_-,:::-., .. 

~,·.~~ ..... ~-
- , '";.'-• : • ~ r J" >! , _ ,-~, :· • «:l,, -f"'c<';. 

datafSU • I. 

) ··-1Uf»':-1-•]9P:*'~~· t~·Y/ 

tor all ... """'- ..... •r aw • .., ........ .-...a wsa· ttilllt' 1 .~ 

------------- --------- --- -----



._,_ ;.t· ~-~.\ ' :,. '.»...... ~"-

.... tr ,_ • "' a. •• • 'iit ·• •••• ._r~t'>. c ~r. tar ._ 
- .. -. "' ·. ~ , ,· -· , .·: . .:.-.:~,1. it:~ 0

\ ·.<:· __ ··~bi.~ -~~!:-:>~;:~ ~.-! :-:..:'w.;; ..... ~.:· ";,...}_~,_( ~ ~.. ~~_,' ;,"it,,L -

oatpat ..... ,. .......... , •••• i 1 '11fll ; ....... ,,, ......... to -tpat 
.. , 

n,. ., . .., '1~ .· . , ::* 

' r r ;· 'r:, lill,ettf:'.c•twJ' 

. • mF ••••-.. ..... fa. 01•1 s , ._-. ,._,,q ~~, 
,_ 

.. ..,..,.~I: ~)t: '', 
fm _, . .,_ llllft,,.:ft. . ._,;._, .• 1 1ltnJ!MI P i• ,.:l>. a i:it1I-' .. ,,_.._ 

llllDbl9, • M ti a ii 1 t ........... Fl 11 - .llDIE. I ta t1lie ........ 
~- :.,:;·'}.~ ~--·· -· ¥. ~ ~:~.~ .. ;..r>._,::t $i !U'l ~tr~·-~t ~F:-.1~~, 

WU1a U..I _. .. ,. <·tc~1.,_ .._ 
--~;-'-, ·- -,'{.-· ·""' ,~ ·«::: - ~ :f:.J.. ;.../t[' E:_·~ ~- ;:y. ~T.", t-,,"'7 .,,,._/,~· 3.f -~·\A , ~·\_. -''. 

11Ra:tfl•IJ. G ltalAt 

far 97 .....:·.-:la bl ~ ·• ·,'. ..... ~~; -~~~ :~l r 

,_ ~ • , 111 •,. 1111 ... a I.a - a I·• ti. aaa11 • ..._. ·a.t 
, .. -· .. ·::- ~c ·. "~· · .tl~~.~-z::~{,,_ t~/:~ :fr~ . #f ¥.;.,i:~z.-: ~ :~-':,; .,, 

-.t1••1kt.111 - .,....,.,. 

,11.)_ .~-·~~Jll1 u.• •1:~,11t:Mtwl!IJ9i1rlll/ .. 1• a 111 .-,.:~-.r a 

lt+J• JlF .. 1111- IHJ.'61Jiil 1.Z441'iflml1ti•.., .... ll'll'·•r flJf ...... 
• - ' ;lo' ';~ ' • 

,,,, .. •t• ·.'-,~-~- .~, .- ..,.,-·,,.,,,· .. ~ ".,;i:. 1," ...... ,;,114!,,,,.,.t~.,, ,,~ .. '..: :>. ... ..:~ .• f}."··'·''··.··.~··,y_. ;',';.~."-i',~:~tt•~!t'·." '_;, ~ ~~ 
.,_; . ,-... -· • "'' .:i--- ·-~ 1-t· ~--''"'"":'.'.! .· !.• :, ·.• .,,_ ~··"' ,., "~ ~ iii " . ·~ 

...,..,,. > t a 11.,. "·' .. 
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tltUt-ou.t, • 00 ii: t' ii: '1+1· 

That la, IOme packet With time value &reater Uum tl+1 W1ll be produced OD 

each output port, Uleu 11•1 • oo. Thu, tor ..,. output port ,;, 1D the 

Gm.uiaUon, ei~ 

or 

Thenfor,, by baduc:Uon 

data <HSO J <tftnalJ J • HO J f tftnalJ , 

for GT module I J la the qstem. 

· F1Dal17, to show that the module IJ would haw the AJil.e tbaal state s1 in 

both the slmulatlQa and the actul l)'lteDl. If tftnal • oo, we have Ju.st shown 

that dataOIS01lffrnalJJ • HO<tftnalJ, for any module 11• Furthanaoi'e, for the 

qstem baput .ports, the statem_.t of the theorem nptns Uaat datalSIJ • I. 

Thus, U the .commUDicatioa liDkl betwaen llmulaUoa moclulel OJMtl'•te .correctly, 

ad tftul • co 

data <HSI JJ •. HI J• 

for ..,. module I J• By the statement or the theorem, I J If stai1ed in the same 

1Dlt1al stata s, la both the llmulation and the actual qstam., therefore by the 

correct module simulation requireaent, If tftnal • oo and the slmulaUon module 

terminates, then both the simulation module and the actual aodule must have 

th• .... flDa1 state. 
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This completes the proof or the correctness or the simulation oparaUou or 

Chapter 2 combiae4 wtth tlM coordluUon operaUou ot Chapter 3-: 
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···~·· 
a..Ml•s .. ,...,.a1w1u.t u. ,,.,,._ ati& ~ ......... 

of ;CllJd•cw4' -~ ........ ,; ...... Wlf:~jjffltlill'tt., Ollfml•tlJ>•M' the ·. . . ' ·.. . . . . '. 

a.)~· ....... •· .... 1llC:6t .......... tll'Jwttdtc"'M ...... to be lba.ulated 0...,. .. Qane ................... ty of=·~' of~ 
finite 611aJ, _. ·a.a 11• anfll11'M.;cillf11itn--titidlllr1& ,_.~::;· · '·"· ·.· 
......... a. ......... :~-- .,,. ...... :c •rnct erderins 
et .. _,.i. ill•iii,·;·;;_.,.,, ... ,._~- f8TL1A; ·a. coerdblatlOJa 
°"'..._. aC•t • tr11•1•,mMlhn I av·•oa'~. nr-...t..W to be .at oat 
.,. .. lla..U.· -·· .,.. . . ., , .. · '') i=;; ~ •''•.~· ·. ·~ .. ::"';i: , ' 
Thea .. lllldl .... ;,;'. ... ..... ~: ........ ....... , ........ mo4111• .. 
4-=rt.W ta .:Cb1rt. I wQ1llO&C...88F01 ................... to be ~. 

·. - ·~ . , , --~- ~ :·~: :~:.·,._~-.'- " . ~ ~-~~ {~~s :: :- -
b.) It the ctual .,.. nW · rw._ a llate la wad.cll~ ao4Ules bl the 
qmtem wll1 .._. •ttir tlae llrilll ...._ •aa- ... ,...... .. 1'41C1tlw4: oa the 

.... -,,.,.·~·~fT\ ... Jii·-···j·······-r:---- ot w. .... wU1 .... t11aUJ' ...... U.. fMJrelf w1tll ,,.... CD - all CNtptlt porU, 
. u •·;..-•• ,.,.,.t,_. • ._.nn t•11•1 ·1•t11wr r ,. •• ua;tfltb..-'•· 

....... nn.:, .... 

could ·potattaJJT oaue WI ......._.., to lie vtolatell woGl4 be 1'F ~ 
. ;~;- :·. ; .' ":;-~~- ~jJ ! ·~* . . :: ~ 



t1'e llaal ... 'tlJIC Giit 

- -~ -
J-:~/ulli~' r' "\ 

- tOI • 

.~t·.!efl(•~~··:W Jt.••·' ·"'"'"". •;••1'41J.:JIUtlJ -·~ . SI 11&• ..... .. 

1-1& ~~-1"' .•:•.~•t~W•lt•• -~ .. •-lll9'tl•••I lltcu•1fJllilnr·~•_. 
qa.t U.. fll'l.llJ1•, .. dll!l'!,'t"9i•Hill-~#J Ill.a•.-~-·· ot 

,-- .. ' . . -- ' ' . ....-~·": '• ~~~-<~~:,-.:::~-~1::,: ·, - ,. . ~)- .. 
~·> :, .. Jllrr'flllll .:au-.11.dJttAl,..,:ltt~C,:· . .U. ••• .-., '1 ... 
... 'a·lr" fldflM9· .... •ZllPllli-filllaf9I I. q t:;i•J;;;~. ·' · 

f!f!F''rlil -&:i~.!fi~)~; ; • '·'·:, C :.;,: 

a.> .. .._.._·•!•Ill• 1£1 c, - ........ a.• nn.a or a «••. 11 .• Jl'.. All • NJ 11 Q; ldr:.11 1 611111 I JP ia r:o.i·; "':., -· . · 
: __ ·c.f.'/_.::;~:~ . . ,.i_., "~:r?l ~-~~·£:·· .Joa .c:~ £ 1:{~--~ · .. 

a.> • • Ilda. ••••· ta· c1 ............ hltla9I' data 
... ~., . ,,. .: . . ·.1·0:·. ~~::.n:1 .<.;:·,,;;:;·~:: !: .. ·;:., .:; : . 

. ,_ ! 
,, . 

... ; • IJI lll• tlm 1 Jt11Jlfll , 11• 2(111'·.,..-,.1·~ ...... llla " ... r. Jls. ao 
,.: "-. '!J: ~~:-~ :: ,,.~ +_ :-~·i!tl1 :#.'.:.:<· .. ~trt<; ~.~~AJ.~trt·~-;r ~:- ir.::·., 

--~11"'tll1r•/~~JI I 'I. Mil 411-•m. 

., • ., ............ ..., .. , 11'1111&- .. 111 .... ·-· ... 1llm1llllUoa 

_.._ ill .. clw to • 2 'I ... -, .. I I I • •''11f".,;da t ....... 

·,,,', \ 
·)'~ 

,.... ............................................. ba • clw to 
. · .. :.:,;/~: .. : ',~~·;:.,.:·:~.;,'.:r':J::,~ "~:,: . li"'!~;,;r::;;~o'+': h.ZJ~ 

.............. ....,. ta - ol ........ 
"!'!t/~W'f~ J :(."fi•' ; ' .,.,.:' .£1 . 

nat. • tllt of .. ~ JaiC)lt 
·:-~~..;~,~- · '' ~,......., "';:-;; •. ~.1,.: ,·· ~4- .n~ <'l?5:>~., f'~. ~ :~:~~·' ~ 5;:· •. :·,'._;"Z:. ·.: ·~- ~--~.';' >r!~ \~~·~· 

•oa11t, "- ~·- .. ••P •• cmMtl11s - • -.a.I. leaad, -
,. ... ~t- .: .·.;;::_ ... ,.·.·._,,. .. _ . ,· :~- /··-.,--; ·---~:"'S"::Fy~.';r;; ,'~ . {~$.,/-;~: -.>~ ·-.-:.. ..i::-.. ~"- >i 

............................. - ''"" (It) - - 11t1Nt Jl8l1 't ( 
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,,..._. .. ,. Wore ~ t.Mt u. ~~~ ~-··· ~'!;.,~\'.;~ wut,;out Ula• 

....... (•) traa .u .......... .,.. ....... u..r~-~ tor 

'···· tJMt··driil - lliOt' ~·~ 'IJdt ..0.iciii'rc:IW,.,,f,..,.bat ratJls wl17. By 
··· ·- 1 ~ ~:. -.; ,-.~~-, .;; ·:'""(~;.),,._ i~.r- ,s..-~r · 

. u. hartltS rmrlcUua ·wlaM:Jl· u. ...._ .-.. • a. .......... ~ bl 
· " · ~ ::~: .::::.~ ;~; .··-· ·~ ·- .~- ~.. ~<t: ?~{ ··· ~.% '..-}i:~')·~l~ ~--:J~, u~l · -

tlMt . ...._, o6 •:41a'u11; ........ , nur ...... lll·::i-a•ot caw • 

,. --~.S•nsd•till:;•t1te>9t ·c Cj'tq_.. ... ._;.'ltlw W~S fNa~tu oa\pt pora, 
. '.~ i~ ,..._,; 

................ (•) ......... --- - .u ._, ..... illd11f1•• ... 
~ • "''' '• ""''*"M"" _, ___ .-.....:,, -

bl frelli .... t• . llDwawai M .lbnladaa ....... ~ I CJ Wiil ...aw a tiae · 
-, ~.'~fa,~.'.~·-:~ - : ~ir- . 1 ~ ,., ' ~ ·:.' -~·1 ,. '?_~~){, •. >~\.:';:··;''!.,).- ~ .. 

P9Cbt (•) - .......... la ,...._.._, -·- - ltaaJattoa . modul• . . •i • e, .... ase.·1o11iet~t.-2aai •1.._.,,..,~,._.:...,._1 • Whboat 

-ftt•••t·'{liJ!::._,,-~ ... ~ ..... :;11-.nc)····•rrw!?.ffl~·'::'ftU, ao 

ma1a111Um ....... • -. a. rs. ... ..._ ...... .=11111tw.~_. ..... ' u.. 

)lldmta teJ. ,,....,,.. tllll ~ GI..._. ..... ·--not caw BT 
'(,''i_>-.;'-o".. -~·-:~ •. ~ .• ,J'":>,~:~ .. ~! T ••• :~ .. ,, .::- ,;j,,~~ .. ·~:-·~ ~f\';.,'.,:·~;:i}~;J}.'~~,~ ;/ ·t.r~ 

~~~) .. --,:;· ... ~-....:---· Jul.u. aotlllle bl ·"'"-_.,,-9 

. ~~. ( -~ J <: ~;'? :• 

a clw to -4 .oat U.. .... (e) ~~a ..... Ra:Hhll. · 

""., $ .LJ. .. llO~,IJI -~- :f'f?Rlia · ~ : ... ·· :r.; r<.1 :;t ,,/ - '· 

-::t:!!:~ ?~·;:::r1::!~f;',,1~:!4~: lt..~ 
.;_' ~-,-•t••• ............. \ ............. .-. .• 2tJ•·:·.ulllrlt: .... 
.at ..._ 11111 ... 'tt.f.+> r.... .u •ttat ,... •a 1 ......... ,. ....... ec ~ 
,..,... ., - •ti ..... •r [ ... >.;· 

0

f,· ·:_;t";:•' ( _ :•" :;)F ; 

IC • 1 + l:: ( 11•_,.__, I '!' 1), 
,, ... ,_ --· .. ,·.;teJ'"" ·- ";(>'" -· 
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and · 1t receives no further data .·.-Hts while walUq for· the retumlDg test 
pcUU, this :meau that 

1.) All abaulattcm modulel It ( CJ haw ncelvad time packets (oo) 

on ell taput ports t1 l frcnn..d•nt. 

2.) No ll:mUlaUon module It ( CJ ca simulate the f1rlD& or • 
me4ale without l'8Dlll¥lq more c1ata ........ 

3.) Mo alJlulJaUa moclale la CJ wt11 ·.~ nceln further data 
packets. 

The followtq ·18f1118BC8 of wrtlou proftl lAmma 2.11 

1.) It ewry ai:mUlaUaa --~ It ( c1 ls ••.f.DllWtle, mNDtq that lt 

recel'V88 • uae pm:bt ho) - .wry tuut JOrt wldCb • aot la fl'OILClaat• ad 

lt natu11y· ._. sbnlaUlll ·tlut tutq .of. the .-.. tJwa dlUbt& a test (or 

nm> ot tile c1a1 c1 

a.) :r..:h llm1ilatloll module It la CJ wW ncelva at least one test 
(or . iwat) Jl8C)let. 

.b.) ·bstb' .r test (or nmt) ·pcUtl will :IMt crM18d, where 

IC • 1 + I: (tto~tl - 1). 
•t(c, 

c.) At . leut one test (or 1'819t) packet will be recelwcl on each 
1D.P1R .·)llltt ID fl'OllL.dasst tor ·ewa It ( CJ. 

path l'lom. T to •t (there must be a path trum T to 8D1' other module bl a 

connecUvftF Clea.) u • tmll, u t • 1~ then T -+ •t· It wm recetve a test 

(or re.at) packet .daortly after T -a oat test (or IWJlit) packets from each 
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_. .. la tM ·clml wltll a ,.a ftva T o1 -.a ._ t.1aaa ar epa1 to I. 
- ,·:r~ - '. ·-- '· j",· r-;-. ·,~.>~ .-,~:;.:._i: .... ~~·:·.::t~ ¥t·:.:.~" -*''? .;.i) ~'7'<;_1."'.;.. 

Tlaea tt t1aeN la a "°' o1 la&tll l+l ftva T to a ........._. aolule It, then 
. "· . 

· ,aut 11e ~ ~4· Cp - -.41;:-.,C,14,._.L._...,._ ·a .path or 

,_, .. 1~ ,._ · T to~-- , •••}•;t •••k i11111Fr11G t·••v1o ·1,_ · •·t1 f1lla 

a.et It WW ncetw a& .._. _. t91t ,..,._ Al .... • I . la ~1U, It 
_~./ _-, ~-·~ .• -. ·:·;:·;'z: · :;:~~-~?- ~· ~·-- {\:"·::-? :: .. r~tt-~ ,:·~"~::ih.J:.-".s.t!·:;,:i·0.~:-·jl ~~o.r-: ~-~ ,r~~ -~~r 

Will· ... ~(~~-~~ - ~-~~~~tr''·~ ....... ~.-~~ .... 
lie wtD ewatuUF ... ,. a ._ <• JWt) 111-. . 

·.' ·-: d ··: ,. ~·. • ;_.,~_;·b : .. ~ ' ~-·~· -.- . ~~· _.;:~~ !-:: ~'),'"' -'!.y f~~~~··, . ·\ .-• '· . .t~ 

..... &•Cj'llUIU•'.• ...... •.-..11• 11..::W-- lillllil11ltA~tf'.;__,,._ 

WI) PIC"- tll1-.,. cnet'WC l•..AMltl -1 ...... ;;,,. :.o.titi1'1• 

fuu. 1-t. <• IW&.l JllDU\ • ......... ••hie Wtll ....... wt C• 19111&) . 
fr, -~-..•. ··«7,~ .-:·- • ~: -t:, i':J:.~.~~:--:/t·~: :·~_;,; -.;.~~}~_~":}~·~>~. s:tJ~]~~!M~·~ t;-:~ .:·:ri.~ln· Cit. ,f~~"'. ~-- "".-:";; :~. : 

111at,·ia.. ao ·..., te1t1rahatr 'W1ll ta •111:1, w w.111-. 1Mt t11t1o111)1. 
: -:.ts ,',..,~ \-,~~·· '1··,·\·.,~. • -. ·, ~ • - / ~ t-~.,~~~i _··:.~~ ;:_ it.,,. A· :~~t4 . ~4~> .~·~~=-t--11 ·~l ~;t.!!'1.J-::~ 1.~: ~i~ ~;{~f!· ~~~~: .:!>:¥;->!:' . ~.:..~. :: 

8' •••llaa ta>. •••nrnr all tr 'llllta1a •11"1111 ... ...,,,. • ._ w t9lt 
. ; , • , • .·~ ·;r...4-~ ·" ··'·""~. ~~~:t 

(• zwt) .. ~ ....... --=tlF " ... (• ...., ...... Wiii .... CIWlll, 

·•I 1fti. 

IC • 1 ,+ ~~:~'! °,g~k , 

~ tc)·· wa.rr~'faia ta).·,J1w;i, ~,~;;r .~-J .. ·;~;-~~ 
• d:1t111~eir··~•·t.;;l4c/11 ~· i0 -~~ .. ~,,;~~1.tif0,' ~~~~ .._.._ 

•i ·, ·-c,. - ·~ fi ai~li.·~~}<.: -\~··•.:..· :tii/ ~.n; ... M>~v.:··~ ~; -
... cor rwt> ~:- It •;··11 :n..ro.ii~:·tt,~~ Ji~='. 5b~-.~• ·• ~· (~ 

. -~) "~ ,.. .,. .. '9"" ~ef· ""-~-~·""""~---~.~~ ... ~' ~ 
.... tull7 .......... (••'.Pt~~~ l1Nf:Jr,~'-j~-;·---
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2.) It ..... ...._.._ ........ ol,.11 .......... ,; .. 1-.Qa K _. 

..... :1 wt1I '9·GZJl1fi ... " ..... ;1111l·f)Hlilfa1 .. Milt ..... ,.CUii~ 
' . ~ 

, / ,>:; 

It 11 18 llOt ._ Bnt11Mu, ·a.a lt wtB • .... •t _, Wt pacUta .,,.. 

. , ·~ . -..-
·? '•t :.·: . ·': : .,, ·J .. 

it .lt ncetu• -~ ..... tt wm - .... , ....... ,, - l test ...... wldcla 

blpat ~·. wtakdl ...... ~. •·:•· ...... ~ aa.laOa& .. 

nrtac ~ .... .........., 

? 'r" •.. ~- _, 

Wwwa Giit tt8e It .... ._ .. ftnt tilt ,..llf .... a.. ._ It .... I.ta last 
". '\ )'' 

If a .a..lattaa ••bla 81 ncetw a data JM:1D1t tarl1t& tJdl ttae, t".1llOWl4 

__. out at lwt w ,..._ ft.et • ..;;). OW :a tt.t.-) MCUt bas ..... -i. 
,,.., ;· : .. 

· u.. -' aut r.u, ,n .. aBiY' ...,. ......... -....u.a ....... wldc;ll. J'l!C9l,,.. • 
o j~ ' ~·:~/>~ S,;, ' ~}\,.f.;i .! ~1-0::r~:;~~~J.l.~,·i --~.~~.--~ <.:.: .. - ¥ :. ~: o':' ; 

fteet;.-) aut ~ ~t;;~ ,~.~~t.-) ~~::~:. lt'.~7~.•~: .• ~.4:~~~~·· T 

wm nc:etw ~. ~."~··· ·~~t·.:~ .~;:-:« .~., ~ttt Will. r19, If .,... 

maalatlall _..._ :~ • ~. ~}~ ~·~ 1a . .,--, 
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lnlt ou or more ~~ ~-~~,>~ ~ ~1 .. ~t!P". ~elr 

ttu1 ~ 'PliCbtle ~ ~~ " ~,".'! a. ~.-~~'f,3."'f'l~9 t~. whtcll. ,pm 
........... That U.,,'1uial .~ ·~ .,. , ... ~.:~-~iJ .. ~J?-! ... ~.'~ ... 
IWC91ws • ~ .. ~~·~'~ • : ~t .~; 1&r !'!~r·~~."f-'(~~,, .... ,.~ to 

a,. maulattoa ao4U. bl u.. clam Wore w. pola~.. rt 11 18 .. aot ta 

fr..._..u.,, ti.a It ·OD1114 not baw -t m.,. Wt ,.._. Won nalW., thU 

data J*)mt, --- It cwaot ... D7 wt ..... Won 'ncetima" •. : tbD.e 

Jiicat t•> oi 11 •. :ftu U' a'dat. ~~f1·~11aiJa·:1a,a.t pm·t·l1 which 

II . IJOt til :~t littir ._,, Wt JCWi• Mi t1•ia:i~~..:el 1ly lit~ .eath.r . the 

ala111atlaa ~ 'WOllll Mt ................. CJ-: .... 1i''.a4" Ollt • ~Jutt 

u •• t.-J. ta .t• ...,. •_.:~~.rail. ···'fh.i; 11· .~ 'i.I. ta r~1an,, 

Wldch, ·.,,·.....U.1:c>, tatU8 Gal·. W\ ...._'.._ ~·• tasnat .~- '1 

11ii1ftae ·uta ,.._r~p1 .. a.twi . .,., ..• lfnt.a,·hnt-0.{~ or the 

· ......... .._.._ '--~; ......... ,....a.......,iJ....L&~ .. ti ....... ~.··-~nil. :?!t..te'. ·~-.Jim . ·~ ~ .... · ~ ~~ ~. l 
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Thus, tllia class will iermtnate once the tenabulttoa con41Ucma are attafi,d. 

ror connectivity claau contatntng cycles, it must be . shown that once the 

connectivity c:1us reaches the con.diUons for termtnatlon, uy previous tut or 

I,emma Z.2. Eventual Termination 

A.) Completion of a Test or Reset 
· Suppose ·the termination control module T foi a clasl CJ sends a test (or 

reset) packet. from uch output port o1 bl to..classr. If every simulation module 
It 1n CJ is termlnatable, meantn& it eventually receives time packets (co) on 
every input port 11 which is not bl from_classt• and it eventually stop9 
mnulattng the f1r1n& of. the module, then all simulation modules 1n the .claa 
will receive at 1eut one test (or resat) pacbt, and T wUl 8V8Dtually receive IC 
test (or rem) packets, where 

K • 1 + L (tto_cllntl - d. 
1,cc1 

8.). Eventual Success of Test 
Suppose every simulation module It 1D CJ reaches a sta.te 1n which time 

packets (co) have been received on all input ports which are not 1n from_class,, 
no f1r1ngs can be simulated without receiVtng more data packets, and no more 
data packets will ever be received by 11• Then T will leDd out test pacat. . 
(test.+> fro• all output ports in to_classr, and 1t will eventuanY receive IC 

.Heat.+> packets 1D return without receivtq any further data packets. 

C.) Termination after Successful Test 
If T sends out time packets (oo) on all of its output ports, then every 

mnulatioa module It 1D the c1au will eventually receive Ume Pl!Ckets <m> oa 
.U input ~rts aJl4 hence will terminate. 

The f o~ 11q11ence of aaert1ons proves each part al t.ew.. a.a. 

A.) Compl!Uoa 9' .. I I1S m: 11111-
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receives .its first teat Packet and the Uma it receivu its ·last test .,.Cket, it Will 

•n4 .out Ueat.+) packets ·u lODC as it receives (teat.+) pacJr.ets. By our 

uaum.pUon., no sbnulation modul• will receiva data packets once the test has 

started. Therefore, since T starts the test by 88Jld•na Ueet.+) · packets, by part 

A) or· the lemma, IC Ueat.+> will be created, ad T w1ll nntua11T :nceive IC 

nest.+) peck.eta. Thu, the test will ncce8d. once the teraiuUon. con.ditiou 

for the c1us m. •Udiecl. 

C.) TmptnaUoa !!(!!!I Succepful Test. 

SupPQ19 ~ ~ of a c1us ncc:81da ad. T ...U Um• ,p.-:ltetl (co) rrom all 

output ports. 

1.) Every sbnulaUon module 1, in CJ will nceiva at least one U.e packet (co) 

oa .,.. blput port t1 ta from....clan,. 

n.u can. be shown by inductioll on the length of the shortest path rrom T 

to 1,. la fact, the proof ii vlrt111117 iclentical to the proof of ...rttoa ta) bl 

the proof of Lemma· 2.1. 

2.) Every llm.ulation mod.ule It € c1 will receiva Ume pecbts (co) on nary 

blput port. 

In order for the test to lli~ It must hava received ~ )*:kets (co) 

on every iaput port which 1s not in frOlll..dasst- Furthermore, by Ulertion 1) 

D7 module 11 ·( c1 couected to It must ncetw at least one ·uae packet (co) 

on 8CJIDe blput port tr ( from....clau1• Race, it will 8lll4 out tiJRe pec:Jutta (co) 
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