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1.) mm.mummummmmmmu.
umtmtk.

2,) Mmmwhethumemodulomhmaymod. That is,
some time ffire, where :
- e s (BT Arlesty).

&) If the module can be ssfely fired, then simulate the
operation of the module on those input packets with time
values s ffire and produce the output data packets. For each
o\itmnport-o]fmwmmmfm sent, update the
value of um-w,, which is the time value of the most
rmﬂymmmtmtmtromol. For each ontputportol
-<mmwj<mn+m’m:'umm1mn+
ddl” MOJMMI“ tlaswut,
b)!fthemodnlcmnothutclymodthon compute fout,
~'where

tout = tmin + delay,
and send a time packet (fout) from sach output port 0; for
th:»tlasmj Then upllate the value of tlast-out; for
each of thess output ports. The value of delay must bde
greater than 2ero but camnot hmthnthoninimum
time required for the module to produce an output packet
after firing.

3.) Beturn to step 1.
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The termination operations for the simulation module of the termination
eonti'ol module T are as follows:

1.) Perform normal simulation and coordination activities until
every input port which is not in frem_clusr has received a time
packet with value ®

2.) When there is no way for the module to fire without
receiving more data packets, send fest packets (test.+) from all
output ports in to_classy.

3.) wutunmkustpncmhawbunrwvdonthemﬂn
ports, where :
K=14+ z (Ito_classtl - 1),

In. this equation, lto_clmtl. is the number of output ports of
- module M, wlnch ‘are connected to input ports of other modules ia
the class.

-4.)) If any data or time packets are received while waiting for the
test packets, continue with the simulation and coordination
operations for the module,

§.) Determine the validity of the test as follows:

a.) If all K test packets have value test.+, and no data
packets were received while waiting for the test packets,
then send time packets (w} from all output ports of the
module,

b.) If at least one of the returning test packets has value
test.- or a data packet was received while waiting for the
test packets, then send packets (reset) from all output ports
in to_classy, wait for K (reset) packets to return, and go to
step 1.

8.) Once time packets (o) have been received on all input ports of
the simulation module, terminate the simulation of the module.

For every other module M j in the class, the termination operations for the

simulation module are as follows:

1.) m@wummmmmum-
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shown that a test will suceed, once the termination conditions are satisfied. -

Conclusion

The relatively simple coordination operations of Chap%er 3, which are
designed to keep the dmuhﬁm from deadlocking, created a much. more difficult
problem of terminating the simulation. .Thc solution of this problem requires
both }eom.promumg the modularity of design of the jsimulafu.on modules to some
dégree and ‘also uldlu termination operations which are more complex than the
original coordination opo'tau(m'sl.‘ This lack of modularity and greater complexity
makes the eorrectnm of the termination operations more difficuit to provotlum

the correctness of the simulation and coordination operations.

.liowewr, thé termination operations do satisfy the design goals for the
simulation. The simulation remains a packet communication architecture system
in which all communication is in the form of packets, the dmuhuon modules
are autpnomous, and the design is time-independent. Furthermore, while the
termination operations are more complex than the coordination operations, theu'
implementation should not be particularly difficult, and they are efficiemt

enough to have little effect om the speed of the simulation.
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vﬂll still apply.

Modules which Compute Monotone Punctions

Many of the packet communication architecture modules which have been
designed to wg' compute monotone functions over their histories, That is, if
the module produces an output history H0; when given the input history HI,,
and an output history H0, when started in the same initial state and presented
with an input history HI,, where

HI, & HI,,

HO, € HO,.
'Modules - which computo' monotone functions over their histories are
characterlud.by the property that the decision about which input packets are
absorbed from each input port and used in a particular firing is independent of

the arrival times of any input packets.

In particular, any dmimlm module computes a mopotone function,
where a determinate module [12,18] is a module for which the sequences of
output packets »s;nt .from the output ports depend only on the sequences of
input packets arriving at the input ports, and not on their arrival times. For
example, the "functional operator and switch modules of Chapter 1 are

determinate modules.

\

One would expect many packet communication architecture modules to be

determinate, since thiy embody the ultimate form of ume-independmt operation.
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module for an ADD module has not received any data packets, and tlast; = 108,
and tlasty = 18, then the firing of the module for any time less than or equal to
100 will never be sﬁnulated, even if a packet with time value 11 is ;eceived on
input port 2. The coordination operatlons' are overly cautious. They assume
only something which is true for any module - if there are npt sufficient
packets for the module to fire, then the module cannot fire before the arrival
of the next packet, If the coordination operations could take advantage of the
firing requirements for a module, then it could often calculate values of fout

which are higher than those obtained by the method of Chapter 3.

‘Any change in the method of calculating touf, will inevitably be more
complex than the calculation
tout = 3% (tlast‘)' + Jcla,.
Hence, the strength of the calculation, that is the closeness to the maximum
possible value, must be balanced with the simplicity of - the. calcnlation. The
following method of calculating fouf represents a particular compromise between
strength and simplicity. It is very simple yet seems to be reasonably strong for

many modules,

Expressing the Firing Requirements

First, a method of specifying under what conditions a module might fire is
required. For any module, a boolean-valued function F can be given which
takes as arguments the values of p;, lsjsn, where #; is the number of packets
present at input port ;. If |

F(PI'Pz""'PI) s truse,
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" form:

F(P!.PZ.....P') -
[(P12511) A (?22':21) A see A (ﬁ.ZCRI)]
v [(plu:u) ) (pzZsz’ A sves A (p.zc.zll

L]

- v [pg2ega) A (Po2Ch,) A oo A (P20,
pr2cyg) A (po2cy, Pr*Cnq

in which each c, i is some constant greater than or equal to zero. This form of
the equation is called the sum of products form. Note that if c;; = 8, then the
predicate (pp2c),) must have value trus, thus these factors can be omitted from
the equation. Equations with all factors of the form‘ (pp20) removed are in
redﬁced sum of products form. In the preceding examples, the functions Fm-

Fares @and F,_ are expressed in reduced sum of products form.

Many functions cannot be expressed in this sum of products form. In
fact, only those functions for which
Fipgpgieesspy) = true
implies that for any values, k,.kz.....k,‘ 2 8,
Flpgrhgipatho, oo, ppth,) = trus,
can be expressed in thu form. However, for any function F we can always
find a "weaker" function F’, guch that if |
Flpgipareesspy) = true
then o

, F' ('1;’2,0-0.?.) - !ru',
and an equaﬁon for F' can be expresaad in sum of products form.

A sum of products equation for F can be translated into am equation for
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Even if the function F has value trye at some point in the simulation, if the

daﬁ packets with time values .leu than or equal to Lg;n(tla:t*)' are not
' sufficlent for the module to fire, then mo data packets can be produced with
time values less than or equal to 15s, (tlasty) + delay. 'l'h\u. the calculation of
tout must take the maximium of the two Meuou‘of the minimum output

time - tlutbmdonthotuncuonF.andthgtbmdonthc_valw of tlasty.

For oxamplc, for the ADD module the equation is
tout = MAX[ minttlast, tlastp) +delay 4 m(z“.tmhdclay-c 1
For th! arutor. the qnuuon is
tout = MAX] wintelasty, tlasty) +delay s winityq,tp ) +delay-c ],
= win(tlasty,tlasty) + delay.
This equation degemerates to the original equation for fows. Finally, for the
function F,, the equation is
| tout = AX[ i (tlu:,_)dclay s B+delay-c |
e, (tlasty) + delay.

® 1sxsn

This equation also degenerates to the originsl equation for fout.

Correctness of the Oulcﬁlatlon |

‘this modified method of calculating fout will not cause the simulation to
violate any of the three requirements: correct module simulation, correct ordering
ol; output packets, or @rtntv’eoordimtion. Hence, the Correctnoa? of Simulation
Theorem given in A_ppendt'x | 2 will still apply. Clearly the ’cotroet module
simulation requirement will still hold, since this modification will not affect the

daumhuprocucedbythomoqmemthenmuhuon.
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loops a number of times just to fire a module once can be reduced. For
exampls, suppose the module M, of Figure 5.1 obeys the function
| | Fipgpg) = (p2l) A (1),
Using the original mothod of calculating fout, ftout = min(10,188) + 2 = 12. Thus
a time packet (12) would be sent to My, which would send back a time packet
(13) and 0 on, untll after M, has sent 30 time packets, it would finally
receive the packet (188) and the firing at time 188 could be simulated. If
insteed we use the calculation
tout = MAX[ win(10,100)42 ; max(18,100)+2-8.881 ] - 161.939,

the time packet (101.339) could be sent to M, which would send back
(102.933), and the firing of the module could be simulated. Thus, the
tiductﬁul in the number of packets sent dhudn( thn simulation can be ﬁ‘tr

large.

COOCLLO NGt tbttr bttt ttbbtr sttt btbbbbbbbhbttbttbbbbtbbtbbttbtbbttbbbbsbbbsd

M2
delay = 1
(x,18)
M
(y,1060)
—@—> delay =2

M3
{x,50)

quc.x-smwmhmumuuummuymw
touz Calculations.
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Chapter 6
Conolusion

Insights and Afterthoughts

As has been demonstrated here, it is indeed possible for the simulation of a
packet communication architecture mm to  itself fulfill the design
philosophies of packet communication architecture. The modularity and
time-independence of the simulation allows it to be performed by 'vlriually any
computer system which supports intercommunicating processes. Furthermore,
the opo:ations which must be performed for each module in the system are
reasonably simple aml therefore can be executed by small processors such as

microprocessors.

The methods which have been developed here are very general as ‘well,
Few restrictions are placed on either the characteristics of the modules in the
system or on how these modules are interconnected. Moreover, the methods are
provably correct, which is an important feature for any asynchronous, parallel
computation, due to the numerous and often subtle difficulties which are

encountered in the design of such systems.

The coordination and termination operations are simple enough to use lonly
a small fraction of the simulation module's processing time. However, it is
difficult to esumaté what fraction of the ﬁrocessing time will be spent waiting
for the necessary time or data packets. Thuwiudopondagreatdodonthe

structure of the simulation facility and on the system to dbe simulated. Thus, it



"’W*‘ w W*"i"“‘g&‘% FRe I e e gt

) -nn-d 1n this work 1s
m "&“‘53 '*'? e hpoen e b 0

m omnly purpose is
o Geiaiwon X
but a limited chll

bv ma of
; r-"‘.,:_“‘&se"mgﬁ &m« wlganin ‘w R ‘7

RS il

ummuumm mmas»mm“_




The design of overhead computations for. parallel systems is still in a
rather prim!thn state. Other parallel computer m, such as Illiac IV [3J.
are structur;d in such a way that tho amount of overhead operartions is
minimized. These systems contain central controllers which tightly control the
operations of the components, thereby avoiding the need for the processors to
_communicate their status with one another. Because of the rigid control
structure, however, it is difficult for tho user to program :mch a system to run
efficiently. These systems are suitable only for applications in which the

structmotthnd;oﬂthmcloulymtchuthoﬂmctmoftho‘mum.

Packet eommnnlcqt;pn archltocturo systems, with their ‘decentralized control
and time-independent operation are potentially much more flexible and general
purpose than oﬁu_r peraliel systems. However, along with this increased
capability comes & meed for the components of the system to keep their
activities coordimated properly. The design of overhead operations for these
mmh@mwmumwrthm'mmmdu
designing traditional systems. The overhead eomputattop.s incorporated in each
component of the system can utmz@ only a limited amount of information about
the rest of the system. For example, the only information about the status of
the rest of the system available to the coordination and termination operations
of each simulation module is in the form of time and test packets received at
the input ports. Overhead operations which can be "modularized” in this
fashion seem rith-r"rcrugn. partly because they have no locus of conmtrol.

Instead, the operations take place in many locations simultaneously.
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means of programming the simulation modules is needed. ldsally, the user of a
simulation factlity should be able o specify the operations of the components of
the actual system in a high-level languags, such as the Architecture Description
Language of Leung, e¢ al [14]. Thess specifications would then be translated
into programs for the simulation modules by an ADL compiler. The user should
not be concerned with the eoordinatlon and termination operations, nor with the
details of the module activity simulation. Fortunately, the coordination and
termination operations 'm'dmplg_ and uniform enough that they will not
increase thie complexity of this transiation grestly. The major difficulty is the
m of a language whlchallows the specification of a wide variety of
systems in a concise and understandsble form, but can be translated into
prccrm for the simulstion modules. With the increasing interest in parallel,
asynchronous. oompqtin; systems, a convenient and efficient means of simulating
themwlllbye:utﬁult@tbdﬁetyrminethahﬂdm.r

The other potential direction for further research is to apply some of the
t-chnlqma:n,diuuhuwmchhavcbeendawlomnmtoothum. One .
direct application would be to the simulation of systems which are mot strictly
packet communication architecture systems, Some systems which are eominonly
simulated, such as air traffic control models, have the essential properties of
pecket communication architecture design. That is, the system. can be
subdivided into a number of components which operate independently and
communicate with each other only in a limited and well-definéd manner. For

example, an air traffic control model can be subdivided into geographic regions.
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Thus, while the focus of this work was on simulating a particular type of
computer system in a particular manner, some of the techniques and concepts

which were developed here have much broader areas of application.
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Appendix 1

Correctness of the System Simulation

The fonoMu proof shows that the simulation operations of Chai:ter. 2,
egmblnod with ﬁu coordination operations of Chapter 3 will give a simulation

which accurately models the actual system.

Before proceeding with the proof, some additional notation ‘is needed. For
an input port {p of a simulation module, the value of tlasty 1is thq last time
ﬁluo received on that input port Thus, for an input port simulation history,
we can define a function Tlast ivhgre Tlast(hsi,) equals the. minimum ' value
of t, Bstso, such &t -hsi,.(t) = hsi,. Similarly, for an output pan o, of a
module, tlcst-o;a,. equals thev last time value aqnt trom the .port. Thus, a
function Tlast-out can be defined for ocutput port simulation histories, where
Tlast-out(hso,) equals the minimum value of ?, @stsw, such that hso,(t) =

hso,.

Finally, for a module input simulation history HSI the function Tfinal is
defined as: |
. Teinal (HSD) = 5% (Tiast(hsiy)),
where
HSI = <hsig hsi,, . . . ,hsip.

This function can be applied to system input simulation histories as well.
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This lemma will allow us to losk omly at the input data packets with
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for all stmulstion moduies N, Since 2o packets are produced with timé ¢ such
that ) < ¢ < t;,g | |

data(HSI (1), ,-8)) = HI,(t;,,-8), for all 8>8.



SR T T S L e e T

- 0§ -
M ””éiﬁ. dm m\m@,@;) T m fur ‘any
 output et u, umm&. muu;uj«:, - M © umt
.i m 0” |
sttt = e,y © e, - hi,.

for any input purt,. iy, 4% the Quiem: iheinrit jo:tommetied o ‘aliother

mﬂkhlmmm ammwhmm

g se gy Y w0l earst smmeall ugds
mumcmu:, rutct‘,,.i-u
: ‘ R S sl gewdslilnT S atoan

m.uw: - lm,

o, TEE

3 G i

tor amy taput mg i the aystess. Tharstore
"‘ﬂ' mi, : ‘l*"

hwml,. mu«-mu-ﬁlumm

weatrry eat gt F e

mj‘%ﬁ’ - ":"m’
for say motule ;.

)’u u»mmms e. Mumuy then 7" 2
freg- Ry the cuvest cosnlipetion TopvirvEInt; A @y suipnt yort s, of module
.f‘ “ bwnwroye 0 w0 oy osamdd o R ﬂfvw ssksebpe ty Ja |

" Sagtout, > ' 2 ),




- 10§ -

tast-out, = o 2 &' 2 ty,4.
That i3, some packet with time value groater than t1417 Will be produced on
each output port, unless ti41 = ©. Thus, for amy output port o, in the
dﬁuhuon,'dthgr

hsor(‘l‘l) [ o h‘or,'

flef = o,

" Therefors, by induction
for ahy module N; in the system.

m,wshowthltthequﬂcljw'hﬂthqmﬂndmte S,in
bbththedmulaﬂonandtheactualmten,utﬂml-oo,mhavejustsh_own
that data(HSO,(¢final)) = HO(tfinal), for any module M,. Furthermote, for the
system- input ports, the statement of the theorem requires that data(SI) - I.
Thus, 1f the communication links between simulation modules operate correctly,
and {final = |

data(HSI ) = HI,

tornym_odulolj. B}theﬂhmmtofmothmm,lluswmme same
inmal state Sy in both the simulation and the actual system, therefore by the
correct module simulation requirement, if ¢fina! = © and the simulation module
terminates, then both the simulation module and the actual module must have

the same final state.
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This completes the proof of the correctness of the simulation operations of

Chapter 2 combined with the coordination operations of Chapter 3.
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and it receives no further data packets while waiting for the returning test
packets, this means that

1) All simulation modules N; ¢ C; have received time packets (w)
on all input ports i ¢ from_class;. ‘

2.) No simulation module uifc, can simulate the firing of a
module without receiving more data packets..

3.) No simulation nnduk in C; will ever receive further data
‘packets,

The following sequence of assertions proves unm 2.1

1) If every simulation medule Ii" C, is terminateble, meaning that it
receives a.une’pnem () on every input port ‘which is not in from_class;, and
it eventually stops simulating the firing of the module, then during a test (or
reset) of the class C, |
a) Mslmnhﬂonnoﬂnlelimcjwﬂlrwuveatleanonem
(or reset) packet.

b.) n’nctlyk test (or resst) packets will be created, where
K=1+ 3 (ltoclassy| - 1).
Ittcl

c.) At least one test (or reset) packet will be received on each
mmmmtm_shuirormltecj

Assertion '1a) can be shown by induction on the length of the shortest

path from T to M; (there must be a path from T to any other module in a

connectivity cless) 4s a basis, if [ = 1, then T — Ny, N, will receive a test

(or reset) packet shortly aﬂor T sends out test (or reset) packets from each

output port oy ¢ to_clum,-. Now assume the assertion is true for all simulation




flll-

mmummmm-mmtummm«mwl

3w w
PRTER: .,a ‘J S

mnmu-mummmrb.mmmu,,

- .amust be some

<¢c,,nwma,mwa‘ “”W‘hlmof
umtmruﬂ mwm ' '”wl m
Mumnmdnuummm hmul umuuo it

: #ropedt alipbiglomied s":i’ b
AWNM(Gmmnmthl’t h..elus!. Men.
E : E ,a,“?ﬁ

I‘ wmmmm.m(cm)m.

i R R

m mfr
vmiw wwm R. WWWMW
~lig £-Cj retetvas a st v’ ribet) potiont, v Wil disit "9t ‘FreElass 1~ test-tor

‘Wm(ummmqﬁmmmn-ﬂmw(um).

WL ae B =5 madcieals o Sosshim oF kBm o

!mot.huunmmmwmvnm.m my be mﬂ‘-

palh wbl meoimas 2% memdy ef
lpmtqwammmmamumm
(um)mmmxmtcmu)mmum

corlhege. L s ouwe ey it AL

: - 1 ’ Zéc(l ‘ ‘l ';,L\)g»
7 .

" Assertion 1¢) also’ foﬂm‘v’i fiih u).

ury nput port 1, 1n from_class, of

o Fatty gEOW

jmtoaolmzm%&m-edm

-am-l; T 1
Y C,. ol op 15 h”’i’b.nla-,. l& ‘astticn ti)i’li“wﬁwzﬁn at h-t ou

cnigny fam sl glubeos oo

tost (or Teswt) m n.‘ 18 tan

R s R A R B S e T e e e W R

7 from-1e). - Wﬂmad sends mt

PR LT geer A



- 112 -
port 1) in fromcless of suy simulation motule B, < C. .

packets ,wm b coeated during o tost, . tharntore the fet caNnot succesd,

nl,uwmmumwmutmmmcm
if it recetves emy. nunwmmmm.dm,l-xmmm \;m
mmmmmxummumm-wamm
,-mmmmmrmnummmmm
vmummmgmmmmm:aum
- input ports which ase act in from.cless,, or-#t dews aet stop simulating the
firing of the metuls, |

3.) m:wumumulummmmm
‘mmmnmmmmmdmmummm

uammwmuv-ammmmm it. would
anllout.th-tmm(tut.-! Olua(tnt.-)mhubmmt.
'munnmmumaymmmmmmum-

(tut.-) nut m nut . (tut.-) m L3 m m}n are natable, T

Awmmnm@um.-)mmmwmnuq Itm

mmmmnmmmmmmmmnwm

4.) u.mmmumm&ﬁl,cc,mmdwuym

mmunmmumm




AT :

- 113 -

Thhwinhshownbymttqimion. sumaauotacmsmm

nmmm wl,lpmdmnm

it ;‘, Rt

‘mm mtu.dmmmmltmammctmmmmum
‘neuvuaaummpumomntmﬂkhtmgdwmdw
any simulstion module in the class before this point, If i) 1s mot ia
frm,.mul‘-mmwmﬂtmmmhfmmmm
picket (@) o ;. “Thus If a data peciiet’li received’ i’ ia Input port N which
' has besn Tecéived by N, either the

1ot ol Ve iy tusk ek’
simulation voduld would not be wmm-, ul,miauu out a packet
(test.-). I omhr eau. the test’ W fol, ‘!‘hu. t, must be in frouu:last.
which, ty m 1¢), implies et a test
‘mmmiﬁhmm wﬁnmst-u,m-ommotm

‘ i”'"ywhuedvdummt’ont,

""‘lmnlu,mnnddol, ‘must’ have

" !! ||| ” ' “ ‘l a ‘ ﬁ ‘
mtmmpnl,mnmuhmmee%‘ 'm-mumy
‘*'?mbwwmntwum : ‘ o ’

mmmmmmmrmmmuggmmwu

- Pttt gl
,3.' WE I

inordcrfor'l'tomduummpmmmm it must receive

at Jeast ome dsta pachst P’ afivr tHé test’ hes “eem *tnitiated. ~ Supgess data




LS I P

“ufter the test Kas etk chmpioted. Them 1‘ = Fuu m ol of it test

 packets snd lakir Tecefvel date pecket w. Sotore K, Focsived dats mu p fm
A ”‘3?9

T mm&muumdywl,mmmna—e-
nm.m—h&hbmmmsamm“m

W WY

‘mummm
,c-!&:l;..*f , D
hmmhh_ tpmmmqgmgm%mm
mm.mmw

;—amuugaunq mnmmgmmmv.

m:mmnum~mmm-tummw
before N recelved data peshet p frem N;. ummmm
."Mmmd*pﬁQmuh-um.mmn

Y e ar eelpetth

" the class Tecsiwed & dats eshet o

Mmkmm M«hm mm My which




- 116 -

‘6,) u-wmm»ummqu,mdummum
anmwmmtmmmummmmuummnmm
packets.

If a test Sucossds; then st the time a sh
peckets. By asertion 3), the simulation module did not receive any dats
wmo.mummomqwmumunmm

mmummmmm'mwmwmw
mua&mmmummmmmt-m a

‘ \ cperetions. to the
simulation modules cannot owuss’ them 10_terminate 100 soon. Hence, nome of

mmmt&mmmwm;d '

the six requirements rumcmaa-m.nmqw_;

meo!th‘ﬁnnn&?m
WNWMMMMWM that the
mmmmmmmmmmmm
'maummummmmwwmma-
are satisfied. uacm-c,mmaa'um{-muhl,wmwn
m—mmmmmtmmmtmmmmtum
o pairges R

mhn(o)mnhmtmtmmmmmmmomm




- 116 -

Thus, this class will terminate once the termination conditions are satisfied.
For conpectivny classes containing cycles, it must be shown thit once the
connectivity class reaches the conditions for termination, any previous test or
reset will be completed, a new test of the class will be initiated, and this test

will succeed. These requirements are stated in the following lemma:

Lemma 2.2. Eventual Termination

A.) Completion of a Test or Reset
Suppose the termination control module T for a class C i sends a test (or

reset) packet from each output port o, in to_classy. If every simulation module
N; in C jis terminatable, meaning it eventually receives time packets (o) on
every input port {; which is not in from_class;, and -it eventually stops
simulating the firing of - the module, then all simulation modules in the class
will receive at least onme test (or reset) packet, and T will eventually receive K
test (or reset) packets, where | .
Ke14+ z (Ito_classtl -1).
ItICJ

B.) Eventual Success of Test

Suppose every simulation module M; in C j Teaches a state in which time
packets () have been received on all input ports which are not in from_class,,
no firings can be simulated without receiving more data packets, and no more

data packets will ever be received by M,. Then T will send out test packets

(test.+) from all output ports in to_classy, and it will eventually receive K
(test.+) packets in return without receiving any further data packets.

C.) Termination after Successful Test _

If T sends out time packets (o) on all of its output ports, then every
simulation module M; in the class will eventually receive time packets (o) om
all input ports and hence will terminate.

The following sequence of assertions proves each part of Lemma 2.2¢

A.) Completiop of & Test or Peset.
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receives its first test packet and the time it receives its last test packet, it will
send out (test.+) packets as long as it receives (test.+) packets. By our
assumption, no simulation modules will receive data packets once the test has
started. Therefore, since T starts the test by sending (test.+) packets, by part
A) of the lemma, K (test.+) will be created, and T wm eventually receive K
(test.+) packets. Thus, the test will succeed once the termination conditions

for the class mutuﬁed.

C.) Termination after 3 Successful Test.
SnpmquotadmmMdemume.m () from all

output ports,

1.) Every simnlation module M; in C; will receive at least one time packet (w)

on some imput port {, in from_class,.

Mmbeshownbyinducﬂononthqlangthoftheshorteﬂpathmin'l'
to M. In fact, the proof is virtually identical to the proof of assertion 1a) in

the proof of Lemma z;l.

2.) Every simulation module Ii' € Cl will receive time packets () on every

input port.

In order for the test to succeed, M; must have received time packets ()
on every input port which is not in from_class;. Furthermore, by assertion 1)
any module M; ‘¢ C; connected to M; must receive at least one time packet (o)

on ,aomd input port {, ¢ (rom..clus,. Hence, it will send out time packets (o)
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