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An Efficient Parallel Simulation Algorithm

on Recursive Feedforward Network
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In this paper we present an efficient parallel simulation algorithm in recursive feedforward network
(REN) which can reduce the simulation delay while decreasing the number of null messages compared
to the previous result. As a preprocessing step, we first determine the group and type of each output
channel for the nodes using DFS(Depth First Search) algorithm, and show that the number of null
messages as well as the simulation delay that may arises in the inner nodes of RFN can be decreased
by making use of the new simulation scheme. By the new scheme we decide if null messages are
sent to the output channels or not according to the group to which it belongs.

.M E

Aol el Sadel EAbaw 4otd, BB
(analytical) W02 A AEY] A (state) S T EEO
2 #4871 AY E7besty] gio] Alggolde of
F 8 sidger AMEET U1l ey St
ZZAME ARS8 21 (sequential) Al B o]H 9] A
global clock-g& o] &3]A TAIHoZ AlFy ol A7+ A
A Aok 87] miEel Algd ol sfof & Ao +&7}
oA A A} BE(event list)ol] t)7)soksts Al o]

* adgEgw Food Akl wstn
* pevistn gl Halgets

AHVHA F7tetn 2 Agd oA Faster B A4t
Alzbel FastA gu{1]. ole} #e FAHES A3l
7] gt Htole A Ao Z2AMER FAE WY
HAHEIE o] &3t A A F o] A (parallel simulation)ol] &
g A7t AgEn glen, §a] ok Aol WE Ay
of ¥ W =Fo] HEHIT Ui 2].

HE ol 4k AR AlE#olHE AA A (optimistic)
g2y B4 (conservative)d e} 202 LREC
S ) v o) == EZ A M (processor) B0 ThE T2 A
e AlEFoH 28 F32 A st g Al

e
=

9

(s
>

i

i



80 Al gajo| Mets)

8K M4AH, H28, 1995.12

o] AMA EZ(event list)dl] B9 FHE Haste=
I 0 2 EAl(communication)©] ©]FA|= EZRAMT
o} 134 (causaliy) o] Q77 EAF 4 AYrh2]. o] A
T ZZAMEL ofn] Heg HAlx] B} o 2 gl
2T (rimestamp) & Z2E1L Qe WIAIA7E 2&S B B
W (rollback )& F3te] Q1] {7} LA A Hoz 5
Zop7bA tha] Al ol S FaletA Erj2]. 12T <
el R FE A7) Hste] o] ARIES Hstar 9l
E U2 ZZHME anti-messageE HUA H T and-
messages WA B Z2ZAMEL A (annihilation) ZHE 0.
2 A oldY MAAESE BF R E A d), o
& &3 (optimistic) “”’é Algdolde] i dag
Z0 Time-Warp & g aglZol gli[2].
conservative) %L YEF2 7+ ZZA A <l
AR Ee BT WAx A A g fu
3]. o]Z& H A (conservative) HE AJBH o]
ol Chandy-Misra %12]ZoAE L3 A Ao)
st e WAIA S Bl AR gro] thiel] m st
[A1A19] Bql 2RE 3 Bt Fche 3Rg 7HE o
INAE Ao sig T2 Alggold
TH(simulation time)o] ¥ E Ay ¢lvlo}l Q {7} whA
= 28 W8y goi{4]. 22y} Chandy-Misa &1L
25 AHEE A9 WA (deadlock) 7} AT §l ¢ o]
of o]2 siA&l7) sk Misrax 2 (null) BIA)A|
£ AHgdte o‘%‘& }°}0}9&‘4[ 1@ WA ]

2
1
Sy
A A3
9 tEH
ol

L g
e

=2

L >

3 g,-}j_r thub T2 A9 &)
g 2982 sl AR o
AT AR e Al W Az
A mzARSel LAee] WAL olstel o
A g POfs] et Algelold A2y
ol Za ANz A4 afde] Fvhshd 2 vl A9 )
FopAnE T AL Aol A Al o6l
De Viies '@ WAIAE Hule tiAl HA A7} wxof
&g 8t ] 51‘34 281 i%‘E HEE o] &sA WA A7}
4 Fe goei waas
st “ﬂ*VH rl £ Zole Wi A7),
29y, De Viies Eag}&oME ofe) e Az7) 270
o] e Alolo] AAH feedforward network7} recursived)

A Yebde

recursive feedforward network(RFN)Q] 7 $-

gdq dWAAE BUAA e AZWHY  feedforward
network®l] & WA A7} HUlRA] 7] wjRo] oj2g &
F7F glemz Algd ool Ay = diol A7 &
EEANME recursive feedforward network Aol A o] A o}

o

3 dugEd Hg) @ dARY 225 Fole FA
g HAAE AFEEA ReoR st BT 5 Qe
AlEF ol A TS 2d F ‘EIL E%’q ol g A
wHold due]Eg AA G DFS ¥ &S AHEs
o recursive feedforward nctwork"}ol 4 wro 28 x4
9 25 (growp) ¥ FEE AAe, 2F(growp) 2 F
Eioﬂ ,\,}-61- Z—l_!;l =R /L]._Q_O}O:‘ i D‘”/\] ﬁE})Z—] k=1 :Ej_.LH

Ag A9
FoRA Y mEdl A B £ ol gl AN
A GEATIEAM AR dEg | sfala] 22

A e MEE AlEHCA 7S AQbd, o)A
o &i1e)ELS Misrad] °1T’- 153 2ol RE Ado] |
AAAE RUFHY, B De Vies? ¥u2l£i} o
g HAAE B g3 Cﬂi”} e WS Ao R
WAz g wlA A9 AT A] "alow Ads HF
T YA, & =RAE 7 aFHE AR 2
Aated | wAAE BEo A “ﬂ’\}?‘]-"/] A A
45 de e 153“0]’8 dneFE A

oo AL ey 2 21*01]"13 HE A EY
old md 7 olo] oot ofe] fojof AHojo} 7};‘3%%
A s, 3o M Misra De Vriesd] 243 el
A g EA o disf 2ok *”ﬂ 3] 7legith 4”01]’\1
= WE Algdold duelEe 7R el dls) duyd
= A A2 (preprocessing ) ?}le?]% 3l o) Z o] g8t g2
v HE Alggold FuES A, e 53
Mg 488 Jdr

2. HE AlZ8old 28

¥ el W ABd o)

zdlo] AHgE L folE
ol el 8 7hdEel e EE

e F olg Abgate]

R wg

A Egoldedlof thste] Mgt}
Hol 1: AIBH0M HEYA SINO)E =B (node)E
o] B3N o] 5E dAGE directed HEEY & (R
1

] = 4
o] Foizl WA 1 Z(directed graph) 2 EH I} S
(NOIA == polld =Z g&  direcred o

i
"



Recursive Feedforward Network 0j|A{2] FEXQI

HE ABaoM ¢n2|FE 81

chan(pq 2 e chan( 1>q)
& A9 (output channel),
(input channel)o]2} Z‘T}C}
el 2: S MERZ YR A0l D

I &9 Ado] 27 oAl =& disperse =z} &
o, A4 dde] EAEA %= dlsperse L5 & source ©
=2} gt Input A do] 27} ool &8 zjdo] sht
9l B8 merge =2} 30, 28 sfdo] &8l %
= merge LEE sink == ?5}12} w3k st 9g A
dit 28 sdute] A48 wTE single pass =g}
gt

dg Eof (I8 DM Xt 2 5 6, 8& disperse
T, 5E | & source 25, =5 3,7, 9 & merge =5, &
E 4¥ sink &, &=E 102 single pass rroltf,

k= pofl e &
c g daMe 4 Ad

—®
ag n
Hol 3 : AEdold WEYA S(NC)MA Noll £3F
e p9}

=B g Alol9] simple directed pathsp(p,g) e
EEpY B q%—‘.:"— AASHE vl =plepew: . . . l=g)
(kz1, ¢;=chanlv Vp v,), v, unique) sequence® B},
spipg)e pollA] g directed H AL FHe,

Z9| 4 : Feedforward network FN(pg)& == p9) ¢
2 AAET, pOJ]H g% directed® 371 o] A9 simple
TWO] e Algdold EHA|
Hels5: v pQ} L g Ato]2] multiple track mi(pq)

& kB }59} e q—g 1A e o] e simple H=¢°

directed paths

complex track 0.2 FAEC} kZ po} kT g Aolg)
simple track si{p,g)= =Z p9} ¢Alo]Q] SImple directed
path sp(p,g)o]t}. Complex track ct(pg)E =& po} &

g Atolell &t o] 4] multiple trackE 3} simple pathE©)

AAE w(=phwtw. . . . te(=q) (L Esplv,,v,) or mt
(v,.,9;), k21) sequence® A 2J8}i1, (t(pq) h by b, ..
L2 FAEADT St Track st(pg) e ct(pg)olA
pE A& (start) 2, g8 $H(end) =E8} 3132, p9} ¢
¥ omackHol A M IH: kuagty 3

LE p9 E ¢ Alo]9] recursive feedforward network ¥
feedforward networkWol recursived}l?) THE feedforward
networkE ¥3H8he Algdold VEYAZA thiat 2
< Fe2 Jod 4 Qirh

Kol 6: xk pot k& g A}OM recursive feedforward
network REN(pg)€ =E p, ¢2 mi(pg) 8 o|FoA&
Algdold YEY A

& £o (2™ DolA REN(14)= & 7h2 simple
teack st(1,4)9F 2709} complex track ¢t.(1,4), cx(14)E T
d 5 of °“3} Complex track ct(14) & sp:(1,2), mt(2,3),
SP(34) 2 PR, c(14)= spu(15), mhs(5,7), spl74)

’TLHH(H ATk A} mts(5,7) 2719] complex track c
(57), es(57) 22 FABo] Atk Complex track cti(5,7)
3 ets(5,7)2 Ul 3709 simple pathZ ©] 501 multiple
track mf;(6,7) % mt:(8,9)S Ed& Ur)

Ho| 7: AlEHOIM }\|7P° Algd ol UEY A0 A
=Ty g GoA "A) AlEH ool FgHE AJzhe]
a, olwf = o] Al F# o] AZHE £ A THlocal time),
A o] AlgH o] AIRES RiE AfZtole} gl

Mol 8 mroflA dAAE Mty Al&she AlHE
initiation time, ®WAIA A2]& ¢5& 1 TE oA|x
g8 Al2E = e A]7HE next initiation timeo)g}
o,

Aol 9: =X pollM ¢& chan(pg)E 28 U’]/\]X] me
B o o) ElRl AEAT- q°ﬂ Al 2] 7} 2 &sle AlzE
L8 oy kT p7t WA mE B 2 "]7}4 2t

Hol 10 : k& p % gAtolo)l track tr(pg)7F EA
& wf wack tr(pg)olM o] AlEH O X d(n(pg))e
ripg)ell e BE ki EdA La8E H4 A8y
A Alzkel gholtt,

Hol 11 : k= poF = gAbolol| tracktr(p,g) 9} tr(pg)

gk 2 o



82 DAl Z2l|ol et =2K| H4A, M25, 1995.12

7} EAEL =5 pollA next initiation time Tyl fryp,q)
2 g} AR mE B, wack in(pg)E Wt ¢l &
019—‘— Dﬂlx]X]-‘-‘— b= (t’Z(P(I )?’:] “H 14015 Tl+t[;0] oﬂ
EZ‘SM] ot WA i p0)E T2t ¢ 9E Adeol
E2gE HAIA moll =2 $9] next initiation time T K
FLOSITHE, tn(pg)E Wt 948 AdeE T8 g0l
V\]Z]‘“ ’“015: Ti+t o1%o] Z&Adthe A
A OIC}‘ ]u}] T1+tb'§ 029] 7‘”'?—1 }‘]Zl’gl Oﬂé
[ZH(predicted time)©]2} 3t}
2 =M tFe 8 Ao 2d
feedforward network24 Z} LE= X2 M2 Tk,
7t =27H] AL LS FAA ol Fofin HE A
Edold mloXe 24 xEe 98 S Ahsted
sl =23 wAAE 7| gEo] Agsta, vAAe o
o AIATE EU 29 fE g Bote e kER
AAAE Bule AEHod AdE BAl Fdc 9
A3 SE =5 pogzte] vAAE Bued 22HE A
ARk 1= X1 }ZHH:} 2hA e poflA HAAE By
E AT =T oA JAIAE e AIZRE g g
EEE %}a Mg B3 Sdee vARAE
of 29 XHE—Q% 3 shute] Y e 4
A o kT polX A" dAA =
initiation timeo] g HHE AFste =2
ol AMg3la] A A|TY d&FE & F
A A7} el E2shE ’:—lﬂ]ﬂ?l Al EH oA
A g A Al ol AIZhe AT e He
[2]. & 9 AIA7} simple passSl = pol] =&
A Algdoldg Fasta ¥ & po 2
of X pol Aol Alggold AHE ek ghe
zz2 e d dAAE HAB, merge =59 %
gk g dA|x] 9] ElY] AREE ALt A
Aet ohE g A S oSk Eok Merge
= e Add A7 =2 gAY, 2784 °us 3
S 2AAE A2F 5 S i vEh E@A) == o
718k Sl Y WAAF BY 29 gho] #A9 g
Mg AgstA = vk gl ARizh 40l
ol ofyetd tf7|atAl Hrh

BE =9 AlEFolA A7t simulation time) S &
-
0}

tlo m
2
Ef ?3

mq, i

-

recursive

Hef st

REERE

s
Sl

o oX o ml ok glo

_>L
Ha NIO —{0 l)’ >~

=2
>
>,
S
_Emlm r

7H monotonous increasing ) 3}7] W&o =Tpo} =

ole] chan(p,g)E we} L&l WA mo] EY

e M (order)E FABET, AT causality) o] L F5

3. Previous Result

B =RoAMe %}Ei TAstE YR e T& ATkl
A Aestnat sh AN 23 2o 2 39
T ARE HEske B daeEs gFal itk B
-rxju G EO e MisraZh AT 2/ E WASHE &

£ sjasl] Hst d WAAE AHS3e WS
AIFRI[2], De Vrese @ WA AE Agahet) @2
E% £0]7] fi8ted oprd HAAE t)7]3hA] o

B9 diste] wAx o] AN LGS dF8te
WE}[ . B AN B8 dagddE
Aol Misra®} De Vries®] €1glE @ ol &g

WA g FA ol A dw g

|

!

3.1 Misra® g DJA|X|(null message) ¥2|Z

Misra®] 2] Zo| M disperse =& pollM &8 A

S A WAAE B o po] 48 F8 Az d
Uﬂ’\] Ag BUA Hi ojgje d AAE Y HdcE
Bl W merge == gollAe @ HAATE 23 AT
oldel= col Tt wAAF ERASA Fethe ARE
7HA A, gl A o] wAE S S AstaL Al EH oS A
AZITH3].

o & 5o (17 2)o1A disperse == ol A A E A
A HY A A T AR AT track g whet
merge =T 1,8 4 Aded TABCT AL Merge
xE oM ZE 98 Ad AR Hud os oHE
2 g ARE Ze gE Adel 2 wA A7 gyl
& Agolet miA A S ZRIEHOF ahut, nyd] oA o] 1
Aol A7} ofd s k] HEd k=
ol M= AlEgolAo] A AL, Bk disperse = n,00
A 5 ) g AR} tack tng wel R F
Aol track 1,2 WAAS BckE g oAlAE ke
nll A ool ' AR e B AR Tol o] wAIx)7F &
Adths AM S o8t WA glo] mollA AlEH
old AL wAH & F3Uch

0]9} o] Misra %_LIIE]%% g wAAE ARESH] 2



Recursive Feedforward Network MOflA{2] §&={0l Wa AlB0|M YT2|= 83

@—— @@

(I8 2)

46 (deadlock) o] Algdlo] 8 A& A|d

B UAE Algd ol A 2Ee| 2o we} disperse b
=9 #7b F7htd s e d ARl o] 47d
F7k8k7) miie] Z2AMZEY Awd FAFe Fog
Algdolde] Aol A Zaste dHE 7R Aok

3.2 De Vries®] ¥32|=

De Vriesi= Misra ¥ FolA d WA A 28 7}
AA1F)7] fisted o e YE AdEe] dAH e
merge =20 2| WAIA 7 RAEE o}y wA A7} =
Zsta] e Al gl dEA dE&S ste e
A7,

(1% DA disperse =5 & 8 & F WA A7}
track in& AR merge £ E mE HUAHE & 59
next initiation time gt (n 9] A|E# ol xHo) ztz}t T,
dolgtd =& noll ERF oA EfY) AYE g
T,+d;0] 5 3, tracktr,®} track 9] Al Edo]A AH A7t
S dy, dit} P tracktr®} track ol WHE 1,9 ZF A,
g} ol o] AZATLE Tot+d,, Ty+d7t Aot Wb o
9,0 o ZAI7 2 A AL d7TEkal e a9 A
9 AIS Hlwste o8 Ad AT o, ¢ AT KB
o AYE 9 GE WAAE A Qi ole} 3o
De Vries @22 M d dAAE B g1 &
N7HE dEsko s Algdold AHEE FolA "k 1
Aub 18 HAN == mdA o8 8l noll A AE
B o De Vres Y8 EolAE thE Ade] | WAz
€ BUA %082 nSe UE tackdl 3UE merge
2 ol &S & 5 §17] dEd wolMe AEH
o]d Ao’ wrAg 4= it

trl ol

tr2 c2

B .

a8 3

c7
c3

c5

o

(A 4

4. HY AlgyolM

& widMe @ AR AFE TarFEA AE
Holde AAE WAy st AdEsE 1§58
simple type¥} complex type &8 #73t § olo] th3t Ay
& 7128 NEHoIAE FdATe MRS AlEFoM
7PEE AAEtE L o B HellMe WA AdEy 1
3 2 RS ol &3 Aggeldy 718 Ao HE
Ay F RENo| Fof & o 253t ¢ §8 H4AE
Fdhe H AHel Yae]F(preprocessing) P o]E AR
g 98 Alggold dugES AAR.




84 SHTA|SHO| MBS =X M4H, K25, 199512

1) 7] w6

B AlEg ol 71® dE HA¥s] 8 v
2+0] recursive feedforward network oA 9] HEE S 1F
2 30 ol BB

Mol 12: =& m¥} n Ato]le] AMc(=chan(mn))ol )
ahed 270 o] A trackS T mi(pg) 2] I track ((pg)7}
c& TR w :P)tlvltZUZ Lo ,(=m)t,'+{1/’,'+1(=”) co Uy
v(=¢),i=01. . . &1 t;y, = ¢ LE sj)(quH) ot
mi(v;v:,,) for jFi+1)9] sequencei Yehd 4= glod
tp.g)E 2 father track ft(c)
nd(c), g2 nearest merge node nm(c)2t A g},

Xo| 13 : Disperse ‘== 2| output channelS 9 A3}
Cotlp)E g %e

2L nearest merge == v, & %% channel

E9 é}@' GR(pv,) B2 T3} 2] disioint3HA] o]

2 £ 9

, e ¢9] nearest disperse node

C,u(p)= UGR,(py,), where NGR,(pv,) = ¢

GR.(py,) ={cece C,(p), mm(c) = v}
ol GR{(pu,)E B nearest merge =T o, E PARE
= po] 2Fole AL, €, (p)E 1ELE L
2 bl 29 AUES 15 Fhu e

Mo 14 : Recursive feedforward networko] A =% m
oA 0.2 directed® A7t JE W Y FF thlc)e
f(c)7} complex track©|"H complex type, simple track®]
simple typeo.2 #ojstt},

d& 5o (2% 59 o] REN(st)7F F0] tka &t
2}, REN(s,t) & 3709 track tn(s,t), trlst), tr(s )2 T4
Hol AR tn(s,0)E mi(sm), splmt), trst)= milsm),
splnyt), tri(st)= mt(sny), sp(n,t) & vzt FAE o] Qi)
TAL mi(s,m) 3709 track trysgn), trs(sm), tri(s,m),
mt( 5,0 W25, s (5,05 7o 5,15 Yt (s m et (s, m Y ( an)
tn(spg) &8 74z FAE o} 9o ksl Ada g
&8l track 2 Wl WA 7 B A CHE Misra %l’"’
g EANME o~ WA BE YEES F3 2w
Ag Hulel stng g WA £a7t FrhstA gk

a2y, oo g AR mE B merge =5 m9
Me mE ol &8t tr, inE B3l Eolow md U A

fir rir
PRI Y

cl/c2
C C.
7 c6

(a¥ 6)

9 AZHE 58 £ JCBE o8 oF Tt 2 HA
Ag v o7t gl bR ol 2 HAAE B
2)e] merge =& no A= W A track trg,trg°ﬂ’\1 Eo0]Q
e 38 AE AHE 4538 7 AR, ool E )
A]Z]% Huld n:xoﬂ}‘i"\f L}D}Z] track i, 3 iry ]’H ‘é‘oi
o= mo 948 A AlTE "ﬂ*’%ﬁa‘ T At olst o
source = 5ol sl 28 AEES 2L nearest
merge node m, m, mE 37H«] 1% GR(sm) =
{enental, GRy(s,m0) = {eastsl, GRs(s3) = {oreuc} @ Y

iz aF9 st A dY Ee E HAA &
HekE BUFHI T ZE merge 2T m, ny, mollA] A
A7k} o 2o 7Hs 8kl Bl o] Misra®] Ere]Foll Hla)
HaA e 2245 darE F7t Aok

Eg (29 6)% 2 REN(14)7F Foldta Mg
& o) REN(1,4)E 3709 track tn(14), t(14), tr(14) 2
FAol Fod i, tr(1,4)% tr,(14) 5 thA] o] muli-
ple trackSl mt(23), mi(56)& E&3l1 01-9-31 tri{1.4)

+ simple track 2.2 FAAH O] E} 28 Q. B E5
track #:(14)E Wl 2AwWAIA mo] B LHZII:}L B},
De Vriesd] Y] Zol A= m,0] t,(1.4) ]}\1 Ae]Hol
4o 23S 3 4¥ o2 B WA &
e AR 4 A, 02 4 AT
A 2ek7] dBol mi(2,3)9] merge T 3o M= A Al
Y AU #4575, A o8l A A o
25 3 S glong AlE# oMol AAHE Y aep 1



Recursive Feedforward Network A0flA2| §@=0l HE A|BdO|M ¢D2IE 85

\% E © cl6

(J¥ 6)

ol recursivedtH] multiple track® EFSIL e
complex track S 0] 2SI Y trackol & Y WA R E
BuUlgoi W5 multiple track®] merge Eo|A tfr)a}
1 e MAAES Hegoan AlgHold s wel
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disperse 5:= m2] £ AW, 7b &3 father track fi(c,) 9]
Woll maltiple track& EF3LT 12, fic,)= complex
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ALGORITHM PR_RFN
Input © recursive feedforward network RFN(p,q)
Output :

type of each channel in RFN(p,q) and GR,(p,21),GR:{(p,v:)

28 Adedle weA E fAAE Bl 3] complex
track 8] merge BN ¥ Ad Azt € =E 7}
A FoEM Algdolde AAL WA Fch

2) M X2| &12|= PR_RFN

PR_RFN(Preprocessing of Recursive Feedforward Net-
work) ¥ie]F2 REN(pg)7} Fo1H & o DFS(depth
first search) Y2 EE AFE8l] disperse =29 £ A
dEg IE8 31 4 Ay fEE Ak us A
of 7]e3 HE Algdold duelFdMe @ WAx =
g ZoldA Algdold AAE 7thshsd PR_REN
oA FHT ALEY 1Fs 3 FH B FRE AL
87 €t} PR_RFN dae]Fe] Bop 742 82
olgfo] Muxlo} gl PR_RFEN Y1 EofA] disperse =
=7h obd k= pIMe &8 Adee] KL po um(c)
Abololl multiple track-& E 312 oW YA HOZ simple
type 2.2 A8}, EEEH complex type L8 A A B}
w2hAl PR_RFN 18] Foll A 2§ disperse T pof] T
& xr pQ} nearest merge node nm({)) Aol 2] multiple
tack X3 7 & dAYslnz &S 28 Ad F¥&

AgstA d

+ « GRy(p,v,) for each disperse node p

1). Mark all the channels “unvisited”. For every node w€ ¥, let k(v)«=(. Let 7¢=0) and v<—=p.(p is the node we choose to

start the search from.)
2). 1«1 + 1, k(v)e,
3). If there is no unvisited output channel from v

then go to step 5

4). If there is any unvisited channel from v, do the following:

4.1} Choose an unvisited chan{v, u), and mark chan(vu) “visited”.

4.2 If v is a disperse node
then PUSH(chan(vu)S))
43) If k(u) ¥ 0
then begin
PUSH (,S.)
tch(vu) < simple type

go to Step 3
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end
44) else f(u)ev, v&u and go to step 2
5). Execute the proper action according to the node type of .
5.1) If node type of v is a sink or a merge node
then begin
PUSH(1,S;)
tch(f(v),p) < simple type
end
5.2) If node type of v is a disperse node
then begin
1) for i=1 to out{v)
inscrt(pop(Sl),pop(Sz)) into list L
2) store a set of channel with the same merge node m into a group GR(v,m) by searching L
3) tch(f(v),p) < complex type
end
5.3) If node type of v is a simple pass
then if chan{v,u) is complex type
then tch(f(v)y) < complex type
else if chan(vu) is simple type
then fch(f(v),w) < simple type
54) If v is a root p
then stop
55) Set ve f(v) and go to step 3

PR_RFN €118} £ 9] step 1)9 A recursive feedforward (chan(vu))doll A ool 3t th-& disperse oA
network?] & A'dL “w]F (unvisited)”, ZE =5 ¥ groupingZ 13+ stack S0l =& wE AR} H =

3 k(o)E 0, B4 A& =& p7h "o Step 2yl M & = o9 & oy ARO)Y AEe( =chan{v,u)) e nmlc)7} uo]
A A de ko Hdt] MEE stk 2 I %5 29} 2T 4 Alo]7} multiple track S E3EHA] &
e BE xE HETF ) 28 FojFHY u}].‘%oﬂ A=Y 71 W) Eol| &= simple tvpeO] Ha, o2 e g
M37}h 0] opetd oln] thE HEE o] &t WE =2 27] Y8 step 3)S FHET} whek srep 44)04 =

& 5
QoS & 71 ]E} Step 3)olA e dA ARz A& T k(u)7} 0 o]H u= AR WHEEE T o1 g
25 v Ak (w7 HI 25 wE RS 28 kT
3y gt 7t HE 038 2oity] A8 step 2)E FHTE Step
¥ S A kX oA GE w2 AZE vHE A
XHHZ ‘* O]’X] C\’z}to— s MBSt chan(vu)E % do] ZAskA] ¢b7] W&o o]He kX f(v)& sl
F(visited)"0] 2} 3L FHAIGCE, Step 4.2)o0A WeF wEevh TRA] PR x Lé% 24 9, FH & 1 29 =T §
disperse node ZHH step 5.2) yollAe] 283 935k stack o me} Al 88 HYstn 21E}E FYsA ¥
Sl chan(vu)E AAETE Step 4.3)014 == ‘ﬁ k(u) o}, Step 5.1)00 A 2ot S v7} merge =50 step 4.3)
7} 00} ohH we ofn] thE AE & Tt W = ] S Eﬂf\‘} 0} disperse =0l A9} 158}
ol7Ime el e merge =E7F S, chan(vu)? Jt E 9319 stack SO o8 AASA chan(f(v),0)d) F+HS
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50 0

simple type®] BT} Step 52)00A] THeF k=& w7} disperse
wgbd chan(f(v) )9 father tracko] wolAl AlZtE|:=
multiple track& X8I complex track©] 22 chan(f(v),
v)t complex typeZ 7 ] €}, Disperse =& vl Az &
2 Adet A step 42)0014 stack Sl A3, 9
father track ft(c,)E W} voll &3 merge == nm(c,)
2 wad T oaep 4.3) T 51 nm(c,) 7} stack S0
AAET) WA, stack Sl A= A 0ol 28 Ad
;% mm(c v 4 &AL A HBg 9 &9
Ao MaE stack S\ S8 A stA FE
merge nodeE 2t AEEE T1E3 kA €k Step 5.3)
o] Al uhek & y7} simple passOl™ step 5.3)F 7ol tch
(f( )o)E teh(vu)9t BLEHA BE A 2 FUAL Step

)l A ?’iZlH SEg BE #AY 222 A F step
3)% st ThA] 949} 2 HA & HHESA =il |
D27 Ado] 2A6tA) ¢ #A =7} rooto]® step
54)94 <zz|Fe] £g¥ch PR_RFN ¢z F9
correctness¥: 99 AFel & F3E F A1, 2 Ad
o Suojat YA onz i QFE mold
m PR_RFN ¥1&& BE disperse =5 p9 o]
et 433 2F3E O(m)o] 44T

PR_RFN 412132 (2% 6)9 REN(L4)o] dtisf o
2 So|RLE 31ah REN(14)olA PR_RFN ¥ F&
Faly] 9§ 2713 Aoz RE AL “oPHE"]
i Holsy, == WE(k(v))E 077 €oh DlSperse
w194 Ade g uel B8 S /\]Z‘-}E}‘ﬂ sack 5,90 ¢
& AR F o2 “n]ETolA] “HHETOE uH A E]_L
a7 Yxvs & 27} Gk oA & it Aol U
9o = 27} disperse =20]7] W] stack Sioll o F A
At ¢ & “nET|A “PEroE uip "ot ols
e Zii}" A merge S 48 ML 3 A
o] a2 97] mjFol tjo]4 nlHE Ade AT
&b 9 gae o] wE 308 B HY stack
S0l merge =& 4Z AT iz simple typeSE FA
51 g% =T 34 dol v fdg g
A merge =E0]7] W0l stack SOl == 38 A% &
1 olw) e simple typel B A F e 28 3
gt w204 mE AdeE B == 32 Y
g oE stack S, 2P =& 3 oln] wrgo] H A
goluE & 3 sack S0l ¥ kX 28 EASHEA

nearest

I

-2 simple type Q.2 XA g}, vpArpA 2 n|HHE A
2 me} == 3% HYsH ol & S ARE 3
I 30] oju] WHEE Lro|HE sack 59 kE 3&
& % xE 22 BASFHM & simple typelE A4
Ck W 2004 T oo mitE AEE 2AT 7t
T 29 Ydo FF 7 mckol] i PG F8FPo
B& groupingS FHEL k5 108 A olg 9]
father trackoll ¥ multiple track®] EA8}31 171 W&ol ¢
& complex typeE AA %), Grouping stack ST} stack
5,9 elementSS & 29 23 AEAFS out(v) F 3
W oA wrsold 28 (6,3), (63), (63} B2E
Lol Wi ¢ o> B2 merge 5 32 IR E gleEg
4o aF GR(23)9 #3ith = 104 upE Sl
oF W k& 58 A8 9 oF stack 5°ﬂ AAE 3
t w2 5 oA ] Aded oet w2k 65 WES
EE 5% disperse 1=0]7] wiEo] S0 & 7‘110]'3\} L=
L Ho}

5

Ezrsﬂovii:l

= oA e Wl =& 48 SESH =T 4e
£o] g7 W&o Sofl k& 45 HFE 3L thA

= 62 3AE & oJw ¢S simple ypelE A3t
RE M E vPHE Aldo] gleng w52 BAYY
Soll =2 68 A4S o simple type2 2 HoFTh
€ 50 o2 Wt = 68 AT of o stack SO ¥
2 a3l kE 6w off] W] ¥ dHo]BE k& 6E
stack S0l ¥ == 58 BAZHA o simple type 22
Rogit}, v 5oM & mheh 5 7S PWEEA o
stack S0l ¥ x5 794 oS Wl k= §& WEEH
A o0& stack $0 ¥etk 22 84 o F wel L& 6
2 ANsH T g oo WYY LZolHE suck S
of £ 6& AZE 33 ovF simple tvpe2E A3 ¥
ThA] e 82 BASC kT 8 RS YEo] gle
ng e 78 Ak %I 8 stack S0l AAEH ¢
& simple type Q& /qzhﬂl/} -2 7oA o) E Qdo S
7§’:‘,‘§}EH o stack SO W k= 88 ofn] WMEEH

TolRE X 8% stack S0l ‘%E‘E}. HAIA R B 7
01]’\1 E ANE o pF sack S ¥, =B 8° o]
0] MR 2T o]BE suck 59 k& 8 1 k= 7

2 BAg e 7dAe o o] iy
A% 4 7] i = 79 28 Y AF out(v)
Z 3 popaﬁ’ﬂ 510,8) (en8 ), (612,8)'3? HEE Lo ‘—’5'1:11

Co, oy CoE BE merge wE 8E 7HAI gloER FL

vo
A& g
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..

IF GR(78)d &dth wt 794 k& 52 3AsME
o ol rHE aldol glorg wx 59 23 Ads)
'T‘I\J_]'T::v" p0p3}]"1 €7, Cs, 69'8" & :L"E‘ GR(S,G)"“ 4%6‘]'7-]]
Hoh == 5A k2 12 A3 ¥ F ue e 3
A2 AASE o GR(14)Y S8 H3 o simple
type®] Et},

3) W& AlEd0|M ¥12|E PAR_SIMULATION_RFN

B Ao M recursive feedforward network (RFN)ol| A} d
HAIA Y £AE ZFAAFEA kEolA WS 5 g
AEdold AdE Y F Ae MES 28 A By oA
%y PAR_SIMULATION_RFNe| Fa}o] Andsi),

PAR_SIMULATION_RFN %% ¢uz|ZojME PR_

PARALLEL ALGORITHM PAR_SIMULATION_RFN
Input : recursive feedforward network RFN(s,t)
1. Execute PR_RFN algorithm for RFN(s,t).
2. Execute step 2.1), 2.2) and 2.3) in parallel,
2.1) Repeat the following for each disperse node p.

1) Wait for the next message.

RENE E3to] RFNE A M2 Fo2 M disperse =S A
o 28 AYE UF 1§82 FI L AAsA, o]d)
g FRE AM-Ele 7} disperse ENAE 2ZF 189
Al et g WAxNE MeFdoz yyzozy
2 AR 2ats FAATEAN W merge wIolA]
DAY e AlEFH AANE ¢ & 4 A
Ht}. PAR_SIMULATION_RENO| A 2} fjA] 2= w-x 9]
next initiation time 2} B}Q] AEEof )3 ARE 7}z
3L, disperse =EOIME message®] WA &40l whel
M3E Fostd Qdzte] 285 WA "o3]. o=
Z €87 Polmg dmeZoM A o] glof
E AFHoZ FEss AR 753} PAR_SIMULATION
_RENS| ZA|gt A& ofef 9} 2},

2) Place the received messages into queue, and update, for input channel of the nodeg, its channel time.

3) Process the message, and generate a real message over the proper channel c,.

4) Generate, for each group GR,(p,y;) to which ¢, belongs, 2 null message for each complex type channel in GR,

(p,v;) other than ¢, if some channels in GR/(p.v;) are complex type,

5) Generate, for each group GR,(pv;) to which ¢ does not belong, a set of null message over output channels

in GR; (p,v;) as follows:

a) If all channels in GR,(p,v;) are simple types and the number of channels in GR,(p,s;) is mote than one,

generate a null message over one of the channels in GR; (pv,).

b) If some channels in GR,(p,;) are complex type, generate a null message for each complex type channel in

GRi(pvvi)'
2.2) Repeat the following for each merge node.

1) Wait for the next message.

2) Place the received messages into proper queuc.

3) Update, for each input channel of the node ¢, its channel time as follows:

a) If there exist messages in the queue, determine the message with the lowest timestamp and assign that

timestamp to the channel time.

b) If there exist no message in the queue for the channel ¢, compute the prediction time ¢, for ¢, and assign

it to the channel time of ¢ if £ is smaller than the present channel time,

4) If the channel with the carliest channel time has a real message, then process the message, and generate a message
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over the proper channel unless node type of ¢ is sink.

2.3) Repeat the following for each simple pass node,
1) Wait for next message,

2) Place the received messages into queue,

)
3) Update, for input channel of the nodeg, its channel time,
)

4) Process the message, and generate a message over the output channel,

Step 1941 RFN(st)oll ths] PR_RFN Y ue]&& 3
A7 F step 201A ZF w9 A|EH o)A E FAld 2
A1 71A F, Step 2.1), 2.2) % 23) oA 2tz dispcrse
kX merge X single pass Lol Al g oldE
33kt Step 2.1)0A dxsperse RE pE 8 Agdo) w3
g A A& EWMH%"“ T AY ad A7HE Al
F, W71 A W & AMejstn A3 29 Aqd
s F8 dARAE BUle FA0 2 2§5EE ZH” f
o wat @ HAAE =Bl GR(pe,)7} o8 s
A & AYF BE complex F8 Aol @ AAAE B
Wi, GR(py; 7]— 0,5 XA FEHH simple typel
2 o]Fo] 3 Aoll= oo 3 Adell, complex type
o] AttH ZE complex type Aol d WAIAE B A
A}, Disperse =EF source =E0ME step 3), 4), 5)%F
& S, step 3)AA HAATE A Step 2.2)
AA merge == ¢ AdE FHA AR} =2EH
Zk Aotz dd] A, 2 Ade Ak o
3} o] gtk Zt Adce] dirld B AAE wAlA
7 JeR wWARAF 7 Ha BHY 2HEE o) apd
ARre.g AAstar, gherel AgE wAA7L oW B E
thrigi ol ol vAIAF HN next initiation time
T W7t £ E track ] FA XA dE T1E o
SR T+ 7ot o A2 Ate g A, ¢
oF 4 Ad AR GE 7H Aol oA A7t =3 ehd
ol Azst Ay H& F dA|AE HETh
Message ‘=% sink EE step 4014 HA|AE AJA A
7le A& FYsA geth Step 2.3)0ll A single pass =
e QA TS A s e HE AYEaE merge E9}
Y3t

ol 5ol (28 7oA RAN(15)0] thaf PAR_SIMULATION
_RFN dileg) e dstd vt 2 PR_REN A A

nE)Ed st Fe

%L%'é}i A trackER AR 2FS FEEL

=
disperse 5% -9k merge - S=F

7 g

E& YA complex B simple 89 AdEE FE
th 2 A1 source & 19)% 10709 28 AdEo] o

G 11y )

245101 -1— 7‘“'?'101, e GR1(1,4), CaCa, 655 GRZ(].,IO), Cg
© GR(L5), L7cgcgclf)v._ GR(L11) e 2 g3 "ol
GR(14 YA ¢ ¢,9] father track©) complex track®]7] oj
o ¢, e complex type©l 3, GR,{(1,10)oNA 2] father
track©] complex track O] L2 ¢33= complex type, cy,05] father
track®] simple track®]E2E ¢} it simple typeo] HT}.
GR{1,11)o1A 2z} a9 father track®] simple track®] 22
€64 0q 0 simple type©] ETh 18]Il 9] father tracko]
simple track®]ZL2 3= simple type©] ElT GR(15)0)] &
gt ghok disperse ke 1Al A AR BAys 2] v
A7 iﬂ‘écx% rt}fﬂr WA thE PAR_SIMULATION
RH\«J step 4), 5)oNA GR(1,4)2 2712] complex track &
2 Aol °’7? el eoll® g HAAE 2y 33,
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GR(1,10)o0 M= A'dey, ¢y, 54 complex &S A
collvt 4 HAAE B GR(1,11)o M= 4719 simple
e ALE shbe) B AR W A w8
t}. GR(15) e 3} simple type A 2T FAAE o]
o7&l ThE merge =M Al A] A Aol =
glomg Jd fAxE 28 avt gtk o 2&
o7 7} 789 AdEd tisted Moz 9 AAE
HUYH 3% disperse ‘=E9] next initiation time FRE A}
L3l merge =T 4, 10, 1ol e g Ajzte] of Zo]
7bsstA so] AlEHold AdE £Y UL, BE A
doll WAAE Ble tAl 7 25EE giE A ¥
WEo a2 g tiAjA] Abge] e Al H & (communica-
tion overhead)& Y & Ut

(F DolME M2 g8 == AdFE 2t /1Y
recursive feedforward network®l] thate] PAR_SIMULATION
_RFN %38]Z& ¥ De Vies 1&g F3A17 An
sink l=o 9] A HestaA Sk Algd oA Al
zvel gk} 1 AR A E AR 5o Had
ng HAFa Ut} ol o] AlEHoH ZEAAE
sitel ZzA Mo g3tk 7HFE, source =29
A5 o)A local timeo] 257} Huwj74x] zbzh 10084 vt
2 g aigar, 2 Al EF ol 84 source =AY
AFA @A ME = F0l3 focal time FSF randomdbA| H
st} (E Dolld He vheh 2ol =9t Adel 7t
DA %7 merge == 2A7E AL 7HeksE REN A= PAR
_SIMULATION_RFN ¥312]&0]u} De Vries®] ¥}
o] 19} nolA A 2olE RolA] YEth F RFN,9
sink =20 A ALAS M 3AX F7hEE AlEdolA Al

PAR_SIMULATION_RFN 412 Z0] De Vries2] %
Zd Hlate] 16%F4EH AL, oldf HeH Al &
574 Z7HE S Bolrh, o) RENF o] wiA]A] A
DA = merge =9 £A7E A AP, 7 disperse
oo A9 WA A7 BUWAIE output channelE2] A7}
27] W&ol disperse == E F93 real HA) A7} FoiR
NEH oM JEHAY 7} merge kol EEAE RIS}
ZolA 1, wetA De Vies EaFAA wAA7E 7
merge ==2] input channelo] A th7]Ehe Alte] &olE
7} goltk 18}, (R 1)olA] REN,~REN;8 20| =
=y A4t 2A F7tst WE merge =57 S
& PAR_SIMULATION _RFN gz ZL AP S 7
2 De Vriesd Lue]Zof vls) 18} n2 ol AA &
#rh 2 5o Y merge =5 47t ZA F7H8 RFN,
£ PAR_SIMULATION_RFN €22]%&3% De Vriesd &
12829 oJste AlBH M S FPFAL AT, sink =
ca Ao AlEF ol AZH: PAR_SIMULATION_RFN
dug 2o AL 18%7F S7rs o, MHE A
B 7270 A 87T 1570 F7hetiTh & REN:SF 2
& ALE sink =AY AlgE ol AR 57%Y F
Zbetd o Ay E ARdY = 397071 SUkek . o] ¢
o] Fol AlEH ol YEHAY merge =T9] £}
Z7}3HA §H De Vries®] 1e]E9] A-$ disperse =&
oM 3 2FOZ real A7} HUlE o) T2 5=
null WAIRE Bz 71 W 2o, 2} 1FS merge = E
of =23 mAR]7} gi7lste AlRte] A 718 sha,
kA merge wro input channel 2] queueoﬂ AAE o
NA 8 $=27} Fogdh mekA (B DA & vhet 2

A I T
O o ™ r10

(B 1
De Vries PAR_SIMULATION_RFN
REN g & Z Mds | merge ‘L=F | AlBOIMSHET ; X
n n
1 12 16 3 100 25.57 94.32 25.98 97.85
2 17 27 4 100 2317 83.25 25.96 97.25
3 24 33 6 100 24.11 81.05 27.93 9.10
4 27 41 7 100 21.78 72.33 25.71 87.32
5 31 4 8 100 17.32 56.60 27.24 9545

t © RFN9 sink ®=EolAe) AlE#H ol AZHE 2] i ¢t
n : RENY sink ==o|lMe) Had® ASe] #Hit gh

* Local time of the source : 25
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o] merge =9} 7|40 wE RENY 27} B3¢ UE
o) gt AlEEolAS FalE 4% PAR_SIMULATION
_RFN& De Vries & El?l]ic‘ﬂ Hl & sink oA 2=
A oam adAR] AgE AlEH ol AlTh ko] Fhol
A F71sted B} g&¥clgde A% & 4 Uk

5. € &

AlEH IR E o2 Fote] dAA @S BofF7] o
woll g2 & ok W fr&atdl olgd 2lov Al
289) qtmrh BRI Ao uhe} AlEd olA

Yated B A o] st "t of %L—~ 4 Zﬂ
g dAst] et oA A ZaAME AR WE
o]Ab Azl Al F#o]del et Aprt T gt
B =2l M E recursive feedforward network Aol 4] o]
91 2 duegd vaf @ WA £AE Fole F
AR E ASEA] S0 clate HAE £
-‘:— % Aol AR HaXTle HES
2 AEHold dnEFE AAssch ¥ AlEgol
A gnz|ge] HAE e HE AEYold vdg Ao
DES &1 E&L ALEEM]  recursive feedforward
network o] A 2} dxsperse wrd 28 YJUEY 2F 2 §
F& Axste A A8 21elE PR.RENS AA8Ig L
o, 2§ % §30) 8 HUE AHBH 2 diene
co M 2FHE Ad F8d wel d WA E deAe
2 HUYZo2H Ui wuolA ST F e Algd ol
A Ad NS BEATIEA Hogeg g AR 2
g 7oA e A2 HE Algdeld 7IHE A
Astgct ool dne]Ee Misn ¥ilglE #o] K&
Ade] ¢ wAAE BHUlFAY, EE De Vries "aﬂﬂ%}
#ol 3 MAIAE B il A& dhe s
FozM st 9 v AREE Algd ol ]‘?‘%
& 3 gidoy £ =RdMe Ad F¥o 278t
BE complex type Adol @ HAIAE HUFOZHN A
ByolA AAL wA|slH A, 7t 1EHE wA A& B
"oi&] ] A] 2] -);Z}E A= M Al By &
& A% AF AlEYolHE Fato RENY
LH—,— merge =7} F7bshA oA dmelFol vl
NEH O A wEel FAEE REFUY. doE

“

o
ks

REN o] 9lo]l Br} thefst ol Algsold YEYA 4
AlMel §E Agdold dinFe o] st o
of #3 A7t FYH oo & Fojr}
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