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Simulation Environment: D-DEVSim++
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The Discrete Event Systems Specification (DEVS) formalism specifies a discrete event system in
a hierarchical, modular form. This paper presents a distributed simulation environment D-DEVSim+ +
for models specified by the DEVS formalism. D-DEVSim++ employs a new simulation scheme which
is a hybrid algorithm of the hierarchical simulation and Time Warp mechanisms. The scheme can
utilize both the hierarchical scheduling parallelism and the inherent parallelism of DEVS models.
This hierarchical scheduling parallelism is investigated through analysis. Performance of the proposed
methodology is evaluated through benchmark simulation on a 5-dimensional hypercube parallel
machine.

The performance results indicate that the methodology can achieve significant speedup. Also, it

i
is shown that the analyzed speedup for the hierarchical scheduling time corresponds the experiment. |
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16
17
18
19
20
21
22

Algorithm 1 DOHS-manager()

> initialization phase
== FHFH #3dE 344 A EHNEHES 27|87
> o]l Al Eelold £
while (true)
if (there is a message v in communication buffer) then do
DOHS-queue:Insert(v);
end if
fetch a message u from the head of the DOHS-queue;
if (u.type € {(gst), (Ist), (cgst)}) then do
calculate GST;
if (GST = infinity) then do
terminate simulation;
else
send (collect) message to the node-coordinator;
end if
else
M « the destination simulator of u.
> ull B S MAMA us) EH A A Felo)EolA FaAFE o).
case u.type
(z):M .when_rcv x();
(y):M .when_rcv_y();
(*):M .when_rcv star();
(done):M .when_rcv_done();
end case
end if

23 end while

(18| 6) DOHS-manager Y125

DOHS "H& Time Warp Z2EFS AMSSIEE Th W AIA] Q] EALE(anti-W A A])E A S
¥ o] =AA AE Ao} 7]¥ocal control mechanism)z} DOHS "hie] 2wl 7|20 Ewincl of Bgsic) 1
A< #o] 7|3 (global control mechanism)®] T 712 HE o] fri= DOHS Wio] 7|BH o2 AFH AlEHIHE §
2 Us 4 ok A9 Al 7L AR Eo] Alsd o] & p-simulatorg-S 2AEgst7] Bolth. EWLE v
4T £AUE A9E 5 TS RS el 2 Pe) AR ~do2 T48T AAE smggler 9147
E93 AAN 7S rgtt A Ao} 7IHE 10 F 7t 02 == AFEERE EANE o, @4 18 F

Ay 28 &, frg

#el T 2 AEHold A AFH 2AEE 4ok gk 28 o] Wt e A

o 43 FAES dEth & ot} o]l gt stragglere]l tigt ¢ thA S d

EuhS 9a) ztzto] p-simulator= Y WA R] F, AE] Ao 2AZFe] £ WA vzt I Fol straggler
it 29 dAA 79 AR A F2E 7 4 of gk M) g sk Zlolrh 12U ol WYL dA
WA e 5o (W U (*) HARE time-stamp & 9] ~2A|ZE Ago] AA Tz 9L g 2= 97 w3t
AR Ags. Jd e R0 98] Rdo AuE AR 2AZ0] EY tdo] B £E Y2BE vy
F71407 AAs) 28 vAZ] Fo oolvl Ry &9 A gt 19BE F&4 293 98t DOHS W



DEVSO| 7{iEr B& Ajg2oiY

24 D-DEVSIim++2| MA ¥ 7% 49
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3.1.1 AeA 2
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oA oju] Fdar 1 FARAZEE (done) WAIRAZE 7]
EJFEJ aAs LoordlnatorOM— adez AAE A 9
= coordinators S 4 H} 742 o dbA| Agolch F,
D()HS»qutueOH e (%) wjA) lY o] 4220l A}, DOHS-
queuctoll = (done) Dﬂ JA S B o] AL}, thE A
Az Aelol Qe coordinatore] 2129 A9o)t} o}t
Agg ol gai A AAE AE 9 coordinators WATHE &
ae)Eol (219 Tyoluh
¢t 183k coordinator 7} WAE T WE A Fo] F
AEEE 1 coordinatord] 2] Yl Folol dh=d], o] E
9] GH AL ebsle] vl A A (flush)E 4 2181t} Coordinator
7 (flush) WA A& whowd Apale] el S FA] e E bt
371 B coordinatorof Al 11 WA E HJTHFR

QABHE

Algorithm 2 DOHS-queue: Hierarchical Schedule Cancelation
> el Al 2] well hal, src(w)® dst(w)T 7t Lot AR 34 A EHloHE

for each message w with a larger time-stamp than the straggler in the DOHS-queue do

1
2 if ( type(w) == (*) ) then do
3 delete w;
‘ 4 create a (flush) message f;
5 dst(f) « src{w);
| 6 insert f before the straggler;
‘ 7 else if (type(w) == (done)) then do
1‘ 8 delete w;
9 create a (flush) message f;
10 dst(f) « dst(w);
; 11 insert f before the straggler;
| 12 else if (type(w)
‘ 13 create a (flush) message f;
; 14 dst(f) ¢ src(w);
1 15 insert f before the straggler;
| 16 end if
; 17 end for

== (x) && src(w) is mapped in the same node ) then do

ol &}

(37 7y ASX L30E HoE AN ¥DRE
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coordinator™ FA] 2AZ el UHE FAb) (F A AEL (flush) WA A2 vHLIL straggler WAIA] ghofl A
oA B9l vl 2ol (flush) WA A= DOHS-queued] A Qlsith. o]E (flush) WAIAE o AHEstm U vl 2A
M Ee $ASAE AL USE ¥ F U olR2 Aol 2AZe) FHAaHE Aok (1Y 8b)olA A
2AZ AA d1elBo] straggler WAIA9] Helrth # o) AR E olE (flush) AR Y AE AZE HoFrh
A A3 HEs ool e uldth of & Sojx (2d

82 AAZE HAo AWAS BHo)Fr} Swaggler WA 3.1.2. P-simulatord] &% dwE

7} E34 L m) DOHS-quened]s F718 2A1E o A)A A2 242 Hi AAo| EUA sraggler HAIA|E
7} AR 8@). 2AF A EnFL o T 4 DOHS-managerd] ]3] =3 p-simulatord| Al HEE. ©]

r local time: 15 local time: 8 T

stragg?‘ < Node-Coor.

(x. 8. network. Node i [tk m R -

input message
\d

DOHS-queue (x, 8. network, Node i)
done, 15, router, Node i {flush, router, Node i)
(* .15, Server, proc) (flush , proc, Server)
message: (type, time, src, dst) :
""" > :trail of a (") message |
i A * —-— : trail of a (done) message
= :trail of a (flush) message
| (a) Before a straggler arrives in a node (b) After transforming schedule messages 1
} into (flush) messages J

(33 8 ASH AHE HA oY

(done) message 1

- DO,

P-simulator

O n(!)?ssage e Joa T o J(*)] :input queue

(x) message 1
| [s [s]s]s]s] statequeue

o o | :output queue

(32| 9y BHg 98t P-simulator®] T&
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Algorithm 3 P-Simulator:Input-Synchronization()
>mt & + AU E AR £ elAA] mg 2] $ct
> taps ordery time-and-priority-stamp TAE v ¥},
1 if (timestamp(m) >= T ) then do
> m< vl e time-stampE 2 w4l R o)t}
2 if (sign(m) == "+’) then do
3 if (m~ € IQ) then do
4 annihilate m™;
5 else
6 insert m™ into IQ in the chronological order (taps order);
7 end if
8 else if (sign(m) == '-’) then do
9 if (m™ € IQ) then do
> m* & obx A=l skt
10 annihilate m*;
11 else
12 insert m™ into JQ in the chronological order;
13 end if
14 end if
15 else if (timestamp(m) < Tt ) then do
> me #A 2 A Tg ZE elAl R ol
16 if (sign(m) == "+’) then do
17 if (m~ € IQ) then do
18 annihilate m—;
19 else
20 rollback;
21 insert m* into IQ in the chronological order;
22 end if
23 else if (sign(m) == ’-’) then do
24 if (m* € IQ) then do
> mte olul el g el x]o]u}.
25 rollback;
26 annihilate m™;
27 else
28 insert m™ into IQ in the chronological order;
; 29 end if
| 30 end if
31 end if

o p-simulatore 4

T s gAY &Y

(218 10) P-simulator2] & mA|X| §7(3 @D2|F

9 29 AAES g9 ok o] 9% Zok

918} p-simulatore] FEE (19 P-simulatory HE A 2] Time Warpo] e} o] Al 7i¢]
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#E AR Qo 9

and-priority-stamp <A 2 A 3tch of 714 time-and-prior-
DEVSS] ALAES #A4F Aladold &7A

ity-stamp =

P9 5 Y= AL AITHIL. of 49 YA 2

o o2 E AAshe duEe (29 107 2ok

313 AZH A 2AEd

T ouA 29 9AE vpAE Y] 7] p-simulatorE ©]
QA ol «13H 9 A do A A 29 Al o
= psimulator5S AEHCE A AAZHIE Aok
olE Hst P-COOTdmator«l G Es NustAThe)

7'“%"41 AlEY ool A 2AF wAAE((*) % (done))
AlEglold 2geith 24 AlEdolH Y AFE &
ﬁﬁﬂ B otk A28 2ASHS oy 7hA AYE 7R
I o & simulators AAEYE7) AT A
1 u«] B coordinators Aok stk 18n

of B & u, AZY 7t uETE &
?ﬂ o] Aele Al7ro] Bolzirh DOHS WH & 2#AF
g A2 4e3) ggong 2t v Ao 98

U

T4 AlgdolHY AFre AA AF4 Bu 051

AR AR s2EE p-
simulator= o] WA 2§ 4 A7 ol F7Hshe time-

oo 9 HFFNE 2L F otk vy Al 12 A4
Fo] FA5o2ZM A7l 2AF AR speedup s EoE
o,

Hel 1 (¥ DA Be upgh go| N 7H4 AR
98 g Fol L A ke 7 F F ]%Eﬂ °|H
T4 EE 7T o, Wi A9 "35}—3— 5o 4E
F e 2AEH A7 speedup2 T ZTh

Sn= 0 P log‘]z” 1

long+1

__number of committed (*) messages
number of (*) messages
v AFHY 4 k=7 22

gle] Aol A,
=94 T2de £ P=
oA AH BEje] 4

Y (" 1hellA Egfd Eoline
o

oF Ao A F4 NEHolHe AHZ2Y AAHL T o
A, & (1) An9 2AF AZHy) 2F B9 Q) 2o}
W simulator2 A8 A7) BAZ ol Ad 1 sk
oM HAiA 2AZF AL 2" dAddA 72 gy
coordinatori= 2}219] BE FAQ A5 1 59 ¥wEtT
A9 nylmin 1y)& Zo}A B coordinatorel] A} (done, min 1)
A 21 & B Al "t (done, min 1) WA A E ¥ root-
2AEE A7

d

[=log/N)+10¢} @

coordinator- o] ¢

# Atomic model = N

(a) Sequential simulation

- : Making a new schedule by (done) messages
— = : Executing a new schedule by (*) messages

A8k (%, min 1)
SISR

. —————ea .

r__l‘,'f" fog (NP) + 1

L # Atomic model = N/F|.”
| - -

(b) DOHS

(3 1) AHEH AHE AlZHol| CfBt Speedup
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HAZE HAAAF| 2 o|ARE 2AE A8 WA A2
gt} o] tA]AE we 7} gy coordmator—c 49
& THE FALAE wAsR 11 FAa kA of ¥

NEEREEEE
Ao 4 Ae)e
I E PP
gty

Btk ol ol el s
]7}0 ol 3@6]“1\7” 3]_ }\] Eﬂ }
T Ao Aely HA A7re thea

lig=(chra) « (logN+1)

tpous = ckra) + (log, 5+ 1)

[0 & viLsty gj & A
DA Haol g BT

A7IM, ¢ wk 7H9l T+
“}r“°]3—, ax }\ﬂ]
b dale A Z}Olﬂ}n

AE alol»"d A A¥lolA dee 29F Al
¥ ORE (*) AR 9 FubE 9o A& A7t
=3

T, =m  ty,=m + (ck+a) + (logN+1)

veq yeq -

T “[,ﬁljl =L Sy =12, (ck+a) » {log
DOHS p P p DOHS ™ ) AP

AA = FFEHAA SrtaA Ayh )
Agoli, ue A k& HFE A &}
A Hd9sA gu Bud () A A Agolrt

aeg ng Toous & Ued (%) o) AjRje] S W
43 A7108 iAo ol AAEY A speedup

714, me
oAz o} A

A 4 glok
T log, N+1
h == P "*@[\7‘1 D
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B 9ol Weg dgde 74 2o doane,
speedup® Th3 3} Pol = 4 itk
7 /
S\':' :JL::O P (2)
T pons !

LTI o vt A () WA st A
() WA e Sol vgoln, PE k= HFE £ ke
Qee) THER d9e 4 29l oz re 5t
BE ArEeel due Fojth

& HE Lict o 3 gl 2 0 ) o
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oEE ¥ FE
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01
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A Aal
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942 BEiEE 4
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speedup ] A9} speedup
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4 speedupe] dojd
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83| AR g o] &
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 Gehdole ofdle

>
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b

S upHe 49e FAN
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Mo BAA7L ek vhg AbghEo] Wel AW 1 A9
o] HAAR /M 1&g vy 7besid (g% WA
o 9 1 3AAdN Mg gle ol £ &
o 7H Hu o] A& X5g A 2o ¥
of #x7} =aEY, #ae Fol Yo, MUz
£ CopAge g b Ee el el BE

_0_ Hb =

S o A8 4§ don 7S
(28 1DE AFHoE FAE CHCS 2dS HAFE
o 7 Ee #de dZ 29 SLARGE-HCo|t.
SLARGE-HCE 2709 LARGE-HCZ F+45 3. LARGE-HC
= MIDDLE-HC&, MIDDLE-HCE 87§ 9] SMALL-HCZ
A9tk ztzte] HC 23 HOSPITAL 3} VILLAGES] ¥
i wdL 747 k. AF E(experimema] frame) =
A z} VILLAGEE 3AES a7 227} "ol 7t
HOSPITALE 9} A& 49 JAIES 2= *111%7} €
th 2z} 1/2/3/471% ) HOSPITALS 16/4/4/1% ) AL ES
Zvzy 7pA] 3 oA 74 st ok DEVS & 49 «1

oE m

8 71%¥ CHCS 2d<$ D-DEVSim++ 22 EHFIT} of
AE CHCS =d& Wi AZgolds dsin +£8
(partition)& 3t} (19 13)& 7h5dt §vbA] & o o]
o
N B o] KAICUBESSO AlA®lolr ojfo] Hth
KAICUBES60-% KAISTof| A 7ng 5 e = #HAE
(hypercube) W@ ZFElolth Z} #AFE REF 40MHz
i860 mlo} A& EF A9} 8Mbyte«] W2g, 123 store-
and-forward #1219} Z}9-8ElS 3l 5 21U B4 AQd e )
Aok FHAAES 2 =5 Add 1 ¥ Expresst}
= ¥E 0SE 7HA 1, £2E AHEY £ AT UNIX
System V R4.20]tT},
DOHS o] A% #7kE e, k= HHES 45
1 oA 327 744 WSIAIATIHEA Aol At &
A 2otk Folsfor @ He, 1719 == AFHAA
A3 € u]+= D-DEVSim++& &XHsequentia) =2 F3}
ok A REoMe A AEFold AlZHglobal

level=5

() Number of computer nodes = 4

() Number of computer nodes = 32

(3E 13) HEol MRS CHCS mRe| DiE|M /2 2t TE|Mo| 2de| +F HErCt
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simulation time) A4}, Arel A& &
= F77 9o gloEg ol

T

S e 19 BAH 2AF A speedup PZE
l e

571 93lad, 0 (%9 referral rae] 9o} ta) ~#A=E
AIZHE 248t 0 referral rates 0 & AXNE 414 @)
) fetel Ba e, olg Bae Hal Aol g
ol o= o] "Hoh (G 3 vy ARE Hol@c
F A F (SHE speedup)] ékéQ coordinator 0] A
A o A2 E(x)

i} (done)) & A g)ste=d] Aal H}O]Llr.
Al A G A speedup)®] GHS 7] jaiAE 4] 2
[ ol &gl 4 28 Aty falMe oLl e) H
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16 225 ‘ 237
32 579 61.5

(B 4) BME 213 ARBE H2qolelE
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T w o) speedup WBHE FA8H Axjoi)

ol A7k 3t speedup e F2HQ L Ho)
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Speedup
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(3% 14) Speedup vs. =& ZIREQ|

Speedup

32

28
26

24
22

20
18
16
14

12+

10

S N a0

S S——

[} 10 20 k] 40

Referral ratio (%)

{38 15) Speedup v.s. referral rate (# nodes=32)



56 shZAlZof|ojMEts] =FX| M5H, M2F, 1996.12

DOHS W& 7|EA0 2 Time Wap7|e AM2ahE
2 29 oW F=o i HrkE sjEolol dok (ay
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