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Checkpoint/Resimulation Overhead Minimization with Sporadic
Synchronization in Prediction-Based Parallel Logic Simulation

DoohwanKwak' - Seiyang Yang™

ABSTRACT

In general, there are two synchronization methods in parallel event-driven simulation, pessimistic approach and optimistic approach. In
this paper, we propose a new approach, sporadic synchronization combining both for prediction-based parallel event-driven logic simulation.
We claim this hybrid solution is pretty effective to minimize both checkpoint overhead and restart overhead, which are related problems
with frequent false predictions for improving the performance of the prediction-based parallel event-driven logic simulation. The experiment
has clearly shown the advantage of the proposed approach.

Keywords : Event-Driven Simulation, Parallel Simulation

I|¥=: OHIETS AIZ0/M, W AIZ0lM

147

http://dx.doi.org/10.3745/KTCCS.2015.4.5.147

MOB T g, ol Fa dle HE 24 AE#olAdd 7
oW =et BAl oW =st vl s EAE] dE
B oMETE 24 AFCA: 0T S0 WAE T o &, 24 ABolAe YA T4 o]d uy
S "ol BZZ g AA o] ThEo] oJHIETE 2 Al EHo]H sto] B7] ewl=9} B4 on=rt FA8A F71ste]
e BEHoR ATAAN AEHlAY 5o wolast HHE2 Zato] Jgeks ABY oA AS 4L A ¥
St Aow ou edAREH B A7 AAHoIgon wmugg].
[1-5, 11-13], #2ell= & 22 A EHoHER HE o o] o} 7o WA o|WMETE ABd oA Iwa
g 53 ¥y AEdolAe Adsta v, 7). 1y A 7] oHE= 2 BA o= Qg EAYS iAo
SR 9] AT Adtsl g3t Al g AeHolgt g 2 A 5 Q= e ¥ o METE A AByo
A 71l A ATHI] e o] oSkl WE oyl
T 3] 9 Raeta Ay AR T TeAL ETE 24 AEHHAANE dFo] 5 A5 st
T4 8 g astn ARy 1e o ) _
Manuscript Received : October 22, 2014 Hagk AAXJES} AAPoZ st A&l A5
Accepted Mreh 18 2015 Pgol AopRe & ok EAge] EAT B R

* Corresponding Author : Seiyang Yang(syyang@pusan.ac.kr)



]

REs

a)

z

[e)

-
2

e 2
A=

[e)
RN

o
.

q

T

Nz A At

ol

o SIwARSH gkl ¢

=

=

ol of

197 ghwe] ol =4 AB o4

AlE ol

[e)

TH

)

=
il
o
=

[l

o M5=(2015. 5)

=1

sfolne= WA g

g oMIETE 24 A& o]
<]

EX/EFH 2 S8 AL H4

=
[

=)

I

=

Ady oW =s HasAd 5

(SS; Sporadic Synchronization) 7]4¥Fe]

HEME

148
ol
=

e R N M) I Nl . N T B B B
*oWoxe gl L Rl T RN ﬂaaiﬂnilﬂe _ o WONTOE N e WO r o= A .]ii]; ugqga <
Mol "o E oy WX g T ey O L R L NER _WE D CEE g e A
= NG * = o Mo o XX T2 o, T W NG T ol N
TSR e AT Y M e T e 2T PR s
P - T T T 0O o o —~ X N W g WOw N o X UL < o <
BT REYRET R o ° E@Oﬂii%%QWQ%M%@W{L_Lﬂwal%Alwﬁ
o R KK R OE o =X BT R L - AT R
X — = - = — | o <Fml o) W o= oy T f = B g oy o Wy B
TERET N g e Ok i B T - - o A S o M )
Yoo mwzwp DT o I TR T T S I S
HI®ox o T P oo ooy P ot ayem Mg RTE B g < I
PEIVF R G R T g P wEA I m g Mpw e Bge Wk oe e
TSTNETHE B o %ﬁﬁgi%{ﬂﬁ%@oﬂz%ﬂjﬁﬂakwmwmnﬂm Qﬁ@%%%ﬂ
~ ~ = i | — . — By = _ o 5
mwkuaﬂux“@maﬁ N ﬂ11ﬁioﬂ%£%ﬂwaewwoﬂr = W.xoymcﬂm_mﬂ T X =
Amln_Lu W om o o T X BK oml_]o#oiAxLL,mu]rmEmu By o WK
ﬂ.&iﬂiﬂmuc,_izrmﬂ %E_E?%aﬁﬂoo%LEoﬁuwud.%mLo_ﬂnctuﬂaem_ﬁﬂowmﬁﬂ%om
e L M M LN e
o -~ T 3 ! = _— . ) - =
- BN FPETST Tk mT iR TR IR N em R X
R TR N NOAT xRl Pl olgrrls  RRLNDT T
T I E e m X T EE max (BT TN LI E g cxea Ty m ) AL E
o - 7 — o XOwe 0 _ Z- — % ° 3
ﬁro_eﬂgdﬂ%WH%MA W0 2 Mo %o mMocET].dwe%ﬂﬂo%_ﬁo%ﬁ%zmﬂﬂgomﬂﬂﬁﬂe
XX _ Xl w M o _p g la Phrtgeregr e Clasgle s @T
Oy mEmm Bl mTORE LT DTSN PT g 2 LR s P m e omr E P
Eaﬂjl,qﬂmﬁq,A ﬂh,m_.gl OJLE]‘I,olﬂ QL7_|O#EE_1€A‘I7Xc#e_zja,l,_l@va <= .Aﬂlo
EEW — = nﬂ&uﬂ;lll Qﬂﬂ%_ﬂ‘ﬁﬂﬂn&ﬂﬁl A — T o \ol.ﬁd“],ﬂm_x E‘Mqﬂ =
i e N ~ i = Nr iy B RCOW RO X il oy KON 9 o Ty T
] Wl i o B R N Dl TERT I IPERTET KT I AT TR TR
4N R 3 i g %ﬁ wﬂ%@@_dﬂ%%wﬁmﬂk%%H%ﬂiﬂ@ﬁe_
o lo N = . = Nr v o o T L w om ool _— & oy
G ooz oz T FEiaslacsiTolauxfRiziCy
SRR = = A= =T = T ol e TN T oy mm RO W = 1 N i
T oo o T d d T o S o o = K 2o o 0 Zo T < R = N
T oe 2 sl I EX T ows X B K TR oMo X 0w
M{a@ oy Ry > 5 mﬁoﬂa@ﬂoﬂugdxﬁmﬂ%%ﬂﬁ%ﬂi T W
o B & BT T GLFEEAL RSBmOk T T T
T o <oy "~ Zow 2 mﬁf Er e P R EERAME ., T X
T oon =T = < - < = %) —_— - < DB = o o o ~L nﬁuxg_q ~
W Rl % S 2om R AR Mg g BRE R R Wy ® Wy
@ Mo z %%%bﬂﬂ H%mriﬂﬂ%momuomimaﬁ@ s
o oy T = = ™oy S = = o T iy =T < —~ o PN =L
~ X 3 0 o] ,U|ﬂ_| = otA,I‘Iﬂ ]:Ac o
B g oy d_ ARl mgh e rew By NI TR yT ST
_ p— = = m T N ~ 0 S Tv B~ KFoxP R ) 2 ]
W ~ ~ MWMA%] ﬂﬂua]ﬁ\n/du ALQMQ]QE7‘W%V&|31QO R
t+ = — o N o 0 = = =) oo oF = B o= = 0 0 o XXX oy oA
o = OO o ~( - ) o o G S = E F 2w = 2 o 2 X = o = B
bodﬂ_q,m_- W ‘aalu‘aaﬂor WL UELﬂ.ﬂm%molxﬂ%ﬂq{uﬁw\olagmmcmﬁdwﬂl mﬂ_lww‘_
— . Q N i —_—
oo x I o BAER L AWm.mlﬂ«.ulﬂa;L%N%ar.m%gﬂﬂ%ngmpﬁﬂw
o 7 EE B L. S EoteE ﬁwwmw@ﬂ%a%o_wﬂ@ﬁ%éﬂE Tohw
O Wom 2l dw ;%moﬁﬂ_fwwﬂmwi%gyﬂwﬁvﬂaﬂﬂﬂﬁ
f e N T o 2w X0 X gowgT I~ T s OF om0
oo i+ 5 T T om N ey S oe  TMN 5 2R T A T
» = Vo 5l Tooow R o R oy M E%ﬂr%qﬁa_tﬂ%%mAEWﬂWEﬂﬂ,ﬂﬁﬂ%ﬂ
> s O T g CO Rl -l = M 5 Ty Ly T O o P Rw X
T o i P pappS g ﬂﬂA@%ﬂﬂ%szE%mﬁ%N R
e sy =l = 0 o Ao 'K ™o N . X
= N Mo %o il o T Mo oo o o aa?%u.izfqor%ﬁm%% uo_1ﬁdrﬂ%ﬂmozr
To° . — Q#o O‘Dl ] —~ oY o o
e ol & o« oF . . . B W wE M ETORT R T o TR AN S
= o owr o A WEo o TIHTHTIFZTPARS A Y

tol

o]

2 9

=

(restart after roll back) A1Z Z2Alo] A7t} o]

FEHSI.

5

s

Fod

o]

=

[¢)

[}

=

W (rollback)

=
=

7}

e}

]

A

(checkpoint)



149

t

2

A
it

HEIE &

S

TOIE/THAlSY

o0l M=

=

y 25 AIS

du T of B oUW O™ oW oW - — 1r
% = — < BT W T N T = 5 - = — = — ]
bl I S B w| o B < w RABTHTETT LT T HTUT LU AT R
o o W BN 5 c Moo W J}ﬁxjmﬁ_XAyﬁﬂogliJ ® .® MR RMN
Joo ) i_ﬂ7 ° = - HINIHIE“NUlEH7EEuﬂHaﬁd_ﬂ iy < = B m "N "
Moﬂd_ﬂE ojo o,*]o#m cﬂ_l,udrl o W ewaﬂﬂﬂmﬁ%mcw}ﬂﬁ.ol&o o ,Q\Alﬂo\xrc]@% A e o,*ﬂo,*w_ o "
— 03 o = o — T o 3 © . s
E@IEEO%%WﬁH Al Nmﬁzomhﬂﬂﬂ}@ﬂoﬂ@&ﬁ%ﬂ o Ty Ny E Ry EL
L S ) S AT SN Mg WA DT g e = R= S
o LB Y o= w3 T s rwomreL L BT Ll oY =R X
T oo 4 R g = w2 W ook e B T T e 29 & n HWEHIEO
537 do om ol ol oo = ol <0 ‘mo]ﬂul]]q ST R e ey ﬂ|.7u§ﬂoq] EOMﬂoo,_ﬂoE]
]Ex_]q,.ro‘mﬁ,moﬂeﬂu,ﬂw — 3 OAﬂmo:L:oﬂu ;MEPJIDELEI < 2 T||J1,J||z€ ngﬁﬁx
< ® N <0 o st ~ o ) o — 203K oF ]ﬂme_]ﬂwoga X m xR X = L W
o Ho 5 U s oo RIr - T o N pj N X N = < o ® T b = wp BTN
o7 K wr = po ™ djo MoK il — = dy = = X o| H o} ) =0 o
R o I - G T 30 ﬂﬂwayeiwc__o@ﬂ“?ﬂi%ﬂﬁ%@aﬁoEf%ﬂ ﬂemwﬁrﬁ.ﬂn%mﬂl
EE@%&%.%E - szﬂaﬂgogouoﬁz_qm]ﬂo oo N g T . oo
TR B - oy _zymlﬁ%ﬂomeﬂﬂvmgéﬂoa% T E_ T BT M e
rr @y T Wy dEn iy TRy E s iéE%%%dﬂuﬁmO%oﬁomﬁ%ﬂﬂ@z%
- —_ i X ™ = o8 ; - —
TP T2 w3 xa%kﬂihgg%ﬁgﬂéwﬂuﬂﬂ%l@é;@%iiEOme%
of Mae i = M _ % = 4 T & XKoo TRy <o X TR e e T d BT T T R
SR ) W W Y El =g o T e I T B < R T
W= 0 XW]ﬂL\XEﬂLM — [f POWH%MEaEE = o = _.n_AI.AL]VZ_.HeDE}HoA EAla] %5 =y ol At
T & Woe RO A N — ™ RO = w537 = N X TN L1 R e .
EET ML o v W< s o-PRIrdEo 3= O o i ROSGIR
G P R R el E e B EM L LT SRR G PR ST e T T
S o Fo T T M X2 ar K i o do 3 o h o o Hﬂxudu}u.xﬂxuﬂmﬁll%%
= < = o i of o I Wo =8 K 4r B oo = o o P T " T o= ~ = T —
o AR R L RRT W il KO = B oo M T 2w I g FTp Ty Te e
. wNEw® o T & Mmoo o o T w mE s oy P W M TR =
oV pl o= -~ n Ho = o - ™ o o X oy XB s Hr W F o= o = F R A
SE LTyl E RO PXodmur® R oW H oo o T
= ; ~_ o & 5 T = — - KT o -~ T ®Oo) T w © -
KRETETTEF ST au%@%%%%&1LW@mwxﬂgé%@Eﬂzmm%EWﬁi
A FEEFH R T T oNTTANDT T w
Tl I T N S N eI TRl = = _

RS TR EE P E S-S T E S PSS S5 o
e = — ol K~ g i e R o RORORE R QU %I ONe = =0 ~ i3
ﬂ,ﬂdr.AUrd.ﬂu,EAUTHArAaoEd-owLﬂiﬁﬂuNa_ﬁoﬂ mOomoFﬂ7%oamﬁw%l/@ o B <
oo W o — N LN " ™ o o= ) op T s oE%A — — ~ = =1
S SRR N, HZT;_Aeaaaﬁﬂﬂamx%aﬂ%zﬂﬁg Sfa) sEus m %
5 X pw R T T T p 2w oW L S 850l S - & B
oﬁmoﬂo_]MA%%%WWEﬁpu,ﬂl%mro_e%%A_z,_mﬁwa%muﬂMWuMEngmwF — mmwm AWW
@;Z;@WH%Q%%Eﬂﬂ%ﬂﬂuaﬂu%ﬁa%ﬂ%ﬂ%%m%@%ﬂ@% e[S NEE
ﬂEﬂ%%ﬂ@%?%ﬁﬂ@.Ameﬂz%ﬂianPﬂﬂ T .0 do T iy S g Mo X
o o o B o X -,&?%ﬂ]%aﬂplzlugﬂaﬂ«ﬂzliiﬁ T8 N
< ro g 53 b T N T o 0 i b
PHE B N dw Ry gﬂaay%ﬂ?a&q%g@g ol 4+ 53 & o= Y
) - ) ) — ) —_ —_ | i )
BuouAdéaﬁuﬁo%;éWoEMHAH1ﬂ%é%Aﬂoﬁaﬁ%&L SEE o~ u = A
Otﬂ.sowﬂex oo = UZ&IHEL.L] = BK = MW }ﬂ,_zéqaﬂﬁe Ss @ o =)
o Wy W W G I T oMo o’ B g o Wrow Ez g = ™
Eeq :,LJ-H,UIN_.O:.L/_%C L Ko e ) 8] el =<0 g aﬁﬂowE ot & = 8 O ‘OI‘:._,
o= o oEr P oy W oeE ool BT Mon g = W BT T o 2 8 T oo
ﬂ,_m.u,#%mﬂoﬂa_nmoﬂl%Mo%ﬂuﬂo]ﬂc]#ﬂwct ﬂﬂEWwo 1@.%]1&3 = W o
o ﬂﬁJu];Loolo]ﬁﬂ]Le‘%AaaT R T X0 oy N S X ~ = W of
%{a_ueﬂVXAEW@MAHQ_AMQE,%%gﬂ%dﬁi%%ﬂ%% “5u S wo A
M@%%ﬂ%iﬂwﬂowhﬂvﬂﬂ%aﬁgNi%ﬁiﬂ%ﬂ@ﬂ%oﬂaﬂ%ﬂ% _-. SEn 3 2 W
meﬂaﬁ%uo_%_z%Eeﬁ_goaﬂaﬁ%ﬂlzoﬂmazuoﬂyeﬁrﬂ;luauAﬁa S o 5 = o) o
R IS o WP Ry O B W T v T TN R, Mo Ed o N %o
el R L~ e o W 2 I o e I B g .=
L@_Zgﬂ%a%wwgﬂﬁ@ﬁﬁ T e e LB EEw N oy e F T

)] X K- ~ N oL o~ .
R ug“/ﬂ%iﬂwax/ﬂ%ﬂorﬂqzma SRS T R T - g g o
HM%W%ﬂ%ﬂ%%ﬂ%meﬂaﬁ%ﬂ%ﬂé%%uoamqimﬁ%#Emﬁu?ur 758 w ﬂEwoww
TR T T W ooy X o S TR Mmoo BN E NN oy 837 ©
= R RO R T T L = _ ™ ! 58 Nro=
R NS S 0 B AN E A F RS Bk Sk F o
X Mo s M7 REDET T TP Mﬂw

oot 2e

L

L

=il A

AR Bk 2

cE2 =
s =

CAE|

]

REs



150 HENESal=2X/EFEH 2 S8 AL M4 H5=(2015. 5)

simulation
time

@ Checkpoint
a) Periodic Checkpoint Method

simulation
time

ey

. Synchronization Point
s« == . > Continuous in-memory checkpoint

b) Proposed Sporadic Synchronization Checkpoint Method

Fig. 2. Conceptual Drawing of Two Different Checkpoint Methods
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