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Abstract

This paper deals with the design and implementation of an interface for interoperation between

DiskSim, a well-known disk simulator, and a system-level simulator based on DEVSim++. Such

inter-operational simulation aims at evaluation of an overall performance of storage systems which

consist of multiple computer nodes with a variety of I/O level specifications. A well-known

system-level simulation framework, DEVSim++ environment is based on the DEVS formalism,

which provides a sound semantics of modular and hierarchical modeling methodology at the

discrete event systems level such as multi-node computer systems. For maintainability we assume

that there is no change of the source codes for two heterogeneous simulation engines. Thus, we

adopt a notion of simulators interoperation in which there should be a means to synchronize

simulation times as well as to exchange messages between simulators. As an interface for such

interoperation DiskSimManager is designed and implemented. Various experiments, comparing the

results of the standalone DiskSim simulation and the interoperation simulation using the proposed

interface of DiskSimManager, proved that DiskSimManager works correctly as an interface for

interoperation between DEVSim++ and DiskSim.

» Keywords : DiskSim, DEVSim++, System-Level Simulation, Disk Simulation, Interface

. M &
2 eolg] Azl gk o] tiFgd u s%
(Hadoop)#+ 22 Bldlele] #7g 2 Ag] ZPFAA £ ©
ole o] A& diohs A7 [A Blole A A%
o WXE A7t FeaA 1 lvk. 53] AR F wEA|
A3l SSD(Solid State Disk)+ 71€2] HDD(Hard
Disk)dll vl A5o] &3] ME3 7[Fo] Abs|™el ue}
HDDE tiAlste ake FAlololtt. o2 71 SSDe 3%
23 ZollA] HdolEd] 7MY Ajtet 292 7l taaE
AAIEP] A e 23lo] Wiyt A WeolE Al A4l
WA FEE EAof gtk A H]83 A7 S
A *‘ﬂ 1 .%._f—_ o|& EXslE Zlo] Erlsslr] wiEel
A3 Zlo] Fasith
2| Al oIS 83k T ol
oldz}, BAF S 9% VIEY A Z2EZ 4
gk AlEHe|Mo] AF E= A oo} 3t} TYE|E
2 3% AEH B2 A7 DiskSime] A5E A&
olHZ el ltH1]. ol HDD %%t ohz}t SSD7HA|

AR oA Algeold & < 7] wiEeltH4). o]

O o2 O

>

A=}
=
2=
T

s3T GeR AEasel

Eat=

ool
tlo

vl
mlru
re,

ge 2

Tk

el

a7 Sleie

of| X
5] wizo] Al Hulele) A2 Azl wAE
= DiskSim#} Al2=®]l - A&
Fahe Zlo] Basi.
vldglo|E7} A A== HDFS(7)9} 22
9] el B BAAPA S
Holisi] SlalnE sl s BA BAE T

=
Sl ok 29 BuY AEod A 870 9

AT 1 FNE DEVS

(Discrete Event Systems Specification) &2 22 A&
ol EEHI AAXY  mA/HI  AEsE

DEVSim++& ¢

BHETH)(3)(9).
S oleie B e P48 HAaE Wik 3
AP R ABACTE RS DA AL A

1/0 2] AlgdolHYd
2

S| el ol g8l AeirtaL

DiskSim¥} #4$] 9] Al ~H=l

A&l A DEVSIim++E 9A%dE DiskSim-

= Ageks Ao] aET. we
LTS BEdE dEjslo]~



A zggE Algd oVl Haa [/OFE Aol o

25 93 DEVSim+ +3 DiskSim Ato]¢] <1

IEjslol H7 9 78 133

o FAHA - AlEH o)A Ikl Fro] ML glofof gt

o T - AlxEleE RdE Al DiskSimzke] EiH o]
ES D=

o AAMEY - ket 3o mulg W

o A - e wro IS

£ =129 2%0ME o84 wiA B AFEAS v 3
Aol Ak QAejso) 2~ éﬁl 74 7S A, 4%
dxE ekt Wixnla AE 2 AR S B AA 74
¥ DiskSim-DEVSim++ Eso|2r} s F2lets
AZdn 53 A2 Ddur

I, &3 o7

2.1 BHd ™o

# MRSIim(5), Mumak(6) 5 MapReduce 7I'd
288 Hadoop(7) 5 HdlolH Az] ZeZ thet A&y
ol AF7lEo] o] o]FolA] gt AN o] 5L B
o] A28 Al BYolHE gaa 5o %S a3}
Baleta QlA| etk ghR o] SefA] viRe] Al
£3] SSD(Solid State Disk)(10)52] A2 t]x3e]
AL el 24 o] wez 14 dgolE X7 Zaxa
B9 g A4S 7Rl HAa, MER tad A 29
o] Rl A& 93l 23 E A BARSEE HldlolE
Azl FRE AlEolE/t Besk Atk a8 1L HF
ERE she ek Yoy ZE g AlEolE 7x
oJt},

0\1 ‘{ﬂ
T oo 2 mlo

it r1r

-3
D;: . MasterNode
DiskSim Ny:Node |~ 0 "\ T
ns:
— NameNode
Dy N, : Node Network
DiskSim Model
[} \ | js:
2 JobTracker
£ Bl 0 A A —
Dy: N, : Node
DiskSim

Disk Models MapReduce / HDFS Model

T2 1. 2F ARE Y QlEfmolx 25 ol
Fig. 1.Target system with the interface required

o71A tz=a 2o eyt A Ae] e mlAlE 9@

o] wj$- Fa8p7] Wl taa B vjg- Allsior g
d

o, mep #3e AE a2 2] o

o
-0 =]
= 47

-
ol
-

= "]ﬁﬁﬂ JE19] DiskSime AMEshe AL 713t =
2 ddlolE] A A AFE = RS2 Y A E
ol E TA3lgt o Mg oAl Edold <zl

DEVSim++ 7|¥te g AAHYES 7Pt 59 7
= 2el2 AAe fARH shte] DiskSim AlE# o] 2
=Yoo w AFdl TS /Pt F le MR T
2 GEie] AlETlelE o] mEel AES fahre ARt &
718kt wlolEle] Mgho] Fasitt, mEb & m=RoAE o

2] 7§e] 41 DiskSim AlE#°]ElE3 DEVSim+ +4]
B0l <RI o]7]F AlEdelEl Sl thal Azt Hlo]
B wdksle] Jedt Algeolds 7hsatl ke e
25 AAsta FEse 2AE R gt

f
J

2.2 DiskSim : C|AT™E O|ttALA AlZ2]0[E

DiskSime #HFH 7|&] dxd ulgk CPU, 71934
9] &t Wb wet t]=1o] Aol AA AFE Al
28] Aol A= Gafo] AMA thet AR T i3]
U39 s Ags] HaiA FRIZIBE distellA AT
gk tja3 AlEYoHolt (1), o= 1/0 W&, tai 7E
9, aelu AEZd 224 o%ﬂi ] g3 P2 o
& A%< H7R). DiskSime 3 7Fsdt 7125 AlFst

o] theket txa B ﬂlsﬂﬁ A AZE ANE ol EA
dejx grom] H SSD7F HDDS WAl AR 2 5]
WA SSDell thet g ﬂgo] nlo]| AR AT Eg o]0 s
NEE 3 AR o] $T}H4)(8

DiskSime #FE == 17H
AAE e SHolnz a1 &
Eyolele} A9 & gl dHH| A5 AF3ln It 3t
ANt ZRA 07 3 AFE] wrof FaE JejRo] Al o]
g 7Pgsta 9a CAol 2 s o] AR 7]so] A4
HA] ot oy =2 o] Folzl EAF APAI 2wl A9 of
2] 709) DiskSim QIABI A (ZEA|2) S AMg3 o} 3k 1A
g 7T ok

w2l 49 Agedoleel
=S Al $29 A

2.3 DEVSim++ :
DEVS (Discrete Event System Specification) &2]&

[3)€ ol ARIAI o] thet e PHEOE oleldt 38

HE O[LHALA AlE3old A

—

F

AlzES AR g 0 2 By AAde nda] Uy
o]t} DEVSIim++ 72 DEVS 24 7jEAE 93 A
ol PR C++ & APL 7} AlgEs wd spd

g Fkﬂl



134 Journal of The Korea Society of Computer and Information April 2013

ZR= APl & o|&3lo] DEVS WAME C++ & s
H2). 78¥ DEVS 249e DEVSIim+ + W] e
A& AEdolAd dulEel Qs Alse s 4ddc)

24 0|7|F AlZ2f0ol&f Atole| AF Al At
7% oA g o 2] AEE S8l
A WA ARkl Aete] F7lstEojok s, EA) A HEe
AR} M & 58S 7EA| 3 mgkE]ofof gt} o] 7] A
BYlolHzte] ARt $713k= 1) A Al Wy 2) vhs
El-&glo|8 71U AHEE S gint 1) A ARkt =
B2 Fol ZE AIBHOEZ} Aol W Aoy, 2)& A
EeolE F o= sh7t Al AlEdlolE ] ARl S o]
e W2loltt. B =RdXde 4% 71%S aelste] 1)
2)5 A-3] £ slolH= VS AT wlolE ]
w2 7 AlgeolH oA EAskE APl i wAAE o

kAo o

BelolEo] Wakal] Lule wud) Agels AL o)
Aoz o|e Tl @)

glolEle]H, DEVSIm+ +& & o]A17IA]
B0l <lxolt}, st ndlal g2 2o] t2r] wid
A% T A53l] AlEe)Adsly] flelde dagte] Al
T} ARAe B71st gesitt oy B AARE )
B AFH =252 A ] i 74 =252 3

el DiskSim 1812453 DEVSim+ +719F Al &8 ] El

o|71% AlEH e 2t AIZF 2 AR A% Qe A
5 22 dE oz AAIEKITE 1) DiskSime ¢ #FE
w9l AlEolEe)r] Wi xt mEg (7)o ZTaAlx
2 YA} 1 o]fE DiskSime] FARSFA wie] C2
H 2z s FYslA gethe AAE 77 bRt
2) DiskSim S12=®14E31e] AIRE B713 2 #AE S5
Manager d< =43t}t. 3) DEVSim+ +WelE 1712
DiskSim ¢lz®xo] tigl 17§2] DEVS Wrapper Zd<
Azatt e DEVSim++ =5 2d& 24 DiskSim
3} AE3A] & A FH Wrapper BdoAq o HIES A
geld YA AEoR Aees )

DEVSim++

-- Simulation
N;: Ny: Ny process
Node Node ooo| Node sp-.._ _ Single Node
Model Model Model Model
DiskSimiF DiskSimIF [ o] E— DiskSim Wrapper
Model

DEVSim++ Engine

DEVSim &
AN .- DiskSim Interface

process

DiskSimManager |L .

(TM/EX) ~.. Inter-process

"~ communication

v

coo D.- DiskSim
' I !
DiskSim Simulation

D
Disksim Process

7 3
D,:
DiskSim

T2 2. Mokl DiskSim-DEVSim++ ¢1E 07 Bl
Fig. 2. Proposed interoperation architecture between
DEVSim++ and DiskSim

7 2% flek e AA LA osiM AAE ATz
oty FHe Axow ¥H AL TaAAR IA A FF
o] TaAAR FEAY, dHE DEVSIm++ 7]We] AlA
H 5 AlEglo]d ZRA 2ol shte TR DiskSim
AlEgeld ZEA|2Fo|t), T 31| DiskSim Z2A
»E55 #2)sk= DiskSimManger (DSM) E&ZA| 2ot}

o|g13t TRA| 5L TCP/IPE A3 Aete] Al 2H)]
Tl AlBH Ol Uols there] k= BdE 4so] §lo
o, I yFelle o] ofg] HXPE RIAER FAHEHAT
DiskSime.2 HxaEFe] HZ 87&5 HI7] Hsire
DiskSimIFZ %7]¥ Wrapper ZdolAl 23 ARS B
W, DiskSimIF& ©]2 DEVSim++ AlE#Holy <dxez
iz, Az o]& DSMelAl B4l sizlez Wdlslo] K
B HE2 o7 &Y DiskSim ZEAZNA A2dnt. Az
7} &59 A 9o Y =29 DiskSimlF RdE
Bz 9 843 Bdlo] Ay} o|MES Al Weo
2 FEE AAIRI

olgfgt t2o] e AHAHEd )= DiskSime] £
£ 4slA] ¥a thEsk=s DEVS 229l DiskSimIF 24
AT DEVS oMIES Haufd, Yrx]E AAHE <lEjso] =
of ofal] AHgo & A Hrhs Aot} Frleled, % a3
o] 3G AlEHolMo] sk ¥ A5 DiskSim AlE
#olEl & Al AstL ket WElRd 2 giAE 4+ de AdS
7t

DSM®] g&ke DiskSim Z2A 29 A4 2 A7 B9 3t
9] Al BeelE ], DEVSim++ dFozXE] 949 o]
A 94 (a3 B ¢7], 27] 5) & 319 DiskSim Z=24
2ol|A Agshe ARIAR(EX), 89 AlEdelA A7k} 519l
DiskSim AlE#olA Alrezte] $713 (TM) S |,



A2I5E A BH M TAT 1/05F ABHolH 95S 918 DEVSim+ +3} DiskSim Aole] Qelsels 44 2 78 135
: I (TAR/tS) (TAR,tD) (REQtS)  (ACKtD)
ﬂfg‘; > AR t5) | (TAR, tD) <——| ¥ ¥ —— |
Model [<—— (TAG, t5) '} (TAG, tD) — | L'? == DiskSimManager l
H v v
[ (CDStS) DSM DiskSim
> (DDS.tS) !
H REQ tD) — t
DiskSimIF U (REQt9) | (REQD) 1 T e
(ACK, tS) ! (ACK, tD) <——{ : ) :
; - *>| Compare the first entity
DEVSim++ Engine |A C B
—|

DEVS Simulator DiskSimManager

DiskSim Simulators
03 3. o8 HAIK| Y QIE{H[o|A Fe
Fig. 3. Definition of interoperation messages

= QI H oA HA[X] Mol

2 2R260A AEE P29 AT AAE fa Ba
gt DEVS Simulator <] ¢4% vA1A] ¢ DiskSim <]
P& vNAE AR God Flolrh. BE vAAE
g A 2="zZE AYw DEVS £ A7 tSE,
DiskSim% AIZF tD2 3T

Z+ WAIA] 9] o= TR 2tk WA AIRF F7)ske) #
Aslo] (TAR, tS)E DEVSIm++ <Ixlo] ofdl &=
N 73T 2] AR A v AlE#E el AR tS
2 2AES AP e FLA ARIYS7HTime Advance
Request)= 843hk= Zlolth. (TAG, tS)& Al#HA}
7 AREE sle Fohe &2 (Time Advance
Grant)"WlAIAle]t}, DiskSime] (TAR, tD) 2 (TAG, tD)
T 2 oujo|ty,

b3 #Ag WA]A] REQ= DEVS Edo] DiskSimIF
2d-& E3) DiskSim £C.2 HfE AT EE [/O 8o
2 REQE (ID, N#, D#, B#, 8) 4% 71 7|4 ID
£ 83z N# AFH =& WE, D faa W,
B#e 55 W3, St H{Istwal sk QR 59 N5E
oujgit}. ACKE DiskSimoll4 DEVSim++ZCo2 Huj
= 2SR (ID, RESULD) & 7451, IDe 2349 24
2 zjo|t}, miRleo 2 CDS WAlA]= DEVS Simulatorel
A DSMeR B WAA 2 =S NS ser|E R 1
o] e w==29] DiskSim U2HAE AAgslels HHol
o} DDS WAAE =EWE Nidl 818k DiskSim 912
H2E AA s WA ot

olojA= HoX= 17 344 A, B, CE 719 IHH
ol B DSMe] AA 2 P sl 7t

EL

3.3 DiskSimManager ¢x2|& MAH T8

DSM-& DEVS Simulator 2 DiskSim %%:<] uﬂAlﬂ
Wobx] A)ZkAE] | DiskSim ZEA2 #e], T2 [/0 WA
2 A B E sl GFY AR TE ZREFS @S‘*lﬁ

Y
T map_tn < map_req
map_ack
YeS_—TAR from DEVS 71°

(TAG,tD)

<qc---

(TAG,tS) (REQD) (ACKtS)

12l 4. DiskSimManager LT2I&
Fig. 4. DiskSimManager algorithm

F= 98-S g} ol fste] DSMY] As 2= I9 49
2ol Al M FE ARSIt WA map tn DEVS
Simulator?} DiskSime] DSML.g Assl= A7 18 8
Z(TAR, tS), (TAR. tD)= At CAUR 8 keew
A78kal, map_req= DEVS SimulatorelAl DSM2.2
Fdhe (REQS)E Al £AUZE Q8xkeo 2 A%t}
apAeto 2 DiskSim®] AZFSA A= /0 234
g Xz BUE (ACKtD)7F AXse]  DSMe
map_ackell A7gE ).

DEVS Simulatorst DiskSimeZHE] A7t 218 97
3} TARZ} A€ wvlc} DSM2 mapﬁtn9] A WA A<}
map_req®] A HA QAA}e] AIZFE ¥lwdT} map tne] A
WA QUApe] AJzte] o] 2 A9 s Al XY e A& B

W DEVS Simulator £-2 DiskSimellAl A1zt 212§ 517} ||
AA TAGE A3t} W map req] A WA QlAke] A
7ol TAR ARRMETH B 22 7§ wAR(REQtD)E
DiskSimelZl  d$dtt. o¢ks W= DiskSime
(TAG,tD)E Woks wj Al7H RPA7IH, 1 A= /O
7] 4RHULS AAENE oW (ACK D) #IAAE #
£0] DSMLE Bt} DSM2 ©]& aldAIzkel (ACK tS)

vAA 2 DEVSim++ %02 Btk DSMe o] g 747
= WAIRA7F B0l wjuict vkESto 24 AlE# o) ATk

7

Pelskn, 7 AlgElolE 7o) ol ndeke ue &
et
A ZeeE Td A Zzds Akl A

TCP/IP B4l& AMgslier 7[2doz DSMe] A,
DEVS AlE#°lE 2 DiskSim ZEA|AEL FEo|dER
A2 A5t DSME AW A ti71etn et
SEIREEZHE W AR E BFsle] AAS vie} 2



136 Journal of The Korea Society of Computer and Information April 2013

ol Al 49 7 B duejES CE 7k

34 DEVS-DSM ¢lEe{mojA MA 3

‘ DEVSim++ I ‘ Interface A ‘ ‘ DSM ‘
(done,tN) | TimeAdvanceRequest (TAR, 5)
'n‘ any] :
ekt T rsomckedy  ack )
(ﬁ . TimeAdvanceGrant: (TAG, tS) :
(REQ 1) SendRequest(REQH)  (REQ 1)

0% 5. DEVSim++2} DSM QIE{mjo|A AdA| 78
Fig. b. Interface A between DEVSim++ and DSM

a8 58 a8 394 AZ %7]" DEVSim+ + S1Ej#|o]
20 ZR2EZo|t}, InterfaceAT DEVS AlE#H 08 SojA]
DSMSQIEHe|2=E 3 offE A=REe Sudth
DEVSim++ <izlejlA thg 2A1E A1z tNE 317] Aol 9
Holl &g 833k I TimeAdvanceRequest’} &
Z5ed), o] ) InterfaceA =¥ DSMOZ (TAR, tN) &
Btk e]a gk ¢S (NSl 9hE wIAA] (ACK tS)7F &
W 1 Fo] WA Z BE3}A)7) 3 DEVSIim++ ol ACK
AFAE TSO (Time Stamp Order) ol 4tlatl. 224
2o TAG HAAIE Ba v 2AES gt whek
DEVS 2dox] Algdole] o2 Urk= (REQ.t) olHE
7} Wrapperell 28] &A331< u] InterfaceAx ©1& ZHIZ
DSMEZ HAAE Elith,

3.5 DiskSim-DSM QIE{H|O|A MAH T8

DiskSime 3¢ Alz=gleE AlEdloldate] Ass 9l
9% API 571 2 5¥g Aldo] e of T&31E 3714
callback 55 5% + UES 33t 1 & & A7
4 9l APIE RS gt

® disksim internal event: Foizl Al 7HA]
DiskSime| A[E#o|d-E Fdstehs 4ot
® disksim request_arrive: I/O request= th7]&<l

Adet

T3 DiskSim UlFolA 7] 189 /0 8] ¢a5(9]
< v} 529 callback complete 357t AEo 8 T2HT}

‘ DSM ‘ ‘InterfaceB‘ | DiskSim ‘

(REQ tD) request_arrive()

%(ML< ,,,,,,, tN
//\\i"t// (TAG, tD) Mternal_event(N

opt i [if any]

(ACKtA) i,< callback complete i

(TAR, tD) tN

______________________

12l 6. DSM-DiskSim QIE{H[0|A AAH| T+
Fig. 6. Interface B between DSM and DiskSim

a3 62 13 394 BE %719 DiskSim 2 DSMzZH
OlH#lo]2 ZR2EZo|t}, DSMe| DEVS Zdox e
REQ WAAIE #A<gsd DiskSime] A33k= APIS
request_arrived s @& o] W vS 2AF Al
tNo] Z4=n], o] w} (TAR, tN) HAIAZ HuU tN7HA] 2]
AZRE 2@t gk DSMo] AlREIEE|) 7L HIAIA
(TAG, tD)E R DiskSim< internal event <=
e AIRbe JAZIL) o] wf g=¥ [/O 84¢] gled
DSME B3 T Al4704] TAR HMAAIE Bl TAG
£ 7|tele A Ao R Fetles TG

3.6 DiskSimIF (wrapper) DEVS 2@ M7 3

. req
Client
Model
cae ack REQ
DiskSimIF
] req Model
Client (Wrapper)
Model
ack ACK

DEVSim++ Engine

DEVS Simulator

12! 7. DiskSimlF DEVS =&
Fig. 7. DiskSim IF DEVS model

a8 79] DiskSimlF (wrapper) 2€2 DEVS Zdl&
Al DEVS F°]AE BdEo| 3 DiskSime2 [/0£%
& B o DiskSime el $ilshe 9Es oA
DiskSim Ix®Elxe} 1:19] #AE 7KRu ZA3,
DEVS AlE#olE Ufe] Feho|dEEL A3 DSM=
3] DiskSime.2 2331x] ¢3 Tt DiskSimIF DEVS

fooofm



Al2ESZE B o)A gA3 [JO5E AlBY o)A 952 98 DEVSim+ +3 DiskSim Alole] Sl #jo|~ A 2 78 137

dol|l A 833lu A7ES wolzlty, a3 7oA 2=<] REQ
2 ACKe| 4541 F4l& vtE DiskSimIFolt}. o|s} 2&
Ade RdEe HAods AT A% ez F¥
DiskSime] 5288 7% 343k B4 2 giAg ¢

A== g Aol

=
1>
o
N
X

4.1 AE AHA

£ =804 ARk DEVS-DiskSim 9% 725 2%
7] st o e T K AES dAst, 1 A
£ Husigth & ATl At 3 FES DiskSim#%
DEVSim++ 9% ¢IE ol F2te] A4S vlw A5t
7] 918l 21 8(a)s} 2ol BF /O trace HES s
DiskSims 5217] O5 AlE#HClA & 753)
a3 8(b) = Al 2 FEg A% AdFo] =9 FEY
Pal7] 9l 29 ALoZ DEVSim++ ¢l F 7
trace A8 Y99 Generator #1 9 #2¢F T
DiskSimManagerg H%3 A% QEl#el2, T2l 7
Generator H& 2k} g 704 2709 DiskSim ZEA|27}
deEe A¥SEE JEd Zlolth. ad 8
DiskSimWrapper< DiskSimIF &S Uehith, 4de

D)

39

]

lo
>

N M
o 1o g

I~

Trace File | Trace File 1 | | Trace File 2 |
Generator #1 Generator #1
DiskSimInterface

v v

| DiskSimWrapper

| DiskSimWrapper

. = 7
DiskSim \L | \H

‘ DiskSimManager ‘

| (s

. "
face face

DiskSim #1 DiskSim #2
Result | Result 1 I | Result 2 |

(a) (b)
J8 8. (a) o= Algaiold 7= (b) oiSAlEeiold 7=
Flg. 8. (a) Standalone simulation (b) interoperated
simulation architecture

2719 M2 o2 fad Bl traced Yo T S
oA Qe A7e] AAREY AeHFEHNA 4 2

= Hlmate] M2 7Y AHRE deA] FRlsks AaE J
Polltt. Z, &5 A AR} AF A9 A3
7} 2eE Blo@MN ARE B TG AF FRE AT

DiskSim CMU®|A A|#3l= DiskSim 4.0& A
SSDE A& olAdsl7] f48te] MicrosoftellAl 7iEe SSD

Extension HAE AH&31t}

N

4. AEgiold oY 2 A

=S

Table 1. Experiments configuration

EE FER ER
1= trace ssd-iozone~ ssd-postmark-

o] aligned2-100K .trace aligned?2.trace
Cla3 =4 ssd-iozone.parv ssd-postmark.parv
SH A statdefs

SRt 2] B DA ASGT, Uad BEE A2 o

2 7 e AHesidlen, A A% de T8 e A
Bolsinh. g¥oz Algste AE 19 trace HLE 107

N, AE 29 tracedmtd2 oF 6% i £Z 1/0 requests
2 JAEY S,
time, device number, block number, request size,
request flags® TA=] Stk el FEEHE bus,
controller, driver, disk 5ol W3t EXEZ FA=] )
ot} B4 delge g, 35 14 5 St e B
AZHAT 52 DiskSimollAl WAs] $13F Fo|tt,

Z17ke] request request arrival

A 43 trace LS ¢lo] Bl Adste AHA |2

] 23] 2 2g29
det) o] AnEe
4.3 A% NEY o)A AN A& A3 RO RE AL
1=y

IN)

43 AF AlEefolMd A
AZ A EY 1A 18 8(b) 9} Zo| FASke, A #
o2 ¢l DEVS-DiskSim 2:2 9%,



138

Journal of The Korea Society of Computer and Information April 2013

Generatorge] 22t A313} d329] dyor F 719
DiskSim Z2AM|2~E57 dFshe Ads
DEVS Generator 29 #1-2 2819 44| g} d5S
53 A3 19 trace LS ¢o] DiskSim #1el7] %
31, DEVS Generator 29 #2& 23 29] trace 3
o] DiskSim #2¢7A AFgct oW, F trace E}‘Q
request arrival timeo] 4 FHE7] il A
A AIZE F71skel dlole wgke] e @%é‘]w el
aict.

DiskSim #12 A3 1¢] A4 et txarnd=s
ssd-iozone.parve, B FEREIR statdefsE AME-SL,
DiskSim #2%& A% 29 A4 wt teardzy
ssd-postmark.parv, &4 FAHEHZ statdefsE A&
t}. o] A% %3 DiskSim #1-2 AF 1o Ui 2254
4L, DiskSim #2& A2 gt AEAAL S &8
Eis=g

_..o}

mlo

O
2 L o WO

m>'

AT o] AF 1] telA 4.249] G= A

ol FHS B3 I @ﬂiﬂlﬁ%%lﬂ% 4.39) 441 Aol

2 DiskSim #1°] &3 2354 g S ¥wsly, T

i3 é_?‘ézoﬂ thaliA 4.29] SEAIEY 0l BA] A0 A

Aoz AL Aervdzl 4 3014 A& DiskSim#27}+ A

Jet 754%7414‘” A5 Hlwsle] Z47F A ARE ERIsIA
(e}

o} o] 24 2L 9 tracex FUS W, FIE EF B

o &

>~

result_network1_iozone bt X

295
96 SIMULATION STATISTICS
)

941719.967661
0.000000

299 Total time of run:
300

3( warm-up time:

| STORAGE SUBSYSTEM STATISTICS

oOverall 1/0 System Total Requests handled: 100000

31 oOverall I/0 System Requests per second: 106.188680

overall I/0 System Completely idle time: 493543.613766 '
overall I/0 System Response time average: 6

Overall I/0 System Response time std.dev 24.236998

315 overall I/0 system Response time maximum: 1016.600971

4
34 Bus #0

5 Bus #0 Total utilization time: 0.00  0.00000

941719. 96766
0.002429
Bus #0 (bustop) Bus idle period length maximum: 941719.967661

4

4

1

1

4

135 Bus #0 (bustop) Bus idle period length average:
135

135

435 Bus #0 (hustop) Bus idle period length distribution
4

4

1

A

4

4

4

1

4

Bus #0 (bustop) Bus idle period length std.dev.:

< < 15 < 20 25 < 30 < 40 < 50
l] o
Bus #0 Number of arbitrations: 0
0.000000
0.000000

5

5

5 Bus #0 (bustop) Arbitration wait time average

5 Bus #0 (bustop) Arbitration wait time std.dev

©  Bus #0 (bustop) Arbitration wait time maximum

6 Bus #D (hustop) Arh1trat1on wait time distribution

€ < < < 25 < 40
U 0 0

136 Bus #1 Total utilization time: 941719.97
T2l 9. DiskSim o E2SARAnt &4
Fig. 9. Result statistics file format of DiskSim

U3 S A AT Bt dF T2 HIgE
golgk 5= gy, 28 9% DiskSimo| EHste A3EA
Yol A& ol Aot AHude YA HlwE o
2t g2lo] F e jJr‘?——l bﬁﬂ WinMergegh=

Kl
o2
o
>
Jo A1
_0&‘
3R
o
LI
L e

lo
of
p)
i
o
o
iieA
e
rlo
p

)
ol
offt
ne
o 2
to ¢
.l
s
oo
.
%0
32
:L

T8 geE e v 2t total run time
Eejold Alztelt) total requestE® £ 1/0 ﬁﬂ AN
o]t} request per seconde B 2T /0 84 o),
response time averaget 3 83 @ Ht ﬂﬂ ’\]7 tolo},
29 F 37 22 vlu AelA dF F2E 3%
AREo] TE Fxo| AAZT e} 4 ‘34_7‘]“0‘}* % &
F 9tk ARHoR o B =RdA Atetn 7t
DEVS- DiskSim 9% E#o|~E B3l 78 AFAE
glo]d 2do] DiskSim#t A &3] 5432 JFatdint.

E 5. A% 10 chst b= U i Zotd|uE
Table 2. Comparison of the results of experiment #1

22} mj2to|g = 2
1 0| E-
=" AlgalolM 1 | AlE2folA 1
Total um time 94179.967661 94179.967661
Total Requests 100000 100000
Request per
second (rea/s) 106.188680 106.188680
Response time
avarage (M) 6.416768 6.416768
Response time 24.236998 24.236998

std.dev (ms)

E6. AI04 20f| Chst ci= 9l oix Zn} H|J_J'_E
Table 3. Comparison of the results of experiment #2

234 majol e ==
o} ml2}jo|E
23 SEOE | Jgajoid 2 | Algelo 2
Total UM time | 498398,728507 | 498398.728507
Total Requests 62257 62257
Reauest per
second (req/s) 124.914043 124.914043
Response time
average (ms 4.140328 4.140328
Response time
std.dev (ms) 10.240104 10.240104
V. Z8

= =T o9 AFE
Az Alggloldst taa I/05E

1 rrEg ?-)\45] /\]/\Eﬂ/‘Z x{x]—
= AlEYolAd d5S

o g



AlzgleE Algdold v [/O5E Mgl a5 A%

DEVSim+ +3} DiskSim Ae]9] QlEjsjo]~ HA 2 F¢

139

3 DEVSim+ +3} DiskSim Ato]2] QlEjgo] A5 #lekslaL
AA Fas AE 71est Aot o]71F AlEdelE It A%

[e]

DiskSimManager?| 7132
Aol MRS A3 34| &
S o] 83l TREZS A 2 FHI TE Alx

[e]
=

LU

Modeling Simulation)

1 fode (ot a@ o

o

;«V

) ol

ol

N

B9

AN

pi

—

¢

lo
g
lo
oX
I o

ro
o
=
o,

>4

S
i

fate]  ARRE E7Istek dlold  wekE

(¢}

N

o] 2doX= DEVS wrapper 29 @S 53 =
AFsIGTE @5 AlEold 2 A 7
= Bl A AR 5 JHF AN
A3 s dof HAle} FHo] LIS ASHA
A 24 AA TCP/IPE F&E QElF o] ~9] &
A717] 19k A7t FUH e Feditta Bt

A 859 dHol2E UF mEE TAE o

E;
AR A 2R o] Al ol T A 88kl AR
]

odt
S o ot

ot
2

rg M
m‘l .

O:

Acknowledgments

RS KAIST AgE w49 SMS (Systems

ATAdM s A7IA

(G01120261) 04 5 Ahg e AT

(1) John S. Bucy, Jiri

(g

)

ok
ek

Srrp=!

Schindler, Steven W.
Schlosser, Gregory R. Ganger, and Contributors,
The DiskSim Simulation Environment Version
4.0 Reference Manual, Carnegie Mellon
University, http://www.pdl.cmu.edu/DiskSim/,
2008.

Tag Gon Kim, Chang Ho Sung, Su-Youn Hong,
Jeong Hee Hong, Chang Beom Choi, Jeong Hoon
Kim, Kyung Min Seo, and Jang Won Bae,
"DEVSim++ Toolset for Defense Modeling and
Simulation and Interoperation,” The Journal of
Defense Modeling and Simulation: Applications,
Methodology, Technology, Vol. 8, No. 3, pp. 129
- 142, July, 2011.

Bernard P. Zeigler, Herbert Praehofer and Tag
Gon Kim, Theory of Modelling and Simulation

(2nd Edition), Academic Press, 2000.

(4) V. Prabhakaran and T. Wobber, “SSD Extension

DiskSim
http://research.microsoft.com/en-us/downloads/
b41019e2-1d2b-44d8-b512-ba35ab814cd4/,
2009.

(5) S. Hammoud, Maozhen Li, Yang Liu, N.K.

Alham, Liu Zelong, ‘MRSim: A discrete event

based MapReduce simulator,” 2010 Seventh

International Conference on Fuzzy Systems and

Knowledge Discovery (FSKD), vol.6,

pp.2993-2997, 10-12 Aug. 2010

Apache JIRA, Mumak Hadoop MapReduce

Simulator, https://issues.apache.org/jira/browse/

MAPREDUCE-728, last retrieved Mar. 2013.

(7) Hadoop. http://hadoop.apache.org, last retrieved
Mar. 2013.

(8) Jaeho Kim, Jongmin Lee, Jongmu Choi, Donghee
Lee, Sam H. Noh, “An Efficient RAID Scheme for
Reliable SSDs,” Journal of KIISE :
Practices and Letters, vol.18, no.5, pp.359-368,
2012.

(9) Hae Sang Song, Jeong Man Seo, “BlockSim+ +:
A Lightweight
Modeling
Continuous Systems,” Journal of the Korea

for Simulation ~ Environment,”

Computing

Block-oriented  Hierarchical

and Simulation Framework for
society of computer and information, vol. 17, no.
12, pp. 11-22, 2012.

(10) Jeong Won Kim, “I/O Scheme of Hybrid Hard
Disk Drive for Low Power Consumption and
Effective Response Time,” Journal of the Korea
society of computer and information, vol. 16,

no. 10, pp. 23-31, 2011.



140 Journal of The Korea Society of Computer and Information April 2013

& ol &

20004 BFIEA AIRAA
Fe} e}

199991 ~2000d 257]=d7

2001~20024 () 23fo]2HE

2002 ~7)

o} : Al2E] By ABeold
o 5 &g, YNz
23, 2zEgel3e)

Email: hssong@seowon.ac.kr

ol F

2012 kgt
AR B sh)

2013¢ A} =l
A7) 8 WAl A
SMS A+

Trlok : Al2Hl mdE] AlEgolA,

g, #7FE
Email: sjlee@smslab.kaist.ac.kr



