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Accerelation of JiST/SWANS wireless network
simulator with GPGPU

SusuMuU IsHIHARA 1 and KAZUKI NAKASHIMA 2

In simulations of wireless ad hoc networks, numerous number of packet reach-
ability checks are needed to consider the effect of traffic of beacons which are
sent periodically from all nodes. The reachability checks can be executed in
parallel. Despite recent trends of general-purpose computing on graphic pro-
cessing units (GPGPU), only a few cases of using GPGPU for wireless ad hoc
network simulation are reported. We designed and implemented an enhance-
ment of a Java-base wireless network simulator JiST/SWANS for using GPGPU
to check the packet reachability in parallel. The experiment results show that
our implementation of parallel reachability check based on the simplest node
management scheme LinearList in Jist/SWANS achieves 3.4 times and 4.9 times
faster than the original JiST/SWANS’s LinearList when the number of nodes is
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500 and 1000 respectively. It also outperforms two efficient node management
schemes Grid and HierGrid in JiST/SWANS when the number of nodes is 1000
and over.
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2. JiST/SWANS

2.1 JiST/SWANS O#E
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Fig.3 Target areas for calculating distance between nodes

Hierarchical binning

Java D7 7 ATOEES A S v 7%y 2 aL—%F ECORMTEHET 2 X911, 7ur7
LFETHRHCHBINIC Y 9 ADNA P a—FOEZZ 2179, 200, BHFED Java 23—
F—HlZ21E, Java CRlidd ity b7 =277V 75—y avoa—FtbRBOULEE
MR BEITYIab—vavz{T) IEDVARTH S, £z, JavaDAR—YalL s a
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3.1 GPU
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71— F Tesla C1060 121, SM 2330 I NTED, &FlF 240 Hod SP 2 HIHARETH
%, oD SP BT DAL v FEHWTHERHEFIEZ1T) 2 EDSAEETH 5,
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3.2 GPGPU
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FEDXEY DS TNAL AREY AT =FWEZITH. KIZ, GPU LTf79 Fiie (H—*
V) ZMECH LT, GPUICELZA®Y Eoffiz v GPU ETIiFliEE 2175, 2L
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DEFTRITH) ZLDHRETH B, 7uy 7HDAL Yy FEICIE ERYH D, 512fFTL &
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3.2.3 XEY - EFI

CUDA T, GPUDAE Y 20T T340, N"=F7 =274 L3R %2MH
DAEY - TFUDBEAINTVS, CUDA TlF, GPU DHTBIZ% K OFEED X £ ) H3RE
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FIFoNs, AvFv T XEVIE, BRIV, EFHICEERLZT S RADAREE Lo
TWw3, AvFy 7T XAEVOHTH, Y2 7—F - XEVIX, 7077 L0%h 6 EEHE
EEHETLIEHTELLYD, {HFTHS, CUDA TiE, GPU LTHFNNHEELT BRI,
EDOXEY ETITIDIRET B 2L TEL LD, @dbzfTIICELvyFy 7 XEY %
IEMMAZ LI TRTZILEDEETH S,
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JiST/SWANS &, Cornel KTHHF I N/ 2 2L —%TH 323, BIETIE Ulm KO
BN =TI k> TEEMD L DICHRRE N T3, AIIFE T Ulm KETHRR S 1Lk
JiST/SWANS® % RX— 212 GPGPU IC &k 2#k8E% 7> 7. Ulm KOHIRTIE, fEEH
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jCuda (Java bindings for CUDA)® % H\>CT JiST/SWANS % GPGPU ICHIG &+ 3 X
H12 L7z, jCuda i, HBEMEK L 72 GPU N4 7Y (PTX) 2L CHHAT 27200
Zvo8—Lt, CUDA et d 2% 1 77 (CUBLAS, CUFFT % &) ZIFUHT 7
DD APTIZ X > T EN T3,

4.1 GPGPU IZ &3 FI{L DERE

JiIST/SWANS To 87 v FEEHEL, MTOFETTbNTHS, £7, REF/ —F
EHENROMT ) — RO EMEEICES\WT 2/ — FRIOHZFE L, 2Ok
DVTAZBRAZRDS, 57—V ATk 3EFEE2RD, Ihs LERZEMND T v
THTAVICHED VT, ZEWRELRD, RANZEREL KT 2L CETIEORLE
HET 2, o DUED S L, B/NZEME L OB DI %2 GPU WH¢HETT 2 F
& (h—3)) ELTHELL.
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79 ATHL, TNV TANTOYIT, jCuda DEEREZENL T/87 v b EREHELE %
79 GPU A= N ZMOHT X I L. £/ Field 7 7 ADav A+ 7274 T, GPU-
B MHETOF— & ZHH DRSS B X V) SR OMERE, B — 2L D GPU ~Dii5%
WMBERDA, GPUNTD 7 2 — ¥ VDFHED 7 » DEBERBOWMILET ) H—F LD
ML 2479 k9L,

Alal DI - EETIE, I 2 IEF ML BN ZABRELA Y —T7 2= v IR
E L7 %8, JIST/SWANS Tli, ABINARRAL 72—V VITETLDY 7 A%
HENORIRTTEETH 203, SMDEETIE, HEDSATRAE 7 2=V I EFILZ2HAE
OETREENBELIET 20 E2 DD E L TELDTA—RIMICFE L, A—
FIVTIREEILD /) = FET7 4=V FHDE /) —F N & L OMOFEREHENEZ N AD R
Ly FCliFIEHE T 5.

4.2 GPU—RRA MNEDOT—T X

27y PERRHEENT TR ) — FHOBMZE 2 720101, &/ — FOBTEDNEEE
% GPU ICIETHENH 5. CUDA TiE, BHD C FEICEIT 2 2T MFT— 5 IED
Tur g Iy LA, FAM-GPU MO T — SRk 21T 72012, $EI0 L Rk
A7 FL A LERY A R2/ET 5. 2% 0, BRI N2 57— & 138 L - I ElE X
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J — F O EEESEFER I I TV 3 b TiERw, 65T, FA 25 GPU
DALEPERE DRI Y 72 > TE L RIMNIETH 5.

2 E TR/ & 912, JiST/SWANS T3, / — FOMEMBLEEHZ £ L0727 7 2 (Ra-
dioData) DA Y AF Y AHY v 7 YA P TEEINTRS, £, ZOA VAPV RITM
RRC 1 ROCRFITHFH I N T 5, BRI, 1 X0igiciz, wb EEREniaeT
® RadioData 7 7 ADA Y A ¥ v AW, HIRINZbDbEDTHOSNTED, Vv 7
YA RMIZIE, HIBRENTOUROWA Y AY Y ADADNHD 54T\ %, RadioData 7 7 &I
12, /—FofiEERzatr 7R, BEHEFLEERT I I, Yy 27U R MIBD B
BIfR 7 EMEME TV %, 215 RadioData 7 7 A D X Y NEHIIMLD 7 5 A~DEIR
TdH%DT, RadioData 7 7 ADWFHNDH % DD, /— FOMEEREERTHMET—4
HNEE L 7z X B Y S RICEEINTW 2D TR W,

Z 2T, GPUICHBET 2R EA/ — FOMBEERE, 74 v 2B iisicilE L < 7o,
NS DEEIEHT 2RO %2 ZNZFNHBL TR E, / — FOBHIKIZIX, RadioData
77 ADMEEHBE LTINS ORFIDMEHEHINE X HIC L. GPU TOEGEMHIEL
AT L &L, EEOFEREL YA v ORSINOEE% 4T GPU ICiR(T 5. 727
L, HiEEREMHEMITHONTES ) — FHABEI L Towiéd, X2 To 7%
W, 2Rt k), GPU RO A — N—~y F &% 25K A M-GPU BD 7 — & Sk LB D
BEZHIRL T3, Ak, 22T BEHL L) »LoYEEER, JiST/SWANS A
TOMEHEHREEIKEFT 5. JIST/SWANS D5 v # L7 24 R4 ¥ FEFINTOMEE
i, RO SN EoBEZTb R WRDfThity, AR TOM T, 3m DL
OBH LGS BB L, ERATIEELE,

5. & g8 5¥ ffi

51 WBEPFUA

BB TR 7 5% /) — FEBL 7 )L 2 XL LinearList DA L CHEHEL, R1 I
ARIN—F7 27 2B WL 7w > v 2 A CEfFREEZ T > 7. OS IZi%, Ubuntu 10.04
(Linux 1 — %V 2.6.32-24) Z#FIH L, CUDA 3.2 8 XU jCuda 0.3.2 ZFIH L 7. 5000m
X 5000m DXL FHD 7 + — IV FE2HEL, 2O L2/ —FB7 V¥ L7 A R4 Vb
BEIETN (F—X8 A4 4 08, REHE: Om/s, IEHERE: 15m/s) IZiE->THEIT %
BRicL7z, %/ —Fi301BEICUDP 87y b2 70 —FX Y A +93%,. 7y bDAg
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Table 1 Hardware specification

CPU GPU
Processor Intel Core i7 | Tesla C1060 | GeForce GTS 250
SP ¥ — 240 128
SP EifEray 7 — 1296 MHz 1836MHz
A E Y RS — 102GB/s 70.4GB/s
A E ) HRAE 3GB 4GB 512MB

O— KDY A X% 12bytes & Lz, 227y F2ZELL/—FiE, BEE2T0T, %
BUE DA%, WHHKE 2 WET VI Z A0 RE LAY =7 2=V TERMEL
7. MACJ@® 7 v k a)Licid IEEES02.11b & M\ 27z, »37r v + O BEREEE L FEEE =2
Tx=—P v BBELLHZT, FEHTELZ 370m TH3. GPU ZHV75ED Linear
lookup & W TWARWEED LinearList, Grid (74 —/V F% 13 x 13 (253H]), HierGrid
(B 5) BT, EEorFIVAZHANT, ¥ 22— a v LT 60 Bio:s
Sal—varzfty, ¥Ial—va ryEFREOVEEELZ RO, Grid, HierGrid I8
2 aE, BEBUL Sy FEEREES SR LETH D, PHFEBICX D RETH S
CEDHEREINT VS, B, GPUDK7Tuy DALy FEIL 128 £ L7, Toffi
GPU A= VAT 2L A5%, a2 EY)DRFEEZD &IZ NVIDIA #{t0D CUDA
Occupancy Calculator TR L 725 TH 5.

5.2 HAIERBREER

R4B8LUOER2IZ, 74—V FHNCHFET S /) — FEEELEELEEDT I aL— 3
VHEFEMEZERYT, Y IalL—vavid, /— P 1000 ERIEOEAIZZRZFN 10 6,
1000~2000 & DE4A 5 8], 4000 BDBEIC 1 T 7%, 772 LK#E % LinearList / — F
BHARITOWTIE, 800 BARMDEAIC 101, ZNETIZ 1 RT>OHRE L%,
LinearList TOETREIZ / — FEo 2 TIIZIFTLHI L T %, GPU 2 w5413,
J = FEDBDH» (508) & EiE, GPUMAIME) A — =~y F (GPU DA —*%
VIR, T — R, X € VER) D701 T TREEDS LinerList 126 L TR E { 2> T
223, /— FHm3100 25 7 — FE 1000 BARMOL A IFE TR OBMIEIL / — FED
I~NL2 RIS E EE D, 7 — F$200 A BTl LinerList & D dE#icy S 21— a
VOIEITTE TS, GPU fHHIC X 2 8Em LiE, 7 — FE500 & O5ETH 3.4 £5,
1000 BOEHA TR 4.9 5 TH 5, GPU 2MEHT 5 SP#, 240 8L 128 IxfL T, 2D
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BEH BN Z WA, ZHUIERY T 2L —2 aryTiToTw3 GPU LOMBEIAE
7R w—JT, / — FOMEER L B REERE O R R F-GPU BOERICER T 54—
Ny FORREVOTH S, SRIOFEECIX, MEEREIE GPU Lorya— L xe))
ML T3k, 74—V FHDO4 ) — FTORZEEBME 2 MBS R L L THR GPU
PHRAMIEEL TWVRBEDT, ZOA— "=~y FOMEINKE,

Grid 8 X 0" HierGrid ZH\>% &, LinerList D&5AC HR TR 2 A TR R FE A D3I B
TETED, /—FEH 1000 B TFOBEAITIE GPU 2 w7854 0 [F % DL o T %%
BLTWws, 2k, 74—V FE5EILT, @EWERHFD / — FE2dRE LTy
FEEREOHIE R T2 EIck B, L2308, J—FEEBKEL 2B E, GridBX WY
HierGrid KB T2 E v OHICEENS / — FEDBKEL % 57012, GPU ZHW54
WIERTEBMESHN S, 2F D, /— FEDY1000 248 2 72354, HMIC LinearList %
GPGPU MG L 72HATYH, GridHierGrid X H b EEICS I 2L —Y a VS ETTE S,

GPU OEjfEr vy 7 & SP EDECIIREDZICENT. / — FEDD WA, &)
71y 7 DV GeForce GTS250 D /548 Tesla C1060 & h A TEMICY T 2L —va v
MIITTER, —HT, /—FEPIRZIVGES, 70y 7BV LDD SP #3% <, X
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®2 ¥3Ial—va v HETEE [P
Table 2 Simulation Executing Time [sec]
Number of GPU CPU

nodes | Tesla C1060 GeForce GTS 250 | LenearList  Grid (13) HierGrid (5)
50 2.574 2.411 1.727 1.393 1.188
100 4.498 4.160 4.676 2.389 2.157
200 9.099 8.443 16.351 5.363 5.179
300 14.585 13.819 35.907 9.892 9.694
500 28.896 27.819 98.617 23.279 23.049
800 57.573 58.481 251.405 54.720 53.537
1,000 80.773 83.125 392.176 81.692 79.940
2,000 252.765 267.886 1568.371 308.263 294.301
4,000 953.217 1,006.477 —  1,249.032 1,182.436

D% DALy FORETHAAER Tesla C1060 DSFASEHIZY T 2L —3 a YASHET
Hot-,

5.3 & 5
DLEDKREZR F 27 ¢, GPGPU 12 & 250 A T X 674 2 3L 2179 72
b DHEIZIZ DV THETT 3.

5.3.1 Grid & HierGrid lc&13 %54t

LinearList IZHARTEHRE I A FZ2HIRT % L Ic RSN/ — FEBT7 LY X4 Grid
ER OGBS GPUIC K 205D ik %2 & 2 %, Grid Z viug, WHEEERO
LR EOKIEHIR IR TE 225, 20—T, EFEET — & OEMEEHI ) E
DWINER T 2068035 5. Grid T, FoHEINXEEFIZY V27 )R EDHEET S
72®, GPU NIEEH OS] S XA HIEICR %, X 512, LinearList TlE—2D Y v 7
YA PTEHINTVWSE ) —FOA 7Y =27 PEDVBEIETH->72DIZL, Grid TiE/ —
FoEUEOBEHIEST, V7V R MAD/ —Foiahnt §liRassEiciions, £
7o, 27y FEIEEROHEIIEROE VICEENS /) — FIIN L TUfTbhh 5D T, GPU IZ
PEEN B % % T 2 72 0 DELFI DN, EHEOHEEH I N5 B8R H 5, o
T, ZORFNDEHDO A —N—~y FETELRIFPRLTEEIRTRELEVE, Grid
5N GPU 2 W 2 LI X 2 RHLOMIRZE 2 2 EBREEZ L E 2 2. RO
1%, FEEE LI R L HierGrid DEATHLHTIFE 3,

5.3.2 GPUKATOH./—KOEFROEE

GPU "D F = F RIS A — "=~y FOHIRD 7012, 2/ — FOfEERE #Iic

2]
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GPUWICEWTEL ZE2E2%, oL, &/ —FREBHLTWE0, MEERzH
MLadndaskw, 22T, /- FBBEIT270N, BEILZ/ — FOADALERKHR
% GPU ICHRE L CHZEEHR 2 HH T 5, HB0iE, 7y MEEEROHEZ T2 & 3,
ZNETEHL Ckdro% GPU Lo/ — FOMBEERZ X LOTHEFTSXHICT 3
COHEERAGIGA, aE—RNRELZTF—F DAY LOMEIEE L T3 EIZRS
BVDT, AE—NROT—F DB LOEAITIE, A —N—~y FPREL D EER
5N%, —J, WESHEIVNS OEEIE, MEEROEFUEIVNI S 550T, Z0K
HLORPIIRES LD EEZEZ 5.

6. ¥ & &

Java R— 2D v T =2 2 2L —% JIST/SWANS I2B1) 287 v FELEMH
EAIE % GPGPU I & O WS 2 ik a it - L, FEBICX D 2 082 iEd o
72, JiST/SWANS »% % Dz b HifliZe / — FE /3 LinearList (272> L T GPGPU I
X 25U EEA L 72455, 5000m PUJT DT D IEEES02.11b T Oi#fE 2 ME L 7z >
Sal—yarviZBWwT, /—FH500 BDOLETH 3464, 7 — FE1000 & OHEICK
4.9 OHJER LA R TE . 72, JIST/SWANS 23b D84 / — FEHEA Grid B
X O HierGrid % H\W 72 5& 1R T Y, HiffiZs LinearList ZWi7I{k L 2 ik d3s /) —
F# 1000 B DB A I M2 T E 7. 5%, Grid, HierGrid Z/H\W728412d
GPGPU 12 X 3 i5l{t A& B, RNty 7 L5 T3 A A M-GPU ED X £ VR
PRI TREZIT, 54588 LETI) FETH 5.

BEE AW, RRATFALRSPORIIEIE THAREINE B v 2y b
DI-ODWER T Y 2 —) v 7RO (BEES 22650011) 1 DBIRICK 25D TH
3. ZZWHLTHBEETRT.
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