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A Task Mapping Algorithm for Network-based Multi-FPGA Systems
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Recently, multi-FPGA systems have been proposed for broadband network serviecs, computational fluid dynamics
(CFD) and gene analysis. Among them network-based multi-FPGA systems are composed of two or more boards,
each of which consists of one router FPGA chip and multiple general-purpose FPGA chips. The general-purpose
FPGA chips are connected to form a ring and the router FPGA chip performs inter-board communications. How to
map a task graph onto such a multi-FPGA system is one of the challenging problems. In this paper, we propose a
task mapping algorithm for a network-based multi-FPGA system. In our proposed algorithm, we observe the locality
of board and FPGA resources. We focus on the communication rate between tasks and assign the ones with many
communications between them to the same FPGA chip and to the same board. Experimental results demonstrate

the effectiveness of our proposed algorithm.
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SR S5 2 5 A% ) — F ONs, ONy % B5T
5. (4.3) DFET L EEAEE A 5(b) 1T, ()T&m
L#2 524 ) — K CNs, CNs, ONy ZNEic A — Filidig
L — 5 ZBEHEY % FPGA 7 bIEIC ME¢5 ‘37, st
CNT%%CN&&T KELIE A — 5 106 R 01
ICBetET 5 FPGA ~BLET 5.

35 R—KFODIEFDRTE (Step5)

Stepd TIEA— RONEFOPREZEITH . KA — FiX
Vo RicEREND. LER-T, AR — FREO®E
BEEZELENLR— ROIEFA T %23 5. Stepd
DT NTY ZANELTIZART.

(6.1) R 7T 7HTRREFERTERSND A —
N ii’]:m/—ﬁ Lﬁ'i‘f}u
(5.2) #EMESHIAR— RICH AT 7T TIZBNTHRK

1n£f1¢”§2‘fnéﬂéj— RN & RER.

(5.1) TiX Step3 THOLNTLAR—FDE AT 757
no, NBIEECHRIND Board; & Board; %
RFEL, 2D 2 O00R— REHERIED. £k,
Board; & Board; % 2 SOffigie L, Z O % 8
el 7 G = (V,E) 2Ek+T5. 22T,
V' = {Board;, Board;}, E' = (Board;, Board;) T

¥

BH5.
(52) T

77 77i))gﬁik@'fnib’c@'@béﬂé A=K Boardk

BRBETDH. ZZTHR— FEERRICERT S &0,

e RIREL A(G') < 2DEEAK T T 7 EERTH L

IHELW

ZEiz

Dk

Nk, I GICEENDHR— FERIC

77 7 G~ Boardy, %8BI L THRES &
BRI SN2 T 7 BT 5.
%MT@JE—G\%\ FTET5.
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‘ Board1 }i{ Board2 M Boards
20 30

‘ Boards

‘ Boards

(a) R—ROE 22757

G
‘ Board1 H Board2 }»g{ Boards ‘
I
20‘

‘ Boards ‘

| Boards |

(b) EARIC Y — b (5.2) (D).

‘ Board1 H Boardz } 1—97713 Boards |
‘ Boards ‘ ‘ Boards H Boards |

(c) EHRIC
6: Steph.

— b (5.2)(ii).

() #A227Z 7% T Board, 5, 777 G' W<Ti
DA —F, $7bb deg(Board)) =1 ThD
Board; {28 SN C\W»b & &, Board, 13777
G’ ~ Board; \Z¥His¥ 22 &L TEMNT 5.

() #2227 Z7H<T Boardy, 28, 777 G' NT
W LAMZ B 5 AR — R, 7L deg(Board)) =
2 Toh b Board; \IZHEftEhTWbpEx, 7
Z 7 G' ~ Board, 7 77 G N TimZ#
it = L C\W B Board,, & Board, ® 9 5,
d(Board;, Board,,) < d(Board;, Board,) T &
% Board,, \ZHHGESEHZ L TEMT 5.

i) 1X7 77 G NOR—FEEDOHTT, Boardy, &
BAY 7T THIZEBW TR XD R — K Board; 73,
777 G IZBWTEMBRICER SN T 7 OiiIc
RSN TWAEETHD. Board, & Board; 1%, E
BRI R a2 bR/ hEL 25 55 G WTHE
BT s X0 ICERSED.

(i) X777 G NOAR— REGOHT, Boardy &
§X7 77 7z iob\fi’ﬁ%ﬁéﬂéﬂf*— KW, 777

ICBWTCHEARRICER SN2 T 7 0L O &
T&méﬂfvé%ﬁf%é.m&ﬁ%m,ﬁﬁﬁm

WAD5EE, aAXAMNNSLKRHED GHTTEDHE
FiE < I S D,

(5.2) X A7 7T T7HOETOR— R ERIND
ETHD IR,

Bl 5. 5x0n=R—KDOXAY 7T 7 %K 6(a) ITRT.
(5.2) ® (1) OHET %X 6(b) IZ/RT. ZLHIZ (5.1) 12k
R—=RDHX R 7T 75 EKEEETER D Board:
L Boards #2757 G 2B LT 5. RIZ Board, &
Boards (2L, EKEEE CTHR SN D Boards %R
+%. Boards 13757 G OEHAFIET D Boards (|4 A
I T T TICBVWTEREINCTWDHDT, 777 G ~ Boards
LEEREEND K HITBIT 5. HWT Boards b (5.2) O (i)
W2k, 797 G' ~ Board, L#snN5 X HIBMT 5.
(5.2) @ (ii) DT %K 6(c) 127" F. Boards 13777 G’
DI TRWA— R Boards EHfFHINTWS. Lo T
(5.2) @ (ii) £ v, Boards— Boards & Board; — Board,
Mo 9 HEEEEDE W Boards %38k L, Boards #2777 G’
~ Boards ¥ S b X oIZBMT 5. O
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# 1. EERFER.

527757 | NET—X720F % | TATU XL | BHA FE | ax [ CPU W [sec] ]
SA Tk 2 5772.71 (1.00) 16.89
N=3 5] 2 5892.07 (1.02) 0.40
REFE 2 6061.82 (1.05) 4.63
MPEG-4 SATE 1 5254.15 (1.00) 9.59
(427 % 12) N=4 [5] 1 5725.5 (1.09) 0.36
REFE 1 5368.1 (1.02) 4.89
SATE T 5242.42 (1.00) 17.59
N=5 [5] 1 5778.91 (1.10) 2.56
RE Tk 1 5353.43 (1.02) 5.53
SA Tk 2.1 5991.21 (1.00) 79.86
N=3 [5] 2 6785.5 (1.13) 0.72
RETFIE 2.3 5931.1 (0.99) 7.54
VOPD SATE 2 5690.5 (1.00) 51.15
(# 27 % 16) N =4 5] 2 6314.09 (1.11) 0.39
REFE 2 5479.03 (0.96) 6.13
SATE 2 5493.3 (1.00) 48.85
N=5 [5] 2 5865.72 (1.07) 0.52
RRFIE 2 5591.13 (1.02) 6.03
SA Tk 9.5 | 28801.12 (1.00) 819.73
N=3 [5] 8 | 57365.23 (1.99) 6.87
REFE 9.8 | 30195.31 (1.05) 77.97
Hog-AdaBoost SATE 6.3 | 25013.31 (1.00) 1883.07
(#2727 %: 69) N =4 [5] 6 | 56035.11 (2.24) 7.664
REFE 6.8 | 26955.54 (1.08) 83.855
SATE 5.6 | 24350.82 (1.00) 1867.93
N=5 [5] 5 | 59440.22 (2.44) 7.452
REFik 6.1 | 26705.34 (1.10) 77.067

4 FHEHERER

REFULELE C++ SHEZAWVCEAH Lo F%
L7, FFAEBEBRBRSE X, CPU 2 Intel Core i7-
2640M 2.80GHz, A€V HF&E&MN 16GB ThHDH. ¥
AZ7ED R TCERBEHSTDHNRT TV r—var L
T, MPEG-4, VOPD (Video Object Plane Decoder),
Hog-AdaBoost # W\ 5. ZNEiLD & X 7 #1% 12,
16, 69 Tér5. FPGA D w7 ) Yz, A€ Y
Y —Z, DSP U Y —ZXDOKF &% ZFiE4 10000, 4000,
200 & L. FTH AT TT7ICBTHEL AT BE
By oruyy s VY —2, AE))Y—2Z, DSP V
YV — R & NZ L 2000~4000, 500~1000, 10~50 @
HPHTT X LR 5 2 T

A7 EN Y TRIEOkEEE LT, SA (Simulated
Annealing) 1k & 1ERFIE 5] Z W 3 SOXIRT
TV = a AZONT, 50 [BlENEND 3 DDOFE
FEAL, FOVPHEEST/BRER LIRS

MPEG-4 & VOPD {Z2oWT, ETFTIETSAEL L
BLTaA Mg KR3TIDH IR TE L Z L 2R L.
F7o, BEFIEIL SA L ik LT CPU R 2 K
1/4 12z % Z &M T& 7=, Hog-AdaBoost (22T,
PRETIEIL SAEL B L CTa A M3 7.42% s
L7223, CPU FFIITFEH L TH 1/17 Iz 5 2 &0
T&To. (ERFE 5] LT D E 2R T EN LN E &
A MMIREREDPHRTE, RK551% DaA D
HIRAA SN TWD Z L 2R LIz, ThbD I Linb
REFIETENRFIETHDLEEFRDH.

5 BhYIC

AT, *y b= Rk I Nz~ LT
FPGA v A7 AL LT, CoRD v AT7 A& LTz
Vo TWROF Y NI =0T —=%T 7 F ¥ ~DHF AT E|
DU CTREEREL. $2, RETDHT7 7V r—v 3
YERWT, BR2TEE SA Ik, PEkTiE L Tl LET
Miz1T -7~ ERFER LY, BEFEOFRAMEZERT
HIENTET.

S%OFEE LT, FPGA-FPGA MizkiF 5 10
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VY — 2 &ML LTMATBAD X A7 ED HTF
EOEBERBRETOND. £z, vV F FPGA v AT A
~OT TV =33 OBMKED & X 7 E0 YT Tk
DERNET NS,

SE X
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