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Figure 1 (Color online) Redundant memory access problem in existing graph accelerators. (a) An example of redundant
memory access between active and neighboring vertices; (b) the number of off-chip memory requests required by typical
graph accelerators
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Figure 2 (Color online) Insight and advantage of early termination design philosophy. (a) The redundant neighboring
edges stored in Push and Pull models; (b) the number of off-chip memory requests required by an early-termination-based
Pull model
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flows of Push and Pull model; (b) the uniform dataflow graph for both Push and Pull model
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read amplification; (b) a small portion of vertices can be the father of most vertices in BFS; (c) degree-based prediction is
effective

” 14¢ - Theoretical values Task Queue is empty?
§ 12+ I Actual values 1 IDs Low-priority task IDs
g o queue 'q;’
> Ef Active State buffer 1 5
z k= vertices[ Tr: ry g
g 6 g High-priority - g
g . 2 queue 1": State buffer 2 N é
& g« Task 2 E
R 2 % IDs 1D buffer = £
0 £ 2
S & VSO W 2 L. f201] State buffer M <
& &

Scheduler

Graph datasets

6 (MERFE) HERBAMEFELN. () AEREEMRERIBFER—ENEINTH; (b) ETIRABLLE
ERR

Figure 6 (Color online) Priority-aware scheduler. (a) Burst model introduces non-negligible overheads; (b) early-
termination-based scheduler

SR BB Bt P X 3N T AR AR AT R Y (B 1 35 16 47), PRAETI ] DUR LR L
SICRAS. BT ARRBLE AR BFS Sk & T SEaE R, TOA KN 10 Ky S HEYLEIAE R IE 1 1
PRI S 220k D T AR AR U R AR, il 6(a) Frow, fEEHER 0 EdE Bi24T BFS SAR, &4
TSP P 2.1 263 RV ATIA BCSCIRAS, FEIK T 20— - BOAH AR IL 15 1] HL

SR, AR SRR AL 6 BB T AR AAAE , S BUMARL B OSCR B IR R 5.0 2534, Dk, TURIK
R B0 A EEHERL 0 B RS BB R T T S R RN (B 1 5B T~12 47). BT S, ASUERE 4
RIBATRALTFIE S K AR Rk B SOIRAS. BRI, 2800 5 20 SR moR 3 7k /5 B0 v 4 T
Al K 2R AIARIAE SO RIS BN ARIA, FRe I ORA7 AL AR Y A7 LBk 23 [R]) HLE. £ BFS SAUT
AR AR, 2 PSR it D A T e R SE SO AR3, AR R 3k D AR SR B L AR AR 4TI
(RIS ARARIL). ik i L S B AR, A8 RAAE AR IH 2 — V5 1) 16 26 A 4RI, H
RN B R R R T — N B T AT 2808, AT S N A7 BE TR 9. T K Tl s &
FEVT I e AR RISk, BT LA 73R Se AR RBILAS S 0 17, IR SR8 A A 2 [ 5 ]
LLmgANTE.
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BE 1 TURBEN TR EHE L

HIN: WSS v, TSRS Neh.

it SR AN HLE, MR 2 AH4RA LLE.
1: for i € V do

2% D= |Negh[i];
3: end for

4: for i € V do

5:  Sort Ngh [i] in the descending order of D [Ngh [¢] [§]];
6: end for

7: for : € V do

8: for j€[0,K) do

9: PUSH(HLE [i], Ngh [¢] [§]);

10: end for

11:  for j € [K,|Ngh[i] | — 1] do

12: PUSH(LLE [i] , Ngh [¢] [4]);

13: end for

14: end for

Z2 53 RO B SREME BOR M LA BN AR S AR 4R34, JPREPRARM R T BT BBk, ik, A
SCHE DR T W 6(b) Frs MILSESURRIIAR S5 LS5, O 1 2270 MBS RO Se 2 AR AR 14 2L
T, VSRR BRI 81 BA A 20 i RS SR BA S AIARAR S R BA . Dy 17 JE G 0 £ (¥ SEBURT B 510 L X
B, 1R 4% 278 22 S B it R B BB B — AN TR S5 0 i — N ME— AL 5520 5. M TR AE AR RIS
B 1 IRBER LR, RS R T AR, NE B 5 St X B — AN 5, AR A IR Y
i 5 R AR e X N SE R AR B (RIS AZI it 4% S BEN LI OIS 22t X i) — A
TRAESS, AP AL S B AR, 2 R A AL AL S8 B, SR TRt S8, TR EE s 2 4
HTBIL AT A AR S AR AL 50, L8 AT 552 5 B NAROL S BN T U, 1 B 8% AR IR AR I
BN P A 55 G 5 B O RLRPIR S 200 X, SR A FAR UAC B A R Se omARL. thik, fLse g
FARAE 55 VP £ M LA G — MO RE AR S5 R SE B T 1 D0 56 AR <032 A D8 2 AR EERMIR A8 e 0 A 41032 1 2 i
H, ORAIE 1 22 70 5080 o 2 SRONGS £ v 20

3.3 HaEEISI

SREHT Bk AL 2 A 1A AR T TR B, (B 2 ok ™ N S B AN T R L T 3.2 AN IR,
I TR R EE RO, D803 TR 22 B KR 2 TR A SR TR A I — R M A A5 R T s A 7 22
it 3 A/ DR R T BT WAC i, AR A 4520 8 20 TR B e U7 T R Bzt v T HoR T, & S BU™ #
RIS R L flan, 7RI 1(a) Brb, THR 1R 2 X5 BE; R R TR 4 MR YEE. RAE TN 1
A2 T BER AN A AL PR B T AR B, (B TR AL 4 B9 UT A K el A7 s IR R e — VR O AR TR — By
EAFHEAT R B T ARAE R GAF BTN B G — AL B — SR SR AN B K, X — ANV AAAT A2
S EURUK 2 RO G A7 A kB AN R T A A5, I B 1 AR,

BRI — Pk, ASCRILSERIER T R AR D GBH VRS, R BN, TR A5 1)
OBCRAT BOR AR, BIAE TR TR T 1. D, A/ IR A B TR R 2 A 510,
BV RS AE A 3 M NG A7 25 BV RN 235 08 /b BFS Sk b i b Rl . T bk R, A SCHR H
B 7 s i) S A G A B0 BT SR (R BT SN 2%, X A7 SR AE BN I B PR T NS BTN T —
P ST ) SR G AE, F CAORAT /D38 3 SR U7 ) IR TR DRy 1 3B S A8 I B AN [F) 28 U, JRy 82 A7
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| Processing Unit, | | Processing Unit, | | Processing Unit,, | // Look-up table
Vertex ID | Cache address
| Local Cache, | | Local Cache, | | Local Cache,
Processor
\ Cache controller
[ On-chip network ] \ ‘_fﬁ
1 1 1 \ Local Global
Cache request
| Global Cache, | | Global Cache, | | Global Cache, | qu;ue
\\

On-chip cache On-chip network

7 (MEMFE) REFRE
Figure 7 (Color online) Hybrid on-chip memory hierarchy

54 R (nclusive) ZAPLHIBTALSY R MLEF thEIF RIS . 2 REIAIRA SRS
ST SR DB AF AL AR, i, A 3 0 T 0 AT I S A4 T D 4 R e R 0 e A7
FFALTE, %IRRT SR 5 G A% 4R AR MV 2R, TR T R WA S B
A RSB R 1 T T4 1 K 5 S BE MO E AR 6 2R, T B T AR B 2B X
(RAEREEURFRN C AT, o T-Ab B 8% 1T DAZE A 3R R LA (R P, DRI 22160 4 B
SEVAAEIRR, SRR T RN SUBOR 6

FEFE 1(a) FURRO RS K h, BRI 4 R—ANRTUA, H U A TR A, ST 1
SHE NG E B ST, A T R AR AL 25 At A R P AR AR BT i h A
(BTHUSE, 4), DB ) 5 e AR eI EH X 51 R R B A, 6T 28l A e ) 3 R A
VIR, B b A (TR 2), ZEAE 0 L e H 40 T 52 P A A7 i
VR, FEE Y B RIETE A R, T RIESAR S, R RDEAE (R M AR AT I R A
SRR, LA A S P B RO | AT B8 G 2 A R 15 5 1 SR e R A
0 MR I35 5 B AE. T LUK, SIS R T 27 5 0 BAE, M DL I RO R P 485 K
BB T H ARG SRR R, T35 I K 2 0 e .

4 SLWEZHER

AR BATAGRME R B AR AN B m e VAl JiFeng IOTERE, B JeH JiFeng SHIKH CPU
ARG, GPU HEZRAIIE S8 REAT XS bL, SRJE 04T JiFeng AOBREEFH Hr [F) v it 1A RHE.

4.1 SLNECE

SCIGIREIR B . ANV K Verilog RTL 523 JiFeng, 315 HAFE1E Xilinx Alveo Us5C Mg L.
ZNNE-R AL —H XCUS5 FPGA &, #RH7 1.3M &K (look-up tables, LUTs), 2.6M & {745
(registers, REGs) fl 9 MB #BEHLYT 7] W47 (block random access memory, BRAM) £ P 1 o] 4w FE Mg 14
EYRAN 2 Bk 8 GB 25 230 GB/s WAZ %8 () HBM2 iR, fEARNTIS2L6 A, JiFeng SEBL T 32 4 Tile
A6 MB Jr EZ84F. &> Tile 55— HBM HEARHFI{R18IE (pseudo channel) ELFEEAHIE, HARVFH
FEV7 A HBM fhiEiE. BT84 HBM PhisiE — KL 16 404010 (4 x 16 £ = 64 1), BT
PLBEAS Tile WACE 16 ANFFmk 8 R B HACEE 1 ZRAHARL AL B BT, A T PRFE JiFeng 2K
VR, AR T HT HyperX B0 25 M4 SZP Tile 2 (B AALFE #7021 HIE. T JiFeng K [F
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x1 EBES
Table 1 Graph datasets
Graph |Vertex| |Edge| Description

Slashdot (SD) 0.07M 0.5M Social network, directed graph

Pokec (PK) 1.6M 30.6M Social network, directed graph

LiveJournal (LJ) 4.8M 68.9M Social network, directed graph
Kronecker18 (KN18) 0.3M 3.8M Synthetic graph, undirected graph
Kronecker19 (KN19) 0.5M 7.TM Synthetic graph, undirected graph
Kronecker20 (KN20) 1.0M 15.7M Synthetic graph, undirected graph

AR R BRI AR FE A5 ST DL ELRER PR IR A UGREL. BRItl, P 2247 32 B0 S ORAFAH SR T A5 A4
WEGR 77, M08 B A HL G, JiFeng HIR #1435 BB Xilinx Vivado 2019.1
SREL. AT FTA SR H 150 MHz 1EN JiFeng He 2 (IR ST,

ML RIZE. A8 JiFeng 5IAK) CPU BIHHH RS Ligra, GPU ETHFHEZ Gunrock 1
FPGA ElTHEINES ScalaGraph #EATXTEE. FTA SLIGIE— G 6 2 B 28 0 2 GHz [ Intel Xeon
Gold 6330 4bFH%%. 1 TB DDRA4 3200 N7, 1 Ht NVIDIA A100 GPU 1 1 Ht Xilinx Alveo U55C filIik
RSS2 FigfT. Hh, DDR4 WAE— 34 4E 409 GB/s R A 9, 5 Xilinx Alveo U55C ) HBM
W AERT 5230, NVIDIA A100 GPU 45 80 GB HBM2e, &M %N 2 TB/s, WAEZ B A 58 Kk &
T Xilinx Alveo U55C M. Ligra 1 Gunrock ¥R H RS ERNISHUR BFS 28, ScalaGraph K
Fi Y5 JiFeng —FEIALFERA G (512) Al L2247 (6 MB) AL H.

BIHURERE. AT KM T 3 MKIFET Stanford Network Analysis Project [18] ] 4R &l Slashdot,
Pokec I LiveJournal 5 3 A~KJET Graph500 [5] 425 & Kronecker18, Kronecker19 1 Kronecker20
PPAE Ligra, Gunrock, ScalaGraph Fl JiFeng HITERE. 6 MNEIBIEEFFEMSHWER 1 Fiw, raE
KH CSR (compressed sparse row) il CSC (compressed sparse column) Z5 A fR(F. REPRX TR Y
Graph500 — 3, B0 TAE R BE AR BN i 64 MRTIS AT BFS 5%, 5o B IIEAE v e 24 10
RaE R
4.2 EEORMEEITRE

HrE. AR EHEEERF Graph500 H15E ) GTEPS (Giga-traversed edge per second)
LSRRG SIS A&, BRI S, GTEPS = Edges/Time, H 1 Edges REART A FTEE
o> BRI R (Fo R AR — ST AR I 5 1734, Time fAFE BFS Sk A IT4A 2 Si i St [a]
(AR AR 7)), Gl 8(a) B, JEoR 1 AR G A i i 4 2R

AL T3 138 F AL 23 1 KI5 R 4t Ligra A1 Gunrock, JiFeng 23 B 7] LU At 15) 98.6 F1 55.9 %
fifrit B4t —J7 M, Ligra M Gunrock 52 FRTRAELFF T AV 1], 7ERERE 50% FI [A] &b T
TKEAFHPIRES. JiFeng 18IS E Hl4L B A7 M B0 A G A7 TR HiE, KR D BL Fr A Ui il 55—
i, AN B 257 5 20 Ligra M1 Gunrock T Il ™ 2 ) [F AP T8, JiFeng (8 s A v B
THE G 22 A R0 B 50 [R] I SR AH (R TH R, AT k2 S BE 4R o SR I 7K e e i

FHELTF ScalaGraph, JiFeng A LMR LA 5 461.2 GTEPS K%M B 28.3 5 G &I, —
JiTH, 4IEER T BRI, T Push BT ScalaGraph £ [ I ™ 5 (175 BRT0 s 4E 3 T4, JiFeng
T Push/Pull VA PAT AL R K Z A 25 FRAR TR BR TR - 9P TH 4, ST+ A PR 1 I I )
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@ - Ligra - Gunrock ® - Ligra - Gunrcok
10°F - ScalaGraph - JiFeng i 10°k - ScalaGraph - JiFeng

10*

Throughput (GTEPS)

10°F

Normalized energy efficiency

S &

v & S & W

Graph datasets Graph datasets

Bl 8 (MEMFE) (a) BIABHE; (b) BIAMEETIFEL

Figure 8 (Color online) (a) Overall throughput; (b) overall energy efficiency

TRk E. 55— U7, Push $UATEAL BB ] ToBURARAR A, B E R TURL VA E. JiFeng 18
L HE TR ATk AR B BRRE A U R et DR R R P AR L B, TR T
T BEET, JiFeng 754 A Kronecker RN T HARK. X2 N, Kronecker FHZ]
40% KT LT A, S BRI AR HE B R BEINE 35 . JiFeng fEALHE Kronecker AT LA
i [ HE B AR B SRR 4B, RIS T S N B

MEETNFELL. B 8(b) R T LA Ligra NIEMER)H— b EREThFELL. A SC{FH Intel Performance
Counter Monitor £ CPU HJREFESS S, Nvidia System Management Interface Y5 GPU HJREFE(S
&, A Xilinx Board Utility Y4 FPGA WIREFE(S E. ML T Ligra Al Gunrock, JiFeng AJ LA%y Jil42
P2 394.6 fi5F1 127.3 FEHIPEREDIAELLIR T, X2 KA JiFeng 31 € Hil4b R K 2 B vt LASEAIR Y
(150 MHz vs. >1.5 GHz) ISAT AT | 5w B4R 2 DT AL, AT RIE FEAS B TR RERE. AHEL
T ScalaGraph, R4 JiFeng KH T HEZLPIPATEA! (Push/Pull vs. Push), {H T EAKHIZ 17 4%
(150 MHz vs. 250 MHz), it AR T % 5 ScalaGraph AHIT. 1E4b, JiFeng i H2 Bk d AR KRR D> T
B g (1A AR H i, DRI B AR 1 RE DI FE LUAH LG ScalaGraph &7+ T 23.1 fif. {HASVERE NI, JiFeng
fE Kronecker20 #(#E4E FHUS T 12.5 GTEPS/W HIPEREIIAELL (461.2 GTEPS &M & 36.8 W
HISEIINE), HAE 2023 4F 11 H 1 GreenGraph500 /NGHREERS . FHUS 1756 2 A0S, HEIEEA]
Fr, JiFeng & HBTC AT T FPGA ) BFS s 2% rh VE B ThE b e e iR i

4.3 MALKRARBYMITME

ETRAMITERNMKELEEM. 7Rk TR G HATE R K S22 A R, A0
S JiFeng 5 ScalaGraph FURE{RTEEEH EEATX L. 1K 9(a) s, RE JiFeng KM T L
ScalaGraph F & 2 IPATHR! (Push-Pull vs. Push), (HERER, A5 748 FIBLEEAL T 7] P9 A7 1 B2 5
AN ScalaGraph ] 1.2 fi5, 1.3 f5H1 1.03 £5. XZEHEN, JiFeng KA T H T RAPATEA 1S
—HHERIM R, {45 Push M Pull B8] LSRR 70 /K 4 5 e, 3 R I s 2 B A 1) 42

N T BIESE TR A AT R 17K 2 SEAE R AEEHE 1t, ASSOAS [F) R P REL AT T P e U A 4y

1380



HERBYERRE B 4B o

80

60

40

| [ scalaGraph
- JiFeng

Utilization (%)

20

LUT REG

FPGA hardware resources

BRAM

Normalized throughput

12
1.0
081
0.6
0.4

0.2 %

0.0F

—O—PK —/—1LJ

——KNI19

)]

1
E/5

1 1 1 1
E/10 E20 E/40  E/80

Sparsity threshold

9 (MEhRFE) JiFeng FKLIREN (a) BHFREEREM (b) MHaEHRM

1
E/oo

Figure 9 (Color online) (a) Hardware resources utilization and (b) sensitivity analysis of JiFeng architecture
s @ - Without rearrangement (b) - CSR
) — P— R —— P
= 2
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E o
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10 (MEZRFE) TTRBMNBIBEERNFIN (a) BRERM (b) FALEFFH

Figure 10 (Color online) (a) Effectiveness and (b) overheads of redundancy-aware sorting

Mr. T Push 55 Pull #7827 (] {1 B {f 5 560G, JiFeng Y5 T 0N TAE Ligra W A%, BAKIT =,
RS ATE IR TS RN U, BT A iSRS i AR N By, AN EIPELEE N B, W JiFeng AR
U+ Ey MBIAGBEBE E/20 [N KX RHATERE (2% U+ By > E/20 KR Pull £4Y;
TR A Push #E8Y). 28 7 4 Hr AN R BE I S5 R, A SO BRMEMN E/1 B8 IKE E /oo, 3
MR JiFeng 76 FIEHE 4L ERPATIERE. WK 9(b) AR, UBEZT E/1 Fl E/oco B, JiFeng MM
REAIT R 22, XN, MIRMEN E/1 8 E/oo I, U + Ey HE/NFECKTBME, F3 JiFeng [{CRHA
Push B{ Pull FH—/MTEEL, YRR Z TIRAPATERAL R ABINBIME £/20 B, JiFeng 1EFTH %L
PEEE Rk B M RE, SRAIE T BRI BE A R

TUR BRI BAREHAS. v 7 W0 UETUAR R A EE = HLSI A 80, A SCH JiFeng #1854
B ZALH R EAT R EG. WE 10(a) FT7R, JCARIEREN AR EHHLEI AT LAk 1.1~3.4 fERIPERE
Tt XAEF N, AH AR A B A 2 5 A AR TH A A B B AR G OC R . TUAR BN BB E AL )8
T K 120 B F AR AR TH A BE R Y, R D TN UG ) A AR B . TR AR AT, AL
TEAE R ORI T B AR X Ry, — 77 THIAE A P oK AT A A5 5 P R 20 A R AE
SR 5, 5 B0 AR 0 s RN L T DA R A RN TS AT, 00T, BAREI R
SII FEE o AT 5 U S2 AT SRR R 52 00 5K, M T 98 F 7 R A W ) A8 o ) B2

Kl 10(b) JE7R T ITAR B B A B HENL R A% S R 46 7775 (CSR) [ Pl #ER R 45 5. v BAJK
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T T T T T

R ——sp  —o—pk  ——u ] P[0 —o—sp  —o—m

2 10 . —/—KN18 —O—KNI19 —F—KN20 1ok ——] —7— KNI18
R P xg - [}

2 2 —O—KN19  —F—KN20
3 08f 4 E 8r
o ]
o 5y
T 06F 4 =26
3 B
s 8
T 04F 1 g 4r
g g
5} =]
Z 02 141 % 27

00 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1

0 1 2 4 8 16 0 1 2 4 8 16 32 64 128
High-priority edges of each vertex The number of high-priority vertices

11 (MERFE) (a) HERBMEBFELSHEYM; (b) ARHNENRBEFRENENME

Figure 11 (Color online) (a) The effectiveness of priority-aware scheduler; (b) the effectiveness of hybrid cache hierarchy

B, S\ B DO R B S AR, IO AR I S S HERL AR (0 FAL BRI 18] I 0R A% G s 45 )5 9 . 2%
FER. IXFE RN, TUAR RN Bt S OO R T AR SR AR AT PR A, e R R T
BRI AL, B, d ORI EE S S BARRITUGTE R, B AN R AR T B 3R SR AT
CAE I PUAL B R 8080, 32— 20 AR PRUAL B8 A2 B AR PIAT I 8] 4 5 L.

RARBAMBPIFRELEN. & 11(a) FER T UL JURRN I B S5 M A TE RERE 514 TR K i 1 S 204
B (51 P K) RSN, BT K =0 WZEE S SN TS M TS Es, Kt
IR K = 0 MVEREAE A —ALhatE. BAKINE, 2 K > 1 )5, JiFeng MIVERERE K {EAVHE AR
% KRR N, AT REL T HAEE P FRED 1~2 KU E A RSIORE. 4 B2 s de
il o BTSSR I F 75 SR AR AR, & P EPEREREAR. I, JiFeng RHJ K =1
TERNERNECE. LEA, Yo SR B4 Rkt B AR B AT Rk 22 T AR . X2, BRI R
I A R R 58 TR A, S EORR IR TH 75 25 P 1 26480 A e BMSICIRAS. WlEl 6(a)
P, #E75 [8 A7 SR AR B2 M I 1 8 B T o1 22 3k D IO BOR A R ) 23 . 3% — SR 45 SR i
EIE T JiFeng 7£ H AR & L A7 ik AR T A2 B A SR B 5 2R

REHNENFWETREM. B 11(b) B 1 S 1) 50 217 4L (1) M e Bl v 4 100 R i 2%
NI SR ¢ AR, BT C = 0 I, ZSAF 2SN TG0 B SOnak #%, [R
ARLIIEFE C = 0 WTERAE N —AbbrifE. SRS, JiFeng HITERERE C AN RIMIRTE. X2 H
N, —J7TH, AN I ) R BRI K 2 i B JR) G A R /INRE I T PR A 3 — D7 THI, SR BB R AT
PR TR 80N, MR [R5 B AR A T BR T s A BT o] LA RIS AN T, SRT, 24 © > 32 B, /)
T2 AT B ECHE (R0 TF B AL BEARPAT IS TR 5 LG 2 25 389 0, S 3 JiFeng BV RE SR T FE I 2% 4L 22 47 1
K. Wk, N TR RERVEAE T A 2 RIS P, JiFeng KH © = 32 {ENERVAACE. N T B(IR%E
TR IFEIFAY, JiFeng KA 1 FWWRRTUSHEMHERS S, BT JiFeng A7 512 4 PE, B4
AT T2 512 x 32 x 1 = 16 KB [ BRAM %, #HEL T 6 MB KM ZE{EA BN AN G
T 16/(6 x 1024) = 0.26% (M BLIETFES, 7 LARBEANTE. Ak, 5 B35 () S A 22 A7 22600 T H AR 1
LiveJournal F Pokec JLT-¥%A R H. X /&K N LiveJournal Fll Pokec T #4559, BFS FyEXT & AL
TR U7 T AR 2950, DR MR D i b S AN B R B 2 A7
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5 MExXI{E

ETRALCERNEVERS. FSETE P RITRGTH, A TIERE 7 — R85 FENAE
A v B I AR RS UL B, Ligra 19 $2 7 5T Push-Pull VA AT LB BT g R AR
A, IS EIZ AT I B 04 T BT A ek o R T ) A T 5 0. CLIP 22 6T 23R
B R FH 22 U E S 5 SO D S5O ) 9D AR A7 B, Garaph 2% dliid CPU Il GPU [l &
B RITH B D BB AR T 4. SR, 188 AL RS X DL S b AR B BFS BVEASELN U7 AT N,
XL TAERRBUR 52 IR T BRI Z A dr th 2N AT SR 2, PEREDIFE LU UK. R X S R 7E#
AL B ES EIAS T R I ROR, B REIKIASZ IR T CPU B2 484 B FBUIC I N A7 5, 46T
PEREEUR. AR TIX L TAE, JiFeng 780 FIH FPGA V& (1) 0] SRR, 38 365 11 I 0 B G A7 15 i
RERTENAA AR, PR IZE T GPU MPEREDIFELL.

ETEIRES. 10k A AL B A 1R B, DG TAESR 1 K 1 m) T B 00 4t 4 FH o 4 5%
WA T B R SR VAR 24§40, Graphicionado MO 3@ 08 T S B iE 58 2 T Fr H A4
A7 2, BT EL R AU IR A R PR EL Y B Vs iR, SN AR SRR #E. Hats 290 S2 T
T i) PRI B R T A 5l T 2%, PR N A7 ) ZE 3R . Gramer [26) 38 3o B0 25 28 A7 A0 5 Uiy i) 7y P s A
A e A B AR B 7 5, b B AU AR S R SR, I L A T s AT I R TS A A AR
A FECT PEE R TUAR Y ) 1) L AL TOX AR, JiFeng @i B T2 Bk AR B A A4 B[R0
W FRAS T BRI U R YT MR, KRR TE BFS S HIHAT 2%,

AT — L8 T AR S I e el 82 ) T i DA A B T B A AR & g e . dn, B e A K
23213431 (University of Wisconsin-Madison) A FE A 51 201 S28 T FEF Push-Pull 18 & $U4THAY
) FPGA JIESS, Yo /b 5 B 05 A B B 350G, PolyGraph P72 H T R G A0 B TH S nIE 204, 8t 5
T8 I P R G [R5 SR W 95D T R P B ScalaGraph M 811 T G247 45 A6 SR 1) A 55 LSS L
AN IEAR IR K BAT HLA], 9ok B TH A O S5l s . R XS TR — e B 1 iRl
Y e e R, AR SRV AT AR 75 S P A A T I A A AR AR . b4k, 88 A () M REIE 52 B N AF
RRAE R PR . AHACT X 28 TAR, JiFeng i id U AR B A 2 = HEHL AR 26 RN I AF 25 1A
FESERE, PRUE BFS 503k R0 40 Tl A 75 3t 7 — 2R AR AR I B RT Wse i, ST 7 AH BUIWAT s 28 480+ 1)
PERESRTT.

6 it

AR T —MIURIEIE FPGA ETHEINIE S JiFeng, M1 51 A S AT BE vt - AR yik
/b BFS SRR TURVIAFHRAE. JiFeng i 3 TV G AT LY U0 /K 20 SR 1 3 N7 8 88 Vi R T e 24
PP, I G TR R IO U7 AR AN, JiFeng BETE T U AR B Kb = HEHL RO St 2B
P55 R 2 5 A, e I 5l 1 i AR A PR v BT 4R 05 32 bR 3 R T st AT ST - DAL T K 4 i A
WLVs S, B, JiFeng SEIL A IS 1 S K A7 4EH , )R B A A AR U I F) T s 8k,
I/ TR v R 4 SR Bt U 0 S B RO K A i T 4. SR 45 AR, S5 ESEHER) CPU M FPGA T7 %
FHEE, JiFeng REWELEAH A (1) A A7 0 T SEELEC AR Re 4R T, 72 L8 B9 4 ] Kronecker |, JiFeng
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Abstract Graph plays an essential role in a wide range of real-world applications. Due to graph irregularity,
general-purpose processors are not an ideal platform for graph processing. Therefore, there has been a significant
interest in developing domain-specific accelerators for graph processing in the past few years. With dedicated
hardware specialization, graph accelerators can deliver considerable performance speedups compared to CPUs and
GPUs. However, existing graph accelerators perform unnecessary accesses on high-degree vertices when running
BFS on power-law graphs, resulting in severe off-chip memory overheads. To solve the problem, we architect
JiFeng, a redundancy-aware graph accelerator. When a high-degree vertex finishes execution, JiFeng aggressively
skips all its edges to avoid redundant memory accesses. Several software/hardware co-designs are proposed to
improve memory efficiency and load-balance. We have implemented JiFeng in RTL and evaluated it on a Xilinx
Alveo U55C accelerator card. JiFeng achieves at most 461.2 GTEPS throughput and 12.5 GTEPS/W energy
efficiency, and ranks 2nd in the SMALL DATA list of GreenGraph500.

Keywords graph processing, accelerator, breadth-first search, redundant memory access, FPGA
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