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Xt v HIRAN

5st (U) _ Ost (U)
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ds(v) = Z 35t (V)

teV\{s,v}

BEMAEHUOME BC(v)
BC(v) = > 6(v)

seV\{v}
FETCALE |, Brandes FIEM RN EAL s $AT—IR BFS, 15308 dy(-), AR
FEos(1) (HArou(s) =1), FFNEFDTUR w ilskHATIKES

Py(w)={veV|(v,w) € E, dy(v)=ds(w)—1}

[FII4 TS % BES P57 A RS 27 FE AR S BlJERIIEME 0.(v) = 0 ORI
ve V), Jfg S WAy (RPREESAERE) AT mIE . X EE DR BTN w, A H
TR v € Pyw) U5
os(v)
os(w)
BIGX A v # s 21 BC(v) += 05(v)o EUAITE, ¥l BC AR X
REEPITIET BFS WK%, JHAEH R TR E R RL 5 B0 12 Bxt

5s(v) += (14 04(w))
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AR SRR a8, AR TORUE _ERY IR 2 2R B R OV EY),
FERRUEE _EAEAERELIRSZ . SRS, SRR A e R Y, (B A B
SR AT YT A RS R (B FEJE R R LU R /R TR Ay K
B . GPU A mant I T SEih ivifrat ), RAEGmEM R mn + ML E£%
H AR R, AU GPU fndhis i BC fIiT802— A H A% 0 B E e 7 1.

2 3CEAE

MR EF, W BC £8HLJH BFS (8 SSSP). Biyid & LAMARHE ]
R RIS Rt IXEE T SHATEES GPU B 5 R 0%
E G EISIEEE ESERTHT (frontier) SXEHYM N5 — R AT HIFHATHEGE (3
filis I8 ML JE TR i SRR ) SRALEL, IIRET AR H I4
g IHINE BC X368 £ FHERR IR . 7—J7H, F5E GPU K51 AR
FE TRZECEREBNFEERRR, NATH M 7ol R g 5 L2

B EdJFEN, AFELL Guorock X228t GPU K5 SR IT R R 5
Mo £ LILE T BUERRIARFMEIE S, FHEx IR AR H 1 EES 50 E AN
RENHYJE A

N T PRIEIRSL LB SR R R E B AT H ek R 1R AL I HAE GPU
ERCRE (BT RE SR OB R RIESR S RE T AR R IiCo NS
A E MRSt — DI e S E A HR S H =2 T FUEM R 7 hi A
Fr A AT H O AN X e B (P55 A e BCY HHRSFEALL GPU 2
BT A S A 512

# 1t [H58 Gunrock LG REIAYHR TARLE

TAE (/T 0y, B0 A/ B REMN AINERN /T

Groute: An Asynchronous Multi-GPU https://github.com/g  AZYN  SCHPEINES A S5
Programming Model for Irregular route/groute it (BC)o
Computations (ACM SIGPLAN

Notices 52(8), 2017; #5]: 123)

Hornet: An Efficient Data Structure  https://github.com/h AN CHPENUES AL S EL
for Dynamic Sparse Graphs and ornet-gt/hornet vt (BC).

Matrices on GPUs (IEEE HPEC,

2018; #f5]: 63)

Gunrock: GPU Graph Analytics https://github.com/g 1 N

(ACM TOPC, 2017; #5]: 119) unrock/gunrock


https://github.com/groute/groute
https://github.com/groute/groute
https://github.com/hornet-gt/hornet
https://github.com/hornet-gt/hornet
https://github.com/gunrock/gunrock
https://github.com/gunrock/gunrock
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TAE (/T S0y, B0 AT /e BTN AN &

GraphBLAST: A High-Performance https://github.com/g AN SCHIFNEFAE S NEL
Linear Algebra-based Graph unrock/graphblast v (BC).
Framework on the GPU (ACM

TOMS, 2022; #f5]: 53)

Tigr: Transforming Irregular Graphs  https://github.com/A MmN -

for GPU-Friendly Graph Processing utomataLab/Tigr

(ASPLOS, 2018; #5]: 106)

EGGPU: Enabling Efficient https://github.com/e MAN -
Large-Scale Network Analysis with asy-graph/Easy-Graph
Consumer-Grade GPUs (SocialMeta,

2024; ¥l 0)
Gunrock: A High-Performance Graph https://github.com/g MAN -
Processing Library on the GPU unrock/gunrock

(PPoPP, 2016; #5]: 738)

Subway: Minimizing Data Transfer https://github.com/A AN CHPENUES AL S EL
during Out-of-GPU-Memory Graph utomatalab/Subway FME (BC),
Processing (EuroSys, 2020; #%5]: 105)

Graphlt: A High-Performance Graph https://github.com/G AgYN FEHEF CPU HYELLFE R

DSL (OOPSLA, 2018; #%5]: 250) raphIt-DSL/graphit %4t , 4F GPU-based.
Gluon: a communication-optimizing - AN ORI S A E SN
substrate for distributed heterogeneous vt (BC) o

graph analytics (ACM SIGPLAN,

2018; H3|: 178)

AN REFEICEES, MR
(GSM) on GPUs (arXiv, 2020; #5]: et (BC),

26)

Fast Gunrock Subgraph Matching

AN ZREATCEE, BEFRIT IS A
Survey from Algorithms to THA—.

Accelerators (ACM Computing

Surveys, 2023; #5]: 172)

Computing Graph Neural Networks: A

HyGCN: A GCN Accelerator with - AN ST RS A H A2
Hybrid Architecture (HPCA, 2020; #

2. 284)

GraphR: Acceleration Graph - AN ORI S A E AL
Processing Using ReRAM (HPCA, FulME (BC) .

2018; 5| 221)
DataShot: Automatic Generation of AN BT IR S AT HA—E
Fact Sheets from Tabular Data

(TVCG, 2020; #£5]: 120)


https://github.com/gunrock/graphblast
https://github.com/gunrock/graphblast
https://github.com/AutomataLab/Tigr
https://github.com/AutomataLab/Tigr
https://github.com/easy-graph/Easy-Graph
https://github.com/easy-graph/Easy-Graph
https://github.com/gunrock/gunrock
https://github.com/gunrock/gunrock
https://github.com/AutomataLab/Subway
https://github.com/AutomataLab/Subway
https://github.com/GraphIt-DSL/graphit
https://github.com/GraphIt-DSL/graphit

3 EEMABITHEEIN 4

TAHE (/8T 6y, #51D I /G ERPIN AN /51

P3: Distributed Deep Graph Learning - RN BT M-S AIEH A —E
at Scale (OSDI, 2021; #5]: 108)

Galliot: Path Merging Based - N -

Betweenness Centrality Algorithm on
GPU (IEEE INFOCOM, 2023; #{5|:
10)

3 ERMBEITEEN

ARFEETERR 1 RIS N TEX T, REicg . sir5E0n
P, BRESECECR A . ARSI, M7, DA BC 5 Misfr28 5 1125%.
FIRMEEH T RIEE LI R e — 3k, I i1 GPU s SEILYLIE vl &2 FH Y
TR

MRS B IHkss SR, AT H T e Gunrock. EGGPU. Tigr 5 Galliot, H
Hi, Gunrock. EGGPU 5 Tigr )00 7. AT F AR I AR 55 #8 ERIEH 52 Bk
HieSialT, DARIEHAE BC ARG ERYRTEIME, IR IS S SC B0 T o FR 2]
)72, EGGPU (Easy-Graph) [AHf#2fit CPU itk (easy_graph) 5H[iE[) GPU fikk
HEH GPU MRS, Zmifn7E/F CMakeLists.txt H1f% EASYGRAPH ENABLE_GPU %
9 oN, SNEGAUEE CPU #45.

RIS, TR Tigr BRSNS R LR BC (single-source BC), JfA&
PR HA R A (all-sources) THEHE; HHRARG2E BC, F{FEALINEXTERE 1%
RIFLEG R 75— I, Guorock BSCRHAEMSITSEHTENZ DA, (H 5 B
ORI T — IR AR N3, ITTHE LB R SE i BCo i, FRATTA Gunrock
[ S F T 25T AS (include/gunrock/io/parameters.hxx) T T /NEEN: 7
JRSE SRR AN —-src 0,1,2,3 HIE S50 F@AI AT BB ., 380X ——sre all 1Y
Wl HHRE all B, K 0,1, [V = 1 B AJRSENS], T SZ 2] BC it
Fo KT Galliot, HTHANTIEM, ATH FESHRCP2E H A EE g 5 00818
Ho

SR IE S IResn e s, FATH— 2P A2 D EEREE LX) Gunrock 5 EGGPU ##
T YEREE I, Mg scin nl AN, AP BT ImARE L A P IA run_eggpu. sh
5 run_gunrock.sh, Ht1, EGGPU jEif Python J4H%miE /5] C/CUDA 2744 (.so0)
R )E, IFRATTEH] run_easygraph_be.py FEATIHM S SEACE . A SEHRE
A2 LIAR 55 %% H 5% /home/yuyuanhang/BC/ A, SEFR{E FH AT 2 A5 524

run_easygraph_bc.py:
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#!/usr/bin/env python3

# —*- coding: utf-8 -*-

import argparse

import os

import sys

import time

import easygraph as eg

def parse_sources(s: str):

def

X
- "all" -> None (K7 2VF)
- "o" -> [0]
- "0,1,2"-> [0,1,2]
- "@/path/to/sources.txt" 47—/ source id
Wi
if s is None or s.lower() == "all":
return None
if s.startswith("@"):
path = s[1:]
src = []
with open(path, "r", encoding="utf-8") as f:
for line in f:
line = line.strip()
if not line or line.startswith("#"):
continue
src.append(int(line))
return src

return [int(x) for x in s.split(",") if x.strip() !'= ""]

main():
ap = argparse.ArgumentParser (
description="Run EasyGraph/EGGPU betweenness centrality with configurable
graph type and sources."
)
ap.add_argument ("--input", required=True, help="Input edge list file. Format: u
v [wl")
ap.add_argument ("--directed", action="store_true", help="Use DiGraph (directed)

. Default: Graph (undirected)")
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ap.add_argument ("--weighted", action="store_true", help="Treat 3rd column as
weight")
ap.add_argument ("--weight-key", default="weight", help="Edge weight key name (
default: weight)")
ap.add_argument ("--sources", default="all",

help='Sources for BC: "all" or "O" or "0,1,2" or "@/path/to/
sources.txt"')
ap.add_argument ("--normalize", action="store_true", help="Normalize BC (if
supported by backend)")
ap.add_argument ("--endpoints", action="store_true", help="Endpoints option (if
supported by backend)")

args = ap.parse_args()

if not os.path.exists(args.input):
print (f"ERROR: input not found: {args.inputl}", file=sys.stderr)

return 2

# 1) Build graph object
G = eg.DiGraph() if args.directed else eg.Graph()

# 2) Read edges into graph
t0 = time.time()
# EasyGraph #) read_edgelist X create_using, mie¥%: HEFEHLA (LFEFHE
%)
# data f¢ )\ weight tuple, &8 #3%| N\ %| edge attr dict £
if args.weighted:
eg.read_edgelist(
args.input,
nodetype=int,
data=((args.weight_key, float),),
create_using=G,
)
else:
eg.read_edgelist(
args.input,
nodetype=int,
data=False,
create_using=G,
)
tl = time.time()

G = G.cppQ)

# 3) Prepare sources
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sources = parse_sources(args.sources)

# 4) Run betweenness centrality

# EasyGraph 6] betweenness_centrality ¥ sources £ # (None=%2JF)
# H¥: TEMA/FE#H* normalize/endpoints B XFF¥ i F T2 —2;

# WRARHE TypeError, #iEXT NS H K.

t2 = time.time()
bc = eg.betweenness_centrality(
G,
weight=(args.weight_key if args.weighted else None),
sources=sources,
normalized=args.normalize,
endpoints=args.endpoints,
)

t3 = time.time()

# 5) Output
del bc

return O

if _name__ == "__main__":

raise SystemExit(main())

run_eggpu.sh:

#!/usr/bin/env bash

set —euo pipefail

PY="/home/yuyuanhang/BC/repo/work/repos/easy_graph/run_easygraph_bc.py
unset LD_LIBRARY_PATH

DATASETS_DIRECTED=(

"/home/yuyuanhang/BC/repo/work/datasets/web-BerkStan. txt"
"/home/yuyuanhang/BC/repo/work/datasets/cit-Patents.txt"

DATASETS_UNDIRECTED=(
# "/home/yuyuanhang/BC/repo/work/datasets/com-orkut.txt"

run_one() {
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local mode="$1"
local graph="$2"

[[ -f "$graph" 1] || return O

if [[ "$mode" == "directed" ]]; then

python3 "$PY" --input "$graph" --directed --sources all
else

python3 "$PY" --input "$graph" --sources all
fi

for graph in "${DATASETS_DIRECTED[@]}"; do
run_one directed "$graph"

done

for graph in "${DATASETS_UNDIRECTED[@]}"; do
run_one undirected "$graph"

done

run_gunrock.sh:

#!/usr/bin/env bash

set -euo pipefail
BIN="/home/yuyuanhang/BC/repo/work/repos/gunrock/build/bin/bc"

# List of MTX files to run

MTX_FILES=(
"/home/yuyuanhang/BC/repo/work/datasets/web-BerkStan.mtx"
"/home/yuyuanhang/BC/repo/work/datasets/cit-Patents.mtx"

ok=0
fail=0

for MTX in "${MTX_FILES[@]}"; do
if [[ ! -f "$MTX" 11; then
echo "[SKIP] not found: $MTX"
continue

fi

N=$ (awk '
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BEGIN{ok=0}
/" [[:space:1]1*%/{next}
NF>=3{print $1; ok=1; exit}
END{if (!ok) print O}

' OUEMTX")

if [[ "$N" -le O ]]; then
echo "[FAIL] bad header: $MTX"
fail=$((fail+1))
continue

fi

echo "===== RUN: $MTX (N=$N) ====="
if "$BIN" --market "$MTX" --src all --num_runs "$N"; then
echo "[OK] $MTX"
ok=$((ok+1))
else
echo "[FAIL] $MTX"
fail=$((fail+1))
fi

done

echo "done: ok=$ok fail=$fail total=${#MTX_FILES[@]}"

4 Gunrock 5 EGGPU SISLIg 4R

REACEIRATET s T A2 Bl 8 L E BS2IHY Gunrock 5 EGGPU
PERESE R, HTHRWEE 2R AEH BC (155 L imEamAEn, JHENIFE: GPU
WAL 2% o SLBG AR K NVIDIA Tesla V100-SXM2-32GB filR454s Lif7; fE7C
KERE T, O N EEREIHE2BE T BC, JRCRBMB T E (Z28) . &
RS ISV M B R 2615 wiki-Vote. wiki-Talk. web-Google. web-BerkStan 5
cit-Patents. FAIREMFIEEEUFEK 2, MV AIBITHER WK 3 (Hn = V] AT
REL mo= | E| %0 .

# 3 %5t T Gunrock 5 EGGPU fETLAEHEEE ERYA R B BC i 21 S #E 1
g AR b, PRE R B U B R SR . AR R/ N wiki-Vote
(n="7,115, m = 103,689) I, EGGPU ({7 343 ms, |fif Gunrock & 7,048 ms (%Y 20.5x
B L U HIAE /N ] R BRI R RESZME SR IS B S N A A [ E T 4N
oM. XTI MARAE 5-8M Iy =2H%#E (wiki-Talk. web-Google 5 web-BerkStan) ,
Gunrock B 5. 40 0E%E] 1.56x. 2.11x 5 4.52x §yhm#E e (F%F EGGPU) . 1
% K cit-Patents (m = 16,518,948) F, EGGPU HIH} 2,561,153 ms, WEPET
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2 BHREEAER

B EE n=|V] m=|E|
wiki-Vote 7115 103,689
wiki-Talk 2,394,385 5,021,410

web-Google 875,713 5,105,039
web-BerkStan 685,230 7,600,595
cit-Patents 3,774,768 16,518,948

% 3: Gunrock 5 EGGPU fEAREHE_ LRIk i BC izfTHER (ms)

Hnee EGGPU (ms) Gunrock (ms)
wiki-Vote 343 7,048
wiki-Talk 1,368,194 876,698
web-Google 1,877,924 889,555
web-BerkStan 7,643,941 1,691,990
cit-Patents 2,561,153 3,065,440

Gunrock [ 3,065,440 ms (29 1.20x) . FIRAMIGFE, WESLI BRI S LHAIFIE
BRI BERIAARAL , AT REIEI I 52 21 K S5 A REAE S~ SEIRAN 1 LA K ity 1) 3 85 49 9 52 10 o
Kk, fef5%: GPU sy = eihh, RATEI R Gunrock 5 EGGPU {E N EZEX]
R, DABE A 2 A [R5 A T A ek 2

5 REILIEITX

FEIAE IR REA B, T —2 TR IR M & 2l . 55— F 4024 Gunrock
fE LR Z I 2R/ 208 BC AT G 2] Tigr: fE RSO AT
NN RS S S A EEALE] R A — s T A R 0,1, V=
1 AR R, TR AT B T2 g1 BC BYSCH. 55 48 F4kIHIH Galliot:
FHAAFIRGTME LS REE I, AT LI SCR A H I BAR AN R, B0
KA SRR, T E IR, IR SRS T S EA
Gunrock/EGGPU FJ&E A5 R HEF TR HEITAL o
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