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Accelerating All-Pairs Shortest Path Problem Using CUDA

ToMOHIRO OKUYAMA," FUMIHIKO INOtt and KENICHI HAGIHARA'tt

This paper presents acceleration results of the all-pairs shortest path (APSP) problem on
a graphics processing unit (GPU). The proposed method is implemented using compute uni-
fied device architecture (CUDA), which offers the development environment for GPUs. The
method is based on an iterative algorithm that repeatedly computes single-source shortest
paths (SSSPs). In order to obtain a higher speedup, we decrease the sequential part of the
algorithm by processing SSSP problems in parallel. Furthermore, we reduce the access to
global memory by using shared memory, which allows tasks to share data between them. As
a result, our method is 3.5-18 times faster than an existing method. We also show that the

iterative method varies the performance depending on the characteristic of the graph.

1. 1T &I

JTEE, GPUY (Graphics Processing Unit) O
FrEMREE AV TR B2 RE LT RN EAT
$%. GPUWRT S 717 ANBEEH#ILT ZFy T
THdHIs, TOTUTS IV TETMITIEER EH]
Kb 3.

nVIDIA 2D CUDA? (Compute Unified Device
Architecture) & GPU ZIRAHFEICAV 57D DH
RRETHS. CORKIT GPU ZMFIEEEE LT
5. LiehioT, IS5 74 7 AFARDTOIFZ 3L
TETNVIOERMC TS S LETRTES.

2T T, XH# 3) 12 CUDA 2RIV TL AR
2 (APSP : All-Pairs Shortest Path) AR &7

T ORBRAZIRHE T A iRR R
Department of Information and Computer Sciences,
School of Engineering Science, Osaka University
11 KRARFERFRERNEARR I Ca— 2V A TV XFR
Department of Computer Science, Graduate School of
Information Science and Technology, Osaka University

SR EEIL L TWA. APSPRIEES X, ¥57
FDO2ERA v BLU v HOREREZ, $XTOHE
(u, V) IKH LRDBETH 2. BARNZS S 708
THYD, BAGLHASTTHAVWGNS.

3CHK 3) 1, APSP ZXR$HB7NIVILELT,
B ph A REREH (SSSP : Single Source Shortest
Path) MIEEER DR UM FiE (SSSP RIERE) &
FW (Floyd Warshall) IEZBHWTW5. #iEII%E
FVLEETHBH, TOFECWELIFD2 SicEL
TREORMND S. (1) AVBAFHE (2) CUDA
DATYBERERLET—2BH.

1) 12DVT, BEFEY Tk 1 D0 SSSP M
EAFHFE L TN EH, FIEERD B UM TR
REFLTWVD. INSORMERIEHEETE, D
HAOICHEORMNS S, (2) IDVTI, EF 4 X
Y EOF— 2 EFEZFHEELTVT, GPU A
FET 3 LD EREHEEATY ZFENTWEN.

AR T, CUDA ZBUVT APSP ZKb 5 0E%
B9 %. SSSP REEE AV ARETEY ZHIC,
EE D SSSP % 2 2 7 MFFHE T % SSSP Wik

—145—



FRETS. BROXRIEWFIHET SR LT, £
FICHTT B WFHLE D OBE R EMT L TERFLZH
5. Ff, ZAVHHEEICED, 2R I7ETHRET
BTF—Z\OBEME LB LICERL, bz
BAEVICEBELTGENAEY OBBEEHIET 5.
LIRgIX, 28T CUDA D7 —F 77 F¥ItDNT
B, 3 8T SSSP RIBEDT LI XL & BEFE
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BrhB TURAOEBIX, SMPIITay s E
BHAEIDYTS. HEEBFWZSICIE, HEAEYE
AT a—/S IV AEBY\DGEAEE R T Oy 7 B
THIEY 5. HEBEEVYBIE, WEOALY R
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1:u := threadID
2:if Malu] = true then
3:  Malu] := false

4 for i := Valu} to Vafu+1] — 1 do

5 v := Eali]

6: Ualv] :== min(Ua[v], Calu] + Wald})
7 end for

8:end if
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1:u := threadlID div P // vertex id

2:t := threadID mod P // task id

3: shared ms{u] := false

4:if Mafu,t] = true then

5:  msfu] := true

6:end if

7:if msfu] = true then

8:  shared begin{u] := Valu], end[u] := Valu + 1]

9:  neighbors := end{u] — beginfu]

10: if t < neighbors then

11: shared es{u, t] := Ealbegin{u] + t]
12: shared ws(u, t] := Walbegin|u] + t]
13:  end if

14:  if Mafu,t] = true then

15: Malu, t] := false

16: for i := 0 to neighbors — 1 do begin
17: v = esfu, 1]

18: Uafv, t] := min(Ualv, t], Calv, t] + ws{u, i])
19: end for
20: end if
21:end if
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