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Accelerating SSSP Algorithm on GPU with Adaptive Thread
Creation

JUN SUZUKI" MASAKI KAN'
YUKI HAYASHIT TAKASHI YOSHIKAWA'

Single-Source Shortest Path (SSSP) algorithm that calculates minimum costs of paths from a single node of a graph to all the
other nodes is known to be accelerated using GPUs, because of its applicability to parallel calculation. SSSP algorithm is
processed by iterating updating costs of all nodes from a source node until they converge. Here, the numbers of nodes that are
updated differ depending on each phase of iteration. Conventional methods create GPU threads for all nodes even in phases in
which the number of updated nodes is small. This increases the overhead of creating threads especially in SSSP calculation of
large graphs. In this paper, we propose a method to enhance the performance of SSSP algorithm by creating GPU threads only for
the nodes of which costs are updated when the number of updated nodes is small, while creating threads for all nodes when the
number of updated nodes is large to avoid the overhead of counting large number of updated nodes. The proposed method
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increased the performance of SSSP algorithm by 18% when a map of the Kanto Region of Japan is processed.
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7L =Y XA 1. SSSP_ALGORITHM(G(V, E, W), s) // s is a
source vertex

Create V, E,, Wy, My, C,, and U,

Initialize C, = o0 and U, = oo for all v€ V

Glsl = 0

M,[s] = true

while M, not empty do

for each vertex vE€ Vin parallel do

invoke RELAX_KERNEL(V,, £, Ws, My, Cs, Uy)
invoke UPDATE_KERNEL(V,, &, Wi, M,, Cs, Uy)

end for

-
=4

end while

T3 Y XL 2. RELAX_KERNEL(V,, &, Wy M, C,, Uy)

1 v = threadID

2 if My[v] = true then

3 M,[v] = false

4: for i = V[vlto V, [v+1] -1 do

5 n= £l

6 Uy [n] = min( U, [nl, G, [vl+ W, [nl)
7 end for

8 end if
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7L R L 3. UPDATE_KERNEL(V,, £, W,, My, Cy Uy)

1 v = threadID

2 if C.[vl> U, [v] then
3 Clvl = G [V
4: M[v] = true
5 end if

6 UVl = Glv]
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T v U X L4, SSSP_PROPOSAL(G(V, E, W), s)

1: Create V, E,, Wy, My, C,, Uy, MW, and MR,

2: Initialize C, = o0 and U, = oo for all v&€ V

3: Clsl =0

4: M,[s] = true and add s to NR,

5: sch = true

6: while M, not empty do

7: if sch = true then

8: start = current time

9: for each vertex vin MR, in parallel do

10: invoke SELECT_RELAX KERNEL(V,, £, Wi M,
NW,, NR,, C,, U.)

11: end for

12: NR, = NW, and NW, = empty

13: for each vertex vin NR, in parallel do

14: invoke SELECT_UPDATE_KERNEL(V,, &, Wy, M,
NR,, C,, U,)

15: end for

16: end = current time

17 if end— start > THR then

18: sch = false

19: end if

20: else

21: start = current time

22: for each vertex vE& Vin parallel do

23: invoke RELAX_KERNEL(V,, £, W, M., C,, Us)

24: invoke UPDATE_KERNEL(V,, £, Wi, M., C,, Uy)

25: end for

26: end = current time

27: if end — start < THR then

28: sch = true

29: invoke SWITCH_KERNEL(M,, NR,)

30: end if

31: end if

32:  end while

2%\ Phase TIEEH /) — RDOD T v N &IThRNED, 2
DDA Ly RERFIEDOUY B2 O DITRER L 70 D e
MDUFEL 72D, ZZTREFETIE, FAMTHELE
SSSP #HD4% Phase © GPU T2 2 L v FEI Y
BZOBEE LTHWS., Zhicky, B/ — FER%
VY Phase CIIfERTIE LR Ut ERZ EH T 5. £ LT
ikl LT, SSSPEtHE % =#lLd 5.

REFEDO GPU ZHfl#ITHHKA N T u /I L&k T7 1A
URXN4IZRT . Cq Uy, Coy Mg OFIEMEIZ T VT Y X2 1
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7 X5 SELECT_RELAX_KERNEL(V,, Ea Wa, My,
NWa, NRq, Ca, Ua)

X = threadID
v = NR,[x]
if M,[v] = true then
M[v] = false
for i = Vi[vlto V[wv+1] -1 do
n = Eul/
Uilnl = min( Ylnl, GVl + Wiln])
if Uslnl = C.lv]l + Wiln] then
if nis not scheduled then
add nto MW,
end if
end if
13: end for
14:  endif

- o =
M = 9
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MAERHT 2. ZOMERFEZ 1717H & 27/THICEBNT
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7L X Ls 6. SELECT_UPDATE_KERNEL(V,, £, W, M, NR,
Co U

x = threadID

v = NR,[x]

if Ci[vl > Ui[v] then
Gl = Ulv]
M[v] = true

end if

S U O o e

INEWIEE, BEEE ) — & NW BT D, 2721, B
J = R F T NW, IZBEE S N TV E, BB L OBk
IZ L7y, Z @ SELECT_RELAX_KERNEL()®D5E T, 7
2 RNTEITENDZTAAY X5 4 TIENW, &2 NR, 1T = B —
L, NW, 28181t 5. T NW, iZEBZIALHATHY,
NRy BFt A iAB D= TH 5.

¥ w T, 7T = U X A 6 T T
SELECT UPDATE_KERNEL() D 4 — % LV EHE N EITE N
L. ZON—XNVEEEFITT ALY RTIE, %75
J— ROEHEOEFMENBAED ) — ROEREX Y L&
FUTEHE A AW CHEBEO T 247 5. E B2 L
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