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Fast Blocked Floyd-Warshall Algorithm on the GPU
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This paper proposes an acceleration method for the iterative blocked Floyd-
Warshall (BFW) algorithm, aiming at solving the all-pairs shortest path prob-
lem rapidly on the graphics processing unit (GPU). The proposed method
contains two variations, both designed to reduce data access to off-chip mem-
ory. The first one also reduces the number of instructions by using registers
rather than shared memory. The remaining one increases the block size be-
cause it is inversely proportional to the amount of off-chip memory access. For
graphs with 256-1,024 vertices, both variations demonstrate 4% faster perfor-
mance than a previous method that employs a recursive BEW algorithm. For
larger graphs, on the other hand, our iterative method is 1-10% slower than
the recursive method. The proposed method achieves approximately 70% of
peak computational performance.
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1: IterativeBEW (M, n, t)
2: for K :=1ton/t
3. FWI(Tk.x, Tr.xc, T, t) // 0000
4: for [ :=1ton/t,I!=K
5. FWI(Tix, Trx, Tk, t) // 00000
6: forJ:=1ton/t,J!=K
7. FWI(Tx., Tx.x, Tx.s, ) // 00000
8 forl:=1ton/t,I!=K
9: for J:=1ton/t, J!= K
10: FWI(Ty., Tr.x, Ty, t) // 00000
11:FWI(A, B, C, t)
12: fork:=1tot
13: fori:=1tot
14: for j:=1tot
15: Ali, j] :== min(Ali, j], Bli, k] + Clk, j])

01 000 BFWOOOODOOOD
Fig.1 Blocked iterative FW algorithm.
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Fig.2 Tile updating process of the blocked iterative FW algorithm (n/t = 4).
A black tile represents a pivot tile. Gray tiles are pivot row and pivot column tiles while white

tiles are non-pivot tiles.
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Fig.3 Ratio N, /N. of memory access to computation demanded by the blocked iterative FW

algorithm and that of global memory bandwidth to computational performance of the GPU.
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Fig.4 Using on-chip memory for updating the pivot tile.
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Fig.5 Partitioning of the computational region in the matrix multiplication based method.
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1: RecursiveBFW (M, n, tr)

2: ifn <tgreturn FW(M) // MO FwWOOOO
3: M1 := RecursiveBEW(M;,1,n/2,tr)

4: Mg := M- Mo

5 May = Mz - M

6: Moo := M2o+ M2 - M2

7: Ma,s := RecursiveBFW (M2 2,n/2,tR)

8 Mz = Mz2- Mas

9: My := M2 Ma>
10: My = My + Mio-Ms

06 OO0 BFWOOOOOOOO
Fig.6 Blocked recursive FW algorithm.
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12)

Table 1 Timing results for random graphs with a different number n of vertices. Results are

presented in milliseconds.

ooo oood)
0oo n 0o A 00 B tn—16 | tn=32 | tn—6a
t=16 | t=32 | t=64 | t=16 | t=32 | t=64

128 | 0.427 | 0.404 | 0.639 | 0.702 | 0.567 | 0.791 0.783 0.561 0.533

256 | 0.896 | 0.819 | 1.295 | 1.570 | 1.196 | 1.606 2.028 1.585 1.498

512 | 3.047 | 2.558 | 3.675 | 4.629 | 3.394 | 3.928 5.645 4.738 4.415
1,024 | 15.62 | 13.82 | 15.15 | 20.11 | 15.88 | 15.68 19.03 17.21 16.58
2,048 | 93.93 | 87.42 | 100.2 | 1205 | 96.32 | 99.69 95.64 91.97 91.97
4,096 | 663.9 | 630.3 | 710.3 | 862.7 | 699.9 | 706.9 639.0 631.5 631.5
8,192 | 5,135 | 4,869 | 5,472 | 6,676 | 5,353 | 5,434 4,883 4,866 4,867

02 0000000000000000O000O0

Table 2 Kernel parameters for updating non-pivot tiles.
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t — — — 4 2 4
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nfsfsfsfs 39 40 42 18 30 30
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Occupancy %) 38% | 38% | 19% 50% | 50% 50%

I<n/t000000C00D0O00DO0O0O0OO0!IODRO000¢t0O000O0OOOOO0 20010
O0l00000 TBOO n=8,1920 000000000 AODOnO000¢tO000O0OO
ocoooooooooooOoOoOOOOOOODODOOODOOODODOOIOOOOOOO0
0000 A0DO00O0O0OO0O0O00000O000000O0O0000 150000000000
0BOOODOODOOO 2200000000 BOO0OO¢#000000000000O0O0
goooooboooooooo200000000000000ODODOCOOOOODDOOOO
it 0000000000 CPUDDOOOOODOODOOOOfloat 000000 ADt =320
000000 int000000 0.14%000000 BOt=32000 fleat 0000 0.040
45%0000000tg =160 0 tp <220000000 FWOOOOOOOOOOO
goboboodotg00000D0O0O0O0O0O0CDOO0O0¢tr=3200064000000000

000000000 00oDOoOoDOoooooog Vol 3 No.2 5766 (June 2010)

gobooo4100000000DO0OO0DOOOOOODOOODODOOODOOODOO
0100000 ADt=3200n<1,02400000000¢tg =320000 20%0
OO0o0oo00o00000Ob0000tg=640000000n =128000000 BOOODO
n<102400 ¢=32000 A0D0D0 BO 4%00000n0000000000000
O0000n=2g8,19200000000000000 AD¢t=3200000000000 30
goboodobooooboooooooboooooooo
gbobodttg00000O0COO0ODOOOOOOOOOOOOODOOOOnOO0O0DOO
O0000n>1,024000 tg=32000 640000000000000000000
obo¢tg0000000DOCOO0COnO00000O0 tg000OO0O0O0OOOOODOO
goooboooooooboooOo0ooboooouoob0oon0dtg =32000n = 8,192
00000000 ,78600000000000 90%0 0.1000000000000O0
gobooobooooooooobobOoOobDOooebObOOOOOOODOOODDOO 5900
gooooooooooonbOOOOO0OODOODOOOOODOOOOOODOOOOOODDOO
gbooooboooooooobooooboooobooooboooboooobobooDo
gooooboooooooooboooboboboo0obotg00O0DOOOO0O0O0O0¢trO
gobooooboobonoobOOoOoOobOOoOoboboOon
gooooooooooooobobooooooboobob0o10000+=32000 1600
000000 A0OOO BOOOOt=320000000000000 BOOoooooOoO
00 19027%00000 3000GeForce GTX 28000 00000¢=320000 GPU
g0ooooOoOoOoOOoQoOoOoOoOoOoOoOot=160000GMOOOOOOOOOOOOO
O000000000000o0oo0Ot=160000 Ny/N.=061000t=160
000 GMOOO0O 000000000000 cet=16 0 b/et—16 = 0.61 O OO O GeForce
GTX 28000000000 cO0OOOBO0OO0OYb/c=046000003I 000000
t=320000 ¢t=160000000GPULOOOO0DOOOOO ¢/ee=16=133000
oo0oooo 1/133=075000000000¢=320000 t=160000000
0000000000 2%000000 10000000r=28,19200000 BOt =320
000000 ¢=160000 198%0000000000O00O0O0O0ODOUOOtODUODOO
OooooooooooooO0OO0oOb0o0b000r=5120000 BOOOOOOOO00O0OO
25%000000000n 0000000 GPULOODODDOOOOOOOUDOODOOOOO
GgpUOOOOCOOOOOOOOOOOOOOOOOODODOOODOODOOODOOOODOO
gboooobooooooboooooboooooooobooooboobOboOooboooOoOooooDo

(© 2010 Information Processing Society of Japan



64 GPUOOOOODOOOODOOOODOODOOOOO

038 n=28,1920000000000000000000%0
Table 3 Computational efficiency for a graph with n = 8,192.
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04 n=8,1920000000000000000000000000000000O
Table 4 Breakdown timings of the blocked iterative FW method in milliseconds. The number n of
vertices is n = 8,192.
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Table 5 Instruction throughput of updating non-pivot tiles. The number n of vertices is n = 8,192.
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Fig.7 Breakdown of the number of instructions in the kernel for updating non-pivot tiles. The
number n of vertices is n = 8,192.
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