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Abstract: Difference stencils are fundamental computations throughout a broad range of scientific and
engineering computer programs. In order to optimize data locality and communication overhead, this paper
proposes a novel alternate tiling stencil algorithm on distributed memory machines by exploiting the property of the
iterative algorithm. The serial execution process of this iterative method is given, which introduces the sequence of
iterative space tile as the sequence of execution, and uses time skewing technique to divide iteration space. In this
process, nodes of the tile can be traversed many times to improve data locality. The parallel algorithm based on
iteration space tile technique is presented, which uses an improved polyhedral model to implement the iteration
space tiling algorithm and reorders the tiles of iteration space to reduce cache misses, and the cost of
communication and synchronization. The theoretical comparison is given between alternate tiling and other
parallelization techniques. Finally numerical results are presented to confirm the effectiveness of serial and parallel
execution models of alternate tiling finite difference stencil algorithm, specifically compared with
domain-decomposition and red-black iterative methods, and show that the new parallel iterative method has a good
data locality, parallel efficiency and scalability.
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Fig.1 Multi-Layer symmetric five-point Stencil algorithm
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for (t=1; t<=T; t++)
for (i=1; i<N-1; i++)
for (j=1; j<N-1; j++)

Alt+ ][I []=(Alt+ 1] [I-1]G]+ALt [+ 1] [ +ALE [ 0]
+A[t+1][I1-11+A [0 +1])/5

Fig.2 Traditional 5-point difference iterative algorithm
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Fig.3 Time skewing schedule for Multi-layer symmetric five-point Stencil algorithm
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R R

1ol B B SR

for (n=0; n<N; n+=2)
for (k=nxK+1; k<=(n+1)xK; k++){//75 % K RIEAUE 1L 5 Foreach(vi,vj))E
sub_iter_space(vi,k+1)=sub_iter_space(v;,k)-Pnode(v;,v;,k)
sub_iter_space(vj,k+1)=sub_iter_space(v;,k)+Pnode(v;,v;,k)

}

for (k=(n+1)xK+1; k<=(n+1)xK; k++){/MBEL K KIER MG IEL T Foreach(v,v))E
sub_iter_space(vj,k+1)=sub_iter_space(vi,k)-Pnode(v;,vi k)
sub_iter_space(vi,k+1)=sub_iter_space(v;,k)+Pnode(v;,v;,k)

}

Fig.4 Boundary revise algorithm of alternate tiling iteration execution model
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Fig.5 Tiling hyperplane partition: top view
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4 SRR A T RIS WA SR CHEIEAR A R S MO TE AT TET SR 18 B 0 SR s Bl
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V (number of points to transmit on a half of tile)
r(transfer rate)

T =2xT, +2x

comm

(6)

V (number of points to transmit on a half of tile)
U]
r(transfer rate)

AL A BRIFAT Stencil 53 b il S 1E ST ) 2% — AR A UCGHAR 75 2 K AL S, T A2 A5 )7 3y I i)
W K(6)~ (7Y, Toomm AL AT A% BRATIE AR IS I 10, T comm A2 A% G2 (4 DX 3 73 i JF-47 Stencill $332% Hh R A5 1 (1),
AR AR AT A SR IR A5 TFA oh R S I T LE DB i 7 V590> T 2x(k=1)T.

HATPAT FE RGBT a0 & 8(b) T s

AR LRSS AL BE 25 40 34T Hodn &) o)

YT BRZR B H P, AL BEAR (40 4 51 P=P1xP2.F 25 M T X 38 K 43 4 P1xP2 /NT 7% [H] sub_domain.
WA 6 s, AR AR 73 B P A 75 1), H. P1=P2=Q.

Teomm = 2x Kk xT, +2x

Sub-Domain 3 Sub-Domain4  Sub-Domain 3  Sub-Domain 4

13 » 145 155 16 | | 134 144 15« 16
A A A A ) ) ) 33134 ¢ 4344 33 «-341y 43« 44
‘ ‘ ‘ \ vVI|Vv \ ; A AL 4 y——v v——¥
9 »10p» 11 12 9« 104 11 ¢ 12 31 1»32 e 41 {»42 314 321y 41 @42
A A | A A
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5 E» 7> 8 5«4 64 74 8 131> 14 |« 23 p24 134 L47n 234 24
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15253354 14 24 34 4 T T T -
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The first half of symmetrical ~ The second half of symmetrical The first half of symmetrical The second half of symmetrical

sweep(steps1--K) sweep(stepsK+1--2K) sweep( steps:1---K) sweep( steps: K+1----2K)

(a) Sequence from left and bottom boundaries to right and top (b) Sequence from renumbering of tiles in iteration space
boundaries
(2) AR 2 B ER AT AT G (b) Xt ) 2% P ik I A T U

Fig.6 Two applications of alternate tiling to a three-dimensional iteration space
K6 ZZEak AR ] PSS 4 BRI 43 ik
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Elﬂﬂ
-
[ - [ -

() Tile dependence graph from Figure 6(a) (b) Tile dependence graph from Figure 6(b;
(a) IEl6(a) kil 53y id: 1 4 P g <l (b) Fel6 (k)R 43 77 v 1 4 A i )

Fig.7 Tile dependence graphs for alternate tilings shown in Figure 6
K7 6 s P4 R 43 T 5 1 S BLAR it ]
W BR 2 3R IEATT ).
AT S PO ARG 23 D 75 BORAR B K AR, IF HLAT 80 k AR S A % k G ACHAT T 1) 48 e A5 4n A3
LB-RT Miifr (22 F &4 E) AT 74 K G4 RT-LB W (4 L2172 F ) $AT % K s
AR 30 A A A B 4y
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HARAR A 10 A1 11 FToR).

Table 1  Execution time of GS, RBGS and ATGS for all problem sizes
F1 AFPKEE GS,RBGS,ATGS 5% AT IN 7]

GS (s) RBGS (s) ATGS (s)
Total nodes Xeon Opteron MIPS Xeon Opteron MIPS Xeon Opteron MIPS
1024x1024 0.24 0.27 1.56 0.39 0.34 2.61 0.13 0.23 1.06
2048x2048 0.98 1.10 6.3 1.30 1.36 11.23 0.53 0.93 4.95
4096x4096 3.95 5.72 27.45 4.88 8.15 47.22 2.16 4.35 20.22

322  TEfEPEREIR

AT 3 Tl B A b T RS 4 45 BRI HEAT Cache BCRT TLB SR ZE T, Gt gk dn &l 10 FiE 11 Fiow.
ML 10 HR] LU 2E A B BOE B RN AR B IR B AR 3 FIA R AR B A Gl T 128x256
128x128,256x256 I ,Cache i 2 45 b AN ;41 ¢, Ul Cache it 2 4 Bifl £ 4k b () 386 fin v 10388 9 o L IR AR 1
L2Cache 1) 25 b i 2 25 B 35 S8 SR 00 39 00 iy s 4 . AT 10 o) DUE HAE 3 Bl ik R 4540, TLB i 2k 55 $idi
JRST ¥ GRS 386 I 9 (V0 35 SC DR DR A T A ST e A8 AT D0 S B0, B850 e RS /N Bt 3 K 2= 1) TLB TR i
5 B R ST RIS TLB TR G 25 25 K B kb
323 JATRCEEAATY ALK

h T B AE AT # £ B 22 43 Stencil 154X 7 VR B0 L AT AT B kB 3 (1) SR A b X Sk A vk L 40 SRR
5 DA R AT A A Bk (0 3547 R0, AR R 8192x8192. 341145t T FEAL PR AS AN BOR RIS L TR ,3 Rl iER A
(I L RS N 12 pn] BUR H RE A A I8N B K A A BRI 4 7 R I AT RO R G 4 K T4 B A
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Fig.9 Execution time of ATGS at different tile sizes for all problem sizes on
three microprocessors: Xeon; MIPS; Opteron
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Table 2 L2 cache misses of GS, RBGS and ATGS for all problem sizes on all platforms

%2 AREEANFTEREE 1EE 2 4 Cache B2k

GS RBGS ATGS
Xeon Opteron MIPS Xeon Opteron MIPS Xeon Opteron MIPS
1024x1024 | 35174 68113 1049822 | 71888 136052 2100111 18 506 16880 105770

2048x2048 | 138338 271039 4197825 | 278 532 541882 8396 005 84 610 60 429 499 938
4096x4096 | 543755 1049849 16786190 (1104673 2099974 33570952 527 682 199830 2351519

Total nodes

Table 3 TLB misses of GS, RBGS and ATGS for all problem sizes on all platforms
%3 ARPEFEAF TR T WEE TLB Gk

GS RBGS ATGS
Total nodes Xeon Opteron MIPS Xeon Opteron MIPS Xeon Opteron MIPS
1024x1024 54 955 32 468 4320 85 363 64 435 8573 8821 5651 333
2048x2048 240 232 131 839 17 715 374673 262 536 34 656 34710 100 118 1584
4096x4096 857 911 528 915 73607 [1370420 1058415 144334 | 134249 2038 769 12 059
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Fig.10 L2 cache misses of ATGS at different tile sizes for all problem sizes
on three microprocessors: Xeon; MIPS; Opteron
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