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Abstract: In order to optimize data locality, communication and synchronization overhead, this paper proposes a
multi-layers symmetric Gauss-Seidel method. Then the serial execution model of this iterative method is given,
which introduces the sequence of iterative space tile as the sequence of execution, and divides iteration space by
time skewing. In this model, nodes of the tile can be updated many times to improve data locality. The parallel GS
execution model based on iteration space tiling is presented, which uses an improved iteration space partition
algorithm and reorders the tiles of iteration space to reduce cache misses, communication and synchronization cost.
Finally the numerical results are presented to confirm the effectiveness of Gauss-Seidel parallelized with alternate
tiling method, specifically compared with owner-computing and red-black Gauss-Seidel methods, and show that the
new parallel iterative method has better parallel efficiency as well as scalability.

Key words: Gauss-Seidel algorithm; alternate tiling; data locality; communication optimization
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ARE F X E ) KA 45T 4T Gauss-Seidel Fik 1275

FISOR kAR S v AL v 280 AR S L 87 5 94 1 B oy K TR 2 1 o R A SR ik () T B2 4309 0 L A AR e i AR
BRI A4 1 R 2 N BRI R D S — T,

FEFEAT Ab HE 2R Ge v 30455 0 )25 THA LA KK Jo) B v 2 4 22 AT ST RE I e o b 200 5 % & 11 i) 7).
A5 R R D FFA R R (0 FEAT 250 5 st A B0 o 3 sk vy R PP 1 AT R b .

GS SVt AR b B AR I, LR AT SR (0 SE I — B B S R U R T GS ARSI
FFAT BT 5 S2 B, AT 1R % TAF,Zhang i i 4 i 56 T~ X 38 23 i 1K) 22 € HE )3 7 ik S B0 1 1 1) SR BE (K1 )47 GS
S AR 2 O ORI L R B R B a0 B TE R R AR B R AR A AR R R P
Xiel* Rohallaht® " Wallin®45 A 53 5i%t GS FEATSHIAHEAT TRAL B IRA TN IEA 3 A BB A vk (1) Hod
Je I 1] L K 22 B R 0% AT A B v a2k X P B SR R (R AR TR R B SRR A R R R (2) SOt
AT AR AR 10 A 15 P T 38 A 0] 0 75 2B )20 45 A DL A 7 B8 A0 M6 3R AR B MLIBEAT 4 o3 11 [0 250, 2 88 Jon 46 BF
], 24 K FR ML) & B0 22 1, 4 SR 12D B AR A 25 AR 45 0 n 22, 0 HLSE A SR il R 1 .(3) th TR i IR T4k
SRV TR AT A Ok AR 2 el Il 1 RV A3 B0 2 A DR AT T RS 4 T IR AT R R IR L s
SE I B A BT £ B8R 1G O, HAT Al B B TA) A Y8/ T A A B R AR AN W 14, 33K D6 5 e AT B R I T R
P R b, 5 SRR SO A0 A I D o 7 .

T A SRR I Z ERFR GS L, I Fl ik Pk 45 Huw 5 |\ BR AT R AT 17 i T AT B
B R, T A A RHEAT T HE, 2L GS AT AR ST A i I (time-skewing) 3 AL 3% s 1) et 1
625 VAT 0 43, 8 R BRI T GS S03k HFI0 A RN R D TFRS A SCES 2 1545t 2 J2 0K GS SLIE B 1k 28 3
IR Z ERFR GS VA B AT AT S 4 W 2h AT BOA I AT RS 6 R AVE LU BRI L
S AERE /T dp 5 B 454

1 ZEX GS B RBTMITIRE

1.1 ZEMRCGSE L
MG R sk o 5 R A
Ux=0, x € 2 =1[0,1] 1)
I Dirichlet I S 41K
u(x) = x,x € 002 (2)
Stof s iRt X 38k [0, 1145 P 190 ks i) 0, 24 T T B oA h=/ (e 1) 180 1K 3 400 S AR X 38 I s A, B % o0 xi{xi=ih,
i=0,...,n+1} FATH u(i=0,...,n) 7R u(ih) 7 PR 22 50 3 AU 6 2 (1) EAT 3 55 AT BR 2% 20 A4S :

Ui_q —2u; +U; 4y =0,i=1,...,n ©)
5 1830 JHEL A X0=0 A Xpua=1, 14 22 5 s 2R (B B PR R 2
AU=B (4)
2 -l y
5 .
e, -
-1 2
| -1 2]

U=[Uy,....u]" JF H. B=[by,....b,]".GS Sk A F w4 1 u'® M3t 17 0 Se I 7 A — AL 4 AR I B, f1 24, (5)
FEow Forh kAR AR

1 .
(k+1) (k+1) (k)
U; =—|U; + Uy Jd=1..,n 5
2( i-1 ) ( )
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T 3k O I A AN Uy AU, 2R R IR AR S RE A ] LR R A 2((6)
ulkd - ;(u“‘“’ +ul),i=1,...,n (6)
ZIERF GS FE & i A AE AN J7 M ) GS ik AR SK AR 7 vk 0 e R 1 AR T BE SR HME R A% A
= {uf [kel(pP-DK +1 px K1} ,p=1,35,.... 2P+1(P by FIAA%D) JEACR A i) GS AUy i, th 2 (5) ¥ 4, I
T AR TR o 2 B K IR 3 B s u, = {uf [k e [(p—DK +1, px K1} p=2,4,6,..., 2P (P s F1AA %) JEACR I “ )
Ja" ) GS IEAT I, 2 (6) v, Ok AT FERR O AR K kAR
1.2 BITHITIEE

WE 1 R, SRR E K e [LKT I BT PR Al 2 (5) v 530, A o B 390 50 i Sk 4 1) 28 ABA 4
EAIREL k e [K+L,2K ] B % BT A% sl F 3K (6) v 40, IO ks s 5 300 B 2 H A )

T4 GS IR T EPAT AL, 75— VAR PO AR A% w3 (1L, 40 0T B A 0 s AT 35 A T 454
HIXFR R AT AT P AL AR RGO R BAAG TGS S I ATAIAT ifi B s & X, JL A0 J) P s 7
PRI i, A SO AR A (] R B AT GS IR ARIIAT 77, HoA% O S AR 1 803 DUAT A% 48 1) LA AR AT 1 B A
KA ) e B G AT, 0 P 2 .

1 L I Timey ! ! !
i i .._l ' ,\.._I betilel.  —
e e AR S R A
k=R+18—8— —wmrm @G ei & -.f. S vtilel|  ~—
k=R 1‘"”"’7" TTYY LA ? koK piil] —p
PR - 665 600 =909 =0
=1 2 3 == m=-2 m-1 mmt] M2 primsm—e -2 -1 n L-1"L , Space
Fig.1 Multi-Layers symmetric Gauss-Seidel algorithm Fig.2 Serial execution model of iterative space
alternate tiling GS
Kl 1 ZZXH Gauss-Seidel 57 Kl 2 kAR AT S B AT GS AT R T

Shy 7 A R 6 B 2 e A g A s ] g s X

Kl 2 18] AR AT m 4E RRS 05 X (i, i) 28 m 4B 25 7] data_space(m).

B in-1 44 25 7] data_space(n-1)FEALE T MM AT LA GEAE n 4EEAAa5 0] iter_space
(oo doog, T, FE AR I REAS ST H— A nx ZE (051 g Bk s, B0 T :(ll,...,ln,l.t) Ao, i g NEE A
SRR PR AT AL A5 T P 1y, N HEIRAE S AR BR EHE 23 1) o A% 1 X (i, o i) 76 K RIEARIKE, A2 1B AR A
W] 2R Uiy, i) B0, :2’& kAR 251 iter_space(ly, T) i — 4 R KS 55 x(ig) A )4 T 41 B.u¥(iy) %R Y
B 1 x(ig) 7F K UEAR Y.

TEAL SR GS Sk Ak B e 0 200 308 I 3t 7 9 B 397 4 350 PO s A 5 Jl— IR AR R, 22 8 & 0 K It S8R
JR B E N AR T A AR A R AZ A A W R AT GS AT R AR, 30 o ef a5 A 22 () 3R A7 s TR0 0l 75 i o 3 o D) 4%
2B SIS (7] — P s HR AT 388 VA 5 22 R AR D BT, AT AE AN B H AT GS I AR T 4 R B B v A B A
B R

DA— 20 B 5l 2 7 R b 491 3R AR A8 IR AZ A 4 R AT GS BT AL 4

BB L AR

FH DX S8l 03 i 5 00 4% 2% 0] iter_space(ly, T)FE T=0 &b HEAT £04 %1 43 an W&l 2 Frow, % o0 5 AE AR A T 508 ==
i) sub_iter_space(1,0)(Ji,1< 1 < L)% S5k RR W ER(7):

R>2K (7
For Kk s kA R
AR 2. FE RS LRI KL fth b Y IRk PRttt 24 A 1) 1A T R 4
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93 7 3R i e AR T 9 S 4 2 10 AR O 08 1 8 MG TE L0 9 I 2 v A S 2 R A8 IE IS (A A AB IE 4
PR/

S 2.1 I K AR ABIES 1 BepIA% e sub_iter_space(L,K) B4 U A F sub_iter_space(1,k)=
sub_iter_space(1,k—1)— PYy, (1k-1). 3, PY o (Lk-1)h %5 1 AWK HAE S k-1 YOIk AR5 1A 1 S 45

W 2.2, HRE K KIEMRPBIES L W48 sub_iter_space(L,k) 1) 253 4,46 sub_iter_space(L,k)=

BB 2.3, EAH K YOEACH 18 IE A PR 4B sub_iter_space(L,K) K 224730 4, b 1<I<L. A sub_iter_
space(l,k)=sub_iter_space(l,k-1)+ PY,, (I-1,k-1)- PY,, (1,k-1).

IR 2.4 R K YOERH B IES L B A% 4B sub_iter_space(L,K) %) 72101 5t A sub_iter_space(L,k)=
sub_iter_space(L,k-1)- PJ, (L,k-1).

S 2.5, A K KIEMT ABIES 1 BeRiAk b sub_iter_space(1,K) 4730 7 i sub_iter_space(1,k)=
sub_iter_space(1,k-1)- P} . (2,k-1).

HUR 2.6 R K OERH BIEH R A% 43 sub_iter_space(l,k) 1) Ze Ay i S o 1<I<L A
sub_iter_space(l,k)=sub_iter_space(l,k-1)+ P} . (I+1,k-1)— P2 (,k-1).

DX £ B 3 A8 TE 5 A AT E K ROGEAR R I A% BRI B (1) i AL e 7R 2 25 ) A A5 b a1 2 A iy
b_tilel~b_tileL. 755 K JRAE A, Bk B RAT Y 130 AT A e T B2 IS 2 e Tan 6] 2 vy ¢_tiled~t_tileL.

AR 3. 4 [ P S BT AT GS HiE.

P A% S B AR B U ST AT GS S DA UL N B W A% 22 Ay BT 1, 4 BN B IR AR IR B 1 ol
R RAT 7, 2 3V D AR IRAT 7, TR B AN RS AU AR BT SR AT B FUS s T s B HE I, O
HAL GS FLvE I TT, R ke a2 Sk T B AT B AL 4t GS SRkt Sk s AR e

2 FHITREFHRGS B

PATTE i PR A B HE T, S GS (9 HFAT 4 2 R AT A B T GS SV W@ A5 R R 25 F 4 . T2l =
) R P A% R (R 7 AT I, D AR BRAIE GS AR Ik A5 /77 0 R A 0L T, SO i A 22 [ o 9 A A TR HE B, G S
(R S5 BLERAR 73 T AT FH T2 48 22 4 23 1) A S A B AT GS B AR 0T LU A S8 GS I5AR I FEAT AL

A S A 4 BT IR AT A, T B ST AR 4 B ) AR 0% R AR S M AZ A 40 B IRAT GS IR T VLI IF
AT FE T T A ¢ R F o T 3 4y HY 17 A (2 1) A+ I 1) 24 ) 3 A1 22 110 (10 A P A8 A8 4 Bl 4 6 2 g X g 4% el
WO RWE 4 ok B 4(a) s A% 4% B g 4 B U (b_tile(1)~b_tile(4)~t_tile(4)~t_tile(1)) & 47 AT 14T 531,
PR VAT AT FE. B 4(b) dub sl ik 80738 I s 4% B R BAAT I, 1T LA SO0 9 A 1B R AT R AT (0 18 AR5 3, DL b AT
5ok 2,40 & 4(b) T, i RE 1 M RIAT b_tile(1). b_tile(3). b_tile(5). t_tile(5). t_tile(3). t_tile(1)5kik,FFE 2
AT b_tile(2). b_tile(4). b_tile(6). t_tile(6). t_tile(4). t_tile(2)4cHe. Jrd HEfE 1 FIHERE 2 T EEAE b_tile(1)
Hb_tile(2)5% Mk AR TE 075 R B #4E, LA4ED b_tile(5) T b_tile(2) 1054 MK I 2. R AE 75 t_tile(5)F t_tile(6)5%
BRI AR TS (R DA, LA AR t_tile(S) N t_tile(2) A 4 ¢ 2R B4R, 28 2 Bkl o9 O s B AT S B ) 58 1
X043 075000 2 £ 3K R R KA R AE T4 4 A6 N R HE 3 5 SO R)L B R HE 7 07 s AR R ER T AH AR 40 B
V) PRV ERA MR 1) 2 e R bt 2 BRI 52 1) 77 4 B D 18 3088 A0 G 3R 38 508 0 s 4% e T B ARG 2 k4R v
ZHBAT AT 2 ] 3(b) s,

FATEEPATRR IR 40 R, a0 B 5(b) 7.

IR L R A B AR A m ¥ S TR X Sk 4 m AT 23 ] sub_domain. 8 1 H T AR 1] R RN R IR S —
B DX /NG s I A ek /> Ki2 B 3R AT 48 1 (3R(8),3X.(9)), F Al X IR B K/ A n/m,

IR 2. AT AP GS A W HURR AL k UGEAR, T B34 k kA 8 E k kAR AT J5 T AH A5,
LR BT (26 2047 AT A 20 K OEARAE T RL I3 (4 210 48) AT 2 K kAR,
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AR 3. Ay X I (R 3T R 23 S5, R AT GS HIA A 3R 2.
R A0 A% A B
AR5 22 CUHE 7 5 32085 T AT 18 A R A SR e, A 808 110 o A% R Al YA T RS, 9 65 AR [R) 3 €50 A0 322 482 1)

G2 T

B 5. LA 4 Bk B AT A7 4 K IRIE A B8 B

2 AT E K YGRS, SEHT T E sub_domain H AR % Ac B LS 1 4o b_tile(L); 4R 5 KA R
Bt Rk g5 A48 sub_domain (W “Ht SH” 55 B H T A sub_domain AP IR 4RI S B DA R iR R — N Sk Bk
b_tile(2m).

IR 6. LRSS HON AT AT B EL K UGS AR 50T
e AT R K OB S B, B3 T sub_domain H Rk 25 S e LK B S A B ttile(2m): SR JE D A
Bs ik A AR sub_domain I B B R, B BT T sub_domain H RIS BT DL 1 AN 4R

.xxxxxﬁ<

(a) Initial execution sequence of tiles (b) Execution seqlience of tiles from reorderlng
(2) MM S P gL e AT I () FAA% 2% B 5 (AT IR

Fig.3 Execution sequence of tiles

B3 A% S AT T
L =13 =0 |~
- e (204l -

(a) Tile dependence graph from Fig.3(a) (b) Tile dependence graph from Fig.3(b)
() & 3(a)r 4 B AR A K] (b) 121 3(b) ) 4% He % A M P
Fig.4 Tile dependence graphs

K 4 Hi‘%%’fﬁ%lﬁﬂ?@?%%

L | p+l'>p7| j“c / 2_Lazjd;z N f ﬂ—l EP—HP—F _f: p \2p 33;:

1 {2 {3 {4 54—+ 6

Communicationln /
/ -

I N385/

Sub-Domain 1_ Sul»i)omain 3 Sub-Domain 1 Sub-Domain 2 Sub-Domain p—1 Sub-Domain p
(a) Parallel execution model of two sub-domains (b) Parallel execution model of multi sub-domains
(@) WIS T M FFRAT AT R 28 (b) A>T AT AT LY

Fig.5 Parallel execution model of iterative space alternate tiling GS
K5 JRTACH Sk GS HIEATRERY

DX 93 i 5 005 5 S B O3 AT 3 A T AT A K T2 B D70 B A% 8 1) DX 03 Al 7 10 A A 2 T o L S SR A
2 VB Y 3 il BT 2 TR I 4k 2 O T SEBRIFAT RN T GS R ARAR 5 A7 HR AT PR B I ARy v, A8 B A URAT 5
TSGR T D A T A G N T e PR T SR A TR HEAT X 23, T FOAS [ R R S e A T T R I R s AR
i) iter_spact(ly, T) %! 4 b ¥4~ 25 i) sub_domainl 1 sub_domain2, 41 & 5(a) T 7. T f#1E CPU 22 [ () f 3 14

7, sub_domainl [ 4% A% ny A1 sub_domain2 [ 4% 8 n, 06 450 2 2R (8) R (9).
n,=n/2-K/2 (8)
n,=n/2+K/2 9)
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Ferpn ACFRAE A R RS R 88 KA B 1) S A QXKL
A % 25 R F) - S8 RO DA A A B DAY S D ) e K DR b_tile (L) PR I SRS P R K f (Ks -

o, b_tile(2) I THE B A8 FH B4 f (Kt - (1+ K) x K) K7R.s F t 23 B b_tile(L)FA b_tile(2) 1) & s M B 2k
M0 A0 BE 25 P85 L B 5 50 2 Bl ST AR A5, BT BA,s Rt A Z K DL R SR &R
s=t—(K+1)/2 (10)
25 ) 2% BR300 5 R A 1 00 00 R 36 4 LA AR 80 1 2 ) DL E P B OB G R S R R 1 4 By ol 3 2Bk 0%
S PRAE AT TEFT S K B 5 3 5 A BB Sk 4 W S B WL AR e 0 T 2 52 HL Al T TR SR Bk R R
SRS B 5 A AT TR AR I S PO AR A7 A P 3L B 5 v S T BE At Ab B 2% b P 4% HR ) 3 ST
A SR ELIE P S B AT 7 b e AT R IE S BR FEAT “HRBAR A BN R S e R B AR B 5E U AR
BB S A 33 T WS B X R T LAY A B 2 (B AE A IR AT 2K TR TS AT R IR B A 2
Pty 2K AR I ) 2 2 (22):

a+Kij

K (number of points on a half of tile)

=2xT +2x
r(transfer rate)

(11)

Tcomm

K (number of points on a half of tile)
r(transfer rate)
ALEE AR IFAT GS SE TP T EAE K7 1) %% — AR A — AR 5 2 K AN S, T 2 3845 5 I ). 4n
H(11) A2 FT7R, Teomm A& 2 A 4 Y35 WA I 18], T comm 7 A% 48 1 X 38000 R I FAT GS 503 v [¥ 38 A5 1 7). .2
SR EAT A 4 SR B IR AT T v JE Bl N ) B X sl 20 7 k8 T 2x (k=1) T

3 BEZRHES IR

’
Tcomm

=2xkxT,+2x

(12)

31 B

A S BIFAT A GS AN T HiAth GS JFAT A7 vk, i 2 e HE /i L X80 iR 1. (DDGS). £t HEf7 vk 2 1%
Bil GS FFAT A Iy iz — 383k xoF A B PEUAH &0 47 st Wk 7% A [ (1 50 €2, LA ) BB € 1015 25 ) A EAT BAT LA i 4
AT P 0 505 IR AT A 5 i R 1 AT B AR IR0 DX 35823 A 1 Y2300 3o e T A X s R AT 000 20 4, AT S B FAT 1k
PAT GS.IX I A3 i 7K R AT B2 15 T Kl 43 RO B0 AN B0 0% 22 €8 HE P VR R DX 3 3 AV A0 A O AR e v, #8
s LR AT HE A0 X A B i I s RSB A AT T T B B D U S 3 A ) L 2R (1L) 6 2
J7 V5 R0 DX 3 G gt 3 0, A 3% A P 3 R AR 2 ) A7 A () 20 B A 170 () 20 8 A 7™ 56 Wi AT A% 3R A A8 A
e AR B R BAT T, 0508 T Lk 7 3 B 1 DA A s A A AT 1 R o LR T i T s )=
FR A 1T AN AE 4% e 18] A S AN K PSR AR 2 T T 230 A5 R [ 045 /E DR 0, 1 e PR R I 48 B8 B Rl 4%
By T LAk 2 B 38 475 4 3 B Kk 8 e BN cache Bk A S AE LU AR TT RS A AL B GS SR IIEAT AL
B WA AT BT VEAME T T L5 b i A7 i HLIE BT o A XA A pL A
3.2 g

SCHE G S 16 5 S 1 Cluster, BN fC & Intel Xeon 3.0GHz/1024Kbyte L2 2247, 2Gbyte P £#, 77 14
AT JE LUK R I 22 55 ) 4 246 Redhat Linux 9.0, MPIPSLZ /73155 4 Argonne 5256 %5 JT &% ) mpich-1.2.7,
{1 ch_p4 % %.
3.2.1 Bl kA

AR S R 4y GS TR B BE A Ak B 1] Je v, S A A 25 1) Jed s vk AR s Sy Bicdis A 1) 38 4 S A AN 23 A
[ A s H5 K Ay 4% B IR ARIR B ) — 2 AF B GS ARSI 6 A — AN A% SAT 2 AU B AR S A7 HUAL
41,3 AT A kAT, L AN SE AR B T SO T, 1 AN R R AR e T A ORI, 6
2% ) Y16 XA AR T3 SR I 25 1002 mom i 2 X (13), b i S 3 A AR i 1 4
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m=(5x2xi+1xi+1xi)x(k+s) (13)
KT AR RS EE 45 B GS TV SR B A AN IR 1Y) L2 R AF ORI m R4 T8 AL BT R — A 15 i ik
93 J7 R SR, WM FUARE Sy 10 7 A% A 38 1 45 L IR & SRR AT A7 58 b GS SRAEAS /R 4y K/AMIE L, 24 m A
A L2cache K/, L2cache 6 2% 26 S 1% AH I AT I8 1) 52 A% ¢ GS 573020 75%. (1 P& 6 th vl LUt 7 SB35
1 (Intel Xeon 3.0GHz/1024Kbyte L2 £247),lii% cache 73R A /IN R4 9k, A AT I i) s 384
3.2.2 JHATREFIWT Y LI
h T RAUEASHE A B GS VIR N T LRI W] R R — AR A 15 A 23 SR AR 0T L DX oy i L 21 A
75 (RBGS) LA B AT 4 45 HLidk (AT GS) IR FFAT O SR AR (11— MG 1] 4 Tl 23 7 R AT H v a0 22 23 s 2R AT 9 1, D0 Ak
FURE N 50 T3, B HEUS TE R B bR A i 2 vk 5 FR AL FA 145 Hh T 7EAS [ AR R 28 S g 00 3 Ao k& A
PR INAE B A A N 2 v AT DU L B A B 2 A 80 86 1K AT A 4 e 23 T i R AT R IR 4 K T 0.9, 1T X
03 R AN AL AR 0 K TR AT RO T B, U W3 B Ak 0 2 0 L 300455 R ) 2 A 7 T 5 1 T R R R
AT ST T). R T A 4 By v gk v I T At he 225 A2 T AT K0 43, A0 8t sl 2D 77 38 A R[] 25 48 , DRk, o B A
AT T DX A R VAR AL SR P (w1 7 B 8 TR, B AT W AL
Table 1 Comparing the L2 cache misses retired and execution time of alternate tiling GS
with several partitions and original GS (OGS)
F 1 PRSI RAL G GS JrvE AT IR (8] A1 L2 cache 2K A& K4l

Partition size L2 cache misses retired (%) Execution time (s)
L2 4.63 453.33
1/2 L2 7.02 483.27
1/4 1.2 48.34 488.01
1/8 L2 53.80 487.32
OGS 99.40 601.85

Table 2 A comparison of speedup (S) and efficiency (E) in different algorithms
2 ANFSE I I b AN 2 i K dhs

CPU ATGS (S/E) RBGS (S/E) DDGS (S/E)

1 1 1 1 1 1 1
2 1.918 0.96 1.6 0.8 1.87 0.935
4 3.863 0.966 2.9 0.73 3.6 0.9
6 5.751 0.958 3.72 0.62 3.9 0.65
8 7.673 0.959 4.16 0.52 4.2 0.525
10 9.185 0.919 4 0.4 4.3 0.43
12 11.081 0.923 3.72 0.31 3.96 0.33
14 12.843 0.917 35 0.25 3.78 0.27
16 14.667 0.917 3.2 0.2 3.36 0.21

- I |2 cache misses retired —#— Execution time (s)

2

e .

w  150.00% 800 =

2 o

£100.00% | 600 £

5 so00% | 400 2

é S0.005% 200 g

S 0.00% 0 3

— 1 cache 1/2 1/4 1/8  original 53]

cache cache cache GS

Fig.6 A comparison of L2 cache misses retired and execution time from different partition sizes and original GS
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Fig.7 A comparison of the speedup in different parallel GS algorithm on different number of processors
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