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Abstract: In bioinformatics, a protein sequence comparison between two banks is one of most important
algorithms. The sequence bank size is becoming larger and larger with the development of biotechnology, while the
algorithm is also computation intensive. This leads to more and more consumption time and the single processor or
multicore system, with only a few cores, are not powerful enough to reach a satisfying speed nowadays. Godson-T
is a new kind of many-core architecture with lots of novel features. The Qarallelization of é‘protein sequence
comparison algorithm on Godson-T is implemented. At the same time, the algorithm structure and architecture
features of Godson-T are combined, and some optimization in three ‘élspects a}e made: synchronization overhead,
memory access contention, and load balance. The rpsult\shoWs’ that a close to linear speedup is obtained, and the
performance is much better than that of the workstatiZ)n platform based on the AMD Opteron processor.

Key words: sequence comparison algarithm; many-core; parallelization; optimization
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s E AR FRGRT I T R A AR s M 8 AT AL 3095

KR ARt Bk A AT ARG
hEESES: TP301 XHEkFRIRAG: A

ARG B2 7 5 Lob] 2 S SR AR IR — 2 N T, b 2 2R HH P A 270 ] (AR B DX 38 A 0N DA 480 7 22
W5 — AT 5 T 3 TR e B R 2 6 0 2 DR 00 20 A T4 2% Bt TR 12 35 IR e B B0 3 P B 7 K P 2R R
PARIEAT 43 K2 (Full genome) 35 41) L xof, LS 0BT 41 £ 1] 95 1k . Smith-Waterman § 12 U 5235 44 17 51 EE o) 55
12,6 42 3 T Needleman-Wunsch 595 P 58k, T 3547 J5 368 1 910 Ll ot 60 73 S00KS 1 167 71 L X 45 52 Gotoh !
it Smith-Waterman 5135 #E47 T Beisk, K 115 52 4% B2 LO(M2N) % 21 T O(MN). 3% HL, MATN 23 51l g 15 4 b sk e 9 11
L AH I O(MN) P 52 259 2 A AR DR R M LA T K RS 18y 4 DAL e 8 LEox . DR e, S B 7 26 T . fﬁ‘ﬂ’\]ﬁ‘?ﬁ,ﬁu
BLASTUURIFASTL A1 1 56 4k H B9 AN 7 91 i ] Bk 77 8 B0 56 AN 5 K 1) 7 (word ) 558 #0h 1- (seed) 28 i AR 40
S B T T E B0 DX AR A7 R AT AR £ U S % X 0 5 ke 7 47 I I 2 v 3k
Smith-Watermanﬁ?f?ﬂB#*ﬁﬁfﬁE"Jéﬁ%ﬁﬂF"%?&Eﬁi@ﬁ(sensitivity)%ﬂiéﬁ P (selectivity) < (B BEAT 875, LASRAT
& SRR P S FE (99 . \ * -

FE B LG S S AR K Héﬁﬁf?‘ﬂi&ﬁﬁﬁﬂi%ﬁfﬁ U2 A CPU T AE I 1% & JiE 52, Rtk
N ) I R R N =l W RS E‘Jﬁ)ﬁw\iﬁ DA 2 55 o I P 000 75 2 6 JC R4 AT I A5 4R 0 22
SEMBLRY T b 2 ) O AR G0 FUA RIS O VRS i85 AH ELHLIE . MPP S8R4T R G0AT 5 S i A M A L, AR ke 9 2
(B8 i R ' ) L

A S AR T sl 2 ST T D T 9 WL TT 22 I Godson-THS 110451 4 Sk 47 In 3k /5 91 L o] 4503k,

RS RS 5 R T R 5N 2 BLASTP 928 1 03 91 L 513, 3 38 0 T4 S DR 4L 91 Lt L
Xof (KT A 3 370 SCA34 AT 4 TROSE 30N P9 A7 DA T 38 G T 4 B0 e 4 2R LE S v (K T 10 A AU X T4 K (9 7 41
SCAH, b VST AR A RE B 38 U T o IL AT I AR SO R T 4 BT B T A L AR 0 B A A o
# Godson-T At V& LT T AT ZAR I PR A6 TR, 3R 13 7 R A1 s 50 R

ARSCH 1A B AR A B A LET SR A SRR 2B 2 14 Godson-T (145 MR AE. 25 3 1 PR FiR 4T
WERIEAT 28, 3 LA Ty T SR IEAT T 4 BUN AL 55 4 4 AR SC R Sz 00 v e a4 5 W A BS A oA
SR A 355 0 A SCREAT I 45 I E A 4Kk T R W T A, ’ \

1 BARFTILEEE \ -

AR A ) 10 28 15 thﬁﬁym)\mmrﬂuw,ﬁij%&u:%wa?wm,Mmzr/r%mﬁ:r%
IO ER N\
1980: 112 STKIMKSAIIADSATIGKNCYIGXN\XVIEBDV I'IGDNS | | D--------- AGTFI GRGVNIGKNA 167
|

AR NI 1 : peo |+ o
P190: 261 TAKIHPSALIG---VTIGRNV\A/GE--ARIQRSVLLANSQVKDHAWVKSTIVGWNSRIGKWA 320

XL A AR 20‘4\7F|%’§k£§%flﬂﬁiﬁ‘]ﬁiIil)ﬁf?ﬁﬂ,“l”ﬁ?@?ﬂI‘EJiXW’I‘?ﬁ‘%%IEEE,“:”ﬁ?%J?@J
raﬂiiﬂﬁ/;\?ﬁi&fgt@[}_Em,“-"ééﬂm)\T~/|\§ﬁ(gap).

SRS R RN 7 AT JR 8 L X B, SR 14 (subset seed) 8Ky RAE S Bl T B T IO K B BEE ) 4
Wi LR, BATRIE TSk 4

(1) F#FrA S5 5 (query sequence) SCA4HIT H 47 )% 51l (subject sequence) SC {2 A\ A A7, 0 AT R 51 R 51 H
(19 52 8 H AN TP 51 ST b B A TR 5 S04 3845 8L T S R A8 DT U7 il 38 (14 30408 45 44 T 40 hash %%

(2) XT B 2004 Fh 1 (R 18R 1 5 R WL L IR AT 20 Fl ASCIE B Al 1K BE D 4 ANEIEIR), 43 il 16
HH Bl T A 0 SO R BT A e D, 5 A T 4 SR TR — AN i v R RS 4 SO R R AN A AL R A
IR AR S NI — AR T AR X AT 2 T A SR 1 6 25 R ) ZE A (ungapped  extension) G AR HiE 45 i 11 B
Wk B VS A% T A A B IR oL, 0 SR B K 45 8 B S, e e 3 T,
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(3) X T1 i ic 35 X HLEAT 5 2540 47 N (1) 0 ) SiE i LE X6 (gapped extension), 25 4% 45 K I VC L7 1) A
B, an A E K T e 1 g R E S2, e % B T2;
(4) XF T2 AT &b Rk HE 3 0l R vpoks S B B U A B TR) 45 R

-Stage 1
index1=index(bank1)
index2=index(bank2)
T1=g
T2=0
-Stage 2
for all 20* possible seeds
construct neighbouring block bkl from index1
construct neighbouring block bk2 from index2 . \ \
-Stage 3
for each subsequence of bkl \
for each subsequence of bk2
compute ungapped alignment \
if score>S1 \ .
add the result to T1 N
-Stage 4
for each element in T1

compute gapped ign?hent
if score>S2

addthe result to T2
§ " -Stage 5
sort T2
Y ¥ for each element in T2
3 display the alignment

Fig.1 4-Stage sequential protein sequence comparison algorithm
K1 4 G0 s AT 8 1 50T 91 o 50
F 1 BT A AR R /NI 80 SCAEAT LS I, B AT S0 oh 2 AN BT RE I 1) 71 43 L0 47 B AL
I T Swiss-Prot!*)(release 54.6,°F- 154K & K 360 & AL 4> 1) & 1 BUEUHE 122, 455 4 SR A0 B 5 SC1E 5 41
ANKCHA [R], 2 Fe 90 B0 hy w8 2 R0 r] LUt BB e 4 B 19 0, Stage 2 FiStage 3 T v FE ) I [1] Biﬁqﬁi?#h
AT R4 R 55 I 1] \ 2 *
3 o
Table 1 Percentage of time spent in the various stages of the sequential algorithm
F*z1 Héﬁﬁé?i%m&ﬁ?%ﬁl‘ﬂg\ﬁﬁ‘ﬁt L ¥

# of sequences 100 300 1000 3000 10 000 30 000 100 000
Stage 1 20.2% 9.4% 3.2%\‘ = 1.6% 0.3% 0.2% 0.1%
Stage 2 57.0% 68.9% 73.7% 72.5% 66.3% 64.7% 64.3%
Stage 3 18.4% 20.5% \ 20.8% 24.0% 30.5% 32.1% 32.6%
Stage 4 4.4% 1.2% 2.3% 2.0% 2.8% 3.0% 2.9%

¥

|

2 Godson-T KR %544 |

Godson-THS 81 2 i el 2 JIT 7,64 AN XU S 3% (mini-core) 4121 4 2 4EIIMESHZ; #4; F FAE A
My cacheZi#4,L1 cache ky fiA% WAL A1, L2 4 BT 1% 3L 55,16 Mbank L2 #4 Hb kA A7 5L 76 05 7 DY ) A 4 A
bank H: 3% =52 — AN P fE #8540 R 7 B router i 5 — AN SRR B R S 11 A 4 1 4 3T 48 (lock  manager), 32 ¥
lock,unlock,barriers i SCEE 1 1) e 250 S B, 8 G 1 S n 8 B0 U A7 B A 8 v 36 4 AN IOF IR A) AR A
H.LLEEE RS HOE 2.

EAFAERE | Godson-TS2 R T 45 T4 1t 58— S vk 13 617 4 FH lock/unlock ) 35 5225 & HEAT 5 20 (K bR 7.
N T R 4B cache— P, Godson-TSZBL T 46T 55 #E ) ) TR £ 5 [0] - 5 %3 35w 11O 0 {0l 3 s A 4y [ o
T (0 ) Bt 3R A T e (9 1k RE AN Rk
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Godson-T i&#i 47— L TTEHX B SAEAFF 65 TF AR ) runtime 248, '€ SEBL T m AR ERE A BRI 46
ol 2 PR U 5 S, 5 HL BB A% B2 L2881 Pthread f¥) API SR, AT AT LA AR J7 (5 1 S 45 A5 3 1 4 5 RIRS A

RIRInlN cache |
DWDDDDDD Decu
RODOOD DO O |
EOOOO0000R | &8 G o5\ )
ROOOO000C0N ; "’
GBEEGEEEERET CIRTNGY
noooogog 7
DO CAn)

B jonn e | EE =
Sy 0D [ e

3 s
3 ’ Fig.2 Godson-T architecture
L K& 2 Godson-T 4#) 7 i Kl

Table 2 Godson-T configuration parameters
% 2 Godson-T & 4

Module name Description
Eight-Stage, in-order, dual-issue, mips-style mini-core;

Mini-Core a four-stage, full-pipelined, result bypassed, floating/fixed-point unit, 192G single FLOPS with multiply-add
L1 dcache Private, 32KB 4-way set associative, 32byte cacheline, 1 cycle hit latency « 3
L1 icache Private, 16KB 2-way set associative A\ e
L2 cache Shared, 2MB 8jway set associative, low-order ir_1ter|eaved, 64byte cach_eline,'§ E > .
12~40 cycles hit latency, 4-entry request queue in each bank, out-standing miss

Network-on-Chip | 2D mesh on-chip network, with static XY routing strategy

Router Two virtual channels in each direction, one entry per channel, 128-bit data, 82bit address
Four L2 banks share one memory controller, 512bit width, 1-entry request queue,
52-cycle read latency and 32-cycle write latency

Memory controller

\
3 FBI L E sk BT R AR \

25 A A o TR 7 91 T 5 7 4 Godson-T vkt R 46 b IEAT M, LKA X 1 — S04k 1 . A 1 32
T2 H b2 A A SR T8 2 (05 00, B 08 3575 B2 0 46 1k (1 I3 LE. Godson-T 1) runtime %245 5247 2k P2
8 P82 2 A g 1R, T AR S I S 0 R, 4 st B B B, SRR B A B R M, A e R
TR 2 2 PR A I ) BRSO 1 I A
3.1 BEEHiT

R 18R BoR, AT HIVLN Stage 2 F1 Stage 3 19 I 1) 55 g W I8, DR IHE AR SC 82 B 3K W 25 1B AT IRAT A AE
FRAT SR P AN R R PR 2 1) 6 25 A DA B 223 A7, b ko 458 A1 08 A A B ), DR G 3 6 3 5 R AT IR AT N K.

fEStage 1 m 4 T U5 E X Bl HAT, T B IH A £ E) AT AL AN P8 SO I BT A e, AT — A
hashA 71 il —A™ 5 ) BE R KL SR+ 1A P A7 BAS B AN B 3 From. 5 1) B R A5 )3 90 SO PR 55 K, B 000 B 57
F SO EAS i (R A A7 B I BARAEA $R 10 T — A K HR £ Bl AR 4 hash e 21 55— > BA 1, B2 o (1)
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LA 50 A EEOT P 90 ST F RRD 5 1 i o A B8 (B0 v AR ORT  T00). A AN [ 8y e Rt Uy ) 2% 8040 6 A4 T
ASRAG Bl 1K) 7 0 A TR AR5 A 30 AT o A 0 vt o A B b 8, i) 4 o o 1Ak B4R 55 ]
AE 3850 R T B 25 43 IE 1A J7 VAKX 204 il WS S AN g 2 it | 2c.

[v[a[a[a[c][v][a[a]a]c][s[L]a]a[a]c]

20" seeds

AAAC

Fig.3 Structure of seed index

K3 FlrRII4H

)

Ungapped
J—>AAAC alignment
P, f
P, i
AAAC |-
P, j [— >
3
YYYY

Y

Gapped
alignment

-«

. \ .. .
Fig.4 Parallelization of sequence comparison

4 PR IFAT 7 X

\
MEﬁMﬁﬁﬁﬁﬁ%ngm%m%ﬁ%&ﬁmﬁﬁﬁmmm:Lﬁﬁmﬁﬁﬁ&A¢ﬁ¢&ﬁ
RIS o815l 48 AR L XE R0 S 0o 10 50 8 S AT G 25 3 Lt 6, 7 kB £,
LT 2l By B 5 o IR 2 10 10 8 5 25 5 1 R 2 £ e A 2
R 2 o3 05 25 3 KA 5 R A LR 8 5 FORE B 0 2 3 LRV 5, 747 4 B 5 R

LR A TR R AR AT HE R

Main thread
-Stage 1
index1=index(query sequence file)
index2=index(subject sequence file)

create P slave threads
join salve threads
merge alignment results of slave threads into T2
-Stage 4
sort T2
for each alignment result in T2
display it

Slave thread[n]

while (seed<20%)

-St\ge 2

get seed s

for each word pair of s 3
compute ungapped alignment ’
if (score>S1) ¥

add .word Eair to tl'[n]
Y -Stage 3
for each word pair in t1[n]
compute gapped alignment
if (score>S2)
add alignment result to t2[n]

Main thread

index1=index (query sequence file)
index2=index (subject sequence file)

sort all the seeds and discard the redundant one \ \

create P slave threads
join salve threads

merge alignment results of slave threads into T2#

\ 5

ultin T2

sort T2
for each alignment r
display it
- §

Slave thread[n]

while (seed<nb_seed)
get seed s

-Stage 1

-Stage 4

-Stage 2

construct neighbouring blocks for each word pair
for each word pair reorganized according to cache size

compute ungapped alignment
if (score>S1)
add word pair to t1[n]

for each word pair in t1[n]
compute gapped alignment
if (score>S2)
add alignment result to t2[n]

Fig.5 Parallel version of the protein sequence comparison algorithm

K5

AT A EE 94T ik

-Stage 3

sl 6 o, ML RE B 1L 16 I, 5095 A PR PE RE M 5T B 35, DAL 75 T LA T 38 22 R DI A LA 5 I L.
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B R, B R AT B 2 AR I B B PR R AT 3 AN RS TR RS . AR U 1) SE AR S B A, 1
fritie.

(1) FPEAETT AT SE A 0 2D A rh A 2R A B A SR HOR 1 i 1) T 5 BB A R 5] A
R 38G Z2 B IR) 20 BT 5 RS P 5 A7 R PR 35 W 3 wh SR 2 A7, i D B 0 S SR T A o 2% AN SR DT AT I
[R] f)F-35 F1 73 L.

Table 3 Lock synchronization and dcache miss overhead in parallel algorithm A (300 vs. 300)
£ 3 JHATEIE A RIBIUR LRI deache {2k IT44(300 vs. 300)

# of threads 1 2 4 8 16 32
Lock overhead (%) — 0.347 0.48 0.79 1.36 2.16 \
L1D$ misscount 2134509 2145825 2177597 2204178 2257340 2365693 2 523\148
L1 D$ refill cycle 40.28 40.41 40.75 54.25 89.80 2 386.52" 6 010:52

(2) A4k Vs In) 55 g BEH AT LA HN I £ ik L1 cache B’Jﬁﬁi&;‘:!}x%& ol EI’J store i;f%{’EB’J%ZEi’Jﬁ'chT
AR B2 F X L2 cache PRI ) 2 B 28 P 38 0, 70 88 ok Y 4% %AEEH} iﬂllﬂ%ﬁ% T %6 store 34 LA
J¢ L1 cache IR IRISFCH ™ A 50— 5 i, AE BT (R 4544 R ,Godson=T I9HREMZ A I 2 L BEZE AT 4 A store #AF, [
A P 2 b B SR MR E B R 2 AN s 1’E\JT BTGV B N6 L 3 A5 7K S A5t o — J T, A L2 (B[ 3R
E‘JHﬂ“l‘Eﬂ&%%Eﬂ%&,ﬁ%%%ﬁﬁbﬂ?%ﬁ%&(ﬂ’]HTIEH,U\Wﬁ?é”W%F?E‘J%%ﬁUJDJ‘EtE.

L1 Icache )il 2k SR4RAR, £F 64 NEEFE IR T 0.001%, i (1l e Yk Bz e I T+ L1 Deache [ 2k B (R 2
JEi & 9 1%). R, L1 Icaghe S i K T 9 87 i T LA 22066, 1M 3 242 JRAE L1 Deache i 2k LL K store #1141 4 T fi
W FFAY g !

P 7 45 1T M store £ 15 BHL 26 5 B0 R4S, 355 — Tk P34, 7T LA 31, store 5 850100738 o B IEAT AT
i ) (3 HEL 4 A 2R R A AT I I 915 12 2 T MU 20 3810 4 1 0 BsF T, AN A 35 A5 JEL At 46 T 42 ol 00 08 0 4 e I 2
FEIR UG I, A SCHR B AT BT I [A] 3 2 183X M) 1K) 23.3%, 31X — FF B 7™ T 24 1 A4 1 n B

Store FF P 2% ll3% th 4145 L1 Dcachhe [ [R]3E & HTHH B AF K, 3% 3 B PRAT 4 th T #2)F L1 Dcache it
SR DG FFAS. ] LA B, B A 2 B AU B 22 cache [R5 7 55 22 14 I R) B 2 58 1, 381 64 A4S 2R FE I, LU B AN 2R R 1) 17

WL T 100 £ 135 ,cache [BIE A TS T3 B 48 o5 B2 72 34T AT 1T B 23.09%. . \ \
o 20 35 .
3 16 g 30
g S 25
@ 12¢ 3 20
5 S 15
a 8 g
= ..o 10
g o ) @ ok

0 8 16 24 32 40, 48 56\64

# of threéds 3 4 Number of thread (avg.)
A [
Fig.6 Parallel part speedup in algorithm A Fig.7 STORE operation overhead in algorithm A
Y (300 vs. 300) (300 vs. 300)

K 6 ﬁ/z A 547 T 43 0 B (300 vs. 300) Kl 7 3%k A ostore A S5 301 FF45(300 vs. 300)

(3) B I I L5 10 TRATRE P N AT A5 70 S B RS, DR A R (R R AT AT I ) A5 A B
Yt o S IR R FA TR, AE S0 A PR DRI 20 e R A LIS [V I 1) 5 18, (F2 TR 4% (1) 2~3 SRR 1R 4R T
IS T 32 3z 4 J A 2 3 5 BTG S8 J T AT 55 1R IS S8 2 R A DB H BT K2 509 ) IR [ #2855 445 Ji i 56 A
(¥ e it AT L, B AN B it TR0 S0 A TR B — A EE LI R,

TS T 10 23 A S B, AN Tk £ P A P 910 S o R R ) 7 0] 2 R AR AN B8 59 (). 20 B LA ol 6] B2
b S P IE A RN VL T RS S0 NS Ao (R o= D VA1 R [l AL P D W Gl VAl = 0 N =
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TR 55 (AN 20 e 2 3 80T AN R et 2 1) 1 S BN 4 #
3.2 MHEEEMIL

AN AT R D TP S A7l 58 AT LS S 38 i 3 AN 5 T AT 0k I R e A6 T4

FEFFAT SR AMY SRR IR 5 I 75 2 08, B 9B b 72 B i 2004l oy, KB 40 - R AN A2 [ ) 72
PN 7 81 SCAT S8 A A i v BT AS B0 N2 1) 7 08 S A i DR by 23 - 2 R KR 4 I, S IR R 1 B
160 000(20°%). 1 2 4 2 Hi Tk WA [ B 48 1 1l 26y 1 0ok, T DA 380, AR 2 b1 B0 5/ T 5%, T 288,
AN AT AR AT IR B TS A, R AT SRR AR A7 AR KRR (R U0 AR I B 5 A% T HL K 8 19 2 1 3 SO0 B 37 5K
I‘%%*,?E»’?&%ij)”uﬁ@%?%ﬂui'ﬂl)\*’l\mﬁiiﬂ,#ﬁi&%fﬁ%ﬂlﬂ?ﬂwﬁ?ﬁ,(ﬂ)ﬁﬁd\T%ﬁiﬂ‘]%ﬁl%\ﬂﬁlﬁlﬂﬂ‘,iﬁ

WA T B 4 0 LR, » \
A -
Table 4 Number of seeds with hits { )
w4 pmmra o\
# of sequences 100 300 1000 3000 10000° 30000 ..100 000
# of seeds 4637 .5911 6565 6675 6688 6689 6 691

N T BARTE 2 A7 6 U7 In) 7 AR R S 4 éf’ﬁf@f\%{)&&'\ store [WHRAE SRR T (58T 0, K 2 5001 store
5% B TSR AT 3R 25 A7 L b o (B S5 B R R P (R0 B 4 AR AD B B 8(a) i 7, B0 T B0 R+ BT A vt
(I 30 I A0 A7 Lok, 20t SR A i 245 K ) SO oh H B T nb_qry 2, FBR 80 SCF bt B T nb_sbj ¥, 4
XN R ML T E T Ab_qry*nb_sbj Yk LLxT. 1 T o 75 A ) iy o X 11 A0 X A 5 A K A
BUAAL B (R ST R AE IR 20 A F4F), IR E 2 AR T 2 Ui A7 0F HL W EIR R &5 O(nb_gry*
nb_sbj) X PAAT I 4 5 BUSI b SR AT H8 A 10 K S 38 0, B 407 119 3 38 2 4 3 0 A 5 K i U A7 IR B A A RS L TR it T
AR5 iy o (14 4840 X 35 2 ) 1) 322 82 7% (i) %) B0k 1 371 3k 72 485 R R 47 000 JED N 40 2 455 920 T S A B v )
store 1 &.

For (i=0;i<nb_qry;i++){
For (j=0; j<nb_shj; j++){

score=ComputeAlignmentScore(seq_qry,seq_sbj,i,j); \
} » \
}
() -
(a) \\
\ g
For (k=0; k<iter; k++){ \ ‘ - .

iter_lower=k*ITER_NUM;
iter_upper=iter_lower+ITER_NUM;* &

for (i=0; i<nb_qry; i++){%

for (j=iter_lower; j<iter_upper; j++){
score=ComputeAlignmentScore(seq_qry_c,seq_sbj_c,i,j);
}

}!

| +e
Y (b)
Fig.8 Split the inner loop to improve cache performance

8 43I A6 BR LA 5 cache TEfiE

F A0 FATIk it ZR PRI L1 deache SR UCEL T G, A (10 R R KD WU EE A AN 25 5 38 B 1 44 4 0
B, 2> 5 4 R L T RIVASE 77 75 52 4, B0 R 65 2 U 4501 RE e 1 B R b o UG A I [T BT i ok 1) 1 E S i
AT T AT DA Foft 3 068 B 1 BT AT iy o DX 38 PR 3 A 52 11 380368 468224 1) XA ) I tho 38 77 Kol 10 Jmi i 1k O L, F A
J2 9 S A R REAS i R A8 T nb_qry ARSI 51 ST IR A T nb_sbj ¢, # R AT IR 4 10 B AT A AHR, &
8(a) 1) A HH 2 cache 2% A i, 75 H il Godson-T &A™ 14 xi 119 L1 Dcache A7 32KB, I K — mif¥) H b /7
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s E AR FRGRT I T R A AR s M 8 AT AL 3101

BT A dir v X6 N P AT BB AR S cache 74, IX & S EUEA H b5 75 P AR fir P X8R H — R
R LL cache. M /£ E G B BIRFRL T 41 SO o N — Ao i IR B S22 H 732\ cache AR 43 25045 #8
SUE R — kA T 38 S Pl o, T LA SR TSR AT B 20 A ) B 1R T SAT 45 L R BT e AT, DA AR I
{60 5 T 2k DL M 78 853 vh 45 4 Godlson-T 3% 55 _E L1 Deache [ K /N, 6 P 2B FRBEAT 43 3 4814534 B2 B8R 15 (0 F A7 )%
FISCAE A L1 Deache 24, b 4 ) 528 3 AR B an 1 8(b) 7k, ITER_NUM & L1 Dcache
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Table 5 Lock synchronization and dcache miss overhead i al§§)rithm‘B,(300 vs. 300)
Fz5 5k B RBIEIE A deache it 2 TR (300 vs. 300)

-

# of threads 1 2 L "y & 16 32 64
Lock overhead (%) — 0.00 . 0.007 0.017 0.019 0.09 0.41
L1 D$ miss count 1627540 1635 13& 1659768 1705716 1709636 1773417 1870876
L1 D$ refill cycle 34.30 34.31 34.36 34.98 35.54 45.11 109.1
L1 D$ overhead (%) 0.610 ¢ 0611 0.622 0.650 0.661 0.863 1.98
¥
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Table 6 A performance comparison of Godson-T and AMD Opteron processor workstation .
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Dataset: Cell ber (G -
aasets ell number (G) Time(s) __ .GCUPS Time () GCUPS
300 vs. 300 14.64 0.089‘5 163.57 1.59 36.83
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