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A FCM-Based Thread Partitioning Algorithm for Speculative Multithreading

LI Yuan-Cheng YIN Pei-Pei ZHAO Yin-Liang
(Department of Computer Science and Technology , Xi’an Jiaotong University , Xi’an 710049)

Abstract  Speculative multithreading (SpMT) technology is an effective mechanism for automat-
ic parallelization of irregular programs. Selecting optimal thread partitioning solution by effective-
ly assessing the speculative parallelization overheads is a key issue for the speedup performance
improvement. However, most existing thread partitioning methods are still based on simple heu-
ristics rules to select speculative threads. Because these heuristics rules can only be used to
indirectly estimate the speculative multithreaded execution overheads and simply tackle individual
overheads, these methods can only get the empirical optimal speculative thread solution. To over-
come the limitation of these existing methods, in this paper, we first propose a fuzzy c-means
(FCM) algorithm based thread partitioning method which can be used to effectively search the
solution space of speculative threads and get the optimal solution. In this method, we effectively
determine the solution space of speculative threads based on the analysis of several overheads.
Meanwhile, we design and implement the cluster validity function by building a cost estimation
model. The experimental results show that the proposed method can effectively search the solu-
tion space of speculative threads and we can indeed get better performance. On average, we

achieve an average speedup of 1. 85 on Olden benchmark suits.

Keywords  speculative multithreading; thread partitioning; fuzzy c-means clustering; automatic

parallelization; cost estimation
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— BRIy o HBA HOME R BT DL R Ok E
] ‘ IS \E}\\&\ 2 gAY {‘(c;):Siefdup(c‘,) (13)
o 3.2.4 FHF FCM LR 4
_equ_T] T T~ N . .
vl |, T LI FEAN A S04 B 38 F FCM 3% 10 2%
T _equ_T)| W T FERI Ay . 00 ol T b — 2 4 /N R G B IR D
T WRIFE LT 3. 1 R AT DS — e g
SR G HU™ E RN T 0 R R 4y B A E R
TIIREATIT RO TG

(a) (b

Bl 6 2R A AT I fi]
HRAE 10D FRATT 38 3 )™ 2 3 I 9 v R 5
T equ T, BEEHNETFERN T i=0,1,.k
(R=1,2,). A T HERUHCY F S AR R o 2
FE T (AT 3 R v 2 A 5 3 B0 1 ABE 8. T8 4 3% A7)
ATLARSEE 1 R T _equ(T )R T_equ_ T,.
WK T_Par v DLl 33 405 (11 K 1 22

(c)

(1D

Bk 1L IR EOR B SR BT R ]
WA WMEN T
il T _equ(T)

1. T_equ(thread node T),){

2. T equ_T,=0;

3 IF (T, is leaf node)

4. T_equ_T,=P,W/;

5 ELSE{for each child node T
6 T equ_T,=P,W,+

P
7. Py {E (1—a,;)max T_equ(T;)+a; T _equ(T, )};

i=1

8. return T_equ_T) 3 )

TEASSC FATTH) L 7 U0 R 52 AR #fi 0 2 72 F
7T AE T, PR L, 22 A8 [ LAME SR P, g 4 D B o 3R
AT AN g SR AR AT 2 BN AT T AN 2 el T 5080
KA LB a=0). J340, i TIRATRE T R5F
AT B B X 1 R RN A A A R 2 i
A BEAT (AT o PR T AT DR <7 A O |y 1 A2 2R KK
it T 0T T 0 75 R 0 B L TR I T iy 2 R T 1Y
(I a=1).

()8 T_Seq

TEHED AT R e A e T #R7ERE R P,
I AT AT, B T_Time J&=F2 ¢ B 47 00 AT
P ) DO 00 SR AT A5 ST B0 AR AT 0 A AT
) R PAsd a4 i 3 AT AR

T_Seq:T_Time*iW,P/

=1

12)

RBGEE R 1], Hrp o i1 F AR B &
E L

max(x,,t=1,+,N)
KAD 2, LR HACR A Y 2 548 240 H.

SRJG XS HE— T E 1Y ¢ I FCM 336 X AE AR
£2 S HEAT R 4y AR BV o SR S R R B TR AT
WAL 2 ety e HAR B HE I S 72 L BB 2 R AR
Gt CQIP i . 2, RATB & W e =
107", B Y B — BEA B X A [m] Ay 2 i v a0 SRR 2 A
2578 M (B VG Bl 22 IS L 45 45 3 e RO L o e B o
AT T 98 45 TAROR A 7 it DU of 0 i I R A B iy
A J& 20

Bk 2 WhE R LR

A : RRMESE U REDOEEY, BHe

s YRS ROny o], BRI HE LR RE T,

1. Determine_Threads(U,V ,e, R[n,c;])

FOR(I=<j; j++; j<=mn)

(1)

c=

{temp= the first column number of the max(U(;)) ;

FOR (1=<j; j++; j<=n)
FOR (1=<k, k++, k<=c,)
(IF (R[j .k 1 =R[j+ 1.k D&

(UG k+1)—UG.k)|<e) THEN

8. {if node j is the post-dominator of the start node

2
3
4. Rlj.templ=temp;}
B
6
7

in threads T,

9. R[j.k]=k+1;}}

FE ROk 0T A A i i I 2R AR L 23 ) A
T 2 A o7 Al A AR R ) ORI H TR AR
o3 A NP R B AE ff AT T Rk — 2 A S kX
TR BT o A A2t BRATE AR 25 T BOAR Ky I 4.
W Ry Y 2D AR S P DL D T 8 AR St — 2P
FIAJUAS S B 5 % ML) 4 5 e 2 RO 2R B2 R 4, DA
K B TG 4 R T B R K BE A A ROR . s
Ja A A 32 AL

(1) ¥k 53 SP AT IAESUR AR AT AL

(2) P s a5, SP MR B ) CQIP g 6 25 A7 T [7]
— 2 PR B AN 5
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(3) 2 7 W/ T A 0 R R R A A
BOAD CH T A R 22 100 19 5008 A0 0 98 B0k &
JEEO W AN T — A~ .

BEVE 3 G T TEAN MR A SP Al AR I A
. Bk 3, get_candidate_thread () MR 3k 3k
BUR — A ] BE RO & 1 e R L B L data_depend-
ence_count O W A 11 518 24 Ay B & 55 067 B 2145 3%
2 AR 2 (8] 0 B0HRE A K

Hik 3. HiE SP L E.

i\ : curr_thread, future_thread. spawn_pos

iy i« spawn_pos

1.  insert_spawn_point Ccurr_thread , future_thread,

& spawn_pos) |

2. future_thread = get_candidate_thread () ;

3. IF Ccurr_thread.spawn_count() ==0)

4. spawn _ pos = the position of first instruction

contained in curr_thread;

5. WHILEspawn_ pos is not the last instruction)
DO
6. opt_ddc=data_dependence_count(curr_thread ,

Sfuture_thread . spawn_pos) ;

7. 1IFCopt_ddc<<DEP_THRESHOLD) THEN

8. curr_thread = future_thread;

9. Insert_spawn_point(curr_thread, future_thread,

& spawn_pos) ;

10. END IF

11. spawn_ pos := the position of the next instruction

contained in curr_thread ;

12. END WHILE

13. ELSE

14.  curr_thread= future_thread;

15.  spawn_pos :=the position of first instruction

contained in curr_thread;

16. Insert_spawn_ point Ccurr_thread, future_thread .

&5 pawn_pos) ;

17. END IF }

N A 3. 2.3 A E B AT ROCE R f (e X
B o FT XN 2 RE R oy FEAT A R BT
FCM (£ FE R 0 Bk Ak an

L 2 RIS A B [ o » o 1.

2. X F BB LB ¢ M o B o KB AN 259K

2.1 i AR D VIO

2.2, B AEAS Y FCM B3 0% BB B0 2 2B B U A3

K v;

2. 3. FUIWT R B WS AN RWAT G 2P UR 2. 25 75 DI 4 20 B
2.4

2.4, T A RUESE AR R BT B SR AR S (o).

3. RS R AEAS ¢ B SRS AR e AR BRAE £ ()

JIT X 37 1) £ 2 3] 43 e T Ay S 1) 5 A1 .
3.3 BEERESW

A SCHE A T FCM B33k i 2R A5 3 43 7 ik i
(6] 52 % 2 F 24045 3 A Jr - FCM B3k VR R %K
PE & B0 A AR A RIREAE TP A »
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i OGo . FCM ka5 2 A8 itk AT
b Sl o | B D i s o o s N ST
OW* +Lnp) i L Sy FCM Ay 3% AR Wk 8. 78 A8 3C
ol TR P R B A e HOA — 4 R R R .
I HYER p WME N 1 ARE 3. 2.3 Ry b, KK
A RO R BTSRRI T A2 2 i Sy X9 R AR i
1 H R, HE A N Olnlogn). K I, 51 B A% B [E]
SEEE R O(n® +Ln+nlogn). ¥ 4h, 3 T 55 kA
U182 ' 5 o 1 M 5 o 1 B = S M T
OCnlogm)™* 0 {H J& R 80 36 & R 2R 17 3 25
TEAR R AT 26 2 R 43 1) 55 9 BoF [) 520 4% B ) 3l % s %)
O BE A W 1 &2 2% S (il 7 28 5 3 A
PR B IRAT » DR HORE AR A8 T Rl 20 % R e A B 1Y
SIRBE AR SCHE Y TR T FCM 2o 72 40 21, A
IS [ T 55 K L B T4% G2 I ORI 4 47 4] 43 1) 35
PR AR AN]SR/ T 3 28 PR AR 2 A7 2R Rl 43 1
P[] FF 434

4 LRI

4.1 BHERE

ARSCHR 3 T FCM 22 &) o 5k B &1
Prophet % i £ 4¢F- 5 L AT T LBl Prophet K41
frck I MIPS 45 & 4. il i §7 & 45 4 4 52 B XS
SpMT Ab B 4. &S AL B0 PE A A & 112
Fe it B R 4 BT L % R 18 4 TR IRAT BT
FoR M Z A v B, 45 4 FF 04T [R] B Prophet 4541
#nfl % 7 ALU, Cache, it K £ S 3B 4F . 52 BL T A
K 2 A% AL BAS PRI LR A G (B LR 1

®1 EUBERESH

i 0 i E

IEEIN R IR SN 44 M

PUE: KT G 44

LA —Z% Cache 4 FEAIMIEL 64 KB, iy 238 . 2 A4~ 4 8 4

W 52 T4 5 A~ JE 1
B3I T 4 15 A~ 4 J) 3
A Hh 2 A7 A 1A~ 4 & 1
i [l P 77 5 A~ st 4 JE 400
P IFAY 5 A~ st b JE 400

AR E Olden I FE P 4R B9 74 X8 SCHR
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b R 22 B T A ) 2k AR R A2 I R Y O AT
I A o ke fin e L MR SR T 25 SO Ee
REFETLH N
PEREFE T % =
T FCM s b — 56 F g & =000 i L

X 100%

Mst Bh Power Voronoi Perimeter Em3d H.mean %:J:FIZI Ziiﬁﬂ)ﬂﬂ E’*Jj]ﬂﬁ —1
BTG T WTE R R  0E H P R I (15)
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Background

Chip multiprocessors (CMPs), or multi-core processors,
have become a common way of reducing chip complexity and
power consumption while maintaining high performance.
However, maximizing the utilization of the computing
resources provided by multi-core processors requires adjust-
ments both to the operating system (OS) support and to
existing application software. Programming truly multithread-
ed code often requires complex co-ordination of threads and
can easily introduce subtle and difficult-to-find bugs due to
the interleaving of processing on data shared between threads
(thread-safety). Consequently, such code is much more
difficult to debug than single-threaded code when it breaks.
Speculative multithreading (SpMT) technology is an effective
mechanism for automatic parallelization of irregular programs.
Compared to manual methods such as parallel programming,
it is hopeful to accelerate the large serial applications with
zero cost and can also be combined with the multi-core parallel
programming to further improve the utilization of core
resources,

While speculative parallelization can potentially deliver
significant speedup for programs that would otherwise be
executed sequentially, several overheads associated with the
technique limit these speedups in practice. In SpMT system,
thread partitioning is a critical factor in determining the
performance achieved by a speculatively threaded program,
and the thread partitioning method used by the compiler is
key issue to the success of the speculative approach. Many

thread partitioning algorithms have been proposed for SpMT

systems which support some sorts of speculative thread exe-
cution. Overall, these algorithms have achieved certain accel-
eration. However, most existing thread partitioning methods
are still based on simple heuristics rules to select speculative
threads. Because these heuristics rules can only be used to
indirectly estimate the speculative multithreaded execution
overheads and simply tackle individual overheads, these
methods can only get the empirical optimal speculative thread
solution. For the limitation of these existing methods, in this
paper, we first propose a fuzzy c-means (FCM) algorithm
based thread partitioning method which can be used to effec-
tively search the solution space of speculative threads and get
the optimal solution. In this method, through combining the
heuristic rules, we effectively compress the solution space of
speculative threads based on the analysis of several over-
heads. Meanwhile, in order to apply the FCM algorithm, we
design and implement the cluster validity function by introdu-
cing a cost estimation model. The experimental results show
that the proposed method can effectively search the solution
space of speculative threads and we can indeed get better
performance.

This work is supported by the National High Technology
Research and Development Program (863 Program) of China
under Grant No. 2008 AA01Z136, and the National Natural
Science Foundation of China under Grant No. 61173040. The
research activities were accomplished at the cooperative of the

all members of Prophet Compiler team.



