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Abstract

The importance of parallel programming seriously emerges ever since the modern microprocessor architecture has been
shifted to the multi-core system. Transactional Memory has been proposed to address synchronization which is usually
implemented by using locks. However, the lock based synchronization method reduces the parallelism and has the
possibility of causing deadlock. In this paper, we propose an efficient method to utilize transactional memory for the
situation which has high contention. The proposed idea is based on the theoretical analysis and it is verified with
simulation results. The simulation environment has been implemented using HITM(Hardware Transactional Memory)
systems. We also propose a model of the dining philosopher problem to discuss the efficient resource management using

the transactional memory technigue.
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l shared variable a==0; ’

Source code

Thread B {
a=a+1t;
}

Thread A{

a=a+1,;

}

instruction sequence

read a; // a==i

read a; // a==
operatea=a+ 1;
operatea=a+ 1;
write a; // a=1
write a;, / a=1

Time

ass 0 mmmd g == 7

o3 1,
Fig. 1.
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The example of synchronization error.
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modeling source code.

while(ate<global_info.numberofeat){
BEGIN_WORKLOAD_TRANSACTION

BEGIN_TRANSACTION(0)
//Start of critical section

forkauth[myid}++;
forkauth{(myid+1)%num_ph]++;

if ( (forkauthlmyid]==1) &&
forkauthf(myid+1)%num_ph]==
atet+;

forkauthlmyid] = 0;
forkauth{ (myid+1)%num_ph] = 0;

COMMIT_TRANSACTION()
//End of critical section

END_WORKLOAD_TRANSACTION
}

philosopher problem¥} o] A & ApAlo] 53|
oF a&= ‘jx] = ggEd A4 yx
2 QA ks A AT T8
A dEdE 58 28 IS 70
€ 2dgspy] A8 # 19 22 z2a9

A=

FYPRY A

forkauth[myid]++;
forkauthl (myid+1)%num_ph]++;

2 ¥¥dY
A 7F dk A EHA]

olFA A o] o]F

2SS otd) M= B

SRRV B
wal}. 1 A

I A




78 HE 58 EE MYE A agxe OE 2o EWAMYE o 2e HsE 2
4 QA1 ater+ B AR o7t BAA5E lazy DA% eager AAVY A5 A
o7t Zolmt A2 BN AT 5 vk

if ( (forkauth[myid]==1) &&
(forkauthl (myid+1)%num_ph]==1) )
3t A3} 7o) dining philosopher problem
Well A ZF Z2AAEe] AEd A4
ui A& A&Ho2 2738 EL contention
o] FAR FE 4 At} g ol E A A
© lazy dlole] &g AAY Ago] AFH Aol
e ok B ol Ad &9 7Y oF
o wet HAl HA Aidg Faste Aol AR R
A7) W] WA delee & wE IR Al

A3 eager HlolH #Y AL oY JYd -

g

F-831H4]
W A B ol

Z]f "]E'ﬁ'ﬂﬂ & iteration ATFE TFEIHY
transaction®] ZolZ A& £ 9ot Speedup lock
g A8 AEE VEoE ANte Aol AEdolA
Fe BE Zgol o] lazy wlole #e] FAo] v%
Hold d5& 2yg $AE 4 A

71 A& 1003 iteration®] A9l o} eager Hiol
B &g AL locks AHES B ZA 27 &
Btk o]y EdAA] Hid mWE roll
back®] @3] lockg AREE] 24 dh}e] TR A2
o A9E g9ste AR AE5E AR A7) g
k. ¥HAY Jazy vlolE @] FAL AlEgo]d Ayt
AA A1 60%, BEHOE 40%0)49] As T4 B
ojaL gtk EMAAY Zol7} &ETE eager HlolH
#zl Ao w2 dyo] Rz o ERNHY 2

AR
A=

qd=2 & do 24 11011 L
oefg dFo] dAsn

o].E_

Ier=300  Jor=208  iter-400 Wer=360 Her=1500 iter=3700

a& 11. Dining philosopher problem2 AlE€g|o|d Zu}
Fig. 11. Dining philosopher problem simulation result.

(78)

v.a2 &

8 o 3o} FoAe HE Ay ==
a#e] 7§ Al contention®] F& o EE|Ao]A F
ol YAME lazy dloje] #E Aol o TS
B 4 ik Al A WA vt Z2ads FEHE
A3 7|9to g 8to] contention FTo] wE wlojE
&2 9 ¢ F o FFA gt F AUt

A7 23E 53 & ¢ IR EAAM vEE
HEye e Z2 Y 3§ Axd wet & 4T
o] Badrh weld 3% doje FE 7AA A o
gy XS B¢ g849 HE et #¢ A7
g AP qFo|th

=

& ATE

&

1

ror

Mo

[1] Maurice Herlihy and J. Elict B. Moss,
Transactional Memory: Architectural Support for
Lock-Free Data Structures, in Proceedings of
the 20th Annual International Symposium on
Computer Architecture. pp. 289--300, 1993.

Peter S. Magnusson Peter S. Magnusson,
Magnus Christenssor, Jesper Eskilson, Daniel
Forsgren, Gustav Héllberg, Johan Hogherg,
Fredrik Larsson, Andreas Moestedt, and Bengt
Werner. Simics: A Full System Simulation
Platform, IEEE Computer, 35(2):50-58, Feb.
2002.

Milo MK, Martin, Daniel J. Sorin, Bradford M.
Beckmann, Michael R. Marty, Min Xu, Alaa R.
Alameldeen, Kevin E. Moore, Mark D. Hill, and
David A,  Wood.  Multifacet’'s  General
Execution—driven Multiprocessor Simulator
(GEMS) Toolset. Computer Architecture News,
pages 92-99, Sept. 2005.

Peng Wu and et al. in IBM Research, Compiler
and Runtime  Techniques for  Software
Transactional Memory Optirnization,
CONCURRENCY AND COMPUTATION:
PRACTICE AND EXPERIENCE. 21 (1)7-23,
Jan 2009.

D. Dice, O. Shalev, and N. Shavit. Transactional
Locking II. Lecture Notes in Computer Science,
Volume 4167, 194-208, 2006.

[2]

[3]

[4]

(5]



2011 18 NxZE =8A M 48 ACIHA1 =

[6] K. Fraser and T. Harris. Concurrent
Programming Without Locks. ACM Trans. on
Computer Systems, 25(2), May 2007.

B. Saha, A-R. Adl-Tabatabai, R. L. Hudson, C.

C. Minh, and B. Hertzberg. McRTSTM: A High

Performance Software Transactional Memory

System for a Multi-Core Runtime. 11th ACM

Symp. on Principles and Practice of Parallel

Programming, Mar. 2006.

L. Hammond, V.Wong, M. Chen, B. Hertzberg,

B. Carlstrom, M. Prabhu, HWiaya, C.

Kozyrakis, and K. Olukotun. Transactional

Memory Coherence and Consistency, 3lst Intl

Symp. on Computer Architecture, Tune 2004.

R. Rajwar, M. Herlihy, and K. Lai. Virtualizing

Transactional Memory, 32nd Intl Symp. on

Computer Architecture, June 2005.

{10] C. Scott Ananian, Krste Asanovic, Bradley C.
Kuszmaul, Charles E. Leiserson, and Sean Lie.
Unbounded Transactional Memory. In Proc of
the Eleventh IEEE Symp. on High-Performance
Computer Architecture, Feb. 2000.

{11JC. C. Minh, M. Trautmann, J. Chung, A.
McDonald, N. Bronson, J. Casper, C. Kozyrakis,
and K OQOlukotun. An  Effective Hybnd
Transactional Memory System with Strong
Isolation Guarantees. 34th Intl. Symp. on
Computer Architecture, June 2007.

[121 A. Shriraman, M. F. Spear, H Hossain, S.
Dwarkadas, and M. L. Scott. An Integrated
Hardware-Software  Approach  to  Flexible
Transactional Memory. 34th Infl Symp on
Computer Architecture, June 2007. TR 910,
Dept. of Computer Science, Univ. of Rochester,
Dec, 2006,

{13} Tomic, Sasa and Perfumo, Cristian and Kulkarni,
Chinmay and Armejach, Adria and Cristal,
Adrian and Unsal, Osman and Harris, Tim and
Valero, Mateo, EazyHTM: Eager-Lazy Hardware
Transactional Memory, MICRO 09 Proceedings
o the 2009 42nd IEEE/ACM International
Symposium on Microarchitecture, 2000,

[14]1 L. Yen, J. Bobba, M. M. Marty, K. E. Moore, H.
Volos, M. D. Hill, M. M. Swift, and D. A
Wood, “LogTM-SE: Decoupling Hardware
Transactional Memory from Caches,” in Procs.
of the 13th Intl Symp on High-Performance
Computer Architecture, pages 261-272, Feb.
2007.

[151C. Minh, J. Chung, C. Kozyrakis, and K
Olukotun, “STAMP: Stanford Transactional

[71

(8]

9]

(79}

79

Applications for Multi-Processing,” in
Proceedings of the IEEE  International
Symposium on Workload Characterization, pages
35-46, 2008,

VS IPN |

Z & EZ(EAIY

20093 QA A7 A=}
Tty &9 (3HAD

2009 AA et A7) A}
seta 4 (HAEA)

<FHARF AFH A2El, E

A vny B>

IR E )
20095 QAT 417) a4
Fotah 29 (ShAH)

QA ek A7)
Fo3 Qe (AL
<FRAER  QHPE A2,
EdAAd e 5>

| 20099

O

13
=

@ RHIH)
1996 < Ao st
A7) &9 (84D
199993 University of Southern
California €9 (44}
2004'a University of Southern
California ¢
(FgdrAlb)
2003 ~ 20043 Apple Computer Inc.
e A
20041 ~ 20071 California State University
A7) 2 AFH T 2uy
20063 ~2007d ARM Inc. AZE o] dlxyo
20073 ~E A AN AV HAFEH 2w
<FPAIRoL : AT o] AREZZ A TR,
Adde HA3, vz A" gael >



