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Abstract

Shared memory multicore processors are widely used in parallel pro-
cessing. Also, since the execution order of parallel programs is generally
non-deterministic, it is necessary for the shared memory to maintain con-
sistency of data that does not depend on the execution order. In many
processors, "lock” is adopted as a method. However, overhead is large in
lock, and in fine grain lock, the program is complicated. Also, in coarse
grain lock, operations on shared variables unrelated to processing are also
sequentially executed, so there is a problem of performance degradation.
Therefore, transactional memory (TM) has been proposed that allows
speculative memory access in order to perform parallel processing. TM
performs processing on a transaction basis. A transaction refers to a series
of processing such as reading and writing to data in a shared resource. If
there are no collisions of access destinations in multiple transactions, pro-
cessing continues in parallel, but if collision is occured, the transaction is
suspended and reexecuted. In particular, the TM realized by hardware is
adopted in some commercial processors and is called hardware TM. How-
ever, in those processors, the scale of the circuit for transaction processing
is large. Therefore, it is difficult to use in the embedded systems. So, we
propose a hardware TM implementation method for small scale systems.
The method assumes implementation on an out-of-order superscalar such
as embedded processor being used in smartphones. Therefore, the TM
needs to be easily implemented and reduce the circuit scale. So, we utilize
existing circuit resources. Existing resources are exception handling units
and are diverted for transaction processing. Also, it is easy to estimate
the recovery time at the time of collision because it depends on the excep-
tion recovery time of the processor. Furthermore, as a collision detection
method, we propose a method to convert access addresses into bit strings
and perform core-to-core communication. By using this method, both the
circuit scale and power consumption of the core by the collision detec-
tion mechanism were suppressed to about 0.01% increase. Therefore, it is
practical for use in the embedded systems. In terms of performance, we
confirmed that it is up to 57% of execution cycles compared with lock.
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for
(i=0;i<MAX;i++)

7
r=((rand)%1000+1)%div

i=1,0¥10"6
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for
(i=0;i<MAX;i++)

ifi%3==

i=1,0¥10"6
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0 64: 0000 EDA/CADOOO

Functional verifiation Cadence NC-Verilog 12.20
Synthesis Synopsys Design Compiler 2013.03-SP2
Power estimation Synopsys PrimeTime PX D-2010.06
Technology Rohm CMOS 0.18 4 m
Standardcell library Kyoto University standard cell library

065 000000000000000
00000 [ 0000
OO0 (um?) | 7666973.83 | 7973.68
OO0 (uW) | 9.582¢-06 | 1.796¢-10

oboobboobbooboooboobboboboobooobd
obobobooboooboobuooboobobboobon

HEN

goodboogbogboobboobboobuogbooboobbo
gbouodboudbudgbooboobbobboooobboobon
gobbbobobodoooooobbobbboodgoooooboo
gbbogdobbodgbobooobbuooobbooobbooobbo
SynopsysU ORohm O OO OO0 VDECOOOOOODODOOODOOODO
gboboboogdgd

oo

[1] M.Herlihy, J. Eliot and B. Moss.: Transactional Memory: Architec-
tural Support for Lock-Free Data Structures. Proc. of ISCA., pp.
289-300,May 1993

[2] L.Hammond,B.D.Carlstrom,V. Wong,M.Chen,C.Kozyrakis,and
K.Olukotun.Transactional coherence and consistency:Simplifying

22
U

U
oooobooooobooon



parallel hardware and software.Mico’ s TopPicks, IEEE Micro,
24(6),nov/dec 2004.

L.Hammond, V.Wong, M.Chen, B.D.Carlstrom, J.D.Davis,
B.Hertzberg, M.K.Prabhu, H.Wijaya, C.Kozyrakis, and K. Oluk
otun. Transactional memory coherence and consistency. In Pro-
ceedings of the 31st Annual International Symposium on Computer
Architecture , page 102. IEEE Computer Society , Jun 2004.

A.McDonald, J.Chung, H.Chafi, C.Cao Minh, B.D.Carlstrom,
L.Hammond, C.Kozyrakis, and K.Olukotun. Characterization of tcc
on chip-multiprocessors. In Proceedings of the 14th International

Confer ence on Parallel Architectures and Compilation Techniques ,
Sept 2005.

J. Chung, H. Chafi, C. C. Minh, A. McDonald, B. D. Carlstrom,
C. Kozyrakis, and K. Oluk otun. The common case transactional
behavior of multithreaded programs. In HPCA ’ 06: Proceedings
of the 12th International Symposium on High-P erformance Com-
puter Architectur e , Washington, DC, USA, 2006. IEEE Computer
Society.

K. E. Moore, J. Bobba, M. J. Mora van, M. D. Hill, and D. A.
Wood. Logtm: Log-based transactional memory . In HPCA ’ 06:
Proceedings of the 12th International Symposium on High-P erfor-
mance Computer Architectur e , Washington, DC, USA, 2006. IEEE
Computer Society.

C. Scott Ananian, Krste Asanovic, Bradley C. Kuszmaul, Charles
E. Leiserson, and Sean Lie. Unbounded Transactional Memory. In
Proc. of the 11th International Symposium on High-Performance
Computer Architec-ture, 2005.

R.Rajwar, M.S.LAM, and K.Lai. Virtulizing transactional mem-
ory.SIGARCH Comput.Archit.News,33(2):494-505,2005

Intel. Intel 64 and TA-32 Architectures Software 0 Developer’s Man-
ual, June 2013.

23
U

U
oooobooooobooon



[10]

[14]

[15]

[16]

Christian Jacobi, Timothy Slegal et. al. Transactional Memory Ar-
chitecture and implementation for IBM System z,2012 45th Annual
IEEE/ACM International Symposium on Microarchitecture

N. Shavit, and D. Touitou. Software Transactional Memory. Dis-
tributed Computing,Special Issue, 10(1997),page 99-116.

Stuart Halloway(0),0 000 (0)000O00000 Clojure, 00
oooooog |2010.

Cesare Ferria, Samantha Woodb, Tali Moreshetc, R. Iris Bahara,
Maurice Herlihyd, Embedded-TM: Energy and complexity-effective
hardware transactional memory for embedded multicore systems,
Journal of Parallel and Distributed Computing Volume 70, Issue
10, October 2010, Pages 10421052 Transactional Memory

Keisuke MASHITA, et al.:Yet Another Waiting Mechanism based
on Conflict Prediction for Hardware Transactional Memory, CAN-
DAR.2015.57

Yoo, R. M. and Lee,H.-H. S.: Adaptive Transaction Scheduling for
Transactional Memory System, Proc.20th Annual Symp. on Parral-
lelism in Algorithms and Architecture (SPAA’08),pp.169-178(2008).

MIPS Computer Company. The MIPS RISC architecture.

24
U

U
oooobooooobooon



