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Abstract It has been reported and verified in many design experiences that a judicious utilization
of the page and burst access modes supported by DRAMs contributes a great reduction in not only
the DRAM access latency but also DRAM's energy consumption. Recently, researchers showed that
a careful arrangement of data variables in memory directly leads to a maximum utilization of the page
and burst access modes for the variable accesses, but unfortunately, found that the problems are not
tractable, consequently, resorting to simple (e.g., greedy) heuristic solutions to the problems. In this
paper, to improve the quality of existing solutions, we propose 0-1 ILP-based techniques which
produce optimal or near-optimal solution depending on the formulation parameters. It is shown that
the proposed techniques use on average 32.2%, 15.1% and 3.5% more page accesses, and 84.8%, 113.5%
and 10.1%6 more burst accesses compared to OFU (the order of first use) and the technique in [1,2]
and the technique in [3], respectively.
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GAUJAC | 56/67/68/71 | 63/71/80/82 {84/81/95/99 ) 104/87/106/113 | 107/107/115/120 | 117/112/116/126 { 125/125/128/120| 152 145 45
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DBRENT | 17/16/24/25 | 18/19/25/27 |19/21/28/30 | 21/16/28/30 | 22/23/29/31 | 22/18/29/31 | 22/14/29/32 | 464 66.3 72
avg. gain 84.8 1135 101




Quitis Al zF AAGAN EEH vEE] J2E 22

[

Aol e WZAY AlzeM M F
4 ok A#A7E dE AzEdME, A 2] o
ol dAA golEAdatency)7t 7HEA7] wWiEoldh
gt AAZE s AlxddM 2 A7) vlAe 9%
& uuitin B 4 ddh 28u 28 A4 shog
T, B A7 ¢undEE o4t FojA =i W
2E GHAE E8W, DRAME 42 e ==
A 27 ¥ 24T 5 Atk B2F HAIE A&
ol ol #2AE M A7 ge AFE J
omg olEgh AadA 2 4 rh

A5g 8
R

g1z

e

[11 P. R N. D. Dutt and A. Nicolau,
"Exploiting Off-Chip Memory Access Modes in
High-Level Synthesis,” International Conference
on Computer Aided Design, pp. 333-340, 1997.
P. R. Panda, N. D. Dutt and A. Nicolau, "Memory
Data Organization for Improved Cache Perfor-
ACM
Transactions on Design Automation of Electronic
Systems, Vol. 2, No. 4, pp. 384-409, 1997.
3] Y. Choi, and Taewhan Kim, "Memory Layout
Technology for Variables utilizing Efficient DRAM
Access Modes in Embedded Systems Design,”
Design Automation Conference, pp. 831-886, 2003.
N. D. Dutt, "Memory Organization and Explo-
ration for Embedded Systems-on-Silicon,” Inter—
national Conference on VLSI and CAD, 1997.
IBM, "IBM Cu-11 Embedded DRAM Macro,”
http://www-3.ibm.com/chips/techlib/techlib.nsf/tech
docs/ ACBB96F927E2D6D287256B98004E1D98/$file/
Cull_embedded_DRAM.10.pdf, 2002.

Panda,

mance in Embedded Processor Applications,”

[6] Fujitsu, "CS7T0DL Embedded DRAM,” http//www.
fme.fujitsu.com/products/asic/pdf/CS7TODLFS pdf,
1999.

{71 A. Khare, P. R. Panda, N. D. Dutt and A.

Juy

= page
1 burst|

12N o
T

(a)

[8]

f9]

[10]

[11]

[12]

{13]

{14]

[15]

(3%}

[

5
m

o

R %

Nicolau, “High-Level Synthesis with Synchronous
and RAMBUS DRAMSs,” Workshop on Synthesis
And System Integration of Mixed Information
technologies (SASIMI), 1998.

P. Grun, P. Grun, N. D. Dutt and A. Nicolay,
"Memory Aware Compilation Through Accurate
Timing Extraction,” Design Automation Confer-
ence, pp. 316-321, 2000.

P. Grun, N. Dutt and A. Nicolau, "APEX: Access
Pattern Based Memory Architecture Exploration,”
International Symposium on Systems Synthesis
(ISSS), pp. 25-32, 2001.

K. Ayukawa, T. Watanabe, and S. Narita, "An
Access Sequence Control Scheme to Enhance
Random-Access Performance of Embedded DRAMS,”
IEEE Journal of Solid-State Circuits, Vol. 33, No.
5, pp. 800-806, 1998.

S. Hettiaratchi, P. Cheung, and T. Clarke,
Efficient Address Assignment Through Minimized
Memory Row Switching,” International Conference
on Computer Aided Design, pp. 577-581, 2002.
Laurence A. Wolsey, Integer Programming, Wiley-
Interscience, 1998.

"Energy

V. Zivojnovic, J. Velarde, and C. Schlager, "Dsps—
tone: A DSP-oriented Benchmarking Metho-
dology,” International Conference on Signal Pro-
cessing Applications and Technology, pp.715-720,
1994.

"Bench mark Archives at CBL,” http://www.cbl.
nesu.edw/CBL_Docs/Bench.html

W. H. Press, et al,
Art of Scientific Computing, Cambridge University
Press, pp.152,154-155, 1993.

Numerical Recipes in C: The

» page
o burst

:L.k_;ﬁ_[ Ll |

28 6 zone_alignmentd] +8A)1ZF 81, (a) ELLIP, (b) DBRENT. (0.02% o]fs}-_— Yo E Holx 93e



94 BRI E=ER] AT R o2 A 2 A A 2 ZQ00562

& A

20009 SEUiEtn  AAARER(EAL
2002 S=H3r|EA(AAL. dA S
#Harled ARANGT AP F v
A3, #4E-oks Embedded systems

PEARn

1993 "= dwo] FYd Hits
(k). EA Agdizta A7FAFE F
gy HEud @FiEole  Embedded

system design




