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Abstract  As mobile applications are required to handle more computing-intensive tasks, many
mobile devices are designed using VLIW processors for high performance. In VLIW machines where
a single instruclion contains multiple operations, the power consumption during instruction letches
varies sigrificantly depending on how the operations are arranged within the instruction. In this paper,
we describe a post-pass optimal operation rearrangement method for low-power VLIW instruction
fetch. The proposed method modifies operation placemoent orders within VLIW instructions so that the
swilching activily betw cen successive instruction [etches 1s munimized. Our experiment shows that the
switching activity can be reduced bv 349 on average for benchmark programs.
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Program default LOR GOR-H LOR GOR-H
vector multiply 63.6 46.0 43.7 33.0% 36.3%
FIR8 86.8 59.3 56.7 31.6% 34.6%
FlRex 79.5 60.6 60.5 23.9% 24.0%%
IR 7.7 52.1 51.7 27.4% 28.0%
lattice analysis 234 63.4 58.2 28.3%6 3d.2%8
W_vec 29.5 629 57.1 30.0% 36.3%
dotp_sar 79.2 44.5 44.3 43.9% 44196
minerror 506 33.2 31.3 34.3% 38.1%
biguad 78.1 54.6 52.3 30.0%4 33.0%
Average 76.9 53.0 50.6 31.4% 34.3%

¥ 5% 2€ DSP WAvlm TR Ui Ay A
HE Bl F3 gl Z 2o o, BH] F2
2 FFHA HE DY HBT/IF)7F ALkl Sich
G714 e BE 1008 AHEEELn 201, TI #oY
271 #E =2 33(X 59 default )7 AA1B LOR
Z1e] oe) A B == IH(FE 58 LOR 9), 23
I GOR Fe2" 719 g5 Aujx) & Zzoa/(E
5¢] GOR-H €)2¢ BT/IFE vlasldt:. GOR F3
28 JHellAE N L= 1008 A-8390h

E 59 EZo], dat AuiA Zlge TU ALz}
A8 Z2oHA vwse P FE49 HE A
o £5 FF 343% = GOR FI=9 YHe
LOR 7|MED 29%A% 293 55 o 24 = o
Ack. e R wWArim ZE e LOR 7
He GOR Fel=9 7|¥Hz A9 Fdg 245 el

9ok

74 E

B =T 28E VLIW ZAldA B
A AL AR ES AASEE Fatdd
do| EE] TR AMY & AET AN

VLIW w#Eodle] date] A5 AufR]s)

o]

23U BE Jge] H47) 20 HEE v 4Y
A= ANE AA Z1He] VLIW Z1Ae)A e

3% $U9 293 858 Bol BY + U8E Bl
23,
B oERM AYE A AN JEe 2 AR

STIYE WYY & Yo AW, B sEAAE

VLIW Z2AA0] 23e FRAY Hs

@ @ A

A 71%e] ¥~k (superscalar) ZEAAM A A

AefMx EnEyd ez rgd
=3 , d-way YT ZZAAME ALREY 5
# 7eg AR A9 15%ATS A% &8 i
UES & 5 AU WA w2t F29 CPU
3 AulE dnEFe| AFHT Uk
dlre olv] Hutydd == aRel s
Aol £ME FAsMe FAE oo Agd I
A F Yl z= A3 Fg Agse G A
Aol e FEg vjd F Utk 42 54, HHlEe]
o7 ZAEEH U wet HFEe] FEQA MY tﬂ
E dste] e =24 2edct d4 AR 24
FHe BAo] obd ALY T FHeE dFH
Hog A= Aoy A3 AAGHe] 453
£ A78E 22 AAY Rsg A4t W Fay
714E & Hog 7T o w& d7vl Bas
Zolgt Aztdrt

v
o
ru[r[ o
4 2 2
e~ -]n}lu
ru[o

o
Hre X

w2

T e o i l"ll]

H#ned
[1] A. Klaiber. The technology behind the Crusoe
processor. Transmeta Corporation White Paper,
2000,
Fujitsu Microelectronics, Inc. Fujitsu's new high-
performance VLIW processor cores. http//www.
fujitsurmicro.com/.
[3] P. Faraboschi, G. Desoli, and J. A. Fisher. The
latest word in digital and media processing. IEEE
Signal Processing Magazine, 15(2):59-85, 1993.
R. Henning and C. Chakrabarti. ITigh-level design
synthesis of a low power, VLIW processor {or the
1$-54 VSELP speech encoder. In Proc of Int. Conf.
on Computer Design (ICCD'97), pp. 571-576,
1997,
[5] Texas Instruments. TMS320C6000 Power Consump-

(2

—

—
o



540

[61]

[7

[8]

(91

[10]

[11]

[14]

(18]

[18]

HRAGH 2R Al&~F 2 o]E A 28 A 10 Z(2001.10)

tion Surnmary, 1995,

J.-M, Puiatti, J. Llosa, C. Piguet, and E. Sanchez.
VLIW processors: A  high-level
evaluation. In Proc. of Int. Workshop-Power and
Timing Modeling, Optimization and Sirmulation
(PATMOS ‘98), pp. 399-408, 1998.

A. Chandrakasan, T. Shung, and R. W. Broderson.
Low power CMOS digital design. [FEE Journal
of Solid State Circuits, 27(4):473-484, 1992.

3. Devadas and S. Malik. A survey of optimization
technigues targeting low power VLSI circuits, In
Proc. of Int. Symp. on Low Power Electronics and
Design (ISLPED'97), pp. 239-242, 1997.

M. R Stan and W. P. Burleson. Bus-invert
coding for low power 1/O. IEEE Trans. on VLSI
Systems, 3(1):49-58, 1995,

H. Mehta, R. M. Owens, M. ]. Irwin, R. Chen,
and I). Ghosh. Techniques for enargy
software. In Proc. of Int. Symp. on Low Power
Electronics and Design (ISLPED97), pp. 72-75,
1997,

C. L. Sy, C. Y. Tsui, and A. Despain. Low power
architectural design and compilation techniques [or
high-performance  processor. In  Proc aof
COMPCONS4, pp. 489-498, 1994.

V. Tiwari, 8. Malik, and A. Wolfe. Compilation
techniques for low energy: An overview. In Proc
of Int. Svmp. on Low-Power Electronics, 1994.

Low-power

low

V. Tiwan, 5. Malik, and A. Wolfe. Power
analysis of embedded software: A first step
towards software power minimization. JEEE

Trans. VLSI Systems, 2(4):437-445, 1994.

M. T. Lee, V. Tiwar, 5. Malik, and M. Fujita.
Power analysis and minimization techniques for
embedded DSP  software. JEEE Trans. VIS!
Systems, 5(1):123-135, 1997,

H. Tomiyama, T. Ishihara, A. Inoue, and H.
Yasuura. Instruction scheduling for power reduction
in processor-based system design. In FProc of
the 1998 Design Automation and Test in Europe
(DATE 88), pp. 855-860, 1998.

M. C. Toburen, T. M. Conte. and M. Railly.
Instruction scheduling lor low power dissipation in
high performance microprocessors. In Proc of
Power Driven Microarchitecture Workshop, 1998

C. Gebotys, R. Gebotys, and S. Wiratunga. Power
minimization derived [rom architectural-usage of
VLIW  processors. In Proc of Conf on Design
Automation (DAC'2000), pp. 308-311, 2000.

T. Conte, S. Banerjia, 5. Larin, K. N. Menezes,
and 5. W. Sathaye. Instruction fetch mechanisms
for VLIW architectures with compressed encodings.

ot

I
N

>

e

In Proc qf the 29th IEEE/ACM Int. Symp. on
Microarchitecture, pp. 201-211, 1996,

Texas Instruments. TMS320C62xx CPU and
Instruction Set, 1997.

E. Musoll, T. Lang, and L. Cortadella. Exploiting
the Jlocality of memory references to reduce the
address bus energy. In Proc. of Int. Symp. on Low
Power Electronics and Design (ISLPED'G7), pp.
202-207, 1997.

HET
19949 Aeoistm ANeATG Ak
20008 Medistw AgAsts Han @
A Medda A2 AFH FEE G4
37, FaBore FFETE URE A
25, AR A", dAziA s

wAF
198643 MEWism AldFAE AL
% 198841 University of Washington 2%

BlaEat AAL 19959 University of
Washington ##E 338} 2 F&1} gk}
19959 ~ 1997'd ©]3 Texas Instru-
mentsAl AT 1997d ~ FA A
AHETEHE 2o AP AFHT

o, AH A4%, FEETo) A2

s |

b
2
X



