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Abstract

This paper describes a multiplier architectiure optimized for 32 bit RISC processor with 3-stage pipeline. The multiplier
of ARMY, the target processor, is variably carried out on the execution stage of pipeline within 7 cycles. The included
multiplier employs a modified Booth’s algorithm to produce 64 bit multiplication and addition product and it has 6 separate
instructions. We analyzed several multiplication algorithm such as radix4-32x8, radix4-32x16 and radix8-32x32 to decide
which multiplication architecture is most fit for a typical architecture of ARM7. VLSI area, cycle delay time and execution
cycle number is the index of an efficient design and the final multiplier was designed on these indexes. To verify the
operation of embedded multiplier, it was simulated with various audio algorithms.
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Fig. 1. Block diagram of target processor.
Cycle 1 2 3 4 5 6 7 8 9 10
Instruction
B [ F [ DJE
X FID]|E
XX F| D
LDR F | b [ E [Data]wrie
ADD F D | E
suB F D | E
MOV F | D

a2 20 yao mloj=zalol Alef
Fig. 2. Instruction pipeline operation.
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Fig. 3. Architecture of ARM7 multiplier.
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Table 1. Function of each multiplier instruction.

Mnemonic Meaning

MUL Mutltiply (32bit result)

MLA Multiply-Accumulate (32bit result)
UMULL Unsigned Multiply Long

UMLAL Unsigned Multiply-Accumulate Long
SMULL Signed Multiply Long

SMLAL Signed Multiply-Accumulate Long
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Table 2. Partial oroduct selection of R4 Booth's encoding.
Multiplier bits | Selection || Multiplier bits | Selection
000 (1)’ 100 -2Y
001 +1Y 101 -1Y
010 +1Y 110 -1Y
011 +2Y 111 '
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Fig. 5. Pipeline operation of R4-32x8 mulitiplier.
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Fig. 7. Booth encoding operation of R4-32x16

architecture.
Accumulate Mulitiply Store
N - N 3
RA R1 M1 WL WH

a2 8 R4-32x16 #+=2| mlo|Zalel =&t
Fig. 8 Pipeline operation of R4-32x16 architecture.
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Fig. 9. R4-32x16 multiplier architecture.
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Multiplier bits | Selection | Multiplier bits | Selection
0000 0 1000 -4Y
0001 +1Y 1001 -3Y
0010 +1Y 1010 -3Y
0011 +2Y 1011 -2Y
0100 +2Y 1100 -2Y
0101 +3Y 1101 -1Y
0110 +3Y 1110 -1Y
0111 +4Y 111 0

E 3. R8 F2o m&% vy ME
Table 3. Partial product selection of R8 Booth's encoding.
1 phase
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Xig X17 Xi6iXisiX;e * ®  ® XgiXzi X X X

8 10. R8-32x3 Fx=o| BA 235351 TE
Fig. 10. Booth encoding operation of R8-32x32 architecture.
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Fig. 11. Pipeline operation of R8-32x32 architecture.
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Multiplicand Selection ,1’ 35 { 35 Table 4. Performance comparison of separate muiltipliers.
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Multiplier | Generation N -
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17 R CSA4 E 5 ZZMA Zojo EHEE ZMI| MsH|W
2 S 1 Table 5. Performance comparison of embedded multipliers.
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L Sum_out Carry_out .
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Fig. 12, R8-32x32 multiplier architecture. (39x32) 8114 >20ns 4
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Fig. 13. Flow chart of test vectors generation.
29 FnFFY A4S dAHoz AR Fo
#ae FEHo A9H $£4¢ dga” ou@
$4 Zzage) Agdeld FYde 1 AN xd
S g3eE orje Ty wgw C TEaHe] A
23t 24 A B ol Az e wlaste] HHol
o] e AX TS T

VL.Ed &

B =FHE ARM7¥ 335 E 328 E RISC Z2
Aol WEE 4 2l R4-32x8, R4-32x16, R8-32x16
W e 7 729 FA71E Ak 2246k
o AR FYPSE 271 FHOE ZEAA F
Aztd F2E A7sdth BEe 4HAH AL

AetA X "y 3 Aol d e 3

0] =
L

aLx
H

A =
St



130 32H|E 34+ mo| =0l S JHRl RISC Z2A Mo ZXSHE Multiplier 720 &8 A3

ZDEs

Ho

[1]Steve Furber, ARM System Architecture,
Addison-Wesley, 1996.

[2]Dave Jagger, ARM Architectural Reference
Manual, Prentice Hall, London, 1996.

[3]M. K. Ibrahim, "Radix-2n multiplier structure: a
structured design methodology”, IEE Proc.
Computers and Digital Techniques Vol. 140, pp.
185-190, July 1993.

[4]Brian S. Cherkauer and Eby G. Friedman, "A
Hybrid Radix-4/Radix-8 Low Power Signed
Multiplier Architecture”, IEEE Trans. on Circuits
and Systems Vol. 44 No. 8 pp. 656-659, Aug.
1997.

[5]CS. Wallace, "High speed arithmetic in binary
computers,” IEEE Trans. Electron Comput.,
Feb. 1964.

[6]G. Y. Jeong and J. S. Park, "Implementation of
32-bit RISC Processor’, IDEC Conference, pp.
200-201, KAIST korea, Aug. 2002.

[7]G. Y. Jeong and J. S. Park, "Design and
Verification of 32-bit RISC Processor”, AP-SOC

H 2 dEA8Y)

997\ d FAtdjstn A x}E-sa)
Al £

1999 R4t gt A apg g7t
AL &4,

20043 FAtoistw A zpE et

= L e

F@AlRol ulo]a R ZZ A A, SoC AA,

e Az >

—

o N\

f

Z M ZHA I

1993 H-abojsln A x}F ks
AL 9.

19959 3t=alr)Ed v 2
AxLgstm AL &9,

2000 stxHEried Ayl 9
AzLgstat wAl £,

20023 ~ & A Fatdigw AxFeta zug

<GF AR olEEA EAANZTAY, FAASE

WLAN, WPAN, DSP A 7>

>

0
ry
02
o

2002 (Asia Pacific-System on a chip 2002), pp.
228-231, COEX, Korea, Nov. 2002.

[8]G.Y. Jeong and J.S.Park, "Implementation of 32
-bit RISC Procéssor and Efficient Verification”,
8th Korea-Russia International Symposium on
Science and Technology, Tomsk Univ., Russia,
June 2004.

[ 91 Michael J. Flynn and Stuart Oberman, Advanced
Computer Arithmetic Design, Wiely Interscience,
2001.

[10] Ta-Chung Chang, “A Biased Random Instruc-
tion Gerneration Environment for Architectural
Verification of Pipelined Processor,” in Journal
of Electronic Testing © Theory and Applications
16, pp. 13-27, 2000.

[11]M. Bose, E. M. Rudnick, M. Abadir, "Automatic
bias generation using pipeline instruction state
coverage for biased random instruction genera
~tion"”, On-Line Testing Workshop 2001 Procee
~-dings Seventh International, pp. 65-71, July
2001.

[12]1C. Pixley, and et al, “Commercial Design
Verification: Methodology and Tools,” Proc
IEEE Int. Test Conf, pp. 839-848, 1996.

A

| 2 F 4
1 197613 FAd g w A A-Eeka
! Al &9,
| 1978d F=Herled A7 Z
| AAEs AL &4.

, 1989 Univ. of Florida
Feil JEN ARpg e a wA £,
19783 ~19853 ETRI A=
1919 ~ & A it Axpasha) ag,
1998\ ~ & A FAtd) IDEC AlE .
<FHAEoE DSP AA, ASIC A7, SoC A,
HeH A RdEy SAA/ARE AE5AY 2 A
>

(1094



