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Abstract: For the problem of excessive latency in multiplication operations of high-performance RISC-V processors, the basic
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multiplier by modifying the radix-4 Booth based encoding and Wallace tree architecture are improved. A sign-compensation-based ra-
dix-4-Booth encoding method and a Wallace tree structure with alternating use of 3-2 compressors and 4-2 compressors are proposed.
The radix-4 Booth based encoding with signed compensation reduces the number of partial products and decreases the power consump-
tion caused by sign bit carry flipping. The improved Wallace tree structure reduces the clock cycles required for partial product accu-
mulation, shortening the critical path of the multiplier and reducing the execution delay of multiplication instructions. VCS simulation
is used to verify the functionality of the improved multiplier, and its performance is evaluated through the board-level testing. The re-
sults show that the proposed multiplier functions are correct. Compared to the PicoRV32. the required clock cycles for executing the

integer multiplication instructions are reduced by 88.2%. The Dhrystone score increased by 71. 7% , and the power consumption de-

creased by 4. 9%.
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St0->Stl

33'h0_000a_bede-> 3310 _0000_0000
33h0_000a_bede->33'h0_0000_0000
69h1f_ffff_ffba_28ae_c884->69h1f_ffff_fedD_0000_0000 |
69'h00_0000_0109_2400_0800->69h00_0000_0200_0000_0000
63h0_0000_0D0DDL_0000_DD00->68'h0_0000_0000_4cae_dos4
32'h0000_0000-> 32h4cae_d0s4

- forever_cpuclk

+

- multiplicand[32:0]
- multiplier[32:0]
- result_D[68:0]

o

+

nresult_1[68:0]

+-rmul_res_raw([67:0)

+-remul_res[31:0]

(I L I A
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*3 KEWER

LWARGIWE | LHES | WET | PR VOELiE
Ubuntu 20. 04 | Verilog |[RISC-V 1 % | VCS 2018 | PicoRV32

Kl Verilog i 5 XTI 32 i ek dn i 7L, JF
fix A2 PicoRV32 W, 38 2 I 4 i 5 X 3 i 2% 9647 D fig 1
B, ¥4 5 Spike {5 B 45 R AT X LG 30 UE3fe 1 45 D #E 1Y 1E
k.

B9 NREH/MIPATRIEIE LS WG HBEIE, KRS
Spike 1 E I 245 R —3.,

ME 9 AT LAFE H, it MUL #5415 327 habede 5
327 habede tH3E, HITHZER Ny 327 hicaed084, 5L
RAFF. BT IR A, XA A U K FHE AT
BHIE

. global MUL

MUL.

li x3, 0x80000000
li x4, Ox7Hfff

li x10, Oxabcde
mul x5, x0, x3

bne x5, x0, __fail
mul x5, x0, x0

bne x5, x0, __fail
mul x5, x0, x4

bne x5, x0, __fail
mul x5, x4, x4

li x6, 0x1

bne x5, x6, __fail
mul x5, x4, x0

bne x5, x0, __fail
mul x5, x4, x3

li x6, 0x80000000
bne x5, x6, __fail

mul x5, x4, x10

li x6. 0x{ff54322
bne x5, x6, __fail
mul x5, x3, x3

li x6, 0x0

bne x5, x6, __fail
mul x5, x3, x0

bne x5, x0, __fail

mul x5, x3. x4

li x6, 0x80000000
bne x6, x5, _ fail
mul x5, x3, x10

li x6, 0x0

bne x6, x5, fail
mul x5, x10, x10

li x6, Ox4caed084
bne x6, x5, fail

AR ARET X 32 {3 $ A £ fe K OE A OxTEIHHIL, fe /ML
{E 0x80000000, H1|A]{H Oxabede DI F 0 #47RR A, Wt
Xt afe A T AR A L H W, AT R T Bk, DA 4 4
PATEER B G EM. Y445 R IEM, AT, &
FENE AT 5 BRI 25 . 248 A 45 A E A, BT
BREEE _ _fail, TORBIFHATE R, HEARS R, AR
3L A E MUL F54MR P M H . i 10 iR,
MRS R T RN R, RFRFSPATE R EM, Mk
T T vk #7 Dh BB IR

*ARR*HSTART TO LOAD PROGRAM**## %%

*Verdi* Loading libsscore_vcs201809.so

FSDB Dumper for VCS, Release Verdi_0-2018.09-SP2, Linux x86_64/64bit, ©2/21/2019
(C) 1996 - 2019 by Synopsys, Inc.

*Verdi* : Create FSDB file 'novas.fsdb'

*Verdi* : Begin traversing the scopes, layer (0).

End of traversing.

*Verdi* :

DR R R R L L E T T P

* simulation finished successfully *
ek ke ke ke
$finish called from file "../logical/tb/tb.v", line 225.
Sfinish at simulation time 7241560000

vces Simulation Report
Time: 72415000000 fs
CPU Time: 1.590 seconds;

Data structure size: 6.6Mb
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+ 264 - LI i 5 4

%31 &

He. SERAEE 4 PR,
A RIEAR I R BN R

b 2% PicoRV32 Ffeikar | SCHRL16] | ASCHemkds

I A ) 4 17 2 2

MWEATLIFER, 53k [16] M, ASCHTRZE RS
1T I8 5L 2 A B B SR BIOM IR] . Thii A 48 T PicoRV32 3fe
A% A SCHGH G I O VA 5 R IR 0 A T SR R AT AE 2 1
0 R A, e 48 A AT IS R 4 J T 88,206, Il TR
FARAMPATHER , =5 TR ME .

A 3CAH F Synopsys 24 A i Design Compiler #ff, £ F
smicdOnm TR, XRKEMIFTT LA, MEmBIETT
WAl 25 N3R 5 FiR

Fe 5 ek ki AN L

ALPEAE | PicoRV32 JFURIE S | SCHRL 163 Ar | A ORI %

1 A/ pm® 9 472.598 613 12 000 10 730. 059 276

MWESATLEN, BTy T A 4-Booth it LUK
T 4-2 JR4idn . A SCTIE A AHIE T PicoRV32 3 vk 2% 1 THi
BT 13.3% ., w5 3cmk [16] Feiksmit, A0
RARTE A L Focwk [16]. kAT 10.6% ., MEFE 4 TR
R, AL S ocmk [16] ek 2% S 47 e ik 48 4 i b
JHEVBOH TR, B AR SRV IL Ak 1 T vk A A T Sk L1617,

Dhrystone ] %} 4b B 25 1) 3% B 3a B AR UEA TN & . TR AR
SCHE A AT I Ak 38 8 5 B RE ) W B R )P Z — 19 Dhrys-
tone, TEMRF A AL i 45 1 RISC-V AL LR HEAT T 3 —
HERE S TFEMNA, HPERE S PicoRV32 X LNk 6 B .

*£ 6 A PLERERE X H R

fb 3 2% PicoRV32 | SCHit[16] | PicoRV32+ A 30 e s 28
FHi (MH2) 100 100 100
Dhrystone = |} 501 930 | 2,001 643 2.115 728
(DMIPS/MH2)
HAECW) | 0.037 26 | 0.038 64 0.035 42

M 6 TTLIF . 5 PicoRV32 AL, A SCBEHF R %
MR N EARE T 7L 7% . AL B AR 7 0 TR I
AL FRESAEREAR T 4. 9% . Scik (167 $27F T AL B R85 77,
AR FE A i, mMAXWIRLLS SHML, &
HERRE . DR IrREAL, 1R T AR RERELL .

6 HWRIE

A SCIE 1 X RISC-V 4y v Boofe vk 46 4 1 W 57 LA K 3fe
A IITESE . BT R TS LI 4-Booth 45 L K
FI 3-2 JE 48 A 4-2 JE 45 B9 HE Wallace W B 254, 352
BT ST B9 RISC-V kb B 28 9 2 2% . 3 RISC-V L 4 i
TS ek AR AT TR O L, SR IE T T R IE B 1
{ifi Fl Design Compiler £ X 7 o i 1 BUEAT T 454, 54k
PE SR 28 LA R B A TAEBEAT T X e br . 3 3 i g

W, XPALHEES ) UL R TR AT T IRAL . JF 5 IR b B AR DA
B O TAESEAT T X o b, S5 R, A SCole ik iy o i
LRUIREIETA . PUATEE R ILAR S AL S BT S A 2, AH
T PicoRV32 ek 25, 4550 T 88.2% ., Dhrystone 435t H
2. 115 728 DMIPS/MHz, HjEH 0.035 42 W, M TRk
JEY PicoRV32, PEREIRE T 71.7%. DhFEMML T 4.9%,
EFA DT RARPIER T, KIEHRS TAMISERE. 2
HTAEEIR R E ., S AV TAEMLL, A SCEiEm
e 1 B AE AT e 1 4 4 I BRI BOAH R A AL R . AR S
AL T A LAE, & A T A 28080 oxr b 28 2% 1 AR
AR LA B8 A 55 T R 0 N R S 5. AR SO A vk 2% 1 S
T 45 J B TR SR VK AT B () TR — 8 RO . (HAE DI AR U7 T
AW B, [ Bl T3 T A5 9 R ih, e rk 4% m
TG TR, RSk Wik oy 1) o8

D ik gt it Rl aE R g i 8 8 R 2%

2) FEF IR MARTI AR AL .
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