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A Programming Language for Rapid Design of High
Performance Signed Multiplier Circuits

JIAO Ji-ye' ,MU Rong*, HAO Yue'
(1. Key Laboratory of Ministry of Education for Wide Band Gap Semiconductor Materials and Devices , Xidian University , Xi'an ,
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Abstract:  This paper presents a programming language for designing signed multiplier circuit. The key idea is using instruc-
tion to express the encoding units, addition tree units and fast adder units of multiplier, and using the connection of instruction de-
scription to obtain a multiplier. The multiplier of program through Lex and Yacc translate source code containing connection into
Verilog code. Seven typical structures of 32 bits signed multipliers are obtained by the instruction description. Under 200MHz syn-
thesis condition and in GRACE 0. 18#m process, these multipliers are run for logic synthesis, placed and routed, static timing analy-
sis, and power analysis. The experiment results suggest that the speeds of all the seven multipliers show advantage over that produced
by Synopsys design ware ,and the multiplier performance composed of modified Booth Radix4 encoding, redundant binary addition
tree and carry skip adder exceeds that produced by Synopsys design ware by 35 % . Therefore, this language can be used to the appli-
cation of high performance multiplier design.
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.data

B input defir
multiplier x,16
muiltiplicand y,16

.code

ooth encoding:

'booth_decode booth , y ; booth coding, mO-m7

;====booth patial encoding:

booth_pp0O ppPO,x,booth.m0 ;pp0[19:0]
booth_pp1 pp1,x,booth.m1 ;pp1[20:0]
booth_pp1 pPP2,x,booth.m2 ;pp2[22:2]
booth_pp1 pp3,x,booth.m3 ;pp3[24:4]
booth_pp1 pp4.x,booth.m4 ;pp4[26:8]
booth_pp1 pp5,x,booth.m5  ;pp5[28:10]
booth_pp1 pp6,x,booth.m6é ;pp6[30:12]
booth_pp2 pPP8.pp7.x,booth.m7 ;pp7[31:14]

:stageO
wallace wO wO_1, p|
wallace wO0_2, wO_3, pp3 , pp4 ., pp5
wallace wO. wO, P

;stage1
wallace w1_0, w1_1, wO_0, wO_1, wO_2
wallace w1_2, wi_3, wO_3, w0_4, wO_5

;stage2
comp4_2 w2_0,w2_1,wcl1_0, wi_1, wi1_2 w1_3

B Wal fast adder
cla out,w2_0,w2_1

El8 16ME/SREBETHR

“timescale 1ns/1ns

module syn_mul( in1, in2, out);
input signed [31:0] in1;
input signed [31:0] in2;
output signed [63:0] out;

reg signed [63:0] out;
always @ ()

begin : signed_mul
/* synopsys resource rO:

map_to_module = "DWO2_mult",
implementation = "Wall",
ops = "al1"; */
out =in1 *in2;
end

endmodule
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L] Signed Multiplier Productor -0/

Flo Lo |

Please select the parameter of multiplier

Please Input the multpler width bis: 32

v yBaugh &

2:Addton Tree Style: % Recundant Biary Tree - 7-3 Counter Tree ./ 4-2 Compressed Tree - Wallace Tree
3:Quickly Adder Style: 4 Carry Skipper Adder ./ Carry Lookup Adder

=

Ithe Signed multiplie width is 321
lcoding style is Modified Booth Radixd! ‘

IAddtion Tree Style is Redundant Binary Treel
louick Adder Style is Carry skip Adder!
(The signed wultiplier Ip is created!
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Pk AREh
" (pm?) (mW) (nS)
Archl : Booth Radix4,
268314.08 65.92 5.25
4 -2 Compress Tree, CLA
Arch2: Booth Radix4,
233636. 36 57.47 5.38
7 - 3 Counter Tree, CLA
Arch3: Booth Radix4,
230163.59 59.72 5.92
RBA Tree, CLA
Arch4 : Booth Radix4,
194617.69  45.68 6.66
RBA Tree, CSA
Arch5: Booth Radix4,
271424.26 63.59 5.32
Wallace Tree, CLA
Arch6 : Baugh-Wooley
296718.21 60.55 5.92
RBA Tree, CLA
Arch7: Baugh-Wooley,
336864.53 62.40 5.42
Wallace Tree, CLA
Arch8 : Synopsys
139762.05 23.56 12.98
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Archl ~ 536.58%534.24  31.4 5.1295 4.9836
Arch2  500.94%498.96  28.7 5.1691 4.9791
Arch3  496.98%493.92  34.8 5.6427 5.5016
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Arch7  601.26%599.76  28.7 5.2915 5.0692
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