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A Design Method of Easily Testable Multipliers with Various Structures of Partial

Product Adder
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Fig.1 A carry save adder.
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Fig.2 Levels of carry save adders.
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Fig.4 An example of a partial product adder. (4-2
adder tree)
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Fig.5 An example of forbidden connections with
reconvergence of an adder block’s output.
((a) Configuration, (b) Connections of adder
blocks)

goobooboobooo 1ooboboboo
goooob 20000b000b0O0o0obOoooD 5
gobooobobooboobobouoobooboo
gobooobobooboobobouoobooboo
o0 s000000000 2000b00D0ODOD
000 3000000000Db000DbOoDbO 100
pooooooobooo
poooooooobobbbooooooooooo
00000000 00b0Db0OD 4200000 40
goboobooooboobobouooboooboo
JO00000 Wallace 000 O0ODOOOODOOOODO
00000 20000 Overturned-Stairs 0 0000
gooboooobooobooo
3.2 JO000O0OOoOoooObObOOoOoOoOooobooo
poooooooobobbbooooooooooo
Jooooooooobobobobobooooooood
ooooooboboboooooobooboboooo



goodoboodooooooooooooooooooogoogo

0000000000000000000000
0000000000000 CSAOOOOOOO
0000 FAOOOOOOODOO0OO0OOOOOOO00
00 FAOOOOOOOOOOOO00O0O0O FAOO
000000000000000000000000
0000000000000000000000 10 2
00000000000000 3000010000
00000000000000000 a8, € {0,1}
00000O000000000O0

(o, B,7)
(@.B,7)

(7 is even)

(7 is odd)

(! v w) =

gooooob s3soooboobooonoboobobo«oOoa
gooooood

a (jis even)

a (jis odd)

000000D000000000000000000
00(aB7)w D (0) 00000 6(a)d(b)000
0000 30000000000000000000
0000000000000 10 CSAD (010),,00
000000000 (1),; 000000000 6(a)
0 FAOOOOOFADODOOOOOOODODOOOOO
ooooo
FADDOOOOODDOOOOOOODOOO0OO0OO0ODO
000000000000000000000000
0000000 CSADOOODOOOOODO0O0O0
000000000000 CSADOOOODOOO
000000000000000000000000
0000 CSAOD0DO00O0DDO00O0O0D00O0
00000000000 CSADOOOOODOOOO
000000000CSAODODOOOOODOOOOO
0000 4.2000000

Level 1

Level 0

06 ODOOOOOOOOOOO
Fig.6 An example of applying alternately inverted

patterns.
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Table 1 Input pattern set for the adder block 1.

Inputs for Level 2 Level 1 Level 0
CSA 0 CSA 1 CSA 0 CSA 0
t1 | Pa | P2t (010)ai ps: (101)ai |ps: (110)ai |po: (000)as
t1|pa |ps: (101)a; pa: (010)as |p1: (001)as | pr: (111)as
t5| po | pe: (110)a; po: (000)ai |po: (000)a; |pa: (011)4;
t2|pg |p1: (001)a; pr: (111)as | Pr: (111)as | pa: (100)q;
t3 | pe | Po: (000)q; pa: (100)a; [p3: (011)ai [p1: (001)a;
t3|pe |pr: (111)a; p3: (011)a; |pa: (100)a; | pe: (110)a;
ti | pa|p3: (011)a; pe: (110)a;i [Po: (000)a; [ p2: (010)q;
t; |pg |Pa: (100)ai p1: (001)ai|p7: (111)ai|ps: (101)as
t5 | pe | Po: (000)ai po: (000)ai |p2: (010)ai |p7: (111)as
tr|pe |p7: (111)as p7: (111)as | ps: (101)as | po: (000)a;

02 000000 20000000000
Table 2 Input pattern set for the adder block 2.

Inputs for level 1 Level 0

CSAO0 CSA1 | CSA2 CSA0 CSA1
t3 | pe:  po Po Po Pa i D2 Ps5
2| pe: pr pr pr | pa: ps P2
13 pa: D2 Ps ps5 Pb i Pe Po
t2|pa: ps P2 p2 | pp: D1 pr
2 py: P Do P |pe: Dpo pa
2| pg: p pr p1 | pe: P ps
t3 | pe: PO P4 p7 | Pa P3 Pe
2| ps: pr p3 po |pg: P p1
t2|pa: P3 DPe ps | pe: Po  Po
2| pg: pa m pa |pe: pr pr
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Table 3 Input pattern set for the adder block 3.

Level 1 Level 0
Inputs for CSAO | Input for u | CSAO
3 Po (Das D5
3 7 (0)ai D2
t3 P2 (Das p7
t3 Ps (0)ai Po
t3 D6 (D)ai pa
t3 P1 (0)ai p3
I Po (0)ai p1
t3 P (Dai D6
t3 P3 (0)as Po
t% 28 (1) ai p7
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Fig.7 An example of input pattern design for an
array multiplier.
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Fig.8 Structure of a multiplier generated by the
proposed method.
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Fig.9 Partial product generators for Py and P; in

an 8 X 8 bit multiplier.
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Fig.10 A carry save adder and an input padding unit.
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Fig.12 Structure of the final adder with an RCA.
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Table 4 Input pattern set for the final adder.

Input values for i1i2i3 of a FA
input values even odd
for the agbg | d2 | 0-th | numbered numbered

tai 00 1 | 001 000 000
taz 00 0 | 000 001 110
tas 00 0 | 000 001 110
taa 01 0 | 010 010 100
tas 01 1| 011 011 011
tae 10 0 | 100 100 010
tar 10 1 | 101 101 101
tas 11 1 111 111 111
tao 11 1| 111 111 111
talo 11 0 | 110 110 001
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Adder inputs
1  — (patterns for
final adder,
‘ Multiplexer }-—d, )
1 2
Final Adder

(Fast carry propagate adder)

013 0DO00oo0ooooooooooboboooon
ooo
Fig.13 A design with a fast carry propagate adder
as the final adder.
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