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Fig: 1. - Operators and Function Specification Syntax
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- Y XaGBEHTES, LDgAXHCHALS
co F = A PLUS Cin ‘

c1 F = (A+B) PLUS Cin A, B, F, Carry-gate, G, PR0ES i, A
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C12  F=A PLUS A PLUS Cin

C13  F=(A+B) PLUS A PLUS Cin Y—&K%E, P, nto rHOBSWMEERL
C14  F=(A+B) PLUS A PLUS Cin

ci5  F =% PLUS Cin ELAR-N

cl6 F=%K

c17 F=A+
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Fig.3- ALU Architecture Example

Carry-gate = CO0 + C1 + C2 + C3 + C4 + C5 + C6 + CT +

C8 + C9 + C10 + Cl11 + Cl12 + C13 + Cl4 + Cl15

GGO0 = C8 + C9 + C10 + ClI1 + Cl12 + C13 + C14
GGl = C4 + C5 + C6 + Cl12 + Cl13 + C14

GG2 = 0

GG3 = 0

PGO = CO + C1 + C2 + C3 + C4 + C5 + C6 + C7 +
C24 + C25 + C26 + C27 + C28 + C29 + C30 + C31
PGl:C0+C1+C2+C3+C8+C9+C10+C11+
C20 + C21 + C22 + C23 + C28 + C29 + C30 + C31
PG2 = C1 +C3 +C5 +C7T +C9 + Cll + Cl13 + C15 +
Ci6 + C18 + C20 + C22 + C24 + C26 + C28 + C30
PG3 = C2 + C3 + C6 + C7 + C10 + Ctl + Cl4 + Cl15 +
Cl6 + C17 + C20 + C2t + C24 + C25 + C28 + C29

Ci : Label

Fig. 4 — Decoder Boolean expression example
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Fig. 5 — Control-code assignment tree concept
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mAM2OMBER—KT BB LEDII=0TH
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(4) dL, Incode®® ZEH Y A FEL-list &
$L,V-1ist &EL-list ORMEANROEHEH
rFEBEOE, coMESELeftE L, Right V-
list&LeftoEEESE LT 5. K& » Right, BT
LefticBinary-divide 2 BRWIHEH T 5.

<##> Left-list-length > [ EL-listnV-list]
> Left-list-length - Diff

(5) (4) OFH/EMNRILBVIZLH,

| v-1isti- Z*lEL-list/\V—list|I ,
%B/ANE T BEL-list 2WY

Left = EL-listNV-list
Right = V-list~Left L% 3,
crTURMBEAELARNE, N UREAEL
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, R0, BEomMNEELIBETHS.
RE o Lef t D MEERE A F &L A
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- Diff
@k TLow, Left OHAOBEBHNTER
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# L, Left-list-length - Diff > L TH 3K
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Left-list-length > L > Left-1list-length

- Diff
EBRT LS, Right®hh o BAEMS T £ =
ML ( B#Select-vTH 75 d)left WBMT S

(6) Select-vid, Right W LleftOd A Hln
code DBEEYRIFDRBBENRLY T P EKD
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Example

V-list:=1list of all labels
Incodei=1list

V—list i= (Co, C1, Cz,
Incode := ((Co, C1, Ce,
(Cs» Co.-
(Cs,

of lists of labels
contained in each decoder
logic

‘ (Ce, Cav !

Tree

!=binary-divide
(V-list, Incode)

0.1

[ N}
01 O0OAl 01 OAl

Tree = {(C1, C),(Cz, CaM(Cs, Co:(Cs» C

(Code generation based on tree

Code SO Si 82
Co=(0 0 1)

(5)

Ci=(0 0 0)

Cr=(1 1 1)



Function binary-divide (V-list, Incode)

IF |V-list|<2
THEN
LReturn V-list

Left-list-length:=2( logzl V-listl-1)

Diffi=2xLeft-list-length — |V-list|

IF there exist some EL-list in Incode (EL-list € Incode)
that satisfy

Left~list-length=|EL-1ist N V-list|
=Left-list-length — Diff

— THEN

Left :=EL-list [} V-list

Right:=V-tist ~ Left

Return list (binary-divide (Left, Incode),
binary-divide (Right, Incode))

~ ELSE
for some EL-list in Incode that minimize
[1V-list|=2x|EL-list 1) V-list]|

Left :=EL-list N\ V-list
Right:=V-list ~ Left
N:i=|Left|- Left-list-length

IF N<O

THEN
Left i=Left U Salect-V (—N, Diff, Right, Incode)
Right:=V-list ~ Left
Return list (binary-divide (Left, Incode),
binary-divide (Right, Incode))
|~ ELSE

Left !=Left ~ Select-V (—N, Diff, Left, Incode)

Righti=V-list ~ Left

Return list (binary-divide (Left, Incode),
binary-divide (Right, Incode))

Function Select-V (N, Diff, V-list Incode)

IF IV-list|[<2
Return V-list

IF there exist some EL-list in Incode (EL-list € Incode)
that satisfy

N-Diff<|EL-list N V-list|<N
THEN
Return EL-list N V-1ist
ELSE
IF there exist some EL-list in Incode that satisfy
IEL-list N V-list|=N-Diff
and that maxmize |EL-list () V-list|
THEN
l: X:=EL-list [ V-list
Return XUSelect-V (N-iX|, Diff,
V-list~X, Incode)
ELSE
Return first Nth of V-list

U ¢ Intérsection
F1 : Gauss function

Fig.6- Control Code Assignment Algorithm

M : Union I | ¢ Length of list/Absolute value
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Carry-gate =50

Label Synthesized code Manualy set code Arbitrary set code o _
(S0 St S2 S2 $3) GG0 =S1°+54+852-54
GGl =8S1+53+52+53
co o1 1 0 1) (0000 0) (0000 0) PGO = S0-S4+50+54
[ (0o 1 0 0 1) (0000 1) €000 1 1) PGi =53
c2 o0 1 0 1) €000 10) (0001 0) PG2 =T32
c3 o 0 0 0 1) (0001 1) (0000 1) PG3 =51
C4 01 1 1 1) (00 100) (1000 0)
cs 001 0 1 1) 0010 1) 1001 1) (1) Decoder logic based on synthesized code
cé 00 1 1 1) o001 10) (1001 0) . _
c? 00 0 1 1) 0011 1) (1 o000 1) Carry-gate = S0
c8 o1 1 0 0) 0100 0) (0010 1) 660 = s1-54+581-53
co o 1.0 0 0) o100 1) 0011 1) 6GL = S2-83+52-54
cio o0 1 0 0) o101 0) (00110 PGO = §0-51+50-81
cit o 0 0 0 0> 0t o1 1) (0010 1) PGl ~§0-52+50-52
c12 o 1 1 1 0) (01100) (t 111 1) PGZ = 50-54+50-54
ci3 o1 0 1 0) o110 1) (0100 0) PG3 = 50:53+50-53
Cl14 o 0o 1 1 0> o1 110) ot ot o) (i) Decoder logic based on manualy set code
C15 (00 0 1 0) (0111 1) o1 110)
C16 (1 0 0 1 1) (1000 0) (0101 1) Carry-gate = §0+S3+54+S50+-52-S4+S0-81+53+5S4+50-51-84
c17 ¢t oo 11 1) (1000 1) 0110 0) +80-51-53+51-52
c18 (r 10 1 1) (too010) (0111 1) GG0 =S2+S4+S1+52+53+80+51+51+52
c19 (1 111 1) (1001 1) (0100 1) GGl =S0+34+S50-S3+S0+S1+S1+52
Cc20 (1 0 0 0 1) (1010 0) (o110 1) PGO = S$0+51+S4+S051+53+S0+51+53+S4+S0:52+351-52
cz1 ¢t 0 1 0 1) (1010 1) (1010 0) PGl =S0+52+53+S051-8S2+83+54+50+52-54+52-53-84
c2z (1 1t 0 0 1) 10110 (1010 1) +50-51-53+50-51+54+50+-51-52
c23 (r 1.1 0 1) (1011 1) (1'0110) PG2 =50:53¢84+5S0+52+54+50+52+54+5051+52+53
c24 (1.0 0 1 0) (1100 0) (1011 1) +87+53+54+50+51+-52+-53-54+51-.54
Cc25 (1 0 1 1 0) (1100 1) (1100 0) PG3 = S$0+52+53+54+51+52+53+S4+50+S1+-53+54
c26 (11 0 1 0) (1101 0) (1100 1) +80.57+52-93-84+50-82+53-54+50+51+52-53
ca7 (11 1t 1 0) (1101 1) (11 010) +50-51+52-54+50+51-52+53+50+51+53+54
cz8 (1.0 0 0 0) (11100) (L1071 1) +50+53:5S4+S51°52-53+54+51:52+53+54
c29 (1 0 1 0 0) (1 1101) (11100
<30 (1 10 0 0) (1111 0) (1110 1) (i) Decoder logic based on arbitrary set code
c3t (1 11 0 0) (1111 1) (11110
Fig.7- Control Code Assignment Example Fig.8- Decoder Logic Example
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