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A ngs. AAKEZREAER, Dy Co @HRIAA: aAle|ca|p|c
D =A@B@Ci (1-1) = I e e Ml
Co=A&BHA&CI #B&Ci (1-2) T lzlals
=A&B# (A#B) &Ci (1-3) elizliaizla
AHEAFIGZANEE, B R
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S, DISCRI, DUk, RHORCERaE < CSA Je— |10 |tfo 1
AT, A 1[a]o]e]n
HIELER TR AU, FFICRm. Dl o i e
2 4 PIhniEAS
Az Bz Az Bz A1 B1 Ao Bo
A s Al b Al b A b
Ca Ca Ca 1 Co
-—=-— CSA [ = CSA |- = CSA |- = CSA |——
Cp 1Ca Ci o i 1 Ci Co Ci 0y
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D3 Dz D1 Do
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D =A@Be@C (2-1)

AR

HHUERT L, BT IARDEAZ o



3+ 4 NN BE

5k (1-3)

Co=A&B# (A#B) &Ci (3-1)
ALAE M. AL B 1, WP 25 Ay BAEAE 1, W O TR 307 Cio e —Fhiiiidk:
AL B, WIPEAEAT, 45 AL BAEAE 1, AR (A7) HE67 (Ci) .

A\ By Ci fEARRDES., F=AEARLHMED, [nEfdthr Coo SH—RR:

Dn =An @Bn @ Cn (3-2)

Cn+tl = An & Bn # (An # Bn) & Cn (3-3)
L

Gn = An & Bn (3-4)

Pn = An # Bn (3-5)
ML (3. -3) Hy:

Cn+tl = Gn # Pn & Cn (3-6)

XFE, T IN TR () « BERAE A (P) o HEESCh: 45 Gn 4 1, W@/ Edtr: 45 Pn R
1, DJpi A (IR HERE (Cn) , WA AT B ) iy ST o AL A B FAEE A AL 4,

AR GERTCY A N ?
L 4 T 5 A
Co = Ci
Cl1=Go # Po & Co
=Go # Po & Ci (3-7)
C2=GL#PL&C1
=Gl #P1&Go#PI&PO&Ci (3-8)
C3=G2#P2&C2
=G2#P2&GL#P2&PI&GO#P2&PL&PO&Ci (3-9)

C4=G3#P3&C3
=G3#P3I&G2H#P3&P2&GI#P3&P2&PI &GO H

P3 & P2 & P1 & Po & Ci (3-10)
Co = (C4
BT
P3 G3 P: G2 P1 G1 Pa Go
Ci
& | & | & JT&]1 & | & J&]1 & &1 & |1
+1 +1 +1 +1




AP, RREAOCR 2, MR ST, AR AL, DRI, SRR 2R AR . e
M AAARTS

X (2-1)

D=A@Be@C (3-11)

(CA &B#A& CB)@cC
=(CN&BH#ALCB #CA&A#(CB &B#A& (AN &B& (B) @cC
(CA&@A#B # (B &A#EB #A&B& CA&(CB)EC
((CH&CB)&AeB #A&B& C A#B)) @cC
(C A&B) & A#B #A&B& (C (A#B)) @cC
(A&B) @ A#B) @eC (3-12)
=GeprPec (3-13)

/.

AL
D=A@B@C=GePeC=@A&B @(A#B) acC (3-14)
B S AR BT ER A

4. 16 PIABRTHEA B

X4 ALERTHEA IS —HANEdE AL B, MR Ci, AidiE D, @47 Coo PRI, wILAH] 4 44
PRI RE O IR 16 AR E . IRAFAERE, i oo BUSE TN, R ITHEE AT,
AFAERARAE I, GERASRL, HEimA T !

M A BRI R AR, BES e TC RS TR AT ?

gt A, 8y 124 16 NI, 2155

C4 =G3#P3&C3
= (G3#P3&G2#HP3&P2&GLHEP3I&P2&PI &GO #
(P3 & P2 & P1 & P0) & Ci (4-1)
C8 =G #P7&C7
(G7 #P7 & G6 # PT & P6 & G5 # P7 & P6 & P5 & G4) #
(P7 & P6 & P5 & P4) & (G3 # P3 & G2 # P3 & P2 & Gl # P3 & P2 & P1 & Go) #
(P7 & P6 & P5 & P4) & (P3 & P2 & P1 & P0o) & Ci (4-2)
G11 # P11 & C11
= (G11 # P11 & G10 # P11 & P10 & G9 # P11 & P10 & P9 & G8) #
(P11 & P10 & P9 & P8) & (G7 # P7 & G6 # P7 & P6 & G5 # P7 & P6 & P5 & G4) #
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C12

C16
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R RIS

D =A@B=G@P=(QA&B) @ (A#B) (7-2)
PO ST

D =A&B=G (7-3)
X Tl

D =A#B=P (7-4)
Xl

D =A@B=G@eP (7-5)

FIN—AERNE T 1o H{HIY 00 I, fES#AE S0 01 I, MREsldfft: S0 IX I, FERak
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PRI,
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pllitPSis)
G =A&B (8-3)
P =A#B (8-4)
D =GeprPec (8-5)
L Amsb ZnEE A ISz, LA Amsbrl FonEdE A B8 s =i .
OV = Amsb & Bmsb & (" Dmsb) # (© Amsb) & (© Bmsb) & Dmsb (8-6)
= Gmsb & (& (Gmsb @ Pusb @ Cmsb)) # (& Pumsb) & (Gmsb @ Pmsb @ Cmsb) (8-7)
= Gmsb & (& Cmsb) # (© Pmsb) & Cmsb (8-8)
Z WK (3-6)
Cmsb+1 @ Cmsb = (Gmsb # Pmsb & Cmsb) @ Cmsb (8-9)
= Gmsb & (C Cmsb) # (© Gmsb) & (© Pmsb) & Cmsb
= Gmsb & (" Cmsb) # (O (Gmsb # Pmsb)) & Cmsb (8-10)
= Gmsb & (© Cmsb) # (O ((Amsb & Bmsb) # (Amsb # Bmsb))) & Cmsb
= Gmsb & (© Cmsb) # (O (Amsb # Bmsb)) & Cmsb
= Gmsb & (" Cmsb) # (& Pumsb) & Cmsb (8-11)
ATLUES]: N (8-8) (B8-11) M. nI%: JAT:
OV = Cmsb+l @ Cmsb (8-12)
JRIEN
G =A& (B (8-13)
P =a#(CB (8-14)
D =Gerec (8-15)
OV = Amsb & (" Bmsb) & (~ Dmsb) # (© Amsb) & Bmsb & Dmsb (8-16)
= Gmsb & (& (Gmsb @ Pmsb @ Cmsb)) # (© Pmsb) & (Gmsb @ Pmsb @ Cmsb) (8-17)
= Gmsb & (& Cmsb) # (© Pmsb) & Cmsb (8-18)
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Z 1A (3-6)

afLLES: (8-18).

Cmsb+1 @ Cmsb = (Gmsb # Pmsb & Cmsb) @ Cmsb (8-19)
= Gmsb & (C Cmsb) # (& Gmsb) & ( Pmsb) & Cmsb
= Gmsb & (" Cmsb) # (O (Gmsb # Pmsb)) & Cmsb (8-20)

= Gmsb & (" Cmsb) # (O ((Amsb & ( Bmsb)) # (Amsb # (& Bmsb)))) & Cmsb
= Gmsb & (C Cmsb) # (C (Amsb # (" Bmsb))) & Cmsb
= Gmsb & (" Cmsb) # (& Pumsb) & Cmsb (8-21)

OV = Cmsb+l @ Cmsb
Jirbh:
OV = Cmsb+1 @ Cmsb

(8-21) AH&F. mI%H: eyt

(8-22)

(8-23)

R, FARBEIARE, BS BRI T AR

Wit mHl 1 —— 16 4% 7 THREBEAR B4R
et BATEES— U G P,
s, JRRTHHAEREARER, ARG R TAE B G P R

X B T R s B A R

ARG v 16 7 7 THRES AR
N R AL B, 3 Cis
B 455 D, ARG BEGZ CF. BFRIRZF. §ESRFS SF. i OF.
Uifepsiil: Fe: 000: A + B;

A —B;

001:
010:
011:
100:
101:
110:
111:

A+B

+ Ci;

A - B - Ci;
A & B;
A # B;
A @ B;
A @ B;

R, FUERTEEAraE; BdRverih 16 A7, 4 AoEardt i s
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module ALU Demo 1 (
A, B,Ci, //
D,//
Fe, //

cf, zf, sf, of //

)

input [15:0] A,B;

input Ci;
output[15:0] D;

input [ 2:0] Fc;

output ctf, zf, sf, of;

reg [15:0] G,P;
wire [16:0] C:

//  Fe G P Cp
// 000 A&B Al B 0
// 001 A& (OB Al OB 1
// 010 A&B AlB Ci
// 011 A& (OB Al B (" ¢i)
// 100 A&B 0 X
// 101 0 A|B X
// 110 A&B AlB X
// 111 A&B AlB X

//———generat the G
always @(Fc or A or B)
casex (Fc)
3’b000: G = A & B;
3b001: G=A& (CB);
3 b010: G = A & B;
3bo1l: G=A& (CB);
3 b100: G = A & B;
3b10l: G = {16{1'b0}};
3 bl110: G = A & B;
3blll: G =A& B;
default: G = A & B;
endcase

13
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//——generat the P
always @(Fc or A or B)
casex (Fc)

3'b000: P =A |
3b00l: P =A |
3b010: P =A|
3b0ll: P=A|
3b100: P = {16{
P=A|
P=A|
P=A
P=A|

14
==}
=

3’ b101:
3’ b110:
3 blll:
default:
endcase

//——generat the C in leading carry link
wire Cp;

wire [ 3:0] GIl,Pl;

wire [ 4:1] Cx;

wire [16:1] Ct;

assign Cp = ((Ci & Fe[1]) ~ Fel0]);

Carry Leading 4 CLO (G[ 3: 0],P[ 3: 0],Cp ,Ct[ 4: 1],G1[0],P1[0]);
Carry Leading 4 CL1 (G[ 7: 4],P[ 7: 4],Cx[1],Ct[ 8: 5],G1[1],P1[1]);
Carry Leading 4 CL2 (G[11: 8],P[11: 8],Cx[2],Ct[12: 9],G1[2],P1[2]);
Carry Leading 4 CL3 (G[15:12], P[15:12], Cx[3], Ct[16:13], G1[3], P1[3]);
Carry Leading 4 CLX (G1[ 3:0],P1[ 3:0],Cp, Cx[ 4:11,,);

//assign C = {Ct, Cp};

assign C = {Cx[4],Ct[15:13], Cx[3], Ct[11:9], Cx[2], Ct[7:5], Cx[1], Ct[3:1],Cp};
//——generate the result

assign D =G ~ P " ((C Fc[2]) 2 C[15:0] : {16{1’b0}}):

assign cf = (C[16] ~ Fc[0]) & (" Fe[2]);

assign zf = ! D;

assign sf = G[15] "~ P[15] = ((" Fc[2]) & C[16]);
assign of = (C[15] ~ C[16]) & (" Fel[2]);

endmodule
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module Carry Leading 4 (G,P,Ci,C,Gl,P1);

input [ 3:0] G,P;
output [ 4:1] C;
input Ci;
output Gl, P1;

wire [ 3:0] G,P;
wire [ 4:1] C;
wire Ci;
wire Gl,Pl;

assign C[1] = G[0] | P[0] & Ci:

assign C[2] = G[1] | P[1] & G[0] | P[1] & P[0] & Ci;

assign C[3] = G[2] | P[2] & G[1] | P[2] & P[1] & G[0] | P[2] & P[1] & P[0] & Ci;
assign C[4] = Gl | P1 & Ci;

assign Gl = G[3] | P[3] & G[2] | P[3] & P[2] & G[1] | P[3] & P[2] & P[1] & G[0];
assign P1 = P[3] & P[2] & P[1] & P[0];

endmodule

10, Wit 2 —— 4 47 16 THREEARZEH
ARG Vet 4 47 16 THREFAIB LR
IN: Z“HdE: AL B, i Ci;
B 45 D, ARG BEGZ CF. BFRIRZF. §EAFS SF. i OF.
Difepsiil: Fe: 0000: B;
0001: B + 1;
0010: A + B + Cij;
0011: A + B;
0100: ~ B;
0101: - B;
0110: A - B+ Ci - 1;
0111: A - B;
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1000: B - 1;

1001: B — A;

1010: B—A + Ci - 1;
1011: ~ A,

1100: A & B;

1101: A # B;

1110: A @ B;

1111: abs A;

HIEDhRER A — T M A
D =A-B+Ci-1
=A+(-B) +Ci -1
=A+ (B +1+Ci -1
=A+ (OB) +Ci

module ALU Demo 2 (
A, B,Ci, //
D,//
Fe, //

cf, zf, sf, of //

)

input [ 3:0] A B;

input Ci;

output[ 3:0] D;

input [ 3:0] Fc;

output cf, zf, sf, of’;

reg [ 3:0] G,P;

reg [ 4:0] C;

wire ol;//logic operate if it is ' 1’
wire so;//subtract operate when it is ' I’

//D=A-B+Ci-1

// =A+ (=B +Ci-1
// =A+ (CB +1+Ci-1
/) =A+ (B +Ci
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//Function table & it descript in other word

//  Fc Descript

// 0000 B

// 0001 B +1

// 0010 A+B+Ci

// 0011 A+B

// 0100 "B

// 0101 -B

// 0110 A-B+Ci-1
// 0111 A-B

// 1000 B -1

// 1001 B-A

// 1010 B-A+Ci-1
// 1011 T A

// 1100 A&B

// 1101 A | B

// 1110 A" B

// 1111 abs A

//——generat the G

// G = oa & ob
always @(Fc or A or B)

casex (Fe)

4 b0000: G = 4’ b0000;
£ b0001: G = 4’ b0000;
4£b0010: G = A & B;
4£b0011: G =A & B;

£ b0100: G = 4’ b0000;
£b0101: G = 4’ b0000;
£b0110: G=A& CB);
£p0111: G=A& CB);
4 b1000: G = B;
4£b1001: G = (A & B;
4£b1010: G = (A &B;
4£b1011: G = 0;

4 b1100: G = A & B;

£ b1101: G = 4’ b0000;
4£b1110: G = A & B;

4 b1111: G = 4’ b0000;
default: G = 4’ bxxxx;

endcase

ow

0+B+0
0+B+1
A+B+Ci
A+B
0-B-1
0-B
A-B+Ci-
A-B
B-0-1
B-A
B-A+Ci-
0-A-1
A& B
A|B
A" B
0-4 /(@
//oa
//oa =
//oa
//oa
//oa
//oa
//oa
//oa
//oa =
//oa
//oa =
//oa
//oa
//oa =
//oa
//oa
//oa
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+ A)

= (A[3]
=X;

T

0+B+0
0+B+1
A+B+Ci
A+B

0+ ("B

0+ (B +1
A+ (CB) +Ci
A+ (CB +1
0 +B
CA +B+1
A +B+Ci
A +0
A&B

A|B

A" B

A3l 2 CA) A +0+ (AL3])

ob = cp =0
ob = B; cp = 1;
ob = B; cp = Ci;
ob = cp =0
ob=CB);cp=0
ob=(CB);cp=1
ob=(C"B); cp =Ci
ob=("B); cp=
ob = B; cp =0
ob = B; cp = 1;
ob = cp = Ci;
ob = 0; cp =0
ob = cp = X
ob = B; cp = X
ob = B; cp = X
2 CA A ob= cp =
ob = X; cp = X



//———generat the P

// P =oa| ob
always @(Fc or A or B)
casex (Fc)
4 b0000: P = B;
4 b0001: P =B;
4b0010: P =A | B;
4 b0011: P=A | B;
4b0100: P = (" B);
4b0101: P = (" B);
4b0110: P=A| (O B);
£b0111: P=A| O B);
4 b1000: P = 4’ bll1ll;
4£p1001: P= (A | B;
4£1010: P= (A | B;
£b1011: P = (A);
4 b1100: P = 4’ b0000;
4£b1101: P=A | B;
4£b1110: P =A | B;
£b111l: P = QAR 2 C A @ A);
default: P = 4’ bxxxx:
endcase
//——generat the Ci
// P=oa| ob
always @(Fc or A or B)
casex (Fc)
4 b0000: C[0] = 1’ bO0;
4 b0001: C[0] = 1’bl;
4b0010: C[0] = Ci;
4 b0011: C[0] = 1’ bO0;
4 b0100: C[0] = 1’ bO0;
4 b0101: C[0] = 1’bl;
4 b0110: C[0] = Ci;
4 b0111: C[0] = 1'bl;
4 b1000: C[0] = 1’ bO0;
4 b1001: C[0] = 1’bl;
4b1010: C[0] = Ci;
4 b1011: C[0] = 1’ bO0;
4 b1100: C[0] = 1’ bx;
4'b1101: C[0] = I’ bx;
4b1110: C[0] = I’ bx;
4 bl111: C[0] = A[3];
default: C[0] = 1 bx;
endcase

//oa =
//oa =
//oa =

//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa

//oa

//oa =
//oa =

//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
//oa
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=]
=

14

=
<

4

=

1l
:‘>:‘>D>A/\ZAAD>:‘>OO
=
<

:X,

g

g

0

A

A
o
A

=(CN;

A
A;

A;

A;

A1 2 CA :h;

) ;

g

);

ob =

ob = B;

ob =

ob = B;
ob = (" B);
ob = (" B);
ob = (" B);
ob = (" B);
ob = B;

ob =

ob = B;

ob = 0;

ob =

ob = B;

ob =

ob = 0;

ob = X;

ob =

ob = B;

ob =

ob = B;
ob = (" B);
ob = (" B);
ob = (" B);
ob = (" B);
ob = B;

ob =

ob = B;

ob = 0;

ob =

ob = B;

ob =

ob = 0;

ob = X;

cp
cp
cp

cp
cp
cp
cp

cp
cp
cp
Ccp
cp
cp
cp
cp

cp
cp

cp
cp
cp
cp

cp
cp
cp
cp
cp
cp
cp
cp

Ci;

Ci;

Ci;

Ci;



assign ol = (Fc == 4’b1100) | (Fc == 4’b1101) | (Fc = 4’bl1110);

(Fc == 4b0101) | (Fc == 4'b0110) | (Fc == 4'b0111) | (Fc = 4’ b1000) |
(Fc == 4’'b1001) | (Fc == 4'b1010) | ((Fc == 4'bl1111) & A[3]);

assign so

//——generat the C in leading carry link
Carry Leading 4 CL4 (G,P,C[0],C[ 4:11,,);

//———generate the result
assign D=G ~ P~ ((" ol) 2 C[ 3:0] : 4’ b0000) ;

assign cf = (C[4] ~ so) & (" ol);
assign zf = ! D;

assign sf = G[3] ~ P[3] ~ C[4];
(cr4] - c3D) & € ol);

assign of

endmodule

module Carry Leading 4 (G,P,Ci,C,Gl,Pl);

input [ 3:0] G, P;
output [ 4:1] C;
input Ci;
output Gl, P1;

wire [ 3:0] G,P;

wire [ 4:1] C;

wire Ci;

wire Gl,P1;

assign C[1] = G[0] | P[0] & Ci:

assign C[2] = G[1] | P[1] & G[0] | P[1] & P[0] & Ci;

assign C[3] = G[2] | P[2] & G[1] | P[2] & P[1] & G[0] | P[2] & P[1] & P[0] & Ci;
assign C[4] = Gl | P1 & Ci;

assign Gl = G[3] | P[3] & G[2] | P[3] & P[2] & G[1] | P[3] & P[2] & P[1] & G[0];
assign P1 = P[3] & P[2] & P[1] & P[0];

endmodule
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