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General Purpose Functions

function even;
input [31:0] num;
begin
even = ~num{0];
end
endfunction

function mux_2_1;
input sel;
input [l1:0]data;

begin
if (sel)
mux_2_1 = datal0];
else
mux_2_1 = datal(l];
end
endfunction

function [N-1:0] log2N;
input [31:0] num;

integer I;
reg(31:0] M;

begin
M=1;
for (I=0; I<=31; I=I+1)
begin : iterate
if (M >= nun
begin
log2N = I;
disable iterate;
end
else
M =M«<< 1;
end
end
endfunction
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If Statement
Priority encoded

Original Design

module mult_if(a, b_is_late_arriving, c, d, e, sel, z);
input [3:0) sel;
input a,

b_is_late_arriving,

c,

output z;
reg zZ;

always @ (sel or a or b_is_late_arriving or c or d
or e)
begin
z = e;
if (sel[0])
z = a;
if (sel(ll])
z = b_is_late_arriving;
if (sel[2])
zZ = C;
if (sel(3])
z = d;
end
endmodule
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Improved Design

module mult_if(a, b_is_late_arriving, c, d, e, sel, z):

input ([3:0) sel;
input a,
b_is_late_arriving,

output Z;
reg Z;

wire high_priority_cond;

assign high_priority _cond = (sel(2] | sel(3));

always @ (sel or a or b_is_late_arriving or c or 4
or e or high_priority_cond)

begin

if (sel(l] & ~high_priority_ cond)

z = b_is_late_arriving;
else
begin
z = e;
if (sel[0])
z = a;
if (sel(2])
zZ = C;
if (sel[3])
z = 4d;
end
end
endmodule
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If Statement
Parallel encoded

Original Design

module single_if(A, C, CTRL_is_late_arriving, 2);
input [(6:1) A;

input [5:1] C;

input CTRL_is_late_arriving;

output Z;

//

reg Z;

always @(C or A or CTRL_is_late_arriving)

begin
if (C[1) == 1'bl)
Z = A[1);
else if (C(2] == 1'bO)
Z = A[2]);
else if (C(3] == 1°'bl)
Z = A[3]);
else if (C[4) == 1'bl &&
CTRL_is_late_arriving == 1'Db0)
Z = A[4];
else if (C[5] == 1'DbO)
Z = AlS);
else
Z = A[6]);
end
endmodule
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Improved Design

module single_if (A, C, CTRL_is_late_arriving, 2);
input [6:1] A;

input [5:1) C;

input CTRL_is_late_arriving;

output Z;
reg Z;
1/

reg Z1l;

wire 22;
wire prev_cond;
1/
always @(C or A)
begin
if (C[{1] == 1'bl)
z1l = A[l]);
else if (C[2])
Zz1l = A[2]);
else if (C[3]
Z1 = A[3]);
else if (C([5]
Z1 = A[S5];
else
Zz1 = A[6]);
end

1'b0)

1'bl)

1'b0)

assign 22 = A[4]):
assign prev_conc = (C[1]
(C[2)

1'b1l) ||
1'b0) || (C(3] == 1'bl);

non
non

always @(C or A or prev_cond or
CTRL_is_late_arriving or Z1l or Z2)
begin
if (C{4] == 1'bl &&
CTRL_is_late_arriving == 1'b0)
if (prev_cond)
Z = 21;
else
Z = 22;
else
Z = Z1;
end
endmodule
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If Statement

Cascaded Select Logic
Original Design
module ctrl_cascade(sel_is_late_arriving,
A,
B,
C,
D,
Z);
input sel_is_late_arriving;
input A, B, C, D;
output Z;
reg Z;

reg i_sel;

always @(sel_is_late_arriving or A or B or C or D or
i_sel)
begin
if (sel_is_late_arriving)
i_sel = C;
else
i_sel = D;
if (i_sel)

Z = A;
else

Z = B;
end
endmodule
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Improved Design’

module ctrl_cascade(sel_is_late_arriving,

Al
B,
CI
D,
Z);
input sel_is_late_arriving;
input A, B, C, D;
output Z;
reg Z;

reg C_Z, D_Z;

always @(sel_is_late_arriving or A or B or C or D
or C_Z or D_Z)

begin

if (C)

C_Z = A;
else

C_Z = B;
if (D)

D_Z = A;
else

D_Z = B;

if (sel_4is_late_arriving)

Z = C_Z;
else
Z = D_Z;
end
endmodule
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Logic Replication
Pre-compufing Values

Original Design

module reorder(addr, sel_is_late_arriving, Pl, P2, Z):;

parameter N = 8;
input ([N-1:0] addr;
input sel_is_late_arriving;

input ([N-1:0] P1, P2;
output [N-1:0] Z;

reg[(N-1:0] temp;

always @(P1l or P2 or sel_is_late_arriving)
begin
if (sel_is_late_arriving)
temp = P1;
else
temp = P2;
end

comp Ul (addr. temp, Z);

endmodule



Improved Design

module reorder (addr, sel_is_late_arriving,

parameter
input [N-1:0)
input

input [N-1:0]
output [N-1:0]

N = 8;

addr;
sel_is_late_arriving;
Pl, P2;

Z;

wire[N-1:0] 21, 2Z2;

comp Ul(addr, P1l, Z1);
comp U2 (addr, P2, Z2);

assign Z

endmodule

sel_is_late_arriving ? Zz1

P1,

Z2;

P2,

Z)

.
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Case Statement

Embedded If
Original Design
module case_with_if(sel,
X,
A ’
B ’

C_is_late_arriving,
D_is_late_arriving,

Z);
input [2:0] sel;
input X;
input A,
B,
C_is_late_arriving,
D_is_late_arriving;
output Z;
reg Z;

always @(sel or X or A or B or C_is_late_arriving or
D_is_late_arriving)

begin
case (sel)
3'b000: Z = A;
3'b001: Z = B;
3'b010:
if (X)
Z =
else
Z =
3'b100: Z =A"
3'bl01: Z = A &
3'b111: Z = ~A;
default: Z = ~B;
endcase
end
endmodule

C_is_late_arriving;

D_is_late_arriving;

B;
Ba
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Improved Design

module case_with_if(sel,
X,
A,
Bl

C_is_late_arriving,
D_is_late_arriving,

Z);
input [(2:0] sel;
input X;
input A,
Bl

C_is_late_arriving,
D_is_late_arriving;
output Z;
reg Z;

reg 2Z1;

always @(sel or A or B)

begin
case (sel)
3'b000: Z1  A;
3'b001: Z1 = B;
3'b100: ZzZ1 = A ~ B;
3'b101: 21 = A & B;
3'bl11l: Z1 = ~A;
default: z1 = ~B;
endcase
end

always @(Z1l or sel or X or C_is_late_arriving or

D_is_late_arriving)

begin
if (sel == 3'b010)
if (X)
Z = C_is_late_arriving;
else
Z = D_is_late_arriving;
else
Z = 21;
end
endmodule
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Case Statement
Late-ariving Selector

Original Design

module split_case(sell, sell_is_late_arriving, sel2,

input
input
input
input
input

output

reg

X, A, B, C, D, 2);
selO;
sell_is_late_arriving;
sel2;

.
g

NNONOWP X

.
’

wire([2:0]sel = {sel2, sell_is_late_arriving,

always @(sel or X or A or B or C or D)
begin

case (sel)
3'b000: Z
3'b001: 2z
3'b010:
if (X)
Z = C; -
else
Z = D;
3'bl100: Z ~
3'bl01: 2Z |
3'bl1ll: 2z :
default: Z = ~B;
endcase

A;
B;

]
>

end
endmodule

sel0};
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Improved Design

module split_case(sel0, sell_is_late_arriving, sel2,
X, A, B, C, D, 2);

input selO;

input sell_is_late_arriving;

input sel2;

input X;
input A,
B,

C;

. D'
output Z;
reg Z;

wire [1:0] sel = (sel2, sel0)}; ’
reg Z1, Z22;

always @Q(sel or sell_is_late_arriving or X or A or B
or C or D)

begin
case (sel) // sell_is_late_arriving == 1°b0
3'b00: Z1 = A;
3'b01: 2Z1 = B;
3'bl10: Z1 = A ~ B;
3*'bl1l: 21 = A | B;
default: 21 = ~B;
endcase
case (sel) // sell_is_late_arriving == 1‘bl
3'b00:
if (X)
22 = C;
else
Z2 = D;

3*‘bll: 22 = ~A;
default: 2Z2 = ~B;
endcase

if (sell_is_late_arriving)

Z = 272;
else
Z = Z1;
end

endmodule
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Operand Reordering

Original Design

module reorder(A_is_late_arriving, B, C, D, Z);
parameter N = 8;

input ([N-1:0]) A_is_late_arriving, B;

input ([N-1:0) C, D;

output [N-1:0] Z;

reg [N-1:0] Z;

always @Q(A_is_late_arriving or B or C or D)
begin
if (A_is_late_arriving + B < 24)
Z = C;
else
Z = D;
end .
endmodule
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Improved Design

module reorder(A_is_late_arriving, B, C, D, 2);
parameter N = 8;

input [N-1:0] A_is_late_arriving, B;

input ([N-1:0] C, D;

output (N-1:0]) Z;

reg [N-1:0] Z;

always @(A_is_late_arriving or B or C or D)

begin
if (A_is_late_arriving < 24 - B)
Z = C;
else
Z = D;
end
endmodule
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Carry-in Speedup

Original Design

module carry(A, B, Cin_is_late_arriving, 2Z);
parameter N = 8;

input [N-1:0] A, B;

input Cin_is_late_arriving;

output [N-1:0] Z;

reg [N-1:0] Z;

always @(A or B or Cin_is_late_arriving)
begin
Z = A + B + Cin_is_late_arriving;
end
endmodule
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Improved Design

module carry(A, B, Cin_4is_late_arriving, Z):

parameter N = 8;
input [N-1:0] A, B;
input Cin_is_late_arriving;

output [N-1:0] 2Z;
reg [N-1:0] Z;

always @(A or B or Cin_is_late_arriving)
begin
if (Cin_is_late_arriving)
Z =A +B + 1;
else
Z = A + B;
end
endmodule

Common SubexpreSSion Shari Ly
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Eliminafing Common Subexpressions
Reducing Area

Original Design

module expressions(A, B, Q, R, S, Cl1l, C2, C3, Z);
parameter N = 8;

input ([N-1:0] A, B;

input ([N-1:0] Q, R, S;

input ([N-1:0] Cl1, C2, C3;

output [N-1:0] 2Z;

reg [N-1:0] Z;

always @(A or B or Q or R or S or Cl or C2 or C3)
begin
if (C1 > A + B + Q)
Z =R - S;
if (C2 > A + B + R)
Z =585 -0;
if (C3 > A + B + S)
Z = Q - R;
end
endmodule
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Improved Design

module expressions(A, B, Q, R, S, C1, c2, C3,
parameter N = 8;

input [N-1:0] A, B;

input [N-1:0) Q, R, S;

input ([N-1:0] C1, C2, C3;

output [N-1:0] Z;

reg (N-1:0] 2Z;

reg [N-1:0] temp;
always @(A or B)
begin

temp = A + B;
end

always @(Q or R ar S or Cl1 or C2 or C3 or temp)

begin
if (C1 > temp + Q)
Z =R - S;
if (C2 > temp + R)
2 =8 - Q;
if (C3 > temp + S)
Z =Q - R;
end
endmodule
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Linear Structures
Reduce XOR function

Original Design

module xor_chain(A, 2Z);

parameter N = 7;
input ([N-1:0] A;
output Z;
reg Z;

reg result;

integer 1I;

always @(A or result)
begin
result = A[N-1];

for (I=N-2; I>=0; I=I-1)

begin

result = result ~ A[I];

end
Z = result;
end
endmodule
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Improved Design

module xor_tree(A, Z);

parameter N = 7;
input ([N-1:0] &A;
output zZ;
reg Z;

"define logN log2N(N)

integer I, J, K, NUM;
reg [N-1:0] temp, result;

always @(A)
begin
temp (N-1:0] = \[N-1:0];
NUM = N;
for (K="logN-1; K>=0; K=K-1)

J = (NUM+1)/2;
= J-1;

if (even(NUM))
for (I=NUM-1; I>=0; I=I-2)
begin
result([J] = temp[I] ~ temp(I-1);
J = J-1;
end
else
begin
for (I=NUM-1; I>=1; I=I-2)
begin
result[J] = temp(I] ~ temp(I-1];
Jd = J-1;
end
result(0] = temp[0];
end
temp([N-1:0] = result(N-1:0];
NUM = (NUM+1)/2;
end
Z = result{0);
end
endmodule
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Linear Structures
MUXes

Original Design

module mux_chain(data, sel, Z);
parameter N = 9;

input [N-1:0] data;

input [N-2:0] sel;

output Z;
reg Z;
integer I;

always @(sel or data)
begin
Z = data([N-1];
for (I=N-2; I>=0; I=J-1)
begin
if (sellI])
Z = datal[I]);
end
end
endmodule
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Improved Design

module mux_tree(data, sel, Z):;
parameter N =9;

input [N-1:0) data;

input (N-2:0] sel;

output Z;

reg Z;

‘define logN log2N(N)

integer I, J, K, s;
integer DEPTH, SEL_LEN, DATA_LEN;

reg [N-1:0] i_data, result, i_sel, temp_sel;

always @(sel or data)

begin
i_data[N-1:0] = data[N-1:0];
i_sel[N-2:0] = sel[N-2:0];

i_sel[N-1]= 1'b0;

DATA_LEN

N;

for ({DEPTH="'1logN-1; DEPTH>=0; DEPTH=DEPTH-1)
begin

SEL_LEN = (DATA_LEN+1)/2;

S SEL_LEN-1;

J (DATA_LEN+1)/2;

J J-1;

non

if (even(DATA_LEN))
for (I=DATA_LEN-1; I>=1; I=I-2)
begin
result(J] = mux_2_1(i_sel(I-1],
{i_datal[I], i_data[I-1])});
temp_sel[S] = |[{i_sel([I-1}, i_sel[I]}:
d =J-1; S = S8-1;
end
else
begin
for (I=DATA_LEN-1; I>=2; I=I-2)
begin
result[J) = mux_2_1(i_sel([I-1],
{i_datal[I], i_data([I-1]});
temp_sel(S] = |{i_sel[I-1], i_sel[I]};
J =J-1; S = §-1;
end
result(0] = i_data[0];
temp_sel([ ] = i_sel[0];
end
i_data(N-1:0] = result(N-1:0];
i_sel([N-1:0] = temp_sel(N-1:0];
DATA_LEN = (DATA_LEN+1)/2;
end
Z = result[0];
end
endmodule



