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module controller (clk, reset, start, m@, load, shift, addshift, sub, ready);
input clk, reset, start, m@;
cutput load, shift, addshift, sub, ready;

reg state;

reg [1:@8] count;

localparam 5@ = @, 51 = 1;

always @ (posedge clk, posedge reset) // State transitions
if (reset) begin state <= 5B; count <= @; end
else

case (state)
se: if (start) begin state <= S1;|count <= 3; |end

51: if (count==8) state <= 5@; else|count <= count-1;

endcase
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// control output logic
P 4 cycleQ] S1 AEHE QK|

assign load = (state==5@) && start;

assign shift = (state==51) && ~m@;

assign addshift = (state==51) && m@;

assign sub = (state==51) && (count==@);

assign ready = (state==58) && ~reset;
endmedule
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module smul{clk, reset, start, wordl, word2, product, ready, sum);
input clk, reset, start;
input [3:8] wordl, word2;
cutput [7:8] product;
output ready;
ocutput [4:8] sum;

wire m@, leoad, shift, addshift, sub;
datapath ul (clk, reset, load, shift, addshift, sub, wordl, word2, product, m@, sum);

controller u2 (clk, reset, start, m@, load, shift, addshift, sub, ready);
endmodule
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module datapath (clk, reset, load, shift, addshift, sub, wordl, word2, product, m@, sum);
input clk, reset, load, shift, addshift, sub;
input [3:8] wordl, word2;
output [7:8] product;
output mé;
output [4:8] sum;

+

reg [7:8] product; // 9-bi
reg [3:8] multiplicand; // 5-bi
wire[4:8] sum; // 5-bi
wire [4:8] eproduct, emcand;

+

assign m@ = product[@];

assign epreduct = {product[7],product[7:4]};
assign emcand = {multiplicand[3],multiplicand};
assign sum = sub ? (eproduct - emcand) : (eproduct + emcand);
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always @ (posedge clk or posedge reset) begin
if (reset) begin multiplicand <= B; product <= @; end
else if (load) begin
multiplicand <= wordl;
product <= {4'b@, word2};
end
else if (shift) // signed shift-right
product <= {product[7], product[7:1]};
else if (addshift) // signed add & shift right
product <= {sum, product[3:1]};
end
endmodule
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module datapath (clk, reset, load, shift, subshift, wordl, word2, quotient, remainder, 1t);
input clk, reset, load, shift, subshift;
input [7:8] wordl;
input [3:8] word2;
output [3:@] quotient, remainder;

output 1t;

reg [7:8] dividend; // B-bit

reg [3:0] divisor; J/f 4-bit

wire[4:@] diff; /f 4-bit

wire 1t; // less than (borrow)

assign diff = dividend[7:3] - divisor; // subtract after shift left
assign 1t = diff[4]; // borrow

assign quotient = dividend[3:8];
assign remainder = dividend[7:4];
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always @ (posedge clk or posedge reset) begin
if (reset) begin dividend <= 8; divisor <= 8; end
else if (load) begin
dividend <= wordl;
divisor <= word2;
end
else if (shift) // shift-left
dividend <= {dividend[6:8], 1'b@}; // gquotient=@
else if (subshift) // sub & shift-left
dividend <= {diff[3:8], dividend[2:8], 1'bl}; // quotient=1
end
endmedule
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module controller (clk, reset, start, 1t, load, shift, subshift, ready);

input clk, reset, start, 1lt;
output load, shift, subshift, ready;

reg overflow;

reg state;

reg [1:@] count;
localparam 56 = @, 51 = 1;

always @ (posedge clk or posedge reset) // State transitions
if (reset) begin state <= SB; count <= @; end
else

case (state)
se@: if (start) begin state <= S1; count <= 3; end
51: if (count==8) state <= S@;
else count <= count - 1;
endcase

// control output logic
assign load = (state==5@8) && start;
assign shift = (state==51) && 1t;
assign subshift = (state==51) 8& ~1t;
assign ready = (state==58) && ~reset;
endmodule
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module div(clk, reset, start, wordl, word2, quotient, remainder, ready);
input clk, reset, start;
input [7:@] wordl;
input [3:8] word2;
output [3:@] gquotient, remainder;
output ready;

wire load, shift, subshift, I1t;
datapath ul (clk, reset, load, shift, subshift, wordl, word2, quotient, remainder, 1t);

controller u2 (clk, reset, start, lt, load, shift, subshift, ready);
endmodule
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module datapath (clk, reset, load, shift, subshift, ready, wordl, word2, quotient,
remainder, 1t);
input clk, reset, load, shift, subshift, ready;
input [7:8] wordl;
input [3:8] word2;
output [3:@8] quotient, remainder;

output 1t;

reg [7:8] dividend; // 8-bit

reg [3:8] divisor; [/ 4-bit

reg sign; // different sign flag of wordl and word2

wire [4:@8] diff; // 5-bit

wire 1t; // less than

wire [4:8] edivisor;

wire [4:8] edividend;

wire [4:8] diff2; // 5-bit

assign edivisor = {divisor[3], diwvisor}; // sign extension of divisor

assign diff = (dividend[7]*diviser[3]) ?
(dividend[7:3] + edivisor) : (dividend[7:3] - ediviser);
assign 1t = (dividend[7]~diff[4]} && (diff != 4'be); // dividend[7:4] < divisor

assign quotient = sign ? -dividend[3:8] : diwvidend[3:8];

assign remainder = dividend[7:4];
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always @ (posedge clk or posedge reset) begin medule controller (clk, reset, start, 1lt, lead, shift, subshift, ready);
f . . PR . input clk, reset, start, lt;
II <F?ieti b;?lg d}vldend <= @8; diviser <= @; end output load, shift, subshift, ready;
else i oa egin
dividend <= wordl; reg overflow;
divisor <= word2; reg state; :
\ H
) sign <= wordl[7] " word2[3]; reg [1:8] count;
en
localparam 58 = 8, S1 = 1;
else if (shift) // shift left, quotient=6 P ! ’
dividend <= {diwvidend[6:8], 1'b8}; . . s
else if (subshifi) o 5a£e ’2;ul+ &};hif+ left, quotient=1 alway; 1] (posedEe clk or posedge reset) begin ;f State transitions
. - - o N - if (reset) begin state <= 58; count <= @; en
dividend <= {diff[3:@], dividend[2:8], 1'bl}; elsg ) beg ’ ’
endngile case (state)
5@: if (start) begin state <= 51; count <= 3; end
51: if (count==8) state <= 58;
else count <= count-1;
endcase
end
/{ control output logic
assign load = (state==58) && start;
assign shift = (state==51) && 1t;
assign subshift = (state==51) && ~1t;
assign ready = (state==58) && ~reset;
endmodule
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input [7:8] wordl; el T 1 T 1 —
input [3:8] word2; reset 1
output [3:8] gquotient, remainder; start
output ready; ready
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controller u2 (clk, reset, start, lt, load, shift, subshift, ready); dawpmhyusmn
dmodule controlleriu?| state | | I S
endmo contraller:u2| count i m 10 1] iy
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16/(-5)=-3...1
00010000 / 1011 = 1101 ... 0001

A MICH S ul

AREHBEEY AUHICIECIEAI0] 2| 16




