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Inside module m_procll (pipelined about 100MHZz)
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Inside module m_procll (pipelined about 100MHZz)

codel40.v

module m_procll (w_clk, w_rst, r_rout, r_halt);
input wire w_clk, w_rst;
output reg [31:0] r_rout;

output reg r_halt;

reg [31:0] IfId_pc4=0; // pipe regs
reg [31:0] IdEx_rrs=0, IdEx_rrt=0, IdEx_rrt2=0; //

reg [31:0] ExMe_rslt=0, ExMe_rrt=0; //

reg [31:0] MeWb_rslt=0; //

reg [5:0] IdEx_op=0, ExMe op=0, MeWb_op=0; //

reg [31:0] IfId pc=0, IdEx _pc=0, ExMe_pc=0, MeWb_pc=0; //
reg [4:0] IfId_rd2=0, IdEx_rd2=0, ExMe_rd2=0, MeWb_rd2=0;//

reg IfId_w=0, IdEx_w=0, ExMe_w=0, MeWb_w=0; //
reg IfId_we=0, IdEx we=0, ExMe_we=0; //
wire [31:0] IfId_ir, MeWb_1dd; // note

/**************************** IF Stage **********************************/

wire w_taken;

wire [31:0] w_tpc;

reg [31:0] r_pc 0;

wire [31:0] w_pcd4 = r_pc + 4;

m_memory m_imem (w_clk, r_pc[13:2], @, @, IfId_ir);

always @(posedge w_clk) begin
r_pc <= #3 (w_rst | r_halt) ? @ : (w_taken) ? w_tpc : w_pc4;
IfId_pc <= #3 r_pc;
IfId_pcd <= #3 w_pc4;

end

/**************************** ID Stage ***********************************/

wire [31:0] w_rrs, w_rrt, w_rslt2;

wire [5:0] w_op = IfId_ir[31:26];
wire [4:0] w_rs = IfId_ir[25:21];
wire [4:0] w_rt = IfId_ir[20:16];
wire [4:0] w_rd = IfId_ir[15:11];
wire [4:0] w_rd2 = (w_op!=0) ? w_rt : w_rd;
wire [15:0] w_imm = IfId_ir[15:0];

wire [31:0] w_imm32 = {{16{w_imm[15]}}, w_imm};

wire [31:0] w_rrt2 = (w_op>6'h5) ? w_imm32 : w_rrt;

assign w_tpc = IfId _pcd4 + {w_imm32[29:0], 2'h0};

assign w_taken = (w_op=="BNE && w_rrs!=w_rrt);

m_regfile m_regs (w_clk, w_rs, w_rt, MeWb_rd2, MeWb_w, w_rslt2, w_rrs, w_rrt);

always @(posedge w_clk) begin
IdEx_pc <= #3 IfId_pc;
IdEx_op <= #3 w_op;
IdEx_rd2 <= #3 w_rd2;
IdEx_w = #3 (w_op==0 || (w_op>6'h5 && w_op<6'h28));
IdEx_we = #3 (w_op>6'h27);
IdEx_rrs <= #3 w_rrs;
IdEx_rrt <= #3 w_rrt;
IdEx_rrt2 <= #3 w_rrt2;
end
/**************************** EX Stage ***********************************/
wire [31:0] #10 w_rslt = IdEx_rrs + IdEx_rrt2; // ALU
always @(posedge w_clk) begin
ExMe_pc <= #3 IdEx_pc;
ExMe_op <= #3 IdEx_op;
ExMe_rd2 <= #3 IdEx_rd2;
ExMe_w <= #3 IdEx_w;
ExMe_we <= #3 IdEx_we;
ExMe_rslt <= #3 w_rslt;
ExMe_rrt <= #3 IdEx_rrt;
end
/**************************** MEM Stage **********************************/
m_memory m_dmem (w_clk, ExMe_rslt[13:2], ExMe_we, ExMe_rrt, MeWb_1dd);
always @(posedge w_clk) begin
MeWb_pc <= #3 ExMe_pc;
MeWb_rslt <= #3 ExMe_rslt;
MeWb_op <= #3 ExMe_op;
MeWb_rd2 <= #3 ExMe_rd2;
MeWb_w <= #3 ExMe_w;
end
/**************************** WB Stage ***********************************/

assign w_rslt2 = (MeWb_op>6'h19 && MeWb_op<6'h28) ? MeWb_ldd : MeWb_rslt;
/*************************************************************************/
initial r_halt = 0;

always @(posedge w_clk) if (MeWb_op=="HALT) r_halt <= 1;

initial r_rout = 0;

reg [31:0] r_tmp=0;

always @(posedge w_clk) r_tmp <= (w_rst) ? © : (w_rs==30) ? w_rrs : r_tmp;
always @(posedge w_clk) r_rout <= r_tmp;

<
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endmodule
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Data Hazard
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Time {in clock cycles)
Value of CC1 ccaz cCca CC4+ CCs cCCqg cC7v cCcs cCg

register £2: 1a 1a 1a 10Q 10/=20 —20 —20 —20 —20

Program
execution
arder

{in instructions)

sub 2, B, E3

and$12, 2, %5

orgi13, §6,

add 14, 17,

sw §15, 100

@dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005 6
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH



Data Hazard and Stall
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Time (in clock cycles)
Value of CCA1 cCcz cC3 CC4+ CCs cCCa CC7 cCa cCa

reqistar $2: 1a 1a 1a 1a 10/=20 =20 =20 —20 =20

Frogram
execution
arder

(in instructions)

sub -2, $1, £3

ar$13, a8, -

add 14, -2, 2

sw 15, 10017

@%dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH



2AD—TAVTIZ&BT =3\ —FD[EE
I

Time {in clock cycles) -
cCcH ccz cCC3 CC4 CCs CCe cCCc7 cca ccg

Value of register $2: 10 10 10 10 10/=20 -0 —20 -20 —20

Value of EX/MEM: X * X —20 X * X X X
Value of MEMANE: X X X X -20 X X X X
Frogram

executian

arder

fin instructions)

iy ~1

and $12, kS L= 4|

L

||

ar$y13, $a, D

add 14,17,

sw $15, 100
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Time {in clock cycles) -
cCcH ccz cCC3 CC4 CCs CCe cCCc7 cca ccg

Value of register $2: 10 10 10 10 10/=20 -0 —20 -20 —20
Value of EX/MEM: X X X -20 X X X X X
Value of MEMANE: X X X X -20 X X X X

Frogram
execution
arder

fin instructions)

sub Lo, 1, k3

and $12, kS

ar$fi13, B8,

add 14,17,

sw $15, 100
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Time (in clock cycles) -
CC1 ] cC3 CC4 CCs cCe cCC7 cCa cCcg

Frogram

execution

arder

{in instructions)
b o, 20081)
and -, 2 kS
orgs, 0, $6
add$a, 4, 1
st 1, B8, 7

T
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MIPS Program for the contest (programl.txt)

result : Oxbffa000

#include <stdio.h>

main()
{
int mem[4096];
int i=0, j=0, sum = 0;

for(j=0; j<3; j++){
for(i=0; i<4096; i++) {
mem[i] = i*4;
}
for(i=0; i<4096; i++) {
sum += mem[i];

}

printf("%d %x¥n", sum, sum);

initial begin
cm_ram[@] ={ NOP};
cm_ram[1] ={"NOP};
cm_ram[2] ={ ADDI,
cm_ram[3] ={ ADDI,
cm_ram[4] ={ADD,

cm_ram[5] ={ ADDI,
cm_ram[6] ={ ADDI,
cm_ram[7] ={ ADDI,
cm_ram[8] ={ ADDI,

cm_ram[9] ={"SW,

cm_ram[10]={"ADDI,
cm_ram[11]={"ADDI,
cm_ram[12]={"ADDI,
cm_ram[13]={"ADDI,
cm_ram[14]={"ADDI,
cm_ram[15]={"ADDI,
cm_ram[16]={" BNE,
cm_ram[17]={"NOP};

cm_ram[18]={"ADDI,
cm_ram[19]={"ADDI,
cm_ram[20]={"ADDI,

cm_ram[21]={"LW,

cm_ram[22]={"ADDI,
cm_ram[23]={"ADDI,
cm_ram[24]={"ADD,
cm_ram[25]={"ADDI,
cm_ram[26]={"ADDI,
cm_ram[27]={"ADDI,
cm_ram[28]={"ADDI,
cm_ram[29]={"ADDI,
cm_ram[30]={" ADDI,
cm_ram[31]={"ADDI,
cm_ram[32]={"BNE,
cm_ram[33]={ NOP};

cm_ram[34]={"ADDI,
cm_ram[35]={"ADDI,
cm_ram[36]={"ADDI,
cm_ram[37]={"ADDI,
cm_ram[38]={"ADDI,
cm_ram[39]={"BNE,
cm_ram[40]={ NOP};
cm_ram[41]={"ADD,
cm_ram[42]={"ADD,
cm_ram[43]={"HALT,
cm_ram[44]={"NOP};
cm_ram[45]={"NOP};
cm_ram[46]={"NOP};
cm_ram[47]={"NOP};
cm_ram[48]={" NOP};
end

5'de, 5'd20,16'de};
5'de, 5'd21,16'd3};
5'de, 5'de, 5'd12,11'h20};

de, 5'd11,16'he};
'de, 5'ds, 16'd4@96};
de, 5'd9, 16'he};
de, 5'd10,16'he};

10,5'd11,16'de};
1d9, 5'd9, 16'h1};
11,5'd11,16'h1};
1,5'd11,16'h1};
1,5'd11,16'h1};
1,5'd11,16'h1};
0,5'd10,16'h4};
, 5'd9, 16'hfff8};

CR ===

5'de, 5'ds, 16'd4096};
5'de, 5'd9, 16'he};
5'de, 5'd10,16'he};

10,5'd11,16'de};
9, 5'd9, 16'h1};
0,5'd10,16'h4};
2,5'd11,5'd12,11'h20};
2,5'd12,16'h1};
2,5'd12,16 ' hffff};
2,5'd12,16'h1};
2,5'd12,16'h1};
2,5'd12,16 ' hffff};
2,5'd12,16'h1};
2,5'd12,16 ' hfffe};

, 5'd9, 16'hfffa};

5'd20,5'd20,16'h1};
5'd8, 5'd8,16'h11};
5'd8, 5'd8,16'h12};
5'd8, 5'd8,16'h13};
5'd8, 5'd8,16'h14};
5'd20,5'd21,16'hffdd};

5'd12,5'de, 5'd30,11'h20};
5'd30,5'de, 5'de, 11'h20};
26'ho};

//

Le3

Le1:

Le2:

nop
nop

addi
addi
addi

addi
addi
addi
addi

sw
addi
addi
addi
addi
addi
addi
bne

nop

addi
addi
addi

1w
addi
addi
add
addi
addi
addi
addi
addi
addi
addi
bne
nop

addi
addi
addi
addi
addi
bne
nop
add
add
halt
nop
nop
nop
nop
nop

$20, %0, 0
$21, %0, 3
$12,%0, $@ // sum = O;

$11,%0, ©
$8, $0, 4096
$9, %0, 0
$10,%0, ©

$11,0($10)
$9, $9, 1
$11,$11,1
$11,$11,1
$11,%11,1
$11,$11,1
$10,%10,4
$8, $9, L1

$8, $0, 4096
$9, %0, @
$10,%0, ©

$11,0($10)

$9, $9, 1

$10,%$10,4

$12,$12,%$11 // sum += $11
$12,$12,1 // sum ++;
$12,$12,-1  // sum --;
$12,$12,1 // sum ++;
$12,$12,1 // sum ++;
$12,$12,-1  // sum --;
$12,$12,1 // sum ++;
$12,$12,-2  // sum -= 2;
$8, $9, L02

$20,$20,1  // j++

$8, $8, ox11 //

$8, $8, ox12 //

$8, $8, ox13 //

$8, $8, Ox14 //
$20,%$21,L03 // (j<4) ?

$30,$12,%0
$0, $30,%0 // 5ffaoe0
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Inside module m_procl2 (pipelined processor)
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