Al.v

Modul e
Raf at i

Adder

/1
/1
/| Kamyar
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& Naeem Esf ahan

nodul e Add (A, B, Y);

i nput [ 31: 0]
out put [ 31: 0]
reg[ 31: 0]

al ways €(A or

B

A
Y;
Y

B)

begin
Y = A+ B;
end
endnodul e

//*************************************************************************

/1M ps ALU Control

/I Kamyar Rafati & Naeem Esfahan
nodul e ALU control (ALUop, Funct, Opcode);
i nput[5:0] Funct;
i nput[1:0] ALUop;
out put[ 2: 0] Opcode;
regl 2: 0] Opcode;
al ways €(ALUop or Funct)
begin
case( ALUop)
0: Opcode = 2;
1: Opcode = 6;
2: case(Funct)
32: Opcode = 2;
34: Opcode = 6;
36: Opcode = 0;
37: Opcode = 1;
42: Opcode = 7;
endcase
endcase
end
endnodul e

//*************************************************************************

// The ALU of the M PS

[/ Kamyar Rafati & Naeem Esfahan
nmodul e ALU i ps (A, B, Opcode, y, zero);
i nput [ 31: 0] A B
i nput [ 2: 0] Opcode;
out put [ 31: 0] Y;
out put Zer o;
reg[ 31: 0] Y;
reg zer o;
al ways €(A or B or Opcode)
begi n
case( Opcode)
.y =A&B; [//bitwse and
1. vy = AB, //bitweise or
2: y = A+tB; //add
6: y = A-B; [//subtract
7:y = A<B; [/SLT
endcas
end
al ways €(y or Opcode)
begin
if (Opcode == 5)
begin
if (y==0)
zero = 0;
el se
zero = 1;
end
el se
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begi n
if (y==0)
zero = 1;
el se
zero = 0;
end
end
endnodul e

1/ 2/ 2004

//*************************************************************************

[/ Control Unit
/I Kamyar Rafati & Naeem Esfahani

nmodul e Control (Op, Branch, Branchlnvert, Control Data, PClunp, reset, clKk);

input[5:0] Op;
i nput clk, reset;
out put Branch, Branchlnvert, PClunp;

out put[ 7: 0] Control Dat a;

reg Branch, Branchlnvert, PClunp;

reg[ 7: 0] Cont r ol Dat a;

al ways €(posedge clk or Op)
if(reset == 0)
case( Op)
0: //RType
begin
Branch = 0;
Branchl nvert = O;
/] Control Data: RegWite
ALUOp(2) RegDst
Control Data = 8' b10000101;

PClump = 0;
end
2: [/ Junp
begin

Branch = 0;

Branchl nvert = 0O;

/1 Control Data: RegWite
ALUOP(2) RegDst

Control Data = 8' b0000000O0;

PClump = 1;
end
4: |/ BEQ
begin

Branch = 1;

Branchl nvert = 0;

/1 Control Data: RegWite

ALUOp(2) RegDst

PCJump = 0;

Control Data = 8' b00000011;
end

5: //BNE
begin
Branch = 1;
Branchl nvert = 1;
/1 Control Data: RegWite
ALUOp(2) RegDst
Control Data = 8' b00000011;

PClump = O;
end
8: //addi
begin

Branch = 0;

Branchl nvert = 0;

/1 Control Data: RegWite
ALUOp(2) RegDst

Control Data = 8' b10001000;
PClump = 0;

MenloReg

MemloReg

MenloReg

MemloReg

MeniloReg

MenRead

MermRead

MenRead

MermRead

MenRead

MemWite ALUSrc

MemWNite ALUSrc

MemWite ALUSrc

MemWNite ALUSrc

MemWite ALUSrc
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35: //LW
begin
Branch = 0;
Branchl nvert = 0;
/1 Control Data: RegWite MenToReg MenRead MenWite ALUSrc
ALUOp(2) RegDst
Control Data = 8' b11101000;
PClunp =
end

43: || SW
begin
Branch =
Branchl nvert = 0;
/] Control Data: RegWite MenToReg MenmRead MemWite ALUSrc
ALUOp(2) RegDst
Control Data = 8' b00011000;
PClump = 0O;
end
endcase
el se
begin
Branch = O;
Branchl nvert = 0;
Control Data = 8' b0O0O0000O0O;
end

endnodul e

//*************************************************************************

/1 Forwardi ng Unit
[/ Kamyar Rafati & Naeem Esf ahani

modul e Forward_Unit (EX_Rt, EX_Rs, EX_Rd, ID_Rt, ID Rs, MEM Rd, WB_Rd,

VEM RegW| te, WB_ RegW| e, EX RegWite,
EX_Forvvardl\/UxA

EX_Forwar dMuxB, | D _Forwar dEqual A, | D_Forwar dEqual B,
EX MenRead) ;

input[4:0] EX R, EXRs, EXRd, IDR, IDRs, MEMRd, WB Rd;
i nput MVEM RegW|te - RegW|te EX RegW|te EX_MenRead;
out put [ 1: 0] EX_For war dMuxA, EX_Forwar dMuxB, | D _Forwar dEqual A,

| D_For war dEqual B;

reg[ 1: 0] EX _Forwar dMuxA, EX Forwar dMuxB, | D _Forwar dEqual A,

| D_For war dEqual B;

/[1if we want to have branch after |w we nust add extra logic to both
this part and data-path
always €(EX Rt or EX Rs or EXRd or IDR or IDRs or MVEM Rd or VB Rd
or MEM RegWite

or WB RegWite or EX RegWite)

begin
/1 Branch Check
/1 EX Hazard
if(MEM RegWite & MEMRd !'= 0 & EX Rd != ID Rs & MEM Rd ==
| D_Rs)
| D_Forwar dEqual A = 1;
/11D Hazard
else if(EX RegWite & EX Rd !'= 0 & EX Rd == I D _Rs)

| D_Forwar dEqual A = 2;
el se | D_ForwardEqual A = 0O;

/I EX Hazard
if(MEM RegWite & MEMRd '= 0 & EX Rd != ID Rt & MEM Rd ==
ID Rt)
| D ForwardEqual B = 1;
/11D Hazard
else if(EX_RegWite & EX Rd = 0 & EX Rd == I D Rt)
| D_Forwar dEqual B = 2;

el se | D_ForwardEqual B = 0;
/1 ALU Check
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/1 Mem hazard

if(V\B RegWite & VWB Rd '= 0 & MEM Rd !'=EX Rs && WB Rd == EX Rs)
EX Forwar dMuxA = 1;

/1 EX hazard

else if(MEM RegWite & MEM Rd !'= 0 & MEM Rd == EX_Rs)
EX _Forwar dVuUxA = 2;

el se EX Forwar dMuxA = O
m

/!l Mem HAzard
if(WB RegWite & WB Rd != 0 & MEMRd !=EX Rt & WB Rd == EX Rt)
/1if(WB_ RegWite & WB Rd != 0 & (MEM Rd !=EX Rt && EX MenRead ! =
0) && WB == _ Rt)
[1if(WB_ RegWite & WB Rd != 0 & WB Rd == EX Rt)

EX _ForwardWMuxB = 1;
/| EX Hazard

else if(MEM RegWite & MEM Rd '= 0 & MEM Rd == EX Rt)
EX Forwar dMuxB = 2;
el se EX ForwardMuxB = O;
end

endnodul e
//*************************************************************************
[/l Hazard Detection Unit
/I Kamyar Rafati & Naeem Esf ahani

nodul e Hazard Detect (Last IDEX NOP, ID R, IDRs, EX Rt, EX MenRead,
IFID Wite, PCWite, IDEX NOP, reset, clk);

input[4:0] IDR, IDRs, EXR;

i nput EX MenRead, reset, cl K;

i nput Last | DEX NOP;

out put IFID Wite, PCWite, | DEX NOP;
reg IFID Wite, PCWite, | DEX NOP;

[lalways @ID Rt or IDRs or EX Rt)
//We rmust stall pipe for two clocks when we have branch after |w but we
assurme that we'll have no branch fter |w

al ways €(negedge cl k)

begin
if(reset == 0)
begin
if(EX_ MenRead & (EX Rt == IDRs || EX R == ID R) &&
Last | DEX_ NOP !'= 0)
[1Stall the pipeline
begin
PCWite = 0;
IDEXN(P: 1;
IFID Wite = 0;
end
el se
//Don't Stall the Pipeline
begi n
PCWite = 1;
| DEX_NOP = 0;
IFID Wite = 1;
end
end
el se
begin
PC,Wi = 1;
N(P: 1;
IFIDW te = 1;
end
end
endnmodul e

//*************************************************************************

/1 JunpBox: Shifts and conbines bits for junp address cal cul ati on
/I Kamyar Rafati & Naeem Esf ahani

nmodul e JunmpBox (PC, Address, y);
i nput [ 25: 0] Addr ess;
i nput[ 3: 0] PC;
out put [ 31: 0] Y;
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reg[ 31: 0] Y;

al ways €(PC or Address)
begin
y[27:0] = Address * 4;
y[ 31: 27] = PC;
end
endnodul e
//*************************************************************************
[/ Menmmory unit
/I Kamyar Rafati & Naeem Esfahan

nodul e Menory(address,ind, outd,we, re,clk);

/1l this is a 4K * 32 nenory nodule, so the address |ine nust be 12 bits
/1 nmake sure that test programw |l not use an address greater than
00000f f f

i nput [ 31: 0] addr ess, i nd;

i nput re, we,clk;

out put [ 31: 0] outd;

reg[ 31: 0] menor y[ 4095: 0] ;
reg[ 31: 0] out d;

wre we_cl k;

wre re_clk;

assign we clk = we & clKk;
assign re clk = re & clk;

initial
$readmermh( " mem dat ", menory);

/1 loads a hex code fromfile “nemdat” to the nenory, the format for the
file

/lis as follows: you specify a 3-bit hex address at each line then 8 bit

i nstruction

/lis followed(start at address 000)

al ways @ (posedge re_cl k or address)
begin
if (re) outd = nenory[address];

end
al ways €(negedge we_cl k)
begin
menor y[ address] = ind;
end
endnodul e

//*************************************************************************

/132 bit MIX 2 to 1
[/ Kamyar Rafati & Naeem Esfahan

nodul e MJUX2x1 32bit (s, a0, al, y);

i nput S;
i nput [ 31: 0] a0, al
out put [ 31: 0] Y;
reg[ 31: 0] Y;
al ways €(s or a0 or al)
case (s)
0. y=a0;
1: y=al,
endcase
endnodul e
//*****************)\-*******************************************************
/| Dat a- pat h

[/ Kamyar Rafati & Naeem Esfahan

nodul e Pi pelined MPS(reset, clk);
i nput reset, clk;
wire[31: 0] PCcurrent, PCwiteBack, NextlnstPC, |F_Inst, PCcal cul ated,
Si gnExt ended, ShiftedLeft,
Sel ect edRegDat aA, Sel ect edRegDat aB, EX_Si gnExt ended,
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EX Dat aB,
EX Dat aA, EX_Inst, MEM ALUResult, EX ALUResult,
EX_MJX_Dat aA, EX_ I\/UX Dat aB,
I\/E M Dat a, MEM ReadData, WB_ReadData, EX_SrcMJX Dat aB,
| D JunpAddr, 1D Br anchAddr
WB_Address, ID Inst, | D_PC, RegFi | eA, RegFil eB,
VB W i teDat a;
wire[ 7:0] I D Control, ID CorrectedControl;
wiref 4: 0] WB WiteAddr, EX Rd, MEM Rd;
wire[ 2: 0] EX Opcode;
wire[ 1: 0] ForvvarquuaI A, ForwardEqual B, EX ALUOp, EX Forwar dMuxA,
EX_For war dMuxB;
Wwre PCenable, IFID WiteEnable, |IF_Flush, RegDataBranch,
RegDat aEqual , Br anchl nvert,
I DEX _Fl ushSel ect, WB RegWite, Branch, EX MenToReg,
EX RegWite, EX MenRead, EX ALUSrc, EX RegDst,
PCSel ect, EX MemWite, EX AluSrc, PClunp;
/1 Instruction Fetch
Menory | RMenmory (PCcurrent, 32'b0, IF Inst, 1'b0, 1'bl, clk);
Reg 32bit PC (POwriteBack, PCcurrent, PCenable, reset, clk);
Add PCadder (PCcurrent, 32'bl100, NextlnstPC);
MUX2x1 32bit | F_ PCMux (PCSel ect, NextlnstPC, |D BranchAddr,
PCcal cul at ed) ;
and BranchAnd (PCSel ect, RegDataBranch, Branch);
or Fl ushGr (I F_Flush, reset, PCSelect, PClunp);
MUX2x1 32bit | F_ JunpMux (PCJunp, PCcal cul ated, | D JunpAddr,
PCwr it eBack) ;
/1 1F/1Dreg
Reg _32hbit | FI DPC(NextInstPC, ID PC, IFID WiteEnable, IF _Flush, clk);
Reg_32bi t IFIDInst(IF_Inst, 1D Inst, IFID WiteEnable, |IF_Flush,
cl k);
//1nstruction Decode
Hazar d_Det ect Hazar dDet ect Uni t (PCenabl e, I D Inst[20:16], ID Inst]

25:21], EX_Inst[20:16], EX MenRead,
| FID_WiteEnabl e, PCenabl e,
| DEX Fl ushSel ect, reset, clk);
Contr ol Control Unit(1D_Inst[31:26], Branch, Branchlnvert,
I D Control, PCJlunp, reset, clk);
Add PCcal c(ShiftedLeft, ID PC, | D BranchAddr);
xor Branchl nverter (RegDataBranch, Branchlnvert,
RegDat aEqual ) ;
MUX2x1 8bit | DEX_Fl ush(1 DEX Fl ushSel ect, I D Control, 8'bO,

| D_CorrectedControl);
ShiftLeft2 32bit

SiftLeft(Si gnExtended, ShiftedLeft);

RegFil e_32bi t RegFil e(I1 D I nst[25:21], RegFileA, 1D _Inst[20:16],
RegFi | eB, WB_ Wit eAddr,
WB WiteData, WB RegWite, clk);

Si gnExt end_32bi t Si gnExtend (I D _Inst[15:0],

MUX3x1 32bit Conpar eMuxA( For war dEqual A,
EX ALUResult, Sel ect edRegDat aA);

MUX3x1 32bit Conpar eMuxB( For war dEqual B,
EX ALUResul t, Sel ect edRegDat aB);

RegFi | e Corrpare

Si gnExt ended) ;
RegFi | eA, MEM ALUResul t,

RegFi | eB, MEM ALUResul t,

RegConpar e( Sel ect edRegDat aA, Sel ect edRegDat aB,

RegDat aEqual , nil, clk);

JunpBox MyJunmpBox (| D_PC[ 31: 28], ID Inst[25:0],

| D _JunpAddr) ;

/1 1DNEX reg

Reg _32hbit IDEXInst (1D Inst, EX Inst, 1'bl, reset, clk);

Reg 32bit Dat aA( RegFi | eA, EX DataA, 1'bl, reset, clk);

Reg 32bit Dat aB( RegFi | eB, EX DataB, 1'bl, reset, clk);

Reg _32bit | DEX_Si gnExt ended( Si gnExt ended, EX_ Si gnExt ended, 1'bil,
reset, clk);

Reg 1bit | DEX_MeniToReg(1 D CorrectedControl [6], EX MeniToReg, 1'bl,
reset, clk);

Reg 1bit | DEX RegWite(lD CorrectedControl[7], EX RegWite, 1'bl,
reset, clk);

Reg _1bit | DEX MemWite(l D CorrectedControl[4], EX MenWite, 1'bl,
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reset, clk);

Reg 1bit | DEX MenmRead(| D _CorrectedControl [5], EX MenRead, 1'bil,
ng;itlbi fl < | DEX_ALUSrc(1 D CorrectedControl[3], EX AluSrc, 1'bl, reset,
(I:?ltag)_ibi t | DEX RegDst (I D _CorrectedControl [0], EX RegDst, 1'bl, reset,
zR:eéz_’Zbi t | DEX_ ALUOp(1 D CorrectedControl [2:1], EX ALUOp, 1'bl, reset,

/] Execute
Forwar d_Uni t Forward (EX_Inst[20:16], EX Inst[25:21], EX Rd,
ID Inst[20:16], ID Inst[25:21],
MEM Rd, WB Wit eAddr,
MEM RegWite, WB RegWite, EX RegWite,
EX_For war dMuxA,
EX_Forwar dMuxB, Forwar dEqual A, Forwar dEqual B,
EX MenRead) ;
MUX3x1 32bit ALUMUXFor war dA( EX_For war dMuxA, EX Dat aA, WB Wit eDat a,
MEM ALUResul t, EX MJX Dat aA);
MUX3x1_32bi t ALUMUXFor war dB( EX_For war dMuxB, EX DataB, WB_ Wit eDat a,
MEM ALUResul t, EX_MJX Dat aB);
MUX2x1 32bit ALUMUXSour ceB( EX_Al uSrc, EX MJX DataB, EX Si gnExt ended,
EX _SrcMJUX Dat aB) ;

ALU m ps ALU( EX_MUX Dat aA, EX _SrcMJX Dat aB, EX Opcode,

EX ALUResult, nil);

MUX2x1 5bit EX RAIMUX(EX_RegDst, EX Inst[20:16], EX Inst[15:11],
EX_Rd);

ALU control EX_ALUCont rol (EX_ALUOp, EX_Si gnExt ended[ 5: 0],

EX Opcode);

/1 EX/I MEM r eg

Reg 32bit EXVEM ALUResul t (EX_ALUResult, MEM ALUResult, 1'b1l, reset,
cl k);

Reg 32bit EXMVEM Dat a( EX MJUX DataB, MEM Data, 1'bl, reset, clk);

Reg 1bit EXVEM MenifoReg( EX _MenToReg, MEM MeniToReg, 1' bl, reset,

clk);

Reg 1bit EXVEM RegWite(EX RegWite, MEM RegWite, 1'bl, reset,
clk);

Reg 1lbit EXVEM MenWWite(EX MenWite, MEM MemWite, 1'bl, reset,
clk);

Reg 1bit EXVEM MenRead( EX_MenRead, MEM MenRead, 1'bl, reset, clKk);

Reg 5bi t EXVEM RA(EX _Rd, MEM Rd, 1'b1l, reset, clk);

/| NEMOry
Menory Dat aMenory( MEM ALUResul t, MEM Data, MEM ReadData, MEM MemWite,
MEM MenRead, clk);

/1 MEM VB reg
Reg_32hbit VMEMAB_ReadDat a( MEM ReadData, WB ReadData, 1'bl, reset,

clk);

Reg 32bit MEMAB_Addr ess( MEM ALUResul t, WB Address, 1'bl, reset, clKk);
Reg_5bi t MEMAB_Rd( MEM Rd, WB WiteAddr, 1'bl, reset, clk);
Reg 1bit VMEMAB_MeniToReg( MEM MeniToReg, WB_MeniToReg, 1'bl, reset,
clk);

Reg_1bit MEMAB_RegWite(MEM RegWite, WB RegWite, 1'bl, reset,
clk);

/1 VB

MUX2x1 32bit WB_MUX(WB_MeniToReg, WB_Address, WB_ReadDat a,

WB WiteData);
endnodul e
//*****************-k*******************************************************
/11 bit Register
/I Kamyar Rafati & Naeem Esf ahani

modul e Reg_1lbit (MData, Y, enable, reset, CLK);

i nput MDat a;

i nput CLK, reset, enable;
out put Y;

reg Y;

reg Dat a;
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al ways €(negedge CLK or MDat a)
begin
if (!reset && enable && ! CLK) Dat a=MDat a;

end
al ways €(posedge CLK)
begin
Y = Dat a;
end
al ways €(posedge reset)
begi n
Data = O,
end
endnmodul e

//*************************************************************************

/Il Register file
/I Kamyar Rafati & Naeem Esf ahani

nodul e RegFile_32bit (RAdrl, Qutl, RAdr2, Qut2, WAdr, Wata, RegWite,
CLK) ;

i nput[ 4: 0] RAdr 1, RAdr2, WAdr;

i nput [ 31: 0] WDat a;

i nput RegWite, CLK;

out put [ 31: 0] Qut1, CQutz;

regl 31: 0] Qutl, CQut2;
[/We split themso we'll have easier test. It means that we can see themin
t he waveform

reg[ 31: 0] Regl, Reg2, Reg3, Reg4, Reg5, Reg6, Reg7, Reg8, Reg9,

Reg10,

Regll, Regl2, Regl3, Regl4, Regl5, Regl6, Regl7, Regl8,
Regl9,

Reg20, Reg2l, Reg22, Reg23, Reg24, Reg25, Reg26, Reg27,
Reg28, Reg29,

Reg30, Reg31,

Il Wite
al ways €(WAdr or Wbata or RegWite or posedge CLK)
begi n
if (RegWite & CLK)
case (WAdr)

. Regl=WDat a;
Reg2=WDat a;
Reg3=WDat a;
Reg4=WDat a;
Reg5=WDat a;
Reg6=WDat a;
Reg7=WDat a;
Reg8=WDat a;
Reg9=WDat a;
Regl0=\WDat a;
Regll=WDat a;
Regl2=WDat a;
Regl3=\WDat a;
Regl4=\WDat a;
Regl5=WDat a;
Regl6=WDat a;
Regl7=WDat a;
Regl18=\WDat a;
Regl9=WDat a,
Reg20=WDat a;
Reg21=\WDat a;
Reg22=\WDat a;
Reg23=WDat a;
Reg24=\WDat a;
Reg25=\WDat a;
Reg26=WDat a;
Reg27=WDat a,
Reg28=\WDat a;
Reg29=WDat a;

CoNoTRONE
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30: Reg30=WDat a;
31: Reg31=WDat a,

endcase

end

/| Read
al ways €(negedge CLK)
begin

case( RAdr1)
0. Qutl = 0O;
1. Qutl = Regl;
2: Qutl = Reg2;
3. Qutl = Reg3;
4. Qutl = Reg4;
5: Qutl = Regb;
6: Qutl = Reg6;
7: Qutl = Reg7;
8. Qutl = Reg8;
9: Qutl = Reg9;
10: Qutl = ReglO;
11: Qutl = Regll;
12: Qutl = Reglz;
13: Qutl = Regls3;
14: Qutl = Regl4;
15: Qutl = Reglh5;
16: Qutl = Reglé;
17: Qutl = Regl7;
18: Qutl = Regls§;
19: Qutl = Regl9;
20: Qutl = Reg20;
21: Qutl = Reg2l;
22: Qutl = Reg22;
23: Qutl = Reg23;
24: Qutl = Reg24;
25: Qutl = Reg25;
26: Qutl = Reg26;
27 Qutl = Reg27;
28: Qutl = Reg28§;
29: Qutl = Reg29;
30: Qutl = Reg30;
31: Qutl = Reg31;

endcase

case( RAdr 2)
0: Qut2 = 0;
1. Qut2 = Regl,
2: Qut2 = Reg2;
3. Qut2 = Regs3;
4: Qut2 = Reg4;
5. Qut2 = Reg5;
6: Qut2 = Reg6;
7: Qut2 = Reg7;
8: Qut2 = Reg8;
9: Qut2 = Reg9;
10: Qut2 = ReglO;
11: Qut2 = Regll;
12: Qut2 = Reglz;
13: Qut2 = Regl3;
14: Qut2 = Regl4;
15: Qut2 = Reglh;
16: Qut2 = Regl6;
17. Qut2 = Regl7;
18: Qut2 = Regls;
19: Qut2 = Regly;
20: Qut2 = Reg20;
21: Qut2 = Reg21l;
22: Qut2 = Reg22;
23: Qut2 = Reg23;
24: Qut2 = Reg24;
25: Qut2 = Reg25;
26: Qut2 = Reg26;
27: Qut2 = Reg27;
28: Qut2 = Reg28§;
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29: Qut2 = Reg29;
30: Qut2 = Reg30
31: Qut2 = Reg31;
endcase
end
endnodul e

//*************************************************************************

/1 Regfile Conpare
/I Kamyar Rafati & Naeem Esfahan

nodul e RegFil e _Conpare (A, B, equal, flush, clk);
input[31:0] A B

i nput cl k;
out put equal , flush;
reg equal, flush;
al ways €(A or B)
begin
if (~clk)
if (A== B)
begi n
equal = 1;
flush = 1;
end
el se
begin
equal = 0O;
flush = 0;
end
end
endnodul e

//*************************************************************************

/132 bit 2 bit shifter
[/ Kamyar Rafati & Naeem Esfahan

nodul e ShiftLeft2 32bit (a, y);
i nput[ 31: 0] a;
out put [ 31: 0] Y;
reg[ 31: 0] y;

al ways €(a)
begin
y = a* 4

end
endnmodul e
//*************************************************************************
/116 bit to 32 bit sign extender
[/ Kamyar Rafati & Naeem Esfahan

nodul e Si gnExtend_32bit (a, Yy);
i nput [ 15: 0] a;
out put [ 31: 0] Y,
reg[ 31: 0] Y;

al ways €(a)
begin
if (a[15] == 1)
y[31:16] = 16'b11111111221111111;
el se
y[31:16] = 16' b0OO0000000000000;

y[15:0] = gq;
end
endnmodul e
//*************************************************************************
/1 Test Bench
/I Kamyar Rafati & Naeem Esfahan

nmodul e Startup(reset, clk);

output reset, clk;
reg reset, clk;

10
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Pi pelined_ MPS M PS(reset, clk);

ini
beg

end

tial

in

cl k= 1;
reset = 1;

#20 reset

:O,

#4750 $finish;

al ways
#10 cl k=~cl k;

endnodu

le

//*************************************************************************

//memd

/1 @00

/| @04
@08
@0c

08

255858884
Oh~hOO

oNN
ohr~O

/
11
I
11
/1
11
I
11
/1
11
I
11
/1 @04
11
I
11
/1
11
I
11
/1
11
11

*
*

at :

20030200 ->
00003020 ->
00001020 ->
00002020 ->
2005000a - >
8c660000 - >
00461020 ->
20630004 - >
20840001 ->
1485fffb ->
ac020c00 ->
08000100 ->
00000001 ->
00000002 ->
00000003 ->
00000004 ->
00000005 ->
00000006 ->
00000007 ->
00000008 ->
00000009 ->
0000000a ->
0082382a ->

addi
add
add
add
addi
| w
add
addi
addi
bne
SwW

]
DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
slt

$3, $0, 512
$6, $0, $0
$2, $0, $0
$4, $0, $0
$5, $0, 10
$6, 0( $3)
$2, $2, $6
$3, $3,4
$4,$4, 1
$4,$5 -5 -> @14
$2, 3027($0)
1024 _> @00
SEGVENT
SEGVENT
SEGVENT
SEGVENT
SEGVENT
SEGVENT
SEGVENT
SEGVENT
SEGVENT
SEGVENT
$7, $4, $2
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