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2. FRHKI S FASEER
[#8-1]

module t poselector (nextpe, branchpe, retpe, retipe, sel, newpe);
input[l5:0] nextpe, branchpe, retpe, retipe; input[3:0] =sel;
output[l53:0] newpo; reg[l5:0] newps;
always ([@(=sel)

case (sel)

47b0O0O0O0 @ newpos <= nextpo 47b0O001 @ newpe == branchpo;

4 b0O010 : newps <= retpe 4"h0011 : newps <= retipo;

47hb0100 : newps <= 1&THFFFF; 47kb0101 : newps <= 16THFFFO;

47h0110 : newps <= 1&THOOOS; 47h0111 : newps <= 1&THOOOC;

4'kB1000 @ newpe == 18"HOOOC; 4*1L1001 : newps <= 16"HOOOE;

47h1010 : newps <= 16THOO010; default : newps <= 16THOO01Z;
endcase

endmodul e



8.4 ik & B INI T i Hid 15 8 o

8.4.1 Stage 1HUIE4 Bk
2. REHRKI 4> FNSEIR

1] 2. 55 uz 5. 12 uz T.68 uz 10.24 usz 12.8 us 15. 36 us
Hama F;.:L?; :: 8. ';"25 ns : : ) 2' : :

J
| [ sl B 0000 | 1010 % 1011
| ¥ | tranchpe | HOZ3 f (=] b § nizd
L ratipe ETC I | 3456 )6 5451 Y 53 L
™ retpe Mz | FIL Y 148 - { ZIAC Y EIAF
E [ nextpe Hom | 0101 Y [TE] X (13 YOl
| B e Hown  FOI01 0123 § 2146 ) 5456 ) FFFF ) FEFO § 0004 [0 TOUE f 0010 % D012 (A Y

Bl 8-13  pcselector BIAT FRFE EFEE



8.4 ik & B INI T i Hid 15 8 o

8.4.1 Stage 1HUIE4 Bk
2. REHRKI 4> FNSEIR

[ 5-2]

module proge (input[l15:0] pelIn, input 2lk, enable, output reg[l5:0] poOut);

reg[l5:0] regWalue;
always (@ (posedge <lk)
if {enable==1"kl) begin regValus=pcIn; potut=regValue;

endmaodul e
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end
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[#]8-3]
module £ incpe {(input[l1l5:0] peIn, output reg[l5:0] peWal);

always (@ {peIn) pcVal <= poln + 1

endmodul e
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[ 5-4]
module ifid{peIn, insIn, <lk, id flush, ifid enable, pcOut, insCut);
input[15:0] peIn, insIng input <lk, id flush, ifid_enable;
output[15:0] peOut,insout; reg[l5:0] peOut, insout; reg[31:0] regValue;
always @ﬂ(pusedge =lk) kegin
if {1fid enable==17"hl; bhegin
if {id_flush;Zl'bl) regValue[31:0]={regValue[31l:16],1&"HOOOD};
elae regWalue[31:0] = {pcIn[l5:0], insIn[l5:0]}; end
poCut<=regWalue [31:16]; insCut<=regValue[15:0] ; end

endmodul e
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(1) fF59 BB,

[ 5-5]

module signext {(ilmmedéIn, immed3In, immedéOut, immedBout, immed5S0Out);

input[5:0] dimmedéIn; input[7:0] immed8In; output[l5:0] immedéout;
output[15: 0] immedBSCut, immeddOut;
reg[15:0] immedBOut, immedéCut, i1mmedSOut;

always (@ (immedeIn or immedSIn) begin

1f ((immedSIn(4])==1"h0) immedSCOut<={11"HOOO, irmed3In[S:1]} :

endmodul e



[ 5-6]
library ieee;
( 2 ) %ﬁ%ﬁj{{t’:*ﬁﬁ% ° use iese.std logic 1164 all;

use ieee.std logic_arith.all;
use ieee.std logic wmsigned. all;
ENTITY regFile IZ
port (RBeglne, RegTwo, WritelFeg : IN STD LOGIC VECTOR(EZ DOWNTO 0);

Mritelata : IN ETD_LOFIC WECTOR(LS DOWNTO 0);
WriteEnable : IN 2TD LOGIC:
clk : IN STD_LOGIC;

Beadlne, DeadTwo - OUT STD LOGIC WECTOR(LE DOWHTO 0O));
EMD» EMTITY regFile;
APCHITECTURE behaw 0OF regFile IS
BEGIM
reg : PROCESE (clk) IS
TYPE reghrray IS APRAYT (INTEGER RANGE O TO 7)) OF
STD _LOGIC WECTOR(1S dowmto 0);
VARTARLE register file : reglrray;
BEGIM
IFiclk='1l') THEM
IF (WriteEnable = '1l') THEN

register file(CONW INTEGER(TBMEICHED (Writeleg))) = TWritebData;
register file(0) -= "0O0OOQOOQOOOOQOOOOOOQ": EMD IF;
EMD IF;

IF(lriteEnahle="1"') THEM
IF (lritePey = Peglne) THEN PBeadlhne <= WMritelatar
ELSE DPeadlne <= register file(CONV INTEGER(UNSICMED (Reglhme)));
EMI» TF;
IF {WritePeg = PegTuwo) THEN Peadlwo == Tlritelata:
ELEE DPeadTwo <= register file(CONV INTECGER (UNSICEED (RegTuo) ));
EMD» TF;
ELEE Deadlne <= register file (CONV INTEGER(UNSIGNED (Reglhoe))) ;
PeadTwao <= register file (CONV_TNTEGEER (UNSIGHED (RegTuwa))) ;
EMI» TF;
EMI» PROCESE reg;
EMD» ARCHITECTURE behaw;
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(3) IR

[ 8-71

module branch {input[15:0] pc, displacement, reg xhdl0, input bsel,
output reg[l5:0] newPC) ;
always @ ({pc or displacement or reg xhdl0 or bsel)
1f {bsel==1"hkl} newPC<=pc+displacement; else newPC<=reg xhdl0 ;

endmodule;
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(4) IDIEXBXHITMKER A28 o
[ s-81

module idex (idexpcIn, regone, regTwo, immedl6In, shiftImm, immediIn, clk,

writeback, readfnelIn, readTwoIn, idexpe, reginedut, regTwolut,
immedlaout, shiftImmout, immedBout, writebackdut, readRegisters);
input[15:0] idexpcIn,regine, regTwo, immedlfIn, shiftImm;

output [15:0] idexpc,reginedut, regTwoOut,immedlaout, shiftImmdut;
output [7:0] immed80Out; output[2:0] writebackout;
output [5:0] readRegisters;
reg[l5:0] idexpc, regonedut, regTwoout, immedlédut, shiftImmout;
reg[7:0] immedfout; reglz:0] writebackout; regl[5:0] readRegisters;
reg[26:0] regValue;
always @(clk) begin

if {clk==1"bl) regvalue([%96:0]={idexpcIn([l5:0], readCneIn[Z:0],

readTwoIn[Z2:0], shiftImm[15:0], regfne[l5:0],regTwol[l15:07,

idexpc <= regValue[%6:81]; readRegisters <= regValus[80:75]
shiftImmout <= regValue([74:59]; regfnedut <= regValue[58:43]
regTwolut <= regValus[42:27]; immedladut <= regValus[Z26:11]

immedBut<=regvalus[10:3]; writebackiut<=regValue([2:0]; end
endmodule

r
,

.
L
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(1) EXIMEMEB/KE&F F25 o

[ 8-0]

module exmem (exmempcIn, result, read, clk, wh,
readdut, whout) ;
input [15:0] exmempcIn, result, read; input clk; input[Z:0] wh;
output [15:0] exmempc, resultout, readout; ocutput[d:0] whout;
reg[li:0] exmempc,resultout,readout;reg[Z2:0] whout;reg[50:0]
always @ (clk) begin
if {clk == 1'bl)

exmemnpc, resultout,

regivalue;

regvalue [50:0]={exmempcIn([15:0], result[1l5:0], read[1l5:0], wh[2:0]};
exmempc <= regValue([50:35] ; // EXEF pC{E

resultout <= regvValue[34:19] ; //FEBALUFKIEEZE

readOut <= regValue[lB8:3] ; //A ALUIEH ¥R

whout <= regvValue[2:0] ; //EEFKIF{FeE

end

endmodule
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library ieee;
use ieee.std logic 1164.all;
use ieee.std logic arith.all:

use ieee.std logic unsigned.all;

ENTITY alu 16 I3
PORTIa, b : IN STD LoOGIC VECTOR (1S DOWNTO 0);

func : IN 3TD LOGIC WVECTOR (3 DOWNTO O);
owerflow : OOT =STD LOGIC!
(o : OOT STD LOGIC VECTCR (15 DOWNTO O))

END ENTITY alu 16;

ARCHITECTURE alu hehav OF alu 16 I3

BEGIN

PROCEZS (&, b, func) IS

VARTABLE signedBResult : AIGHNED (15 DOWNTO 0) ;

WARTABLE unsicmedResult : INSIGHMED (16 DOWNTO 0) ;
VARIABLE temp : STD _LOGIC VECTOR (15 DOWNTO 0O):
WARTABLE al,b1l : STD LOGIC VECTOR(16 DOWWNTO 0] ;

BEGIN CA3SE func I3

WHEN fo00a" => o <= & and b; overflow <= '0';
WHEN 0001 => o <= & or by owverflow <= '0';
WHEN "O0010" => o <= & xor hb; overflow <= '0';
WHEN "0011" => o <= & nor kb; owverflow <= '0';

2N

WHEL 01007 =»> o <= not a: cowerflow <= '0':



WHEN "0101" => signedResult := conv signedconv_integer (signed(a) )
+oconv_integer (signed (b)), 16);
temp 1= conv std logic wvector (signed(z) + signed(b), 16):
e <= conv std logic wector (signedResult,16); overflow <= '0';

WHEM "0110" => signedBesult := signedia)-signedib);

co=conv std logie wector(signedResult,16); overflow <= 'O';
WHEN "0111" => al := "0" &£ a ; bl :="0" & h;
unsignedResult = unsignedial)+unsigned(bl);
& <= conv std logic wector (unsignedResult,16);
IF {conv integer (unsignedBResult] »= £3336) then overflow <= '1';
EL3E overflow <= '0'; END IF:
WHEN "1000" =>zl := "O" & & ; bl :="0" & b;
uhsignedResult:=unsigned(al) —unsignedibhl);
o <=conv_std logic wvector (unsignedResult,16); overflow <= '0';
WHEN "1001" => if (conv integer junsigned(a) ) <=conv_integer (unsigned(b]] ]
then o <="0000000000000000%; else c<="0000000000000001"; end if:
overflow <= '0';
WHEN "1010" = if {eonv integer(signedia) | <=conv integer (signed(l] )]
then c<="0000000000000000%; else c<="OO0O0000000000001L™: end if;
overflow <= '0';
WHEN others => c© <= a; overflow <= '0';
END CASE:
END» PROCESS
END ARCHITECTURE alu behawv;
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[#8-11]

module mowvibox {(input[7:0] regl, immed, input write, output regl[l5:0] result);
always B {regl or immed or write)
if (write==1"k0) result<={B87HOO, immed}; else result<={immed, regl};

endmodule
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[ 8-12]

module memwh (input[153:0] read, result, input xhdl0, input =lk,
input[Z:0] wh, output[15:0] readOut, resultOut, inputOut,
cutput[Z: 0] whout); reg[50:0] regWalue;
always @{clk}
1if {2lk == 1'bl} regValue[50:0] == {result[lS:D]; read [15:0],
input_xhdlﬂ[lS:D], Wb[Z:D]};
assign resultoiut =regWalue[50:35]; assign readiut=regValue[34:19];
assign inputOut=regWValue[1l8:3]; assign whOut=regWValue[Z:0];

endmodul e
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(3) ZEHBIEEFER:

[#)8-14]
module rselector (input[15:0] a,b,d,input[l:0] sel, cutput reg[l5:0] <);
always @ﬂ{a or b or sel)
case (=zel)
2 h00 : c<=a; Z2'h01 : c<=h;

default : o—<=d; endcase

endmodule



8.4 ik & B INI T i Hid 15 8 o

8.4.4 stagedVifFBE(MEM)
2. FRERK oy ASEEL

(2) ftim O FFES

[ 8-13]

module outregiinput[l5:0] pcIn, input enable, olk, output reg[l5:0] peOut);
reg[l5:0] regWalue;
always @({posedge =lk) begin
1f (enable==1"hl) regValue=pcIn; pcOut=regWalue; end

endmodule
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[ 5-15]

module harard (opcode, func, readone, readtwo, idexwrite, idexMemlE, idexwe,
EXLELNWrite, memstadge, pcenahle, ifidenable, idexflush):
input[3:0] opcode;input[2:0] func,readone,readtwo,idexwrite, exnenwrite;
input idexMemWE, idexwe, memstage; output pcenable, ifidenable, idexflush:
reg pocenable, ifidenable, idexflush:
always [@{opcode,func,readone,readtwo,idexwrite, idexMenlE,
menstage , exXxnenvrite) begin
if [(idexMenmlE == 1) begin
if [idexwrite==readone | idexwrite==readtwo)
begin pcenable<=0; ifidenable<=0; idexflush<=1; end
else begin pcenable<=1; ifidenable<=1; idexflush<=0; end
end else begin
if [((opcode==2 & func==2Z) | (opcode==2 & func==3)] |opcode==5])
begin if (idexwe == 1) hegin
if [(idexwrite==readone | idexwrite==readtwo)
begin pcenable<=0; ifidenabhle<=0; idexflush<=1:; end
elze begin pcoenable<=1; ifidenable<=1; idexflush<=0; end
end else if (memstage==1) begin
if (exmemwrite == readone | exmenwrite == readtwo)
begin pcenable<=0; ifidenahle«<=0; idexflush<=1; end
elze begin pcenable<=1; ifidenable<=1; idexflush<=0; end
end else
begin pcenable<=1; ifidenable<=1; idexflush<=0; end

end else
begin pcenable«<=1; ifidenable<=1; idexflush<=0; end
end

erd
etndnodile
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module forward(exmPRegWrite, mewmwbRegWrite, exwWriteReq, memwbWriteRedq,
idexReadine, jidexReadTwo, alusSeld, alu3elB);
input exwRegWrite, memwbReghrite;
input[Z:0] exmWriteReq, menwbWriteReq, idexReadOne, idexReadTwo;
outbtput[1:0] aluleld, alulZelE; reg[l:0] aluZeld, =sluZelE;
always @ (exmRegWrite, exmWriteReg, idexReadOne, idexBeadTwo) begin
if (exmRegWrite == 1'h1) begin
if (memwbRegWrite == 1'h0) hegin// 55 erirea—leerir ae one, 54
if (exmWriteReg==idexReadOne) aluSell<=2Z'k01; else aluleli<=Z2'bL0O0;
if (exmWriteReg==idexReadTwo) =alulelB<=Z'b01; else alul3elB<=2 'L0O0;
end elae
begin if [([exwWriteReg == idexBeadOne) aluSeld = 2'b01 ; else
begin if [(memwbWriteReg==idexReadOne) aluSelA<=2'k10;
else alulSela<=2'b00; end
if [exmWriteReq == idexReadTwo) alu3elE <= 2 'hb01 ;
else bhegin if [mwemwwhWriteReg==idexReadTwo) aluielB<—=2'kb10;
glae alu3elB<=2 'hb00; end

end end

else begin if [memwbRegWrite == 1'hl) begin
if [(wemwhiriteReg=—idexReadTwo] =alu3elB-—=2'b1l0; else aluSelB<=Z'k0O0;
if (wemwhWriteReg==idexReadOne] alulfeld-—=2'b1l0; else aluSelA<=2Z'k0O0O;
end else hegin alulfeld<=2'b00; alul3elB<=2 'L00; end
end end

endmodule
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LTBRAEY ieee;

TZE ieee.ztd logic 1lled. all;

LIBRAFEY lpm;

UZE lpm. lpm componerds.all;

ENTITY bus_max 3 I3

PORTY datalx, datalx: IN STD_LOGIC VECTOR (2 DOWHTO O);

gel - IN 2TD LOCGIC ; result - OUT 2TD LOGIC WECTOR (z DOWRTO O) ) ;
EMND bus max 3;

ARCHTITECTURE EYN OF bus muax 2 IE

SIGAL sub wire0  : STD LOGIC VECTOR (2 DOWHTO 0);

SIGNAL sub wirel  : STD_LOGIC ;

SIGAL sub wireZz  : STD LOGIC VECTOR (0 DOWHTO 0);

SIGNAL sub wire3  : STD_LOGIC_VECTOR (2 DOWHTO 0 ;

SIRAL sub wired  : STD_LOGIC 2D (1 DOWNTO 0, 2 DOUNTO 0);
SIGNALL sub wireS  : STD_LOGIC VECTOR (2 DOWHTO 0 ;

COMPONENT lpm moax
FENERIC (lpm size : MATURAL:

lpm tvype : BTRING:
lrm width : NATURAL:
lpm widbhs - MNATTIRAL 1
PORT | el : IMN 3TD_LOGIC_WECTOR (0 DOWNTO 0);
data : IN STD _LOGIC 20 (1 DOWWTO O, £ DOTNTO 0 ;
result. : OOT 3TD _LOGIC _WECTOR (2 DOWMTO 0) 1:
END» COMPONEMNT:
BEGIN
sub wirel <= datalx(Z DOWHNTO 0); result <= =zub wirel(Z DOWNTO 0);
sub wirel == =el; sub wireZ(0) <= =zub wirel:;

sub wire? <= datalx(Z DOUNTO 0); sub wired(l, 0} <= =zub wire2(0);

sub wired(l, 1) <= =ub wired(l); sub wired(l, &) <= =ub wired(Z);

sub wired(0, 0) <= =zub wirel(0); sub wired(d, 1) <= =zub wireS(l);

sub wired(ld, Z) <= =zub wirel(Z);

lpm mux componerds - lpm muax

FEMERIC MAP ¢ lpm size =+ Z, lpm type == "LFM MI{", lpm widch == 3,
lym widchs == 1 )

PORT MAP ( =el =+ zub wireZ, data =+ zub wired result=rzub wirel ) ;

EMI» S5¥HN;
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