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1.

2

gcc

3.

Spi ce

1

3.1.1
GCC Spice
[ 2]
3.1
GCC |SPICE

add 0 0
addi 0 0
addu 9 10
addiu 17 1
subu 0 1
and 1 0
andi 2 1
sll 5 5
srl 0 1
lui 2 6
Iw 21 7
SW 12 2
Ib 1 0
sb 1 0
beq 9 3
bne 8 2
jal 1 1
ir 1 1
slt 2 0
slti 1 0
sltu 1 0
sltiu 1 0
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JR R |[o[ofo]lo]olofofo]1]o]0]0
3.2
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3.3 ALU
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ALU
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3.3.1

ALU

ALU

ALU

ALU

ALU

ALU

ALU

ALU

ALU

ALU

34 ALU

Data | nput, 1 :
Source Regi ster Data

Data | nput, 2 :

Target Regi ster Data
Data | nput, 3 :

Si gn Extended Dat a
Control Signal,1l - ALU

Oper ati on Code[ 31~26]

Control Signal, 2 - ALU
ALU Function Code[ 5~0]
Control Signal,3 : (Shant)
I nstruction Code[ 10~6]

Qutput Data :ALU
Executi on Result

Qut put Signal : ALU
Al Zero
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Source Register
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32 32
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- 4>
Data ALU Result
32
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Data
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~ ALU Function
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35 ALU
Shamt
3.3.2
[ J
ALU
Al Zero Rl SC
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Operandl + Operand2 - Execution Result
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Operandl - Operand2 - Execution Result

Operandl AND Operand2 - Execution Result

Operandl OR Opernad2 - Execution Result

Operandl NOR Operand2 - Execution Result
Operandl XOR Operand2 - Execution Result

ALU
3.3
3.3
-~ AND -OR
- NOR - XOR
-Shift Source Regi ster Data -RS

Target Register Data -RT
Sign Extended Data - SD
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3.3 ALU

Operation Code| Fuction Code |Operandl|Operand2|ALU
ADD R JoJoJoJoloJoJ1]lojololojo] RS RT
ADDI | | Jololi1lololo RS SD
ADDU| R JololoJoloJolalololojo]li] RS RT
ADDIU| | Jolol1lolol1 RS SD
SUB R JoJoJoJololo]1lolololilo] RS RT
suBU | R [olololofolofl1fof of of 1f 1f Rs RT
AND R |oJoJoJololoJ1loJol1lojo] RS RT AND
ANDI | I Jolol1l1lolo RS SD AND
OR R |oJoJoJololo]alololaloli]l RS RT OR
ORI | Jololil1lol1 RS SD OR
SLL R JoJoJoJoloJoJoJoJololoJo] RS RT Shift
SRL R JoJoJoJoloJloJoJoJololi]lo] RS RT Shift
NOR R |oJoJoJolololalololalali]l RS RT NOR
XOR R |oJoJoJololo]alojolal1]lo] RS RT XOR
XORI | 1 Jolol1l 1] 1] 0 RS SD XOR
NOP R JoJoJoJoloJoJoJoJololoJo] RS RT Shift
LUI I Jololal1l1l1 RS SD Shift
LW | J1]olololil1 RS SD
SW | J1]ol1lol1]1 RS SD
BEQ | Jolololilolo RS RT
BNE | Jolololilol1 RS RT
J J lololololalo | e | e | ————-
JAL J lololololala | e | e | ————-
JR R JoJoJoJololoJoJo]1lolojo] RS RT Shift
SLT R |oJoJoJolololalolalol1]lo] RS RT
SLTI I Jololilol1lo RS SD
sSLTU | R [olololofoflofl1fof 1] of 1f 1f Rs RT
SLTIU| 1 ool 1l of 1] 1 RS SD
3.3
e Operation Code R
° Oper ati on Code
e Operation Code 3 1 Junp
|
Operation Code=All Zero R
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Oper and1=RS, Oper and2=RT

ALU Function Code[5][2][1] =100 ALU
ALU Function Code[ 0] =1 Al'l Zero
ALU Function Code[5][2][1] =101 ALU
ALU Function Code[ 3] =1
ALU Function Code[ 0] =1 Al Zero
ALU Function Code[5][2][1][0]=1100 ALU  AND
ALU Function Code[5][2][1][0]=1101 ALU OR
ALU Function Code[5][2][1][0]=1110 ALU NOR
ALU Function Code[5][2][1][0]=1111 ALU XOR
ALU Function Code[5][2][ 1] =000 ALU  Shift
ALU Functi on Code[ 3] =0 1
Oper ati on Code[ 5] =1
ALU
Operation Code[ 3] =1
Oper and1=RS, Oper and2=SD
Oper ation Code[ 2][ 1] =00 ALU
Operation Code[ 0] =1 Al Zero
Oper ati on Code[ 2~0] =100 ALU  AND
Operati on Code[ 2~0] =101 ALU OR
Oper ation Code[ 2~0] =110 ALU XOR
Operation Code[ 2~0] =111 ALU LU
Operation Code[ 2][ 1] =01 ALU
Operation Code[ 0] =1 Al'l Zero
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Oper at i on Code[ 2~0] =100 ALU BEQ

Oper at i on Code[ 2~0] =101 ALU Al zero

Operation Code[ 2][ 1] =01 Junp ALU
3.4 CPU
3.4.1

32 32
0 31
NOP
31 JAL Junp And Link
Pr ogr amCount er 1 30
CPU

B [ Register 00

N

Register
01 30

_/

’ [ Register 31

3.6 PU

30



3.4.2

CPU
R Sour ce Regi ster Address 5
Target Regi ster Address 5
Destinati on Regi ster Address 5
Execution Result 32
Pr ogr am Count er 32

Target Regi ster Address 5
Load Data

Oper ati on Code
Sour ce Regi ster
Target Regi ster

6
Dat a 32
Dat a 32

Source Regi ster Address, Target Regi ster Address,

Desti nati on Address
Sour ce Regi st er Addr ess=
Tar get Regi st er Address=

Destinati on Regi ster Address=

Tar get Regi st er Address
Addr ess
Regi st er Address
Result, Program Count er
ALU

31

25 21
20 16
15 10

Desti nati on
Tar get
Load Dat a, Executi on



Source Register
Address

5
5
Target Register
Address /
Destination Register
Address

Target Register

Address Register

7
7

2
ProgramCounte
r % ’
32

Load
Data

4

32

32

Source Register
% Data

32

Target Register
/ Data

Execution
Result %
6

Operation
Code /

3.7

3.4.3

Source Regi ster Address Target Register

Addr ess

Source Regi ster Data, Target Regi ster Data

Tar get Regi ster

Dat a TR DestinationRegister RD ExecutionResult

ExecResul t
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3.4

OperationCode
ADD R [0] 0] 0] Ol O] O RD ExecResult
ADDI | 0] O] 1] 0] O] O RT ExecResult
ADDU R [0] 0] 0] Ol O] O RD ExecResult
ADDIU | 0] O] 1] 0] O] 1 RT ExecResult
SUB R [0] 0] 0] Ol O] O RD ExecResult
SUBU R [0l 0] 0] Ol O] O RD ExecResult
AND R [0l 0] 0] Ol O] O RD ExecResult
ANDI | 0] O] 1] 1] 0] O RT ExecResult
OR R [0l 0] 0] Ol O] O RD ExecResult
ORI | 0] O] 1] 1] O] 1 RT ExecResult
NOR R [0l 0] 0] Ol O] O RD ExecResult
XOR R [0l 0] 0] Ol O] O RD ExecResult
XORI | 0] O] 2] 1] 1] O RT ExecResult
NOP R [0l 0] 0] Ol O] O RD ExecResult
SLL R [0] 0] 0] Ol O] O RD ExecResult
SRL R [0l 0] 0] Ol O] O RD ExecResult
LUI | 0] Of 2f 1] 1] 1 RT ExecResult
LW | |1] 0] 0] O] 1] 1 RT LoadData
JAL J |0f 0] 0] O] 1f 1 PC
SLT R [0l 0] 0] Ol O] O RD ExecResult
SLTI | 0] O] 21 0] 1] 0 RT ExecResult
SLTU R [0] 0] 0] Ol O] O RD ExecResult
SLTIU I 0] O] 1] O] 1] 1 RT ExecResult
3.4
Operation Code=Al| Zero

(Operation Code) XOR =1

| nput Address = RD, Input Data = Exec Result

Operation Code[3]=1

| nput Addr ess= RT , Input Data= Exec Result

Operation Code[5]=1

| nput Addr ess= RT , Input Data= Load Data

| nput Address= Register[31] , Input Data = PC
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3.5

3.5.1 | nstruction Menory

32 64

32
32

32 . 32
Instruction

Instruction Instruction
Address / ' M emo ry / Address

3.8

3.5.2 Dat a Menory

Load Store
Oper ati on Code

Regi st er

Regi st er Regi st er
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3.5.3

32

Load Load
Qperation Code= (100011), Store Operati on
Code=(101011) Operati on
Code
32 Data 32
Dat / / Dat
In;ui M emo ry Ouipit
A A
32
Add | /
res:[s npu
6
Operation
Code
39
ALU ALU2
Branch JAL ALU
ALU2
ALU2
ALU2 I nput Data,1 Pipeline Register
Program Count er
ALU2 I nput Data,2 Source Register Data
ALU2 I nput Data,3 Sign Extended Data
ALU2 | nput Data,4 |Instruction Code[25~0]
ALU2 Qut put Data Program Counter Address | nput
ALU2 Branch JAL JR
Junp Oper ati on Code ALU
Function Code 3.5
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3.5 ALU2

Operation Code Function Codd Operandl{Operand?
BEQ I 00020/ 0Of ----- PC SD
BNE I 0j0l0Of110[1] ----- PC SD
J J 00 00O 20Of ----- PC Inst[25-0]
JAL J 0{0j0O]O] 21 ----- PC Inst[25-0]
JR R |o/o/o/o/o]oJo[o[1]o[ofo] RS [ ----
S
Sign Extended 32
| A2 nomn
Instruction Code[25- 32
) —/
SourcgaFizgister /32
Operation
Code
ALU Function
Code
3.10 ALU
Operation Code ALU Functi on Code
3.5 Operand2
e BEQ
SD Program
Count er 32

32
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3.5.4

e BNE
BEQ
o J

Pr ogr am Count er

31

28

e JAL

J

e JR

RS

Sign Extend Unit
| medi at e ALU 32
2
3.6
3.6
Operation Code| Operandl
ADDI | 10]0]110/0]0
ADDIU | [0f0[1[{0]0Of1
ANDI | 10]0]111/0]0
ORI | 10]0)111[0]1
XORI | 10]0jJ111/1]0
LUI | 10]0)111[1]1
LW | 1110/0]0[1]1
SW | 11101 1]0[1]1
BEQ | 10]0]0]1/0]0
BNE | 10/010]1[0]1
SLTI | 10]0]110/1]0
SLTIUl | |0]0]1]0[1]1
ADDI U
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LUI
16 | medi at e
| medi ate 32

Immediat 16 32 Sign Extended
e / ' / Data

A

OperationCod 6
e /

311
3.5.5 PRO, PR1, PR2
D- FF
PRO
| medi at e Operation Code ALU Function Code Junp

Addr ess
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Program Counter
Data

Instruction

) 32

32 Program Counter
% —
Data

5 Source Register
—
, % Address
5 Target Register
y EE——
% Address
’ 5 Destination Register
P R
i / Address

16 Immediat

Code

Program Counter /32
Target Register /5

data

Address

Destination Regi
Address

312

Load / 32
Data
Execution / 32
Result
Operation /6
Code

ster /5

PR1

—
e

26 Jump
Address
N 6 Operation
ﬁ% e
Code
. 6 ALU Function
ﬁ% —
Code

5
Shamt——————— >
32 Program Counter
ﬁ; EEE—
data

Target Register

i

—
Address
/5 Destination Register
Address
32 Load
—
Data

32 Execution
ﬁ; e
Result

/ 6 Operation

e
Code

Source Regi ster Address”5=Instruction Code[25~21]
Target Regi ster Address”5=Instruction Code[ 20~16]
Destination Regi ster Address”5=lnstruction Code[ 15~11]
| mredi at e” 16=I nstructi on Code[ 15~0]

Junp Address” 26=I nstructi on Code[ 25~0]

Operati on Code” 6=I nstruction Code[ 31~26]

ALU Function Code” 6=l nstructi on Code[ 5~0]
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Shant ” 5=I nstructi on Code[ 10~6]

Desti nati on Regi ster Address
Desti nati on Regi ster Address Target Regi ster Address
Target Regi ster Address

3.13

Target Register

|

Target Register

i

Address Address
Destination Register 5 / 5 Destination Register
Address / Address
Program Counter 32 32 Program Counter
%» % —
Data Data
Source Register 32 32 Source Register
ﬁ;» ﬁ;  E—
Data Data
Target Register 32 32 Target Register
ﬁ;» % —
Data PR2 Data
5 5
Shamtﬁ;» Shamt—»

Jump 26 26 Jump
Address / / Address
Sign Extend 32 32 Sign Extend
ﬁ;» ﬁ% e
Data Data
Operation 6 6 Operation
Code / / Code
ALU Function 6 6 ALU Function
Code / / Code
3.13 2
3
ProgramCounter Data ProgramCount er
Dat a 3 3.14



32
—Addressﬁgb

Target Register / 5
Address

Destination Register / 5
Address

AllZzero————————————p

Execution 32
Result ﬁ;’
Target Register 32
Data /
ALU Function 6
Code /
Operation 6
Code /

3.6

3.6.1 R

PR3

Target Register

S
Address

ﬁL
/ 5 Destination Register
Address
32
%Address—»
Allzero——»
32 Execution
e
ﬁ% Result
32 Target Register
% —
Data
6 ALU Function
% —_—
Code
6 Operation
ﬁ% e
Code

3.14 3

3.15
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Instruction
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]

3.6.2 |

6.6

4
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5
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5
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5
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32 32
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32 32 32 32
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H 5 32
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o 32
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VHDL

3 VHDL VHDL
4.1
VHDL Xilinx WebPackl! SE
Model Si m XE [3][4][5]

Data Memory

ALU

ALU2

CPU _Register

CPU.Vhd
Program_Counter
PipeLine Register
Sign_Extend_Unit
4.1 VHDL
Instruction
Memory

4.1
4.1.1 ALU
library IEEE;
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use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity ALU is
Port ( Source_Register_Data : in std_logic_vector(31 downto 0);

Target_Register_Data : in std_logic_vector(31 downto 0);
Sign_Extended_Data : in std_logic_vector(31 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
ALU_Function_Code : in std_logic_vector(5 downto 0);
Shamt : in std_logic_vector(4 downto 0);
AllZero : out std_logic;
Execution_Result : out std_logic_vector(31 downto 0));

end ALU;

architecture TIKUWA of ALU is
begin

process(Operation_Code,ALU_Function_Code,Source_Register_Data, Target_Reg
ister_Data,Sign_Extended_Data,Shamt)
variable temp: std_logic_vector(32 downto 0);
variable zero: std_logic_vector(32 downto 0);
begin
zero := "000000000000000000000000000000000";
-- R Type Instruction Process

case Operation_Code is
when "000000" =>
case ALU_Function_Code is
-- ADD Arithmetical Instruction Process
when "100000" =>
temp := (Source_Register_Data(31) & Source_Register_Data) +
(Target_Register_Data(31) & Target_Register_Data);
if (temp(32)=temp(31)) then
else
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temp := zero;
end if;
-- ADDU Arithmetical Instruction Process
when "100001" =>
temp := ("0" & Source_Register_Data) + ("0" & Target_Register_Data);
-- SUB Arithmetical Instruction Process

when "100010" =>
temp := (Source_Register_Data(31) & Source_Register_Data) -
(Target_Register_Data(31) & Target_Register_Data);
if (temp(32)=temp(31)) then
else
temp := zero;
end if;
-- SUBU Arithmetical Instruction Process

when "100011" =>
temp := ("0" & Source_Register_Data) - ("0" & Target_Register_Data);
-- AND Logical Instruction Process

when "100100" =>
temp := ("0"&Source_Register_Data) AND ("0"&Target_Register_Data);
-- OR Logical Instruction Process

when "100101" =>
temp := ("0"&Source_Register_Data) OR ("0"&Target_Register_Data);
-- NOR Logical Instruction Process

when "100111" =>
temp := ("0"&Source_Register_Data) NOR ("0"&Target_Register_Data);
-- XOR Logical Instruction Process

when "100110" =>
temp := ("0"&Source_Register_Data) XOR ("0"&Target_Register_Data);
-- SLL,NOP,JR Logical Instruction process
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when "000000" | "001000"=>
temp := "0" & SHL(Source_Register_Data,shamt);
-- SRL Logical Instruction Process

when "000010" =>
temp :="0" & SHR(Source_Register_Data,shamt);
-- SLT Logical Instruction Process

when "101010" =>
if (Source_Register_Data < Target_Register_Data) then
temp := zero(31 downto 0) & "1";
else
temp := zero;

end if;
-- SLTU Logical Instruction Process
when "101011" =>
if ("0" & Source_Register_Data < "0" & Target_Register_Data) then
temp := zero(31 downto 0) & "1";
else
temp := zero;
end if;
when others =>
temp := zero;
end case;
-- I type Instruction
-- ADDI Arithmetical Instruction Process

when "001000" =>
temp := (Source_Register_Data(31) & Source_Register_Data) +
(Sign_Extended_Data(31) & Sign_Extended_Data);
if (temp(32)=temp(31)) then
else
temp := zero;
end if;
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-- ADDIU Arithmetic Instruction Process

when "001001" =>
temp := ("0" & Source_Register_Data) + ("0" & Sign_Extended_Data);
-- AND Logical Instruction Process

when "001100" =>
temp := ("0"&Source_Register_Data) AND ("0"&Sign_Extended_Data);
-- OR Logical Instruction Process

when "001101" =>
temp := ("0"&Source_Register_Data) OR ("0"&Sign_Extended_Data);

-- XORI Logical Instruction Process

when "001110" =>
temp := ("0"&Source_Register_Data) XOR ("0"&Sign_Extended_Data);
-- LUI Logical Instruction Process

when "001111" =>
temp := "0" & SHL(Sign_Extended_Data,"10000");
-- LW,SW Logical Instruction Process

when "100011" | "101011" =>
temp :="0" & (Source_Register_Data + Sign_Extended_Data);
temp(1 downto 0) := "00";
-- BEQ,BNE Logical Instruction Process

when "000100" | "000101" =>
temp := "0" & (Source_Register_Data - Target_Register_Data);
-- SLTI Logical Instruction Process

when "001010" =>
if (Source_Register_Data < Sign_Extended_Data) then
temp := zero(31 downto 0) & "1";
else
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temp := zero;
end if;
-- SLTIU Logical Instruction Process
when "001011" =>
if ("0" & Source_Register_Data < "0" & Sign_Extended_Data) then
temp := zero(31 downto 0) & "1";
else
temp := zero;
end if;
when others =>
temp := zero;
end case;
-- ALL ZERO Detection
if(temp="0") then
AllZero <="1";
else
AllZero <='0";
end if;
-- Result Output

Execution_Result <= temp (31 downto 0);
end Process;
end TIKUWA;

4.1.2 CPU

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity cpu_register is
Port ( Source_Register_Address : in std_logic_vector(4 downto 0);
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Target_Register_Address : in std_logic_vector(4 downto 0);
Destination_Register_Address : in std_logic_vector(4 downto 0);
Cyclic_Target_Register_Address : in std_logic_vector(4 downto 0);
Program_Counter : in std_logic_vector(31 downto 0);
Load_Data : in std_logic_vector(31 downto 0);
Execution_Result : in std_logic_vector(31 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
Source_Register_Data : out std_logic_vector(31 downto 0);
Target_Register_Data : out std_logic_vector(31 downto 0);
Clock : in std_logic);

end cpu_register;

architecture TIKUWA of cpu_register is

type Register_Array is array (0 to 31) of std_logic_vector(31 downto 0);
signal Reg: Register_Array;

begin
tl:process
(Operation_Code,Source_Register_Address, Target_Register_Address,Clock)
begin
Reg(0) <= "00000000000000000000000000000000";
Source_Register_Data <= Reg(CONV_INTEGER(Source_Register_Address));
Target_Register_Data <= Reg(CONV_INTEGER(Target_Register_Address));
end process;
t2: process (Clock)
begin
Reg(0) <= "00000000000000000000000000000000";
if (Clock'event and Clock="'0") then
case Operation_Code is
when "000000" =>
if (Destination_Register_Address="00000") then
Reg(0) <= "00000000000000000000000000000000";
else
Reg(CONV_INTEGER(Destination_Register_Address)) <=
Execution_Result;
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end if;
when "001000" | "001001" | "001100" | "001101" | "001110" | "001111" |
"001010" | "001011" =>
if (Cyclic_Target_Register_Address="00000") then
Reg(0) <= "00000000000000000000000000000000";
else
Reg(CONV_INTEGER(Cyclic_Target_Register_Address)) <=
Execution_Result;
end if;
when "100011" =>
if (Cyclic_Target_Register_Address="00000") then
Reg(0) <= "00000000000000000000000000000000";
else
Reg(CONV_INTEGER(Cyclic_Target_Register_Address)) <= Load_Data;
end if;
when "000011" =>
Reg(31) <= Program_Counter;
when others =>
Reg(0) <= "00000000000000000000000000000000";
end case;
end if;
end process;
end TIKUWA;

4.1.3 ALU

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity ALU2 is
Port ( Program_Counter : in std_logic_vector(31 downto 0);
Sign_Extended_Data : in std_logic_vector(31 downto 0);
Address_Input : in std_logic_vector(25 downto 0);
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Source_Register_Data : in std_logic_vector(31 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
ALU_Function_Code : in std_logic_vector(5 downto 0);
PC_Output : out std_logic_vector(31 downto 0);

Link_Register_Data : out std_logic_vector(31 downto 0));
end ALU2;

architecture TIKUWA of ALU2 is
begin

process (Operation_Code,Alu_Function_Code,Program_Counter)
variable temp1,temp2: std_logic_vector(31 downto 0);
begin
case Operation_Code is
----------- Branch Instruction --- -=mnn- -—=nn- -=mnn-
when "000100" | "000101" =>
templ := SHL(Sign_Extended_Data,"10");
temp2 := Program_Counter + "100";
PC_Output <= templ + temp2;
----------- Jump Instruction - - - - -
when "000010" =>

PC_Output <= Program_Counter(31 downto 28) & Address_Input &

IIOOII;
----------- Jump And Link Instruction - mmmmmmmmmeme- -
when "000011" =>

PC_Output <= Program_Counter(31 downto 28) & Address_Input &

"00";
Link_Register_Data <= Program_Counter + "1000";
----------- Jump Register Operation - - -- -
when "000000" =>
if (ALU_Function_Code="001000") then
PC_Output <= Source_Register_Data ;
end if;
when others =>
PC_Output <= "00000000000000000000000000000000";
end case;
end process;
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end TIKUWA;

4.1. 4

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity PC is
Port ( Program_Counter_Input : in std_logic_vector(31 downto 0);

Operation_Code : in std_logic_vector(5 downto 0);
ALU_Function_Code : in std_logic_vector(5 downto 0);
AllZero : in std_logic;
Program_Counter_Output : out std_logic_vector(31 downto 0);
Clock : in std_logic;
Reset : in std_logic);

end PC;

architecture TIKUWA of PC is
signal count: std_logic_vector(31 downto 0);
begin
Program_Counter_Output <= count;
process (Clock,Reset) begin
if(Reset="1") then
count <= "00000000000000000000000000000000";
else if(Clock'event and Clock="'1") then
case Operation_Code is
when "000100" =>
if (AllIZero='1") then
count <= Program_Counter_Input;
else
count <= count + "100";
end if;
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when "000101" =>
if (AllZero='0") then
count <= Program_Counter_Input;
else
count <= count + "100";
end if;
when "000010" | "000011"=>
count <= Program_Counter_Input;
when "000000" =>
if (ALU_Function_Code="001000") then
count <= Program_Counter_Input;
else
count <= count + "100";
end if;
when others =>
count <= count + "100";
end case;
end if;
end if;
end process;
end TIKUWA;

4.1.5

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity DataMemory is
Port ( Target_Register_Data : in std_logic_vector(31 downto 0);
Execution_Result : in std_logic_vector(31 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
Load_Data : out std_logic_vector(31 downto 0));
end DataMemory;
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architecture TIKUWA of DataMemory is
type DATA_Memory_Array is array (0 to 31) of std_logic_vector(31 downto 0);
signal Mem: Data_Memory_Array;
begin
process (Operation_Code, Target_Register_Data,Execution_Result)
begin
case Operation_Code is
when "100011" =>
Load_Data <= Mem(CONV_INTEGER('0' & Execution_Result(6 downto 2)));
when "101011" =>
Mem(CONV_INTEGER('0' & Execution_Result(6 downto 2)))
<= Target_Register_Data;
when others =>
end case;
end process;
end TIKUWA;

4.1.6

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity Sign_Extend_Unit is
Port ( Immediate : in std_logic_vector(15 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
Sign_Extended_Data : out std_logic_vector(31 downto 0));
end Sign_Extend_Unit;

architecture TIKUWA of Sign_Extend_Unit is
begin
process (Immediate,Operation_Code)

begin
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case Operation_Code is

when "001000" | "100011" | "101011" | "000100" | "000101" | "001010" |

"001011" =>
Sign_Extended_Data <= Immediate(15) & Immediate(15)
Immediate(15) & Immediate(15) & Immediate(15)
Immediate(15) & Immediate(15) & Immediate(15)
Immediate(15) & Immediate(15) & Immediate(15)
Immediate(15) & Immediate(15) & Immediate(15)
Immediate(15) & Immediate(15) & Immediate;
when "001001" | "001100" | "001101" | "001110" | "001111" =>
Sign_Extended_Data <= "0000000000000000" & Immediate;
when others =>
Sign_Extended_Data <= "00000000000000000000000000000000";
end case;
end process;
end TIKUWA;

4.1.7 1

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity PRO is

Port ( Program_Counter_Data_in : in std_logic_vector(31 downto 0);
Instruction_Code_in : in std_logic_vector(31 downto 0);
Cyclic_Program_Counter_Data_in : in std_logic_vector(31 downto 0);
Cyclic_Target_Register_Address_in : in std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_in : in std_logic_vector(4 downto 0);
Load_Data_in : in std_logic_vector(31 downto 0);
Execution_Result_in : in std_logic_vector(31 downto 0);
Operation_Code_in : in std_logic_vector(5 downto 0);
Program_Counter_Data_out : out std_logic_vector(31 downto 0);
Sourcd_Register_Address_out : out std_logic_vector(4 downto 0);
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Target_Register_Address_out : out std_logic_vector(4 downto 0);
Destination_Register_Address_out : out std_logic_vector(4 downto 0);
Immediate_out : out std_logic_vector(15 downto 0);
Jump_Address_out : out std_logic_vector(25 downto 0);
Operation_Code_out : out std_logic_vector(5 downto 0);
ALU_Function_Code : out std_logic_vector(5 downto 0);

Shamt_out : out std_logic_vector(4 downto 0);
Cyclic_Program_Counter_Data_out : out std_logic_vector(31 downto 0);
Cyclic_Target_Register_Address_out : out std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_out : out std_logic_vector(4 downto 0);
Load_Data_out : out std_logic_vector(31 downto 0);
Execution_Result_out : out std_logic_vector(31 downto 0);
Cyclic_Operation_Code : out std_logic_vector(5 downto 0);

Clock : in std_logic);

end PRO;
architecture TIKUWA of PRO is

begin

process(Clock)

begin

if(Clock'event and Clock = '1") then
Program_Counter_Data_out <= Program_Counter_Data_in after 100 ps;
Sourcd_Register_Address_out <= Instruction_Code_in(25 downto 21) after 100

PS;

Target_Register_Address_out <= Instruction_Code_in(20 downto 16) after

100 ps;

Destination_Register_Address_out <= Instruction_Code_in(15 downto 11)

after 100 ps;

Immediate_out <= Instruction_Code_in(15 downto 0) after 100 ps;
Jump_Address_out <= Instruction_Code_in(25 downto 0) after 100 ps;
Operation_Code_out <= Instruction_Code_in(31 downto 26) after 100 ps;
ALU_Function_Code <= Instruction_Code_in(5 downto 0) after 100 ps;
Shamt_out <= Instruction_Code_in(10 downto 6) after 100 ps;
Cyclic_Program_Counter_Data_out <= Cyclic_Program_Counter_Data_in after

100 ps;

Cyclic_Target_Register_Address_out <= Cyclic_Target_Register_Address_in

after 100 ps;
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Cyclic_Destination_Register_Address_out<=Cyclic_Destination_Register_Addr
ess_in after 100 ps;
Load_Data_out <= Load_Data_in after 100 ps;
Execution_Result_out <= Execution_Result_in after 100 ps;
Cyclic_Operation_Code <= Operation_Code_in after 100 ps;
end if;
end process;
end TIKUWA;

4.1.8 2

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity PR2 is

Port ( Target_Register_Address_in : in std_logic_vector(4 downto 0);
Destination_Register_Address_in : in std_logic_vector(4 downto 0);
Program_Counter_Data_in : in std_logic_vector(31 downto 0);
Source_Register_Data_in : in std_logic_vector(31 downto 0);
Target_Register_Data_in : in std_logic_vector(31 downto 0);
Shamt_in : in std_logic_vector(4 downto 0);
Jump_Address_in : in std_logic_vector(25 downto 0);
Sign_Extended_Data_in : in std_logic_vector(31 downto 0);
Operation_Code_in : in std_logic_vector(5 downto 0);
ALU_Function_Code_in : in std_logic_vector(5 downto 0);
Cyclic_Target_Register_Address_out : out std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_out : out std_logic_vector(4 downto 0);
Program_Couter_Data_out : out std_logic_vector(31 downto 0);
Source_Register_Data_out : out std_logic_vector(31 downto 0);
Target_Register_Data_out : out std_logic_vector(31 downto 0);
Shamt_out : out std_logic_vector(4 downto 0);
Jump_Address_out : out std_logic_vector(25 downto 0);
Sign_Extended_Data_out : out std_logic_vector(31 downto 0);
Operation_Code_out : out std_logic_vector(5 downto 0);
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ALU_Function_Code_out : out std_logic_vector(5 downto 0);
Clock : in std_logic);
end PR2;
architecture TIKUWA of PR2 is
begin
process(Clock)
begin
if (Clock'event and Clock="'1") then
Cyclic_Target_Register_Address_out <= Target_Register_Address_in after 100
ps;
Cyclic_Destination_Register_Address_out<= Destination_Register_Address_in
after 100 ps;
Program_Couter_Data_out <= Program_Counter_Data_in after 100 ps;
Source_Register_Data_out <= Source_Register_Data_in after 100 ps;
Target_Register_Data_out <= Target_Register_Data_in after 100 ps;
Shamt_out <= Shamt_in after 100 ps;
Jump_Address_out <= Jump_Address_in after 100 ps;
Sign_Extended_Data_out <= Sign_Extended_Data_in after 100 ps;
Operation_Code_out <= Operation_Code_in after 100 ps;
ALU_Function_Code_out <= ALU_Function_Code_in after 100 ps;
end if;
end process;
end TIKUWA;

4.1.9 3

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity PR3 is
Port ( Cyclic_Target_Register_Address_in : in std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_in : in std_logic_vector(4 downto
0);
Address_in : in std_logic_vector(31 downto 0);
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AllZero_in : in std_logic;
Execution_Result_in : in std_logic_vector(31 downto 0);
Target_Register_Data_in : in std_logic_vector(31 downto 0);
ALU_Function_Code_in : in std_logic_vector(5 downto 0);
Operation_Code_in : in std_logic_vector(5 downto 0);
Cyclic_Target_Register_Address_out : out std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_out : out std_logic_vector(4
downto 0);
Address_out : out std_logic_vector(31 downto 0);
AllZero_out : out std_logic;
Execution_Result_out : out std_logic_vector(31 downto 0);
Target_Register_Data_out : out std_logic_vector(31 downto 0);
ALU_Function_Code_out : out std_logic_vector(5 downto 0);
Operation_Code_out : out std_logic_vector(5 downto 0);
Link_Register_Data_in : in std_logic_vector(31 downto 0);
Link_Register_Data_out : out std_logic_vector(31 downto 0);
Clock : in std_logic);
end PR3;
architecture TIKUWA of PR3 is
begin
process(Clock)
begin
if (Clock'event and Clock= "1") then
Cyclic_Target_Register_Address_out <= Cyclic_Target_Register_Address_in
after 100 ps;
Cyclic_Destination_Register_Address_out <=
Cyclic_Destination_Register_Address_in after 100 ps;
Address_out <= Address_in after 100 ps;
AllZero_out <= AllZero_in after 100 ps;
Execution_Result_out <= Execution_Result_in after 100 ps;
Target_Register_Data_out <= Target_Register_Data_in after 100 ps;
ALU_Function_Code_out <= ALU_Function_Code_.in after 100 ps;
Operation_Code_out <= Operation_Code_in after 100 ps;
Link_Register_Data_out <= Link_Register_Data_in after 100 ps;
end if;
end process;
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end TIKUWA;

4.1.10

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity IM is
Port ( Instruction_Address : in std_logic_vector(31 downto 0);
Instruction_Code : out std_logic_vector(31 downto 0));
end IM;
architecture TIKUWA of IM is
type Instruction_Memory is array (0 to 63) of std_logic_vector (31 downto 0);
signal ROM : Instruction_Memory :=(
"00000000000000000000000000000000",
"00000000000000000000000000000000",
l !
"00000000000000000000000000000000",
"00000000000000000000000000000000");
begin
process (Instruction_Address)
begin
Instruction_Code <= ROM(conv_integer("0" & Instruction_Address(7 downto
2)));
end process;
end TIKUWA;

4.1.11

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
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use IEEE.std_logic_unsigned.all;

entity CPU is
port ( Reset: instd_logic; Clock : in std_logic; Result_Exe :
out std_logic_vector(31 downto 0);
Result_Mem : out std_logic_vector(31 downto 0);
PC_PC : out std_logic_vector(31 downto 0);SRD : out std_logic_vector(31
downto 0);
TRD : out std_logic_vector(31 downto 0);SED : out std_logic_vector(31
downto 0));
end CPU;
architecture RTL of CPU is
component ALU
Port ( Source_Register_Data : in std_logic_vector(31 downto 0);
Target_Register_Data : in std_logic_vector(31 downto 0);
Sign_Extended_Data : in std_logic_vector(31 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
ALU_Function_Code : in std_logic_vector(5 downto 0);Shamt : in
std_logic_vector(4 downto 0);
AllZero : out std_logic;Execution_Result : out std_logic_vector(31 downto 0));
end component ;

component ALU2

Port ( Program_Counter : in std_logic_vector(31 downto 0);
Sign_Extended_Data : in std_logic_vector(31 downto 0);
Address_Input : in std_logic_vector(25 downto 0);
Source_Register_Data : in std_logic_vector(31 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
ALU_Function_Code : in std_logic_vector(5 downto 0);
PC_Output : out std_logic_vector(31 downto 0);
Link_Register_Data : out std_logic_vector(31 downto 0));

end component ;

component IM

Port ( Instruction_Address : in std_logic_vector(31 downto 0);
Instruction_Code : out std_logic_vector(31 downto 0));
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end component ;

component PC

Port ( Program_Counter_Input : in std_logic_vector(31 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
ALU_Function_Code : in std_logic_vector(5 downto 0);AllZero : in std_logic;
Program_Counter_Output : out std_logic_vector(31 downto 0);
Clock : in std_logic;Reset : in std_logic);

end component ;

component PRO

Port ( Program_Counter_Data_in : in std_logic_vector(31 downto 0);
Instruction_Code_in : in std_logic_vector(31 downto 0);
Cyclic_Program_Counter_Data_in : in std_logic_vector(31 downto 0);
Cyclic_Target_Register_Address_in : in std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_in : in std_logic_vector(4 downto 0);
Load_Data_in : in std_logic_vector(31 downto 0);
Execution_Result_in : in std_logic_vector(31 downto 0);
Operation_Code_in : in std_logic_vector(5 downto 0);
Program_Counter_Data_out : out std_logic_vector(31 downto 0);
Sourcd_Register_Address_out : out std_logic_vector(4 downto 0);
Target_Register_Address_out : out std_logic_vector(4 downto 0);
Destination_Register_Address_out : out std_logic_vector(4 downto 0);
Immediate_out : out std_logic_vector(15 downto 0);
Jump_Address_out : out std_logic_vector(25 downto 0);
Operation_Code_out : out std_logic_vector(5 downto 0);
ALU_Function_Code : out std_logic_vector(5 downto 0);
Shamt_out : out std_logic_vector(4 downto 0);
Cyclic_Program_Counter_Data_out : out std_logic_vector(31 downto 0);
Cyclic_Target_Register_Address_out : out std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_out : out std_logic_vector(4 downto 0);
Load_Data_out : out std_logic_vector(31 downto 0);
Execution_Result_out : out std_logic_vector(31 downto 0);
Cyclic_Operation_Code : out std_logic_vector(5 downto 0);
Clock : in std_logic );

end component ;
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component PR2

Port ( Target_Register_Address_in : in std_logic_vector(4 downto 0);
Destination_Register_Address_in : in std_logic_vector(4 downto 0);
Program_Counter_Data_in : in std_logic_vector(31 downto 0);
Source_Register_Data_in : in std_logic_vector(31 downto 0);
Target_Register_Data_in : in std_logic_vector(31 downto 0);
Shamt_in : in std_logic_vector(4 downto 0);
Jump_Address_in : in std_logic_vector(25 downto 0);
Sign_Extended_Data_in : in std_logic_vector(31 downto 0);
Operation_Code_in : in std_logic_vector(5 downto 0);
ALU_Function_Code_in : in std_logic_vector(5 downto 0);
Cyclic_Target_Register_Address_out : out std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_out : out std_logic_vector(4 downto 0);
Program_Couter_Data_out : out std_logic_vector(31 downto 0);
Source_Register_Data_out : out std_logic_vector(31 downto 0);
Target_Register_Data_out : out std_logic_vector(31 downto 0);
Shamt_out : out std_logic_vector(4 downto 0);
Jump_Address_out : out std_logic_vector(25 downto 0);
Sign_Extended_Data_out : out std_logic_vector(31 downto 0);
Operation_Code_out : out std_logic_vector(5 downto 0);
ALU_Function_Code_out : out std_logic_vector(5 downto 0);
Clock : in std_logic);

end component ;

component PR3

Port ( Cyclic_Target_Register_Address_in : in std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_in : in std_logic_vector(4 downto 0);
Address_in : in std_logic_vector(31 downto 0);
AllZero_in : in std_logic;
Execution_Result_in : in std_logic_vector(31 downto 0);
Target_Register_Data_in : in std_logic_vector(31 downto 0);
ALU_Function_Code_in : in std_logic_vector(5 downto 0);
Operation_Code_in : in std_logic_vector(5 downto 0);
Cyclic_Target_Register_Address_out : out std_logic_vector(4 downto 0);
Cyclic_Destination_Register_Address_out : out std_logic_vector(4 downto 0);
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Address_out : out std_logic_vector(31 downto 0);
AllZero_out : out std_logic;
Execution_Result_out : out std_logic_vector(31 downto 0);
Target_Register_Data_out : out std_logic_vector(31 downto 0);
ALU_Function_Code_out : out std_logic_vector(5 downto 0);
Operation_Code_out : out std_logic_vector(5 downto 0);
Link_Register_Data_in : in std_logic_vector(31 downto 0);
Link_Register_Data_out : out std_logic_vector(31 downto 0);
Clock : in std_logic);

end component ;

component cpu_register

Port ( Source_Register_Address : in std_logic_vector(4 downto 0);
Target_Register_Address : in std_logic_vector(4 downto 0);
Destination_Register_Address : in std_logic_vector(4 downto 0);
Cyclic_Target_Register_Address : in std_logic_vector(4 downto 0);
Program_Counter : in std_logic_vector(31 downto 0);
Load_Data : in std_logic_vector(31 downto 0);
Execution_Result : in std_logic_vector(31 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
Source_Register_Data : out std_logic_vector(31 downto 0);
Target_Register_Data : out std_logic_vector(31 downto 0);
Clock : in std_logic);

end component ;

component Sign_Extend_Unit

Port ( Immediate : in std_logic_vector(15 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
Sign_Extended_Data : out std_logic_vector(31 downto 0));

end component ;

component DataMemory;

Port ( Target_Register_Data : in std_logic_vector(31 downto 0);
Execution_Result : in std_logic_vector(31 downto 0);
Operation_Code : in std_logic_vector(5 downto 0);
Load_Data : out std_logic_vector(31 downto 0) );
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end component ;

signal fetch : std_logic_vector(255 downto 0);

signal decode : std_logic_vector(360 downto 0);

signal execution : std_logic_vector(277 downto 0);

signal memory : std_logic_vector(277 downto 0);

signal write : std_logic_vector(255 downto 0);

begin

U_ALU : ALU port map

( Source_Register_Data => execution(73 downto 42),
Target_Register_Data => execution(105 downto 74),
Sign_Extended_Data => execution(168 downto 137),
Operation_Code => execution(174 downto 169),
ALU_Function_Code => execution(180 downto 175),
Shamt => execution(110 downto 106),
AllZero => execution(213),
Execution_Result => execution(245 downto 214));

U_ALU2 : ALU2 port map

( Program_Counter => execution(41 downto 10),
Sign_Extended_Data => execution(168 downto 137),
Address_Input => execution(136 downto 111),
Source_Register_Data => execution(73 downto 42),
Operation_Code => execution(174 downto 169),
ALU_Function_Code => execution(180 downto 175),
PC_Output => execution(212 downto 181),
Link_Register_Data => execution(277 downto 246));

U_IM : IM port map

( Instruction_Address => fetch(31 downto 0),
Instruction_Code => fetch(63 downto 32));

U_PC : PC port map

( Program_Counter_Input => memory(41 downto 10),
Operation_Code => memory(118 downto 113),
ALU_Function_Code => memory(112 downto 107),
AllZero => memory(42),
Program_Counter_Output => fetch(31 downto 0),
Clock => Clock,
Reset => Reset);
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U_PRO : PRO port map

( Program_Counter_Data_in => fetch(31 downto 0),
Instruction_Code_in => fetch(63 downto 32),
Cyclic_Program_Counter_Data_in => memory(182 downto 151),
Cyclic_Target_Register_Address_in => memory(4 downto 0),
Cyclic_Destination_Register_Address_in => memory(9 downto 5),
Load_Data_in => memory(150 downto 119),
Execution_Result_in => memory(74 downto 43),
Operation_Code_in => memory(118 downto 113),
Program_Counter_Data_out => decode(31 downto 0),
Sourcd_Register_Address_out => decode(36 downto 32),
Target_Register_Address_out => decode(41 downto 37),
Destination_Register_Address_out => decode(46 downto 42),
Immediate_out => decode(62 downto 47),
Jump_Address_out => decode(88 downto 63),
Operation_Code_out => decode(94 downto 89),
ALU_Function_Code => decode(100 downto 95),
Shamt_out => decode(105 downto 101),
Cyclic_Program_Counter_Data_out => decode(137 downto 106),
Cyclic_Target_Register_Address_out => decode(142 downto 138),
Cyclic_Destination_Register_Address_out => decode(147 downto 143),
Load_Data_out => decode(179 downto 148),
Execution_Result_out => decode(211 downto 180),
Cyclic_Operation_Code => decode(217 downto 212),
Clock => Clock);

U_PR2 : PR2 port map

( target_Register_Address_in => decode(41 downto 37),
Destination_Register_Address_in => decode(46 downto 42),
Program_Counter_Data_in => decode(31 downto 0),
Source_Register_Data_in => decode(249 downto 218),
Target_Register_Data_in => decode(281 downto 250),
Shamt_in => decode(105 downto 101),
Jump_Address_in => decode(88 downto 63),
Sign_Extended_Data_in => decode(313 downto 282),
Operation_Code_in => decode(94 downto 89),
ALU_Function_Code_in => decode(100 downto 95),
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Cyclic_Target_Register_Address_out => execution(4 downto 0),
Cyclic_Destination_Register_Address_out => execution(9 downto 5),
Program_Couter_Data_out => execution(41 downto 10),
Source_Register_Data_out => execution(73 downto 42),
Target_Register_Data_out => execution(105 downto 74),
Shamt_out => execution(110 downto 106),
Jump_Address_out => execution(136 downto 111),
Sign_Extended_Data_out => execution(168 downto 137),
Operation_Code_out => execution(174 downto 169),
ALU_Function_Code_out => execution(180 downto 175),
Clock => Clock);

U_PR3 : PR3 port map

( Cyclic_Target_Register_Address_in => execution(4 downto 0),
Cyclic_Destination_Register_Address_in => execution(9 downto 5),
Address_in => execution(212 downto 181),
AllZero_in => execution(213),
Execution_Result_in => execution(245 downto 214),
Target_Register_Data_in => execution(105 downto 74),
ALU_Function_Code_in => execution(180 downto 175),
Operation_Code_in => execution(174 downto 169),
Cyclic_Target_Register_Address_out => memory(4 downto 0),
Cyclic_Destination_Register_Address_out => memory(9 downto 5),
Address_out => memory(41 downto 10),
AllZero_out => memory(42),
Execution_Result_out => memory(74 downto 43),
Target_Register_Data_out => memory(106 downto 75),
ALU_Function_Code_out => memory(112 downto 107),
Operation_Code_out => memory(118 downto 113),
Link_Register_Data_in => execution(277 downto 246),
Link_Register_Data_out => memory(182 downto 151),
Clock => Clock);

U_cpu_re : cpu_register port map

( Source_Register_Address => decode(36 downto 32),
Target_Register_Address => decode(41 downto 37),
Destination_Register_Address => decode(147 downto 143),
Cyclic_Target_Register_Address => decode(142 downto 138),
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Program_Counter => decode(137 downto 106),
Load_Data => decode(179 downto 148),
Execution_Result => decode(211 downto 180),
Operation_Code => decode(217 downto 212),
Source_Register_Data => decode(249 downto 218),
Target_Register_Data => decode(281 downto 250),
Clock => Clock);
U_Sign_Extend_Unit : Sign_Extend_Unit port map
( Immediate => decode(62 downto 47),
Operation_Code => decode(94 downto 89),
Sign_Extended_Data => decode(313 downto 282));
U_DataMemory : DataMemory port map
( Target_Register_Data => memory(106 downto 75),
Execution_Result => memory(74 downto 43),
Operation_Code => memory(118 downto 113),
Load_Data => memory(150 downto 119));
process (Clock)
begin
SRD <= execution(73 downto 42);
TRD <= execution(105 downto 74);
SED <= decode(313 downto 282);
PC_PC <= fetch(31 downto 0);
Result_Exe <= execution(245 downto 214);
Result_Mem <= decode(211 downto 180);
end process;

end RTL;
4.2
4.1
Menory
Data Menory
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4.

2.

1

"00000000000000000000000000000000",--NOP
"00100000000000010000000000000001",--ADDI GPRO,GPR1,HEX[0001]
"00111100000000101000000000000000",--LUT GPRO,GPR2,HEX[8000]
"00100000000000111111111111111111",--ADDI GPRO,GPR3,HEX[FFFF]
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00000000010000110100000000100000",--ADD  GPR2,GPR3,GPR8
"00000000010000110100100000100001",--ADDU GPR2,GPR3,GPR9
"00000000010000010101000000100010",--SUB  GPR2,GPR1,GPR10
"00000000010000010101100000100011",--SUBU GPR2,GPR1,GPR11
"10101100000000010000000000000100",--SW  GPR1,1
"10101100000000100000000000001000",--SW  GPR2,2
"10101100000000110000000000001100",--SW  GPR3,3
"10101100000010000000000000010000",--SW  GPR8,4
"10101100000010010000000000010100",--SW  GPR9,5
"10101100000010100000000000011000",--SW  GPR10,6
"10101100000010110000000000011100",--SW  GPR11,7

Dat aMenory

ADD , ADDU

71



111111171111117111711171111111111111»2
+100000000000000000000000000000002
10111111171121121211111211211211211111112 over Flow

SUB , SUBU
10000000000000000000000000000000:2
- 000000000000000000000000000000012
1011111111111111121121111121111111112 over Flow

target_register_data | 00000000000000000000000000000000
exmecution_result Q0000000000000000000000000000000
operation_code Qo00o0
load_data JuuuuJouuuguuogdoooododoodggooo
B~ mem RN T TR T T NN MR NN
(] JuuuuJouuuguuogdoooododoodggooo
[1] Q0000000000000000000000000000007
[2] 10000000000000000000000000000000
[3] TN
[4] Q0000000000000000000000000000000
[5] M1
[E] Q00000000000000000000000000A0000
[7] oI 11111
(8] JuuuuJouuuguuogdoooododoodggooo
[9] JuuuuJouuuguuogdoooododoodggooo
4.2

L L EpEpEpEgEpEgEgEpEpEgEy
I S 1 10 4 AT T2 06 20 24 @30
1 11130 [0 F 114 18 172 {16 20 124 {28 10
8 12 6 {20 24 o8 50 38 Y40 44 45 Y52 Y56 fB0 Y54 J58 172 178 80 y84 {85 19¢ J9E j1o0)
Y-21474636548 )]
= m ] i ST I ]
1 L Jil o 4 18 112 J1F 120 124 128 10

4.3
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4.

2.

2

SwW

LW

ADD|

SW

"00000000000000000000000000000000",--NOP
"00100000000000010000000000000001",--ADDI GPRO,GPR1,1
"00100000000000100000000000000100",--ADDI GPRO,GPR2,100
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"10101100000000010000000000000100",--SW  GPR1,1
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"10001100000000110000000000000100",--Lw  GPR3,1

target_register_data
execution_result
operation_code
lnad_data
=)

(0]

(1]

(]

(3]

(4]

PEPee

4.4

0a00000000a000aa000aa000aa00aa00
000aaaa00000a0000000000000000000

000000
Luouuuuaosoouuuououououoa oy
fuUuuuuuuUUUUuUUuiuaauuuuaaa;
Luouuuuaosoouuuououououoa oy
000a0000000000000000000000000007
Luouuuuaosoouuuououououoa oy
Luouuuuaosoouuuououououoa oy
Luouuuuaosoouuuououououoa oy
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S ELELEEEL.

soUrce_register_addres
target_reqister_address
deztination_register_ad
cyclic_target_regizter_:
program_counter
lnad_data
execution_result
operatioh_code
soUrce_redister_data
target_regizter_data

00aaa

00aaa

00aaa

00aaa
oo uoao o u oo u oo
0000aaaa000000000000000000000007
0000aaa00000aaa0a0000000000000a000

000000

0000aaa00000aaa0a0000000000000a000
0000aaa00000aaa0a0000000000000a000

clock 1
B~ req {100000000000000000000000002000000} {0000000C
(0] QO00C000000000000000000000C000
1] Q0000000000000000000000000000001
[2] Q00000000000000000000000000007 a0
[2] Q0000000000000000000000000000001
(4] Jaaauuuuuuuooug gy
[5] Jaaauuuuuuuooug gy
[E] Jaaauuuuuuuooug gy

4.5

EgEpEpEpEpEpEpEpEpEREpEpEpEpEREpEpEpEREnEREREREN!
IR EYIR 0] 4 10 4] 10
I ] ] EN 1]
B 12 118 170 124 178 Y32 138 A0 J44 148 Y52 158 Y50 Jod ea Jr2 178 Jo0 Jod oo j92 Yo o0}
O @ ] ¥ 10
1 14 10 4 10 4 10
4.6
4.5 4.6
LW SW

4.2.3

"00000000000000000000000000000000",--NOP
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"00100100000000011010101010101010",--ADDIU GPRO,GPR1,HEX[AAAA]
"00111100000000101010101010101010",--LUT GPRO,GPR2,HEX[AAAA]
"00100000000000110101010101010101",--ADDI GPRO,GPR3,HEX[5555]
"00100000000001001111111111111111",--ADDI GPRO,GPR4,HEX[FFFF]
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00000000001000100100000000100100",--AND  GPR1,GPR2,GPR8
"00110000001010011010101010101010",--ANDI GPR1,GPR9,HEX[AAAA]
"00000000001000110101000000100101",--OR  GPR1,GPR3,GPR10
"00110100001010110101010101010101",--ORI GPR1,GPR11,HEX[5555]
"00000000001000000110000100000000",--SLL GPR1,GPR12,HEX[4]
"00000000001000000110100100000010",--SRL GPR1,GPR13,HEX[4]
"00000000001000110111000000100111",--NOR GPR1,GPR3,GPR14
"00000000001001000111100000100110",--XOR GPR1,GPR4,GPR15
"00111000001100000000000011111111",--XORI GPR1,GPR16,HEX[00FF]
"00000000001000101000100000101010",--SLT GPR1,GPR2,GPR17
"00000000001000101001000000101011",--SLTU GPR1,GPR2,GPR18
"00101000010100110101010101010110",--SLTI GPR2,GPR19,HEX[5556]
"00101100010101000101010101010110",--SLTIU GPR2,GPR20,HEX[5556]
"00001100000000000000000000011010",--JAL PC[26]
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00000000000000000000000000000000",--NOP
"00001000000000000000000000000000",-- PC[0]
"10101100000000010000000000000100",--SW  GPR1,1
"10101100000000100000000000001000",--SW  GPR2,2
"10101100000000110000000000001100",--SW  GPR3,3
"10101100000001000000000000010000",--SW  GPR4,4
"10101100000010000000000000010100",--SW  GPR8,5
"10101100000010010000000000011000",--SW  GPR9,6
"10101100000010100000000000011100",--SW  GPR10,7
"10101100000010110000000000100000",--SW  GPR11,8
"10101100000011000000000000100100",--SW  GPR12,9
"10101100000011010000000000101000",--SW  GPR13,10
"10101100000011100000000000101100",--SW  GPR14,11
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"10101100000011110000000000110000",--SW
"10101100000100000000000000110100",--SW
"10101100000100010000000000111000",--SW
"10101100000100100000000000111100",--SW
"10101100000100110000000001000000",--SW
"10101100000101000000000001000100",--SW
"10101100000111110000000001001000",--SW

AND
0000AAAAN
ANDI
0000AAAAN
OR
0000AAAAN
ORI
0000AAAAN
SLL
0000AAAAN
SRL
0000AAAAN
NOR
0000AAAAN
XOR
0000AAAAN
XORI
0000AAAAN
SLT

SLTI

, SLTU

0000AAAAh <  AAAAQ000h
, SLTIU
0000AAAAh < 00005556h

AND AAAA0000h

AND

0000AAAAN

OR 00005555h

OR 00005555h

XOR

XOR

00005555h

FFFFFFFFh

000000FFh

GPR15,12
GPR16,13
GPR17,14
GPR18,15
GPR19,16
GPR20,17
GPR31,18

00000000h

0000AAAAN

O0000OFFFFh

O0000OFFFFh

000AAAAOh

00000AAAN

FFFFOOO0Oh

FFFF5555h

0000AA55h

00000001h

00000000h

4.8
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target_register_data | 00000000000Q000000002000000000000
execution_result Q0000000000000000000000000000000
operation_code Qao0oo
load_data JuuuuJouuuguuogdoooododoodggooo
EH mem TR TR T T MWW T NIRRT
[ JuuuuJouuuguuogdoooododoodggooo
1] Q0000000000000007 0101001 0101010
[2] 1010707010107 07 00000000000000000
[3] Q000000o00a0a0ooon 10t ool
[4] TN ITIIIIIn
5] Q000000000A00000000AA00000AA000
(5] Q0000000000000001 0101010 0101010
(7] Q0000000000000001 1111111111111 11
9] Q0000000000000001 1111111111111 11
9] Q000000000007 070707070707 0700000
[10] Q00000000000000000001 010101010
11] 111111111111117171 0000000000000000
[12] 1M nomoioioioo oo
12 Q0000000000000 0o 01
[14] Q0000000000000000000000000000001
[15] 00000000000000000000000000000007
[1E] Q0000000000000000000000000000000
[17] Q0000000000000000000000000000000
18] Q00000000000000000000000071 011000
[19] JuuuuJouuuguuogdoooododoodggooo
[20] JuuuuJouuuguuogdoooododoodggooo
4.7
Ly Ay 0 o B O (0
) I ST (1] I (=i T | il ] 4 18 12 16 |
1 130 JEmeas [ ¥ 111 0 JE 1
E 112 Y18 120 )24 {78 132 138 J40 144 |48 Y52 J5R 160 J64 68 J72 J75 Jo0 Je4 [88 Y32 1041081216 120 124}
K[ 0]
S 1] i I 2 (] =T §(>< 1] I |51
ERLS T S ST ] I piab (] 71546 m  E I R 0 P I
4.8
4.7 SW
4.8 Pr ogr amCount er 92
104 Junp
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RS: |
RT: C
RD: ALL Zero
f 7
RS
RD
I
Temp
rYes
Overflow { RS — Temp
-
ADDU
RS: |
RT: C
RD: ALL Zero

RS
RD

i

Temp

#

RS — Temp

ADD



ADDI Immediate
\GPR[rs]: | |
Immediate: | ( )
(GPR[rt]: | ALL Zero
f Immediate 17
Immediate 33 GPR[rs]
GPR[rs] 1 1
oy
Temp
rYes NOT
Overflow GPR[rt] - Temp
> -
ADDU Immediate
\GPR[rs]: | |
Immediate: | C D)
(GPR[rt]: | . IALL Zero

S

Immediate 33
GPR[rs] 1 1

ADDI

b

Temp

—

GPR[rt] - Temp

oy




RS: |
RT: C
RD: ALL Zero
f 7
RS
RD
I
Temp
rYes
Overflow { RS — Temp
-
SUBU
RS: |
RT: C
RD: ALL Zero

RS
RD

i

Temp

#

RS — Temp

SUB



A

RD — RS and RT

(__ALL ZERO )

AND

RS RT

AND

A

RD « RS or RT

(_ ALL ZERO )

AND
RS RT

OR



ANDI

Immediate

\GPR[rs]: |

Immediate: |

\GPRI[rt]: |

A

Immediate

A

GPR[rt] ~ (GPR[rs] AND Immediate)

ORI

16

Immediate

\GPR[rs]: |

Immediate: |

\GPR[rt]: |

A

Immediate

A

GPR[rt] ~ (GPR[rs] OR Immediate)

16



BEQ (Branch on Equal)
\GPR[rs]: |
(GPR[rt]: |
Offset: | ’ T
ALU
Offset 2 ' -
GPR[rs] - GPR[rt]
v
| | ;
( ) ALU
¢ v L
ALL Zero |
(PC +4) + Offset YESV
PC NO
BNE (Branch on Not Equal)
\GPR[rs]: |
(GPR[rt]: | 7
Offset: | { S A
Offset 2 '
GPR[rs] - GPR[rt]
v
| | }
C D) ALU
v g —
ALL Zero |
(PC +4) + Offset fov

PC

NO




rs: | |
rt | C
rd: |
SLT
SLT rd
FYES @ NO—l
[rd] - 1 [rd] - 0
SLTU
rs: | |
rt | C
rd: |
SLTU
I I
[rs] 0 33
i 0 33

ers @

[rd] — 1

Noj

[rd] - 0

rd



J

Jump

Targert:

JAL

A

PC[31.28] Targert 0[2]

PC «

Jump And Link

temp — PC[31..28] !! target !! 00

JUMP

Branch

NOP

Targert:

A

PC[31.28] Targert 0[2]

—PC+4

PC -

PC 4
JR

JUMP

Branch

NOP



LW

32

|GPR[base]:OffsetBase

Offset:  Offset )
\GPRI[rt]:
A
Offset
32
2
A
Address ~ Offset + GPR[base]
A
GPR[rt] ~ Address
A
SW Immediate
\GPR[rs]: |
Immediate: Y
\GPR[rt]:
A
Offset
32
2

A

Address ~ Offset + GPR[base]

Address ~ GPR[r]

N




SLL

\GPR[rt]:

'shamt:

\GPRI[rd]:

SRL

GPR[ ]

A

GPR[rd]

31

\GPR[rt]:

'shamt:

\GPR[rd]:

GPR[ ]

A

GPR[rd] «

31
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