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2. HrE TiE

2.1 SEIG IR
2.1.1 FraE—A T

1. J&3h Vivado 2018.3
2. HINTFELFR 1ab03 . i Next

¢ New Project

Project Name

Enter a name for your project and specify a directory where the project data files will be stored. '

Projectname:  1ab03
Project location: |EArchlabs Iz‘

Create project subdirectory

F'hed will be created at: E:fArchlabsilab03

&

3. 1EFE SR FPGA 4
Product Category: ALL

Family: Kintex-7

Package: ffg676

Speed: -2

Tempeature: ALL Remaining



3. I BT AR B

3.1 SEIGHH IR

3.1.1 f Pt ik
EHIBIC (Ctr) KN NS4 opCode 7B, #RAEIGLRT Ctr iR,
5% ALUCtr, Data Memory, Registers, Muxs Z5IhfE ook B B IS S .

R ‘ opcode ‘ rs ‘ rt ‘ rd ‘ shamt | funct
31 26 25 21 20 16 15 11 10 6 5

| ‘ opcode ‘ rs ‘ rt ‘ immediate
31 26 25 21 20 16 15

J ‘ opcode ‘ address
31 26 25

K 1. Mips FAFEA#

' 4 Y J RegDst

Branch
| MemRead
Instruction [31-26] MemtoReg
» Control ALUOp
[ MemWrite
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3.1.2 Hra ik Verilog X

1. & X H: /O % I

#  Define Module X

Define a module and specify /0 Ports to add to your source file.

For each port specified:
MSB and LSB values will be ignored unless its Bus column is checked. '
Paorts with blank names will not be written.

Module Definition

Module name: |Ctr

o Port Deﬂn'rtionsk

+ - 1

FortMame  Direction Bus MSB LSB

Branch output ~ [} iy
ALUOp output v [

Jump output ~ [ o

I:\.?.-:I CEHCE|

T N NN NNy
21 mwodule Ctr|

22 input [5:0] opCode,
23 output reghst,

24 output alulrc,

25 output memToReg,

26 output regllrite,

27 output memBead,

28 output memlrite,

29 output branch,

30 output [1:0] aludp,
31 output Jjump

3z i

33

34

35 endmodule
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3.1.3 w5 IS ThEE
1t o output [Signalvme | Reommat | v | _sw | beq |
Op5

Inputs

Op4

Op3

Op2

Opl

OpQ
Ouitputs RegDst
ALUS e
MemtoReg
RegWrite
MemRead
Mem\Write
Branch
ALUDp1
ALUOpO

el =1 ] e o e e ] B e ) ] e ) ] e e

o ) [ e ) Y Ol Bl Bl el e ] el ] e e ] )
L )l o e ) e e - ) I B B (e ] e
el E=1 ] =] =] == - e ] - e ] ] ) ] e ) e

=

K 3. EFEf R EAER

EE: Jump #54 %A% 2 000010, Jump 154t 1, E4eHmE 0

g4 opCode
R 7Y: add, sub, and, or, st 000000
| Iw 100011
| . sw 101011
| . beq 000100
1) 000010

Kl 4. faHAEY



Fi verilog HDL it FiABEEHZR, LB HAREZFEFRE, XHEAH—MEH
case BRI SHEREG] (REZBHMARMBEENL) , W HFHE:

[T

14 reg RegDst: ] f/add beqg

15 reg RLUSrc; 53 S8 ' bxxxuxx;

1& reg MemToReg; g4 begin

17 reg RegWrite: g5

_ reg I-IemRee_ld; 13 end

19 reg MemWrite; 67

20 reg Branch; o

21 reg [1:0] ALUOp; a8 fladd 1w

22 reg Jump; a5 fladd sw

23 100 f/add Jump

24 always @(OpCode) 101

25 begin 102 default:

26 case (OpCode) 103 begin

27 €'b000000: f/R type 104 EegDst = 0;

28 begin 105 ALUSrc = 0;

29 RegDat = 1; 106 MemToReg = 0
30 RLOSre = 0; 107 RegWrite = 0;
1 MemToReg = 0: 108 MemRead = O

32 ;EgEIi;E =01; 109 MemWrite = 0;
: emRead = 0; -

34 MemWrite = 0; o E;;E;h=_2 ?1;00_

25 Branch = 0: T !

36 ALUOp = 2'b10; 112 Jump = 0;

7 Jump = O; 112 end

38 end 114 endcase

3.1.4 e &
L HPEESIR LA Ctr_th
#% Add Sources

Add or Create Simulation Sources

Specify simulation speciIkHDL files, or directories containing HDL files, to add to your project. Create a new source file on
to your project.

Specify simulation set: sim_1 w
¢  Create Source File >
+,
Create a new source file and add it to your
project. ‘
B | |:| 'l.-'-.-'
File type: ® Verilog w

File name: Cir_tb

le
File location: | & =Local to Project= w :l
@




2. WNINEUI RIS NG SISl BOEARIEA, BRIrEREN, DURIE
B IR
;E initial begin
53 S Initialize Inputs
54 CpCode = 07

56 Sf Wait 100 ns for global reset to finish
o7 $100;

#100 OpCode = &'b0O00000;//R-type
SfAdd orther stimuluses here

PS:4 S WU ARSI EAR Labl Bl Lab2 —#f, 70 247 F AR AT SEAl 4L

3. BHATATONONE, AEEBIE, 0 B AR S e eI sit. H IR, &
cAEY, B . Mg MR RE

640,000 nsz

1II1II11
4 RegDst
4 ALUSIC
& MemToReg

& Reg\Write

4 MemWrite

4 Branch

4 Jump

> B ALUOP[:0]
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4. ALU 3551 B oAk e

4.1 SEIGHE IR

4.1.1 Bk
HBGE T ALU 380 (ALUCKD A HHE 3 2319 ALUOD #4i)
HEORAIWIHE KA, HIKIEEAIE 6 ALIX /> R BU48 4. SR & X Wifhi
N, LAEEH] ALU fE iR .

R opcode rs rt rd shamt funct

31 26 25 21 20 16 15 11 10 6 5 0
| opcode rs rt immediate

31 26 25 21 20 16 15 0
J opcode address

31 26 25 0

B1 R. I, IHELSHEAX (I Mips 15844)

aluCtrOut[3:0]
" SN D" ol
>“‘G| { : A"\_ ! /
( ‘> Al ' \I
4— Add / \
V o ros / \
Shint | | 1 1
o4~ [ ALU
' Branch \\ - '_’i I
MemB
Instruction [31-26) MaomtoReg ‘, c 0 n t ro v‘
—— 1Ll L ALUOp 1 \ |
‘P'-‘I Vit ! :/
ALUS" 1 /
— RogWrits \ /
Instruction [25-21) [Read . -
L{pedo[Rosd 4ot g Instruction[5:0]
Instruction [20-16)] Read data 1 T 3 =
Instruction | | ] P | register 2 § Z 3
(31-0] |11 " Writ Read 0 ALY AL ALUOp[l.O]
Instruction | | |instruction 115-111| ¥ [~ ~ o e data2 [Ty L !
memory | & - S ‘
v Bp VT
1 Registers ~ Data
/_\ f meamo
Instruction [15-0] 18 { sign \I 2
T | extend ”‘ ol
X2
Instruction [5-0] I

2. ALU =il 2B 10 & X



4.1.2 i HR S

SCIRIE (ISR BT, in 3.1.20088)
PS: BLYEARHTA HISL e F B T [F 22 i 22 IO R . AT ST 00, 6 £45 R 22 4 0 MR ) 4 8 S P4 2 o
BER (G SBRB IR 2 AL TR b R O R 200 . AR S TG . it SBl B E )

4.1.3 95 5 iIFS TN RE
ALU Control (B FEIf%iH aluCtrout[3:0D HI{ES ALU ER/E RN 58 R -

AL conot tnos | Funcien

0000 AND
0001 OR

0010 add
0110 subtract
0111 set on less than
1100 NOR

B 3. aluCtrout 1 alu #fE %) B ¢ £

Instruction Instruction Desired ALU control
opcode operation ALU action input

load word 0010
sw 00 store word KKK add 0010
Branch equal 01 branch equal OO0 subtract 0110
Riype 10 add 100000 add 0010
R-type 10 subtract 100010 subtract 0110
Riype 10 AND 100100 and 0000
Rtype 10 OR 100101 or 0001
Rtype 10 set on less than 101010 set on less than 0111

B 4. Funct, ALUOp 5 ALU Control 4wfid %< &

 mwop | enctfew |
I T N N I i

0 0 0010
X L X X X X X X 0110
1 X X X 0 0 ) ) 0010
1 X X X 0 0 1 ) 0110
1 X X X 0 1 o v} 0000
1 X X X 0 1 o i 0001
1 X X X 1 0 1 v} 0111

B 5. ALU #= il oo N it BAE %R



RN Lo e

H verilog (55 H EIR HAER N
SIS AL R RE, XL AR E ] casex EAIIIBERED] (R FRHREED
e, WrKE:

249 always B (LZLUOp or Funct )

30 begin

31 cazex ({ALUOp, Functl})

B3

S'b00xxxxxx : ALUCtcrOumt = 4'L0O010;

(o Y Y |

ffadd orther few situations here

35 endcase
7E: {a, b}/ verilog A7 215 BAF

4.1.4 15 5K

1. #r#t ALUCH th

2. RN B E AN, o A Y
3. Tf ALUCK th BT, K.

« [ Simulation Sources (2) 106 5 begin
W sim_1 (2] o b
_ J 108 ! I
~ 5 Ctr_tb (Cir_tbw) (1) 109 Al
@ U0 Ctr (Cirw) 110 end
111 ! £1000 -

5> @ ALUCHr_th (ALUCHr_tor**
» ) ALU_tb (ALU_thw) (1)

Source Mode Properties... Ct

» = Utility Sources @ OpenFile .
Hierarchy = Libraries  Compile Replace File...
Source File Properties
@ ALUCH thy »  Remaove File from Project... e
[| Enabled
Disable File Al
Location: D:farchlabsilabo?
Type: Verilog Maove to Design Sources
Library: kil_defaultio |: Hierarchy Update
Size: 16 KB (* Refresh Hierarchy
¢ . : IP Hierarchy

General Properties = geasT
| mm etas Top

R



4. Mgy O BRG]

v B ALUCHOU3:0] 0010

4 [3]

Xx1010

1, 000. 000 n=

~ B ALUCHrOut[3:0
g [3]
8 [2]
8 [1]

8 [0]

» W Funct]5:0] 001010
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5. ALU Fibh

5.1 SEIGHH A

5.1.1 AR
HARZHH 0 ALU R #E ALUC (4315 5K AN AN PAT 5 2 5 B EEAE
ALURes A 4R . 2 0EERE ALURes 4559 0 I5F, ] Zero i BN 1.

| RegDst
\ Branch

|__MemRead

Instruction [31-26) | | MemtoReg

Control ALUO

|
I MemWrite
| ALUSrc
/  RegWrite
|

Instruction [25-21] Read
.. Fead register 1

address
Instruction [20-16] Read data 1

Instruction | /5 | register2
Write

Instruction || inetryuction [15-11) register
memory | ¢

Read
data 2

L{-xecz0

o Write
data  Registers

Instruction [15-0] 1 @ 32

Instruction [5-0)

6. ALU H 10 2 X

5.1.2 i BB AT




5.1.3 it Thfe
aluCtrout[3:0]f¢11 5 ALU #1EHIX R e R UTF

A convor s | Funcion

0000 AND
0001 OR

0010 add

0110 subtract
0111 set on less than
1100 NOR

VER: beq I SEFREMEIERAE

H verilog US4 5 ALU TiE
e T AT U2 case i A1) (HIXBAH A —MSHEHRE (USRI -

21 module Alu{inputl, input?, alultr, =zero, aluRes);

22 input [31:0] inputl:;

23 input [31:0] input2;

24 input [3:0] alultr;

25 output zZero;

26 ouatput [31:0] aluRes;

27 reg Zero;

28 reg [31:0]) aluRes;

29

30 always @ (inputl or input? or aluCtr)
31 begin

32 if (aluCtr == 4'b0010) // add
33 aluRes = inputl + input?:;
34 glse if(aluCtr == 4'bL0110) // =ub
35 begin

36 aluRe=s = inputl - input?:;
37> if (aluBes == 0)

38 zerog = 1;

EIE el=se

40 zerog = 07

41 end

4z ff add and, or, =lt here

LiE end

44

45 endmodule

ER RERANKNERTE
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1. e ALU_tb
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1100
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