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1. Datapath
Introduction



Components of a Computer

Processor ({bIE3E)

Processor
Enable?

Read/Write

Program

Address

Write
Data

Memory

Processor-Memory Interface I/0-Memory Interfaces

e Control Unit: ( # il 8 J© |

Controller)

o Decodes instructions.

o Controls the operations.
e Datapath: (BEiEk)

o PC: Program Counter.

o Registers: also called register files.
o ALU: Arithmetic & Logic Unit .

e Program area: for storing

instructions.
e Data area: for storing data.
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1. Datapath Introduction

Controller

o WIERHATIEN, ANIEXNMNIERIES, %
il B S Y S

o REXIHATHRF R HIEHIE S, 2Ia<2HIFlER
{EI:O

Datapath

o IRVTTIREH, BUEFTAdREE, thKi
TR PR,
o ERIHLHIPITRI
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1. Datapath Introduction

o BN AEIEES H 2R A AL

o HEBHILH (WHERIEILH)

o fEfiEett  (WARIRZEITH)
o A IE B QAT AL A7

ol “fEICM” M “fEEITAE” BT
o BHEIEIHIIRERIT A7

o WHATEHEFNE, AP, f£iX

Klitt, BEIEEE HE e CrFRA i CrFE e B kA i, AP, fERmypsie,
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2. Start with basic
components




2. Start with basic components
o|fii: FN15ER T WEET{E?

e —/ Register File &k
o — /N ALU ik
e —PC (BRFiH#Es)

X Bk, FATHFIAIXEERER, HAMERA1H miniCPU!
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2.1. Full Register File

Write Enable rsl rs2 As we mentioned last
|
week:
t{ O—F Register 0 .
3ot | — 1 Registers
rd " 13 H O
Decoder| ? Register 1 | M
. ¢ "o — 1 x@/zero
: U » X[rsl] X1
»-
)\ j-'tegister 30— X X2
H H)—c _ X3
Register 31| >
D ¢ 2 Gl \/ x4
/ ; x5
clk
" X6
i X7
. . u » X[rs2] X8
Register File Ix <0
R x10
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2.1. Full Register File

clk 32 X[rs1]

32 X[rs2]

rs1 s,] Register File

SI100B EE Part Project: miniCPU
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Signals involved:

. clk (Clock)

. rd (Register Destination)
. we (Write Enable)

. D (Write Data)

. rs1 (Register 1)

. rs2 (Register 2)

x[rs1] (Register 1 Output)

. x[rs2] (Register 2 Output)

Dec.18 2024
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2.2. ALU

Signals involved

A 1. A (Input A)
2. B (Input B)
3. Result (Output)
Result 4. ALU_Sel (Operation Select)

ALU Sel[3:0]
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2.3. Connect the Components

32 X[rs1]

32 X[rs2]

Register File

ALU ctrl

reg_we
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3. R-Type Instruction
Datapath




3. R-Type Instruction Datapath

R-Type 158 R4 1758 NGRS,
{EHLE RSB R Type 15O HORBER, TR TIN5 3%:

1. M\FELHHEELH 181, 152, rd = N EHE RIS

2. MBS AIREL rs], 152 T NS AFE S HIME,

3. % rsl, rs2 W E Fas M ERIAZ] ALU HiH 7185,
4.1 ALU WizRBg5RE 02| rd FEHH,

% NR, 1EBATEE R-Type 1551 Datapath YRR AL !
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3. R-Type Instruction Datapath

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0
funct7 [ rs2 l rsl I functd rd [ opcode R-type
| |
32 X[rsl1]
32 X[rs2]
Register File
reg we
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3. R-Type Instruction Datapath

“ Recall : Processor = PC + Register + ALU

31 30 25 24 21 20 19 15 14

rsl ] funct3

12 11 8
rd

Register File

32 X[rsl]

32 X[rs2]

I reg_we

0

5
[ opcode R-type

X[rs1]

/

X[rs2]

ALU

Vv

\

ALU_ctrl
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Zn#l PC #HY Decoder FH T 545
%, JFmA Datapath $2t#EEh. =05
S5, BIR:

31-25 24-20 19-15 14-12 11-7 6-0

funct7? rs2 rsl funct3 rd opcode
7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
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3. R-Type Instruction Datapath

o FRIB/RTHBEMNESEIZEEHN rsl, rs2, rd = NHFESRNRE, HEBATF o TR,

o SR b, IXMAARAE HLES B Y SE B U2 -
1. FARHE PC FMEM Instruction Memory FiEHIES
2. AL Instruction Decoder BHUKEFE S BIA ISR 42 B HIK

o RAt, AR EEFENMHRRNFIE, HAPMELSHIRI rs1, rs2, rd = MFF49 5L 2
FH SEFREY PSR R R
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3. R-Type Instruction Datapath

32 Xx[rsl]
> o > e
32 X|[rs2
+—[ ) X[rs1] \
rd s
Instruction pr——e
Memory sl | RegisterFile > ALU Result
rsZ’S‘ x[rs2]
/
D 32 —1 ALU ctrl
reg_we

Instruc. J 32

[24:20]
Instruc.

[11:7]

[19:15]
Decoder/Controller
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4. |-Type Instruction
Datapath




4. |-Type Instruction Datapath

L-Type #5417 HIHGHI %17 88 > IS BS54,
TEHLI S [-Type S5 ISHRIER, FESEM T LS5

1. N5 H B 1s], rd MADFfFesidms, PANAZEIEL,
2. \NEFIFae XA TRE rs1 FF 7 e lUME,

3. % rs1 FEA BRI ENE G A 2] ALU i 1185,
4.1 ALU WizRBg5RE 02| rd FEHH,

Al DR, I-Type 52 BIEIRIER AT R-Type 162 HEHEIER A RZ I 4,
AP & R-Type HY Datapath, RIF2I|—EEWFHE M Datapath HJHLE !
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4. |-Type Instruction Datapath
[FI4H9 R-Type EBERIEIR

>

PC

32 Xx[rs1]
> >
x[rs2
% X2 xirst] [~
rd s,
Instruction ”
Memory rs1 s | Register File > Ay |Result
rs2 5 x[rs2]
—
D 32 —1 ALU_ctrl
reg_we
Instruc. & 32
[24:20]
Instruc.
[11:7]
[19:15]
Decoder/Controller
Tutorial 3 Dec.18 2024
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4. 1-Type
I-Type BYFTIEIRIR

N clk S 32 X[rs1]
PC 3’2 X[rs2
Irs2] x[rsl]\
rd s,
Instruction v d
Memory rs1l s | Register File > ALU
rs2 s, x[rs2]
/
D 32 —1 ALU ctri
reg_we
Instruc. 432
[24:20] imm.
Instruc. Instruc. gen
[11:7] [31:20] b—

[19:15]
Decoder/Controller
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4. 1-Type
Imm-Gen BJSCIQ
Imm-Gen ;212 BdE2 PRI BIEGES 3 s EE

FATEIXE DL I-Type WISZBIEERBUE S I (GEFH
S-Type th T EREZRIED)

1. HAER A A vHE /) 31-20 Az, it oh—4> 32

ALONVAIE Imm.
0. BATE UK 12 6, (85 20 e mtasr  9°T

Instruc.[31]

Imm[31:0]

LUSE SRS IVAZa)
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Instruc.[30]

Instruc.[21]

Instruc.[20]
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4. |-Type Instruction Datapath
SERAY I-Type ERERIER

>

PC

clk 32 x[rs1]
—> -
2
32 x[rs2] X[rsi] \
rd s,
Instruction ”
Memory rs1 s | Register File > ALU
rs2 s, MUX x[rs2]
—
D 32 —1 ALU ctrl
I’ A
op_src
reg_we
Instruc. 32
[24:20] imm.
Instruc. Instruc. gen.
[11:7] [31:20] |
[19:15]
Decoder/Controller
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5. Venus Guide




5.Venus Guide

ilA] Venus ->
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https://venus.cs61c.org/

5. Venus Gui

Editor Simulator Chocopy

Files URL Wiki JVM Settings
General
Simulator
Default
Args
" Text
Venus Web Terminal ) St 0x00000000
Sun Dec 15 2024 13:46:57 GMT+0800 (hEFRMHERTIE])
Enter "help" for more information. Max
History -1
Save on Close
. Force Aligned
Aligned Addressing?
Addressing

Mutable Text?
Mutable Text

Only Ecall Exit?

Only Ecall Exit
Set Registers
on Init
Allow Access
Allow Access Between Stack and
Heap?
Enable Memcheck?
Memcheck
Enable
Verbose Memcheck Verbose
Memcheck?
Max number of steps:
(Negative means 500000

ignored)

Dark Mode

Active File: null

addi x1,
add x2,

sub x3,

x1,

x1,

T

x1
x0

Simulator Chocopy

7E Editor h4migITCRmIES




. Venus Guide

Venus Editor Simulator Chocopy

le & Simulate from Editor

PC Machine Basic Code Original Code i

Code
ra

(x1)

sp
(x2)

REXA, M Editor FEEEUES
gp
(x3)

tp
(x4)

to
(x5)

t1
(x6)

t2
(x7)

se
(x8)

sl
(x9)

ae
(x10)

Copy!  Download!  Clear! al

(x11)
console output

a2
(x12)

Display
Settings

Registers

Integer (R)

080000000

080000000

OX7FFFFFDC

0x10000000

000000000

000000000

080000000

000000000

000000000

080000000

©x00000001

Ox7FFFFFDC

©x00000000

Memory Cache

Floating (F)
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m Step Prev Reset

PC

Machine
Code

0x00708093

0x001081

0x400101|

T

Venus

Basic Code

addi x1 x1 7

33 add x2 x1 x1

B3 sub x3 x2 x@

AL
BV =

Copy

Editor

Original Code

addi x1, x1, 7 # x1

add x2, x1, x1 # x2

14

sub x3, x2, x0 # x3

4 = @b 1110

fads Dump

HIEXE!

miE Copy AILASHIIES

Download

Clear

Simulator

7

Chocopy

Dump Re-assemble from Editor

Registers

zero

ra
(x1)

sp
(x2)

gp
(x3)

tp
(x4)

to
(x5)

t1
(x6)

t2
(x7)

se
(x8)

sl
(x9)

ae
(x10)

al
(x11)

a2
(x12)

Display
Settings

Integer (R)

080000000

080000000

OX7FFFFFDC

0x10000000

000000000

000000000

080000000

000000000

000000000

080000000

©x00000001

Ox7FFFFFDC

©x00000000

Memory Cache

Floating (F)
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6. ToDO This week



6. ToDO This week

L. SEREAER (FFfFasHE. ALU)
2. SERCCEE R-Type #l I-Type BEARTES R
3. ZIGE —HE HBAYTES, Y Load ZHEEHIBTT!
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