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5.1. Gidi thiéu chung

5.2. B6 xt&r ly don chu ky (Single-Cycle Processor)
5.3. BO xtr ly da chu ky (Multicycle Processor)

5.4. B6 xtr ly duwong ong (Pipelined Processor)




5.1. Gidi thiéu chung

= Vi kién trdc (microarchitecture): trién khai kién truc
tap l1énh bang phan cirng
« Cling mot kién truc tap 1énh cé nhiéu cach trién
khai:
- Don chu ky (Single-cycle): moéi Iénh thuc hién trong mot
chu ky

- Pa chu ky (Multicycle): méi Iénh duoc chia thanh chudi
cac budc ngan

- Pudng 6ng (Pipelined): méi Iénh duworc chia thanh chudi
cac budc ngan va nhiéu I1énh cung duoc thuc hién goi
|én nhau




o N

Minh hoa cac cach trién khai th

[S

t ké bo xtr ly

Single Cycle l&nh tiép
Cycle > € Cycle > tpeo
Clk
Iw sw
¥
Multicycle l5ng phi
Cycle1 : Cycle2 : Cycle3 | Cycle4 : Cycle5 ;i Cycle6 ;| Cycle7 : Cycle8 : Cycle9 : Cycle 10
Clk
IF ID EX MEM WB IF ID EX MEM IF
L lw Lsw ‘add
Ipeline |énh tiép theo
Cycle1 { Cycle2 : Cycle3 i Cycle4 : Cycle5 ;i Cycle6 : Cycle7 i Cycle 8
Clk
Iw IF ID EX MEM WB
sSw IF ID EX MEM WB
add IF ID EX MEM WB
o
¢
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Hiéu nang cua bo xu ly

= Hiéu nang phu thudc vao:
= SO l1énh
« Duoc xac dinh bdi kién trac tap Iénh
= SO chu ky trén mot [énh (CPI) va Thaoi gian mot
chu ky
« Duoc xac dinh bdi phan cirng cua CPU




Thiét ké bo xtr ly RISC-V 32-bit don gian

= Trién khai v&di mot so6 1énh co ban ctia RISC-V:
= Cac lénh s6 hoc/logic kiéu R:
= add, sub, and, or
= Cac lénh tham chiéu bd nho:
= lw, sw
= Lénh ré nhanh:
= beq




Toéng quan qua trinh thuc hién cac 1énh

=« Hai budc dau tién véi maoi [énh:
» Dua dia chi tir bo dém chuong trinh PC dén bo
nhd 1énh, tim nap Iénh tu bo nhd nay
= SU&r dung cac so hiéu thanh ghi trong Iénh dé
chon va doc moét hoac hai thanh ghi:
= Lénh Ilw: doc 1 thanh ghi (thanh ghi co s&)
= Cac |énh khac: doc 2 thanh ghi




Téng quan qua trinh thyc hién cac 1énh (ti€p)

» Cac budc tiép theo tuy thubc vao loai [énh:
= S&r dung ALU hoac bd cong Add dé:
« Tinh két qua phép toan vdi cac [énh s6 hoc/logic
= S0 sanh cac toan hang vdi cac lénh branch
= Tinh dia chi dich v&i cac Iénh branch
= Tinh dia chi ngan nh& dr liéu véi Iénh load/store
= Truy cap bo nh& dir liéu véi [énh load/store
= Lénh Iw: doc dir liéu tu b6 nhé
= Lénh sw: ghi di liéu ra bd nhé
« Ghi dir liéu dén thanh ghi dich:
« Cac |énh sb hoc/logic: két qua phép toan
= Lénh Iw: d liéu duoc doc tu bd nhd dwr liéu




Téng quan qua trinh thyc hién cac 1énh (ti€p)

« Thay d6i n6i dung bd dém chuong trinh PC:
« V&i cac |énh ré nhanh (branch), tuy thudc vao
két qua so sanh:
« Diéu kién thdéa man: PC € dia chi dich BTA (dia chi
cua lénh can ré t&i)
« Diéu kién khong thoa man: PC € PC + 4 (dija chi
cua lénh ké tiép)
= V&i cac |énh con lai (tuan tu)
« PC & PC + 4 (dia chi cua Iénh ké tiép)

nnnnnnn




So do6 khai quat cua bo xtr ly RISC-V

D{t liéu dua vé thanh ghi dich:

- Két qua ‘tir dau ra ALU
- N6i dung\duoc load tir b6 nho dir liéu

\ /

> PC > Address Instruction

Instruction
memory

/

Cap nhat noi dung PC:
- PC=PC+4
- PC=dja chi dich (BTA)

Add
|—> Data
Register #
Registers Address
Register # Data i
o> Reqister # memory
Data

Toan hang th& hai dwa dén ALU:
- Tir thanh ghi ngudn th hai (rs2)
- Hang s6 imm trong Iénh




V 4

ly vOi cac

duong diéu khién chinh

MUX: multiplexer
b6 ghép kénh

Branch
T
NG
M |-
u
vl
4—> g
‘Add . Add M
> g u |-
X <
c N
ALU operation
L+ Data \ |
o> Register # MemWrite
- PC [ Address Instruction re— Registers ALU f&—— Address
. M —
_ &> Register # Zero Data
Instruction u memo
memory ¢~ Register # Reqwrite | [~ X y
> Data
MemRead

\

l
— Control Il

[

4
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5.2. B6 xu ly don chu ky

» Chia bo xtr ly thanh hai phan:
- Pudng dan dir liéu (Datapath)
- Pon vi diéu khién (Control Unit)




1. Thiét ké Datapath

» Datapath: gdm cac thanh phan dé xu ly dir
liéu va dia chi
= Tap thanh ghi, ALUs, MUX’s, bo nhd, ...
» Sé xay dung Datapath tang dan




Cac thanh phan dé thuc hién tim nap I1énh

Instruction
address

Add Sum

— PCI— Instruction —-»

Instruction
memory

» BO dém chwong trinh PC:
= Thanh ghi 32-bit chta dia chi cua Iénh hién tai
= BO nhod lénh (Instruction memory):
= Chtra cac lénh cua chuong trinh
= Khi cd dia chilénh tir PC dwa dén thi lénh duoc doc ra
» B6 cong (Add): dwoc st dung tang noi dung PC thém 4
dé tré tai 1énh ké tiép




Thuc hién phan tim nap I1énh

4 ,\
Read Tang thém 4
—~PC address cho lénh
ké ti€p
Thanh ghi — Instruction F—

32-bit

Instruction
memory




Thuc hién 1énh s6 hoc/logic kiéu R (Register-type)

add rd, rsl, rs? # rd = rsl + rs?2

and rd, rsl, rs? # rd = rsl & rs?
31:25 24:20 19:15 14:12 11:7 6:0
funct/ rs2 rsl funct3 rd op

7 bit 5 bit 5 bit 3 bit 5 bit 7 bit

rs1, rs2: cac thanh ghi nguon (source registers)
rd: thanh ghi dich (destination register)
op: ma thao tac (operation code hay opcode)

funct/, funct3: cac truong function, cung vai
opcode chi ra cho CPU biét thao tac can thuc hién




Cac thanh phan thuc hién Iénh SH/LG kiéu R

:5 Read
register 1 Read
Register ) 5 |Read data 1
numbers ~" | register 2
5 , Registers
N Write
register
N 9 Read
Write data 2
Data — Data
‘ RegWrite

> Data

ALU operation

Zero
ALU ,|y

result

= Tap thanh ghi (Registers): cé 32 thanh ghi 32-bit, moi thanh ghi
duoc xac dinh bdi sé hiéu 5-bit

Read register 1, Read register 2: cdc dau vao dé chon céc thanh ghi cdn doc

Write register: dau vao dé chon thanh ghi can ghi (thanh ghi dich)

Read data 1, Read data 2: hai dau ra dit liéu duwgc doc tir thanh ghi (32-bit)

Write Data: dau vao dit liéu ghi vao thanh ghi dich(32-bit)

RegWrite: tin hiéu diéu khién ghi dit liéu vao thanh ghi

» ALU dé thuc hién cac phép toan sé hoc/logic




M6 ta thuc hién Iénh SH/LG kiéu R

Gen

funct7 rs2 rsi funct3 rd op
7 bit [ 5 bit 3 bi 5 bit 7 bit
< ALU operation
‘ MemWrite
re
MemtoReg
Instruction | ALUSrc
& Address erae}[g >(1
register data 2 l\lf
X
Write > >0
data Wit Data
RegWrite g daTae memory




M6 ta thuc hién Iénh SH/LG kiéu R

« Hai s6 hiéu thanh ghi rs1 va rs2 dwa dén hai dau vao Read
register 1, Read register 2 dé chon hai thanh ghi nguén

= SO hiéu thanh ghi rd dua dén dau vao Write register dé
chon thanh ghi dich

« Hai di¥ liéu duoc doc tir hai thanh ghi nguén dugc dua ra 2
dau ra Read data 1 va Read data 2, r6i dua dén dau vao
cua ALU

« ALU operation (4-bit): tin hiéu diéu khién chon phép toan &
ALU

« ALU thuc hién phép toan tuwong (rng, két qua phép toan &
dau ra ALU result duoc dua vé dau vao Write Data cua tap
thanh ghi dé€ ghi vao thanh ghi dich

= RegWrite: tin hiéu diéu khién ghi dit liéu vao thanh ghi dich




Thuc hién |énh Iw/sw

lw rd, imm(rsl) # rd = mem[rsl+SignExtImm]

31:20 19:15 14:12 11:7 6:0
immy4.o rsl funct3 rd op
12 bit 5 bit 3 bit 5 bit 7 bit

sw rs2, imm(rsl) # mem[rsl+SignExtImm]= rs2

31:25 24:20 19:15 14:12 11:7 6:0
Immy 4. rs2 rsl funct3 | immyg op
7 bit 5 bit 5 bit 3 bit 5 bit 7 bit




Cac thanh phan thuc hién cac [énh Iw/sw

> Data

Tap thanh ghi
p
2 _|Read
register 1 Read
Register ) 5 |Read data 1
numbers | register 2
5 | \Write Registers
*» .
L register Read
Write data 2
Data — Data
RegWrite

ALU

Zero
ALU a1y

result

BO nhd dir liéu

4 ALU operation

-

———

MemWrite
——| Address Read —
data
Data
Write memory
—_—
data

MemRead

BO m& rong hang sb ¢
dau tlr 12-bit > 32-bit




M6 ta thuc hién |énh lw

immy 4.0 rsl funct3 rd op

12 bit 5 bit 3 bi

5 bit 7/ bit

{4?9/3_“1 ALU operation
register 1 ‘ MemWrite
Read MemtoReg
Instruction | registe ALUSrc
Registers po,4 Read
i Address (1
. er_te data 2 data M
register u
X
Write > ™0
data Wit Data
> rite
RegWrite data memory
immll;o Imm MemRead

Gen




Thuc hién |énh lw

= SO hiéu thanh ghi rs1 dua dén dau vao Read register 1 dé
chon thanh ghi co s& rs1, n6i dung rs1 duoc dua dén dau ra
Read Data 1, roi chuyén dén ALU

= Hang s6 imm 12-bit duwgc dua dén bd Imm Gen dé ma rong
thanh 32-bit, roi chuyén dén ALU

« ALU cbng hai gia tri trén, két qua & dau ra ALU result chinh
13 dia chi cta dir liéu can doc ttir boé nh& dir liéu; dia chi nay
dwoc dua dén dau vao Address ciia bo nhé dir liéu

« SO hiéu thanh ghi rd duwa dén dau vao Write Register dé
chon thanh ghi dich

= D liéu 32-bit & b6 nh& dir liéu, tai vi tri dia chi da duoc
tinh, duwoc doc ra & dau ra Read data ctia boé nh& dir liéu
nha& tin hiéu diéu khién MemRead, roi dua vé dau vao Write
Data cua tap thanh ghi dé ghi vao thanh ghi dich rd




M6 ta thuc hién |énh sw

>

Gen

immy .z rs2 rsi funct3 | immy, op
7 bit bit 5 bit 3 bit 5 bit 7 bit
{Re/_ ALU operation
reqgister 1 Read
g tea1 ‘ MemWrite
ata
M Read MemtoReg
Instruction | register 2 ALUSrc
Write Registers po,4 Address Read (1
*—> _ data 2 data M
register u
X
Write > >0
data Wit Data
RegWrite g daTae memory
immll:o Imm MemRead




Thuc hién |énh sw

= SO hiéu thanh ghi rs1 dua dén dau vao Read register 1 dé
chon thanh ghi co s& rs1, ndi dung rs1 duoc dua ra dau ra
Read Data 1, r6i chuyén dén ALU

= Hang s6 imm 12-bit dua dén bd Imm Gen dé m& rong
thanh 32-bit, réi chuyén dén ALU

« ALU cbng hai gia tri trén, két qua & dau ra ALU result chinh
|a dia chi cua vi tri & b6 nh& dir liéu; dia chi nay duoc dua
dén dau vao Address ctia bé nhé dir liéu

= SO hiéu thanh ghi rs2 dua dén dau vao Read register 2 dé
chon thanh ghi dit liéu nguén rs2, noi dung rs2 duwoc dua ra
dau ra Read data 2

« D{r liéu 32-bit nay sé dugc dua dén dau vao Write data
cua bd nh& dir liéu va duoc ghi vao ngan nhd co dia chi da
duaoc tinh, nho tin hiéu diéu khién MemWrite




Datapath cho cac 1énh SH/LG kiéu R/Load/Store

Read ALU operation
register 1 :
thea? . | MemWrite
ata
Regd MemtoReg
Instruction register 2 ALUSrc
Registers Read
Write el 0 Address " gata 1
register aa M u
u u
. x x
_ | Write > 1 0
data Writ Data
> rite
RegWrite datla memory
Imm MemRead
Gen

= ALUSrc: tin hiéu diéu khién chon todn hang dua dén ALU:
= Lénh kiéu R: todn hang tir thanh ghi nguén th hai (ALUSrc = 0)
= Lénh Iw/sw: Hang s6 imm 12-bit dwgc mé rong thanh 32-bit (tinh dia chi)
(ALUSrc=1)
= MemtoReg: tin hiéu diéu khién chon dit liéu dwa vé thanh ghi dich:
= Lénh kiéu R: 13y két qua tir ALU result (MemtoReg = 0)
F = Lénh lw: dit liéu doc (Read data) tir b6 nh& dir liéu (MemtoReg = 1)




Thuc hién |énh branch

» So sanh néi dung hai thanh ghi rs1 va rs2:
« Néu diéu kién dung: ré nhanh dén nhan dich
= PC & PC + SignExt({imm12:1,1'b0})
= Néu diéu kién sai: chuyén sang thuc hién Iénh ké tiép
- PC < PC +4

beq rsl, rsZ2, label funct3
(bne, blt, bge, bltu, bgeu) 000 beq
001 bne

31:25 24:20 19:15  14:12 11:7 6:0 100 blt

_ . 101 bge
MM 10:5 rs2 rs1 funct3 | immy.q 19 op 110 bltu
7 bit 5 bit 5 bit 3 bit 5 bit 7 bit 111 bgeu




Cac thanh phan thuc hién Iénh Branch

Instruction

PCfrom instruction datapath —

\

\

Read
register 1 Read
Read data 1
register 2
Write Registers
register Read
Write data 2
data

RegWrite

Imm

Gen

\

Branch

Add Sum target

ALU operation

To branch
control logic

ALU Zero




Thuc hién |énh beqg

BACH KHOA |

Immy, 10:5 rs2 rsl | funct3 | immy.q 14 op
| /
7 bit 5bit 5 bit 3 bit 5 bit 7 bit
PCSrc
M
Add > u
X
4 — Add Sum
\ ‘ Read .
Read > i ALUSrc 4| ALU operation
—PC address l register 1 dR?a? | MemWrite
| Read ata
Instruction ¢ | register 2 ALU cere e
| write Re9'Sters Read | o] | reAsLuLIi Address Rdeaat:
Instruction register data 2 M
memory u
| Write ol X
data
Write  Data
RegWrite " | data memory
. MemRead
|mm12:1 O - Imm
Gen




Thuc hién |énh beqg

« Nho cac so hiéu thanh ghi rs1 va rs2, hai toan hang nguén
duoc doc ra dua dén ALU dé so sanh
« ALU trir hai todn hang va thiét 1ap gia tri &@ dau ra “Zero”
« Hiéu=0 > dauraZero=1
« Hiéu<>0-> dauraZero=0
« Dau ra Zero nay dugc dua dén mach logic diéu khién ré nhanh
= BO c6ng Add tinh dia chi dich ré nhanh
= Hang s6 imm 12-bit duoc mé réng theo kiéu c6 dau thanh 32-bit,
roi dich trai 1 bit
= Cong vai PC
- Dia chi dich = PC + (imm da m& rong 32-bit, dich trai 1 bit)
« Diéu kién dung: PC < dia chi dich ré nhanh (ré nhanh xay
ra)
_ = Diéu kién sai: PC < PC+4 (chuyén sang Iénh k€ ti€p)




Hop cac thanh phan cho cac Iénh

» Datapath cho cac Iénh thuc hién trong 1 chu ky
= M6i phan tir clia datapath chi cé thé [am mét chirc
nang trong moi chu ky
» Do d6, can tach roi bé nhé [énh va bo nhé dir liéu
« SU&r dung cac b6 chon kénh dé chon dir liéu nguon
cho cac Iénh khac nhau




Datapath don gian cho cac Iénh R/lw/sw/branch

\ PCSrc
M
Add . "
X
4 — Add Sum
. >
Read > Ree}d 1 ALUSIc 4 ALU operation
— PC > Lddress register thea(11 | MemWrite
Read ata
. | register 2 Zero MemtoReg
Instruction ' Registers g ALU A Read
| Write ea it Address dat
Instruction o register data 2 resu ata
memory .
| Write o
data i
_|Wwrite  Data
RegWrite " | data memory
MemRead
o| Imm
Gen

= PCSrc: tin hiéu diéu khién chon gia tri cdp nhat PC
- Khong ré nhanh: PC € PC+4 (PCSrc =0)
_+ RE&nhanh: PC € PC + (imm 12-bit dwoc mo rong thanh 32-bit <<1) (PCSrc = 1)




2. Thiét ké Control Unit

« Don vi diéu khién cé hai phan:
- B6 didu khién ALU
= B6 diéu khién chinh




Thiét ké bo diéu khién ALU

« ALU duoc sir dung dé:
» Load/Store: F = add (xac dinh dia chi bd nh& dir liéu)
= Branch: F = subtract (so sanh)
« Cac lénh s6 hoc/logic : F phu thudc vao funct code

ALU control lines Function
0000 AND
0001 OR
0010 add
0110 subtract




Tin hiéu diéu khién ALU

« B diéu khién ALU s&r dung mach logic to hop:
= Dau vao: 2-bit ALUOp duorc tao ra tir opcode cuia Iénh va
cac bit cua funct/ va funct3
= Pau ra: cac tin hiéu diéu khién ALU 4-bit (ALU control)

Opcode | ALUOp Operation funct?/ funct3 ALU function ALU
control

lw 00 load word XXXXXXX XXX add 0010
SW 00 store word XXXXXXX XXX add 0010
beq 01 branch if equal | XXXXXXX XXX subtract 0110
R-type 10 add 0000000 000 add 0010
sub 0100000 000 subtract 0110

and 0000000 111 AND 0000

or 0000000 110 OR 0001




Thiét ké bo diéu khién chinh

« Cac tin hiéu diéu khién duoc tao ra tir [énh

/ bit 5 bit 5 bit 3 bit 7 bit
funct/ rs2 rsl funct3 op
immy .o rsl funct3 op
immyq.s rs2 rsl funct3 | imm,, op
IMM45 10:5 rs2 rsi funct3 | immy.q 14 op
iImmsy.15 op

IMM2g 10:1,11,19:12 op

20 bit

7 bit

R-Type
I1-Type
S—-Type
B-Type
U-Type
J-Type




Datapath va Control Unit

e

4
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Add

PC

Read
address

Instruction
[31-0]

Instruction
memory

Instruction [6-0]

Instruction [19-15]

Branch

MemRead

MemtoReg

» Control ALUOp

MemWrite

| ALUSrc

RegWrite

. | Read

Instruction [24-20]

Instruction [11-7]

| write

Instruction [31-0]

register 1 Read

Read data 1

register 2

Read

register data 2

Write
data Registers

»(0

“xc=2°

Y

Zero
ALU 7|y
result

Instruction [30,14-12]

Read

Address data

Write
data

Data
memory

Oxec=—




Cac tin hiéu diéu khién

Tén tin hiéu Hiéu wng khi tin hiéu =0 Hiéu rng khi tin hiéu =1

Branch Khong cd 1énh ré nhanh beq Cé Iénh ré nhanh beq
(Branch =1) & (Zero=1): ré nhanh xay ra
(Branch =1) & (Zero=0): ré nhanh khong xay

ra
RegWrite Khong Ghi di¥ liéu trén dau vao Write Data & tap
thanh ghi dén thanh ghi dich
ALUSrc Toan hang th& hai cha ALU 1dy | Todn hang th hai cdia ALU 13 gid tri 12 bit
tlr thanh ghi ngudn th hai cla lénh duoc mé réng cé dau thanh 32-bit

(Read data 2)
PCSrc PC < PC+4 PC < PC + SignExt({imm12:1,1'b0})




Cac tin hiéu diéu khién (tiép)

Tén tin hiéu Hiéu rng khi tin hiéu =0 Hiéu irng khi tin hiéu =1
MemRead Khong No6i dung ngan nhd dir liéu, duoc xac dinh
b&i dia chi do ALU tinh, duoc dua ra dau
ra Read data ciia bd nhé dit liéu
MemWrite Khong D{t liéu trén dau vao Write Data cla bd
nh& dit lieu dwgc ghi vao ngan nhé cé dia
chi do ALU tinh
MemtoReg Gia tri dvoc dua dén dau vao Gia tri dwoc dua dén dau vao Write data
Write data cta tap thanh ghila | cta tdp thanh ghila tir bo nhé dit liéu
t ALU result




Vi du thuc hién Iénh kiéu R

add s2, s3, s4
add x18, x19, x20

C+4
bit 30 =0 = add
bit30=1 - sub

I

Branch 0

Add Sum

|

MemRead

funct7 rs2 rsi funct3 op
0000000 10100 | 10011 | OOO | 10010 | 0110011
25 24 20 19 15 14 12 11 7 6 0

MemtoReg

Control ALUOD

MemWrite

/ ALUSrc

RegWrite
1

4
Instruction [6-0]
0110011
Instruction [19-15]
Read

address

Instruction
[31-0]

Instruction
memory

Instruction [24-20]

10100

Instruction [11-7]

10010

Instruction [31-0]

Read
register 1 paaq

Read data 1
register 2

(0

Write Read
register data 2

Write
data Registers

—“xc=

0

Gen

, 000
Instruction [30,14-12]

Read
Address data

Data

memory

—

Cxc=z) =)

0010

10
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Vi du thuc hién |énh lw

imm rsl funct3 rd op
lw t2, 8(s3) 0000 0000 1000 10011 010 | 00111 | OOOOO11
Iw x7, 8(x19) 31 20 19 15 14 12 11 7 6 0

Add \

4 — Add Sumi—

,/

Branch ()
MemRead
Control ",\_\/ILGLT(;%RGQ

MemWrite
| ALUSrc
RegWrite
-

Instruction [6-0]
0000011

Instruction [19-15] Read

Read :
PC+4 '-|PCre» _iiress register 1 poaq
Instruction [24—20
nstruction [ ] Read data 1
Instruction L register 2 1
[31-011 T instruction [11-7] Write dR?ag 1|v|
Instruction i ata
memory 00111 |edster v
Write Ox
data Registers
000p 0000 200

Instruction [31-0]

» Imm ALU I

Gen control
U 0010 .

Instruction [30,14-12]

4 =
BACH KHOA 4 3
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Vi du thuc hién |énh sw

7
y

Instruction [30,14-12]

imm11:5 rs2 rsl funct3 imm4:0 op
sw sO, -8(s6) 1111111 | 01000 | 10110 | 010 | 11000 | O100011
sw X8, -8(x22) 31 25 24 20 19 15 14 12 11 7 6 0
’\ :
Add ,\\\\\\\ "
X
4 — Add Sum 1
/ 0
Branch 0
MemRead
Instruction [6-0] Control MemtoReg
ontrol 215,
0100011 Mem\Write
| ALUSrc
RegWrite
Road Instruction [19-15] Read
PC+4 PC ea register 1
T[] address Instruction [24-20] | ead 1
Instruction | 1 01000 register 2
[31-01 | Tinstruction [11-7] Write  Read 0 AddressRead 1
Instruction register data 2 M ata M
memory : u 3
Write 1x 0
"| data Registers Write Data
data Mmemory
1111 1111 YO0
—8 — 1111 1111 1000 Instruction [31-0] Imm I

0010

00

BACH KHOA




Vi du thuc hién Iénh kiéu B: beq

4

BACH KHOA

imm12, 10:5 rs2 rsl funct3 imm4:1,11 op
beq sO, t5, L1 0 000000 | 11110 | 01000 | OO0 | 10000 | 1100011
31 25 24 20 19 15 14 12 11 7 6 0
PC+4 ~
Add \ M
X
4 Add Sum 1
P dia chi
Branch 1 , ~
MemRead dlCh re
Instruction [6-0] MemtoReg ’
1100011 'I?/IIZeLrJnC\)Nrite nhanh
ALUSrc
RegWrite
Road Instruction [19-15] Read
PC ea register 1
| address Instruction [24-20] Rj;d dead
Instruction | | 11110 register 2
[31-0] - - - Read 1
Instruction Instruction [11-7] \r/ggitseter da?aaZ Address data
memory . v
. Write 0
data Registers | write mgritgry
0 0 000000 10060 da
Instruction [31-0] Imm
"\ Gen
Instruction [30,14-12]
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5.3. BO xur ly da chu ky

=« M6t bd nhé dung chung cho ca |énh va dir liéu

= Chico mét bé ALU

- M6t hoac nhiéu thanh ghi dugc thém sau moi don
vi chlrc nang dé gilr dau ra ctia don vi dé cho dén
khi gia tri d6 duoc stir dung & chu ky tiép theo




Pudng dan dir liéu da chu ky

[<

J» Address
Instruction

Memory or data

Instruction

|-> Data

register .
>
_ ¢
o>
Memory
— dala ®e¢»
register

Data
Regqister #
Registers

Register #

Register #

\/

ALUOut

Y

» Thanh ghi 1énh (IR) va Thanh ghi dir liéu b6 nh& (MDR):
chira lénh va dir liéu duoc doc ra tu bd nhé
« Cac thanh ghi A va B dé€ chira cac gia tri toan hang duoc
doc tu cac thanh ghi
- » Thanh ghi ALUOut chira dau ra cua ALU




Dudng dan dir liéu

da chu ky cho cac lIénh co ban

7
y

BACH KHOA

PC

-~ xXc=0

—>|

Address

Memory
MemData

Write
data

Instruction

[19-15]

Instruction

[24—20]

Instruction
[11-7]

Instruction
register

Instruction
[31-0]

Memory

“xec=°

data
register

-

| Read
register 1 Read u
Read data 1
register 2
Registers
Write Read
register data 2 _>E._>
) 4

Write
data

Imm

Gen

\ 4

0
M
u
X
1 Zero
ALU ALU
result
0
1M
u
2 x

\ 4

ALUOut




Dudng dan dir liéu

da chu ky vé&i cac duong diéu khién

lorD MemRead MemWrite IRWrite RegWrite ALUSrcA
0
PC M Instruction .| Read 0
)1: Address [19—15] register 1 Read n “lf
1 Instruction Read data 1 X
> Zero
Memory [24-20] register 2 ~ Nau
MemData Instruction |_ _ Registers ALU ~| ALUOUt h
[11-7] Write — Read result]
| Write . | register  yata 2 E‘—' Om /
data Instruction ¢ > _ 4-+{1u
register 0 Write PR
> data V\
Instruction '\lf
[31-0] X
|' 1
Memory Imm
register control
Instruction [6-0]
I
MemtoReg ALUSrcB ALUOp




Multicycle Datapath va Control Unit

PCWriteCond /\

PCSource
PCWrite /Outputs\ ALUOp
lorD
o ALUSrcB
MemRead Control
MemWrite / ALUSreA
MemtoReg \ Op RegWrite
[6-0]
IRWrite \
-9-¢
Instruction
6 [6-0]
M Instruction Regd /O\
u Address [19-15] register 1 o4 ﬁl
1 Instruction Read data 1 X
Zero
I\'I\I/IemcE)ry [24-20] register 2 N\ ALU
emData Instruction _ Registers ALU e
[11-7] Write Read resuy
. register 0
| Write : data 2 M /
data Instruction ) 1u
register 5 Write o X
data
Instruction M
[31-0] 3
1
.| Memory |_
data Imm
register Gen
Instruction [6-0]

BACH KHOA
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Cac tin hiéu diéu

khién 1-bit

Tén tin hiéu Hiéu rng khi tin hiéu=0 Hiéu (rng khi tin hiéu=1
RegWrite Khong Ghi di¥ liéu trén dau vao Write Data & tap
thanh ghi dén thanh ghi dich
ALUSrcA Todn hang th& nhat cla ALU la | Todn hang th& nhat cda ALU 1a tir thanh ghi
tw PC A
MemRead Khong NOi dung ngan nhd dir liéu, duoc xac dinh
b&i dia chi do ALU tinh, dwoc dwa ra dau ra
Memory data output dwa dén Memory data
register (MIDR)
MemWrite Khong D{¥ liéu trén dau vao Write Data cla bd nh&
dit liéu dwoc ghi vao ngan nhé cé dia chi do
ALU tinh
MemtoReg Gia tri duvoc dua dén dau vao | Gia tri dwoc dwa dén dau vao Write data
Write data cta tap thanh ghi | cGa tap thanh ghi la tir MDR
la tir ALU Out
lorD PC cung cap dia chi dén bd ALUOut cung cap dia chi dén bd nhd& (vai
nh& dé doc lIénh lénh load/store




Cac tin hiéu diéu khién 1-bit (tiép)

Tén tin hiéu Hiéu rng khi tin hiéu=0 Hiéu rng khi tin hiéu=1
IRWrite Khong

Dau ra chia bd nhé dugc ghi dén Thanh ghi
|énh IR

PCWrite Khéng PC duoc ghi; ngudn duoc diéu khién bdi

PCSource

PCWriteCond | Khéng PC dwoc ghi néu dau ra Zero output = 1




Cac tin hiéu diéu khién 2-bit

Tén tin hiéu | Gia tri Hiéu irng

ALUOp 00 ALU thuc hién phép cong

01 ALU thuc hién phép tri

10 Truong funct cua Iénh xac dinh phép toan cua ALU
ALUSrcB 00 Dau vao th& hai cia ALU tir thanh ghi B

01 | Dau vao th& hai cia ALU I3 hang s6 4

10 PAau vao th hai cua ALU 13 hang sé imm da duoc ma& rong
PCSource 00 PAau ra ctia ALU (PC+4) dua vé PC

01 NOi dung cua ALUOut (dia chi dich ré nhanh) dua vé PC

10 The jump target address (IR[25:0] shifted left 2 bits and
concatenated with PC + 4[31:28]) is sent to the PC for writing.




Vi du vé hiéu nang

« Thong ké trong chuong trinh: 20% Iénh load, 8%
lénh store, 10% |énh branch, 62% |énh ALU

= CPI: cac Iénh load: 5, cac Iénh store: 4, cac |énh

ALU: 4, cac |énh branch: 3

» CPl;5 =0,2x5 + 0,08x4 + 0,1x3 + 0,62x4 = 4,10

» So v&i bo xir ly don chu ky ?

= Chu ky ctia b6 xtr ly don chu ky = 5 chu ky cua bo xu ly
da chu ky (Iénh load) > CPI =5

nnnnnnn




5.4. B6 xtr ly dudng 6ng

« Ky thudt dwong ong I1énh (Instruction Pipelining): Chia chu
trinh 1énh thanh cac cong doan va cho phép thuc hién goi
lén nhau (nhu day chuyén lap rap)

= BO xtr ly RISC-V ¢6 5 cdng doan, moi cong doan dugc md
t3 lién quan v&i mot thanh phan chinh ctia bo x ly:

1. IF: Tim nap [énh tr b6 nh& (IM - Instruction Memory)

2. ID: Giadi ma |énh va doc thanh ghi (RF - Register File)

3. EX: Thuc thi thao tac hodc tinh toan dia chi (ALU)

4. MEM: Truy nhap toan hang boé nhé (DM - Data Memory)
5. WB: Ghi két qua tra vé thanh ghi (RF - Register File)

\‘
|F ID EX MEM WB
/




lénh

~n’

o0
-
O
o0
-
O

=
o

ird

do thoi gian cua

iéu

=T

Thoi gian thuc hién 1 cong doan

Thoi gian thue hién tudn ty 8 1énh:

8 x 5T = 40T

Thoi gian thue hién dudong 6ng 8 1énh: (1 x 5T) + [ (8-1)x T]=12T

7
'//
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Cac tré ngai (Hazard) ctia duwong ong lénh

= Hazard: Tinh huéng ngan can bat dau cua lénh tiép
theo & chu ky tiép theo
« Hazard cau trac: do tai nguyén duoc yéu cau dang ban

= Hazard dir liéu: can phai doi dé 1énh trudc hoan thanh
viéc doc/ghi dir liéu

= Hazard diéu khién: do ré nhanh gay ra




Hazard cau truc

» Xung dot khi sir dung tai nguyén
» Gid sir trong dudng 6ng ctia RISC-V véi mot bo
nhd dung chung
« Lénh Load/store yéu cau truy cap dir liéu
= Tim nap Iénh can tri hoan cho chu ky dé
« Bai vay, datapath kiéu dudng 6ng yéu cau bd nhé
lénh va bo nh& dir liéu tach roi (hoac cache
lénh/cache dit liéu tach roi)




Hazard dir liéu

» Lénh phu thubc vao viéc hoan thanh truy cap dir
li€u cua |énh trudc do
add s0, t0O, tl # t0 + tl
sub sl1, s0, t2 # sl = sO0 - t2

sO

add s0, t0, t1 IF ID } MEM WB
sO

sub s1, sO, t2 IF ID } MEM WB

lénh sub yéu cau doc gid tri & sO trude khi 1énh add ghi két qua dén sO !




Tri hoan va Chuyén tiép trudc

» Tri hoan (stalling)

add s0, t0, t1 IF ID } MEM WB

bubble bubble bubble bubble bubble
bubble bubble bubble bubble bubble

sO

sub s1, s0O, t2 IF ID E— MEM WB

« Chuyén tiép trudc (forwarding)

add s0, t0, t1 IF ID EX MEM WB

t0+t1

sub s1, sO, t2 IF ID MEM WB




Hazard dir liéu voi Iénh load

» CO s dung forwarding
« Can cheén 1 budec tri hoan

lw sO, 20(t1) IF ID } MEM WB

sub s1, s0, t2 IF ID } MEM WB




Lap lich ma dé tranh tri hoan

» Thay doi trinh tuw ma dé tranh sir dung két qua load & 1énh

tiép theo

= Ma C:
a = Db + e;
c = b + £;

lw tl1, 0(t0) # nap b
lw (£2) 4(t0) # nap
add t3, t1,(t2)# b+e
i

sw t3, 12(t0) cat
1w (t4) 8(t0) # nap

Gl add t5, t1, (D4 b+f

sw t5, 16(t0) # cat

13 cycles 11 cycles




Hazard diéu khién

» Ré nhanh xac dinh ludng diéu khién
« Tim nap Iénh tiép theo phu thudc vao két qua ré nhanh
- Pudng 6ng khéng thé luén nhan dang 1énh
- Van dang lam & cong doan gidi ma Iénh (ID) cua lénh ré nhanh
« Trong dwong 6ng cua RISC-V
« Can so sanh thanh ghi va tinh dia chi dich s&m trong
duwong ong
« Thém phan cirng dé thuc hién viéc dé trong cong doan
ID




Tri hoan khi ré nhanh

» Doi cho dén khi két qud ré nhanh da duoc xac
dinh truée khi tim nap 1énh tiép theo

Instruction Data
add s4, s5, s6 etch Reg| ALU access | R€9
Instruction Data
beq S]" 52’ L1 m fetch Reg ALU access Reg
bubble/(_bubbley(_bubble/ bubbled( bubble
@ @ @
L1: or tO,t1,t2 ~———— > {Instruction Reg| ALU Data Reg

400 ps fetch

access




Du doan ré nhanh

« Nhirng duong 6ng dai hon khong thé sém xac
dinh dé dang két qua ré nhanh
= Cach tri hoan khéng dap &rng ducgc
» Du doan két qua ré nhanh
= Chi tri hoan khi du doan la sai
= VOI RISC-V
« C6 thé du doan ré nhanh khong xay ra
= Tim nap lénh ngay sau Iénh ré nhanh (khéng |am tré)




RISC-V v&i du doan ré nhanh khong xay ra

add s4, s5, s6

Du dodn
dung beqsl, s2, L1
lw s3, 0(s0)
add s4, s5, s6
Duv dodn beqsi, s2, L1
sai

L1: ortO, t1, t2

Instruction Data
fetch Reg ALU access Reg
Instruction Reg ALU Data Reg
200 DS fetch access
~<— > |nstruction Data
200 ps| fetch Reg| ALU access |09
Instruction Data
fetch Reg ALU access Reg
ool reo| A | 27 |Re
200 ps

]

bubble/bubble/ bubble/( bubbled(_ bubble
@ O O

400 p

Instruction
S fetch

Reg ALU

Data
access

Reg




5 céng doan cua Pipelined Datapath

EX: Execute/
address calculation

ID: Instruction decode/ WB: Write back

register file read

IF: Instruction fetch MEM: Memory access

\Gy

| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
4—>] | | | |
| | | |
| | | |
Add T T I I
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
0 | | | |
M : Read Read : - : :
u PC Address | register 1 data 1 | 7610 |
X | »| Read | |
1 | register 2 | AL ALll'i Address |
Instruction @ Registers ' 0 resu R:j:sig
: Write Read : M / Data
Instruction I register data 2 | u memory
x
memon | | Write || @ 1
' data ! Write
I ! data
| |
| |
| |
: Imm :
| |
| |
| |
| |
| |
| |
| |
| |
| |




Pipelined Datapath

Add

IF/ID

ID/EX

Y

Address

Instruction
memory

Instruction

\

Read

register 1 Read
data 1

Read

register 2 |

Registers po,q
Write data 2
" | register

Write

data
Imm

> | Gen

xec=2°

,\

EX/MEM

Zero
ALU A1y

result

/

A

Address
Data
memory

Write
data

Read
data

MEM/WB




Add

Address

Instruction
memory

Add Sum

IF/ID ID/EX
o
% .| Read
[ " |register 1 Read >
‘g data 1
= Read
1 register 2
> Registers Rooq _
o | Write data 2 o
" | register
Write
data

Zero
ALU 1y

result

EX/MEM

K

Address
Data
memory
Write
data

Read
data

MEM/WB

A 4




Pac diém cta duong 6ng

= Ky thuat dudng 6ng cai thién hiéu ning bang cach
tang so Iénh thuc hién
« Thuc hién nhiéu Iénh dong thaoi
= MOoi Iénh cé cuing thai gian thuc hién
» Cac dang hazard:
= Cau truc, dit liéu, diéu khién
« Thiét ké tap Iénh anh huwdng dén do phirc tap cua
viéc thuc hién dudng 6ng




Tang cuong kha nang song song muc lénh

s Tang soO cong doan clia duong ong

Lénh 1

Lénh 2.

Lénh 3|

Lénh 4.

Lénh 5.

Lénh 6.

s Siéu vo erc?ng (SQperSca

o

Lénh 1

Lénh 2

Lénh 3§

Lénh 4

Lénh 5

Lenh 6




Kién trdc may tinh

Hét chuong 5
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