


NOi dung

Thanh phan co’ ban cua bé xtr ly
— Lénh truy cap
— Céc toan tir ALU
— Toan t& bé nh&
Két ndi cac thanh phan
— CAac tin hiéu diéu khién va b0 don kénh MUXes

— Cac chi thi giai ma lIénh



Material that is not in this
lecture

- Readings from the book
— ALU Function field (fig.4.13 in 4.4)
— Some data path details

— The book has excellent descriptions of this
topic.

- Please read the book bhefore watching
this lecture.

- The reading assignment is on the



Thwc thi co ban cua MIPS
(from the book)

- Xem lai cac tap Iénh co ban trong MIPS
— Memory: lw, sw

— Arithmetic: add,sub

— Logic: and, or

— Branch: beq

- Poc thém:

— Multiply, divide

— A bunch of logic operations

Fl aal a)Y



Cac hoat dong chinh cua
bo xwr ly?

Nap Iénh: tim ra [énh va tai |énh

Tinh toan trén ALU: tim ra toéan tr va thuc
thi

Instruction Fetch ALU Operation Memory Access

ALU

Address
Generation

N N
— —

ALU Oper ation
Decoc e

Next Instruction
Logic (Jump)

Instruction



Thiét ké do'n xung nhip

Thiét k€ dau tién sé xtr ly mdt Iénh trong mot chu ky dong hé. Chia Iénh thanh cac pha

va thuc hién trong mot chu ky dong ho.

Nhéc lai vé thiét ké mirc logic:
- To hop cac mirc logic tao ra trang thai ké ti€p
- B0 nhé& (cac mach chét, RAM) lwu trir trang thai
- B0 dong ho chuyén doi trang thai ké tiép

Quy trinh nap Iénh

Trang thai ké ti€p: PC+4 (ngoai trir cac lénh 1

Trang thai: Program Counter (I€nh hién tai)

State
Memory
(Program
Counter)

Inputs

Next State Logic
(From Truth Table)

Outputs

=

Add J

Next State
Logic (PC+4)

My

Current
State



Thiét ké do'n xung nhip

Thiét ké xtr ly mot Iénh trong mot chu ky
dong ho

Cac khéi xtr ly co ban:

V o WS FQ-J B B [ R R,

Q: What is this output?

O Current State
O Next State

State
Memory
(Program
Counter)

Q: What is this output?

O Current State Inputs
O Next State l
Next State

H*

Clock

Current State \ Add Next State Logic

(From Truth Table)

g —

Next State
Logic (PC+4)

Outputs

—_— e e mdh o A

AN

Current
State

f=—

Clock




So do khoi

Instruction
, Fetch
O Trién khai cac Iénh |
* Lénh truy cap b0 nhd: Iw, sw Instruction
e Lénh s6 hoc va logic: add, sub, and, or, slt Decode
e Lénh diéu khién dong chwong trinh: beq, j l
O Trién khai cac pha hoat dong Operand
 Duing thanh ghi PC dé Iwu dia chi Iénh Fetch
boc |Iénh tr bd nh¢, va cap nhat gia tri PC A
«  Giai ma Iénh va doc cac thanh ghi Execute
e Thuc Elen I)enh Result
e Luwu két qua Store
Next
< v Instrilction

HUST-FET, 1/8/19 8



Stages of Execution on
Datapath

¢

Read

(7))
O .5 - Jﬁ*_ Q
o 5 O |rs % -
SE = D > ALU 8 o
S o It v © &
n £ — P A o
£ -
- >
<
& P o P o 3 P> o P o 5 >
1. Instruction 2. Dec_ode/ Execute 4. Memory Register
Fetch Register

Write



Nap Iénh

Theo doi dia chi Iénh hién tai tén thanh PC.

— Tang PC Ién 4 trong moi chu ky

— Tai lénh tai dia chi dwoc xac dinh béi PC

address

alz]=1=1=

Instruction

Instruction
memory

—

sl REIs == |°

We have a separate instruction memory. We'll

address this later in the course.




Nap Iénh

J Poc Iénh tai dia chi (-Iu’u trong-g) PC tr bd nh& 1€nh (eng. Instruction
Memory)

J Cap nhat gia tri PC t&i dia chi clia Iénh ké ti€p —
Instruction
Fetch
> ¥
Instruction
>Add Decode
v
4 —— Operand
Fetch
v
Instruction [ Execute |
Memory Result
»P o Read nstryctior— Store
Address !
Next
Instruction
I —

d PC duoc cap nhat @ moi chu ky = khéng can tin hiéu diéu
khién ghi PC.
QO Poc tir bd nhé 1€nh dwoc thue hién bang logic t6 hop

HUST-FET, 1/8/19 11



Giai ma lenh

d Chuyén cac bit thudc tredng ma 1énh va tredng ma chirc

~

nang t&i khoi diéu khi

'

Instruction

'

A

HUST-FET, 1/8/19

v

Instruction
Fetch

v

Instruction

Decode

v

Operand
Fetch

v

| Execute |

Result

Store

¥

Next

Instruction
|

12



Giai ma lenh

add R8, R17, R18

000000 |10001 |10010|01000 |eveee | 100000
opcode rs rt rd shamt  funct
(srcl) (src2) (dest)
: Read
PC Pl i register 1
address g
H Read
: - register 2
Instruction H=
= Write
Instruction || register
memory (|-
S0 | write

data

Read
data 1

Registers g
data2 [

(Iénh R)

RegWrite
PCSrc
Control

. ALUSrc
Logic

MemWrite
.~ MemRead
MemtoReg




Immediate value
is in bits 15-0

extend

Sign-

|| |
PCSIC Q: What happens to the
immediate value for non I-type
M instructions?
>Add u O Itis not sign-extended
ALU O It is garbage, but not used
C A Add rgsuit O It doesn’t exist
@ A: It is garbage, but not used
§ The last 16 bits of the instruction
Read ] - HEE,';B 4 ALUSrc 4. ALU operation are always sign-extended as if they
" address =1 |9 Read | &Y were an immediate value, but if
§ , | Read . data 1 P the instruction is not I-type, then
ion I5| |register2 this value is ignored.
Instruction I s Registers g - >ALU Auii Address L svalue is ig
Instruction register data 2 E resu
declict il Write £
data | wite Data
AW RegWiite data memory
g 16 MemRead




Giai ma lIénh (cac tin hiéu
diéu khién)

Signal | Meaning ____________[Whe?

RegWrite

ALUSrc

PCSrc

MemRead
MemWrite
MemtoReg

AlLUop

RF[Write register] €< write data
(store write data in RF)

ALU uses sign-extended input
(ALU operation with immediate)

PC €< PC + 4 + Immediate
(jump)

Read from memory
Write to memory

RF[Write register] € memory
(store memory data in RF)

ALU Operation

Any instruction that writes to the RF

Any I-format instruction

Branch taken

loads
stores

loads

Any instruction that uses the ALU



| Signal __| Meaning___________| Rformat _|

RegWrite

ALUSrc

PCSrc

MemRead

MemWrite

MemtoReg

ALUop

ma

a

RF[Write register] < write data
(store write data in RF)

ALU uses sign-extended input
(ALU operation with immediate)
PC < PC + 4 + Immediate
(jump)

Read from memory

Write to memory

RF[Write register] € memory
(store memory data in RF)

ALU Operation

1 (writes to a
register)

0 (does not
use the
immediate)

0 (does not
jump)
0 (does not

read from
memory)

0 (does not
write to
memory)

0 (does not
store data
from memory)

depends

Read
address

Instruction

[31-0] ]

Instruction
memory

Instruction [31=26]

Instruction [25-21)

RegDst
Canch
.n"lﬁ'll_l'l:E'Eﬁ_

EREIIIREEE e e

T —
/__HeaWiile

Instruction [20-16]

-

Instruction [15-11]| x

Instruction [15-0]

Read
register 1 paaq

lénh (R-format)

~ P *Add
f 5h|f|

\left 2 i
m_/

Read data 1
register 2

write ~ Head
register data 2

Write
data Registers

16 I{;ign'\ 32

Write Data

\extend)
\ /
"

Instruction [5-0]

datg Memory|

ALU
control




| Signal | Meaning | Rformat__|

RegWrite

ALUSrc

PCSrc

MemRead

MemWrite

MemtoReg

AlLUop

Giaim

RF[Write register] € write data
(store write data in RF)

ALU uses sign-extended input
(ALU operation with immediate)

PC € PC + 4 + Immediate
(jump)

Read from memaory

Write to memory

RF[Write register] € memory
(store memory data in RF)

ALU Operation

ab Y,

1 (writesto a
register)

1 (uses the
immediate for
address)

0 (does not
jump)

1 (reads from
memaory)

0 (does not
write to
memaory)

1 (stores data
from memory)

add (address
calculation)

N
A

Read
address

Instructicn |
31-0) |

Instruction |
memory |

|
Instrution [31-26]
e

ALL
result

=1

Sadd

(shitt,

i

RegOst
Ir' Branc

(i —
gL E—

Controlg

Instruction [25-21]) Read

register 1 gaaq
Instruction [20-16] Fead datal

register 2

M| wie  Aead
u
X

nstmuction [15-11] register  data 2
Wrila
dala g

nstruction [15-0)

| Inetruction [5-0]




Nap toan hang
d Poc 2 gia tri toan hang nguon ttr tép thanh ghi

> Chi s6 cac thanh ghi nam trong Iénh 1
J Mé& rong dau cho toan hang truc ti€p | Instruction

Fetch

v

Instruction

—* Read Addr 1 Decode

v

Read > Operand

Data 1
— Read Addr 2 F‘i‘“’

Register |$|Exe o

Write Addr File Result

Read — Store
Data 2 I

Write Data Next

Instruction
|

HUST-FET, 1/8/19 18



Thwc hién lénh

JThuwe hién phép toan (ma hoéa boi op va funct) trén gia tri

toan hang opA va opB
e Cac phép toan cualénh R val

e Phép toan tinh dia chi trong Iénh Iw, sw

e Phep toan so sanh trong Iénh beq, bne

ALU control
OpA overflow
——>
ALU —— Zero
result
opB

HUST-FET, 1/8/19

v

Instruction
Fetch

v

Instruction

Decode

v

Operand
Fetch

v

Result

Store

¥

Next

Instruction
|




Tinh toan trén ALU (cac chi

thi lenh dang R-type)

Cac buoc thuc hién?
— boc dir liéu tir tép thanh ghi(specify rs and rt)
— Thuwc thi tinh toan ALU
— Ghi di¥ liéu vé tép thanh ghi (specify rd)

Register 5
numbers

Read
register 1

Read
register 2

Write
register

Write
Data

Read

Chooses add, sub,
and, or, etc.

ALU operation

data 1

Registers

Read

> Data

data 2

RegWrite

Register File

12

16

20

24

28

32




Tinh toan tren ALU

4 *5»

Cac budc thuyc hién? fecister | |5
nursrllbers < *’

— Doc di¥ liéu tir tép thanh ghi (xac 5
dinh 16 rs va rt) LT
— Thue hién tinh toan ALU o { ]

Read
register 1

Read
register 2

Write
register

Write
Data

Registers

— Ghi dir liéu tré lai tép thanh ghi (xac

dinh ro rd) Specifies if you
- write in data.

Read ALU operation

register 1

numbers register 2

5
*’
Register { 5 |Read
. o . 5
E . Registers Q: Hov.v many bits is Write Data?
bl O 5 bits
register O 8 bits
Write O 32 bits

A: Write data is 32 bits because it is
the data that is to be written to the

register file. The address is in the
Write Register input.

ALU operation

Q: When would you ever not write
to the register file?

O Never, you always write

O On R-format instructions

O On J-format instructions

A: J-format instructions (and some |-
format instructions, such as stores)
do not write to the register file.



Ghi két gua

d Tw ALU v&i cac Iénh tinh toan
2 Tw bo nhd v&i cac lIénh truy cap bd nhé
RegWrite

l

—— Read Addr 1
Read

Reg |sterD —
__/Read Addr2 DPatal

File
» Write Addr Read
_ Data 2
»| Write Data

HUST-FET, 1/8/19

R

Instruction
Fetch

v

Instruction

Decode

v

Operand
Fetch

v

| Execute |

Result

Store

¥

Next

Instruction
I

22



Truy cap bo nhé’

4 BPia chi theo byte )
QD liéu tir thanh ghi rt imetruction

Fetch

MemWrite v

Instruction
l Decode

v

Operand
Fetch

Address v

N Read Data

Result

Store
Data }

Write Data Memory Next
T Instruction

MemRead

HUST-FET, 1/8/19 23



Truy cap bo nhé

Cac budc thuc hién?
— Tinh toan dia chi
— Gwri dia chi dén bo nhé div liéu (write: data)
— Boc: nhan két qua tra vé va dwa vao tép thanh ghi
MemWrite Q: Diéu gi xay ra néu doc ghi vao bd nhé
cung mot thoi di€ém
1/ khdng thé xay ra

o Read| 2/ dit liéu s& b sai léch hodc khong hop 18
data 3/ khdng c6 van dé gi ca vi c6 dau ra doc
di¥ liéu va dau vao ghi di¥ liéu
Data
Write memory Az o s
—> Hoat dong cua RAM: kich hoat mot hang

data doc/ghi di liéu. N&u thurc hién ca 2 cing

lGc sé lam cac bit bi xao tron. Ngoai ra
MemRead can phai 2 dia chi cho qua trinh ghi doc




Két ndi cac thanh phan
* BO tinh toan ALU
— tai lIénh
— tinh toan gia tri tiép theo cta PC
— doc tw tép thanh ghi B
— thwec thi tinh toan
— ghi lai tép thanh ghi o
* Truy nhap bdé nhé& (load/store)
— tai l1énh
— tinh toan gia tri tiép theo cuaPC

L s I 2 ion
— doc tir tép thanh ghi R N @AL{;
— tinh toan dia chi Register )5 _| Read data 1 — N

- ~ 5 A A numbers register 2 S
— Read/Write dir liéu bo 5 |wrte  Registrs Rata ALU AL
— Write di¥ liéu vao tép thanh ghi =gy Read| 1

Write data 2
* Nap lIénh (branch) D"’“a{_’Data
— tai [énh
— tinh toan gia tri tiép theo ctia PC
— doc twr tép thanh ghi Memitrite
Tinh toan dia chi ré nhanh: khéng str dung ALU cho phép toa —eaddess Pl

so sanh va tinh toan dia chi cuing mot thi diém.

— thwce thi cac nhanh so sanh
— cap nhat lai gia tri cua PC

S Add

_| Read
address

Instruction ———

RegWrite

Sign-
extend Data
Write ~ Mmemory

data

MemRead



Két n6i RF va ALU

Read

register 1 Read

Read data 1 3 3
Instruction register 2 oo

. Registers p . ALU ALy
Write data D result
register I > e
| Write L
data




Két noi ALU véi bo nhé

Address from the ALU
Read H
register 1 rend Memo;y data to m;lrrte
- into the register file
Read data 1 g
register 2
_ Registers ALU ALyl
er?e da‘taaag result data
register I_) P
3| Write -

data Data

data v

Data directly from the

register file




Két noi gia tri tirc thoi dé tinh
toan dia chi

Q: What is this Zero output used for?
O Setting RO

O Sign-extending the immediate

O Deciding if we take a jump

Read ; A: Deciding if we take a jump.
o L Read We use the Zero output from the ALU
| Read data 1 — for the comparisons for beq and bne
Insiruction registara. by doing a subtraction.
i Registers dﬂfag _s. Address H;aalca!
register sl
| Write
data . Data
' > Wit memory

data
\u T
16 Slgﬂ‘

(rtend
Immediate value from

the instruction




Thém vao bo dén kénh

Lwa chon tin hiéu bang BO don kénh MUX

Read
register 1 Read x\\-\
Read data 1 —> .
Instruction register 2 ero
_ Registers p .4 ALU AU Read
Ve data 2 || j result Address o
register
| Write
data . Data
> Write memory

data
\ |
16 Sign- | 32
(xtind . )
J'II




Pinh tuyén tinh hiéu
control

* MUX Iwa chon ALU mput(\ep thanh ghi hoac)ac gia tri hang s6 co6 dau tic
thon)

« MUX lwa chon tép thanh ghi ghi di liéu (két qua tinh toan duoc tai ALU hoac
di¥ liéu tr bo nho)

Read
register 1 Read
ﬂ
Baar data 1 B -
Instruction register 2 - ero
Registers ALU Read

v ’ the ag 0 result =3 Address data 11
register Hi8 I'lu;I g I'dl

o x o e ol x

— = Data
Write memory

/‘\ data
16 : | 32
% Sign- |\

tend ,




Cac tin hiéu diéu khién xac
dinh hoat dong: Lénh addi

Pinh nghfa vé tin hiéu diéu khién: ALUSrc (ALU source) va MemtoReg

(Memory to Register File)

Read
| register 1

Read
data 1

Read
register 2
Registers 4

Write data 2

register

Write
data

ALUSre

Zero

ALU »1p
result

Q: What is ALUSrc for the addi

instruction?
01
OO0

A: 1.

addi takes one operand from the
sign-extended immediate field so the
MUX will take the signal from input 1.




Cac tin hiéu diéu khién xac
dinh hoat dong: Iénh add

Q: What is ALUSrc for the add

Read instruction?
| register 1 g 1
0
Read
Instruction register 2 ALUSrc A:1l.
Write Regl Read add takes two operands from the
register register file, so the MUX will take the
Write signal from input 0.
data




Xay dwng cac khoi ré nhanh cé

Cac budc thue hién?
— Mac dinh: PC=PC + 4
— Trwdng hop co diéu kién : PC = PC + 4 + [Sign-extended immediate << 2] if

branch

Add

PCSrc

Read
address
Instruction

Instruction
memory

Read
register 1

Read
register 2

Write
register

Write
data

data 1
Registers g4
data 2 ‘ E

ALUSrc
Read

ALU IJ
@

Write

Sign- 32

extend

data

Address

Read
data

Data
memory

MemRead

diéu kién

MemtoReg

Q: Why do we have a second adder for
branches?

O We need fewer bits

O ALU adder is needed for testing equality
O Special adder needed for immediates

A: The ALU adder is needed for testing

equality.

On a branch instruction we need to do a
register subtraction to test equal/not
equal, which is done on the ALU. We also
need to calculate the branch address, so
we need a second adder.




Tin hiéu PCSrc

Cac budc thuc hién?

— Mac dinh: PC=PC + 4

— Trwdng hop co diéu kién: PC= PC+4+[Sign-extended immediate << 2]
if branch

Q: When do we select the ALU result instead of

PC+4?
Aad O When we have a beq and ALU Zero is true
4 O Whenever we have a bne/beq instruction
O Whenever ALU Zero is true
- A: When we have a branch AND ALU Zero is
ed
:gggss | register 1 Read true.
| Read data 1 MemtoReg If the instruction is a bne/beq AND the output of
Instruction 'eg"”“:ezistars o fead the ALU Zero is 1 (beq) or 0 (bne) then we
Instruction | 1 e, i Address yata branch. Otherwise we either don’t have a branch
memory Write (and so do PC+4) or we don’t take the branch
™ data Wrte  Data (and so do PC+4).
™ data memory
16_[ sign- | 32

extend




Puwong tin hiéu do'n xung
nhip trong MIPS

r

PCSrc

i/
3
xC=

Add

ALU
4= >Add result

@ Memories (state)

Read > HEE,‘; ; ALUSrc | ALU operation
" | address register Read | .
| Read data 1
Instruction e " | register 2 ALU zero
Registers
wiite 0o o Read o] | rouit [ 1] Address oS
Instruction register data 2 M u
memaory u
| Write o X
data
_|write  Data
RegWrite data memaory
16 MemRead
Y




Cac dir liéu n

Add

N

4 —»

Read
address
Instruction

Instruction
memaory

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Registers Read

data 2

RegWrite |

16

guon (dir lieu lay ra & dau?)

MemWrite

_ | Write

data

Address

Read
data

Data
memory

MemRead

MemtoReg

From Instruction




Cac di¥ liéu dich (di¥ liéu di dén dau?)

PCSrc
M
>Add l > u
ALU X
4 —» >Add result
Read ALUS ALL operation
Read P e 4 P
—-PC address register 1 Read | . MemWrite
. | Read data 1 MemtoReg
Instruction - | register 2 Zero
nstruction write €ISt Reag || ALU ALy Address  ead
Instruction ™| register data 2 M result data M
memory , .
Write ol X
data Writ Data
rite
RegWrite data memory
16 [ gign- | 32 MemRead To Register File
extend

To Data Memory




Vi du: addi

Q: What is PCSrc for addi?

O ALU result
O PC+4
A: PC+4,
addi is not a branch
instruction, so the next
instruction is simply PC+4.
Read . :199?;” ; fon 4+ ALU operation
address ea MemWrite
.| Read data 1 MemtoReg
Instruction register 2
Wiite Te9ISterS Read Address F:je:tg
Instruction register data 2
memaory
Write
data

16

RegWrite |

extend

Input 1 from RF
Input 2 from

Instruction

Result to RF



Lap lai qua trinh...

New

Current

Read
address

memory

FPCSrc

Instruction

Instruction

~ | extend

=

Fie-::ld . ALUSrc 4 ALU operation
register Hea? | . MemWrite
.| Read data MemtoReg

register 2

Reagisters
write 09 Read | 1 Address F:je;tg
register data 2 lu"
Writ ? G [
data

_| Write  Data

HagWﬁie| data memory

1 2 MemRead

\a_ Sign- 3




Thwc hién Iénh loai R va ghi két

qua
Jd Lénh dinh dang R (add, sub, slt, and, or)

25 20

15

10

5 0

R-type:

| rs | rt |rd

hamt

|funct

e Thuwc hién phép toan (ma hoa boi op va funct) trén gia tri tc

hang trong rs va rt

e Ghi két qua vao tép thanh ghi (tai vi tri rd)

RegWrite

!

Read Addr 1

\ 4

Register Read

ALU control

o

Read Addr 2 Datal
File
Write Addr

\ 4

Instruction

\ 4

Read

v

>ALU

—» Zero

Data 2

Write Data

v

v

e

HUS TR IIRER ghi rieng biét.

— overflow

a

40

R

Instruction
1 Fetch

v

Instruction

Decode

v

Operand
Fetch

v

Result

Store

¥

Next

Instruction

——

o |%Ithanh ghi khéng duoc ghi & moi chu ky =» can tin hiéu



Instruction

[ PN Vd
Pboc ghi bo nho’
e Dia chi bd nh¢ tinh & budc EX: cdng thanh ghi co s& (doc tur tép
thanh ghi khi giai méa Iénh) v&i gia tri offset
e ghi (sw) gia tri (dwoc doc tw tép thanh ghi khi giai ma Iénh) vao bd
nh& dir liéu
e doc (lw) gia tri tr bO nh¢& dir lieu vao tép thanh ghi

MemWrite

|

Address

RegWrite ALU control
l overflow
»Read Addr 1 Z€ero
Register Read g
»Read Addr 2 Datal
File >

A ALU
»\Write Addr Read

) Data 2, >
»\\rite Data _I

\ @ \

v

\16 Exten

X
32

Data
Memory Read Data

Write Data

T

MemRead

HUST-FET, 1/8/19
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.

Instruction
Fetch

v

Instruction

Decode

v

Operand
Fetch

v

Result

Store

v

Next

Instruction

——



Lénh ré nhanh c6 diéu kién

e So sanh toan hang doc tir tép thanh ghi khi giai ma

trro'ng_offset 16 bit da dwoc mé réng dau.

Read Addr

\ 4

Read Addr
File
Write Addr

\ 4

Instruction

Write Data

Register

1
Read

o
>

o

ALU control

Zero

2 Datal

Read

>ALU

Data 2

Sign

Exte

HUST-FET, 1/8/19

v

32

Branch
target
address

(to branch
control logic)

Tinh dia chi dich bang cach cong gia tri PC (sau khi cap nhat) v&i

R

Instruction
Fetch

v

Instruction

Decode

v

Operand
Fetch

v

Result

Store

¥

Next

Instruction

——

42



Lénh nhay khong diéu kién

e Thay 28 bit thdp ctia PC bang 26 bit thdp cta lénh dwoc nap va 2 bit 0

PC

HUST-FET, 1/8/19

26

s

Jump
i address

R

Instruction
Fetch

v

Instruction

Decode

v

Operand
Fetch

v

Result

Store

v

Next

Instruction

——



Pbwong dir lieu: LEnh R, I, Ilw,sw

v
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Thiét ké dong bd theo doéng
ho

Mach dong bo theo dong ho: 1 phan tt trang thai la hop Ié va 6n dinh duoc quy dinh
b&i xung déng ho

Phan tlr trang thai - phan t&r nh¢ - VD. thanh ghi, bd nhé 1énh, bé nhé di liéu.

Kich hoat theo suwdn — cac trang thai thay déi khi cé swdn xung
Poc ndi dung ctia phan tir trang thai = tinh gia tri bang logic t6 hop =& ghi két qua
vao phan tw trang thai
Cac phan ttr trang thai duoc ghi & tat ca cac chu ky déng ho.

Inputs
State . . State
Combinational
—» element logic element —

! 1 2

ext S;at

A Y
clock

one clock cycle

\ 4

. A

Outputs
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Pbong hé & dau?
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u
register file on the risin X ! ] !
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edge of the clock, if Add o5t
every clock . : data memory on the
RegWrte is true. o
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— . if MemWrite is true.
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memory
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FTgWﬁte | data m
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The clock goes to every state element.




Vi du: Lénh addi thwc thi nhw
thé nao?
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Khi c6 tin hiéu dong ho, bién
mol dwoc lwu triv
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Lap lai qua trinh...
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Cac tuyén logic va cac bo tré

Calculating the next

PC takes:
5+20+5+10=40ns

ALU
>Add result

New data needs
to be ready

before clock | Executing the add and writing
e ALUSrc 4 ALU operation
SR l giEtaR Read back the results takes:
ead data 1 20+45+10+5+45+5+10 = 100ns
New data needs agister 2
to be ready T — I __Registers : Read
Write ead | Address
before clock Ingtruction r L data 2 ] data lu
mem \
o F Write J
Hata

Write ~ Data
data memory

Clock

ngWrite | 5ns
-
16 3 MemRgad

10ns 5ns




Toc db xwr ly xac dinh nhw thé
hao?

Q: How fast can the processor go?

(How fast can the clock be?)

if this Is the slowest path and takes 100ns, O No faster than the Next PC logic

then the fastest clock s 1/100ns=10MiH;. O No faster than the slowest path
S ALU through the whole processor
:On:‘muﬂﬁr and thetf‘:tan::?nts:e don: >Add result O No faster than the path through
puting before uction. the register file and ALU
A: No faster than the slowest path

Read ALUSrc 4| ALU operation through the whole processor.

register 1 ‘Read | : ! If the clock is faster than that, then
Read data 1 L the logic won’t be done before the
20“5 register 2 ' i | next clock.
wiite Te9'SterS Read : Address P

data

Instru ':_:lqdh

register data 2
memory :

Write
data

RegWrite |
Clock S ‘

16
The slowest path is the critical 10ns

path. It is critical because it is
the one that determines how

fast the clock can go.




Tinh chu ky dong ho Tc -
Pwong dai nhat

O Tinh chu ky dong ho trong treong hop bd qua tré & bo ghép, khéi diéu khién, khdi me
rong dau, khdi doc PC, khai dich 2, day dan, th&i gian thiét [ap va gilr. Cho biét do tre:

- Truy cap bd nhé Iénh va bd nh& dir liéu (2ns)

- Khdi sb hoc logic va bd cong (2 ns)

- Truy céap tép thanh ghi (doc hoac ghi) (1 ns)

Instr. |Mem | RegRd | ALUOp | DMem | Reg Wr | Total
R-type | 2 1 2 1 6ns
load 2 2 2 1 8ns
store 2 2 2 ns
beq 2 1 2 5ns
jump |2 2ns
FEHBAS

HUST:




Hiéu nang thiét ké don

D6 tré logic khi

Truy cap lénh 2 ns
Boc thanh ghi 1ns
Hoat dong ALU 2 ns
Truy cap bo nh&é DL 2 ns
Ghi thanh ghi lns
Tong 8 ns
Téc dd déng ho = 125 MHz
Céac loai |1énh:
R-type 44%6 ns
Load 24% 8 ns
Store 12% 7ns
Branch 18% 5ns
Jump 2% 4 ns
ThO’I lan_trun I?Lié]h 6.38 ns

E'Iyl FET 1

xung nhip
ALU-type

Load

Store

Branch
(and jr)

Jump
(except
jr&jal)

(00 & [om i [0o]  [oo]

=

Not
used

Not
used

Not
used

Not
used

Not
used

Not
used

Not
used




Thiét ké don xung nhip — Uu
nhwoc diém

: Cycle & » Cycle 2 :
Clk I I |

lw I sSWwW Waste|

d S dung chu ky déng hé khéng hiéu qua — chu ky dong h6 dwoc dat
theo Iénh cham nhat.

QO Cac lIénh phtrc tap nhuw [énh nhan dau phay dong: Ton dién tich thiét
ké vi can nhan déi mét s6 khoi chirc nang (VD. bd cdng) vi ching
khong thé duoc chia sé trong cung 1 chu ky dong ho

O Pon gian va dé hiéu
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Thiét ké da xung nhip

Chia Iénh thanh céac pha thwc hién: IF, ID, EX, MEM, WB. Mbi pha thwc hién trong
1 chu ky xung nhip

Thoi gian thue hién (= s6 pha) ctia moi Iénh dwoc diéu chinh tay thudc do phirc
tap cua Iénh

Cac khéi chirc nang duoc chia sé gitra cac pha khac nhau cta Iénh do mot khoi
chirc nang cu thé khong can trong toan bd cac pha thuc hién cla lénh

Clock_

Time
needed

Time
allotted Instr 1 Instr 2 Instr 3 Instr 4
-

seininininininisnnininininininint
med ][] [] L] ] Time

3 cycles 5 cycles 3 cycles 4 cycles

L]

Time
allotted Instr 1 Instr 2 Instr 3 Instr 4
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Hiéu nang thiét ké da xung

. nhip
Cac loai Iénh str dung s =
chu ky khac nhau ALtype

R-type 44% 4 cycles
Load 24% 5 cycles

Store 12% 4 cycles
C

Branch 18% 3 cycles o =T
Jump 2% 2 cycles
Poéng gop vao so chu ky Store ~
trung binh can cho mét
Iénh:
R-type .
Load a5t o] =3
Store ]
Branch

um P
Jump . =

jr &jal)

CPI trung binh
HUST-FET, 1/8/19
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used

Not
used

Not
used

Not
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used

Not
used




Hiéu nang thiét ké da xung

Cac loai Iénh str dung sb
chu ky khac nhau

R-type 44% 4 cycles
Load 24% 5 cycles
Store 12% 4 cycles
Branch 18% 3 cycles
Jump 2% 2 cycles

Tinh sé chu ky trung binh
can cho mot Iénh:

R-type 0.44 4= 1.76
Load 0.24 5= 1.20
Store 0.12 4= 0.48
Branch 0.18 3= 0.54
Jump 0.02 2= 0.04

CPI trung binh 4.02
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nhip

_ P
ALU-type

Load

Store

Branch
(and jr)

Jump

(except
jr &jal)

0w ]  [ow ]

\\L__J ><
\ /[
\\L__J >&
\ /[
\\L__J >&
L
\\L__J
L]
Not
\\fzzj// used

Not
used

Not
used

Not
used

Not
used

Not
used

Not
used

66

Not
used




So sanh hiéu nang xuw ly

Instr IF ID EX MEM WB Total
Instruction | Decode & Execute Access Write back | time
Fetch RF Read Memory to RF

Iw 200ps 100ps 200ps 200ps 100ps 800ps

sw 200ps 100ps 200ps 200ps 700ps

R-format | 200ps 100ps 200ps 100ps 600ps

beq 200ps 100ps 200ps 500ps

So sanh hiéu nang xt& ly cua thiét ké da xung nhip va thiét don xung
nhip, biét tan suat xuat hién cac lénh nhw sau:

lw : 20%
sw: 20%

R-:45%

beq: 15%




Thiét ké don xung nhip
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Br&Jump vy RegWrite ALUFunc DataWrite
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Thiét ké da xung nhip
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