To improve Is to change; to be
ct Is to change often.

ton Churchill



http://www.brainyquote.com/quotes/authors/w/winston_churchill.html

Chuong 2: Kién truc tap I1énh

. Tap lenh MIPS
.. BlIén dich ma may



Kién trdc
tap lenh

E N
software g \1
X

instruction set

hardware

- Multiple Implementations:
8086 - Pentium 4

e ICAA Avicnhias NMIDC I



Chu ky thwc thi

T A ‘ >
nerueen | lerty'cobary o
Fetch -
!
Instruction Determine required actions and instruction size
Decode
!
Operand Locate and obtain operand data
Fetch
Execute Compute result value or status
Result Deposit results in register or storage for later use
Store
!
Next Determine successor instruction
Instruction




Thwc thi chwong trinh

B x&r ly thwe thi chwong trinh
nhu thé nao?

1. Tai lénh

2. Tim ra toan twr dwoc sw

! Memory
Current Instruct i (Big and Slow)

load r0 mem(7]
rl=r0-2
Data Registers i zerorl 5

(Small and fast)

Control 0=r0+1
dl:l ng (If, else, loop) -
3. Tim ra di¥ liéu nao dwoc -
str dung .
Compute

4. Thwc hién tinh toan
5. Tim Iénh tiép theo
Lap lai qua trinh ...

Operation (Add, Sub, Multiply, etc.)

Bai giang nhan manh s thwc thi trong b6 x&r ly MIPS



C Program
while (i 1= 2) &
1 B L
\

Thuwc thi Iénh

=

Compiler

=

Assembly Code —

load rO mem{[7] Gaood

loop: i Check if i==
rl=r0-2 by sub 2 and

j et i AR check if zero.

> 0=r0+1 Compiler put

jump loop - variable i in
done: register 0.

Today we’re going to learn the details!

load r0 mem|[7]

rl=r0-2

j_zerorl 5 (done)

r0=r0+1

jump 1 (loop)

0
1
2
3
a
5
b
7




Thwc thi Iénh

Programmer's View

S

ADD 01010
SUBTRACT 01110
AND 10011
OR 10001

COMPARE 11010

4

/ Z

Computer's View
Kién tric Princeton (Von Neumann)
--- Data and Instructions mixed in same
unified memory
--- Program as data
--- Storage utilization

--- Single memory interface

Computer
Program
(Instructions)

CPU

—

—> Memory

—1lO

Kién trac Harvard

--- Data & Instructions in
separate memories

--- Has advantages in certain
high performance
implementations

--- Can optimize each memory



...Cac Kiéu.toan,hang co.pan.....

Processor

TOS

Declining cost of registers

© 2003 Elsevier Science (USA). All rights reserved.



So sanh sb lvgng toan
ThU'c thi phép todn (C= A4 + B )I’z?flafﬁ:glé u todn hAng Khdc nhau

Register Register
Stack Accumulator (register-memory) (load-store)
Push A Load 4 Load R1,4 Load R1,4
Push B Add B Add R1,B Load R2,B
Add Store C Store C, R1 Add R3,R1,R2
Pop C Store C,R3
. . 1 . : Cycles Seconds
ExecutionTime lastructio ns 4

Performance Instruction  Cycle



So sanh so lwong cac chi thi

CodeforC=A+B

Stack Accumulator
Many very small Push A Load A
instructions Push B Add A
(no registers) Add Store C
Pop C

VM PDP-8, 8008, 8051

Good unless you

need
temporaries...

Register
(Register-memory)

Load R1, A
Add R1, B

Store C, R1

Small code, but
hard to build in

hardware

Lots of simple

instructions.

Register
(Load-store)

Load R1, A
Load R2, B

Add R3, R2, R1
Store C, R3

MIPS, PPC, ARM,
SPARC



Doubleword

Word

Halfword

Byte

69%
74%

0% o

N 7%

0%

0% 20% 40% 60% 80%

Frequency of reference by size

B nt Avg.

B FP Avg.




Tap thanh ghi trong MIPS

Cau hoi: Tai sao
gia tri thanh ghi
32 Thanh ghi da dung. RO luon bang 07 Register File
— RO0...R31 or $0...$31 Tra Ii: Ludn can 0
— Cac bién phai lwu trén thanh ghi. giatri 0trongmot RO
chwong trinh R1
R2
Mot sé trwwd'ng hop dac biét. Move:
— RO ludn co gia tri zero (0) add dest, src, RO
— R29 |a thanh ghi con tré ngan xép (% )
— R31 d_u’qc sui dung cho thu tuc Registers
quay lai dia chi
Mot s6 thanh ghi dac biét. RO - R31
— PC (Program Counter): Thanh
ghi lénh hién tai
— HI & LO két qua cua phép nhan | e |
— Thanh ghi dau phay dong | i |
— M6t sb thanh ghi diéu khién (ki€ém | o | R31

soat 10i hoac trang thai)



TO6 chirc bo nhé’

B& nhé la mét mang 1 chiéu lwu trr dir liéu
« M6i 6 nh& co kich thudc 1 byte (8 bits)
 Bia chi 6 nhé& duoc xac dinh theo dia chi byte.

Bia chi b6 nh¢ duoc danh chi sé trén mang
e May tinh 32 bits, c6 232 6 nh& (4GB)
e May tinh 64-bit, c6 264 6 nh¢ (16ExaByte)
Vi du:

— 64-bit x86 Ién t&¢i ~48-bits mot 6 nh¢ (4PetaByte).

Address

04
1
2

4,294,967,295=p

Memory

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data

8 bits of data




TO6 chirc bo nho’

Byte-addressable
view of memory

Word-aligned
view of memory

" 0 8 bits of data 0 8 bits of data 8 bits of data 8 bits of data 8 bits of data
3 1 8 bits of data § 4 8 bits of data 8 bits of data 8 bits of data 8 bits of data
-E 2 8 bits of data .B 8 8 bits of data 8 bits of data 8 hits of data 8 bits of data
'&’ 3 8 bits of data 'g 12 8 bits of data 8 bits of data 8 bits of data 8 bits of data
3 4 8 bits of data - < . >
5 5 3 bits of data 5 1 word = 4 bytes = 32 bits of data

6 % = Registers hold 32 bits of data

1 byte Addresses are 32 bits of data

Cac kiéu div liéu trong MIPS dwoc dinh nghia la 1-byte hoac 1-word
— Mot tir gdm 32 bits = 4 bytes
— 232 bytes = 230 words: addresses 0, 4, 8, ...

Cau hoi: dia chi cua mot tir dwoc xac dinh nhw thé nao ?

Load Word addr=0
Aligned

8 bits of data
8 bits of data
8 bits of data

8 bits of data
8 bits of data

8 bits of data
8 bits of data

0

4

8
Load Word addr=9 12
Not Aligned

8 bits of data 8 bits of data 8 bits of data

Pia chi Alignment : Tao trén 4 byte (word) & dwong bién (e.g., 0, 4, 8, 12...)
— D liéu duoc lwu trlr & dia chi byte chia hét cho kich thuéc



Anh xa dia chi theo byte:
1019 agogﬁmﬂﬁﬁé)g§mﬂcant byte = word address

1018
1017
1016
1015
1014
o ; Big Endian
1011
1010 31 124 23 16 15 8 7 . 0
1009 loL|
1008 1 1
oo ) Little Endian
1005
1004
1003
1002
1001
1000

IBM 360/370, Motorola 68k, MIPS, Sparc, HP PA

Little Endian: address of least
S|gn|f|cant byte = Word address

N N I "2 el Y o A N



Anh xa dia chi theo tuyén :
Allgnment

0 2 3

Aligned

Not
Aligned

Alignment: require that objects fall on address that is multiple of their size.



Dang chi thi MIPS va cac ché d6 danh
* Cdc chi thi Bnh dai 32 Edsia Chi

Register (direct) op I r5| rt I rd I

register
Immediate op I r5| rt I immed
Base+index .
op rs | 1t immed BY;
emory
' ]
reqister ’@
PC-relative .
op rs | rt immed BY;
emory
]
2C — )




Thong ké cac kiéu dia chi

1%
Memory indirect  spice h 6%
gcc 1%
TeX |[0%
Scaled spice 16%
gcc 6%
TeX 24%
Register indirect  gpice 3%
TeX 43%
e | | | eee——
gcc 39%
TeX 32%
Displacement  gpjce 55%
gcc 40%
0% 10% 20% 30% 40% 50% 60%

Frequency of the addressing mode

2003 Elsevier

) © ier Science (USA). All rights reserved.
TOr 1Y% Il rete e



Vi du: Tap lenh MIPS

Binh dang treedng Iénh 3 toan hang :

— op dest, srcl,src2 |dest € srcl op src2
Addition

“” is for — add a, b, c a€b+c
immediate addi a, b, 12 a€b+12

e Subtraction
— sub a,b,c a€b-c

e Complex: f = (2 + h) - (i + 7

— add toO, gz, h IQ(— +
— add t1, i, 7 1 € 1
— sub f, to, t1 f(—_e



Phan loai tap Iénh

Toan tw
— S0 hoc (add, multiply, subtract, divide, ...)
— Logic (and, or, not, xor, ...)

Dich chuyén dir liéu

— Move (register to register)
— Load (memory to register)
— Store (register to memory)

Piéu khién dir liéu
— Branch (c6 diéu kién, e.qg., <, >, ==
— Jump (khéng diéu kién, e.g., goto)

load rO0 mem|7]
loop:
ri=r0-2

j_zerorl done

ro=r0+1

jump loop
done:




Bang tham khao dinh dang Iénh

add add $1, $2, $3 $1 =52+5%3

sub sub $1,%2, $3 $1=%2-3%3

add immediate addi $1, $2, 100 $1 =52+ 100

add unsigned addu $1, $2, $3 $1=5%2+%3

subtract unsigned subu §1, $2, $3 $1=5%2-%3

add imm. unsigned addiu §1, $2, 100 |$1 =%2 + 100

multiply mult $2, $3 hi, lo = $2 * $3

multiply unsigned multu $2, $3 hi, lo = $2 * $3

divide div $2, $3 lo=%2/%3,hi =%2 mod %3
divide unsigned divu $2, $3 lo=%2/%3,hi =%2 mod $3
move from hi mfhi $1 $1 =hi

move from low mflo $1 $1=1lo

and and $1, $2, 33 $1=5%2& %3

or or $1, %2, §3 $1=%213%3

and immediate andi $1, $2, 100 $1=%2& 100

or immediate ori $1, $2, 100 $1=%21100

shift left logical sl $1, %2, 10 §1=52<<10

shift right logical srl $1, %2, 10 $§1=5%52>>10

load word w $1, 100(%2) $1 = memory[$2+100]
store word sw$1, 100(%2) memory[$2 + 100] = $1
load upper immediate lui $1, 100 $‘I =100 * 2A16

branch on equal

beq $1, $2, 100

—$2)gotoPC + 4 + 10074

branch on not equal

bne $1, $2, 100

$'I '— $2) goto PC + 4 + 10074

if ($1
if (
E$2 $3) %1 =1 else 31 = IZJ
if ($2
if (

set on less than sit $1, $2, $3
set less than immediate siti $1, $2, 100 < 100) $1 =1 else $1 =
set less than unsigned slhtui $1, $2, $3 $2 <$3) %1 =1else $1 = D

set less than immediate unsigned |sltui $1, $2, 100  |if ($2 < 100) $1 =1 else $1 =
jump J 10000 goto 10000

jump register jr$31 goto $31

jump and link Jal 100000 $31 = PC + 4; goto 10000




Cac lenh thwc thi

add add %1, $2, $3 $1=52+53
. —— 232i$$11'$§’2$1300 = S_gﬁm
Phép toan (Data operations = 2o ST, 555 15T =52.33
— S0 hoc (add, multiply, subtr addiy $L 32,100 3132+ 100
multu $2, $3 hi, lo = $2 * $3
+2) L% U U A
— Logic (and, or, not, xor, ...) Ik ST=W
Dich chuyén dir lieu (Data tr T I e
— Move (register to register ST 2100 [$T 87 100
I1$1, $2, 10 $1-=%2 10
- Load (memory tO reQISter) ﬁ:;?,’?ﬁings{}a) ::shi;;r;s$a+100]

sw$1, 100(%2) memory[$2 + 100] = $1

— Store (register to memory)

lui $1, 100 $1=100*2A16

branch on equal beq $1, $2, 100 if ($1 == $2) go to PC + 4 + 100*4

bne $1, $2, 100 |if (31 I=$2) go to PC + 4 + 100°4

Ré nhanh (Sequencing)

slt $1, 52, 33 if($2<3$3)$1-1else$1 =0
_ 1hi slti $1, $2, 100 if($2<100) 31 =1else$1 =0
BranCh (Condltlonal, e'g" <1 sltui $1, $2, 3 if($2 <3$3)$1 =1else$1=0
" ed [sltui $1, 32,100 [if (32 <100) $1 =T else $1 =0
— Jump (Uncondltlonal, €.d., g } 10000 goto 10000
r$31 goto $31
jump and link al 100000 $31 = PC + 4; goto 10000




Cac phep toan

Program Counter (PC) luvu trir dia
chi Iénh.

Cac Iénh dwoc nap tr b6 nhé&
vao thanh ghi Iénh.

B0 diéu khién giai ma Iénh va
bao cho ALU va tép thanh ghi
phai lam gi.

ALU thwec thi I€nh va két qua
dwoc chuyén lai thanh ghi div
liéu

B0 diéu khién cap nhat lai gia tri
cua PC cho Iénh ti€p theo.

Register File

ALU = Arithmetic Logic Unit (Compute)

Program Counter

Instruction address

Instruction Register

Current instruction

Control

Memory




Vi du vé Iénh: Add/sub (1
of 2)

RO 0 add R4, RO, RO

R1 ~ 4}l subR1,R3, R4
R2 / on Registe 8
R3 6 12
16
RS 20
R6 Il 24
R7 28
RS U J 32

add




Vi du vé Iénh: Add/sub
(2 of 2)

RO 0 4 0 add R4, RO, RO
- 6 4 sub R1, R3, R4
[ R2 - on Registe 8
R3 E%g 12
R4 16
R5 /T 20
Re| /| 24
R7l / ) 28
R8 J J 32




Thwc hanh: add/sub

Register File Program Counter
] add R1, R4, R5
add R2, R6, R7
f:(g+h) —(|+J) Instruction Register sub R3, R1, R2
R3=f ——
R4=¢g
R5=h .
R6=I Control

R7=]




Dich chuyén dir liéu

1. ALU tinh toan ra dja chi Register File

2. Pia chi g t&i thanh ghi

dia chi (Memory Address

Register)

3. Két qua xac dinh huwéng

dich chuyén di/ dén duoc

lwru trilr trén thanh ghi div
liéu bd nh¢d (Memory Data
Register)

4. D liéu tlr bd nh& c6 thé
dwoc ghi lai trén tép thanh
ghi (Register File) hoac
ghi vao bd nhé.

Memory Address

Data address

Data Register




Lénh tai tw: Load word (1
of 2)

Register File Program Counter

Instruction Register

%

Memory Address

Control

Data Register

Memory

addi RS, RO, 12
4 || lw R6, RS
8

4

12

123456789




Lénh tai tw: Load word (2
of 2)

Register File Program Counter
a4 addi RS, RO, 12
lw R6, R5
Instruction Register
123456789
S dung dia chi 12)
tlr t&p thanh ghi Wl 123456789

dé tai dir lidu tur / Control
bd Nhé

Memory Address

12

Data Register

——




Lénh tai tr vl do lech
dia chi.

Add 4 bytes to the
Register File Program Counter address in R5.
RO TR N
R1 lw R6, 4(R5)
Po lIéch dwoc thém R2 Instruction Register
g - . ~ 123456789
vao dia chi nhu [a mot o — ___(a) | 123456789
phan cua cac cau RS 12) ‘
A AP 999999999 ,
|énh Iw/sw - l

RS Control

Memory Address

Data Register




Lénh lwu twr: Store word

Register File Program Counter

|4 addi RS, RO, 12

sw R6, RS

Instruction Register

Pé thwc hién lwu triv |
can thong tin: bia

chi (tir ALU), dib liéu 3@
(ttr thanh ghi) Control

Memory Address

Data Register

31415




BiénA=3
PiachicitaA=24

Thwc hién chwong trinh:
Ghi gia tri Abang 512

Pia chi ciia A vao R5
Lwu gia tri méi cua A vao R6
Store : Mem[R5] - R6

Register File

Program Counter

Instruction Register

Control

Memory Address

Data Register

31415

addi R5, RO, 24

addi R6, RO, 512

sw R6, O(R5)

W R6, RS

3 (variable A)




Cac Iénh diéu khién ré
nhanh

Lénh diéu khién ré nhanh

— Cau Iénh nao dwoc thurc thi ti€p theo?

— Thay doi ludng diéu khién chwong trinh “control flow”
Cau lIénh diéu kién trong MIPS

— bne RO, R1, Label branch if not equal to label
— beq R3, R4, Label branch if equal to label
Example:

Rl1 = 1; R2 = j; R3 = h

if (i==5) bne R1, R2, Skip N
h = i+j; add R3, R1l, R2 to here
Skip: R1!=R2



Lénh nhay khong diéu kién

Lénh nhdy khéng diéu kién: jump
— j Label jump to label

Example:

R1 = i; R2 = j; R3 = h

if (i==3) bne R1, R2, DoSub
h = i+j; add R3, R1, R2 fgah”ecr*; ;
J SkipSub R11=R2
else DoSub:
h = i-7; sub R3, R1,
SkipSUb: Always skip the

subtraction if we
did the addition.



Cac chi thi ré nhanh

Thay do6i dwong div liéu chwong trinh - Thay d6i bd dém chwong trinh

PC
—j jump Nhay t&i nhdn khong diéu kién
— bne branch not equal Nhay t&i nhan néu gia tri cac thanh ghi

khong bang nhau

Vi du: if (a==b) c=1; else c=2;

R5 = a; R6 = b; R7 = ¢

Addr Instruction Comment
if (a==b) © bne R5, R6, 12 ; if (R5!=R6) goto 12
c=1; 4 addi R7, RO, ; R7 <-- 140
8 j 16 >; goto 16
else c=2; 12 addi R7,)ReO, 2 ; R7 <-- 2+0

16 L
Always skip setting to 2 if we set it to 1.



Xac dinh dia chi ré nhanh co
ong oG M KIEN

416

orset
sign-extend
| 0d
7 > 7
32 | 32
PC ‘32 MAdd 4
432 4 o

branch dst

, address

@)

9

36

HUST-FET, 1/8/19



Lénh nhay khéng diéu kién

d Lénh nhay khong diéu kién:

j label #go to label

J Pinh dang lénh (J Format):

0x02 26-bit address
tr tredng 26 bits thap cua |énh nhay
*26
00
,/
/4 32
PC /32

37

HUST-FET, 1/8/19



vong lap

We need the constant 10
for the loop comparison,
so put it in R1.

for (j=0; j<10; j++) {
b=>b+ j;

}

R5 = j; R6 = b;

Addr Instruction

0 addi R5, RO, ©

4 addi R1, RO, 10

8 beq R5, R1, 24

12 add R6, R6, R5

16 addi R5, R5, 1

20 Jj 8

24 “on 5

pop out of loop, continue



Pia chi trong lénh ré nhanh va

Question:

St dung Iénh
nhay bne/beq voi
khoang cach bao
nhiéu?

Answer:

Twr -32,767 dén
+32,768 |énh tur
chi thi Iénh hién
tai.

lénh nhay

Cac Iénh ré nhanh
— bnelbeq I-format 16 bit immediate
— ] J-format 26 bit immediate

Pia chi 1a 32 bits! biéu khién bang cach nao?

— Xem xét bne/beq nhu la do Iéch twong doi (relative offsets)
(cong v&i gia tri PC hién thoi)

— Xem xét j nhu la mét gia tri tuyét doi (absolute value) (thay
thé 26 bits cua PC)

Current 32 bit PC Current 32 bit PC

4 26 bit immediate 00

4 | signextend | 16 bitimmediate (00 ‘
+ -------

Next 32 bit PC 00 Next 32 bit PC 00




Vi du nhay dia chi: loops

Addr Instruction Comment
_ ' , 0 addi R5, RO, © ;. j€0+0
for (J=0; j<10; J++) 4 addi R1, RO, 10 ; Rl € 0 + 10
{ . 8 beq R5, R1, 24 ; if ( j == 10) goto 24
b=b+3; 12 add R6, R6, RS b€ b+
} 16 addi R5, R5, 1 ;€ G+ 1
20 Jj 8 ; goto 8
24 ; done with loop
20
3<<2=8 :
8+(3<<2)+4 =24
00
24 8

beq: PC=PC+4+(3<<2) : PC=[PC(31:28):2]««2

.



Bién dich thanh ma may
Ma hoa va cac dinh dang



Pinh dang Iénh (ma may)

Ngon nglr may i
— May tinh khéng hi€u dwoc chudi ky tw sau “add R8, R17, R18”
— Céc lénh phai duoc chuyén d6i thanh ngdn nglr may(1s and 0s)

Vi du:

add R8, R17, R18 . 000000 10001 10010 01000 00000 100000

Ca&c truvong Iénh MIPS

000000

10001

10010

01000

00000

100000

opcode

6 bits

rs
(srcl)

5 bits

rt
(src1)

5 bits

rd
(dest)

5 bits

shamt

5 bits

funct

6 bits

000000

10001

10010

01000

00000

100000

opcode

rs
(srcl)

rt
(src2)

rd
(dest)

shamt

funct

» opcode ma Iénh x&c dinh phép toan (e.qg.,
“add” “Iw”)

°rs chi s6 thanh ghi chira toan hang
ngudn 1 trong tép thanh ghi

o rt chi s6 thanh ghi chua toan hang
ngubn 2 trong tép thanh ghi

e rd chi s6 thanh ghi lvu két qua
e shamt So6 lwgng dich(cho chi thi dich)
s funct ma chirc nang thém cho phan

ma Iénh (add = 32, sub =34)



Pinh dang lenh MIPS

Cau hoi: Lénh cong tirc
thoi (addi) can bao nhiéu
bit dé Iwu gia tri hang s6?
Tra 10i;

|-format: 5+5+6 bits = 16 bits.

MIPS cé 3 dang chi thi :
— R: operation 3 registers
— 1. operation 2 registers

no immediate
short immediate

Gia tri n&m trong khoang —J; jump 0 registers long immediate

Tw -32,768 dén +32,767
Name Fields Comments
Field Size 6bits |5 bits |5 bits |5 bits |5 bits |6 bits [| All MIPS instructions 32 bits
R-format op rs rt rd | shmt | funct || Arithmetic instruction format
[-format op rs rt address /immediate | Transfer (load/store), branch,

immediate format

J- format op tar get address Jump instruction format




Tong ket cac lenh MIPS

Category Instr Example Meaning
Arithmetic | add 0 & 20 | add $s1, $s2, $s3 | $s1 = $s2 + $s3
(R&l subtract 0&22 |sub $s1, $s2, $s3 | $s1 = $s2 - $s3
format) add immediate 8 addi $s1, $s2, 4 $s1=9%s2+4

shift left logical | 0 & 00 |sll  $s1, $s2, 4 $s1 =%$s2 << 4

shift right 0&02 |srl $s1,%$s2,4 | $s1=%s2>>4 (fill with
logical Zeros)

shift right 0&03 |sra $s1,9$s2,4 $s1 = $s2 >> 4 (fill with
arithmetic sign bit)

and 0&24 |and $s1, $s2, $s3 | $s1 = $s2 & $s3

or 0&25 |or $si, $s2, $s3 | $s1 = $s2 | $s3

nor 0& 27 | nor $sl, $s2, $s3 | $s1 = not ($s2 | $s3)
and immediate C and $s1, $s2, ff0O0 | $s1 = $s2 & Oxff00

or immediate d or $si, $s2, ff00 | $s1 = $s2 | OxffO0

load upper
immediate

f

lui $s1, Oxffff

$s1 = Oxffff0000

44

HUST-FET, 1/8/19




Tong ket cac lenh MIPS

Category Instr Example Meaning
Data load word 23 lw  $s1, 100($s2) | $s1 = Memory($s2+100)
transfer | store word 2b | sw $s1, 100($s2) | Memory($s2+100) = $s1
(I format) load byte 20 |Ib $s1, 101($s2) | $s1 = Memory($s2+101)
store byte 28 |sb $s1, 101($s2) | Memory($s2+101) = $s1
load half 21 | lh  $s1, 101($s2) | $s1 = Memory($s2+102)
store half 29 |sh $s1, 101($s2) | Memory($s2+102) = $s1
Cond. br on equal 4 beq $sl1, $s2, L if ($s1==%s2) gotoL
branch br on not equal 5 bne $sl1, $s2, L if ($s1!=%$s2) gotoL
1(‘l)r&m§t) seton less slti $s1, $s2, if ($52<100) $s1=1;
than immediate 100 else  $s1=0
set on less 0 & 2a |slt $s1, $s2, $s3 | if ($52<$s3) $s1=1; else
than $s1=0
Uncond. |jump 2 ] 2500 go to 10000
jump jump register 0&08 |jr $t1 go to $t1
jump and link 3 jal 2500 go to 10000; $ra=PC+4

45
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Hang s6 (Iénh truetiép)

Céac hang sé nho (tirc tk

(~50%)

If (a==b) c=1;

else c=2;

e Lam thé g
>

dwoc str dung & hau hét cac doan ma

dé thuwc thi trong bo xtr ly ?

ac hang s vao bd nhé va tai ching (cham)

an cirng gia tri trén thanh ghi(giéng RO) (Bao nhiéu?)

S thwe thi nhw thé nao:

chi thi co thé chira hang s bén trong.

khién sé gtri gia tri hang s6 dén bd ALU

A R30, 4 — gia tri 4 nam trong cau lénh

an dé

Ot trrd'ng 1énh la 32 bits. Can dung cho
anh ghi. Lam cach nao dé can doi
3ng sO va chi thi 1énh?

— BC
—addi F
 Nhwng xay ra
— S6 bit ma hoa
trrorng ma lénh va ca®
duwoc khong gian cho ca

000000 |10001 |10010 |01000| O0RUN.00000

opcode rs rt rd shamt fun
(src1) (src1) (dest)




Tai cac gia tri ttee thi (hang

B0 diéu
khién
(Control) bao
cho ALU
nhan toan
hang twr tép
thanh ghi va
tr chi thi
|€énh.

RO

sO) |

R1

R2

R3

0
T
/

/

R4

/

R5

/

100

R7

/

R8

add

addi R6, RO, 100

12

16

20




Tai cac gia tri lon

e Trvng lénh trwc ti€p gid¢i han trong 16 bits (-32,768 to
+32,767)

— Lam thé nao dé tai dwoc cac gia tri lon?
St dung 2 |1énh dé tai

— Load Upper Immediate (lui): Loads upper 16 bits

Question: ori c6 swr
dung cho cac so co6
dau?

Answer: khong.

— Or Immediate (ori): Loads lower 16bits

e Vi du: 10101010 10101010 11110000 11110000

lui R2, 10101010 10101010 puts zeros in the lower bits

\ 4 v \4 v
R2: 10101010 10101010 00000000 000V

ori R2, 11116000 11110000

—> —>
R2: 10101010 10101010 11110000 11110000



Thu tuc goi ham

Loi goi tha tuc va khai bao thi tuc duwgc chuyén thanh Iénh may nhw thé
nao?

Paoi s6 (bién sb) dwoc truyén vao tha tuc nhw thé nao?
Két qua tra vé cua tha tuc dwoc truyén ra ngoai nhu thé nao?
Thu tuc dwoc goi: Callee

Thu tuc goi: Caller



Cac thu tuc goi ham

Céac thu tuc (ham/chwong trinh con) str dung cho chwong trinh
cé cau tric.

main( ) { for (j=0; j<10; j++)

If (a[ j ] == 0)
a[ j ] = update(a[ j 1. j);
}

Thwec thi cac thu tuc can cac diéu kién sau:
— Puwa dir liéu vao noi thd tuc can truy cap vao
— Bé&t dau thuc thi
— Lam viéc/ str dung thanh ghi
— Quay lai thu tuc goi (caller)
— Nhan két qua va tra két qua vé



Cac thu tuc goi ham

Caller: main() )
: : : : llee:
main() { for (=05 j<10; j++) g:r::qeltlfrft:[%,j
I (.a[] 1==0) — Results: (stored in) a[j]
- N— i

Int update (int x, inty) {
return x+y;

}

1. Bua cac tham sb (parameters) vao thu tuc dwoc goi (callee)
2. Chuyén quyén diéu khién t&i thu tuc dwoc goi

3. Cap cac thanh ghi can thiét cho thu tuc duoc goi

4. Thuc thi doan ma

5. Tra két qua (results) vao vi tri ham goi cé thé truy cap

6. Tra diéu khién dén vi tri trwwéc khi goi thu tuc

...without messing up the caller’s registers!



Nguyén tac st¢ dung thu tuc

Vi du: f(g,h,i,j)=(g+h) - (i+j MGt s6 van dé:

4 HghLi=(g+h) = (i) e Thu tuc duoc goi khéng biét vé cac
add R1, R4, R5 ; g=R4, h=R5 thanh ghi thu tuc goi str dung (Bao
add R2, R6, R7 ; i=R6, j=R7 gébm nhiéu thu tuc goi khac nhau)

sub R3, R1, R2 i :
e Tha tuc goi khéng biét thanh ghi

nao ma thu tuc duoc goi sé stir dung!

Néu thi tuc goi(e.g., main()) st dung (C6 thé goi nhiéu tha tuc con)

R1, R2 hoac R3 sé phai duoc lwu lai,
b&i vi thd tuc dwoc goi sé ghi de 1én
khi thue thi.

* Phan chia gilra callee va caller

e Theo quy wé&c nay cho phép bat ky tha tuc goi nao déu goi t&i bat
ky tha tuc dwoc goi

* Callee va caller déu biét cai gi can duoc lwu tri



Cac thanh ghi lwu triv: Quy

Question: Cac
thanh ghi

$s0 - $s8 va
$sp, $fp, $ra la
gi?

Answer:

La tén chuan
cho cac thanh
ghi R16 - R23
va R29-R31.

woc trong MIPS

e Quy wéc trong MIP

- Théng nhéat theo “diéu kién" hoac "giao thirc” sau do

- Xac dinh chinh xac viéc str dung va mot s6 quy wéc dat
tén

- Buoc thiét 1ap nhw la mot phan cta kién tric

- Buoc stir dung bdi tat ca céac trinh bién dich, chwong
trinh, va cac thw vién

- bam bao kha nang twong thich

e Callee lwu vao cac thanh ghi sau day, néu str dung
chung

— $s0 - $s7 (s=saved)

— $sp, $fp,$ra

e Caller phai lwu vao bat ky thanh ghi nao can str dung
dén.



Téen cac thanh ghi MIPS va
cac quy woc

Arguments (input to
callee) and values

(outputs to caller)

R10
R11
R12
R13
R14
R15

S0

Sat

SvO0

Svl

[ Sa0

Sal

Sa2

Sa3

St0

Stl

St2

St3

St4

St5

Sté

St7

Constant 0

Reserved Temp.

Return Values

Procedure
arguments

Caller Save
Temporaries:
May be
overwritten
by called
procedures

R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31

Ski

Sgp

Ssp

>tp

Sra

Callee Save
Temporaries:
May not be
overwritten by
called pro-
cedures

Caller Save
Temp

Reserved for
Operating Sys
Global Pointer
Callee Save
Stack Pointer
Frame Pointer
Return Address



Lam thé nao dé thwc thi mot
thu tuc goi

Chuyén doi quyén diéu khién (transfer control) t&i callee

jal Procedure Address ; nhay va két ndi thu tuc (jump-and-link to
the procedure)
— DPia chi trd vé PC+4 duoc lwu trong $ra

Tra diéu khién (return control) t&i caller:
jr  S$ra ; nhay va tra vé dia chi lwu trong $ra (jump-
return to the address in $ra)
— Phai Iwu lai dia chi quay vé!

Quy wdc thanh ghi cho thu tuc goi:
— $a0 - $a3: Cac thanh ghi d6i sb (4)
— $vO0 - $v1: Cac thanh ghi bién (2) cho két qua tra vé
— $ra: Dia chi quay vé



main() {
Int a,b,c ;

I* Khai bao ham sum®*/
int sum (int x, int y) {
return X +vy;

}

Vi du

Bia chi
1000
1004

Chi thi Iénh

add $a0, $s0, $zero #x=a

add $al, $s1, $zero #y=Db

Bia chi
1000
1004
1008
1012
2000
2004

sum: add $v0, $a0,$al # Khai bao tha tuc sum
jr $ra #nhay t&i dia chi Iénh trong $ra

Chi thi Iénh

add $a0, $s0, $zero #x=a

add $al, $s1, $zero #y=b

jal sum # Luwu dia chi quay vé vao $ra

sum: add $v0, $a0,$al # Khai bao tha tuc sum
jr $ra #nhay t&i dia chi Iénh trong $ra



Cac vi du vé thu tuc goi
ham va ngan xép



Lwu trir vao thanh ghi (trong

ngan xé
e Ngan xép la m6t phan cuag@%ur)]u’u trir dgi_)u tam thoi.

« Con tré ngan xép (Lwu trong $sp) tré téi diém cudi cung cla ngan xép trong

b nh&

e Trong MIPS ngan xép di tlr trén xudng.
 CAc thu tuc di chuyén con tré ngan x€p khi chiing Iwu di¥ liéu trong ngan xép.
e MOi thu tuc quay lai ngan xép dén trang thai trwéc khi dwoc goi.

Néu thd tuc s&r dung nhiéu dir
liéu (d6i sb, két qua tra vé, bién
cuc bd) hon sb lwvong thanh ghi
lwu trir

1/ Str dung thém nhiéu thanh
ghi hon? Bao nhiéu thi du?

2/ Str dung ngan xép (stack)

$sp =>

caller data

caller data

caller data

$sp =>
$sp =>
$sp =>
$sp =>
$sp =>

caller data

caller data

caller data

callee save $s0

callee save Ss2

callee save Ss4

callee save Sra

$sp =>

caller data

caller data

caller data




Calls: Why Are

SS tackin 0 Su utme alls e Ret and ‘Environments:

reat:

' care
B:| — - a| B
CaLc C
e [TaTe
RET
e . a| s
RET
 — > 7

Some machines provide a memory stack as part of the architecture

(e.g., VAX)

Sometimes stacks are implemented via software convention

(e.g., MIPS)



ACc bO
‘lee% j@r' s(gzcﬁgenvironments/suﬁroutine call e return even if
ﬁewﬁsacﬁ(aﬁ ﬁarcﬁitecture

Stacks that Grgw Up vs. Stacks that Grow Down.:

Xep

Next
Empty?
~ c
Last b
SP| Full? 4

How is empty stack represented?

Little --> Big/Last Full

POP:  Read from Mem(SP)
Decrement SP

PUSH: Increment SP
Write to Mem(SP)

A inf. ‘Big 0 Little
grows grows Memory
up down Addresses

0 Little inf. Big

Little --> Big/Next Empty

POP:  Decrement SP
Read from Mem(SP)

PUSH: Write to Mem(SP)
Increment SP



Call-Return Linkage:
Stack I=srames.

\ Reference args and
local variables at

fixed (positive) offset

High Mem

Callee Save from FP
Registers
(old 7P, RA)
Local Variables L
A
JP >
Grows and shrinks during
expression evaluation
SP >

Low Mem

- Many variations on stacks possible
(up/down, last pushed /next)

- r\AIMIf'\:II\IFﬁ If'\l\ll'mﬁll\l IIAI'\IF\ f\f\ﬂlﬁlﬁ \lﬂlf:ﬁlf\ll\f\



Cac kién truc tap lénh
khac (ISAs)

Cé rat nhiéu kién truc tap Iénh khac nhau (ISAs):
— x86 (Intel/AMD)
— ARM (ARM)
—JVM (Java)
— PPC (IBM, Motorola)
— SPARC (Oracle, Fujitsu)
— PTX (Nvidia)
— eftc.
Cha y dén mot sé van dé chinh :
— Céc ki€u ma may (Machine types)
— Phan loai cac kiéu tap Iénh (ISA classes)
— Cac ché dd danh dia chi (Addressing modes)
— D6 I&n cua chi thi (Instruction width)
— Phén biét kién trac CISC vs. RISC



Phan loai tap Iénh co’
ban

« Accumulator (1 register)
— 1 address add A acc — acc + mem[A]

» General purpose register file (load/store)
— 3 addresses add Ra Rb Rc Ra -« Rb +Rc
load Ra Rb Ra -~ Mem[Rb]

» General purpose register file (Register - Memory)
— 2 address add Ra B Ra — Mem[B]

» Stack (not a register file but an operand stack)
— 0 address add tos — tos + next
tos = top of stack
« Comparison:
— Bytes per instruction? Number of instructions? Cycles per instruction?



Céac ché do danh dia chi

Question:

Why auto-
increment/

decrement?
Why scaled?

Answer:

Helpful for
walking
through arrays.

Addressing mode Example Meaning

Register add R4, R3 R4€R4+R3

Immediate add R4, 23 R4€R4+23 W
o

Displacement add R4, 100(R1) R4€R4+Mem[100+R1) >

Register indirect add R4, (R1) R4€R4+Mem[R1]

Indexed/Base add R3,(R1+R2) R3€R3+Mem[R1+R2]

Direct or absolute add R1,(1001) R1€R1+Mem[1001]

Memory indirect

add R1,@(R3)

R1€R1+Mem[Mem[R3]]

Auto-increment

Auto-decrement

Scaled

add R1,(R2)+
add R1,-(R2)

add R1, 100(R2)[R3]

R1€R1+Mem[R2]; R2€R2+d
R2€R2-d; R1€R1+Mem[R2]

R1€R1+Mem|[100+R2+R3*d]




Tong két: Cac ki€n truc tap
|énh

» Architecture = what's visible to the program about the machine

— Not everything in the implementation is “visible”

— The implementation may not follow the architecture

— The invisible stuff is the “microarchitecture” and it's very messy, but very fun
(huge engineering challenges; lots of money)

A big piece of the ISA is the assembly language structure

— Primitive instructions (appear to) execute sequentially and atomically

— Formats, computations, addressing modes, etc.

» CISC: lots of complicated instructions

* RISC: a few basic instructions

 All recent machines are RISC, but x86 is still CISC (although they do RISC
tricks on the inside)
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