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1. Khai niem

= Tap |énh: tap day da cac Iénh ma CPU hiéu duwoc.

Q

Lénh: Ma may (binary), thworng dwoc biéu dién bédi nhirtng ma hop
|énh (assembly codes)

Phan nhin thay cla may tinh b&i ngudi 1ap trinh (dac biét doi voi
ngwdi viét chwong trinh dich)

Thé hién khai quat vé mat logic mot may tinh theo nghia cac
registers, hoat ddng cta ALU, kiéu di liéu, ...

Thiét ké tap 1énh 1a mot phan quan trong trong viéc thiét ké CPU

M&i mét kiéu may tinh c6 mot tap 1énh va mot CPU dac thu.
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Khai niém...

= M6t Iénh phai chira nhirng thédng tin doi héi béi CPU:
o Ma Iénh (operation code — opcode): ma nhi phan xac dinh thao tac
phai thi hanh
o Tham chiéu dén cac toan hang ngudn
a Tham chiéu dén toan hang dich

a Tham chiéu dén Iénh ké tiép
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Sc do trang thai chu trinh Iénh

Instruction Operand Operand
fetch fetch store
A A A
Multiple Multiple
operands results
v v
Instruction Instruction Operand Data Operand
address operation —p address Overation P address
calculation decoding calculation I calculation
Instruction complete, Return for string
fetch next instruction or vector data
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2. Biéu dien lénh

= Biéu dién Iénh: chudi cac bits dwoc chia thanh cac trvong

= 4 Dbits . 6 bits . ) ) 6 bits
= Biéu dién twong trieng: ca opcode lan cac toan hang

Ex: ADD A,B

Opcode
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Vi du
Pia chi bé nhe Noi dung Dién dich
0100 0010 0010 0000 1100 LOAD (1100)
0101 0001 0010 0000 1101 ADD (1101)
0110 0001 0010 0000 1110 ADD (1110)
0111 0011 0010 0000 1111 STORE (1111)
1100 0000 0000 0000 0010 0002
1101 0000 0000 0000 0011 0003
1110 0000 0000 0000 0100 0004

1111 0000 0000 0000 0000 0000
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Ngon ngif may tinh

= Duwoc chia lam nhiéu bac khac nhau:
a Baéc thap LLL: ngdn nglr may (binary), hop ngir...
o Bac cao HLL: C, Pascal, Basic

= Mot 1énh HLL twong ng véi nhiéu 1énh LLL

= Tap lénh phai dam bao du kha nang ma hoa tat ca cac
lénh cua mét ngén ngir bac cao.

Vidu: X=X +Y dugc dich thanh:
o LOAD X, R1
a ADDR1,Y
a STORE R1, X
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Thiét ké tap lénh

Thoa hiép gilra:
a S6 lwong phép toan
o D06 phirc tap cua cac phép toan
o Sb kiéu di liéu
a So6 thanh ghi registers
o Phwong thirc sir dung registers
a Cac kiéu danh dia chi
o So lwong trwdng trong mét 1énh

o Do Ién cua cac trudng

Thiét ké tap Iénh > thiéet ké CPU
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3. Format Iénh

= Phan loai tap lénh theo,format lénh: dwa trén sb lwong dia
chi toan hang tham chiéu

a Ly thuyét: can 4 trwdng dé chira dia chi
= Toan hang ngudn 1
= Toan hang ngudn 2
= Todan hang két qua
= Lénh ké tiép

a  Thuc té:
= 3 dia chi: it st dung
= 2 dja chi: 1 cho ngudn va 1 cho dich
= 1 dja chi: s&r dung accumulator d& chira mét toan hang va két qua
= 0 dja chi: s&r dung mdt stack dé chira cac toan hang va két qua

Computer Architecture — Department of Information Systems @ NGUYEN Ngoc Hoa



Format lénh...

S6 dia chi Biéu dién Noi dung
3 OPA,B,C A< BOPC
2 OPA,B A< AOPB
1 OP A ACC <« ACCOPA
0) OP TECTOPT-1

ACC : accumulation register (accumulator)
T: dinh cua stack (LIFO)

= Anh huwéng viéc chon sb dia chi :
Cang it s dia chi, 1énh cang ngan hon
CPU cang it phure tap hon,

cang nhiéu sb [énh va cac chwong trinh thi hanh sé& cham hon

Hién tai: két hop formats 2 dia chi va 3 dia chi
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Quan hé memory-register

= Registers: thanh phan nhé c6 toc do truy cap/ghi nhanh
trong CPU va lam giam thiéu tan xuat truy cap bé nhé
= Cac chién luoc thao tac dir liéu:

0 register-register:
= LOAD va STORE thwc hién twong tac véi bo nhé

= Lénh don gian, thi hanh nhanh va sb lweng 1énh sinh twong déi 16n

o register-memory:
= Ma sinh ra gon
= Khé gidi ma 1&énh va khéng cb dinh sb chu trinh khi thi hanh

o  memory-memory:
= Truy cap truc tiép dén bd nhd => c6 thé dan dén tinh trang nghén
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Phan loai lIénh

= X ly di liéu:
o Thao tac sb hoc: sd nguyén, sb thuc
o Logique
a Chuyén doi

= Chuyén d liéu (1/0O)
= Lwu di¥ liéu (main memory)
= Diéu khién:

a Kiém tra va ré nhanh
o Kiém tra cac thanh ghi diéu kién
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Phan loai toan hang

= Dia chi: s6 nguyén khdng dau
= SO: nguyén, thwc, DCB, ...
= Ky tw: ASCII, Unicode, ...

= D lieu logic: bits, flag,
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Kiéu dirf lieu cua Pentium

= 8 bit Byte

= 16 bit word

|:| Bvte unsigned integer
8 0
I:l Word unsigned integer

15 0

| Doubleword unsigned integer
31 0

| Quadword unsigned integer

= 32 bit double word =

= 64 bit quad word

= Addressing is by 8 bit unit

0

twos ml11P|:| Byte signed integer
g 0

Word signed integer

15 0

| twos complement | Doubleword signed integer
31 0

| twos complement | Quadword signed integer

= A 32 bit double word is read ataddresses diy|sible by 4

0

Single precision

significand | . .
” =0 | floating point
3130 22 0
sign bit
- Double precision
=e_| significand | Doubte pre
” it floating point
63162 51 0
sign bat integer bit
- Double extended precision
[ emponent ] signiticand | Aonting potat
floating point
79 a4 62 0
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Kiéu dir lieéu cua PowerPC

= DO lon: 8 (byte), 16 (halfword), 32 (word) va 64
(doubleword)

= M6t so 1énh can toan hang quy vé gidi han 32 bits

= Fixed point:

o Unsigned byte, unsigned halfword, signed halfword, unsigned word,
signed word, unsigned doubleword, byte string (<128 bytes)

= Floating point: IEEE 754
o Single, or
o double precision
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4. Kiéu danh dia chi

= Twc thoi - immediate:

a Khéng can tham chiéu dén bd nho,

o D6 I&én cua toan hang bi gi¢i han.
= Truwctiép :

o Don gian,

o DO Ion khéng gian dia chi bi gi¢i han.
= Thanh ghi:

a Khéng can tham chiéu dén bd nho,

o D6 Ion khdéng gian dia chi bi gi&i han.
= Gian tiép qua bd nho:

o Nhiéu tham chiéu dén bo nho
= Gian tiép qua thanh ghi
= Dich chuyén:

a Mém déo

o Phoec tap
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Kiéu danh dia chi

Instruction Instruction
Operand A

Memory

—p| Operand

(a) Immediate (b) Direct

Instruction Instruction
A R

Memory

Unperand

Uperand

>

Registers

(c) Indirect (d) Register
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Kiéu danh dia chi

Instruction

Memory

Instruction

R

A

Registers

Memory

P

>

Operand

—»

(e) Register Indirect

Instruction

Implicit

Top of Stack

Register

(g) Stack

Registers

(f) Displacement
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Vi du i
register ADD R4, R3
Immediate ADD R4, 3

direct ADD R4, (0011)
Indirect by register ADD R4, (R3)
Indirect by memory ADD R4, @(0011)
displacement ADD R4, (R3)100
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Panh dia chi

= Sw ddi khang gitra

o Khéng gian co6 thé danh dwoc dia chi va tinh linh hoat

a  S6 tham chiéu bdé nh& va do phurc tap cda viéc tinh toan dia chi
= Co6 nhiéu kiéu danh dia chi khac nhau trong may tinh

= Cac kiéu immediate, indirect by register va displacement
thwdng dwoc st dung nhiéu nhat
= 2 cach phan biét kiéu danh dia chi:
a S dung mdt hay nhiéu bits (address specificator)
= Can thiét khi c6 mét sb lwong 16n kiéu
= C6thé dan dén do dai l1énh thay doi
o S dung ma Iénh opcodes khac nhau:
= Cho phép bdo dam kich thuwéc Iénh ¢cb dinh
= Don gidn hon cho phan clrng
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PO I6n lénh

= Tap lénh cang phurc tap thi:
a S6 lwong lénh trong mdt chwong trinh cang giam,
o Cang lam tang dé dai l1énh,
a Cang s dung nhiéu khéng gian nhé hon.
= D0 dai mot Iénh phu thudc:
o Kich thwéc va toé chirc bd nhé
o CAau trdc hé thong lién két (bus)
a D6 phuire tap va toc dd cua CPU
= Kich thwdc 1énh co thé :
a ¢ dinh
a thay dbi:
s Cho phép mét thang ma 1énh rong (co kich thuwdc khac nhau)

= Tang tinh linh hoat cho viéc danh dia chi
= Tang dbé phue tap cua CPU
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Cap phat bits

Viéc phan chia cac trwong trong mot Iénh phu thudc:
o S6 kiéu danh dia chi
a S0 toan hang
o Viéc st dung register
a So lwong tap register
a Mién dia chi (khéng gian co6 thé danh dja chi dworc)
o Phwong thirc danh dia chi bd nho
= Néu mudn c6 dong thoi:
o Kich thwéce lénh hop ly
o Kha nang danh dia chi hgp ly

a S6 lwong I&én opcodes

ta co thé sir dung opcode ¢ kich thuwdc thay doi
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Ma lénh md rong

40 opcodes trong do chi can 15 1énh c6 tham sb 12 bit

opcode parameters

4 hits 12 bits

opcode Extensive opcode Params
4 hits 5 bits 7 bits

Chi can 16 bits thay vi 18 bits !
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Vi du: ALPHA - DEC

= 32 registers - 64 bits : thao tac v&i s nguyén

= 32 registers - 64 bits : thao tac vé&i so thue
= Kich thwdce 1énh cd dinh (32 bits)

= 4 formats Iénh:
Instructions rieng cho OS
Ré nhanh

Chuyén dbi di liéu

o o T p

Tinh toan sb tw nhién hodc thuc
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————
ALPHA

d

Opcode Number

6 bits 26 bits

b

Opcode Ra Displacement

6 bits 5 bits 21 bits

C

Opcode Ra Rb Displacement

6 bits 5 bits 5 bits 16 bits

d

Opcode Ra Rb Fonction Displacement
6 bits 5 bits 5 bits 11 bits 5 bits
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Vi du: SPARC - SUN

= SO lwong thanh ghi lén (> 100)

= CO thé truy cap dong thoi 32 registers
= 4 nhdém registers riéng biét

= Kich thwde 1énh ¢d dinh (32 bits)

= 3 formats Iénh (format dwgc ma hoa = 2) :
o Goi chwong trinh con
o Ré nhanh hoac nap di liéu Ién register

o Cac thao tac khac voi format 3 dia chi.
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SPARC : formats lénh

|
2 30
Call Format |'U'|] ‘ PC-relative displacement I
21 4 3 22
Branch Opfal Cond | Op2 PC-relative displacement
Format
2 5 3 22
SETHI Op Dest | Op2 Immediate Constant
Format
2 5 6 5 9 5
Floating- = =
Point Op Dest Op3 Src-1 FP-op Sre-2
Format
2 5 6 5 1 8 5
Op Dest Op3 Sre-1 JO ignored Sre-2
General
Formats
Op Dest Op3 Src-1 1] Immediate Constant
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PowerPC : Kiéu danh dia chi

. Mode Algorithme
EA = effective address °
Load/Store
(X) = contents of X
BR = base register indirect EA=(BR)+D
IR = index register indirect indexed EA = (BR) + (IR)
L/CR = link or count Branch
register absolu EA= |
GPR = g_eneral purpose | relative EA= (PC) + |
register
] ] Indirect EA = (L/ICR)
FPR = floating point
register Integer calculation
D = displacement register EA=GPR
I = immediate value |immediate opérande = |
PC = program counter Floating calculation
register EA=FPR
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PowerPC...

Cac kiéu danh dia chi dwoc phan theo format Iénh :
Load/Store: indirect va indexed indirect

Base Register (GPR) Base Register (GPR)
I — Signed displacement S — Index register (GPR)
' Y ‘ K ' Y :

-t disp

i

N N
+ +
I With update I With update
) J Yy
Logical address Logical address

\{ \j

. To address translation . Tq.address translation
indirect Indexed indirect
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PowerPC...

= Ré nhanh
o absolu
o PC relative
o indirect
= Tinh toan sb hoc
o register (integer, float)
o immediate (integer)
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PowerPC : format lénh

+— i hits —=<— 5 hits —»==— 5 hits —»= 16 hits -
Branch Long Immediate A|L
Br Condithomal | Options CR Bit Branch Displacement A|L
Br Condithonal | Options CR Bit |Indirect throngh Link or Comnt Register| L
{a) Branch instructions
CR Dest Bit | Source Bit | Source Bit Add, OK. XOHR, et f
{b) Condition register logical instructions
Lad'St Indirect |[Ivst Keglsler| Base Register g placement
La'St Indirect |[Ivst Kegister| Base Register (Index Register akee, Signh, Update f
Ld/St Indirect [Invst Reglsier| Base Register I¥gplacement X0
l‘\ l“‘ {¢) Load/store instructions
Q = Record Overflow in XER
R = Record Conditions in CR1
XO = OpCode Extension
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PowerPC : format lénh

LSt Indirect ll)cit Hegisier| Base Register g placement
LSt Indirect llkil! Hegster| Base Register [Index Register Stee. Sign, Update /
LSt Indirect ll)ei: Kegister| Base Register Diplacement X0
{¢) Load/store instructions
Arithmetic lucn: Register| Sre Register | Sve Register [() Add, Sab. etc. R
Add, Sub, ete. st Kegisier| Sre Register Signed Immediate Valoe
Logieal Ste Reglsier | Dest Register | Sre Reglter | ADD, OR, XOR., ete. |R
AND, OR, ete. | Ste Kegisier | Dest Register Unsighed Immediate Valme
Raotate Sre RegKier | Dest Register | Shift Amt | Mask Begin | Mask End |[R
Rotate or Shift | Sre Regigier | Dest Register | Sre Reglster | (Shift Type or Mask |R
Ruotate Sre Regkier | Dest Register | Shift Amt Mask X0 |S|R
Hotale Ste Reglsier | Dest Register | Sre Reglster Magk X0 R
Shift Ste Reglier | Dest Register Shift Type or Mask SR
() Integer arithmetic, logical, and shift'rotate instructions
Fit sglid bl | Dest Register | Sre Register | Sre Reghter | Sre Heglster | Fadd, ete. |R

{e) Floating-point arithmetic inst ructions

A = Abgolnte or PC relatdve
L = Link oF sobrontne

= Kecord overllow h XER
H = Hecord cohdition th CH1

X0 = Opeode eXension
S = Part of shift amomnt Beld
# = id-bit Tmpl cmentation ohly
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Pentium - INTEL

= 8 general registers 32 bits

= 8 general registers 16 bits

= 8 general registers 8 bits

2 registers 32 bits dwoc str dung cho cac toan hang 64 bits

= address = segment + offset
o 6 segment registers
o 6 descriptor registers
o 1 base register
o 1 index register

= Chi tiét tham khao tai dia chi
https://en.wikipedia.org/wiki/X86 instruction listings
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https://en.wikipedia.org/wiki/X86_instruction_listings

Pentium - INTEL: kieéu danh dia chi

Immediate
register

displacement
content of segment register + displacement

o indirect by register
content of segment register + content of base register

o base and displacement
content of segment register + content of base register + displacement contained in the instruction

o base + index + displacement
Ditto previous + content of index register

o base + scaled index + displacement
Ditto previous + content of index register X scaled factor (scaled factor: 1, 2, 4, 8)

o scaled index + displacement

content of segment register + content of base register X scaled factor + displacement contained in
the instruction

o relative
content of PC + displacement contained in the instruction
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Segment Registers

I Base Register

ES F'm
DS ] Selector

IIu dex Register

Scale
1.2. 4. 018
4+ | Displacement Segment
(in instruction; Base
0, 8, or 32 bhits) Address
Effective
Descriptor Registers Address
4 e zininsn S Linear

Address
>@ -

]

Base Address

o— Limil —— =

Computer Architecture — Department of Information Systems @ NGUYEN Ngoc Hoa



-
Pentium: format lénh

= Nhiéu kiéu lénh khac nhau:
a Hiéu qua khi thi hanh cac 1&nh thé hién b&i cac ngén ngi» bac cao
o Tuan thu suw twong thich trong dong 8086

= Kiéu danh dia chi dwoc xac dinh théng qua opcode

= Mot 1énh bao gom:

Prefix: 0, 1, 2, 3 hoac 4 bytes,
Opcode: 1 or 2 bytes,

Address specificator: O, 1 or 2 bytes,
Displacement: O, 1, 2 or 4 bytes,
Immediate: O, 1, 2 or 4 bytes

o O 0O 0O O
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Pentium: format lénh

bytes Dorl Dorl Dorl Oorl

Operand | Address
Size Size
Override | Override

Instruction] Segment
Prefix Override

(a) Prefix

bvtes 1or2 Oorl Oorl 0.1.2, or4 0.1,2, or4
Opcode MOD/RM sIB Displacement Immediate
- - - L
.- " S~
_ -7 'R S~
- 1 \ =~
- - | \ T. pa i
r Mod I Reg/Opcode I R/M SS Index Base
T 0 5 4 3 2 1 0 7 o 5 4 3 2 1 0

(b) Instruction
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Tong ket

= Khai niém tap I&énh, kiéu 1&énh, format I&nh
= Cac yéu td co ban quyét dinh dén tap Iénh

= Cac hinh thtrc tham chiéu, danh dia chi trong tap l1énh

o Immediate, Direct, Indirect, Register, Register Indirect, Displacement
(Indexed), Stack

= Cac format 1&énh trong mot s6 CPU
o Format Iénh cuia Intel
o Format lénh cda SUN
o Format lénh ciia PowerPC
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Bai tap

So sanh 4 kiéu kién truc Iénh s dung
o accumulator
o memory-memory
o stack
o load-store

2 bytes: dia chi nh&
4 bytes: toan hang

d
o 1 byte: opcode
d
d
o Kich thwoc 1énh 1a hé sb cla 1 byte
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Accumulator

Opcode Address
8 bits 16 bits

LOAD
ADD
STORE
ADD
STORE
SUBINV
STORE

7 x 24 bits = 168 hits

O >» O >» O
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Memory-Memory
Opcode | Source 1 Source 2 Destination
8 bits 16 bits 16 bits 16 bits
ADD B,C, A
ADD A C B
SUB B,A D

3 x 56 bits = 168 bits
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Stack

Opcode 8 bits

Opcode 8 bits Adresse 16 bits
PUSH B ADD
PUSH C POP B
ADD PUSH A
POP A PUSH B
PUSH A SUB
PUSH C POP D

O x 24 bits + 3 x 8 bits = 240 bits
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Load-Store

Opcode Ri XX Adresse

8 bits 4 bits 4 bits 16 bits

Opcode R1 R2 Rd XX

8 bits 4 bits 4 bits 4 bits 4 bits
LOAD RD, B ADD Ra, Rc, Rb
LOAD Rc, C STORE Rb.B
ADD RD, Rc, Ra SUB Rb, Ra, Rd
STORE Ra, A STORE Rd,D

5 x 32 bits + 3 x 24 hits = 232 bits
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Memory Access

= accumulator

7 phép chuyén di liéu (7 x 32 = 224)

+ do Io'n code (168)

= 392 bits for 7 instructions (56 bits/instruction)
= Mmemory-memory

9 phép chuyén di¥ liéu (9 x 32 = 288)

+ do Io'n code (168)

= 456 bits for 3 instructions (152 bits/instructions)
= stack

9 phép chuyén di¥ liéu (9 x 32 = 288)

+ do I&n code (240)

= 528 bits for 12 instructions (44 bits/instructions)
= load-store

5 phép chuyén di¥ liéu (5 x 32 = 160)

+ do lon code (232)

= 392 hits for 8 instructions (49 bits/instructions)
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