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Mo hinh [ap trinh cua may tinh

* Vi tri kién trac tap 1énh ISA trong may tinh

— Nam gitta phan ctrmg va NNLT cap cao HLL

— Giup phan mém tuong thich khi kién triic phan ctng thay

do1

FORTRAN 90
program C program

FORTRAN 90 C program

program compiled compiled

to ISA program to ISA program
Software

o | it

Hardware

by microprogram or hardware

‘ISA program executed

Hardware




Mo hinh 1ap trinh cua may tinh

 May tinh theo quan diém lp trinh

CPU Main Memory
(]
System ;
B
PC MAR US —
s ruchon
IR MER ==
: ¥O AR
=/ z
Data
vO BR —
Dats
1/O Module n-2
n-1
PC = Program courter
" Bufers IR = Instruction register
MAR = Memory address regisior
MER = Memory buffer register

VO AR = Inputioutput address registe:
VO ER = hhput'output butfer regsier



Mo hinh 1ap trinh cua may tinh

e Vi du vé su thi hanh chuong trinh

Memory CPU Registers Memory CPU Registers
30001 9 4 0 3 0 0] PC 30001 9 4 0 30 1|PC
30159411 Ac| 3015 6 4 1 0 0 0 3] AC
30212 9 4 1 19 4 0|IR 3!]21294’1]’194[}&

. *

¥ L]
94000 0 O 3 9400 0 0O 3
9410 0 O 2 9410 0 O 2

Step 1 Step 2

Memory CPU Registers Memory CPU Registers
30001 9 4 0 3 0 1|PC 30001 9 4 0O 3 0 2|PC
3015 9 4 1 000 3|ACL3015 9 4 1 0 0 0D 5|AC
3022 9471 WE94 1R 3022941@941

¥ ¥

¥ L]
94000 0 O 3 9400 0 0O 3 + 2=
9410 0 0 2 941&1302—)2

Step 3 Step 4

Memory CPU Registers Memory CPU Registers
30001 9 4 0 3 0 2|PC 30001 9 4 0 3 0 3|]PC
3015 9 4 1 0005 AC3015 9 4 1 0 0D 5|AC
30212 94 1—»2 9 4 1|IR 30212 9 4 1 2 94 1]|IR

. *

¥ L]
94000 0 O 3 9400 0 0O 3
94110 0 0 2 9410 0 0 5
Step 5 Step 6




Mo hinh 1ap trinh cua may tinh

* Tap thanh gh1 (Registers)
— Chtra cég thOong tin tam tho1 phuc vu cho hoat dong
O tho1 diém hién tai cua CPU
— Puoc coi 1a mic dau tién ctia hé théng bd nhd
— Sb luong thanh ghi nhiéu = ting hiéu nang cua
CPU
— C0 hai loai thanh ghi:
* Cac thanh ghi lap trinh dugc
* Cac thanh ghi khong 1ap trinh dugce



MO h

inh 1ap trinh cua may tinh

* Phan loa1 thanh ghi theo chirc nang

— Thanh ghi dia chi: quan ly dia chi cua by nh¢ hay

cong

— Than!

— Than!

11€u.

10.
n gh1 dir 11€u: chira tam thot cac dur ligu.

h ghi da ning: c6 thé chtra dia chi hoic dir

— Thanh ghi diéu khién/trang thai: chira cac thong tin

diéu |

chién va trang thai ctia CPU.

— Thanh ghi 1&énh: chira Iénh dang dugc thuc hién.



Mo hinh 1ap trinh cua may tinh

« Mot s6 thanh ghi dién hinh
— Cac thanh ghi dia chi (Address Register)

« Bo dém chuong trinh PC (Program Counter)
* Con tro dit licu DP (Data Pointer)
« Con tro ngin xép SP (Stack Pointer)

« Thanh ghi co so va thanh ghi chi s6 (Base Register &
Index Register)

— Cac thanh ghi dir li¢u (Data Register)
— Thanh ghi trang thai (Status Register)



Mo hinh 1ap trinh cua may tinh

» BO dém chuong trinh PC
— Con duoc goi la con tré 1énh IP (Instruction Pointer)
— Git dia chi ctia Iénh tiép theo s& duoc thi hanh.
— Sau khi mot Iénh dugc nhan vao, né1 dung PC tu dong
ting dé tro sang 1énh ké tiép.

* Thanh ghi con tro dit iéu DP
— Chura dia chi cua 6 nhd dit liéu ma CPU muon truy cap
— Thuong c6 nhiéu thanh ghl con tro dir liu cho phép

chuong trinh ¢6 thé truy cdp nhiéu ving nhé dong
thor.



Mo hinh 1ap trinh cua may tinh

« Ngin xép (Stack)

— Ngin xép 1a ving nhd ¢ cau tric LIFO (Last In -
First Out) hoac FILO (First In - Last Out)

— Ngin xép thuong dung dé phuc vu cho chuong
trinh con

— Pay ngin xép 1a mot 6 nhd xac dinh

— DPinh ngan xé’,p la thong tin nam & vi tri trén cung
trong ngan x€p

— Pinh ngin xép c6 thé bi thay doi



Mo hinh 1ap trinh cua may tinh

« Con trd ngan xép SP (Stack Pointer)
— Chtra dia chi ciia 6 nhd dinh ngin xép
— Khi cat mot thong tin vao ngin xép:

 Thao tac PUSH

SP

-
ar "
e

-
.

* NO1 dung cua SP ty dOng tang

« Thong tin dugc cat vao 6 nhd dang trd bai SP

— Khi lay mot thong tin ra khoi ngin xép:
 Thao tac POP
* Thong tin duoc doc tir 0 nhd dang tré boi SP
* NO1 dung cua SP ty dong giam

— Khi ngan xép rong, SP trd vao day

Dinh Stack

DAy Stack




Mo hinh 1ap trinh cua may tinh

Thanh ghi co s¢ va thanh ghi
chi so

— Thanh ghi co s¢: chira dia chi
cua ngan nhd co so (dia chi co
SO)

— Thanh ghi chi s6: chira d6 1éch
dia chi gitta ngan nhd ma CPU
can truy Cap so vd1 ngan nhé co
sO (chi s0)

— Pia chi cia ngan nhé can truy
cap = dia chi co s& + chi s6

4

Thanh ghi ¢ &

Thanh ghi chi s&

¥

Ngan nhd cg s¢

Ngan nhd can truy nhép|

3




Mo hinh 1ap trinh cua may tinh

* Thanh ghi dir iéu (Data Register)
— Chura cac dir liéu tam thoi hodc cac két qua trung gian
— Can c6 nhiéu thanh ghi dit lidu
— Céac thanh ghi s6 nguyén: 8, 16, 32, 64 bit
— Céc thanh ghi s6 dau cham ddong: 32, 64, 80 bit
* Thanh ghi trang thai (Status Register)
— Con go1 1a thanh ghi co (Flags Register) hoac tur trang
thal chuong trinh PSW (Program Status Word)
— Chitra cac thong tin trang thai cua CPU
* Cac co phép toan: bao hi¢u trang thai cuia ket qua phép toan
* Cac co dicu khién: bieu thi trang thai di€u khién cua CPU



Mo hinh 1ap trinh cua may tinh

* Vi du co phép toan
— Zero Flag (co rdng): dugc thiet 1ap 1én 1 khi két qué
cua phep toan bang 0.
— Sign Flag (co dau): dugc thiét 1ap 1én 1 khi két qua
phép toan nho hon 0 (két qiia Am)

— Carry Flag (co nho): duoc thlet lap lén 1 néu phép toan
c6 nhd ra ngoai bit cao nhat = ¢o béo tran vai so
khong dau.

— Overflow Flag (CO’ tran): duoc thiét lap Ién 1 néu cong
hai s6 nguyén cung dau ma két qua co dau nguoc lai
- ¢d bao tran voi so ¢o dau .



Mo hinh 1ap trinh cua may tinh

* Viduy co diéu khién
— Interrupt Flag (Co cho phép ngat):
« NéuIF = 1 - CPU 0 trang thai cho phep ngat véi tin
hi¢u y€u cau ngat tr bén ngoai gui to1
« Néu IF = 0,9 CPU 6 trang thai cAm ngat véi tin hiéu
yéu cau ngat tir bén ngoai gui to1
— Direction Flag (Co hudng):
* Néu DF=0 - Truy cip bd nhé theo hudng ting
* Néu DF=1 = Truy cap bd nhé theo hudng giam



Mo hinh 1ap trinh cua may tinh

* Vidu: Tap thanh ghi cia mot s6 bd xtr 1y

General Registers

DO
D1
D2
D3
D4
D5
D6
D7

A0
Al
A2
A3
A4
AS
A6
A7
AT

Data Registers

Address Registers

Program Status

Program Counter

| Status Register

(a) MC68000

AX
BX
CX
DX

Accumulator

Count

Data

Pointer & Index

SP
BP
Sl
DIl

CS
DS
S8
ES

IStack Pointer]

Base Pointer

Source Index

Dest Index

Segment

Code

Data

Stack

Extra

Program Status

Instr Ptr

Flags

(b) 8086

EAX
EBX
ECX
EDX

ESP
EBP
ESI
EDI

General Registers

AX

BX

CX

DX

SP

BP

S1

DI

Program Status

FLAGS Register

Instruction Pointer

(c) 80386 - Pentium 11

16



Cac dac trwweng cua lénh may

e Giodi thiéu chung vé tap 1énh
— Moi bd xtr Iy c6 mot tap 1énh x4c dinh
— Téap 1énh thuong c6 hang chuc dén hang tram 1énh
— Moi 1¢nh 12 m6t chubi so nhj phan ma b xir 1y
hi€u dugc dé thuc hién mdt thao tac xac dinh.

— Céc 1énh dugc mo ta bang cac ky hiéu goi nhé >
chinh la cac I€nh cua hop ngtr (assembly), vi du:
ADD, SUB, LOAD, STORE.,...

17



Cac dac trwng cua Iénh may

e Céc thanh phan ctia 1énh may

Opcode

Operand address

— Ma thao tac (operation code): ma hoa cho thao tac ma bd
xtr 1y phai thuc hién bang s6 nhi phan (lam gi?)
— Dia chi toan hang (operand address): chi ra noi chira cac
toan hang ma thao tac sé tac dong (lam & dau?)

* Toan hang ngudn: dir li¢u vao cua thao tac

* Toan hang dich: dir li¢u ra cua thao tac

* Toan hang: Thanh ghi, bd nhg, thiét bi ngoai vi,...

* Vidu: 1 Iénh 16 bit c6 2 toan hang

4 bits

6 bits

6 bits

Opcode

Operand Reference

Operand Reference

16 bits

»




Cac dac trwng cua Iénh may

» SO luong dia chi toan hang trong 1énh

— Ba dia chi toan hang:
e 2 toan hang nguén, 1 toan hang dich
e Vidu:a=b+c—>ADDA,B,C
* Tu Iénh dai vi phai ma hoa dia chi cho ca ba toan hang

— Hai dia chi toan hang:
* Mot toan hang vira 1a toan hang ng}lén vira la toan hang dich;

toan hang con lai 1a toan hang ngudn

e Vidu:a=a+b—>ADDA, B
e Gia tri cii ctia | toan hang ngudn bi mat vi phai chtra két qua
* Rut gon d6 dai tur 1€nh, duoc sir dung phé bién



Cac dac trwng cua Iénh may

» S0 lugng dia chi toan hang trong 1énh (tiép)

— Mot dia chi toan hang:
* MOt toan hang dugce chi ra trong I¢nh
« Mot toan hang 1a ngdm dinh, thuong 1a thanh ghi tich ity
(accumulator)
* Vidu:a=b+c¢
LOAD B

ADD C
STORE A

— Khong dia chi toan hang:
* Cdac toan hang déu duoc ngém dinh: Str dung Stack
e Vidu:a=b+c
PUSH B
PUSH C

ADD
POP A



Cac dac trwng cua Iénh may

* Danh gia vé so dia chi toan hang

— Nhiéu dia chi toan hang

* Cac Iénh phurc tap hon

e Can nhiéu thanh ghi

* Chuong trinh c0 it 1énh hon

* Nhan Iénh va thuc hién 1énh cham hon
— Tt dia chi toan hang

e Cac lénh don gian hon

e Can it thanh ghi

« Chuong trinh ¢ nhiéu 1énh hon

* Nhan Iénh va thuc hién 1énh nhanh hon

OPCODE OPCODE ADDRESS

(a) {b)

OPCODE (ADDRESS1 |ADDRESS2 QOPCODE | ADDR1 | ADDHZ2 | ADDR3

(e} (d)




Cac dac trwng cua Iénh may

» Céac kiéu toan hang

— P1ia chi
— S0
« SO nguyén
* SO ddu cham dong Cau héi: Khi doc trong 1 6
. M nh& nhan dwoc gia tri nhi
,Ma BCD phan 65, lam sao biét
— Ky tu dwoc day la gi?
« Ma ASCII « SO0 nguyén 65
e . . Ky tu ‘A
— Dt li€u logic . Lénh CT 65
* Céc bit hoac cac co * Diachi 65




Cac kiéu thao tac cua lénh

* Phan loai1 1énh:
— Di chuyén dit lidu
— Xur Iy s0 hoc véi s6 nguyén
— Xu ly logic
— Diéu khién vao-ra (10)
— Chuyén diéu khién (r& nhanh)
— Picu khién hé thong

23



Cac kiéu thao tac cua lénh

e Céc lénh di chuyén dir liéu

- MOVE

— LOAD

— STORE

— EXCHANGE
— CLEAR

— SET

— PUSH

— POP

Copy dit liéu tir nguon dén dich

Nap dit liéu tir bd nhd dén bo xir 1y

Cat dit liéu tir bo xtr Iy dén bo nho
Hoan d6i ndi dung ctia nguodn va dich
Chuyén céc bit 0 vao toan hang dich
Chuyén céc bit 1 vao toan hang dich
CA;Qit ndi dung toan hang ngudn vao ngin
XEp

Lay ndi dung dinh ngin xép dua dén
toan hang dich



Cac kiéu thao tac cua lénh

e Cac 1énh s hoc
— ADD
— SUBTRACT
— MULTIPLY
— DIVIDE
— ABSOLUTE
— NEGATE
— INCREMENT
— DECREMENT
— COMPARE

Cong hai toan hang

Tru hai toan hang

Nhan hai toan hang

Chia hai toan hang

Léy tr1 tuy¢t ddi toan hang

Doi dau toan hang (lay 0 trir toan hang)
Tang toan hang thém 1

Giam toan hang d1 1

Trir hai toan hang dé 1ap co



Cac kiéu thao tac cua lénh

* Cac lénh logic
— AND Thuc hién pl
— OR T'hue hién pl
— XOR Thuyc hién pl

Nex

hep AND hai toan hang

» OR hai toan hang

hép XOR hai toan hang

— NOT Dao bit ctia toan hang (lay bu 1)
—TEST Thuc hién phép AND hai toan hang dé

l1ap co



Cac kiéu thao tac cua lénh

* Vidu cac Iénh logic
— (14 su ¢oO hai thanh ghi chira dir liéu nhu sau:
(R1) = 1010 1010
(R2) = 0000 1111
— R1 €< (R1) AND (R2) = 0000 1010

Phep toan AND dung dé xoa (Clear) mot so bit va gii
nguyén mét so bit con lai cta toan hang.

— R1 < (R1) OR (R2)=1010 1111
Phép toan OR dung dé thiét 1ap (Set) mot so bit va giit
nguyén mot so bit con lai cua toan hang.

— R1 €< (R1) XOR (R2) =1010 0101
Phép toan XOR dung dé ddo mot so bit va gilt nguyén mot
sO bit con lai cua toan hang.



Cac kiéu thao tac cua lénh

* Cac Iénh logic (tiép)

_ SHIET Dich tréi bgic ~ «—— <<« B
Dich trai (phai) toan .
) Dich phai logic ) —ls—{p—t—{p1- {0 —— [
hang ich phai logic - —
— ROTATE Dich brai 58 hoc @wﬁq—q—i—i— 44—#—4—4— 0
Quay trai (phai) toan
hang Dich phai s8 hogo Qb—h—b—h—b >

Cuay irél logic F——q—i—q—i—-‘— 44—-4—1—1—T

Quay phai logic T—i-—i-—h—i-—i-—h —I-—i-—P-—AD‘




Cac kiéu thao tac cua lénh

» Cac 1énh nhéap xuat chuyén dung
— INPUT :,Copy dir liu tir mot cong xac dinh dua dén
dich (thiét b1 = bd nhd)
— OUTPUT: Copy d&rliéu tir nguon dén mot cong xac
dinh (b0 nhd = thiét bi)
» Cac 1énh chuyén diéu khién
— JUMP (BRANCH): Lénh r& nhanh khong diéu kién
— CONDITIONAL JUMP : Lénh r& nhanh c6 diéu kién
— CALL : Lénh goi chuong trinh con
— RETURN : Lénh tré vé tir chuong trinh con



Cac kiéu thao tac cua lénh

» Lénh r& nhanh c6 diéu kién

— Trong 1énh c6 kem theo diéu kién
— Kiém tra diéu kién trong 1énh:

« Néu diéu kién dung = chuyén tdi thuc hién 1énh & vi tri co

dia chi XXX
PC € XXX

» Néu diéu kién sai > chuyén sang thyc hién 1énh_ké_tiép
— Piéu kién thuong dugc kiém tra thong qua cac co
— C6 nhiéu lénh r& nhanh theo céc diéu kién khac nhau



Cac kiéu thao tac cua lénh

* Minh hoa Iénh ré nhanh khong va co diéu kién

lénh lénh
lénh lénh
lénh_ré_nhanh XXX 1énh_ré_nhanh_dk XXX
lénh_k&_tiép lénh_ké_tiép :l
lénh énh
|&nh lénh

XXX | 1&nh -— XXX |1énh -
|&énh |énh
lénh lénh




Cac kiéu thao tac cua lénh

* Minh hoa 1énh r& nhanh khong va co diéu kién (tiép)

Unconditional
Branch

Memory
Address

200
201
— 202
203

210
211

Instruction

SUBX,Y
BRZ 211

BR 202
. h

BRE R1,R2, 235

Conditional
Branch

Conditional

Branch
32




Cac kiéu thao tac cua lénh

 Lénh CALL va RETURN
— CALL: Goi chuong trinh con

« Cat noi dung PC (chira dia chi cua
Iénh_ké_tiép) ra Stack

* Nap vao PC dia chi Iénh dau tién cua
chuong trinh con dugc goi
* BO xtr Iy dugc chuyén sang thuc hién
chuong trinh con tuong ing
— RETURN: Tr¢ vé tir chuong trinh
con CTCon

« Lay dia chi cua lénh_ké_tiép duoc cat
O Stack nap tra lai cho PC

e Bo xur Iy duoc diéu khién quay trd vé

thuc hlen tiép 1énh nam sau lénh
CALL

|énh

l&nh

CALL CTCon

|&nh_ké_tigp

|lenh

|énh

|énh dau tién cia CTCon

|énh

lgnh

RETURN




Cac kiéu thao tac cua lénh

Adilrezzes Main Memuwy
000
. /4
* (o1 cac - Main —
CALL Procl
. 4101 Program h
1
chuong trinh +
A 4500 —y
con 1ong nhau
4600 CALL Proc2 "'Jq.‘
461 Procedure
4650 Proci
4651 CATT Pt fJ
~
HRETURN ‘IA!
4500 »
Procednre
ProcI
RETURN /ﬁ./
{a) Callzaml returmsz {b) Execullon sequence
dalH dasl
4101 4101 dlil 411 411
{0} Inidol steck (b} After () Indthal {dh After {e) Afer iy After (g} Aftey

anhiehis CALL Frecl CALL Proct BETUKMN CALL Frocd RETLIKN KETUKN



Cac kiéu thao tac cua lénh

* Truyén tham s giita cac chuong trinh con
— Truyén qua Stack
— Vi du: P g0oi Q(y4,Y,) ¢6 2 tham so.

|

Stack
y2 Pointer
y1

Q:| Old Frame Pointer Frame
I Pointer
Return Point
Stack
x2 Pointer x2
x1 x1
Old Frame Pointer | Frame Old Frame Pointer |*+—
Pointer
P: Return Point P: Return Point

(a) P is active (b) P has called Q



Cac kiéu thao tac cua lénh

e Céac 1énh diéu khién hé thong
— HALT : Dung thuc hién chuong trinh

— WAIT : Tam dung thuc hi€én chuong trinh, 1ap
ki€m tra diéu kién cho dén khi thoa man thi tiép
tuc thuc hién

— NO OPERATION : Khong thuc hién gi ca
— LOCK : Cam khéng cho xin chuyén nhuong bus
— UNLOCK : Cho phép xin chuyén nhugng bus




Cac phwong phap dinh dia chi

* Khai ni€ém vé dinh dia chi (addressing)
— Toan hang cua lénh c6 thé 1a:
e Mot gia tri cu thé nam ngay trong 1énh
* NOi1 dung cua thanh ghi
e Noi dung ctia ngin nhé hoic cong 10
— Phuong phap dinh dia chi (addressing modes) 1a cach thirc
dia chi hoa trong ving dia chi ctia 1énh dé xac dinh noi
chira todn hang
* Pinh dia chi tic thi
* DPinh dia chi thanh ghi
Dinh dia chi truc tiép
Dinh dija chi gian tiép qua thanh ghi
Dinh dja chi gian tiép
Pinh dia chi dich chuyén
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Cac phwong phap dinh dia chi

* Dinh dia chi tirc thi (Immediate Addressing)
— Toan hang nim ngay trong vlng dia chi cua 1énh
— Chi ¢6 thé 1a toan hang nguon
—Vidu: ADDR1,5 ;R1<& R1+45
— Khong tham chiéu bo nhé
— Truy cép toan hang rat nhanh

— Dai gi4 tr1 cua toan hang b1 han ché

Ma thao fac Toan hang




Cac phwong phap dinh dia chi

* Dinh dia chi thanh ghi (Register

Addressing) Ma thao téc *
— Toan hang dugc chira trong thanh ghi c6

tén trong vung dia chi
— Vidu:
ADD R1,R2 ;R1< R1+R2
— SO luong thanh ghi it = ving dia chi can | Teanhang
it bit hon
— Khéng tham chiéu bo nhé

Tap thanh ghi

— Truy cap toan hang nhanh
— Tang sO luong thanh ghi = hiéu qua hon



Cac phwong phap dinh dia chi

» Dinh dia chi truc tiép ___ |
(Direct Addressing) | Bpohg.

— Toan hang la ngan nhé co6 dia chi dugce
chi ra truc ti€p trong vung dia chi cua
1énh

— Vi du:

- ADDRL,A Rl €R1+(A)

* Cong nd1 dung thanh ghi R1 vo1 nd1 dung —
cua 0 nhd c6 dia chila A

—— | Toan hang

* Tim toan hang trong bd nh& & dia chi A
— CPU tham chiéu bo nhé mot 1an dé
truy nhap dir li¢u



Cac phwong phap dinh dia chi

» Dinh dia chi gian tiép qua
thanh ghi (Register

Indirect Addressing) = *

— Toéan hang 1a 0 nhé ¢ dia chi B4 nhd

nam trong thanh ghi The Suanh ghi
— Vung dia chi cho bict tén thanh
ghi d6. Thanh ghi co thé 1a —»  Dlachi —
ngam dinh —|—> Toiin Igng

— Thanh ghi nay dugc goi la con
tro (pointer)

— Vung nhé ¢6 thé dugce tham ~—
chiéu 14 16n (2", véi n 1a @ dai
cua thanh ghi)




Cac phwong phap dinh dia chi

» Pinh dia chi gian tiép qua bo nhd
(Indirect Memory Addressing)

— B0 nhé duoc tro béi vung dia chi cua
Iénh chira dia chi cua toan hang

M3 thao tic

Bja chi

— C6 thé gian tiép nhiéu lan

— G16ng nhu khai niém bién con tro va

bién dong trong lap trinh

— CPU phai thuc hién tham chiéu bo nhé
nhiéu lan dé tim toan hang - cham
— Vung nh¢ ¢6 thé dugce tham chiéu l1a

l1on

B& nhé

o

Bla chi

Todn hang




Cac phwong phap dinh dia chi

 Pinh dia chi dich chuyén
(Displacement Addressing)

M2 thao tac

— Pé xac dinh toan hang, ving
dia chi chtra hai thanh phan:
. T§n thaph ghi
* Hang so
— Dia chi cua todn hang = no1
dung thanh ghi + hing s6
— Thanh ghi c6 thé dugc ngam
dinh

Tapthanh ghi

Bo nhé

>

Todn hang




Cac phwong phap dinh dia chi

* Dinh dia chi dich chuyén (tiép)
— Cac dang dia chi dich chuyén

» Pia chi hoa tuong doi véi PC
— Thanh ghi 1a B6 dém chuong trinh PC
— Toan hang c6 dia chi cach 0 nhé duoc tré béi PC

mot do 1éch xac dinh

* Pinh dia chi co sé (base)
— Thanh ghi chtra dia chi co s¢
— Hang so 1a chi s6

» Dinh dia chi chi s6 (index)
— Hang s6 1a dia chi co s
— Thanh ghi chira chi s0



Phan loail tap leénh

» CISC vaRISC

— CISC:Complex Instruction Set Computer:
« May tinh véi tap 1énh day du
* Vi du: Intel x86, Motorola 680x0
— RISC:Reduced Instruction Set Computer:
* May tinh v&1 tap 1€nh thu gon
e Vi du: SunSPARC, Power PC, MIPS, ARM ...
— RISC d6i nghich véi CISC
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Phan loai tap lenh

* Cac dac trung cua CISC

— S0 luwong 1énh nl}iéu (vai tré,m lénh) = Dé 1ap trinh,
chuong trinh ngan hon (chiém it by nho)

— Truy cép toan hang & cac thanh ghi 1an bd nhé

— Cau triic CPU phtc tap

— Thoi gian thuc hién 1énh can nhiéu chu ky may

— S6 lwvong khuon dang 1énh 16n

— CPU c6 tap thanh ghi nho

— C0 nhicu mode dia chi

— Mot s6 1énh khf)ng c6 mach phan cing riéng (can c6 vi
chuong trinh dé€ thuc hién)



Phan loai tap lenh

* Cac dac trung cua RISC
— SO luong 1énh it (vai chuc 1énh) va co ban nhat = Kho lap
trinh, chuong trinh dai hon
— Hau hét cac 1énh truy cap toan hang & cac thanh ghi
— Céau triic CPU don gian
— Thot gian thuc hién 1énh 1a mdt chu ky may
— S0 lugng khudn dang 1énh it (<=4)
— CPU co tap thanh ghi 16n
— Co it mode dia chi (<=4)

— MO6i 1énh ¢6 mach phan cung riéng (khong can vi chuong
trinh)



Phan loai tap lenh

 So sanh CISC va RISC

Loai

Hang SX

Hé thong MT

Nam SX

So lugng lénh

Kich thudc Iénh (B)
Addressing modes

So lugng thanh ghi

Vi ChuangTrinh (KB)

CISC

IBM DEC VAX Intel
370/168 11/780 486
1973 1978 1989
208 303 235
2-6 2-57 1-11
4 22 11
16 16 8
420 480 246

RISC

Motorola
88000
1988
51
4
3
32

0

MIPS
R4000
1991
24
32
1
32

0



Phan loai tap lenh

» Thong ké 10 1énh Intel x86 sir dung nhiéu nhat

TT Lénh Ty 1€ (%)
1 load 22%
2 conditional branch 20%
3 compare 16%
4 store 12%
5 add 8%
6 and 6%
7 sub 5%
8 move register-register 4%
9 call 1%
10 return 1%

Total 96%



Phan loai tap lenh

» Tai sao kién triic CISC cua Intel van str dung nhiéu?
— Van dé tuong thich
— Dé x4y dung trinh dich (compiler) hon
— Phu hop v6i nhicu NNLT cap cao (HLL)
— Phan mém c6 san dang st dung nhiéu
— Thuc té hién nay sir dung hé thong tap 1énh lai gitta RISC
va CISC
* TG chtrc bén trong theo RISC
* Kién truc lap trinh bén ngoai theo CISC
* St dung vi chuong trinh lam trung gian



Phan loai tap lenh

» Uu nhugc diém ctua CISC

— Uu diém
e Chuong trinh it 1énh hon, it ton bé nhé dé luu trit
* Truy cap by nh¢d véi it 1énh hon
e Chuong trinh dé& viét, dé doc va dé hiéu hon

— Nhuge diém
* Dang Iénh phtrc tap, giai ma 1énh cham
* Lénh phI’J‘.’C tap nén khong uyén chuyén, khong ap dung

cho nghiéu truong hop khac nhau

* Xir Iy ngat chAm hon (do 1énh chiém nhiéu chu ky may)
nén thoi gian dap tng keém



Kién trdc tap 1énh Intel x86

No. of
Date of | Perform | Max.CPU | Transis | Main Extern. | Max. Caches
Product | -ance_ | Frequency | -torson CPU Data | Extern.| IinCPU
Intel Intro- | iInMIPs' | atintro- | theDie | Register | Bus Addr. Pack-
Processor | duction duction Size? Size? | Space age®
8086 1978 0.8 8 MHz 29K 16 16 1MB None
Intel 286 1982 b X 4 12.5 MHz 134 K 16 16 16 MB Note 3
Intel386™ 1985 6.0 20 MHz 275K 32 32 4 GB Note 3
DX
Inted86™ 1989 20 25 MHz 12M 32 32 4 GB 8KB L1
DX
Pentium® 1993 100 60 MHz 31 M 32 64 4 GB 16KB L1
Pentium* 1995 440 200 MHz 55M 32 64 64 GB | 16KB L1;
Pro 256KB or
512KB L2
Pentium 1= 1997 466 266 ™ 32 64 64 GB | 32KB L1;
256KB or
512KB L2
Pentium® | 1999 1000 200 S2M 32GP 84 84 CB | 22KB L1,
I 128 S12KB 12
SIMD-EP 52




Kién truc tap I1énh Intel x86

Clock Tran- System Max.
Date Frequency | sistors Bus Extern.

Intel Intro- | Microarhi- at Intro- Per Die | Register Band- Addr. On-Die
Processor | duced tecture duction Sizes! width Space | Caches?
Pentium 4 2000 | Intel 1.50 GHz 42 M GP: 3z 3.2 64 G5B | 12K pop
FProcessor NetBurst FFPU: 80 SBis Execubton

hMicroarchi- MMNLX: 64 Trace
tecture XMM: 128 Cache;
dKE L1;
256-KB
L2
Intel Xeon 2001 | Intel 1.70 GHz 42 M SP: 32 3.2 64 GB | 12K pop
Frocessor MNetBurst FFPU: 80 GB/s Trace
Microarchi- MMX: 64 Cache;
tecture AMM: 128 a-KB L1;
256-KB
L2
Intel Xeon 2002 | Intel 220 GHz 55 M GFP: 32 3.2 64 G5B | 12K pop
Frocessor MNetBurst FFPU: 80 GB/s Trace
Microarchi- MMX: 64 Cache;
teciure; AMM: 128 ag-KB L1;
Hyper- =12-KB
Threading L2

Technology




Kién truc tap I1énh Intel x86

Clock Tran- System | Max.
Date Frequency | sistors Bus | Extern.

Intel Intro- | Microarhi- | atIntro- | PerDie | Register | Band- | Addr. | On-Die
Processor | duced | fecture duction Sizes' width | Space Caches?
Intel 2004 | Intel 340GHz | 125M GP: 32 6.4 64 GB | 12K pop
Fentium 4 MNetBurst FELU: 80 (G3B/s Execution
Frocessor Microarchi- MMX: B4 Trace
Supporting tecture: XMM: 128 Cache;
Hyper- Hyper- 16 KB L1,
Threading Threading 1MB L2
Technology Technology
at 80 nm
Drocess
Intel 2004 | Intel 200GHz | 140M GP: 32 3.2 4GB | L1: 64 KB
Fentium M Fentium M FELU: 80 (GB/s L2: 2MB
Prnge&snr Frocessor MMX: B4
195" MMM 128




Kién truc tap I1énh Intel x86

Max.

0On-Die

Intel Date | Micro- Top-Bin | Tran- | Register | System
Processor | Intro- | architec-ture | Fre- sistor | Sizes Bus/QP | Extern | Caches
duced quency |S | link |.Addr.
at Intro- Speed | Space
duction

Quad-core Intel | 2006 Intel Care 266 GHz 562 M GP. 32 106 GBls 256 GB L1:64 KB
Xeon Microarchitecture; FPU: Hj L2-4MB (EMB
Processor 5355 Quad Core; MM 64 Total)

Inted 64 Architeciure:; XMAM: 128

Inted Virtuzlization

Technology.
Intel Core 2 Duo | 2007 Intel Core 300 GHz 291 M GP. 32 106 GBls b4 GB L1:64 KB
Processor Microarchitecture; FPU: B{] L2- 4MB (4MB
ERS0 Dual Core; MM 64 Totzl)

Intel 64 Architecture; X¥MM: 128

Inte! Virtuzlization

echnology;

Inte! Trusted

Execution Technology
Intel Xeon 2007 Inted Care 293 GHe 582 M GP: 32 8.5 GBis 1024 GB L1: 64 KB
Processor 7 Microarchitecture; FPLU: ﬂj L2- 4MB (EMB

Quad Core; MMX: 64 Total)

Intel 64 Architecture; X¥MM: 128

Inted Virtuzlization

Technology.
Intel Xeon 2007 Enhanced Intel Care 300 GHz d20 M GP: 32 128 GBls 256 GB L1:-64 KB
Processor 5472 Microarchitecture; FPU: BU LZ- 6MB

Quad Core; MM 64 {(12MB Total)

Intel 64 Architecture: XMM: 128

Inted Virtuzlization

Technology.
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Kién truc tap lénh Intel x86

Max.

On-Die

Intel Date | Micro- Top-Bin | Tran- | Register | System
Processor | Intro- | architec-ture | Fre- sistor | Sizes Bus/QP | Extern | Caches
duced quency (s | Link . Addr.
at Intro- Speed | Space
duction

Intel Core i7- 2010 Intel Turbo Boost 266 GHz JAIM GP- 32 B4 64 GB L1: 64 KB
B20M Technology, Intel FPU- i) L2: 256KB
Processor microarchitecture MM B4 LY. AMB

codename Westmere:; XMM: 125

Dualcore;

HyperThreading

Technclogy; Intel B4

Architecture;

Intel Virtualization

Technology.,

Integrated graphics
Intel Xeon- 2010 Intel Turbo Boost 2.26 GHz 238 GP- 32 b4 QPl: B4 16 TE L1: 64 KB
Processor 196() Technclogy, Intel FPU: 80 GTis; L2: 256KB

microarchitecture MM 64 Memory: 50 LY. 24MB

codename Nehalem; XMM: 128 GBls

Eight core;
HyperThreading
Technology; Intel B4
Architecture;

Intel Virtualization
Technology.
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Kién truc tap Iénh Intel x86

10,000

1,000

100

Theoretical maximum performance
(million operations per second)

10

Hyperthreading
(multicore)

Longer pipeline,
double-speed

Improvements in z :
piove o arithmetic

chip architecture

|:| Increases in Full-speed
clock speed 2-level cache

MMX
multimedia

Speculative extensions
out-of-order

execution 3060 MHz

Multiple

instructions
per cycle 733 MHz

Internal
memory

cache
Instruction 200 MHz

pipeline

300 MHz

l Il 1 | | | 1 | | 1 | L | | L 1

I 1 I 1 | 1 1

1988 1990 1992 1994 1996 1998

2000 2002 2004

S7



Basic Program Execution Reglsters Adgdress Space”

2%
w General-Purpose Registers
Registers | Segment Registers
| 32-bits ] EFLAGS Register
[ 32-Dils ] =P (Instruction Pointer Register)
FPU Registers
.glm' l')n Registers o
'Tnl: acdress spaoe&:l‘:e
[G6oms | Contol Register e plwpsioet sdvass
[GE€miis] Status Register extension mechanism. 3 _
| 1Sbiis | Tag Register g — 1 can be addressed.

[] Opcooe Regester (11-bits)

[ 35 Dils ] FPU nstruction Pointer Register

| 46 pils ] FPU Data (Operand) Ponter Register

i

XXMM Registers

5258 ] MXCSR Register

Figure 3-1. IA-32 Basic Execution Environment
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Kién truc tap I1énh Intel x86

General-Purpose Registers

31 0

EBX
ECX
EDX
ESI

EDI

EBP
ESP

Segment Registers
15 0

CS
DS
SS
ES
FS
GS

31Program Status and Control Registero

| | EFLAGS

31 Instruction Pointer 0
( | EIP

Figure 3-3. General System and Application Programming Registers




Kién truc tap I1énh Intel x86

313020282726252423222120191817181514131211100 8 7 8 5 4 3 2 1 O

(VIVia
000°°°0ﬁ000|lc

Al .l7l.lc
alw s =

v|r|, [N olo|i|T|s|z
mlFO|T HEEEEREHEUER

ro0-

X ID Flag (ID} | \
X Virtual Interrupt Pending (VIP)

X Virtual Interrupt Flag (VIF)
X Alignment Check (AC)
X Virtual-8086 Mode (VM)
X Resume Flag (RF)
X Nested Task (NT)
X VO Privilege Level (IOPL)
S Overflow Flag (OF)
C Direction Flag (DF)
X Interrupt Enable Flag (IF)
X Trap Flag (TF)
S Sign Flag (SF)
S Zero Flag (ZF)
S Auxiliary Carry Flag (AF)
S Parity Flag (PF)
S Carry Flag (CF)

S Indicates a Status Flag
C Indicates a Control Flag
X Indicates a System Flag

Reserved bit positions. DO NOT USE.
Always set to values previously read.

Figure 3-7. EFLAGS Register



Kién truc tap I1énh Intel x86

127

63

15 87 0

High | Low
Byte | Byte

N+1 N
31 16 15 0

High Word | Low Word

N+2 N

32 AN 0

High Doubleword

Low Doubleword

N+4

64 63

High Quadword

Low Quadword

N+8

Byte

Figure 4-1. Fundamental Data Types
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Kién truc tap I1énh Intel x86

;l Byte Unsigned Integer

I Word Unsgned Integer

| Doubieword Unsigned Integer

N 0
| | Quadword Unsigned Integer
63 o
Sign
;I:b] Byte Signed integer
Sign
| Word Signed Integer
15 14 0
Sign
| | Doubleword Signed Integer
3130 0
Sgn
|1 | Quadwors Signed Integer
63 62 0
Sign
Single Precision
N | I— Floatng Point
Sign
1 [ Poating Pont
oint
63 62 5251 [
| Bit ;
ﬁ l Double Extended Precision
Floatng Point
7078 848382 0

Figure 4-3. Numeric Data Types



Kién truc tap I1énh Intel x86

BCD Integers
X |BCD
7 43 0
Packed BCD Integers
BCD | BCD
7 43 0

Sign 80-Bit Packed BCD Decimal Integers
X |D17 D18 D15 D14 D13 D12 D11 D10 D9 D8 D7 pe DS D4 D3 D2 D1 DO
7978 717271 0
4 Bits = 1 BCD Digit

Figure 4-8. BCD Data Types

63




Flat Mode!

Linear Aodress
Linear
Acdress
Space
Segmentad Moadsl

I -
Rsal-Addrees Mode Mode!
Linear Adoress
Ofset Space Divided | — -

* The linear adoress space Rt
can be paged when using the
fiat or segmented model.

Figure 3-2. Three Memory Management Models
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Kién truc tap I1énh Intel x86

Segment Registers

Code
Segment
Data
cS Segment
DS Stack
SS Segment
ES e
FS —
GS—
.
Data
Segment
Data
Segment
Data
Segment
e
=

All segments

are mapped
to the same

linear-address
space

Figure 3-6. Use of Segment Registers in Segmented Memory Model
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Kién truc tap I1énh Intel x86

Instruction i i
Ovistivas Opcode ModR/M SIB Displacement Immediate
Up tofour 1-, 2- or 3-byte 1 byte 1 byte Address Immediate
prefixes of opcode (if required)  (if requtred) displacement data of
1 byte each of1,2,0or4 1,2, 0r4
(optional) / \ bytes or none  bytes or none
7 32 0
Mod oﬁfgée R/M Scale | Index | Base
Figure 2-1. I1A-32 Instruction Format
Base Index Scale Displacement
EAX /EAX .
EBX ! i “-., None
. EBX | | \
EGK | EG_K L1 f k .
EDX ! o g-bit
csp |t |1 EDX %} © ||+ |
. EBP | L4 16-bit
BE ol Es
ESI " Eot / \ 8/ 32-bit
EDI o

Offset = Base + (Index * Scale) + Displacement

Figure 3-9. Offset (or Effective Address) Computation




Kién truc tap I1énh Intel x86

* Vi du vé khuén dang lIénh cta CPU Intel x86

Type
1-byte

2-byte
3-byte
4-byte
o-byte

6-byte

Format (field widths shown)

3

3

Opcode

PUSH
JE
MOV
HOR
ADD

Description of operand(s)
3-bit register specification

4-bit condition, 8-bit jump offset
8-bit register/mode, 8-bit offset

8-bit register/mode, 8-bit base/index,
8-bit offset

3-bit register spec, 32-bit i mmediate

8-bit register/mode, 32-bit immediate



Kién truc tap I1énh Intel x86

Moves Binary coded decimal

MOV DST,SRC Move SRC to DST DAA Decimal adjust
PUSH SRC Push SRC onto the stack DAS Decimal adjust for subtraction
POP DST Pop a word from the stack to DST AAA ASCII adjust for addition
XCHG DS1,Ds2 Exchange DS1 and DS2 AAS ASCII adjust for subtraction
LEA DST,SRC Load effective addr of SRC into DST AAM ASCII adjust for multiplication
CMOVce DST,SRC | Conditional move AAD ASCII adjust for division
ADDDST,SRC | Add SRC to DST AND DST,SRC | Boolean AND SRC into DST
SUB DST,SHC Subtract SRC from DST OR DST.SRC Boolean OR SRC into DST
MUL SRC Multiply EAX by SRC (unsigned) XOR DST,SRC | Boolean Exclusive OR SRC to DST
LLEetie SR B R e Ty NOT DST Replace DST with 1's complement
DIV SRC Divide EDX:EAX by SRC (unsigned)
IDIV SRC Divide EDX:EAX by SRC (signed) Shift/rotate
ADC DST,SRC Add SRC to DST, then add carry bit SAL/SAR DST # Shift DST left/right # bits
SBBDST,SRC | Subtract SRC & carry from DST SHL/SHR DST,# | Logical shift DST left/right # bits
INC DST Add 1 to DST - -

ROL/ROR DST,# | Rotate DST left/right # bits
DEC DST Subtract 1 from DST -

- RCL/RCR DST.,# Rotate DST through carry # bits

NEG DST Negate DST (subtract it from 0)




Transter of control

Kién truc tap I1énh Intel x86

Test/compare

TEST SRC1,SRC2

Boolean AND operands, set flags

CMP SRC1,SRC2

Set flags based on SRC1 - SRC2

Miscellaneous

SWAP DST Change endianness of DST

CcwWQ Extend EAX to EDX:EAX for division
CWDE Extend 16-bit number in AX to EAX
ENTER SIZE,LV Create stack frame with SIZE bytes
LEAVE Undo stack frame built by ENTER
NOP Mo operation

HLT Halt

IN AL,PORT Input a byte from PORT to AL

OUT PORT,AL Qutput a byte from AL to PORT
WAIT Wait for an interrupt

JMP ADDR Jump to ADDR

Jxx ADDR Conditional jumps based on flags

CALL ADDR Call procedure at ADDR

RET Return from procedure

IRET Return from interrupt

LOOPxx Loop until condition met

INT n Initiate a software interrupt

INTO Interrupt if overflow bit is set
Strings

LODS Load string

STOS Store string

MOVS Move string

CMPS Compare two strings

SCAS Scan Strings

SRC = source
DST = destination

# = shift/rotate count
LV = # locals




Kién truc tap I1énh Intel x86

ADC—Add with Carry

Opcode
14 b
15 iw
15id
80/2ib
81172 iw
81/2id
83/2ib
83/2ib
10/r
Mir
Mir
121r
131r
131r

Instruction

ADC AL,imm8
ADC AX,imm16
ADC EAX,imm32
ADC r/m8,imm8
ADC /m16,imm16
ADC r/m32,imm32
ADC r/m16,imm8
ADC r/m32,imm8
ADC r/m8,r8

ADC r/m16,r16
ADC r/m32,r32
ADC r8,r/m8

ADC r16,r/m16
ADC r32,r/m32

Description

Add with carry imm8 to AL

Add with carry imm16 to AX

Add with carry imm32 to EAX

Add with carry imm&8 to r/m8

Add with carry imm16 to /m16

Add with CF imm32 to r/m32

Add with CF sign-extended imm8 to /m16
Add with CF sign-extended imm8 into /m32
Add with carry byte register to /m8

Add with carry r16 to r/m16

Add with CF r32 to /m32

Add with carry r/m8 to byte register

Add with carry /m16to r16

Add with CF /m32 to r32
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