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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




Kién tric may tinh & hgp ng

00 — Gidi thiéu mén hoc

Va Minh Tri - vmtri@fit.hcmus.edu.vn




S S
\

+ ThS. VU Minh Tri

x  Email: vmtri@fit.hcmus.edu.vn

+ Subject khi guri mail bat dau:

« Nén bat dau gui cau hoi trén Moodle trudc khi gtri email (trir khi
dugc yéu cau)

«* BO mon MMT&VT, Khoa CNTT, Trudng DPHKHTN
« Phong 174, Cd s& 227 Nguyén Van Cir Q5
« Khi can thiét, hay email hen trudc néu mudn gap GV

Va Minh Tri - vmtri@fit.hcmus.edu.vn 2
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Thoéng tin vé mdén hoc

S =S
S

# Tén mon hoc: Kién trdc may tinh & Hop ngl®
% SO tin chi: 4
* Ly thuyét: 45 tiét

* Thuc hanh: 30 tiét (Hinh thirc 2)

V@ Minh Tri - vmtri@fit.hcmus.edu.vn 3



M6 ta ndi dung moén hoc

S S

el

% MO ta cau tao cua may tinh

+ Giai thich nguyén tac hoat dong clia may tinh va cla cac thanh phan bén trong

# Tinh toan s6 hoc trén may tinh

+ SU dung hdp nglr dé viét mot doan chuong trinh thuc hién mot cong viéc don
gian. Giai thich can ké cac cong doan: bién dich, lién két, nap, thuc thi cua
chucong trinh da viét.

« Trinh bay cac budc trong mot chu trinh x{ ly 1énh

« Hinh dung dudc cac cong doan thiét ké bo vi x(r ly

+ Nguyén tac hoat dong clia cac bd nhd trén may tinh.
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Phan b6 thang diém

\

Ki€m tra trén Trong 1 s budi hoc LT ngdu nhién GV sé yéu cdu 2 diém
IGp SV lam bai ki€ém tra nho vé bai hoc (t8i da 30 phut)

Thi LT gitra ky  Du kién vao tuan thr 8, kiém tra kién thi'c d3 hoc 2 diém
cla 7 tuan trudc

Thi LT cudi ky  Thdi gian theo lich cla trudng, kiém tra tdt cd cac 4 diém
ki€n thi'c da hoc cua 15 tuan trudc

Thu'c hanh GVTH sé upload cac bai tap 1én moodle cho SV lam. 2 diém
Cubi ky GV s& chon ngau nhién 3 bai ndp cta SV dé

chdm 13y diém TH
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Phwong phap hoc

S S
\

« Trén I0p:
« Tap trung nghe giang, khdng ndi chuyén riéng
* Suy nghi
* Thao luan (khi cé yéu cau)
+ Pat cau hoi véi GV
+ O nha:
+ Doc thém sach
« Tim ki€m tai li€u trén Internet

«* Tham gia tich cuc trén moodle

Va Minh Tri - vmtri@fit.hcmus.edu.vn 6



Tai liéu doc thém

\

+ Patterson and Hennessy, Computer Organization and
Design: The Hardware / Software Interface (3™
edition), Morgan Kaufmann, 2005

+ Nguyén Minh Tuan, Kién triic may tinh, PHKHTN,
TP.HCM

+ W.Stallings, Computer Architecture and
Organization, Prentice Hall, 2007
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Mot s6 quy dinh mon hoc

S S

el

+ Khong noi chuyén nhiéu trong I8p, gay anh hudng GV
va khong khi I16p hoc

+ Khi kiém tra, thi cur:

+ Khong gian lan, copy bai nhau. Néu vi pham sé nhan 0
diém cho t4t ca cac bai lién quan
+ Khong xin diém, ndp bai tré deadline

* Thuong xuyén theo doi thong tin trén moodle

Va Minh Tri - vmtri@fit.hcmus.edu.vn 8



KIEN TRUC MAY TINH &
HOP NGU

ThS Vi Minh Tri — vmtri@fit.hcmus.edu.vn

01 — Téng quan may tinh
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NOiI dung bai giang

Qua trinh phat trién va mét s6 nét dac trwng cla
cac thé hé may tinh

Pinh luat Moore

Mot s6 thanh phan co ban ctia may tinh ca nhan
ngay nay

Giai thich cac khai niém wafer, chip, chipset

MO hinh abstraction layers



Thé hé 0
Non-digital computers
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Thé hé 1
Vacuum-tube (Pen chan khong)
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Electrons afracted

MOPRERN ABACUS

new tool for lightning-fast
calculation
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Hé thdng ENIAC (Electronic Numerical
Intergrator and Computer)

LR AN -

.....

ZOSh SRY BY 2% 5 &
) s . i ~ 4 " % £ N av &, &

FUINTS San) o) ot) gu aw a¥ all

Detail of the back of a panel
of ENIAC, showing vacuum
tubes




Thé hé 2
ransistor (Linh kién ban dan)

IBM 7094



Thé hé 3
Integrated Curcuit (Vi mach tich hop)

IBM 360

http://en.wikipedia.org/wiki/IBM_360




Thé hé 4
Microprocessor (Vi xu ly)
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XT computer with Intel 8086 chip




Ngay nay
(CPU da nhan, Super-computer)

% 478.2 teraFLOPS
htzp./' WW. top500 org/s ystem/8968 /
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Thé hé 5
Parallel Processing ?

—
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Tong két

Khoang thoi Cong nghé
gian

1 1940 — 1956 Vacuum tubes

2 1956 — 1963 Transistors

3 1964 — 1971 Integrated Circuits
4 1971 — nay Microprocessors

5 Twong lai Parallel Processing



Pinh luat Moore

Moore's Law

10,000,000,000 — i
Number of transistors doubling every 18 months. ¥ 2
1,000,000,000 —
L o ltanium 2
," (9 MB cache)
g 100,000,000 — Number of transistors doubling every 24 months, ’,”’ ',"" o
o= e o
The number of transistors 3 8 5 S
on a chip will double about ~ £g 0000 — AL
o s - um
every two years (18 59 ® pustionn
months in some docs) 5 1000000 —
100,000 —
10,000 —
2,300

1971 1980 1990 2000 2004
Year



M6t s6 thanh phan co ban trén may

tinh ca nhan ngay nay

: Man hinh

Mainboard

: CPU

: Chan cam day nbi HDD
: RAM

I B N

: Chan cdm mé& rong PCI /
PCI Express

7: Nguon dién

8: O quang CD / DVD

9: O dia clrng

10: Ban phim

11: Chudt



..5 thanh phan co ban

Computer

_ | ‘ ‘ Input
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Datapath :

Processor



Control — Data path ?

Central processing unit (CPU) ———— A+B
Control A » Registers
unit 5
Arithmetic
logical unit
(ALU) 110 devices A B |—ALU input register
' ! ! __—ALU input bus
Registers
(][] Main : :
N memory Disk Printer ALl
A‘: 5 ALU output register
Bus
The organization of a simple computer with one CPU The data path of a typical Von Neumann machine

and two 1/O devices.



Inside PC
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DVD drive
power supply

Zip drive

fan with cover

motherboard




Mainboard (Motherboard)

Processor M
e
m
o
r
y Disk
F.’rocessor and USB
interface interfaces
Graphics
1/O bus
slots




Inside mainboard
e

The motherboard is at the heart of the computer. All the various components of a computer are
connected to the motherboard. 1. The processor (cou) 2. Memory chips 3. Hard disk 4. Power
supply (psu) 5. Graphics card (AGP) 6. Floppy drive 7. PCI sfots for sound cards, modems efc.
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M6t s6 khai niém co ban - Wafer

o Wafer (Bé chip): Tam silicon mdng da
dwoc cay vat liéu khac nhau dé tao ra

nhirng vi mach

o COo kich thwde trung binh twr 25,4mm (1
iInch) — 200mm (7.9 inch).

o Intel, TSMC hay Samsung da nang kich
thwde cua wafer [én 300mm (12 inch),
tham chi 1én 450mm (18 inch)

5 Kich thwoc wafer dwoc tang 18n da lam gia

thanh clia mét vi mach tr& nén rat ré.



Mot s6 khai niém co ban - Chip

Chip: C6 thé hiéu 1& mach tich hop (Integrated
Circuit) gan trén dé chip (wafer) nham xt& ly cac
cOng viéc trén may tinh

Chip c6 kich thuwdc rat nhd nhwng ¢ thé chira
hang chuc triéu transistor, sO lwong trasistor cang

&n thi tc dé truyén va xt& Iy tin hiéu cang nhanh

Hién nay co6 cac loai chip xtr ly: 4, 8, 16, 32, 64 bit



M6t s6 khai niém co ban - Chipset

Chipset |a tAp hop nhiéu chip gan két lai véi nhau trén ciing 1 dé chip
(wafer) dé x& ly nhiéu céng viéc trén may tinh
M6t sb chipset thdng dung:

CPU: Don vi xtr ly trung tam

GPU: Bon vi x ly d6 hoa trén may

RAM: B6 nh¢ truy cap tiee thdi chuyén phuc vu cho CPU

Ban cau bac (tich hop trén mainboard): H6 tro’ truyén thdng tin cho CPU, RAM,
nam sat CPU (Hé thdng Mainboard AMD khéng cé chipset nay vi dwoc tich hop
ngay trén CPU)

Ban cau nam (tich hop trén mainboard): Quan ly thiét bi ngoai vi nhw HDD,

Mouse, Keyboard...Nam cudi mainboard



Abstraction layers

Application (ex: bruwser)‘
t I

Operating
Compiler System

Software

Assembler

Instruction Set
Architecture

Processor|Memory|l/O system
Hardware y y

Datapath & Control

Digital Design
Circuit Design
transistors




High Level Language
Program (e.g., C)

—L_.___\_q,_".l.

f
5 Compiler
Assembly Language
/] Program (e.g.,MIPS)
Assembler
- |Machine Language
f Program (MIPS)
Machine
,f Interpretation

temp = V|K];
V[K] = v[k+1];
V[k+1] = temp;

Architecture
Implementation

Logic Circuit Description
(Circuit Schematic Diagrams)

$10, 0(%$2)
$t1, 4($2)
$t1, 0($2)
$10, 4(2)

1001 1100
1111 0101
0110 1010
1000 0000

??L

0110
1000
1111
1001

1010
0000
0101
1100

1111
1001
1000
0110

0101
1100
oooo
1010

1000
0110
1001
1111




Homework
N
o Poc tai liéu:
o 01 _Timeline.pdf

o 02_Hardware.pdf

o Patterson and Hennessy, Computer Organization and Design:

The Hardware / Software Interface (3@ edition), Chuong 1



KIEN TRUC MAY TINH &
HOP NGU

ThS Vid Minh TH — vimitri@fit.hcmus.edu. vn

02 — Biéu dién s6 nguyén



mailto:vmtri@fit.hcmus.edu.vn

Hé ca sb q tong quat

T6ng quat s& nguyén cd n chif s& thudc hé cd sd q bat ky dugc biéu dién:

n—1 1 0
XXX =X _.0" " + .+ X.q" + X,.0
(moi chir s6 x; I8y tir tip X cd q phén tu)

Vi du:
Hé cds6 10: A=123 =100+ 20 + 3 =1.102 + 2.10! + 3.100
q = 2, X = {0, 1}: hé nhi phan (binary)
q=8,X={0,1,2,.., 7}: hé bat phan (octal)
q=10,X={0, 1, 2,..., 9}: hé thap phan (decimal)
q=16,X={0,1,2,..9, A, B,..., F}: hé thap luc phan (hexadecimal)
Chuyén doi: A = 123 d = 01111011 b =173 0= 7B h

Hé ca sb thudng dudc bién dién trong may tinh 1a hé co s6 2



Chuyén ddi gilra cac hé ca so

-3 J
o Péc diém
o Con ngudi si dung hé thap phan
o May tinh s&r dung hé nhi phan, bat phan, thap luc phan
o Nhu cau
o Chuyén doi qua lai gitra cac hé dém ?
= Hé khac sang hé thap phan (... = dec)
= Hé thap phan sang hé khac (dec > ...)

= Hé nhi phan sang hé khac va ngudc lai (bin €-> ...)



Chuyén ddi gilra cac hé ca sb
[1] Decimal (10) - Binary (2)

Lay sO cd sO 10 chia cho 2
SO du dua vao két qua

S6 nguyén dem chia ti€p cho 2
Qua trinh Iap lai cho dén khi s6 nguyén = 0

Vidu: A =123
123:2=61du1
61:2 =30dul
30:2 =15du0
15:2 =7 dul
7 :2 =3 dul
3 :2 =14dul
1 :2 =0dul

D

Két qué: 1111011, vi 123 la sO duang,
thém 1 bit hién dau vao dau la 0 vao

- Két qua cudi cung: 01111011



Chuyén doi gitia cac hé ca sb
[2] Decimal (10) > Hexadecimal (16)

5]
o Lay s6 cd s 10 chia cho 16
o SO du dua vao két qua
o SO nguyén dem chia ti€p cho 16
o Qua trinh lap lai cho dén khi s6 nguyén = 0
o Vidu: A =123

0 123:16=7du12 (B > K&t qua cudi cung: 7B
o7 16 =0du?



Chuyén doi gitia cac hé ca sb
[3] Binary (2) - Decimal (10)

69
- Khai trién biéu dién va tinh gid tri biéu thirc

n-1 1 0
XX Xg =X .27+ X2 +X,.2

o Vi du:
01011, =1.2° +0.22 + 1.21 +1.2° =11,



Chuyén ddi gilra cac hé ca sb
[4] Binary (2) > Hexadecimal (16)

Nhém tirng bo 4 bit trong bi€u dién nhi phan roi chuyén
sang ky so tugng Ung trong hé thap luc phan (0000 >
0,.. 1111 > F)
Vi du

1001011, = 0100 1011 = 4B,

HEX BIN | HEX BIN | HEX BIN | HEX BIN
0000 0100 1000 1100

0001 0101 1001 1101

0010 0110 1010 1110

'nrnUn,

w N +~ O
N o g »
W > OV o

0011 0111 1011 1111




Chuyén doi gitia cac hé ca sb
[5] Hexadecimal (16) - Binary (2)

sy
o SO dung bang dudi day dé chuyén doi:

HEX BIN | HEX BIN | HEX BIN | HEX BIN
0 0000 | 4 0100 8 1000 | C 1100
1 0001 5 0101 9 1001 D 1101
2 0010 6 0110 | A 1010 E 1110
3 0011 7 0111 B 1011 F 1111
o Vidu:

o 4B, = 1001011,



Chuyén doi gitia cac hé ca sb
[6] Hexadecimal (16) - Decimal (10)

o J
- Khai trién biéu dién va tinh gid tri biéu thirc

X XXy =X . 16" +...+%.16" +X,.16"

o Vi du:
0 7B, = 7.16' + 12 (B).16° = 123,



Hé nhij phan

. n-1 1 0
XXXy =X .27+ +X.2 +X,.2

Pudc dung nhiéu trong may tinh dé biéu dién cac gia tri luu trong
cac thanh ghi hodc trong cac 6 nhd. Thanh ghi hoac 6 nhé cé kich
thudc 1 byte (8 bit) hodc 1 word (16 bit).

n dugc goi la chiéu dai bit cuia so6 dé

Bit trai nhat x._, la bit c6 gia tri (nang) nhat MSB (Most Significant
Bit)

Bit phai nhat x, la bit it gia tri (nhe) nhat LSB (Less Significant Bit)



Y tudng nhj phan
gnnip
S S
5 S6 nhi phan cé thé dung dé biéu dién bat ky viéc gi ma ban mudn!
o MOt so vi du:
o Gia tri logic: 0 = False; 1 = True
o Ky tu:
= 26 ky tu' (A > 2): 5 bits (25 = 32)
= Tinh ca trudng hgp viét hoa/thudng + ky tu la = 7 bits (ASCII)
m Tat ca cac ky tu ngon ngir trén thé gidi - 8, 16, 32 bits (Unicode)
o Mau sac: Red (00), Green (01), Blue (11)
o Vi tri / Bia chi: (0, 0, 1)...
o B0 nhd: N bits & Luu dudc toi da 2N doi tugng



S6 nguyén khong dau

Péc diém
Biéu dién cac dai lugng ludn ducong
Vi du: chiéu cao, can nang, ma ASCII...

T4t ca bit déu dudc st dung dé biéu dién gia tri (khdng quan tAm dén
dau am, duong)

S6 nguyén khéng dau 1 byte I6n nhat la 1111 1111, =28 -1 = 255,

S8 nguyén khdng ddu 1 word 16n nhat 14 1111 1111 1111 1111, = 216 —
1 = 65535,

Tuy nhu ciu co thé sir dung sb 2, 3... word.

LSB = 1 thi s0 do la s6 dod la so lé



SO nguyén co dau

Luu cac s6 duong hoac am (s6 cé dau)
Cb 4 cach pho bién:

1] Dau lugng

Bu 1

2]
3] BU 2
4] S6 qua (thira) K

S6 cd dau trong may tinh dugc biéu dién & dang s6 bu 2



S6 nguyén co dau
[1] Dau luong
14
o Bit trai nhat (MSB): bit danh dau am / duong
0: sO duong
1: sO am
o Cac bit con lai: biéu dién do I&n cua sb (hay gia tri tuyét
doi clia so)
o Vi du:
Mot byte 8 bit: s& c6 7 bit (trir di bit dau) dung dé biéu dién
gia tri tuyét doéi cho cac s6 co gia tri ttw 0000000 (0,,) dén
1111111 (127,,)
> Ta c6 thé biéu dién cac sb tor —127,, dén +127,,
-N va N chi khéc gia tri bit MSB (bit dau), phan dé Ion (gia
tri tuyét déi) hoan toan giébng nhau




SO nguyén co dau
[2] Bu 1

Tuong tu nhu phudng phap [1], bit MSB dung lam bit dau
0: SO dudng
1: S6 am
Cac bit con lai (*) dung lam do I6n
S6 am: Thuc hién phép dao bit tat ca cac bit cua (*)
Vi du:
Dang bu 1 cua 00101011 (43) la 11010100 (-43)
Mot byte 8 bit: biéu dién tr —127,, dén +127,,

BU 1 cé hai dang biéu dién cho s& 0, bao gdm: 00000000 (+0) va
11111111 (-0) (mau 8 bit, gidong phucng phap [1])

Khi thuc hién phép cOng, cling thuc hién theo quy tac cong nhi phan thong
thudng, tuy nhién, néu con phat sinh bit nhd thi phai ti€p tuc cong bit nhd
nay vao két qua vua thu dugc



SO nguyén co dau
[3] Bu 2

Biéu dién gidbng nhw sé bu 1 + ta phai cong thém s6 1 vao két
qua (dang nhi phan)
SO bl 2 ra d&i khi ngudi ta gap van dé véi hai phwong phéap
dau lwong [1] va bu 1 [2], dé la:
C6 hai cach biéu dién cho sb 0 (+0 va -0) > khéng déng nhat
Bit nh& phat sinh sau khi da thwec hién phép tinh phai dwoc cdng
tiep vao két qua - dé gay nham lan
> Phwong phéap so bl 2 khac phuc hoan toan 2 van dé dé
Vi du:
Mot byte 8 bit: biéu dién tir —128,, dén +127,, (dudc Igi 1
s6 vi chi ¢ 1 céch biéu dién s6 0)



SO bu 1 va So bu 2

so5(sbi) loJoJoJoJolifoli
s6butcias [1]i]1]1]1]o]1]o
+
s6bu2cias [1]il1]11]o]1]1
+s65 [oJoJoJoJofifo]i

kérqua |1 JoJoJoJolofofofo



Nhan xét so bu 2

(SO bu 2 cta x) + x = mot day toan bit 0 (khong tinh bit 1 cao nhat
do vugt qua pham vi luu trir)

- Do do sb bu 2 cua x chinh la gia tri am cua x hay — x (Con goi la

phép lay doi)

Poi s6 thap phan &m -5 sang nhj phan?

> Pabi 5 sang nhij phan roi 18y s6 bu 2 cta nd

Thuc hién phép toan a — b?
> a—-b=a+ (-b) = Cong vGi s6 bu 2 cua b.



SO nguyén co dau
[4] Sg(l“)' 2:|l ua (thua) K
S S
= Con goi la biéu dién sb dich (biased representation)
= Chon mot s6 nguyén duang K cho trudc lam gia tri dich
-~ Biéu dién s N:
5 +N (duong): c6 dugc bang cach 1y K + N, vdi K dugc chon sao cho tdng clia K va mot s
am bat ky trong mién gia tri luén luén duong
o =N (@m): c6 dudc bang cack 1dy K - N (hay 13y bu hai cta s6 vira xac dinh)
0 Vidu:
o Dung 1 Byte (8 bit): biéu dién tir -128,, dén +127,,
= Trong hé 8 bit, biéu dién N = 25, chon sd thira k = 128, :
©  +25,,= 10011001,
- -25,,= 01100111,

o Chi c6 mét gia tri 0: +0 = 10000000,, -0 = 10000000,



Nhan xét

SO bu 2 [3] = Iuu trir s co dau va cac phép tinh cia ching trén
may tinh (thuGng dung nhat)

Khong can thuat toan dac biét nao cho cac phép tinh cong va tinh tru
Gilip phat hién dé dang cac trudng hdp bi tran.
Dau lugng [1] / s6 bu 1 [2] = dung cac thuat toan phic tap va
b4t Igi vi ludn cd hai cach biéu dién ctia sd 0 (+0 va -0)
Dau lugng [1] = phép nhan cua s6 c6 dau cham dong

SO thua K [4] = dung cho s6 mii cla cac s6 c6 dau cham dong



Bi€u dién s6 am (sd bu 2)
-2y

X X Xg =X (2" )4 x 2"+ %2+ X2

N bits

Pham vi luu trir; [-271, 201 - 1]

o Vi du:
0 1101 0110, =-27 4+ 26 4+ 2% + 23 + 22 4+ 21
=-128+64+16+4+ 2 =
= 4249



Vi du (sO bu 2)

+123 =

-123

01111011b
10000101b
00000000Db
11111111b
11111110b
11111101b
10000001b
10000000b



Tinh gia tri khdng dau va co dau
.24
o Tinh gia tri khong dau va co dau cua 1 s6?
o Vi du so word (16 bit): 1100 1100 1111 0000
o1 SO nguyén khong dau ?
= Tat ca 16 bit luu gia tri > gia tri la 52464
o SO nguyén co dau ?
= Bit MSB = 1 do d6 sO nay la so am
= Ap dung cong thirc = gid tri 1a —13072



Tinh gia tri khong dau va co dau
24
o Nhan xét
Bit MSB = 0 thi gia tri c6 ddu bang gia tri khong dau.
Bit MSB = 1 thi gia tri c6 ddu bang gia tri khong dau trir di 256
(28 néu tinh theo byte) hay 65536 (216 néu tinh theo word).
o Tinh gia tri khong dau va cd dau cua 1 s6?
Vi du s& word (16 bit): 1100 1100 1111 0000
Gia tri khong dau = 52464

Gia tri co dau: vi bit MSB = 1 nén gia tri c6 dau = 52464 -
65536 = —13072



Phép dich bit va phép xoay

Shift left (SHL): 1100 1010 - 1001 0100

Chuyén tat ca cac bit sang trai, bd bit trdi nhat, thém 0 & bit phai nhat
Shift right (SHR): 1001 0101 - 0100 1010

Chuyén tat ca cac bit sang phai, bd bit phai nhat, thém 0 & bit trai nhat
Rotate left (ROL): 1100 1010 - 1001 0101

Chuyén tat ca cac bit sang trai, bit trai nhat thanh bit phai nhat
Rotate right (ROR): 1001 0101 - 1100 1010

Chuyén tat ca cac bit sang phai, bit phai nhat thanh bit tréi nhat



Phép toan Logic

AND, OR, NOT, XOR
el

(AND (0| 1 JOR| 0 1 xR 0| 1 Qg NOT O 1
0 0 0 0 0 1 0 0 1 1 0
1 0 1 1 1 1 1 1 0 “Phép phu dinh”
“Phép nhan” “Phép cong” “Phép so sanh khac”

anp 11010011 OR 00000011 YOR 01100011
00001111 01100000 01100011

00000011 01100011 00000000

NOT 11010011
= 00101100




Vi du

ea
o X = 0000 1000b = 8d

> Xshl 2 =0010 0000b = 32d = 8 . 22
> (X'shl 2) or X=0010 1000b =40d = 32 + 8

o Y =0100 1010b = 74d
> ((Y and OFh) shl 4) = 1010 0000
OR OR
> ((Y and FOh) shr 4) = 0000 0100
= 1010 0100 = 164d (khong dau)
= (164 — 28) = -92d (c6 dau)




MOt sO nhan xét

XSHLY =x.2

XSHRyYy =x/2

AND dung dé tat bit (AND vdi 0 luén = 0)

OR dung dé bét bit (OR vd&i 1 ludn = 1)

XOR, NOT dung dé dao bit (XOR véi 1 = dao bit do)
X ANDO =0

X XORx =0

MG rong:
Lay gia tri tai bitthdictax:  (x SHR i) AND 1
Gan gia tri 1 tai bit thri cia x: (1 SHL i) OR x
Gan gia tri 0 tai bit th& i cia x: NOT(1 SHL i) AND X
bao bit th' i cua x: (1 SHL i) XOR x



Cac phép toan tur
N
nép Cong (+)
nep Tru’ (-)
nep Nhan (*)
nep Chia (/)

O 0O 0O O
vy U U U




Phép cong

Nguyén tac cg ban:

800830



Phép cong

1001 = —7
+0101 = 5
1110 = =2

0101 =5
+0100 = 4
1001 = OQOverflow

(€) (+3) + (+4)

1100 —4
+0100 4

10000 0

(b) (=) + (+4)

1001 = =7
+1010 = —6
10011 = Overflow
(D (<7) + (-6)




Phép tru

Nguyén tac cc ban: DBua vé phép cong
A—B=A+ (-B) = A + (s6 bl 2 clia B)
Vidu: 11101 — 10011 = 11101 + 01101

1
1]ififols
ofiifols

4

1 Jofi Jofifo



0010 = 2 0101 = 5
+1001 = =7 +1110 = =2
1011 = —5 10011 = 3
(a) M = 2 = 0010 i)y M = 5 = Q101
S = 7 = 0111 S = 2 = 0010
—_s = 1001 —_5 = 1110
1011 = =5 0101 = &5
+1110 = —2 +0010 = 2
T£100]1 = —7 0111 = 7
(c) M ==5 = 1011 (dy M = 5 = Q101
S = 2 = 0010 S =2 = 1110
—_ = 1110 —_s = Q010
0111 = 7 1010 = —6
1110 = Overflow 10110 = Overflow
(e) M = T = 0111 (f)y M = —6 = 1010
S ==y = 1001 S = 4 = 0100
—5 = 0111 -5 = 1100




Phép nhan

Nguyén tac cg ban:




Phép nhan

1 1
80003080



Phép nhan

1011 =11 1011
x 1101 - 13 x 1101
1011 00000000
0000 + 1011
1011 00001011
1011 .« + 0000
10001111 = 143 00001011
+ 1011
00110111
+ 1011

10001111



Thuat toan nhan

23z !
o Gia sU ta muodn thuc hién phép nhan M x Q vai
o Q cd n bit
o Ta dinh nghia cac bién:
o C (1 bit): dong vai tro bit nhé
o A (n bit): dong vai tro 1 phan két qua nhan ([C, A, Q]: két qua nhan)
o [C, A] (n + 1 bit) ; [C, A, Q] (2n + 1 bit): coi nhu cac thanh ghi ghép
SLLL N (i tao: [C, A] = 0; k = n
Lap khik > 0
{

NéEu bit cubi cia Q = 1 thi

Lay (A + M) > [C, A]

Shift right [C, A, Q]
k=k-1




Xét bit cudi

M= . cha Q
C A Q .
0 olol1[1]o][1}—bang 1 :cong M
M= 1
0 1 1|1|0]|1
dich phai ==—========5; 1
0 0 1|11 o+——bang 0
dich phii s 1
enp 0 1 1{1|1]|1+—bang 1 :cong M
M= T
0 0 1({1(1]1
dich phdi == 1
0 1 1|1f1|1 »bang 1 : céng M
M= 1
1 0 1({1(1]1
dich phai .
0 0 1({1(1|1




Thuat toan nhan cai tién (so khong/cd dau)

Khai tao: A =0; k =n; Q_; = 0 (thém 1 bit = 0 vao cudi Q)
Lap khik > 0
{

NEu 2 bit cudi cua Q,Q._;
{

=10thi A-M> A

=01thi A+ M> A

= 00, 11 thi A khdng thay doi
by

Shift right [A, Q, Q]
k=k-1




Vi du
M=7IQ=-3[ n=4

A Q Q, M

Khoi dau 0000 1101 0 0111
Budc0: A=A-M 1001 1101 0 0111
shift 1100 1110 1 0111
Budc1: A=<A+M 0011 1110 1 0111
shift 0001 1111 0 0111
Budc2: A=A-M 1010 1111 0 0111
shift 1101 0111 1 0111
Buwdc 3: shift 1110 1011 1 0111

Kétqua 11101011 = -21



Phép chia

= Gia sU' ta muon thuc hién Q / M Vi
Khéditao: A=nbitOnéuQ>0;A=nbit1néuQ<0;k=n
Lap khik > 0

{
Shift left (SHL) [A, Q]

A-M->A
#NeuA<0: Q=0vaA+M->A
# Ngugc lai: Q, =1

k=k-1




Vi du phép chia

A
0000

0000
1101
0000

0001

1110
0001

0011
0000
0000

0001
1110
0001

Q
0111

1110
1110
1100
1100
1000
1001
0010

0010

M = 0011
Initial value

Shift
Subtract
Restore

Shift
Subtract
Restore

Shift
Subtract
Set Qy = 1

Shift
Subtract
Restore

A
0000

0000
1101
0000

0001
1110
0001

0011
0000
0000

0001
1110
0001

Q
0111

1110
1110
1100
1100
1000
1001
0010

0010

M = 1101
Initial value

Shift
Add
Restore

Shift
Add
Restore

Shift
Add

‘SCIQ():l

Shift
Add
Restore

(a) (7)/(3)

(b) (7)(—3)




Prefix in byte (Chuan IEC)

International Electrotechnical Commission

(IEC)
MName | Abbr | Factor
kibi Ki 217 =1,024
mebi Mi 2% = 1,048,576
gibi Gi 2% = 1,073,741,824
iebi Ti 29 =1,099,511,627,776
pebi Pi 2% =1,125,899,906,842,624
exbi Ei 2% = 1,152,921,504,606,846,976
Zebi Zi 2™ =1,180,591,620,717,411,303,424
yvobi ¥i 2% = 1,208,925,819,614,629,174,706,176




Prefix in byte (Chuan SI)

International System of Units (SI)

Name | Abbr | Factor Sl size

Kilo K 2" =1,024 10° =1.000

Mega M 24 = 1,048,576 10% =1,000,000

Gga G 2¥ =1,073,741,824 108 =1,000,000,000

Tera T 2% =1,099,511,627.776 10"? =1,000,000,000,000

Peta P 2% =1,125,899,906,842,624 10"% = 1,000,000,000,000,000

Exa E 2% = 1,152,921,504,606,846,976 1078 = 1,000,000,000,000,000,000

[Letta Z 2™ =1,180,591,620,717,411.,303,424 10%' =1,000,000,000,000,000,000,000
Yotta Y 2% - 1,208,925,819,614,629,174,706,176 | 10* =1,000,000,000,000,000,000,000,000

Chu y: khi noi “kilobyte” ching ta nghi la 1024 byte nhung thuc ra

né 1a 1000 bytes theo chuan SI, 1024 bytes la kibibyte (IEC)

Hién nay chi c6 cac nha san xuét dia ci’ng va vién thong mdi dung

chuén SI
30 GB - 30 * 109 ~ 28 * 230 bytes
1 Mbit/s = 10° b/s




Homework

N
o Doc chucng 9, sach cua W.Stalling

1 Poc trudc slide bai giang so thuc
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Dat van dé
-

o Biéu dién s& 123.375,, sang hé nhi phan?

= Y tuéng don gidn: Bi€u dién phan nguyén va phan thap phan riéng Ié

o V@i phan nguyén: Dung 8 bit ([0,4, 2554,])
123,,=64+32+16+8+2+1=0111 1011,
o Vdi phan thap phan: Tuong tu dung 8 bit
0.375 =0.25 + 0.125 = 22 + 23 = 0110 0000,

> 123.375,, = 0111 1011.0110 0000,

0 Tong quat cdng thic khai trién cta s6 thap phan hé nhi phan:

_ n-1 n-2 0 -1 -2 -m
Xy 1 Xp 0w Xg X X oo X g =X, 4.2 + X 5.2 X2 X2 HX L, 2 X2




Pbat van de
3]
7 Tuy nhién...vGi 8 bit:
o Phan nguyén I6n nhat cé thé biéu dién: 255
o Phan thap phan nho nhat cé thé biéu dién: 2-8 ~ 103 = 0.001
> Biéu dién s6 nhd nhu 0.0001 (10-) hay 0.000001 (10-5)?
> MOt giai phap: Tang so bit phan thap phan
o V@i 16 bit cho phan thap phan: min = 216 ~ 103
o Co ve khong hiéu qua...Cach tét hon ?

> Floating Point Number (S0 thuc dau cham dong)



Floating Point Number ?

-4
o Gia st ta cd sO (6 dang nhj phan)
X = 0.0000000000000QI 1, = (25 + 219,

14s60
S X = 0.1, * (219),0 (= (2 + 22).2:14 = 215 4 2-16)
> Thay vi dung 16 bit d€ luu tr{r phan thap phén, ta ¢ thé chi can 6 bit:
X=0.111110

> Cé&ch lIam: Di chuyén vj tri ddu chdm sang phai 14 vi tri, dung 4 bit dé Iuu

trlr s6 14 nay

> Pay la y tuéng ca ban cua sb thuc dau cham dong (floating point number)



Chuan hoa s6 thap phan

Trudc khi cac s6 dudc biéu dién dudi dang s6 chdm
dong, ching can dudc chuan hda vé dang: +1.F * 2E
F: Phan thap phan khong dau (dinh tri - Significant)
E: Phan s6 mi (Exponent)
Vi du:
+0.09375,, = 0.00011, = +1.1 * 24
525,  =101.01, =-1.0101 * 22



Biéu dién s6 cham dong
-6 4
= C& nhiéu chudn nhung hién nay chuan IEEE 754 dugc
dung nhiéu nhat dé luu trir s6 thap phan theo dau cham

dong trong may tinh, gom 2 dang:

(slide sau)



- N\?

Biéu dién sd cham dong

.77V
0 SO0 chdm dong chinh xac don (32 bits):

Exponent (biased) Slgnlﬁcand

1 b|t 8 blts 23 bits
0 SO chdm dong chinh xac kép (64 bits):

Exponent (biased) Slgnlflcand

1 b|t 11 bits 52 bits

o Sign: Bit dau (1: S6 am, 0: S6 duong)

- Exponent: S6 mii (Biéu dién dudi dang s6 qua K (Biased) Vi
o Chinh xac don: K = 127 (2™1 -1 = 281 -1) védi n la sb bit luu trlr Exponent
o Chinh xac kép: K = 1023 (21 -1 = 2111 - 1)

0 Significand (Fraction): Phan dinh tri (phan lé sau dau cham)



Vi du

Bi€u dién sd thuc sau theo dang s6 chdm ddng chinh xac dan (32 bit): X = -5.25
Budc 1: DGi X sang hé nhij phan
X = -5.25,, = -101.01,
Bu'dc 2: Chuan hda theo dang +1.F * 2E
X =-5.25=-101.01 = -1.0101 * 22
Budc 3: Biéu dién Floating Point

S6 am: bit dau Sign = 1

S6 mii E = 2 © Phan mii exponent véi s6 thira K=127 dugdc biéu dién:

- Exponent = E + 127 = 2 + 127 = 129,, = 1000 0001,
Phan dinh tri = 0101 0000 0000 0000 0000 000 (Thém 19 s6 0 cho du 23 bit)

- Két qua nhan dugc: 1 1000 0001 0101 0000 0000 0000 0000 000



Cau hoi

Vi sao phan s0 miu exponent khong gilf nguyén
lai phai luu trl’ dudi dang so qua K (Dang

biased)?



Pap an

SS di Exponent dugc luu trir dudi dang Biased vi
ta mudn chuyén tu mién gia tri s6 c6 dau sang
so khong dau (vi trong biased, sb6 k dugc chon
dé sau khi cdng sb bat ky trong mién gia tri gdc,
két qua la so ludn duang)

> Dé dang so sanh, tinh toan



Cau hoi

Khi mudn biéu dién s6 0 thi ta khdng thé tim ra bit trai
nhat cé gia tri = 1 dé day dau cham dodng, vay lam sao
chuan hoda vé dang +1.F * 2E?
VGi s6 dang +0.F * 2-127 thi chuan hda dudc nita khong?
VGi K = 127, exponent IGn nhat sé la 255

- S0 mi goc ban dau I6n nhat la 255 - 127 = +128

> V6 ly vi véi 8 bit cd dau ta khong thé biéu dién dugc sb
+128 ?



Pap an
2
5 Vi d6 1a nhirng s6 thuc dac biét, ta khéng thé

bi€u dién béng dau cham ddng ©




SO thuc dac biét
34
0 SO 0 (zero)
o Exponent = 0, Significand = 0
5 S8 khong thé chuan hda (denormalized)
o Exponent = 0, Significand '= 0
0 SO vo cung (infinity)
o Exponent = 111...1 (toan bit 1), Significand = 0
7 S6 bdo 16i (NaN — Not a Number)
o Exponent = 111...1 (toan bit 1), Significand '= 0



Normalized number
e s

o Largest positive normalized number: +1.[23 s0 1] * 2127
S Exp Significand (Fraction)

0 11111110 1111 11111111 1111 1111 111

o Smallest positive normalized number: +1.[23 s6 0] * 2126
S Exp Significand (Fraction)

0 0000 0001 0000 0000 0000 0000 0000 000

o Tuong tu cho s6 negative (s6 am)



Denormalized number

Largest positive denormalized number: +0.[23 s6 1] * 2127
S Exp Significand (Fraction)

0 0000 0000 1111 1111 1111 1111 1111 111
Tuy nhién IEEE 754 quy dinh la +0.[23 s0 1] * 2-126 yvi mubn ti€n gan haon

vOi “Smallest positive normalized number = +1.[23 s 0] * 2-126”

Smallest positive denormalized number: +1.[22 s6 0]1 * 2127
S Exp Significand (Fraction)

0 0000 0000 0000 0000 0000 0000 0000 001
Tuy nhién IEEE 754 quy dinh la +0.[22 s0 0]1 * 2-126

Tudng tu cho s negative (s6 am)



Vidu:n =4, m =3, bias =7

s exp frac E Value
0 0000 000 -6 0
0 0000 001 -6 1/8*1/64 = 1/512 +closest to zero
Denomalized 0 0000 010 -6 2/8*1/64 = 2/512
numbers
0 0000 110 -6 6/8%1/64 = 6/512
T 00000 ITL...=8......c... 7/8*1/64 = 7/512 + largest denorm
0 0001 000 -6 8/8*1/64 = 8/512 +— smallest norm
0 0001 001 -6 9/8*1/64 = 9/512
0 0110 110 -1 14/8%*1/2 = 14/16
0 0110 211 =1 15/8*1/2 = 15716 + closest to 1 below
Normalized , 59157 go0 o 8/8*1 =1
numbers 0 0111 001 0 9/8%1 = 9/8 <+ closestto 1 above
0 0111 010 O 10/8*1 = 10/8
0 1110 110 14/8%128 = 224
0 1110 111 15/8*128 = 240 <+ largest norm
....................... T T



Phan bo cac so thuc (32 bits)
7y

Negative Positive

Underflow Underflow
Negative Expressible Negative Expressible Positive Positive
Overllow Numbers \ T / Numbers Overflow

~HAr— A A A A

7. | 77777 Number
» Line

-
—(2-2) x 2! -2- 1 0  ad (2-2)x 2"
g—Cinp—p-
| Illlllll' 1 1 1 1 | | 1 l | | 1 1 | 1 | I

Illllllll L 1 L 1 | I 1 l | | ] 1 1 1 1 I .-
I 1 2 > 124 2 N | -] 123

—
=3
o}
o=
=
Q
©
=)
o}
=
3
o)
N
[}
Q
=}
c
=
o)
®
=
0]

Umlorm
I' spacing .
L 11111'11 Ll lI L. 3 | 1 1 1 1 1 1 L I*_
TIil D | T 1 T | L T T |

With denormalized numbers



Chuan IEEE 754

Format
Parameter Single Single Extended Double Double Extended

Word width (bits) 32 =43 64 279
Exponent width (bits) 8 211 11 215
Exponent bias 127 unspecified 1023 unspecified
Maximum exponent 127 21023 1023 2 16383
Minimum exponent -126 =-1022 -1022 = -16382
Number range (base 10) 10738 10*38 unspecified 10308 g3 unspecified
Significand width (bits)* 23 231 52 263
Number of exponents 254 unspecified 2046 unspecified
Number of fractions 2B unspecified 252 unspecified
Number of values 1.98 x 2* unspecified 199x 2% unspecified

* not including implied bit



Bai tap 1

Biéu dién s6 thuc sau theo dang s6 chdm dong chinh xac don (32 bit): X = +12.625
Budc 1: DGi X sang hé nhij phan
X = -12.625,, = -1100.101,
Bu'dc 2: Chuan hda theo dang +1.F * 2E
X =-12.625;, = -1100.101, = -1.100101 * 23
Budc 3: Biéu dién Floating Point

S6 duang: bit dau Sign = 0

S6 mii E = 3 © Phan mii exponent véi s6 thira K=127 dugdc biéu dién:

> Exponent = E + 127 = 3 + 127 = 130,, = 1000 0010,
Phan dinh tri = 1001 0100 0000 0000 0000 000 (Thém 17 s6 0 cho du 23 bit)

- Két qua nhan dugc: 0 1000 0010 1001 0100 0000 0000 0000 000



Bai tap 2

Biéu dién s6 thuc sau theo dang s6 chdm ddng chinh xac dan (32 bit): X = -3050
Budc 1: DGi X sang hé nhij phan
X = -3050,, = -1011 1110 1010,
Bu'dc 2: Chuan hda theo dang +1.F * 2E
X =-3050,, = -1011 1110 1010, =-1.01111101010 * 21
Budc 3: Biéu dién Floating Point

S6 am: bit dau Sign = 1

S6 mii E = 11 > Phan mii exponent véi s6 thira K=127 dugc biéu dién:

- Exponent = E + 127 = 11 + 127 = 138,, = 1000 1010,

Phan dinh tri = 0111 1101 0100 0000 0000 000 (Thém 12 s6 0 cho du 23 bit)

- Két qua nhan dugc: 1 1000 1010 0111 1101 0100 0000 0000 000



Bai tap 3

- Biéu dién s6 thuc sau theo dang s6 chdm ddng chinh xac don (32 bit): X = +1.1 *
2-128
0 Luuy:
o SO X: positive number
o X < Smallest positive normalized number: +1.[23 sd 0] * 2126
> 80 X la s& khdng thé chuan hda (denormalized number)
> Chuyén X vé dang: X = +0.011 * 2-126
- Budc 3: Biéu dién Floating Point
o SO dudng: bit ddu Sign = 0
o Viday 1a s8 khong thé chuin hda - Phan mii exponent dugc biéu dién: 0000 0000,

o Phan dinh tri = 0110 0000 0000 0000 0000 000

- Két qua nhan dugc: 0 0000 0000 0110 0000 0000 0000 0000 000



Homework

Sach W.Stalling — Computer Arithmetic, doc chuong 9
Poc file 04_FloatingPoint.doc
Tra IGi cac cau hoi:

Overflow, underflow?

Cong trur nhan chia trén so6 thuc?

Quy tac lam tron?

NaN: nguyén tac phat sinh?

Quiet NaN va Signaling NaN?
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Ngon ngtr lap trinh

La loai ngon ngir nhan tao (Vi du: C/C++) dugc cau thanh bgi 2
yéu to chinh:

Tu vung: la cac keyword (struct, enum, if, int...)

Nglr phap: syntax (if(...){} else{}, do{} while()...)
Ngon ngir lap trinh giup cho nguGi si dung no (goi la Iap trinh vién)
cé thé dién dat va md ta cac hudng dan cho may tinh hoat dong
theo y mudn cua minh
Po phrc tap (triru tugng) cla cac hudng dan nay quyét dinh tha
bac cua ngon nglr

D06 phurc tap cang cao thi bac cang thap

Vi du: C Sharp (C#) la ngon ngir bac cao hon C



Nhan xét

Ng6n nglf ndo ma con ngudi dé hiéu nhat lai 1a ngdn ngilr
may tinh “khé hiéu” nhat
Ngén ngir bac cang cao thi con ngudi cang dé hiu nhung may
tinh lai cang “kho hiéu”
Nhung may tinh lai 1a ngi ching ta can nd hiéu ding va

nhanh nhat dé co thé thuc thi nhiing gi chiing ta mudn

- Ngon nglr may (Machine language)




Ngon ngir may (Machine Laguage)

Ngon ngi may cho phép ngudi lap trinh dua ra cac hudng
dan don gian ma bd vi x&r ly (CPU) cé thé thuc hién dugc
ngay

Cac hudng dan nay dudc goi 1a chi thi / Iénh (instruction)
hoac ma may (machine code)

Moi bd vi xtr Iy (CPU) ¢ 1 ngdn ngif riéng, goi la bd 1énh
(instruction set)
Trong cung 1 dogg arocessor family) bo 1énh gan
giong nhau

Instruction
set




Instruction

La day bit chlra yéu cau ma bo xur' ly trong
CPU (ALU) phai thuc hién
Instruction gom 2 thanh phan:

Ma lénh (opcode): thao tac can thuc hién

Thong tin vé toan hang (operand): cac dobi tugng

bi tac dong bdi thao tac chira trong ma Iénh



ISA (Instruction Set Architecture)

.64
o Tap lénh danh cho nhitng bd vi xtr' ly co kién truc tuong tu
nhau
o Mot sb ISA thong dung:
o Dong vi xtr ly 80x86 (goi tat x86) cla Intel
= IA-16: DOng xir ly 16 bit (Intel 8086, 80186, 80286)

= IA-32: Dong xUr ly 32 bit (Intel 80368 — i386, 80486 — i486, Pentium
II, Pentium III ...)

m IA-64: Dong xU' ly 64 bit (Intel x86-64 nhu Pentium D...)
o MIPS: Dung rat nhiéu trong hé thong nhing (embedded system)

o PowerPC cua IBM



Thiét ke ISA: CISC & RISC

-z J
1 Co 2 truong phai thiét ké bo 1énh:
o Complete Instruction Set Computer (CISC): bo Iénh
gom rat nhiéu Iénh, tu don gian dén phuc tap
o Reduced Instruction Set Computer (RISC): bo I€nh chi
gom cac lénh don gian

- Nén chon kiéu nao?



Tuy nhién

- Khdng phai ai cling mudn / c6 thé 1ap trinh ngén ngir
may vi qua kho hiéu so v4i ngdn nglr binh thudng cla

con ngudi

- Nhu cau can co bo phan phién dich (interpreter)

High-level
language
(C/C++)

Machine
Interpreter Laguage

’;3




Nhan xét
9

- Trong 1 s6 trudng hadp, viéc viét bang ngon nglr

cap “qua cao” tréd nén chay kha cham vi phai

phién dich nhiéu [an dé trd thanh ngdn nglr may

Laguage

- Hdp ngr (Assembly language)

Highest-level Lower-level Lower-level

language language language




Hop ngur

Cac ma may chila cac con so (0/ 1)
Trong ngdn ngir may khong cé khai niém bi€n = thay vao do la dia
chi 6 nhd, thanh ghi (Iuu trlr ma Iénh, dir liéu)
P& dé dang lap trinh hon > dung ky hiéu ma gia thay cho cac s
bi€u dién dia chi 6 nhd, cac tén (label, t&n bién, t&n chucong trinh)
Hop nglr rat gan véi ngdn ngll may nhung lai da dé con ngudi hiéu
va sU’ dung tot hon ngon nglr may

Vi du: Ghi gia tri 5 vao thanh ghi $4

Ngon nglr may: 00110100 0000100 00000000 00000101

Hop nglr : ori $4, $0, 5



Luu y

Vi moi bd vi x(r Iy c6 1 cau trdc thanh ghi va
tap Iénh (ngon ngl) rieng nén khi lap trinh
hdp nglr phai noi ro la 1ap trinh cho bo vi xur' ly
nao, hay dong (family) vi xI' ly nao

Vi du:
Hop ngir cho MIPS
Hop ngl cho dong vi xIr ly Intel 80x86



Thao luan

3
- Ta ¢6 thé hinh dung nhu sau:

What is it? What is it?

High-level Assembly Machine
language Compiler language Assembler Laguage
temp = v[k]; lw $t0, 0($2) 0000 1001 1100
v[k] = v[k+1]; Iw $t1, 4($2) 0110 1111 0101
v[k+1] = temp; sw$t1,0(¢2) ...

sw $t0, 4($2)




Compiler

Trinh bién dich ngon nglr cap cao - hdgp nglr
Compiler phu thuoc vao:
Ngon ngir cap cao dudc bién dich
Ki€n trac hé thong phan ciing bén duGi ma no
dang chay
Vi du:

Compiler cho C <> Compiler cho Java

Compiler cho “C on Windows"” <> “C on Linux”



Assembler

Trinh bién dich hgp ngl’ & ngon nglr may
M6t bo vi x(r ly (di kém 1 bd 1énh xac dinh) cd thé cé

nhi€éu Assembler cua nhiéu nha cung cap khac nhau
chay trén cac OS khac nhau
Vi'du: Cung 13 kién tric x86, nhung co thé dung A86, GAS,
TASM, MASM, NASM
Assembly program phu thudc vao Assembler ma no
sir dung (do cadc ma réng, dac diém khac nhau gilra
cac Assembler)



Thao luan

Ban than Compiler cling la chudng trinh, vay no dugc
bién dich bang gi?

- Assembler
Sau khi da bién dich tap tin ma nguon ngdn ngir cap
cao thanh tap tin ma may (machine language), lam
sao dé chay nhiing tap tin nay trén may tinh?

- Linker & Loader



Linker

Thuc té khi lap trinh, ta s€ dung nhiéu file
(header / source) lién két va kem theo cac thu
vién cd san

- Can chuadng trinh Linker dé& lién két cac file
sau khi da bién dich thanh ma may nay
(Object file)

> Tap tin thuc thi (vi du: .exe, .bat, .sh)



Qua trinh tao file thuc thi

Source
file

— -

".,.--_--.____-‘-‘_-__
Source

file
b |

..-"""'-_-"""--.._____
Source

— -

file
b |

— -

Object
file

e

Object
file

| — |

o T
Object

n_-.
—
_h..

Linker

Executable
file

file
| |

Program
B library

o Khi double click vao nhirng tap tin thuc thi, can chudng

trinh tinh toan va tai vao memory dé CPU xur ly

- Loader



Qua trinh thuc thi file trén may

C program

Assembly language program

Object: Machine language module | | Object: Library routine (machine language)

Executable: Machine language program

Loader

Memory




Vi du

Loader
vidu.cpp ‘ T 1
‘[compiler orocess . .
: [data]
linker 'stack
* Load J
vidu.exe ———

Disk RAM Processor



MO hinh thutc té

High-level language program

Program J—»

:

Compiler

|

_h.

=

Assembler

!

Assembly language program

Linker

-E&

o Compiler va Assembler cé thé dudc bd qua trong 1 s6 trudng hdp cu thé...

o Trong thuc té&, cd 1 s& compiler cd thé tao file thuc thi & nhiéu nén tang
ki€n trac bén dudi khac nhau, dugc goi la cross-platform compiler

o Compiler cho Java

o Cygwin

o Code::Block Studio



Qua trinh thuc thi file trén may

Java program
21 |

Java program

Class files (Java bytecodes) | | Java Library routines (machine language)

N K

Compiled Java methods (machine language)




Hoat dong cua CPU khi xu' ly Iénh

CPU xu ly 1énh qua 2 budc, goi la chu ky Iénh:
Nap |énh (Fetch): Di chuyén Iénh tir memory vao thanh ghi
(register) trong CPU

Thuc thi Iénh (Excute): Giai ma Iénh va thuc thi thao tac yéu cau




Qua trinh nap lénh (Fetch cycle)

MAR & PC

MBR < Memory

IR < MBR
PC < PC + 1

CPU
PC ——MAR > : —
-Q:: Memory
LL l
“ontro
Unit :>.
IR [ K—MBR [}

Thanh ghi PC (Program Counter)
Luu dia chi (address) cta Iénh sap dudc nap

Thanh ghi MAR (Memory Address Register)

Luu dia chi (address) sé dugc output ra Address bus

Thanh ghi MBR (Memory Buffer Register)

Address Data Control
Bus Bus Bus

« Control Unit di chuyén m3 Iénh, ¢d
dia chi trong PC, vao thanh ghi IR

« Mac dinh, gia tri thanh ghi PC sé
tang 1 lugng = chiéu dai cta Iénh

Luu gia tri (value) s€ dugc input / output tu’ Data bus | v{r3 dugc nap

Thanh ghi IR (Instruction Register)
Luu ma lénh sé dugc xur ly tiép




Vi du

Chuang trinh

X=X+Y

o |

CPU

00010000 01000000 00000001
00001100 01000010 00000001
00010000 00000001 01000000

PC

IR

00010011

R1

00010000 01000000 00000001

>
o\ E [

bia chi

00010000
00010011
00010110

01000000
01000010

Lénh (Instruction)

X 2 R1
Ri1+y = R1
Rl 2> x




Quy trinh thuc thi Iénh (Execute Cycle)

|

|

Instruction complete, Return for string
fetch next instruction or vector data

Cac budc nay dudc lap di lap lai cho tat ca cac lénh ti€p theo

Quy trinh nay goi la Instruction cycle — vong lap xur ly Iénh

« Tinh dia chi Iénh
« Nap lénh

« Giai ma Iénh

« Tinh dia chi cua
toan hang

 Nap toan hang
 Thuc hién Iénh

« Tinh dia chi cta
toan hang chira két
qua

« Ghi két qua




MOt sO cau hoi

Ngon ngir Iap trinh giong va khac ngbn ngir tu’ nhién cua con
ngudi & nhitng diém nao?

Tai sao can nhiéu loai ngdon ngl’ lap trinh: C, C++, C#, VB,
Java...?

MOt chuong trinh khong khai bao bién nao ca thi co sir dung
bo nhG khong?

Chuong trinh dudc thuc thi trong RAM hay CPU?

Tai sao file .exe chi chay dugc trén Windows ma khéng thé
chay trén Linux?



Homework

Sach Petterson & Hennessy: Boc chucng 2
(doc ky 2.12 va 2.13)

Tai liéu tham khao: Boc “08_HP_AppA.pdf”



KIEN TRUC MAY TINH &
HOP NGU

ThS Vid Minh TH — vimitri@fit.hcmus.edu. vn
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Gigi thieu

Nhiém vu cd ban nhat cua CPU la phai thuc
hién cac Iénh dudc yéu cau, goi la instruction
Cac CPU sé sur dung cac tap Iénh (instruction

set) khac nhau dé cd thé giao tiép vaGi nd



Kich thuGc Iénh

Kich thuGc Iénh bi anh hudng bdi:
Cau truc dudng truyén bus
Kich thudc va to chiic bd nhé
Toc do CPU

Giai phap toi uu Iénh:

Dung Iénh c6 kich thudc ngdn, moi 1énh chi nén dugc
thuc thi trong dung 1 chu ky CPU

Dung bo nhé cache



BO 1énh MIPS

Chung ta sé lam quen vdi tap 1énh cho kién trdc MIPS
(PlayStation 1, 2; PSP; Windows CE, Routers...)

bugc xay dung theo kién tridc (RISC) véi 4 nguyén tac:
Cang daon gian, cang 6n dinh
Cang nho gon, xU' ly cang nhanh
Tang toc xur ly cho nhitng trucng hgp thuGng xuyén xay ra

Thiét ké doi hoi su’ thoa hiép tot



Cau truc cd ban cua 1 chucng trinh hgp

nglr trén MIPS
T

.data # khai bao cac data label (c6 thé hiéu la cac bién)
# sau chi thi nay
labell: <kiéu luu trir> <gid tri khdi tao>
label2: <kiéu luu trir> <gid tri khdi tao>

text # viét cac Iénh sau chi thi nay
.globl <cac text label toan cuc, c6 thé truy xuat tur cac file khac>

.globl main # Day la text label toan cuc bat budc clia program

main: # diém text label bat dau cla program



Hello.asm
6 p

.data # data segment
str:  .asciiz “Hello asm !”
text # text segment
.globl main
main: # starting point of program
addi $vO, $0, 4 # $v0 =0+ 4 =4 > print str syscall
la $a0, str # $a0 = address(str)

syscall # excute the system call



BO Iénh MIPS — Thanh ghi

La dan vi luu trr data duy nhat trong CPU

Trong kién truc MIPS:
Cé tong cOng 32 thanh ghi dénh sd tor $0 > $31
Cang it cang dé quan ly, tinh todn cang nhanh
Cé thé truy xudt thanh ghi qua tén cia nd (slide sau)
Moi thanh ghi cé kich thudc cd dinh 32 bit
Bi giGi han bai kha nang tinh toan cua chip xu ly

Kich thudc toan hang trong cac cau Iénh MIPS bi gidi han &
32 bit, nhom 32 bit goi la tu’ (word)



Thanh ghi toan hang

Nhu chung ta da biét khi 1ap trinh, bién

(variable) la khai niém rat quan trong khi

mudh biéu dién cac todn hang dé tinh toan
Trong ki€n trdc MIPS khong ton tai khai niém

bién, thay vao do6 la thanh ghi toan hang



Thanh ghi toan hang
.o J
o Ngon ngir cap cao (C, Java...): toan hang = bién (variable)
o Cac bién luu trong bo nhd chinh
o Ngon ngir cap thap (Hop ngir): toan hang chlra trong cac thanh ghi
o Thanh ghi khdng cé kiéu dir liéu
o Kiéu di liéu thanh ghi dugc quyét dinh bdi thao tac trén thanh ghi
o So sanh:

o Uu: Thanh ghi truy xudt nhanh han nhiéu bo nhd chinh

o Khuyét: Khong nhu bo nhd chinh, thanh ghi la phan cirng c6 s6 lugng
gidi han va cd dinh = Phai tinh toan k¥ khi st dung



MOt sO thanh ghi toan hang quan tam

Save register:
MIPS 13y ra 8 thanh ghi ($16 - $23) dung dé thuc hién cac phép
tinh s0 hoc, dudc dat tén tuong U'ng la $s0 - $s7
Tuang Ung trong C, dé chira gid tri bién (variable)

Temporary register:
MIPS 13y ra 8 thanh ghi ($8 - $15) dung dé chira két qua trung
gian, dudc dat tén tucong U'ng la $t0 - $t7
Tuang Ung trong C, dé chira gid tri bién tam (temporary

variable)



Banh danh sach thanh ghi MIPS

$zero 0 the constant value O

$vO-$vl 2-3 values for results and expression evaluation
$a0-%$a3 4-7 arguments

$t0-$t7 8-15 temporaries

$s0-$s7 16-23 saved

$t8-$t9 24-25 more temporaries

$agp 28 global pointer

$sp 29 stack pointer

$fp 30 frame pointer

$ra 31 retum address

Thanh ghi 1 ($at) dé danh cho assembler. Thanh ghi 26 — 27 ($k0 - $k1) dé& danh cho OS



BO Ienh MIPS — 4 thao tac chinh

Phan 1: Phé
Phan 2: Di c

» toan so hoc (Arithmetic)

huyén dir liéu (Data transfer)

Phan 3: Thao tac luan ly (Logical)

Phan 4: Ré nhanh (Un/Conditional branch)



Phan 1: Phép toan so hoc

Cu phap:
opt , oprl, opr2
opt (operator): Tén thao tac (toan tu, tac tu)

(operand): Thanh ghi (toan hang, tac to dich)
chl’ra két qua

oprl (operand 1): Thanh ghi (toan hang nguén 1)
opr2 (operand 2): Thanh ghi / hang s6

(toan hang nguodn 2)



Vi du

Gia sU xet cau lénh sau:
add a, b, c
Chi thi cho CPU thuc hién phép cong
<b+c
a, b, c dugc goi la thanh ghi toan hang

Phép toan trén chi cé thé thuc hién véi ding 3
toan hang (khong nhiéu cling khong it han)



A \ % A
Cong, tru’ sO nhguyen
N
o Cong (Add):
o Cong c6 dau: add  $s0, $s1, $s2
o Cong khong dau:  addu  $s0, $s1, $s2 (u: unsigned)
o Dién giai: $s0 € $s1 + $s2
C/C++:(a=b+0)
o Tru (Subtract):
o TrU co dau: sub  $s0, $s1, $s2
o Tru khong dau: subu $s0, $s1, $s2 (u: unsigned)
o Dién gii: $s0 € $s1 - $s2
C/C++:(@a=b-0)



Nhan xét

Toan hang trong cac Iénh trén phai la thanh ghi
Trong MIPS, 1énh thao tac vai s& nguyén cé dau dugc biéu dién
dudi dang bu 2
Lam sao biét 1 phép toan dugc bién dichto C (vidua=b +c) la
thao tac cé dau hay khong dau? = Dua vao trinh bién dich
Cé thé dung 1 todn hang vira Ia ngudn vura la dich
add $s0, $s0, $s1
Cong, trir véi hang s6? = $s2 sé dong vai tro la hang s6
Cong: addi $s0, $s1, 3 (addi = add immediate)
Tru:  addi  $s0, $s1, -3



Vidu 1

1z
- Chuyén thanh 1énh MIPS tU Iénh C:

a=b+c+d-e

= Chia nhoé thanh nhiéu Iénh MIPS:

add $s0, $s1, $s2 # a=b+c
add $s0, $s0, $s3 #a=a+d
sub  $s0, $s0, $s4 # a=a-e

o Tai sao dung nhiéu Iénh han C?

- Bi gidi han bdi s8 lugng cdng mach toan tur va thiét k& bén trong cong

mach

o Ky tu“#” dung dé chd thich trong hap ngi cho MIPS



Vidu 2
T
- Chuyén thanh 1énh MIPS tU I1énh C:

f=(g+h)—(i+]))
= Chia nho thanh nhiéu Iénh MIPS:
add $t0, $s1, $s2 # templ =g+ h
add $t1, $s3, $s4 # temp2 =i +]
sub $s0, $t0, $t1 # f =templ — temp?2



Luu y: Phép gan ?
-7
- Kién tric MIPS khéng cé cdng mach danh riéng
cho phép gan

- Giai phap: Dung thanh ghi zero ($0 hay $zero)
lubn mang gia tri 0

= Vi du:
add $s0, $s1, $zero
Tuong duong: $s0 = $s1 + 0 = $s1 (gan)

o Lénh “add $zero, $zero, $s0” cd hgp Ié ?



Phép nhan, chia s6 nguyén

o Thao tac nhan / chia cua MIPS co két qua

chira trong cap 2 thanh ghitén la $
Bit 0-31 thudc $lo va 32-63 thudc $

X

op1

op1

ni va $lo

remainder quotient

i



Phép nhan

Cu phap:
mult  $s0, $s1
Két qua (64 bit) chlra trong 2 thanh ghi
$lo (32 bit) = (($s0 * $s1) << 32) >> 32
$hi (32 bit) = ($s0 * $s1) >> 32
Cau hoi: Lam sao truy xuat gia tri 2 thanh ghi $lo va $hi?
- Dung 2 cap lénh mflo (move from lo), mfhi (move from

hi) - mtlo (move to lo), mthi (move to high)

mflo  $s0 ($s0 = $lo)
mfhi  $s0 ($s0 = $hi)



Phep chia
T
7 CuU phap:
div $s0, $s1
o Két qua (64 bit) chlra trong 2 thanh ghi
o $lo (32 bit) = $s0 / $s1 (thucng)
o $hi (32 bit) = $s0 % $s1 (so du)



Thao tac s6 dau cham dong

MIPS s’ dung 32 thanh ghi dau phay déng dé
biéu dién dd chinh xac don cua s6 thuc. CAc
thanh ghi nay co tén la : $f0 — $f31.

DE biéu dién dd chinh xac kép (double
precision) thi MIPS su’ dung su’ ghép doi cua 2
thanh ghi co d6 chinh xac dan.



Van de tran soO

K&t qua phép tinh vugt qua mién gia tri cho phép - Tran so
Xay ra
MOt sO ngon ngir cd kha nang phat hién tran s6 (Ada), mot
sO khong (C)
MIPS cung cap 2 loai Iénh s hoc:

add, addi, sub: Phat hién tran so

addu, addiu, subu: Khong phat hién tran s6
Trinh bién dich sé luva chon cac Iénh s6 hoc tueng Ung

Trinh bién dich C trén kién tric MIPS sir dung addu, addiu, subu



Phan 2: Di chuyén dir liéu

MOt sO nhan xét:
Ngoai cac bién don, con co cac bién phtic tap thé hién
nhiéu kiéu cau tric dir liéu khac nhau, vi du nhu array
Cac cau truc dit lieu phic tap co so6 phan tu dir liéu
nhiéu han so thanh ghi cua CPU = lam sao luu ??

- Luu phan nhiéu data trong RAM, chi load 1 it vao
thanh ghi cua CPU khi can xur' ly
Van dé luu chuyén dir liéu gilra thanh ghi va b nhé ?

> Nhém Iénh luu chuyén dir liéu (data transfer)



Computer

Processor

r Control
(“brain”®)

rI:II:-.'lt:-.'u.-:u:-.'|th
egister




BO nhd chinh

Co thé dudc xem nhu 13 array 1 chiéu rat I6n, moi phan
trla 1 6 nhd co kich thudc bang nhau

Cac 6 nhd dudc danh soO thar tu tur 0 tré di
- Goi la dia chi (address) 06 nho

Pé truy xuat dir liéu trong 6 nhé can phai cung cép dia
chi 6 nhd do -




Cau truc lénh

Cu phap:
opt , oprl (opr2)
opt (operator): Tén thao tac (Load / Save)
(operand): Thanh ghi luu tU nhé (word)
oprl (operand 1): Hang s6 nguyén

opr2 (operand 2): Thanh ghi chifa dia chi vung nhé
co sA (dia chi nén)



Hai thao tac chinh
29§

o lw: Nap 1 tu dit liéu, tu bd nhd, vao 1 thanh ghi trén

CPU (Load Word - w)
———
W $t0, 12 ($s0)

Nap tu’' nho co dia chi ($s0 + 12) chua vao thanh ghi $t0
0 sw: Luu 1t dir liéu, tur thanh ghi trén CPU, ra bo nhé

(Store Word — sw)
——

sw $t0, 12 ($s0)
Lul gia tri trong thanh ghi $t0 vao 6 nhd co dia chi ($s0 + 12)



Luu y 1

$s0 dugc goi la thanh ghi cd s& (base register)
thudng dung dé Iuu dia chi bat dau cla mang

/ cau truc
12 goi la do dai (offset) thudng dung dé truy

cap cac phan ti mang hay cau truc



Luu y 2

MOt thanh ghi co luu bat ky gia tri 32 bit nao, co
thé 1a s6 nguyén (cé dau / khong dau), cd thé la
dia chi cia 1 vung nhd trén RAM

Vi du:

add $t2, $t1, $t0 > $t0, $t1 luu gia tri
w  $t2, 4 ($t0) = $t0 luu dia chi (C: con tro)



Luu y 3

SO bién can dung cua chuong trinh néu nhiéu
hon so thanh ghi cia CPU?
Giai phap:
Thanh ghi chi chra cac bién dang xU’ ly hién hanh
va cac bién thudng sur dung
Ky thuat spilling register



Vidu 1

234
o Giad stir A la 1 array gom 100 tUr vdi dia chi bat dau (dia chi
nén — base address) chura trong thanh ghi $s3. Gia tri cac
bién g, h lan lugt chira trong cac thanh ghi $s1 va $s2

- Hay chuyén thanh ma hgp ngii MIPS:
g=h+ A[8]
o Tra loi:
lw  $t0, 32($s3) # Chla A[8] vao $t0
add $s1, $s2, $t0



Vi du 2
2
- Hay chuyén thanh m3 hop nglr MIPS:

A[12] = h - A[8]
- Tra Ioi:
lw  $t0, 32($s3) # Chla A[8] vao $t0
sub $t0, $s2, $t0

sw  $t0, 48($s3) # Két qua vao A[12]



Nguyén tac luu dir liéu trong bé nhé
2357
o MIPS thao tac va Iuu trir dir liéu trong bo nhé

theo 2 nguyén tac:
o Alignment Restriction

o Big Endian



Alignment Restriction

MIPS luu dif liéu trong bo nhd theo nguyén tac Alignment
Restriction

Cac doi tugng Iuu trong bo nhd (tr nh@) phai bat dau tai dia
chi la boi s6 cua kich thudc doéi tugng

Ma moi tU nhé co kich thudc 13 32 bit = 4 byte = kich thudc
luu trir cua 1 thanh ghi trong CPU

- Nhu vay, tir nhd phai bat dau tai dia chi la boi s6 cla 4

12 100
& 10
4 101
0 1

Address Data

Processor Memary




Big Endian
S22
o MIPS luu tri thr tu cac byte trong 1 word trong bo nhé
theo nguyén tac Big Endian (Kién tric x86 s dung Little
Endian)
o Vidu: Luu tri gia tri 4 byte: 12345678h trong bd nhé

Dia chi byte Big Endian Little Endian

0 12 /8

1 34 56
2 56 34
3 /8 12



Luu y

P& truy xudt vao 1 tir nhd sau 1 tir nhé thi can
tang 1 luong 4 byte chd khong phai 1 byte

Do do luon nhd rang cac Iénh Iw va sw thi do doi
(offset) phai la boi sO cua 4

Tuy nhién bo nhd cac may tinh ca nhan ngay nay
lai dugc danh dia chi theo tung byte (8 bit)



MG rong: Load, Save 1 byte

Ngoai viéc ho trg load, save 1 tir (Iw, sw), MIPS con
ho trg load, save tirng byte (ASCII)

Load byte: Ib

Save byte: sb

Cu phap lénh tucng tu Iw, sw
Vi du:

Ib $s0, 3 ($s1)

Lénh nay nap gia tri byte nhd co dia chi ($s1 + 3) vao
byte thap cua thanh ghi $s0



Nguyén tac

Gia sU nap 1 byte ¢ gia tri xzzz zzzz vao thanh ghi trén
CPU (x: bit dau cua byte do)

Gia tri thanh ghi trén CPU (32 bit) sau khi nap co dang:
XXXX XXXX XXXX XXXX XXXX XXXX XZZZ 7777

Tat ca cac bit tu phai sang sé co gia tri = bit dau cua gia
tri 1 byte vura nap (sign-extended)

NEu muon cac bit con lai tu phai sang co gia tri khong
theo bit dau (=0) thi dung lénh:
Ibu (load byte unsigned)



MG rong: Load, Save 2 byte (1/2 Word)

24y
= MIPS con ho trg load, save 1/2 word (2 byte) (Unicode)
o Load half: Ih (nap 2 byte nhé vao 2 byte thap cua thanh ghi $s0)
o Store half: sh
o CU phap Iénh tuong tu Iw, sw
o Vidu:
lh  $s0, 3 ($s1)
Lénh nay nap gia tri 2 byte nhé cd dia chi ($s1 + 3) vao 2
byte thap cua thanh ghi $s0



Phan 3: Thao tac luan ly

Chung ta da xem xét cac thao tac s6 hoc (+, -, *, /)

DU liéu trén thanh ghi nhu 1 gia tri don (s6 nguyén cd dau /
khong dau)

Can thao tac trén tung bit cua dir liéu = Thao tac luan ly
Cac thao tac luan ly xem dir liéu trong thanh ghi la day 32 bit
riéng le thay vi 1 gia tri don

Co 2 loai thao tac luan ly:

Phép toan luan ly

Phép dich luan ly



Phép toan luan ly

Cu phap:
opt , oprl, opr2
opt (operator): Tén thao tac

(operand): Thanh ghi (todn hang dich)
chl’ra két qua

oprl (operand 1): Thanh ghi (toan hang nguén 1)
opr2 (operand 2): Thanh ghi / hang s6

(toan hang nguodn 2)



Phép toan luan ly

MIPS ho trg 2 nhém 1énh cho cac phép toan luan Iy trén bit:
and, or, nor: Toan hang nguon thr 2 (opr2) phai la thanh ghi
andi, ori: Toan hang nguon th(r 2 (opr2) la hang so

Luu y: MIPS khéng ho trg 1énh cho cac phép luan Iy NOT,

XOR, NAND...

Ly do: Vi vdi 3 phép toan ludn ly and, or, nor ta co thé tao ra

tat ca cac phép luan ly khac > Tiét kiém thiét k& cdng mach

Vi du:

not (A) = not (Aor0)=Anor0



Phép dich luan ly

Cu phap:
opt , oprl, opr2
opt (operator): Tén thao tac

(operand): Thanh ghi (todn hang dich)
chl’ra két qua

oprl (operand 1): Thanh ghi (toan hang nguén 1)
opr2 (operand 2): Hang s6 < 32 (SO bit dich)



Phép dich luan ly

MIPS ho trg 2 nhdm lénh cho cac phép dich ludn ly
trén bit:
Dich luan ly
Dich trai (sll — shift left logical): Thém vao cac bit 0 bén phai
Dich phai (srl — shift right logical): Thém vao cac bit 0 bén trai
Dich sO hoc
Khong co dich trai s6 hoc

Dich phai (sra — shift right arithmetic): Thém cac bit = gia tri

bit dau bén trai



Vi du

sll $s1, $s2, 2 # dich trai luan ly $s2 2 bit

$s2 = 0000 0000 0000 0000 0000 0000 0101 0101 =85

$s1 = 0000 0000 0000 0000 0000 0001 0101 0100 = 340 (85 * 22)
srl $s1, $s2, 2 # dich phai luan ly $s2 2 bit

$s2 = 0000 0000 0000 0000 0000 0000 0101 0101 =85

$s1 = 0000 0000 0000 0000 0000 0000 0001 0101 = 21 (85/ 2?)
sra $s1,$s2,2 # dich phai so hoc $s2 2 bit

$s2 =1111111111111111 11111111 1111 0000 = -16
$s1=1111111111111111 11111111 11111100 =4 (-16 / 22)



A ~ ’
Phan 4: Re nhanh
24 qy
o Tudng tu 1énh if trong C: CO 2 loai
o if (condition) clause
o if (condition)
clausel
else

clause2
= Lénh if th{ 2 c6 thé dién giai nhu sau:
if (condition) goto L1 //if = Lam clausel
clause? // else &> Lam clause2
goto |~ // Lam ti€p cac Iénh khac
L1: clausel

L2:



Ré nhanh trong MIPS

I e
o RE nhanh cd diéu kién
o beq oprl, opr2, label
= beq: Branch if (register are) equal
= if (oprl == opr2) goto label
o bne oprl, opr2, label
= bne: Branch if (register are) not equal
= if (oprl !'= opr2) goto label
o R€& nhanh khong diéu kién
o j label
= Jump to label

= Tudng Ung trong C: goto label
= CO thé viét lai thanh: beq $0, $0, label



Vi du

|

Bién dich cau Iénh sau trong C thanh Iénh hdp nglr MIPS:
if(i==j) f=g+h;
else f=g-h;
Anh xa bién f, g, h, i, j tuong (ing vao cac thanh ghi: $s0, $s1, $s2, $s3, $s4
Lénh hgp ngir MIPS:
beq $s3, $s4, TrueCase # branch (i == j)

sub $s0, $s1, $s2 # f = g— h (false)
j Fin # goto “Fin” label
TrueCase: add $s0, $s1, $s2 # f =g+ h (true)

Fin:



Tly vong la
XU ly vong lap
2514
o Xét mang int A[]. Gia s ta cé vong lap trong C:
do {
g = g + Alil;
I =i+]J;
} while (i '= h);
o Ta cb thé viét lai:
Loop: g =g+ A[i];
i =i+j;
if (i '= h) goto Loop;

> S dung Iénh ré co diéu kién dé biéu dién vong I3p!



? ’ 1 v
XU ly vong lap
2529
= Anh xa bién vao cac thanh ghi nhu sau:
g h i j base address of A
$s1  $s2  $s3 $s4 $s5

o Trong vi du trén cd thé viét lai thanh I1énh MIPS nhu sau:

Loop: sl $t1, $s3, 2 #$t1 =i * 22
add $t1, $t1, $s5 # $t1 = addr A[i]
lw  $t1, 0 ($t1) # $t1 = A[i]

add $s1, $s1, $t1 #9g=g+A[i]
add $s3, $s3, $s4 #i=i+]
bne $s3, $s2, Loop # if (i '=j) goto Label



XU ly vong lap

Tuong tu’ cho cac vong 1&p pho bién khac trong C:
while
for
do...while
Nguyén tac chung:
Viét lai vong lap dudi dang goto

Su dung cac Ieénh MIPS ré nhanh co diéu kién



So sanh khong bang ?

s 4
- beq va bne dugc st dung dé so sanh bang (== va != trong C)
> Muon so sanh I6n han hay nho han?

- MIPS ho trg Iénh so sanh khong bang:
o st opr2, opr3
o slt: Set on Less Than
o if (opr2 < opr3)
=1
else
- 0;



So sanh khong bang
s 4
71 Trong C, cau Iénh sau:

iIf (g < h)goto Less; # g: $s0, h: $s1
- Pbugc chuyén thanh I1énh MIPS nhu sau:
slt  $t0, $s0, $s1 #if(g<h)then$t0 =1
bne $t0, $0, Less # if ($t0 '= 0) goto Less
# if (g < h) goto Less

1 Nhan xet: Thanh ghi $0 ludn chua gia tri 0, nén Iénh
bne va bep thudng dung dé so sanh sau lénh st



Cac lénh so sanh khac?

Cac phép so sanh con lai nhu >, >, < thi sao?

MIPS khong truc tiép ho trg cho cac phép so

sanh trén, tuy nhién dua vao cac lénh slt, bne,

beq ta hoan toan cd thé biéu dién ching!



a: $s0, b: $s1

sy

O a<b

slt  $t0, $s0, $s1 #if(a<b)then$t0 =1
bne $t0, $0, Label # if (a < b) then goto Label
<do something> # else then do something

o a>b
slt  $t0, $s1, $s0 #if(b<a)then$t0 =1
bne $t0, $0, Label # if (b < a) then goto Label
<do something> # else then do something

o azb
slt  $t0, $s0, $s1 #if(a<b)then$t0 =1
beq $t0, $0, Label # if (@ = b) then goto Label
<do something> # else then do something

o asb
slt  $t0, $s1, $s0 #if(b<a)then$t0 =1
beq $t0, $0, Label # if (b = a) then goto Label

<do something> # else then do something




Nhan xét
I
o So sanh == - Dung |énh beq

o So sanh = = Dung Iénh bne
1 So sanh < va > = Dung cap Iénh (slt = bne)

o So sanh < va = = Dung cap lénh (slt = beq)



So sanh vdi hang so
s f

- So sanh bang: beq / bne
1 So séanh khéng bang: MIPS ho trg san lénh slti
oslti opr, oprl, const

o Thudng dung cho switch...case, vong lap for



Vi du: switch...case trong C

60 §
- switch (k) {

case 0: f =i + j; break;
case 1: f = g + h; break;
case 2: f = g - h; break;
}
o Ta ¢ thé viét lai thanh cac 1énh if 16ng nhau:
if(k==0) f=i+j;
else if (k == 1) f=g+h;
elseif(k==2) f=g-h;
= Anh xa gid tri bién vao cac thanh ghi:
f g h i j k
$s0  $s1 $s2 $s3 $s4 $s5



Vi du: switch...case trong C

.6y
o Chuyén thanh 1énh hop ngit MIPS:

bne $s5, $0, L1 # if (k '= 0) then goto L1

add $s0, $s3, $s4 #else(k==0)thenf=i+]j

j Exit # end of case 2> Exit (break)
L1: addi $t0, $s5, -1 #$t0=k-1

bne $t0, $0, L2 # if (k '= 1) then goto L2

add $s0, $s1, $s2 # else (k==1)thenf =g+ h

j Exit # end of case 2> Exit (break)
L2: addi $t0, $s5, -2 #$t0=k-2

bne $t0, $0, Exit # if (k '= 2) then goto Exit

sub $s0, $s1, $s2 #else (k==2)thenf=g-h

Exit:



Trinh con (Thu tuc)

.6 q
o Ham (fucntion) trong C = (Bién dich) = Trinh con (Thu tuc) trong hgp nglr

o Gia sU trong C, ta viét nhu sau:

void main()
{
int a, b;
« Ham dugc chuyén thanh Iénh hgp nglt nhu thé nao ?
sum(a, b); ~ ien ~
« DU lieu dugc luu tru ra sao ?
>

int sum(int x, inty)

{

return (X + y);



C ' ..sum(aq, b); /* a: $s0, b: $s1 */
[Lam ti€p thao tac khac...]
}
int sum (int x, inty) {
return X +vy;
‘ y
M | Piachi Lénh
I 1000 add $a0, $s0, $zero # x = a
P 1004 add $al, $s1, $zero # vy =Db
S

1008 addi $ra, $zero, 1016 # luu dia chi lat sau quay vé vao $ra = 1016

1012 j sum

# nhay dén nhan sum

1016 [Lam ti€p thao tac khac...]

2000 sum: add
2024 jr $ra

$v0, $a0, $al # thuc hién thu tuc “sum”

# nhay tai dia chi trong $ra



Thanh ghi luu trr i liéu trong thu tuc

64 J
= MIPS ho trg 1 s6 thanh ghi d€ luu trir dit liéu cho thu tuc:

o D0 sO input (argument input): $al $al $a2 $a3
o Két qua tra vé (return ...): $vO0 $vi

o Bién cuc bo trong thu tuc: $s0 $s1 $s7
o Dia chi quay vé (return address): $ra

o Néu co6 nhu cau luu nhiéu dir liéu (do6i so, két qua tra ve, bién
cuc bd) han sb lugng thanh ghi ké trén?
- Bao nhiéu thanh ghi la du ?

- SU' dung ngan xép (stack)



C ... sum (a, b); ... /* a: $s0, b: $s1 */

[Lam ti€p thao tac khac...]

}

int sum (int x, inty) {

return x +vy;
7

M | Piachi Lénh
I
P 1004 add $al, $s1, $zero » Tai sao khong dung |énh j cho don gian, ma lai
S

S
1008  addi  $ra, $zero, 1016 dUN9I": )
>Thu tuc “sum” cd thé dudc goi & nhiéu cho

1012 j sum , N “ X e o
khac nhau, do vay vi tri quay ve moi lan goi se

1016 [Lam ti€p thao tac khac...] khac nhau
- Lénh mdi: jr

2000 sum: add $v0, $a0, $al # thuc hién thu tuc “sum”

E 1000 add $a0, $s0, $zero # x = a

2024 jr $ra # nhay tai dia chi trong $ra




C ... sum (a, b); ... /* a: $s0, b: $s1 */

[Lam ti€p thao tac khac...]

y

int sum (int x, inty) {

return x +vy;
7

M | Piachi Lénh
I « Thay vi dung 2 1énh dé Iuu dia chi quay vé vao
P 1 1004 add $al, $s1, $zero  thanh ghi $ra va nhay dén tha tuc “sum”:
S

1008 addi $ra, $zero, 1016 1008 addi $ra, $zero, 1016 # $ra = 1016
1012 j sum # goto sum

1012 ] sum N ,
->MIPS ho trg Iénh mdi: jal (jump and link) dé

1016 [Lam tiep thao tac khac...] e TER 2 g viES b

1008 jal sum # $ra = 1012, goto sum
2000 sum: add $v0, $a0, = Tai sao khong can xac dinh tudng minh dia

2024 ir $ra chi quay Vé trong $ra ?

E 1000 add $a0, $s0, $zero




Cac Iénh nhay mai
6y

o jr (jump register)

o Cu phap: jr register

o Dién gidi: Nhay dén dia chi ndm trong thanh ghi register thay vi nhdy dén 1 nhan nhu 1&nh j (jump)
o jal Gump and link)

o Cu phap: jal label

o Dién gidi: Thuc hién 2 budc:

= Budc 1 (link): Luu dia chi cia Iénh ké ti€p vao thanh ghi $ra (Tai sao khéng phai la dia chi cia Iénh hién tai ?)

= Budc 2 (jump): Nhay dén nhan label
o Hai lénh nay dudc sir dung hiéu qua trong thu tuc
o jal: tu dong luu dia chi quay vé chuang trinh chinh vao thanh ghi $ra va nhay dén tha tuc con

o jr $ra: Quay lai than chuang trinh chinh bang cach nhay dén dia chi da dudc luu trudc do trong $ra



Bai tap

Chuyén doan chuang trinh sau thanh ma hgp nglt MIPS:

void main()

{

inti, j, k, m;

i1 = mult (§, k);

m = mult (i, i); ...

int mult (int mcand, int mlier)
{
int product = 0;
while (mlier > 0)
{
product = product + mcand;
mlier = mlier — 1;
bs

return product;



Thu tuc Iong nhau

Van dé dat ra khi chuyén thanh ma hop ngir clia doan Iénh sau:
int sumSquare (int X, int y)

{

return mult (x, X) +vy;

}
Thu tuc sumSquare sé goi thu tuc mult trong than ham cua né
Van dé:
Dia chi quay vé cua thu tuc sumSquare luu trong thanh ghi $ra sé bi ghi de
bdi dia chi quay vé cua thu tuc mult khi thu tuc nay dudgc goi!

Nhu vay can phai luu lai (backup) trong bo nhd chinh dia chi quay vé cua
thu tuc sumSquare (trong thanh ghi $ra) trudc khi goi thu tuc mult

- SU dung ngan xép (Stack)



Ngan xep (Stack)

La ngan x€p gom nhiéu 6 nhd két hdp (viing nhd) ndm trong bd nhd chinh

Cau truc dit liéu ly tudng dé chira tam cac gia tri trong thanh ghi

Thudng chlra dia chi tra vé, cac bién cuc bo cua trinh con, nhat la cac bién cd cau trac (array,

list...) khdng chira vira trong cac thanh ghi trong CPU
Pugc dinh vi va quan ly béi stack pointer
Co 2 tac vu hoat dong cg ban:
push: Bua di liéu tu thanh ghi vao stack
pop: Lay dif liéu tU stack chép vao thanh ghi
Trong MIPS danh san 1 thanh ghi $sp dé Iuu trif stack pointer
Pé sir dung Stack, can khai bdo kich vung Stack bang cach tang (push) gia tri con
tro ngan x€p stack pointer (luu trir trong thanh ghi $sp)

Luu y: Stack pointer tang theo chiéu giam dia chi



int sumSquare (int x, int y) { return mult (x, X) +vy; }

[* x: $a0, y: $al */

w o -2

sumSquare:
i init addi  $sp, $sp, -8
IDUSh sw $ra, 4 ($sp)
push  sw $at, 0 ($sp)
i add $al, $a0, $zero
i jal  mult
:POD lw $al, 0 ($sp)
i
| add $vO0, $vO, $al
;pop W $ra, 4 ($sp)
Ifree addi  $sp, $sp, 8

jr $ra
mult:

jr $ra

# khai bao kich thudc stack can dung = 8 byte

# cat dia chi quay vé cua thu tuc sumSquare dua vao stack

# cat gia tri y vao stack

# gan tham sd th(r 2 Ia x (ban dau 13 y) d€ phuc vu cho thu tuc mult s3p goi
# nhay dén thu tuc mult

# sau khi thuc thi xong thd tuc mult , khoi phuc lai tham s6 thir 2 =y

# dua trén gia tri da Iuu trudc do trong stack

# mult() +vy

# khoi phuc dia chi quay vé cua thu tuc sumSquare tUr stack, dua lai vao $ra
# khoi phuc 8 byte gia tri $sp ban dau da “mugn”, két thuc stack

# nhay dén doan lénh ngay sau khi goi thd tuc sumSquare trong chucng

# trinh chinh, dé thao tac ti€p cac I1énh khac.

# 1énh xUr ly cho thu tuc mult

# nhay lai doan lénh ngay sau khi goi thd tuc mult trong thu tuc sumSquare



Tong quat: Thao tac vdi stack

Khdi tao stack (init)

Luu trilf tam cac di liéu can thiét vao stack (push)
Gan cac doi so (néu co)

Goi Iénh jal d& nhay dén cac thu tuc con

Khoi phuc cac dir liéu da luu tam tu stack (pop)
Khoi phuc bo nhd, két thuc stack (free)



Cu thé hda

I

o Pau tha tuc:
Procedure_Label:
addi  $sp, $sp, —framesize # khdi tao stack, dich chuyén stack pointer $sp IUi
sw $ra, framesize — 4 ($sp) # cat $ra (kich thuGc 4 byte) vao stack (push)
Luu tam cdc thanh ghi khac (néu can)
o Than tha tuc:
jal other_procedure # Goi cac thua tuc khac (néu céan)

o Cudi tha tuc:

lw $ra, frame_size — 4 ($sp) # khoi phuc $ra tu stack (pop)

w ... # khoi phuc cac thanh ghi khac (néu can)
addi  $sp, $sp, framesize # khoi phuc $sp, giai phong stack

jr $ra # nhay dén lénh ti€p theo “Procedure Label”

# trong chuadng trinh chinh



MOt s6 nguyén tac khi thuc thi thu tuc

Nhay dén thu tuc bang Iénh jal va quay vé nai trudc doé
da goi n6 bang Iénh jr $ra

4 thanh ghi chlra do6i so cua thu tuc: $a0, $al, $a2, $a3
K&t qua tra vé cua thu tuc chlra trong thanh ghi $v0 (va
$v1 néu can)

Phai tuan theo nguyén tac sir dung cac thanh ghi (register

conventions)



Nguyén tac su dung thanh ghi
75 |
5 $0: (Khong thay doi) Ludn bang 0
5 $s0 - $s7: (Khoi phuc lai néu thay do6i) R&t quan trong, néu
thd tuc dugc goi (callee) thay ddi cac thanh ghi nay thi nd phai
khoi phuc lai gia tri cac thanh ghi nay truGc khi két thic
5 $sp: (Khoi phuc lai néu thay doi) Thanh ghi con trd stack phai
co gia tri khong doéi trude va sau khi goi 1énh “jal”, néu khdng
thu tuc goi (caller) sé khong quay vé dugc.

o Tip: Tat ca cac thanh ghi nay déu bat dau bang ky tu' s !



Nguyén tac s dung thanh ghi

$ra: (CO thé thay doi) Khi goi 1énh “jal” sé lam thay
doi gia tri thanh ghi nay. Tha tuc goi (caller) luu lai
(backup) gia tri cia thanh ghi $ra vao stack néu can
$v0 - $v1: (CO thé thay doi) Chira két qua tra vé cla
thu tuc

$a0 - $al: (Co thé thay doi) Chilra dbi s6 cla thd tuc
$t0 - $t9: (Co thé thay doi) Day la cac thanh ghi tam
nén cd thé bj thay doi bat cr IUc nao



TOm tat

Néu thu tuc R goi thu tuc E:
R phai luu vao stack cac thanh ghi tam cé thé bi st dung trong E
trudc khi goi Iénh jal E (goto E)
E phai Iuu lai gia tri cac thanh ghi luu trir ($s0 - $s7) n€u nd
muon sU dung cac thanh ghi nay = trudc khi két thuc E sé khoi
phuc lai gia tri cua ching
Nhd&: Thu tuc goi R (caller) va Thu tuc dudc goi E (callee) chi can
luu cac thanh ghi tam / thanh ghi luu trf ma né mudn dung,
khong phai tat ca cac thanh ghi!



Bang todm tat

Preserved on
Register number | Usage call?

§zero the constant value O

$vO-$vl 2-3 values for results and expression evaluation no
$a0-%a3 4-7 arguments no
$t0-$t7 8-15 temporaries no
$§s0-%s7 16-23 saved yes
$t8-$t9 24-25 more temporaries no
$ap 28 global pointer yes
$sp 29 stack pointer yes
$fp 30 frame pointer yes
$ra 31 retumn address yes




System call

Service System Arguments Result
Call Code

print_int 1 $a0 = integer
print_float 2 $S£12 = float
print_double 3 $£12 =double
print_string 4 $a0 = string
read_int 5 integer (in $v0)
read_float 6 float (in $£0)
read_double 7 double (in $£0)
read_string 8 $a0 = buffer,

$al = length
sbrk 9 $a0 =amount |address (in $vO0)
exit 10
print_character 11 $a0 = integer
read_character 12 char (in $v0)




Hello.asm
80 fF

.data # data segment
str: .asciiz "Hello asm !”
text # text segment
.globl main
main: # starting point of program
addi $v0, $0, 4 # $v0 =0 + 4 =4 > print str syscall
la $a0, str # $a0 = address(str)

syscall # excute the system call







$0
$1
$2
$3
$4
$5
$6
S7
$8
$9
$10
$11
$12
$13
S14
$15
$l6
S17
$18
$19
$20
$21
$22
$23
$24
$25
$26
$27
$28
$29
$30
$31

Szero

Sat
SvO0
Svil
$al
Sal
Saz
$a3
S$to
Stl
S$t2
St3
St4d
$t5
Sto
St7
$s0
$sl
$s2
$s3
Ss4
$s5
$s6
$Ss7
St8
$t9
$k0
Skl
Sgp
$Ssp
sfp
Sra

Reserved for assembler use
} Procedure results

-

Procedure

arguments Saved

/

Temporary
> values

Saved
across
procedure
calls

> Operands

More
temporaries

} Reserved for OS (kernel)

Global pointer
Stack pointer
Frame pointer
Return address

Saved



Phu luc 1: 40 Iénh cd ban MIPS

Instruction Usage Instruction Usage

Load upper immediate lui rt, imm Move from Hi mfhi rd

Add add rd,rs, rt Move from Lo mflo rd

Subtract sub rd, rs, rt Add unsigned addu rd,rs,rt
Set less than slt rd,rs,rt Subtract unsigned subu rd,rs,rt
Add immediate addi rt,rs,imm Multiply mult rs,rt

Set less than immediate slti rd,rs,imm Multiply unsigned multu rs,rt

AND and rd, rs, rt Divide div rs, rt

OR or rd, rs, rt Divide unsigned divu rs,rt

XOR Xor rd,rs, rt Add immediate unsigned addiu rs,rt,imm
NOR nor rd, rs, rt Shift left logical sll rd, rt, sh
AND immediate andi rt,rs,imm Shift right logical srl rd, rt, sh
OR immediate ori rt,rs,imm Shift right arithmetic sra rd, rt, sh
XOR immediate xori rt,rs,imm Shift left logical variable sllv rd,rt,rs
Load word 1w rt,imm(rs) Shift right logical variable srlv rd,rt,rs
Store word sw rt,imm(rs) Shift right arith variable srav rd,rt,rs
Jump 3 I Load byte 1b rt,imm(rs)
Jump register jr rs Load byte unsigned 1bu rt,imm(rs)
Branch less than 0 bltz rs,L Store byte sb rt,imm(rs)
Branch equal beqg rs,rt,L Jump and link jal I

Branch not equal bne rs,rt,L System call syscall




Phu luc 2: Pseudo Instructions

“Lénh gia”: M3c dinh khong dugc ho trg bdi MIPS

La nhirng Iénh can phai bién dich thanh rat nhiéu cau
lénh that trudc khi dudc thuc hién bdi phan ciing

- Lénh gia = Thu tuc

Dung dé ho trg 1ap trinh vién thao tac nhanh chdng
vGi nhirng thao tac phutc tap gom nhiéu bucc



Vi du: Tinh $s1 = |$s0|

8
o PE tinh dudc tri tuyét ddi cta $s0 > $s1, ta cd 1énh gia la: abs $s1, $s0

o Thuc su MIPS khong co I€énh nay, khi chay sé bién dich I1énh nay thanh cac Iénh that
sau:

# Trituyét doicta Xla—-XnéuX<0,laXnéuX>=0

abs:
sub $s1, $zero, $s0
sit $t0, $s0, $zero
bne $t0, $zero, done
add $s1, $s0, $zero
done:

jr $ra



MGt s6 1énh gid phd bién clia MIPS

Name instruction syntax meaning
Move move rd, rs rd=rs

Load Address la rd, rs rd = address (rs)

Load Immediate li rd, imm rd = 32 bit Immediate value

Branch greater than bgt rs, rt, Label if(R[rs]>R[rt]) PC=Label
Branch less than blt rs, rt, Label if(R[rs]<R[rt]) PC=Label
Branch greater than or equal bge rs, rt, Label if(R[rs]>=R[rt]) PC=Label

branch less than or equal ble rs, rt, Label if(R[rs]<=R[rt]) PC=Label

branch greater than unsigned bgtu rs, rt, Label if(R[rs]<=R[rt]) PC=Label

branch greater than zero bgtz rs, Label if(R[rs] >=0) PC=Label




Phu luc 3: Biéu dién lénh trong
ngon nglr may

|

O

Ching ta da hoc 1 s6 nhom Iénh hgp ngir thao tac trén CPU tuy nhién...

CPU c6 hiéu céc Iénh hgp nglt d3 hoc nay khong?

> T4t nhién 1a khéng vi nd chi hiéu dugc ngdn nglr may gém toan bit 0 va 1

O

O

Day bit do goi la [éenh may (machine language instruction)

MOi Iénh may ¢d kich thudc 32 bit, dudc chia thanh cac nhém bit, goi 13

trudng (fiedld), moi nhédm cé 1 vai trd trong 1énh may

Lénh may cd 1 cau tric xac dinh goi la cau tric Iénh (Instruction Format)



MIPS Instruction Format
8

ome | e Jommes

Field size 6 bits 5 bits Shits | Shits | 5Shbits 6 bits | All MIPS instructions 32 bits
R-format op rs rt rd shamt funct Arithmetic instruction format
|-format op rs rt address/immediate Transfer, branch, 1mm. format
Jformat op target address Jump instruction format

o Co 3 format I1énh trong MIPS:
o R-format: Dung trong cac Iénh tinh toan s6 hoc (add, sub, and, or, nor, sll, srl, sra...)
o I-format: DUng trong cac Iénh thao tac v6i hdng sd, chuyén dif liéu v6i bd nhd, ré nhanh

o J-format: Dung trong cac Iénh nhay (jump — C: goto)



R-format

6 bits

5

5

opcode

)

rt

rd

shmat

funct

opcode (operation code): ma thao tac, cho biét 1énh lam gi

funct (function code): két hgp vGi opcode dé xac dinh 1énh lam gi (trudng

hdp cac Iénh c6 cung ma thao tac vGi opcode)

rs (source register): thanh ghi nguon, thudng chlra toan hang nguon thir 1
rt (target register): thanh ghi nguon, thudng chlra toan hang nguon thir 2
rd (destination register): thanh ghi dich, thudng chira két qua Iénh

shamt: chira s6 bit can dich trong cac Iénh dich, néu khong phai Iénh dich

thi truGng nay co gia tri 0




Nhan xét

Cac trudng luu dia chi thanh ghi rs, rt, rd co kich thudc 5 bit
C6 kha ndng biéu dién cac s6 tir 0 dén 31

Pu dé biéu dién 32 thanh ghi cia MIPS

Truong Iuu so bit can dich shamt cé kich thudc 5 bit
C6 kha ndng biéu dién cac sb tir 0 dén 31

Pu dé dich hét 32 bit luu trir cta 1 thanh ghi



Vi du R-format (1)

o1y
o Biéu dién machine code cta lénh: add $t0, $t1, $t2

- Biéu dién 1énh v8i R-format theo tirng trudng:
| opcode | rs | vt | rd | shmat | funct _
0 9 10 8 0 32

000000 01001 01010 01000 00000 100000

o opcode =0 } Xac dinh thao tac cong

o funct = 32 (tat ca cac Iénh theo cau tric R-format déu co opcode = 0)

0 rs =9 (toan hang nguon thr 1 la $t1 ~ $9)

o rt = 10 (todn hang nguodn thd 2 la $t2 ~ $10)

o rd = 8 (toan hang dich la $t0 ~ $8)

o shmat = 0 (khdng phai Iénh dich)



Vi du R-format (2)

o Biéu dién machine code cta lénh:  sll $t2, $s0, 4

- Biéu dién 1énh v8i R-format theo tirng trudng:

 opcode | rs | rt | rd | shmat | funct _

0 0 16 10 4 0

000000 00000 10000 01010 00100 000000

o opcode =0 } Xac dinh thao tac dich trai luan ly

o funct =0 (tat ca cac Iénh theo cau tric R-format déu co opcode = 0)

o rs = 0 (khong dung trong phép dich)

o rt = 16 (toan hang nguon la $s0 ~ $16)

o rd = 10 (toan hang dich la $t2 ~ $10)

o shmat = 4 (s0 bit dich = 4)



Van dée cua R-format
93 f

o Lam sao giai quyét trudng hdp néu cau lénh doi hdi trudng danh cho toan hang phai
I6n hon 5 bit?
o Vidu:

o Lénh addi cdng gia tri thanh ghi véi 1 hang sd, néu gidi han trudng hang s6 6 5 bit = hdng
s& khéng thé 16n hon 25 = 32

- Gidi han kha nang tinh toan s hoc!
o Lénh Iw, sw can biéu dién 2 thanh ghi va 1 hang s6 offset, néu gigi han & 5 bit
- Gidi han kha nang truy xuat dir liéu trong bd nhg

o Lénh beq, bne can biéu dién 2 thanh ghi va 1 hing s chira dia chi (nhan) can nhay, néu gidi
han & 5 bit

- Gidi han luu trir chuong trinh trong bo nhé

o Giai phap: Dung I-format cho cac Iénh thao tac hang s0, truy xudt dif liéu bo nhd va
ré nhanh



[-format

6 bits

5

16

opcode

)

rt

immediate

opcode (operation code): ma thao tac, cho biét Iénh lam gi (tuong tu opcode cua R-

format, chi khac khong can thém trudng funct)

Péy ciing 1a ly do tai sao R-format cd 2 trudng 6 bit d€ xac dinh 1énh 1am gi thay

vi 1 trudng 12 bit ©> D& nhét quan véi cac ciu tric 1énh khac (I-format) trong khi

kich thudc moi trudng van hap ly

rs (source register): thanh ghi nguon, thudng chlra toan hang nguon thir 1

rt (target register): thanh ghi dich, thudng chifa két qua lénh

immediate: 16 bit, cé thé biéu dién s& nguyén tir -215 dén (215 — 1)

I-format da cd thé luu hang s6 16 bit (thay vi 5 bit nhu’ R-format)




Vi du I-format

o Biéu dién machine code cta lénh:  addi $s0, $s1, 10

- Biéu dién Iénh vé8i R-format theo tirng trudng:
_opcode | rs | rt | immediate
8 17 16 10
001000 10001 10000 0000 0000 0000 0000 1010
o opcode = 8: Xac dinh thao tac cong hang so
0 rs = 17 (toan hang nguon thr' 1 la $s1 ~ $17)

o rt = 16 (toan hang dich la $s0 ~ $16)

o immediate = 10 (todn hang nguén th 2 = hang s6 = 10)



Van de I-format

Trudng hang so (immediate) co kich thudc 16 bit
Néu mudn thao tac véi cac hang so 32 bit?
Tang kich thudc trudng immediate thanh 32 bit?

Tang kich thudc cac 1énh thao tac vdi hang so cé

cau truc I-format

Pha v3 cau truc Iénh 32 bit cua MIPS



Van dé I-format (tt)

Giai phap: MIPS cung cap Iénh mdi “lui”
lui register, immediate
Load Upper Immediate

Pua hang so 16 bit vao 2 byte cao ctia 1 thanh
ghi

Gia tri 2 byte thap cua thanh ghi d6 gan =0

Lénh nay co cau truc I-format



Vi du
8]
7 Mudn cong gia tri 32 bit OXABABCDCD vao thanh
ghi $t0 ?
o Khéng thé dung:
addi $t0, $t0, OXABABCDCD
o Giai phap dung Iénh lui:
lui $at, OXABAB
ori $at, $at, OxCDCD
add $t0, $0, $at



Van dé ré nhanh co diéu kién trong I-format

Cac lénh ré nhanh cé diéu kién co cau truc I-format

6 bits

5

5

16

opcode

)

It

immediate

opcode: xac dinh Iénh beq hay bne

rs, rt: chlra cac gia tri cua thanh ghi can so sanh

immediate chlra dia chi (nhan) can nhay tai?

immediate chi c6 16 bit = chi ¢ thé nhay tdi dia chi tir 0 — 216 (65535)

?

- Chuaong trinh bi gigi han khong gian rat nhiéu

Cau tra I5i: immediate KHONG phai chira dia chi can nhay tdi




Van dé ré nhanh co diéu kién trong I-format (tt)

Trong MIPS, thanh ghi PC (Program Counter) sé chira

dia chi cua lIénh dang dudc thuc hién

immediate: sO c6 dau, chra khoang cach so vdi dia

chi Iénh dang thuc hién nam trong thanh ghi PC
immediate + PC = dia chi can nhay tdi

Cach xac dinh dia chi nay goi la PC-Relative

Addressing (dinh vi theo thanh ghi PC)

Xem slide “Addressing Mode” (phan sau) dé biét thém vé
cac Addressing mode trong MIPS



Van dé ré nhanh co diéu kién trong I-format (tt)

Moi lénh trong MIPS ¢4 kich thudc 32 bit (1 word — 1
tu nhd)

MIPS truy xuat bé nhé theo nguyén tac Alignment
Restriction

bon vi cua immediate, khoang cach so vdi PC, la tu
nhd (word = 4 byte) chd khong phai la byte

Cac Iénh ré nhanh cé thé nhay tdi cac dia chi cd
khoang cach + 215> word tinh tu dia chi luu trong PC (£
217 byte)



Van dé ré nhanh co diéu kién trong I-format (tt)
02§
o Cach tinh dia chi ré nhanh:
o Néu khong ré nhanh:
PC = PC + 4 = dia chi Iénh k€ ti€p trong bd nhd
o Néu thuc hién ré nhanh:
PC = (PC + 4) + (immediate * 4)
= Vi sao cOng immediate vai (PC + 4) thay vi PC? = Khi ré
nhanh bi delayed 1 I1énh ké vdi IEénh ré nhanh

5 Nhan xét: immediate cho biét s 1énh can nhay qua dé dén
dugc nhan



Vi du I-format

o Loop: beq $t1, $0, End
add $t0, $t0, $t2
addi $t1, $ti, -1

j Loop

End: ...
_opcode | rs | rt | immediate
4 9 0 3

000100 01001 00000 0000 0000 0000 0000 0011
o opcode = 4: Xac dinh thao tac cua Iénh beq
o rs =9 (toan hang nguon th(r 1 la $t1 ~ $9)

rt = 0 (toan hang nguon thr 2 la $0 ~ $0)

O

o immediate = 3 (nhay qua 3 I&énh k& tir 1énh ré nhanh co diéu kién)



Van de I-format

M0i 1énh trong MIPS c6 kich thudc 32 bit

Mong mudh: Co thé nhay dén bat ky 1énh nao (MIPS ho trg cdc ham
nhay khong diéu kién nhu j)

- Nhay trong khoang 232 (4 GB) bo nhé
- I-format bi han ché€ gigi han vung nhay
- Dung J-format

Tuy nhién, du format nao cling phai can toi thiéu 6 bit cho opcode dé
nhat quan lénh vGi cac format khac

> J-format chi cé thé& diing 32 — 6 = 26 bit dé& biéu dién khoang cach
nhay



J-format

6 bits 26

opcode target address

opcode (operation code): ma thao tac, cho bi€t IEénh lam gi

(tuong tu opcode cua R-format va I-format)

Pé nhat quan vdi cac cdu tric I1énh khac (R-format va I-

format)
target address: Luu dia chi dich cua Iénh nhay

Tudong tu Iénh ré nhanh, dia chi dich cua Iénh nhay tinh

theo don vi word




Nhan xét

Trong J-format, cac 1énh nhay cd thé nhay tdi
cac lénh co dia chi trong khoang 226
Muon nhay tdi cac Iénh co dia chi I6n hon tu
227 dén 232 ?
MIPS ho trg I&nh jr (doc trong phan thud tuc)
Tuy nhién nhu cau nay khong can thiét lam vi
chuang trinh thudng khong qua I8n nhu vay



Bang tom tat Format

op rs rt rd sh fn
31 25 20 15 10 5
R |_ 6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
Opcode Source Source Destination Shift Opcode
register 1 register 2 register amount extension
op rs rt operand / offset
31 25 20 15
| |_ 6 bits 5 bits 5 bits 16 bits
Opcode Source Destination Immediate operand
or base or data or address offset
o) jump target address
., op . jump targ

J [ ebis 26 bits

Opcode Memory word address (byte address divided by 4)



Phu luc 4: Addressing mode

o La phuadng thutc dinh vi tri (dia chi hda) cac toan hang trong kién trac MIPS

1 Co 5 phuong phap chinh:

Immediate addressing (Vd: addi  $t0, $t0, 5)
Toan hang = hdng s6 16 bit trong cau lénh
Register addressing (Vd: add $t0, $t0, $t1)
Toan hang = ndi dung thanh ghi

Base addressing (Vd: Iw $t1, 8($t0) )

Toan hang = ndi dung 6 nhd (dia chi 6 nhé = ndi dung thanh ghi + hang s6 16 bit trong cau
lénh)

PC-relative addressing (Vd: beq $t0, $t1, Label)
Toan hang = dia chi dich Iénh nhay = ndi dung thanh ghi PC + hdng sd 16 bit trong cau lénh
Pseudodirect addressing (Vd: j 2500)

Toan hang = dia chi dich Iénh nhay = cac bit cao thanh ghi PC + hang s6 26 bit trong cau Iénh



Addressing mode
009

1. Immediate addressing
op | rs rt Immeadiate

2. Register addressing
| op | rs | rt d | ... |lunci| Registers
Register

3. Base addressing

op | rs rt Address
[

Memory

Register
[

4. PC-relative addressing

op | s | ot Address
[

Memory

5. Pseudodirect addressing

op Address

PC
I

I 7 1




Homework

Sach Petterson & Hennessy: Doc hét chuong 2
Tai lieu tham khao: Boc “08_HP_AppA.pdf”
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'« C3u triic bén trong
e MO ta tap Iénh cua 8086
e Lap trinh hgp ngir 8086



e Cau truc bén trong
3 So do khoi
QA Cac thanh ghi da nang
QA Cac thanh ghi doan
Q Cac thanh ghi con trd va chi s
Q Thanh ghi cd
A Hang dgi Iénh

e MO ta tap Iénh cua 8086

e Lap trinh hgp ngir 8086



Céac thanh

ghi da nang <

Cac thanh gh

con tro
va chi so

<

AY 4

Bus dir liéu
ALU 16 bit

ALU

bus dia chi BIU

EU 20 bit >
i _ Bus trong cua CPU
Cac thanh ghi cs 16 bit dir liéu
doan va con tré ESS 20 bit dia chi
Ienh ES
Ip
Bus ngoai

Hang dgi Iénh

A




8 bit cao 8 bit thap
A A 3
r \ 1 Y 8088/8086 d&n 80286 : 16 bits
AX AH AL «80386 trd 1&n: 32 bits EAX, EBX, ECX,
BX BH BL EDX
CX CH cL
DX DH DL

Thanh ghi chira AX (accumulator): chifa két qua cta cac phép tinh. Két qua 8 bit
dudc chira trong AL

Thanh ghi cg s BX (base): ch(ra dia chi cd sd, vi du clia bang dung trong Iénh XLAT
(Translate)

Thanh ghi dém CX (count): dung dé& chira s6 lan Iap trong cac Ienh lap (Loop). CL
dugc dung dé chlra s6 lan dich hodc quay trong cac Iénh dich va quay thanh ghi

Thanh ghi du’ li€u DX (data): cung AX chira du’ liéu trong cac phep tinh nhan chia s6
16 bit. DX con dudc dung dé chira dia chi cdng trong cac Iénh vao ra dif liéu truc
ti€p (IN/OUT)



e TO chlc clia bd nhG 1 Mbytes
Q Doan bd nhd (segment)
= 216 bytes =64 KB
= Poan 1: dia chi dau 00000 H
= Doan 2: dia chi dau 00010 H
= Poan cudi cung:  FFFFO H
0 O nhd trong doan:
= dia chi léch: offset
= Q 1: offset: 0000
= O cudi cling: offset: FFFF
QA Dia chi vat ly: 1FFFFH

= Segment : offset 1FOO0H _] Offset=F000

10000H ‘

FFFFFH

Dia chi vat ly=Segment*16 + offset
Thanh ghi doan

Ché do thuc (real mode) 00000H




e Vidu: Dia chi vat ly 12345H

Dia chi doan bia chi léch
1000 H 2345H
1200 H 0345H
1004 H ?

0300 H ?

e Vidu: Cho dia chi dau cua doan: 49000 H, xac dinh dia chi cudi




P Cac thanh ghi doan: chlra dia chi doan

FFFFF

S8FFF

49000
43FFF

34000

30000
2FFFF

20000
1FFFF

10000

00000

Poan dir liéu phu
extra segment

Poan ngiin xép
Stack segment

Doan ma
Code segment

Doan dir li¢u
Data segment




e Cac doan chong nhau

A 0O Q c+tW»n

Q O Q

M QO O

4

A

FFFFF

0A480
0A47F

0A280
0A27F

OAOFO
OAOEF

090F0

00000

Stack

[0A287] ss
Data

[[OA0ET Ds
Code

[[090FT cs




e Chua dia chi Iéch (offset)
@ Con tro Iénh IP (instruction pointer): chira dia chi Iénh ti€p theo trong
doan ma Iénh CS.
= CS:IP

 Con tro cd sG BP (Base Pointer): chira dia chi ctia dit li€u trong doan
ngan x€p SS hoac cac doan khac

= SS:BP

A Con tro ngan x€p SP (Stack Pointer): chira dia chi hién thai cua dinh
ngan xép
= SS:SP

3 Chi s6 ngudn SI (Source Index): chira dia chi dir li€u nguon trong doan
dir liéu DS trong cac Iénh chuoi
= DS:SI
O Chi so dich (Destination Index): chifa dia chi dir liéu dich trong doan dir
li€éu DS trong cac Iénh chubi
= DS:DI
0 SI va DI c6 thé dugc sir dung nhu thanh ghi da ndng

0 80386 trd len 32 bit: EIP, EBP, ESP, EDI, ESI



e Thanh ghi doan va thanh ghi Iéch ngam dinh

Segment Offset Chu thich
CS IP bia chi Iénh
SS SP hoac BP bia chi ngan xép
DS BX, DI, SI, sO 8 bit Pia chi d{ liéu
hodc sO 16 bit
ES DI Pia chi chudi dich




15 14 2 1
O "D " S Z A P C

e 9 bit dudc sU’ dung, 6 cG trang thai:

QA C hoac CF (carry flag)): CF=1 khi c6 nhé hoac mugn tu MSB

Q P hodc PF (parity flag): PF=1 (0) khi tdng s6 bit 1 trong két qua la chan
(1)

A A hoac AF (auxilary carry flag): ¢ nhé phu, AF=1 khi coO nhé hoac mugn
tu mot s6 BCD thap sang BCD cao

Qd Z hodc ZF (zero flag): ZF=1 khi két qua bang 0

3 S hoac SF (Sign flag): SF=1 khi két qua am

Q O hoac OF (Overflow flag) co tran OF=1 khi két qua la mot so vuct ra

ngoal gidi han biéu dién ctia né trong khi thuc hién phép todn cdng trir
sO co dau



15 14 2 1
O FDY S B iSe iZ A P C

e 3 cd diéu khién

Q T hodc TF (trap flag)): c& bay, TF=1 khi CPU lam viéc & ché dd chay
tung Iénh

I hodc IF (Interrupt enable flag): cG cho phép ngat, IF=1 thi CPU sé cho
phép cac yéu cau ngat (ngat che dugc) dugc tac dong (Cac Iénh: STI,
CLI)

0 D hodc DF (direction flag): ¢ huéng, DF=1 khi CPU lam viéc vdi chubi
ky tu theo thir tu tu phai sang trai (Iénh STD, CLD)



e Vidu: 80h
+
80h

100h

@ SF=0 vi msb trong két qua =0

Q PF=1 vi ¢ 0 bit cla tdng bang 1

Q ZF=1 vi két qua thu dugc la 0

a CF=1 vi c6 nhd tu bit msb trong phép cong
Q OF=1 vi c6 tran trong phép cong 2 s6 am



'« 4 bytes ddi vSi 8088 va 6 bytes ddi vi 8086
e XU ly pipeline

Khong co
pipelining =1 JI0 £1 [ P2 [ORN €2 [ 73 JIBR €3

F1 El

C6 pipelining F2 E2

E3




e Cau truc bén trong
e MO ta tap Iénh cua 8086

Q Cac Iénh di chuyén dir liéu

Q Cac l1énh s6 hoc va logic

0 Cac lénh diéu khién chuong trinh
e Lap trinh hdp nglr vGi 8086




e MOV, XCHG, POP, PUSH, POPF, PUSHF, IN, OUT
e Cac I&nh di chuyén chudi MOVS, MOVSB, MOVSW

e MOV
0 DUng dé chuyén gilra cac thanh ghi, gitra 1 thanh ghi va 1 6 nhé hodc
chuyén 1 s6 vao thanh ghi hodc 6 nhé
A Cu phap: MOV bich, nguon
Q Lénh nay khong tac dong dén cd
Q Vi du:
= MOV AX, BX
= MOV AH, ‘A’
= MOV AL, [1234H]



Kha nang két hgp toan hang cua Iénh MOV

pich | Thanh ghi Thanh ghi 0 nhd Hang s6
~ da nang doan

Nguon

Thanh ghi da | YES YES YES NO
nang

Thanh ghi YES NO YES NO
doan

O nhé YES YES NO NO
Hang s6 YES NO YES NO




e Lénh XCHG
0 DUng dé hoan chuyén ndi dung giita hai thanh ghi, gitra 1 thanh ghi va 1 6 nhé
Q Cu phap: XCHG bich, ngubn
Q Gidi han: toan hang khong dugc la thanh ghi doan
Q Lénh nay khong tac dong dén co
Q Vi du:

= XCHG AX, BX
= XCHG AX, [BX]



e Lénh PUSH
QO Dung dé cat 1 tir tir thanh ghi hodc 6 nhd vao dinh ngan xép
Q Cu phap: PUSH Nguon
Q MO ta: SP=SP-2, Ngubn => {SP}
Q Gidi han: thanh ghi 16 bit hoac la 1 tUr nhé
Q Lénh nay khong tac dong dén cG
Q Vi du:
= PUSH BX
= PUSH PTR[BX]

e Lénh PUSHF
O Cat ndi dung cua thanh ghi cG vao ngan xép



e Vidu vé lénh PUSH
SP

1300A
13009
13008
13007
13006
13005
13004
13003
13002
13001

13000

SS

1300A
13009
13008
13007
13006
13005
13004
13003
13002
13001

13000

PUSH AX

1300A
13009
13008
13007
13006
13005
13004
13003
13002
13001

13000

SS

SP

BX

PUSH BX




e Lénh POP
0 Dung dé 13y lai 1 t&r vao thanh ghi hodc 6 nhd tir dinh ngan xép
@ Cu phap: POP bich
Q MO ta: {SP} => Dich, SP=SP+2
Q Gidi han: thanh ghi 16 bit (trir CS) hoac la 1 tir nhé
Q Lénh nay khong tac dong dén cG
Q Vi du:
= POP BX
= POP PTR[BX]
e Lénh POPF
Q Lay 1 tU tu dinh ngan xép rbéi dua vao thanh ghi co



R Vi du |énh POP

1300A
13009
13008
13007
13006
13005
13004
13003
13002
13001

13000

SS

SP

DX

1300A
13009
13008
13007
13006
13005
13004
13003
13002
13001

13000

SS

SP

DX

POP DX




e LénhIN
QO Dung dé doc 1 byte hodc 2 byte dif liéu tir cdng vao thanh ghi AL hodc AX
Q Cu phap: IN Acc, Port
Q Lénh nay khong tac dong dén co
Q Vi du:
= IN AX, O0OH
= IN AL, FOH
= IN AX, DX
e Lénh OUT
Q Dung dé dua 1 byte hodc 2 byte di liéu tir thanh ghi AL hodc AX ra cong
Q@ Cu phap: OUT Port, Acc
Q Lénh nay khong tac dong dén cd
Q Vi du:
= OUT 00H, AX

= OUT FOH, AL
= OUT DX, AX



o C4c lénh di chuyén chudi MOVS, MOVSB, MOVSW
0 DUng dé chuy&én mdt phan tir ciia chudi ndy sang mot chudi khac
Q C4 phap: MOVS chudi dich, chudi ngudn
MOVSB
MOVSW
Q Thuc hién:
= DS:SI Ia dia chi ctia phan t trong chudi ngudn
= ES:DI la dia chi ctia phan t trong chudi dich
= Sau mdi [3n chuyén SI=SI +/- 1, DI=DI +/- 1 hosc SI=SI +/- 2, DI=DI +/-
2 tuy thubc vao cd hudng DF la 0/1
Q Lénh nay khong tac dong dén cd
Q Vi du:
= MOVS bytel, byte2



e Cau truc bén trong
e MO ta tap Iénh cua 8086

Q Cac Iénh di chuyén dir liéu

M Cac Iénh s6 hoc va logic

0 Cac lénh diéu khién chuong trinh
e Lap trinh hdp nglr vGi 8086




ADD, ADC, SUB, MUL, IMUL, D1V, IDIV, INC, DEC
AND, OR, NOT, NEG, XOR

Lénh quay va dich: RCL, RCR, SAL, SAR, SHL, SHR
Lénh so sanh: CMP, CMPS

Lénh ADD
QA Lénh cong hai toan hang
Q CU phap: ADD bich, ngubn
QA Thuc hién: Dich=bich + nguobn
A Gidi han: toan hang khong dudc la 2 6 nhé va thanh ghi doan
Q Lénh nay thay ddi cd: AF, CF, OF, PF, SF, ZF
Q Vi du:
= ADD AX, BX
= ADD AX, 40H



e Lénh ADC
Q Lénh cong c6 nhd hai toan hang
@ Cu phap: ADC bich, ngudn
Q Thuc hién: Bich=Dbich + nguon+CF
Q Gidi han: toan hang khong dugc la 2 6 nhé va thanh ghi doan
Q Lénh nay thay doi cd: AF, CF, OF, PF, SF, ZF
Q Vi du:
= ADC AL, 30H
e Lénh SUB
Q Lénh tru
Q Cu phap: SUB bich, nguon
Q Thuc hién: Bich=bich - nguon
Q Gidi han: toan hang khong dugc la 2 6 nhé va thanh ghi doan
Q Lénh nay thay doi cd: AF, CF, OF, PF, SF, ZF
Q Vi du:
= SUB AL, 30H



e Lénh MUL
Q Lénh nhan s6 khong dau
QA Cu phap: MUL nguon
Q Thuc hién:
= AX=AL* nguon8bit
= DXAX=AX*nguon16bit
Q Lénh nay thay doi cd: CF, OF
Q Vi du:
= MUL BL

e Lé&nh IMUL

d nhan s6 co dau



e Lénh DIV

QA Lénh chia 2 s6 khong dau

Q Cu phap: DIV ngudn

Q Thuc hién:
= AL = thuong (AX / nguon8bit) ; AH=du (AX / nguon8bit)
= AX = thuong (DXAX / nguon16bit) ; DX=du (DXAX / nguon16bit)

Q Lénh nay khong thay doi co

Q Vi du:
= DIV BL

e Lénh IDIV
d chia 2 s6 c6 dau



e Lénh INC
Q Lénh cdng 1 vao toan hang la thanh ghi hodc 6 nhé
QA Cu phap: INC bich
Q Thuc hién: bich=Dbich + 1
Q Lénh nay thay ddi cd: AF, OF, PF, SF, ZF
Q Vi du:
= INC AX
e Lénh DEC
QA Lénh trir 1 tur ndi dung mot thanh ghi hoac 6 nhé
A Cu phap: DEC bich
Q Thuc hién: bich=bich - 1
Q Lénh nay thay ddi cd: AF, OF, PF, SF, ZF
Q Vi du:
= DEC [BX]



e Lénh AND
Q Lénh AND logic 2 toan hang
@ Cu phap: AND Dich, nguon
Q Thuc hién: bich=bich And ngudn
A Gidi han: toan hang khong dudc la 2 6 nhé hodc thanh ghi doan
Q Lénh nay thay ddi cd: PF, SF, ZF va xo0a cd CF, OF
Q Vi du:
= AND BL, OFH

e Lénh XOR, OR: tudng tu nhu' Iénh AND

e Lénh NOT: dao tung bit cua toan hang
e Lénh NEG: xac dinh s0 bu 2 cua toan hang



e Lénh CMP
Q Lénh so sanh 2 byte hoac 2 tu
Q Cu phap: CMP bich, nguon
Q Thuc hién:
= Dich = nguén : CF=0 ZF=1
= Dich> nguon : CF=0 ZF=0
= Dich < nguébn : CF=1 ZF=0
Q Gidi han: toan hang phai cung d6 dai va khéng dudgc la 2 6 nhé
e Lénh CMPS
0 DUng dé so sanh titng phan tr cla 2 chubi cd cac phan tr cling loai
Q CU phap: CMPS chuoi dich, chudi ngudn
CMPSB
CMPSW
Q Thuc hién:
= DS:SI Ia dia chi clia phan t(r trong chudi ngudn
=> ES:DI la dia chi cia phan ti trong chudi dich

= Sau mdi Ian so sanh SI=SI +/- 1, DI=DI +/- 1 hodc SI=SI +/- 2, DI=DI +/- 2 tuy
thudc vao cG huéng DF la 0/1

QO Cap nhat cd AF, CF, OF, PF, SF, ZF



e Lénh RCL
Q Lénh quay trai thong qua cd nhd
QA Cu phap: RCL bich, CL (vdi so lan quay I6n hon 1)
RCL Dich, 1
RCL Dbich, So lan quay (80286 trG l1én)
3 Thuc hién: quay trai dich CL lan
A Dich la thanh ghi (trir thanh ghi doan) hoac 6 nhdé
Q Lénh nay thay doi cd: CF, OF

CF MSB LSB

e Lénh RCR
Q Lénh quay phai thong qua cd nhd



e Lénh ROL
Q Lénh quay trai
QA Cu phap: ROL bich, CL (vGi sb lan quay I6n han 1)
ROL Dich, 1
ROL Dich, SO lan quay (80286 trG lén)
3 Thuc hién: quay trai dich CL lan
A Dich la thanh ghi (trir thanh ghi doan) hoac 6 nhdé
Q Lénh nay thay doi cd: CF, OF

CF MSB LSB

-

e Lénh ROR
3 Lénh quay phai




e Lénh SAL
QA Lénh dich trai s6 hoc
A Cu phap: SAL Dich, CL (vGi so lan dich I6n han 1)
SAL Dich, 1
SAL Dich, so lan dich (80286 trd Ién)

QA Thutc hién: dich trai dich CL bit tucng ducng vaGi Dich=Dich*2Cct
Q Lénh nay thay doi c& SF, ZF, PF

CF MSB LSB
e
e Lé&nh SHL

QA Lénh dich trai logic tucng tu nhu SAL



e Lénh SAR
QA Lénh dich phai s6 hoc
A Cu phap: SAR Dich, CL (véi so lan dich I6n hon 1)
SAR Dich, 1
hodc SAR Dich, so lan dich (80286 trd Ién)
Q Thuc hién: dich phai dich CL bit
Q Lénh nay thay doi c& SF, ZF, PF, CF mang gia tri ciia MSB

MSB LSB CF

F—-




e Lénh SHR
QA Lénh dich phai logic
QA Cu phap: SHR bich, CL (vGi so lan dich I16n hon 1)
SHR Dich, 1
hodc SHR Dich, s0 lan dich (80286 trd I€n)
Q Thuc hién: dich phai dich CL bit
Q Lénh nay thay doi cd SF, ZF, PF, CF mang gid tri cia LSB

MSB LSB CF

o —E
Chay:

Trong cac Iénh dich va quay, toan hang khong dudc la thanh ghi doan



e (Cau truc bén trong
e MO ta tap lénh cua 8086
Q Cac Iénh di chuyén dir liéu
Q Cac lénh s6 hoc va logic
M Céc lénh diéu khién chuong trinh
= Lénh nhay khong diéu kién: JMP
= Lénh nhay c6 diéu kién JE, JG, JGE, JL, JLE...
= Lénh lap LOOP

= Lénh goi chuang trinh con CALL
= Lénh goi chuang trinh con phuc vu ngat INT va IRET

e Lap trinh hgp nglr vGi 8086




e Dung dé nhay tGi mot dia chi trong bd nhd
e 3 loai: nhay ngan, gan va xa
3 Lénh nhay ngan (short jump)

= Do dai Iénh 2 bytes: E B D3 lach

= Pham vi nhay: -128 dén 127 bytes so vai Iénh ti€p theo Iénh JMP
= Thuc hién: IP=IP + do léch

= Vi du:

XOR BX, BX
Nhan: MOV AX, 1

ADD AX, BX

JMP SHORT Nhan




QA Lénh nhay gan (near jump)
= Pham vi nhay: £+ 32 Kbytes so vdi Iénh ti€p theo Iénh JMP

= Vi du:

XOR BX, BX XOR CX, CX XOR CX, CX

Nhan: MOV AX, 1 MOV AX, 1 MOV AX, 1
ADD AX, BX ADD AX, BX ADD AX, BX
JMP NEAR Nhan JMP NEAR PTR BX JMP WORD PTR [BX]
Thuc hién: IP=IP+ do I&ch IP=BX IP=[BX+1] [BX]
— _/
~

Pj léchLo D§ léchHi

Nhay gian tiép



QA Lénh nhay xa (far jump)
= D0 dai Iénh 5 bytes doi v&i nhay tGi nhan:

E A IPLo IP Hi CS Lo CS Hi

= Pham vi nhay: nhay trong 1 doan ma hodc nhay sang doan ma khac

= Vi du:
EXTRN Nhan: FAR XOR CX, CX
Next: MOV AX, 1 MOV AX, 1
ADD AX, BX ADD AX, BX
JMP FAR PTR Next JMP DWORD PTR [BX]
JMP FAR Nhan

. , . IP = [BX+1][BX]
Thuc hien: IP=IP cua nhan CS= [BX+3][BX+2]
CS=CS cua nhan



FFFFFH

+127
Nhay ngan ]l

-128

00000H

Nhay xa

Nhay gan



JE or JZ, INE or INZ, JG, JGE, JL, JLE (dung cho s c6 dau) va
JA, 1B, JAE, JBE (dung cho s6 khong dau) ...

Nhay dugc thuc hién phu thubc vao cac co
La cac Iénh nhay ngan
Vi du:

Nhanl: XOR BX, BX
Nhan2: MOV AX, 1
CMPAL, 10H
JNE Nhanl
JE Nhan2

Thuc hién: IP=IP + d6 dich




e LOOP, LOOPE/LOOPZ, LOOPNE/LOOPNZ
e La Iénh phoi hdp gilra DEC CX va JNZ

XORAL, AL

MOV CX, 16
Lap: INCAL

LOOP Lap

Lap dén khi CX=0

XORAL, AL
MOV CX, 16
Lap: INCAL
CMPAL, 10
LOOPE Lap

XORAL, AL
MOV CX, 16
Lap: INCAL
CMPAL, 10
LOOPNE Lap

Lap dén khi CX=0
hoac AL<>10

L3p dén khi CX=0
hoac AL=10




e Dung dé goi chuong trinh con
e CO 2 loai: CALL gan va CALL xa
Q CALL gan (near call): tuong tu nhu nhay gan
= @Goi chuong trinh con & trong cuing mot doan ma

Tong PROC NEAR
ADD AX, BX
ADD AX, CX
RET

Tong ENDP

CALL Tong

Tong PROC NEAR
ADD AX, BX
ADD AX, CX
RET
Tong ENDP

MOV BX, OFFSET Tong
CALL BX

Cat IP vio ngin xép
IP=IP + dich chuyén
RET: lay IP tir ngan xép

Cat IP vao ngiin xép
IP= BX
RET: lay IP tir ngin xép

CALLWORD PTR [BX]

Cat IP vao ngiin xép
IP= [BX+1] [BX]
RET: lay IP tir ngin xép



A CALL xa (far call): tuong tu' nhu nhay xa

= @Goi chucng trinh con & ngoai doan ma

ADD AX, BX
ADD AX, CX
RET

Tong ENDP

CALL Tong

Tong PROC FAR CALL DWORD PTR [BX]

Cat CS vao ngin xep
Cat IP vao ngin xép
IP=IP cua Tong

CS =CS cua Tong

RET: lay IP twr ngan xep
lay CS tir ngan xép

Cat CS vao ngiin xép
Cat IP vao ngiin xép

IP = [BX+1][BX]

CS= [BX+3][BX+2]
RET: lay IP tir ngiin xép
lay CS tir ngiin xép




INT goi chuang trinh con phuc vu ngat (CTCPVN)

Bang vector ngat: 1 Kbytes 00000H dén 003FF H
[ 256 vector ngat
3 1 vector 4 bytes, chira IP va CS cua CTCPVN
Q 32 vector dau danh riéng cho Intel
3 224 vector sau danh cho nguGi dung

Cu phap: INT Number
Vi du: INT 21H goi CTCPVN clia DOS



e Thuc hién INT:
O Cat thanh ghi ¢G vao ngan x€p
Q IF=0 (cdm cac ngat khac tac dong), TF=0 (chay sudt)
0 Cat CS vao ngan xép
Q Cat IP vao ngan x€p
Q IP=[N*4], CS=[N*4+2]
QA Lay IP tu’ ngan x€p
Q Lay CS tu ngan xép
O Lay thanh ghi ¢G tUr ngan xép



'« C3u triic bén trong
e MO ta tap Iénh cua 8086
e Lap trinh hgp nglr 8086



Gidi thiéu khung cua chuadng trinh hgp nglr

Cach tao va chay mét chucng trinh hgp ngit trén may IBM PC
Cac cau trac lap trinh cg ban thuc hién bang hgp ngir

M&t sG chuong trinh cu thé



Gidi thiéu khung cua chucng trinh hgp ngir

@ Cu phap cua chuong trinh hgp ngir

Q Dir liéu cho chuang trinh

d Bién va hang

QA Khung cua mot chuang trinh hgp nglr

Cach tao va chay mot chucng trinh hgp ngir trén may IBM PC
Cac cau truc lap trinh cg ban thuc hién bang hdp ngir

M&t s6 chuong trinh cu thé



8.

1. .Model Small

khai bao ki€u kich thuwdc bo nhé

khai bao doan ngin xép

bao DB ‘Chuoi da sap xep:’, 10, 13
MGB DB ‘a” SY” 6G9’ GTQ, 6y5’ SZJ’ GUJ’ 6B7’ GD’, ‘E’,

. DB ‘$’
. .Code -

khai bao doan dir li¢u

khai bao doan ma Iénh

bat dau chwong trinh chinh

;chi vao phan tu ben canh A\ X
: phan tu moi > max? bang dau ;

< MAIN Proc ?4:
V AX, @Data ;khoi dau DS
MOV DS, AX
MOV BX, 10 ;BX: so phan tu cua mang
LEA DX, MGB ;DX chi vao dau mang byte
DEC BX ;50 vong so sanh phai lam
LAP: MOV SI, DX ; Sl chi vao dau mang
MOV CX, BX ; CX'so lan so cua vong so
MOV DI, SlI ;gia su ptu dau la max
MOV AL, [DI] ;AL chua phan tu max
TIMMAX:
INC SI
CMP [SI], AL
ING TIEP ;khong, tim max
MOV DI, S1 ; dung, DI chi vao max
MOV AL, [DI] ;AL chua phan tu max
TIEP: LOOP TIMMAX ;tim max cua mot vong so
CALL DOICHO ;doi cho max voi so moi
DEC BX ;50 vong so con lai
INZ LAP ;lam tiep vong so moi
MOV AH, 9 ; hien thi chuoi da sap xep
MOV DX, Thao
INT 21H
AH, 4CH ;ve DOS

DOICHO &P
ND MAIN

21H

AL, [S1]
AL, [DI]
[SI], AL
AX

két thiic chwong trinh chinh

bit dau chwong trinh con

>két thiic doan ma



e Tén Ma lénh Cac toan hang ; chu giai
e Chudng trinh dich khdng phan biét chlr hoa, chit thudng
e Truong tén:
A chlra cac nhan, tén bién, tén thu tuc
O do6 dai: 1 dén 31 ky tu
3 tén khong dudc cd dau cach, khong bat dau bang s6
A dugc dung cac ky tu dac biét: ? . @ _ $ %
Q dau . phai dugc dat & vi tri dau tién néu s dung



Gidi thiéu khung cua chucng trinh hop nglr

@ Cua phap cua chuong trinh hgp ngir

M DU liéu cho chuang trinh

0 Bi€n va hang

QA Khung cua mot chuang trinh hgp nglr

Cach tao va chay mot chucng trinh hgp ngir trén may IBM PC
Cac cau truc lap trinh cg ban thuc hién bang hgp ngir

M&t sG chuong trinh cu thé



e DI liéu:
3 cac sO hé s6 2: 0011B
Q héso 10: 1234
Q hé so 16: 1EF1H, OABBAH
Q Ky tu, chudi ky tu: ‘A’, ‘abed’



Gidi thiéu khung cua chucng trinh hop nglr

@ Cua phap cua chuong trinh hgp ngir

Q DU liéu cho chuang trinh

M Bién va hang

QA Khung cua mot chuang trinh hgp nglr

Cach tao va chay mot chucng trinh hgp ngir trén may IBM PC
Cac cau truc lap trinh cg ban thuc hién bang hgp ngir

M&t sG chuong trinh cu thé



DB (define byte): dinh nghia bién kiéu byte
DW (define word): dinh nghia bién kiéu tir
DD (define double word): dinh nghia bién kiéu tur kép

Bi€n byte:
Q Tén
Q Vi du:
= B1
= B1
=Cl1
= Cl1

DB

DB
DB
DB
DB

W g Vb

gia_tri_khai dau
MOV AL, B1

LEA BX, B1
MOV AL, [BX]



e Bién tu:

a Tén DW gia_tri_khdi dau 1300A
Q Vi du: 13009
=>v'v.1 DW 4 13008
13007
e Bién mang: 13005
13004
A M1 DB 4, 5,6,7,8,9 13003
13002
QM2 DB 100 DUP(0) 13001
QM3 DB 100 DUP(?) 13000

QM4 DB 4,3,2,2DUP (1, 2 DUP(5), 6)

QM4 DB 4,3,2,1,5,5/6,1,5,5,6



e Bi€én mang 2 chiéu:

1300A

oo 13009

4 2 s 13008

13007

13006

13005

- ML DB 1, 6,3 13004

DB 4, 2,5 13003

13002

13001

QM2 DB 1 4 13000
DB 6, 2 mgx ﬁll:ll I\I:I/Il1 [;ziopy 1 vao AL

DB 3,5 MOV BX, 1

MOV SI, 1

MOV CL, M1[BX+SI]

MOV AX, Word Ptr M1[BX+SI+2]
MOV DL, M1[BX][SI]



e Bién kiéu xau ky tu

UdSTR1 DB
Ud STR2 DB
d STR3 DB

e Hang co tén

‘string’
73h, 74h, 72h, 69h, 6Eh, 67h
73h, 74h, 'r’, ', 6Eh, 67h

0 C6 thé khai bdo hang & trong chuong trinh
A Thudng dudc khai bao & doan dir liéu

Q Vi du:
=CR  EQU
>LF  EQU
= CHAO EQU

=MSG DB

ODh ;CR la carriage return
OAh ; LF Ia line feed
‘Hello’

CHAO, ‘¢’



Gidi thiéu khung cua chucng trinh hop nglr

@ Cua phap cua chuong trinh hgp ngir

Q DU liéu cho chuang trinh

0 Bi€n va hang

M Khung cua mot chuang trinh hgp nglr

Cach tao va chay mot chucng trinh hgp ngir trén may IBM PC
Cac cau truc lap trinh cg ban thuc hién bang hgp ngir

M&t sG chuong trinh cu thé



e Khai bao quy mo sir dung bo nhé
Q .MODEL Kiéu kich thuGc bd nhé
Q Vi du: .Model Small

Kiéu M0 ta

Tiny (hep) ma Iénh va dir liéu goi gon trong mot doan

Small (nhd) mai 1énh nam trong 1 doan, dit liéu 1 doan

Medium (tB) ma 1énh nim trong nhiéu doan, dir liéu 1 doan

Compact (gon) ma 1énh nam trong 1 doan, dir liéu trong nhié¢u doan

Large (1o6m) ma 1énh nim trong nhiéu doan, dir liéu trong nhiéu doan, khong
c6 mang nao lon hon 64 K

Huge (do s) ma 1énh nam trong nhiéu doan, dir liéu trong nhiéu doan, cac
mang co thé 16n hon 64 K




e Khai bao doan ngan xép
Q .Stack kich thudc (bytes)
Q Vidu:
= .Stack 100 ; khai bao stack co kich thudc 100 bytes
Q Gia tri ngam dinh 1KB

e Khai bao doan dir liéu:
O .Data
O Khai bao cac bién va hang

e Khai bao doan ma
Q .Code



100h 100h

COM . EXE



e Khung cta chuacng trinh hgp nglr dé dich ra file .EXE

.Model
Stack
.Data

.Code
MAIN

MAIN

Small
100

;cac dinh nghia cho bién va hang

Proc

:khéi dau cho DS

MOV  AX, @data

MOV DS, AX

;cac Iénh cua chwong trinh

stré’ vé DOS dung ham 4CH cia INT 21H
MOV  AH, 4CH

INT 21H

Endp

;cac chwong trinh con néu co

END MAIN



e Chudng trinh Hello.EXE

.Model
.Stack
.Data

.Code
MAIN

MAIN

Small

100

CRLF DB 13,10,’%’
MSG DB ‘Hello! $°
Proc

:khéi ddu cho DS

MOV AX, @data

MOV DS, AX

;vé dau dong méi diung ham 9 ciia INT 21H
MOV AH,9

LEA DX, CRLF

INT 21H

;Hién thi 161 chao ding ham 9 cia INT 21H
MOV AH,9

LEA DX, MSG

INT 21H

;vé dau dong méi dung ham 9 ciia INT 21H
MOV AH,9

LEA DX, CRLF

INT 21H

;tré’ vé DOS dung ham 4CH ciia INT 21H
MOV AH, 4CH

INT 21H

Endp

END MAIN



e Khung clua chuong trinh hgp ngit dé dich ra file .COM

Model Tiny
.Code
ORG 100h
START: JMP CONTINUE
:cac dinh nghia cho bién va hiang
CONTINUE:
MAIN Proc
;cac Iénh ciaa chwong trinh
INT  20H ;tré vé DOS
MAIN Endp
:cac chwong trinh con néu c6
END START




FFFFH op

0100H

0000H



e Chudng trinh Hello.COM

.Model Tiny
.Code
ORG 100H
START: JMP CONTINUE
CRLF DB 13,10,’$’
MSG DB ‘Hello! $°
CONTINUE:
MAIN Proc
;vé dau dong méi dung ham 9 ciia INT 21H
MOV AH,9
LEA DX, CRLF
INT 21H
sHién thi 10 chao dung ham 9 ciia INT 21H
MOV AH,9
LEA DX, MSG
INT 21H
;vé dau dong méi dung ham 9 ciia INT 21H
MOV AH,9
LEA DX, CRLF
INT 21H
strér vé DOS
INT 20H
MAIN Endp

CANIDCTADT



Gidi thiéu khung cua chucng trinh hgp ngir

Cach tao va chay mot chucng trinh hgp ngir trén may IBM PC
Cac cau truc lap trinh cg ban thuc hién bang hdp ngir

M&t s6 chuong trinh cu thé






Gidi thiéu khung cua chudng trinh hgp nglr
Cach tao va chay mot chucng trinh hgp ngir trén may IBM PC

Cac cau truc lap trinh cg ban thuc hién bang hdp ngir
Q Cau truc lua chon
Q Cau trac lap

M&t sG chuong trinh cu thé



. If (diéu_kién) then (cong_viéc)

e Vidu: Gan cho BX gia tri tuyét doi cua AX

» If AX<O
CMP AX, 0
IJNL End_if

: then
NEGAX
End_if: MOV BX, AX

 AX<0?
; khong, thoat ra

; dung, dao dau
;gan




. If (diéu_kién) then (cong_viécl)
else (cong_viéc2)
e Vidu: if AX<BX then CX=0 else CX=1

s if AX<BX

CMP AX, BX » AX<BX ?

JL Then_ ; dung, CX=0
relse

MOV CX, 1 » sai, CX=1
JMP End_if

Then_: MOV CX, 0;
End_if:



e case Bi€u thirc
Gia tri 1: cong viéc 1
Gia tri 2: cong viéc 2

Gia tri N: cong viéc N
End Case
e Vidu:
NEéu AX<O0 thi CX=-1

NEu AX=0 thi CX=0
NEu AX>0 thi CX=1

CMP
JL
JE
JG
AM: MOV
JMP

Khong: MOV
JMP

DUONG: MOV
End_case:

AX, O ;

AM » AX<0
Khong ; AX=0
DUONG ; AX>0
CX, -1

End_case

CX, 0
End_case

CX, 1




o for (6 Ian 13p) do (cdng viéc)

vi du: Hién thi mot dong ky tu' $ trén man hinh

MOV CX, 80 :s0 1an 1ap
MOV AH,2 :ham hién thj
MOV DL,’$’ :DL chira ky tw can hién thi
HIEN: INT  21H : Hién thj
LOOP HIEN
End_for




o while (diéu kién) do (céng Viéc)

vi du: dém sO ky tu doc dugc tu ban phim,
khi gap ky tu CR thi thoi
XOR CX, CX ;CX=0
MOV AH,1 ;ham doc ky tw tir ban phim
TIEP:
INT 21H ; doc mot ky tw vao AL
CMP AL, 13 ; doc CR?
JE End_while ; dung, thoat
INC CX : sai, thém 1 ky tw vao tong
JMP TIEP . doc tiép
M End_while:




e Repeat (coOng viéc) until (diéu kién)

¢ vi du: doc tir ban phim cho t6i khi gap ky tw CR thi thoi

MOV AH,1 ;ham doc ky tw tir ban phim
TIEP:
INT 21H ; doc mot ky tw vao AL
CMP AL, 13 ; doc CR?
JNE TIEP : chura, doc tiép
End :




Gidi thiéu khung cua chucng trinh hop nglr

Cach tao va chay mot chucng trinh hgp ngir trén may IBM PC
Cac cau trdc 1ap trinh ¢ ban thuc hién bang hgp ngir

M&t s6 chuong trinh cu thé



2 cach:
Q Dung lénh IN, OUT dé trao ddi véi cac thiét bi ngoai vi
= phtrc tap vi phai biét dia chi cong ghép ndi thiét bi
= Cac hé thong khac nhau co dia chi khac nhau
O Dung cac chuong trinh con phuc vu ngat ctia DOS va BIOS
= ddn gidn, dé st dung
= khong phu thudc vao hé thong
Ngat 21h ctia DOS:
Q Ham 1: doc 1 ky tu tur ban phim
= Vao: AH=1
= Ra: AL=ma ASCII cta ky tu, AL=0 khi ky tu’ la phim chiic nang
Q Ham 2: hién 1 ky tu 1én man hinh
= Vao: AH=2
DL=m3 ASCII cua ky tu can hién thi
QO Ham 9: hién chudi ky tu véi $ & cudi Ién man hinh
= Vao: AH=9
DX=dia chi I&ch clia chudi ky tu can hién thi
Q Ham 4CH: két thac chuong trinh loai .exe
= Vao: AH=4CH




e Vidu 1: Lap chuong trinh yéu cau ngudi si’ dung go vao mot chir cai
thudng va hién thi dang chir hoa va ma ASCII dudi dang nhj phan cua chir
cai do Ién man hinh

Q Vi du:

= Hay nhap vao mot chu cai thuong: a
= Ma ASCII dudi dang nhi phan cua a la: 11000001
= Dang chu hoa cua a la: A

e Vidu 2: Boc tUr ban phim mot s6 hé hai (dai nhat la 16 bit), két qua doc
dugc dé tai thanh ghi BX. Sau d6 hién ndi dung thanh ghi BX ra man hinh.

e Vidu 3: Nhap mot day so 8 bit G dang thap phan, cac s6 cach nhau bang 1
ddu cach va két thuc bang phim Enter. Sap xép day so theo th(r tu tédng dan
va in day so da sap x€p ra man hinh.



e Vidu 4: Viét chuong trinh cho phép nhap vao kich thudc M*N
va cac phan tU cua mot mang 2 chiéu gom cac so thap phan 8
bit.

= Tim s0 I6n nhat va nho nhat cia mang, in ra man hinh
= Tinh tdng cac phan tr clla mang va in ra man hinh
= Chuyén thanh mang N*M va in mang mdi ra man hinh

Hay nhap gia tri M=

Hay nhap gia tri N=

Nhap phan tir [1,1]=

Nhap phan tir [1,2]

S6 16n nhat 14 phan ti [3,4]=15
S6 nhé nhat 14 phan tir [1,2]=2
Tong=256







e Cac ché do dia chi cua 8086
A Ché do dia chi thanh ghi
3 Ché do dia chi tuc thi
A Ché do dia chi truc tiép
Q Ché do dia chi gian ti€p qua thanh ghi
0 Ché do dia chi tuong doi ca sa
0 Ché do dia chi tuong doi chi s6
A Ché do dia chi tuong doi chi sO ca sG

e Cach ma hoa Iénh cua 8086




e Dung cac thanh
e ToOc do thuc hién Iénh cao

e Vidu:
Q MOV BX, DX ; Copy ndi dung DX vao BX
d MOV AL, BL ; Copy néi dung BL vao AL
d MOV AL, BX ; khong hgp 1€ vi cac thanh ghi co kich thuGc khac nhau
Q MOV ES, DS ; khong hgp I1€ (segment to segment)
Q MOV CS, AX ; khong hop I€ vi CS khong dudc dung lam thanh ghi dich

Q ADD AL, DL ; Cong n0i dung AL va DL r6i dua vao AL



Toan hang dic
Toan hang ngu6n la hang s6
DUng dé nap hang s vao thanh thi (trtr thanh ghi doan va
thanh cd) hoac vao 6 nhd trong doan dir lieu DS
Vi du:

d MOV BL, 44 ; Copy s6 thap phan 44 vao thanh ghi BL

0 MOV AX, 44H ; Copy 0044H vao thanh ghi AX

ad MOV AL, ‘A’ ; Copy ma ASCII cua A vao thanh ghi AL

Q MOV DS, OFFOH ; khong hgp 1€

0 MOV AX, OFFOH ;

0 MOV DS, AX ;

3 MOV [BX], 10 ; copy so thap phan 10 vao 6 nhé DS:BX



e MOt toan hang la @
e Todan hang kia chi cd thé la thanh ghi

e Vidu:
d MOV AL, [1234H] ; Copy ndi dung 6 nhé ¢6 dia chi DS:1234 vao AL

0 MOV [ 4320H ], CX ; Copy ndi dung ciia CX vao 2 6 nhd lién tiép DS: 4320
va DS: 4321



e MOt toan hc _
e Todan hang kia chi cd thé la thanh ghi

e Vidu:
O MOV AL, [BX] ; Copy ndi dung 6 nhé ¢6 dia chi DS:BX vao AL
A MOV [ SI ], CL ; Copy ndi dung cia CL vao 6 nhd cé dia chi DS:SI
Q MOV [ DI ], AX ; copy noi dung ctia AX vao 2 6 nhd lién tiép DS: DI va DS:
(DI +1)



e Mot toan ha
dién gia tri dich chuyén
e Todan hang kia chi cd thé la thanh ghi

e Vidu:
a MOV CX, [BX]+10 ; Copy noi dung 2 6 nhé lién tiép c6 dia chi DS:BX+10 va
DS:BX+11 vao CX
0 MOV CX, [BX+10] ; Cach viét khac cta 1énh trén
d MOV AL, [BP]+5 ; copy ndi dung cia 6 nhé SS:BP+5 vao thanh ghi AL




e MOt toan he
dién gia tri dich chuyén
e Todan hang kia chi cd thé la thanh ghi

e Vidu:
0 MOV AX, [SI]+10 ; Copy noi dung 2 6 nhé lién tiép c6 dia chi DS:SI+10 va
DS:SI+11 vao AX
3 MOV AX, [SI+10] ; Cach viét khac cua 1énh trén
O MOV AL, [DI]+5 ; copy ndi dung ctia 6 nhd DS:DI+5 vao thanh ghi AL




e Vidu:
0 MOV AX, [BX] [SI]+8 ; Copy noi dung 2 6 nhdé lién tiép co dia chi
DS:BX+SI+8 va DS:BX+SI+9 vao AX
d MOV AX, [BX+SI+8] ; Cach viét khac cua 1énh trén

d MOV CL, [BP+DI+5] ; copy ndi dung ctia 6 nhé SS:BP+DI+5 vao thanh ghi
CL



Ché a¢ dia chi Toan hang Thanh ghi doan ngam dinh

Thanh ghi Thanh ghi

Tire thi Dir liéu

Truec tiép [offset] DS

Gian tiép qua thanh ghi [BX] DS
[SI] DS
[DI] DS

Twong doi co s& [BX] + dich chuyén DS
[BP] + dich chuyén SS

Twong doi chi s6 [DI] + dich chuyén DS
[SI] + dich chuyén DS

Twong déi chi so co s& [BX] + [DI]+ dich chuyén DS
[BX] + [SI]+ dich chuyén DS
[BP] + [DI]+ dich chuyén SS
[BP] + [SI]+ dich chuyén SS




e Vidu:
O MOV AL, [BX]; Copy n6i dung 6 nhé c¢é dia chi DS:BX vao AL
O MOV AL, ES:[BX] ; Copy ndi dung 6 nhé ¢6 dia chi ES:BX vao AL



e Cac ché do dia chi cua 8086
e Cach ma hoa Iénh cua 8086




1-2 byte 0-1 byte 0-2 byte 0-2 byte

e Mot Iénh co d0 dai tur 1 dén 6 byte

—

Op&)de

W=0 dir li€u 1 byte
W=1 diI li€u 2 byte

\/
D=1 dir liéu di dén thanh ghi cho bdi 3 bit REG
D=0 d{ liéu di tir thanh ghi cho bdi 3 bit REG



\

v

=

00 khéng cé dich chuyén
01 dich chuyén 8 bit

10 dich chuyén 16 bit

11 R/M la thanh ghi

REG

\

R/M

WA<> 11

Thanh ghi
W=1 W=0
AX AL
BX BL
CX CL
DX DL
SP AH
DI BH
BP CH
SI DH

Ma

000
011
001
010
100
111
101
110

Ma

000
001
010
011
100
101
110
111

Ché d6 dia chi

DS:[BX+SI]
DS:[BX+DI]
SS:[BP+SI]
SS:[BP+DI]
DS:[SI]
DS:[DI]
SS:[BP]
DS:[BX]




e Vidu: chuyén Iénh MOV CL, [BX] sang ma may
O opcode MOV: 100010
Q Dir liéu la 1 byte: W=0
Q Chuyén tGi thanh ghi: D=1
0 Khdng cd dich chuyén: MOD=00
Q [BX] nén R/M=111
Q CL nén REG=001

Vi du 2: chuyén Iénh MOV [SI+F3H], CL sang m& may



KIEN TRUC MAY TINH &
HOP NGU

ThS Vid Minh TH — vimitri@fit.hcmus.edu. vn



mailto:vmtri@fit.hcmus.edu.vn

Mach so

La thiét bi dién t’ hoat dong vdi 2 mic dién ap:
Cao: thé hién bang gia tri ludn ly (quy udc) la 1
Thap: thé hién bang gia tri luan Iy (quy udc) la 0
Pugc xay dung tir nhirng thanh phan co ban la cong luan ly (logic
gate)
Cong luén ly 1a thiét bi dién t& gébm 1 / nhiéu tin hiéu dau vao (input) -
1 tin hiéu dau ra (output)
output = F(input_1, input_2, ..., input_n)
Tuy thudc vao cach x{r Iy ciia ham F s& tao ra nhiéu loai cong ludn ly

Hién nay linh kién cc ban dé tao ra mach sd la transistor



Cong luan ly (Logic gate)

AND X.y hay xy

OR X+Yy

XOR XD Yy

NAND (x .y) hay x.y

NOR (Xx+y) hay x+vy

1 -

0>

) > _
NOT _I>°_ X" hay X

1

0 >

NXOR (X® y) hay x® vy




Bang chan tri

OR NOT

A out
B

AND

=Pt

A—[>O—nut

out

out

out



http://en.wikipedia.org/wiki/Image:Or-gate.png

Bang chan tri

XOR

NOR

NAND

out

out

out

out




Ludc do Venn

_ 6
\ -
@ A k A
@)~ @]
N\ \




Ludc do Venn

AXNOR B

AMNAND B

88888888 |8




Vi du cong luén ly

+Vee A
1
B
Vout (X)
Wy, A|lB|X
— 0o|lo]|
v o 1]
1o
= 111]0




Vi du mach so6
9

Y ,r \/ V Qutput = ABC + ABC + ABC + ABC

_)EL

—

==

—

— =
)ABC

[

!
|

[

[

I
|




Mot s6 dang thuirc co ban

X+ 0=x x.0=0

X+1=1 X.1l=xX

X+ X=X X.X =X

X+Xx =1 X.x'=0

X+y=y+X Xy = yX
X+(y+z)=(X+y)+z X(yz) = (xy)z

X(y +z) =xy + xz X+yz=(X+y)X+ 2)
(x +y) = x.y’ (De Morgan) (xy)' = x" + y’ (De Morgan)
(x)" =X




Mach td hgp (tich hap)

GOom n ngo vao (input); m ngo ra (output)

MOi ngd ra la 1 ham luén Iy clia cac ngd vao

Mach to
chi phu t

i

- {I-'I"I'I!"!I'"mjl = f{-‘-":-“...‘-f.l..:l

n

= |

ndp khong mang tinh ghi nhd: Ngo ra

nuoc vao Ngo vao hién tai, khong xét

nhirng gia tri trong qua kht



Vi du mach to hagp

14 1\+5v L—I r, 8 The 7400 Chip,
)3 & %J &)J containing four

. LBT LEW NAND gate

The two
additional pins
supply power (+5
V) and connect
the ground.

«|GND




PO tré mach

PO tré mach (Propagation delay / gate delay) = Théi
diém tin hiéu ra 6n dinh - th&i diém tin hiéu vao 6n dinh

Muc tiéu thiét k& mach: lam gidm thdi gian do tré mach




M6 ta mach to hgp

Bang ngon ngir
Bang bang chan tri
n input — m output
27 hang — (n + m) cot
Bang cong thdc (ham luan ly)
Bang sa do



Thiét ke

s P
o Thudng trai qua 3 budc:

o Lap bang chan tri

Rrlr|lO|lO|>
RO, |O| @
Ol ||~ |mT

o Viet ham luan ly

F = (AB)

o Vé sd do0 mach va thir nghiém

g:}—ﬂut




SOP — Sum of Products

264
o Gia su da co bang chan tri cho mach n dau vao x,...,x, va 1
dauraf
- Ta dé dang thiét 1ap cong thirc (ham) logic theo thut todn
sau:
o Ung véi mdi hang cta bang chan tri cé dau ra = 1 ta tao thanh 1

tich co dang u;.u,...u, vai:

X; néux =1
Ui — N
(x)"neux, =0

o COng cac tich tim dugc lai thanh tong > cdng thic cua f



Vi du

X, X X4 f

0 0 0 0

0 0 1 1 X, . X, . X

0 1 0 T = X.x,.x,

0 1 1 0

1 0 0 0

1 0 1 1 — XXX

1 1 0 0 — - _

1 1 1 I f = X{XoX5 + X1 XoX3 + X1XpX3




POS — Product of Sum

Trudng hop so hang co gia tridaura = 1
nhiéu hon = 0, ta c6 thé dat g = (f)’
Viét cdng thuc dang SOP cho g

Lay f = (g)’ = (f")’ d€ co cObng thirc dang POS
(Tich cac tong) cla f



Vi du

f=g=kx+y+2)(x+y+2)




Pon gian hoa ham logic

Sau khi viét dugc ham logic, ta cd thé vé sg d6 cia mach t6 hgp tu
nhirng cong luan ly ca ban

Vidu: f =xy + xz
Tuy nhién ta co thé viét lai ham logic sao cho s6 d& mach st dung
it cong hon

Vidu: f =xy + xz = x(y + 2)
Cach don gidn hoad ham tdng quat? Mot sd cach phd bién:

Dung dai s6 Bun (Xem lai bang 1 s6 dang thirc co ban dé ap dung)

Dung ban d6 Karnaugh (Cac-no)



Pai s Bun

DUng cac phép bién doi dai s6 Bun dé Iugc
gian ham logic

Khuyét diém:

Khoéng cd cach lam tdng quat cho moi bai todn

Khong chac két qua cudi cung da toi gian chua

Vi du: Bon gian hoa cac ham sau
F(X,y,2) = Xyz + X'yz + Xy'z + xyz'



Ban do Karnaugh

Moi t& hgp bién trong bang chan tri goi 1a bo tri (tam

hiéu 1a 1 dong)

Biéu dién ham cd n bién thi sé cho ra tuong (thg 2" bd

tri, v3i vi tri cac bo tri dugc danh so tu' 0

Thong tin trong bang chan tri ¢ thé c6 dong bang cach:
Liét ké vi tri cac bo tri (minterm) véi gia tri dau ra = 1 (SOP)

Liét ké vi tri cac bo tri (maxterm) vdi gia tri dau ra = 0 (POS)



Vi du

2393
o F(x,y,2) = m; + m,+ ms+ mg+ m, = 2(1,4,5,6,7)
o F(x,y,2) = M;M,M; = [1(0,2,3)

minterm maxterm

mOo=x’y’z |[MO=x+y+z

ml=x’y’z Ml=x+y+72

m2 =x’yz’ M2=x+y +z

m3 =x’yz M3=x+y +72

m4 =xy’z’ M4=x"+y+z

mb =xy’z MS5=xX"+y+7

mé6 = xyz’ M6=x"+y +z

R (R |RPR|RP|O|OC|O|O |
R | P[([O|O|FR|FL|O|O L=
R | O[Ok, | O|EFk|O )
Rl [O|O|F,|O [as

~N[ojoa|lbhWIN|FL]|O

m/ = xXyz M7=x"+y +27




Cac dang ban do Karnaugh c@ ban
24 |

A{23 A{4576

12 |13 | 15 | 14

8 | 91110




Vi du

I
o F(A,B,C)=2(1,4,5,6,7)

B B
BC A BC A
A\ 00 01 11 10 A\ 00 01 11 10
ool 10| 0 0 1
A{1 11|11 A{1 1| 1|11
N\ J N\ J




Nhan xét

BO tri gitrta 2 0 lién ké trong ban do6 chi khac
nhau 1 bién

Bién do6 bu 1 6, khong bu & 6 ké hoac ngugc lai
Cac 0 dau / cudi cua cac dong / cot la cac 6
lien ké

4 6 nam G 4 goc ban do cling coi la 0 lién ké



bon gian ham theo dang SOP

27
= Ham logic F bi€u dién bang chan tri dugc dua vao ban do bang cac
tri 1 tuong Ung

- Cac 6 lién ké c6 gid tri 1 dugc gom thanh nhdm sao cho moi nhdm
sau khi gom cd tong s6 6 la luy thira cla 2 (2, 4, 8,...)

- Cac nhdm cd thé dung chung 6 cd gia tri 1 dé tao thanh nhém IGn
hon. C8 géng tao nhitng nhdm 16n nhat c6 thé

o Nhom 2/4/8 6 sé don gian bt 1/2/3 bién trong s6 hang

= Moi nhdm biéu dién 1 s6 hang nhan (Product), Cong (Sum — OR)
cac s6 hang nay ta s dugc biéu thic tdi gidn cia ham logic F



Vidu 1

I
o F(A, B, C)=2(3,4,6,7)

\BC N \BC N
AN 00 01 11 10 AN 00 01 11 10
0 1 0 1
A{1 1 1| 1 A{l - 1 -
N J N J
Y Y
C C

F(A, B, C) = BC + AC’



Vidu 2

5 F(A, B, C) = 2(0, 2, 4, 5, 6)

\BC \ \BC \
AN 00 01 11 10 AN 00 01 11 10
0] 1 1 0] 1 1
A{1 1|1 1 A{l li- 1
N J N J
Y Y
C C

F(A, B, C) = C' + AB’



Vi du

1 F(A, B, C,D)=2(0,1,2,6,8,9, 10)

-

A< - A< /

o I
O

F(A, B, C) = BD' + B'C' + ACD’



bon gian ham theo dang POS

234
- D6i khi biéu dién dang téng cac tich (SOP) s& khé lam khi s6
botricodaura=1<sobotricodaura=20

-~ Dung phuong phap tich cac tdng (POS)

=1 Hoan toan giong phucdng phap don gian ham theo dang SOP,
chi khac ta nhom cac 06 lién ké = 0 thay vi 1

> Tim dugc F
> F=(F)



Vidu 3

Tap |
1 F(A, B, C,D)=2(0,1,2,5,8,9, 10)

B B
A A
\ r A \ r A
1 10 |1 11| 0| 1
O/ 100 O/|1([0([0
- ~ - ~
100K oo o]l
A< - A< /
1 10 |1 1 1 (/0| 1

N J N J

y
D

(w I

F'(A, B, C) = AB + CD + BD’
F = (F) = (A + B)(C + D')(B' + D)



biéu kién khong can / tuy chon

Trong 1 sO truong hgp ta khong can quan tam dén
gia tri ngo ra cua 1 so bo tri nao do (1 hay 0 déu
ducoc)

Trong ban do ta sé ghi tuong Ung nhirng 0 do la x
(goi la gia tri tuy chon /khong can)

X ¢ thé dung dé& gom nhém vdi cac 6 lién k& nham
don gian ham

Luu y: Khong dudc gom nhom bao gom toan nhirng 6
co gia tri x



Vi du

N
1 F(A, B, C) = 2(0, 2, 6)
5 d(A, B, C) = 2(1, 3, 5)

0

o

PR IP[OIOC|IF, | |O|O

C
0
1
0
1
0
1
0
1

O, | X |O|X | |X|F [

N|lo|lo|lh|lw MO
k===




Vi du

1 F(A, B, C) = 2(0, 2, 6)
5 d(A, B, C) = 2(1, 3, 5)

B B
BC A N BC A N
A\ o0 01 11 10 A\ OO0 01 11 10
O 1 X X 1 Off 1 X X 1
A{l X 1 A{l X
N ~ J N ~ J
C C

F(A, B, C) = A" + BC'



Bai tap thiét k&€ mach to hgp

Yéu cau: Thiét k& mach td hop 3 ngd vao, 1
ngo ra, sao cho gia tri logic ¢ ngo ra la gia tri

nao chiém da soO trong cac ngo vao



BuGc 1: Lap bang chan tri
23z 4
s Goicacngdovaolax,y,z-ngoralaf

f(x,y,z) = 2(3,5,6,7)

-l = = =S O O O O | X
—_ - DO 0O = - O O |=
- 0O = O = O = O|N
—_ = = DO = DO O o=




Budc 2: Viet ham logic

= f(Xl Y Z) = 2(31 51 6/ 7)

y Yy
\ZA r % N yz p A N
. 00 01 11 10 . 00 01 11 10
0 1 0 1
S EnnnEIE o
N N
Z Z

f(x,y,2) =xz+ xy +yz =x.(y+2) + yz



BuGc 3: Vé sd do mach va Thu nghiém
39 |

ﬁﬁﬁﬁﬁ

D" :
I [ =
[ ]
=TEXT=
R OR
===== =TENT=

<TEXT= =TEXT=



Phan 2: Mot s& mach t6 hgp ca ban
1

= Mach toan cong (Full adder)

= Mach giai ma (Decoder)

= Mach ma hoa (Encoder)




Mach toan cong (Full adder - FA)

Mach t6 hdp thuc hién phép cong s hoc 3 bit

GOm 3 ngd vao (A, B: bit can cdng — C;: bit nhd) va 2 ngo ra (két
qua cd thé tir 0 dén 3 vai gid tri 2 va 3 can 2 bit biéu dién — S: ngd
tong, C,: ngd nhd)

A B G (s |, IMEEETNNS
Full Adder 0 0 0 0 0 =2(1,2,4,7)
AB o 1 0 1 0
] 1 0 0 1 0 C, = F(A, B, Ci)
cC—|FA—c¢ 1t 1 o o 1 =2(3,56,7)
[ 0o 0 1 1 0
S o 1 1 0 1
R
R



Budc 2: Viet ham logic

42 |
A N
\ 4 A \ 4 A
. . 1
«{ [E 5 o | |13
N v J N v J
S = F(A, B, Ci) = 3(1, 2, 4, 7) C, = F(A, B, Ci) = 5(3, 5, 6, 7)
S = ABCi’ + AB'Ci’ + AB'Ci + ABCi C, = AB + BCi + ACi
S=A®B® Ci
(Luu y: X@y = Xy + xy")




w >

Ci

Sa do mach Full adder
Z S

Co



Mach ma hoa nhi phan
(Binary Encoder)

Co6 2" (hoac it hon) ngd vao, n ngo ra

Quy dinh chi co6 duy nhat mot ngd vao mang gia tri = 1
tai mot thai diém

Néu ngod vao = 1 do la ngd thu k thi cac ngod ra tao

thanh so6 nhi phan c6 gia tri = k

xQ_| X0 (x1 [x2 |x3 |y1 |yO

x1_ v |1 |0 |0 (O |O |0

el oo | o [t Jo Jo fo T4

3| o (0 (1 (0 |1 10
0O (0 |0 |1 (1 |1




So d6 mach 4-2 Binary Encoder

Ngo vao: X0, X1, X2, X3
Ngo ra: YO, Y1

A0

D
=TEXT=
YO = X1+ X3 . .
D"' n Y0
Y1 =X2+ X3 - —
=TEXT=
E¢EHT} e
D
=TEXT= LT
Y1
A3 n

CR <TEHT=
=TEXT= =TEXT=



Mach ma hoa theo tha tu
(Priority Encoder)

Cac ngod vao dugc xem nhu co do uu tién

Gia tri ngo ra phu thudc vao cac ngod vao co
do uu tién cao nhat

Vi du: PO uu tién ngd vao x3 > x2 > x1 > x0

X0 X1 X2 X3 2 1

e

0 y0 = (x2 + x0x1").x3
yl = (x2 + x1).x3’
y2 = X3

Mol = ||

y
0
0
1
1
0

- - - — |
=)o O
sl L T I e i e )
=1 oIOo 10O | O
D= O = O




Sc do6 mach 4-3 Priority Encoder

y0 = (x2 + x0x1").x3
yl = (x2 + x1).x3’
y2 = X3




Mach giai ma (Decoder)

Co6 n ngo vao, 2" (hodc it han) ngo ra

Quy dinh chi c6 duy nhat mot ngd ra mang gia tri = 1 tai mot thai
di€ém

NEu cac ngod vao tao thanh s6 nhi phan cé gid tri = kthingd ra = 1
do la ngod thur k

x1 (x0 |y0 |yl |y2 |y3 y0 =;E

y0 —_—
- — 0 (o |1 (0o (0 |0 y1 = x1.x0
— y1 —
2-4 = 0 |1 1 lo lo y2 = x1.x0
x1 | Decoder | ¥2
- 0 y3 = x1.x0

-t
o

o O O
o
-t




Sa do mach 2-4 Decoder

1 0
s ©
=l SR

L] -
ul v
.;f; ol S LN

& gﬂf&

:

a8

Hj

58

i




Mach don (Multiplexer - MUX)
I
= Con goi la mach chon dir liéu
5 Chon n ngd trong 2" ngd vao dé quyét dinh
gia tri cua duy nhat 1 ngo ra
7 Mach don 2" — 1 c6 2" ngo nhap, 1 ngd xuat

va n ngd nhap chon



Vi du: Mach 4-1 MUX

51
i0 o \
I i
i — f
2 " : 2 C
MUX 3
i3 —
s1,s0
s1 sO
si | so f tin hiéu s1, s0 dung dé
0 0 0 lwa chon xem tin hiéu
| nao trong cac ngod vao
0 1 i1 i0,i1,i2,i3 dwoc chuyén
1 0 o dénngora f
1 1 13




Sc do mach 4-1 MUX

m}mm %

o

0004

5 7
—— ~
5 B SEL
1




16-1 MUX

=]

—k
)

f3

/

f0
f1

2
3

53, 52 I



Mach tach Demultiplexer (DEMUX)

2
5 Chon n ngd trong 2" ngd vao dé quyét dinh

gia tri cua duy nhat 1 ngo ra

o1 Mach DEMUX 1-2" c6 1 ngd nhap, 2" ngo xuat

va n ngd nhap chon



Vi du: Mach 1-4 DEMUX

y0

in 1.4 |
DEMUX | ¥2
y3

51| |sn

tin hiéu s1, s0 dung dé
llra chon xem tin hiéu
va0 in sé& dwoc chuyén
dén ngd nao trong cac
ngo ra y0,y1,y2,y3

s1 sO y0 2 y2 y3
0 0 in 0 0 0

0 1 0 in

1 0 in

1 1 0 in




Sc do mach 1-4 DEMUX

51 S0
¢ @ D
& L
e b LTERT >
L =
1" Lz
HAT HOT
STENT > l L TELT*
ur
U3 " 0
L L L]
| ] ]
u
3 AHD TEAT
AHD <TET
sTEET* B
Ll " il
= =
u L]
L
M—J., - o
£ Kl
us"™ . vz
LN = .
u L]
u
"Di AND <TEAT
\ urd




Bai tap: Thiét ké mach ALU

sz q
0o F=0BX+2Y) %4

o Input: X (2 bit), Y (2 bit)
o Output: F (2 bit)

> Cb 4 ngd vao, 2 ngd ra (moi ngd ¢ 1 tin hiéu biéu dién
cho 1 bit)



BuGc 1: Lap bang chan tri

X Y F

0 (00) |0 (Q0) |0 (00)
0 (00) |1 (01) |2 (10)
0 (00) |2 (10) |0 (0O)
0 (00) |3 (11) |2 (10)
1 (01) |0 (00) |1 (01)
1 (01) (1 (O01) |32 (11)
1 (01) |2 (10) |1 (0O1)
1 (01) |3 (11) |3 (11)
2 (10) |0 (00) |2 (10)
2 (10) |1 (01) (0O (0O)
2 (10) |2 (10) |2 (10)
2 (10) |3 (11) |0 (0O)
3 (11) |0 (00) (3 (11)
3 (11) |1 (O1) |1 (01)
3 (11) |2 (10) |3 (11)
3 (11) |3 (11) |1 (0137




Budc 2: Xac dinh ham

TNLUY1 Y0

x1xof 00 [o01 |11 |10
000 [ [1]]o0
01 |0 1|0
11 {1 ]lo o [1 |
10 [1]||o |o L

F1 = X1.Y0" + X1°.Y0
FO = X0




Budc 3: Vé mach

=TEXT=

A0 FO

D™ ) O—

=TEXT= H’;E =TEXT=
=TEXT=>

D" I

<TEXT= =TEXT=>

Y0 op

<TEET=



Phan 3: Mach tuan tu

Khac vdi mach td hdp, 8 mach tuan tu thi ngd ra khéng
chi phu thudc vao gia tri hién thgi cia ngd vao, ma con
phu thudc gia tri qua khu

Mach tuan tu’ coé kha nang “ghi nhd cac trang thai trong
qua khu”

Inputs ——=
Combinational = Qutputs

circuit
- ———» Memory
= — elements




Mach tuan tu

Circuit inputs <

Present state <

.
 —
Combinatorial
circuit .
Y | Memory Yy
device ¢
Y1 Memory Y,

device

> Circuit outputs

>~ Next state




Mach lat

La 1 thanh phan cau thanh mach tuan tu
Co chuc nang luu trir 1 bit nhi phan
C6 nhiéu loai mach 1at, su khac nhau & cho so

ngd vao va cach thidc cac ngod vao tac dong

dén trang thai bit nhi phan



Phan loai mach lat

Latch
Input

Ngd ra thay ddi trang thai khi ngd vao thay déi gia tri

PO tré mach (delayed gate) gid tri mdi clia ngd ra dugc xac
dinh b&ng dd tré gitra ngd vao va ngd ra

budc sir dung nhu' 1 thanh phan nhé cia mach tuan tu bat
dong bo
Flip-Flop

Bén canh nhitng ngd vao thong thudng thi luén cé 1 ngd vao Inout
npu

kich hoat (trigger input), goi la clock

Trang thai cia ngd ra chi cd thé thay ddi khi ngd vao kich
Clock Pulse

hoat (clock) thay d6i xung déng hd (clock pulse) ctia né (0 >
1 hoac1-> 0)

budgc sir dung nhu' 1 thanh phéan nhé cia mach tuan tu dong
b




Tin hiéu € xung dong ho - Clock edge
.6 4

Ck [ Clk 7]
Chuyén tiép Ié duong (0 > 1) Chuyén tiép Ié &m (1 > 0)
Clock / \

Positive edge Negative edge



RS Latch (SR Latch)

Co 2 ngo vao:

S (Set): bat
R (Reset): Khai dong
Co 2 ngo ra Q va Q’ (tin hiéu dao cua Q)

Trang thai ngo ra Q... = Q(t+1) phu thudc
vao trang thai ngd vao S, R va tinh trang hién

tai cua mach Qrent = Q1)



RS Latch

s & o-ae

0 0 QW QL)Y Khdng dé
0 1 0 1 =0
1 0 1 0 =1
1 1 undefined undefined  Khong xac dinh
D g
.
D 0
<TEXT> NORDY <TEXT>



Timing chart

set reset set

reset




RS Flip-Flop

Dung thém 1 tin hiéu ngd vao kich hoat “Enabled” (thucng la
tin hiéu xung déng hd Clock - C) dé diéu khién mach

Enabled = 1 (Positive Clock Edge): mach hoat dong nhu mach lat
RS Latch

Enabled = 0 (Negative Clock Edge): mach bi vo hiéu hoa,
- Q gilr nguyén gia tri = Q(t+1) = Q(t)
- Chi khi tin hiéu Enabled ddi tir 0 sang 1 (positive edge
triggered), ngd ra mdi cd thé bi anh hudng, néu khong thi

khéng thé thay doi bat chdp gia tri cia S va R

S Q——
— BbFE

—R Q’ VR




m

—_ = = = O

= = O O X

b

R O Bk O X

;:n'iﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Q(t)
Q(t)
0
1

undefined

: ;EN%#E '

s s losown lo liow

QD)

QM)
1

0
undefined

Khdng doi
Khong doi

=0

=1

Khong xac dinh

_ MOR



Timing chart




D (Data) Flip-Flop

Pé tranh trudng hdp R = S = 1 trong RS Flip-Flop, trong mach 14t D
Flip-Flop ta chi dung 1 ngd vao D nhung tach ra 2 tin hiéu, 1 trong
2 tin hiéu s& di qua cong NOT dé tao tin hiéu dao cta D

Khong bao gid xay ra trudng hdp 2 tin hi€éu vao mach déu bang 1
Nhung bén canh do cling khong bao giG xay ra 2 tin hiéu vao mach
déu bang 0 ®

Ta khong thé gilr nguyén trang thai tin hiéu ngd ra Q(t + 1) = Q(t)
Pé khac phuc ta sé dung tin hiéu xung déng hé dé vé hiéu
hoa mach khi can, lic do trang thai tin hiéu ngo ra sé khéng
doi



PR O

X

0

CLK

Q(t)
0

Q)
1

0

Khong doi

o

SR S
f.f:ﬁEQ_fﬁﬁﬁiﬁ



Timing chart




JK Flip-Flop

La 1 cai ti€n cua mach RS Flip-Flop d6i véi truéng hgpR =S =1
Nguyén tac:

J=S

K=R

Néu J = K = 1 thi khi dé véi 1 chuyén ti€p cla tin hiéu xung déng hd sé& chuyén
tin hiéu ngod ra Q sang trang thai bu Q’

o annle o

] 5 0 Q) (Q(D))’ Khong doi
c 0O 1 O 1 =0

1 0 1 0 =1
K Qr—— .

1 1 Q) Q) Dbao bit




Mach lat T

Xuat phat tu mach JK Flip-Flop vé&i su’ két hop 2

ngo vao J, K thanh duy nhat 1 ngo vao T (T = J

— K) T Q
—>C

T=0:Qt+1)=0Q(() o
T=1Q(t+1)=(QN)

RIS

0 Q(t) Q)Y Khong doi
1 Q) Q(t) Pao bit



Master-Slave Flip-Flop

Bao gom 2 ban mach flip-flop tuan tu’ néi véi nhau (master — slave)
Tin hiéu ngo ra Q phu thudc vao gia tri cia nhirng ngd vao tai
nhirng chuyén tiép Ié 4m / ducng cta xung ddng hd (clock edge)

Master flip-flop (trudc) thay doi = Slave flip-flop (sau) thay doi

Master Slave 5
S Q S Q § Q
C E E :
R R Q R Q Q’
>0

Master works when C=1
Slave works when C=0



Thanh ghi dich (Shift Register)

-z 4
- Thanh ghi dich 4 bit
- U1(D) = 01001100... > U4(Q) = 00000100...

Vidha mm. o .. Y Sy U2 T Sy (U3 g UA T e
B AL . Al EEEAadl T B cRaN | R

L 1= 1= )| 1







BO dém (Counter)

8§
o Mach dém dong bo nhi phan 4 bit (0 > 15)

UACCLK)

(0}

Ie(0)

3(0)

150
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Mach tuan tu’ dong bo

Ngo nhap ngoai

Ngo xuat ngoai

7

g4 Mach t6 hop

(Combination A‘A
Mach lat le

(Flip-Flop)

Circuits)

Xung dong ho
(Clock pulse)

o Mach tuan tu dudc xac dinh bdéi:
o Cac ngd nhap ngoai
o Cac ngo xuat ngoai
o Trang thai nhi phan cda mach lat
o Trang thai k€ cia mach Iat = F(Trang thai hién tai, Cac ngd nhap ngoai)

o Thiét ké mach tuan tu 2> Xac dinh dang mach lat va cac Input cua ching



Thiét ké mach tuan tu — Budc 1

Pau tién phai xac dinh dung dang mach lat gi (RS/JK/ D/ T)
Lap ludc do cac trang thai mach lat dua trén dac ta mach ban dau

C6 2 cach biéu dién




(Budc 1 — tiép tuc)

Thay vi dung lugc d6 trang thai, ta cling co thé Iap bang

trang thai mach lat

Trang thai hién tai Gia tri ngd | Trang thai ké

nhap ngoai

Ngo xuat ... Ng0 xuat X Ngo xuat ...  NgO xuat

mach lat 1 mach lat n mach lat 1 mach lat n

Trang thai ké cua mach lat: Dua trén mo ta dé bai



Thiét ké mach tuan tu — Budc 2
s 4
o Lap bang kich thich
o Nhiém vu 13 phai xac dinh dugc lam thé nao dé cd dudc ngd nhap vao
mach Iat tir ngd nhap ngoai x
o Luu y ngd nhap vao mach lat !'= ngd nhap ngoai

= Vidu: x!=D1, D2

X

L } |
}ljyl_ L D2 |, 4 |92

il 2
? 10K ~1Q p—— 10K ~1Q p—— o
L - D> >
~1CLR ~1CLR
U U

) Clock {>°




Bang kich thich

Q) |Q(t+) IS IR
0 0 0 0 0 0 X

O = O X

0 1 1 0 1 1 X
1 0 0 1 0 X 1
1 1 X 1 1 X 0

Q) o+ D

0 0 0 0 0 0
0 1 1 0 1 1
1 0 0 1 0 1
1 1 1 1 1 0



Thiét ké mach tuan tu — Budc 3
s J
o Tim phudng trinh dai s6 xac dinh ngd nhap mach lat

tu bang kich thich (Ham ngugc)

o Co n mach lat 2 n ngd ra mach lat A;...A,

o Suy ra phudng trinh ngd nhap mach lat c6 n + 1 bién bao
gom:
= n bién A,..A,
= 1 bién x (ngd nhap ngoai)

o Dung biéu dd Karnaugh + bang kich thich d& xac dinh
phuadng trinh ham ngod nhap mach lat



Thiét ké mach tuan tu — Budc 4
N
o Vé s do6 mach dua trén phuong trinh ham

~N N
ngo nhap
X
— 1D 1qQ — 1D 1Q }—
:D__ > 1CLK  ~1Q p—— > 1CLK  ~1Q :__._Z-
1 1

_ Clock {>o




Bai tap minh hoa
8 4

= Xem vi du minh hoa tai giao trinh “Kién truc

may tinh” — Thay Nguyén Minh Tuén, trang
42-45



MOt so bai tap thiét ké mach
Bai 1 — Digital Clock v.1

Thiét k& dong hd vGi mat s thé hién cac so tur
0 dén 7 va 2 nut bam A, B. Néu bam nut A, so
thé hién tang Ién 1. N&u badm nit B, sb thé
hién giam di 1

Can: Adder, MUX



MOt so bai tap thiét ké mach
Bai 2 — Digital Clock v.2

Thiét k& ddng hd bam gidy véi mat so thé hién
cac so tu' 00 dén 63 va 2 nut bam A, B. Bam
nut A dé start / stop. Khi ddng ho dang &
trang thai stop, bam nut B sé xoa vé 0

Can: Counter, MUX



MOt sO bai tap thiét ké mach
Bai 3 — Digital Clock v.3

Thiét k& ddng hd bam gidy véi mat so thé hién
cac soO tu 00 dén 63 va 3 nut bam A, B, C.
B&m nut A dé start / stop. Khi d6ng hd dang &
trang thai stop, bam nut B sé tang Ién 1, bam
nut C sé giam di 1, bam dong thai B va C sé
xoa vé 00



KIEN TRUC MAY TINH &
HOP NGU

ThS Vi Minh TH — vimitri@fit.hcmus.edu. vn
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5 thanh phan cd ban cua may tinh

Computer

Processor Memory Dewces

( A Input 1
?E:;L?; (where

\ J programs,

. ) data

Datapath live when

("brawn”) | running) Output N

\ /

Keyboard,
Mouse

Disk

(where
programs,
~data

live when

not running)

\Display,

Printer



BO vi xt' ly (CPU)
3]
- Datapath

o Registers

o ALU

- Control unit

o Stalling: CPU = {Registers, ALU, Control unit,
Internal bus}



1

value

id

op

R1 CR 2

X =

AND R, value
OR R, value

v Registers

ALU

e e

-

e o o e e e e o e o e e e e

%ﬁ

Instruction

register

e o e e e e




Control signals

TN o D mm m E m—

s TS C6 thé cAn dén mot khéi phat
sinh tin hiéu diéu khién ?
- Control unit

— ey

]
|
I
|
|
|
| ’-"" ‘\
| . ] ]
: Registers I I
k 1 ]
I
: I : :
| | I I
i I I [}
x‘ ‘_4” ] i
--------------- — I ALU I
Control — : |
signals \ s ! .
B . :
] |
] [}
Instruction \ \ )
L -

register v Tttt -r -




Datapath & Control unit

R I EEE N B B S B G B N S B S B S e s

i
I <
I I
I |
- i
: Registers : >
: :
I
\ I
T F B
T Vo LS
I : 1 :
| Control Unit r&: Instruction A
| I




MIPS thu gon

Lénh truy xuat bo nhd: Iw, sw
Lénh s6 hoc — luan ly: add, sub, and, or, slt

Lénh ré nhanh: beq, ]

- Thiét ké bo xuir ly (Datapath va Control) cho
tap lénh MIPS thu gon nay ?




MOt soO luu y

Bat ky cau Iénh nao muon thuc thi cling phai qua 2 buGc dau tién:
GUi dia chi Iénh ch(ra trong thanh ghi PC (Program counter) dén b6 nhé
Iénh d& 18y ndi dung cu Iénh tur bd nhd
Xac dinh toan hang trong cau Iénh = Poc cac thanh ghi chlra toan hang
cé dia chi tuong Ung

Cac budc ti€p theo phu thudc vao tung nhom Iénh khac nhau

Tap Iénh MIPS thu gon c6 cac budc thuc thi giong nhau & kha

nhiéu diém, khac biét chl yéu nam & cac budc thuc thi cudi cua

cau lénh



Instruction format
I e

Field 0 rs rt rcl shamt funct

Bit positions 31:26 25:21 20:16 15:11 10:6 5:0
a. R-type instruction

Field 35 or A3 re rt address

Bit positions 31:26 25:21 20:16 15:0

b. Load or store instruction

Field £ re rt address

Bit positions 31:26 25:21 20:16 15:0
c. Branch instruction




Sc do thuc thi tong quat

A
—™| Data
PC [ Address — | Register #
-
Instruction F—¢ Registers > E Address
Instruction ¢—| Register # ) Data N
memory memory
¢+—| Register #
»| Data
:' i<
E Registers : 3

‘..___T_ __________ T___-' ALU —

_— =
'
1 9]
o
I 3
] =
—t 2
I —
1 >
1 =
T-J
|
I —
S
! wr
] —t
=
1 =
1 =
1 o
1 =
1
\




Dich chuyén Iénh tiép theo...

»

Address  Instruction

Instruction
memory

Data

Register #
Registers

Register #

Register #

Address

Data
memory

» Data




SUr dung MUX dé d

LAY AN

[S{8

kh

- N\

€N

D)

Hil—

Address  Instruction

Instruction
memeory

=

_ B
p ranch
L
-—
R -
- u
X e
R
AL operalion
= Data |
¢+ Register # e
- Registers >ALLI Address
; M
*= Register # u Zero Data
memo
= Register # RegWrite | [[~ * hl
Data
MemRead

i
——=| Control |

|

/




Xay dung dudng di dir lieu (Datapath)
_13
o Phuang thuc xay dung Datapath:
Xac dinh kién tric cua cac phan tur can thiét cho cau
lénh
Xay dung dan cac phan khuc cho Datapath (fng vdi
tirng cong doan trong thuc thi cau Iénh

Tién dén xay dung hoan chinh Datapath cho cau Iénh



Kién truc cac phan tu can thiét
14

- Dich chuyén lénh:

v
1appy

Instruction
address

Instruction p———=

Instruction
memory




Kién truc cac phan tu can thiét
o5 4

o Tap thanh ghi (register files) _ s | Read

E register 1 Read data 1 |—
o 3 ngd nhén dia chithanh ghi &, | poug

= register 2 =
o 1 ngod ghi dir liéu ﬁ | Registers S

E 5 er?e
o 2 ngod doc dif liéu (output) | register

Read data 2 —=.

EleQ

o 1 tin hiéu didu khién ghi (—=| wrie dats

Regwnte



Kién truc cac phan tu can thiét

ban vi s6 hoc — luan ly (ALU — Arithmetic Logic Unit)
2 ngo vao toan hang (32-bit)
1 ngd ra két qua (32 bit) va 1 bit zero (d€ chira két qua so sanh
bang)
1 tin hiéu diéu khién (4 bit)

Control

,

Zero p—=

> ALU

Result

—~ =




Register + ALU

_17
ALU operation
Read
register 1
Read data 1
Instruction [ rieg?;er 2 zero
_ Registers > ALU
| Write Result
register
Read data 2 /

—| Wirite data

Regwrite




Datapath cho I,]J-format (lw, sw, beq, j) ?
N
o Can thém 2 thanh phan co ban:
o1 BO nhd di lieu (Data memory unit)

o BO md rong dau (Sign extended unit)



Datapath cho I,]J-format (lw, sw, beq, j)
N

o BO nhd dir liéu (Data memory unit)
o 1 ngd nhan dia chi 6 nhé -
o 1 ngd nhan dir li€u can ghi
o 1 ngod dir liéu doc (output) g
o 2 tin hiéu diéu khién doc / ghi

| MemWrite

Address

Wirite data

Read data }—=

Data
memory

MemRead



Datapath cho I-format (lw, sw, beq)

B6 md rong dau (Sign extended unit)

1 ngd nhap dir lieéu 16-bit

1 ngo ra d liéu 32-bit 16 32

=

puaxa ubig

lw $s1, 4($s0) > 4: 16 bit > 04: 32 bit (sign-extended)

beq $s0, $s1, target_label = target-label: 16 bit 2>
target-label: 32 bit (sign-extended)



Datapath cho Iénh bo nhd (Iw,sw)

ALU operation
Read
register 1
Readdata 1 |—— MemWrite
Instruction rz;?;er 2 £ero
_ Registers > ALU
— Write Result f——| Address Read data
register .
Read data 2 /
| Write data
: , Data
Regwrite =| Write data memory
o
16 [S |3
- 2 = MemRead
[1°]
=
o




Datapath cho Iénh ré nhanh (beq,j)

PC + 4 fram instruction datapath ——

> ADD Branch target

Sum
—
Read ALU :pemlmn
Instruction register 1 Read data 1 \L
] | -
Read ta Branch control
register 2 . Zero fb———= |ogic
Registers > ALU
register Result |—=
Read data 2 - /
Wite data
Regunte
16 32
iy S

pusjxa ubig



Datapath cho R-format ?

(4

Lam sao xay dung Datapath cho R-format “xai chung’
Datapath cua I va J-format?

Can nhiing bd MUX ddng vai tro data selector dé chia
se va lua chon nhirng phan tur kién truc gitra nhirng
nhédm Iénh khac nhau

Luu y: Hién tai chung ta chi xét CPU theo ki€n truc
dan chu ky (single cycle) — Moi cau Iénh chi thuc thi
trong 1 chu ky clock



Datapath cho R-format

—_— HE?;ﬂﬂ ALU operation
i dH;t’Eﬂf: - MemWrite
a
Read MemtoReg
Instmctiunl register 2 ALUSrc
e Registers poo4 - Address H;:;l:ai .
i X
— Write 1
data Writ Data
RegWrite 1 datae memory
1 6 Sign 32 MemRead
~ | extend




Datapath cho I,],R-format

L
3

>Add l

4 —»
Read ALUSre
Read :
~>| PC -+ - idress el Read | MemWrite
Read data 1
— MemtoReg
Instruction S DA
. g data 2 data
Instruction register a
memaory
.| Wirite
data Vitite Data
RegWrite dats memory
16 \ 32 MemBead
~_ | Sign
= | extend




Tin hiéu diéu

khién

Signal
Effect when deasserted Effect when asserted

RegDst The regjister destination number for the | The register destination number for the Write
Write register comes from the rt field (bits | register comes from the rd field (bits 15:11).
20:16).
RegWrite | None. The register on the Write register input Is
written with the value on the Write data input.
ALUSrc The second ALU operand comes from the | The second ALU operand is the sign-extended,
secand register file output (Read data 2). | lower 16 bits of the instruetion.
PCSre The PC is replaced by the output of the | The PG is replaced by the output of the adder
adder that computes the value of PC + 4. | that computes the branch target.
MemRead | None. Data memory contents designated by the
address input are put on the Read data output.
MemWrile | None. Dala memory conlenls designaled by the
address input are replaced by the value on the
Write data input,
MemtoReg | The value fed to the register Write data | The value fed to the register Write data input
input comes from the ALL. comes from the data memory.




Control unit ?

o ALU can tin hiéu diéu khién hoat dong tir ALU Control

Add I\

A Add ALU

{/ e [

1
l |  MemRead
Instruction [31-26] | MemtoReg
1 Control ALUOp
|,| { MemWritle

\ |/ ALUSrc
\_ R ngt ite

- xg= ©

— Instruction [25-21] Read

aa

| PC o= addrecs register 1 Read
Instruction [20-16] | Read data 1

|mu[auc‘f—”3-; 13 | r‘g‘st.rz s /-
Write ~-(0

Instruction Instruction [15—11] register dutn2
memory -
Write «

data Registers Data

Write
/\ — data, Memory
Instruction [15-0] 6 [ gign\| 32 / aiia ll
control
Instruction [5-0] I

Read
Address © oo

Cxcz™




ALU Control Unit

Cac tin hiéu diéu khién ALU (4 bit):

ALU control Input Function

0000 and
0001 or
0010 add
0110 sub
0111 slt

1100 nor




ALU Control Unit

Instruction (Control Unit > ALU Control) ALU control
input (to ALU)

Operation ALU Opcode Function
lw 00 XX XX XX 0010 (add)
SW 00 XX XX XX 0010 (add)
beqg 01 XX XX XX 0110 (subtract)
add (R-type) 10 10 00 00 0010 (add)
subtract (R-type) | 10 10 00 10 0110 (subtract)
and (R-type) 10 10 01 00 0000 (and)
or (R-type) 10 10 01 01 0001 (or)
slt (R-type) 10 1010 10 0111 (slt)




Bang chan tri 4-bit ALU Control

| Awop | = Functfleld
I e
X X X X X

Operation

0 0 X 0010
X 1 X X X X X X 0110
1 X X X 0 0 0 0 0010
1 X X X 0 0 1 0 0110
1 X X X 0 1 0 0 0000
1 X X X 0 1 0 1 0001
1 X X X 1 0 1 0 0111




CPU da chu ky (multiple-cycle)

Trong thuc té€ khong s dung CPU single-cycle vi cac ly do:

Thai gian thuc hién cac cau lénh ludn khac nhau = Phai chon chu ky

hoat d0ng clia CPU bang vdi chu ky thuc thu cau Iénh dai nhat !

Kha nadng trung |ap cac phan tr chifc néng cao
O CPU da chu ky (multiple-cycle), qua trinh thuc thi 1 cau Iénh dién
ra thanh nhiéu chu ky clock
MOt sO khac biét so vdi single-cycle:

Tinh chinh thdi gian thuc thi ting cau Iénh theo gian do trang thai

Co thé str dung 1 bd nhé chung cho ca cau 1énh 1an dit liéu

Thém vao 1 s8 thanh ghi dé chira dit liéu/két qua trung gian



Address

Instruction

Memory

Data

or data

Instruction
register -
[ T
L T8
Memory
data e

register

Data

Register #

Registers

Reqister #

Register #

ALUQut




| = S O

Acdress

Mamory
MamData

Write
data

Instruction

[25-21]
Instruction

[20—186]

Instruction |

[15 0]

Instructicn

register

Mermory

Instroction
[16-0]

clata
register

Read
reqister 1 Read
Read data |
register 2
Wi Registers
ik
X Fead
register  joia 2
Wit
data

SO
4= 1M

L ]
P
o

result

ALUQut




™\
e |— PCWteCand If . PCSource
d L | . I| T
————, tf_ PCWrite | E‘utlllu1‘.i.' I|I ALUOE
: |
lorD | | al liSeeR
MemRead | Control
Memwrite | | ALUSreA
\ Op_ | RegWrte
MemtcReg | [5-0] | 4
IRWrite | ! RegDst o
S Jump M
- 'y - @ — address [ 1 ;'!
Instruction [25-0] t-ﬂ' left2 |\ . [31=C] | [»
Instruction
[31-26] Lr,..- PG 31-28|
Instruction _| Read (1]
Address [26-21] register 1 Aead 'LIIII x\\
Instruction Read datz 1 _E"L__ X = ,
Momary [20-16] H*—T——2<" reqister 2 1 aro [
nstrueion o M Registers 4~ ALUOUL |4
[15-0] | [Instruction| u Wnlam Read | [— result
White 15=11 X register o= O e n -
data instruction | o1 i1 _ dat2z ™| " 4‘(1 nll "
register 5 Write - M
data - ¢
Instruction l"hjl a
[15-0] »
.1
L Mamory |_ . I,-“'/ ALL.I\\
data . _| Sign
register ~ | extend I, conlrol u
\“1 /
Instruction [5—0]




Quy trinh thuc thi Iénh

Start

. 1

Instruction fetch/decode and register fetch

(Figure 5.32)
Memory access R-type instructions Branch instruction Jump instruction
instructions (Figure 5.34) (Figure 5.35) (Figure 5.36)
(Figure 5.33)




+ Instruction fetch
e

Instruction decoda/

register fetch

ALUSrcA =0
ALUSICB = 11

ALUOp =00

Jump
! completion

—

-

PCWrito
PCSourca = 10

S

-
" MemRead
o ALUSIcA = 0
lorD =0
Siarn IRWTrite
o ALUSICB = 01
ALUOCP = 00
PGWrile
PCSource = 00 /
e A
25F
ot P
4‘\:“.\ &
/ Y
Mamaory aridrass Rranch
compululuun Exuu:liun cumpluliun
) / -~
ALUSn:A = ALUSICA = :tgssggj o‘o
ALUSrcE - 10 ALUSrcB = 00 ALUOP _‘0 1
ALUOp =00 ALUOp = 10 PCWriteCond
PCSource = 01
O T = ax
H-lype completion
3 b P —y
MemRead MemWrite RegDst — 1
lorD = lorD = 1 RegWrite
MemtoReg = 0
~

- —— - —_— ~

\_/’

Memory read
comp leton step

RegDst = 1
Reanto Y .

MemtoReg
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Cai thién toc do?

Co 2 cach tiép can pho bién:
Latency: Thdi gian hoan thanh 1 cong viéc nhat
dinh
Vi du: Thdai gian dé doc 1 sector tUr dia goi la disk
access time hoac disk latency
Throughput: SO lugng cong viéc cd thé hoan
thanh trong 1 khoang thdi gian nhat dinh



Giai phap gidt i
ERE sem 7 8 s 10 11 12 1 2am mw
Time -

Task

order
85=1

e

..

o O @m »x

6 PM 7 8 9 10 11 12 1 2 AM

Ti -
ime —W | | | | |
Task

urderA . EE.

B @c ﬁ.

: §0=H
| o EE




Pipeline

Pipeline khdng phai la giai phap gilip téng toc theo kiéu

Latency, ma la Throughput trén toan bo cong viéc dudc giao
Trén cung 1 lugng tai nguyén khdng ddi, cac cdng viéc sé dugc
tién hanh song song thay vi tuan tu, moi cong viéc chay trong 1
pipepline (dudng Ong)

Pipelining la mot ky thuat thuc hién lénh trong do cac lénh
thue hién theo kiéu “géi ddu” nhau (overlap) nham tin dung
nhiing khoang thdi gian roi giia cdc céng doan, qua do 13m
tang toc do xu'ly lénh



Pipeline

Kha nang tang toc phu thuoc vao so lugng duGng
ong (pipeline) su dung
Thdi gian dé cho chay day (fill) dudng 6ng va
Thdai gian dé lam khoé (drain) sé lam giam kha
nang tang toc
Vi du giat ui trén néu khong tinh thai gian fill va drain
thi tang toc 4 lan, con néu tinh thi chi tang toc dugc
2.3 lan




Pipeline

Gia si mot may giat giat mat 20 phut, gap d6 mat 20
phut. Vay khi dung giai phap pipeline sé nhanh hon
binh thudng bao nhiéu?

Tong thdi gian cho giai phap pipeline sé bi gidi han
bdi thai gian thuc thi cua dudng ong cham nhat

D0 dai khong can bang gilra cac dudng 6ng sé lam
giam kha nang tang toc



Cac budc thuc thi IEénh trong MIPS

IFtch: Instruction Fetch, Increment PC (Nap I€nh)
Dcd: Instruction Decode, Read Registers (Giai ma Iénh)
Exec: (Thuc thi)
Mem-ref: Calculate Address (Tinh toan dia chi toan hang)
Arith-log: Perform Operation (Tinh toan s hoc, luan ly)
Mem: (Luu chuyén véi bd nhd)
Load: Read Data from Memory

Store: Write Data to Memory

WB: Write Data Back to Register (Luu di lieu vao thanh ghi)



Datapath

[ —

[y
c rd @
4 & = g s 2 >
S E GE > > ALU «© S
= 0 = © E
_ @ £ — g O &
£ E
R imm
1. Instruction 2 Decode/ 3. Execute 4. Memory 5. Write
Fetch Register Read Back

» Use datapath figure to represent pipeline
IFtch|Dcd |Exec[Mem| WB

b b

IS Reg i DS i Reg

[TVt




Y tudng Pipeline

Instruction 1
Instruction 2
Instruction 3
Instruction 4
Instruction 5
Instruction 6
Instruction 7
Instruction 8

Instruction 9

Time

>
112|345 |67 |89 (10111121314
FI | bl |co|Fo| El |woO
FI | ol [co|Fo| B1 |wO
FI|Dl|co|Fo| Bl |wo
FI | oI |co|Fo| Bl |wO
Fl | o1 [co|Fo| Bl |wo
FI | bl |co|Fo| EI |[wo
FIl | D1 |co|Fo| EI |wo
FI|ol|co|Fo| El [wo
FI | o1 |co|Fo| Bl |wo




Vi du

Instruction | Register ALU Data | Register | Total
Instruction class fetch read operation | access | write time
Load word (1w) 200 ps 100 ps 200 ps 200 ps 100 ps | 800 ps
Store word (5W) 200 ps 100 ps 200 ps 200 ps 700 ps
Rformat (add, sub, and, 200 ps 100 ps 200 ps 100 ps | 600 ps
or,slt)
Branch (beq) 200 ps 100 ps 200 ps 500 ps
Program
exacution 200 400 600 800 1000 1200 1400

I -
order Time T I | | | T I

(in instructions)

w $1,100(80) ["Srcton| |pgg| ALy | Dol [pog
- .
lw $2, 200($0) 200 ps '”mm“fh“‘" Reg| ALU agg:zs Reg
PR .
Instruction Data
lw $3, 300($0) 200 ps| fetch Reg| AW |, oce |Peg
Y - - - J_— R -

200ps 200ps 200ps 200 ps 200 ps



Cac tré ngai (Hazards) cua pipeline

Structural hazards: do nhiéu Iénh dung chung mot tai
nguyén tai 1 thai diém

Data hazard: 1énh sau st dung di{ liéu két qua cua
lEnh truGc

Control hazard: do ré nhanh gay ra, |énh sau phai doi
két qua ré nhanh cua lénh trudc

- Gay ra hién tuogng “stalls” hoac “bubbles” trong
pipeline



Structural hazards #1:
Single memory

1
n
S
t
r.

= O QO =0

ILoad

Instr 1

Instr 2

Instr 3

*Instr 4

Time (clock cycles)

15 K

Read same memory twice in same clock cycle



Structural hazards #1:

Single memorx
13 |

o Giai phap:
o1 Tao 2 bo nhé dém Cache Level 1 trén CPU
= L1 Instruction Cache va L1 Data Cache
o Can nhitng phan cirng phirc tap han dé diéu
khién khi khéng cd ca 2 bd nhd dém nay



Structural hazards #2:
Registers

Time (clock cycles)

SwW

I
n
S| [}
1 :
I.

Instr 1

Reg

0 |instr 2

I
d IlnStI‘ 3
e
r

Instr 4

DS _
: 4 DS LidReg
I

Can we read and write to registefs sinﬁultahenu'sly?



Structural hazards #2:

Registers
15

1 CoO 2 giai phap khac nhau dugc dung:
o RegFile c6 toc do truy cap rat nhanh (thudng it
hon 1 nua thdi gian thuc thi trén ALU tinh trén 1
chu ky clock)

= Write vao RegFile trong sudt nura dau chu ky clock

= Read tu RegFile trong nua chu ky clock con lai

o Tao RegFile vai 2 ngdo Read va Write doc lap



Control hazard: Ré nhanh

Time (clock cycles)

15 L

beq

n |
s

Instr 1
r.

Instr 2
O |instr 3 I N e

d Tlnstr 4 Is -E:REE » d DS | Reg
e B I

r’t.'ufhta're do we: do :the c::om:nare: for:the :brarich?




Control hazard: Ré nhanh

Chung ta phai dat diéu kién ré nhanh vao trong ALU
Do vay sé co it nhat 2 I1énh sau phan ré nhanh sé dugc
fetch, bat ké diéu kién ré nhanh cé thuc hién hay khdng

Néu chung ta khong thuc hién ré nhanh - C{ thuc

thi theo trinh tu binh thuGng

Ngugc lai, dung thuc thi bat ky Iénh nao sau diéu

ki€n ré nhanh, c nhay dén label tuong Ung



Control hazard: Ré nhanh

Giai phap ban dau: Tri hoan (stall) cho dén khi
diéu kién ré nhanh dugc thuc hién
Chen nhirng 1énh rac “no-op” (chang thuc hién
viéc gi, chi dé tri hoan thdi gian) hodc hoan viéc
nap (fetch) sang Iénh k€& (trong 2 chu ky clock)
Nhugc diém: Diéu kién ré nhanh phai lam dén 3
chu ky clock



Control hazard: Optimization 1
_ 19 |

0 Giai phap t6i uu hoa 1:
Chen thém cac phép so sanh ré nhanh dac biét tai
Stage 2 (decode)
Ngay sau khi Iénh dudc decode, lap tic quyét dinh
gia tri mdi cho thanh ghi PC
Lgi ich: Bdi vi diéu kién ré nhanh da lam xong trong
stage 2, nén chi cd 1 Iénh khong can thiét dugc nap
- chi can 1 no-op la du



Minh hoa
.24

Time (clock cycles) R

-
(

|

s |;

beq

Instr 1

I

n
S
t
r

Instr 2

‘Instr4 @ | ;'sf"egfc "’Sk;“"g

Branch cor:npa;ator: mo:ved:to [5ecoae s:tage

- ® Q=0



Minh hoa

| ¢ User inserting no-op instruction

n Time (clock cycles)

T $3d IS .,EREE_F s Reg‘é E

r. beq I$ I Reg

O nop

r

d |lw

? Impact: 2 clock cycles per branch instruction

SIOW



Minh hoa

s Controller inserting a single bubble
Time (clock cycles)

add IS .é[IReg

|

I
n
sl
t-'
5

beq

o) lw

r
d
e
I

Imp?ct: 2 clock cycles per branch instruction
slow



Control hazard: Optimization 2
23

o Giai phap toi uu hoa 2: Tai dinh nghia ré nhanh
Pinh nghia cli: Néu chung ta thuc hién ré nhanh thi sé
khong co bat ky Iénh nao sau Iénh ré nhanh dudc lam mot
cach “vo tinh” (khdng mong muon)
Pinh nghia mdi: Bat c khi nao thuc hién ré nhanh, mot
lEénh ngay sau Iénh ré nhanh sé lap tuc dugc thuc thi (goi
la branch-delay slot)
Y nghia: Chiing ta luén thuc thi 1 Iénh ngay phia sau lénh
ré nhanh



Control hazard: Optimization 2

Luu y vé Branch-Delay Slot:

Trudng hdp xau nhat: cd thé luén phai dat 1 Iénh no-op
vao trong branch-delay slot
Trudng hdp tot hon: cé thé tim dugc 1 Iénh trudc 1énh ré
nhanh dé dit trong branch-delay slot ma van khong lam
anh hudng chuong trinh

Thu cdng: Tai cau tric th tu 1énh [a cach 1am pho bién

Tu ddng: Compiler phai rat thdng minh dé tim Iénh lam diéu
nay



Nondelayed vs. Delayed

Nondelayed Branch Delayed Branch
or $8f $9 I$10 add $1 f$2;$3
add $1 ,s$2,S83 sub $4, $5,56
sub $4, $5,S%6 beq $1, $4, Exit

beq $1, $4, Exit or $8, $9 ,8510

xor $10, $1,S511 xor $10, $1,S%11

Exit: Exit:



Data hazards
e

1 Xem xét day I1énh sau:
add $t0, $t1, $t2
sub $t4, $t0, $t3
and $t5, $t0, $t6
or $t7, $t0, $t8
xor $t9, $t0, $t10



Data hazards

q
]

=) s

Time (clock cycles)

add $t0,$t1,$t2

and $t5,510,5t6

$t7,510,5t8

ub $t4,5t0,$t3

IF_: ID/R

I%

i

Reg [ :

;

xor $t9,510,$t10

| 18

Reg




Giai phap Data hazards:

Forwarding
28

¢ Forward result from one stage to another .

| IF ID/RF

' add $t0,$t1,5t2] 15 e}

~ sub $t4,510,$t3 [

Reg

~ and $15,510,$t6

or $t7,510,5t8

_|Reg

xor $t9,510,$t10

N3
L]




Forwarding khong giai quyét dugc...

F |

Iw$t0,0($t1) | 1
sub $t3,510,$t2

Giai phap: Phai tri hoan Iénh sub lai (stall) sau
do mdi dung Forwarding dugc



Data hazards: Loads

¢ Hardware stalls pipeline
» Called “interlock”

e ome e _ugn we
lw$t0, 0(511) I$ IREE‘% DS , Reg

sub $t3,$to,$t2§ rs mg

and $t5,5t0,5t4 . [* ]

or $17,$10,$t6 |




Data hazards: Loads

Vi tri 1énh (instruction slot) sau mot load dugc goi
la “load delay slot”

Néu |énh d6 dung két qua cua load, thi hardware
interlock cd thé sé hoan (stall) nd dung 1 chu ky

clock

Néu sau load la 1 Iénh khong lién quan, thi khong
can tri hoan (stall) Iénh do



Data hazards: Loads
32 |
¢ Stall is equivalent to nop

Iw$t0 0($t1) | 1{[@( 4{

bubyibub Y bub ) bub J bub
:ble _x zble_rible r ble -

AN

nop

sub $t3,$t0,$t2§
and $15,$10,5t4

or $t7,$t0,$t6




Homework
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:—i Khoa
&1 CONG NGHE THONG TIN

= B Knoa hoc Tz nhién TPHOM

@
o

~Device

&Lyboard
Mouse
</0|ce output
Flnnn\l disk
fLaser Printer

Magnetlc Disk

J 'Wireless Network
[ Graphlcs Display
" Wired LAN Network

/O Device Speeds

Behavior

Input
Input
Output
Storage
Output
Storage
| or O
Output
| or O

Partner

Human
Human
Human
Machine
Human
Machine
Machine
Human
Machine

Y

Data Rate
(KBytes/s)

0.01

0.02

5.00

50.00
100.00
10,000.00
10,000.00
30,000.00
125,000.00



|

j—y
—_—

_— NN =

| TS

B Y
=]

o

CONG NGHE THONG TIN

B Khoa hoe Tuw nhien TRHCM

Graphics
card slot

High-speed
qraphics bus
(AGP or PCI

Express)

PCI Slots

Frornl-side
bus

Chipset
Memory Slots

Northb”dge Memory
bus

(memory
controller hub)

Internal
Bus

Onboard
Southbridge graphics
controller

{I/O controller

hub)
1DE

SATA
Cables and

UsSe
Ethermnet .
’ ports leading
Avudio Codec oS- Boaid

CMOS Memory

Super /O

Serial Port
Parallel Port

Floppy Disk

Flash ROM
Keyboard

Mouse

(BIOS)

©



i socoon /O devices
-2

— Lam sao két ndi véi nhiéu loai thiét bi ?
/7 —Lam sao dé truyén nhan tin hiéu diéu khién
va dir liéu
/[! — LAm sao dé cac chwong trinh giao tiép voi

i‘ Pé giao tiép voi cac thiét bi bén ngoai:

thiét bj ?
« Hai cach té churc:
/] — Port-mapped 1/O
— Memory-mapped |/O



a

[I

BTG Port-mapped |/O

LT

¢ C6 thé can instruction riéng cho 1/0

i . SU dung khong gian dia chi riéng cho cac
' thiét bi. Méi thiét bi dwoc gan mét (hoac
mot vai) port

LTAOSB



—

€ Semen  Memory-mapped /O

—

|

¢ Khong can thém instruction riéng

J Dung chung khéng gian dia chi bé nho.
| MGai thiét bi dwoc cap mot vung dia chi.

'« Lam viéc vai thiét bi gibng nhw 1am viéc
vO'l b nho.

LTAD8



I ocooen  Giao tiép voi thiét b

*

- Buoc thuwe hién théng qua

— Control register

7 . — Data register

/s Co ché:

R - Polling: CPU cha ddng kiém tra trang thai cua thiét bi

e Interrupt-driven: thiét bi ch( dong théng bao trang

théao véi CPU
I — DMA: giao tiép khéng qua CPU

* Interrupt:

— moét trong 4 loai exception (interrupt, trap, fault, abort)

LTADS



Khoa

~ CONG NGHE THONG TIN

i Khoa hoe T nhien TRHCM

Exceptions

LTAO8

Event occurs,
here

User Exception
program handler
[ Exception ~ Exception

L ; ~ processing

Exception
return
(optional)

]



Kh
CONG NGHE THONG TIN

B Khoa hoe Tu nhien TRHCM

CPU 11O controller

A

device driver initiates /0 X
initiates /O

CPU executing checks for
-‘ interrupts between instructions
|

¥ ¥

f CPU receiving interrupt, 4 input ready, output
transfers control to o ~complete, or error
interrupt handler generates interrupt signal

5

interrupt handler
processes data,
returns from interrupt

) :

/ CPU resumas
processing of
interrupted task

LTAO8

10



=
4
S—
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ﬁ' Xem vé RAID trén trang:
nttp://raid.com/04 00.html|

» Tim hiéu vé mét sé loai bus théng dung
- PCIl/PCle/AGP /USB /IDE / SATA

— So séanh téc dd (bps)
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