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i Muc tiéu hoc phan

= Sinh vién dwoc trang bi cac kién thirc co s& vé
kién truc tap Iénh va td chirc bén trong clia may
tinh, cling nhw nhi*rng nguyén tac co ban trong
thiét ké may tinh.

= Sau khi hoc xong hoc phan nay, sinh vién cé
kha nang:
= Tim hiéu kién truc tap I1&nh cda cac may tinh cu thé
= Lap trinh hop ngr
= Danh gia hiéu nang may tinh va cai thién hiéu nang

cua chwong trinh

= Khai thac va quan tri hiéu qua cac hé thong may tinh
= Phan tich va thiét ké may tinh
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* No&i dung hoc phan

nwong 1. Gigi thiéu chung

hwong 2. Co ban vé logic so
hwong 3. Hé thong may tinh
nwong 4. SO hoc may tinh

hwong 5. Kién truc tap 1énh
nwong 6. BO xw ly

nwong 7. BO nhd may tinh

nwong 8. Hé thdng vao-ra

hwong 9. Cac kién tric song song
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* Kién tric may tinh

CA2020

Chwong 1
GIOl THIEU CHUNG

Nguyén Kim Khanh
Truong Dai hoc Bach khoa Ha Noi

Kién trdc may tinh
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i NG6i dung cua chuwong 1

1.1. May tinh va phan loai may tinh

1.2. Khai niém kién trac may tinh

1.3. Su tién hoa cla cdng nghé may tinh
1.4. Hieéu nang may tinh

CA2020 Kién trdc may tinh
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i 1.1. May tinh va phan loai may tinh

= May tinh (Computer) 1a thiét bj dién ti thuc
hién cac cong Viéc sau:
= Nhan d liéu vao,
= X0 ly di¥ liéu theo day cac I1énh dwoc nhé san bén

trong,

= Duwa dir lieu (théng tin) ra.

= Day cac lénh nam trong bd nh& dé yéu cau
may tinh thwc hién cdng viéc cu thé goi la
chuwong trinh (program).

- May tinh hoat dong theo chwong trinh

CA2020 Kién trdc may tinh
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i M6 hinh don gian cua may tinh

Cac

(Input
Devices)

thiét bj vao :{>

xtr 1y dit lieu

CA2020

B xw ly
trung tam
(Central
Processing Unit)

L

B& nh& chinh
(Main Memory)

dir liéu vao

chuong trinh
dang thuc hién

Kién trdc may tinh

Cac
thiét bj ra
(Output
Devices)

dir liéu ra
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Phan loai may tinh ky nguyén PC

= May tinh ca nhan (Personal Computers)
= Desktop computers, Laptop computers
= May tinh da dung
= May chu (Servers) — may phuc vu
= Dung trong mang dé quan ly va cung cap cac dich vu
= Hiéu nang va 4o tin cay cao
= Hang nghin dén hang triéu USD
= Siéu may tinh (Supercomputers)
= Dung cho tinh todn cao cap trong khoa hoc va ky thuat
= Hang triéu dén hang trdm triéu USD
= May tinh nhung (Embedded Computers)
= Dat an trong thiét bi khac

= Puwoc thiét ké chuyén dung
CA2020 Kién trdc may tinh 11
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i Phan loai may tinh ky nhguyén sau PC

= Thiét bj di ddng ca nhan (PMD - Personal Mobile
Devices)
= Smartphones, Tablet
= Két ndi Internet

= Dién toan dam may (Cloud Computing)

= St dung may tinh qui mé I&n (Warehouse Scale
Computers), gobm rat nhiéu servers két ndi v&i nhau

= Cho cac cdng ty thué mét phan dé cung cap dich vu
phan mém

= Software as a Service (SaaS): mét phan ctia phan
mém chay trén PMD, mét phan chay trén Cloud

CA2020 Kién trdc may tinh
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1.2. Khai niém kién trdc may tinh

CA2020

s Kién tric may tinh bao gom:
= Kién trac tap Iénh (Instruction Set Architecture):
nghién ctru may tinh theo cach nhin cua nguoi 1ap
trinh
= TO chrc may tinh (Computer Organization) hay
Vi kién trac (Microarchitecture): nghién ctru thiét ké
may tinh & mdc cao (thiét ké CPU, hé thong nha,
cau truc bus, ...)
= Phan ctrng (Hardware): nghién ctru thiét ké logic chi
tiét va cdng nghé dong goi ctia may tinh.
= Cung mot kién trac tap 1énh co thé co nhiéu san
pham (t6 chirc, phan cirng) khac nhau

Kién trdc may tinh
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:i Phan I&p may tinh

= Phan mém tng dung

— = DPuwoc viét theo ngdn nglr bac cao
guol . . P
@ = Phan mém hé thong

[ At } = Chuwong trinh dich (Compiler): dich ma

Phn mém tng dung hé théng ngdn nglr bac cao thanh ngdén nglr may
v_ v = Hé diéu hanh (Operating System)
Phan mém hé théng = Lap lich cho cac nhiém vu va chia sé tai
v nguyén

= Quan ly bé nhé va lwu triv
= Diéu khién vao-ra
= Phan clng
= BO xr ly, b6 nh&, mdé-dun vao-ra

Phan cirng

CA2020 Kién trdc may tinh 14
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Cac muc cua ma chuwong trinh

= Ngon nglr bac cao

= High-level Ianguage HLL

= Murc trivu tuo’ng gan VO
van dé can giai quyét

= Hiéu qua va linh déng

= Hop ngly

= Assembly language
= MO ta Iénh duw¢i dang text

= Ngon nglr may

CA2020

= Machine language
= M6 ta theo phan cirng

= Cac lénh va di¥ liéu duorc
ma hoa theo nhi phan

Kién trdc may tinh

High-level
language
program

(in C)

Assembly
language
program
(for MIPS)

Binary machine
language
program

(for MIPS)

swap(int v[], int k)
{int temp;
temp = v[k];
vkl = v[k+1];
vik+1] = temp;
}

swap:

multi $2, $5.,4
add  $2, $4,%2
Tw $15, 0(%$2)
Tw $16, 4(%2)
Sw $16, 0(%$2)
Sw $15, 4($2)
jr $31

Assembler

00000000101000100000000100011000
00000000100000100001000000100001
10001101111000100000000000000000
10001110000100100000000000000100
10101110000100100000000000000000
10101101111000100000000000000100
00000011111000000000000000001000

15
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i Céc thanh phan co ban ctia may tinh

CPU B6 nh& chinh

I I

Bus hé théng
][ [ |

Hé théng vao-ra

Gidng nhau v@i tat ca cac loai

may tinh

BO x&r ly trung tam (Central

Processing Unit — CPU)

= Diéu khién hoat ddng clia may
tinh va xtr Iy div liéu

B6 nh& chinh (Main Memory)

= Chtra cac chuwong trinh dang
thwe hién

Hé thdng vao-ra (Input/Output)
= Trao ddi thong tin gitka may tinh
vOi bén ngoai
Bus hé thdng (System bus)
= Két ndi va van chuyén théng tin

CA2020 Kién trdc may tinh
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i 1.3. S tién hoa cla cdng nghé may tinh

= May tinh dung dén dién t&r chan khéng (1950s)
= May tinh ENIAC: may tinh dau tién (1946)
= May tinh IAS: may tinh von Neumann (1952)

= May tinh dung transistors (1960s)
= May tinh dung vi mach SSI, MSI va LS| (1970s)

= SSI - Small Scale Integration
= MSI - Medium Scale Integration
= LS| - Large Scale Integration

= May tinh dung vi mach VLSI (1980s)
= VLSI - Very Large Scale Integration

= May tinh dung vi mach ULSI (1990s-nay)
= ULSI - Ultra Large Scale Integration

CA2020 Kién trdc may tinh 17
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i May tinh dau tién

= Electronic Numerical Intergator
and Computer

= Du an ctia B6 Qudc phong My

= Do John Mauchly o q’ai hoc
Pennsylvania thiét ké

= 30 tan

= X ly theo s6 thap phan

: ENIAC va IAS

Thwc hién tai Princeton Institute
for Advanced Studies

Do John von Neumann thiét ké
theo y twdng “stored program”

X ly theo s6 nhi phan
Tré& thanh mo hinh co ban cua
may tinh

CA2020 Kién trdc may tinh 18
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Routers
CA2020

#c may tinh
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M6t s loai vi mach s6 dién hinh

= BO vi xw ly (Microprocessors)
= M6t hodc mét vai CPU duwoc ché tao trén mot chip
= Vi mach diéu khién tdng hop (Chipset)
= Vi mach thwe hién cac chirc nang ndi ghép cac thanh
phan cua may tinh véi nhau
= BO nh& ban dan (Semiconductor Memory)
= ROM, RAM, Flash memory
= Hé thdng trén chip (SoC — System on Chip) hay
B6 vi diéu khién (Microcontrollers)

= Tich hop cac thanh phan chinh ctia may tinh trén mét
chip vi mach

= Duwoc st dung chd yéu trén smartphone, tablet va cac
may tinh nhung
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i Suw phat trién cta bod vi x& Iy

CA2020

1971: bd vi xt&r ly 4-bit Intel 4004

1972: cac bd xt ly 8-bit

1978: cac bd xt ly 16-bit

= May tinh ca nhan IBM-PC ra doi nam 1981
1985: cac bd xw ly 32-bit

2001: cac bd xir Iy 64-bit

2006: cac bo xur ly da 16i (multicores)

= Nhiéu CPU trén 1 chip

Kién trdc may tinh
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i 1.4. Hiéu nang may tinh

= Dinh nghia hiéu nang P (Performance):
Hiéu nang = 1/(thoi gian thuc hién)
hayla: P =1/t
“May tinh A nhanh hon may B k lan”
P,/Ps=ts/t, =k
= Vi du: Thoi gian chay chuwong trinh:
= 10s trén may A, 15s trén may B

O tB/tAz 158/ 10s=1.5
= Vay may A nhanh hon may B 1.5 lan

CA2020 Kién trdc may tinh
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i Toc dd xung nhip cua CPU

= Vé mat thoi gian, CPU hoat dong theo mét xung nhip
(clock) cé toc dd xac dinh

T,

= Chu ky xung nhip T, (Clock period): th¢i gian cua mét
chu ky

= TOc dé xung nhip f, (Clock rate) hay 1a Tan s6 xung nhip:

so chu ky trong 1s
. f,= 1T,
= VD:BOxtrlyco f;=4GHz = 4 x10°Hz
T, = 1/(4x10°) =0.25x10-% = 0.25ns

CA2020 Kién trdc may tinh
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:i Thei gian thye hién ctia CPU

= Pé don gian, ta xét thdi gian CPU thwc hién
chuong trinh (CPU time):
Thoi gian thuwe hién cua CPU =
S6 chu ky xung nhip x Thoi gian mét chu ky

n

Lepy P
0
n: sO chu ky xung nhip
= Hiéu nang duoc tang Ién bang céach:
= Giam s0 chu ky xung nhip n
= Tang toc dd xung nhip f,

CA2020 Kién trdc may tinh
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i Vi du

= Hai may tinh A va B cung chay mot chwong trinh
= May tinh A:

= Toc dd xung nhip cia CPU: f,=2GHz

= Th&igian CPU thwce hién chwong trinh: ty, = 10s
= May tinh B:

= Thoigian CPU thwce hién chwong trinh: tg = 6s

= S0 chu ky xung nhip khi chay chwong trinh trén may B (ng) nhiéu
hon 1.2 lan s6 chu ky xung nhip khi chay chwong trinh trén may
A (na)

= Hay xac dinh toc dd xung nhip can thiét cho may B (fg)?

CA2020 Kién trdc may tinh
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i Vidu ( tlep)

f

S6 chu ky xung nhip khi chay chwong trinh trén may A:

n,=t,xf,=10sx2GHz =20x10"

S6 chu ky xung nhip khi chay chwong trinh trén may B:

n,=12xn, =24x10’
Toc d6 xung nhip can thiét cho may B:

n, 24x 10°
[y 6

CA2020 Kién trdc may tinh

fp = =4x10° Hz = 4GHz
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SO Iénh va sO chu ky trén moét IEnh

6 chu ky xung nhip ctia chwong trinh:

S6 chu ky = S6 Iénh cta chuong trinh x S6 chu ky trén mét Iénh

n=I1CxCPI

= n -s06 chu ky xung nhip
s IC- sb 1&énh cda chwong trinh (Instruction Count)
= CPI - s6 chu ky trén mét I1énh (Cycles per Instruction)

Vay th&i gian thwe hién cua CPU:

ICxCPI
Jo

Trong trwong hop cac Iénh khac nhau c6 CPI khac nhau,
can tinh CPI trung binh

CA2020 Kién trdc may tinh

tepy =ICXCPIXT, =

27




NKK-HUST

i Vi du

= Hai may tinh A va B c6 cung kién truc tap Iénh
= May tinh A co:
= Chu ky xung nhip: Tp = 250ps
= SO chu ky/ I1&nh trung binh: CPI, = 2.0
= May tinh B:
= Chu ky xung nhip: Tg = 500ps
= SO chu ky/ I1&nh trung binh: CPIg=1.2
= Hay xac dinh may nao nhanh hon va nhanh hon
bao nhiéu ?

CA2020 Kién trdc may tinh
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i Vi du (tiép)

CA2020

Ta co: top =ICxCPL, xT,

Hai may cung kién truc tap 1&nh, vi vay so l1&énh cla cung
moOt chwong trinh trén hai may la bang nhau:

IC,=IC,=IC

Thoi gian thyc hién chwong trinh do trén may A va may B:

t,=1C, xCPI, xT, =1Cx2.0x250ps =1Cx500ps

t,=1C, xCPI, xT, =1Cx1.2x500ps =IC x 600 ps

t, 1Cx600ps
t, ICx500ps

Tw do ta co: 1.2

Két luan: may A nhanh hon may B 1.2 lan

Kién trdc may tinh
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i CPI trung binh

= Néu loai I&nh khac nhau c6 s6 chu ky khac nhau,
ta co tong s6 chu ky:

K
n="(CPI,xIC,)

i=1

= CPI trung binh:

CA2020 Kién trdc may tinh
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Vi du

= Cho bang chi ra cac day |énh s dung cac lIénh
thuéc cac loai A, B, C. Tinh CPI trung binh?

Loai [énh A B C
CPI theo loai Iénh 1 2 3
|IC trong day Iénh 1 20 10 20
|IC trong day Iénh 2 40 10 10

CA2020 Kién trdc may tinh
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Vi du

CA2020

= Cho bang chi ra cac day |énh s dung cac lIénh
thuéc cac loai A, B, C. Tinh CPI trung binh?

Loai [énh A B C
CPI theo loai Iénh 1 2 3
|IC trong day Iénh 1 20 10 20
|IC trong day Iénh 2 40 10 10

= Daylénh 1: SO l1énh =
= SO chuky =
= 1x20 + 2x10 + 3x20 = 1
= CPlyg =100/50 = 2.0

50 = Day Iénh 2: S6 1énh = 60
= SO chuky =

00 = 1x40 + 2x10 + 3x10 = 90
= CPlg =90/60=1.5

Kién trdc may tinh
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i Tém tt vé Hiéu nang

CPU Time — Instructions y Clock cycles y Seconds

Program Instruction  Clock cycle

Thoi gian CPU = S6 Iénh cta chuong trinh x S6 chu ky/lénh
x SO giay cua moét chu ky

IC xCPI

tepy =ICxCPIXT, = 7
0

= Hiéu nang phu thudc vao:
= Thuat giai
= Ngon ng{ lap trinh
= Chwong trinh dich
= Kién truc tap l1énh

= Phan cirng
CA2020 Kién trdc may tinh
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i MIPS nhw Ia thwéc do hiéu nang

x MIPS: Millions of Instructions Per Second
(SO triéu 1&nh trén 1 giay)

Instruction count Instruction count Clock rate
MIPS = — = : - -
Execution timex10°  Instruction countxCPI_, s CPIx10
Clock rate
f f
MIPS = 0 = CPIl= 0 =
CPIx10 MIPSx10

CA2020 Kién trdc may tinh 34
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i Vi du

CA2020

Tinh MIPS cua bb xw ly véi:
clock rate = 2GHz va CPIl =4

Kién trdc may tinh
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i Vi du

Tinh MIPS cua bb xw ly véi:
clock rate = 2GHz va CPIl =4

' 0.5ns

2ns

Chu ky T, = 1/(2x109) = 0.5ns

CPIl =4 - thoi gian thwc hién 1 1énh =4 x 0.5ns = 2ns
S6 Iénh thwe hién trong 1s = (10°ns)/(2ns) = 5x108 1&énh
Vay bd x Iy thue hién dwoc 500 MIPS

CA2020 Kién trdc may tinh
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i Vi du

CA2020

Tinh CPI cua bd xw ly véi:
clock rate = 1GHz va 400 MIPS

Kién trdc may tinh
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i Vi du

CA2020

Tinh CPI cua bd xw ly véi:
clock rate = 1GHz va 400 MIPS

1 1
>

§1nsi

Chu ky T, = 1/10° = 1ns

S6 lIénh thwe hién trong 1 s la 400MIPS = 4x1081énh
Th&i gian thwe hién 1 1énh = 1/(4x108)s = 2.5ns

Vay ta co: CPl = 2.5

Kién trdc may tinh
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i MFLOPS

= S dung cho cac hé thong tinh toan I&n
= Millions of Floating Point Operations per Second
= S0 triéu phép toan s6 dau phay dong trén mét giay

Executed floating point operations

MFLOPS = : : -
Executiontime x10

GFLOPS (109 )
TFLOPS (1072)
PFLOPS (1079)

CA2020 Kién trdc may tinh 39
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+

CA2020

Hét chwong 1

Kién trdc may tinh
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* Kién tric may tinh

Chwong 2
CO BAN VE LOGIC SO

Nguyén Kim Khanh
Truong Dai hoc Bach khoa Ha Noi

CA2020 Kién trdc may tinh
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* No&i dung hoc phan

nwong 1. Gigi thiéu chung

hwong 2. Co ban vé logic so
hwong 3. Hé thong may tinh
hwong 4. S6 hoc may tinh

hwong 5. Kién tric tap 1énh
rong 6. BO xur ly

nwong 7. BO nhéd may tinh

hwong 8. Hé thdng vao-ra

nwong 9. Cac kién truc song song

OO0 0000000

CA2020 Kién trdc may tinh
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i NG6i dung cua chuong 2

2.1. Cac hé dém co ban
2.2. Dai s Boole

2.3. Céac cong logic

2.4. Mach t6 hop

2.5. Mach day

CA2020 Kién trdc may tinh
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i 2.1. Cac hé dém co ban

CA2020

= Hé thap phan (Decimal System)
—> con nguwdi sty dung

= Hé nhi phan (Binary System)
- may tinh st dung

= Hé muwoi sau (Hexadecimal System)
> dung dé viét gon cho sb6 nhj phan

Kién trdc may tinh
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i 1. Hé thap phan

s Cosd10
= 10 chi*s6:0,1,2,3.4,5.6,7,8,9

= Dung n chi¥ s6 thap phan cé thé biéu dién
dwoc 10" gia tri khac nhau:
«= 00..000 =20
= 99..999 = 10" -1

CA2020 Kién trdc may tinh
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i Dang tong quat clia so thap phan

A=a,a,  ..a,a,,a_ ..a

—m

Gia tri cia A dwoc hiéu nhu sau;

A=a10"+a, 10" +..+a10" +a,10° +a_ 107" +...+a_ 107"

CA2020

A= i a.10'

Kién trdc may tinh
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:i Vi du sb thap phan

472.38 = 4x10%2 + 7x10" + 2x10°9 + 3x10-1 + 8x10-2
= Cac chir sO clia phan nguyén:
s 472:10=47 dwvw 2 1

s 47 :10= 4 dw !
E 4:10= 0 duv 4

= Céac chi¥ sO clia phan 1é:
= 0.38 x 10 = 3.8 phan nguyén

il
o W
%

= 0.8x10=8.0 phan nguyén

CA2020 Kién trdc may tinh
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2. Hé nhi phan

CA2020

Co sb 2

2 chi¥ s6 nhj phan: 0 va 1

Chir s6 nhi phan dwoc goi la bit (binary digit)
bit 1a don vi thédng tin nhd nhat

Dung n bit c6 thé biéu dién dwoc 20 gid tri khac
nhau:

= 00..000 =0
11111 = 20 -1

Cac Iénh cua chwong trinh va di¥ liéu trong
may tinh déu dwoc ma hoa bang s6 nhi phan

Kién trdc may tinh 48
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Biéu dién
sO nhi phan

CA2020

S0 nhj phan S5
1-bit 2-bit 3-bit 4-bit | thap phan
0 00 000 0000 0
1 01 001 0001 1
10 010 0010 2
11 011 0011 3
100 0100 4
101 0101 5
110 0110 6
111 0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

49
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i Pon vi di¥ lieu va thong tin trong may tinh

= Dbit —chi s,c‘) nhi phan (binary digit): la don vi thdng
tin nhé nhat, cho phép nhan mdét trong hai gia tri: 0

= byte 1a mét td hop 8 bit: co thé biéu dién dwoc 256

hoac 1.
gia tri (28)

s Qui wdce cac don vi dir liéu:
= KB (Kilobyte) = 2'0bytes

= MB (Megabyte) =210KB
= GB (Gigabyte) =210MB
= 1B (Terabyte) =219GB
= PB (Petabyte) =2TB
= EB (Exabyte) =20pPB

CA2020 Kién trdc may tinh

= 1024 bytes

= 2%0pytes (~109)
= 230pytes (~10°9)
= 2%0pytes (~1012)
= 2%0bytes

= 2%0pbytes

50
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Qui wdc méi vé ky hiéu don vi dir liéu

Theo thap phan Theo nhi phan

Pon vi Viét tat Gid tri Pon vi Viét tat Gid tri
kilobyte KB 103 kibibyte KiB 210 = 1024
megabyte MB 106 mebibyte MiB 220
gigabyte GB 10° gibibyte GiB 230
terabyte TB 1012 tebibyte TiB 240
petabyte PB 10%> pebibyte PiB 2°0
exabyte EB 1018 exbibyte EiB 260

CA2020

Kién trdc may tinh
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i Dang tong quat ctia s6 nhj phan

A=aa,  ..a,a,,a_ ..4__ véia=0hodc I
Gia tri cua A dwoc tinh nhw sau:

-1 1 -1 -
A=a?2"+a 2" +.+a2' +a,2’+a_ 27" +...+a_ 27"

A= ialli

CA2020 Kién trdc may tinh

52




NKK-HUST

i Vi du sé nhij phan

6 543210 -1-2-3 -4

CA2020

— 26+25+23+20+2-1+ 2-3 + 2-4
=04+32+8+ 1+05+0.125 + 0.0625

Kién trdc may tinh
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i Chuyén ddi s6 nguyén thap phan sang nhj phan

CA2020

= Phurong phép 1: chia dan cho 2 roi lay
phan dw

= Phwong phap 2: Phan tich thanh téng
cla cac s6 2 - nhanh hon

Kién trdc may tinh
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i Phwong phép chia dan cho 2

= Vi du: chuyén doi 10540

= 105 :
= D2:
= 26
= 13:
= 06
= 3
0 1:

2 =

N N N N DD

52
20
1

SO -~ W O W

N Ket qua 105(10)

CA2020

dw 17 1
dw 0
duw 0 biéu dién
sO duw

dw 1 theo chiéu
dw 1
dw 1

1101 001

Kién trdc may tinh
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i Phwong phap phan tich thanh tong cla cac 2!

= Vidu 1: chuyén ddi 1054,
= 105=64 +32+8+1=20+25+23+20

27 26 2° 24 23 22 21 20
128 | 64 | 32 16 8 4 2 1
0 1 1 0 1 0 0 1

0 Két qUé 105(10) = 0110 1001(2)

« Vidy2:17000(10)= 16384 + 512 + 64 + 32 + 8

CA2020

— 214 + 29+ 26+25+23

1700040 = 0100 0010 0110 1000,

15141312 111098 76 5 4 3210

Kién trdc may tinh
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i Chuyén dbéi s Ié thap phan sang nhi phan

= Vi du 1: chuyén doi 0.6875 4

= 0.6875x 2
= 0.375 x2
= 0.75 x2
= 0.5 X 2

=1.375
=0.75
=1.5
=1.0

P

P
P
P

nan nguyén = 1
nan nguyén =0
nan nguyén = 1

nan nguyén =1

x Két qUé : O.6875(10)= 0.101 1(2)

CA2020

Kién trdc may tinh

biéu dién
theo
chiéu
muai tén
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i Chuyén ddi so |é thap phan sang nhj phan (tiép)

= Vi du 2: chuyén di 0. 81(10)

= 0.81 x2 = 1.62 phannguyén = 1
= 0.62 x2 = 124 phannguyén = 1
= 024 x2 = 0.48 phannguyén = 0
= 048 x2 = 0.96 phannguyén = 0
= 096 x2 = 1.92 phannguyén = 1
= 092 x2 = 1.84 phannguyén = 1
= 0.84 x2 = 168 phannguyén = 1 |

= 0.81,10~0.1100111

CA2020 Kién trdc may tinh
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i 3. Hé muwoi sau (Hexa)

s Coso 16
= 16 chirs6:0,1,2,3.4,56,7,89, ABCD,EF

= Dung dé viét gon cho so nhj phan: cir mét
nhom 4-bit sé duwoc thay bang mot chir s6
Hexa

CA2020 Kién trdc may tinh
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i Quan hé gira sO nhj phan va s Hexa

Vi du:

83(16)
00(1¢)

= 0010 1101 1001 1010 = 2D9A 4
= 1111 1111 1111 1111, = FFFF

CA2020

Kién trdc may tinh

4-bit S6 Hexa | Thap phan
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 ) 5
0110 6 6
0111 7 7
1000 8 8
1001 9 9
1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14
1111 F 15
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:ﬁz.z. Pai s6 Boole

= Dai s Boole st dung cac bién logic va phép toan logic
= Bién logic c6 thé nhan gia tri 1 (TRUE) hoac 0 (FALSE)
s Cac phép toan logic co ban: AND, OR va NOT

«= AAND B: Ae°*B hay AB

= A OR B: A+B

= NOT A: A

= Th ty wu tién: NOT > AND > OR
= [hém cac pheép toan logic: NAND, NOR, XOR

= ANAND B: AeB

«= ANORB: A+8B

. AXORB: A®B=AeB+AeB

CA2020 Kién trdc may tinh
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i Phép toan dai sé Boole vé&i hai bién

Al s [ ANDF
0 0 0
0 1 0
1 0 0
1 1 1
A NAND B
A B Y
0 0 1
0 1 1
1 0 1
1 1 0

Al B AA(?I-RBB

0 0 0

0 1 1

1 0 1

1 1 1
ANORB

A 5 A+B

0 0 1

0 1 0

1 0 0

1 1 0

CA2020

Kién trdc may tinh

NOT A
A

A
0 1
0

NOT Ia phép toan 1 bién

A XORB
A | AD®B
0 0 0
0 1 1
1 0 1
1 1 0
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i Cac dong nhat thirc ctia dai s6 Boole

A*B=B+A
A*B+C)=(A*B)+(A+C)

*(B+C)=(A*B)*C

A*B=A+B (Pinh 1y De Morgan)

A+B=B+A
A+(B*C)=(A+B)*(A+C)
0+A=A

A+A=1

l1+A=1

A+A=A
A+(B+C)=(A+B)+C

A+B=A<B (Pinh 1y De Morgan)

CA2020

Kién trdc may tinh
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i 2.3. Cac cong logic (Logic Gates)

= Thwc hién cac ham logic:
= NOT, AND, OR, NAND, NOR, XOR
= CONg logic mot dau vao:
= Cong NOT
= CONg hai dau vao:
= AND, OR, XOR, NAND, NOR
= COng nhiéu dau vao

CA2020 Kién trdc may tinh
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Ky hiéu cac cong logic

CA2020

Name Graphical Symbol %hglf?tli'iilc Truth Table
AB|F

A — F=A+B 00|0

AND B_D—F or 010
F = AB 1010

1111

AB|F

A 00|0

OR j)—F F=A+B 011
B 101

1111

F=A ALF

NOT A—[>0—F or 01
F=A 110

AB|F

A o 001

NAND }F F = AB 011
B — 101

1110

A B|F

A 0 01

NOR :)>0—F F=A+B 0 10
B 1 0/0

1110

A B|F

A — 000

XOR D—F F=A®B 011
B— 1 0(1

1 10
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i Tap day da

CA2020

= La tap cac cong co thé thuc hién dwoc bat ky
ham logic nao tir cac cong cua tap dé

= M6t sb vi du vé tap day du:
= {AND, OR, NOT}
= {AND, NOT}
= {OR, NOT}
= {NAND}
= {NOR}

Kién trdc may tinh
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i St dung cong NAND

>

_)0— A+B

CA2020 Kién trdc may tinh
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i S dung cong NOR

A (A+B)
L) >

>

o

CA2020 Kién trdc may tinh

A+B

AeB
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i Mot sb vi mach logic

CA2020

1A—

1B —

1Y —

2A

1O —
2

3

4

14

— VDD

4B

— 4A

4Y

2B —
2Y —

GND —

5

7

s

13
g

11

10

9

8

7400 NAND

— 3B
— 3A

— 3Y

1A —
1B —
1Y —
2A —
2B —
2Y —

GND —

1O —
o

3

4

=

6

7

7408 AND

14

13
5
11
10
5
8

VDD
4B
L 4A
-\
- 3B
L 3A

— 3Y

o N—
1y 141 _vpp
1A—|2 181 4y
1B—° @—45
oy |4 11 4
2A—ﬁ 100 a3y
oB—{8 E—SB
GND—{” 81 3a

7402 NOR

o N—
1A—H 141_vbp
1B—12 181 ¢
on—3 121 4y
oB—{2 1L 3¢
oc—I° 10] 3p
oy 18 91 3a
GND—{” 81 av

7411 AND3

Kién trdc may tinh

1A—

1Y —

2A—
2Y

3A—
3Y —

GND —

14

—_ | =
w

2

— VDD
— 6A
— 6Y

5A

RS

7404 NOT

=l B

L5y
L 4A

4y

1B—
1Y —
2A —
2B —
2Y —

GND —

1O —
&

3

4

&

6

7

7432 OR

14
13
12
11

10

=

VDD
4B
L 4A
-4y
3B
L 3A

— 3Y
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i 2.4. Mach t6 hop

= Mach logic 1& mach bao gém:
= Céac dau vao (Inputs)
= Céac dau ra (Outputs)
= Dac ta chirc nang (Functional specification)
= Dac ta thoi gian (Timing specification)
= Cac kiéu mach logic:
= Mach t6 hop (Combinational Circuits)

= Mach khéng nh¢
= Dau ra dwoc xac dinh bdi cac gia tri hién tai cta dau vao
= Mach day (Sequential Circuits)

= Mach c6 nh¢&

= Dau ra dwoc xac dinh bdi cac gia tri trwdc d6 va gia tri hién tai
cua dau vao

CA2020 Kién trdc may tinh
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i Mach t6 hop

= Mach t6 hop la mach logic trong dé dau ra chi
phu thuéc dau vao & thoi diém hién tai
= La mach khdng nh& va dwoc thwe hién bang
cac cong logic
= Mach t6 hop c6 thé dwoc dinh nghia theo ba
cach:
= Bang that (True Table)
= Dang so do
= Phuwong trinh Boole

CA2020 Kién trdc may tinh
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Vi du

Dau vao Dau ra
A B C F
0 0) 0 0
0 0) 1 0
0 1 0 1
0 1 1 1
1 0) 0 0
1 0) 1 0
1 1 0 1
1 1 1 0

CA2020

L1 T

—

F=ABC + ABC + ABC

Kién trdc may tinh
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i B& chon kénh (Multiplexer - MUX)

CA2020

= 2" dau vao di liéu
= n dau vao chon
= 1 dau ra di¥ liéu

= Mai t6 hop dau vao chon (S) xac dinh dau vao
d lieu nao (D) sé dwoc ndi voi dau ra (F)

Kién trdc may tinh
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i B6 chon kénh 4 dau vao

S2 S1

DO |
D1
. MUX F V
DO
D3 b _>7
‘ D1
S2 S1 ¢ _>_
— >
Pau vao chon [Pau ra 0 | :)_
S2 S1 F —
O O DO D3
o 1 | b1 ¢ )
1 0 D2 - B B
1 1 D3 F=D0*S2S1+D1*S2*S1+D2*52S1+D3°52°S1

CA2020 Kién trdc may tinh
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Bb giai ma (Decoder)

= N dau vao, 2N dau ra

CA2020

V&i mot td hop cla N dau vao, chi co mét dau ra tich cuc

(khac véi cac dau ra con lai)
Vidu: B6 gidima2ra4

2:4
Decoder

11— Y,
Ar 10— Y, ?

Ag — 01— Y,
00— Y,

A1 Ao Y3 Y2 Y1 YO
0 0 0 0 0 1
0 1 0 0 1 0
1 0 0 1 0 0
1 1 1 0 0 0

Kién trdc may tinh

UL

X

X

<

X
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Thuwe hién bd giaima 3ra 8

A ° {>c * 000 o
0
B ° {>c ®

— 001 |
1

— 010 p
2

011
D3

® 100 D
4

TPEEEE

@ 101 D
5

¢ 110

111
D7

;

CA2020 Kién trdc may tinh
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i B0 coOng

= B& cdng ban phan 1-bit (Half-adder)
= COng hai bit tao ra bit tdng va bit nhé ra
= B6 cong toan phan 1-bit (Full-adder)
= CONng 3 bit
= Cho phep xay dwng bo cong N-bit

CA2020 Kién trdc may tinh 77
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i Bd cdng ban phan 1-bit

CA2020

0 0 1
+0 +1 +0 +1
‘o| 1| 1] 10

Pau vao Pau ra
A | B | S | Cy
0 0 0 0)
0 1 1 0)
1 0 1 0)
1 1 0) 1

Kién trdc may tinh

>
—

1-bit
Cout <4+ Half
Adder

S=ADB
C, =AB
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i Bd cdng toan phan 1-bit
L

1-bit S =ABC+ ABC + ABC + ABC
Cout— Full r—GCi, A
Adder C,.=AB+AC+BC
: .
: =
— e -
dau vao au ra g :>_
. C
Co | A| B | S | Cou —] >—S
ol ol oo 0 A :>_
C
o| o | 1] 1 0 R
ol 1] 0|1 0 5 —
o| 1] 11]o0 1 R
110 o0 1 0 ’ }
1 0 1 0 1 2 ) ] Cout
11101l o0 1 )
1 |1 1] 1 1 c }

CA2020 Kién trdc may tinh
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i B& cong 4-bit va bd cong 32-bit

g;ﬁz?ow C; Cpp [<— C, Gy, [<— C, Cyy [<— Cp Cyy [<—0
S3 S, S Sy
Azp Bipeee Agy Boy Ay Bz AjgBig Ays Byse.e Ag By A; By ... Ag By
8-bit Cp 8-bit Cis 8-bit G, 8-bit
Cout adder adder adder adder Cin
S3 So4 Sys Sie Sis Sg S; Sy

CA2020

Kién trdc may tinh
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i 2.5. Mach day

= Mach day la mach logic trong dé dau ra phu
thudc gia tri dau vao & thoi diém hién tai va
dau vao & thoi diém qua khr

= La mach c6 nhé, dwoc thuc hién bang phan
t&r nh& (Latch, Flip-Flop) va co thé két hop
v&i cac cong logic

CA2020 Kién trdc may tinh 81
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C

/ 4

dC

F

ip-Flop co ban

CA2020

Name Graphical Symbol Truth Table
——s  Q—— S R | Qu
0 0 Q,
S-R D Ck 0 1 0
1 0 1
J Q J K Qn+l
0 0 Q,
J-K —PCk 0 1 0
1 0 1
—K Q— 1 1 Q,
D Q I D Qn+1
0 0
D —PCk 1 1
Q

Kién trdc may tinh
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i S-R Latch va cac Flip-Flop

Q

Al

s

.

_ S L/
S-R Latch S-R Flip-Flop

B = ==

A Clock — Clock ——

D D —Q I I_D

D Flip Flop J-K Flip-Flop

CA2020 Kién trdc may tinh

Ql
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i Thanh ghi 8-bit song song

Data lines
~ I T~

D18 D17 D16 D15 D14 D13 D12 D11

> Clk > Clk > Clk > Clk > Clk > Clk > Clk |—>(:1k

Clock —
Load —
D08 D07 D06 D0S D04 D03 D02 D01
N — -
Output lines

CA2020 Kién trdc may tinh 84
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i Thanh ghi dich 5-bit

Serial out

Serial in

Clock

CA2020 Kién trdc may tinh 85
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6 dém 4-bit

CA2020

High —s o o
—iJ Q —iJ Q +—iJ Q +—iJ
Clock >Ck . > Ck ; >Ck o >Ck
K Q K Q K Q K
Qo Qi Q,

(a) Sequential circuit

cock LMLy

Q — 4 4 4 & & & L 1

Q — I I 7 1T "L

Q2 I | | L

=

Q3 |
(b) Timing diagram

Kién trdc may tinh

Q;
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+

CA2020

Hét chwong 2

Kién trdc may tinh
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* Kién tric may tinh

Chwong 3
HE THONG MAY TINH

Nguyén Kim Khanh
Truong Dai hoc Bach khoa Ha Noi

CA2020 Kién trdc may tinh

88




NKK-HUST

* No&i dung hoc phan

nwong 1. Gigi thiéu chung

hwong 2. Co ban vé logic sb
hwong 3. Hé thong may tinh
hwong 4. S6 hoc may tinh

hwong 5. Kién tric tap 1énh
rong 6. BO xur ly

nwong 7. BO nhéd may tinh

hwong 8. Hé thdng vao-ra

nwong 9. Cac kién truc song song

OO0 0000000

CA2020 Kién trdc may tinh
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i N&i dung cua chwong 3

3.1. Céac thanh phan co ban ctia may tinh
3.2. Hoat déng co ban cua may tinh
3.3. Bus may tinh

CA2020 Kién trdc may tinh
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i 3.1. Céac thanh phan co ban ctia may tinh

CPU

B& nhé chinh

I

I

Bus hé thdng

]

Hé thong vao-ra

CA2020

BO x&r ly trung tam (Central

Processing Unit — CPU)

= Diéu khién hoat ddng clia may
tinh va xt ly dir liéu

B6 nh& chinh (Main Memory)

= Chtra cac chuwong trinh dang
thwe hién

Hé thdng vao-ra (Input/Output)
= Trao ddi thong tin gitka may tinh
vOi bén ngoai
Bus hé thdng (System bus)
= K&t ndi va van chuyén théng tin

Kién trdc may tinh 91
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i 1. BO x( ly trung tam (CPU)

CA2020

= Churc nang:
= diéu khién hoat ddng clia may tinh
. x¢ 1y di liéu

= Nguyén tac hoat ddng co’ ban:

= CPU hoat ddng theo chwong trinh nam trong
b6 Nhé chinh.

= La thanh phan nhanh nhat trong hé thong

Kién trdc may tinh
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i Cac thanh phan co ban ctia CPU

Pon vi
diéu khién

Pon vi
sO hoc va logic

Tap thanh ghi

Bu§
hé thong

—

CA2020

= Don vj diéu khién
= Control Unit (CU)
= Diéu khién hoat ddong cua may tinh
theo chwong trinh da dinh san
= DPon vi s6 hoc va logic
= Arithmetic and Logic Unit (ALU)
= Thuwc hién cac phép toan sb hoc va
phép toan logic
= [ap thanh ghi
= Register File (RF)

= GOm céc thanh ghi chva cac théng
tin phuc vu cho hoat déng cua CPU

Kién trdc may tinh 93
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2. BO nh& may tinh

CA2020

= Chtrc nang: nh& chwong trinh va di liéu (dwdi dang
nhi phan)
s Cac thao tac co ban v&i bd nho:
= Thao tac ghi (Write)
= Thao tac doc (Read)
= Céc thanh phan chinh:
= B6 nhd chinh (Main memory)
= B6 nhd dém (Cache memory)
= Thiét bi lwu trir (Storage Devices)

Cac

Bb nh& Bb nh& P
CPU <1I:|'> dem <1I:|'> chinh <1I::> thiet bi

lwu triy

Kién trdc may tinh
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BO nh¢ chinh (Main memory)

= TOn tai trén moi may tinh

Chtra cac Iénh va di¥ liéu cua
chwong trinh dang dwoc thuwec hién
St dung bd nhé ban dan

T6 chlrc thanh cac ngan nhé
dwoc danh dia chi (thwdng danh
dia chi cho tirng byte nhé)

NOi dung clia ngan nhé co thé
thay ddi, song dia chi vat ly cta
ngan nhé ludn cd dinh

CPU muon doc/ghi ngdn nh& can
phai biét dia chi ngan nh& d6

Noi dung

0100 1101

0101 0101

1010 1111

0000 1110

0111 0100

1011 0010

0010 1000

1110 1111

0110 0010

0010 0001

Dia chi

00...
00...
00...
00...
00...
00...
00...
00...

11...
11...

0000
0001
0010
0011
0100
0101
0110
0111

1110
1111
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i BO nhd dém (Cache memory)

CA2020

BO nh& c6 toc dd nhanh dwoc dat dém gitra
CPU va b6 nhé chinh nham tang téc dé6 CPU
truy cap bé nho

Dung lvong nhé hon bd nhé chinh

S& dung bd nhé ban dan toc d6 nhanh

Cache thuorng dwoc chia thanh mét sé mae (L1,
L2, L3)

Cache thwdng duoc tich hop trén cung chip bd
Xt ly

Cache c6 thé cé hoadc khdng

Kién trdc may tinh
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i Thiét bi lwu trir (Storage Devices)

= Con dwoc goi la bd nhé ngoai
= Chlrc ndng va dac diém
= Lwu gil tai nguyén phan mém cua may tinh
= Duoc két ndi véi hé thong dwdi dang cac thiét bj vao-ra
= Dung lvgng I&n
= Tdc dd cham
s Cac loai thiét bi lwu triy
= B6 nhé tir: 6 dia cirng HDD
= BO nh& ban dan: 0 thé ran SSD, 6 nho flash, thé nho
= B6 nh&é quang: CD, DVD

CA2020 Kién trdc may tinh 97
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i 3. Hé thong vao-ra

= Chlrc nang: Trao doi
thong tin gitbha may tinh
v&i thé gidi bén ngoai
= Cac thao tac co ban:
= Vao dir lieu (Input)
= Ra dir lieu (Output)
s Céac thanh phan chinh:
= Cac thiét bj vao-ra
(IO devices)

= Cac mo6-dun vao-ra
(IO modules)

O\
Bus
hé
thdng

CA2020 Kién trdc may tinh

Mo-dun
vao-ra

Thiét bj
vao-ra

Thiét bj
vVao-ra

Mo-dun
vao-ra

Thiét bj
vao-ra
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i Cac thiét bj vao-ra

= Con duwoc goi la thiét bi ngoai vi (Peripherals)

= Chlrc nang: chuyén déi di¥ liéu gitra bén trong
va bén ngoai may tinh

s Cac loai thiét bi vao-ra:

= Thiét bi vao (Input Devices)
= Thiét bi ra (Output Devices)

= Thiét bj lwu trir (Stotage Devices)

= Thiét bi truyén thdng (Communication Devives)

CA2020 Kién trdc may tinh 99
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i Mo-dun vao-ra

= Chirc nang: ndi ghép cac thiét bj vao-ra voi
may tinh

= Moi mé-dun vao-ra c6 mét hodc mot vai cong
vao-ra (I/O Port)

= M6i cOng vao-ra dwoc danh mét dia chi xac
dinh

= Cac thiét bj vao-ra dwoc két ndi va trao doi div
lieu voi may tinh thong qua cac cong vao-ra

= CPU mudn trao doi dir liéu vai thiét bj vao-ra,
can phai biét dia chi cua cong vao-ra twong
ng
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i 3.2. Hoat déng co ban cua may tinh

= Thwc hién chwong trinh
= Hoat dong ngat
= Hoat dOng vao-ra

CA2020 Kién trdc may tinh 101
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i 1. Thwe hién chwong trinh

= La hoat ddng co ban cua may tinh
= May tinh I1ap di 1&p lai chu trinh 1&énh gom
hai bwoec:
= Nhan Iénh
= Thwc hién [énh
= Hoat dong thwc hién chwong trinh bi dwng
néu:
= Thuwc hién 1énh bi 10i
= Gap lénh dwng
= Tat may

CA2020 Kién trdc may tinh 102
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i Nhan lénh

s Bat dau méi chu trinh 1énh, CPU nhan Iénh tr bd

nh& chinh

B& dém chuwong trinh PC (Program Counter) 1a
thanh ghi cua CPU dung dé gilr dia chi cua 1énh
sé dwoc nhan vao

CPU phat ra dia chi tr bd dém chwong trinh PC
tim ra ngan nh¢ chira [€nh

Lénh dwoc doc tr bd nh¢& dwa vao thanh ghi
lénh IR (Instruction Register)

Sau khi Iénh,du’cyc ,nhén véq, ng}i dung PC tw
dong tang de tré dén Iénh ké tiép.




NKK-HUST

i Minh hoa qué trinh nhan 1&nh

CPU lénh 300 CPU lénh
PC |énh 301 PC |énh
302 > |énh i 302 30 |énh i
/// . 3\\\ .
IR /// |énh i+1 303 IR [énh i+1
a | |énh i+2 304 énh i |énh i+2
Trwdce khi nhan l1énh i Sau khi nhan I1énh |

CA2020 Kién trdc may tinh
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i Thuwe hién I&énh

= BO xtr ly giai ma Iénh da dwoc nhan va
phat tin hiéu diéu khién thwc hién thao
tac ma lénh yéu cau
= CAc kiéu thao tac co ban cua lénh:
= Trao ddi di liéu gitva CPU v&i bd nhé chinh
hoac CPU v&i mo-dun vao-ra
= Thuc hién cac phép toan sd hoc hodc phép
toan logic voi cac dir lieu
= Chuyén diéu khién trong chwong trinh: ré
nhanh hoac nhay dén vi tri khac
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i 2. Ngat (Interrupt)

= Khai niém chung vé ngat: Ngat |1a co ché cho
phép CPU tam dwrng chwong trinh dang thuc
hién dé chuyén sang thwc hién mét chwong
trinh con c6 san trong bd nho:.
= Chuwong trinh con x& ly ngat (Interrupt handlers)
= Cac loai ngat:
= Biét 1é (exception): gay ra do I6i khi thyc hién
chuwong trinh (VD: tran s6, ma lénh sali, ...)
= Ngat tlr bén ngoai (external interrupt): do thiét bj
vao-ra (théng qua mé-dun vao-ra) guvi tin hiéu ngat
dén CPU de yéu cau trao doi dir liéu

CA2020 Kién trdc may tinh
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Hoat ddng véi ngat tlr bén ngoai

= Sau khi hoan thanh moi mét Iénh, bd xr ly kiem
tra tin hiéu ngat
= Néu khdng cd ngat, bd xt Iy nhan 1énh tiép theo
cla chwong trinh hién tai
= Néu ¢4 tin hiéu ngat:
= Tam dwng (suspend) chuwong trinh dang thwc hién
« Cat ngr canh (cac thong tin lién quan dén chwong trinh
bi ngat)
= Thiét 1ap bd c:]’ém chwong trinh PC tré dén chwong trinh
con Xt ly ngat twong rng
= Chuyén sang thwc hién chwong trinh con xt ly ngat
= Khéi phuc nglr canh va tré vé tiép tuc thuc hién

chuwong trinh dang bi tam dwng
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i Hoat dong ngat (tiép)

Chwong trinh
dang thwc hién

lénh Chuwong trinh con
énh X ly ngat
|énh —> |énh
Sy 2 an |énh lénh
Ngat ¢ dax anh i o
|énh i+1  |[e——
|€énh
RETURN
|Eénh

CA2020 Kién trdc may tinh
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i X ly v&i nhiéu tin hiéu yéu cau ngat

= X ly ngat tuan ty
= Khi mét ngat dang dwoc thwe hién, cac ngat khac bi
cam (disabled interrupt)
= BO x ly s& bd qua cac yéu cau ngat tiép theo

Interrupt

= Cac yéu cau ngat

tiép theo van dang iE
doi va duoc kiém tra <
sau khi ngét hién tai -

Interrupt

dwoc xr ly xong

= Cac ngat dwoc thuc
hién tuan tu

{%

=
FELELErrrrnnng &

IIIIIIIIIIIIIIIIIIIIIIII/}f\IIIIIIII ;
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i X ly vé&i nhiéu tin hiéu yéu cau ngat (tiep)

= XU ly ngat wu tién
= Cac ngat dwoc dinh nghia mrc wu tién khac nhau

= Ngat c6 mirc wu tién thap hon co thé bi ngat bdi
ngat co muwc wu tién cao hon

= XAy ra ngat Id6ng nhau

Interrupt
User program handler X

7 _

A

\\:
Interrupt
handler Y

N

T
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i 3. Hoat dong vao-ra

O Hoat

ddng vao-ra: 1a hoat ddng trao doi

dir lieu gitba mo-dun vao-ra voi bén trong
may tinh.

= Céc kiéu hoat dong vao-ra:

« CP
léNn
« CP

UJ trao dbi di¥ liéu v&i md-dun vao-ra boi
N vao-ra trong chuwong trinh

U trao quyén diéu khién cho phép md-dun

vao-ra trao dbi di liéu truc tiép v&i bd nhé
chinh (DMA - Direct Memory Access).
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i 3.3. Bus may tinh
1. Ludng théng tin trong may tinh

= Cac mO-dun trong may tinh:
« CPU
= MO-dun nho
= MO-dun vao-ra

> can duoc két ndi v&i nhau
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i Két ndi mo-dun nhé

CA2020

dia chi >
dir lieu >

Tin hiéu diéu khién doc
>

Tin hiéu diéu khién ghi

MOo-dun
nh&

di¥ liéu hoac lénh >

Kién trdc may tinh

113




NKK-HUST

i Két ndi mo-dun nho (tiép)

= Dia chi dwa dén dé xac dinh ngan nh&
= D liéu dwoc dwa dén khi ghi
s D liéu hoac Iénh dwoc dwa ra khi doc
= BO nh& khdng phan biét [énh va di liéu
= Nhan céac tin hiéu diéu khién:
= Diéu khién doc (Read)
= Diéu khién ghi (Write)

CA2020 Kién trdc may tinh
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i Két ndi md-dun vao-ra

d¥ liéu tlr bén trong > di¥ liéu ra bén ngoai >

di¥ liéu tr bén ngoai > [dCr liéu vao bén trong
M6-dun

vao-ra T
dia chi Cac tin hiéu diéu khién thiét bi

>

Cac tin hiéu diéu khién ngat
tin hiu didu khién ghi >
>

tin hiéu diéu khién doc
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i Két ndi mé-dun vao-ra (tiép)

= Dia chi dwa dén dé xac dinh céng vao-ra
= Ra di¥ lieu (Output)
= Nhan d liéu tr bén trong (CPU hoac bd nh& chinh)
= Pwa di¥ liéu ra thiét bi vao-ra
= Vao di lieu (Input)
= Nhan di¥ liéu ttr thiét bi vao-ra
= PDuwa dir lieu vao bén trong (CPU hoac b6 nh¢ chinh)
Nhan cac tin hiéu diéu khién tir CPU
= Phat cac tin hiéu diéu khién dén thiét bj vao-ra
Phat cac tin hiéu ngat dén CPU
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i Két ndi CPU
|énh > dia chi >

dir liéu CPU dir liéu

C4c tin hiéu diéu khién

Céac tin hiéu diéu khién ngat A
bd nhd va vao-ra >

)
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i Két ndi CPU (tiép)

CA2020

Phat dia chi dén cac mé-dun nhé hay cac mé-
dun vao-ra

Poc [énh tw bO Nnh&
Poc d@ liéu tr b6 nhd hoac m6-dun vao-ra

Puwa di liéu ra (sau khi xt&r ly) dén bd nho
hoac mo-dun vao-ra

Phat tin hiéu diéu khién dén cac mo-dun nho
va cac mo-dun vao-ra

Nhan cac tin hiéu ngat
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i 2. Cau truc bus co ban

= Bus: tap hop cac dudng két ndi dé van chuyén
théng tin gilta cac mo-dun cua may tinh voi
nhau.
= Cac bus chuc nang:
= Bus dia chi (Address bus)
= Bus di liéu (Data bus)
= Bus diéu khién (Control bus)
= DO rong bus: 1a s6 dwdng day cla bus co thé
truyén céac bit thédng tin déng thoi (chi dung cho
bus dia chi va bus di liéu)
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i So dd cau truc bus co ban

Mo6-dun Mob-dun Mo6-dun Mo6-dun
CPU ) , ) .
nho nh& vao-ra vao-ra
| bus dia ch
| bus di liéu

bus diéu khién

CA2020
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Bus dia chi

= Chlrc nang: van chuyén dia chi dé xac dinh vi tri
ngan nhé hay cong vao-ra
= DS rong bus dia chi:
= N bit: Anct, Anos - Ay, Ay, A,
> S0 lwong dia chi toi da dwoc st dung 1a: 2N dia chi
(goi la khéng gian dia chi)
= Dia chi nhé nhat: 00 ... 000 (»
« Diachilonnhdt:  11..111 4
s Vi dL_J:
= May tinh st dung bus dia chi 32-bit (A31-Ap), bd nh&
chinh dwoc danh dia chi cho tirng byte
- Co6 kha nang danh dia chi cho 232 bytes nhé = 4GiB
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i Bus di lidu

= Chuec nang:
= Van Chuyén lénh t&r bd nhé dén CPU
= van chuyén d liéu gilra cac thanh phan cta may tinh

vO'i nhau

= DO rong bus di liéu: sb bit dwoc truyén dong thoi
« Mbit:  Dy1, Dy, ... Do, Dy, Dy
= Mthuwongla 8, 16, 32, 64 bit

s Vi dL_JZ
= May tinh c6 bus di liéu két n6i CPU v&i b nhé 1a 64-bit
> C6 thé trao dobi 8 byte nhé & mdt thdi diém

CA2020 Kién trdc may tinh 122




NKK-HUST

i Bus diéu khién

= Chlrc nang: van chuyén cac tin hiéu diéu khién

= Cac loai tin hiéu diéu khién:

= Cactin
= Cactin
= Cactin

CA2020

hiéu diéu
hiéu diéu

hiéu diéu

K

K

K

hién doc/ghi
hién ngat

hién bus

Kién trdc may tinh
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:i Mot sé tin hiéu didu khién dién hinh

= Cac tin hiéu (phat ra tir CPU) diéu khién doc/ghi:

= Memory Read (MEMR): Tin hiéu diéu khién doc dir
liéu tir mét ngan nh& cé dia chi xac dinh dwa 1én bus
di¥ liéu.

= Memory Write (MEMW): Tin hiéu diéu khién ghi dir
liéu c6 san trén bus di liéu dén mét ngan nhé co dia
chi xac dinh.

= /O Read (IOR): Tin hiéu diéu khién doc d@ liéu tlr mot
cOng vao-ra co dia chi xac dinh dwa I&n bus di¥ liéu.

= /O Write (IOW): Tin hiéu diéu khién ghi di liéu c6 sén
trén bus di¥ liéu ra mdt cdng cd dia chi xac dinh.
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:i M6t sb tin hiéu diéu khién dién hinh (tiép)

= Cac tin hiéu diéu khién ngat:
= Interrupt Request (INTR): Tin hiéu tlr bd diéu khién

vao-ra g&¥i dén yéu cau ngat CPU dé trao doi vao-ra.
Tin hiéu INTR co thé bi che.

= Interrupt Acknowledge (INTA): Tin hieu phat ra tw
CPU bao cho bd diéu khién vao-ra biét CPU chap
nhan ngat dé trao déi vao-ra.

= Non Maskable Interrupt (NMI): tin hiéu ngat khong
che dwoc giri dén ngat CPU.

= Reset: Tin hiéu tir bén ngoai gvi dén CPU va céc
thanh phan khac dé kh&i déong lai may tinh.
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i M6t sb tin hiéu diéu khién dién hinh (tiép)

s CAac tin hiéu diéu khién bus:

= Bus Request (BRQ) : Tin hiéu tr m6-dun vao-ra gui
dén yéu cau CPU chuyén nhwong quyén st dung
bus.

= Bus @rant (BGT): Tin higu phat ra tw CPU chap nhan
chuyén nhuong quyén st dung bus cho mé-dun vao-
ra.

= Lock/ Unlock: Tin hiéu cam/cho-phép xin chuyén
nhwong bus.
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i 3. Phan cap bus

= Don bus: Tat ca cac md-dun két ndi vao bus
chung
= Bus chi phuc vu dugc mét yéu cau trao doi dir lieu
tai mot thoi diem - do tré lon
= Bus phai co tdc do béng tdc d6 bus clia md-dun
nhanh nhat trong hé thong

= Da bus: Phan cap thanh nhiéu bus cho cac
mO-dun khac nhau va co toc do khac nhau

= Bus cua bd xw ly
= Bus cua RAM
= Cac bus vao-ra

CA2020 Kién trdc may tinh
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Main

* Phan cap bus

Local bus i)
Processor s

SCSI FireWire Graphic Video LAN
FAX Expansion .
bus interface Serial
Modem
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* 4. Két noi diém-diém

= Point-to-point connection

= Khac phuc nhwoc diém cua bus dung chung
(shared bus)

Két noi QPI Két noi PCle

=)
ul

QPI PCI Express Memory bus
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i Mot sd bus dién hinh trong may tinh

= QPI (Quick Path Interconnect)

= PCI bus (Peripheral Component Interconnect):
bus vao-ra da nang

= PCle: (PCI express) két nbi diém-diém da nang
toc d6 cao

= SATA (Serial Advanced Technology Attachment):

Bus két ndi v&i 6 dia cirng hodc 6 dia CD/DVD
= USB (Universal Serial Bus): Bus ndi tiép da nang

CA2020 Kién trdc may tinh
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| du bus

rong may tinh Intel

1x16 lanes
PCl Express* 3.0 Graphics

Three Independent
Display Support

Up to 6 x USB 3.0 Ports
14 x USB 2.0 Ports
xHCI; USB Port Disable

Integrated
10/100/1000 MAC

Intel® Ethernet Connection

CA2020

Up to 8 x PCI Express* 2.0

4th Generation
Intel® Core™
Processors

Processor Graphics

Intel® H87
Chipset

Intel® ME 9.0 Firmware
and BIOS Support

Intel® Small Business
Advantage

DDR3/3L
Up to 1600 MHz

DDR3/3L
Up to 1600 MHz

Intel® High
Definition Audio

6 x SATA ports, eSATA;
Port Disable

Intel® Rapid Storage
Technology with RAID

Intel® Smart Connect
Technology

Intel® Rapid Start
Technology

9.6" (24.38cm)

Intel® Anti-Theft
Technology

Intel® Identity
Protection Technology

11.6" (29.46¢m)

Kién trdc may tinh
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HIGH-DEFINITION MULTIMEDIA INTERFACE
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+

CA2020

Hét chwong 3

Kién trdc may tinh
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* Kién tric may tinh

Chwong 4
SO HOC MAY TINH

Nguyén Kim Khanh
Truong Dai hoc Bach khoa Ha Noi

CA2020 Kién trdc may tinh
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* No&i dung hoc phan

nwong 1. Gigi thiéu chung

hwong 2. Co ban vé logic sb
hwong 3. Hé thong may tinh
hwong 4. S6 hoc may tinh

hwong 5. Kién tric tap 1énh
rong 6. BO xur ly

nwong 7. BO nhéd may tinh

hwong 8. Hé thdng vao-ra

nwong 9. Cac kién truc song song

OO0 0000000

CA2020 Kién trdc may tinh
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i NOI dung chwong 4

4.1. Biéu dién sO nguyén

4.2. Phép cong va phép trir s nguyén
4.3. Phép nhan va phép chia sd nguyén
4.4. SO dau phay dong
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i 4.1. Biéu dién s6 nguyén

= SO nguyén khéng dau (Unsigned Integer)
= SO nguyén c6 dau (Signed Integer)
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i 1. Biéu dién sb nguyén khdéng dau

= Nguyén tac tong ‘quat: Dung n bit biéu dién s
nguyén khéng dau A:

a_.a _,..a,dd,

Gia tri cua A dwoc tinh nhw sau:

n-1
A= EalZ"
=0
Dai biéu dién ctia A: [0, 2" — 1]

CA2020 Kién trdc may tinh
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iVI'dL_J'I

= Biéu dién cac sO nguyén khong dau sau day
bang 8-bit:

A=41; B=150

Giai:

A=41 =32+8+1 = 25+23+20
41 = 0010 1001

B =150 = 128+ 16+4+2= 27+ 24+ 22 + 21
150 = 1001 0110
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iVI'dL_JZ

= Cho céc s0 nguyén khéng dau M, N duoc
bieu dién bang 8-bit nhw sau:

= M =00010010
= N=1011 1001
Xac dinh gia tri cua chung ?
Giai:
= M =00010010=24+2"=16 +2 =18
= N =1011 1001 =27 +2°+ 24+ 23+ 20
=128+32+16+8+1 =185
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ch’)’in=8bit

Biéu dién dwoc cac gid tri tir 0 dén 255 (28- 1)

Chuay: Biéu dién Gid tri
1111 1111 nhi phan thap phan
0000 0000 0
+ 0000 0001
0000 0001 1
1 0000 0000 0000 0010 ,
cO nho ra ngoai 0000 0011 3
(Carry out) 0000 0100 4
255+1=077?
do vuot ra khdi dai biéu dién 1111 1110 254
1111 1111 255
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Truc sb hoc v&i n = 8 bit

ruc sd hoc:

0O 1 2 3 255
/I o——o—o ® I/ .
l’\ 4 V 4 . 255 O 1
Truc s6 hoc may tinh: - ,
3
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i V&in = 16 bit, 32 bit, 64 bit

= n= 16 bit: dai biéu dién tlr 0 dén 65535 (216 - 1)
= 0000000000000000 =0

= 0000 0000 1111 1111

= 255
= 0000 0001 0000 0000 = 256
« 111111111111 1111 = 65535

= nN= 32 bit: dai biéu dién tir 0 dén 232- 1
s N= 64 bit: dai biéu dién tir 0 dén 264- 1
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i 2. Biéu dién s6 nguyén c6 dau

S6 bu mot va Sb bu hai

= Dinh nghta: Cho mét s6 nhj phan A
dwoc bieu dién bang n bit, ta co:
= SO bumot ciia A =(2"1) - A
=« SObUhaictaA = 2n-A

= SO bu hai clia A = (SO bl mot ciia A) +1
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Vi du
V@i n = 8 bit, cho A = 0010 0101

= S6 bu mét clia A duoc tinh nhu sau:

1111 1111 (28-1)
- 0010 0101 (A)
1101 1010
- dao cac bit cua A
= SO bu hai cia A dwoc tinh nhw sau:
10000 0000  (28)
- 0010 0101 (A)
1101 1011
- thwc hién kho khan

CA2020 Kién trdc may tinh
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i Quy tAc tim Sé bu mot va Sé bu hai

= SO bu mét clia A = ddo gia tri cac bit cla A
= (SO bu hai cta A) = (S6 bu mot cia A) + 1

L] VI’dU
= Cho A = 0010 0101
= S6 bu mét clia A = 1101 1010
+ 1
= SO bu hai clia A = 1101 1011
s Nhan xeét:
A = 0010 0101
S6 bu hai cia A = + 1101 1011
0000 0000 =0

(bd qua bit nhd ra ngoai)
> S06 bu hai clia A = -A
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i Biéu dién s6 nguyén c6 dau theo ma bu hai

Nguyén tac tong quat: Ding n bit biéu dién so
nguyén co dau A:

a _.a _,..d,add,

= V&i Alaso dwong: bit a, ; = 0, cac bit con lai
biéu dién d6 I&n nhw s6 khéng dau

s V&i A la s6 am: dwoc biéu dién b&i s6 bu hai
cua sO dwong twong wng, vi vay bita, ; = 1
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Vi du

CA2020

= Biéu dién cac sd nguyén cé dau sau day bang

8-bit:

Giai:
A

B

A=+58 ; B=-80

= +58

= - 80
Ta co: + 80
S6 bt mot

S6 bu hai

Vay: B= -80 =

Kién trdc may tinh

-+

0011 1010

0101 0000
1010 1111
1

1011 0000

1011 0000
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i Xéac dinh gia tri cua s6 dwong

= Dang tong quat cua s duwong:
Oa, ,..a,a,a,

= Gia tri ciia sO dwong:

A= gaif
=0

= Dai biéu dién cho s6 dwong: [0, +(2™1 - 1)]
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i X4c dinh gid tri cta s6 am

= Dang tong quat cia s6 am:
la,_,...a,a,a,

s Gia tri cGia s6 am:
n—2
A = —Zn_l + E a 2i Chdrng minh?
i=0

= Da&i biéu dién cho s6 am: [- 2™, -1]
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i Coéng thire xac dinh gia tri s6 am

A — 1 an_z an_3 az a1 aO

—A = O an_z an_3 ...az a1 ao + 1
—_ 11 111 — an_z an_3 az Cl1 aO + 1

n—2
(21 —-1) - ( aiZi) +1

=0

n—2
A= —Zn_l + 2 aiZi
=0
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i Céng thire tdng quat cho sd nguyén co dau

= Dang tdng quét clia sd6 nguyén c6 dau A:
a _.a, ,..d,ad,

= Gia tri cua A duwoc xac dinh nhuw sau:
n-2

A=-a 2"+ EaiZi

=0

= Dai biéu dién: [-(2™1), +(2™1-1)]
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i Vi du

= Hay xac dinh gia tri clia cac so nguyén cé dau duoc
bieu dién theo ma bu hai v&i 8-bit nhw duwdi day:
= P = 01100010
= Q= 11011011
Giai:
« P=01100010=26+2°+217=64 + 32 + 2 = +98

s Q=11011011= 27+ 26+ 24+ 23+ 21+ 20
=-128+64+16+8+2+1=-37
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i V&in = 8 bit

= Biéu dién dwoc cac gia tri
tlr -27 dén +27-1
= -128 dén +127
= ChicombtgiatriO
= Khdng biéu dién cho gia tri
+128
Chuy:
+127 +1 =-128
(-128)+(-1) = +127
co tran xay ra (Overflow)
(do vwot ra khéi dai biéu dién)

CA2020 Kién trdc may tinh

Gia tri Biéu dién
thap phan bu hai
0 0000 0000
+1 0000 0001
+2 0000 0010
+126 01111110
+127 01111111
-128 1000 0000
-127 1000 0001
-2 1111 1110
-1 1111 1111
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i Truc s6 hoc sd nguyén co6 dau véi n = 8 bit

= Truc sb hoc:

-128 2-1 012 +127
4 o—o—|—o—o % >
= Truc s6 hoc may tinh: .
-1 1
2 o
3 +3
128 +127
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i V&in = 16 bit, 32 bit, 64 bit
= V&I n = 16bit: biéu dién tir -215 dén 215-1

= 0000 0000 0000 0000 = 0

= 0000 0000 0000 0001 = +1

«= 01111111 1111 1111 = +32767 (2'°-1)
= 1000 0000 0000 0000 = -32768 (-21)

= 1000 0000 0000 0001 = -32767
11111111 1111 1111 = -1

s V&i n = 32bit: biéu dién tir -231 dén 231-1
s V&i n = 64bit: biéu dién tir -263 dén 263-1

CA2020 Kién trdc may tinh

155




NKK-HUST

Mé& réng bit cho s6 nguyén

CA2020

= M& rong theo s6 khdng dau (Zero-extended):

thém cac bit 0 vao bén trai

= M@ rdng theo sb c6 dau (Sign-extended):

= SO dwong:
+19 = 0001 0011
+19 = 0000 0000 0001 0011
- thém cac bit 0 vao bén trai
= SO am:
-19 = 1110 1101

-19=1111 1111 1110 1101
- thém cac bit 1 vao bén trai

Kién trdc may tinh

(8bit)
(16bit)

(8bit)
(16bit)
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4.2. Thyc hién phép cong/trir vai s6 nguyén

CA2020

1. Phép cdng sd nguyén khéng dau
B0 cong n-bit

Y X

l n bit l n bit

Cout C,n
- B6 cOng n-bit -
l n bit
S

Kién trdc may tinh
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i Nguyén tac cdng sd nguyén khéng dau

= Khi cdng hai s6 nguyén khdng dau n-bit,
két qua nhan dwoc la n-bit:
= Néu C,_ = 0 2 nhan dwoc két qua dung
= Néu C,; = 1 2 nhan dwoc két qua sai, do
cO nho ra ngoai (Carry Out)
= Hién twong nhd ra ngoai xay ra khi:
tong > (2n- 1)
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i Vi du cdng s nguyén khdng dau

o 57 = 0011 1001

+ 34 =+ 00100010
0101 1011 = 64+16+8+2+1=91 - dung

o 209 = 1101 0001

+ /3 =+ 0100 1001

1 0001 1010

két qua = 0001 1010 =16+8+2=26 > sai
do co nh¢ ra ngoai (C,,=1)

Pé co két qua dung, ta thwe hién céng theo 16-bit:
209 = 0000 0000 1101 0001
+ /3= + 0000 0000 0100 1001
0000 0001 0001 1010 = 256+16+8+2 = 282
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i 2. Phép dao dau

m laco:
+ 37 = 0010 0101
bumoét = 1101 1010
+ 1
buhai = 1101 1011 = -37
= Lay bu hai ciia s6 am:
-37 = 1101 1011
bumoét = 0010 0100
+ 1
buhai = 0010 0101 = +37

» Két luan; Phép ddo dau sb nguyén trong may tinh
thure chét la 1ay bu hai
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i 3. COng sO nguyén co6 dau

= Khi cOng hai s6 nguyén cé dau n-bit, két qua
nhan dwoc 1a n-bit va khéng can quan tadm dén
bit C,,,
= Khi cdng hai sO khac dau thi két qua ludn luén dung

= Khi cdng hai sO cung dau, néu dau két qua cung dau
v@i cac so hang thi két qua la dung

= Khi cong hai s6 cling dau, néu ket qua cé dau nguoc
lai, khi 6 c6 tran (Overflow) xay ra va két qua bi sai

= Hién twong tran xay ra khi tdbng nam ngoai dai
biéu dién: [ -(2™1),+(2"1-1)]
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‘L Vi du cdng sb nguyén cé dau khéng tran

] (+70)
+ (+42)

. (+ 97)

CA2020

0100 0110
0010 1010

0111 0000

0110 0001
1100 1100

0010 1101

1010 0110
0010 0100
1100 1010

1011 0110

1110 0010
1001 1000

Kién trdc may tinh

+112

- 54

-104
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i Vi du cdng s6 nguyén cd dau bij tran

= (+75) = 01001011
+(+82) = 01010010
1001 1101

= - 128+16+8+4+1=-99 - sai
= (-104) = 10011000
+ (-43) = 11010101
0110 1101

= 64+32+8+4+1=+109 - sai

= Ca hai vi du déu tran vi tdng nam ngoai dai
bidu didn [-128, +127]

CA2020
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i 4. Nguyén tac thwc hién phép triy

= Phép trir hai sd nguyén: X-Y = X+(-Y)
= Nguyén tac: Lay bl hai clia Y dé duoc -,
rol cong voi X

n-bit /'I/ Y n-bit 1 X

Bu hai
v Y

B6 cong n-bit

n-bit i S=X-Y
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i 4.3. Phép nhan va phép chia sd nguyén

1. Nhan s6 nguyén khéng dau

1011 S6 bi nhan (11)

x 1101  Sénhan  (13)
1011
0000 C4c tich riéng phan
1011 |
1011 |
10001111 Tich (143)
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i Nhan s6 nguyén khdng dau (tiép)

= Céc tich riéng phan dwoc xac dinh nhw sau:
= Néu bit cia s6 nhan bang 0 = tich riéng phan bang 0
= Néu bit cia s6 nhan bang 1 = tich riéng phan bang sb
bl nhan
= Tich riéng phén tiép theo dwoc dich trai mot bit so voi
tich rieng phan trwdc do
= Tich bang tong céc tich riéng phan
= Nhan hai sd nguyén n-bit, tich c6 dé dai 2n bit
(khéng bao gio tran)
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i B& nhan s6 nguyén khéng dau

CA2020

S6 bj nhan
Mn-1 | M2 Mi | Mg
o
khién . -
A a : con Bd logic diéu khién
B6 cong n-bit 2 ' Ag e
cong va dich
A
Diéu khién
dich phai
<L /
An-1 An-2 A1 A0 » Qn-1 Qn-2 Q1 QO
Sé nhan

Kién trdc may tinh
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Lwu dd nhan sd nguyén khéng dau

C€<€0,ACO
M &< Sébinhén
Q € Sbé nhan
B6 dém € n

No @ Yes

CA < A+M

v

Dich phai C,A,Q
Bo dém <Bod dém-1

No

Tich trong AQ

Két thuc
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Vi du nhan s6 nguyén khdng dau

= SObinhan M = 1011 (11)

= S6nhan Q = 1101 (13)

= Tich = 1000 1111 (143)
C A Q

o 0 0000 1101 Cac gia tri khéi dau

-

1011 1101 A <« A+ M
o 0 0101 1110 Dich phai

o 0 0010 1111 Dich phai

0 1101 1111 A <« A+ M
o 0 0110 1111 Dich phai

A

0001 1111 A <« A+ M
o 0 1000 1111 Dich phai
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Vi du nhan s6 nguyén khéng dau (tiép)

CA2020

= SObinhan M =
s SO nhan Q =
= [ich -
C A
g 0 0000
0 0110
g 0 0011
g 0 0001
0 0111
g 0 0011
g 0 0001

0110 (6)
0101 (5)
(30)

Q
0101 Cac gia tri kh@i dau

0101 A « A+ M
0010 Dich phai

1001 Dich phai

1001 A « A+ M
1100 Dich phai

1110 Dich phai

Kién trdc may tinh
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i 2. Nhan sO nguyén co6 dau

CA2020

= SU dung thuat gidi nhan khéng dau
= SU dung thuat giai Booth

Kién trdc may tinh
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i S dung thuat giadi nhan khéng dau

= Buwdc 1. Chuyén dbi sd bj nhan va sé nhan
thanh s6 dwong twong rng
= Buwdc 2. Nhan hai s6 dwong bang thuat giai
nhan s nguyén khéng dau, dwoec tich cta hai
sO dwong.
s Budc 3. Hiéu chinh dau cua tich:
= Néu hai thiva s6 ban dau cing dau thi gitr nguyén
két qua & budc 2
= Néu hai thiva s6 ban dau la khac dau thi dao dau
két qua cua buéce 2 (lay bu hai)

CA2020 Kién trdc may tinh 172




NKK-HUST

CA2020

A—0,Q_;«< 0
M « Multiplicand
Q < Multiplier

Count < n

Arithmetic shift
> Right: A, Q’ Q—l
Count < Count — 1

Kién trdc may tinh

END
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i 3. Chia s6 nguyén khéng dau

SO bichia 10010011 X1011 S6 chia
- 1011 00001101 Thuong
001110
- 1011
001111
- 1011
100 Phan dw
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i B& chia s6 nguyén khéng dau

S6 chia M
Mn_1 Mn-2 e M1 MO
1
v khién - -
. n . . o ) B6 logic diéu khién
B6 cOng/trir n-bit [« cong/tru  1091C dieu
cong/trir va dich
Piéu khién
dich trai
N A/ \ 4
A 1 An_g A1 Ao < Qn.1 Qn.2 e Q1 QO
S bi chia Q

CA2020

Kién trdc may tinh
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Lwu dé chia s6 nguyén khéng dau

CA2020

No a Yes

A< O

M & Sé chia
Q € Sb bj chia
Bo dém €< n

l<

Dich trai A,Q

v

A<CA-M

Qo €1

Q<0
ACA+M

v

B6 dém&Bo dém-1

Két thuc

No

Thuong & Q
Séduw & A

Kién trdc may tinh
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Vidu: Q =1011 (11)

A
0000
0001
1101
1110
0011
0001
0010
1101
1111
0011
0010
0101
1101
0010
0010
0101
1101
0010
0010

CA2020 2

Q
1011
0110

0110
1100

1100
1000

1001
0010

0011
3

M = 0011 (3) > -M = 1101

dich trai
A=A-M <0

A=A+M
dich trai

A=A-M <0

A=A+M
dich trai

A=A-M>0
dich trai

A=A-M>0

Kién trdc may tinh

Bb=4

BD

]
w

BD

]
N

BD =1

BD

]
)
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i 4. Chia s6 nguyén co dau

= Buwéc 1. Chuyén dbi so bi chia va sb chia vé thanh s
dwong twong wng.
= Budc 2. S dung thuat gidi chia s6 nguyén khoéng dau dé
chia hai s6 dwong, két qua nhan duwoc la thwong Q va
phan duv R déu la dwong
= Buwdc 3. Hiéu chinh dau cla két qua nhw sau:
(Lwu y: phép ddo dau thue chat 1a thwe hién phép Iay bu hai)

So bi chia So6 chia Thwong S6 dw
duwong duong gilr Nnguyén gilr nguyén
dwong am dao dau gitr nguyén

am dwong dao dau dao dau
am am gilr nguyén dao dau
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* 4.4. SO dau phay dong
. Nguyén tac chung
= Floating Point Number = biéu dién cho sb
thwe
= Tong quat: mét so thwe X dwoc biéu dién
theo kieéu s6 dau phay dong nhuw sau:
X =+ M*RE
= M |4 phan dinh tri (Mantissa),
= R 1a co sb (Radix),
= E 1a phan mi (Exponent).

CA2020 Kién trdc may tinh 179




NKK-HUST

i 2. Chuan IEEE754-2008

s CosOR=2
= Cac dang:
= Dang 32-bit

= Dang 64-bit

= Dang 128-bit

CA2020

Sign Biased

bit sexponent
/

Trailing
significand field

<

8 bits 23 bits
(a) Binary32 format

Sign  Biased

bit ,exponent
/

Trailing significand field

11 bits

52 bits

(b) Binary64 format

Sign
bit

Biased
exponent

Trailing significand field

15 bits

(c) Binary128 format

Kién trdc may tinh

112 bits
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i Dang 32-bit

e m

<>« >« >
1 bit 8 bit 23 bit

= S 13 bit dau:
= S=0- s06dwong
=« S=1->sb6am
= e (8 bit) 1a gia tri dich chuyén ctia phan mi E:
= e=E+127 > phanmi E=e- 127
= m (23 bit) la phan |& cta phan dinh trj M:
s M=1.m
= COng thire xac dinh gia tri ctia sb thuec:
X = (-1)5:1.m » 28127

CA2020 Kién trdc may tinh 181




NKK-HUST

iVI'dL_J'l

Xéc dinh gia tri cGia cac sb thwe dwoc biéu dién
bang 32-bit sau day:
= 1100 0001 0101 0110 0000 0000 0000 0000
= S=1->sd6am
« €= 1000 0010 = 13010) > E = 130 - 127 = 3
Vay
X = -1.10101100, « 23 = -1101.0115) = -13.3751¢,

= 0011 1111 1000 0000 0000 0000 0000 0000 =7
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iVI'dL_JZ

Biéu dién sb thwc X= 83. 73510 vé dang sb dau
phay déng IEEE754 32-bit

Giai:
s X=83.75(4p = 1010011.115, = 1.01001111 X 26

s [aCo:

= S =0 viday la sé duwong

s E=e-127=6>e=127 +6 = 1335 = 1000 0101,
= Vay:

X = 0100 0010 10100111 1000 0000 0000 0000
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i Cac qui voc dac biét

Céc bit clia e bang 0, cac bit ctia m bang 0, thi X =+0
x000 0000 0000 0000 0000 0000 00000000 > X=+0

= C&c bit clia e bang 1, cac bit cila m bang 0, thi X =+ «
x111 1111 1000 0000 0000 0000 0000 0000 » X =t

= Cac bit clia e bang 1, con m c6 it nhat mét bit bang 1, thi
n6 khdng bieu dién cho sb nao ca (NaN - not a number)
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i Dai gia tri bidu di&n

= 2-127 dén 2+127
= 1038 dén 10+38

_2+127 _2—127 0 +2—127

+2+127

CA2020 Kién trdc may tinh
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:i Dang 64-bit

= S |4 bit dau

= e (11 bit) 1a gia tri dich chuyén cua phan
ma E:
«=e=E+1023 > phan mi E = e - 1023

= m (52 bit): phan I& cta phan dinh tri M

» Gia trj sO thuc:

X = (-1)5.1.m . 2¢e-1023
= Dai gia tri biéu dién: 10-308 gén 10+308

CA2020 Kién trdc may tinh 186




NKK-HUST

i Dang 128-bit

= S |4 bit dau
= e (15 bit) 1a gia tri dich chuyén cua phan

ma E:

= e=E+16383 > phan mi E = e - 16383
= m (112 bit): phan 1& ciia phan dinh tri M
» Gia trj sO thuc:

X = (-1)S.1.m , 2¢e-16383

= Dai gia tri biéu dién: 104932 dén 10+4932
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i 3. Thwe hién phép toan s dau phay dong

| X1=M1*RE1
= X2 =M2.RE2
m [aco

s X1.X2 = (M1. M2) . RE1+E2
« X1/X2 =(M1/M2).RE"E2
s X1+ X2 = (M1.RE"E2 + M2) . RE2 | v&i E2 > E
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Cac kha nang tran so6

= Tran trén s mi (Exponent Overflow): ma
dwong vuot ra khdi gia tri cwe dai ciia s6 mi
dwong c6 thé (> «)

= Tran dwdi s6 mi (Exponent Underflow): mi &m
vwot ra khéi gia tri cwe dai cia s6 mi @m cé thé
(= 0)

= Tran trén phan dinh tri (Mantissa Overflow):
cong hai phan dinh tri cd ciing dau, két qua bi
nhé ra ngoai bit cao nhat

= Tran duwdi phan dinh tri (Mantissa Underflow):
Khi hiéu chinh phan dinh tri, cac sd bj mat & bén
phai phan dinh tri
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i Phép cong va phep trw

CA2020

= Kiém tra cac sb hang c6 bang 0 hay
Khong

= Hiéu chinh phan dinh tri
= CONg hodc trir phan dinh tri
= Chuan hoa két qua

Kién trdc may tinh
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i Thuat toan cong/trir s6 dau phay dong

TRU

Péi dau clia Y

Lam tron
két qua

( TRO VE )

Coéng cé dau
phan dinh tri

Tang phan mi

nhoé hon
TRO VE - ¢ —
Dich phai

phan dinh tri

N Dich phai
phan dinh tri

v v

Dich phai
phan dinh tri

v

Gidm phan mii

Phan m bi
tran duwdi?

Cét sb kia Tang phan mi
vao Z —
TRO VE Bao tran duaoi
Bao tran TRO VE
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Thuat todn nhan s6 dau phay déng

Coéng phan mi

v

Trir cho
do léch

Thoéng bao
tran trén

Thoéng bao
tran dwoi

Nhan phan TRO VE
an oo (TROVE)

v

Chuan hoéa

v

Lam tron
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Thuat todn chia s6 dau phay déng

Trr phan mi

v

Coéng thém
dé léch

TRO VE Théng bao
tran trén

Thoéng bao

tran duwéi

v

Chuan hoa

v

Lam tron

CA2020 Kién trdc may tinh
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+

CA2020

Hét chwong 4

Kién trdc may tinh
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* Kién tric may tinh

Chwong 5
KIEN TRUC TAP LENH

Nguyén Kim Khanh
Truong Dai hoc Bach khoa Ha Noi
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* No&i dung hoc phan

nwong 1. Gigi thiéu chung

hwong 2. Co ban vé logic sb
hwong 3. Hé thong may tinh
hwong 4. S6 hoc may tinh

hwong 5. Kién truc tap 1énh
rong 6. BO xur ly

nwong 7. BO nhéd may tinh

hwong 8. Hé thdng vao-ra

nwong 9. Cac kién truc song song

OO0 0000000

CA2020 Kién trdc may tinh
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i N&i dung cua chwong 5

5.1. Gidi thiéu chung vé kién truc tap lénh
5.2. Lénh hop nglr va toan hang

5.3. Ma may

5.4. Co ban vé 1ap trinh hop ngly

5.5. Cac phwong phap dinh dia chi

5.6. Dich va chay chwong trinh hop nglr

CA2020 Kién trdc may tinh
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i 5.1. Gidi thiéu chung v& kién tric tap lénh

= Kién truc tap Iénh (Instruction Set Architecture):
cach nhin may tinh b&i ngwdi 1ap trinh
= Vi kién trac (Microarchitecture): cach thuc hién
kién truc tap I1&énh bang phan cing
= Ngon nglr trong may tinh:
= Hop nglr (assembly language):
= dang I&nh c6 thé doc dwoc bdi con ngu o
= biéu dién dang text
= Ngon ngl* may (machine language):
= CcONn goi la ma may (machine code)
= dang |énh cb6 thé doc dwoc bdi may tinh

= biéu dién bang cac bit 0 va 1

CA2020 Kién trdc may tinh
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i M6 hinh |ap trinh cua may tinh

CA2020

B& nh& chinh

CPU

PC

Pon vi
diéu khién

ALU

Tap thanh ghi

AN

Iénh

Iénh

Iénh

Iénh

dir liéu

di liéu

dir liéu

dir liéu

Vao-ra

7

Kién trdc may tinh
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i CPU nhan lénh tr bl nho
= Bd dém chwong trinh PC

CA2020

(Program Counter) la thanh ghi
cua CPU qilr dia chi cua Iénh can
nhan vao dé thwc hién

CPU phat dia chi tir PC dén bd

nh&, |énh dwoc nhan vao

PC

Sau khi |énh dwoc nhan vao, noi
dung PC ty ddng tang dé tré sang
lénh ké tiép

PC tang bao nhiéu?

= Tuy thudc vao d6 dai cua Iénh vira
dwoc nhan

= MIPS: Iénh c6 d6 dai 32-bit, PC tang 4

Kién trdc may tinh

-
-~
-
-~
-
-
.~
-~

lénh

lénh

lénh

[énh dwoc
nhan vao

lénh ké tiép

lénh

lénh
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i Giai ma va thuc hién lénh

= BO xw ly giai ma Iénh da dwoc nhan va phat cac
tin hiéu diéu khien thwec hién thao tac ma lIénh yéu
cau

= Cac kiéu thao tac chinh cua lénh:

= Trao dbi di¥ liéu gitba CPU véi bd nhé chinh hodc voi
cOng vao-ra

= Thwc hién cac phép toan s6 hoc hodc phép toan logic
vOi cac dir liéu (dwoc thwe hién boi ALU)

= Chuyén diéu khién trong chwong trinh (r& nhanh, nhay)
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i CPU doc/ghi di liéu bd nhé

= V@i cac 1énh trao doi dir liéu v&i bd nho,
CPU can biét va phat ra dia chi cia ngan
nhé can doc/ghi

= Dia chi d6 co thé la:
= Hang so6 dia chi dwoc cho true tiép trong 1énh
= Gid tri dia chi nam trong thanh ghi con tré
= Dia chi = Dia chi co s& + gia tri dich chuyén

CA2020 Kién trdc may tinh
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i Hang so dia chi

= Trong lénh C!]O héng SO Ao lieu

dia chi cu thé 4t e

= CPUphatgiatridiachi ;. g0 on|— 0
nay dén bd nhé dé tim (Rl

ra ngan nhé di liéu can e

doc/ghi dw lieu

dir liéu
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i St dung thanh ghi con tro

= Trong I&nh cho biét |
tén thanh ghi con tré j‘f’ :f‘f“
o liéu
= Thanh ghi con tro der ligu
chira gia tri dia chi Thanh ghi ——]di¥ liéu can doc/ghi
1 4 [] > AN d~ |.A
= CPU phat dia chi nay ——
- S o o liéu
ra dé tim ra ngan 3G e
nh¢ dir liéu can de lieu
doc/ghi
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i S dung dia chi co’ s& va dich chuyén

= Dia chi co s& (base address):
dia chi cua ngan nh¢& co so
= Gia tri dich chuyén dija chi (offset):
gia sO dia chi gitka ngan nho can  Plachicoso =g e
doc/ghi so v&i ngan nhé co so&
= Dia chi clia ngan nhé can doc/ghi =%,
= (dia chi co s@) + (offset)
= Co thé st dung céc thanh ghi dé Y 14G libu can doclghi
quan ly cac tham sb nay
= [rwong hop riéng:
= Piachicoso=0
= Offset=0

CA2020 Kién trdc may tinh 205




NKK-HUST

CA2020

i Ngan xép (Stack)

Ngan xép la ving nh& di liéu cé cau trac
LIFO (Last In - First Out vao sau - ra trw¢c)
Ngan xép thwdng dung dé phuc vu cho
chwong trinh con

Pay ngan xép la mét ngan nhé xac dinh
Dinh ngan xép la thong tin nam & vij tri trén
cung trong ngan xéep

Pinh ngan xép cé thé bj thay doi

Kién trdc may tinh
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i Con trd ngan xép SP (Stack Pointer)

CA2020

SP la thanh ghi chtra dia chi cua
ngan nhé dinh ngan xép
Khi cat thém mdt thdng tin vao

ngan xép:

SP

= Giam nbi dung cua SP
= Théng tin dwoc cat vao ngan nhé
dwoc tré boi SP

Khi [ay mot thdng tin ra khoi
ngan xép:
= [hong tin dwoc doc tr ngan nho
dwoc tré boi SP
= Tang ndi dung cua SP
Khi ngan xép réng, SP tré vao
day

Kién trdc may tinh

dinh ngan xép

day ngan xép

chiéu
dia
chi
tang
dan
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Th ty lwu trlr cac byte trong bo nhé chinh

= BO nh& chinh dwoc danh dia chi cho tirng byte

= Hai cach lwu trir thdng tin nhiéu byte:

= Dau nhé (Little-endian): Byte cé y nghia thap dwoc
lwu trlr & ngan nh& coé dia chi nho, byte c6 y nghia
cao duoc lwu trlr @ ngan nhé cé dia chi lon.

= Dau to (Big-endian): Byte cé y nghia cao dwoc lvu
trlr @ ngan nhd cé dia chi nho, byte c6 y nghia thap
dwoc lwu trlr @ ngan nhd cd dia chi lon.
= Cac san pham thuc té:
= Intel x86: little-endian
= Motorola 680x0, SunSPARC: big-endian

= MIPS, IA-64: bi-endian (ca hai kiéu)
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i Vi du lwu triv div liéu 32-bit

6 10001 1010 0010 1011 0011

nhi phan

1100 0100 1101

S6 Hexa 1A 2B 3C 4D
4D 4000 1A 4000
3C 4001 2B 4001
2B 4002 3C 4002
1A 4003 4D 4003
little-endian big-endian

CA2020 Kién trdc may tinh
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i Tap Iénh

= MGi bd xir ly c6 mét tap 1énh xac dinh

= Tap Iénh thwdrng c6 hang chuc dén hang trdm
lénh

= Mbi lénh may (ma may) la mot chudi cac bit (0,1)
ma bd x& ly hiéu dwoc dé thwe hién mét thao
tac xac dinh.

= Cac |&nh dwoc md ta bang cac ky hiéu goi nhé
dang text, d6 chinh Ia cac |énh cua hop nglr
(assembly language)
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i Dang lénh hop ngly

» M3 C:
a=b+c;
= Vidulénh hop ngi:
add a, b, c Ha=b+cC
trong do:
= add: ky hiéu goi nh& chi ra thao tac (phép toan)
can thwc hién.
= Chu y: moi I1énh chi thwe hién mot thao tac
= b, c: cac todn hang ngudn cho thao tac
= a: toan hang dich (noi ghi két qua)
m phén sau dau # 1a 1&i gidi thich (chi co tac dung
dén hét dong)
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i C4ac thanh phan cla Iénh may

Ma thao tac Dia chi toan hang

= Ma thao tac (operation code hay opcode): ma
hda cho thao tac ma bd xt&r ly phai thuwe hién
= Céc thao tac chuyén dir liéu
= Cac phép toan sb hoc
= Cac phép toan logic
= Cac thao tac chuyén diéu khién (ré nhanh, nhay)
= Dia chi toan hang: chi ra noi chira cac toan
hang ma thao tac sé tac dong
= Toan hang c6 thé la:
= Hang s6 nam ngay trong Iénh
= NOi dung cua thanh ghi

= Noi dung clia ngan nh& (hodc cdng vao-ra)
CA2020 Kién trdc may tinh
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i SO lwong dia chi todn hang trong l1énh

= Ba dia chi toan hang:
wadd r1,r2,r3 #r1=r2+1r3
= S dung pho bién trén cac kién trdc hién nay
= Hai dia chi toan hang:
= add r1, r2 #r1=r1+r2
= St dung trén Intel x86, Motorola 680x0
= Mot dia chi toan hang:
= add r1 # Acc = Acc + r1
= Dwoc st dung trén kién trac thé hé trwdc
= 0 dja chi toan hang:
= Cac todn hang déu dwoc ngam dinh & ngan xép
= Khong thong dung
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i Cac kién truc tap 1énh CISC va RISC

s CISC: Complex Instruction Set Computer
= May tinh voi tap Iénh phure tap
= Cac bd x ly: Intel x86, Motorola 680x0

= RISC: Reduced Instruction Set Computer
= May tinh voi tap Iénh thu gon
=« SUNSPARC, Power PC, MIPS, ARM ...
= RISC d6i nghich v&i CISC
= Kién trdc tap 1énh tién tién

CA2020 Kién trdc may tinh
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i Céac dac trwng cla kién tric RISC

CA2020

S6 lwong 1énh it

Hau hét cac Iénh truy nhap toan hang & cac
thanh ghi

Truy nhap bd nhé bang cac 1énh LOAD/STORE
(nap/lwu)

Thot gian thwe hién cac lenh la nhw nhau
Céc Iénh c6 dd dai cd dinh (thwong 1a 32 bit)
S6 lwong dang 1&nh it

Cé it phwong phap dinh dia chi toan hang
Cé nhiéu thanh ghi

Ho tro cac thao tac cia ngdn nglr bac cao
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Kién truc tap lénh MIPS

= MIPS viét tat cho:
Microprocessor without Interlocked Pipeline Stages
= Puoc phat trién b&i John Hennessy va cac dong nghiép &
dai hoc Stanford (1984)
= Puwoc thwong mai héa boi MIPS Technologies
= Nam 2013 cong ty nay dwoc ban cho Imagination
Technologies (imgtec.com)
= Lakién tric RISC dién hinh, dé hoc
= Puoc st dung trong nhiéu san pham thuc té
= Cac phan tiép theo trong chwong nay sé nghién ctru kién
truc tap Iénh MIPS 32-bit
= [ailiéu: MIPS Reference Data Sheet va Chapter 2 — COD
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i 5.2. Lénh hop ngir va cac toan hang

= Thwc hién phép cong: 3 toan hang
= L& phép toan phd bién nhat
= Hai todn hang nguon va mét toan hang
dich
add a, b, ¢ # a =Db + c
= Hau hét cac Iénh s hoc/logic cé dang
trén
= Céac lénh s6 hoc Su dung toan hang
thanh ghi hodc hang so

CA2020 Kién trdc may tinh
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Tap thanh ghi cua MIPS

= MIPS co tap 32 thanh ghi 32-bit
=« Dwoc sir dung thuwd'ng xuyén
= Duwoc danh so6 tir 0 dén 31 (ma hda bang 5-bit)
= Chwong trinh hgp dich Assembler dat tén:
= Bat dau bang dau $
= $t0, $t1, ..., $t19 chira cac gia tri tam thoi
= $s0, $s1, ..., $s7 cat cac bién
= Qui wé&c goi dir liéu trong MIPS;
= D liéu 32-bit dwoc goi la “word”
= D lieu 16-bit dwoc goi la “halfword”
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i Tap thanh ghi ctia MIPS

Tén thanh ghi | SO hiéu thanh ghi Cong dung
Szero 0 the constant value 0, chra hang s& =0
Sat 1 assembler temporary, gia tri tam thoi cho hop ngit
Sv0-Sv1l 2-3 procedure return values, cac gid trj tra vé cta thu tuc
Sa0-Sa3 4-7 procedure arguments, cac tham sé vao cua thu tuc
St0-St7 8-15 temporaries, chira cac gia tri tam thoi
Ss0-Ss7 16-23 saved variables, lwu cac bién
St8-St9 24-25 more temporarie, ch(ra cac gia trj tam thoi
SkO-Sk1 26-27 OS temporaries, cac gia tri tam thoi cda 0S
Sgp 28 global pointer, con tro toan cuc
Ssp 29 stack pointer, con tré ngan xép
Sfp 30 frame pointer, con tré khung
Sra 31 procedure return address, dia chi tr& vé cta thd tuc
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Toan hang thanh ghi

= Lénh add, Iénh sub (subtract) chi thao tac voéi
toan hang thanh ghi
= add rd, rs, rt ¥ (rd) = (rs)+(rt)
= sub rd, rs, rt ¥ (xrd) (rs) - (rt)
= Viduma C:
f = Q; + h) - gi.-k J)
= gia thiét: f, g, h, i, jnam & $s0, $s1, $s2, $s3, $s4

= PDuoc dich thanh ma hop nglr MIPS:
add S$t0, S$sl1, $s2 # $t0 =g + h
add S$tl, $s3, $s4 # S$tl =i + j
sub $s0, $t0, sStl1 # £ = (g+h)-(i+j)
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i Toan hang & bé nh&

= Mudn thwe hién phép toan sb hoc v&i toan hang & bd
nh&, can phai:
= Nap (load) gia tri ttr bé nh& vao thanh ghi
= Thwc hién phép toan trén thanh ghi
= Lwu (store) két qua tr thanh ghi ra bd nho
= B6 nhé duwoc danh dia chi theo byte

= MIPS st dung 32-bit dé& danh dia chi cho cac byte nhé va céac
cdng vao-ra

= Khéng gian dia chi: 0x00000000 — OxFFFFFFFF
= MGi word c6 dd dai 32-bit chiém 4-byte trong b6 nho, dia chi cua
cac word la bdi cua 4 (dia chi cua byte dau tién)
= MIPS cho phép lwu tri¥ trong bd nhé theo kiéu dau to
(big-endian) ho&c kiéu dau nhd (little-endian)
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Dt liéu
hoac lénh

byte (8-bit)

byte

byte

byte

byte

byte

byte

byte

byte

byte

byte

byte

byte

232 pytes

Pia chi byte
(theo Hexa)

0x0000 0000
0x0000 0001
0x0000 0002
0x0000 0003
0x0000 0004
0x0000 0005
0x0000 0006
0x0000 0007

OXFFFF FFFB
OXFFFF FFFC
OXFFFF FFFD
OXFFFF FFFE
OXFFFF FFFF

Pia chi byte nhé va word nh&

D liéu
hoac lénh

word (32-bit)

word

word

word

word

word

word

word

word

word

230 words

Kién trdc may tinh

Pia chi word
(theo Hexa)

0x0000 0000
0x0000 0004
0x0000 0008
0x0000 000C
0x0000 0010
0x0000 0014
0x0000 0018

OXFFFF FFF4
OXFFFF FFF8
OXFFFF FFFC
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Lénh load va Iénh store

= Dé doc word di¥ liéu 32-bit ttr bd nhé dwa vao thanh ghi,
str dung |énh load word
lw rt, imm(rs) # (rt) = mem[ (rs)+imm]
= rs: thanh ghi chira dia chi co s& (base address)
= imm (immediate): hang s (offset)
- dia chi ctia word di¥ liéu can doc = dia chi co s& + hang s
= rt: thanh ghi dich, chtra word di¥ lieu dwgc doc vao

= Dé ghi word di liéu 32-bit tir thanh ghi dwa ra bd nho,
str dung |énh store word
sw rt, imm(rs) # mem[ (rs)+imm] = (rt)
= rt: thanh ghi ngudn, chira word di¥ liéu can ghi ra bd nh&
= rs: thanh ghi chira dia chi co s& (base address)
= imm: hang sb (offset)
- dia chi noi ghi word di liéu = dia chi co s& + hang sb
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i Vi du toan hang b6 nho

= MaC:
/I Ald mang cac phan tlr 32-bit
g =h+ A[8];
s Chog & $s1, h & $s2
= $s3 chira dia chi co s& cia mang A

CA2020 Kién trdc may tinh

Dia chi co s&

ﬁ’

Offset = 32

A[0]

Al1]

Al2]

A[3]

Al4]

A[5]

Al6]

Al7]

A[8]

Al9]

A[10]

Al11]

Al12]
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i Vi du toan hang b6 nho

= MaC:
. . _ Dia chi co s&
/I A 1a mang cac phan ttr 32-bit T P—a
g=h+ A[8]; Al2]
> 2 Offset = 32 Al3]
= Cho go $S1, h o $82 A[4]
= $s3 cha dia chi co s& clia mang A 2{2}
Al7]
= Ma hop nglr MIPS: —Y Al
> X , A[9]
# Chi sb 8, do do offset = 32 AL10]
lw $t0, 32($s3) # $t0 = A[S8] o

add $sl/$52,\$t0 # g = h+A[8]

offset base register

(Chu y: offset phai la hang sé, co thé duong hodc &m )

CA2020 Kién trdc may tinh
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i Vi du toan hang bd nh& (tiép)

= Ma C:
A[12] = h + A[8];
= h& $s2
= $s3 chira dia chi co s& cia mang A

CA2020 Kién trdc may tinh

Dia chi co s&

ﬁ»

A[0]

Al]

A2]

A[3]

Al4]

A[5]

Offset = 48

Al6]

Al7]

Al8]

Al9]

A[10]

A[11]

A[12]
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i Vi du toan hang bd nhé (tiép)

= Ma C:
A[12] = h + A[8];
= h& $s2
= $s3 chira dia chi co s& cia mang A

Dia chi co s&

Offset = 48

= Ma hop nglr MIPS:
lw $t0, 32($s3) # $t0 = A[8]
add $t0, $s2, $t0 # St0 = h+A[8]
sw S$St0, 48 ($s3) # A[12]=h+A[8]

CA2020 Kién trdc may tinh
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A[0]

Al]

Al2]

A3]

Al4]

A[5]

Al6]

Al7]

Al8]

Al9]

A[10]

A[11]

A[12]
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i Thanh ghi v&i B6 nhé

= Truy nhap thanh ghi nhanh hon b nhé

= Thao tac di¥ liéu trén bd nh& yéu cau nap
(load) va lwu (store)
= Can thwc hién nhiéu Iénh hon

m Chu’omg trinh dich sw dung cac thanh ghi cho
cac bién nhiéu nhat co thé
= Chi s dung bd nh& cho cac bién it dwoc st dung
= Can toi wu héa s dung thanh ghi
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i Toan hang tirc thi (immediate)

= D liéu hang s6 dwoc xac dinh ngay trong
lénh
addi S$s3, $s3, 4 # $s3 = $s3+4
= Khéng co |1énh trir (subi) vai gid tri hang so
= St dung hang s6 am trong Iénh addi dé thuc
hién phép trw
addi $s2, $sl, -1 # S$s2 = S$sl-1
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i X ly v&i s6 nguyén

= SO nguyén c6 dau (biéu dién bang bu hai):
= V&i n bit, dai bidu didn: [-271, +(271-1)]
= Céc lénh add, sub, addi danh cho sd nguyén c6 dau
= SO nguyén khéng dau:
= V@i n bit, dai biéu dién: [0, 2"-1]
= Céc lénh addu, subu, addiu danh cho sO nguyén
knong dau
= Qui vdc biéu dién hang s6 nguyén trong hop
ngtr MIPS:
= sO thap phan: 12; 3456; -18
= 5O Hexa (bat dau bang 0x): 0x12 ; 0x3456; Ox1AB6
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i Hang sb Zero

= Thanh ghi 0 ctia MIPS ($zero hay $0) luén
chtra hang s6 0
= Khong thé thay doi gia tri
= Hru ich cho mot s6 thao tac thong dung
= Chang han, chuyén di¥ liéu gitba cac thanh ghi
add $t2, $sl, S$zero # $t2 = S$sl
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i 5.3. Ma may (Machine code)

= Cac léenh dwoc ma hoa dwoi dang nhi phan
duwoc goi la ma may

= Cac lénh cua MIPS:
= Dwoc ma hoa bang céac tlr I18nh 32-bit

= M6i Iénh chiém 4-byte trong bd nh&, do vay dia chi
cua lénh trong b nhd la bbi cua 4

= Coitdang lénh
= SO hiéu thanh ghi dwoc ma héa bang 5-bit
= $t0 — $t7 c6 s6 hiéu tr 8 — 15
= $t8 — $t9 cb sO hiéu tir 24 — 25
s $s0 — $s7 c6 sb hiéu tir 16 — 23
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>
LAV 4 N

Cac kiéu Iénh

n

Lénh kiéu R

Lénh kiéu I

Lénh kiéu J

CA2020

may cua MIPS

op rs rt rd shamt funct
6 bits 5 bits 5 bits S bits S bits 6 bits
op rs rt imm
6 bits 5 bits 5 bits 16 bits
op address
6 bits 26 bits

Kién trdc may tinh

233




NKK-HUST

i Lénh kiéu R (Registers)

CA2020

op

I'S

rt rd shamt funct

6 bits

5 bits

5 bits 5 bits 5 bits 6 bits

= Cac trwdng cua lénh
= op (operation code - opcode): ma thao tac
= V&i cac lénh kiéu R, op = 000000

= rs: sO
s It Sé
s rd: 56

Niéu t
nNiéu t

Niéu t

Nan
Nan

Nan

N g
ng

g

ni nguon thlr nhat
ni nguon th hai

ni dich

= shamt (shift amount): s bit dwoe dich, chi dung cho
lénh dich bit, v&i cac lénh khac shamt = 00000

= funct (function code): ma ham
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:i Vi du ma may cla lénh add, sub

CA2020

op rs rt rd shamt funct
6 bits 5 bits 5-bits 5 bits 5 bits 6 bits
add $t0, $sl, $s2
0 $s1 $s2 $t0 0 add
0 17 18 8 0 32
000000 | 10001 [ 10010 | 01000 | 00000 | 100000
(0x02324020)
sub $s0, $t3, $t5
0 $t3 $t5 $s0 0 sub
0 11 13 16 0 34
000000 | 01011 | Q01101 || 10000 OOJOO 100010
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| (0x016D8022)
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i Lénh kiéu I (Immediate)

op rs rt imm

6 bits 5 bits 5 bits 16 bits

= Dung cho cac Iénh sb hoc/logic v&i toan hang tire thi va cac
lénh load/store (nap/lwu)
= rs: sO hiéu thanh ghi ngudn (addi) hodc thanh ghi co s& (Iw, sw)
= rt: sO hiéu thanh ghi dich (addi, Iw) hodc thanh ghi nguén (sw)
= imm (immediate): hang s6 nguy@n 16-bit
addi rt, rs, imm # (rt) = (rs)+SignExtImm
1w rt, imm(rs) # (rt) = mem|[ (rs)+SignExtImm]
SW rt, imm(rs) # mem[ (rs)+SignExtImm] = (rt)

(SignExtImm: hang s6 imm 16-bit dugc mo rong theo kiéu so ¢ dau thanh 32-bit)
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Mé& réng bit cho hang sb theo s6 c6 dau

= V&i cac Iénh addi, Iw, sw can cdng ndi dung
thanh ghi v&i hang so:
= Thanh ghi cé d6 dai 32-bit
. Héng §6 imm 16-bit, can mé réng thanh 32-bit theo
kKiéu s6 co dau (Sign-extended)

= Vi du mé rong sd 16-bit thanh 32-bit theo kiéu

sO cO dau:
+5 = 0000 0000 0000 0101 16-bit
+5 = [ 0000 0000 0000 0000 0000 0000 0000 0101 32-bit

-12 = 1111 1111 1111 0100 16-Dbit

-12= 1111 1111 1111 1111 1111 1111 1111 0100 |  32-bit
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Vi du ma may cua lénh addi

+

CA2020

op rs rt imm
6 bits 5 bits 5 bits 16 bits
addi $s0, $sl1l, 5
8 $s1 $s0 5
8 17 16 5
001000 | 10001 [ 10000 0000 0000 0000 0101
(0x22300005)
addi $tl1l, S$s2, -12
8 $s2 $t1 -12
8 18 9 -12
001000 | 10010 | 01001 1111 1111 1111 0100
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i Vi du ma may cua lénh load va |énh store

CA2020

op rs rt imm
6 bits 5 bits 5 bits 16 bits
lw $t0, 32 (Ss3)
35 $s3 $t0 32
35 19 8 32
100011 10011 | 01000 0000 0000 0010 0000
(0x8E680020)
sw Ssl, 4($tl)
43 $t1 $s1 4
43 9 17 4
101011 01001 | 10001 0000 0000 0000 0100

(0XAD310004)
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i Lénh kiéu J (Jump)

= Toan hang 26-bit dia chi
= Duwoc s dung cho cac Iénh nhay
= J (Jjump)-> op =000010
= jal (jump and link) -2 op =000011

op address
6 bits 26 bits
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i 5.4. Co ban vé 1ap trinh hop ng

CA2020

©NO OO0~

Cac lénh logic

Nap hang s6 vao thanh ghi
Tao cac cau truc diéu khién
Lap trinh mang dir liéu
Chuwong trinh con

D lieu ky tw

Lénh nhan va lénh chia

Céc Iénh vé&i s6 dau phay dong

Kién trdc may tinh
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i 1. Cac Iénh logic

= Cac I&nh logic dé thao tac trén cac bit cua

dir lieu
Phép toan Toan tw Lénh cua
logic trong C MIPS
Shift left << sll
Shift right >> srl
Bitwise AND & and, andi
Bitwise OR | or, ori
Bitwise XOR A Xor, xori
Bitwise NOT ~ nor
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i Vi du Iénh logic kiéu R

N6i dung cac thanh ghi nguén

$s1|0100 0110 1010 0001 1100 0000 1011 0111

$s2| 1111 1111 1111 1111 0000 0000 0000 : 0000

Ma hop nglr Két quéa thanh ghi dich

and $s3, $s1, $s2 $s3

or 9$s4, $s1, $s2 $s4

xor $s5, $s1, $s2 $s5

nor $s6, $s1, $s2 $s6
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:i Vi du Iénh logic kiéu R

N6i dung cac thanh ghi nguén

Ma hop ngiy
and $s3, $s1, $s2

or $s4, $s1, $s2
xor $s5, $s1, $s2

nor $s6, $s1, $s2

CA2020

$s1

$s2

$s3

$s4

$s5

$s6

0100 0110 1010 0001 1100 0000

1011

0111

1111 1111 1111 1111 0000 0000

10000

0000

Két quéa thanh ghi dich

0100 0110 ; 1010 ; 0001 ; 0000 | 0000

10000

0000

1111 1111 1111 1111 1100 0000

1011

0111

1011 1 1001 0101 1110 1100 0000

1011

0111

0000 0000 : 0000 0000 0011 | 1111

0100

1000
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Vi du 1&énh logic kiéu I

andi $s2,$s1,0xFA34 $s2

ori

xori $s4,$s1,0xFA34 $s4

CA2020

Gia tri cac toan hang ngudn

$s1|0000 0000 : 0000 : 0000 0000 0000 : 1111 = 1111

imm | 0000 : 0000 | 0000 0000 = 1111 : 1010 . 0011 0100

Zero-extended

Ma hop nglr Két quéa thanh ghi dich

$s3,5s1,0xFA34 $s3

Chu y: V&i céc Iénh logic kiéu I, hang so imm 16-bit dwoc
mo réng thanh 32-bit theo s6 khdng dau (zero-extended)
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Vi du 1&énh logic kiéu I

Gia tri cac toadn hang nguoén

$s1

imm

Ma hop nglr
andi $s2,$s1,0xFA34 $s2

ori  $s3,$s1,0xFA34 $s3

xori $s4,$s1,0xFA34 $s4

CA2020

0000

/0000 | 0000 0000 : 0000 | 0000

1111

1111

0000

10000 : 0000 0000 : 1111 1010

0011

10100

Zero-extended

Két quéa thanh ghi dich

0000

10000 0000 0000 | 0000 | 0000

10011

10100

0000 |

0000 0000 0000 : 1111 1010

1111

1111

0000

10000 0000 ; 0000+ 1111 | 1010

1100

1011
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i Y nghia cla cac phép toan logic

= Phép AND dung dé gilr nguyen mot sO bit trong
word, x0a cac bit con lai vé O

= Phép OR dung dé git» nguy&n mot so bit trong
word, thiét 1ap cac bit con lai 1én 1

= Phép XOR dung dé gitr nguyén mét sb bit trong
word, dao gia tri cac bit con lai

= Phép NOT dung dé dao cac bit trong word
« D6i 0 thanh 1, va dbi 1 thanh 0

= MIPS khéng c6 1énh NOT, nhwng ¢c6 Iénh NOR v&i 3
toan hang

= aNORb==NOT (aORDb)
nor $t0, S$Stl, Szero # $t0 = not($tl)
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i Lénh logic dich bit

op rs rt rd shamt funct

6 bits 5 bits 5 bits 5 bits 5 bits 6 bits

= shamt. chi ra dich bao nhiéu vi tri (shift amount)
= rs: khdng st dung, thiét 1ap = 00000
= [hanh ghi dich rd nhan gia tri thanh ghi,nguc‘“)n rt da dwoc
dich trai hoac dich phai, rt khéng thay doi ndi dung
= sll - shift left logical (dich trai logic)
= Dich trai cac bit va dién cac bit 0 vao bén phai
= Dich trai i bits 1a nhan véi 2/ (néu két qua trong pham vi biéu dién
32-bit)
= srl - shiftrightlogical (dich phai logic)
= Dich phai cac bit va dién cac bit 0 vao bén trai
= Dich phai i bits |1a chia cho 2/ (chi v&i s nguyén khong dau)
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Vi du Iénh dich trai sll

Lenh hop nglr:
sll $t2, $s0, 4 # $t2 = $s0 << 4

op rs rt rd shamt funct
0 0 16 10 4 0

000000 | 00000 10000 01010 00100 | 000000

(0x00105100)
Vi du két qua thwc hién [énh:

$s0 | 0000 | 0000 . 0000 . 0000 = 0000 | 0000 0000 = 1101 | =13

$t2 | 0000 | 0000 | 0000 @ 0000 = 0000 = 0000 . 1101 : 0000 | =208

_ _ _ _ _ _ _ 1316)

Chu y: N6i dung thanh ghi $s0 khéng bi thay doi
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Vi du [énh dich phai srl

Lenh hop nglr:
srl $s2, Ssl, 2 # $s2 = $sl1 >> 2

op rs rt rd shamt funct
0 0 17 18 2 2

000000 | 00000 10001 10010 00010 | 000010

, P o (0x00119082)

Vi du két qua thwc hién |énh:
$s1| 0000 | 0000 K 0000 | 0000 = 0000 | 0000 = 0101 0110 | =86
$s2| 0000 | 0000 A 0000 A 0000 0000 : 0000 0001 0101 | =21

[86/4]
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i 2. Nap hang so6 vao thanh ghi

= Trwong hop hang sb 16-bit > st dung Iénh addi:
= Vi du: nap hang s6 0x4F3C vao thanh ghi $s0:
addi $s0, $0, O0x4F3C #$s0 = 0x4F3C

= Trong trwdng hop hang sb 32-bit = st dung lénh
lui va lénh ori:
lui rt, constant hilébit
= Copy 16 bit cao clia hang s6 32-bit vao 16 bit trai cda rt
= XOa 16 bits bén phai cuartvé 0
ori rt,rt,constant lowlé6bit
= Duwa 16 bit thap clia hang s 32-bit vao thanh ghi rt
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i Lénh lui (load upper immediate)

op rs rt imm
6 bits 5 bits 5 bits 16 bits
lui $s0, 0x21A0
15 0 $s0 0x21A0
15 0 16 0x21A0
Lénh ma may
001111 00000 | 10000 0010 0001 1010 0000

(0x3C1021A0)
No6i dung $s0 sau khi 1€ woc thwe hién:

|

$s0| 0010 | 0001 | 1010 | 0000 . 0000 . 0000 A 0000 A 0000

CA2020
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Vi du khéi tao thanh ghi 32-bit

= Nap vao thanh ghi $s0 gia tri 32-bit sau:
0010 0001 1010 0000 0100 0000 0011 1011 =0x21A0 403B

lui $s0,0x21A0 # nap 0x21A0 vao ntta cao
# cua thanh ghi $s0

ori $s0,$s0,0x403B # nap 0x403B vao nita thép
# cua thanh ghi $s0

NoOi dung $s0 sau khi thwe hién Iénh 1ui
$s0| 0010 0001 1010 0000 0000 0000 0000 0000
0000 0000 0000 0000 0100 0000 K 0011 & 1011

or

No6i dung $s0 sau khi thwc hién Iénh ori
$s0| 0010 0001 1010 0000 0100 0000 0011 1011
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i 3. Tao cac cau truc diéu khién

= Cac cau tric ré nhanh
m 1f
= if/else
= switch/case
» C4c cau truc 1ap
= while

s do while
s for

CA2020 Kién trdc may tinh
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i Cac lénh ré nhanh va |énh nhay

= Cac lénh ré nhanh: beq, bne
= R& nhanh dén Iénh dwoc danh nhan néu diéu
kKién la dung, ngworc lai, thuwc hién tuan tw
= beq rs, rt, Ll
= branch on equal
= néu (rs == rt) r& nhanh dén lIénh & nhan L1
= bne rs, rt, L1l
= branch on not equal
= néu (rs !=rt) r& nhanh dén I&nh & nhan L1
= Lénh nhay |
= j L1
= nhay (jump) khéng diéu kién dén I&nh & nhan L1
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= MAaC
if (i==7) ves
f = g-|-h, f=g+h
£ = £-i; 14

. f’ g’ h’ I’J 6’ $SO, $S15 $825 $33, $S4 f=f-
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i Dich cau lénh if

= M3 C: >

if (i==j) Yes

f = gth; f=g+h

£ = £-i; }

« f,g,h,i,j&3s0, $s1, $s2, $s3, $s4 [ -+

= Ma hop nglr MIPS:
# $sO0 = £, $s1 = g, $s2 = h

biéu kién hop

# $s3 =i, S$sd4 = j ngl nguoc voi

2 o di€u kién cua

bne $83, $S4, L1 # Néeu i=7 ngon ngit bac
add $s0, $s1, $s2 # thi f=g+h cao

L1l: sub $s0, $s0, $s3 # f=f-i

CA2020 Kién trdc may tinh

257




NKK-HUST

i Dich cau |Iénh if/else
= Ma C:

if (i==3j) £ = g+h; f=g+h f=g-h
else £ = g-h;

= f,g,h,i,j&3s0, $s1, $s2, $s3, $s4 l
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i Dich cau |Iénh if/else
= Ma C:

if (i==3j) £ = g+h; f=g+h f=g-h
else £ = g-h;

= f,g,h,i,j&3s0, $s1, $s2, $s3, $s4 l

= Ma hop nglr MIPS:

bne $s3,$s4,Else # Néu i=j

add $s0,S$sl,Ss2 # thi f=g+h

j  Exit # thoat
Else: sub $s0,$s1,$s2 # néu i<>j thi f=g-h
Exit:
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i Dich cau Iénh switch/case
Ma C:

switch (amount) {

case 20: fee = 2; break;
case 50: fee = 3, break;
case 100: fee = 5; break;

default: fee = 0;

}
// twong dwong v&i st dung cac cau lénh if/else

1f (amount = = 20) fee = 2;
else 1f (amount = = 50) fee = 3;
else 1f (amount = = 100) fee = 5;

else fee = 0;
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Dich cau Iénh switch/case

CA2020

Ma hop nglr MIPS

# $s0 = amount, $s1 = fee

case20:
addi
bne
addi
j
caseb0:
addi
bne
addi
j
case100:
addi
bne
addi
j
default:
add
done:

$t0, $0, 20

$s0, $t0, case50
$s1, $0, 2

done

$t0, $0, 50

$s0, $t0, case100
$s1, $0, 3

done

$t0, $0, 100
$s0, $t0, default
$s1, $0, 5

done

$s1,%0, $0

# $t0 = 20

# amount == 207 if not, skip to case50
# if so, fee = 2

# and break out of case

# $t0 = 50

# amount == 507 if not, skip to case100
# if so, fee =3

# and break out of case

# $t0 = 100

# amount == 1007 if not, skip to default
#if so, fee =5

# and break out of case

#fee=0
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*ADich cau 1&énh vong 1&p while

a C: X
while (A[i] == k) i += 1; @
= i & $s3, kd $sh ves
= dia chi co s& cia mang A & $s6 i—i+1
v
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Dich cau Iénh vong lap while
0 acC:
No
while (A[1i] == k) i +=1; @

= i & 9$s3 k& $s5 ves

= dia chi co s& cia mang A & $s6 i=i+1
= Ma hop nglr MIPS: I
Loop: sll S$tl1l, $s3, 2 Stl = 4*3i
add $tl, $tl, $s6 $tl = dia chi A[i]
lw  $t0, 0($tl) $t0 = A[i]

néu A[i]<>k thi Exit
néu A[i]=k thi i=i+l

bne $t0, $s5, Exit
addi $s3, $s3, 1
I Loop

Exit:
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Dich cau |énh vong lap for

Ma C:
// add the numbers from 0 to 9
int sum = 0;
int 1i;
for (1=0; i'=10; i++) {
sum = sum + 1i;

}
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Dich cau |énh vong lap for

Ma C:
// add the numbers from 0 to 9
int sum = 0;
int 1i;
for (1=0; i'=10; i++) {
sum = sum + 1i;
}
= Ma hop nglr MIPS:

# $sO0 = i, $sl1 = sum

addi $sl1, $0, O sum = 0
add $s0, $0, SO i=0
addi $t0, $0, 10 St0 = 10

”

Néu i=10, thoat
Néu i<10 thi sum = sum+i

for: beq $s0, $t0, done
add $s1, $sl1l, $s0
addi $s0, $s0, 1
I for

tang i thém 1

H H = H HF H

quay lai for
done:
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Khoi 1énh co s& (basic block)

= Khoi 1énh co s& 1a day cac 1énh voi
= Khong co lénh ré nhanh nhdng trong do6
(ngoai trir & cubi)
= Khong c6 dich ré nhanh tdi (ngoai triv & vi tri
dau tién)

= Chwong trinh dich xac

— " dinh khdi co s& dé toi wu
hoa

« Cac b xir Iy tién tién co
thé tang toc dod thwc hién
khdi co s&
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:i Thém cac Iénh thao tac diéu kién

= Lénh slt (set on less than)
slt rd, rs, rt
= Néu (rs < rt) thi rd = 1; ngwoc lai rd = 0;
s Lénh slti
slti rt, rs, constant
= Néu (rs < constant) thi rt=1; ngwoc lai rt=0;

= S dung két hop v&i cac 1énh beq, bne
slt $t0, $sl1, $s2 # néu ($sl1 < $s2)
bne $t0, $zero, L1 # ré& nhanh dén L1

L1:
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i So sanh sé c6 dau va khéng dau

s Sosanh s cod dau: s1lt, slti
= So sanh s6 khéng dau: s1tu, sltiu

s $sO0 = 11111111 1111 1111 1111 1111 1111 1111
= $S1 = 0000 0000 0000 0000 0000 0000 0000 0001
= slt S$t0, $s0, S$sl1 # signed

s =1 <+1 > $t0 =1
» sltu $t0, $s0, Ssl # unsigned

s +4,294,967,295>+1 > $t0=0
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i Vi du st dung 1&nh slt

s Ma C
int sum = 0;
int 1;

for (1=1; i < 101; i = 1i*2) {
sum = sum + 1;
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:i Vi du st dung 1&nh slt

= Ma hop nglr MIPS

¥ $s0 = 1, $sl1 =

loop:

done:

CA2020

addi $s1,
addi $s0,
addi $tO,
slt §S$tl,
beg Stl1,
add $sl1,
sll $s0,
I loop

sum
$0, O
$O0, 1
$0, 101
$s0, $tO
$0, done
$sl, $sO
$sO0, 1

H H HF HF H H HF HF

Kién trdc may tinh

sum = 0
i=1

t0 = 101
Néu i>= 101
thi thoat

néu i<101 thi sum=sum+i

i= 2%*i

lap lai
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i 4. Lap trinh v&i mang di liéu

CA2020

= Truy cap so lvong Ion cac di liéu cung
loal

= Chi s0 (Index): truy cap tirng phan t&r cua
mang

= Kich c& (Size): s6 phan t& ciia mang

Kién trdc may tinh

271




NKK-HUST

i Vi du vé mang

= Mang 5-phan t&r, moi

han tlr co do dai 32-bit,

chiém 4 byte trong bd
Nho

= Pijachico so =
0x12348000 (dia chi cua
phan tlr dau tién cla
mang array|[0])

= Buwdc dau tién dé truy cap
mang: nap dia chi co s&
vao thanh ghi

©
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0x12348000
0x12348004
0x12348008
0x1234800C
0x12348010

array|

array|

array

array

array

B LN
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Vi du truy cap cac phan to

s MaC
int array|[5];

array|[O0]
array|[1]

= Ma hop nglr MIPS

array[0] * 2;

array[1l] * 2;

# nap dia chi co s& cua mang vao $s0

lui
ori

1w
sll
SW

1w
sll
SW

CA2020

$s0,
$s0,

$tl,
$tl,
$tl,

$tl,
$tl,
$tl,

0x1234

# 0x1234 vao ntta cao cua $SO

$s0, 0x8000 # 0x8000 vao nita thip cua $s0

0($s0)
$t1, 1
0($s0)

4 ($s0)
$t1, 1
4 ($s0)

# $tl1 = array[O0]
# Stl = $t1 * 2
# array[0] = $tl

# $tl1 = array[1]
# Stl = $t1 * 2
# array[l] = $tl
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i Vi du vong lap truy cap mang dir liéu

= MaC
int array[1000];

int 1i;

for (i=0; i < 1000; i = i + 1)

array[i] = array[i] * 8;

// gia s@® dia chi co s& cta mang = 0x23b8£f000

= Ma hop nglr MIPS
# $s0 = array base address (0x23b8£f000), $sl1 = i
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a hop ngtr MIPS

Vi du vong lap truy cdp mang dir liéu (tiép)

# $Ss0 = array base address (0x23b8f000), $sl1 = i
# khoi tao cac thanh ghi

lui
ori
addi
addi

# vong lap

loop:

done:
CA2020

slt
beq
sll
add
1w
sll
SW
addi
J

$s0,
$s0,
$sl,
$t2,

$t0/
$t0/
$t0/
$t0/
$t1/
$t1/
$t1/
$sl,
loop

0x23b8

$s0, 0x£f000
$O0, O

$0, 1000

3H = I I*

$Ssl, $t2
$0, done
$sl, 2
$t0, $sO
0($t0)
$tl, 3
0($t0)
$sl, 1

FH = HHHH I
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$s0 = 0x23b80000
$s0 = 0x23b8£000
i=0

$t2 = 1000

i< 10007

if not then done
$t0 = i*4

address of array|[i]
$tl = array[i]

$tl = array[i] *8
array[i] = array[i]*8
i=3i+1

repeat
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i 5. Chwong trinh con - thu tuc

CA2020

= Cac bwéc yéu cau:

s L=

Pat cac tham sb vao cac thanh ghi
Chuyén diéu khién dén tha tuc
Thwe hién cac thao tac cua thu tuc

Pat két qua vao thanh ghi cho chuwong
trinh da goi thu tuc

Tré vé vi tri da goi
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i St dung cac thanh ghi

= $a0 — $a3: cac tham so vao (cac thanh ghi 4 — 7)
= $v0, $v1: cac két qua ra (cac thanh ghi 2 va 3)
= $t0 — $t9: cac gia tri tam thoi
= C6 thé duoc ghi lai bdi thu tuc dwoc goi
s $s0 — $s7: cat gilr cac bién
= Can phai cat/khéi phuc béi thi tuc dwoc goi
= $gp: global pointer - con tré toan cuc cho di¥ liéu
tinh (thanh ghi 28)
= $sp: stack pointer - con trd ngan xép (thanh ghi 29)
= $fp: frame pointer - con tré khung (thanh ghi 30)
= $ra: return address - dia chi tré vé (thanh ghi 31)
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i Cac lénh goi thu tuc

= Goi thu tuc: jump and link
jal ProcedureAddress

= Dia chi cta I&nh ké tiép (dia chi tr& vé) dwoc cat &
thanh ghi $ra
= Nhay dén dia chi cla tha tuc

= Trd vé tr thd tuc: jump register
jr Sra

= Copy ndi dung thanh ghi $ra (dang chira dia chi tré vé)
tra lai cho bd dém chwong trinh PC
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Minh hoa goi Thu tuc

CA2020

main

PC—

Jal proc

Prepare
to call

>

Prepare

J to continue

roc

Jr

Sra

} Sawe, etc.

} Restore
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Goi thu tuc 16ng nhau

Procedure
Xyz

jr Sra

main
} Prepare
_ to call
PC— jal abc Procedure
— } o contir e 3O
o continue
} Sawe
XV Z
} Yl
jal xyz
— h
} Restore
jr Sra
CA2020 Kién trdc may tinh
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Vidu Thu tuc la
= | hu tuc la la thu tuc khdng co & goi thu tuc khac
s M3 C:
int leaf example (int g, h, i, J)

{
int £;
f=(g+h) - (1 + 3);
return £f;

}

= Cacthamsbd g, h, i, j& $a0, $a1, $a2, $a3

= f& $s0 (do dd, can cat $s0 ra ngan xép)

« $t0 va $t1 dl‘J’(_)’C j[hl] tuc dung dé chra cac gia tri tam
th&i, cling can cat trwdce khi str dung

= Két qua & $vO0
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i M3 hop ng® MIPS

:leaf_example:

addi
SW

$sp,
Stl,
$to,

$sp, -12
8 (Ssp)
4 (Ssp)

3H H= F

3=

tao 3 vi tri & stack
cat néi dung S$tl
cat néi dung $tO
cat néi dung $s0

$s0 = (g+h) - (i+])

khéi phuc $s0
khéi phuc $tO
khéi phuc S$tl
x6a 3 muc & stack

tré vé noi da goi




NKK-HUST

:i Vi du Tha tuc canh

= La thu tuc cb goi thu tuc khac
= Ma C:

int fact (int n)

{
if (n < 1) return (1);
else return n * fact(n - 1);

}
= Tham s6 n & $a0

= Két qua & $v0
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i M3 hop ng® MIPS

fact:
addi $sp, $sp, -8 # danh stack cho 2 muc
sSwW $ra, 4($sp) # cidt dia chi tré vé
SW $a0, 0($sp) # cit tham sé n
slti &t0, $a0, 1 # kiém tra n < 1
beq $t0, $zero, L1
addi $v0, S$zero, 1 # néu dang, két qua la 1
addi $sp, $sp, 8 # 14y 2 muc tu stack
jr $ra # va trd vé

Ll: addi $a0, $a0, -1 # néu khéng, giam n
jal fact # goi dé qui
1w $a0, 0($sp) # khéi phuc n ban dau
1w $ra, 4($sp) # va dia chi troé veé
addi $sp, $sp, 8 # 14y 2 muc tu stack
mul $v0, $a0, $vO # nhan dé nhan két qua
jr $ra # va trd vé
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i S dung Stack khi goi tha tuc

Ssp —»p|

S O

STp —»

CA2020

Before calling

Ssp —p z
Local y
variables .
Sawed
registers
Old ($fp)
Sfp —yl c
Frame for b
> current a
procedure
After calling

Kién trdc may tinh

.

Frame for
current
procedure

Frame for
previous
procedure
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i 6. D liéu ky tu

= Cac tap ky tw dwoc ma hda theo byte
= ASCII: 128 ky tw
= 95 ky thi hién thi , 33 ma diéu khién
= Latin-1: 256 ky tw
= ASCII va cac ky tw mé réng
= Unicode: Tap ky tw 32-bit
= Pwoc sir dung trong Java, C++, ...

= Hau hét cac ky tw chia cac ngdn ngil trén thé
gioi va cac ky hiéu
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i Cac thao tac voi Byte/Halfword

= C6 thé sir dung cac phép toan logic
= Nap/Lwu byte/halfword trong MIPS

m 1lb rt, offset(rs) lh rt, offset(rs)
= M& rong theo s6 c6 dau thanh 32 bits trong rt

m lbu rt, offset(rs) lhu rt, offset(rs)
= M& réng theo s6 khéng dau thanh 32 bits trong rt

m sb rt, offset(rs) sh rt, offset(rs)
= Chi lwu byte/halfword bén phai
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i Vi du copy String

s Ma C:

void strcpy (char x[], char y|[])
{ int 1i;

i=20;

while ((x[i]=y[i])'='\0")

i +=1;

}
= Cac dja chicuax, y & $a0, $a1
=i & $s0
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i Vi du Copy String
= Ma hop nglr MIPS

strcpy:

CA2020

Ll:

L2:

addi
SW
add
add
lbu
add
sb
beq
addi
]

1w
addi

jr

$sp,
$s0,
$s0,
$tl,
$t2,
$t3,
$t2,
$t2,
$s0,
L1l
$s0,
$sp,
Sra

Ssp, -4

0 (Ssp)
Szero, $zero
$s0, Sal
0(Stl)

$s0, $al
0($t3)
S$zero, L2
$sO0, 1

0 (Ssp)
$sp, 4

H HF H K H H HF H H H I

adjust stack for 1 item

save $s0

i=0

addr of y[i] in $tl
$t2 = y[i]

addr of x[i] in $t3
x[1] = yl[1i]

exit loop if y[i] ==
i=1i+1

next iteration of loop
restore saved $s0

pop 1 item from stack

and return
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i 7. Cac |énh nhan va chia sO nguyén

= MIPS c6 hai thanh ghi 32-bit: HI (high) va LO (low)
= Cac lénh lién quan:

CA2020

mult rs, rt # nhan sé nguyén cé dau
multu rs, rt # nhan s nguyén khéng dau
= Tich 64-bit nam trong cap thanh ghi HI/LO

div rs, rt # chia sé nguyén cé dau
divu rs, rt # chia sé nguyén khéng diu

= HI: chira phan dw, LO: chira thwong

mfhi rd # Move from Hi to rd
mflo rd # Move from LO to rd
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i 8. Cac lénh véi sé dau phay dong (FP)

= Cac thanh ghi s6 dau phay dong
= 32 thanh ghi 32-bit (single-precision): $f0, $f1, ... $f31
= Cap doéi dé chra di¥ liéu dang 64-bit (double-precision):
$f0/5f1, $F2/$13, ...
= Céc I&nh s6 dau phay déng chi thuwec hién trén cac
thanh ghi s6 dau phay déng
= Lénh load va store voi FP

= lwcl, 1ldcl, swcl, sdcl
= Vi du: 1ldcl $£8, 32($s2)
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Cac |énh v&i sO dau phay dong

= Céc lénh s hoc vai s6 FP 32-bit (single-precision)
» add.s, sub.s, mul.s, div.s
= VD: add.s $£f0, Sf1, Sf6

= Céc lénh sb hoc v&i sO FP 64-bit (double-precision)
= add.d, sub.d, mul.d, div.d
s VD: mul.d $f4, $£f4, S$£f6

s Cac lénh so sanh
m c.xx.s, c.xx.d (trongdoxxlaeq,ltle,...)
= Thiét 1ap hodc xda cac bit ma diéu kién
= VD: c.lt.s $£f3, S$f4
s Cac Iénh ré nhanh dwa trén ma diéu kién
= bclt, bclf
= VD: bclt TargetLabel

CA2020 Kién trdc may tinh 292




NKK-HUST

5. Cac phwong phap dinh dia chi cua MIPS

= Cac lénh Branch chi ra:
= M3 thao tac, hai thanh ghi, hang s

= Hau hét cac dich ré nhanh 1a ré nhanh gan
= Ré xubi hoac ré ngugc

op rs rt imm
6 bits 5 bits 5 bits 16 bits

= Dinh dia chi twong doi véi PC
= PC-relative addressing
= Dia chi dich = PC + hang s6 imm x 4
= Chuy: trwdc do PC da duoc tang Ién
= Hang s6 imm 16-bit cé gia tri trong dai [-215, +215 - 1]
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i Lénh beq, bne

beq

bne

CA2020

op rs rt imm
6 bits 5 bits 5 bits 16 bits
beg $s0, S$sl, Exit
bne $s0, $sl, Exit
4 o0r5 16 17 Exit
khoang cach twong déi tinh theo word
Lénh ma may
000100 | 10000 | 10001 0000 0000 0000 0110
000101 | 10000 | 10001 0000 0000 0000 0110
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i Pia chi héa cho |énh Jump

« Dich clia I&nh Jump (j va jal) co thé 13 bét
ky ch6 nao trong chwong trinh
= Can ma hoa day dua dia chi trong I&nh

op address
6 bits 26 bits

= Dinh dia chi nhay (gid) truc tiép
(Pseudo)Direct jump addressing
= Dia chi dich = PC3, ,5: (address X 4)
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i Vidumaléenhjvajr

Ll # nhay dén vi tri cé nhan Ll

jr Sra # nhay dén vi tri cé dia chi & $ra;

# Sra chirta dia chi tré vé

op jump target address

31 25 0

Jloooo1o

j=2
X X X X 00
From PC Effective target address (32 bits)
op rs rt rd sh fn
31 25 20 15 10 9) 0
R coooo01111100000000CO0O0Q0O0O0COO0COI0O0O01TO0CO0QO
ALU Source Unused Unused Unused jr=28
instruction register
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i Vi du ma héa lénh

Loop:

sll

$t1,

add §$t1,

1w

bne

$to,
$t0,

addi $s3,

]

Exit: ..

CA2020

Loop

$s3, 2

$t1,

Ss6

0(Stl)

$s5, Exit

$s3,

1

0x80000 | O 0 19 9 2 0
0x80004 |-.0 9 22 9 0 32
0x80008 | 35 9 8 0
0x8000C | 5 3 21 2
0x80010 | 8 | 19 |19 1
0x80014 | 2 0x20000
0x80018
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Ré nhanh xa

= Néu dich ré nhanh la qua xa dé ma hoéa voi
offset 16-bit, assembler sé viét lai code
s Vi dL_J
beq $s0, $sl1, L1
(1énh ké tiép)

L1:

sé duworc thay bang doan Iénh sau:
bne $s0, $sl1, L2
j L1
L2: (lénh ké tiép)

Ll1:
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Tom tat vé cac phwong phap dinh dia chi

1. Pinh dia chi ttrc thi

2. Dinh dia chi thanh ghi

3. BPinh dia chi co s&

4. Binh dia chi twong dbi v&i PC

5. Binh dia chi gia truc tiép

CA2020

1. Immediate addressing

op|rs | rt Immediate

2. Register addressing

op|rs | rt|rd]|...[funct Registers
| Register
3. Base addressing
op|rs | rt Address Memory
Registerj— [(Byie] Halfword|  Word
I
4. PC-relative addressing
op | rs | rt Address Memory
PC j—)— Word
I
5. Pseudodirect addressing
op Address Memory
|
Y
PC @—» Word
*
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i 5.6. Dich va chay chwong trinh hop ngty

= Cac phan mém lap trinh hop ngl» MIPS:
=« MARS
= Mipsilt
= QtSpim

= MIPS Reference Data
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i Dich va chay wng dung

CA2020

High Level Code

v

[ Compiler J
v

Assembly Code

v

[ Assembler j

v . .
: : Object Files
ObjectFile i rary Files

v
[ Linker J‘/

v

Executable

v

[ Loader J

v

Memory
Kién trdc may tinh
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i Chwong trinh trong bd nh&

= Cac [énh (instructions)
s D liéu
= Toan cuc/tinh: dwoc cap phat trwdc khi chwong trinh
bat dau thuc hién

= Dong: dwoc cap phat trong khi chwong trinh thuc
hién

O Bé nho:

= 232 pytes = 4 GiB
= Dija chi ttr 0x00000000 dén OxFFFFFFFF
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Ban dé bd nhé cia MIPS

CA2020

Oxffff f£fff

MMIO
Ox££££f 0000
Kernel Data
0x9000 0000
0x7££f fe00
Stack
(Dynamic Allocation)

Uses the $sp register

l Grows
Down

Grows

0x1004 0000

wnowod-aaQa>r <S030

0x1001 0000 [

0x0040 0000

0x0000 0000
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Viduy: Ma C

+

CA2020

int £, g, y; // global
variables

int main (void)

f = 2;

g =3;

y = sum(f, g);
return y;

}

int sum(int a, int b) {
return (a + b);
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Vi du chwong trinh hop ngir MIPS

CA2020

.data

f: .word O

g: .word @

y: .word @

. text

main:
addi $sp,
Sw $ra,
addi $a@,
sw $ao0,
addi $%$al,
Sw $al,
jal sum
Sw $vo,
w $ra,
addi $sp,
11 $v0,
syscall

sum:
add $v0,
jr  $ra

$sp, -4 # stack frame
0(%sp) # store $ra
$0, 2 # $a0 = 2

f # f =2
$0, 3 # %$al = 3
g #g =3

# call sum
y #y = sum()
0($sp) # restore $ra
$sp, 4 # restore $sp
10

$a0, $al # $vO = a + b
# return
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* Viét chwong trinh trén phan mém MARS

= 46%[%) TueFeb11 10:09AM Q @ =

@ Mars a E= Us intemationsi - PC

[ JON | /Volumes/DATA/Kientrucmaytinh/MARS/fullprogram.asm - MARS 4.5
File Edit Run Settings Tools Help

Run speed at max (no interaction)

DS & &3 6 (%D L0600 0 O

VA

m Execute
fullprogram.asm

1 .data

2 f: .word @

3 g: .word @

4 y: .word @

5 .text

6 main:

7 addi $sp, $sp, -4 # stack frame
8 sw $ra, 0($sp) # store $ra

9 addi $a0, %0, 2 # $a0 = 2

10 sw $a0, f # f =2

11 addi $al, $0, 3 # $al = 3

12 sw $al, ¢ #qg =3

13 jal sum # call sum

14 sw $vo, vy #y = sum()
15 w $ra, 0($sp) # restore $ra
16 addi $sp, $sp, 4 # restore $sp

17 1i $ve, 10

18 syscall

19 sum:

20 add $vo, $a@, %$al # $v0 = a + b

Line: 1 Column: 1 ¥4 Show Line Numbers

Mars Messages | Ul i)

Clear

MR0  EOOUN aBIROGLRE T

Coproc1  Coproc 0

Name
$zero
$at
$v0
$vl
$a0
$al
$a2
$a3
$t0
$t1
$t2
$t3
$t4
$t5
$t6
$t7
$s0
$s1
$s2
$s3
$s4
$s5
$s6
$s7
$t8
$t9
$k0
$k1
$ap
$sp
$fp
$ra
pc
hi
lo

Number Value

CONOUV & WNRS

0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x10008000
ox7fffeffc
0x00000000
0x00000000
0x00400000
0x00000000
0x00000000
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L g
@ Mars a B us intematonsi - PC 2 44% @) TueFeb11 9229AM Q @ =
O (] /Volumes/DATA/Kientrucmaytinh/MARS/fullprogram.asm - MARS 4.5
File Edit Run Settings Tools Help
— } Run speed at max (no interaction)
B R RS : :
[OE®&X][S) 6 [ e[%[L[aZ X060 0ed e — M ———
1
]
Edit > Coproc1  Coproc 0
Name Number Value
L Jext Seqment Lo L"‘ZZ': szero 0 0x00000000
A
Program Arguments: abe ress sat 1 0x00000000
fullprogram.asm $v0 2 0x00000000
Bkpt Address Code Basic Source main 0x00400000 $vl 3 0x00000000
0x00400000 ©0x23bdfffcaddi $29,$29,0xffff... 7: addi $sp, $sp, -4 # stack frame sum 0x0040003¢ $a0 4 0x00000000
0x00400004 0xafbf0000 sw $31,0x00000000($29) 8: sw $ra, 0($sp) # store $ra f 0x10010000 $al 5 0x00000000
0x00400008 0x20040002 addi $4,$0,0x00000002 9: addi $a@, $0, 2  # $ad = 2 b 0x10010004 $a2 6 0x00000000
0x0040000c 0x3c011001 lui $1,0x00001001 10: sw $a@, f #f=2 y 0x10010008 $a3 7 0x00000000
0x00400010 0xac240000 sw $4,0x00000000($1) $t0 8 0x00000000
0x00400014 0x20050003 addi $5,$0,0x00000003 11: addi $al, $0, 3 # $al = 3 $t1 9 0x00000000
0x00400018 0x3c011001 lui $1,0x00001001 12: sw $al, g #9=3 $t2 10 0x00000000
0x0040001c 0xac250004 sw $5,0x00000004($1) $t3 11 0x00000000
0x00400020 0x0c10000f jal 0x0040003C 13: jal sum # call sum $t4 12 0x00000000
0x00400024 0x3c011001 lui $1,0x00001001 14: sw $v0, y #y = sum() $t5 13 0x00000000
0x00400028 0xac220008 sw $2,0x00000008 ($1) $t6 14 0x00000000
0x0040002c 0x8fbf0000 1w $31,0x00000000(%$29) 15: Ww $ra, 0(ssp) # restore $ra 7| Dat 7] Text $t7 15 0x00000000
aa & V. $s0 16 0x00000000
$s1 17 0x00000000
D S $s2 18 0x00000000
Aiad>EgmENt $s3 19 0x00000000
Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14) Value (+18) Value (+1c) $s4 20 0x00000000
0x10010000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $s5 21 0x00000000
0x10010020 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $s6 22 0x00000000
0x10010040 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $s7 23 0x00000000
0x10010060 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $t8 24 0x00000000
0x10010080 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $t9 25 0x00000000
0x100100a0 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $k0 26 0x00000000
0x100100c0 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $k1 27 0x00000000
0x100100e0 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $ap 28 0x10008000
0x10010100 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $sp 29 ox7fffeffc
0x10010120 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 $fp 30 0x00000000
$ra 31 0x00000000
~ pc 0x00400000
< B> | 0x10010000 (.data) C| V| Hexadecimal Addresses | Hexadecimal Values ASCII | hi 0x00000000
lo 0x00000000
Mars Messages | U100
Clear
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NKK-HUST

i Ving nhé lénh

O Text Segment
Program Arguments:
Bkpt Address Code Basic Source

0x00400000 Ox23bdfffc addi $29,%$29,0xfffffffc 7: addi $sp, $sp, -4 # stack frame

0x00400004 0xafbf0O000 sw $31,0x00000000(%$29) 8: sw $ra, 0(s$sp) # store $ra

0x00400008 0x20040002 addi $4,$0,0x00000002 9: addi $a@, $0, 2 # $a0 = 2

0x0040000c 0x3c011001 lui $1,0x00001001 10: sw $a@, f #f=2

0x00400010 0xac240000 sw $4,0x00000000(%$1)

0x00400014 0x20050003 addi $5,%$0,0x00000003 11: addi $al, $0, 3 # %al = 3

0x00400018 0x3c011001 lui $1,0x00001001 12: sw $al, g #g=3

0x0040001c 0xac250004 sw $5,0x00000004(%$1)

0x00400020 0Ox0c10000f jal 0x0040003c 13: jal sum # call sum

0x00400024 0x3c011001 lui $1,0x00001001 14: sw  $v0, vy # y = sum()

0x00400028 0xac220008 sw $2,0x00000008(%$1)

0x0040002c 0Ox8fbf0000 \lw $31,0x00000000(%$29) 15: 1w  $ra, 0($sp) # restore $ra

0x00400030 0x23bd0004 addi $29,$29,0x00000004 16: addi $sp, $sp, 4 # restore $sp

0x00400034 0x2402000a addiu $2,$0,0x0000000a 17: 1i  $v@, 10

0x00400038 0x0000000c syscall 18: syscall

0x0040003c 0x00851020 add $2,%4,3%5 20: add $vO, $a@, $al # $v@ =a + b

0x00400040 0x03e00008 jr $31 21: jr $ra # return
CA2020 Kién trdc may tinh
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* Tap thanh ghi

CA2020

>

Coproc1  Coproc 0

Name Number Value

$zero 0 0x00000000
$at 1 0x00000000
$vo 2 0x00000000
$vl 3 0x00000000
$ad 4 0x00000000
$al 5 0x00000000
$a2 6 0x00000000
$a3 7 0x00000000
$t0 8 0x00000000
$t1 9 0x00000000
$t2 10 0x00000000
$t3 11 0x00000000
$t4 12 0x00000000
$t5 13 0x00000000
$t6 14 0x00000000
$t7 15 0x00000000
$s0 16 0x00000000
$s1 17 0x00000000
$s2 18 0x00000000
$s3 19 0x00000000
$s4 20 0x00000000
$s5 21 0x00000000
$s6 22 0x00000000
$s7 23 0x00000000
$t8 24 0x00000000
$t9 25 0x00000000
$k0 26 0x00000000
$k1 27 0x00000000
$gp 28 0x10008000
$sp 29 Ox7fffeffc
$fp 30 0x00000000
$ra 31 0x00000000
pc 0x00400000
hi 0x00000000
lo 0x00000000
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O Data Segment
Address Value (+0) Value (+4) Value (+8) Value (+¢c) Value (+10) Value (+14) Value (+18) Value (+1c)

0x10010000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
0x10010020 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
0x10010040 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
0x10010060 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
0x10010080 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000
0x100100a0 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000 0x00000000

€ D 0x10010000 (.data) B Hexadecimal Addresses Hexadecimal Values ASCII p

/2

CA2020
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* Nhan va bién

I

Labels
Label Address A
fullprogram.asm
main 0x00400000
sum 0x0040003c
f 0x10010000
g 0x10010004
y 0x10010008

v Data v/ Text
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i Vi du Iénh gia (Pseudoinstruction)

Pseudoinstruction MIPS Instructions

1li $s0,0x1234AA77 lui $at,0x1234
ori $s0,$at,O0xAA77

mul $s0,$sl,$s2 mult $sl,S$s2

mflo $s0
not $tl,$t2 nor $tl,$t2,S$0
move $sl,S$s2 addu $sl1, $0, $s2

nop sll $0, $0, O
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+

CA2020

Hét chwong 5

Kién trdc may tinh
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* Kién tric may tinh

Chwong 6
BO XU LY

Nguyén Kim Khanh
Truong Dai hoc Bach khoa Ha Noi

CA2020 Kién trdc may tinh
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* No&i dung hoc phan

nwong 1. Gigi thiéu chung

hwong 2. Co ban vé logic sb
hwong 3. Hé thong may tinh
hwong 4. S6 hoc may tinh

hwong 5. Kién tric tap 1énh
nwong 6. BO xuir ly

nwong 7. BO nhéd may tinh

hwong 8. Hé thdng vao-ra

nwong 9. Cac kién truc song song

OO0 0000000

CA2020 Kién trdc may tinh
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i N&i dung cua chwong 6

CA2020

6.1. T6 chtrc clia CPU
6.2. Thiét ké don vi diéu khién
6.3. Ky thuat dwdrng 6ng 1énh

6.4. Vi du thiét ké bo xt ly theo kién tric
MIPS (*)

(*) danh cho Chuwong trinh Tai ndng va Chéat luong cao

Kién trdc may tinh
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i 6.1. T6 chirc cia CPU

1. Cau truc co ban ctiia CPU

= Nhiém vu cua CPU:

= Nhan Iénh (Fetch Instruction): CPU doc Iénh tw bd
nho

= Gidi ma lénh (Decode Instruction): xac dinh thao tac
ma lénh yéu cau

= Nhan di liéu (Fetch Data): nhan di li¢u tir bo nho
hoac cac cong vao-ra

= X ly di¥ liéu (Process Data): thwe hién phép toan so
hoc hay phép toan logic v&i cac dir lieu

o G’hi di lieu (Write Data): ghi di liéu ra b6 nh& hay
cong vao-ra

CA2020 Kién trdc may tinh

317




NKK-HUST

* So do cau truc co ban ctia CPU

Pon vi
s6 hoc
va logic
(ALU)

bus bén trong

Pon vi ndi ghép bus (BIU)

3 g &

bus diéu khién  bus d liéu bus dia chi

CA2020 Kién trdc may tinh
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i 2. Pon vi s6 hoc va logic

CA2020

= Chtrc nang: Thiec hién cac phep toan
s6 hoc va phép toan logic:
= SO hoc: cong, trir, nhan, chia, dao dau
= Logic: AND, OR, XOR, NOT, phép dich bit

Kién trdc may tinh
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i M hinh két ndi ALU

D& liéu tw D liéu dén
cac thanh ghi cac thanh ghi
Pon vi >
| sb hoc va logic
Cac tin hléu (ALU)
tte don vi >
diéu khién

I

Thanh ghi co

Thanh ghi c&: hién thj trang thai ctia két qua phép toan
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i 3. Don vi diéu khién

= Churc nang

= Diéu khién nhan Iénh tir bd nhé dwa vao CPU

= Tang ndi dung cta PC dé trd sang I&nh ké tiép

= Gidi ma Iénh da dwoc nhan dé xac dinh thao
tac ma |énh yéu cau

= Phat ra cac tin hiéu diéu khién thwc hién lIénh

= Nhan céc tin hiéu yéu cau tir bus hé thong va
dap wng voi cac yéu cau do.
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M6 hinh két n6i don vi diéu khién

CA2020

i

Thanh ghi lénh

|

Cac oo Cé‘C tin hiéu
| > diéu khien
bén trong CPU
Pon vi didu khién >
Clock
}
C‘éc tin hiéu Qéc tin hiég
diéu khién, ter diéu khién,dén
bus hé thong bus hé thong

Bus diéu khién

Kién trdc may tinh
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i Cac tin hiéu dwa dén don vi didu khién

= Clock: tin hiéu nhip tv* mach tao dao
dong bén ngoai

= Lénh tir thanh ghi I&nh dwa dén dé giai
ma

= Céac c& tr thanh ghi c& cho biét trang
thai cua CPU

= Cac tin hiéu yéu cau ti bus diéu khién
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i Cac tin hiéu phat ra tir don vi didu khién

= Cac tin hiéu diéu khién bén trong CPU:
= Diéu khién céc thanh ghi
= Diéu khién ALU

= Cac tin hiéu diéu khién bén ngoai CPU:
= Diéu khién bd nho
= Diéu khién cac mo-dun vao-ra
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i 4. Hoat d6ng cua chu trinh 1é€nh

Chu trinh Iénh

CA2020

= Nhan Iénh

= Giai ma |énh

= Nhan toan hang
= [hwc hién |énh
= Cat toan hang

= Ngat

Kién trdc may tinh
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i Gian do trang thai chu trinh I&nh

Nhan
toan hang

Tinh Giai ma Tinh
dia chi thao tac dia chi
cua Iénh lénh toan hang

Lénh hoan thanh,
nhan Iénh tiép theo

Thao tac
dir liéu

Quay lai voi dir liéu
String hoac Vector

Cat
toan hang

Tinh
dia chi
toan hang

Kiém tra
ngat

CA2020

Kién trdc may tinh
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i Nhan lénh

= CPU dwa dia chi cta Iénh can nhan t bd
dém chwong trinh PC ra bus dia chi

= CPU phat tin hiéu diéu khién doc bd nhé

s Lénh tw bO nh& dwoc dat [eén bus dir lieu
va dwoc CPU copy vao thanh ghi lenh IR

= CPU tang ndi dung PC dé tré sang lénh
ké tiép
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i So dd md ta qua trinh nhan |1énh

CPU
PC

Pon vi

diéu khién

IR

PC: Bd dém chwong trinh

IR: Thanh ghi I&énh dia
chi

CA2020 Kién trdc may tinh

At &

Bus Bus B—l‘JS
dir diéu
liéu khién

BO nh&
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i Giai ma lénh

= Lenh tv thanh ghi lénh IR dwgc dua
dén don vi diéu khién

= Don vi diéu khién tién hanh giai ma Iénh
dé xac dinh thao tac phai thwc hién

= Giai ma |énh xay ra bén trong CPU
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i Nhan di liéu tir bd nhé

CA2020

= CPU duwa dia chi cua toan hang ra bus
dia chi

= CPU phat tin hiéu diéu khién doc

= Toan hang dwoc doc vao CPU

= Twong tw nhw nhan lénh

Kién trdc may tinh

330




NKK-HUST

i So' dd mo ta nhan di liéu i bd nhé

CA2020

CPU

MAR

Pon vi
diéu khién

MBR

MAR: Thanh ghi dia chi b nh&
MBR: Thanh ghi dém b6 nh¢

Bus Bus Bgs
dir diéu
liéu khién

dia
chi

Kién trdc may tinh
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:i Thuwe hién I&énh

= C6 nhiéu dang tuy thudc vao Iénh
s Co thé la:

= Doc/Ghi bé nhd

= Vao/Ra

= Chuyén gitra cac thanh ghi

= Phép toan s hoc/logic

= Chuyén diéu khién (r& nhanh)
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i Ghi toan hang

CA2020

= CPU dwa dia chi ra bus dia chi

= CPU dwa di¥ liéu can ghi ra bus di¥ liéu
= CPU phét tin hiéu diéu khién ghi

= D liéu trén bus di¥ liéu dwoc copy dén

vi tri xac dinh

Kién trdc may tinh
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i So d6 md ta qua trinh ghi todn hang

CPU
MAR

Pon vi -
diéu khién $

MBR $

MAR: Thanh ghi dia chi b nh& Bus Bus Bus

MBR: Thanh ghi dém bd nhé dia di dieu
chi liéu khiéen

CA2020 Kién trdc may tinh
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i Ngat

= NOi dung cua bd dém chwong trinh PC (dia
chi tré vé sau khi ngat) dwoc dwa ra bus di

lieu

= CPU dwa dia chi (thwong duoc lay tir con trd
ngan xép SP) ra bus dia chi

= CPU phat tin hiéu diéu khién ghi bd nh&

= Dia chi tr& vé trén bus di liéu dwoc ghi ra vi
tri xac dinh (& ngan xép)

= Dia chi lénh déu tién clia chwong trinh con
diéu khién ngat dwoc nap vao PC
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i So d6 mé ta chu trinh ngat

CPU
SP —— MAR
PC
T_ Pon vi

diéu khién

MBR

MAR: Thanh ghi dia chi b6 nh&
MBR: Thanh ghi dém b6 nhé&
PC: B& dém chwong trinh

SP: Con trd ngan xép

CA2020

=)

Bus Bus Bus

dia
chi

Kién trdc may tinh

dir diéu
liéu khién

BO nh¢
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iG.Z. Cac phuong phap thiét ké& don vi didu khién

CA2020

= Pon vi diéu khién vi chwong trinh
(Microprogrammed Control Unit)

= Pon vi diéu khién ndi két cirng
(Hardwired Control Unit)

Kién trdc may tinh
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1. Bon vi diéu khién vi chwong trinh

0 nh¢ vi chwong trinh
(ROM) lwu trlr cac vi
chuwong trinh
(microprogram)

Mot vi chwong trinh bao
gOm céc vi lénh
(microinstruction)

M&i vi Iénh ma hoa cho
mot vi thao tac
(microoperation)

Pé hoan thanh mét Iénh
can thwc hién mot hoac
mot vai vi chwong trinh

s Tdc dd cham
CA2020

Thanh ghi Iénh

AV

Céac tin hiéu

B6 gidi ma

diéu khiéq tor —:>
bus hé thong — ]

AV

Clock ——t+% Mach day

Thanh ghi dia chi vi |énh

AV

Cac co

7

Bo nh¢

vi chuong trinh

Vilénh
tiép

b

theo

Thanh ghi dém vi Iénh

AV

B giai m3 vi

[énh

Tin hiéu diéu
khién bén trong
CPU

Kién trdc may tinh

Tin hiéu diéu

khién dén bus hé
thong
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i 2. Pon vi diéu khién ndi két cirng

= SEJ’ dUng m90h~ Thanh ghi lénh
ctrng dé giai ma @
va tao cac tin hiéu 55 oiai
diéu khién thwc @
hién Iénh T,
X ~ Mach |__
= Tocdd nhanh  coo| pran 771 bonu —
. e X . R ®| chia thoi| diéu khién cd
= Don vi diéu khién gian
phtre tap —Tn—>| I I
Co Cy 0 Gt
v v

Céc tin hiéu diéu khién
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i 6.3. Ky thuat dwdrng 6ng 1énh

= KV thuat dwdng ong |Iénh (Instruction Pipelining): Chia
chu trir)h lénh thanh cac cong do‘an \{é cho phép thuc
hién goi [én nhau (nhw day chuyén lap rap)

= Chang han bd x& ly MIPS c6 5 céng doan:
1. IF: Instruction fetch from memory — Nhan Iénh tr b6 nh&

2. ID: Instruction decode & register read — Giai ma Iénh va doc
thanh ghi

3. EX: Execute operation or calculate address — Thwc hién thao tac
hodac tinh toan dia chi

4. MEM: Access memory operand — Truy nhap toan hang b nho
5. WB: Write result back to register — Ghi két qua tra vé thanh ghi
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énh

th&i gian cla dwdng ong

do

éu

iBi

A
~
R T A
B HE et S S e {
....................................... SO s
i
= = m< S
................................. S i
) 2 = =
=
........................... S
o0 2l & oz o =
e e e e oY
~ - m P & 9
= 05| H 7] T
.............. N S SR SRR S
© > 2 Xl el e
........ »wMNMN«
o 2 &l x5 g s
MNMNN ..... R A e
< 3K g =
S ..----N.----.M ..... \ ZSS S S SO
o & 8] =
........ M.----w.,----.4.-----r----1----{-----------1
™ - =
........ S AN SU SN NN UM N
~  E
........ ) /S SRS S VAN U SRS
— (@\ (o) <r w \O c~ o]
= = = © ©§ § =& £

=T

Thoi gian thwe hién 1 cong doan

\

Thoi gian thwe hién tuan tw 8 [énh:

8 x 5T = 40T
8lénh: (1 x 5T) + [ (8-1)x T]= 12T

r

~n

&ng Ong

\

Thoi gian thwe hién dw

Kién trdc may tinh

341

CA2020




NKK-HUST

i Cac mdi tré ngai (Hazard) cia dworng 6ng 1énh

= Hazard: Tinh hudng ngén can bat dau
cua lénh tiép theo & chu ky tiép theo
= Hazard cau truc: do tai nguyén duwoc yéu
cau dang ban

= Hazard di¥ lieu: can phai doi dé l1énh truéc
noan thanh viéc doc/ghi di¥ lieu

= Hazard diéu khién: do ré nhanh gay ra

CA2020 Kién trdc may tinh
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i Hazard cau truc

= Xung doét khi str dung tai nguyén

= Trong dwdng 6ng ctia MIPS vé&i mét bd
nh& dung chung
= L&nh Load/store yéu cau truy cap di liéu
= Nhan Iénh can tri hoan cho chu ky d6

= B&i vay, datapath kiéu dwdng ong yéu
cau bo nho 1énh va bd nhé di liéu tach
rol (hoac cache |énh/cache di¥ liéu tach
rol)
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i Hazard dir lieu

= Lénh phu thudc vao viéc hoan thanh truy
cap di¥ liéu cua Iénh truwdc do
add $s0, $t0, $tl
sub $t2, $s0, $t3

. 200 400 600 800 1000 1200 1400 1600
Time I T T T T T T >

Y : YN\
C ubble (bubble bubble bubble bubble
bubble bubble bubble) (" bubble/ ( bubble

sub $t2, $s0, $t3 —F D | )—MEM WB |

CA2020 Kién trdc may tinh 344
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i Forwarding (gui vuot trude)

= S& dung két qua ngay sau khi né dworc tinh

= Khoéng doi dén khi két qua dwoc lwu dén thanh
ghi

= Y&u cau c6 duong két ndi thém trong datapath

Program

execution _ 200 400 600 800 1000
order Time T T T T '

(in instructions) R .
add $s0, $t0, $t1 IF —= ID SEX|-e—(MEM WB |
..... || \ I

I\.
sub $t2, $s0, $t3 IF —= 1D @—MEM WB |
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i Hazard di¥ liéu v&i 1énh load

= Khoéng phai ludn ludn coé thé tranh tri hoan
bang cach forwarding
= Néu gia tri chwa dworc tinh khi can thiét
= Khéng thé chuyén nguoc thei gian
= Can chén bwdec tri hoan (stall hay bubble)

Program
execution . 200 400 600 800 1000 1200 1400
order Time T - - - T T T
(in instructions) R

lw $s0, 20($t1) IF —=< 1D >EX—MEM—+— WB |

\
\
\
\
\

Coubble) Cbubble) Cbubble, | Cbubble, C bubble,
O L Lo L L/

sub $t2, $50, $t3 IF —= 1D EEXI MEM|— WB |
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Lap lich ma dé tranh tri hoan

= Thay ddi trinh tw ma dé tranh st dung keét
qua load ¢ |énh tiép theo

s Ma C:

stall

stall

CA2020

lw S$t1,

e (2

—» add $t3 ’
sw St3,

e

a=b+e;, c=Db + £;

0(S$t0) lw $tl, 0($t0)
4 (St0) 1w 4 (St0)

Stl, @ 1w

12 ($t0)/add $t3
8 ($t0)

sSwW
—» add $t5, $t1,(5t4)  add $t5
sw St5, 16($t0) sw S$t5, 16($t0)
13 cycles 11 cycles

Kién trdc may tinh 347
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i Hazard diéu khién

= R& nhanh xac dinh luéng diéu khién
= Nhan l&énh tiép theo phu thudc vao két qua
ré nhanh
= PDudng 6ng khdng thé luédn nhan ddng lénh

= Van dang lam & cong doan giai ma Iénh (ID)
cua |énh ré nhanh

= V&i dwdng 6ng clia MIPS
= Can so sanh thanh ghi va tinh dia chi dich
so'm trong dwong 6ng

= Thém phan cing dé thuc hién viéc do
trong cong doan 1D
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i Tri hoan khi ré nhanh

= Doi cho dén khi két qua ré nhanh da duorc
xac dinh triedc khi nhan [énh tiép theo

Program

execution Time 200 400 600 800 1000 1200 1400 N
order T T T I T T T o
(in instructions)

add $4, 85,86 "0 [Rea| AL | 2 |Reg

. »| INstruction Data
beq $1, $2, 40 200 ps fetch reg| ALY access |9
bubble/ bubbleA bubble/ bubble buble
d
or $7, $8, $9 <+———————————————l|nstruction Data
\ 400 ps fetch Reg| ALU access |19
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:i Du doan ré nhanh

= Nhirng dworng 6ng dai hon khdng thé
sém xac dinh dé dang két qua ré nhanh
= Cach tri hoan khéng dap rng duoc

= Dw doan két qua ré nhanh
= Chi tri hoan khi duv doan la sai

s VOI MIPS
= C6 thé dy doan ré nhanh khéng xay ra

= Nhan lenh ngay sau Ienh ré nhanh (khong
lam tré)
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Program
execution
order

(in instructions)

add $4, $5, $6

Time

beq $1, $2, 40

w $3, 300($0)

Program
execution
order

(in instructions)

add $4, $5, $6

Time

beq $1, $2, 40

—or $7, $8,

CA2020

* MIPS v&i dw doan ré nhanh khdng xay ra

200 400 600 800 1000 1200 1400
Instruction Data
fetch Reg ALY access Reg
Instruction Data
200 ps fetch Reg ALY access Reg
< Instruction Data
200 ps| fetch Reg| ALU access |9
200 400 600 800 1000 1200 1400
Instruction Data
fetch Reg ALY access Reg
Instruction Data
200 ps fetch eg| ALU access Reg
bubble/_bubble/ bubble ubble
(¢
$9 - »(Instruction Data
400 ps fetch Reg | ALU access | 1e9

Kién trac may tinh
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i Pac diém cua dwdng 6ng

= Ky thuat dworng 6ng céi thién hiéu nang
bang cach tang so Iénh thwc hién
= Thwc hién nhiéu 1énh ddng thoi
= MOi Iénh co cung thei gian thwe hién

= Cac dang hazard.:
= CAu truc, dir liéu, diéu khién

= Thiét ké tap l1énh anh huwdng dén do phirc
tap cla viéc thwe hién dwéorng 6ng
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Tang cuwong kha nang song song muc |énh

= Tang s6 cdng doan clia dwdrng 6ng

Lénh 1

Lénh 2!

Lénh 3.

Lénh 4

Lénh 5

Lénh 6'

= Siéu vO hwdng (Superscalar)

Lénh 1

Lénh 2

Lénh 3!

Lenh4§

Lénh 5.

Lénh 6

CA2020 Kién trdc may tinh
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$6.4. Thidt ké bo xir Iy theo kién trac MIPS(?)

Danh riéng cho Chwong trinh Tai nang va Chat lwong cao

MIPS.pptx

CA2020

Kién trdc may tinh 354
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+

CA2020

Hét chwong 6

Kién trdc may tinh
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* Kién tric may tinh

Chwong 7
BO NHO MAY TINH

Nguyén Kim Khanh
Truong Dai hoc Bach khoa Ha Noi
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* No&i dung hoc phan

nwong 1. Gigi thiéu chung

hwong 2. Co ban vé logic sb
hwong 3. Hé thong may tinh
hwong 4. S6 hoc may tinh

hwong 5. Kién tric tap 1énh
rong 6. BO xur ly

nwong 7. BO nhd may tinh

hwong 8. Hé thdng vao-ra

nwong 9. Cac kién truc song song

OO0 0000000

CA2020 Kién trdc may tinh
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i NG6i dung cua chuwong 7

7.1. Tong quan hé thong nh&
[/.2. BO nh& chinh

7.3. B6 nh& dém (cache)
7.4. BO nh¢& ngoai

7.5. BO nh& ao

CA2020 Kién trdc may tinh
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7.1. Tong quan hé thong nh&

CA2020

1. Cac dac trung cua bé nho
0 VI tri
= Bén trong CPU:
= tap thanh ghi
= BO nh¢ trong:
= b0 Nh& chinh
= b6 nh& dém (cache)
= BO nh¢& ngoai:
= cac thiét bi lwu triv
= Dung lvong
= DO dai tlr nhé (tinh bang bit)
= SO lwong tr nhé

Kién trdc may tinh
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i Céc dac trung cla bd nho (tiép)

CA2020

= Don vj truyén
= [ Nho
= Khoi nho
o Phuwng phap truy nhap
= Truy nhap tuan tv (bang tw)
= Truy nhap truc tiép (cac loai dia)
= Truy nhap ngau nhién (bd nh& ban dan)
= Truy nhap lién két (cache)

Kién trdc may tinh
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i Céc dac trung cla bd nho (tiép)

= Hiéu nang (performance)
= Thol gian truy nhap
= Chu ky nho
= TOC dd truyén
= Kiéu vat ly
= BO nh& ban dan
= BO nho tw
= BO nh¢& quang

CA2020 Kién trdc may tinh
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i Céc dac trung cla bd nho (tiép)

CA2020

= Cac dac tinh vat ly
= Kha bién / Khdng kha bién
(volatile / nonvolatile)
= Xoa duoc / khdng xoa duoc

s TO chire

Kién trdc may tinh
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i Cong nghé bb nho

Cong nghé Thoi gian Gia thanh/GIB
bO Nho truy nhap (2012)
SRAM 0,5-25ns $500 — $1000
DRAM 50— 70 ns $10 - $20

Flash memory | 5000 -50 000 ns | $0,75— $1
HDD 5-20ms $0,05 - $0,1

= B6 nho ly twdng
= Thoi gian truy nhap nhv SRAM
= Dung lwong va gia thanh nhw 6 dia cirng
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* Phan cap bd nhé cho thiét b di dong

L1 L2
C C [ Memory
CPU a a bus
. Storage
Registers C e
h h
N N Flash
Register Level 1 Level 2 Memory r’r:cemory
reference Cache Cache reference reference
reference  reference
Size: 1000 bytes 64 KB 256 KB 1-2 GB 4—-64 GB
Speed: 300 ps 1ns 5-10 ns 50-100 ns 25-50 us

CA2020 Kién trdc may tinh
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* Phan cap bd nhé cho may tinh PC

L1 L2 IS
C C C Memory
CPU a a a bus Memory
| Registers | c c c
h h h
e e e
Register Level 1 Level 2 Level 3 Memory
reference Cache Cache Cache reference
reference reference  reference
Laptop Size: 1000 bytes 64 KB 256 KB 4-8 MB 4-16 GB
Speed: 300 ps 1ns 3-10 ns 10-20 ns 50-100 ns
Desktop Size: 2000 bytes 64 KB 256 KB 8-32 MB 8-64 GB
Speed: 300 ps 1ns 3-10 ns 10-20 ns 50-100 ns

CA2020

Kién trdc may tinh

Storage

Flash
memory
reference

256 GB-1 TB
50-100 uS

256 GB-2 TB
50-100 uS
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CPU

| Registers |

Register
reference
Size: 4000 bytes
Speed: 200 ps
CA2020

) 2 L3
C C C || Memory
a a a bus
@ C C
h h h
e e e
Level 1 Level 2 Level 3
Cache Cache Cache
reference  reference  reference
64 KB 256 KB 16-64 MB
1ns 3-10 ns 10-20 ns

Kién trac may tinh

Memory

Memory

reference

32-256 GB
50-100 ns

i Phan cap bd nhé cho may chi

Disk storage
1/O bus

Flash storage

Disk
memory

Flash
memory
reference reference

1664 TB 1-16 TB
5-10 ms 100-200 us
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i Nguyén ly cuc bd hod tham chiéu bd nh&

CA2020

Trong mét khoang théi gian da nho CPU
thwerng chi tham chiéu cac théng tin
trong mét khoi nhé cuc bd
Vi du:

Cau trac chwong trinh tuan ty

Vong lap c6 than nho

Cau trac di¥ liéu mang

Kién trdc may tinh
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[/.2. BO nh® chinh

CA2

. B nh& ban dan

Kiéu bé nhé Tieu Kha niing xo04 | Co ché ghi Tinh
chuan kha bién
Read Only Memory 5
Mat na
(ROM) B6 nho Khong xoa -
Programmable ROM | chidoc dugc
(PROM)
Erasable PROM bang tia cuc tim, Khoéng
(EPROM) B nho ca chip . kha bién
Electrically Erasable 1;11111 ggg bang dién, Bang dien
PROM (EEPROM) ‘ muc ting byte
Flash memory bang dién,
B6 nho tirng khoi
Random Access doc-ghi bang dién, S o Kha bién
.. Bang dién
Memory (RAM) muc tung byte
20 Kien truc may tinh
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i ROM (Read Only Memory)

= B6 nhé khdng kha bién
= Lwu trir cac thong tin sau:
= Thw vién cac chuwong trinh con
= Céc chwong trinh diéu khién hé thong (BIOS)
= Cac bang chirc nang
= Vi chwong trinh

CA2020 Kién trdc may tinh 370
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i Cac kiéu ROM
x ROM mat na:

= théng tin dwoc ghi khi san xuat
= PROM (Programmable ROM)
= Can thiét bi chuyén dung dé ghi
= Chi ghi dwoc mot lan
= EPROM (Erasable PROM)
= Can thiét bj chuyén dung dé ghi
= X6a dwoc bang tia ti ngoai

= Ghi lai dwoc nhiéu lan
= EEPROM (Electrically Erasable PROM)
= C6 thé ghi theo tirng byte

= X0a bang dién
CA2020 Kién trdc may tinh
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i B6 nhé Flash

= Ghi theo khoi
= X0a bang dién
= Dung luvong Ion

CA2020 Kién trdc may tinh
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i RAM (Random Access Memory)

= B6 nh& doc-ghi (Read/Write Memory)
= Lwu trir thong tin tam thol

= CO hai loai: SRAM va DRAM
(Static and Dynamic)

CA2020 Kién trdc may tinh
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:i SRAM (Static) — RAM tinh

= Cac bit dwoc Iwu trir bang cac Flip-Flop
> théng tin on dinh

= Cau truc phurc tap

= Dung lvong chip nho

» Toc dd nhanh

= Dat tién

= Dung lam b0 nh& cache
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:i DRAM (Dynamic) — RAM déng

s Cac bit duwoc lwu trir trén tu dién
> can phai ¢ mach lam twoi

= Cau tric don gian

= Dung luvong Ion

s Toc dd chAm hon

= Ré& tién hon

= Dung lam bd nh¢ chinh
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i Mot s DRAM tién tién thong dung

= Cai tién dé tang toc dd

= Synchronous DRAM (SDRAM): lam viéc
dwoc dong bd bdi xung clock

= DDR-SDRAM (Double Data Rate SDRAM)

= DDR3, DDR4
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To chire clia chip nhé

CA2020

= So dd co ban clia chip nhé

Chip nh¢
2" x m bit

<+—» Dy

<+—» D,

<_> Dm-‘]

Kién trdc may tinh

Hinh anh module nh¢&
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i Cac tin hiéu cua chip nh&

s Cac duwong dia chi: A, = Ay =2 ¢co 2" tir nh&

= Cac dwong di¥ lieu: D, = Dy = d0 dai tw
nh& = m bit

= Dung lvong chip nhd = 2" x m bit

= Cac dudng diéu khién:

— g

= Tin hiéu chon chip CS (Chip Select)

= Tin hiéu diéu khién doc OE (Output Enable)

= Tin hiéu diéu khién ghi WE (Write Enable)
(Cac tin hiéu diéu khién thwdng tich cwc véi mire 0)
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i Té chirc cia DRAM

= DUng n dwong dia chi don kénh - cho
phép truyén 2n bit dia chi

= Tin hiéu chon dia chi hang RAS
(Row Address Select)

= Tin hiéu chon dia chi c6t CAS
(Column Address Select)

= Dung lwvgng cua DRAM= 22" x m bit
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i Vi du chip nhé

CA2020

A19 —>
Al16 —>]]
Al5 —>
A12 —>]]
A7 —>]
A6 —>]]
A5 —>]
A4 —>{]
A3 —>]
A2 —>]
Al —>]
A0 —>]]
D0 <—]
Dl <—]
D2 <—]
Vss —]

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

IM X8

0.6"

32
31
30
29
28
27
26
25

32-Pin Dip 24

23
22
21
20
19
18

16 Top View 17

—— Vcc
J<— A18
J<— A17
<— Al4
<— A13
J<— A8
<— A9
J<— All
<— Vpp
J<— A10
J<«— CE
> D7
> D6
> D5
= D4
= D3

(a) 8-Mbit EPROM

RAS —>]

Vee —]
D0 <—>]
D1 <—>{]
WE —>{]

NC —>]
A10 —>{]
AQ0 —>{]
Al —>{]
A2 —>{]
A3 —>{]
Vee —]

O 0 N O U B~ W N =

p—
S

11

4M X 4

24-Pin Dip

0.6"

12 Top View 13

—— Vss
[|<—= D3
[|<— D2
J<— CAS
J<~— OE
J<— A9
J<— A8
[J<— A7
J<— A6
[J<— A5
J<— A4
[—— Vss

Kién trdc may tinh

(b) 16-Mbit DRAM
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i Thiét ké mo-dun nhé ban dan

CA2020

= Dung lvong chip nho 2" x m bit

= Can thiét ké dé tadng dung lwong:

O ”llet
O ”llet
N qlét

k& tang do dai tlr nho
k& tang sO lvong tlr nhé

k& két hop

Kién trdc may tinh
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i Tang do dai tr nhé

CA2020

VD1:
= Cho chip nh& SRAM 4K x 4 bit
= Thiét ké mé-dun nho 4K x 8 bit
Giai:
= Dung lwvong chip nhé = 272 x 4 bit
= chip nh& co:

= 12 chan dia chi

= 4 chan di liéu
= mod-dun nh& can co:

= 12 chan dia chi

= 8 chan di liéu

Kién trdc may tinh
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i So dd vi du tang do dai tir nhé

D3+ DO |«4» D3+ D0

<% D7+ D4

A11+A0
< A11+A0 < A11+A0
D3+ DO [a—~—
— »dCS —»qCS
WE  Of WE  Of
WE 1
OE ®

CA2020
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i Bai toan tang do dai tr nhé tong quéat

CA2020

= Cho chip nh¢ 2" x mbit
= Thiét k& mé-dun nhe 2" x (k.m) bit
= Dung k chip nh¢

Kién trdc may tinh
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i Tang so lwong t nhé

VD2:

= Cho chip nh& SRAM 4K x 8 bit
= Thiét ké mo-dun nhé 8K x 8 bit
Giai:
= Dung lvong chip nhé = 272 x 8 bit
= chip nh& co:
= 12 chan dia chi
= 8 chan di lieu
= Dung lwvong mé-dun nhé = 273 x 8 bit
= 13 chan dia chi
= 8 chan di liéu
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i So db vi du tang sb lwong tir nhé

A11-A0
Wi £ 3| A11+A0
D7+ DO le——~%>
>0 CS
A12 _ WE  OF
—>A YO p— * *
Bo <> D7+ DO
gidi ma
1> 2
— =
»qG v 24 5l A11+A0
D7+ DO le——<>!
= — o »| CS
G| A |YO Y1 —
WE  OF
Ol 0|0 1
o111 O WE OF
1 x | 1 1

CA2020 Kién trdc may tinh 386




NKK-HUST

i Bo gidi ma 2->4

o O | ™
o
o
-
-
RN

B6 Y1l p—»
gidi ma
224 Hhb—>

O O o o | Ml
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i Thiét ké két hop

Vi du 3:

= Cho chip nh&d SRAM 4K x 4 bit
= Thiét ké md-dun nhé 8K x 8 bit
Phwong phap thwc hién:

« Kéthop vidu1vavidu?2

« Tw vé so do thiet ké

CA2020 Kién trdc may tinh

388




NKK-HUST

i 2. Cac dac trung co ban clia bd nhé chinh

= Chwra cac chuwong trinh dang thwe hién va cac
dir liéu dang duoc st dung

= TOn tai trén moi hé thong may tinh

= Bao gOm cac ngan nhé dwoc danh dia chi truc
tiep boi CPU

= Dung lvong cua bé nhé& chinh nhd hon khéng
gian dia chi b6 nhéd ma CPU quan ly.

= Viéc quan ly logic b nh& chinh tuy thudc vao
hé diéu hanh
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i T chire bd nhéd dan xen (interleaved memory)

= DO rong cua bus di¥ liéu dé trao ddi voi
b6 nhd: m =8, 16, 32, 64,128 ... bit

= Cac ngan nhé dwoc td chirc theo byte
> t6 chirc bd nhé vat ly khac nhau

CA2020 Kién trdc may tinh
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i m=8bit & mot bang nhé tuyén tinh

o uu b W N L O

il

D7 - DO
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i m = 16bit > hai bang nh& dan xen

CA2020

An - Ay >

Bang 1

O© N oW -~

2i+1

I te=

D15 - D8

Kién trdc may tinh

Bang 0

oo o AN O

2i

1 1=

D7 - DO
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m = 32bit > bdn bang nh& dan xen

bang 3

11
15
19

Ant - As > 4i+3

=

D31-D24

CA2020

bang 2 bang 1

10

14

—_ O O =
~N W

18

4i+2 4i+1

IS =R

D23-D16 D15 - D8

Kién trdc may tinh

bang 0

N

D7 - DO

= 2 00~ O
N

4i
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m = 64bit = tam bang nh& dan xen

bang 7 bang 1 bang O
7 1 0
15 9
23 17 16

:Am “As ) 8i+7 8i+1 8

Nk =

D63-D56 D15 - D8 D7 - DO
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7.3. B6O nhd dém (cache memory)

+

1

CA2020

. Nguyén tac chung cutia cache
Cache c6 toc dd nhanh hon bd nhé chinh
Cache duwoc dat gitta CPU va bd nh¢ chinh nham
tang téc d6 CPU truy cap b6 nho
Cache c6 thé duwoc dat trén chip CPU

B6 nhdé
CPU <}:{> cache <:> chinh

A A

truyén theo tr nh&  truyén theo block nhé

Kién trdc may tinh
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i Vi du vé thao tac cla cache

= CPU yé&u cau ndi dung ctia ngan nhé
= CPU kiém tra trén cache v&i di liéu nay

= Néu co, CPU nhan di¥ liéu tir cache
(nhanh)

= Néu khéng c6, doc Block nhé chira div
lieu t bO nh¢& chinh vao cache

= Tiép do chuyén di liéu tir cache vao
CPU
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Cau truc chung cta cache / bd nhé chinh

CA2020

B6 nhé chinh
Tag Cache Bo
L B,
L B,
L L B,
L Ls
CPU
B,
L L.
Lm—1
Bp-1

Kién trdc may tinh
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i Cau truc chung cla cache / bd nh& chinh (tiép)

= B6 nh& chinh cé 2N byte nhé
o Bcf),nhé’ chinh va cache dwoc chia thanh cac
kKhOi ¢o kich thwdc bang nhau
= BO nh& chinh: By, By, By, ..., B,.1 (p Blocks)
= BO nh& cache: Ly, L4, Lo, ..., Lyq (M Lines)
= Kich thwéc cua Block (Line) = 8,16,32,64,128 byte

= Mdi Line trong cache cé mét thé nhé (Tag) duoc
gan vao
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i Cau truc chung cla cache / bd nh& chinh (tiép)

= M6t s6 Block clia bd nhé chinh dwoc nap vao
cac Line cua cache

= NOi dung Tag (thé nh&) cho biét Block nao cia
bd nhd chinh hién dang dwoc chiva & Line do

= No6i dung Tag dwoc cdp nhat moi khi Block tir
bd nhé chinh nap vao Line do

= Khi CPU truy nhap (doc/ghi) mét tw nhé, co
hai kha nang xay ra:
= Tw nho do co trong cache (cache hit)
= Tw nh¢& do khéng co trong cache (cache miss).

CA2020 Kién trdc may tinh
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i 2. Cac phwong phap anh xa

(Chinh Ia cac phwong phap to chirc bd
nh& cache)

= Anh xa truc tiép

(Direct mapping)
= Anh xa lién két toan phan

(Fully associative mapping)
= Anh xa lién két tap hop

(Set associative mapping)
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Anh xa truc tiép

= M6i Block ctia bd nhé chinh chi co thé dwoc nap
vao mot Line cua cache:

« By L,
« B> L,
= Bt 2 Lina
« B, > L,
« B> L,
= TONg quéat
= B;chico thé nap vao L jmed m
= m |a s Line cua cache.
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i Anh xa truc tiép (tiép)

B6 nh&
L Tag Cache chinh
Nbit dia chi b6 nho |
4 A N
- Lo
Tag Line Word
v v A | )
T bit L bit W bit > L
>
A 4 A 4
So sanh
|
cache hit—— Lo
cache miss
\/\

CA2020

Kién trdc may tinh
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i Anh xa truc tiép (tiép)

= Dia chi N bit cua bd nh& chinh chia thanh ba
trerong:

= Trworng Word gom W bit xac dinh mét tir nhé trong
Block hay Line:

2V = kich thwdc ctia Block hay Line

= Trwong Line gdm L bit xac dinh mot trong so céac Line
trong cache:

2L = s6 Line trong cache = m
= Trwong Tag gom T bit:
T=N- (W+L)
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i Anh xa truc tiép (tiép)

= MObi thé nho (Tag) cia mét Line chira dwoc T bit
= Khi Block tir bd nhé chinh dwoc nap vao Line cua cache
thi Tag & d6 dwoc cap nhat gia tri [a T bit dia chi bén trai
cua Block doé
= Khi CPU mudn truy nhap mét tlr nh& thi nd phat ra mot
dia chi N bit cu thé
= Nho& vao gia tri L bit cda trwdng Line sé tim ra Line twong rng
= Poc ndi dung Tag & Line do (T bit), rdi so sanh v&i T bit bén trai
cua dia chi vira phat ra
= Gibng nhau: cache hit
= Khac nhau: cache miss
= Uu diém: B6 so sanh don gian
= Nhuoc diém: Xac suat cache hit thap
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i Anh xa lién két toan phan

= M&i Block c6 thé nap vao bat ky Line
nao cua cache
= Dja chi cua bé nhé chinh chia thanh hai
trerong:
« [rwvong Word
= Trwdng Tag dung dé xac dinh Block cla
bO Nh¢& chinh

= Tag xac dinh Block dang nam & Line do
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i Anh xa lién két toan phan (tiép)

B6 nh&
chinh

R Tag  cache
N bit dia chi b6 nh¢ —
4 A A " LO
Tag Word |
y — | )
T bit W bit - L
]
1
S| Li i
v YY V V¥
So sanh

CA2020

|
\\cache hit—

cache miss

Kién trdc may tinh
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i Anh xa lién két toan phan (tiép)

= MGéi thé nhé (Tag) ciia mét Line chira dwoce T bit
= Khi Block tir bd nhé chinh dwoc nap vao Line cua cache
thi Tag & d6 dwoc cap nhat gia tri Ia T bit dia chi bén trai
cua Block doé
= Khi CPU mudn truy nhap mét ttr nhé thi nd phat ra mot
dia chi N bit cu thé
= So sanh T bit bén trai cia dia chi vira phat ra v&i lan lvot noi
dung cua cac Tag trong cache
= Néu gap gia tri bang nhau: cache hit xay ra & Line dé
= Néu khong co gia tri nao bang: cache miss
= Uu diém: Xac suat cache hit cao
= Nhuwoc diém:
= So sanh dong thdi vai tat cd cac Tag = mat nhiéu thei gian
= B0 so sanh phirc tap
= It st dung
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i Anh xa lién két tap hop

= Dung hoa cho hai phwong phap trén
= Cache dwoc chia thanh cac Tap (Set)
= Mo6i mot Set chira mét sb Line
n Vi dU

= 4 Line/Set - 4-way associative mapping
= Anh xa theo nguyén tac sau:

« B, > S,

« B, > S,

«:B,>S,
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i Anh xa lién két tap hop (tiép)

CA2020

Nbit dia chi b6 nh&
A

N

Tag

Set Word

A A J

T bit

S bit W bit

Tag

Cache

LO

L1

L2

L3

L4

L5

L6

L7

I

So sanh

cache hit

cache miss

Sy

¢ Sv-1

>sk®—>—

Kién trdc may tinh

B nh¢
chinh
BO
B1
B2
B3
B4
B5
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Anh xa lién két tap hop (tiép)

CA2020

Kich thwée Block = 2W Word
Trwdng Set co S bit dung dé xac dinh mot trong sb cac
Set trong cache. 25 = SO Set trong cache
Trwong Tagco T bit: T =N - (W+S)
Khi CPU mudn truy nhap mét tr nhé thi nd phat ra mot
dia chi N bit cu thé
= Nho& vao gia tri S bit cua trwdng Set sé tim ra Set twong trng
= So sanh T bit bén trai cia dia chi vira phat ra v&i lan lvot noi
dung cua cac Tag trong Set dé
= Néu gdp gia tri bang nhau: cache hit xay ra & Line twong tng
= Néu khéng ¢6 gia tri nao bang: cache miss
Tong quat cho cé hai phwong phap trén

Thong dung voi: 2,4,8,16Lines/Set
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i Vi du vé anh xa dia chi

= Gia sir may tinh danh dia chi cho tirng byte
= Khéng gian dia chi bd nhé chinh = 4GiB
= Dung lwvong b6 nh& cache la 256KiB
= Kich thuwdc Line (Block) = 32byte.
= Xé&c dinh s0 bit cia cc trwdng dia chi cho ba
trwong hop t0 churce:
= Anh xa trwc tiép
= Anh xa lien két toan phan
= Anh xa lién két tap hop 4 duwong
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i VV&i dnh xa truec tiép

Bd nh& chinh = 4GiB = 232byte = S0 bit dia chi cla

bdé Nnh& chinh la: N = 32 bit
= Cache = 256 KiB = 2'8 byte

= Kich thwdce Line = 32 byte = 25 byte = s0 bit dia chi

cua tredng Word la: W = 5 bit

= SO Line trong cache = 218/ 25 =213 [ jne > s0 bit dia

chi trwdng Line la: L =13 bit
= S0 bit dia chi cua trwdng Tag la:
T=32-(13 + 5) = 14 bit

Tag Line

Word

14 bit 13 bit

CA2020 Kién trdc may tinh

5 bit




NKK-HUST

i V&i 4nh xa lién két toan phan

= Bb nh& chinh = 4GiB = 232byte > s0 bit dia chi cla
bd nhd chinh la: N = 32 bit
= Kich thuwdce Line = 32 byte = 25byte > s0 bit dia chi
cua trwedng Word la: W = 5 bit
= S0 bit dia chi cua trwdng Tag la:
T=32-5 =27 bit

Tag Word

27 bit S bit
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i V&i dnh xa lién két tp hop 4 dwong

Bd nh& chinh = 4GiB = 232byte > s bit dia chi cla
bdé nh& chinh la: N = 32 bit

= Kich thwdce Line = 32 byte = 25 byte = s0 bit dia chi
cua trwedng Word la: W = 5 bit
= SO Line trong cache = 218/ 25 =213 [ jne
= MOt Setcd 4 Line = 22 Line
> s0 Set trong cache = 213/ 22 = 211 Set
- s0 bit dia chi cua trwdng Set la: S = 11 bit
= S0 bit dia chi cua trwdng Tag la:
T =32-(11 + 5) = 16 bit

Tag Set Word

16 bit 11 bit 5 bit
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i 3. Thay thé block trong cache

VV&i &nh xa truc tiép:
= Khéng phai lwa chon

= M6i Block chi anh xa vao mdt Line xac
dinh

= Thay thé Block & Line do
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i Thay thé block trong cache (tiép)

Vé&i anh xa lién két: can cé thuat giai thay thé:

= Random: Thay thé ngau nhién

= FIFO (First In First Out): Thay thé Block nao
nam lau nhat & trong Set do

= LFU (Least Frequently Used): Thay thé Block
nao trong Set cé sb lan truy nhap it nhat trong
cung mét khoang thdi gian

= LRU (Least Recently Used): Thay thé Block &
trong Set twong ng co thdi gian lau nhat khdng
dwoc tham chiéu t&i

= T6i wu nhat: LRU
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:i 4. Phuong phap ghi div liéu khi cache hit

= Ghi xuyén qua (Write-through):
= ghi ca cache va ca bé nhd chinh
= toc d6 cham

s Ghi tra sau (Write-back):
= chi ghi ra cache
= toc d6 nhanh

= khi Block trong cache bi thay thé can phai
ghi tra ca Block vé bd nh¢& chinh
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i 7.4. BO nhé ngoai

= TON tai dwdi dang cac thiét bi lwu triy
= Cac kiéu bd nh& ngoai
= Bang tw: it str dung
= Dia tw: O dia cirng HDD (Hard Disk Drive)
»« Dia quang: CD, DVD
= B6 nho Flash:
= O nh& thé ran SSD (Solid State Drive)

= USB flash
n Thé nho

CA2020 Kién trdc may tinh 418




NKK-HUST

* ® dia crng (HDD —Hard Disk Drive)

Read-write head (1 per surface) Direction of

arm motion
S -
B A

Surface 9
Platter

Surface 8
Surface 7

Surface 6
Surface 5

Surface 4
Surface 3

Surface 2
Surface 1

Surface 0

Spindle Boom
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i HDD

= Dung luvong Ion

= TOCc d6 doc/ghi cham
= TON nang lvong

= Dé bj 16i co hoc

= Ré tién

CA2020 Kién trdc may tinh
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i ® SSD (Solid State Drive)

» B& nh& ban dan flash

= Khéng kha bién

s Toc dd nhanh

= Tiéu thu nang lwong it

= GOmM nhiéu chip nh¢ flash
va cho phep truy cap song
song

= It bj 10

= Dat tién
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i Pia quang

= CD (Compact Disc)
= Dung lwvgng thong dung 650MB

= DVD

» Digital Video Disc hoac Digital Versatile Disk
= Ghi mét hoac hai mat

= MOt hoac hai |op trén mot mat

= Thong dung: 4,7GB/Iop
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i Hé thong lwu trir dung lwong ln: RAID

= Redundant Array of Inexpensive Disks

= (Redundant Array of Independent Disks)

= Tap céac 0 dia cirng vat ly duwoc OS coi nhu mét
O logic duy nhat - dung lvong lon

« D@ liéu dwoc lwu trir phan tan trén cac 6 dia
vat ly - truy cap song song (nhanh)

= Lwu trdr thém thong tin dw thwra, cho phép khoi
phuc lai théng tin trong trwedng hop dia bi hong
-—> an toan thong tin

= 7 loai pho bién (RAID 0 — 6)
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T
.

strip 0
strip 4
strip 8

strip 12
C )

~_~—_

T
S

strip 1
strip 5
strip 9

strip 13
|
N -

~—_— -

(a) RAID 0 (Nonredundant)

T
.
strip 0
strip 4

strip 8

strip 12
Ne—

I |
C J

~ — —_

D
.
strip 1
strip 5

strip 9

strip 13
Ne—

| |
% |

- -

(b) RAID 1 (Mirrored)

T
S

N

bg

—

~—_—

(c) RAID 2 (Redundancy through Hamming code)

T
S

N

N _

~—_— -

i RAID O, 1, 2

T
.

strip 2

strip 6

strip 10
N

strip 14
Ne—

- —
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~—_—— = - ~ —_—— - ~——_—— ~——_—— ~——_—— -

(d) RAID 3 (Bit-interleaved parity)

block 0 block 1 block 2 block 3 P(0-3)
N N~ N N N
block 4 block 5 block 6 block 7 P4-7)
block 8 block 9 block 10 block 11 P(8-11)
block 12 block 13 block 14 block 15 P(12-15)
~— — — — —

~N—_—— - N —_—— ~N—_—— N —_—— e

(e) RAID 4 (Block-level parity)
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i RAID 5 & 6

S

block 0
N
block 4
N

block 8
N

block 12
N
P(16-19)
~_

~—_—

T

block 1
N
block 5
N

block 9
N

P(12-15)
N
block 16
N~

~—_—— =

S

block 2
N
block 6
N

P(8-11)
N~

block 13
o
block 17
~

~—_—— =

(f) RAID 5 (Block-level distributed parity)

S

block 0
block 4
block 8
N
block 12
Ne—

~——_—— =

S

block 1
block 5
block 9

N
P(12-15)
N

~——_——

(g) RAID 6 (Dual redundancy)
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S

block 2
block 6
N
P(8-11)
N
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S

block 3
N
P(4-7)

block 10
N
block 14
Neeo

block 18
N~

e

block 3
P4-7)
Q(8-11)
N~

block 13
Ne—

~——_—— =
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N
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N
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Neeo
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block 7
N
block 11
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i Anh xa di¥ liu ctia RAID 0

Logical disk

T
e
strip 0
strip 1
strip 2
strip 3
strip 4
strip 5
strip 6
strip 7
strip 8
N
strip 9
strip 10
N
strip 11
N
strip 12
N
strip 13
N
strip 14
N

strip 15
Me

~—_
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Physical
disk 0
T
e

strip0 [
N
strip 4

strip 8

strip 12
Me

~—_—

Array
management

Physical
disk 1
T
e
strip 1
strip 5

strip 9

strip 13
Me

~—_

Physical
disk 2
T
e
strip 2
strip 6
N

strip 10
Ne

software
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strip 14
Me

~—_— -

Physical
disk 3
T
e
strip 3
strip 7

strip 11
N

strip 15
Me

~—_—
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i 7.5. BA nhé do (Virtual Memory)
= Khéi niém bd nhé ao: gdom bd nhé
chinh va bo nh¢& ngoai ma dwgc CPU
coi nhw 1a modt bd nhé duy nhat (b nhé
chinh).
= Cac ky thuat thwc hién bé nhé ao:
= Ky thuat phan trang: Chia khong gian dia
chi b nhé thanh cac trang nhé c6 kich
thwdc bang nhau va nam lien ké nhau
Thong dung: kich thwéc trang = 4KiB
= Ky thuat phan doan: Chia khéng gian nhé

thanh cac doan nh& co kich thwoc thay
doi, cac doan nh¢ co thé goi Ién nhau.
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i Phan trang

= Phan chia bd nh& thanh cac phan co kich
thwdc bang nhau goi la cac khung trang

= Chia chwong trinh (tién trinh) thanh céac trang

= Cap phat so hiéu khung trang yéu cau cho
tieén trinh

= OS duy tri danh sach cac khung trang nho
trong

= Tién trinh khéng yéu cau céc khung trang lién
tiep

= S dung bang trang dé quan ly
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CA2020

Process A

Page 0
Page 1
Page 2
Page 3

N~

Free frame list
13
14
15
18
20

(a) Before

Main
memory

Cép phat cac khung trang

Process A

Page 0
Page 1
Page 2
Page 3

N~

Free frame list
20

Process A
page table

18
13
14
15

(b) After
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13

14

15

16

17

18

19

Main
memory

Page 1
of A

Page 2
of A

Page 3
of A

In
use

In
use

Page 0
of A

In
use
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Pia chi logic va dia chi vat ly cua phan trang

CA2020

Page
number

Logical
address

N/

Relative address Frame Relative address
within page number  within frame

N S

Physical

Main
memory

_| Pagel

of A

Page 2
of A

address

A

18

13

Y

14

15

Process A
page table
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Page 3
of A

Page 0
of A

13

14

15

16

17

18

431




NKK-HUST

i Nguyén tac lam viéc ctia bd nh& do phan trang

= Phan trang theo yéu cau
= Khéng yéu cau tat ca cac trang cla tién trinh nam
trong b6 nho
= Chi nap vao bd nh& nhirng trang dwoc yéu cau
= LOi trang
= Trang dwoc yéu cau khdng cé trong bd nh&
= HDH can hoan ddi trang yéu cau vao

= C6 thé can hoan déi mot trang nao do ra dé lay
cho

= Can chon trang dé dwa ra
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i Thét bai

= Qué nhiéu tién trinh trong bd nhé qua nhd
= OS tiéu ton toan bo thdi gian cho viéc hoan doi
= CO it hoac khdng co6 cong viéc nao dwoc thuwe
hién
= Dia luén ludn sang
= [huat toan thay trang
= Gidm bt sb tién trinh dang chay
= Thém bd nh&
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i Loi ich

= Khong can toan b tién trinh nam trong
bo nh¢& dé chay

= CO thé hoan ddi trang dwoc yéu cau

= Nhuw vay c6 thé chay nhirng tién trinh
I&n hon tong b6 nh¢ san dung

= BO nh¢ chinh dwoc goi la bo nhé thuce

= Nguwdi dung cam giac bd nhé& Ion hon
b6 Nho thwce
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i Cau tric bang trang

Virtual address

CA2020

n bits
Page # | Offset
n bits
Y
Hash m bits
function

Control
bits
Process
Page # ID Chain
0
= i
J
2" —1
Inverted page table

(one entry for each
physical memory frame)

Kién trdc may tinh

Y

Y

Frame #

Offset

m bits

Real address
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:i B nhé trén may tinh PC

= BO nh& cache: tich hop trén chip vi
X ly:
= L1: cache Iénh va cache d liéu
« L2, L3

= B& nh& chinh: Ton tai dwdi dang cac
mo-dun nhd RAM
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i B& nho trén PC (tiép)

= ROM BIOS chwra cac chwong trinh sau:

= Chuwong trinh POST (Power On Self Test)

= Chwong trinh CMOS Setup

= Chwong trinh Bootstrap loader

= C&c trinh diéu khién vao-ra co ban (BIOS)

= ChUra thdng tin cau hinh hé thong

= Dong ho hé thong

= CO pin nubi riéng
= Video RAM: quan ly théng tin cia man hinh
= Cac loai b nh& ngoal

CA2020 Kién trdc may tinh 437




NKK-HUST

+

CA2020

Hét chwong 7

Kién trdc may tinh
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* Kién tric may tinh

CA2020

Chwong 8
HE THONG VAO-RA

Nguyén Kim Khanh
Truong Dai hoc Bach khoa Ha Noi

Kién trdc may tinh
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* No&i dung hoc phan

nwong 1. Gigi thiéu chung

hwong 2. Co ban vé logic sb
hwong 3. Hé thong may tinh
hwong 4. S6 hoc may tinh

hwong 5. Kién tric tap 1énh
rong 6. BO xur ly

nwong 7. BO nhéd may tinh

hwong 8. Hé thong vao-ra

nwong 9. Cac kién truc song song

OO0 0000000

CA2020 Kién trdc may tinh
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i N&i dung cua chuwong 8

CA2020

8.1. TOng quan vé hé thdng vao-ra
8.2. Cac phwong phap diéu khién vao-ra
8.3. Noi ghép thiét bj vao-ra

Kién trdc may tinh
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i 8.1. Tbng quan vé hé thong vao-ra

= Chlrc nang: Trao doi A
thong tin gitra may tinh 2
vO'i bén ngoai théng| |

= Cac thao tac co ban:
= Vao dir lieu (Input)
= Ra dir lieu (Output)
s Céac thanh phan chinh:
= Cac thiét bj vao-ra
= Cac mo6-dun vao-ra

CA2020 Kién trdc may tinh

Mo-dun
vao-ra

Thiét bj
Vao-ra

Thiét bj
Vao-ra

Mo-dun
vao-ra

Thiét bj
vao-ra
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i Pac diém cla hé thong vao-ra

= TON tai da dang cac thiét bi vao-ra khac
nhau vé:
= Nguyén tac hoat déng
= TOc do
= Khuon dang dir liéu

= Tat ca cac thiét bj vao-ra déu cham hon
CPU va RAM

> Can cO cac mo-dun vao-ra dé noi ghép
cac thiét bi voi CPU va bd nhé chinh
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i Thiét bj vao-ra

= Con goi la thiét bi ngoai vi (Peripherals)
= Chlrc nang: chuyén déi dir liéu gitra bén trong
va bén ngoai may tinh
= Phan loai:
= Thiét bi vao (Input Devices)
= Thiét bi ra (Output Devices)

= Thiét bj lwu trir (Storage Devices)

= Thiét bi truyén thdng (Communication Devices)
= Giao tiép:

= Nguwoi - may

= May - may
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i Cau truc chung cua thiét bj vao-ra

D liéu o
tir/dén DU lieu
mo-dun Bo Bo oenty
; al i en ngoal
vao-ra
> defn — chuxy_en < >
div doi
liéu tin hiéu
Tin hiéu
diéu khién
>
Khéi logic diéu khién
<
Tin hiéu
trang thai

CA2020 Kién trdc may tinh
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i Mo-dun vao-ra

= Churc nang:
= Diéu khién va dinh thoi
= Trao dbi thdng tin véi CPU hodc bd nhé chinh
= Trao dbi thdng tin véi thiét bi vao-ra
= D&m gilra bén trong may tinh véi thiét bi vao-ra
= Phat hién 16i cta thiét bj vao-ra

CA2020 Kién trdc may tinh 446




NKK-HUST

i Cau truc clia mod-dun vao-ra

Bus
2\

Céac
duwong
di liéu

Cac
duwdng
dia chi

Céng
vao
ra

di liéu

>
Tin hiéu
diéu khién

>

<

N

CA2020

Cac
duwdng
diéu
khién

Khéi logic
diéu khién

Tin hiéu
trang thai

dir liéu

>

Tin hiéu

diéu khié
leu |en>
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Tin hiéu
trang thai
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i 4. Bia chi hoa cong vao-ra (I0 addressing)

= Hau hét cac bd xt ly chi c6 mét khéng gian dia
chi chung cho ¢c& cac ngan nhé va céc cong
vao-ra
= Cac bd xtr ly 680x0 cua Motorola
= Céac bd xt ly theo kién tric RISC: MIPS, ARM, ...
= M6t s bd x ly ¢ hai khdng gian dia chi tach
biét:
= Khéng gian dia chi bd nh&
= Khéng gian dia chi vao-ra
= Vidu: Intel x86
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i Khéng gian dia chi tach biét

CA2020

Khéng gian dia chi

bbé nh&

Khéng gian dia

N bit chi vao-ra

000...000

000...001

000...010

000...011

000...100
000...101

111..111

Kién trdc may tinh

N+ bit
00...00
00...01
00...10
00...11

11...11
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i Cac phwong phéap dia chi hoa cdng vao-ra

CA2020

= Vao-ra theo ban do bo nhd
(Memory mapped I0)

= Vao-ra riéng biét
(Isolated IO hay IO mapped IO)

Kién trdc may tinh
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i Vao-ra theo ban do bd nh&

= COng vao-ra dwoc danh dia chi theo khéng gian
dia chi b6 nhé
= CPU coi cdng vao-ra nhw ngan nh&
= Lap trinh trao dbi di liéu v&i cdng vao-ra bang
cac lénh truy nhap di lieu bo nho
= CO thé thwe hién trén moi hé thdng
= Vidu: B6 x&r ly MIPS
= 32-bit dia chi cho m6ét khoéng gian dia chi chung cho ca
cac ngan nho va cac cong vao-ra
= Céac cbng vao-ra dwoc gan cac dia chi thudc vung dia
chi dw triv
= Vao/ra di¥ liéu: str dung Iénh load/store
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i Vi du lap trinh vao-ra cho MIPS

= Vi du: C6 hai cdng vao-ra duwoc gan dia chi:
= COng 1: OXxFFFFFFF4
= COng 2: OxFFFFFFF8

= Ghi gia tri 0x41 ra cong 1
addi StO, SO, 0x41 # duwa gia tri 0x41
sw  StO, OxXFFF4(S0) #racongl

Chua y: gia tri 16-bit OxFFF4 dworc sign-extended thanh 32-bit OxFFFFFFF4

= Doc di¥ liéu tir cong 2 dwa vao $t3
lw  St3, OXFFF8(SO0) # doc dit liéu cong 2 dwa vao St3
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i Vao-ra rieng biét (Isolated 10)

= Cong vao-ra dwoc danh dia chi theo khdng gian
dia chi vao-ra riéng
= Lap trinh trao dbi di liéu v&i cdng vao-ra bang
cac lénh vao-ra chuyén dung
= Vi du: Intel x86
= Dung 8-bit hoac 16-bit dia chi cho khéng gian dia chi
vao-ra riéng
= CO hai lénh vao-ra chuyén dung
= Lénh IN: nhan d liéu tir cOng vao
« Lénh OUT: dwa di li€u dén cong ra
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:i 8.2. Cac phwong phap diéu khi&n vao-ra

= Vao-ra bang chwong trinh
(Programmed I0)

= Vao-ra diéu khién bang ngat
(Interrupt Driven I0)

= Truy nhap bd nho truc tiép - DMA
(Direct Memory Access)
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Ba ky thuat thwe hién vao mot khoi div liéu

Issue read Issue read CPU—1/0 Issue read CPU —DMA
command to [ CPU—1/0 command to Do something |block command Do something
I/0 module I/0 module — >else to /O module @ ~— ~ else
Read status Read status — — Interrupt Read status — — Interrupt
of I/O /10— CPU of I/O of DMA
module module /10— CPU module DMA — CPU

Error Error Next instruction

condition condition (c) Direct Memory Access

Ready

Read word Read word
from I/0 I/0— CPU from I/0 1/0— CPU
module module
Write word Write word
into memory CPU—> Memory into memory CPU—>Memory

Next instruction Next instruction
(a) Programmed /O (b) Interrupt-Driven I/0O

CA2020 Kién trdc may tinh 455




NKK-HUST

i 1. Vao-ra bang chwong trinh

= Nguyén tac chung:

CA2020

= CPU diéu khién truc tiép vao-ra
bang chwong trinh = can phai 1ap
trinh vao-ra dé trao déi di liéu
gitra CPU v&i mo6-dun vao-ra

= CPU nhanh hon thiét bi vao-ra rat
nhiéu l1an, vi vay trwdce khi thue
hién Iénh vao-ra, chwong trinh can
doc va kiém tra trang thai san sang
cua mo-dun vao-ra

Kién trdc may tinh

;

DPoc trang thai
mo-dun vao-ra

@ N

Y

Trao doi di¥ liu
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i CAac tin hiéu diéu khién vao-ra

= Tin hiéu diéu khién (Control): kich hoat thiét bi
vao-ra

= Tin hiéu kiém tra (Test) klem tra trang thai
cla mod-dun vao-ra va thiét bj vao-ra

= Tin hiéu diéu khién doc (Read): yéu cau mo-
dun vao-ra nhan di liéu tw thiét bi vao-ra va
dwa vao b dém dir liéu, réi CPU nhan dir liéu
do

= [in hiéu dleu khién ghi (Write): yéu cau mo-

dun vao-ra lay di lieu trén bus dir lieu dwa dén
bd dém dir liéu réi chuyén ra thiét bi vao-ra
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i Cac lénh vao-ra

» V&i vao-ra theo ban dé bd nho: str
dung cac lénh trao doi di lieu voi bo
nh& dé trao doi dir lieu voi cong vao-ra

= V&i vao-ra riéng biét: str dung cac Iénh
vao-ra chuyén dung (IN, OUT)
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i Pac diém

= Vao-ra do y mudn ctia ngudi lap trinh

s CPU tryc tiép diéu khién trao doi di liéu
gitra CPU v&i m6-dun vao-ra

= CPU doi trang thai san sang ciia mo-dun
vao-ra (théng qua vong lap)-> tiéu ton
nhiéu thdi gian ciia CPU
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i 2. VVao-ra diéu khién bang ngat

= Nguyén tac chung:
= CPU khéng phai doi trang thai san sang
cua mo-dun vao-ra, CPU thuwc hién mot
chuwong trinh nao do

= Khi mé-dun vao-ra san sang thi né phat tin
hiéu ngat CPU

= CPU thwc hién chwong trinh con xw ly ngat
vao-ra twong ng dé trao doi dir liéu

« CPU tré lai tlep tuc thwee hién chwong trinh
dang bi ngat

CA2020 Kién trdc may tinh
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Chuyén diéu khién dén chwong trinh con ngat

CA2020

Chwong trinh
dang thwc hién

lénh Chwong trinh con
énh X ly ngat
|énh —» |énh
Sy 2 aa lénh lénh
Ngat o dal anh o

lénh i+1  |[e——

lénh

RETURN

|énh

Kién trdc may tinh
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i Hoat dong vao di liéu: nhin tx mo-dun vao-ra

= M6-dun vao-ra nhan tin hiéu diéu khién
doc tw CPU

= MO-dun vao-ra nhan di¥ liéu tir thiét bi
vao-ra, trong khi do CPU lam viéc khac

= Khi da co d,G’ lieu - mO6-dun vao-ra phat
tin hieu ngat CPU

=« CPU yéu cau dir liéu

= MO-dun vao-ra chuyén di liéu dén CPU
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Hoat dong vao dir lieu: nhin tw CPU

= Phat tin hiéu diéu khién doc
= Lam viéc khac
= Cudi mdi chu trinh 1énh, kiém tra tin hiéu
y&u cau ngat
= Néu bj ngat;
= Cat nglr cdnh (ndi dung céac thanh ghi lién
quan)
= Thuc hién chwong trinh con x Iy ngat dé vao
dir liéu
= Khéi phuc nglr canh cua chuong trinh dang
thwe hién
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:i Cac van dé nay sinh khi thiét ké

= Lam thé nao dé xac dinh dwoc mo-dun
vao-ra nao phat tin hiéu ngat ?

= CPU lam nhw thé nao khi cé nhiéu yéu
cau ngat cung xay ra ?
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iCéC phwong phap ndi ghép ngat

= S dung nhiéu dwdng yéu cau ngat

= H3i vong bang phan mém (Software
Poll)

= HAi vong bang phan ctrng (Daisy Chain
or Hardware Poll)

= St dung bd diéu khién ngat (PIC)

CA2020 Kién trdc may tinh
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i Nhiéu dwdng yéu cau ngat

Thanh < INTR3
ghi < INTR2
yeu | INTR1
sal INTRO
ngat <
Mo-dun Mo-dun Mo-dun Mo-dun
CPU vao-ra vao-ra vao-ra vao-ra

= M&i moé-dun vao-ra dwgc noi véi mét dwdng yéu cau
ngat

= CPU phai c6 nhiéu dwdng tin hiéu yéu cau ngat

= Han ché s6 lwgng mé-dun vao-ra

= Céac duwdng ngat dwoc qui dinh mdce wu tién
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i Haéi vong bang phan mém

CA2020

co
ngat

CPU

INTR
[ ] [ ] [ ]
Mo6-dun Mo-dun Mo6-dun Mo-dun
vao-ra vao-ra vao-ra vao-ra

= CPU thuc hién phan mém hai lan lwot tirng
mO-dun vao-ra

= Th& tw cac mbé-dun duoc hoi vong chinh la
thtr tw wu tién

Kién trdc may tinh
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i Hai vong bang phan cng

CA2020

Bus di¥ liéu
: INTR
“0 [ I«
ngat
INTA
Mo-dun Mo6-dun Mo-dun M6-dun
CPU vao-ra vao-ra vao-ra vao-ra
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i Hoi vong bang phan cirng (tiép)

= CPU phat tin hiéu chap nhan ngat
(INTA) dén mod-dun vao-ra dau tién

= Néu mo-dun vao-ra dé khéng gay ra
ngat thi né gi tin hiéu dén mod-dun ké
tiép cho dén khi xac dinh dwoc méd-dun
gay ngat

= Th& tw cac mo-dun vao-ra két ndi trong
chudi xac dinh th tw wu tién

CA2020 Kién trdc may tinh
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i B6 diéu khién ngat lap trinh dwoc

(INTR n
Bus di¥ liéu
P INTRNn-1
<
INTR
<
CPU PIC INTR1
<
INTA INTRO
P
M6-dun M6-dun M6-dun Mo6-dun
vao-ra vao-ra vao-ra vao-ra

= PIC — Programmable Interrupt Controller

= PIC cé nhiéu dwdng vao yéu cau ngat co qui
dinh muc wu tién

= PIC chon moét yéu Cau ngat khéng bi cam cé
me&c wu tién cao nhat gvi téi CPU
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i Pac diém cua vao-ra diéu khién bang ngat

= C6 su két hop gitra phan clrng va phan
mém
= Phan crng: gay ngat CPU
= Phan mém: trao d6i di¥ liéu gitra CPU vOi

mO-dun vao-ra

= CPU truc tiép diéu khién vao-ra

s CPU khéng phai doi mé-dun vao-ra, do
do6 hiéu quéa st dung CPU tot hon
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i 3. DMA (Direct Memory Access)

= Vao-ra bang chwong trinh va bang ngat
do CPU trwc tiép diéu khién:
= Chiém thoi gian cia CPU
= Dé khac phuc dung ky thuat DMA
= St dung mo-dun diéu khién vao-ra chuyén
dung, goi la DMAC (Controller), diéu khién
trao doi di¥ lieu gitra mo-dun vao-ra voi bo
nho chinh

CA2020 Kién trdc may tinh
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i So do cau truc cia DMAC

- B6 dém di liéu

Cac duwdng dir liéu
- »1  Thanh ghi di liéu

Cacduong diachi || Thanhghidia chi

- >
Yéu cu bus Diéu khién doc
>
Chuyén nhwong bus > Didu khién ghi»
Ngat o
- Logic diéu khién ]
Poc Yéu cau DMA
v > <
Ghi Chép nhan DMA
> >
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i Cac thanh phan cia DMAC

= Thanh ghi di liéu: chira di liéu trao doi

= Thanh ghi dia chi: chira dia chi ngan
nhé dir liéu

= BO dém d liéu: chira soO tir di liéu can
trao doi

= Logic diéu khién: diéu khién hoat déng
cua DMAC
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Hoat dong DMA
s CPU “ndi” cho DMAC

= Vao hay Ra di liéu
= Dija chi thiét bj vao-ra (cong vao-ra twong &ng)
= Dia chi dau clia mang nh& chra di¥ liéu = nap vao
thanh ghi dia chi
= SOt di¥ liéu can truyén = nap vao bd dém di liéu
= CPU lam viéc khac
= DMAC diéu khién trao doi dir liéu
= Sau khi truyén dwoc mot tir div liéu thi:
= ndi dung thanh ghi dia chi tang
= ndi dung bd dém dir liéu giam
= Khi bd dém dir liéu = 0, DMAC gt tin hiéu ngat
CPU dé bao két thic DMA
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i Cac kidu thwe hién DMA

= DMA truyén theo khoi (Block-transfer DMA):
DMAC st dung bus dé truyén xong ca khoi
dir liéu

= DMA lay chu ky (Cycle Stealing DMA): DMAC
cwong birc CPU treo tam thoi tieng chu ky
bus, DMAC chiém bus thwc hién truyén mét
tee di¥ liéu.

= DMA trong su6t (Transparent DMA): DMAC

nhan biét nhirng chu ky nao CPU khong sty
dung bus thi chiém bus dé trao déi mét to div

lieu.
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i CAu hinh DMA (1)

System Bus

1/0

CPU DMAC Module

CA2020

1/0
Module

Memory

= M@i lan trao d6i mét div liéu, DMAC s dung

bus hai l1an
= Gilra m6-dun vao-ra voi DMAC
= Gilra DMAC v&i bd nh&

Kién trdc may tinh
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i CAu hinh DMA (2)

System Bus
CPU DMAC DMAC Memory
1/0 / \
Module |/0 |/O
Module Module

= DMAC diéu khién mot hodc vai moé-dun vao-ra

= M@i lan trao d6i mét div liéu, DMAC s dung
bus moét 1an
= Gilra DMAC v&i bd nh&
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i CAu hinh DMA (3)

System Bus
CPU DMAC Memory
10 Bus
1/0 1/0 1/0
Module Module Module

= Bus vao-ra tach roi hd tro tat ca cac thiét bi cho phép DMA
= M®éi lan trao d6i mot div liéu, DMAC s dung bus mét lan

= Gitra DMAC v¢&i bd nhé

CA2020

Kién trdc may tinh
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i Pac diém ctia DMA

= CPU khong tham gia trong qua trinh
trao doi di¥ liéu

= DMAC diéu khién trao déi di liéu gitra
bo nho chinh voi mo-dun vao-ra (hoan
toan bang phan cirng)-> toéc do nhanh

= PhU hop véi cac yéu cau trao ddi mang
d lieu co kich thwdc Ion
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:i 4. BO x Iy vao-ra

= Viéc diéu khién vao-ra dwoc thye hién
b&i mét bd xt&r ly vao-ra chuyén dung

= BO x& ly vao-ra hoat ddng theo chwong
trinh cua riéng no

= Chuwong trinh clia bd x& ly vao-ra cé thé
nam trong bd nhé chinh hodc nam
trong mot bo nho riéng
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i 8.3. N&i ghép thiét bj vao-ra

1. Céc kiéu ndi ghép vao-ra
= NOi ghép song song
= Noi ghép ndi tiép

CA2020 Kién trdc may tinh
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Noi ghép song song

+

CA2020

pén — | Mé-dun ——

bus vao-ra F—— trfi)c;nbi
Qe song | véo-ré
thong___ | song |——

= Truyén nhiéu bit song song
s Toc dd nhanh
= Can nhiéu dwdng truyén dir liéu

Kién trdc may tinh
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NoOi ghép ndi tiép

ié“ M&-dun Dén
hlgs v:élo-r,a thiét b
théng ndi tiép vao-ra

= Truyén lan lwot tirng bit

= Can co bd chuyén doi tir di¥ liéu song song sang
noi tiep hoac/va ngworc lai

s T6c dd cham hon
= Can it dwong truyén di liéu
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2. Cac cau hinh ndi ghép

= Diém t&i diém (Point to Point)
= Thong qua mét cong vao-ra noi ghép véi mot
thiét bi
= Diém t&i da diém (Point to Multipoint)
= Thong qua mot cong vao-ra cho phép noi
ghép duwoc voi nhiéu thiét bi
= Vidu:
= USB (Universal Serial Bus): 127 thiét bi

= IEEE 1394 (FireWire): 63 thiét b
= [hunderbolt
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i Thunderbolt

COMPUTER
Graphics
Sub- p
system rocessor
T
1
1
1
1
: Platform
DisplayPort controller
: hub (PCH)
1
1
: PCle x4 1 1 1 1 DisplayPort
1
1
1
e - >
Thunderbolt
Thunderbolt controller
connector ——
Thunderbolt -
20 Gbps (max) Dal§y
= chain

?Iué

CA2020 Kién trdc may tinh
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+

CA2020

Hét chwong 8

Kién trdc may tinh
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* Kién tric may tinh

Chwong 9
CAC KIEN TRUC SONG SONG

Nguyén Kim Khanh
Truong Dai hoc Bach khoa Ha Noi
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* No&i dung hoc phan

nwong 1. Gigi thiéu chung

hwong 2. Co ban vé logic sb
hwong 3. Hé thong may tinh
hwong 4. S6 hoc may tinh

hwong 5. Kién tric tap 1énh
rong 6. BO xur ly

nwong 7. BO nhéd may tinh

hwong 8. Hé thdng vao-ra

hwong 9. Cac kién tric song song

OO0 0000000

CA2020 Kién trdc may tinh
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i N&i dung cua chwong 9

9.1. Phan loai kién tric may tinh
9.2. Pa xr ly b6 nh& dung chung
9.3. Pa xt ly bd nhé phéan tan
9.4. BO xtr ly d6 hoa da dung

CA2020 Kién trdc may tinh
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i 9.1. Phan loai kién tric may tinh

Phan loai kién tric may tinh (Michael Flynn -1966)

= SISD - Single Instruction Stream, Single Data Stream

= SIMD - Single Instruction Stream, Multiple Data Stream
= MISD - Multiple Instruction Stream, Single Data Stream
= MIMD - Multiple Instruction Stream, Multiple Data Stream
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i SISD

s CU: Control Unit

CU

IS

DS

—» PU [€¢—>

= PU: Processing Unit
= MU: Memory Unit
= MOt bo xir ly
= Don dong Iénh

= DI lieu dwoc lwu trir trong mot bo nho
= Chinh Ia Kién truc von Neumann (tuan tw)

CA2020

Kién trdc may tinh
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i SIMD

CA2020

CU

1S

—» PU,

DS

LM

—» PU,

DS

LM,

—» PU,

DS

LM,

Kién trdc may tinh
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i SIMD (tiép)

= Don dong 1&énh diéu khién dong thi cac
don vi x& ly PUs

= MOi don vi xtr ly co mot bd nhé dir liéu
rieng LM (local memory)

= MOi Iénh dwoc thwe hién trén mot tap
cac d lieu khac nhau

= Cac mo hinh SIMD

= Vector Computer
= Array processor
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i MISD

CA2020

= M6t ludng di¥ liéu cung dwoc truyén dén
mot tap cac bd xu ly

= MOGi b xtr ly thwe hién moét day 1énh
khac nhau.

= Chuwa ton tai may tinh thwe té

= CO thé co trong twong lai

Kién trdc may tinh
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i MIMD

= Tap cac bd xw ly

= Cac bd xir ly ddng théi thwe hién cac
day leénh khac nhau trén cac dr lieu
khac nhau

= Cac mo hinh MIMD

= Multiprocessors (Shared Memory)
= Multicomputers (Distributed Memory)
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i MIMD - Shared Memory

CA2020

Pa x& ly bd6 nhé dung chung
(shared memory mutiprocessors)

CU,

IS
>

PU;

DS
P

CU,

1S

PU,

DS

CU,

PU,

DS

B6 nho
dung
chung
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CA2020

CU,

PU;,

MIMD - Distributed Memory

Pa x&r ly bd nhé phan tan
(distributed memory mutiprocessors or
multicomputers)

DS

CU,

LM

PU,

DS

CUn

LM,

PUn

DS

LM,

Mang
lién
két
hiéu
nang
cao
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i Phan loai cac ky thuat song song

= Song song muc lénh
= pipeline
= Superscalar

= Song song muc di¥ lieu
= SIMD

= Song song mc ludng
= MIMD

= Song song murc yéu cau
= Cloud computing

CA2020 Kién trdc may tinh
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i 9.2. Pa xt ly bd nhé dung chung

= Hé thong da x&r ly dbi xirng (SMP-
Symmetric Multiprocessors)

= Hé thong da xt ly khéng dbi xirng
(NUMA — Non-Uniform Memory Access)
= BO x&r ly da 16i (Multicore Processors)

CA2020 Kién trdc may tinh
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i SMP hay UMA (Uniform Memory Access)

Private memory — Shared
Shared memory memory
1 {
CPU CPU M CPU CPU M CPU CPU M
I | | | I | I |
| | | | Cache | | | | |

(@) (b) (c)
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CA2020

* SMP hay UMA (Uniform Memory Access)

Processor Processor Processor Processor

One or
more levels
of cache

One or One or One or
more levels more levels more levels
of cache of cache of cache

Private
caches

Shared cache

Main memory I/O system

Kién trac may tinh
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SMP (tiép)

= Mot may tinh cé n >= 2 bd x& ly gidbng nhau
Céac bd xt ly dung chung bd nhé va hé thong
vao-ra

Théi gian truy cap bd nhé 1a bang nhau véi cac
bd X ly

Céc bd xtr ly co thé thwe hién chire néng giong

n

I_

P
-

Nau

é thong dwoc diéu khién bdi mot hé diéu hanh
nan tan

iéu nang: Cac cong viéc cé thé thuc hién song

song
Kha nang chiju I0i
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i NUMA (Non-Uniform Memory Access)

CPU Memory CPU Memory CPU Memory CPU Memory
MMU Local bus Local bus Local bus Local bus
System bus

= C6 mét khéng gian dia chi chung cho tat ca CPU

s Mb6i CPU cd thé truy cap tir xa sang bd nhé cla
CPU khac

= [ruy nhap bo nhé tw xa cham hon truy nhap bo
nho& cuc bo
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* B& x& Iy da 16 (multicores)

R u > n > Issue logic
. I h a y d O I C u a b O X UJ Program counter Single-thread register file
|}

Instruction fetch unit Execution units and queues
I l 4
|}
Y-

e

. T u ‘é n tUJ (a) Superscalar

Issue logic
- =
. . ~ =| |z ¢
ipeline g o B
[ | -9 &~ & i)
& &
Instruction fetch unit Execution units and queues

= Sleu vo huong — L —

AN
PN
. 'D a I u O n g (b) Simultaneous multithreading

D I~.- .)\ P g é g g
~ ~ - 5| |45 |45 {5
IIl (: = > = @ - »n = w»n

. ~E| |~8| |~ 8 3

=3 =3 = =

= = = =

Zz <z Nz N

(c) Multicore

CA2020
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Céac dang t6 chirc bd xt ly da 16

L2 cache @

I Maln memory @
Main memory

(b) Dedicated L2 cache

[ iSadke |

| |
Main memory Main memory

(c) Shared L2 cache (d ) Shared L3 cache

(a) Dedicated L1 cache
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CA2020

i Intel - Core Duo

2006

Two x86 superscalar,
shared L2 cache

Dedicated L1 cache
per core

= 32KiB instruction and
32KiB data

2MiB shared L2 cache

Kién trdc may tinh

resources

32-kB L1 Caches
Execution

Arch. state
Arch. state

Execution
resources

32-kB L1 Caches

Thermal control

Thermal control

APIC

APIC

Power management logic

2 MB L2 shared cache

Bus interface

Front-side bus

507




NKK-HUST

CA2020

* Intel Core 17-990X

Core 0 Core 1

Core 2 Core 3

Core 4

Core 5

DDR3 Memory QuickPath
Controllers Interconnect
A A A A
Y Y v Yy Yl

3 X 8B @ 1.33 GT/s

4 X 20B @ 6.4 GT/s

Kién tric may tinh
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i 9.3. Pa x Iy bd nhé phan tan

CPU Memory Node
Y Y
| | | Disk | | | Disk
Local interconnect and ree Local interconnect and
H:I I/O0 H:I I/0
A
Communication
processor

High-performance interconnection network

= May tinh qui mo I&én (Warehouse Scale Computers
or Massively Parallel Processors — MPP)

= May tinh cum (clusters)

CA2020 Kién trdc may tinh

509




NKK-HUST

* Pa x Iy bd nhé phan tan

Muilticore
MP

l( I/0 '| Memory I»m ‘ Memory I> 1’0 ‘ Memory r

Interconnection network

Memory Memory Memory Memory . .
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i Mang lién két

(a)
(c) (d)
(e) (f)
————— . p
9 (h)

CA2020 Kién trdc may tinh
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i Massively Parallel Processors

= Hé thdng qui mé 1&n

» Dat tién: nhiéu trieu USD

= Dung cho,tl'nh toan khoa hoc va qénc bai
toan co sO phép toan va dir lieu rat Ion

= Siéu may tinh

CA2020 Kién trdc may tinh 512
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i IBM Blue Gene/P

ol

1] ] [
(&) || [dh] |dBl
[ ] [ [
(] (da| [ch] |ch
[ ] [ [
(] (da| [ch] |ch
1] [ [
(&) || [dh] |dBl
1] [ [
(&) || [dh] |dBl

[TTTTTTTTTTTTT= [T
TR, T

...... B [ 5] [F)
T :
moc) | [ 2c8
DDR2 ) [ [ [0
DRAM
Chip: Card Board Cabinet
4 processors 1 Chip 32 Cards 32 Boards
8-MB L3 cache 4 CPUs 32 Chips 1024 Cards
2GB 128 CPUs 1024 Chips
64 GB 4096 CPUs
2TB

CA2020

(b)

(c)

—
Q.
~

System

72 Cabinets
73728 Cards
73728 Chips
294912 CPUs
144 TB
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i Cluster

= Nhiéu may tinh dwgc két noi véi nhau bang
mang lién két toc do cao (~ Gbps)

= MO&i may tinh cé thé lam viéc doc lap (PC
hoac SMP)

= MOi may tinh dwoc goi la mot node

= Cac may tinh co thé dwoc quan ly lam viéc
song song theo nhom (cluster)

= Toan bd hé thdng cé thé coi nhw 1a mét may
tinh song song

= Tinh san sang cao

= Kha nang chiju 16i I6n
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i PC Cluster cua Google

OC-12 Fiber OC-48 Fiber

e
0

128-port Gigabit 128-port Gigabit
Ethernet switch Ethernet switch
T igabit
“ Etr\::aorr?;?ﬁn:(s
== =5 == 55 == =5 =3 == 80-PC rack
1/ N/ N/ N/ N/ N/ N/ A\
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
/NS NSNS N NS N\
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i 9.4. BO x Iy db hoa da dung

= Kién trac SIMD

= Xuat phat tir bo x( Iy d6 hoa GPU (Graphic
Processing Unit) ho tro x&r ly d6 hoa 2D va
3D: xr ly di¥ liéu song song

s GPGPU - General purpose Graphic
Processing Unit

= Hé théng lai CPU/GPGPU
= CPU Ia host: thuwc hién theo tuan tw
= GPGPU: tinh toan song song
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CPU

‘: Front Side Bus

North
Bridge

> Memory

 PCI Bus
A
y

display

Framebuffer
Memory

VGA
LAN UART —li]

CA2020

Kién trac may tinh

x16 PCI-Express Link

GPU
Memory

B& xtr ly d0 hoa trong may tinh

Intel
CPU

t Front Side Bus

North DDR2
Bridge Memory
x4 PCl-Express Link 128-bit
derivative 667 MT/s
South
Bridge
517
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* GPGPU: NVIDIA Tesla

Bridge  [— System Memory

GPU
| Host Interface T
| Viewport/Clip/
Setup'Raster/
I Input Assembler I ZCull
| |
Vertex Work Pixed Wark

Distribution

Distribution

CA2020
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()]
o
©

=
)

-

£

-
7]
Q

I

GigaThead

* GPGPU: NVIDIA Fermi

Kién tric may tinh

519




NKK-HUST

* NVIDIA Fermi

= CO 16 Streaming
Multiprocessors (SM)

= MOi SM cé 32 CUDA
cores.

= M6i CUDA core
(Cumpute Unified

Device Architecture) co
01 FPU va 01 IU
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N
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