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

NOI dung mon hoc

nwong 1: Gigi thieu

nrong 2: Kién trac tap Iénh MIPS — 32 bits
nwong 3: BO xir ly MIPS — 32 bits

nrong 4: X& ly duwong 6ng

nwong 5: BO nhé may tinh

O O 0O 0O O O

nwong 6: To chirc Vao/ra
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Tal lieu tham khao

- http://www-inst.eecs.berkeley.edu/~cs61c/falc
/ va

- http://inst.eecs.berkeley.edu/~cs61c/spl5/

-+ Computer Organization and Design, 5th
Edition : The Hardware/Software Interface
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http://www-inst.eecs.berkeley.edu/~cs61c/fa16/
http://www-inst.eecs.berkeley.edu/~cs61c/fa16/
http://inst.eecs.berkeley.edu/~cs61c/sp15/
http://inst.eecs.berkeley.edu/~cs61c/sp15/

Lich str phat trién ctia may
tinh
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Quan niém truyén théng vé cau tric may
tinh

- -, h =
Hard drive Processor Fan with Spotfor Spotfor Motherboard Fan with DVD drive
er  memory battery cover

DIMM s
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Quan niém truyén thong vé cau
trdc may tinh

Application (ex: browser)

- Operating
Compiler System
Software Assembler | (Mac 0SX)

Instruction Set
Architecture

Hardware Processor |Memory |1/O system

Datapath & Control
v Digital Design

Circuit Design
transistors




Cau tric may tinh

Application
Programming

N—

System Programming

Graphical Interface

Application

Libraries

Operating System

Programming Language

Assembler Language

Instruction Set Architecture - “Machine Language”

[

Computer Design

Processor 10 System ]
Firmuware _ Microprogramming
Datapath and Control . i
aropars one Lomro Digital Design
Logic Design |
Circuit Design Circuits and devices
Eabrication Semiconductors
Materials
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Kién trac may tinh?

Computer Architecture = Instruction Set Architecture + Machine Organization

< - Application

/ Programming

\
instruction set

hardware Programming

software

* Procesgor Architecturé”
* Computer Organization

1/8/19 SET - HUST 11



Bat dau tir : Nguyén ly thiét ké va cau tric may
tinh truyén thdng

Hi€u nguyén ly thiét ké
Thiét ké may tinh theo yéu cau
Cau trac bo xr ly MIPS - 32

MIPS = Microprocessor without Interlocked
Pipeline Stages
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Pinnh luat Moore: Moore’s
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Pinh luat Moore

Pinh luat Moore la mot budc
ngoat Ion trong nganh cong nghé
dién twr, giai thich tai sao nha san
xuat c6 thé giam gia thanh trong
khi van ti€p tuc nang cao hiéu
suat cla phan cirng.

RIP

Moore’s Layw
1965-2020p

|

Hién nay, thoi gian dé tang doi s
transistor/inch vudng da dai hon
vi kich thuwéc transistor khong thé
giam nho kich thuwéc phan tw

<14nm (Han ché vé thiét ké vat 15




banh gia kha nang Iwu trir trén bd
nh& twong tw cua Jim Gray
Dung Iu’o’nlg_low Far Away iS theTDo@th'l?u’u trlr /truy

1 2 Tape /Optical == chom @R ni* 2 000 Years
0)
Jim Gray
Robot Turing Award
6 _ B.S. Cal 1966
1 Disk Sao diém vurong 2 Years pp,p, cal 1969!
0
1.5 hr
10 Memory
0

10
min
My Head mig)

1 On Board Cache
02 On Chip Cache

1 Regqister
S




Nguyén ly vé dinh vi va phan cap

bd6 nh&

Frocessor a

PROCESSOR
REGISTER

SUPER FAST
SUPER EXPENSIVE
TINY CAPACITY

CPU CACHE

LEVEL 1 (L1) CACHE
LEVEL 2 (L2) CACHE
LEVEL 3 (L3) CACHE

FASTER
EXPENSIVE
SMALL CAPACITY

EDO, SD-RAM, DDR-SDRAM, RD-RAM PHYSICAL MEMORY

and More... RAMDOM ACCESS MEMORY (RAM)

FAST
PRICED REASOMNABLY
AVERAGE CAPACITY

SSD, Flash Drive SOLID STATE MEMORY

NON-VOLATILE FLASH-BASED MEMORY

AVERAGE SPEED
FRICED REASONABLY
AVERAGE CAPACITY

Mechanical Hard Drives VIRTUAL MEMORY

FILE-BASED MEMORY

SLOW
CHEAP
LARGE CAPACTITY




Xt ly song song

Jahe

Fesearch

Composing  Typing

Sue

FResearch

Composing  Typing

Tom

Research

Composing  Typing
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Quan niem maoi
phirc tap hon

Software
Parallel Requests

Hardware

Warehous &
Assigned to computer e-Scale §
rCcomputer &
e.g., Search "Katz” Harness
Parallelism &
Parallel Thread: Achieve High
Performance

>1 instruction @ one time

e.g., 5 pipelined instructions

MmOt chl]t!)

-

nputOutput

struction Unit(s

ool Unit(s)

Parallel Data

>]1 data item @ one time

Fu@ctional

ik / 0+BAL+BA2BASH

bd b el 1 )

7 Logic Gates



Luat Amdahl: Amdahl’'s Law

100
1
Performance = 1
increase ratlo .y —— fowu] [emu] fomu
Le=l
executed sequentially core | |cora | |core | | core DM A
ke N: Number of CPU cores cpu | [crul [cpul [cPu e
E Ciora | | Core | (Cora | | Cona .__.n"'
q .-"-.'
= CPU | CPU 32nm £
g cors | core
= 10 CPU | CPU
@ core | core x=10%
5 L
£ | ) s ="
= e «—20%__| Gene Amdahl
3 /f‘*”’ Computer Pioneer
CPU :
core x=-50%
90nm No significant throughput Improvement If ratio
. ‘ _ of code that can be executed In parallel is low

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Fig 3 Amdahl’'s Law an Obstacle to Improved Performance Performance will not rise in
the same proportion as the increase in CPU cores. Performance gains are limited by the ratio
of software processing that must be executed sequentially. Amdahl’s Law is a major cbstacle
in boosting multicore microprocessor performance. Diagram assumes no overhead in parallel
processing. Years shown for design rules based on Intel planned and actual technology. Core
count assumed to double for each rule generation.



Ti€én trinh tim hiéu vé kién tric may tinh

1000 | oot uProc
cPU 0%lyr.
(2X/1.5yr)
L I N Processor-Memor: y
P ce Gap:
(grows 50% I year)
] ]
Single/multicycle .
9%
M (2X )

IIIIIIIIIIIIII
TN D OO IO ODOH®BDD O

[TT] Datapaths

| iFeihped | Exed men{ wa|
| reignoca | Exed ven] we]

| Feghocd | Exed mer| wal

| Fefhocd | Exed merf wa]

Pipelining E

A= |l
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Cau tao cua may tinh

Permanent

Storage
SATA (FLASH/Hard Disk)

(750MB/s)

DRAM
(32,768MB/s)

Input/Output
(SATA/PCle/USB/
Ethernet)

Central
Processor (CPU)

User I/O
(Keyboard/Mouse)

PCle (5,120MB/s)
Processor
Input Graphics
Control Processor (GPU)
Memory
Datapath Output
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DAI HOC

Cau tao bd xwr ly

BACH KHOA

Read MEI‘"U!'Y
Instruction (Big and Slow)

Current Instruction

Data Registers
Control Data to use (Small and fast)

Compute
Operation (Add, Sub, Multiply, etc.)

Read/Write
Data

=ljo U & jw i =)o
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Bo xw ly co’ ban: BO
nhé, Khoi diéu khién,

Read Memory
Current Instruction Instruction (Big and Slow)

Data Registers
Control Data to use (Small and fast)

Compute
‘Operation (Add, Sub, Multiply, etc.)

Read/Write
Data

= v & jwn e ]o
o
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CAc cap do dién ta triru twong

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

Compiler

Assembly Language
Program (e.g., MIPS)

Assembler

Machine Language
Program (MIPS)
| ~ |
Machine
Interpretation

Hardware Architecture Description
(e.g., block diagrams)

Architecture
Implementation

Logic Circuit Description
(Circuit Schematic Diagrams)

temp = v[K];

v[Kk] = v[k+1];

v[k+1] = temp;

lw $SEnyiEaYy can be represented
as a number,

Iw $tl, 4@’%) data or instructions

SW (% l
0000 1001 1100 0110 010 1111 0101 1000
1910 1111 0101 ﬂt@@QL @900 1AN1 11AA A11Q

1100 0110 1010 1111 01 17 1
0101 1000 0O00 1001 1100 ¢ 4 1
Register File




Cac khoéi xtr ly co’ ban

Memory
(Big and Slow)
» 0 | load r0 mem|[7]
C Program et Assembly Code 1| ri=r0-2
while (i I=2) {_ xSt load r0 mem([7] OS Loader 2 | j zerorl 5 (done)
I=i+1; ey loop: % Check if i==2 3Jro=r0+1
} ﬁrm"‘"m,%“ B s rl=r0-2 : by SUh_z and 4 | jump 1 (loop)
%%ﬁ"“’“*f-q_‘, ~ j zerorl done | check if zero. 5
> r0=r0+1 Compiler put 6
jump loop =1 TRELEEEE 7
done: & | register 0.
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BO xwr ly co ban: BO nhé,
Khoi diéu khién, Khoi tinh

toan
Read MEI"I"'IDW
Current Instruction Instruction (Big and Slow)
Mext Instruction

Data Registers
Control Data to use (Small and fast)

1

Compute
Operation (Add, Sub, Multiply, etc.)

| j_zerorl5 (done)
M=r0+1

Read/Write
Data

jump 1 {loop)

1/8/19 SET - HUST 27



Bo xtr ly hoat dong thé
nao?

BoO xi¥ Iy lam gi?

— 1. Tai lénh M Current Instruc¥
— 2. Tim ra toan ttr nao phai thwc thi

Data Registers
— 3. Tim ra di¥ liéu nao str dung Control 0o ) {sinallandiey)

(If, else, loop) Read/Write
= A - 7 Data
— 4. Thwc hién tinh toan 1

— 5. Tim ra Iénh tiép theo

Compute

(Add, Sub, Multiply, etc.)

Lap di lap lai qua trinh
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Memory
(Big and Slow)

load r0 mem([7]
=02




1: Tai gia tri r0 (i) tir b6 nh&’
(location 7)

- Read Memo"V
Current Instruction Instruction (Big and Slow)
load r0 mem|[7]

n load rO mem[7]
r1=r0-2

Data Registers PP
Cor trol (Small and fast) =

il

Compute
Operation (Add, Sub, Multiply, etc.)

r0o=r0+1

jump 1 (loop)
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2: Trwe 2 toe ro(i)

Read MEI"I’IQI'T
Instruction (Big and Slow)

load r0 mem|[7]

Data REEiStEI‘S j_zerorl 5 (done)
(Small and fast)

Cor trol 0=r0+1
(If, els: , loop) jump 1 (loop)

comps ‘&

[ w1 ]
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3: Kiém tra néu rl bang
0, nhay khi diéu kién

e ) Instruction (Big and Slow)

rlis NOT - ”

zero, so do load r0 mem([7]
not jump... . \\. lrr1=rﬂ =2
Data Registers | j_zero r1 5 (done)
Cor trol Data to use (Small and fast) f0=r0+1
Read/Write

jump 1 (loop)

Data

(If, els: , loop) 0o
1]-2e

Il n jun & jJw i =] o

Compl &

(A Is ZERO? )
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4: Tang rO0 (i)

Read Memory
psvsrmpeeam  Current Instruction Instruction (Big and Slow)
Next Instructio > E r0=r0+1 load rO mem|7]

~ d r1=r0-2
Data Registers ~

~ j_zerorl 5 (done)

Cor trol Data to use (Small and fast)

r0=r0+1

Read/Write
Data

(, els:, loop) [

jump 1 (loop)

B B\

0
1
2
3
4
S
6
7

Compt ‘e

¢ T

Operation
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5: Tiép tuc vong lap

] Read Memory
Current Instruction Instruction (Big and Slow)

4 | jump 1 (loop)

load r0 mem(7]

-~ rl=r0-2
Data Registers S | j_zerorl 5 (done)
Data to use (Small and fast) r\ rO=r0+1
(If, else, loop) B E Read/Write jump 1 (loop)

Data

B -2

Compute
Operation (Add, Sub, Multiply, etc.)
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Cor trol
(If, elsi , loop)

1/8/19

6: Trw 2 tor rO(i)

E Read ME"’\DI"’"
Current Instruction Instruction (Big and Slow)

- 0 | load r0 mem([7]
1irl=r0-2
Data Registers 2 | j zerorl5 (done)
(Small and fast) 30r0=r0+1
Reagi‘l.lt:rite 4 | jump 1 (loop)
B
6
F
Compt ‘e
| subtract2 I i
SET - HUST 34



7: Ki€ém tra néu rl1 bang 0,
nhay khi diéu kién dung

Read ME!“W'H'
= Instruction Big and Slow
rlis NOT e }

zero, so do load r0 mem([7]

not jump... ; —
Data Registers | j_zero r1 5 (done)
Cor trol {Smaliand fest) 0=r0+1

(If, elsi , loop) Read/Write

i /
iy jump 1 (loop)

| v |& |wlN L ]1Oo

Compt ‘e

(A Is ZERO? )
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8: Tang r0 (i)

z Read ME"‘IUW
Current Instruction Instruction (Big and Slow)

3lo-oer |

load r0 mem([7]

rl=r0-2
Data REEIStEI“E _Lzern rl 5 (done)
Cor trol Data to use (Small and fast) 0=r0+1

Read/Write

' 1l
Deita jump 1 (foop)

(If, els: , loop) ﬂ
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9: Tiép tuc vong lap

Read Memory

T Current Instruction Instruction (Big and Slow)

r -
Next Instructio H jump 1 (loop)

Data Registers
(Small and fast)

I

load r0 mem|7]
rl=rD-2

_Lzem rl 5 (done)
r0=r0+1

\

Read/Write
Data

Control Data to use
(If, else, loop)

jump 1 (loop)

PR

~Slojun s w e =

Compute
(Add, Sub, Multiply, etc.)

Operation
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10: Triv 2 tiv ro(i)

Read Memory
Instruction (Big and Slow)

load r0 mem(7]
rl=r0-2

Lzem rl 5 (done)
r0=r0+1

Data Registers
(Small and fast)

Cor trol

(If, els: , loop) Read/Write
Data

jump 1 (loop)

=l| Jun &= W ]k = | O
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11: Kiém tra r1 bang 0, nhay
khi diéu kién duing.

: Read Memory
Current Instruction Instruction (Big and Slow)

rl S zero, so

jump to j_zerorl 5 (done) load r0 mem(7)

instruction 5 Sso ri=10-2

Data Registers | j_zero rl 5 (done)

Cor trol Data to use (Small and fast)

rM=r0+1

Read/Write
Data

jump 1 (loop)

(If, elsi , loop) 0]2
110 »

0
1
2
3
4
5
6
7
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12: Dirng chwong trinh vi
lénh 5 khong hop lé!

Read Mﬂmﬂl’?
Instruction (Big and Slow)

Current Instruction

load r0 mem([7]
rl=rD-2

Data Registers | jzerorls (done)
(Small and fast)

2
0

r=r0+1
jump 1 {loop)

instruction

Crash!

Compute

Operation (Add, Sub, Multiply, etc.)

1/8/19 SET - HUST 40



Hi€u chi tiét vé bo xtr ly MIPS

Memory
(Big and Slow)

load r0 mem([7]

Data Registers

Control (Small and fast)

(If, else, loop) n

(o8]

-
L
-
- -
-’
-
-

rO=r0+1

Read/Write

)
Data

ob LB EIo

Compute
(Add, Sub, Multiply, etc.)
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Panh gia hiéu nang



Cach tinh hiéu nang

1
Performance =
IEEE:B(ecutlon Tlme

Performance, ~ ExecutionTime

n
LE . .
Performance, ExecutionTime .



Cach tinh hiéu nang

-
~. -
~ -
~ -
~—e_ -
~— ——

1, C T,

cpu pu

Clf

Cc



Bon vi do hiéu nang
theo cac phan muc
Seconds per program

Application

Programming Useful Operations per second

Language

Compiler (millions) of Instructions per second — MIPS

(millions) of (F.P.) operations per second — MFLOP/s

Datapath

Control —  Megabytes per second

TFunction Units

Wires  Pins . Cycles per second (clocK rate)

Transistors




Chu ky

Clock. X U n g '

ﬁﬁmp_} S M.
. . Combination Logic
—P‘ -g- > - l o _}_ > -g-—>
| Cycle |

Hau A€t cdc mdy tink hi€n dAi Khong d0iva Rp £i Ry
@i chu Ky



S6 xung dong hé

S8 xung ddng hod thwe hién 1 chwong trinh: C I CPI
Trong dé:
- Ila sbé chi thi may can thuc hién trong chwong trinh

- CPI (eng. Clock cycles per Instruction) la s6 xung dong ho trung binh can dé thuc
thi 1 chi thi may,

CPI c6 thé dung dé so sanh cac may tinh khac nhau cung trién khai 1 kién tric tap
|€énh.

Viduy:cé 3loailénh A, B, C khac nhau trong 1 kién trac tap |énh M&i lenh | N

loai c6 CPI twong *ng: CPI for this instruction class
A B C
CPI 1 2 3

HUST-FET, 1/8/19



CPI hieéu dung (trung binh)

CPI hiéu dung duorc tinh bang cach xét tat ca cac 1&p chi thi cé
trong chwong trinh va lay trung binh v&i trong so la ti |é xuéat hién
cua |&p chi thi trong chwong trinh

CPI  (€PI, IC))
i1

— ICi la ti 1&é (%) s6 chi thi thubc loai i dwoc thwece thi

- CPlila s6 chu ky (trung binh) can dé thuwc hién 1 chi thj thudc
thuoc loai i

- nla s6 loai chi thi

CPI hiéu dung phu thudc vao ti I1é chi thi trong mdt chwong trinh (tan
suat dong cua cac chi thi trong 1 hoac nhiéu chuwong trinh)



So sanh dwa trén CPI

Khi 2 may tinh A, B cung thwc hién 1 chwong trinh, chdng cung thuc

hién | chi thi.

Do do: Tcpu,A
T

cpu,B

I cpl, T,
I CPI, T., “t 12 500ps 600 I

PeM@thmRanh han may Boo x 1 _

E
Performance, ﬁju, 4

T 500%x]

[ 2,0 250ps 500 I

1,2

May tinh A va B cung trién khai 1 kién
trac tap lénh. May A co6 chu ky dong hé
la 250ps, va CPI hiéu dung cho 1
chuwong trinh P 1a 2,0. May B co chu ky
dong ho la 500ps, va CPI hiéu dung
cho cung 1 chuong trinh P la 1,2. May
tinh nao nhanh hon va nhanh hon bao
nhiéu?




May tinh A v&i xung déng hé 2GHz thuc hién 1 chuong
trinh hét 10 giay. D€ thwc hién chuwong trinh d6é trong 6
gidy bang may tinh B, ta can tang téc do xung déng ho
cla may B. Tuy nhién, tang tdc dd xung dong ho ciing
lam tang s6 chu ky can thiét 1én 1,2 lan. Xac dinh t6c
dd xung déng hdé may tinh B

Cong thirc dé tinh thoi gian CPU, khi may tinh A thwe hién chuwong trinh:

7 aCa
cpu,Aw
fc,A

9 9
So6 chu Igfi\néyzjﬂﬁh»ﬁ\ dﬂﬁgfﬁé’ t%u’oc \ﬁgn cl:rQuo’ngthnh:lo cycles

C, & C
: B Co C, 12.20 10°

S6 chu ky may tinh B dung dé thuszfﬁén unogg trinh; — 6
cpu,

4GHz

T6c d6 déng ho ctia may tinh B:



So sanh doan ma
chwong trinh

Nguoi thi€t k€ mot may tinh trién khai ki€n trdc tap [énh gom 3 loai chi thi
A, B, C duwoc CPI nhu sau:

A B C
CPI 1 2 3
Vi .- e .A <
chor Pboan ma A B
1 2 1 2
2 4 1

HUST-FET, 1/8/19 51



So sanh doan ma
chwong trinh

A B C
Poan ma A B C
Pl 1 2
1 5 C 3
2 4

Poan ma 1 dung 5 chi thi, doan ma 2 dung 6 chi thi

S6 xungldbnSg d’@pqlé thug hign zné'gdqargmg)dumc tinh nhw sau:
i31 I&;

C, (CPI, I,) (142131 9

il

: Hl"l‘?JnE%B Fﬁ/]@/ la s6 lwong chi thi loai i trong doan ma 1 va 2 tu’%%g rng



Cac yéu td anh hwdng dén hiéu
nang

CPUtime Seconds _ Cycles ~Seconds
Program Program Cycle

_ Instructions  Cycles  Seconds

 Pr ogram  Instruction Cycle

IC CPI Clock Cycle
Program \
Compiler \ ()
Instruction Set \ \
Organization \ \
Technology \
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