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B0 xu 1y trung tam CPU
(Central Processing Unit)
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Cau truc bo xu ly tién tién



T6 chirc clia CPU

e CAu tric co ban cua CPU

Donvi
so hoc va
logic
(ALU)

| bus bén trong

Pon vi noi ghép bus (BIU)
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bus diéu khién

i

bus dir lieu

&

bus dia chi



T6 chirc clia CPU

» Cau truc co ban ctia CPU (tiép)

— Pon vi diéu khién (Control Unit - CU): diéu khién hoat
dong ctia may tinh theo chuong trinh d3 dinh san.

— Pon vi $6 hoc va logic (Arithmetic and Logic Unit - ALU):
thuc hién cac phép toan s6 hoc va phép toan logic.

— Tap thanh ghi (Register File - RF): Ivu gitr cac thong tin
tam tho1 phuc vu cho hoat ddng cua CPU.

— Pon vi noi ghép bus (Bus Interface Unit - BIU): két noi va
trao doi thong tin gitra bus bén trong (internal bus) va bus
bén ngoai (external bus).



T6 chirc clia CPU

« Pon vi s6 hoc va luan Iy ALU

— Thuec hién cac phép toan so6 hoc va phép toan luan 1y:

« S6 hoc: Cong, trur, nhan, chia, tang, giam, dao dau,. ..
* Luan ly: AND, OR, XOR, NOT, phép dich bit,...

DUt liéu vao tir
c4c thanh ghi

Cac tin hiéu
tlr don vi
diéu khién

D{ lidu ra dén

—

Don v
s0 hoc va logic
(ALU)

cac thanh ghi

——

I

Thanh ghi co




T6 chirc clia CPU

« Pon vi diéu khién CU

— Pi1éu khién nhan 1€nh tr bd nhd Il
dua vao thanh ghi lénh Thamh e
— Tang nd1 dung cua PC dé tro
sang lénh ké ti€p ? < S
— (G1ar ma lénh da dU'O’C nh&fm dé % diéu khiéll'l
xdac dinh thao tdc ma Iénh yéu Bon vi bén trong ggu
cau diéu khién
Clock
— Phat ra céc tin hiéu diéu khien —
thu’c hlen lenh Céc tin hiéu Céc tin higu
— Nhan céac tin hi¢u yéu cau tur yéu cau tir diéu khién dén
bus hé thong va dap ing voi cac Lushé thdng bus hé thong

Bus diéu khién

yéu cau do.



T6 chirc clia CPU

» Céc tin hiéu dua dén don vi dicu khién
— Clock: tin hi¢u xung nhip tir mach tao dao dong bén ngoai.
— M3 lénh tir thanh ghi 1énh dua dén dé giai ma.
— Céc co tir thanh ghi co cho biét trang thai ctia CPU.
— Céc tin hiéu yéu cau tir bus diéu khién
* (Cac tin hi€u phat ra ttr don vi diéu khién
— Cac tin hiéu diéu khién bén trong CPU:
. Di@u khicf:n cac thanh ghi
* DPi€éu khién ALU
— Cac tin hiéu diéu khién bén ngoai CPU:
. Di@u khi@n b0 nho ,
* Dicu khién cac mod-dun nhap xuat



Hoat ddng cua chu trinh 1énh

Chu trinh 1énh
— Nhan 1€nh (Fetch Instruction - FI)
— Giai ma 1énh (Decode Instruction - DI)
— Nhan toan hang (Fetch Operands - FO)
— Thuc hién 1énh (Execute Instruction - El)
— Cat toan hang (Write Operands - WO)
— Ngat (Interrupt Instruction - 1)

Program Execution
Instruction Cycle Instruction Cycle s Instruction Cycle
| Fetch | | Indirect | | Execute | | [nterruptl

IZANPZAN

[nOP| [pOP| [uOP| [uOP| [uOP|




Hoat ddng cua chu trinh 1énh

e Chu trinh 1énh (tiép)

Nhan
toan hang

Nhan lénh

Tinh
dia chi

Lénh hoan thanh,
nhan lénh tiép theo

Quay lai vai dir liéu
String hoac Vector




Hoat ddng cua chu trinh 1énh

* Nhan Iénh (Fetch)

S

<& b

T Z

Bé nhd

— CPU dua dia chi cua Iénh
can nhan tir bo dém p—
chuong trinh PC ra bus PC
dia chi T
— CPU phat tin hiéu diéu
khién doc bd nhé dbore
— Lénh to bd nho duoc dat
1én bus dir liéu va duoc
CPU chép vao thanh ghi R__ K
lénh IR

_ CPU téng n61 d,ung PC dé PC: BO dém ghucrngtrinh
tro sang lénh ké tlép IR: Thanh ghi lénh

Bus Bus Bus
dia dir diéu
chi liéu khién




Hoat ddng cua chu trinh 1énh

* (G1a1 ma Iénh (Decode)
— Lénh tu thanh ghi Iénh IR dugc dua dén don vi diéu
khién
— Pon vj diéu khién tién hanh giai ma 1énh dé xac dinh
thao tac phai thuc hién
— (G1a1 ma I1énh xay ra bén trong CPU
* Nhan dir iéu (Fetch Operand)
— CPU dua dia chi cua toan hang ra bus dia chi
— CPU phat tin hiéu diéu khién doc
— Toan hang dugc doc vao CPU
— Tuong tu nhu nhan 1énh



Hoat ddng cua chu trinh 1énh

» Nhan dir liéu gian tiép

— CPU dua dia chi ra bus dia chi 10 M
— CPU phat tin hi¢u dieu khien | .
dQC ] d e :D
— NO1 dung ngan nhd dugce doc
vao CPU, d6 chinh Ia dia chi ot SN S
cua toan hang
— DPia chi nay dugc CPU phat ra ’ | G
bus dia chi dé tim ra toan hang K N
— CPU phat tin hiéu diéu khién L
doc ok o o o

chi liéu khién

— T(.)én hang dugc doc vao CPU



Hoat ddng cua chu trinh 1énh

* Thuc hién 1€nh (Execute)

— C6 nhiéu dang tuy thudc vao lénh

— C6 thé la:
* Poc/Ghi bo nho
« Nhap/ xuat
e Chuyén dit liéu gifta cac thanh ghi vdi nhau
* Chuyén dit liéu gifra thanh ghi va bo nhé
e Thao tac s6 hoc/logic
e Chuyén diéu khién (r& nhanh)
. Ngét



Hoat ddng cua chu trinh 1énh

* Ghi toan hang (Write)

— CPU dua dia chi ra bus =
dia chi MAR ) N
— CPU dua dit liéu can ’
ghi ra bus dir li€u vl BN}
— CPU phat tin hiéu diéu
2 . D
khién ghi MBR >
— Dt 1i€u trén bus dir

11éu duoc chep dén vi MAR: Thanh ghi dia chi bo nhé Bus Bus Bus
L 4 " MBR: Thanh ghi dém bb nh dia i diéu
tri xac dinh

chi liéu khién



Hoat ddng cua chu trinh 1énh

» Ngit (Interrupt)
— No1 dung cua bo dém chuong trinh PC (dia chi tré
vé sau khi ngat) duoc dua ra bus dir lidu

— CPU dua dia chi (thuong dugc lay tir con trd ngin
xép SP) ra bus dia chi

— CPU phat tin hiéu diéu khién ghi bo nhé

— Pia chi trd vé trén bus dir liéu duoc ghi ra vi tri
xac dinh (¢ ngan xép)

— Dia chi 1énh dau tién cta chuong trinh con diéu
khién ngat duoc nap vao PC



Hoat ddng cua chu trinh 1énh

» Ngit (tiép)

SP —  MAR >

PC

$ U

(L Bonv EN

diéu khién BO nho

NS

MBR i)

MAR: Thanh ghi dia chi bé nha L L
MBR: Thanh ghi d&ém bé nhé Bus Bus Bus
PC: Bo d8m chuong trinh dia dr diéu
SP: Con trd ngan x&n chi liéu khién




Pon vi diéu khién

e Gom 2 loai:
— Pon vi diéu khién vi chuong trinh
(Microprogrammed Control Unit)

— Pon vi diéu khién phan cing
(Hardwired Control Unit)



Pon vi diéu khién

* DPon vi diéu khién vi chuong

| Thanh ghi nh |
| ]

trinh Cée tin hidu
A ’ . N ﬂiéukhﬁ‘l —_
— B0 nh& vi chuong trinh weushemsng

(ROM) luu trit cac vi chuong  cox

trinh (microprogram)
— Mot vi chuong trinh bao gom
cac Vi 1énh (microinstruction)
— MOJi vi 1énh ma hoa cho mot
vi thao tac (microoperation)

— Pé hoan thanh mot 1énh can
thuc hién mot hoac mot vai
vi chuong trinh

— Toc do cham

Cacolr

Mach

tuan ;:H Thanh ghi dig chivi ljnh |

L 4

vi chuang trinh

B& nhd

I’

theo [ Thanh

ghi dém vi lnh |

!

[ B3 gidimavilenh |

Cac tin higu
didu khién
bén trong CPU

Cac tin hieu
didu khiéy
S 8n bus hé théng



Pon vi diéu khién

* DPon vi diéu khién
phan cirng

Thanh ghi lénh

— Str dung Vi mach U _
X 20 ., Bo gidi m3
phan cing dé giai u
ma va tao cac tin _
‘A Y e R 1
hiéu dieu khién L
i ‘A 1A Clock | Mach 2 Bon vi : Céc
thye hién Iénh E ";:gi“g"‘i::f : dukhidn  K—— oo
— To6c do nhanh N
— Pon vi diéu khién rr 4
y 0 1 m=1
phurc tap v v

Céc tin hiéu diéu khién



Ky thuat dwdng ong l1énh

e Khai niém
— Mbi chu trinh 1énh can thuc hién bé‘mg nhiéu thao tac
— Ky thuat don hudng (Scalar): Thuc hign tuan ty ting
thao tac cho moi1 1énh - cham
— K¥ thuat duong 6’)ng‘(Pipeline‘): Thuc hi€n song song
cac thao tac cho nhiéu 1énh dong tho1 = nhanh hon
— Vi du chu trinh 1 1énh géom 5 budc:
* Nhan Iénh (I)
* Giai ma Iénh (D)
* Nhan toan hang (F)

* Thuyc hién 1€nh (E)
 Cat toan hang (W)



Ky thuat dwdng ong l1énh

S0 sanh scalar va pipeline

— Scalar
— Nhiéu chu
ky may cho
1 I1énh

— Pipeline
— Moi chu ky
may thuc
hién xong 1
1énh

Chu ky

2

o1

9]10

11

12

13

14

15

Lénh 1

Lénh 2

Lénh 3

Chu ky

11

12

13

14

15

Lénh 1

Lénh 2

Lénh 3

— O mMw

Lénh 4

—g|nm[s

Lénh 5

—|Omm|S o

Lénh 6

- O|mm|S

Lénh 7

—|Omm|S

Lénh 8

—|Omm|S

Lénh 9

—|Omm|S

Lénh 10

—|gomm|S

Lénh 11

—omm|S
omm|S




Ky thuat dwdng ong l1énh

» Cac trd ngai ciia duong ong 1énh
— Thyc té khong the ludn dat 1 chu ky méay/I¢nh do
cac tro ngai dan dén su gian doan cua Ong lénh
— Tro ngai cau trac: do nhiéu cong doan ding chung
mot tal1 nguyén
— Tro nga1 dir 11€u: 1€nh sau sir dung dir li¢u két qua
cua lénh trudc

— Tro ngai1 diéu khién: do cac 1€nh r€ nhanh gay ra



Ky thuat dwdng ong l1énh

* Tro ngai ve€ cau truc

— Nguyén nhan: Dung chung tai nguyén

— Khac phuc:

« Nhan tai nguyén dé tranh xung dot

e Lam tré

— Vi du 1: Bus dit liéu truyén 1énh va dit liéu = Bus 1énh
riéng, bus dir liéu riéng (cache 1énh va cache dir 11¢u)

— Vi dy 2: Lénh nhan can nhiéu chu ky thuc thi (E)

MULT AB.C
MULT D.EF

D
I

F
D

(E

F

E)| W




Ky thuat dwdng ong l1énh

e Tr& ngai vé dir licu

— Nguyén nhan: 1énh sau st dung dit liéu két qua cua

1énh trudc
— Cac dang:

RAW ADD AB,C Write-A must be earlier than
ADD EAD Read-A
WAR ADD AB,C Read-B must be earlier than
ADD B,D.E Write-B
First Write-A must be earlier
WAW ADD AB,C

ADD AD,E

Than second Write-A




Ky thuat dwdng ong l1énh

» Tro ngai vé dit liéu (tiép)

Read B
i
WAR ADD AB,C | [ID(P)|E|W
ADD B,D,E | |D |F|E|@)
Read-B is earlier than Wnte-B Write B
« Write A
WAW ADD AB,C | |D|F|EW)
ADD AD,E D] E|EIQ)
first Wnte-A 1s earlier than second Write-A Write A

no conflict at in-order pipeline

conflict at out-of-order pipeline




Ky thuat dwdng ong l1énh

* Tré ngai vé dit liéu (tiép)

— RAW
Write A
f
ADD AB,C ||D|F|EW
ADD EAD | D ’E{E C
Read A
Write-A must be earlier l |
Than Read-A bﬁ{nte h
| ID|F|E[W
| 1D @@ E ElW
N\

Y Read A

stall



Ky thuat dwdng ong l1énh

Tré ngai vé diéu khién
— Do 1énh r€ nhanh gay ra

— Pay la dang tré ngai gy thiét hai nhiéu nhat cho 6ng
Iénh: toan bo cac 1énh dang thuc thi trong 6ng phai huy

Chuky|1|2
Lénh1|I|D
Lénh 2 |
Lénh 3
Lénh 4
Lénh 5
Lénh 25 | DIF|E

Lénh 26 | DIF E|W
Lénh 27 1D

617(8]9]10/11]12|13]14|15

BRA 25 IF Zero

- O T |w
—o[mnim|~
—omm|S|o

ﬂ
-
=




Bus

b%ij

Cau truc bo x ly tién tién

Cache |énh L1 Y
— (I-Cache) — - Bon vi nhan lénn
) BDon vi giai ma va digu phdi thuc hién I&nh
Bon vi
9 ndi ghép Cache h‘ l \ﬁ
bus L2 : .
|:IE-|U:| I I
Alls FPUs SFUs
A
; ' Y y
a . Tap thanh ghi Tap thanh ghi
T'f;% ::‘E’S:r‘éﬂh' o dsu dir liéu
Bem vi g phdy dang chuyén dung
quan ly
bo nha I * ‘t bus b-E-tn trong ¢
(MMU)
- Cache dit litu L1 (D-Cache)




Cau truc bo x ly tién tién

* Cac don vi xu ly dir lieu chuyén dung
— Céc don vi sO nguyén (ALU)
— Céc don vi so dau cham dong (FPU)
— Cac don vi chirc nang dac biét (SFU)
* PDon vi xur Iy dir li€u am thanh
* PDon vi xur Iy dit li€u hinh anh
* PDon vi xur ly dir li€u vector
* Muc dich: Tang kha nang xu ly cac chirc nang
chuyén bict



Cau truc bo x ly tién tién

 BO nho cache
— DPuogc tich hop trén chip vi1 xur ly
— Bao gdm hai dén ba muc cache
— Cache L1 gom hai phan tach roi:
* Cache I¢nh (Instruction cache)
* Cache dir li¢u (Data cache)
> Giai quyét xung dot khi nhan 1énh va dit lidu
— Cache L2 va L3: chung cho 1€nh va dir li¢u
* Muc dich: Tang hi¢u Suit truy cap bd nho
chinh



Cau truc bo x ly tién tién

* PDon vi quan 1y by nhd
— Thuong go1 la don vi MMU (Memory
Management Unit) dung d€ quan ly bd nho ao
— Chuyén doi dia chi 4o (trong chuong trinh) thanh
dia chi vat ly (trong bo nh¢)
— Cung cap co ché phan trang/phan doan
— Cung cép ché do bao vé bo nhé
* Muc dich : Tang dung lugng bd nhé chinh
béng cach st dung bd nhé phu



Cau truc bo x ly tién tién

* Cac kién triuc may tinh song song
— Nhu cau giai cac bai toan 16n ngay cang nhiéu, can nhiing
may tinh cuc manh c0 kha nang xur ly toc d6 cao

— Kién trac may tinh tuan tu (Von- Neumann) tién dén gi01
han toc do, mot bo xir Iy duy nhat khé nang cao hon nita
kha nang xu ly

— Cac kién trac may tinh song song giup tang hi¢u suat tinh
toan cho may tinh:

— Kién tric song song mirc 1énh IPL (Instruction-level parallelism) :
Tang sO lwong 1énh thi hanh duoc trén cing 1 don vi thoi glan

— Kién trtc song song muc xu ly (Machine parallelism) : Tang 30
luzcmg don vi xu ly phan cung
— Can .ket hop ca 2 kién triic song song dé tao ra cic may tinh
cO hiéu suat cao



Cau truc bo x ly tién tién

* Kién truc song song muc lénh
— Siéu duong ong (Superpipeline)
e Chia mdi thao tac trong chu trinh 1énh ra n budc nhé = 6ng
1énh dai hon
e Can 1/n chu ky may cho mdi thao tac
— Siéu hudng (Superscalar)

« Str dung nhiéu 6ng 1énh = CPU gom nhiéu don vi chtic
nang, cho phép thi hanh nhiéu 1énh dong thoti

 Moi chu ky may thuc hién duoc nhiéu 1énh

— VLIW (Very Long Instruction Word)
« Ghép nhiéu lénh don vao 1 tir may dé thuc hién dong thoi
* Vidu: CPU Itanium hg IA-64 cua Intel cho phép ghép 3
1énh/ttr may goi 1a bundle gom 128 bit



Cau truc bo x ly tién tién

* Superpipeline

* Super-
scalar

Chu ky

Lénh 1

12

D1

D2

F1

F2

E1E2

W1 W2

Lénh 2

11

12

D1

D2

F1

F2|E1

E2 W1

W2

Lénh 3

11

12

D1D2

F1|F2

El | E2

W1 W2

Lénh 4

11

12

D1

D2 F1

F2 | El

E2 W1

W2

Lénh 5

11

O
|
O
N

F1|F2

El | E2

W1

W2

Chu ky

Lénh 1

Lénh 2

Lénh 3

Lénh 4

— = 0|0~

Lénh 5

Lénh 6

— =100 M7 w

Lénh 7

Lénh 8

—|=|g|lg/m|m|m|m|~

Lénh 9

Lénh 10

—|=|Ogmmmm|S|S o

olommmm|S|S

mmmm(S|S
mm|S| S
s




Cau truc bo x ly tién tién

* VLIW

Tir léanh théng thudéng

Opcode Operands

Tir lénh dai

Opcode 1 | Opcode 2 | Opcode 3 Operands Operands Operands

* Vi du: Khuon dang 1énh cua CPU Intel Itanium

128 bits

Operation 1 | Operation 2 | Operation 3 | Template

code | reg

41 bits



Cau truc bo x ly tién tién

e Kién truc song song muc xu 1y
— Tich hop nhiéu bd xu ly dong thoi dé ting kha
nang thi hanh chuong trinh

— C4c xu hudng phat trién:
* PBa chuong (multi-programming)
« Pa luong (multi-threading)
* bBa nhan (multi-core)
« Da xur ly (multi-processing)
« Pa may tinh (multi-computer)



Cau truc bo x ly tién tién

» Kién trac song song muc xi 1y (tiép)

Coprocessor

CPU / /‘

Main CPU

Tightly coupled

Private
memory
Shared memory
M
I
CPU
— CPU
|
M
1 M
CPU l
. CPU

Computer

R

Inter-
net

Loosely coupled

S

(@) On-chip parallelism (b) Coprocessor (c) Multiprocessor (d) Multicomputer (e) Grid



Cau truc bo x ly tién tién

Multi-core

(PUCorel (« « «| CPUCoran

CPUCora T [« = =] CPUCHMREN

L1 || L7 L1-D || L1+

I_l_l I_l_l

|
L2 cache @

main Femory

(a) Dedicated L1 cache

L1-0 || LTI L1-D [ L1-I

L2 cache L2 cache

|
main memaory

(b) Dedicated L2 cache

PUCore1 (***| CPUCCren

CPUCoel |(==+*| CPUComENn

|
main memaory

(c} Shared L2 cache

SR

[ L2 cache | L2 cache

| L3 cache

|
main mermaory

id } Shared L3 cache




Cau truc bd xt ly tién tién

e Vidu: CPU Intel Core i7 gom 4 nhéan

Core 1

Core D

Core 2

Core 3

DDR3 Memory QuickPath
Controllers Interconnect
F + 3 3 %
I ! vl vl
3Ix8B@1.33GT/s 4% 20b @ 6.4 GT/s



Cau truc bo x ly tién tién

» Multi-processor
— Str dung bus chung hoac switch
— Str dung bo nh¢& chung hoac riéng biét

Private memory — Shared
Shared memory memory
f f
CPU CPU M CPU CPU M CPU CPU M
] | | | —

Cache

Bus

So d6 UMA (Uniform Memory Access) diing
bus chung va bd nhé chung



Cau truc bo x ly tién tién

» Multi-processor (tiép)

— So ¢ NUMA (Non-Uniform Memory Access)
dung bus chung va b0 nhé riéng

CPU Memory CPU Memory CPU Memory CPU Memory

MMU —L L L L

Local bus Local bus Local bus Local bus

System bus



Cau truc bo x ly tién tién

Multi-processor (tiép)

— So d0 UMA (Uniform Memory Access) dung switch va b nhé riéng

— Con goi 14 hé thong da xir Iy d6i xtng SMP (Symmetric Multi-
Processors) e

b A erssppint
o = switch is open
@£ o <> C)//__\/__O

1

001
010

X

(b)

Crosspoint
switch is closed

o
K

()

Closed
crosspoint

switch crosspoint

switch

(a)



Cau truc bo x ly tién tién

» Multi-processor (tiép)

— So d6 multi-processor dung by nhéd chung

PllP|P]| P|«~—cCPU PP P
[ T T 1 [ T 1

P
—
P |- H P P Hdet | [ W

................................................................

= — — i
P Shared P e ¢

e _ ...............................




Cau truc bo x ly tién tién

e Vidu: Hé thong SUN E25K (NUMA multi-processor)

P System control board

l 1l 1 9
1] ll]I boards
1 1]
| 1
| , ]
N
olll e |||/
Memory| | CPU [ o s § CPU ||Memory
% = ME 72 CPU Dual-core
< 2a <
Memory|| CPU (H & O ' é oll| £ cPuU ||Memory UltraSPARC IV+
S IZI==1I2]|| § 1.95GHz
' b vy 2 |He N EIE 32MB Cache L3
=1 oy @ |[f— I (|| S| CPU ||Memory 1.15 TB RAM
B &l oHHES | ol & 250TB HDD
| |||Memory|| CPU |- B 3 B — CPU |[Memory
B S : =
L E= | NP RS
i) [_I{ 1 [BC! cont. 1l & 1 3 2 |l _[ PCI cont. [—][— 91/0
4 ﬁ PCI cont. § PCI cont. # boards

\ PCI slot



Cau truc bo x ly tién tién

* Multi-computer

— Phan loai theo Flynn (1966): Cin ctt vao so luong
[énh va s6 luong dit liéu c6 thé xir Iy 1a 1 hay nhiéu
« Single instruction, single data stream — SISD
« Single instruction, multiple data stream — SIMD
« Multiple instruction, single data stream — MISD
« Multiple instruction, multiple data stream- MIMD



Cau truc bo x ly tién tién

» So d6 phan loai Flynn

Parallel computer architectures

%\

SISD SIMD MISD MIMD
(Von Neumann) /\ ? A
Vector Array Multi- Multi-
processor processor | |processors computers
UMA COMA NUMA MPP Ccow

N

AN

/N

Bus

Switched

CC-NUMA

NC-NUMA

Grid

Hyper-
cube

D £

Shared memory

v

Message passing




Cau trac bd x ly tién tién

R1

R2

R3

R1

R2

R3

e Vidu vé SIMD

ADD R3 «— R1, R2

a7’

a6 as ad a3 az al a0

+ + + + + + + +

b7 b6 b5 b4 b3 b2 b1 b0
a7+b7 | ab+b6 | a5+b5 | ad+b4 | a3+b3 | a2+b2 | a1+b1 | a0+b0

MULADD R3 < R1, R2

a’l ab ab a4 a3 az2 al a0

x&+ X &+ X &+ x &+ x&+ x84+ &+ x &+

b7 b6 b5 b4 b3 b2 b1 b0
(aBxbB)+(a7xb7)|(adxbd)+(a5xb5)|(a2xb2)+(a3xb3)|(a0xb0)+(a1xb1)




Cau truc bo x ly tién tién

* Cluster
— La 1 dang may tinh loai MIMD gdm nhiéu may tinh doc
lap két noi qua mang toc do cao, mdi may c6 CPU, BN va
1O riéng
— Dung phuong phap truyén thong bao (Message Passing) dé
trao doi thong tin (bang phan mém)
« MPI (Message Passing Interface)
« PVM (Parallel Virtual Machine)
— GoOm 2 loai
* NOW (Network of Wprkstations) hoac COW (Cluster of
Workstations) : Két nd1 qua LAN
* Grid : Két ndi qua Internet



Cau trac bd x ly tién tién

» Cluster (tiép)

Parallel applications

Sequential applications |- Parallel programming environment

Cluster Middleware
(Single system image and availability infrastructure)

PC/workstation PC/workstation IPCh'.rurkstatinn
Comm SW Comm SW = = = Comm SW
MNet. Interf. HW Met. Interf. HW Net. Interd. HW

High-Speed Network/Switch



Cau truc bo x ly tién tién

* Message-passing multi-computer
MIMI| M| M }=—Private memory ,3_454 %
| ] | | [ | | 1
plfp|fP]|lP|l~—cpru plfp|[P]|lP|l~—cpPu
| | | | [ | | [

MHP P HM P P |-

L] LI Message- L] L e L) Message- | o

M P passing PM P passing P
interconnection interconnection "y

o i B network — P M m s network 1P M 4

“/

MHP P HM s H P H H PR
R - ¢ - - =,
pllplrP|eP PllplP]|P
N I ANl | + : _

M| m|[M] M ? ’

)

(@) (b



Cau truc bo x ly tién tién

* Vi du: Si€u may tinh Bluegen cua IBM

SEEE
SRER
SREE

512-MB
— 5121M-B
l:l_ e
le . 512-MB
L1 SDRAM
Srsnipgly S S0
Chip: Card:
2 core 2 Chips
PowerPC 440 1GB
700 MHz
4MB L3

Board

16 Cards
32 Chips

16 GB

AT Ty

Cabinet

32 Boards
512 Cards

1024 Chips
512 GB

T TR

ECIEEEIS
=15 B EL 53] |

=| I E| E| 1] 1] ¥

S| JE|)E[E|)S|J5|) 500 TFLOPS
B (teraFLOPS)
System

64 Cabinets
2048 Boards
32,768 Cards
65,536 Chips
32TB



Cau truc bo x ly tién tién

* Vi du: Si€u may tinh Red Storm cua Cray

1-GB SDRAM

Set of r ,/ Card
I 7
8 boards 7 cage
[
[
|

Card
cage

Opteron Card

\ cage
100-Mbps Ethemet Skstar /
Cabinet

I/O and service node Switch
Compute node

\

EE 000000000000 0000N0DOOpO00000O0pgED
EEP<OO00000OpPdOOO00O0O00O00OO0OONpOO0000oopd@En
EEpPqOOO0O0O0OPOO0O0OOOOOOOOOOpOoOOoooopbdEm

DDDDDDD DOoO00O0OoO0DO0OOOO0O<ooooooob<om
28 Classmed 52 Switchable cabinets 28 Unclassified

120 TB  cabinets (4992 Opterons ) cabinets 120 TB

storage (2688 Opterons ) (2688 Opterons) storage




Cau truc bo x ly tién tién

* S0 sanh 2 siéu may tinh Bluegen & Red Storm

Item BlueGene/L Red Storm
CPU 32-Bit PowerPC 64-Bit Opteron
Clock 700 MHz 2 GHz
Compute CPUs 65,536 10,368
CPUs/board 32 4
CPUs/cabinet 1024 96
Compute cabinets 64 108
Teraflops/sec 71 41
Memory/CPU 512 MB 2—-4 GB
Total memory 32TB 10 TB
Router PowerPC Seastar
Number of routers 65,536 10,368

Interconnect

3D torus 64 x 32 x 32

3D torus 27 x 16 x 24

Other networks

Gigabit Ethernet

Fast Ethernet

Partitionable No Yes

Compute OS Custom Custom

11O OS Linux Linux

Vendor IBM Cray Research
Expensive Yes Yes
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Cau truc bd xur ly tién tién
« Top 10 siéu may tinh 06/2010 trén trang top500.0rg

Rank Site

Oak Ridge National Laboratory
United States

National Supercomputing Centre in Shenzhen
China (Tham Quyén)

DOE/NNSA/LANL
United States

National Institute for Computational
Sciences/University of Tennessee
United States

Forschungszentrum Juelich (FZJ)
Germany

NASA/Ames Research Center/NAS
United States

National SuperComputer Center in Tianjin/NUDT
China (Thién Tan)

DOE/NNSA/LLNL

United States

Argonne National Laboratory
United States

National Renewable Energy Laboratory
United States

Computer

Jaguar - Cray XT5-HE Opteron Six Core 2.6 GHz
Cray Inc.

Nebulae (Tinh Van) - Dawning TC3600 Blade, Intel X5650
Dawning

Roadrunner - BladeCenter QS22/L.S21 Cluster, PowerXCell 8i 3.2 Ghz /
Opteron DC 1.8 GHz, \oltaire Infiniband
IBM

Kraken XT5 - Cray XT5-HE Opteron Six Core 2.6 GHz
Cray Inc.

JUGENE - Blue Gene/P Solution
IBM

Pleiades - SGI Altix ICE 8200EX/8400EX, Xeon HT QC 3.0 Ghz
SGl

Tianhe-1 (Tinh Ha) - NUDT TH-1 Cluster, Xeon E5540/E5450
NUDT

BlueGene/L - eServer Blue Gene Solution
IBM

Intrepid - Blue Gene/P Solution

IBM

Red Sky - Sun Blade x6275, Xeon X55xx 2.93 Ghz, Infiniband
Sun



Cau trac bd xwr ly tién tién
« Top 10 siéu may tinh 06/2011 trén trang top500.0rg

Rank Site Computer
1 RIKEN Advanced Institute for Computational | K computer, SPARC64 VIIIfx 2.0GHz
Science - Japan Fujitsu
9 National Supercomputing Center in Tianjin Tianhe-1A (Tinh Ha) X5670 2.93Ghz 6C, NVIDIA GPU
(Thién Tan) — China NUDT
3 DOE/SC/Oak Ridge National Laboratory Jaguar - Cray XT5-HE Opteron 6-core 2.6 GHz
United States Cray Inc.
4 National Supercomputing Centre in Shenzhen | Nebulae (Tinh Van) Intel X5650, NVidia Tesla C2050 GPU
(Tham Quyén) — China Dawning
GSIC Center, Tokyo Institute of Technology TSUBAME 2.0 G7 Xeon 6C X5670, Nvidia GPU,
5
Japan NEC/HP
6 DOE/NNSA/LANL/SNL Cielo - Cray XE6 8-core 2.4 GHz
United States Cray Inc.
NASA/Ames Research Center/NAS Pleiades Xeon HT QC 3.0/Xeon 5570/5670 2.93 Ghz
7 )
United States SGl
8 DOE/SC/LBNL/NERSC Hopper - Cray XE6 12-core 2.1 GHz
United States Cray Inc.
9 Commissariat a I'Energie Atomique (CEA) Tera-100 - Bull bullx super-node S6010/S6030
France Bull SA
10 DOE/NNSA/LANL Roadrunner - PowerXCell 8i 3.2 Ghz / Opteron DC 1.8 GHz

United States

IBM
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Cau truc bo x ly tién tién

Site
DOE/NNSA/LLNL
United States
RIKEN Advanced Institute for Computational

Science Japan

DOE/SC/Argonne National Laboratory
United States

Leibniz Rechenzentrum

Germany

National Supercomputing Center in Tianjin
China

DOE/SC/Oak Ridge National Laboratory
United States

CINECA

Italy

Forschungszentrum Juelich (FZJ)
Germany

CEA/TGCC-GENCI

France

National Supercomputing Centre in Shenzhen

(NSCS) China

« Top 10 siéu may tinh 06/2012 trén trang top500.0rg

Rank

Computer
Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz, Custom
IBM
K computer, SPARC64 VII1Ifx 2.0GHz, Tofu interconnect

Fujitsu
Mira - BlueGene/Q, Power BOC 16C 1.60GHz, Custom
IBM

SuperMUC - iDataPlex DX360M4, Xeon E5-2680 8C
2.70GHz, Infiniband FDR IBM

Tianhe-1A - NUDT YH MPP, Xeon X5670 6C 2.93 GHz,
NVIDIA 2050 NUDT

Jaguar - Cray XK6, Opteron 6274 16C 2.200GHz, Cray
Gemini interconnect, NVIDIA 2090 Cray Inc.

Fermi - BlueGene/Q, Power BOC 16C 1.60GHz, Custom
IBM

JUQUEEN - BlueGene/Q, Power BQC 16C 1.60GHz, Custom
IBM

Curie thin nodes - Bullx B510, Xeon E5-2680 8C 2.700GHz,
Infiniband QDR Bull

Nebulae - Dawning TC3600 Blade System, Xeon X5650 6C
2.66GHz, Infiniband QDR, NVIDIA 2050 Dawning



http://top500.org/site/49763
http://top500.org/system/177556
http://top500.org/site/49763
http://top500.org/site/49763
http://top500.org/system/177232
http://top500.org/site/47347
http://top500.org/system/177718
http://top500.org/site/48248
http://top500.org/system/177719
http://top500.org/system/177719
http://top500.org/site/50310
http://top500.org/system/176929
http://top500.org/system/176929
http://top500.org/site/48553
http://top500.org/system/176544
http://top500.org/system/176544
http://top500.org/site/47495
http://top500.org/system/177720
http://top500.org/site/47871
http://top500.org/system/177722
http://top500.org/site/50414
http://top500.org/system/177818
http://top500.org/system/177818
http://top500.org/site/50287
http://top500.org/site/50287
http://top500.org/system/176819
http://top500.org/system/176819

Cau truc bo x ly tién tién

« Top 10 siéu may tinh 11/2012 trén trang top500.0rg

1

10

DOE/SC/Oak Ridge National Laboratory
United States

DOE/NNSA/LLNL
United States

RIKEN Advanced Institute for Computational Science

Titan - Cray XK7 , Opteron 6274 16C 2.200GHz,
Cray Inc.

Sequoia - BlueGene/Q, Power BOC 16C 1.60 Hz,
IBM

K computer, SPARC64 VllIfx 2.0GHz,

Japan

DOE/SC/Argonne National Laboratory
United States

Forschungszentrum Juelich (FZJ)
Germany

Leibniz Rechenzentrum
Germany

Texas Advanced Computing Center/Univ. of Texas

United States

National Supercomputing Center in Tianjin
China

CINECA
Italy

IBM Development Engineering
United States

Fujitsu
Mira - BlueGene/Q, Power BOC 16C 1.60GHz,
IBM

JUQUEEN - BlueGene/Q, Power BOQC 16C
1.60GHz, IBM

SuperMUC - iDataPlex DX360M4, Xeon E5-2680
8C 2.70GHz, I1BM

Stampede - PowerEdge C8220, Xeon E5-2680 8C

2.700GHz, Intel Xeon Phi Dell

Tianhe-1A - NUDT YH MPP, Xeon X5670 6C 2.93
GHz, NVIDIA 2050 NUDT

Fermi - BlueGene/Q, Power BOC 16C 1.60GHz,
IBM

DARPA Trial Subset - Power 775, POWER7 8C
3.836GHz IBM

560.640

1.572.864

705.024

786.432

393.216

147.456

204.900

186.368

163.840

63.360


http://www.top500.org/site/48553
http://www.top500.org/system/177975
http://www.top500.org/site/49763
http://www.top500.org/site/50313
http://www.top500.org/system/177232
http://www.top500.org/site/47347
http://www.top500.org/system/177718
http://www.top500.org/site/47871
http://www.top500.org/system/177722
http://www.top500.org/site/48248
http://www.top500.org/system/177719
http://www.top500.org/system/177719
http://www.top500.org/site/48958
http://www.top500.org/system/177931
http://www.top500.org/site/50310
http://www.top500.org/system/176929
http://www.top500.org/system/176929
http://www.top500.org/site/47495
http://www.top500.org/system/177720
http://www.top500.org/site/50402
http://www.top500.org/system/177725

Cau hoi
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