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Kién trdc may tinh

Chuong 8
CAC KIEN TRUC SONG SONG




8.1. Phan loai kién truc may tinh
8.2. B6 xtr ly do hoa da dung
8.3. Da xtr ly bd nhé dung chung
8.4. Da xtr ly b6 nhd phan tan




8.1. Phan loai kién trdc may tinh

Phan loai kién triuc 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




SISD

cu —» PU |=t—>»| MU

CU: Control Unit

PU: Processing Unit

MU: Memory Unit

Mot bo xur ly

Pon dong [énh

D{ liéu duoc luu trir trong mét bé nhé

« Chinh Ia Kién trdc von Neumann (tuan tu)




SIMD

DS

DS

IS
CU /—»

DS




SIMD (tiép)

« Pon dong I1énh diéu khién dong thoi cac don vi xir
ly PUs

= Mai don vi xtr ly c6 mét b nhé dir liéu riéng LM
(local memory)

= Moi Iénh duoc thuc hién trén mot tap cac dir liéu
khac nhau

= Cac m6 hinh SIMD

= Vector Computers
= GPU (Graphic Processing Unit)




MISD

« M6t luong dir liéu cung duoc truyén dén mot tap
cac bo xu ly

= Mai bé xtr ly thuc hién mét day I1énh khac nhau.

« Chua tén tai may tinh thuc té

« CO thé co trong tuong lai




MIMD

= Tap cac b6 xur ly

« Cac bo xtr ly dong thai thue hién cac day Iénh
khac nhau trén cac dir liéu khac nhau

= Cac m6 hinh MIMD

= Multiprocessors (Shared Memory Multiprocessors)
= Multicomputers (Distributed Memory Multiprocessors)




MIMD - Shared Memory

Pa xtr ly bdé nhé dung chung
(shared memory mutiprocessors)

CU;

IS

PU;,

DS

CU,

IS

PU,

DS

CU,

IS

PU,

DS

BO nh¢
dung
chung




MIMD - Distributed Memory

Pa xtr ly bdé nhé phan tan
(distributed memory mutiprocessors or
multicomputers)

I D
CU;, S » PU, <_S> LM,
Mang
IS DS n
CU, ———»{ PU, l&«—| LM, lll(gr:
2
hiéu
nang
cao
IS DS
CU, —»{ PU, |l&—{ LM,




Phan loai cac ky thuat song song

» Song song murc [énh (Instruction-Level Parallelism)
= pipeline
= superscalar
» Song song mirc di liéu (Data-Level Parallelism)
= SIMD
» Song song murc luéng (Thread-Level Parallelism)
= MIMD
» Song song mlrc yéu cau (Request-Level
Parallelism)
= Cloud computing




8.2. B6 xtr ly do hoa da dung (GPU)

« Kién trac SIMD

« Xuat phat tir bé xt&r ly dé hoa GPU (Graphic
Processing Unit) ho tro xr ly dé hoa 2D va 3D: xur
ly dr liéu song song

= GPGPU - General purpose Graphic Processing
Unit

» Hé thong lai CPU/GPGPU

« CPU Ia host: thuc hién theo tuan tu
= GPGPU: tinh toan song song




B6 xtr ly do hoa

trong may tinh

CPU Intel
CPU
Front Side Bus
Front Side Bus
B“'F’"h <= Memory x16 PCI-Express Link 1
ridge
NIE'_! rth DDR2
display Bridge Memory
¥d PCl-Express Link 128-bit
Framebuffer derivative 667 MT/s
Memory
GPU
South
Mermaory .
Bridge
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GPGPU: NVIDIA Fermi
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CA.RISCV.2025 ©khanhnk CH8-Céac kién truc song song



NVIDIA Fermi

s C6 16 Streaming

Multiprocessors | i |
(SM)

= Mo6i SM c6 32
CUDA cores.

s Moi CUDA core S

(Compute Unified
Device Architecture)
c6 01 FPUva 01 IU
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Volta GPU (2017)
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So sanh cac NVIDIA Tesla GPU

i

Tesla Product
GFU

SMs

TPCs

FF32 Cores / 5M
FPA2 Cores / GPU
FPEd Ciores / 5
FP&d Cores / GFU
Tensor Cores Sk
Tensor Cores f GPU
GPU Boost Clock
Peak FR32 TFLOPS!
Peak FPA4 TFLOPS!
Peak Tensor TELOPS!
Texture Units
Meamory Interface
Meamory Size

L2 Cache Size

Shared kemory Size
Sk

Registar File Size § 5

Ragister File Size /
GPU

TDP
Transistors
GPU Die Size

Manufacturing
Process

Tesla K40
GE120 [Keplar)
15

15

192

2880

ad

960

A

A

B10/875 MiHz
5

17

A

240

384-bit GDDRS
Upto 12 GB
1536 KB

16 KE/A2 KBf4B
KB

256 KB
3840 KB

235 Watts
7.1 billion
551 mm?*

28 nm

Tesla M40
GRA200 [Maxwell)
d

&

128

3072

4

a5

Py

K

1114 MHz

B.2

21

({E

192

384-bit GDDRS
Upto 24 GB
3072 KB

45 KB

56 KB
bldd KB

250 Watis
B billicn
601 mim?®
28 nm

! peak TFLOPS rates are based on GPU Boost Clock

Tesla P100
GPL00 (Pascal)
56

28

i

3584

.

1752

A

A

1480 MHz
106

5.3

MA

224

A05E-bit HBM2
16 GB

056 KB

&4 KB

255 KB
14336 KB

300 Watts
15.3 killion
610 e

1& nm FinFET+

Tesla V100
G100 {Valta)
20

40

B4

5120

32

2560

a

G40

1530 MHz
157

7.8

125

320

4096-bit HER2
16 GB

6144 KB

Coenfigurable up
ko 96 KB

256K
20480 KB

300 Watts
21.1 billion
815 mm?*

12 nm FFM
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Volta GV100 Streaming Multiprocessor (SM

L0 Instruction Cache L@ instruction Cache
Warp Scheduber {32 threadiclk) Warp Scheduler (32 threadicii)

Dispatch Uit {32 the Dimpaitch Linit (32 threadicli)

Register File (18,384 x 32-bit) Register File (16,384 x 32-bit)

WY iNT PR PR Fibgd INT INT FP3E PPI3
INT PR3 FPR2 i INT INT P32 P32
INT FFRZ FFR2 FPEd INT FP2Z FPI2

INT PR3 FFE 1EnsOR TEMSOR P B FRI2 PR 1EnsOR TENSOR

wr FRadfe CORE  CORE e INT yoad ppag CORE  CORE

INT FP32 FPX2 g INT FPI2 FPI2
WT  FPI3 FPIZ FPR FPIZ FPIZ

INT  FF)Z FPX2 FPEd FPI1 FPI2

L0 Instruction Cacha L Instrsction Cache
Warp Scheduler |32 threadiclh) Warp Scheduler (32 thraadicik)

Dispateh Unit {12 threadi'c Dinpatch Unit (12 threadiclk)

Register Fila {16,384 x 32-bit) Ragister File (16,384 x 12-hit)

WY OINT PR3 FPRR L INT INT FP32 P32
INT PR32 PR L FPaz FPa2
INT PP FPX L] FPaz FPI2

Wr PR PR censor TENSOR Lo P vensom TeNsOR

NT PR3 PPIZ CORE CORE [ P32 PR32 CORE CORE
INT  FF3 FPX2 PP Pz PP
IWT  FE PR (10T NT  PPAE PR

FELd FPEE FiPRd INT P32 PPI2

SFU a1 a1

1Z8KE L1 Data Cache | Shared Memory

Tax Tox

i
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Tensor Core

Phép toan cot 10i ctia neural networks:
D=AxB+C
A, B, C, D la cac ma tran 4x4

D=

FP16 or FP32

FP16 or FP32

b ,
o CA.RISCV.2025 ©khanhnk CH8-Cac kién truc song song 22



Nhan ma tran 4x4 trén hai GPU: Pascal va Volta

> N N § |

Pascal Volta Tensor Core

b ,
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NVIDIA Ampere GPU A100 (2020

PCI Express 4.0 Host Interface

Gre

05 Asowsy | sofonuog Aowsyy | soionuos Kowsy
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Hopper GPU (2022

L1 Instruction Cache

L0 Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 threadiclk)

Register File (16,384 x 32-bit)

L0 Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

INT32INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32
INT32INT32 FP32 FP32 FPa4 INT32 INT3Z FP32 FP32
INT32INT32 FP32 FP32 FPe4 INT32 INT32 FP32 FP32
INT32INT32 FP32 FP32 FP84 INT32INT32 FP32 FP32

TENSOR CORE
INT32INT32 FP32 FP32 FP64 INT32 INT32 FP32 FPa2 FP64

TENSOR CORE

INT32INT32 FP32 FP32 FP&4 INT32 INT32 FP32 FP32 FP64
INT32INT32 FP32 FP32 FP&4 INT32 INT32 FP32 FP32 FP&4

INT32INT32 [FP32 FP32 FP64 INT32 INT32 FP32 FP3Z FP64

LD/ LDI LD/ LD LDI LDP
B ST ST ST ST ST

L0 Instruction Cache

Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

Lo/
sT

Lo/
sT

Lo Lor Lor
ST ST ST

LO Instruction Cache
‘Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/cik)

Register File (16,384 x 32-bit)

INT32INT32 FP32 FP32 FPe4 INT32 INT32 FP32 FPa2
INT32 INT32 FP32 FP32 FP&4 INT32INT32 FP32 FP32
INT32INT32 FP32 FP32 FP64 INT32 INT32 FP32 FPa2
INT32INTS2 FP32 FP32 FP64 INT32 INT32 FP32 FP32

TENSOR CORE
INT32 INT32 FP32 FP32 FP84 INT32 INT32 [FP32 FP32

TENSOR CORE

INT32INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FPB4
INT32INT32 [FP32 FP32 FP84 INT32 INT32 FP32 FP32 FP64

INT32INT32 FP32 FP32 FPe4 INT32 INT32 FP32 FPa2 FP64

i LD DI LD LD/ LD/ LDI LD/ L LD LD LD D) LD/ DI LD
8T 8T 8T ST 8T 8T 8T SFU 8T 8T 8T ST sT sT ST 8T SFU

192KB L1 Data Cache / Shared Memory

Tex Tex
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Blackwell GPU (2024)

The full GB202 GPU includes: 192 SMs

e 24576 CUDA Cores
® 192 RT Cores

® /68 Tensor Cores
® /68 Texture Units

SM

LB o g e * gt 3 L ot S Ot (4 S

Wi § e | B, 0 x 57 ) Bt | { V606 3 5P bit)

SiM
FP32 /INT32 G MERA TN FP32 [INT32
TEMSOR CORE

ST
CHE WE FLA THOM
TENSOMR DORE

i

b i+ i Scbsbaier * (g & [ Srmabpeli]

Begaey Fie | 106384 1 2 bt

i
FP32 | INT32 T A TN FP32 [ INT32
T CORE

s
Ll LA 1O
TERSOM CORE

128 KB L1 Data Cache | Shared Memory

4TH GENERATION RT CORE

=[S [

1Bhn WV S T gt g Chasber WVIeisaction Engine Linear Swept Sphees

e ||

i oty T g e Triangie Chister Caamguassban £ gire

‘BACH KA |
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8.3. Da xtr ly b6 nhé dung chung

« Hé thong da xtr ly doi xirng (SMP- Symmetric
Multiprocessors)

» Hé thong da xtr ly khéng doi xirng (NUMA - Non-
Uniform Memory Access)




Pa xtr ly doi xirng SMP (Symmetric Multiprocessors)

Processor Processor .. Processor
Cache Cache . Cache

i i :

Interconnection Network

i i

Memory /0O

Em
7
4
‘BACH KHOA

| ;
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SMP (tiép)

« M6t may tinh co n >=2 bo xtr ly giébng nhau

« Cac bo xtr ly dung chung bo nhd va hé théng vao-
ra

« Thoi gian truy cap bd nhaé 1a bang nhau vai cac bd
XU ly

« Cac bo xtr ly co thé thuc hién chirc ndng giéng
nhau

« Hé thong duoc diéu khién bdi mot hé diéu hanh

phan tan

« Hiéu nang: Cac cong viéc co thé thuc hién song
song

= Kha nang chiju 16i




May tinh SMP dung bo xur ly da 16i

-

[ Processor Processor Processor | Processor

One or
more levels
of cache

One or One or
more levels more levels
of cache of cache

One or
maore levels
of cache

Private
caches

Shared cache

-

Main memory 11O system

i
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Thay doi cia bo xtr ly

A Issue logic
I u a n t' I Program counter Single-thread register file
L]

Instruction fetch unit Execution units and queues

Pipeline LT

- S i é U V6 h Ué’ N g (a) Superscalar

Issue logic
Sa AN \ e - >
- < |3 2
= p)a luon on I S ol |3 2
~ =% a2 B0
& &
Execution units and queues

[ -Da I6i: nhi‘éu CPU trén m(’.jt Instruction fetch unit

chip

(b) Simultaneous multithreading

~ o
= Pa |OI CPU/GPU gl §| E g
= = = =
- A N LA en A = @
55 |55 |58 5
w 177] 177] w
~ 25| |83 |88 £s
QO ® QO ® QO ® O =
" a 10l 22 |E8 |28 7
n"d) n"d) n"d) n"d)
(=7 (=7 (=7 (="
= = = =
2 & 2 N2

= Tensor core/TPU/NPU

E

(c) Multicore

‘BACH KA |
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Cac dang to chirc bo xtr ly da 16i

L2 cache

Main memory

(a) Dedicated L1 cache

|
|
|
Main memory @

(b) Dedicated L2 cache

Main memory

(c) Shared L2 cache

[ Dake |

|
Main memory

(d ) Shared L3 cache

CA.RISCV.2025 ©khanhnk
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Intel Core i7-5960X

Core 0 Core 1 Core 6 Core 7
32 kB(32 kB| |32 kB|32 kB o o o 32 kB|(32 kB| |32 kB|32 kB
L1-I|({L1-D| | L1-I|L1-D L1-I|L1-D| |L1-I|(L1-D

256 kB 256 kB 256 kB 256 kB
L2 Cache L2 Cache L2 Cache L2 Cache

20 MB
L3 Cache
DDR4 Memory Physical layout on chi
Controllers PCI Express Y Y P
4X8B @ 2.133 GT/s 40 lanes @ 8 GT/s

Block diagram




NUMA (Non-Uniform Memory Access)

CPU Memory CPU Memory CPU Memory CPU Memory

MMU IJ‘JLocal bE IJ‘JLocal bE IJ‘JLocal bE |'J‘:Local bus

System bus

. C6 m6t khong gian dia chi chung cho tat cd CPU

» Mai C
CPU k

PU c6 thé truy cap tur xa sang bo nh& cla
nac

- Truy n

nap bo nhé tu xa cham hon truy nhap bo

nhd cuc bo




8.4. Da xur ly bo nh& phan tan

CPU Memory Node
Y Y
| | | Disk | | | Disk
Local interconnect and e Local interconnect and
HZI I/O HZI I/O

Communication
processor

High-performance interconnection network

= M3y tinh qui mo6 1&n (Warehouse Scale
Computers)

= May tinh cum (clusters)




Pa x&r ly bo nhé phan tan

Multicore
MP

micnre l@I;imre

MP

MP

- [ o ' Memory r

Imi{:n:)re

MP

e

Multicore
MP

o )y

Multicore
MP

Interconnection network

o

Multicore
MP

o ) nen -

! Multicore
MP

e

=
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Mang lién két

—_———

I//., (9) (h)

| ;
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Warehouse Scale Computers

= Hé théong qui mo I&n

= Dat tién: nhiéu triéu USD

= Dung cho tinh toan khoa hoc va cac bai
todn co so6 phép toan va dir liéu rat 1on

= Siéu may tinh




IBM Blue Gene/P

) 3]
[ ]
HEEE
(1 1 O O
& & & (&)
HEEE
(1 O O ]
k| |/ (] (&)
[ [ [

[ ]

.%H.
. =) |

] °| (1 1 [0 &
| [peze

AMIIHTITT Ty

...... ’ 2 ]
T [ .U,
Do) | [ 2c8 HEEE
DDR2 [ = @ [
DRAM
Chip: Card Board Cabinet System

4 processors 1 Chip 32 Cards 32 Boards 72 Cabinets

8-MB L3 cache 4 CPUs 32 Chips 1024 Cards 73728 Cards

2 GB 128 CPUs 1024 Chips 73728 Chips

64 GB 4096 CPUs 294912 CPUs
2TB 1447TB
(a) (b) (c) (d) (e)




» Nhiéu may tinh duoc két néi véi nhau bang mang
lién két toc db cao (~ Gbps)

-
i
BACH KHOA.

= Moi may tin
SMP)

= Moi may tin

= Cac may tin
song theo n

h c6 thé lam viéc doc 1ap (PC hoac

h dugc goi la moét node
n ¢c6 thé duoc quan ly lam viéc song

hom (cluster)

» Toan bo hé thong cd thé coi nhu 1a mot may tinh

song song

= Tinh san sang cao
= Kha nang chiu 16i I&n




Kién trdc may tinh

Hét chuong 8

| )
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