Chapter four

Multiprocessors and
Thread-Level Parallelism
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h. ATEOR

Decompose by functionality. Decompose by steps.
(Weather sinulation) IILte/remote S

Decompose by data.
(Fighting simulation)
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Processor Processor Processor Processor

One or
more levels

One or
more levels

One or
more levels

One or
more levels

‘ Main memoryI /10 248
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Processo Processo Processo
+cach- +cache +cach-

Memo
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PeER:

«» Node may actually each contain a small
number ( 2- 8) of processors, which
may be called clustering of multiple
Processors.

AR A WL, X B $8 one-processor-per
node style.
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«=cost-effective way to scale the memory
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4.1.4 BE AR S E
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(SMP) UMA

(DSM) NUMA

{Centralized shared memory

memory

— Distributed "
Distributed {shared—memory shared-memory

. : synchronized
Multiple Message passing

icomputer

asynchronized
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« Distributed shared memory (DSM or scalable
shared memory)

«=logical uniform address space but physical
distributed memory, so any one of the
processors can access any one of the
memories.

«=Shared memory means sharing the address
space, which is different from centralized
shared memory.

*UMA( uniform memory access) ----
centralized share memory.

=*NUMA( non-uniform memory access) ----
distributed shared memory.
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< multiple computers

= Address space consists of multiple
private address spaces. ¥ FAESLE,
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9. ®Zmessage passing#Liil
» Synchronous message passing

<MNEHEAESE, XEmessaged[BEENRPC GE
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% Asynchronous message passing
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BEERIEERM (3)

=. BEEZER A F2E (communication latency hiding)

= IEIB T BE N B E MRS LA ' BT,
JEIE R R -

<=MWEH¥E: by measuring the running time on
machines with the same communication latency but
different support for latency hiding.

= PLE S r4Hlatency hiding

«latency hiding To5E—iF B4, [EHBGHAH Rt
P, AL MIRIESLIN. B Ui i1 5 ¥ 2 PR

latency.
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4.1.6 Advantages of different communication

mechanisms (1)
—. For Shared memory
«compatibility with mechanism used Iin
centralized multiprocessors

xeasy programming, simplify compiler design
«=lower overhead for communication and better
use of bandwidth, due to implicit nature of

communication and implement memory
protection in hardware instead of in OS.

= The ability to use hardware-controlled caching
to reduce the frequency of remote
communication by supporting automatic
caching of both shared and private data.
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Advantages of communication mechanism (2)

—.. For Message passing
«=The hardware can be simpler

«=Ccommunication is explicit, simpler to
understand

«=forcing programmers and compilers to pay
attention to communication.

mllll
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=M single address pace (distributed shared memory)
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«=® private address spaces ( multiple computer)
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«®O message passing
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« Omessage passing on Hsingle address pace
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L1 IR SRR AT HERR R

«+ Achieve a speedup of 80 with 100
processors, what fraction of the original
computation can be sequential?

X %: 1
80 = - _

I:parallel /100 + 1- |:parallel
Fpara||e| -~ 0.9975

Thus to achieve a speedup of 80 with 100 processors,
only 0.25% of original computation can be sequential.
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B2 BAS A HI R
2 VR

= 32-processor machine, with each processor cycle
time=1ns(1GHz);

= remote reference time=400ns;

« all references except those involving communication
hit in local memory;

= base IPC=2;

«x 0.2% of the instructions involve a remote reference.

=1/Base IPC + 0.2% x Remote request cost
=0.5 + 0.2% x Remote request cost

The remote request cost is:

Remote access cost _ 400ns  —4q0cycles

Cycle time 1ns
CPI=0.5+0.8=1.3
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«EiT ARSI, fWrestructuring the data to make
more accesses local.
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ARERES: RBETE atency IHA

«+ How caching be used to reduce remote access
frequency.

«=CachingfRcoherencefllconsistence|a .
+ Synchronization (- EEAE I FZ H &)
< latency hiding techniques
<« memory consistency model for shared memory.
2+ SERRAT A AT D BLE =K A R
«cache coherence

«cache consistence
«®synchronization
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4.2 Centralized Shared-Memory Architecture
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o3 Q;‘
<TFHEIHIR_E—processor +cache;

+ H Y
AEREIFIR _EJLA (Wa4™) processor +

caches;
o ]
RIE—t LM processor
<=IBM: 2P/F
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0.0 J

N K Cache - UF 2

< QA

data?

2014

«=For caching private data ----

Féﬁ' L.

nrivate data + shared data;
i FiRCaching private data flshared

RAT B AL E S B THE L

«=For caching shared data 7] %% 14 A3 23 3 Z 805
B4 LA copies A BIFEN & Caches,iEZ|

FERIER . BRI
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4.2.1 What Is Multiprocessor Cache
Coherence?

+ FHIE: cache coherence(cache—Z{4:)

— . 1/O& 4 [f)Cache coherencelq] i

«=MCacheF
i
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‘ Warmup: Parallel I/O I

Address (A)

Proc. Data (D) Cache

L J

Memory
Bus

Physical
Memory

L

RV

Either Cache or DVIA can
be the Bus Master and
effect transfers

*

Page transfers
occur while
Processor runs

DMA stands for Direct Memory Access

2014/12/15
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‘Prﬂbfems with Parallel 17O I

Cached portions

Proc.

Memory — Disk: Physical memory may be

of page Physical
—— [T Memory Memory
Bus
IIIan -
Cache
DMA transfers

Dhmﬁl

stale if Cache is

Disk — Memory: Cache may have data

2014/12/15
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What is Multiprocessor cache coherence?

SR RET, ﬁﬁ;/f\

Cache %memory
T,
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‘ Memory Consistency in SMPs I

| CPU-1 |

| | CPU-2 |
|
Ai 100 i cache-1 Ai 100 cache-2
I ; CPU-ME:‘ncry‘ bus I |
Ai 100 i memory

Suppose CPU-1 updates A to 200.
- memory and cache-2 have stale values
: cache-2 has a stale value
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Bl: ZALE

12 Cache N —2 i

Time Event Cache Cache Memory
contents for | contents for | contents for
CPUA CPUB Location X
0 1
1 CPU Areads X 1 1
2 CPU B reads X 1 1 1
3 | CPUASstores 0 into X 0 1 0

2014/12/15
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—. HE/E5|#ECachefS~—F

‘Wn’te-back Caches & SC I

* T1 is executed

prog T1

cache-1

ST X, 1

STY.11

« cache-1 writes back Y

« T2 executed

« cache-1 writes back X

« cache-2 writes
back X' & Y’

2014/12/15

X= 1
Y=11

cache-2 prog T2
Y= LD Y, R1
Y= ST Y’, R1

X'= X = LD X, R2

Y= X'= ST X’,R2

X= 0 Y =

Y =11 Y=

X'= X =

Y= X’'=

X= 0 Y =11

Y =11 Y'=11

X'= X= 0

Y= X'= 0

X= 1 Y =11

Y =11 Y= 11

X'= X= 0

Y= X'= 0

X=1 Y =

Y =11 Y=

X'= 0 X =

Y'=11 X'= 3




Write-through Caches & SC

rogq T1 cache-1 nemory cache-2 prog T2
ST X, 1 X=0 X=0 Y = LD‘r’_,H‘I
STY.11 Y=10 Y =10 V= STY", R1
x= X =0 LD X, R2
Y= W= ST X',R2
« T1 executed Y=11 Y =11 Y=
.H.‘: _x = |:|
-'Ir‘: x‘:
- T2 executed X= 1 X = 1 Y = 11
Y=11 Y =11 Y= 11
Wi= 11 *>'= 0
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=. Cache coherencesE X

<+ A memory system Is coherent if any read
of a data item returns the most recently
written value of that data item.

CRECEE H H)E 8 TR A A2 sl oS i HAED

2014/12/15 50



+ Coherence|r] /i

<TEHMR ARERIE. CGRIAS
) mIEER R FE, #FR— 2,
+ Consistency |7 &

TR RS i BE T B IE MM HY SRR AT R

IERRBEH . FRIANAINES, HORREDIE. F
ﬁ%%%ﬁﬁ—ﬁi 1)

HH—2X

Pixi;
N

N

2014/12/15

ol



PO, IEFR—2UHEE X

<+ A memory system is conherenct if :
<= [F]—4ESE (P) MR—HxX)xEEiE, HES
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(Eﬂﬁiﬁtﬁ%&&f B .

N (PEEHK)) RE
SPRESETPIIEARME. -—--REREFHY

BE3%K
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EHHRI—3ExE X (2)

)\

SUSENEIL S =E

5) , B

BAHERZE

ACES

2|

P

Tn(x) (HRAT

_J_‘(ﬁF?

BNE. WREBEAN “17, FEA “27, N

serialization)

HE A B S RA G “27,

—-HASBER E 1T Cwrite

=

€ 4"
CHy 17,

R =AM R {FIEmemory coherence.
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SCEE R — B R R R . A — Y
JRRH 3

> LEA[E R A
> AR
> 1IOfL %)

< NH

2014/12/15 56



1.2 0] 524

A5 A — U
LU A AL R G

b BT

E & HAAE Cache, L= —A 1

2014/12/15

P1

X

P2

X

- AT

o



P1FIP2 1)~

i = TR S A AT CIRI C2H 7 )

LR AR BHE XI5 L

P12{5 Cl

FEIX,

f AR N
X

HP2EE

P1 P2
( x’ x
X?
BEXHT,

EPI%ﬁH =

o7 g, Bl4b
f@lﬂﬂ& 5 Cache
) B A B[R] A el
PN AT HOAH S ) B A
M, WAAFRIX
WA AR X, H
e, MFHP2HIA
I 1= R S AT i o
C2H IXAIPRFEX

ErNC2H R, XS

T P2 NC2 S B A X [E] N AF H X AN — 3

2014/12/15

O - 58



FHP1IX A “E\” P1 P2
HEms, BIAL TR E
Cache ) HE Bt
IR RN BN :
o, o [ X7 | X

b mo (X |- — SECI

R e

é?ﬁ‘%%%ﬁ Cache I [ " . RN
I A 5 B N, B p

7EX

2014/12/15




2. RIS}

wo—:

THIA— 2

PLF)CIF AT L X #5 UL, 1
P2i1C2H A i 3L Al

P P1

X7 7128,
f 2 X

KH “HlH” 5k

i, B AR

N A X3R4T
B

X9

TSR R R, %t
P2| FiT#% TP2 LigfT

‘X P2 I (i it
3 A fRIaATH K
| M 7 s

7
’ X T4 XA

> .

ANC2

A2, XAIER T FIREARR I 2 E T
X, A ESRRMEBEL X

2014/12/15

60



WHR=:  PlCIFIP21yC2h#54 T2 KR X 4 I

hFsmEpEiz |[P1] |P2
HFETHEIPL I
X X
Lttwm[émathmzi/
X, AT
&Rt X Ve

( P2rt IR
TC2HHIX, B
TR
=
ﬁm%“ﬁ‘\
o7 SRmE, g

A EIX HE
X

PL_E B L Al H - 2R REIEAS 5 S B A A — 2

2014/12/15



3. 1/Of&HI5Ix

TR —2

bR

#5 PLIFICLAIP2[) C2 1 347 2L 2 204 X 1 #5 I

N A7 A1Cache”

Ig IR —B <

2014/12/15

N

Tt

P1| |P2
X X
x| [x

I/0

L/ QAL BEALRS — T Y
X G NNAARZEX

62



A CURIC2 7 # X1+ Il

AEPEHLPLZAT IS
AT XH]
H, EZANX P1 P2

HI/OAL IR E R i X,
W, WAL N

X’ X (X B A5 45 T/ O 4k 3
. il

PLRA “Hlb” 3%
B, 4, ClHHX < —
[F N AF R FIX A —
gl X

S~

X ik T/ O HE
- BLITH S R f i
Mt 4 I/0 E X

2014/12/15 63



/O 4% 51 5] R B3 A — B B A AL FE AL
PLAIP23L ZI/O AN, 1/OfL 5 &K A7
|/OALFENLAN N AF 2 (8] 6

fEI/O4FEHL (TOPIFIIOP2) 43
WEERE SRS ACINC2 F, i
ACFENLANT/ O PN S B2 A7
Xk, HERELRIES Cache 2 [A] VL X
Cache M 17 22 [a) I 204 — 201, wl
e PR UEL/ O EA = 51HEA —EL

2014/12/15



