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_FMaRiE(Flynn”_s Classification)

V3

5oV
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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SIMD

PE: Processing Element
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SIMD Example(1)

n data items
n ALUs

control unit

T

x[1] x[2] .. x[n]
ALU. ALU, ALU

n

for(i=0;i <n;i++)
x[i] += ylil;
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SIMDExample(2)
- MRFA KB ZHIALUFIEHEIUE AT ?
DR, EHRIT

‘Ex. m=4 ALUs and n =15 data items.

1 X[0! X[1; X[2] X[3]

2 X[4 X[5: X[6] X[7]

3 X[8 X[9 X[10]  X[11]

4 X[12]  X[13]  X[14]
(Hesnury




SIMD
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XA RESPE(ESIMD RE STHIER IR RE

for (1 = 0: 1 =« n: 1++)
if (y[i] = 0.0) x[i] += y[i]:
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« EARYZ={5I|: [a]&4/1(Vector processors)
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{ESIMDZ43 LRINAT

LA 5 A 4| A 1 A 0
. B 0 B | 2 | B 1 B | 0
| C 0 C 0 C { C {0
if (B ==0)
C=A: Processor Processor 1 Processor 2 Processor 3
! else Initial values
C=A/B; ] Idie | Idie
() Al 5 A 4| % A i Al g
Bl 0] B 2 | 1 i | 0
the conditional statement; c | 5] C | 0] % c | 0| c | 0
) the execution of the Processor 0 Processor | Processor 2 Processor 3
tement in two steps. Step |
Idle _ _ . _ ldle
A 5 A 4| A 1 A 0
B 0 B | 2 | B i B | a
| ¢ 5 c | 2 | C i c| o]
Processar O Pracessor 1 Processor 2 Pracessor 3

Q 1} {'* ﬁ -}: :‘3‘: Step 2
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— X m=m3 E*T\il_?ﬂs:.é{’lf

e.g:

for (i=0;1<n; i++)
X[i] += ylif
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REH(2)
(4) St

- Z1MAF “BE
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- ANERF—

Z” (Memory bank)
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%j- /ER«E

/IIII

- RS T AT Rt

- BEIRE (EXEEIEEAN (85) BiE

u"TMUEnm%gmm%

W
). ‘é P o ol
EREL P
Univeraity af Eleciramie Seignce and Techaslogy of Ching
SRAE

, ATLAR B

PR

:
=
N
AT
N

11



[E1(3)

- (L=
- R, EH
- REMmESRET RBIRRRELAIES
— fmiEenA A LURMHAREI R B URYEMRIER., FHREHRE. &
RERE B EEFTIFG{ D
- BRFTER

— A SRTTAR 5P
* TR

— LU AN RO S
— BRI %

!
E ol é [ TX
A\ A F
_— Univeraity of Elecironic Selence and Techaslogy of China 1 2



MIMD
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H=RH1ERES(Shared Memor
Ty_ste_m%

- —HAMEERENY HIEM S SEERSHEIE
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CPU CPU CPU CPU
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Interconnect

Memory
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UMA

(Uniform Memory Access)iaSZFi&15(a]
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NUMA

NUMA(Nonuniform Memory Access)3Et95774%
1715)

- HEFERoME Rt
] ;;%%E:I; Core 1 Core 2 Core 1 Core 2
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XML (Inter-connection)

Ring A 2-D Mesh 2-D Torus
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ESiatk

« TR E(Node Degree)

« B E1R(Network Diameter
o X9l ZEE (Bisection Width)
o YZIH535( Bisection Bandwidth)
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EsSiEtr (—)
NJEZEEE (Bisection width)
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one- two- three-dimensional
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n = 29 Processors

« EEFAFNE

e 2X2X...Xx2 mesh
-*,'f—\’lE’\J%'SZExEZEI’Ja%

P RIS TREE, XL
TRt S u_llﬂﬁ%—/\
&S IVA=

« Example: k = 0111 is
connected to 1111, 0011,
0101, and 0110

i
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2=0010[A% 5

5 0101 &EXF—MEE
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—ZIRRRZ0010 >
0110 =0100 >
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- [EEHR M

on = 29NHFETE, Hn(log n + 1) DIETS

EERRT Ak

000 001 010 o011 100 101 110 111

i e -
Rank O <D () (D (D © S 101 message
W= g
’%‘%‘%’

— 4"" N Olmessage
T

<:‘: < —
R 2 “. .? < .‘.
Rank 3 O O (D d{ \63 mensass

000 001 010 o011 100 101 110 111

Rank 1 (
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FEBIASIR R 285 H7
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e ar
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eRAGES
PEAR WA 28 S AR AR (T — X1 R A — S5 42
SRR A 28 EART Y 4317 U — A e

I

ERHT RO ST /L, T

I Processing nodes

_ Swiching nodes
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SEEH = XML : (a) FHESRMEE, F1(b)— T aISHHR LS
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Fat Tree Network

- (NI
 ERERE R LR E T 5

LB e e S e P e ST

Fat tree networks for 16 processors
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More Definitions

Message transmissiontime=1+n/b

latency (secondﬁ\—ﬁ

length of message (bytes)

bandwidth (bytes per sec

o BY7E
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53 N 2 N-1 1 N-1

=
7N N 2 [N/2] 2 N =
2Dmesh  N'2*NV2 4 2(N'2-1) N2 2(N-N12) B
2DIRGE  N'2*NV2 4 2[N'2[2]  2N'2 2N B
B N=2n n n N/2 n*N/2 B
XX N 3 2 (logN- 1 N-1 2

1)
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FiEs=EXEH
Size

Speed
el L1-caches L2-cache
I-cache i
Physical
TLEB
Ml ache EIORY Memor

(RAM)

D-cache

element \/

line

line page

2 SRR N AT IR IR S5
B CPU B/ 1Y J2 1R U3 ]k Ji B PR
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Memory Latency

Hierarchy Processor clocks

Near memory 100-300
Far memory 300-900

Remote memory 0O(103)
Message passing O(103)- O(104)
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EEFR—EIE

y0 privately owned by Core 0
yl and zl privately owned by Core 1

. Core 0 Core 1
x = 2; /* shared variable */
Cache 0 Cache 1
| Time || Core 0 | Core 1
0 y0 = x; yl = 3*x;
1 X = 1; Statement(s) not involving x Interconnect
2 Statement(s) not involving x | z1 = 4*x;
X 2 y1
y0 z1
y0 eventually ends up = 2
Yl eventually ends up = 0 A shared memory system
21 = 979 with two cores and two caches
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RE—EUEMY

%&“‘““‘“EE’JEHT (ERTERIARSRN (invalidate)
gy, (update)

XN ERE R R FRIFE

— HAREREE?

P P P p P p processors
X X X’ I X’ X’ cache
bus
X I X’ memory
Write-Invalidate Write-Update

Y . Write-back Write-through
(o) &1 & 4 8 1
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-CPUNEFEREEFELBER, MAZE

BN EIHYALS

- EREE, B

LT

BNTE

e Serial Version:

[
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int 1, J. m, n;

double y[m];

/% Assign y = 0 %/

for (1 =0; 1 <= m; 1++)

for (J =0; J < n; J++)

y[il += f(i,3);
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False Sharing

° Pargllnl \/arcinn-
/% Private variables =/
int 1, j. iter_count;

/+ Shared variables initialized by one core %/
int m, n, core_count
double y[m];

iter_count = m/core_count

/¥ Core (0 does this %/
for (1 = 0; 1 < iter_count; i++)
for (j =0; J <n; j++)
y[il += f(i,3):

/¥ Core 1 does this «/
for (1 = iter_caunt¥$; 1 < 2xiter_count; i++)
for (J =0:; J < n: J++)
y[il += f(i,3);
+ SN RG220, m=8, YIOWERE MBIk, —
NEAPATIT A8, Yl — e AR (T
o BRZODORRZ O E AT BT ARSI = & 4+ 24)

!
;@
ARET

é g
RELP € X
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False Sharing

- ERIHEAASSEALERINER.

- M, EARERBIA—MERAIIERE, EAE
HEXIAEFRIRIRIEE BRI 1555 )
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I
ARAFERME/ ML

-SHIA ( Write-through ) : HiZITHENSRERF
if, SWBENEREF

— 5[a] ( Write-back ) : ZUBASUEIEA. &KFF

HYSEFrEERARIC /AL, i—L’ﬂ;’ET 1THRRBERFRIFE
FTERE, RTHREARE

i
! g é A
ERRLR
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EF—HIE—SRIEEER

I -_l.rr]

Write Invalidate ) : %—Aﬁifﬂﬁﬁ
\Zliiﬂjfér SR, EfthEF EHJZIK,Z\ %EZ?E»[E

-NREEHIL, BEREHAFFHEIN
-WIRESE], BERNFFRIRIARRT

E8&EF ( Write Inva |date ' %—A%EEE%
%}% EHAERR, Hitts EI’JEHJZIKZWJ\_LED
=

MRESESA, CHABEHAEHNEE

~WNRE5[A], AIZBEIE AN, BFPEFNEGE
%EZ*Tx%jJHF iZEY_ ﬁ%_ELbk P\JﬁEI’JE?EY_ A EET A,
I THRENNTE

i
& at é g
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ARk : [IHFPERRSEIF?
« AT ARERRT,
- AST— MRS R I SR E
- B.AE-HEE

—1. Invalidate is worse when ?

—2. Update is worse when ?

LA AL 88 1 A T A E(Why ?)

i
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s — MRS

5755811

I :ﬂ

DIASMSI:

7 \?\

Invalld or Modified )
- Shared: BFHFEEZ

- Invalid: 2§

- Modified :

i
& at i g
FRELR € X
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J/

BRI AT

REE—M

BIAREBES—MINSHERXER

T EE ( Shared,

AR

SEVEIZS

Note: KEERRME—RY. BAILIENEMIRZS iR0: MESI)

58



5755811

« —NEE

H

o SLEERTANIREETINE,

read

()

read

i
'@# Jr?ﬂ'}i'}: %:ﬂush
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SHAIMS I—EUEMN AR
E i B F

=

X=1;

PO P1
Time O load x load x
Time 1 write #3, X

write

N

Modified read/write

~
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Snoopy Cache Systems

» YN{Ainvalidates(E 2 A2 IEFRRYAC FEES £
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Write Invalidate Protocol
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Write Invalidate Protocol
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Write Invalidate Protocol
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Write Invalidate Protocol
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Operation of Snoopy Caches
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The Cost of Coherence
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Sharing Status
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Directory-based Protocol - step1




X has value 7 — step 2
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CPU 0 Reads X — step 3
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CPU 0 Reads X —step 4
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CPU 2 Reads X — step 6
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CPU 0 Writes 6 to X — step 9
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CPU 0 Writes 6 to X — step 10
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CPU 0 Writes 6 to X — step 11
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CPU 1 Reads X — step 13
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CPU 1 Reads X — step 14
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CPU 1 Reads X — step 15
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CPU 2 Writes 5 to X — step 16
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CPU 0 Writes 4 to X — step 19
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CPU 0 Writes 4 to X — step 20
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Partitioned Global Address
Space Languages
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sharedintn=...;

shared doublex[n],y[n];

private int i, my_first_element, my_last element ;
my_first_element=...;

my_last element=.. _;

| * Initialize x and y */

for (i = my_first_element ; i <= my_last_element ; i++)
x[i]+=y[i];
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