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Premise : 2|54 S8 AHE 7| EFH o7 &7
2F opF|H| Fojol i, F LB = HE F5FH
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1199 AFE obvl8

g AFHE V) ol 49 CPUZ 745
slom, o2 7)o CPUE “BAlel” A}
sl Foid U “we” TY 4 9l
Y7oz FAEE of7)H Fojol ).

77t CPU7} 9% 22| £49 =

239 counterE FA|FriE oA H
o x| Z5¢E] (parallel processing com-

ff oo 2 ok

puter)= <=} & 2] 735F¥ (serial process-
ing computer)$} o} 2o}

o2 th o] HFE 7} ARG ALl Al A A B

A7) bl mheba W AFE ol d A

o E o8 Y E AL 5 g}

— W #H3} A Lo up & E5F : coarse grained
vs. fine grained

— Flynn’s 3% : SISD, SIMD, MIMD, MISD
— SPMD



— w2z 2l wE FEF : distributed
memory, shared memory, distributed-

shared memory

S wE7 2EE Q7 el BE EF
: switch, hardware supported remote
memoery access by direct memory ac-
cess, router chip(or processor) etc

- =27 429 =8A TR E57 : hy-
percube, 2-D mesh, 3-D torus, switch,

etc

— single system image vs. multiple system

image

FHE WA ALgaed ¥l
g opgte} (o | =z 1ol
h5a A obd A& At 7t 7
AHY 5 oAb

o 7| B Al =x} A TE ™ construct



(array, control structure, procedure, re-
cursion) g 7HA o o] HAFHE A
oz zzadYRcts PolA ¥Y =2
agWe &4 z2 Y g2

A man who has two women loses his soul.

But a man who has two houses loses his head.

Leslie Lamport’s example (cf. G.F. Pfis-
ter, “In search of clusters” 2nd ed., Pren-
tice Hall, original ref. L. Lamport, IEEE
Transactions on Computers, C-28(9), 690
(1979))

y =04 A%

w=x

/* Processor 1 */
x = 1;

if (y == 0) print(“l wins”);



/* Processor 2 */
y =1
if (x == 0) print(“2 wins”);
e wehd WY Z2oY AAAE 22
stel 249 melm el a4l o9
sh3 glofof g

e W3 17| (4% do-loop +%) :

doi=1, MAX
Z(i) = X(@i) + Y(@i)
enddo

— superscalar o} 7| €]l Foj 7} o} d x| 7
Frlel A%
Lo w22 2 2 X(i)2} Y(i) S regsiter &
SRR
2. X(3)% ()& v g}
3. B3 A7} 9= registero| A Z
W 2e] A Z &}
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4. o] #A& loop?| A 7hF Wb
3o}

— g AFE A (99 4 A : embarras-
ingly parallel 7 -9-)

1. MAX 7 9] X(1)¢ Y(E)E N o] AR
Blol] 18 1} (MAX/N) Euj
2. MAX/N 7] ¢] X(i)2} Y(i)oll 3} <=

Axz AR H7¢ N o AF
Bl 7k (MAX/N)-# 5 gt

3. hirel A4 7() % T FH) weo
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e Amdahl’s law : &3} w}&E F A&
7R A ]

- D} , A} No| F3hrjelz
% =7be gx] (0.9 4 0.1)/(0.9/N

+0.1) = 10 o] E3}a}e.
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B2 wWsho] ksl SA6] o3 sys
tem overhead wj| i-of], ¥ & 3} o] 2|3 A A
A &x& L7} 0% ASele k=9
Aol ©h vl#E 6l A d=rt. wEkA Al
g el glold F4lo] Wag ¥
£ (surface)3} 3 =7} %%P 5l HR
(volume) 3-o] Ao Ql 1] &g o] o}
ot W E AFE 9 §80o] Ht} (surface-to-
volume ratio).

O
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1.2 2| A ¥ o}7|d FHof

e %Y AFE ) Y EH o}7] 5 Aol MPP
(Massively Parallel Processing) #5F€] 2}
SMP (Symmetric Multi-Processing) 7 5]
o]t} (CC-NUMAX gl x]ql).

e 22 2E o}7|8 ol MPP o}7|8 o]
o AR R, A EA 02 W ARE Y T
A 840¢ AFEH ==} 3 e 5HAH
A HAFHE AT F e RS AS
++X] 8} += loosely-coupled ¥ & o} 7| &) 5 o]
olc. mhekA 24k AR of7|El o] (dis-
tributed computer architecture)2] A A =
7HAl .

e 2H2E olHFollME SHA &
@ AA (0S)E Ae A7 o] HFH
o] of2] 7)< taskE &&F 7 Eulsla
HE]sle Zo| FH FAAFG T (dynamic
load balancing, high availability, etc).
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wEtA WE e et FHAE AFEHe
3 A3l of = = Al & A o] 7 E T
WY AFE A= 54l & latency 2}
bandwidth 4|59 sj o] We g
3l g X 19t S 2] £ 8] 7 55| o] A/ = job schedul-
ing3} resource allocation 53} Z+2 &4

o] Aol F2 ) gt

ERE L

[}

— high performance computing
— high availiability system

— data base server

— web server

— more
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1.3 gl52~ Z8AH

o Z|EA ZEAHE ZAHY &
d AAZR el F2E AHS3t= S8 &F o]

o}

e Open Sourceql Bl H 2 G A A= A& X
7} off-the-shelf components&- 7} x| 12 A 7
U go] %A FHAHE ARG 5 A @

o},

o B%s FY2HE PEag) ohepd CPU

S} device® x| @ah7] w2l 2228 o)
Y AAE 44 A8 1A JHE FEE
AR BH2 WA mE aHE A
Aoz FHrE A4 & de “d

A7 (generality)o] glt}.

(= P oo

o 252 FHAEE ASAT 2] e
of A&t FHLEE AR T HE
of “&8A4" (efficiency)o] it} (2] =529
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s FH2HE ShEsleld ATeE
33o] Aol obslaFo] AA S T
(architecture portability)e] glc}. 2] H A&
o} abol gl A% BHEHE S=lo
o] AR} ()5 27} Al Hake Abod) & A
sto] 2e2EE “Qaelol= ¥ & 9

o},

de facto standard 3} 3l message passing

paradigm implementatione]] W& £-8& X
Zae] 534 (software portability) %
7} (— MPIZ #Agd3 W =2 399 7]

+ 7h54)

A4 (scalability)o] gl ol 7|HlFo| &
4 o] (Avalone] 79 140 tj 2] Alpha
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52 system FA Ao Al S5 =4 o]
M3t ool wpE o3 A A2} compilersy
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2.1 st=d o A A&
e == CPU
— Intel vs. Alpha (or others)
— single CPU vs. SMP
— WY A= 5] 3} (synchronization)
Wl 71 m o= AFE o) S5
7 AA £ 25 ZA 3o
o =7t A2 AHA st=A o AR
— fast ethernet + 100 Mbps switch
— Myrinet NIC 4+ Myrinet switch
— gigabit ethernet + gigabps switch
— SCI + SCI switch
— ATM card + ATM switch 777
— PLIP 777

21



e Hard disk system 41 &}

— big disk + diskless
— disk on every nodes

— local disk and i/o disk
e Serial console or not
o su A3} 3
e mEZ A HelH Tag BAD Ala
~ switch 729 A4 £2H FE Aol
P a ]
— multi-level switch, channel bonding ?

— multiple networks ?
e Hard disk system®e] =2 & +&x A

— share nothing (distributed file system)

— share something (<] : local partition +
NFS partition)

— share everything (]| : diskless + NFS)

22



22 k= WEYF 3 F4
e single access point vs. multiple access points
e NIS

e rsh

%A FHAHAA @A A
£ % Y WY BRE AR HA 3

— LAM (Local Area Multi-computer)
— MPICH (MPI-Chameleon)

— PVM (Parallel Virtual Machine)

— KMPI (Kool MPI)

e Setting-up
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Premise : 8|52 Z8AHE HHEE A14351H
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A 927] ol o]v] Uz HYY 34 2
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3.1wWg =7 gz vy

e message passing : J H.E- local w2 2] At
o EAsts Ao e AR E
2] Aol EAlalE ASE TROL, WY
X 72778 Alo]| A non-local R 7} FQ
o, messages FIL Wrolx] | A} (

REELICEE L))

il

Fe ot

— PVM (Parallel Virtual Machine)
— MPI (Message Passing Interface)
— BSP (Bulk Synchronous Parallel)

e data parallel : djo|E| & F+X & n|z]| &uj
She AEE e T, olFA AT 3
1 7} local A R ¢l A] non-local A B ¢l x]
Sof meba Astd e s st ol vt o)
et (B4 Wwe Fejol g,
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— o| & S o] A] = Z 2] off 3] 4] lock-unlock

mechanism-g A}-&-3kch
— Open_MP
— HPF
— F90

e in-between

— Linda
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3.2 MPI (Message Passing Interface) ol off g+ 7t
o3k A7)

e 199419 MPI forume] MPI &8 A &}7]
Kol chokat ol 7| H £l & 7
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1A
(<)

A= Open MP 2t= ¢4 59 2T+
1997 of) =HA 5H= A) 7] 7} sl9i}.
o 27
— WA A A Hejo HE 220 5%
A (portability)
— 38 A (efficiency)2 A4 4
— A EE 7|5 A (functionality)

1=
o 57

— Message passing standard — portability

— based on previous message passing li-

braries
— Program interface
— Allow efficient communication
— Allow heterogeneous environment

— C and Fortran 77 binding — language

independent semantics
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.3 7]1¥A ¢l MPI Function (&5 127 7} ¢] 3§}

)

e Task management (more)

— MPLInit()

— MPI_Barrier()

— MPI_Wtime(), MPI_Wtick()
— MPI Finalize()
(

e Communicator more)

— MPI_Comm create()
— MPI_Comm rank()
— MPI_Comm size()

e Topology management (more)

— MPI _Cart _create()
— MPI_Cart_coords()
— MPI_Cart_get()

— MPI_Cart_rank()

30



e Communication (more)

— blocked send-receive : MPI_Send(), MPI_Recv(),
MPI _Sendrecv(), etc

— non-blocked send-receive : MPI_Isend|(),
MPI_Irecv(), MPL Wait()

— collective communication : MPI_Reduce(),
MPI_Allreduce(), MPI_Bcast(), MPI_Scatter(),
MPI_Gather()

e Derived Data type (more)

— MPI_Type_commit()
— MPI Type_size()
— MPI_Type_struct()

e Process group

31



349y =2 v 8 ALg
e load balance
e surface-to-volume ratio

e deadlock®} racing condition
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3.5 MPI = 2 73] o A

e 7| E A ¢l point-to-point communication o
(Appendix 1)

e 7| XAl collective communication3} op-

eration o] (Appendix 2)
e putting them all together

e compile®} execution
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