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filflialOci 1 Multiprocessors and Thread-Level Parallelism 	(65 flt,'Uld14/65 

1.1 945.11.1i11.15,Itlf19i01,1Jihitlail (T) 111D1,119 (F) 	(25 flnr1r14) 

a) 111 Uniformed Memory Access (UMA) ilfIliAl5VliffIcISg31111,i1EJW-J11J4141611-11`111-1 

611D1911-1t0,9 (local memory) 

b) 11.1 Non-Uniformed Memory Access (NUMA), 111,111115195ViriThiStItlli191 

mi-mfriminprhu141unaityhritinfiil 

c) 91'10tilllIONIVi1191910f15511111.19J Non-Uniformed Memory Access (NUMA) r10 

Parallel Vector Processor (PVP) ttwcf, Symmetric Multiprocessors (SMP) 

d) 	 11-d Distributed Shared-Memory (DSM) ...ilf1i1._if11ittf1'ISV(11115tIVfOOriD,19, (snoop) 

IIDIVili llOt1:11`1,1 shared memory bus 14 

e) Centralized Memory Multiprocessors a Oaflif1 01111Ti1 symmetric multiprocessors 

(SMPs) 13115 -1Z`.;1111111E1f111/14111AfillliT11;110111Milf1I11JA1.41-1`611111  symmetric 61111111 

1115LTV(195a 

1) 	 Centralized Memory Multiprocessors 11111,1/2t1f1'311.14111f11S111-11A111iliiA011f 

111,i'Mfnli14114f1d11115t1501i11f1')111401111511D1ITISITVIITOIT11111q14  

g) 	 1115A'Drf154305,11'illTIAISFISfficlfall-1 Distributed Memory Multiprocessors /I 

f1111.141401-1111fIfYi1111 Centralized Memory Multiprocessors 

h) lui1unsvmsoi'Lluuntitoa5rc11mi19hnnaNals,of116'll4viltruunniviai' 

11,M.;f11,flffli (scalar) 

i) 	 111 Processing Array f1111111111Dlisitit1%;117:11.411111D115 ,11-)fl1,1flfilif'111,1111111101-11,11  

j) 	 Iflt15551.1151710,4"3 Processor Arrays D0f1111111111D111j5D1511655141Th1t1f11,1 

k) 	 9i1Dt11l interconnections 'UN Massively Parallel Processors (MPPs) 6'014151e1A 

111111 hypercube LIM mesh 

1) 	Massively Parallel Processors (MPPs) 40a156191)Mgc2iltliltianli1I0t1191 shared 

memory 

m) 	 111 Symmetric Multiprocessors glifilliTill Orit3itrIfii,S141Ail91I9ltfillcrill ti9111d1161,1 

1,11.110ilUilialliliriallIfld1161-111,1111110M11141 

n) 	114 Symmetric Multiprocessors 111519SVfiTaffl OV115fillri1tlY114 shared data 

	  ifrrLi'figniii 	  



3 

o) 	 111 Symmetric Multiprocessors 5Z`!,tff.,1,W111,111151,41691111-i'Mt1111J419,11'ilfiW11-11,1f1 

'kJ 

p) 	 fllSelirtfklple1111,1111:ntlf1113J411111959101119i1111t1911;1Hq111511,61i141,11110 

tt9i4a3piAndl-flutidfliliits1,0 19 111310VflU  

fl40114 ?I'DAIJTIPITO3Ju dictiVIIVICIUDdiV3JO4'3011fl1119J01 Cache Directory 

111 Cache Coherence 1115 tilUllfillAcp111111f1TIJNIVISVISVILTOV10/40114ill 

exclusive access '1114 9,ttil4 0119IDIV 	91110111411fi014 

r) 	111 Cache Coherence fl15NOVId11914-plictlilfl9f 9`.',403?15'nffall (validate) 

1,0 	A 11 	1-1 

s) 	 L51V111115t1M1f11111t191011115141elliirneWitl5VZIflflitiNMIU:ihrif111^191D1 

f115115nYMflttill11J1-11111A10t1t11511f111 shared data lud1i'mr3i'lliaime15 data 

layout 11FISOYli.1,11141111111LAD11TV113J1StILITleaDip111110MJ1J4161,1 (local) 

t) 	 111 Snooping Protocol f1151191401p3J191f1 cache block 6U011415VISVIVISai'D19fifl`)13J 

Ufl'J1fl15Gl19Je  

u) 	lu Asymmetrical Cluster if1501 front end Mall single point of failure 14 

v) 	In Asymmetrical Cluster, ihtFraflIVI61.101tf110,1 front end LM1S91')i1rijq scalability 

110,15,̀,t,'111J 

w) 	 114 Asymmetrical Cluster flDllintADIINiM,4)1115,1111141J71111561161rnfi'llitd1' 

Tgal1115t1 login ahtinDiJii'MADilqiiilDcrI9ntinhailD 

compile Ithttr)514111114 

x) 	 111 Symmetrical Cluster 111-1 CPU cycle 9tAlflOD111L11111J111A1D11151h,'InflNflit1111 

111 Cluster of Workstations (COW) illiMA1111q (node) altf15Dlia1101,1 (virtual 

machine) 

1.2 91Lifiumiimi Centralized Memory Multiprocessor u 	Distributed-Memory 

multiprocessor 	 (4 fina,n4) 

q) 	 

y) 

il ISO 	fal 	  
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1.3 Ni;11.1tilluial-iil 	 (12 nnart-) 

a) 	  

r111115ilt15VViliiV155111D111, tU na111i1111,4 

61'1111111anTh1719i01,1J111191Hillluithitn51,114TurvincinimicisnrApiju 

d) 111   i'mutptarrua.ficiiip2.;o5-arrov 

'la 	tvri 	cache block1.11119,f1i)0111040301fAilVII 

e) 111 

VffilfillAltalalli11111,i1EJM13R11/1111/10tpfn (single address space) lciijiTUFT14 

f) 11-1 Distributed Shared-Memory (DSM) 

ri1Y151J501i1i distributed coherent caches 

g) 11,1 Distributed Shared-Memory (DSM)   directory entry 

cache block 

h) 6111 Asymmetrical Cluster lf15D1 	  iha1Jf11irr14 Itm.;9,1in5tif 

6)..npuDivivolcirutunii 	  qiifflAfilif115115nYMNflI1J5itfl511 

111.11161114114 

Symmetric Shared-Memory Multiprocessors cache miss ihnfrililLA VD111,11`110111 

Compulsory Miss, Capacity Miss, and Conflict Miss Tillt1D 	  9f1 
ci 	 29 

IF1911f1 	 ictrutia-nvitnonnnlitnnolja,nloqnintuili164 
9) 

cache block OU'lUfl') 

j)  

	

	memory block iiinAhrifiii directory 

information 4111111111cilifill4D9p1115a11111 cached block 91-11111,M.,'ffinUni40141ifili5 

171 Cache Coherence 

0 	 5 ITVII:rfla 95 	 f1111 	  
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3) 

1.4 ti-rw-Janntimauooliftl 
	

(6 flniMI) 

a) 111flfl1514411,111,1111511frficica411111-1 256 fia YIMr14 speedup i9!11 100 

hrhlrilD4Ithia15/1ilffilll5ini52,1nflNffThatin.rnitifY)5iNlY1110? 

(3 f1nt144) 

b) rfinA'iltillyjitiMM1OIVI5L9fdt95Dif  1Jd1 base CPI L11111 0.4 Ltatii5n2.3-)mluni51,6651 

remote memory 

	

	100 ns (remote access = 100/0.5 = 200 clock cycles)2,41Nflf15.f.1111 

11111 0.4% 611D4fila*T4113JA11-1111511flSIJIMJA04611f115 

161fli91161Y0105=',111fl (remote access) 	 (3 finarl4) 

1.5 4A0lit-ht-1111ViDlild 	 (18 fit'LMU) 

a) 0i1J1r111f11111d141Tik f̀lIt1T11'01611 shared data 	(4 nntucw) 

11 _ 1 2; 
b) 1f11-1111910 11114 61101111-Millf115115111aNffl11.111 Vector Processor UM,' Vector Array 

LIVA911f11,111fl1 (time) 11MJ space fl411111116v4Id1') il0111TADi1110f1111J11Afld14  (4 

flnit114) 

ARRAY PROCESSOR 
	

VECTOR PROCESSOR 

             

  

■ 

   

■ 

      

   

PE2 

      

■ 

             

             

Instruction Stream 

LD 	VR 	A[3:0) 
ADD VR F VR, 1 
MUL VR F VR, 2 

- ST 	A[3:01 E VR 

LDO 

L01 

LD2 

[LD3 

LD1 LD2 LD3 

ADO 

MUO 

STO 

AD1 

MU1 

ST1 

AD2 

MU2 

ST2 

AD3 

MU3 

ST3 

ADO 

AD1 MUO 

AD2 MU1 STO] 

AD3 JMU2 ST1 

MU3 ST2 
ST3 

950 	 51Tritcrill111111 	  
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c) LIZO1/111Affi151,451 D1191DIVrtad1196UDA Asymmetrical Cluster UM Symmetrical Cluster 

(4 f1L'ian.1) 

d) DilfltJaf11laid14TUDA shared cache block sharing hi Directory Based Cache 

Coherence Protocol. 	 (6 finitill) 

If 	 5 ITVITaffrill 	  



Loop independent data dependence Loop carried data dependence 
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61011140cl 2 Parallel Computing, Performance Analysis IIMt', Load Balancing (95 

M11111-1; 95 1-11`71) 

2.1 9191D1Ifilt111191D1111,1 
	

(40 	40 l4] #1) 

a) 4 `11itiiiii11191J1VIA-1600 scalability 	ntAttiti) 

b) 91iiVf01 4 il'itYi1;1.1NMiD parallel overhead 	 (4 f1M1411) 

c)ilritnaltlil loop independent data dependence LLM loop carried data dependence iqt) 

fin tialatilll code fragment eltiliilltdM,111J11 
	

(4 flni1-114) 

d)ItrIAAVi''Mt111110111tylililzi rilNdllftrlOf11--R,1 /115 ,',911119jMJ9i fl VilfIGAVI1j14f15,tAiti 

nntln.,0 

91D 	 5 ITVIrfl f114 1 	  
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e) 915;11119itl0t1111700 4 ii9itrii9ialfi-raleilluni5aantamithumatiityrAltiu inter- 

task communications 	 (4 finiLlU) 

0 N511,11,1ft'Dillitl 3 119itlilrINfldD Dynamic Load Balancing (6 fina-114) 

g) 91a11101111TV111fliAltill11001110 System Information exchange l'Ufiniqfli5n-milf 

alwanotiml'ou 3 it1411911 	 (6 finuu) 

h) Naiinu 7 ItlIVM1171 (Property) 11015V111611 311115611115 ,911,1111M19p (Load Balancing 

Systems) 	 (7 tlniM-0 

950 	 511'M:rail 111 	  
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i) 151a11J15flifill throughput 11ifl15115n.lONM111161111,111140t115I5IT11? 	(2 flf,U1411) 

j)  

(3 f1,itt141-i) 

2.2 91511,01115,1umialildrihail (T) VTIOLVN (F) 	(25 tl.‘.311114) 

a) 	Fine-grain Parallelism 9Jhrh1dr115til1dlt1N11i1'i1i115Akarl'15 

b) 	 Fine-grain Parallelism 31 overhead 114f115f10d156) 41141111)31IDfildirlflfril 

lut-medim.1111_15irnifrarumnrn 

c) 	 114 Fine-grain Parallelism nwviiimniulvfromacviilkntin-ii Coarse-grain 

Parallelism 

d) 	Coarse-grain Parallelism VA151fill4f115411-nilidafilADV15 (computation to 

communication ratio) iiff111.1V1141-1fll5i01-115,'Aiulifrfima (load balancing) 

e) 	 nithrni52,Aiuleifroma 

iNiM,111519irf14141110y:AflaffM1 

flflq1/1511,1fl151.115tin5thamininitia t111,11115141111WIJUVITIUMIAlltliiiltil 

hotspot 1V11111a 0111flliffq111 ILfl'IlieiD1VIkff11D UTUDlithilfl51.
A  

195 ,)fll 

I?I'lla IID 	ff1111 	  

0 	 
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1f 1Nf1~1JJJ1fl 

<4 

g) 	 qiirr55f11^11111-1 (inhibitor) 11,1f115115,1JWNMUIA11111f101115111-100111191D1 

liOlp (data dependence) 

h) 	 ilttatifiat-A (Bottleneck) 1141Yhttn53.10thnfintifinlilMinFl 

ViVni10111:414naln15Y111-11VUOlrhilirlttliiihitinUttUUTUM 

i) 	 tUDYnnitlIVINO9n91 tiniqphilM11151,111111110Ailhitfl51111111111D14 

j) 	 11111T111111,14D150001191hrhili'lali1111' (barrier synchronization point) 

llatITIfigowAvilfill11-1911J5`.',R11"if11115U6UOMIJU 

k) 	 f11561V11.19fliI5A1tl1iitlilli scheduling 1110f11561r1551491f115111i1101115 

(resource allocation and management) 

1) 	 f1MclY1111,1111541d119p/1151.111.410 runuiutimucta-mtnilolihthipolliiii52; 

111411114t-TutfilDliiilimnivann. 

A 9 AL? 	 A 9 sni 
m) 	 111561W1152Allii11,1111111101310 at B91 response time tflrfo 

115`L'EritlifillliOU511J43q41 

d 
n) 	 111561USIM111,111011i1519if1111110Dfl (blocked process) T.411-11J52:101S11114 

1115fl91f1152.;1114 6041115115V119501 

o) 	 IVISHSW1f14194119,-'14114169m-mliuluitila9hOMADV(15111fifiliciAl5t95V1 

1111101119; 

p) 	lun-niqrfamaimniu n15A915tindi1Jimicisraitilt-Aik)micun15bluin15 

taaadlAcrq 

q) 	 Turmiqrrimafmz.-,1114 

ainfiu 

r) 11,1f1156M1J9d1115.111,1 11411561011151,91diNUTITINEllt15111flOOfl illhlf) 

s) 	 ll'itfl`W11151AW)1141.1filviD51f11 (cost-effectiveness) GUDA5nJ1Jf101JA-31110f 

gO utilization 

t) 	 Isoefficiency rihnlf1151'91111O5n), scalability 

	 TITVII-crflg 



Communication 

Agglomeration 

0 
Partitioning 0 

0  

0 

0 
0 
0 0 0 

0 
n 0 0 

Mapping 
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u) 	 nr1.1 rf 1 IJ 15 01101t1A1 	V1111`1%; fll efficiency 14nilitFth tliat164111114 

ITI5VISVOISOMM-HOGIMAcilitnillcinit11411 

v) 	 52,1111fill  fi 1 Isoefficiency function 

Isoefficiency function cptirril 

w) 1d11115ilfIlfil speedup 141q0filSiii11111110GUDA11411111,MIATIA-314110 ,1 

1115visronsanthi5auifiu 

x) 	X11 throughput TDA5n.111t106151ir31111D11115f1.' 0V1159i0f115411,11ild 

y) 	
 
Utilization 111J1tJell 4111-3111101111,61115n.I'MNflvi0111.-i'Mnfll 

2.351,-'111`11111111011111151,11 mapping ill'irflttdAflinf011filliMtnAli'MAUltirii9,Na (2 

f111L141,1) 

_ 14 
2.4 /1111100 

11
MULI,M11111,191DWIJOA design methodology 114f115D01111.1J1H1151)SnlflNM1111 

1111111 	101115 design methodology AD r1.1141 	 (13 f12,1 M41,1) 

A. 111561V15 111-111111.1 static UM,' dynamic 

B. flqf1154111-lillIM,°,1,f1154911111J4DIJu al419ID1-1 

C. iff1154or1S 

D. Ai locality 11016flflaill)J1111111111114 

GIS 	 51Trr1lfl Tin 	  
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E. 111i14111t10011111111-11ALTilifili 

F. 11dan11.aiorn5f1im1J11lia1.d9l'1vi1inulli1J1n 

3) 	A 9) 	<9 <4 	3) 	I 
G. 111114ififliffiDVII5A01115411,11t1S19119101,11,11951")1911^1q14001Milfl41411-1fl1540d15 

1.414 

H. til5cli-lcl1-140301,3:61Nfld0 scalability 

I. 1i15Vt0M56110•9111,1d149r113J15t1111041,1141i5 D3,1161-1 

A' 
J. 411111-1110141111,1111111-11110111-110110111i1J11111A11161111 

K. f1150 0f111111111111411-1111111-1 1 111-,Ni0I11511Sfillf0i11.',12M10111,IviDIVISVISVIVIS0if  

L. 61111,19411,1111,1Thli4;11113.mrrullTriummttliemum 

a) Partitioning 

b) Communication 

c) Agglomeration 

d) Mapping 

A A 	9) 	 11 _ 1 2; 
2.5 M101111TY1111016U01111J Amdahl Laws 114510111591D11111 V150111,111LV1914-3111h1M2,4010 

Talt1mn11ml11iq114 
	

(10 f12.111411) 

a) 1LIVN1111511A1 scalability 1101M111111J11GUTITIVIILIVN141411111g1f11114111AilliGUDAfl15 

11JMAILLIM161101 speedup i1Unelli1Al51c1fri19SOI ita,t1r1fW1GUOlcatlpill (4 f1ov,11U10 

b) 11511411M11f1-313JihJIATUA01 efficiency 61141111141.31519SV119f0i'  1f10111-11916110111t11111fllii (3 

f1111,11.4) 

11D 	 5Tivrilflrfflin 	  
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c) 	flYVIAILLM11f1`)13JihJITIAGUDA efficiency 611111-11q 6110117q11/11 114-11-1'31411^1519SVIVISDI Mill  (3 

fln11,111) 

2.6 11141.111111W 11- 	g 11A2,1411flli411915111f1151152.-3.1-1flrAMIL1111111,111W1114 

Tp TflLtlralfi4141101111-1191GUDAtifril overhead LLM,'4111-11,11101111119frfrIfDi'  111,V1011115 

filWriantil Isoefficiency Function tDllTt-nh,'f,qt-Wfd 	(5 flZ,"111,11-1) 

A 950 	 5 1TM:rani] 1 	  



Hybrid 
Cloud 

(Virtual) Machine 

14 

61011141A 3 Grid Technology and Cloud Computing 	(20 	20 

oautiiinamolilcu 

a) 9ThillYMBIlit1101U-R1W)13ThintnOltilrhfl'il1911111,1,M,ifirailifOklit115V1Villtlil (11 

M,11:1-11-0 

Public Clouds 
	

Private Clouds 

Off Premise 	 On Premise 

	 5 li'Vrafl ill) Ill 	  
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A 
cISO 	 54rn.Tfirfra1 	  
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b) 910%41J1t1f1")13J11Afld115,'`Ifilli3J1Aflf115111Vif115`1 3 1111111101 Cloud illalltiflilla111 

1J52.;noinnicifiot914 	 (9 finti-110 

iititn viarvititi4oanliancu 

A 
ISO 	 5ci ffIra ` 	 fnin 	  
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