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SUMMARY

Most application programs which are executed on the multiprocessor
system require a lot of communication cost between processing nodes. The
communication cost of a program is a very important factor for the overall
program performance. When tasks of a parallel processing program are
distributed and runned, there are two important issues which we must consider
in order to maximize the program and system performance. One of them is
how to balance the load of processing nodes in order to maximize the system
performance. And the other is how to minimize the communication cost of a

program.

In this work, we propose a model which can find a task distribution
network to minimize the overall communication cost of an application
program. The task distribution network is a physical connection of all
nrocessing nodes that are assigned to execute an application program, and the

network is possible to be modified to reduce the communication cost.

Each processing node of the multiprocessor system has the limited
number of links to be connected to other processing nodes, and consequently
the processing nodes can not be fully connected by physical links with others.
For that reason some communications between two processing nodes must be

performed with a number of intermediate processing nodes, and the
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communication cost over a program may be increased. Accordingly, the
overall performance of a program is varied with the results of distributing
tasks over processing nodes. A solution to the above variation of
performance is that each program has its own task distribution network which
is used at processor allocation time. But there are some problems. If the target
system which is not the same hardware configuration as an application
program was developed and the real world data that is- handled by an
application program in an actual site is not matched with the sample data by
which the program was tested at developing the program, the task distribution

network may not be appropriate.

In order to overcome the above problem, we propose a method that
adaptively regenerates the task distribution network for the target system.
When a program is runned at an actual site, we can collect the statistic data of
the communication request events for the given time and regenerate the task
distribution network by analyzing the collected data. Then the new network
will be used at the next execution of the program. Above steps will be
repeated until the gain of performance is saturated. When these steps are
performed users of this program must submit themselves to the processing
overhead. But this overhead will be removed after the gain of performance is

saturated.



CONTENTS

Chapter 1. INroduCtion ==+ ++= s+ sessessssmsesasensssununtus ot betsmsea sstans i s e 1
Chapter 2. Charateristics of Multimedia Data Processing ~ -eeeeeeresresessssssnannenanneees 9
Section 1. Modularization of Programs secsessssseseseesnessssststensiiiininiconnan. 11
Section 2. Large Volume Data Processing «ssceeessseeresessrenrmrcanieieccananienee. i2
SECHion 3. SyNCHIONIZAION  *+++esrsssesssssusmsnsersunsssintsssnsssstasssussnsssisuanas 13
Section 4. Real-Time Processing  creeseseseeresecarssncniniiniiiaiiiii, 13
Section 5. Parallel Processing Features eetetreetsecssanccssssncassarancesasasoscanoss 14
Chapter 3. MUllDIOCESSOR SYSIEM +++++++ssrersessssssssssersssesensssssintssssanrunssnsssssasns 17
Section 1. Basic Concept 0f MUliprocessor System  seseeereeseseesecnacicnncene 20

1. Link Bandwidth  cersveeeceserrecatintiiiinieieitiniieieniiiietsecaan 21

2. Network CONfiguration  =eseesssesseonsmnesnissiniensioniusmiastene 21

3. Interprocessor COMMUNICAtON  +eereeessrmarneencsssnanieninesnetesiann 22

4. J/OINMEIFACE  seveerrencersrcrsennransrnnrensensossnosessstaesssanassasssses 22

‘Section 2. Multiprocessor System Hardware — .ooocouveeemimiinnniiiiiiniennninene, 23

1. Message Passing MulticCOmMPULEr  weeeeercenivrenisrmnmeniinienscnnenene 24

2. Network TOPOIOGIES «rereerserssrareressassesassneesesesttrnrunnsnnsssnnnas 25

3. Latency ..................................................................... 25

4. Processing UNil  ceceenrereneiinieniiuniieeiiiientiiiiiieein. 25

5. Communication Unit  ..cceviececrererneerennsscesctscstnoiiieaaresnnen. 26

6. Communication Mechanism of Transputer  «c.cceerenciririecccerennns 27

Scction 3. Distributed and Parallel Operating System Helios  ++e-- teseensnrenacues 28



1. Basic Concept and Internal Structure of HElios  «es vee verinnnirannannee 29

2. Parallel Programming on HElios  «es+sseee e vos von een suvnsuncnivnnnns 33

3. IMPIOVEMENL ++e+++ssssrereranaasssssetrosennnsntanitnatnssensinsnsnsseninean 35

Section 4. Parallel Operating System TRACOS  ccoreeessrnetecceenunnennaniuinannnenes 36
1. TRACOS cereeeresrerercananrens trateeetteituitienettnrsesentetnasirstannsnane 36

2. Communication on Transputer Network = eereeresessececeicaciiniennnae. 37

3. Event-Driven MONILOring ++++++esesessesssnsssmssrassuesstcsinnininsnsenns 42

4. Evaluation Performance of TRACOS  *+++++++ssrsesssessesssaressunssnens 46

5. TMPIOVEMENE **@ w s s s seresessssrmersmtsttsttinint sttt e 53

Chapter 4. Distributed and Parallel Language CDL  =see+sssesesseessssnunnsanannsinneienes 55
Section 1. CSP Model +++w+sesssereesersssresisssstnietiimittiiiinnnresisesissensesans 57
SeClion 2. CDL  ++e=etesstesssetestasanstroratsssesssssnesssesssensssanessresssessnnnens 60
L. Task FOICE  **++ttetteertesrmmmmmetettstttummuttteseneeemmmtneressssssnsssssns 60

2. Parallel Constructors for Task FOrce  setsessresstersanrsenersorsnennes 61

3. SIEAIMS ++++verererersrererernarinonisntiotsenttisiiiitssnnnessenanaaasesssonas 64

4. Component DECIaration «++esesssssseesserssuitinniisiinserseeennsonesns 66

5. ReplCAOrs  +eveessserersentiniiestnntinnnniiitii ittt sesnsesons 67

Chapter S. Distributed and Paralle]l Processing of Programs  «ececcessonemencenninieiinnnnns, 69
Section 1. Basic CONCEPL ++++sersreesrssssrimissnsstuenetiniiiiiiiiianieeieeenenntrenns 71
1. Component of Parallel Program  «eeseverecemeieiciiuiiiiieniininiieninene 71

2. Paralle] Processing Program  «eeeeeceeisessuesisiuienennninnnnneeienssee 72

3. Intertask Communication Network  eeeees sresetecesssesteresnsanssasarens 72

4. Processing Node AHOCAtION  ceetsereerennuuniiesssassasnnnrunsseneensnnnee . 13



Sec[ion 2 Imenask Communicalion $ 69680000003 000000000000000000 0000000000000 tsactns 74

1. Delayed Data Transfer  *++rsessesessessersasersensensussussassssnsaniinecnnns 75
2. Routing Overhead of Intermediate Nodes +-+-+ess-esssseeesssssssssssseees 76

3. Limitation of Link Bandwidth -+-ss-rssssesssessessessersens SRR (]

Section 3. Performance Evaluation Of PIOGrams  +-ss+ssssesssessssessssssessessenss 78

1. Performance vs. Processor ALlOCAtion  ++++et+essessesssssossasssnrsne veee T8

2. Hardware Dependency o+ -seessesrsssssrsrmssineisnisenssasnnnian, e 82

3. Communication Cost vs. Program Performance :ceeseeeseseesseereres B2

Chapter 6. Performance Evaluation of Distributed and Parallel Search Program -«+-«--: 85
Section 1. Test Method of Distributed and Parallel Program ~ +++esseessessesses 88
Section 2. Distributed and Paraliel Processing of Search Program  esees+se. TR
Section 3. Evaluation of Results  ++++eeerereresnsssrenniisinnaiisiniusnisneen eveee 92
Chapter 7. Adaptive Task Distribution Network Reconfiguration Model =~ sseeesecenee 93
Section 1. Conceptual Structure *+++++se-esseesses crerereriinene ceeteenenretieerneienses 99
Section 2. Requirement of Multiprocessor SyStem  sesssesesrsssssnensescsessnnene 103
Section 3. Communication Request MORMOr ++++++++esstsressessussssstesurnessessans 103
Section 4. Communication Pattern Analyzer «eessssssesseeecssneesiininninnneiseens 107
Section 5. Task Distribution Network GENeratOr  «teseceesseessasseeserancassesssenes 108

1. Processing Node ALlOCAtion «eeeeressreeesenmniiiiiiimtieninieinnuninnien, 111

2. Linking Two Processing NOdes «+e-sssesesesssesssnensssseeiiisiinniinenns 111

3. Checking Communication Link Bottleneck seseessseeseneeceecosnecece 113

4. Removing the Communication Bottleneck s++s+sssssssssssssssrensnes 114

S. Communication Bottlencck MOMILORNgG  ++++ssesersrssseereserssessreres 115



SeC(iOn 6. Experimen‘al ReSullS ------------------------------------------------------

Chapter 8. Conclusion

Refercnces esssssvesscn o

Appcnd IX  ceeeeeecencee

---------------------------------------------------------------------------

--------------------------------------------------------------------------

........ L Y R P P P YRR Y R T PPN FRTTY

xiv

123



=
A 1 AP AJE e s s s 1
A 2% DEu)go] Hojeh Ae] TZ Y] B e 9
A 1A EZ YO MOQUIEE} errsrressrsssesssssssasnssssessssssissasessssseses 11

A2 A oo oo]Bf HE e e 12

A3 A olbo]E Abe]e] FIIZE e 13

A 4 A AAIZE ] e s 13

A 5 A WYRME BA e s s 14

A 3 A BAE, HWRRZ] AJAE rve cerees ereren sert et aes s s e i e 17
A 1A HA HYAY AR FRIRY creerereeeseernesnineenens s 20

1. 3 Bandwidth  ceeseesscesessesssessssessssasss s sessesnas 21

2. WEY JA) eerererensnsisee i et et et st 21

3. A2} 7] AFO] BAL rerresrrers sersns serrussssenisssssresesisessenaes 22

4. QB FER] ceerrrrrerenneesenienes et et 22

A2 A PP AR SEEGo] e e e 23

1 BJAIR] A M) TR A7) cereeereens serescrnnniesisnenes 24

2. Topologie] ZF weeerersssreserssnssmsssssenssessesrsesssssnsensees 25

3. TZJAJTE oo e s e 25

4. 3q2] URIL(TBO0) <+ eeee sessersssssssersisssnsss setsissrsnsserseuens 25

5. A UL weerereeessanmesensetss semmasssnsn sttt saassasre s ssaeseres 26

6. EAATE| G BAIF|S oo sommemsem s e 27

A 3R BAL WY SAA] Holios tetressessesesesssisnestesenes 28



1. Helios®] 7]& 70 @ UF FZ cvevevrens senes ens . 929

2. Heliosol] A18] HYXE] ZZ T Y wrever vorsrrraroresrssuasaaneneas 33

KT B I 35

A 4 & FAL HH SGaA] TRACOS crereererrresrcciii. 36
1. TRACOSE] QA cooorsremmmnmminnerinineanienistieeneiiasannes 36

2. Transputer-Networks AHQ] SAVAJA]  ceeerrreeresnsiirennnnninniiinne 37

3. Event-Driven H}2) 8] ZIA] AFX] «eerveremrerirrnmninenisinnianennnnnn. 42

4. TRACOSE| ASTIJh cereersssrncirsviiciiiiinnuininieerennnesinnne 46

5. FHAFA] ceererriiiii i e e s s s s s seaeaanes 53

A 4 A Bt tg;ao‘-_]q CDL  sevcecsssensersecicsarcisnstasioestosestsssesssosscsssssnsroras 55
Al 1 A CSP B certve e e ren ittt sttt ittt sen nes cetiatantes seseas 57
A 23 CDL ¢of - 60
1. Task force AIBPHFE] covieimmmeciiiinisanies sintne o sneeessinnnneee 60

2. Task force 7 2|5 $]3} parallel CONSIrUCLOrS «eereceesserserensuninnens 61

3. 2EY - 64

4, Component 421 & . 66

5. FE o] ciiiiii e e en s e see s seseneaes 67

A5 A sl BAF W T] i i e s s s e serenesaae 69
A 1A A AR )R TR e e e 71
U B 3 ) s S TR il

2. WYyxe] =203y 72

3. BfAT TR EAITE s e i s e e 72

4 EHIAOI T c g% ...................................................... 73



A2 A golEF Al BA i e e s 74

1. oOJE} AL A R} cersecceressrnniinine e e 15
2. 27t 2T ZROE) Overhead «ov wveroreerrsersrsesssnsnsensaninnne, 76
3. g3 Bandwidth®] FHA|X] o reeees ov cossercanaacconnnenaanaaenton Vi
A3 A ZZ o] AJSEA] eeesrciniiii t s 78

1. Z2AA godyp X IR AJE= esens e senennienen s ineeeens 8

2. X2 o] 3tTg]o] Dependency @} A reeerers seneee vee o 82

3. oo|Ef SAIZE A| A AJilo] Fhpf seereereeevsseesnesniinnenn, 82

A 6 R BA HY A TZodo] Al BAJ e, 85
A 1A BA WA AJY M e 88

A 28 BEAF HRE] W e 91
A3 BA WYY A BA e, 92

A 7 A ZHL BAu) ZE AP D e, 97
A 1A AAE FAE  ceerrrenii 99

A 2 A B A)AY R TFAFF e, 103

Al 3 A EA QF ZIAIT] ceeererennennriniiiiiie e, 103

A 4 Z EA B BAT] st 107

A S A EFAT BAF T ARA e 108

1. EZMA) LT T et 111

2. S EZAMA) I 7 eesecreereesiesinnnit, 111

3. EA 2To] WEAE FoB cercrcnesiiie, 113

4, EA Y3 (B FAF FF] e 114

5. BAl B3 @R FHAF ZIA] ceeeneeesenessiieini, 115



z‘“ 6 Zé A]@ é;l_ EE R R Y Y R Y Y T EY Y 116

Z‘“ 8 %], é% .................................................................................... 119
%1%% .......................................................................................... 123
Appendlx .......................................................................................... 129

xviii



A1 A E






A1 N E

ARIALE] 2 RE] AP 3HALE] 2 A3 3te] whet A8 o] BT 2T} SRR 2, ALY
Q) 8 FAY =g dststA = o] T Wstel g} Abs] A Lol AT R
g2 JE3) gyt o3 5343 fojskn gloh A P e, 53 3R E A
2j5t7] $iste] AFE S A2 LS AFE S R g vieol diFden gl
o, AFE 9 B-8o] B Y FoF = AT glcth mepA] o)A FFEl= F3
Aoy 92§53 S-8-F ok EUotE ARl oA B S = o2 01A] EA 8T
Az)sof sk AA S 2AA =glen, ololl me} HFEY 5 HY ATASE He
3tA H i

o]2 % ChstRAE BAGL St ASAT ] A FAE B A1717) f8te]
712 0] AH2-3}Y Sequential Machine 2 2 o2{7hA] 2ol A & £ P o] WAl
shsich 212 VLSI 7149 Wi e = ael vlUF BEE S I 452 A o
o)Z2 T2 ANE £AA AL FUAS FAo] AFAA A28 DAL AL

T AATE YA 2 B A2 FAFE Y o] duje]H e e BustA WY

ey 2719 B4 § AP A28 g A= e Z2AMES 22
st} M2] $£8 FIRITIBE StEd o 5o FH A2 AFHRA A2 &

megol 29 5, A2t $EE 2 IA H5E ZAIARE B AT, )

L3 AR Y A A 2R 2 AT A7 BA, TS 5-& T2 HA] UYALE A



A8 Zpal o] H5-2 T3t 4= Q1+ Transparency & A|-28l2, 22X 2 T 9] o] &

£ Fols SUAME oby 0|08 gefolt.

A PP A]LRE0] AR FopelA] Weol ARG glon, 53] 2T
8 dFEcF 59 s FEjuide] dojet H2E T ALY st=de] Y
aZEgele] ti AF7F BU3] WY Foln, 7)€ Ao HER|H
dolet M2 & AT F5 R 21]%7l%°l g FAZ AR LS FF
B 2 H3sweld FolAel elnto] dlojet M-S HT AlL™ el A
FEHI Ut ol ¥ HE|ulde] tojE XIS T SZEeje] T A
A 79 s A3 23 oFA VFA|A Fojof st ojh o] ¥ A
&xo oA EAFS ABY + UL YT e A T=AY

2 FA5ls Ydxe] AlAge o]&o|i{Patton, Lo, Gajskil.

Peoloie] dlolet Mg % Zeawss B AP YL T2
NgAlel] 2agoz QFHE Y Sx PO ol e T wE A7
49e B sy fstd WYMAE kA YullAckerman), 7} TaskS A}
o]e] ¢17 5 (Communication Network Configuration)e] w-& 2}A}eo| Data

Communication Network-g Zopu|7] &3 o} o] XFH T glon, FIjH T

=2

2o deojol] A GFE TR UAT WY SR ¥Y T2 dof

i Aol AFHT AH-

£ S8 Fofo]| %A%} Data Communication NetworkS ZAA ks 2L X2

a3l ARl F#3] oo} R Ao A, g Z2 A XS



dojere] UurAe) Heish He) whge] o Zojo} T AYHA T4 Y=Y
29 B 44 Zze] $YAY D9 2ETe) T2AY =T Yo}l 99
e Hesx gt F ¢ 4 Z=2I3yoji ARE-® Daa Communication
Network 7} T2 M4 = TFA)o] Bz=z] ga AJLY AZEYolos oz
Y43, Network NodeS Afe]e] F41& A&y Az Egojofx AFs= FU7]

5% olgstA €

292 9T Z2ageld Y xS0 YL AFY £ Y ol
AMAE Zeaaesh YsE A2ge shesdel T4 R AY S 9B
Aajo] glojop Pk EY B F% T2adejs FUL AT 1ENY BH
S A3 Codingslo} o}9) 2 LAY =TolA $Y5E TakS Aels] $4
Pael t@ XFe] LFHCh o]9} e T2 ofeig W] B A2

ol e AYHOE BE TaskS Atole] linkst EAste] FAo) 7hsgr oz

Qztstn T2 OHYE 5 YT A9 LT Ego] A FA g AT

sl glch.

P5o] A5 ofeilel Taske THY T2 I SoAlo] Z2AY x
=2 @9 ST Zzte Tasks $Ao MUk 2oy o]t $YAY
Soi LSS T2 BAY 3o shbs 7 Tasko] ¥ Z2AY mSSe
oE woole S4L 8 HBY 5o WkE 7T glE Sl gaE

EAo] Q¥ Z} TaskE AlolE link2 FFsNd shteo] ‘Data Communication

Nework & 78 4 Qecl o] MESIE nig 2347 shte] Jejmes BE

Z2 A4 =S7F 23 3lE linke] £RoE g2 £of linksb 7} Taskel] A3}



Aot 2 HdYxe)E §s) ZEAA) =8 ¥9E d  Z Taske] ZE linkE
physical link® AZ2T 2= QA "} wehd o™ F Task Ajo]e] cfo]g} E41&
HlAE T =8 ARk 3y oY FUEE Hxlv HAHoA T4

overheady= 5-7}5lv] T2 ool XMajx 9l Performance: Yex|A Hc}

A 2ol By AL elAe ol A2 FA overheadS 2|i3td
T UEF Z2AY k9 @] E7bs st & ]2 A overheads %
Z2 Yo w2t g 2fojrt gleme Aj2f X EgojoMs JitFUd FA
overheadS ASY & o} metA FAl overheado] T oF g oof T =
AE A Z2 i 1S YR i

=2 aeede] o]#] ZA ¥ Data Communication Networko| wje} F#o] %3 s
Z2IYEL AA FARA AT o AREEE Al2HY stEde] @ &
ZEdo] T3¢l w2t % §57t A "ok EE Mg ALEH T
AlERoAEs Bz es F¥5e] 22407t Yile £V 4E 7HE

slovt ojEet Z2IYLS ST Fopold S5 L0 sfYsE T2y

Eol g Atgolx dif2e Z2 PSS st=do] Aele F4e] g A
oIt & AR o8 AaF A oo T F Z2 39 porability7} A
THoloF B )23 porabilityE A F8H7] HAM = Z12HY st=so 4
Y A|EY SZEQol AT 7]50] FAIY AlaRelAE FAHY FHel T
sfof ot T2y BYXR] LZEYEX A|2H st=ge] AU 74 ¥
ol @eh 22 FA3ol] W et Yt JAZ o E AL A FFHeR &
WE7 A =22 HH o] EtHsict



=% e Zeodgolgt gt ANR go| AME-EH do]ere] FHefol
et Z2oe jusAelA 23 Dan Communication Neworksh = =sha) o2
£ gtk & PYNYE 2 49 2ESS 59 25 4%0) Vs o
oleie) 241 Wesl F2 ALSHE Fuol W BE Aol 4 £ ek ol

Aol T2 AgAlel weA sk =Y S94re] boulenecke]

(&

N 4 glow weba Z2age] WAHY Performances] 2 FPL U F

A

& B ol EAIFE A o P YBOZ Adaptive
Distribution Network Reconfiguration Model-2 #|9}8tnx} 3t} & Xz a=8o] g
DA o4} ARl sample H|o]EFE ©]4-3te] F4) overheadS % ¥ F QT
sf1te] Data Communication NetworkS: F/g% Fof, A HRolA AME-E d=
A 7N7rE 7} TaskE Aloje] £41 el & F43le] Communication Overhead-E
2)4:8} § 4 9= Distribution Networks AF-98ke] T2 o] Ydalof of
SYo M AlAY AWAt BelH ARSE AlaYe] F4e S4E 1Y

8% gjohe A2 Peformance® Fojghe 4 Y& 2@ ATsnA v

2ol M4 M2 S0t wi¢ FoT¥ 2
YEjoje] ojojepxe] Z2IYSe 548 ¥
28] FA o] g A2 AUE T3t 4T AL A

3 23, 37l E FYRE A

CDL(Component Distribution Language)ol] tj 3} A 3}n], 5AojA = X2 3]

AL @Aeol glojA meslolof ¥ W3 EAHo| thsted Yoluslz Yot 63



olAE & ATel B AE AMAISH) fstel B4, WAL el MY Z4) T2

off tf3ted 48k, 77l AT dellA AAE PSS A7) HE gy
3l 24 Adaptive Distribution Network Reconfiguration Modelol] cj¥t 2705 3p7|=2

et



A 2 % HEer|yo] tjo]gt X T2

o 54






IL@E{!QEQEH A “

A 2 % YEP|Yo] tiojg} A2 2P B4

PEmine] dolgt MY T2ae g T [FAF shbe video dlojEtet
2L BEAY €5 o FEjoite] delgt 2| T2l ¥ o2
Video Conferencing$ #{% Z2I3HE & 4 ot Aol 4] 44A10e=
3to] UEhde] 340 AEHI FF59 Aol =z U K-S A3}
T A A A2E AHolA WY - Ye T2aYe|gd ¥ U o)
T Z2 ] Y F4E F3ho] YEIm|H o dolEte] S4e] diste] AR
712 %t

A 13 xzo8e] Moduled}

Aol A 8 Video Conferencing T2I348] 3-8 n2is) R ¥ Al2Fof
A $asie Z2auge] AY AYH RESE U & Ytk speletay
B AAS G4 Lol Aol HiFT guigel F4E o] 2Ys
o YR colebs ARSIt ARse At FRE ostel el W
43k 59 SYY BEEE FoH 2 4 ot o9 Zo| ¥YW 4 2ES

Atele] dlolet M4 AT Tg-210] Uehygich

N -



Capturing Editing | gl Presentation

\/T

Storing Retreival Communication

3321 YEoige] dolet MY AP REE Alole A

A 2YlH &5 Qe vhe ol HelslTlo] ojet M 2B T
s REE A 6Nz 729 £ Uk oS 7 BESS YU deojeke
ot FHR MY HPE AV b mEo] Wk oo}, =9 4 =F
Sl YYsE dojeks d4Foln w7 2ESL wE Ao YL
dolEkE Helste] the mge] Hsol Bk F dojete] Mg 3ge| Pipeline
Yejel HAE Lat Yoo Belel 2 RESL U dojtte] o
A2 GEsMoF V. TY 9o 24 BESL 7 voleioit A2 ke g
REEZ FAslolol 3] dEe] ANZE B RESE FAYG o8 Pe
7} ojcjo} djo]eto] T REEL M2 E7I3HE AT SAlo] YR gatA
AAHY BES Alele] FAE oi$ 2abst "ot

M2y oee] dolg A
BEjo|tio] ololg} A2} Tz awo) Mol sk clojete e s|Re B

AAe] 2o vjwrt H3 s A= Yo ded] 500x500 9 S

E ztouo] 25671219 AAS BHY 4 Us BYEo] X< 30 Frame?] Video o



olete] 23S HsiA M sojof sk oot FE AATHERE 2T °F 75M
Byte?] cfole} 2] Fe=T ¥t = 19-2.10)49 Capturing 253}
Presentation R-Eo] SAJo] &% 7.5MBytee] tfojebS Agldof sk Holt}. of
A A %o dojet A A ¥ ol Computation Powerg TR T
B BESol Het 2 d
olELE FAlo] HE 5 slolof stme g4 w2 Computation PowerS HR 2

Pt

git}t. = Video Conferencing-g ¢}t Z 2 T730j A

rlr

#33 nltjols Atele] 713}

HEjujtio] oojete] Wiy ML Zpzre midedR A2 £ SHH
Qoo AJAF 282 FE JE Yeujde] HolEE2 7 vtjojdz £
ol 48 AFHYE AN Foll ZAzte] FHPFAR o] FR 53] #HL o]
Bt AL 9t 24, 94 HLE Fol TS Ut WEXH] YUY
HolBt2A, o] & diolEl= AIA U §717F o] FoiA]A] U2 HEw|Ho] o]
Et2Ae S A XA "ok ol o vl HolgE Ateld F718
5 HalME A= o uide] delets Ml ZES Abole] WUAE S0
Zasto] o]& Aojstr] AT BAY FH o] a7 BT oY T T
9] Aol o] FojFofrt Hahks YElnite] FRIL FGE] 2YE FU2H B
2ol oulg YAYA Hct

A 44 QA7 A2

-13 -



HolA AREE upe} Zho] PEJm|Tio] PH It A2 A2 =7 M 27
o % ZESolA dlojgt 22{7t A Aol o] FolFof 3t o= T
FEolMstE XY Aol Ms|A] Rstn ISR Heju|tjo] tfojete
oulg YF A e 54 YA 829 F PEjvite] dojgt A =2
IS AAIT HEE okt 3k 548 AV ok AAIY AE HEAME
D AT U e dolekE ¥ F glojof 3t o= ¥ mEeretx
Z2 M40l A A=A Yotop Fheh wtA HE|Y o] tolgt X2 T2 Y]

U S A Y 2 Computation PowerZ} 8 8jct.

d[m

o>

A s5d vdxy 54

A HHE AT @ PHoBA $YMY AAWL ALY 5 Utk 2
Y2194 228 7 ZEES FEnie] dolet 42T s SAlol 9" £

= E48 XY it 3 o2 video Conferencing T2 23 2o] 7L 7} Siteo]

¥°

A FH2t2 78 Y sl Moving ImageS tolA] (Capturing Module) /el o]
A UEHNIZE F8 B4k 3] (Communication Module) i 278 W49 o
olEFE wolA] ol &3 & of (Presentaion Module) ¥t EFF Ao dole
BE AuyelA HLslof st B¢ AYFAE FE to]EtE 2 S(Rewieve

Module)ljof 3}y 49 255 BT AL A A= o]o} (Storing Module) ¥t

bo

T 3le didaEe] 35 =Sl i X2st o] FoiA o}k shdl, olE Z
5SS FshA Aol Fasol ske dF7E Jlen Az 535 S-S
A g Ut

et 2e 7z 255 WYLS Y A7 mEe] she] Z2AA =

— 14 —



SojM e F AGE sy Ty o4 ] BEE0] WY AT
FHsolshs dS A str] A YoP T2 AL switching A o](Shivar) £-F
839, 53 259 £ Adeg Jg 2o v AL T oY A

B &4 %E 5 ok

-5 —






A 3 F 4L FEAY A2

— 17 -






A 3% FAL @A A"

2] Feiel WEHY ALPE FRdl Aol o] ALEHD Y Al2Y
Architecture 2 A4} Distributed Memory ArchitecureS § 4= 9ith. ZF T2 AA) <&
S TR vRYE 2f3kR Qo o 244 w9 delg TRHE 4
HAE 7 oo A= Yt linkE o]§ste] dolgtg F3 golop ot B
% olE linke] = Mol Heojglon], Y o] YA g xeote] A

2 HAME 50 Z2MY ko =80 PR

229} 7+ Distributed Memory ArchitectureE F443817] ¢l F2 ARREES X
2MA x=F g ¥ RO TransputerS T-& 4 Utr. 1983 do] Transputer?)
7§ &=} {Barron, INMOS, Stevens] Tj&-¢] Distributed Memory 3 €l]2] Multiprocessor A)
28 44 FEY & A s Transputer o] 8 E4L og3 42 A

o #5202 g 4+ Yok

o RISC Architecture

o3hte] Ao HFE FUSE Integrate A7)
o Built-in Multitasking Kemnel

o 27kX19] Z2MA ¢

o linkE £-3F 71<38} interconnection

T2 HA =24 TransputerE ARFL3HE HE|ZZAA A 2HAE T2 4

MAtolel EA4lo] LinkE S8 oo Rtk of Link: oburspe] Scrial

Communication Channel® 3% 20Mbite] H&-o] 7pssict zp T2 HA) = S(T800

-19 —



o Z2)E 479 LinkE 23 gleo] o 474el kSo] &) o x=oe
Ale] 78t =% 2}ZHe] Transputerol| = Local MemoryZ} E43}y] 2t ==
A7 TaskE FAlo %Y + Utk 2F ©] AMT HEL2 Fo 4F3s}7)

2 %ot

A1d 4 FEAY AL 712 A

HE|Z 2 MM AR oA AR A& AZEol(FFHA)F Stand-
Alone A|28¢ F5E F T TFHAE dEHY A2 HelisE £ + A
[Helios]. Heliost Server-Client Model-S 7]4to 2 7}2}o] Transputer o Tofl&= 713+
71832 YT Kemel Y loadergo] HAgn] 23 A&} AL S5

71%5& I3 Auie ERel met JF Y oMt FisA Ao

Zt T2 AN =T Aol 4T 2§ T2y =5 U 97 F=E
UERE Tabled ZE lom, 3 24 Sofi fE Z2AY =29 o
olet H4-& SIS Tableo] )P W Link§ 3 clo]ebs W43 ddh vy
g4 =7t AR 928 A 4 dels FT w=ddA delsrt Agsn
7 == 2419 Path-TableojA] 52 =2 Tdstr] $% Linkg 4¥¢ ¥
of Agd dlojEkE Ushs SHA= A Hoh o2 ¥ Linkg % dlojgt 3
Aze A 27kA] 9] Z2MA 4 S4F 29 ez FUEe 32
Apado] st S FAstool ¢

o). Application L2 T%§ol4] 7} Task Ate]e] co]et 4L 9o 2 Wyog

l

2

of forwarding §&& = ==& 1§

o= Ay xToe o] pysht 37 k25 e BT VA @



ojA §4) Overhead2 <U8}te] d5o] AstsiA At

2jel TaskZ F7d€ 3hte] Programe] WYX HI|HT Z2MY =
T3S load-balancing AH oA, LA S skt e REF FHof $AYHor ¥
o) 33 BE 2ot £3FY wskr} g F4E M wskol S k=g ¥
28 F2 Ut F T2 a3e] THA|o 12| Network Topologys ZEA|A &
FAlo] W3 nyFA] okn Fe3) ALY oA 9] load-balancingTho] I12is]

3 9.

1. 3 Bandwidth

z}7to] X 2alA) Tof EAsH= 4719 Link Bandwidth: X 20 MbitsE A
£% 4 9oyt AA oolere] W4EL 145Mbit/s o)tk o)7L 1Byked) do]
B 84S sl 11bivl Yo7 dielnt. Iy AAR ARSAL T2
P TN T2 5 UL T BFESL P9 B Z2E T BT XS

s7] WEof 2 aelnlel QoA $1o WELS TS YolxA Wk
2. JEY 34
A0 8] Processing Node2 FAH A|A8 o= 8 7}zie] v =71 &%

8t 9l LinkE ol Nodeo| %} Linke} d7Zo) sis8ls = sp= Switching 2

5o) £t} o] B 52 Network Configuration Manager9} 71e AT EYo] ¥ 5

o

7}A132 glon o] AxEsg)o]o] 2]5] Conncclione] M7o] 7ls3ict. wheba

YR THAAAME ALY ASAT DY FYole] £l ofaf o]T WFY



% =% snych

3. j2)7] Atols] B4l

shite] Application T2 33o] A2 7] H#Al, Zzhe] 3 G4 (Task
2.2 Process) B FHAY e ¢ dojet F9S A ok gt M2 I
she dolElrh 27 olidel T2AAY =soji FAle) Azsojok sk ol
g clo]ebs AAR £f3tn YUt =2 FE doleE HAl o} sta o]
Bt WA HAbste ARSI gE BE Z2AAY kEof o]F UdBF oo}

ook = 7 T4 kE Atele] BAle] wi$ s o|FolxA Hot.

4. &Y B3

Transputer A|2f oA AMSsR= 8 U4y FA2: t=g23 Y AR
£ $1%} Presentation Fu)(e: CRTE)7t Jlev], o5 Fx]o] 3t UEjmo)2=V
O Servero] ol&f A2|€c}. 5 dpte] Transputer ==of &g FAjo] ¥ Server
£ £3A)F] I Network A2} ¢leole]l x =3 HE] JORequest7t Q-& 79+ Server
oA Hgse] M. wetA ejujtie] dlojet A2 Ze2aWH AL Py
£ /O Server7} #3E| 9l = =of Performance-Bottleneck $4to] Y 4 3l
of. 2 o] T VAL ZRAA wTo M2 SR dEY FRY &
=7t BAsA =AY Link Bandwidth o] 42| tio]El dFo] 275 Z-of

dAystA Aot



M2d WYY Alad stesdol

T FFelA AREE WYAE Al2"YE 19 ¥Y ¢nEES A
message passing MIMD multicomputere]t}, o] A]A8le] dl=9ojo] F2E 9.

313 7o) YEhi i)

I/O Interface

Host Node Processor
and Node Memory

PU

L1
-q} Communication
Coprocessor

Cu
Switching

Elemment
Transputer Network A 4

Py

Communication channels.

System configuration Node architecture

331 PEAY AA steyge] 74

FLE HREE A2 LEEdoje Te el YYHHL HTH F

O InterfaceE £33t o] AlARI] WA HEgxje] A|Aoz AR} o] ¥y

He] A2 ool A AFES) M ARiAE pdse] Y2 YPsE

WY2e 7FEolo o] e HAFHE xc

A& xz]& gYshs PU(Processing Uniet b2 w =5 Ajo]o] &



d
ok

+= CU(Communication Uniy2 F+HETh 7t 252 ¢S 53 S48
routingS b= o A3 4XE ARE3le] Interconnection Network S A &}

=5

L oA R G g4 o 22)7)

B dFolAe $EA2 HFEE Z2ALE e AL Hste 7o ¥
4>(shared variable)& AME-8FX] o451 lAJX] Mg w4 (message passing mechanism)-S-
AHE-3Hs MIMD ZfrEleltt. ojA]Z] Mg ya)e] AFEH FRojAe ZaA29
l22] Ate]ej switching networko] Q1= o] Ff W=z} W43} th2oh

o] HlA|R] g WA Z2AM L) vjre] Alo] FAH Z2A27 FA
2 Bt Y 4 ot webA] 49 Von Neumann Bottlienecko]2tn. £-2]-%-

Ab T2 A} Ay A2 o 22 (random-access storage) AFo) o] EAloA] T2

rir
rf

AMst sz e DA AeY £ 37 Bl B HE laencyE 2
£tk £% x=9 7l FEY 23A% ¥Eo| wet sl vjRE Al 9
Y Aol shte] WEo] FHo] sphsatct

T vl2Y S dA vAR] A g SR ES AEEeld & + 9
2 eAlR] A galel REERT ey dojEkE E8Xo2 T4Y £ 3o
D2 9o ey de) Yt I o) S sk FzelA TH olmY WA 20
N ojgte)l Z2AHME ZHe ALYl g3 wd oxA) Ag AL £ A

R oAle] T2 =SF e Aladel Hgtsick



2. Topology 2] -

HYy xg HFEE 5 U2 T 2A4A) =Eo| Interconnection NetworkE &
sl £41-8 %o} o] 759 £/ IE Tree, Benes network, Shuffle Exchange network,
Omega network, Indirect binary n-cube, direct binary n-cube} Zro] oz{rjx] gt
network topology 50] A ¥S) ALt AL Sle] £ 7 gtk HAle] B BFEIE kay
n-cube == k-ary n-cube®} 5% <! mesh, indirect binary n-cube, Omega networkE- T}o]

ARSE 3L gl

3. o7 A7

r

Network®] latency(th7]A)ZHE= vl$- 8% AS %7} g 4o}t Networks 1

@ o

=9 Y-S e dnEE AUsr] 4] @ laencyE JhA ok

£

Network latency= sourceol|A] oA} 2] & F-F-o) network@ Eof7}A] destinationel]

A 2 mst g 7ARg A7he Bk

4. 2] Unit (T800)

INMOS T800 EMAFE= 64u]EQ K5 242 §48 712 32 v|E ulo)
22 ZXZMA oltt. 14 Z2AA)L ¢ste] 702 2MBytes®] RAME &
st 47he] serial §4) B2 JRAT 9ok dYm TP mFAIE 2Ystr] A
3 903 OCCAM 2d¢ 3y AT 5+ YLE soigich

=% 3ol

iy
Pl

X2

- 25 —



INMOS T800-2 4GBytese] oj=elA F 2L 7}A] T 9)on] 30MHzojA =2ty

ISMIPS] 4%5- Uepdch 23328 T8008 YRETZE vepuct.

o

Floating Point Unit

4
y

2 MBytes 32 bit
Ram - B pceccor

S

System

Services -] » Links

Timers

4
v

Memory Interfaces

21¥)-3.2. Transpuler T800 =

5. %41 Unit
CU(Communication Unit)ys =S92} =T o] oz ¥ 1&£02 AR 7=

Jg ok M2 8 kSef Qe ZT2HATL BAIS 98 CUE d3ks 23

A2 WAAE BT BE BEYS Sy

-2 —



Network® Hujx]i= #A|R]= PUA] 2H5o13) pfA)z)e] 2 o] Routing
tagE 4 olA]z] WZl-E THET Routing agys Interconnection Network Aol A
source®} destination Ate]o] Ath2}l 2|2 HAIE T o] pia]x] A2 HI 2
HAolA A vl AT D2 ol AEepa] ofn Zol9 mlAAE
iz ALy
Routing?] 2% 2y 239 st=golof st ndo2 #sle It

AZ 7t SR e] 2aetE 22 oA As 24A L2 R JEE oL 3
22 Ax 2ut2 wHo] A5 T Communication Processory =S b 22]2 A}

Ag Bavg.

CUL £43 £, UdEjso]lL w3 9l coprocessor® F/d v Z}7ke] 75
< o3 2.
- 283 £ wAIA)Y routingS ARt plA)A] SRS YA k=
A Mdsl= 982 &l [linite state machine©)c}.
- YEHo] A9} B = 29%) £Ake} communication coprocessorE B ZAA)7) 2
293 LA eA Solo & tlolEHE YA A3 tolt
- Communication coprocessory- == vl 22)9} A8%) 22k Alo)el do]g} of%
L AMojstn oAz destinationd At o= AT Bl o AR)
routing tagE VEoA LA LAt Fgshe Y3 pjR|A]E wE A

2] s dolg] o8 YW n= vz W I £Y Y

- 27 -



INMOS 9| EAXFE]E W YAe] CPUZA A 71 Ho| ARRE3 Q3 o
AL A 317 giate a7l B4 HIE spxm gick aeu

arfe] §4 B2E AMgete] oE ER2FEIY Y APt NeworkS F4¢

ru
0
a]
c
g
k)
lo,
ol

A% QA g EdAFEste SUS AAME $7 Dol YE EBSE
B9 FA7F Bt dF2y A|ANS ERAFE L] YA o 2dte] A
£ ALt w2 ARE L83 e o2 miAAlY A FEE o
#3tel INMOSelME 7t ERAFESL 3y 92¢ 5 Yt Z22u 2938

AZshn Yot

A 32 24k Y 29 A Helios

BA7E2) SRS YA AlLFEol ML PT A B AT 3
o olS WHAMY ALWEF 55 FF 8ol ofd & ALY FelM AR ©
T AHEEe] dHS A Ut A]LSWE TransputerE ©]E-F AL oz Y
AATALTE AFEITHox 2di7F Ao EA Efsln e A2
Parsytec AtoflA] A A¥)-& 4% Multicluster 224 16712] Transputer =2 3
A=lojgls A]2® Box2} Solbourne®-9] VME B T (Transputer =5 4712 Ax]

SRR

# 2l Multicluster 25 HeliosE 9442 g4t 9lon, [/O (Disk) A{ej:=

Solboume AlA%o] 1 S wstm gick # oA of A2UE AMEs)

7) 8 718 o2 QI Heliose] 7|2 sldel] e &0 o) 38 EAo o

- 28 —



s dotrrlz Yot

1. Helios®] 7]& 7§ 9 & +=

Helios= multiprocessor architecture-d- &G MM 2A o33 7 *FHA=A

o] E4do] slch(Helios].

Distributed

Multi-tasking

Multi-Processor

Multi-User

- Fault Tolerant

- Sympathetic to transputer architecture

- UNIX like User Interface

Host AlAdo 2 7F5% 212 #a SUN-34, IBM-PC5o2 <Ego]A B

7 Sioje} gk,

Heliose] 7]& 7Hg-2 Client-Server Model2A] Z1FE] A4l 541 /O, =

of fEAY 71552 st F42 Transputer?} Server S +H3] o
£ Client = E(Transputer)oll A Q. Fo] 91L& ol Scrverell Request MessageE A4

stef W3k $2& SYHET soi3ich

o Hcliose] Sheit®} Commands

UNIX 2] C-Shellz} 72 Shelle =8t 9lon], PCe MS-Windowse}
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Sunview?] /O ScrverZb A} 3532 Itd UNIXE ARRSET ARl 47 2@
Z= 9], Multiprocessor  Architectured] 7]%5& #3te Component Distribution
Language(CDL)o] |25 i, o] A2 C-Shell R EolA flagE seuting o2
% RTZ wWAY 4 9jch. o] CDLE AR23lo] command levelolA] of2)7]e)
command§ A2 ©}2 Transputer nodeo] #Abste] ¥ L & 4+ 9l o

o] A)A%®§e] load balancer?} 7} Transputer?] loadE A sl Hajz Q) A)2" A

& TEH £ UEF AT CDLe| digk A E -2 53ollA oo 3

o},

o Inside Helios

Heliose] ¥ F4-S Client-Server Modelg 7)& slge =g 331 glon,
Device independent protocolg A2l gt F8 EAoZ: oS3 4L Zo)
31t

- Client:= Serverol] 4] messageS ¥ 0 24 Y3} resourceE accessy = Ut

Server®} Client:= Positionol] & glo] o]= ILo] gloj= T3l

Modularity & )23l )t}

AFRA7E fsHe Server® 47 ¥R & Al sisaict

Heliosq] 713 8 3F 9¥ol2t ¥ 4 U= Processor Managers o33 742
g I Yt

- Task crcation and dclction

- Signal Delivery

- Environment cnquiry
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- Name table management

- Sever location map 3'\}24

2} Transputer >=Evtt} 24} JH5 A ol A hE Nuwcleus2A o534

& 2152 4] glon] As): o S0Kbytes FEo]h

151

- Kemel : memory management
Hardware-independent interface |-
Transparent message passing
Process Creation and Scheduling

- System Library : Basic /O &Y g+

"System Call" interface
General Server Protocol Interface
Task heap management
Resource Tracking (o}: open streams)

Environment enquiry

Server Library : System Programming Server

Utilities LIbrary : string copy 52| ¥&+E

Processor Manager

- Loader
7} Transputer = E0ic} 71BH o2 sbAR e Fol Loader2hs ol e
o] A& &% Transpucr = Eof4] che3t 2 g $Ysln Yotk

- Interprets load imagces
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- Manages code sharing

- Loads and binds Resident Modules to programs

Heliosol| 4] A}8-5|= Message Passing2 o3 7+ EAL 71 9t}
- Messages sent to ports

- Location Independent

- Lightweight connections

- Delivery NOT guaranteed

- Timeout Feature

o Configuring your System

Systeme] T AP F1EHY BE HYS he T} 2 7o) 3tk

- host.con

- initrc

- passwd / motd

- defauitrm / default.map

"host.con” YL I/O ServerE % AW 3td24 dAH hoste] £2F =9
T4 dEE Z1eshe gdelnh Cinive" 3t A)|2Ho] bootup Ful Yo 23}
+ #F%e] 7leH FHYoloy, "defaultrm" B2 "default.map” 3}Y-& Transputer 7}
LT 59| physical connectiong 7]&3dh= 3 U booting Aoli] o]},
bootinge] £2¥ Abejoll Y users} logind]o] o] &= BeJo] passwd” I

"motd” 3} o]t}
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Heliosel 2] W82l 27 742 o] 3tk C dojo] e Huxe
statementE o] &3t} &2 Command Interpreter®] CDL modeols] Yo =g
Mg B4 380 7HsleE € 5 Ut AF Eol ofjet FE FYe
of i3l Azsj2,

% cc filec | asm -p -o file.o

"cc" HHP o]} "asm" FEFHo] I A 43P=E|T 9= Command Interpreter(shell)
9] AM7}A] Command object= BAY] shelle] s=83x] 3 Q)& Transputertjoll Al =F
sesich o] W ojFo] "asm"S THE Transputer node AtellA] 332 A o}
s} 2 WYl AT

% cc filec | remote 01 asm -p -o file.o

Z shell3} "cc" HEPo]x ZFL Transputer nodeo|A] =3IE| 1, "asm"-& node-ID

7} 012} Transputerof| A} 4=8) ¢},

0 T2 M9} Task

Z2HAE Transpuers] 7 =ColM SAYOR £4Y & Ye I AE
M2 DA stSdolo] s MW ol 5P euMElt Z 7}
Teansputers] $HE o]S T2AAE $ustn Tue U sk Heldt
TaskE ol Z2AMe AgezM Y7ol FYe U T2y YAS Yoo
Taski the} 2 44¢ Zeth

- Owner of resources(memory, ports)

- Protection domain



- Fixed to one processor for lifetime

- May contain many processes

shtel Taske £% T=2Y ohiet Yasshe HWFEH AU FUSS

2435k 228 98AE Tce| poection FIYE o] BHelH FYIG. TP

hte] Tasky 279 processE 2 F4E = 029 o]F processE A2 o

& processoroflA] £=8E 5= glem @ o]EL AFU] YT EelE Y Ao d
OoJE}EXE Taskd] Yt & 4 Utk w]E A7 & processorol] A} o] 2] process
7} FYEEE o]F FE3hs AL sh4Y processorollA]  F@sta 9len] of

g Z2AAE Task7t $8" of 74X 812] processorol4] St

o Z2ALel 44

ZeAse) 44& 239 IYA o oflel 2 ez AFPo=2AH 7t
Ste.

Fork(stacksize, function, argsize, ....);

2] A9 ‘function'd] $22 AT E TR HAES AA43LA H o], Tasky global tf
o|EFE T-#3k3, Semaphorert Channelg o] &-8te] $7]5 Wach oA 449

XML rewme] o8 FTRE|TD AYHG

o Taske] 4§74
A 2E Taske] AL 2ol IgA]o o33 22 ez Hod &

sJeF.

if (vfork) = 0)
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execl(program, args.... , 0);

_exit(1); )

st 2 YO HHA TakE Alel9 FAE TA A PPoz sy
stohols Zztel BUNS V] Aoderd thed) e
- Link& o]-g-3h= ¢
* 73 : very efficient, flow control, reliable
* <33 . neighbour only, unmultiplexed.RE
- Messages& °]-&-3= ¥
* 2+x) : efficient, point-to-point, multiplexed
* o} . unreliable, unbuffered, complex, no flow control
- PipesE o]-§3h= 3
* z+A) : reliable, point-to-point, stream interface, flow control
* ©}Z) . unbuffered, some overhead.
- FifoE olg3h:
* AA) . reliable, stream interface, buffered, flow control

* <37 : indirect, high overhead.
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System Software32] &3] load-balancer?] o &oj p]efsle] FAloko] o
Task(F-L Z2 A2 i #4h FEAr Forjsictn & & o § 9

S dejete o] & B¢ o€ dlolety FAUE XAt FAl overheadE &

4 5t $ges P4 BYAt SUHES #opy WY ARE o
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1. TRACOS®] H9 /g

HYse 273 S8ZE=R2IYE 5, image processing oyt FR|EY
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Transputer-Networks A}of|4] 7z} node7}+e] data transferS W 35}A stdF+=

TRACOS(The packet-oriented Communication System)o]] tidte] o} B7]2 ¥}
TRACOS+- €3] image processing ;'qa]—g-_ 218 system& Y3t A AE U o)o]
ArZ 3} sjo]gl= PERIHELIONA}S] Transputer Machine2] General Purpose Operating
System?) HELIOSuWjej|4}2] communicatin overheadE Fo]7] ¢Jsl= AL FHe=

8} % THOehirich).

w3t 5 WHALHY 5L Adstetr] HslodAs I Al2Y Wi
dynamic¥t AreletErt, Zb7bel ohE node 1] process Alole] 44E ALE
monitoring & = 9loJof 3H=t|, Transputer-Networks®} 72 HY@A|2® oA o]
2 ZAAPEEFel JH¢ whel T3¢ 3l Zo] "Event-Driven Monitoring” 34
ojc}. Event-driven monitoring %4]-2 monitorS| o] 2] A Ao £AtR o2 W

AglE= eventE Z}A|8FL o] BE eventS-E "event-traces” 4]0 2 zA}s}7] ulFol.

programmerSoj Al §73 programe] AWF B Aejo] AP FEY JEE ATH
t}. Transputer-NetworksA}ol|A] Y ojuhi= software event& monitordl= -2 27}
A2 Uield 4 Ak shbe BASlAE Al2dus] 3 clockg o] &ahe
software monitoring ¥4)ol3, oS 3hi: AlA" JF7} opd 2]& hardware
clockE o]-L&8= hardware monitoring }2]o]t}.  Transputer-Network?}l Zlo] &2
7W2] processing nodeS-2 FAH A|AElo)A], packet transfer ime3} 7+ Z} node
7ol EAAIZHE &2 Asl7) &) global ume basert B Q35}7) uwFol hardware

monitoring  ¥4]e] A gtsjct.
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19831 £E] 7ius]7] A]2HEF transputer®] £¥ O 2 shared memory FE]e] A)
2 8o A distributed memory ¥ Eje] Multiprocessor systemEo°] t]55}7] A]=x}8ict.
Processing nodeE transputer2 ARS-ul], transputer 7+8] communication2linkE &
sledxjml 8hsbedxIch Link3 20Mbits/sec] &5 Sxbg]: orubad bitserial
communication channelo]t}. Linkel accessd}?] $3}e] kemel "channel'o]2}= data
type} channel JjolA F-2E= INZ OUTolzhs 3 & olE Al-F%ch. Channeld
AR linkE ¥-3} process 7+ communicationol] oFF-# A|3le] gS®riz] ¥
processor(transputer ) oj]A] 2] process7} communicationo] A= AR 4= gt 12
B2 channel Transputerd] memory2] £3 variable2 F¥Hx|o] 913 o] channel

variable link®} 4 v]g] A Y memory address® access & o Xt}

Transputer®] S£-41¥¥ Q) channel®] To}2 E3A)L "rendez-vous” HH4] 2]
process coordination®|t}. THerell ¥ X 2 M| AJKsender) OUT B o]S ARS-s}uA]
channel-& £t o} process(receiver)ol] Al dataE B Jufl, o]2]3 819+ receiver
7} ZFZ channel/}ol IN FHolE 43t daaE 7] A7) & senderS 22
(block) %it}. o) e} uwlA7FX| R receiver?} sender?] OUTo] 9l7) e wiz] IN-E &}
H-2uf receiver sender?] OUTe] Q17]7tX]&= block FeojZich o]gjgt 9xS ¥
L3k o2 queueing WAS AT 4 it ©]Z& hardware} software2

B5F F#H37I0] TRACOS Systemeojt},

TRACOS : TRansputer COmmunication Systcm

TRACOS System2] =¥ 22-& Transputer-NetworkWj o A1 9] 3F sender7} o}



receiver2 dataE Bdw] o] S packet FejR routing 3te] FE Zo|th

Z}tz}e| wransputer nodeol|& linkE F3te] packeto] Sol&w A= Hapst
9)t}. Receivers linkE 3l Eo]2 daajolA] 2|2 destination 2} identifierE
fetchd}e] 2|& destinationo] 2}7) AAle] oY 73$ol:= = & link2 7=
2} 9]+ transputer node® forwarddtedFc}. oj2] 3t procedure: packeto] 2%
destination®& -2 74x] Z}z}te] wansputer nodeof|A B Stedxit). 133-3.3L
Transputer-Network 4+e] Z} transputer node vit} 9l packet-orineted system$)
TRACOS?] F=& epdict. zz1e] 4749 priority2 F#¥ o] ¢l input process
So 4749 associated S)ojQlE link2 WAL packetd y|oich B Zzhe)
transpueter node ©}t} transfer ¥]o]& packetd buffering &l frameS-S 473}
329lth. 22T routing ¥} ojAof ¥ packeto] link ing F3te] SIS o o]
packet-Z associated ¥} ] %] priority2} o] packeto] forward ¥ ojx{ o} & nodeo] th3t
FRE FHAD Yt routing wbieo] olste] FH oA ouput queues] YojFch.
2 o2 Z}zre) output processES 3 AH4l9) queneo} %91 packet-g- output

link2 WX Jc}.

7} = =9f user processE2] T4 H23t7] Hste] 2709 process7} 3 &
A 3h=re] o]Z¢] local input process2} local output process©]T}. Local input process
= 9oiA] A)A1= input process?} ZFL 7158 A3 9l o] processy user
process® F-E| |4 channel-g F3te] Wd packerE 71ohdT}. o] packetd #o
A dE" A 7+ 7)5L22 output queuce] %X I user processE Huje] 3

t}. «§7)A] user. process@} communication systemZte] data transfer A]7HE DRA}7|
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7] 913t W& channelo A packet A}aj7} ofd packet& 7}= 7] pointergh A

gsjojc),

2ol A} B.9t=o] packeto] routing Eojuf HQF FHE spx| 9]+ routing
table-> user process7t A18S A)Z}3}7] ol network bootere] ©]3}e] network
configuration-g &4 3l Z} nodeZ o] configurationS #4MR|#Zc}. o] routing &

€ %22 7} nodeE 2] TRACOS REE2 T2 nodef}e] pathg 3totujo]
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User Process

Channel In Channel Out

Local Input
Process k 7
] " Input Output b Link 1
Link Process 1 Process 1 out
1in
—t Input Output ] Link2
Link Process 2 Process 2 out
2in
. e—t—pf Input Output . - Link 3
3in
—t pf Input Output Link 4
Link ‘ out
4in

Routing Table
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3. Event-Driven 4] 9] Z}A] Ax]

Event-Driven Monitoring eventse]] 2] 8le] EHE program activity?] dynamic$}t
A E Jebd 4 o dhvte] event, programu|e]l £A pointv}, hardware
monitoro]] 2]3}e] BR)E|oJX}& processor bus 4He] ojujdt SZtel odte] o
& 4= 9lc}. Hardware monitoring %48 ANl glojAd, eventd] ot UA=
%) S e o]x| T} softwaret} hybrid monitoring 4] ol A= event?] #2]& program
el 270] 2ot FYolg AYAZIY AA Wstel A £ 3tk oY 2L
B2zxo2 3= %% o] hardware monitoring(hybrid monitoring) ®}4]e] H g ¥
hardware system interfaceB=71 7R 5] o] 2]= system?] vjg] ZX]AE memory U5
o] "event token"E AltYJA|FIch o]2¥ &2FH EA oo AlJupA]S
“Instrumentation”o] 2} F-2c}. BuldlA "Instrumentation”S &3] 23 A5}

(Performance Evaluation)2] #x]& X]gkgict.

Transputer-Network e} 7H2 EAM ] AES monitoring®d ujs YJubA o g ARRF
+ single monitor7}t opd ¥4} monitor A]2¥e] Y st} Single monitory TA]
A AR event streamsS A2 @ 4 217] o Fo Transputer-Networku]
4] B process®] dynamict Alel 9} o] 57+ interactionT 9] 1A W AMojof glo]
A] sendfreceive ¥4]2] communication events monitoring BA]-E A §tela] ofck F-

DAILR Aol QoM S8 PR 5ol 3hrt "global time base"o]th. o] & &

DALY UM deofd 5 gl BE cvensEe A HY A0S FH5H7] Hsto
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Y42 Q) parameterZe] strtojct.

TRACOS A]A¥jojA] hybrid monitoring #4] & software2} hardware monitoring
dhajo] AgH Ze| ARt} o] A]AMeA{E monitor interfaceel] & &te] event-
tokenso] A]A# Yol AlelE]o]2|3L hardware monitore] 2]3}e] record ¥ o]ZIth
o] W)L $late] TRACOS SYSTEMojA{E ZM4(global time baseE A|-gah= £

ZA) A|&E)E AwEte] ARS-stit

7} BAZIA] Al2H" ZM4
7| AE ZM42| hardware X o Adfe] dobEch ZMdE FYojo 42

Counter Monitor 4% o|o| ¥t} ZMaE The3} & 252 A olx 3tk

- CEC (Central Control and Evaluation Computer) : Master/Slave configuration 7jd 2}
FoAY o Hot AFE.
- MA (Monitor Agent) E-AF7FA] agents

- Monitor Networks :Data channel3} tick channel.

CECE & Unix OSE A& mini-computert} workstatione] 2 MA+ IBM-
AT7} ARR-=|elct. Data channel® TCP/IP protocol®] Ethemnet 2 CECZ} MAR
commandS ¥ |1 sewp ¥uizFEsF MAVE CECR 238 dans 2dd AR

t}. EventE-& DPU(Dedicated Probe Unir)ell 2]3pe] 914)x]o{z] i recording ¥

t}. Tick channel:Z z}zpe] DPUE-9] local clockd} global clock?] MTG(Mcasure

TickAGcncraLor)l}El synchronizationg 37| 93ted AR =T} Monitor time basc)
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o] g A3l &4 dawaS(event-races)S H7}tr] ¢ste] "SAMPLE"o|g}:=
toole] ARR-E]9} 7, Performance indicey flow-oriented ¥ 7}el 2 %}3¥F Gantt-
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v}, Transputer-NetworksollA] 2] hybrid ®}4] 73] dhy
ool A Egtie] Event-Driven Monitoring %A} o A= 7R programEo]

= o
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- Bus Adaptation

o] #-&utr) el A= event-tokeng ©l2] XA memoryol assign¥tc}. o] memory
£ Dedicated measurement Memory2} %Hch. Event 2)X|#AFx]¢) DPUE o] £
memory busE ¥4 ZHA)staL glojof s}my, Thekel] o] busol event-tokeno] F-0X]
™ o)71-& recording$tc}. o] wWrA]2 100ns(Monitor Time Base Interval)ojc} &jute]
273990)Te AMESHRA H overhead2H Transputer vhe] W FAI2H Aol 3
L GYIRS v)Ag. AP FHO 2= Link Adaptation®.t} hardware2 -3 8}

7)ol @77} k.

- Link Adaptation
o] wA)ollA] event-tokend linkE E3ld {F2x]o]{X)3 DPUo| 2|3}y
YAl ¥ recording Ee{Ach. ©]RAE  $i3te  ge] ARREE  chipo]
INMOSALS]  Link Adaptord] IMS CO120]t}. o] H}A)2 Bus Adaptation 4]
Bg ZAslelAlE AlA¥ el e overheadz A&3tRA  CPU
availabilityE ‘Joj= @ cHCommunication Overhead). 2}z}e] 23 wWPol: A|A
¥dolA 4 micro sec FxC] overhead® =23t E3] Link Adaptation
gAlsl BHE PASCIAE Transpuerrt PAIDE THOT sH- Links

£R3T YT Fhssieh

4. TRACOSS| 4537}
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- 46 —



network7} obd 3709 =2 TS Q= 2 F7]9 neworkE 32+
ot 2 olf e =8 uigeR 23Y £ v TEHY workloads 22

networkel Al 22T MYs] BLE 5 307) W)k

F499% Network:= 13-3.59} 7t} T1-2 Sender24] Receiverq] T3R 279
Q8 A8 (Packet size®} Packet rate) Huj=tl o]= T2E &3l o]|F{Zic}. T2
el Ae Weke FAde obFd 938 FAYL Precess7t A% s th(Loop
process HEl). o] YL W2 FAEHE Zh user precessolA| vl F4A) load
£ &As7le Hadstoh. A Alagery gelA sl ZM4
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o] 4T BAE s 2 B3 oS3 ok Transfer raies packet] 37)

~ 47 —



of wlg} H3E B HTD E3] o= EF A =3t Link bandwidihe] £2)
o g 20Mbits/secBh A7 917] wfFoll packet FEA]ZHE TRACOS AlA=iy

o] Intemal queuce] 7)o Wb AR X Ao vpept

* TRACOS A)A® o] User processol v]x|= 3k

Packet J&@2]F AT A A=Wl oste AM3-sE CPU timed user

processE-2 $8te] 243} stedof sf=u, o7)A= TRACOSZ} user processe] o]

A& Gl hste] ehict.

- DA Packet sizeE <L gul, Packet rateo] 7{X|H user process CPU
availability7} o3,

- ¥ Packet rate©. 2, Packet size7} X H user processe] CPU availability7} &
3.

- Packet size®} Packet rate?] Zto] A o] 9J-8ull, Packete] Zo|7} ZHAojA+=
CPU availability7} =oj=).

o]gA YEID} AZE ulHO T user processSol A plx]E 2)ope] P 2}

©37)9] packer Fs e ¥ Gol W4T Yo

*TRACOS 2} Packet rate®} HEA17F A

Packet size7} 256 bytes® T} ZH-ESuf : o]m Packet ratex Linke] -2} 23l %A
o] obd Packet Fe]u} queuc 2|5 Memory &oto] AREE|: R 7to] 2]3}e
A Ect dojzl AZZE 16 bytes?] Packet®Tth:= 64 byiese] Z7]E Zte
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Packet size7} 256 bytes®. Tt Hgof : ojull, Linke] B2 TAHe] 23
Hog zggich Sofiwareq o2 o] TAHE IH3IY] At AHEE F U
uh 0 2 = TRACOS A]A® oA} input process®} output processE 3 Y3} 3= 4
e AL 5 UAAT o] AL FHs|de A{7kA] ool Aedl. oIt

Fo dHE Wy TRACOS A|2H oA AF¥ct.

1}, TRACOSS] 7|24

Input process®} Output processS 13-3.63 Zto] 7|sHE FE3td YElof
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#03 * output
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#0
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j routing
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#07

@‘__( frec memory )

empty
frames ‘
408 [
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@
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#09

™~
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C free mcmory)

#0A —
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T2ojA] Harsl A3} v]A &3 Process scheduling (input processe} output
process7te]) o 2 <l&}e] link inZ} link oute] idle A2 2} U3 idle 4AFel o
AT B £70] BESIE el 2oz pebanh ol s12sh) Hshed
Process schedulingg WHFE T YA ol B =3F 8317 o

A71ME o2 e AR

*H 3 TRACOS A|AH
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Input O Output & Output
process O Process 1 s Process 2

Ouput queue /

Z3.37. #H3E TRACOSE] processes
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£ Zoj| A= Transpuer-networko|4]8) Packet-oriented F41A)281Q) TRACOS<j|
tfsted <obB gttt o}Zio] ot AL 3749 wansputer2 F4 = networkF
hybrid-monitoring ®}4) 3} instrumented 2%% ) workloadg& RA}sle] o] FofFct.
=3}, o] network: “event-driven” YA]9] st g]o] 7FA] A|AEIQ) ZM4of 2] st

2"E]9d 7, TRACOS 2 Aaj: AT Eelo] wri)of o)sle] &A= gt

Z}A)ZA 3}, w]E-§2 Q) input process®} output processE2| 2]  ¢Iste] Link
o] AR2-go] A =3 7|el, shtel output processE packet H4-3} packet #H2]
(allocate/free) & ztzt A <dsl= 270 output process® LpFo] TRACOSE 873 A]
Aed, 2 A3 7159 TRACOS A|2¥yT} 25%2] A% TR 222

=9 TRACOS7H 2 :Soll A user processoll ©) 3% F%o] chstel A 2 2

2 7bA B8 Q) packet?] Z7)9} packete] H£8-2 7}7Z} 4Kbyte} 50 packeys2
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TRACOS A|AH o] A= Helios AlA® 3} 7+ Transputer machined $}% H&
A" 7y 2=7ke] FA7)15S 4 Al7]7] $18te Link buffering 7]% 2

.

routing 7]|5-& A3

. o] A3} wE gt3o] PERIHELIONA} oA x (Hclios A

ZAh 52 5 i =3 routing 7}5-& kemnel Apajjoll HHA|7]
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7]1&9] wansputer A]2819] ARR-E computation power THE Q3= T2
oA} Blo] ARR-Ej1 Q1A ubo} 2A)Tk ¢}o 2= multi-mediav} natural languageS}
22 W& dojet MYF st wol AREE Aotk di&F dlolgt X2E
3 &2 2 I ofA{= computation power ¥ ohgt HESH= tansputer AL
oM st=do] BAP waA =g Aol (Link speed = 20Mbits/s). 2
A X2 Medsiz Qs INMOSALS] T900034 7+ 73-%-ol= omputation unit2}
communication unite] st=¢eizo g Eg Feojx Yx 7L FFo]T physical
linke} SAHs 7)2e] RS T80 Zo] 47jolA| T =2l linke] WeH= 6747
2} AR JRs-siot. sHx|Th o) @A ghhsl s, Link speed= 20 Mbits/sol] o=
o) B2 VARE TR Ssted WA A B Tle=E 2hA} Yok
AYUAZE st=dol ¥y os, 7t e =7be] LinkE bus FefL} optical fiberE
Abgstel sk e, o $YE ALY BFEL Wt Aol FHs)
Sol Be Al gAelth SUMTE STEde] Wy,
Interconnection Network HEulHo|t}. o]71-& YJ2jo| network 4JollA] &3 8=
2339 AUF ol voJehE nigeR o] §F SEZ 203 Y 583
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A 4 & B4 ¥@Ao] CDL(Component Distribution Language)

2 Ao A= CDL(Component Distribution Language)2 ©]-2-3}e] Helios 7} 3}
oM olmy WHos WY programmingsherle] Fshed 7]&TeHCAl. CDLE
712 822 programmer?} 3} applicationg 2|7} program component(task T$})
2 Aolstzm =73 o)F sk 7+ Interconnectiong A} ¥F X (o] A2l syntax7}
CDL ¢)) Helioso|A| transputer machine t§oljA] dute AL (transputere] 74
<) vtg22 o] program componentS-] 4} §E HW¥S sHsetA s Aol

o.

A 13 Csp ey

By 2233 ot ARE3RA 3 hardwarelt A®ERAL B
applicatione] wa} 2 &2FI} ofYsr| 9, 2 FojAlx CSP(Communication
Sequential Processes)t HA7HA] 71 o] AFEEE WY T2 RYZe 8
Yoo}, 3g}m A)F 7]1438t2AF sH= Helios CDL language, transputer J12}3%
occam languages 25 o]RYE uwgo g Azt ZASolot. Cspe 71 MY

23 Zt}. ¥ application & o§2)7)2] A3 component(task)E vh¥o] 21 o]

Zpzbe] taskE-E £AT HE ("2A'g § o2 task) dang wolA o] W& X

2T F OE £20A I ZF3E Bt oF S0 AU 341 M B

l

= ufe} 7ro] ojw} applicationS 8 70 boxE HEH It o] 8 749 boxE

—57 —



"sequential process"e} 3}Af. o] Zpzte| boxE-E TRE box 2 FE] B+ danE

A2 ¥ 2 AY¥ daag oS box2 WFP o] AlHAA HEHI T

o]-8= o] Z}7}te] boxES2 Ztzle] A2 Y& processor Lol A} (ransputer network
ol A) AsE7] o Foltt. 3] box 7hef datas F1 = 712 communication

channel2- E-3jA{e]tt.

:

data from file ——8>

—

output device

Y41, CSprY

Occam language HollA] 439 AFEES low levelolA] implement Zo)t}.

Z  7}7}te] boxS2 . single Occam processE©|3 ©] box7te] communication

channelE-& Occam channel (transputer link)] Zle|ch. & z}zte] ARR-z}7}
applicationg A183}17) Heoj explicitalA] AHEstn2} sh= wransputere] 7A@ 3
£ 7+9] communication channelS £ ¥t wol(ef : mtool F) & ARE-3sl] &3l
BAsA Y oldtedofgt gttt o)7L A7} |83l Sh= wransputer network
U Wl process7re] daag e F41 Atefol disted Aol F Y HRE 7R

3 glejofmt #c}. o}2] %} featureE Occam languageo] o)zt whxjel 2ol Af



$A7t AYstnA sk applicatione] 7Hg ¢ BF s THMFLEHN
optimal ¥ YWAAE 71T 5 YAV ARFATL Vool Y FHE 7HAL Q)
2] & 2BAY FHjolt ol BFFE Ae] overheadr} 7] mjFol}.
o] @32 ¥} lo] Heliose® CDLolt} = CDL o]8|qt #7373 =g
high levelo|A] Heja] £ot. CDLoAE golA] AFE boxE "ask"2t 3pL 4%
st:24} 8= applicationg "task force"2} 32l ghc}. o]
Z/g = o| R compile F debug H|W £YH programE ofth. EF ARG o]
7t M2 B8 F = SUTHC, Pascal £ Forran). AMG-e7t o-E Aol 593
obg AP 779 wskE3e] FaPE daat e ypes FY AlAFo o Tt

az)n =8 AR o8 A3 networkArol|A] sk forceE A8 3lnAL Tl (T800

& T414 network®} IntelAl29] i860 networkArofA])e] A2 2 network7}te]
communication facility?} £A| 3t A WUEHE task forceE AP o3 &4

7t a4

A2 o2 task 7Fe] communication type Unix system2| pipeg} 712 style24,
A)88-g A)atg o "Task Force Manager'o] 2] &) A}=0
2 95} ot o] 54 71552 Unix®} 742 style?] pipeS AME-8l7) wljFof
Unix systemoj|A] A3l B S I/O system call2 o]&3o gx HyAL )Ust
7} fiste] o2 Fejo A E Hotg YUt gt o]ehite] CDL dojef 7|
FAE Z2a0st AfYstnat sk task forced TSRS 747 taskui o

component®} task7+re] communication path(EZ Unix system 2] pipe style)E &) 2o} s}

£ el



A 23 CDL e

1. Task force 4)3pul

7j2H 02 £3 task forceE AISYA]Z o] QT Helios Server &2 shr}
"Task Force Manager"o]T}. Task Force Manager(o]3} tfm)eo] 2|3} A)8), FHe|x]o]
A& task forceS-2] g displaydt2]® oh2-3 72 commando] 9|3} B3l

2%k,

Is /tm [CR)

#x% o 71A4] H=nle} Zro] command "Is"E Unix systemofA] ARFLE|= Z} 2
22 o2 4472 commande]t}. B8 Unix systemolA{8} Zro] file
descriptiong- display @ = ARE-S AT ¢ oo} Zo] A A2 FHejzn

ol¥+ task force Eo)u} HAY| trasputer networkAte] z}zhe] processorE-2]

status S displaysh=tlo & AR SiTh, ***

- task force 8ol st Yol 7] el =X Helios H7ste] Ay
object codeo] &Fof sl Yolc}. Heliosd}e] 4J8 object codeol|= "program"3}
"complied task force"7} )t} Program2 E-3 <do]e] compiler(C, Pascal compiler
=)o) 2}# vrS-0]R object codeo] Compile® task force®} Helios shell 2.9
el CDL 2= ol 4] CDL compilerol] 2]3ted 34l object codeS oa]3ict.
13 CDL 2@ 2oj9lrto] thsle] Yol2c}  Hclios shelld $7HX] o g

£ Jtx)3 9)=d), sl Unix shellzh ZH& "Unix mode”o] 2 tFE 8fub= "CDL



mode”o]t}. Unix REo|4] Helios shell& &}2}7}A] Unix commande} 48 =23

Y 52 AYr|goe2H EF Unix C-shelld} 7+ SdFF serviced AT 3ot o

2y o] oAl compiled task forcel A8A]1W 5 ¢H. CDL REojiiE: F
o]3 BE »Pol(ZF, command, 413 program #7 ohy2} compiled task force”}
A7t dmol A B o tm Bujo]l H3Po]E VA transputer network 4h9|

ARE7Hs % processor  EollAl B4L H YA AAET

oA Bi=ule}l Zo] Helios shelle] Unix =29} CDL R=2}o] Ajo]dL o}
=3 7ol FY 5 gtk Unix REojE @A AMG7Hs ¥ processore] At 2
Alel =E B3P oSo] root processorioflA]  sequentialdtA] A% sojzx]3, CDL
BooiE BE WP ojE¢] YA uvansputer networkAoll A T AN ¥ Y|z

s)ojzit.

Unix 2. EojA] CDL RE=2 switchingdl= ¥ "cdl"o]al= system variable-2-
ARgegH sl 2 b 7 command® UHAIPOZA] mode

switching 3tc},

set cdl  (Unix mode -> CDL mode)
unset c¢dl (CDL mode -> Unix mode)

*** Helios shell?] default mode: Unix mode ] ***

2. Task force ]S 2%} parallel constructor

CDL o4 AME-¥4 913 parallel constructor ¥ THE-3 Z4o] 4712)7F Qlch.
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| : name : pipe constructor

syntax : A | B

mean : A -> B (uni-directional pipe)
< : name : subordinate constructor

syntax : A < B
mean - ->
A B

<-  (bi-directional pipe)

M : name : parallel constructor

syntax : A M B

mean : A B (no communication)
il : name : interleave constructor

syntax : A il B
mean -> >

A Ib B (automatic insertion of lb "load balancer™)



o] 47}2] paraliel constructor®] -&414~¢](priority)= Th3-3} 7o}

AT || B B S

2] =38 o] parallel constructor 7+e] combineo] ZF53h “left to right
chain"o} 9lsled TEHAYG o2 o 24 parallel constructor 52 EHY = 9}
= networkE 1Y-4.28 YER o] ¥t

of) A(<B,<>CID)E(<>F<>G)H (

4
a

42

o
N
N’

222)-4.2. Parallel Constructor 2.9

CDL parallel constructors =%F EF Unix systemollA] 2)|-Z3h= redirection
mechanism 3 named pipeE A|Zs}7| = ok o} 2] o= redircction Y named

pipeZ o]&3ted ring Weje] wsk forccE FHEC)



o) (A < loop) B (B>l loop) (2¥-4.3 H=X)

2843 Loop B9

o}7]A]x parallel constructore] ]38} & 4JH task force Wj2] communication
streamo] oW ¥ ol o8] Yts]oR T ARREER] ol thste] HIL

channelQ)

21 9] task forceS o2 SHA AtgjRrc}

o 1) AIB
file descriptor
0
1

2

o 2) A<>B
file descriptor

0

component A
stdin
output for B

stderr

component A

stdin

component B
input from A
stdout

stderr

componcnt B

input from A



o 3) AMB

file descriptor
0
1

2

stdout

stderr

unused

input from B

putput for B

component A
stdin
stdout

stderr

o4 A<>B<C

file descriptor

0

o 5) AllC

component A

stdin

stdout

stderr

unused

input from B

output for B
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output for A
stderr

unused
unused

unused

component B
stdin
stdout

stderr

component B

input from A

output for A
stderr
unused
input from C

output for C

component C

input from

output to B
stderr
unused
unused

unusecd



°]7Z1& A <> B <> C 2} Zt} (B = load balancer)

4. Component A

Task forceS A o|3}7] 93t parallel constructorE ©]2-3te] CDL scriptE T

S=o] component AUEL o] &3t} Z7te] sk S EH FYs| B ¥ &

2 A

o)c}. Component A2 syntaxys= oh-g-3} Ztch

COMPONENT component_name ( [code;] [processor;} [puid;] [attrib;] [memory;]
“{streams;] { ... J [ ..... 1)

component_name : Taske] ©o]&. E3 compilero] 2]3}e] THEo]%] object code.

code : Object code?] path 3 o]&

Processor : Task7} 4189 processor®] 5. (<f; T800, T414, ANY)

puid . Trasnsputer network 4}2] £ processor?] logical name.

attrib : Resource mapol] XA H atribZ AL, (Resource map : Helios

7} booting ®wl] A}&- =]+ wansputer network HHF
configuration file)
memory : Memory sizeE X]3A.

streams : AFRA}7} explicitdlA] sucamsE X

o] oo o E FEE AFY FUT ficldEo] YA 74 gho] ARL-H =
ZAE9 ygsiu oot o2l o= ¥ CDL script 1] u&ojc}. ojupele



task force 2|9} component 41182 T &3t

#

# o]Z}-& comment ¢

# component A 1F-

#

component master { processor T800; memory 50000; ]
component slave { processor T414; memery 20000; ]
component display { attrib frame_store; ]

#

# task force 2|

#

master ( < slave, <> slave, <> slave ) | display

Task forceE %o ¥of glojA] 722 componentE of2|H ZE7lo] describe e}
T AL 7L I "ol 8 Aot HAR - ouE task forced
BE shte control program(master)} o] control programof 2} &l FTEEE o7
Mol 7HE AYE& k= worker program(slave)S 2 FAEo]2ict. o]2{¥t task

forceE ) 28}7] $8ted CDL & Replicatorgb= facilityE A2 3ot CDLojjA]

| Z8l= replicatorof = 2 7Fx] £F7F <lch. Parallel constructor ol 9 2] 3=
pre-replicator2} Slofl 9] x]3p= post-replicator7} glth. 0] A5 9] synxs g3 7}



* pre-replicator
componentl [number of component2] parallel_constructor component2
() ABIB<=>AIBIBIB

ABINB<=>A<1Wb3 (< B,<>B, < B)

* post-replicator
paralle]l_constructor [number of component] component
AIBIA<=AIAIA

NB]A<=>Db3(<>A <A <> A)

S post-replicator® EHH task forcex pre-replicator2 5 ¥ #Ho] 7p53ict.

Replicatory= interleave constructor®} Zro] AREY off £ 3t AHFo] 3rlx] ¢
t}. Interleave constructor® X HH task force oAl E YolA] AP H ule} Zoj,
master component= 3] load balancer®}Tt 4] ArE &}-L(interaction)L 3t o] g}
oA 7tA] 2 slave componentS % master component®}iE %}z 2}l x}pR-2)o} load
balancere} gt A}s 28-S #ho} cfr| b o]73e Y3} task forceE slave
component®] program sourceS x|} oA ©x] CDL script fileThg vl

4] slave component o] £AE Wsh=dlE ulF 5 glokeE 7S 9wk
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A 57 Z=zage F4 Hd AY

HYHYE Lske T2aYe PASE Takst DR dojet ¥4 Y IS

Folg LAst Hn olge 7 T2 oo smeld] Agsle] £y
gt Z2aYs) ¥UHAS dAAE Z2e Task AT Yo TN =

=71 @dsne] sl Taskd Physical Positiono] ##{x]A St} o] & TaskE-

Task Force Managero] 2|8} 2] Slo}x\ml £ 3 o] BAY TaskS Abo]s) S
Alxg £zEddelo] ols) AT 715-E o148t Vot shie =23 o
o ZeM4 w=Sel FAAI SUNAT § o ST TAYS dstel Y
SEHER

A 1A B PP 712 A

L #4 ¥aAE o

e

HEAMUE Y M 718U M2 DHE Taskz} ¥ = Application X2 1
L A2/ Task2 FAE|o] 2} Tasks A2HE Z2HA ReoA dd+Y
g & Ut o|F 7} Taskt 2 +% B3 & A e delet 99
W FW T o8 Taskd Y=o EAHA Bt £ o] Tasks YR
upe} Tf do]ELE accessT 4 Q1o o] dlolEt T+ ALY LZE o]

oA HF=HE 715E ol &stA dot
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2. ¥Yxz] 2o

wYxe Zeawe] AgAle] 4902 Tess Age YaHey 7)E
D912 Task® A Whs Zoln] o5 Aleld] BAS H2el B4 PPSo
e Zolch Tasks] THo] YYD o TaskSS TYHOZ skl it

W= Q) Networksh 4495|o) o] Networko] 218} 7} Task Alo)e] £41 #ef 2 o

ot W45 Mechanismo] A=A Btk T2 24e] $2W Fol WA
5E 7 TaskEd) BAE PEL AWstE 2o AT T Peiz
EHs|n] o] TALE 7} TaskAbele] §A HE|S BeiFA ek FAYeHolA
Uehhs 22 F TaskAlols] $41 95 2 i FAF0 2, of to|ete]

oo BAE 7} TaskS Abolel BAL 3] AT Have T B8 2T £
fojef stx ZEeeie A2geld ABHE VAN T 45l P =2

awe 3 9ot

THo] ¢$5W WYAR Z=2IYL AN Task: F4 5] 0)]§ TaskE
Atel= AZ Aol =2} cojet F4lo] o]Fo] A Hrt o]F 7} TaskAte]d
FAlo] S B+ o]F Link2 A3 ¢ Z2IPo] ¥ TaskE Ale] 9
to]EFE4l W E9 F(Data Communication Network)E d& 4 glth o] FAx9
7 Links 7 Task Ato]9] doje} FAle] AL ovjsie] =T doht g
tojel Mgde] YATIHE FXE FHLo2N Y £ Usd o] #x)=

Z2aee]o] o8] oJuFT 2] rhssltct
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2 Ao} Task2 FAY Z2Id0] HYX A2l +3o] Yufx o]F
7} Taskz} shte) T2 M4 =S8 YdUA Hrh Taske] P ZT2HA rcof
gdol 743 o]4H e F9: dlojet §4 YEYA 7} Linkeh Z2HA =
Ato)e] Physical Link 7} 1th1:2 Mappings]= Zo|ch. Z2jut Haxe] 2wl 2
Z2M4 x5} ZE 4 Linkg $5 @35)e] 9loo)(Transputer§ o] &% 7
$= HE 4)) getA @ x=9 A7 MY OE ZzA4Rse] $E AP
A ek gl AZH clojet £41 UEYIE 7 TaskSe] YFolA Lo
ol ¥ o]4e] PZE 2T gon YR FeE T2AY xsit Y
& Physical Link$2t} gttn £ 4 gtk & dojgt $41 UEY3E Tz

Physical Link® mappinge] 27534 Stk

FEE B Z2ae] WESHA He PYAYIE 4T ZES Aol A 2
I AA A ALvie] 7} TR A4 TSo Zb TaskE ¥gstefof ot
Z2AY kB9 ¥9E X233 FHAC ¥ Z2A4) =5 ¥9Y 5 o

o} o] B 4 Z2EAAY & Aol FAl WhHSel WY Y W AA

r

H S0 Y olS sopstch T2 Iest AY T Taske] £9 LT
AsA 9 o GASE HE 2 BARTY st g A2de shEdo] 7
93} e AAdelHT 54 shssihe Folt oY EAYL HFsr] o
84 Heliossh 2 WA Al2de EFAMNAE S40E o9 7))

Mechanism-g A5l 7 ¢l oo X2 Iev|= Physical Communicationol] ¢]¥t 2]
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2 8% 91 BA Addoz g sbssictn 4Zsn z2odYe ¥ £

3.

flok 2o oJgol A5t YA A29Y IHA F Helioss] F$E 59
Y33 sk Zeagoeve YUHNS AP ARVAY TakE Yo} A
250 Z2 A4 mo] Y9 TaskS YFshA Boh ¥ Taske] T2 =
=§ ek WU LoadBalmcere] S8, AHE 7R T2AY =S5 Fo
F934 Taskoh e Yoo L2y =S IAAT Felshe Hol el
o} YshA Bk & AN =T UPHE TIAANY REE Yoo ¥

TaskZ FE]Q] T2 MY = Q3o s A A|2%e 452 2dig 3] 4

s 7t T2 T 2ES 1% PR sk B T2y xC

o gdo] o] o] Atk

o2t SFHAL S5l webd Z2 T2l 7 Task Abo]e] BA 2 xo
gs EESE =24 $4 Heist WA ZTIAN LS TIY o L
A gmeh 3 b3 ol 4H 4, $UNY £ WehelMe) $YHY A5
& ohe seloin @ 4 Ytk 7M bR ol T2 kT Yol
Z2My xS0 2TUE $A 239 Fo wheh $4 WAL U TaskE Fof
$A%o] B TakS Afol§ $45 02 Dicc LikE AZstel Fo2x WA

2 4 cosvl 7MY AL BSE 0¥

A2 7 dolet B4 54
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Hyxa] TaaYye AIPAle] 7} T2 MA T Ale]g] Interprocessor
Communication® X 27249} Logical Communication Z{Z oA YER}= 4l &
e o]Are] E-x4-2 ZtA "t Logical Communication Grapho| A &} Taskel| 4]
ohe Taskepe] E4l Link 429 A ge] glo] ZE A7} E¥E & o 2y
AA Hgdag] AlAHeA Y 8 Al Z2AA =9 3 £ B A
2 B E Logical Linko] thd}e] Physical ¥+ Direct Linke] a|-Feo] &7 3ttt} ozt
A @ Taskel §4lo] Q¥ ohE Taskope] 412 Direct Linkel] oj3iA o= 3
Zr Z2 AN =8 AA FAlo] olFoxA "ot o2 P4 T2 AHY = A
2 Ry M4 = BRY §4) Aeel= N(>= 0)7/]2] Intermediate Node7}
EAstA o Direct Link2 G72€ 3-¢xct 4 Cosvt ¥4 €. = Direct
Link7} Q& 7S+ £4 dojolete] RoutingS $438ted Intermediate Nodeo] Z 2
M%) powerg YR T A =1, Routing E= lo]ERE Alole] S-Eof oal d¥
Routing Patho] Bottleneck #4to] g 4 gloo], npebi] MY =239
deel B2 XS FA doh $18k o] Intermediate NodeE 53 Z2A4) o
Extelg] FAlel lolA] Direct Link7} 9l %9t vlaste] € o o33 22

Fool 4] T2y S94rel F41 Overheadst WAISHA Bk

L dlojet 14 A A1

37 =oo) AYSR Uste] B9 wolet MY WS Aol St ©

o $ x=oAE #HAY F5S st vz E ¥ F VST dolg

fu
3
&
2
nlI
K
r

Fo] 429 Felv ool Wl ¥ =0 I V&<
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A% 273t Y R W2 GIMef Tt o]HT T Z2 A o8 o]}
#Zle] W42 WAl Fu] Aapp &= s TU ALHA HY $3 ==
S AL AAA 2 ot 3Y-5.1E T =9 Ao we

ue +3% 2

AR A Ado] e Ux Y cloletolch @9 2 o] S =
2AY =T AB Atelo] ZFY 2719 wojet M2 nAE WhsA sk ==
Y 37 Z2AN =So| AFE F7MIAT EAlo) SaTE TS B3
stelth. 333 Mol o] 7 =9 47 Zohgel weh £ LT At B
Apole] elelet AE AT W3t Brksien), 27 2L A YHstyTh of
AY clolete) T £ o 57 159 47} HEHE F T2y xT Al
o elolet We A7k Ade] 28l W 5 YL ¢ £ Utk

Intermediate Transf
Nodes ransfer
8 ® Rate
]

B!

Number of Intermediate

(a) Data Communication Between Node A and B (b) Testing Result of (a)
with some Intermidiate Nodes

3gY-5.1. 57 ==2] 42 Transfer Rate2] A

2. 7Y x99 298 Overhead
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37 xTolAe cfolet B VL A YV WA o) Fol Ax F9
el 3 Qe Taske] £Y YAHo 2 AW clolete] WS A F
ECE A2 ¥5E oj4std Ags: doletrt dAIFHLE HAHE vy
HHE st Hu T3 Fgo] ¢ Fojt ¥FH wIHE Ao £ZE
dele] vz B 2ol o S2AFolof Yo T == AZ FE tolgt
o] ¢uEA vimo] AFH doJelg & BE ¥Fste] FFs Folof ¥
ol2igt U9 Aglo] FUxEo|A = x| Overhead?} HEZHE Yob 7]
sisted MW WE P 29529 2L AAE YUt 4! OverheadS Z3 st
7] $isted @2 9o o] S T Ash B Atolo] = KBytes} tfo]E} A
38 AL VEIEE stgon] C ot YA Saemento] dF Loops E

Loop R4~ counting 3} §ith. I 23} (b)e} AL 2AEZE IS £ AN

ot

. Packet Size
Intermediate 1 Oﬁ
Node CPU % X<Y<Z
Availability
‘ 5 @I at C 50
> X
1 Iy
. 150 300
(a) Data Communication Between Node A and B - 2
with An Intermediate Node C Packet Rate (packe[s /scc ]

(b) Availability of the CPU for the process
work at C

13)-5.2. Intermediate Node2] Routing Overhcad 4%¥ 23}

3. %3 Bandwidthe] A3 =



A ¥ o] AR2S Transputer A|A%e] Link Bandwidih= 14.5 Mbit/s o]c}. z}7}
o T2 MA Tt EA8 9# ARRsR= Link Patho] X #s= ¢Jo]o] Link3E
shubebE Link Bandwidth 817e] sl E4lo] 8 75 ® o] Link® <ate]
2] Performanceo] Tef¥t F-& v]|x|A Hot F TAloAe] BF FH4 B
Asle] Aztel B, dojo] & TR0 mE o] To} waffic Jamo] WAVS A ¥
d o] 9EL FHY o x2ox JE XA Hol IAHA =49 2F
25l ABE A RAF olkA7E @k By shte] Linke] Bottleneck

Hatel B4 EAIskE B9t F =528 4%k A&&LinkE d38 F2E2H

'~

12 BAE 42 Yok oIS AHHE 54 S System Softwares] BEF

o

ofof dh=¢f, o] System Software?] HYL F = A%} B Ato]9] Linke] df

@ $7 o4l LikZ $4) Request® 4% 4 glofo} 2o

A3 d 2239 G5EH

L Z2AN g9 20 4y

o)A e} 742 Interprocessor Communication AYoll4]2] Communication Cost 27}
852 Uste 7} TaskE Ato]2]  Intermediate Node = i gxj2] X2 3o
o £2] Communication Cost®] Z7}8 -§utste] whetr] T2 a)0] Performance
3t 8.Jo] Sl QItHOehlrich). & HojA of2i7ie] Taskg P48 Z2I3Y<
G Aol o]Foj2| = Taskel] Wiy Z2 A4 =9 Yo uet T2 9
Performanceol] ojmj¥t xjojr} QiErtE FotR )R 3tk Taske] w3t T2 A

xx o] &3 ZA3} Intermediatc Processing Node2] 7} o} 799 2Aisteg =
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o) 4ol YoiMel T2y £u sa A7 BAH BI)2 Ok B AYelA

-

= 2 d| 27]e] Communication LinkE Z+= 8709 T 2AH|4) R c& 7} Taskel] 99

2 Y38 Normal Case®} 7t TaskE Alo]9] Intermediate Node =7} 2jcfjgto] Hx

£ ZeMA) =55 ¥FY Worst Case, 22|32 7} TaskS Apolo] FAS AT

Path to] Fhcce] 8 2iPos FU Z2 MY =59 €9 A Best

Cases) M7k) %ol Tiste] ABE 3Tt

Sample Program?- 8742} Task2 F=le] gler olF Z7te| Taske Foii
% WF dolete o Taske] Rul: HYE 3tA €t o] T2 7
TaskE Atele] cloje} 41 BA 2WZ 9 7} Taskitolo] Fg 4 2 2%-
5-3-.b54 Zoh.  ®o] &5 UL dojg §4o) v AL YEY Fo F
A& Packete] 8 YERRI ot Z} Packet §58 2]l o] AF cjojgt

ol AME-E Packet Size¥ IMByte o|t}.
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A B C D E F G H
A = 110] 10|10 10
B 10} » _ 100
C 10 @ 900
D 10 o 800
E 100 ©
F 900 o
G 800 o
H 10 %

(a) Inter-Task Communication Style (b) Inter -Task Communication Pattern Tabel

1%)-5.3. Inter-Task Communication of A Sample Program

18.53.a8F 7+ x g o] 7} Task AFe]2] Communication & B2} E, C2} F,

2|3 D8} G Atel?] tjoje} F4le] TE Taskehe] Communication BT} Abch =

o2 g ZaoRo g, IR 349 TaskEol disiiE A2 F TaskAh
o]2] Communicationg ¢} 23 9AH Link7} £asl= Zlo] PerformanceE ¢
8 2oh= AL 4A 4 £ Uth. 28545 $JoA AFH 37bR] 9 Processing

Node Allocation @ eljol] %} Physical Network Configurationg ¥.oF3 )t}



718)-54. Three Cases of Processing Node Allocation to Each Tasks

2)e] AJ7EA} Processing Node Allocation®] 7% Ztzhe] Xzl 3 $go
29 5+ A)7HE Worst Case?l 7-9-9} Best Case?] 7-9-oll= o 1.8vf 7p32] A
Zro] ©] A8 ¥ glon, Normal Caseql 73-9-= Best Caseoll u}3] 2F 1.3u]2] A QA)
Zrel £ o2 Y U A ¥ T2y FYAYE $Y Processing
Node Allocations] 2488 UERT gich o)2jzt A3k A SR U A
A28 AxeEdo], £8] Operating Systemol A2} Processing Node - Allocation H} o

A2 & 4 Yt

919} 732 Intermediate Nodeol] 2|%}F Inter-Processor Communication Overhad$
2] 43} g2 9l Processing Node Allocationo] 7bs-%F 9447 A2 dcid =
2339 Performance X35 2|43 ¥ 5 Yot o]lF HIAS BEE WA
ZZ73o]| TaskE9 Procesing Node Allocationo cfj¥F Task Distribution Network-g2
4933, Operating Systemoj A3 o] Network-g o]&3%F Processing Node

Aliocatione] Z}zsjjof ¥}



2. X2 P9 5L=¢f o] Dependency 2} 2|

o)A A" upel 7+ Operating System?| Support7} 7H5-%F Al A= o) A
X2 92uj= Processing Node AllocationS $]8] .8 3% Task Distribution Network
< A8 Folok sh=nl, T2 dAA)e 7 TaskE Aloj9| §4l FeiE 4
% 5 Y3, =Y Sample Dawaol] ¢ T2 30 8 FAE FHYOEH o

Network2] 4§ Ade] 7}s3jct.

%} g o] Task Distribution Networkol] ©] 8} Processing Node Allocation-&
g 40| sfuto] AR A|A® o)A Inter-Processor Communication Cost& 2]4
3% 8+ USS Holoh 22t Aol ¥2Y TPl Ma BPM AR
¥ =, oju] AB/J¥ Task Distribution Networko] %8¢ 7holls x| sejslojo}
g HEol o AHARE MY A|2FF A A2H9] st=sle] T4 Ao
atel7b 9tk T2 M4 =9  Link $o xlo]rt Y& Agol A4
Distribution Network-& ARS-@ % 9ith. Transputer2 FAE A|AsjolAix
Processing Nodeol] ARS-E]3= Processor®] Z-Fof w2tA] Linke] =7} 47H(T800) &
T 67H(T9000)7k D= 947] Wi Eojct E o shte] 23 Wi Ze2agye] Y
A2 o= dlojEle Heljolo T2 T2 ool P4 F2 AMEHE
tolete] Belol utel 7} Tasks Ale]e] Communication Pattern- 3jo]7} Qo v g

2203 MPr]e] 48  Task Distribution Networke] A 3lx] o2 4 it}

3. cjoje} ST A|AY 4534 B
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b4 714-% vpe} Zto] Interprocessor Communicationof Ao R4 o2
e TaskE2 T4 Y] T eefo]o] Performanceo] W2 ¢S v]A]A
et 3 T2 oYoe] oejie] Z2 M4 e F4tE ¥EAY HI| HHA
Z}4=# o} 3= Communication Overhead= 7} TaskEo¢] & Taske} 541S 3}7)
$is A*of sH= Intermediate Node S=of mhet @2 Apol7b gl o] Aol §
olxe] 4 Fiel ol dA A5Y & U 53] YE|v|Ho] vlojEt M7 =
2o F4E o Fob & 2o Box g2 ¢ HojEE A
2} sfof s}o whebA] zZt Task Ate]9] cfo]et A4x WIHsith. wpebA] Intermediate
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Response-Timeol] t¥} botleneck)7HE oot 7] $sled g Aoz Fe o

o)& 3= Search Tz aUg mestr|2 st
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o Seach® AT PF £A 3

o Z} Algorithm g Search Porgram

S 7] n-byeo] T Dol AHRAE T8 Hete dolo BIEA =Y
RREYAE gojM ARl $FA7IE AR 497 Z233YE codingdt T
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Algorithm H2 A]go] o]FoiXct. AML-E 47}FA] Search Algorithme CH5-3 Zrot
o Sequential Search

o Binary Search
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o Fibonacci Search

o Interpolation Search

o]E Search X2 I3 sequential search L2 T WL standard 1/O library(E}l/

OF 48} Bufferingg ) @4 (fseek)S AHE: W 399 Z2 T3P buffering
< BPA) YT ‘seek’ system callg o]FILE 2N shte] dolE 7] 9fF st=dA
3o v AR HdE FAY bF A access 3FEF dted tioE}

communication g S5-3It} 9] 47}x]e] Search ProgramSof tjsfo] z}z} shtel
Z2ae] spte] T YoM R=Fate Y27t obd searche}, TGof Abd
< n-7h9] A2 W3, 7] oA sigEhe Deist devkE Ae

Search Programg n-7§¢] Processing Nodeoll 4] SA)o] 5] sigct. Fa}o]
75 n-/l Y Processing NodeF-ol| 8 To]E %2> Nodeo| 44| search A]7HE

BAl wYyxz] T2 Wl search A|ZFo g spg Tt

Ash 2L AW BAE FHs 93A ¥ AL I Disk 107 B, 5
Diskg 3}ite] Processing Element2 71394 =) ¥ Z2agolA 7 29
Zedz Atels] BAIGe] BE A% FA-3UM Egol WA £USHT 3
E heliosol A1 of= FE} SE7E dobri Zolch Bl Wehe Egol thet
WAl he o elu@ Yol WAHY 45l boulenecko] HEIHE Fobs] 9
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7} search progam® oHE-3} e REEE 49
o master : 107§2] search program F2]
o worker : A)AH shtel AlHoA PolE A= vE

o Distributer : $jo] X232 E-4HA|7]7] ¢ ¥ CDL script 3¢

e REF 'mastery A4 2 107]2] sub-dictionaryellA] 2|3 GolE 3=
7} search program(worker)S34e] o]} $4) 3 Ao} RESH, Z7)eje 7
workerSo] o]¢ AlME YHFL, A1Y A RIA Bh= Bolrt Sej:
HUS YolM 2 TolE BE workero| YT Do}E BE workerZ FE L8
2 ADE B4 o} SYNED. masters 7} workers] SHE Aoty Hstod
shiel dam smuctwe® ol Delolet LS SHASIT, of clolehE W 7

worker§-2 A|AjE Qo€ AAEH

workert masterofA] Bl ofo|EbE 2] Aj4lo] ojobg Aol FHAst
£ ohiz FeA algorithme] 2)ste] FojR TolE FTh TolE A7|Wel
AZHE comtsty] 1R E7)AS ST A searchrt $RS|W TFPe] £8 A
748 Adtste] B8R FEAo] saveste] masterolA] Btk 919 ejo] ¥R
7} workers master2 8 RFSoAE AT Yol B wrtxl YA FAIs)
o, AZE DolE W Folt AN Ay HFL wRo
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Distributer:= master®} worker2 FA4E = wWydxie] T2 WL ofFgA 4k
2T 7AAE 7143 31Y2 A HeliosolA] #|T3= CDL(®YXS ¢

Component Distribution Language)2 =4 =|o] worker?] 7)<, master®} worker?] £

4] channel 74, £ eSS 7lest . o] #YL 47}A] Search Programu}
o} z}z} s 2A31a] Z} Search Program2 ©] Distributer2 58 3 ¢o2 4
FA} search7} A)|&}bgit}.o] Distributers= 222 ASCH Text 3}UE 5|ojg)lon
Helios2] Shell modeZ 'CDL mode'd| A3 + U= Zlojt} o] 258 'CDL
mode'oA] PG F= Y, °o]F Nz CDL compilere] oJsf| A= 4

% 7Hs e object UL TEofef ek

WA 1679 Transputer® 445 o]l Multicluster 20} 4= bootingR] o]
network configurationo]o)F-o] Xt ¥ search T2 I YWE o] search £%7}
Network configurationof] @&} of4 ot 49101} $442 search X2 13fe] F4}
HYHe AFAE BI)¢)3le Network configuration2 2{3}x] o}sicth 10749
worker§-& 16709] Transputere] ¥-4tsjo] $9=|&tf o]E #4t FF& Helioso]A]

A|Z3]= Load-Balancero] W7}
A 33 A PEAY 2 4
ZEVE Bsbd, BA-HY seach TIPS A A4ucks Lot

FA)YL A2 Vet 3 A E SHRIYI n bye2 P40 E APdolA s

Fo]E e T2 Yo search £t n/10 bytes] E2jH APHS 100le] X2
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Yol sl ¥ searchP F7-2 §= Hols} B Y

Zt7te] search programe] wWi¥t APHL FUH AL ARG, AP F7)e

1459te] 2 FAdslglal 2-byte 498 F= 2 sorting § AT}

47}A} 2] search program3% sequential searchE 2] ¥ 37FX]= Apde] gt
accessA] o] seek() system callZ AME-¥F A7) =2 standard /O libraryS ©]-8-%
sequential search X 13 of u]8te] search AJ7to] o] ZHFch 2z} search

program@| § wholof th¥ PF search timeL B ofe] e} 7t}

Algorithm Single Process Search Paraliel Search
Sequential Search 10.5 6.0
Binary Search 318.8 178.0
Fibonacci Search 4356 209.0
Interpolation Search 470.1 526.0

%19l A2 Parallel Search?| 7% 1072} process2 FAls|o] HPsPH 7
o] Single Process Searchi 3lu}e] processoll 2] ZAF}o|t}. $jo] Eo|E oA
yebd 432 29 4A & 5 UKo] 10719 Zedrs Faltslo] £4EE
o Hojx 7-8u) 71 speed-upo] Qlojof vt AAHo2E o 20 AR &
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o o]l WE &5 search’} £¥E o} A Single Processol] 2] §F search2}

10702} processoll <] ¢ Y searchd] 4= = oF 2ufol X A] Ygict

sk 2 AFE vlFel HYHAE AP A2 =] FE Sysem 2
zegojyololmy BAFe] USe 4A YAY F U 5 of2iAHe processel
g ¥YHY KA o} o2 Vst Uehix| g Y& Reloh FE A
2347} Transpuer 2129 Aol SEC2T5} gold 2T ¥ & You 2

A AS £2& BRolne 1o dade] ohde ¢ 4 Utk

a2 $9 sHolBolAet 22 ATt Yebd olft FAUN FIFL A
AL acessd= 81 $|(Disk /O operation)?} A]A®}2] overheadE F7HA|Z I ]
overhead2 2Uste] A|2g 9 WA A 95AstE 7HALAE Aot & AHS
access8}7] 9] %F request I ARA cjo]efe] H4o] 7} processel] W 7] MM
F74el 91 nodeg utof k=, o) HsAE 3ol Sl Transputer 2 =4=
tolEbE HAgAj# ol st o] Uste] o] Transputer =% AH419] search
program %o} YA|Ho 2 FA||ojof Tt oY YA H node] AR FA]
7t sl Folof sk colete] o] AL B AL A5 T %S
u]x)2] BAA T $o] Z2aPeA|et Zo] Abe] ¥t access7t oh¢ UG

= ApAlo) 88of sh search programE Y A)7Hg o] AfpriA Ao

o]2] 8} Data Communciation Overhead?} $j2| €lo]EojA] B ule} Zto] wij-$-

N7 YA & 4 Ut A9 RS F}E 2Yoe el XA obdlg
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oA ot FARLS 71 BA #HAHF ¥ AT hi ¥+ U 53]
4 B2 Y nodeE ZE WYY AL AA oY FfolE F
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2 Aadge] Qo] Astd vt Aot ol & SfaiAe et A2 BAH<] A
slojo} k=] ojo] wf¥ #iF P shpe TPl WYY =Y
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Y Al2ge QA A YelMe YYHFE wtgoe 45} B oo,
¥ Application®} Program imaget= 3 Applicationg F/J8H= Asfieiel ofzjrjel
TaskE2 =] 9T T o] 5 TaskES H AT A28 AdollA] oju gt Yy
o2 B4 sojx=rte] diste 7]450] gl Task Distribution Network €)0]
S E@¥c & At ke Alaw LXEgelo] Age] shg 2H9] 7)

5-& 7Zb& Task Distribution NetworkS A sh= Zio]t}h.
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3%-7.1. The Conceptual Structure of Adaptive Task Distribution

ol FHLAS 7 Program Image® MIWO 2 sEHo T WYY A&
¥ @M A oA AFs]ojx]= 2E<Q) Task Distributers ARR-7F=-3} Processing
Node Networke]] Program Image-g Mapping A} 24] 4)8s}l2} 5= Application
9| Inter-connection NetworkE T/ttt o]2{% procedured Ao 24 vl A

Application®] A%e] FH5 AL Ze|ch. fel] 7eEoly AgnRL vgos,
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MetaAshs Ay AZE]E Inegracdhe Prgde] 2H- 1A & 5 9
Zo] Aty upAsle] Q)= U&-Eo|tt. Communication Request Monitory Z}Z}e]
taskEo] $WE WA A2 o}S taskEH cojEbE Fn W o] T WEES
£7)8ke] 7}zte) taskE2] EA41 Statistic Data File (logging file)S 4§ 4 ghct. ol2j gt
logging file A§/d5to 24 YAPsH= Overheadi= 5% Applicationo] A4 el A
F-3o] #TH AN BF A eeH £Ha Y AFES Y F o
o}

o] logging file € B}%° 2 Communication Pattern Analyzeri= Z}7}2] task entry '
2 task7te] £41 AtelE YEhd= Communication Pattern Table:3: HE-ojdit}. o]
Table& 7z} Task Atole] BA1 oo wf¥t Table2A] ¥4 A|0d 83«
Communication Request®] ¥ Fx]o]c}. o] Table o= G A}7=F
Communication Request?} #3]%) threshold ValueE 2 LinkT F48] ik A44

5l Communication Pattern Table2 13-53.b8} 742 &eojrd, Link Bandwidthe]

A x) o) &8 LinkE2 3ht9 List2 F4 €t} Link BandwidthE YAy &
#8}= Communication Request’} 83 =]+ Linky X273 Performance?]
Bottlenecko] © 7Fgdo] ©@7] uf§ol o] LinkE F3tA S F Task Aloj9] &

Al Pathg HHAAFL2H Linke] 0] 8- Fofof st7|df&o|rt.

o}g A 3te] 4AF4A¥ Communication Pattern Table®} Link Bandwidth®] %tA|x]e}
27X k= LinkE 2] Listy= Task Distribution Network Regencratorol Al @244 v}x] gt
o2 #A AR2-3F9) Task Distribution Nertwork TableBr} &8¢} AL vtet1]

AMe-siT},
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she A 2302 g maMA) =S50 physical linkE £3F TaskZle] £41y}
el oA27H FH7F Qed lRAE ¥ 2TEH gAaTg
Multicluster/22] &334 ] PerihelionA}2] Helios o4 ARE S| o] et &
o2}

Helos®73 stol Al 47h] o2 TaskEo) A2 ST 4 Y& o) AL

TRER Yoty oo Ao

- Direct : Direct link usage in-line assembler macros.

- Primitive : Message passing primitives (GetMsg() and PutMsg(}).
- System : System library functions (Read() and Write()).

- posix : Posix library functions (read() and write()).

o]2 & mechanismE A2 Zzadeisl BT AREE 4 Q2| %} Directo}

Primirive® o] & gujoli= to]e} H4A] physical linkofA] WY 4= 9+ errorE

recoverydto] =Tl 7t djolgf M 4-A) Y8 %} buffer F2), hand shaking mechanism$-&
5 Z2ade|rt ZYstedopyt sl AR R e Holx K5 iR o]2¥ 7]
$5& =2 aehe) Y4l sfeiF Sysem, posix library functiono] Bo] elc}. &

& °|2 % functiong ARS-@w] A7) overheadol] wWistej= 7} shejopnt ot

Posix Library functiong] read()2} write(Q2] syntax: o}-2-3} 7o},

Syntax : read (link_number, buffer_address, size_of_buffer, timeout);

write (link_number, buffer_address, size_of_buffer, imeout);

olg} 712 #73sloA] Communication Request MonitorE F3sl7] st g

r

A

rlo

rcad Y writc function-E ARl logging filcol] 2JAsle] & o] E}E o
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A2E 9YxY Asd 2FAY

219} 7H& Model2 %] &} Parallel Processing System< R7}z]9] 8 F-AteHS- Tt

Z 3o} 8lc}. Hardware I System Software?] 87 7%= o534} Zoh

o Distributed Memory Architecture
o Dynamic Reconfiguration of Physical Links

o Communication Statistic Gathering Function of Operating System

7} Z2MA) xS Local MemoryS 4§38l lejof 3}, Processing Node
©] Physical Link®] QZo} 23} Processor Network Configuratione] X g 3jo] ==
el o]FojAe} stmg AxEole] o3 23] Y Xe| Physical Link
of ¥t HZo] s5eof gtk System Software:= Link Ao]e] £41 #ejo] o
8t Monitoringe] 7Hs-#lloF %ict. & physical LinkE 5% cio]ef H4o] 8 ¥E o
oitt 83 dojete =] W 8% A)7], 8% Processor HE 3 Destination
Processor %o tf¥ Logging ©] 7Hs-dliof gt =8 o] 7]52 AMSAe] 87
of wet $95Ix] ke 4 slolob Adaputiono] R TP FYAle]

H8% OverheadE AAY 4 Ut

A 3d FA 8T A

o] E-& TaskZte] FALTF7F AdSuinict o] ST HE-SS logging

fileol] X AHgt o 24 ]2 2} % (Communication Pattern Analyzer)oll B Q 3 A8 & A3
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o

r

who g L5k Zlo] Fyrie|tt. o}Z12 Helios®] 2£AF ¥435}o] read
% write functiond VLT FEL skl FHeE YUE UAXT o) RuTpe
Z+zte] functionol] 3%48H= pseudo functiong | &&le] program AHAJA] ARl

o] 22T fo] @ Zolth o]52| peusdo functiond] synax§ LobR.

Syntax : Iread (link_number, buffer_address, size_of_buffer, timeout);

lwrite(link_number, buffer_address, size_of_buffer, timeout);

o]5 functionE-2 Posix library o A] A|-28R= read /write®} Z+2 ule}u]e|E 7}

Ttk 33 o]E functionEe] Hgol Hste] Aujral

/* lread styled C */
int Iread (link_nb, buf_add, size_buf, timeout)
int link_nb;
char *buf_add;
int size_buf;
int timeout;
{

if (LOG_FLAG)

Communication_Request_Monitor(link_nb, size_buf);

read (link_nb, buf_add, size_buf, timeout);
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/* lwrite styled C */

int Iwrite (link_nb, buf_add, size_buf, timeout)
int link_nb;

char *buf_add;

int size_buf;

int timeSut;

{

if LOG_FLAG)
Communication_Request_Monitor(link_nb, size_buf);

write (link_nb, buf_add, size_buf, timeout);

714 AHS-ElE LOG_FLAGRH: Z & 4A#stxnat sk applicatione] 4|

2 #AoA I ¥l A= ojxot R overheadF AW &= 3Uth

o] A 8le] Yo informationd logging filee] ZAtgtell 9lojA] VR ¥ data
structureZ} 9lEt] ©o] data structure S oS3 Zro] YER ST

logging data : struct log_data
{

int. sourcelD;

int destID;

time act_time;

int size;
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Communiation Request Monitorol| A= mjetole] 2 HGs o]z A-H linke] HF
8} o)ty =B S #Haje AlA® A7 source processing node
log_datagh= data structureE ©]-&-3}e] logging fileo]] A=t} t}2-2 logging fileg

formate]c},

logging file format ==> current time : source ID : destination ID : size of buffer

1§ doleke FHT ANV Ll A% FASIS, D3 JIe] FHT ol
‘Communication Pattern Analyzer"o] ]3] Communication Pattern Table-S AJ/d gtct.

Communication Request Monitor2] ¥tz ¢l HAE t-2-3} 7to] vepdich

Communication_Request__Monitor (,,,)

Input : link number, size of buffer
Output : logging file

[Step-1] fetch the Destination node via iink number
[Step-2] fetch the size of data to transfer via size of buffer
[Step-3] fetch the Source node by Distribution Network Table
[Step-4] fetch the System Time
[Step-5] If logging file not exist
Create logging file
else open logging file

[Step-6] write these information in logging file
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471

e

A43 AN

Communication Request Monitor Moduleo]] 2}8] %5} o]E tf o} Eb(logging
filey iR 7105l AE FHHH, I 7] HAHRL Fof
"Communication Pattern Analyzer"ol 2]3] Communication Pattern Table-2 4§ A) g}t
o] Table Z} Task Ato]e] F4l ofof cf¥t TableRA T A1 &%=
Communication Request®] #Fx] o|c}. o] Table & g A7}
Communication Request7} 8l 2 threshold ValueE J2 Link® 24s dich A4
¥ Communication Pattern Table2 13-5.32] (b)9} 7+ #efo)v], Link

Bendwidthe] #}A|x)o] 273h= LinkS-2 sl}o) List2 F+4 9o} Link Bendwidth

E JdAY 24P Communication . Request7} 8 A E|& Link:s T2y
Performance2] Bottlenecko] & 7Ps4o) @) o) o] LinkE E£31A4 s= 5
Task Abole] 41 Path® WHAIAZOSH Linke o]82 Zejof wr}.

Communication Pattern Analyzer?] Qu¥txQ) M2 23} 7to] Yepuch
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Communiation Pattern Analyzer (,,,)
Input :logging file
Output : Communication Pattern Table,
list of links (exceeding link bottleneck)
{Step-1] Open logging file
[Step-2] Initialize Communication Pattern Table
(Communiation Pattern Table [nb_of tasks, nb_of_tasks]),
and list of links
[Step-3] Read un element in logging file
[Step-4] If EOF goto Step-7
[Step-5] Update Communiation Pattem Table
[Step-6] Goto Step-3
[Step-7] For all pair of tasks via Communication Pattern Table
Check if exists a link exceeding link bandwidth
IFEXIST then insert it in the list
Next

[Step-8] Close logging file

[Step-9] End

A 52 gAF BA g A4

Communication Pattern Analyzerol] 2)8] AA)% Communication Pattern Table3}

7} 2 MA) et zkaglEs Links $& #feju]e{2 sfed Task Distribution
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Network Regenerator:= Communication CostE 243} & % U= AMHRE  Task
Distribution Network2- A4 8tA St o] 252 3 A 4702 procedure2 F¥5

o] Aok o)AE che ol EHV.

/¢ Task Distribution Network Generator styled C */

dist_network_type task_distribution network_generator ( pattern_table, number_of_link)
pattern_table_type pattern_table;
int number_of_link;

{

for ( all pair of tasks via pattern table)
{
allocation_of_processing_node();

linking_two_processing_node();

for (all link used)

{
checking_link_bandwidth();
if(bottleneck checked)

removing_bottleneck();
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returmn{new_task_distribution_network);

A9l e 23 o FALOe YmelF Yol ohew o) vehdn

Algorithm-1 :

Task_Distribution_Network_Generator (,,,)

Input : Communication Pattern Table
Number of connection links of each processing

[ Step-1] Sorting the Communication pattern Table entries
[ Step-2 ] Select a table entry which has the largest values
If there is no tabel entry which is not concerned
then Go To [ Step-6]
[ Step-3 ] Processing Node Allocation ( Show Section 1.)
[ Step4 ] Linking Two Processing Nodes ( Show Section 2.)

{ Step-5] Go To [ Step-2 )

[ Step-6 ] Checking whether there is any link
which is possible to be a communication boltle-neck
( Show Section 3)

[ Step-7 ] Reduce the Total Communication Rate of the link
which is possible to bc a communication boltle-neck
( Show Scction 4.)
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20| DEEE Table Enayold 5 Z2AHY xEF EAsR] e Zaaa
oo gAML e T4 LEE YUY VY § k= 25 Easd

= Atojo] E-A HA2E ATslr] % Linking P o2 APt

2. 57he] T2y == A7

F X2 M4 == Abo)e] Communicationd %+ Linke] |42 5 Z A4

=E5b AHREHA] o likE BAstE Yevtel et 7E 8o 32 ZeAY

=T 8BS AR 9t Linot S5k 299 F Ze44 =53 P xC

B At 34 32T F T2y £t 25 AR gt Links} & 3
$2 FEY & Atk AUAY B9 F =TF Qoo ARSsA] g
Link§ o]&-ste] sk, Foa N A4 F9+ AH4sHA ek Linkst gl
£ =9} Direcly Connectedsjo] gl F9l9] wSof diste e} Fe F48
tiA] 223t fgh. Z o] Algorithm Recursive Callof] 2|3 4]7) Implement$
4 itk 5 T2 MA) =9 Linking Algorithmol tf ¥} ApA] %+ f-8-& g3 7
=

'
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Algorithm-2 :
Linking_Two_PE ( From_PE, To_PE)

[ Case-1] When each of From_PE and To_PE has any unused link
— Linking From_PE and To_PE using their unused links Link

[ Case-2] When only one of two processing nodes has any unused link
(Let No_Link_PE be the processing node which has no unused link )

[ Case-2-1] If Existed_PE has unused link

2

—— 34 Get a sel of processing nodes which are directly linked with No_Link_PE

If there is a node in the above set which has any unused link,
then linking two nodes with the unused link. & end-of-procedure

For all processing nodes
Select a processing node (New_PE) from the above set;
Call Linking_Two_PE(New_PE, To_PE);
Until above recursive call is succeeded.

[ Case-3] When both two processing nodes have no unused link

Get two set of processing nodes which are directly connected
with From_PE and To_PE
( Let's call them as From_PEs and To_PEs respectively)

Select two processing nodes from From_PEs and To_PEs
( Lets call them New_From_PE and New_To_PE respectively)

If there is any pair of processing nodes (New_From_PE, New_To_PE)
which two processing nodes have their own unused link
then linking (wo nodes & end-of-procedure

For all pairs of (New_From_PE, New_To_PE)
Call Linking_ Two_PE(, )
Until above recursive call is succecded.
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3. EA o) sy 32

Task Distribution Network 4373 Algorithm@] [ Step-5] 7}x) 9] 3733 3lile]
Inter-Processor Communication Network-S 98 4= gJt}. o] Networke APAL- ) o]
9] Table Entry 3}}e] oA 5 Task Apo]o]| Intermediate Nodeo] 45 2|23}
317) 43 A=A A< FHoA 2] Communication Complexity:s 2|5 ]
odotct = e} Zro] F8|X Task Distribution NetworkollA+&= 92]e] ¥} Link7}
oj2] Task Alo}e] Communication Patho]] ¥ %% © 2 9l3}e] Link Bandwidth ©]A}2]
Communication Request7} 2)-& = glth. o]& 3 AL 743517 ¢4 Link
Bandwidthel 7}7}-& Communicaiton Request7} 91& 7}5AL AAstm,
Communication Bottleneck®] 7F5-4d¢] 9l Linke]} thsiAj= o] LinkE AM2-sh=
Ysle]  Task Aols] $A Pah WRs Folof Wk olF SsiAE S0 2
< Linko]] 3} Communication & F#ljoF 3hc}. )] 2] 5 Processing Node 19}
JE 973k Link (, J)o] i3 Communication 9} Task(X)e} Task(Y)2]
Communication Path7} Link(i,j)& X3 = X, Yo W3l Communication
Pattern Tablee] ®E (X,Y) ¥ (Y,X)2 Communication 92 T3t Zio|t}. u}pa}A
)2l e] processing node 12} J§ A3 Link(i,j)o] t]¥t Total Communication %}

(TC;) & theat o] & At

TC, = Z,, (CX, ) + C(Y, X))

Y

where X,Y is for all X, Y, where thc communication path between
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Task-X
and Task-Y includes the Link(ij)

C(X,Y) isthe Communication Rate Between Task -X and Task -Y

819] Ao o)) & * z} Link®] Total Communication o] YA =7] o
AH(Threshold Value < Link Bandwidth)-g- J+ 73 $-oll& o] Linke] Communication
Bottleneck ¥/to] WAIY Jhs/de] itk 13ER o] ¥ BE Linke| s
TC,o] ZH& ZEA)Hok Bk
4. B4 ¥3 35 84 AA

Total Communication Rate?} Threshold 7} Y+ TE LinkyE Communication
Botlenecke] @ 7H5-40] 91082 TC , 4 ZaAAok skt o}& HsAE
G B FHE Adol Wb ofhel Algoritmo] o8 $HYH Task
Distribution Network-2 Communication Bottleneck?] A} 7p5-4L 24313t 2=
Outpute]t}. o] A F3}3 Network2 7]Fo] EAsh= Networkd tix|g2gH
& SiteojA] 2] Adapuationo] 7}58lA e}
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Algorithm-3 :
Removing_Communication_Bottleneck( Link(I, J))

[ Step-1] Get a set of C(X,Y), where the communication path between
Task-X and Task-Y includes the Link(1, J)

[ Step-2] Sorting the set with the value of C(X, Y)

[ Step-3 ] Scanning the set from the largest one satisfying the following condition:
<Cond> Summation of all scanned C(X,Y) < Threshhold value
(Let C(M, N) be the element of all C(X,Y) not scanned yet )

[ Step4 ] For all C(M, N),
Call Linking_Two_PE (M, N) but Link(1,J) must be avoided.

5. &

rx

F3 9% A A

ool Al AR AlgorithmESo]] 2|8 wWYyxjg] T F W] Task Distribution
Network& 4% ol ole] Uit Tuming H3¢ AXA 8ck = =29
Task Distribution Networko] o|3l] X2 32)-S FAl viyx]e] s}HA] Z} Processing
NodeE 7%= Physical Linke] Bouleneck3hg ZA[SHA Hcot. F F3)3 Task
Distribution Network-2 Communication Bottlencck®] A 7F=AlS 24313 Zleo|o
2 AA 2ol S8A|o] Communcation Bottlencck?] WAY 7Hs-/d-2 HA] 3
obglct. o|m] F-E}i Task Ato]e] Communication Request® ZHA|3R= Zlo] ofy
3 4] Physical Linkoll tf¥t Communication Request?} Link Bandwidth& Z3}3h=

7} ohe ZrA%e}h uhe) 9ole) Linke] thdt Communication Bottlenccko] wHAY&}

—
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He 79 Algorithm, Removing Comm_Bottleneck()-& ©]-83}e{ Task Distribution
Network-2 |74 3hc.

2o} 712 A7t o= E A A== =94 Communication Bottenecko] w4y
XA ¢groe™A T38.7.1%F oA "Adaptive Task Distribution Network Regeneration”
ModuleE-8] 8- FA|goaH o]z U X2 I3 e| Performance A3}HS A A
3tA € ¢jef FE & Aol HEHY ¥ T2y Sie Adapuation -

A |

A6d AY A

29725 AV YYEL HL ofolth. 2Y-7.2a% sample program]
=€} Inter-Task Communication Network-3- VERH T 28-72b3= o]Zdef 9ol3}e
Communication Pattern Analyzer?} A%/3d ¥} Communication Pattern Table-§ v}epdich 1
%)-7.2.c= communication bottleneck-& Froju| 7] A £59] task distribution network-g-

Jebdot. 13-7.2.d= communication bottleneck-g | # %}t olx|gto g FE)3) sk

distribution network-8 LERHCE o] A st FEtd I network] A& =A}E})
Heted F71A] o WYoE sample program?] response imeS- &3 8t g, skt

T 2 7oA AgE d2F2S H L3 oE shs AR * ¥ A A|(Helios
!

Operating SystemojjA] &35 AFZ RS 28391t} Helios -9 Aol 4] | 5] 0] 2]
T AP HEEde T Z20YS UYYd Y8y §A35S 7zt 4y
_n.i*ﬂﬁi @ FA], Inter-Task Communication Network2} 7 gle] physical networkA}
o] XgAMAME d3s}7] dfFoll o2 linko] 4] Communication botilcnecko] ¥HAl &}

of oYl il AY FE AstHE AL 2 & stk 2y 2 a3
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A AP 2dE FEeAe Fools HFHoE 0% T

< =2 5 -

(a) Inter-task communication network of sample program

X

A B C D E F G H
A * | S00| 600 | 950 0 300 | 140 | 430
B | 80| * 210 | 670 [ 850] 180 | 120 0
C | 600| 230 * 0 0 800 0 430
D | 900 | 700 0 * 0 0 880 0
E 0|80} 0 0 * 0 0 0
F | 350] 200 | 830 0 0 ® 0 0
G| 1200210 0 900 0 0 % 0
H| 630 0 [450 0 0 0 0 *

(b) Communication Pattern Table of (a)

31%-7.2(a,b). An Example of applying proposed algorithms

=117 -

el

g

=
o

BEA}
°

(<]



(c) Task Distribution Network (d) Final Task Distribution Network
with communication bottlenecks

71®-7.2(c,d). An Example of applying proposed algorithms

— 118 —



- 119 —






A8 AL

ol elele] WYAY A&olgE 7ol rege dPstd FE Y
AR PHL VS o] r) WEe| 2zt TN LSS WAHY A2
2doa B A7sted 2= AL Brl5T Yoith o] oK ojuu =y
M4 w9} OhE ZeM4 £Srt A2 SAlstna But Yaol mebd ol
o FPxsg Aol sf: 7t Arled oY Feole 7 x=So] 4y

s Bt $4lel o w2 A ARSEe e Ao Zeaye] 458

Aafshe R42 Hawch mebd Wdxe) AadeNe T2y 4se 2
2 st 7o) J)E AYLLSS(ask) SAH FHESEL oYY B

Z2A4Y 2E nawork/ide] EEHoe Eisk=sie] AT o AL 3] Hs)

»

o 71 L #ANL FV=E 4P FU =AY task distribution network
% E2HY Z2AHA) == networkS IO 2 mappingAl7ls AE A4E 5 9lA
T o] AL BAHer BT Yolth 2 EY FEH oY 8§ KXE
sol7t A oA ALSDufol= fuE o] dops o dt=dojols] UY
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#-839) task distribution network S ARS-stglt} stuigte T7io] AlX| TatoME
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Task Distribution Network-S <15 A¥/d3F3. Communication BotdeNeck-& A|7{&
9]+ Adaptive Task Distribution Network Reconfiguration Model2 A dsttt. o)
238 oja] Sample ProgramEof XL 3|& Z3} Taske] tf’dt Processor

Allocation A}ol] Load Balancing §H& 123} 7192} n|2sle] & of 7 T2 339

FY U3 S s L85 AITE HUPeR £ F UG

EY 714 A" 2 @ Py T2 syl d8d Fol ¥F
o4l AbSE ol LA st=do] FA9 olet F2 XYHE dojey 7%
o] we} 2]3e| Task Distribution NetworkS AEXHo2 F4Y 5 glon], o2
FRE Z2aWe] 459 2717} Sawration Pointo] 2 wj7x] ukE-she] =9

o 24 ¥ Sieo) 48] Adaptationo] 7Hs5-3hgict.
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Appendix

7} : Single-Process Search X 2 1 o] 4~¢) A3},

*** The word to search is : T4}
I Found it by worker [0]. # of Comparisons [10]
Times used : utime (349) stime (0)
**+* The word to search is : €}
I Found it by worker [0]. # of Comparisons [12]
Times used : utime (397) stime (0)
*+* The word to search is : 2] 9]
I Found it by worker [0]. # of Comparisons [10]
Times used : utime (338) stime (0)
*** The word to search is : u}2}
1 Found it by worker [0]. # of Comparisons [10]
Times used : utime (314) stime (0)
*** The word to search is : Y B.S-9]
I Found it by worker [0]. # of Comparisons [11]
Times used : utime (355) stime (0)
*** The word to search is : 2] 72
I CANNOT find [Z1IBl]. # of Comparisons [14]

Times used : utime (334) stime (0)
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#** The word to search is : 71T}
I Found it by worker [0]. # of Comparisons [8]
Times used : utime (218) stime (0)
*** The word to search is : tff & Z-o]
I Found it by worker {0]. # of Comparisons [7]

Times used : utime (245) stime (0)

**% The word to search is : tAF2
I Found it by worker [0]. # of Comparisons [10]
Times used : utime (426) stime (0)
**% The word to search is : 2}
1Found it by worker [0). # of Comparisons [12]
Times used : utime (464) stime (0)
##% The word to search is : #| 2]
I Found it by worker [0]. # of Comparisons [10]
Times used : utime (436) stime (0)
*#* The word to search is : B}-2}
I Found it by worker [0]. # of Comparisons [10]
Times used : utime (395) stime (0)
*%% The word to search is : .6 £.2]
I Found it by worker [0]. # of Comparisons [8]
Times used : utime (355) stime (0)

**% The word to search is: 2|20
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I CANNOT find [ZIIBI). # of Comparisons [14]
Times used : utime (494) stime (0)
##* The word to search is : 72T}
I Found it by worker [0]. # of Comparisons [11]
Times used : utime (468) stime (0)
#** The word to search is : tj g o]
1 Found it by worker [0]. # of Comparisons [11]

Times used : utime (447) stime (0)

*%* The word to search is : th AR
I Found it by worker [0]. # of Comparisons [267]
Times used : utime (6) stime (0)
*** The word to search is : 2}
I Found it by worker [0]). # of Comparisons [379]
Times used : utime (10) stime (0)
*** The word to search is : & 2]
1 Found it by worker [0]]. # of Comparisons [382]
Times used : utime (11) stime (0)
*** The word to search is : v}2}
I Found it by worker [0]]. # of Comparisons [479]

Times used : utime (13) stime (0)
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*** The word to search is : W H.2-9]
I Found it by worker [0]]. # of Comparisons [480]
Times used : utime (13) stime (0)
*%% The word to search is : 2] X0
1 CANNOT find {Z1IBI]]. # of Comparisons [1459]
Times used : utime (34) stime (0)
*** The word to search is : Zc}32
1 Found it by worker [0}]. # of Comparisons [31]
Times used : utime (3) stime (0)
*## The word to search is : tfj o Z-o]
1 Found it by worker (0]]. # of Comparisons [269]

Times used : utime (7) stime (0)

#*% The word to search is : ] A}
I Found it by worker {0]]. # of Comparisons [7]
. Times used : utime (540) stime (0)
*** The word to search is : 2}
I Found it by worker {0]]. # of Comparisons [5]
Times used : utimé (384) stime (0)
**% The word to search is : 2|8 9]

I Found it by worker [0]]. # of Comparisons [5]
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Times used : utime (341) stime (0)
*** The word to search is : v}2}
1 Found it by worker [0]]. # of Comparisons {9]
Times used : utime (546) stime (0)
**%* The word to search is : W B = 9]
I Found it by worker [0]]. # of Comparisons [8]
Times used : utime (443) stime (0)
*** The word to search is : 3|10
I CANNOT find (ZIIBl]]. # of Comparisons [5]
Times used : utime (385) stime (0)
*** The word to search is : Ztc}1
I Found it by worker [0]]. # of Comparisons [9]
Times used : utime (559) stime (0)
*** The word to search is : tf] & Zo)
I Found it by worker [0]]. # of Comparisons [7]

Times used : utime (563) stime (0)

i} ¥ Search T2 730 2] 88 A

*** The word to search is : tf AH-2

I Found it by worker [6]]. # of Comparisons (6]
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Times used : utime (120) stime (0)
*** The word to search is : 2}
I Found it by worker [8]]. # of Comparisons (8]
Times used : utime (211) stime (0)
*** The word to search is : 2|* 2]
I Found it by worker {1]]. # of Comparisons [6]
Times used : utime (177) stime (0)
*** The word to search is : u}-2}
I Found it by worker {8]]. # of Comparisons [6]
Times used : utime (190) stime (0)
*#% The word to search is : W B. £ 9]
I Found it by worker [9]]. # of Comparisons [7]
Times used : utime (173) stime (0)
**% The word to search is : 2} 17
I CANNOT find [Z1BI]]. # of Comparisons [11]
Times used : utime (219) stime (0)
*** The word to search is : 7Y} 1L
I Found it by worker [0]]. # of Comparisons [7]
Times used : utime (186) stime (0)
*%* The word to search is ; tf] & Z-o]
I Found it by worker {8]]. # of Comparisons [4]

Times used : utime (148) stime (0)
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*** The word to search is : tAF2
I Found it by worker {6]]. # of Comparisons [8]
Times used : utime (247) stime (0)
*¥* The word to search is : 2}
I Found it by worker [8]]. # of Comparisons {8]
Times used : utime (224) stime (0)
**% The word to search is : 2]*d 2]
1 Found it by worker [1]]. # of Comparisons [6]
Times used : utime (151) stime (0)
*hw The word to search is : v}-9}
I Found it by worker [8]]. # éf Comparisons [3]
Times used : utime (110) stime (0)
*** The word to search is : W H 52|
1-Found it by worker [9]].- # of Comparisons [4]
Times used : utime (216) stime (0)
*%* The word to search is : 2|10
I CANNOT find [ZIIBI]]. # of Comparisons [9]
Times used : utime (302) stime (0)
*** The word to search is : Ztc} 1w
I Found it by worker {0]]. # of Comparisons 8]

Times used : utime (241) stime (0)
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*#* The word to search is : tf & o]
I Found it by worker {8]]. # of Comparisons (5]

Times used : utime (181) stime (0)

*** The word to search is : U] A2
1 Found it by worker (6]]. # of Comparisons [27]
Times used : utime (4) stime (0)
*** The word to search is : @}
1 Found it by worker [8]]. # of Comparisons [38]
Times used : utime (7) stime (0)
*#* The word to search is : 2" 9]
1 Found it by worker {1]]. # of Comparisons [39]
Times used : utime (4) stime (0)
*** The word to search is : 8}-2}
1 Found it by worker [8]]. # of Comparisons [48]
Times used : utime (7) stime (0)
##* The word to search is : ¥ 8 S-9]
1 Found it by worker {9]]. # of Comparisons [48]
Times used : utime (7) stime (0)
#%* The word to search is : 2|31

I CANNOT find [Z1IB]]. # of Comparisons [145]
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Times used : utime (10) stime (0)
=% The word to search is : 2t}
1 Found it by worker [0]]. # of Comparisons [4]
Times used : utime (3) stime (0)
*#% The word to search is : tf & Zo]
I Found it by worker [8}]. # of Comparisons [27]

Times used : utime (6) stime (0)

*** The word to search is : T AHS-
I Found it by worker [6]]. # of Comparisons [3]
Times used : utime (349) stime (0)
*** The word to search is : 2}
I Found it by worker [8]]. # of Comparisons [3]
Times used : utime (544) stime (0)
*** The word to search is : 2i|"d 2}
I Found it by worker [1]]. # of Comparisons [4]
Times used : utime (602) stime (0)
*** The word to search is : v}2}
I Found it by worker [8]]. # of Comparisons [6]
Times used : utime (534) stime (0)

*** The word to search is ;: W B.5-9]
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I Found it by worker [9]]. # of Comparisons (6]
Times used : utime (641) stime (0)
*** The word to search is : 21
I CANNOT find [Z1IB1]]. # of Comparisons (4]
Times used : utime (343) stime (0)
*** The word to search is : ZYc}3L
1 Found it by worker [0]]. # of Comparisons {3]
Times used : utime (577) stime (0)
*** The word to search is : T & Zo]
1 Found it by worker [8]]. # of Comparisons (4]

Times used : utime (618) stime (0).bp
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