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I-INTRODUCTION 

·"Computers and data communication~ network~, are· essential el~mEmts 
of high energy physics research... The div~rsity and sophisticatiori of 
REP's c~mputing facilities and network must also increase iftlie pot(mti.al 
for ne~ physicsdiscoveries by future,experin~ents is to be realized"~, [1] · 

, An ES is a knowledge-inte_nsive symbolic computer progra'rri that solv~s 
problems of a liinittid dori1ain,normally requiring i1uman expe~tise.· So~e 
·of the· coinn~on rel'evant ES,characteristic are: to maniptllate arid.reaso~l 
about syrnbolic' descriptions; solve difficult problems as good as Junn'iui. 
experts,' reas~n' heuristi~ally, function 'with ' erroneo~s data and. unce~tain 

,tjudgement rules, intera~t ~ith humans ;il~ .'approp~i~te ways, contemplate 
nmltipl~' con-ipeting hypothe~es siinultaneoiisly, ask aild motivateits qJ.e'~-
tions and justify 'its co~1clusions .. · ' "·· . '. · . 

The goal of this study is to develop' a fritmdly user computer'.aided 
assistant (COMEX) designed to define computers needed for High Erier'gy 

';cPhysics ·. · computing usirlg·blackboard architecture: and qualitative model. 
; .. This expe~t system requires an IBM AT personal co~~1puter or compatible 
'.with no lesstlia~1;640l~bRAM and hard disk.· . ~ . . : ' 

. ·During the developmei1t of our. model, the main ideas described in the 
·; ~onsulted pap'ers from CERN, USA and,· S~viet· Union about this .topics 

had conside~able. influence. I··. '· 
·r, 

; 

IJ.:! HEP COMPUTING BACKGROUND " · ., . 
';!',, 

. 11.1~' GENERAL. ELEMENTS AND THE REQlJIREMENTS 
' . . ' . '· ' . . ~ . 

ESTIMATED'FOR HEP COMPUTING.:i~ ' J ift':-
.,.,1' •• 

,i! . r· j_ -~ . I 

. :. The problein of plamiing for HEP experiinents is not only financial, -~nd 
.. :indeed mucll'lofthe discussion concentrated·m~:the',mismatch'bet~een the 

corilputer re~ou~ces, th~ -organization and the requirements ofpr~cessiilg. 
- -Classically?we can divide the HEP computing into the. following main . 
t~sks or st'epsi :. . . . ' .· \ . -
1- MONTE .CARLO GENERATION AND PROCESSING OF ;MONTE -· ' . . . . - . -" 

CARLO EVENTS ': . -~ ... 
· · ··There are 'a n{:imber. of tasks in the pro·c~ss ,of an~lyshig HEP, data. whicl1 

' 'will use Monte Carlo ~iri1ulatim1:, Orie of them deals with tl~e predktion 

{ {.;~;:;;;,~~~ ~ut,i--111 . Hll7. 'inj'T I 
j Hli'!~!iMt !lCt' :JP.liO!UUiGtl 
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ofth~~e -particles tha·t will be observable, according to a given theoret
ical model. Other tasks deal with the response of the detectors in the 
experiment t_o measurable particles with diffe~ent characteristics. When. 
a physicist has a set of measured events, and he wishes to investigate a 
theory con~erning the production of these events, the'n the strongest t'e~t 
requires that a Monte Carlo simulation should be performed which gen.;. 
erates ~aw data, according 'to 'the theoretical model, in the sam'e format 
as that used for real data acquired from the experiment. These 'data are 
then processed and analysed, in order to demonstrate-. tliat:the measured 

. and simulated data 'are ·statistic-ally indistinguishable. Generally, more. 
'_simulated than real•ev'~rits·are nee~ed in ordet· to understa'rtd the:errors 
in a' given sample. One of the mair} challenges of HEP computing. will be 

. e~ough to do si:r;nulatioii. ·For example, we could use a model. oft he HEP 
experinient, that allows :eaci1·experiment to' get1erate; eacli year, twice as 
many' Monte· Carlo. events as they acquire real events ..• Of these events, 
one half would ·be produced directly in tearn DST format (approximately 
·20 Kbytesjevent),:while.theother half would be in raw data.format( ap
proximately 200 Kbytes/event),and would have to be passed through the 
analysis. programs in order to getierate the. DSTs.· The average processor·· 
time·could be' iri th~ :range of 60~80 seconds per event for the. gener~tion; 
b'eing a balance between the 3oo seconds more that a fullsimulation.typ-
ically takes today, and the times for "fast'~ . Monte Carlo generators. . 
2-ACQUIRING 'AN'D COMPRESSING THE_RAW DATA ' 
_ ·n. i~ the task of tl~e teams de~ling· with· the online systems to make 

' available for further- processing a sample of events containing-a minimum 
; amount of "background",. while ensuring that ·no "interesting'' events., are 
discarded in' a biased way; . This process; normally called "data. acquisi-
'tion", is· complex' and -difficult ... •There are,-lw'Yever, .two· choices _to. be 

.. made here which will have a significant influence on the offline processing: 
a) the technology selected for recording the.raw .data is,obviously,.a very 

- strong candidate to be chosen for recording information at all subsequent 
stages of the experiment's data processing; and b) thedecisionon whether 
or not to install a dedicated high-speed link between the online computers 
at the REP experiment and· the computer center.; It _has a strong impact· 
on' the feasibility of generating the master DST: in ;ne~r;:_re~l time. For 
example, we could assume the experiments will succeed in keeping the 

· · total volume· of events that they record dowp to twice the volume of the · 
events. -The accumulated-volume of raw data would be 400,Gbytes.at the 
beginning-of the period;. and 4000 Gbytes at the ,end .. The-~verage s'ize of 

· the raw data for each event would_be in the range of 100;-250Kbytes .. · · 
· To compress the raw data, we should take into account .the possibility 

'of running a filter/ compress pass.after acquiring the raw 4ata, but prior 
to generating the master DST in order to remove background events to 
compress data from certain detectors, and to_ apply calibration correcti'ons~ . ... . ~ . . . . . ~ 

-For example, at least.a factor·of 4.would be needed in ord~rto make such• 

'2 
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~ 
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' 
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a pass .wortlnvhile_. _)f.a filtt;r( _con~pr,es~. pa~~-- is, carri~d out. in r.eal-near 
time at the .. experiment .then it. will ,have little. effect oi1 the cori1puting 
resources needed~ On. ti1e,otl-ler hand,' if tl;e ~aw data are moved :to ·a 
computer. centt·~ to run tl~e filterf.compre~s progran1s, a~d we assume 
that 5 se~jev~1;t:proces~ii1g tiri1e' is. required ai;O that',' the' data from one 

• • • ~ . ~ - 1 • .' • ; ~\._, • ' ' · ; ' ' \ ' • , 1 t 

beam period is completely processed .before: the next one starts, then the. 
pmver proces~or requirernents ~re'still ~~il~:; it~ the'-;ange of '.15 MIPS in 

-.... • ·- ·~.:,· ',,~,. ~.:·' '' _,l..j~: ;,~ > J • •• :! . . ' 
the first'year, .5 _MIPS m,the second year and 1 MIPS m the last one. · 
3;-G~N,~R;\.TING,ANJ;l MAI~':!-'~I'Nll'H;;THE M;\_STER nsi· :·. )' . 

When an eventhas been captured b)r the onlii1e system, or gerierated 
by it simulatioil prograin, it must b~ proc'essed to prod~ce a COllCise SUlll

mary of all of the information (DST for Data Summary Tap'e) that is likely 
t~ ·be u~'eful :i~~ the st~b-sequertt pliy~i~s···arialysis. The. nl'aster DST ·is the 
refere;tce copy'Jrom ~l~ich ~ll· ~the/DS.Ts' al~e derived.:· The experiments 

)1. .- .'-' : • • • : • • .'• •• : • • • f . '. - ' ' • . • ' ; t~."" , .. 'l < ' ' 

are .studying carefully the infon'nation that will need. to be. retain'ed iri 
th~-~~la~tet· DS'r. It will, .in g~ne1·ri1;'i;~ important. to''b~ able .to c~~ry. out 

.· :,·'. '_.. . ·.. .• :. ~--~·:. '·' l ~t· ,) ·''i"•"'\c_,-,1 ·--~'('""' .--·: ·.,(<i ·: ' ),·, 

somereprocessingon these data, since thec~st 'ofhavii1g to·re-access the 
raw dat~ in :a rand~m V:,ay. is likely to be pi~oiiibiti~~ on any, large' 'scale. 
Eco~lOI~liC. fa~tors will impose '·the. us~ . of. two~l~~elj storage. hierarchy' for 
· .•. ,,. ' 1\J.~_,..,, .j· ;.. }0 r ::-:"' •1 11-:,z~~ . .; .... · .· ·\; _ ~-, ' '· · - .. · ·."-
h~mdling,this huge voluri.1e of suiniuary:--data. Thephase.·of the processing 

' l' ~ .~ • •·. ; 1-fl ' ' ":, ~: ,~ _ _;.:,.I': ,; ,;·:. ·•'• ,•, \ "''~j{ >!',·· l,c , '•' 
1 

• •• , 

from. raw to master DST, that. was often constdered as the mam batch 
prod~~tion ·load.;· invol<:es -l~e;.tvy CPU' ~nd · I/0 ~i:~qt;ireri1ents .. Generally 

• • - " • • • ' • ' j -' j ' ; •• • • 1 " l ' · I • ~ · : ·. · ~~ '· ·· · I • · • • · ; ,,. · · ·-· ' · ; . • 1 •• • • • • . • ·- - • , 

each experiment· would luive', :w·orldwide', 100::-.300 collaborato'rs working 
.: 

0 
: •• ,.~ •• _.,;)' ;t: _, ~ '·····t~t··~~J''"'' "~·~.,- f _,~ ' • ' ,,l_' .; ' 

hea'\;ily_pn: computers ·and the 'physicists' would~be',workillg_in ·about 15'-
1 '-" . ' . ~ ' ~ '.. " '"" '. '•1 ' . ' ' ' \ • ' 1 "-:' ) t' . ' \ '( ' ' '· --~ t. ' '\ ' ' 
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.30 siuall teams, each of them working on an area 
1
of ,the physics amily.:. 

sis: . A C~llside~abie'' pr~J>Ortiol~' ~f tll~se' tean1s'•(;perate~ offsite~ •. The' tean1 
:nsT· fo~~uats will i-io~~~-.-~ny contain a ;,·J{of ch\ta' ext~acted'Jroi11 the· ~~1aster 
DST' ~on~isting''eith~l.· 'of a subset> or'tli~ e~~nts, or. of a subset of sunuilary 
d~ta: 'for each evei1t. :·Wh~n· the si~~·:6r'iliis 'tean1· DST: exce'eds: a:' certain 

' • ' ' l <, ' ' ; \ , ) , , ' , , ; c : ' , A , , • '\ •·' ; , , , - ~J '· • , . ,. • • . ' ~ , 

; threshold, it. will· be __ 1iecessary to split tlie. teai1i 'DST, into a full tean1' DST 
'ai1d a 'condensed t~ai-l1 DST. Ea~h'ili'divi.dual'physidst\vorkillg -~nan arial: 
ysi~:~ill'ha~~ a per~orial set' ofsui1'ln~'a.i·y, data sele~ted 'from tl1e team DST 
at-id d~aiit1g 'witl{ ~~enfs 'of ii1terest 'iiat11e~h)ers~n:al DST.·G~i1erally at this 
level,: hwst" c;f the 'data retaii1ed • wilFb'e' iiiteracti\\-ely' selected com.ponents 
(or "n-tuples" )of th~ ~u'•im1ary d.ata~ ' . ' .· ·· ··· · · 
. : · For . exari1ple, provided thaf th~: ~Jiperiments 1 can real'ty manage to 
ke'ep the 'volun1e of the data 1uaiittahied in the 1~1ast'er DST down· to 20 
Kbyt~~/e~ents ( the·average size of each event Jnit}{e-·i.11aster DST·w"ould 
be in the range of 10-120 Kbytes} then the overall'voiu'rri'e'of'each experi
ment's master DST would be about 20-Gbyt~;'~t;til;el1d.ofthe.first year, 
so Ggyt~s-at tl1e end ofilie 'sec'mi.d yea6md 200 Gbytesat.th'e ~ndof the 

5'last one. We could also' estill.mte tl1ahlie personalDST l~as a volume of 100 
.. Mb'ytes, correspot1'ding 'to ~oughly 2.00Kev~nts with 500 bytes of data per 
.. 'event,' or 2 M 'events with :5o' bytes· of dat~ ~rici1.'· Siri~e' the time for physics 
'wol.ildbe'lhnited'to soii1e3000 hoursfy~ir this processing capacity needed 

:::.~;!,-\· ~) -~'<' -. · ": ,,~:t::· ·~~ • .. : ~~ ,,: .. ~-;)·;,:· ,-,~~ '!·n:-: :.:t~-->_-, -, -~; i.-:. _._. 
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to generate the 'nsT in near-realtime will. be 'potentially ·available; out.;. 
side the beam periods, to re.:run the 'processing roughly twice. The time. 
to process one event from the raw' data to the llUister DST stage could 
be estimated in the: range of 20-40 sec and the time to' fully simulate an 
event might be r~duced to 60-iso·'sec'·:,:n is po'ssible to.'generate "fast'' 
Monte Carlo event~ in time ~ro:3·.:·s 'sec·:·. Using' th'e 3o sec processor time 
estimate andthea~erilge d~tataking'r'ilt'es for'events during beam periods 
of 330 events/hours in the firsty~ar,'IOOO event/hours in the secorid one 
and 2000 event/hours in::the lastone, it cari be seen that'th~ requir~ment 
for the processor. power i~ 3 MIPS; SMIPS and 16 MIPS respectively. . 
4-ACCESSING THE DSTs ' ., ' •·~ .! " • • 

In the selection of th~~ computing.~~sources needed to access tl1e sum-. 
mary. data, we n:.{Ist take int~ . account. two. niain.' factors:. a)·. tlie extre~ely 
long batchj~bs ~hic.h run through the master DST irl.order to generate 
teani DSTs, which are , in turn, 'processed to generate persomi.l DSTsi 

. and b) the interactive work.load or' the individual physicist. Because of 
the processor 'resour~es ~nd longreal~tiiue ~1eeded to run the batch jobs it 
will.be import'ant fof. the' experhrients to optimise their workh1g methods~ 
very long bat~h job~ .;ill 'be neei:IElci to~elect iriforihation or event sub~ 
sets from the ma'st'er ·b'sT, arid tf>' fi'n~li~~ physics'a'i~alyses;. Because' of the 

·· · " '· ' · -· 'i i ''- ·' '"" ' · ' ' ' _i r · \ ; ' • '' ' { • · .1 ; ~, •••• ·, r\- ' <" ,. .• :' ',. r 

importance of efficient DST access for high:.'statist•cs physics··we would.'cei:<. 
tainly·e~pect that _in iiE:P experiments-considerable atte;iii'on i~ focu~s.ed . 
on organi~ing this·. acc~~s: ·, It is re~~~n1'e~dabie;' t'Ji•ilt • th~ heavy'searclies 
through the DSTs. s~ould: ·~~ carried .. ~{;t' using'' batch . JQ~~: ( ~h.ieil [ ~()til_d') 
be_ generated: on'. the w_orkstation) r~I~i1ing oil~ a 'maii1fr<irne.'; Thes~:DST: 

. d~ta must .b~ .'m~naged '~utomaii~any; :~~i:l it' .;.,~uld be:highly d~sirable for 
~II of the s~hset DSTs t;c; be iield. ~n. direct access ·st~rage. Fo?~-x~n~pie~ 

. sol1117, t~_st_~: s~?~- that ·hla.king.}l1~t';~r~t, simple ~~J~.ct.~~n f~o~~ ~~n{()~1g .i..Jfe: 
~v:e_nts.m 1a master.DS.T r~qUir~sab?ut 20-40 nunutes,of·pr~cessor t1!ue. 
per Gpyt_e,~~~<?~respon~i~g to .a·p~?ces,sing ti~~,-~f·~q~u·~·-~~ .1.1.1~~~--~? d_(l~( 

- ~ith _each event. -·~The cfar: more corriple~-' criteria n~eded ft;)r $unsequent .. 

.·· ~~je.ctjo~i .. iipi<fci~~~-i~~IJi~:e.~~~~9.'~fl}~~~(~r)~~~~~~?r. ~~~~f~,fr,¢'~~~f~f·~··•-: 
-PST: The·data,transfeJ;'. between: the p~rsonalDSTs·and·.workS:tatapn co.uld ·, . 
,. ;_. · ~ · ·• t 1 • ~~ . • •·• -.' ,:.· • r• .~ • .\ • ' ' ' · • ·· .~ ~ . · '·· .. ·:· · ,; · • :· • _,. ·' ·{-:- .·.f- 'f ;.. • • -,.. ~ «"'·' f .' •. · " ~· .~ ~ • , : ·-• , _ :.;.:;: : •• • •... , ~ ."" 
. average ·some 2.5;,30 '.Kbytefset for'each~·expel-iment,:.as.Suming~tha(~~atlil,< 

.. 

i pliysicisf. is·.~~lo~d,"to. feiriil<i:ili8 & .. Mby~es a<¥1~~·iy~~l! 5J:Wjl1~ t\Yic~.qiliiy~: -~· ··• · .... , 
' . ·. ,·.···- .. ·!'-.,· ·· .. -,·' ~.-•... ...,. -.,.·~ .• -~ ... ·:·-·· .. :.;_·.:·l"-,·-,--.>:.~ ... _.r .... -.:·.· --.~---(:"·'.::.t-. ---·--~:·· .. ; 

.'',Jf~r ~omp~rtson, the. CERN ~omputer.Genter was. eqUIPPt:ld With a;total;, 1• :"": 
.···" -- - .. ~--: \--- ..:_,_,,:,''""....,: .:· ·.·· ··.'•' -~----·· ;·., _--·~·.'·--:····;. . •. -;_..;;..-~-.!, ~";_f,t_:·-:.·_~·~- .. ~-~-,. ;, ~ 
.·ofabou~ 150:q'f?y~es.:ofdiS~ spa~~, a,n~ ,the·.t.~~~l;,~ap~;ni_o~~~mg 1~er~g~,a.; ·.· :·c· 

::·.t~~±~~~tJ~,-~~~~~Iit~~q~ ... ,_•:·,t-r:;~·:.;:~/;:;;i~ ?,~.::}:;:··i_ti·.~:~~:···.t.,.:::f:: )·~;·:;·•·:!·.·.· .. ·· r·:; 
: ;,.c· <.Wlien :the·irif'orination·. oi:L-e.vents' ·of interest ;Jia.s· ·bE!en 'j.ed,ticed :to· :·a:~ •• ,. 
~ ~·ari~geahl~.: ~~ze .. it: c<il{·b~ lll~u1Jp'rija~~~ ~Y ''th~ i9~i{ri~~~(}l6i{~¥s~/wit,h' · .•. · 
. a· y}ew. 'to .l}n~erstani:ling 'and; ~xtrac::ting ~~he· p_hy~if,s)nfo:!n~ti~n =-~~0~ i ~~e: ' 
event~.- The'·~cti,vities involved a~:e ~1~my,~arid_jri~luqe: d~ta h}~t.o.~ramin·g;~ 
data: _fitting; ;simulation''()( physic's p~o~·esses ~ co~sid~r<it!?.ll :,'<>f: dete~t~r. 
and analysis pr{,gtam responses, .event scarin'ing, ;assei'nbly df-·gfc.\p}!ic .. and, .. ; ; 

~ .. ~ • • • > ' • • ~ • • • • • "4" 
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textl1al results to generite publi~ations, ·arid so forth. Taking into ~ccouU:t 
the rel~ti~e· merits of ~~inframes 'and .'WOrkstations. for carrying OUt these 
tasks, .'we· ri~~ have 'a consensus', a'b~utmuch b~tter functionality: and per~ 
fo~mar;,ce. rif workstations;: and ~~pe.dally from' the much improved \vork.:' 

. ing environment;th~tthey providefor t'he pr~g~am development; pr~gram· 
testing, and graphi~s; a'reas whicl1'are clearly: crucial for tliis a~pect of HEP 
co.mputing. Workstatio~s offer a goodd~alofflexibility to the HEP e~per: 
iments sirice they can, 'at·. ~atl{er short notice, install more, and· adjust· the 

• c • - • 

mix of' simple and advancedgraphics.~apabilities .that.they obtain, while 
remaining .with. a range ~f compatible .products. For interactive physics . 
analysis,". Personal.Workstations with a capacity of !MIPS are considered 
more cost. effecti~e than big mail1fr~mes of 30 MIPS supporting 300;users 
or superminis o~. 4 MIPS, supporting 40 users" .(3]; , ., . ·, 

·i ,;i•} 
_;,·., 

Il.2- HEP NEEDS:FOR DAT;\ COMMUNTCATIONS NETWORKS 

.• i "; • ~ .~: 

"Networking between-computers at the experiment, at the Computer 
Center in each HEP laboratory is essential for the func::-tioning of the 
field" .(1] Computer networks. must provide .. physicists 'with the follow
ing functions: a) terminal,, __ access.to.~re~11ote co1n}:niting resources; _bf 
electronic mail; c) file ·.tra~sfer · bet\veen ~uiy . .two· computers; ·d) -remote 
job entry androutput: retrieval; eY autOinatic;upaates; a:iid.:status:reiJort..:' 
ing, between remote program)ibraries and databases; f) and irlterprocess 
~ommunications: be.tweeivtasks rui:ming oil rei~1'ote --~OJ:~~p~-ters ... ~-- -·..- .... :.·; 

To transfer, large:volu!nes (Gbytes) of_data.at high _speed '(up:t'o 1~ 
Mbytesfsec) .betW.een .the' d~t'a acquisition c'omputers'at' theHEP· pit and
the _computers (where the experiments will carry'outothe subsequent pro-:· 
cessing) will be. likely essential. · Generally a. significant· fraction of the 
co'mputirig for HEP experiments should be carried.out·offsite/ The. true 
·decentralisation. of· HEP ·processing will not .take :place unless· high barid-_ 
wi'dth com~unication··channels are .in·plac~;_·,W.hile 64'Kbitsf,sec connec
tions may be sufficient for individual institutes,' all powerful regional cen:. 
tres aiming to. take a major r~le in HEP processing will need C()nnections 
running at.lea~t at 2 Mbi.tsfsec: · . - ·- .. . . 

:III-. .THE QUALITATIVE MODEL OF EXPERIMENTALDATA. 
PROCESSING AND BB -•A~CHITECTURE IN THE COMEJ( 
SYSTEM.· 

Since.much of HEP analysis is a continuing multi-user developmental 
activity, a general computing facility will not be effective unless it pos
sesses a wide variety of productivity - enhancing features as fast interac.:. 
tive response,Jarge memory space (real and virtual) per user, adequat~ file' 
spac~; ~· multiproces~ services. for i~di~iduai ~se~s,. sy~tems' mariagements, : 
and proc~ss monitoriilg tools available to' ~any ~~~rs,· net~orki~g, graph-

5 



ics facilities.and high precision ;computing.' Ainong' the mimy elements 'of 
the HEP computing environmerit, personal work~tation will reva'lutionize' 
the physicists'.working methods as their!po~er 'incre~~es and 'th~ir cost. 
falls. · < •. ·· · :. · :" :·.:. . "': ·.'< ; ,·· '. 

The following issues aricrucial for the ·HE.P ~~perit'neiits: , . . 
a) Will this processing be pe~f~rmed in near-:real time ?<b) \Vhich t~sks 
will be processed'-. af th'~ computers· belonging to the experiment; ;at (or 
clos'e to) the ~omputer center;' at the personal workstation 0~ at regional 
J individual institutes; and which ·links·/' com_munications bandwidth will 

. be used ? c) Do the•raw data have to qe recorded using the' same storage 
medium as the master DST· (the degree of media· compatibility) ? d) 
Will it· be necessary to' re-process the raw' data, iand where would such 
re-p~ocessing be carried o'ut ?_ and e)-; Will'it be necessary-to :consider the 
computer resources that aiready exist in the Institute. or outside ? · 

In figure 1 we ·can see a general view of theCOMEX Computer Aided 
Assistant designed to define computers for HEP experiments. 

• ' • ' ' •• ' ' \ < ' ' ~. i ' 

>i 

·q:. ~: , I 

-DATA PROCESSING PLAN AND ORGANIZATION PER EXPERIMENT''·' 
-REQUIREMENTS PER TASK. OF : PRO~ESSOR POWER; MAIN MEMORY, 
DATA STORAGE, DATA MANIPULATION, and COMMUNICATION/LINKS 

, .. I ..... 
' . t 

-QUALITATIVE MODEL -HEURISTIC KNOWLEDGE .. -EXPERIENCE i·· 

-STRATEGIES FOR SELECTION OF: PROCESSORS, .DATA STORAGE; OTHER I/O • 
:DEVICES, LINKS/ NETWORK, DATA PROCESSING, ORGANIZ/aioN,'ANDf'LANNING 

" -COMPUTERS BELONGING TO .THE EXPERIMENT 
-COMPUTER CENTER MAINFRAMES 

· -PERSONAL WORKSTATIONS. '.: '' '! 
-CO~MUNICATIONS LINKS/NETW9RK . 

AND . 

'· 

~ DEVICES DATABASES 

FINAL MULTILEVEL CONFIGURATION PER LEVEL/YEAR 
-UNDER COMPUTER AIDED ASSISTANT CONTROL 
,-USER SELECTION ; . . 

Fig. l.General view of the COMEX Computer Aided Assistant 

III.l- QUALITATIVE MODEL ·, 

·+ 
TEMPOR~L DATABASES 

;t, 

In the'inathematicalmodels, immerical or analytical calculations ('vhich 
will be referred to as quantitative reasoning) are made. Ani.athematical 

~ l ' '" ;,>: ,., : 

6 

1 

~) 

"' 

~ 

) 

solution.or r,esultis,obtained which. in some way models the actual be~ 
haviour of tlie. shtem.< During the last years work has been cari-ied out on 
the d~vel~plllert' -~f qualitative models of HEP e~perirn~nt~l data'process-' 
ing systems. In these. the' mathematical model is replaced. by a structur~! 
description of the systen;. Qualitative reasoning is· used 'to p~ovide a b~;. 
haviour'al. 'd~~~~iption which' refl~Cts the' actual behaviour of the system 
itself .. In ou~ 'problem;. ~e co'mbine the mathematical and the qualitative 
model inordi!r\to: ~fficie-~tly use their properties, Qualitative'andquanti-
tative appr~aches;t~·.n:odellirig' are depicted i~ fig.2; [4] ' ' :;;·,,.· . 

• ! . '' '\ . • ., . ' ; ..- : ': ": ~ • ' ' ; ~ ·' • ! ; "' :• 

: ~-

.,, 

' ~ ~ 

·,·"': . ' .. ) 

' 'MATHEMATICAL·. . · . : , · 
MODEL ·numerical / aualitycal 

•. ·\J 

. MATHEMATICAL 
SOLUTION· 

. . , . .;, · Solution"_: . •\,;·,:: .,., .. ,:. 

t 
· l rc)neseJits 

.:· ;·~~.P~:(!~~!~)~(!(lhy• d•' CT --~--~··. 

EXPERIMENTAL. " ·· ACTUAL· 
DATA PROCESSI 'BEHAVIOUR 
SYSTEM ,(REGIME) 

l 
i i '. •·' ' .• 

reP:teseut~d bY: ,'t ~,., f''' • • • ~- • ; • · . ' . ·' ... " · •' 't represents : !i i l 

STRUCTURAL BEHAVIOURAL' 
DE~CRIPTION • ... reasoning , . DESCRIPTION 

,, 

· .. Fig,-;;e·2. Qnalitati~e and quantitative ~~p1·oaches to n1~deling · 

.:··,;:\·; :--; __ . ',~~1;;~_-:\.:__ :· : / -, ';_ .~ ;-~:( ;·,.,·. . ,:·," .---~_.·-~ ' ' 
The. use pf a qualitative: reasoning rather than a qua.ntitative.app'roach 

was necessary. to n;ake infere1~ce~ ·on the basis ofiit.tle inforn~atioli (il't 'such 
cases a quantit~tive approach would;.;ot be. f~a~ible); in o~der:to be able to 

'express justifications in appropi~ie t~rms; 'and. ~h,ere conlpl~i:e infor't'.=.ati~n 
necessary for,qu'ailtitativelii.od,ellir.;g is'iu1av~ilable or unobtaiti~ble,'\>Jiiere 

• it is too complexto be used usefully:'o'r whei:eiti~ irrele~~nt'to'th~'ph~
pose of the modellinge~er~i~~. :The uncert~i~1ti~~-h~·~n 'e~timates ofHEP 

· comp11t~ng requiret,~ents are. h~~·ed ·~t l~~t 'ori the,follo~iijg Jact~rs: .. ~) In 
experimental physics it:~~ impossible to plan fo'r the coril.puting require
ments of the'.H:EP .·experiments· i1~ tod .much detail,' .hecause:'niany:.things 
may change betweei1the begil~ni;1g'a1ld the e;{d"o'f tl1e experiri~ent; il1dud
ing ideas' abciut · .• data r~tes, . det'e~to'r performar1ce, accelerator' sch~'dule~; 
arid. tlje.physics 'topic·~·ofcruci~I int~re.~t: b) 1 'Th~ rate ;;f accu~nlilaticin,of 
events is. likely to' inc~ease'sigiliflcantlybet~~e·n the begirmilig a:nd the end 
of th'e peri.o'd,.~ndthe~'e. ~ill be a'~teady'g~owth i~'.tlle numbe~'of events 
· ac~urrmlated · (which· gov~r~1s tl~·~ ·size· of' the ·niaste'r DST) :: c) Tlie place 
where the yarious computing tasks should be carried out is always opent'o 

. disc'U's~io~: ·dJ some ofthe· estin1'at~s appear so' hfgh th~(the researchers 
· · makirig :them ha~e . been tempted ·to. understate. s;,me expansion factors 

• • . • - 'L :< t j j . . -.•. ; . , . ' ' i ! ·- j ~ .; -· . < ,, • ' - ' - ' ~ • ..- ~ 

: whi<;h,~xp.eri~~c:e,.~~l.l,s -"~ ,w,ill J~ re~\lifed.' e) ~h.e ,systen;t i~ no~ wit~o~t . 
feedback.; As researchers start to understand some .of the.' problems of · 
dealing ~ith th~'d~a.tlu:;y· ;1;itY'~ai1t to take.dHferent approaches. ·qiial
itat~ve re~~oniilg ope~~t~s on. stru,~tural description' o(the_ 'experimental 
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,'-. ; t ,_, . ·,• '' .! ~ '" -.' . - ' : ·, " . ' '', J ~ ,.,. !,J ' ::.. -~ ' -' .·'- • :" ' . } ' ' 

data pr:ocessing system being modelled. Structural descriptions" are 'com..: 
posed '_of descriptions ~f sy~t~m c~mponents:' tlieir' bel:la.:i~h~~s,· 'and, thE! 
connections betwee~. 'c'o~ponents .. The res~lt · <>r.a'pplication of ~~hflii::t~ 

. • "" ~ -~ . . ' ·• ' ' ' - . '.. ~ • • , , i. . ' :I • . . ' ~ . - . . .. ' :· . 

ing qualitative influences on a parameter was indeterminable without fur-
ther qualification of.th~ qualitative influe11ce"~ to''d~ter~h1e 'whether the 
next influence ~n the paran'I'e"ter causes it to -i~creas~ 'cir dec~e~s~: The 
combin~t~rial exp.losi?? _c~~~ed,~y: t~~-~~r~~d~ing,~~~~1~:.ie.~~r~~e(!i';l ~he 
productiOn of all ;possible behaviours .was.·· tackled : usmg. dori1am specific 
knowledge· to prun~ 'tl~~ ·nu~1ber of plausible beh~.;iours: Tl~eib~·haviour 
of the system as' a whole is described through the interaction of compo
nent behaviours propagatingthrough·the connections. The representation 
of systems thf'ough ,st~ticturaJ description are characterised by their cen
tral emphasis on components, processes, or c~nstraints of'the model that 
descril):e'the p~oc~ss to deflne a multile~el ~omputer system ~equired and 
the HEP experi01entaldata'processii1g:· · · , , · , : ,·· · i _ 

The- qmilitative model incorporate'd,in.this ·exp"ert sYstem· wbid~ a:Iso 
'included heuristic knowledge, was used as a resourc~··r~~r rea5oi1ing about 
sit.uatioilS ih w!lich heuristic rules us~ful forsolvii1~ coinniori problem case's 

; c were. iriadeq'l!ate,. ':fhe mod'elling of, kno~ledge in a t~sk-,ii~d~pender1t forni 
, .· ~ ' ' . " . . . . . .. . ~ •· • -~ •· ,.·_~:- . ... ~ .... ;._ .... t > " ~·' : •• 

to ,pr:ov~d~ .'the''hasis' for reasonii1g;frl:!l11 '~first)prinCiples'' was resolved 
. 'witp: th'e' use 'of task..speci~c .· exp~rt,ise.: ·Furth.~imor,~_;tl1e' use :o(~1euri:;:;' 

tic knowledge w~s n-~eded· to guide' ~ecourse to: ''fir~t: prin~iple" wh~n the 
. " . ~xp'efience.efailed~[5fln the qualitative model~ of experimental• data' pro-

;, ... ·' ·~essirig,~y~t~m th~-sel~cti!Jn of qu~litative''descriptions.depended on th~ 
·}ho~en · persp~Hi~e.\-vhi~h 'fo'cus~s upm1 parti~ular stf:tte's al1d state chang~s 
' .~~ich ar~, int~re~tirig. ~Tli~' aspiration' ~as: ~o'capture exp'ertise i11 the 'HEP .. 
, experjme'nt~l·aa.t~,proce~sin~· an<;{ in).~~ ·9es~~n ,:Of the, op~irnal~ol:1figl]ra-
• tion _!->fthe .mul~ilf7vel:<~ompi:i~~i: ~yst.eri-i·.:required td 'process iL' 'It is this 
'.desire_ ·wpicli ~~r~Ct-s. the ;CI~~ice of the •. quaJifatiy~· stat~ :desc~ip~ion~ ·arid 

I 
' 

·.} 

. ~~~~.~:d~~!t~:~?Ti,ti:es. • ··;·;: '·. d.·,~::_ '? ~·.: ;·;. : ... ,.,., . .. . •: · . J : 

: 'UI.2- COMEX IMPLEMENTATION. . ··· - ., ··· · . · ' 
.·;~;:.~L' .... :" .. ;·.;:··.':· .. '\ ..... ···: .... · _·. ,.._., .· ,· .. '' 

, .: ::To provide th,e:experimehta~ data p~;o·~essing'iequire~l~nts'and resources, 
:!\~'~"'· ., .• '.·,/· .. -~-".' '>'_\ ~- .• ··. ~:"'' .'.·-~·- •.. ,:, ,t ·:· •••.••• ·,_-·- • : 

' \the model includes three variants: of niultilev:et j;omputer'system:.',; .....•. 
. .1,~.c?inputer:> helo~gi~g t~ 'i~~' experin1eiits (first''level) '+ copiput~r' center' •. 
:.:mainframes (s~cond l~y~l) +personal workst"atiol~;(ihird level):+ coinriiu

niC~tions links-· -. · .. '- .· .. ~ ; . ' ', ·-~ . ,·;:•.' ~ ' ;--: i .·::' ' : 

· 2--~o~puter"c~rit~rm~inf.!am~s·+ p~r$011afwo~k~tation + :~on)rnin1i~ation~ 
L :links.,,:·,::·.::.·'~-.. -·:.··.·:-. '\> ·: • "'·:.:>'J···t·.- .'· ··; .... : -.. ·. 

-·~3- cq~putet ~enter mainfr~mes +- conhmhiicati~nslinks:; ': •' '. . . . we used: the te.rm' "pe'r'son1ll work~t~tion" 'i~. identify ~workstation with .. 
· ·pow~~ful ind~pend~~t p-ro~~ssirig-·f~~ilitie~~· for 'exathple_l __ MiPS ·of proc~s~ 

. : sor' pow~r, iso Mbytes ·~r data storage:,· 4 Moytes' of main'memory 1ln'd 
"i~putioutput devices.· "'· .. · '· · ' · · ;·:·. ·. 

·,· 
~-

·'' 

~ ; 

1-
. ~ 

·"The' HEP experimental data processing can be divided in six main tasks 
or steps: a)- acquiring arid compressing the ra~ data;~ b) Monte Carlo gen
eration; c) :processing of Monte Carlo• events, d) generating'and maintain
ing the master DST, e) accessing the DSTs, f) -and extracting the physics: 
Generally, in a 'multilevel organization of experimental data processing; 
the comjmt~rs belongiilg to the experiments are used to acquire and· com.:. 
press the raw data and the' computer center mahiframei·are used to gen
erate and process Morite Carlo ·events, generate and' maintain theniaster 
DSl'' a~cess the DSTs and t~ provide a part of the processing requirements 
torresponding to the extractin'g the physics. The- personal•workstations 
are· generally used to provide the interactive workload ·and to extract· the 
physic~. For COMEX system; iiJ:every level we can perform every task or 
a.·: part of it:: Only the restrictions are based cin the logical user conception 
~fthe.task distribution on the lnultilevel data pro'cessirig system. For each 
variable of. model, the us~r can take optioriallythe•expert•values that as-

' ,sign traditional values taking into account other variables 'correlated .. (See 
:' 'fig.3) . - . . . ~.-:, 

THE COMPUTERS. BELONGING TO _,THE 'EXPERIMENT 
I ,sH<?V~D BE U~ED TO. PERFOitM THE FOLLOWING TASKS: 

1 ·~,ACQUIRING AND COMPRESSING THE RAW DATA ' 
2 MONTE CARLO. GENERATION.· _ .. 
3 . PROCESSING AND MAINTAINING OF MC EVENTS 
4 GENERATING THE MASTER DST. ' 
5 ACCESSING THE DST's 
6. EXTRACTING THE PHY~iiCS 
7' DEFINED BY THE EXPERT SYSTEM 

' ~ '. . ,. ... ·. l 
Enter numbe1·(s) of value(s),_WHY for mformabon on the rule, QUIT to 
save 'data entered or < H > for help - · ·· 

Figure 3 · 

'·The input· data are_: . , 
·' · 1) :Time series per. task (their lengths are.less: than• ten: years,due to 

. technological' and price reasons) corresponding to the ; processor ·power 
needed;(See'fig. :f);. the -~verage size and.,the minimum segme~t size of 

,file's, the ,accumulated data·volume, the.data .transfer. rate. required, ·the 
' number. ~f physicists :and teams, the'. daily average; interactive workload 
per physicsarid the disk storage required. :. ·· 

::~.. :·t<· _,..,'. 

( <~ 
~L 

INPUT REQUIREMENTSOF CI'tJ~P-OWER iii' MIPS per TASK 
· ·_ .-' I YE~fC -ACQ&iCOMP MONTE CARLO PROCESSING 

:, .. ' 'RAW DATA GENERATION MC EVENTS 
GENERATION ACCESSING· EXTRACT. 
. '•' DST . .., ·- .c'·DST's ·'PHYSICS 

· •. , 12.0 •... .~;;32.0 ,..- 8.0. 
32.0 . ' - .•. 36.0 . 8.0 
64.0 • ; ' .• .- ' • - 52.0 " 

<1989 o.s ··.; 16.0 4.0 
1990 '!1.0 48.0 12.0 
1991 . 'L5 96.0 24.0. '·8.0 

~; UPDATE'ANC>THER YEAR? (Y/N): y 
-

•-";, 

;''',;,> .. -. , Figure 4 : -~' . ·. _; 
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To input these data a special module was d~veloped that.offers two for
mats : the first oriented to the physicist terminology based on the riumber 
of events and runs;. and the second oriented to users with elemental .~na'wl
edge. about computers. Wi~h user friendly interactive menus (see fig.5), 
this module · additionally . offers per experiment the following faciliti~s: . 7to 
display the histogram and tendency of the time series ; -to input the com;
puter resources that already exist; -to update (including delete and append 
functions); erase and• copy the time series; -to update (including append 
and delete functions) the processors and.devices databases (that describe 
the processor, external data storage media/units, other I/0 devices and 
network characteristics) used to select the multilevel computer.configura7 

tion; -to access to the Main Menu of th~ .Final Configuration Module; -and 
to compare the time series and COMEX result database corresponding.to 
diffe~ent experiments. It also includes a help option that d~scribes th~ 
main hypotheses and .strategiesused in the model. . . ' 

. ' ~ ' ... '~ ;" 

MAIN MENU rmN 
1 
2 
3· 
4 

DESCRIPTION 

-INPUT TIME SERlE DATA UNDER HEP MODEL 
-STANDARD INPUT TIME SERlE DATA.!'' I 
-INPUT EXISTING COMPUTING RESOURCES, 
-TIME SERIES HISTOGRAMS .•. . 

5 -UPDATE THE TIME SERIES VALUES 
6 -UPDATE COMPUTER DATABASES 
7 -COMEX RESULTS DATABASE 
8 -CHANGE THE'EXPERIMENT 
9 -HELP 

Q -QUIT TO EXPERT SYSTEM 
-

SELECT ONE OPTION: 

Figu1·e 5 

2) . Qualitative description of the experimental data processing mo'del, 
·that is obtained from the 'user answers during the running of the;COMEX 
· expert system based on user friendly menus. If you wonder why the system 

needs to know the inform~tion it· is requesting, ask ii. by typing WHY; in
stead of rriaking a selection fro in the list of values. and press the [ENTER] 
key. (See fig.3). This COMEX system· was developed. using' an ·.expert 
system shell with forward and backward chaining, external program, calls 

··~for data acquisition or program execution, .numerical and string variable, 
and rule editor program. The knowledge ~ase consists of IF ;: .THEN -
ELSE production rules with probability J confidence. coefficie~L .There ·are 
two main types of conditions: text ·and· mathen1~tical. · A·;·text. condition . 
is.a sentence that may be true or false .. The condition is rrfade.up of two. 
parts, a qualifier and one or more'values. The. qualifier is usuall~ tht( part 
of the ·condition up to arid including the verb .. The values ii.re the possible 
completions of the sentence started by the q~alifier. Th~ cho'ic~s are :all 
the possible solutions to the problem among which the expert system will . . . . . 

10 

decide. The goa!! of the; exp~rt syste11l ·is to'select the most likely choice. 
based on the d~ta input/or to provide; a iist 'of possible choices arr~nged 
in order of likelilio~'d/ Th'e choicescan· be·item, action's, etc.depe~di~g on 
the:sub::problem. The system keeps track ofthe probability of all possible 
soluticiiis and· displays a list· of all possibl~ soluti?ns ~rrarige'd ir{ order of 
probability. ;The user Cal~ i::h'eck to see what effe'ct)(particulitr answer h.ad 
on 'th~; conclu'sion ·~sii{g'· ,;ch~nge and rerun'; .co'minaud;' 'You ·may 'th~~ 
chang,e any of your ;nswers :aild rerun tl{e' system' witl;· th'e rest of the 
answer held COI'istant (See Fig.6):'•ii ' ' '. ' ' 

~ ~1 .;·0 ~·~ ; v ; , '_, • '-. <\. ! - \; 't' ~-· ~ • ;•r, i :.J, : • •: i ~ • 

RULE NUMBER: 121 
IF: 

(1} THE COMPUTING FACILITIES OF TilE CO~IPLITER SYSTF:~I WILL INCLUDE 
COMPUTERS BELONGING TO TilE EXPEilniENT + cor-IPLITER CENTER i\IAINFRAMES 
+ PEHSONAL WORKSTATIONs+ CO~I~IUNICATIONS LINKS or COI\IPUTERCENTER .. 
MAINFRAMES + PERSONAL WORKSTATIONS+ COI\IMLINICATIONS LINKS 

a1;d (2) THE~DATA PROCESSING ORGANIZATION ClF TIIE,IIEr' EXPERIMENT ,IS BASED ON 
THE RESOUilCES IN THE INSTITUTE WITH ~IEDILI~I SIZE NUCLEAH EXPERIMENTAL 
FACILITIES or THE RESOURCES IN THE INSTITUTE WITH SMALL SIZE 
EXPERIMENTAL' FACILITIES . :;c· ·: .": :c::. > • 

FOR CARRYING OUT INTERACTIVE COMPUTING TASK•\\'ILL BE USED MAINLY 
COMPUTER TERMINALS or COMPUTEH TEHMINALS AND PEHSONAL WOHI<STATION . 

'•i 

THE DECENTHALISATION OF HEP PROCESSING SHOULD BE MADE USING 
FLEXIBLE ACCESS WITH MEDIUM DATA THANSFEH RATE CHANNELS 
(64 Kbits/sec) · · 

'.::·, 
~: j"") 

Tl1e COMEX system. tak~s into account the a'~;nual cost~decrease,facto'r. 
! per de:Vice type in hi; calculatiori. a'rid the error 'percent in .the iiipilt' data: 
·Which ·affects the level'-'of C~rtainty in the results. :.L. · ·. . 
' · Dl1rhig the running, if 'ne~essary, the COM EX syst~riuisks about ai1o 
offers 'to th~ 'u'ser:t11e facility to ii1put: :_ the 'data corresponuing to there
sources that'already e'xist for experimental data processing; -the aditional 
requirern:ei~t~ ·1ieeded '·to. perforii~' in: near-real j titi'te after data taking the 
gen~n\tion and niainteiiai1ce of n1asfer DST; :.··an'd; the' additioilal'require
ni~hts derived from termin'al' /workstation' prop'orti~il and the interactive 
\vorkload :wl~en they were not t~ken ii1to accciimt at the• initial 'data input: 
To do this; the COMEX systertl'displays'per year·m~d task, the time series 
values correspoiidillg;fo;the'acctin1ulated data volume,' the:a'verage size of 
files;·· the n'ii11ii1mi1i s·egment in 'which' the files; can be divided; the disk 
storage' required, ai1d'·tl1e• processor; power needed; 'and re'quests the new 

:input -val'ue;; for'updatii1g purposes. · · · " 
0 , • 1 '\ - ~ ' - ' . ~ 

·.·. The:variables of the'·model are: 

II 



1) For th~ str~tegy;o~ teer~inal/'YC)rkstation: ~i~tributio~:, 
The mimber e of physicists and . teams, the. hours .. of daily· interactive 

workload per physi~ist, t'heav~rage.in h~u.rs_ofthe c:i~ily t~rminalf ,work
station workload, the proportion of the ~er~~nal and workstationass.ign~d 
to each level and, the,,pr?portion. of gr~pl~ic termina_l / workstation for 
each level. The term~nal f..\Yorkstation distrib.uti!Jn algorithm defines and 
displays the terminal /,workstation configuration,per level and,year;(in~ 
eluding which of,t~em sl1ould be graphic or not)., The,user_canchanceall 
the. calculated values including the additio!1al processor. power .• ~nd data 
stor~ge that the interactive workload ,represents, and take .into account 
these values for the follo'Ying calculatibns and decisions. 

YEAR 

1990 

RAW 
DATA 
·t.o 

REQUIREMENTS OF CPU POWER in MIPS per TASK 

MC 
GENER. 

48.0 

PROCESS. 
MC E\IENTS 
· no 

GENER. 
DST 
32.0 

ACCESSING 
DST 
36.0 

EXTRACT. 
PHYSICS 

8.0 , .. 
-> TO MODU'YING Tl{'E EXPERT PO~CENT LOAD, ~ABLE <-:-;--

PORCENT TABLE FOR THE YEAR : 1990 ·: • . · .:(;" 

-EXPERIMENT 
COMPUTERS 
-COMPUTER 
CENTER 
PERSONAL 
WORKSTATION 

YEAR 

~ ~ " 

'·• ., ;,,' 

. , 
100.0 0.0 0.0 ' :. 0.0 0.0 0.0 

.o.o 100.0 100.0 100.0 ·1oo:o· 23.8 
~ ('_ < ; 

0.0 0.0 0.0 0.0 0.0 76.3 

'DISTruimTION oF cPu AND MAIN M~MORY 
EXPERIMENT COMPUTERS C.C MAINFRAMES 

. MIPS MBYTES e MIPS . MBYTES 
. 0.5 4.0 66.0 16.0 
'1.0 4.0 129.9 '16.0 

1.5 4.0 238.0 32.0 
'' '/~ 

•· 

PERSONAL WORI{STATION 
MIPS MBYTES 

6.1 4.0 
6.1 
6.1 

'4.0· 
4.0 

.->; 

',-" ,, 

2) .For the stra'tegyof s~quential and dire,ct acc~ss.extern~l dat.~ ~t~~'age 
media and units selection: . . . . . · · .• 
. For ~ach task.: the accumulated data :Volume, .the average. size of~~~~. 

the minimum segment size' ()f files, ~he di~k space required ~md the proces
sor power in MIP~._The average data transfer rate,,_the co~t, media volum~ 
and other technical unit characteristic~, data manipul'!tion, number of ter~ 
minals ·assigned to. a levet and interface type, requir~d for 1 the processors 
select~d for each level are;also considered. Based(on the processor. power 
and main memory requirements per tasks, th~ tasks distribution pe~.level,: 
and the percent of each task that must be. performed. in, each level; the 

12 

COM EX system using a percent cross table (see' fig. 7) determines per year 
the processor power arid main memory requir~ments in each level. At the 
begiiining, :the COMEX syi£em assigns expert. values to the percent cross 
table takhig:into account the tasks distribution per' levet and the interac
tivefworkload.; The user c~n change these implicit values according to his 
criteria. Similarly,•itaking into account·the task:distribution per level and. 
the data storage 'requirements •per tasks,· the COMEX:systerri 'computes 
and displays per'levelitnd Year the accunmlated data volume, the average 
size of files; the rriinimumsegniel1t size offile, the disk space required and 
the data manipulation ( media mounts per hour). Optionally the user 
can adjust these calculated values (see fig.S), that will be considered as 
in'put data to the optimal data storage scheduler algorithm. It.selects the, 
extern'al'data storage media'imd units per level and year. 

"' '' ' '~ ~ ' . ,. 

··'(.·; 
" •' ~ .. 

.···TOUPDATING THE 
DATkSTORAGE·REQUIREMENTS TABLE in-Mbytes 

1•>-' 

FOR THE YEAR : 1989 

-COMPUTERS IN • 
THE EXPERIMENT 
-COMPUTER' CENTER' 

'MAINFRAMES 
cPERSONAL 
WORKSTATIONS •... ,:~·c. 

AVERAGE> ACCUMULATED MII'~IMUM' DISK 
SIZE· . · DATA·VOLUME :' SEGMEN~ .<;'STORAGE 

~/h 

200.00· .400000.0 
:,.;,;,· ;' -:..;, 

'1lia;o :, woooo.o ... ·: 
~ l ·' • 

2oo.oo\. 1740000.0 ·;100.0 . 100000.0 

50.00· 1000.0 5.0 100.0' 

Figure 8 I 
. ' . . ' . . .· . ~; . . 

. ,3).. For,the strategy of processorselection: . . . . 
jThe optii~utl schedul~r algorithm deter111ines tl~.~ processorsto llse per 

. , level for each year of the time serie depending on:' -: the previous selection 
· of th,~ pers~nal workstation/terminal configurati~~- ~J1d the external data 
•· .. storage mediaand units; -·the processor power'requireme~ts in MIPS;- the 

riiahi me'mory n'e~ded per. tasks;•,- the. computing precision requirel:l.; _.and' 
otl{~r:·p~ocessor t)Jara:deristi~~ ( for exainple,'. th~•reco~mended nuillb~r 

., .::: or:compute~ in. a ~lust~r, 'tiie' processor' power;· the coproc'essor power, the. 
.: .- :; prb'cess~r:expansi~ris, the coprocessor expansions, the number of channels~ 

•.. ,t ', ;- .; , ~ , . ' . . I ' • · _ ' . •. • " , · ·. ' ·. . ' , , • < •• • '; l . ' 

· · ·.'. tll'e .data· transfet<rate :of the channels, the minimum and maxirimm main 
: ,'_;,rri~Irt6ry. siz~,· the ~~rhb.ry expansion size, 'the word,fregis'te.r;'f~~gth, and 

.. ~~;th~ir:~o~tk).:--~::; <:.,::: !' _-; : - . < : . . . ,·'" :~·. ., 
. -~ ,;:,t;:,'.:j·4h For:the:s't'rategy: of,t>ther i11put · / output devic~s .selection; , , . 
· ~ :;· ::'~: ': Tb'e' .OOMEX,csyste~ ~d~fthes .the configuration: of i~pu t/ d~vice ·needed 
--;··: -;·· t~king.iilto ~~c~u~t·, · rn.aini;Sr; th~ p;eviou~selection ~f the terminal/personal 

.. :_. wor~stafio'n col1figuration; the mthtil~vel struct~re ·and the graphics re~ 
. ~ . Jo.•.'.'<'',.·">_.L•':•. 4,•-• .--• ,* _ . -, -,. .. , .· ... · , • _ :' , . . - •. ~-·· ,~<,, . 

i- • quirements:per: tasks .. It:includes thedefinitioii.'of the forillat; ·resolution, 
. - . inpu't/out}:mt dala rate, graphics capabili'ties' and recommende,(t'quantities 

.... ·d ... · ~ . . ·a· I.. ·I··· '· · _,,_ · · ·. · ·.. ·· · · · .. ; •· ':; ·· .. ;-;<>:.· ... • · • ~·· per ev1ce an ~ve . · · ' · .. · 
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5) For the strategy of links and networks selecti~n::. - . -· 
The COMEX system defines; the data communipiti<,>,ns network ,based 

on the multilevel structure, ,the organization of the processing, the volume; 
of data handling, the. data' storage, the proc~ssor power,' the data.manip~': 
ulation, the functions.that the computer ~et~ork must provide'physicists ~ 
with and the bandwidth communication channels. •. ' ' " 

The COMEX system always combines the. selection c~iteria depending 
on values assigned to .each variable of mod~l. as a filt~r· conditi~n in the 
cost minimization algorithm. In each step, the user can adjust the partial 
results :. · Finally the user c~n change Jhe preliminary configura:tion de-: .. 
fined by the COMEX exped system und~t:. the .computer aided assist~nt 

· control or without it.( See fig.9 Main Menu of the final configuration mod-. 
· ule). Both include. user friendly interactive .~u'enu~ · th~t 'off"t:;r the. facilities 
to update , append and delete records on the COMEX result databa.se 
(that storages the multilevel computer system configuration); to con~ult 
the processors and devices databases; to recalcu}ate the cost per item tak
ing into account the depreciation 'factor 'and quantities modified; and to 
display or print per year and per level the processors, the external data 
storage media and units,· and other I/0. devices ( including printers, dig
itizers, displays; plotters and scanners defining their format;' resolution,• 
input/output rate, and graphic facilities), their recommened quantities 
a:nd tlieir costs with subtotai per year and level. The particular te~hni-' 
cal' characteristics of each' processor' external data storage ni.e(lia/ units 
and other I/0 devices are taken into ~ccount during the processilig of the' 
COMEX result database based on the structure and content' of th~ p:~o-' 
cessors and devices databases. 

;,.' . "'~ ~ ' 
_·._· -MAIN MENU,OF FINAL CONFIGURATION MODULE __ :_._ 

" ; < ~ 

OP:TION. 

!1 .-' 
"2. 

, .. 3 ••. 
4 

DESCRIPTION'' 

-FINAL CONFIGURATION USING COMPUTER AIDED ASSISTANT ., .·;· 
-FINAL CONFIGURATION WITHOUT COMPUTER AIDED·ASSISTANT: I 
- CHECK AND CORRECT THE TOTAL COST PER ITEM 
- LIST THE COMEX RESULT DATABASE . . . . ; '" . 

,i', 

-> SELECT ONE OPTION : 

Figu1·e 9 

. ,r '{'. ' ' - - - ' ·, . . ' 

III.3- BLACKBOARD ARCHITECTURE IN THE COMEX•SYSTEM 
• , , .. I .·, 'f'; ~:~ •; • ",. •. -· • '-':' 

The,·: basic progran~'miJ?g · component;; of typical rule based · ESs·: ~re: 
knowledge base; reasoniilg compoilent (inference engine); and input;: out
put and c~~tr'ol facilitie~. Theknowledge-basecohsists of conceptiialtax
?nomic' ~el~tionships and rules which have been . ~xtracted 'fron1 one or 

several experts. COMEX BB..:system essentially consists of three compo-· 
ne;tts: bl~ckb.oard'data structure(BB), kno~ledgesources(Ks)·~ild .control 
modules( CM). Blackboard ·~'system's. en1phasize the use of multiple. coop
erating sub ESs, orknowlt~dge sources. Each of the~1' examines a global 
solution database, called the blackboard for intermediate relevant results. 
The purpose of the blackboard is to .h~ld computational and s'c;littion 'data 
needed and produced by· the KS; The blackboard .was segmented into 
distinct. levels of abstraction.· Each independerif KS }hen volunteers to 
make' a: contribution, and. the 'potential actions of ~achare prioritiied by 

.a: scl~eduling KS, which''mairitaii1san 'agenda. · . ·. • . ·· · 
· · The problkh~-~~lvi~1g data··a~e tlu.iskept in global database, the black
board, whose data are l~ierarchi~ally'organized. ·In the COMEX· black.,.. 
board.structure, the· s~luti~-~ ~pace'is organized into.one or:more·applica"' 
tion dependei1t hierarchi~~. called l~yer~. The objects of the soluti~n' si>ace 
~re in:'put-data, partialsoluti6'ns,' alternatives and fh1=iisolu'tions, and con
trol data:. Each knowledg'e'·source'uses'the il1ptif-'d~ta.·rrolu a: particular 
layer of tl;~·st~tictured blackboard an'd'places its' fh1dings ~n another layer 
above. or bel~v.< The knowledge needed to solve .this 'problE~m ')wa~ par
titioned into several different kno~ledge sourc~~ taking ii1to 1 a~coui1t the · 
models of HEP cornputing, computer architectures;·aata: stcitage·and liriks 
strategies. 'Interaction bet~~ ell. the:KSs 'fakes pl~·ce solely through ·.changes 
on th~blackboard. Each KS is''activated only'wheii'certair1ccinditions ex
ist. 6n the

1

'bl~ckboard,, and·. is thus.·respotlsible for' kilowiiig w'il'en· it .can 
. contribute to a. partial· solutio11: Sinte the KS ·can 'be arbitrarily 'complex 
and' different. in their internal operation,. the most apprripriate problei:n 
solvii1g. apprmi.ch was impleii1ented at any pr~cess(ng 'level. • Each· KS is. a 
small knowledge based problem solver;·and its inter'nafprocesses'have only 
local effects, rather than causing potential interacti~ns with the res't of the 
system. The KS responds opportunistic~lly to changes on the blackboard; 
A set of control modules moiiit~rs 'tl1e's~ changes and uses various kinds 

·of information to ,det~rmine the focu's of attention (FA), j.e., which· KS to 
process next, wliich partial' soluti~ri island oii' tile .blackboard: to pu'rsue, 

. or' whi~h KS to apply on ~hich ~lackboard-o~ject (BO ): In the .actual 

. COMEX iniplementatior1,;tl;e coiltrol modules' are ir~corp~rated as a part 

. 'of k~wwlegde base. and: the associated ~xterrlal 'program calls (or data ac
. qui~itio11 or program executi01i .. Tl11~ proble~n solvi~1g activities .occ'ur in 
the following 'way: a) A KS makes cha~1ges ori th.e, blackboard; and these 
changes' are monitored by' the ~Olltrol unit. bj Base(l ~ll the ne\V solution 
state, the KSs volunteer.thei~ co'Il.tributions.'c) Wfththe i~form~tionfrom 
(a) a'nd (b)'a controiinodule·sel~ct~ a FA whichis a KS, or::!. BO, or both . 
d). Depe1l.ding on the ~eleCted FA~ 'au' appropriate' cont~ol n:l.odule pre'pares 

~:for its executi01i:. it FA = KS,.then a particul~r obJeC't is selected to serve 
"as a t'rigger,' if FA = Bo; the·KS 'ii; executed with the BO as the trigger, 

aild if FA = 'KS & BO; the KS is ·~~ecuted ·with' the;Bo· as' the trigger. 
The proble~l solvi~lg behaviour of a BB~systeni is detenilined by the KS 

·) .. 
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application' ~~rat~g~ encod,ed i~{H~~ 'corltrol .• i~~dui~s. Basically the c~ntrol 
modules determii1es th~ blackboar"d regio1~ to· f~cus on an·d tl{e parti~i.lar 
KS.to work.oli'that r'egion.. · · · · ·· · · · · , 

' ' c ~ -"' • • ) 

IV- FINAL REMARKS 
., 

' ' . ,. 

The fi~:al ~emarks are : . ; . . , 
: 1} It .i~. imp'ossible 'io plan for tii~ computhig requireihents '~r HEP 

experini.ents in too much detail, but the assumptions and~~tiiriates" u~ed in 
this WOrk•have been accepted by theiTiajority of thespe~ia:lists :cJ~1si.ited. 
These a~·, 'of'cour~e, differences. bet~een' individu~i ex'pe"rirnents, but. the 

., agre-~ments ar~ more." striking tha~ thedisc~epa;lci~s.. . .. . . . . , 

.•.. 2}',The:qualitative model incorp~rated as'conlponents' of COMEX' ex
per't syst~m contributed ~to increase the 'probleril solviilg ftexibilfty arid 

. ' .. • ' . •' ' . ,.; '.>' ~ '). ~. . " ' • ; \' ~ •••. ' : • ,· • . ' . . ; ••• i.. ' ~~~-. 

better.system robustness.throughsupport for ri1ore than'one type of.'prob-
le~ ~o}vin.g a:ctivity; ~;;c( to provide interp~et~ti~l~S .of ob_S(!r~ed be.ha~i~i.r 
of the 'experiment~} 'data processil~g. syst~;ll ~and . as. tlie 'basis. of ~aus'al 
explanations~ ,.; . . ' .. . ' . . . 

3) The bla~kboard architecture :was·a usef~il,tool for solving this com
plex task a~d redu·~·i.;g tl~e implerilent~tion thiie'.. . . . · ... · . ·.. . ' .. .'.'. . 

. 4) II~•''pr~ctice, the result~ o~tained ~sing_, tlle COMEX. systel~l were 
acceptable'and permit to simulate ai1d C.O,l~lpa~~·different lllode} soli.itions 

'· ' • ' . - ' \ . '';" '- ·· -~ • · · !I I '- •" i". ., •. ' ' •' ; .• , · · . • 

depending. oi1 the user. criteria. ,The .interactiveai1d explanatory facilities 
are user' rri~{.dly . . : c ,·., fi ,. .. , ~~ . .\ I , . .· . . ,. . , 

. New· .facilities ~f th~·:¢oMEX. ~y~te1~1 ,;,1~e being developed;. particulary · 
· the.ext~n~ion of tl~~j~nowledge .bas~~. · : .:: · · '"' · ·.· ~~ · '· 

' • " , ' ' •• ' ' • • , ' < ~ ' ~ •• ' • • ' , ," ' ' ' • 

,,, 
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<1>. <l>eptt .. Aec HoAapce, 11saHOB B.r. 
Apx14TeKTYPI '_'BLACKBOARD"" Ka•eCTa"""a" MOAen• 
B KOMnWOTepHOM OOMOWHMKe. npeAH83H8'teHHOM AliA OOJ)eAert1 

-KOMRbiOTepoB Allll 8bi.MCIII!HI4ii B cjl14314~e 8biCOK14X 3Heprl4ii 

Ha OCHOBe apxi4TeKTYP••- "BLACKBOARD" " Ka•ecTaeH• 
CI4CTI!Ma COM EX, noMoraOOIWJII non•30aaTenoo onpi!AenMTb xap 
AMMble AJ1A Bbl'fHCflettMM 8 06nacn1 4JM3MKM BbtCOKMX 3HI 

OCHOBHOM COCTOMT 143 CTpyKTypo.o ABHHbiX BLACKBOARD. 6 
Tpe6oaaHI411 ;( MOUIHOCTM npot~eccopa, XpBH"""oo AaHHbiX, pe4 

c y~CeTOM A.tnnenwtOCTM 3KcnepMMettra. nnaHa o6pa60TKM 

Me>t<Ay KOMnbtOTep8MM, H806XOAMMbiMM AnA c6opa M ''C)I(I 

a .... ,. 14 o6pa6oTKI4 co6o.oTI4ii Monte Carlo, o6pa30&BHI4R Maste 
TepMCTMKM Bbl'fMCnMTenbHbiK MawMH onpeAenRtaTCA MCXOAA M3 

pbl KOMno.OOTepoa, CTpaTeri4M C8113eM 14 Xp8HI!H1111 AaHHbiX, 38(>1 
settHoM Mo.QenM. coe.n,MHeHHoH c 3KcnepTHoH CMCTeMOM. AnA c 
H&nbHblii KOMno.ooTep IBM "AT """ KOMm.ooTep, coaMecT14Mbli 
MeHee 640 Ka " >KecTK14M A14CKOM. 

Pa6on Bbii100HeH8 B na6opaTOp1414 Bbi.14CIIMTen•Hoii 

npenpHHT 061oeJJ;HHeHHOI"O HHCTIITyTa IIAepHLIX HC 

F.Fernandez Nodar~,lvanov V.G. 
BLACKBOARD Architecture and Qualitative Model 
in a Computer Aided Assistant Designed to Define Computers 
for HEP Computing 

. Using BLACKBOARD architecture and qualitative model, an 
the user' in defining the computers needed for High Energy Phy 
system essentially consists of BLACKBOARD data structure, 
modules. The requirements of processor power, data storage, d. 
lated taking Into account the duration of ~xperiment, the data 1 
computing activities needed for acquiring and compressing r11 
Monte Carlo events, generating the Master DST, accessing the D 

• computers needed are defined basing on the requirements esti 
.architectures, data storage and links strateuies, heuristic knowl 
model incorporated iri the expert system. The COM EX system r 
or·compatible with no less than 640 Kb RAM aOd hard disk • 

The investigation h~ been performed at the Laboratory of 
. tlon, JlNR • 
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