Arc hitectural atterns for arallel Systems Jorge Luis Ortega Arjona Dept. of Computer Science Univ ersit College London Go er Street London C1E 6BT, U.K. +44 (0) 171 419 36 79 J.Ortega-Arjona@cs.ucl.ac.uk KEYW ORDS aral lel Systems, arc hitectural soft are patterns, sim- ulation mo dels, erformance haracteristic estimation, creation and co ordination of elemen ts. INTR ODUCTION Soft are design is critical feature in parallel systems program m ing ecause the pro cess is signi�can tly more compl ex than for programm ing single pro cessor com- puters. More pro cessors means more instructions to program m ed and executed, whic also means that errors can app ear more frequen tly Examples can found in the history of parallel soft a re design where scien- ti�c co des (suc as um erical analysis, uid dynamics, etc.) ha een hand-crafted precisely for mac hi nes and problems, at imm ense exp ense. urthermore, it is not clear if programm ers ha prop erly addressed concerns unique to parallel pro cessing, suc as sync hronisation, load balancing, etc. The main goal of this researc is to prop ose metho to estimate the erformance haractersitic of parallel systems, based on arc hitectural patterns and sim ul atio mo dels for parallel systems. MOTIV TION OR THE ORK The ob jetiv of parallel soft are design should not just to optimi ze erformance (in terms of sp eed) as the only metric of parallel systems. go parallel de- sign ust consider other imp ortan metrics of soft are qualit suc as simplicit understandabilit ortabil- it reusabilit and others. Ho ev er, it is imp ortan to recognize that from prag- mati oin of view the ob jectiv of most scien tists and engineers when using parallel systems is erfor- man ce. Therefore, if erformance cannot considered as the most imp ortan metric in parallel programm ing it should considered among the most imp ortan t. The need for erformance estimation for parallel sys- tems do es not come from single source. It comes from arious needs of estimation that can divided in to three areas: design, pro curemen and optimizati on. In the design and dev elopmen of new parallel com- puter systems, erformance estimation pla ys an im- ortan and con tin uing role. System engineers and programmers should use pro jections of erformance to guide the dev elopmen of new parallel systems. This area of erfomance estimation includes new pro cessor design and comm unication comp onen ts, as ell as soft are systems. The decision to purc hase or lease parallel system, or ev en new comp onen of hardw are or soft are, is another area where erformance estimation mat- ters. Usually when erformance estimation is un- dertak en when buying new systems, they are op era- tional and ai la ble for testing, and the options are limited to small um er of pro ducts. or these reasons, erformance estimation for purc hasing decision relies more on costly activities of mesuring and testing. third area of erformance estimation is concerned with the optimi zation of sp eci�c parallel system. The nature of this erformance estimation in ol es incremen tal and often rev ersible hanges on an ex- isting parallel system. There is the opp ortunit for testing and monitoring the erformance of par- allel system. Ine�ciencies in the system can found, new solutions can prop osed and tried. EXPECTED CONTRIBUTION The main exp ected con tribution is expressed in the fol- lo wing yp othesis: Is it ossible to estimate, with ertain de gr of ac- cur acy, the erformanc of ar al l el system ase on atterns of cr ati on and or dination of its elements expr esse in the form of simulation mo dels of ar chite c- tur al atterns during the initial stages of ar al lel soft- war design? This ork has purp oses: �rst, to presen set of arc hitectural patterns that are comm only used for par- allel programm i ng, classi�ed according to the patterns of data access or request of actions and the requiremen ts of order of data and op erations; and second, to discuss if these arc hitectural patterns can used as basis for building scale mo dels that sim ul ate their eha viour and can used for erformance estimation. aral lel systems are based on concurren execution of sequen tial elemen ts. Ho ev er, the erformance of particular parallel implem en tatio dep ends not only on the correct and e�cien execution of its sequen tial el- emen ts, but also in the form in whic its elemen ts co- op erate among themselv es. One of the main con tribu- tions of this ork is based on this idea. The features of parallel application are based on the haracteristics of their sequen tial elemen ts, but more imp ortan t, they are related with ho these elemen ts are arranged, and their eha viour when co op erating as single arc hitec- tural structure. Therefore, it is ossible to state that the erformance of parallel application dep ends, to certain exten t, on its haracteristic of creation and co- ordination of elemen ts. The result of this dissertation tries to estimate that exten t. The creation of an arc hitectural sim ul atio mo del that exp erimen tal ly depicts exp ected haracteristics of real parallel application, is cen tral issue of the researc ork dev elopmen t. go sim ulati on mo del should able to explain ai labl observ ations and aid in esti- mati ng erformance, while abstracting unimp or- tan details. Ho ev er, as parallel systems presen large um er of ossible ariations, the mo dels should compl ete and exible enough to used in the sim- ulation of di�eren con�gurations of soft a re. METHOD OR CARR YING OUT RE- SEAR CH 4.1 Plan for ev aluatin researc ork Pr op ose chite ctur al atterns ommonly use in ar al l el pr gr ammi ng. In parallel programm ing the nature of the problem to solv ed is tigh tly related with the structure and eha viour of the program that solv es it. In particular, the patterns of access to data, request of actions, and the haracteristic of order of oth actions and data, are indicators of ho easy or di�cult the dev elopmen of the pro- gram will e. The researc ork then is undertak en with the aim of using arc hitectural patterns that re- late haracteristics of order in data or op erations of the problem with pro en solution. Development of simulation mo dels. In building ar- hitecture practice, it is common the use of scale mo dels to represe exp ected prop erties of pro- jected building efore initiating costly construc- tion. The creation of suc mo dels is basic and imp ortan activit during the early real arc hitec- ture dev elopmen t. These mo dels should alw ys re- ect relev an haracteristics of the building. Most of these haracteristics are based on arc hitectural patterns, and come together with explanations of initial actions for the construction. In the same soft a re scale mo dels can used to sim ula te certain exp ected prop erties of soft are system. alidation and evaluation of mo dels. The est to learn asp ects of erformance estimation, as with an skill, is to apply the basic concepts to real prob- lems. Ho ev er, for dissertation, this is to ex- ensiv and time consuming. Instead of this, and to corrob orate the yp othesis, it is ossible to get for eac arc hitectural pattern some already dev el- op ed parallel applications, and obtain for eac one sim ul atio mo del. Hardw are and soft are har- acteristics are constrained the application to mo delled. or the purp oses of this ork, mo delli ng parallel systems fo cuses on the creation and co or- dination of ultipl parallel comp onen ts of an ar- hitectural pattern. nalysis of erformanc char acteristic estimation. The e�ort sp en dev eloping one of these scale mo d- els, using it in the con text of measuremen ex- erimen to collect data, and �nally critically ana- lyzing the resultan data is probably the most ef- fectiv to learn the rudimen ts of erformance estimation for parallel systems. The analysis fo- cuses on accuracy of the estimation obtained from the mo del, in ul tipl cases. Also, it will include searc of ossible causes and parameters of accu- racy in the estimation. 4.2 Presen tat ion of evidence of results to the re- searc comm un it So far, ork has een done prop osing an initial set of arc hitectural patterns comm onl used in parallel pro- gramm ing, pa ying atten tion to the haracteristic of or- der of data or op erations on the data. Curren tly more ork ab out arc hitectural dev elopm en is eing carried out, in olv ing mo delling of the prop osed arc hitectural patterns for parallel systems and the cre- ation of sim ula tion mo del that exp erimen tally depicts exp ecte haracteristics of parallel application. ar- allel applications that re ect the prop osed arc hitectural patterns, or new ones, are eing sough and studied ac- cording to the feasibilit of eing tested. uture ork includes �nishing and ali dating mo dels for at least case studies er pattern, the ev aluatio of tests on erformance of mo dels and applications, and the analysis of estimation and accuracy