A P erformance Ev aluation Mo del for E�ectiv e Job Sc heduling in Global Computing Systems Ken to Aida T oky o Institute of T ec hnology aida@no c.titec h.ac.jp A tsuk o T ak efusa Oc hanomizu Univ ersit y tak efusa@hn.is.o c ha.ac.jp Hidemoto Nak ada Electrotechnical Lab oratory nak ada@etl.go.jp Satoshi Matsuok a T oky o Institute of T ec hnology matsu@is.titech.ac.jp Ump ei Nagashima Ochanomizu Univ ersit y ump ei@is.o c ha.ac.jp Abstract This p ap er pr op oses a p erformanc e evaluation mo del for e�e ctive job sche duling in glob al c omputing systems. The pr op ose d mo del r epr esents a glob al c omputing sys- tem by a queueing network, in which servers and net- works ar e r epr esente d by queueing systems. Evaluation of the pr op ose d mo del showe d that the mo del c ould sim- ulate b ehavior of an actual glob al c omputing system and job sche duling on the system e�e ctively. 1 In tro duction Striking progress of netw ork technology is enabling high-p erformance global computing, in which compu- tational and data resources in a wide area net w ork (W AN) are transparently emplo y ed to solv e large-scale problems. Several high-p erformance global computing systems ha v e already b een prop osed. Eac h of these sys- tems prop oses to e�ectively ac hiev e high-p erformance with some e�cient job sc heduling sc heme, whereb y a sc heduler selects a set of appropriate computing re- sources that solve the client’s computational problem. These include the Ninf metaserv er [4], NetSolve agent [3], AppLes [2], Prophet [5] and Nimro d [1]. Although these scheduling systems o�er softw are mec hanisms for resource lo cation and scheduling, sc heduling algorithms to e�ectiv ely sc hedule m ultiple clien t jobs within a W AN on these systems ha v e not b een discussed well. F urthermore, although an appro- priate p erformance ev aluation mo del is necessary to accommo date e�ectiv e sc heduling sc hemes, mo dels for job sc heduling in global computing systems ha v e not b een w ell established. Exp erimen ts using actual global computing systems, as we ha v e done in [4] could b e a partial solution, but exp eriments alone are not su�- cien t to ev aluate p erformance of scheduling schemes in a general w a y . W e prop ose a p erformance ev aluation mo del for ef- fectiv e job scheduling in global computing systems. The mo del represen ts a global computing system by a queueing netw ork, and can b e sho wn to prop erly c har- acterize the global job sc heduling in W AN settings. 2 P erformance Ev aluation Mo del A global computing system can b e assumed to con- sist of clien ts, servers and sc hedulers. A scheduler keeps information of servers and netw orks. When a clien t re- quests the execution of the job, the client queries the sc heduler ab out a suitable server. Then, the clien t re- quests the serv er designated b y the scheduler to execute clien t’s job and transmits asso ciated data to the server. The server executes the job and transmits its results to the client. The scheduler should c ho ose a suitable serv er for eac h client’s request in order to minimize the resp onse time of the request and to main tain high computing throughput in the global computing system. The p er- formance of the scheduling algorithm is in uenced by not only the serv er p erformance, CPU p erformance and congestion of jobs on the server, but also the netw ork p erformance, bandwidth and congestion of tra�c on the net w ork b et w een the client and the server. There- fore, the p erformance ev aluation mo del is required to represen t these primary factors e�ectively . The prop osed p erformance ev aluation mo del em- plo ys a queueing netw ork in which serv ers and net- w orks are mo deled as queueing systems. As shown on Figure 1, the server, the net w ork from the client to the serv er, and the netw ork from the server to the clien t are represen ted b y queues, Q s , Q ns , and Q nr , resp ec- tiv ely . Service rates on Q s , Q ns and Q nr indicate the pro cessing p o w er of the serv er, the bandwidth of the net w ork from the clien t to the server and that from the serv er to the client, resp ectively . Here, Clients A and A’ denote the same client, but they are distinguished for notational conv enience. Jobs or data that arrive at Q s , Q ns and Q nr are not con�ned to those from clients in a given global comput- ing system, but also include those from other pro cesses residing at all the no des and elsewhere. Here, the ar- riv al rate of jobs in v ok ed from other pro cesses to Q s indicates the congestion of jobs on the serv er. Simi- larly , the arriv al rate of data transmitted from other pro cesses to Q ns and Q nr indicates the congestion of data on the net w ork. Arriv als of jobs and data are assumed to b e fol- lo wing a certain distribution. W e should employ the relev an t distribution to the actual global computing system. The mo del can emplo y v arious distribution mo dels for the arriv al. Currently , w e assume that the arriv al to b e P oisson, but are in v estigating more rel- ev an t distribution that can represents b eha vior of the actual W AN settings. Also, the arriv al rates of jobs and data from other pro cesses, which represen t con- gestion of the serv er and the netw ork, can b e deriv ed b y mathematical formulas appropriately in the mo del. As an example, in Figure 1, clien ts B and C are assumed to b e lo cated within the same lo cal no de, with an underlying assumption that b oth clients share the net w ork to an y giv en serv er. In order to represent this sharing, data transmitted from b oth B and C to the same serv er are simply queued into the same queue. 3 Conclusions An appropriate p erformance ev aluation mo del is necessary to ev aluate general p erformance of sc hedul- ing schemes. How ev er, the p erformance ev aluation mo del for job scheduling in global computing systems has not b een w ell established. W e ha v e prop osed a p er- formance ev aluation mo del for job sc heduling in global computing systems, based on queueing net w orks. Curren tly , we are verifying the v alidit y of our pro- p osed p erformance ev aluation mo del b y comparison of the simulation result on the mo del with actual p erfor- mance measuremen ts using our global computing sys- tem, or Ninf [4]. Also we are ev aluating several job sc heduling schemes b y simulation on the mo del. These ev aluations exhibited the followings: (1)W e found that the mo del could e�ectiv ely simulate the communica- tion throughput and o v erall clien t p erformance for sim- Figure 1. An Example of the P erfo rmance Eval- uation Mo del ple setups of our Ninf global computing systems ef- fectiv ely , in comparison to b enchmark results on our testb ed. (2)W e con�rmed that it could repro duce the phenomenon w e observ ed for more complex global computing b enc hmark, namely , the false low ering of load information causing degradation of system p er- formance for comm unication in tensiv e jobs. F urthermore, w e are planning further inv estigation on the reliabilit y of the prop osed mo del, such as pre- dicting the b ehavior of the netw ork that is shared by m ultiple clien ts residing on the no des at the same site, and b etter mo deling of net w ork congestion factors. References [1] D. Abramson and J. Giddy . Sc heduling Large P ara- metric Mo delling Exp erimen ts on a Distributed Meta- Computer. In PCW ’97 , 1997. [2] F. Berman, R. W olski, S. Figueira, J. Schopf, and G. Shao. Application-Lev el Scheduling on Distributed Heterogeneous Net w orks. In Pr o c. of Sup er c omputing ’96 , 1996. [3] H. Casano v a and J. Dongarra. NetSolve: A Net w ork Server for Solving Computational Science Problems. In Pr o c. of Sup er c omputing ’96 , 1996. [4] A. T ak efusa, S. Matsuok a, H. Ogaw a, H. Nak ada, H. T ak agi, M. Sato, S. Sekiguc hi, and U. Nagashima. Multi-client LAN/W AN Performance Analysis of Ninf: a High-Performance Global Computing System. In Pr o c. of the A CM/IEEE SC97 Confer enc e , 1997. [5] J. B. W eissman and X. Zhao. Sc heduling Parallel Ap- plications in Distributed Net w orks. J. of Cluster Com- puting , (to app ear).