Utilizing the Metaserv er Arc hitecture in the Ninf Global Computing System Hidemoto Nak ada 1 , Hiromitsu T ak agi 2 , Satoshi Matsuok a 3 , Ump ei Nagashima 4 , Mitsuhisa Sato 5 and Satoshi Sekiguchi 1 1 Electrotechnical Lab oratory , Tsukuba, Ibaraki, 3058568, Japan 2 Nagoy a Institute of T ec hnology , Nagoy a, Aichi, 4668555, Japan 3 T oky o Institute of T ec hnology , Meguro-ku, T oky o, 1528551, Japan 4 Ochanomizu Universit y , Bunkyo-ku, T oky o, 1128610, Japan 5 Real W orld Computing Partnership, Tsukuba, Ibaraki, 3050032, Japan Abstract. Rapid increase in sp eed and av ailabilit y of global-netw ork is op ening up the p ossibilities of globally-distributed sup ercomputing, including our Ninf system. Ninf is designed to utilize existing numer- ical libraries and resources on the W eb. It also hav e global sc heduling server called the Ninf Metaserver , which is resp onsible for scheduling and load-distribution of parallel tasks. The metaserver keep track of computa- tional servers, and gathers informations needed for scheduling. Using the information, it balances loads o v er computational servers. W e p erformed preliminary b enc hmarks using the metaserver. There, we observed that scheduling cost can b e ignored, and dynamic sc heduling by the server gained b etter score than static-cyclic distribution. W e also rep ort on our collab orative e�orts in bridging Ninf with NetSolve , a similar system b eing developed at Univ. of T ennessee/ORNL. 1 In tro duction Rapid increase in sp eed and av ailabilit y of sup ercomputers and mass storage serv ers interconnected with Gigabit-bandwidth netw orks is now making high- p erformance ‘global computing’ p ossible, in which computational and data re- sources in the netw ork are collectively employ ed to solve large-scale problems. There ha v e b een several such recen t prop osals, including our Ninf (Netw ork Infrastructure for global computing) 6 [1] system, which makes a v ailable mul- tiple remote computing and database servers on the netw ork, allowing clients to semi-transparently call remote numerical applications and libraries from lan- guages such as F ortran, C, and Ja v a. By coupling with remote database servers and existing WWW frameworks, Ninf clients could exibly access v arious data o v er the netw ork, employ the data seamlessly within one’s computation, and use the results either in a conv en tional wa y or with W eb-based interfaces. Ninf provides globally distributed parallel computing environmen t, on which sev eral numerical computations are prop erly scheduled. Although wide area net- w ork bandwidth puts restrictions on communications among the parallel tasks, in 6 http://ninf.etl.go.jp/ the scienti�c computation �elds, there are numerous num ber of problems which require no communications among their tasks, suc h as parameter sensitive com- putations or Monte Calro simulations. There are some works concentrate only on these kind of calcuration, such as Nimro d[6], while Ninf gives more general framework. Our wide-area computation resource directory and scheduling server, called the Metaserver , keep track of computational serv ers, and gathers informa- tions needed for scheduling, and blances loads o v er computational servers using the information. One of the contin uing technological challenges in Ninf is applicability of the Ninf system in a wide-area netw ork setting. Applicabilit y can b e consid- ered from tw o asp ects, applicability of one Ninf computational server, and job scheduling ov er several servers. F rom former asp ect, in [2], we hav e conducted extensive b enchmarks in situations under which the computational p erformance ov erwhelms the netw ork p erformance, thereby verifying usefulness of the Ninf system under certain situations, and furthermore discussed the design principles of remote netw ork libraries as well as robustness of the Ninf system itself. Here, from the latter asp ect, we rep ort on a preliminary exp eriment of job scheduling in the Ninf system. W e exp erimented with automatic and dynamic load/task distribution using the metaserver. In the exp erimen t, we veri�ed the adv an tage of automatic load distribution ov er static, cyclic load balancing. In addition, there are no w collab orative e�orts in bridging Ninf with NetSolve [3], a similar system b eing developed at Univ. of T ennessee/ORNL, using our adapter. Here, we rep ort on a preliminary b enchmarks of remote executions using the Ninf client calling the NetSolve server through the adapter. 2 Overview of the Ninf System The Ninf system consists of Ninf c omputational and datab ase servers , Ninf client API which de�nes the client bindings, and Ninf metaservers which p erform wide-area detection, allo cation, and scheduling of resources o v er the netw ork. The clients and v arious servers comm unicate via Ninf RPC (Remote Pro cedure Call)[1], whic h is tailored for the needs of high-p erformance numerical comput- ing. Fig. 1. Ninf Computational Clients and Servers

2.1 Ninf Client API Ninf Client API is de�ned for F ortran, C/C++, and Jav a, and is also b eing de�ned for other languages suc h as Lisp. Ninf call is a representativ e API used for inv oking a named remote library on the server via Ninf RPC|e.g., to call a matrix multiply library remotely , one writes the following as if it w ere a lo cal library: double A[n][n], B[n][n], C[n][n]; Ninf_call("dmmul", n, A, B, C); // or, Ninf_call("ninf://.../dmmul",... Argument num bers, types, access mo des (input/output), array size, as well as matrix size, region of usage, stride, are describ ed by the Ninf IDL for each Ninf executable, compiled in to a interpretiv e stub co de, and registered with the Ninf server. (Note that the client programmer himself never sees or manipulates the IDL information itself.) There are also APIs for asynchronous RPCs ( Ninf call async ), sp eci�cation of transactions for parallel execution ( Ninf transaction b egin , Ninf transaction end ), and queries of numerical database ( Ninf query , etc.). Sub API for API Implementation: CIM (Common Interfac e Mo dule) It is not trivial job to implement Ninf Client API. In order to mak e implemen tation of Ninf API easy , we provide sub-API called Ninf CIM(Common In terface Mo d- ule) in C. It requires API implementers to provide some basic routines, called tr aversers , only . The routines trav erse on the language native data structure and set/get data at that p osition. Ninf cim main(), CIM version of Ninf call(), marshals / unmarshals data calling these trav ersers. Implementers ha v e to know only ab out the data representation in the target language. Currently , an API for Lisp is implemented using CIM. W e also implemented APIs for Excel and Mathematica. 2.2 Ninf Computational Server The Ninf computational server is a pro cess whic h services remote computing requests of remote clients b y managing the comm unication and activ ation of the services requested via Ninf RPC. Binaries of computing libraries and applications are registered on the serv er pro cess as Ninf exe cutables , which can b e semi- automatically generated with IDL descriptions using the Ninf stub generator. Dir e ct ac c ess to the Web On the W eb, v arious useful data are published. F or example, Matrix Mark et and our Matrix W orkshop 7 pro vide matrices for testing v arious mathematical routines. Direct use of these published data allows easy ev aluation of numerical routines. 7 http://math.nist.go v/MatrixMark et/, http://ninf.etl.go.jp/MatrixW orkshop/

Ninf computational server provides direct W eb access facility , by which users can sp ecify data on W eb as arguments for mathematical libraries registered with Ninf. Stub library which is linked with n umerical routine and form the executable �le on the serv er, has h ttp client facility , enables application user to use any data on the W eb directly . The API is almost identical to the ordinal Ninf call. Just using URL string as the data, users can use the data that can b e lo cated with the given URL. The following co de fragment shows the usage of our direct w eb access facility . This co de uses data on the W eb as the second argumen t matrix. Ninf_call("mmul",N, A, "http://.../..", C) The Ninf client library automatically detect that the argument sp eci�es an URL, and send the URL to the serv er. On the server side, the stub library receives the URL and connects to the W eb server, and get the sp eci�ed data b y issuing the HTTP GET command, and store it in memory . Then, the stub library calls target numerical routine. In addition to the GET command, Ninf client library can also use the HTTP PUT command to upload computed data to the W eb serv er. 8 Ninf executable can upload data directly to W eb servers which implement the GET command. This facility can b e used, for example, to snapshot the intermediate results of the server computation on a W eb server near Ninf computational server. W e hav e a prototype GUI based matrices calculator which utilize this facility , called NinfCalc+. 2.3 Ninf Metaserver The Ninf metaserv er monitors multiple Ninf computing serv ers on the netw ork, and p erforms scheduling and load balancing of client requests. The client need not b e aw are (but could sp ecify) the physical lo cation of computing servers. Additionally , metaserver controls the parallel, fault-toleran t execution of multi- ple sequence of Ninf call s. In the next section, we describ e metaserver facility in detail. 3 Global parallel computing in Ninf The Ninf infrastructure consist of sets of servers and metaservers distributed in a netw ork. Metaservers exc hange information with each others p erio dically . F or example, if a new Ninf server is added into a metaserver, the lo cation of the new server is propagated among the metaserver netw ork. Also, when a metaserver do es not hav e a particular information a v ailable (e.g., av ailabilit y of a certain library), a query is propagated through the metaserver netw ork and the result is gathered by the issuing metaserver, who in turn delegates the information or makes automatic decisions for the client. 8 The PUT command is optional and public W eb servers often do not implement it as a defaults, b ecause of security .

The Ninf metaserver k eeps track of the follo wing information for each Ninf serv er: (1) the lo cation (address and p ort n um ber), (2) the list of functions regis- tered in the server, (3) the distance to the server with resp ect to the bandwidth of communication, (4) computational abilit y of the machine (clo ck sp eed, Flop/s etc ...) (5) the status of the serv er including the load av erage. The current metaserver is implemented in Jav a, in order to exploit its p orta- bilit y , ease of netw ork programming, and m ulti-threading, and also given that sp eed is not an absolute factor. 3.1 Parallel programming in Ninf W e hav e tw o API for parallel program, asynchronous call and transaction. Asyn- c hronous call, Ninf call async(), simply splits inv ocation of a task and receiving the results. It inv ok e a task and returns immediately without waiting for the results. The client may contin ue its lo cal computation, and then, wait for result to come back with Ninf call wait function. The client can issues mulitple request using this API. W e hav e another programming interface for parallel programming, Ninf p ar- al lel tr ansaction , whic h supp orts macro data ow parallel execution. The blo c k of co de surrounded by Ninf transaction b egin and Ninf transaction end are not ex- ecuted immediately; rather, data-dep endency graph of the Ninf call arguments are dynamically created, and at the end of the co de blo ck, the metaserver sc hed- ules the computation to m ultiple computational servers accordingly . When all the computations are complete, the metaserver returns the result to the client. As an example, consider the addition of four matrices A, B, C, and D, with the result in G: Ninf_transaction_begin(); Ninf_call("madd", n, A, B, E); Ninf_call("madd", n, C, D, F); Ninf_call("madd", n, E, F, G); Ninf_transaction_end(); As the addition of A, B and C, D could b e executed in parallel, they are executed in parallel, while the addition of the resulting E, F are executed after their termination. 3.2 Dynamic load balancing by Metaserv er Load Balancing is extremely imp ortant in parallel pro cessing. Esp ecially , when pro cessor load cannot b e determined statically , dynamic load balancing tech- niques hav e to take place to accomplish e�ective sp eedups. W e hav e implemented a technique on our metaserver. If all servers already ha v e enough w orkloads, the metaserv er stops task in v ocation. Instead, it reads and stores all the data needed for the inv ocation, and waits for a server a v ailable. When a server b ecome av ailable, the metaserver inv ok e the task on the server. These pro cess is completely hidden from client by the metaserver, therefore clien ts can inv ok e sev eral tasks even when no server av ailable.

4 Ev aluation of Metaserv er Load Distribution Here, we show the results of load balancing using the Ninf metaserver. As a b enc hmarking platform for our load balancing exp eriments, we are emplo ying the 33-pro cessor DEC Alpha WS Cluster (333Mhz) interconnected b y switched 100Base-T netw ork. One no de executes the metaserver, while other no des act as computation servers. 4.1 MetaServer baseline cost measuremen t Firstly , we’ll show the baseline cost of the metaserver load balancing, using EP from NAS Parallel Benchmarks, which is a typical Monte Calro simulation. This program has go o d characteristic for load partitioning. The workload can b e divided into identical sized parts, therefore load imbalance do es not o ccur. W e p erformed exp eriment by comparing the tw o cases: user sp eci�ed direct load balancing and automatic load balancing by the metaserver. This allows us to observe the baseline cost of load balancing by the metaserver, comparing these results. W e p erformed exp eriment on three levels of di�erent computation size : sample, class A and classB. Each level generates random num bers 2 24 , 2 28 and 2 30 times, resp ectively . W e divide the generation workload in to identical sizes for each pro cessor. F or 32 pro cessors, the generation w orkload for one pro cessor is 2 19 , 2 23 and 2 25 , resp ectively . R esults T able 1 shows the results. Metaserver cost increases in prop ortionally to the num ber of pro cessors, ho w ev er, is indep endent from the level of the program. Therefore, we can see that the cost can b e ignored in the case of ClassB, the largest size. T able 1. Load Distribution of EP(sec). num ber of servers 1 2 4 8 16 Sample Via metaserv er 35.7 18.1 9.4 6.2 6.9 Direct sp eci�cation 35.3 17.7 8.8 4.4 3.3 ClassA Via metaserver 565.6 283.4 141.6 71.1 39.2 Direct sp eci�cation 565.4 282.4 141.2 70.6 37.2 ClassB Via metaserver 2261.0 1132.1 566.3 283.3 141.7 Direct sp eci�cation 2259.0 1129.5 564.8 282.4 141.6 4.2 Dynamic Load Balancing by Metaserver T ar get pr oblem In this exp eriment, we employ ed the densit y of states (dos) cal- culation of a large molecule[4]. Density states of a large molecules are computed without matrix diagonalization, but instead, the entire system is mo deled as a spring-connected kinetic mo del, up on which p erio dical external forces are ap- plied, and the degree of resonance of the system is regarded as the density of the state at that frequency . This problem is well-suited for parallelization, as trial of each frequency could b e executed indep endently; how ev er, it requires dynamic load balancing as the load of computation at each frequency v aries considerably . This problem is classi�ed as a parameter sensitiv e computation. Figure 2 shows the distribution of load according to the frequency . As one can observe. there is great v ariance in load, and as a result, static decomp ositions suc h as blo ck or cyclic distribution will not work. F urthermore, it is extremely di�cult to statically determine the load. Th us, it is a very fav orable candidate for testing whether dynamic load balancing by the metaserver will w ork e�ectiv ely . R esults The test was p erformed with 256 frequencies. T able 2 shows the results. Here, decomp osition indicates the num ber of client-side decomp osition of the 256 frequencies, e.g., if the decomp osition were 32, then 32 Ninf call s are made, each computing the dos for 8 frequencies. W e also compare the results with simple cyclic distribution, and dynamic load balancing on the client-side using callbacks. Load balancing by callback requires some sp ecial programming techniques. The clien t side routine which is callback ed from the server side, takes resp onsibility to distribute loads. T able 2. Execution Time of Dos for Di�erent Load Balancing Schemes (sec.) # Computing Servers 1 2 4 8 16 32 32 1402.6 709.5 365.0 197.5 116.6 102.5 Metaserver 64 1419.0 728.2 377.9 201.4 109.3 79.1 [Decomp ositions] 128 1449.2 762.6 402.2 215.0 123.7 68.6 256 1503.7 852.0 451.7 255.2 156.1 92.9 Callback 1385.9 697.6 351.8 179.8 91.3 52.9 Cyclic Dist. 1380.4 731.7 387.1 233.8 165.3 94.4 Observing the result, we see that execution time when we ha v e only one computation server no de increases as we increase the num ber of decomp ositions. This is due to increased ov erhead of combining multiple Ninf call s into one. As we increase the num ber of server, execution times monotonically decrease. When we alter the num ber of decomp osition, the optimal n um ber dep ends on the num ber of serv ers|for 8 no des, 32 decomp ositions, and for 16 no des, 64 decomp ositions, and so on. Increased num ber of decomp ositions results in b etter load balancing, but may not b e optimal due to increased ov erhead. F or this particular exp eriment, 4 decomp ositions p er pro cessor prov ed to b e the optimal p oint. Figure 3 shows execution sp eed of each case. The sp eeds are measured comparing with linear sp eedup. In addition, the b ene�t of dynamic metaserver load balancing prov ed to b e adv an tageous ov er static cyclic distribution. How ev er, compared to explicit clien t-side distribution using callbacks, the ov erhead of load distribution is greater. W e sp eculate that this o ccurs for the following reasons: 1. The num ber of Ninf call s are equal to the num ber of no des for callbac ks, whereas the num ber is equal to the n um ber of decomp ositions for metaserver. 2. F or metaserver, all the arguments of the Ninf call are bu�ered at the metaserver, and metaserver do es not inv ok e Ninf call to the computation server until all

Fig. 2. F requency Distribution of Load for DOS Fig. 3. Execution sp eed compared with the linear sp eedup. the arguments arrive. This incurs not only bu�ering ov erhead, but also, w e lose the opp ortunity of ov erlapping computation and communication. 3. Likewise, metaserver do es not return to the client until all the Ninf call s terminate. Whereas the �rst ov erhead is fundamental to the approach, we exp ect that the second and the third ov erhead could b e av oided with b etter implementation. F urthermore, despite the ov erhead, automatic load balancing with metaserver is muc h more ideal as it requires little sp ecial programming on the client side by the use of transactions. 5 Ninf-NetSolve Bridging Several metacomputing frameworks are prop osed, including our Ninf. Our metaserver hav e proto col forwarding and conv ersion facility , therefore, it can bridge di�erent systems. There are now collab orative e�orts in bridging Ninf with NetSolve as the �rst example of bridging suc h systems. NetSolv e is a global computing system b eing developed at Univ. of T ennessee. The functionality and the arc hitecture of NetSolve is similar to Ninf: ho w ev er, there is a great deal of di�erence in the proto cols and some of the system APIs. By interfacing Ninf and NetSolve, we exp ect that not only it will b ene�t the users of b oth systems due to mutual interoperability , but also we exp ect that by comparing the tw o systems and their proto cols, we could distill the adv an- tageous characteristics of each, and design new systems and standard proto cols. In fact, we are already in the pro cess of prop osing a new proto col based on the exp eriences gained from the adapters. Here, we describ e how the adapters work, and their p erformance. Figure 4 shows the architecture of NetSolve. NetSolve has a subsystem called an A gent , which manages the v arious information of its computational servers. Although the roles of Agent are similar to Ninf metaservers, one of the ma jor di�erences is that metaserv ers act as proxy servers of client requests, whereas agents literally act as ‘agents’ whose role is to introduce the list of av ailable computing servers according to the client requests. Implementation of the Ninf ! NetSolve A dapter F or brevit y , we describ e the implementation of the Ninf ! NetSolve adapter: the inv erse adapter is similar in principle. As Figure 5 shows, the adapter acts as a computational server on the Ninf side, and acts as a clien t on the NetSolve side. The adapter is written in Ja v a, actually , it is just a v arian t of our metaserver and still hav e full capability as a Ninf metaserver. W e designed our metaserver based on delegation architecture, therefore, it can b e implemented a proto col conv ersion facilities easily . Its roles are: Fig. 4. Overview of NetSolve Fig. 5. Ninf ! NetSolve Adapter { c onversion of NetSolve interfac e information to Ninf interfac e information | b oth systems make a tw o-phase call to the server, where the interface information of the callee library is sent to the client. W e ha v e discov ered that Ninf and NetSolve ha v e very di�erent design philosophy in this resp ect, and mutual conv ersion is not trivial. { network data tr ansfer format c onversion | The netw ork data format di�ers considerably b etw een Ninf and NetSolve. The size of data is implicitly ob- tained from the IDL in Ninf and is not part of the data, but in NetSolv e there is a header indicating the data size. Th us, currently we m ust cache the netw ork data entirely in the adapter for conv ersion, and this sacri�cing p erformance. 5.1 Preliminary Ev aluation W e p erformed some preliminary measurements to inv estigate the p erformance of the adapter. W e employ ed the public NetSolve Agent lo cated at comet.cs.utk.edu, and compared the calling timings of using the nativ e NetSolv e clien t and the Ninf clien t through the adapter. Although the exact computing server cannot b e sp ec- i�ed in NetSolve, it turned out that all the executions were b eing p erformed on dancer.cs.utk.edu, allo wing us to p erform a fair comparison. F or the server-side library , we used degsv which is a part of LAP A CK, and almost equiv alen t to the Linpac k b enchmark. The size of the arra y were set to b e 50,100,150, and 200. T able 3. Ninf-NetSolve Performance(sec). Execution Time (sec.) 50 100 150 200 NetSolve Native 8.2 18.4 33.3 72.1 Ninf ! NetSolve 8.5 21.7 38.8 82.4 Overhead 0.3 3.3 5.5 10.3 As we observe in T able 3, the ov erhead asso ciated with the adapter increases as array size grows. This is largely due to bu�ering the argument arrays. W e are no w under negotiation with NetSolve p eople to standardize a data transfer pro- to col which can b e used by not only our systems but also other metacomputing systems.

6 Conclusion and F uture W ork W e introduced some of the new feature of Ninf and also p erformed preliminary b enc hmarks for job scheduling in global computing systems. The features allows extensive use of data resource on the W eb and easy implementation of the Ninf API. The key observ ation of the latter is that, with automatic and dynamic load/task distribution via Metaserver, using the dos calculation as the exp eri- mental target, and hav e shown that automatic load-balancing by the metaserver could b e e�ective ov er static load balancing. W e hav e also co v ered our collab orativ e e�orts of bridging Ninf with NetSolve, and hav e found that, despite apparen t similarity in the functionalities, under- neath Ninf and NetSolve hav e v ery di�erent designs. W e hav e also shown that adapters could b e e�ectiv ely designed to bridge the gap b et w een the di�erences, with a small ov erhead. As a future work, we are planning to improv e the Metaserver scheduling, uti- lizing not only the load informations of servers but also netw ork status, which will b e taken from indep endent observing system such as NWS[5]. Another im- p ortan t work would b e to standardize on a proto col for global computing. Cur- rently , there are no standardized proto cols for transferring numerical data of v arious formats o v er the Internet, nor there are standards for global computing. By agreeing up on a standard, and also by incorp orating current standards such as CORBA and HTTP , we could e�ectively see widespread use of global com- puting systems with comp eting implemen tations and features, just as it is for other netw ork services suc h as WWW, ftp, etc. References 1. Sato, M., Nak ada, H., Sekiguc hi, S., Matsuok a, S., Nagashima, U. and T ak agi, H.: Ninf: A Netw ork based Information Library for a Global W orld-Wide Computing Infrastracture, Pr o c. of HPCN’97 (LNCS-1225) , pp. 491{502 (1997). 2. T ak efusa, A., Matsuok a, S., Ogaw a, H., Nak ada, H., T ak agi, H., Sato, M., Sekiguchi, S. and Nagashima., U.: Multi-client LAN/W AN Performance Analysis of Ninf: a High-Performance Global Computing System, Pr o c. of Sup er Computing ’97 (1997). 3. Casanov a, H. and Dongarra, J.: NetSolve: A Netw ork Server for Solving Computa- tional Science Problems, Pr o c. of Sup er Computing ’96 (1996). 4. Nagashima, U., Hyuga ji, S., Sekiguchi, S., Sato, M. and Hosoy a, H.: An exp erience with sup er-linear sp eedup achiev ed by parallel computing on a workstation cluster: Parallel calculation of density of states of large scale cyclic p oly acenes, Par al lel Computing , V ol. 21, pp. 1491{1504 (1995). 5. R. W olski, N. Spring and C. Peterson: Implemen ting a P erformance F orecasting Sys- tem for Metacomputing: The Netw ork W eather Service, Pr o c. of Sup er Computing ’97 (1997). 6. D. Abramson, I. F oster, J. Giddy , A. Lewis, R. Sosic, R. Sutherst and N. White: The Nimro d Computational W orkbench: A Case Study in Desktop Metacomputing, Pr o c. of Austr alian Computer Scienc e Confer enc e (1997). This article was pro cessed using the L a T E X macro pack age with LLNCS style