Nin et: a Migratable P arallel Ob jects F ramew ork using Ja v a Hiromitsu T ak agi Nago y a Institute of T ec hnology tak agi@cen ter.nitec h.ac.jp Satoshi Matsuok a T oky o Institute of T ec hnology matsu@is.titec h.ac.jp Hidemoto Nak ada Electrotec hnical Lab oratory nak ada@etl.go.jp Satoshi Sekiguc hi Electrotec hnical Lab oratory sekiguti@etl.go.jp Mitsuhisa Satoh Real W orld Computing P artnership msato@trc.rw cp.or.jp Ump ei Nagashima Oc hanomizu Univ ersit y ump ei@is.o cha.ac.jp Abstract Nin et is a Ja v a-based global computing system that builds on our exp eriences with the Ninf system whic h facilitated RPC-based computing of numerical tasks in a wide-area net w ork. The goal of Nin et is to b ecome a new generation of concurren t ob ject-orien ted system whic h harness abundant idle computing p o w ers, and also seamlessly in tegrate global as w ell as lo cal net w ork parallel computing. Nin et is designed to mak e use of Jav a features to implement imp ortan t features in global computing, such as resource allo cation, in ter- Nin et comm unication, securit y , c hec kpointing, ob ject migration, and easy serv er management via HTTP . 1 In tro duction W orld-wide computer netw orks ha v e made it p ossible to delegate tasks to the computers on opp osite sides of the glob e, allo wing us to mak e use of p o w ers of idle computers. F urthermore, PCs and w orkstations are b ecoming increasingly emplo y ed in a clustered man- ner, sometimes with gigabit-capable lo cal-area net- w orks (LAN). The clusters could b e some dedicated parallel computer, or just a set of no des in an o�ce en- vironmen t 1 . Either w a y , m uc h of their computational resources would often b e idle (sa y , during non-o�ce hours), and an computing environmen t which mak es use of suc h idle clusters seamlessly w ould b e highly desirable. W e are conducting an ongoing research pro ject on global computing called Ninf (Network Infr astructur e for glob al c omputing) . [1] [2] [3] Ninf is a clien t-serv er system mak es av ailable m ultiple remote computing and database serv ers on the netw ork, allo wing clien ts to semi-transparen tly call remote n umerical applications and libraries from languages such as F ortran, C, and Ja v a, and ev en DCOM ob jects. W e ha v e already made publically a v ailable the �rst v ersion of the Ninf system 1 Hereafter, w e use the term \cluster" to indicate b oth ded- icated and non-dedicated lo cally-net w ork ed set of PCs and w orkstations. ( http://ninf.etl.go.jp/ ), and conducted extensive b enc hmarking on real net w orks[4], and also hav e built adaptors[5] to similar global computing systems such as Netsolv e[6]. Ninf is in tended to reuse existing libraries and appli- cations under heterogeneous, m ulti-lingual setting in a coarse-grained manner. On the other hand, it is not very well suited when a client wan ts to program his ap- plication with �ner-grained ob jects in a more orderly manner as is with parallel ob ject-orien ted languages such as HPC++ and MPC++. F or example, Ninf only supp orts RPC-st yle in v o cation of large, coarse- grained libraries, and ha v e no supp ort for ob jects of medium-sized or smaller granularit y . The metaserver , one of whose task b eing a resource manager, do es not take in to account placing tigh tly-comm unicating paral- lel tasks on a cluster, as it has no knowledge of commu- nication patterns b et w een the spa wned libraries. Also, Ninf curren tly lac ks securit y features as w ell as task migration, whic h mak e it di�cult to place and appro- priately control computing servers server on every no de in a cluster. Although the latter feature could b e im- plemented b y taking a approac h similar to Condor[7], the migratory site has to b e homogeneous for binary compatibility . In order to provide a more uniform, �ner-grained ob ject-based programming mo del, w e decided to con- struct Nin et , ov ercoming the limitations of Ninf. In its design, w e hav e established the follo wing criteria: � The system must b e easy install and manage across a n um ber of cluster no des, and further- more m ust autonomously accept incoming com- puting requests using arbitrary programs. F or a dedicated computing servers hosting a �xed set of libraries as is with Ninf, it w ould b e rela- tiv ely e�ortless for administrators to install the re- quired libraries and manage the serv er. Ho w ev er, in global computing setting where arbitrary co de could b e uploaded and executed on a cluster, it w ould cause substan tial administrativ e ov erhead to install the libraries, and manage hundreds of indep endent no des in a cluster. � The client programming mo del should b e exible 1 enough so that it w ould accommo date a v ariet y of programming st yles with go o d abstractions, while b eing based on a p ortable, widely-a v ailable soft- w are platform. Designing a customized (ob ject- orien ted) programming language for is a conceiv- able approac h, but go es against the inten tion of widespread acceptance and usage. Rather, we m ust exploit how muc h w e can lev erage the exist- ing language platform, in our case b eing standard Ja v a, to pro vide m ultiple programming mo dels to the client user without language extensions or cus- tomized run time. � The system m ust b e secure, esp ecially against ma- licious uploaded clien t co de, while b eing exible enough to allow e�cien t parallel computing b e- t w een no des in the cluster as w ell as distributing part of tasks to other p ortions of the global net- w ork. More sp eci�cally , it m ust b e secure enough suc h that �les on the serv er no de cannot b e arbi- trarily mo di�ed or deleted, but at the same time, m ust b e exible enough so that computation can b e distributed across securit y �rew all. � The system must preven t global computing tasks from intruding up on foreground user jobs of the serv er no de, almost to the p oint where it should b e basically unnoticeable that the no de is b eing actually pro vided as a serv er for global comput- ing. Th us, the system m ust, for example, ha v e pro visions for sc heduling the p erio d of time when the computing serv ers are made av ailable for pri- v ate use or public use with di�eren t p olicies, and furthermore, migrating the global computing task immediately when the owner starts unsc heduled usage of the no de. � The system must pro vide go o d supp ort for insta- ble and dynamically changing nature of the un- derlying computing en vironmen t. Thus, the clien t user m ust b e able to cop e with distributed com- puting issues suc h as fault tolerance, load balanc- ing, remote error c hec king and reco v erly , etc. Early on in the design pro cess, w e hav e decided to emplo y Ja v a without language extensions or VM mo d- i�cations. Ja v a already facilitates the following c har- acteristics for distributed computing: � The SecurityManager class con trols lo cal �le ac- cess, net w ork connection, access to threads of other ThreadGroups. F urthermore, SecurityManager is extensible, allo wing the sys- tem builder to establish his own securit y mo dels. � The ClassLoader class provides separate names- pace to classes with iden tical class names. � The language is p ointer-safe and arra y access is b ounds-c hec k ed. � The b yteco de v eri�er c hec ks ‘illegal’ co de, suc h as those with t yp e errors introduced after compila- tion b y direct mo di�cation of the class �le. Although Jav a Applets make use of the ab o v e fea- tures to implement safe execution of downloaded co de, we claim that they are to o lo w-lev el and furthermore to o restrictiv e as a global computing platform. F acil- ities for RPC in Jav a suc h as RMI or HORB[8] also are to o primitive themselv es to realize the ab o v e de- sign goals, although they can b e used as a platform for building a more robust infrastructure. W e ha v e designed and implemented our Nin et pro- totype to meet the ab o v e design criteria: � The Nin et system is easy to install, manage and up date. The en tire pack age can b e downloaded and installed b y a no vice user. F or cluster envi- ronmen ts, eac h serv er in the Nin et system has HTTP managemen t capabilities through a stan- dard browser, and furthermore allo ws the user to manage m ultiple computing serv ers collectiv ely from a single server site. � The programming mo del is suc h that a set of uploadable and distributable concurrent ob jects (called ‘ Nin ets ’) are de�ned using standard Ja v a facilities. Nin ets are automatically distributed to appropriate hosts by a Disp atcher , taking in to accoun t netw ork top ologies and serv er av ailabil- it y/load. It utilizes the low-lev el Jav a features suc h as RMI, without extending the language or the JVM. � The Nin et system establishes its o wn security mo del b y extending the SecurityManager to pro- tect itself from malicious uploaded clien t co de, while allowing direct inter-Nin et communication as well as indirect across-�rew all comm unication b etw een the clusters. � In order to supp ort Nin et ev acuation as well as ob ject migration and fault tolerance, the Nin- et system facilitates c hec kp oin ting mec hanism for Nin ets. Also, the system can sc hedule the a v ailabilit y of computing serv ers, and forces Nin- ets to b e either ev acuated, migrated, or termi- nated if foreground user tasks mandate full usage of the no de. In the ev en t of a computing serv er failure, Nin ets can b e re-started from their c hec k- p ointed state. The rest of the pap er pro ceeds as follo ws: Section 2 o v erviews the Nin et system, Section 3 giv es an ex- ample of Nin et programming using a simple Master- W ork er pattern, Section 4 co v ers the managemen t ca- pabilities of the serv ers, Section 5 discusses related work, and we conclude in Section 6. 2 Arc hitecture of the Nin et Sys- tem 2.1 Nin et Startup and Clien t Program Execution The Nin et system consists of three comp onen ts, the Nin et Server , the Nin et Disp atcher , and the Client 2

(a) A Serv er registering itself to the Dispatc her. (b) A set of Serv ers are registered to the Dispatc her. (c) A Clien t connecting to the Dispatc her (d) The Clien t launc hing the Nin et. (e) The Dispatcher selecting an av ailable Server. (f ) The Serv er loading and instanciating the classes. (g) The Clien t calling the Nin et directly . Figure 1: The Launching Pro cess of Nin et Pr o gr am . In addition, standard W eb comp onen ts, suc h as HTTP/FTP serv ers and W eb bro wsers, are utilized. The ‘user’ of the Nin et system could pla y tw o t yp es of roles, one b eing the r esour c e pr ovider (or server pr ovider ), and the other b eing the client pr o- gr ammer . The resource pro vider will hav e the Nin- et Serv er daemon running on his host. On launching the Serv er, the pro vider sp eci�es a Nin et Dispatc her daemon running on some host b y sp ecifying its URL. Thereafter, the giv en Serv er will b e managed b y the sp eci�ed Dispatc her(�g.1(b)), and the Nin ets to b e executed will b e uploaded from the Dispather to the Serv er (�g.1(a)). Dispatcher daemons will b e launc hed b y the administrator of the Nin et system, typically who manages the cluster in LAN, or a set of clusters in W AN. The Client programmer designs his program b y largely dividing it in to t w o comp onen ts: one b eing the Client program, whic h will b e executed on the user’s host and acts as a master con trol program; the other b eing the Nin ets, whic h describ e the main p ortions of the program to b e executed in parallel, and actu- ally are programmed as concurrent ob jects executed on the Serv ers. The Nin ets are de�ned as sub classes of JP.go.etl.ninflet.Ninflet , and compiled to cre- ate their resp ectiv e class�les. Then, the Nin et classes are placed on a do wnloadable directories of the W eb or FTP server. The Client program is written suc h that the references to the Nin et classes for instantiation are made through the URL(�g.1(c)). 3

When a clien t user w an ts to execute his parallel pro- gram he initially inv ok es his Clien t program on his host mac hine, sp ecifying the URL of a giv en Dispatc her of his acquain tance. The Clien t program, in turn, will ob- tain a (remote) RMI reference to the Dispatcher, and requests the creation of a Session instance, giving the Codebase instance as an argumen t. Here, the Co de- b ase instance is a table of pairs consisting of (1) pac k- age name of Nin et classes, and (2) the corresp onding URLs of the no de where the Nin et class�les are lo- cated. The Co deb ase instance is used b y the Server to �nd out the lo cation of Nin et classes to load. Figure 2 sho ws an example Clien t Program. Notice the initialization of the Codebase ob ject whic h indicate that classes in the pac k age JP.ac. nitech.center.takagi.ninflet are lo cated at the Codebase URL http://www.center.nitech.ac.jp/ ~takagi/ninflet/ . This co debase ob ject is b eing passed to the Dispatc her as an argumen t of the newSession metho d. Then, the Clien t program requests the Dispatcher to instan tiate a new Nin et on one of the Serv ers selected according to some criterion (t ypically , some no de in the same LAN cluster as the Dispatcher) b y calling the newNinflet metho d of the Dispatc her. The Dis- patc her, in turn, selects a Serv er from the a v ailable Serv ers p o ol according to the criteria, and requests the creation of an instance of the Nin et class as sp eci�ed b y the Clien t program (�g.1(e)). The Serv er then creates an instance of the NinfletClassLoader class, which acts as a cus- tomized loader of the sp eci�ed Nin et class. Class loading is done via a so c k et connection using the Co de- base ob ject info to lo cate the Nin et class�le (�g.1(f )). Other required run time classes are loaded on-demand b y the custom class loader. Finally , the new instance of the loaded Nin et class is created, and its remote reference is returned to the Dispatc her and the Client. After its initialization, the Clien t can call the Nin et directly . 2.2 Administration of the Serv er The Nin et server can either accept or den y the re- quest form the Dispatc her to dispatc h a Nin et for ex- ecution. This setting can b e c hanged even while b oth the Serv er daemon and Nin ets are op erating, using a W eb bro wser in terface | the Nin et server itself fa- cilitates a simple HTTP serv er capability whic h allo ws v arious con trols of its b eha vior using a W eb bro wser. The most basic setting is instan taneous change of Nin et acceptance/denial. The pro vider of a Nin et computing serv er can allo w the acceptance of Nin ets at his discretion. When in denial mo de, the Dispatc her do es not request creation of new Nin et instances to the serv er. Also, it is p ossible to c hange the settings automatically using timers to, sa y , allo w the use b y the serv er only during the night or on week ends. If a Nin et happ ens to b e executing when the server is changed to denial mo de, an evacuation message is sen t to the Nin et. The action of the Nin et up on reception of the message will b e cov ered in the next :::::::::::::: Main.java :::::::::::::: package JP.ac.nitech.center.takagi.ninflet.examples.matmult; import JP.go.etl.ninflet.client.Client; import JP.go.etl.ninflet.Codebase; import JP.go.etl.ninflet.dispatcher.Dispatcher; import JP.go.etl.ninflet.dispatcher.Session; import JP.go.etl.ninflet.dispatcher.LANClusterResourceManager; import java.net.*; public class Main { public static void main(String[] args) { Dispatcher dispatcher = Client.getDispatcher( "rmi://ninf.etl.go.jp/ninflet/dispatcher" ); Codebase codebase = new Codebase(); codebase.add( "JP.ac.nitech.center.takagi.ninflet", "http://www.center.nitech.ac.jp/~takagi/ninflet/" ); Session session = dispatcher.newSession( codebase, new LANClusterResourceManager() ); Matrix m1; Matrix m2; int numOfWorkers; //...(abbreviated) NinfletStub master = session.newNinflet( MatMultMaster.class, new MatMultMasterArg( numOfWokers, m1, m2 ) ); NinfletResult r = master.getResult(); Matrix m3 = ((MatMultMasterResult)r).product //...(abbreviated) } } Figure 2: An Example of Client Programming. section; here we men tion that, suc h ev acuation action may tak e some time, resulting in a Nin et un w an tedly consuming computational resources. T o ov ercome this to some degree, the provider of the server ma y set a stay timer ; When the Nin et to b e ev acuated is still consuming computational resources even after the stay timer has expired, the Thread of the Nin et will b e forced to terminate. W e ha v e designed the Nin et system so that, using these features, it w ould not b e disadv an tageous for the provider of a Nin et server ev en if long-running Nin- ets are accepted. W e feel suc h a pro vision is necessary so as to ov ercome the skepticism on the pro vider’s side that his computing abilities will b e substan tially p e- nalized. 2.3 Chec kp oin ting and Nin et Migration As men tioned ab ov e, the system m ust accommo date sudden termination of Nin et execution in order not to p enalize the server pro viders. On the other hand, esp ecially in scien ti�c co des, computation tends to b e long-running and th us there w ould b e a great p ossibil- ity that Nin et will b e terminated, resulting in sub- stantial loss for the clien t. In order to cop e with such termination, w e pro vide a chec kp oin ting mec hanism for eac h Nin et, whic h im- plements Nin et ev acuation from the serv er. Ev acua- tion o ccurs when there is an ev acuation message from 4 the Serv er to the Nin et, the state of the Nin et b eing sa v ed to the lo cation indicated b y the Dispatc hers a re- sult. The ev acuated Nin et could resume execution on a di�erent serv er later on. Also, the Dispatcher could also order the Nin et to b e migrated immediately so as to con tin ue its execution; in this case, the state of the ob ject will not b e stored in to stable storage, but rather, will b e copied to a new Nin et instance on a di�eren t Serv er. Chec kp oin ting is a scheme often used in long- running scien ti�c computing. Although automatic c hec kpointing using compiler supp ort has b een prop osed[9], the current v ersion of Nin et requires ex- plicit c hec kpointing b y the Nin et programmer. More sp eci�cally , the programmer inserts checkpoint() metho d calls at an appropriate place in a computa- tional lo op. With this, the sup erclass NinfletImpl writes the ob ject in to stable storage. It is the user’s resp onsibilit y to skip ov er already computed op era- tions when a Nin et execution resumes from a snap- shot state. There are three lev els of c hec kp oin ting, according to the granularit y of actually taking the snapshot: Lev el 1 Preserv e the ob ject state every time checkpoint() is called. Lev el 2 Clone the con ten t of the curren t state once when the checkpoint() is called, and cop y the cloned state in to stable storage when the ev acuation mes- sage is sen t. Lev el 3 Basically do nothing at checkpoint() , and when the ev acuation start message is received, the ob- ject state is written in to stable storage when the next checkpoint() is called. These di�erent c hec kpointing schemes could b e used in the follo wing w a y , dep ending on the nature of the al- gorithms: Lev el 1 Nin ets w ould b e resilien t to serv er crashes and net w ork failures, but incurs substantial o v erhead. Level 3 Nin ets w ould incur least ov erhead, but the computation could b e terminated if the stay timer w ere set to short duration by the Nin et server pro viders. The use of Lev el 2 w ould allo w go o d com- promise, but migh t incur some wasted computation. In order to supp ort transparen t resumption of ex- ecution of ev acuated ob ject on a di�eren t host, the ob ject returned b y newNin et constructor is actually an additional stub ob ject whic h wraps the RMI stub. This allo ws automatic up dating of remote references that p oints to the ev acuated/resumed Nin et. When the Dispatc her noti�es the other Nin ets and clien ts that some Nin et has migrated, the host sp eci�ed in the wrapp er stub acts as a placeholder for up dating the remote reference. W e also use the mec hanism for the case when the Server no longer resp onds and results in RemoteException. In such a case, the Dispatc her is ordered to recreate a Nin et on a di�eren t server and restart the execution from its c hec kp oin t; again, in such a case, the stub is up dated to p oin t to the new server. 2.4 Nin et Securit y Mo del As mentioned earlier, Ninf places strong emphasis on the imp ortance of securit y mo dels for safe remote exe- cution, so that the server pro viders w ould b e less reluc- tant to provide services due to security concerns. F or this purp ose, the Nin et system imp oses a customized security mo del based on existing Jav a securit y features. More sp eci�cally , the Nin et security mo del is de- �ned by JP.go.etl.ninflet.server. NinfletSecurityManager , and em b o dies the follo w- ing securit y p olicies: � Prohibit net w ork connections other than RMI. � Prohibit creation of windo ws b y A WT. � Prohibit manipulation of threads. Also, as is with AppletSecurityManager , we pro- hibit access to the lo cal �lesystem, System.exit() and creation of a new ClassLoader . One of the ma jor di�erences b et w een Nin ets and Applets is that, W e allow RMI connection to hosts other than the one where we loaded the Nin et class- �le from. This is more lenien t than the Applet securit y mo del, where connections are only allow ed to the host of the Applet co debase. On the other hand, w e limit connections to instances to sub classes of Nin et. Oth- erwise, it w ould allo w arbitrary in trusion of other RMI applications within the �rew all. 3 Applying Nin et for P arallel/ Distributed Computing 3.1 P arallel/Distributed Execution of the Master-W ork er P attern The Master-Worker pattern is typically applied when a problem can b e sub divided in to small pieces. The W ork er is programmed to handle the sub divided pieces, and the Master divides the giv en problem in to pieces, creates W ork ers, dispatc hes the problem appro- priately , and then receives and com bines the results from the W ork ers, obtaining the �nal result. Here, w e implement a parallel matrix multiplica- tion using the Master-W ork er pattern of Nin et as showing in Figure 3. W e hav e prepared the Master and Worker classes as a class library in the pac k age JP.go.etl.ninflet.lib.masterworker . They are shown as �gure 4. The Master class has four T emplate Metho ds [10] which will b e ov erridden b y its sub classes. Both the Master and the Worker classes are sub classed to de�ne the sp eci�c b eha vior of the problem. W e de�ne the main lo op of the matrix m ultiplication in the run() metho d of the sub classed MatMultWorker , and the init() metho d initializes the sub-problem according to the parameters. The MatMultMaster , 5 whic h is sub classed from the Master class, sp eci�es the W ork er class with the getWorkerClass() metho d, and describ es the sub division of the main matrix m ul- tiplication b y the getWorkerArg() metho d, and �nally com bines the results of submatrix computations from the work er using the combineResultOf() metho d. MatMultMaster as w ell as MatMultW ork er in- stances are executed on Nin et serv ers as Nin ets. MatMultMaster is launched by the Clien t as was shown in Figure 2. 3.2 Exp erimen ts and Results As a preliminary ev aluation, w e executed MatMult Nin et on the ETL-Wiz cluster. ETL-Wiz is a dedi- cated cluster of 32 Alpha w orkstations eac h running at 333Mhz, and in terconnected with a 100Base/TX Ethernet switc hed netw ork. W e used DIGIT AL’s JDK V1.1.5 with JIT compiler and nativ e threads as the platform JVM. Figure 5 shows the relative sp eedup in parallel ex- ecution of the MatMult Nin et. The horizon tal axis indicates the n um b er of w ork ers whic h are executed in parallel. Eac h line indicates the v arious size of the n b y n matrix n is v aried from 200 to 1000. W e can ob- serv e that, When n b ecomes small, execution time of eac h W ork er b ecomes negligible and ov erhead of Nin- et creation b ecomes dominant. When the n um ber of w ork ers b ecomes large, data transfer o v erhead b e- comes signi�can t. The result sho ws that Nin et in- stan tiation time is still signi�cant for smaller-grained problems where Nin et is supp osed to b e di�eren tiated from the Ninf system, and a more e�cien t creation and dispatc h mec hanisms need to b e w ork ed on, while not sacri�cing security issues. 4 Service Managemen t The Nin et system can b e used not only to construct a global computing en vironmen t, but also could b e used for implementing a virtual parallel computer on a clus- ter of w orkstations and PCs on a LAN. In this case, the Nin et Dispatc her would b e running on one host, and eac h of the other hosts would b e running the Nin et serv er. W e w ould restrict access to the Dispatcher, so that it would not b e accessible from outside the LAN. The Nin et system has an additional feature to re- duce the managemen t of the Serv ers in this case. The Dispatc her em b o dies server management and monitor- ing features, allowing easy aggregate control of the Serv ers. A user can connect to the Dispatc her via a W eb bro wser, displa ying v arious serv er status as w ell as changing their settings. A Dispatc her can also connect to other Dispatc hers, allo wing formation of arbitrary top ologies of a net w ork Dispatc hers, suc h as trees or rings. This allo ws load distribution amongst multiple Dispatchers, av oiding the p ossible b ottlenec ks when the client requests con- cen trates on a single Dispatc her. Dispatc hers m utually comm unicate v arious information regarding the serv ers :::::::::::::: MatMultWorker.java :::::::::::::: package JP.ac.nitech.center.takagi.ninflet.examples.matmult; import JP.go.etl.ninflet.Ninflet; import JP.go.etl.ninflet.NinfletArg; import JP.go.etl.ninflet.lib.masterworker.Worker; import java.rmi.RemoteException; public class MatMultWorker extends Worker implements Ninflet { public MatMultWorker() throws RemoteException {} Matrix m1, m2, m3; protected void init(NinfletArg arg) { super.init(arg); m1 = ((MatMultWorkerArg)arg).m1; m2 = ((MatMultWorkerArg)arg).m2; m3 = new Matrix(m1.rows, m2.cols); } public void run() { for (int r = 0; r < m1.rows; r++) { for (int c = 0; c < m2.cols; c++) { double sum = 0; for (int k = 0; k < m1.cols; k++) { sum += m1.value[r][k] * m2.value[k][c]; } m3.value[r][c] = sum; } } result = new MatMultWorkerResult(m3); } } :::::::::::::: MatMultMaster.java :::::::::::::: package JP.ac.nitech.center.takagi.ninflet.examples.matmult; import JP.go.etl.ninflet.Ninflet; import JP.go.etl.ninflet.NinfletArg; import JP.go.etl.ninflet.NinfletResult; import JP.go.etl.ninflet.lib.masterworker.Master; import JP.go.etl.ninflet.lib.masterworker.Worker; import java.rmi.RemoteException; public class MatMultMaster extends Master implements Ninflet { public MatMultMaster() throws RemoteException {} Matrix m1, m2, m3; float subSize; protected void init(NinfletArg arg) { super.init(arg); m1 = ((MatMultMasterArg)arg).m1; m2 = ((MatMultMasterArg)arg).m2; m3 = new Matrix(m1.rows, m2.cols); subSize = (float)m1.rows / (float)this.numOfWorkers; } protected Class getWorkerClass() { return MatMultWorker.class; } protected NinfletArg getWorkerArg(int workerNum) { int row = (int)(subSize * (float)workerNum); int nextRow = (int)(subSize * (float)(workerNum + 1)); int rowLength = nextRow - row; Matrix m1Sub = m1.getSubmatrix(row, rowLength, 0, m1.cols); return new MatMultWorkerArg(m1Sub, m2); } protected void combineResultOf( NinfletResult r, int workerNum ) { int row = (int)(subSize * (float)workerNum); int nextRow = (int)(subSize * (float)(workerNum + 1)); int rowLength = nextRow - row; m3.putSubmatrix( row, rowLength, 0, m3.cols, ((MatMultWorkerResult)r).product ); } protected NinfletResult createMasterResult() { return new MatMultMasterResult(m3); } } Figure 3: Matrix Multiplication Using the Master- W ork er P attern 6

:::::::::::::: Master.java :::::::::::::: package JP.go.etl.ninflet.lib.masterworker; import JP.go.etl.ninflet.Ninflet; import JP.go.etl.ninflet.NinfletImpl; import JP.go.etl.ninflet.NinfletStub; import JP.go.etl.ninflet.NinfletArg; import JP.go.etl.ninflet.NinfletResult; import java.rmi.RemoteException; public abstract class Master extends NinfletImpl { protected int numOfWorkers; public Master() throws RemoteException {} protected void init(NinfletArg arg) { numOfWorkers = ((MasterArg)arg).numOfWorkers; } public void run() { NinfletStub[] workers = new NinfletStub[numOfWorkers]; Class workerClass = getWorkerClass(); for (int i = 0; i < workers.length; i++) { NinfletArg arg = getWorkerArg(i); workers[i] = this.session.newNinflet(workerClass, arg); } for (int i = 0; i < workers.length; i++) { combineResultOf(workers[i].getResult(), i); } result = createMasterResult(); } protected abstract Class getWorkerClass(); protected abstract NinfletArg getWorkerArg(int workerNum); protected abstract void combineResultOf( NinfletResult result, int workerNum ); protected abstract NinfletResult createMasterResult(); } :::::::::::::: Worker.java :::::::::::::: package JP.go.etl.ninflet.lib.masterworker; import JP.go.etl.ninflet.NinfletImpl; import java.rmi.RemoteException; public abstract class Worker extends NinfletImpl { public Worker() throws RemoteException {} } Figure 4: The Implemen tation of the Master-W ork er Library . Figure 5: Sp eedup Ratio of MatMult Execution. they are managing, such as mac hine t yp es, a v ailabili- ties, loads, m utual netw ork bandwidths, etc. F or example, one could create a set of Dispatc hers, each of whic h manages its o wn w orkstation- or PC- cluster. These can b e connected to a master dispatc her which represen ts an organization such as a Univ ersit y or a compan y 2 The master Dispatc her comm unicates with eac h other and exc hanges information regarding the av ailabilit y of the parallel computational resources within the organization. F or instance, the usage of clusters within an organization could b e restricted to intranets during the day , whereas they could b e made av ailable for outside usage during the nigh t. 5 Related W ork There hav e b een sev eral w ork whic h hav e made collab- orative use of computational resources o v er a global netw ork. F or example, in the RSA Data Secu- rity Secret-Key Challenge [11], the distributed.net pro ject[12] solv ed a 56bit R C5 in ab out 200 da ys us- ing appro ximately 15,000 to 30,000 Windows PCs and Macintoshes. Eac h participan t in the pro ject do wn- loaded a sp ecial solv er binary from the net w ork and installed it man ually on his PC. More generally , there ha v e b een prop osals for global computing using low-lev el comm unication sys- tems suc h as PVM[13], MPI[14], Linda[15], etc., as well as higher-level, dedicated systems, in- cluding CONDOR[7], Netsolv e[6], Legion[16], and GLOBUS[17]. Although these systems o�er hetero- geneous collab oration of multiple systems in parallel, some of them in a Wide-area setting, they in v olv e rather complex maintenance of di�eren t binary co de, multiple execution environmen ts, etc. T o o v ercome the system complexit y , there ha v e b een several prop osals of Jav a-based global computing sys- tems, utilizing the platform indep endence and p orta- bility of Jav a. These systems are t ypically fo cused on providing the users with parallel computing capabili- ties with computing resources av ailable in LAN and/or W AN. The systems can b e largely categorized in to tw o| those that use Jav a Applets as computing ob- jects, and those whic h do not. The former sys- tems include JET[18], Ja v elin[19], POPCORN[20] and Charlotte[21]. In these systems, the idea is to imple- ment the client’s computational task as a Ja v a Applet, and p ost it on a certain W eb page. Then, the server provider would op en the W eb page, thereby do wnload- ing the Applet and executing the computation of the client. JET is a simple system where the created Applet is merely placed on the W eb page, and do es not pro vide facilities of guiding the p otential server providers in to actually op ening the page. 2 In this case, by executing the Dispatcher on a net w ork �re- wall, we can exp ort the selected set of Dispatchers to the outside netw ork. 7

In Ja v elin, the serv er pro vider in v ok es his W eb bro wser, and op ens the Brok er Applet page of of Ja v elin (the server provide is called the Host ). The clien ts, in turn, places the Applet-enco ded computa- tion and an HTML page whic h em b eds the Applet (they are aggregately called a task ) in his own W eb serv er, and noti�es the Brok er of its URL. The Bro- k er then places the task in the task queue, and starts sc heduling the registered tasks b y remo ving one task from the task queue and a Host from the Hosts p o ol, and directs the Host to op en the W eb page of the task. This is implemen ted b y the Brok er Applet calling the showDocument metho d of the AppletContext . Ja v elin and Nin et are similar in that, b oth systems facilitate a three-tier arc hitecture, where the Ja v elin’s Brok er, T ask and Serv er corresp ond to the Nin et sys- tem’s Dispatc her, Nin et, and the Serv er. Ja v elin mak es it easy for a end-user to act as a computing serv er provider b y lev eraging the existing W eb tec h- nology , utilizing the JVM em b edded in W eb bro wsers. On the other hand, for a more dedicated clustering en- vironmen t, it causes greater administrativ e o v erhead, as windo w systems and bro wsers m ust b e in v ok ed on ev ery computing no de. Even for wide-area use, users could easily inadverten tly or delib erately p oin t his bro wser to other pages, or quit the program altogether. Th us, bro w er-based systems suc h as Jav elin, despite its ease of use, would result in a rather unstable com- puting en vironmen t, making it necessary to in v est in soft w are tec hniques to cop e with suc h instability . Also, it is not clear whether the Applet securit y mo del, which w as originally designed for p oint-to-point do wnloading and remote execution, w ould b e necessary and su�cient for global computing in a more general setting. F or example, in Jav elin, the Applet securit y mo del prev en ts direct in ter-Applet stream comm unica- tion, thereb y requiring all in ter-Applet communication to b e routed through the host where the Applet class �le originated, p ossibly b ecoming a signi�can t b ottle- nec k for parallel computing. Although recen t w ork re- v ealed that inter-Applet comm unication w ould b e p os- sible using RMI, it is still not clear if other securit y asp ects w ould b e necessary and su�cien t. W e en vision that, Applet-based systems suc h as Ja v elin, due to their easy participation of comput- ing servers, w ould b e suitable for solving a large, do- main decomp osible problems that arouse high pub- lic in terest, suc h as RSA F actoring[22] and domain- decomp osible t yp e of grand c hallenge problems. On the other hand, they are not very appropriate for a constructing a more stable computing en viron- men ts whic h will consist of high-p erformance clusters and sup ercomputers in terconnected with high-sp eed W AN/LAN. There are also other systems that are constructed as standalone Ja v a applications, such as IceT[23]. IceT has an ‘uploading’ feature of classes, allo wing instance creation of arbitrary classes on other IceT hosts. On the other hand, the programming mo del of IceT is basically an ev olution of PVM, and do not accoun t for some imp ortant issues in global computing suc h as automated resource allo cation, fault tolerance, chec k- p oin ting, etc. Also, there are no ob ject-orien ted ab- stractions of parallelism control nor ob ject distribu- tion. Ob jectSpace V o y ager[24] and Aglets[25] are so- called mobile agent systems that targets a di�eren t ap- plication area other than parallel computing, but ha v e similar characteristics. How ev er, such systems are not intended for e�cien t, global computing that require extensive comm unication b et w een the ob jects as well as collectiv e and co ordinated resource control 6 Conclusion and F uture W ork W e ha v e presented Nin et, a Jav a-based global com- puting system whic h constructs a virtual computing environmen t in W AN/LAN settings to exploit compu- tational resources of idle computers. The design of Nin et emphasizes system stability , securit y , and fault tolerance. The key to the success of systems suc h as Nin et is ho w m uc h it could capture widespread usage. One metho dology is to leverage up on systems with which p eople feel that there is su�cien t securit y , as is rep- resented b y Jav elin and other browser-based systems. Nin et takes a di�eren t approach, b y designing a more stable system with securit y and other features that are tailored for global computing using Jav a. W e do b eliev e b oth types of systems ha v e their ad- v an tages and disadv an tages. It is also p ossible to fore- see a com bined system, so that di�eren t JVMs and security mo dels could b e selected according to appli- cation requiremen ts. As a future w ork, w e are exploiting the follo wing issues: � First, we are pursuing an e�ective resource sc heduling algorithm for global computing. Al- though we hav e conducted extensive b enc hmarks in a ph ysically net w ork ed en vironmen t[4], w e are no w pursuing construction of simulation mo del and a sim ulator based on the mo del for global computing. � Second, w e are designing libraries that implemen t di�eren t parallel programming st yles on Nin et. Although an earlier work in v estigated the p ossi- bilit y of library-based accommo dation of di�er- en t programming styles in the con text of C++ on w orkstation/PC en vironmen ts[26], w e need more sophisticated supp ort to tak e in to accoun t c hec k- p ointing and securit y issues. � Finally , we need to dev elop supp orting softw are infrastructure, suc h as p erformance, debugging, and b etter serv er management to ols. References [1] S. Sekiguchi, M. Sato, U. Nagashima. - Ninf - : Netw ork based Information Library for High 8

P erformance Computing, SIGNote of Information Pr o c essing So ciety , n um b er 94-HPC-52, pages 127{132, 1994. in Japanese. [2] S. Sekiguc hi, M. Sato, H. Nak ada, and U. Na- gashima. { Ninf {: Net w ork Base Information Li- brary for Globally High P erformance Computing., in Pr o c e e dings of Par al lel Obje ct-Oriente d Meth- o ds and Applic ations (POOMA), 1996. [3] M. Sato, H. Nak ada, S. Sekiguchi, S. Matsuok a, U. Nagashima, and H. T ak agi. Ninf: A Net w ork based Information Library for a Global W orld- Wide Computing Infrastructure, L e ctur e Note in Computer Scienc e, High-Performanc e Computing and Networking , pages 491{502, 1997. [4] A. T ak efusa, S. Matsuok a, H. Oga w a, H. Nak ada, H. T ak agi, M. Sato, S. Sekiguc hi, and U. Na- gashima. Multi-clien t LAN/W AN P erformance Analysis of Ninf: a High-P erformance Global Computing System, in Pr o c e e dings of Sup er c om- puting’97 , 1997. [5] H. Nak ada, H. T ak agi, S. Matsuok a, U. Na- gashima, M. Satoh, S. Sekiguchi. Utilizing the Metaserv er Arc hitecture in the Ninf Global Com- puting System, submitted to HPCN’98 . [6] H. Casano v a, and J. Dongarra. Netsolv e: A Net- w ork Serv er for Solving Computational Science Problems. in Pr o c e e dings of Sup er c omputing’96 , 1996. [7] M. Lizk o w, M. Livny , and M. W. Mutk a. Condor { A Hun ter of Idle W orkstations, in Pr o c e e dings of the 8th International Confer enc e of Distribute d Computing Systems , 1988. [8] S. Hirano. HORB: Distributed Execution of Jav a Programs, L e ctur e Notes in Computer Scienc e 1274 Worldwide Computing and Its Applic ations , pages 29-42, 1997 [9] M. Bec k, J. S. Plank, and G. Kingsley . Compiler- Assisted Checkpointing, in 25th A nnual Interna- tional Symp osium on F ault-T oler ant Computing , 1995. [10] E. Gamma, R. Helm, R. Johnson, and J. Vlissides. Design P atterns { Elemen ts of Reusable Ob ject- Orien ted Softw are, A ddison-Wesley , 1994. [11] The RSA Data Securit y Secret-Key Challenge, http://www.rsa.com/rsalabs/97challenge/ . [12] DISTRIBUTED.NET { F astest Computer on Earth, http://www.distributed.net/ . [13] V. S. Sunderam. PVM: A F ramew ork for Par- allel Distributed Computing. T e chnic al R ep ort ORNL/TM-11375 , Department of Math and Computer Science, Emory Universit y , 1990. [14] MPI: A Message-P assing Interface Standard. The In ternational Journal of Sup ercomputer Applica- tions and High P erformance Computing Systems, 1988. [15] R. A. Whiteside and J. S. Leich ter. Using Linda for Sup ercomputing on a Lo cal Area Net w ork. T e chnic al R ep ort Y ALEU/DCS/TR-638 , Depart- men t of Computer Science, Y ale Universit y , 1988. [16] A. S. Grimsha w and W. A. W ulf. Legion: Flex- ible Supp ort for Wide-Area Computing, in Pr o- c e e dings of the Seventh A CM SIGOPS Eur op e an Workshop: Systems Supp ort for Worldwide Ap- plic ations , 1996. [17] I. F oster and C. Kesselman. Globus: A Metacom- puting Infrastructure T o olkit, International Jour- nal of Sup er c omputer Applic ations , 1997. [18] L. M. Silv a, H. Pedroso, J. G. Silv a. The Design of JET: A Ja v a Library for Embarrassingly P ar- allel Applications, in Pr o c e e dings WOTUG’20 { Par al lel Pr o gr amming and Java Confer enc e , IOS Press, pages 210{228, 1997. [19] B. O. Christiansen, P . Capp ello, M. F. Ionescu, M. O. Neary , K. E. Schauser, and D. W u, Jav elin: In ternet-Based P arallel Computing Using Ja v a, ACM Workshop on Java for Scienc e and Engi- ne ering Computation , 1997. [20] The POPCORN Pro ject, http://www.cs.huji. ac.il/~popcorn/ [21] A. Baratlo o, M. Karaul, Z. Kedem, and P . Wyck- o�. Charlotte: Metacomputing on the W eb, in Pr o c e e dings of the 9th International Confer enc e on Par al lel and Distribute d Computing Systems , 1996. [22] RSA F actoring-By-W eb pro ject!, http://www. npac.syr.edu/factoring.html . [23] P . A. Gra y , and V. S. Sunderam, The IceT En- vironmen t for Parallel and Distributed Comput- ing, in Pr o c e e dings of 1997 International Scienti�c Computing in Obje ct-Oriente d Par al lel Envir on- ments Confer enc e , 1997. [24] Ob jectSpace V o y ager { The Agen t ORB for Ja v a, http://www.objectspace.com/voyager/ [25] Programming Mobile Agents in Ja v a, http:// www.trl.ibm.co.jp/aglets/ . [26] S. Matsuok a, A. Nik ami, H. Oga w a, and Y. Ishik a w a. T o w ards a Parallel C++ Program- ming Language Based on Commo dit y Ob ject- Orien ted Programming, in 1997 International Scienti�c Computing in Obje ct-Oriente d Par al- lel Envir onments Confer enc e (ISCOPE’97, http: //www.acl.lanl.gov/iscope/ ), Springer LNCS 1343, Marina Del Rey , CA, Dec. 1997. 9