Qualis: the Qualit of Service Comp onen for the Globus Metacom puti ng System Craig A. Lee Carl Kesselman James Stepanek Rob ert Lindell B. Scott Mic he So on ok Hw ang Joseph Bannister Computer Science and ec hnol ogy Informatio Sciences Institute The Aerospace Corp oration Univ ersit of Southern California El Segundo, CA 90245-4691 Marina del Rey CA 90292-6695 lee,stepanek,scottm @aero.org carl,lindell,h angsw,j oseph @isi.edu Ian oster Alain Ro Mathematical and Computer Sciences Departmen of Computer Science Argonne National Lab oratory Univ ersit of Chicago Argonne, IL 60439 Chicago, IL 60637 foster@mcs.anl.go alain@cs.uc hicago. edu In tro duction General computing er widely distributed set of het- erogeneous mac hines ypically called metac omputing o�ers de�nite adv an tages. In addition to allo wing single application to bring together di�eren yp es of resources, suc as sp ecialized data sources, data bases, and visualization systems, it allo ws an application to acquire and utilize man di�eren mac hines to attain lev el of compute er that is not ossible an other It ma also more cost-e�ectiv to aggregate sev eral mac hines er net or on er-need basis rather than acquire and main tain one large mac hine. The erformance of metacomputing systems, ho w- ev er, can highly dep enden on the ailable net- ork bandwidth and latencies. While erformance can impro ed designing applications to adapt to the ailable bandwidth and tolerate latencies, the notion of quality of servic (QoS) for metacomputing is ery imp ortan t. Ho ev er, QoS in metacomputing en vi- ronmen has broader scop than in just net orking en vironmen t Muc ork has een done on ho to pro vide QoS in net ork s. The literature has in estigated oth connec- tionless and connection-orien ted net orks, result- ing in an extremely large arc hiv of results. Less thor- oughly in estigated, ho ev er, are the problems that arise in pro viding end-to-end QoS to large applications. The exception here, of course, is net ork-based ulti- media, suc as the opular MBone-based to ols 10 ], in whic it is paramoun to assure that the required QoS can pro vided from source ypically stream- ing video or audio source to one or more destina- tions. The service mo del for these to ols tends to an iso hronous bit rate with minimal dela jitter and lo pac et loss. an ticipate that metacomputing will need substan tially di�eren service mo del for the non-visualization applications. QoS sp eci�cation and managemen can imple- men ted at di�eren lev els of abstraction. The In te- grated Services Arc hitecture, whic include the Reser- ation Proto col (RSVP), serv es as Qualis’ basic mec hanism for QoS signaling proto col and tra�c man- agemen t. This is an example of lo w-lev el QoS mec ha- nism that allo ws reserv ations to made on net o rk for o et een sender and receiv er. Qualit of Service for CORBA Ob jects (QuO) 11 is an example of high-lev el QoS that augmen ts the CORBA In terface De�nition Language with QoS De�nition Language (QDL) that allo ws sp eci�cation of QoS in terms of ob- ject eha vior, e.g., metho in cations er second. In large distributed computing en terprises, it has een recognized that end-to-end QoS requires that QoS in tegrated within general esour management framew o rk. This is the goal of the Global Resource Managemen pro ject whic plans to supp ort com- mand, con trol, comm unications, and in telligence (C I) applications, in addition to ultimedia applications. The ERDoS pro ject (End-to-End Resource Manage- men for Distributed Systems) is dev eloping an in- frastructure to map end-to-end, application-l ev el QoS sp eci�cations to middlew are-, OS-, and net ork-lev el QoS sp eci�cations; allo cate and sc hedule computing, comm unication and storage resources to applications; and appropriately handle QoS violations. This osition pap er presen ts Qualis the qualit of service comp onen for the Globus Metacomputing sys- tem ]. presen the Qualis arc hitecture, ho it is in tegrated in to the Globus arc hitecture, and ho it addresses QoS in metacomputing en vironmen t. he Qualis rc hite cture guiding principl in the implemen tation of QoS for Globus as not to build single, unique QoS to ol, but to build an infrastructure where lo er-lev el QoS mec h- anisms can in tegrated and debugged, thereb allo w- ing higher-lev el QoS to ols and functionalit to built and ev aluated. Since Nexus is the comm unication and pro cess con trol orkhors of Globus, it is clear that implemen ting QoS for Globus mean implemen ting QoS for Nexus. Hence, hose to implemen QoS for rele- an Nexus abstr actions The abstractions hose are (1) pro cesses, (2) threads, (3) memory and (4) comm u- nication startp oin ts and endp oin ts whic are used for asynchr onous emote Servic q uests (RSRs). These are the QoS-able ob jects of Qualis. While Nexus do es not actually ha separate abstraction for memory it is not inconsisten with the Nexus mo del and will useful since it will allo co ordination of bu�er man- agemen along with other forms of QoS services. or Nexus, pro cess in olv es an address space on some pro cessor that could unipro cessor, shared- memory mac hine, or one no de in distributed-memory mac hine. Threads liv es within an address space and sync hronize in the usual manner with utexs and con- dition ariables. Comm unication via RSRs is done e- een startp oin that is ound to an endp oin t. con- text ma ha an arbitrary um er of start/endp oin ts. Startp oin ts (but not endp oin ts) can freely passed among pro cesses. One or more threaded or non- threaded hand lers are asso ciated with an endp oin t. An RSR is initiated with startp oin t, handler id, and data bu�er. The data bu�er is then deliv ered to the con t ext with ound endp oin and passed to the handler. RSRs are supp orted ariet of pr oto- ol mo dules that utilize, for example, TCP (T ransmis- sion Con trol Proto col), UDP (User Datagram Proto- col), MPL (the IBM Message assing La er), NX (the In tel message-passing library), or shared-memory single con text can use ultiple mo dules dep endi ng on whic one is est for the target endp oin t. This ap- proac can used to supp ort traditional message- passing, sync hronous remote pro cedure call, distributed shared memory streams, ulticast, and other comm u- Figure 1: The Qualis chite ctur e. nication and con trol mo dels. The Qualis arc hitecture is sho wn in Figure 1. Nexus registers pro cess, thread, or ound start- oin t/endp oin with QosLib whenev er they are created as part of normal op eration. They are deregistered when they are destro ed. Nexus applications can sp ec- ify the QoS and callbac handler asso ciated with QoS- able ob jects. When this asso ciation is made, QosLib passes the information to Qos an whic do es lo cal ad- mission con trol and monitoring. If the relev an QoS mec hanism requires ro ot privilege, QosMan will send an RPC to QosPriv whic do es the privileged op er- ation. (Mo dularizing privileged op erations and using RPC (rather than Nexus remote service requests) as done so that only relativ ely small amoun of co de us- ing more familiar (and erhaps more trusted) comm u- nication mec hanism ould needed, thereb mitigat- ing an need for eri�cation system administrators.) If QosMan detects QoS violation, an RSR is sen to the application’s callbac handler. Qualis is curren tly in tegrated with lo w-lev el QoS mec hanisms: the POSIX Real-time Extensions and RSVP ]. The POSIX Real-time Extensions are used to con trol the priorit of pro cesses and threads and to lo k-do wn pages of memory Curren tly pro cess and thread QoS is simply sp eci�ed as priorit the lo cal QosMan. Admission con trol for pro cesses can done comparing the curren load with the an ticipated load of another pro cess with the requested priorit Admis- sion con trol for threads is done in similar manner but can complicated the OS’s thread sc heduling mo del. QoS for startp oin ts/endp oin ts is curren tly based only on RSVP While RSVP supp orts oth TCP and UDP includin ulticast, only the Nexus TCP pro- to col mo dule has een in tegrated in to Qualis at this time. After the startp oin has een ound to the end- oin t, the application has sp eci�ed the RSVP Rsp and Tsp and the so et connection has een made, then the RSVP signaling proto col is initiated. If the bandwidth is a ilable, RSVP returns reserv ation con�rmation. The Alternativ Queuing (AL TQ) Class- Based Queuing pac ag olices tra�c and pro vides static admission con trol. curren tly ha no mea- suremen based admission con trol (MBA C) that ould pro vide etter utilization of the link. ha built wide area testb ed er CAIRN (Col- lab orativ Adv anced In teragency Researc Net ork) using In tegrated Services capable routers and hosts. The routers ere constructed using IBM PC compati- ble mac hines running reeBSD 2.2.X with quad fast ethernet net or adapter and the AL TQ pac age whic utilizes the pac et sc heduler dev elop ed at LBNL, UCL, and Sun Microsystems. Our end hosts are Sun Ultra orksta tions running the Sun In tegrated Services pac k- age. net ork of routers and three end hosts are lo cated at oth ISI and ANL and connected the CAIRN researc net ork. This basic infrastructure allo ws um er of issues to in estigated. QoS mapping from higher lev el sp ec- i�cations that are related to application eha vior, suc as metho in cations er second, to lo er lev el sys- tem QoS primitiv es is imp ortan but di�cult. An QoS mec hanism en tails some erhead and, hence, implie some minim um gr anularity that can realize net gain in erformance. or threaded RSR handlers; it ma necessary to sp ecify QoS prior to creation rather than after. More e�ectiv monitoring and olicing mec ha- nisms need to in place suc that applications can adapt when necessary in timely fashion. rue end-to- end, application-lev el QoS will require taking net ork, thread, pro cess and application eha vior in to accoun together as whole. Better erall erformance ma ossible if ultiple QosMans negotiate among them- selv es to main tain global or distributed QoS prop erties. Using the wide area testb ed describ ed ab e, the Globus/Qualis pro jects are curren tly erforming um er of exp erimen ts includ ing basic RSVP mi- crob enc hmarks and instrumen ted applications to ev alu- ate the erformance and erhead of these QoS mec ha- nisms. are also in estigating the design of QoS- are resource brok ers and sc hedulers that in teract with the Metacomputing Directory Service and other Globus services. eference [1] R. Braden, D. Clark, and S. Shenk er. In tegrated services in the in ternet arc hitecture: An erview. 1994. RF 1633. [2] R. Braden, L. Zhang, S. Berson, S. Herzog, and S. Jamin. Resource reserv ation proto- col (RSVP) ersion functional sp eci�cation. ec hnical rep ort, USC Information Sciences In- stitute, Septem er 1997. Prop osed Standard, ttp://w ww.isi.edu/div7/rsvp/pub.h tml. [3] S. Chatterjee, B. Sabata, and J. Sydir. End-to- end resource managemen for distributed systems. 1998. ttp:// www.erg .sri.com/ pro jects/ erdos/in- dex.h tml. [4] M. Da vis and J. Sydir. osition pap er: Resource managemen for complex distributed systems. In Se on International orkshop on Obje ct-oriente al-time Dep endable Systems 1996. [5] S. Flo yd and V. Jacobson. Link-sharing and resource managemen mo dels for pac et net- orks. IEEE ans actions on Networking 3(4):365{ 386 August 1995. [6] I. oster and C. Kesselman. Globus: metacom- puting infrastructure to olkit. Intl. J. Sup er om- puting Applic ations 11(2):115 {128 1997. [7] I. oster, C. Kesselman, and S. uec e. The Nexus approac to in tegrating ultithreading and com- unication. J. Par al lel and Distribute Comput- ing 37:70{82, 1996. [8] M. Garrett. ATM service arc hitecture: rom ap- plications to sc heduling. 1994. TM orum Con- tribution 94-0846 TM SW G. [9] IEEE. P1003.4 Realtime extensions for ortable op erating systems. ec hnical rep ort, IEEE, 1995. Standard, ttp://s tandards.ieee.org/ca ta- log/p osix.h tml. [10] S. McCanne and V. Jacobson. vic: exible frame- ork for for pac et video. In Pr c. ultime- dia ’95 1995. [11] J.A. Zinky D.E. Bakk en, and R.E. Sc han tz. Ar- hitectural supp ort of qualit of service. The ory and Pr actic of Obje ct Systems 3(1), 1997.