stan tiall simpli�ed the form ulati on of the dela ound computation (inequalit (1)), and to Eb erhard Mueller-Menrad, who disco ered sev eral bugs in an earlier ersion of ables and 2. He is also thankful to Ellen Bo yle for her in aluabl help with the preparation of the man uscript. Reference [BaMa91] A. Banerjea and B. Mah. \The Real-Time Channel Administration Proto col". Pr c. Se ond International Workshop on Network and Op er ating System Supp ort for Digital udio and Vide Springer-V erlag, Heidelb erg, German 160{170, No em er 1991. [F eBZ92] D. errari, A. Banerjea, and H. Zhang. \Net ork Supp ort for Multi- media Discussion of the enet Approac h". ec hnical Rep ort TR-92-072, In ternational Computer Science Institute, Berk eley Octob er 1992. [F err92] D. errari. \Real-Tim Comm unicatio in an In ternet ork" Journal of High Sp Networks 1(1):79{103, 1992. [F err93] D. errari. \Distributed Dela Jitter Con trol in ac et-Switc hing In ter- net orks". Journal of Internetworking: ese ar ch and Exp erienc 4(1):1{ 20, 1993. [F eV e90] D. errari and D. erma. \A Sc heme for Real-Time Channel Estab- lishmen in Wide-Area Net orks". IEEE Journal Sele cte as of Com- munic ation 8(4):368{379 April 1990. [FKKM92] A. G. raser, C. R. Kalmanek, A. E. Kaplan, W. T. Marshall, and R. C. Restric k. \Xunet 2: Nation wi de estb ed in High-Sp eed Net ork- ing". Pr c. INF OCOM’92 Florence, Italy 1992. [JSZC92] S. Jamin, S. Shenk er, L. Zhang, and D. D. Clark. \An Admission Con trol Algorithm for Predictiv Real-Tim Service". Pr c. Thir Inter- national Workshop on Network and Op er ating System Supp ort for Digital udio and Vide Springer-V erlag, Heidelb erg, German 349{356, 1992. [LaP a9 1] A. A. Lazar and G. aci�ci. \Con trol of Resources in Broadband Net orks with Qualit of Service Guaran tees". IEEE Communic ations Magazine 29(10):66{73, Octob er 1991. [ZhKe91] H. Zhang and S. Kesha v. \Comparison of Rate-Based Service Dis- ciplines". Pr c. of CM SIGCOMM ’91 Zuric h, Switzerland, 113{122, Septem er 1991. 12 of course, mak es the tasks of the destination hea vier (and reduces those of the "in term ediate destinations" to zero), as ell as calling for uc longer establish- men messages, but simpli�es the hannel establishmen co de ery substan tially It should also easier to design and impl em en this co de so that it is truly ortable to wide ariet of in ternet orki ng en vironm en ts. All of these considerations should ob vio usly (and will) con�rmed ex- erience with applying the new admission con trol metho in sev eral in ternet- orking testb eds Conclusion more general and in tellectually satisfying approac than the one previously prop osed the enet Group to admission con trol for real-time comm unica- tion services in pac et-switc hing in ternet orks has een presen ted. The new approac is based on real-time hannel mo del consisting of cascade of sin- gle queueing serv ers, eac one of whic ma of one of yp es (J or NJ) and con tains giv en amoun ts of three yp es of resources the connections et een serv ers are haracterized only their (constan t) dela The admission tests and computations are designed and ha to executed for eac serv er along the path of the hannel to established. The only asp ect of serv er that in uences (some of the tests and computations is the sc heduling discipline implem en ted the serv er. Serv ers with di�eren sc heduling disciplines can co exist along hannel’s route, but the appropriate tests and computations will ha to run in eac serv er during the establishmen pro cedure. J-t yp and NJ-t yp serv ers can also co exist, of course. sho an example of tests and computations, ha presen ted those for the case of the D-EDD and J-EDD disciplines. The adv an tages and the dra wbac k of the new metho ha een brie y discussed. The metho d’s generalit is its most imp ortan haracteristic: it is at the ro ot of suc adv an tages as the ortabilit of the tests and computations as ell as of the co de, and the simpler one-lev el approac to admission con trol in in ternet orks; it is also resp onsible for suc relativ disadv an tages as the higher establishmen erhead and the longer establishmen messages. It seems clear, on the basis of these considerations, that the new metho mak es ositiv and useful con tribution to the tec hnology of real-time comm u- nication. Only careful testb ed implem en ta tion and exp erimen tation, ho ev er, can con�rm the alidi of this conclusion. Ac kno wl e dgem e ts The author is grateful to the mem ers of the enet Group for eing in telli- gen and creativ sounding oards in sev eral discussions of these topics. He is particularly indebted to Amit Gupta, who pro vided man suggestions and sub- 11 cases. The new metho replaces it with single serv er to used as building blo for uc more complicated and realistic no de mo dels. Since the new tests and computations ertain to this building blo and not to the no de mo del, the no de mo del can hanged without ha ving to mo dif the tests or the computations to erformed for admission con trol. Some of the tests and computations dep end on the sc heduling discipline implem en ted the serv er; the correct ones will ob vio usly ha to used during the hannel establishmen pro cedure in eac serv er, the only condition (fortunately an easy one to satisfy) eing that di�eren tests and computations in di�eren serv ers will in terop erate, so that the destination will receiv all the informati on it needs to mak correct admi ssion and allo cation decisions. It should noted that most of the tests and computations devised for Sc hemes and are alid for eac single serv er, as they ere dev elop ed for no des that ere represe ted single serv ers. This observ ation has allo ed us to ene�t greatly from our previous ork; for instance, did not ha to pro inequalities (1), since the pro of had already een giv en in [F eV e90]. The only di�erence, but non-trivial one, is that tests and computations are no to applied to eac serv er, not to eac no de. Since it is to exp ected that there will one pro cessor in eac no de running tests and computations whenev er hannel establishmen request is receiv ed, that pro cessor will ha to run as man sets of tests and computations as there are single serv ers in the mo del hosen for that no de. One could argue that this will increase the erhead and the time of hannel establishmen t; the coun terargumen t, ho ev er, is that the new metho is reliable, while the old one as rather shaky either ecause it reduced the en tire, ossibly quite complicated, no de to single serv er, or ecause it relied on the assumption that the no de had sev ere ottlenec that could correctly iden ti�ed and ould nev er hange. Another imp ortan consequence of the new approac is found in the impl e- men tation of admission con trol within an in ternet ork. With the old metho d, heterogeneous in ternet orks ere treated in hierarc hical y: eac subnet- ork had its wn haracterization, and as dealt with, to large exten t, inde- enden tly of the rest of the in ternet o rk. The hannel’s destination allo cated resources (i.e., assigned lo cal erformance ounds) only to highest-lev el sub- net orks and links; within eac subnet ork, suc assignmen as done the "lo cal destination" (the endp oin of the hannel’s path within the subnet ork), and so on recursiv ely [F err92, BaMa91]. All of this can done without violating the single roundtrip requiremen of the enet hannel establishmen pro cedure. Ho ev er, while the hierarc hical pro cedure is elegan and e�cien t, its impl em en- tation, debugging, and testing are quite complicated. The new metho do es not require resorting to suc pro cedure, as long as eac in ternet ork comp o- nen along hannel’s path can mo deled as cascade of single serv ers as in Figure 2. If all heterogeneit can absorb ed the mo deling generalit of the new metho d, condition that is lik ely to satis�ed in practical cases, can deal with one-lev el paths ev en when the in ternet ork is complex. This, 10 able 2: Destination ests for Admission Con trol Name Computation est orw ard D-T est pr op;i =1 pr op;n min;i max;i pr op;i min;i =1 min;n if min;i n;i min;i ::N W-Comp n;i ::N if min;i n;i ::N if min;i max;i =1 max n;i Z-T est n;i max n;i min;i =1 max n;i ::N min;i max;i n;i ::N if =1 dmax n;i max;i then max;i =1 dmax n;i n;i ::N d-Comp n;i dmax n;i ::N if =1 dmax n;i max;i then max;i max;i max;i n;i dmin n;i max;i min;i ::N if max;i is de�ned then osition of the last J-t yp serv e and ;i ;i ;i J-T est pr op;n;i =1 pr op;k ::N ;i max;i n;i ::N n;i pr op;n;i =1 ;i ::N n;i ;i ;i if max;i is unde�ned then b-Comp if max;i is de�ned, then osition n;i ::N of the previous J-t yp serv er n;i max;i n;i n;i min;i n;i ::N able 1: Serv er ests for Admission Con trol Name Condition Computation est Record orw ar Determin- det;n det;n n;i min;i istic min;i where det;n det;n det;n est is initialized to