00133-1 JB: Design and Arc hitecture of Next Generation In ternet Infrastructure in Japan Masaki Minami � , Masafumi Oe y , Akimic hi Oga w a z , Kengo Nagahashi x , Ko ji Ok am ura { , Y ouki Kadobay ashi k , Hiroshi Esaki � , Akira Kato yy � T oshiba Corp oration. Research & Developmen t center, masaki.minami@toshiba.co.jp y Nara Institute of Adv anced Science and T ec hnology , masafu-o@is.aist-nara.ac.jp z Keio Universit y , Shonan F ujisa w a Campus, akimichi@sfc.wide.ad.jp x Keio Universit y , Shonan F ujisa w a Campus, kenk en@sfc.wide.ad.jp { Kyushu Universit y , ok a@ec.kyush u-u.ac.jp jj Osak a Universit y , youki@cen ter.osak a-u.ac.jp � Universit y of T oky o, hiroshi@wide.ad.jp yy Universit y of T oky o, k ato@wide.ad.jp Abstract The pro ject \JB" is a joint research pro ject to explore the next generation Internet technologies. The pro ject is run by several netw ork computing research pro jects, such as the WIDE pro ject, ITRC pro ject and Cyb er Kansai Pro ject. W e are going to build the nation-wide high p erformance research test-b ed, that is jointly op erated by the participating researc h pro jects and organizations. The initial technological targets are IP version 6, qualit y of service control (e.g., di�serv), realtime high sp eed stream multicast, reliable multicast and new applications (e.g., School on the Internet). The test-b ed is going to in tegrate all of these functions and proto col stacks into an uni�ed platform based on the PC-UNIX based adv anced net w ork stack provided by KAME pro ject. Netw ork op eration with the in tegration of these functions and proto col stac ks will disclose some new issues and requirements for the next generation Internet infrastructure. The deploy ed test-bed internet w orks with international researc h netw orks, such 6REN and Q-Bone.

00133-2 1 In tro duction In ternet technology provides global, ubiquitous and univ ersal connectivity for all computers and every one connecting through v arious datalink platforms. Since connectivit y is the Internet’s own rew ard, the Internet has b een growing n umerically and geographically at a more than exp onen tial rate. The core technology for the Internet is IP (Inter- net Proto col) and TCP (T ransmission Control Proto- col). A netw ork in the Internet contains computers that are interconnected using IP . As well as intercon- necting computers within a netw ork using IP , IP fur- ther interconnects these netw orks. This is reason why it is said that the Internet is a netw ork of net w orks. Reliable data transmission is achiev ed b y the end-to- end TCP control mechanism b etw een source and des- tination hosts. Therefore, it is said that Internet with TCP/IP is inherently a distributed system. As the Internet mov es forward in to the next cen tury , the Internet transits to an information infrastructure for ev ery one from the information infrastructure only for scientists or professionals. This means that the next generation Internet has to achiev e the following features. � Internet for every one � Internet for everything � Internet ev erywhere � Internet at anytime � Internet an y wa y No w, what are the technological requirements and c hallenges for the next generation Internet. It is "sc al- ability" . Scalability has v arious asp ects from v arious quan titativ e and qualitative view p oints. The initial technological target of the \JB" pro ject is IP version 6 (IPv6) [14], quality of service con trol[13][11][12], multicast [5] and new applications. � IPv6 IPv6 provides su�ciently larger address space (128 bits) for the next generation Internet. IPv6 also provides v arious new functions compared with the legacy of IPv4 (IP v ersion 4). F or example, IPv6 enables auto con�gurations for end hosts to accommodate every one into the Internet. � Quality of service control Eac h p erson and each application may require dif- feren t communication quality lev els. Di�eren ti- ated Service (Di�-Serv), Integrated Service (In t- Serv) and RSVP are the key architecture mo dels and proto col stacks which pro vide v arious comm u- nication qualities for each particular pack et ow ov er the Internet. The qualit y of service control must b e scalable, regarding the heterogeneity of the required service class and of the condition of the netw ork. � Multicast The unicast based multicast emulation, that is the general solution in the existing Internet environ- ment, may not b e n umerically scalable to need to multicast capabilit y . Multicast has tw o di�er- ent technological challenges. One is for realtime high sp eed stream data transmission, e.g., digital video data m ulticasting. The other is for error free data delivery for large num b er of receivers, i.e., so-called as reliable multicast. � New applications Using the new technologies describ ed ab ov e, new applications should b e researched and developed. F or example, in the \JB" pro ject, the Sc ho ol on the In ternet (SOI)[8] applications using the ab ov e technologies will b e deplo y ed. W e, the \JB" pro ject, will integrate the ab ov e men- tioned functions and proto col stacks into a uni�ed plat- form based on the KAME stack[15]. Also, we op erates these ab o v e men tioned functions ov er a newly deploy ed research test-b ed, called the \JB" pro ject test-b ed. The \JB" pro ject is a joint research pro ject to explore next generation In ternet technologies. The pro ject is organized by several netw ork comput- ing pro jects, such as the WIDE pro ject[10], ITRC pro ject[4] and Cyb er Kansai Pro ject[3]. Therefore, we build a new nation-wide high p erformance research test-b ed, that is jointly op erated by the participat- ing researc h pro jects and organizations. The deploy ed test-b ed also internet w orks with in ternational research netw orks, such as 6REN (IPv6 Research and Educa- tional Netw ork)[1] and Q-Bone (end-to-end Qualit y of service backBone)[6]. Netw ork op eration with the inte- gration of these functions and proto col stacks describ ed ab ov e will disclose some of the new issues and of re- quirements for the next generation Internet infrastruc- ture. Section 2 gives brief description for pro ject o v erview, test-b ed top ology and its architecture. Section 3, 4 and 5 give an introduction, sc hedule and work items of eac h sub-pro ject. Section 6 giv es brief conclusion.

00133-3 2 Pro ject o v erview: design and arc hitecture The goals of the \JB" pro ject are developmen t new tec hnologies to construct a nation-wide next genera- tion Internet infrastructure and to p oint out the prob- lems that b ecome aparent through its op eration. F ur- thermore, it has collab orated with international net- w orking research groups, such as In ternet2 Pro ject[9], NGI Pro ject[7] and AP AN pro ject[2] in IPv6, Reliable Multicasting, QoS area and new applications. Initially , the \JB" pro ject fo cuses on the following three themes, IPv6, Multicasting and Quality of Service, as three independent sub-pro jects that collab orate with each other. As an early phase ob jective of the \JB" pro ject, those sub-pro jects aim to establish a test-b ed netw ork that has integrated these three themes. Then, research and developmen t of new applications will b egin after the test-b ed is av ailable. In order to build a high-sp eed and high-p erformance test-bed, \JB" has b een designed adopting high-sp eed lines suc h as A TM and SDH leased line as a datalink. The rest of this section, will describ e the following: 1. F ormation of this pro ject 2. Netw ork top ology and technologies 2.1 F ormation of this pro ject As stated ab ov e, the \JB" pro ject has several sub- pro jects, such as IPv6, QoS, Multicast and new ap- plication, and these are able to increase or decrease depending on the situation. In other words, these sub- pro jects are able to integrate and divide. As this b e- ha vior can b e likened to piling up v arious lay ers, we designated that each sub-pro ject b e called \ plane " in the \JB" pro ject. The �gure 1 shows that these \planes" will in the end b e uni�ed into one single \plane". This is exactly what the next generation Internet infrastructure is all about. 2.2 Net w ork top ology and tec hnologies There are at least 10 NOCs (Net w ork Op era- tion Center), such as KDD Otemachi, Universit y of T oky o, Keio SFC(Shonan F ujisa w a Campus), Osak a Universit y , Kyoto Univ ersit y , NAIST(Nara Adv anced Institute of Science and T ec hnology), JAIST(Japan Adv anced Institute of Science and T ec h- nology), CRL(Comm unication Researc h Lab., MPT), Kurashiki and Kyushu Universit y , and at least 20 leaf- sites ha v e connected to the test-b ed net w ork. Figure 1: multiple-planes unite into one plane The �gure 2 shows the initial top ology of the \JB" test-b ed net w ork. Most of connectivit y has b een pro- vided by A TM links(OC-3 to OC-12), though SDH links hav e also b een used in parts. Figure 2: \Japan Backbone": nation-wide backbone The KAME stack based PC-UNIX b oxes hav e b een installed as b oth hosts and routers to all \JB" sites. 3 JB/6: the \IP v ersion 6" plane The goal of JB/6 plane is building a IPv6 netw ork en- vironment for next generation Internet infrastructure. 3.1 Introduction The IPv6 (IP version 6) is a core proto col of the next generation Internet. It has a 128bit address space that

00133-4 is enough to cov er all worldwide netw orks. IPv6 core stac ks hav e already b een in developmen t for four years. During these years, a lot of netw ork equipmen t vendors and researc h and developmen t organizations hav e de- v eloped IPv6 stacks on v arious platforms. As a result, most of those stacks are av ailable as pro ducts or public domain. Lik ewise, three years hav e passed since the signif- ican t test b ed for IPv6 stack ev olution, developmen t and deplo ymen t, known as the 6b one, has started op er- ation. As a result of the 6b one, we hav e developed im- portant technologies such as dynamic routing, source address selection and m ultihoming as well as having acquired op erational tips and exp erience. Ho w ev er, if those technologies are not deploy ed gen- erally throughout the world, IPv6 can not b e called \In ternet Proto col for Next Generation"in its true sense. Therefore, JB/6 is going to fo cus on a estab- lishmen t of a netw ork environmen t using these tech- nologies as commo dit y op eration. 3.2 JB/6 Roadmap Through the constructing and op erating of a test-b ed net w ork for IPv6, that is the next generation core pro- tocol for the Internet, on\JB", the \JB/6" pro ject is going to tackle the following tec hnical issues: � Establishment of transition tec hnologies from IPv4 to IPv6 � V eri�cation of interconnectivit y among v arious IPv6 pro ducts � V eri�cation of IPv6 unicast routing � Building up applications for IPv6 F urthermore, these issues are also applicable to the deplo ymen t of IPv6 in the worldwide Internet. Es- pecially with the IPv4-IPv6 transition issues, through activ ely providing an IPv4 and IPv6 co existing envi- ronmen t for all \JB" sites, we will p ositiv ely �nd out and solve new problems, and provide feed bac k to the IETF ngtrans working group. Finally , we b eliev e that the curren t 6b one-jp should be replaced with \JB" as its successor, in order to c hange it from a simple test-b ed to a IPv6 nation- wide, general and commo dity infrastructure. This is because for the most part, it consists of complex and ad ho c IPv6 ov er IPv4 tunnels. A t present, we are going to install KAME stacks, as b oth of router and end-host, T oshiba CSR, that has been improv ed based on KAME stack, and Hitac hi GR as routers to all \JB" sites. 3.2.1 Schedule 1999/3 tested the KAME pro ject and the others proto col stack capabilities (b oth host and router) 1999/4 test and op erate IPv4 - IPv6 translation 1999/5 b egin IPv6 netw ork op eration on the \JB" using KAME based stack 1999/6 early deploymen t of IPv6 capable commercial routers such as T oshiba CSR, Hitachi GR and so on 1999/7 implement and deplo ymen t simple OSPF version 3 for IPv6 1999/9 transit a role of test-b ed for IPv6 in Japan from the 6b one-jp to the \JB" 1999/11 second implementation of OSPF for IPv6 b egin implementation of new application for IPv6 2000/3 b egin op eration of OSPF for IPv6 T able 1: T able of JB/6 schedule 3.2.2 W ork items Starting from Ma y 1999, w e will fo cus on whether these three individual research planes, IPv6, Multicasting and Quality of Service are able to work with each other on the same netw ork. In other words, JB/6 has to pro- vide IPv6 connectivity in order that the other planes can work on IPv6. W e will co op erate with op eration exp eriments for commercial IPv6 pro ducts by allowing them deploy- ment as so on as they are ready for use. Our initial plans for exp eriment are for the T oshiba CSR and Hi- tachi GR which are compatible with high-sp eed lines such as OC-3 and OC-12. Sev eral OSPF version 3 implementations are in progress. They will b e tested starting from Septem b er 1999. A t present, there are tw o candidates for develop- ing platform, one is \gated", the other is \zebra". As b oth of them are av ailable in the public domain, we will also make av ailable results of developmen t, such as co des and do cuments. As the Internet will hav e to go through the same transition in near future, the transition of the main IPv6 test-b ed of Japan from 6b one-jp to \JB" is a most interesting even t, not only for us, but also for IPv6 researchers all ov er the world. Therefore, we will ha v e to feed back our exp erience to the IETF communit y .

00133-5 4 JB/M: the \Multicast" plane The goal of JB/M plane is establishmen t of reliable tec hnologies at a worldwide scale. F or example, to pro vide multicast communication capabilities for high- qualit y multimedia streaming such as video and audio, and for guarantee of reliability . 4.1 Bac kground The most suitable situation to make use of the strik- ing features of m ulticast such as "reduction of redun- dan t tra�c" and "similarity to existing broadcasting media" is high band width communication within a widely distributed area. Therefore, developmen t of IP m ulticast technology on sup er high-sp eed netw orks is necessary for the deploymen t of multicast comm unica- tion in general. The MBone, which is a worldwide test-b ed for IP m ulticasting, has long supp orted the dev elopmen t of a lot of IP multicasting technologies such as \D VMRP" whic h is a multicast routing proto col based on \dis- tance vector" algorithms, \R TP" whic h is a m ultime- dia transp ort proto col for realtime communication and some reliable multicast proto cols for reliable comm uni- cation. In this wa y , the MBone has grown into world- wide test-b ed and has b een connected with hosts of v arious p erformance and nature. How ev er, there is an imp ortant problem. The MBone consists of many tunnels lay ed out on an Internet based on \b est ef- fort". Because of the ov erhead needed to maintain these tunnels the Mb one is not suited for functions as a high band width multimedia communication test-b ed. Therefore, the JB/M will build a liv e test-b ed for mul- ticasting to make use of \JB" test-b ed, and exp eriment on multicast communication with the next generation In ternet environmen t in mind. F urthermore, another imp ortant study concerning IP multicasting technology is the dev elopmen t and de- plo ymen t of a scalable multicast routing proto col and to �nd out and solve the problems discov ered during this pro cess. In other words, it is for these reasons that IP multi- casting has not seen worldwide deploymen t despite its superior technological v alue. 4.2 JB/M Roadmap On the \JB", IPv6 is ready to op erate from the b egin- ning as stated at section 3. JB/M assumes that it is the core proto col for developmen t and op eration. When considering scalability , we hypothesize several di�eren t size scales for the Internet and develop and deplo y several appropriate multicast routing proto cols for eac h accordingly . Practical reliable multicast proto cols are also going to b e designed and implemented b y making use of QoS guarantee technology And as application of these, tec h- nology for multi-point delivering will b e developed. Finally , JB/M is going to fo cus on the establish- ment of high sp eed datalinks, IP technology , Multicast routing and applications taken as a whole on the next generation Internet Infrastructure. In other words, the technologies that hav e b een developed by JB/M will b e adoptable on the next generation Internet immediately . 4.2.1 Schedule 1999/4 b egin implementation simple PIM/DM multicast routing proto col daemon 1999/6 b egin deploymen t of PIM/DM at all JB sites 1999/7 b egin implementation of multi-point video conference system using DV 1999/9 implemented of simple PIM/SM multicast routing proto col daemon 2000/3 review and deploymen t more adv anced technology T able 2: T able of JB/6 schedule 4.2.2 W ork items A t the b eginning, we are going to fo cus on establish- ing a multicast capable test-b ed of a scale of ab out 20 sites on \JB", using PIM/SM as the multicast routing proto col. Also, we are going to fo cus on a establishment of technologies for high band width multimedia transp ort such as Digital Video(DV) streaming. Starting from April 1999, we will fo cus on a simple implementation of PIM/DM m ulticast routing proto- col daemon. It will b e av ailable by July 1999, and then we will deplo y it to all \JB" sites. F rom September 1999, we will b egin to dev elop PIM/SM daemons and contin ue to exp eriment through the test-b ed. W e will review and re-schedule our plan b y Marc h 2000, and then contin ue to tackle any remaining or new issues. 5 JB/Q: the Qualit y of Service plane The goal of JB/Q plane is building a quality control capable netw ork for next generation Internet infras- tructure.

00133-6 5.1 Bac kground There is a growing demand to multiplex v oice, video and data into a single infrastructure, without sacri�c- ing scalability of the Internet. The IETF’s di�eren- tiated services (di�serv) working group has b een try- ing to solve the problem and standardize proto cols for the di�erentiated services mechanism. In the di�serv framew ork, interpretation of the IP Type-of-Service �eld has b een rede�ned so that v arious queueing mech- anisms and pack et-drop mec hanisms can b e deploy ed at routers. Ho w ev er, the standardization of an IP-based QoS framew ork do es not tell us how b est to classify pack- ets and prioritize them within the given tra�c mix of v oice, video and data. While a lot of w ork has b een done in the area of QoS, very little work fo cuses on ow aggregation and their probabilistic QoS-guarantees. Little is known ab out the probabilistic QoS-guaran tee on aggregation of ows; there is a large p ossibility that net w ork engineers must �ll the gaps b etw een appli- cation requirements and the underlying mechanisms, suc h as tra�c class, drop preference, queueing mecha- nism and so on. The opaque nature of the di�serv framew ork leav es a go o d num ber of design alternatives for netw ork en- gineers. While the standard can b e directly adaptable to enterprising netw orks demanding assured forward- ing of v oice tra�c or exp edited forwarding of business transactions, the scale and multiplexing nature of the In ternet makes it di�cult to apply the standard to the bac kbones of the Internet. F or example, an ISP must be able to handle such questions as if we prioritize a speci�c customer, what kind of quality will the other customers receiv e? If di�serv is going to b e widely av ailable across the In ternet, w e must hav e at least one w orking service model for the di�erentiated services. 5.2 JB/Q Roadmap JB/Q is going to bridge the gaps b etw een application practitioners and proto col designers by providing a live QoS infrastructure. Our fo cus is on b oth softw are im- plemen tation and netw ork deplo ymen t, since it enables fast feedback to softw are/proto col developmen t pro- cess. Our goal is as follows: 1) provide op en-source im- plemen tations for a QoS infrastructure, 2) accum u- late working knowledge of QoS-enabled netw ork de- sign, 3) develop algorithms as w ell as implementa- tions for in tra-domain QoS-routing, admission control, bandwidth allo cation across multiple administrative domains, and ow aggregation at domain b oundary , and 4) provide liv e QoS-enabled infrastructures to re- searchers in v arious science �elds. 5.2.1 Schedule 1999/3 implemented simple DSCP-marking at DS b oundary no des implemen ted CBQ at DS-capable no des 1999/4 b egin implementation of intra-domain QoS-routing b egin deploymen t of DS no des at several JB sites 1999/5 minimal COPS implemen tation (PDP , PEP) b egin deploymen t of PDP and PEP at several JB sites 1999/6 early deploymen t of DS-capable commercial routers (T oshiba CSR, Hitachi GR) 1999/9 second COPS implemen tation (PDP , PEP) study interactions b etw een PDPs b egin deploymen t of PDP and PEP at all JB/Q sites 1999/10 second implementation of intra-domain QoS-routing 2000/4 b egin implementation of inter-domain QoS-routing expand QoS infrastructure to all JB sites T able 3: T able of JB/Q sc hedule 5.2.2 W ork items Starting from April 1999, we will fo cus on intra- domain QoS frameworks. Our work spans across rout- ing, forw arding, QoS signalling, and admission control. Whenever p ossible, w e will try to build multiple imple- mentations and conduct interoperability exp eriments b etw een them. After a one-year fo cus on intra-domain QoS frameworks, we will b e able to mov e on to imple- mentation and deploymen t of inter-domain QoS frame- works, starting from April 2000. W e are going to develop a service mo del incremen- tally through actual deplo ymen t. Our initial applica- tions are Internet telephon y and digital video trans- mission, as well as live IPv6 data tra�c. Sev eral p eople are studying the e�ects of ow aggre- gation at DS b oundary routers. COPS (Common Op en Policy Service) implemen- tations are in progress. They will b e tested starting from May 1999. Interactions b etw een di�erent types of clients and servers, as well as service lo cation mec h- anism, will b e tested here. DSCP marking at DS b oundary routers is another issue. While it has b een easy to identify pack ets based

00133-7 on TCP p orts, it b ecomes imp ossible with IPsec en- capsulated pac k ets. Interaction b etw een COPS, IPv6 o w-label and DSCP will b e studied here. 6 Conclusion The \JB" pro ject is an adv anced netw ork research pro ject in Japan. It fo cuses on \high sp eed", \high band width", \well-designed" and \reliable" tec hnolo- gies for the next generation Internet infrastructure. It especially fo cuses on \IPv6", \Multicast" and \QoS" as a \plane" for this pro ject. It is therefore called \Japan Backbone" which is one of the things which \JB" stands for. Although, we describ ed the background, schedule and work items at each section of \plane", the \JB" pro ject’s w ork is still in progress. How ev er it will pro- vide robust, high-quality reliable and high-sp eed ser- vice for ev ery one in near future. It is exactly as the name JB suggests, \-just b eginning -". 7 Ac kno wledgemen t Our deep gratitude go es to mem b ers of the CKP(Cyb er Kansai Pro ject), ITRC(In ternet T ec hnology Research Committee) and WIDE Pro ject, for their supp ort and collaboration. References [1] IPv6 Research 6REN and Education Netw ork. h ttp://www.6ren.net, 6ren homepage. [2] Asia-Paci�c Adv anced Netw ork AP AN. h ttp://www.apan.net, apan homepage. [3] Cyb er Kansai Pro ject CKP . h ttp://www.c kp.or.jp, c kp homepage. [4] ITRC/JAIN Consorcium. Itrc/jain consorcium report. In ITRC/JAIN Consor cium Confer enc e Pr o c e e ding , 10 1997. [5] S.E. Deering. RFC1112, Host extensions for IP m ulticasting., August 1989. ST AND ARD. [6] QBone working group Internet2. h ttp://www.in ternet2.edu/qos/qbone/, qb one homepage. [7] Next Generation Internet Pro ject NGI. h ttp://www.ngi.go v, ngi homepage. [8] MURAI Jun OKA W A, Keiko. "school of in ternet" - a universit y on the internet. In Pr o c e e dings of INET98 . Internet So ciety , July 1998. [9] In ternet2 Pro ject. h ttp://www.in ternet2.edu, in- ternet2 pro ject homepage. [10] WIDE Pro ject. http://www.wide.ad.jp, wide pro ject homepage. [11] L. Zhang-S. Berson S. Herzog S. Jamin R. Braden, Ed. Rfc2205, resource reserv ation proto col (rsvp) { v ersion 1 functional sp eci�cation., September 1997. PROPOSED ST AND ARD. [12] S. Shenker R. Braden, D. Clark. Rfc1633, inte- grated services in the in ternet architecture: an ov erview., June 1994. INFORMA TIONAL. [13] M. Carlson E. Davies Z. W ang W. W eiss S. Blake, D. Blac k. Rfc2475, an architecture for di�erenti- ated service, December 1998. PROPOSED ST AN- DARD. [14] R. Hinden S. Deering. Rfc2460, internet proto- col, version 6 (ipv6) sp eci�cation, August 1998. DRAFT ST AND ARD. [15] Jun-ichiro HAGINO Munec hik a SUMIKA W A Y oshinou INOUE Kazushi SUGYO Shoichi SAKANE T atuy a JINMEI, Kazu Y A- MAMOTO. An ov erview of the k ame net w ork softw are: Design and implemen tation of the ad- v anced in ternet w orking platform. In Pr o c e e dings of INET’99 . ISOC, June 1999.