Test Results of the Commercial Internet

Multimedia Trials

Mark Baugher � and Saib Jarrar �

This paper reports thetest results of applications and services fromt heCommercial Int ernet

Multimedia Trials. TheTrials wer ea twelve-mont h effort by thr eecompanies to evaluat ethe product readiness of mult imedia applications and services in business environments by supporting multimedia services on product ion IP net works. Thet est beds wer eenabled for IP mult icast routing; oneof thet est beds was enabled for RSVP. Theresults of our RSVP tests and user surveys arereported, and someof issues related to thedeployment of multimedia services and applications on corporateIP net wor ks areconsidered.

1 Introduc tion

Large-scale exper iments such as Internet Mbonehaveshown t hat IP-based mult imedia services can successfully support largeconfer ences that int egrateaudio, video, graphics, text and ot her media on IP net works and even on thePublic Int er net [1]. The Mbone experiencedemonstrates that mult icast servicecan scalet o thousands of users for individual events, and that a mult icast IP net work can scaleto thousands of subnet works. Ther eal-time and synchronized media used in theseconfer ences, however, arerunas best-effort flows wit hout guarantees or mechanisms for servicequality. This problemhas been addressed by t heInt ernet-standard resourcereservation protocol RSVP [2].

RSVP and packet -scheduling services in rout ers and hosts providebandwidt h management for mult imedia application flows. To date, experiencewit h RSVP has not approached thescaleof the

IP mult icast experience. At theSept ember, 1995 Networld+Int er op Conference, six vendors demonstrated router and host implementations of RSVP which provided int er net work qualit y of service( QoS) for multimedia applications. Thus, an end-t o-end solut ion of IP-based multimedia services appeared for thefirst timethat included product protot ypes from major vendors of int ernet working hardwareand soft waresyst ems for RSVP, IP mult icast, and multimedia applications.

Employees of Cisco Syst ems, Int el Corporation and MCI Corporation camet oget her shortly after the Int erop RSVP Technology Demonstration to plan, build and operateIP net work t est beds that supported mult imedia services. The"Commercial Int ernet Mult imedia Trials," sought to addr ess ma ny of t hechallenges of taking an end-t o-end multimedia solut ion froma technology demonstration to a prototypeserviceon product ion networ ks. The"Trials" consist ed of a

"Technology Trial" of prot ocols and services and a "Customer Trial" of mult imedia applications, cont ent and tools.

A successful customer trial of new IP services should help answer themany questions of feasibility, customer dema nd, and whet her a positivereturn on invest ment (ROI) can be expect ed.

Although ther earemany factors that contributeto t hesuccess of new t echnology products

� IntelCorp., 2111 NE 25th Ave., Hillsboro, OR 97124, mbaugher @intel.co m

� MCI Corp., 901 InternationalPkwy., Richardson, TX 75082, saib. jarrar@mci. com beyond costs and expect ed fina ncial returns, it is prudent to assumet hat positiveanswers to ROI questions areprerequisit erequir ements for a commer cial product offering of new net work services. Thus theapproach taken in theTrials was to forma small, focused allia nceof vendors devot ed to overcoming problems in thedeployment and operation of IP-based mult imedia applications with theaimof showing compelling cont ent and a positiveROI. Thet ests wer e undertaken wit h thegoal of showing how well t hetechnologies wor ked.

Thet est results of theTechnology Trial and thecust omer experiences of theCustomer Trial are report ed in thepages that follow. Thenext sect ion, Network Testing , describes two of thet est beds that wer eused and someof thet ests that wer erun. The Applications and Customers section discusses thethr eetypes of applications that wererun on thet est beds along with t hesurvey results of customer participants. The Results section summarizes theresults of theTrials, and the

Conclusion considers issues related to t hecommercial deployment of theservices and applications that wer eevaluated.

2 Networ k Testing

Thesearch for customers, applications and application tools began concurrently with setting up thet est beds. Therewer ethreet est beds. First, MCI provided useof its commercial HyperStream

Switched Mult imegabit Data Service(SMDS) public net wor k, and connect ed four sites in the

Wester n U.S. into an IP multicast/RSVP WAN test bed. Two MCI sites, oneInt el sit eand one

Cisco sit ewer eon theSMDS test bed. Second, Int el’s Infor mation Technology Division agreed to link four Int el sit es to an IP mult icast/RSVP test bed that overlays its DS3 ATM WAN at Intel.

And third, MCI Infolink, thegroup that maintains MCI’s int ernal IP net work, agreed to evaluate

IP mult icast and multimedia serviceon a portion of their net work for two events.

2.1 The Test Beds

MCI’s SMDS networ k supported a mult i-sit etest bed for multicast and RSVP evaluation. Each of thesit es was connect ed with a DS1 circuit to theSMDS net work. Each sit ewas equipped wit h a Cisco rout er, Ether ent and several Pent ium* PCs . As shown in Figur e1, theuseof SMDS as theunder lying net wor k to int erconnect thet est routers provided theflexibilit y of t esting two differ ent net work topologies, multi-access and point-t o-point topologies. First, thefour test routers for med a singleIP subnet work using theinher ent capability of SMDS as a mult i-access net work at thedata link layer wher e each rout er is a hop away fromany ot her router. Therout ers used theSMDS mult icast capability to transport IP multicast traffic. A second subnet work topology was later established and t est ed bet ween pairs of routers in a point-t o-point topology.

Each router was configured wit h two sub-int erfaces to connect to two ot her routers. Each subint erfacewas assigned its own SMDS and IP addr esses and established a virtual point-t o-point connection wit h a peer sub-int erfaceon a differ ent router. This configuration for med a net work of four nodes wit h a squaretopology as shown on theleft sideof Figur e1 and it was used to t est recovery fromrout efailure. Themult i-point configuration is shown on theright side of t hefigur e.

Figure 1 : Point-to-Point and Multipoint SMDS Topologies

For thepurposeof IP mult icast testing, thet est routers wer econfigur ed wit h theProtocol

Independent Mult icast (PIM) routing prot ocol. Both PIM DenseMode(PIM-DM) and PIM

SparseMode(PIM-SM) wer et ested successfully. Sparsemodeis recommended in a WAN

environment when ma ny sit es areint erconnect ed, but only few areparticipating in a multicast

session. Limit ing distribution t o thesesit es may conserveWAN bandwidt h. For thepurposeof

QoS testing, theCisco routers and thePCs ran RSVP to signal QoS requirements. Therouters

attempt to enforcetheserequirements by implement ing theWeight ed Fair Queuing (WFQ)

mechanismfor out going traffic, especially on theserial int erfaces connect ed to theSMDS

net work.

TheRSVP funct ionalit y was tested end-t o-end bet ween workstations at differ ent sit es across the

routers and theSMDS net work. The QoS functionality was test ed on therout ers wit h theSMDS

net work pla ying a passiverole. Therewas no int ent to involvetheSMDS switches in the

net work QoS testing. SMDS does not support any QoS capabilit y in ter ms of guaranteed

bandwidth. TheSMDS networ k delivers packets on a best-effort basis. In addition, thet esting

assumed that theSMDS net work is not congest ed and henceis not consider ed as a bottleneck. In

fact, theSMDS network utilizes a DS3 backbone; thetesting ver ified that thebackboneis not

congest ed and amplebandwidth was availableto carry thetest traffic. This was doneusing Ping

and throughput tests at differ ent int ervals during thetrail. Theround-trip delays wer e

consist ently below 100 milliseconds and with insignificant variations. Therouters wer eableto

achievecloset o linespeed (DS1) throughput. TheDS1 ports/circuits wer econsider ed to bethe

bottlenecks, and congest ion was induced on theseports to test the QoS functionality.

However, thefact that SMDS is a multi-access net work and does not support QoS combined with

thefact that RSVP applies to out going but not incoming int erfaces present ed a problem. This

problemis most prevalent in the multipoint configuration in Figur e1. In this configuration,

mult iplesit es may strea msimultaneously into a singlesit eresulting in a total traffic load t hat

exceeds that site´s link speed (DS1). Consequent ly, theout going int erfaceon theSMDS switch

serving that sitewill becomecongest ed. TheSMDS switch will drop packets based on a FIFO

strategy, irrespectiveof the QoS requir ements associated wit h differ ent packet flows. Thus QoS

could not beenforced end-t o-end. This behavior was taken int o account in designing thet est

cases. In thepoint-to-point configuration, this scenario was avoided by implement ing traffic

shaping by therout ers on their SMDS int erfaces. This limit ed t heoutput bit rateon each

int erfaceand ensured that no t wo sit es can overload a singledestination sit e. Obviously, this

solut ion does not scale, but it was sufficient for complet ing theRSVP tests on thesma ll SMDS

test bed.

Int el´s ATM test bed, however, featured QoS but not end-to-end RSVP. TheRSVP product

featurein Cisco´s IOS *11.2 did not support int erfaces at ATM speeds at thetimeof our testing

(a morerecent product releasedoes support ATM). It was necessary to proceed wit h thefirst

training classes of Int el factor y workers wit hout RSVP servicein t he Fall of 1996. It was

possible, in principle, to over-provision across theATM backbone. In practice, however, we

wer elimit ed to running at DS1-speeds by agreement wit h thebackboneserviceprovider, Intel

Infor mation Technology Division. As shown in Figure2, an isolat ed net work ma deup of ATM

point-t o-point VariableBit Rate(VBR) Per manent Virtual Circuits (PVC´s) wer eused for thetest

bed. A DS1-ratecircuit was guaranteed through theATM networ k, but this bandwidt h could be

used for other flows when not used for Trials events. Without RSVP and some packet scheduling

mechanismon theVBR PVC, however, real-timeand synchronized media compet ed wit h ot her

best-effort traffic such as FTP and HTTP on thet est bed. FTP, TFTP and HTTP applications

wer eused bet ween t hesit es for a variety of purposes including soft wareupdat es. TheTFTP

server for router IOS updates was located on theJones Farmsitet est bed LAN. Unicast routes fromonet est bed rout er to theot her naturally went thr ough theDS1-rateVBR PVC´s that wer e

used for themult imedia and multicast service.

C i s c o 7 5 0 7 N M M R o u t e r

C i s c o 7 5 0 7 N M M R o u t e r

U s e r s

A T M C l o u d 1 9 2 . 1 6 8 . 1 5 0 . 3 2 M a s k 2 5 5 . 2 5 5 . 2 5 5 . 2 4 0 E I G R P A S 1 5 0

J o n e s F a r m

S a n t a C l a r a

C a t a l y s t 5 K

C a t a l y s t 5 K

U s e r s

C i s c o 4 7 0 0 Isolation Router

C i s c o 7 5 0 7 Isolation Router

N e t w o r k e d M u l t i m e d i a A d d r e s s i n g

1 9 2 . 1 6 8 . 1 5 0 . 0

M a s k s 2 5 5 . 2 5 5 . 2 5 5 . 2 4 0 , 2 5 5 . 2 5 5 . 2 5 5 . 1 9 2 ,

2 5 5 . 2 5 5 . 2 5 5 . 2 2 4

A 4 / 0 . 3 4

A 4 / 0 . 3 3

S 5 / 0 . 4 9 F 1 / 0 . 6 5

F 0 . 6 6

1 9 2 . 1 6 8 . 1 5 0 . 6 8 - 1 2 7 M a s k 2 5 5 . 2 5 5 . 2 5 5 . 1 9 2

I G R P A S 2 1 1 1

I G R P A S 7 9

I G R P A S 9 9 9

F 1 / 0 1 9 2 . 1 9 8 . 1 6 1 . 2 5 2

F 0 1 9 2 . 1 9 8 . 1 6 1 . 2 5 1

1 9 2 . 1 9 8 . 1 6 1 . 0 M a s k 2 5 5 . 2 5 5 . 2 5 5 . 0

S C I S O

S C N M M

J F N M M

J F I S O

1 . 5 4 4 K B

R e v i s i o n D a t e : 7 / 3 0 / 9 7

1 9 2 . 1 6 8 . 1 5 0 . . 6 7

1 9 2 . 1 9 8 . 1 6 1 . 2 4 0

C i s c o 4 7 0 0 N M M R o u t e r

S 0 . 5 0

R R N M M

R i o R a n c h o

U s e r s

C a t a l y s t 5 K

C i s c o 4 7 0 0 Isolation Router

E 0 . 1 2 9 F 0 . 1 3 0

1 9 2 . 1 6 8 . 1 5 0 . 1 3 2 - 1 9 0 M a s k 2 5 5 . 2 5 5 . 2 5 5 . 1 9 2

R I P R R I S O

1 9 2 . 1 6 8 . 1 5 0 . 1 3 1

C i s c o 4 7 0 0 N M M R o u t e r

F o l s o m

U s e r s

C i s c o A G S + Isolation Router

A 0 . 3 5

E 2 1 9 2 . 1 6 8 . 1 5 0 . 1 9 4

E 0 1 9 2 . 1 6 8 . 1 5 0 . 1 9 3

1 9 2 . 1 6 8 . 1 5 0 . 1 9 7 - 2 2 2 M a s k 2 5 5 . 2 5 5 . 2 5 5 . 2 2 4

F M N M M

A G S A

C a t a l y s t 5 K 1 9 2 . 1 6 8 . 1 5 0 . 1 9 5

C i s c o 4 7 0 0 N M M R o u t e r

C h a n d l e r

( F u t u r e )

U s e r s

Isolation Router

C i s c o 4 7 0 0

It was necessary to proceed wit h thefirst training classes of Int el factory workers without

It would ha vebeen possiblet o simply add a second rout er at each sit ewit h a serial linebet ween it

and therout er connect ed to theATM net work. This solution would havedoubled thecost for

each sit e, however, and negatively affect theROI ˘ one of thecrit eria for evaluating thecosts and

benefits of theservice. Thechosen solution was to control thetraffic using packet filt ers (Cisco

IOS access lists) over theDS1-rateVBR PVC´s bet ween t hesit es as a means control traffic. This

solut ion was messy, inefficient and proneto error. Over-provisioning was a time-consuming

practiceon this test bed. RSVP would havebeen a much bett er solut ion. As discussed in the

Results section, subnet work bandwidt h management is a potential alt ernativefor subnet works

such as our two t est beds that do not featureresourcereservation.

2.2 RSVP Test Planand Experiences

An RSVP test plan was successfully complet ed on theSMDS test bed. A total of fift een RSVP

tests wer e execut ed. Thetests of Table1 wer eselect ed based upon thenet work, applications and

tools that wer ebeing used. RSVP Wildcard and Shared Filt ers werenot test ed. In most cases, the

Controlled Loa d servicemodel was used. TheGuaranteed S erviceModel was tested in case2.3.

Someusewas madeof therout er user int erfacecommands for installing and removing

Figure 2 : ATM WAN Test Bed reservations, but all signaling tests also wer erun froma host. Table1 lists theRSVP tests that

wer erun on theSMDS net work.

Case Description

2.1 Verify RSVP session establishment, maint enance, tear down with FF reservations for

a 1:1 session

2.2 2.1 for a 1:N session wher eN £ 6 and verify mer ging

2.3 Verify QoS paramet ers changefor 2.1 and 2.2

2.4 Verify reservation independencefor each dir ect ion of 2.1

2.5 Verify that hosts and rout ers can maintain mult ipler eservations

2.6 Verify clea nup of reser vation statewhen cleanup int er val expir es

2.7 Verify routers correct ly providereservation confir mation when request ed

2.8 Verify admission control rejects request based on bandwidt h availabilit y

2.9 Verify policy control function of therout er can reject requests based upon sender or

receiver

2.10 Verify QoS enforcement by WFQ for singlesession

2.11 Verify QoS enforcement by WFQ for mult iplesessions

2.12 Verify RSVP routers treat excessiveRSVP session traffic on a best-effort basis

2.13 Verify traffic shaping reduces ingr ess port load

2.14 Verify reservation reestablishment after routefailur eand recovery

2.15 Verify operation when RSVP routers areconnect ed via non-RSVP routers

Table 1 : RSVP Functional Tests Performed onSMDS Testbed

Ther ewas considerablediscussion during theplanning of Trials as to whet her thetesting should

bedoneon a production WAN or in a room. Experiencehas shown that most of thet ests of

Table1 needed t o berun on theproduction net wor k sincema ny of theproblems that we

encount er ed wer euniquet o theproduction net work configuration. Many of thet ests, however,

wer efirst run on a small, isolated t est bed to catch major problems as wemoved fromoneversion

of host or router soft wareto anot her.

How t est cases wer eevaluated varied according to thetest. In many cases, subjectiveevaluation

of audio and video on thehosts ser ved to ident ify problems in theend-t o-end deliver y. Loss and

delay variation on thehosts werealso measured. For most test cases, router int erfaces wer e

monit ored for loss and utilization through therout er’s user int erfacecomma nds.

A few RSVP funct ions wer eproblemat ic across multiple versions of host or router soft ware.

· Merging

· Reservation recover y following rout echange

· Guaranteed Ser viceModel delay-specification t ests

TheRSVP mer ging test was ultimat ely complet ed successfully. Therecover y of a reser vation

following a routecha nge(induced by a simulated failureon thet est bed) suffer ed fromproblems

in bot h thehost and rout er implementations. A racecondit ion would occur when a PATHTEAR

messagepropagated back to thehost faster than reser vation re-establishment occurred. Thehost

RSVP implementation sometimes exposed this condition t o theuser as a lost reservation, or it

failed to reestablish thereser vation. Ultimat ely, therout e-r epair test was theonly test casethat

was not complet ed successfully sinceit was among t helast test cases run, and timehad run out on

RSVP functional test ing. Our delay-specification t ests suffer ed froma lack of appropriatetest

tools for measuring delay.

Somet esting problems wer enot relat ed to theRSVP implementation.

· DVMRP tunnels ter minating in PIM net works

· Finding appropriatetest tools that scaleto largenumbers of session and which can be

used to measureend-t o-end perfor mance

· RSVP user int erfacespecification

Thethird point, RSVP user interfacespecification, is discussed in thenext section.

2.3 RSVP Tools

RSVP-enabled tools wereneeded for testing purposes as well as for actual useduring Trials

activities. Synthet ic workload generators wer eused for testing routers and hosts, but most of the

end-t o-end t esting relied on subjectiveevaluation of audio and video quality to det er minehow

well multimedia services wer ebeing provided on thetest bed. A total of seven RSVP test tools

wer eused fromt hr eevendors or sources.

Tool OS used Source

RSVP ProShare â Present er Windows 95* Int el

RSVP ProShare â Confer encing Windows 95 Int el

RSVP Announce( sdr tool) Windows 95 Int el

RSVP Test Kit * Windows 95 Precept

PC-RSVP Test Tool Windows 95 Int el

RSVP RTPTest Tool Windows 95 Int el

RSVP-enabled mgen/ dr ec FreeBSD NRL/Int el

Table 2 : RSVP tools used for testing and by customers

Most of thet est tools used wer erun under Windows 95 even t hough several of thet ools from

Table2 worked under Windows NT*as well. Windows 95 was thelowest common denominator

for a widevariety of multimedia application products that wereevaluated on thet est beds. Intel

modified t wo ProShare â products and an RTP test tool to useRSVP signaling. In general it

would takeabout onestaff mont h to design, implement and t est theRSVP-enabled protot ype.

Ther earea number of alt ernativedesigns that wer efollowed across many of theRSVP prototype

tools shown in Table2. First, thereareopt ions for exposing or not exposing RSVP stateto the

user of thet ool : RSVP statecan bepresent ed in a detailed manner, such as ^PATH Received~ or

^RESV Sent~, it can bepresent ed in a simplified manner such as reservation ^On~ or ^Off~, or

RSVP statecan behidden altoget her. In fact, all threeapproaches wer eused in theset of RSVP

tools shown in Table2. OneInt el tool and thePrecept tool providea level of detail suitablefor

debugging RSVP messages or API calls. Apart fromdebugging tools, however, thequest ion of

how to present RSVP stateto theuser is far fromobvious.

A second issueis how ma ny RSVP paramet ers should bepresent ed to theuser or how to

paramet erizean RSVP application product. TheInt el tools that wereRSVP versions of

commercial products mer ely assumed a singlesender or unicast serviceand Fixed Filt er

reservations only. It is not clear that theapplication tool will always becapableof automatically

det er mining which filt er paramet er should beused. Thet ool also needs to det er minethemedia

rate, but many of theRSVP-enabled tools that wer eevaluat ed consist ently failed t o maket he

correct reser vation for their RSVP flows at somepoints during operation. It was observed in the

Trials that products froma variety of vendors failed to limit video rates to preset paramet ers.

ThoseRSVP-enabled tools that mer ely attempt ed t o predict a reasonableupper bound for the

reservation oft en failed to do so correct ly. Thosetools that tried to adapt to changes in transmission ratesimilarly failed to correctly adjust FlowSpecs or Filt erSpecs to media (e.g.,

video) rate.

Differ ent application tools used differ ent RSVP Application Programming Int erfaces (API)

depending on when they wer e enabled t o useRSVP. Sincet hestart of theTrials effort, theAPI

for net work resourcereservation has evolved on Windows* platfor ms. Braden and Hoffman

specified t heoriginal RSVP API, called RAPI , for therefer enceimplementation of RSVP doneby

theUSC Infor mation Sciences Inst itute. An abstraction of an RSVP programming int erfaceis

present ed in theRSVP specification [2]. TheWindows 95 applications that used RSVP in the

Trials, however, originally used a specification fromthe Winsock2 RSVP Annex [3]. Currently,

theWindows API for QoS is theGener ic QoS (GQOS) Mapping that is availablein Draft form

[4]. GQOS is a generalized API that is designed for a variety of resourcereservation protocols

with RSVP being thefirst protocol having a GQOS mapping. Microsoft has announced RSVP

and GQOS for thenext releaseof Windows NT. As products becomeavailablethat usethese

services, it will beint eresting to seehow theissues of thepresentation of reser vation state,

reservation paramet ers, and theadjust ment of reservation r equests to match varying CODEC rates

arehandled.

In addition to application tools that sent and received audio and video, synt hetic workload

generators such as mgen fromNRL wer eused for router and host t esting. Mgen was modified t o

generatehundr eds of constant-bit-rateflows to evaluat erouter-forwarding capacity. TheCisco

router RSVP user interfaces wer eused to generat elargenumbers of r eservations for measuring

RSVP signa lling capacity. Thesetests wer enot int ended t o serveas product eva luations and so

arenot reported in this paper.

3 Applications and Customers

Thegoal of thet esting was to evaluateand understand thenet work t echnologies to support

mult imedia applications on corporateIP net works. Threeclasses of mult imedia applications wer e

evaluat ed through customer use. As shown in Table3, over 2000 employees participated in over

fift y events during theTrials. Each row of Table3 shows thetotal number of people

(#PARTICIPANTS)in all events (#EVENTS) by company and application type. Theevents

consist ed of training classes, net work-based briefings and sma ll workgroup collaboration

sessions.

APPLICATION COMPANY #EVENTS #PARTICIPANTS

Collaboration Cisco/Int el/MCI 24 >150

Briefing MCI 2 >1000

Briefing Int el 12 >750

Training Int el 14 123

Table 3 : Trials Applications and Participants

The"C ollaboration" application used IP-based videoconfer encing for small workgroups. This

application was used on a daily basis fromdeskt op to deskt op on two of thethr eenet work test

beds, and it was used fromroom-t o-rooma nd room-t o-desktop at several Int el sit es. On the

SMDS and Int el test beds, videoconfer encing was used to coordinatet esting and configuration.

Two ot her groups at Intel used IP-based videoconfer encing for their weekly meet ings that

involved cross-sit egroups. In general, deskt op-to-desktop videoconfer encing was used mostly to coordinatet esting. Thet esting tea mfound this useful though ther ewas not much dema nd for

deskt op-to-desktop videoconfer encing on theIP net work during theCustomer Trials. Some

employees experiment ed wit h useof videoconfer encing on thet est bed and an H.323 firewall was

installed at Intel to ma kesuch usemor esecure. U seof videoconfer encing in t heTrials was

essent ial for sometraining classes wher etheapplication-sharing featureof the ProShare â

confer encing product was request ed by theinstructors.

"Briefings" area remot epresentation application that had thelargest number of Trials

participants. TheBriefings application involved both rooms and deskt op participants wher euse

of IP mult icast servicewas essent ial to theevent. IP mult icast is probably thebest alt ernative

when thegoal is to involvelargenumbers of remot eparticipants in a confer ence. In this, the

Trials reproduced t he experiences of the Mboneon thesma ller scaleof a singleent erprise. MCI

involved mor ethan a thousand employeeparticipants over two events. Theparticipants wer e

select ed to bethoseemployees most likely to becomfortablewit h thenew t echnology: Oneevent

was theMCI Webmast er´s Forumthat ran IP multicast over mor ethan 100 routers operated by

MCI´s net work information services group, InfoLink. MCI used a variety of tools for distribution

and presentation of audio, video and meet ing presentations across theMCI corporateIP net work

and dial-up lines. TheSMDS test bed was used to connect a sitein Engla nd for oneof theevents.

RSVP was not used for this event sincea decision was ma denot to upgradeproduction-rout er

soft wareto experimenta lly run RSVP on MCI´s production net work.

Int el held ma ny small remot epresentations that had fewer than 200 participants. Prior to the

Trials project, Int el Archit ectureLabs engineers organized largeremot epresentations of up to

2000 participants on Oregon ca mpuses. TheInt el Trials effort during 1996-97 was int ended t o

link sit es across Int el´s domestic WAN and to install an infrastructuresuitablefor a future

product ion service, at least among four sites in theWest ern U.S. As shown in Table3, Intel ran

twelveevents wit h over 750 total participants (in fact, thecount of events and participants on

Int el´s t est bed exceed t his number sinceevents arestill being held even though thefor mal

evaluation procedur es stopped in June, 1997). Only one ca mpus was enabled for IP mult icast

service, it is theJones Farmca mpus that has thousands of employees wit h deskt op comput ers and

a total of about 50,000 ports on theca mpus IP net work. At thethr eeother sit es, servicewas to

rooms and small numbers of deskt op PC´s. A few large events attracted in excess of 100

participants. For someevents, however, ther ewould beonly onehalf-dozen or so employees in a

room, though thesepeopleavoided travel or avoided missing a meet ing by using theremot e

presentation service. Int el´s exper ienceis that presentations by corporateor technical lea ders or

presentations about compelling issues (such as changes to thest ock plan) can attract hundr eds of

participants. Routinebriefings and colloquia can attract dozens. Whether this level of

participation will changeas IP mult icast becomes morewidely deployed on mor eca mpuses

remains to beseen.

STUDENT RESPONSE PERCENTAGE

Positive 23%

Positivewit h Reservations 59%

Negativewith R eservations 12%

Negative 6%

Table 4 : Student EvaluationBreakdownby Percentage

Thethird application shown in Table3, "Training," used bot h videoconfer encing and remot e

presentation tools bet ween rooms and desktop comput ers that werelocated in training rooms.

Ther eis considerableint er est in training at Int el and many other largecorporations. U.S.

corporations spend over $50B U.S. annually on training, and this figureincreased by 5% per year

in theperiod bet ween 1986 and 1995 [5]. Training costs can beconsiderable, and net work-based

training is being widely deployed in an effort to reducethecosts of this activit y by eliminat ing

student or instructor travel, to provide"just in time" training for equipment operation, and to

int egratecomput er-based education int o thecorporatecurriculum. Of the123 students who

participated in training classes on Int el’s Trials net work, most wer eemployees who worked in

" Fabs", Intel’s semiconduct or ma nufacturing plants. Most of the Fab classes wer eOccupational

Hea lth and Safety Administration (OSHA) safet y classes.

An educational psychologist who conduct ed surveys and int erviewed participants for mally

evaluat ed theTrials activities. As Table4 indicates, 82% of theparticipants rated theclass

posit ively - as "Positive" or "Posit ivewit h Reser vations." 12% of theparticipants evaluat ed a

class as ^negativewit h reservations.~ Ther eservations had to do with audio quality (loss of data

packets on thenet work, fidelit y of theaudio CODEC, microphone/speaker er gonomics) or feature

deficiencies in thetraining product that was used (such as thelack of a video back channel from

student to instructor). Reliability of thetraining product was an issuein at least oneclass.

Although improvements in products and ser vicedelivery should increasetheoverall positive

rating, not all peoplewill likeor even bewilling to usedistance-learning services - about 6% of

theparticipants rated theclass as being a negative experience.

4 Results

RSVP was successfully test ed on t heSMDS test bed. No significant functional problems wer e

found in theRSVP router or host implementations that wereevaluat ed. Net work t esting was

doneon a part-timebasis owing to staffing constraints and customer use. For this reason, the

elapsed time spanned mont hs. Thepresenceof matureRSVP and IP-based mult imedia products

today should greatly reducet hetime needed for testing in future efforts. Testing timewould have

been r educed if mor e ext ensiveIP multicast testing had been donesinceIP multicast routing

issues consumed much engineer ing time. As discussed above, it was necessary to perfor mmost

tests on theproduction net work that supported theservice. Aut omat ed test tools arenecessary to

efficiently t est new services. It is desirablet o complet ely run multi-sit et ests froma single

location rather than rely on having t est personnel at each sit e. Thus test tools need t o beremot ely

ma nageablea nd automat ed. Moretimespent in acquiring theappropriatetest tools prior to the

start of testing is time well spent. Host tools that can automatically report missed dea dlines when

running real workloads wer enot used in Trials testing, but theseare essent ial for efficient test ing

audio and video delivery. Synt hetic workload generators that can transmit hundreds of flows at

varying rates and hundreds of RSVP reservations arealso needed prior to thecommencement of

RSVP testing.

RSVP was not used by customers in t heTrials sinceRSVP was not supported on theATM

net work rout ers at thetimeof cust omer usethough it is today. In bot h theATM and SMDS test

beds, theproblems of supporting RSVP and packet scheduling on theperipher y of a subnet work

loomed largein theTrials experiences. Incr emental deployment of RSVP is an important issue :

Corporations that deploy mult imedia ser vices on their IP networks arelikely t o havehigh

standards for presentation qualit y, but they arenot likely to introduce QoS on corporaterouters on

some"Flag Day." Managing traffic on an over-provisioned WAN subnet wor k proved to be

difficult and proneto error on our test beds. Many of theproblems ma y besolved by deploying a subnet work bandwidt h management [6] syst emt o mana gereserved flows across theover-

provisioned subnet wor k though such a solution rema ins to beshown.

Despit etheproblems and complexit ies of engineering a backboneWAN to support briefings,

training, and workgroup collaboration, practically all of theevents wer edeemed t o besuccessful

by theparticipants. Customer satisfaction was evaluat ed and an 82% rating of ^posit ive~ or

^positivewith reser vations~ was achieved. Multimedia products wer efound that successfully

supported each application. Product perfor manceresults arenot contained in this paper sincet he

goal of the effort was not to painstakingly evaluat eproducts relativet o oneanot her but rather to

apply suitableproducts for particular applications. Costs and benefit analyses wer ealso done, but

ROI infor mation is specific to thebusiness condit ions and net wor k infrastructureof particular

companies and so is not present ed in this paper. ROI estimates arenot only specific t o an

ent erprise, but arealso subject ive, especia lly when attempts aremadet o estimat esavings in

employee travel or thequalitativeimprovements to theabilit y of employees to do their jobs.

Corporatebriefings, a remot epr esentation application similar to many Mboneconfer ences, had

themost participants overall. This application is being introduced at a number of corporations

that featuremult icast business cont ent on their corporateIP net works. Commercial products are

availablewhich are easy to install and usefor 1:N presentations wit h limit ed back-channel

capabilit y. TheTrials experiencesuggests that briefings can beoffer ed on many corporateIP

net works at low cost. Typically, a remot epresentation will ha vethr eemedia flows for video

( about 300 kbps for good-quality, real-t imevideo), voice(up to 80 kbps) and foils of text and

graphics (approximat ely 80 kbps). Many businesses arelikely to find t hat briefings using IP

net works is an effectivemea ns to disseminat einfor mation t o employees at their desktops.

Corporatetraining is an int er esting area for application of multimedia t echnology sinceso much

money is spent on it just in theU.S. Thefourteen classes held at Intel saved at least fourteen

classes worth of instructor timeby having at least two sit es per class, and instructor travel was

eliminat ed for most classes. Savings in student-employee time thr ough net work-based training

arean even larger sourceof savings for somecompanies. Ther earetradeoffs in doing corporate

training over IP net works versus ISDN, but IP-based solut ions can generally run over ISDN

though theconverseis not true. Trials training classes involved fewer sit es and a smaller number

of participants relativeto corporatebriefings. Trials customers, however, had mor estringent

requir ements for int eractivit y for training than for briefings. Someinstructors want ed n-wa y

video and audio so that all members of t heclass could seeand hear thestudents as well as the

instructor. Theapplication tools that wer eused for briefings and which scaled up to hundreds or

thousands of users did not in general scaledown to featuren-wa y audio and video, floor control,

and shared control of presentation materials. Alt hough remot epresentation tools wer eused for

ma ny classes, even room-t o-roomtraining sessions, theseproducts wer edesigned t o wor k well

for 1:N presentations and did not featurethefloor control prot ocols or level of int eractivit y

requir ed by many instructors. Both rooma nd deskt op services wer eevaluated in theTrials,

though thedeskt op-based training used PC’s configured in classrooms rather than on employee’s

desks. All of theTrials training classes wer eheld in rooms. Workplaces that featurecubicles are

oft en consider ed to beunsuitablefor distancelearning. Alt hough thetraining application may

havet hegr eatest pot ent ial ROI, the experienceof t heCustomer Trials was that most of thetime

spent on acquiring, configuring, deploying and supporting application tools was spent on the

training tools.

5 Conclusion

TheCommercial Int ernet Multimedia Trials project described in this paper was oneattempt to

answer someof thequest ions regarding thereadiness of t heIP-based multimedia services and the

applications they support. Similar efforts havebeen undertaken by public and privat eservice

providers such as BBN [7] and someFortune100 companies over thepast year [8]. Other efforts

such as theIP Multicast Init iative[9] and theNet worked Multimedia Connect ion [10] are

bringing applications and ser viceproviders toget her to focus business and engineering attention

on therollout of new IP services for mult imedia and mult icast applications. Whether done

through a public serviceoffer ing, privately by an individual corporation, through an ^alliance, ~ or

by a consortium, these efforts areprobably mor euseful to theext ent that theresults arepublicly

shared. Theoverall experienceof theTrials was that ther ewer ea several good application tools

that wereindeed "product ready," and weachieved a high level of customer satisfaction over fift y

events that involved a few thousand employee-cust omers.

Anot her objectiveof theTrials was to show that thecosts of deployment and operation of

mult imedia ser vices on corporateIP net works could below. Thesecosts includebot h the

invest ments in new equipment (as low as a softwarechangefor relatively lat e-model rout ers and

hosts) and net work resourceusage(new CODEC´s such as H.263 video and G.723 audio offer

significa nt reductions in bit rates). Even wit h useof a separatemult imedia backbonenet work,

thecosts of theservicewer ever y low for remot epresentation services. Access to corporateIP

net works for remot epresentation will probably bemoreclosely controlled than access to the

Mbone; cont ent providers in most cases will need t o besanctioned by t hecorporation. For these

reasons, it may begenerally truethat theuseof remot epresentations in even largebusinesses will

not result in mor ethan a few concurrent sessions though t hestandards of qualit y and reliability

for thosesessions probably must bemuch higher than that found on the Mbone. Such a service

should beinexpensiveto implement on theIP net works of ma ny Fortune500 companies today.

How low theneeded invest ment will bedepends on theparticular company, its infrastructureand

its policies. How high thereturn will bewill also vary by company, and it may bevery hard to

est imat ewit h any precision. It has been the experienceof theCommercial Int ernet Multimedia

Trials, however, that technology rea diness in t er ms of ser vices and application tools is probably

not an impediment to deployment.

6 Acknowle dgeme nts

Many peoplecontribut ed to the effort described in this paper including Chedley Aouriri, Jim

Archuleta, Seenu Banda, Fred Baker, Alan Batie, Richard Beckwit h, Lisa Birch, Guy Blair,

Jackson He, Russell Kool, Vicki Lee, Stacey O’Rourke, Henry Sinnreich, Lou Poehlitz, Carlos

Tapang, Abel Weinrib, and Raj Yavatkar. Theauthors also thank Christia n Maciocco, John

Richardson and theanonymous reviewer for their comments on previous drafts of this paper.

7 References

[1] Eriksson, H., MBONE: themult icast backbone, Communications of t heACM, Vol. 37, No. 8

(Aug. 1994), Pages 54-60.

[2] Braden R., Zhang, L., Berson, S., Herzog S., Jamin, S., Resource R eSer Vation Protocol

(RSVP) -- Version 1 Functiona l Specification, Int ernet Engineer ing Task ForceRFC 2205,

Sept ember, 1997.

[3] Windows Sockets 2 Application Programming Int erface, Revision 2.2.0, Microsoft

Corporation, May 10, 1996.

[4] Bernet, Y., Stewart, J., Yavatkar, R., Andersen, D., Tai, C., Winsock Generic QoS Mapping

(DRAFT), Microsoft Corporation, Sept ember 11, 1997.

[5] TheEconomist, Learning organisations . Those who can, teach, October 28, 1995.

[6] Yavatkar, R., Baker, F., Hoffman, D., Bernet, Y., SBM ( Subnet Bandwidt h Manager) :

Protocol for RSVP-based Admission Control over IEEE 802-stylenet wor ks, Work in Progress,

http://ds.int er nic.net/ int e