Worksh op on Network-1/0O Convergence:
Experience, Lessons, Impli cations
(NICELI)

Workshop Summary

Vinay Aggarwal Jeffrey Mogul
Olaf Maennel HP Labs
TU Miinchen 1501 Page Mill Road

Institut fur Informatik
Boltzmannstr. 3
85748 Garching b. Minchen

vinay@net.in.tum.de
info@olafm.de

ABSTRACT

Thisis a sunmay of the NICELI workshop, basedon saibe re-
portswrittenby Olaf Maemel and Vinay Aggarwal, ard edited by
Jdfrey Mogul andAllyn Romanav with helpfrom theNICEL! at-
tendees The workshop was hdd in corjunctionwith SIGCOMM
2008 on 27 Augug 2003 in Karlsruhe,Germary.

Papers and presentations from the workstop are available
on the Web a http://www. acm or g/ si gs/si gcomi
si gconm003/ wor kshop/ ni cel i/

Note-taking during an active disaussion s a fallible proess, so
thes nates may containerrors. We have encauragel participants
to hdp usfind thee errors Correctionsmadeafterthisarticle goes
to pressmay befound atthe NICELI Web site.

1. INTRODUCTIONS

Allyn Romarow welcomed the participants to this workshop
about high speedl/O and thanked the speakersfor their contribu-
tions.

2. KEYNOTE: DAVID R. CHERITON,
STANFORD UNIVERSITY

Network-1/0 Convergencein “Too Fag” Networks: Threas
and Countermeasures

Theworkshop beganwith an1-haur invited talk by David Cheri-
ton from Starford University. He obsrved that nework 1/0 con-
vergene is anold story. Giving a brief introdiction to 1/0 devel-
opment and its history right from the 50/6G to the preen age,
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he focus®d on the current problems fadng the field — reordering,
forged packets,replay, attack by peripheals. He expresedtha the
performane of the hostshould notbe degradedby attacks

The new probem is “too fag” netwaks, eg. 10 Gbps He ex-
plained the term*“too fag” to meanthat“it is very expersive notto
proted, andnot fessibleto do in software”

He thenbriefly commentedn zero copy — corruption and com-
promise and on receiver authertication — how to do efficiently and
sdely.

Then he referredto Moore' s law, inferring that thetoo-fast net-
works wereatthelimit of theirmemory speeds

He obseved thatthereis a collision betweea 1/0 andprocessor
for thehardwarereources. Thereis a cortention for pins, on-chip
state,and on-chip logic. If the contertion is nat in the proess,
it is way across in the I/O network. He humaously statedthat
everybody is trying to pushtheother off-chip!

Hewent onto highlight the thred perception of Infinibard. After
explainingwha is Infiniband he stated — “fix 1P for storageor else
loseto Infiniband?

Onthe isswe of multi-layer sdutions he observed thatthe more
the layers, the more complex it will be for hardware. In the case
of meaprotomls, he bdieved tha the stancrdsaretoo flexible
to dedgn hardwae to a goad standrd. Herce, hard choicesare
regured.

He latershifted attentionto RPC,sayingthat sincengwork isas
fag asmemory notjust RDMA, but RPC needs to be handledtoo.

He thenproposd the solutionof refactoringthe transport layer
protocd, bagd on the theory of refadoring the protocd design
problembetween hardwae and non-hardvarelevel.

Then he arrived on his final sdution — an RDMA basd pro-
tocd. He explainedthe term “region” as a collection of packet
frames to/from which a sequerce of padets of paticular flow are
mapped Showing a diagramof aregion structure, he talked abaut
itsddivery conditionsandits pros. Tacli ng theissue of control, he
explainedtheROP control level. Then, heexplained theworking of
File Write. For comection setup,he saidthat thechamel manager
is amedarism to crede or sdup new chanrels.

To condude, he reiteratedthe main points of his talk, and
stopped with an open quedion — the counter-meaureexigts, but
can the | P-Ethenet communityrespand?
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Questions & Answers.

Thefirst argumert came from Steph Bailey: one commurity says
TCP is good, arother says TCP offload is the hardest part, not
RDMA. But he believedthatstablerecovery andwindov manage-
mert arethemod challengng parts of TCRP. Wha about congegion
avoidance? To this, Cheribnreplied that he did not addres thisis-
stein histalk. He said, perh@s, it is a good approxmaion.

Then Jim Pinkerton from Microsdt sad tha TCP has a buffer
to control tha rate. Thedefinition of theproblemis interesting. He
disagreedwith Cheiton's statemats about Infinibard. In Infini-
band, the layers work differently. While the transport layer is very
similar, the reliablelayer is quite different. The problemis abaut
congestion cortrol and new algorithms

Cheriton reponded, al that has been learnedabou/from TCP
can beapplied again. All themechanismsand problemsabout TCP
can be solved by desgning a new protocol. However, one neals
to keepaneye on cost. The implemertation of staks on hardware
nesdsto comply with cast condraints: it needsto fit onthechip.

ThenRendo Reciomade 2 comments:ithe disausson is speific
to 1 protocol, the problemsare not at the layer that the speder
is talking abou, marshdling-demashalling happers in Java, C#,
etc. Theanswe was that RPCparametersmust tie into RDMA for
sweeess Thedynamicsherelook similar to TCP. Dueto theamount
of memorywaged, the sameideaswoud have been comical 20
yearsagq but notarymore,asmemoty is cheg now.

Jeff Mogul, HP Labsmadethenext point. He séd tha theframes
arebasedon MTU size. If MTU changes, corfigurationchanges
will be requred which the attacler can exploit. Cheriton agreed
with this.

Next, there was an extended interadion betweenldeff Chag of
Duke University, Jeff Mogul, andDavid Cheiton. Jdf Chag began
by observingthatthereis acollision betwea resach andindustry
view. The research communty believes everything can be built
from the ground-up but indugry does not like this. It wantsa
stardardizel IETF bles&d protocd. They would prefer to build
ontop of anolder protocol. To this, Cheiton interjeced thatbet-
ting on TCP is bordeing on theabsurd. Then Jef Mogul chipped
in sayingtha problemliesin integration with theOS, not with TCP.
Cheaiton sad tha demands of what we build are colliding with the
hadwareredity. He then discussed TCP ard SCTP. He remaked
thatthetipping point has arrived ard herce change is esertial.

Brent Callagtanfrom Sun Microsystems referted to the smpli-
fied RPCprotocd. When RPCrunsover ary trangort protocol, it
isnotsogoad. However, running over RDMA is quite arefreshing
change.

Dave followed this up by saying that muc of the proposd is
for file access. When RDMA tokenis pas<d to the server, and
saver turnsit badk. Thisisanaternative way of flow cortrol, and
does nat commit so muchmeamory. He indstedthatthisis only a
comment.

Cheriton concluded the quegions by annaundng tha one may
add to something but, it is morecomgicated andexpersive.

3. SESSION1: PROMI SESAND REALITY
3.1 RenatoRecio,|IBM

Server |/O Networks — Pag, Present and Future

The speker is ascciatedwith Infiniband RDMA and IBM €S-
enersa IBM Research. Redo sdd that the agenda of his talk
was saver I/O —networktypes, requirements | /O attachments, etc.
After highlighting the purpcse of server 1/0 networks, he taked
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briefly alout server 1/0 netwak regurements — standadization,
peformane, high availability, low cog — to namea few. Then
he adde to this list — virtudization, security, and sevice differ-
ertiation. Then he wert on to summaize the serve I/O netwak
historyard the netwak evolution timeline

The speker then switchedto PCI. The strategy — add evolution-
ary techndogy erharcementsto the sandard. He maintainel that
thereare2 contencers: PCl-xandPQ-expres.

After compaing thevariousl/O attaclments he spoke at lengh
about Infinibard (IB) model andits stratgy. Whenhe compared
IB with PCl-express Raj Yavatkar objected saying tha the com-
paison wasingppropriate,asboth have differert uses

The next partof his talk wason sever scaleup techrology op-
tions, sever |I0A outlook, attachment ard exparsion. Mention-
ing the problemswith socketsover TCR/IP, he outlined the basc
medarisms of netwak offload. After explaining in detail the IB
network stackoffload he showed the saneforiONICs.

He thenextolled the network offload bendits from the middle-
ware's view. He wert to say, ratherartigtically, “TCP/IP/Ethenet
arekingsof LANs!” Then, he devotedsomeattention to LAN is-
sues beforedisauissingcluger network cortende's, proprietaryand
stardardnetwaks. In theerd, hebriefly gave an overview on HPC
cluger nework outlook.

To summaize, he obsevedtha /O server adagers will likely
attachthrough PCI family. He then gave a brief outlook on what
eah kind of network will likely use and why.

Questions & Answers.

JoergMicheel (Endeace) expressedinterestin latercy requrements,
ard desred to know where these came from. The reply was that
thereis no paging ard corgegionto had tha off.

David Cheiton was surprised that latency was pushing down
through switches. He wasnot convincedthat locking, interaction,
etc. shoud have thatkind of overhead. He believed thatthe lo-
gic for latency ard overhea was not good, asdisksard otherold-
fashionad deviceswerebeingused for paging, which were not ap-
propriate.Redo contended thateach devicein the pathhad lateng,
ard tha lowersthe numter of opeations. When quegioned why;,
Redo referredto utilization of pah, throughput and lateng func-
tion. He reflected that lower latercy implies less hardwae and
lesercog.

Dondd Newell from Intel remakedthatthisis a data-feeargu-
mert. Therearewaysto hid lateng with software. He waslooking
for a concretedaa onthisargumen. He would like, for demopur-
poses asetof applicationsfor latercy-sersitive produdivity. Redo
sdd, hewould provide therequreddata.

3.2 Piyush Shivam, Duke University

On the Elusive Benefits of Protocol Offload
Co-autheo: Jeff Chase

Piyush began by introducing the offload controversy and NIC
cads. He outlined recert technologytrends and Moore's law, with
anill ustrative gragh. Some minor dowbts wereraisedon the cor-
rectness of the graph which Jorathan Smith strenghened by de-
claringthatthe graph dataisincorrect. Piyush offered an explara-
tion, which wasaccepted

The spedker cortinuedwith application trends, and prepared the
grourd for LAWS mockel. When he preserted the LAWS ratios,
Rerato Recio obectedthat 1 ratio was missing, that for offload.
Piyush sdad it will come later.

Piyush obseved that LAWS cgpturesapgication trerds  Ana-
lyzing LAWS, he pushedfor ignaring latency, andlaying stresson
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throughput speed. He went further to present saneagelrato press
his peint.

When he pointed out the bendits of hod-limited case Raj
Yavatka wondeedif it redly matteredor nework-intersive cases
Theansver wasdeferredtill forthcaming dides.

He then explained the benefits of network-limited cases with a
graph His cardinal argumert was— for very fag networks this
casehave very goad berefits, but they are valid for avery few ap-
plicationsonly.

He went on to counter the question— will network bandvidth
outrunMoore’'s law?

When he approatiedthe NIC-limited case, Rendo Redo poin-
ted out tha someNIC desigrs can do wha high-endsygems do.
Redo's quegion wasif this paticular cae was coveredby their
suwggestion/theory (of lagratio). Piyush replied saying, onehasto
belimited either by host, networkor NIC in ary case ard anyway,
thatis covered.

After giving an overal picture, Piyush concluded that applica-
tions need to be undastood to understan the role of TCP IP of-
fload, RDMA, etc. He al believed that point studiesare misleal-
ing. He stoppe after giving a brief LAWS andysis.

Questions & Answers.

Joerg Micheel from Endece started off by annaundng that he is
designing high-spead nework interface for PCs. He opeates on
the parameter thatthe capahlity of CPU to processpadetsis the
mainfactor He then statel tha the preentedmockl is totally in-
corred, asthe factorsarewrong. He believedtha it doesnotmatter
wha processoris pre®n, the limiting problemis the bardwidth of
the machine Hence, the mocel does not fit. Piyushreplied thathe
has corsideed the endto-endthroudhpu, and hence Jeag's con-
cerns are covered. The parameterslo suffice. Joelg agan objected
that it hasnothing to do with CPU speed, but with 1/0 prodems!
At this point, Jeff Chaseintervened ard said that the modé is a
simplification. the prodem manifeststsdf in CPU speed. There
exists no assertion that, by doubling the CPU speed, one can cut
the lateny. Herce, the model works. StephBailey semnded the
argumertsin favour of the presatation throughout.

3.3 SamuelFineberg, HP NonStop L abs

Performance Measurements of a Use-Space DAFS Server
with a DatabaseWorkload
Co-author: Don Wilson

Sambeganby explaining DAFS. After giving the charaderistics
of direct accesstrarsport, he gave some DAFS details. He com-
paed inline I/O with direct1/O. He then briefly wentover Orade
disk manaer, prototypeclient/sener, teg system configuration,
his experiments, ODM blast,its read and write comparison, ODM
latency teg ard performance

The speakerthengave someOrade-basedreailts andthe Orade
TPC-Hperformarce He alsopantedout thatin the operationdis-
tribution, read opeation wasthelarged component.

He later condudedtha local I/O is till fager, that DAFS still
has more capailities thanlocal I/O, ard that memoryregistration
isyeta problemwith DAT.

Questions & Answers.

JimPinkertonqueiedif thespedker hadafeel for memoryregistra-
tion battleneck. Samregied that theimplementationwasin hard-
ware. When Jim offered that good caching agorithms exist, the
spealer expreseal hisresenation saying, the problemwith caching
isthat VM tablescharge often. OS cooperation is aso required.
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4. INVITED TALK: WU-CHUN FENG, LOS

ALAMOS NATIONAL LABORATORY
AND OHIO STATE UNIVERSITY

Bridging the Disconnect between the Network and Large-
Sale Scientific Applications

The speaker stared off by introdudng the Green Dediny supe-
computer He preeented thegrand erd-scheme:you put aCD (con-
tainingthe softwareyouwart youinstallin thewha e network) into
your clusterhetwork, the softwarefigures out everything automd-
ically, andinstallsa clugered software in your network. Thenhe
akedthequestion:doesour network possesssimilar virtue®

Then he mace a very humorots refererte to the issue of how
mary staf was required to get asimplelnterne connection started
at SSIGCOMM 2003 conference. He erumeratedhe various sys-
tem failures and correlatedthemto non-trarspaency in Internet,
usng termslike NAT, DNS, etc. His mainpointwas even getting
a simple Interné conredion running involved knowing so much
tecmical terminology;, that it was very difficult for alaymanto get
it doneon his own. Theironical compaison of the problem with
theconferercelnterng comedion waswell-takenby theauwdience!

He then daboratal the agument that completetrangpaency is
missingin the netwak. He observed: “Why carit | just plug my
cableinto thewall ard getmy Internet connection running?”

He explained whathe meant by “discomed.”

At this point, Rerato Redo statedtha the requiremens of
Lawrene Livermoreare much more complex thanthe speaker's.
He asledif thespeaker had investigaded thatcase Wu refied that
he had not condderedthat datawith respect to the nuclear pro-
gram. He furthe dated his bdief thatin al applications tha he
came aaoss thelatency issue canbe custionedif it is nat ... To
this, Recio counteredtha lateny interads with throughput. As
Fengwasabou to reply, Jeff Mogul intervenal and terminaed the
disaussiondue to time constraints.

Ferg went on to explain thewizard-ga problem. He conduded
his solution by anaher humorows compaison of its performance
with thatof FedEx, and emphatically statedthat his solution beas
FedEx by spea and throudhpu, even thoudh it requires around
30,000 profesionds working at4 differentsites.

He finished his talk by briefly talking abaut the dynamic right-
sizing

5. SESSION 2:
DESIGNS

STORAGE PROTOCOL

5.1 Brent Callaghan, Sun Microsystens
NFSover RDMA
Co-authes: TheresalLingutla-Raj,Alex Chiu, Peer Stalbad,
OmerAsad

The speaker commenced by explaining the needfor RDMA as
atrarspat layer protocd. He commered tha NFSis an RDMA
sweet-spot. He promaed RDMA as a nev RFC trangport. After
briefly explaining sane small RPC messages, he explainal the
moving of NFSdaawith RDMA. He latercompared\FSthroudh-
put with thatof TCPandRDMA. He concluded histak by explain-
ing the exterdedRDMA trarspat healer.

Questions & Answers.

David Cheiton reflected that the spedker stared with read-read
protocd, while he himséf had started with write-write protocol.
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Combiningthe two, we now have a readwrite protoml. He pe-
smally hatedRTTs.

Brentreplied that he toohad stared with write-write, but found it
very comgicated, he experiencedproblemswith thesener. Hence,
he moved over to readreal. The man prodem wasthat priority
buffers could nat be figuredout. While read-read seened much
simpler write-write is definitely more practical.

Jm Pinkerton asked why NFS/TCPperformance appearedbet-
ter than NFS/RDMA performarce for small trarsfers. Brert ex-
plained tha RDMA memoryregistration impad isgreaer for small
trarsfers.A new read-wiite protocd will allow theclient to redice
memoryregistration overhea.

5.2 Mallik arjun Chadalapaka

A Study of iISCSI Extensionsfor RDMA (iISER)

Co-authors:Uri Elzur (Broadcom), Michael Ko (IBM Almaden
Regach Center),Hemd Sha (Intel), Patricia Thder (Agilent
Tecologes)

Questions & Answers.

Augtin Donrelly from Microsdt queriedif the proposal doesnot
open anattad.

Mallikarjun replied that there are othe iWarp mechanismsto
deal with it. One example would be invalidating the S-tags. The
damageislocdized, someothe 1/0 will be aborted,but it stopsat
that.

At thispoint, Jm Pinkerton, the SessionChair, interveredsaying
that there is a detailed analyds of security for RDMA in an IETF
Internet-Draft.

David Cheiton raisedthenext question. Thecopy overheaddoes
notregister, thereis along history of dealing with virtud memay
systems We do not forcerevalidation, andsomeotherswch things
Then why not usetheVM madel?

The speker repliedthatthey do nat have commar parts,only
daa movemant is involved. Whenregorse comesback, buffer
ascciatedwith transaaion will notbe minimum. VM can beused
locdly.

Pinkerton said, shoud we incorporateé SERinto VM?

Cheriton aked, why not use the sameVM? Thereare a lot of
synegies,andcommonsoftwareandtechniques

Pinkerton offered, it is functiondly equivaent to VM, but not
synchronizedwith local sygem. Tha is the mainproblem.

Ted Kim change the topic by aking if the spealer had con-
sidaed usng IB. The speaker replied thatiSCSIis ddined over
TCPR Hewam't sureif iISCSlcanrunover IB. He explained his po-
sition by stating his desgn goal —to allow iSCSI to run on gereric
RNICsspecifically. Onecanalways do vendar-addops Efficiengy
ongengic cadsisimportart.

Renao then commerted that integration of this chunk with the
procesor may allow for pre-activity: procesa with paging or vir-
tual and physical mappings.

Pinkerton concluded, we sav new innovations in IB. We ob-
saved tha the scope of the protool expanded. The new devel-
opment is tha RDMA over TCPrunsin thekerné in anoptimized
way. It would be interestingto note how more apgications map
with RDMA.

6. SESSION3: NOVEL APPROACHES

6.1 AngelosKeromytis, Columbia University
High-Speed|/O: The OS asa Sigmalling Mechanism
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Co-autho: Matthav Burnsde

Beforecommendng histak, thespeker eluddatedtha he hails
from a cryptogaphy background, hence his papea/tak condantly
refersto cryptograply, ard is basedfor themog pat onit.

Questions & Answers

JimPinkerton offeredtha memay is aconcernbeauseit is a peri-
pheral. If we rert to using a buffer, the prodem will dislve.
This suggestionwas backed by many other peofde in the audience.
Thespeaker admittedit partly.

Dondd Newell from Intel said, completeparallelism has been
adhieved in the propogd metha by moving memory to other
devices and then empoying additional complexty to marageit.
A better sdutionwoud beto employ memory parallelismclose to
theproess More randomexternd acesse will be available, and
better perfomance will result. Therearebetter methals available,
moresalableand cheaper.

The speaker replied that he looked a programmable FPGAS,
they weren't that complicaed. However, he corfessdtha he did-
n't have thefiguresfor performarce compaison.

Newell thenasked wha kind of apgications the speaker would
beinterestedin demorstrating his work — databassor smpler ap-
plication®

The speder courtered that Newell was thinking of too high a
level of comgexity. He doesnat wantary SQL queries, but amuch
simplerprocess.

Rendo then commentedthat other cortrol opeations would
needto be appendad. The speaker would need somekind of spe-
cializedcortrol, etc. therebymaking the whole schemevery com-
plex. In otherwords, he would not be alle to exape a certain de-
greeof complexity aryway.

David Cheribn said, what the speeker de<ribed for peer-peer
is dl transforming into a netwak, and then, the speaker waked
into ancther discussion. But Cheriton quegioned if it runs over
Etherné, for hebelieved,in theend, its al just Ethernetandsome
devices

The speder agreed tha the next stepindeed would be to see
Etherné, asthere were many interesting issues involved there.
However, he maintainedhatall thedevices areintercannected,and
one mayrunl|P overit.

6.2 Kieran Mansley, University of Cambrid ge
Engineaing a User-Leve TCP for the CLAN Network

Thespeaker stared off by explaininghis problem—the networks
have becomefader, andsohave thetransnissionspeedsof padets,
but the overheal to ded with the packetsis still the same. And this
requresCPU cycles.How dowe tacK e this?

After referting to same possble sdutions he arrived at CLAN
networks,andexplainedin depthits user-level stackarchitecture.

Jim Pinkerton asked for same figures regarding bardwidth and
latengy, which the spealer promptly suppied

Thenthe speaker spoke on true zero-copy trarsmisson.

Helatersummaizedhistak saying tha the TCP/IPstak shoud
be moved to the user level, ard that the retrarsmisson should be
handledby the gaeway.

Questions & Answers.

Rerato Redo argled tha the speaer might still need a copy op-
erationto remove heades fromthe stream, only tha now it would
be middleware healers rather than TCPAP heackrs. The speaker
ageed.
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Jm Pinkerton first commanted tha only the transnit path has
been conddered Then he asked what the spealer meant by an
“asyrchronous AP1.” The speaker replied tha the protoml pro-
cessng will have to be dore a somepoint, eithe immediatelyat
the time when asked, or somdime later, even if the applicationis
blodked now, or later.

Stephen Bailey doubied if the socket API redly required the
copying. He expresedtha the spe&er hadnat chargedthesodket
API pe se but only the interfa@ (in a rouch sersg, according
to pele's expedations He summarly believed that wha the
speaker haddore wasnat really required. The speaker repliedthat
the kernel could spend a lot of time savicing the queue and asa
resut would have to perform acopy without thesecharges.

6.3 Rolf Neugebaier, Intel Reseach Cam-
bridge
A Casefor Virtual Channel Processors
Co-author: DerekMcAuley

Questions & Answers.

Mallikarjun Chadalgaka raisedthefirst quegion. He surmised that
constructng the VCP would involve atremendusamourt of effort
—totaketheTCPstadk andiSCS ard thenmaketheVCP. He asked
if the speaker could specify wha work wasinvolvedin defining a
VCP.

Thespe&ker ageedard sdd tha hewascurrertly in the process
of doingit. He confirmedtha it did involve a TCP stack a device
driver, and putting it together with an API. However, he believed
thata minimal OSrunningontop of aVCPis enoughto geta TCP
implementationrunning

Chadhlap#a further queriedif in the cae of iISCS resairces
oneneeced sgarate NICsfor TCPandSCS. The speaker redied
that thereexist NICs tha multiplex on a large level. Marny new
NICs have bean introdwced of late They later demux to different
functions

Jeff Chasethen reflected tha the first talk propcsedto add a
bunch of data copes, tha would certainly requre a lot of sugport
in VM. The speaker agreed, but saidthatthe VM drealy doesiit,
it even hasan interfae for this function. When Chas askedif he
had full control of VM beweenpaging heregiedin the paositive.

7. GENERAL DISCUSSON

All attendees were requeded to air their views on appopriate
isswes

JonathanSmith said, arethereary ecoromic factorsto change
the biasin memoryarchitecture¢owardsfastermemory rathe than
larger memory?Hefurthersad, dowe dways haveto work around
it, or can we hope for samethingbetter.

Stephen Bailey proposal strean berchmaks. Hesdad it is fager,
exponential. The number of pinsis a limitation, it doesnot grow.
And sois bardwidth. But the streamis quite good, and fast. We
have 20 yeas of stodk. Memay will bethebattleneck.

David Cheiton expressd his inability to commen on physics
However, hesaidhewould commentonold perspedives Hewould
like to getrid of that copy overhead. It should be easy to trars-
ition to new, fager medarisms. We do not notice suacessdue to
pagemanipuation. He hasavision to see 10 Gig Etherné coming
directly into the processor, and mamory systems being accesed
through VM, paging andsoon. Thereis not a drag behind but
it gets eaen up by little things like checking this or that. To fold
in security, the complexity mug be reduced, so much sothatit is
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understadalie by my mother We still are afar way fromthat.

Jim Pinkerton would like to see netwak speal approxmae
memay speal. He believedthatenoughtechnologyis lying around
for 20yeas. Thenework is nolonger theorphanchild, it getsthe
first techrology. It has the sane techrology as does a CPU now.

Steph Bailey commentedha disk channdshave consstently de-
livered10x the bardwidth of NICsto the samesystem. With the
right hardware, NICs should be ale to achieve parity with disk
adapters(picking up a factor of 10 performane) without arny host
hardwarechanges

David Cheiton said tha in the netwak world, peodetak abaut
lateny sersitive apgications. This marke is worth $800 billion,
comprising block storagd /O, fibre chamel, whatever. Dataman-
agemert neals to be centralized. How doesone run Oracle on a
Sunsener 100 miles away, when the fibre is cheapand hasa ca-
pecity of 40 Gig? How dowe desgn a protocd thatworksreliahly,
seurdy and doesnot get overloadeal. That is thegrand challeng,
thatwe have to do right. After all, there will alwaysbe 1 orphan
child.

Jef Chasedoulied if it really is alateng/-driven world.

Cheribn recorfirmedtha it is, down to thelevel of 100 micro-
seondsrange When deding with disk 1/0, the numtersare in
milliseonds range

Jef Mogul suggeded that if we replace disks with MEMS
devices then we might erd up ona beterpricecurwe. In tha scen-
ario, 1 mswill beimportant,and maybe even 100 microses

Jef Chase swygestedtha mog systemsarethroughput-senstive,
nat on latency. For IOPR, Internd requestsserved per seond s the
sengtivity fador.

Jim Pinkerton remarled tha everythingis opinion-basel, and
not fad-basal. He raisel the quegion that what area need more
resarch

Dondd Newell backedhim, saying tha thisis themod common
agumant. Pe@le oftencomeup with bizarrerequiremerts.

Rendo Redo commerted on the areasfor additional reseach.
According to him, segmenting out the problem is oversimplfica-
tion, andtha is the problem.Thereis abig problemwith Java, C#,
etc.,how dowe ge& adwantag in the® areas. It addreses alarge
chunk of space, ard involves a lot of money. It might even take
application changes.

Jim Pinkertonexpreseal that whenever application changeis re-
quired,it introdwces a new world. No feaures exist for it.

Jef Chasereferredto the talk by PiyushShivam, and as®rtedit
is all facts not mereopinions. Onae we canfigureoutthevaluesfor
the parameers, we can visualize real environrments. The problem
is tha we do not know what really matiers, and hence estimaing
the parametervaluesis difficult.

Stephen Bailey cautionel al to be careful to go out ard test
samething.

Jef Chasespdke about someservicebenchmarks,sayingthathe
did samework there.

Jef Mogul then said that we al have focussedalot on perform-
arce Thetheoryis tha if we employ RDMA, we get better pe-
formance But he bdieved tha the right way to look at it was,
doesRDMA enalie systemsverdorsto get accepable performance
with cheaper hardware? If noone uses hardwae-RDMA adaters,
is RDMA redly better? Wha is the right questionto ask — fager,
fader... or cheager, cheager..? He firmly believed that cheger is
beterthan fager.

JorathanSmith first expresed agreemat for the previous com-
mert. Then hesdd tha our researchis greatlyhindered by absence
of daa, epedally in fields of seaurity. He urged all if we coud
come up with an aronymization policy to facilitate better availab-
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ility of daa

Brent Callaghan drew attentionto the fact that use of soketswas
primaily respashble for the popularity of Etherné. Hethenasked
if we have the right APl for RDMA asyet. It may be RPC,or it
maybeMPI. We do not know for sure.

Renao Redo then said thatit takestime for applications to de-
velop.

Jeff Chasecommentedthatin theshat term, it is more ecorom-
ical to buy more serversrather than hire peode.

Ladly, Kieran asked how to make the API beter for applica-
tions.
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