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ABSTRACT
This is a summary of the NICELI workshop, basedon scribe re-
portswrittenby Olaf Maennel and Vinay Aggarwal, and edited by
Jeffrey Mogul andAllyn Romanow with helpfrom theNICELI at-
tendees. The workshop was held in conjunctionwith SIGCOMM
2003 on 27 August 2003 in Karlsruhe,Germany.

Papers and presentations from the workshop are available
on the Web at http://www.acm.org/sigs/sigcomm/
sigcomm2003/workshop/niceli/

Note-taking during an active discussion is a fallible process, so
these notes may containerrors. We have encouraged participants
to help usfind theseerrors. Correctionsmadeafterthisarticlegoes
to pressmay befound at theNICELI Web site.

1. INTRODUCTI ONS
Allyn Romanow welcomed the participants to this workshop

about high speedI/O and thanked the speakersfor their contribu-
tions.

2. KEYNOTE: DAVI D R. CHERITON,
STANFORD UNIVERSITY

Network-I /O Convergence in “ Too Fast” Networks: Threats
and Countermeasures

Theworkshopbeganwithan1-hour invited talk by David Cheri-
ton from Stanford University. He observed that network I/O con-
vergence is an old story. Giving a brief introduction to I/O devel-
opment and its history right from the 50/60s to the present age,
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he focussed on thecurrent problems facing the field – reordering,
forged packets,replay, attack by peripherals. Heexpressedthat the
performanceof thehostshouldnotbedegradedby attacks.

The new problem is “too fast” networks, eg. 10 Gbps. He ex-
plained the term“too fast” to meanthat“it is very expensivenot to
protect, andnot feasibleto do in software.”

He thenbriefly commentedon zerocopy – corruption and com-
promise, and on receiver authentication – how to do efficiently and
safely.

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

He observed that thereis a collision between I/O andprocessor
for thehardwareresources.There is acontention for pins,on-chip
state,and on-chip logic. If the contention is not in the process,
it is way across in the I/O network. He humorously statedthat
everybody is trying to pushtheother off-chip!

Hewent onto highlight thethreat perception of Infiniband. Af ter
explainingwhat is Infiniband, hestated – “fix IP for storageor else
loseto Infiniband.”

On the issue of multi-layer solutions, heobserved that themore
the layers, the morecomplex it will be for hardware. In the case
of meta-protocols, he believed that the standardsare too flexible
to design hardware to a good standard. Hence, hardchoices are
required.

He latershifted attentionto RPC,sayingthatsincenetwork isas
fast asmemory, not just RDMA, but RPC needs to behandledtoo.

He thenproposed thesolutionof refactoringthe transport layer
protocol, based on the theory of refactoring the protocol design
problembetweenhardwareand non-hardwarelevel.

Then he arrived on his final solution – an RDMA based pro-
tocol. He explainedthe term “region” as a collection of packet
frames to/from which a sequenceof packets of particular flow are
mapped. Showing a diagramof a region structure,he talked about
itsdeliveryconditionsanditspros.Tackling theissueof control, he
explainedtheROPcontrol level. Then,heexplained theworkingof
FileWrite. For connection setup,hesaidthat thechannel manager
is amechanism to createor setup new channels.

To conclude, he reiteratedthe main points of his talk, and
stopped with an open question – the counter-measureexists, but
can the IP-Ethernet communityrespond?
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Questions & Answers:
The first argument camefrom Steph Bailey: one community says
TCP is good, another says TCP offload is the hardest part, not
RDMA. But hebelievedthatstablerecoveryandwindow manage-
ment arethemost challenging partsof TCP. What about congestion
avoidance? To this,Cheritonreplied thathedid not address this is-
sue in his talk. Hesaid,perhaps,it is agoodapproximation.

Then, Jim Pinkerton from Microsoft said that TCPhas a buffer
to control that rate. Thedefinition of theproblemis interesting. He
disagreedwith Cheriton's statements about Infiniband. In Infini-
band, the layers work differently. While the transport layer is very
similar, the reliablelayer is quite different. The problem is about
congestion control and new algorithms.

Cheriton responded, all that has been learnedabout/from TCP
can beapplied again. All themechanismsandproblemsabout TCP
can be solved by designing a new protocol. However, one needs
to keepaneye on cost. The implementation of stacks on hardware
needsto comply with cost constraints:it needsto fit on thechip.

ThenRenato Reciomade2 comments:thediscussion isspecific
to 1 protocol, the problemsare not at the layer that the speaker
is talking about, marshalling-demarshalling happens in Java, C#,
etc.Theanswer was that RPCparametersmust tie into RDMA for
success. Thedynamicsherelooksimilar toTCP. Dueto theamount
of memorywasted, the sameideas would have been comical 20
yearsago, but notanymore,asmemory is cheap now.

Jeff Mogul, HPLabsmadethenext point. Hesaid that theframes
arebasedon MTU size. If MTU changes, configurationchanges
will be required which the attacker can exploit. Cheriton agreed
with this.

Next, therewasan extended interaction betweenJeff Chase of
DukeUniversity, Jeff Mogul, andDavid Cheriton. Jeff Chasebegan
by observingthatthere is acollision between research andindustry
view. The research community believes everything can be built
from the ground-up, but industry does not like this. It wantsa
standardized IETF blessed protocol. They would prefer to build
on top of anolder protocol. To this, Cheriton interjected thatbet-
ting on TCP is bordering on theabsurd. Then Jeff Mogul chipped
insayingthat problemliesin integrationwith theOS,not withTCP.
Cheriton said that demands of what webuild arecolliding with the
hardwarereality. He then discussed TCPand SCTP. He remarked
that thetippingpoint has arrived, and hence, change is essential.

Brent Callaghanfrom Sun Microsystemsreferred to the simpli-
fied RPCprotocol. When RPCrunsover any transport protocol, it
isnotsogood. However, runningoverRDMA isquitea refreshing
change.

Dave followed this up by saying that much of the proposal is
for file access. When RDMA token is passed to the server, and
server turnsit back. This is analternative way of flow control, and
does not commit so muchmemory. He insisted that this is only a
comment.

Cheriton concluded the questions by announcing that onemay
add to something,but, it is morecomplicated andexpensive.

3. SESSION1: PROMI SESAND REAL ITY

3.1 RenatoRecio,IBM
Server I /O Networks – Past, Present and Futur e

Thespeaker is associatedwith Infiniband, RDMA and IBM eS-
ervers at IBM Research. Recio said that the agenda of his talk
wasserver I/O – networktypes,requirements,I/O attachments,etc.
Af ter highlighting the purpose of server I/O networks, he talked

briefly about server I/O network requirements – standardization,
performance, high availability, low cost – to namea few. Then
he added to this list – virtualization, security, and service differ-
entiation. Then he went on to summarize the server I/O network
historyand thenetwork evolution timeline.

Thespeaker then switchedto PCI.Thestrategy – add evolution-
ary technology enhancementsto thestandard. He maintained that
thereare2 contenders:PCI-xandPCI-express.

Af ter comparing thevariousI/O attachments,hespokeat length
about Infiniband (IB) model and its strategy. Whenhe compared
IB with PCI-express, Raj Yavatkar objectedsaying that the com-
parison wasinappropriate,asboth havedifferent uses.

The next part of his talk wason server scale-up technology op-
tions, server IOA outlook, attachment and expansion. Mention-
ing the problemswith socketsover TCP/IP, he outlined the basic
mechanisms of network offload. Af ter explaining in detail the IB
network stackoffload, heshowed thesamefor iONICs.

He thenextolled the network offload benefits from the middle-
ware's view. He went to say, ratherartistically, “TCP/IP/Ethernet
arekings of LANs!” Then,he devotedsomeattention to LAN is-
sues, beforediscussingcluster network contenders, proprietaryand
standardnetworks. In theend, hebriefly gavean overview on HPC
cluster network outlook.

To summarize, he observed that I/O server adapters wil l likely
attachthrough PCI family. He then gave a brief outlook on what
each kind of network will li kely useand why.

Questions & Answers:
JoergMicheel (Endace)expressedinterest in latency requirements,
and desired to know where thesecame from. The reply was that
thereis no pagingand congestion to hold that off.

David Cheriton was surprised that latency was pushing down
throughswitches. He wasnot convincedthat locking, interaction,
etc. should have that kind of overhead. He believed that the lo-
gic for latency and overhead was not good, asdisksand otherold-
fashioned deviceswerebeingused for paging,which were not ap-
propriate.Recio contended thateachdevicein thepathhad latency,
and that lowersthenumber of operations. When questioned why,
Recio referred to utilization of path, throughput and latency func-
tion. He reflected that lower latency implies less hardware and
lessercost.

Donald Newell from Intel remarkedthatthis is a data-freeargu-
ment. Thereareways to hid latency with software. Hewaslooking
for aconcretedataon thisargument. Hewould like, for demopur-
poses, asetof applicationsfor latency-sensitiveproductivity. Recio
said, hewould provide therequireddata.

3.2 Piyush Shivam, DukeUniversity
On the Elusive Benefits of Protocol Offload
Co-author: Jeff Chase

Piyush began by introducing the offload controversy and NIC
cards. Heoutlined recent technologytrends and Moore's law, with
an ill ustrative graph. Someminor doubts wereraisedon the cor-
rectnessof the graph, which Jonathan Smith strengthened by de-
claringthatthegraph data is incorrect.Piyush offered an explana-
tion, which wasaccepted!

Thespeaker continuedwith application trends,and prepared the
ground for LAWS model. Whenhe presented the LAWS ratios,
Renato Recioobjected that 1 ratio was missing, that for offload.
Piyush said it wil l comelater.

Piyush observed that LAWS capturesapplication trends. Ana-
lyzing LAWS,he pushedfor ignoring latency, andlayingstresson
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throughputspeed.Hewent further to present somealgebrato press
hispo� int.

When he pointed out the benefits of host-limited case, Raj
Yavatkar wondered if it really matteredfor network-intensivecases.
Theanswer wasdeferredtil l forthcoming slides.

He then explained the benefits of network-limited cases with a
graph. His cardinal argument was – for very fast networks, this
casehave very good benefits,but they are valid for a very few ap-
plicationsonly.

He went on to counter the question– will network bandwidth
outrunMoore's law?

When he approachedthe NIC-limi tedcase, Renato Recio poin-
ted out that someNIC designs can do what high-endsystems do.
Recio's question was if this particular case was coveredby their
suggestion/theory (of lag ratio). Piyush replied saying, onehasto
belimitedeither by host,networkor NIC in any case, and anyway,
that is covered.

After giving an overall picture, Piyushconcluded that applica-
tions need to be understood to understand the role of TCP, IP of-
fload, RDMA, etc. Healso believed that point studiesaremislead-
ing. Hestopped after giving abrief LAWS analysis.

Questions & Answers:
Joerg Micheel from Endace started off by announcing that he is
designinghigh-speed network interface for PCs. He operates on
the parameter that the capabili ty of CPU to processpackets is the
main factor. He then stated that thepresentedmodel is totally in-
correct, asthefactorsarewrong. Hebelievedthat it doesnotmatter
what processoris present, the limiting problemis thebandwidth of
the machine. Hence, the model does not fit. Piyushreplied thathe
has considered theend-to-endthroughput, and henceJeorg's con-
cerns arecovered.Theparametersdo suffice.Joerg again objected
that it hasnothing to do with CPU speed, but with I/O problems!
At this point, Jeff Chase intervened and said that the model is a
simplification. the problem manifestsitself in CPU speed. There
exists no assertion that, by doubling the CPU speed, onecan cut
the latency. Hence, the model works. StephBailey seconded the
arguments in favour of thepresentation throughout.

3.3 SamuelFineberg, HP NonStop Labs
Performance Measurements of a User-Space DAFS Server

with a DatabaseWorkload
Co-author:DonWilson

Sambeganby explainingDAFS.Af tergiving thecharacteristics
of direct access transport, he gave someDAFS details. He com-
pared inline I/O with direct I/O. He then briefly wentover Oracle
disk manager, prototypeclient/server, test system configuration,
his experiments, ODM blast,its readand write comparison, ODM
latency test and performance.

Thespeaker thengavesomeOracle-basedresultsandtheOracle
TPC-Hperformance. Healsopointedout that in the operationdis-
tribution, read operation wasthelargest component.

He later concludedthat local I/O is still faster, that DAFS still
has morecapabilities thanlocal I/O, and that memoryregistration
isyetaproblemwith DAT.

Questions & Answers:
JimPinkertonqueriedif thespeaker hadafeel for memoryregistra-
tion bottleneck. Samreplied that theimplementationwasin hard-
ware. When Jim offered that good caching algorithmsexist, the
speaker expressed hisreservation saying, theproblemwith caching
is that VM tableschangeoften.OScooperation is also required.

4. INVITED TALK: WU-CHUN FENG, LOS
ALAMOS NATIONAL LABORATORY
AND OHIO STATE UNIVERSITY

Bridging the Disconnect between the Network and Large-
ScaleScientificApplications

Thespeaker started off by introducing theGreen Destiny super-
computer. Hepresented thegrandend-scheme:youput aCD (con-
tainingthesoftwareyouwant youinstall in thewholenetwork) into
your cluster/network,thesoftwarefigures out everything automat-
ically, andinstallsa clustered software in your network. Thenhe
askedthequestion:doesour networkpossesssimilar virtues?

Then he made a very humorous reference to the issue of how
many staff was required to get asimpleInternet connection started
at SIGCOMM 2003 conference. He enumeratedthe various sys-
tem failuresand correlatedthemto non-transparency in Internet,
using termslike NAT, DNS,etc. His mainpoint was, even getting
a simple Internet connection running involved knowing so much
technical terminology, that it was very difficult for a laymanto get
it doneon his own. The ironical comparison of the problem with
theconferenceInternet connectionwaswell-takenby theaudience!

He then elaborated the argument that completetransparency is
missing in the network. He observed: “Why can't I just plug my
cable into thewall and getmy Internet connection running?”

Heexplained whathemeant by “disconnect.”
At this point, Renato Recio statedthat the requirements of

Lawrence Livermorearemuch more complex thanthe speaker's.
Heaskedif thespeaker had investigated thatcase. Wu replied that
he had not consideredthat data with respect to the nuclear pro-
gram. He further stated his belief that in all applications that he
came across, the latency issue canbe cushionedif it is not ... To
this, Recio counteredthat latency interacts with throughput. As
Feng wasabout to reply, Jeff Mogul intervened and terminated the
discussiondue to timeconstraints.

Feng went on to explain thewizard-gap problem. He concluded
his solution by another humorous comparison of its performance
with thatof FedEx, and emphaticallystatedthat his solution beats
FedEx by speed and throughput, even though it requires around
30,000 professionals workingat4 differentsites.

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

5. SESSION 2: STORAGE PROTOCOL
DESIGNS

5.1 Brent Callaghan, Sun Mi crosystems
NFSover RDMA
Co-authors: TheresaLingutla-Raj,Alex Chiu, Peter Staubach,

OmerAsad

The speaker commenced by explaining the needfor RDMA as
a transport layer protocol. He commented that NFS is an RDMA
sweet-spot. He promoted RDMA as a new RPC transport. Af ter
briefly explaining some small RPC messages, he explained the
moving of NFSdatawithRDMA. HelatercomparedNFSthrough-
put with thatof TCPandRDMA. Heconcludedhistalk by explain-
ing theextendedRDMA transport header.

Questions & Answers:
David Cheriton reflected that the speaker started with read-read
protocol, while he himself had started with write-write protocol.
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Combiningthe two, we now have a read-write protocol. He per-
sonally

�
hatedRTTs.

Brent replied thathetoohadstartedwithwrite-write, but found it
verycomplicated, heexperiencedproblemswith theserver. Hence,
he moved over to read-read. The main problem wasthat priority
buffers could not be figuredout. While read-read seemedmuch
simpler, write-write is definitely morepractical.

Jim Pinkerton asked why NFS/TCPperformance appearedbet-
ter than NFS/RDMA performance for small transfers. Brent ex-
plained that RDMA memoryregistration impact isgreater for small
transfers.A new read-write protocol wil l allow theclient to reduce
memoryregistration overhead.

5.2 Mallik arjun Chadalapaka
A Study of iSCSI Extensionsfor RDMA (iSER)
Co-authors:Uri Elzur (Broadcom),Michael Ko (IBM Almaden

Research Center), Hemal Shah (Intel), Patricia Thaler (Agilent
Technologies)

Questions & Answers:
Austin Donnelly from Microsoft queriedif the proposal doesnot
open anattack.

Mallikarjun replied that there are other iWarp mechanismsto
deal with it. One example would be invalidating the S-tags. The
damageis localized, someother I/O will be aborted,but it stopsat
that.

At thispoint, JimPinkerton, theSessionChair, intervenedsaying
that there is a detailed analysis of security for RDMA in an IETF
Internet-Draft.

David Cheriton raisedthenext question. Thecopy overheaddoes
not register, thereis a long history of dealing with virtual memory
systems. Wedo not forcerevalidation, andsomeothersuch things.
Then why not use theVM model?

The speaker repliedthat they do not have command parts,only
data movement is involved. When response comesback, buffer
associatedwith transaction will not be minimum.VM can beused
locally.

Pinkertonsaid,should we incorporateiSERinto VM?
Cheriton asked, why not use the sameVM? Thereare a lot of

synergies,andcommonsoftwareandtechniques.
Pinkerton offered, it is functionally equivalent to VM, but not

synchronizedwith local system. That is themainproblem.
Ted Kim changed the topic by asking if the speaker had con-

sidered using IB. The speaker replied that iSCSI is defined over
TCP. Hewasn't sureif iSCSIcanrunover IB. Heexplained hispo-
sition by stating hisdesign goal – to allow iSCSI to runon generic
RNICsspecifically. Onecanalways do vendor-addops. Efficiency
on generic cards is important.

Renato then commented that integration of this chunk with the
processor may allow for pre-activity: processor with pagingor vir-
tual and physical mappings.

Pinkerton concluded, we saw new innovations in IB. We ob-
served that the scope of the protocol expanded. The new devel-
opment is that RDMA over TCPrunsin thekernel in anoptimized
way. It would be interestingto note how more applications map
with RDMA.

6. SESSION3: NOVEL APPROACHES

6.1 AngelosKeromytis, Columbia University
High-SpeedI/O: The OSasa Signalling Mechanism

Co-author: Matthew Burnside

Beforecommencing his talk, thespeakerelucidatedthat hehails
from a cryptography background, hencehis paper/talk constantly
refers to cryptography, and is basedfor themost part on it.

Questions & Answers:
JimPinkertonofferedthat memory is aconcernbecauseit is aperi-
pheral. If we resort to using a buffer, the problem will dissolve.
Thissuggestionwas backedby many other people in theaudience.
Thespeaker admittedit partly.

Donald Newell from Intel said, completeparallelism has been
achieved in the proposed method by moving memory to other
devices, and then employing additional complexity to manageit.
A better solutionwould beto employ memory parallelismcloser to
theprocess. More randomexternal accesses wil l be available, and
better performance will result. Therearebetter methodsavailable,
morescalableand cheaper.

The speaker replied that he looked at programmableFPGA's,
they weren't that complicated. However, heconfessedthat he did-
n't have thefiguresfor performancecomparison.

Newell thenasked, what kind of applications thespeaker would
beinterestedin demonstrating his work – databasesor simpler ap-
plications?

The speaker countered that Newell was thinking of too high a
level of complexity. Hedoesnot wantany SQL queries,but amuch
simplerprocess.

Renato then commentedthat other control operations would
need to be appended. The speaker would need somekind of spe-
cializedcontrol, etc. therebymaking thewhole schemevery com-
plex. In otherwords, he would not beable to escape a certain de-
greeof complexity anyway.

David Cheriton said, what the speaker described for peer-peer
is all transforming into a network, and then, the speaker walked
into another discussion. But Cheriton questioned if it runs over
Ethernet, for hebelieved,in theend, its all just Ethernetandsome
devices.

The speaker agreed that the next stepindeed would be to see
Ethernet, as there were many interesting issues involved there.
However, hemaintainedthatall thedevicesareinterconnected,and
onemayrun IPover it.

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

Thespeakerstarted off by explaininghisproblem– thenetworks
havebecomefaster, andsohavethetransmissionspeedsof packets,
but theoverhead to deal with thepacketsis still thesame.And this
requiresCPU cycles.How do we tackle this?

Af ter referring to some possible solutions, he arrived at CLAN
networks,andexplainedin depth itsuser-level stackarchitecture.

Jim Pinkerton asked for some figures regarding bandwidth and
latency, which thespeakerpromptly supplied.

Thenthespeaker spoke on truezero-copy transmission.
Helatersummarizedhistalk saying that theTCP/IPstack should

be moved to the user level, and that the retransmission should be
handledby thegateway.

Questions & Answers:
Renato Recio argued that the speaker might still need a copy op-
erationto remove headers from the stream, only that now it would
be middleware headers rather than TCP/IP headers. The speaker
agreed.
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Jim Pinkerton first commented that only the transmit path has
been considered. Then he asked what the speaker meant by an
“asynchronous API.” The speaker replied that the protocol pro-
cessing wil l have to be done at somepoint, either immediatelyat
the time when asked, or sometime later, even if the applicationis
blocked now, or later.

Stephen Bailey doubted if the socket API really required the
copying. Heexpressedthat thespeaker hadnot changedthesocket
API per se, but only the interface (in a rough sense), according
to people's expectations. He summarily believed that what the
speaker haddone wasnot really required.The speaker repliedthat
the kernel could spend a lot of time servicing thequeue, and asa
result would haveto perform acopy without thesechanges.

6.3 Rolf Neugebauer, Intel Research Cam-
bridge

A Casefor Virtual Channel Processors
Co-author:DerekMcAuley

Questions & Answers:
MallikarjunChadalapakaraisedthefirst question. Hesurmised that
constructing theVCPwould involveatremendousamount of effort
– to taketheTCPstack andiSCSI and thenmaketheVCP. Heasked
if thespeaker could specify what work wasinvolved in defining a
VCP.

Thespeaker agreedand said that hewascurrently in theprocess
of doing it. He confirmedthat it did involve a TCPstack, a device
driver, and putting it together with an API. However, he believed
thataminimalOSrunningon topof aVCPis enough to getaTCP
implementationrunning.

Chadalapaka further queriedif in the case of iSCSI resources,
oneneededseparate NICs for TCPandSCSI. The speaker replied
that thereexist NICs that multiplex on a large level. Many new
NICs have been introducedof late. They laterdemux to different
functions.

Jeff Chasethen reflected that the first talk proposedto add a
bunch of data copies, that would certainly require a lot of support
in VM. The speaker agreed, but saidthat theVM already does it,
it even hasan interface for this function. When Chase askedif he
had full control of VM betweenpaging, hereplied in thepositive.

7. GENERAL DISCUSSION
All attendees were requested to air their views on appropriate

issues.
JonathanSmith said,arethereany economic factorsto change

thebiasin memoryarchitecturetowardsfastermemory rather than
larger memory?Hefurthersaid, dowealwayshavetowork around
it, or can wehope for somethingbetter.

Stephen Bailey proposed stream benchmarks. Hesaid it is faster,
exponential. The number of pins is a limitation, it doesnot grow.
And so is bandwidth. But thestreamis quite good, and fast. We
have20 years of stock. Memory wil l bethebottleneck.

David Cheriton expressed his inability to comment on physics.
However, hesaidhewouldcommentonoldperspectives. Hewould
like to get rid of that copy overhead. It should be easy to trans-
ition to new, faster mechanisms. We do not notice successdue to
pagemanipulation. He hasavision to see10 Gig Ethernet coming
directly into the processor, and memory systems being accessed
through VM, paging, andso on. There is not a drag behind, but
it gets eaten up by little things like checking this or that. To fold
in security, thecomplexity must be reduced, so much so that it is

understandableby my mother. Westill area far way fromthat.
Jim Pinkerton would like to see network speed approximate

memory speed. Hebelievedthatenoughtechnologyis lying around
for 20 years. Thenetwork is no longer theorphanchild, it getsthe
first technology. It has thesametechnology as does aCPUnow.

StephBailey commentedthat disk channelshaveconsistently de-
livered10x thebandwidth of NICs to thesamesystem. With the
right hardware, NICs should be able to achieve parity with disk
adapters(picking up a factor of 10 performance) without any host
hardwarechanges.

David Cheriton said that in thenetwork world, peopletalk about
latency sensitive applications. This market is worth $800 billion,
comprising block storageI/O, fibre channel, whatever. Dataman-
agement needs to be centralized. How doesone run Oracle on a
Sunserver 1000 miles away, when the fibre is cheapand hasa ca-
pacity of 40Gig? How dowedesign aprotocol thatworksreliably,
securely and doesnot get overloaded. That is thegrand challenge,
that we have to do right. After all, there wil l alwaysbe 1 orphan
child.

Jeff Chasedoubted if it really is a latency-driven world.
Cheriton reconfirmed that it is, down to thelevel of 100 micro-

seconds range. When dealing with disk I/O, the numbers are in
milli seconds range.

Jeff Mogul suggested that if we replace disks with MEMS
devices, then wemight end uponabetterpricecurve. In that scen-
ario,1 mswil l beimportant,and maybeeven 100microsecs.

Jeff Chasesuggestedthat most systemsarethroughput-sensitive,
not on latency. For IOP, Internet requestsservedper second is the
sensitivity factor.

Jim Pinkerton remarked that everything is opinion-based, and
not fact-based. He raised the question that what areas need more
research.

Donald Newell backedhim,saying that this is themost common
argument. Peopleoftencomeup with bizarrerequirements.

Renato Recio commented on the areasfor additional research.
According to him, segmenting out the problem is oversimplifica-
tion, and that is theproblem.Thereis abig problemwith Java,C#,
etc.,how do we get advantage in these areas. It addresses a large
chunk of space, and involves a lot of money. It might even take
application changes.

Jim Pinkertonexpressed that whenever application changeis re-
quired,it introduces anew world. No features exist for it.

Jeff Chasereferredto the talk by PiyushShivam, and assertedit
isall facts, not mereopinions. Oncewecanfigureout thevaluesfor
theparameters, we can visualize real environments. The problem
is that we do not know what really matters, and hence estimating
theparametervaluesis difficult.

Stephen Bailey cautioned all to be careful to go out and test
something.

Jeff Chasespokeaboutsomeservicebenchmarks,sayingthathe
did somework there.

Jeff Mogul then said that we all have focusseda lot on perform-
ance. The theory is that if we employ RDMA, we get better per-
formance. But he believed that the right way to look at it was,
doesRDMA enablesystemsvendorstoget acceptableperformance
with cheaper hardware?If nooneuses hardware-RDMA adapters,
is RDMA really better? What is the right question to ask – faster,
faster... or cheaper, cheaper...? He firmly believed that cheaper is
better than faster.

JonathanSmith first expressedagreement for thepreviouscom-
ment. Then hesaid that our researchis greatlyhindered by absence
of data, especially in fields of security. He urged all if we could
comeup with an anonymization policy to facilitatebetter availab-
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i lity of data.
Bre� nt Callaghan drew attentionto thefact thatuseof socketswas

primarily responsible for thepopularity of Ethernet. Hethenasked
if we have the right API for RDMA asyet. It may be RPC,or it
maybeMPI. Wedo not know for sure.

Renato Recio then said that it takestime for applications to de-
velop.

Jeff Chasecommentedthatin theshort term, it is moreeconom-
ical to buy moreserversrather than hirepeople.

Lastly, Kieran asked how to make the API better for applica-
tions.
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