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PCT/ US99/ 18346 5 STRI PI NG PACKETS OF DATA ACROSS MULTI PLE VI RTUAL CHANNELS
10 FI ELD OF THE | NVENTI ON The present invention is directed
to data conmuningadoriesyson a conput er network. More parti cul ar PgT/Us428836 esent
invention is directed to striping packets of data across nultiple virtual
channels within a conputer network. 15 BACKGROUND OF THE

| NVENTI ON A conputer frequently comunicates with an input/output ('1/0)
unit. The comrunication typically entails sending data across an

i nterconnect at a high speed. One of the nost significant problens
confronting this high-speed comrunication is the magni tude of processor and
sof tware overhead nornally 20 required. For exanple, a processor
in the conputer nmay need to dynamcally configure the bandw dth of the
data transfer based on avail able resources in order to efficiently transfer
the data. This process requires |arge software overhead which can

h)
STRIPING PACKETS OF DATA ACROSS MULTIPLE VIRTUAL CHANNELS
10 LD OF V. I
The present invention is directed to data communication on a computer
network. More particularly, the present invention is directed to striping packets of
data across multiple virtual channels within a computer network.
15 CKGR OF THE I TION

A computer frequently communicates with an input/output (“1/0”) unit. The
communication typically entails sending data across an interconnect at a high speed.

One of the most significant problems confronting this high-speed
communication is the magnitude of processor and software overhead normally

20 required. For example, a processor in the computer may need to dynamically



prevent the processor in the conputer, or an I/O controller in the I/0O
unit, fromperformng other tasks in a tinely nmanner. 5

Based on the foregoi , there is a need for an net hod and apRaYy $60
efficiently tr‘é’ﬂsoglédroggéata bet ween a conputer and an I/O unit. %%m}%v OF

THE | NVENTI ON One enbodi nent of the present inventionis an I/Ounit for
transporting a data 10 ) ock having a plurality of data packets
across an int e?%’gﬁ‘r‘%%‘?‘? bapwidth Qﬂ]'ﬁﬁ‘}m Pﬁ@fﬂg’é?deﬁ’ﬁ ayv3ableIRIONETFY Brordsido o
menory.coupled to the 1/O controller for storing the data block. The 1/0
unit further i ¢fFigetlystransiortheisiae chhitprogese tegpires large softvare byashead wdhichesher r i ng

to the data bl ock, and a transport that has a first and second VI queue
pai r, w th eacpregene the poadessobdn thg coopipére dr 4ol/Olventrollee ircthe OCinit] Fréml / O uni t
further includes 15 a first descriptor created by the transport

and referring péformidglother @3kainkAek@y maatd. @ second descriptor created by
the transport and refgerri ng to a second data packet. BRI EF DESCRI PTI ON OF

THE DRAWNGS Fi g. Igdssn & @€ lf%,g%&g%a%@éeis @ne@@g&gﬁ%%daﬁgpwﬂmﬁgst emin

accordance with 20 _ I ment o e prese Imvention, Fig. 2
's a detailed le)%f'lcc)ﬁzlﬁlydt'réle e?%tgfbet%%erlulx Qomugultér'ana zzm /O unit.

SUMMARY OF INVENTION
One embodiment of the present invention is an 1/0 upit for transporting a data
10 block having a plurality of data packets across an interconnect. The I/O unit includes
an I/O controlier and a memory coupled to the I/O controller for storing the data
block. The I/O unit further includes a DMA object created by the controller and
referring to the data block, and a transport that has a first and second VI queue pair,
with each queue pair being coupled to the interconnect. The I/O unit further includes
15 a first descriptor created by the transport and referring to a first data packet, and a

second descriptor created by the transport and referring to a second data packet.

BRIEF D N O W
Fig. 1 is block diagram of a networked computer system in accordance with

20 one embodiment of the present invention,
Fig. 2 is a detailed block diagram of an 1/O unit.
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DETAI LED DESCRI PTI ON One enbodi nent of the present invention conbi nes

mul tiple physical channels into a single |ogical channel that can be used
to.transport data between an ItO unit and 5 a host conmputer. An 1/0O
unit includes eweoaoosore 1/0 controllers and an interface tBCHHS99/18346

i nterconnect. Fig. 1 is block diagram of a networked conputer systemin
accordance with one enbodi nent of the present invention. The conputer
system 100 i ncludes a host conmputer 10 and an I/O unit 40 coupled by an

i nterconnect 30. 10 I nterconnect 30 functions as an i.nterface

bet ween net wor ked d%ggw%di ment, interconnect 30 is a
collection of switc connectrons t is created by combining nultiple
swi t ches together. wever .. i_t r.connect. 30.can kno ast ucture
for connecting togeEﬁ%F ﬁ‘&"iﬂﬁr ggmcfé??F’btég"e“mcoé‘ﬁ’ I‘%‘“‘pﬁl"rﬂ\q@%{]r‘fh 30 can
conpri se one or. nore direct connections g awire, alocal area
networ k, or 15 into a single lggigal hanael ‘P%F[Sénb‘?uﬁffé QusRIsport gata Hetweesyandif) unif agd apl e

and dynamc connections (e.g., switches). O her networked devices (not
shown i5n Fi g. ZIahostwmpaties AndIQumitiincldes one or more I/O controllers and an interface to

an interconnect.

Fig. 1 is block diagram of a networked computer system in accordance with
one embodiment of the present invention. The computer system 100 includes a host
computer 10 and an I/O unit 40 coupled by an interconnect 30.

10 Interconnect 30 functions as an interface between networked devices. In one
embodiment, interconnect 30 is a collection of switched connections that is created by
combining multiple switches together. However, interconnect 30 can be any known
infrastructure for connecting together networked devices. For example, interconnect
30 can comprise one or more direct connections (e.g., a wire, a local area network, or

15 any other type of network), or one or more variable and dynamic connections (e.g.,
switches). Other networked devices (not shown in Fig. 1) that are included in
computer system 100 could also be coupled to interconnect 30.

Host computer 10 includes a processor 12. Processor 12 executes a software
application that includes a driver 14. Host 10 further includes 2 memory 16 and a
20 transport 20. Host 10 further includes a network interface card (“*NIC™) 25 that

couples host 10 to interconnect 30.



conput er system 100 coul d al so be coupled to interconnect 30. Host conputer
10 includes a processor 12. Processor 12 executes a software application
that includes a driver 14. Host 10 further includes a ”E”Dr¥cings ﬂﬁi‘, 20
transport 20. WR8¥1083 further includes a network interface car 5? ) 25
t hat couples host 10 to interconnect 30. -3 Host conputer 10

comuni cates with devices coupled to interconnect 30 using a Virtual
Interface ("VI") arkost eamputard0 compunigatehivitie deviges conpleditel interednaedt 3P ysippn of a
dedi cated network interface to nmultiple applications and processes

si mul t aneousl| ya VirfuabInterfacd (FMIT parclgtectilee  iAnViearédeetureprotithesrthe dudion of a
architecture defines a standard 5 I nterface between a VI consuner

and one or nor gdRateRbiRrk inferfabEtoRhEEEIS bppIRMEAE bt lprotisied STmuldndougdet | ons as
a VI consuner. In one enbodinment, the VI architecture used to inplenented

t he present i ”H@ghhﬁﬂalﬁ%ggﬁfi?ﬁgﬁ%F‘gﬁgﬁ-awé&ﬁwﬁgtd@ﬁe@% Itecture

Speci fication. rsion I fication announce cenber 19,

1997 bg/ co npaqin%or{:agé bct\INQéneal VI consumer and one or more networks. In the present invention,

driver 14 functions as a VI consumer.
In one embodiment, the VI architecture used to implemented the present
invention is disclosed in the Virtual Interface Architecture Specification. Version 1.0,
(the “VI Specification™) announced December 19, 1997 by Compaq Corp., Intel
10 Corp., and Microsoft Corp. The VI Specification is available at web site
http:/fwww_viarch.org/ on the Internet. The VI Specification defines mechanisms for
low-latency, high-bandwidth message-passing between interconnected nodes and
interconnected storage devices. Low latency and sustained high bandwidth are
achieved by avoiding intermediate copies of data and bypassing the operating system
15 when sending and receiving messages. Other architectures that perform a similar
function as the VI architecture disclosed in the VI Specification can also be used to
implement the present invention, and therefore the present invention is not limited to
the VI architecture.
Transport 20 includes a plurality of VIs 21-24. Each VI 21-24 includes a
20 queue pair (“QP”). In accordance with the VI Specification, a QP includes a send

queue and a receive queue. In one embodiment, each VI 21-24 has a physical port
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10 Corp., and Mcrosoft Corp. The VI Specification is avail able at
web site http://ww. viarch.org/ on the Internet. The VI Specification

defi nes nechanisns for | owl atency, high-bandw dth nmessage-passi ng bet ween
i nt er connect ed wodesognd i nt er connect ed storage devi ces. Low RGEY@EA¥IB34nd
sust ai ned hi gh bandwi dth are achi eved by avoi ding internedi ate copi es of
data and bypassing the operating system 15 when sendi ng and

recei vi ng nmess aipmsintefooheact 30 vhiNIEQAS rBewdvhntin pthef anbodamenisyiVin?1-24ieast | on as
the VI architecture disclosed in the VI Specification can also be used to

i npl enent the phasghysitalpens.i on, and therefore the present invention is not
limted to the VI architecture. Transport 20 includes a plurality of VIs

21-24. Each VI 21- 240 pgit 46 Stnledsh 170 controller 4 %fﬂ?in@mﬁw' and al thhnsport

accordance with the Vi SpeC|f|cat|on a QP includes a send queue and a
recei ve queue. 00 C -4 -
into int erconne%:(?' ‘gﬁ?ldaw hé’%gg ’dﬁg\;\&}e\%%{ﬁ pr%%xd%% Ha%gw%bpgy&knt én 0?%65[21 24

can shaye physical
g phy compu! crs '?he 1/O services include storing and retrieving data, and transferring data

to other devices. In other embodiments, I/O-unit 40 includes two or more /O
controllers 42. Buffer memory 44 is a storage area that is coupled to I/O controller
40 and can be located anywhere. In one embodiment, buffer memory 44 is a scparate
storage device. In other embodiments, buffer memory 44 is part of disk drives 60-62,
10 or is connected via a network to I/O controller 42.
Transport 50 includes QPs 51-54. A QP in I/O unit 40 and a corresponding
VI in host 10 are endpoints of a virtual channel through interconnect 30. Although
cbmputnr system 100 includes the same number of QPs 51-54 as VIs 21-24, in other
embodiments the number of VIs in host 10 can differ from the number of QPs in I/0
15 unit 40. However, each virtual channel through interconnect 30 has as end.points one
VI and one QP.
I/0 unit 40 further includes a NIC S5 that couples 1/O unit 40 to interconnect
30. In one embodiment, each QP 51-54 has a physical port into interconnect 30
through NIC 55. However, in other embodiments, QPs 51-54 can share physical

20 ports.



[/0 unit 40 includes an I/O controller 42, a buffer nenory 44 and a
transport 50. An I/O controller is a device which provides I/O services to
one or nore host 5 conputers. The I/0 services |ncI u and
retrieving dat VO 4% r ansferring data to other devices. gﬁ@ Sk
enbodi nent s, 1/C)un|t 40 i ncl udes two or nDre /O controllers 42. Buffer
menory 44is astor at. i s cou to. l/Ocontroller 40 and can be
| ocat ed anywhere. de'a@? T jpgiydes TJB ?feqﬁ.l)‘r v 6Q-62 coupled 40 3PYS st or age
devi ce.. I n other enbodlnents buffer menory 44 is part of disk drives

60- 62, 10 70. Thgk drive B0rRe sorald thatcan ¢ agsessed by hosOLG olatlsir] er 42.
Transport 50 includes QPs 51-54. A Q in I/Ounit 40 and a correspondi ng Vi
in host 10 ar e embofimemts,singitadeof disktduiaés 66 HE) urtitv0oag lincludt any othevedevic80.

Al t hough conputer system 100 includes the same nunber of QPs 51-54 as VlIs

21-24, in ot henh# siordiah®bi fetddves Q10 kectivesind forvalRHata kO ohefdedickd, eForf r om
t he nunber of QPs in 1/0 15 unit 40. However, each virtual channel

throughy i nt er cQRAGAL 7Y uH@a%eﬁl ﬁ&QM RGN, ﬁfg &k Qﬁetv)oéﬁn&&a%eo‘m

further includes a NIC 55 that couples uni t to I hterconnec

one enbodi nent, gs a physi cal port into interconnect 30
t hrough NIC 55t°f=|§>l h\/ a&lwérﬁ %e enbodi nents, QPs 51-54 can share physi cal

20 ports.

In

Within computer system 100, driver 14 is referred to as an “initiator” because
. it initiates requests for I/O services. In contrast, I/O controller 42 is referred to as a
“target” because it responds to 1/0 requests from initiators within computer system
10 100. I/O controller 42 responds to I/O requests by, for example, storing data on
drives 60-62 or retrieving data from drives 60-62.
An /O service request can be generated by driver 14. An example of an I/O
service request is a request to read a number of blocks of data from a logical block
address in some storage device and return the data to a memory location in host 10.
15 Driver 14 stores the I/0 request in a location of memory 16. In accordance with the
VI specification, driver 14 posts a descriptor that refers to the 1/0 request (i.e.,
specifies the location in memory 16 where the I/0 request is stored) to a send queue in
transport 20. Driver 14 then rings a doorbell in NIC 25. The doorbeli tells NIC 25
to look in the send queue for the descriptor. NIC 25 then fetches the descriptor and

20 performs the task. The task places an I/0 request message on interconnect 30 to be



- 5- /O unit 40 further includes a plurality of disk drives 60-62
coupled to a bus 70. Disk drives 60-62 store data that can be accessed by
host 10. In other enbodi ments, instead of disk drives 60-62, 1/Ounit 40
can incl ude anxloootonsg devi ce that stores and/or retrieves datcﬁ‘/USD!S/lE‘BaCEI ves
and forwards data to ot her devices. For 5 exanple, 1/Ounit 40 can
include a CD ROM drive, a tape drive, a network interface to a |ocal area

net wor k, etcbe\é%t hxjnﬂte O kéckivi %feﬁ@éé Sé)sllﬂrdn}é% b B0 EHRLIAAE hPaaS an

4initiator” use | I Nl requ ser vice I'n con?r ast ,
| /O controller ref.err a 'target". because it responds to I/O
requests from |ﬁfq F’&TEF‘?V%‘]B%/Q f%%‘ﬁ%ateéﬁﬂg% mpteregnnect 30. 100. 1/0

controller 42 responds to |/O requests by, for exanple, storing data on
drives 60-62 or ret rFeHpaues Hl°$sﬁtfrﬁ°ﬂﬁa¥fl§é%f°wﬂ62 speaylying the desationcia hogtquest
can be generated by driver 14. An exanple of an I/ O service request is a
request to readmemonyriibgo whichitheddtsisdd belmpred, amhspecifiethe Wkatiohookheadisk ess i n
sonme storage device and return the data to a nenory |ocation in host 10.
5 drives 60-62 from which the data is to be fetched. The location in host memory 16 is
specified with a virtual address memory handle pair in accordance with the VI
specification. 1/0 controller 42 uses the information contained in the I/O request
message to build descriptofs to accomplish the actual data movement from I/O unit 40
to host 10.
10 One embodiment of the present invention provides an efficient transfer of data
from I/O unit 40 to host 10. In operation, driver 14 sends an I/0 request to I/O unit
40 to retrieve a block of data (data block 46) from disk drives 60-62. .Thc request is
passed to I/0 controller 42. In one embodiment, 1/O controller 42 retrieves the
requested data block 46 from drives 60-62 and stores data block 46 in buffer 44.
15 Fig. 2 is a detailed block diagram of I/O unit 40 that illustrates the steps
executed by I/O unit 40 once data block 46 is stored in buffer 44. The goal of I/O
unit 40 is to move data block 46 into memory 16 of host computer 10.
First, 1/0 controller 42 creates 2 direct memory access (“DMA”™) object 80
that refers to data block 46 in buff.er 44. DMA object 80 specifies the starting address
20 of data block 46, the length of data block 46, and the destination of data block 46.

The destination tells transport 50 where to send data block 46. The destination
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15 Driver 14 stores the I/Orequest in a location of nmenory 16. In
accordance with the VI specification, driver 14 posts a descriptor that
refers to the /O request (i.e., specifies the location in nenory 16 %/\/nere
the 1/0 requestwoevsred) to a send queue in transport 20 DFSVEYP*1#% hen
rings a doorbell in NIC 25. The doorbell tells NIC 25 to | ook in the send
queue for the descriptor. NIC 25 then fetches the descriptor and 20

performs the tagkmdesiie én@pinPdcasse sntétbornkdd 3086] Whith daRIIRYA6 A oiba lsext Caidnect
30 to be transmtted. The receiving device (e.g., I/Ounit 30) of the

I/ O request als r e I I age from
o Cg uest al Ogleqlaegnofy/ Mfest Bathat eRGfint Shetd Batd BIGK £ANESbe FH2S A0

O request nessage contains I nformation specifying

the location in host r t | e s tqsbe nove and
specifies the Iocatilf)(ggg'r%opﬁ%&d?ag’f?@@mOBp'CtméWg%&l 350?‘? (Wﬁw@ﬁ t he
data is to be fetched, The locatjon.in host nmenory 16 is specified with a
vi rt ual address“’ﬁﬁ‘?ﬁﬁ??o»rﬁﬁ’d? Ecesing DMA obest 8 hasaligady,cre %Fc%rf)@&mfmt&étion.
| /O controller 42 uses the infornmation contained in the 110 request nessage
to buil8 descri pf @5l kasedoorpibe shmbareof abysical chaomeds brtweendQ urdit Fhand/hostuni t
40 to host 10.

10. Inanother embodiment, transport 50 dynamically creates the necessary number of

QPs upon receiving DMA object 80. In this embodiment, a network services unit is
connected to interconnect 30 in Fig. 1. The network services unit is responsible for
managing interconnect 30 and creating virtual connections in interconmect 30.
10 Transport S50 specifies to the network services unit the required number of virtual
channels based on the number of physical links, and then creates the corresponding
QPs.
Transport 50 creates one or more descriptors 90-93 for each QP in transport
50. In one embodiment, each QP in trarisport 50 corresponds to a physical port into
15 interconnect 30. In other embodiments, there can be less physical ports than QPs in
transport 50. Each descriptor 90-93 describes a partitioned portion, or “packet” of
data block 46. For example, descriptor 90 represents data packet 147, descriptor 91
represents data packet 148, etc. Packets 147-150 can be of varying size depending on
the algorithm used to partition data block 46. For example, in one embodiment, each

20 packet 147-150 is equal size. In another embodiment, an algorithm is used to



10 One enbodi nent of the present invention provides an
efficient transfer of data fromI/Ounit 40 to host 10. In operation,
driver 14 sends an I/Orequest to I/Ounit 40 to retrieve a block of data
(data bl ock 46)\1,654;1%@ sk drives 60-62. The request i s passSeBCT/USI9/18346
controller 42. 1n one enbodinent, /O controller 42 retrieves the requested
data block 46 fromdrives 60-62 and stores data block 46 in buffer 44. 15
Fi'g. 2 is a detgilg Mdﬂb@&rﬁe&&inﬁq vt orfdfe Bﬁé"i‘&t‘lﬂhlcﬂ&ﬁét&%ﬁ@ssofttﬂﬁdf

steps executed by I/Ounit 40 once data block 46 is stored in buffer

The goal of 1/Q u[%felpﬂ‘%sii:asi ﬁ{)@lg{fﬁfb‘é?b&%@% l@s{lgds(an§Qg? 9594@31%&%0&19:0950.20“

conputer 10. Fiy¥ Co Crea rect nenory acces

("DVA") object 80 that refers to.data bl ock 46 in buff 4 j ect 80
specifies the startgﬂ"ghéfd‘a?%%‘s&% is then poste W‘&éﬁ%’%ﬂ"ﬁ#é’s,ﬂ't ngﬁg’%th of
data bl ock 46, and the destination of data bl ock 46. The destination tells
transport 50 weeve theopaskstdepsesented by itk deseriptaiR0-fctor theinphysigal port for transpattides

t he endpoint across interconnect 30 to which data block 46 is to be sent,
and t he nenory aechds asescauned: 3at Therdfood, ithe pallkateare teipdl” actossl fiultiplet phytieal

st ored. '

connections. The order that each descriptor §0-93 is moved across interconnect 30 is
arbitrary.
In the embodiment shown in Fig. 2, all four QPs 51-54 run in parallel because
they each have a separate physical connection. However, the multiple physical
10 connections are abstracted from I/O controller 42, Therefore, it appears to I/O
controller 42 and to driver 14 that there is one virtual channel running with four times
the bandwidth of a single physical channel.
I/O controller 42 is only aware of creating a single DMA object 80 for the
entire data block 46. Transport 50 implements the functionality of striping data block
15 46 over multiple physical channels, thus alleviating the overhead from I/O controller
42,
As described, the VI in transport 50 is used to give driver 14 or any other
initiator in host 10 the illusion of an arbitrarily large bandwidth. Further, transport
50 combines muitiple physical channels into one large logical channel without

20 imposing any increased overhead on I/O controller 42 or processor 12.



/O controller 42 passes DVA object 80 to transport 50. ‘I n one enbodi nent,
transport 50, before receiving DVA object 80, has already created the
correct nunber 5 of QPs 51-54 based on the nunber ofP E}&(;biﬁﬁk
channel s bet we¥A 00/100%5unit 40 and host 10. | n another enbodi s t, {ransport
50 dynam cally creates the necessary nunber of QPs upon receiving DVA
object 80. In this enbodinent, a network services unit is connected to

i nt erconnect 30 i n Seveyal embogtiyeentscafitier ireseat inyeption amispecificaliy Bigesratgdznd/of or
managi ng i nterconnect 30 and creating virtual connections in interconnect
30. 10 deberited herein. SHowpec, if wilkbd apptebiated @avmolifisstions asbvaniaiidnsiofie
requi red nunber of virtual channels based on the nunber of physical |inks,

and then creat gg pidignt GVeh@TPRE BbvieedPshe above teddtips R Witk the fRiew bR Or
nore descriptors 90-93 for each QP in transport 50. In one enbodi nent, each

QP in transpor 9%% o | . i : .

i nterconnect 3 .p§?dr$8g[a Hﬁ e og%ﬁr%enﬁltgs, tH’gggmg%é%{gﬂﬁiegsséépﬁh();;st?ec% enB%!}’t s
than QPs in transpqrt 50. Each criptor..90-93 describes a partitjoned
portion, or ' packet -Orgfaﬂgfg?,ao%ag@iﬁo%%gmm3%[33{68%&\’,6{1%&1gtyo ve
represents data packet 147, descriptor 91 represents data packet 148, etc.
Packets 147- 15thedunsterofdatapstieen g hest sampatereand iapefhes Fompwicr (ipftRail Ohm used to
partition data bl ock 46. For exanple, in one enbodi nent, each 20

packet 147- 150bétweancpizost eompyter land HBotnfited0. dnitoslinteeptocessor cimgwmidation i s used
to

(“IPC”) environment, the other computer includes a processor that performs the

functions of /O controller 42. All other elements of the other computer are similar

to I/0O unit 40, and the data is transferred in an identical manner as described herein.
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deternlne the size of each packet 147-150 based on the operating
characteristics of the available physical connections between host 10 and

/O unit 40 in interconnect 30. §i90-93 is then posted into
its respectiveg;g’gd';ljo%] 4. QPs 5 ﬂ ﬁm[ ﬂ ket repr esenpafues/ ki
o) §

descriptor 90- ei r physi cai port ransport acr oss

i nterconnect 30. Therefore, the packets are "striped' across mul tiple
physi cal connecti onm;&&é&;ﬂ&@ﬁﬁﬂﬁé‘ each descriptor 90-93 is noved across
i nterconnect 30 is enbodi ment shown in Fig. 2, all four

@s 51-54 run in paral | el because t hey each have a separate phy5| cal
connection. HKowever I- tAfeinpuffauinye @/Q) iy for iransporting a data blogk agrewstanons ar e
abstracted from 110 controller 42. Therefore, it appears to I/O controller
42 and to dr Rveintefcdnudet tthe: daga odkscoppeising r tpherhlitg lof date packetsysiaidd/Qvatdh f our
times the bandwi dth of a single physical channel. /O controller 42 is only
awar e of creatidgnppisiagngl e DVA object 80 for the entire data bl ock 46.
Transport 50 inplenments the functionality of striping data bl ock 15

46 over multipl e phyghgpdontldagnel s, thus alleviating the overhead froml/O
controller

5 a memory coupled to said I/O controller for storing the data block;

6 a direct memory access (DMA) object created by said controller and referring
7  to the data block;

8 a transport having a first and second virtual interface (VI) gueue pair, each

9 queue pair coupled to said interconnect;

10 a first descriptor created by said transport and referring to a first data packet;
11 and
12 ‘a second descriptor created by said transport and referring to a second data
13 packet.

1 2. The I/O unit of claim 1, wherein each queue pair is coupled to said

2 interconnect through a physical port.

1 3. The I/O unit of claim 1, whe:_éin said first descriptor is posted on said first

2 queue pair and said second descriptor is posted on said second queue pair.
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42. As described, the VI in transport 50 Ls used to give driver 14 or any
other initiator in host 10 the |II f_an arbltrarlly | ar ge bandw dt h.
Further, transport 50 conbi nes nul ﬂ@u hannel s into one |arge

| ogi cal channelywyibdfaost 20 ncr eased oRSHVEHSh 1/0
control ler 42 or processor Several enbodl rrents of the present
invention are specifically i I I ustrated and/or described herein. However, it
wi |1 be apprgciat ed 4 hptie V® dhit b elaiinOl Svirredn aid DMA object obmprives:pr esent
invention are covered by the above teachings and within the purview of the
appended cl aihms Wi t %,ﬁkemggsgaghgaggb;o@p spirit and intended scope of the
i nvention. FOr exanple, one additional embodi ment of the present invention
can invol ve he tran f n a host conputer -and anot her
conput er, tg't ead ofsl mvvg;e%'ggsrﬁggtﬁ\é%rgrput er and 1/Ounit 40. In this

i nter-pr ocessor conmu |cat| on ‘g"l PC% envi ronment, the other conputer

i ncl udes a pfocessor® 4eRERAORPEGF ARA PREKt unctions of 1/0 control ler 42. All
ot her elenments of the other conputer are simlar to I/0 unit 40, and the
data is transferred in an-identical manner as described herein.

1 5. The 1/O unit of claim 1, further comprising a network interface controller

2 coupled to said transport and the interconnect.

1 6. The /O unit of claim 1, wherein said first data packet and said second data

2 packet form the data block.

1 . 7. TheVO unit of claim 1, further comprising
2 a third descriptor created by said transport and referring to a third data packet;
3 wherein said first data packet, said second data packet, and said third data

4  packet form the data block.

1 8. The I/O unit of claim 1, wherein said first and second queue pair each

2 comprise a send queue and a receive queue.

1 9. The I/0 unit of claim 1, further comprising:

2 a-disk drive coupled to said 1/O coatroller.

-12-



T 1S CLAIMED I S: | 1. An input/output (I/0) unit for
transporting a data bl ock across an 2 i . the data bl ock
conprising a plurality of data packets, said 1/0 it 3 conprising: 4

an 1/ 0O control | g, a meno IReR | d 1/ O corcrashesifor
storing the dat‘gﬁgr@gﬁ 6 aﬂ“\“am H‘; E ﬁtcess (DVA) obj ect
created by said controller and referring 7 t06 the data block; 8 a
transport having a first and second virtual interface (VI) queue pair, each
9 queue pair coupled to said interconnect; 10 a first descriptor
created by said transpo d refercing to a first. data packet; 11 and 12
a second descki pt or i&eéﬁ’%%@mg‘?ﬁcﬁf"{’ aﬁg‘f}'&“ta ét'ﬁﬁ“?‘lﬁ é?’?mﬁ@j’ntcf}manieééﬂgd
data 13 packet. 1 2. The 1/0 unit of claim1, wherein each queue
pair is coupl &d first ¥lqugue pair and a virtual interface coupled to said interconnect.

1 11. A method of transporting a data block across an interconnect to a host

2 computer, said method comprising:

3 (a) storing the data block in memory;

4 (b) creating a direct memory access (DMA) object that refers to the data block;
5 (c) partitioning the data block into a plurality of data packets;

6 (d) creating a plurality of descriptors, each of said descriptors referring to one

7 of said data packets;
8 (e) posting said plurality of descriptors into virtual interface queue pairs, said

9 queune pairs coupled to virtual channels that are coupled to the host computer; and

10 (f) moving said plurality of data packets across said interconnect on the virtual
11 channels.
1 12. The method of claim 11, wherein the host computer comprises virtual

2 interfaces and the virtual channels are coupled to the virtual interfaces.

1 13. The method of claim 11, wherein each of said data packets is equal size.

-13 -



2 interconnect through a physical pul t= 37 The I/0 unit of claim

1, wherein said first descriptor i first 2 queue pair and

sai d second descriptor is posted o ue pair. 1 4,

The 110 unit of &6?&1‘%9}1 wherein s npri ses: 2PCT/US99/18346
the d

starting address o ata bl ock; 3 a Iength of the data bl ock;
and 4 a destination of the data bl ock. 5. The 1/0 unit of
claim1, further conpui smtta@nemdaatfmtxkunt/&rr&a@ﬂdaamtpﬁcsklets@tff&x@awl ed to
said transport and the interconnect. 1 6. The /O unit of claima1l,
wherein-said first data packet and sai d second data 2 packet formthe data
bl ock. 1 7. The I/Ounit of claiml, further conprising 2 a

packet: 3 "1 Cundee ettt e aRy Whesd gt DR ol M eBmtistn o packer

and said thi rd data 4 packet formthe data bl ock.
a starting address of the data block;

3 a length of the data block; and
4 a destination of the data block.
1 16. A computer for transporting a data block across an interconnect, the data

2 block comprising a plurality of data packets, said computer comprising:

3 a processor;
4 a memory coupled to said processor for storing the data block;
5 . a direct memory access (DMA) object created by said controller and referring

6 to the data block;
7 a transport having a first and second virtual interface (VI) queue pair, each

8 queuc pair coupled to said interconnect;

9 a first descriptor created by said transport and referring to a first data packet;
10 and
11 a second descriptor created by said transport and referring to a second data
12 packet.

1 17. A networked computer system comprising:

-14-



1 8. The 1/O unit of clarmt;—wheretn—said-fi rst and second queue
pair each 2 conprise a send queue and a receive queue 9. The I/ O

unit- of claim1, further corrprl Si HHMH" Ilu" [m"ﬂlpl sk dr| ve coupled to said
|/ O controller. wobd@t009s 1 t of clai m PCTAHEWYIBMEG a
first virtual connection corrprl ses said2 First *v gueue pair and a virtual

I nterface coupled to said interconnect. 1 11. A nethod of
transporting 3 data hinGekrcesmeesS an i nterconnect to a host 2 conputer, said
met hod conprising: 3 (a) storing the data bl ock in nenory; 4.

b t di t |

(5) 572110 8 0 ect, amieac At DU OB ?%hdas%q%ﬁ:#%g&m@m
ket t. | it d t h of d

packelss 8 s oo et ARAL 0B B RO LRy T oo of sare

sai d plurallty of descriptors into virtual |nterface queue pairs, said
an /O unit coupled to said interconnect, said I/O unit comprising

6 an I/O controller;
7 a first memory coupled to said-1/0 controller for storing a data block;
8 a direct memory access (DMA) object created by said controller and

9 referring to the data block;
10 a second transport having a first queue pair coupled to said first virtual
11 interface to form a first virtual channel and a second queue pair coupled to said second
12 virtual interface to form a second virtual channel;
13 a first descriptor created by said second transport and referring to a
14 first data packet; and
15 a second descriptor areated by said second transport and referring to a

16 second data packet.

1 18. The networked computer system of claim 17, wherein said first and

2 second queue pairs are coupled to said interconnect through a physical port.

-15-



9 queue pairs coupled to virtual channels that are coupled to the host

a1 nt erconnect on the vi rt uaf WM ANARCHARHL > © "o mme’ g o

claim 11, wher ®oPoA#8S host conputer ¢ conpri sés Virtual 2 int SHAS d the
virtual channels are coupled to the virtual interfaces. 1 13. The
met hod of claim 11, wherein each of said data packets is equal size, - 13 -
1 141 The nmd9.hdte nftwerked eanpliterwjatene phelaim 1, sdeminpaisdastsicgticipfasr i n
size. 1 15. The nethod of claim 11, wherein said DVA object
conprises: 22 jsposted oa ssiddiritigueneqrditrags saio kecobdedaiportib posked ¢ said second a

| ength of the data bl ock; and 4 a destination of the data block. 1

16. A conput gr u&Eeﬂaﬁr@mSPOHi ng a data bl ock across an interconnect, the
data 2 block conprising a plurality of data packets, said conputer
conprising: 3 a processor;

1 20. The networked computer system of claim 17, wherein said DMA object
2 comprises:

3 a starting address of the data block;

4 a length of the data block; and

5 a destination of the data block.

1 22. The networked computer system of clairn 17, said I/O unit further

2 comprising a network interface controller coupled to said second transport and said

interconnect.

\UF]

1 23. The networked computer system of claim 17, wherein said first data

2  packet and said second data packet form the data block.

1 24. The networked computer system of claim 17, wherein said first and

2 second queue pair each comprise a send queue and a receive queue,

-16-
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4 a nenory coupled to sai d processor for storing the data block; 5
a direct nenory access (DMVA) obje II ﬂm]&ﬂ d controller and
reterring 6 to the data bl ock; 7 rt having a first and
second virtual \R/Btoﬁricfoi’sce (VI) queue’ pdir ! eheh’ 8 *queue pai r ecupisedssw said

i nt er connect; irst descript or created by said transport and
referring to a f| rst data packet 10 and 11 a second descri ptor
created by sgid tra%p?ﬁénaw&k&@t&%te?gy&anafaaaowsgat/@J&faaﬁé&et

17. A networ ked conput er system conprising: -

i nt er connect ; a host conmputer coupled to said inter connect, said
host corrpute? Wtsglghg a4 f| rst transport having a first and second
virtual interface; 5 d1 gnlt coupled to said interconnect, said
1/O unit Comgri si ng adlskdnvecouple to said 1/O controller.

1 26. The networked computer system of claim 17, said host computer further
2 comprising:

3 a processor executing a driver; and

4 a second memory coupled to said processor for storing said first data packet
5 and said second data packet when received from said I/O unit.

1 27.  The networked computer system of claim 19, wherein said driver is an

N

initiator and said /O controller is a target.
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6 an 1/0 controller; 7 a first nenory coupl ed

to said-1/0 controller for storing a data bl ock; 8 a direct
menory access (DVA) object created by said controller and 9 referring to
t he data bl ock; wb®o/10095 a second transport havi ng &ctusstisgeeue

pair coupled to said first virtual 11 interface to forma first virtua
channel and a second queue pair coupled tojgaid second 12 virtual
interface to forma second virtual channel; 13 a first
descriptor created by said second transport and referring to a 14 .first
data packet; and 15 a second descriptor created by said

-~—

second transport and Yeferrin® to a @6 second data packet. 1 18.
The networ ked comput er\system §f claiy\n 17, wherein said first and 2 second
gueue pairs are couple o said | nterqggnnect tJQrough a_physical port. -15 -
1 19. The net rﬁed Wr;ter S #ten1of*c|ain1f%, mherqgn said first
descri ptor \» \ [
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2 is posted on said first queue pair and said second descriptor is posted
on said second 3 queue pair. 1 20. The networ ked conputer system of
claim 17, wherein said DVA object 2 conprises: 3 a starting address
of the data bl ocwp 010095 ~a length of the data bl ock; and SCT/US9%/1834%
destination of the data block. 1 22. The networked conputer system
of claim17, said I/Ounit further 2 conprig/hg a network interface
controller coupled to said second transport and said 3 interconnect. 1

23. The networked conputer systemof claim17, wherein said first data 2

packet ahd said second data packet formthe data block. 1 24. The
net wor ked conputer systemof claim 17, wherein said first and 2 second
gueue pair each conprise a send queue and a receive queue. 1 25.

The net wor ked conput er systemof clain 17, said I/Ounit further
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2 conprising: 3 a disk drive coupled to s Idﬁf%ntrokbéhﬁoﬁot; -2
26. The networ ked conputer system of claim 17, said host cong further 2

conprising: 3 a processor executing a driver; and 4 @&&mS a
second menory coP@IFd to sai WORPDEBEECHIALPROPERTY qreiNwg T d fi r S¥&ét a packet

5 and said second data packet when rece|ve romsaid | /O unit

27.  The WAFRRATRENAL SPBHCATIOS HED § EEQPA%@FQQRE%'FHNJ}R%&EY ®D an
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(57) Abstract

An I/O unit (40) for transporting a data block (46) having a plurality of data packets (147-150) across an interconnect (30) includes
an VO controller (42) and a memory (44) coupled to the VO controller (42) for storing the data block (46). The O unit (40) further
includes a DMA object (80) created by the controller (42) and referring to the data block (46), and a transport (50) that has a first and
second VI queue pair (51, 52) being coupled to the interconnect (30). The IO unit (40) further includes a first descriptor (90) created by
the transport (50) and referring to a first data packet (147), and a second descriptor (91) created by the transport (50) and referring to a
second data packet (148).




