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SPEED DATA BUS 5 FIELD The present invention is directed to a system

nodul e f owocoupiosrng a network to |1/ O resources. Mre pactiusadmankyrst he
present invention is directed to a systemnodule having a plurality of
serverlets that share I/O resources such as disk systems. 10 BACKGROUND As

t echnol ogy has progr rfﬁe uter systens
has i ncreased dramat ?X?ﬁ/ﬁ%@ $EEYI§§§?$?§ Tﬁ?ﬁ@)c i ncrease in
the types of software appHIG HcSBEBBtDahTAoBUSecut ed on a conputer
systemas well as an increase in the functionality of these software
applications. The increase in processing 15 capabilities also allows nodern

conputer systens to execute nultiple pgffiyare applications concurrently,
such as by including nultiple mcroprocessors in a conmputer systemor by

sharing m cr oPr3¢ rrgf?sgﬁt lﬁdeﬁﬁm Mgg&éa%aa' kgtemtn‘?&lﬂﬁ%f’c% gﬂq!lrggéﬂeft@e nts have
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appllcatl to be Si ed to ether via a
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own functionality such as dISk drive systens, cooling systens,

i nput / out phaving|a/ Iyraliyes yesvesies thatrhars A Feseurprspueioardisk WP+ i pl e servers
are desired or needed then each server may be housed within its own

i ndependent cabi net (or housing). However, it is desirable to reduce the
Ssize of servers so as to provide the functionality of servers in snaller
si zed \YO 2004/ 006108 PCT/ US2002/ O XWCRGROUND

As technology has progressed, the processing capabilities of computer systems
has increased dramatically. This increase has led to a dramatic increase in the types of
software applications that can be executed on a computer system as well as an increase
in the functionality of these software applications. The increase in processing

15  capabilities also allows modern computer systems to execute multiple software
applications copcurrently, such as by including multiple microprocessors in a computer
system or by sharing microprocessor time. Additionally, technological advancements
have led the way for multiple computer systems, each executing multiple software
applications, to be easily connected together via a network.

20 Conventional servers typically are self-contained units that include their own
functionality such as disk drive systems; cooling systems, input/output (I/O) subsystems
and power subsystems. If multiple servers are desired or needed then each server may
be housed within its own independent cabinet (or housing). However, it is desirable to

reduce the size of servers so as to provide the functionality of servers in smaller sized



cabinets. At the sanme tine, it is desirable to have a plurality of
processors each capable of separately running sinultaneously. BRIEF
DESCRI PTIvoN 2004/006#88 DRAW NGS 5 The foregoi ng and a bett ercaniesmioaords ng of
the present invention will beconme apparent fromthe follow ng detailed
description of exanple enbodi ments and the clains when read in connection

W th the agGARRARY iRGaRE AMeNTSs dedlrhold RNIAVOS pRrARY bf Rbcdshis etheapprur e of
this invention. Wiile the foregoing and fol FOWI ng witten and illustrated

di scl osur ef . di L exanpl e enbodi nents of the invention, it
shoul d be 016%%F%§§f%%d%§@?%%§&tyhat the sane is by way of illustration and
exanple only and the inventionis not limted thereto. The follow ng
represents brief descriptions of the drawings in which |ike reference
nuneral s represent |ike elenents and wherein: FEl .5 an exanpl e data
network; 15 FIG 2 is aﬁﬁl@%ﬁ .1.4}?0&11&553@@%5& ng systemin
order to show a processing systemcoupled to a data communi cati ons

net wor ;. FI G Thi $orazdingarid adbesigr anferstanding phie PesselipeniirowBkieceige syst em i n
order to show a processing systemcoupled to a data communi cati ons

net wor k; Fdpfaredt fr@n ehedbligriagniathiled deenription eft exampleredibndjnteots and ercaigihe

enbodi nent of the 20 present invention; FIG 5 is a diagramof a system

nmodul e ac it hQofecBNXANRh e @bt d@lvings Nal PHAHEAtpaltfeRt i on; FIG 6
is a diagram show ng interconnections between sw tches and serverlets

according &i&lo%ﬂre%%ﬂpln%eﬁfgﬂp%%%e ?Jreéoti}lpg a?x'&%ﬁ?d%iné IURA LRNilustrated

disclosure focuses on disclosing example embodiments of the invention, it should be
10 clearly understood that the same is by way of illustration and example only and the
invention is not limited thereto.
The following represents brief descriptions of the drawings in which like
reference numerals represent like elements and wherein:
FIG. 1 is an example data network;
15 FIG. 2 is a block diagram of an example processing system in order to show a
processing system coupled to a data communications network;
FIG. 3 is a block diagram of another example processing system in order to show
a processing system coupled to a data communications network;
FIG. 4 is a diagram of a serverlet according to an example §mbodiment of the
20  present invention;
FIG. 5 is a diagram of a system module according to an example embodiment of
the present invention,
FIG. 6 is a diagram showing interconnections between switches and serverlets

according to an example embodiment of the present invention;
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2 WD 2004/ 006108 PCT/ US2002/ 020778 FIG 7 is a diagramof a sw tching
device coupled to I/ O resources according to an exanpl e enbodi nent of the
present iwoened/mniosand FIG 8 is a diagram of a sw tchi mgTdseeee2caetipl ed to
a switch fabric network according to an exanple enbodi nent of the present
invention. 5 DETAI LED DESCRI PTI ON Before beginning a detail ed description

of the subject FQVeNd SRerafBttal @by tdVeee HRIEOW NG rdsSurk &l REHBRg tYhen
appropriate, like reference nunerals and characters may be used to

desi gnat e ah%;%ﬁggbw%g{eh{;&gg%%t et J@r conponents in differing

figure 10 draw d description to follow, exanple sizes
and val ues nmay Lve al t hough .t h resent.invent] Is not. limted to
The same. - Ada) EHorBIS 4 Saeiam R RSHRE SAF FgrIHE oL SRS REMREK | nt egr at e
circuits (I1Cs) and other conponents nmay not be _shown within the FIGS. for
si npl i ci t RCeFding Q3% FRMPierabadingsns oL PEAEDt FNEPUOS- as not to obscure the

i nvention. The invention nmay be further described wth respect to a signal
15 or $Signals sent across a signal line or signal lines. This term nol ogy
is intended to be interchangeabl e between the singular and the plural. The
arrangenments may be shown in DEDSHED BESERIPTIONI n order to avoid
obscuring the invention, and al so because specifics wth respect to

i mpl enent at i on Befor® bEEdMPOL Ketilica GeMpasd SNBE FMRLSinv@YiofleReRdnepaR the
platformw thin which the present invention is to be inplenented. These

For whi ch i s to b Ced. Thes
whor e spodi [ EoEisth bR, APRnPbip Al ROt ARl Bd R doser i be

exanpl e erlrlts)é)dd tlorﬁ%gllgggaté) Ide}ltri]c%l,lcrc}l\“{“gs%%}uﬂgg ot s:[imilar components in differing figure

10  drawings. In the detailed description to follow, example sizes and values may be given,
although the present invention is not limited to the same. Additionally, well known
power/ground connections to integrated circuits (ICs) and other components may not be
shown within the FIGS. for simplicity of illustration and discussion, and so as not to
obscure the invention. The invention may be further described with respect to a signal

15  or signals sent across a signal line or signal lines. This terminology is intended to be
interchangeable between the singular and the plural. The arrangements may be shown in
block diagram form in order to avoid obscuring the invention, and also because specifics
with respect to implementation of such block diagram arrangements may depend upon
the platform within which the present invention is to be implemented. These specifics

20  are within the purview of one skilled in the art. Further, where specific details (e.g.,
circuits) are set forth in order to describe example embodiments of the invention, it
should be apparent to one skilled in the art that the invention can be practiced without
these specific details. Finally, it should be apparent that any combination of hard-wired

circuitry and software instructions can be used to implement embodiments of the present
3



shoul d be apparent to one skilled in the art that the invention can be
practiced without these specific details. Finally, it should be apparent

t hat any wortbéamasioosn of hard-wired circuitry and sof t wRCa&/USa@Roaers ons can
be used to inplenent enbodi nents of the present 3 WD 2004/ 006108

PCT/ US2002/ 020778 invention. That is, the present inventionis not limted

to any spegiehii¢h. CPUERis) &el ébeMfinvenBEHRBELfitddab iahy Ypedifid cERbinw@dreof
instructions. The present invention is applicable for use with all types of

data net nglg%aper@rcuﬁ}m%ﬁwg@%Sgg(_qgmg.o link together conputers, servers,
an

peri pheral's, storage “devi ces, 5 communi cati on devices for

communi cati ons.., Exampl. es of such,.dat a. net wor.k i a, | ocal area
T ge %e nt v 1%10n1 %}1% EWN}JS,B “ém]cél{ngﬁé/s of%%!a%gfw ks a %

net wor k (LAN), e area ne S Area networ (CAN), a

metropolitan area nefwrk (MAN), a global area network (GAN)., a _storage
area net mﬁP‘Rte’érfES’ﬁn%‘gﬁ@Et%e@g? ?Pé‘f%?ﬁ’% SEIEARY PETIN ‘&rlaﬁd?t?lrﬁg%lg‘lt\‘l)éceﬁ’ear‘\ﬂor ks using
Next Ceneration I/O (NGI%, Future |1/O (FIQ, Infiniband and Server Net and
t hose 30 semmypikaticpleriseniay cypBYNeatiann| Frappies £ sechigiunsivarke RaYL| ogy
develops in the future. LAN systens may include Ethernet, FDD (Fibre

Di stri but édthidatadodahbea haweyk ToAEn a wRilmgred witivorksWelR), arvempusTaranst er Mode
(ATM LAN, Fibre Channel, and Wreless LAN FIG 1 shows an exanple data

net wor k hawiwegk QEARY,al métRipelia are atedrieMAN), i gobal breg Rewesh (GAN),dat a
conmmuni cations. As shown in FIG 1, the data network 10 may include, for

exanpl e, %rzigf@ta?era%mﬁ Lh@R sfsAR Arta hORERI BANY Siclh@he thig detw@r@SisingW t ched
fabric") 12 of one or nore swtches A B and C and correspondi ng physi cal

| 1nks,  andy. SRURLAlon IS BRETS)S FhARFSFId)nibind B SIREN: b D& OF More

/O units

10  networks which may become available as computer technology develops in the future.
LAN systems may include Ethernet, FDDI (Fibre Distributed Data Interface) Token
Ring LAN, Asynchronous Transfer Mode (ATM) LAN, Fibre Channel, and Wireless
LAN.

FIG. 1 shows an example data network having several interconnected endpoints

15 (nodes) for data communications. As shown in FIG. 1, the data network 10 may
include, for example, an interconnection fabric (hereinafter referred to as "switched
fabric") 12 of one or more switches A, B and C and corresponding physical links, and
several endpoints (nodes) that may correspond to one or more I/O units 1 and 2,
computers and servers such as, for example, host 14 and host 16. 1/0 unit 1 may

20 include one or more controllers coupled thereto, including I/O controller 1 I0C1) and
1/0 controller 2 (I0C2). Likewise, 1/0O unit 2 may include an 1/O controller 3 (10C3)
coupled thereto. Each I/O controller 1, 2 and 3 (JOC1, 10C2 and IOC3) may operate to
control one or more I/0 devices. For example, I/0 controller 1 (I0C1) of the /0 unit 1

may be coupled to I/O device 18, while 1/O controller 2 (I0CZ2) may be coupled to I/O
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conputers and servers such as, for exanple, host 14 and host 16. 1/0 unit 1
may 20 include one or nore controllers coupled thereto, including I/0O
control | ewoRo¢4@&ms and |1/0O controller 2 (10C2). LikewPpsa/USkdoooer’s 2 may
include an I/O controller 3 (10C3) coupled thereto. Each I/O controller 1,
2 and 3 (10C1, 10C2 and 10C3) may operate to control one or nore 1/0O

devi ces. Fcf%(li/cg)ig.mhrﬁiiari 9@%@%}%{0@3}(&%&)0 ah th?%lz%e(aouﬁl&d tolyomay be

it
coupled to I/ O device 18, controller 2 (I may be coupled to

/0 4 WO 2004/ 0061 P 2 ' ic A :

(2:2nt [I' gl I (i; gﬁj‘fsl %82611‘ (irl{?gﬁﬁ %géeg?’?“;%gﬁﬁgg’\é%gﬁéﬁgﬁ’ eéﬁ’ f?} c()j %Jé&s’d%é%ses 22 and
. e evi ces b of. sever al ./ O devi ces, such as

s':] or ﬁge de"\tﬁré%esée(’ éc.eb{é?g'aa ﬁ%fg%%idé’%e’dﬂ? fve$ g%ﬁ‘gﬁeaﬁf% VI&¥ ot her 1/0 devi ce.

The hosts and 1/0 units including attached I/O controllers and I/ O devices

my 5 be orgaritedast Abl/gratipeckipsatiasctl 9§P%‘F‘§{erwn9ﬂ?(é§€‘ﬂceé "t er

i ncluding one or nore hosts and typically one or nore /O units (each I/0O

uni t i sl Ut argangaed iwo grapekigvd assdisterss WitBresyh cluster ipcdeding aRedOTIM@EUNi ts Ay

be interconnected via a switched fabric 12, which is a collection of

swi t ches Aost aad &pizaliy Encar mesfandiingeseh YA wal intluding ooonneotedd® bet ween t he
swwtches A) Band C. 10 In addition, each I/O unit may include one or nore

1 /0 cont r%bf’r&ﬂé‘r@brﬁﬁ Hobt©%d T/8knits naR 8@ Bk@ESné@Ed iRk §hiiaridmebrieteen t he
switched fabric 12 and the I/O controllers (e.g., 10Cl, 10C2 and 10C3).

F le,. | OC-f ' 2 ' : :
2"(1 oot Brires R T RFEER B A RO BO R AIhARLET S fa

| OC-fabric adapter 28 may jnterface the I/O controller 3 10C3) of the 1/0
Uni 15 et SHPETABAIEE ¢ 12, (103)

10 In addition, each I/O unit may include one or more 1/O controller-fabric (I0OC-
fabric) adapters for interfacing between the switched fabric 12 and the 1/O controllers
(e.g., IOC1, I0C2 and IOC3). For example, IOC-fabric adapter 26 may interface the
1/0 controllers 1 and 2 (I0C1 and IOCZ) of the I/O unit 1 to the switched fabric 12,
while the IOC-fabric adapter 28 may interface the /O controller 3 (I0C3) of the 170 unit
15 2 to the switched fabric 12.

The specific number and arrangement of hosts, I/O units, 1/0 controllers, 1/0
devices, switches and links shown in FIG. 1 are provided simply as an example data
network. A wide variety of implementations and arrangements of any number of hosts,
1/O units, 1/O controllers, 1/0 devices, switches and links in all types of data networks

20  may be possible.

An example embodiment of a host (e.g., host 14 or host 16) may be shown in
FIG. 2. As shown in FIG. 2, the host 14 may include a processor 202 coupled to a host
bus 203. An I/O and memory controller 204 (or chipset) may be coupled to the host bus

203. A main memory 206 may be coupled to the /O and memory controller 204. An
5



The specific nunber and arrangenent of hosts, 1/Ounits, 1/O controllers,
I/ O devices, switches and |links shown in FIG 1 are provided sinply as an
exanpl e dapaooa@swsrk. A wide variety of inplenentati onecarnsenasrgenent s
of any nunber of hosts, 1/Ounits, /O controllers, 1/0O devices, swtches
and links in all types of data networks 20 may be possible. An exanple

embodi menty/Qfpridgd 968 mhe olgbrate fPsitagd 4r Qitertt08 betkbdn MBY Dashamstyi n FIG 2. As

shown in FIG 2, the host 14 may include a processor 202 coupled to a host

bus 203. %nhfo%?_ag Pidny t?u?Qbf.og%)wgarlé@ﬂ%&%ll&g}%§% hrifB¥d Reyeeup! ed to

t he host bus mai n menory e cou dtothe I/0O and nenory

operate 0B ayars S RomisE R aRta Lk Vo Een d Oaayy BedloBOC, 20"

and an |/Q bus 205. Sever al |{So controll eéf rrf] be attached to 1/0O bus

205, i ncl AP HigViFgseorpirsddngreipsmay Broyig byspaseq éréﬁﬂ‘l‘f"reé'l l ers 210 and 212
(including any 1/0O devices connected theret o% may provi de bus-based 1/0
resour des. 5 Ofdneor mage dosidahricadenters 230 may elsg bo oopigghio sieslhO s E&upl ed t o
the /0O bus 205. Alternatively, the host-fabric adapter 220 nay be coupl ed
di rectly tAlterhaivelyOtleritst-fabnioadapendl( why by cqupted clireglyetp the2ld? and avoi d
limtations of the I/O bus 205 (see FIG 3). In either situation, the

host - f abr i gemegRioatroll? Qorneypserp 200 1sdveI sl tationds the VQms 005 Gee AEG.\B)r k
interface card (e.g., N C which usually includes hardware and firmvare) for

10 interf ag) pghet BRudRB ! thd flost-Pavhib Gasptirt20b %gfb%l%ﬁs@de}e%i- to bRQ thRsdf-af abri c

adapter 220 may be utilized to provide fabric conmunication capabilities

o1 e Mgl AL A8y s PO B 7T 2
10 interfacing the host 14 to the switched fabric 12. The host-fabric adapter 220 may be
utilized to provide fabric communication capabilities for the host 14. For example, the
host-fabric adapter 220 may convert data between a host format and a format that is
compatible with the switched fabric 12. For data sent from the host 14, the host-fabric
adapter 220 may format the data into one or more packets containing a sequence of one
15  or more cells including header information and data information.

The hosts or I/0 units (and associated host or IOC-fabric adapters) of the data
network may be compatible with the "Next Generation Input/Output (NGIO)
Specification" as set forth by the NGIO Forum on March 26, 1999. The hosts or 1/O
units of the data network may also be compatible with the Infiniband architecture.

20 Infiniband information/specifications are under development and will be published by the
Infiniband Trade Association (formed August 27, 1999) having the Internet address of
http://www.Infinibandta.org.

The host-fabric adapter 220 may be a host channel adapter (HCA), and the 10C-

fabric adapters may be target channel adapters (TCA). The host channel adapter (HCA)
6 ,



conpatible wwth the switched fabric 12. For data sent fromthe host 14, the
host-fabric adapter 220 may format the data into one or nore packets

cont ai ni ngoaosremace of one 15 or nore cell s includi ngPegaes02iond7os mat i on

and data information. The hosts or I/Ounits (and associ ated host or

| OC-fabric adapters) of the data network may be conpatible with the "Next

Gener at i onpdynpuisést grgbidé MOnt facSp@widni tBabdso M 0886 Sfitthd owitdhediabtine NG O
Forum on March 26, 1999. The hosts or I/O wunits of the data network may

al so be copRay mgi_] Spebh 5By liGkd. Ndilnfh PR Ngt o ke PEdapleRs (T?Q&l) l'nﬂagriﬁ'éiubéﬂg

i nformation/specifications are under devel opment” and w e published by

th I nfinj d T i af i ' th

I nternet i BRHERCTARENR AchbPBR T Bt 10 conttitoraerdd (P2, ¢
dapt 2 b host, ch | . t HCA d, t | OC. fabri

adapt or s 18y PHL P22 o SRieR RGO Gy abrare: prchy tinElnER eraither Fadapt er

(HCA) 6 WO 2004/006108 PCT/ US2002/ 020778 may be used to provide an

i nt er f &ce (bANewHKe e Khsk {WARD, Eemgy ATM 28GFibes 6BamelRetworsS Wa a hi gh

speed serial links. Simlarly, target channel adapters (TCA) nmay be used to
provi de arhighnipeed seriel higswdierh thhbos ghanatledapternit (A)1apd ghedarghiechpir®l cont r ol | er

of either an [/Ouwunit 1 or 2, or another network, including, but not
limted tadaptao@ICAmesy bedinpieniented (i Add)pliandedeittaléar Getenoide I(WAN) , Et her net ,
ATM and Fi bre Channel networks, via high speed serial |links. Both the host

channel adgphiRbnkd ChYstatdnidd AdkRérdSecifiaion CRevisashaRD Bis dell fofth byaytebe

i npl emented in conpliance with "Next Generation |I/O Architecture: Host

Channel A n MRF BT 1 9Bl HaccReMAG W the ifin®ng Bichi@hird Bwwbvkel  Corp.
on May 13, 99 or’ i n accordance with the Infmband architecture, However :
10  NGIO and Infiniband are merely example embodiments or implementations, and the
invention is not limited thereto.
Embodiments of the present invention may provide a system module for coupling
a switch fabric network to 1/0 resources (such as a first disk system and a second disk
system). The system module may include a first serverlet, a second serverlet, and a first
15  switching device coupled to each of the first serverlet and the second serverlet. The first
switching device may be further coupled to the 1/O resources such that the first serverlet
and the second serverlet share I/O resources.
FIG. 4 is a diagram of a serverlet 50 (also called a server module) according to
an example embodiment of the present invention. Other embodiments and
20  configurations are also within the scope of the invention. The serverlet 50 contains
components of a conventional server but does not contain all the functionality of a
server. For example, the serverlet 50 may include four dual in-line memory modules

(DIMMs) 52, 54, 56 and 58, an on-board power conversion unit 60, a unit 62, a unit 64

and a processor unit 66 all located within a single assembly. However, the serverlet 50,
7



10 NG O and Infiniband are nerely exanpl e enbodi nents or inplenentations,
and the invention is not limted thereto. Enbodi nents of the present

i nvent i orwoegoqgewsde a system nodul e for coupling a swcrals2émbeeres net wor k
to I/Oresources (such as a first disk systemand a second di sk systen).
The system nodul e may include a first serverlet, a second serverlet, and a
first 15 swillicbiangle]@uésapt conyih edodling 8gstdm of a sk dfive ststeseandehisetoeand t he
second serverlet. The first switching device may be further coupled to the

1/0 r esourfeesmciids N tabompbenfsi of § omRaNEl f&verantie bhe 63 enpAtledfEVSr | €1 Share
I/Oresources. FIG 4 is a diagramof a serverlet 50 (also called a server

modul e) agg&ggfg%%c@ an(?ﬂleﬁﬁs iR tﬁ@m{j&f‘ﬁ% uﬁérfawﬁ]ewc%?se; umna@n)tdnon Q her

enbodi men con |gur tions are hin the scope of
t h I I
o i AT TR e PSSO TR Bt ogel serve
| et 50 f dul A 52, 54,
36 and 558 ARG B (‘#’B K ebhierichan (oL 5 URM o B2 Pl | 64’ and

a processor unit 66 all located within a single assenbly. However, the
server| et sBeed pPingy-PoigkdaBE0 T TyRes 2 4otz boy 753 alﬁoﬁ”lfhf‘\li’ thesopif die does not
contain a cooling systemor a disk drive systemand thus does not include
all the compeneinteitiof. Fhecomventitoofahe savartet S0 Pperatemich (B2 theaserventeedd ace to

| ocal 1/0O device and nenory while the unit 64 nmay interface the processor

unit 66 t Qp@deslapflopiide pRO®EO, mEMOrY Mitkrffd 16@Y @nupk @tbceaot e unit 64 by
a data bus such as a 5 hublink data bus. A hublink data bus such as HL2.0

or HL8 is rﬁexﬁ&gaﬂﬂ PEPHRLs, BhPPowes R6BL & nEacBQbﬂBbﬂ&ht slaheapimay Ot her types

of data buses I'so wthin the scope of th

10  correspond to a separate microchip on a printed circuit board.

FIG. 5 is a diagram of a system module 100 according to an example
embodiment of the present invention. Other embodiments and configurations are also
within the scope of the present invention. Further, while FIG. 5 shows interconnections
between various modules, components, units or devices, this figure does not show all the

15 interconnections as will be described below.

The system module 100 may include a first serverlet 112, a second serverlet 114,
a third serverlet 116 and a fourth serverlet 118 all located within a single assembly or
casing. Each of the serverlets 112, 114, 116 and 118 may correspond to the serverlet 50
shown in FIG. 4. That is, each of the serverlets 112, 114, 116 and 118 may include the

20  appropriate processing capabilities, memory capabilities, interface logic capabilities and
power conversion capabilities as described above. However, it is desirable that the four
serverlets share 1/0 resources such as disk systems. The serverlets may also share a

cooling system provided for or within the single housing or assembly.



present invention. The conponents of the serverlet 50 operate such that the
serverlet 50 includes appropriate processor, nenory, interface logic to
connect twe 2psdamensor to nenory and |/ O buses, and powPCTAAWRM020738). Each
conponent or nodule may 10 correspond to a separate m crochip on a printed
circuit board. FIG 5 is a diagramof a system nodule 100 according to an

exanpl e enbodiTRRYysth nidasleROGHERN Furthidy BOLAO R firsDshitth HIhe dédvrd bwitend
configurations are also wthin the scope of the present invention.

Further, whjl inPurt S0l DLEHECRRABELHAR ierRt WEE D4 aThOfS: st es,
conponent ;\f,v4ﬂgisfgg&él}g5udgV| ceg, this fi ggre doeesr not show all the 15

|t er connegl g, a5l e ESGT LDEA NS OH. TG RYTHETLIRGL100 Ty

i ncl ude a verl'et seco serverlet 114, a third serverl et

116 and a fourth serverlet. 118 all. |0 ed withi.n a single y or
casing. EaRSHWERK SPHasa Y lp@éélemlf’ afi@,t‘erﬂé‘etgr?ﬁk irl%‘%%%i‘%%‘?‘f%g‘g%%d to the
serverlet 50 shown in FIG 4. That is, each of t& serverlets 112, 114,
116 and 118hesseonchewitrdel Of peay bg redBeabiq the &r5hsutds %rfﬁﬂgf"é ECIFSs, nemory
capabilities, interface logic capabilities and power conversion

capabi | i ti B, 434,dé6 end bEimahesremunieaievish thejnetwosk gvegiip s cxertiphe 19850 £ our
serverlets share I/ O resources such as disk systens. The serverlets nmay

al so shar e; gwitdha|comgcsost B j3¢ baiinextdémaiantewitehes ind radhedagt eqpnectiovsisi ng or
assenbly. 8 WD 2004/ 006108 PCT/ US2002/ 020778 The system nodul e 100 nay

further inghpide: @vifchéssib tRMabG AR foPa SEEBNG FAMind dbr thOdervarlessid 12chi4g uni t
122 and a server managenent interface unit 124. The first swtch 102 and

the second, sw t:qhe 104:B%-BS. GAHBLEANd SdWiEndR6YS; M sics sReh 0¥ duah fabric
net wor k su%ﬁ/\%}s an (?n%lm éang networ k, an Ethernet network or a Fi brechannel
net Worlkd the second switch 104 may be coupled to the first serverlet 112, the second serverlet

114, the third serverlet 116 and the fourth serverlet 118 by a data bus such as a hublink

data bus as will be described with respect to FIG. 6. The switching unit 122 may also

be referred to as a redundant array of inexpensive disks/switching unit (i.e., a

RAID/switching unit). One skilled in the art would understand that each of the switches
15 102, 104 and/or units 122 and 124 or any combination thereof may be a self contained

integrated circuit (or microchip) that is connectable with the system module 100. For

example, the server management interface unit 124 and the switching unit 122 may each

be a separate microchip that is connectable with the system module 100 on a printed

circuit board.
20 The switching unit 122 may be coupled to a backplane such as a small computer

system interface (SCSI) backplane 170, which may be coupled, in turn, to 1/0 resources

such as a first disk system 182 and a second disk system 184. As discussed above, the

first switch 102 and the second switch 104 of the system module 100 may be coupled to

a switch fabric network such as an Infiniband network, an Ethernet network and a Fibre
9



5 The second switch 104 may be redundant to the first switch 102 so that
the serverlets 112, 114, 116 and 118 nay conmunicate with the network even
in the evept2oefooaiolsoss of a switch or connection. That PCT/USheN2i0ney78
redundant swi tches and redundant connections fromthe switches to the
fabric allows for a switch to fail and for the serverlets 112, 114, 116
and 118 t ocBdnnéll nefwdik! iARBordglyh Heghstérd nodile wno nmay Ebuple Hswitdbefaric St swi t ch
102 and 10 the second switch 104 nay be coupled to the first serverlet 112,

the second, é%rgc%' gﬁuraﬂt}‘(‘)f 1/0N@sdultich Shchak MRrratdisks§siand 8t bed frewedond ser ver | et
118 by a data uch as a hublink data bus as will be described with

respect to. Bl G Th o kg 21s8BY o hRQerRRek 818 1180110 as a
r edundant %\Pr??tegjflmngl;(p\gxgst?@e P}ségspn\gﬁ?t csﬁ:%na unit eI( .ee., 'a RAID/ switching
unit). One s |Iledh y he ar . woul d understand that each of the sw tches
15 102, 10#dHE/Rshan sreﬂ‘ﬁc &nd 124 or any conbination ther eof may be a

self contained integrated circu r at on able with
the system m)duY?EIOP@U“erF@F’eCtE’%%H{)‘:hE,gysf%mgg‘ﬁ?/gboo@#ﬂ) epree?fip?all er'fsice unit
124 and the switching unit 122 nay each be a separate nmicrochip that is
connect abl eervirtnianagrmestintesfacniniul 24 mopbesPatEl; cRERlEE oGP of € boar d. 20 The
switching unit 122 may be coupled to a backplane such as a small|l conputer
syst em i nt girfare (13CH14), 1bGakdl sy 4F0] linkise s toepnived theduppeaationi dofurn, to
|/ O resources such as a first disk system 182 and a second di sk system

184. As dig > GheafePNee mahii@meht ib®tfagnnitaR4 103 barduglétttoske irsdsesvarkech 104 of
the system no ul'e 100 may be coupled to a switch fabric network such as an

o sbons/ Dbt o iy o ond s e VIO URACE
coupl 618 S%é.cﬁlhg %l:r)ver?nanagement interface unit 124 may be further coupled to the third
serverlet 116 by a signal line 165 and may be coupled to the fourth serverlet 118 by a
signal line 167. The server management interface unit 124 may be coupled so as to
control the switching unit 122. The server management interface unit 124 may be used
to configure and test components of the system module 100.
15 The first serverlet 112 may be coupled to the switching unit 122 by a signal line
151, the second serverlet 114 may be coupled to the switching unit 122 by a signal line
153, the third serverlet 116 may be coupled to the switching unit 122 by a signal line
155, and the fourth serverlet 118 may be coupled to the switching unit 122 by a signal
line 157. The signal lines 151, 153, 155 and 157 may be individual lines of a data bus
20  such as a hublink data bus (HL2.0). As indicated above, a hublink data bus ié a low
pincount high speed point-to-point bus. Other types of data buses are also within the
scope of the present invention.

The interconnections between the first switch 102, the second switch 104 and the

serverlets 112, 114, 116 and 118 will now be described with respect to FIG. 6. Other
10



network to a plurality of 1/O resources such as the first disk system 182
and the second disk system 184. The system nodule 100 nay al so allow the
server| etwoo@yoos®4, 116 and 118 to share |/ O resour cePCTASYHENRI00MIIS

i nt erconnections of the system nodule 100 will now be expl ai ned. The

server managenent interface unit 124 may be separately coupled to each of
the servegdngédiodslae akd4yithirlthe arvge b Be pyesait guvahtidni 1B faet sastch d0Zmay r ol

their operation. For exanple, the server managenent interface unit 124 nmay

be coupl edpe {Ripled %rf)i(xjg'hsits PoRis e FdiRbys: 1h3o bi¢ fastSeoBAdt 112 B9 akfhaand may be
coupled to the second serverlet 114 by a signal line 10 163. The server

nmanagenent ;4 112@ rd ﬁ%esewﬂdtsefvgﬁetrﬁqx P8 S%Hfrirlggﬁ 13§9dPloatle IfratlsBRehidti 16 bfYI

serverl et y a signal line 165 an be coupled to the fourt

serverlet 118 by a.,si line 167, T rver.. erentm ace unit
124 may be? 85%33%(18%1%% agg%%)c}o A ofer‘feﬁlgt 21% q&c%sll%%pﬁ%l {?712 .e%[?sﬁ%laser ver
managenent interface unit 1 may .be use to copfigure and onponent s
of the 3ystéithnddaiay bf(?@‘.lpli‘%é*ﬁ”r@}{f‘tfpg‘?s %sng%\ysl. e@??l e‘@ﬁ%tlsadéer%;gz%%@ﬂ to the
switching unit 122 by a signal Iine 151, the second serverlet 114 nmay be
coupl ed t oa sigeal ding dékii Rhtohs secombsepyerlgt Kty signpliéne 1£83(3) th e thrd ¢
serverlet 116 may be coupled to the switching unit 122 by a signal |ine
155, and t feevefileut dbysesiged lige 143; @ndrtoythd oucthspivedettldd bine snpktlokildg. unit 122
by a signal line 157. The signal lines 151, 153, 155 and 157 may be

i ndi vi dual Thd figs ahesal3dai38, 005, 20, 341Gh4Rs148 dhdiD4T mky taindividial ids 21 @) . As

i ndi cat ed above, a hublink data bus is a |low pincount high speed

poi nt -t 0- @it by 23 Ht%ﬂhk)ﬁ@ﬁ%u?fHﬂﬁ@ﬁtow& @nfmAicaBonbdiitbdh (i e Scope of

the present 1 nvention. e interconnections between the first switch 102,

the second syilen 404 AR08 1oSBRYEIMELG kR 112110, 116 a0 fhsl st 11 mow

be des b respect to F

types of data buses are also within the scope of the present invention.

The system module configuration may provide unique advantages not previously
recognized. For example, by utilizing a hublink data bus as in the above described
configuration, then interfaces may be provided between component parts without

15  additional chipset cost.. In disadvantageous embodiments, when communicating between
a switch fabric network and disk storage, then numerous format conversions may occur
such as from a peripheral component interconnect (PCI) to a small computer system
interface (SCSI) so as to talk to a RAID controller. By utilizing the hublink data bus and
the serverlet configuration as described above, the hublink data bus may be coupled to

20 the switching unit 122 and the switched fabric network. Furthermore, the
RAID/switching unit interface may atlow each serverlet 112, 114, 116 and 118 to
believe it has its own disk system for boot, swap and configuration information. This
may reduce the number of required disk systems. Still further, the point-to-point

hublink connections allow the serverlets 112, 114, 116 and 118 to be hot plugged such
' 11



10 WO 2004/ 006108 PCT/ US2002/ 020778 connections are also within the scope
of the present invention. The first switch 102 may be coupled through its
ports as wolZoem®s1081) to the first serverlet 112 by a sipgmais20a2reo7I81; (2)
to the second serverlet 114 by a signal line 133; (3) to the third
serverlet 116 by a signal line 135; and (4) to the fourth serverlet 118 by
a signal lihaahdbssisTheE ikenghchstentiy)tnndy iAdinpayeted upowph ede bhithough its ports
as follows: (1) to the first serverlet 112 by a signal line 141; (2) to

the second.seuuenhel11k141dmd 1Signdlugbde 143; (3) to the third serverlet
116 by a signal line 145; and to the Fourth serverlet 118 by a signal line

147. The signal lines 131, 133, 135, 137, 141, 143, 145 and 147 may be
i ndividual lines of a data bus such as a hublink data bus (HL2.0) to

provi de comunicati,on_ bet wee 1. .the 10. fifst ar i tches 102, 104
and (2) the serF3§rI é?%glﬁrffn O?féfs)“ﬁ m%ﬁlglt%%?ccﬁ%%%rtﬁgﬁ%%nsﬁ%\? data buses
are also within the_scope of the present invention. The system nodul e

conf i gur at§UPdpRgpt B?@ﬁipﬁeéelﬁﬁ‘i“’(ﬁﬁ‘épnaoé‘gﬁrt?a’é) et aﬁ?éwf&h‘éﬁ%’ém ?{erth?)gni zed. For
exanpl e, by utilizing a hublink data bus as in the above descri bed

conf i gur atSwitehing pai 13%?@@9@0‘@@%@9 sgrpe 9F BIgiISELIIBYSRERh 45 MOWERt Gar t s

w t hout 15 additional chipset cost. In disadvantageous enbodi nents, when
communi cat,nbe beitohveninita 28 wiay dhclddalbr first intetfagsrdevisn d02iassecanddn@gfece t hen

nuner ous format conversions may occur such as from a peripheral conponent

i nt er conneglyice BO) a thirdantsiideldeciodPad £1d aSysiitieierfané svicec3®8( SBSI ) so as to
talk to a RAID controller. By utilizing the hublink data bus and the

server| et &g{oﬁui[n Wafth0 M9 SudRs Sicliaed s@lﬁélﬁﬁ‘%quﬁih?lob 4R A DKol bRer R 308y be
(0]

coupled t e swtching unit 122 and the switched fabric network.

Elith h‘i‘rlzma‘%’fbat ggﬁs(} i?@g%ezd@v%cg BENOTHNE L f L A5 %eBRY nR) e WogAG oSS Ver | et

10  signal line 151, which is coupled to the first serverlet 112. The second interface device
304 may be coupled to the signal line 153, which is coupled to the second serverlet 114.
The third interface device 306 may be coupled to the signal line 155, which is coupled
to the third serverlet 116. The fourth interface device 308 may be coupled to the signal
line 157, which is coupled to the fourth serverlet 118. Each of the interface devices

15 302, 304, 306 and 308 may appropriately process signals across the data bus
(comprising at least lines 151, 153, 155 and 157) into the appropriate format. The first
interface device 302 may be coupled to the switching unit 310 by a signal line 303, the
second interface device 304 may be coupled to the switching unit 310 by a signal line
305, the third interface device 306 may be coupled to the switching unit 310 by a signal

20  line 307, and the fourth interface device 308 may be coupled to the switching unit 310
by a signal line 309. The RAID controller unit 320 may operate based on a signal or
signals sent from the server management interface unit 124 along a signal line 190. The

RAID controller unit 320 may be coupled to the switching unit 310 by a signal line 315
i2 :



believe it has its own di sk systemfor boot, swap and configuration
information. This nmay reduce the nunber of required disk systens. Still
further, wbeompnionto8t o- poi nt  hublink connections all ow tPea/seozeeiiess 112,
114, 116 and 118 to be hot plugged such 11 WO 2004/ 006108 PCT/ US2002/ 020778
that the chassis (of the single assenbly) may remai n powered up when one of

the servegldahsy dohtrol thd 4witchide @b 10 bisell Dn UMk Enalk kéat adrobsSthé sigh@gr am of
the switching unit 122 according to an exanple enbodi nent of the present

| nventi on. ;QAer HENOKIEAn el S00 aPfs bt 0AIAo iAGniriathd Gy Uni t 122

&n
are also wthin the scope of the present 1nvention. As shown in FIG 7,

the sw tchj unj.t 2 LN e a.first | i , second
interf acehﬁ(g)gel?ﬁ %gg?&ﬁ,ne g?s%( th}eﬁ(::gritmet?rff %:(I:rlg ‘%‘e’l\(flgégd %%gg%ﬂlg%glc Oélgfr%? ﬁo ?nt erface
device 308. Th Wi, t chi unit 122 may further jipclude a switching unit
310, a RAl @Sc%ﬁt rTi‘FIbé‘? QW?Y g?{?m%‘ﬁéorae\;@&gl?’ ht §{:Tegt3’«§ 6‘?9%“8%819?3@. The first
interface device 302 may be coupled to the 10 signal |ine 151, which is
coupl ed t ongwryfStangardsdichissciae (1£1§é) by an SlegpeStert ArbicdwgiS) Y394 nay be
coupled to the signal line 153, which is coupled to the second serverl et
114. The d¢rtd PetiphetabCompencdelniecacSFEnbug. Jde boupllenay tormise si gnal |ine 155,
which is coupled to the third serverlet 116. The fourth interface device

308 may becopgahpli@dioh pathheasi oA lperiphiersd ddbks cudpiledhhérstoc Oitel el 34®@miakie f ourt h
serverlet 118. Each of the interface devices 15 302, 304, 306 and 308 may

appropri atgl %.praesae b'ﬁél%ﬂﬁé 3701165 §), Wrechdatyeiotipled, GRMID & thgfint | east
lines 151, 1537 155 and 157) into the appropriate format. The first

LT L300 RRLAEGEA AR R 1K1 RGN i p0g 5 onal
uni ¢ 31100 b%Aﬂ) Sciogtr}glllerluinﬂ%m may be coupled to the hublink data bus and make each
serverlet 112, 114, 116 and 118 believe it has exclusive access to the
boot/swap/configdisk storage in the first disk system 182 and the second disk system
184. The operating system on each serverlet may then have access to a ciisk S0 as to
store operating system related information. The switching unit 310 and the RAID
15  controller unit 320 may have the proper control and logic capabilities to take a coupled
disk system and divide it into multiple logical disks. The switching unit 310 and the
RAID controller unit 320 may then isolate each logical disk from the other serverlets so
that each serverlet believes it has sole access to the disk system. Thus, a plurality of
serverlets may be configured within one chassis (or assembly) with one set of disks
20 rather than a set for each one of the serverlets. Other numbers of serverlets and disk
systems are also within the scope of the present invention.

FIG. 8 shows a diagram of the first switch 102 coupled to the switch fabric

network according to an example embodiment of the present invention. Other

13



305, the third interface device 306 nay be coupled to the switching unit
310 by a signal 20 line 307, and the fourth interface device 308 may be
coupl ed twotzaey®eioschi ng unit 310 by a signal |ine 309PCThs2002l0R)778
controller unit 320 nmay operate based on a signal or signals sent fromthe
server managenent interface unit 124 along a signal line 190. The RAID

controller céﬁ\%fgﬁra’ﬁgﬁ)s AR nDBdisRHR LR EOw e (18 Wb dpe Ik B pisteht idiby. Bhéi gnal
line 315 12 2004/ 006108 PCT/ US2002/ 020778 "and may control the sw tching

it 310 b i | Al . i I 1 315. Th
uni %%?ﬁid Sl 1@%%%?%1&34 a ﬁg%g e&ggﬁ‘g{l%%&{tgé?ﬁ{ 8ficpiigpa I ne e

RAI D controlTer unit _ e Interfacing device 330

by a signal lin 25. . T ..hterfaci devi.c 0 may he f r
coupled to a b§§§?m.lnﬁ%ﬁe ér/fi)sw C;%Cllggg‘fagrl?r%%g a?’fgrrs_t Ceoi%eﬁrs)lf’%‘,ﬂﬁ%ﬁg SCSl
bus, an Extension to 5 Industry_ Standard Ar chi' teag’iure El SA) .bus,. an

| ndustry St &3¢95¢ @%F@Wt“é‘&“&?eg Pirdanygtaion uni 419 apdp fourilcopverion ik nt
Interface (PCl) bus. The bus 340 may forma communication path to and from
per i phet al 4tswhichsare eenpladdo rersive signaly paossbe dupbysgch 3ea ublipk dyfa bes t he
backpl ane 170 (FIG 5), which may be coupled, in turn, to the first disk
syst em 182camngtisinpesigmtimed 181,5K33s §3 @ 1884 Fas exiewpls, itheeltt stadooversiomouibr di ngl vy,
the 10 RAID controller unit 320 nay be coupled to the hublink data bus and

make each 48emnyEbhé edupllize thitkfnaliif B0dhd i&ohetdmewsiontunlidss exnglbusi ve access
to the boot/swap/configdisk storage in the first disk system 182 and the

second di S&@geﬁgs g]less%%ﬁk 1 B30REkakd MAvaYioh Bt 216 B8F Be SRIIANRS Ble siFaY t hen

have access . so as to store operating systemrelated information.
The o80SR0y 4 BB Lab R A3 I BUAS i i3l (e
divi del(i) t iEQc}hOofrrﬂllJel écjnecler%ioL% {tsc 31'2, gilf,kﬁG a;lrg Elfr\giayg eh(i:orlllgle'drt]ci) g sv%ljfglh%gnl(ljnitt he
410, which may be coupled in turn to the switch fabric network described above. Each
of the conversion units 412, 414, 416 and 418 converts to or from the appropriate
format (such as HL2.0) for the data bus comprising lines 131, 133, 135 and 137. The
switching unit 410 may be a six port switch that allows any port to communicate to any
15  other port without being blocked by other ports talking to each other. For example, a
first port may communicate with a second port while a third port may communicate with
a fourth port. Integrating the switch may allow for significantly fewer cables to connect
the four serverlets to the external network.
In accordance with the above description, embodiments of the present invention
20  may provide a system module for coupling a switch fabric network to I/ O resources.
The system module may include a plurality of serverlets, and a first switching device

coupled to each of the serverlets and to the 1/O resources such that the plurality of

serverlets share 1/0 resources.

14



RAID controller unit 320 may then isol ate each | ogical disk fromthe other
serverlets so that each serverlet believes it has sole access to the disk
system TWo=po4nopioaral ity of serverlets may be confi gured/uszehioro’ose
chassis (or assenbly) with one set of disks 20 rather than a set for each
one of the serverlets. Qther nunbers of serverlets and disk systens are

also within t hei“l%lg %%g&t%vefxllﬂﬁx 1R BSEHesdrbE With Q¥erehitGo aBuiiberst atdpegr am of
C e

the first swt coup to the swtch fabric network according to an
exanpl e enbqdi nent of, t rese Lnv i 08
PCT/USZOOZW8?6W¥§&E?8ﬁ@%§ﬁB% P%zgmgﬁaggﬁgﬁg?ﬁgﬁ$§héﬁgig%%ggg#@g?%%the scope
of the present invention. The.  secqond switch.104 na lhqﬁeﬁa §&Hilar

conf i gur atbesivised Bhidoss skilled iybe ap- ore PARCUAYFeREN AU % i r st switch
102 may include a first conversion unit 412, a second canver ion unit 414,
a third conedfisitions arpipessibleindhiconmoBet PACUR(E PERBH TR FIC Y tuhi ch are
coupled to receive signals across the data bus such as a hublink data bus
conpri § ngeoaibiadbn kiraesma WyithiBBe sd@s ohthd farggoingdisclespsgyphedrawings aid st
conversion unit 412 may be coupled to the signal line 131, the second
conver si ongyl Rhendelide]1ATRY wWiBout@epigifrtm thenspirdti g nizel preseneints8@ont he third
conversion unit 416 may be coupled to the signal |ine 135 and the fourth
conversion unit 418 may be coupled to the third signal line 135. 10 Each of
t he conversion units 412, 414, 416 and 418 may be coupled to a sw tching
unit 410, which may be coupled in turn to the swtch fabric network

descri bed above. Each of the conversion units 412, 414, 416 and 418
converts to or fromthe appropriate format (such as HL2.0) for the data
bus conprising lines 131, 133, 135 and 137. The switching unit 410 may be
a six port switch that allows any port to communicate to any

15



15 other port w thout being bl ocked by other ports talking to each other.
For exanple, a first port nmay conmunicate with a second port while a third
port nmay wormumiosase with a fourth port. Integrating treTasecchoray al | ow
for significantly fewer cables to connect the four serverlets to the
external network. In accordance with the above description, enbodi nents of
the present invention 20 nmay provide a system nodule for coupling a switch
fabric network to |/ O resources. The system nodule may include a plurality
of serverlets, aﬁ‘% sSWi tching device coupled to each of the
serverlets and to t e resources such that the plurality of serverlets
share 1/ O resources. 14 WO 2004/ 006108 PCT/ US2002/ 020778 The present

i nvention has been described with reference to a nunber of exarrpl e

enbodi nent s and confl uratio Nurre ous ificatio
embodi ments can! /élgi’/*’l %8108 e ¢ gple salﬁ"‘flﬁngg alrig nfﬁ@ﬂgfg[mp ‘P@“ﬁé (R cularly,
reasonabl e vari atl ons and nodifications are possible in the conponent
parts and/ mSO'aﬁ?%ﬁ@éﬁﬁﬁ%H@ﬂUI?ﬁ@nB%ﬁlgect 5 conbi nati on arrangenent within
the scope of the foregoing disclosure, the drawings and the appended
clainms without aé&pastrverdetf romthe spirit of the present invention. 15 WO
2004/ 006108 PCT/ US2002/ 020778 What is clained is: 1. A systemnodule to
coupl e a switchykand seri@levyaimll to i nput/output (1/0O resources, said
system nodul e conprising: 5 a first serverlet;

a first switching device to couple to each of said first serverlet and said second

serverlet and to said I/O resources such that said first serverlet and said second serverlet
share said 1/O resources.

10

2. The system module of claim 1, wherein said I/O resources comprise a

first disk system and a second disk system.

3. The system module of claim 1, wherein the first serverlet comprises first
15 memory devices, a first processing unit, a first power conversion unit and a first

interfacing unit to couple said first processing unit to said first memory devices.

4, The system module of claim 3, wherein the second serverlet comprises
second memory devices, a second processing unit, a second power conversion unit and a
20 second interfacing unit to couple said second processing unit to said second memory

devices.

16



a second serverlet; and a first swtching device to couple to each of said
first serverlet and said second serverlet and to said I/O resources such
t hat sai dwbioetoossver| et and sai d second serverl et sha&ca/saocd/oRd7Ts
resources. 10 2. The system nodule of claim1l, wherein said I/O resources
conprise a first disk systemand a second di sk system 3. The system

modul e of clai my1, Wgr Skt Jrelaifal ¥BEtRlhCamRnitaer kiwgk 15 menory
devices, a first processing unit, a first power conversion unit and a first

interfacing uni.t to I j st i i i@ i rst menory
devi ces. 4%01?Rrése§ Y8t éfn%?uﬁ%%{dg}e&%{rg’l arﬁo%ﬂéﬁﬁsz ig&?)ﬁ]ytgdﬁltea r;igf:%ﬁégﬂgler verl et
conprises second nenory devices, a second processing unit, a second power
conver si on&M%X-and a 20 second interfaci ng unit to couple said second
processing unit to said second nenory devices. 16 WD 2004/ 006108

PCT/ US2002/ 020778 5. The system nodule of claim1l1, wherein the swtch
fabric network conprises one of an |Infm band network, an Ethernet network
and a Fbbrechanfiel Tkt systeio. m@iug: of Thpamdy Sireher easensisie ¢rdaty s de a0upfeyr t her
conprising a data bus to couple said first-serverlet to said first

swi t chi ng dgdifie sarverlétao egid fikse ssaihihgsdes o dnderoveplt etid sesond sareerlet tost
switching device. 7. The system nodule of claim1, further conprising a

data bus, &,%§F&RWitching device.

7. The system module of claim 1, further comprising a data bus, a second

10  switching device to couple to said switch fabric network, and a third switching device to
couple to said switch fabric network, said data bus to couple said first serverlet to said
first and second switching devices and to couple said second serverlet to said first and

second switching devices.

15 8. The system module of claim 7, wherein said second switching device
comprises a first conversion unit to couple to said data bus, 2 second conversion unit to
couple to said data bus, and a third switching device to couple to said switch fabric

network and to each of said first conversion unit and said second conversion unit.

20 9. The system module of claim 1, wherein said first switching device

comprises:
a first interface device to couple to said first serverlet;

a second interface device to couple to said second serverlet;

17



10 switching device to couple to said switch fabric network, and a third
swtching device to couple to said switch fabric network, said data bus to
coupl e sawo 2biv®biloserverl et to said first and second swCrars2eg/odevs ces and
to couple said second serverlet to said first and second sw tching
devices. 15 8. The system nodule of claim 7, wherein said second sw tching

device conprisgs.and L\{'iﬁ;}ﬁn%%\/ﬁf & QiplH %jaié BrsERHPHE: dRiccand sfakeohys, a

second conversion unit to “couple to said data bus, and a third sw tching
device to co%?%g t9C§3i9 swtch fabric network and to each of said first
conver si on i gﬁd 541"t second conversion unit. 20 9. The syst em nodul e of

claim1, wherein saioglfirst swi t chi ng .devi ce onpyises: interface
g g‘fié d{el

i : firs
device to coupl &CPBralisr devicet fouwpls ) spt second switdhiig ey iy abg g’c%éaaaeé‘fsce to
couple to said second serverlet; 17 WO 2004/006108 PCT/ US2002/ 020778 a
second swi thehisrrgupled fowid KO EeGpIces-t o said first interface device and said
second interface device; and a controller device to couple to said second
swi tchisg device and to a data bus that is coupled to said I/O resources.
5 10. The system nodule of claim9, further conprising a third interface
device to couph@ bernessemanciutosttclarlde furtey caepraing asthird idatfae desice 11. A
nodul e conprising: 10 a plurality of serverlets; and

to couple between said controller device and said data bus.

11. A module comprising:
10 a plurality of serverlets; and
a first switching device to couple to input/output (I/O) resources and to couple to
said said plurality of serverlets such that said plurality of serverlets share said I/O

resources.

15 12.  The module of claim 11, wherein said 1/O resources comprise a first disk

system and a second disk system.

13.  The module of claim 11, wherein each of said plurality of serverlets
separately comprise memory devices, a processing unit, a power conversion unit and an

20 interfacing unit to couple said processing unit to said memory devices.

14.  The module of claim 11, wherein said module is coupled to a switch
fabric network, said switch fabric network comprising one of an Infiniband network, an

Ethernet network and a Fibrechannel network.
18



a first switching device to couple to input/output (I/0O resources and to
couple to said said plurality of serverlets such that said plurality of
server| etwo=sher®enai d |/ O resources. 15 12. The nodul e pefi/uskaizredrrs
wherein said /O resources conprise a first disk systemand a second di sk
system 13. The nodul e of claim 11, wherein each of said plurality of
serverlets separately conprise nenory devices, a processing unit, a power
conversion unit and an 20 interfacing unit to couple said processing unit

to said menory ggvi C‘??ea%zgyélule 3 GaieAY nsafef c&ﬁ;ﬁjsf?ﬁ]aldaté’mﬁ &tHuphidath modul € i s

coupled to a swtch ric network, said swt fabric network conprising
one of an |nfini band n rk., .a t.-hernet network and a Fi brechannel

net wor k. 1Qﬂﬁﬁaﬁﬁgﬁ?8ﬁg%%§s Ef?%é?gﬂﬂﬁ%@%$78 15. The nodul e of claim 11,
further conprising a data bus to couple said plurality of serverlets to

said first swtching device. 5 16. The nodul e of claim 11, further

conprising a data bus, a second  sw tching device to couple to a switch
fabric Aetwork afd aTkhmpdnleof dleim Hy ferdher eamarisinecoipin B1st ¢ 868 swi t ch
fabric network, said data bus to couple said plurality of serverlets to
sai d first saitchisgdona tewbtphiorsvdehifdeis neh®@rk 7nd athirdspatohing déviesitai m 16,
wherein said second switching device conprises a first conversion unit to

coupl e to sBile trdadi kih fRbriakensik Caliv@tshusio touple sail oufityeofiservedas d dat a
bus, and a third switching device to couple to said switch fabric network

and to eagh Qf @bl (b sWiRAMEGEYiOR, unit and said second conversion unit.

10 17. The module of claim 16, wherein said second switching device comprises
a first conversion unit to couple to said data bus, a second conversion unit to couple to
said data bus, and a third switching device to couple to said switch fabric network and to

each of said first conversion unit and said second conversion unit.

15 18.  The module of claim 11, wherein said first switching device comprises:
a first interface device to couple to a first one of said plurality of serverlets;
a second interface device to couple to a second one of said plurality of serverlets;
a second switching device to couple to said first interface device and said second
interface device; and
20 a controller device to couple to said second switching device and to a data bus

that is coupled to said I/O resources.

19.  The module of claim 18, further comprising a third interface device to

couple between said controller device and said data bus.
' 19



15 18. The nodule of claim11l, wherein said first sw tching device
conprises: a first interface device to couple to a first one of said

pl ural i t ywof2oeeem8| et s; a second interface device to caeaplus2ew/oa79&cond
one of said plurality of serverlets; a second sw tching device to couple
to said first interface device and said second interface device; and 20 a
controller device to couple to said second switching device and to a data
bus that is coupled to said I/O resources. 19. The nodul e of claim 18,

further conprishpg aAggg&gcbﬁFgﬁﬁﬁce device to couple between said
control |l er device and Said data bus. 19 WO 2004/ 006108 PCT/ US2002/ 020778

20. A systemco .Sl ARG pt.ch fabric network; input/output (1/0
resources; and gggkur?rﬁo url(éﬂ?tgl\é@%upl e said switch fabric network to said I/0O

resources, said, nodule ri sing: first serverlet; a second serverlet;
fiPurdfPTEpd- o

and a first sw {"®H e to each of said first serverlet and
said 10 second serverlet and.to said |/O resources such that said first
server| &t and sampdaledsserrlswidaricadabisaervashiarald I reoBises ¢aid mofduleThe
system of claim 20, wherein said |I/O resources conprise a first disk
syst em and camgsgngid di sk system

a first serverlet;

a second serveriet; and

a first switching device to couple to each of said first serverlet and said

10  second serverlet and to said I/0 resources such that said first serverlet and said second

serverlet share said 1/0 resources.

21. The system of claim 20, wherein said I/O resources comprise a first disk
system and a second disk system.
15
22. The system of claim 20, wherein the switch fabric network comprises one

of an Infiniband network, an Ethernet network and a Fibrechannel network.

23.  The system of claim 20, further comprising a data bus, a second switching
20  device to couple to said switch fabric network, and a third switching device to couple to
said switch fabric network, said data bus to couple said first serverlet to said first and
second switching devices and to couple said second serverlet to said first and second

switching devices.

20



15 22. The system of claim 20, wherein the switch fabric network conprises
one of an Infiniband network, an Ethernet network and a Fi brechannel

net wor k. W8.200mewgst em of claim 20, further conpri si ngpraTdsen2bac;s a
second switching 20 device to couple to said switch fabric network, and a
third swtching device to couple to said switch fabric network, said data
bus to coupl e saitd fTheadyssmrofehinel3, wheed Gid et saftching@sRAoBptides i N
devices and to couple said second serverlet to said first and second

swi t chi ng gestice@eersi@dDuniio 204 10Q5d Afa BGsT & L3RDEISEiéH Bnit RcoufiB @ St em of
claim 23, wherein said second switching device conprises a first conversion

unit to codpla®ubQngakirddakiehiig devidd 1§ EaPRdo CAMYVWIicH RRticdHehhork ancRwRbe to said
data bus, and a third switching device to couple to said switch fabric

net wor k - ands t4d BA¢ BonvBision @hfl afd daif seCMABARERM uafti t and said second
conversion unit. 5 10 15 21
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