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BACKGROUND OF THE INVENTION

10 1. Field of the Invention

The present invention generally relates to computer server systems. More
particularly, the present invention relates to computer server systems having a modular

architecture.

15 2. Discussion of the Related Art

Consumers today embrace an expanding array of Internet applications, and
businesses are jumping on the e-commerce bandwagon to take advantage of this growth.
Internet Protocol (IP) services are the key to the phenomenal growth in Web hosting.
Hosting, in turn, drives utilization of bandwidth supplied by the backbone network. For

20  those who own backbone networks, the focus is about selling bandwidth — the amount of
data that can be transmitted in a fixed amount of time. The builders of this infrastructure
today control the growth of the Internet. At the heart of the infrastructure are servers,
which are the engines that drive IP services.

Those who have built and operate data centers that interface to the Internet

25  backbone network strive to provide a secure, managed, and reliable environment in which
1



to host IP services, which they sell along with Internet bandw dth, so as
to optimze profitability. But, backbone network providers have al so
becone dapjve @Apiws operators because they have seen that pdatgsoessizers sell
nore | P services and therefore generate even nore revenue from sal es of
their network bandw dth. 5 Next generation Application Service Providers
(ASPs) are tarliosi IRgervfnes,ivdadhi theyssetl @long mith ilefernetvhandwidihesq 48 tg eptimizes. To dat e,
e-mail is the nunber one selling ASP package. The growth in wreless

| nt er net anprofitabdity.i Butoheakboma setwiokld prbvidérh baveaisp dnchntchbiecesier qiecds | n t he
case of the ASP, its IP service is the revenue generator. A data center
hosts the KkSRis thdy mee sden ehat detadcennesnt @roeg [Paseback hohthemfora\genkratereseon der i s
selling bandwidth to 10 the data center operator. Revenue generation is
dependent omotdrevdnnt Gbmetleslaf theic asttverk bandlvidths entire infrastructure.

Bui l ding and operating an Internet data center is very costly. Data centers
constructsed todayeit@edupating Applicadioy Savicd @rdARrsJASPEIage wAGHg appUetidss of $150
mllion to build and outfit. These facilities have been proclained the
noSt  expensp\@ide @adn 18616 AP Ser@iBes] ToldaR, RN the AdAIRH ohDsellatA Prackdze.
operational resources required to keep a 24 hours, 7 days a week, 365 days

a year dataTgeRbREh fHUNRIRYIIIRAGR Yiher IRRNVEADE Qill FlthbN&pSRY HEE ServRed e dat a
centers are thé engines powering |IP services, it beconmes very clear that

every data gERtefse of BEWSPERs B ERMDANSRBLL R rh¥r. 908t cetithhb&l Mk 0Of

. €
engi nes to enhance revenue generation and help control infrastructure

costs. 20, THpRIPYGLRel AaLARLARK B hbEENRLARbRVENL SO MpluGRRL Ut 1] 28

nore physical space and nore power than t ctua equire to perform
their t:iléks he'ﬁ%%gmgreg\éﬁorsystems are often constructed with | ess than
opti mal quaf 'ty corrpor?ent S. Many server systens have poor reliability
relative to the }t{a e nunher .of uni h@nge from the

hundreds to the %V(r% 0ande J[Efﬁg;{“nl(‘?] d%psenggn? 8géﬁfgzh%lﬁr|3€tcejdaﬁ%w%$raangﬁ¥e nance and

iofrg{)?t ia(rjltn aLB %Ftﬁgﬁtgsl %ﬁdﬁl@ra}ngg?é;gngsa% Bt%cnléte csaitanc%n{erelaslvereyséogtﬁye. 535 ct;e%tersi t is an
constructed today to house as many as 10,000 servers cost upwards of $150 million to
build and outfit. These facilities have been proclaimed the most expensive real estate on

15  the planet. Added to that are the operational resources required to keep a 24 hours, 7 days
a week, 365 days a year data center running smoothly. Therefore, if the servers in the data
centers are the engines powering IP services, it becomes very clear that every data center
requires a few thousand really good, “bulletproof” engines to enhance revenue generation
and help control infrastructure costs.

20 The servers installed in Internet data centers typically utilize more physical space
and more power than they actually require to perform their tasks. These server systems
are often constructed with less than optimal quality components. Many server systems
have poor reliability relative to the large number of units minstalled, which may range from
the hundreds to the thousands, and as a result have high maintenance and operational

25  costs. With today’s skyrocketing real estate costs, it is an important consideration for data
2



2 WD 02/101573 PCT/ US02/ 18930 centers to efficiently use the floor space
avail able for the server systens. Mreover, server systens are generally
very cunbgigs@neiapd time consuming to deploy and repair, padudobgseaest s
associated with the tinme it takes to deploy or repair a server also nmakes a
significant inpact on the bottomline for a data center operator. 5

Theref ore, tdntaretoiefficieniyade the floer spenepaaiiableiprfthe shevasisysjems: ddordbver.depl oyabl e,
hi gh- availability server system having sinplified nanagenent and

servi ceabi | saryer sgstainsamé gevietadlyl verycainbhbrsdme gnd tifkpecogpmieg togleplog amduephid provi de
hi gher revenues for data center operators, top-of-the-Iline perfornmance,
and cost sawmdifscosisisRilakedd VDEBESEGRIRT it@eOR dEplty DRAYEINGS rFrglso nakkd aist rat es a
nodul ar server system according to an enbodi nent of the present invention;
Fig. 2 ill usighifites impakt érsthe Botehen limecfor oflatacemd vpaatoser ver syst em accor di ng
to an enbodi nent of the present invention; 15 Fig. 3 illustrates a second
side view of a nghudfadk, HereVed nd) $dreBom@ed) g gerkity, adpidlpdbsidyabnhighf t he
present invention; Fig. 4 illustrates a perspective view of a nodul ar

server syst gypiiabife/ divegsysem RRMAE BRMpliEed edhdpeRbntahd bdEic@bERE AR iRIHERd ON;
Fig. Sillustrates a server blade according to an enbodi nent of the present
20 inventi Ofala®0fy. FTif sefet dystemiwAll @ BroRidIBIEhar riVcAGS fBidat\@nRr SARSEL I ON Wi t h
a server blade via a mdplane according to an enbodi nent of the present

invention. 3,V R2fi k0 HET /WS04 L8239

10  BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a modular server system according to an embodiment of the
present invention;
Fig. 2 illustrates a first side view of a modular server system according to an
embodiment of the present invention;
15 Fig. 3 illustrates a second side view of a modular server system according to an
embodiment of the present invention;
Fig. 4 illustrates a perspective view of a modular server system according to
another embodiment of the present invention;
Fig. 5 illustrates a server blade according to an embodiment of the present
20  invention; and
Fig. 6 illustrates a media blade having a connection with a server blade via a

midplane according to an embodiment of the present invention.



DETAI LED DESCRIPTION Fig. 1 illustrates a nodul ar server system according
to an enbodi nent of the present invention. The nodul ar server system 100
is provi dew® ©200130b hosti ng and ASPs requiring server soOIPMT/E802/18%30 h
carrier-class availability, reliability, and scalability. 5 Carrier-class
systens have features that are nore demandi ng than enterprise-grade
systens, suBFTAJLERDESCRIBTION |jty" (HA), high dependability and
redundancy. Carrjier- class systens are typically used in business-critical
appl i cati ons i ncFigd} Higstrates agpesway serueitsy 898 agariridmioan comadimeetalisns wher e
systemup-tinme is crucial. In the teleconmunications industry, high

avai | abi | i t presest ivesficgy dhe é@dwaraweswvm@Otlhmwéec}]f%\?\éebﬁ@stm.agé@@%ap- time,
often referred to as "five nines". At the heart of the nodul ar server
system 100 isjuiring serivelobtienslith cantidretpssrempilpality, reRebilityydnd sedlahdlitit board
having a plurality of blade interfaces 420 (see Fig. 4) providing a conmmon
i nt er confiecCafrer-clabd sysons hes featmpethétede mberdemaendidhtbatbérdeterisergradef aces 420
are in electrical communication with each other and with the system
managenent bysen{sdsuwh as Slegh daillelitgiWHAY, highdepandgdlidinend ®wdundbhey. rGadidrane 170
is preferably based on a ConpactPCl formfactor (ConpactPC Specification,
PICMG 2. 0, VRssSdyetemz? arktyfidally eedRECbudikes-tiiverl applicationpiacieding | nt er connect)

| ndustrial Conputer Manufactures G oup (PICM5), wherein the bl ade

i nterfaces &&QoahrRinlatifrRchPita shhnicHioBONRAE §yR et uf P &crikR{E]. Itheéi zes the
Eurocard form factor popul arized by the "Versa Mdul e Europa" (VME) bus
havi ng 20 staadahfinkafi@Easdhsey, KRS ARGk ghie SRisdahyseAEH tRAtRciEng: socket
connectors. In the nodular server system 100 illustrated in Fig. 1, up to

si xt een 1hndepenHENh-+HRY YRdn BlALER as1hR: MAK~be supported, along with up to
si xteen nedi a bl'ades 150. However, any other numbers of server blades 110

and medi a Dbl adesé@-ﬁg hBRY ofiBe SRR SEGEr syéle| 186 & thS midpeMe 1 84, Which ABIder board
or a single board conmputer (SBC) having a central processing 25 unit (CPU).
Al though it pios L 8 &AL bRk - PRGNS 6F Bifle ikRGes P bame. B prRidigepondi ng
common interconnect for all modules connected thereto. The blade interfaces 420 are in
electrical communication with each other and with the system management bus (discussed
15  below) of the midplane 170. The midplane 170 is preferably based on a CompactPCI
form factor (CompactPCI Specification, PICMG 2.0, Version 2.1, by the PCI (Peripheral
Component Interconnect) Industrial Computer Manufactures Group (PICMG)), wherein
the blade interfaces 420 are CompactPCI slots or connectors. CompactPCI utilizes the
Eurocard form factor popularized by the “Versa Module Europa” (VME) bus having
20  standard Eurocard dimensions and high-density 2mm pin-and-socket connectors. In the
modular server system 100 illustrated in Fig. 1, up to sixteen independent server blades
110 may be supported, along with up to sixteen media blades 150. However, any other
numbers of server blades 110 and media blades 150 may be supported. A blade is
generally a mother board or a single board computer (SBC) having a central processing

25  unit (CPU). Although it is preferable that each server blade 110 have a corresponding
4



4 WD 02/101573 PCT/ US02/18930 nedia blade 120, it is not a requirenment, as
mul tiple server blades 110 nay share a single nedia blade 120, and vice
versa. Byww@daiozd7pg t he m dpl ane 170, the network (such agdingsochegal area
net wor k) becones the primary interconnect between the blades 110, 150.
Server blades 110 and nedi a bl ades 150 are discussed in further detai

bel ow. 5 Theedisdlddad26étiveet aypguiemennas miltiplsseraerddeden 1 F myay shatex: sirlgdo
adapted to support up to four switch blades 120 for conplete system

net wor k ( e. qiediafidderd P@tand sist verbd. By iltinglle midpthne dEh the.networlasuendsdbk ment  of
the present invention, the swtch blades 120 have twenty 10/100 Base-T

aut o- negot i &chlrgeaperw sk pirsdomertho ptimdry G@6rcdiditdbekaee e bCalag t 1L L. ( MAC)
addresses. Preferably, of the twenty ports, sixteen of themare assigned to
one 10 Et hesaetr heaned addaeid biedes S0 anldiscdsdd inmfdieadeaailFdow.connect ed t o
all sixteen server blades 110, as illustrated in the exanple in Fig. 1),

and the penai ni NGhd AUAUIRGEIVEr HECm 180 dessittd B Hifiridygko Rihpkd td SMbpet Hed)
connectors, for exanple, on the switch blade's 120 face plate. However,

ot her conf i g avit@NSadBB Y20 &or 6iapR Ay dap aadod e @) Eilehel Uiielin®dnd 1$6r ver
bl ades 110 supported by the nodul ar server system 100. Data packets are 15

preferably Rufhi@hed indnleh@odiMehCdt 1l @%ntka&nﬁ&l,&mwﬁ bruREbo &el | sions do

not occur on any °“channel, and a full-mnaged Layer 3 / 4 switch may

provide Qualjdny, Rf/l(ﬁe}?%é:le%u(o btiat&@@&%ﬁ?&nd sWhliohies, 098 Mikdia BESESCARAG bl ock

switch fabric viuth sufficient bandw to prevent packet loss is

cui ton bl adQAE53IERAR 8o ERnF IR TR gl PP o e R ot PP e o

swi tch bl ad are ncti ona server

syst em 390, cangcadel bR SWLLGP: MBS A2 o Eithebs Al drehio

avai | abi'Ti ty redundanc rswtch ades 120, for
cramml e SnBGE Re,SHSARTH P EoDSI Nl AP el R BPRER BB TN
may be plac ggcessible through RJ-45 (Ethernet) connectors, for example, on the switch blade’s 120
face plate. However, other configurations may be adapted depending on the number of
server blades 110 supported by the modular server system 100. Data packets are
15  preferably buffered in the switch blade 120 so that Ethernet collisions do not occur on any
channel, and a full-managed Layer 3 / 4 switch may provide Quality of Service (QoS)
control, while in all cases a non-block switch fabric with sufﬁcieﬂt bandwidth to prevent
packet loss is recommended.
According to an embodiment of the present invention, two switch blades 120 are
20  utilized for a fully-functional modular server system 100, and additional switch blades 120
may be added for high availability redundancy. In a system 100 with four switch blades
120, for example, one can be assigned to Ethernet channel A for system management

traffic, and another to channel B for Web traffic, while the remaining two may be placed

in standby mode for hardware and/or software fail-over capability.



in standby node for hardware and/or software fail-over capability. 5 WO
02/ 101573 PCT/US02/ 18930 In the nodul ar server system 100 illustrated in

Fig. 1, uwd®@m8i393! oad sharing power supplies 130 (Power Summiso2/Agpsnot
shown in Fig. 1) may be connected to the m dplane 170 to provide power to

the nodul es of the server system 100. These power supplies 130 (e.g., 150W
power supplies) ke podyipderveiyysimil0p dinghdtethimyFigd . weetolsix lopd sheringneowsower 5
(AC/DC) inputs 140 may be connected to the m dplane 170 to provide input
power to t heuppliesdid0dPosaSupply 4§ soteho w0t Fig 1) eraybabbmedtahtotthamidpiant cool i ng
fans 160 (see also Fig. 2) nmay be utilized to provide cooling air flow

wi t hi n t he hddielparvidseporer tostis meduldOff theosenmensystetnhid Ondtiese pewetsapmdien 130
According to an enbodi nent of the present invention, the renovable fan
tray 160 mage.g. ncOWdpowsp stppliss)xnalynsidedor N+l redetancjeasoyell. Theto ponwpsweauppl i es
130 and 10 the cooling fans 160 of the nodul ar server system 100 may be

shared by t eC/HE) igputdl4aades be tatheawd toke mddpiinadestolhéyidd inpitpotvaeo midul ar
server system 100 (i.e., each server blade 110 or nedia bl ade 150 need not

have its owmopglweservet Piteyh T00. Q0Rhodbld B kray WRE cSAIREIfHY 160{set flso PRVEI
supplies 130 and cooling fans 160 provides a nore efficient use of the

resour ces Ofnay BeutiMAH t@proSigs ¥&ing ¥is FIERWiflth @B ehothlRf 8L SyseRAGS to d01Fl 9. 2
illustrates a first side view of a nodul ar server system according to an

enbodi ment gl {daBIeR HRAGNT ALMRIY th AR emPEHRAEM IR ehelpPesait iBXRGSH, IRMm&fablche
present invention, up to sixteen server blades 110 may be accommobdat ed by

the nodul ar faﬁQfayQB%g%%%cﬁf@e ,Japc sg% fanb %é%%mhgﬁy. ﬁé\?%ogw(r) %}@?H&' 38884 120,

such as 20-port Et et sw e acconiod e first side

of the fpaulaoSELYEL: SISk Bl Mlar Ut QAN 0P AL P Bis G2y De

accommpdated on the first si ar server system as wel | .

Th b ; al 044! i he f|
si'de of 't ne! oAl IsdRtu oihuaRi 35k ke IR G ES WHGE O ot ar

Server 110 or media blade 150 need not have its own power supply or cooling fan). The sharing

of the power supplies 130 and cooling fans 160 provides a more efficient use of the
resources of the modular server system 100 and minimizes space.

15 Fig. 2 illustrates a first side view of a modular server system according to an
embodiment of the present invention. According to an embodiment of the present
invention, up to sixteen server blades 110 may be accommodated by the modular server
system 100 at its ﬁl'st side. Two switch blades 120, such as 20-port Ethernet switches,
may be accommodated on the first side of the modular server system 100. Up to four

20  power supplies 130 may be accommodated on the first side of the modular server system
100 as well. The removable fan tray 160 may also be installed and removed from the first
side of the modular server system 100. Mounting flanges 210 on the modular server
system 100 allow for front, mid, or rear rack mounting.

Fig. 3 illustrates a second side view of a modular server system according to an

25  embodiment of the present invention. According to an embodiment of the present
6



system 100 allow for front, md, or rear rack nmounting. Fig. 3 illustrates
a second side view of a nodul ar server systemaccording to an 25

enbodi menivogaf2/ b3 present invention. According to an enbodiofande2@éesh he
present 6 WO 02/ 101573 PCT/ US02/ 18930 invention, up to si xteen nedi a

bl ades 150 may be accommodated by the nodul ar server stem 100 at its
second si deinvewionsyi toskkidsh atkdia blales Wn@eb%acsmla@@@ﬁhyd pddwar setver second
side of the nodul ar server system 100. Up to two power supplies 130 and two
power i nput systed0l(Peay ith sccantHidmoltiat erdtchbladbel 20 ey adsodeconfmadaed wodhe ar
server system5 100 as well. A power switch 310 for the nodul ar server

syst em 400 smyndsidoofithe podutirdenter systeinHO0s Bp dmtvosposker subpliesal30 madrovabl e f an
tray 320 may al so be installed and renoved fromthe second side of the
nmodul ar ser yewersysite0idy. beAbddnonglatet loe tisesewax shieafths nlH0lar ssnekr BtEing bl ades
150 are preferably connected to the m dplane 170 at opposite sides, that

i's not asred00 asenaEntA pde switchpl @nfer the Ghodulyr d26ve€ SRfehpat0athySdsotbdplovided server
bl ades 110 10 and nedi a bl ades 150 are connectable to the m dplane 170 on

the sane si @fthelse@®nd 4ide.| Au&dr kai®able fREF51320 iavalssive Mstiledadinebad server
system according to another enbodi nent of the present invention. The

nmodul ar  ser #8i thy k&M ARG drddilar derl§ syaslaRO® dA kiHuak GRRBME IRy P1d 0 four
server bl ades 410, and up to four nedia bl ades 450. A chassis 440 nay be

provi ded t o,&nataselaidia 56%%@%&@1@@rcyﬁ{ec@ar%ﬁmﬁ&b@aneTh@atmp?@JI@@ﬁeMﬁt 15

provides a common interconnect fof all nodules connected thereto, including

the server ls%aaiﬁeauﬁl&@en@nﬁherm ndt ﬁ‘)qﬁ leSc%n ELL AL s%r PR &RH9EI ment in
bft onf il

Fig. 4, up to three power supplies 43 accommo y the nodul ar

server gyst Eﬁ 08 blpﬁfﬁq@b 'ax%%on&%?l%Xﬁ%h@rHlé@%e 1510%11?1% S [Zlggildged to provide

cooling air ow to t ules o e ser system ‘According to an

erbodi ent of L Ael RS8N MERLEN Y ek N SELURL ARl QB gapnect ed 1o

the m dpl ane 47 proc ssor 480,

another embodiment of the present invention. The modular server system 400 in Fig. 4 is
adapted to accommodate up to four server blades 410, and up to four media blades 450. A
chassis 440 may be provided to enclose the modular server system 400. The midplane 470
15  provides a common interconnect for all modules connected thereto, including the server
blades 410 and media blades 450. According to the embodiment in Fig. 4, up to three
power supplies 430 may be accommodated by the modular server system 400. A cooling
fan system 460 is also provided to provide cooling air flow to the modules of the server
system 400. According to an embodiment of the present invention, the server blade 410
20  connected to the midplane 470 may include a 500 MHz Intel Pentium III processor 480,
256 KB on-die 1.2 cache, and a 256 MB error correcting coded (ECC) synchronous-
dynamic random access memory (SDRAM) 490. However, any suitable central
processing unit (CPU) and memory devices may be utilized. When the server blades 410

and media blades 450 are installed and configured in the modular server system 400, they



256 KB on-die L2 cache, and a 256 MB error correcting coded (ECC)
synchronous- dynam c random access nenory (SDRAM 490. However, any

sui t abl e ggndar@ls73processing unit (CPU) and nenory devi ceparmaysobgsdghi | i zed.
Wien the server bl ades 410 and nedi a bl ades 450 are installed and

configured in the nodul ar server system 400, they 7 WO 02/101573

PCT/ US02/ 189p@ate dijseprt @hdrisiaershisient Wikzing evailablesperating systeins suchag avai | abl e
operating systems such as Mcrosoft Wndows NT Server 4.0 (Service Pack
6a). Fig. 5Mittdosnft WandesvsNIs8arvesrt.0dSadeseRedosadi ng t o an enbodi ment of the
present invention. The server blade 500 is preferably a telecomstyle CPU
board desi gned tBigwbilhstréiesassesveniplddd arcordimgpomesmibodfmdnh ef the preeemt syst em 100
(see Fig. 1). Wen the server blade 500 is paired up with a nmedia bl ade
150, the coidveman dhebaearbsle 400 ismpokeprablganélemar-stele GRLE buard delsignedod o oml
server system 100, and therefore the nodul ar server system 100 itself may
house a pl uasgh mbyulad conpdrdge ofiBe terge sywdrs 1 0(AGEOFid) g Wien @it serfvbosladesto of t he
present invention, the server blade 500 is designed according to the

Conpact PO {sqfaired &g tvith a medR bldde ToOMRCEonfidatib® béboimdE idinddpen@it depebst Iy
standard that provides a rugged, nodul ar, high performance platformfor

the server RliBfanSRBdulliRELysteRNMN0SAHdRREBrel th AbdAsRebadsind 00 el be
utilized, though. The ConmpactPC formfactor al so enables "hot swap"

functional i {n4yihBus aPikrhlity SEMUEIen&RY bdrRTBAL coRfind 1D8n EREMIRENSR NEGheseySt €M
100, neaning "that the séerver bl ade 500 may be repl aceabl e (renoved from or

installed i e r W 9 i I t he
entire syst o et e L el g Rk C R CBOFRLEE PRI

o'l oL T BT B LSS kY B P,
i field bl
ERAUALYS L TR T e D T

the fan tr a}é‘la% %eo}.lﬁlized, though. The CompactPCI form factor also enables “hot swap”

functionality in a multi-server environment of the modular server system 100, meaning
that the server blade 500 may be replaceable (removed from or installed into the modular
15  server system 100) without powering down the entire system (CompactPCI Hot Swap
Specification, PICMG 2.1, Versioh 1.0, by the PCI (Peripheral Component Interconnect)
Industrial Computer Manufactures Group (PICMG)). Hot swapping allows a faster mean
time to repair (MTTR) for damaged components or modules, such as field replaceable
units (like server blades 110, media blades 150, power supplies 130, and the fan tray 160),
20  within the modular server system 100.
The server blade 500 illustratively includes a CPU 516, such as the Intel Pentium
IIT processor mobile module. The Pentium III processor module contains a power supply
for the processor’s unique voltage requirements, a temperature sensor, a system memory
(L2 cache), and core logic required to bridge the processor to the standard system buses.

25  In an embodiment of the present invention, the server blade 500 incorporates a system
8



20 within the nodul ar server system 100. The server bl ade 500
illustratively includes a CPU 516, such as the Intel Pentium 11l processor
nobi | e nogdig @/10183¢ Pentium I 11 processor nodul e contai ns oy 183pp! Y

for the processor's unique voltage requirenents, a tenperature sensor, a
system nenory (L2 cache), and core |logic required to bridge the processor
to the standwnegesyestaw ibgemsunipgionviththe pistsai ienegenadnt prgeofpheagidntang, ddtent i on,
the server blade 500 incorporates a system 8 WO 02/101573 PCT/ US02/ 18930
management beesss th gy stevarmide roertifoong eid dartriig Fyetioesn Herssgienermnagsosnidfust he

m dpl ane, for access to systemw de nonitoring and al arm ng functions. The
syst em nanaghkoresihe barser bidde 60 (ctdhens esrvarbldde 40emBYBe desiggated atke 4etiveer bl ade
500 may be designated as the Active Manager utilizing server system
managenent MMenbyemnalizib®ser\eeysknc mbeagement softvears) td pbramenibatd with sheshidpiane
managenent bus to nonitor the m dplane 170 and the nodules (e.g., the
server Bl ade®sybtth mamdedet badesnchii0y the aidigaicado titbthe mddultO(e /¥ et s@fver
on-board operating voltages and tenperatures, and can be further

confi gured bRdéd riopmeds bREATF0) donhdviishabid Sto MaitoonciRatdesperalibevaapyer bl ade
500 illustrated in the exanple of Fig. 5 also includes a pair of 10 network
interfaces af@temperaturACaHRAEh BEfifrBert HdEiQFEPRI B an QfardriihreSholdwad Et her net
ports 506, 507 are provided. The Ethernet interfaces 506, 507 may utilize
t he Et her netyExpgess Pro 100 conpatible, Intel 82559 Fast Ethernet

Mul tifunction PClI Controller. The 82559 controller includes both the Mdia
Access Cont rol | efnd MG} o RRCS Ao GusdANAT b ke o IREaled iR Gk A58 6PTDI ned

into a single conponent solution. The network interfaces 506, 507 15 may be

RJ- 45 C%”eﬁét%ﬁi BR:H08 sHASHP) ﬁ%ﬁg&ﬁ%&}ﬁ%glﬁﬁé’dﬂﬁer@gﬁﬁ , 5599?11 it Egrts

faceplate may also include sta to Indicaté the status of each

channel . Seu) £ QGO0 HRMHhY ERbhel fucPhed: 30850 ntl bliiASHe BihehBESREY ST
Pro 100 compatible, Intel 82559 Fast Ethernet Multifunction PCI Controller. The 82559
controller includes both the Media Access Controller (MAC) and the physical layer (PHY)
interface combined into a single component solution. The network interfaces 506, 507
15 may be RJ-45 connectors on the faceplate of the server blade 500, and the faceplate may
also include status LEDs 504 to indicate the status of each channel.

Semiconductor memory 510 is preferably utilized by the server blade 500 for local
memory, such as a SDRAM dual-inline memory module (DIMM). Preferably, the
SDRAM utilized is error correcting coded (ECC), which corrects single bit errors and

20  reports multiple bit errors to the operating system. The server blade 500 may also provide
on-board flash memory 512 for storing the system basic input/output system (BIOS), and
for use as a solid-state disk. A battery-backable static random access memory (SRAM)
may also be provided for this use as well.

The server blade 500 preferably includes interrupt controllers 526, such as 8259-

25  style controllers, which provide support for level-triggered and edge-triggered inputs,
9



menory, such as a SDRAM dual -inline nenory nodule (DIMM. Preferably, the
SDRAM utilized is error correcting coded (ECC), which corrects single bit

errors ango2@meperts multiple bit errors to the operati ngp@Eysdoensezdhe
server bl ade 500 may al so provide on-board flash nmenory 512 for storing
the system basic input/output system (BIGS), and for use as a solid-state
di sk. A bat ﬂl@wd%bw%n@k@gamdéy ixec ptlmiatieg prictition mb pyshESMAMesctfrbyrtal so be
provided for this use as well. The server blade 500 preferably includes

i nterrupt cbwitangiop erey abpde pEwisded &sal BRSDUSCO® resetthe sacomblade 5@0.sA  whi ch
provi de support for level-triggered and edge-triggered inputs, 9 WO

02/ 101573 PETDUBAM0LEOGMnedtordiOy iatlerad a useptotconmmskd keyboaad or hibuse tb thadervat at i ng
priorities. A push-button reset/abort button 503 may al so be provided to
al | ow a useblatiostltebeintdrdvtions trereaithb OpdenalPt video dugybplag do B saor®ect or 501
allows a user to connect a keyboard or nouse to the server blade 500 for

i nt er act 5 oncérinecteniriai be Molvided &l dlipw c@nict@oto@UhdIitor Pk UleSBRputsuch as a VGA 5
connector, may be provided to allow connection to a nonitor for video

output. A uiiveresseral s (UBR) B0 cdbERr HRAGILIBPRSIRE dRIvahS Srlid bRigeVi ded t o
all ow the server blade 500 to connect to other devices (e.g., portable

optical di ssooicy@fect Bafdr Bivides B 4. R Stabl8 bftical eﬁ§c drrv%gwded;'sk dHes, 8RNUer bl ade
500 may include a serial port 502, such as a 16C55 C 10 conpati bI e serial

port, on theghgent panel. A real-tl me cl ock 534 vvlth battery power 532 is
preferably pr ovided on the server blade 500 to performt| nmekeepi ng

functions, such A% seRkAbiie SRR hGRE L0 <03 ShdiHRhL 16895 pel endaring. A

wat chdog tinmer 528 nmay be optionally provi moni t or system operat| on

and to hg paagmog tlag;_gfgﬁ,ronqh@fa@;aﬁ?fAréal 'E‘E%% acf mﬂ rg éo%vf ?&i/fs

t wo- st age wa i's utl edto

produce a n&@fe%%k&mﬁeci O BE KDL, bia’g%éo B% H{)r(la‘n ﬂmel %1511?15 un% on% slﬁehset Request .

alarm, maskable periodic interrupt, and calendaring. A watchdog timer 528 may be
optionally provided to monitor system operation and to be programmable for a number of
timeout periods. Preferably, a two-stage watchdog timer is utilized, that is, it can be
15 enabled to produce a non-maskable interrupt (NMI) before it generates a Reset Request.
Therefore, failure to strobe the watchdog timer within the programmed time period may
result in an NMI, a Reset Request, or both. A register is set if the watchdog timer caused
the reset event. This watchdog timer is cleared only on power-up, enabling system
software to take appropriate action on reboot. An input/output expansion connector 514
20  may be provided in the server blade 500 to allow expansion for interfacing with a storage
medium, flash memory, etc.
Fig. 6 illustrates a media blade having a connection with a server blade via a
midplane according to an embodiment of the present invention. The media blade 150 is a
modular component of the modular server system 100, primarily adapted to carry a mass

25  storage medium device such as a hard disk drive, as a companion to the server blade 110.
10



Therefore, failure to strobe the watchdog tinmer within the progranmed tine
period may result in an NM, a Reset Request, or both. A register is set

i f the walwgh@dagid7sner caused the reset event. This wat chd@g/idosage3p S

cl eared only on power-up, enabling systemsoftware to take appropriate
action on reboot. An input/output expansion connector 514 20 nmay be

provi ded i n}ﬁOWéV%éh‘?/@ledll@Ibkdélggmax dsmccommesiianini aher fuediaideviees sshngawi th a
storage nedium flash nenory, etc. Fig. 6 illustrates a nmedia bl ade havi ng
a connect i ographichpracessing devids aadio mocessimg dbplcarpestizarsmgaiadip drocessingsnbodi ment
of the present invention. The nedia blade 150 is a nodul ar conponent of

t he nodul ar deageyeir. bythe embddident pilistreted InFigdapleautdiablakrls) isadaptsdto25 st or age
medi um devi ce such as a hard disk drive, as a conpanion to the server bl ade
110. 10 WOsuppbil O 5ori8voPXCN inkls023. 1 888 Mntedriated Deive ElebieoniadIlZE)Haai#skidGesray al so
accommodat e any ot her nedia devices, such as a graphics processing device,
an audi o5 pr 60k $30. ndowlert, el medis bladartongayrsaphort 0K @GR DS hitgber@ENargdisket c. 1 n
the enmbodinent illustrated in Fig. 6, the nedia blade 150 is adapted to

support up H@vdswt Zeor hmc}tbewine?a.véudbregafdiﬂé@ﬂm@c&ﬁ&e@ddey,QnElt@qﬁédwms& (1 DE)
hard disk drives 5 610, 620. However, the nedia blade 150 may support any

type or nunmbsy m@f cdnddislofbSfocesiotVa dbviads tidh Broflde TRYuRRAIOBayFai | abl e, of
different interface types, and the nedia blade 150 nmay contain ot her

processors apdn8iit P8%s (RAID)RLRYbASIHREAVAGA R er&nhaY with thd MEBREBEGERt Di scs

(RAID) functionality, and may interconnect" wth the PCl bus of the

correspondi pg.s fle sPhB08adkQp. 10 Logically, the nmedia blade 150 may lie
on the serverrbﬁglge'gss 110 %econdary | DE channel. The hard di sk drives 610,

620 are 197 ef er abﬁ%“ﬁ?’gﬁ%?‘%‘gg@%ﬁ%ﬁg &Cth %e%é:'lb}ade’s %Hﬁ ?e\%zéﬁldfaﬁy t allows

CSEL j unpered har icall'y assunme ive 1

ETENSIS ;er /'Sl agl%}mé-l.d%ﬁé ila'{rid Aric oL 696,%28%retp?efterggly%%g}gé?rgc{ %o?bgblg %glgce[r(ésm, the
a feature that allows CSEL jumpered hard disk drives to autoﬁ]atically assume Drive
0/Drive 1 (Master/Slave) identities when cabled to the appropriate headers on the media
blade 150. The Cable Select feature is built into the printed circuit board (PCB) and not

15  the IDE cables (the cables are identical to one another and provide pin-to-pin contact at
each lead).

According to an embodiment of the invention, the midplane input/output connector

650 of the media blade 150 is a CompactPCI form factor interface adapted for connection
with a blade interface of the midplane 170. Similarly, the server blade 110 may include

20  midplane connectors 660, 670, 680 that are CompactPCI form factor interfaces adapted for
connection with a blade interface of the midplane 170. The midplane input/output
connectors 640, 660 of the media blade 150 and server blade 110, respectively, preferably
include the secondary IDE channel 640 for communication between the media blade 150

and the server blade 110 through the midplane 170, or may make use of the CompactPCI

25  bus.
11



bl ade 150. The Cable Select feature is built into the printed circuit board
(PCB) and not 15 the IDE cables (the cables are identical to one another
and provid® @hotdr9- pi n contact at each | ead). Accordi ng tpetamseeadaei nent
of the invention, the m dplane input/output connector 650 of the nedia

bl ade 150 is a ConpactPCl form factor interface adapted for connection

wi th ‘a bl ade i ntBrthgewsbestimendllusiraipd lrfds. B7 the ngidisi Hlagde| 1y0 inchdesmweer bl ade 110
may i nclude 20 m dpl ane connectors 660, 670, 680 that are ConpactPCl form
factor i ntepfgersingrpiteyd3p drat caveesribcharddiskiltives 41®1620 e pavteenp ace of t he

m dpl ane 170. The m dpl ane i nput/output connectors 640, 660 of the nedia
bl ade 150 asdjusmey dhislprerddurd aMidsrayspedingiiad yysteprveiflersatsive camant deheantdbe
secondary | DE channel 640 for comrunication between the nedia bl ade 150

and the ser when thedadel didkQdrivhs’ GUQH620 hgndit dptangad vy, or may nmake use of the
Compact PCI 25 bus. 11 WO 02/101573 PCT/ US02/18930 In the enbodi nent
illustrafed in Fingumbary,hig: medhla sehvadestdb Q00 pokiddescdepaes msegaenci ng
circuitry 630 that causes the hard disk drives 610, 620 to power up in
sequence. ThifRicpt, 6@ poWRAMRItHSERY 8YstedR@hiIghizhi relkbleaiit vhd/o SXERSSI Ve
current demands when the hard disk drives' 610, 620 spindle notors start

up. 5 I'n SUTHBkKigh déddey BPhd hduRedeYRE syxiet B0 rd@RePle@\Es@RTosts, GRIMRCT |
nodul ar, efficient, and powerful mnulti-server systemthat is highly

reliabl e angog@aynduste ORitdHidd Foplacddb® WNitdMIARNS Y aRfd repREerEReUb BE Server.
system 100 reduces real estate costs, and the nodular nature of its field

r epl aceabl ep&fﬂr&%d&ﬁikﬁﬁ@n&@dgﬂws and replacenents to be performed quickly
and easily. 10 Wi l'e the description above refers to particular enbodi nents

of the @6 esent Wm/lgg‘fé:g%%nlph%n XUOk’é I'C?G?S %r})qﬁfcﬁfapagbgc{ﬁ%éntmﬂe Hgé%h{ I cations

may be made w t hout
invention, it will be understood that many modifications may be made without departing

from the spirit thereof. The accompanying claims are intended to cover such
modifications as would fall within the true scope and spirit of the present invention. The
presently disclosed embodiments are therefore to be considered in all respects as

15 illustrative and not restrictive, the scope of the invention being indicated by the appended
claims, rather than the foregoing description, and all changes that come within the
meaning and range of equivalency of the claims are therefore intended to be émbraced

therein.

12



fromthe spirit thereof. The acconpanying clains are intended to cover such
nodi fications as would fall within the true scope and spirit of the present
i nventi onwolhacipsesent |y di scl osed enbodi nents are ther efperraudo®/ 1880
considered in all respects as 15 illustrative and not restrictive, the
scope of the invention being indicated by the appended clains, rather than
t he foregoi AGHAES CLAMMER ISand al | changes that come within the neaning
and range of equival ency of the clains are therefore intended to be
enbraced thereih. 12AWDdRRY $OVEE TGIRCTIS0MI 8930 WHAT IS CLAIMED IS 1. A
nodul ar server system conprising: a mdplane having a system nanagenent
bus and a plurality ofmispkde having asybtamesanegenidngbus anp b pheslitywbhialen t he bl ade
interfaces are in electrical 5 comunication with each other; a server

bl ade renoveabl yingwhrescnadld Bidpbngvérendin thhblagé inteafatdsyareih elkmidal i nt er f aces
on the m dpl ane, the server blade having a server blade system nmanagenent
bus i n ebectri catonoomitation stith@eachwitlida; t he syst em managenent bus of the

m dpl ane, and a network interface to connect to a network; and 10 a nedi a
bl ade renoveably connegth@bbladd @mone@bBfcohi2tapleds ahd dfthedflufligde blatigt er f aces
on the m dpl ane, the nedia bl ade having at | east one nedia device. 2. The

system accor di ngintepfaGdsanhelmidblahé, MRS selvREbIHEH NYin2 aREME blléRPddm Modul e
renoveably connectable to the nldplane to provi de power to the nodul ar

server system  RanabBfe®¥hl ABIRGRE! Hhiishri@ii6d Rt sydidth iafleehBH tidbPg 2
cooling fan nodule 15 coupled to the nodul ar server systemto cool the

modul ar server SisufMlarft; antiEneBVcik GBS Y ShiQt L% febididahg further
including at | east one swtch bl ade
10 a media blade removeably connectable to one of the plurality of blade

interfaces on the midplane, the media blade having at least one media device.

2. The system according to claim 1, further including a power supply module

removeably connectable to the midplane to provide power to the modular server system.

3. The system according to claim 1, further including a cooling fan module

15 coupled to the modular server system to cool the modular server system.

4, The system according to claim 1, further including at least one switch blade

removeably connectable to the midplane adapted to perform network switching.

5. The system according to claim 1, wherein the midplane is a CompactPCI
form factor.

20
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renmoveabl y connectable to the m dpl ane adapted to perform network
swtching. 5. The systemaccording to claiml1l, wherein the mdplane is a
Conmpact PGyvo f2a0878act or. 20 13 WO 02/ 101573 PCT/ US02/ 1893¢c1usoihgy3syst em
according to claim1l, wherein the storage nmediumdevice is a hard disk
drive. 7. The system according to claim1, further including a chassis to
house the m dpl &ne, Thesysengetordingigelaimddwheérein tieeditaagsi raetbum gevige i8a The
system according to claim1, wherein the server blade and the nedia blade
ar e adapt edhard disls dnige. swapped. 9. The system according to claim1, wherein
the server blade and the nmedia blade in conbination form an individual
server system 10. The system according to claim1l, wherein the network
interface is an 10 Ethernet connector jack. 11. The system according to
claim 1, wherein7the Tredyserdewoatng ® chéhdcfuetlefindnding hehagiioiahoaense sti ng of
a storage nedi um device, a graphics processing device, an audio processing
devi ce, andnadminecthabdrgeriide anp tieaesisd tigdedevi ce. 12. A nodul ar server
system conprising: 15 a midplane having a system managenent bus, a first
side, a Second side, and a plurality of blade interfaces on the first side
and the second side, wherein the blade interfaces on the first side are in

el ectrical comugi catfHeryiéh bedohtBnddoatm 11 Whé&kih Acasrverbihdend e&anshisi de;

blade are adapted to be hot swapped.

9. The system according to claim 1, wherein the server blade and the media

blade in combination form an individual server system.

10.  The system according to claim 1, wherein the network interface is an

10  Ethernet connector jack.

11.  The system according to claim 1, wherein the media device is selected from
the group consisting of a storage medium device, a graphics processing device, an audio

processing device, and a streaming media processing device.

12. A modular server system, comprising:

15 a midplane having a system management bus, a first side, a second side,
and a plurality of blade interfaces on the first side and the second side, wherein the
blade interfaces on the first side are in electrical communication with the blade

interfaces on the second side;

14



14 WO 02/101573 PCT/US02/18930 a plurality of server blades each
renoveabl y connectable to one of the plurality of blade interfaces on the
first sidwgdfyiolesm dpl ane, the server bl ades each havi ngp@E/gRbNS30bI ade
syst em managenent bus in electrical communication with the system
managenent bus of the ni%glane, and a network interface to connect to 5 a
network; a plurality woflumiicd sgiediaslesesch ranzveshdnpinpeddiniocmabl et o one of
the plurality of blade interfaces on the second side of the m dplane, the
medi a bl ades eaplbraliivifipdpdatintérémes onothe fisst sidagfshemmdiplare,dhesecer bladeadr
supply nodul e renpveably connectable to the m dplane to provide 10 power
to the nodul ar skavwera syst blale ystemohanageriicanbusda aleetricd upmatinicatidnhéthmodul ar
server systemto cool the nopdular server system and a chassis to house

t he m dpl ane, t hthesgstane mahdganhest, but betheeddpdand) adesetvidile int@foeto cdhiRfRt 4
nodul e, and the cooling fan nodule. 15 15 13. The system according to
claim125 furthesnétwetkidi ng at | east one switch blade renoveably
connectable to the m dpl ane adapted to performnetwork switching between
any nunber of the seragiralyagtaredianidded t6H rdntbvbdly 83hHER4Ble bbne TNBeSYySt em
according to claim 12, wherein the mdplane is a ConpactPC formfactor.

20 20 15. The sysfaBt) FGHAE HitelehctCorCth@bddbddsideMIeteahiplaie 1R REAIB AR UM
device is a hard disk drive.
each having at least one storage medium device;
a power supply module removeably connectable to the midplane to provide
10 power to the modular server system;
a cooling fan module coupled to the modular server system to cool the
modular server system; and

a chassis to house the midplane, the server blades, the media blades, the

power supply module, and the cooling fan module.

15

15 13. The system according to claim 12, further including at least one switch
blade removeably connectable to the midplane adapted to perform network switching
between any number of the server blades installed in the system.

14.  The system according to claim 12, wherein the midplane is a CompactPCI

form factor.

20

20 15.  The system according to claim 12, wherein the storage medium device is a

hard disk drive.

15



15 WO 02/101573 PCT/ US02/ 18930 16. The system according to claim 12,
wherein the server blades and the nedia blades are adapted to be hot

swapped. Wo odhassystem according to claim 12, wherein at peaskopizesof the
server blades and at |east one of the nedia blades in conbination form an
i ndi vi dual server system 5 5 18. The system according to claim 12,

wherei n the netwdik i dhes¥staseadcerding to Elele t hethersimthe sgroar bjadekand 1 medimodul ar
server system conprising: a mdplane having a system nanagenent bus, a
first side, badkeerrdagedio behahgvappgl.urality of bl ade interfaces on the
first side and the second side, wherein the 10 blade interfaces on the
first side are in electrical communication with the blade interfaces on

t he second side; a server blade renpveably connectable to one of the

plurality of bladg. i Mhesfsepesccordirghe clhint 51, whictkéh Dficabthie T thpkane,blddee
server bl ade having a server blade system nmanagenent bus in electrical

communi cat i cdhdwt fehist o€ oSiie e BRIAEN8 FBAbindton/Foien &f intiRRIuAN divkrdyStemand a
network interface to connect to a network; a nedia bl ade renoveably

connectabj e to one of the plurality of blade interfaces on the second side
of the m dpl ane, the nedia blade having at | east one storage nmedi um

device; a second jgerVehe Bl aaLadc6amEa8 Blhin $OWMERIARL RethBriane: e it BF
plurality of 20 blade interfaces on the first side of the mdplane, the

second ser vegy,bhadeqfiaid- pgka second server blade system managenent bus in
el ectrical communication"wth the 16

19. A modular server system, comprising:

a midplane having a system management bus, a first side, a second side,

and a plurality of blade interfaces on the first side and the second side, wherein the
10 blade interfaces on the first side are in electrical communication with the blade
interfaces on the second side;

a server blade removeably connectable to one of the plurality of blade
interfaces on the first side of the midplane, the server blade having a server blade
system management bus in electrical communication with the system management

15 bus of the midplane, and a network interface to connect to a network;

a media blade removeably connectable to one of the plurality of blade
interfaces on the second side of the midplane, the media blade having at least one
storage medium device;

a second server blade removeably connectable to one of the plurality of

20 blade interfaces on the first side of the midplane, the second server blade having a

second server blade system management bus in electrical communication with the

16



WO 02/ 101573 PCT/ US02/ 18930 system nmanagenent bus of the m dplane, and a
second network interface to connect to the network a second nedi a bl ade

r enoveabl weoosnnasizabl e to one of the plurality of bl ade iptefikesgszon the
second side of the mdplane, the second nedia blade having 5 at |east one
second storage nedi um device; a power supply nodul e renoveably connectabl e
to the midpl ane sty svanegemepidwe of the ntidmansoandlassecond metorlsiptrfaeg toa cool i ng
fan nodul e coupled to the nodul ar server systemto cool the nodular server
system and 10 a cemsstoghangtholkise t he mi dpl ane, the server bl ade, the nedia
bl ade, the second server blade, the second nedi a bl ade, the power supply
nmodul e, and the cool eseohdmedindiskde remmivenbdsi conhdreabdetowee ofthagiaralityhef nedi a

bl ade, the second server blade, and the second nedi a bl ade share power
from the power subpplkyntenfded en thesbesinbdide oftieahidpiang, tigrsetdnd nodtl blaig hbeing
nodule. 15 15 20. The system according to claim 19, further including at

| east twd swi t ch at hadesseeaalstoregenneiabh yevinnect abl e to the m dpl ane
adapted to performnetwork switching. 21. The system according to claim

19, wherein the m dpl apewéSsupplFaivaae idtdveatiiPEdhintagiloOfh. the?BidpiHe R2proviie
system according to claim19, wherein the storage nedi um device and the

second st or 3geeleslindmadianmt sevark@dydr d di sk drives. 17

a cooling fan module coupled to the modular server system to cool the

modular server system; and
10 a chassis to house the midplane, the server blade, the media blade, the
second server blade, the second media blade, the power supply module, and the

cooling fan  module, wherein the server blade, the media blade, the second server blade,
and the second media blade share power from the power supply module and share

cooling from the cooling fan module.

15

15 20.  The system according to claim 19, further including at least two switch
blades each removeably connectable to the midplane adapted to perform network
switching.

21.  The system according to claim 19, wherein the midplane is a CompactPCI

form factor.

20

20 22.  The system according to claim 19, wherein the storage medium device and

the second storage medium device are hard disk drives.

17



WO 02/ 101573 PCT/ US02/ 18930 23. The system according to claim19, wherein
the server bl ade, the nedia bl ade, the second server blade, and the second

medi a bl adgoas/ei1@apted to be hot swapped. 24. The systenpeaggQixtisog) to
claim 19, wherein the server blade and the nedia blade in conbination form

an individual server system 5 5 25. The system according to claim 19,
wherei n the secord- sedVesysisnpateording te ¢leim Kb pbainthelseavepblde themediarbi nat i on
forman individual server system 26. The system according to claim19
wher ei n t he Wadeyibe s¢siondiserver hlade @apdtin sewead wedialbladd ete adapled thde eidivappddade i n
conmbi nation formtwo individual server systems. 27. The system according
to claim19, wherein the server blade, the nedia 10 bl ade, and the second
medi a bl ade in conbi nation forman individual server system 28. The system
accordi ng to cl ai2th 19Thevkyeteai avcoriiing metlwar 10, wheeifthe erendlatihend the sedid
network interface are Ethernet connector jacks. 18

blade in combination form an individual server system.

5 25.  The system according to claim 19, wherein the second server blade and the

second media blade in combination form an individual server system.

26. The system according to claim 19, wherein the server blade, the second

server blade, and the media blade in combination form two individual server systems.

27.  The system according to claim 19, wherein the server blade, the media

10 blade, and the second media blade in combination form an individual server system.

28.  The system according to claim 19, wherein the network interface and the

second network interface are Ethernet connector jacks.

18



