METHOD AND SYSTEM FOR BUI LDI NG A LOW PONER COVPUTER SYSTEM CROSS REFERENCE
TO RELATED APPLI CATIONS [1] This international patent application clains

t he benefwb 20f3/@szi3priority to United States Provisi onalpciPatsesib/ofppsi cati on
Serial No. 61/511,376, filed on July 25, 2011, entitled "Method and System
for Building a Low Power Conmputer System "™ which is incorporated herein by
reference in its entirety. FIELD OF TECHNOLOGY [2] At |east sone

enbodi nents of the disclosure relate to reducing Eomer consunption in

devi ces Ml HOD ANDISY ST ARIBUbEYNG A BRWHR (QMPUTER

m croprocessor or a mcrocontroll eS),SEEM as conputer systems. Al so, sone
enbodi nents of the disclosure relate to the reduction of size, and/or the
reducti on or dissipation of heat generated by devices that utilize

i nformation processERHSCRRPRGHENCE TO RELATED APPLICATIONS

[001] This international patent application claims the benefit of and priority to United States
Provisional Patent Application Serial No. 61/511,376, filed on July 25, 2011, entitled
“Method and System for Building a Low Power Computer System,” which is incorporated

herein by reference in its entirety.

FIELD OF TECHNOLOGY
[002] At least some embodiments of the disclosure relate to reducing power consumption in
devices that utilize information processing components (e.g., microprocessor or a
microcontroller), such as computer systems. Also, some embodiments of the disclosure
relate to the reduction of size, and/or the reduction or dissipation of heat generated by devices

that utilize information processing components.

BACKGROUND
[003] Computers systems are programmable machines designed to sequentially execute sets
of logical or arithmetic operations. Some computer systems, such as personal computers or
smart phones, may be designed to flexibly meet an end-user’s needs. Other computer
systems may be designed to perform a few specific tasks, such as computer systems utilized
in operating traffic lights, digital watches, or toys.
[004] The modern world, characterized by the arrival of the information age, is a world of

an increasing utilization of computer systems, as well as a growing desire and need for



BACKGROUND [3] Conputers systens are progranmabl e machi nes designed to
sequentially execute sets of logical or arithnmetic operations. Sone
conput er WQABMEE31SUCh as personal conputers or smart plromars2012my79E
designed to flexibly neet an end-user's needs. Qther conputer systens may
be designed to performa few specific tasks, such as conputer systens
utilized in operating traffic lights, digital watches, or toys [4] The
nodern world, characterized b the arrival of the |n rmatio i s
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growi ng desire and need for |nprovenents in conputer systens Today's world
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capaci t i epletians sivighmiut iseaificingperfioenner, s improned coppace syoim prawcksifig sgitency
limts. [6] The above-nentioned inprovenents in conputer system processing
capabi | i Wweesinvased\eFor @anpld)@triswciultinpurpyeprolgdarmalgendold-drivemaidtdgmtan
increase in power consunption by the system Also, there are limts on how
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were signifl cant advancements 1n microprocessor clock frequency limits.

[006] The above-mentioned improvements in computer system processing capabilities, as
well as other such improvements in general, lead to an increase in power consumption by the
system. Also, there are limits on how much the performance of a single processor can be
improved. For example, increasing the clock frequency of a microprocessor not only leads to
a higher power consumption in the computer system utilizing it, but also results in an
increased generation of heat, which can in turn interfere with the processor’s normal working
conditions.

[007] The preferred embodiments of the systems and methods disclosed herein serve to fill
the need for building computer systems capable of meeting and exceeding the modern
world’s stringent performance requirements while achieving unparalleled power

consumption efficiencies and reducing the adverse footprint of using computer systems on



[7] The preferred enbodi nents of the systens and net hods di scl osed herein
serve to fill the need for building conputer systens capable of neeting and
exceedi ngwvohelamaasn worl d's stringent performance requiPCemseaiz/owns e

achi eving unparal | el ed power consunption efficiencies and reducing the
adverse footprint of using conputer systens on the environnent, for
exanpl e, by reducing the heat generated by, or the size of the conputer

system SUWMMARY [008] In accardance wi.th vari ous enbodi nents rei nafter
descri be@,e e&%“?{}??eé% PR thﬁﬂweﬂbw@ra&d e OF Giti s i ORyter
conput er systens. One enbodinent is a | ow power consunption general purpose
conput ersysE€hver system conpri sing a not herboard used to interconnect the
vari ous system conponents. The system conmponents conprise a power supply
unit having several power-rails utilized to supply electric power to the
system conponents, one or nore periyPbeMARYards, a nmain processor, and a
pl at f or m manager. The nmai n processor conprises a plurality of main

pr ocessoj0gor BiS accdrdma® itle aatio® kibodidfdntsoactcpagemasscridtd, Eiesyleins and
interface, and a peripheral conponent interconnect bl ock, operably
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conprises a local bus connected between the corinection fabric and ot her
syst em compANGRl St Al NEBLALLON M TBAAES TRER L] 7 IBBAGE |
configur% Foocont ol §e p%ﬁ@ supﬁ1|e3 B& the p8me su%ply URArETt 0 Fhe
power rails, In one enbodinent, the main processor is configured to of fl oad
pr edet er {9 HEEOPRET LS SHIQU SHECREAHONER Sy gﬁhﬁtsysterrﬂ OPOHSRS SHPPHESE PANE has
a m ni nrum Cor eMar k-score to Watts-consuned rati o of approximately 530 while
oper at i ngppphdenitshaving remeral opivar-rails uikizdde talskpply odedBo rposwsr e e esysister
maxi mum | oad, and maxi nrum 10 operations on interfaces such as di sk access,
Et her net conapuohe RS enc drmea penpldalntentds, b hevimpraseponaed agilatfoarmnhagigee dTiio
operate at a frequency of approximately 1.5 GHz and under a full |oad, has

a Cor eMapKinSsoE@& s corilsex b FRirglity AAR pAitdsoP R6HEES nB Mo tsirder, RIINEAd
t hereby having a CbreNhrk-s?g%eﬂﬁrequency(NPE) rati o of ﬁ%proxinately 30,
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enbodi nent

—

interconnected through a connection fabric. The main processor further comprises a local
bus connected between the connection fabric and other system components such as the
platform manager. The platform manager is configured to control the power supplied by the
power supply unit to the power rails. In one embodiment, the main processor is configured to
offload predetermined processor tasks to the plurality of offload engines, and has a minimum
CoreMark-score to Watts-consumed ratio of approximately 530 while operating under a
maximum load i.e., while all processor cores are under maximum load, and maximum IO
operations on interfaces such as disk access, Ethernet, and PCle. In an embodiment, the
main processor, configured to operate at a frequency of approximately 1.5 GHz and under a
full load, has a CoreMark score of approximately 45140 and consumes 85 Watts of power,
thereby having a CoreMark-score/Frequency(MHz) ratio of approximately 30, and a

CoreMark-score to Watts-consumed ratio of approximately 531. In this embodiment, the low
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power consunption general purpose computer server system consumes a maxi mum
of approximately 130 Watts of power while operating under a maxi mum | oad.
[009] | n wocordamae with sone illustrative enbodi nents, pPChaS@204PROCESSOr
i'S a conmuni cations processor systemon a chip, configured to operate as a
general purpose conputer server processor, and the platform manager is
based on a field programmable gate array (FPGA), the platform manager
conprising a platform manager processor, platform nmanager cores, .and a

pl atfor npﬁwagwu@aeowﬁﬂ@%a &% VOB ek SCpcht PO §¥P prEdaEyy ohng

t he platform manager cores. In other enbodi nents, the platformmanager is
based onampoxpmgtale 510 Biatts pbpewerovhilpapgraamednderracmpximuasiog)., an
application-specific standard product (ASSP), or a Base Managenent

cont r ol | PO BMClaccortlagratedh come uiltustrhtivearndosboointg nthe tivén ppratdsssrmisrenager
processor is an ARM processor, and the platform manager is configured by a

pl at f or mdmagiestichef frvedssort §seaNbh A chipe cOMRIFcd UPBpéred fYa tddRerBOPRIpoSHPP! Y
unit to the power rails. Sone enbodi nents further conprise a plurality of
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systemfans to naintaln the system s tenperature within a predetern

range. In_on odinment . the platform.nanageyr is confiqured to cqgntrol the
Gystem 1HAS TR ST oripee Rt (GBHNRR R Bteln SBMaslep GEPhGr (ORFEhe ur e
of approximately 67 degrees Cel sius, under an anhi ent tenperature of

appr oxi MREBISFT 29193, F8E i atiosns M3sager PusnerrdrEedi bebkeen theeritiaim opmagahager
is configured to control the systemfans to maintain a maxi num full -1 oad
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an anbient tenperature of approximately 25.5 degrees Cel sius, while
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I n sonme enbodi nents, the power supply unit has a m ni mum power efficiency

of appr oxloaRitel AsSBY0orapdBRenVRhAt it HRNBAGT (BRICOORhdIMEE LifRitCoNhral the
power supplied to a m ninmumof 20 power rails such'that the general purpose
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pl at f orm manager further corrprfj ses a mam)ﬁé nodul e coqﬂnect ed to tgg h

pl at f or mNABHRTH &Y P ighed o2 PI3ars menagry se¥aln '8 CARCHNSPPYFTYHRRISGEY the
software, a set of dedicated registers connected to the platform nmanager

pr ocessoPowWrdPalysetit &f thehpavedt rpidyi Speeserekndiaente duthar weawrishe Mr@tifoen
manager processor and the nain processor. In one enbodi nent, the set of
shar ed regicat dars, odrpain ke platfovinsmanageegs soefigand ta acoasel theesysest famgist er,
and the set of dedicated registers conprise a control register and a status

regi st er ma{n@fid e ?mewg tepaeiuie Mithinda Peftckehaiel | réndie N yn L OpedIeRht, it
operably connected between the main processor and the platform manager, the
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conponent a Iguration varia (e.g., initial settings, MAC

addresses, and bhoard | nd/ or ot her ftware and-firmare inmages.
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menory conponent is also utilized to store.the operating system software
and in otR¥rTaEHBRf ARHPEMatdle Zopedagicay Csei%wemlgo%ev@méoqh@e% dhe PlefPrihe
systemi's main nmenory nodul e and/ or the nonvolatile menory conponent. In one
enbodi memanagehe wpéeatci g ceytatl dhm sysfonwéine te mapitiis @gnaximumsiulldpadyprosedsers
software and a first system managenent software, and the boot | evel

sof t war eom@atpry ts@pcratudt OSapprotimase]p ¢ dogred @glvs unda aadfnibiatecmpndtuge s&cond
system management software. [0012] In accordance with other illustrative
embodi megisodimaPEIES alcddbsPERBISET WRlle CRRRMiShg SRt SPIEGRTPvEIaNT pdwer
repur posed conmuni cations processor having a mni ni mum

consumption under 130 Watts.



CoreMark-score to Watts-consuned ratio of approximately 530 whil e operating
at a frequency of 1.5 GHz and under a maxi num | oad, a power supply unit
havi ng atwbeast01881% power efficiency, the power supply ®eoTtUuSec@zpsiozs ng a
plurality of power rails, and a platform manager configured to control the
power supplied to the power rails, wherein the conputer system consunes

| ess than approximately 130 Watts whil e operating under a maxi mum | oad
i.e., whjl | processor cores are under maxinmum | oad, and maxi.num JO
operatio Q?Qﬁni ?ﬂpf%? F@i’%@l@ﬂ% s POV S URR B Wt Ih%i APIUPUMaPRIVBETECICNGY Bhe
enbodi nent, the platformmanager is based on_ a field programuabl e gate
array (FRGNXImgily 2&apandstias platioramanegena serfesurest ©cwsokt eé_)owleummﬁ@@t%f
pl at f orm nanager cores, and a pl atform manager bus connected between the
pl at f or na mamager ofi2(opees oailasudh thae thel ghéal porpesragerpucosaser Guenecinsaineent
further conprises a non-vol atile nmenory conponent operably connected

bet ween § RewxiRiHId7pExEAMNEIYNI VAN Sf PHREEFENE opddtihd Bndir al hexiMurRnAger
which is utilized to store an operating system having a first diagnostics
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a BIOS nenu, a second di aghostics software, and a second system nanagenent
softmare.t500#§¥ | n_accor dance Wﬁ%%)¥etdothe%ﬁLII rative enbﬁdinents is a
met hod of® BEPIACHY B8 PEHETCB MY 8P &3f&t %Bﬁﬁoﬁgi%la%psﬁ P85 Agh
speci al - pur pgse processor, such as a comruni cati ons processor, to_be

uti | i zedofadedicaieeh Eqeatteny fopBREed & thsr pigHBre JuyRget Rcepreidr poptpelsehared
processor having a plurality of processor cores, ports, and offl oad

engi nes, regstass tomgetad betweoh theygladonnt ovpagee ptesciras et the man frovasesee.e [raork
power efficiency, renoving the processor's unused ports, utilizing a power
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utilizing a platformmanager to control the power supplied by the power
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rails, an adj usting the processor's frequency to achieve a nmaxi num
performa per C nption i 0. e I t..C se L Msting
the pr oc@gggrﬁls OB ?é%%%onaglﬁ}% 0 aagﬁ?e\}’\?gatn?f m %}%ﬁm%g% Pkl§ s@%?%%e%nﬁgété@
vatts-cogsuned rati.o of qﬁgroxinaHe% 530. [00 4ggln ccordance with stil
other | | PRSET e B B AR RBATS (Eap B ah BRARBuNp GeR BRI OP R el S Les
| ess than 130 Watts of power while under full load, i.e., while al
pr ocessobtilizse de store begtdeftwids batih Joamencitrid ravetmeondigopéion tviebal co(e-2.»
interfaces such as disk access, Ethernet, and PCle. |In another enbodinent,
t he conpuiter sstyispe MlAGyaddesssas, ambbsrd yDO amdlar ckthSesofievare emp fitrewarcanchgesay
conprise a processor, which may be a repurposed processor having at |east
ei ght (8tilgRHedy the s§étbinCemporRAWSr IRURRY chibollimanit] @c Phal-flatie RABRESS |
t he processor consum ng | ess than approxinately 85 Watts of power while
operatin T :
enbodi moay e KRRl o R ot e Ebp tbf g Aodiments,
Wat t s- Copsuned..rati o of roximately. 500, The CoreMark scare, which is a
generi ¢ BEAERALPRSSHEPy TR s Gataeovatent hiap) BERSEOPORYF dnd Gl hon-
devel oped by the Enbedded M croprocessor Benchmark Consortjum ( EEMBC).
volatile memory component. In one embodiment, the operating system software comprisés a

first diagnostics software and a first system management software, and the boot level
software comprises a BIOS menu, a second diagnostics software, and a second system
management software.

[0012] In accordance with other illustrative embodiments is a general purpose server

computer system comprising a repurposed communications processor having a minimum



[ 0015] In accordance with another illustrative enbodi nent of the conputer
system is an Industry Standard LAMP (Linux, Apache, MWySQ., PHP) Server

t hat conswomsidasx3t han 130 Watts of power whil e under fualrlusb@aans79es e.
whil e all processor cores are under maxi num | oad, and maxi mrum 10 operati ons
on interfaces such as disk access, Ethernet, and PCle. The server may
conpri se a repurposed processor, which may be a conmuni cati ons processor.
The server further conprise a power supply wth 90%.0r nore power

ef 1 o eneyTe Rl SEUF viar Wil CmSEnab e < SPIEPH T S aUbE, OURFCH hyt be
based on a Field Progranmable Gate Array integrated circuit (FPGA), an
appl i cat freqicapeef hSLC?Hmaé@ raded Bpxigvin lqadsr opwensipabpiuit baviemhatsleest %) c
standard product (ASSP), or a Base Managenent controller (BMC) integrated
circuit powerrofycibecyuthel fored stple naib bempahhg o pluatalss ol @owOHka)ls,sydtagifatform
conponents, such as fans. [0016] In accordance with yet another

i 11 ust r agnaifyree oBiti@Mo @ntilohheCGRIW s8HpIRUSH 8R3 pdwerdral ) Avisdréid tE asdaiter LAVP
(Li nux, Apache, MWSQ., PHP) Server bag@% on a rgpurpose connunicat?%ns

d
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processor frequency o cores ar nder maxi num [ oad, and
maxi mum 10 operations on interfaces such as di sk access, Ethernet. and

PO e ThEs ShE A APRSRE e ateo it hayomin: el sHE SRt dOs Ptk b
engi nes. . The server nay further conprise a_power supply with a 90% or nore
power ef Ptfaspcipch g dish aptess: Fdhermshasngddelrle- Jw%efﬁwﬁ@émutheml@émraa@ﬂalb| e
(ON) or disable (OFF) system conponents, such as fans. [0017] In accordance
wi t h anoishissed bhusftieldt progragmipdii gemtarsfy R Dorpditcempyyest & platfosmananagdust ry
St andard LAMP (Linux, Apache, MySQ., PHP) Server based on a repurposed

conmuni Cadoc&Bsr, r plaesisp bf tphaformbmatarpicoss, aid andatfrmmiagagd flueadnee@édes,
the server further conprising an efficient power supply unit and a platform

manager . ptReP@Watf#Rthin yplfa%es_%QP/almrthewaﬁfo%fﬂl&{a%&te co(r@gsﬂ.\l) dohdremBbdhdcat M

manager may be a FPGA-based circuit utilized to ena or disable

(GFF) (SYRMRE SOIMRENLS oo PUSHARS A0y ANDOALEYLASHT LETENL AYEL Sl S

to one or nore S power accordance w

another illustrative enbodi nent of t C uter systemis a.general purpose
Sorver cBADN CoREITISGS Srot Rt end B PABy TG R pshat EeH 4o Sebin

powered up to a predetermned | evel by the conputer's platform manager. The
pl at f or nPRREHHEeYSiEEhayE g ptNapaestes sottvege andd fieft syaier manpggmeny gofiwvare,
dedi cat ed processor, which nmay be an ARM processor

and a boot software having a BIOS menu, a second diagnostics software, and a second

system management software.

[0013] In accordance with yet other illustrative embodiments is a method of building a low
power computer system comprising repurposing a special-purpose processor, such as a
communications processor, to be utilized as a general purpose server processor, the special
purpose processor having a plurality of processor cores, ports, and offload engines, selecting
a set of system components based on performance and power efficiency, removing the
processor’s unused ports, utilizing a power supply unit having a minimum power efficiency
of approximately 90%, utilizing a platform manager to control the power supplied by the

power supply unit to the set of system components through a plurality of power rails, and



[0019] In accordance with yet another illustrative enbodi nent of the
conputer system is a general purpose server conputer conprising one or
nor e fanswoantb/|aezBat f orm manager that controls the fan®CcTiiseoizpnrves
conputer may further conprise a repurposed conmunication processor, and a
power supply unit. In one enbodinent, the server conputer may conprise an
ei ght -core communi cati ons processor which, while operating under an anbi ent
tenmperature of 25.5 C, mmy erate at an idle tenperature of approxi mately
67 C, or24u§ige ¢ eo&@%%*ﬁbér%?‘ﬂ%%ftoa OFi AaiERmYD periqrmance gr | ROV
cores are under maxi num | oad, and maxi mum 10 operations on interfaces such
as di sk eeBRBtOET#HEr nddne gmpodaicat compsisere adibiow MenpwCcesspes JeqquenRcy to
conput er conprises a small formfactor that would enabl e the placenent of
two or nhéevsermaminumnrCachkadardpct W stersomsumead katio led nperamutey S60.e

enbodi nent conprises a formfactor having (Wdth x Length x Hei ght)

di mensi o[mlaqf InBaceortladd WitH stliP othRE NRSirativiel hibRNBSE S 4 fdhefdl Pargdke SorelButer

pl acenent of two servers in a 19 inch wide 1U server rack, which in turn
has an ipsj j 7 { i slii

account i ?:‘3{ ?dj}sﬁﬁ%% %Sg)f%ha?ln}c% ié/:&ft P g)r? g 8%%?’%%? \I/\lgégiﬁlﬁ hmé&\{i\ngét’ ﬁvﬂg]fe %”hg‘%? wo
servers and the r(fck. .0020] In a(fcordanceI i th bl | ustrative enbgdi rrcfikts of
the nmet SO bt RE R Poth2 oy Ty&HEYE) dSASP%% g AR R
met hod conprising the steps of repurposing a special-purpose processor to
oper at e #sc%, flsErckiang FJos b prodics segpdimeat. g Gompuieisypemyolien BApstef ent
conponents for the system and utilizing a platformnmanager. In one

enbodi mebtandart Sdrow @ommitcrgendrmiy gompuse acopist@r vayet emynby abesparngester al
pur pose server conputer, such as an Industry Standard LAMP Server. In

anot her pisbadomeanting ahécaspeighal8)ptorgnsa ¢fiokas power Wpphh ufiy alae aglatform
conmuni cati ons processor, and may be repurposed to operate as a

gener al - QUHRRE EREHNREssPF RRSIAhe 1¥&! (RROLHROx BRI T W att® B! fidhtchelhile
conprise the step of utilizing one or nore of the processor's offl oad

engi nes f.Qr L cu e t
acael or abyeshteg i QuBRY CLS S B3RS e BTl R ErfBUAR S procrapr
increase the efficiency of th stem by rel easing.th rocessor _to
conpl ot oBY RATC § HOKGI GO M rSeRdo R oM RTS8t HRT PR RS B s of
the nethod of building a | ow power general purpose server conputer system
i s a nethegMaukpeorsi whichhe asgeapec opnehapnl spesiifieplly targsted it dbe POsesspr e¥€ssor
to operate as a general purpose server processor, selecting the nost power
ef fi ci entvacdavptoped bg tieoEmbérkicd Wicwpyroaecesoo Benchndrke ConssedmyEEdMESOr ports,
utilizing a platformmanager, and adjusting a processor’'s highest
per f or MeOes|PRI advetdaficE MihULREhdr dlliirative embodiment of the computer system, is an
Industry Standard LAMP (Linux, Apache, MySQL, PHP) Server that consumes less than 130
Watts of power while under full load, i.e., while all processor cores are under maximum load,
and maximum IO operations on interfaces such as disk access, Ethernet, and PCle. The
server may comprise a repurposed processor, which may be a communications processor.
The server may further comprise a power supply with a 90% or more power efficiency. The
server may also comprise a platform manager, which may be based on a Field Programmable

Gate Array integrated circuit (FPGA), an application-specific integrated circuit (ASIC), an

application-specific standard product (ASSP), or a Base Management controller (BMC)



[0022] Various illustrative enbodi nents of the disclosure paragraphs: 22A

conpri si ng:

a not herboard having a plurality of system conponents connected

t heret o, wbeoplusaBi ty of system conponents conprising &Cpasesi2ewppsy unit
conprising a plurality of power-rails to supply electric power to the
plurality of system conponents, a peripheral board, a main processor
conprising a local bus, a plurality of main processor cores, a pIuraIity of
of f| oad

main pro

' .. and fab h I f
e R R O T

manager connected to the main processor with the local bus, the platform
manager #WShfapdmsed to control the power supplied by the power supply unit
to each power rail fromthe plurality of power rails. 22B: The system
of 22A, jhé6lelnnadcbelaned withryotasslor illssteiné egboditheno odfticl coagpuprr ageter isianed
processor tasks to the plurality of offload engines, and has a m ni mum

Cor eMar Kingg Qe Staad¥iat LAMI®NEMIRA ApadtHe) MYS@PPPHR) MRERY Yboal@0onhi t@ufHeesdat | Ng

under

a

communications processor that consumes less than 130 Watts of power while operating at the
processor frequency of 1.5 GHz while all cores are under maximum load, and maximum IO
operations on interfaces such as disk access, Ethernet, and PCle. The communications
processor may comprise one or more offload engines. The server may further comprise a
power supply with a 90% or more power efficiency, and a platform manager, which may be
utilized to enable (ON) or disable (OFF) system components, such as fans.

[0017] In accordance with another illustrative embodiment of the computer system, is an
Industry Standard LAMP (Linux, Apache, MySQL, PHP) Server based on a repurposed
communications processor that may comprise of one or more offload engines, the server
further comprising an efficient power supply unit and a platform manager. The power supply
may be 90% or more efficient, and the platform manager may be a FPGA-based circuit
utilized to enable (ON) or disable (OFF) system components, such as fans, and provide
different power levels to one or more of the system’s power rails.

[0018] In accordance with another illustrative embodiment of the computer system is a
general purpose server computer comprising at least ten (10) or more power rails each
powered up to a predetermined level by the computer’s platform manager. The platform
manager may be a FPGA-based integrated circuit utilizing a dedicated processor, which may

be an ARM processor.



maxi mum | oad, and wherein the systemis configured to consune a maxi num of
approxi mately 130 Watts of power while operating under a maxi mnum | oad.

22C. The wopBmi16d1322A- 22B, wherein the main processor PsTASec@mumREat i ons
processor systemon a chip configured to operate as a general purpose
conput er server processor, and wherein the platformmnager is based on a
field programmabl e gate array (FPGA), the platform manager conprising a

pl at f or er processor, a plurality .of atform pmnager cores, and a
pl at f or m@ia %CCEWén%WHécYF%‘P T\Al%%?/aflﬁ% e%#a@w%%%&mﬁ&&%&w @nd
the plurality of platformmanager cores, and wherein the platform manager

i s conf i gunced PBIPOSC HITEET AU TR ISEgfangar enqre feusnepdp plai@rponerageiuibpl i ed
by the power supply unit to each power rail fromthe plurality of power
rails. controls A2 BansThEhes yest@moafpulk An B2 thah esreprisct heepogiosed canmesoatson
operates at a frequency of 1.5 GHz and consunes | ess than approxi mately 85

Watts of ?I@@é’ﬁér_-, and a powe2 Applyl théit. SHSérRRrAboRAbnt2 B0, seiet BorhP@teial cBmPESSSOr
preferably having an idle operating tenperature of |ess than approximately

67 degr e%z e@gﬂéd'o‘ﬂé M?&niﬁﬁgﬁgkﬁ%ss&e rWEircﬁ‘,t %I‘ﬁ}e()fogb 9'1’1%)(.{1%651}{ %‘EF%{I? oad

degr ees | sTus, or w n processor prefer aving an

operating tenpera o | ess. t han approxi mat el 7 _degre | si us er
on anbi clETEBREE Phetrs Com et ReaRly aegut b earERiy 67 & 6% RbP!
The system of 22A-22D, conprising at |east twenty power rails, and

pr ef er ablopd fempsigfuEs AlgPRIEARRGE %n dbl isngVhiteal ppoiee Aisitndgt MmanwR 19pdr @by
the systens in a standard server rack. 222G The system of 22A-22D,
wher ei n mhrinpund® snpepgsiopns wmi ntdrisesasuphndsndink possss, Etheinet, emdyP@f. In some
approximately 90% and wherein the platform manager processor is preferably
an ARM pgab&fisetits, the server computer comprises a small form factor that would enable the

placement of two or more servers in a standard 1U server rack. For example, one
embodiment comprises a form factor having (Width x Length x Height) dimensions of 8.5 x
14 x 1.75 inches, which enables the side-by-side placement of two servers in a 19 inch wide
1U server rack, which in turn has an inside width of 17.5 inches, with the system tray and
slides accounting for the 0.5 inch differential between the width of the two servers and the
rack.

[0020] In accordance with illustrative embodiments of the method of building a low power
general purpose computer system, is a method comprising the steps of repurposing a special-
purpose processor to operate as a general purpose processor, selecting the most power
efficient components for the system, and utilizing a platform manager. In one embodiment,
the low power general purpose computer system may be a general purpose server computer,
such as an Industry Standard LAMP Server. In another embodiment, the special-purpose
processor, which may be a communications processor, and may be repurposed to operate as a

general-purpose server processor. Yet another embodiment may further comprise the step of



22H. The system of 22A-22G further conprising a non-volatile nenory
conponent operably connected between the main processor and the platform
manager, wbeorsanesol atil e nmenory conponent utilized to sroris2@R/ok®ast one
of : a boot software, board conponent variables, software configuration
vari ables, and firmvare images utilized by the system conponents, and
wherein the system s operating software preferably conprises a first

di agnosti cs.software an first system nmanagenent .sof twar.e, an he boot
sof t war e EIEipF P 0TS %éﬁ%am,essar {ating e iSRS EEMSOPATEH & s Socond
system nmanagenent software. 221: The system of 22A-22D, wherein the
pl at f or metaAtgeatafnath Beselsainy idstabase ravetyr piiirsdinge vidsantsaseatling tohfurther

pl at f orm nanager processor to store and execute the pl atform manager

sof t war einceeasethe officiedy oétledysteni 5t relegsiog rirrgud@dsdrdo tdveplpteaithartmkeanager
processor; and a set of shared registers connected between the platform

manager POQEERSAcoRRfcd WRh TRidaRlOcMBSEmenANS tRE fcecibbbuMagies Tov Rewset of
shar ed regi sters conprise a revision regl ster and a reset request regi ster,

and the gé?ltera(? fpuﬂ%% SQ’S{ﬁgCJ St s%t?mg gsg? %‘%e%?od?c&?r&?fsﬁ%l thé %&:ﬁ bE 'fep%ﬂﬂ)ls%'gzﬂf at us

regi ster: systemo her “conprising a p ity
of system fans, wherein th% platﬂorn1nana r is configured to %fnﬁrok t he
pl ural i t SPROPURIGRHON, AFSSY SO nhithitaith 4 HECR) JEMSS SFQﬁ%BF%?F%FP& FHi by
predeterm ned range. BRI EF DESCRI PTI ON OF THE DRAWNGS [0023] FIG 1 is
conponentlof] BRKCTHFTAIGICAMCP PRI S 9T HICas St piser IN€o s LEBISCE PEREHCA RWBIEdi ng
to one enbodi nent of the present invention.

utilizing a platform manager, and adjusting a processor’s CPU frequency to achieve the

highest performance per watts-consumed ratio.
[0022] Various illustrative embodiments of the disclosure are presented in the following
paragraphs:

22A: A low power consumption general purpose computer server system
comprising: a motherboard having a plurality of system components connected thereto, the
plurality of system components comprising a power supply unit comprising a plurality of
power-rails to supply electric power to the plurality of system components, a peripheral
board, a main processor comprising a local bus, a plurality of main processor cores, a
plurality of offload engines; and a connection fabric connected between the plurality of main
processor cores and the plurality of offload engines, and a platform manager connected to the
main processor with the local bus, the platform manager configured to control the power
supplied by the power supply unit to each power rail from the plurality of power rails.

22B: The system of 22A, wherein the main processor is configured to offload
predetermined processor tasks to the plurality of offload engines, and has a minimum

CoreMark-score to Watts-consumed ratio of approximately 530 while operating under a

10



[0024] FIG 2Aillustrates a high-level hardware conponent di agram
according to an enbodi nent of the present invention. [0025] FIG 2B

i Il ustratwe 2ars/aszBoded side | evel view of the hardwarepcormgsenent®2utilized
in the design of an enbodi ment of the present invention. [0026] FIG 3 is
bl ock diagramillustrating the conponents and the connection thereof of a
conputer processor that may be utilized in one enbodi nent of the present

i nvention. [0027 |G .4 js a nmother board bl.ock, diagramillustrating fhe
conponen@éx‘g‘ﬁ’d“tf]ﬂ% { ﬁ?‘ér‘é{b?rFlé‘n % HEYEY! 1% KARTiEEYd He GeTSUMFed PRXBRYEN of

enbodi nent of the present invention. [0028] FIG 5 is block diagram

i || ust r agnpsgximately 510 Biagts ebppoerentily aferaingluaderoy monanayoedt hat may be
utilized in one enbodi nrent of the present invention. [0029] FIG 6 is block
di agram il | us22@t i ng Ttheeystemi o 22 ARZ2Riwelieeeio oinpomamnirscasforas plcatihammanamager
that may be utilized in one enbodi nent of the present invention. [0030]

FIG 7 i8roBediboSistcith agr 2IEhR codTRuuYRI tPYperdRf darenaad phl?b@é’ tampstct Ratveray

be utilized by the platform manager in one enbodi nent of the present

I nventi Ofrocessor, and wherein the platform manager is based on a field programmable gate array
(FPGA), the platform manager comprising a platform manager processor, a plurality of
platform manager cores, and a platform manager bus connected between the platform
manager processor and the plurality of platform manager cores, and wherein the platform
manager is configured by a platform manager software to control the power supplied by the
power supply unit to each power rail from the plurality of power rails.

22D: The system of 22A-22C, wherein the main processors operates at a

frequency of 1.5 GHz and consumes less than approximately 85 Watts of power.

22E: The system of 22A-22D, with the main processor preferably having an idle
operating temperature of less than approximately 67 degrees Celsius under an ambient
temperature of approximately 25.5 degrees Celsius, or with the main processor preferably
having an full-load operating temperature of less than approximately 77 degrees Celsius
under an ambient temperature of approximately 25.5 degrees Celsius.

22F: The system of 22A-22D, comprising at least twenty power rails, and preferably
having a form factor enabling the placement of two or more of the systems in a standard

server rack.

11



[0031] FIG 8 is a block diagram of the various boot-|evel software and the
functionalities or interfaces thereof that may be utilized in one

enbodi nenwoabidtesipr esent i nvention. [0032] FIG 9 is aprbiraskoidioamesm of
the various OS-level software and interfaces that may be utilized by the

pl at f orm manager in one enbodi nent of the present invention. [0033] FIG 10
iIs a flow chart of various steps that may be utilized to build a preferred

enbodi nent of e _present jnventjion 0034] FIG 11 is. a flaw chart of
various st epsﬁ@aﬁwteﬁﬁ %13@%%1@4% APSST AYPRLY BRISE8S 8 GHIIRYT PORE i n
one enbodi nent of the present invention. [0035] FIG 12 is a flow chart of
t he st epeffipEnenphenproximately B0%t fot mhaigratie rplatfarm marhely poGesseinsdueivedly of

the present invention.
an ARM processor.

22H: The system of 22A-22G, further comprising a non-volatile memory component
operably connected between the main processor and the platform manager, the non-volatile
memory component utilized to store at least one of: a boot software, board component
variables, software configuration variables, and firmware images utilized by the system
components, and wherein the system’s operating software preferably comprises a first
diagnostics software and a first system management software, and the boot software
comprises a BIOS menu, a second diagnostics software, and a second system management
software.

221: The system of 22A-22D, wherein the platform manager further comprises a
memory module connected to the platform manager processor to store and execute the
platform manager software, a set of dedicated registers connected to the platform manager
processor; and a set of shared registers connected between the platform manager processor
and the main processor, and preferably wherein the set of shared registers comprise a
revision register and a reset request register, and the set of dedicated registers comprise a
control register and a status register.

22J: The system of 22A-22D, further comprising a plurality of system fans, wherein
the platform manager is configured to control the plurality of system fans to maintain the

system’s temperature within a predetermined range.

BRIEF DESCRIPTION OF THE DRAWINGS
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DETAI LED DESCRI PTI ON [ 0036] Detail ed enbodi nents of the present system and
met hods are discl osed herein; however, it is to be understood that the

di scl osedwenbdilpanat s are nerely illustrative of the sygcemsandowmwehods
that may be enbodied in various fornms. In addition, each of the exanples
given in connection with the various enbodi nents of the systens and net hods
are intended to be illustrative, and not restrictive. Further, the draw ng
figures are n necessari | scal e, one features be exaggerated to
show det BPrY BlGpbReampa @M&%ﬂl iTystratipgi i%ﬂowgfmy?%a%aysg%ent s,
specifications and the |ike shown in the figures are intended to be

i || ust r atqcpulingiecpnggmbodsngiit of thgdrestridpednsioa, unl ess cl early stated

ot herwi se, specific structural and functional details disclosed herein are
not to bpORAt EF@r2s dthsastet b hightlagg] hbrdwanecehyorest diagreprasendimftowe basis for
teaching one skilled in the art to variously enploy the present invention.

Mor eover gmboRknttsTaBepRiht it FRESAL Ur e nmeasurenents can be taken using
standard equi pnent and net hodol ogy such as, for exanple, with a Val halla

Di gi t al @@V\?ﬂrFf’@.aiB/ﬁ rstrgtgga@e ('?d/e'd% Rues Vﬁu WP e hﬁﬁ%fﬁ)&ogu&)mnt%gﬁ%eda

ATX- 1B68 connected In serl an 1l lustrative e
thernncoup I p rOX|nat ne-i nch by one-inch a
thernncoﬁbk%dg? #mﬁ %@?ﬂfIF?FH§P¥g¥5?’a hi gh-1 evel conponent

di agram of a preferred enbo ment with the enbodi nent being a genera
pur pose E)Q%@UEEI; ipdlesh di@gramdlhastrarlag BercomneRetY iERe Comtqqg Bt eF 2 syst em
is a server conputer. The Hypervisor 11, BIOS Menu 12, U Boot BSP 13,

boot - | eveimplitergnossissa shat maydredithiged i W@@WW@%H&EV@UWV\M e may
conprise the boot |evel software running on the system The Applications

16, Di agjost]i EBGis asysthembddahbigelneiaprahBillusmetifgShOconipsentsAndalid war e may
conprise the operating system (0OS) | evel software running on the conputer

system [Q038ondheldorust hal ?%@ util z&Pind @hdoHinhdht 6F &8 pre%@hﬁﬁ@en%@n t he

Har dwar e bl ock 20 represenfs various hardware conmponéents that may conprise

) astral B ﬁﬁﬁmflg'b%kgaﬁ%‘ﬁ%qﬁﬁ%ﬁéﬁ%th%’%gﬁi GRRE T PTLARGHE5
T Al B 633 0et SRy B s 50 0 Lot e e )

tenperature, or controls one or nDre of the system fans 68 or 69.
[0029] FIG. 6 is block diagram illustrating the various hardware components of a platform

manager that may be utilized in one embodiment of the present invention.

[0030] FIG. 7 is a block diagram of the various software and interfaces that may be utilized
by the platform manager in one embodiment of the present invention.

[0031] FIG. 8 is a block diagram of the various boot-level software and the functionalities or
interfaces thereof that may be utilized in one embodiment of the present invention.

[0032] FIG. 9 is a block diagram of the various OS-level software and interfaces that may be
utilized by the platform manager in one embodiment of the present invention.

[0033] FIG. 10 is a flow chart of various steps that may be utilized to build a preferred

embodiment of the present invention.
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[0039] FIGs. 2A and 2B further illustrate a hardware conponent bl ock

di agram and an expl oded side view of a preferred enbodi nent, respectively.
The not hewohomvdefi® nmay be a printed circuit board (PCBpCT/ise01c0NPRE er
system 10 may utilize a power supply unit (PSU) 22 which may conprise of a
hi gh efficiency ACto DC circuit connected to the nother board 50 through a
connector. In a preferred enbodi nent, the power supply is a switch node

110- 240 | t VAc).to 12 Volt. DC (V ower. s y which .may provide
T2 voe ol VoHeFHs 1 s ot qf vatiges %épé%%}ﬁwﬁ@pla &Bgié*ﬁeﬂﬁwa%g (110)
signals, while providing a continuous non-derated maxi num out put power
capabi | i pipcessorapizes imenceimbopigsentat the ryossnt myentier at i onal t enperat ure
range of 00 to 45 Cel sius. In one enbodi nent, the PSU 22 has 90% power

ef fi ci en®p33t FIGO MAntfovwockapuif thostdpsgriatmedby 2 péidormanmnagat wilizeddyl . The
button board 24 may conprise of one or nore LED s 24-1 which nmay be used to
1T um nag@e drisydpaverof e fregen2iivasea di ng to the current state of the
conput er system The preferred enbodinment utilizes a front panel 1/0O board
26 as the interface between the nother board 50 and any front panel USB
ports, and may have the drivers for the button board 24 and the power
button 25. In a preferred e I |, 1/ 0O board 26 is connected
or secured to a housing 26-gbﬁﬂﬁgﬁiég)b@gﬂﬁﬂ@ﬁqg?%er syst em conponent s,
such as a systemfan 69. One enbodi ment also utilizes a drive back plane 27
as the i RO Rewlod crbodimenss fbtRerrTesar dySen st fiskhodarde dlissowe; hEeisn.
Moreover, the preferred enbodinent may utilize a PCle riser 28. In one
enbodi melawevehat B denindenstopd thv yhdrdisdosndemladiments ks merchellubtosrivd obthat a
90 angle, allowi ng the peripheral board 28-1 connected to the PCle riser

sl ot 28 §ytche aparmétheds tiat they otdmeodixiaim vafloust fotmsf Wi tadeitionedati B thde
vertical profile of the conputer system In another enbodi nent, the power

but t on ME¥NRRNAUSER doin&tRAWRL REVEABu QNS dRGed3 of (MM SRMIBN] GRMJIR ard he
access to the power button, and the conponents of the Conputer system 10

may be h | . i.ng, 10- 1 ) .cover
107 2" andraars KRR Gt ot i T B SRR nh G Sl SAPNER B
conmput er, system 10 be an_ | ndustr t andard, LAVMP Server based on a

bt poci Bl Rt ERan Dt b SSBirdHEIS SERk s s o Argporg0s it «

of power while operating under a full |oad and at the processor frequency
of 1.5 GMditigroerpmepsusemgnt, paeificaftons agd pheelils shosvnapiibel figwiss ayghinggided {4 i zes
a systemon a chip (SOC) processor 30 (i.e. having built-in peripheral

i nt er f acks)illudtntivhieand Inos trestiettvee it foentynldsk eclparbc emsalr o8@rwse, specific
mechani cal |y supported by and el ectronically connected to the nother board

50. The grReesSAd BRCEOMPIHcRES dNIRSEd hERIE alRf ARES Y int@pREed3ds limpdppeadent
cache levels 31, 32, and a nenory controller conponent 33 that manages the

rocessor, i hnt.er 1 g i i The
p SS ﬁlel%(lj}g g{'g?gﬂrb&ﬂta?irve IKati§ f&%gﬁl\gf#% H%% ?ngl&ghf’ﬂ{%! a?ktod%rifo‘(%gl_(y'ﬁﬂél%)g ?he

pr ocessor SO conpri ses one or oad engi nes 40

common operations.su as _pattern matchin encryption bl ock al gprythns,
and but { B R oA REPREC R Fitl S GREL B B ol P ARG
Component | ntercaonnect Express (PCle) root conplex 47, an .

Serial i z@ar}dwg 8qyipMpRtend g 9@%19&@ sq.ofor gpBRigeith an¥algpll Digit pager
conprises a connection fabric 34 to connect the processor core(s) 31 and
menory corlyzet bt a 2pevie Revfor Sadplerigiterdes), Model PO 2- 118680 Wo sphaskedain, series

Et hernet interface 48, or local bus 35. The local bus 35 may in turn be
connect edith an dllusentivodrebddumest, aid £orpos@upk @Rl (06 dadppouthataly oanendrbyror e
uni versal asynchronous receiver/ transmtter (UART) ports 36, interrupt

cont rol | gkc-inbh gkkdmBectiple Pi®; boot configuration interface 38, security
nonitor interface 39, power nmanagenent interface 41, Inter-Integrated

Crcuit ) d4 of I.al +:Peni f P : -

nt or  actd FRE TR AR, SoRhollt SRR of b e B i

and/ or a,cl ock .res interface 45. In a preferred _enbodi nent, the processor
oy b ST O6HE brROEEdumost SeRrBET FHUTR eatd BeRmsHeprEnBioss
Communi cati ons Processor. |In another enbodi nent, the processor nmay be a
repur posed processor that consunes |ess than 85 Watts of power while
operating at a frequency of 1.5 GHiz ahdl under a full load. In an

enbodi ment, the processor may be a repurposed comuni cati ons processor
having a m ni nrum Cor eMarkScore to Watts-Consuned rati o of approxi mately
500. In one enbodi nent, the processor may be a repurposed communi cations
processor having a CoreMark-Score to Watts-Consuned rati o of approximately
530. The CoreMark score, which is a generic benchmark specifically targeted
at the processor core, was devel oped by the Enbedded M croprocessor

~ oy —— . E— ) p—p—n m—~ ~ ~ _nA A - o .



[0042] As also illustrated in FIG 4, the nother board 50 may al so be used
to nmechanically support and el ectronically connect the conponents of the

pl at f or mwanapanedd to a nonvol atile nenory (NVM 53 aneCcotusesi2ey®bem
conponents. The NVM 53 nay be utilized to store the boot and OS software
for the processor 30, and may preferably be a NOR Flash nenory type. In the
exenpl ary enbodinent illustrated in FIG 4, the platform mnager is based

on a Field Programmabl e Gate Array in ted.circuj GA), .71. _Th GA
71 may r@gica@pgwr PRy b%%m?efb?}sm%’}‘/lﬁ- hﬁg%@SWé?ééiuéﬁjé %ud&yﬁcﬁ?qtf%ﬁpa
ROM 73 to store, and a RAM 72 to execute the platform manager's software
66. | n ohb bhgpetewel dagnosbierdl4rand boethlsvalaystemympnnger by pefifiard may ennise the
external data read through the platform manager's UART 74 be progranmed

i nt o t hebdd/Nevd eftebye minhmg angthic heysteRPGATho fAppacaions 160 Digmiobtygs KT, &gstenor
reprogramthe content of the NVM 53. The pl atform manager 60 nmay conprise a

JTAG busnvuhhgdhdiBy g nmdaOSMeRtRA % ftwige a0 cemPake the Qt&ﬁng@ﬁwm\m@ nevepy be
a Common On-Chip Processor (COP) debug port 46. The FPGA 71 nay be

CO””eCtegﬁﬂﬁﬁ?ﬂﬁmﬂ&&ﬁHBQ%@&P&%f&%mﬁ§1 and may be used to enable or power up

the power rails 75 and nonitor the power status of the power rails. [0043]

FI Gs. 5, and.7 illystrate an.ex a e i f tfarm manager 60
based onl B3Rt thptraielah w8F aRRuTH HTRs” X P AF O Bt bk IS BR G S G am
of a preferred enbodi nent of the platform manager. 60 whi ch may conprise a
syst em n¥HIyehajdyrass cermpotents thpt MAY ca@Bliss vhewpedissnbal a o PRdre coBPUtghd
hardware 70 bl ocks. [0044] FIG 6 illustrates an exanple of a FPGA based

pl at f or msystemagéne plotiham dwanger 90odkistrated asmorg datdihettic winbhdmrenssorinddised, t o
vari ous other conmponents of the conputer system 10. The pl atform nanager
FPGA 71 5B, 200 Mphiaasgad the pressor 3Bitidlizatng sestbmdichagtsystchesceh@sy, amyprdde an
Act el MLA3P1000L FPGA, and the FPGA processor 80 nmay be an ARM processor.

The FPGAyRY RERISIOH0BS @g\lyuﬁﬂi{ bZenm@dnfMS Bd s{ Q@i QNRBPErathiRe, & cRILGLHE € or
interface with other F and system conponents, such as the FGPA nmenory

controlI§$K§§%hég@%?pF&E§§%§§%§nbodinent, the Bus nmay be a AMBA

H gh- performance ich may utilize a Bus Transl ati on conponent
82, such B- 1 0- AP dvance Peripheral Bus) transJator, to facilitate
the rroA BRUCElSD 18 i ARG Rurts st StRaeh bhel HHEE idsiba.
the main processor 30, and various other system conponents. The FPGA cores
84 may comvdedesids dow of pirederepembedimenmyespesitichn Theteethapboasd §haayls & he
FPGA processor 80 when appropriate, such as a change in status register 86.
I n a prepanteddirenblocirdrét(B). tHe doR@Ataraystahdd mogmlize mivwee supply entft XU or es
84, such as one or nore SPI and |2C Bus interface, UART interface, a

pul se- wi 28 hrendida¢dratisc BYihi gHEfBcicae A CotodbOelciiit B8nctid & fhadRothé@bard
system wat ch-dog interface to facilitate the FPGA processor's 80

connect i i i j r - WM Lhed b
84t Y 8ltb2Nin refe)?lleﬁ hfbo8i nttﬁh@hﬁ‘g%%@ﬁ@%?ﬁ@%%ﬁwéqlb' y

t he FPGA sg¥t re 66 (not shown). In such an e bus

interfac b ilize b he programm ng of the. S

di 11 er ent]Gy ol AC Evégkﬁor B f;{%l@@& s) P5eRE SR Rl pFPeYﬁ%gi S0 sy by
t he FPGA processor_ software 66 to npnitor or control the tepperature 93 and
accor di ngR PPt rait dhotangby aput rad praropdiQstanals, wadg PN Kb HheMEYRRY v
unit's status 91, verify and/or update the Reset Configuration Wrd (RCW
96, or proygdented hmaginoek @4putThewpulcapsbilityt ¢f- ppphokmatdn FENW attntowerf dee may
be utilized to control the speed of one or nore of systems fans 68 or 69,
and/ or teeratiwnal teblpPsaitdrorarigh@f D and 5°p@didls. Linn2 4nibodibent Wat eBU@R Has9ors may
be capable of resetting the FPGA processor's software core. [0045] As

further f)é\lfé%_séfﬁé‘f%ﬁé%z bt dohey e RRE U BsHdsnOft thk @8- vAc aidh @utﬁhh@dil'.zpﬁ?e bstton

interfaced with the main processor’'s |ocal bus 35 through a bridge 87 to
provi de ¥&Hr4 %isrn;}“ @8&1{38&8‘&1} 5AE8r more LED’s 24-1 which may be used to illuminate the

power button 25 according to the current state of the computer system. The preferred
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such as the PORESET functionality, FPGA read/wite access to NVM 53, or
conmmuni cati ons between the main processor 30 and the PFGA processor 80. The
bri dge 8Avoanmwiiedas one or nore address and data regi st ecs/uSeab/ostesmn) ,

whi ch may be used by the FPGA processor 80 to set the address and data

val ues for the next access to |ocal bus 35. [0046] The pl atform manager
FPGA 71 utilize one or nore register types; while sone of the registers may
be accessi bl onI in the FP es ace, others 0 be made
nocase: brEbREmER tﬂarrragfpat%eéb%%? ap s U SERCeBY Fghe TR

regi sters shared with the main processor 30, such as revision and reset
request #anst &prt panal USS prrtsee8d mhay hayetthe drisier fpr Becision @erd A eoglthe he

| ocal bus 35 simlar to a regular nmenory, and nay al so be accessed by the
FPGA f orpase lauttono2i.r dh aopretdredFER¥oBmbhtwdroat GéndxéO uidach 26 Fercoenanql e; t he
reset requester register may allow the main processor 30 to request reset

of an exgRnfalto AR o1 atifzed tBHRse FhbBetyReIm BohH %Aﬂlﬁ‘& YudWas a system fan
reading/writing the register directly, with the FPGA processor 80

interr UpIS@dOﬂ@%&ngﬁﬁteﬁl?gl'sﬁ Blicds SR HLE Blime 390 LAEINERER: BOLINAGR. Aiher

readi ng the register an ing th reset as approprrate

illustrate e FP bas | a f ntnana

the " Frad g fetPar BB TG e B, MoEesier die Fefel s bogetaERe AElias: PE ter
86 accessible only in the FPGA processor 80 space. one enbaodi nent, the
maj or i t I 28y 4 s emprdigent, therf g riser %ymrrrb@cmseféé §<bthesr6@tt19tab0@rcts%0 ag t h

at | east one exception being RCWsource application to the main processor's
| ocal bu20°3aglanilwing ¢ha perapherdd eboand 281 eomyeted o rthe AClsirgaabloP@RESET The
status register 86 is utilized to report status bits fromthroughout the
syst em t parhlite t&REAnpitiagasant SE0thud fiatHlPE&luting the c@ntdal preftle tof thit cdhmpg@eone
or nore control registers 85 to enable bits throughout the system such as

t he powefysRRADIEanoH P ebEMARKE thOhoWETREYn Wyt R HuMERLa Rivier bhufok ﬁas‘stngbl ts
throughout the system or to notify the main processor 30 of externa

S Pt gt t@tsr«rtzruzg e B SRR
10
SREMNEY S CITTE LI N AR e

may enabl e the various power rails 75 |n a predeternlned sequence and nay

i ni tiali%end Adrqsr pencddapiadylerl Ochnpomerafercdrerabgsliaento tha semmadrsrsypedcks s or
71 may conprise a nenu systemthrough which the platform nmanager's hardware
bl ocks 7Mayhy abénduaimy Stangarddmi VBl Seeckr bpd4B]a fep@po&di dohunsimedtioss processor

hi gh-1 evel block di agram of boot-I|evel software conponents in one

enmbodi Mehiat cdBe@hed pRdximaiclyesEWERY oPfovadd whilttopeeitinganger Ml 164N dogfies e
the full OS begins to load. In one enmbodinent, the Bios Menu 12 is a

specralr g Rl wShd dMgs et op of the standard u- boot but presenting a
status %de§§hra9{on ?nterface substantially simlar to a standard Bl OS

set up. T erfac Vi h.,a nmonitor connect

v de” i Lrd, Rl Bl s RaTE i Saig i e o fBRsort FiTOEg RialsbC e
interface 36, or telnet through the Ethernet 54-55. The boot-]|eve

di agnost POceset 3k fie. havingypulm peynheed igrageshd i Hteslﬂlrl%tfaé?d tlabgdamﬁ@t the
informati on regardi ng the processor 10 or the individual sub-blocks to
enabl e aproeessdry3tistreedhpnigaltyt suppbeed bngné ylerisenicatlyecdnoented vk nagtherdpard
manager 15 may be responsible for informng the system adm ni strators of

t he syst & Maalptdressor 30 dhiprioesSencedrt here frasskotadoyesdB 1, daddpesdent aschedepedst ed.
I n one enbodi nent, the conputer system nmay be an |Industry Standard Server

conput er 31,a0d JARY GRS th@ﬁtr r MHOnaH B hhDHndds thShRGedsbes Snneefidver e
i mage stored on the NV the I ocal Hard Drive 29, a network (through NFS
interface with the hard disk drive (HDD) 29. The processor 30 also comprises one or more

offload engines 40 (e.g., for common operations such as pattern matching, encryption block
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nount), an external storage device on a storage area network (SAN), or a
renovabl e nmedia (USB ), as desirable. [0049] FIG 9 illustrates a

hi gh- | eveokbookezisagr am of OS-1 evel software conponent #Cirrusese/ogmkodi nent .
The Application 16, D agnostics 17, System Managenent 18, and conprise the
vari ous exenplary software that nay be executed once the OS/Drivers 19 | oad
up. The operating systemmay be a Linux OS and the standard CS kernel and
Driver software may, be open source software.. The Application black 16 y
conpri Sea(l)lg?r dal{‘i %&f?eépﬁ}a%%?ﬁe& s msh 3 aF%agqu?Pnﬁ%‘isd\ﬂg’r g"%@%ﬁ’r&g‘di
interface, allow ng applications to utilize one or nore offl oad engi nes of
t he procee@pencnt hafaesanceic Fapeshd POl petf ermlat ed bf anth pleriehzardipserlizie

si mul t aneously reducing the | oad and thus the power consunption of the

pr ocessofSerDes) biveket9b ddoreentr, tHehpeo@SsdrS¥elongysteacomragentabtic BY ac kodifdct
enabl es the adm nistrator to manage the servers, locally or renotely, for
exanpl e by @bt@WbeortRi® 3adahd insdnicHy Odont8116BPRAE @fload ah w@@ 0 mMEBedbs 20,
gat her system statistics, run system di agnostics, upgrade firmvare, and

gat her h i tian: iql i nfor i Oy 1RGH HhCk ' [
generate IQ% rﬁ(’)%étd} gl%ﬁqfag%/?tsélr%? ?r%éna!ggtglrsr%. 01%0%8? %Gggf%a{ ﬁ E{g]thrlgétqes a
flow chart ste of, whi ch.represent one enbodi nent .of the nethodol o o]
reduci ng THE FoR P B nelRBERDRT SPTRORTID ot AT CB 6 Do TAMIG 4Rt power
conput er system The conputer system may be a. general purpaose server

conput er 23y&lirapqus| ey @p trepwmitteh A ARE) @prth 36 BdaBdt sontseler fipteefacgd’.sifect ed
based on predeterm ned criteria, and then reconfigured, reprogranmed, or

r epur poskebt confignmetie@nintetiare 38, sechutypmonitsrsinteriray 39epavas ananagémeattiiniesface
processor, which may be reconfigured, reprogramed, or repurposed to

f unct i on4 BsnecrdefcyercdpCaceis SPC) Milton Jeeiap @etiplical Sk ic (FPT)Neusps d2ess® 30,
the predeterm ned selection criteria may conprise the | ow power

consunpt jn@hacP a8 f RENREE BigdbR\WEkdia MRIMPENIRARARG Y (RONIPAREWHELPa cloRRWEsOUt
(JO bandw dth, and/or of%load engi nes. The sel ected processors may be

tested o e ' - 0 ' ' nce
or vt ¢ PREE AT bBrh Gl PR RlyRf RetBERR: L b S ARE RO
test may be the reNark a P i X test wherein the processor, is tested
o genor 8 4 dhdiesche Fet i ud CompRiales SorsolodhBaEn S haedepty e
The system processor 30 may then be sel ected based on Perf./Watt ratio,
menory cHSAUPESFSAUNEAD RAdWCHIIPOSTOPI9aerdN Hhah conancaflessdhen 8AgWVaks of pawehe
enbodi ment, the sel ected processors nay conprise of comrunications

pr ocessowsile apabtiez of a fekotnaygofol.5 duitlpend endemyg fulh&ader hormembeadiment lthof
conpetitive server processors, such as the Intel Xeon server processor. In

one enbogkiot®Rér rn'faglEbeSé/$é}ﬁ1@d@é@%@ﬁ1&ﬁfni&ﬁoﬁ§igrdc8@8r hevieglae@irRfhuas CareMark-
comuni cati on processor having a CoreMark Perf./Watt ratio conparable to

conpetiti _ t 0 .

roory comie iy o CPRAERE i o ARG 0 P o PR BB g
efficient offload engines. [0051]. As illustrated in 11, .the,processor

Fepur posY. & g rON PUPPABIEE eyt Ruflpa otk s BRI My i o
deci ding or determ ning whether to utiljze the processor's offl pad, engine
in perfobpRygied ae of arRprarinatedy 539, The £ ogiderd sepise WhichHs @ genqric penchmg
110-120, the power requirenents for running a particular task utilizing the
pr ocessospe8ificathy tanected i tha peetcssed cotse weo deedensd diyrih e PartfeddsthMicroatocesspor
doing so may be calculated. In steps 130-140, simlar estinmation and

cal cul at Beichmayk b€ompertiuni NEEEMBC).e ofe descritzde oof EEMBQK0CRsSirks wabkitoad
engines is utilized to performthe task. In step 150, the cal cul ated

Per f. / Vatiwiablnak 8rHOUBARMSL 38 domBasdPSK AR dRoBEKir MBchiivgd RixfuReof
processor 170 or the offl oad engines 160 according the superior Perf./Wtt

ratio.  read/write operations, integer operations, and control operations. The workload used by

CoreMark is comprised of several commonly used algorithms that include matrix
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[0052] As illustrated in FIG 10, in step 200, the system hardware
conponents 20 may be sel ected based on predetermned criteria. In one
enbodi nernwo 20fs016@EBN system conponents to be sel ect ed megTASPRISM2$ he
processor 30, platform manager FPGA 71, PSU 22, power rails 75, Ethernet
ports 54-55, NVM 53, display chip(s) 58, clock chip(s) 94, USB hub 59, or
PCle controller 47. In one enbodinent, the selection criteria nmay conprise

of performance,. power effjciency, d di tional conponent-specifjc, ..

f eat ur esMIPIBEYPH A AIPYSIOF AREA™F HTRIAC £50' MDA A AFTGOLY s tiokith ditkr
step 400, the systenis tenperature may be measured 420 at the systenis

st ar t i ngmeniptlatian @to gierase hgycopunen Y3 oepelaNISt sel Mpeingpperatinn ©pawedn f ans
di sabled or off. If the systenis tenperature is determ ned to be under a

pr edet er wiengfddathdegsinded Hranchbs)43@] Cyolic Radgelaneyahéd, nddeh tsa térg ysha@n s
starting state. If the system s tenperature is above the predeterm ned

t hr eshol fhink@yehschyh claBbddp critical threshold |evel 430-440, one or nore
of the systenmis fans nay be enabl ed or activated as necessary 450. In one

enbodi ne ORPF i, Sk ! , may
be. enabl i Hn e Sy ARad) CK. SHEhETE WiHaulPhoRi 3T bg AR GimchafEiG Do
appropriate. etermned to hav exceedegma

S

i t[]e syst.em tenperat ure i
pr edet er HPRRH 9 electaties R eanibiot Siapeses R foyasiots Smpatony T BRERPE
necessary 460 and if the system s tenperature does not begin to decrease
470, t heMay dedichascdbwith g copngciedatocpia picapores memery gipdutes 384 It grefpyerd £ ¢
structural and functional details of the above-described enbodi nents are
not to bemberdieent dtegderagryl hodulé A maywompeise bye asmare @pbiedbiat axiivembaeiys f or
teaching one skilled in the art to variously enploy the present invention.
WO 2013/ td63E IDOVIMISSHALR LD HE KRB MBA TwikESoCbdNnVERY kSthe processor 30 using one or
more double data rate type three (DDR3) controllers 33. The processor 30 may also be
interfaced with or connected to one or more Ethernet chips 54 and 55, and Peripheral
Component Interconnect Express (PCle) 28-1 components. In a preferred embodiment, the
PCle root complex 47 may be interfaced or connected with PCle through a SerDes 49. In
another preferred embodiment, the processor’s Ethernet interface 48 may comprise one or
more Attachment Unit Interface (AUI) (e.g, XAUI) which may be interfaced with or
connected to one or more Ethernet PHY chips 54, and/or Media Independent Interfaces (MII)
(e.g. SGMII) which may be interfaced with or connected to one or more Ethernet transceivers
55. In one embodiment, the PHY chip 54 may be a TN2022 10G Dual Port and the Ethernet
transceiver 55 may be a VSC8234 SGMII Dual Port. Furthermore, the USB interface 43
may comprise one or more ULPI interfaces which may be connected to and otherwise
interfaced with a video display connector 57 (e.g., HDMI) using an adapter 58, and may be

utilized to provide one or more system USB connectors using a HUB 59. In a preferred

embodiment, the adapter 58 may be a DL 125 USB-DVI.
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1. A |l ow power consunption general purpose conputer server system

conpri si ng:

a not herboard having a plurality of system conponents connected

t heret o, wbeopl/usaBi ty of system conponents conpri si ng: paTms2eR/0819ppl y uni t
conprising a plurality of power-rails to supply electric power to the
plurality of system conponents; a peripheral board; a main processor

conpri si ng:

a local bus; a plurality of main processor cores;

[0042] As also illustrated in FIG. 4, the mother board 50 may also be used to mechanically

support and electronically connect the components of the platform manager 60 to a non-

volatile memory (NVM) 53 and other system components. The NVM 53 may be utilized to

store the boot and OS software for the processor 30, and may preferably be a NOR Flash

memory type. In the exemplary embodiment illustrated in FIG. 4, the platform manager is

based on a Field Programmable Gate Array integrated circuit (FPGA) 71. The FPGA 71 may

reside on the local bus 35 of the processor 30, and may utilize a ROM 73 to store, and a

RAM 72 to execute the platform manager’s software 66. In one preferred embodiment, the

NVM may be programmed to allow external data read through the platform manager’s

UART 74 be programmed into the NVM, thereby allowing the FPGA software 66 to verify,

erase, or reprogram the content of the NVM 53. The platform manager 60 may comprise a

JTAG bus which may be connected to the processor’s debug port, which may be a Common

On-Chip Processor (COP) debug port 46. The FPGA 71 may be connected one or more

power rails 75, and may be used to enable or power up the power rails 75 and monitor the

power status of the power rails.

[0043] FIGs. 5, 6, and 7 illustrate an exemplary embodiment of platform manager 60 based

on a FPGA 71. FIG. § illustrates a high-level component block diagram of a preferred

embodiment of the platform manager 60 which may comprise a system manager interface 62,

Ul and debug interface 64, software 66, and hardware 70 blocks.

[0044] FIG. 6 illustrates an example of a FPGA based platform manager 60 hardware blocks

70 as interfaced with or connected to various other components of the computer system 10.

The platform manager FPGA 71 may comprise a processor 80. In one embodiment, the

FPGA may be an Actel M1A3P1000L FPGA, and the FPGA processor 80 may be an ARM
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a plurality of offload engines; and a connection fabric connected between
the plurality of main processor cores and the plurality of offload engines;
wher ei n twe 20mB/mézBocessor i s configured to offl oad preserasminmdIps ocessor
tasks to the plurality of offload engines, and has a m ni num Cor eMar k- score
to Watts-consuned ratio of approximately 530 while operating under a
maxi mum | oad; a platforn1nanager connected to the main processor with the

| ocal bus, the p % én1nana confi rred to ontrol t he power supplied by
t he pomer%??ﬁ?ﬂ ]? f*d’reaf‘é r“g 17C f Byph ht8 PPUTAIe-t3f /m CPhils;
and wherein the | ow power consunptlon general purpose conputer server

syst em cotsiresith aestifaA afd appmbsempansnis, 18 apsha BGBA myanesy canirolécr 83.
operating under a maxi mumload. 2. The systemof claiml, wherein the nain
pr ocessom a prefercdnmibidiratitpthe Busongsborn ASVBAeH ghrpeafoctn ajcecBunf (AJHIB g avitich
operate as a general purpose conputer server processor, and wherein the

pl at f or MARAEUSE aiBusPRSREatih eorhpdlelt 82,0@ERATRDAEBIBL RPRI(A@Yar(cERiefipherhhe

pl at f orm nanager conpri si ng:

Bus) translator, to facilitate the FPGA processor’s interfacing or communication with the
FPGA cores 84, the main processor 30, and various other system components. The FPGA
cores 84 may comprise a core-interrupt that may send an interrupt signal to the FPGA
processor 80 when appropriate, such as a change in status register 86. In a preferred
embodiment, the FPGA may also comprise other interface cores 84, such as one or more SPI
and 12C Bus interface, UART interface, a pulse-width-modulation (PWM) interface, a clock
timer interface, and a system watch-dog interface to facilitate the FPGA processor’s 80
connection, communication, or interface with other components controlled by the FPGA
software 66 (not shown). In such an embodiment, the SPI bus interface may be utilized to
enable the programming of the system’s differential clock generator 94; the 12C bus
interfaces may be utilized by the FPGA processor software 66 to monitor or control the
temperature 93 and accordingly populate or update the FPGA registers, read the power
supply unit’s status 91, verify and/or update the Reset Configuration Word (RCW) 96, or
program the clock 94. The pulse-width-modulation (PWM) interface may be utilized to
control the speed of one or more of system’s fans 68 or 69, and/or the color LEDs for the
front panel LED 24-1. The Watchdog timer may be capable of resetting the FPGA
processor’s software core.

[0045] As further illustrated in the embodiments of FIGs. 4 and 6, the FPGA is interfaced

with the main processor’s local bus 35 through a bridge 87 to provide various functionalities,
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a platform manager processor; a plurality of platformmanager cores; and a
pl at f or m manager bus connect ed between the platform nanager processor and
t he pl ur avotgi3aficzaBat f or m manager cores; WO 2013/ 016313PCT/UsSnn2790817925
wherein the platformmanager is configured by a platform nanager software
to control the power supplied by the power supply unit to each power rail
fromthe plurality of power rails;

such as the PORESET functionality, FPGA read/write access to NVM 53, or
communications between the main processor 30 and the PFGA processor 80. The bridge 87
comprises one or more address and data registers (not shown), which may be used by the
FPGA processor 80 to set the address and data values for the next access to local bus 35.

[0046] The platform manager FPGA 71 utilize one or more register types; while some of the
registers may be accessible only in the FPGA processor 80 space, others may also be made
accessible in the main processor 30 space through a bridge 87. The FPGA registers shared
with the main processor 30, such as revision and reset request registers, may be accessible to
the main processor 30 through the local bus 35 similar to a regular memory, and may also be
accessed by the FPGA for use or control of the FGPA software 66 execution. For example,
the reset requester register may allow the main processor 30 to request reset of an external
subsystem (e.g., PCle, Ethernet PHY, etc.) by reading/writing the register directly, with the
FPGA processor 80 interrupted when the register is rewritten, and the FPGA software 66
reading the register and handling the actual reset as appropriate. As illustrated in the
embodiment of the FPGA-based platform manager of FIG. 6, the FPGA 71 implements one
or more control registers 85 and status register 86 accessible only in the FPGA processor 80
space. In one embodiment, the majority of system control is handled by FPGA processor
software 66, with at least one exception being RCW source application to the main
processor’s local bus 35, which occurs at the end of a system reset signal PORESET. The
status register 86 is utilized to report status bits from throughout the system to the FPGA
processor 80. The FPGA 71 is configured to utilize one or more control registers 85 to

enable bits throughout the system, such as the power enable, clock enable, or memory write
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3. The systemof claim1l1l, wherein the nmain processors operates at a
frequency of 1.5 GHz and consunes | ess than approxi mtely 85 Watts of
power. 4vobhs/myaBem of claim1l, with the nmain processecthasmng+anesidl e
operating tenperature of |ess than approximately 67 degrees Cel sius under
an anbient tenperature of approximately 25.5 degrees Celsius. 5. The
systemof claiml1l, with the main processor havi ng an full -l oad operating

L ermper at BP0 it dfsrisk PRI 0w e abyee ‘CaPa e T PTREE) 40 hPBFIE of m

1 conprising at |least twenty power rails. 7. The systemof claim1, having
a form fexentr enabling the placenment of two or nore of the systenms in a
standard server rack. 8. The systemof claim1, wherein the power supply
uni t has[084m RlGuMmlpetees bliotk diagraty oDthe appowxiomgioakyts 80 ¥onctions of the FPGA

software 66. The software 66 may run when the system 10 is powered up but may hold
everything in reset while awaiting a power button 25 press. Upon sensing a power button
press, the software 66 may enable the various power rails 75 in a predetermined sequence
and may initialize the platform manager components. The platform manager processor 71
may comprise a menu system through which the platform manager’s hardware blocks 70
may be manually controlled.

[0048] FIG. 8 illustrates a high-level block diagram of boot-level software components in
one embodiment. Boot-level software may be all the software that runs before the full OS
begins to load. In one embodiment, the Bios Menu 12 is a specialized block sitting on top of
the standard u-boot but presenting a status and configuration interface substantially similar to
a standard BIOS setup. The BIOS menu interface may be through a monitor connected to the
video display connection port 57, to the serial console through UART interface 36, or telnet
through the Ethernet 54-55. The boot-level diagnostic software 14 may be utilized by an
administrator to gather information regarding the processor 10 or the individual sub-blocks to
enable an carly detection of a failing system. The boot-level system manager 15 may be
responsible for informing the system administrators of the system health or conditions, either
passively or actively as requested. In one embodiment, the computer system may be an
Industry Standard Server computer, and may boot the OS, such as a Linux OS, using the OS

software image stored on the NVM 53, the local Hard Drive 29, a network (through NFS
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9. The systemof claim2, wherein the platform manager processor is an ARM
processor. 10. The systemof claim1l, further conprising a non-volatile
menory cowpansnticziper ably connected between the nai n pr @eceasesizant2i he
pl at f orm manager, the non-volatile nmenory conponent utilized to store at
| east one of: a boot software, board conponent variables, software
configuration variables, and firmwvare images utilized by the system
conponents. 11. The s sten1of claim 10, further sing an operat|
syst em sBPEHRA GHSTEH LyAsT ASdes on piStUREHISY REROFE - R} i s mals ey
system ma ment software, and wherein WO 2013/016313PCT/U82012/047925
t he boot@f%@ékwﬁé$ﬂmﬁ¥e conprises a BIOS nenu, a second di agnostics
software, and a second system nanagenent software.

[0049] FIG. 9 illustrates a high-level block diagram of OS-level software components in one

embodiment. The Application 16, Diagnostics 17, System Management 18, and comprise the
various exemplary software that may be executed once the OS/Drivers 19 load up. The
operating system may be a Linux OS and the standard OS kernel and Driver software may be
open source software. The Application block 16 may comprise standard Linux applications
and an application hardware offload interface, allowing applications to utilize one or more
offload engines of the processor, thereby increasing the performance of applications while
simultaneously reducing the load and thus the power consumption of the processor. In one
embodiment, the OS-level system management block 18 enables the administrator to manage
the servers, locally or remotely, for example by allowing the administrator to manage all
hardware components 20, gather system statistics, run system diagnostics, upgrade firmware,
and gather health, condition, or failure information, including information generated by the
boot-level system manager 15.

[0050] FIG. 10 illustrates a flow chart steps of which represent one embodiment of the
methodology to reducing the power consumption of a computer system or building a low
power computer system. The computer system may be a general purpose server computer
system. In step 100, the proper processor 30 may first be selected based on predetermined
criteria, and then reconfigured, reprogrammed, or repurposed. In one embodiment, the
processor may be a communications processor, which may be reconfigured, reprogrammed,
or repurposed to function as a server processor. With respect to selecting the processor 30,

the predetermined selection criteria may comprise the low power consumption, performance
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12. The systemof claim2, wherein the platformmanager further conprises a
menory nodul e connected to the platform mnager processor to store and
execut e twe 2pizatibzaism manager software. 13. The system etCTalsainiodl®2s wher ei n
t he pl atform manager further conprises: a set of dedicated registers
connected to the platform manager processor; and a set of shared registers
connected between the pl atform manager processor and t he nain processor.

revi si ot @;?@p&@fw%ﬁ‘ﬁcﬁ‘y%&&% Bisbrredreug vaafdherdin oFheEae" °
dedi cat ed reglsters conprise a control register and a status register. 15.
The syst Ehg o¢leetpdipiocessory mayebe é%msir pis iap) yzedptou defbingipe ghe pyeacaser fiths the
wherein the platformmanager is configured to control the plurality of
syst em f lgBest gparfprmbaien ptthdVay soestinsed €Pqréraihtir eatin. t hinnoae pmedeiment) ried
e Perf./Watt test may be the CoreMark and Phoronix test wherein the processor is tested to
generate benchmarks that can be compared to other comparable platforms. The system
processor 30 may then be selected based on Perf./Watt ratio, memory capacity and
bandwidth, 10 bandwidth, and offload engines. In one embodiment, the selected processors
may comprise of communications processors capable of matching or outperforming the
performance level of competitive server processors, such as the Intel Xeon server processor.
In one embodiment, the system processor 30 may then be selected as a communication
processor having a CoreMark Perf./Watt ratio comparable to competitive server processors,
such as the Intel Xeon server processor, memory capacity of at least 32 GB, 10 bandwidth of
at least 20 Gb/S, and efficient offload engines.
[0051] As illustrated in 11, the processor repurposing step 100 may further comprise of steps
that may be utilized in deciding or determining whether to utilize the processor’s offload
engine in performing a particular task. In the embodiment of FIG. 11, in steps 110-120, the
power requirements for running a particular task utilizing the processor 30 may be estimated
and the corresponding Perf./Watt ratio for doing so may be calculated. In steps 130-140,
similar estimation and calculation may be performed while one or more of the processor’s
offload engines is utilized to perform the task. In step 150, the calculated Perf./Watt ratio are

compared and the task may be performed using the processor 170 or the offload engines 160

according the superior Perf./Watt ratio.
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16. A general purpose server conputer system conprising: a repurposed
conmuni cati ons processor having a m ni num CoreMark-score to Watts-consuned
ratio WO 20m8/01651pr oxi mat el y 530 while operating at a Preqiseneypsmds 1.5 GHz
and under a maxi num | oad; a power supply unit having at | east 90% power
efficiency, the power supply unit conprising a plurality of power rails;
and a pl atform manager configured to control the power supplied to the

Do e A e S o Bh S S8 A e a0 may e
selected based on predetermined criteria. In one embodiment, the main system components
to be selected may comprise the processor 30, platform manager FPGA 71, PSU 22, power
rails 75, Ethernet ports 54-55, NVM 53, display chip(s) 58, clock chip(s) 94, USB hub 59, or
PCle controller 47. In one embodiment, the selection criteria may comprise of performance,
power efficiency, and additional component-specific features.

[0053] As illustrated in FIG. 12, in the managing system power step 400, the system’s
temperature may be measured 420 at the system’s starting state 410, which may be a system
ON state with all the system fans disabled or off. If the system’s temperature is determined
to be under a predetermined threshold level 430, no changes may be made to the system’s
starting state. If the system’s temperature is above the predetermined threshold level but
below a critical threshold level 430-440, one or more of the system’s fans may be enabled or
activated as necessary 450. In one embodiment comprising of six system fans, for example,
fans 2, 4, and 6 may be enabled on an even cycle, and otherwise, fans 1, 3, 5 may be enabled
as appropriate. If the system temperature is determined to have exceeded a predetermined
critical level 440, all of system’s fans may be enabled as necessary 460 and if the system’s
temperature does not begin to decrease 470, the system may be forced to a critical state 480.

[0054] The specific structural and functional details of the above-described embodiments are
not to be interpreted as limiting, but merely as a representative basis for teaching one skilled

in the art to variously employ the present invention.
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17. The systemof claim 16, further conprising a non-volatile nenory
conponent operably connected between the repurposed comuni cations

pr ocessorwandidtesipl at f orm manager, WD 2013/ 016313PCT/ B620K2¢1047825
wherein the non-volatile nmenory conponent is utilized to store a boot
software and an operating systemsoftware. 18. The system of claim 17,
wherein the operating systemsoftware conprises a first diagnostics

sof tware 3 f': rslg/’%ﬁ em managenent software, and wherein the boot |evel
sof twar e P 5 menu, a second di agnostics software, and a second
system managenent software. 19. The system of claim 16, wherein the

pl at f orm manager is based on a field progranmable gate array (FPGA), the
pl at f or m.mehmbgepowarppnswnpign general purpose computer server system comprising:

a motherboard having a plurality of system components connected thereto, the plurality of system
components comprising:

a power supply unit comprising a plurality of power-rails to supply electric power to the plurality of
System components;

a peripheral board;

a main processor comprising:

a local bus;

a plurality of main processor cores;

a plurality of offload engines; and

a connection fabric connected between the plurality of main processor cores and the plurality of
offload engines;

wherein the main processor is configured to offload predetermined processor tasks to the plurality of
offload engines, and has a minimum CoreMark-score to Watts-consumed ratio of
approximately 530 while operating under a maximum load;

a platform manager connected to the main processor with the local bus, the platform manager
configured to control the power supplied by the power supply unit to each power rail from
the plurality of power rails; and

wherein the low power consumption general purpose computer server system consumes a maximum

of approximately 130 Watts of power while operating under a maximum load.

2. The system of claim 1, wherein the main processor is a communications processor system
on a chip configured to operate as a general purpose computer server processor, and wherein
the platform manager is based on a field programmable gate array (FPGA), the platform
manager comprising:

a platform manager processor;

a plurality of platform manager cores; and

a platform manager bus connected between the platform manager processor and the plurality of

platform manager cores;
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a platform manager processor; a plurality of platformmanager cores; and a
pl at f or m manager bus connect ed between the platform nanager processor and
t he pl ur avotgi3aficaBat f or m manager cores. 20. A net hod eCtThiseéidiomy2sm | ow
power conputer system conprising: repurposing a special purpose processor
to be utilized as a general purpose server processor, the special purpose
processor having a plurality of processor cores, ports, and offl oad

engi

el |ng a set . of ents based on erformance and
powg elfé’fnr‘i PE?H Hﬁgc%%é“ InP% HRSBABIECs SR &0 SRt the power

supplied by the power supply unit to each power rail from the plurality of power rails;

3. The system of claim 1, wherein the main processors operates at a frequency of 1.5 GHz

and consumes less than approximately 85 Watts of power.

4. The system of claim 1, with the main processor having an idle operating temperature of
less than approximately 67 degrees Celsius under an ambient temperature of approximately

25.5 degrees Celsius.

5. The system of claim 1, with the main processor having an full-load operating temperature
of less than approximately 77 degrees Celsius under an ambient temperature of

approximately 25.5 degrees Celsius.
6. The system of claim 1 comprising at least twenty power rails.

7. The system of claim 1, having a form factor enabling the placement of two or more of the

systems in a standard server rack.

8. The system of claim 1, wherein the power supply unit has a minimum power efficiency

of approximately 90%.
9. The system of claim 2, wherein the platform manager processor is an ARM processor.

10. The system of claim 1, further comprising a non-volatile memory component operably
connected between the main processor and the platform manager, the non-volatile memory
component utilized to store at least one of: a boot software, board component variables,

software configuration variables, and firmware images utilized by the system components.

11. The system of claim 10, further comprising an operating system software which

comprises a first diagnostics software and a first system management software, and wherein
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utilizing a power supply unit having a m ni mum power efficiency of
approximately 90% utilizing a platform manager to control the power

suppl i ed w9 20fs01psader supply unit to the set of system ecmuse@ns7oehr ough a
plurality of power rails, and adjusting the special processor's frequency
to achi eve a m ni num Cor eMar k- score per WAtts-consuned ratio of

approxi mately 530.

the boot level software comprises a BIOS menu, a second diagnostics software, and a second

system management software.

12. The system of claim 2, wherein the platform manager further comprises a memory
module connected to the platform manager processor to store and execute the platform

manager software.

13. The system of claim 12, wherein the platform manager further comprises:
a set of dedicated registers connected to the platform manager processor; and

a sct of shared registers connected between the platform manager processor and the main processor.

14. The system of claim 13, wherein the set of shared registers comprise a revision register
and a reset request register, and wherein the set of dedicated registers comprise a control

register and a status register.

15. The system of claim 1, further comprising a plurality of system fans, wherein the
platform manager is configured to control the plurality of system fans to maintain the

system’s temperature within a predetermined range.

16. A general purpose server computer system comprising:

a repurposed communications processor having a minimum CoreMark-score to Watts-consumed ratio
of approximately 530 while operating at a frequency of 1.5 GHz and under a maximum load;

a power supply unit having at least 90% power efficiency, the power supply unit comprising a
plurality of power rails; and

a platform manager configured to control the power supplied to the power rails; and

wherein the computer system consumes less than approximately 130 Watts while operating under a

maximum load.

17. The system of claim 16, further comprising a non-volatile memory component operably

connected between the repurposed communications processor and the platform manager,
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wherein the non-volatile memory component is utilized to store a boot software and an

operating system software.

18. The system of claim 17, wherein the operating system software comprises a first
diagnostics software and a first system management software, and wherein the boot level
software comprises a BIOS menu, a second diagnostics software, and a second system

management software.

19. The system of claim 16, wherein the platform manager is based on a field programmable
gate array (FPGA), the platform manager comprising:

a platform manager processor;

a plurality of platform manager cores; and

a platform manager bus connected between the platform manager processor and the plurality of

platform manager cores.

20. A method of building a low power computer system comprising:

repurposing a special purpose processor to be utilized as a general purpose server processor, the
special purpose processor having a plurality of processor cores, ports, and offload engines;

selecting a set of system components based on performance and power efficiency;

removing the special processor’s unused ports;

utilizing a power supply unit having a minimum power efficiency of approximately 90%;

utilizing a platform manager to control the power supplied by the power supply unit to the set of
system components through a plurality of power rails, and

adjusting the special processor’s frequency to achieve a minimum CoreMark-score per Watts-

consumed ratio of approximately 530.
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