1 POWER ALLOCATION MANAGEMENT IN AN INFORMATION HANDLING SYSTEM TECHNICAL
FIELD The present invention is in the field of computer systems and, more particularly, power
management in server class computer systems. 5 2 BACKGROUND OF THE NVENTION As the
value and use of information continues to increase, individuals and businesses seek additional ways
to process and store information. One option available to users is information handling systems. An
information handling system generally 5 processes, compiles, stores, and/or communicates
information or data for business, personal, or other purposes thereby allowing users to take
advantage of the value of the information. Becauseltechnology and information handling needs and
requirements vary between different users or applications, information handling systems may also
vary regarding what information is handled, how the information is handled, how much 10 information
is processed, stored, or communicated, and how quickly and efficiently the information may be
processed, storgghywrEgomMunicatet N heArAiooRinformatian-drRAFNNI S steMmeslpysfor
information handling systems to be general or configytigechfor a specific user or specific use such as
financial transaction processing, airline reservations, enterprise data storage, or global
communicatidsCHNadditidiEibformation 15 handling systems may include a variety of hardware and
software components that may he configured to process, store, and communicate information and
may include one or Thomwenipatentystems, tatiedtbrd g systie s samnos reetivarkingmsysteiagyOne

type of informgion hANGIORYSIPRL R ASRYESWIIEh i@ plocessor-based




network device that manages network resources. As examples, a file server is dedicated 2 0 to storing
files, a print server manages one or more printers, a network server manages network traffic, and a
database server processes database queries. A Web server services internet World Wide Web
pages. In recent years. servers have been implemented as "blade servers.” Blade servers are so
named because they employ server blades, which are thin, modular electronic 2S circuit boards
containing one or more microprocessors, memory, and other server hardware and firmware. Blade
servers, which are sometimes referred to as a high-density servers, typically include a space saving,
rack-based chassis that accepts multiple server blages. Blade servers are often used in clusters of
servers dedicated to a single task. For example, a blade server may function as a. web server by
servicing web-based requests 3 0 addressed to one or more universal resource locators (URLSs). L-1
this implemerafens Slde SERdNYEN I individual requests to different server blades within
the blade server based on factors indcluding}fthefcurrent loading of individual blades and the locality of
information required to raspdhdto A telitiest Al B AHSANEPTHALSS tHanLlsarait drisidrely. 8¢n
addition to semwveinblsdesclwhitlitproide jhecqate groaassingresoticenof aklageseivaiblads
servers may also include a mtanagﬂem(ﬁnt resource, poyer s I t.resourc s, I/0 resource, and
environmental control Tegources stch asdans. ﬁﬂsman}gaefﬂ LQUrBAPEHARIY HEMo RS HEREEs to the
blade sedver prddasdhe indipidisal sgenzerdnldde scnithintheteladefsengioManagement @&Qw&esd |
enable an administrator tg,10 power on, reboot, and. power down individual server blades as neede
orin respons%e{gcwgrﬂfn(gge aﬁlﬁ Oss,egrr]%e Qg i lel?)?yég(%elrlsce&é%%ﬁo Y?Igﬁgﬁl&feéfiﬁ’ A Eﬁ?ant
considerationifothedesigheadsdmplementatiod oifolateiseiversliRowedcansumptiamisnotenly

costly, but it %I&%een different users or applications, information handling systems may also vary

regarding what information is handled, how the information is handled, how much
10  information is processed, stored, or communicated, and how quickly and efficiently the
information may be processed, stored, or communicated. The variations in information
handling systems allow for information handling systems to be general or configured for
a specific user or specific use such as financial transaction processing, airline
reservations, enterprise data storage, or global communications. In addition, information
15  handling systems may include a variety of hardware and software components that may
be configured to process, store, and communicate information and may include one or
more computer systems, data storage systems, and networking systems.
One type of information handling system is a server, which is a processor-based
network device that manages network resources. As examples, a file server is dedicated
20 to storing files, a print server manages one or more printers, a network server manages
network traffic, and a database server processes database queries. A Web server services
Internet World Wide Web pages.
In recent years, servers have been implemented as “blade servers.” Blade servers
are so named because they employ server blades, which are thin, modular electronic
25 circuit boards containing one or more microprocessors, memory, and other server
hardware and firmware. Blade servers, which are sometimes referred to as a high-density
servers, typically include a space saving, rack-based chassis that accepts multiple server
blades. Blade servers are often used in clusters of servers dedicated to a single task. For
example, a blade server may function as a web server by servicing web-based requests

30 addressed to one or more universal resource locators (URLs). In this implementation, the



generates heat that must be dissipated to maintain performance parameters as well as the 15
electrical and mechanical integrity of the server. Traditional blade server implementations impose
power restrictions on individual blades based on. static power levels provided by the blade to ensure
that power capacity is not exceeded. Moreover, the static level provided the blade in such
implementations is typically based on a theoretical maximum power draw based on the blade's
configuration. Because the power 2 0 management implementation is founded upon the maximum
power draw, power allocation is necessarily overly conservative, resulting in denial of power up
requests or forced performance throttling of server Blades when, in reality, sufficient power is
available. 4 SUMMARY OF THE INVENTION 'Therefore a need has arisen for an information

handling systgmoperable 19 nd, allocate power to.modular resqurces of the system
dynamically and based on 5 ;?:%{aglgﬁggyé%%%&ngﬂ%%%%ﬁoofg %#grg%tséerlﬁv rr%’i foddt Wo‘%ﬁ Raslsct, an
information systEfh esdste Bicetrsdatihgipewer toritsnelbadice sfimdasdrifies adheinformatianthandling

system includss g BRAGESHIAG IRSAUIFE. ARG NG AT Mot maln processors, and system mepnory

accessible to the main processor(s). A management resource couhalré%ﬁfo fie pro %fﬁatrté)s rce is
configured to'éiver off, 10 reboot, and power on the processing resource remotely. The processing

resourcesmay have g Samigs APCERRYr ESRUIGeHNEL gporgﬁg%%ages with the management resource

for this purpose. The management resource Is designed to responé) G %r%%ev%%?%lfgca?fgﬁs r%fqﬁest
from a proces$didly reseicelpgcesaivrminga pbwetinlidietohtimsystern asawholsrand aifptating
power 10 the RERSEsiNaIESqLeRoED e MATARSTIRAIRE0WSSIBAICalBR1e adllogated,powef by

returning a maximum or critical power level to the processing resource. The Sprcocessmg resource is
configured to FEEARFETHE EPRIHT DR fevisinagld mrcess to the blade server and to the individual

server blades within the blade server. Management resources enable an administrator to
10  power on, reboot, and power down individual server blades as needed or in response to
warnings, failures, and the like.

Power conservation is an increasingly important consideration in the design and
implementation of blade servers. Power consumption is not only costly, but it also
generates heat that must be dissipated to maintain performance parameters as well as the

15  electrical and mechanical integrity of the server. Traditional blade server
implementations impose power restrictions on individual blades based on static power
levels provided by the blade to ensure that power capacity is not exceeded. Moreover, the
static level provided the blade in such implementations is typically based on a theoretical
maximum power draw based on the blade’s configuration. ~Because the power

20 management implementation is founded upon the maximum power draw, power
allocation is necessarily overly conservative, resulting in denial of power up requests or

forced performance throttling of server blades when, in reality, sufficient power is

available.



determine a warning power level based on the critical power level. The processing resource r_esponds
to a power consumption level exceeding the critical power level by powering off. The processing
resource is configured to respond to an actual power 20 consumption level exceeding the warning
power level by transitioning to a power conserving mode and requesting an additional aII_ocatlon of
power from the management resource. In another aspect, a method of allocating power in an _
information handling system is disclosed, Responsive to a power allocation request from a processing
resource, a 25 management resource determines a power allocation for the requesting processing
resource and indicates a critical power level to the pyocessing resource. The processing resource, in
response to receiving the critical power level, determines a warning power Ieve_l that is I_ower than the
critical power level. The processing resoy %[K/}%'ﬁt achya 9 NS onsumption and, in response to
monitoring an actual power consumptio EXCEEU =t ttevel, shuts down or powers
off. In response to the actual 5 power consumption exceeding the warning power level, processing

resource throttles torﬂgglfl&% aé:tggg Cp%vz\‘/sera(rzlogr%lljégrgig?u%r}% | rec yo%sﬁ ﬁ%ggég?gggﬁc%% gl iti(r:%l) power

level. In yet another aspect, a computer reada aving en : )
dynamically allosatinppelierato procedsingdesourcssiinaninfersyation dSrhatidling syseReincludes
instructigns f i tr rce for a power allocation and for receiving a
maximu?n po%végﬁ%%ge%%gm%ﬁ%%%%ggg%%r%ﬁ?eeuéno&r(r:%s.o & medium further includeg instructions for
determining a warn ihgopév@@@d@fv@hbaé@aﬁmmm@mammapmbpomfeﬂlevﬁi.mﬂdmmtims‘omﬂ&@tthng
the processing JesUNGE onLeaHES RONVEE GoRsyUm ion and. far re uesting an increase in maximum
power level ingiio resp%ghse toel monitoring an aétﬁa&é(%v%}n%%%seﬁﬁ |Cc)J(fleseS’>9<ll _é%glﬂ‘érfﬁ WAy power
level. The médimAT Ui iPrslcriesrinstrdictisrefongoweringeofibie prodessiag processor(s). A

management resource coupled to the processing resource is configured to power off,

10  reboot, and power on the processing resource remotely. The processing resource may
have a service processor resource that communicates with the management resource for
this purpose. The management resource is designed to respond to a power allocation
request from a processing resource by evaluating a power budget of the system as a whole
and allocating power to the processing resource. The management resource indicates the

15  allocated power by returning a maximum or critical power level to the processing
resource. The processing resource is configured to receive the critical power level and to
determine a warning power level based on the critical power level. The processing
resource responds to a power consumption level exceeding the critical power level by
powering off. The processing resource is configured to respond to an actual power

20  consumption level exceeding the warning power level by transitioning to a power
conserving mode and requesting an additional allocation of power from the management
resource.

In another aspect, a method of allocating power in an information handling system
is disclosed. Responsive to a power allocation request from a processing resource, a

25  management resource determines a power allocation for the requesting processing
resource and indicates a critical power level to the processing resource. The processing
resource, in response to receiving the critical power level, determines a warning power
level that is lower than the critical power level. The processing resource monitors actual
power consumption and, in response to monitoring an actual power consumption

30  exceeding the critical power level, shuts down or powers off. In response to the actual



resource in response to the actual power consumption exceeds the maximum power level, In still
another aspect, an information handling system is described. The i5 information handling system
includes a processing resource including a main processor and system memory accessible to the
main processor, and a management resource coupled to the processing resource and configured to
power off, reboot, and power on the processing resource remotely. The management resource is
configured to respond to a power allocation request from the processing resource by evaluating a
power 20 budget of the system and allgcating power to the processing resource by settin% a critical

power level foPPRE HrBREEERTP PSRl Y PrEEHESIRG Ve fifte REACEHTIGEEaC 1 FeCERIESHE critical

power level anddacdateimipevamainingpenenieyehuthe aRraeessitr@saGeispeaniigued to
respond to an actual power consumption level exceeding the warning power level by transitioning to a

power conserving made y¥headbtpowespaanitar agafjuespandsie amadiual pewsiccansbeapiion level
exceeding the, crltlcglogso%%r A}g{\l/aerln b ﬂ]ltl ing.a r%rocessup resource power off, In a.ftgther aspect, a
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the actual powedoansowgptiamsbrepider dind) fiverevaresinggpowercterel. in maximum power level in
10 response to monitoring an actual power consumption exceeding the warning power

level. The medium further includes instructions for powering off the processing

resource in response to the actual power consumption exceeds the maximum power

level.

In still another aspect, an information handling system is described. The

15 information handling system includes a processing resource including a main processor
and system memory accessible to the main processor, and a management resource
coupled to the processing resource and configured to power off, reboot, and power on

the processing resource remotely. The management resource is configured to respond

to a power allocation request from the processing resource by evaluating a power

20 budget of the system and allocating power to the processing resource by setting a
critical power level for the processing resource. The processing resource is configured

to receive the critical power level and to determine a warning power level. The
processing resource is configured to respond to an actual power consumption level
exceeding the warning power level by transitioning to a power conserving mode. The

25  power monitor agent responds to an actual power consumption level exceeding the

critical power level by initiating a processing resource power off.

In a further aspect, a method of allocating power in an information handling
system is described. The method includes determining a critical power level and
allocating the critical power level to the processing resource responsive to a request

30 from a processing resource; determining a warning power level, lower than the critical

power level responsive to receiving the critical power level; monitoring actual power



A number of important technical advantages are described herein. One technical advantage is the
ability to manage the allocation of power budgets to processing resources in an information handling
system so that the power budget allocated to any resource is adjusted based on the actual power
consumption of the resource. Using 10 dynamic power allocation as described herein results in more
efficient allocation of the available power budget so that, for example, a maximum number of
processing resource may be operating simultaneousgly. Additional advantages will be apparent to
those of skill in the art and from the FIGURES, description and claims provided herein. BRIEF
DESCRIPTIONSEES? DR ARINS 25t e¥fttfiete BHH HordtigR URGeFSRETETHY of i fSfesent
embodiments gshadaagrsdhareqfonay bsmasapiied Rydeferingo theidallowing desariptian taken

in conjunction with the accompanying drawings, in which like reference numbers indicate S like
features, and WHEHEH BRETPS S Boti A 4hi 1SS BERA BRIHTEARS SIBPIFSAATSASEIRAAD system
implemented agailade serverkifita. ddsverbleck diagsamiot selegiedelameptsvef asesvenatade
suitable fqr use as a processing resource in the blade server depicted in FIG. 1; and ? O FIG. 3is a
flow diaggam i oy M8AtEtiG1h6f a method of dynamic power allocation in an
information handling system such as the blade server of FIG. 1. 8 DETAILED DESCRIPTION OF THE
INVENTION Preferretl mmidedionemisoofthecrive rionanddts advadtagesdiebest Onderstoockby

reference to the diuioas wierain e pumbers. refer In i apcheonssaoRdINa Balts, As g yalue and
use of information continues to increase, individuals an Usinesses seek additional ways o
process and ster@linformatiomi@neioptibaralmigakiettom usersiglinfoowatibndgandlingagybterasy An

information ha}[clgi(!mgesa@tgd}hgggqggg% on the actual power consumption of the resource. Using
10 dynamic power allocation as described herein results in more efficient allocation of the
available power budget so that, for example, a maximum number of processing resource

may be operating simultaneously. Additional advantages will be apparent to those of

skill in the art and from the FIGURES, description and claims provided herein.



processes, compiles, stores, and/or communicates information or data for business, personal, or other
purposes thereby allowing users to take advantage of the value of the information. Because
technology and information handling needs and requirements vary 10 between different users or
applications, information handling systems may also vary regarding what information is handled, how
the information is handled, how much information is processed, stored, or communicated, and how
quickly and efficiently the information may be processed, stored, or communicated. The variations in
information handling systems allow for information. handling systems to be general or configured for
15 a specific user or specific use such as financial transaction processing, airline reservations,
enterprise data storage, or global communications. In addition, information handling systems may
include a varigty of hardware and softwar nents that may be configured to process, store, and
communicateFhErabor-S JdEEdy ADEE computer systems, data storage systems, and
networking systems. 20 Preferred embodiments and their advantages are best understood by
reference to FIG. 1f}1r%18§?10ﬁ it SPTRERUREERE RS 00 BararsaRS mRebaAEmsaifedsbnding
parts. For purpbsesigéthisecis€lasurecaninfiosmhatorchanidking systepnsmaydneude.any instrumentality
or aggregate ofr{nustg%hent 2 itit%s ogerable to co(%)ute, classify, process, transmit, receive, retrieve,
originate, switch: Store, display manteet A8t +8EBR: ¥5 YarbdUicer Heihars, B ohfse afia6rm of
informatien, ihdelligences, andatadeibusiness, scientific, control, or other purposes. For example, an
information handlin temm e a personal computer, a network storage device, or any other
suitable device andan%gﬁ; i?/ésrff i%}/%?l;e(,hggrfp% f%%?%ﬁ%?%‘ggw&%fnaam?%lﬁﬁé@@h%rf'ﬁff'ltﬁ%tion
handling systemlenapinthsdebiaddeemvaccess memory (RANI), one or more processing resources 30
such as a central preggssin it (CRU) or hardware or software control logic, ROM, 9 and/or other
types of nonvolatil% ?ﬁ?r’n%%i%%%’%.o‘%a rgénmogosﬁeen COFIRRSRR FhATER e Blade Suttable for use as

a processing resource in the blade server depicted in FIG. 1; and

10 FIG. 3 is a flow diagram illustrating one implementation of a method of dynamic

power allocation in an information handling system such as the blade server of FIG. 1.



handling system may include one or more disk drives, one or more network ports for communicating
with external devices as well as various input and output (110) devices, such as a keyboard, a mouse,
and a video display. The information handling system may 5 also include one or more buses operable
to transmit communications between the various hardware components. As indicated previously, one
type of information handling system is a server system. A server system may be defined as a system
that communicates with one or more client systems for the purposes of exchanging information and
performing transactions. 10 A representative server system is the blade server 100 depicted in FIG. 1.
Blade server 100 as depicted in FIG. 1 includes progessing resources in the form of server blades
102-1 through 102-N (generically or collectively referred to herein as server blade(s) 102). Blade
server 100 also includes a management resource in the form of a management module 104, 110
resources in theferHar-BESABEGEONIRE TEH BN ENTEAN ically or 15 collectively referred to as 1/0

dul 106), I ules 0 B and 108-2 (generically or collectively referred to as
:)noc\)/vgres(jz)ply r%opdol#g(gsf)sel’i%% ¥ g%(% %WP(% éjh‘fallmfgggﬁpc%%‘?i LA YORASSE S Rstindes P96 v and

110-2 (genericéity mreoolbetirelyintaferiestio kissfanrmesulefs) dblkdanagemenh mgeyled 04 is

connected to server plades 102, I/O modules 106, 20.power supply modules 108, and fan modules
110. In one embodir’f%n ,%gérggaearﬁég Shodultd Loxes §8&t¥bﬁ§§et8tﬂg?r|e€§8uﬂ&‘gév&%‘ﬁl]éd@gerver

100 using a refatieshesivgileddoimmipicationginkesdcindstan kﬁﬁrﬁmki@hthmiﬁ.fbpﬁmr@mm&mims
may employ gther types of 'links such as Ethernet links, general purpose serial links, and the like.
Management8 rgr?gsdd%él %ﬁ%%‘ﬁ%rg‘o e %bnﬁowgreglns; reé%%?,ma?ﬂgrbaf r?bq‘f‘%?é% SERURE 25 BIEHE 102. I
addition, marragessrent wmdpibﬂOﬂdmsomﬁiQined:m:mmianﬁmmmmm RarRraetersueitas
chassis lemPSIARE: 004 CRNIERL OB IesgIIEeR ARG BRNES. SHRRY PRLSR 0 i fan
modules 110. Management m% le , for example ds

information. Because technology and information handling needs and requirements vary

b A 3

10  between different users or applications, information handling systems may also vary
regarding what information is handled, how the information is handled, how much
information is processed, stored, or communicated, and how quickly and efficiently the
information may be processed, stored, or communicated. The variations in information
handling systems allow for information handling systems to be general or configured for

15 a specific user or specific use such as financial transaction processing, airline
reservations, enterprise data storage, or global communications. In addition, information
handling systems may include a variety of hardware and software components that may
be configured to process, store, and communicate information and may include one or
more computer systems, data storage systems, and networking systems. '

20 Preferred embodiments and their advantages are best understood by reference to
FIG. 1 through FIG. 3, wherein like numbers are used to indicate like and corresponding
parts. For purposes of this disclosure, an information handling system may include any
instrumentality or aggregate of instrumentalities operable to compute, classify, process,
transmit, receive, retrieve, originate, switch, store, display, manifest, detect, record,

25  reproduce, handle, or utilize any form of information, intelligence, or data for business,
scientific, control, or other purposes. For example, an information handling system may
be a personal computer, a network storage device, or any other suitable device and may
vary in size, shape, performance, functionality, and price. The information handling
system may include random access memory (RAM), one or more processing resources

30 such as a central processing unit (CPU) or hardware or software control logic, ROM,



operable to detect a thermal warning and respond by turning on fans in fan module(s) 110, reducing
power levels supplied by power supply modules 108 and to throttle one or 30 more server blades 102.
10 In a preferred embodiment, each server blade 102 is a module resource, preferably implemented
as an electronic printed circuit board containing one or more general purpose microprocessors,
system memory accessible to the microprocessor(s), and other hardware/firmware needed for
executing an operating system and application programs. 5 In such embodiments, server blades 102
are preferably hot pluggable into racks or slots defined by a chassis (not depicted) of blade server
100. In a suitable embodiment, server blades 102 age plugged into racks from a first side of the blade
server chassis while the manage module 104, 1/0 modules 106, power supply modules 108, and fan

modules 110_are plugged into racks from.a second side of the blade server chassis. 10 Referring to
FIG. 2, a blodk i%%?ﬁn%ro%? Cted et aélr%s%?rg%@'rve’f\gﬁiéﬂ%nfbfogm%fgsf&f B8 i PrPBiaTe server

|

sieltet Ele

100 of FIG. 1haisishewrstés depictedidePdGe 2y sarver dijadil02 ndustesone i mokeRiecessors

202-1 through 202-N.connectt-%-g to a SX?t m. bus 204 IA‘ bus bridge and memory caontroller 206 is
extern 1 fﬁ

coupled to system bus 204 to a memory S SOB AT CRNAER™S BRE AT h e, 240 Wit Edge and

memory contsollerrds ROGBridgenandamemiory ideotriiisin 206 aiso otiplesitaadariphetahbus 212 to
which o eoalgug{gcﬁ)e%gheral adarﬁigrs ma%e?gbi:eogn cted..In the depicted embodiment, for example,

server blade 102 includes & network interiace card (NI 550 SREA RS RSIOLBREOET 33 Hat is

S a netwo
coupled to peridrent stommgesrot depicted). In addition, server blade 102 includes a service

preforably mcludos A St o Ol abTaH e 18 S B Lehyey iad100 Ao

facilitate remeyetenanagemens cagrability fordedmidistyatoysteBMIGit communicates with one or more

client systems for the purposes of exchanging information and performing transactions.

10 A representative server system is the blade server 100 depicted in FIG. 1. Blade server

100 as depicted in FIG. 1 includes processing resources in the form of server blades 102-1

through 102-N (generically or collectively referred to herein as server blade(s) 102).

Blade server 100 also includes a management resource in the form of a management

module 104, VO resources in the form of I/O modules 106-1 and 106-2 (generically or

15 collectively referred to as /O module(s) 106), power supply modules 108-1 and 108-2

(generically or collectively referred to as power supply module(s) 108, and environmental

resources in the form of fan module(s) 110-1 and 110-2 (generically or collectively
referred to as fan module(s) 110.

Management module 104 is connected to server blades 102, /O modules 106,

20 power supply modules 108, and fan modules 110. In one embodiment, management

module 104 connects to the other resources of blade server 100 using a relatively simple

communication link such as an I2C link although other embodiments may employ other

types of links such as Ethernet links, general purpose serial links, and the like.

Management module 104 is operable to power on, reboot, and power off each server

25  blade 102. In addition, management module 104 is configured to monitor environmental

parameters such as chassis temperature, and to control shared resources including power

supply modules 108 and fan modules 110. Management module 104, for example, is

operable to detect a thermal warning and respond by turning on fans in fan module(s)

110, reducing power levels supplied by power supply modules 108 and to throttle one or

30 more server blades 102.



230 communicates with management module 104 to log and send alerts on the network. BMC 230 is
responsible for monitoring the status of voltage and temperature probes (not 25 depicted) on server
blades 102. When BMC 230 detects an event, the event is written to a BMC hardware log and sent to
management module 104 over an Intelligent Platform Management interface (IPMI) conne_ction 234.
In the depicted embodiment, BMC 230 is connected to NIC 220 of server blade 102 enabling
administrators to access BMC 230 using an IPMI utility or Serial over LAN 30 (SOL) commands. In
addition, BMC 230 as shown is connected to power distribution 11 circuitry 240. Power distribution
circuitry 240 provides a controllable interface betweai a source of AC power and the functional
elements of server blade 203 including the processors 202. The depicted implementation of BMC 230

also includes powerlnmonit?rine%%irrnqgjgt@/ 232. P%Lwer mo%igjcggﬁéircuitry may be a current sensing

circuit or 5 another type of circuit CApabiB OFHEmItSTIRG t rE GBS G S sRdFRFARBurce.

Although the idepicted timiplementaiticiroindigates posieninaniteding aitchity 332 as fesidingnernBMC

230, other i ntations may integrated power sensing circuitry 232 into power distribution circuitry
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are plugged into racks from a second side of the blade server chassis.

10 Referring to FIG. 2, a block diagram of selected elements of a server blade 102
suitable for use in the blade server 100 of FIG. 1 is shown. As depicted in FIG. 2, server
blade 102 includes one or more processors 202-1 through 202-N connected to a system
bus 204. A bus bridge and memory controller 206 is coupled to system bus 204 to a
memory bus 208 that connects a system memory 210 with bridge and memory controller

15 206. Bridge and memory controller 206 also couples to a peripheral bus 212 to which
one or more peripheral adapters may be connected. In the depicted embodiment, for
example, server blade 102 includes a network interface card (NIC) 220 and a hard disk
controller 222 that is coupled to persistent storage (not depicted). In addition, server
blade 102 includes a service processor resource, referred to as baseboard management

20  controller (BMC) 230.

BMC 230 preferably includes a service processor enabled to monitor the status of
server blade 102 and to facilitate remote management capability for administrators. BMC
230 communicates with management module 104 to log and send alerts on the network.
BMC 230 is responsible for monitoring the status of voltage and temperature probes (not

25  depicted) on server blades 102. When BMC 230 detects an event, the event is written to a
BMC hardware log and sent to management module 104 over an Intelligent Platform
Management Interface (IPMI) connection 234.

In the depicted embodiment, BMC 230 is connected to NIC 220 of server blade
102 enabling administrators to access BMIC 230 using an IPMI utility or Serial over LAN

30 (SOL) commands. In addition, BMC 230 as shown is connected to power distribution



volatile medium (e.g., system memory (RAM) or cache memory (SIAM)) during periods when
instructions are being executed. The medium may also be a persistent medium such 20 as a hard
disk, CD, DVD, magnetic tape, and the like, during periods when instructions are not being executed.
In one aspect, a dynamic power allocation method includes processing resources, such as the server
blades 102 of information handling system 100, communicating with a management resource such as
management module 104. A processing resource requests 25 an initial power budget allocation and
the management resource responds to the request, preferably by granting the request and the
requested allocation. In one implementation, the power allocated by the management resource
represents an absolute maximum level of power beyond which the processing resource must not

operate. The g@gﬂ@ r : S.Qr NV ermin r margin 30 sets a
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power level. When actual power consumption drops below the warning power level, the processing
resource preféfamyVeRRIESO N FEHIUN AMotlineidwulersrdBMERRSP has access to information

that is indicative of the actual power consumption of server blade 203. Power sensing
10  circuitry 232 may be operable to indicate instantaneous power consumption and/or
include an integrator or other circuit suitable for determining an average value of power
consumption over a specified time interval.
Some embodiments of the dynamic power allocation described herein are
implemented as a set of computer executable instructions (computer software) that, when
15  executed by a processor in an information handling system, causes the information
handling system to allocate power dynamically. In such embodiments, the instructions
are stored on or embedded in a computer readable medium. The medium may be a
volatile medium (e.g., system memory (RAM) or cache memory (SRAM)) during periods
when instructions are being executed. The medium may also be a persistent medium such
20 as a hard disk, CD, DVD, magnetic tape, and the like, during periods when instructions
are not being executed.
In one aspect, a dynamic power allocation method includes processing resources,
such as the server blades 102 of information handling system 100, communicating with a
management resource such as management module 104. A processing resource requests
25  an initial power budget allocation and the management resource responds to the request,
preferably by granting the request and the requested allocation. In one implementation,
the power allocated by the management resource represents an absolute maximum level
of power beyond which the processing resource must not operate.
The processing resource calculates or otherwise determines a power margin and

30  sets a “warning” power level representing the difference between the allocated power



because the processing resource's actual power consumption decreased due to, for example, a
decrease in processing activity or because the management resource granted a 15 power budget
increase to the processing resource and the processing resource re- calculated a new and higher
warning power level in response. Some embodiments may support processing resource power budget
donations. A power budget donation may occur if an un-throttled processing resource finds that its
actual power consumption is consistently below its allocated power level. The processing 20 resource.
in this case may donate a portion of its allocated power by requesting a decrease in allocated power
from the management resource thereby enabling the2management resource to allocate the donated
power to other processing resources as needed. Turning now to FIG. 3, a flow diagram illustrates

selected elements of one embodimentg{, method 300 for managi er allocation in an
information %ﬁggi%d Krstem. Metho é%btg%agg%cl% %ﬁ%"ﬁé?gﬂgg%?{gﬁ|§V?6f}18%’&‘j‘f%366§}an
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predetermined algoyithi t@ tgﬁﬂﬁiﬁ{&ﬂ,da{@procesﬁng resource remains in a reduced power

10  consumption mode as long as its actual power consumption level exceeds its warning
power level. When actual power consumption drops below the warning power level, the
processing resource preferably “un-throttles” itself. Un-throttling could occur either
because the processing resource’s actual power consumption decreased due to, for
example, a decrease in processing activity or because the management resource granted a

15 power budget increase to the processing resource and the processing resource re-
calculated a new and higher warning power level in response.

Some embodiments may support processing resource power budget donations. A
power budget donation may occur if an un-throttled processing resource finds that its
actual power consumption is consistently below its allocated power level. The processing

20  resource in this case may donate a portion of its allocated power by requesting a decrease
in allocated power from the management resource thereby enabling the management
resource to allocate the donated power to other processing resources as needed.

Turning now to FIG. 3, a flow diagram illustrates selected elements of one
embodiment of a method 300 for managing power allocation in an information handling

25  system. Method 300 as depicted in FIG. 3 is suitable for execution by an information
handling system such as the information handling system 100 depicted in FIG. 1. In the
depicted embodiment, method 300 includes a processing resource requesting (block 302)
a management resource for an allocation of power. The power allocation requests may be
part of a power up request to the management resource from the processorhresource and,

30  more specifically, from BMC 230 or another suitable service processor resource. The



In the sequence depicted in FIG. 3, the management resource responds to the power allocation
request by evaluating a power budget for information handling system 10 100 as a whole, determining
a power allocation for the requesting processing resource, and indicating the power allocation to the
processing resource by returning (block 304) a value, referred to herein as the critical power level or
maximum power level. As suggested by its name, the critical power level is an absolute maximum
level of power that the processing resource is permitted to draw. 15 The processing resource receives
the power on grant and the critical power level from the management resource and determines (block
306) a second power level, referred to herein as thé3varning power level. The processing resource
determines the warning power level based on the critical power level according to a predetermined
algorithm. In _an implementation desirable for its simplicity, for example, the processing resource may
2(? calculate EWaerrn?r?gr% L\lﬁgtr <=56\:/£Ceg:ﬁlatsE 3 %%%éﬂfg‘iﬁgﬁér%éﬁ §¥ &¢1a &ﬁ?&ﬁ%‘b\%?’%"@lffﬁ%fﬁ%r
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and an algorithm that éetermlnes the warning power level may 14 take such factors into

consideration. In ad#ititw, saqadgorittenifordeteFithing the powere marginsmaydnesppaiatecother
information '%%W&i&%@&%ﬁﬁé@!%;p g%ﬁggthqgtgdp%%ver budget for information handling system

10 100 as a whole, determining a power allocation for the requesting processing resource,
and indicating the power allocation to the processing resource by returning (block 304) a
value, referred to herein as the critical power level or maximum power level. As
suggested by its name, the critical power level is an absolute maximum level of power
that the processing resource is permitted to draw.

15 The processing resource receives the power on grant and the critical power level
from the management resource and determines (block 306) a second power level, referred
to herein as the warning power level. The processing resource determines the warning
power level based on the critical power level according to a predetermined algorithm. In
an implementation desirable for its simplicity, for example, the processing resource may

20  calculate a warning power level as a specified percentage of the critical power level. In
other implementations, the relationship between the warning power level and the critical
power level may be non-linear. The warning power level is preferably chosen to provide
adequate operating margin with respect to the critical power level. The amount of margin
is implementation specific and may depend on factors including, but not limited to, the

25 historical stability of the processing resource’s power consumption. If, for example, the
historical power consumption of a processing resource is highly stable (e.g., power
consumption values historically vary less than 2%), it may be desirable to reduce the
margin between the warning power level and the critical power level. Conversely, a
processing resource with a history of highly erratic power consumption values may

30  require increased margin and an algorithm that determines the warning power level may



information indicative of the historical power consumption of other processing resources in the
information handling system. If other server blades in an information handling 5 system exhibit a
pattern of power consumption, for example, the determination of Dower margin for any giver_r
processing resource may factor this information into the determination, Following the allocation o_f a
critical power level and the determination of a warning power level, the processing resource monitors
(block 308) its actual power 10 consumption levels. Actual power consumption monitorln_g IS
preferably achieved using power sensing circuitry 232 of BMC 230 as described above with respeet to
FIG. 2. If the information handling system determineg.(block 310) that the actual power consumption
(P) exceeds the critical power level, information handling system 100 shuts down (block 311)
immediately. %%Eut daqw Qwer may occur through the management 15 module 104, the BMC 230,

or a combina PiCth %%Wn%ﬁ’éﬁl?@ﬂaﬂn Fdifieng %ﬁ%l%@gﬁﬂﬁﬂt%ﬁﬁmﬂ
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230 and managemen module 104. Following the request for additional power, method 300 returns to
block 304 in which thellmainagemesniisesourcef evaltiates hewequsst adpewel-anehigitms e cLitical

power level. '\fwtar%ma{}% mFevefeﬁleu %r%c%%gler{én Irnees%&pcaé monitors (block 308) its actual power
10 consumption levels. Actual power consumption monitoring is preferably achieved using
power sensing circuitry 232 of BMC 230 as described above with respect to FIG. 2.

If the information handling system determines (block 310) that the actual power
consumption (P) exceeds the critical power level, information handling system 100 shuts
down (block 311) immediately. Shut down of power may occur through the management

15  module 104, the BMC 230, or a combination of both.

If information handling system 100 detects (block 312) that actual power
consumption exceeds the warning power level (PW), method 300 includes information
handling system 100 throttling (block 322) server blade power. Throttling of server blade
power may include taking power conserving action including, but not limited to, reducing

20  the operating voltages applied to the system components and/or reducing a frequency of
an system clock (not depicted) that drives the timing of server blade components.

In addition to throttling server blade power, method 300 as depicted in FIG. 3
includes the server blade requesting (block 324) the management module to allocate more
power. Like the original request for power allocation made when the server blade first

25 powers on, this request for power may include an IPMI or other suitable message between
BMC 230 and management module 104. Following the request for additional power,
method 300 returns to block 304 in which the management resource evaluates the request
for power and returns a critical power level. If the management resource determines that
additional power budge is available for allocation to the requesting server blade, the

30  management resource will indicate a new and presumably higher critical power level. If



additional power budge is available for allocation to the requesting server blade, the 30 management
resource will indicate a new and presumably higher critical power level. If 15 the management module
determines that there is insufficient power budge to accommodate the request for an increase, the
critical power level returned by the management resource will be the same as it was previously.
Returning to decision block 312, if the actual power is not greater than the 5 warning power level, th_e
depicted implementation of method 300 includes determining (block 314) whether the server plade IS
currently operating in a throttled or other power conservation power mode. If the server plade IS
operating in a throttled mode, the server blade preferably restores (block 316) its operating mode to
an un-throttled state such as by restoring supply voltage levels, restoring system clocks to a default
frequency, and so 10 forth. Following restoration of the server blade to an un-throttled state, method

300 returns t5'BloBRBEE T WhiCPhECsTerBiatt iitdhem déwié}s%fé@@?flf fevsensidstade
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warning pOV"eJQ%é’&'o'rﬁ%imBﬁ?" \g&tgtgig rlle\rpe? \ }‘ggggng system clocks to a default frequency, and so
10  forth. Following restoration of the server blade to an un-throttled state, method 300
returns to block 308 in which the server blade monitors is power usage.
If the server blade determines in block 314 that it is not in a throttled state, the
depicted embodiment of method 300 supports power donations. More specifically, if a
server blade finds that its power consumption in a fully un-throttled operating mode is
15 consistently below its warning power levels, the server blade may request a decrease in
allocated power level as a means of donating a portion of its allocated power budget back
to the information handling system as a whole so that the management module can better
accommodate requests for power budge increases from other system resources including
other server blades. Thus, FIG. 3 as depicted includes determining (block 318) whether a
20 server blade’s actual power consumption has been consistently below its warning power
levels. The definition of what constitutes “persistent” in this context is an implementation
detail. An exemplary method may define persistent as a series of N consecutive power
consumption data points below the warning power level. An implementation may trigger
power donation activity if the actual power consumption drops below and/or remains
25  consistently below a minimum power level. Other implementations may invoke more
sophisticated techniques to determine, for example, the likelihood of a reduction in
warning power level causing a drop in the performance of the blade and, if so, whether
the power budge reduction is warranted.
If server blade and/or information handling system determine that a server blade is

30 consistently below its warning power levels, the blade, according to the embodiment



power donation activity if the actual power consumption drops below and/or remains 25 consistently
below a minimum power level. Other implementations may invoke more sophisticated techniques to
determine, for example, the likelihood of a reduction in warning power level causing a drop in the
performance of the blade and, if so, whether the power budge reduction is warranted. If server blade
and/or information handling system determine that a server blade is 30 consistently below its warning
power levels, the blade, according to the embodiment 16 depicted in FIG. 3, effectively donates (block
320) a portion of its power budge back to the information handling system by requesting the
management module to reduce its allocated power puidget and, preferably, indicating a suggested
magnitude of reduction. The suggested magnitude is preferably based on the extent to which the
warning powe(iﬁg.levgl,exceeded the actual power consum ts. Upon requesting the

tion data point
power budgeTEdtE ,%@tﬁo&%ﬁ@?’&ﬁrﬂ%ﬁl695@9’6?5@%&@?@&Qﬁa‘@é?ﬁiéfﬁf RigaIBaStiPnS a

new power vale ifficpmihenctheahandythersaryathladadetaemings dahlackdithal theaetual power
consumption data warrants a power budget donation, method 300 includes returning to block 308 in
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disclosed emhodimentsbavedsaandescoibes-ipldelaikdt shesddhentasdersiondthatyarous fanges,
substitutions and alteraéifp%s tgan be é?i%de to the embodiments without departing from their spirit and

scope CSLLP 17 Wi T ATIEDPREAS TRRSHRRYh f74A MBSy SERAD deASHdRSgthE Pr¥&ssing
resource, inclbdizg gethativpyoeesso380dSysiend BIRAORY4 where the management module returns

a new power value. If, on the other hand, the server blade determines in block 318 that
the actual power consumption data warrants a power budget donation, method 300
includes returning to block 308 in which the server blade operates normally while

10  monitoring its power consumption.
Although the disclosed embodiments have been described in detail, it should be
understood that various changes, substitutions and alterations can be made to the

embodiments without departing from their spirit and scope



accessible to the main processor; a management resource coupled to the processing resource and
configured to power off, reboot, and power on the processing resource remotely; wherein thﬁCSLLP
management resource is configured to respond to a power allocation request from the processing
resource by evaluating a power budget of the system and allocating power to the processing resource
by setting a critical power level for the processing resource; wherein the processing resource is
configured to receive the critical power level and to determine a warning power level; wherein the

processing reigﬁr&i %%Rgﬁgﬁgﬁ respond to an actual power consumption level exceeding the

warning powe a power conserving mode; and wherein the power monitor
agent responds to an actual power consumption level exceeding the critical power level by initiating a

processing resource power n%fzfiti%h-lix%% dﬂgorm%pon handllnsgns stem of claim I, wherein the processing

resource comprises a processing reSource blade: in%(fuméjlﬁg printed circuit board to which the
processor and system memory are attached, wherein the blade is suitable for insertion into one of a

plurality of slots in a ¢hassis of the information rfandlin S)és)tem. MCSLLP 1§ 3. The information
SS1 Tesource, mciudin amm TOCESSOr an 3

handling system of claim 2 further comprising a p urﬁity of processing resourceygfgglesr}lgggﬁzinserted
into a respective one of the slotssibitht ihformatipndrasmting system chassis. 4. The information
handling system of claim 1, wherein the power monitor agent further responds to the power
consumption level exceeding the warning power level by

a management resource coupled to the processing resource and configured to

power off, reboot, and power on the processing resource remotely;

wherein the management resource is configured to respond to a power allocation
request from the processing resource by evaluating a power budget of the
system and allocating power to the processing resource by setting a

critical power level for the processing resource;

wherein the processing resource is configured to receive the critical power level

and to determine a warning power level;

wherein the processing resource is configured to respond to an actual power
consumption level exceeding the warning power level by transitioning to

a power conserving mode; and

wherein the power monitor agent responds to an actual power consumption level

exceeding the critical power level by initiating a processing resource

power off.

2. The information handling system of claim 1, wherein the processing resource
comprises a processing resource blade including a printed circuit board to which the
processor and system memory are attached, wherein the blade is suitable for insertion

into one of a plurality of slots in a chassis of the information handling system.



initiating a power budget increase request. 5. The information handling system of claim 4, wherein the
management resource is configured to respond to the request for an increased power budgeiby| |_p
determining if sufficient power is available to accommodate the request and, if so, by providing an
increased critical power level. 6. The information handling system of claim 1, wherein the power
monitor agent is further configured to respond to a power consumption level below a specified
threshold by initiating a donation of a portion of the p&wer budget to the management resource and
wherein the management resource is configured to respond by determining a . reduced power budget
for the proces§ing%ggolﬂft(?g%%{%:]fﬁﬁg%lgew&‘& p‘?%éi%%%’fh& fUEOGF eI otv e YR "OfThe
information handlingssystesvofceldimdts wheteimiberRbwes consgvingdnese is arleatad froma group
consisting of throttling. performance of the processor resource and requesting a larger allocations of
power from thén%gﬁﬁégﬂgﬁm%ﬂ%gw $Hi&thod of allocating power in an information handling
system, comprising: responsive to a request from a processing resource, determining a critical power
level and allocating, the critical.power level to the processing resource; MCSLLP 19 responsive to
receiving the c%itirc]:g %63%%%15?&8{%&% ir%sée\r/{}aﬁ{ipr%%%\/\}mw VetNowerhArH tHBHEEA858Wer
level; 5 monitdririgeactisabpdser thonswaptionsofihgoprases sing caseuice waspansimedol thel agtual

power consum t{'on exceedinlg thée C{itical ower level, shutting down the processing resource; 10
. ﬁl 1at1rt1§a| OWeF bul ﬁe 1NCrease re%uesé. . .
responsive to the acttia %ower conasumption exceeéding the warning power level, throttling the

processing resource to reduce actual power consumption and
5. The information handling system of claim 4, wherein the management resource is
configured to respond to the request for an increased power budget by determining if
sufficient power is available to accommodate the request and, if sb, by providing an

increased critical power level.

6. The information handling system of claim 1, wherein the power monitor agent is
further configured to respond to a power consumption level below a specified threshold
by initiating a donation of a portion of the power budget to the management resource
and wherein the management resource is configured to respond by determining a
reduced power budget for the processing resource and setting a reduced processing

resource critical power level.

7. The information handling system of claim 1, wherein the power conserving mode is
selected from a group consisting of throttling performance of the processor resource and
requesting a larger allocation of power from the management resource.

8. A method of allocating power in an information handling system, comprising:

responsive to a request from a processing resource, determining a critical power

level and allocating the critical power level to the processing resource;



requesting an increase in the critical power level. 9. The method of claim 8, wherein determining the
critical power level includes 15 determining the critical power level based on historical power
consumption data associated with the processing resource. 10. The method of claim 8, whekh$ LLP
monitoring actual power consumption includes monitoring actual power consumption with current
sensing circuitry accessible to a 20 service processor resource of the processing resource. 11. The
method of claim 8, wherein throttling the processing resource includes an action selected from the
group consisting of reducing power supply levels to the processing resource and reducing a frequency
of a clock signal that controls timing of the processing, 25 resource. 11 The method of claim 8, further
comprising, responsive to the actual power consumption not exceeding the warning power level,
determining if the processing resource is in a throttled state and, if so, restoring the processing
resource to an un- 3 0 throttled state. MCSL Lp 20 13. The method of claim 12, further comprising,

responsive to determpipipgsiat ihee IRGESSING EBSRUICAIwA0IRA tiRied siate. Waianpining if the

processing resource power consumgtion is persistently below the warning power level and, if so,

requesting a 5 redutftiSh 1R IHICAP BV HGePRBRT tR¥anagement module. 14. The method of claim

13, wherein determining if the processing resource is persistently below the warning power level
includes detecting that the actual pai)svs/er consumption is below a minimum power level, which is less

than the Warning potSP D6 e A RSP WVES IR PLQH £ M iRt B8rEaRIEF computer executable

instructions embedded

responsive to the actual power consumption exceeding the critical power level,

shutting down the processing resource;

10 responsive to the actual power consumption exceeding the warning power level,
throttling the processing resource to reduce actual power consumption and

requesting an increase in the critical power level.

9. The method of claim 8, wherein determining the critical power level includes
15  determining the critical power level based on historical power consumption data

associated with the processing resource.

10. The method of claim 8, wherein monitoring actual power consumption includes
monitoring actual power consumption with current sensing circuitry accessible to a

20  service processor resource of the processing resource.

11. The method of claim 8, wherein throttling the processing resource includes an action
selected from the group consisting of reducing power supply levels to the processing
resource and reducing a frequency of a clock signal that controls timing of the processing

25 resource.

12. The method of claim 8, further comprising, responsive to the actual power
consumption not exceeding the warning power level, determining if the processing
resource is in a throttled state and, if so, restoring the processing resource to an un-

30 throttled state.



in the medium, for dynamically allocating power to processing resources in an information handling
system, the instructions comprising: 15 instructions for requesting a management resource fag &gy wer
allocation and for receiving a maximum power level from the management resource; instructions for
determining a warning power level based on the maximum power 20 level; instructions for throttling
the processing resource to reduce power consumption and for requesting an increase in maximum
power level responsive to monitoring an actual power consumption exceeding the warning power 2 5
level; and instructions for powering off the processing resource responsive to actual power responsive
to monitoring the actual power consumption exceedifg the maximum power level. 30 MCSLLP 21 16.
The computer program product of claim 15, further comprising instructions for un- throttling a
processing resource that is in a throttled state responsive to monitoring actual power consumption
less than the warning power level. 5 17. The computer program product of claim 15, further comprising

instructions fof: determifiagunathesie OuEshiheMABRIRTCALEONCS oA IRIAIoN I maimum

power level responsive to monitoring an un-throttled power consumption below t ning power
level. 10 18. TRECESTRSUIBTPFSEramPproduet BFAReM TrtawHelimihadnitribetiprsdorietanvining

further comprisgsigstoetiansii 1eauerintEI6QUGHOR F83R0 Bﬁ%r%%itQH@,Q%%huesting a

5  reduction in critical power level from the management module.

14. The method of claim 13, wherein determining if the processing resource is
persistently below the warning power level includes detecting that the actual power

consumption is below a minimum power level, which is less than the warning power

10 level

15. A computer readable medium containing computer executable instructions embedded
in the medium, for dynamically allocating power to processing resources in an
information handling system, the instructions comprising:
15
instructions for requesting a management resource for a power allocation and for

receiving a maximum power level from the management resource;

instructions for determining a warning power level based on the maximum power

20 level;

instructions for throttling the processing resource to reduce power consumption
and for requesting an increase in maximum power level responsive to

monitoring an actual power consumption exceeding the warning power

25 level; and

instructions for powering off the processing resource responsive to actual power
responsive to monitoring the actual power consumption exceeding the
maximum power level.

30



throttled power consumption below a minimum power threshold. 19. The computer program product of
claim 17, wherein the instruction for determining 15 further comprise instructions fqr requestl%&%eép
reduction responsive to monitoring an un- throttled actual power consumption perS|$t§ntIy bel .
warning power level. 20. The computer program. product of claim 15,_ further comprising, instructions
for detecting the management resource granting the request for the increase in maximum 20 power
consumption and, responsive thereto, instructions for revising the warning power level.

21

16. The computer program product of claim 15, further comprising instructions for un-
throttling a processing resource that is in a throttled state responsive to monitoring actual

power consumption less than the warning power level.

5 17. The computer program product of claim 15, further comprising instructions for
determining whether to request the management resource for a reduction in maximum
power level responsive to monitoring an un-throttled power consumption below the

warning power level.

10 18. The computer program product of claim 17, wherein the instructions for determining
further comprise instructions for requesting the reduction responsive monitoring an un-

throttled power consumption below a minimum power threshold.

19. The computer program product of claim 17, wherein the instruction for determining
15 further comprise instructions for requesting the reduction responsive to monitoring an un-

throttled actual power consumption persistently below the warning power level.

20. The computer program product of claim 15, further comprising, instructions for
detecting the management resource granting the request for the increase in maximum

20  power consumption and, responsive thereto, instructions for revising the warning power

level.



