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WD 2005/ 101163 PCT/ US2005/ 008998 ARBI TRATI ON BASED
PONER MANAGEMENT Field O The Invention The present
WO nenvilen pertains to the field of conputer SRGL/ESB®0S/008998
More particularly, 5 this invention pertains to the
field of power managenent of devices wthin conmputer
systens. Background of the Invention In man
serm conduARBITRATION MSEDe&OmMéNWEB@'Er s,
systens-on-a-chip 10 (SOC), or other conmputer systens
or consuner el ectronic devices, on-chip busses are
becom ng faster .and w der with many associ at ed
regi ster queues and FieldOédhedgvention attached unit
interfaces. Split transaction capabilities on these
busBlesprhsent inydetéeh pestainsité theafinld dbparnputer sypiess. dlera@erticularly,
~This is leading to a situation where on-chip busses
thisgpvention eeraias ke deldofinowsr masagengnt pf dryvigssavithin computer
significant portion of overall system power, 15
SYS{§HIt i cul arly in SOC designs. Previous efforts to

reduce power consuggﬁion o Eﬂsiﬁs and their
associ ated attache8t ' d powering down
i ndi vidual units when they are not in use and

I edwGhaty Rufcdndagdeadiias sudhasssnitnddedipies essgfsteninsh-a-chip
SOC designs, there nmay be large variances in work

i i i . ; t .
(SR FRRNAR s00eb 5 CORRERILATH CANAT ke s e
bec ROt FHHRISER BN S8 AR TIREUE Gueukaag el lyele in

typically control their particular units but do not
attagloert writ intpyfacesm Indis bansaeBonseapAbitien o hese byssegligveadded
systenms, in order to control systemresources such as
sigiifisae depthdo tHes©gadues.cBhimimlieadihg ana vihitahios efhieveaorechip duisses and
manages systemresources is typically used. The 25

the@USobRAM iAReLAWNBECHRY 8 ls1eaictht fortish BHoweRdll YWaten pwer,
power manage systemresources

particularly in SOC designs.

Previous efforts to reduce power consumption on busses and their associated
attached units have included powering down individual units when they are not in use and
reducing bus frequencies. In embedded processors and SOC designs, there may be large
variances in work loads depending on the applications currently executing, time of day,
type of traffic, etc. The variations in workload are often under the control of various
independent software drivers. These drivers typically control their particular units but do

not control system resources such as busses.

In prior systems, in order to control system resources such as busses, additional
communication with software that manages system resources is typically used. The

overhead and latency involved with using software to power manage system resources
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1 WD 2005/ 101163 PCT/ US2005/ 008998 such as busses can

be significant. This latency reduces the val ue of
w@oobenommenagi ng systemresources such as busseeI/UBADS/008998

need to be able to quickly change speeds based on

current workload. 5 Brief Description of the Draw ngs

The invention will be understood nore fully fromthe.
suchiey bPEFIA LESIETHIGBh T eneh eGP Ra V[t pawer managing

acconpanyi ng drawi ngs of enbodi nents of the invention
systahmi respurcels suehvasrbusses dbdt dcerbto tseableatoetnickly Fhamge speeds based on

invention to the specific enbodi nents described, but
curr@hewbidoadxpl anat i on and under st anding only. 10 Figure

1 is a block diagramof one enbodi nent of a system

i ncluding several functional units coupled to a

vari abl e speed bus and an arbitration and bus cl ock

ontrol unit. Figure~2 is a flow diagram of one

fiDestiriptio p Drawinas f or power nanaging a variable
speed bus. 15 Detail ed Description In general, one
enbridi ifedttionfwill be undsretobd atoré fullyl fr@s thehdetditeldidegeription given
fregquency based upon incom ng arbitration requests

beldw 20 HBinltRe AcolPUhFRS dEAHRELS dnfboliltferRYSE the MRhEi&RWLRA,

circurtry nonitors request rates from each requestor

and increases .or decreases 20.th us _frequency in .
oy, AR REER Phes BIRBETn bR oY Serrd U Ymifs dgesrivea,
bandw dth requirenpents increase, the bus frequency
but prsdpeegdanation apd undersianding oK r equi rements are
reduced, the bus frequency is reduced, thereby
r edigimag ip @bk cliapsamof pomembdrdimentoafdi systetmsindkuding soeetal
herein may be inplenented such that there is no
functional units coupled to a variable speed bus and an arbitration and bus clock control

unit.
Figure 2 is a flow diagram of one embodiment of a method for power managing a

variable speed bus.

Detailed Description

In general, one embodiment of the invention involves throttling a bus frequency
based upon incoming arbitration requests from units or devices coupled to the bus.
Arbitration circuitry monitors request rates from each requestor and increases or decreases
the bus frequency in order to meet the bandwidth levels requested. When the bandwidth
requirements increase, the bus frequency increases. When the bandwidth requirements are
reduced, the bus frequency is reduced, thereby reducing power consumption.

The embodiments described herein may be implemented such that there is no
software intervention required to adjust the bus bandwidth once initially configured.
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software intervention required to adjust the bus

bandwi dth once initially configured. 2 W 2005/101163
wERONsMEAED5/ 008998 Software can be used to coptT/052005/008998

power consunption of individual units or devices

attached to the bus. In the described enbodi nents,

t he bu fre hs i ndependent | y..adj usted. based on

Sofiiiy G4 be USFALD Carifel P%‘aﬂe@gFWthd%g bl inits o 85168 atached
and bandw dt h _requirenents. gure 1 is a block

to thi bugr dmihsfdescribpd caypodiments, éhedms Aegauencyds mdgpendpntly adjusted
130 5 coupled to a variable speed bus 155. The

basdd @requesy ravds, tHeaeqasiiahieicpahacdhctrnistidss 8nd bandsodthreduieedhents.
by an arbitration and bus clock control unit 150 via a

cl qqguré hrioh bldcRk didgpsth 6f B8y stem 140 inchafihy @itst N®, ¥20,tadd 130
120, and 130 are coupled to the bus 155 via bus

cou‘yl@h % ; 9§r?a 14 &%lﬁf.ﬁbﬁ‘%iﬁs 'liifeéf qilgr%cy fle $237able spfi%bu 555 is

espectl us I Ogl C units

0 132 are fur C ed . ta e arbitra
confige dilr St b e pnd St RonL vl L e Stk thioRig Mo nit
110, 120, and 130 desires to access the bus 155, a

140r equest is made to the arbitration and bus clock
control unit 150. The arbitration and bus cl ock
coriachlof theiunitd 300, 1”201 amainl 3P qpe chupladstottygbusal 5SS via bus interface
arbitration functions, but also tracks how often each

1oglehnit§1 £12uND3 Sand 439, reél?éauvapdm@ Bug i%ﬂ#ﬁ%& fogRC@ARS] 120130 @nd
bus 155. The arbitrati on and bus clock control 15 unit

132 1&1260 fu1rt grt 5 e% tI) B‘l teﬁ'{)f?%hortl ?@L@Bﬁsladégcg(rééﬁgjop?ﬁﬁ ?5nd O\V?lglllé{/%} one of
andmndth re ments of the unlts 110 120, and 130
the ppjtseld Op h2; Hé ‘i?é@f tq afcess the b Sy ArRiestipmadetp the g
130. The clock throttling | ogic 140 derives the clock
arbifratiort a1l nsslackSontrelmnat s (Tdwachityation 48l busiekockigionigol unit 150
110, 120, and 130 nay be any of a wi de variety of

not bulggletforiad tyyital srbited@ioh figdctidhd) Gut 4184 triekls hbimbfteBtkatipof the units
host processor units, video processor units, hard disk

uodfzdov Q?d ?ﬂf‘ltgﬁﬁésltseﬁccb@'té $he BusH5s( 'rglggffit&‘étﬁ)noafnd@ﬁﬁforci{ €8htrol

El'ectronic Engineers, Inc.)

unit 150 instructs the clock throttling logic 140 to adjust the frequency of the bus 155
according to the bandwidth requirements of the units 110, 120, and 130 based on the
request rates of the units 110, 120, and 130. The clock throttling logic 140 derives the
clock for the bus 155 from a system clock 175.

The units 110, 120, and 130 may be any of a widé variety of functional units,
including, but not limited to, host processor units, video processor units, hard disk drive
controller units, IEEE (Institute of Electrical and Electronic Engineers, Inc.) 1394
controller units, Peripheral Component Interconnect (PCI) bridge units, management

processor units, and input/output controller units for slower peripheral devices.
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controller units, Peripheral Conponent I|nterconnect
(PCl) bridge units, managenent processor units, and
w0 npstidaet put controller units for slower peripdEUS1005/008998
devi ces. 3 WD 2005/101163 PCT/ US2005/ 008998 Al t hough
system 100 is shown with only three functional units
¢ Ou[ﬁllﬂgq{%#gﬁstt?rgr}@gs %h%gdgsvgft%fe)ﬁlyﬁﬂ;%og?ngﬁgéaq u%{tf c&ﬂﬁgd tp)l thie bus
coupled to the bus. Further | t houg [
1555 pggiernbpdimentyprediassiplegvigha y@% rﬁgg%ofh IPOﬁ%/‘E[S’r s of units
circuit die, other enbodi nents are possi ble where the
coupled td 8 tus. Berberf dttHugh siysitaanl 100 iseshhen telbe implemented on a single
devi ces. An exanple of sone of the possible functions

inte@fat&d/&ERMdld) Gther kmbbOMeRs ar€lpsRibldRerefid b 53 is used to
exanpl e, the bus 155 achi eves a throughput of 100MB/s

RA ¢t WiesCl 0ck speed. The system 100 is
CO“Fn?t@(%?ﬂwz{éids‘l%%e ‘;e bus 155 at full speed, which for

S BETPAT EOTR Bt pe s BRfRl SRGNERIE izl & "Zeak

the unit 110 is _a host processor unlt 120 is a vid
desgribsde FoB s expnple te busd Siaghigres hroughput of JQPME/s 8}* every
After initialization, the arbitration and bus cl ock
10MHnbf clockispeed.1 Fbe systag h0Q ssinitiatized witle the tarsd Shat full speed, which
i ncom ng requests fromthe | EEE 1394 controller, and

for ¥H"@$xa‘nﬁﬂélst 1veMHOVRY cofrBopddiot IIGH/s pBalchads/id@h@n the bus 155.
utilized. The arbitrati on and bus clock control unit

Alsgf 51%{ m o‘lf)%a?.%?{]h Igf { 1% tﬂa l)coé%gort !ﬁgPiid fs %%1%roéé@or, and

us c ock requency

. rec i nt rvaI is inmplementation dependent
m“%ﬂ@‘ﬁﬁ? %Eégggg ﬁ a reasonably finite nuﬁber of

sequential arbit ratl on slots. For this exanple, the

r echfier initishizationethe arbifratiom gl busisiack gonisel wiitohS9 regagajes that

arbitration slot for this exanple may consist of 200
thelRyr€Ro incoMitgrefosstst fhora tlexXERE E3 9daohttolperpariditbatiogithan 70% of

arbitration slots per second. 20 For the current

the %%E@t sllcgcﬁ §f*§:nr{ﬁ1htz9@t TR arbRfBioh 3h&bud 188 EdMrol unit 150 will then

direct the clock throttling unit 140 to throttle the bus clock frequency down to 70MHz.

The recognition interval is implementation dependent and may be based upon a reasonably
finite number of sequential arbitration slots. For this example, the recognition interval is
128 arbitration slots. Each arbitration slot for this example may consist of 200 bytes,
which for this example would provide 500k arbitration slots per second.

For the current example, assume that at some later time the arbitration and bus
clock control unit 150 recognizes that the host processor unit 110 is only sustaining 10%
of the arbitration slots and that the video processor 120 is using 43% of all slots. The units
110 and 120 together are using 53% of the arbitration slots with the bus running at

70MHz. The arbitration and bus clock control unit 150 then directs the clock throttling
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cl ock control unit 150 recogni zes that the host

processor unit 110 is only sustaining 10% of the
wa@edstorass on sl ots and that the video processorCl/B82005008998

using 43% of all slots. The units 110 and 120

together are using 53% of the arbitration slots with

bus bitrati. on
i, 58 PRl 1 S ek £ APVRLE stob i R iR St 4 bandwiaen
throttling 4 WO 2005/ 101163 PCT/ US2005/ 008998 uni t
requisgnenés- r educe the bus clock frequency to 40MHz,
staying just ahead of the bandwi dth requirenents. The
ar blterabitatiomacd busscledkowintrobunit b0 caniuse aggageawtilirgtion over time
average utilization over tinme or use other

or uSt atheB §thGRicalnmtthodstol Rtdgidsusnienies bsidyidtchebdd dekieBognition
needs. The recognition 5 interval may be short enough

intefPE hﬁg% sillﬂ& gH?ﬂ)rght ellﬁﬁgsd%%ﬁég ®5 galﬁﬂ’é' Sost tﬁfrsté‘ﬁf” ééﬂvﬁ& such as

suc rive control
diti t he itration and bus cl ock contro
tha W?af@ ﬂﬁgd?g%%ﬁﬁiﬁ request from an i sochronous
data transfer controller such as the | EEE 1394

corbddifiprally, thearbifratiemang kuscdockichatral it L9 mMenresPeNiER 2

cl ock control wunit 150 bunps up the bus clock 10
reqfigseffomnanyiséohramnss data thansfet toatmollers sexheagube EEHIAMIOA ehmkroller
to satisfy the isochronous data transfer. The

1302r1RiHi§ 8dseOfhe Aftstrititth MidAK clRR oMol Whitt] SMmegs !uF tid B clock
cause the bus cl ock frequency to be reduce t he

fre u%&f}htr OeF{?M? rt]}ga%t%l@esr% [saa'a?[{;)l%"te %d‘mcﬁtﬁtt Ezﬂﬁ# fﬁg qsrbchfgngus data

em IS put

SR AL b5 Sif%aeaésgaﬁ'g o

traffic are ongm ng, the 15 bus frequency can be
frequenesciedbetredusedifitherisiochrenens darsiransfs updetins tape 1dle state.

previ ous exanpl e described the system 100 as havi ng

t helflohessydfem BiOais punigtooatt idleadtata, wisete pertrapd @d) a fnanggement

upon systeminitialization. OQher enbodi nents are

prog(%ﬁczﬂrlplb(?ue\)gthgg grlnggxe%e‘éf;ﬁ[nlblgg sf?fg% RE8 UoftptockBorit@ffiCire dhgoing, the
bus frequency can be reduced to a minimal level (perhaps 20MHz).

The previous example described the system 100 as having the bus 155 starting out
at a maximum clock frequency upon system initialization. Other embodiments are
possible where the variable speed bus 155 is set at other frequencies upon system
initialization. For example, in one embodiment the bus frequency is set at a frequency
sufficient to only service access to a boot ROM (perhaps 2MHz). As other units become
active the arbitration and bus clock control unit 150 can increase the bus frequency to
accommodate the increased bandwidth needs.

Figure 2 is a flow diagram of one embodiment of a method for power managing a

variable speed bus. At block 210, a number of requests are received at an arbiter from a
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initialization. For exanple, in one enbodi nent the bus

frequency is set at a frequency 20 sufficient to only
w@egosilcacaccess to a boot ROM (perhaps 2MHz). WET/U51065/008998

units beconme active the arbitration and bus cl ock

control unit 150 can increase the bus frequency to

..acc date. the increased bandw.dth needs. .Figure 2 i
anit ZSETIR SRR BPOOHE. SR HC2Dr® EOHET Ftr g the
“managi ng a variable speed bus. At block 210, a nu ro.
unit gpupledivetbe yamable spegd by dTha clask egieney of the yprables us is
2005/ 101163 PCT/ US2005/ 008998 wunit coupled to a
adjuyiad ianbloek 2p@depehding onhlendetatmis¢dpq@@rata Inghisesanneqite
is determned for the wunit coupled to the variable

ariNE §sbeR BSs isldpRraté st fhe ficiéntitd edeganieBbdetvisP trd
Y 1busgii%s adj udsbt%ed at bl ggk 30 dependi néélaong?éhe

. _ Chis.. .
rean SR T 6 LRANESIastil] S By cBeBURE s b Ao cy bt than
equately service the. 5 requesti.ng..unit, but w thqu

needide g pbaEenS geSpbrCinsa e sl EE e 7 mak he figpasd to

~ higher than needed, The enbodi ment described jn ,

incledsrenmurnbes of whithorrdeyires couphed toske wariphirrpged bus Whete theearhiter
nunber of units or devices coupled to the variable

trackeqoksbriseswboeeahtdf cheariistoedevitesacks request rates for
each of the units or devices. As seen in the

di SEURSH Atha BRYEssidni® o PETRRIL B Al F6scriBed pRyvadd iftfproved
i nproved 10 energy efficiency and reduce overal

0 requlr ' . ' :
energ iR b TRERL Sy R RELEE el A B ARy SVR Ber systom
In the foregoing specification the invention has been
COSt@Jé%SGP'iaEQdV%gIP%t ?fé‘FgS'éﬁégﬁ‘ts’oetc'gpeci fic exenplary
enbodi ments thereof. It will, however, be evident that
varli thesforagodigfspecificasion the thventiongfeas beery deseribediwith fiprenese to
wi t hout departing fromthe broader spirit 15 and scope

spedific bXenplivyenibodiméss theteof. Olttwillj iowdver, dp peiddathat airioas
The specification and draw ngs are, accordingly, to

moc?@gd&&?%t&?d\igmhgesarﬂa}; bd HalL Aetel@withbitedephfiaR fioh the broader spirit
and scope of the invention as set forth in the appended claims. The specification and
drawings are, accordingly, to be regarded in an illustrative rather than in a restrictive
sense.

Reference in the specification to "an embodiment," "one embodiment,” “some
embodiments,” or "other embodiments" means that a particular feature, structure, or
characteristic described in connection with the émbodiments is included in at least some
embodiments, but not necessarily all embodiments, of the invention. The various

appearances of “an embodiment,” “one embodiment,” or “some embodiments™ are not

necessarily all referring to the same embodiments.
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sense. Reference in the specification to "an
enbodi nent," "one enbodi nent," "sone enbodi nents," or
w0 adosae11ebodi nent s* neans that a particul ar feat/uUs®Ps/008998
structure, or 20 characteristic described in
connection with the enbodi ments is included in at
| east sonme enbodi nents, but not necessarily all
cLAgfpodi nents, of the invention. The various
— appear ances of "an enbodi nent," "one enbodi nent," or
"some enbodi ments" are not necessarily all referring
Whii 9 d1Bgncsiase enbodi nents. 6 WO 2005/ 101163
PCT/ US2005/ 008998 CLAIMS What is clained is: 5 1. An
apparatus, conprising: a variable speed bus; a first
unit coupled to the variable speed bus; a second unit
couplAatagpardtiise comaptisibg:e speed bus; and an arbitration
and bus clock control unit to adjust the variable
speedribbls speeddmency 10 dependi ng on t he bandw dth
requi rements of the first and second units, the
ar biftrtamitoounled to thegsvasipbleiBpesdrusol unit to nonitor
request rates fromthe first and second units in order
t 0 4 sgendrymtroupled dhgtvariallg speedibepiad 2. The appar at us

(i arbidason AndkS sl Ghea vrt e e S Req s frequency
d unit s .a vid it. 4. Th N
depgfarsn B8 bipd Dot oI FRHRLT SR P 4Ry hesen i T pbigpign and
bus 8'1'o§1§ cg{tfo\f Ginit ?@Hoﬁlt!)xexrequéépfa'ies from the first and second units in order to

determine bandwidth requirements.

2. The apparatus of claim 1, wherein the first unit is a processor unit.

3. The apparatus of claim 1, wherein the second unit is a video processor unit.

4. The apparatus of claim 1, wherein the first unit is a hard disk drive controller
unit.
5. The apparatus of claim 1, wherein the second unit is an isochronous data

transfer unit.

6. The apparatus of claim 5, wherein the arbitration and bus control unit
recognizes that a request from the isochronous data transfer unit is for an isochronous data
transfer and provides adequate bus bandwidth to accommodate the isochronous data

transfer.
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20 5. The apparatus of claim1, wherein the second

unit is an isochronous data transfer unit. 6. The
wappaneties of claimb5, wherein the arbitrati onp@nUusi»os008998

control unit recognizes that a request fromthe

i sochronous data transfer unit is for an isochronous

data 25 transfer and provi des adequate bus bandw dth

t 0 7acTiwrappdats dffittaims) eheriohs idahnots @&s tr8hsferruiiGs a 1394

2005/ 101163 PCT/ US2005/ 008998 7. The appar at us of
congblddrnn@, wherein the isochronous data transfer unit is

a 1394 controller unit. 8 The apparatus of claim®,

wherein the isochronous data transfer unit is a USB 5

controller unit. 9. The apparatus of claim11, wherein

t hé- vHIe apppiatussd elpim s Whetgen the isochignpes dath transferaumiids a USB

unit, and the arbitration and clock control unit are
COHV&%EPQH'on a single seniconductor die. 10 10. A

system conprising: a variable speed bus; a device

coupled to the variabl e speed bus including a bus

T BRSRpAAN G . St AU bRy e B, e
secof@unfoh Rl HE SRR atiloga Jﬁg%ld%i’&%ﬂ%lgﬁxggd?«% g&gﬁﬁ%ﬂ%ig@pe

requi renents of the device cou e var
sem&RR&ELtEUFe. t he arbitrati on and bus clock control unit

to nmonitor a request rate fromthe device coupled to

the variabl e speed bus in order to determ ne bandw dth

requi renments. 11. The system of claim 10, the

ar B0t agyistem,aothphisisgcontrol unit to conmuni cate

a variable speed bus;

a device coupled to the variable speed bus including a bus interface logic unit; and

an arbitration and bus clock control unit to adjust the frequency of a variable speed
bus depending on the bandwidth requirements of the device coupled to the variable speed
bus, the arbitration and bus clock control unit to monitor a request rate from the device

coupled to the variable speed bus in order to determine bandwidth requirements.

11. The system of claim 10, the arbitration and bus control unit to communicate

bus frequency information to the bus interface logic unit.

12. The system of claim 10, wherein the device coupled to the variable speed bus

1S a processor.

13.  The system of claim 10, wherein the device coupled to the variable speed bus

is a video processor.
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logic unit. 12. The system of claim 10, wherein the
walpose@i1eoupl ed to the variabl e speed bus i s BCT/US2005/008998

processor. 25 13. The system of claim 10, wherein the

device coupled to the variable speed bus is a video

processor. 8 WD 2005/101163 PCT/ US2005/ 008998 14. The

syshe 'TPQE s%rﬂ l%lgn 1WNGR&ELR tﬁ@@ev‘i‘@evdocaﬁleﬁ%‘ Blee\%ntagletsbé?ed bus
vari abl e spee

bus 'Is a hard disk drive control

isagﬁddﬂmehg&ebgﬁbmﬁ,cIa|n110, wherei n the device coupled
to the variable speed bus 5 is an isochronous data

transfer controller. 16. The system of claim 15,
wherein the arbitration and bus control unit
r ed 6gThe sgst¢rh af claim éfueldreinrtedviee dompledto tieusiridhleapeed bus
transfer controller unit is for an isochronous data

is ant iseahedrens daw tpansfer denrodlgequat e bus bandwi dth to
accommpdate the 10 isochronous data transfer. 17. The
system of claim 16, wherein the isochronous data
transfer contr I 1394 ont roll 15 1 The
syééeﬁhefsysiffraiogf pgn 1%\@3%?% “P rtgaéleﬂraa%u%cmo unit

ans%er contr

recoBRROHIE LA SPRG e BeBionPg Lt Pt Bhiraeryntt i foran
isoc rolﬁltr) gsl[)#a'ié/ trg%férea%ﬂgﬁ%ﬁde{s a %ﬁtg l!)l[ssbtanmicfth Fooe%%%)ﬁ?aottdgtefqg?

varl a reques

1ﬁm%£ﬁo£§&§£ e, and adj usting the clock frequency of
vari a speed bus dependi ng on the

17. The system of claim 16, wherein the isochronous data transfer controller is a

1394 controller.

18. The system of claim 16, wherein the isochronous data transfer controller is a

USB controller.

19. A method, comprising:

receiving at an arbiter a plurality of requests from a first unit coupled to a variable
speed bus;

determining a request rate for the first unit; and

adjusting the clock frequency of the variable speed bus depending on the

determined request rate for the first unit.

20. The method of claim 19, further comprising:
receiving at the arbiter a plurality of requests from a second unit coupled to the
variable speed bus;

determining a request rate for the second unit; and
9
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determ ned request rate for the first unit. 25 20. The
nmet hod of claim 19, further conprising: receiving at
wo besaotisi er a plurality of requests from a seeponUus20$/008998

coupled to the variable speed bus; determning a

request rate for the second unit; and 9 WO

2005/ 101163 PCT/ US2005/ 008998 adjusting the clock

f r ggyuengthetloth Greywncabf thespaatile bpeed dap deptindingom thhe

determ ned request rates for the first and second
detetinédsreqidst rafbsefomtiterfost anid setandmn#e, wher ei n recei vi ng

at the arbiter a plurality of requests 5 fromthe

second unit includes receiving requests from an

i sochronous data transfer . confroll ey, ?Rnd fu{l;'t q%r, ¢ ¢
whek-ethe ragfhed of daint A viegdn rwe@aﬁeﬁé{}e PRUFL B rality of requests
fromhe koend oah Tnclodes Tacaving reducss from a8 isdilirord 9 B4R HaHSFer

controller, and further wherein adjusting the clock frequency includes guaranteeing

adequate bandwidth for an isochronous data transfer.

10



