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O The Invention The present invention pertains to the field of conputer
systens. More particularly, 5 this invention pertains to the field of power
managenent vob 2@dsn018663s Wit hi n conputer systens. Backgr opga/usboosheedsnvent i on
I n many sem conductor devices such as enbedded processors, systens-on-a-chip
10 (SOC), or other computer systems or consumer electronic devices, on-chip
busses are beconing faster and wider with many associated register queues
and related logic in A&HIEMQNBASER@“%QXA%GEME%%CU on
capabilities on these busses have added significant depth to these queues.
This is leading to a situation where on-chip busses and their associ ated
interfaces will becone a significant portl on of overall system power, 15
particularly in SOC designs. PrdicldQf Thednyentiono reduce power consunption on

busses and theiy, associ.ated attache s. have i ncl ude omerln down
i ndi vi dual unit e\/ﬂﬁ%ﬁ‘i“‘t‘ﬂ%‘?‘“&? BeTiAlpS tf’ﬂh"uf[é]%é aﬁmmw&aaﬁtﬂgs Sﬂgrefﬂaétlfﬂ A¥ies. In

nbedd her e Kk
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eXSEUTTHY! day, 20
type of tr
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g. etc. The variations in workload are often under the control
of vari ous I'ndependent software drivers. These drivers typically control

their particular units but doBa@g%mﬁmbfg,bIﬁy&ﬁﬁm resources such as busses.
In prior systens, in order tocontrol systemresources such as busses,

addi tional conmunication with software that nanages systemresources is
typi cal |y used.nTpagy semiconductor devices such as embedded processors, systems-on-a-chip

10 (SOCQC), or other computer systems or consumer electronic devices, on-chip busses are
becoming faster and wider with many associated register queues and related logic in
attached unit interfaces. Split transaction capabilities on these busses have added
significant depth to these queues. This is leading to a situation where on-chip busses and
their associated interfaces will become a significant portion of overall system power,

15  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,

20  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

25  overhead and latency involved with using software to power manage system resources
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25 overhead and | atency involved with using software to power nanage system

resources 1 WD 2005/101163 PCTf US2005/ 008998 such as busses can be

significant. This latency reduces the val ue of power managi ng system

resour ces sweboossoilessses that need to be able to qui ckl pcthspmsosspmseds based

on current workload. 5 Brief Description of the Draw ngs The invention w ||

be understood nore fully fromthe detailed description gi ven beI ow and from
however ,

t he acconp drawi ngs af. enbadi ments _of t i ven

shoul d not® uﬁéa%%eﬁ cf"b{;‘fgf‘ﬁ’i‘ ‘c?’“eeﬁlﬁ\ﬁ?ﬂcl’/é uf?fh‘ﬁ%eaqgep (\“’Yeén?rr%% ment s
descri bed, but are for ex Iana ion 3@3&6@%““ d| ng onl é Figure 1 is a
bl ock di ag&ATMIPSOYIFES BIFH 38 PHSSRY ! Btf“eﬁ tp quie gngfép ¢ds|ba efi ctional
units coupled to a variabl e speed bus and an arbltratlon and bus cl ock
control  wavient Workleed' 2 is a flow di agram of one enbodi nent of a nethod for
power managing a variable speed bus. 15 Detail ed Description In general,

one enbodi nent of the invention involves throttling a bus frequency based
upon incomng arbitration requests fromunits or devices coupled to the bus,

Arbitratiog ciLrcuitr. i t.OrS resquest rates fromeach requestor and

i ncr eases @L@%%MM@X%W 2 frequency in order to rreet t he bandwi dt h
| evel s requested. Wen th irements i t he bus
frequency incr J&gé%venmwﬁk ‘%&'ﬁ HN‘ie éiéﬁ%%ﬁ?@ﬂ%\‘{ scription given

below and from the accompanying drawings of embodiments of the invention which,
however, should not be taken to limit the invention to the specific embodiments described,
but are for explanation and understanding only.

10 Figure 1 is a block diagram of one embodiment of a system including several
functional units coupled to a variable speed bus and an arbitration and bus clock control
unit.

Figure? is a flow diagram of one embodiment of a method for power managing a
variable speed bus.

15

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

20 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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reduced, the bus frequency is reduced, thereby reduci ng power consunption.
The enbodi nents descri bed herein may be i nplenmented such that there is no
software intervention required to adjust the bus bandwi dth once initially
confi gur ed. WO200501EH5/ 101163 PCTI US2005/ 008998  Sof t warRCTEES00500898%d t o
control power consunption of individual units or devices attached to the
bus. In the described enbodi nents, the bus frequency is independently

adj usted  Rg@esle @4h Eﬁﬁu@&;cdhﬁbpﬁowe& B@nsﬁﬁnﬁﬁ&h’séﬂ iRdividgyl s 6P@¢vices 8ftachkd ¢S, and
bandwi dth requirenents, Figurel is a di agram of a system 100

i ncl udi ng us 155.
The freque%b(r:ﬂ)}é ﬁlfslzkﬁ(tahe\]/(ge?ﬁngg gmg,g(gegégﬁgy%?ﬁqg&cgéﬁﬁp%@hﬁltﬁgﬁgﬁ egr bitration
and bus cl gck. control 50 via uni t 40 Each
of “the uni P&° ii%fe%%ra?%%n@ef%w% Rt Pl isfin, o BB reBibmerts o ace
l ogic units 112, 122, an é ectivel he bus i berface | ogic units
112, 122, and 10gursd’igabloc F’taﬁl?lm stepr 100 in '%&‘H}"tsr us cl ock
control unit 150. Wenever one of the units 110, 120, and 130 desires to
access ¥ hechwpid16s vamablespgedbusi 1$Sndte frequenepof the variapletspeed kusd SBis cl ock
control unit 150. The arbitration and bus clock control unit 150 not only
perforns tymtoded by dn drbidaiiomarfd s tclosk sonttolitinial Sbvik aatdck throttling beiw uaeich of

the units 110, 120, and 130 requests access to the bus 155. The arbitration

and bus cl ek control 15 unit 150 instructs the clock throttling |ogic 140
to adjust the frequency of the bus 155 according to the bandw dth

requi T ement s of idhe rilynfs 116128304 1905k baRhIRASIEL BB 1584ia BRTHEHHRce Al €S of
the units 110, 120, and 130, 'The clock throttling logic 140 derives the

clock for ogﬁ ul?M? 192?525}&811?2,%‘&%%&[%9. O bid Riterface logic units 112, 122, and

10 132 are further coupled to the arbitration and bus clock control unit 150. Whenever one of
the units 110, 120, and 130 desires to access the bus 155, a request is made to the‘
arbitration and bus clock control unit 150. The arbitration and bus clock control unit 150
not only performs typical arbitration functions, but also tracks how often each of the units
110, 120, and 130 requests access to the bus 155. The arbitration and bus clock control

15  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,

20 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.



The units 110, 120, and 130 nay be any of a wide variety of functional

units, 20 including, but not limted to, host processor units, video
processor units, hard disk drive controller units, IEEE (Institute of

El ectri cal wododsheqss oni ¢ Engi neers, Inc.) 1394 cont r oldcaiugatisiossoos

Peri pheral Conponent |nterconnect (PCl) bridge units, managenent processor
units, and input/output controller units for slower peripheral devices. 3 WO

20051101163 PCTLLS2005/ 008998. t hough syst 1 s _.sho ' nly three
functional uni t‘éﬁiclzoél pls%sger? zgfﬁes%wuréwi{ggn@ot rﬁgglnéﬁ%@lclﬂl’?}isn O\é\lglae%(g %82’3? ble with
a wde ran of, _possi bl e nunber g .of . unit, coupl ed .to the bus. [Further,

21 though o3b BineRBBPIAmENbHE PO A RPE DI SrHEPES O HElByr ot od
circuit die, other enbodi nents are possible where the bus 155 is used to 5
coupl ed t ofpitdrto thedws.cFerthes\altheugh spsterad 80ris shown tasbmimplemernied grossinglf e
ftinctions of system 100 will now be described. For this exanple, the bus
155 achi eviregaat¢dwicu ldjmydthef erhoGidvrgs dro possibde wherk GieHus A6 S o wsedktospeed. The
system 100 is initialized with the bus 155 at full speed, which for this
exanpl es i scdupitBgetter didcrerdeesponds to | GB/ s peak bandw dth on the bus 155.
10 Also, for this exanple, the unit 110 is a host processor, unit 120 is a

vi deo processoran gxfinplslBf ome3? theSpodible Riretid Ut s¢QEth 106 Wall nowMbker

initialization, the arbitration and bus clock control unit 150 recognizes

P S e T S

| ess t han ration slots are utl e i on and

bus cl ock rol. unit 1 Wl ot .15. di.rect. t he. cl throttli unit 140
Lo thr o t1 LMHaShelbinsid ThesybiemaPDicmiralit b B v p S p Rl Siet Bt Nt or va
is inplementation dependent. and nmay be based upon_a reasonably

for this example is 100MHz which corresponds to 1GB/s peak bandwidth on the bus 155.

10  Also, fdr this example, the unit 110 is a host processor, unit 120 is a video processor, and
unit 130 is an IEEE 1394 controller.

After initialization, the arbitration and bus clock control unit 150 recognizes that
there are no incoming requests from the IEEE 1394 controller, and that less than 70% of
the arbitration slots are utilized. The arbitration and bus clock control unit 150 will then

15  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.

20 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



finite nunber of sequential arbitration slots. For this exanple, the
recognition interval is 128 arbitration slots. Each arbitration slot for
this exanple may consist of 200 bytes, which for this exanple would provide
500k arbi t rmbiaanelied s per second. 20 For the current exgmaisaosassvge that
at sone later time the arbitration and bus clock control unit 150

recogni zes that the host processor unit 110 is only sustaining 10% of the

2 ot s - haltih| 48 e iihs bR KEARRPEEARE bl tB st bbb REn bl |,

slots with the bus running at 70MHz. The arbitration and bus cl ock control
unit 150 tFFEH™EP¥Scts the clock throttling 4 WO 2005/ 101163

PCTI US2005/ 008998 wunit 140 to reduce the bus clock frequency to 40NV,

stayi ng j ust ahEhfRrbifratipnangdivglogk pontiob it A eALSe averee AtihzatioRave{imhd bus
clock control unit 150 can use average utilization over tine or use other
st ati sti cabr ysepthststatisticalanethods he detemunesl sustainpd bandivdidth neestsd The Teegnitierogni t i on
5 interval may be short enough (perhaps |- 10us) to handl e short bursts of
activity sintdivasnaytbeahort ermiugh (festiaps di 19ks)de hardlecshoitbatsksasf.actiwieli ducbaal | y, the
arbitration and bus clock control unit 150 may recognize a request from an

I sochr onougafigém athhr G §edrive@ohtralldrer, such as the | EEE 1394 controller 130.
In this case, the arbitration and bus clock control unit 150 bunps up the

bus clock 10 frg E&Eﬂ?/ttﬂe %?H“%"tam’“stmgﬂ’%ﬂ%gﬁﬁggh’%yg?%’gﬁk%h to satisfy

the isochronous data tansfer. The arbitr €k control unit
1o kT B AR ST I B BRI Y e 100
's put int ?306.1 r]In itlg!s gasg,ttgé Sr,bitl\‘g,rtllglg gncP ngQ?o%ﬁ cgnntlro){ ugit rlrSH(I)1 l(i:lnengrse 1?1;[ the bus clock
10  frequency to ensure that there is adequate bandwidth to satisfy the isochronous data
transfer. The arbitration and bus clock control unit 150 will also cause the bus clock
frequency to be reduced if the isochronous data transfer unit returns to an idle state.
If the system 100 is put into an idle state, where perhaps only a management
processor is active and minor peripheral traffic and host processor traffic are ongoing, the
15  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
20 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



processor is active and mnor peripheral traffic and host processor traffic
are ongoing, the 15 bus frequency can be reduced to a mniml |evel
(perhaps 20MHz). The previ ous exanpl e descri bed the system 100 as having the
bus 155 st aWPi2f§/161163 at a naxi num cl ock frequency upon EYSIS2005/008998
initialization. Qher enbodinents are possible where the variable speed bus
155 is set at other frequencies upon system initialization. For exanple, in
one enbodi FEN, Op{;‘ga i e f : LEl to only
servi ce accessul%lg@};l oé’{aﬁwg&eﬁr&hztﬁe}’ %ﬁyﬁ%ﬁg?ﬁg@%ﬁ@f %H%@%%kr‘rog%eacti ve
ncre th

the arbitration a us_clock contr nit~.150 can. i e bus
frequency. 0 B0k BH Reiofebefil dbe oK AENIEFS DERATBRRAEE S & (1 o
di agram of one enpodi pent of ,a method for power managing a variable speed
bus. At b|wte§fg€1°§‘ Pl dsepnaifs %ﬁlﬁés&egma? eABET ARARS MENBToE or from a5
WO 2005/ 101163 PCTI US20051008998 unit coupled to a variabl e speed bus.

Then, at sYagipble speed jus ispperstedape Hequenepesudficien dojadegpatelyservigsithe coupl ed to t he
vari abl e speed bus. The cl ock frequency of the variable speed bus is

adj ust ed aequssoagurR3 butdeentivasging powerbychpemting thedus atpifrequencyt kighdrithanhi s
manner, the variable speed bus is operated at a frequency sufficient to

adequat el yneségdviThe embedimenedpderitied iigcannedtionith Figlird Quhaysdxpagiedeover by
operating the bus at a frequency higher than needed. The enbodi nment

descri bed jh&luSO MR 8Puiisiod dEViSdscBuled MO EarRBRAPERIb s Whetd Yt Bidfte@ NUMDET
of units or devices coupled to the variable speed bus where the arbiter

tracks requ%ggrerggésf%teé‘sce%%%g]?ﬁgﬁ%gﬁigkeortd@{',iggs'or devices. As seen in the

di scussi on abov escribed provide inproved 10 energy
ef f1ciency and Joduct: BYSLaloPRSE, hEIbATEN SeRRb bRl InS3¥9 Ot her
10  energy efficiency and reduce overall power requirements potentially saving other system

costs associated with heat (fans, heat sinks, etc.).

In the foregoing specification the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit

15  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

20  characteristic described in connection with the émbodiments is included in at least some
embodiments, but not necessarily all embodiments, of the invention. The various

9 &«

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

necessarily all referring to the same embodiments.



costs associated wth beat (fans, heat sinks, etc.). In the foregoing
specification the invention has been described with reference to specific
exenpl ary enbodi nents thereof It will, however, be evident that various
nodi fi cat i om@ 2@8do1eésanges nay be nade thereto w t hout deparus2eyosesm the
broader spirit 15 and scope of the invention as set forth in the appended
clainms. The specification and draw ngs are, accordingly, to be regarded in
an illustrative rather than in a restrictive sense. Reference in the
speci fi cat€omso "an enbodi nent,"” "one enbodi nent,"” "some enbodinents," or
"ot her enbodi nents" means that a particular feature, structure, or 20
characteristic described in connection with the enbodinents is included in
at | east sSWha isdabediistents, but not necessarily all enbodi ments, of the

i nvention. The various appearances of "an enbodi nent,"” "one enbodi nent," or
"sone enbodi nents" are not necessarily all referring to the sane

enbodi nents. 6 2005/ 101163 PCT/ US2005/ 008998 CLAI M5 What is clainmed is:
5 1. AR appar atludi\? PBABMSGOMPUISING: ¢ i abl e speed bus: a first unit coupl ed
to the variable s q)d bug: a second unit coupled to the variable speed bus;
and an arbitra?WSﬁaiﬁﬂwﬁﬁgu%lock control unit to adjust the variable speed

bus frequency a]tﬁst(ﬁﬂﬁfigngﬂlé‘cgto%e@%ﬁbf@%ﬁ@ﬁib‘ag;h requi rements of the first and

second units, the arbitration an
a second unit coupled to the variable speed bus; and

an arbitration and bus clock control unit to adjust the variable speed bus frequency
10  depending on the bandwidth requirements of the first and second units, the arbitration and
bus clock control unit to monitor request rates 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.

15
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.
20 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
25 transfer and provides adequate bus bandwidth to accommodate the isochronous data

transfer.



bus clock control unit to nonitor request rates fromthe first and second
units in order to determ ne bandw dth requirenents. 2. The apparatus of
claim1l1, wherein the first unit is a processor unit. 15 3. The apparatus of
claim1, whweo0si1xhd second unit is a video processor uRCT/US2095/00898
apparatus of claim1l1l, wherein the first unit is a hard disk drive controller
unit. 20 5. The apparatus of claim 1, wherein the second unit is an

i sochronous data transfer unit. 6. The apparatus of claim5, wherein the
arbitration and- i appasetueef qlaim 6, whereingthe weehromeus datartesgsfesenit is ariddhe

i sochronous d L“‘? transfer unit is for an isochronous data 25 transfer and
provi des aﬁ?ﬁﬁa Unibs bandwi dth to accommpdate the i sochronous data
transfer. 7 WD 2005/101163 PCT/ US2005/008998 7. The apparatus of claim6,
wherein the isochronous data transfer unit is a 1394 controller unit. 8.

The apparatus @f 'I%%P;Eﬁrﬁus M‘ffk%ﬁf@vsih@x%ld th® PEtﬁ‘GﬁHﬁ% ddRlBnleARRl SLUNBt 1S a

USB 5 controller he apparatus o laim 1, wherein the vari abl e
speed Bus,cohfadllek uhigt unit, t he second unit, and the arbitration and cl ock
control unit are located on a single sem conduct or die. 10
9. The apparatus of claim 1, wherein the variable speed bus, the first unit, the
second unit, and the arbitration and clock control unit are located on a single
semiconductor die.
10
10. A system, comprising:
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
15  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

20  bus frequency information to the bus interface logic unit.

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

is a processor.

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

is a video processor.



10. A system conprising: a variable speed bus; a device coupled to the
vari abl e speed bus including a bus interface logic unit; and an arbitration
and bus clock control unit to adjust the frequency of a variable speed 15
bus dependiWg2ex/181163 bandwi dt h requi renents of the devi PETASAPWSHEBI®H t he
vari abl e speed bus, the arbitration and bus clock control unit to nonitor a
request rate fromthe device coupled to the variable speed bus in order to
determ ne bandwi dth requirenents. 11. The system of claim 10, the

arbitrati on and4blbe syrdm of claini 10, whereorthe dévicet c@upl2d tdthe vhrigde speed bus
information to the bus interface logic unit. 12. The system of claim 10,
wher ei n t Hea berdidisk deiyagpteplled t he vari abl e speed bus is a processor. 25 13.
The system of claim 10, wherein the device coupled to the variabl e speed bus
is a video processor. 8 WD 2005/101163 PCT[ US2005/ 008998 14. The system of

R T i L

di sk drive contriol systemo evice

coupl ed t qq grpféoé@ﬂ{ﬁphgawﬁggggﬁ%ué is an isochronous data transfer

controller. 16. The system alm 15, wherein the arbitration and bus
control unit recognizes that a request fromthe isochronous data transfer
controller unit is for an isochronous data transfer and provi des adequate
bus bandwi dt h t16. @he sysrandaf daitrhks, whereinstbe imburatos anthbws dontrolsfndtr .

recognizes that a request from the isochronous data transfer controller unit is for an
isochronous data transfer and provides adequate bus bandwidth to accommodate the

10  isochronous data transfer.

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

1394 controller,

15 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
20  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.

25 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



17. The system of claim 16, wherein the isochronous data transfer controller
is a 1394 controller. 15 18. The system of claim 16, wherein the

i sochronous data transfer controller is a USB controller. 19. A nethod,
conpri si ng: Woe0eyineg at an arbiter a plurality of requesdudleoguegi I St

unit coupled to a variable 20 speed bus; determ ning a request rate for the
first unit; and adjusting the clock frequency of the variabl e speed bus
depending on the determ ned request rate for the first unit. 25 20. The

met hod of cl ai ndjustingfthe clock frequepey ofi theyvariablespeadriys dependimgamishe er a plurality
of requests froma second unit coupled to the variable speed bus;

det er ni ni ri§teamingd, rragest Fatesfor e firf@nd grcapduniti ¢ and 9 WD 2005/ 101163

PCT/ US2005/ 008998 adjusting the clock frequency of the variabl e speed bus
depending on the determ ned request rates for the first and second units.

21. The met hod ,f ?ﬁ' tﬂét%@gfaclme{f%ﬁﬁg{eﬁﬁ%eWi atthe LiBfier? q@gﬁsaﬁé/ cﬁ'rrgci#gat%l Ity of

requests 5 from e second uni es r erving re

i sochr gnoygyndthe dedond it Biclude@RlcEiNn SequeRS Hohbh iR hrotb sy @itdyafdiddst i ng the
cl ock frequency includes guaranteeing adequate bandw dth for an isochronous

dat a transbetollet,Gind further wherein adjusting the clock frequency includes guaranteeing

adequate bandwidth for an isochronous data transfer.

10
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