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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
managenment WO mWeyioew3 within conputer systens. Backgr ourdrubebsiesdssvent i on
I n many sem conductor devices such as enbedded processors, systens-on-a-chip
10 (SOCC), or other conputer systens or consuner electronic devices, on-chip
busses are becom ng faster and wi der_ wth manlzI associ at ed regi ster gueues
and related logic in “ARBEERAZION BASED FQWERMAIAGEMENTsact i 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 become a significant Porti on of overall system power, 15
particularly in SOC designs. Prei& ti reduce power consunption on

busses and their, associated. attached uni have i ncl uded powerin own
Undivi dual uni t SORRERCY HEGIHSEPSBS o he iR dOmPUAT DS oo OOTF PREEAR €5 1 n
enbedded pr.pce : . i e . i S in work
oads. ddperths 15 eBih ARSI R| At boutl RahePRia bl LoRpRER " 7
type of tregg,gtg s, etc. The variations in workload are often under the control
of various "1 ndependent software drivers. These drivers typically control
their particular units but do Bhéigré@it 6fGhe Bdvehfibh r esources such as busses.
In prior systens, in order to control systemresources such as busses,

addi tional communication wth software that nanages systemresources is
typi cal 'y used. rany samigQndurion deviges syciias srbeddsd Braretsots SXstamsriy2-sPt ware to

power manage system resources ] ) _
10  (SOC), 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

1



1 WD 2005/ 101163 PCTI US2005/ 008998 such as busses can be significant. This
| at ency reduces the value of power managing systemresources such as busses
that need to be able to quickly change speeds based on current workload. 5

Bri ef Descringd00smo@fsst he Drawi ngs The invention will be pod@gsboadoRor e
fully fromthe detailed description given below and fromthe acconpanyi ng
drawi ngs of enbodi nents of the invention which, however, should not be

taken to limt the invention_.to t eci fi.c enbodinents described, -but are
Laken U | e DYoL 20aL o, LIS, RRSE) (et STROIG, 3 deseiidied. but
one enbodi nent of a systemjncluding several functional units coupled to a
vari abl e s[FEeem FsguIserisush asabthrth%t.nsW tabg ablgdo guigkly chepgespeeds hased onpj gure 2
is a flow diagram of one enbodi nent of a nmethod for power nmanagi ng a

vari abl e spewehtiwesklodds Det ail ed Description In general, one enbodi nent of
the invention involves throttling a bus frequency based upon incom ng

arbitration requests fromunits or devices coupled to the bus. Arbitration
circuitry nonitors request rates fromeach requestor and increases or

decreases 20 the bus frequency iin order to neet the bandwi dth | evels
requestéd —&ﬂé‘g‘?—?—ﬁﬂ-ﬂﬂéﬂrﬁﬂ&&@éﬂﬂéﬁui rements increase, the bus frequency

i ncreases. \Wen _the bandw dth requirements are reduced, the bus frequency
i s reduced, thef@pinvertinncy igpepadenstopdmermiytly Hrm tirp éetéﬂ%dﬂsmm giMe8cri bed

herein may be inplenented such that there is no
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.

Figure2 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.

2



software intervention required to adjust the bus bandwi dth once initially
configured. 2 WO 2005/101163 PCT/ US2005/ 008998 Software can be used to
control power consunption of individual units or devices attached to the
bus. In theW@28&¥10bedl enbodi ments, the bus frequency is PCIBHROOTAIBAINS y

adj usted based on request rates, the requesting device characteristics, and
bandwi dth requirenents. Figure 1 is a block diagramof a system 100

i ncl udi ng saﬁme%&@be ds88 to @d}ﬁoitﬁ&ve&oﬁéau%h@ﬂoflgdmaﬁararﬁelo%déﬂ@e%qt@aé d155.

The frequency of the variable speed bus Is control ed by an arbitration

and bus cl t o 4140. Each
of the uni ?stﬁi%p I&% dé@éﬁ e%% bé!rhgwgtgu%ﬁﬁgsﬁr u'?‘&é) %) il Vi aéuﬁus interface
| ogi c unit 2 122 nd 132 e ctiv The bu terface.logic units
199 155, Bl 5 repiss e i ansh RS IoR e rerion A paibNTdth Pehire SRS, 1 Ok
control unit 150. Whenever one of _the unjts 110, 120, and 130 desires to
access the bus Higyre Lais abipskdiagram afaisystem 100dncluding pritk § 191 2(handidd ¢l ock
control unit 150. The arbitration and bus clock control unit 150 not only
per forng t gpipda to arvbriableispeod bhulidt iTha dreqeancy af the vaniabikspebdbuoftSen each of
the units 110, 120, and 130 requests access to the bus 155. The arbitration
and bus cl oekrotiedby ah arbfiratioh tnd b dletkicontedl sinit 160 elaccdtodkithmittlihg fgid wdi ¢ 140
to adjust the frequency of the bus 155 according to the bandw dth

requi renengyggof the units 110, 120, and 130 based on the request rates of
the units 110, 120, and 130. The clock throttling |ogic 140 derives the
clock for the bE?ch?%efJn@t@H’Osl ﬁtaﬁml%bfafé%o&é@d toTtﬂsbhwlissf }g{i’s inﬂc?%ce and 130

may be any of a wde variety o functional units I ng, but not

I d h k, d
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Inc.) 1394
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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 thek
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.



controller units, Peripheral Conponent |Interconnect (PCl) bridge units,
managenent processor units, and input/output controller units for slower
peri pheral devices. 3 WD 2005/101163 PCT/ US2005/ 008998 Al t hough system 100
i s shown wi W® 200f/30136Br ee functional units coupled to theP@ESDBH08D8her
enbodi nents are possible with a wi de range of possible nunbers of units
coupled to the bus. Further, although system 100 is shown to be inplenented

on a single inmgs@% %‘}st@fnr]@)U'ésh‘a\wﬁ’wﬂlt&%rthﬁmﬁdtﬁﬁﬂtu%ltéf:@up@&ﬁ@'ﬂm guswher e
the bus 155 is used 10°5 coupled together discrete devices. An exanple of

some of t hef 59 Oo?lﬁe'r 13{‘1)1%0&1 g& sﬁgleWﬁaﬁde‘ Q‘%ﬁu ok {%?SQ%X be gfq{nlitp ed. For

this exanple I eves a roug every 10M—|z

of clock spee 0Q.is.n with the buslSat f
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bandw dth on the bus 155. 10 Also, for this exanple, the unit 110 is a host
processor , infpgrated piscyitdig, Qﬂiedé@bﬁﬁhﬁ@eféﬁﬁposﬁhlé wh@fﬁ the byl 5545 #spdteEE 1394
controller. After initialization, the arbitration and bus clock control unit
150 r ecbgnicewded togethertdissrate dewiceso | nconi ng requests fromthe | EEE 1394
controller, and that less than 70% of the arbitration slots are utilized.
The arbi trati onAaretafple of k@akoftthe possibleufinndtiohs Of syistein 1d0ewillifowdber ect t he cl ock
throttling unit 140 to throttle the bus clock frequency down to 70MHz. The

recogni ti oReddiibed. VEdr thi§ exdHIE TRIBAL1ISS AcHORS B AR Bl ghpRtoMBYMBEYs Rreestyupon a
reasonably finite nunber of sequential arbitration slots. For this exanple,

the recognijp df’&io%k\égén ed! The I ?éfggédbtsrrﬂhél%d St blﬁ%ﬁ affulls gééﬁ WfkyS! ot

for this exa npl'e may consi st of which for this ex e woul d
de 50 k bi t at t
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10 Also, for 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



clock control unit 150 recogni zes 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 toget her are using 53% of the
arbi trati onYI9P¥I0N%h the bus running at 70MHz. The ar BETUSI00YH8MWEd bus
clock control unit 150 then directs the clock throttling 4 WO 20051101163
PCT/ US2005/ 008998 unit 140 to reduce the bus clock frequency to 40MHz,

st ayi ng j usiitdhe arrediicetthebizardebld felghency es|WOMHAESMyIng jikteahasadofithabimdwidihd bus
clock control unit 150 can use average utilization over tine or use other
statisticalediiichens. to determ ned sustained bandw dth needs. The recognition
5 interval may be short enough (perhaps 1-10us) to handl e short bursts of
activity such asne bifkaoh QY Bullahck dlhthi 146 cEPBLIOLIEE uifiiitibh bRy, the
arbitration and bus clock control unit 1 may recogni Ze a request from an
i sochronous _data transfer controller. .such as the |EEE 1394 controller 130.
I eh o oads o8 bR rERRA B pefoimdl SR PRV BRI ¢ e
bus clock 10 frequency to ensure that there is adequate handwi dth to satisfy
the i sochr JsTal TaY b Shorimevalt (porhes Lsf Gis) fodiands Shertibwss 02 PO SBER4s01  uni t
150 wi Il al so cause the bus clock frequency to be reduced if the

i sochr onoughaidtom & haxd diskdriygcentiolleur ns to an idle state. |f the system 100
is put into an idle state, where perhaps only a managenent processor is
active and m norAddeionplhe itled arbitrafiéri andee clools tonproboms $50 mby edcdbgmizess e ongoi ng,
the 15 bus frequency can be reduced to a mnimal |evel (perhaps 20MHz). The

previ ous exadRbterdhe &€ fsbEpEnduld Aatd YishsFen cbRfoles, Judly hdie THEE h3%4 ddroRéar ti ng out
at a maxi mum cl ock frequency upon systeminitialization. O her enbodi nents

are  possi bhg WigtGatd) theVRbitdtidfandRas BloblSontraPurif 1 SBSunis Wplthehusidigguenci es

upon system

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



initialization. For exanple, in one enbodi nent the bus frequency is set at a
frequency 20 sufficient to only service access to a boot ROM (perhaps 2VHz).
As other units beconme active the arbitration and bus clock control unit 150
can increasWaHes/wuw3frequency to accomodat e the incrercrUdsivasichsssdt h
needs. Figure 2 is a flow diagram of one enbodi nent of a nethod for power
managi ng a vari able speed bus. At bl ock 210, a nunber of requests are

recei ved ahni%bu?[ehﬁ & VaridtiRed ﬁus\/\@h%ﬂ,oagétlg t%%(g 4 gcg&létlﬂ;?t%%éét%ﬁﬁe%%r Mt

coupled to a vari abl e speed bus. Then, a request rate I's
determ ned_f.or ¢ if . e, vard abl e speed . .The,cl ock
frequency 8?1%%@&315? ﬁlgﬁ%agg@ggécggghsg fﬁs%d%%jf{fgfl%n Y8 ﬁlglvggga%}efeggldseﬁdi ng on
t he determ pned request te. .Jn this manner, the variable speed bus is
bper at ed. afEtd 8ok 20 SeRendiu oh M St s s 11 B8 RS Geoquest | ng
uni t, but w thout wasting pO\A/er@By operating the bus at a frequency higher
than need¥efiabierigecdinisds orsrtedidt adraaueney isufficienhioadpiataly s9ivice there 2 may be
expanded to include a number of units or devices coupled to the variable
speed bbis wiquesting hmit,dubivitbeut wastirgowes §u eperating the biisat adreghersly higher thant s or
devices. As seen in the discussion above, the enbodi nents descri bed provide

i nproved hékded eTigyentiddirmént degeribedlinrcenmeg orowith EidurgDway be egpindedment s
potentially saving other system costs associated with heat (fans, heat

si nks, et Cinkcludk A nhitGed FBALONEEVRRESIUDIRA RN alitKle tié8 BLé RReB AR 2GRN
described with reference to specificC exenplary enbodi nents thereof. It

wll, howe I I mdi fications and changes nay be
made thererg&vsvir?q%gﬁ;ﬁtgsg%gﬁc{ﬂﬁogﬂ?/e?%llrlrt??ﬁ%e‘;lt?r%gader spirit 15 and scope of the

' ti forth.in.the. ded clainms. T ificati d
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arestrictive ) . . ]
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

%

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

necessarily all referring to the same embodiments.



sense. Reference in the specification to "an enbodi nent," "one enbodi nent,"
"sonme enbodinents,"” or "other enbodi nents" neans that a particular feature,
structure, or 20 characteristic described in connection with the enbodi nents
is included in at |east some enbodinents, but not necessarily all

enbodi nents, of the invention. The various appearances of "an enbodi nent,"
"one enbodi nent," or "sone enbodi nents" are not necessarily all referring
to the sanme enbodi nents. 6 CLAIMS Wat is clainmed is: 1. An apparatus,
conprising: a variable speed bus; a first unit coupled to the variable

speed bus &g :ssue requests to access the variable speed bus; a second unit
coupl ed t riabl e speed bus to issue requests to access the variable
speed bus; and an arbitration and bus clock control unit to adjust the

vari abl e speed bus frequency depending on the bandw dth requirenents of the
first and Whaopalaim¢dis; the arbitration and bus clock control unit to
nonitor a rate over tinme of issuing requests to access the variable speed
bus by the first unit and the second unit in order to determ ne bandw dth
requi rements. 2. Abtuppafanal énysisafg: cl aim 1, wherein the first unit is a
processor unit. 3. The apparatus of claim1l, wherein the second unit is a

vi deo processor Yaiiaple speed bise apparatus of claim 1, wherein the first unit

is a hard di sk gfiivenicQRbledlth Ble variable speed bus to issue requests to access the

variable speed bus;

a second unit coupled to the variable speed bus to issue requests to access the
variable speed bus; and

an arbitration and bus clock control unit to adjust the variable speed bus
frequency depending on the bandwidth requirements of the first and second units, the
arbitration and bus clock control unit to monitor a rate over time of issuing requests to
access the variable speed bus by the first unit and the second unit 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.



unit. 5. The apparatus of claim1l, wherein the second unit is an isochronous
data transfer unit. 6. The apparatus of claim5, wherein the arbitration
and bus control unit recognizes that a request fromthe isochronous data
transfer unit is for an isochronous data transfer and provi des adequate bus
bandw dth to accommodate the isochronous data transfer. 7 7. The apparatus
of claim®6, wherein the isochronous data transfer unit is a 1394 controller
unit. 8. The apparatus of claim6, wherein the isochronous data transfer
unit is a USB controller unit. 9. The apparatus of claim1l, wherein the
vari abl e speed bus, the first unit, the second unit, and the arbitration
and cl ock cont rloiTheApRarameof daimy e gvhereimths jiseghrenousedafacterigfee uait isg B39410. A
system CQQBHF@!QQ&. a variabl e speed bus; a device coupled to the variable
speed bus 1 nc uding a bus interface logic unit to 1issue requests to access
t he variabl e speed bus; and an arbitration and bus clock control unit to

adj ust the frequency of a vari.able, K speed.bus dependin n the bandw dth
et 1 emmnt s oft: ARG SRGHRES CRIR) o T 16 I PARTODIE AR BOE ¢ HaD
arbitrati opnapferiits Cl ock control unit to nonitor a rate over tine of

issuing of requests to access the variable speed bus by the device coupl ed
to the variable speed bus in order to determ ne bandw dth requirenents.

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. A system, comprising:

a variable speed bus;

a device coupled to the variable speed bus including a bus interface logic unit to
issue requests to access the variable speed bus; 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 rate over time of issuing
of requests to access the variable speed bus by 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

is a processor.

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

is a video processor.

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



11. The systemof claim 10, the arbitration and bus control unit to

comuni cate bus frequency information to the bus interface logic unit. 12.
The system of claim 10, wherein the device coupled to the variabl e speed bus
is a processor. 13. The systemof claim 10, wherein the device coupled to
the variable speed bus is a video processor. 14. The system of claim 10,
wherein the device coupled to the variable speed bus 8 is a hard disk drive
controller. 15. The system of claim 10, wherein the device coupled to the
vari abl e sipeagrdlisk drive camroli®pchr onous data transfer controller. 16. The
system of claim 15, wherein the arbitration and bus control unit recognizes
that a request fromthe isochronous data transfer controller unit is for an

i sochronous datig 1Al oMImPIRWhigHh BEBEHAL &upled D aRAMMIE shddae onmodat e
the isochronous data transfer. 17. The systemof claim 16, wherein the

i sochr onous ad&behronausstt@rtrapsiat ewitdoder.i s a 1394 controller. 18. The system
of claim 16, wherein the isochronous data transfer controller is a USB
controller. 19. A method, conprising: receiving at an arbiter a plurality of

requests from aef Thetysteni &f Q&P BdhbRirbthY arbiteddod ans BeSebnvdsuniclet ermi ning a
rate over tinme of issuing of the plurality of requests to access the
vari abl e sigeqsizss thapy raguest fiopsthe igephroneysfata transfer controller unit is for an

isochronous data transfer and provides adequate bus bandwidth to accommodate the

isochronous data transfer.

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 rate over time of issuing of the plurality of requests to access the
variable speed bus by 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 for a rate of issuing of the plurality of requests to access the variable
speed bus by the second unit; and

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

determined request rates for the first and second units.



adjusting the clock frequency of the variabl e speed bus depending on the
determ ned request rate for the first unit. 20. The method of claim19,
further conprising: receiving at the arbiter a plurality of requests froma
second unit coupled to the wvariable speed bus; determning for a rate of
issuing of the plurality of requests to access the variable speed bus by
the second unit; and adjusting the clock frequency of the variable speed bus
depending on the determ ned request rates for the first and second units. 9
21. The nethod of claim 20, wherein receiving at the arbiter a plurality of
requests fromthe second unit includes receiving requests from an
i sochronous dat?d- The gsdiod of glaip 2@ wherein zgegivingrat %@rarwaaéﬁlufalatajqﬁst ing the
clock fre ' I, L.ng: j r i sochr onous
Gate tr ang@@;&é% f%o'ﬁ?lh‘é%%nd%ﬂ IRARE TG INAE RANI Bl 5 a8

transfer controller, and further wherein adjusting the clock frequency includes

guaranteeing adequate bandwidth for an isochronous data transfer.
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