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Prior Application 5 This application has been filed in the United States of
Anerica agygopadiget application nunber 09/888, 278 fil edpppydisngssg3, 2001
Field of the Invention 10 This invention relates generally to data
processi ng systens, and nore specifically, to arbitration of control of
comuni cati on buses within data processing systens. 15 Background of the

I nvention In data processing systens containing nultiple conmunication bus

mastors to DY EEM B Mﬁiﬁ@%ﬁ&%@%ﬁ@%ﬁﬂﬁ%@@ﬁm@ "y be

nmade using a nunber mqy f_\@ja.tléq\ﬁE Gﬂa{rBlLﬂ?SYfQY@LEQ' ng al gorithns used
e

to implenent a selectlon I'nc |np enment 1 ng ection by round robin
ordering, selection by fairness or selection by a strict assigned
priority. In many data processing systens it is desired for one bus naster

to hold ownership of a gl Referamearloi ol Applicstidror the 25 duration of a
burst transfer associated wth a cache nenory line fill or 12 Decenber 2005

WO 03/901388 PCT/U802118358 copyback operation, w thout any interruption
of bus ownershj I n_order v eratjng efficigepncy of the nenor
system hILrPs application hasobeerm led’in the United States of America as Y

patent application number 09/888,278 filed on June 23, 2001,

Field of the Invention

10
This invention relates generally to data processing systems, and
more specifically, to arbitration of control of communication buses within
data processing systems. '
15 - Background of the Invention

in data processing systems containing multiple communication

bus masters, bus arbitration logic is used to select one of several
requesting masters to obtain bus ownership. The selection of a bus

20 master may be made using a nuhber of known methods. Examples of
existing algorithms used to implement a selection include implementing
selection by round robin ordering, selection by fairmess or selection by a
étrict assigned priority. In many data processing systems it is desired for
one bus master to hold ownership of a global communication bus for the

25  duration of a burst transfer associated with a cache memory line fill or



Typically, the global communication bus is dedicated to one mast er
during such operations by providing sone indication, such a§ﬁ§i3ﬂﬁym r 2005
attribute, to an initial portion of the transfers being burst or

communi cagg4Ysnopsgh attribute is acknow edged within thpcgyshesssand bus
arbitration control circuitry prevents a re-allocation of conmuni cation

bus ownership. Once bus nastership is obtained, the current bus nmaster
keeps bus ownership for the duration of the burst transfer. 10 Anot her

techni que used to maintain bus ownership is for the device in control of
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I nterrupti urre that an interrupted burst transfer be

reiniti at gdriny sueR operatibns yesrdvidingsonee irdicatidnissucinas shbursts r egai ned.
A di sadvantage of such a teqhnhgue I's the interrupted bus master nust
rebui | § t atiribute, 20 arr iaitisl @ortien of the iranstersibeieg bwgsoleral | system

AR A R NP LN T MR W i
the. fr equBHE R BRrasEE AR o Ry Br&Var 2 s AUACHRTL Bt B Paifirattn e a1y
or e afl ARG PR bl omaSYRERBIaRIERE 12 57t
fg {J 5532/ ARRRE Kl Blis IershRIFTRE diratienestas burst wassfenpt ed and then
10 Another technique used to maintain bus ownership is for the
device in conirol of the bus to assert a bus lock signal. A disadvantage
of this technique is that any other critical interrupt in the system is locked
out from using the bus until the lock signal is relinquished. The use of
special lock bits is one implementation previously used in connection
15 with such a jock signal.
Other known systems specify that burst transfers are interruptible
and require that an interrupted burst transfer be reinitiaied by the
interrupted bus master once bus ownership is regained. A disadvantage
of such a technique is the interrupted bus master must rebuild the bus
20 transfer sequence, thus lowering overall system efficiency and adding
complexity to the bus protocol. |
In some special circumstances the length of a cache memoty line
fill may exceed the maximum required latency of a time-critical altemate
bus master. Although the frequency of occurrence for this type of
25 interruption is generally low, such alternate bus masters may require
immediate access to the bus. For such situations, it is critical that the
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al t hough such interruption of an existing burst transfer will assuredly

| oner the efficiency of the menmory system and the processor ‘H2&etemdber 2005

with the current burst transfer. 5 Brief Description of the Drawi ngs The

present i ' is illustrated by way of exanple and_j i mted by

t he accon‘ggﬁ{‘)}édﬁ%gf igures, in which like references i nd?é@?@9ﬁ¥64 simlar

elements. FIG 1 illustrates in block diagramform an exenplary processing

system for use with the present invention; FIG 2 illustrates in timng

diagram formthe characterizing format of both bounded and unbounded bur st
s in ti rmthe characterizing
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i |11 ustr at withithetcalptentfurst eangfarer nate encodi ng of a control field of a
control register illustrated in FIG 4. 25 Skilled artisans appreciate that
elenmeris in the figures are illustrated for sinplicity and clarity and
have not necessarily beerb dr cenber 2005 WO 03/001388

PCT/ US02118358 ‘to scal e Bl )@SCIQ b EIGRESons of sone of the

el ements in the

The present invention is illustrated by way of example and is not
limited by the accompanying figures, in which like references indicate

10 similar elements.

FIG. 1 illustrates in block diagram form an exemplary processing
system for use with the present invention;

FIG. 2 illustrates in timing diagram form the characterizing format
of both bounded and unbounded burst transfers;

15 FIG. 3 illustrates in timing diagram form the characterizing format
of information bursting associated with different types of memory
devices;

FIG. 4 illustrates in block diagram form an exemplary
implementation of the bus arbiter of FIG. 1 in accordance with the

20 present invention;

FIG. 5 illustrates in table form an encoding of a control field of a
control register illustrated in FIG. 4; and ~
FIG. 6 illustrates in table form an alternate encoding of a control
field of a conirol register illustrated in FIG. 4.
25 Skilled artisans appreciate that elements in the figures are
' llustrated for simplicity and clarity and have not necessarily been drawn
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figures may be exaggerated relative to other elenents to heI‘BZI nprove
under st andi ng of the enbodi nents of the present invention

WO 03/001388 PCT1US02118358 Det ail ed Description For data processing
systens negyigoid nul tiple communication 5 bus naster sp~gikhiRELvVed bus
ownership protocol is needed, particularly wth respect to transferring
bus mastership in systens utilizing burst transfers of information. In
data processing systens containing nultiple conmunication bus masters, bus
arbitration logic is used to select one of several requesti ng masters to

nunher of QAR TR T“elei?!aéﬁhn‘é%'s”pﬁﬁéfﬁ@%%@éﬁs Tomers e ¢ hat i o
of e%”‘éﬁﬁ%ﬁﬂw %S%Qé%%%%é?‘éﬁhgaﬁ?ﬁ@htg "“éﬁ%ufﬁ helpdfuhy" o

obt ai ned, ¢ t 'rﬁ’%}‘i\%r | i on of the 15
bur st transferﬁévsli Wtﬁé hﬁ% |sﬁgh3£<r§§n8 ary Itég Processi ng
System 10 that reqU| res bus arbitrati on. A dobal Bus 12 is the center of
comuni cation within Data Processi ng System 10. d obal Bus 12 has
conductors (not shown) for conmuni cating data, addresses and control 20
information. A central processing unit or CPU 14 is connected to d obal .
Bus 12. CPU 14 has a Bus Interface 16 that is connected to dobal Bus 12
and to a Cache 18. Bus Interface 16 is also connected to all other
circuitry (not shown) of CPU 14. A System Menory 20, a System Menory 22
and a System Menory 24 are each connected to d obal Bus 25 12. Each of the
system nmenories represents a different type of
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menory. System Menory 20 is designated as inplementing a Type Pecémbér 2005
Decenber 2005 WD 03/001388 PCTI US02/ 18358 System Menory 22 is designated as
i npl ementing a Type B, and System Menory 24 is designated as inplenenting
a Type C.wéaxzaemisss of types' of nmenory include DRAM (BykiBs#/t83fandom Access
Menory), Flash, ROM (Read Only Menory) and SRAM (Stati c Random Access 5
Menory). A predeterm ned nunber of peripheral devices are connected to

G obal Bus 12. A first peripheral device, Peripheral 28, is connected to
G obal Bus 12, and an Nt h peripheral device, Peripheral 30, is connected
to G obal Bus 12. Peripherals 28 through 30 nmay be various types of
peripherals, including a nmenory controller, a graphics 10 controller, a

di spl ay, a keyboard, etc. In tDetailed/descipfioform N is a predeternined

i nteger value. A Bus Arbiter 34 is connected to G obal Bus 12.

Addi tionally, another predeterm ned nunber of alternate bus nmasters is

NeSter E‘é', ' on it dntahDobSsnebalsdemis el Al Radutbaf e, B
oper art vpOR AR 1 JBroySRP s Bickshin proiBeorTs rigaddd Baltiodlaly) L *°
mast ers t @ipeiekPest f trAhSketiRg Budatasisrship nusystens willizmg barston.  Sel ect ed

i nformation regw red by System 10 and generated by System 10 is provided
and 20 st trapgdfdrg dbysfoematienor i ladata, preeessingByst@nscomalningl e oper ati ons
are simultaneously being performed within System 10, Bys Arbiter 34 nust

functi on multipletcammimnieation busimasiers s afbitratien Keicis UsAd theed  for GPU
14 L0 ace e R e e avaral Tadiuicating Thasters 16 dbtah B ownaidp. The
10 selection of a bus master may be made using a number of known
methods. A prioritizaiion scheme is one technique that is often |
implemenied to determine what system resource will be given control of
the bus. In many data processing systems once bus mastership is
obtained, the current master holds ownership for the duration of the
15 burst transfer.

Hlustrated in FIG. 1 is an exemplary Data Processihg System 10
that requires bus arbitration. A Global Bus 12 is the center of
communication within Data Processing System 10. Global Bus 12 has
conduciors (not shown) for communicating data, addresses and conirol

20 information. A central processing unit or CPU 14 is connected to Global
Bus 12. CPU 14 has a Bus Interface 16 that is connected to Global Bus
- 12 and to a Cache 18. Bus Interface 16 is also connected to ail other
circuitry (not shown) of CPU 14. A System Memory 20, a System
Memory 22 and a System Memory 24 are each connected to Global Bus
25 12. Each of the system memories represents a different type of
memory. System Memory 20 is designated as implementing a Type A,
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18 that typically is significantly smaller in storage capaci ty t han any of
25 the system nenories. Cache 18 may be a unified cache, hoI ger2005
i nstructions and data, or nay inplenent separate cache m)dul es f

Decenber 2005 WO 03/001388 PCT/ USQ2/ 18358 hol di ng i nstructions and data in
di fferentWOBHIOLBE. Cache 18 typically holds copies ofPGI/HSE/Es8 on from
System Menory 20, System Menory 22 and System Menory 24. Cache 18 obtains
information fromand wites information back to System Menory 20, System
Menory 22 and 5 System Menory 24 usi ng cache burst transfers. Cache burst
transfers typically transfer a "block™ or "line" of information consisting

of nul ti pbystetmMemony22iis designated esimgiementing@ dlype Busnd2. Many

menori es hat re inplemented within a data. processing_system conmmunicate

via bursoY$iesh %ngrsb%ls.d@smated asngermenting affypee®i drxamplednmuni cat ed
Lypes: o WldunaseY risinory Ticluds AR dobaBIS Bandar deosas MRMGGY i agr am
expl a1 ni E@%ﬂéﬂdﬁfﬁa‘éﬁ@ﬁ%mﬁem%m@@ %ﬁ%ﬂﬁ@sﬁrﬁ%@%ﬁ[ﬁs{ >

or oy %5 Moo > ArRdersinien FRBRF of beripHofdl ViR aRTEnREAERF| B0 7
pover of totGiabaFBusekamyl first peqphbﬁaltdmﬂiceltﬂ’émpl@@rawtsl Fecoemadtedof four

wor ds woul d %abf orma cache burst consisting of four beats with each beat

cor r esporidiQlgbabBuset 2fanchantiilr pewiphisral ililawcleoﬁ’fml@ineﬁam@ isf FIG 2 20 has
Linboundod IR eé&&ioé&ﬁ%h's'@%ﬁ#éhﬁ&eﬁ@ié:Eﬁaﬁﬁéiéiaefrﬂaﬁéae”péﬁgﬁé rect
Nemory  AGGSES of B¥Rbn&PAS! iclitling B ambl ortrollr °d GHapRits! ©
10 controller, a display, a keyboard, etc. In the illusirated form N is a
predetermined integer value. A Bus Arbiter 34 is connected to Gilobal
Bus 12. Additionally, another predetermined number of alternate bus
masters is connected to Global Bus 12. In the illustrated form, an
Alternate Bus Master 36, an Alternate Bus Master 38 and an Altemate
15 Bus Master 40 are each connected to the Global Bus 12.
| In operation, CPU 14 functions to operate with each of the
peripherals, memories and the alternate bus masters to perform a
predetermined system function or operation. Selecte(f information
_ required by System 10 and generated by System 10 is provided and
20 stored by System Memories 20, 22 and 24. Since multiple operations
are simultaneously being performed within System 10, Bus Arbiter 34
must function to control access to Global Bus 12. To minimize the need
for CPU 14 to access the system memories, CPU 14 has internal Cache
18 that typically is significantly smaller in storage capacity than any of
25 the system memories. Cache 18 may be a unified cache, holding both
instructions and data, or may implement separate cache modules for
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transfer an arbitrary nunber of information bytes or words. As illustrated

by FIG 2, the unbounded burst nmay be of varying | ength and %@0
bus arbiter cannot reliably predict when rel ease of bus nast.ltejr]g%é]@ﬁ)e}t e 5

DVA controller will occur. 12 Decenber 2005 WO 03/001388 PCT/ US02118358
FIG 3 ilWQ8¥a88s in timing diagramforma characteri BGHVSY18F8 vari ous
types of nenory devices that utilize burst transfers of information and
are of different burst .types. A burst node device is shown as having an
initial burst or beat that is longer in duration that 5 subsequent

I medi ately follow ng beats. For exanple, the initial beat may be three

cl ocks | onaldaplinsheictions emoedatbieediferant hedales. cCaekie a§pidallydur at i on.

The burst node device may support either unbounded bursts, as”shown, or
bounded bhwldscopisaapirdermation iramn System MedoryR20,i SystehmMemenDRAM  and

Fl ash me les. A slow bursting device is 10 shown as having long (i.e.
sl ow) coﬁ)é ADE Sﬁ&%mmﬂﬁé2éa@a®ﬁ)iﬁ ostﬂamgtmtmma&prbfr@rrbaaelm e, each

<l ow bur ;@ﬁﬁ% Rl btk 16 e %%bﬁm@j%?%%ﬁ%gﬁb‘&iéz &l Sfi:(ﬁ "2
i bt SYSiBtf fcipry, % sffa chafe Bl BBl  Feicheli bgididiy' 17, %' °
Gt | on B R D O S el et

accesses dataavéralstin sbbussti seqjubmcecda @ipbakBaist & Marhomutdiies thathown, or
may be bounded. ' 20 Illustrated in FIG 4 is a detail ed exanple of one
i npl enentad@iigplemented wiitin vedatagorocessiog gystemecamimiznicatawiah t he present
nvent| O%urgto fransfers of information wherein the information is communicated |
10 in rapid, continual bursts.
Burst transfers may be categorized into two types: a bounded
burst and an unbounded burst. Shown in timing diagram form in FIG. 2
is an example of the two types of burst transfers for explaining the
difference between a bounded and an unbounded burst. Bounded
15 bursts are typically associated with cache memories wherein a burst is
of a fixed length and typically has a number of “beats” that is a power of |
two. For example, a cache that utilizes a line iength of four words would
perform a cache burst consisting of four beats with each beat
corresponding to one of the four words. The bounded burst of FIG. 2
20 has four beats in each of the illustrated cache bursts. An example of an
unbounded burst could involve an alternate bus master such as a Direct
Memory Access (DMA) controller (DMAC) that is programmed to
transfer an arbitrary number of information bytes or words. As illustraied
by FIG. 2, the unbounded burst may be of varying length and therefore a
25  bus arbiter cannot reliably predict when release of bus mastership by
the DMA controller will occur. |



conveni ence of understanding, all conmmon el enents between FIG 1 and FIG
4 are commonly nunbered. A Logic Crcuit 50 has a first inp D??tfﬁl?

the A obal Bus 12 for receiving a Current Transfer Type 25 l';flzgna i ?eeﬁ'-dZ(t)Qs
Current Transfer Type Signals 53 may include a variety of information
associ at SHORHEB he present or current transfer bei ng RO/ESYEIFer 2005 WO
03/ 001388 .PCT/ US02/ 18358 communi cated via d obal Bus 12. Exanpl es of types
of information include, but are not limted to, information identifying
whet her Instruction (i.e. Progran) information or Data information is
currently being transferred by d obal Bus 12. Qther current transfer type
i nformation 5 FIG®illusthtsteindmiritpdiagrentionieaichiaracetieation ok read or a
wite transfer, whether the current transfer is a single transfer or a
mul ti pl e vanicus typascohmenmory devices thairutilizbdouriss franstersddd burst or an

unbounded, burst, what sel ected nory device is associated with the
current tm&féfﬁ@@n aﬂaﬁaméﬁﬁ@m rs‘tY,Wmsy Aburstamosiederdee B ed with the

R e R
e SR R it Bed, P P g ool s

requestingg ﬁ)éﬂﬁée%oﬁl?é’ [OPfy &8RS SEB5EHUShPDOERR A oReldek 15 Logic

Crcuit 50 so has a pluralfty of Bus Gant outputs“that are respectively

connect ecedch redbrationCPThé buasiimbidecdevite niays sipporraithstunifurstet! 40. A
Policy Select Logic circuit 581 generat es an Arbitration Policy signal that
e

i s conneddW8ts, @ssshawbnar bapndeabursig. cExamples oboommronibtysigviodet Logi ¢
Circuit 54 has a nt gi s 6 having a 20 plural ity of fields of
predeterrﬁev&esamcﬁ?ﬁl%b%ﬂ\ﬁﬁ @!ﬂéﬁl% BI9MPHESS eff glow bursting device is

10 shown as having long (i.e. slow) continual beats of the same clock

duration. As one example, each beat is shown as being four clock
cyclesin duration. Burst accesses to a slow bursting device may be
either unbounded or bounded. An example of a common slow bursting
device is a ROM. In contrast, a fast bursting device exhibits a continual
15 siream of short beats of information. In the example of FIG. 3, each
beat is shown as being only one clock cycle in duration. As with burst
" mode devices and slow bursting devices, burst accesses to a fast
bufsting device may be either unbounded, as shown, or may be
bounded. o !
20 lllustrated in FIG. 4 is a detailed example of one implementation of
 Bus Arbiter 34 of FIG. 1 in accordance with the present invention. For
convenience of understanding, all common elements betWeen FIG. 1
and FIG. 4 are commonly numbered. A Logic Circuit 50 has a first input
connected io the Global Bus 12 for receiving a Current Transfer Type
25 signal. The Current Transfer Type Signals 53 may include a variety of

information associated with the present or current transfer being
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Control Register 56 has fields associated with the first Alternate Bus

Master 36, the second Alternate Bus Master 38, the third A t&r DdcerBber 2005
Master 40 and the CPU 14. Each field of Control Register 56 is connected

to an input of a Multiplexer (Mux) 58. An output of .25 I\/Ultibqgl exer 58 is

connect ed"Q &8 second i nput of Logic Circuit 50 for PEHEIERHy t he
Arbitration Policy signal. An output of Logic Crcuit 50 is 12 Decenber

2005 WO 03/001388 PCT/ US02/ 18358 connected to a control input of
Mul tiplexer 58 for selecting which field of Control Register 56 to
utilize. Additional control registers, if desired, may be provided. As

wi Il be apraramicdicchviat@lobal Busi 12 &xerples ofltypes of infotrmation Cont r ol
Regi sters, 62-65 and Multi pl exer 68 are optional 5 circuitry and provide

addi t i ondnClusle; beib ére mot isiltasstoainiosmatignddentiing whstheatristiiciiont ocol .
ot PR PRl i uBnioh ok TR TR e B ey, purber o
R R S L e
e S 0 Ut Rolien o e mRIBS ereader U 11 OV
oot e gt 4 depioatSholf erkieor SmaUphuct 1! PLar s si”
15 | n opeavhethen th@csurmriitransieuisfaibouhded bustonanainhgundedieuiste wit hin
Data Processing System 10 is the master  of (i.e. has rights to use) the
d obal Bd@‘@?ﬁeglﬁpé‘i{)ﬁ@ﬁnwg@ﬂ% i®Assaciated Wiihnthecureemlgrarefgsrat e and
the bus. 4t et BRI oTHETGN Heyickds ARehPiated vilivte eifent fFaRSR"*C 11!
10 Logic Circuit 50 also has a plurality of Bus Request inputs for
respectively receiving a Bus Request signal from each of CPU 14 and
Alternate Bus Masters 36, 38 and 40. The Bus Request signals may be
communicated either directly from (i.e. point-to-point) each of the
requesting devices or may be communicated via the Global Bus 12,
15 Logic Circuit 50 also has a plurality of Bus Grant outputs that are
respectively connected to each of CPU 14 and Alternate Bus Masters
36, 38 and 40. A Policy Select Logic circuit 54 generates an Arbitration
Policy signal that is connected to a second input of Logic Circuit 50.
Policy Select Logic Circuit 54 has a Control Register 56 having a
20 plurality of fields of predetermined bit width. in the illustrated form,
~ Control Register 56 has fields associated with the first Alternate Bus
Master 36, the second Alternate Bus Master 38, the third Alternate Bus
Master 40 and the CPU 14. Each field of Control Register 56 is
~ connected fo an input of a Multiplexer (Mux) 58. An output of
25 Muttiplexer 58 is connected to the second input of Logic Circuit 50 for
providing the Arbitration Policy signal. An output of Logic Circuit 50 is
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20 CPU 14 or other portions of Data Processing System 10 wi thout having a

distinct nodule for performng bus arbitration. Bus Arbiter
information about a current transfer to nmake G obal Bus 12 J%H%‘FeﬁﬂbeFZOOS

deci si ons upon recei pt of one or nore bus requests to use dobal Bus .12.
Wien LogitO /P8t 50 receives one or nore bus requestRCTESONI%EFMy 25 of CPU
14 and Alternate Bus Masters 36, 38 and 40, a decision is made wthin
Logic Circuit 50 based upon sone predetermned criteria as to -10 12
Decenber 2005 WO 03/001388 PCTI US02/ 18358 whi ch bus request shoul d be
serviced first. In one form the decision is nade based upon a priority

basi s, buorirlectbe b & Eenirellihpuneilatislexehas fopsdiectiag viiehdieldbf i nvol vi ng

priorities may be used such as a round-robin selection. Logic Crcuit 50
provi des GamirdbRegistes86 o wiilize s Agidiliorali cotitrol registersiifgtesitedyr i ori ty
Contendir;% ster (i.e. corresponding to the bus request that has been

sel ect ed @y Bﬁepm\@e@) Asawidl heapparastdromghe fellewing eperajionalt o sel ect the
control field. of trol Reqgister,5 assgci.ated with this highest priority
mmster. FEBNORe LA REHIS @ BR85S aReMultiIcke 58 2uh dtieRali b o user
progr rmeﬁir 0, L3 | 0 ue) that

det er%’ nes ct‘EI Ecyl gﬁgl;ﬁ@gﬁ%&@ﬂ#@ﬁ%‘%@ﬁ%ﬁfgfﬁ&g@@ﬂh{;%4 ?gét34 for that
par ti cul grbiiRAlFEHICIECHICTERo RE %@6’2- | @l@iﬁugfrafe@ﬁﬁvﬂwpea” eation of

fi gt tion
the control value by using a signal or voltage at an iIntegfated circuit

pi n of apredetnined mimiser of fislds baskeedoryhe hmiiarofaditerhate Bdsor by the

execution within data processing system 10 15 of a user-provided software
i nst ruct invasteragin the iliusiratedfamyriheee inlas additiorall Gemicol Registet fiel d of

Control Bealster, 56 304 ot rites, whethery Lhe aligst prjority cont endi ng

10 addition, each of Control Registers 62-65 has a field corresponding io
the CPU and Alternate Bus Masters 36, 38 and 40. Each of Control
Registers 62-65 is connected to a predetermined input of a Multiplexer
(Mux) 68. An output of Multiplexer 68 is connected to Contro! Register
56 of the Policy Select Logic Circuit 54.

15 In operation, Bus Arbiter 34 functions to control which device
within Data Processing System 10 is the master of (i.e. has rights io
use) the Global Bus 12, Although Bus Arbiter 34 is shown as being
separate and distinct within Data Processing System 10, it should be
recognized that the bus arbitration function may be incorporated into

20 CPU 14 or other portions of Data Processing System 10 without having
a distinct module for performing bus arbitration. Bus Arbiter 34 uses
information about a current transfer to make Global Bus 12 control
decisions upon receipt of one or more bus requests to use Global Bus
12. When Logic Circuit 50 receives one or more bus requests from any

25 - of CPU .14 and Alternate Bus Masters 36, 38 and 40, a decision is made

~ within Logic Circuit 50 based upon some predetermined criteria as to
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System 10 will be granted bus ownership of d obal Bus 12 during an

outstandi ng burst transfer, or whether it nust wait for confiepedembet 28D5
burst transfer in progress. Logic Grcuit 50 conditionally asserts the Bus
Grant CPU signal or a Bus Grant signal for one of the requesting Alternate
Bus Mast YQ0HBBIBK3 and 40 based on the Current Transf ECTUNHHBIB/ gnal s 53
and.information contained in Control Register 56. If bus ownership is
transferred to a master other than the one performng 25 the current
transfer (i.e. transfer master status froma present or current

conmuni cat i on bus master@zj, the current transfer is interrupted, and a -11

12 Decenty¥iichduss inquest shogibeservigedirst 3beone domms,ithie degisint isd bus grant
e A A A Ao
ay e o BHeErtesrothohing BBHYEs My BEtigud Bich 8Ra fedbREES " 10" *°
Snt ol eiecton. abogic Girb it SATHOVIES MUMHIEKE S M ARl T P on po &y

encodngsndicatihg & Highest Rriotity\Cortending Master §@. lkortdsporsingto speci fic

I nput signals to predetermned integrated circuit pins of an I.C

enbodyi nghe s regusshirathagbess selected for sevicingprand bultiplexenb8i ned
mmy be  uses IBloyoRAHRESARaL G Gonel LN U OeBBIeT 56 or by of her user
Cxanpl o AAPLRISE Wl Tis bldrt GPlofiie Hiasint, Sheidartep TR EamRIG “rog st er
56. Ther egister 56 is encoded with a user programmed or user controlled
16 encoding (i.e. a control value) that determines the arbitration policy to be
used by Bus Arbiter 34 for that particular requesting device. A user may
create or cause the creation of the control value by using a signal or

voltage at an integrated circuit pin of an integrated circuit controlled by
the bus arbiter 34 or by the execution within data processing system 10
15 of a user-provided software instruction. Logic Circuit 50 then decodes
the selected control field of Conirol Register 56 and determines whether
the highest priority contending bus master within Data Processing
~ System 10 will be granted bus ownership of Global Bus 12 during an
“outstanding burst transfer, or whether it must wait for completion of a
20 burst transfer in progress. Logic Circuit 50 conditionally asserts the Bus
Grant CPU signal or a Bus Grant signal for one of the requesting
Alternate Bus Masters 36, 38 and 40 based on the Current Transfer
Type Signals 53 and information contained in Controf Register 6. If
bus ownérship is transferred to a master other than the one performing
25 the current transfer (i.e. transfer master status from a present or current
communication bus master), the current transfer is interrupted, and a
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many differing encodings that may be used and it should be well understood
that the exanples provided herein may be readily nodified o2 paiber 2005
Assune for purposes of illustration only that a three-bit encoding field

is chosen thereby providing a total of eight different 20 encodings. The
encodi ng§"‘6f’3’qﬂﬁgg 5 illustrate an arbitration policy tHaHUIY8ased on

whet her bus control changes will be permtted during burst cycles, whether
bus control changes will be pernitted based upon the type of i nf or mat i on
bei ng comuni cated (e.g. instruction or program information versus data

i nformation), whether bus control changes will 25 be permtted based upon

met Eer g:meymaiy aﬁseﬂed@agtarlttrst@aalasmgaéedmmmrym foregthe ring, and

2 12 De 2005 WO
83%0?588@%@?&@%aig%ggr@igé“a%%ﬁaﬁﬁr”‘“ﬁewgﬁeaéaeﬂeb‘éﬁg‘ﬁr "e. a bounded
Ao 11 at DS ERP aa RS BRI B Sngring} v @B T o ?oﬁcﬁ?r the
CharaCtersifﬁﬁdl&%é’@ﬁ&éﬂs?@dﬁ'iﬁ‘ét%ﬂntr@ﬂ%g'ét {Qéﬁ‘t A ified what type 5

of current transfer 1I's present on ogic Circuit 50 can
be corsst rprograimhed kb ada neat eRibil \totafd@ta singySysteananditheal . For
exanple, in certain enbodi nents of ta ProceSS| ng stem 10, if a cache

burst is ahlkztyttofduaﬂome:uﬁenrupt buséateglcyr deeparnoulat-;l 6batroBEmgl§er t he cache
burst should be all owed to co lete prior to |ssuance of a bus 10 grant

si gnal t &t Mayube pragrayamMads i bus eshitradion pelicy ereoedingsi®st is not
Pesoct ot &ip WemtafRtag %ﬁ&@?i&bﬁ“@%@%& e nil Sendste "0
di sti nguiRRALidhARbY TYEUPARY GRAMERsr AH'LE eﬁﬁﬁﬁ&f/iﬁbsdata
10 processing system 10, or by other signals contained within Data
Processing System 10. In the alternative, Contro! Register 56 may be
user programmed under software instruction control or by other user
programming techniques.
Iltustrated in FIG. 5 is an exemplary encoding example that may
15 be used for each controf field within Control Register 56. There are
 many differing encodings that may be used and it should be well
understood that the examples provided herein may be readily modified
o expanded. Assume for purposes of iliustration only that a three-hit
encoding field is chosen thereby providing a total of eight different “
20 encodings. The encodings of FIG. 5 illustrate an arbitration policy that is
based on whether bus control changes will be permitted during burst
cycles, whether bus control changes will be permitted based upon the
type of information beihg communicated (e.g. instruction or program
information versus data information), whether bus control changes will
25 be permitted based upon whether a read or write operation of a system
memory is occurring, and whether bus conirol changes will be permitted
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since they have a limted and known | engt h-such as either four or eight 15

beats, typically. Thus, the transfer tinme associated with c hiber
bounded. Wt hhol ding bus grants to an alternate master duri ﬁ?ﬁ@% [ ml'::%%OS

interval of a cache |ine burst inproves system perfornmance by allow ng
optimal bUP8HOUIBRDry operation and by mininizing the nRGHEI21%S st al |
cycles in CPUs with bl ocking caches. 20 Additionally, in sone enbodi nents
of Data Processing System 10, if a Read operation is occurring so that
informati on fromone of the systemnenories is being provided to CPU 14,
that information is deened to be inportant enough to avoid a potenti al
stal | of basedmponsa whetbepadasheHeunst(is. a baundediburstaira marebus

owner ship_ch rm'ttﬁ However, |(f a Wijte oa}erat_ion S

h 5 , .

occurri ngge'ag%ﬁiﬁll?% eg:[}geeqm burstiransfen iccaecuning. pAfirationr system
l'i cati Qp:\M 2 05 WO 034001388, PCT/ U502118358

gogn: 1“: ?c:aﬁ{glllw ﬁ@&?ﬁ%bﬁ%@ﬂ?@ﬁf@%ﬁggﬁ@&%ﬁ@%m%F‘% nvention permts

h : C ol . :

Bssoct at o R Reritics ARkttt Rotdl, YRR e eert RGARI ffiaf 4%

Ther efDr epf gireeritfranston s tidieGlobdl B 121 heRbaR GREURSD al ways 5

be applicable for all systens and the appropriate eficodi ngs nmay be

pr ogr amete constracied toRepiimeady réspond with aricoereet bastgrant sigraf.s Fom

application. In sone special circunstances, the [ength of a cache line fill
my exccEMPL, WA LeRan caedinentsoéRala frosessing Systere 40, ia er nat e

T equencyC At B % stBlect 85 Gugenty Bl PSS/ GRCIBA BHP 92 ype of
master. Tthe!dache burst should be allowed to complete prior fo issuance of a bus
10 grant signal that would change bus mastership. However, if a cache
burst is not present, a bus grant signal may be issued due to the
uncertain length associated with an unbounded sequential burst. Cache
bursts are distinguished from unbounded sequential burst transfers
since they have a limited and known lengthrsuch as either four or eight
15 beats, typically. Thus, the transfer time associated with cache bursts is
bounded. Withholding bus grants to an alternate master during the
limited interval of a cache line burst improves sysiem performance by
allowing optimal burst memory operation and by minimizing the number
of stall cycles in CPUs with blocking caches. _
20 | Additionally, in some embodiments of Data Processing System 10,
if a Read operation is occurring so that information from one of the
system memories is being provided to CPU 14, that information is
deemed to be important enough to avoid a potential stall of the CPU 14
to complete the burst transaction before a bus ownership change is
25 permitted. However, if a Write operation is occurring, a change of bus
mastership may occur in a particular system application without
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critical that any burst sequence be interrupted and then resuned, in spite

of the Iowered efficiency of the CPU requesting the burst an@? cermbr 2005
menory system being accessed. It is desirable to mnimze the éaoccurrence

of burst interruptions in a system and to |limt burst interruptions to a
‘restrictVAO¥WEBBf masters. In one form an encodi ng ofCIYERY24IBH cat es t hat
no bus ownership change is allowed during any cache burst cycle. This
feature is advantageous for system design involving burst transfers. If a
bus 20 nmaster is by definition not allowed to permit arbitration for a
system bus when the bus master is bursting information, then that bus

mast er dosignificantiyelayraditig sysiem pedormanceuiTtrey/ptasant irfErtioro i npl ement
partial bursting. At the other extreme, an encoding of 111 indicates that

a transfpemaiis alsesindsable msctmtomf@m pagiiciigr apphicatigreiules An 25
d f 00 dj cat t hat b hi h | | I

Sﬂf.onlgngﬁsméwb?wtﬁ%ﬁmsona\m@aeﬁ BeownBrstio ey be hasifed bur st
-14 12 b
e T e

t ache
bur st ﬁ?g 1% BPJREATE B AIJAIAHE S e dpiidoriat BRCAdRtGs v be F 07
encodi ng mbgréthtnédh %mmlﬂﬁglste?%WnWQtpaﬁfhwaprst@m ng, a bus
omnershlp change is allowed only during a data "cache (D cache) burst read
cycl e. ThﬂﬂﬂtﬁMBn three criteria are indicated wth this encoding: (1) the

information is data; (2), the burst is a cache burst; and % ) the
transaction ol sa@aos@emal eirewnstancess e length At a eadhwriling fidimay1 i ndi cat es

that a bus o chan IS a
Ekced the m lmurrPreqmred Ia?ency i a¥|me-cnttcal alternate master.

10 These masters require immediate access to the bus, and the frequency
of this type of request is generally low. For this type of master, it is
critical that any burst sequence be interrupted and then resumed, in
spite of the lowered efficiency of the CPU requesting the burst and of
‘the memory system being accessed. [t is desirable io minimize the

15 occurrence of burst interruptions in a system, and to limit burst
interruptions to a restricted set of masters.

In one form, an encoding of 000 indicates that no bus ownership
change is allowed duririg any cache burst cycle. This feature is
advantageous for system design involving burst iransfers. if a bus

20 master is by definition not allowed to permit arbitration for a system bus

| when the bus master is bursting information, then that bus master does
not need additional logic circuitry to be able fo implement partial
bursting. At the other extreme, an encoding of 111 indicates that a
transfer of bus ownership is allowed during any burst cycle. An

25 encoding of 001 indicates that a bus ownership change is allowed only

| during an instruction cache (I cache) burst cycle, or an unbounded burst
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10 during cache burst read cycles, or whenever an unbounded burst of any
type is occurring. An encoding of 100 indicates that a bus oweysddmber 2005
change is allowed only during cache burst wite cycles, or whenever an
unbounded burst of any type is occurring. An encoding of 101 indicates

that a bJ¥O08HM&SEhi p change is allowed only during a dRETAUSEN burst 15
wite cycle or an instruction cache burst cycle, or whenever an unbounded
burst of any type is occurring. An encoding of 110 indicates that a bus
ownership change is allowed only during a data cache burst cycle, or
whenever an unbounded burst of any type is occurring. Therefore, the logic

of Logi c ieansfert Thdtis, busowrership isp@mﬂﬁte@ohlyeﬁmenaﬁei?rpeqﬂ restrictions
as an arbitration policy when presented the specific values b¥ the Policy

Sel ect Ldgfermatiorsos theliusds Bogram infarmation and the basstingvs dof f eri ng

arbitratio olicies for burst transfers of infornation on  the obal Bus
12 in res‘ﬂ&&é”é@d:t&ﬁe'%ﬁﬁ@@% NG| of whehayer an u ndggburst QES provi de

assoct at AR Bicarinky AEhoBeGiRtl AL EindtRles Bath Fol8 LR ¢ ha
desi ; \ | der -15 12
ocener SOSCUl B BBR ISR S8R0k Is BRRRBKEOHY IR SXAACCC <l on
schene. Igacheo(D éabhe%lbdﬁsﬁbad%yblé!t Thbfeforé ahrea CrifstidBid iftlieareeri at ed
with bursting Information on a ¢l obal data 'bus that i1s taught -herein is
separ at e With this lencaidig: (1) dhe informatienlis datapf®) thé meskisa cacheest i ng
masters. 5 Illustrated in FIG 6 is an encoding for fields wi thin Control

" Regi st er Bgstend (Hebedransaciion amthebusiis & read Eapsastion.oANoo i ndi cat es

that no B oG of 013 iRARATSs tiat bUs ownership cange is afidwed only <" ©*°

10 during cache burst read cycles, or whenever an unbounded burst of any
type is occurring. An encoding of 100 indicates that a bus ownership
change is allowed only during cache burst write cycles, or whenever an
unbounded burst of any type is occurring. An encoding of 101 indicates
that a bus ownership change is allowed only during a data cache burst

15 write cycle or an instruction cache burst cycle, or whenever an
unbounded burst of any type is occurring. An encoding of 110 indicaies
that a bus ownership change is allowed only during a data cache burst
cycle, or whenever an unbounded burst of any type is occurring.
Therefore, the logic of Logic Circuit 50 is provided to recognize these

20 stated restrictions as an arbitration policy when presented the specific
values by the Policy Select Logic 54. Bus Arbiter 34 may implement at
least two differing arbitration policies for burst transfers of information on
the Global Bus 12 in response to the encoded control information. The
variations provide a user with the ability to set a customized arbitration

25 policy associated with burst fransfers for each circuit module in a system
that desires bus rriaster_ship and that has bus mastership granted under
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an encoding of 11 indicates that a transfer of bus ownership is allowed

during any burst cycles. An encoding of Ol indicates that nqg)%c’g}nb r 2005
ownership change is all owed during accesses to a burst node device E

~encoding of 10 indicates that no bus ownership change is allowed during
accesses WQUHNHEt nenory device. Therefore, by way ofPGISE218¥anple it is
clear that a user may programan arbitration policy based upon whether a
requesting device makes a requests at a tine when the 15 bus control
resides with a transfer involving a DRAM or Fl ash versus when the transfer
i nvol ves an SRAM Additionally, Control Registers 62-65 and Miltipl exer 68

may be csurhemmddetdrimifedtsetéciReusshemedat shonlcblve dmdeesieod thet dmmt rol on a

per bus naster basis, and on a per type of burst basis. Since the types of
20 burst arbiratien methedmgsocited with bursting infetimatioreon aiglobed dlatahe
character, sti,cs ,of t&ﬂ device may al s I nf | uence E aseat ocol sel ection.

Each of 38 At iRtgughtdhereiplsse %rac’E% o dhe glggyit daisele@us naster
dth bitrat | f h t

the ' oysiai hRseker Eaussiig BHFAE" pon whi ch Eﬁs'%)stgr ﬁZE clrrent 28

b trol wul tipl

bus cant o a6 LS H ShopdnEABLRBRE RGOl oL M e

03100138@%@%%@9 @?l@ldrﬁﬁmd)bﬁéi’ ! Wﬂeﬁdo&ﬁcgr(ﬁrﬂo MifidiesSi gnal s 55.

For each ntial bus naster, a selected one of ntrol Registers 62-65

i s provi ctladt ho bMWnerﬁﬂthBngegsqoé?mlttedetgbmm cyolasemitigreast i ve bus
master. Policy Select Logic 54 may then use the control fields within the
provi ded ashensO@ng@an hdicaigsshat a temnsder obbue caynenssip iscallowedr at i on

pol i cy dlﬂ 'r% any burst cycles. An encoding of 01 indicates that no bus
10 ownership change is allowed during accesses to a burst mode device.
An encoding of 10 indicates that no bus ownership change is allowed
during accesses 1o a fast memory device. Therefore, by way of this
example it is clear that a user may program an arbitration policy based
upon whether a requesting device makes a reguests at a time when the
15 bus control resides with a transfer involving a DRAM or Flash versus
when the transfer involves an SRAM.
Additionally, Control Registers 62-65 and Multiplexer 68 may be
combined with Control Register 56 to provide selective control on a per
| bus master basis, and on a per type of burst basis. Since the types of
20 burst transfers are typically directed to different devices, the
characteristics of the device may also influence the protocol selection.
Each of Control Registers 62-65 is correlaied to a patticular bus master
and the control fields (i.e. burst arbitration policy) of each master in the
system may be varied depending upon which bus master has current
25 bus control and on which bus master is requesting bus control.
‘Multiplexer 68 selects one of Conirol Registers 62-65 based on
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current bus master's bus tenure. Control Registers 62-65 may be progranmed
with information unique to each current bus nmaster such thato Pecember 2005
arbitration policies during the bus tenure of a particular bus master nay
be |ndependentl programmed relative to the bus tenures of 10 all other

mast ers. WOBWEBRcti ve control on a per naster basis pEIPY183he bur st
arbitration policy to be altered on a naster-to-master tenure basis and
can be optim zed by a user to further inprove system perfornmance. By now
it should be appreciated that there has been provided a 15 method and
systemthat uses a set of control bits in a register or other storage

devi ce orlnmrmmmmpromdib Quitrentiasted Signalsb5i tFartéach peterttiahd! ed during

burst transfers. For each Botentlal master in the system a field of

gont rol b.bus)me@fcerora selep oae@f@mtr@ﬁeglst@fsﬁaaﬁsnapr@wded ’IDhed 3us f

i 20
e;(rzlhz'? yE oh tééﬂ?@% ipgg%%\#, ¥ QLT Qﬂéﬂlﬂcgchlr H§éﬁ%3t\eir -IpIPP%\f’I&y:%dcac heor
o) arns SHRE! EpafEisia midk W@%& ﬁéé@nﬁﬂﬁﬂgﬂpﬁ’t@a BBERYAD] 0hS0S ¢ e
type a&f Shniréane &'Eérs r E‘d’et@YmHé?‘ @r}?nﬁguor?‘ﬂdh@ cdiltintfthet r ansfers,

if anTalternate master maesa uest e’requést is 25

qual i fi egupbertiug mesters busmérhmre I Gontmﬂ tarsl62L65 Aty bapondi ng
setting of the associated control field. -17 12 Decenber "2005 WD 03/ 001388

PCTI Usozlm'egmnﬂmrhwﬁh informgiioar aniqeie: tmpewfeumrrregt bus mastegisuchnvention is,
for the nost part nposed of electronic conponents and circuits known to
t hose skuthatelaus arbltratlantpolalea:dutlnaélaa.bm tanure pbe prriisulardiused in any

greater  aster may be independently programmed relative to the bus tenures of
10 all other masters. The selective control on a per master basis permits
the burst arbitration policy to be altered on a master-io-master tenure
basis and can be optimized by a user to further improve system
performance.
| By now it should be appreciated that there has been provided a
15 method and system that uses a set of control bits in a regisier or other
storage device or signaling mechanism to control how arbitration is
* handled during burst transfers. For each potential master in the system,
a field of control information is provided that controls arbitration of the
bus during burst transfers. Within the field, a control may be provided
20 for each type of transfer such as an | cache fill, a D cache fill, a D cache
copyback (write) etc. In an aliernate embodiment, the control field
contains control information correspon'ding to a selected device and the
type of burst transfers supporied by that device. During burst transfers,
if an alternate master makes a request for the bus, the request is
25 qualified by the type of fransfer in progress and the corresponding
setting of the associated control field. |
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extent than that considered necessary as illustrated above, for the 5
under st andi ng and appreci ation of the underlying concepts 0of{2 Drecahbee 2005
i nvention and in order not to obfuscate or distract fromthe teachings of
the present invention. In the foregoing specification, the invention has
been desctPBEYBSKi th reference to specific enbodi nent SPCHBRMRNRIE  one of
ordinary skill 10 in the.art appreciates that various nodifications and
changes can be made w thout departing fromthe scope of the present

i nvention as set forth in the clains below For exanple, any type of
menory and any type of cache may be used in connection with the present

i nvention. Viddcausetihesapparapus inplemerndingthecprestnd ihegrtiar isgforpon t he
specific 15 system, Control policy infornmation nay be, provided via nethods
or str uc‘i@r@@stﬁﬂﬁr CORHP #CQJﬁetr@nlcr%mpeentﬁéag iquuﬁﬁ knemayia ng

L.
o e BT o RGBT IAEaR P8 M ot fof s 0o 929 1
nodi f icat yrfeystaridin rdceatitih bﬂﬁé@%bm@ih idt isePHfe of the present

I nventi on. Benefit%, ot her advant ages, and 'so utlong to probl ens have been
descri bedpreBenkinventionegrad ith orderpratitdiobfestaidi oradlistractfroaviiie t he

benefits, advantages, solutions to problens, and any el ement(s) that 25 nmay
cause anytepehingsiQt the\presegkinventionl ution to occur or becorme nore _
P18 12 Decenni Iieapg:ppeaiEGaos hadnv s basdidl 86t iRadmant of any
or all tReut | &ePBncd o ¥pEifidErfibBdindifs! HidRever, one of ordinary skil
10 in the art appreciates that various modifications and changes can be
made without departing from the scope of the present invention as set
forth in the claims below. For example, any type of memory and any
type of cache may be used in connection with the present invention.
Various bursting policies may be encoded depending upon the specific
15 system. Control policy information may be provided via methods or
‘structures other than the control register used in the foregoing
description. Additionally, although only one bus master in a system may
be capable of using burst transactions, the present invention may be
utilized. Accordingly, the specification and figures are to be regarded in
20 an illustrative rather than a restrictive sense, and all such modifications
are intended to be included within the scope of the present invention.
Benefits, other advantages, and solutions to problems have been
described above with regard to specific embodiments. However, the
benefits, advantages, solutions 1o problems, and any elemeni(s) that
25 may cause any benefit, advaniage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential
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"conprises," "conprising," or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, nethod? B"édé?hﬁerOZOOS
apparatus that conprises a list of elenents does not include only those 5
el ements but may include other elenents not expressly listed or inherent

to such pYOL¥E¥LsS npthod, article, or apparatus. 12 DecERE02/#385 20 d ai ns
1. A system having an apparatus for controlling use of a comuni cati on bus,
conprising: a plurality of comuni cation bus nasters, at |east one of the
plurality of communi cation bus masters being coupled to the conmunication
bus for comrunicating information via the comuni cation bus in burst

cycl es weatureder eleenineisargy or alhdhe claimsar As useddoengirg dhedetrhe

comuni cation bus and in response to two of the plurality of conmunication
bus nast e COMRIIRES Y "¢RBPEBINGoNOF any sthemeariation thereof,aredatendagkioous

Access bfBiE GROTKGHEIVaISN, SRR IheCd ArdhesSanaad AER. Bre 10 7 ©
" ecai vi P RAATER thatrmkiis e & L BRiheHis Abs FRRIAdAE O e v T

comuny C%léﬁiér}té’%ﬁt ﬁﬁ?yﬁml%gﬁg@}; él@ﬂ'le%tgll'fo‘tte)épg%gﬁggiétéﬂ ot i?fh%{]r@ﬁfi on by an

existing one of the p onmuni cat1 on sters wthout waiting
until an toesuthoprozesssarathbd, ariletomepparatiis.communi cation on the . _
conmmruni cation bus to conplete, the control information determ ning the.
arbitration policy based upon either: (1) whether a type of burst transfer
presently existing on the comrunication bus is a bounded burst or an
unbounded burst; (2) which of the plurality of conmunication bus nasters
is a current bus master; (3) whether the type of burst transfer presently
exi sting on the communication bus is aread or a wite of nmenory; or (4)
which of the plurality of communication bus nasters is requesting control
of the comuni cation bus. 2. The systemof claim| wherein the control
information that is received by the bus arbiter determnes the arbitration
policy based upon a burst type of a nenory device that is responding to a
burst transfer presently existing on the comrunication bus.



3. The systemof claim| wherein the user controlled circuitry further
conprise: one or nore registers for storing at |east one pre@m@mr2005
control signal determ ned by a user, the predeterm ned control signal
specifying the arbitration policy. 4. The system of claim 3 wherein the bus
arbiter further conprises: logic circuitryocoupled to the one or nore
registers, the logic circuitry inplenenting the arbitration- poliicy in
response to both the at | east one predeterm ned control signal and a
predeterm ned characteristic of a current burst transfer being

communi cated by the conmunication bu®iBS A nethod for controlling use of a
val ue via a

di |
Cor Cont riof REtet naho KR ROERIbE Rp oB SPGB ERIRIE | ng ono of
a . predet @r flBRY oPbdMrdirkdado rgt 0 ratltg! icat] £ efs
of infor mbingrcllo phd tSQﬁ@@&rﬁré:;éjéhg fﬁé@é.&fﬁf& a gﬁ, qg e R‘dﬁééﬁ i\'ﬁ?;n bgi in

masters; amdt dybles@hdrfade@itus Alastéilai@ to sel ect one of the pf)ura Ity o
masters based upon one of the following: (1) whether the present burst

transfer pdusabbivervdeplediotist coomunisationthos aakei rbsponds; to (il ofeplitaality af qhRMARAtion
bur st tr hysshesters wanting metendontrél ef e cuemmurdcation bus| the boé arbite immementing $3arbikionh -
one of t heoligy for aelpqtiyely, permiitinguasiecaecessrby dpe of the plumiity of Sommanication bubmasteass e
of the co?ﬁﬁmll"l‘,c&f"? biﬁ’ﬁ bug prbitenhayiRg gper epntrdiied giroyitny far rgeelying cooimbinfinvaticnghat

bus nast ef¥ ° GB'H@F‘E'J?a“G'F*b%é‘ Y fimeriudeg p BHshliansfer opinforpationdy an
2005 21 6ex'sfﬂ%° @“ A withoyt w ?Wfﬂl ﬂge@tﬂ aft & pipsently
si gnal tqeiﬁ;ﬁfnﬁ cé%& flonfllr]' %ﬁf t{r.t)g HF OtEr l ermumng
transfer I

burst tr qg,gfnegst |sng a“%{]n u %’ o ?f(fgl f’?l' '°"

both the &%‘Iuﬁi@&ﬂoﬁ%u&s‘% @Ptgldt & vﬁﬁébﬂﬁeﬁlb @lj (4 l§l’|a plﬁ%ll 458 ﬁllugigat[on bus

control Qﬁasléﬁﬁlswmgﬁﬁfub%ﬂﬁ%mn@hcﬁﬁﬁb L4, ME" Auring a present
transfer of information by a current bus naster w thout waiting unt|I an

end of t l2eTis gsentof blainst whérain Seaonfd Bf@@aGUn e & reckived BE thatikb atits ideehmhed Re
further cdimtiosipogy bassdgponeebursintypeobf ¥ alen@rt deviel thattis Catporiding 166 Plrst Pdnistey
of bus npesently esislinscnirosermunicatiandpus.har act eri stic of a

3. The system of claim 1 wherein the user controlled circuitry further comprise;

one or more registers for storing at least one predetermined control signal determined by a user, the
predetermined control signa! specifying the arbitration policy.

4. The system of claim 3 wherein the bus arbiter further comprises:

‘logic circuitry coupled to the one or more registers, the logic circuitry implementing the arbitration policy in
response to both the at least one predetermined control signal and a predetermined characteristic of a
current burst transfer being communicated by the communication bus.

5. A method for ¢ontrolling‘ use of a communication bus in a system comprising:

prov:dmg & control value via a user controlled means o a bus arbiter, the control value selecting one of a
predetermined plurality of arbitration policies during burst transfers of information for selecting bus
mastership among a plurality of bus masters; and

using the control value to select one of the plurality of bus masters based upon one of the following: (1)
whether the present burst transfer is a bounded burst or an unbounded burst; (2) whether a present burst
transfer is a read of the memory or a write of the memory; (3) which one of the plurality of communication
bus masters is a current bus master of the communication bus; or (4) which of the plurality of
communication bus masters is requesting control of the communication bus. '



burst transfer presently being communi cated on the comunication bus. 8.
The method of claim5 further conprising: storing the control2 DddeEmber®2005

storage device that functions as the user controlled neans, the storage
device. being controlled by a user either by using an integrated circuit
pin or by executing a user-provided softwdre instruction. 9. The nmethod of

claim5 further conprising: providing a plurality of user detern ned
lurality of user determi ned control signals

trol signal h, of
contro S'@ﬁqéﬁﬁf&ﬁgﬁ?h{%?%mﬁ"ﬁbl icy for a predetermined one of the-

separately
plurality P?Jvidh]'g_isa WRsClighal to the bus arbiter, the status signal containing current burst transfer type
_ information that provides type information about a current burst transfer being communicated via the

communication bus: and

using b?th the 9ontrol value and the status signal to selectively reassign confrol of the communication bus
at any time during a present burst transfer of information by a current bus master without waiting until an

end of the present burst transfer has completed.

7. The method of claim 5 further comprising:

using the control value to select one of the plurality of bus masters based upon a timing characteristic of a
burst transfer presently being communicated on the communication bus.

8. The method of claim § further comprising:

stoq’ng th-e «control value in a storage device that functions as the user controlled means, the storage
device being controlled by a user either by using an integrated circuit pin or by executing a user-provided

software instruction.

9. The method of claim 5 further comprising:

providing a plurality of user determined control signals, each of the plurality of user determined control
signals separately determining arbitration policy for a predetermined one of the plurality of bus masters.



