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Appl i catiwo 0350iBR$ s application has been filed in the Unitred/tSozais3ss of
Anerica as patent application nunber 09/888,278 filed on June 23, 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 mﬁthin dat a processing systens. 15 Background of the
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mast ers, bus oglc | S "use one several ~requesting
masters to obtain bu master may be
made using a nunber of Oﬁ@&ﬁ%%E&@ﬁY gsvg’.@tlrz% al gorithnms used
to i nplenent a sel ection include |nplenent|ng sel ection by round robin
ordering, selection by fairness or selection by a strict assigned
priority. In many data prodReferemcey$TbaPHor Aplicddior ed for one bus naster
to hold ownership of a global conmunication bus for the 25 duration of a
burst jransfer associated with a cache nenory line fill or -1 WD 03/001388
PCT/ US02/ 18358_copyback operation, w thout any interruption of bus

owner ship, in shigapplication has been filed in the United Sta?es of America as

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 nurhber of known methods. Examples of
existing algorithms used to implement a selection include implementing
selection by round robin ordering, selection by fairness or selection by a
strict 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



to inprove operating efficiency of the nenory system Typically, the gl obal
communi cation bus is dedicated to one bus master during such operations by
provi di ngwe®a®oi3sgli cati on, such as a burst 5 attribute, t@cCarusozig3sal
portion of the transfers being burst or comrunicated. Such attribute is
acknowl edged within the systemand bus arbitration control circuitry
prevents a re-allocation of comuni cation bus ownership. Once bus
mastership is obtained, the current bus master keeps bus ownership for the
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preV|ousI sed I'n connection 15 wth such a |l ock signal. Qher known
systens Sdaﬂln@/sudahtomreﬁbrrsrbyvrav&imgesomeemdm‘an@h esuenés aduirse that an

interrupted burst transfer be reinitiated by the |nterrupted bus master
once Hus atnibudej o an indi pmdlonaoﬂtmmﬁfe@bemg burst art echni que is the
interrupted bus master must rebuild the bus 20 transfer sequence, thus
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10 Another technique used to maintain bus ownership is for the
device in control of the bus 1o 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 lock signal.

Other known systems specify that burst transfers are interruptible
and require that an interrupted burst transfer be reinitiated 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 ftransfer sequence, thus lowering overall system efficiency and adding
complexity to the bus protocol.

In some special circumstances the length of a cache memory line
fill may exceed the maximum required latency of a time-critical alternate
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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-2 WD 03/001388 PCT/ US02/ 18358 current burst sequence be tenporarily

I nterrupted and then resuned although such interruption of an existing
bur st trawefoanomss | assuredly |ower the efficiency of theCwarso?/y83sy/stem
and the processor associated wth the current burst transfer. 5 Brief
Description of the Drawi ngs The present invention is illustrated by way of
exanple and is not |limted by the acconpanying figures, in which |ike
references indicate 10 simlar elenents. FIG 1 illustrates in block
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I nvention; rates in timn iagram torm the characteri zing
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illustrates intimng diagramformthe characterizing forna

i nf or mat i fpwér itk iefficieseycokthaimemboryisysternantithesprocessor assotinteds;

FIG 4 illustrates in block diagramforman exenplary inplenentation of
t he bus awmiih the surrnt burst drangferdance with the 20 present invention;
FIG 5 illustrates in table forman encoding of a control field of a

contro! register illustrated in FIG 4; and FIG 6 illustrates in table

forman alternate encodi ng.af Bcontrol %ielcbof a control register
illustrated in FIG 4. rief Description of the Drawings

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 control register illustrated in FIG. 4.
25 Skilled artisans appreciate that elements in the figures are
| illustrated for simplicity and clarity and have not necessarily been drawn
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25 Skilled artisans appreciate that elenents in the figures are

illustrated for sinplicity and clarity and have not necessarily been drawn
-3 WO 03/WO01386138T/ US02/ 18358 to scal e. For exanpl e, thePdrnsnyissss of
sonme of the elenments in the figures may be exaggerated relative to other

el enments to help inprove the understanding of the enbodi nents of the
present invention. -4 WD 03/001388 PCT/ US02/ 18358 Det ai |l ed Descri ption For
data processing systens requiring nultiple communication 5, bus nmasters, an
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bus naster bitra ogic I's used sel ect one

requesti nﬂqé@mrétéﬁdmgt@! fhé)é?nl%@ﬁﬁéhtsf)of Fﬁ@ﬁﬂf@séﬁtwe@@ﬂﬁoﬁf a bus
master nmay be made using a nunber of known et hod A prioritization
schene is one technique that is often inplenented to determ ne what system

resource will be given control of the bus. In many data processing systens
once bus mastership is obtained, the current master holds ownership for
the duration of the 15 burst transfer. Illustrated in FIG 1 is an

exenpl ary Data Processing System 10 that requires bus arbitration. A
G obal Bus 12 is the center of comrunication within Data Processing System
10. d obal Bus 12 has



conductors (not shown) for conmuni cating data, addresses and control 20

I nformation. A central processing unit or CPU 14 is connected to d obal

Bus 12. GPO0340138% a Bus Interface 16 that is connected t®CEHUShZISIBIS 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 nenories represents a different type of nmenory. System Menory 20 is
designated as inplenenting a Type A, -5 WD 03/001388 PCT/ US02/ 18358 System
Menory 22 is designated as inplenmenting a Type B, and System Menory 24 is
designated as inplenenting a TypetgileBX@aBtAptiopf types 'of nenory include
DRAM ( Dynam ¢ Random Access Menory), Flash, ROM (Read Only Menory) and
SRAM (St ati c Random Access 5 Menory). A predeterm ned nunber of peripheral
devices are connected to G obal Bus 12. A first peripheral device,

Peri pheral 28, Fos dadarpracessing sgsteris mauitng nwdtiple communigaionl

device, Peripheral 30, is connected to 3 obal Bus 12. Peripherals 28
through 3busaPasteraraniraproygddbus opaership pretoceldsneeded, panigylarly
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select one of several requesting masters to obtain bus ownership. The

10 selection of a bus master may be made using a number of known
methods. A prioritization scheme is one technique that is often |
implemented 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.

lllustrated 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
conductors (not shown) for communicating data, addresses and control

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 all 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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In operation, CPU 14 functions to operate with each of the peripherals,
menories and the alternate bus masters to performa predeterm ned system
functi on wo ooper3st i on. Sel ected information required by 8¢3tesm/135and
generated by System 10 is provided and 20 stored by System Menories 20, 22
and 24. Since nultiple operations are sinultaneously being perforned
within System 10, Bus Arbiter 34 nust function to control access to d obal
Bus 12. To minimze the need for CPU 14 to access the system nenories, CPU

14 has in Fﬂ%ﬂh I Shidi sBTBé rin
st or age césslam ty than r}f/a% ﬁ'@gg@fﬁlt@g %%(lam rlrenorlti;ganwé%% 18 II;Ir(gy be a
uni fied c@ystermBMemosy 21 Is des eblla@@ﬁn ting arType C.me |
separate cache nodul es for d %103/ 0013838 PCT/ USO2/ 18358 hol d)igr;rgp es

i nstructi ohtypes odlanemmndnnbl@derDRMdL(D;marﬁm:Rarﬂcﬁ)myAccessWletminﬁ
copies of information from System Menory 20, System Menory 22 and System
Menory 24FlasiehiBQM (head{en wM&mﬁ)fy)oandrSHﬁd\ﬂo(StajtlctBandﬁﬂmAmeS@n back
to System Menory 20, System Nenory and 5 System 24 usi ng cache

burst 1 raMemosy). Cé‘cﬁée(&@'ﬁeimlﬂeéirﬁﬁl aaheyalte'}g WCEs ke CONBERIEG:
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types of peripherals, including a memory controller, a graphics
10 controller, a display, a keyboard, etc. In the illustrated form N is a
predetermined integer value. A Bus Arbiter 34 is connected to Global
Bus 12. Additionally, another predetermined number of alternate bus
masters is connected to Global Bus 12. [n the illustrated form, an
Alternate Bus Master 36, an Alternate Bus Master 38 and an Alternate:
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. Selected 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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I's an exanple of the two types of burst transfers for explaining the

di fference between a bounded and an unbounded burst. Bounded 15 bursts are
typi cal | ywesgoeisst ed wit h cache nenories wherein a burst PET/UsD2/88358 xed

| ength and typically has a nunber of "beats"” that is a power of two. For
exanple, a cache that utilizes a line length of four words would performa
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
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predi ct when rel ease o stership by the DVA controller w occur.
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characterization of various types of menory devices that utilize burst
t r ansf®r s Systeimitermary @4 asihgrcache hiirfst dransfebsr Sackhedurshtransiersode
device is shown as havi nﬂ)lan Initial burst or beat that is longer in

duration typicaly diansignentbloekeor alieey of nflosmatipmeensisting oéxauitinle t he
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burst transfers 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 length 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 illustrated
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.



10 shown as having long (i.e. slow) continual beats of the sane clock
duration. As one exanple, each beat is shown as being four clock cycles in
dur ati on.wBws®01388€cesses to a sl ow bursting device nmay bePcCgiushmis3shbounded
or bounded. An exanple of a common slow bursting device is a ROM In
contrast, a fast bursting device exhibits a continual 15 stream of short
beats of information. In the exanple of FIG 3, each beat is shown as
bei ng only one clock cycle in duration. As with burst node devices and
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Logic Crcuit 50 has a tirst 1nput connected to the d obal Bus 12 for

recei vi ngsho®H asrtavihgnanh énitiay birgbos bwzglthal ke Ishgeeirt diration ¢hafly pe

Signals. 53 may include a variety of information associated with the

presend osubsegeenttimmetiatebefollowih\beats .o Fiareexaaplests idiaBbeat

comuni cated via d obal Bus 12. Exanples of types of information include,
but are nmay be ttweetelocksflongeand thesuhsequent heatsenay he enetglogk (i. e.
Program informtion, or ta informafion | s currently bej transferred by
G obal' BuSagh IncWEiany e birs Opyice MY SHPNEHT @Itﬂ%fwb%rnﬁe@

whet her the current, transf read orﬁ wri1ie t ransfer her ,t he

r is,a whe
curront t PHRSEeAS Shandl R bouRdReHiisss! Bralnpiss of grafon blirst iode
devices include DRAMs and Flash memories. A slow 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
cycles in 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 stream 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
bursting 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 to 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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whet her the current transfer is a bounded burst or an unbounded burst,
what sel ected nenory device is associated with the current transfer, and
what typewofo3qersss y device is associated with the current PCTArset/e8358 10
Logic Circuit 50 also has a plurality of Bus Request inputs for
respectively receiving a Bus Request signal fromeach of CPU 14 and
Alternate Bus Masters 36, 38 and 40. The Bus Request signals may be
comuni cated either directly from(i.e. point-to-point) each of the

G rourt SEoRFFiGa TR cISoEl B LS kartiotes e8 b8BTt RO niatiol o e
Pol i oy sell e buarkTaofvited ), IFfdIMEION Joeihing whetheiinucion .
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Circuit 54 has a Con Regi ster 56 having a 20 plurality of “fields of

pr edet er ntraggfoiredwbytGlobal Bire 12. | Gthertedrdrvirtransfertypel inRegnatien 56 has

fields associated with the first Alternate Bus Master 36, the second
Al t er rtat enils indlsiderwb@thenthe curcerl iranstardsmseadon @ wrle anstere CPU 14,
Each field of Control Register 56 is _connected to an input of a
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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 to an input of a Multiplexer (Mux) 58. An output of
25 Multiplexer 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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description, Control Registers 62-65 and Multiplexer 68 are optional 5
circuitry and provide additional user options for establishing a burst
arbitratiwoopwoassgol . Control Registers 62-65 are ill ustr@CedshaE3sg a
predet ermi ned nunber of fields based on the nunber of alternate bus
masters. In the illustrated form there is an additional Control Register
for each of the CPU 14 and Alternate Bus Masters 36, 38 and 40. In 10
addition, each of Control Registers 62-65 has a field corresponding to the
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Sel ect Logic Qrcl n operatl functions to
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shown as Hesodptioap@anigobPRegisiers 82-66 ahd MOiipleRep 68saraoplivpiadm 10, it
shoul d be recognized that the bus arbitration function may be incorporated
into 20 Ceircuitnpandt provideradditional usar pticnsefar establishimg Bobursthout
having a distinct nodule for perform ng bus arbitration. Bus Arbiter 34

uses i nf arbiliation pooiecad. &oenkkal Ragisiers 62-6nake illusimiedsaaving aont r ol
When Logi BIESRIaIminedl naauidical balbsopang orbiis requbsr o1 ASMAR IS of | Cru
Logi c G r BAeEs. (Ad0k IShaleioRe durre: 1 al A dilioal SonifehReditfeho
03/ 0013881‘&635&#%%/ th&%6PU 14 and Alternate Bus Masters 36, 38 and 40. In

10 addition, each of Control Registers 62-65 has a field corresponding to
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 Control 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 to
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 Aliernate 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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whi ch bus request should be serviced first. In one form the decision is
made based upon a priority basis, but it should be well understood that

ot her criweriB@aorss involving priorities may be used such RETASODIRIS r obi n
selection. Logic Circuit 50 provides Multiplexer 58 with a signal 5

i ndicating a H ghest Priority Contending Master (i.e. corresponding to the
bus request that has been selected for servicing), and Miultiplexer 58 uses
this signal to select the control field of Control Register 56 associated

with thi swhighels RGQESE SNGBRI Be-sdea@fitse! Irf bRt dtin Gl debisidlra st et

56 is encoded wth a user progranmed or user contro 10 encoding (i.e. a

control veade based dpoer aprisritysasisbbut it skvouledbeaveli uriderstoed that Bus

Arbiter 34 for that particul ar requesting device. A user may create or
cause t heothemtriteriahot frvalving grioritiassmay bei uged ssicinas aroundtrobje at an
integrated circuit pin of an integrated circuit controlled by the bus
arbiter 3selection.t hegis &dreuibAOpravidesaddultipiexer S8nyithyasignab 15 of a

d soft e ins ' jrcuit 50 then decoges  the

user-provjd uction. Logic |
sel ect®d wﬁcahngfa ighest ﬁmrﬂm 8@@5& ing Wiasiat (l.e: eorrespoONdRgler  t he
Wl be o Dus Eicmaalnas Besa seeotes Son ssAlEinG: and MUPBYEEE bur st
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0% e oSS aLAREA il Re BB gL Sndherag Rids dlnley = 2o
ot or "o RERISRIST o BRACRUR WA, o scppompanare or bk asignea® [ 2
nast ef( st gheedini@ifi.e. arcyendl value)thabdetermines 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 Control Register 56 and determines whether
the highest priority contending bus master within Data Processing
System 10 will be granted bus ownership of Giobal 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 Control Register 56. [f
bus ownership 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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communi cation bus master), the current transfer is interrupted, and a -11
WO 03/001388 PCT/ US02/ 18358 previously asserted bus grant signal is negated
in order wooBoosesthe G obal Bus 12 to be relinqui shed amdTiusoy1ssbs ow t he
hi gher priority master to gain bus ownership during an on-goi ng burst
transfer. It should be understood that Control Register 56 may be user 5
programmed to add great flexibility to a data processing systemand the
ability to custom ze interrupt bus latency. In particular, Control Register

56 nay be t b
ot or pr of REPRUBLY BEspc RS skiftafismésated P?*ééfﬁgﬁ??%‘?‘g*iﬁfs to
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processi ng system 10, or by other signals contained within Data” Processing

Syst em 10madstet e @lhebm@ovvmrsmptdm‘ing%am ohegoib@ bapsttieansferr Ipr ogr ammed
under software instruction control or by other user progranmm ng

t echni queshould bet undesstoodihat GontrohRegisten S6ymaydedliiusgrexanpl e t hat may

15 be used for each control field within Control Register 56. There are

many dt f f Bro@@reneditagad Q&Gahﬂ9X$§||stéUaéjﬁial progessiagysiem angrfér st ood
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predetermined integrated circuit pins of an .C. embodying data

10 processing system 10, or by other signals contained within Data
Processing System 10. In the alternative, Control Register 56 may be
user programmed under software instruction control or by other user
programming techniques.

lllustrated in FIG. 5 is an exemplary encoding example that may

15 be used for each control 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
or expanded. Assume for purposes of illustration only that a three-bit
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 control changes will be permitted
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type of information being conmmunicated (e.g. instruction or program

I nformati on versus data information), whether bus control changes wll 25
be per m twed3jbersesl upon whet her a read or wite operationPefl/lsoyyEsteEm
menory i s occurring, and whether bus control changes will be permtted -12
WO 03/ 001388 PCT/ US02/ 18358 based upon a whether a cache burst (i.e. a
bounded burst) or a nore general unbounded sequential burst transfer is
occurring. Arbitration policy may be based on other factors or a

conbi nat g@ms%g apen éb\ﬂﬁ@%gé?ré ghthe mgi.e?a hSuRHBd tsaﬂrs@ gt 5“@1%@96“

identified\ ype 5 0 urrent transfer 1s present on ( Bus 12, the
Logi ¢ Ci r gienferaPuppduneied seeuentiat turst rahisfert isyoced | Wirbitrationr r ect

bus grant "signal. For exanple, in certain enbodi nents of Data Processing

System 10poilit:yamagatm®de)aaeckoniGthedefactdr'semr acombireatiory didheg present on
d obal Bus 12, the cache burst should be allowed to_cong%ete prior to
i ssuance chasasigtisiicsydesacribedrrainatOnoealithasdieen hdentified avbat fype

However, if a cache burst is not present., a bus grant signal my be issued
due t o>t hef cueant: tsansiarigtpresess anllabal Busahlu @mh&wéﬁb @& Nbur st .
Since t hoperaaasuElad 1o FnialnsaRPPEAGID S EAT R Bt Branbaional dia: 15
Do o BN e o DR BB S SR B, B 3,
s e BhPeri identieg ad ERARYRY, GYFIERraseheomaRBampelin
cycles inyEdacpd Bubdtcstiomed 5é&Red to complete prior to 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 length such 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 system performance by
allowing optimal burst memory operation and by minimizing the number
of stall cycles in CPUs with blocking caches. A
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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20 Additionally, in sonme enbodinents of Data Processing System 10, if a
Read operation is occurring so that information fromone of the system
menori es WO Bo13g8 provi ded to CPU 14, that infornmation isPCHASIERIED be

I mportant enough to avoid a potential stall of the CPU 14 to conplete the
burst transaction before a bus ownership change is 25 permtted. However,
iIf a Wite operation is occurring, a change of bus mastership nmay occur in
a particular systemapplication without -13 WO 03/001388 PCT/ US02/ 18358
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programmed in Control Register 56 to optimze a particular system

appl i cat i Fheréforeythesmtas flstadescritsed witlsin this paragrapbhimayawatralways fil |
may exceed the maximumrequired latency of a tinme-critical alternate
master5  be apekeabiesiorrall sysiems dandrihe apprapeiede encadiagsunaype t he
frequency of this type of request is generally low For this type of

mast er, i programmedan Goatroh m&t@rSé&@mwmamﬂ@ﬁwﬂ Syst@m t hen
resuned, in _sthe of the Iowered efficiency of the CPU requesting the
burst and@pplicatiB. merory system bei ng accessed. It is desirable to
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exceed the maximum required latency of a time-critical 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. It is desirable to 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 during any cache burst cycle. This feature is
advantageous for system design involving burst transfers. 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 to 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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In one form an encoding of 000 indicates that no bus ownership change is
al l oned during any cache burst cycle. This feature is advantageous for
syst em dewD@r/od3g®l vi ng burst transfers. If a bus 20 nast @CTIGS0hY8358
definition not allowed to permt 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 to inplenent partial bursting. At
the other extrene, an encoding of 111 indicates that a transfer of bus
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bursting is not unbounded, as it is tache bursting, or whenever an
unboundedahyrtgpeqt o@cnyrrtngoeAnsencodmg Uﬁowwlrtdlcatbswthaiflf @lCachdiatses

that if a cache burst IS occurrln% bus ommershlf change is all owed
only duri isyoacdeirg, a@]&ommershim): aunge is aboweygkonly dudngfadatat hr ee
criteria are indicated with this encoding: (1) the information is data,;

(2) dt Pe baaghe; (D Qisaa)@urstjr@adfcaaﬁel( éﬁr:jeneéore ahhgaetqrﬂgrkawate]mqbaate@ a
s al | ovel wgm&mﬁ%;‘zﬁx TGt AbIE Boleld) e RS CakNehnoundad
owner shi pbutst A (37T Gasatiop Sniadoud s 8 ety A 5,
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I ndi cat es
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 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 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 transfers for each circuit module in a system
that desires bus mastership and that has bus mastership granted under
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that a bus ownership change is allowed only during a data cache burst 15
wite cycle or an instruction cache burst cycle, or whenever an unbounded
burst of wWOW3NYEEs i s occurring. An encoding of 110 indi caPes/Ushhat3sa 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 GCrcuit 50 is provided to recognize these 20 stated restrictions
as an arbitration policy when presented the specific values by the Policy

arbi trat s Shing breffefedhiiegd sefetBH sBLTET Y oy, b S@ﬂ@%ﬁh@”ﬁ%@ﬁ? Bus
2 user v POl HBREASECRABY it HUIBHRE hformANien ¢ gdidaeov! de
associ at ey m‘at%“téﬁghf HEPERT s SepapABITren the algorittin uée@té)éélém that

desires bus mastership and that has bus mastership granted under -15

03/001388oﬁ@ﬂbkg@@émﬁaﬁﬁuﬁnﬂwmanQHEQSn1ned sel ection schene. It should be
understood that the arbitration nmethod associated with bursting

i nforr@tion onlliusitated indal@. 6Hgsan kacoding dayfieldewndthiniGoatrphr at e from

the algorithmused to select one of several requesting nmasters.

|l | ust r at Begistarn 56 that uses &ifielﬁjWiEj'l twe biis| dn ancadmg:@mﬂ)lndlaabe&t er 56
ouner shi pUEHEABOUSOUEIHSTIRETGIIIS BANTIIEY SLETT0 HNES CaUCTomn Wi g of
A o Yo BB B Y T
al lowed dypipgh ARGHHT RIS, P Wit EntBAhy Bf Findicates 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 to 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 requests 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 correlated to a particular 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 Control Registers 62-65 based on

-16-



An encodi ng of 10 indicates that no bus ownership change is allowed during
accesses to a fast nenory device. Therefore, by way of this exanple it is
cl ear thawoa3wesss nay program an arbitrati on policy basedPCufsn2/wist her a
requesting device nakes a requests at a tine when the 15 bus control
resides with a transfer involving a DRAM or Flash versus when the transfer
I nvol ves an SRAM Additionally, Control Registers 62-65 and Multipl exer 68
may be conmbined with Control Register 56 to provide selective control on a
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ar
the system ed dependi ng upon whic us master has current” 25

bus cont r BelecidLogicb4 ahalyuhemease thecoraqoleielidsowithin tvetprovidedvionig pl exer
68 sel ects one of Control Registers 62-65 based on -16 03/001388

PCT/ USD2/ oBSmitrolf Begisteos G2-66i ivedetarminerthe aritradionspgoliey dusthg the each
potential bus naster, a selected one of Control Registers 62-65 is
provi ded €drrepdinus nnsters bugitenare. KriobRegisteraGamd naebeve bus
bt ovi ded BRGEIBMES WitGiRIGRIGh Unigiied0 GaccuFianI s asar s on
o 5L ol Bao 0T helied oo e Bt SRR /B BB R TLe 220
master 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-to-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 register 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 alternate embodiment, the control field
contains control information corresponding o a selected device and the
type of burst transfers supported 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 transfer in progress and the corresponding

setting of the associated control field.
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that bus arbitration policies during the bus tenure of a particular bus
master may be i ndependently programred relative to the bus tenures of 10
al | ot herwpmsierss8 The sel ective control on a per naster Ipagitsopes3nsts the
burst arbitration policy to be altered on a nmaster-to-master tenure basis
and can be optimzed by a user to further inprove system performance. By
now it should be appreciated that there has been provided a 15 nethod and
systemthat uses a set of control bits in a register or other storage

our st -t anst er geoRgeectinappeta e FibleveRieARRbtha Vet e, 7g; ©r
Guri ng. bl TSt 28, BORRIEATTICIBLEAT: COnanDhls BNFRICHS KRS ¢ o
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copyback (wite) etc. In an alternate enbodi nent, the control Tre
cont ai ns egrtgnichamfhatireonsideced megessdirg@s ilusirgtieecabovesiorciheand t he

type of burst transfers supported by that device. During burst transfers,
i f an %l t anderstandingramdiagpraciatiprest theunderlying, comeepisgobthe i s 25
qualified by the type of transfer in progress. and the correspondi ng
setting oprésentiswentigreanddnterslernel i@ obfusoatecy distrams fram W2/ 18358
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with reference to specific embodiments. However, one of ordinary skill

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 to problems, and any element(s) that

25 may cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential
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5 under standi ng and appreciation of the underlying concepts of the present
invention and in order not to obfuscate or distract fromthe teachings of
the presewD B8t i on. I n the foregoing specification, thecrruosenisssh has
been described wth reference to specific enbodi nents. However, one of
ordinary skill 10 in the art appreciates that various nodifications and
changes can be nmade wi thout departing fromthe scope of the present
invention as set forth in the clains below. For exanple, any type of
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or structur eYcontrof Tegister used in the foregoi ng

descri pti ggvefdohdbhaned|lisiveriridigsion, @tich thit dprooessemethod, titknaray  be
capabl e of using burst transactions, the present invention may be

utilized. appacatlisithat comprigescaflist afialensentsf dges ewtdnelude baly tyasded in
20 an illustrative rather than a restrictive sense, and all such

nodi f ikat elereents butmmaydadlude bthenelamentsinaiiexpresshebigiedor imkergrisent
invention. Benefits, other advantages, and solutions to problens have been
descri bedtaBUgh pFacesSdarthed, agicles Ok appesaty@nt s. However, the

benefits, advantages, solutions to problens, and any el enent(s) that 25 may
cause any benefit, advantage, or solution to occur or becone nore
pronounced are not to be construed as a critical, required, or essential
-18 WD 03/001388 PCT/ US02/ 18358 feature or elenent of any or all the
clainms. As used herein, the terns
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"conprises," "conprising," or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, nethod, article, or
appar at uswohiaossspri ses a |ist of el ements does not incl eda/usat/ys3shose 5
el enents but may include other el enents not expressly listed or inherent
to such process, nethod, article, or apparatus. -19 WO 03/001388

PCT/ US02/ 18358 CLAIMS 1 A system having an apparatus for controlling use
of a communication bus, conprising: 5 a plurality of conmunication bus
masters, at |east one of the pIuraIQ&gpﬁﬁﬁionnunication bus masters being
coupled to the conmunication bus for~co icating information via the
communi cation bus in burst cycles when nade a bus master; and 10 a bus
arbiter coupled to the conmunication bus and in response to two of the

plural ity pf conwyatent havidyian ABsaitis TR dorroNayiseend o of the

conmuni cat 1 on t he bus Tarbiter 1 nplenenting an“arbitration policy for
sel ectivel y pergarhihumgicadion bgs,egen’qm-isjng; of the 15 plurality of

comuni cation bus nmasters to the conmunication bus, the bus arbiter having
user Gontrolled cirplurajity of cossmiunicgtionhusmasiessypat leasttone of dhe
reassign control of the conmunication bus at, an time during a burst
transfer of information pueglity of communication gus masters being coupled
to the communication bus for communicating
information via the communication bus in burst cycles
when made a bus master; and
10 a bus arbiter coupled to the communication bus and in
response to two of the plurality of communication bus
masters wanting master control of the communication
bus, the bus arbiter implementing an arbitration policy
for selectively permitting sole access by one of the
15 plurality of communication bus masters to the
communication bus, the bus arbiter having user
controlled circuitry for receiving control information that
can reassign control of the communication bus at any
time during a burst transfer of information by an
20 existing one of the plurality of communication bus
masters without waiting until an end of a presently
existing burst communication on the communication

bus to complete.

-20-



20 existing one of the plurality of comunication bus masters w thout
waiting until an end of a presently existing burst conmunication on the
comuni cawpD®R/00138% to conplete. -20 WO 03/001388 PCT/ USO2/,L83582/28358The
systemof claim 1l wherein the control information that is received by the
bus arbiter determnes the arbitration policy based upon a type of burst
transfer presently existing on the comunication bus. 5 3. The system of
claim2 wherein the arbitration policy is determ ned based upon whet her

(e Lyee 81 PUFF SGARRASK AAERTYALBH, e pRrSf hrr BB haE o b
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of the menory. 15 5. The syst'em of aim 1 wherein the control 1 nformation
that is received by the bus arbiter determnes the arbitration policy
based upon which one of the plurality of conmunication bus masters
presenf | y3has Thersystenoiofdiaim &winérein tha asbitration olicydsetesminédc! ai m
1 wherein the control information that is received by the bus arbiter

det er ni nebaskd upontwhether e type phbedisiiransienpresenidy existing oofthene

plurality of comunj cation bus nasters is/are Brgsen%hg Be uesting control
of the coRRIMMICAIOR IS is a bounded burst or an unbounded burst. :

4.  The system of claim 2 further comprising:
10 a memory coupled to the communication bus, wherein the
arbitration policy is determined based upon whether
the type of burst transfer presentily existing on the

communication bus is a read or a write of the memory.

15 5. The system of claim 1 wherein the control information that is
received by the bus arbiter determines the arbitration policy based upon
which one of the plurality of communication bus masters presently has
control of the communication bus.

20 6. The system of claim 1 wherein the control information that is
received by the bus arbiter determines the arbitration policy based upon
which one or ones of the plurality of communication bus masters is/are
presently requesting control of the communication bus.

25 7. The system of claim 1 wherein the control information that is
received by the bus arbiter determines the arbitration policy based upon
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25 7. The systemof claim1l wherein the control information that is
received by the bus arbiter determnes the arbitration policy based upon
-21 WO 03w00386883$CT/ US02/ 18358 a burst type of a nenory @eTiuse2/1438% i s
responding to a burst transfer presently existing on the conmmunication
bus. 8. The systemof claim 1l wherein the user controlled circuitry further
5 conprise: one or nore registers for storing at | east one predeterm ned
control signal determ ned by a user, the predeterm ned control signa

b arbi 1D b AR pAPTREY G¥igednit < HRsYAHTTR R4 bt HaliREEC, " e

registers heatired I W el | e arbitration policy in
response p{%%%{l)ﬂ@g{gse’u@ %E@%&gh@ﬂpre et%’?%dnée?d control signal and a

predeterm ned characteristic of a current burst 15 transfer being
communi cated by the communication bus. 10. A nethod for controlling use of

a communi gat i oMheusystera of\ciaiem1 whrareirsting usz? qonivoliéd circuiwytfunheral ue

via a user controll'ed means to a bus arbiter, the control value selecting
one of5a cpnyoieser mi ned plurality of arbitration policies during burst
transfers of information for selectin% bus mastership anong a plurality of
bus masters. one or more registers tor storing at least one predetermined
control signal determined by a user, the predetermined

control signal specifying the arbitration policy.

10 9. The system of claim 8 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
15 transfer being communicated by the communication
bus.

10. A method for controlling use of a communication bus in a system
comprising:

20 providing a control value via a user controlled means to 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.

25

11. The method of claim 10 further comprising:
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25 11. The method of claim 10 further conprising: -22 WO 03/001388

PCT/ US02/ 18358 providing a status signal to the bus arbiter, the status
signal cwotoaioni3sgy current burst transfer type infornmati oRCrhesn2/1836%9vi des
type information about a current burst transfer being comrunicated via the
conmmuni cation bus; and 5 using both the control value and the status signal
to selectively reassign control of the comrunication bus at any tine
during a present burst transfer of information by a current bus naster

w thout waiting unbid g Fad8tud Byaiatiite BUSHrbite? & 5tdes difnal

conpl eted. -23
containing current burst transfer type information that

provides type information about a current burst transfer
being communicated via the communication bus; and
5 using both the control value and the status signal to

selectively reassign control 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

10 completed.
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