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THE I NVENTION 1. Technical Field: The present invention rel ates
to an inproved nethod and systemfor allow ng attached devices to access a
_-conputer bus. In particular, the present invention relates to an inproved
nmet hod and system for.- allowing attachedq devices to access a conputer bus,
where such access is granted based upon priority levels assigned to the
-attached devices. Yet still nore particularly, the present invention
réelates to an-i'nproved nethod and system for allow ng attached devices to
. access a.conputer bus, where such access is granted based upon priority
_Level s assigned to the attached devices, but where such access is granted

in s_uch a fashion ﬁ@?&s‘i‘“@k:ﬂ&hoﬁﬁﬂﬁ fﬁ{lﬁﬁ%@l m@tﬂfﬁ ) fair and

‘consi stent manner Description o The present
invention is related to a nore efficient way to utilize a conputer data

bus. A conputeacrdabanbUSF geRE r BV BNTIDNSI Sts of a set of hardware |lines -

wi r:.es - used for data transfer anobng the conponents of a conputer system A
conputer data bus is essentially.a shared hi ghway that connects different
parts of the loyst Technéradi Riel ® . croprocessor, disk-drive controller,
menory, and input/output ports and enables themto transfer infornation.
Buses are characterized by the nunber of bits they can transfer at a single
tinme The present invention relates to an improved method

and system for allowing attached devices to access a
computer bus. In particular, the present invention
relates to an improved method and system for allowing
attached devices to access a computer bus, where such
access is granted based upon priority levels assigned to
the attached devices. Yet still more particularly, the
preseht invention relates to an improved method and
system for allowing attached devices to access a computer
bus, where such access is granted based upon priority
levels assigned to the attached devices, but where such
access is granted in such a fashion that lower prlorlty
regquests are granted in a fair and consistent manner.

2. Description of the Related Art:

The present invention is related to a more efficient
way to utilize a computer data bus. A computer-data bus
generally consists of a set of hardware liqés — wires —
used for data transfer among the components of a computer

_ system. A computer data bus is essentially a’ shared
highway that connects different parts of the
system—including the microprocessor, disk-drive
controller, memory, and input/output ports and enables
them to transfer information. Buses are characterized by
the number of bits they can transfer at a single time
(e.g., an 8-bit data bus transfers 8 bits of data in
parallel at a time; a 16-bit data bus transfers 16 bits



(e.g., an 8-bit data bus transfers 8 bits of data in parallel at a tine; a
16fbit data bus transfers 16 bits 2

in parallel at a tine). The bus is integral to internal data transfer. Bus
(conputer), Mcrosoft[err] Encarta 96 Encyclopedia. [err] 1993-1995

M crosoft Corporation. Al rights reserved. A conputer bus is an

amal gam of different types of "pure" cé@munication |inks. Accordingly,

prior to discussing a conmputer data bus it is useful to first discuss
general |y data comuni cations |inks. There are three characteristics
t hat di stinguish various data communication |inks: topology, duplexity, and
| ine discipline. The topology of a data link refers to the | ogical -physical
arrangenent of stations on a link (e.g., a point-to-point topology (only
“two stations én phzallek)at ox timailti Fbenbus opd|igegradr Eot akeTmdl st ati ons
on thrs H rlk)-( ahke eyaiﬁgﬁfygof;u@ ddlda{gmrt;ew;_smfrégbtﬂ@ m@ajrleacaagéltti m ng of
si gna ow - ,f- gu .S _Si 0_a, one- , two-way
bridge, in th%P%XFéﬁPﬁa on aﬂﬁgﬁﬂéﬁﬁﬁPéfr?Fﬂit3%H¥FF?ﬁéﬁPr gﬂg recei ve,

but not si nul rdgbbestgservéd! | -duplex link is simlar to a two-way,

two-l ane bridge in that two stations can sinultaneously send and receive

data to and from each other). . LineldisE%gk#E% refers to mhg can tal k
when:. a station shBufE"BREST tPYm s PWARBRLIPRTD fESphyEYREP ©
“pure” communication links. Accordingly, prior to '
discussing a computer data bus it is useful to first
discuss generally data communications links.

There are three characteristics that distinguish
various data communication links: topology, duplexity,
and line discipline. The topology of a data link refers
to the logical-physical arrangement of stations on a link
(e.g., a point-to-péint topology (only two stations on '
the link), or a multipoint topology (more than two '
stations on the link). The duplexity of a link refers to
the direction and timing of signal flow (e.g., a half-
duplex link is similar to a one-lane, two-way bridge, in
that stations on a half-duplex link can transmit and
receive, but not simultaneously; a full-duplex link is
similar to a two-way, two-lane bridge in that two
stations can simultaneously send and receive data to and
from each other).

Line discipline refers to who can talk when: a

- station should only transmit when it knows the physical
transmission path is clear and when it knows the receiver
is prepared to receive. Line discipline varies dependent
upon the topology and duplexity of a link (e.g. a half-
duplex, multi-point link of bus topology will require
more discipline than a full-duplex, point-to-point link).
Line discipline usually has three distinct phases:

establishment of access to a link; data transfer over the



transm ssion path is clear and when it knows the receiver is prepared to
rectei vé: Line discipline varies dependent upon the topol ogy and duplexity
of alink (e.g. a half- duplex, nulti-point [ink of bus topology wl]l
require nore discipline than a full-duplex, point-to-point |ink). Line

di scipline usually has three distinct phases est abli shment of access to a

| ink; data transfer over the 3
Ilnk, and termnation of the logical link between transmtter and receiver,
whi ch includes relinquishment of access to the |ink. , A conput er bus

i s an amal gam of the foregoing described "pure" comunication |inks. The
computer bus itself is a nulti-point half-duplex Iink of bus topology. That .
is, a collection of devices all, attached ransn155|on medi um
Such Iink rquf"lrﬁés P SERGR 8 Fﬁﬁei?ﬁ’s?ﬁﬁpi %‘f"ﬁeceéi only one device
at a time cantramsmittiar andt receiviemk. whigh smqlrweledl selpﬁquvesfmmntt he

conputer bus pg Evdslad Prea 188%0oNd data communi cations link: a
poi nt-to-point full-duplex Iink of hub topology. The following figure wll

make this nore clear. Figure 1 illustrates a conputer bus. Shown i_s
conmput er bus 100 t& admmitesr hwsbés. ah aualgmes qfethe, fdeegaindl 02, device

1P|4 ?evi Cg 1§@scflﬂ5(é'§3‘plﬁ%”q%ﬁ S@l%:%oj)nﬁ{se C@HQG&% ttésﬂu%
onl y one. of ¢ FEPEEE ohetl TR AsB0LBtn ABLE TR iRRob R GRRHORY.
(conput er busTh@®)isd =ampldectiiomeof dhm@qeacaiésattachém tlo rdhemssimebe
controll ed (i¢fanshildiod tailh.SOBRchOL M rdduigedi & Cddt Bmount
of line discipline, since only one device at a time can
“transmit over the link.” This line discipline for the
computer bus is provided by a second data communications
link: a point-to-point full-duplex link of hub topology.
The following figure will make this more clear.

Figure 1 illustrates a computer bus. Shown is
computer bus 100 to which a number of devices (e.g.,
device 102, device 104, device 106, device 108, and
device 110) are connected. As ig illustrated, computer
bus 100 is a half-duplex link of bus topology, so only
one of the attached devices can be transmitting over the
link ‘{computer bus 100) at any one time. Thus, access to
the link must be controlled (i.e., there must be some
form of line discipline).

The line discipline is provided by a skcond data
communications link of hub topology formed between the

" attached devices (e.g., device 102, device 104,idevice
106, device 108, and device 110) and link access control
station 112. The second data communications link of hub
topology is composed of multiple point-to-point component
links. These component links connect the attached
devices (e.g., device 102, device 104, device 106, device
108, and device 110) to link access control station 112



The line discipline is provided by a second data comunications |ink of hub
t opol ogy formed between the attached devices (e.g., device 102, device 104,
devi ce 106, device 108, and device 110) and link access control station
112. The second data conmuni cations |ink of hub topology is conposed of

mul tiple point-to-point conponent |InK? These conponent |inks connect the
attached devices (e.g., device 102, device 104, device 106, device 108, and
device 110) to link access control station 112

4 and, as is illustrated in Figure 1, are full-duplex in that there
I's one |line over which each device (e.g., device 102, device 104, device
106, etc.) can send a request for access to the conputer data bus (denoted
in Figure 1 as the reguest. bus access | i nes n that there is
anot hgr line 898r @fith HiiHeTassss 16‘0% (% s]t'aﬁl)é’rn Tig ~dupleRpty to a
requesting dethet thete aioxess tldneowperevhixis «k@h davibeefe granted (denoted

in Figure 1 aaeweeby@z Al Pied Q.‘Meshe%éé‘tf@s (GND),)! bQﬁSQendda It is
common to a35| r|o ities to the erlqg eV|ceg conpected_to conputer
bus 100. For 6 %\ﬁ%“eﬁsfoé'-"a edseiﬂ@é e ¥Spéderteshdd hi gh
priority, devF¢guté41nad|uha[raqmestybuandccbss(ﬂRED@Slhnasprlandtﬁn [f 1ink
access controlthataewﬂa%}s?a{f&aie\ie&ﬁer &4 %Lhiahoria@cggc Afd | ow
priority devices | 1 nk access contro station 112 ms us access to

the high pri oFFF‘y’l‘a’év:l'Pesc?’f REPLY Fo AeUPERRTHING PeyigeFhals agses®d, and
t he 1 ow pri or kbycdepuitezs buestl00Dikfalse bepy graptest s(dénbtedcmssigﬁzmuput er

bus 100 fro”‘Q@Vtﬁésbﬂ%tibéég§5¥EHﬁe%E'Biéﬁﬁaﬁr&nﬁﬁniiﬁééy granted.in sane

prespecified order.

It is common to assign priorities to the differing
devices connected to computer bus 100. For example,
device 102 and device 106 could be assigned high
priority, device 10% medium priority, and device 108 low :
priority. If link access control station 112 receives a
request from high, medium, and low priority devices, then
link access control station 112 allows bus access to the
high priority devices first, the medium priority devices
second, and the low priority devices last. Differing
requests for access to computer bus 100 from devices with
the same priority are generally granted in same
prespecified order.

As an example of how a computer bus operates, assume
device 102, device 106, and device 108 wish access to
computer bus 100. Accordingly, device 102, device 1086,
and device 108 all activate and hold their respective

" request bus access (REQ) signals. Link access control
station 112 notices that these respective request bus
access (REQ) signals have been activated. 1In response,
link access control station 112 prioritizes the requests
dependent upon priorities previously assigned to the
devices. Assume for the sake. of illustration that device
106 has been assigned a highest priority, device 102 has



As an exanple of how a conputer bus operates, assume device 102, device
106, ard device 108 wi sh access to conputer bus 100. Accordingly, device
102, device 106, and device 108 all activate and hold their respective
request bus access (REQ signals. Link access control station 112 notices
that these respective request bus accegs (REQ signals have been activated.
In response, link access control station 112 prioritizes the requests
dependent upon priorities previously assigned to the devices. Assune for
the sake of illustration that device 106 has been assi gned a hi ghest
priority, device 102 has 5 been
assigned a nediumopriority, and device 108 has been assigned a | owest
priority. Accordingly, .link access control station 112 determ nes that when
conput er bus PRR® B&sfipaed AN FICFREY hi PR de VS A08y hRrEGRReRI ng
device) w || dmmiginednaalewsst {mrianuyt.er Abosrdiiyly, link Wbeaski nk access
control stati s 71 NES, t t 0Q, | e i access
contr ol statf%%t%%é gg%?%g%egﬁgn %ﬁ%gggegﬁ%gaéﬁé‘%ogggtéggggé ?g%uest
granted (GNT)issifgieq, . dewirecla96(thavhighgst tprtority Feppestingt ransnit over
comput er bus déifl.ceVW@illli BE Glears ac@alsl @b Sémputar L deverm nes that the

requesting device 106 should relinquish control of conmputer bus 100, |ink

access control station_112 deactivates device 106' s reduest granted signal
(GNT), which tel| ¥hgayviérk1decesmicUumenli stabifn dilds defsrrire&nthafper ati on,
it should no dovipatiert baBsI00 iy efrenNlihkf adtessl @dntrol station 112

activates and holds device 106's bus access request
granted (GNT) signal. Device 106 now knows that it is

free to transmit over computer bus 100. When link access
control station 112 dptermines that the requesting device
106 should relinguish control of computer bus 100, link
access control station 112 deactivates device 106's
request granted sigﬁal (GNT), which tells device 106 that
when it completes its current operation, it should no
longer transmit over computer bus 100.

Subsequent to detecting that its bus access request
granted (GNT) signal has been deactivated, device 106
completes any computer bus 100 transmission that it is
curréntly engaged in and then deactivates its request bus
access signal (REQ). Once link access control station
112 notes that device 106 has deactivated its request
access signal, link access control station‘'l112 knows
computer bus 100 is free. Consequently, link access
control station 112 issues another bus access request
granted (GNT) signal to the highest priority device that
is now requesting access to computer bus 100.

If no other devices are requesting access, device
102 (medium priority) will be granted access to the bus.
However, if in the interim (i.e., while device 106 was

accessing the bus) another highest priority device



~Subsequent to detecting that its bus access request granted (GNT) signal
has been deactivated, device 106 conpl etes any conputer bus 100
transmission that it is currently engaged in and then deactivates its
Tequest bus access signal (REQ. Once link access control station 112 notes
that device 106 has deactivated its request access signal, |ink access
control station 112 knows conputer buss 100 is free. Consequently, link
access control station 112 issues another bus access request granted (GNT)
signal to the highest priority device that is now requesting access to
conput er bus 100. If no other devices are requesting access, device
102 (mediumpriority) will be granted access to the bus. However, if in the
interim(i.e., while device 106 was accessi ng the bus) another highest

priority devi€guested access, then link access controlfdevice raguested

access, then_ Llink access control [ HA n es o that

hi ghest pri o"r’f'ﬁl %Ig%rl&ceacfr?dgsb&toht ggi g:gglﬁe% %afg%?péel‘giﬁcetﬁ%dtand devi ce
108 (| owest pethrdevydcenill2 Haedive poreriHue eadndeyice 108 (Ipwessrobl em
with the forggobRgeys wilal Have itBk canedsse anwagt.Station 112 keeps
receiving requests fromhighest priority devices, it is conpletely possible
that requests fromboth the nmediumand the | owest priority devices could be

conpl et el y st ar veBhewmrokeny Wity GhedErrgaaingoisathreaif didnt of time. It
is clear thahcdesfesoritdst stla@ion TBEhREem derpsireny WediesMd I£xdkd OW t he
Lagﬁrapaggélh%g€g¥%§§§kﬁgégﬁ%kggc%g? Egsis completg?yegggsiﬁ¥9/é%%%ut'On to

requests from both the medium and the lowest priority

devices could be completely starved out, or could be

delayed for a great amount of time. It is clear that a

need exists for a metpod and system which will allow the

lower priority devices access to the bus.

However, any sélutiop to such a need must recognize
that the priority system’exists for a reason: there are
devices which need to be given priority access to
computer bus 100. On the other hand, it is important
that the lower priority requests to the bus be granted,
because while these requests are lower in priority they
are still essential for the overall functioning of the
computing system utilizing computer bus 100.

In light of the foregoing it clear that a need
exists for a method and system which will allow attached
devices to access a computer bus, and where such access

~is granted based upon priorities assigned to the attached
devices, but where such access is granted in such a
fashion that lower priority requests are granted in a
fair and consistent manner.



that the priority systemexists for a reason: there are devices which need
to be given priority access to conputer bus 100. On the other hand,
inportant that the lower priority requests to the bus be granted, because
while these requests are lower in priority they are stil
overall functioning of the conmputing systemutilizing conputer bus 100.
In light of the foregoing it clear that a need exists for a nethod and

systemwhich will allow attached devices to access a conputer bus,

essenti al

it is

for the

and

where such access is granted based upon priorities assigned to the attached

devi ces, but where such access is granted in such a fashion that

priority requests are granted in a fair and consistent manner.
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It

is theref

Iomer

ore one

obj ect of the present invention to provide an inproved nethod and system

for allow ng attached devices to access a conputer bus.

It is

therefore anotherItmmsxnhaﬂEﬁﬂns presehje¢thadhthenpresentovinengaonnpr oved

met hod and systgr¢ie ald QWigrdval! ABREI A E9BthR B6F SIS AitgNPUL er
where such acces;heé;égv_nte based upon rlorlgyplevels assigned to the

attached devftERS 1988 9 $EECHRAOT HET™ B

bus,

UBf the present invention

to provide an |nproved nmet hod and systemfor allow ng attached devices to
access a Cormuterx@tﬁs £MAReR oHdC HnBERES Sob et BBt eFe asadr¢pon priority

| evel s aSS|gned

entlon to provide an improved method and system for

allowing attached devices to access a computer bus, where

such access is granted based upon priority levels

assigned to the attached devices.

It is yet another object of the present invention to

provide an:imprbved method and system for allowing

attached devices to access a computer bus, where such

access is dgranted based upon priority levels assigned to

the attached devices, but where such access is granted in

such a fashion that lower priority requests are granted

in a fair and consistent manner.

The foregoing objects are achieved as is now

descrlbed. At some particular instant in time,

prioritized queues are loaded with one or more requests

for access from one or more devices whose assigned

priority levels correspond to the priority @f the queue

into which the requests for access are loaded.

Requests

for access, which are resident within a current queue,

" are preferentially granted in a sequential fashion until

the current queue is emptied, after which at least one

request for access from a lower in priority queue
relative to the current queue is granted before

responding to other requests for access, such that at

least one request for access is periodically granted from

a lower in priority queue relative to the current queue.



t'he attached devices, but where such access is granted in such a fashion
that lower priority requests are granted in a fair and consi stent nmanner.
The foregoing objects are achieved as is now described. At sone particul ar
instant in time, prioritized queues are | oaded with one or nore requests
for access fromone or nore devices whose assigned priority levels
correspond to the priority of the queue Bnto which the requests for access
are | oaded. Requests for access, which are resident within a current
gqueue, are preferentially granted in a sequential fashion until the current
gqueue is enptied, after which at |east one request for access froma | ower
in priority queue relative to the current queue is granted before

responding to othe iﬂ uests for gccess such that at |east one request for
access i s periodic Ve BSd YeldnRs ROdETiqnRlyPPdRFES. (iRAIITes ati ve to
t he current qele@eadvantages of the present invention will Become The

above as well 58§ aﬁgtg‘. t 'rﬁ'yﬂe 0186kIn f&@éé’f]ehe% m@tgﬂvég%&tgl}% Qf Lhe

ilon.
pr esent |nvent|on W | ecomne appare rnt omnng e witten
descri ption.



BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features believed
charactéristic of the invention are set forth in the appended clai ns. The
invention itself however, as well as a preferred node of use, further

obj ects and advant ages thereof, wi || best be understood by reference to the
follow ng detail ed description of an illustrative enbodi mrent when read in
conjunction w th the acconpanyi ng draw n§s, wherein: Figure 1
illustrates a conputer bus; Figure 2 which is a pictographic
representation of one inplenentation of a PCl bus and assqci ated devi ces,
used to illustrate the components and functions of a PCl bus which perform
the function of the general conputer bus |IIustrated in Figure 1,

Fi gures 3A, 3B and 3C congose a high-1evel gﬂg flowchart depicting the
met hod and process of theBBrEERESS Wﬁql‘bﬁ"" DRAWINGHr es 4 is a

hi gh-1evel logic flowchart deplctlng t he net hod and process whereby

priori ties are det a5g) Rsdel ofe I hd {9GYACSSLSASALLRD aeceRs (o o

conput er bus; | ure i @ representation
of one manner IYeRAIER %r?e%ﬁfes#ql?ﬁj‘ e}é‘\/lté‘é ?@%&dﬁdgﬁéélﬂﬁ up§raded
“dynam c" pri dnvenptlynt besel £9tswevereaki @811 as a prefgviedombdéd Ust r at es

the enpl oyment,gaf %ﬂr@ﬁé?réfqeégéﬂéﬁﬁ'édvantages thereof, will best be
understood by reference to the following detailed
description of an illustrative embodiment when read in
éonjunction with the accompanying drawings, wherein:

Figure 1 illustrates a computer bus;

Figure 2 which ie a pictographic representation of
one implementation of a PCI bus and associated devices,
used to illustrate the components and functions of a PCI
bus which perform the function of the general computer
bus illustrated in Figure 1;

Figures 3A, 3B and 3C compose a high-level logic
flowchart depicting the method and process of the present
invention;

Figures 4 is a high-level logic flowchart depicting
the method and process whereby priorities are determined
for differing devices requesting access to ‘a computer
bus; ¢

Figure 5 which is a partially schematic
representation of one manner in which a requesting device
is assigned an upgraded “dynamic” priority by the present
invention;

Figure 6 illustrates the employment of an external
arbiter;



10 Figure 7 depicts a pictorial representation of a
dat a- processi ng system which can be utilized in accordance with the nethod

and systemof an illustrative enbodi nent of the present invention; and
Figure 8 is an illustration of a representative hardware environnment which
can be utilized in accordance with the nethod and systemof an illustrative
enbodi nent of the present invention. 10 11
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT The preferred

enbodi ment of the present invention is inplenmented via a PCl bus. A PCl bus
is fundanentally the sane as the general conputer bus which was illustrated
in Figure 1. PCl stands for Peripheral Conponent Interconnect |oca

bus. It is derived froma specification introduced by Intel Corporation
that defines a | oE&Pubas7s§ePEpEs ;i pictorial representation of a

data-processing system which can be utilized in
accordance with the method and system of an illustrative
embodiment of the present invention; and

Figure 8 is an illustration of a representative
hardware environment which can be utilized in accordance
with the method and system of an illustrative embodiment
of the present invention.



a conputer built into the PCl specification. The PCl |ocal bus allows

PCl - conpl i ant expansion cards to be installed in the conmputer. A PCl |ocal
bus systemrequires the presence of a PCl controller card, which nust be
installed in one of the PCl-conpliant slots. The PCl controller can
exchange data with the systenis CPU eitjqer 32 bits or 64 bits at a tine,
depending on the inplenentation, and it allows intelligent, PCl-conpliant
adapters to performtasks concurrently with the CPU using a techni que

call ed bus mastering. The PCl specification allows for nultiplexing.

M crosoft Press Conputer Dictionary 295 (2ed. 1994). Refer now to
Figure 2, which is a graphic representation of a PCl bus and associ at ed
devices, used to il|pgidBis DMSCRIPRORNGS BMFERRRO! E@EGpAEdr PCl _bus whi ch
performthe functi ons™0f the general conputer bus illustrated in Figure 1.

As shown,

system bus 211pgfieReSOERW £ SEdEBuRl0. AP P 1BOWLRdSmeich IRRA

a central processing unit (CPU) 212, a read-only nmenory (ROV
213, and a Dynanm cTRanphosfevcret soiimdiment DRAMh bregest cbnvient azh tic a

M 214 are

al so coupl ed %g a_PCl Ioc I bus 22Q of copputer system 210 through a PCl
Fobus ke

host bridge 2

12

whi chiplustraoed 242 Enguzm dect |y access PCl

BRPS et HrBY

at@fcy path through
devi ces mapped anywhere

wi thin bus nenory and/or 1/0 address spaces. PCl host bridge 215 al so

a high bapdw dt h pat g.PCl devices to directly access
AP o b Feslonatnh comroisnt TREeH R0l f oo 916,

smal | conput eRosgdtbus i nt By fia algr308K) szﬁ,aaspjaclflcat:.on introduced

by Intel Corporation that defines a local bus system for

provi des

DRAM 214.

a computer built into the PCI specification. The PCI
local bus allows PCI-compliant expansion cards to be
installed in the computer. A PCI local bus system
requires the presence of a ‘PCI controller card, which

must be installed in one of the PCI-compliant slots. The

PCI controller can exXchange data with the system’s CPU
either 32 bits or 64 bits at a time, depending on the

implementation, and it allows intelligent, PCI-compliant

adapters to perform tasks concurrently with the CPU using

a technique called bus mastering. The PCI specification

allows for multiplexing. Microsoft Press Computer

Dictlionary 295 (2ed. 1994).

Refer now to Figure 2, which is a graphic

representation of a PCI bus and associated,devices, used

to illustrate the components and functions' of a PCI bus
which perform the functions of the general computer bus

illustrated in Figure 1. As shown, a central pfocessing

unit (CPU) 212, a read-only memory (ROM) 213, and a

Dynamic Random Access Memory (DRAM) 214 are connected to
a system bus 211 of a computer system 210. CPU 212, ROM
213, and DRAM 214 are also coupled to a PCI local bus 220

of computer system 210 through a PCI host bridge 215.

PCI host bridge 215 provides a low latency path through



expansi on bus bridge 245. LAN interface 216 is for connecting conputer

system 210 to

a local -area network 217. SCSI 218 is utilized to contro

hi gh- speed SCSI disk drive 219. Expansion bus bridge 245, such as a PCl -
to-1SA bus bridge, nay be utilized for coupling I SA bus 225 to PCl | ocal

bus 220. As shown, a keyboard 226, a m

attached to | SA bus 225 for performng certain basic I/O functions.
addi tion, an audi o adapter 223 is attached to PCl |ocal bus 220 for

controlling audi o output through speaker 224. A graphics adapter 221 is

al so attached

is known as a

In

ophone 227, and a nouse 228 are

to PCl local bus 220 for controlling visual output through

di splay nonitor 222. In PCl vernacular, the functions of the |ink

access control_.station 112 as scribed in.Figure 1 er.formed by what
W 2E288) Wi 2ohbhrne &f

ROSECBPPhgA™ Y SHiTTH 1doRTSFRR

t hi ngs, the P@aRRe® poywhereeVithin bus aisowry Fhé/ e Ifosiddneisdge

control | er perdgdss.al bcthRobtineti@fs Bifs Eheol pPbvosESLSS HaRL rol station
112 as was digg i t]

b I dd | § t ,Of [
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computer system 210 to a local-area network
217. 8SCSI 218 is utilized to control high-speed SCSI
disk drive 219. Expansion bus bridge 245, such as a PCI-
to-ISA bus bridge, may be utilized for coupling ISA bus
225 to PCI local bus 220. As shown, a keyboard 226, a
microphone 227, and a mouse 228 are attached to ISA bus
225 for performing certain basic I/0 functions. 1In
addition, an audio adapter 223 is attached to PCI local
bus 220 for controlling audio output through speaker 224.
A graphics adapter 221 is also attached to PCI local bus

220 for controlling visual output through display monitor
222.

In PCI vernacular, the functions of the link access
control station 112 as described in Figure 1 are
performed by what is known as a “PCI host bridge” 215,
which contains within it, among other things, the PCI
controller referred to above. The PCI host bridge
controller performs all the functions of the link access
control station 112 as was discussed above, plus an
additional function of serving as a “bridge” between the
PCI bus 220 itself and computer system bus 211.

A “bridge,” is a means that links or routes signals

from one bus to another and is a functional unit that

, hexgdals i80S bubr bd8ge 1t s ARt invBePac®E PNty the PCl host
bri dge 215 serves t%.llnk
connecting



signals fromconputer systembus 211 to PCl bus 220 and vice versa. _
Odinarily, the buses are not connected to each other, but when appropriate
t.he PClI host bridge serves to establish a "bridge" between the two buses so
that data transfer between devices on either bus can occur. This generally
anounts to actually establishing an electrical connection between the two
buses. However, even though thelBuses are not generally (except when
a bridging operation is called for) physically connected, insofar as
comuni cation over PCl bus 220 is concerned, it appears tq all devices that
the two buses. are interconnected in that all devices use the sane | ogical
link control procedure. That is, prior to transmtting oxer PCl hbus gzod )
al | devices flrst nust receive SSIOI’] to do sg_fromthe PCl host bridge
control | er. THEFHABRFLS é‘W&ev}B i %h W&ﬁ?bzg‘“ﬁih that UgssF&®ent to

t he devi ce wheame tlogistads limkt lcanSm:»l prodddurieysb@20may¥ruse a devi ce

st andpoi nt (edgfﬁelg?ﬂ %L%)ma Q%V:é&@ 8&{@}% Febltahegs! Weieqpiost access (o
PCl bus signa ) I n res onse to such and
in a manner tYFAASPEIEH QUALY t9 br( 3ede B\ a The i nt er nal
mappi ng al gorbztitdgn(ng\éxmmdbhl of bhem?ﬂ:l:ﬂacmtebmd)ﬂgdl 3T5ISise A Hady, e)

t b n
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or vice versaiaw versa. Ordinarily, the buses are not cdhhected teer el y
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IeLI gﬂ]m mapgiStyes %pﬂl} gplish a “br:.dge” between t e two uses so

that data transfer between devices on either bus can

occur. This generally amounts to actually establishing
an electrical connection between the two buses.

However, even ﬁhough the buses are not generally
(except when a bridging operation is called for) i
physically connected, insofar as communication over PCI
bus 220 is concerned, it appears to all devices that the
two buses are interconnected in that all devices use the
same logical link control procedure. That is, prior to
transmitting over PCI bus 220 all devices first must
recef%e permission to do so from the PCI host bridge
controller. The fact that a device is on system bus 211
is transparent to the device when it wishes to transmit
on PCI bus 220. From a device standpoint gé.g., CPU 212)
a device merely activates its request access to PCI bus
signal (e.g., CPU 212's REQ signal). Then, in response
to such and in a manner transparent to the device, PCI
host bridge 215 via an internal mapping algorithm (the
specifics of which are not discussed here) recognizes
whether a requesting station needs a bridge between the
two buses (e.g., a device on the system bus 211, such as
CPU 212, needs to communicate with a device on the PCI

bus 220, such as graphics driver 221, or vice versa) or



"The foregoing has set forth the general features of a PCl bus relevant to
the present invention. Mrre specific features of a PCl bus relevant to the
dnvention will be set forth, as necessary, bel ow. Wth reference now
to Figures 3A, 3B and 3C there is depicted a high-level logic flowhart
depicting the nethod and process of thﬁ present invention. In the follow ng
di scussion of Figures 3A, 3B and 3C, terence will be nmade to creating
gueues and | oadi ng such queues. It is to be understood that said creating
and | oadi ng of queues indicates that such queues are created and | oaded at
specific instances in tinme (as such instances in time are defined in_
Figures 3A, 3B and 3C, e.qg., as in nethod steps 307 and 358) and that such
gueues are not reloaded, nor are additional elenents added to such queues
until a futurerslysngede ta braedeasticMereghpyPFl RHL294 az8 &he 3C e.g.,

as in net hoﬁa x%iuaez Bﬂﬂd§5§g fé”éﬂ'ﬁ’dfﬂé&edt&‘?&ﬂ‘lé|6a|s|1%do:f3th|€e artfvvn I
recogni ze t p creatin ueues cao also refer to
a set of prelaée%ﬂté%lynﬁ% ggﬁe?%‘?%’ﬁ”% a"*{%"&ﬁaean‘gg‘% partF&dar point in tinme
and are not mappegueAsPyitbheaded until said initial Ioadlng has been

conpl etel y exhaust ed. N@thod step 300 depicts the start of the
process. Met hod p 302 depi s det er

I f_an f statigns
attached to a co EPTRESIRY ?%qﬁﬁﬁnﬁaﬁﬁhaggﬁs%?qg%%%1 gﬁﬁﬁ?e? bus. In
t he event trthGi'obdsvreésvane teqtiestpregseat;cessenttm .pr Moxes proceeds to

nmet hod step gpecific features of a PCI bus relevantl®o the 38¢eWBebRI N the
process dlrecl%_&pat th% PCl bu e
wil e set fort as necessary, below.-

With reference now to Figures 3A, 3B and 3C there is
depicted a high-level logic flowchart depicting the
method and process of the present invention. In the
following discussiop of Figures 3A, 3B and 3¢, reference
will be madg to creating queues and loadipg such queues.
It is to be understood that said creatind and loading of
queues indicates that such queues are created and loaded
at specific instances in time (as such instances in time
are defined in Figures 3A, 3B and 3C, e.g., as in method
steps 307 and 358) and that such queues are not reloaded,
nor are additional elements added to such queues until a
future instance in time as defined by Figures 3A, 3B and
3C, e.g., as in method steps 307 and 358. Furthermore,
those skilled in the art will recognize that the steps of
creating and loading queues could also refer to a set of
pre-existing queues which are loaded at a particular

~point in time and are not subsequently reloaded until
, said initial loading has been completely exhausted.

Method step 300 depicts the start of the process.
Method step 302 depicts determining if any of the
stations attached to a computer bus are requesting access
to the computer bus. In the évent that no devices are
requesting access, the process proceeds to method step



"parked” by sone selected PCI device. A PCl device knows that it is to park
the bus when that device's request granted signal (GNT) is activated

wi t hout such a device having previously activated its request bus access
signal (REQ . (Under PCI bus standards, there is a requirenent that when
the PCIl bus is idle that the PCI bus not be allowed to "float" (i.e., the
PCl bus is not left undriven electrical'lPy). PCl bus standards ensure that
the PCl bus does not float by requiring that some PCl device "park" the bus
when no device needs to use the PCl bus. A device "parks"” the bus by
electrically driving it.) Subsequent to nethod step 304 the process
proceeds to nmethod step 300 and continues fromthat point. In the
event that the determ nation shown in nethod step 302 determ ned that
certai n devi c@94wEhRaredR e iRRPosESedireata Watpdber PBLisbus Hee process
proceeds to nephokedt epy Itne uleededt op1 3.t S A( 9EOURS) i dd8cdRESE S

for access to t e n ra,ority level (how the priorit
level is detertiﬁgﬁegevn\nf)?]l@%e‘p&e&i‘ &gil%ng’(ljlgi'ﬁ %@tta}ﬁti VF'SFg?i’t(ﬁq‘f%StFi gﬁre 4, Y
bel ow) assi gngaaﬁbe@a%m&ﬂqu@&)né-sdévté@t% twithauh gucup nipwdaresi sting of
al| requests haofmgeyieesonily h@taa&eleari@é izté_q[dﬁ%‘ﬁebﬁs '\&éméﬂsb%_ti%a%m
creates queue re re ce each_queue, bein
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That is, if okB2brwhen ¢he FCHbuer isyidlethat &he PEFuwss inufk &ecess to a
conputer bus, albéwed b QVEIYELOT (1) eQYetRe VBdd L@ ¢E5CRLEIedd OnNe or nore
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bus. A device “parks” the bus by electrically driving

it.) Subsequent to method'step 304 the process proceeds

to method step 300 and continues from that point.

In the event that the determination shown in method
step 302 determined that certain devices were requesting
access to a computer bus, the process proceeds to method
step 306. Method step 306 sorts (groups) the requests

' for access to the computer bus based on a priority level
(how‘the priority level is determined will be explained
in detail in relation to Figure 4, below) assigned to
each requesting device, with each grouping consisting of
all requests from devices of the same priority .level.
Method step 307 creates queues wherein requests are
placed, with each queue being associated with the
priorities of the requesting devices in each'giouping.
That is, if one or more high priority devices are
requesting access to a computer bus, then a high priority
queue will be created; if one or more medium priority
devices are requesting access to a computer bus, then a
medium priority queue will be created, and if one or more
low priority devices are requesting access to a computer
bus, then a low priority queue will be created.



"Once such queues have been created, nethod step 308 depicts that the
requests are ordered in the created queues based upon a predetern ned
ordering schene (e.g., the devices attached to PCl bus 220 coul d be
nunbered 1 through 7, with it being understood that requesting devices are
to be arranged in their respective queues in the order fromthe | owest to

t he hi ghest nunbered). Met hod stéep 309 depicts setting a paraneter,
"current queue," to be the highest priority queue that was created in
met hod step 307. Met hod step 350 shows that in the event that a

device previously directed to "park” the PCI bus (e.g., as is done in

met hod step 304) just happens (by chance, since the fact that such a device
was first in the "current queue" is conpletely unrelated to the fact that
such a devi ce was Queevisogdl gudiieechave theemparkatefie mrdod stlep 8RE devi ce

at the top ofdéﬁ%tsme&l&%nthauga "eéa§naxté“%ﬁ%lek§dn9nn@§‘éj dra@eactivate the
par ki ng devi ce' uest %_Pante & fﬁ‘@g "&ﬁi al nce th fact that the
par ki ng devi ccﬁled‘lﬁfe eg; UPRB BoBTBFeY PE Frhﬁ%lﬁf Medi(€afes that the
devi ce is to the glexdwescatcsschedt be BCE .buen 22Becouh@rbéhanuhberedt Be devi ce

previously diggcheh b0 WRRRK tia&&&lmta&s%%a BRbt ARRRANstAhgt he top of the
"current que met hod 351 s OV\$ t hat parking device's request

ste
or At od (DTS STe 50 PoaAEHoUgs dEpEpoFRRT IS MEESBoddy | or
use. Mehehaurdsre £rof0 thel llevesat e rthephiighean dawwleteidlg t he request
whi ch appears at the top of the "current queue” (once a request has heen

renoved fromthe e t he nextb 3 | {ne request within the queue appears at
the top). od step 309 depicts setting,a parameter,

“current queue,” to be the highest priority queue that
was created in method step 307.

Method step 350 shows that in the event that a
device pfeviously directed to “park” the PCI bus (e.g.,
as is done in method step 304) just happens (by chance,
since the fact that such a device was first in the
“current queue” is completely unrelated to the fact that
such a device was previously directed to “park” the bus)
to be the device at the top of the “current queue” then
there is no need to deactivate the parking device’s
request granted signal (GNT), since the fact that the
parking device appears at the top of the “current queue”
indicates that the device is to be given access to the
bus. On the other hand, if the device previously
directed to “park” the PCI bus does not appear at the top
of the “current queue,” method step 351 shows that
parking device’s request gfanted (GNT) line is -
deactivated so that the PCI bus is made ready for use.

Method step 310 illustrates removing and granting
the request which appears at the top of the “current
queue” (once a request has been removed from the queue
the next-in-line request within the queue appears at the
top) .



‘Met hod step 352 depicts the inquiry as to whether any station, which has a
priority higher than that of the "current queue," is requesting access to
the PCl bus. |If the inquiry of nmethod step 352 did not indicate that one
or nore stations, with priorities higher than "current queue" are
requesting access to the PCl bus, the Process proceeds to nethod step 312.
If the inquiry of nethod step 352 resuffed in a deternination that one or
nore stations, with priorities higher than "current queue" are requesting
access to the PCl bus, nethod step 356 shows that such requests are grouped
based upon the priorities assigned to the requesting device in the sane way
as was explained in relation to nethod step 306. Method step 358 depicts .
that a queue is created for each of the higher priority requests (those

detected i n met hofesteph P 3aty IgPIGHB AN IRAHTY 8FehOIBFERFE t he sane
way as was expyashadiom, rnéliath drast @ pelonikstcghed®7thakt tisat sd2k1B3H9

illustrates &gg&réﬂe Sk %‘gg%a%%giﬁg AEI1d ¢t eRe 3Par aBgk 97 oyped in

met hod step 3 are then placed jn t ggeues created in nmethod step 358 in
an ordered f58Ri GRIRHENF Aethed FESRaFS 2 xPihnRtd IPALFREG FRAT 1S et hod
step 308. Af bermbhe stapiais,owith . prtibpitidsehighert hhapr bewssenyy oceeds to

et hod Step 2ur ave RIS S0cEIE DV H0E HELETERIIARA het her

t he requesti vi_ ce has ess to the conputer bus greater than a
prespeci f i edPEBFeeRe P JiptharkSteRmdddt off thhee 1BAuhRE: AR MeHPS equesting
device i s cospkpt 359 résubomibsin avdietbrminatitinczhed oyeidr descd i vating its
request bus 3eaessnsi dpftn @Hdricikl highdLUIRS AU LAR s tdhe
prespecified tinme prior tothe device relinquishing its atcess to the
conput er bus,retll'}ésg%%%e%%c?ﬁ%cfé’e@et SCHeR MRy MetERd3BHERMRT i FRINE  host

bri dge deact thatesuthereqpss iarg devuped vaseduepbn the priorities

assigned to the requesting device in the same way as was
explained in relation to method step 306. Method step
358 depicts that a queue is created for each of the
higher priority requests (those detected in method step
352, and grouped in method step 356) in the same way as
was explained in relation to method step 307. Method
step 359 illustrates that the requests detected in method
step 352 and grouped in method step 356 are then placed
in the queues created in method step 358 in an ordered
fashion identical to the way explained in relation to
method step 308. After the completion of method step 359
the process proceeds to method step 312.

Method step 312 shows the determinaticn of whether
the requesting device has had access to thé computer bus
for greater than a prespecified (by the programmer)
amount of time or whether the requesting device is
completing its access, which is indicated by it
deactivating its request bus access signal (REQ). If the
requesting time exceeds the prespecified time prior to
the device relingquishing its access to the computer bus,
the process proceeds to method step 314 wherein PCI host
bridge deactivates the requesting device’s request



18 granted line (GNT), and subsequently proceeds to nethod step 370.

|f the requesting device conpletes its access before the expiration of its
-al l ocated tinme and consequentl|ly deactivates its request bus access signal
(REQ, the process proceeds to nethod step 314 wherein PCl host bridge
deactivates the requesting device's reggest granted line (GNT), and
subsequent|ly proceeds to nethod step 370. If neither the requesting tine
exceeds the prespecified tinme nor the requesting device deactivates its
request bus access signal (REQ, the process stays at nethod step 312.

Met hod step 370 illustrates the inquiry as to whether one or nore higher
priority queues exist than the "current queue." Method step 370 is intended

to determne_if_on r_no i gher, priorit ueues wer.e created yia nethod
steps 35, 359e5E0d, Dlnd' vt O 05la BibBLldodhif iboiRhg 5 CReERd D o
hi gher pri or 6t¢pgdtles EXithte naguestdvgsdepics angwleteaeihodactess 372 which

ShQWS that " Béféﬁétt;l%leéé@ﬁiﬂa&i%ﬁ Ehedst o1idendiohesk ghiority queue in
exi stence, after whic

th rocess pr.oceeds t t hod step 310 and

conti nues erRP?ﬁgfe?E)¥n5§4%tlv£%ﬁsnl ﬁer%V¥ﬁ§:EﬁﬁtaFﬁgs?nﬁhﬁ??fiIIustrated
in method st éBEQYD the eprogrss tprdceeder o anethwsl HitgheBlérwherein queues t han
the "current pgdeHSst [HeL YO RETHINAE880EhE OrdRiiRd ngt 8Bv3dé: s Met hod
step 316 depicts_an |r$§gr wher%H&glt is.determned.if the "current queue”
's ompty. |1 TEHESRE FERRCR Y SR or ARAPRAS BEREIS: PEORRSGR dtR s
proceeds to method step IMB. Ii neishevethe teguesitdnycuinenexcprde” i s
found to be pRE BPRéYedi®idd QSRS nor the requesting device

deactivates its request bus access signal (REQ), the

process stays at method step 312.

Method step 370'illustrates the inquiry as to
whether one or more higher priority queues exist than the
“current queue.” Méthod step 370 is intended to
determine if one or more higher priority queues were
created via method steps 352-359, as explained above. In
the event that such one or more higher priority queues
exist, the process proceeds to method step 372 which
shows that “current queue” is switched to the highest
priority queue in existence, after which the process
proceeds to method step 310 and continues from that
point.

In the event that the inquiry illustrated in method
step 370 determines that there are no higher priority
queues than the “current queue” the process proceeds to

" method step 316. |

Method step 316 depicts an inquiry wherein it is
determined if the “current queue” is empty. If the
current queue is determined to be empty the process
proceeds to method step 318. - In the event that the

“current queue” is found to be not empty the process



19 proceeds to nethod step 310 and continues fromthat point.

Met hod step 318 determ nes whether one or nore lower in priority queues
than the queue just read from (in nmethod steps 312-316) have been created.
~If no such lower in priority queues have been created, the process proceeds
to method step 300 and continues fromthgt point. If method step 318
determ nes that one or nore lower in priority queues than the queue just
read from have been created, then nmethod step 320 sets "current queue" to
be the highest priority queue of the remaining lower in priority queues
that have yet to be exam ned. Subsequently, the process proceeds to nethod
step 310 and continues fromthat point. Referring now to Figure 4,
which is a high: | G110 r epi ¢t | : process

wher eby prior???%%%%#ékﬁg#%¥ﬁ$%éﬁggo?1?H%hgf# eﬁ%ﬁgsggéggggﬁﬂgquesting
access to a cBAPR®er bus. Method step 400 shows the start of the process.
Met hod step 402 illustrates creating an ordered |ist of the devices which
are requesting acGess,d sacegao?ﬁ‘ét 8k DYS: Yid %%Qﬁﬁk' §£e Oécf%?:% fl%%g}a | owest
ordi nal nunber device requesting access to a highest ordinal nunpber device
requesting actRsRrioRify queuss gé@ﬁn’éhet‘ﬂb&uealJFlsGeW%‘ésflf@\/e(lﬁr e- assigned
ordi nal ddesi gﬁéﬁh@séteﬁ\dﬂbﬂcd3?.5$phéeé BéesnVereatbdNg Bf zgf\éw:m tg :Je

exam ned" par re e t. [.r ' i at ar.der I st.

Met hod step 4%@%%01\7\5%lﬁ'eoré'leasle%eﬁéfﬁg#%?bete%etcgg?g%‘?t"t C r?%féaegf) priority
associ at ed wi PEOgerde dey meshogd pEepx3RP rRnf 'contdnues fxem thaitority

associ ated W pigach mewethods stepdsis adetsrifingsr 6ha®rodd & mikthod step
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have been created, then method step 320 sets “current

queue” to be the highest priority queue of the remaining
lower in priority queues that have yet to be examined.
Subsequently, the process proceeds to method step 310 and
continues from that.point.

Referring now to Figure 4, which is a high-level
logic flowchart depicting the method and process whereby
priorities are determined for the differing devices
requesting access to a computer bus. Method step 400
shows the start of the process. Method step 402
illustrates creating an ordered list of the devices which
are requesting access to a computer bus with the list
ordered from a lowest ordinal number device requesting
access to a highest ordinal number device requesting
access (it is to be assumed that all devicés have pre-
assigned ordinal designations). Method step 404 shows

' setting a “device to be examined” parameter to be the
first device in the created ordered list. Method step
406 shows the determination of the “static” (constant)
priority associated with the "device to be examined."
The “static” priority associated with each device is
locaded at configuration time.. Method step 408 depicts
the determination of whether a “dynamic” priority has



20, "been associated with the "device to be exam ned." A "dynam c"
priority is a priority that has previously been associated with a
requesting device by the PC host bridge, and is essentially a tenporary
change in priority level (a representative exanple of such an change w ||
be given belowin relation to Figure 5%0 I f method step 408 determ nes that
a "dynamc" priority is associated with”'the "device to be exam ned," then
met hod step 409 shows that the device is assigned its "dynam c" priority in
pl ace of its static priority, and such "dynam c" priority is used to
determ ne whi ch queue the request froma specific device is to be placed
in. Method step 410 depicts the detern1nat|on of mhether the ordered |ist

of requesting_devi ces has heen u d (i. riorities of all
requesting deffeRs W%@gn &?‘epﬁ‘f"' viqe tt°n oF BPERPEi'st Phas been
exhausted (i. édynamIC"prpralqrtlrte'smaaepbemuiettéuam hed) prehioymloc ésenpr oceeds
to rmt hod Ste&séé&é’d’éé SRS a &thlaet,@.ﬁglea&&ael By BAs petpdgen exhausted

(1. have not “been determ ned), nethod

e., all re ‘i% evice pHOHEé
step 414 sho g5 BFEERFL24LY| R FEPRETEXSHARERI" LD PEATIEY be t he
next device ibhevdke @fdmpm&slema;madexamlstdfsequhnahycnahﬁgqarvﬁaes&beproceeds

to method stepi AP ANbwIACERIAABATL PR BY. 17 meriB WediOWolg0 Figure
5, which is a artlale% ? erratlc re resent at,i on_ of one manner WhICh

requesting def b el advp Far%rl‘%&'rﬁ‘-ﬁ"aﬁ?%ﬁtﬁfi ("(Mlhch can
ei ther be a htlyhetderiicer |tbybboex&mined,'sarhsmmghodrseep "4 @hewspriority

which will reshld dpp ge@%@cgs akgayesy sl %X&. mﬁ?%ed%ﬂi%féy iy esent

i nvention. Illilstrate re 5. Ts ferred
embodi nent as® "-cpPFbPFi-?Yor?%é“SBQ ‘§Y’Eﬁmt%e ENRTAHYT ect
menory accessis used to determlne which queue the request from a

specific device is to.be placed in. Method step 410
depicts the determination of whether the ordered list of
requesting devices has been exhausted (i.e.,the
priorities of all réquesting devices have been
determiﬂed). If the ordered list has been exhausted
(i.e., all priorities have been determined), the process
proceeds to method step 412 and stops. If the ordered
list has not been exhausted (i.e., all requesting device
priorities have not been determined), method step 414
shows that the parameter “device to be examined” is set
to be the next device in the ordered list, and that
subsequently the process proceeds to method step 400 and
proceeds from that point.

Refer now to Figure 5, which is a partially

schematic representation of one manner in which a

' requesting device is assigned a temporary “dynamic”
priority (which can either be a higher priority for
faster servicing, or an “ignore” priority which will
result in a device’s request being ignored) by the
present invention. Illustrated in Figure 5 is a way in
which the preferred embodiment assigns a "dynamic®

priority on the basis of the DMA (direct memory access)



21 Del ayed Read Conpl etion operation of a PCl bus. Shown is an
partially expl oded view of PCl host bridge 215 of Figure 2, wherein is
enconpassed a PCl host-bridge arbiter 510 as well as a DVA controller 500.
DVA controller 500 is a feature of PCl well known in the art, and generally
consi sts of one or nore channel s mher%?y Direct Menory Access is allowed to
certain nenory devices on system bus 1 of Figure 2. In ordinary
operation, DVA controller 500 queries the appropriate nenory device on
system bus 211 of Figure 2 when a Direct Menory Access command appears on

t he PCl bus. At this point, it is helpful to identify, on a
conceptual |evel, what a DVA Delayed Read Conpl etion transaction is. The

PCl 21specdf|nsth Ielontransactlor-l
to control bus‘ig?{?:ém g(_c Cj[&blayggfar (%)Igt es tggg éeTE aé S of a
read access Ianomsrthallﬁempdeqowa@wceftw hegtiebrédaela? 15 mf a g| ven
amount of ti mguicaez;am@éeﬁms %&&@B&&%@dighééa%ﬁag‘!th a response

that the sendi n. RETRY | ater e ter evi ce goes. on to
try to retri ngf' %%‘gﬁ%t‘é"gﬁd& S P e?lmp'ﬁ SﬁdF% s[@?gon (often called
the "nast er" conhrbbher BICIip & Ifaatuyer of Gl veddchnowmelrs dihe ant,

rel i nqui shes ghiegBibr&LBy abhd ity B& bhe HCmdiesthhhhéne WHdrdyy 510 that

it no Iongeanee ccess%o t he .bus ?é <is‘_ﬁ:nl | ng Lts bus ac&:es.s request
signal (REQ: "E)eﬁ FOTY AgReafods Rylevs hefaif P h 9 SR®ng - poi nt s
in time, reqoessystendwss t2L) lof Figurand. vireordthahysopdrattigm ,alMat er 510
?rantts afcfsﬁohﬁrébfef%ot ﬁ%@dﬂlﬁ %ﬁdﬁ&a?ﬁ%@m?@ﬁ@eﬁc{@%?ﬁge t?ht he
arget station est i a. e a i s not ready, e
sendi ng st at Fgﬁ{:?@b&? d{] °$5§ﬂ“et ait“%ﬂ @ePJ-EFSEeﬁ%%‘F?Tg‘Ij Rgeqsson later. In
t he ordi naryceuiangd apppedrsigs WieePCLhbusdCl st andard, the

At this point, iE is helpful to identify, on a
conceptual level, what a DMA Delayed Read Completion
transaction is. Thé PCI 2.1 spec defines the concept of
a DMA Delay Read Completion transaction to control bus
efficiency.’ It basically states that when a target of a
read access knows that it can’t produce the requested
data in a given amount of time, the target replies to the
sending station with a response that the sending station
RETRY later (in the interim, the device goes on to try to
retrieve the requested data). When the sending station
(often called the “master” station in PCI parlance)
receives such a message, it relinquishes the PCI bus and
informs the PCI host-bridge arbiter 510 that it no longer
needs access to the bus by disabling its bhs access
request signal (REQ). Ordinarily, the sending station

- thereafter, at varying points in time, requests access to
the bus, and when PCI host-bridge arbiter 510 grants
access to the bus, the sending station again sends a
message to the target station requesting the data.

Again, if the data is not ready, the sending station is
told to “retry” the target (receiving) station later. 1In
the ordinary scheme of things under the PCI standard, the



.22 sendi ng station has no idea of when the receiving device will be
ready, ‘and thus blindly sends requests for PClI bus access, which often
results in wasted bandwi dth when the receiving (target) station still has
not retrieved the necessary data. The preferred enbodi nent does away
with this wasted bandwidth in that it ézements a schenme whereby the PCl
host -bridge arbiter 510 will not grant™t he sending station's subsequent
requests for access to the PCl bus until PC host-bridge arbiter 510
receives notification fromDVA controller 500 that the data has been

retrieved. In the preferred enbodi ment, DVA controller 500 has been
nodi fi ed such that when DNA controller 500 detects that a master attenpting.
a Direct anor Access ceived, RETEY ness%le neanj hat t he DVA
control | er 505 BEATDL S 358 dqGasPedinh & cﬁ’eY’c eﬁ’ﬁ&?et er ni ned

m ni mum anmounwidl be nreeadmd andushiusablihdly evedidsg retimeson &hoEAL RETRY to
access the dapgs! aééés)sf rv&m%ﬁ@m rRkh 8F s SO0 walsVBaCoRL &R A Wl

i medi ately coptacts ge ar I nf orms, P

A LN S IR T M A L R e P
(REQ shoul d bbei gecesghuintddtaDMA control l er 500 inforns PCl host-bridge
arbiter 510 otherwise in the fashi on now expl ai ned. In the preferred

bl ter 510 | nmed) THEIBF ARG DRRECOAFEF | L7om GgoK L bh s drasted
bandw1dth in that it presents a scheme whereby the PCI
host-bridge arbiter 510 will not grant the sending
station’s subsequent requests for access to the PCI bus
until PCI host-bridge arbiter 510 receives notification
from DMA controller 500 that the data has been retrieved.

In the preferred embodiment, DMA controller 500 has
been modified such that when DMA controller 500 detects
that a master attempting a Direct Memory Access has b
received a RETRY message (meaning that the DMA controller
500 cannot deliver the requested data in a certain
predetermined minimum amount of time, and thus that the
sending station should RETRY to access the data later)
from DMA controller 500, DMA controller 500 immediately
contacts PCI host-bridge arbiter 510 and informs PCI
host-bridge arbiter 510 that the sending station’s
request for bus access (REQ) should be ignored until DMA
controller 500 informs PCI host-bridge arbiter 510
otherwise in the fashion now explained.

In the preferred embodiment, when a DMA command
appears on the PCI bus, PCI host-bridge arbiter 510
immediately makes DMA controller 500 aware of the
identity of the device requesting DMA via “identity
(e.g., device number) of sending station” 504.
Thereafter, should DMA controller 500 detect that a
master attempting a Direct Memory Access has received a



-identity of the device requesting DVA via "identity (e.g., device nunber)
of sending station" 504. Thereafter, should DVA controller 500 detect that
a master attenpting a Direct Menory Access has received a

*23 RETRY nessage (meaning that the DVA controller 500 cannot deliver
the requested data in a certain predeEE#nined m ni nrum anount of tine, and
thus that the sending station should RY to access the data later) from
DVA control |l er 500, DVA controller 500 i mediately contacts PClI host-bridge
arbiter 510 and DVA controller 500 directs PCl host-bridge arbiter 510 to
"ignore transmt request fromsending station (i.e., fromthe device which

just received the DMA RETRY nessage) until further not i ce" 506. I n
response to "j re transmt re uest fr sendln on H).e., fromthe
devi ce which 5§ Peesrged (TeRe Sgﬂ ﬁrfa hEREARL i ce” 506

PCl host - brldﬂag-evarbtherréqthWded m gn a éd:yt:wum eredeternytiedf "ignore”
to such Send'rr{lguﬁlhﬁlt !a{ﬂBunﬁmbEhti%é' é%faliﬁuénﬂhéﬂlQﬁ@%@ﬂ&lh&qgéﬁéléﬁr PCl
bus access %9 ﬁg send] ng statlo t nored, this operation is

| ogi cal l'y eqﬁ HEnRETRY ¢ hR %%%?ﬁ%d: d?ﬁﬁs %kﬁﬁh qﬁ? B¥Rs from t he sending
station whi cleontsbliereb0ed Diie Rk RELBY E_eesagmdlat_ely coithaat HNVA

control |l er 5QQ:bﬁBQ€EEr§&§§ afﬁ%ﬂef'ﬁiodﬁhé bﬁArEBM€¥6§iE§b§60f0r a target

device from er reguest DVA had heen made, buf denied via
t he RETRY HE£G&§8 stﬁ@ﬁ oo IQ§bl§65 ﬁ}?thhrﬁ@ﬂPrPCFrﬂB§Tl%rldge
arbiter 510 treqoegtafremtsemdimg tdimtient (i.e., from the device which

just received the DMA RETRY message) until further
notice" 506. :

In response to “ignore transmit request from sending
station (i.e., from the device which just received the
DMA RETRY message) until further .notice":506 PCI host-
bridge arbiter 510 will assign a “dynamic priority” of
“ignore” to such sénding station, which will cause any
subsequent request for PCI bus access from such sending
station to be ignored, this operation is logically
equivalent to the masking of subsequent requests from the
sending station which just received the DMA RETRY
message.

When DMA controller 500 becomes aware that the data
is now available for a target device from which the
earlier request for DMA had been made, but ‘denied via the
RETRY message, then DMA controller 500 wili direct PCI
host bridge arbiter 510 to pay attention to the next
request for PCI bus access by that sending station which
originally requested the data from the target station via
"pay attention to sending station’s next request for
access" 508.

In response to "pay attention to sending station’s
next request for access" 508, PCI host bridge arbiter 510



request for PCl bus access by that sending station which originally
requested the data fromthe target station via "pay attention to sending

station's next request for access" 508. In response to "pay
attention to sending station's next request for access" 508, PCl host
bridge arbiter 510 24 assigns the

sending station a "dynam c" priority 094"higher than static priority," with
such "dynam c" priority continuing until the sending station is serviced
(all owed access to the PCl bus) and the pendi ng DVA operation conpl et ed.
Figure 6 illustrates the enpl oynent of an external arbiter 610. The
foregoi ng exanpl e has described a situation where the arbiter was interna

to the PCl host-, bridge 215. .Th killed jn the,art, wijl i ze that
the. funot] onsaBEIFER Hate (PHSEPSh SEREPPR e SYPBE: BEOEUI °F uot ac caci 1y

have been per fbighkelr byham statiitcepragratyal widhP€uchoddytanidye 215, where

such external parbiigf &Olidndibgnube: 20ENS RO didy 8BYti6h 08y HdrakiRy of a
parti cul ar syzt§£1 e referencgg conEone ts of Elgure 6 function exactly
as the |ike réPLIRYRL PG EDEFCE Bifle 38d LpeeBendtRT ™ functions of
PCl Host Bri dgpeXatidrercduflesred.now perforned by external arbiter 610.

Wth reference nowto the figures and in particular with reference nowto
Figure 7, there is_de icregdﬁ1pictorial sentatiop of a data-processing

r epr
system whi ch can DEAGHTY & ddUFtERLERIERT &R RE bt FXRRFnal

arbiter 610. The foregoing example has described a
situation where the arbiter was internal to the PCI host-
bridge 215. Those skilled in the art will recognize that
the functions performed by PCI host bridge arbiter 510
could just as easily have been performed by an arbiter
external to PCI host-bridge 215, where such external
arbiter could then be adjusted for any idiosyncracies of
a particular system: The referenced components of Figure
6 function exactly as the 'like referenced components of
Figure 5, except that the functions of PCI Host Bridge
Arbiter 510 are now performed by external arbiter 610.

With reference now to the figures and in particular
with reference now to Figure 7, there is depicted a
pictorial representation of a data-processing system
which can be utilized in accordance with the method and
system of an illustrative embodiment of the preéent
invention. The method and system provided by an
illustrative embodiment of the present invention can be
implemented with the data-processing system depicted in
Figure 7. A computer 720 is depicted which includes a
system unit 722, a video display terminal 724, a keyboard
726, and a mouse 728. Computer 720 may be implemented
utilizing any suitable computer such as the IBM RISC/6000
computer or IBM "Aptiva" computer, both products of
International Business Machines Corporation, located in
Armonk, N.Y. "RISC SYSTEM/6000" and "Aptiva" are



systemof an illustrative enbodi nrent of the present invention. The nethod
and systéem provided by an illustrative enbodi nent of the present invention
can be inplenented with the data-processing systemdepicted in Figure 7. A
conputer 720 is depicted which includes a systemunit 722, a video display
term nal 724, a keyboard 726, and a nouse 728. Conputer 720 may be

i npl emented utilizing any suitable comp@er such as the | BM Rl SC/ 6000
conputer or |IBM "Aptiva" conputer, both products of International Business
Machi nes Corporation, |located in Arnonk, N Y. "R SC SYSTEM,6000" and
"Aptiva" are ) 25 trademaks of

I nt ernati onal Business Machi nes Corporation. Figure 8 is an
illustration of a representative hardware environment which can be utilized
in accor dance Wradenaigkswathdatemaasisnam Bsiness Mashinesve enbodi ment of
the present ingeppdeatidri.gure 8 depicts sel ected conponents in conputer 720
in which an illustrative enbodi'dent of the present invention may be

i mpl emented. Systemunit 722 includes a Central Processing Unit ("CPU")

831, such as a convilguyusnmd#@ is enoplduvetrzatiommf & nepbesemffativeer units

interC0nPE;&fdhaféréﬁéﬂé?ﬁﬂﬁéhmﬁﬁg-wﬁ@&?uééﬁ BE%QtRmQhédfﬁnréﬁﬁgﬁaéﬁaégisf

Connett | ng. sysYERR b destis P Bvaren| S8 AinaFE3Bs"e SREent. o

839 for connecef ntheatesentalinyention. ( Figurelidslenhdts grlafttiedes 833) to

P20 CWhi ch can R il ey citave P ot

Conput or _har avEREeSITERE, & Hhey KERSpF ; Drarede, B R He AR S ot o1

vi deo di spl ay Systemainit J2@aingdudep| aceehtizialh Pracespingdinitor a gas
("CPU") 831, such as a conventional microprocessor, and a
number of other units interconnected via system bus 832.
Computer 720 includes'random-access memory ("RAM") 834,
read-only memory ("ROM") 836, display adapter 837 for
connecting system bus 832 to video display terminal 724,

and I/0 adapter 839 for connecting peripheral devices
(e.g., disk and tape drives 833) to system bus 832.
Video display terminal 724 is the wvisual output of
computer 720, which can be a CRT-based video display
well-known in the art of computer hardware. However,
with a portable or notebook-based computer, video display
termi%al 724 can be replaced with an LCD-based or a gas
plasma-based flat-panel display. Computer 720 further
includes user interface adapter 840 for connecting
keyboard 726, mouse 728, speaker 846, microphone 848,
and/or other user interface devices, such as a touch
screen device (not shown), to system bus 832.:

- Communications adapter 849 connects computer 720 to a
data-processing network.

Any suitable machine-readable media may retain the
method and system of an illustrative embodiment of the
present invention, such as RAM 834, ROM 836, a magnetic
diskette, magnetic tape, or optical disk (the last three



_pl.asma-based fl at-panel display. Conputer 720 further includes user
i nterface adapter 840 for connecting keyboard 726, nouse 728, speaker 846,
m crophone 848, and/or other user interface devices, such as a touch screen

-devi ce (not shown),

to system bus 832. Cbnnunications adapter 849 connects

conputer 720 to a data-processi ng network. Any suitable

machi ne-readabl e nedia may retain thesgethod and systemof an illustrative
enbodi ment of the present invention, such as RAM 834, ROM 836, a magnetic
di skette, magnetic tape, or optical disk (the last three

26 being located in disk and tape drives 833). Any suitable operating
system and associ ated graphical user interface (e.g., Mcrosoft W ndows)
may direct CPU 831. For exanple, the Al X operating systen1and Al Xwi ndows
wi ndowi ng sy$edmg( Loeatedriphiist augketapat érivee)83san dhnpcsuillRPB81. The

A X operat i ngeauatenyl Sydfh SddlRALILIGrQn e LK SRELAHAD SYStem

UNL X is atr

stens Laboratories nc. The RI SC Systeni 6000

system anon ebﬁherglcf%ﬁp &R REX b@ﬁ%ﬁlqﬂy §9§ten¥°€1her
t echnol ogi es exanmpaksothe AEXI¢p5xhbnmgcsypﬂemtanﬂ1ANKW&ndE&b831 such as

touch- Screenv}lﬁ%u@hgg Qieﬁuli?ré Vol ﬁ@@&i C’dsezl &n@@%ébé’ﬂc&?”pmer 720

I ncl udes a control

Control progldiest:

&

rog am 851 Whi‘ch r- des wthin ¢co ter storage 850.

BEn83d ns ?@f’sﬁ%f’i’-’&ﬁéqﬁtsmﬁ‘ &3eLBMER on CPU 831

carries out timplemensatbms afepild AINIXNopbeating eyslewchaUNEX ofs 4 gures 3A,
3B, 3C 4, ar&‘iraﬁeﬁnﬁ@kté‘f Ttk | S doemit 1eBBEACo A & 30E . Of T Wf &S > and 6 as
3ystem/6000 system, among others, can run on the AIX
operating system. Other technologies can also be
utilized in conjunction with CPU 831, such as
touch-screen technology or human voice control. In
addition, computer 720 includes a control program 851
which resides within computer storage 850. Control
program 851 containé instructions that when executed on
CPU 831 carries out the operations depicted in the logic
flowcharts of Figures 34, 3B, 3C, 4, and 5 and the
partially schematic diagrams of Figures 5 and 6 as

descri bed here

described herein.

Those skilled in the art will appreciate that the
hardware depicted in Figure 8 may vary for specific
applications. For example, other peripheral devices such
as optical disk media, audio adapters, or chip

programming devices, such as PAL or EPROM programming

devices well-known in the art of computer hardware, and
the like may be utilized in addition to or in place of
the hardware already depicted.

As a final matter, it is important that while an

illustrative embodiment of the present invention has

been, and will continue to be, described in the context

of a fully functional computing system, those skilled in



Those skilled in the art will appreciate that the hardware depicted in
Figure 8 may vary for specific applications. For exanple, other peripheral
devi ces such as optical disk nmedia, audio adapters, or chip programi ng
devi ces, such as PAL or EPROM progranm ng devices well-known in the art of
conputer hardware, and the |ike may be utilized in addition to or in place
of the hardware al ready depicted. 27 pAs a final matter, it is
important that while an illustrative enbodi ment of the present invention
has been, and will continue to be, described in the context of a fully
functional conputing system those skilled in

27 the art will appreciate that the mechanisnms of an illustrative
enbodi ment of the present invention are capable of being distributed as a
progr am pr oduthe iartawiddi eppreripbenthatyfde mechanismsg 2k @& i ve enbodi nent

0]1: the plr ezeniudat%tﬂl% é&gb&@ﬁeﬁﬁuéﬂﬁhé egeedhessnwdndfith raalz)atl cular type
of signal beari use carr ri;oution.
Exanpl es of s§ Pﬁénﬁeéfgg %&%d% reco%%’l'gﬁ{‘ﬂz’“B réﬁ%%?m 3 Such as

fl oppy disks, Vamej:ydlos‘ﬂ& foringes andDLREh/an wid-uﬁtﬁﬁ’éﬂ%sﬁmdtlﬂ?@tn@él a such
as digital aﬁ@h@ plrere Y &amahsﬁt appliwlei;uany regé/ﬂ‘ulé%st @f lr.msentl on has

been partlcular qﬁg and er.ence_t
enbodi nent , ’x'/gllﬁu GREE ??oﬁﬁ%? tl?'l%%ré'n?kfnﬁfiéa W‘lecfheo ) “F?ri? vari ous
changes in focr:anﬂandmtett@eI dimprihbubior. t [Rraspieqi of osignsdp Peainsirom t he

spirit and scpng Pfidditdeny@Bbr@dble type media such as floppy disks,
hard disk drives, CD ROMs, and transmission type media
such as digital and analogue communication links.

While the in&ent;on has been particularly shown and
described with reference to a preferred embodiment, it
'will be understood by those skilled in the art that
various changes in form and detail may be made therein
without departing from the spirit and scope of the
invention. o



CLAI M5 1. A nethod for allowi ng one or nore attached devices to access
a conputer bus, said nethod conprising the steps of: . __in.response to
pne or nore devi ces requesting access to sai d computer bus at a partlcular
instant in tinme, |oading one or nore prioritized que nul r" ND
requests for access fromone or nore degyi ces whose amn“mu n]m ll | evel s
correspond to a priority of a queue infTo which said requésts f'or Sacéess are
| oaded; and preferentially granting in a sequential fashion those
requests for access which are resident within a current queue until said
current queue is enpty, and thereafter granting at | east one request for
access froma lower in priority queue relative to said current queue before.
respondi ng to other requests for access such that at | east one request for
access is periodically granted fronggat@ger in priority queue relative to
said current queue.

i. A method for allowing'one or more attached devices to
access a computer bus, said method comprising the steps
of:

in response to one or more devices requesting access . ... .-
to said computer bus at a particular instant in time,

loading one or more prioritized queues with one or more
requests for access from one or more devices whose
assigned priorxrity levels correspond to a priority of a
queue into which said requests for access are loaded; and

preferentially granting in a sequential fashion
those requests for access which are resident within a
current queue until said current queue is empty, and
thereafter granting at least one request for access from
a lower in priority queue relative to said current queue
before responding to other requests for access such that
at least one request for access is periodically granted
from a lower in priority queue relative to said current
queue.



29 2. The nethod of Caim1, further conprising the steps of:
in response to one or nore devices with assigned priorities higher than—-—

said current queue and whose requests for access have no been
enqueued, requesting access to said conputer bus, | oadi nﬂmﬁ mgﬁb "cull
prioritized queues with one or nore requests for access ffom

nmore devi ces whose assigned priority P2vels are higher than said current
gueue and whose requests for access have not previously been enqueued with
sai d | oadi ng done in such a fashion that the priorities of said one or nore
requests for access fromsaid one or nore devices whose assigned priority

| evel s are higher than said current queue correspond to the queue into

whi ch said requests for access are | oaded,; resetting said current

. queue to a hi ghesﬁhsmew?@ oIS ¢ qG\éﬁ"eherar?&mprlsmﬁh%?%aﬁ%RS
“returning to o&:d preferentially granting step. 3. The nethod of Caim1l,
wherein said | oading one or nore prioritized queues with one or nore
requests for accesses fromone or nore devices whose assigned priority

- level s correspond &8 BEPPPRFE t§P ey CFuBRES |FRVECRIFi WhtRpepidfsts for
-access are | ogagdritepsinidher i siaidschitreri eueuel and whosecreating a

gueue for each %gg{:?tfo{e%&,? Xo;lu: MI%SI& ngﬁe&gﬂm {Hn t he

priorities assi 0 eac one- or vices re 1'ng access;

and requesting access to sa1 computer bus, loadlng one or
fnore prioritized queues with one or;more requests for .
access from said one or'more_devices.whoseﬁeeeiéned:
priority levels are higher than said cﬁrfeﬁtféueﬁe'and
whose requests for access have not previously been
enqueued with said loading done in such a fashion that
the priorities of said one or more requests for access
from said one or'more devices whose assigned priority
levels are higher than said current queue correspond to
the queue into which sald requests for access are loaded

resetting said current gqueue to a highest priority
non-empty queue; and

‘thereafter, returning to said preferentially
granging step.

3. The method of Claim 1, wherein said loading one or
more prioritized queues with one or more regquests for
accesses from one or more devices whose aséigned priority
levels correspond to a priority of a queue into which
said requests for access are loaded step further
comprises the steps of:

creating a queue for each discrete level of priority
which is present within the priorities assigned to each
of said one or more devices requesting access; and



placing, in an ordered fashion, requests for access from.said.one.or- nore

~devices in gueues correspondent to said one or nore d
priority |evels. 4. The met hod of Claim 1, wherei lﬂﬂiallﬂﬁm ni mlal |y
granting step further conprises the steps of; Ll

sequential fashion those requests for access whi ch are resi dent mnthrn a
current queue until said current queué s enpty; and . I f non-enpty
gueues exist that are lower in priority than said current queue, granting a
previ ously ungranted request for access which is resident within a
non-enpty -queue that is lower in priority than said current queue. 5.
The nmethod of Claim2, wherein said Ioading one or nore prioritized queues

with one or nore requests f.or accea rﬁg%é}ld one or devi ces whose
assigned priority ® Prard AfgRé erRd ﬁ?nchFgﬁ?sEﬁ; &rFS@Tose
requests for fxomrssmithonenctr porei devigedeon quegeas uedrsisgorideritheo

conpr i ses t heggi @Rt Qfr more aekilcb8SPABSSIM PSoLicyI& U] ces, whose

requests for access have not previously been €nqueued, requesting access to
said conputer bus at another particular instance in tine, creating a new
queue for each. di stheetmetheodelofolCladmdl prilsretin beié| préfetertded lyeen

assigned to saj C not been enqueued
ghéhdfd GRS hE%qE':gﬁbﬁééH EHRCEESpR AL,

and are higheT 1n priority than said current queue pl acing, in
an ordered fashion, said requests for access fronisard devi ces whose
requests have not granting in a sequential fashion those requests for

access which are re81dent w1th1n a current . Queue unt11
said current queue is empty, and -

if non-empty queues exist that are lower in priority
than said current queue, granting a previously ungranted
request for access which is resident within a non-empty
queue that is lower in priority than said current queue.
5. The method of Claim 2, wherein said loading one or
more prioritized queues with one or more requests for
access from said one or more devices whose assigned
priority levels are higher than said current queue and
whose requests for access have not previously been
enqueued step further comprises the steps of:

in response to one or more devices, whose requests

for access have not previously been enqueued, requesting
access to said computer bus at another particular
instance in time, creating a new queue for each discrete

- level of said.priority levels that have been assigned to
said devices whose requests for access have not been
enqueued and are higher in priority than said current
queue; and

placing, in an ordered fashion, said requests for
access from said devices whose requests have not
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31 previ ously been enqueued into said created new queues with priority
levels correspondent to said priority levels assigned to said devices whose
requests have not been previously enqueued. 6. The -nethod of "Claim3

wherein said creating a queue for each discrete | evel of Lord agh is
present within the priorities assigned to each of sai ﬂ““ﬁ“m“mmmlml ces
requesting access step further conprisé? the steps of: c Limresponse to
one or nore devices requesting access to said conputer bus at a particular
instance in tinme, assigning a priority level to each of said one or nore
devi ces requesting access to said conputer bus; and In response to
sai d assigning step, creating a queue for each discrete |evel of said .
assigned priorities which is present_within the priorjities assigned to each

of said one oPTEYieugéybeen rerfHauetdrkoc8asd creatpde NRKI BT C ai m 6,
wherein sai d agshgprigritprievely doxvimlspephdent utd eridc pmporses t he steps

of : aSSAYAE 8818008 B0 AU1d adviLel os@hcllestal HaPlH MM e

devi ces requesting acces response to a e fromwhich data is

request ed bei ReeBneBE¥icwskyteraueuadd request for data within a

prespecified time, tenporarily assigning a dynamc priority of ignore to
sai d device maégi ngﬁgi ﬂe&ﬁtg&eéf éﬂmg%t %e?'@gn said creating a queue
for each discrete level of priority which is present
within the priorities assigned to each of said one or
more devices requeétipg access step further comprises the
steps of: '

in fesponse to one or more devices requesting access
to said computer bus at a particular instance in time,
assigning a prioritx level to each of said one or more
devices requesting access to said computer bus; and

i

in response to said assigning step, creating a queue
for each discrete level of said assigned priorities which
is present within the priorities assigned to each of said
one or more devices requesting access.

1
7. The method of Claim 6, wherein said assigning a
priority level step further comprises the steps of:

assigning a static priority level to each of said
: {
one or more devices requesting access;

in response to a device from which data is requested
being unable to satisfy said request for data within a
prespecified time, temporarily assigning a dynamic
priority of ignore to said device making said request for
data; and



32 in response to a device which was previously assigned-a—
priority of ignore subsequentl-w beconing able to sati-sfy” a request for data

whi ch caused sai d devi ce to be aSS|gned a priority o ﬁrlly
assigning a hl-ﬂhggaéaﬂislﬂe adi § devi ce which was \“}w d a

priority of |gn nethod of Caimb5 mher ard c*eétlng a new
queue for each of sai d r|or|ty | evel s that have been
assigned to sal ose requests for access have not been enqueued
step further conprlses the steps of: I n response to one or nore

devi ces, whose requests for access have not previously been enqueued,
requesting access to said conputer bus at another particular instance in
time, assigning a,priority level to each of said one or re devi ces whose

requests for accel FERRPURR tH &vESYLFS WRtih HAFLETEYIOUAYY in
response to aastigaediarpmigrsiityp ofc igabragsubsppuentilyr beachinyg sablt e | evel

of sai d assi gaedapiifl id | ARMCC oS GBEE SRR ol dalsdl Qslara@eﬁeéeéoaswned

to each of sald one evl ces regpestlng access e met hod of
O aim 8, whePBi ASELIRPA & RFHFGEY B oPTPYR1 HRTPZRZpL Yu?‘?ﬁ@n%ﬁl ses the
steps of; high pssopityn o sstidl deviice owhich lveselprevieasbyof said one or

nmor e devicesagggaﬁé&iégbfggyggy of ignore.

8. The method of Claim 5 wherein said creating a new
queue for each discrete level of said priority levels
that have been assigned to said devices whose requests
for access have not been enqueued step further comprises
the steps of:

in response to one or more devices, whose requests
for access have notlpréviously been enqueued, requesting
access to said computer bus at another particular
~instance in time, assigning a priority level to each of
said of one or more devices whose requests for access
have not previously been enqueued; and

in response to said assigning step, creating a queue
for each discrete level of said assigned priorities which
is present within the priorities assigned to each of said

one or more devices requesting access.

9. The method of Claim 8, wherein said assigning a
priority level step further comprises the steps of:

assigning a static priority level to each of said
one or more devices requesting access;

in response to a device from which data is requested
being unable to satisfy said request for data within a
prespecified time, temporarily assigning a dynamic
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ih‘response to a device fromwhich data is requested being unable to
satlsfy said request for data within a prespecified time, tenporarily
assigning a dynam c priority of ignore to-said device naklng

said request for data; and in response to a devi
previously assigned a priority of ignore subsequently bEMMﬁ“‘W‘HH“‘
satisfy a request for data which caused33aid device to sSihgned & *
priority of ignore, tenporarily assigning a high priority to sald devi ce
whi ch was previously assigned a priority of ignore.
34 10. An apparatus for allow ng one or nore attached devices to
access a conputer bus, said apparatus conprising:

priorigy;ef ignore to said device making said request for

data; and

in response to a device which was previously
assigned a priority of . ignore subsequently becoming able
to satisfy a request for data which caused said device to
be assigried a priority of ignore, temporarily assigning a
high priority to said ‘device which was previously
assigned a priority of ignore.:



means, responsive to one or nore devices requesting access to said conputer
bus at a particular instant in tinme, for |oading one or-nore.prioritized
queues with one or nore requests for access fron1o re devi ces whose
assigned priority levels correspond to a priority m&w JM i ch
said requests for access are | oaded; and means HMaIIy
granting in a sequential fashion those 84quests for access ich are
resident within a current queue until said current queue is enpty, and
thereafter granting at | east one request for access froma |lower in
priority queue relative to said current queue before responding to other
requests for access such that at | east one request for access is
periodically granted froma lower in priority queue relative to said
current queuelo An apparatus for allowing one or m8be attacHdd The

appar at us of %Ocof d;eg%r C%%FhééPQF]us, said GPpRSa thEsponsive to one
or nore deV|ces W th assigned priorfties higher thah sald current queue and
whose request SOPRFLI%M%ss have not previousiy been enqueued, for requesting
access to said conputer bus, for |oading one or nore prioritized queues

with one or nore r % sg; n%‘i%%S%ofSR@éﬁg%x%“ae%cQBrfeQ@é%ﬁ 0v\/nose

assigned priority her "t han sai urrent queue~an
requests for BCERIS %@%F%\P@\Fﬁa‘ug}lﬁ ¥ech W&&S&éﬁrm}?ﬂt%‘? &% oadi ng
done in such eiteshfan Jtdmutghenpr oar mbre prifordzidednquenesorith emeest s for

access f10m Sg}Uu@he Ao By $BY GeTUEOBFok BHeIBEInBLL CBdticd Vel s are
hi gher than sal curren queue
whose a951gned priority levels correspond to a priority

of a queue into which said requests for access are
loaded; and ’

means for preferentiélly granting in a sequential
fashion those requests for access which are resident
within a current queue until said current queue is empty,
and thereafter granting at least one request for access
from a lower in priority queue relative to said current
queue before responding to other requests for access such
that at least one request for access is periodically
granted from a lower in priority queue relative to said
‘current queue.



correspond to the queue into which said requests for access are.loaded; "
heans for resetting said current queue to a hi ghest prlorrty non- enpt

queue; and means for, thereafter, returning to “‘m\‘ﬁ\“\
preferentially granting. 12. The apparatus of Clainrza“‘ ‘

means for | oading one or nore prioritized queues with ne* orc myre" re uest s
for accesses fromone or nore devi ces $Rhose assi gned pr brrty | evel s
correspond to a priority of a queue into which said requests for access are
| oaded further conprises: means for creating a queue for each
discrete level of priority which is present. within the priorities assigned
to each of said one or nore devices requesting access; and

means for placing, in an ordered fashion, requests for access from said one
or nore devi dds |ﬁh9ué99%r%6¢$e%%dﬁhﬁﬁt1@@ Eurthemeoprisiagdevi ces’
assigned priority levels. A13.  The apparatus of Caim 10, wherein said

means for prefereptially, graifing fa the' o£OHRLd $R¥ices with
assigned priorities higher than said current gqueue and
whose requests for access have not previously been
enqueued, for requesting access to said computer bus, for
loading one or more prioritized queues with one or more
requests for access from said one or more devices whose
assigned priority levels are higher than said current
queue and whose requests for access have not previously
been enqueued with said loading done in such a fashion
that the priorities of said one or more requests for
access from said one or more devices whose assigned
priority levels are higher than said current queue
correspond to the queue into which said requests for
access are loaded;

means for resetting said current gqueue to a highest
priority non-empty queue; and

means for, thereafter, returning to said means for
¥
preférentially granting.

12. The apparatus of Claim 10, wherein said means for
loading one or more prioritized queues witﬁ one or more
requests for accesses from one or more devices whose
assigned priority levels correspond to a priority of a
queue into which said requests for access are loaded
further comprises:

means for creating a queue for each discrete level
of priority which is present within the priorities
assigned to each of said one or more devices requesting
access; and



‘means for granting in a sequential fashion those requests for access which
“are resident_within a current ueue until said current queue. Ls-eﬂpty —and

Jreans for, if hon- e égﬁg eX|st that are lower in priority' t han sald
current queue, iously ungranted request ‘[ ﬁmﬂm\s\ |s
resi dent W|th|n eue that is lower in prlo\m“

current queue pparatus of éPaim 11, wherein %aid teafs

| oadi ng one or nore prioritized queues with one or nore requests for access
fromsaid one or nore devices whose assigned priority |evels are higher
than said current queue and whose requests for access have not previously

been enqueued further conprises: nmeans, responsive to one or nore .
devi ces, whose requests_for access have not reV|ou |,y been engueued,
requesting access™e8neafor RIARANT P 28t OFH PeuF&FUeSE? ance in

time, for crdax agcasaefiromesseid mneemhmdrecdet:e:dse\ial qaéueaid priority
| evel s t hat %\é@egg éﬁél‘géleéia d)ca@ld} ﬂSiééC&évi@H%sea%Eﬂgﬁ%&S for access

have not been en are in priority than's current queue;
and prio 1tY ev%%%ns, for placing, in an ordered fashion, said _
requests for access fromsaid devices whose requests have not previously

been enqueueq i nt gpsal &fé%ﬁ§3 f‘ é%ﬁ?&%s wﬁ%gbe'ea;gt§e£§¥e£
correspondent tog sald lorit e S assigned t0 sai eV|Ces whose
request s hav PLederentially grantzng further comprlses.

means for granting in a sequential fashion those
requests for access which are resident within a current -
queue until said current queue is empty; and

means for, if non-empty queues exist that are lower
in priority than said current queue, granting a
previously ungranted request for access which is resident
within a non-empty queue that is lower in prlorlty than '
said current queue.

14. The apparatus of Claim 11, wherein said means for
loading one or more prioritized queues with one or more
requests for access from said one or more devices whose
assigned priority levels are higher than said current
queue and whose requests for access have not previously
been enqueued further comprises:

means, responsive to one or more devices, whose
requests for access have not previously been enqueued,

‘ requesting access to said computer bus at another
particular instance in time, for creating a new queue for
each discrete level of said priority levels that have
been assigned to said devices whose requests for access
have not been enqueued and are higher in priority than
said current queue; and
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been previously enqueued. 15. The apparatus of Claim 12 wherein said
freans for creating a queue for each discrete level of priority whichis —

present within the priorities assigned to each of said ces
requesting access further conprises: nmeans, resHmﬂm lﬂm&ﬁﬁm
nore devi ces requesting access to saidsgonputer bus at & paercu

Instance in time, for assigning a prlorlty | evel to each of said one or
nore devi ces requesting access to said conmputer bus; and nmeans,
responsive to said assigning, for creating a queue. for each discrete |evel
of said assigned priorities whicAis present within the priorities assigned
to each of said one or nore devices requesting access. 16. The appar at us

of Claim 15, wherein sm% gns for ass“g %I% % fl | eve] further
conpri ses: Fr PAESEGHr nd? 28 (ORI Hr FEPRISE1 &A% t 0 each of
sai d one or nneeuelewm remesst Engmagzid gdevices whaserssquesiisohaivee to a

device from whhe hpf@\}:\%dsslyr %ﬁshﬁ&uéééd‘&dﬁba%hgdt eréaéééfﬁews Yudukgauest
for data mnthln a rgs ecified_tine, for Qfg&prarl X asskgpln a
REPLACEMVENT <ViEER priority levels cokrespondent to said pri

levels assigned to said devices whose requests have not
been previously enqueued.

15. The apparatus of Claim 12 wherein said means for
creating a queue for each discrete level of priority: |
which is presenf within the priorities aésigned to each
of said one or more devices requesting access further.
comprises: '

means, responsive to one or more devices requesting .
access to said compﬁter bus at a particular instance in
time, for assigning a priority level to each of isaid one

'~ or more devices requesting access to said computer bus;
and

means, responsive to said assigning, for creating a
queue for each discrete level of said assigned priorities
which is present within the priorities assigned to each
of said one or more devices requesting access.

16. The apparatus of Claim 15, wherein said means for
assigning a priority level further compris%s:

means for assigning a static priority level to each
of said one or more devices requesting access;

means, responsive to a device from which data is
requested being unable to satisfy said request for data
within a prespecified time, for temporarily assigning a



dynami ¢ priority of ignore to said device making said request for data; and

“means, responsive to a device which was previously assigned a priority of
‘ignore subsequent 'y becon1ng able to satisfy a reque

caused sai d deyj C?Hats%eéil%@’&‘s“ gned a priority of |gno E‘l‘ ﬁg“ mmy
assigning a 0 said devi ce whi ch was p @SSs gned a
priority of ?&ﬁ Bm!!khe appar at¥®¥s of O aim 14 wherein said neans for
creating a ne h discrete | evel of said priority levels that
have been aSS|gned to sai d devi ces whose requests for access have not been
enqueued furfher conprises: means, responsive to one or nore

devi ces, whose requests for access have not previously been enqueued,
requesting access to said conputer bus at another particular jnstance in
tinme, for asSVEATHY REINTIGY OQF HeReret bo ctridl Gevispdmakingrsadt e devi ces
whose requesteghest afsestadsmvandt previously been enqueued; and

nmeans, responsive to means for assigning, for creating a queue for each

di screte level of said assigned priorities which is present within the
priorities assi griRRRRy HERIPBISLYS §ooRcdefiom whbighy WassPYeYiRIIhg access.

18. The appaastigned -Q;m:rarh}.y WIS iehore asubspRatiler bassnlng ngoke priority
level furtheE CQQEE&EF 4 request for data which caused said deé%ce to

be assigned a priority of ignore, for temporarily

assigning a high priority to said device which was

previously assigned a priority of ignore.

17. The apparatus of Claim 14 wherein said means for
creating a new queue for each discrete level of said
priority levels that have been assigned to said devices
whose requests for access have not been enqueued further
comprises:

means, responsive to one or more devices, whose
requests for access have not previously been engqueued,
requesting access to said computer bus at another
particular instance in time, for assigning a priority
level to each of said of one or more devices whose
requests for access have not previously been enqueued;
and

means, responsive to means for assigning, for
creating a queue for each discrete level of said assigned
priorities which is present within the priorities
: assigned to each of said one or more devices requesting
access.

18. The apparatus of Claim 17, wherein said means for
assigning a priority level further comprises:

THIS SHEET HAS BEEN |
REPLACED




means. for assigning a static priority level to each of said_one or._nore
devi ces requesting access; nmeans, responsive to a device from which
data is requested being unable to satisfy said requtﬂl]lmnlluu wmlml n a
prespecified time, for tenporarily assigning a dyna gnor e
to said device naking said request for gata; and nmeans, respon5|ve
to a device which was previously assigned a priority of ignore subsequently
becom ng able to satisfy a request for data which caused said device to be
assigned a priority of ignore, for tenporarily assigning a high priority to
sai d device which was previously assigned a priority of ignore.
REPLACEMENT SHEET 40 19. A program -
roduct for a co t I aghe vices to
P ;TR\EE\SE £ §£H%§ar§# aP‘M t18c rﬂ{rﬂ?&r Gie%*e& £8edy Qﬁ

access a conmpute us;rsard pro
responsi ve t ®fogaie r°ﬁ9r@rd§9¥%e‘§e‘ﬂé€ft?e§teﬁﬁgs‘a%‘&§qeésgal d corrput er bus at
a particular instant in tine, for loading one or nore prioritized queues

W ih one or ore GESHES! Selobashess, 'Y GRR0E AT HoNeES hose

assigned priority T evels correspon prioril uede into which
sai d request§€H@ﬁs§§§e§§1%9eu$%kkﬁxF° satist fﬁﬁqusﬁéféﬁﬁnﬂaéﬁly

granting in arigedueat pfesheeIfDed i, FORUESIorafi1gCaessghihgaare
resident dynamic priority of ignore to said device making said

request for data; and

means, responsive to a device whidh was previously
assigned a priority of ignore subsequently becbming able
to satisfy a request for data which caused said device to
be assigned a priority of ‘ignore, for temporarily
assigning a high :priority to said device which was
previously assigned a priority of ignore.



within a current queue until.said current queue is enpty, and thereafter™

~granting at |east one request for access froma | ower in prJrerr’fy queue

relative to sald cur r ats Qldegadeef or e responding to other requ \“&
access such that™ equest for access is perr m
froma lower in p “ ﬁggrelatlveto said current

signal bearing ne d means*¥ or | oadi ng, and * rreéns for
preferentially granting. 20. The program product of Caim 19
wherein said signal bearing nedia conprises recordabl e nedia. 21. The
program product of Claim 19 wherein said signal bearing nedia conprises

~ transm ssion nedia. 22. The program product of C aim 19, further

' conpri sing: means, responsive to one or nore devices with assigned
priorities higfer. AtPEATEAN PROGUCEnEoFURBLECEHRE 1SS 0T BetR ststadhediccess

have not prevideustys beerasiupse e dorpatereuestsaigl progsamt praduct conput er
bus, for |oadjpg Qggrgi m)re prioritized queues with one or nore requests
for access from sard Ohe nore devi ces whose assigned priority levels are
hi gher than said current queue and whose requests for access have not

previously been engesned médporsdive lteadhnegoramerd devticls aré@udstoing hat t he
priorities of jaaLdy %&ﬂzd;‘rlfot%ﬁ%%ﬁfs?aggr%a&%ﬁ% LaM 58t dhong, or nore

devi ces whose assigned ]I_O an sard current queue
time, for locading one or more pr:.orlta.zed queues with one

or more requests for ‘access from one or more devices
whose ass:.gned pr:r.or:l.ty levels correspond to a priority
of a queue 1nto which said’ requests for access are
loaded;

means for pfefefentially'granting in a sequential
fashion those requests for access which are resident
within a current queue until said current queue is empty,
and thereafter granting at least one request for access
from a lower in priority queue relative to said current
queue before responding to other requests for access such
that at least one request for access is periodically
granted from a lower in priority queue relative to said
current queue; and

signal bearing media bearing said means for loading,
and means for preferentially granting.
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‘correspond to the queue into which said requests for acceds are | oaded;-
means for resetting said current queue to a highest .pri-ority non-enpty
queue; and nmeans for, thereafter, returning t ' mmﬂéi‘l
preferentially granting. 23. The program product og‘mﬂm REi n
said neans for |oading one or nore prigritized queues’ ond' o nore
requests for accesses fromone or nore devices whose assigned priority

| evel s correspond to a priority of a 42
queue into which said requests for access are | oaded further conprises:
means for creating a queue for each discrete |level of priority which is
present within the priorities assigned to each of said one or nore devices-
requesting aceessirhaNgrogram pr&aRs fo¥r cphadi 19 whdredn 8hgRr 8dghashi on,
requests for acces.s—-ff"r’gm sai d one or. m)rgagfvi ces i n queues correspondent
to said on opeﬁgﬁggdgl? £8s%! _j%?sllsger?e&'eﬁf’lr r ?/ T8 s. 24. The program
product of Claim19, wherein said neans for preferentially granting further
conpri ses: 21. The program product of Claim 19 wherein said signal

bearing media comprises transmission media.
22. The program product of Claim 19, further comprising:

means, responsive to one or more devices with
assigned priorities higher. than said current queue and
whose requests for access have not previously been
enqueued, for requesting access to said computer bus, for
loading one or more prioritized queues with one or more
requests for acceés.from said one or more devices whose
assigned priority levels are higher than said current
queue and whose requests for access have not previously
been enqueued with said loading done in such a fashion
that the priorities of said one or more requests for
access from said one or more devices whose assigned
priority levels are higher than said current queue
corregspond to the queue into which said requests for
acceds are loaded;

means for resetting said current queue to a highest
priority non-empty queue; and .

4

means for, thereafter, returning to said means for
- preferentially granting. '

23. The program product of Claim 19, wherein said means
for loading one or more prioritized queues with one or
more requests for accesses from one or more devices whose
assigned priority levels correspond to a priority of a



means for granting in a sequential

_Aare resident within a current queue until said current ueue |s e

means for,

i f non-enpty queues exist that are | ower

current queue, granting a previously ungranted reques nt
resident within a non-enpty queue that is lower in pr|0r| han sai

current queue.

d

and
ald
h S

25. The program produd® of daim 22, mhereln sai d neans

for |l oading one or nore prioritized queues with one or nore requests for

access fromsaid one or

hi gher than said current queue and whose requests for access have not
previ ously been enqueued further conprises:

means, responsive to one or nore devices, whose requests for
access have nmeys evitousihicbesnidnyeguests fogquascesy ans dsmded sai d
conput er bus firaH RmpRdkkiscul ar instance in tine, for creating a new
queue for each discrete level of said priority |levels that have been
assigned to said devices whose requests for access have not been enqueued
and are hi gher in mgangy ifioy cheatiagdacaueusntfogqueaech dimbrete levedns for

43

placing, in age QheRnHAG %%HbﬁnmssﬁtéséﬁﬂuﬁikanfEﬁe

nore devi ces whose assigned priority levels are

s il sai d devi ces

0 said cregted new

wh t h d
aveues. &qijﬁsp?%fsﬁiﬁ"%&pr Eh. BT B o BOLR, Gl Rgpeesting

access; and

means for placing, in an ordered fashion, requests
for access from said one or more devices in queues
correspondent to said on or more devices’ assigned
priority levels.

24. The program product of Claim 19, wherein ‘said means
for preferentially granting further comprises:

means for granting in a sequential fashion those
requests for access which are resident within a current
queue until said current queue is empty; and

means for, if non-empty queues exist that are lower
in priority than said current queue, granting a
previously ungranted request for access which is resident
within a non-empty queue that is lower in priority than
said current queue.

25. The program product of Claim 22, wherein said means
for loading one or more prioritized queues with one or
more requests for access from said one or more devices
whose assigned priority levels are higher than said
current queue and whose requests for access have not
previously been engueued further comprises:



.-enqueued 26. The program product of C ai m 23 wherein-said reans for
.creating a queue for each discrete level of priority Eﬂ“W““
within the priorities assigned to each of said one orm\\m
requesting access further conprises: means, respenstve td ofie or
nore devi ces requesting access to said 48nputer bus at a particular
instance in time, for assigning a priority level to each of said one or
more devi ces requesting access to said conputer bus; and, nmeans,

i responsive to said assigning, for creating a queue for each discrete |evel
of said assigned priorities which is present wwthin the priorities assigned.

to each of said one or .nore devices requesting access.
44 27. The progeeen preshensiyle Goapre 2ot ugrer deMicesd wiess for

assigning a p'.‘cb@;ﬁéét’s'ﬁdﬁ'aéé&é&ﬂav@oﬁaﬁlﬁﬂévlously be8RadsqidiiedSSi gni ng a
static pl’l ori tr\éﬁgevel {0 ea VI ce request I Ng

access, 5ﬁ§ln$e%°p%eﬁ%ﬁ %58"}?%%&?”?)&71 i 2R°HER i s request ed
bei ng unabl e perticutiy mm&mu@ttlmsv ﬂtaxacmatthng a peespie ifod ti ne,
for tenporari kycAsaisdide aSHNABLC sAiE0pHdridly NekeLs tvasaif,Levice
naklng sai d
been assigned to said devices whose requests for access
have not been_enqueued and are higher in priority than

said current queue; and

means for placing, in an ordered fashion, said
requests for access from said devices whose requests have
not previously been epqueued into said created new queues
with priority levels correspondent to said priority
levels assigned to said devices whose requests have not
been previously enqﬁeued. i
26. The program product of Claim 23 wherein said means
for creating a queue for each discrete level of priority
which is present within the priorities assigned to each
of said one or more devices requesting access further
comp?ises:

means, responsive to one or more devices requesting
access to said computer bus at a particular instance in
time, for assigning a priority level to eﬁéh of said one
- or more devices requesting access to said computer bus;
and

means, responsive to said assigning, for creating a
queue for each discrete level of said assigned priorities
which is present within the priorities assigned to each
of said one or more devices requesting access.



‘request for data; and means, responsive to a devicewhiTtTh Was

.-previously assigned a priority of ignore subsequent ' to
.satisfy a request for data which caused said devi cgmgﬂmﬂgwm{gﬁm&a
priority of ignore, for tenporarily assigning a hi cl sal d
devi ce which was previously assigned a priority of ignore. 28. The
program product of Claim 25 wherein saﬁ% nmeans for creating a new queue for
each discrete |level of said priority levels that have been assigned to said
devi ces whose requests for access have not been enqueued further conprises:
means, responsive to one or nore devices, whose requests for access have
not previously been enqueued, requesting access to said conputer bus at

anot her particular instance in time, for _assigning a priority level to each
of said of orfd-or Ther Bragyae Rrefite afefdains ?orWlEﬁkeééis SRadempans

previ ously be& asgliigHeAy angriority level further comprises: - 45 _
means, responsive to neans for assigning, for creating a queue for each
discrete level of said assigned priorities which is present within the
priorities assignegaps éexhresigming cnetariavpelerititdevedqtieseraly access.
29. The progrormspiadufie 6f wdvé Nedficedheeguestingl dBwaRs;for assigning a
priority level further conprises: ' |
means, responsive to a device from which data is
requested being unable to satisfy said request for data
within a prespecified time, for temporarily assigning a
dynamic priority of ignore to said device making said
request_for data; and

means, responsiQé to a device which was previously
assigned a priorityiof ignore subsequently becoming able
to satisfy a request for data which caused said device to
be assigned a priority of ignore, for temporarily
assigning a high priority to said device which was
previously assigned a priority of igmnore.

28. The program product of Claim 25 wherein said means
for creating a new queue for each discrete level of said
priority levels that have been assigned to said devices

whose requests for access have not been enqueued further
comprises:

means, responsive to one or more devices, whose
requests for access have not previously been engueued,
' requesting access to said computer bus at another
particular instance in time, for assigning a priority
level to each of said of one or more devices whose
requests for access have not previously been enqueued;
and



‘means, for assigning a static priority level to each of said one or

nor e

-devi ces requesting access; nmeans, responsive to-a-device fronlmhlch

data is request ed bei ng unabl e to satlsfy sai d request for
prespecified time, for tenporarily assigning a dynanlﬁ quﬂu‘iﬂmgul

to said device nmaki ng sai.d request forEpata and

ore
eto

a device which was previously aSS|gneJLa priority of ignore subsequently
becom ng able to satisfy a request for data which caused said device to be
assigned a priority of ignore, for tenporarily assigning .a high priority to

sai d device which was previously assigned a priority of

I gnor e.

mg;gs; responsive to means for assigning, for

creatiﬁg a queue for each discrete level of said assigned

priorities which is present within the priorities

assigned to each of said one or more devices requesting

access.

29. The program product of Claim 28, wherein said means

for assigning a priority level further comprises:

-means for assigning a static priority level to each

of said one or more devices requesting access;

means, responsivé to a device from which data is
requested being unable to satisfy said request for data
within a prespecifiéd time, for temporarily assigning a

dynamic priority of ignore to said device making said

request for data; and

means, responsive to a device which was previously
assigned a priority of ignore subsequently becoming able
to satisfy a request for data which caused said device to

be aééigned a priority of ignore, for temporarily

assigning a high priority to said device which was

previously assigned a priority of ignore.



