WO 03/ 044658 PCT/ US02/ 36687 CONTEXT SCHEDULI NG BACKGROUND Thi s invention
rel ates to scheduling contexts 5 in a conputer processor. Instruction
execut i orwonadamesiput er processor may be acconplished by Ppartsor/s@si ng a
streamof instructions into individual contexts. Contexts are "swapped"
in or out of execution according to 10 a scheduling system associated with

the conputer processor. How angowistr eenkpyt.snare swapped affects

avai lability of conputer processor resources and overall processor
performance. 15 DESCRI PTI ON OF DRAWNGS The foregoing features and ot her
aspects of the invention will be dgsaidseestof urther in detail by the
acconpanyi ng draw ngs, in which: 20 FIGURE 1 shows a bl ock diagram of a
processi ng system t hahisnéhueesi@omedrtesche it FegFe B EURE 2 shows a

| ogi ¢ diagramfoy_th antext.sehedH i ng | ogi [
( ram ext, . gic of FIGURE 1 that incl
25 high %rlorltyuéﬁb%Pg% prlgéfty conparators; and FIGJRE 3 sh mslaclgg$§
di agram for one of tHastEuGhipR | SFEFIRRdI ot PFHBHITY PESAPAT At or s of

FIGURE 2. 30 DETAIJER RESCRLPTEEM WRefrrtiBgohnd|CuREekm afprogr ammabl e

processi ng system™100 includes a copputer. 1
processing unit {EPUCEISRSan FRsH? ‘Qﬁdgﬁlnﬁ%v%gg'mﬁ%%egg/ 19021 36687

are “swapped” in or out of execution according to
10 a scheduling system associated with the computern

processor. How and when contexts are swapped

affects availability of computer processor

resources and overall processor performance.

15
DESCRIPTION OF DRAWINGS
The foregoing features and other aspects of
the invention will be described further in detail
by the accompanying drawings, in which:

20 FIGURE 1 shows a block diagram of a
processing system that includes context scheduling
logic;

FIGURE 2 shows a logic diagram for the
context scheduling logic of FIGURE 1 that includes

25 high priority and low priority comparators; and

FIGURE 3 shows a logic diagram for one of the
high priority and low priority comparators of

FIGURE 2.

30
DETAILED DESCRIPTION

Referring to FIGURE 1, a programmable

processing system 100 includes a computer

1



115 for holding instructions for CPU 105 and a comon dat

transferring data from CPU 105 to input/output bus cont ro?l glrJ: (1I2?Of gr
control | ewe)0308@#¢ 180N. 1/O controllers 180A-180N are comogatsez3dss? bot h
data bus 123 and input/output buses (1/0O buses) 190A-190N, respectively
and manage data transfers between the respective buses 123 and 190A- 190Ni

data bus 123 thaLoEraner e ial AtG. and rom L0 contr olLels 180A 180N

data to and froml|/Q.c rolle 180A-
Programmabl e sytéﬁeﬁplobol%l%sﬁn@ﬁéb}c?borb? d{}%rdéjglqi gﬁgs%%%cf( 3ata tl:‘l-g(l’)lSNf ers
and comuni cati eR§EKCHats QiISes E9RA: Ao 400N ing. gafaperdréithg dat a

transfers and conmunications according to Et net. ,@r Hi gh-S i
muni - Speed
protocol s or théO%d ke. lW@é%lfﬁf} %équ’sgi%?ﬁq%l%gﬁ grlégl ogi g bl ggﬁs (?:;: Slned
agogagggﬁl t he I/cQtn_anltLaét@nslMioa]t.ed/OZ@owmil&rs;péé ArE8GY O bus
- , respectively. Each |/ Q.controller generally will include at
| east one nenprfrﬁuﬁpgﬁefge&qﬁ%ubg't) that ]%)séfi [1ed and enptied as data is
sent and recei vethpgoukp@ buses TIOAPEION ahtP211P0Nmai nt ai ns har dwar e

status 25 bitstoini.%tJL the : -
,the, siatds ahta axeuerars thewavail abilit
I/ O controller 1@0%—%%&1\!?0? processai ng data transfesri.iﬁ‘lA.’/O co troilgrgf o

lliSE])g\-S iSO\I gut puthet rmls@g.c@meeb@q%ﬁ d23pend L30A 905 A0 EE8RE ti on si gnal
iﬁ% abi | i tl;a%@éﬁ%&%% 307harimer @ .5t at usubj tumy rdiscabeons i ncl ude:

the_ av er, the storing of an ddr i
availability of egnrgabedcEht ABFF U o2 F%%p%?%‘ﬁ%ﬁ% dgar%%t lﬁg St gf gug% ;he

mutex being set éHd‘%f%%IQQO 2ontrollers 180A-180N. Programmable
system 100 is designed to provide high-speed data
transfers and communications over I/0 buses 190A-
15 190N, e.g., performing data transfers and
communications according to Ethernet or High-Speed
Serial protocols or the like.
I/0 controllers 180A-180N are logic blocks
designed to manage the I/0 operations associated
20 with a specific I/0 bus 190A-190N, respectively.
Fach I/0 controller generally will include at
least one memory buffer (a “queue”) that is filled
and emptied as data is sent and received over I/O
buses 190A-190N and also maintains hardware status
25 bits to indicate the status of a queue or the
availability of an I/O controller 180A-180Nfor
processing data transfers. I/0 controllers 180A-
180N output the hardware status bits to CPU 105 on
condition signal lines 112. Some examples of
30 hardware status bits indications include: the
availability of a buffer, the storing of an
address in a queue, the availability of an I/0
controller for I/O operations or the state of a

mutex being set or cleared.



WO 03/ 044658 PCT/ US02/ 36687 CPU 105 includes decode |ogic 120 for decoding
instructions frominstruction memory 115 and fetch logic 130 that outputs
the addrese oof4@s8 instruction to instruction menmory 115. PERtUSN2/3668Dgi ¢ 130
al so i ncl udes PC selection logic 160 for selecting the instruction address
(the "program counter” (PC)) that is output on address bus 162 to
instruction nenory 115y fach RCuaddr@ssodatipdtic 000 bfisr 162 causes

instruction menory 115 to outpu 0 an instruction on i ryetion b
gg} us 117
Siﬁ % g ?ﬁ e

! o L t 1
to decode | ogi 8e30@inEPPSIEBICAIEES| hbPTdds ALGFR_Gi STer ~ Iogi ¢ 110 t hat

82223;@ ari It hng]glacf@g@m ajaégerts 130dthaat eutreads thrdaddiess AHc@drding to

. ignals fromdecode |lagic_ 120, 00 i des several
different har diaPETFEEHRR Ce% &ﬁ%?ugg%?%%e%%%%éreﬁ?%% eeds, therefore
an instructi on meyibelpoosksseithiclidstePC byelnvdiear dpaie +@8ditce t han ’

anot her  hardware Eg%g%@ﬁgﬂ%zir?%lr%&9°£e§ms Agsnan+glogxampl e, an

i nstruction may S&%use request a data transfer f
the 1/0 buses I90At&80N(PThe tHwtta ipeqdtray ?rbcftﬂdféstsh%usui 81[ ar (r)rgqngps °

buffer associ at ed, WL LBE; o€ e ndbng t44) cantdckes, oatehit t her ef or e,

if 25 that buffer is unavall abl e, U 105 woul d ne t i
for the avail abidn fysof 62 heausri Fi&S TG AT emeétfcfré’cﬁﬂ\;e?? gﬁqﬂiﬂal Sﬂet 0 Al

g\r/gflezmde‘g 28eg%&g:iggm%g%g%%deqr?&&imbﬁg?ﬁ%ulsomaﬁdmr deredources to becone
mul tiple instructa% §@Pean£PU(L0§r’§ﬁ{1%)?tS¥%)::ﬁ% %?Aeﬂtjzp%ggfgtcgggﬁ?exz Orrg§eggtg;ien
execution and t heyyike 1poetrapt gk hyma sedohgetic operations and

data reads and writes according to decode signals

from decode logic 120.

15 System 100 includes several different
hardware resources that operate at different
speeds, therefore, an instruction may be processed
faster by one hardware resource than another
hardware resource is able to respond. As an

20 example, an instruction may cause CPU 105 to
request a data transfer to or from one of the I/O
buses 190A-190N. The data read may require the
use of a memory buffer associated with the
corresponding I/0 controller, and, therefore, if

25 that buffer is unavailable, CPU 105 would need to
be stalled to wait for the availability of the
puffer. To more effectively utilize the
processing speed of CPU 105 while waiting for
hardware resources to become available,

30 programmable processing system 100 is configured
to execute multiple instruction streams
(“contexts”), where a first context may begin
execution and then be pre-empted by a second

context before completion of the first context.



context before conpletion of the first context. 3 WO 03/044

PCT/ US02/ 36687 To manage the scheduling of a nultiple cont 2)5(?5 fetch

| ogi ¢ 130wDrslowges context schedul er |ogic 149 that uses PCONTHNYB@HT Si gnal s
112, in part, to deternmne when to schedule a new 5 context. Fetch |ogic
130 al so includes a context store 140 that contains "starting event”

information and PC vgl f.ar i

qgﬁ, th8- JehediNirReR £( A6huleDpiext s t hat
schedul ed by context "sc eagﬁl er 149.eSt a,rr'%?n eveﬁt ?ﬂlfornati on irsmﬁslejg 10
to deternine whatnbexdwarietcdséarés, 136 Jir}%uglgtseﬁon?)?/x% speci fied condition

signal 112, that justide 1Mai habl envefuses sohedulipngsi
_ . _ gsbowolit ext for pre-
enption. Fetch logic 130 also includes an cut.i t st
( . . ack (E
145 for stori Pgli s cOMtIRAA ﬁpoaﬁé??%hn? hwakfeq%l(gt%utssecgg%gP%oﬁﬁﬁ schefjulcga
149 to store "peeneapti ngfetmontietc LBO cale iimwligest Ar @@t contexts at

three different priority. .level te L hen i i

_ : ; is stored
20 according tosfﬁ§et lIi#éetkba‘recl ot tf?l gve%(%af(%%m%\?gl 0to eve: nZEC\?\héfg
Level 2 is the hinghesttipniard BRE Mewsky. EThereflore STEESR 454 ovi des a

nmechani sm for storin i i OLi :
LR 09,2 hjgh HeOLLh¥aG o 8% cdm@exexecution befo
| ower priority EORTEXt V\Een gtga}ﬁotehst he high,er acnd I.gwer. pri o({i ty c{)ﬁt 2xts

are waiting forschedudeai L4bi |SHarténot RESRAMPIIREPE *Peldtif ce, as will

be expl gi ned. EGY 1A% ¢ARLAI fiSatl R eaakextes & Sravatiso
Anfibcated
t hat maJy be execut e% St each priority 30 (Iaeve Gn;? eS. , nhggaﬁéarctli ﬁgn}:’gﬂ
val ue for each donBesPecEEEed e iddoPnELaYRSs 5@ ction st at us

available before scheduling a context for pre-
emption. Fetch logic 130 also includes an
executing contexts stack (ECS) 145 for storing

15 context information that is used by context
scheduler 149 to store “pre-empting” context
information for three (3) contexts at three
different priority levels.

Context information is stored in ECS 145

20 according to the three priority levels (from Level
0 to Level 2, where Level 2 is the highest
priority level). Therefore, ECS 145 provides a
mechanism for storing a higher priority context
for execution before a lower priority context when

25 both the higher and lower priority contexts are
waiting for the availability of the same hardware
resource, as will be explained.

ECS 145 contains the context information for

each context that may be executed at each priority

30 level, i.e., the starting PC value for each
context. ECS 145 also includes execution status
pits “P” and “A”, which indicate when a context at
a particular priority level is ready to pre-empt
the execution of any lower priority contexts (the

35 P-bit is set), and whether a particular context

4



bits "P* and "A", which indicate when a context at [ iori

_ , a particular priorit
level is ready to pre-enpt the execution of any |ower priority cgntextsy
(the 35 Pwbios/oissset), and whether a particular context #CNMDS033d347658
PCT/ US02/ 36687 stored in ECS 145 is currently being executed (the A-bit

is set). In operation, a "background” context, at priority |level zero (O
will be executed pbgniRozdd ghwr ipr baf'rérytlp\k@ingoakexut@%s(tf@ been pl écéd
in ECS 145 with tge P- bi t get. Fbmevert.mhquu 3.0i,ghgs priority context
is placed in E&SP1E51i $% ke 1B BPET861S 't he %%C ge%ection | ogi c 160 will
pre-enpt the curbantky, exestidmigycdavektzera egivaléxBeuti on of the 10

hi ghest priority context in ECS C i e

pri : entry f
each priority Ié@@Fu%?§€@%IldK3hﬁéggf %%5?%§%R%ﬁlsggﬁgk%ontext fo¥ g;ch
priority may bereechegiheddatn £a9 d5> Fhehsihe &Pidoféxts that may be

schedul ed 15 for, execut | o, are: di Widedsi pEookhrpedhdbapriority levels, as

follows: Level € background context has the | st _ex i iori

. ' , ecution priorit
(Lﬁvel 0). A 2@leestexn BFEhled vBV& t@epPTB+?t?“h33%%eECpreenpted Ey any Y
ot her context. The hackdr oyhde coay extiihasenemst attte eventntlpei ng execut ed

by default whenever no higher priority.context . is e in
def _ , . . 25 Th
priority IeveI|Q¥qgﬁﬁﬂn919°n?ﬁ%Féﬂﬁ{§E§é9eﬁxfe§t%%hf§§$§%mﬁ?h a pr?o??fgnd

%EZSLI183Thgzﬁngﬁgﬁfﬁig?&?ritﬁeCdﬂnMXﬂ:iprEOSilysébdm§ B46kground cont ext,
contains only one entry for each priority level
(Level 0 - Level 2) so that only one context for
each priority may be scheduled at a time.
The sixteen contexts that may be scheduled
15 for execution are divided into three (3) priority

levels, as follows:

Level 0: The background context has the
lowest execution priority (Level 0). A

20 context with a level 0 priority may be
preempted by any other context. The
background context has no start event,
being executed by default whenever no
higher priority context is executing.

25 The second priority level is Level 1.
There are seven (7) contexts with a
priority Level 1. These contexts are
the lowest priority above background
context, (Level 0). Only one Level 1

30 context may be on ECS 145 at the same
time. The third context is Level 2.
There are eight (8) contexts with a
priority Level 2. These are the highest
priority contexts. Only one of the eight



30 context may be on ECS 145 at the sane tinme. The third con i

2. There are eight (8) contexts with a priority Level 2. Thfag)ét alrz 'It_ﬁ\éE|
hi ghest W0DiodMi46§8 cont exts. Only one of the eight 5 WO 03P04A58836687

PCT/ US02/ 36687 (8) Level 2 contexts may be on ECS 145 at one tine. Level 1
contexts may only preenpt the 5 background context. Level 2 contexts may
preempt the backgroypyd ceriext ndeany heydle brec@iSett> Referring to FIG
2, context store 140 stores_the starting event bit fields 142A/142B and
starting PC 144A/ 144B%f 8P ebt? of the eight (8) 10 high priority contexts

and each of the seven (7) low priority contexts, respectively, that may be

schedul ed for execution by, schedul.er 9 id ' '
for d t bit fields
142A/ 142B i ndi cate iegﬁg %fc?rﬁéeje ctongll%?i 83%?%%%&%’:?1{%@””“ be set (and at

15 whi chs | ogi ¢ llevlgrobeforentespediciicd BoRPRNEX iy aYhBTEEHRYUI ed, as wil |

be expl ai ned. Copfext, gehedulesodddd Rebudas condi ti i
1 @dnseanner |
t hat perforns cont ext cs%%edul i n% b corrpari%g h rdwarr1 condi téoggls?gﬁgt)s
§Y)e%? 2 g

112 to a starting ev&sfeZgipfako - rfat EA"E ?ﬁee&%coﬁ PtTon signal 112

before a cont extyymy R +3hgr 8¢e@s WiIe-fAeNbsNY42n/1EES abds. |

[ : : tem 100
the sixteen contexts  stored in text store 14 n sys ,
ei ght (8) Level ZEIXGHEES, 1§é%éﬁg{b7)£(q}ﬁe\?glc£10% O ara fpiokgn into a set  of

5"contexts and one (1) L
O contexg. In SY@i@{nka%ratyobaht@sft$iaxtdyefaohrO#Gﬂf)e searendr & condi(ti)onevel

signals 112 are psed; To,.reduce the Gplexiby) gndslZ@agf pihe schedul ing

scheduled for execution by scheduler 149.
Starting event bit fields 142A/142B indicate which
of the condition signals 112 must be set (and at

15 which logic level) before a specific context may
be scheduled, as will be explained. Context
scheduler 149 includes condition scanner logic 150
that performs context scheduling by comparing
nardware condition signals 112 to a starting event

20 that must match a specified condition signal 112
before a context may be stored as pre-empting in
ECS 145. In system 100, the sixteen contexts
stored in context store 140 are broken into a set
of eight (8) Level 2 contexts, seven (7) Level 1

25 contexts and one (1) Level 0 context.

In system 100 a total of sixty—-four (64)
hardware condition signals 112 are used. To
reduce the complexity and size of the scheduling
logic and also to address the prioritization of

30 sixteen (16) contexts, the hardware condition
signals 112 are divided into four (4) groups (a
“scan set”) of sixteen (16) sampled condition
signals 112. Each scan set is identified by a
two-bit scan set number and each scan set is

35 sampled in turn by scheduling logic 149 when

6



logic and also to address the prioritization of 30 sixteen (16) contexts
Ehe hardware condition signals 112 are divided into four (4) groups (a 1
"scan setwp oof4stxt een (16) sanpled condition signals 11PCTHsoh3®8AN set
is identified by a two-bit scan set nunmber and each scan set is 35 sanpled
in turn by scheduling |ogic 149 when 6 WO 03/044658 PCT/ US02/ 36687

det er i ni ng whi cdecontiexhqgt ehseheshitextThe bndedulkial Thenditions signal s

112 are latched b the ontr S h i
ol o o IS iy e ogbelbt Hind (ghedEoath AL ek BN O s er !

t he i ndivi dual ﬂwchdnt(mlilegnacbcsl@@ﬁ@calas?f@db@lﬂatférﬁacﬁgﬁaér near the

context schedul e 9 S |
represented by céo%dl%g Jl ?%%wO%rgBlSBéfmrﬁwondltl ons that are

i nclude the of a 10 qu
(queue fall, queu@n@miﬂsﬁr é@@ﬁel%@&rl ﬁofwi?f"ler' gpg ynd Jt‘f@“saﬁat us of a AHene
transaction (conplelad Hf a@%&lgoa&hﬂi &)1 sf bteheadem@d:t:lrororofneardata
transmission error. Referring a al nto Fl cont ext 15 s%hedul er 149

i ncl udes a scan &kt eVUrf%dr S£58 ’%‘f’r BBdudiig 5 OUR AT R SFuSber 153A, and
a scan set sel egt pHwdRK ckadiieeBAscCtiesk tarer e;@@weeh’ae@lvwe condi tions

signal 112 and for out uttin ected scan s 1 CoyH €, xt schedul er
al so 20 incl udesc%n‘éje? %ﬁﬁﬁr?ﬁﬂ%}’ clélr?par &t gbg %é%us (ei in total)
for comparing thegused eoqus(fanl setiedb gty ,a quete ofiedii gh vl r| ty

starting events values 142A frqm t I Sonteaxt schedul er
al so i ncludes a &bfdl ti oR SCAT Wor gffrgen%tscﬁéﬁn ggoﬁpor s{dc()rolrng t he

previously sel eched complete) or the detectlon of a data
transmission error.

Referring again to FIGURE 2, context

15 scheduler 149 includes a scan set counter 153 for
producing a scan set number 1532, and a scan set
selector mux 152 connected to receive hardware
conditions signal 112 and for outputting a
selected scan set 154A. Context scheduler also

20 includes a set of high priority comparators 151A
(eight in total) for comparing the selected scan
set 154A to a set of high priority starting events
values 1427 from context store 140. Context
scheduler also includes a condition scan word

25 register 157 for storing the previously selected
scan set 154R and the previous scan set number
153R. Context scheduler also includes a set of
low priority comparators (seven in total) for
comparing low priority starting events 142B to the

30 scan set in scan word register 157.

Context scheduler logic 149 also includes
inhibit control logic 155 that is connected to
each of the high priority comparators 151A and low
priority comparators 151B, by enable control lines

35 202 and 204, respectively. Enable control lines

7



scan set 154R and the previous scan set nunber 153R Context schedul er

al so includes a set of |owpriority comparators (seven in total) for
conpar i ngvbaa/optssority starting events 142B to the 30 scamCyatsor/ssesTan word
regi ster 157. Context scheduler logic 149 also includes inhibit control
logic 155 that is connected to each of the high priority conparators 151A
and | ow priorityzenuardtdonselsdd] by mmisbé tbhatewirul vdsa3s 202 and 204,

espectively  SEe SPNOLALbREsy oL 03044628 EEULISRLaE607 202 and

204 are used to plo%kf rooﬁ_ e output” of any hi or low priority matched
context to be stibrds ilioEC8s14511 dee \@¥Hl8ESExpl ai ned. I n operation, scan

set selector 152 out pyf $, 2 LRE.RUrs6M fBancsetrdbifssaiaghed by scan
counter 153 to high pri (])%rty gonparators 151A IL},a har dwar e condition in
p

the scansset matEMesCHiReBf SPResel ght 44 &°1CGR%pPY oF 715 CIEX s (a
context match) agg inhidjH eestiel tegaranall @51202 the 10 conparators

then the high priority context .match _is stored,in 145, previ ous
scan set 154R a}ﬁﬂr‘%‘ﬁ%rr? scéDfnd)é&&ﬁPe?nlgl?fR 8 8§t Iﬁag%n%sl tolnéan-ggian wor d

regi ster 157 is pextejpyraserst)ethith poopitiordanresbnt éxtcouorgsdr at ors 151B.

The | ast scan 15 t, 154R .and.scan .er LS t.ghed in the
condi tion scan V\B?sticel?)ega}% elrnhfg'}%oﬁorzg%:%f%%g’él% eé}%g%% ZI'(LZZ tglgjl ay caused by
ft olrl ngithe | ?st cemparatsets %R ahd bign mownnidy tsBReefAtehpr esent ati on
olowpriority ¢o [ I B.gasur t - i 4@ i ty context
n%)fl%%é) %eég%ogﬁghy fife Al iany 20.R1 g proagrity X

match will be sched a owpriority context match when the
high priority anentioncarisati topussareXbaR agteored in” condition scan

word register 157 is next presented to low
priority context comparators 151B. The last scan

15 set 154R and scan set counter 153R is latched in
the condition scan word register 157 on each clock
cycle. The delay caused by storing the last scan
set 154R and scan counter 153R before presentation
to low priority comparators 151B ensures that any

20 high priority context match will be scheduled
ahead of any low priority context match when the
high priority and low priority contexts are
waiting for the same hardware condition signal 112
in a single scan set 154A.

25 A full cycle of condition scanning requires
four clocks to complete, i.e. scanning all four
(4) scan sets. A scan set to starting event
comparison is performed on each cycle by both the
high priority comparators 151A and low priority

30 comparators 151B.
Condition scanner 150 is configured to
continuously scan hardware conditions 112 and
compare the scan sets 154A to the starting events

142A/142B regardless of the availability of a



waiting for the same hardware condition signal 112 in a single scan set
154A. 25 A full cycle of condition scanning requires four clocks to

conpl et e,wp.08/0468NNi ng al | four (4) scan sets. A scan s@CTIUS0H3@81i ng
event conparison is perfornmed on each cycle by both the high priority
conparators 151A and low priority 30 conparators 151B. Condition scanner
150 i s configuregidee inNMDsnm@asfgrsnanwhapdmaxb gorligawisuiay and

conpare the scan sets 15&6 the starting events 142A/142B regardl ess of
the avail abilityPoto% e 37044688 PCT/ US02/ 36687 place in ECS 145 for a
new context at a partimulldrt cpnkoel t}odieydidS ERhRBFR TVMIVE ogic 155 is

al so connected g fee,Tﬁeeuyee 9@%@%%%@%@0@1@@@@! $47L 4 dot @eECS 5 145
and scheduling contro na 124 from decodé_| ogic 120. 6FX éutlon signal s
&N

147 and gontrol 149 gwred s uAABIUSRRIE D FEEBRAP nés hnh Bl e 204/202

the storing of a)gatchety Cmte%m;lﬁﬁomg@ﬁshamsehdoe&ommar ators 151A and
151B to ECS 10 145 N?re ) eC|f|calk% qglblt con troI 195,uses context
execution signal 8142%1% o 2% er@%ﬁgbw Phe® ST61 g of a nat ched
context, if any,200nty2 when dthetiagi 6 notmachexecottagt cortext at the same

prlorlty level in, Eﬁ%ﬁéiﬁhere%%glg% PLEs ]ﬁﬁ% HnQSQﬁ @gQﬁﬂi'ng (P'b't and

A-bit are not se? are al'so no gher priority contexts in ECS
145 mar ked as exeaatln@oid\dpap1ﬁ30ﬁbiysenﬂﬁ¢ﬂt &ﬁythQQ SpreSrity

contexts). | nhi DL copt roled0diq 125208y AIAQJ BERLYRIAD witdh X1 L" signal

on scheduling con 5|gna
enable the storing of a matched context, if any,

only when there is not an executing context at the
same priority level in ECS 145 marked as pre-

15 empting or executing (P-bit and A-bit are not set)
and there are also no higher priority contexts in
ECS 145 marked as executing (A-bit is not set for
any higher priority contexts).

Inhibit control logic 155 may also receive an

20 “exit” signal on scheduling control signals 124
that indicates the execution of a “context exit”
instruction. If a context exit instruction for a
particular priority level is executed, inhibit
control logic 155 delays the reenabling of the

25 comparators for a matched context for the same
priority level. This delay from the inhibit logic
ensures that changes affected in hardware
conditions caused by the exiting context will have
sufficient time to propagate through the system

30 prior to re-enabling the scheduling of another
context at the same or lower priority level as the
exiting context.

Tt is often the case that more than one

context will be waiting for the same hardware

35 condition signal to be set (or cleared). This may

9



that indicates the execution of a "context exit" instruction. If a context
exit instruction for a particular priority level is executed, inhibit
control |wQ@ios/044658 del ays t he reenabling of the 25 conpar aPOTASHDB6687 mat ched
context for the sane priority level. This delay fromthe inhibit |ogic
ensures that changes affected in hardware conditions caused by the exiting
context will havg.csufificel €At hirdwdrme poogagave sigraigh the system 30 prior

to re-enabling the scheduli of t.her, nt e t or | ower
priority level asR¥fFenéxi ttgggai%#ée)bx Y %?sgoﬁaeﬁéo% ﬁle}&ggvgggt hat nore than
one context W |tedeimmi toinagdf 6fetdmet samsebissdaerreds ¥nditfi on signal to

be set (or cleared). This 3/ 244658 : RCTH LUSA2/36687 occur wh
e
t he hardwar e con]ﬂ?%i or’ saidéirr%%Srg%}r/%s%ﬁ{ts ?Lhe éggg_lléab%ﬁty (1){] a shar ed "
ERTES )

har dwar es resour tegand i fstageats corr &saSPeERPpBE e°F oS ts To address

this situation iphjhit; SontS GbmSateghss WaRnshaggetsxt hecirte- enabl in
_ _ - of the
high and |ow priori yl co%py;r at grs when a_cont gxt exié i nst.ructi og i's

executed. This siagyerdd Bnasl eEECUEFd t he 'eonmParaeors 19541%%‘018 ore

conparators 151By¢ €RsW&SHdhabrshesi mwdrdrer icbypasaparatidrls, 151B and 10

high priority conparators 151A are conpar..ng the SGH Th i
low priority conBBREreHetat Gg‘ienéjo‘f’h]%%?re]\}-i o™ 85%%% vvo?ad%%?? dogts | ﬁbt :
cause thg scheduhigy ©fidriwderbaratyrcditleéxerebeboperindhitgie priority

contert vaitina Lot he d e RguoLLLon, Feteseiog, g sleE s, 2 sinale
match using the previous scan set word 157 does
not cause the scheduling of a low priority context
before a high priority context waiting for the
15 same condition.

Referring to FIGURE 3, a single comparator is
shown that is representative of one of the set of
eight (8) high priority comparators 151A or one of
the set of seven (7) low priority comparators 151B

20 from FIGURE 2. FEach comparator 151A/151B includes
a condition selector mux 310 for selecting a
single condition bit 310A from a scan set
154A/154R, a scan set comparator 320 for
determining if the condition bit 310A is from the

25 correct scan set and a TYPE MATCH logic block 330
for determining the polarity (logic level) of
condition bit 310A that is required to indicate a
starting event match.

Start event bit fields 142A/142B are 8-bits

30 long and stored in context store 140. Start event

' bit fields 142A/142B includes: a 4-bit CONDITION
field that indicates the hardware condition within
a scan set to be matched; a 2-bit POS field for
indicating which of the four (4) scan sets

35 contains the condition signal to be matched; and a

10



eight (8) high priority conparators 151A or one of the set of seven (7)

| ow priority conparators 151B 20 from FI GURE 2. Each conparator 151A/151B

i ncl udes wea oson@st i on sel ector nux 310 for selecting a sPOEIGSOTswETti on
bit 310A froma scan set 154A/154R, a scan set conparator 320 for
determining if the condition bit 310Ais fromthe 25 correct scan set and a
TYPE MATCH | ogi codiackvy380 rik0d detierdiicaitrgthheppbiartivt i Ikbgi ¢ | evel ) of

condition bit 310A that is.required to indigat AP ent match.
Start event bit %9 J&s”ﬂfﬁ)gﬁf%gBt%r & étlabti%gga'BgO?%n eaf?lcﬁlldéls%t%(:)ﬂréé\eéél in context
store 140. StarttlevembithiTyPEi Eiebd MPALIARB PARH LS Vel UeSEit CONDI TI ON
field that indicat es'E tlpsq_1 &zy dwar g congditd QRgWeb e Nehdk scarwset to be

ie flor i

mat ched; a 2-bit ' i ndi cati ng which of the four, (4) scan sets
35 contabns the towd tiomwlsiignaP e behatcReGORghbieN SHOTAG 03/ 044658

PCT/ US02/ 36687 g'$§§rﬂ@éﬂ§ fihel detoOnd NElilgat e st heepotaridgiaftet he condition
signal to be nat c%ed. More specifically, theb2- bit TYPE fihel d has three
possi bl e val ues: theher 1y LpgiGel Peetised o PeniPEdi T hat™a low 5 Iogic

level is to be uggdr@sval ond kea séghaliczaerpahbsonatthimgecond val ue is
used to i ndi cated_.that G? hi gh Eﬁgic !eve! IS to be used; and the third
value is used todiRdpted €1 FREPHEL Chi ng is disabled or enabled. 10 In
operati g, CONDI TI ON fi edyskrias ivagdCONDIBENedtieddcondis¢dridit 310A fromthe
currient|y" sel eeLet sea SSl AN BBA% (ope FLOUS Bhpibaps ITeUL Lo
TYPE MATCH | ogi Cselected scan set 154A/154R (see FIGURE 2) that 1is
input to condition selector mux 310. The selection
condition bit 310A is input to TYPE MATCH logic
15 block 330. POS field and scan set counter
153A/153R are compared by scan set comparator 320
to determine whether the current scan set matches
the scan set indicated for this start event
142A/142B. Scan set comparator 320 outputs
20 matching bit 320A that enables TYPE MATCH logic
block 330 on a match (and disables if there is no
match). TYPE MATCH logic block 330 receives the
condition bit 310A, and if enabled by scan set
match bit 320A, uses TYPE bits to determine if
25 matching is disabled. If matching is not
disabled, TYPE MATCH logic block determines from
TYPE bits whether the condition bit 310A indicates
a match at a high logic level or a low logic
level. TYPE MATCH logic block 330 outputs a
30 context match 350 signal to indicate whether a
context match has been determined by this
comparator 151A/151B.
Though specific embodiments are described
there are other ways to implement features of
35 those embodiments. For example, the executing

11



15 bl ock 330. POS field and scan set counter 153A/153R are conpared by
scan set conparator 320 to determ ne whether the current scan set natches
t he scan wetosiomgssated for this start event 142A/ 142B. Sca®cTasp2/a@Rpar at or
320 outputs 20 matching bit 320A that enables TYPE MATCH | ogic bl ock 330
on a match (and disables if there is no mtch). TYPE MATCH | ogi ¢ bl ock 330
receives the coashtd:an BithcB10A> @ondld foeemabdbedndller @y détIeFat ch bit
320A, uses TYPE pits tg d Lo i Lhg # isakd ed. If matching
is not disabl edJ[:‘o m%a%epogfcm%ﬁ%c%kﬁteegg%m n%gscgr om 'e?YPE bi ts whet her
the condition bilesd@xiianditvatesela st taerts hPgRPe oA | evel or a | ow

logic level. TYE&%%@U&%@ bl ogke 330, 19uhipUL 5ra, 30hcantext match 350
signal to indicate ether a context match has been determned by this

conpar at br 151A/ 351E L IHGUGRNdbeErd | L Emsod Rt SXAFRIMESPBEd  there are
other ways to inplep. f eahuresypés 35 d:heseienbedioentisitsFandexanpl e, the
executing 11 WO 03/044658 PCT%ESOZ/%%BGS? c%nt exts st ack 145 coul d be nade
smal ler or | argefPRo>Harrthad s efeP B - 1t €8ontexts” Also nore or | ess
priority |evels agétenmrexics,theusbbedofinecarft exhsestored in the control
store, hardware 5 condi.tions ni - [ ould be
used. O her types of ex%ecrut%mggogéhégﬁg ?%13”13?1‘3% ggﬁtgi%kgtda}?zhi%nf ormation
can be used in fetkowing ngaihe.schedul i ng of contexts. O her enbodi nents
are within the scope of the 10 following clains. 12

12



WO 03/ 044658 PCT/ US02/ 36687 WHAT IS CLAIMED I'S: 1. A progranmmabl e
processi ng systemthat executes multiple instruction contexts conprising:
5 an i nstwoaBiewssrenory for storing instructions that ar@CeRsSouses’ by t he
system fetch logic for determ ning an address of an instruction, with the
fetch logic conprising: scheduling |ogic that schedul es execution of 10
the instruction ot exgt $1based oHh: conditi on signals indicating an

avai lability of a hardware resource, with the condition signals being
divided into groups of condition signals, which are sanpled in turn by
the schedul i ng | bgix googreowaldie 15recqruingl SY§LeR Seain SSECYLEF sanpl ed

conditions. 2. JIhf Syl qmekuctabm domhsnal Bofgidssefedul ing 1ogic
further conprisesi control logic that deternmines when a context 20 may be
schedul ed based on t N eretFUCEROBIMAMIhdPT E6RFEXY by said system 3. The

system of clai m 2, whe(&inrsaidaschedudidghtddogycthar sherenconpri ses: 25 a
context store to store context iﬁforgnéion .forag 5&%”5%416% % cont exts,
the context informatfdfh dA%di hgta pridHty %t f8l a°That™ T ndicates the
execution prioritysteveti®f, eaeh ohe fdwectplliogdlci tympfisiot:exts; and 30 an
executing contexts stack indicate th QU I Qf, afcont ext
Qﬁééﬁﬁﬁgsggﬁéﬁ1£ S J%hé%%l&%e%ﬁggﬂ%ﬁ]n

mar ked for execution.®¢ of "claim ein e executing
cont ext §gst ack hageaifstmicthion tbekdxthatas3hl iomdicendesien cont ext havi ng

cont ext infornatgggnafg yg%é%%%9%66§§ g@élfé%%@& §6§% a hardware

resource, with the condition signals being divided
into groups of condition signals, which are
sampled in turn by the scheduling logic to provide

15 a plurality of scan sets of sampled conditions.

2. The system of claim 1 wherein said scheduling
logic further comprises:
control logic that determines when a context
20 may be scheduled baéed on the execution of another

context by said system.

3. The system of claim 2 wherein said scheduling
logic further comprises:

25 a context store to store context information
for a plurality of contexts, the context
information including a priority field that
indicates the execution priority level of each of
the plurality of contexts; and

30 an executing contexts stack to indicate the

priority level of a context marked for execution.

4. The system of claim 3 wherein the executing
contexts stack has a first bit field that
35 indicates a context having context information

13



stored in the executing contexts stack is ready to re-

executing context. 5. The systemof claim4 anrei n gai degggcwiengurgent Y
cont exts Woask4dsas a second bit field that indicates a ceoTasp2/b®si ng
context information stored in said execution stack is currently being
executed. 10 6. The systemof claim5 wherein the first bit field and the

second bit fiel da,equsedchy saéshtimhicbhtegontstalcd dgi cerdyde®er mi ne when

a new context may be transferred to the e ti ont ext
pre-enpting anotHie EBt EXF. Cu’i%er?t.lyrﬁéiegif)sé?fei% %#}gccﬁ%'m gxm;eféﬁﬁkt Lgrf irst

bit field is set by the inhibit control |ogic when the new context is

Lransferred (o the OCULLAg FODLEN( S ShACksn20u dhewsusbom of cl aim 3

wherein said sched I"ogi ¢ furt rises:_ sanpli i
_ dul _ _ S: ing logict
recei vesst he condéttients sitge#l bas andse®rg $d&nfietd ctgp}fﬁﬁ e? thgt Cselhgfzt s a

first scan set 319}? t i i ; -
; . 306, QU RULGFEQEL S A hicagt | Ogf Sxmdkicthe s
claim8 wherein Said context  store includes agstart irm eiLoent fiyZItgm °

associ ated 30 whtérehdrofsedsi GXRFUFEPR t9F35F ¢OnERRTE W 17 T'e starting

event field used.py-.s@id scheduling logic to determ ne we [
el ( | scl _ ther a bit of
the condition signal contained within the first scan set matches a bit

indi cated by the starting event field. 35 14 WO 03/ 044658 PCT/ US02/ 36687
10 6. The system of claim 5 wherein the first bit

field and the second bit field are used by said
inhibit control logic to determine when a new
context may be transferred to the executing
contexts stack for pre-empting another context.

15
7. The system of claim 6 wherein the first bit
field is set by the inhibit control logic when the
new context is transferred to the executing
contexts stack.

20
8. The system of claim 3 wherein said scheduling
logic further comprises:

sampling logic that receives the condition

signals; and

25 a scan set counter that selects a first scan

set to be output from said sampling logic.

9. The system of claim 8 wherein said context
store includes a starting event field associlated
30 with one of said plurality of contexts, with the
starting event field used by said scheduling logic
to determine whether a bit of the condition signal
contained within the first scan set matches a bit
indicated by the starting event field.
35
14



10. The systemof claim9 wherein the starting event field conprises: a
condition field indicating which condition signal wthin a scan set nust
be set f owotohios4658 cont ext to be schedul ed for execution; 20U/ BIZ3@HB7 Set
indicator field indicating which of the plurality of scan sets contains
the condition signal which nust be set for this context to be schedul ed
for execution. 10y 1hnhelThe ssyat 6m ofain @ whe@enhetleé pstdhdigoarting event
field further conprises: type bit_field specifying the polarity of the
condi tion signal ®Y$Ht ﬁs%%%cﬁgg‘gr%ﬁees'condi tion 15 signal is set. 12. The
system of clai m9 wher eiondsaiidns Ehetdl il caltégbcvipbeh HEANEGHOI ses: a | ow

priority conparator £ ndw.achtlingla 2 RrioriftstcerpaLat gor tihats conpare a
sel ected scan set9t%o a1 ow priority start event context and a high
prioritysstart evemtexorteke stBedthed sian &e6PtéPai A2 wherein said 25

schedul ing | ogic further. GOMpL $883 ca:Scan aner dnieghsies vithiath stores the
| ast selected scan set and the | ast scan set c%unter val ue, said scan

word register bePhgthaperuiedidyi @F PO pidior IV TESRPaF At or for conparing
the | ast 30 sel egbggiSLan S@naat waithmeust tter stehe fhirghhipriority conparison

FUrthor compr i SeConiS w0310 A4B88 AL (DI S6551 ot | ast one
i nput/ oypput | ogic block, said
11. The system of claim 10 wherein the starting
event field further comprises:
a type bit field specifying the polarity of
the condition signal that indicates the condition

15 signal 1s set.

12. The system of claim 9 wherein said scheduling
logic further comprises:
a low priority comparator and a high
20 priority comparator that compare a selected scan
set to a low priority start event context and a

high priority start event context.

13. The system of claim 12 wherein said
25 scheduling logic further comprises:

a scan word register that stores the last
selected scan set and the last scan set counter
value, said scan word register being input to said
low priority comparator for comparing the last

30 selected scan set at a time after the high
priority comparison on the last context scan set

has completed.

14. The system of claim 9 further comprise:

15



i nput/output logic block also providing at |east one of the conditi
signals to the scheduling logic. 5 15. The systemof claim?9 mher;:gnsaid
inhibit woroelsss ogi c del ays the enabling of the |ow pripomitsy2/awst ext
before the high priority context when an instruction causes a context
exit. 10 16. The systemof claim9 further conprises: a plurality of
coprocessor engi nes tfiat caexeend eimulit/iopltpundcgictilmrkooseett s, said

plurality of coprocessor engines also,prgyidi : fi5€0
condi tion signal%HRQFééﬁq?utséﬁ%ﬁﬁ??%ﬁ: 5%%8.b?gyﬁ% e %ﬁiﬁgﬁfgfpgﬁgfifgz

1C. . ;.
coprocessor al so roviding at |east one of the condiction signals to the

scheduling logic. 25 18. A nethod of operating a programable processing

system the nethod coppliSidi@m o$ChesUh iNngerestt sand oinmibiitnst r uct |
L e . on
cont ext based on cond|t|5§,3| nal s indicati availfbility of a

. an
h?rdmarg_resourpé?nVI@¥1%?ﬂ§Q3 e¢B¥ai thorfErgrials Chel Ny Vi ded i nto groups
o] condi tion S|g9§$§itwadﬂte&meb§aaﬁée@miOﬁ@moptderamypﬂqntﬂmtty of scan

sets of sanpled conditions. 19. . The net hod of cl ai wh i
information is sWB?%da%rﬁRSQHHﬂt&SBScﬁpiﬁéuﬁiﬁﬂg%e%gn%%?BBISLEBESContEXt >

PCT/ US02/,36687 event for each context that may be schedul ed for
16. The system of claim 9 further comprises:
a plurality of coprocessor engines that
execute multiple instruction contexts, said
plurality of coprocessor engines also providing a
15 set of coprocessor condition signals to saild

scheduling logic.

17. The system of claim 14 wherein at least one
sald plurality of coprocessors further comprise:
20 at least one of a buffer and an address
qgqueue, said at least one coprocessor also
providing at least one of the condiction signals

to the scheduling logic.

25 18. A method of operating a programmable
processing system, the method comprising:
scheduling execution of an instruction
context based on condition signals indicating an
availability of a hardware resource, with the
30 condition signals being divided into groups of
condition signals, which are sampled to provide a

plurality of scan sets of sampled conditions.

19. The method of claim 18 wherein context
35 information is stored that includes a starting
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execution, the nethod further conprises: determni i
: ng that a star
fFr al_context mat ches one of the sanpl ed conditiong in 5 one O$|?%eevent
8 ?ra !tywomsﬁwﬁﬁssets. ZQ. The nmet hod of claim 19 wherei RCTAISA2/36687
18 g;g;glgg Lu[éhg[ c?npr!se§: determ ni ng when a context nmay be schedul ed
lev of priority of a currently executing cont
nmet hod of cl ai me20nf uréhesadtonpnises: thak viadi By e6heERte rﬁ%ﬁngﬁgbnzshtgh:t

|l east 15 two priority |levels; sehedul i i iori
. . 2 h e
execution haV|n&xﬁchi??iHg“?ﬁgggggtgﬁes é;ggﬁgféggg,gng{L?ght%eggPéegt or

| ower priority contexttéavimigg thetsanstatmd fyeeient” 20 22. A conputer

EgﬁgL?E}szgregckgﬁg %92§§%f§?i£$ %S@@I@hgﬁfamﬁmdaawbngitmsm$umnions causing a
ut ¢ : i an instruction context 25
conditi an si gnalamehagedhenpharaldyai PAbFFREYSTS a har dwar e resogﬁigd arth

the condition signals being divided into groups of condition signals

whi ch are sanpled to provide a | yrali f

h C: s of sanpl ed

?ﬁn?ItIOhS. 30 23 Th ec@ﬁﬁﬁ?@ﬁ“@ﬁ%ﬁﬁ&nﬁéfg% %?%?f%SFUrther rrEo(rarprising
struction causidi@&ieoRpuUEeftiar cotpirésasne that a starting event for a

context matche iti i
of scan sets. i7one %Lt%gﬁi%§g?hﬁ%ﬂ?%ﬁ%bhk89§ ﬁé&‘%ﬁaéﬂhedﬁﬁe&he plurality

10 pased on a level of priority of a currently

executing context.

21. The method of claim 20 further comprises:
dividing context information into at least
15 two priority levels; and
scheduling a higher priority context for
execution having a starting that matches a sampled
condition before a lower priority context having
the same starting event.
20
22. A computer program stored in a computer
readable medium having instructions causing a
computer to:
schedule execution of an instruction context
25 pased on condition signals based on an
availability of a hardware resource, with the
condition signals being divided into groups of
condition signals, which are sampled to provide a
plurality of scan sets of sampled conditions.
30
23. The computer program of claim 22 further
comprising instruction causing a computer to:
determine that a starting event for a context
matches one of the sampled conditions in one of
35 the plurality of scan sets.
17



