WD 03/ 044658 CONTEXT SCHEDULI NG PCT/ US02/ 36687 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 20 DESCRI PTI ON OF DRAW NGS The foregoing features and
aspects of the invention wll be dﬁ@g{dﬂé@ﬁnfurthergi n get ail by the other
acconpanyi ng draw ngs, in which: FIGJRE 1 shows a bl.ock diagram of a
processi ng systemtha‘fnllsnchu@e’@l@om%%fc%cﬁ%cﬁﬁk}er?bllﬁnGQFen ‘SQURE 2 shows a

| ogi ¢ di agram foy_ th QRLexE s&hedling lo
( gic of FIGURE 1 that include
25 hi gh %I’I ority and%om% pri orllct conparators; and FIGJRE 3 shows a Ioglsc

di agram for one of tH@Sﬁlr@ﬁtﬁWo@fet%}“%ﬁ& EBWA pr PRI SSF €57587 22 0r s of
FIGURE 2. 30 DETAIJER RESCRLPTER™M Raf @rarrttmglbmfd{ GURE.rBamaopr ogr anmabl e
processing system™00 includes a copputer 1 cV\QC 3{044@%%@9;& US02/ 36687

instructions into individua

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



processing unit (CPU) 105, an instruction nenor 115 for hol di
instructions for CPU 105 and a common data busy123 for trans?ep?i ng data
from CPU wO®5/044558 nput / out put bus controllers (1/0O 5 cont IPOITIESNE}6687
180A-180N. 1/0O control lers 180A-180N are connected to both data bus 123
and input/output buses (I1/0O buses) 190A-190N, respectively, and manage

data transfers be : g i Ce
10 | ogi c blOckspféggggﬂy%hﬁui?%@@@§'Y@5PQ&ESﬁb&3uaﬂdoﬂ9ﬁﬁwﬁQON, Addi ti onal

, €.9., CPUs, nm | s e onnected to d
123 that transf@éd5dapa h@ld%_WGﬁPFF@%%rﬁaqroﬁPgr%0§861%\-1 ON. (F)>r o(; th*)rggl e
system 100 is desigRedqhea proyide Koghtspeetkddng detansfer SCEhd

communi cati ons over |/ O buses 190A 15 190N formng data tra
; ) ; . . nsf
and comuni cat il0fs t&céBPﬂTﬁﬂJﬁp&%Epﬁgr o T gsh-(ggged Se?i al protocol gr >

or the Ij ke. |/ Qg@rblLokker s1d@GASDIBONI 40 ecomyicd Usireck§OAte%IYned t o manage

the I/0O operations associ at ed 0., ci44 ¢l O bu
) s 190A-19
respectively. E&HT |C/°6n88§?§0? g‘%"%%ﬁ%?% ?lgsev&jl(jl Cainr?le ude at | eas'?NE)ne

nmenory buffer (armugvetputhatsés (/0 bgseahd YHpti’d¥ as data is sent and

recei ved over 1/Q_bu 0A; 190N A 9 PRinH
_ OV ( i3S bhandea
bits to indicat eretsﬁjgcgcggrteég g?ljng quetr%% %lra§t he ava§ abibl i t}é.o; ef?]t ?} uOS 2
ntrS

control | er 180A-tIBONfesPechive sy idat aP6r ARG eV | PO LERTPDT 1 ers 180A-

180N ouf put the hardwane statysabidant e .GPY ¢05s omaycandot ben si i
112. So exanples lof OChard 't Us _bi i oot ions iocl g_nal L' nes
np war e st at USthﬁ%SBI ndi axt!d%r%% Egcl ude: the

availability of ecrinddted tehdast diyhg %of Séges i1 a queue, the

avail ability of an|#Qm Goot cehtes1fdns lORepeomt i Bgywnmehéest ate of a
mitex being set gr gle%&ﬁp” ZdVEZO349%§658 ide high- d dat
ystem is designe o provide high-spee ata
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.



PCT/ US02/ 36687 CPU 105 incl udes decode |ogic 120 for decoding instructions
frominstruction menory 115 and fetch logic 130 that outputs the address
of an i rgoratdesh to instruction nenory 115. Fetch 5 | ogiPCTAB02/3468D

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
menory 115. Each PC agigress iellipdbs @fcdies 1bg2ccapsesor nstructi on menory
115 to output 10 an instruction.on ipstruction bus 117 to desode |ogic
120. CPU 105 al §©CP%EP®dJé%S%LQ9/tR8§?s£E‘?m Jlnésd—“lrgcﬁantl%arg %erforms arithnetic
operations and ,dat acteadsoqind 180i test aocondisngheoadéred® i gRal s from

decode logic 120. 15 System 100 i ncl ud v l1di ff har d
resour ces that 6BéF§F‘é¥h‘?nd{i? fl&sgﬁpcgéﬁieﬁg[}oq:&ﬁelrlgforg‘%gﬁl ins'[r\lljvg'[ ieon may
be procgssed fasyet byoombshamidaresr BSotrlkacttiioan1aadbehet? e dwar e

resource is able to respo X4t kns yON M
105 to request i g%éngrgﬁ%féfst?gl%gogrom o(%‘eS g(th'teheM?%ﬂr@ Sesylggx_siggﬁU
The data read mapunegul’r éP€he thade 16f CHLABHAY ANFFLEP ggﬁo]c?%t ed with the

corr espondi ng C:D/ﬁglggle%ehk%m Ayt hesef orgsh ifc 2Bdrbas butfer is

unavai |l abl e, woul d need to be stalled to \ﬁ/glét formggs]gt availability
e

of the buffer. cFobiwsr é68f FaeEey SINFtGEFFL2R THE ™Y 58i R§"Rpeed of cPU

é?g ‘rﬂgin#gb}/vgi tir% fiQlst rhak dvar én rieseuneesot dobecrve tavaetabé e, 30

i nstgr uction sltor g;)reggscl Bgeiﬁtst%gﬂﬂ%%o a\l;vls?é’?grqfﬁi‘?%sg%&é}({%e x?g%g lr)rglglt inIOI ©

?EZCFHS? 22ﬁt 'é)f}i%lge 1p0etRAPt psk tyrmas sedcohdet tompsrrtiensr er€onpl etion of

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.



WO 03/ 044658 PCT/ US02/ 36687 To manage the scheduling of a nultiple
contexts, fetch logic 130 includes context scheduler logic 149 that uses
condi ti orweiogioaless 112, in part, to determ ne when to schedtirasa/sesr S
'(':ont ext. Fetch logic 130 also includes a context store 140 that contains
starting event" information and PC values for, e.g., sixteen (16)

;:(;P'éextts_thajt may b %%gyeeqhgysg%ﬁ@xﬂng s¢hedmhietidid. Starting event
rmation i s used eterm ne what, hardware resource, as indicated

by a specified comgéexion &itghalcgio, 1Hhtt e

_ 2, abl e before
scheduling a coptgxg.ioF JQ;EQ-C enpt tRat et hedndgit¢on39igna’s i ncl udes an
executing contexts stack ( C%) 21114{‘5: for stq{i NG 13 GORLEXt, i dor mation that
is used by contéxts SRhRAffer°14§C5 st or'e STore. 8Npting” cont ext
i nf or mati on for cbheeet ( 3) Feant axgscal 30 hele idiclideent pPREFItyY | evel s.

Cont . : ; . .
ntext information |ﬁ@t@iascglclogtgﬁsm%gpciq%cg%mg to the three priority

| evel s (from Le¥&PTS0 ere Level 2 s i i ori
t he high
| evel ). Theref onafoEaSt1d4s prdECdeslaes ngeharfi -Sn/f é.iX§?%1|??h1§§>; h!ogrglhg;I H

priority context ar . ex [ f oynes i@kl cont
bot h t he hi gher cﬁﬁ%efig\%e?ﬁ%%ing‘#/i Eb% g%ﬁ?é&%s aryep:rdrﬁ%?it%g foregthemen 2
)

avail ability of schedsame h&9 dviEreetingsliell, LAY Che T 8xPTEI ned. ECS 145

contai ns the conte i i
each prﬁbrity %% ﬁ%&g?%@?@aﬁﬂéﬁ]ﬂgﬁawagécbe§&w&d§¢ ashandiraytd® executed at

145 al so i ncl udéy @xé@@?ﬁéiﬁg‘%i%‘{r{}gﬁ%g%ag%‘fglnv "l'tx‘%tf %Fgﬁﬁ?ngﬁggfétmgﬁsa
ST e IS Bicor mualnsenr oo frszemtLhe sxecut o

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



35 P-bit is set), and whether a particular context 4 W 03/044658

PCT/ US02/ 36687 stored in ECS 145 is currently being executed (the A-bit is
set). | n wpasasiess, a "background” context, at priority PeTaiSOZ&mwe7 (0)

will be executed when no higher priority |level context has 5 been pl aced
in ECS 145 with the P-bit set. However, whenever a higher priority context

is placed in ECS,145 whtdrd heisPiki tuseéntlheeRBy sekectédn(tihsgi c 160 wil |

pre-enpt the currently executing context and . [ dtion of the 10
hi ghest priorit ¢ bkt &XtS¢H Ecénlifg?r%&oriﬂ% %%%tkgfgéﬁgnl y one entry for

each priority | evakextlexelpfioritgvébve) zerd het) @aly BRe context for each

priority may be schedul.ed at a ti. The; sixteeneantextsxt hais my be
schedul ed 15 f&?eg%ggat\g%%nar}oe hdi@@feée_gf%to fhree (3) pr}i(ori ty levels, as
foll ows:s 20 Levelee@: pTheebatk fBurid Scohtexthhad e Sefonest execution

priority (Level }Eo)w@ﬁlér Cg;ﬂ%(gg(\f,eg/\/iat Ri@nkevetliOr Py AdnkcgxmBysbe preenpted by
any ot her context. hefbac ground cont ext has_no st%{ht Xent, bei ng
executed by def allaceghénetes P WHitgh&repFrtFt3Pvodtext i s executing. 25

The second priorjdy eyl 1b§ibeval wh1130rThengt arte severntly contexts with
a priority Level 1. These contexts are. t he | owest iQrity above
background contesecutipgy 8pPnB§Et Y PSIATLESRTH Ot Shit éXt nay be on ECS 145
at the same tinp.gnEle PRibdi epné@ndesits ihegeb 245. ECS 145

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



There are eight (8) contexts with a priority Level 2. These are

hi ghest priority contexts. Only one of the gi ght 5 WD 03/044658 Eg)e Level
2 cont extworsap44se8 on ECS 145 at one tine. PCT/ US02/ 36687 PCash2/3s68DNt ext s
may only preenpt the 5 background context. Level 2 contexts may preenpt

t he background context and any Level 1 context. Referring to FIG 2,

context store 140 stQpesrLéhel St ajchicegteveay Ux torf iE€ISd§43142A/ 142B and
starting PC 144A 144Btforeea_ch of the eight (8) 10 high priority contexts
and each of the seve_ﬁ (7% IBWep'rl ority contexts, respectively, that may be
schedul ed for execution by scheduler 149. Starting event bit fields

142A/ 142B i ndi cate ich f t ngdi.t,i i&@é 1 must b
: ( e set d
15 which logic |evel egg%o?ec%rt%p%%i ?ﬁa gg% ext nng); JE%S schedul ed, ggnvvi ﬁ[

be expl a ned. ComtadxtrosicHedoheextl4davied] GdEQN VA MeynPEESHREr | 0gi ¢ 150

that performs context seRedHli Hohdukx ' it [
“Xhe”bac tCQEPaEhPOLe Pl dwatoateandi tion signal s
112 to a starting event %20 that nust match g speci fi ecl ongi tig)n Si ggal 112
#RohRe

before a context may Re€esrépedtas’ e enPhg™ n° T EES PH°3Syst em 100
the sixteen contgy St-84anhgdeldn€anterdtiestior 241401 42 apdoken into a set " of

0 Gontext . I syStuhiron By EOEA LB Sk SorBupt (B8 Cihravare condilon
PO 3312 200 bt toriadion sim compeasht st ais et e schec 1o
the hardware contf¥ i%ﬁ?orﬁté'ngf’g{%%[zsl ’;%eas&:e\%?égél?gt%dﬁﬁr%@( &%G)Qr gﬁgtse?gs’
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



“scan set") of sixteen (16) sanpled condition signals 112. Each scan set
is identified by a two-bit scan set number and each scan set is 35 sanpled
in turn byosckedss ing | ogic 149 when 6 WO 03/044658 PCT/ UB0Z/UB6586687

determ ni ng whi ch context to schedule. The individual conditions signals
112 are latched by the controller logic associated with the signal, for
exampl e, a flip/dd@pr@nihggivBies dontdex® Bocenhedhler IBGA- 180N. However,

the individual conditjon signals coul. o] C i near the
context schedul et*40(i a§4§9gr%lb%%onesxasr%g’f%lslgo%??h%%m}a@re%hggng?ti ons that are
represented by ceondiddronodilgnal sgild 2agrgiptefudett Hd stsdd@sdlof a 10 queue

(queue full, queflctrare &‘tﬂ%yrlegugugl{lﬁg/aﬂ% foH lhegi6t&xr)in ti® status of a

transaction (conp et'e not conplete) or the det ec,ti,%n f a data
transni ssi on errovntiReflem iL8§RagaPh- t CLMEEORE She ekt schedul er 149

includes a scan gty oouHy %rig%éﬁsf@éuld)ral@@cib@glatsn@m "etomueher 153A, and
a scan set selector nmux 152 connected to regei ge har dwar.e %(%nditi ons
n

signal 112 and foke tApRAT RGR§IULef et ¢ 8Pe 18PN Coxt schedul er
al so 20 incl udeshar&RiroOfcdticghiphkothdty sxepapateestddly (eight in total)

for conparing the se|lected scan 154A t S o] i i,orit
starting events C9‘é@h’%“§°riﬁﬂnra}8n?§%nlf‘aé§<tlnsCiélgg ?haé‘éﬁnlg;xo?r ascheéul er
al so i nghudes a gaagét {@rewscanlupr qu@e regitst,equesy ferrkyt diildg t he

previously selected , scan set .154R.a i,0 tonunber  153R
Cont ext schedul e?gﬁr 5o J?neclsﬁC écéléaoge?dtc# a%rv?/%%?i g??lt%@?%o%;rrgt ors (seven

intotal) for conpacomyldty pri 6het gesrariidmeiedeA®s2142B to the
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



30 scan set in scan word register 157. Context scheduler |ogic 149 al so
includes inhibit control logic 155 that is connected to each of the high
priority wormpas@msors 151A and low priority conparators 1PCB/UShY3@8BDI e
control lines 35 202 and 204, respectively. Enable control lines 7 WO
03/ 044658 PCT/ US02/ 36687 202 and 204 are used to control the output of any
hi gh or |ow priozé2 yamatodedreonsexttd cdprsiiorkd ouypPECIL128Y as will be

expl ai ned. In operation, $can; el achQly 1821 0uE PUL S dld@eBur rent scan
set 154A sel ect edl%i/ Osrcéﬁ%]cgt%ﬁlgg%t§15%&gt o high priority conparators 151A

If a hardware comdi®@d driS/nasheistape setrifdf€éRes one of the eight (8) high

priority contexts (a GENeXk:iBBEt ChYadnebd Rilbtoeonsz dutpegisc enabl es 202
the 10 conparators then the high priority contegt match is %tored in ECS
145. Thes previ oushacarrzadt F52R Skl 3ParrdECtEGuRY et CAB SR 6Fed i n

condition scan ywid.4agiat @ribbitiScagdrapoesented.t orf aw priority context

conparators 151B. The last scan 15 set 154R and sc set_counter 153R is
| atched in the E%ﬁ‘?tf’i’?lf%r?oé@&%l%rﬁnr@b? StE 15 18%9@%1% ocqeog% cycle. The

del ay caused by shoréight he)l atyhspahorset cbhiRx&nd (scarntsmint er 153R
before presentatio to |l owpriori r at.or r that any 20
g%) r%}op 1n%1?bI1E Egngﬁéﬁéao?&%zgnéﬁigsw oy

high priority cofit ch w bé sche ead of any low priority
cont ext 10mt ch wheompdmeatdighheni ohet piamdtiowipyi cphtgxedmtet s are

waiting for the 2ang Qz?écg [ §cz0ndEtLi %éiMiOJJ%ZSCgH SeSigylge scan set
154A. A full cyclle of condition Scanning requires four clocks to conplete,
i .e. scanning al bnfiosigan set counter 153R stored 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



(4) scan sets. A scan set to starting event conparison is perfornmed on
each cycle by both the high priority conparators 151A and low priority 30
conpar at owe 03644858 Condi ti on scanner 150 is configured to PCOMSONBGES|Y scan
hardware conditions 112 and conpare the scan sets 154A to the starting
events 142A/ 142B regardl ess of the availability of a 8 WO 03/ 044658

PCT/ US02/ 36687 phrees iim ECS 145 for a meewcoohegktahta @%a?rlpﬂléalfar priority
| evel . Inhibit control |QL%I 155 is al so connected to receive context
execution signal8* Y%7 %% om'ECS 5 145 and schedul i ng control signals 124
from decode [ogi ¢ 12aintEtecutioohrel ghetdis 147 aAdatemtGBIneStgnal s 124 are

used to determ ng,when £, eRARLE: @Qélé@&?ont he gakoki gy Of_froaa metched cont ext
from either set of conparators 151A and 151B to ECS 10

speci fically, inh#biangomhesiilisg GeRsrolc FHEBRESexet utiTh dﬁcé’%gl s 147 to

determ ne when t9,qenabl @, tHhe cstobhngi@fala rmnclaad cantext, if any, only
when there is not an executi ng conte rlorltb\,ilevel in ECS

145 marked as pr8t4B2EHptIHhGs ruéﬁgcﬁ?l%dte(rﬁuﬁl WERA X bit*Are not set)
and there are al so4npohigherstpriayi by € oanttettesl cont&SS AdBn mar ked as

executing (A-bit | go:ﬁiet U Qgtgr%ggmp har lltijc ntexd s) . 1 nhibit

control [ogic 158+ receivVe an on schedul i ng
control 1signals 128. thate ispdicddtiesline Jer)&@cm{tl @l@néa‘foh IZors®8t exit"”

instruction. I|f X n I ority |evel
i S executed, mh?BS?QEt(%oénx rgqttﬁolg ?g%%%éggfa%) ?ﬁgg?lgie%ﬁgf%nggg‘ they25

conparators for angalehele c&ﬁﬂrém pératetdmep context, 1if 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



priority level. This delay fromthe inhibit logic ensur

affected in hardware conditions caused by thegexi ting cg?]t Ea;]'?t Wplh?ng:\s;e
suf fi ci erwvotosimetss® propagate through the system 30 prior POTrESeEs@B!ing the
scheduling of another context at the sane or |ower priority |level as the
exiting context. It is often the case that nore than one context will be
waiting for the same haedwane BSr&Hendi tdoodisigmatidreloe set (or cleared).

ThiS may 9 WO 03/ 044658 PCT/ US02/ 36687 .qQ¢cC di
signal represenf®PIHEEFal Sb?Y?%aGDoﬁllgg’s%grggglﬂ%% vva}%gcrdq’\rggégu?gg :alﬁlldon

di fferent contextssaompetead di fi¢sentusentPataddresste Hiar ditfuation i nhi bit
control S 100ic 195 SIAY9LNS Lhe,e-anahliing ehnibe: afiand Iow priority

conpar at ors when" 3" cont € exi't 1nstruction_is executed his sta
X \ , . er ed
enabl i ngs of thelconparidt ortagtSIA bed dras sEGhparat of stfi%f’é,g-{‘ 8RSur eggt hgt

the |ow priority; Gonparatiqrs tabB-apsk sl Gidingd pohoext ye

\ _ Yestionparators 151A are
conmparing the sanme scan JLsgst_. T%at s, alaowopriorit cont ext mat ch usi ng
the previous scahn8eruqiprad 157 ed8e8tetot %sét?ﬁ%eﬁ%%eedm imgZof a I ow

priority context,cbefor&mbdtagrpr i 614 the okt extpuadtoryg B, the 15 sanme
condition. Referring totFI GURE 31 a sin I.eC conpar at of z?lf)l%ﬁ%\p@ that is
representative ofPdneedfthate thet 18Y P%%‘g‘rﬁ Y &Y ﬁiag%u p]fl ori'ty conparators
151A or jgne of hhghsgti®fisevenpb¥itdow Ioritorirey covppeied die 151B 20 from

FI GURE 2. Each conparator 151A/151B include .candj.ti ector nmux 310
for selecting a S&8M"RgPe™Conditi éﬁagi %831%21 rg%lgggggn&ggcté?&lMA/ 154R?( a

scan set conpar atatcB20sfog 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



determining if the condition bit 310Ais fromthe 25 correct scan set an
TYPE MATCH | ogi ¢ bl ock 330 for determning the polarity (logic |evel )am(cj :
condi ti orwbios/08®8A that is required to indicate a starti RgTABENs66RRL Ch.
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 COND TION
field that indicatigs titverha&rdunareo c:onﬁjdaitentmatp@harja:ysmn thet to be

mat ched; a 2-bit PQOS field,for ndi cat. i f f (4
35 contains the SUHHITI%N S@Bﬁ%ﬂ{ & Bat cﬁhdﬁgrg %Jal%%\%\ll)lgéz Ozzgg8sets
PCT/ US02/ 36687 2:ihd t2-BYRE TiiPa| ﬂl$bdll'm2h (;tétréet E@SE@P%@ if3Luse 't he condition

signal to be mtgheds; My ¢ SRECiligald Yoo ihbecdibl tndifREidiel d has three

possi bl e val ues: st 'value Is used to indicate that low 5 | ogic
| evel issto be ubegimslevedonidi tPobe si3phiasie E6RPAFT et second val ue

is used to 'nd'C@éﬁbafiggmqatﬂbggeééﬁﬂ(hdﬂﬁéehsl&sé@ be uskdiatand the third
val ue is used to I ndicate that matching, gl sabl ed or ecabl ed. In
operation, CONDI FreEN 3 iiah ilogiSedeTHt Jssel tec e uéSﬁdl??do thI t 310A fromthe

gg;](rjetnt ly slel etcggglr§cmlﬁtlsﬁﬁéﬁlwﬁr(muél GRE @3td¢iiatg iis i nput to
ition selector T | ection condition bit 310Ais input to
TYPE MATCH | ogi c948213t ‘%W%%a ﬂ’ ‘field and scan set counter 153A|/0153R

are conpared by scan 51etop?ajdmarc>at,ot301312mml\b fdetler rsnesedhether the current

scan set matches he scan s |nd S t 142A/ 142B
Scan set conpar a?%ﬁ' e3P ot J’ttloﬁo mat ﬂqp[ Ofrrogrhlt Oka%%%rt?e/%abl es TYPE

MATCH | ogi ¢ selected scan set 154A/154R see FIGURE 2) that is
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



bl ock 330 on a match (and disables if there is no match). TYPE MATCH | ogi c
bl ock 330 receives the condition bit 310A, and if enabl ed by scan set

mat ch bi twB20m44688es TYPE bits to determne if 25 mat chi ngCrassd2/s@bt ed. | f
matching is not disabled, TYPE MATCH | ogi ¢ bl ock determ nes from TYPE
bits whether the condition bit 310A indicates a match at a high logic

| evel or a | ow | egitexdsewehckTYPE MATICHHeogindebbnekl S3®@0UEEEES a 30
context match 350 I d whet, c ¢h has been
determ ned by thi ssnafglo@ryrarlpa?%twgr9 %gqﬁlSlB Q‘%%S%gh ggée%ﬁ?ﬂ?grrbodl ments are
described therelase wtiver twaysvebds i ol EFeREtFeab iR &¥f 35 those

embodi ment s.  For %@éaoése,stfo%demcyﬁé NGk MOs 03404 46581RAGH US02/ 36687
contexts stack 145 could be made smaller or larger to handle fewer or nore

contextss Al so nepedbrlonedonpFpert 1374 sréls SSF SONRIAE FinBer of
contexts stored Lo 44y Cordtm& &ypée oﬁ%’ﬂa\ﬁﬁtﬁ:&oﬁ sbadid iwins aodi t ored and
scan set groupings could be g C%l es 81; gxecutlon status bits and
context state infForhRts osr'Fat?ﬁnlB OFBRY Th et grm Aing the schedul ing of
contexts. O her esbethireinis taueesmhédimlunch@fswpee@tsthe 10 foll ow ng
claims. 12 WO 03/ 044638, PCTLUSAZ( 30687 WAT Jr$aCLALMED I Siodl o

pr ogr ammabl e processing syset emt executes nultipleinstruction contexts
conpri siing: 5 anfehsewicd idmimsnory for storing instructions that are
executed by the system fetch logic for determ ning an address of an

12



instruction, with the fetch logic conprising: scheduling |ogic that
schedul es execution of 10 the instruction contexts based on condition

si gnal s iwoiosasd6sgy an availability of a hardware resourc®CTNSVI3d6RE
condition signals being divided into groups of condition signals, which
are sanpled in turn by the scheduling logic to provide 15 a plurality of
scan sets of sanpized coodatMensis2. The systemof claim 1l wherein said
scheduling logic further conprises: control |ogic that determ nes when a
context 20 may be schedul ed based on the execution of another context by
said system 25 B. Ahemysierbdé preteasingheveratseial SEREYGEPng | ogic

further comprises;, & cantiexl SLOL6n {Qorilane GoRbexdidd or mation for a

plurality of coﬁFéQ?L the context information ipcluding a priority field

that indicates the eXedmStEHCBEPBIPEYPIRVEr 6FCEMH of the plurality of

contexts; and 30;ap: xeCldNaneentextsxshaek be indi sattert;he priority
| evel of a context marked for,Exggution. 4 Sy %%n13 wher ei n
a

. .Thean sagng osféj?
the executing contexigtst dag> L 9rSTIs e A8 3 Tha indi cates a
cont ext havi ng coatexict 1¥ror Mathobhd 3fMRH3/B44658mPOT U802/ 36687 stored in

the executing contexts stack ISready to Phe @Rl LbgGuigend y executing
m

st
context. 5. The syste%??ﬁ erein said executing oS contexts stack
has a sqgond bit theeldsthattiondicoatesta oo xn kavflhglieont ext information

stored in said executon stack,i.s GHr LoDt DGR rey el Athre
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



10 6. The systemof claim5 wherein the first bit field and the second bit
field are used by said inhibit control logic to determ ne when a new

cont ext rmaQ oBe44essnsferred to the executing contexts sta®kTiusn2/piee? enpti ng
anot her context. 15 20 25 7. The systemof claim6 wherein the first bit
field is set by the inhibit control |ogic when the new context is
transferred to the,.execut Lhg eﬁé&&@%ﬁﬁcshaekts&ﬂxmﬁeisysﬁedvotoclain13

wherein said schedulin | ogi ¢ _further 43Pl ing |ogic that
receives the coﬁﬂm%ﬁ%%g SPGngPET e Hrd §X§8§E£§§t counter that selects a

first scan set to be output fromsaid sanpling logic. 9. The system of

claim8 wherein conte t nclides:a siadtdngevegt field
associated 30 w ht@he *sf sa|8§ ?%%5 ty of éontexts with the starting

event field usedcdytesdisd swhédhaﬁn@ s*remﬁn@l bis gkl i whet her a bit of

the condition Slgy ca %n%ab%ﬁge¥£tﬁﬁi&%g“%dﬁté&ﬁ Seedrisaiiomat ches a bit
i ndicated by the starting event field 5 14 \WWO 03/ 044 QFSkFCT/U802/36687
10. The system ofteted mm sater 8FACERECB A NGS EVENT  T1%el° ‘Conpri ses: a

condition field Lpdigatd ng which condition signal within a scan set nust
be set for this 5 context to be schedul ed for execution; and a scan set

indicator field indicating which of the plurality of scan sets cont ai ns
the 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



condition signal which nust be set for this context to be scheduled for
execution. 10 11. The system of claim 10 wherein the starting event field
further cwopBioswss a type bit field specifying the pol ari PgTAfS02/5de87
condition signal that indicates the condition 15 signal is set. 12. The
systemof claim9 wherein said scheduling logic further conprises: a |ow
priority comparai®r mad s shie@ho20cpaimrd tpecompatriat ostatandconpare a

sel ected scan set to low priority, start event context and a high
priority start eVEmtt T OB Th system of claim 12 wherein said 25
schedul i ng | ogi ¢ furtherorcdngphséselad sehraidrd regrRte@ndd st ores t he

| ast sel ected scgnnasletw.%rﬁqnt geségﬁtség%ssceqoecgget%r Maldle, said scan
word register be’?n% |npu:'t 0 sal | ow priority conparator for conparing

the | asts30 sel ecomdestarp dwt sgheguiedret o 8L PRéRi g priority conpari son

on the last context sgal.5etscthagqcorpbetadidléndIbetsystemad claim9
further conprise: 15 03/ 044658 5 10 PCT/ US02/ 36687 _at | east one

i nput/ out put | ogpé BrodRLuLsHiiFY PApEFFoutTR TEGPE Bl bk al so providing at
|l east one of theg,g@ndidi o Fiagnahschontidie iechedulfongthiogi c. 15. The

system of claim9 wherein said inhibi control .l.ogi c del ays the enabling
of the low priofPEyeEbntexte 6@89&9?%’5% g%xepcrult&(rglgfy cont ext

10
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



when an instruction causes a context exit. 16. The systemof claim?9
further conprises: a plurality of coprocessor engines that execute

mul ti pl e wogBnusss on contexts, said plurality of coproce®sdrusensgicoses al so
providing a 15 set of coprocessor condition signals to said scheduling

l ogic. 20 17. The systemof claim 14 wherein at |east one said plurality
of coprocessors furthgr 1cespr bse: imut/easpubntogic dlndk,esaafld an address

queue, said at Ieast/gg&ﬁ%%géﬁggasggocIgﬁjopggég%%ﬂg;%&‘hg@gg one of the

condi ction si gnat®ut | TThg 1 0gi C. A net hod of operating a
programuabl e presesst nhesyshditiohes rmteied teorpe i s¢hrfiU1dEWedul i ng
execution of an instruction context based on condition signals indicating
an availability ®*a hardware resource, with the 30 condition signal s
bei ng diwided into groups of condition signals, which are sanpled to

provide a plurality ff. scancsebs ofasamphedreondssi®onmhitdt The nmethod of
claim 18 wherein context 35 information is stored tpﬁé %ncludes a starting
Xt t

16 WO 03/ 044658 POTFESYBHER7&08RAL “H0rS n8ofife al may be schedul ed

for execution, %P@oBE%fKEbﬁﬂé&khBéfﬁﬂﬁnﬂks&ﬁghdgtébnitﬁr@PHﬂﬁﬂt a starting

event for a context matches one of the sanple nditions in 5 one of the
plurality of scaWh€Rtd} PeSCrATLIRB: iRy Bt ?ﬂ%ﬁngf%g m%%#éin sai d

determ nigng further conprises: determ ning when a context may be schedul ed
10 based on a le%%[ gﬂep£§é¥gn$%fotlgiﬁu§rfﬁ?é&ér 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

16



géﬁfg;in?n?gpLS?}6 2;.tThe nFthod of claim 20 further conprises: dividing
( . ninto at least 15 two priority levels; and séhed i

. . ; ul
hlghFrdeNONB@yﬁabntext for execution having a starting Pﬂaﬂmnu&whEslgg :
sanpl e condition before a lower priority context having the sane

starting event. 20 22. A conputer programstored in
. . . . a CO
Fﬁ?;rﬁ]?gV|ng i pgLRUCEDONSa GAUSHNGKE tb@mp@ﬁ@beté?hgé%%ﬁﬂﬁgggiecLE?gﬁbgf an
avaiIggi:??ycgpggéEHFéaﬁfgagggggpggng%%%h tﬁ% @ﬁgggﬁsed o gna
vai _ est , | condi ti on si i
di vided into groups aétecwmiding ¢hasi gnarartifs @We&Fefgﬁdﬁfggn?LSpPgLPge a

plurality of scan seLs of | i £ . .
: Sl ed cendht i 94181630 23diThensaip
of claim 22 furtoélrexconprlsmO I nstruction causing ; conpute?t?g:program

determi e that arstarft thg elemlifyr °4 67t eXtC
rm _ eX@ et che
conditions in one of 35 the plurality of scan sets.slgne of the sanpled

20. The method of claim 19 wherein said
determining further comprises:
determining when a context may be scheduled
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



