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Thics i nveid @nssgat es to scheduling contexts 5 in a conppdeiisdfgessor .
I nstruction execution. in a conputer processor . nay be acconplished by
g?;tltlonlng a stream of f|nstruct|ons into individual contexts. Contexts
swapped” in or out of exec C 10 a schedulin y -
associated with the conputer pg%§2g§gr&3ﬁ%% and when contexts a?esgaégg;d
affects availability of conputer processor resources and overall processor
performance. 15 DESCRIPTI ON OF DRAVWLN %ﬁgpqoregoing features and ot her
aspects of the invention will be descrl urther in detail by the
acconpanyi ng dr awi ngsThi$ whiesltioB0r&E1GURE th siebrdudiny oekntdi*&§r am of a

processi ng systemthat includes co t scheduling logic; FIGURE 2 shows a
| ogi c d|égran1foﬁntﬁe°°%x&ﬁ%&ﬁjscﬁgégflng | ogic of FIGURE 1 that includes

55 hi gh Prlorlty ?nd oSt pudioidnt pxeonpheatisr & COMPUFFCURECE$iRus a | ogi ¢
iagram for one g r r
FIGURE 2. 30 DETRFEEB %&ﬁ%}#yﬂéa Egypégtﬁﬂfﬁﬂﬂﬁ' Qr iskyeg@npgrat ors of

ferring to FIGURE 1,
processi ng systeam§®@uphg¢@@e§ﬂ§>@5 M%gpah_contexts Conta grogrannable

FEE=EEEEET T G WL bbed 4 Tdd Ide blt of lexddfiilfibhccording to

10 a scheduling system associated with the computer

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 schedullng
logic;

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

25 high priority and low priocrity 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

. VR

*166166*

\\ll\\\\||\\||\\\||\\\||\\\||\\|\\|\\\|\

*G00002*



sl PR rrr rerr viert vieelr vieelr veetr reer et *000002* 17 MAY 2006 MMO2006
03/0446,80 POF463802/ 36687 processing unit (CPU) 105, an i petrigdeliqggy menory
115 for holding instructions for CPU 105 and a comon data bus 123 for

transferring data from CPU 105 to input/output bus controllers (1/0O5

control l ers) 18QA- N ! ol s 1804An BN+ e fefifigct ed to both
data bus 123 a%%%clje%%&{lpogﬂ)gt%lﬁes (I'/ O buses) 190A- 190N, ~ respectively,

and manage dat &1t &esf drddbey weet rudtd onss fest e Msend 23 and 190A- 190N.

Addi tional 10 |qgic blaekspl07A 107N SdhsfeCPiiy ABYa a5 ey connected to
data bus 123 that transfer data to and fromIl/O controllers 180A-180N.

Programabl e  sSy&% &1 TOGULSOHERR YA tPOHEOHLEEShi(§R speed data transfers

and congruni cat i Qi$: Q8le A O1 Bysess hPOA 4D bIRNo1@e s, 1®@1f 180N Ng data
transfers and conmmunications according to Ethernet or Hi gh-Speed Serial

protocol s or thereig@nggtedcbatPoFt &3t 08 £80N28Fe | ogic bl ocks desi gned
to manage the |{Q.wpehaid@nsuassoci ab eshse) widoh-asepeci fic 1/ 0 bus

190A- 190N, respectively. Each I/O .controller ge eraI;ﬁ will include at

| east one nenmor¥ERAFEVLY " &Bguléa‘j‘a‘-ﬁa‘gatr% 453 Sgﬁrsa ét‘%?ﬁ)?i ed as data is
sent and recei V@ﬁieoa_f@giéd@vebbsess 1900 490N $02d 18080 mad bt homesl har dwar e

status 25 bits to. indjcate_t us of a ue or the availability of an
| /O coMlroll er 1BFRE 1 alif‘r 103?6@@2@1 ng Yat aca#ﬁsang‘fi'gr ?Es?/ control |l ers

- 180A- 180N out pgbnhder dlrgbraia@ asbakus2 Bi tisat o (@RI fE@5dana tondi tion signal
lines 112. Sone eéa?PI es_ of %%thaégwar e, ﬁgﬁlﬁ%\pi t3.ndi cali ons include:
the avail abiliB)§doft e bl & ERELEED HRY ot Bh J
' 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 190R-190N, respectively.
Each 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 1/0
buses 1902-190N and also maintains hardware status
25 bits to indicate the status of a gueue or the
availability of an I/O controller 180A-180Nfor
processing data transfers. I/O 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
controlier for I/0 operations or the state of a

mutex being set or cleared.



. address iwoas/guese, the availability of an I/0 controllep fr%o%g 7 MAY 2006
operations or the state of a nutex being set or cleared. g 446 81
7 MAY 2006 PCT/US02/36687 CPU 105 includes decode |ogic 120 for decoding

instructions fromi Q%L{ li(btsl on Er?gggyde]éu%e andifetsh kogic 130 that outputs

the address of an iTStruction to 1nstfuctio menory 115. Fetch 5 logic 130
al so i ncI udes P@esedett |mtlr0grcc011$0ﬁf@n insglracting mémoFhistlSuct i on address

the - P 62
(the -"program cgu%%gh (OQ)) lnds ou Lﬁ?}&% %eagéa?é§sb&§a% to

i nstruction mendf bus 162 causes
i nstruction rrerrmnytml@ti@ dlSPt pm«stmc*ahom RRIFQFO |1é|5 onFe®SRruction bus 117
to deCﬁge logi g, %39 156U 1%'c§9dé£‘cbé'd§§lﬂ%i/oﬁe§'o§56r16d) oG 110 that

per f or arithmetrc operations and data reads and Wi tes according to
decode signal s Sﬁﬁéﬁié@@o‘é&e | igyitgugbpon13ddxrte P60 " PREFEHRS sever al

different hardwargrtesous€es daat igpgnabet adn cgd‘d‘&rs@,nbusspegds t herefore,
an instruction may be processed faster by one hardware resource than

anot her  har dwart® ~BEBEYER§% BECEYt dlrespbth s 3877865eR4Mpie, an

instruction may £ause CFY ddbsdH insegueston Iﬁiaﬁ@cg namsster ottopwt from one of
the /O buses 190P-190N. The dat.a read maT\{ re re thg uae of a menory
buf f er ¥Wssoci at && wWPERTPRELOR o't dS5EABCHOT/ oY 39 &ece t herefore,

if 25 that buffergdis unavai tebl 5 @Els}ol(iﬁcmwaﬂ madietg(istbe stalled to wait
];)?{)cteggl ﬁ;agkggh{%ﬁycg%oaggaﬁ% fafe%st |aﬁg%¥‘§?g%lgc§%elrvar éoflétsélﬁclriégst Pg becone
avai | abl e, 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 instfuction may cause CPU 105 to
request a data transfer to or from one of the I/O
buses 1902-190N. 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
buffer. 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
tc 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.



. 30 programmabl e processing system 100 is configured to execute r‘rﬂl.,ti'k“\ﬁ\lfem06
i nstructwonsalideggans ("contexts"), where a first context WUQ&%6FX7
execution and then be pre-enpted by a second context before conpletion of
the first context. 3 1 7 MAY 2006 WO 03/044658 PCT/ US02/ 36687 To manage

the scheduling of a nultiple cont ﬁxts fet cg | ogi .130 i ncl udes cont ext
schedul er |ogic 1497 HBRNAES NG FEPEABAIRT gRhIS I@"f%,lp' M part, to deternine

when to schedukgnfeRey Hwantiedic Eebchntdgdes I3dhtalxeo i ncl udes a cont ext
store 140 that contains "start,j vent" inforomtion and val ues for,
e.g., sixteen EEBFIULBAL LIS t:lh%ntr%J tﬁ’é§ Bgegcﬁ%%]ambysl graf?gxt schedul er
149. Starting event ihnpervptiodtermdead dBehotdeteraduie whaewhar dwar e
resource, as indicated Y speci fi condi t | i gnal hat nust be
avai | abl e befof nggﬁgdul Ph@gé %?ﬁcexl?%f St Sgr %bgg‘flr%%ﬁgo%n.coll—%ct%g% | ogi ¢ 130

al so incl udes amorexealdt chgt comtexirs StsdektEGSpvad5’ f or storing 15 context

information that is used by copte c ul er 149 org| ¢\pre-enpting”
. igf‘. -9 6 U
context infor CoRefor it %Iruge %3‘2%10115?% te}%%é gt 9 hr%%gc ﬂ‘f@"rént priority

| evel s. Cont extcontieorsatheh mayshorsthgdnledSby4so2oezecording to the three

priority evel s tLiomereysy. Eggggtﬁ%ve% whebenkevsl 2 isddhe highest
priority |evel). erefore, 4 rowc?es a nmechanismfor storing a
hi gheriopri ori t jeccolettexmingorhakebatdwat hefepaargel oner ipi &%y cont ext when

25 both the higher, and Jigwen ppheiiioh COMNANE 9181 enatahidithd Or the
avai lability of the same hardware resource, as wll be explained.

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 1levels.

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
bits “P” and “2”, 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

1=



3 ECS 145 C\Q/?)toa.;(ﬂﬁﬁ Ehe context information for each context that nay N 2006
executed at each priority 30 level, i.e., the starting PEGHVR36687 each
context. ECS 145 al so includes execution status bits "F' and "A" Whl ch

i ndi cate when a context at a particular Erlorlty l evel is read
pre-enmpt the eﬁéWﬁdOﬂnOEC%myﬂt Gvie FUBERBELY yPebif &esutere ( %%e P- b|t is

set), and whet hq\r_hﬁtpqrst eyl ar GPYpexhtidn} 4 Mhacidfind¥WO 03/ 044658
PCTI US02/ 36687 stored in ECS 145 is currentlg bei n L8 executed (the A-Dbit is

set). I'n operati¥NtexX™ baEKGFRMEY LeFTtet€ICat P hriorl &7 | evel zero (0)

will be executedahiffed@nhBhOREIhiyHear idy orev ¢l 16vdt exdnteas habeen placed
in ECS 145 with the P-bit set. her priority context

However., whene a hi
is placed in ECGSSUPIFER LReEER bﬁeS JBth ttﬁg éé’ 156t %tl on logic 160 will
pre-enpt the curg@mver, exesdvtfigs aonexd D&Iid)rb!egl oozeb@emmjson of the 10

hi ghest pri or|ty cont xt i_n ECS_145. con S y one entry for
each priority | el 51%5 ?%L‘%Jvtg} E{%S %tlltr %r}log%g context for each
priority may be §c§:hedtuicﬁd lalgia tﬁmlmh@mﬂr@enthend:@otemtﬂhat may be

schedul ed 15 for executlon re.divide tQ t ( ority Ilevels, as
fol l ows: .Level B¥CTHE ’t?a&gr%SﬁF\da%‘% Q Jltr{1 e(?(e rtggnI %%Ne d execution

priori tyo(LeveI mgwesacpmmmeyt cwm’tdfma ire\ms (14|5r| OEC3 yl4fay be preenpted
by any ot her context o] o] a r{.fMent, being
??t%eneve no% %Mrh‘&e BhE §r18 = t:E

execut ed by def al priority conte S executlng 25.
The second priori{Lgveébvel- ileviedval _10 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 & level 0 priority may be

' preempted by any other context. The

background context has no start event,
being executed by.default whenever no
nigher 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 arge seven ﬁg?) contexts with a priority Level 1. These contgextgayagoes
the | owe tO(BN“fﬁ‘ ty above background context, (Level 0).POBUpozs@slevel 1
30 context may be on ECS 145 at the sanme tinme. The third context is Level
2. There are eight (8) contexts with a priority Level 2. These are the
hi ghest priority coiexeyelChl gomrxiof ndwe bei ght E6S 1145 MAY 2006 WO
03/ 044658 PCT/ US02/ 35&6%116( 8)nkevel 2 contexts nmay be on ECS 145 at one
time. Level 1 contexts nmay only preenpt the 5 background context. Level 2
contexts may preenpt the background context and any Level 1 context.

Referring to FIG 2,;cant ext gtaLes 140, St o1 S Ahe-st apti ng event bit fields
142A/ 1428 and starting PC 144A7 1448 7 or e PR o ght (8) 10 high

priority contexbsckewPutifopterhe seveh € 7§ontaw LS MeYi PYSemrit ext s,

respectively, that waYicdeurschedubed L8 SX@odvean 1byosebgdul er 149,
Starting event bit fields 142A/142B indicate which of the condition

signals 112 nust be ReteqEdd &° Fi§-whi cROPBRYEc StEF8I ) 4BefBPESS specific
context may beigehegdstethg avewt! biberexphai nerth/1Gomt extt schedul er 149

i ncl udes condition scanner logic¢c 150_that perfaorns context scheduling by
conparing har d\ﬁ/ﬁf‘étt’:%‘?ld?%léﬁ%s[ﬁéﬁgl ’éofl?aFg of e &9 te\féht 20 that nust

mat ch gospeci fi adgropdi i 0y Fogtaktilandbehor eof WRNise¥eny) be stored as
pre-enmpting in _ECS 145. In system 100, the, sixteen. cqntext stored in
context store 148¥aPE*BFbkef e&‘té’s@FSpSFtéY%]ﬁf' E%)a%LE\?é(I g% contexts, -
seven (7) Level stheduled 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
hardware 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
twe-bit scan set number and each scan set is

35 sampled in turn by scheduling logic 149 when

6



c‘25'contexk§0@@gmgpe (1) Level O context. In system 100 a H%H%hmgg‘77MN(2ms
sixty-four (64) hardware condition signals 112 are used. To 7T WL t he
conpl exity and size of the scheduling logic and also to address the

prioritization of 30 sixteen 6) . cantexts, rd e condition signals
112 are divi ded %ﬁ%}mESdPg(ﬂygé?dﬁﬁg*'g L%sggﬁgge?e) of"%i xt een (16)

sanpl ed condi ti oindisiigalls cdd@it Fach sicarlsefl lRsardehtidhiead byy a two-bit

scan set number and eagh 1S led. i ; cheduling | ogic
149 when 6 WO 0 %ffé’%a‘oiﬁggw;%sb%o%éssoﬁé%%gqg'fgges%#é ?fse%ar%ﬁ'ni ng whi ch

context to schedﬁbg.exﬂm@lq,ndiﬁiﬁgéﬁlqmnﬂﬁ;ﬁa§n§t§rghaléﬂ112 are | atched by
the ContE,O' ler | %ﬁ@@ﬁ%@lﬁbﬁ%%ﬁh tiGidiNakne tRA1 6@l e, a flip/flop

or register in | ~controller 180A-180N. However, the individual
-condi tion signatsnébiien #ignape Fautherf it Ry lsdgredti e @M schedul er

logi ¢ 149. Sonme exanplese.af sdhaudware)semditdpnsddatxang1Eéepsesent ed by
condition signals 112 may include the status of a 10 gueue (queue full,

queue enpty, quebarfwaFs\conditiongt ghyt ¥R LQRRSFETELIAPYr ansact i on

(conpl eted or nebnEgPPPbRtE)grRAN st he2dgbgcirondd thedatatubransdri ssion
error. Referring again to FIGURE 2, context 15 schedul er 14? Lﬂfludes a
scan setlfcount er T8532 f 6FUSH;F Jdddir nGUEUS cEHPEEt HFSePe2534, T8t a scan set

sel ector nux 152cgennectrd dtntheceifve hasgyacei orcodiniplensdsognal 112 and

for outputting a selected scan t 154A. Context schedul er also 20
i ncl udes a set oPoﬁiﬁﬁmﬁf?Eﬁﬁtﬁf %%ﬁpé?&?%?§°35ﬂ a(i%ﬁiht intotal) for

conparing the seltecheslisgatn error.
Referring again to FIGURE 2, context
15 scheduler 149 includes a scan set counter 153 for
producing a scan set number 153A, 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 1542 to a set of high priority starting events
values 142A 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 . scar 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

(03]
w

202 and 204, respectively. Enable control lines

7



.. set 154A to a set of high priority starting events values 142A fraon? MAY 2006
cont ext W®@OR044483. Context schedul er also includes a conq,iélj(l?# égﬁg wor d

25 register 157 for storing the previously selected scan'se 2 nd t he
previ ous scan set nunber 153R Context schedul er also includes a set of

llow priority comparaharsof Se¥enddy tQf alonthen tﬁemg{éwdfo\é(ngri ority
starting events 142B to_the 30 scan set in scan wor egi ster “157. Cont ext
schedul er | ogi c M489 8FsdOV neFefelsty Maidiad contest Foghe st®Fedhat is

connected to eaghget the, haghypri aid takenpawat ors 151A and low priority
conparators 151B, by _enable control lines 35 202 and 204, respectively.
Enabl e control |ines'® PPREFT2006 SSAD H0A£858PETL RSO BBBS7 202 and 204

are used to contghel ctii@efut pUbn 0denys 4 i G QF-HOWYPEESK | doudiRiched cont ext
to be stored i EC? 1_%5, as wil] be explained. I n_operation, scan set

sel ector 152 oup‘&t o5DEHB ROFPEREY STAPPRALOES4 A58 ecEE® by scan count er
153 to high pri oritdyacenpanat eisn 161 Ahd fsaan Rardwakeneonslid iggn in the scan-

set matches one .of the_ eight high priority contexts (a context natch)
and inhibit contis gyt ‘gﬂaBI(‘S% T 19 55ar 4BoF ¥t %EN the hi gh

gic'e
priority contextmaighdhandsishobied conteGS 14micTReapleyi pus &ean set 154R

and sc set co r.l stored _in .conditi.on .scan rd register 157 is
next p?{ébsent ed 'téo%r\%gv{/agg%r%ﬁ?nc%}ﬁ? Xt IR A Sr §°T£§§t B ast scan 15
set 154R and scars séoredunheECISBR I s Tt ahedriidus tshencesdi t3a@ scan word

e Sl S D s, B e P St t R Sl S e Lot
conpar ators 151Ecndswegd sthat 1aiyis 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 reqguires
| 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 thé
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



. 20 hi gh REiGkity<context match will be scheduled ahead of any. | ol pMA% 2%y
cont ext %??E’o\%%éﬁ the high priority and |low priority corﬁ(gfﬁsén@?@?
waiting for the same hardware condition signal 112 in a single scan set

154A. 25 A full cycle .of ndi,ti on_scanni ng requires_ four. ¢l.Qcks to
conpl ete, i.e. s%gi?ﬁf g’ aq‘ﬁ% ﬁéérgofﬁ ré%wancgb?éctegg AL & it set” l%%starti ng
event conpari soprisriper flearvedd on each cycle by both the high priority
conparators 151A and fr%\:{ lrti %%5%%9139009”% t.l%r%_11518. Condi fi on scanner

L . , SO COonne
150 is configured to NI ndous scan hardware “condi t1ons 2 and

conmpar e the scantsetscdbdA dantele skacuiihgn edgmiads 14P2AFdARBEGSegar dl ess of

Lhe availability,of 2.5 Y8 0AHQ446E, 1.2 NIA% 2006, PETLIISARLARGET place i

or a neW cont ex irticu 1ority |leve it control
| ogi ¢ 155 is al séogbnnked edExaaytiopebvenebnt ¥kt agdecontoalsi gnals 147 from

ECS 5 145 and sg@ggyigngzg%g Usesi gpakstdafh fd medecgdenbopd ¢ 120.
Execution-signals 147 and control signals 124 are used to determ ne when

to enabl e 204/ 2894{BR2 stk i TP M IaChmb cRBECRIhICORESKE ORFOBI t her set of

conparators 151AcafHe1548: tor REGapl@ald®s M1 sReaishicabl gesi nhibit control
155 uses context execution signals 147 to determ ne when to enable the

storing18f a mat dRed cYRFRXIPeTHELgRY LY onPh ke faére £2onB¥e5in executi ng

context at the saneeRti kédyri®yelighalECPs1460 ndtketiiae Pphen 1o enpting or
executing (P-bit and_A-bjt are not set here are al_so no higher

) ) and
priority context§°PRICEES® 195°dI%k & Es“‘é‘%éﬁéi?@“t@ﬁﬁbi t£i 8Hot set for

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 alsoc 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 provagate through the system

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

It is often the case that more than cone

context will be waiting for the same hardware

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

w



~any higher priority contexts). Inhibit control l|ogic 155 nmay al so regeasare2006

an- 20 " §304368nal on scheduling control signals 124 that indicates the
execution of a "context exit" instruction. If a context E&T{USIHIELction
for a particular priority level is executed, inhibit control |ogic 155

del ays the reenabling of the 25 conparators for a matched context for the
same priority P&&BF.sttr}lfel%Wdﬁg%ﬁl FRBA WHhi$*9%di ¢ ensures that
changes af f ect edeipicbanthatie: HeAdiabioAsycafsediyrddhaadwhirag context will
have sufficient tinme to éO({)_arg%te hrough ;éhe ) stemfgoo pgci or to
re-enabl i ng t he "§CRBAGFT AT St TdtRer CORSRTEX t P e *¥4ne 56r | over
priority |level aset.heo exdiésyy tdd edttuaktiohsiwitleir tdntaade t hat nore than
one context will be waiting for the same hardware 35 condition signal to
e set for ol earSre. “hi SRS T B 2006 e bantsadess et L' 02/ 36687
occur when the Handwanercbndeemmrrasiogrralvhenepr esenest tdeitavail ability of a
shared hardvar e ; Jesqureenand ddderent GROLEXLS,CoMels, hor s use To
5 Togic S

"
address this situation inhibit contro aggers THe re-enabl i ng
of the high and ofl ¢lwepcropitrytennparldt disfonkenompepat@xs 1EXiR, instruction

|5 exeouted. ThisheHAguened eNabldnG:iof: the coREPaLALOL S i3l Apel or o

conparators 151B, ensures t Oow priority conparators 1B and 10
hi gh pritority cdvigdr aréeesitgleeomparamnrarioid aehe cemparitmrfhset. That is, a

low priority contgut sJamt gbeUsifgat hes PreviQuprssan: petoy,d 157 does not
cause the scheduling of a low priority contex before a high priority
cont ext maiting’?%ﬁéhlﬂ§lng the previous scan set word 157 does

not cause the scheduling of a low priority context
before a2 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. Each 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 3102 1s from the

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

Start event bit fields 142A/142B are B8-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



.. 15 same condition. Referring to FIGURE 3, a single conparator is Loy 2006
that is rewesentati ve of one of the set of eight (8) highrcpusearsessy
conparators 151A or one of the set of seven (7) low priority conparators
151B 20 from FIGURE 2. Each conparator 151A/151B includes a condition
iglzli;:tlgzmwx 310 L @h rSeveet i datosSingl eatcondiet ipohabity 3dDAHed om a scan set
: , a scan set conparatar 320 for, .deferpmni j ndition bit
310A i's fromtheO?S‘d&_BELP’éc?l%"bagntgegearﬁ?:lt%hef%/Plggﬁ%T%gie{:%g%%%%'ck 330 for
det er mi gl ng _thg poleari-byt (ToRE fileddehpsothrepmdistsiiddebielBd9A that is
. required to indicate tartl evenl matehy: Sty tengvent 16t fields
142A 142B are 8- %I%Ies f?ﬁ%‘é%%%%& storeggi n clo% ex;tgt orge 140. Start event
bit fields 142A/ T4RBd Aevaless o PehiusedOND T difiond siARRLi ndi cates the

har dware condi ti oyilil.8y; Acseathl La1be MRlehadic ddibatlOS field for
i ndicating which of "the four (4) scan sets 35 cont ajns the condition signal
to be matched; ariehar a10igh7lamye 0061 WO 63/ B.4tRE PETAUSS) 36657 2- bi ¢
TYPE field to indijcate Jaheepobasidy tof indecacenthit amtsibgngl ito be mat ched.
More specifically, the 2-bit TYPE field has three possible values: the
first value is usEeP ARy §n @it c 5P %5t a low 5 logic level is to be used as a

(r:]pnﬁi ][i ofg si gna: : coﬁrlal[)io@@mati&e, seoNDI T08| feels isersdd tiondi cate that a
ig ogic level is to be used: and th hird v el to indicate
that matching is s?ﬁ%catbl-aet‘fOle‘éh%rbl%elcf E‘311(9%‘1 .grgrﬁe?%%i%%ﬁre | TION field is
used.to sel ect ase€lslidd erahi 5e8109A /IR HeeeUFI@WRE y2) 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 maﬁéhes
the scan set indicated for this start event
142A/142B. Scan set comparator 320 oﬁtputs

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, énd 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



- sel ected scan set 154A/ 154R (see FIGURE 2) that is. input to condi §i;0f, 6
set ect or WRIB/BH658 The sel ection condition bit 310A is i npgtrisy2BYdRE MAH’&P—?
| ogic 15 bl ock 330. PCS field and scan set counter 153A/153R are conpared
by scan set conparator 320 to determ ne whether the current scan set

mat ches the scamrgeitisndieat ek § aroulldl Pestade eMeNled 42N 142Br Scan set
conpar at or 320 t put O.matching hit 320A_that abl es TYPE MATCH | ogi c
bl ock 330 on a %’t g%én?%h%d*(eﬂ’%%b?reg“‘irfe t Oé‘(r)cée}ﬁté'nogfs.?rﬁ?%ﬁ CETYPE MATCH

| ogi ¢ bl ock 330 lreeceipresrihe tewelis icdh duirtteXtGA, namicet foenabl ed by scan set

match bit 320A, PE. hi t 1neqi f. 25 tching is disabled. If
mat ching i s not cg]?g%bﬁ-%dgtgbéﬁ {\7&% Ftir)déll%q&l ggl?r%éﬁgarrnﬁ%ae% from TYPE bits
whet her &% he condiaridutipns 8004t dyeil catcksscan meticbratpands glodlagi c | evel or
alowlogic le : E ' u S 0 nt ext match
350 signal to i\rll%i cuast-geﬁp'v\,hg{%}rlli((%}jf_| %ﬁ%:%n%e%n%%gﬁ%h%gg 1éseﬁDl et gé%r% ned by this
conpar at or 151A/CIBTIRGEGR spEeimatc amberti mentusedrendescri bed there are
other ways to ifHHtf‘éE%(ﬂnifngaﬁ:Hé%c}?édul%cj hosegrbodiments. For exanpl e, the
executing 11 WO 03/044658 1 7 MAY 2006 ~ PCT/ US02/ 36687 contexts stack 145
coul d be made snal | ePteT §PHRRIMeREhakeR o ¥tdidr the aerre cvhitde s. Al so
nmore orip | ess pridguidwideveksmof contexts, number of contexts stored in
the control store, hardware 5 conditions nonitored and scan set groupings
could be used. Oher types of execution status bits and context state
information can be used in determning the scheduling of contexts.

12



O her 'enb‘g,?’id}%%are within the scope of the 10 follow ng clai nms1 71RAY\N2306
03/ 044658 2006 PCT/ US02/ 36657 WHAT |S CLAI MED | S:ICTIUS02/36687

programuabl e processing systemthat executes nultiple instruction contexts
conprising: 5 an instruction nmenory for storing instructions that are
executed by the ¥¥&T em CLAIMER fdyic for determining an address of an
instruction, with the fetch logic conprising: scheduling |ogic that
schedul es execution_of 10 the_ instruction contexts based on condition
signal s indicati hg ArPERERFEBPIE tHTOFCISHE FWSTET FRILIFXESINASt h t he

condi tion signal gubeipe dingtdadtibit GogtOus @RpeoBdhd on signals, which

are sanpled in turn by the scheduli nlgﬂl ogic to g_r,ovi de 15 a plurality of
scan set$ of sanpl ed FonmdiTigRsIon e éys% EM°6f "€l ai m 1 wherein said

schedul i ng | ogi anbtirtbetorconpuisase eratuodd ltggichet Basteei-er m nes when a

context 20 may be sc?e cLﬂe_Ld q%sgdroge{.__he execut i on gf anotﬁegn cont ext by
Y g

d
said system 3. The sy%%em ot “¢1 aPm Iézp%ari"lnngszi‘indag haaul ¢ | ogi c

further conprisedns2buaticont edtthstbrefebckt v conmexisingormation for a

plurality of context Smﬁ%ﬁﬁ%@t 8%t s ol %F{é\r/r%}il%@llegcIﬁgg%gg%%%p%# ority field

that indicates the exec on-prrorrty eac urality of
cont ext S0 and 30 tar éxetuidtnigrnc opngriksssbaskd tan iceddé¢hient he priority

| evel of a cont eégqgg!igegn&lo aﬁﬁégcggi QW11 |j'firjfhc|e§el%§st%ﬁ§%%wg£@i m 3 wherein

t he executing contexts stac a frrst
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 based 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

priocrity 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



.35 indicates a context havi ng context information 1 1 MAY 2006 stp? 'ﬂm
; . ; 6
the executing contexts stack is ready to pre-enpt a currently executi

context. 5. The system of claim4 wherein said executing 5 contexts stack
has a second_ bit ielq:that indi cates a context having cantext information

stored in sditEXECH i OIF sTRKIT A UFPRhETYS bEFAGR &Rec@PEY. £20 6. The

system of Cg%énéﬁpﬂﬁﬁfﬂﬁkﬁéﬁti§ré&eé&&inéiééﬂtQQQ.the second bit field are
used by sali control logic to determ ne Wwhen a new context may be
transferred to the executing contexts stack for pre-enpting another
context. 15 7. The system of claim erein the first bit field is set by
the control bdﬁgﬂﬁﬁﬁiTWmP%e a%%n?ey °F8Lr §AsFeFrEF I "he executi ng
contextss staskseds Ssrddie sayst ensefoslabm 3rwhereirmasai d scheduling [ogic
further conprises: sanpling |logic that receives the condition signals; and
25 a scan setR@btmEe? 1 HaPRserechavangi Fentsgan indermad isa out put from said

sampl i ng 1 00kcords Mhesoystem ol ebal LEophereln said copex, store

includes a starting event field assocrlate 0w th ong of <% d pluraii ty
of contexts,exethtede starting event field used by said scheduling | o;1c
to determ ne whether a hit of the condition signal contained wit”?i ? the
first scan set matches a bit indicated by the starting event field. 14 WO

- 03/04465% 1 d. MiYe 2808tem of claim 5 wherein the first bit
field and the second bit field are used by said
contrel 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 control logic when the new
context 1s transierred 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 ©

0]

be output from said sampling logic.
5. The system of claim 8 wherein said context

30 with one of said plurality of contextis, with the
starting event Zield used by said scheduling logic
to determine whether z bit of the condition signal
contained within the first scan set matches a bit

indicated by the starting event field.

5
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: PCT/USOZQ§§§§£_%O The system of claim9 wherein the starting evdnt MAY g6
conprises: a conggtlon field indicating which condition $AN2G#8hin a
scan set must be set for this 5 context to be schedul ed for execution; and
a scan set indicator field indicating which of the ylurallty of scan sets
contains the cotdi t5hén syisgRRl O%?W%%twweéﬁt thorotafits ™%ont ext to be
schedul ed for e&g&gﬁgqu1g0c$&pri¥§gsysten1of claim 10 wherein the starting

event field further conprises: bit. field specif the pol arity of
the condition signal %rﬁﬂ@qlﬁdPBaF %Pfh%n%HﬁHﬁPgoHRlT%‘éF&%a set. 12.

The system of claidadl Majwnnasatdnss@edmhsmg;e kegi tof whier corrpri ses: a
Iom/prlorlty conpar at or iorit onparat or that conpare a
sel ected®scan s&P™t% t‘].o eprslcbgig‘tlé g?f eéi%rlf‘t%l Eé’)‘é) and a high

priority start event £Oﬁ&&ﬁdsetl3ndTbEtsySf£ﬁmdﬂi dhaaﬁiﬂi wittestei n said 25

scheduling | ogic her co rise a_scan word.re |s er that stores the
LR P R

8 can _Sets  conhtal
| ast sel ected scan Scan Set coun value sai d scan

word register bepngdlh;mm SIEna% Mhlbbwmpstobatq#tcmnpathi@r for conparing
the last 30 seleggggeQQagggglS%keaugégefggtgge%gyi? gh priority conparison

on the last context scan set has conpleted e systemof claim9
further 1conprise: 15 1 7 MAY 2006 at |east one input/output |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 is 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 star: event context and a

high priority start event context.

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

2 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 claeim 9 further comprise:



~input/output logic block also providing at | east one of the condi éi o0 2006
signals to the scheduling logic. 5 15. The system of claim9 wher i'n M&%i 80
inhibit control |ogic delays the enabling of the low priority context
before the high pri orite/ context when an instruction causes a context
exit. 16. The system Gi° cI5Th ®UEUATIRRIC /CorFRts dgicl ®logi ursaliid y of

coprocessor engi r&%ﬁad@ﬁéutﬁi&?%}q@c{nﬂﬂdﬂ %%%sgr%g}tii n contexts, said
In

plurality of coprocessor engi nes al so provi g a se 1 FLoprSdssor
condition signal it faithe stheduliiony diggiad.s o khe Brmeyston of claim 16
wherein at |least one said plurality of coprocessors further conprise: at
| east one of a bulfqgelrc'and an address queue, said at |east-one coprocessor
also providing at |east one of the condition signals 20 to the scheduling

logic. 16. A methml ofTiepenaitany of RNICIRANTRRIS « M QGESSI NG, Syst em the
met hod conprising: scheduling execution of an instruction context based on
condition signal SIHEATatiqw afelaysavdia asatltinofota ther dwar e resour ce,

with the conditignsiignalsfelng flisgd.ded, jnto groups of ~condition
si gnal s, which ar%nlsarrpl ed to pr o#cf\egrga glht?ra lﬁ?’y B G, CESXof sanpl ed
condi tions. 19. Wisn et howtofuatlimirmcEi sslsereidbraenitexdxi30 r:formation i s

stored that includes a starting 16 1 7 MAY 2006 event for each context

that may be sche e or ecution,, the hod further conprises:
determini ng that C&ZH 'stClrea}Iret isﬁrgg%ee\?ler?tfofd&r“ “c SIS S®Fe of the sanpl ed

conditions inmno a plurality of coprocessor engines that
execute multiple instruction contexts; said
plurality of coprocessor engines also providing a
set of coprocessor condition signals to said

scheduling logic.

15 '17. The system of claim 16 wherein at least one
said plurality of coprocessors further comprise:
at least one of a buffer and an address
queue, said at least one coprocessor also

providing at least one of the condition signals

20 to the scheduling logic.

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

pluraiity of scan sets of sampled conditions.

19. The method of claim 18 wherein context

30 nformazion is stored that inciudes a starting

16



5 one of the plurality of scan sets. 20. The nethod of claim 19 V\/nerein2006
said determning further conprises: determ ning when a context nﬂy7B@N
schedul ed based on a level of priority of a currently 10 executing

context. 21. TRenretihedeaichclkantez® tHathesyCBEPELEESu1 i ¥oHi Ng cont ext
information into at |east two grlorlty | evel s; and scheduling a higher
priority cont@iedqudions é&becietdpdhivirrea spaprifAgsevent that matches a

O Lo Al e BT LOLLLY G0l XL, NBULTg the same sarting
event. 22. A conputer programstored rn a conputer readabl e nmedi um havi ng
instructions caiisidyy amat2hecompit ef the seahelebecexacutibas of an

i nstruction context aseqton condi tion signals based on an availability
of a hardwdr e & &€ BT HRSEY OdndFBPoReSSgnal s bei ng di vi ded into
groups- of 25 condition signals, wiich are sanpled to provide a plurality
of scan sets of¥sanpted r?gi ifofs- 2183 19THESEABuEER Spr ogr am of cl ai m 22

further conmprdsidigniMistd Uald QR Caigg sacomputer to: determne that a
starting event for a context 30 matches one of the sanpled conditions in
one of the plural idstesfmigeay gdes alzontext may be scheduled

based on a level of priority of a currently

10 executing context.

21. The method of claim 20 further comprises:
dividing context information into at least
two priority levels; and
‘scheduling a higher priority contex:c for
15 execution having a starting event that matches é

sampled condition before a lower priority context

having the same starting event.

22. A computer program stored in a computer
readable medium having instructions causing a

20 computer to:

schedule execution of an instruction context

based on condition signals based on an
aveilability of a hardware resource, with the
condition signals being divided into groups of

25 condition signals, which are sampled to provide a

plurality of scan sets of sampled conditions.

23. The computer program of claim 22 further
comprising instruction causing a computer to:

determine that

D
21]

starting event for a context

(]

30 matches o

)

e of the sampled conditions in one of

the plurality of scan sets.



