; e3eVZV@t6TZ h ~ab,rf~t SYSTEM FOR ANALYZI NG GRAW“W“WMLER
PERFCRMANCE Rel at ed Applications This application i U. SZ 4PétYer0m
Appl i cation Serial No. 081998,088) entitled, Apparatus.RgggsAnalyzing Tire
Perfor mance of n Conputer System filed on even dat d assigned
to the same assignee. Background of the | nyention memml@ﬂ'"wﬁwﬁrd The
present invention relates to the field of graphics C and in
particular to systens for analyzing the performance of ‘§P4Bhic control | ers.
Background Art Real -tjne._observati ons of events/operations wthin
graphics controller %Y§W|Er% FQBr tiNALE4ENG WRAPRLCET ?:pé‘f%QLWRt he
graphi cs hardware and the software tPBRFORMANEE t. Infornation such as
t he average nunber of graphics instructions in a queue) the latency of a
speci fied graphics operation) the Retapedndyppdicatiens ure cache m sses) and
the frequency with which a specific graphics resource is stalled may be
used by both har dwdhis applcatiohtiswetatedded] gritatent pplietion SerialyNe. &3398.088r mance.
For exanpl e) % Y hgy ache
i e moeds. {0 Pt raprali ey ARaBeik EFh PERE: TRy Sk fikg bREv&
transfer bet wéeﬁharegyrltaenﬁ@gsereéémheémaﬁasssgn@?aph. cs surface) e.g. the Z

buffer) may indicate a need to between them In many
i nst ances, under st andi ng perforﬁgﬁib@y%‘ﬂgt Pgﬁg‘éﬁw'&m res relatively

conpl ex operations.. FOr a Qintin t hol o rati may
require ' detecti %ﬁuﬁ%ﬁg@ﬁép o HvEnYR gf\/\glgﬁlo }'"f’ ﬁ%‘?’é’ﬁﬁ‘%ﬁl‘? gorgrroﬁcrs

gr aphi cs resoamd:iespaurcuta@)m:wsmtfomma?ysalgttha)pﬁrfmwwe@ﬁvdphrbepemllcrm rs of
resources. Collisions between these concurrent transactions can indicate
devi ce or i nstruct BagkereundrAi tReghdme Rhtereationhekcvapyapastiiongmamimbgraphies ng

ei ther event s&patatHbYide h@éfemaﬁb@ap@{ th88HcRend}i ot the EApKic REdivhi¥anditf er ence
between the arrjval of a rgﬂ @i naI nd t he conpl eti on of the request ed

action. \Wer eSO Babcontobit ?%5‘5 @FHT%%YE’@E eRFEQEBTPhICTay be
difficult to thissednicaniyl £queiugtat itdnoy of th)cdlﬁeﬂgrzemrcs 6@5&Wn¢&ﬁ freq¢hcg ofpl ex
anal yses of ayaj ! abl nal re he desired

i nformati on. é%rurmecn Cﬁy%’é%‘a%% merﬁgﬁ%ncg% Q’ﬁ%%f g'r'ic éaptel{/cgn%s‘so iR lsgsll"g%ﬂl Cs
hardwar e are mapbe aseddy hdtle hardpeze aonfl Sgﬁt‘gwaldSSlgm: togmpraye sptisepedormznct.t he

ease W th whi gk &Q:%Ffevﬁi Bm%t%eopﬁtém%caéh@%a% iRt R Be @Jcﬁc 9%‘:%94 to
pur pose devices,  that can be_set up to monj tor fhe state of sel ected

external si gnBf InFread, w?eanre}f“gf}éef@. glanqyrer  dip rapsier SetyveeR @ BEAPhIChEssRUICe
"external signal soraplﬁéeinﬁfat:@, el UReZ Buffiramay tdddtatcarmeed roxnsdiey medhamacia bus or
other readily rwher: ‘I;/AY 2002 accessible signal line. Details of the

i nstruction, 2 ﬁ Lg' its inpact on specific resources within the graphl cs
controller) are gefignal) hodfles IESIAAE pllodBASHANALAL Hcire? Rbuld
sophi sti cated operations, SUch etectf ng concurrent evehts 1 nvo V|ng
non- ext er nal &9rapieN @PCT%#@SpF@’cqx@H’@G wmpwnneggpeh@%@}zeqrrénonﬂﬁeasvere%m ces are

akso rel ati velite@MPERSIdéRalRNGighANB S ¥erd @ffRRAL Adif of blaPhitd REodB&I o cb&?cﬁrr&ﬂ
engi neers who desi gn nd deﬁg& t he .har.dwar e. &e}bous ro ra ble | o

devi ces ( PLDsY2E45{0Rp 6‘“&9@" Nt Bl reop T h e Lol uiPns HebreearNeSg Sprae

har dwar e. Thesmsambnusa:a:huiy:atdaswgmmdns‘tmbn&pmmriduonshamdymce apearertede@nd are
compl ex to us onitdli a%ﬁhéxjc(\)/e se D§tel ! 'th% cog( € I%n& st l?ﬂ'llc){ma&"ﬁerg‘g%ess to
external signals. ST S PG e ed PO SR PP E s Par ent - Sy stam |l e of
moni t ori ng gr bgsweesthi ariiabefa r&@lueét sigrial g @npbwpldmnmfll@icﬂw@ at:mrpr%bﬂrde
neani ngf ul feﬁ‘dﬁ%@‘m%r&@‘éh&@ a%ﬁsfa@ﬁ&?ﬂ&ﬁe"ﬂ xth?Hé diffRad 16 Qs RANPM §¥nals for

interfacing and Si's procedures t he I nvention
the dlffercnt rcsources and complex analyses of available signals may be required to

obtain the desired information.

Currently available methods for monitoring events in graphics hardware are
limited by the types of signals that can be observed and the ease with which observations
can be made. Logic analyzers are general purpose devices that can be set up to monitor
the state of selected external signal lines when a specified instruction is detected. Here,

“external signals” refers to those signals that are transferred on a bus or other readily



The present invention is an apparatus for nonitoring a graphics controller
to elucidate performance bottlenecks and the |ike. The systemis 24NW¥NM
programmabl e to performreal tine observation of signals associated wt
operation of the graphics controller. An apparatus in accordance with the
present invention includes a conmand interf,ace that receives
event-nonitoring instructions and an observation nodule that is coupled to
the command interface. The observation nodul e nonitors signals generated by

the graphics geRt{iblk!sthaRil. DeRE8SS &k ihdiRSEorS bgRak Rs ARFRE &h BRcifie résberces
recei ved event nlagrln .instu FthﬂS In“one enbog%ggﬂg O%Pbpe |ngent|on,
event - noni t or YT BEEFARS 6P ERVET ABUENER Y 8Ot HESSY 59 PP Bugh a
comand st r easophinicaet loperationst dueh gs dgbitng chenudwatresenty heoblxgaronaixiepnal nodul e
may i nclude a_¢Q-,0C | G Ul f det ecti / .

o oceur  ence BiaSpEE i AELbARLE ik Theic v ER SEMER GGy caonsive.

| ogi ¢ may i nckudleompler uiensritgy dimavieg deirupaito engingarpywha derdgr andidsbegthe act, f or
exanpl e, throyghpite. bandwi dth, and queue depth data fromthe specified
signals. Brief Description of the Drawi ngs The present invention may be

under sg _oodt wijt B r FT&E&EGS:%MTEIQHCSMMB;& (9LBYY da8 Sisb BZ Mﬂd$8 518'815& thé enent s
are | nal cate .1 Ke. nu rs e rawu n r.e - .
ol tod to | PPt e e LBt A e By e iERed e Shehthe ARTS Shticghg
are not i nt enaetlare@ohipiaxtto bdee Is adgiaonfPlilselikentogintahapzerFordy hevelaceess & bl ock

di agram of a stemin which the present invention may be
I mpl enent ed. gﬁgﬁ‘%g?% a bl ock di agram of one enbodi nent of a graphics

control I er suitabl gxfQris @k Mc‘édsfoPXtrBﬁk‘ﬁmBﬁgs??t% éhﬁ%mf!rﬂ%ntoﬁgiﬁrra is a

bl ock di agram of an observation systemin cordance wt esent
i nvention. Fi Bardwaprea aguificiseily eatailfddavedio Rpudemersingheieedback gedesise er vat i on
system of Fi gperfdtmance without need for complex interfacing and analysis procedures.

Summary of the Invention

The present invention is an apparatus for monitoring a graphics controller to
elucidate performance bottlenecks and the like. The system is programmable to perform
real time observation of signals associated with operation of the graphics controller.

An apparatus in accordance with the present invention includes a command
interface that receives event-monitoring instructions and an observation module that is
coupled to the command interface. The observation module monitors signals generated
by the graphics controller and processes these signals according to the received event-
monitoring instructions.

In one embodiment of the invention, event-monitoring instructions are coupled to
the command interface through a command stream controller in the graphics hardware.
The observation module may include a co-occurrence logic unit (CLU) for detecting the
co-occurrence of specified signals in the computer system. The analysis logic may
include an addend generator that is programmable to extract, for example, throughput,
bandwidth, and queue depth data from the specified signals.

Brief Description of the Drawings

The present invention may be understood with reference to the following

drawings in which like elements are indicated by like numbers. These drawings are



Fig. 4 is a block diagram of one enbodi mrent of the event generator of Fig.
3B. Figs. 5A, 5B are block diagrans of one enbodi nent of the co- OCCLMHN\Cﬁﬂl
logic unit of Fig. 3B. Fig. 6 is a circuit diagram of one enbodi nent of the
addend generator of Fig. 3A. Fig. 7 is a block diagramof one enbodi nent of
the command interface of Figs. 3A) 3B. Figs, 8A-8D are block diagrams
representing sel ected event-nonitoring instructions for use with the
present invention. Detail ed Discussion of the Invention The foll ow ng

di scussi on setgofigid f iNKIRINERRARAINoHmAR LRI HrdsentRf ¥R dDRGMERIed
under st andi ng ‘of  t he invention. However) those of ordinary skill in the art
havi ng t he berf@difit B s¢dpeot edRYBLIGPe will appreciate that the invention
may be practiced wit.hout .t hg}sﬁe %P%Ci fif details. Vari OHS \gﬁll known .

met hods, pr ocedur es S¥EHHDABKICE TARK™ & 3 (QIRRULET REUEM AV NISB HIF RIEERLPEEWor
detail in ordanayie impdersersdd enti on on the features of the present

i hvention. The present invention is an observation systemfor nonitoring

t he performance of Kgeedphhblckdimgrah bioneembodigiensofpagrhphicgenatralics duithhle ng
operation of Hﬂﬁmﬁhﬁﬁhi cgggg&qﬁ%ﬁﬂomThese signal s include) for exanple,

pi peline interlock 'signals that control the flow of data anong the
resources of the grEphiLs 008K dhg@in of BR 6bRBAEAEY HstedRinSdtsdBMck REIHUAES an
observation nodul e and a command interface that controls the observation
nmodul e i n accdFUSRTBVEROR an instruction set architecture (1SA). The
command interface .2 4, NA 02, . genera control. signals.to conpanents
of the observation Fﬁb‘ ul e a?g%gc%ecéﬁﬁ%%e&togé g‘\%/téon ’%’Hi(}fgﬁ %écrivﬁtécfnrﬁﬁtﬂnoﬁgﬁ%f
thg | SA) and &adupl es data generated by the instructions back to the system
The observation nodul e nonitors signals anpbng the resources of the graphics
control l er and gendiatéis adilogkadiagrpmad gpe smbpdiment of HiegventipgneratonpbliigeiB .z e
the nonitored signals. Selected event input signals are processed to .

i dentify user-defi fag- afert &rqRloeh *agﬁaaﬁafgr) emiodingit gbthe GeREQUEPee 198iS| vz ed
to provide higharoflRey.edB.i nformation on the system s operation. Event input
signals may be generated in response to external signals) such as bus
transactions directig Gis aanduif degrannef ae aphodismeooofithohddend femrarared Hig. 3A.
signals), as well as in response to signals specific to the particular

gr aphi cs contr ol | efFigrTciniatbieskfiagriraof png esehodimecns pbthie cpmmand ind¢réace off Figs.
observation sy ey may receive event-nonitoring instructions directly via
menory mapped i nput/output (1/0O or) when avail able) through a command

stream control | er ([FEHCBASD hﬂ&&)l(bdkt(ﬁﬁgrﬁﬁﬁrcr?sﬂnﬁn lf;c]&d’tlﬁi %rcﬁqorhbﬁ&xﬁ‘agnt roll erb
.der allows the Instructions to be

Routing through the c nd stream contro

inserted in a%%‘?ﬁ%‘?@g‘ob% i"Y'lﬁb{ﬁ’e FERT A8 eam of graphi cs conmands.

Preci se pl acenent of these instructions within the graphics command stream
al l ows the observation systemto nonitor graphics resources as they respond

to the sequence of graphics mﬁ@@%ishﬁssﬂnsgffmgij%,jvteﬁ;i% sanpling that is
triggered by the occurrence of specified nunbers of events of a given type,

e.g. event-based samelfbli@vinRaktiRebn seitfbrtChdnRus\EpaciiTe BREYs (BRpRGEE { | / O
al lows events to tﬁggm) i tored LI(1jer a_ broader ragﬁe 0 g,ondl ions, which
faci litates t i HRoRgmpe ﬂ?ﬁ‘rflgn"gj.] € InyRRIOZ, Hlope e Bnsegiardinay skibadhs #bd wi t h
reference to &agapeieenzfitchfghispisclosure will appreciate that the invention may be practiced
without these specific details. Various well known methods, procedures, components,
and circuits have not been described in detail in order to focus attention on the features of

the present invention.

The present invention is an observation system for monitoring the performance of
a graphics controller through signals generated during operation of the graphics
controller. These signals include, for example, pipeline interlock signals that control the
flow of data among the resources of the graphics controller. The observation system
includes an observation module and a command interface that controls the observation

module in accordance with an instruction set architecture (ISA). The command interface



controller and its attendant signals. This is done to illustrate the
features of the observation systemand is not intended to limt theyg qﬂwewz
of the present invention. For exanple) in graphics controllers Iacklng
caommand stream controller or its equivalent, the observation system nmay
comuni cate with the systemvia nenory mapged I/O Simlarly) computer
system 100 (Fig. 1 ) is one of many systemconfigurations that my

i npl enent a graphics controller suitable for analysis with the present

i nvention and degedRs Eéﬁditﬁ%'tgfn&% tcPéHnE’;%E’rﬁs & thd bbddalaligd tn‘aﬂulgnrl hés%d%‘%é 5] crvEﬁ‘tg

first to Fig. 1, there is shown a computer system 100 I ncl udi aphi cs
sublsyzt em sui trawrlta?nrlsﬁlnlsgee“%seﬁtfteﬁéfi%r?@ﬁﬁms ctf«ttfei%ﬁrteeﬁp gghemsgweyet)@h 1900
i ncludes a pragess®m a nenory chi pset logic and a graphics
controll er 140. C%ﬁoset | ogi ¢ 130 coupl es data anong processor 110, nenory
120, and graphi cs chirtabstrivationlM@duldimonigits Higrsdssaridn, thd 2Rouredsf 1k2graphics
respect i vely. confiorfer MY e4R0% h&Rp OBhAIY henhAQed AGhYEISRicd,] er f ace
(I'F) logic 14£°F3P c(Eoup I'ng ?f ?@S’LZ&@ ehPY ? lg"tl oug1 FEeS5tTces alrttd(i) 142.
The di scl osed smmbdlsnlented@f/crttmnllbgg@ls a4 piopeskesiegdentifowsendefinedeaents (evcnt
controller (CS(Inak$Qnd ‘t'Hcsé %lsrbge 8&]’92@@1@%&%&tﬂEhc‘fﬁ’éJcPHPoer%é&hbr?ﬁtc

resources. These |ncIu e a di nensi’onal aphi ¢s pi.peline D pipe) 152, a
3 di mensi onal SYFEPMH QP§r%'i°Beﬁ|V‘Ffé "(RB‘D”E‘i‘%‘e’)‘a)l%enﬁﬁéFddF ESPONsE 97%’?%‘?‘91 1S6. An
optional videagigagi ﬂeh 166ud @araba@nmew&du@artmrhItwr@phl&feoatrawert@ﬂversal

typically include r ocessi. text col or

bl Bhding. - and SRy Wedas BT e RS ey e e AR s G APRs sorttolfe
transferring blrmtketumf(amahanacrmngfatlsfghds)ent sections of graphics nenory
158. IF logic 144 also typically includes a controller (not shown) for
regul ating direct rﬁlmmcra%@eﬁstqrmmy recen sYant-snandoneginstoictipns digcdowniar ol | er

140 and rrerm_rxfné.%ty ?emtan a‘fmpor WhinSavallafIO IGONA 4 Uiyt ®@RAHG0 1N
i nventi on nmoni t or'i ng .t he perfornmance of

accordance with t %@8 g

graphi cs cont °8PYF Jor {GSC) b 1isTdFS Beis H*caﬁ%tﬁsrtetﬁoﬂ%b%%wgﬂtrahgtslyet em
160 may be accesamemd kiném gbhtivilsr al%axsmeanstmaﬁms tasrafpmedteﬂfx& wrgdtétfp'tislahnCSC 1
SO of IF Iogi Gui 44, tIgeefer{ﬁr I%\lcnow to tlhere tsftﬁ a. oL & [duet ailed
bl ock di agram VIR A TSALL S So°f°"“’?“et'8?n crgc' ST TOITeR %6"{3‘5}’ b‘WF ggthun
resources). | he graphi¢sasimrsa tnrtrodllownthe oeryalipe sysin formodnie graghigeonet ry
set-up engine r&%@cc?a%%_‘yr&ﬂél{d 1§ A 'se e‘ﬁ@é&'rorzwhﬂ.% cOrifhands. LEXEY ERIIRLBE 240, a

col or cal cul at or a mem)ré: terf ace 260. Ceonetry set up engi ne
210 processes SPRB "pfottlgﬂgéﬁsggsgeé&w orsrrEsnss ef sperifing purabery akgventsiof 2 gign

i ncl udes | ogi ¢ ﬁe()e?-eé@ﬁi-bm& a1 g0 Rouligy Qkuctens datremwamaﬁ@ﬂ (M))%ﬂ&wyp
engi ne 210 for dis

Q atio
That "t dent i £ ¥ BafmapiRre i? %b’%‘?’:y@“&ﬁe A e
col or and shadamglibpr these pi'xels. Texture pipe 240 includes interpolation
| ogic for mapping texture data onto polygons. A texture cache 244 is also
provi ded for stori fdeobsarvationgattem isgisseibed with a¢fatenee tp 3@eprralized Seaphiss| or

data (pixels) c@ﬂ@olle%ﬁd’ﬁ@atﬂ:ﬂ&ﬁn @%ﬁﬁﬂ?"?ﬁxs Tsrd%@ Qi NtraHe feqoikdd’ot uti pes 230,
240) respectlv% y) and coup Ss process ata to varli ouseoggraphl cs surfaces

t hr ough menor POFGTYRIOP S¥ DA lstft?é"lﬁ‘inldF‘gt"éH'E“ Beaptned thedeeaRIBYentgRy BPhat e

their operati @manplhrxﬁtggztptﬁdaeomhmg@mcgfa metridrsecmt@fdanekmstsgqaﬂvaemThese

i ncl ude "hand kt§ nal s that contr.ol dat a bet wee gl fferent
graphi cs reso t? cw?itb %’)?%?HHP CW{BH"'%%%‘EW%%WE’B%?‘P{@? {‘/ hi shes
processing polSmdarlyabmputet systeyn ¥¥b(Eig. lhnssngnﬁdnam)osyrmskcanﬁgtxraﬂm thatdnayat i ng
that the proc i.gnal

i ndi cati ng \/\/ngﬁlﬁﬁs“hﬁﬁ@ZI 9ra§ﬁ’nc§ %ql)s”erl\‘{tﬁ(ﬁ)%aéj@g&ta?}t%% d”gj E&V@gﬁwﬁ%s naal??til 220

| acks capaci t@eS@@Fdfmm‘ﬁ@S#eonlﬂﬂmago%Wdﬂ ed and the signal asserted by
mask unit 220 to indicates its_|ack of capacity provides an |nd| cation of
this condition. On KakeTiag fiext tkigd], th%t%téshﬁwafgepwgr%aﬂvw ipgludipnga 2 4 pay
2002 -6 signalga @lsh@d@tsenp@mambwuwwtmu&qirewm iAngitior. Ebfpisr byss:yn 100

processing the a, an y SI t u e 210 provides an
P cati on of AR asntessisd 10 e 120 Biberioal 298 Aarphiea BoRHARES oo
240 exchange slmgnalhspswlbgtcdeomoupdeddamem p2&desdon 11 Odnasadre 120andgesphitge and
type of data i r sse [ jlability of color
cal cul at or 233%P§&6$ég§s§ Q iﬂzg?%g ?ngféﬁ) ogk signals |ike those
descri bed above are usually generated by interface | ogic associated with
each graphic resource. These signals may be coupled to observation system
160 through dedicated lines or private buses to provide an indication of
the status of the various resources. Signals for comunicating between
conponents within these graphics resources may al so be nonitored. Points
frontmhlch these S|gnals may be accessed by observatlon systen1160 are

T 1 S Y T o e



2 4 MAY 2002 signals to nenory areas of graphics controller 140 (workload
signal s). Wrkload signals include, for exanple) signals exchanged P?W%ﬁl
t he various conponents of texture pipeline 240 and texture cache 244 to
retrieve or store required data. Referring nowto Table 1 B, there are
summar i zed exanpl es of workload signals whigh may be nonitored and anal yzed
using the present invention. The first five signals in the first colum are
arrival signals and the second five are the correspondi ng conpl etion

si gnal |Si These si gnairsphads cbg@buerem:inmhmh@rfa&ee(mn@gelma% fcjl? cframTﬁggilraﬁphi cs
controller systenms and are discussed .in t er. det ai oW, e

Si gnal sour ceTa e[&c%it%yarﬁ?élé&csﬂgﬁss%%@‘f?t]%;jleﬁ’c é?cq%igsﬁ%’?@fmﬁb%f&% °“.:#/§‘§k
Uni t Col or Pi aeluwles WommaRestradol @nudidr {U8@) 0ot mutikl cadmbndsfte theWharibes Re

. Col or Cal cul a Lobked : st Arrival. re Ri x4t

CacheCol or Reaggéoﬁ% %é?'lf%ens@-ﬁlq-%r@ ,‘Bﬁg‘ééégr glrrﬁg([}éio\égl"gﬁcﬁ%p tf’ﬁ f %fﬁ%@lggi @c%‘n213

| esi onCol or Pi dawabignal @srrbidsairslics (36} pipe) k3¢, @orarapbids oprtadrprl 5@ AaGptienal

Cal cul at or Z Buf{ges ervgihé esERMbaRbVNEhOFighe. aCol or Cal cul at or Texel Re nest
Com | esi onMenp | ntertaceTexture Cache Event input signals) particularly
those generated in BRYMSNER typicaRfikiioad 1646 dr pedct RIE)polfEnd) Re ittt miPPinkY

sel ected qualifier S|anal S. TaE]esoe ,,}ual | H,,er S| %Inal S rqggrie§ent afddl (i gn I

i nfoor mat i on abSAUPT UFPUREEPY ShATY St PRRBE {1 ONPISH BRI 188IC I sranstgangih °€$k§/pe
and anmount of dbdaa among diffqueesiectidng ofgaphicomemoer t58i iF teeio ltdcasoogpidaliy ons
may have not b SEi [ &F teo i may
be derivable f&gkﬂg{‘ﬁer _s?grn(g lsﬁg{seéjo@!- g:fg%mvéj ?’ﬁ&% ﬁlgﬂbéﬂsagg%%ébp@z{n?‘%ﬁéér

i nformation i sbawesragraphics ¢antrotlerd 403adregionyl3esour ce signal s and processed
t hdough observation podyl e 328, wWth a corresponding event input signal. In
t he di scl osed enbodf‘*f‘@r?gw.ﬁ‘ ihbiget FANiOBHFT¥ARAISESIYD AO0 B\ASFPrdangs yithsthg REAsEntand
qual i fier Si gnalventidhdocmohitdiizg thypdlobnte of atiphicscorsdRel 126] oMthe @RI RIsHAL | ON
system 160 maycb@ dt:)ro[(gr abrg'redt.to ssglmep event |%§%{ Si gﬁgl s, generated in
response to any ot PREsQOSETVGHAT &S5 G0 BOLRAFTesH PHUEREES K¢ WA BEMOTY:
events 2 4 Miuxpr@dO osthroughd?fHphidkef [Edegic d¥4.er 140. These events may be
further analyzed by observation system 160 to provide, for exanple) data on
| at ency, bandwi dt h) Refagringunovetodagidathessris phoygus mess dernilgd hlokk dingrasmetrtbe | er

1 40. Ref erri ngres@ubeds®f Bt phic3 BdntrdIRF €40 @ raphR¥FesBubesyCln Mk ABERS MY APment,
enbodi nent of Serv.

ti.o stem | 60. Cbservaijon syste 60 i pcl ud a
Command. 1 nt or 1 A2 Pe 10 ifelpded A OPERLserIP EnE a2 | R AR bbR2D Bee e Bipe ad0t b
100 and an obserwet pipe124@)dubkor 8@6ulatbn23M endla senoseadteefatoiOTe omeary Femipd

interface 310 [eceli vent hJoQhd b NSt ruct JL O bus . L hrough
reror y- napped SRt sScEiy R Bh (e hO B LB Miage! TR Tl F76 HOLRUE S
310 includes clogtsue selectiportipas otide phlyeen dataproyised byset 4pgngjon it Gifoe display.

appropriate cogbpopPpips b_Q@ﬁ{cmdapéol&bﬁ@fpumibmémli&néﬁ&-piifé?@wmwméh of
event-nonitoring instructions i s di scusse(g el ow. .Qbservation npdul e 320

i ncl udes an evBMY8GRd dsterBire g dPRoREYE coloand shadingfonthash Rixgs 4 Teursipysal
processi ng nodedGEnd0E9s inetpotativh Goxdd formapping extimeldttorid PolyMBNTA @RI @thon

nodul e 302 gen tes event | t .signals, ih re sen ignal s detected in
araphi s cont o1 8o Rivided B Sficeles o ERSTREY 2 mi et s e dete
se:je?:t egogv_ent (pixgs)and teﬁgad: datp (fexdly) i grigced sixge pipdu?iD, 306, refpecoels and
nmodul e is Qﬁ.ﬁ*, : o : i ne
themto defi ne%@%%? {:Bsz?g ngfiét.g t&Ana ygkgﬁwg%;%c%sg@% F%ﬁiggggkgl%%fée:%
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Referring now to Fig. 8B, there is shown a bl ock diagramof a Set Event
Instruction (SEI') 820. SEI 820 indicates which event input S|gnals gEFMmem
be tracked. Opcode field 812 identifies the type instruction,

sel ector address field 814 indicates which selector 320 is belng used)
while a signal select field 818 indicates Wpich input of the selector is to
be coupled to processing |logic 306. In one enbodi nent of the invention,
signal select field 818 includes a group-select sub-field and a
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recei ve event i¢@hoivirowitin fhut DSiiput edtiopexatorsaidd, although addmonal set operators may be
included to provide greater functionality. Set operators 520(b), 520(c), 520(d) are
coupled to generate Boolean combinations of up to 4 signals. In addition, interval

marker 540 is coupled to receive input signals from set operators 520(a) and 520(b) and



an observation nodul e coupled to the command interface and to the graphics
controller for detecting events in the graphics controller indicateg jomay 200
event-nmonitoring instructions. 2. The systemof claiml) wherein the
ohservation nodul e conprises: a signal generation nodul e coupled to the
graphics controller to generate an event ipput signal when a correspondi ng
signals is detected in the graphics controller; a signal processing nodul e;
and a signal selection nodule coupled to the conmand i nterface, the signal

gener ?t It ont Lmdmh@}ueamnteh@l gétlwé@%is&ﬂpﬁrgﬂﬂé t@w% ngﬁpé.til af. Hxhﬂxtiseé&ﬁwdtirhémyt
- signal to the processin ul e when indicate e even njtoring.

i nstruction. ?%tcﬂf’imﬁ)%ﬂ? é%&?fa e Litiae maghuiedpa “F%@S Bt %E‘é@l&‘?g}) ng oL s
conpri ses: a sinpmaignaBndadsernst prialgisacrsahd eutpyt signal eherits ooiwenidpet siggal is
i nstruction tosggkkprn1unary operations on the event input signal; and a
CO- occurrence ?oglc'unit (CLU)) programmabl e by the event nonitoring

instruction to det egiy3 3Gh&dspIndHIPL B nké?%@gtcﬁﬂﬁmgﬁ'br EZS‘%B@ sf{g‘é%?at i ifﬂgﬁt :

instructions and generdte an _event signal when e selecte i ha nis

detected. 4. TR® defisedkintesyal |Iathe diclosed emphadimerpistegragmans Hhapy ke driveadyl e
coupl ed to thahgenigBiyl eithdraef GfefateFI0{dN Br fatedldl Pnarked S0 SREREdiRELY SIY BV be

signals in accordance th an event nonitoring instructiaon. T stem
of SoTa m 3. wHBFLRHITh e e P GHSEIee by ae EEars Pk TGN S2aRd R <
occurring in anepedd betvectnBoohte apecifeld y isarvphiapors 52HayanWVSY0@P02 - 19 6. The
systemof claim1l, wherein the graphic controller includes a conmmand stream
control l er for routRefgringsomitigi Thshereis sharenla biock degpmagihncentmdimentlof st and

wherein the C%éyva?r%iﬂzo} SEf GHeParhS5 DU ﬁ&s@ﬂ{lﬁggx&ﬁ%g%,?&a@ﬁ iCpAiLd ol ler

fol receiving monitoring I nstructlons u?\g? graphi ¢s ontroller.
7. The syst emBO@1204e (coligribredy. K QRre28bAfisH 25 saie 824(3). Rupated2db),
recei ve comangid XOR @uel5280) (ddNeaddrebgiciiatdst528). MukiBRx&E 528,520 XORs SEhe
system of claim I% .vvherg#é t he %ommng thnt erface inc upes AN nst E%Ct I on
decoder for deR8drEinEETE-FORIBEIIAY'S ALY ph Mnchpycontrol signals generated by
command interface 310. For example, the event signal representing EISC OP EISD is
asserted when (conditioned, qualified) event input signals (Q)EISC and (Q)EISp make
the logic equation true. The disclosed embodiment of set operator 520 can generate event
signals representing (Q)EISC and (Q)EISD individually, as well as Boolean

combinations of these EISs, where OP is AND, NAND, OR, NOR, XOR, XNOR.

DS represents duration signals. These are level triggered signals that remain in a
specified state as long a specified condition is true. EIS signals, on the other hand, are

typically pulsed signals that change state temporarily when an associated event occurs.

Event signals from processing module 306 may be further processed by analysis
module 308 of observation module 320. In the disclosed embodiment, analysis module
308 includes addend generators 360 and accumulators 370, which may be programmed
to track occurrences of selected event signals or perform experiments based on selected
event signals. Accumulators 370 are shown coupled to higher order accumulators 380,
respectively, in a pipelined configuration. This allows tracking of event data at higher
rates than is possible for single stage accumulators, but it is not required for the present

invention.

Addend generators 360 and accumulators 370, 380 allow observation module
320 to simultaneously accumulate data on muitiple event signals. Information on, for
example, the queue depth at registers in selected resources and the latency of selected
operations implemented by these resources may be determined from differences between

selected arrival and completion events. Event input signals in table 1B (and some in table



7. The systemof claim1l) wherein the observation nodule is coupled to the
graphics controller through a data interface. 8. The system of cl ai p{/MAY 200}
wherein the data interface includes an address decoder for routing event
data to an indicated destination in the combination logic. 9. A systemfor
nonitoring the performance of a graphics cgntroller) the system conprising:
an instruction decoder for processing an event-nonitoring instruction; a
data interface coupled to the graphics controller for receiving a signal
fromthe grap hiAQma@QBﬂivbmd) Inglicatervitherairtiveg (B or oaplatiorne) Byentn eArtival EDERS

resources in t r ' (o] I I tg. the
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example, the average latency (S) of request is given by

) s= c

Here, A and C are the number of arrivals and completions, respectively, that have
occurred during an observation interval, T. The difference between A and C is
accumulated on a per clock cycle (i) basis to yield the busy time B during T. Cis a
running count of the number of completions during T.

Observation system 160 generates latency data by tracking arrival and completion
events, determining the difference between stored values on each clock cycle, summing
the difference (busy time) in a first accumulator 370, and summing the number of
completions in a second accumulator 370. The busy time may also be used to determine
the average queue depth for a resource by tracking the number of arrival event signals in
the second accumulator. Bandwidth data may be generated by tracking the size of
arriving data transactions in first accumulator 370 and the number of arrivals in second
accumulator 370.

Referring now to Fig. 6, there is shown one embodiment of addend generator
360 that is programmable to implement the above described latency, queue depth, and
bandwidth experiments. Also shown is the coupling between addend generator 360,
CLU 340 and accumulators 370.

Addend generator 360 includes an up/down counter for tracking the number of
outstanding requests in the system. These requests are represented by arrival and
completion event signals applied to inputs UP, DN. MUXs 620, 630, 640, 650 are
programmable to couple various event signals, including those driving UP, DN inputs of
counter 610, to accumulators 370. In the disclosed embodiment, the event signals are
shown as arrival and completion event signals provided through a pair of input selectors
318(1), 318(2). These signals are used to illustrate latency and queue depth experiments



1 1. The systemof claim10) further conprising an anal ysis nodul e coupl ed
to track one or nore event signals fromthe processing nodul e respoazimﬁ tﬂlﬁ
the event nonitoring instruction. 12. The system of claim 11, wherei e2
anal ysis nodul e conprises: one or norc accunul ators; and an addend
generator coupled to the one or nore accumy ators and the inswction decoder
to route event signals to the one or nore accunul ators responsive to an
event nonitoring instruction processed by the decoder. 13. The system of
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vari ous resoureves sggmaistinputcovMidNd40.nt erface is coupled to receive event

moni toring instructions through the command streamcontroller. 17. The
system of cl ai m 1~ Inyhrediedlescd Rmbedimentydiffcrsmt ensdidignal analyrgeereangsaredibysi s
modul e that i sepEagsmMRDIDESENY fpubd thaUaQBPaNgso, BiGha 8ot PoldxampleSghiCt ed
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accumulators 370(1) and 370(2), respectively. If the b-inputs of MUXs 620, 630, 640,

and 650 are selected, data sizes transferred by A events are tracked in accumulator 370(1)

and the number of A events are tracked in accumulator 370(2). This data can be used to
provide bandwidth data for A events.

The latency of an operation initiated by an event A and completed by an event C
may be determined by selecting c-inputs of MUXs 620, 630, 640, 650 and a-input of
MUX 660. In this case, accumnulator 370(1) tracks outstanding requests or busy time
(the difference between number of A and C events), while accumulator 370(2) tracks C
events. The latency is provided by the ratio of the busy time for an interval to the number
of completions during the interval. If b-input of MUX 660 is selected instead,
accumulator 370(2) tracks A events, which can be combined with the busy time
(accumulator 470(1) to indicate the queue depth.

Addend generator 370 thus provides programmable structures for manipulating
event signals defined by input selectors 318 and, if necessary, CLU 340. Alternative
embodiments of observation module 320 may employ different logic combinations for
analyzing event output signals from CLU 340. For example, counters and subtraction
logic may be used in conjunction with accumulators 370, 380 to further analyze event

output signals.

Referring now to Fig. 7, there is shown an embodiment of command interface
310 for receiving event-monitoring instructions and generating appropriate control
signals to the components of observation module 320. A first interface couples
instructions and related data from CSC 150 to observation module 320, and a second

interface couples instructions and related data between observation module 320 and bus



18. The systemof claim 17, where in the performance information includes
event _frequenci es) queue depths, operation |atencies) and bandw dth 4 MAY 2007
i nformati on. 2 4 MAY 2002 AMENDED CLAI Ms [received by the Internai% éY
Bureau on 21 May 1999 (21 05.99); original clainms 6 - 18 repl aced by
anended clains and nunbered as clainms 6 - 20 (3 pages)] 6. The system of
claiml, wherein the graphic controller includes a conmmand stream
controller for routing instructions received by the graphics controller and
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another input of which 1s coupled to receive instructions from the second interface. A
control input of MUX 720 is coupled to receive SID. MUX 720 couples the data (EMI)
from the input indicated by SID to an instruction decoder 740. Instruction decoder 740
includes logic that generates control signals to the components of observation module
320 as indicated by EMI. These signal may, for example, reset counter 350 (RESET),
couple one of inputs 324 of selector 322 to signal conditioner 330 (EVENT SELECT), or
identify to CLU 340 one or more signal combinations to be coupled to counters 350
(SET_CO-OCCURENCE). Instruction decoder 740 is triggered whenever a new

command is detected at the first or second command interfaces.

In one embodiment of command interface 310, CSC 150 provides 32-bit event-
monitoring instructions to the first interface in 16-bit segments. In this case a
demultiplexer and register (not shown) are used to concatenate the 16-bit segments into a
32-bit instruction before routing it to MUX 720.

The second interface couples observation module 320 to bus 142 for memory
mapped I/O. In the disclosed embodiment, the second interface receives data from bus
142 and couples data from observation module 320 to bus 142. A MUX 770 routes data
from bus 142 to an address register 764 or an instruction register 768 according to the
state of a signal (P_ADD) applied to its control electrode. Data from bus 142 may
include address data and EMIs. For example, the processor of system 100 may use
memory mapped /O to deliver event-monitoring instructions to observation interface 310
via bus 142.

Address data from bus 142 is routed to address register 764, where it is decoded

to determine whether data on bus 142 is intended for observation module 320. Data



12. The systemof claim1 | ) wherein the observation nodul e conprises: an
event _generator coupled to the data interface to generate an event iq@MhYZMZ
signal when a selected signal fromthe graphics controller vs receiJ X
AVENDED SHEET ( ARTI CLE |9) 2 4 MAY 23 a processing nodule for generating
an event signal in response to receipt of que or nore event | nput signals

I n a specified conbination; and an i nput selection nodule coupled to the
event generator and the processing nodule to couple the one or nore input

signals to t heaa%égge%ldwervmmﬁlrﬁoduq’esM§ty{>empa§e@H@h®nu&ﬂm lmﬁ,ch&wmt I on
decoder. | 3. The systemof c¢laim 11, further n]ﬁ@l sing ar’ anal ysi's nodul e

coupl ed to traRrneEdge ﬂ%‘f”é“%’\/@‘ff’d%'lﬁﬂém@“‘c‘:h'llg processi ng nodul e
responsive to the eyent noni tnstrut 14. The s m of claim13
mhePeln t he anal ysi aﬁﬁﬁﬂ?éeﬂg §3§°“8ﬁ’ %gaﬂﬁwg’ﬁﬂ%ﬂﬂﬂ¥§%§?§mWaWH“§W )
addend gener at fa¢queneypinéaintation, hepmcded to boor Jet 2 alroughuMAaIO780. aimcth¢ Bisclosed
| nstruction degafiEhmbf, LA SXPOLAA0ANS AL e ARG AR B Ao URY At of S

responS| ve to an even tori ng I nst gr oce
The system of wgnl applied, tomﬁ:@oeir@i 1npiy 0§V§~|’17‘él78$r enerdlly, gichgmcswdommcmnser |s
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signal fromthe grfﬁ&nl cs. contrOl_ler s, a work , . A system

for anal yzi ng QWErsbiniregisigrct/ 4o ?75%\“@? Z\%ur%sge%ﬁkyrm I er) the syst em

conpri si ng: A basic set of event-monitoring instructions suitable for programming
observation system 160 are summarized in Table 2. This table indicates the arguments
) specified in each instruction and the purpose (use) of the instruction. These instructions
are discussed below in conjunction with Figs. 8A-8D.

TABLE 2
INSTRUCTION ARGUMENT(S) USE
I | Reset resource-list synchronous reset of addend
generators/ accurmnulators
2 | Start/Stop resource-list start & stop addend
gencrator/accumulator
3 | Sample resource sample addend
generator/accumulator
4 | Sample & Reset resource sample & reset addend generator/
accumnulator
5 | Sample & Stop resource sample addend generator/
accumnulator & inhibit
6 | Sample Overflow overflow bits sample the overflow bits
7 | Set Sample resource set the sample register to shadow the
OS data register
8 | Set_Event_For_Selector | monitored signal(s) set-up input signal selector &
associated signal conditioner
9 | Set_Co-Occurrence CLU register & value | set up CLU (function control inputs)
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Sct_Event_Instmcuon (SEI) 820. SEI 820 indicates which event input signals are to be
tracked. Opcode field 812 identifies the type instruction, i.e. SEI. A selector address
field 814 indicates which selector 320 is being used, while a signal select field 818
indicates which input of the selector is to be coupled to processing logic 306. In one
embodiment of the invention, signal select field 818 includes a group-select sub-field and
a signal-select sub-field to indicate a general group of signals and a specific signal in the
signal group, respectively. Instruction decoder 740 of command interface 310 converts
data in signal select field 818 into an appropriate control signal for selector 320. A
condition field 816 indicates any logical or other types of operations to be performed on

the selected event input signal by signal conditioner 330.

Referring now to Fig. 8C, there is shown a block diagram of a Set_Co-
occurrence instruction (SCI) 820, suitable for setting up CLU 340 to detect selected
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signal combinations. SCI 820 includes an opcode field 822, a register address field 824,
and a register value field 828. Opcode field 822 indicates to decoder 740 the instruction
type (SCI). Register address field 824 identifies a register associated with one of the
resources of CLU 340, e.g. set operators 520, signal qualifier 510, for programming the
resource. Register value field 828 includes a value that encodes, for example, a selected
Boolean operation to be implemented by the identified resource. This value is written to

the identified register to program the associated resource.

Referring now to Fig. 8D, there is shown a block diagram of a
Set_X_Experiment instruction (SXI) 840, where X refers to various experiments that are
specified using the same data format, e.g. instructions 11-13 of Table 2. In the disclosed
embodiment, X may indicate a latency experiment, a queue depth experiment, or a
bandwidth experiment. In each case, SXI 830 includes an opcode field 832, a selector-
pair field 834, conditioning fields 836, 837, and an event select field 838. Opcode field
832 identifies the instruction type (SXI) to decoder 740. Selector field 834 indicates a set
of input selectors 322 that receive the targeted event input signals, and event select field
838 indicates the specific inputs of the indicated input selectors 322 that receive the
targeted event input signals. These event input signal pairs may be selected from a list of

encoded signal pairs.

In a latency experiment, for example, one selector 320 of the pair will be
programmed to select an event input signal representing an arrival event, while the other
selector 320 of the pair will be programmed to select an event input signal representing a
completion event. In a bandwidth experiment, one selector 320 of the pair will select an
event input signal and the other selector 320 will select a data signal that provides
information on the data block size transferred by the associated event. In the disclosed
embodiment of observation system 160, this data block information is provided by the
size encoder of event generator 318. Conditioning fields 846, 847 indicate any
conditioning, e.g. unary logic operations, to be applied to the selected event input and
data block signals.

There has thus been provided an observation system for monitoring and
analyzing the performance of a graphics controller. The system includes a command
interface and an observation module that is coupled to receive signals from various
resources of the graphics controller. The command interface controls logic in the
observation module to select and processes signals according to event monitoring

instructions.
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perform unary operations on the event input signal; and

;‘% 't)
a co-occurrence logic unit (CLU), programmable by the event monitoring
instruction to detect a selected combination of one or more event input
instructions and generate an event signal when the selected combination is

detected.

4, The system of claim 3, further comprising an analysis module coupled to the
command interface and the CLU to track selected eveat signals in accordance with an

event monitoring instruction.

5. The system of claim 3, wherein the CLU is programmable to detect event input

signals occurring in a specified Boolean relationship.
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observation module coupled to the instruction decoder and the data
interface, for processing the received signal according to the event-monitoring

instruction.

10.  The system of claim 9, wherein the observation module comprises:

an event generator coupled to the data interface to generate an event input

signal when a selected signal from the graphics controller is received;
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a processing module for generating an event signal in response to receipt

of one or more event input signals in a specified combination; and

an input selection module coupled to the event generator and the
processing module to couple the one or more input signals to the processing

module responsive to signals from the instruction decoder.

11.  The system of claim 10, further comprising an analysis module coupled to track

one or more event signals from the processing module responsive to the event monitoring

instruction.

12

P

The system of claim 11, wherein the analysis module comprises:
one or morc accumulators; and

an addend generator coupled to the one or more accumulators and the
instruction decoder to route event signals to the one or more accumulators

responsive to an event monitoring instruction processed by the decoder.

13.  The system of claim 9, wherein the signal from the graphics controller is a

pipeline interlock signal.

14.  The system of claim 9, wherein the signal from the graphics controller is a

) workload signal.

15. A system for analyzing the performance of a graphics controller, the system
compnsing:
a graphics controller including resources that communicate via internal
signals;
a command interface coupled to receive event monitoring instructions and

generate control signals responsive to the received instructions;

an observation module coupled to the graphics controller and the

command interface to process selected internal signals from the graphics
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controller to identify events according to control signals provided by the

command 1nterface.

16.  The system of claim 15, wherein the graphics controller includes a command
stream controller for routing commands to various resources and the command interface
is coupled to receive event monitoring instructions through the command stream

controller.

17.  The system of claim 15, wherein the observation module includes an analysis
module that is programmable through the command interface to track selected events in

the graphics controller to provide performance information on the graphics controller.

18.  The system of claim 17, where in the performance information includes event
frequencies, queue depths, operation latencies, and bandwidth information.
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6. The system of claim |, wherein the graphic controller includes a command stream
controller for routing instructions received by the graphics controller and wherein the
command interface is coupled to the command stream controller for receiving event-

monitoring instructions through the graphics controller.

7. The system of claim |, wherein the command interface is coupled to receive

commands through an I/O address written by the processor.

8. The system of claim [, wherein the command interface includes an instruction

decoder for decoding event-monitoring instructions.

9. The system of claim 1, wherein the observation module is coupled to the graphics

controller through a data interface.

10.  The system of claim 9, wherein the data interface includes an address decoder for

routing event data to an indicated destination in the combination logic.

I1.  Asystem for monitoring the performance of a graphics controller, the system
comprising;:
) an instruction decoder for processing an event-monitoring instruction;

a data interface coupled to the graphics controller for receiving a signal
from the graphics controller indicating an operation by one or more resources in

the graphics controller;

observation module coupled to the instruction decoder and the data
interface. for processing the received signal according to the event-monitoring

instruction.

The system of claim 1 I, wherein the observation module comprises:

an event generator coupled to the data interface to generate an event input

signal when a selected signal from the graphics controller 1s received;
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an input selection module coupled to the event generator and the
processing module to couple the one or more input signals to the processing

module responsive to signals from the instruction decoder.

13.  The system of claim 11, further comprising an analysis module coupled to track
one or more event signals from the processing module responsive to the event monitoring

instruction.

14.  The system of claim 13, wherein the analysis module comprises:
one or more accumulators; and

an addend generator coupled to the one or more accumulators and the
instruction decoder to route event signals to the one or more accumnulators

responsive to an event monitoring instruction processed by the decoder.

15.  The system of claim 11}, wherein the signal from the graphics controller is a

pipeline interlock signal.

16.  The system of claim 11, wherein the signal from the graphics controller is a

workload signal.

17. A system for analyzing the performance of a graphics controller, the system
comprising:
a graphics controller including resources that communicate via internal
signals;

a command interface coupled to receive event monitoring instructions and

generate control signals responsive to the received instructions:

an observation module coupled to the graphics controller and the

command interface to process selected internal signals from the graphics
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