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Method For Monitoring A Digital Multiprocessor

Government Contract

This invention was made with Government support under Subcontract
646581 of Prime Contract NO00383-91-G-M601. The government has certain rights
in this invention. -

Field of the Invention

This invention relates to software tools that help computer programmers
optimize their programs by keeping track of certain aspects of the execution of
computer programs. More particularly, the invention relates to software tools that
monitor calls made to the opemung system during the execution of code by
multiprocessing systems.

Art Background

' Multiprocessor architectures are attracting growing attention as a design
approach for making computer systems faster. However, it is difficult for human
programmers of multiprocessor systems to keep track of the execution of their
programs. Moreover, it is generally desirable to practice multithreading of the
computer programs, in order to take maximum advantage of the parallel architecture.
However, the gain in spwd potentially achievable through multithreading is at least
partially set off by the increased Operating System (OS) overhead incurred by the
maltithreading setup. Thus, a judgment needs to be made as to when, and at what
granularity, multithreading will be worthwhile. There is a need for a software
development tool that will help the programmer make such a judgment, by, e.g.,
keeping track of calls to the OS made by the program, and by gathering statistics that
describe the execution of the program on the multiprocessor system. (A program
intended to perform an external task will hereafter be referred to as an "application".)

In fact, certain software development tools, known as "profiling tools,”

are commercially available. These tools add some form of instrumentation, such as
counters, to the executable code for measuring or estimating the number of times
each basic block of code is executed. Under the assumption that cpu time is
allocated with perfect efficiency, these measurements or estimates can be used to
infer the amounts of time spent executing various parts of the code. However, the
assumptions that underlie the use of these tools are seldom fully justified. Moreover,
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these tools achieve a resolution of several milliseconds, which is not fine enough for
manycodeopmmzauonpmblems Still further, these tools provide no cross-
processorcoverage, andtheyprovudeonly limited cross-process coverage.

| Alsoavaﬂablecommmllymanalysxstoolsthatmshowtheuser
the percentages of time speit in user mode, system mode, and idle time. However,
molsofthls__hnddonot_revealhowprwhe_ge_(ue..mwhxchcallsto,meOS)the
application is spending its time when it is in system mode. These tools also fail to
provide a comprehensive view of what is occurring, within a given time window, in
all of the various processors at once. '

Summary of the Invention
We have mvenwdanopmnngsymm monitoring tool, which we refer

to as "Osmon," that can provide the user with timeline displays of process execution
and use of the OS, and statistical analyses (summarized, ¢.g., in histogram displays)
of calls to the OS. This information enables the user to concentrate his efforts to
opumueﬂ:eexecunonnmeonthatcomponcmrcpmsenwdbyOSnme. Our
mommngtoolcmalsooffersub—mmsecond resolution for displayed data,
mclndmgtheexecunonumebetweenwselecwdpmnuembeddedm.and
compiled into, the application code.

The inventive tool has two components: (a) a hyperkemel that
augments the operating system of the target multiprocessing system; and (b) a
graphical front end for implementing the user interface.

The front end initiates the collection of data from the target

‘multiprocessor system, receives the resulting files of raw data, and performs

whatever filtering of data is necessary to generate user-requested displays. The time
windows within which data are collected can be defined in two ways, referred to
hetein as the “immediate mode" and the "software-triggered mode."

Inthe mmedmte mode, the data are collected immediately upon request.
This permits general analysis at randomly selected points in the program execution.
For displays that are based on statistical summaries (i.e., the percentages of time
spent in various services provided by the OS), the user may sclect the number of
"data snapshots” that are to be automatically collected and incorporated in the
display. (A data snapshotis a sample from a specified time window.)

To use the software-triggered mode, the programmer embeds specific
library calls at selected points in the code. The process of data collection starts and
stops, as indicated, at these points. Multiple starts and stops are permitted. The
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ofpxogramexecuuonatspecxﬁcpomtsofmexestmtheprogmn. This mode also

' permmpremsxonummgmeasurementstobemadebetweenspeczﬁedpomtsmthe
eode 'mlsupamculnrlyuseﬁdformuluthreadmguadeoffanalysls -

The hyperkernel component is annexed to thé OS by: (a) :mercepung

--'allmnexrnptsandre-dxrecungthemﬁuntheOSwthehyperkernel and (b)

subsumunga;umptoﬂnehyperlmnelforeachpomtmtheOSthatremmsbackto
the application code. 'l'heﬁrstofthesemabsuposabletoeonﬂolenuymmme
OS, and the second makes it possible to control egress from the OS.
Uponas:gnalﬁomthefrontend,thehyperhemelxsacnvawd.andall
enuaneeandemumesa:emorded.togetherwmmereasonforﬂzemuempt Tlus '
udoneonallpmcessors.mﬂlasynchromzednme. _ :

Descri onoftheDrawm"' '

FIG. lmaschemaucreptesentauonofthearchchmofthemvenuve
opemnng system-mommzmolmanﬂlusmnve embodlment.

'FIGS. 2-5 areillusmve fnmee of data d:sphys generated by a current

: mplementanon of the inventive monmonng tool.

30

Detailedl)eeerigﬂon

R 'I’hearchitecnneofacunent!yprefeuedembodxmemofﬂxemvennoms
nowdesenbedwithmfereneemFlG 1. Although the invention is useful in
comecuonwnhumproeeem,nwﬂlbeespecmllyusefulmeomecnonwuh
mulnpmeessmg systems. Aeeo:dmgly, the exemplary embodiment described here
mvolveumrgetmnlnpmeessmg system 10, Thetargetmnlnpmeessmg system 10
uexemplanlyofanR3000-basedSGIPowerSeneesysm Theoperanngsystem
ZOuexemplanlyIRD{405 Alshown therexsonemsuneeoftheOSforeachof
the plural processors. Component30 labeled "HARDWARE" in the figure, includes
IIOandcommnmcanondewees. Hyperkemelweommnmeauesmtheachofthen
application processes 50.1, . . So.nmnnmgonthetargetsystem. Represented by
double-headed atrow 60 is b:dn'ecuonal eommumcauon betweenthehyperkernel
and front end 70.

Raw data are passed from the hyperkemnel buffers located on respective

processors (not shown) to front-end data files 80. These files typically reside on a
dxskdnvewh;chxspmoftheno:maluserﬁlesystemonthetargetmultiprocessor
This flow of data may be mediated by user interface 90, which, among other things,
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issues requests for immediate-mode data. The rawdataconslstof' timing
information (our current system has 62.5-ns time resoluuon), the reason for each
systemcall,the@nntyofthepmsacnvelattheppmtwhenthGOS gained
control; and the identification number of the processor that executed the OS code.

* Within the front end, the raw data are filtered and analyzed (at block 100
inthcﬁgure)inprepmdmformphicalpmenunon (atblock 110) in accordance
mthrequestsmademtheusermterface. 'megrapmmm‘onnauonthatxs
presented includes, bywayofexample. timeline plots of active processes and
uecuwdsystemcalls hxsmmmsxdenufymgthosesymmcallsinwhichtheos
spendsthcmostume; statuncal summariesoverany number of data sets (each such
setis sampleddunngadiscmenmewmdowanddehvemdtotheﬁ'ontendetmer
dynamicallyorﬁomasavedﬁle)'anddenﬂedstausncaldmonsystemcans.
mcludingthcnumbuofoecmncenndmeavmgeexecuuonnmeperoccmm

" The process ofdisplaygetmuonismgmdby a request from the user
by way. for example, ot'a menu selection. This causes a control message to be sent

mthenrgetmuluprocesmgsymm.mstmcnngntosmtthehypukemel When

. thehyperkemel s data collection buffers fill, or when (in software- -triggered mode)

anembedded"END uiggerisencounmd.therawdataﬁlexssentwdlerequesung

B host machine.

Thedataaremedonapmcessor-by-processorbasis Thatis, the
mfmmauonpermmngmpmeesmOumeﬁmwbeexmted.ﬂlmd,analyud.
and displayed. ’I‘hen.thutreaunenuupphedmpmcessorl and in turn, to each of

- the succeeding processors. 'l'herawdmﬁlemcludesinfmmanonrega:dmghow

35

many pmcessonuensocmedwuh the given data. In our current embodiment, the
display object provides aCHmmfaeeamnndﬂ:emwdanﬁle This enables all of
the desired information to be extracted via member function calls, and it eliminates

| the need to know detailed information on the formatting of the data in this file. (A

dnplayobject' nanabsmetdantypefamth'mC"""pmgrammm c*+
"objects" arediscusud.genenlly.ms L1ppman.C++aner 2d Ed., Addison-
Wesley, Reading, Mass., 1991.) .
To generate umelmes of the active processes,the filtering component of
thefrontendexcludesallOSevemsobmnedbythe hyperkemel, except those
indicating that a change of context has taken place in the processor of current _
interest. A context change is indicated whencver the Process ID associated with the
next eventmthedata(forthecmrent pmoessor)lsdlfferentfromthe Process ID
associated with the event thatprecedes it. When such a new Process ID is received,
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thesunnmeofﬂxenewprocesslssaveiandthecndnmeofﬂleptemuspmcessxs
saved. Fromthesavednmestamps thatmarkthebegmnmgandendofagwen

o process.msposnbletomamubox mpbxcallydnplayedaspmofthzumehneof

therelevantpmcessor,thatbeglnsandendsat&envedmnandsmpnmes. By
wayofexample,wearecmendyxm énting the front end using the OI (class

: hbmy)toolht,andeachplomdboxmthlsmplemenmonuacmauyanmbox

object.

10

' 'I'lnsmethodforrecogmmgcomextchangesandgenemungnmehnes

'wnﬂworkwenonlylfmepmualwaysoccupymgthepmeem,methe

methodassumesthatthebegmmngofanewptwessalwaysconespondawthe

~ ending of a previous process. hadartosausfythxscondmon,ﬂlehyperkemel

15

initmesdummy,lowestpnomy nulltaskswhenustansup. These null tasks insure
thumeprocessxsalwaysavulablctombthepmceuor The Process IDs of these
nnlltasksuealsomcludedmtherawdataﬁle. Howevertheﬁ'ontenddoesnot
duplayboxesassoclatedwxdxﬂwmks smcethcyacmallympresent:dleume.

' Tbemeﬂlodforgeneraungnmehmoftheexecuwdsymcaﬂsm

'mnummemeﬂwd.dembedabove for generating timelines of the active

processes. However, forsyswm-callnmehnes,meonlydmdmtpus through the

' _ﬁlwﬁngmgemmesymm-callencyevenmandemevenn. When a system-call

35

| 'enu'yismoumered.nuaddedtoahst. These events need to be queued in a list

beenusenupombleformuluple,nemdsymmcalkmoccmmdncomeof
handlmgtheongxml.um‘-code-muatedOSmcall Whenanexueventxs
mved,memostmeentsyswm-callevemhamgthesamehocessmlspoppedoff

'thehstandnmchedmu. Aboxcanﬂlenbedlsphyedond:eappropmueumehne,
' spmningthenme:cmaspondmgwtheentyandmtemtsﬂmhavebeenpmmd
'mthismanner B

: Tbepxwedmeforgemnngsunmuyhmogmmplonofﬂlesysmn
caﬂsissimﬂarmthepmcedm.descnbedabove,forgenemnngnmehnesofthe
executed system calls. However, thebegmmngandendofangensysmallam
not displayed on a timeline. Instead.onceﬂleseeventshavebeeneneounwred.
relevantdemlssuchasexecuuonumeandpendnmmaddedtoasmdrecordof
that system call. Afwrallthedmmthedamﬁle(orﬁlcs)havesbeenprocessed,the
dammthuemadrecmdsmsummmmd.avmgedoveﬂhenumberof
occmrencesofeachsyswmcall mdplomdmanappropnmdlsplay To create the
graphlcallydxsplayedh:stogram oneboxndrawnforeachtypeofsystemcall |
encountered in the data file (or files). The length of each of these boxes is drawn
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proportional to the amount of processor time taken up by the con'espondmg system
call, expressed as a percentage ofthetotalprocessorumecumulauvelytakenup by
all the system calls.

Example
Our current implementation is hosted on a SUN4 workstation running X

Windows. 'Ihetargetmulnpmeessoru an SGI R3000 Power Series system running

" IRIX 4.05. Before running the inventive tool, the host environment is set up such

10

15

20

tbatSEWPE'lOOLS:spomnngmﬂmEWl’POOLSmmlhtiondmctory The
SUN4executablesmplacedmtheumspathbyaddmgthefollomngzothedot
profile on the SUN4 workstation (assnmmg the installation directory is

Itfewpetools):

EWPETOOLS = /tléwpemols .
_export EWPETOOLS '
PATH = SPATH.SEWPEI’OOLSI:MIbin
exmeATl-! ' :
ThemomtonngwohsmvokedbynameattheUND{pmmpt. _
Foraequmngasnapshotofmalumeoperanngsyswmdata.thexdenmy
ofmetargetpmcesm.thebnffermfonhedamedlecwdfmmthapmeessor,md
thetypeofmgxermodedesn'edarespecxﬁedbyﬂleuser The collected data set
aumancauybecmnesthecmentdatasetuponwtmhallanalysesmllbe '
performed.
Forsoﬁwue-mggexeddamcollecnon.sm.stop andendmggersam
embeddedmtheapphuuoneode Start begins data collection, szop stops data
conecuon,andendclosesthedata-eonecnmpmcenandfmstheemwntsofﬂw

. databnfferstobesenttoﬂlehostmachme mespecnveofwhetberthesebuffershave

filled. (Data collection will also automatically end when the data buffers fill. )
Toembedmggerpomts in a C application code, the user must:

1) include $EWPETOOLSIsgIIincIuda/OSMommrT hh;

2) link with SEWPE'IOOLSIs_g/hblthbJecu a; and

'3) insert the following function calls at the selected trigger points in the code:

OSMonitorT_c StartTrigger();
OSMonitorT_c StopTrigger( )
OSMonitoT ¢ EndTngger()
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Toembed tnggerpomts in C++ code. the user mustperform (1) and (2),

“above, and then: 4)aeateanob1ectofclassOSMomm * ¢; and 5) invoke the

followmgmemberﬁmcnonsatselecwdpmntsmﬂwwde

- Start();

Stop();

End() .

' Aumehnemafsyswmcallslsshawnmm 2. A zoomed-in view
ofﬂlemehnefctapamﬂarmsmmshmmm 3 APmeessIDmap.
whichnaumelmeu'aeeofallprocesmencammed.onaper-pmcessorbms,

'showanIG 8. Ah:stogmnsummaryofsystem—callCPUusagexsshowanlG

s.

15

Thedatathatcanbemquestedforeachsystemcaﬂmcludeﬂxetoﬂlhme
fordutsystemeaﬂ.tbemulnmeforansystemcalls.meavmsemneper
occurrence, and the percent of total time. Both"walltune ' and "cpu time” can be
requested. Wallumeuthewtalumebetwemn'yandmtofﬂzesymmcall,and
mclqdesanypendumgmwhxchﬂ:epmc__essorcanbegwennpmdooﬂwrwork.
Cpuﬁmeisﬂxemmmedqﬁngwhichthesysmcanismmcpu.

-Oslmnlnshllationl'roeedure

Wenowdescnbeourprocedmsformstallmgthehyperkemel
componentofOsmon. Fitst.wemodxfythelkncopemﬂngsysmforsuppomng
thehypetbmelcompuunt. Then,wemsullasoftwmmoltefetmdtoasthe
"Hyperkemel Tool". TheHyperkemel Tool pnmdes symmetric multiprocessing

' oonml.andconnolsthemstallaﬁonofmharysoﬁwmmols

Undertheconu'olofﬁteHyperkanelTool we then install a software
molrefenedtoasthe"OSMommTool" 'IheOSMommrToolmnsonall
processors of the mulnpmcessmg syster. Asnoﬁed,wearecunemly using eight

' pmcessms(nmbemdo 7).butomsoﬁwmtoolsaredestgnedforusewnhany

35

number of processors. 'l'heOSMomtorToolrecords,foreach processor, the time at
wlncheachmmrmptwcms,ﬂmcmseofﬂwmmpuandﬂnpmeess-:dennﬁerof

the interrupted process. The OSMonitor Tool also records the time and current

Process-ID whenevertheopetanng sysuemcxits (By exiting" is meant that
pmcessorconnohshavmgtheoperaungsystantommﬁomapphmmn) All of
ﬂxeseumemmnonsammfemdmammonhurdmmcﬂlammnnmgataﬁzs-
ns resolution. Finally, the OSMonitor Tool passes the collected data to the front end
of Osmon. ' '
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This installation procedure involves adding code to, and removing code
from, individual processors of a multiprocessor system. As a consequence, there is a
danger that each processor might execute old or stale instructions. As discussed in
detail below, the bipartite division of Osmon into the Hyperkemel Tool and the
OSMonitor Tool is helpful for avoiding this danger. That is, the HyperKemel Tool
is designed to install and remove code from each processor without interfering with
the operation of the other processors until it is time for them 10 execute the new
code. Moreover, when the OSMonitor Tool is finished with its tagk (for the time
being),itrepmstotheapplicaﬁonthatinvokedit, and then it removes itself from
thelnstmcuoncacheoftllepmcessor 'l'hispteventsthesysuemfmmleavmgbehmd
potentially troublesome remnants of old code.

Tomodifytheoperaﬁngsystem,weﬁrstcteateabuffer within the
operating system image, tobeusedbytheﬂyperhunel‘l'ool. We name this buffer

- "RTEIRIXBuffer’, and store its size at the label "RTEIRIXBufferSize’. This

modification is ach:evedw:ﬂt thefollowmgsmpt, followedby:e-boonngofme

'opmnnssymm

suroot - Needtohaverootaccesstosysgen
cd/ust/sysgen/master.d Getnoproperdmcwry
 cpkemelkemelold  Saveoldkemel version

cat >> kernel - Copy the next 3 lines to the end of "kernel’
long RTEIRIXBuffer [0x4000];

enum { RTEIRIXBufferSize = size of (RTEIRIXBuffer) };

D |

The Hyped:emel Tool s installed in the running IRIX operating system |
by a program that includes the following modules: :

Install.cc | | (‘The mam routine; i.e., the command interface.)
Hyperl(emeﬂ.hh (The header file for the installation procedure.)
HyperKemelLce (The installation procedure.) |
HyperKetnelI.s (The code that runs along with IRIX.)
FlushICache.hh (Provides linkage information for flushing

the instruction caches.)
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FlushICaches (Provides unplemenuuon of flushing of the

- KMemhh . B | (Prov:deshnkagcmfonnanonforkernel-munory
. accesses) R

KMem.cc ' (Provxdesunplementauonofkemclmemory

accesses.)

Tablelupmvndedasanmdtoundmmndmgtheroleofﬂmemodules
wnthmthemstallmonprogmm _ :

To install the Hyperkemel Tool, tlle ﬁmcnom in ﬁleHyperKemelI.cc
ﬁrstlookup’RTElRD(Bnﬁer and’RTEIRlXBuﬂ'erSnze in the symbol table for the

' mnmngopetanngsystem ('ﬂustablelsmanoperaungsystemﬁlenamed *funix’.)

TheﬁmcnmsinﬁleHyperKemell.ccﬂwncoyyﬂnhypukemeleodethatsubst

| file HyperKemnells into kernel memory at the address 'RTEIRIXBuffer’. All_

tion-independent references in this code are changed appropriately.

The functions in file HyperKernell.cc then flush the instruction caches to
remove any stale code, install the jump instruction that will cause the IRIX operating
systemtocautheHyperkernelTool,mdﬁushthemsu'ucnoncachesnmgﬂle
funcnonsconmnedmtheﬁleHyperKunelLstomake allthepmcessorsloadﬂw
jump instruction. :

Asamukofﬂnsmsuﬂauonprocedm.thefuncnonsmtheﬁle
HyperKemelIswxnbecanedwhenthenextmmxptoccmoneachpmcessor
Thus, this code will be executed on each of eight separate occasions, one for each
processor. Whenthucodemexecmd.nwﬂlsetmdemunoryforeachpmcessor,
and will also set aside acommonmemoryareaforshanngofmformauonbetween

_ Asnoted.tlm:sadangerthateachpmcessornngmexecuwoldmstale
instructions. Topreventthls.wehavemcludedbamerpmmsatwhxchtheoperauon
of each processor is suspended after it has completed its respective hyperkernel
initialization procedure. Processing resumes wheneachpmoessor receives a "go
ahead" s:gnalﬁ'omprocessorO(themasterproeessor) Thlssxgnalupassedtoeach
processor by way of a programming device known as a "spin lock.”
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After each processor completes the Hyperkemel initialization, processor
O(themuwrprocessor)scansﬂroughﬂlemD(opemﬁngsyswmandﬁnds
sequemesofmmwuonsmdxcanngthatmeoperaungsysmlsemnng.Eachof
thesecodesequemes:sreplacedmﬂujumpmtheHyperkemelTool This makes it
poss:bletomvokemn'newoodebothwhenﬂleoperaungsymmemts.andwhenms
entered.

) Aﬁerthemasterpmcessorhueomplcwdthumk.npassesthe go
ahead" sxgnalﬁotlwothenevenpmcelm This assures that no individual
proeessorwillenwnheopmungsymmpxmamly

Aﬁeraﬂofthesexmmhnnonprocedmshavebeencomplmd.the
master processor sets cach of the processors to await an interrupt that will instruct it
to install the code for the OSMonitor Tool. (The code to be installed is read from a
file denoted HyperKemelC.5). This particular interrupt is generated by way of a
"break” msm;cuonmthemulupmeumgsymm (Any interrupt other than the
meepuonofthuspecml”brenk mmncﬁonuhandledbythcmn(opmung
system.) This completes the installation of the Hyperkemel Tool.

" The Hyperkemel Tool needs to be re-installed cach time the system is
re-booted. o :
~* Our program for installing and running the OSMonitor Tool is referred
to as "osm." As illustrated schematically in Table 2, this program comprises seven
modules:

osm.cc. o | (T_h.e:main routine.)

OSMonitor.hh ' (The header file for the monitoring facxhty )
OSMonitorcc (The coda for the monitoring facxhty, referred

. to as the "cliemt".)
OSMonitor.s - -(Tlxecodethatmesouttheacmalmonitoﬁng

tasks. Fonnally.tlusmodule:sachentofthe
o hyperkernel and a server o osm.cc.)

HyperKemelChh ~ (The hca@erﬂefmthechent instailation procedure.)
HyperKemelCoc - (The client installation procedure.)
HyperKemelC.s . (The code that runs along with the IRIX operating

system to install the client.)
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' TomstalltheOSMommrTool the msuucuonsmtheﬁleosmcc first

' creaneanullproeesstomnoneachofthepmoesm 'I'hepnnntyofthesennll

10

15

'pmoesseslssetmtheleastposslblevalne,sotlmﬂieseproeesseswﬂlmnonlywhen

thepmcessorshavenooﬂtermks. Asnoted,above thesenullprocessesmusedto

' md;catewhenagwenpmcessonsde. '

Themstmcnonsmtlmﬁleosmccthenallocawbuffetsfordaeloggmg

"ofdan,andlockmesebnffersmmmmorytopteventtheIRDKopemungsyswm

fromswappmgthemoutmdiskwxﬂmutmemersknowledge The instructions in

_ thcﬂleosmccwﬂlappmpnaw!ychmgeanypomum-mdcpendemrefmnmmthe

codeconmnedintheﬁlcsOSMautorsandHyperKemelC.s Upon triggering by
means of the "break” mslrucnon,meHyperkmelToolwﬂlmsmntheOSMomtor
Tool(asmpresenmdbythecodeconmnedmﬂxeﬁlesOSMomor.sand
HyperKemelC.s)mwku'nelmemory o

] Inopenuon theOSMomtorToolwxllnowconverttlwaddmssofeach
dan-bggingbufferﬁomusermodetokemelmode,mdnvnndmdemeallommd
buffermemoryspaceevenlyamongﬂwelghtpmcessors. The OSMonitor Tool will
dlenbeabletonm,snnnlmeouslyandasynchonously,maueightpmoessom

Atthispoint.ﬂlma:emnesepmwconuulpams. As noted, the

' "OSNkmimToolurunnmgme:ghtprocesm lnaddmon,thzosmprogram

35

cmclspmodxcany(oneeeachsecond.inmncmntunplemmﬁm)mdetermme
whether the OSMonitor drivers (represented by the code in files OSMonitor.s and

HyperKernelC.s) are finished. If they are not finished, the osm program relinquishes
control of the processor for one second, and then tries again.

: TheeventﬂlatdemmeswhentheOSMmumrdnvetsmﬁmshedn
theﬁmngoftheﬁmbuffer 'I'hatis,theﬁrstofmeexghtpmcessmmﬁllmbuffer
wxnthmstopmonimnng.audmnalsoslgnaleachofmetheotherprocesmto
stop monitoring. :

. Uponmcewmgthmngnal,eachprocessormdmduallyd:sablesthe
’Iheosmptogmn(i.e the code in file osm.cc) then unlocks the memory
andeompressesthedamthathavebeenmm&d.savesthcpmcess:dennﬁmofthe

null tasks, and passes the data to the front end or, optionally, to a binary disk file.

With reference 0 Table 3, OS Display is a utility package which
pmvxdesﬂwmterfacemthed:skﬂlesandduplaysmfoxmanongcmtedby
OSMonitor. In our current implementation, it is a UNIX® apphcatloncode I
doesnotrununderthehyperkemel) .

S4
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The invention claimed is:

1 Amethodformcordmgdanlhatmlatetothebehauorofad:gml
compilu:r when it executes at least one application program, wherein: (i) the digital
multiprocessor supports an operating system; (ii) the digital multiprocessor
comprises at least one processor unit including a buffer, and a system clock; and (iii)
the application program includes jumps that are nominally made to the operating
system, said jumps to be referred to as "OS calls,” and the operating system includes
retnmsthatarenommallymadebackmmeapphcauonpmgram,ﬂwmethod
comprising:

a) within the processor unit, whenever the appliw:ion program executes
an OS call, jumping to a program, to be referred to as the "hyperkernel,"” which is
distinct from the operating system;

b) under the control of the hyperkernel, recording said jump to the

. hyperkernel as an OS call, smrnngaconnwrthatcountscyclesofﬂnesystemclock,

and then jumping to the operating system;
¢) within each processor unit, whenever the operating system executes a
retum, jumping to the hyperkernel;
d) under the control of the hyperkemel, stopping and resetting the
ter, recording in the buffer data that represent an accumulated number of OS

calls and a final reading of the counter, and then returning to the application
program; and

e) sendmgtherecordeddauto a user interface device.

2. A method for recording data that relate to the behavior of a digital
multiprocessor when it executes at least one application program, wherein: (i) the
digital multiprocessor supports an operating system; (ii) the digital multiprocessor
comprises plural processor units, a respective buffer included in cach processor, and
a system clock; and (iii) the application program includes jumps that are nominally
made to the operating system, jumps to be referred to as "OS calls,” and the
operating system includes returns that are nominally made back to the application

program, the method comprising:

a) within each processor unit, wheneverthe application program
executes an OS call, jumping to a program, to be referred to as the "hyperkernel,"
which is distinct from the operating system;
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b)underthecontrolofthehyperkm:el recoxdmgsaldjumpmthe
hyperkernel as-an OS call, starungacountertlmtcoumscyclesofﬂxesyswmclock,
andthenjumpmgtoﬂ:eoperaungsystem

c)wnhmeachpmcessornmt,wheneverdxeopmungsystemexecuwsa
return, jumping to the hyperkernel;

d)underﬂwconunlofﬂwhypetkemel,smppmgandmsemngﬂw
counter, recordmgmtherespecnve buffer of each processor unit data that represent
anaccnmulahednumberofOScallsandaﬁnalreadlngofdieeounter and then
returning to the application program; and
~ ¢) sending the recorded data to a user interface device.




