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| NVENTI ON The present invention is related generally to the field of

m croprocessors. 10 More particularly, the present invention is related to
t he managenent of mJI ti processors and/or distribut ed mJI ti processor
systems. Ml tig\ f M]gf i M;f@ ystens
general ly range 1§r om a ﬂ\bﬁﬁ’ pﬁ?cbeg?c# ngil%?g?nigmet rel at| ve MEW andwi dt h
i nterconnects to systens where hi gher bandw dth |nterconnects are desired.
In 15 both environments, and in particular where nultiprocessor systens
provi de | ow bandw dth intercoB@VERNMENTIREGHIISuUt ed sof t ware across the
mul tiple processors, there is a need for systens and/or nethods for

| nt erdependent syt Ewelin WEE %%PQQN'W“M e e R

i nt erdependencies is the 20 U S Arny's Crusader Advanced Field Artillery
Syst em CAFARNtrathiNch DAAR3E-O5C-(09vardagdiiy thedd.p. Aomiyt Zide Gowernmrandader
el ectronics systemincludes a dozen separate nodul es, each having two or

three processotefah IRntd@ th Rvention.

BACKGROUND OF THE INVENTION

The present invention is related generally to the field of microprocessors.
10  More particularly, the present invention is related to the management of
multiprocessors and/or distributed multiprocessor systems.

Multiple interconnected and/or interdependent processor systems
generally range from a multiprocessor system with relatively low bandwidth
interconnects to systems where higher bandwidth interconnects are desired. In

15 both environments, and in particular where multiprocessor systems provide low
bandwidth interconnects with distributed software across the multiple
processors, there is a need for systems and/or methods for integrating, testing
and debugging and/or management of distributed, interdependent systems.

An example of a multiprocessor system having interdependencies is the

20 U.S. Army’s Crusader Advanced Field Artillery System (AFAS), which is a self-
propelled military Howitzer. The Crusader electronics system includes a dozen

separate modules, each having two or three processor cards that are



WO 01/ 44925 PCT/ US00/ 33998 -2 interconnected and nostly dependent on each
other. The software that runs each nodule is dependent on software in nost

of the olhei44g3gul es. Integration (e.g., timng synchronpgeysgsisees
mai nt enance (testing and debuggi ng) and operational nanagenent (e.g.,

comuni cati on and/ or synchroni zed program 5 execution) in nultiprocessor
environments is difficult in Iight of +l#&-these interdependencies. Al of
the nodules in a nultiprocessor systens typically have to be synchronized

to operate @hstc6RRERIBHCGRHEMYSAP HepéndBit BRYANOSthBF. TheWYHvwrdthaRyuMeed to
be able to test parts of the entire interdependent system wthout other

I nt erdependent. nodu|l es peing affected (e.qg., .ceasing operation). 10 The
current mul 3Gh 'E%’gé'Ledﬁ C@BPU erPn %‘i’ﬁ"lﬁ%r%d@g'?‘%to?ﬁ%‘atgﬁb gigse INtegRtign
synchroni zati on and operation, is to essentially break a systeminto

separ at e no@u estiming syach®nizationd s imaiatdnameul(estiegasad edebudlibd) citd ent
systens and net hods, nodul es are each tested one at a tine while everything

andl e 15 S epp0eLdebPBHRrE e ok hePRluelcilndRt VB SRR o

needed are apparatuses and nethods that enable reliable integration,
synchr orfi zaexegytiomyiint ewitiprecessdrnemedtpnreentsois diffiquliein light taf pthec teaser
systens without interruption of the entire systenm s operation. 20 BRI EF
SUMVARY OF i-ﬁ'fgrdbb'gﬁﬁgh@é%. All of the modules in a multiprocessor systems typically
have to be synchronized to operate and communicate properly. An operator or
technician may need to be able to test parts of the entire interdependent system
without other interdependent modules being affected (e.g., ceasing operation).
10 The current multiprocessor solution for management, and to ensure
proper synchronization and operation, is to essentially break a system into
separate modules/components and test each module separately. With current
systems and methods, modules are each tested one at a time while everything
else in the system is simulated. Current systems and methods generally handle
15 one processor and/or associated modules at a time.
What is needed are apparatuses and methods that enable reliable

integration, synchronization, maintenance and management of complex

multiprocessor systems without interruption of the entire system’s operation.

20 BRIEF SUMMARY OF THE INVENTION

The following summary of the invention is provided to facilitate an



The follow ng summary of the invention is provided to facilitate an WO
01/ 44925 PCT/ US00/ 33998 -3 understandi ng of sone of the innovative

features i o the present invention, and is not inte e a full
descri pt ivgﬁpﬂxﬁ?{ll | appreciation of the various aspects o?gffﬂggo?ﬁg%snt i on

can be gained by taking the entire specification, clains, draw ngs, and
abstract as a whole. 5 The present invengion provides a systemfor nanaging
t he operation and nmintenance of conplex nmultiprocessor systens. In

accordance wth qne . aspect of th resent. i nvention, a syst i s disclosed
for managi nbmgerﬁ%ﬁ'lq?'f"grgﬁé‘?gﬁ ogy&egmr?W&tt'Maeﬁeaéur(‘?Brgmﬂru&g%gg]? pﬁasen?
comuni cation with at | east one renote processor or process or thread or

t asks runni inyvemtioat ahe isnotanterti@dradie adull deswiptiopr ¢k fsisappreciatioaatfthei t h
the distributed processes through internal or external communication

channel's s UQ/Qri@&sl_ Sped oPtheliHELSTon cAP6E ﬁéﬁredbéf&:&ingtﬁgn%nﬁ% agéﬂg%gﬁg

menory schenes. core provides test, ¥synchroniz

managenent operations to the distributed processors. An agent engine such
as a scri pt cla#ner drawiegs, andabstiad@sy wholée 15 core, provi des
operation-rel ated data and software from a conbi nati on of user interfaces

and dat apases t 0 Thaepresést ifvéntitth providie s dtdmddr MahBgingandioperatid &5y
processors. Target agents associated with the distributed processors

recei ve conmands fromft he CRLe; arget agents can access Iibr%y nodul e
for an maintenance of complex multiprocessor systems. In accordance with’one

aspect of the present invention, a system is disclosed for managing a
multiprocessor system includes a core processor in communication with at least
one remote processor or process or thread or tasks running on at least one

10 machine. A core processor interacts with the distributed processes through
internal or external communication channels such as messaging queues,
packets, block transfers or shared memory schemes. The core provides test,
synchronization, logging, and management operations to the distributed
processors. An agent engine such as a script interpreter, associated with the

15  core, provides operation-related data and software from a combination of user
interfaces and databases to the core during its interaction with the distributed
processors. Target agents associated with the distributed processors receive
commands from the core. Target agents can access a library module for an
extended command set for processor management.

20 In accordance with another aspect of the present invention, parts of a

complex system can be simulated in hardware and/or software, integrated or



ext ended command set for processor managenent. 20 In accordance with

anot her aspect of the present invention, parts of a conplex system can be
sinulateggggégagdmare and/ or software, integrated or WO 01/ 44925

PCT/ USO0 -4 standal one, in order to nmaintain integ#ﬁpwgﬂmgﬁﬁs
synchroni zation, while the sinulated part is being serviced (e.g, tested,
mai nt ai ned and/or debugged). In yet anotper aspect of the present

i nvention, staged testing of distributed processors belonging to the

mul ti processar temall.o different . 5 pieces, of mul ti processor system
to be phasegt%SH%Y P18 qrﬁg‘r"ﬁﬁlrp? 0 iegraligd andg §Wr%l“8f‘é€at'9ﬁe W'thﬁg
conponent. Furthernore, necessary nodules of the entire systemcan be
si mul at ed tsimuletedouart & beidgrsgovioed (egt tesied Trmsintaiged aindimddemsggeat). pr oceed
one at atime or in plurality because all or part of the entire system can

be sinmulated in Fmg/&e%eéﬁotﬁ@?’iééﬂé@ f tHe %rPQeHPYrWenftB L;gtgé?gh?tgﬂﬁgpgpsent

invention wll bec apparent 'to those skil'l"1n
exam nation of the follow ng detailed description of the invention or can

be | earned Biptriided peecessorhbelongiunto thevekitipeecesseor systamiakiews diffesest ood,
however, that the detail ed description of the invention and the specific

exanpl es prgigess efl.a whitipRoteslior dysfin 86 HedpRa oG WRIK $h@misrdeesent 15

invention, are provided for illustration purposes only because vari ous

changes and di f.i c.?ti ons wi.thin the s i{ilt_. R}Qd scope of the invention
wi ll becorres\éﬁg%@rsém“ gtgs the missing component. Furthermore, necessary modules of

the entire system can be simulated to the module undergoing testing. Testing
of modules can proceed one at a time or in plurality because all or part of the
entire system can be simulated in the test environment.

10 The novel features of the present invention will become apparent to those
of skill in the art upon examination of the following detailed description of the
invention or can be learned by practice of the present invention. It should be
understood, however, that the detailed description of the invention and the specific
examples presented, while indicating certain embodiments of the present

15 invention, are provided for illustration purposes only because various changes and
modifications within the spirit and scope of the invention will become apparent to
those of skill in the art from the detailed description of the invention and claims that

follow.



those of skill in the art fromthe detail ed description of the invention
and clains that follow WD 01/44925 PCT/US00/33998 -5 BRI EF DESCRI PTI ON

OF THE ORAWiNG3sThe acconpanying figures, in which like rgﬁwggﬁgymral S
refer to i éent Ical or functionally-simlar elenments throughout the

separate views and which are incorporated in and formpart of the
specification, further illustrate the_jpresent 5 invention and, together
with the detail ed description of the invention, serve to explain the

principles of the preseppERSESCHIPTIONUOR PHE DRANIRES di agr am of
conponents of the inven%n-%m—m-acﬁ%-mm' 1 agenent of a

mul tiprocessor system Figure 2 is a block diagramof a core nodul e of the
present inventi o¥he ETchapanyinge §gurgs, rowhial lkepesiertenceegumeralsigafearntoer nal
or external comrunications; Figure 3 is a block diagramof a script

i nter pret erjqaREHA Br Rxfncfi&@aIIRIS‘ﬂﬁﬁéﬁeleﬂnéﬁﬁﬂhi&li@?og\} ﬂuﬁrs%pﬂ\ré:tﬁ vievil &5kwhicpar am

of a master target agent that can be used th the invention in the
{TZ‘P ggte nggéré)r];%%%él%é) fr}s]%?c[)fozéééﬂer{n of tﬁgg‘qﬁ)@p Ez_gtleon“r? further iIPuls?r%it(et Ieagrég&t()f 2
5 invention and, together with the detailed description of the invention, serve to
explain the principles of the present invention.
Figure 1 is a block diagram of components of the invention that can
interact during management of a multiprocessor system;
Figure 2 is a block diagram of a core module of the present invention
10 having message routing capabilities through internal or external
communications;
Figure 3 is a block diagram of a script interpreter module of the present
invention;
Figure 4 is a block diagram of a master target agent that can be used
15  with the invention in the management of multiprocessor system; and
Figure 5 is a block diagram of a target agent module of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

20 The invention provides a time synchronized, flexible, programmable,

system for managing a plurality of processors, for integrating a plurality



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 The invention provides a tine
synchroni zed, flexible, programmable, systemfor managing a plurality of
processoxd.o1aasi ntegrating a plurality WO 01/44925 PCT/ UpBPAReH PBos - 6
processors, and provides for their testing, together or individually (to
provide the test and sinmulation for multiple processors). The present
invention is useful in any environnent6nere plural, interdependent
processors are used. Exanples of such systens can be found in mlitary,

t el econmuni ratésubrs, Eid\BIdvides, fob firrateStirg) dogethat bPivdividsiigalo gedide the
manuf acturing systemtechnol ogi es. The invention is also useful 1 n systens

t hat take advantage aof ..distribyted software. . Referring to.Figure 1, a
schemati ¢ ﬁ%@%‘?glg'mﬂﬁﬁﬁrl‘ g%r 'BHE'P PERTESSH 'hiTllf'eePr??@'t“e'ﬂV?L@*dPrf %rusteﬂ‘gl’ IBr esent
invention is illustrated. Conponents that are inportant to managenent of a

mul ti pr ocesay emysinemerdivehearbeplual, éntéfde peswieinp procE@sorst aneprseide rExdiapleand
target agents 103. In a distributed nmultiprocessor system there would be a

Cystom - an ASASRRTHARPHT R OURTH AIEHY, R1nBRBERIL HeslBhind. “eaBmpany

the target agents at each processor 105 of the nultiprocessor system as
wi | | bedappikayiation: medicas ppdreanufactuiingagystentecbnolpgieget Theynventico4 15
can operate in support of the target agents 103, but are not essential as

w1 be deselddesefuninngystertistipat take laevanthgerskdisbutiy dOmwa@n house the
core 101 and
Referring to Figure 1, a schematic layout of modules operational within
a system 100 for the present invention is illustrated. Components that are
important to management of a multiprocessor system are the core 101, script
10 interpreter 102, and target agents 103. In a distributed multiprocessor system,
there would be a plurality of target agents 103 assigned to each processor 105
in the system. An associated plurality of master target agents 104 can
accompany the target agents at each processor 105 of the multiprocessor
system as will be apparent to those skilled in the art. Master target agents 104
15  can operate in support of the target agents 103, but are not essential as will be
described in more detail below. A workstation 105 can house the core 101 and
script interpreter 102, which provide for centralized control of the distributed
multiprocessor system 100. For example, a Sun Workstation (TM) would
provide the functionality required by the controlling portion of the system. The

20  workstation is where command files and the test scripts deployed within the

multiprocessor system are interpreted and transmitted. The workstation 106 is



script interpreter 102, which provide for centralized control of the
distributed nultiprocessor system 100. For exanple, a Sun Wrkstation (TM

woul d  pweviidgeshe functionality required by the control |l ipggdpbkigap of the
system The 20 workstation is where command files and the test scripts

deployed within the nultiprocessor systemare interpreted and transmtted.
The workstation 106 is WO 01/44925 PCH-USB0/ 33998 -7 where the basic tinme
base is maintained for synchronization across nultiple targets (processors

105). The tgherd tROBASIE thAS baleOReMAInthiheORP AL 2Mtidh a@r%%@%aﬁlﬁﬁa
master target agents 104, execute at each of the processors 105 in

system 5 user woul d int he wor ion through a GU
(& aphi cal RS (Ptseeat 0957 o iarget BBl oM ahy F‘PngﬁfaH@vMﬂﬁl 108
(e.g., keyboard). Conmands are entered at the input device 108, and are
i nt er pr et edassouibted ecagtedteaget dgentsr1@416%ecbat @ack of tHe proveesds 03 inve
conponents running on the systemand a sinulation stinmulus so val ues can
be read fr AR system The val ues can be applied to an external
stimuli. Si gna Nng is used to test renote processors through associ ated
target agents 103. A sinulation nodule 110 (e.g., system and/or software)
provi des cl osed- A §8pr wesld etagramithi theeyotkstatinn tyeugma Ghik (Sraphisal on
nodul e 110 can provide the multiprocessor system 100 with hardware
si mul ati on. yge ifteMaca) | oY RMbE commands from any input device 108 (e.g.,
keyboard). Commands are entered at the input device 108, and are interpreted
and executed at the core 101. The core 101 connects active components
running on the system and a simulation stimulus so values can be read from the
10 system. The values can be applied to an external stimuli. Signaling is used to
test remote processors through associated target agents 103.
A simulation module 110 (e.g., system and/or software) provides closed-
loop testing capabilities to the system. The simulation module 110 can provide
the multiprocessor system 100 with hardware simulation. The simulation module
15 110 can include hardware that provides various signals to hardware undergoing
testing. The simulation module 110 is simulates signals needed, for example,
in closed-loop testing. Signals can be provided directly from the simulation
module 110 to the target agents 103. The core 101 controls the simulation

modules 110 interaction with target agents 103. The core 101 can also draw

20  from software assets to generate simulations required in the system 100.



15 110 can include hardware that provides various signals to hardware
undergoing testing. The simulation nodule 110 is sinulates signals needed,

for exanpl I.f. cl osed-1oop testing. Signals can be provi irectly from
t he si rru% Plé‘irfb%rmdul e 110 to the target agents 103. The c]g&g"'g B3t rol s

the sinmulation nodules 110 interaction wth target agents 103. The core
101 can also draw 20 from software assegs to generate sinulations required
in the system 100. WD 01/ 44925 PCT/ USOQ 33998 -8 Referring to Figure 2,

can i nteract wi i RTRER EFA0dR 3 3nbsnls 10T osdn BB S b Rated  mote 1"

Plural queues 201 add separate nessage pipes to targets stationed with
renot e procdetair s Toe core it can dotesaatr withsotber sisters eganporetsnimigiigiat i ons
channel can be provided to each of the processors in the system A nessage

passi ng task, st S f ong 7i LOritl zl al |
nmessage traf fei@gggégq oyeé gg?’oslg%:rﬁeag?g%%%bﬁ Oé‘qcﬁes'éggﬁtgﬂg%%%%géé'?%)
second set of queues 202 can communicate with the script interpreter 10

102. The pl Aagis tadipngd eyt reomtegroepsstre afi e mitkrosesser systeses Ao be
managed. Multithreaded testing is thereby be possible with the present

system 5 Theeparatd pdranfiiteirpNEXhasna]l €RbE provided tPasEe of IRNSIB888IYrs and
execution of plural activities within the nultiprocessor system

Activities %%nsysftgh e&%'\r?slseage passing task module 203 takes care of synchronizing
and prioritizing all message traffic deployed across the system to the various
targets.

A second set of queues 202 can communicate with the script interpreter

10 102. The plurality of queues 201/202 enable simultaneously processes to be
managed. Multithreaded testing is thereby be possible with the present system.
The multiple queues 201/202 enable simultaneous management and execution
of plural activities within the multiprocessor system. Activities can, for example,
include software scripts or commands from various portions of the GUI and/or

15 userinterfaces. Plural inputs are taken from a test environment by the core 101
and a correlation between queues is made. The core 101 can identify what
target server (target agent) a message or command must be sent to and
manages plural message order and priority.

Referring to Figure 3, a script interpreter 102 draws from plural databases

20 301-303 for software and/or data during multiprocessor system management

(e.g., operation and testing). A task interpreter 304 receives commands from



i ncl ude software scripts or commands from various portions of the GU
and/or 15 user interfaces. Plural inputs are taken froma test environnent
by the c@ifoidds and a correl ati on between queues is made.pchhgsaR56s101 can
identify what target server (target agent) a nessage or commn must be
sent to and nanages plural nessage order and priority. Referring to Figure
3, ascript interpreter 102 draws from{9 ural databases 20 301-303 for
software and/or data during nmultiprocessor system managenent (e. g ,

operation t ign e WO
01/ 44025 PO AR Fa o o B e TR s of Wl

fromscript files 3%1':'6 The inter rete 304 interprets scrlptlng | anguage.
The int erpr'@feerpr§9ﬁ A adePretsSeiRtingn thoNageac d 88sIMYPreter B304 samest  of
standard libraries 306 can be included as part of the systemto enabl es

i nt er f aci ngembblirpéntsadiad acgasssto kndries.ald sasof standaed ﬁbﬁa@ié@' 3o aag yeent
|l ocally with the workstation and renotely at targets. data can reside

in the art TARGRRG BEN e rRIHCE b isHtoy Eﬁﬁh%“‘tﬁralfﬂrsp sethat

conprise the pl ural targets are identified. The script |ogging dat abase
302 | ogs al allawstoropesatiahal mapadesnenddodally wittuther workstattonoand Geinéiely at
exanple, time |ogging of events that occur during testing sinplifies the
i dentificatipgeRl AIPba ¢ Adide M tHFAbRbasES8BGBIPoFYRLUAERe BEShiNbRSul TS
apparent to those skilled in the art. The target name database 301 can be
where all entities that comprise the plural targets are identified. The script
logging database 302 logs all occurrence during the testing and/or operation.
10 For example, time logging of events that occur during testing simplifies the
identification of relative data or scripts needed to evaluate test results.
A periodic data manager 307 collects data from any and/or all targets.
The periodic data manager 307 can be time correlated to any frequency
necessary to synchronize with and obtain data from targets. Data is made
15 available to the GUI and/or logged into a data logging database 303. A data
logging database 303 differs from the script logging database 302 in that data
in the script logging database 302 can be used to keep track of command
operations provided throughout the system for execution. The data in the data
logging database 303 can be information that is obtained as a result of

20  commands operations. The time base between logs for the two databases is

synchronized so that commands can be matched with data or results.



A periodi c data manager 307 collects data fromany and/or all targets. The
periodi ¢ data manager 307 can be tinme correlated to any frequency

necessar chronize with and obtain data fromtarget {3¢ Made 15
avai | ableeéotogmtﬁ%g QU and/or |logged into a data | ogging da?ggﬁrg%%g? A data
| oggi ng dat abase 303 differs fromthe script |ogging database 302 in that
data 1in the script |ogging database 303pcan be used to keep track of
command operations provided throughout the system for execution. The data

in the data | oggi dat 3 i Bf.0 ' S [ as a
result of 20 con&rlgn Qﬂgptg??gﬁ%eﬁg a%ﬁ%g't%ﬁrréﬁbaa{sag&%fegg%@n 30!:1553@)%\&& R@%\m
dat abases is synchroni zed so that commands can be matched with data or

resul ts. Woandetagerd 198cansocieiesdgeriodio dada dagdingy masiui 401 éhat logs diatayr am

of a target agent 103 is shown. The target agent 103 can include a

periodi ¢ daheydrRBH fequErtiks ’Fﬂétérbéiaéegﬁﬁo@%éeivéé cﬁﬁgnﬁa;'i\#ﬂsefrérh‘%ﬂg%ﬁ%gs-

The target agent 103 receives conmands fromthe core 01, which can
forwarded b he core 101 fromthe script jnterpreter 102 (as 5 described
before). Thioi’d’f’@@ cah f%@m%t@a'@sc@@rioﬁtﬁ?@ tg%ﬁﬁﬂﬁﬂﬁ’,‘erpﬁ?"e?%é@% t hem
and executes, or assists the processors in executing, the commands if

requi res GCoesmibdsl baforehcl Tthe, tdrget eagem! ¢03 haddeivdze spripis Smmapdsegai n
synchroni zation, obtain a specific subroutine in the application, read

ggtg from afﬁtér/p%tsetth%m Tan?d %?(El:l?gis? oqaé?siétgg@liengré&%%?s f'no%ax %Htirgge,nﬁ'nreat € |
commands if required. Commands can include, for example, halt the processor
to regain synchronization, obtain a specific subroutine in the application, read
data from an /O, etc. The periodic data logging module 401 can generate data
10  stored in the data logging database 403 (Figure 3). Module 401 transmits data
with the appropriate time stamp information.

A Library module 402 can provide an extended command set to the
target agent. A command set, for example, enables I/O cards/interfaces and/or
communication to the OSS. The libraries module 402 provides resident

15 resources associated with the target agent 103 for standard commands to be
managed and turned into the specific OSS-type commands for the targeted
processor.

A master target agent 104, shown in Figure 5, can be assigned to target
agents 103. The master target agent 104 can include a command interpreter

20 501 for receiving/transmitting messages from the core 101 and/or workstation

106. The master target agent 104 is deployable at the remote processor as



10 stored in the data | oggi ng database 403 (Figure 3). Mdule 401 transmts
data wth the appropriate tine stanp information. A Library nodul e 402 can
provi de ded command set to the target agent. A commnd set. for
exanpl e,‘%e]r?g%%ggg |/ O cards/interfaces and/or comrunicati BﬁTfUéo?Wé’g’bSS. The
i brari es nodul e 402 provides resident 15 resources associated with the
target agent 103 for standard commands_tiq be nmanaged and turned into the
specific OSS-type commands for the targeted processor. A naster target

mactor tar oRbSamtdrer6 e A afifden SuS R op s el SHadoebe iget

receiving/transmtting nessages fromthe core 101 and/or workstation 106.
The master agegetOAthenmastes targetiagboly 84 & assigrien toe Mbhe nprsteretasgst Rpen\O
01/ 44925 PCT/ US00/ 33998 -11 needed to receive and nmanages operati onal

nmessages an f f ; get t r . agent 104
I s assi gnedqg)g.ls %ﬁfgatﬁadgégﬁﬁtééﬁ glg?%atsgﬁs?ng%?%g%ggpéﬁf%%?égﬁﬁ%gtﬁl § pl e
tasks for the target agent 103 and npnitors_the target agent through a
target noni fgeuagentthougha Broetmgettondfent Themastenisrgettagenti iddosfate wit h
applications 403, operating systemservices (0SS) 504 and/or proprietary

syst em ser viciserfie withepPfiSatichsIHIE operating eydle@ssetvitb 8 (beB 54 Aqysr t hat
manages the conmuni cations with an operating system Messages
proprietary system services 505. The OSS is generally known as a middleware
layer that manages the communications with an operating system. Messages
from core will generally include commands and/or data. Many messages may
not have to go through a master target agent 104 as will be apparent to those
10  skilled in the art. The primary purpose of the master target agent 104 is to
interface with the target agent 103, monitor its operation, and manage
information from the core to the target agent 103 as it supports the remote
processor to which it is assigned.
The minimum modules required to implement multiprocessor
15 management are the core 101, script interpreter 102 and at least two target
agents 103 deployed with at least two processors of a multiprocessor system.
Generally speaking, the script interpreter 102 issues a set of commands for the
core 101 to initialize communication with a set of target agents 103 assigned to
various processors. The script interpreter 102 can then send the series of test

20 commands to system component. Commands include data transmission,

program and/or subroutine execution, and synchronization break or set points.



fromcore will generally include commands and/or data. Many nessages nmay
not have to go through a master target agent 104 as will be apparent to

those 10wakplideosk in the art. The prinmary purpose of the masdpysfd:gnt agent
104 is to interface with the target agent 103, nonitor its operation, and

manage information fromthe core to the target agent 103 as it supports
the renote processor to which it is assiigned. The m ni nrum nodul es required
to inplenent nmultiprocessor 15 nanagenent are the core 101, script

interpreter 92 &d fi1 sgAsHrohwRst Al BEthe ?élﬁ%g%grégﬁ 36@'599/@'%53{41&? AL diFast

two processors of a nultiprocessor system pea he scri pt
interpreter 10 .issuﬁgél%aeset of commands for the core 101 to initialize

comuni cat i oMOUHRGH WY olane e sgpipnseliefergasegndhet targehagents 103

processors. The script interpreter 102 can then send the series of test 20

commands t o fayititatenteeinteyestion élaesotiited NEMdHs pEiicdsbFAWNRATLRE IsYBtem RINYr am
and/ or subroutine execution, and synchroni zati on break or set points. WO

O T S R tr hHAMR 10

sequence/ reference. The target agents 103 facilitate the integration of
associ at éd r enot ellpe epdxxiinents and examplas seh fanth hesebcateepesentedi®o bestt at ed
by the script interpreter exactly. 5 The enbodi nents and exanples set forth
herein are pogsRtRE pr&sdHvention and its practical application and to thereby enable
those skilled in the art to make and utilize the invention. Those skilled in the art,
however, will recognize that the foregoing description and examples have been
presented for the purpose of illustration and example only. Other variations and
10 modifications of the present invention will be apparent to those of skill in the art,
and it is the intent of the appended claims that such variations and modifications
be covered. The description as set forth is not intended to be exhaustive or to
limit the scope of the invention. Many modifications and variations are possible
in light of the above teaching without departing from the spirit and scope of the
15 following claims. It is contemplated that the use of the present invention can

involve components having different characteristics. It is intended that the scope

of the present invention be defined by the claims appended hereto.



explain the present invention and its practical application and to thereby
enable those skilled in the art to make and utilize the invention. Those

skilled wobthaosst, however, will recognize that the fore,q@f,ﬂ_googz},g%ri ption

and exanpl es have been presented for the purpose of illustration and
exanple only. O her variations and 10 nodi fications of the present
invention will be apparent to those of—sKBIH in the art, and it is the

intent of the appended clains that such variations and nodifications be
covered. The description as set fortilgiAaimset i ntended to be exhaustive or
to limt the scope of the invention.™ Many nodifications and variations are

possible inlig of the. abqve, teachi w t hout departing fromthe spirit
and scope of the 18 f@) Pglm‘?{gsefaﬁ‘ﬁ’é’?’"ﬁg" INsWRIgh BRYClislvg RreRety pididhte of

t he present invention can involve conmponents having different
char act eri stisctaimet are defineddsdolidwas: t he scope of the present invention be
defined by the clains appended hereto. WO 01/44925 PCT/USQCQ 33998 -13
CLAI M5 The enbodi nents of an invention in which an exclusive property or
right is clained are defined as follows: 5 1. A system for nmanagi ng
mul ti processors conprising at |east one nmaster in comunication with at
| east oné renpte procedsystersdpumansgitg multiprecessyamonyinsing at st one
interacting with distributed agents through comuni cation
master in communication with at least one remote processor, said master further
comprising:
a core interacting with distributed agents through communication
channels, said core providing test, synchronization and management operations
10  to said distributed agents; and
a script interpreter, associated with the core, said script interpreter
for providing operation-related data and software from a combination of user

interfaces, command files, test scripts and/or databases to said core during the

cores interaction with said agents.

15
2. The system of Claim 1, wherein said core provides closed-loop
testing of said system, including distributed processors, through an simulation
module.
20 3. The system of Claim 1, wherein said core provides operational

simulations for testing of said system, including said distributed processors.



channel s, said core providing test, synchronizati on and nmanagenent
operations 10 to said distributed agents; and a script interpreter,

associ at @& oM4udpst he core, said script interpreter for pre¢hideg;s3es
operation-rel ated data and software from a conbi nati on of user interfaces,

command files, test scripts and/or databases to said core during the cores
interaction with said agents. 15 2. Theldystem of Claim1l, wherein said
core provides closed-loop testing of said system including distributed
processors, through an sinmulation nodule. 20 3. The systemof Caim1l,
wherein said core provides operational si mul ations for testing of said
system includi n sal %hdl St | but gﬁ ?‘?1 ors WO 01/ 44925 PCT/ US00/ 33998
-14 4. The syste @l 5%8@9"‘65%%9%83?%@9 tagrmasiule

manages traffic in com‘rum cation with sald core. 5 5. The systemof Claim
4, wherei n swdgesdsHiie ippesmmMmaitatidn witbdaldecerel ori ti zes conmuni cati on

bet ween said core and said distributed processors. 6. The systemof Caim
1, further conprising a script interpreter in 10 comunication with

dat abase mul ti processor managenent resources.

5 5. The system of Claim 4, wherein said message passing task
module prioritizes communication between said core and said distributed

processors.

6. The system of Claim 1, further comprising a script interpreter in

10 communication with database multiprocessor management resources.

7. The system of Claim 1, further comprising a script logging
database for keeping track of command operations occurring between said core
and distributed processors.

15
8. The system of Claim 1, wherein said distributed processors further

comprise an associated target agent for receiving commands from said core.

9. The system of Claim 8, wherein said target agent further
20 comprises a library module for providing an extended command set to the target

agent for distributed processor management.



7. The systemof Claim1l, further conprising a script |logging database for
keepi ng track of comrand operations occurring between said core and
distrib 1Ruegessors. 15 8. The systemof Caim 1, wher gi-h %3h55908

di stributed processors further conprise an associated target agent for
recei ving commands fromsaid core. 9. The systemof Caim8, wherein said
target agent further 20 conprises a |libragy—nodule for providing an
extended command set to the target agent for distributed processor
managenment. WO 01/ 44925 PCT/ US00/ 33998 -15 10. The systemof Caim9,
further conprising a periodic |ogging nodule for |ogging conmunication
with the distributed processor assgciated with the |ogging nodule. 5 11. A
system for managi hg mul B¢ pYSEssel §laigy 9pfighery compeising pnberiedici lnggingt h

di stributed processors through conmunication channels, said core providing
test, synchripdaktforlbgging commanicaEon wibeha distisute® ppededsei édddmtb 8 Yith
processors; 10 a script interpreter, associated wth the core, said script
interpreter ,f vi di operation-rel ated data and software froma
conbinationig?qé%@bgrnga&g'

5
11. A system for managing multiprocessors, comprising:

a core interacting with distributed processors through
communication channels, said core providing test, synchronization and
management operations to said distributed processors;

10 a script interpreter, associated with the core, said script interpreter

for providing operation-related data and software from a combination of user
interfaces and databases to said core during the core’s interaction with said
distributed processors;

a message passing task module managing traffic in

15 communication with said core through said queues;

a script interpreter in communication with database multiprocessor
management resources, for facilitating test, synchronization and management
of distributed processor with said core from databases; and

a script logging database for keeping track of command

20 operations occurring between said core and distributed processors.



interfaces and databases to said core during the core's interaction with
said distributed processors; a nessage passing task nodul e managi ng
traffic iwoorlaegomuni cation with said core through said GigguesosdoogCri pt
interpreter in comunication with database multiprocessor nmanagenent
resources, for facilitating test, synchronization and managenent of

di stributed processor with said core f+df dat abases; and a script |ogging
dat abase for keeping track of command 20 operations occurring between said
core and distribyped mHecgmasGhor MBI 114 4AreiRGHiG 'SR ﬁ?c%ﬁ&es cib8eddoog e
system of Claim 11, wherein said core provides closed-loop testing of said
system including distributed progessors, through a sinulation nodule. 5
T The syoteaHnGro3a mysten W mEkERTS SR EbusRTarasses ipushd shaaton
sinmulations for testing of said system including said distributed
processors. mdduleThe systemof C aim 11, wherein a nessage passing task
nodul e manages traffic in comunication with said core. 10 15. The system
of Claim 14, wherein said nessage passing task nodule prioritizes

conmuni cation between said core and said distributed

5 13.  The system of Claim 11, wherein said core provides operational

simulations for testing of said system, including said distributed processors.

14.  The system of Claim 11, wherein a message passing task module

manages traffic in communication with said core.

10
15.  The system of Claim 14, wherein said message passing task
module prioritizes communication between said core and said distributed
processors.
15 16.  The system of Claim 11, further comprising a script interpreter in

communication with database multiprocessor management resources.

17.  The system of Claim 11, further comprising a script logging
database for keeping track of command operations occurring between said core

20  and distributed processor.



processors. 15 16. The systemof Claim 11, further conprising a script
interpreter in comunication wth database nmulti processor managenent
resource 7. The systemof Caim1l, further conprising a script |ogging
dat abasea’foo /‘%%zépi ng track of command operations occurri ngp%ré?%@g‘ﬁs’%ai d
core 20 and distributed processor. WO 01/44925 PCT/US00/ 33998 -17 18. A
met hod for managing nultiprocessors, compyising the steps of: providing a
core interacting with at |east two distributed processors through
nmessagi ng queues, said core providing test, synchronization and 5
managenment operations to said distributed processors; providing a script
interpreter, associated with the core, said script interpreter for
provi di ng oper at i'dh- r ek Mmettod feramanagingfmulipeodeseaisa comphisingt thersteps ofiser
interfaces and databases to said core during the cores interaction with
sai d distributed I 8¢ i i+Qi 9 i j with
caid distributod BogoRE Y Sorehfterd2inh A '%5" é&oﬁ%%ﬁm%@f@'gﬁq@?gﬁg%éﬁgl d
target agents fuw her conprising a |ibrary nodule for providing an
ext ended cofighsSNeERagiRg FURYRS: SAldfore grroviging teusyachy i9Hr and
managemnent .

5 management operations to said distributed processors;

providing a script interpreter, associated with the core, said script
interpreter for providing operation-related data and software from a combination
of user interfaces and databases to said core during the cores interaction with

said distributed processors; and
10 providing target agents associated with said distributed processors for
receiving commands from said core, said target agents further comprising a
library module for providing an extended command set to the target agent for

distributed processor management.



