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Field

10 The present application relates to message oriented
middleware performance monitoring and, more
particularly, to a system and a method for measuring

middleware response time.

15 Background Information

Generally, middleware is software that has its own
application programming interfaces (“APIs”) that help
insulate software developers from operating system -
specific APIs. A middleware layer is often located

20 between client and server processes. By measuring the
route time associated with the middleware layer of an
application, problems can be identified and corrected
resulting in improved performance and availability.

Currently, the route time associated with a middleware



application itself. Such a procedure is considered

intrusive. O her known procedures used for neasuring
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synchroni zati on anong nultiple conponents. Thus, there

is a need for a non-intrusive system and nethod that

nmonitors the performance of m ddl eware by neasuring

the route tinme and storage residency tine, for

exanpl e, the residency tine of a nmessage stored in 10
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by measuring the route time and storage residency time,
for example, the residency time of a message stored in

10 at least one gqueue. As a result, a determination can
made as to which component (g) of a configuration is
problematic or potentially problematic. A need also
exist for monitoring the middleware performance without
requiring synchronization.

15

Summary of the Invention

An aspect of the present application provides for a
method for monitoring middleware performance. The
method may include determining a route time for a

20 message transmitted along a predetermined network route,
determining at least one queue residency time, the at
least one queue residency time reflecting an amount of
time at least one other message is stored in at least

one respective queue located along the predetermined



network route, and cal culating a m ddl eware response

time according to the route tine and the at | east one
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application provides 5 for a nmethod for nonitoring

m ddl ewar e performance. The nethod may include

determning a route tine for a user- defined sanple

nessage to be transmtted al ong a predeterm ned

network route, the route tine reflecting an anount of

time for the sanple ssage to travel  from 10 an
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manager and then back al ong t he, same route to the

ori gt PEROGULHR Trarrdger Othet BiTh iy taf feaktdgnene

queue residency tine for at |east one |ocal production

quelB N &S5LIF A4t 18%e | ocal production queue being
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one queue residency tinme reflecting the anpunt of
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system for nonitoring mddl eware performance. The

systRRdeRFIIMEREY et EENparEe, s épugeltime reflecting

an amount of time for the sample message to travel from

10 an origination queue manager to a destination gqueue
manager and then back along the same route to the
origination gqueue manager, determining at least one
queue residency time for at least one local production
queue, the at least one local production queue being

15 associated with the origination queue manager and/or the
destination queue manager and the at least one queue
residency time reflecting the amount of time an actual
application message is stored in the at least one local
production queue, and calculating a middleware response

20 time by adding the route time to the at least one gqueue
regidency time.

A further aspect of the present application

provides for a system for monitoring middleware

performance. The system may include a comput er system



WD 2004/ 063858 PCT/ US2003/ 041786 adapted to generate
a sanpl e nessage and an application nessage, and a
W@ ovp063858 menory el ectrically connected to theBCT/US2003/041786
conmput er system encoded with instructions for
performng the follow ng: determning a route tine for
5 the sanple nessage transmtted al ong a predeterm ned
network route; determ ning at |east one queue
residency tinme, the at | east one queue residency tine
reflectin an_anount of tinz the a Iication ssage
i's s?%%&ﬁéa hC FERFEHSE PoR8PLEpRTITRRE GhSua™ Egeion
along the 10 pr.edeterm ned network route;  and
cal CUTSRAGRy AR RGPS PEOPHRSE- 1itTe Al e (mpaEsd to
the route tinme and the at |east one queue, resjidency
ti metNBIGBPUBEE cFY PTL RGP Pt Bravitfg U Es L g, FoF
illustrates an exenplazx bl ock di agram of the present
di s @OSHEREr ERpnt oG 9ri def et ndpér FerrRardae for
Fig. 2 illustrates an exenplary flow di agram of an
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20 time and response tine; Fig. 3 illustrates an
ex et ARF R FEERS di SRFSFRIGLIt Ak Iraste FRedRYRER SUFE JRBFY
determining route time; Fig. 4 illustrates an _
exenpt™y SRR di 2RftaPREf THRUe ehpdiionsht tive reflecting

determining route tinme; 4 . . .
an amount of time the application message is stored in

at least one respective queue located along the
10 predetermined network route; and calculating a
middleware response time according to the route time and

the at least one queue residency time.

Brief Description of the Drawings

15 Fig. 1 illustrates an exemplary block diagram of
the present disclosure for monitoring middlewa re
performance;

Fig. 2 illustrates an exemplary flow diagram of an
embodiment for determining route time, queue residency

20 time and response time;

Fig. 3 illustrates an exemplary block diagram of
the present disclosure for determining route time;
Fig. 4 illustrates an exemplary flow diagram of an

embodiment for determining route time;
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an exenplary data structure; Fig. 6 illustrates an
wez@apbmsy bl ock di agram of the present di sclPE/US2003041786

determ ni ng queue residency tinme; 5 Fig. 7

illustrates an exenplary flow diagram of an

enbodi nent for determ ning queue residency tine; Fig.

8a illustrates an exenplary user interface of the
present disclosure for developing a route; Fig. 8b

illustrates ap e | ary user interfac f 10 the

pr esent ilgclgshifggﬁﬁa nfPt o AY @iga?FnEFr$ﬁﬁfre9a

illustrates an exenpl ary user interface._of he
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Fig. 9b illustrates an ex lary user, interface of
FORmrT
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queue. Detailed Description In the exenplary
embodifeEnt s of the present application, application

m ddl eware response tinme for a 20 nessage qriented

mi ddl ewaFéd¢ " MoM Y HaS&E Sappl FEHR G o & We da9T 3¢ an
wi t hout changes to_the respective application(s) and
is, ?W?%déﬂﬁPg,f%%r@?ﬁﬁﬁﬂingﬁ,q%ﬁye F&SEFPBEY REi%i n. An
exanpl e of such a MOM based application is the

e- busi ne$49i NP akt FuRERtES SR t GG 15 ry user interface of

the present disclosure for developing a route;
Fig. 8b illustrates an exemplary user interface of
10 the present disclosure for monitoring route time;
Fig. 9a illustrates an exemplary user interface of
the present disclosure for adding a queue threshold; and
Fig. 9b illustrates an exemplary user interface of
the present disclosure for monitoring at least one

15 queue.

Detailed Description

In the exemplary embodiments of the present
application, application middleware response time for a
20 message oriented middleware (“MOM”) based application
can be estimated without changes to the respective
application(g) and is, therefore, non-intrusive, as
described herein. An example of such a MOM based

application is the e-business infrastructure software
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the | abel WebSphere(r) MQ WhbSphere(r) M)is a
wore@dioessss e sol ution for interconnecting busi NnBEEUS2003/041786

appl i cations in heterogeneous environnments. M ddl eware
response tine is described in the present application

as 5 being conprised of two conponents: route tine and
the sum of each of the storage residency tines. Even
though storage residency tine is referred to in the

resent ppLication gueue. residency _tinme, th
gxeﬁ%q§r§§ g%%%d?ﬁ%ﬁi%Egrga%%hgﬁﬁ§p§5ﬁ¥@éggfeV%%%phere®
addi .t qnal st e 10 diuns besi.des queues., .
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r espr(?ﬁé’@ngﬁn%l%eeﬁ& FPRSEIBRS s BcgRFEsInt | IRRcatden as
n exenplary MOM network 100. MOM network 100
Prciliiee PRI S5l 39 GoRRRIRERAQEPECe (Syany! she
MOM controllers, referred to herein as queue
man 0B §F GUTtE SniagSFOTo%R, TSRIGHECHRRHERT - 1855 aRHouh
gqueue manager 105c. Queue, managers 105a, 105b, 105c
ar e 6T ottt ERW CAMRoHR weirsred hedE: B s 0BesaBEe
C 150c. ,and, | ocal production queues 110a, 110b, 110c,
r espEPLTGRFVOD Fft (WEMRoF 851 ¢RIkl tiifagele @ latysh,
105c _are associated with agents 115, 125, 130 and
traﬁ?ﬁpgémﬁﬁF%dﬁﬁ%§qT2éé¥ qerls cabigctoraddidciongd| gtorage

The ,
10 mediums besides queues. Additionally, application

processing time is not considered in determining the
middleware response time as described in detail her ein.
Alternatively, however, processing time can be included
in the response time determination.

15 ‘Figure 1 illustrates an exemplary MOM network 100.
MOM network 100 includes three exemplary queue managers
(“Omgr”) or MOM controllers, referred to herein as queue
managers: queue manager 105a, queue manager 105b and
queue manager 105c. Queue managers 105a, 105b, 105c are

20 associated with node A 150a, node B 150b, node C 150c
and local production queues 110a, 110b, 110c,
regpectively. Furthermore, queue managers 105a, 105b,
105c are associated with agents 115, 125, 130 and

transmission queues 120a, 120b, 120c, respectively. The
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managers in MOM network 100 and the nunber and type
wo@R00g06388% associ ated with the respective QqUERET/US2003/041786

managers are nerely illustrative. Data can be

transmtted fromnode A 150a, node B 150b and node C 5

150c to collection point 130. Collection point 130

i ncludes nenory unit 140 and processing unit 145.

Each transm ssion queue is associated with a

correspondi ng renote queue defjnjtion, as can be seen

'n FYPST. ORCHTE qREdSHar 1M bR THPER nb{0 g Ehe
gueues 10 hut nane aliases that, are controlled as .
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queue nmanager 105a along the sanme path or network
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application to be nonitored and the sanple_ 20 nessage
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120a, 120b, 120c along the network route. The sanple
mes SAFESFRORdERP TPt He el gy t pfeCan be seen in

Addi tionally, an actual agg!ication message is stored
at Fig. 1. "Remote queue definitions are not real queues,

10 but name aliases that are controlled as though they were
real queues. An effect of the remote queue definition
is to define a physical destination queue name and queue
manager name. The use of remote gqueue definitions is
well known to a person having ordinary skill in the art

15 and is therefore not described in detail herein.

As will be described below, a sample message is
transmitted from and to queue manager 105a along the
same path or network route in MOM network 100 as would
be used by an application to be monitored and the sample

20 message 1s temporarily stored in each transmission queue
120a, 120b, 120c along the network route. The sample
message 1s used to determine the route time.

Additionally, an actual application message is stored at
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production queue 110a, | nob, 110c to determ ne the
WO e@pa6cIsi¥e queue residency tinmes. Figure 2 il PCBUSENEE41786
an exenplary flow diagramfor estimating an
application m ddl eware response tine of a 5 MOM
application. In order to neasure the esti mted
response tine for the MOM application, the route tine
and at | east one queue residency tinme need to be

determ ned. The exenpl ary equation for. defermning the
applFE $8ﬁajrﬂ%?ﬂ‘£\ﬁgri8nré%?)lg%geloﬁ’néggb;ﬁl\/%aﬁ %% as 10
follows: AVRT = Route Tine + E (Queue Residenc
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of 15 the equation, a sanple nessage is_generated, in
205. In Fé%u%?&rﬂ%tgﬁﬁ%gi%rﬁ’iemp B8r¥ahpP'e HegLagetor

i ncl udes a, glurality of nmessages bat ched toget her
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the sane or, have varying_sizes. Alternatively, the
sanpO¥ ARRLIGRFIP i s IR SRR &hdsssyee PrefttEpryedt he
sanmpl e nessage replicates an actual nessage that
woul*@SBENE? anksTh thadd ChGi YO PRRANMCAEL RBr KERDFOUTRe time

nunber. of nessages batched |in a sanple nessage and

t he 38z 8L o} e IPTGF WRECNERSHESY §1nD ool /62858

PCT/ US2003/ 041786 ‘ .
determined. The exemplary equation for determining the

application middleware response time (“AMRT”) is as

10 follows:
AMRT = Route Time + X (Queue Residency Times) .

In orxrder to determine the route time component of
15 the equation, a sample message is generated, in 205. In
an exemplary embodiment, the sample message includes a
plurality of messages batched together. The size of
each of the plurality of messages can be the same or
have varying sizes. Alternatively, the sample message
20 1ieg a single message. Preferably, the sample message
replicates an actual message that would be transmitted
within MOM network 100. The number of messages batched

in a sample message and the size of each of the messages



Is user-controlled, for instance, by interacting with

at | east one user interface. The sanple nessage is
wat@nmaisss n 210. Agent 115 associated w th qURCIEUS2003/041786

manager 105a puts the sanple 5 nessage in transm ssion

queue 120a. Transm ssion quéeue 120a tenporarily

stores the sanple nessage to be sent to another part

of the application residing on queue nanager 105b.

Renot e queue definition associated with transm ssion

queue_ 120a points-to.or_identifies queue, 10 nager,

Tosbt e Pt EaH PRI ot Parem S S o aEResS 80E at

and iéasstaso%%ci ated, re e gqueue definition. Before

t he TEsoae i $°¢T at¥it4®&§ " the originating tine is

determ ni‘ﬂﬁ bg agfnt 115, in 215. %ge ori gi nating tine

i s stored Tn FIetY BHFSE SEnpherFbsddyét8oo, A3 s Hdwn

15 in Fig.. 5 a%g?the sanpl e nessage is transnmtted
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iagn nore detail the transm ssion of the sanple nessage
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at least sent tipe along the route. 20 In 405, the

sanpt ¥ areSERGEAT 1Y ShRRet £RE FIUMOFEEPRIE| Yy Rpasat to

manager _105a to destinati on queue nmanager 105c via

i nt € SRgPRte Rt HrditagePlieghlon gseditngaPT yaugyre

sanpl e nessage is first transmtted to and tenporally

st or@rEIT L Fg?ﬂ%m' SEU g gBERe 199 $itAee 9 ssociated with

transmission queue 120a points to or identifies queue

10 manager 105b and, more particularly, transmission gqueue
120b and its associated remote queue definition. Before
the message is transmitted, the originating time is
determined by agent 115, in 215. The originating time
is stored in field 505 of sample message 500, as shown

15 in Fig. 5, and the sample message is transmitted within
MOM network 100, in 220.

Figure 4 sets forth in more detail the transmission
of the sample message and the det ermination of at least
one arrive time and at least sent time along the route.

20 In 405, the sample message is transmitted from
originating queue manager 105a to destination queue
manager 105c via intervening queue manager 105b.
Specifically, the sample message is first transmitted to

and temporally stored in transmission queue 120b since
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definition associated with transm ssion queue 120a
WQEOI0ane3ss® transm ssion queue 120b. At node B PAB0B2003/041786
channel or message exits associated with agent 125
determ ne tinestanps for when the sanpl e nessage
enters 5 transm ssion queue 120b and exits
_transm ssion queue 120b, referred to as the arrive
time and the sent tinme, respectively, in 410. The
arrive tinme and sent _tine are added to the sanple
e SRS eGP PT (FSN CARE PR S HON P oS R
as shown in Fig., 5 10 Next, the applicatjon conponent
on JIHEYE faRAgerintfoss S5EBETHTPWH R EgentP 1257t node B
retrjeyes the sanple nessage tenporarily_stored in
trar?ssr‘ﬁ\éssp AR f‘?ﬁﬁagﬁn%"htc%@rs&ioﬁgaF%dt%leth agent 125
respective renpte queue definition transmts the
sanpis STRLBE g P TABhEPT afpRR ddtS SA™RES CBIPREhEIGRTS
desti nati gn queue manager 105c. At destipatjon gqueue
RendgemsTase o e pF AP nRY Rye! HSs CrERfpbT SRR ueue
stored in transnission queue 120c. A Simlarly, at node
C 1560P cKhghrErebtoadsshfe axFte t48808714t 6tf iank time,
agent 130 determ ne timestanps for when 20_the sanple,
nes SEFPSEHEBPLEY 1 riandssi BhRe Riglidel SoBe oty &g tsent time
transm ssi on queue 120c, referred to as_the arrive
ti N En@dfRe Serithe spEPleespeads dry fipddaspla @ed field
arrive time and the sent tine are added to the sanple
10 510b, respectively, as shown in Fig. 5.

10 Next, the application component on gueue manager
105b associated with agent 125 retrieves the sample
message temporarily stored in transmission gqueue 120b
and according to the respective remote queue definition
transmits the sample message to another application

15 component on destination queue manager 105c. At
destination queue manager 105c, the sample message is
temporarily stored in transmission queue 120c.
Similarly, at node C 150¢, channel or message exits
associated with agent 130 determine timestamps for when

20 the sample message enters\transmission queue 120c and
exits transmission queue 120c¢, referred to as the arrive
time and the sent time, respectively, in 410. The

arrive time and the sent time are added to the sample

10
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515a and field 515b, respectively, as shown in Fig.
w®200Fhe388ppl | cati on conponent on queue manager PADER2003/041786

associ ated with agent 130 retrieves the nessage 5
tenporarily stored in transm ssion queue 120c and,
according to the respective renote queue definition
transmts the sanple nessage back to originating gueue
manager 105a via interveni ng queue nanager 105b, in

s PP AR Fab baien Glor FoF A TG qdEnE R £°

05a anggi e s route that the sanple nessage
travele t& é? b destinati on queue nanager 105c, a

pur pose descri bed bel ow. The exqu}a&y
route of a§’3 ?aetl%§§5‘§8n?§t stiovi SR BRgRY ¢

Al ternati.ve routes for 15 sangle nessages are al so

des cHT IR & ot °F RIP2G, 1PPKESETIF R0, FhanTeF 3SR ti e
and a sent tinme for the sa nessage are determ ned
Por FHRSRE ¥ gShriksrk ng?mlﬁw dpRECat FYved e
and sent tine are stored in field 520a and fleld 520b
of tHETLPLe tﬁe@%%g%espsgtgﬁsmﬁewezwvﬁ dsfiggicon he
sanpl e nessage arrives back to  originating queue
mandgeétSTe5s, oG etTPLES TEEPRIN PRI A CERGTRIHENY (yeue
225, and the end tinme is stored in field 525 of the
sanplAeELs 21082 ViR M tEXuRpIag IusHsodPRBaEET LORfonting £55.

determ nes that the sanple nessage transmtted
In an exemplary embodiment, the sample message is

10 transmitted back to originating queue manager 1 05a along
the same route that the sample message traveled to get
to destination queue manager 105c, a purpose of which is
described below. The exemplary route of the sample
message 1s shown in Fig. 3. Alternative routes for

15 sample messages are also described below. In 420, like
in 410, an arrive time and a sent time for the sample
message are determined for intervening queue manager
105b. The arrive time and sent time are stored in field
520a and field 520b of the sample message, as shown in

20 Fig. 5. Once the sample message arrives back to
originating queue manager 105a, agent 115 determines an
end time, in 225, and the end time is stored in field
525 of the sample message. In an exemplary embodiment,

agent 115 determines that the sample message transmi tted

11
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manager 105a is the sane as the received nessage by
w@orpascissyy an identification stored in a fiel dPCDUSHaRtM1786

recei ved nessage. Data indicating the various

timestanps shown in 5 Fig. 5 are transmtted to

collection point 135. Processing unit 145 at

coll ection point 135 determnes the route tine, in

230. Route tine is defined as the tine it takes a

sampl e nessage to be transmtted from the queue

Tandger AHERE THAGREsSAG8 OF | Yinatus “FoFia o Rt Efce,

queue managers 105a,, across_any, internmedi ate gyeue ,

mandGEEESS, PY oC RSN AT b1° adRRgeFor§pAin a field

i nst gnce, . queue, mapager 105c, and have the nessage
traﬁ%ﬂ@??@drﬁﬁikV?Q)ﬁ%ﬁéag?iginating queue manager from

t he destinati on_gueue manager 105c al ong the sanme
route. 15%F# éﬂdﬁ¥§ﬁﬁﬁaF9eéﬁ%ﬁﬂ?ﬁ%ﬁﬂpeﬁgégﬁﬁéﬂ%ﬂ?l6nf
route tinme relies on an independent process that
sSendsSsanphEs MRS ESEhFIught Ianiest RBERE 15 -usi ng
the same paths as the application to be neasured. As
desFHWEFSaBIVERLE HetS psurel sl FomedRent 3P sAsheadires
by creating a series of 20 daisy-chai ned renote queue
def it FOHECak1®Rs @ R3QuelBPubfaridger 45i Aebinas d5nthRe
measur enent, for exanple, queue managers 105a, 105b,
105¢1MBadEdt ket e HFPYENBETIRFS itfe PLafpREBYE®S Arom
field

the queue manager where the message originated, for

10 instance, queue managers 105a, across any intermediate
queue manager(s), to a destination queue manager, for
instance, gqueue manager 105c, and have the message
transmitted back to the originating queue manager from
the destination queue manager 105¢ along the same route.

15 In an exemplary embodiment, measurement of route time
relies on an independent process that sends sample
messages through MOM network 100 using the same paths as
the application to be measured. As described above, the
route time component is measured by creating a series of

20 daisy-chained remote queue definitions across all queue
managers involved in the measurement, for example, queue
managers 105a, 105b, 105c.

Based on the originating timestamp stored in field

505 and the end timestamp stored in field 525,

12
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waledoenedsses the route tine, in 230. Specifi caPCUS1008041786

route tinme is determ ned by taking the difference of

the originating tinmestanp and the end tinestanp.

Since the originating tinmestanp and the end 5

ti mestanp are associated with the same queue nmanager

105a, synchronization is not an issue. The route tine

i d_i i.t 140. at col | ecti int, 135,
For HHGFROP8 S DORE T ARESAPHYE TEeifpS dRd The 20

sent_ tinmestanps far interveni ng queue nmanager 105h and
10 FRERAER DR g udife B gEr™ st SerGFBATER Y diend the
510a,,...520b, intra-queuye.manager tines are determ ned
oy HESRESRP RGO e PARSITRC LN (5 SEREATE! N iR GPBnce
between the arrive tinestagg,and_the_correspondin%
sentt MESHBTP anpP ¥Hi© $PeSpLRtiRe TGusdBeRbARyand the end
represents the 15 intra-queue nmanager tine. The sum of
fhe GIMES52HReES FRETTGEF i FEE dihsnFaNeMVIRRLSWIARE6E
represents the total . queue manager processing tine.

In af%&xefgraryrrigiiddrngft 2oh Rt dgiedicof The route time
I ntra-queue nmanager timnmes alon%éNDM network 100 can

al so-SELEPE UL ARt R1 0L 4 L e SO PRI PRPOINE 135.

i ntra-queue manager tines is also stored in menory
unit 140 FUFRhaEeRts oP2E69det drlift Mg vehbiretitans apd the

sent timestamps for intervening queue manager 105b and
10 destination gqueue manager 105c¢ stored in fields
510a..520b, intra-queue manager times are determined by
processing unit 145. In particular, the difference
between the arrive timestamp and the corresponding sent
timestamp for a respective gqueue manager represents the
15  intra-queue manager time. The sum of the intra-queue
managér times along MOM network 100 represents the total
queue manager processing time. In an exemplary
embodiment, averages of the intra-queue manager times
along MOM network 100 can also be calculated. Data
20 representing the intra-queue manager times is also
stored in memory unit 140.
In addition to determining the route time

component, queue residency time is also needed for

calculating the middleware response time, in 235. Figs.

13



conmponent, queue residency tinme is also needed for
calculating the m ddl eware response tine, in 235.
wWO-2@8/063838 WO 2004/ 063858 PCT/ US2003/ 041786 6 PCmU$2003/041786
illustrate queue residency tine and how it is
determined in an exenpl ary enbodi nent of the present
application. Queue residency tine is defined as the
time that an actual application nessage is stored in 5
| ocal production queue |l0a, in |ocal production queue
110b_and in.local production gueue 11Qc, as.shown in
Fig.° 6% ﬁeliﬁ?ﬁa%’f%%guﬁﬁgu]ée%e%n&é’n&mfei e fgv it is
referred to as.the total _queue residency_time. In an
ex e B RO e =X HRATY AT R U Bh ot Pe R ERSRE)
10 tines relies on an independent, prqcess_i n which
 esFRR VB AGRNt CUEHFFES LAY BB Featr bR TbeEn i
bei n ut _on respective | ocal production queues, ,
| derfti £53Fhen aéuaﬁﬁégﬁﬁ%io%mﬁaﬁga thafirfdred in
nessage _ exit and captures_the point when that nessage
Ps PRSI PISIRFHIAT 1Bt OPr dduictcent Rretiectiqn gyeue
exenpl ary _enbodi ment, - nessages are sanpled at an
adj Ust%pPadr 4R elocHa PEQIBREI PR BIGHT 1861 ¥F FhYEadds,
queue residency tinme is calculated as described bel ow
wi t Fi%ef &rentRet3Pm Migthe duepagssiderey timss o
determ ne queue residency tinme for |ocal production
qued§§effﬁg,tqr@bfjﬁiG@Fal queue residency time. In an

exemplary embodiment, measurement of queue residency

10 times relies on an independent process in which
respective agents sample actual application messages
being put on respective local production gqueues,
identifies the sampled message through a channel message
exit and captures the point when that message is pulled

15 from the local production queue. In an exemplary
embodiment, messages are sampled at an ad justable rate.
Based on the sample set of messages, queue residency
time is calculated as described below with reference to
Fig. 7.

20 Agents 115, 125, 130 determine queue residency time
for local production queues 110a, 110b, 110c,
respectively. The procedure for calculating queue
residency time is described herein only with reference

to agent 115 and local production queue 110a since the

14



respectively. The procedure for cal cul ati ng queue
residency tine is described herein only with reference
W e00ageIsss 115 and | ocal production queue 110a BCTUS20081@41786

14 WO 2004/ 063858 PCT/ US2003/ 041786 same procedure is
foll owed at node B 150b and node C 150c in MOM net wor k
100. As an application puts actual nessages on the

| ocal production queue 110a, collection components

such as a nessage exit and an APl exit take 5 at | east

I f .the nes es, .in_705 t. 115
82?6%%%% 30%38u5?0+%§§$%€wF8eﬁ%i??%%ﬁ? OP"?Eﬁ)ifde ¢
iated w.th the sanpl ed ssage, .i.n 710, an
o D L ol TR SRR
720, ecti .. Th ut .tipesta I ndi_cates the |
(e HETER P e o BregUaE e i dad orcr bt Lon
duction queue . 110a. I n an exenpl ary enbodi nent,
the THHEGREEFEER 3 o "EPERES oFXA hEnSaapl GBI nptdagake
are retrieved froml ocal production

%:nlfet %fﬁﬁssa ggnﬁnsa’%ﬁﬁﬁ iCatPFENTeeRfsiTent? 402 onpEs o 15
is perfornmed between 15 the IDs of the respective
r et r9SFEGIRES s AR S HhTP St r8e %?%FQ&F%Q§?§PntﬁeI%ahpleg

ssage, .in 725, |If a positive match is nade, another
LI e tRES B PR SREPLAS BRTSAga/mist ARy %
determned, in 730. The %et ti mestanp i ndicates the
ti nePRIRETEAREI *EY NS Fe ThASP et FinafE@ 2010 r bR 196€al720.,

production queue 110a. The queue residency .
respectively. The put timestamp indicates the time that

10 the sampled message was placed on local production queue
110a. In an exemplary embodiment, the ID is located in
a field of the sampled message. When messages are
retrieved from local production queue 110a by an
application component, a comparison is performed between

15 the IDs of the respective retrieved messages and the
stored ID of the sampled message, in 725. If a positive
match is made, another timestamp, referred to as the get
timestamp, is determined, in 730. The get timestamp
indicates the time the sampled message was retrieved

20 from local production queue 11l0a. The gqueue residency
time for local production queue 110a is then determined
by agent 115, in 735. In an exemplary embodiment, the
queue residency time equals the difference between the

respective get timestamp and the respective put

15



time for local production queue 110a is then
determ ned by agent 115, in 735. In an exenplary
weredatoisest , the queue residency tinme equal s PEEUS2003/041786
di fference between the respective get tinmestanp and
the respective put 15 WO 2004/ 063858 PCT/ US2003/ 041786
ti mestanp. The cal cul ated queue residency tine is
transmitted to collection point 135, in 740. The gueue
residency tinmes associated with each queue manager
105%h 105b, 105c ar t;ans itted to cgllectipn poi nt
135.518°BF 0B ssi T AL 12B°ATHEPh ECGUBTRSY &5iTeriSy

times to .determ ne_the otaljggfue residency tinme and

{

st o EEPPHEE L EA T i AP CHERU LT déRey T MY ardR feue

total queue residency tine_in, nenorﬁ unit 140. In a

f ur RS ACBIR NI 3RS 3EFBEUR hEh W e SR RgENEUS A1aTRIRTe 052

respective 10 queue residency tines bé_sanpljng

mul ti0BPe MBS AYe CTEPSPEHEE theoddeaEionaR A HiAg
corresponding put timestanps and get tinestanps for
fhe PERAFPBINAEESHgd4S 2€aF cillnBioHG ERpLecRfiefdmes to
residency tinmes and average the _queue residency tines
overdCaRTTHERr W28 .Cobs | AUBRY eretisicget eF iPReathBtoged| the
queue residency tine,_gueue managers 105a, 105b, 105c
i n NONLHetwel kKIUD® re6iRoRChavEneo e sVPRcheomt ZBgue
since the difference(s) between the put tinmestanp(s)

f or TES3HAPFEdE s SagBCEPTY aiti t HéOget 10| areBudhsEs) for

the sanpl ed nessage(s) are
exemplary embodiment, each agent calculates respective

10 queue residency times by sampling multiple messages
stored in the queue, determining corresponding put
timestamps and get timestamps for the sampled messages,
calculate multiple queue residency times and average the
qﬁeue residency times over an interval.

15 In order to determine the total queue residency
time, queue managers 105a, 105b, 105¢ in MOM network 100
do not have to be synchronized since the difference(s)
between the put timestamp(s) for a sampled message (s)
and the get timestamp(s) for the sampled message(s) are

20 determined for a respective local production queue.

The estimated application middleware response time,
consisting of the time for the sample mesgsage to travel

through the middleware network, referred to as the route

time, and the time sampled messages reside in local

16



20 determ ned for a respective | ocal production queue.
The estinmated application m ddl eware' response tine,
w@oengiosisssig of the time for the sanpl e nessagePCDUS2003/041786

travel through the m ddl eware network, referred to as
the route tine, and the tinme sanpl ed nessages reside

in local 16 WO 2004/ 063858 PCT/ US2003/ 041786

producti on queues 110a, 110b, 110c, is deternmined, in

240. The response tine is then determ ned by conbi ning

the route tinme with t su f ue r.esi.dency, tires.
Addilﬁocl?%lgltllgfl FURET %1 AR S ddte PR RE ‘b%fﬁgm
subtracti fromthe raute,ti the total intra-queue
T 1 g, PR i § el St TRATEE TGRS R prserioe
app“icatiog for deternigjn? route time are _described
wi t 1% fFEPERCEITD e PR BEEn TELEERCY HateSr e
10 kept. i.ndependent from |l ocal production queues. By
usi ,P@Pdtltt,lgﬁg 1 45| DPGIEESs E1Th e Pe Mo AREREBIBTY 43t ual
appl i cati on nessages being transmtted over MOM

et raghang TP ibs ANET N VK &S &PF2é bRl hemieue
however, are equally applicable to using |oca

pr odiid®96% Fi8%es 15 and/or actual application

messages to determne route tinme and, thus, response
tinme. By ‘PFafEFTRIFRG STRCILTIICDIeHPoRTEEFRE 135 and

by stoning_this data in nmenory unit 140, additiona
application for determining route time are described

with reference to chained transmission queues that are

10 kept independent from local production queues. By using
transmission queues, the performance of actual
application messages being transmitted over MOM network
100 is simulated. The exemplary embodiments, however,
are equally applicable to using local production gqueues

15 and/or actual application messages to determine route
time and, thus, response time.

By transmitting data to collection point 135 and by
storing this data in memory unit 140, additional
performance information can be obtained, for instance,

20 regarding queue statistics. Such queue statistics
include average queue residency times, high and low
queue residency times, number of get timestamps and the
number of put timestamps. Further, thresholds can be

set to generate alerts so that, for example, when a

17



performance informati on can be obtained, for instance,
20 regardi ng queue statistics. Such queue statistics
w0 pokoaBsaver age queue residency tines, high apdr/ismwo3/041786

gueue residency tines, nunber of get tinmestanps and

the nunber of put timestanps. Further, thresholds can

be set to generate alerts so that, for exanple, when

a 17 WD 2004/ 063858 PCT/ US2003/ 041786 queue resi dency
time is greater than a threshold, an alert is

transm.tt for the respective gqueue. Addjtion Y,
one Bt P8 L 8EpY R ASesFEarhe e Dot BERGNAS il

t he %ﬁkogna ce of.N%&%%etmg k 100 cgn 5 be

moni tored. S ACHRRT S Rt o7 tHERESPRs T e Fre,
gueues resi.denc ime(s) and route tine et her these

tines ar za%??ﬁ?%aﬁ%déqr)& Wn@ﬂr’bﬁ%ﬁﬁ?%?c%&c@é’d bg

t hreshol.d he nunber of nessages in the sanple

ros SUELORAY PRLIAG ¢H5 PERLREEEGE Mol oF Rcahdd? gan
ser, 10 interface can be devel oped and used to nonitor
he PD&CPOFRERCe df WifE GRMnBYR (e (@S, TRFRRRES dpime,
illustrates an_exenplary user interface for

moni FEHSRgTEE L PHt e (Gl et gfOUHFe EpMB s efether these
appl.ication. Further, Fi%. 7b il lustrates an exenpl ary
15 JSEESi AEEr YHIE T AFSHSHPEBIISH RGEIEtBF feChfeRdfed a
pr esent lication. The user interface can include

app :
i sttf&fesslpﬁdr t Hee qUBTRSE, o8t BetReT dichhgueyerkhduessage

t hreshol ds and )
and the size of each megsage. For instance, a user

10 interface can be developed and used to monitor the
performance of one or more queues.

'Figure 8b illustrates an exemplary user interface
for monitoring at least one queue of the present
application. Further, Fig. 7b illustrates an exemplary

15 user interface for monitoring route time of the present
application. The user interface can include list of all
the queues, status of each queue and thresholds and
current value for each metric. The desired parameters
and thresholds can by input by the user via one or more

20 additional user interfaces. Figure 7a illustrates an
exemplary user interface used by an agent for developing
a route that a sample message will travel and Fig. 8a
illustrates an exemplary user interface for adding a

queue threshold for a particular gqueue.

18



current value for each netric. The desired paraneters
and thresholds can by input by the user via one or
woree/02B5addi ti onal user interfaces. Figure 7aPCT/US2003/041786
illustrates an exenplary user interface used by an
agent for developing a route that a sanple nessage
will travel and Fig. 8a illustrates an exenplary user
interface for adding a queue threshold for a
particul ar queue. 18 WO 2004/ 063858 PCT/ US2003/ 041786
In an exenplary enhodi men a rqute bui|der |,
applicat&8na?sg%ﬁﬁ£}aF3kea%??+W?ﬂfﬂ:ﬁerﬁgkﬁe?%ﬁlqﬁﬁa
sanpl e .nessage, Wt he rout e buil der plication,
PR TREPE et Rl  HE T FaP> B biagareLe
are added. 5 I n the exenpl ary. epbodi nents of the
pr eSEFE3HBp! i Ehith &E{e rpﬁgeg EmEERagER Lo, each route
transnitteg fron1orLginatin% gueue nmnager 105a to
destihZPM6H YR UdnandgEr o5 |FIE "PREEFTEN Y afirsde
nangger 105b and back tq originating queue nmanager
P0o5aTaltERgSFHEP G EREfEm PRt h, Ofa S SN BRAS AR |3PRRIgat3on,
Accordi ngly, originating queue manager 105a, .
inté?ﬁéﬁ?ﬁ@i%LR&&?%ﬂﬁnééeFrﬁﬂﬁﬂigﬁﬁﬁ &SP P9 G tdagugueue
manager 105c do not_  have to be synchronized to
det SATPHET Ot & IdPELIAREEPHAYSHS JFANBTSE MRS 7§23t he
remote queue definition associated with destination
que e HRRNERERT 1B eNF5RanpEer siRR @ndebaghet @ A iFiageing

different path back to originatin% gueue manager
105&1e8enRRrISE 105a along the exact same path, as shown

10 in Fig. 3. Accordingly, originating gueue manager 105a,
intervening queue manager 105b and destination gqueue
manager 105c do not have to be synchronized to determine
route time. Alternatively, by changing the remote gueue
definition associated with destination queue manager

15 105c, the sample message can travel a different path
back to originating queue manager 105a. Similarly,
since the sample message is returning to originating
gqueue manager 105a, the queue managers do not need to be
synchronized. However, if the sample megsage is

20 returned to a queue manager other than originating queue
manager 105a, that queue manager and originating queue
manager 105a need to be synchronized to determine the

route time.

19



since the sanple nessage is returning to originating
gueue manager 105a, the queue managers do not need to
wheoo4®y3sshr oni zed. However, if the sanpl e nessBUgEUSROR041786
returned to a queue manager other than originating

gueue manager 105a, that queue manager and

origi nating queue nanager 105a need to be

synchroni zed to deternine the route tine. 19 WO

2004/ 063858 PCT/ US2003/ 041786 1In a further

alternative enbodi nent, a un{ directjonal route tine

can be défefnfieden RACSFRathee STRRELERCE R WHhpl e
nessage tqQ travel fron1originatin% queue manager 105a
to dEHEHAPPBL TR tERager ADsEtsmeRed nghd ng g idae
manager 105a and destinati on queue nanager 105c woul d
need M KeTs{iR W e BeEE2R chR dt@VP! E8PT R iRéing
route time. Data is collected at collection point 135
fr ofi4SYEe PEBpe’t i MSagkeuserbhRierd cARHer BRIy i Sics
determ ned by processing unit 145. 10 The enbodi nents
Ges QU HEHBY YR MPRATEF at §3R 21k SR éBapion hgueue
present application and it should not be construed

t hatMaRgegr e8entvapsl resti b ve svndbresired thexwurately
particul ar enmbodi ments. Various changes and
modiFStéaetenshearuse efingct doptyy isheocdkprred 4th t he

art 15 without departing fromthe spirit or scope of

t he caldeert PBrPaiitddBbnédon ntheesameehded aletlamnanagers

and route time is determined by processing unit 145.

10 The embodiments described above are illustrative
examples of the present application and it should not be
construed that the present application is limited to
these particular embodiments. Various changes and
modifications may be effected by one skilled in the art

15 without departing from the spirit or scope of the

invention as defined in the appended claims.
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20 WD 2004/ 063858 PCT/ US2003/ 041786 What is clainmed
is: --1. A nmethod for nonitoring m ddl eware

w@eockosisamce, the nmethod conprising: determ ni PQI/ES2003/041786
route time for a nmessage transmtted 5 along a
predeterm ned network route; determning at |east one
gueue residency tine, the at |east one queue
residency tinme reflecting an amount of tine at |east
one ot her nessage is stored in at |east one
respectivgwggeu %fcat along the predeterm ned 10
network r gtlng a m ddl eware response

time accordin e route.tine and the at | east one
queue reS|gengy 1FFF£f°f5mon tO%H§3ﬁ€9ﬁ38W3§eset forth

incla 1, wherein %é? rn1n|ng the route tine

i ncl THEPER i TR G AT e for the

nmessage to traye| froma source _node al ong the

pr edet er MERETHRIRB X rrob‘ﬁteet%‘&e LIS |mﬁ§f’“ia%ﬁ HRRe g ed
t hen back to the source node. . 20 --3. The nethod as
Set F 5 3 REEHSFSRBLNSRhBFEMATK dR@UWHS ni ng t he rout e
time includes determ ni.ng an origination tinestanp

i ndi cat i NGESRERLIH S e §8850hRTEBNR TPFoATRRE %]dfl?rlcéhe

node
at least one queue residency time reflecting an amount

of time at least one other message is stored in at least
one respective queue located along the predetermined
10 network route; and
calculating a middleware response time according to
the route time and the at least one queue residency

time.

15 --2. The method as set forth in claim 1, wherein
determining the route time includes determining an
amount of time for the message to travel from a source
node along the predetermined network route to a
destination node and then back to the source node.
20
--3. The method as set forth in claim 2, wherein
determining the route time includes
determining an origination timestamp indicating

when the message was sent from the source node,

21



21 WD 2004/ 063858 PCT/ US2003/ 041786 storing the

origination tinestanp in a field of the nessage,
wa@leae/06dsss ng an end tinestanp indicati ng when PEEUS2003/041786

source node receives the nessage fromthe destination

5 node, storing the end tinmestanp in another field of

the nessage, and calculating the route tine by

deternmining the difference between the origination

timestanp and the end 10 tinestanp --4. The met hod

as set forth,in claim,1, erein term,ni ng e, at

| east oné&tqEA0E ?%%fﬁ%ﬁ%ﬁ“??ﬁ% t%Wﬁﬁ st152 S%&éhqlﬂf &he

plurality of application nessages, determ ning an

i derft959%&ti on for the sanpled nessage, the

identification being stored.in a field of the sanpled

message, d§F8FT“h’§;11%$€I¥ §ofit FH“%%‘%‘?‘% WlFﬁélg%ﬁﬂree*U the

nessage, 20 deternmining a put tinestanp for the

S anp?%cerrﬁgéﬁgﬁecqlﬁ’@sp het PRRERRMF rloﬁ‘dnEE%t PR W on

t he sanpled nmessage was placed oh a | ocal production

Gued®de22 WO 2004/ 063858 PCT/ US2003/ 041786

storing the end timestamp in another field of the
message, and

calculating the route time by determining the
difference between the origination timestamp and the end

10 timestamp.

--4. The method as set forth in claim 1, wherein
determining the at least one queue residency time
includes
15 sampling a plurality of application messages,
determining an identification for the sampled
message, the identification being stored in a field of
the sampled message,
storing the identification of the sampled message,
20 determining a put timestamp for the sampled
message, the put timestamp indicating when the sampled

message was placed on a local production gqueue,

22



conparing identifications associated wth nessages
retrieved fromthe |ocal production queue with the

w0 deabsIsseat i on of the sanpl ed nessage, deter nP@I/N§2083/041786
get tinmestanp for the sanpled 5 nessage, if a match is
determ ned, the get tinmestanp indicating when the
sanpl ed nessage was retrieved from the |oca
producti on queue, and cal cul ati ng a queue residency
time by determining the difference between the put

timesta and_the t .10 timestanp. -.-5. .The net hod

ns ot 1 BEERAFIAG) RS GRET BN SRR Ry E fleteages
m ddl eware r.e ons ti.me nclu addi ng the route
et vRe SPoT adt GeqREUEC s GiPentyCh (ohe
--6.,7Th hod as forth claim1, wherein the
nessﬁﬁ%s?ggﬁa5§%? ﬁéﬁi e8a§8ﬁ5$émﬁﬁ§§5@e replicating

an act ual pgl|cat|on nessa% --7. The nmethod as
set fort SRR & ‘«erFé ﬁSt‘i‘% e hgef PRI anpl e
nessage is a @Iurallt nmessages bat ched tlgﬁ%her
the PSSt ¥ 5 of d@sdeE%§W¥EFQI1§h§aﬂﬁ ort

sizes. 23 WD 2004/ 063858 PCT/U82003/041786 -- 8.
et MG BT GR (5 APBBIERdRessage was retricved from

the local production gqueue, and
calculating a queue residency time by determining
the difference between the put timestamp and the get

10 timestamp.

--5. The method as set forth in claim 1, wherein
calculating the middleware response time includes
adding the route time and the at least one queue

15 residency time.

--6. The method as set forth in claim 1, wherein
the message is a user-defined sample message replicating
an actual application message.

20

--7. The method as set forth in claim 6, wherein
the user-defined sample message is a plurality of
messages batched together, the plurality of messages

having the same or varying sizes.
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performance, the method conprising: determning a

route tinme for a user-defined sanple 5 nessage to be
wo e@nsedsst ed al ong a predeterm ned network r oRPCEUS1008041786

route time reflecting an amount of time for the

sanpl e nessage to travel froman origination queue

manager to a destination queue manager and then back

al ong the sane route to the origination queue manager;

10 determ ning at | east one queue residency tine for

at | east one |l ocal production queue, the at |east one

| ocal production queue being associated with the

ori gi nati on queue nanager angd/or, the destination queue

nmanager and- tﬁem%Hm¥%§§F'Bﬂ%l resAdereYSti me 15

reflecting the anount of tine an actual appl i cation

mes $EFE OFTARESr S HethedatoTREt I MGe | ocal productlon

queue; and cal culating a m ddl eware response tinme

addi ng fiﬁEeF‘BJcﬁJé“& PrEotbet et Qe dstisehe Gﬁé‘{h%d Sample

residency tine. 0 --9. A systemfor nDnltorlgg

Ri dASERELE tﬁé??d@ﬁﬁﬁ@étt?ﬁea%V§iéhP%SﬁﬁF?%W%ﬁf getwork

conputer system adapted to _generate a sanple nessage

and réwtgpp?'fh%alf?% Fa8sayet Lefid i1 apoapovay 0u3dsge for

PCT/ US2003/ 041786 a conEuter menory electrically
conrié& €anpaetpessage to travel from an origination queue

manager to a destination queue manager and then back
along the same route to the origination gueue manager;
10 determining at least one queue residency time for
at least one local production queue, the at least one
local production queue being associated with the
origination queue manager and/or the destination queue
manager and the at least one queue residency time
15 reflecting the amount of time an actual application
message is stored in the at least one local production
gueue; and
calculating a middleware response time by adding
the route time to the at least one queue residency time.
20
--9. A system for monitoring middleware
performance, the system comprising:
a computer system adapted to generate a sample

message and an application message; and
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conmput er system encoded with instructions for
performing the following: determning a route tine

wo evo4tobIsssanpl e nessage 5 transmitted al ong aPCT/US2003/041786
predeterm ned network route; deternmning at |east one
gueue residency tinme, the at | east one queue residency
time reflecting an anount of tine the application
.-message is stored in at | east one respective gueue
| ocated al ong the predeterm ned 10 network route; and

| cul ati a _mddl eware response tine according to
the rout & FOMBUERH THE: SLERSt CHEL G FeteerEes dendye

tlnEEoég%ter system encoded with instructions for performing

the following:
determining a route time for the sample message
5 transmitted along a predetermined network route;
determining at least one queue residency time, the
at least one queue residency time reflecting an amount
of time the application message is stored in at least
one respective queue located along the predetermined
10 network route; and
calculating a middleware response time according t o
the route time and the at least one queue residency

time.
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