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PROFILE NORMALIZATION
IN AN AUTONOMIC SOFTWARE SYSTEM

BACKGROUND OF THE INVENTION

Technical Field of the Invention
[0001] The present invention generally i'elates to autonomic software systems. More
specifically, the present invention is directed to an autonomic software system and method
enabled to normalize a profile obtained from an executing application to account for actions
. applied by the autonomic system to the executing application after the profile is collected for

improving the s;ubsequent behavior of the application.

Description of the Prior Art

- [0002] . Inan éutonomic software system, decisions to “improve” an application are
made online, i.e., as'tﬁe application is executing. Specifically, the autonomic software éystem
utilizes past application behavior during current application execution to predict future
behavior of the application. Utilizing the predicted future behavior of the application, the
autonomic software system may apply one or more actions (hereinafter “actions” will be used
for simplicity) to the application to improve its future behavior. However, the autogomic
software system is time sensitive with the following conflicting constraints: 1) decidiﬁg what
actions to perform and performing those actions take clock cycles away from the execution of
the application (the actions are performed while the'applicatio.n is executing); and 2) the
longer the application executes before the actions are applied, the longer the applicationl

remains without the benefit of improvement.

[0003] Typically, the autonomic software system utilizes profiling to determine the
behavior of the application, subsequently utilizes profiling information to predict the fufure
behavior of the application, and applies actions to improve the execution of the application. -
The actions that the autonomic software system considers applying to the apﬁ]ication
generally determine what profiling information the autonomic software system particularly
needs to obtain. i‘or example, profiling the number of times that a method is called by the

application may be used by the autonomic software system to decide whether the method
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shuuld be inlined, i.e., replacing the call to the method in the body of the application with the
actual statements of 'the. method, thereby elimmaﬁng the call to that method and improving
the application. As an additional example, profiling the time spent in a method of the
application may be used by the autonomic software system to determine whether the method
should be optimized. . As a final example, profiling the communication between distributed
objects may be used by the autonomic software system to determine which distributed objects
should migrate between machmes thereby localizing often-mvoked distributed objects to the

machines from which they are invoked.

- [0004] As abovementioned, the autunomic software system can change the
application’s runtime charactensucs through the actions that the autonomic software system
applies to the application on the basis of proﬁhng mformahon (profile) obtained from the
executing application. The applied actions may cause a change in the subsequent profiling
information collected for the executing application. In this situation, regions of the code of
the application changed by the application of the actions will take more or less time to |
execute and will appear more or less frequently in the subsequent time-based profiling
mformatlon However, the profiling information obtained from the executing apphcatxon
does not account for the actions applied by the autonomic system to the executing application
after the profile is collected. Therefore, it is desirable to normalize a i)roﬁle with respect to

 the actions applied by a autonomic system so that the éffecté of the applied actions are

incorporated into the normalized profile to thereby allow the éutonomiq software system to
make better decisions when either the iormalized profile is compared to subsequent time-

| based profiles of the application’s behavior after the actions have been applied or to '

determine the next best action to choose given' a normalized profile. In contrast, if the profile

is not pormaﬁzed with respect to the actions applied by an autonomic software system, then
the comparison of the profile with subsequent profiles between which actions have been
applied may result in thq au;tonomic software system making faulty decisions, which is not
desirable. It is note be noted that other profiling techniques alternative to the time-based
profiling are known and are applicable herein.

[0005) For example, subsequent profiles may be compared to detect changes in the ‘

application’s behavior. Changes in behavior of the executing application that are inherent to
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the application are known as phase shifts. The d@sign and structure of the application may be

conceptualized as a series of phases, where the computation of the application proceeds from

one phase to the other. For the autonomic software system, the detection of phase shifts as

the application executes is important because the phase shifts may.indicate different resource

requirements. Unfortunately, if a profile is not normalized with respect to the actions applied

by the autonomic software system to the executing application, the autonomic software

. system cannot determine if a change in the application’s behavior is due to an inherent
application behavior change or a change induced by the actions. Conventionally, a phase
shift may be detected by comparing behavior of the executing application in several given

' time intervals during which a set of runtime events execute. If the behavior of each time
interval differs by Isome' significant amount then a phase shift may have occurred or be
occurring. - Otherwise, if the behavior does nkot'differ substantiaily, the application may be

_ executing in a steady state. However, where the behavior of the appliéation is modified on

the fly (i.e., online) as described above, it is more problematic for the autonomic software

system to detect a phase shift because the application’s behavior between the several time

intervals mé.y change because of the modifications made by autonomic software systeni and

not due to a phase shift from one phase to another.

[0006] Fig. 1 represents an illustration of a prior art autonomic system 100 that
depicts the foregoing shortcomings of the prior art autonomic system. More specifically, in
the prior art autonomic software system 100, an application is executed in a run time
environment 102 via a profiling agent 104, The prbﬁling agent 104 profiles the executing

. application 106 to generate a profile 110. The profile is transmitted toa prior art controller
114 and phase shift detector 124. The controlier 114 controls the timing of when the profile
110 is collected via a control signal 108. Itis noted that a plurality of profiles may be
collected by the profiling agent 104, as directed by the controller 114 via the control signal
108. Generally, the controller 114 comprises a behavior adjustor 116 that adjusts the
"behavior of the executing application 106 by applying one or more actions 112 to the
executiﬁg application. It is noted that the behavior adjustor 116 may apply no actions to the
executing applicétion as will be discussed below. The behavior adjustor 116 comprises an
analyzer 118, selector 120 and applicator 122. The analyzer 118 receives and analyzes the

profile 110. More specifically, the analyzer 118 receives raw data via profile 110 and
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transforms the raw data into a set of data that is utilizable by the controller 114. The set df
data may include a sequence of basic blocks, pairs of method IDs and associated execution
times, sequences of instruction cache misses, etcetera. For exémple, the analyzer 118 may
analyze raw data, such as a plurality of method identifiers, and transform the raw data into
‘canonical form, such as a weighted set of method identifiers where the weight of each method
identifier equals the number of times the method identifier appeared in the raw data. The o
selector 120 receives the set of data from the analyzer 118 and selects one or more actions to
be applied 112 to the executing application 106 that may help to improve the behavior of the
executing application. In its determination, the seléctor 120 may use a cost;beneﬁt model to
determine if the cost of optimizing a method, réprésented by a method identifier for example,
is less than the expected optimization benefit from a sﬁbsequent execution of the method, i.e.,
whether optimizing the method would improve the application’s performance. The selector
120 then transmits the selected one or more selected actions 112 actions to the applicator 122, A
which applies the one or more actions 112 to the executing applicatioh 106. It is noted, that
the selector may select no actions based on the cost-benefit model, in which case the
applicator 122 will not apply any actions. An article by Arnold, Mathew, et al. (“Adaptive
Optimization in the Jalapeno JVM.” Proceedings of the ACM Conference on Object-

Oriented Progxammmg Systems, Langgages, and Applications Oct. 2000) discloses the
foregomg example. During a subsequent predetermined time interval, the profiling agent 102

may collect.another profile 110 of the executmg application 106 as controlled via the control

: 81gnal 108. As is clear from the prior art autonomic system 100 of Fig. 1, the shortcoming of
the autonomic system 100 is that neither the controller 114 nor the phase shift detector 124
has the benefit of utilizing the profile 110 obtained from the executing application that
accounts for the one okr more actions 112 applied to the executing application 106, after the

“profile 110 is collected from the executing application 106, but before the subsequent pfoﬁle

is collected from the executing application 106.

[0007] Therefore there is a need in the art for providing an autonomic software system
and method enabled to normalize or adjust a i)roﬁle obtained from an executing application to
account for one or more actions applied by the autonomic software system to the executing

application after the proﬁle is collected to lmprove the subsequent behavior of the executmg

application.
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SUMMARY OF THE INVENTION
[0008] Itis an object of the present invention to provide an autonomic software
system and method enabled to normalize a profile collected for an executing appliéation to
account for actions applied by the autonomic software system to the executing application

after the profile is collected.

[0009] According to an embodiment of the presént invention, there is provided a
method for normalizing a profile collected for 'an executing application to account for one or
more actions aﬁplied to the executing application after the profile was collected, the method
comprising: predicting an impact of applying the one or more actions to the executing
application by utilizing the profile and the one or more actions; and adjusting the profile to -

form a normalized profile according to the predicted impact.

[oo10j According to another embodinﬁent of the present invention, there is provided a
system for normalizing a profile collected for an executing application to accouﬁt for one or
more actions applied to the executing application after the profile was coilected, the system
comprising: a predictor for predicting an impact of applying the one or more actions to the
executing application by utilizing the profile and the one or more actions; and an adjuster for

adjusting the profile to form a normalized profile according to the predicted impact.

[0011] According to yet another embodiment of the present invention, there is
provided a method for adjusting a profile collected for an executing application to account for
one or more actions applied to the executing application to improve detection of phase shifts
in the executing application after the profile was collected, the method comprising: collecting
‘a first proﬁle for the executing apﬁlication; predicting an impact of applying the one or more
actions to the executing application by utilizing the first profile and the one or more éctions;
adjusting the profile to form a normalized profile according to the predicted impact; applying
the oné or more.actions to the executing application; collecting a second profile for the
executing application; and detecting a phase shift.in the executing application by utilizing the

normalized profile and the second profile.
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[0012] According still another embodiment of the present invention, there is provided
a system for adjusting a profile collected for an executing application to account for one or
more actions applied to the executing application to improve detection of phase shifts in the
executing application after the profile was collected, the system comprising: a. profiling agent
for collécting a first profile and a second profile for the executing application; a preciictor for
predicting an impact of applszing the one or more actions tb the executing application by
utilizing the first prbﬁle and the one or more actions; an adjuster fdr adjusting the first prbﬁle
to form a ﬁonﬁalized profile according to the predicted impact; an applicator for applying the
one or more actions to the executing application; and a phase shift detector for détecting a
phase shift in the executing application by utilizing the normalized profile and the second

profile.

[0013] According to a further embodiment of the p;esént inventibn, there is provided
a method for adjusting a profile éolleotéd for an executing application to account fof one or
more actions applied to the executing application to deterniine whether there is improvemen‘t
in the execution of the executing application after the profile was collected, the method
comprising: collecting a first profile for the executing application; selecting and applying one
or more actions to the executing applicatioxil;.predicting an impact of applying the selected
one or more actions to the executing application by utilizing the first collected profile and the
one or more actions; adjusting the _ﬁrst profile to form a normalized profile éccording to the
predicted impact; collecting a second profile for the executing application; evaluaﬁng the
second proﬁle‘against the normalized Vproﬁle to determine whether there is expected
hni)rovemenf in the execution of the executing applicatioﬁ; and applying one or more actions
to undo the one or more actions applied to the executing application if there is no expected 4

improvement in the executing application.

[0014] According to yet a further embodiment of the present invention,. there is
provided a system for adjusting a profile collécted for an executing application to account for K
one or more actions applied to the executing application to determine whether there is
improvement in the execution of the executing application after the profile was collected, the
. system comprising: a profiling agent for collectihg a first prdﬁle and a second profile for the

executing application; a selector for selecting one or more actions to apply to the executing
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application; a predictor for predicting an impact of applying the selected one or more actions
to the executing application by utilizing the first collected profile and the one or more actions;
an adjuster for adjusting the first collected profile to form a normalized profile according to
the predicted impact; action evaluator for evaluating the second profile against the normalized
profile to determine whether there is expected improvement in the execution of the executing
application; and applicator for appiying the selected one or more actions and one or more
actions that undo the applied one or more actions if there is no expected improvement in the

executing application.

[0015] According to still a further embodiment of the present invention, there is
. provided a method for adjusting a profile collgéted for an executing application to account for
_‘ one or more actions applied to the executing application to improve execution of the
executing application after the profile was collected, the method comprising: Aapplying a ﬁrst-
selected action to the executing application based on the collected pfoﬁle; predicting an
impact of applying the first selected action to the executing application by utilizing the
collected profile aﬁd the first selécted action; adjusting the collected profile to form a first
normalized profile according to the predicted impact; applying a second selecfed action to the
| executing épplication based on the first normalized profile or a subsequently normalized
proﬁle; predicting an impact of applying the second selected action to the executing
application by utilizing the first normalized prbﬁle and the second ‘selected actioﬂ; adjusting
the first normalized profile to form a second normalized profile according to the predicted
impact; and repeating the applying, predicting and adjusting steps for the second normalized

profile and every subsequently normalized profile and selected action.

[0016] According to a final embodiment of the present invention, there ié provided a
system for adjusfing a profile collected for an executing "application to account for one or
more actions applied to the executing application to improve execution of the executing
application after fhe profile was collected, the system comprising: a predictor for predictfng
an impact of applying a first selected action to the executing application by utilizing the
collected profile and the first selected action; an adjuster for adjusting the collected profile to
form a first normalized profile according to the predicted impact; and an applicator for -

applying the first selected action to the executing application based on the collected profile,
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applying a second selected action to the executing application based on the first normalized
profile and repeatedly applying each selected action from each subsequently normalized

profile to the executing application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The features and advantages of the present invention will become apparent to
one skilled in the art, in view of the followingdetailed description taken in combination with

the attached drawings, in which:

[0018] Figure 1 illustrates a prior art autonomic system and depicts the shortcomings

of the prior art autonomic system;

[0019] © Figure 2A illustrates an exemplary first embodiment of an autonomic software
system that is enabled to normalize a profile collected from an executing application to
account for the one or more actions taken by thé autonomic software system after the profile

~ is collected, accofding to the present invention;

[0020] Figure 2B illustrates an exemplary second embodiment of an autonomic
software system that is enabled fo normalize a profile collected from an executing application
to account for the one or more actions taken by the autonomic software syétem after the

profile is collected, according to the present invention;

[0021] Figure 2C illustrates an exemplary third embodiment of an autonomic software
system that is enabled to normalize a profile collected from an executing application to
account for the one or more actions taken by the autonomic software system after the profile

is collected, according to the present invention;

[0022] Figure 3A illustrates an exemplary normalization performed by a normaiizing
controller in the foregoing three embodiments of the autonomic software system, according to

- the present invention;
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[0023] Figure 3B illustrates another exemplary normalization performed by a
normalizing controller in the foregoing three embodiments of the autonomic software system,

according to the present invention;

[0024] Figure 4A illustrates an exemplary method flowchart for the first embodiment
of the antonomic software system;

[0025] Figure 4B illustrates an exemplali method flowchart for the second

embodiment of the autonomic software system; and

[0026]. Flgure AC illustrates an exemplary method ﬂowchart for the third embodiment
of the autonomic software system

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE INVENTION

{0027] The present invention is directed to an autonomic software system and method
~ enabled to normalize a profile obtained from an executing application to account for actions
applied by the autonomic system to the executing application after the profile is collected for

improving the subsequent behavior of the application.

[0028] Figure 2A is an exemplary 111ustrat10n of a first embodlment of an autonomic
software system 200a that is enabled to normalize a profile collected from an executmg
application to account for the one or more actions taken by the autonomic software system
200a after the proﬁle is collected, according to the piesent invention. The autonomic

. software system 200a of the first embodiment comprises the following three main
components: a profiling agent 104; a normalizing controller 202a; and a profile consumer
(i.e., phase shift detector) 216a. The profiling agent 104 executes the application 106 in the
runtime environment 102 and based on a control signal 108 from a normalizing controller
202, the profiling agent 104 collects a plurality of profiles 110. More si)eciﬁcally, the
profiling agent 104 céllects each profile 110 of the executing application’s 106 behavior
during a predetermined time interval, as controlléd via the control signal 108, and transmits
the collected profile 110 to the inventive normalizing controller 202a as well as to the profile

consumer 216a. A preferred predetermined time interval for collecting a profile 110 is ten
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milliseconds. For example, a user timer interrupt may easily used to accomplish the
collection of a profile during this predetermined time interval, or any other predetermined

- time interval as may need by particular user reqﬁirements. The profiling agént 104 may be
implemented as instrumented code that is added to a source code of an application, which is
compiléd into the executing application 106, or by monitoring the execution of the executing

application 106 in the run-time environment 102.

[0029] Further with reference to Figure 2A, the normalizing controller 202a
comprises a behavior adjustor 116 that adjusts the behavior of the executing application 106
based on a collected profile 110. The behavior adjustor 116 comprises an analyzer 118, a
selector 204a and an applicator 122, It is noted that the analyzer 118 and the applicator 122
are éimilar to like components in the prior art Figure 1. The analyzer 118 receives a profile
110 collected by the profiling ‘agent 104 during a predetermined time interval and produces a
set of data that is utilizable in the controller 2025 as described above. The analyzer 118 then
transmits the set of data to the selector 204a, which selects one or more actions 206 from the
set of déta' to improve the behavior of the éxecuting application 106. Lastly, the selector 204a
transmits the one or more actions 206 selected from the set of daté to the applicator 122, ,

which applies the selected one or more actions 112 to the executing application 106.

{0030] Still further with reference to Figure 2A, the normalizing controller 202a-
comprises a profile normalizer 208a that normalizes the collected profile 110 for use by a
profile consumer (phase shift detector) as will be discussed below. The profile normalizer
208a comprises a predictor 210 that utilizes the cost-benefit model described above for
predicting an expected decrease in execution time of a particular method and an adjustor 212
for adjusting or normalizing the collected profile 110 to produce a normalized profile 214
according to the prediction. It is noted that the profile 110 (and a subsequent profile)
collected by the profiling agent 104 from the executing application 106 is also transmitted to
the profile normalizer gOSé of the normalizing controller 202a. As depicted in Figure 24, the
selector 204a of the behavior adjustor 116 is distinguished from the corresponding prior art
selector 120 in that it not only transmits the selected one or more actions 206 to the applicator
122 but it also transmits the selected one or more actions 206 to the predicfor 210 of the

profile normalizer 208a. Exemﬁlary normalizations of a collected profile 110 via the proﬁle

10
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normalizer will be described in detail hereinafter with reference to exemplary Figures 3A and
© 3B. The pr\edictor 210 of the profile normaliécr 208a receives the collected profile 110 and |
one or more actions 206 selected by the selector 204a. The predictor 210 then utilizes the one
or more actions 206 selected by the selector 204a to predict the behavior of the executihg
application 106 when the one or more actions 206 are applied to the executing épplication

106 by the applicator 122, before a subsequeﬁt profile 110 is obtained from the executing
application. As described above, the prediction involves a prediction of an expected decrease
in execution time. The predictor 210 transmits the prediction result to the adjustor 212 that
‘applies the prediction result to the profile 110 to thereby generate a normalized profile 214

that is traI}smitted to a profile consumer (phase shift detector) 216a, which utilizes the
normalized profile 214 and a subsequent collécted profile to detect phase shifts in the
executing application 106. As noted, in the autonomic system 200a, the profile consumer

216a is a phase shift detector that detects phase shifts in the executing application 106.
However, the profile consumer may be any other system component that can benefit from the .
normalized profile 216a. For example, the profile consumer may be an online visuaiization 7
tool that graphically depicts how a normalized profile changes with respect to a subsequently
- coilected profile and/or a current profile. Figure 2A clearly depicts the advantage of the
present m§¢nﬁoﬁ in that the profile éonsumer 216a has the benefit of a normalized profile
214 collected from the executing application 106 that accounts for the one or more actions
applied 112 by the behavior adjustor to the executing application 106 before a subsequent
profile 110 is collected from the executing application 106. The phase shift detector 216a
receives a subsequent profile 110 and the normalized profile 214 and can more readily
determine a phase shift in the executing application 106. The determination may be

accomplished by comparing how similar the subsequent profile 110 is to the normalized .
profile 214. | ' '

[0031]  Figure 2B is an exemplary illustration of a second embodiment of an
autonomic software system 200b that is enabled to normalize a profile collected from an
executing application to account for the one or more actions taken by the autonomic software
system 200b after the profile is collected, according to the present invention. In the second
embodiment 200D it is assumed that the application 106 is executing in a steady state, 1.e., no

phase shift is occurring. Also in the second embodiment 200b, the profile consumer is an

11
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action evaluator 216b for evaluating the one or more actions 206 selected by selector 204b,
thereby fine-tuning the selector’s 204b ability to determine the impact of the selected actions
on the behavior of the executing application 106. The action evaluator 216b will be described
in greater detail below. The behavior adjustor 116 comprises an analyzer 118, a selector 204b
and an applicator 122b. Tt is noted that the analyzer 118 has the same functionality to that in
the first embodiment 200a dépicted in Figure 2A. The énalyzer 118 receives a proﬁ%e 110
collected by the profiling agent 104 during a predetermined time interval and produces a set
of data as described above. The analyzer 118 then transmits the determined set of data to the
selector 204b, which selects one or more actions 206 from the set of data that will improve
the behavior of the executing application 106. The selectdr 204b then transmits the one or
more actions 206 to the applicator 122B that applies 112 the selected one or more actions 206
to the executing applicatioh 106. In addition, the seléctor 204b also transmits the selected -
one or more actions 206 to the profile normalizer 208a and the profile consumer (action
evaluator) 216b. The predictor 210 of the profile normalizer utilizes the one or more actions
206 and profile 110 to predict the behavior of the executing application 106 when the one or
more actions 206 are applied to the executing application 106 by the applicator 122b. The
predictor 210 then transmits the prediction result to the adjuster 212 that applies the
prediction result to the profile 110 to thereby generate a pormalizéd profile 214 that is |

transmitted to the profile consumer (action evaluator) 216b, which utilizes the normalized
profile 214.

[0032] Further with reference to Figure 2B, the operation of the profile consumer
(action evaluator) 216b will be described in greater detail. As déscribed above, the profile
consumer 216b receives the one or more actions 206 transmitted by the selector 204b and the
normalized profile 214 transmitted by the profile normalizer 208a. In addition, the profile
consumer 216b receives the current profile 110 and all subsequent profiles 110 collected by )
the profiling agent 104 based on control 108 from the normalizing controller 202b. In the
second embodiment 200D, it is assumed that the normalizing controller 202b via the behavior
adjustor 116 has supplied one or more selected actions 206 and via the profile normalizer
208a has supplied the normalized profile 214 to the profile consumer 216b, both for a current
" profile 110. It is further assumed that the one or more actions 206 for the current profile have

been applied 112 by the applicator 122b to the executing application 106. At this point, the

12
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normalizing controller 202b via the control signal 108 directs the profiling ageﬁt 104 to -
collect a subsequent profile 110 from the executing application 106. The processing for the
subsequently collected profile 110 will now be described. The profiling agént 104 transmits
the subsequent profile 110 to the normalizing controller 202b for processing as described
above, aﬁd in addition transmits the subsequent profile 110 to the profile consumer (action
evaluator) 216b. The action evaluator 216b evaluates the normalized profile 214 for the
previously collected profile 110 against the subseéuently collected profile 110 that reflects
one or more actions 206 applied to the éxecuting application 106 based on the previously
collected profile 110. If the action evaluator 216b determines that the one or more actions
206 applied baseci on the previously collected profile did not have the desired improvelﬁent
effect on thg executing application 106, the action evaluator 216b invalidates the previously
applied one or more actions. The action evaluator 216b invalidates the oné or more épplied
- actions by transmitting an invalidate control signal 218 to the selector 204b to undo the

| previously applied actions 206. If an invalidate control signal is trénsmitted, the selector
204b alsdupdates its cost-benefit model so that the selector 204b does not choose the-
invalidated one or more actions again in processing future profiles 110 under the same
circumstances as just described. A descripﬁon will be provided below regarding the .

invalidation in the second embodiment 200b.

[0033] Still further with reference to Figure 2B, below there is provided a description
| of an exemplary evaluation and invalidation performed by the profile consumer (action
evaluator) 216b. For example, it is assumed that the action evaluator 216b has received a
collected profile P1, actions, Al, applied to the executing application as a result of P1, and
the normalized profile, NP1, where P1 is normalized with respect to Al. After the actions Al
are applied to the executing application, a subsequent profile, ?2, is collected and transmitted
to the profile evaluator 216b. It is further assumed that the executing application is in a
" steady state, i.e., a phase shift does not occur af this time. If P2 and NP1 are not similar then
the selector's 204b (and the predictor's 210) understanding of how the actions, Al, would
modify the executing application's behavior on the basis of P1 was incorrect. The action
evaluator determines one or more of the actions, A1, that correspond to the regions of P2 and
NP1 that are dissimilar and invalidates these regions by transmitting an invalidate control

signal 218 to the selector 204b and the predictor 210. The invalidate control signal 218
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transmitted is preferably a tuple comprising <P1, NP1, A2, P2>, where actions, A2, may be
all of Al or a subset of Al. The selector 204b and predictor 210 update their cost-benefit
models. On the basis of the invalidate control signal, the selector 204b selects actions, A3,
and transmits the actions to the applicator 122b for application to the éxecuting application
106,Athereby undoing actions, A2, that are to be invalidated. The‘selection of actions by the
selector 204b to invalidate previously applied actiohs reflects whether that represents a net
advantage to the executing application 106. For example, if an action was to oi)timize (ie.,
compile) a method from optimization level 0 to optifnization level 2, the action can be
invalidated by recompiling the method at optimization level 0. On the other hand, if the cost
of recompiling the method (recorﬁpilation time) is greater than the benefit of improved
behavior (reduction in execution time), then the selector 204b will not have the applicator
122b undo the action.

[0034] Figure 2C is an éxemplary illustration of a third gmibodiment of an autonomic
software system 200c that is enabled to normalize a profile céllected from an executing
application to account for one or more actions taken by the autonomic software system 200c¢
after the profile is collected, according to the present invention. In third embodiment 200c,
the profile consumer is the normalizing controller itself 202¢c. The nonnaliéing'connoller
202c utilizes the normalized profile 214 so that the selector 204¢ can make better decisions as
to what actions to select. More specifically, if the benefits of two actions are dependent then
selecting the best action of the two and normalizing the profile before picking the nextaction
from the normalized profile would better improve the behavior of the application. Two
actions are dependenf if the improved behavior of the aﬁplication is less when both actions
are applied than the combined improvement when each action is applied to the application
separately. For example, if a profile indicates that two methods execute often, then the
selector 204¢ might choose to optimize both methods; however, if one method is only
executed when called from the other method and the other method inlines the one method,

then the inlined method should not be optimized.

[0035] Further with reference to Figure 2C, the normalizing controller (profile
consumer) 202c comprises a multiplexer (i.e., “MUX") 220 that issues a control signal to the

profiling agenf 104 to collect a profile 110 from the executing application 106. The MUX
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220 also provides a normalized profile to an analyzer 118¢ of the beha\./ior adjustor 1“16 as
will be described in greater detail below. The beﬁavior adjustor 116 comprises the analyzer
118c, a selector 204c and an applicator 122. It is noted that the applicator 122 has the same
functionality to that in the first embodiment 200a depicted in Figure 2A. The analyzer 118¢
receives a profile 110 collected by the profiling agent 104 during a predetermined time
interval, analyzes the data as described above and producés a set of data utilizable by the
normalizing controller 202¢c. The analyzer 118 then transmits the set of data to the selector
204c. Preferably, the selector 204c selects an action 206¢ from the set of data that will
change and improve the behavior of the executing application 106. The selector 204¢
transmits the selected action 206¢ to the applicatdr 122 that applies 1120 the selected action
206c¢ to the executing application 106. In addition, the selector 204c also transmits the
selected action 206¢ to the predictor 210 of the profile normalizer 208¢ and the MUX 220 as
will be described below. Alternately to the foregoing, the selector 204¢ may select no actions
from the set of data producedA_byA the analyzer 118c. If the selector 204¢ selects no actions, the
+ selector 204c notifies the MUX 220 and the MUX 220 issues a control signal to the profiling
-agent 104 to collect a new profile 110 from the executing application 106. | In addition, when
the selector 204c selécts no actions, the selector 204c¢ transmits nothmg to the apphcator 122
or to the predictor 210 of the profile normalizer 208c and the forgoing processing is

performed for the new profile.

[0036] Still further with reference to Figure 2C, if however, a selected action is
transmitted from the selector 204c to the predictor 210 of the profile normalizer 208c, the
predictor 210 utilizes the selected action 206¢ and proﬁle 110 to predict the behavior of the
executing application 106 when the actioﬂ 206¢ is applied to the executing'application 106 by
the applicator 122. The predictor 210 then transmits the prediction result to the adjustor 212
 that applies the prediction result to the prgﬁlle 110 to thereby generate a normalized profile
214 that is transmitted from the profile normalizer 208c to the MUX 220. When, the MUX
220 receives the selected action from the selector 204¢ and the normalized profile 214,
instead of instructing the profiling agent 104 to collect a new profile 110 from the executing
application 106, the MUX 220 transmits the normalized profile 214 to the analyzer 118¢ and
instructs the analyzer 118c to analyze the normalized profile 214. The analyzer 118¢ analyzes

the normalized profile 214 and produces a set of data as described above. The analyzer 118¢c
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then transmits the set of data to the selector 204 that either selects an action 206¢ from the
set of data from the normalized profile 214 or selects no actions. If the selector 204c¢ selects -
an action, the selected action 206c¢ is transmitted to the applicator 122 that applies 112¢ the
selected action 206¢ to the executing application 106. In addition, the selector 204c¢ also
transmits the selected action 206¢ to the predictor 210 of the profile normalizer 208¢ and the
MUX 220. Alternately to the foregoiﬁg, if the selector 204c selects no actions from the set of
data produced by the analyzer 118c, the selector 204c notifies the MUX 220 and the MUX |
220 issues a control signal to the profiling agent 104 to collect a new profile 110 from the
executing application 106. In additjon, when the selector 204¢ selects no actions, the selector
204c transmits nothing to the applicator 122 or to the predictor 210 of the profile normalizer
208c and processing described above is performed for the hewly collected profile 110. The
forégoing enables the normalizing controller 202c to accéunt for successive actions applied to
the exeéuting application 106 before another profile is collected from the executing
application 106. Stated énother way, the normalizing controller 202¢ utilizes successively
normalized profiles 214 to enable the selector 204¢ to make better decisions as to what

actions fo select.

[0037] Figure 3A is an exémplary illustration of the normalizétion 300a that may be
performed by the nbrmalizing controller in the foregoing three embodiments of the autonomic
software system, according to the present invention. For the sake of clarity and brevity, a
normalizing controller 302 represents any of the normalizing controllers 200a, 200b and 200c
in the foregoing three embodiments, which are enabled to normalize a collected profile 110
and generate a normalized proﬁlé 214. In the illustration 300a, the collected profile 110
comprises a blurality of method and weight pairs. Let P, be the profile 110 that is collected

from the executing application 106 before one or more actions, A, are applied by the
autonomic software system to the executing application 106. Furthermore, it is assd_nied that -

P, has profiled methods M, M,, M3, and M, and that the weights profiled by the profiling

agent 104 for these methods are 50, 10, 25 and 15, respectively, which total to the weight 100
for the profile 110. Thus, applying the profiled weights to the profiled methods, profile P, =

{<M1,50>,<M2,10>,<M3,25> and <M »15>}. A&ditionally, it is assumed that the one or more
actions in A only affect the method M, and reduce its execution time (i.e., improving its

- performance) by 40%. Thus, applying the 40% percent reduction to the weight associated
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'with method M, profile Pl1 = {<M,,30>} (i.e., weight 50 — [weight 50 * 40% = 20] = 30).
The weights for the other methods M,, M3, and M , are adjusted accordihg to the reduction for
méthod M,, which in efféct increases their execution timé proportionately to the reduction of
execution time for method M;. More speéiﬁcally, profile Pl1 = {<M,,30>< M2,1-4>,<
M,,35> and <M,,21>}. For example, the new weight for the method My is computed as
follows. M,’s initial weight is 10. The cumulative weight of all fhe unaffected methods M,,
M, and M, is equal to 50 (i.e., total weight 100 — 50 affected weig}_lt of method M, = 50
unaffected weight for M,, M, and M). Therefore, 10/50 is 20%, and 20% of 20 (the
reduction in M, ’s weight) is an additional weight 4, which is added to M,’s initial weight to
derive M,’s new weight of 14. The same processing is performed for the other weights
associated with methods M, and M,. Therefore, given a profile, P, that was collected over a
predetermined time interval, T, and a set of one or more actions, A, that were applied by the
autonomic software system after the profile was collected, P, is normalized with respect to A

by adjusting P, to reflect the application of A.

[0038] Figure 3B is another exemplary illustration of the normalization 300b that may
be performed by the nbrmalizing‘ controller in the foregoing three embodiments of the
autonomic software system, according to the present invention. For the sake of clarity and
brevity, the normalizing controller 302 represents any of the normalizing controllers 200a,
200b and 200¢ in the foregoing three embodiments, which are enabled to normalize a
collected profile 110 and generate a normalized profile 214. In the illustration 300b, the
collected profile 110 comprises a plurality of basic blocks represented by integers. During the
predeterrhined time period when the profile is cqllected, when a basic block in the application
is executed, the basic block’s corresponding integer is written to the profile collected 110.

_Let P, be the profile 110 that is collected from the executing application 106 before one or

more actions, A, are applied by the autonomic software system to the executing application

106. Furthermore, it is assumed for this illustration that P, has profiled the execution of basic

blocks 1, 2, 3, 4, 5 as shown in Figure 3B. Additionally, it is assumed for this illustration that
- basic blocks 1, 2, and 3 make up a method, M, and an action, A, states that the method M
should be optimized. The optimized method, M, consists of basic blocks 6 and 7. Thus, the
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normalizing controller replaces the basic blocks 1, 2, and 3 in profile P, with basic blocks 6

and 7 in the normalized profile 214, as shown in Figure 3B.

[0039] Figure 4A is an exemplary method flowchart 4002 for the first embodiment of
the autonomic software system 200a that is enabled to normalize a profile collected from an
executing application to account for the one or more actions taken by the autonomic software
sysfem 200a after the profile is collected, according to the present invention. The method

~ begins with step 402, where the profiling agent 104 executes an épplication 106 in the
runtime environment 102, At step 404, the normalizing controller 202a controls the profiling
agent via control signal 108 to collect a first profile 110. At step 406, the normalizing
controller 202a analyzes the collected first profile 110 via the analyzer 118, determining a set |
of data that is utilizable in the normalizing controller 202a. Thereafter, at step 408, theA
normalizing controller 202a determines from the data whether to select one or more actions to
apply to the executing application 106 or not to select any actions. If no actions are selected
at step 408, the method continues at step 404, where another profile is collected from the
executing application 106. Alternatively, if one or more actions are selected at step 408, at
step 410, the applicator 122 applies the selected one or more actions to the executing |
application 106. At étep 412, the profile normalizer 208a of the normalizing controller 202a
normalizes the collected first profile 110. At step 414, the normalizing controller 202a
instructs the profiling agent 104 to collect a second profile 110. Thereafter, at step 416, the
phase shift detector detects a phase shift in the executing application using the normalized
profile 214 obtained from the normalization of the first profile collected at step 404 and the
second profile collected at stép 414. As described abéve, a phase shift méy be detected by

comparing for similarity the normalized profile 214 to the second collected profile.

[0040] ~ Figure 4B is an exemplary method flowchart 400b for the second embodiment
of the autonomic software system 200b that is enabled to normalize a profile collected from
an executing application to account for the one or more actions taken by the autonomic
software system 200b after the profile is coilected, according to the present invention. The
method begins with step 402, where the profiling‘agent 104 executes an application 106 in the
runtime environment 102. At step 404, the normalizing controller 202b controls the profiling

agent via control signal 108 to collect a first profile 110. At step 406, the normalizing
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controller 202b analyzes the collected first profile 110 via the analyzer 118, producing a set of
data to be utilized in normalizing controller 202b. Thereafter, at step 408,‘the normalizing
controller 202b via the selector 204b determines from the set of data whether to select one or
more actions to apply to the executing épplication 106 or not to select any actions. If no
actions are selected at step 408, the method continues at stei) 404, where another profile is
collected from the executing application 106. Alternatively, if one or more actions are
selected at step 408, at step 410, the applicator 122b applies the selected one or more actions
to the executing application 106. * At step 412, the profile normalizer 2085 of the normalizing
controller 202b normalizes the collected first profile 110 to generate a normalized profile 214.
Thereafter, at step 416, the normalizing controller 202b instructs the profiling agent 104 to
collect a second profile 110. At step 418, the profile consumer (action evaluator) 216b
evaluates the second collected profile against the normalized profile obtained from the first
collected profile normalized at step 412. At step 420 it is determined from the second
collected profile and the normalized profile whether there is an expected improvement. If
there is an expected improvement at step 420, the method continues at step 424, where the
normalizing controller 202b via the analyzer 118 analyzes the second collected profile to
produce a set of data to be utilized in normalizing controller 202b. The method continues at
step 408, where the selector 204b selects one or more actions from the set of data from the
second collected profile. Thereafter, the method continues from step 408 as described above.
Alternatively, if it is determined at step 420 that there is no expected unprovement from the
second profile 110 and the normalized profile 214, at step 422, the normalizing controller
202b via invalidate control signal 218 instructs the selector 204b to mvahdate actions applied
to the executing apphcatlon 106 at step 410, thereby undomg the applied actlons as described
above. At step 426, the cost-benefit model utilized by the selector 204b and the predictor 210
is updated. Thereafter, the method continues at step 404 by collecting another profile 110.

[004 1] Figure 4C is an exemplary method flowchart 400c for the third embodiment of

- the autonomic software system 200c that is enabled to normalize a profile collected from an
executing application to account for the one or more actions taken by the autonomic software
system 200c after the profile is collected, according to the present invention. The method
begins with step 402, where the proﬁliﬁg agent 104 executes an application 106 in the

runtime environment 102. At step 404, the normalizing controller 202¢ controls the profiling
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agent via control signal 108 to collect a profile 110. At step 406, the normalizing controller
202c analyzes the collected profile 110 via the analyzer 118, producing a set of data utilizable
by the normalizing controller 202c. Thereafter, at step 409, the normalizing controller 202¢
determines via selector 204¢ from the set of data whether to select one action to apply to the
executing application 106 or not to select an action. If no action is selected at stép 409, the
method‘continues at step 404, where another profile is collected from the executing
application 106. Alternatively, if an action is selected at step 409, at ‘step 411, the applicator
122 applies the selected action to the executing application 106. At step 412, the profile
normalizer 2080 of tlhe normalizing controller 202¢ normalizes the collected profile 110 to
generate a normalized profile 214. Thereafter, at step 424, the normalizing controller 202¢
via the MUX 202 instructs the analyzer 118c to analyze the normalized profile 124,
producing a set of data from the normalized profile in a manner described above. At step
426, the normalizing controller 202¢ determines via selector 204c from the set of data

| whether to select 6ne action to apply to the executing application 106 or not to select an
action. If no action is selected at step 426, the method continues at step 404, where another
profile is collecfed from the ekecuting application 106. Alternatively, if an action is selected
at step 426, at step 428, the applicator 122 applies the selected action to the executing
application 106. Thereafter, at step 430, the profile normalizer 208¢ of the normalizing
controller 202¢ normalizes the normalized profile 214 to generate yet another a normalized
profile 214. The method continues at step 424 and executes steps 424 — 430 until no further
action is selected at step 426. Then, the method continues at step 404, collecting another

profile 110 from the executing application 106.

[0042] . While the invention has been particularly shown and described with regard to
‘a preferred embodiment thereof, it will be understood by those skilled in the art that the
foregoing and other changes in form and details may be made therein without departing from

the spirit and scope of the invention.
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CLAIMS:

Having thus described our invention, What we claim as new, and desire to secure by Letters
Patent is:

1.A metﬁod for normaliziﬁg a profile collected for an executing application to
account for one or more actions applied to the executing application aﬁgr the profile was
collected, the method comprising: |

(a) predicting an impact of applying the one or more actions to thq executing
application by utilizing the‘proﬁle and the one or more actions; and

(b) adjusting the profile to form a normalized profile according to the

predicted impact.

2. A system for normalizing a profile collected for an executing application to
account for one or more actions applied to the executing application after the profile was
collected, the system comprising:

a predictor for predicting an impact of applying the one or more actions to tﬁe
executing application by utilizing the profile and the one or more actions; and

| an adjuster for adjusting the profile to form a normalized profile according to

the predicted impact.

3. A method for adjusting a profile collected for an eiecuting application to
account for one or more actions applied.to the executing application to improve detection of
‘phase shifts in the executing apélication after the profile was collected, the methoci
comprising:

(a) collecting a first profile for the executing application;
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(b) predicting an impact of applying the one or more actions to the executing
application by utilizing the first profile and the one or more actions;

(c) adjusting the profile to form a normalizéd profile according to the predicted
impact; | |

(d) applying the one or more actions to the executing application;

(e) collecﬁng a second profile for the executing application; and

(f) detecting a phase shift in the exgcuting application by utilizing the E

normalized profile and the second profile.

4. A system for adjusting a profile collected for an executing application to
account for one or more actionis applied to the executing application to impréve detection of
phase shifts in the exeéuting applicétion after the profile was coilected, the system
-comf)rising:

a profiling agent for collecting a first profile and a second profile for the |
executing application; |

| a predictor for predicting an‘impact of applying the one or more actions to the
executing application by utilizing the first profile and the one or more aqtioﬁs;;
an adjuster for adjusting the first profile to form a normalized profile
according to the predicted impacf; |

an ’applicator for applying the one or more actions to the executing appliéation;
and

a phase shift detector for detecting a phase shift in the'exeduting application by

utilizing the normalized profile and the second profile.
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5. A method for adjusting a profile collected fér an executing application to -
account for one or more actions applied to the executing application to determine whether
there is imprcl)vement in the execution of the executing application after the profile was
collected, the method c;omi)ﬁsing:

(a) collecting a first 4proﬁle for the executing application;

(b) selecting and applying one or more actions to the executing application;

(c) predicting an impact of applying the selected one or more actions to the
executing application by utilizing tixe first colieéted profile and the one or more actions;

(d) adjusting the first proﬁlé to foi’;n a normalized profile according to the
predicted impact;

| (e) collecting a second profile for the executing application;

(D) evaluating the second profile against the normalized profile to determine
whether there ié expected improvement in the execution of the‘ executing application; and

() applying one or more actions to undo the one or more actioﬁs applied to the

executing application if there is no expected improvement in the executing application.

6. A system for adjusting a profile collected for an ekecuting application to
account for one or more actions applied to the e-xecuting appli;:ation to determipe whether -
there is improvement in the.' execution of the executing application after the profile was
collected, the system comprising:

a profiling agent for collecting a first profile and a second profile for the
executing application; |

a selector for selecting one or more actions to apply to the executing

application;
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a predictor for predicting an impact of applying the selected one or more -
actions to the executing application by utilizihg the first collected profile and the one of more
actions; |

an adjuster for adjustiné the first‘collected profile to form a normalized profile
according to thé predicted impact;

action evaluator for evaluating the second profile égainst the normalized
profile to determine whether there is gxpected improvement in the execution of fhe executing
application; and - ‘

applicator for épplying the selected one or mofe actions and one or more

actions that undo the applied one or more actions if there is no expected improvement in the

executing application.

7 A method for adjusting a proﬁ1¢ coliected for an executing application to

account for one or mofe actions applied to thq executing applicétion to improve execution of
the executing application after the profile was collected, the method comprising:

(a) applying a first selected action'to .the exgcutiqg application based on the
collected profile; | |

(b) predicting an impact of applyiné the first sglected action to the executing
application by utilizing the colléctgd profile and the first selected action;

() adjusting the collected profile to form a first normalized profile according
to the predicted impact; |

(d) applying a second selected action to the executing application based on the

first normalized profile or a subsequently normalized profile;
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(e) predicting an impact of applying the second selected action to the executing
application by utilizing the first normalized profile and the second selected action;

® adjusting the first normalized profile to form a second normalized profile
according to the predicted impact; and

(g) repeating steps (d)‘— (f) for the second normalized profile and every

subsequently normalized profile aﬁd selected action.

8. A system for adjﬁsting a profile collected for an executing application to
account for one or more actions applied to the executing application to improve execution of
the executing applicatioﬁ after the profile was collectéd,' the system comprisiné:

‘a predictor for predicting an impact of applying a first selected action to the
" executing application by utiliziﬁg the collected )proﬁle and the first selected action;

an adjuster for adjus;ting tlm collected profile to form a first normalized profile
according to the predicted impact; and

an applicator for applying the first selected action to the executing application
based on the collected proﬁlé, applying a second selected action to the executing application |
based on the first normalized p':roﬁle and repeatedly applying eacﬁ selected éction from each

subsequently normalized profile to the executing application.
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FIG. 4A
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FIG. 4B
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