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Abstract

In this pap er w e presen t a system for net w ork based visualization of pro�le infor-

mation generated b y Ja v a applets/b yteco de. The system, called NetProf , is com-

p osed of sev eral comp onen ts eac h of whic h is in teresting in their o wn righ t. The

comp onen ts are a b yteco de to Ja v a source co de translator, a pro�ler that includes

a static pass to insert pro�ler co de, a dynamic run time library that records relev an t

ev en ts and �nally a visualization mec hanism whic h highligh ts the pro�le information

in an easy to use manner. All of this can b e done o v er the In ternet using a clien t-serv er

approac h and is indep enden t of the underlying arc hitecture/mac hine and h uman in-

terv en tion.
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1 In tro duction

The past few y ears ha v e seen a remark able in terest lev el in the In ternet. This is mainly

attributed to the prominence of the W orld Wide W eb and using W eb bro wsers to read

news briefs, do wn-load relev an t pap ers, order b o oks and services etc. The reasons

for the p opularit y of these bro wsers are that they are graphics based, and extremely

easy to use. The n um b er of applications within the In ternet has gro wn steadily

o v er the past few y ears. The main issues while programming suc h applications are:

securit y , p ortabilit y , allo wing for a high lev el of in ter-activ eness while guaran teeing

p erformance.

Ja v a [9], is a language that seeks to address these problems while pro viding a rela-

tiv ely easy programming en vironmen t in whic h to build suc h applications. Ja v a source

co de is compiled in to b yteco de (a represen tation of the Ja v a Virtual Mac hine [11]),

whic h is then in terpreted. The b yteco de is indep enden t of the arc hitecture and can

b e in terpreted on an y mac hine that has a Ja v a in terpreter. Complete descriptions are

a v ailable in [10, 9, 3]. Ja v a also pro vides mec hanism s to em b ed programs (called ap-

plets) in W eb pages. F or example, Netscap e Na vigator 2.0 and b ey ond has a built-in

Ja v a in terpreter that can execute these applets. This abilit y has transformed the W eb

from b eing a passiv e store of link ed data to a store of in teractiv e applications alb eit

in tersp ersed with link ed data. The adv an tage of running these programs through a

bro wser is that they are in tersp ersed with text, p oin ters to relev an t information, and

visual images that instruct in executing them, i.e. user friendly . This is opp osed

to do wn-loading the �le and executing it in stand-alone mo de. Do wn-loading time,

access to a mac hine that supp orts an in terpreter and a v ailabilit y of the b yteco de are

issues that ha v e to b e dealt with here.

Within the con text of Ja v a programs it is in teresting b oth for dev elop ers and

users to ev aluate the p erformance of their co de on di�eren t mac hines. Mac hines with

v arying pro cessor sp eeds and on net w orks with di�eren t sp eed, bandwidth and con-

ten tion ma y result in di�eren t p erformance b ottlenec ks. Both the user and dev elop er

need to �nd out where the p erformance is su�ering and whether based on this in-

formation they can impro v e it. F rom the user's viewp oin t it ma y not b e p ossible to

iden tify the p erformance b ottlenec ks if the original source co de is not a v ailable as

b yteco de is not easy to read. Also ev en if the source co de is a v ailable it ma y b e more

appropriate to base the pro�le on b yteco de, to tak e in to accoun t an y optimizations

p erformed b y the Ja v a compiler. Program pro�ling is a w ell kno wn tec hnique for

recording program b eha vior and measuring p erformance. A pro�ler for Ja v a is use-

ful for measuring instruction set utilization measuring program b ottlenec ks, and for

p ossible compiler/run tim e driv en optimizations.

High-lev el program sources (to pro�le) in Ja v a ma y not b e readily a v ailable b e-

cause of the presence of the in termediate b yteco de. Inserting pro�le co de in Ja v a

b yteco de and generating program pro�les is p ossible but it is not useful to the end

user unless it can b e visualized with high lev el constructs presen t. W ading through
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a stream of b ytes to get the p erformance related information is not a exactly w alk in

the park.

The �nal issue is that of doing all this o v er the In ternet. It is quite p ossible

for dev elop ers to restrict

1

their applets to run only through a bro wser and prev en t

them from b eing do wnloaded and run in stand-alone mo de. Also if the user is just

in terested in the p erformance of a wide n um b er of b enc hmarks without ha ving to

allo cate storage for all of these b enc hmarks in the lo cal disk then do wn-loading and

executing is not the b est option. T reating the W eb as a secondary store ma y b e a

nice option. Ob viously for this to happ en the pro�ler m ust b e run o v er the net w ork.

These issues mean w e need a system that can pro�le Ja v a programs, pro vide high-

lev el visualization connecting the b yteco de to the p erformance pro�le and that can

op erate o v er the In ternet.

The main comp onen ts (the required functionalit y and prop erties) of NetProf are:

� A b yteco de to Ja v a (b c2j) source co de rev erse compiler. The b c2j rev erse com-

piler reco v ers high-lev el con trol 
o w information with a high success p ercen tage.

This seeks to address the high-lev el asp ect of our system.

� A pro�ler that consists of a static pass and a run time library . The static pass

instrumen ts reco v ered co de with necessary declarations and function calls p er-

taining to the run time pro�ler library . The run time library records the relev an t

ev en ts.

� A visualization mec hanism to easily fo cus on particularly in teresting pro�les.

Should b e easy to view summary and/or complete information.

The main con tribution of this pap er is a protot yp e implem en tation of NetProf

that demonstrates the ab o v e features and ho w they can b e used in a net w ork setting.

The rest of this pap er is organized as follo ws. Section 2 deals with the o v erview of

the design of suc h services and imp ortan t net w ork and securit y issues that pla y a role

in the curren t implem en tation. Section 3 fo cus on the tec hnical (high-lev el) details

of eac h comp onen t in the system and describ e what the system lo oks lik e to the end

user. In Section 4 w e describ e some implem en tation (lo w-lev el) details of our system.

Finally in Section 5 w e summarize our conclusions.

1

With the presence of a b yteco de to source co de translator it ma y not b e p ossible to completely

restrict this. Ho w ev er they can still mak e it v ery di�cult for the user to run the program in

standalone mo de b y inserting appropriate c hec ks p oin ts in the co de. Remo ving or accoun ting for

these c hec ks ma y b e incen tiv e enough to ensure that the program is not do wnloaded.
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2 NetProf: System Ov erview

In this section w e describ e the o v erall picture of NetProf. W e �rst describ e what w e

w ould lik e to ha v e in our ev en tual system. W e then describ e what w e curren tly ha v e

and wh y .

2.1 System Design

Belo w w e describ e the system through the follo wing example. A clien t loads the to ol

o v er the net, selects the source to pro�le (a v ailable an ywhere on the net), and then

t yp es pro�le. The system should then b e able to reco v er the source co de, instrumen t

pro�ler information and run the program. Then through the visualization to ol the

clien t should b e able to view the pro�le information o v er the net. All of the four

comp onen ts (clien t, b yteco de source �le, decompiler/pro�ler and visualizer) in the

system can reside on di�eren t no des on the In ternet. The computation, ho w ev er, will

b e p erformed on the clien t no de, after the user grabs the remote comp onen ts through

a bro wser.

file.class(bytecode)

Repository of
java bytecode files

Client

Visualization Tool

 Compile and 
Interpret file.java

Recover high level
Structure (bc2j)

Static Profile Pass

file.java (source)

file.prof (profile info)

Figure 1: Logical System Comp onen ts
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Clearly this kind of setup requires supp ort at the lev el of the W eb bro wser, es-

p ecially to connect/retriev e other source �les, dynamically load and mo dify classes

on the 
y and write to �les that can b e accessed o v er the In ternet, in a manner that

is transparen t to the user. The adv an tage of the setup is ev erything can b e done

at a lev el where most users need not ha v e to kno w an ything ab out the In ternet at

all. Since the whole setup is at a clien t-serv er lev el there are no h uman in terv en tion

dela ys.

Figure 1 describ es the logical structure of the o v erall system. The highligh ted

b o xes (formed with dashed lines) indicate the indep enden t logical en tities in our sys-

tem, where these en tities can ph ysically reside on di�eren t no des in the net. The clien t

connects and determines a b yteco de (�le.class) �le that it w an ts to pro�le. This �le is

fed through the b c2j and static pro�ler pass to generate the high lev el source com bined

with instrumen ted pro�le co de (�le.ja v a). This �le.ja v a can b e compiled and in ter-

preted to generate the pro�le information (�le.prof ). Both the �le.prof and �le.ja v a

�les are used as input to the visualization to ol that then presen ts the pro�le informa-

tion hierarc hically along with the high lev el source (remo ving the instrumen tation)

to the clien t.

2.2 Curren t Restrictions

The main restriction w e faced w as that the curren t W eb bro wsers with built-in Ja v a

in terpreters ha v e strong securit y restrictions that disallo w some of the functionalit y

w e require. F or instance w e cannot instrumen t the co de o v er the net w ork without

supp ort of dynamic class mo di�cation and loading whic h are curren tly not supp orted.

In the curren t implem en tati on since the W eb bro wser do es not ha v e the ab o v e

functionalit y , w e could not separate the indep enden t logical en tities as sho wn in �g-

ure 1. W e had to sim ulate the en vironmen t in the follo wing manner. W e ha v e the

b yteco de �le (to pro�le) and the pro�ler on the same host. On clien t request the

source (b yteco de) �le is rev erse compiled, the static pro�ler pass is inserted, and the

source �le is reco v ered along with calls to the run time pro�ling system.

The connection to this serv er is established through a simple applet. The applet

establishes a connection with the serv er at a kno wn p ort n um b er on the host mac hine

(the host from whic h the applet is do wnloaded). Once the connection is established it

passes in the name of the b yteco de �le to pro�le. The pro�le and high lev el source co de

are generated and are then written out to a lo cation whic h is accessible through the

W orld Wide W eb. The visualizer then kic ks in and displa ys the pro�le information

in a hierarc hical manner sho wing only pro�le information that is requested b y the

clien t and supplying summary com ple te information on request. Curren tly this step

(visualization) can b e used indep enden t of the other stages, on a di�eren t serv er as

long as the t w o input �les ha v e already b een generated and are accessible to it.
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3 Protot yp e System

In this section w e describ e the higher lev el details of ho w the protot yp e system is

set up. The system organization can b e naturally divided in to three separate phases.

These are:

� b c2j :

A b yteco de to Ja v a source co de, rev erse compiler. This is a sp eci�c instance

of an optimizing compiler b eing dev elop ed b y us. The compiler reads in Ja v a

source or b yteco de, con v erts it in to a common high lev el in termediate repre-

sen tation Ja v aIR , and writes it bac k as Ja v a source, b yteco de, or other target

language. Ja v aIR can b e mo di�ed b y m ultiple passes (optimization and/or pro-

�ling) b efore the source co de is generated. F or the purp ose of this w ork, w e

read in b yteco de for generalit y (w e do not need access to the source that w e

w an t to pro�le) and write out Ja v a source for readabilit y .

� Pro�ler :

It constitutes of t w o parts:

1. A static pass to instrumen t reco v ered co de with necessary declarations and

function calls p ertaining to the run time pro�ler library .

2. A run time library that record relev an t ev en ts without b eing to o obtrusiv e.

Curren tly metho ds, lo ops and conditionals are instrumen ted.

� Visualization: A mec hanism to clearly pinp oin t on sources of p erformance

hits. It tak es as input; output from b c2j and the pro�led information from

the Pro�ler. It displa ys the reco v ered source co de (min us pro�ler declarations

and calls) and facilitates clic king on di�eren t pro�les to view summary and/or

complete information.

Ho w these phases are in terconnected and put together is describ ed b elo w.

3.1 b c2j

W e ha v e b een dev eloping a compiler with a common in termediate represen tation and

m ultiple fron t- and bac k-ends. F or the w ork describ ed in this pap er w e ha v e built a

b yteco de fron t-end and a Ja v a source bac k-end. W e call this v ersion of the compiler:

b c2j . The instrumen tation co de of the pro�ler is in tegrated with b c2j, so that the

complete pro�ler reads in a b yteco de represen tation of a giv en class, con v erts it to

an in termediate represen tation, instrumen ts it, and writes to a �le as Ja v a source

co de. The Pro�ler mo di�es the Ja v aIR generated b y b c2j and then generates the

Ja v a source co de.
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3.2 Pro�ler

Program pro�ling is a w ell kno wn tec hnique for recording program b eha vior and

measuring p erformance. The basic idea is to insert co de in to a program and exe-

cute the mo di�ed program. Program pro�ling monitors the n um b er of times that

eac h basic blo c k or con trol structure executes. It is used to measure instruction set

utilization, b ottlenec ks in the program and p ossibly complier driv en/run time co de

optimizations [1, 4, 5, 8, 7, 6 , 2 ].

Curren tly a go o d pro�ler for Ja v a do es not exist to the b est of our kno wledge.

The built-in pro�ler pro vided with the JDK pro�les only metho ds, and this is not

su�cien t information for either the clien t-user or the dev elop er. It is not necessary

the case that optimal algorithms written for C or C++ are optimal for an in terpreted

language lik e Ja v a (some features ma y b e m uc h more exp ensiv e, and if a v oidable

could b e a v oided). This further necessitates the need for a go o d pro�ler.

The pro�ler could not b e implem e n ted along the lines of gprof [4] or an y in terrupt

based sampling pro�ler as that w ould require ho oks in to the Ja v a in terpreter whic h

are curren tly not pro vided. The only option a v ailable to us w as explicit recording of

ev en ts (externally). It has the option to b e more exact than an y of the statistical

(sample) based metho dologies, in that it do es not dep end on the program to run for

a long time (due to the n um b er of samples). W e sa y option b ecause the user can

trigger whether to main tain summary information or information for ev ery call in

ev ery instance. The former is exp ensiv e in terms of memory utilization but is more

exact and ma yb e useful in Ja v a programs (and there are man y of them out there)

whic h do not ha v e m ultiple ob ject instan tiation, and/or deep recursion. Summary

information has lesser o v erhead but is still more exact than statistical metho ds.

The Pro�ler as men tioned earlier consists of the static pass that runs o v er the

Ja v aIR and instrumen ts the co de where appropriate, and a run time library that

records the relev an t ev en ts. In our curren t implem en tation w e pro�le basic blo c ks.

Basic blo c ks include metho ds, lo op structures and if-then-else conditional statemen ts.

These are the basic blo c ks that are curren tly generated b y b c2j.

Static P ass

The static pass is done after the abstract syn tax tree is constructed b y b c2j and b efore

the �nal call to generate the reco v ered source �le. W e instrumen t the v arious blo c ks

as follo ws

� Lo ops : A call to the run time pro�ler b efore and after the end of eac h lo op is

inserted. Within the lo op a call to k eep trac k of iteration coun t is inserted.

� Metho ds : A call to the run time pro�ler at the start of and at the end of eac h

metho d (b efore all return statemen ts) is inserted.
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� Metho d Calls : Calls are inserted b efore and after ev ery metho d call. If the

metho d is not b eing pro�led then this returns total time of execution for the

metho d.

� If-then-Else Statemen ts: Calls are inserted at start of then and else clauses

to record the n um b er of times eac h branc h is tak en.

� Additionally some declarations are inserted in to eac h of the classes b eing pro-

�led. These are describ ed in detail in the next section.

Run time Library

The run time library through calls and declarations inserted b y the static pass records

the follo wing ev en ts for the corresp onding basic blo c ks.

� While Lo ops: W e record the n um b er of iterations and total time eac h execu-

tion of the lo op.

� If-then-Else Statemen ts: W e record n um b er of times the if branc h is tak en

and the n um b er of times the else branc h is tak en.

� Metho ds: W e record the total time of execution of the metho d, and in v o cation

and release times. In v o cation time is time when metho d is called to time tak en

to reac h the �rst statemen t of the metho d. This is a rough measure of the time

to index in to the metho d table (since Ja v a supp orts p olymorphic metho ds), sa v e

status, and metho d initiation. Ha ving this information in case of p olymorphic

metho ds is esp ecially useful to see if under in terpretation the execution time

w as quite large. (P olymorphic) Co de-reuse vs Monomorphic metho ds could

ha v e an in teresting p erformance p ersp ectiv e esp ecially when the co de is b eing

in terpreted. Release times measure the direct opp osite of in v o cation times.

More details on the exact implem en tati on of this system are pro vided in the next

section.

3.3 Visualizati on

The Visualization asp ect lends to the o v erall app eal of b eing easy to use. The pro�le

information that is generated can b e h uge and can b e extremely time consuming

to go through. The visual displa y unit can read this �le and compute summary

information and displa y that to the user. Alternately if the user is in terested in a

particular instance of an ob ject and w an ts to see the pro�le information of all times

a metho d w as called in that instance, they can in an easy manner.

The basic comp onen ts of the visual to ol are:
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� Input Prepro cessing : This comp onen t is basically resp onsible for prepro-

cessing b oth the pro�le information generated b y the run time system and the

reco v ered source co de from (b c2j + pro�ler) the static pass.

� Initial Displa y : The initial displa y consists of the reco v ered source arranged

as a list of selectable ro ws and a pro�le cac he. The source is app ended with

commen ts indicating whic h ro ws can b e selected to generate useful pro�le in-

formation. This is sho wn on the righ t hand side of �g 2. The ro w mark ed

" // Click Here for While Profile-> 1"

can b e clic k ed on and the resulting dialog b o x sho wn in �gure 3 p ops up. Scroll

bars are pro vided for scrolling through the reco v ered source. The left hand

side constitutes a pro�le cac he that con tains user desired pro�le summary . This

area can b e written through the pro�le windo w and is describ ed b elo w. The t w o

buttons pro vided at the b ottom con trol panel are for mo difying the con ten ts of

the pro�le cac he.

Figure 2: Initial Displa y

� Pro�le Windo w : On clic king one of the selectable ro ws a pro�le windo w

p ops out that has a list of instances and instance summaries one can c ho ose

from on the left hand side. After selecting the elemen ts that are in teresting

(as determined b y the user) on clic king the \Displa y Info" button displa ys the

information selected b y the user as sho wn in �gure 3 on the righ t hand side.

\Clear Info" clears the text area on the righ t, while \Close" closes the pro�le

windo w. The \Cac he It" button is used for cac hing user determined pro�le

information in the pro�le cac he in the initial displa y . The user can select the
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Figure 3: Pro�le Windo w

relev an t pro�le information to store b y highligh ting the relev an t text on the

righ t hands side of Pro�le Windo w. Then on clic king the `Cac he It" button the

text gets displa y ed in the initial displa y . Scroll bars are automatically generated

for b oth the list elemen ts and the text area where necessary .

4 Implemen tation Issues

In this section w e brie
y discuss some of the implem en t ation lev el decisions w e made

with a justi�cation as to wh y w e made them.

4.1 b c2j: Implemen tati on Choices

T raditionally instrumen ting the co de is done with access to the source co de, so that

annotations that corresp ond to the source program can b e inserted. W e decided to use

b yteco de as our input form, b ecause w e an ticipate the man y applications (applets) will

b e distributed without source. As argued b efore, it is go o d to pro�le suc h applications

as w ell.

The pro�led output on the other hand should b e presen ted in a high-lev el form, so

that the p erson using the visualization of the pro�led information can reason ab out

the analyzed applications in the terms w e are used to. Therefore, w e decided to use

the compiler w e are building whic h w e plan to equip with m ultiple fron t-ends (w e

curren tly an ticipate Ja v a source and b yteco de as input to the compiler, but p ossibly

other languages could b e used as w ell). The fron t-ends create a high-lev el in termediate

represen tation whic h w e call Ja v aIR . The bac k-ends can write Ja v aIR as an y of the

supp orted target languages.

W e c hose a mo dular structure of the compiler so that w e can reuse the same

optimization and instrumen tation passes (since the in termediate represen tation is
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shared b y all com binations of fron t- and bac k-ends) no matter what source and target

language com bination w e decide to use.

The compiler con�gured to use b yteco de as input and Ja v a source as output is

called b c2j and can b e though t of as a Ja v a \de-compiler" with a p ossibilit y of

inserting an arbitrary sequence of compiler passes whic h transform Ja v aIR. F or this

w ork only one suc h pass, namely the instrumen tation is used.

4.2 Pro�ler: Implemen tati on Choices

Ideally , pro�le data m ust b e gathered in a w a y that causes little o v erhead b ey ond

the time and space requiremen ts for normal execution of the program b eing pro�led.

The most imp ortan t consideration is that the execution time o v erhead of gathering

pro�le data m ust b e small enough to allo w normal program op eration. Coutan t [2 ]

de�ne external instrumen tation to b e that whic h is done without mo di�cation to

the program b eing instrumen ted suc h as sampling program coun ters with p erio dic

in terrupts. They de�ne in ternal instrumen tation to b e the kind that is done with

mo di�cation to the program on hand.

In gprof [4] the basic idea of pro�ling is to to record certain ev en t coun ts (pro cedure

calls) in ternally and externally sample and main tain program coun ter histograms to

determine the total time sp en t in eac h basic blo c k. The main problems asso ciated

with using exact times and doing ev erything in ternally are the fact that cost of record

k eeping could b e prohibitiv e and that the clo c k resolution a v ailable ma yb e to o small.

Ho w ev er, in our approac h the en tire pro�ling is done in ternally partly b y c hoice

and mainly b ecause w e w ere forced to. By and large most of the Ja v a applications

a v ailable publicly on the w eb do not in v olv e large iteration lo ops, m ultiple metho d

in v o cations, highly recursiv e co de etc. This observ ation led us to b eliev e that explicit

record k eeping through in ternal pro�ling ma y not b e a bad option esp ecially for

Ja v a applications. Explicit record k eeping includes main taining all information in

all calls across all ob ject instances. Optionally at the users discretion the pro�ler

can b e made to main tain only summary information at either the ob ject lev el or at

the en tire class lev el. Also without ho oks in the Ja v a in terpreter w e cannot really

in terrupt the in terpreter and sample and main tain program coun ter histograms. Since

the purp ose is to ha v e a widely a v ailable to ol c hanging the in terpreter is not a viable

option. F urthermore since Ja v a programs are b eing in terpreted and m uc h slo w er than

corresp onding C programs the time resolution problem ma y not b e that m uc h of a

factor. This of course could v ary from program to program.

Once w e decided with this approac h (optionally main taining all pro�les/summary

of pro�les) the next question w as do w e store pro�le information at an ob ject instance

b y ob ject instance fashion or do w e ha v e one common structure to manipulate all

the pro�le information. W e c hose the former b ecause of the simple data structure

and b etter run time p erformance during the execution of the program b eing pro�led.
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The memory requiremen ts of b oth w ould b e the same ho w ev er since the ob jects are

distributed prin ting out the relev an t information could tak e sligh tly longer.

Next w e discuss the static pass implem en tation issues.

Static Phase: Implem en tation Choices

class lo ops1 extends ja v a.lang.Ob ject

f

public in t i;

public in t j;

public RPro�le pro�le = new RPro�le(7,"lo ops1");

public v oid m1 () f

in t v0;

pro�le.start pro�le metho d(0);

pro�le.b efore while in v ok e time(1);

while((this.i == 0)) f

pro�le.while coun t(1);

if((this.j == 0)) f

pro�le.if pro�le(2);

this.i = this.j;

pro�le.capture in v ok e time(3);

global.m2();

pro�le.capture release time(3);

v0 = this.i;

g else f

pro�le.else pro�le(2);

this.i = this.j;

g //if

g //while

pro�le.after while in v ok e time(1);

pro�le.end pro�le metho d(0);

return;

g // m1

g

Figure 4: Static Phase: Example

Figure 4 giv es the resulting co de after rev erse compiling a b yteco de �le with the

pro�ler pass. The commands added b y the pro�ler pass can b e iden ti�ed b y lo oking

for the k eyw ord \pro�le". As can b e seen from the co de eac h class instance has
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asso ciated with it an ob ject of t yp e pro�le. Ev ery time a relev an t ev en t

2

o ccurs lik e

the start of a while lo op or the then part of the if branc h is tak en, there is a call to

the relev an t pro�le metho d. The parameter to these metho ds is the static reference

to eac h blo c k b eing pro�led. Blo c ks are n um b ered as they app ear in the co de.

The instan tiation of the pro�le ob ject has as parameters the name of the class

and the n um b er of basic blo c ks b eing pro�led in the class.

Run time Library: Implem en tation Choices

The run time library essen tially consists of an implem en tation of the RPro�le class

(see �gure 4). The RPro�le class is instan tiated with t w o parameters, the name of

the class and the n um b er of basic blo c ks b eing pro�led. Both these are stored in

priv ate v ariables and a corresp onding n um b er of pro�le units are instan tiated. When

the �rst call to an y pro�le unit (While, If-then-else, Metho ds) is made, the t yp e of

pro�le unit is initiated (this is enco ded in the metho d call as can b e seen from �gure 4)

and it starts storing ev en ts relating to that basic blo c k in the co de.

� In While lo ops w e measure time from start to completion, the total n um b er of

iterations p er call. F rom the �gure it is easy to see that the pro�le statemen ts

b efore and after the while lo op determine the total time, while the while coun t

up dates the coun ter. A t the same time w e k eep a running summary of ev en ts

(a v erage execution time p er iteration etc.).

� In If-then-else statemen ts w e simply up date the if coun t if the then branc h is

tak en and the else coun t if the else branc h is tak en.

� In Metho ds w e measure time from start to completion, the metho d in v o cation

time, and the release time. The start pro�le metho d and end pro�le metho d

record the start and end times of eac h in v o cation. capture in v ok e time cou-

pled with the start pro�le metho d helps record the in v o cation time and the

end pro�le metho d coupled with capture release time records the release times.

T o handle calls across di�eren t ob jects or di�eren t instances of the same ob ject,

w e ha v e a set of global registers that can store start times and end times, and

relev an t callee and caller information so that the times can b e stored in the

appropriate pro�le units.

Pro�ler P erformance

A t time of writing w e are curren tly ev aluating the o v erhead of our pro�ling system.

Preliminary results indicate that the o v erhead of pro�ling is not signi�can t. Of course

2

There are man y optimizations that can b e applied to minim ize the n um b er of these calls [5 , 7].

F or example if w e kno w that the total n um b er of while lo op iterations is 50 and the else branc h

coun t is 20, then the if branc h coun t m ust b e 30. Suc h optimizations are curren tly not implem en ted.
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this v aries from program to program and dep ends on what segmen ts

3

w e c ho ose to

pro�le. W e do not mak e an y claims on the e�ciency of our implem e n tation as the

goal of this pap er w as mainly to sho w that a to ol lik e NetProf is viable and ho w it

can b e used.

4.3 Visualization T o ol: Implemen tati on Choices

It generates a GUI, whic h the user can clic k on relev an t parts of the co de and can

see particularly in teresting pro�le information. It prepro cesses �le.ja v a (output from

the static phase) and �le.prof (output from the run time phase). The prepro cessing of

�le.ja v a basically in v olv es transforming it to a list of strings, parsing out pro�ler re-

lated co de, and inserting 
ags to indicate whether the giv en list elemen t is selectable

or not. The prepro cessing the �le.prof in v olv es storing the information in a data struc-

ture similar to ones used for storing sparse matrices. All the calls are stored in this

data structure and there are instance indexes and basic blo c k indexes (indexing whic h

corresp ondence to the basic blo c k in the source co de) that let y ou index directly in to

a particular < cl ass

n

ame >; < instance >; < basicbl ock >; and < cal l number > .

On the user selecting a relev an t pro�le (as describ ed earlier) listing, it generates a

dialog b o x through a call to Pro�le Windo w, where the user can 
ip through sev eral

options. Once the user has made the c hoices on clic king the displa y button, all the

selected information app ears on the non-edit able text area.

5 Conclusions

W e ha v e presen ted a system called NetProf for visualizing high-lev el Ja v a pro�le

information o v er the In ternet. W e ha v e describ ed sev eral parts that mak e up the

whole system, eac h of whic h can b e (mo di�ed and) used separately . b c2j is useful

in that it reco v ers high-lev el constructs in the co de without whic h certain pro�le

information (lo op lev el, con trol-lev el) w ould not b e a v ailable. It also is easier to read

than annotated b yteco de pro duced b y curren t Ja v a compilers. The pro�ler is useful in

stand-alone mo de, it pinp oin ts high cost areas and determines what the programmer

m ust concen trate on to impro v e p erformance. T o facilitate the reading of pro�ler

output w e presen t a hierarc hical visualization mec hanism that mak es reading the

pro�ler data m uc h easier.

3

Ev en tually w e w an t to b e able to generate pro�les for user sp eci�ed segmen ts and em b ed

metho d/class instan tiation parameters. After seeing the initial high cost areas the user can c ho ose

to restrict the pro�ling to only these areas andor sub ject to certain parameter v alues. The adv an tage

is that the o v erhead of pro�ling w ould b e greatly reduced and it could fo cus on the high cost areas.

This feature is curren tly b eing implemen ted.
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