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1. Performance Profiling

Overview

Performance profiling can be used to find out which pary@aof APL code take the most time to
execute, or are executed most often, and so helps you to determine which functions to concentrate
on when optimising performance. You can view the performance data in a number of different
ways, and easily 'drill downdtget more detail on exactly where execution time is spent. You can
either use the very easy mebased profiling described below, or for more detailed control use
-RTQHKNG

Profiling using the Tools menu
For simple profiling you can enable profiling thgiuthe APLX Tools menu. You then run the
code to be profiled. When the code completes and APLX returns to desktop calculator mode, the

profile is automatically shown in a Profile window.

When you select 'Performance Profiling' from the Tools menu, APLgbnip a dialog which
offers you a choice of different methods for measuring the execution time:

' Performance Profiling |.':’ =) Iiz-]

|19‘| Enable Perfomance Profiling?

To obtain a profile, select DK and then run a function in the APL
Session window. The profile will be displayed when the function ends.

Sampling methad:

(+ iCPU cycles used by APLX applicatioré
" CPU cycles used by APL task

" Processor time used by APLX application
" Processor time used by APL task

" Elapsed time

0K Cancel

Depending on which platform you are using, one orenadrthe timing methods may not be
available. For example, earlier versions of Windows cannot measure the number of CPU cycles
used by an application. If the method specified is not available it will be disabled in the dialog.
Measuring CPU cycles, if avable, usually gives the most accurate results. (See the description
of - RT QH koK more details on the different measures.)

Once you click OK on this dialog, profiling is enabled. You then run your APL code (a function,
which in turn will typically callmany other functions, and can ask for input from the user as part
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of its operation). As soon as the function finally completes or is interrupted, and APL returns to
desk calculator mode, profiling is automatically disabled and the results window will open.

In this example (based on tReLPOBJECTSWorkspace supplied with APLX in library 10), we
have executed a function callrdNwhich has created various graphics objects in a rotating
pattern, and displayed them. On completion, the following window opens:

By Line

Date:

B APLX Performance Profile 2: STAROBJECT3 (o
File Window Help

]By Funclionl By Call Chain] Graph By Linel Graph By Functionl

Self+Children| Average Self -

37.63% 7.797 0.001 0.002 < 0.001 |_

D orot—7. 10.94%  2.267 0.001 0.005 < 0.001 |~
SHAPE.Draw[13] polyepattern+((1... 2297 10.29% 2.132 10.29%  2.132 0.001 0.005 < 0.001
STAR.GetPolygon[14] ReLR 1261 6.93% 1.436 6.93% 1.436 0.001 0.003 < 0.001
SHAPE.Update[8] speedespeedx(1-2. .. 2297 5.56% 1.152 5.56% 1.152 0.001 0.002 < 0.001
SHAPE.Draw[6] win.Draw( 'brush'... 2297 3.14% 0.651 3.14% 0.651 < 0.001 0.001 < 0.001
SHAPE.Draw[9] win.Draw 'Poly' ... 2297 3.06% 0.635 3.06% 0.635 < 0.001 0.001 < 0.001
SHAPE.Draw[15] win.Draw ‘poly' ... 2297 2.80% 0.581 2.80% 0.581 < 0.001 0.001 < 0.001
SHAPE.Draw[12] win.Draw( 'brush'... 2297 2.59% 0.536 2.59% 0.536 < 0.001 0.001 < 0.001
SHAPE.Rotate[5] MAT«2 2p(20A),(1... 13646 2.38%  0.494 2.38% 0.494 < 0.001 < 0.001 < 0.001
STAR.GetPolygon[11] ReR-p 10088 2.10% 0 435 6¥%—0 < 0.001 < 0.001 < 0.001
STAR.GetPolygon[12] prang Rotate p 10088 1.79% 0. 8. < 0.001 < 0.001 < 0.001
STAR.GetPolygon[9] pep-(Lang=2)Rota... 1261 1.18% o4 50" < 0.001 < 0.001 < 0.001
SHAPE.Rotate[4] AeAx(02)=360 5 C... 13646 1.17% 0.243 1.17% 0.243 < 0.001 < 0.001 < 0.001
RUN[33] S.radiuse1+50]... 500 1.09% 0.225 1.09% 0.225 < 0.001 0.001 < 0.001
SHAPE .Update[3] posepos+speed 2297 0.71% 0.147 0.71% 0.147 < 0.001 < 0.001 < 0.001
SHAPE.Draw[8] polye«(ppoly)pepo... 2297 0.69% 0.143 0.69% 0.143 < 0.001 < 0.001 < 0.001
SHAPE.Draw[14] poly«(ppoly)pepo. .. 2297 0.68% 0.141 0.68% 0.141 < 0.001 < 0.001 < 0.001
RUNL29] S.Draw 500 0.64% 0.132  91.22% 18.900 < 0.001 < 0.001 < 0.001
SHAPE.Rotate[1] [ 13646 0.34% 0.070 0.34% 0.070 < 0.001 < 0.001 < 0.001
SHAPE.Rotate[3] R 13646 0.32% 0.066 0.32% 0.066 < 0.001 < 0.001 < 0.001
SHAPE.Rotate[2] r Rotate points ... 13646 0.31%4 0.065 0.31% 0.065 < 0.001 < 0.001 < 0.001 ~
13/05/200912:31:13
Times shown are in billions of CPU cycles used by the APLX application Total time taken = 20.718 billion cycles

As you can see, the results are displayed on five tabs. The first tab ("By Line") tells you which
individual function lines have taken the most CPU€lapsed) time, as shown above. They are
initially sorted with the one which has taken the most time first, but you can change the sort
criteria by clicking on the header of a column.

CPU usage by line

In our example, the function line which has been n@#at-intensive is line 6 0§HAPE .Rotate ,

i.e. theRotate method of thesHAPEClass. This is highlighted in red in the above picture. As a
convenience, the corresponding line of code is shown in the second column; you will see that it is
an inner produads+.xMAT (highlighted in green). This line has been called 13,646 times, and
accounts for 37.63% of the total execution time, or in absolute terms 7.797 billion CPU cycles
(highlighted in blue in the picture). The next two most GRténsive lines were linesand 13 of

the SHAPE.Draw method, which took a further 10.94% and 10.29% of the total execution time
respectively. In other words, nearly 60% of the total execution time was spent in just three lines of
the application. Clearly, therefore, if you werenttag to optimise the code, you would see if you

can reduce the number of times these critical lines are executed, or write them in a more efficient
way.

The critical information is usually in the column shown as 'Self Only'. This relates to the CPU
usagdor the line itself, excluding any functions called by the line. The next column
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(‘'Self+Children’) displays the time taken both in the line itself and in any functions called. In our
example, line 12 o$TAR.GetPolygon has taken 39.34% of the total timkeyou include the

functions called by it, but only 1.79% was spen$AR.GetPolygon[12]

itself (highlighted in

brown). In fact, most of that time was actually spent in the inner product highlighted at the top of

the display.

By selecting the 'Graph By he' tab, you can get an immediate graphical representation of which

lines took the most CPU time:

. APLX Performance Profile 2: STAROBJECT3

E |3

File Window Help
By Line | By Function | By Call Chain  Graph By Line | Graph By Function |

By Line
Percentage time spent, excluding children
Bl sHiPE.Rotate[s] Bl sHiPE.Drawl7] Il sHAPE.Drawl13]
B s74R.cetPolygonf14] MM sHAPE.Update[s] Other lines

Other lines 28.6%~

SHAPE.Update[8] 5.6%

STAR.GetPolygon[14] 6.9%

SHAPE.Draw[13] 10.3% SHACE Aeanbvd 2002

SHAPE.Rotate[6] 37.6%
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CPU usage by function

As well as looking at individal lines, you can also get an overview of which functions (and
methods) took the most time, by selecting the 'By Function' tab of the results window:

APLX Performance Profile 2: STAROBJECT3 u . ¥ . . | B
File Window Help
ByLine By Function I By Call Chain | Graph By Line | Graph By Function |

Name Text Count * Self Onl Self+Children| Average Self Mz
B sriee Rotate 7Y N ) 5 7 R Y
& SHAPE.Draw 2297 34.96%  7.242 90.58% 18.7 003
STAR.GetPolygon 1261 13.004 2.693 54.73% 11.340 0.002
SHAPE.Update 2297 6.96% 1.443 7.03% 1.457 0.001
RUN 1 2.24%  0.464 100.00% 20.718 0.464
SQUARE. GetPolygon 1036 0.47% 0.096 0.90% 0.186 < 0.001 <
CreateaWindow 1 0.09% 0.019 0.11% 0.023 0.019
SHAPE.Bounce 557 0.07% 0.014 0.07% 0.014 < 0.001 <
ClearaWindow 2 0.04% 0.009 0.04% 0.009 0.004
CreateClasses 1 0.01%¥ 0.001 0.01% 0.001 0.001
SHAPE.Initialise 18 0.00¢ 0.001 0.00%¥ 0.001 < 0.001 <

< | 1]} 3

Date: 13/05/2009 12:31:13

Times shown are in billions of CPU cycles used by the APLX application Total time taken = 20.718 billion cycles

From this display you can 'drill down' within a given function, to find out where the time is spent
in that function, by clicking on the twistown by the function name:

APLX Performance Profile 2: STAROBJECT3 AL & i ¥ =
File Window Help
By Line By Function | By Call Chain | Graph By Line | Graph By Function |
Name I Text I Countl * Self Onlxl Se1f+0h11dren| Average Self Mz
BlsiipE Rotate | | sedo] _ 42.17% 6.7 ool ]
SHAPE.Rotate[6] ReB+.xMAT 13646 37.63% 7 797 7 63% 7.797 0.0
SHAPE.Rotate[5] MAT«2 2p(20A),(1... 13646 2.38%  0.494 2.38% 0.494 < 0.001 <
SHAPE.Rotate[4] AcAx(02)=360 n C... 13646 1.17%  0.243 1.17%  0.243 < 0.001 <
SHAPE.Rotate[1] A 13646 0.34% 0.070 0.34% 0.070 < 0.001 <
SHAPE.Rotate[3] A 13646 0.32% 0.066 0.32% 0.086 < 0.001 <
SHAPE.Rotate[2] A Rotate points ... 13646 0.31% 0.065 0.31% 0.065 < 0.001 <
Called by
SHAPE.Draw 2297 34.96% 7.242 90.58% 18.768 0.003
STAR.GetPolygon 1261 13.00% 2.693 54.73% 11.340 0.002
SHAPE.Update 2297 6.96%  1.443 7.03% 1.457 0.001
RUN 1 2.24%  0.464 100.00% 20.718 0.464
SQUARE. GetPolygon 1036 0.47% 0.096 0.90% 0.186 < 0.001 <
CreateaWindow 1 0.09% 0.019 0.11% 0.023 0.019
SHAPE.Bounce 557 0.07% 0.014 0.07% 0.014 < 0.001 <
ClearaWindow 2 0.04%  0.009 0.04% 0.009 0.004
CreateClasses 1 0.01% 0.001 0.01¥ 0.001 0.001
SHAPE.Initialise 18 0.00% 0.001 0.00%¥ 0.001 < 0.001 <
< it 3
Date: 13/05/2009 12:31:13
Times shown are in billions of CPU cycles used by the APLX application Total time taken = 20.718 bilion cycles
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The 'Graph By Function' tab shows the overview by function as a pie chart.
CPU usage by Call Chain

The third way of looking at the data is bgll chain This is best shown by our example:

APLX Performance Profile 2: STAROBJECT3
File Window Help
By Line I By Function By Call Chain I Graph By Line ] Graph By Function

28 100.00% (20.718) RUN and children

This shows that, unsurprisingly, 100% of the time was spent in odevepfunctionRuNand in
all the functions called by it. We can now use the tg@ivns to drill down into the the
hierarches of calls to see how that time was divided up:

. APLX Performance Profile 2: STAROBJECT3
File Window Help
By Line I By Function By Call Chain I Graph By Line | Graph By Function

=R 100.00% (20.718) RUN and children

90.58% (18.768) SHAPE.Draw and children

7.03% (1.457) SHAPE.Update and children

. 24% (0.464) RUN qtself

.11¥  (0.023) CreateaWindow and children
.03%¥ (0.005) ClearaWindow and children
.01%¥  (0.001) CreateClasses and children
.00¥ (0.001) SHAPE.Initialise and children

o O O o N

Saving the profiling data as a web page

As well as looking at the data in the APLX window, you celest 'Save As Web Page' from the
File menu. This saves a complete report (either as a summary of the most important items only, or
of the whole application), as a web page which you can load in any standard browser.



New Features in APLX Version 5 9

Using- RT Q H KaNrGore detailed cortrol of profiling
For more control over the profiling process you can use th& Q H kystem functioras follows:
Syntax

- RT QH isNm®nadic. The right argument is usually a nested vector, the first element of which is
a keyword (such as 'on’ or 'dataihd the remaining elements of which are parameters specific to
the operation being carried out. (For certain operations, which take no parameters, a simple
character vector argument of just the keyword can be supplied.) Keywords anesessitive.

Turni ng profiling on

Syntax:
-RTQHKNG" )gp) "]J]ogvjqf "

To turn on profiling you use the 'on' keyword. This causes any previous profiling data to be
discarded, and a new profiling session is started. The optional ‘'method' parameter specifies which
of the following profiling types to use:

Code | Profiling method
Measure time in CPU cycles used by APLX applica
Measure time in CPU cycles used by APL task

Measure time used by APLX application

1
2
3
4 Measure time used by APL task
5 Measure elapsed time

0

Use the first method supported by the OS (default)

Depending on which platform you are using, one or more of the timing methods may not be
available. For examplearlier versions of Windows cannot measure the number of CPU cycles
used by an application. Ifé¢hmethod specified is not available a DOMAIN ERROR occurs.

Measuring CPU cycles (method 1 or 2) usually gives the most accurate results, because the CPU
count is updated continuously. If this method is not available you can fall back on methods 3 and
4, which make use of a lowevel timer provided by the operating system. This may be less

accurate: under Windows the timer value is only updated each time a thread reaches the end of its
time slice, so that a number of APL lines may execute for each ticle ¢ihtler.

In most implementations, APLX uses multiple process threads. There is typically one thread for
each APL session in progress, one for each additional APL child task started under program
control, and one shared thread to handle user interactidhe/@Ul. Depending on how your
application is structured you might choose the following:
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1 For most applications it is best to measure the time taken by the whole APLX application
(method 1 or 3). This will provide a more accurate reflection of the cestemuting each
line of APL code because it includes any time used by the GUI thfeaéxample to
handle any drawing operations that the line performs.

1 For applications where you start additional tasks under APL control (or if you have
multiple APL ses®ns executing simultaneously), choose method 2 or 4. This avoids
wrongly charging the time taken in the other APL tasks to the current profile.

1 Measuring the elapsed time can also return useful information; for example it can help you
to find where times spent by APL waiting for network operations to complete or
executing F.N

Controlling Profiling

Syntax:
RTQHKNG" )rcwug) "
RTQHKNG" )tguwog) "
RTQHKNG")tgugv)"
t ¥- RTQHKNG" )uvcvg) "

There is a small performance penalty when running APL code with pratuimgd on, so you
may wish to suspend profiling temporarily. You can do this using the 'pause’ and 'resume’
keywords.

To end profiling completely and discard all profiling data, use the ‘reset' keyword. Profiling is also
ended by )CLEAR or by loading a nevorkspace.

To determine the current profiling state use the 'state' keyword. This returnseefivent
numeric vector as follows:

1 [1] State: O if profiling off, 1 if on, 2 if paused, 3 if aborted because of e.g. insufficient
memory

1 [2] Method: Profilng method currently being used (See 'new' keyword)

1 [3] Tick Period: For timebased profiling methods, this contains the period of the timer
tick in nanoseconds (0 if unknown)

1 [4] Resolution: The approximate resolution of the timer in ticks, or O if notv.

1 [5] Total: The total time covered by the profiling data, in timer ticks

The Tick Period and Resolution values may only be approximate, depending on the capabilities of
the underlying operating system. For example calls to measure thread timegvindi®rs use

the QueryThreadCycleTime method. This returns results in multiples of 100 nanoseconds (the tick
period), but Windows only increments the thread time at the end of each time slice so the
resolution is poor. You should use measurements in Celdfor greater accuracy if your

version of Windows supports this

























































































































































