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Abbreviations

FIFO First-In First-Out

IDE Integrated Development Environment
KPN Kahn Process Network

VM Virtual Machine
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1. Introduction

In this section we provide an overview of the parallelization strategy used in the optimistic data de-
pendency-based flow. This makes the report more self-contained and helps the reader to better under-
stand the global picture. Moreover, since the parallel code generation capabilities are embedded in
the same Integrated Development Environment that is used for parallelization visualization, this also
makes it easier to understand its operation. The reader who is interested in more details on the opera-
tion of the first two steps of data dependency analysis and visualization is referred to D3.2 for the
data dependency profiling tool and to D3.4 for the dependency visualization tool.

Basically, the parallelization flow consists of the acquisition at run time of several execution charac-
teristics, such as the execution frequencies and data dependencies between the program instructions,
as depicted below.

\ &
|
j=n

Il
=
o

program
int a: memaory
int b; { a
int c: t
racer
{ b
int f1(...) {
a=>5
} +1 +1

This is achieved by annotating the C source with data dependency profiling API calls (described in
full detail in D3.1), as follows:

heap enter function(char *funcName, int sourcelLine, ...) and
heap exit function(char *name, int sourceLine, ...) used to trace the call
stack.

heap declare(char *varName, int sourceline, void *address, ...)
and heap alloc(int sourcelLine, void* address, ...) used to trace the ad-
dress of static, automatic and dynamically allocated variables. For the first two categories, the
name is the same as in the source code. For the latter category, the name is dynamically gener-
ated upon every execution of the memory allocation call (based on the source code line where it
occurs).
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* heap read(int sourcelLine, void *address, ...) and heap write(int
sourceline, void *address, ...) used to trace at runtime the reads and writes to an
address performed by a statement.

Note that the tracing technique completely solves the aliasing issue. For example, assume that the
following source code:

1 int a, *b;
2 a = 2;

3 b = &a;

4 = *b;

is annotated as follows:
int a, *b;
heap declare("a", 1, &a);
heap declare("b", 1, &b);
a = 2;
heap write (2, &a);
heap read(3, &&a);
b = &a;
heap write (3, &b);
heap read(4, b);
= *Db;
The dependency is correctly identified as going from line 2 to line 4 of the original code, through

variable a. Line 3 does not generate any read dependency, since &a is effectively a constant at that
point of the code, and &b is not read any further in the code fragment.

The processing of the API calls at run-time results in the collection of data dependencies, where each
dependency is a pair (producer statement, consumer statement) and is annotated, to help the designer
reason about the code structure, with the name (and index in case of arrays) of the source variable
through which the dependency occurs.

At the end of the execution, the aggregated data are displayed in an interactive graph cross-
referenced with the original source code and which is used to discover and analyse the parallelism
opportunities. Several examples of such graph are provided in Section . In this graph every node cor-
responds to a statement in the original source, and every arc corresponds to a set of addresses (la-
belled with the declared variable name, if applicable) written by the source node statement and read
by the sink node statement.

The resulting graph can obviously be very complex, and the HEAP Graphical User Interface provides
sophisticated mechanisms to:

1) collapse graph nodes at the block and function level (i.e. all the nodes belonging to a block or
function become a single node, with all dependencies correspondingly accumulated).

2) accumulate dependencies into caller nodes, like the gprof tool does for execution times. In this
mode, data dependencies between statements of called functions (properly uniquified based on
the call tree) are attributed to the callers when the developer requests so.

3) focus on a function (as will be shown in Section 3.3) and walk over the statements that read data
produced by other graph nodes
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2. An example of parallelization using the HEAP tools

In this section we illustrate the use of the HEAP parallelization flow and tool suite to one of the
HEAP applications from WP5, namely the ray tracer.

Ray tracing, which mimics the visual process by simulating light rays from light sources, to objects,
to the eye, is a widely known “embarrassing parallel” application. However, taking an existing se-
quential implementation without any prior knowledge of the software, guided only by a classical
source code profiler can be a daunting task. The gprof output may look like this:

% cumulative self self

time seconds seconds calls name

16.612.79 2.79 788215425 Dot

13.785.12 2.32 141631877 IntersectQuad
8.26 6.50 1.39 281277610 intersectObject
8.02 7.86 1.35 139645733 1IntersectSphere
7.90 9.19 1.33 69361053 NormalizeVec3
7.69 10.48 1.29 220258108 Cross

6.42 11.56 1.08 268195824 MullVec3

6.12 12.59 1.03 350638670 Sub2Vec3

4.46 13.34 0.75 45257208 IntersectionShadowWithScene
4.22 14.05 0.71 191964084 Add2Vec3

3.77 14.69 0.04 330958926 UpdateStat

3.36 15.25 0.56 15085736 CastShadowRay

however, this execution time profile does not provide any clue about how the data flows through the
code. On the other hand, the output of the HEAP data dependency profiler, shown below, shows a

clear uni-directional data flow through some of the functions that are at the top in the cumulative pro-
file above, namely intersectObject, intersectQuadand intersectSphere

Luirg,
colorj4].
colarf4],
ColnriA] [a Ikt of 42]
N colorf4],

color4],
[a list of 24]

colorj4]

a list OF 16]

a list of 24]ja list of 16]
a list of 16

\e
ved?,
eF2
rayl4],

a list of 24] ray4],
ray[]

,-—__—Y\

primaryRay

primaryRay.
primaryRay,
sampleLocationCnScreen
quad4],
quad(4],

quadl]

rayld],
rayl4],
rayld],
rayld],
rayld],
rayld],
rayld],
ray(d]

guad[4],
quad[4],
quad[4]

i

This provides the developer with the required clue about where to focus his or her attention: loops
involving these functions. These uni-directional data dependencies are essential to highlight both
pipeline and doall parallelism, because they clearly identify stateless parallelizable computation.

[a list of 29]

[a list of 24] a list Of 16]
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A quick code inspection, driven by the graph above using teh HEAP GUI described in Section 3.3,
shows that intersectObject is called exactly in two contexts, with essentially the following
code structure:
RT Object *obj = (RT Object *)scene->m firstObject;
while (obj != NULL) {
localData.m distance = RT MAX FLOAT;
localData.m hitFlag = 0;
localData.m hitObject = NULL;
if (intersectObject (obj, ray,caster, &localData)==1)
if (localData.m distance < data->m distance)
*data = localData;

obj = obj->m next;

int intersectObject (const RT Object *obj,
const RT Ray *ray,
const RT Object *caster,

RT IntersectionData *data) ({

In this case the choice of parallelization even without any prior knowledge of the application is quite
obvious. One can create a pool of worker tasks, each implementing exactly the same functionality,
namely a call to intersectObject with obj, ray, and caster as inputs and 1ocalData as
output.

Note that even though the inputs to intersectObject are const pointers, this is no guarantee a
priori that they are only used as inputs, since both C and C++ notoriously allow one to cast away
const-ness and update data structures that one could in principle consider as inputs. On the other
hand, the HEAP data profiler allows one to identify precisely (within the limitation of the execution
paths driven by the provided input data, of course; the reader is referred to D3.5 for more information
about coverage verification) though which pointers inputs and outputs are accessed. In this case, it
shows (through a more detailed inspection of the profiling data, available through the HEAP graphi-
cal user interface) that the inputs are indeed only read and the output only written.

Assuming a FIFO-based Kahn Process Network structure for parallelization, and assuming a goal of
N-way parallelization, to match the parallelism of an N-way core, one could change the code above
to the following form:

FIFO (RT Object) objIn[N];

(

FIFO (RT _Ray) rayIn[N];
FIFO(RT Caster) casterIn([N];
FIFO(RT InterSectionData) dataOut[N];
FIFO(int) resultOut[N];
RT Object* obj = (RT Object*)scene->m firstObject;
while (obj != NULL) {

// Scatter outputs

for (i = 3 = 0; obj != NULL && i < N; i++, j++) |

objIn[i] .put (*obj);
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rayIn[i].put (*ray):;
casterIn[i] .put (*caster);
obj = obj->m next;
}
// Gather inputs
for (1 = 0; i < j; i++) {
localData = dataOut[i].get ()
if (resultOut[i].get () == 1)
if (localbData.m distance < data->m distance)

*data = localData;

void intersectObjectProcess (int i) {

while (1) {
RT Object *obj = objIn[i].get();
RT Ray *ray = rayIn[i].get();
RT Object *caster = casterIn[i].get();
int result;
RT InterSectionData localData;
localData.m distance = RT MAX FLOAT;
localData.m hitFlag = 0;
localData.m hitObject = NULL;
result = intersectObject (obj, ray, caster, &localData);
resultOut[i] .put (result);
dataOut[i] .put (localData) ;

}

}

In the above code shippet we assume that the runtime system creates N concurrent processes, each
executing the code of the function intersectObjectProcess, each with a different value of i
from O to N-1.

This parallelization:

1) can be obtained very quickly. The entire process illustrated above, including the debugging
took less than two hours for a programmer with no previous knowledge of the ray tracing
application.

2) is guaranteed to be correct as long as the only communication occurs via the FIFO queues.

The latter can be observed by analyzing the data dependency information, but of course can never be
guaranteed, because it may be violated along some execution paths which were not traversed due to a
limitation of the input data provided to the profiler.
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It is also possible to use the array-driven automated parallelization tools described in D3.3 on the
same ray tracing application. parallelized the ray tracing application by choosing a different proce-
dure, after some code rewriting in order to improve its automated parallelism discovery. The Com-
paan parallelization is for a loop performed over all shadow rays, while the manual parallelization is
for a loop performed over

objects. Both are reasonable candidates, and the best choice depends on the relative number of itera-
tions, which can be readily discovered by source code instrumentation.

However, it is interesting to observe that the Compaan compiler can greatly benefit from the HEAP
profiler. The user of the Compaan compiler will need to do an educated guess on which part to re-
write. Typically, these are compute intensive parts which already resemble SANLP. The HEAP pro-
filer could provide useful information on:

« where the compute intensive procedures are

» whether there are no data dependencies other than through procedure arguments
» whether procedure inputs and outputs are truly unaliased

» whether procedure inputs are truly read-only and outputs are write-only

This quick example illustrates how the HEAP approach can be used to discover multiple paralleliza-
tion opportunities, leaving to the developer the choice of the one which best suits the underlying
multi-core architecture. The next section will cover in details how the developed tools can be used for
this task.

3. HEAP parallelization tools

A Linux* VirtualBox? virtual machine (VM) was configured to reliably support the functionality of
the tool chain. Its installation is described in D3.2, to which the reader is now referred.

The users defined on the virtual machine are:
e root with the password: Demol1HEAP
This login can be used to perform administration tasks on the VM, if required.
e heapdemouser with the password: DemollHEAP
This login is used for all tool chain-related activities.
Demo Project

The buttons to launch the applications of interest are exposed for convenience on the top panel of the
workspace, right next to Fedora menus:

ﬂﬁtpplicatianz Places System P. F. |gj

From left to right, they are:
° opens a terminal window;
° P. opens Code::Blocks IDE;

. P. discards a hanged instance of the Code::Blocks IDE;

https://secure.wikimedia.org/wikipedia/en/wiki/Linux
http://www.virtualbox.org/
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)
. displays the user manual of the distribution.

3.1. Load the Demo Project

Click on the Code::Blocks button (ﬂ) to start the IDE:

Machine View Devices Help

BAppllcatmns Places System E’ ﬂ ﬂ H

* Start'here - Code::Blocks 10.05

Start here - Code:Blo...

= W [ .21°C sunsepis 1642

File Edit View Search Project Build Debug Tools Plugins Settings Help HEAP
‘Ee B e Q@L‘g [ | Build target | ERER =T s A W O i ||
Lalelai il B Start here [
| Projects | Symbols
B viorspace] .
Code::Bloc
The open source, cross-platfori W
itp s codeblocks rg
Release 10.05 rev 0 (unknown date) geec 451 Linuxfunicode - 32 bit

— S
.u Create a new project & Open an existing project

u Visit the Code:Blocks forums Report a bug Request a new feature

0

Recent projects

No recent
projects

.

<

Logs & others

Scripting console

Jj Code::Blocks @[ (2, Search results
AStylePlugin

ClassWizard

Projectsimporter

Compiler

ScriptedWizard

Autosave

ToDoList

] £ Debugger ] £ Build log [ '+ Build messages

elcome to the script console!

FilesExtensionHandler
OpenFilesList ~

Welcome to Code:Blocks!

|

\ |default

Select “File” from the top menu, then click on “Open...”.

@ @@ @ BRight ctr

In the file chooser window that opens

navigate to “heapdemouser/projects/mjpeg_par”, select “mjpeg_par.cbp” and click on “Open”:

HEAP_D3.6_PTO_V1.3_20120402.doc
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]

& heapdemouser " projects ”mjpag_pnrl

D mjpeg_func.h
E’l mjpedg_par.c
# ! mjpeg_par.chp
: D mjpeg_par.cil.c
i @ mjpeg_parlayout
@ mjpeg_parxml

Places Name ~  Size Modified
Q, search [ barbaral28x128.U 8.0 KB 07/05/2011
@ Recently Used D barbaral2gxl28V 8.0 KB 07/05/2011
@ heapdemouser ||| barbaral28x128Y 16.0KE  07/05/2011
(] File System || csize.h 1.0 KB 06/14/2011
El DCTh 39KB 06/14/2011
D marker.h 704 bytes 06/14/2011

504 bytes 06/21/2011

13.2 KB Thursday

11KB 04/20/2011

121.2 KB Yesterday at 20:14
246 bytes Yesterday at 2011
169.9 KB Yesterday at 20:15

El param.h 13 KB 06/14/2011

D Q.h 11 KE 06/14/2011

|| tables.h 36 KB 06/14/2011

@ tracer 731 KB Yesterday at 20:14

El types.h 11KB Monday

| | Video inh 357 bytes 06/14/2011 v
l Add l lR-‘:m-:--..--':l lAII files (*) < ]

Cancel l [ Open ]

The “mjpeg_par” project will open:
Machine View Devices Help
oAppHcar\ons Places System E

| M8 mijpeg_parc [mjpeg_p...

= [W 70 21°C sunsepis 1649

mjpeg_par.c [mjpeg_par] - Code::Blocks 10.05
File Edit View Search Project Build Debug Tools Plugins Settings Help HEAP

‘FeBE A &

BE oY mO w0

& Q ﬁl}| @ P % © () BudtargetDeowg 3!

i

(<]

{® | Scripting console 3]

Welcome to the script console!

Management ® | mipeg_par.c |
j Projects | Symbols | 219 void BoundDctMatrix(int *matrix, int Bound)
20 0
- 0 21 int *mptr:
222
¥ % mjpeg_par 223 E for(mptr=matrix;mptremat rixiBLOCKSIZE; mptrs) {
P B sources 224 if (*mptrsBound < n)

225 “mptr = -Bound
226 else if (*nptr-Bound = )
27 *mptr = Bound;
28 - 1
29 L}
230
231 void mainDCT{const TBlocks *input, TBlocks *output)
@ B
233 int DCTBound, DCTSHift:
234 DCTBound = { (DataPrecision) 716383:1024);
235 DETShift = ( (DataPrecision)72048: 128) ;
236
237 V1
238 PreshiftDctMatrix((int*) (*input] .¥1.pixel, DCTShift); shift
239 ReferenceDct| (int*) (*input) .YLl.pixel, (‘output).Vl.pixel]: /7 ocT
240 BoundDctMatrix( (*output) . Y1.pixel, DCTBound): // Bound, limit
241
242
243 Preshlftl]ctMatrlx((lnt*)(*lnput) V2. pixel, DCTShift); #7 shift
244 ReferenceDct ( (AntH) (*input).Y2.pixel, (foutput).V2.pixel]; /1 ocT
245 BouncDctMatrixi (*output) . ¥2.pixel, DCTBound); // Bound, limit
246
247 AL
248 Referencelict | (int*] {*input) UL pixel, [“output] .U pixel) 4 0cT
249 BoundDctMatrixi (*output) . UL.pixel, DCTBound) // Bound, limit

7—1

Logs & others

J /) code::Blocks \Z|l (J, Search results I £ Debugger l £ Build log T " Build messages

Autosave

ToDoList

FilesExtensionHandler

OpenfFilesList

Running startup script

Script/function "edit_startup_scriptscript’ registered under menu ' &Settings/-Edit startup script’

Opening cts/mjpeg_p ipeg_par.cbp

done

e Y[

/home/heapdemouser/projects/mjpeg_par/mjpeg_par.c UTF-8

Line 233, Column 23 [insert | [Read/Write |default

HEAP_D3.6_PTO_V1.3_20120402.doc

BF/PE0 ®Hngtad

Page 13 of 23



FP7-1CT-247615 - HEAP
Free Software-Based Flow for the Visualization of the 3 =

Parallelism in the Program Execution -- User Manual and Tutorial —==

Now start the visualization program by clicking on the “HEAP” entry of the top menu and then on

“Run”:
“HEAP |

L]

The ZGRViewer visualizer window will open:

Machine View Devices Help

BEE

Q@@ G BRrightctr

Arrange the IDE and the ZGRV windows on the screen to have a clear view of both. If you have two
monitors attached to the host machine you may wish to move the ZGRV window on the second
monitor of the VM and then move this VM second monitor window on the second physical monitor
of the host.

3.2. Run the Demo Analysis

The analysis tool chain is run from the command line. A script is provided that loosely glues to-
gether the whole chain.

Note: the instrumented program runs about 450 times slower than the native run.

Open a terminal window by clicking on the icon in the top panel of the workspace and go into the
directory of the mjpeg_par project of the IDE:

HEAP_D3.6_ PTO_V1.3 20120402.doc Page 14 of 23
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File Edit View 5Search Terminal Help

[heapdemouser@democheap ~]1% cd projects/ |
mjpeg_par/ tracer/ VisPlugin/ zgrv/
[heapdemouser@demcheap ~]% cd projects/mjpeg_par/
[heapdemouser@demcheap mjpeg_parl]$ 1s

barbaral2gx128.U0 DCT.h mjpeq_par.chp param.h  types.h
barbaral28x128.V marker.h mjpeg_par.cil.c  Q.h Video in.h
barbaral28x128.Y mjpeg_func.h mjpeg_par.layout tables.h Wideo out.h
csize.h mjpeg_par.c  mjpeg_par.xml WLE.h

[heapdemouser@demcheap mjpeg_par]s

In this directory run the tracer.sh script with arguments:
tracer.sh -- mjpeg_par.c
where:
e -~ (double dash) ends the command line options that are passed to the compiler and linker;

e mjpeg_par.c is the name of the source file to analyse:

HEAP_D3.6_ PTO_V1.3 20120402.doc Page 15 of 23
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File Edit View Search Terminal Help

[heapdemouser@emcheap ~1% cd projects/mjpeg_par/ (~]
[heapdemouser@emcheap mjpeg _parl$ 1s

barbaral28x128.U0 DCT.h mipeq_par.chp param.h  types.h
barbaral2sx128.V marker.h mjpeg_par.cil.c  0.h Video in.h
barbaral28x128.¥ mjpeg func.h mjpeg_par.layout tables.h Video out.h

csize.h mjpeg_par.c  mjpeg_par.xml VLE.h
[heapdemouser@demcheap mjpeg_parl$ tracer.sh -- mjpeg_par.c

+ /home/heapdemouser/projects/tracer/cil-1.4.0/bin/cilly --save-temps --noWrap -
-noPrintln --dooneRet --dosimplify --doimarw -c mjpeg_par.c

-D_GNUCC -E -DCIL=1 mjpeg_par.c -o ./mjpeg_par.1i
Jfhome/heapdemouser/projects/tracer/cil-1.4.8/0bj/x86 LINUX/cilly.asm. exe --out .
/mipeq par.cil.c --noWrap --noPrintln --dooneRet --dosimplify --doimarw ./mjpeqg_
par.i

-D_GNUCC -E ./mjpeg_par.cil.c -o ./mjpeq_par.cil.i

-D_GNUCC -c -o ./mjpeg_par.o ./mjpeg_par.cil.1

+ rm -f mjpeg_par.1 mjpeg_par.c mjpeg_par.cil.1

+ gcc mjpeqg_par.cil.c -lavl -lxml2 -lheap -o tracer

+ rm -f mjpeg_par.cil.o

+ ./tracer

W: no arg 1 for instruction 19 (maini))

W: no arg 2 for instruction 20 (maini))
+
+
+
[

gec

goc
gcc

test -5 model.xml

test model.xml = mjpeg_par.xml
mv model. xml mjpeg_par. xml
heapdemouser@demoheap mijpeg_parl$ [v]

where:

+ /home/heapdemouser/projects/tracer/cil-1.4.0/bin/cilly is the starting command for CIL
compilation;

the three gcc compilations that follow are part of the cilly run and generate the instrumented
model of the user program, mjpeg_par-.cil.c;

+ rm -f mjpeg_par.i mjpeg_par.o mjpeg_par.cil.i cleans the temporary files form the di-
rectory;

the next gcc run compiles the CIL model (mjpeg_par.cil.c) and links it with the data depend-
ency tracer library (libheap) and other system libraries (libxml2, libavl);

the rm command cleans the temporary files from the directory;

then the data dependency tracer is run. It actually runs the user program instrumented for
data dependency tracing together with the data dependency tracer;

finally, the mv command renames the file with the generated data to the name expected by
the ZGRViewer-based visualizer.

3.3. Run the Data Dependency Visualization

After each operation that can affect the visualization (e.g., an update of the visualizer data) the visual-
izer should be informed on the update. Access the HEAP menu on the top menu of the IDE and click
on the “Update” entry:
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HEAP |

[+]Run Chrl+!

The visualizer window displays the start view of the program execution in its most compacted form:
the main() function completely collapsed in a single node.

[ o e e sz LI

The ellipse represents the function where the program execution starts, the main() function. All its
instructions, their data dependencies, called functions and their data dependencies are recursively
collapsed into the most synthetic representation of the program execution.

The collapsed nodes are named using the following convention:

A the source file name and path relative to the root of the project. The root of the project is
automatically calculated as the longest common part of the path of all the source files of the
project. In the example in the figure above: 'mjpeg_par.c';

a separator, :";

the C function name followed by an open and closed parenthesis, '()". In the example in the
figure above 'main()’;

a separator, ".";
the call stack ID as an integer. In the example in the figure above '1'.

Such a synthetic view of the program is of little use. It is meant to allow the developer to start the
analysis of the program from the most logical spot and proceed to the exploration of the execution
data by following the most promising path for parallelisation.

The contents of each collapsed node can be expanded in two successive stages:

1. the first expansion is at function level. It expands the contents of the collapsed node up to
the functions that it calls directly. The other instruction of the node are not expanded at this
stage, thus the collapsed node will be still displayed as it still holds the collapsed instructions.

2. the second expansion is at full node level. This time the collapsed node is fully expanded
and will be replaced completely in the view by all its nodes and functions that it calls di-
rectly.

The levels of expansion of the starting main() function are depicted below. The function-level ex-
pansion:
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File Wiew Help

mjpea_par.cmaing.l

[k list of 438]

—_— alist of 255] block
6 mjpeg_par.cinitVideoln(.1

+

streatm hi [jlist of 2558]

mjpeg_par.cimainyideoOutd.1l

exposes all functions called by the main() function of the program and the data dependencies among
them. The main() function is still collapsed (top-right ellipse in the figure) as it still holds the nodes
for the instructions in the main() function of the program under analysis.

The second level of expansion of the main() function is the full node expansion:
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£, ZGRViewer -

ftmp/zgrviewerDotFile514919165235192

File ‘“iew Help

11 31 201 131

[a list of 2551
171 161 mjpeg_par.ciinitfidenlnd.1
stream

hi

mjpeg_par.c:mainiiideoOut].1

4.1 151

151

At his level, the folded node corresponding to the main() function is completely expanded. Being
void of contents it is and no longer represented on the graph. Its contents is represented expanded
into the nodes corresponding to its instructions and to folded nodes corresponding to the functions
called by the main() function, that recursively fold their contents and that of the functions they call in

the various call stacks.

Of particular importance is the capability to display only the nodes that handle data exchanged over a
given function boundaries. The following figure exemplify this filter applied to the 'DoubleTrans-

poseMatrix()' function:
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Machine View Devices Help

€5 Applications  Places System B " [N sunApr 1,11:02pPM  [EIH§] %
& ZGRViewer - /tmp/zgrviewerDotFile7854590820326698428.gv DE - mjpeglpar.c Imjpegiparl)® 10.05. EEIR]
e View relp File Edit View Search Project Build Debug Tools Plugins Settings Help HEAP

‘ 242.6 220.6 219.6 241.6 & & ] @ > B o

Management

Vislpc.cpp Vislpcinput.cpp

Projects | Symbols -BLOCKNTDTH:Opt ) { [l

sptr sptr  sptr sptr dptr dptr dptr dptr
R workcspace

b B VisPlugin
319.8 298.7 299.7 320.8 ~ " mjpeg_par
b & sources

newmatrix[0j newmatrix[0]

105 {
1% int “tptr;
or

t+BLOCKWIDTH: ptr++) {

198 T ex; tptr<transpose_index-BLOCKSIZE; tptr++) {
[a list of 64 list of 644 list of 64R list of 64] Ered . ZIEETE
201 3
202
3 B
264.6 262.6 200 [
205
206
207 void PreshiftDctéatrix(int “matrix, int shift)
208 {
tmp___1 tmp___1 209 int mptr:
210
m for (Wptr=atrix;mptrenat i BLOCKSIZE:Mptr++)
n {raptr = shife;}
265.6 213 3
24
2s B
216
EBUGT ENTTETGLypIT 27
DEBUG: enterGlyph 71a i ctbiatrixtint “matrix_int Bouod] G
DEBUG: exitGTyph [ Dl
DEBUG: exitGlyph
DEBUG: enterGlyph -
DEBUG: enterGlyph «| / Code::Blocks | Oy Searchresults | € Debugger | & Build log ® ¥ B»
DEBUG: exitGlyph
DEBUG: Kpress
DEBUG: Krelease
DEBUG: viewDeactivated
/media/sf_ROOT/hom UTF-8 Line 199, Column 1 Insert Read/write | default

| @ mihai@demoheap:~ || 4§ mijpeg_par.c [mjpeg_p... | (2| ZGRViewer - tmp/zgr... |

L/ FAD @ =Rightctl

For instance, node 317 in call stack 8 (317.8) correspond to the highlighted line in the source file in
the IDE and its data dependencies across function boundaries with the node 295 in call stack 7
(295.7), that can be quickly located using the Viewer-IDE cross-reference functions as belonging to
the innermost loop of the function 'DoubleReferenceDct1D()' are clearly emphasized with the usual
colour encoding for their importance during the program execution.

These dependencies represent candidates for inserting communication FIFOs if the two functions are
to be extracted into parallel execution kernels.

The progressive expansion of the nodes and data dependency analysis across function boundaries
helps the developer focus the exploration for parallelisation opportunities by hiding the complexity of
the parts of the program that are not of interest at any given time. This is very important, as the pro-
gram data dependencies, when represented to their fullest extension, become quickly too complex to
be analysed even for relatively simple programs:
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Each ellipse represents a program instruction that was executed. The ellipse colour can go from
white (seldom executed) to intense red (most executed).

Each directed arch that connects two ellipses represents a data dependency between the two instruc-
tions. The arch colour can go from light cyan (for seldom occurring dependencies) to intense red (for
most occurring dependencies) and, at the same time, also the arch width is modulated by the same
factor, the widest for the most occurring.

The visualizer implements a few handy short cuts:
e °C’ -- with the cursor on a node, display the source code of the node with 5 context lines:
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ififhl == HULLY £
fhl = fopen"barbaral 28128 %", "r"J;
C=10;
while Cich = getcCthll) 1= EOFD 4
comp® [C] = ch;

CH+;

il

ifithe == NULLY £

e ‘C’ -- with the cursor on a node, display the source code of the node with 10 context lines:

A4 open image files only the first time when mainvideoIn is called
A4 and put them in arrays
if (disFirst == 1 1 {
isFirst = 0O;
ifithl == HULLD {
Thl = fopen('barbaral28x128 %", "r");
c =0;
while Cich = getcCfhll) 1= EOFD £
compy [C] = ch;

C4+;

il

iTithe == WULLD §
fhe = fopen(“barbaral28x128 0", "r"J;
Cc =0
while (ch = getcCfh2)) = EOF) £
compl[c] = ch;

C4+;

il

e ‘e’ -- with the cursor on a node, move the IDE editor cursor on the source line corresponding
to the node;

e ‘m’ -- with the cursor on an arch, display the unabridged list of data dependencies repre-
sented by the arch:
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L Lh

b It of B g [l lby o gl o>

-—-'; Lourcematri w, sourcematrix[10], sourcematrixz[l11], sourcematrix[l2],
sourcematrixz[13], sourcematrix[14], sourcematrix[15], sourcematrix[la],
sourcematrix[17], sourcematrix[158], sourcematrix[l9], sourcematrix[l],
sourcematrix[20], sourcematrix[21], sourcematrix[22], sourcematrix[23],
sourcematrix[24], sourcematrix[25], sourcematrix[26], sourcematrix[27],
sourcematrix[28], sourcematrix[29], sourcematrix[2], sourcematrix[30],
sourcematrix[31], sourcematrix[32], sourcematrix[33], sourcematrix[34],
sourcematrix[35], sourcematrix[36], sourcematrix[37], sourcematrix[38],
sourcematrix[39], sourcematrix[3], sourcematrix[40], sourcematrix[41],
sourcematrixz[42], sourcematrix[43], sourcematrix[44], sourcematrix[45],
sourcematrixz[46], sourcematrix[47], sourcematrix[48], sourcematrix[49],
sourcematrix[4], sourcematrix[50], sourcematrix[5l], sourcematrix[52],
sourcematrix[53], sourcematrix[54], sourcematrix[55], sourcematrix[56],
sourcematrix[57], sourcematrix[58], sourcematrix[59], sourcematrix[&],
sourcematrix[e0], sourcematrix[6l], sourcematrix[62], sourcematrix[63],
sourcematrixz[e], sourcematrix[7], sourcematrix[3], sourcematrix[9]

e ‘g’ -- best fit of the graph on screen;
o mouse wheel is used the to zoom in/out;

e click and drag is used for panning in any direction.

4. Conclusion

This document illustrates the use of the HEAP toolset for parallelization based on the results of run-
time data dependency analysis. It contains both an overview of the flow and a detailed explanation of
the steps involved. Comments and suggestions from HEAP partners are welcome.
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