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CHAPTER 2. RELATED WORK 10

certain areas of the data. However, because Glyphmaker uses Iris Explorer the interaction
with the data is limited.
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CHAPTER 3. THE DESIGN OF CHIRON 14

(a) (h)

Figure 2: Comparison of normalized folded graphs with different cost.
3.1.3 The SourceView

One of the performance analyst’s first questions is: “Which lines in my code are causing
the performance bottlenecks?” To help the analyst answer this question, Chiron displays
a global view, called the SourceView, which shows the memory reference cost incurred by
each line of source code over the entire execution of the program. Showing the cost at a
source line level instead of a procedure level helps the user determine the source of the

bottleneck more accurately.

The SourceView is implemented as a folded graph, where each line of code is represented
by a node. The nodes are sorted on cost before they are mapped onto the folded graph,

with the height of each node representing the cost of the source line.

In this case the cost for a particular node is the total amount of CPU cycles, over the entire
execution of the program, that processors spent waiting for cache blocks to be moved in
on the particular source line. This met1 is more accurate than the total number of cache
misses that were caused by a line of code because it takes the different memory latencies
of a miss into account. Seeing that one source line can perform a large number of memory
references, the difference in memory lat: cies can have an effect on the source line’s overall

performance impact.

3.1.4 Selecting a source node

The user can select each node in the ! urceView by clicking on it with the left mouse
button. The selected node is then highlighted in red and textual information about it is
printed in the SourceView’s text wind«  (see Figure 27 in Appendix B). At the top of

this window, a copy of the source line a | its cost in terms of CPU cycles are printed. In
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(a) (bh)

Figure 3: Comparison of ObjectViews with different cost, sorted on address.
3.1.7 Selecting an object node

As in the SourceView, the user can select any node in the ObjectView with the mouse. The
selected node is then highlighted in yellow and the details about the node are printed in
Chiron’s object information window (see Figure 27 in Appendix B). The highlight colour
is different to that of the SourceView so that it is easy to distinguish between the two.
In addition, the different colours are u ful in the correlation views, as will be described

later on.

The details which are displayed for the selected node include the following information:

e The rank of the node in the fold aph
¢ The memory address of the node
e The number of cycles lost by acce es to the object

e The data object’s name

Displaying the rank of the the object  the folded graph is especially useful when the
folded graph contains a large number  objects so that it is difficult to determine the

rank visually.

The address of the object can help the user find references to the object in the other views
while the number of cycles tells the user exactly how expensive the object is. The name
of the selected object is only given if the location of data objects is captured in the trace

information. This is described in more detail in the following chapter.
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CHAPTER 6. DEBUGGING PROGRAM PERFORMANCE WITH CHIRON 50

L1 cache block of 16 bytes

ArrayC[0] | ArrayC[1] | ArrayC[2] | ArrayC[3]

T T ]
() )

Figure 14: Four consecutive array elements fall into one L1 cache block.

two cache lines is explained by the numerous short cubes, which indicate that these cache

blocks are moving rapidly between processors’ caches.

Selecting any of these cubes shows that they represent cache blocks which are occupied by
the GS variable. This information supports the information from the ObjectView, which

shows that the GS variable is the most = »ensive variable.

The ObjectView to BlockView correlation view for the GS variable (see Figure 15) high-
lights all the cache blocks containing GS. This means that accesses to this variable cause

the block movement between the caches and true sharing is occurring.

CPU 2

CPU 3

CPU 4

Z-BXIS(Time) Lol

Figure 15: Highlighting of cache blocks across CPU planes indicates true sharing.

The problem is that each processor inv. ‘ed in the addition has to have exclusive access
to the GS variable before it can get an index. The only way to reduce the cost of this
cache block is to reduce the number of times that a processor calls the GETSUB routine.
This means changing the work allocation scheme so that each processor adds a number of

elements after a GETSUB call instead of adding only one element.

6.1.2 Adding 4 elements at a time

To prevent the false sharing in the L1 ¢ 1e, caused by writing to ArrayC, each processor

must be given 4 consecutive elements to add. The first element of these 4 elements has
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CHAPTER 6. DEBUGGING PROGRAM PERFORMANCE WITH CHIRON 54

(a) (b)

Figure 17: ObjectView of MP3D, sorted on cost and then on memory address.

‘sword’, which shows that these objects ave a much higher memory cost than that of the

other objects.

The picture also shows that the Quad 1t objects are located close together in memory
space so it is possible that false sharing is the cause of the high cost. To determine whether

this is the case, it is necessary to look : Chiron’s BlockViews.

Table 2 shows the total and average memory access cost for all of MP3D’s classes. This
statistical data is shown in Chiron’s information window if the user selects the classes in
Chiron’s class window. This data shows that on average each instance of Quadrant costs
more than 230 thousand CPU cycles while most other objects cost less than 5000 cycles.
This highlights the fact that the Quad 1t objects are by far the most expensive objects.

Object Instances | Cycles Cycles/Inst
BoundaryCellWall 1936 2755851 1423
BoundaryCellEntrance | 336 453906 1350
BoundaryCellExit 336 435912 1297
ReservoirCell 1 21922 21922
Cell 752 1251271 1663
MasterQuadrant 1 4678 4678
Quadrant 7 1612582 230368
Particle 1000 919200 919

Table 2: Object cost statistics for MP3D.

In addition, the total cost for the Quadrant class is the second highest amongst all the
classes even though there are only seven instances of it. Improving the performance of the

Quadrant class should therefore impro  the overall performance of the program.
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CHAPTER 6. DEBUGGING PROGRAM PERFORMANCE WITH CHIRON 58

Object wsiances | Cycles Cveles /Tnst
BoundaryCellWall 1936 2306571 1191
BoundaryCellEntrance | 336 360062 1071
BoundaryCellExit 336 367538 1093
ReservoirCell 1 14546 14546
Cell 752 106291 1413
MasterQuadrant 1 4286 4286
Quadrant 7 20845 2977
Particle 1000 77159A 771

Table 3: Object cost statistics for improved MP3D.

is formed by the Quadrant objects. The smoothness of the graph can be ascribed to the

large difference in cost between the most expensive object and the least expensive object.

{(a) ()

Figure 22: Comparison of ObjectViews from un-optimized MP3D and optimized MP3D.

The ObjectView, sorted on address, from the optimized version of MP3D is shown in
Figure 22(b). The ‘sword’ has disappeared and the perturbations in the surface are more
visible because the difference between e most expensive object and the least expensive

object is not as large.

The Quadrant objects are not the most expensive objects anymore. Unfortunately, the
most expensive object in this graph does not map onto any C++ object because during

the tracing only the memory locations of C++ objects were written to the trace file.

Seeing that Chiron can only determine the address of this object, the user cannot relate
this object back to the source. However, selecting this object causes all the nodes in the

SourceView which access it, to be highlighted.

Figure 23 shows the ObjectView to SourceView correlation, after the most expensive object

has been selected in the ObjectView. Two source nodes are highlighted in the SourceView,
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Figure 24: Loading of a cache block due to references to the most expensive object.

The high cost of the cache block is therefore caused by true sharing. This is to be ex-
pected because all eight processors need to write to the global counter. To improve the
memory performance of the counter would therefore require changing MP3D so that the

synchronization variable is accessed less often.

The ObjectView to L1 BlockView cor ation view also shows that the synchronization
variable occupies the 2nd most expensive cache and not, as expected, the most expensive
cache block.

Examination of the most expensive ¢: 1e block and the correlation view between the
ObjectView and the BlockView shows that many cache loads for the most expensive

cache block are caused by accesses to a lock variable.

The correlation view between the SourceView and the ObjectView reveals that this lock
variable is accessed before a processor can print out which plane it is currently processing.
To ensure that a processor is not interrupted during the printing process, a processor has

to gain exclusive access to this variable.

The only means of reducing the movement of this block is to reduce the number of ac-
cesses to it. Fortunately, the information which is printed is only necessary for debugging

purposes and for this reason the printing can be disabled via a compiler directive.

6.2.5 The final version of MP¢ )

After recompiling MP3D with the printing disabled, the above simulation was repeated
and MP3D’s execution time was redu 1 from 1954965 cycles to 1718087 cycles — an
improvement of 12%. However, this ir jrovement in performance is more likely due to
a reduction in the overhead associate with the “printf” system call rather than the

improvement in memory performance.

The most expensive object in the ObjectView is still the global collision counter from the
previous simulation but now this variable also occupies the most expensive cache block

in the L1 BlockView. There are no obvious memory system bottlenecks anymore and
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APPENDIX B. COLOUR PRINTS

ki

Figure 30: Class informa »m mapped onto the ObjectView.

Ob: xtw

Selected
Object Nc

Figure 31: Correlation between the SourceView and the ObjectView.
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APPENDIX B. COLOUR PRINTS
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Figure 32: Cache blocks which correlate with an object are drawn as faces.
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Figure 33: Sequence of selecting most expensive object, source node.

















