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Abstract cessive fork/join overhead, synchronization inefficiencies,
load unbalancing and poor memory hierarchy behaviour at
Tuning parallel applications requires the use of effective the application level.
tools for detecting performance bottlenecks. Along a paral- Many performance monitoring approaches are based on
lel program execution, many individual situations of perfor- static code instrumentation, either at the source level [16] or
mance degradation may arise. We believe that an exhaus-at the binary level [9]. Our proposal is to add the monitor-
tive and time—aware tracing at a fine—grain level is essential ing code dynamically, at execution time, allowing the use of
to capture this kind of situations. the same executable and the same libraries both for produc-
This paper presents a tracing mechanism based on dy-tion executions as well as during performance monitoring
namic code interposition, and compares it with the usual sessions.
compiler—directed code injection. Dynamic code interpo-  In this paper, we apply dynamic code interposition to the
sition adds monitoring code at run—time to unmodified bi- performance monitoring problem and we compare it with
naries and shared libraries, making it suitable for environ- the more usual compiler—directed code injection. Both tech-
ments in which the compiler or the available tools do not nhiques are used to collect detailed traces that feed our visu-
offer instrumentation facilities. alization and analysis tool. Our target are€NMP appli-
Static injection and dynamic interposition techniques cations running on SGI Origin2000 systems. As we will
are used to collect detailed traces that feed an analysis show, interposition techniques provide detailed and accu-
tool. Both environments meet the accuracy and perfor- rate information, and introduce an overhead comparable to
mance goals required to profile and analyze parallel appli- the traditional approach.
cations and runtime libraries. The rest of the document is structured as follows: Sec-
tion 2 describes the methodology used in the development
of the parallel performance analysis tools. In Section 3

. we evaluate the instrumentation and, finally, Section 4 con-

Shared—-memory multiprocessors are becoming more

and more affordable and commonplace, encouraging the de-2' Methodology

velopment of parallel applications that can benefit from this )

kind of architectures. In order to use these architectures2.1. Execution traces

efficiently, programmers and developers of parallel execu-

tion environments require accurate information about the  We use traces from real executions to analyze the perfor-

behaviour of parallel applications, as well as about the im- mance of parallel applications. These traces reflect the ac-

pact on performance due to the parallelizing environmenttivity in an OPENMP application through a set of predefined

and the underlying hardware platform. states and events. Instead of providing a summary of the
The use of appropriate performance analysis tools canwhole application behaviour at different levels (loops, func-

reveal the sources of performance degradation, such as exion calls, ...), traces collect the occurence of state changes

and events along the application lifetime.
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3088 set of states that are representative of the parallel execu-
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tion. We consider four states: running, idle, scheduling and caL |ufop_nn_schedm er(ALN
blocked/synchronizing. Running means that the thread is FUNCTI G 1 00p_nn_schedl er (A I over , upper)
running code that belongs to the original application; idle INTEGER | ouer, upper, chunk_up, chunk_down

means that the thread is searching for work; scheduling s P bo INEER MW
. . . . mpiler

means that the thread is executing runtime scheduling code =ty Terdamaion > PISHASSCHEDULINGY]
to supply work for other virtual processors that are taking 80500 i oo I e in
partin the execution; and blocked/synchronizing means that : Shunkdown = iters down(l.vp LN
the thread is executing .code to sync_hronize different virtual
processors taking part in the execution. o=t et on( )

END
Performance-related eventsFor each event being traced, e | over rupeer TP
the monitoring code obtains the thread identifier, and the | NGEGER £
time at which the event happened. The time, as well as any PO T=upper, Tover
relevant performance—related information (cache misses, e 00
TLB misses, ...) is acquired using platform—specific mech- END
anisms. In the SGI architecture, we use the SGI memory ) o
mapped high resolution clock [4] in order to obtain times- Figure 1. Example of code injection

tamps that are consistent across virtual processors with low
overhead. The performance-related informationis obtained ..\ voouLe SHARED OBECT
by reading the counters included in R10000 processors. T T )

Linkagetable .
: cos: <inplementation>

. . . . iDa'a si n@.I NKTABLE:
Run—time issues. Each virtual processor registers all | Coge [~ sin: <implementation>
the aforementioned information in a buffer. The data b ! | exp: <implementation>
structures used by the tracing environment are arranged at | ¢! "(sin@!NTABLE) Lo

initialization time in order to prevent interferences among
virtual processors (basically, to prevent false sharing).
Therefore, there is no need for locks, synchronization or
mutual exclusion in the monitoring code.

Figure 2. Linkage table

instrumentation of the resulting HTG reflects the different
2.2. Code injection approach virtual processor states that will occur during the applica-
tion execution. Once these transformations have been done,

When the application source code is available, either athe compllergengrates an mstrumented version of_the paral-
pre—processor or the compiler can be used to statically in-'?' cc_Jde. The tracing facility mclydes source code informa-
ject calls to a tracing library. Code injection is the usual tionin the output trace to establish a quick correspondence
mechanism used to instrument applications, and we use ifétween the trace and the source program.
for comparison purposes. ) -

We have developed a parallel tracing library. This library 2.3. Code interposition approach
offers routines that can be called from the application to
record specific events in the application (entry/exit to/from  When the user is not able to instrument the application
parallel, work sharing, or synchronization constructs). It using code injection (e.g. because of the compiler does
also provides routines to record state changes of the callingnot support it, or because the source code is not available),
thread. These calls are inserted by the compiler at specifiove propose to dynamically interpose the instrumentation
points in the source code, where the state transitions occurcode at run time, using DIdoLs [13] (Dynamic Interpo-
Figure 1 presents an example of the transformation of a parsition Tools). DITooLs offers an environment in which
allel loop into instrumented parallel code. dynamically—linked executables can be extended at run-

Code injection has been implemented in the backend oftime with unforeseen functionality (for instance, argument
the NANOSCOMPILER [1] (an extension of RRAFRASE- shooping, /O tracing, alternative service implementations,
2 [12]). The NANOSCOMPILER uses an internal structure or performance monitoring).

(the Hierarchical Task Graph, HTG) on top of which code  Dynamic linking is a feature available in many mod-
transformations take place. This HTG is modified along ern operating systems. Program generation tools (compil-
the compilation process by many stages. The two most im-ers and linkers) support dynamic linking via the generation
portant stages from our point of view are the paralleliza- of linkage tables As shown in Figure 2, linkage tables are
tion stage and the instrumentation stage. The parallelizatiorredirection tables that allow delaying symbol resolution to
stage transforms the HTG to express parallelism found ei-run time. In this figure, the program modules reaches the
ther by QPENMP directives or by code analysis. This stage implementation of sin through a pointer stored within the
keeps enough information associated to each parallelizedinkage table. At program loading time, a system compo-
block to allow the injection of instrumentation code. The nent (thedynamic linkey fixes each pointer to the right lo-
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