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Introduction

When procuring an HPC system, the system need to fulfill certain

criterias, regarding performance but also energy efficiency.
These are usually meassured by running industry standard
benchmarks, like LINPACK or STREAM. These benchmarks
however do not necesarrily reflect the way the system will be
used later. Using the users codes as the benchmark would lead
to a system reflects the users needs better, with the drawback
that these large scientific applications take to long and are to
complex to be a benchmark.

Methods

For this we designed a tool called MiniApex, that is intended to
extract the small part of a user’s large scientific code, that is
representative for the system load generated by running the
whole application. For this MiniApex makes use of the Clang
compiler, to parse and analyse the sourcecode, to find the
routines of the application that make up the kernel. After this
identification has taken place, the code is then extracted into a
new mini-app, that can then be equipped with a custom entry
point to function as a benchmark. Given the entry function into
the computational kernel, we recursively descent through all
callees, marking them as necessary to extract. To do this across
multiple sourcecode files, also called translation units, we use a
whole program callgraph for this step. After collecting all
functions, we step through this subset of functions a second
time, this time marking all modifications to globally visible state,
aswell as uses of structs and definitions as necessary to extract.
This concludes the sourcecode extraction part. As Clang
however operates on the expanded sourcecode, but our mini-
app should represent the sourcecode before the preprocessor is
run, we also hook into the preprocessor, the extract the
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unexpanded form of all makros, pragmas and definitions. These
are then spliced into the extracted sourcecode parts. The last
remaining step is to manually write a setup routine to call this
extracted mini-app.

Results

In the first part of this project the MiniApex tool was
implemented and tested on the Livermore Unstructured
Lagrangian Explicit Shock Hydrodynamics (LULESH) code. This
code, while being comparatively small, features a diverse set of
C++ features like polymorphic function calls, templates and
macros. We showed, that MiniApex can extract arbitrary
functions from LULESH providing a basis from which to build up
a standalone mini-app.

Discussion

While this is a promising first result, the LULESH code is still
relatively small compared to codes like GROMACS or OpenFoam.
The main reasons are the difficulty in generating a valid call-
graph, as well has handling partially instantiated templates.
Additionally, C++ is a language, that gives its user many
freedoms to express their needs, making it difficult to
extrapolate the robustness of a tool like MiniApex based on
small codes. In the followup project the MiniApex tool’s
robustness will be subject to continued development and
optimization, to generate source-code snippets that can act as
design guides for other source-code analysis and refactoring
tools.
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Figure 1: Example for a fully automated mini-app extraction pipeline
using the MiniApex tool
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1 #include <cstdio> —
2 int foo();
3

4 int main(){

5 #ifdef debug

6 printf(*Debug”)
7 foo()

8 #endif

9 return0;

10 }

_—" main()

Functions: - ;
foo() Semantic Analysis

———— is done for all functions

everything in <cstdio> on the expanded AST

Macros (and includes) are

Macros:
- handled by the Preprocessar.
> %
e ——
Hrenoentin They are basically “plain-text
]',::;(;1( Debug’) copy-pasted”
#endi

Figure 2: Separate parts of a program from the view of MiniApex

1 int foo();

2
1 int foo(); 3 int main(){
2 = 4 #ifdef debug \'?E‘@
3 int main(){ o 5  printf("Debug”) 1 int foo();
4 #ildef debug ‘V 6 foo() e 0
5  printf(“Debug”) 7 #endif a3 int main(){
6 foo() 8 return O; 4 return O;
7 #endif 9} 5}
8 returnO; l
9}

We need to correlate
semantic AST
information with the
preprocessors Plain-
Text-Information

Figure 3: An example of possible influence of compile configuration on
code visibility to the compiler

1 #include <cstio>

2,

3 #pragma noinline

4 int foo(){

#ifdef debug

#include “dbgbody.h"
#else

#include “body.h"
#endif

10 }

11 static int global=0;

12 int main(int argc, char** argv){
13 #pragma parallel for
14 for(int i=0;i<arge;i++){
15  foo()

16 }

17 return O;

18 }

o~ ou;

Functions: Includes: Globals: Marcos: Pragmas:
<only-main-file> line 1 line 11 line 5-9 line 3
line 4 foo() line 6 line 13

line 12 main() line 8

Copy Include line 1
Copy Pragma line 3
Copy Function line 4
Skip Include line 6
Skip Macros line 5-9
Copy Global line 11
Copy Function line 12
Skip Pragma line 13

Figure 4: The five way merge based on the common source-file location
information to reconstruct the program
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