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Abstract 

Finding right set of optimization techniques for a given application involves lot of complications. The 
compiler optimization technique for a given platform depends upon the various factors such as hardware 
settings and problem domain as well as orderings. Recent version of GCC compiler consists of more 
number of optimization techniques. Applying all these techniques to a given application is not feasible, 
because of program performance degradation. Searching best set of optimal techniques as well as 
orderings for an application is an extremely critical and challenging task. Many previous works tries to 
reduce the search space, but such approaches take more time and also expensive. Previously machine 
learning algorithm has been used to predict best set of sequences, but it requires longer training phase 
and more data sets. In this paper we have proposed an efficient orchestration algorithm such as 
optimality random search and advanced combined elimination, which selects optimal set from more than 
100 techniques. Result shows that advanced combined elimination works well for most of the benchmark 
applications than optimality random search. 
Keywords: Optimization; Optimality Random search; Benchmark Applications. 

1. Introduction and Related Work 

Compiler goes through different phases before code generation. Every time when running the program the 
compiler behaves in an unpredictable manner. Some times it may change the functionality of the code, so 
preserving the meaning of the program is an essential task. Choosing right set of fine tuned optimizations for a 
given benchmark an application requires depth understanding of system architecture and domain knowledge. 
Lack of insufficient data and lack of knowledge in problem domain can severely degrade the program 
performance while optimizing. Recent version of GCC compiler consists of more than 100 techniques using 
levels -o1 to –o3.o3 is the highest level of optimization techniques. These optimization techniques applied to 
each and every benchmark applications and the execution time is measured, by applying all these techniques to 
a given application as many have observed [11-14] the compiler behaves in an unpredictable manner. In order to 
increase the execution speed up and to search the best set of optimal ordering an effective orchestration 
algorithm proposed in this paper. 

Many researchers have been investigated iterative compilation [6-10].It requires more number of iterations to 
find an optimal result. Milepost GCC compiler [16] uses static program features. Milepost compiler requires 
more excessive compilation and executions. The recent research shows applications using dynamic program 
features outperform than applications using static program features. Even though iterative compilation works 
well for most of the benchmark applications, it takes more number of iterations to fine tune the program 
performance. Many researchers have been focused different optimization algorithms [1-5] to find best set of 
optimization options for a given applications. Z.Pan et all introduce a new algorithm batch elimination [13] 
which finds best set of optimization techniques and removing the techniques which gives negative relative 
improvement percentage value. Batch elimination gives the complexity of O (n2). Z.Pan et all introduce a 
algorithm called as iterative elimination which iteratively eliminates one techniques which gives negative RIP 
value. It gives the complexity of O (n2). Z.Pan et all introduce a algorithm called as combined elimination which 
is the combination of batch elimination and iterative elimination. Z.Pan et all shows that combined elimination 
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Table 1.  Performance counter values 

Performance  counter 
name 

Description 

HW_INT Hardware Interrupts 
RES_STL Cycles stalled on any resource 
STL_ICY Cycles with no instruction issue 
TOT_CYC Total cycles 
TOT_INS Instructions completed 
VEC_INS Vector/SIMD instructions 
FAD_INS  
FML_INS  
FP_INS 
FP_ OPS 
FPU_ IDL 

Floating point Add Instructions 
Floating point Multiply Instructions 
Floating point Total Instructions 
Floating point Total Instructions 
Floating point Cycle Idle 

BR_INS, 
BR_MSP 
BR_ TKN 

Branch Instructions 
Conditional Branches Mispredicted 
Branches not taken 

Level I Cache 
DCA,DCH,DCM Data cacheAccess,Hits,Misses 
ICA,ICH,ICM,ICR Instruction Cache Access,Hits,Misses,Reads 
LDM,STM LoadMisses, Store Misses 

Level II Cache 
DCA,DCH,DCM,DCR,DCW Data cacheAccess,Hits,Misses 
ICA,ICH,ICM Instruction Cache Access,Hits,Misses,Reads 
LDM,STM Load Misses, Store Misses 
TCA,TCH,TCM Total cache access, Hits and Misses 
TLB_DM Data translation look aside buffer misses 
TLB_IM Instruction translation look aside buffer misses 
TLB_TL Total translation look aside buffer misses 

System architecture using these dynamic program features outperforms than using static program features. The 
performance counter values collected for every benchmark applications while running larger data sets. These 
values are stored in a repository. For a combination with respect to highest level of optimization (-o3 level) 
techniques speed up is measured. 

3. Proposed Algorithms 

Given a set of “n” ON-OFF optimization options {F1, F2…Fn), find the best combination of flags that minimizes 
application execution time using optimality random search. The results were compared with advanced combined 
elimination strategy. 

3.1 Optimality random search 

Input: Set of optimization techniques 

Output: Optimal set 

Procedure 

1. Find base time (TB) for each and every benchmark applications. The base time is measured by compiling and 
executing each and every benchmark applications with respect to –o3 level. 

2. Generate 500 random sequences using random number generator strategy. 

3. Copy the content of these sequences in a file. 

4. Check each and every sequence to avoid bias. Perform validation logic for testing the output,while preserving 
the meaning of the program is an essential task. 

5. Use a System command to compile and execute all these sequences one by one. Measure the execution speed 
up. The execution speed up is the ratio between base time and the time required to fine tune the code. 

6. Repeat steps (5) until best execution speed up found for every benchmark applications. 

7. Use these speed up sequences to predict best set of optimal orderings. 

3.2 Advanced combined elimination 

Let S be the set of available optimization options 

Let B represents selected compiler options set. 

1. Find TB, by applying all flags are ON. 

2. Compile the program with TB configuration and measure the program performance.  

3. Calculate Relative improvement percentage (RIP) for each and every optimization options. Relative 
improvement percentage is calculated based on finding the time required by applying particular flag ON and 
OFF with respect to TB. 
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4. Store all the values in an array based on ascending order .i.e. the most negative RIP is stored in first position 
of the array. 

5. Remove the first two most negative RIP’s from an array instead of one. Now the value of TB is changed in 
this step. 

6. Remaining values in an array i.e. i vary from 3 to n, Calculate RIP, and store the negative RIP’s in array. 

7. If all values in an array represent positive values then set of flags in B represents best set. 

Else  

8. Repeat steps 2 until B contains only positive values. 

9. Stop 

3.3 Algorithm Analysis 

In the case of random optimality search it requires more number of random sequences (nearly 500).These 
sequences are generated using pseudo random number generator algorithm. For collecting these set of sequences 
an algorithm take a complexity of O (n). These sequences are stored in a repository. Compile and execute each 
and every sequence one by one and measure the execution time and then measure the execution speed up. The 
sequence which gives speed up <1, those sequences removed from the set. The same step is repeated for all the 
sequences for each and every benchmark applications. Top predicted sequences for each and every benchmark 
applications noted. In this algorithm there is no need for calculating relative improvement percentage value. In 
the case of advanced combined elimination algorithm the time complexity is O (n2) because of loop for 
calculating RIP. 

4. Experimental setup 

We have conducted experiments Intel Core2 Duo T6600 CPU 2.2Ghz.With 3GB DDR2RAM, L1cache 64KB, 
L2cache 2MB, using ubuntu11.10 operating system, GCC compiler 4.5.2. The list of performance counter 
values collected for every benchmark applications collected using PAPI hardware counter library. Table 1 
represents description of performance counters used in our experiments. For conducting experiments open 
source GCC compiler used.GCC compiler provides different levels optimization techniques.GCC is currently 
the only production compiler that supports different architectures and has multiple aggressive optimizations 
making it a natural vehicle for our research. GCC provides three levels of optimization techniques [19]. To 
obtain the best performance a user usually applies the highest optimization level –O3. In this level the compiler 
perform the most extensive code analysis and expects the compiler generated code to deliver the highest 
performance. We have selected 65 optimization techniques from GCC compiler. Table 2 shows list of important 
optimization techniques found in GCC compiler [19] version4.5.2. 

Table 2.List of optimization techniques 

Level-o1 techniques 
 

Level-o2 techniques 
 

Level-o3 techniques 
 

fcprop-registers 
fdefer-pop 
fdelayed-branh 
fguess-branch-probability 
fip-conversion 
fip-conversion2 
floop-optimize 
fmerge-constants 
fomit-frame-pointer 
ftree-ccp 
ftree-ch 
ftree-copy-rename 
ftree-dce 
ftree-dominator-opts 
ftree-dse 
ftree-fre 
ftree-lrs 
ftree-sra 
ftree-ter 
 

falign-functions 
falign-jumps 
falign-loops 
falign-labels 
fcaller-saves 
fcross-jumping 
fdelete-null-pointer-checks 
fexpesive-optimizations 
fforce-mem 
fgcse 
fgcse-lm 
fgcse-sm 
foptimize-sibling-calls 
fpeephole2 
fregmove 
freorder-blocks 
freorder-functions 
frerun-cse-after-loop 
frerun-loop-opt 
fsched-interblock 
fsched-spec 
fschedule-insns 
fschedule-insns2 
fstrength-reduce 
fstrict-aliasing 
fthread-jumps 
ftree-pre 
fweb 

fgcse-after-reload 
finline-functions 
funswitch-loops 
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The various mibench [15] benchmark applications used for conducting the experiments. Basic math used for 
performing various mathematical operations. Bit count used for performing various bit manipulation 
operations.files.Consumer_tiff2bwconverts an RGB to a grayscale image by combining percentages of the red, 
green and blue channels. Dijkstra  used for computing shortest paths. Patricia data structure used in place of full 
trees with very sparse leaf nodes. String search used for searching a text in a pattern. 

4.1 Performance Metrics used for evaluation 

The Relative Improvement is calculated using the following equation 

0 1 		 100  (1) 
Where T (Fi=0) means the time required to find execution time without applying optimization function Fi; 

 Where T (Fi=1) means the time required to find execution time with applying optimization function Fi; 

Where TB represents base time. 

1, 1……                                                                (2) 

TB represents the time required to find execution time by applying all optimization functions for a probe. 

	 	 	
	 	

    (3) 

Execution time speed up is the ratio between base time and the time required to fine tune the code. 

Data set optimal speed up 

	 	
                                                                                   (4) 

Where  is fraction of optimal data set optimal speed up. It is the ratio between speedup and optimal speed up. 

The optimal speed up is measured by picking maximum speed up among 500 combinations of sequences for a 
benchmark application.  

5. Results and discussions 

Experiments are conducted for a set of benchmark applications using advanced combined elimination and 
optimality random search. The results are tabulated in Table 3. 

Table 3.Optimal speed up findings 

Benchmark applications Advanced combined elimination Optimality random search(maximum speed up) 
Basicmath 1.24 1.05 
Bitcount 1.52 1.01 

Consumer_tiff2bw 1.2 1.06 
Dijkstra 1.09 1.75 
Patricia 1.24 1.05 

Stringsearch 1.24 1.4 

Table 3 shows comparison between advanced combined elimination and optimality random search. Result 
shows that for most of the benchmark applications advanced combined elimination gives better speed up than 
optimality random search. Advanced combined elimination works well for most of the benchmark applications, 
because of updated value of TB.TB is updated for every iteration after elimination of top most two negative RIP 
value. For finding an optimal set by average more than 50 iterations are required. In the case of optimality 
random search algorithm a random 500 sequences compiled and executed one by one for each benchmark 
applications. Speed up and data set optimal speed up is measured using Eq. (3) and Eq. (4) respectively. In this 
paper we have considered 6 benchmark applications. For these benchmark applications 500 random sequences 
are applied. So total data point is 6X500= 3000.For a new bench mark applications 3000 data points are given as 
a training data set along with performance counter values for a benchmark application. The best predicted 
sequence (i.e. the sequence which gives optimal speed up) for each benchmark applications are measured. The 
sequence which gives speed up <1 are removed from the set. In the case of basic math nearly 41 sequences are 
given speed up more than 1.Out of these 41 sequences the sequence which gives maximum speed up is noted. 
Similarly for other bench mark applications also maximum speed up is noted. In the case of bit count only one 
sequence gives best speed up, other sequences are removed from the set. Top 10 predicted sequences for each 
benchmark applications are taken with respect to maximum speed up. These sequences solve the problem of 
phase ordering. Based on these orderings one can apply optimization techniques for a given benchmark 
applications. Increasing number of random optimal sequences may increase the performances of optimal speed 
up. Fig. 2 shows comparison between advanced combined elimination and optimality random search.  

 

J.Andrews et.al / Indian Journal of Computer Science and Engineering (IJCSE)

ISSN : 0976-5166 Vol. 4 No.1 Feb-Mar 2013 66



6. Conc

In this pa
random s
eliminati
ACE req
TB. Whil
and othe
consider 

Referenc

[1] L. Al
comp

[2] J. Cav
using 

[3] B. Fra
progr
2005 

[4] M. H
statist

[5] T. Kis
factor
and C

[6] F. Ag
machi
[7](C

[7] K. D.
efficie
(LCT

[8] B. Fra
the A
2005.

[9] P. Ku
Proce
2004 

[10] M. St
of the

[11] K. Ch
Direc

[12] T. K
comp

[13] Z. Pa
Electr

[14] R. P. 
Comp
Telec

clusion and fu

aper we have 
search to evalu
on outperform

quires lesser nu
le combined e
er optimizatio
other compile

ces 

lmagor, K. D. Co
ilation sequences
vazos, G. Fursin,
performance cou

anke, M. O'Boyle
ams. In Proceedi

aneda, P. M. W.
tics. In Proceedin
suki, P. M. W. Kn
rs using iterative 

Compilation Tech
gakov, E. Bonilla
ine learning to fo
GO), pages 295–
 Cooper, A. Gros
ent. In Proceedin

TES),pages 69–77
anke, M. O’Boyl

ACM SIGPLAN/S
. 
ulkarni, S. Hines,
eedings of the AC

tephenson, M. M
e ACM SIGPLAN
how and Y. Wu.
ted Optimization

Kisuki, P. M.W. 
ilation.InInternat

an and R. Eigenm
rical and Comput
J. Pinkers, P. M

puter Societys 
ommunications S

uture scope 

proposed opt
uate its efficie
ms random se
umber of itera

elimination us
n algorithm. 
ers such as RO

ooper, A. Grosul
s.In Proceedings o
, F. V. Agakov, E
unters. In Proceed
e, J. Thomson, an
ings of the ACM

 Knijnenburg, an
ngs of the Internat
nijnenburg, and M
compilation. In P

hniques, 2000. 
a, J. Cavazos, B. 
ocus iterative opti
–305, March 2006
sul, T. J. Harvey,
ngs of the ACM 
7, July 2005 
le, J. Thomson, a
SIGBED Confere

, J. Hiser, D. Wh
CM SIGPLAN Co

artin, and U. O’R
N Conference on 
Feedback-directe

ns, Israel, Novemb
Knijnenburg, M

tional Symposium
mann. Compiler o
ter Engineering, P

M. W. Knijnenbur
12th Annual 

Systems (MASCO

timization alg
encies to impr
earch for most
ations when c
es dynamic va
In future we

OSE,LLVM an

l, T. J. Harvey,S
of the Conference
E. V. Bonilla,M. 
dings of the Intern
nd G. Fursin.Prob

M SIGPLAN/SIGB

nd H. A. G.Wijsh
tional Conference
M. F. P.O' Boyle.
Proceedings of the

Franke, G. Fursi
imization. In Proc
6 
, S. Reeves, D. Su
SIGPLAN/SIGB

and G. Fursin.Pro
ence on Language

halley, J. Davidso
onference on Prog

Reilly. Meta optim
Programming La

ed selection and 
ber 1999. 
M. F. P. O’Boy
m on High Perform
optimization orch
Purdue University
rg, M. Haneda, a

InternationalSym
OTS’04), pages 4

gorithm such a
rove execution
t of the bench

compared to ra
alue of TB. In

e can design 
nd open path 

S. W. Reeves, D.
e on Languages,C
F. P. O'Boyle, an
national Symposi

babilistic source-l
BED Conference

ho_. Automatic s
e on Parallel Arch
. Combined selec
e International Co

in, M. F. P.O’Bo
ceedings of the In

ubramanian,L. T
BED Conference 

obabilistic source
es, Compilers, an

on, and D. Jones
gramming Langu

mization:Improvi
anguage Design a
characterization

yle, F. Bodin, 
manceComputing
hestration for pe
y, 2004 
and H. A. G. W

ymposium on 
494–501, Volenda

as advanced c
n speed up. R
hmark applica
andom search

n future we co
effective fram
compiler. 

. Subramanian, L
Compilers, and T
nd O. Temam. R
ium on Code Gen
evel optimisation

e on Languages,C

selection of comp
hitectures and Co

ction of tile sizes a
onference on Par

oyle, J. Thomson
nternational Symp

orczon, and T. W
on Languages, C

e-level optimisati
nd Tools for Emb

s.Fast searches fo
uage Design and 

ing compiler heu
and Implementatio
of compiler opti

and H. A. G. 
g (ISHPC’99), pa
ak performance. 

ijshoff.Statistical
Modeling, Ana
am, The Netherla

combined elim
esult shows th

ations. For fin
. Random sea
nsider more b

mework for se

L. Torczon, andT
ools for Embedde

Rapidly selecting 
neration and Opti
n of embedded 
Compilers, and To

piler options usin
ompilation Techn
and unroll 
allel Architecture

, M. Toussaint, a
posium on Code G

Waterman. ACME
Compilers, and T

on of embedded 
bedded Systems 

or effective optim
Implementation (

uristics with mach
on (PLDI), pages
mizations. In Sec

Wijshoff. A fe
ages 121–132, 199

Technical Repor

l selection of com
alysis, and Sim
ands,October 2004

 

mination and o
hat advanced 
nding optimal
arch uses fixed
benchmark ap
elecing optim

T. Waterman.Find
ed Systems, 2004
good compiler o

imization,2007. 

ools for Embedd

ng non-parametri
niques,2005. 

es 

and C. K. I. Will
Generation and O

E: adaptive compi
Tools for Embedd

programs. In Pro
(LCTES), pages 

mization phase se
(PLDI), pages 17

hine learning. In 
s 77–90, June 200
econd Workshopo

easibility study 
99. 
rt TR-ECE-04-01

mpiler options. I
mulationof Com
4. 

optimality 
combined 
 set using 
d value of 

pplications 
mal set by 

dinge_ective 
4. 
ptimizations 

ded Systems, 

ic inferential 

liams. Using 
Optimization 

ilation made 
ded Systems 

oceedings of 
78–86, July 

equences. In 
71–182, June 

Proceedings 
03. 
on Feedback 

in iterative 

1, School of 

n The IEEE 
mputer and 

J.Andrews et.al / Indian Journal of Computer Science and Engineering (IJCSE)

ISSN : 0976-5166 Vol. 4 No.1 Feb-Mar 2013 67



[15] Mathew R.Guthaus,JeffryS.Ringberg et al.(2001),’Mibench:A free commercially representative embedded benchmark suite’,Workload 
characterization,2001.WWC-4.IEEE int.workshop on,pp.3-14. 

[16] GrigoriFursin,OliverTemam et al 2011.Milepost GCC:machine learning enabled self tuningcompiler,,International journal on parallel 
programming,Springer,vol.39,pp.296-327. 

[17] Eunjung Park et al.(2011),’An Evaluation of different modeling techniques for iterative compilation’,   
[18] PAPI: A Portable Interface to Hardware Performance Counters. http://icl.cs.utk.edu/papi. 
[19] GCC online documentation http://gcc.gnu.org/onlinedocs/ 

 

J.Andrews et.al / Indian Journal of Computer Science and Engineering (IJCSE)

ISSN : 0976-5166 Vol. 4 No.1 Feb-Mar 2013 68




