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Abstract 
 

In this paper there are presented methods for conversion of  “while” and 
“do-while” loops to the form of “for” loops. The aim of this conversion is 
to allow dependence analysis by many existing tools. The dependence 
analysis allows determining which parts of the analyzed program code  
must be executed sequentially, and which can be executed independently. 
Such an analysis is used to reduce the use of resources in embedded 
systems. Automating the analysis also allows specifying types of classes of 
algorithms and their implementation which can be the subject of 
optimization. The nature of optimization can also be determined. 
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Konwersja pętli „while” i „do–while” w celu 
analizy zależności przez istniejące narzędzia 

 
Streszczenie 

 
Większość narzędzi analizujących zależności ”LooPo”, ”Clan” i ”Petit” 
posiada możliwość analizy pętli typu for, w których wykonuje się operacje 
na tablicach za pomocą operatorów indeksowania. W chwili obecnej pętle 
while są analizowane przez analizator ”LooPo”. Analizatory zależności 
”clan” i ”petit” analizują jedynie pętle for. Zasadną więc jest koncepcja 
konwersji konstrukcji typu ”while”, ”do–while” do postaci pętli ”for”, 
gdyż po wykonaniu konwersji możliwe staje się użycie dowolnego 
narzędzia do analizy zależności. Użycie różnych narzędzi do analizy 
zależności daje możliwość uzyskania wyników analizy w postaci 
odpowiedniej dla zaimplementowanych algorytmów zrównoleglających, 
co pozwala na uzyskanie większego zbioru propozycji zrównoleglenia 
kodu pętli. Wykonanie konwersji umożliwi również zastosowanie szeroko 
implementowanego popularnego standardu OpenMP w celu podziału 
przestrzeni iteracji między niezależne wątki. Docelowa postać pętli spełnia 
wymagania dotyczące pętli for przedstawione w specyfikacji OpenMP 
v3.0. Zastosowanie zgodności z tym standardem umożliwia analizę 
zależności w pętli przez większość analizatorów pętli w języku C  
i zapisanie zrównoleglonej postaci pętli zgodnie ze standardem. Algorytm 
opisany w tym artykule jest zrealizowany kompilatorze "Stepson", który 
jest aktualnie rozwijany. Informacje o skompilowanym programie są 
przechowywane w postaci drzewa. Opisany algorytm pozwala zwiększyć 
liczbę pętli, które można automatycznie analizować. 
 
Słowa kluczowe: kompilator, konwersja pętli, analiza zależności. 
 
1. Introduction 
 

Most tools for analyzing dependencies like “LooPo”[3], 
“Clan”[4] and “Petit”[5, 6, 9] have the ability to study a “for” loop 
which performs operations on tables using indexing operators. In 
these days “while” loops are analyzed only by the analyzer 
“LooPo”. The dependence analyzers “Clan” and “Petit” analyze 
only “for” loops. It seems a reasonable idea to convert the 
structure of “while”, “do-while” to the form of a “for” loop, 
because after the conversion it is possible to use any tools to 
analyze dependencies. 
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Fig. 1. “while” loop transformation  
Rys. 1. Transformacja pętli „while”  

 
Use of various tools for analysis of the relationship makes it 

possible to obtain the analysis results in a form suitable for 
different implemented parallelizing algorithms, which allows for  
a larger set of parallelization proposals of loops code. 

The implementation of the conversion will also allow the use of 
the widely popular and implemented the OpenMP standard for 
allocation of iteration space among independent threads. 
 
2. Conversion conditions 
 

The converted “while” loop and the target “for” loop must meet 
certain conditions. The code of the “for” loop has to be accepted 
by a dependence analyzer. If the criteria of the target “for” loop 
are known, there can be specified the criteria for the “while” loop 
to enable to convert this loop to the corresponding “for” loop. 
 
2.1. The target form of the converted loop 
 

The target figure of the loop meets the requirements set out 
in the OpenMP [1] loop specification v3.0. The application of 
compliance with the OpenMP standard provides the ability to 
analyze dependencies in the loop for most analyzers for the C 
language. It also provides the possibility to write a parallel version 
of a loop in the OpenMP standard.  
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The requirements are presented below:  
 
for (init-expr; test-expr; incr-expr) structured-block 
 

init-expr One of the following: 
var = lb 
integer-type var = lb 
random-access-iterator-type var = lb 
pointer-type var = lb 

test-expr One of the following: 
var relational-op b 
b relational-op var 

incr-expr One of the following: 
++var, var++, --var, var—, var += incr, var -= incr, 
var = var + incr, var = incr + var, var = var - incr 
var is One of the following: 
A variable of a signed or unsigned integer type. 

relational-op One of the following: 
<, <=, >, >= 

lb and b Loop invariant expressions of a type compatible with the 
type of var. 
incr a loop invariant integer expression. 

 
It is not permissible to change variable values lb,  b or incr 

during the execution of a loop inside a structured-block. 
 
2.2. Conditions for the converted “while”  

loop 
 

Below there are presented the conditions for converting the 
“while” loop: 

 
while(test-expressions) structured-block 
 

indexes incr-expressions: 
Loop code snippet in which changing of one or more index 
variables occurs. Change of the value of a single variable index 
is the same as “incr-expr” in the OpenMP standard.  
 

test-expressions: 
Index values of all variables changing value in the  
“Indexes incr-expressions.” are tested. Testing of the variable 
index is the same as in the “test-expr” in the OpenMP standard. 
Logical operators & & and | | are acceptable between checks 
“test-expr”.  
 

structured-block: 
Includes “indexes incr-expressions” and “statements” in any 
number and order of occurrence. 
 

statements: 
Looping the same way as in the “structured-block” in the 
OpenMP standard. The restrictions on the instructions in the 
loop body are contained in the documentation of various 
analyzers. 

 
2.3. Example 
 

In Fig. 2 there is shown a simple example of a converted 
“while” loop. In this example ‘i’ and ‘j’ variables are  index 
variables. Other variables are present only in the statements. This 
“while” loop can be converted to “for” loop because index 
variables change is constant inside the loop body (and among 
all iterations). 

 
 

 
i=si; 
j=sj; 
while(i<ie && j>je){ 

i += si1; //”incr-expr” ”indexes incr-expressions” 
 
k += 4;  //”statement” 
a[i] = a[j]; //”statement” ”statements” 

 
i+ = si2; //”incr-expr” 
j+ = sj1; //”incr-expr” ”indexes incr-expressions” 

 
b[i] = [j]; //”statement” ”statements” 

} 
 

 
Fig. 2. Example of a simple “while” loop with OpenMP standard description 
Rys. 2. Przykład prostej pętli „while” z opisem w standardzie OpenMP 

 
 
3. Conversion algorithm 
 

The target “for” loop performs iterations on a single index 
variable whose value is the number of steps of the “while” loop. 
Change of the loop index variables values of the “while” loop in 
the “for” loop is moved outside the loop. The values of index 
expressions are dependent on the initial value of the “while” loop 
index variables, the total sum of the step size of indexing variables 
and the actual number of loop iterations. 
 
3.1. Determination of the number of loop 

iterations 
 

The number of iterations in the “while” loop is determined by 
the “test-expressions” condition consisting of one or more “test-
expr”, where boundaries are being tested for a single variable 
index.  

 
 When the number of iterations is determined by “test-

expressions” and to test the limits of two index variables, the 
logical operator “&&” is used (for example test-expr-1 && test-
expr-2) equal to the minimum number of iterations that meets 
the “test-expr-1”, and the number of iteration satisfying “test-
expr-2”. 

 
 When the number of iterations determined by the “test-

expressions” and to find the limits of two index variables, the 
logical operator “| |” is used (for example test-expr-1 || test-
expr-2) equal to the maximum number of iterations that meets 
the “test-expr-1” and the number of iterations that meets the 
test-expr-2. 
 
The number of iterations for index variable “test-expr” when 

the index variable changes value in “indexes incr-expressions” 
according to “incr-expr”, is described: 

 
 For the relations '<' and '>':  

((end – start)/(sum of step values)) 
 
 For the relations '<=' and '>=':  

((end – start)/(sum of step values)) + 1 
 
where: end – value, which is compared to the index value;  
start – index value before the first iteration; sum of steps - the sum 
of the values that changes the index value  in the individual “incr-
expr”. 

Knowing the number of iterations “StepCount”, while they are 
performing the loop, there can be written instructions “for” which 
will perform the same number of iterations, where the number of 
iterations is equal to the value of the index variable “StepCounter” as: 
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for( StepCounter = 1;  
StepCounter <= StepCount;  
StepCounter++ 

) structured-block 
 
In this algorithm it is necessary to find the index variables of  

each loop. To do this, the algorithm must check a while loop 
condition. One of variables is a loop index and other may be 
constant or some kind of loop bounds. To determine which one of 
those variables is the index variable, a compiler checks the left 
side of assignments. Only the variables modified in the “while” 
loop body can be an index. In a more complicated case, when 
there is two (or more) loops in the analyzed code, the index 
variables are determined separately for each “while” loop. When  
a variable is modified outside the inner loop it could not be the 
index variable of the inner loop[8]. 
 
3.2. Elimination of “indexes increxpressions” 

from “structured-block” 
 

In parts of the code “statements”, there is replaced a variable 
index of the expression:  

 
 id + ( StepCounter – 1 ) * StepSum when the expression occurs 

before the change of the index variable 
 
 id + StepCounter * StepSum when the expression occurs after 

the change of the index variable 
 
where: id – identifier of the replaced variable index;  
StepCounter – “for” loop step counter; StepSum – sum of step 
values that has “incr-expr” changing the value of the index id, 
prior to the current wording in the statements.  
 
3.3. Example 
 

In Fig. 3 there is shown a simple example of a converted 
“while” loop in the form of the “for” loop. Note the ‘StepCount’ 
variable, which is the only index variable in the converted “for” 
loop. 

 
 

 
i=si; 
j=sj; 
StepCount = min( (ie - i) / ( si1 + si1), (je - j) / sj1 ) 
for(StepCounter = 1; StepCounter <= StepCount; StepCounter++){ 

k += 4; 
a[i + StepCounter * si1] = a[j + (StepCounter-1) * sj1]; 
b[i + StepCounter * (si1 + si2)] = [j + StepCounter * sj1]; 

}; 
i = i+ StepCount * (si1 + si2); 
j = j + StepCount * sj1; 

 

 
Fig. 3. Elements of the “for” loop after transformation 
Rys. 3. Fragmenty pętli “for” po transformacji 

 
 
4. Benchmark test 
 

The usefulness of the solutions proposed in this paper was 
tested on the C and C++ code provided by the Collective 
Benchmark suite (http://cTuning.org/cbench). The authors 
developed a program (some kind of a compiler and shell script to 
manage many files compilation) to check how many “while” loops 
can be converted to appropriate  “for” loop. This tool with 
instruction can be obtained from http://www.sfs.zut.edu.pl/ 

whileConvert . It shows how the effectiveness of parallelization 
can be enhanced by increasing the number of parallelized loops.  

The test code includes 7039 loop, with 4487 “for” loop which is 
about 64%, 2552 loop “while” or “do-while” representing about 
36%. Using the proposed algorithm, the compiler was able to 
convert to “for” form of the loop about 10% of the “while” or “do-
while”loops. 

The reasons why it was not possible to convert all “while” or 
“do-while” loop to the “for” loop are as follows: 

 
 The occurrence of relationships '==' or '!=' expressions in “test-

expressions”, 
 
 The expression “incr-expr” step value of the loop was not 

constant for all iterations. 
 
These reasons prevent designation of the number of steps to be 

performed by the target “for” loop to be compatible with the 
OpenMP standard.  
 
5. Summary 
 

The algorithm described in this paper is implemented in 
frontend of parallelizing compiler “Stepson”, which is actually 
under development. Information about a compiled program is 
stored in the tree structure. In this structure, every loop is marked 
with a Boolean flag. The code of the “while” loops is transformed 
in a memory, and a new loop version is stored in place of the old 
version. After that, on every single loop, the compiler executes 
dependence analysis with the petit analyzer. The results of 
analysis are stored in the previously mentioned parsing tree. The 
algorithm described in this paper allows increasing the number of 
C code loop to be automatically analyzed.  

Obviously, there are other similar tools [2] for parallelizing 
“while” loops, but they are intended mainly for parallelizing or 
optimizing[7], not for transforming and dependency analysis. 
A distinguishing feature of the described solution is the possibility 
to get dependence information to process by another tool. 
 
6. References 
 
[1] Rauchwerger L. and Padua D.: Parallelizing While Loops for 

Multiprocessor Systems. Proc. of the 9th Int. Parallel Processing 
Symposium, April 1995, Santa Barbara, CA, pp. 347–356. 

[2] Griebl Martin: The Mechanical Parallelization of Loop Nests 
Containing while Loops. Dissertation, Universitat Passau pp. 80-85. 

[3] C'edric Bastoul: Code Generation in the Polyhedral Model Is Easier 
Than You Think. PACT'13 IEEE International Conference on Parallel 
Architecture and Compilation Techniques, September 2004, pp. 7-16. 

[4] Wolfe Michael: The tiny loop restructuring research tool. In Proc of 
1991 International Conference on Parallel Processing, pages II-46 - II-
53, 1991. 

[5] Li Wei and Pingali Keshav: A singular loop transformation 
framework based on non-singular matrices. In 5th Workshop on 
Languages and Compilers for Parallel Computing, pages 249-260, 
Yale University, August 1992. 

[6] Allen R., Kennedy K.: Optimizing Compilers for Modern 
Architectures. Morgan Kaufmann, 2001. 

[7] Banerjee U.: Loop Transformations for Restructuring Compilers. 
Kluwer Academic, 1993. 

[8] The Omega Project [online] http://www.cs.umd.edu/projects/omega/ 
[dostęp: 2010] 

 
_____________________________________________________ 
otrzymano / received: 10.09.2010  
przyjęto do druku / accepted: 01.11.2010 artykuł recenzowany 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


