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Abstra
tSKaMPI is the Spe
ial Karlsruher MPI-Ben
hmark. SKaMPImeasures the per-forman
e of MPI [6℄[2℄ implementations, and of 
ourse of the underlying hard-ware. It performs various measurements of several MPI fun
tions. SKaMPI'sprimary goal is giving support to software developers. The knowledge of MPIfun
tion's performan
e has several bene�ts: The software developer knows theright way of implementing a program for a given ma
hine, without (or withshortening) the tedious time 
ostly tuning, whi
h usually has to take pla
e.The developer has not to wait until the 
ode is written, performan
e issues 
analso be 
onsidered during the design stage. Developing for performan
e even
an take pla
e, also if the 
onsidered target ma
hine is not a

essible.MPI performan
e knowledge is espe
ially important, when developing portableparallel programs. So the 
ode 
an be developed for all 
onsidered target plat-forms in an optimal manner. So we a
hieve performan
e portability, whi
hmeans that 
ode runs without time 
onsuming tuning after re
ompilation on anew platform.
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Chapter 1Running SKaMPI1.1 Introdu
tionSKaMPI is the Spe
ial Karlsruher MPI-Ben
hmark. SKaMPI measures the per-forman
e of MPI implementations, and of 
ourse of the underlying hardware. Itperforms various measurements of several MPI (Ver. 1.1) fun
tions. The resultsare stored in a text �le, from whi
h a report 
an be generated automati
ally.SKaMPI's primary goal is giving support to software developers. Softwaredevelopers are fa
ed with severals problems when designing and implementing
ode for parallel environments. First of all the 
ode has to show the best per-forman
e. This implies that a program's performan
e has to be measured andtuned during numerous sessions. Further on, 
ost intensive software develop-ment is more pro�table, when the produ
t 
an be used on several platforms,i.e., is portable without a new tuning for ea
h ma
hine. The message passinginterfa
e (MPI) [6℄[2℄ is a standard for a library to program message passing ma-
hines. MPI has been 
reated by the MPI-forum, a group of resear
hers froma
ademia and industry. MPI is a big step forward towards portable softwarefor parallel platforms, sin
e programmers no 
an rely on one interfa
e standard,instead of several vendor-dependent interfa
es. Instead of prin
ipal ex
ludingeÆ
ient ways of implementing the MPI standard on 
ertain ma
hines, the MPIstandard 
omprises several similar fun
tions. So MPI o�ers many alternativeswhen designing and implementing a parallel algorithm. These alternatives o�era great potential for optimization.This potential is twofold: First, the knowledge of several MPI fun
tion'sperforman
e allows the software developer the right way of implementing aprogram for a given ma
hine, without (or with shortening) the tedious tuning.Even better, the developer has not to wait until the 
ode is written, performan
eissues 
an also be 
onsidered during the design stage. In fa
t, developing forperforman
e even 
an take pla
e, also if the 
onsidered target ma
hine is nota

essible, or a workstation is used for development, whi
h also 
an lower 
ostof development.Se
ond, if the programmer knows the MPI fun
tion's performan
e on sev-eral ma
hines, the programs 
an be developed for performan
e for all 
onsideredtarget platforms. So we 
an speak of a performan
e portability, instead of 
om-pile portability. Compile portability means that a parallel program, developed2



1.2. INSTALLATION 3and tuned on platform A, is re
ompiled on platform B, and has to be tuned forplatform B. So this in not what we really understand under portability. Unlike
ompile portability, performan
e portability means that a program is developedwith MPI fun
tion's performan
e on all targeted platforms in mind, so that youreally just have to re
ompile.The SKaMPI proje
t [5℄ tries to support these goal of performan
e andperforman
e portability through two issues: First we o�er a user 
on�gurableben
hmark suite and a report generator, downloadable from the web. So ea
huser 
an measure the performan
e of a

essible ma
hines in terms of MPI, gen-erate a report, and 
an draw its own 
on
lusions from this. Se
ond, we pro-vide a publi
 result database, where we store SKaMPI's results from manyma
hines, if permitted. So, please, email a 
opy of your result �le to us (thatis: reussner�ira.uka.de). So you 
an support performan
e portability anddesign for performan
e, be
ause for these 
on
epts we need the data of manyma
hines.1.2 Installation1.2.1 Getting SKaMPIThe easiest way to obtain the SKaMPI pa
ket is to download it from theSKaMPI homepage: http://liinwww.ira.uka.de/~skampi/ The SKaMPI-�le you �nd there is a gnu-zipped tar-�le. Thus you 
an unpa
k it with tar-xvzf skampi.tgz1.However, this will 
reate the whole dire
tory-tree of SKaMPI:/skampi/skampi/report_generatorIn the SKaMPI dire
tory are the sour
e �les you need for 
ompiling SKaMPI.In the dire
tory skampi/report generator you will �nd the report generatorand its driver �les.1.2.2 Compiling SKaMPIThe ben
hmark program itself 
onsists of one sour
e-�le (skosfile.
2), so thatyou 
an 
ompile it with just one 
ompiler 
all.3 This 
ompiler 
all depends onyour ma
hine. When using mpi
h, you usually have a make�le, so just 
all makeskosfile. On an IBM SP under AIX 
all mp

 -lm -o skosfile skosfile.However, note that the math-library (-lm) is ne
essary for linking. You shouldnot request any optimizations by the 
ompiler. Some of SKaMPI's fun
tion 
allsdo not have many parameters. The 
ompiler would load the parameter intoregisters. This would give an unrealisti
 tou
h to our data, sin
e this would nothappen in realisti
 \real" appli
ations. Also SKaMPI 
ontains empty dummy1If your version of tar has no option z, you 
an 
all gnu-unzip �rst (gunzip skampi.tgzand then tar (tar -xvf skampi.tar)2skampi-in-onesour
efile3During development we use several modules, whi
h are merged together to skosfile.
.This eases distribution, versioning, and 
ompiling and on the target platforms. If you areinterested in reusing the 
ode, please send an email to obtain the modules, whi
h probablyeases understanding of the 
ode.



4 CHAPTER 1. RUNNING SKAMPIfun
tions, just 
reated to measure the overhead of a fun
tion 
all. These fun
tionshould also no be optimized away.1.3 Running SKaMPIUnfortunately starting an MPI program is as dependent on your system as
ompiling. Usually you 
an start MPI programs with the mpirun-
ommand,but there is no standard for its parameters. Using mpi
h you start the ben
h-mark with mpirun -np 16 skosfile with 16 pro
esses. Note: Some systemslike the IBM SP have a di�erent 
ommand for starting parallel programs (poe)than mpirun. In 
ase of trouble, please ask your lo
al system administrator.SKaMPI needs to be started with two or more pro
esses. How many you use,depends on what you want to measure.4 Some operating environments requestfurther information on the program to start, su
h as memory or time require-ments. The memory needed by SKaMPI is spe
i�ed with the �MEMORYkeyword in the parameter �le (.skampi). (Please see se
tion 2.1 for furtherinformation about the parameter �le.) As rule of the thumb you should give amegabyte extra, for internal bu�ers, et
. The time that SKaMPI needs to mea-sure depends on the a

ura
y you request, and the number of measurements youasked SKaMPI to perform.5 To mention a typi
al value: SKaMPI runs with allmeasurements and an a

ura
y of 3 per
ent less than half an hour on an IBMSP using 16 nodes using an 8 MB message bu�er.SKaMPI stores its results in a text �le. The name of this text �le is skampi.outby default. To 
hange that edit the �OUTFILE line in the parameter �le (see2.1.1). If other pro
esses run during measuring, they may disturb SKaMPI.So you might �nd it useful running SKaMPI more than on
e. For every runSKaMPI 
reates a new output �le skampi.out.1, skampi.out.2 and so on.Note that the results of the a
tual run are always stored in skampi.out.The other �le SKaMPI 
reates is a log �le (skampi.log)6. It is used by there
overy-me
hanism. But you may also have a look into it. Several warningsand 
omments are stored in it.Before starting the Ben
hmark we urgently re
ommend to �ll out the�MACHINE, �NODE and �NETWORK parts of the parameter �le .skampiin a detailed manner.�COMMENT Se
tion for 
omments. You may enter any text you want.(Well, text without other se
tion names, of 
ourse!)�MACHINE The text in this se
tion des
ribes the ma
hine, you runSKaMPI on. You 
an add any other relevant details of a mea-surement here. Note that there are also spe
ial se
tions for thenetwork (�NETWORK) and the nodes (�NODE). SKaMPI assumesthat the �rst line of the �MACHINE-se
tion 
ontains just thename of the ma
hine.4Well, you may ask, what is measured. For a qui
k overview please have a look in theexample report skarep.example.ps or in the se
tion 1.5. A more detailed te
hni
al des
riptionyou will �nd in se
tion 3.1.5You 
an 
hange them in the �STANDARDERROR- and �MEASUREMENTS-se
tion respe
tively.You also 
an give a time limit for measurements through the se
tions �TIMESUITEDEFAULT and�TIMEMEASDEFAULT. (For further information please see Se
tion 2.1.4.)6Its name 
an be 
hanged in the �LOGFILE line of the parameter �le.



1.3. RUNNING SKAMPI 5�NODE In this se
tion you may des
ribe the type of nodes you use. Ifthere are several types, please des
ribe them all, e.g., in termsof pro
essor type, 
lo
k rate, 
a
hes and memory (types, orga-nization, size), operating system, et
.�NETWORK Here you may type in, whi
h network you use. Oftenthere are several versions of a 
ommuni
ation network for onema
hine (for example the IBM SP).�USER Here is your pla
e. The �rst line of this se
tion is used bythe report-generator (dorep.pl) and should 
ontain only yourname.The report generator requires these data to 
reate a report of the results.1.3.1 Changes to previous SKaMPI versionThe most important 
hange from version 3 to version 4 is the addition of ase
ond measurement method for 
olle
tive operations | 
alled syn
hronousmeasured 
olle
tive measurement | whi
h is mu
h more a

urate (details in3.1.5). To distinguish between the two measurement methods a new namings
heme was introdu
ed (see se
tion 1.5.3). To prevent users from unintentionallyusing parameter �les with the old naming 
onvention SKaMPI looks for a new�VERSION parameter. Though everything works �ne if a line �VERSION 4.0is introdu
ed, users are strongly en
ouraged to also adjust the measurementnames (you only have to add the ending -BM to the measurements of 
olle
tiveoperations) or use one of the provided parameter �les.1.3.2 The di�erent parameter �lesDuring start SKaMPI reads a parameter �le .skampi. Currently SKaMPI shipswith four di�erent 
on�guration �les. They use the new measurement methodfor 
olle
tive operations des
ribed in the previous se
tion, so their results 
an'tbe 
ompared without further thought with results obtained with previous ver-sions of SKaMPI..skampi The standard 
on�guration �le. It 
ontaines the same suites of mea-surements like the well-known .skampi of SKaMPI 2. This �le does not
ontain any user de�ned datatypes. MPI Int will be used for all measure-ments. When starting SKaMPI without any renaming any �le, this �lewill be used..skampi-dt-short This is a short 
on�guration �le to measure the performan
eof user de�ned datatypes. The basetype is MPI Int and the various 
on-stru
tors are used and 
ompared..skampi-dt-long This is a long 
on�guration �le to measure the performan
eof user de�ned datatypes. Additionally to the measurement suites of the.skampi-dt-short this �le also 
ontains measurements with a more 
om-plex basetype. Use this 
on�guration �le to 
ompare 
at and deep MPIuser de�ned types.



6 CHAPTER 1. RUNNING SKAMPI.skampi-all-
olle
tives This parameter �le in
ludes all 
olle
tive operationsmeasured with both measurement methods. It 
an be used to analyze thedi�eren
es between them.1.4 Generating a reportSin
e we run SKaMPI, we would like to know its results. Lets assume thatthe results are stored in skampi.out, whi
h is the default. Then we just 
alldorep.pl to 
reate a posts
ript report named skampi.out.ps.Just 
all dorep.pl other name if your output �le is not named skampi.outbut \other name". In this 
ase, the result will be stored in other name.ps.A note to dorep.pl: As you may have seen by the �le extension, thereport generator is a perl-5-s
ript. There are several reasons for usingperl, perhaps the most important is, that we do not have to worryabout 
ompiling (sin
e perl is interpreted). But there is still a littlepoint to look at: dorep.pl has to �nd the perl-binary. Therefore its�rst line 
ontains my path to the perl-interpreter (℄!/usr/bin/perl-w). At some systems the path di�ers from this one.7 So adaptionmay be required.dorep.pl needs several programs to work.Program my Version Purposeperl version 5.003 interpreting and exe
utiongnuplot version 3.5, pat
hlevel 3.50.1.17,27 Aug 93 Generating eps-graphi
slatex Version 3.14159 (C version 6.1) Text formattingdvips dvips(k) 5.86 Converting .dvi-�les into.ps-�les.Information on 
on�guring the report generator is given in Se
tion 2.2. Note:The report generator relies on �lled entries �MACHINE and �USER as des
ribedin se
tion 1.3.1.5 The measurements: a short overviewThis se
tion is a short guide through all measurements, that are performed bythe standard-suite. This suite is given in the default SKaMPI parameter �le.Changing the parameters is shown in Se
tion 2.1.1.5.1 Measurement of point-to-point operationsIn a ping-pong test one node sends a message to another, whi
h returns it. Formeasuring point-to-point 
ommuni
ations we use di�erent MPI operations. Allpoint-to-point measurements are varied over the message length. The namesfrom the di�erent measurements are derived from the names of the used MPI7The real perl-freak knows: there is a solution for this problem, a magi
 line, whi
h for
esthe shell to sear
h for perl. But it does not work when using the C-shell. (So we forget it.)



1.5. THE MEASUREMENTS: A SHORT OVERVIEW 7operations, so for example MPI Send-MPI Ire
v uses MPI Send for sending andMPI Ire
v for re
eiving. Non-blo
king operations are followed by a MPI Waitto make sure, that the whole time for transfering the data is measured. Thebandwith stated in the report is the overall bandwith, i.e. the sum of thein
oming and outgoing bandwith.MPI Send-MPI Re
vMPI Send-MPI Iprobe Re
vThis measurement waits busily 
alling MPI Iprobe before using MPI Re
v tore
eive the message.MPI Send-MPI Ire
vMPI Send-MPI Re
v with Any TagSimilar to MPI Send-MPI Re
v, the only di�eren
e of this measurement is theuse of MPI ANY TAG in the re
eive fun
tion.MPI Ssend-MPI Re
vMPI Isend-MPI Re
vMPI Issend-MPI Re
vMPI Bsend-MPI Re
vMPI Sendre
vMPI Sendre
v repla
ep2p dummyDummy operation used to determine the overhead of the point-to-point mea-surement pattern.1.5.2 Measurements with the master worker s
hemeThe following measurements belong to the master worker s
heme. The masterdispat
hes 
on
urrent subtasks to several workers. These workers send a replyfor every re
eived subtask. The measurements tests the network throughputand its handling of simultaneous 
ommuni
ations. They 
an be varied over thenumber of subtasks (
hunks), the length of the sent messages or the number ofworkers (expressed in the endings 
hunks, length and nodes). The bandwidthstated in the report is the total bandwidth of the master pro
ess.MPI Waitsome-f
hunks length nodesgThese measurements use MPI Waitsome to 
oordinate the in
oming worker mes-sages. This fun
tion guarantees a fair 
oordination of the workers.



8 CHAPTER 1. RUNNING SKAMPIMPI Waitany-lengthThis measurement uses MPI Waitany to 
oordinate the in
oming worker mes-sages. A fair 
oordination of the workers is not guaranteed, ra
e 
onditions arepossible (i.e. some workers might wait longer for terminating their 
ommuni
a-tion be
ause others were preferred).MPI Re
v Any Sour
e-lengthIn this measurement the master pro
ess re
eives the messages of the workers us-ing MPI Re
v with MPI ANY SOURCE as sour
e. No spe
ial 
oordination fun
tionsare used.MPI fSend Ssend Isend Bsendg-lengthIn these measurements the master pro
ess uses MPI Send (respe
tively MPI Ssend,MPI Isend or MPI Bsend) for sending and MPI Re
v with an expli
it sour
e forre
eiving messages.mw dummyDummy operation used to determine the overhead of the master-worker mea-surement pattern.1.5.3 Measurements of 
olle
tive operationsThe following measurements 
on
ern 
olle
tive MPI operations. These opera-tions syn
hronize pro
esses i.e., MPI Barrier or transmit data between them(other operations than MPI Barrier). The time until 
ompletion on all nodesis measured. In all 
ases the result is the bandwidth at one node.Version 4 introdu
ed a new and more exa
t measurement method. To dis-tinguish between these two methods the endings -BM and -SM (barrier mea-surement and syn
hronous measurement) were introdu
ed (details of the a
tualmeasurement methods 
an be found in se
tion 3.1.4 and 3.1.5). Measurementsof 
olle
tive operations with previous versions of SKaMPI 
orrespond to the -BMmeasurements. Furthermore the following measurements 
an exist in four di�er-ent 
avours: nodes, nodes-short, nodes-long and length. The nodes-shortand nodes-longmeasurements vary over the number of nodes and use short (256bytes) and long (64 kbytes = 65536 bytes) message lengths, though these valuesare arbitrary and 
an be 
hanged in the SKaMPI 
on�guration �le .skampi.The measurements with only nodes in their name also use 256 bytes messagelength (where appli
able). Fnally, the lengthmeasurement varies over the mes-sage length, using all nodes. Measurements without further explanation use the
orresponding MPI operation as it is de�ned in the MPI standard [3℄.MPI B
ast-fnodes-short nodes-long lengthg-fBM SMgMPI B
ast Send Re
v-fnodes-short nodes-long lengthg-fBM SMgThis is an alternative implementation of MPI B
ast using MPI Send and MPI Re
vto send messages. A 
omparison between this operation and the regular MPI B
ast
an show the level or la
k of optimization of the latter.



1.5. THE MEASUREMENTS: A SHORT OVERVIEW 9MPI Barrier-fBM SMgMPI Redu
e-fnodes lengthg-fBM SMgMPI S
an-fnodes lengthg-fBM SMgMPI Alltoall-fnodes-short nodes-long lengthg-fBM SMgMPI Alltoall Isend Ire
v-fnodes-short nodes-long lengthg-fBM SMgThis is an alternative implementation of MPI Alltoall using MPI Isend andMPI Ire
v to send and re
eive the messages.MPI Gather-fnodes-short nodes-long lengthg-fBM SMgMPI Gather SR-fnodes-short nodes-long lengthg-fBM SMgThis is an alternative implementation of MPI Gather using MPI Send and MPI Re
v.MPI Gather ISWA-fnodes-short nodes-long lengthg-fBM SMgYet another implementation of MPI Gather, this time using MPI Isend andMPI Waitall. It 
an be very interesting to 
ompare these last three di�erentimplementation of the same operation.MPI S
atter-fnodes-short nodes-long lengthg-fBM SMgMPI Allredu
e-fnodes lengthg-fBM SMgMPI Redu
e B
ast-fnodes lengthg-fBM SMgThis is an alternative implementation of MPI Allredu
e using MPI Redu
e andMPI B
ast.MPI Redu
e s
atter-fnodes lengthg-fBM SMgMPI Allgather-fnodes-short nodes-long lengthg-fBM SMgMPI S
atterv-fnodes-short nodes-long lengthg-fBM SMgMPI Gatherv-fnodes-short nodes-long lengthg-fBM SMgMPI Allgatherv-fnodes-short nodes-long lengthg-fBM SMgMPI Alltoallv-fnodes-short nodes-long lengthg-fBM SMgMPI Alltoallv Isend Ire
v-fnodes-short nodes-long lengthg-fBM SMgSimilar to the 
ase with MPI Alltoall this is an alternative implementation ofMPI Alltoallv using MPI Isend and MPI Ire
v to send and re
eive the mes-sages.MPI Redu
e S
atterv-fnodes lengthg-fBM SMgThis operation performs a data redu
tion operation on all parti
ipating pro-
esses with MPI Redu
e and then distributes the result partially to all parti
-ipating nodes with MPI S
atterv. Every node re
eives a di�erent part of theresult-array. This kind of result distribution to all parti
ipating nodes is similar



10 CHAPTER 1. RUNNING SKAMPIto the one of MPI Redu
e s
atter, so it is interesting to 
ompare this operationto MPI Redu
e s
atter, whi
h distributes the result to all nodes in one 
all.MPI Comm split-nodes-fBM SMgMPI Comm dup-nodes-fBM SMgf
ol syn
olg dummyDummy operation used to determine the overhead of the barrier (
ol respe
-tively syn
hronous (syn
ol measured 
olle
tive pattern.1.5.4 Measurement of lo
al operationsThe following measurements are lo
al, i.e. that they involve only one pro
ess,without any need for 
ommuni
ation. They do not have any parameters andtheir names 
orrespond to the MPI operations used. Usually they should bevery fast, fast enough to be irrelevant for a user programm. But be
ause theyare used very often, it makes sense to 
he
k this 
laim.MPI WtimeThe most often used fun
tion in the SKaMPI ben
hmark programm. The du-ration of MPI Wtime (together with the result of MPI Wti
k) obviously givea lower bound of the a

ura
y of all the time measurements performed in thewhole program.MPI Comm rankMPI Comm sizeMPI IprobeOnly the 
ase with no waiting message i.e. the unsu

essfull MPI Probe is mea-sured be
ause it is the 
ommon 
ase.MPI atta
hSequen
e of MPI Buffer atta
h and MPI Buffer deta
h. The size of the at-ta
hed bu�er is MPI BSEND OVERHEAD (the oÆ
ial MPI bu�ered send overhead)plus a 
ouple of bytes needed for some MPI implementations.simple dummyDummy operation used to determine the overhead of the simple measurementpattern.



Chapter 2Customizing SKaMPI andtrouble-shootingThis is a more detailed 
hapter 
ontaining information about 
ustomizing themeasurements to your personal needs. Further on we introdu
e the re
overy-me
hanism of SKaMPI, and what's to do, when it fails.But before that, let's make 
lear some terms.Single measurement: A single 
all of a (MPI) routine to be measured in apattern (see se
tion 3.1 for patterns). (E.g., MPI Send-MPI Re
v at 1 MBmessage length.)Measurement: A measurement is the determination of a value on a (set of)parameter(s). The result of a measurement is built of several single mea-surements. In this ben
hmark the number of single measurements ne
es-sary for one measurement is determined by the a

ura
y wanted (and anupper and lower bound).Suite of measurements: Measurements varied over their parameter. In thereport generated by the report generator every subse
tion represents asuite of measurements. (E.g., MPI Send-MPI Re
v from 0::16 MB messagelength.)Run: A run of the ben
hmark is the exe
ution of all sele
ted suites. (Sele
tionis done in the parameter �le.) Usually for ea
h run a report is generated.2.1 Con�guring the SKaMPI parameter �le2.1.1 The se
tionsThe parameter �le is a ASCII-text �le des
ribing the settings to 
ontrol SKaMPI.The parameter �le should be a

essible in the dire
tory, where SKaMPI isstarted. Its name is always .skampi. Thus, do not rename it. Here you 
an seehow to adapt the parameter �le to your personal needs.The parameter �le is divided into se
tions. Ea
h se
tion sets one parameter11
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h may be a list). If one se
tion is omitted, the default value for this pa-rameter will be assumed. A name of a se
tion always starts with an \�". Ase
tion rea
hes to the start of another se
tion (or end of �le). The order of these
tions is irrelevant, but it may be 
onsidered pra
ti
al, to use the \�MEA-SUREMENTS" -se
tion as the last one. So you 
an see all the other (usuallyshorter) se
tions at the beginning of the parameter �le. In all se
tions endingwith "...DEFAULT" you 
an �ll in a default value for this parameter, e.g., thevalue given in STANDARDERRORDEFAULT is used for the standard error de�ned inevery suite, when the standard error of the suite is set do Default Value.We urgently re
ommend to �ll out the �MACHINE, NODE and �NETWORK se
-tions in a detailed manner.�COMMENT Se
tion for 
omments. You may enter any text you want. (Well, textwithout other se
tion names, of 
ourse!)�MACHINE The text in this se
tion des
ribes the ma
hine, you run SKaMPI on.You 
an add any other relevant details of a measurement here. Note thatthere are also spe
ial se
tions for the network (�NETWORK) and the nodes(�NODE). SKaMPI assumes that the �rst line of the �MACHINE-se
tion
ontains just the name of the ma
hine.�NODE In this se
tion you may des
ribe the type of nodes you use. If there areseveral types, please des
ribe them all.�NETWORK Here you may type in, whi
h inter
onne
tion network you use. Oftenthere are several versions of a 
ommuni
ation network for one ma
hine(for example the IBM SP).�USER Here is your pla
e. The �rst line of this se
tion is used by the report-generator (dorep.pl) and should only 
ontain your name.�MEMORY This se
tion is just an integer. It des
ribes the amount of memory inkilobyte, whi
h should be reserved for message bu�ers on ea
h node, e.g.�MEMORY 8192 means 8 megabyte message bu�ers.�VERSION This se
tion is just a 
oat. It denotes the version, this 
on�gura-tion �le was written for. Be
ause the names of some measurements were
hanged (details in 1.3.1), SKaMPI version 4.0 stops with a warning whenused with an old 
on�guration �le.�OUTFILE The name of the output �le. This name should also be entered inthe �rst line (e.g. �OUTFILE skampi.out). Note that there is a blankbetween �OUTFILE and the �lename!�LOGFILE The name of the log �le. This name should also be entered in the�rst line (e.g. �LOGFILE skampi.log). Note that there is a blank between�LOGFILE and the �lename!�MAXSTEPSDEFAULT This se
tion is also just an integer. It des
ribes the numberof measurements to be performed in the parameter-range. This value isthe default value for Max Steps.�MAXREPDEFAULT This integer des
ribes the maximal number of measurementsrepetitions 
an be performed. It's is the default value for Max Repetition.



2.1. CONFIGURING THE SKAMPI PARAMETER FILE 13�MINREPDEFAULT This integer des
ribes the minimal number of repetitions ameasurement 
an be performed. It's the default value for Min Repetition.�MULTIPLEOF Any argument a measurement is 
alled with has to be a multipleof this integer value. For example "8" might be quite useful to avoidmemory alignment e�e
t on 64-bit ma
hines. This integer is the defaultvalue for Multiple of.�CACHEWARMUP Starting with version 3, SKaMPI usually does not warm up the
a
he before measuring. (Note that older versions of SKaMPI did.) Thereason for not warming the 
a
he is, that user programs usually also do notwarm up the 
a
he before sending data. However, if you want to warm upthe 
a
he (both, data- and instru
tion 
a
he), you 
an use �CACHEWARMUPnumber, where number is an positive integer number, giving the numberof single measurements performed, before the time is measured.NAMEOFRUN The name of the run des
ribes the measurements performed in a run.The 
ommon .skampi-�le, pa
kaged with SKaMPI 
ontains measurmentsof the so 
alled StandardSuite.�TIMESUITEDEFAULT This 
oat sets the default value of the parameter Time Suite.�TIMEMEASDEFAULT Float default value of the parameter Time Measurement.�CUTQUANTILEDEFAULT Float default value of the parameter Cut Quantile.�STANDARDERRORDEFAULT Here you 
an enter a 
oat, noting the max allowedstandard-error for a measurement. The measurements are repeated un-til this a

ura
y is rea
hed (unless the max. number of repetitions isrea
hed.) �STANDARDERRORDEFAULT 0.05 means that a standard-error of�ve per
ent is allowed.�ABSOLUTE Please enter just a yes or a no in this se
tion. If \yes", SKaMPI willtry to 
orre
t the measured data, that is subtra
ting the overhead. Thisoption should only be a
tivated, if it is 
lear that there is low (or better no)other load on the ma
hine. (Otherwise you 
an get negative performing-times, be
ause the measurement of the overhead 
an be disturbed by theother load.) E.g. �ABSOLUTE yes.�POSTPROC Please enter just a yes or a no in this se
tion. You 
an do severalruns of SKaMPI. Ea
h su

essful run will build a new output �le (e.q.skampi.out, skampi.out.1, skampi.out.2, ...) If \yes", SKaMPI willperform the post-pro
essing. That is merging all output �les together.Note if SKaMPI is restarted after an abort, no new output �le will be
reated. In this 
ase SKaMPI appends the results to the output �le ofthe previous run. If you do not want SKaMPI to perform this kind ofpost-pro
essing (�POSTPROC no).�BLOCKS, �BLOCKSIZE, �VECTORSTRIDE, �BASETYPEn are used when 
reatinguser de�ned datatypes. They are explained in se
tion 2.1.8.�MEASUREMENTS This se
tion des
ribes all measurements to be performed bySKaMPI. Sin
e it has its own grammar, there is an extra se
tion devotedfor it (2.1.4) in the do
umentation.



14 CHAPTER 2. CUSTOMIZING AND TROUBLE-SHOOTING2.1.2 Example and default valuesFirst we show the �lled text se
tions. Please use them to des
ribe your ma
hinein detail. Note that the report generator needs this data, to 
orre
tly produ
ea report.�COMMENT My ma
hines at home�MACHINE Pentium - 386 Linux Power Workstation Cluster�NODE Pentium S 133 Mhz, i386-33Mhz�NETWORK (slow) Ethernet, Western Digital Network adapter�USER Ralf ReussnerThe following examples initializes all se
tions with their default values. So hereyou 
an see, whi
h values will be assumed by SKaMPI, if a se
tion is omitted.�MEMORY 4096�VERSION 4.0�OUTFILE skampi.out�LOGFILE skampi.log�MAXSTEPSDEFAULT 16�MAXREPDEFAULT 20�MINREPDEFAULT 4�MULTIPLEOFDEFAULT 4�STANDARDERRORDEFAULT 0.05�TIMEMEASDEFAULT 0.0�TIMESUITEDEFAULT 0.0�BLOCKS 10�BLOCKSIZE 7�VECTORSTRIDE 11�COMMENTTo use TIMEMEASDEFAULT and TIMESUITEDEFAULT pleaserepla
e the 0.0 with your required values and 
hangethe "Invalid_Value" in ea
h measurement to "Default_Value".�CUTQUANTILEDEFAULT 0.25�CACHEWARMUP 0�NAMEOFRUN StandardSuite�ABSOLUTE no�POSTPROC yes�MEASUREMENTSThe empty se
tions (like �COMMENT, or �MACHINE, et
.) are initializedempty. You may enter free text in them (text without se
tion names). Anex
eption is the MEASUREMENTS-Se
tion (see se
tion 2.1.4).2.1.3 The grammar of the di�erent se
tionsThe grammar used for the above se
tions is shown below. Only nonterminalsappear.SECTION ::= TEXT_SECTION SECTION| INT_SECTION SECTION| FLOAT_SECTION SECTION| YESNO_SECTION SECTION



2.1. CONFIGURING THE SKAMPI PARAMETER FILE 15| MEASUREMENTS_SECTION SECTION| <epsilon>TEXT_SECTION ::= �COMMENT text| �MACHINE text| �NETWORK text| �NODE text| �USER text| �OUTFILE text| �LOGFILE text| �NAMEOFRUN text| �BASETYPE1 text...| �BASETYPE10 textINT_SECTION ::= �MEMORY int| �MAXSTEPSDEFAULT int| �MAXREPDEFAULT int| �MINREPDEFAULT int| �MULTIPLEOFDEFAULT int| �CACHEWARMUP int| �BLOCKS int| �BLOCKSIZE int| �VECTORSTRIDE intFLOAT_SECTION ::= �STANDARDERRORDEFAULT float| �TIMEMEASDEFAULT float| �TIMESUITEDEFAULT float| �CUTQUANTILE float| �VERSION floatYESNO_SECTION ::= �ABSOLUTE| �POSTPROCProdu
tion rules for the nonterminal MEASUREMENTS SECTION are found in se
-tion 2.1.7. The nonterminals int and float are the usual C data types andtext is plain ASCII text without quotes. More than one line of text is possible.2.1.4 The MEASUREMENTS se
tionThe MEASUREMENTS se
tion is a list in whi
h every entry des
ribes a suiteof measurements (i.e., measurements varied over their parameter range). Anentry starts with the name of the measurement. This name should be usable as�lename. It is followed by a �xed re
ord, des
ribing spe
i�
 properties of thissuite. An example is given in se
tion 2.1.5. This re
ord is explained below.Type Ea
h measurement must have a type assigned. This type (an simple in-teger) des
ribes the MPI-fun
tion and the pattern whi
h should be mea-sured. A 
ouple of tables in se
tion 3.1 (page 32) shows whi
h number isassigned to whi
h MPI-fun
tion.Basetype Number The number of the basetype. As des
ribed in the user de-�ned datatypes se
tion (se
. 2.1.8), several basetypes 
an be de�ned.(�BASETYPE<number>). With the Basetype Number = <number> you
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an sele
t the basetype for this measurement among the previously de-�ned basetypes by its number.Send Datatype Number The number of the type 
onstru
tor the 
reate thedatatype, whi
h will be used for at the sender of 
ommuni
ation oper-ations. The possible 
onstru
tors are des
ribed in se
tion 2.1.8.Re
eive Datatype Number The number of the type 
onstru
tor the 
reate thedatatype, whi
h will be used for at the re
eiver of 
ommuni
ation opera-tions. The possible 
onstru
tors are des
ribed in se
tion 2.1.8.Variation Here you 
an enter the variable to be used to vary over (e.g., themessage length, or the number of nodes). The variables 
ontained by apattern you 
an see in Table 2.1.S
ale This parameter des
ribes the s
ale of the x- and y-axis (linear or loga-rithmi
) and it determines how to �nd the arguments for this suite (�xedor dynami
). Possible values are:Fixed linear The arguments begin at Start Argument and end at End Argument.The distan
e is Stepwidth. Both s
ales are linear. The variablesMax Steps, Min Distan
e and Max Distan
e have no meaning.Fixed log The arguments are powers of the parameter stepwidth. (stepwidth1,stepwidth2, stepwidth3 ... until End Argument has been rea
hed.)Both axis are logarithmi
. The variables Max Steps, Min Distan
eand Max Distan
e have no meaning.Dynami
 linear The arguments begin at Start Argument and end atEnd Argument. The distan
e is Stepwidth. After doing the mea-surements this way, the number Max Steps of measurements is �lledup with automati
ally pla
ed measurements. These measurementsare never nearer than Min Distan
e.Both axes are linear.Dynami
 log The arguments are powers of the parameter stepwidth.(stepwidth1, stepwidth2, stepwidth3 ... until End Argument has beenrea
hed.) After having done measurements this way, the numberMax Steps of measurements is �lled up with automati
ally pla
edmeasurements. These measurements are never nearer than Min Distan
e.Both axis are logarithmi
.Max Repetition Here you 
an enter the maximal number of measurement rep-etitions. If you do not want to 
hange this value in every entry, you justwrite Default Value instead of the number, and the value given in the�MAXREPDEFAULT se
tion is used.Min Repetition Here you 
an enter the minimal number of repetitions per-formed for a measurement. If you do not want to 
hange this value inevery entry, you just write Default Value instead of the number, and thevalue given in the �MINREPDEFAULT se
tion is used.Multiple of Any argument a measurement is 
alled with has to be a multipleof this integer value. For example "8" might be quite useful to avoid



2.1. CONFIGURING THE SKAMPI PARAMETER FILE 17memory alignment e�e
ts on 64-bit ma
hines, or 4 for 32-bit systems.This integer's default value is set in the se
tion �MULTIPLEOF.Time Suite The value given here sets the time limit for one suite of measure-ments in minutes. A suite of measurements is a set of measurements, 
on-taining measurements varied over some parameters (
ompare to de�nitionat the beginning of this 
hapter). This means that no new measurementsare started, when the time 
onsumed by the already exe
uted measure-ments of this suite ex
eeds this limit time1. This limit has no in
uen
eon other suites. So ex
eeding this limit time means that only this suitestops measuring. It does not mean, that the whole ben
hmark is aborted.Information regarding the preferen
e of this parameter and Max Steps isgiven in subse
tion 2.1.6. If you do not want to 
hange this value in everyentry, you just write Default Value instead the number, and the valuegiven in the �TIMESUITEDEFAULT se
tion is used. If you do not want togive any time limit at all, please enter Invalid Time instead of a value.Time Measurement This value gives the time limit for one measurement in min-utes. (A measurement is the repetition of several single measurements.Compare to de�nition at the beginning of this 
hapter). This means thatno new single measurements is started, when the time 
onsumed by thealready exe
uted single measurements of this measurement ex
eeds thislimit time2. Information regarding the preferen
e of this parameter andStandard error is given in subse
tion 2.1.6. If you do not want to 
hangethis value in every entry, you just write Default Value instead of thenumber, and the value given in the �TIMESUITEDEFAULT se
tion is used.If you do not want to give any time limit at all, please enter Invalid Timeinstead of a value.Node Times This boolean value 
an be set to yes or no. In 
ase of yes SKaMPImeasures besides the result also the exe
ution times of the measured rou-tine on all nodes3. This may be useful to see whether overlapping 
om-muni
ation and 
omputation 
an take pla
e, or to measure e�e
ts of 
on-tention. In the patterns Simple and Master-Worker this feature will beignored, sin
e in the simple pattern only one pro
ess is involved, and inthe Master-Worker pattern the workers work until they re
eive the stopsignal. So it is not interesting to measure, when the workers stop.The times are given in mi
rose
onds in the output �le. Note that the nodetimes are only given for the last single measurement of a measurement.This means that node times do not represent a mean value of the exe
utiontimes of several results as the measurement's result does. So is is possiblethat the result di�ers from the node time of pro
ess 0.Cut Quantile This value de�nes the upper and lower quantile of single mea-surements' results, whi
h are disregarded, when 
omputing the result of a1This means that the time of all measurements 
an be larger than the limit, be
ause thelast measurement will not be aborted when ex
eeding the limit time.2This means that the time of all single measurements 
an be larger than the limit, be
ausethe last single measurement will not be aborted when ex
eeding the limit time.3The result is the time the routine to measure needs on the measuring root node. Theben
hmark assures that the routine to measure has �nished on all other nodes, when �nishedon the root node. So the exe
ution times on the individual nodes is usually lower.



18 CHAPTER 2. CUSTOMIZING AND TROUBLE-SHOOTINGPattern Variables to vary overPoint-to-Point Length, NodesMaster-Worker Length, Nodes, ChunksBarrier Measured Colle
tive Length, NodesSyn
hronous Measured Colle
tive Length, NodesSimple noneTable 2.1: Whi
h pattern 
an be varied with whi
h variables?measurement. If you do not want to throw any results away, use 0.0. Ifyou assume that the upper an lower quartile of your results are outliers,use 0.25. If you do not want to 
hange this value in every entry, youjust write Default Value instead the number, and the value given in the�CUTQUANTILEDEFAULT se
tion is used.Start Argument If the Variation is linear, this number will be used as startingargument. (In 
ase of logarithmi
 s
ale it has no meaning, sin
e measure-ments always are started by 1.)End Argument This is the maximal argument, whi
h is never ex
eeded in thismeasurement. If you vary over the message length it will depend on theamount of memory you entered in the �MEMORY se
tion. If you vary overthe number of nodes, it will depend on the number of nodes, SKaMPIstarted with. To make it easier to determine these values, you 
an justenter Max Value here, and SKaMPI 
omputes the a
tual values duringrun-time.Max Steps explained under Variation.Min Distan
e explained under Variation.Max Distan
e explained under Variation.Standard error Measurements are repeated until its standard error has droppedbelow of this value here. (But the number of repetitions is never less thanMin Repetition and never larger than Max Repetition. The standarderror is a metri
 for the reliability of a the data, whereas the standarddeviation is a metri
 for dispersion.2.1.5 Example of an entryMPI_Send-MPI_Re
v{ Type = 1;Basetype_Number = 1;Send_Datatype_Number = 4;Re
eive_Datatype_Number = 4;Variation = Length;S
ale = Dynami
_log;Max_Repetition = Default_Value;



2.1. CONFIGURING THE SKAMPI PARAMETER FILE 19Min_Repetition = Default_Value;Multiple_of = Default_Value;Time_Measurement = Invalid_Value;Time_Suite = Invalid_Value;Node_Times = No;Cut_Quantile = Default_Value;Default_Chunks = 0;Default_Message_length = 256;Start_Argument = 1;End_Argument = Max_Value;Stepwidth = 128;Max_Steps = 30;Min_Distan
e = 128;Max_Distan
e = 512;Standard_error = Default_Value;}2.1.6 A note to the preferen
e of the parameters Max Steps,Time Suite and Standard error, Time MeasurementThe termination of a measurement is 
ontrolled by four parameters: Standard error,Max Repetition, Min Repetition, and Time Measurement. The terminationof a suite of measurements is 
ontrolled by the two parameters Max Steps andTime Suite. Con
i
ts between these parameters are resolved in the followingway.Termination of a measurementIf Time Measurement is set to Invalid Value than (a) the number of sin-gle measurements is always between Min Repetition and Max Repetition,(b) if the the standard error of the single measurement's results fall belowStandard error the measurement is �nished. (If the single measurements arerepeated Max Repetition time, than the measurement is also �nished, indepen-dent of the value for the standard error.)If Time Measurement is set to any other value as Invalid Value (that is a
oat or Default Value), then no further single measurement will be started,when the sum of the exe
ution times of the already exe
uted single measure-ments ex
eeds the value of Time Measurement. The values of Standard error,and Min Repetition will not be 
onsidered in this 
ase. But in any 
ase, therewill not be more measurements started than Max Repetitions4. If you want touse only Time Measurement to 
ontrol the termination, so 
hoose a high valuefor Max Steps.Termination of a suite of measurementsIf Time Suite is set to Invalid Value then the number of measurements in thissuite equals always to Max Steps.If Time Suite is set to any other value as Invalid Value (that is a 
oat orDefault Value), then no further measurement will be started, when the sum4This is be
ause SKaMPI uses these values for internal bu�er allo
ation.
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ution times of the already exe
uted measurements ex
eeds the valueof Time Suite.2.1.7 Grammar of the MEASUREMENTS se
tionThe grammar used for the measurement se
tion is shown below. Terminals areset in \", nonterminals not.MEASUREMENTS_SECTION ::=file_name_str``{''``Type =''TYPE_RANGE``;''``Variation =''VARIATION_STYLE``;''``S
ale =''SCALE_STYLE``;''``Max_Repetition =''INT_OR_DEFAULT``;''``Min_Repetition =''INT_OR_DEFAULT``;''``Multiple_of ='' INT_OR_DEFAULT``;''``Time_Measurement ='' FLOAT_OR_DEFAULT_OR_INVALID``;''``Time_Suite ='' FLOAT_OR_DEFAULT_OR_INVALID``;''``Cut_Quantile =''FLOAT_OR_DEFAULT``;''``Default_Chunks =''INT_OR_FLOAT``;''``Default_Message_length =''INT_OR_FLOAT``;''``Start_Argument =''int``;''``End_Argument =''INT_OR_MAX``;''``Stepwidth =''int``;''``Max_Steps =''int``;''``Min_Distan
e =''int``;''``Max_Distan
e =''int``;''``Standard_error =''FLOAT_OR_DEFAULT``;''``}''VARIATION_STYLE ::= ``Length''| ``Nodes''| ``Chunks''SCALE_STYLE ::= ``Fixed_linear''| ``Fixed_log''| ``Dynami
_linear''| ``Dynami
_log''INT_OR_DEFAULT ::= int| ``Default_Value''INT_OR_FLOAT ::= int| floatMAX_OR_DEFAULT ::= int| ``Max_Value''FLOAT_OR_DEFAULT ::= float



2.1. CONFIGURING THE SKAMPI PARAMETER FILE 21| ``Default_Value''FLOAT_OR_DEFAULT_OR_INVALID ::= float| ``Default_Value''| ``Invalid_Value''file name str is what your operating system allows as a �le name. In thegrammar above file name str stands for the name of the measurement. In thereport generator dorep.pl there will be some �les 
reated temporarily, whi
h
ontain this string in their names.As above, the nonterminals int and float are what you would expe
t as C-Programmer.Hint for editing the �MEASUREMENTS se
tion: if you want to skip some mea-surements, just write �COMMENT before the measurements you intend to skip,and �MEASUREMENTS behind them.2.1.8 User-de�ned types in SKaMPIBasetypesA basetype is a type whi
h is used to de�ne other types (su
h as stru
ts orve
tors). A basetype 
an be given in two ways:� as a string, denoting a prede�ned MPI datatype. Currently MPI CHAR,MPI BYTE, MPI INT, MPI LONG, MPI DOUBLE, and MPI LONG DOUBLE are al-lowed.� or as a 
omma-separated list of triples (see below.)Ea
h triple des
ribes an element of the basetype. The �rst entry of a triple givesthe length of the element in bytes. The se
ond element gives the displa
ement ofthis element in bytes, i.e. the address where the element starts relative to the be-ginning of the basetype. The unit of this o�set is extent of the given prede�nedtype (the last element). The last element of the triple is the name of a MPI pre-de�ned datatype like MPI DOUBLE. For example, (1,0,MPI BYTE),(2,1,MPI INT)denotes a basetype 
onstru
ted out of one MPI BTYE at the beginning (o�set 0)and two MPI INT at o�set one (so behind the one MPI BYTE).Currently up to 10 basetypes 
an be spe
i�ed in the SKaMPI parameter �lewith the 
ommands �BASETYPE1 : : : �BASETYPE10.Using basetypes to 
onstru
t other typesSKaMPI de�nes several `type 
onstru
tors' to de�ne nested types out of a user-de�ned basetype. These 
onstru
tors are sele
ted by a number. Sin
e workingwith user-de�ned types requires a 
ertain a
quaintan
e with the appropriateMPI fun
tions, we des
ribe the di�erent 
onstru
tors in do
umenting their 
ode.The de�nitions use the 
onstants params.blo
ks, params.blo
ksize, andparams.ve
torstride. They 
an be set as se
tions in the parameter �le, i.e.,�BLOCKS, �BLOCKSIZE, and �VECTORSTRIDE. If not expli
itely set there, the de-fault values are used (�BLOCKS 10, �BLOCKSIZE 7, �VECTORSTRIDE 11). Note
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torstride must be larger than the blo
ksize and blo
ksize must belarger that three when using the spe
ial type 
onstru
tor (number 70).Number 1Simply MPI BYTE.Number 2Simply MPI CHAR.Number 3Simply MPI FLOAT.Number 4Simply MPI DOUBLE.Number 5Simply MPI INT.Number 20A user-de�ned basetype, sele
ted by the Send Basetype Number respe
tivelyRe
eive Basetype Number in the parameter �le.Number 30MPI_Type_
ontiguous(params.blo
ks * params.blo
ksize,_basetype[bt_number℄,d);Number 31MPI_Type_ve
tor(params.blo
ks,params.blo
ksize,params.ve
torstride,_basetype[bt_number℄,d);Number 32MPI_Type_
reate_hve
tor(params.blo
ks,params.blo
ksize,params.ve
torstride*_basetype_size[bt_number℄,_basetype[bt_number℄,d);Number 33blen[0℄ = params.blo
ksize;disp[0℄ = 0;k = 1;for (i=1; i<params.blo
ks; i++){ blen[i℄ = params.blo
ksize-k;disp[i℄ = disp[i-1℄+blen[i-1℄+1;k = 1-k;



2.1. CONFIGURING THE SKAMPI PARAMETER FILE 23}blen[params.blo
ks-1℄ += params.blo
ks/2;MPI_Type_indexed(params.blo
ks,blen,disp,_basetype[bt_number℄,d);Number 34/* requires MPI 2 */for (i=0; i<params.blo
ks; i++){ disp[i℄ = params.blo
ksize*i+i;}MPI_Type_
reate_indexed_blo
k(params.blo
ks,params.blo
ksize,disp,_basetype[bt_number℄,d);Number 35blen[0℄ = params.blo
ksize;offset[0℄ = 0;k = 1;for (i=1; i<params.blo
ks; i++){ blen[i℄ = params.blo
ksize-k;offset[i℄ = offset[i-1℄+blen[i-1℄+1;k = 1-k;}for (i=0; i<params.blo
ks; i++){ offset[i℄ *= _basetype_size[bt_number℄;}blen[params.blo
ks-1℄ += params.blo
ks/2;MPI_Type_
reate_hindexed(params.blo
ks,blen,offset,_basetype[bt_number℄,d);Number 36blen[0℄ = params.blo
ksize;offset[0℄ = 0;type[0℄ = _basetype[bt_number℄;k = 1;for (i=1; i<params.blo
ks; i++){ blen[i℄ = params.blo
ksize-k;offset[i℄ = offset[i-1℄+blen[i-1℄+1;type[i℄ = _basetype[bt_number℄;k = 1-k;}for (i=0; i<params.blo
ks; i++){ offset[i℄ *= _basetype_size[bt_number℄;}
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ks-1℄ += params.blo
ks/2;MPI_Type_
reate_stru
t(params.blo
ks,blen,offset,type,d);Number 37/* requires MPI 2, espe
ially subarrays */for (i=0; i<params.blo
ks; i++){ blen[i℄ = SUBARRAYOFFSET+params.blo
ksize+SUBARRAYOFFSET;sublen[i℄ = params.blo
ksize;disp[i℄ = SUBARRAYOFFSET;}MPI_Type_
reate_subarray(params.blo
ks,blen,sublen,disp,MPI_ORDER_C,_basetype[bt_number℄,d);Number 50MPI_Type_ve
tor(params.blo
ks,len*params.blo
ksize,len*params.ve
torstride,_basetype[bt_number℄, d);Number 51MPI_Type_ve
tor(len,params.blo
ks*params.blo
ksize,params.blo
ks*params.ve
torstride,_basetype[bt_number℄,d);Number 52MPI_Type_ve
tor(len*params.blo
ks,params.blo
ksize,params.ve
torstride,_basetype[bt_number℄,d);#ifdef MPI_2MPI_Type_get_extent(*d, &lb, &myextent);#else /* and that is still the default */MPI_Type_extent(*d, &myextent);#endifNumber 53blen[0℄ = params.blo
ksize;offset[0℄ = 0;type[0℄ = _basetype[bt_number℄;k = 1;for (i=1; i<len*params.blo
ks; i++){ blen[i℄ = params.blo
ksize-k;offset[i℄ = offset[i-1℄+blen[i-1℄+1;type[i℄ = _basetype[bt_number℄;k = 1-k;}for (i=0; i<len*params.blo
ks; i++)



2.1. CONFIGURING THE SKAMPI PARAMETER FILE 25{ offset[i℄ *= _basetype_size[bt_number℄;}blen[i-1℄ += i/2;MPI_Type_
reate_stru
t(len*params.blo
ks,blen,offset,type,d);Number 54blen[0℄ = params.blo
ksize;offset[0℄ = 0;type[0℄ = _basetype[bt_number℄;k = 1;for (i=1; i<len; i++){ blen[i℄ = params.blo
ks*params.blo
ksize-k;offset[i℄ = offset[i-1℄+blen[i-1℄+1;type[i℄ = _basetype[bt_number℄;k = 1-k;}for (i=0; i<len; i++){ offset[i℄ *= _basetype_size[bt_number℄;}blen[i-1℄ += i/2;MPI_Type_
reate_stru
t(len,blen,offset,type,d);Number 55blen[0℄ = params.blo
ksize;offset[0℄ = 0;type[0℄ = _basetype[bt_number℄;k = 1;for (i=1; i<params.blo
ks; i++){ blen[i℄ = len*params.blo
ksize-k;offset[i℄ = offset[i-1℄+blen[i-1℄+1;type[i℄ = _basetype[bt_number℄;k = 1-k;}for (i=0; i<params.blo
ks; i++){ offset[i℄ *= _basetype_size[bt_number℄;}blen[i-1℄ += i/2;MPI_Type_
reate_stru
t(params.blo
ks,blen,offset,type,d);Number 56MPI_Type_ve
tor(params.blo
ksize,len,len+params.ve
torstride,_basetype[bt_number℄,&bve
tor1);



26 CHAPTER 2. CUSTOMIZING AND TROUBLE-SHOOTINGD16(type
ounter++;)MPI_Type_
ommit(&bve
tor1); /* superfluous(?), but why not */MPI_Type_ve
tor(params.blo
ks,1,2,bve
tor1,d);Number 57MPI_Type_ve
tor(len,params.blo
ksize,params.ve
torstride,_basetype[bt_number℄,&bve
tor2);D16(type
ounter++;)MPI_Type_
ommit(&bve
tor2); /* superfluous(?), but why not */MPI_Type_ve
tor(params.blo
ks,1,2,bve
tor2,d);Number 58MPI_Type_ve
tor(params.blo
ks,params.blo
ksize,params.ve
torstride,_basetype[bt_number℄,&bve
tor3);D16(type
ounter++;)MPI_Type_
ommit(&bve
tor3); /* superfluous(?), but why not */MPI_Type_ve
tor(len,1,2,bve
tor3,d);Number 61MPI_Type_ve
tor(params.blo
ksize,1,2,_basetype[bt_number℄,&bve
tor);MPI_Type_
ommit(&bve
tor);MPI_Type_ve
tor(params.blo
ks,1,2,bve
tor,d);Number 62for (i=0; i<params.blo
ksize; i++){ blen[i℄ = 1;disp[i℄ = 2 * i;}MPI_Type_indexed(params.blo
ksize,blen,disp,_basetype[bt_number℄,&bindex);MPI_Type_
ommit(&bindex);MPI_Type_ve
tor(params.blo
ks,1,2,bindex,d);D16(type
ounter++;) MPI_Type_
ommit(d);Number 63MPI_Type_ve
tor(params.blo
ksize,1,2,_basetype[bt_number℄,&bve
tor);MPI_Type_
ommit(&bve
tor);for (i=0; i<params.blo
ks; i++){ blen[i℄ = 1;disp[i℄ = 2*i;}MPI_Type_indexed(params.blo
ks,blen,disp,bve
tor,d);D16(type
ounter++;) MPI_Type_
ommit(d);is
onstr = TRUE;



2.1. CONFIGURING THE SKAMPI PARAMETER FILE 27Number 64for (i=0; i<params.blo
ksize; i++){ blen[i℄ = 1;disp[i℄ = 2*i;}MPI_Type_indexed(params.blo
ksize,blen,disp,_basetype[bt_number℄,&bindex);MPI_Type_
ommit(&bindex);for (i=0; i<params.blo
ks; i++){ blen[i℄ = 1;disp[i℄ = 2*i;}MPI_Type_indexed(params.blo
ks,blen,disp,bindex,d);D16(type
ounter++;) MPI_Type_
ommit(d);Number 70/* Spe
ial types (assume here that BLOCKSIZE>=3) */MPI_Type_ve
tor(params.blo
ks,1,params.blo
ksize,_basetype[bt_number℄,&
omp1);D16(type
ounter++;)MPI_Type_
ommit(&
omp1);for (i=0; i<params.blo
ks; i++) {blen[i℄ = 1;disp[i℄ = i*params.blo
ksize;}MPI_Type_indexed(params.blo
ks,blen,disp,_basetype[bt_number℄,&
omp2);D16(type
ounter++;)MPI_Type_
ommit(&
omp2);for (i=0; i<params.blo
ks; i++) {blen[i℄ = params.blo
ksize-2;offset[i℄ = i*params.blo
ksize*_basetype_size[bt_number℄;type[i℄ = _basetype[bt_number℄;}#if MPI_2MPI_Type_
reate_stru
t(params.blo
ks,blen,offset,type,&
omp3);#elseMPI_Type_stru
t(params.blo
ks,blen,offset,type,&
omp3);#endifD16(type
ounter++;)MPI_Type_
ommit(&
omp3);blen[0℄ = 1; offset[0℄ = 0; type[0℄ = 
omp1;blen[1℄ = 1; offset[1℄ = _basetype_size[bt_number℄; type[1℄ = 
omp2;blen[2℄ = 1; offset[2℄ = 2*_basetype_size[bt_number℄; type[2℄ = 
omp3;#ifdef MPI_2MPI_Type_
reate_stru
t(3,blen,offset,type,d);#elseMPI_Type_stru
t(3,blen,offset,type,d);#endif



28 CHAPTER 2. CUSTOMIZING AND TROUBLE-SHOOTINGType numbers Pattern Pre�x1-9,29,34 Point-to-Point10-16,30 Master-Worker17-23,31,33,35-46,72,74,76,78 Barrier Measured Colle
tive24-28,32 Simple50-53 internal measurements54-71,73,75,77,79 Syn
hronous Measured Colle
tiveTable 2.2: The mapping of patterns to pre�xes2.2 Con�guring the report generatorThe report generater dorep.pl usually 
omes along with a standard 
on�gu-ration �le (.dorep). So it needs no further 
on�guration. But if you want to
reate spe
ialized reports and to fully exploit the generator you 
an make use ofits various parameters and features. This se
tion only provides a brief overview.More detailed information 
an be found on the following URL in the internet:http://liinwww.ira.uka.de/ skampi/dorep3.htmldorep inspe
ts whi
h measurements are performed and pro
esses their re-sults. So if you add or omit measurements, they will automati
ally appear in(or respe
tively disappear from) the report.2.2.1 ComparisonsWhat the generator does not know is, whi
h measurements you want to 
om-pare5. To manipulate the \Comparisons" se
tion in skarep.ps you 
an edit the.dorep �le. This �le has a simple stru
ture. Every line des
ribes one 
ompari-son. The �rst part of the line is the name of the 
omparison. This name may bea normal string, but it must not 
ontain any ":", be
ause that is its delimiter.After the \:" follows a list with names of suites of measurements.Name of the 
omparison: suite1, suite2, suite3Note that the lists are separated by \,". But where to get the names of thesuites from? For that you may have a look in the parameter �le .skampi.As explained in the se
tion 2.1.1 ea
h suite of measurements has its ownname (usually the name of the MPI fun
tion measured). It may happen, thatone MPI fun
tion is used in two (or more) patterns, so you have to add a pre�x,des
ribing the pattern6.Table 2.2 shows the patterns pre�xes. For example you want to 
ompare the�rst two suites in .skampi:1. We want to name our 
omparison: Comp. MPI Send-MPI Re
v and MPI Iprobe(followed by MPI Re
v).5Here a 
omparison is a plot of two or more fun
tion graphs. The report generator also
reates a table with some results to 
ompare.6The problem of identifying the suite with a name, whi
h may o

ur twi
e, does not existin .skampi. Here the 
orresponding pattern is stored with the name, so that it is always 
lear,what suite is 
alled.



2.2. CONFIGURING THE REPORT GENERATOR 292. In .skampi you �nd the name MPI Send-MPI Re
v. This is the name ofone suite we want to see in our 
omparison.The other suite is 
alled MPI Send-MPI Iprobe Re
v.3. Sin
e both suites belong to the point-to-point pattern, table 2.2 tells uswe have to add the pre�x p2p .4. The resulting line in .dorep is:Comp. MPI Send-MPI Re
v and MPI Iprobe (followed by MPI Re
v):p2p MPI Send-MPI Re
v, p2p MPI Send-MPI Iprobe Re
v.Note: this has to be written as one line.For every 
omparison you have to ensure that the �rst suite's parameter rangein
ludes the parameter ranges of the other suites. dorep does not 
he
k themeaning of a 
omparison.2.2.2 Additional tex-modulesBesides the 
omparisons, there is another simple way to 
reate more individualreports. If you 
reate a tex-module with the extension .tma (tex module ad-ditional), this �le will be in
luded automati
ally in front of the \Comparison"se
tion. Here a \tex-module" is a �le whi
h 
ontains tex-
ommands whi
h 
ano

ur between nbeginfdo
umentg and nendfdo
umentg.Example\se
tion{Comments}My opinion of SKaMPI: delete it!Oops!2.2.3 More detailed graphsIf you want a more detailed graph of a spe
ial parameter range, you may editthe skampi.out in the following way./*�inp2p_MPI_Bsend-MPI_Re
v.ski*/#Des
ription of the MPI_Bsend-MPI_Re
v measurement:#Pattern: Point-to-Point varied over the message length.#The x s
ale is linear, automati
al x wide adaption,#range: 0 - 256, stepwidth: 16.000000.#default values: 2 nodes.#max. allowed standard error is 10.00 %#Format: message length (%d) <spa
e> time (mi
rose
.)(%f) (standard error) (%f) 
ount (%d)#arg result standard_error 
ount0 7004.000000 1.000000 216 7316.000000 3.000000 232 11538.000000 2716.566473 640 7498.500000 6.500000 2Edit the range line. For example you may write range: 16 - 128 if you areonly interested in this part of the graph.



30 CHAPTER 2. CUSTOMIZING AND TROUBLE-SHOOTING2.2.4 Given module �lesAnother possibility manipulate the reports is to use your own module �les.For every suite suite-name the report generator 
reates a gnuplot-
ommand�le named suite-name.gpl and a tex module �le suite-name.tmd. If thedorep.pl �nds su
h a �le, it uses the your given �le7.2.2.5 Extra text for suitesFor every suite of the standard parameter �le an extra text is printed as header.This text is stored in a an ASCII-text �le suite-name.dri8.2.3 When SKaMPI 
rashesSin
e the MPI-implementations are no trivial pie
es of software9, we have toassume that SKaMPI may 
rash while measuring. In this 
ase all measuredsuites are stored, only the a
tual one is lost.In this 
ase you 
an use the automati
 re
overy me
hanism. Simply startSKaMPI again. Please do not 
hange the output or log �le. SKaMPI triesto �nd out whi
h measurement 
aused the trouble. Then SKaMPI skips themeasurement and starts with the measurement behind. The erroneous mea-surement will be 
alled after all others. So if it 
rashes again, you will have
ompleted all other measurements. This me
hanism will also work, if severalmeasurements 
rash.If this does not work, you 
an re
over manually.1. Find out whi
h measurement 
aused the 
rash. In order to do this, lookinto skampi.out, go to the end of �le and ba
kward-sear
h the string\/*�in" You will �nd the name of the last 
ompleted measurement afterthat string....#-------------------------------#/*�inp2p_MPI_Send-MPI_Ire
v.ski*/#Des
ription of the MPI_Send-MPI_Ire
v measurement:#Pattern: Point-to-Point varied over the message length....So the name we look for is p2p MPI Send-MPI Ire
v.2. Edit .skampi. Here you repla
e �MEASUREMENTwith �COMMENT (You swit
hof all measurements).3. Then �nd the entry of the 
rashed measurement. The 
rashed measure-ment is the measurement behind the last 
ompleted measurement, you7To see whi
h �les are 
reated temporarily by dorep.pl just 
omment out its line "unlink�files to delete;". Then you may have a look into its �les. But be 
areful: Before thenext run of the generator delete these �les manually, be
ause the generator does not overwritethem as explained above. (Delete the �les:*.tmd *.gpl *.eps.)8dri means \dorep-information".9And (err) SKaMPI neither...



2.3. WHEN SKAMPI CRASHES 31know from above. Write �MEASUREMENTS after the 
rashed measuremententry. In our 
ase if MPI Send-MPI Ire
v is the last 
ompleted measure-ment, then MPI Send-MPI Re
v with Any Tag failed. Therefore we pla
e�MEASUREMENTS before the next entry (i.e., MPI Ssend-MPI Re
v)....MPI_Send-MPI_Re
v_with_Any_Tag{ Type = 4;Variation = Length;S
ale = Dynami
_log;Max_Repetition = Default_Value;Min_Repetition = Default_Value;Multiple_of = Default_Value;Time_Measurement = Invalid_Value;Time_Suite = Default_Value;Node_Times = Yes;Cut_Quantile = Default_Value;Default_Chunks = 0;Default_Message_length = 256;Start_Argument = 0;End_Argument = Max_Value;Stepwidth = 1.414213562;Max_Steps = Default_Value;Min_Distan
e = 2;Max_Distan
e = 512;Standard_error = Default_Value;}�MEASUREMENTSMPI_Ssend-MPI_Re
v{ Type = 5;Variation = Length;: ...4. Delete the 
urrent log�le skampi.log.5. Rename skampi.out to another �le.6. Start SKaMPI again with the same 
ommand.7. When SKaMPI �nished, you 
an append the new skampi.out �le to theold renamed one.



Chapter 3Measurements in detailIn the last 
hapter of this manual the di�erent measurements are treated indetail. First we explain how to get the measured 
ode for ea
h measurement.In the last se
tion we will see the format of the oubtput �le.3.1 But what is measured?So far we know how to measure, but what is a
tually measured? Sin
e weinvestigate parallel operations, we have to 
oordinate several pro
esses. Mea-surements, whi
h have a similar 
oordination of its pro
esses, are grouped to aso 
alled pattern. To get an impression of the working of these pattern and thefun
tions 
alled, there is an example in the next se
tion. The following se
tionsthen introdu
e every single pattern.3.1.1 ExampleLets ask, what is measured in type 16? First we have a look at table 3.1 (page32) and see that the measurement type 16 belongs to the master-worker-pattern.Table 3.3 (page 33) shows that it is initialized with the fun
tion mw init Bsend.Type numbers Pattern1-9,29,34 Point-to-Point10-16,30 Master-Worker17-23,31,33,35-46,72,74,76,78 Barrier Measured Colle
tive24-28,32 Simple50-53 internal measurements54-71,73,75,77,79 Syn
hronous Measured Colle
tiveTable 3.1: The mapping of type numbers to patternsThe internal measurements are used to determine the overhead and the a

u-ra
y of measurements. The order of new measurements has somehow grownhistori
ally, but any reordering would break a lot of things (results of old mea-surements, old 
on�guration �les et
.)32



3.1. BUT WHAT IS MEASURED? 33Number MPI-fun
tion(s) Initializer1 MPI Send-MPI Re
v p2p init Send Re
v2 MPI Send-MPI Re
v any tag p2p init Send Re
v AT3 MPI Send-MPI IRe
v p2p init Send Ire
v4 MPI Send-MPI Iprobe MPI Re
v p2p init Send Iprobe Re
v5 MPI Ssend-MPI Re
v p2p init Ssend Re
v6 MPI Isend-MPI Re
v p2p init Isend Re
v7 MPI Bsend-MPI Re
v p2p init Bsend Re
v8 MPI Sendre
v p2p init Sendre
v9 MPI Sendre
v repla
e p2p init Sendre
v repla
e29 dummy Point-to-pointmeasurement p2p init dummy34 MPI Issend p2p init IssendTable 3.2: The mapping of type numbers to measured MPI-fun
tions (point-to-point pattern)Number MPI-fun
tion(s) Initializer10 MPI Waitsome mw init Waitsome11 MPI Waitany mw init Waitany12 MPI Re
v Any Sour
e mw init Re
v AS13 MPI Send mw init Send14 MPI Ssend mw init Ssend15 MPI Isend mw init Isend16 MPI Bsend mw init Bsend30 dummy Master-Workermeasurement mw init dummyTable 3.3: The mapping of type numbers to measured MPI-fun
tions (master-worker pattern)Number MPI-fun
tion(s) Initializer24 MPI Wtime simple init Wtime25 MPI Comm rank simple init Comm rank26 MPI Comm size simple init Comm size27 MPI Iprobe (not su

essful) simple init Iprobe28 MPI atta
h simple init atta
h32 dummy simple measurement simple init dummyTable 3.4: The mapping of type numbers to measured MPI-fun
tions (simplepattern)
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Number MPI-fun
tion(s) Initializer17,47 MPI B
ast 
ol init B
ast18,49 MPI Barrier 
ol init Barrier19,54 MPI Redu
e 
ol init Redu
e20,55 MPI Alltoall 
ol init Alltoall21,56 MPI S
an 
ol init S
an22,57 MPI Comm split 
ol init Comm split23,58 mem
py (ANSI-C) 
ol init mem
py31,59 dummy 
olle
tive measurement 
ol init dummy33,48 MPI Gather 
ol init Gather35,60 MPI S
atter 
ol init S
atter36,61 MPI Allredu
e 
ol init Allredu
e37,62 MPI Redu
e followed byMPI B
ast 
ol init Redu
e B
ast38,63 MPI Redu
e s
atter 
ol init Redu
e s
atter39,64 MPI Allgather 
ol init Allgather40,65 MPI S
atterv 
ol init S
atterv41,66 MPI Gatherv 
ol init Gatherv42,67 MPI Allgatherv 
ol init Allgatherv43,68 MPI Alltoallv 
ol init Alltoallv44,69 MPI Redu
e followed byMPI S
atterv 
ol init Redu
e S
atterv45,70 Implementation of Gather withMPI Send and MPI Re
v 
ol init Gather Send Re
v46,71 Implementation of Gather withMPI Isend, MPI Ire
v, andMPI Waitall 
ol init Gather Isend Waitall72,73 Implementation of Broad
ast withMPI Send and MPI Re
v 
ol init B
ast Send Re
v74,75 Implementation of Alltoall withMPI Isend and MPI Ire
v 
ol init Alltoall Isend Ire
v76,77 MPI Comm dup 
ol init Comm dup78,79 Implementation of Alltoallv withMPI Isend and MPI Ire
v 
ol init Alltoallv Isend Ire
vTable 3.5: The mapping of type numbers to measured MPI-fun
tions (
olle
tivepatterns)



3.1. BUT WHAT IS MEASURED? 35Now we take our C sour
e 
ode prote
tion suit (don't forget the gloves) anddive into the sour
e 
ode (i.e. this huge �le 
alled skos�le.
). We have a look atthe fun
tion mw init Bsend:mw_init_Bsend (measurement_t *ms, data_t *data){ ms->pattern = MASTER_WORKER;ms->data.mw_data.master_re
eive_ready = master_re
eive_ready_empty;ms->data.mw_data.master_dispat
h = master_dispat
h_Bsend;ms->server_init = mem_init_two_buffers_atta
h_mw;ms->server_free = mem_release_deta
h;ms->
lient_init = mem_init_two_buffers_atta
h_mw;ms->
lient_free = mem_release_deta
h;ms->data.mw_data.master_worker_stop = master_worker_stop_re
v;ms->data.mw_data.worker_re
eive = worker_re
eive_test;ms->data.mw_data.worker_send = worker_send_test;ms->data.mw_data.
ommuni
ator = MPI_COMM_WORLD;ms->data.mw_data.result = data;ms->data.mw_data.
hunks = DEF_CHUNKS_VALUE;ms->data.mw_data.len = DEF_LEN_VALUE;ms->data.mw_data.def_nodes = DEF_NODES_VALUE;} Be
ause we have already read the des
ription of the master worker patternon page 37 we know that the most important fun
tions are master dispat
h,worker send and worker re
eive whi
h are set to master dispat
h Bsend,worker send test and worker re
eive test and whi
h look like this:intmaster_dispat
h_Bsend (int number_of_workers,int work, int 
hunks, int len,MPI_Comm 
ommuni
ator, MPI_Datatype data_type){ MPI_Statusstatus;MPI_Re
v (_skampi_buffer, len, data_type, (work % number_of_workers) + 1,1, 
ommuni
ator, &status);/* sending next 
hunk of work to this worker */MPI_Bsend (_skampi_buffer, len, data_type,(work % number_of_workers) + 1,1, 
ommuni
ator);D(fprintf (stderr, "master: sending job_no %d to worker %d\n",work,(work % number_of_workers) + 1);)return (1);}



36 CHAPTER 3. MEASUREMENTS IN DETAILvoidworker_send_test (int len, MPI_Comm 
ommuni
ator, MPI_Datatype data_type){ MPI_Ssend (_skampi_buffer, 0, data_type,0, 1, 
ommuni
ator);}intworker_re
eive_test (int len, MPI_Comm 
ommuni
ator, MPI_Datatype data_type){ MPI_Status status;MPI_Re
v (_skampi_buffer, len, data_type, 0,MPI_ANY_TAG, 
ommuni
ator, &status);if (status.MPI_TAG == 0) /* STOP working */return (FALSE);return (TRUE);} And hopefully we now know exa
tly what's going on.3.1.2 Point-to-point patternThe point-to-point pattern is an alternating sequen
e of server op and 
lient op
alled on the server respe
tively 
lient. By default the node with the largestlaten
y is 
hosen as 
lient, but it is also possible to sele
t the one with thesmallest laten
y with a swit
h in the SKaMPI parameter �le./* server node */max_node := determine node with maximum laten
ymin_node := determine node with minimum laten
yrepeatstart_time := MPI_Wtime()server_op()end_time := MPI_Wtime()until result exa
t enoughsend stop signal/* 
lient node */a
tions to answer the max/min_node determinationif 
lient is max/min_node



3.1. BUT WHAT IS MEASURED? 37repeat
lient_op()until stop signal re
eived3.1.3 Master-worker patternThe Master-worker pattern 
orresponds to the typi
al master-worker s
heme: amaster pro
ess divides a problem into several sub-problems (here 
alled 
hunks)and dispat
hes them to several worker pro
esses (master dispat
h). The work-ers initialize with master re
eive ready (perhaps a MPI Ire
v if ne
essary)and subsequently send results and re
eive new 
hunks of work with worker sendand worker re
eive. When all work is done, the master sends a stop-signalto the workers (master worker stop). This s
heme is important in pra
ti
e,be
ause it is the simplest method to do load balan
ing./* master 
ode */for ea
h workermaster_re
eive_ready /* set ready to re
eive e.g. MPI_Ire
v */
hunk := 0start_time := MPI_Wtime()while 
hunk < all_
hunksmaster_dispat
h()
hunk := 
hunk + 1end_time := MPI_Wtime()for ea
h workermaster_worker_stop() /* send stop signal *//* worker 
ode */repeatworker_send() /* send ready signal to master */worker_re
eive() /* get new work or stop signal */until stop signal re
eived3.1.4 Barrier measured 
olle
tive patternThis is the original 
olle
tive pattern used in previous versions of SKaMPI.Though usually all 
olle
tive MPI operations use the same fun
tion 
alls andparameters to perform a 
olle
tive 
ommuni
ation a distin
tion between theroot or server and the nodes or 
lients is made (routine to measure and
lient routine). This simpli�es the use of self-made alternative implemen-tations of these 
olle
tive operations.finalize server routine and finalize 
lient routine are used for admin-istrative things like the release of resour
es or waiting for the end of an asyn-
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hronous send. The latter is mainly done be
ause of some ra
e 
onditions be-tween these send operations and the following busy waiting operations per-formed in the new syn
hronous 
olle
tive pattern des
ribed in the next se
tion./* server 
ode */MPI_Barrier()repeatstart_time := MPI_Wtime()routine_to_measure()finalize_server_routine()MPI_Barrier()end_time := MPI_Wtime()until result exa
t enoughsend stop signal/* 
lient 
ode */MPI_Barrier()repeat
lient_routine() /* 
ounterpart of routine_to_measure */finalize_
lient_routine()MPI_Barrier()until stop signal re
eived3.1.5 Syn
hronous measured 
olle
tive patternThe measurement method des
ribed in the last se
tion la
ks a

ura
y espe-
ially for fast operations with short message lengths. Therefore a mu
h bettermeasurement method was developed. It uses syn
hronized 
lo
ks and avoidsany interferen
e with the measured 
olle
tive operation (details in ([1℄ or for ashorter des
ription in English [7℄). Simpli�ed it looks like this (the fun
tionsimplementing the 
olle
tive operations are the same as in the previous pattern):/* server 
ode */
lo
k syn
hronizationrepeatstart syn
hronous with other nodesstart_time := MPI_Wtime()routine_to_measure()end_time := MPI_Wtime()finalize_server_routine()wait till end of time slot
olle
t results, maximum is the result of single measurementuntil result exa
t enoughsend stop signal/* 
lient 
ode */
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lo
k syn
hronizationrepeatstart syn
hronous with other nodesstart_time := MPI_Wtime()
lient_routine() /* 
ounterpart of routine_to_measure */end_time := MPI_Wtime()finalize_
lient_routine()wait till end of time slotsend result to serveruntil stop signal re
eivedUnfortunately this new measurement method is slower an takes about twi
eas mu
h time as the old one. Therefore and for keeping old measurements
omparable the new method has not 
ompletely repla
ed the old one, though itshould be used whenever possible.3.1.6 Simple patternSome routines of MPI seem to be so simple, that they are measured in a verysimple \pattern". In this pattern we measure all operations with lo
al e�e
ts./* root node */repeatstart_time := MPI_Wtime()routine_to_measure()end_time := MPI_Wtime()until result exa
t enough3.2 The output �leThe output �le is a pure ASCII-text �le. Its name is usually skampi.out bydefault but 
an be 
hanged in the �OUTFILE-se
tion of the parameter �le (seese
tion 2.1.1 for further information). Roughly speaking it has three se
tions:the header, the data, and the trailer.HeaderThe header stores all information 
hara
terizing the 
ontext of the measure-ments stored in this �le. These are the se
tions �MACHINE, �NODE, �NETWORK,�USER, and �ABSOLUTE whi
h are �lled with data from from the parameter �le.Additional se
tions are �lled by the ben
hmark. A typi
al header 
an look like:#�MACHINE IBM RS/6000 SP#�NODE thin node P2SC 120 MHz#�NETWORK High Performan
e Swit
h TB3#�USER Ralf Reussner#�SKAMPIVERSION 1.20#�OSNAME AIX



40 CHAPTER 3. MEASUREMENTS IN DETAIL#�OSRELEASE 2#�OSVERSION 4#�HOSTNAME p071#�ARCHITECTURE 000089978100#�ABSOLUTE yes#�DATE Thu O
t 29 11:25:34 1998DataThis se
tion is a list of suites of measurements. Ea
h suite starts with a \small"list-header, des
ribing this suite, follewed by a result-list For all patterns ex
eptthe simple-pattern the header looks like:#-------------------------------#/*�in
ol_MPI_B
ast-nodes-short.ski*/#Des
ription of the MPI_B
ast-nodes-short measurement:#Pattern: Colle
tive varied over the number of nodes [number℄ (%%d).#The x s
ale is linear, no automati
 x wide adaption#range: 2 - 64, stepwidth: 1.000000.#default values: 64 nodes, message length 256 bytes, max. / a
t. time for suite disabled/0.31 min.#max. allowed standard error is 3.00 %, 
ut quantile is 0.00 %#Format: <args> number of nodes [number℄ (%%d) <results> time_
leaned [mi
rose
.℄ (%f) standard_error_
leaned [%℄ (%f) 
ount_
leaned [number℄ (%d) time_all[mi
rose
.℄ (%f) standard_error_all [%℄ (%f) 
ount_all [number℄ (%d)A typi
al header of the simple-pattern looks like:#/*�insimple_MPI_Wtime.ski*/#Des
ription of the MPI_Wtime measurement:#Pattern: Simple.####max. allowed standard error is 3.00 %#Format: <args> <results> time_
leaned [mi
rose
.℄ (%f) standard_error_
leaned [%℄ (%f) 
ount_
leaned [number℄ (%d) time_all [mi
rose
.℄ (%f) standard_error_all [%℄ (%f) 
ount_all [number℄ (%d)Note that the �in-
ommand is used by the report generator, to identify themeasurements1. All other lines start with a ℄, so that gnuplot treats these linesas 
omments.The small header for suites of the simple-pattern look di�erent, be
ause thispattern does not has information on s
ale, range and default values. (But bothlist-headers have the same length of eight lines.2)Note the following line giving the typing information of the result list (theresult list is des
ribed in the next subse
tion).1and to 
reate temporary �les.2For implementors: This string is 
reated in the fun
tion measurement data to string inmodule skampi tools.



#Format: <args> number_of_nodes [number℄ (%%d) <results> time_
leaned[mi
rose
.℄ (%f) standard_error_
leaned [%℄ (%f) 
ount_
leaned[number℄ (%d) time_all [mi
rose
.℄ (%f)standard_error_all [%℄ (%f) 
ount_all [number℄ (%d)These lines should be read as one 
ontinuous line. The basi
 idea is, thatthe formats of the result-lists may di�er. So it is important to des
ribe ea
hlist's format.The format-line starts with "#Format:", followed by a tag (<args>), whi
hmeans, that a des
ription of arguments follows. (In 
ase of multi dimensionalmeasurements more than one argument belongs to one measurement.) Ea
hargument is des
ribed with its name (in our example number of nodes) thanits unit ([number℄) and its format in C-Syntax given in round bra
kets (e.g.,(%d)). Ea
h so des
ribed argument 
orresponds to one 
olumn of the result-list.The arguments des
ribing list is followed by another list, the results des
ribinglist. Ea
h entry des
ribes a 
olumn of the result list. An entry is formed bythe following data (similar to an entry of the argument list): name, unit, andformat.After ea
h list-header follows a result-list of measurements for ea
h suite.(This list may 
ontain only one element.)2 176.059111 3.034745 8 176.059111 3.034745 83 386.971049 14.221803 8 386.971049 14.221803 84 370.513008 14.726381 8 370.513008 14.726381 85 573.763306 26.948681 11 573.763306 26.948681 116 521.403970 10.311949 8 521.403970 10.311949 87 577.031024 9.031125 8 577.031024 9.031125 88 484.304333 24.567614 11 484.304333 24.567614 119 706.000973 35.550781 68 706.000973 35.550781 6810 701.232959 25.582020 8 701.232959 25.582020 811 802.918861 33.229652 8 802.918861 33.229652 812 806.794216 37.361757 11 806.794216 37.361757 1113 766.557961 21.876852 8 766.557961 21.876852 814 818.220084 37.641216 9 818.220084 37.641216 915 827.972894 36.904118 9 827.972894 36.904118 916 758.197092 36.257975 14 758.197092 36.257975 14#eolTo mark the end of this list, skampi prints an ℄eol.TrailerThe trailer is just the last line of the output �le. If skampi �nishes 
orre
tly, thelast line will 
ontain the string \skampi finished.". If this �le was 
reated bypost pro
essing, there will be additionally the stamp: -postpro
essed.
41
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