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Bemerkungen	
  zu	
  Aufgabe	
  7	
  
•  Eine	
  Sequenz	
  rückwärts	
  iterieren:	
  

–  So	
  nicht:	
  

–  Besser:	
  

•  Kommentarzeilen	
  beachten:	
  

string::iterator iter = sequence.end();!
for (; iter >= sequence.begin(); iter--)!
{!
    // ...!
}	
!

string::iterator iter = sequence.end();!
for (; iter != sequence.begin();)!
{!
    --iter;!
    // ...!
}!

...!
>Sequenz 2!
^@AAAGGCATTCTGTCCCGGCGCGCGGATTGCTGGGGGGGTGCGCCTTCCTGCCGCCTGG!
CCACCTCCCGAGCTTCCTCTCCTATGAGGGGCCCGGCACTGGCCTGGGAGGTCCACTCAA!
ACCACCAAGCGAGGAAAGTCAGGAGG eliezratnemmoK;B eliezratnemmoK;!



Bemerkungen	
  zu	
  Aufgabe	
  6	
  
•  C-­‐opRmale	
  SchniSposiRonen	
  besRmmen	
  

–  Es	
  sollte	
  ein	
  Branch-­‐And-­‐Bound	
  Mechanismus	
  implemenRert	
  werden,	
  keine	
  
volle	
  EnumeraRon	
  

–  Lässt	
  man	
  0	
  oder	
  |Si|	
  als	
  Cut-­‐PosiRonen	
  zu,	
  sind	
  die	
  minimalen	
  addiRonal	
  
costs	
  immer	
  Null	
  



Update	
  Aufgabe	
  5	
  -­‐	
  SensiRvität	
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Update	
  Aufgabe	
  5	
  –	
  SensiRvität	
  (II)	
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Update	
  Aufgabe	
  5	
  -­‐	
  Ergebnisse	
  

Gruppe	
   Laufzeit	
  (s)	
   Not-­‐Found	
   Found	
   1-­‐Less	
   2-­‐Less	
   3-­‐Less	
   4-­‐Less	
  

1! 122,53! 1270! 97160! 549! 959! 62! 0!

1.	
   2! 43,58! 96! 99862! 42! 0! 0! 0!

3! 188,00! 96! 99862! 42! 0! 0! 0!

5! 266,93! 56493! 41995! 1075! 437! 0! 0!

3.	
   8! 115,17! 96! 99862! 42! 0! 0! 0!

10! 503,11! 2036! 97964! 0! 0! 0! 0!

2.	
   11! 90,24! 375! 99323! 302! 0! 0! 0!

12! 166,55! 38683! 40520! 20325! 469! 1! 0!

14! 538,18! 96! 99862! 42! 0! 0! 0!

15! 514,86! 96! 99862! 42! 0! 0! 0!

17! 551,83! 82! 99872! 46! 0! 0! 0!



Punktestand	
  
PA1 PA2 PA3 PA4 PA5 PA6 PA7 Summe Gruppe Prozent 
2 3 2 3 4 2 3 19 1 79 
2 2 3 3 6 2 3 21 2 87 
3 3 2 3 6 2 3 22 3 91 
2 2 3 2 2 2 3 16 4 66 
3 2 3 2 4 2 2 18 5 75 
2 3 2 2 3 3 3 18 6 75 
3 2 3 1 4 3 2 18 7 75 
3 2 2 3 6 2 2 20 8 83 
3 3 2 3 4 3 3 21 10 87 
3 3 2 2 6 3 3 22 11 91 
3 2 3 2 4 2 3 19 12 79 
3 3 3 2 5 2 3 21 13 87 
3 3 3 3 6 3 3 24 14 100 
3 3 3 3 6 3 3 24 15 100 
3 2 3 	
   	
   	
   	
   8 16 33 
1 1 3 3 6 2 2 18 17 75 



MCSTL	
  
MulR-­‐Core	
  Standard	
  Template	
  Library 



MCSTL	
  
•  MulR-­‐Core	
  Standard	
  Template	
  Library	
  

–  Besteht	
  aus	
  parallelisierten	
  Algorithmen	
  und	
  Datenstrukturen	
  der	
  STL	
  
–  ImplemenRerungen	
  benutzten	
  OpenMP	
  und	
  atomare	
  OperaRonen	
  

(fetch_and_add,	
  compare_and_swap)	
  

•  Parallel	
  implemenRert	
  sind	
  u.a.:	
  
–  find,	
  find_if,	
  mismatch,	
  …	
  
–  partial_sum	
  (kummulaRve	
  Summe)	
  
–  partition!
–  nth_element/partial_sort!
–  merge!
–  sort,	
  stable_sort!
–  random_shuffle!
–  for_each,	
  transform	
  (embarrassingly	
  parallel)	
  



Verfügbarkeit	
  
•  Plaformen:	
  	
  

–  Linux,	
  Mac	
  OS	
  X	
  
–  Windows	
  (prinzipiell	
  möglich)	
  

•  Lizenz:	
  
–  Boost	
  Soiware	
  License	
  1.0	
  und	
  GPL	
  v2	
  

•  MCSTL	
  ist	
  Teil	
  des	
  g++	
  4.3	
  (und	
  höher)	
  
–  Heisst	
  seitdem	
  libstdc++	
  parallel	
  mode	
  
–  Für	
  g++	
  4.2	
  (und	
  vorherige)	
  kann	
  sie	
  separat	
  installiert	
  werden	
  

[1] MCSTL: The Multi-Core Standard Template Library, http://algo2.iti.kit.edu/singler/mcstl/ 



Benutzung	
  (explizit)	
  
•  MCSTL-­‐Algorithmen	
  sind	
  definiert	
  	
  

–  in	
  Header-­‐Dateien	
  <parallel/...>	
  im	
  Namensraum	
  __gnu_parallel	
  

#include <vector>!
#include <parallel/algorithm>!
!
int main()!
{!
    std::vector<int> v(100);!
    // ...!
    std::sort(v.begin(), v.end());                          // sequentiell!
    __gnu_parallel::sort(v.begin(), v.end());               // parallel!
    return 0;!
}!



Benutzung	
  (implizit)	
  
•  Es	
  geht	
  auch	
  ohne	
  den	
  Quelltext	
  zu	
  verändern	
  mit	
  einer	
  DefiniRon:	
  

–  g++ -D_GLIBCXX_PARALLEL beispiel.cpp!

•  SequenRelle	
  Algorithmen	
  können	
  noch	
  mit	
  dem	
  Parameter	
  
mcstl::sequential_tag()	
  ausgewählt	
  werden	
  

// #define _GLIBCXX_PARALLEL // <-- kann auch hier definiert werden!
#include <vector>!
!
int main()!
{!
    std::vector<int> v(100);!
    // ...!
    std::sort(v.begin(), v.end());                          // parallel!
    std::sort(v.begin(), v.end(), mcstl::sequential_tag()); // sequentiell!
    return 0;!
}!



Paralleles	
  SorReren	
  -­‐	
  Speedup	
  

load balancing gives performance guarantees even in the case of
highly heterogeneous jobs or inter-process interference.

find and related functions are hard to parallelize, since the run-
ning time is unpredictable. To avoid bad worst case execution times
due to threading overhead, we start sequentially, and geometrically
increase the assigned block size.

The implementation of partition is particularly useful as
subprocedure for further functionality. We use a blocked strategy
similar to [4] which is dynamically load-balanced. nth element
and partial sort are based on it.

In addition to the standard (binary) merge, multiway merging
in supported also, as an extension to the STL corpus. Both variants
use exact multi-sequence partitioning [5] for perfect load-balance
without any performance penalty, providing the first generic imple-
mentation of this algorithm we are aware of.

We implement two different parallel sorting algorithms that all
have their merits:

Multiway Mergesort provides stability, performance guarantees
and best performance. Load-Balanced Quicksort uses partition
for the initial step and rebalances the recursion dynamically as
described in [4], using a lock-free double-ended queue.

Our random shuffle implementation provides both paral-
lelism and cache-efficiency by using a hierarchy of bins [3], thus
providing superlinear speedup.

3. Software Engineering
The MCSTL is based on OpenMP 2.5, which supports elegant
programming, is very efficient due to thread pooling, and is highly
portable. In addition, atomic processor operations are used through
a thin platform-specific layer.

Using the MCSTL in a program is extremely simple: Create
one symbolic link to the original STL, and append two include file
search paths and the OpenMP switch to the compiler command.
The user can rely on the library chosing the appropriate level of
parallelism, or set this and other tuning parameters. All execution
may be forced sequential at compile time, as well.

The MCSTL is available freely on our website1, and can be used
by everyone free of charge.

4. Experimental Results
Unless stated otherwise, our parallel algorithm implementations
provide asymptotic linear speedup in the number of cores. Lower-
order terms in time complexity for communication, have small
constants, implying that often an implementation must be preferred
which is not theoretically optimal in this sense.

As shown in Figure 2, sorting not only scales to the 8 cores
provided by the Sun T1 processor, but also benefits from 4-fold
software multi-threading, achieving speedups up to 22. Actually,
such a behavior is typical for most algorithms on that machine.
Speedup is already achieved for as little as about 3000 elements,
when choosing an appropriate number of threads.

Computing the Mandelbrot fractal benefits a lot from using
dynamic load-balancing (see Figure 1).

The exemplary results shown here also extend to other platforms
we tested on.

5. Conclusions
We demonstrate that most algorithms of the STL can be efficiently
parallelized on multi-core processors. Even nontrivial tasks like
sorting with load-balancing achieve excellent speedup. Simultane-
ous multithreading has also been shown to have a great potential

1 http://algo2.iti.uni-karlsruhe.de/singler/mcstl (Version 0.7.0 used here)
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in the algorithmic setting. The Sun T1 processor shows speedups
far exceeding the number of cores when using multiple threads per
core. Before, there have only been few experimental results in such
a library setting.

Currently, we are investigating the parallelization of data struc-
tures operations, starting with bulk updates.
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•  Zerlege	
  Feld	
  f	
  in	
  p+1	
  gleiche	
  Teile	
  f0,	
  ...,	
  fp	
  (p	
  =	
  Anzahl	
  Threads)	
  
1.  Berechne	
  parallel	
  kumm.	
  Summe	
  für	
  f0	
  und	
  die	
  Summen	
  S1,	
  ...,Sp-­‐1	
  aller	
  

Elemente	
  in	
  f1,	
  ...,	
  fp-­‐1	
  
2.  Berechne	
  Ti	
  :=	
  S0	
  +	
  ...	
  +	
  Si	
  
3.  Berechne	
  parallel	
  die	
  kumm.	
  Summen	
  für	
  f1,	
  ...,	
  fp	
  beginnend	
  mit	
  T0,	
  ...,	
  Tp-­‐1	
  



KummulaRve	
  Summe	
  -­‐	
  Speedup	
  

[3]  P Sanders, J Singler. VL Parallele Algorithmen, KIT, 2008 
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STXXL	
  
•  MulR-­‐Core	
  Standard	
  Template	
  Library	
  

–  Externspeicher-­‐Datenstrukturen	
  und	
  Algorithmen	
  
–  STL-­‐Interface	
  für	
  einfache	
  IntegraRon	
  
–  Transparentes	
  Arbeiten	
  mit	
  Datenstrukturen,	
  die	
  nur	
  noch	
  auf	
  der	
  

FestplaSe	
  Platz	
  haben	
  
–  Unterstützt	
  mehrere	
  FestplaSen	
  parallel	
  
–  Benutzt	
  opRonal	
  die	
  MCSTL	
  

•  Container:	
  
–  vector, stack, set!
–  priority_queue, map!

•  Algorithmen:	
  
–  sort, for_each, merge!



Verfügbarkeit	
  
•  Plaformen:	
  	
  

–  Linux,	
  Mac	
  OS	
  X,	
  FreeBSD	
  (g++,	
  clang++,	
  icpc)	
  
–  Windows	
  (VS	
  8-­‐10)	
  

•  Lizenz	
  
–  Boost	
  Soiware	
  License	
  1.0	
  

	
  

[4]  STXXL: Standard Template Library for Extra Large Data Sets. http://stxxl.sourceforge.net/ 



Benutzung	
  
•  STXXL	
  definiert	
  eigenen	
  Namensraum	
  stxxl:	
  

–  Beispiel:	
  Externspeicher-­‐Vektor	
  mit	
  Zufallszahlen	
  füllen	
  und	
  sorReren	
  

#include <stxxl/mng>!
#include <stxxl/sort>!
#include <stxxl/vector>!
!
int main()!
{!
    typedef stxxl::vector<int> TMyVector;!
    unsigned memory_to_use = 128 * 1024 * 1024;!
!
    TMyVector v(10000000000ull);!
!
    stxxl::random_number32 rnd;!
    for (TMyVector::size_type i = 0; i < v.size(); i++)!
        v[i] = rnd() % 0xfffffff;!
!
    stxxl::sort(v.begin(), v.end(), std::less<int>(), memory_to_use);!
}!



STXXL	
  +	
  MCSTL	
  

[5]  A Beckmann, R Dementiev, J Singler. Building A Parallel Pipelined External Memory Algorithm Library IPDPS 2009 

•  SorReren	
  von	
  100GB	
  64bit	
  Ganzzahlen	
  mit	
  STXXL	
  und	
  MCSTL	
  

Low-level issues concerning the pipelining layer. The
pipelining approach can lead to constant-factor computation
overhead due to high-level programming, i. e. passing only
one element at a time from one node to the next. For small
types, this streaming bandwidth can be even lower than the
I/O bandwidth, which is unacceptable here because it con-
tradicts speeding up internal computation. Therefore, we
had to think about modifying the existing code in order to
provide small-overhead streaming, while keeping the inter-
face mostly backward-compatible.

As mentioned above, the traditional STXXL pipeline
interface (for pulling) consists of the three methods
empty(), operator*(), and operator++(), resem-
bling an input iterator interface. We extended this in-
terface by a batch-wise access method. The functions
batch length(), batch begin()/operator[]()
and operator+=() do the same things as their
counterparts, but for a chunk of elements at a time.
batch begin() returns a random-access iterator (a
typed pointer in the best case), that allows efficient process-
ing of many elements without calling back the predecessor
node explicitly, in particular without calling empty() ev-
ery single time. For backward compatibility to nodes that
support only emitting one element at a time, the program-
mer just inserts an asynchronous node which pulls individ-
ual elements, but allows batch access to the successor node.
Symmetric methods exist for push nodes.

The asynchronous nodes support the batch methods par-
ticularly well using arrays as buffers.

4 Experiments

To evaluate the practical performance of our implemen-
tation, we conducted synthetic tests to measure the principal
performance, as well as an algorithmic application of the li-
brary, to show the effect in a use-case.

Platform. We tested our programs on an Intel Xeon
E5345 machine (2 sockets, 2 × 4 cores at 2.33 GHz, In-
tel Core 2 micro-architecture) with 8 hard disks (about
72 MB/s I/O each).

At the time, GCC did not yet support nesting OpenMP
parallelism in multiple OS threads4. Therefore, we used
the Intel C++ Compiler 10.0.026 and 10.1.011 with opti-
mizations switched on (-O3), accessing the GCC 4.2 STL
implementation.

Synthetic tests. We tested comparison-based sorting and
priority queues, as well as the Diamond flow graph, compar-
ing the traditional version of STXXL against the incremen-
tally improved ones. We took 100 GB of input data (pairs

4This will be supported as of version 4.4.

of 64-bit unsigned integers), and 1 GB of internal memory
for the run creation and run merge nodes.
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Plain Sorting. As shown in Figure 10, the improvements
in running time for sorting are decent. While a single thread
takes 2 423 s to sort the data, the 4-thread version needs only
1 092 s. There is no further speedup for more threads, since
the parallel sorting is in fact memory-bandwidth-bound
from that point on, for this data type. Still, we get pretty
close to the I/O-limited minimum running time of about
880 s, almost fully loading the machine. The speedups for
smaller or harder to compare elements would be even better,
since the bandwidths are the limiting factors.

For the STXXL parallel pipelining variant, the differ-
ences between a monolithic sort call, and a sort call em-
bedded in a pipelined flow graph, are now reduced to few
percents. The traditional pipelined sorter, which does not
support overlapping of reading and sorting in the run cre-
ation step, clearly performs worse (2 953 s).

Priority Queue. Priority queues are the essential part of
external memory algorithms that use time forward process-
ing [3, 1], taking most of the processing time in these ap-
plications. Time forward processing means using a priority
queue to gather data elements that are required for a future
processing step, by using an step identifier as key.

Our test case first increases the number of con-
tained elements by calling (insert(), delete-min(),
insert()) in a loop, until the priority queue size
of 100 GB is reached. Then, the queue is emp-
tied again by calling (delete-min(), insert(),
delete-min()), symmetrically. The inserted elements
of 8 byte size are chosen to be a random amount larger than
the element deleted last, i. e. we have a monotone priority
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SeqAn	
  
•  C++	
  Library	
  for	
  Sequence	
  Analysis	
  

–  Datenstrukturen	
  und	
  Algorithmen	
  für	
  die	
  Sequenzanalyse	
  
–  Schwerpunkt	
  liegt	
  auf	
  Effizienz,	
  Generik	
  und	
  Erweiterbarkeit	
  
–  Benutzt	
  Techniken	
  wie	
  Template	
  Subclassing,	
  MetafuncRons	
  (P-­‐VL	
  6)	
  
–  Verschiedene	
  ImplemenRerungen	
  einer	
  Datenstruktur	
  können	
  mit	
  

Tags	
  ausgewählt	
  werden	
  

•  Container:	
  
–  String, StringSet, Modifier!
–  Align, Graph, Index!
–  Finder, Pattern, …!

•  Algorithmen:	
  
–  reverseComplement, globalAlignment, find, …!



Verfügbarkeit	
  
•  Plaformen:	
  	
  

–  Linux,	
  Mac	
  OS	
  X,	
  FreeBSD	
  	
  (g++,	
  clang++)	
  
–  Windows	
  (VS	
  8-­‐10,	
  mingw)	
  

•  Lizenz	
  
–  BSD	
  License	
  (3-­‐clause)	
  

	
  

[6] SeqAn: C++ Library for Sequence Analysis. http://www.seqan.de/ 



Benutzung	
  
•  Alle	
  Datenstrukturen	
  sind	
  im	
  Namensraum	
  seqan	
  definiert	
  

–  In	
  SeqAn	
  lassen	
  sich	
  eigene	
  Alphabete	
  definieren	
  
–  Vordefiniert	
  sind	
  u.a.:	
  Dna,	
  Dna5,	
  AminoAcid!
–  Beispiel:	
  Alle	
  Zeichen	
  des	
  Dna5-­‐Alphabets	
  aufzählen	
  und	
  ausgeben	
  

#include <seqan/sequence.h>!
#include <seqan/basic.h>!
#include <iostream>!
!
using namespace seqan;!
!
int main()!
{!

!int alphSize = ValueSize<Dna5>::VALUE;!
!for (int i = 0; i < alphSize; ++i)!
! !std::cout << (Dna5)i << ' '; !// Ausgabe: A C G T N!

!
!return 0;!

}!



String	
  Matching	
  
•  SeqAn	
  definiert	
  ein	
  allgemeines	
  Interface	
  zum	
  Suchen	
  von	
  Strings	
  

–  Finder	
  und	
  PaPern	
  kapseln	
  Text	
  und	
  Suchmuster	
  
–  2.Template-­‐Argument	
  ist	
  opRonal	
  und	
  wählt	
  den	
  Suchalgorithmus	
  
–  Beispiel:	
  Exaktes	
  Matching	
  mit	
  Horspool	
  (P-­‐A1)	
  

#include <iostream>!
#include <seqan/find.h>!
!
using namespace seqan;!
!
int main()!
{!

!CharString haystack = "Simon, send more money!";!
!CharString needle = "mo";!

!
!Finder<CharString> finder(haystack);!
!Pattern<CharString, Horspool> pattern(needle);!
!while (find(finder, pattern))!
! !std::cout << beginPosition(finder) << std::endl;!

!
!return 0;!

}!



String	
  Matching	
  (II)	
  
•  Algorithmen	
  werden	
  durch	
  Tags	
  ausgewählt	
  

–  Horspool,	
  Shi&And,	
  ShiiOr,	
  Bfam,	
  ...	
  (exaktes	
  Matching)	
  
–  SetHorspool,	
  AhoCorasick,	
  MulRBfam	
  (mulRples	
  exaktes	
  Matching)	
  
–  DPSearch,	
  Pex,	
  Myers	
  (approximaRves	
  Matching)	
  

#include <iostream>!
#include <seqan/find.h>!
!
using namespace seqan;!
!
int main()!
{!

!CharString haystack = "Simon, send more money!";!
!CharString needle = "mo";!

!
!Finder<CharString> finder(haystack);!
!Pattern<CharString, ShiftAnd> pattern(needle);!
!while (find(finder, pattern))!
! !std::cout << beginPosition(finder) << std::endl;!

!
!return 0;!

}!



Alignments	
  
•  Es	
  gibt	
  verschiedene	
  Spezialisierungen	
  zum	
  Berechnen	
  von	
  Alignments:	
  

–  Lokales	
  oder	
  (semi-­‐)globales	
  Alignment	
  
–  Lineare	
  oder	
  affine	
  Gapkosten	
  
–  Banded	
  oder	
  unbanded	
  
–  Beispiel:	
  Globales	
  Alignment	
  mit	
  Levenshtein-­‐Scoring	
  (P-­‐A3)	
  

#include <iostream>!
#include <seqan/align.h>!
!
using namespace seqan;!
!
int main()!
{!

!Align<CharString, ArrayGaps> align;!
!

!resize(rows(align), 2); !
!assignSource(row(align,0), "IMISSMISSISSIPPI");!
!assignSource(row(align,1), "MYMISSISAHIPPIE");!

!
!int score = globalAlignment(align, Score<int>(0,-1,-1,-1), NeedlemanWunsch());!
!std::cout << align;!
!std::cout << "Score:" << score << std::endl;!
!!
!return 0;!

}!



Indizes	
  
•  Es	
  gibt	
  verschiedene	
  TexRndizes:	
  

–  (Enhanced)	
  Suffix	
  Arrays,	
  (Lazy)	
  Suffix	
  Trees,	
  q-­‐gram	
  Indizes	
  
–  Alle	
  unterstützen	
  das	
  PaSern/Finder	
  Interface	
  für	
  exaktes	
  String	
  Matching	
  
–  Einige	
  Indizes	
  lassen	
  sich	
  benutzen	
  wie	
  Suffix	
  Trees	
  
–  Beispiel:	
  BesRmme	
  alle	
  Vorkommen	
  eines	
  q-­‐grams	
  im	
  Text	
  (Teil	
  von	
  P-­‐A5)	
  

#include <iostream>!
#include <seqan/index.h>!
!
using namespace seqan;!
!
int main ()!
{!

!typedef Index<DnaString, IndexQGram< UngappedShape<3> > > TIndex;!
!TIndex index("CATGATTACATA");!

!
!hash(indexShape(index), "CAT");!
!for (unsigned i = 0; i < countOccurrences(index, indexShape(index)); ++i)!
! !std::cout << getOccurrences(index, indexShape(index))[i] << std::endl;!

!
!return 0;!

}!



File	
  I/O	
  
•  SeqAn	
  unterstützt:	
  

–  gängige	
  Fileformate:	
  Fasta,	
  Fastq,	
  GFF,	
  GTF,	
  Amos,	
  SAM,	
  …	
  
–  Datenstrukturen	
  (String<…,	
  External<>	
  >)	
  und	
  Algorithmen	
  für	
  Externspeicher	
  
–  Beispiel:	
  Reverskomplemente	
  bilden	
  (P-­‐A7)	
  

#include <iostream>!
#include <fstream>!
#include <seqan/file.h>!
!
using namespace seqan;!
!
int main()!
{!

!std::ifstream fin("input.fa");!
!std::ofstream fout("output.fa");!
!!
!Dna5String seq;!
!CharString header;!
!while (!_streamEOF(fin))!
!{!
! !readMeta(fin, header, Fasta());!
! !read(fin, seq, Fasta());!
! !reverseComplement(seq);!
! !write(fout, seq, header, Fasta());!
!}!
!return 0;!

}!



Außerdem	
  enthalten	
  ...	
  
•  Graphen	
  

–  Gerichtet/ungerichtet	
  
–  Bäume,	
  Tries,	
  Automaten,	
  HMMs,	
  Alignmentgraphen	
  

•  Seeds	
  
–  Seed	
  Datenstrukturen	
  
–  Seed	
  Extension	
  und	
  Chaining	
  Algorithmen	
  

•  Filter	
  
–  SWIFT	
  q-­‐gram	
  Filter	
  

•  Modifiers	
  
–  Views	
  von	
  Containern,	
  die	
  deren	
  Inhalt	
  nicht	
  verändern	
  

•  Komplement,	
  Reverses,	
  Reversekomplement,	
  Upcase-­‐String,	
  …	
  

•  AdapRonen	
  bestehender	
  Bibliotheken	
  
–  STL,	
  Pizza’n’Chili	
  (komprimierte	
  TexRndizes)	
  



Portable	
  C++	
  Source	
  Libraries 



Boost	
  
•  Boost	
  enthält	
  

–  104	
  einzelne	
  Bibliotheken	
  
–  Davon	
  88	
  reine	
  Headerbibliotheken	
  (wie	
  die	
  STL)	
  

•  Beispiele:	
  
–  Ra5onal	
  –	
  Klasse	
  zum	
  Rechnen	
  mit	
  raRonalen	
  Zahlen	
  
–  Iterval	
  –	
  Rechnen	
  mit	
  Intervallen	
  
–  Mul5-­‐Array	
  –	
  Generisches	
  n-­‐dimensionales	
  Feld	
  
–  Regex	
  und	
  Spirit	
  –	
  Parser	
  für	
  reg.	
  Ausdrücke	
  bzw.	
  EBNF	
  GrammaRken	
  
–  Concept	
  Check	
  –	
  Interfaces	
  in	
  generischer	
  Programmierung	
  
–  Foreach	
  und	
  Lambda	
  –	
  Einfaches	
  Iterieren	
  über	
  Sequenzen	
  und	
  

Definieren	
  von	
  lambda-­‐FunkRonen	
  



Verfügbarkeit	
  
•  Plaformen:	
  	
  

–  Sehr	
  viele	
  
–  Inzwischen	
  sind	
  einige	
  Bibliotheken	
  in	
  den	
  TR1	
  (kommender	
  C++	
  

Standard)	
  aufgenommen	
  

•  Lizenz	
  
–  Boost	
  License	
  

	
  

[7]  Boost C++ Libraries. http://www.boost.org/ 



OUTRO	
  



Ausblick	
  
•  Wir	
  bieten	
  regelmäßig	
  weitere	
  Programmierkurse	
  an	
  

–  SoiwareprakRka	
  in	
  den	
  Sommersemestern:	
  
•  SeqAn	
  –	
  ImplemenRerung	
  von	
  Algorithmen	
  zur	
  Sequenzanalyse	
  
•  OpenMS	
  -­‐	
  ImplemenRerung	
  von	
  Algorithmen	
  zur	
  Analyse	
  

massenspektrometrischer	
  Daten	
  

–  C++	
  Kurse:	
  
•  Programmierkurs	
  C++	
  in	
  den	
  Wintersemestern	
  
•  C++	
  für	
  FortgeschriPene	
  in	
  den	
  Sommersemestern	
  

•  Betreute	
  Bachelor/Masterarbeiten	
  
–  http://www.inf.fu-berlin.de/en/groups/abi/theses 
–  Weitere	
  Themen	
  in	
  Absprache	
  mit	
  Prof.	
  Reinert	
  

•  BiSe	
  evaluiert	
  diese	
  und	
  andere	
  Veranstaltungen	
  unter:	
  
–  http://lehrevaluation.fu-berlin.de 



ENDE	
  
Danke	
  für	
  Eure	
  Aufmerksamkeit!	
  


