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Chapter 1Wel
ome to seq++The seq++ pa
kage o�ers� a C++ obje
t-oriented Library(p. 93) for developers� a referen
e set of Programs(p. 94) for biologists working on sequen
es and statisti
sseq++ modularity enables the study of genomi
 data at abstra
t levels, as well as any biologi
alpro
ess whi
h 
an be seen as a su

ession of states taken in a �nite ensemble:The generi
ity of seq++ is ensured by the possibility of storing and working with any kindof sequen
e based on any alphabet (DNA, proteins, 
odons, others...).seq++ enables sequen
es modeling with Markov, Variable Length Markov and newlydevelopped Parsimonious Markov models and Mixture Transition Distributionsmodels. All these models 
an be phased.Simulation modules are implemented so that developers 
an perform Monte Carlo methods.� see se
tion Library(p. 93) to use the library for your developments.� see se
tion Programs(p. 94) to use estimation and simulation programs.� see se
tion Referen
es(p. 101) for information on mathemati
al ba
kground.� see se
tion Download and Installation(p. 99) for operating instru
tions.� see se
tion Bug and Feedba
k(p. 97) for your 
omments on seq++.� see se
tion What's new(p. 96) and ToDo(p. 98) for updated releases.� see se
tion Li
en
e(p. 100).Conta
t: Vin
ent Miele name�genopole.
nrs.fr [anti-spam: please repla
e "name" by the 
or-responding name "miele"℄
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Chapter 2seqpp Hierar
hi
al Index
2.1 seqpp Class Hierar
hyThis inheritan
e list is sorted roughly, but not 
ompletely, alphabeti
ally:Coder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11Partition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22PhasedMarkov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24Markov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14MTDMarkov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20PMarkov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45VLMarkov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71PhasedMTDMarkov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37PhasedPMarkov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39PhasedVLMarkov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43PrimaryCount . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49Sequen
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59Sequen
eSet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62PrimarySequen
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54Sequen
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59PrimarySequen
eSet< TSequen
e > . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57PrimarySequen
eSet< Sequen
e > . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57Sequen
eSet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62Translator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
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Chapter 3seqpp Class Index
3.1 seqpp Class ListHere are the 
lasses, stru
ts, unions and interfa
es with brief des
riptions:Coder (Coded abstra
t representation of a word ) . . . . . . . . . . . . . . . . . . . . . 11Markov (Markov modelling, estimation and simulation ) . . . . . . . . . . . . . . . . . 14MTDMarkov (Mixture Transition Distribution Markov(p. 14) modelling, estimationand simulation ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20Partition (Dealer of alphabet partitions ) . . . . . . . . . . . . . . . . . . . . . . . . . . 22PhasedMarkov (Phased Markov(p. 14) modelling, estimation and simulation ) . . . . 24PhasedMTDMarkov (Phased Mixture Transition Distribution Markov(p. 14) mod-elling, estimation and simulation ) . . . . . . . . . . . . . . . . . . . . . . . . . 37PhasedPMarkov (Phased Par
imoniousMarkov(p. 14) modelling, estimation and sim-ulation ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39PhasedVLMarkov (Phased Variable LengthMarkov(p. 14) modelling, estimation andsimulation ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43PMarkov (Par
imonious Markov(p. 14) modelling, estimation and simulation ) . . . . 45PrimaryCount (Abstra
t 
lass designed for the (
oded)word 
ount ) . . . . . . . . . . 49PrimarySequen
e (Virtual 
lass 
orresponding to a generi
 sequen
e ) . . . . . . . . . 54PrimarySequen
eSet< TSequen
e > (Class 
orresponding to a generi
 sequen
e set ) 57Sequen
e (Has been designed for Markovian analysis of a single sequen
e ) . . . . . . . 59Sequen
eSet (Set of Sequen
e(p. 59) obje
ts ) . . . . . . . . . . . . . . . . . . . . . . 62Translator (Alphabet designer tool ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64VLMarkov (Variable Markov(p. 14) modelling, estimation and simulation ) . . . . . . 71
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Chapter 4seqpp File Index
4.1 seqpp File ListHere is a list of all do
umented �les with brief des
riptions:arnoldi.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??arnoldi_
onst.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??Coder.h (Coder(p. 11) ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
onst.h (Con�guration �le ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74DOXYMAINPAGE.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76Markov.h (Markov(p. 14) model ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77mtd_
ore.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??MTDMarkov.h (Mixture Transition Distribution Markov(p. 14) model ) . . . . . . . 78node_base.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??Partition.h (Partition(p. 22) ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79Partition_box.h (Partition_box ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80PhasedMarkov.h (Phased Markov(p. 14) model ) . . . . . . . . . . . . . . . . . . . . 81PhasedMTDMarkov.h (Phased Mixture Transition Distribution Markov(p. 14)model ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82PhasedPMarkov.h (Phased Par
imonious Markov(p. 14) model ) . . . . . . . . . . . 83PhasedVLMarkov.h (Phased Variable Length Markov(p. 14) model ) . . . . . . . . . 84PMarkov.h (Par
imonious Markov(p. 14) model ) . . . . . . . . . . . . . . . . . . . . 85pmm_leaf.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??pmm_node.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??pmm_tree.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??PrimaryCount.h (Abstra
t 
lass designed for the (
oded)word 
ount ) . . . . . . . . . 86PrimarySequen
e.h (Abstra
t generi
 sequen
e ) . . . . . . . . . . . . . . . . . . . . . 87PrimarySequen
eSet.h (Generi
 set of sequen
e obje
ts ) . . . . . . . . . . . . . . . . 88Sequen
e.h (Sequen
e(p. 59) 
lass has been designed for Markovian analysis ) . . . . 89Sequen
eSet.h (Set of Sequen
e(p. 59) obje
ts ) . . . . . . . . . . . . . . . . . . . . . 90Translator.h (General Alphabet 
lass ) . . . . . . . . . . . . . . . . . . . . . . . . . . . 91tree_t.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??vlm_tree.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??VLMarkov.h (Variable Length Markov(p. 14) model 01/2004 ) . . . . . . . . . . . . . 92
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Chapter 5seqpp Page Index
5.1 seqpp Related PagesHere is a list of all related do
umentation pages:Library . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94What's new . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96Bug and Feedba
k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97ToDo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98Download and Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99Li
en
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100Referen
es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101



10 seqpp Page Index

Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



Chapter 6seqpp Class Do
umentation
6.1 Coder Class Referen
eCoded abstra
t representation of a word.#in
lude <Coder.h>Publi
 Member Fun
tions� Coder (short order, short size)
onstru
tor with the markovian order+1 == length of words and the size of the alphabet� Coder (short order, short size, long �rst_
ode, short sizeword)� Coder ()empty 
onstru
tor� Coder (
onst Coder &
)
opy 
onstru
tor� ∼Coder ()destru
tor� void init (long 
ode, short sizeword)intial 
ode is an initial word of size sizeword� void init (long 
ode)intial 
ode is an initial word. The size sizeword is 
omputed.� void init (
onst ve
tor< short > &X)initial by 
oding the word X, using only the last _order+1� void init (
onst short ∗X)initial by 
oding the word "X(-_order)...X(-1)X(0)"� void restri
t_init (
onst short ∗X, short pseudo_order)



12 seqpp Class Do
umentationinitial by 
oding the word "X(-pseudo_order)...X(1)X(0)"� void 
lear ()put 
ode down to -1� void push_ba
k (short i)add a letter at the end of the 
oded-word� long virtual_push_ba
k (short i) 
onstreturn the 
ode obtained by adding a letter at the end of the 
oded-word but don't tou
h _
ode� void push_front (short i)add a letter at the beginning of the 
oded-word� long virtual_push_front (short i) 
onstreturn the 
ode obtained by adding a letter at the beginning of the 
oded-word but don't tou
h_
ode� void erase_ba
k ()erase the last letter� short pop_ba
k ()erase the last letter of the 
oded-word and return it� void erase_front ()erase the �rst letter of the 
oded-word� short pop_front ()erase the �rst letter and return it� bool empty () 
onst
he
ks if 
oder is empty (no word 
oded)� short length () 
onstlength of the 
urrent 
oded word� long tell_nbvalue () 
onstreturn nb of possible 
odes == words from a singleton to a order+1-word� long tell_jump (short i) 
onstreturn the ith jump to 
odes of word of i (and more than i) letters� long tell_jump () 
onstreturn the ith jump to 
odes of word of _order+1 letters� long ∗ get_jump () 
onstallows a 
onst a

ess to the ve
tor jump� ve
tor< long > & list_su�xed (short sizepre�x)returns the ve
tor of the 
ode of words su�xed by the 
urrent _
ode with pre�xes of size sizepre�xGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.1 Coder Class Referen
e 13� ve
tor< long > & list_su�xed ()returns the ve
tor of the 
ode of words su�xed by the 
urrent _
ode with pre�xes adapted to(_order+1)-words� ve
tor< long > & bound_pre�xed (short sizesu�x)returns in a ve
t the 2 bound-
odes between them all (in
luding both of them) 
odes are pre�xedby the 
urrent _
ode with su�xes of size sizesu�x� ve
tor< long > & bound_pre�xed ()returns in a ve
t the 2 bound-
odes between them all (in
luding both of them) 
odes are pre�xedby the 
urrent _
ode with su�xes adapted to (_order+1)-wordsPubli
 Attributes� long _
ode
ode� short _sizewordsize of the 
oded word6.1.1 Detailed Des
riptionCoded abstra
t representation of a word.Management of a 
ode related to a word6.1.2 Constru
tor & Destru
tor Do
umentation6.1.2.1 Coder::Coder (short order, short size, long �rst_
ode, short sizeword)
onstru
tor with the markovian order+1 == length of words and the size of the alphabet �rst_-
ode is an initial word of size sizewordThe do
umentation for this 
lass was generated from the following �les:� Coder.h� Coder.
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14 seqpp Class Do
umentation6.2 Markov Class Referen
eMarkov modelling, estimation and simulation.#in
lude <seqpp/Markov.h>Inheritan
e diagram for Markov::
Markov

PhasedMarkov

MTDMarkov PMarkov VLMarkovPubli
 Member Fun
tions� Markov (
onst 
har ∗ConfFile, bool 
al
_rank=false)Constru
tor 1 : read a 
on�guration �le.� Markov (
onst Sequen
eSet &seqset, bool 
al
_rank=false)Constru
tor 2 : Estimate the transition matri
es on the sequen
es of seqset.� Markov (
onst Sequen
e &seq, bool 
al
_rank=false)Constru
tor 3 : Estimate the transition matri
es on the sequen
e seq.� Markov (
onst Markov &)Constru
tor 4 : Copy 
onstru
tor.� Markov ()Constru
tor 5 : Default 
onstru
tor.� Markov (short size, short order)Constru
tor 6 : Minimal Constru
tor.� Markov (
onst Markov &M1, 
onst Markov &M2, 
onst �oat p)Constru
tor 7 : Creation of a "mixed" Markov 
hain M = p∗M1 + (1-p)∗M2 ∗/.� Markov (
onst gsl_rng ∗r, short size, short order, bool 
al
_rank=false)Constru
tor 8 : random markov matri
es.� Markov (unsigned long ∗
ount, short size, short order, bool 
al
_rank=false)Constru
tor 9 : Estimate the transition matri
es on a word-
ount.� virtual ∼Markov ()Destru
tor.� template<
lass TSeq> void estimate (
onst TSeq &tseq, unsigned long beg, unsigned longend, bool 
al
_rank) Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.2 Markov Class Referen
e 15Estimate the transition matri
es on the sequen
e/sequen
eset tseq.� 
onst double ∗ markov_matrix () 
onsta

ess to the markov matrix� void draw_markov_matrix (
onst gsl_rng ∗r)draw at random the markov matrix� void free_markov_matrix ()free the memory allo
ated for markov matrix� void 
ompute_stat_law (bool for
e)Compute the stationnary laws.� void free_stat_law ()free the memory allo
ated for stationnary law� 
onst double ∗ stat_law () 
onsta

ess to the stationnary distrib� virtual int 
ompute_rank ()Computes the rank of 
onvergen
e of the Markov Chain.� void 
ompute_power ()Initialisation the _rank powers of the markov matrix.� int free_power ()free the memory allo
ated for the power� double proba_step (long w1, long w2, int step)transition from word w1 to word w2 in step steps� bool isPi () 
onst� bool isPow () 
onst� bool isMu () 
onst� double & operator() (int i)() operator for Markov matrix Pi elements� double Mu (int i) 
onstA

ess to stationnary ve
tor Mu elements.Prote
ted Attributes� double ∗ _Pi"Matrix" (in a ve
tor format) of transition probabilities (=_Pis[0℄)� double ∗ _MuVe
tor of stationnary probabilities (=_Mus[0℄).Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



16 seqpp Class Do
umentation� double ∗∗∗ _PowPiPower of the _Pi matrix.6.2.1 Detailed Des
riptionMarkov modelling, estimation and simulation.This is a spe
ial 
ase of a phased Markov [PhasedMarkov(p. 24)℄ model when only one phase is
onsidered.6.2.2 Constru
tor & Destru
tor Do
umentation6.2.2.1 Markov::Markov (
onst Sequen
eSet & seqset, bool 
al
_rank = false)Constru
tor 2 : Estimate the transition matri
es on the sequen
es of seqset.Parameters:seqset set of sequen
es for estimation
al
_rank 
al
ulus of the 
onvergen
e rank if true6.2.2.2 Markov::Markov (
onst Sequen
e & seq, bool 
al
_rank = false)Constru
tor 3 : Estimate the transition matri
es on the sequen
e seq.Parameters:seq sequen
e for estimation
al
_rank 
al
ulus of the 
onvergen
e rank if true6.2.2.3 Markov::Markov (short size, short order) [inline℄Constru
tor 6 : Minimal Constru
tor.Initialises the 
onstants of the model but not the matrix nor the stat lawParameters:size alphabet sizeorder markovian order6.2.2.4 Markov::Markov (
onst Markov & M1, 
onst Markov & M2, 
onst �oat p)Constru
tor 7 : Creation of a "mixed" Markov 
hain M = p∗M1 + (1-p)∗M2 ∗/.Parameters:M1 �rst Markov 
hain obje
tM2 se
ond Markov 
hain obje
tp weight of M1 in the resulting M(with 0<=p<=1)Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.2 Markov Class Referen
e 176.2.2.5 Markov::Markov (
onst gsl_rng ∗ r, short size, short order, bool 
al
_rank= false) [inline℄Constru
tor 8 : random markov matri
es.Parameters:r gsl random generatorsize alphabet sizeorder markovian order
al
_rank 
al
ulus of the 
onvergen
e rank if trueGSL use exple:
onst gsl_rng_type * T;// Choi
e a default generator and seed// from environment variablesgsl_rng_env_setup();// New 
reated instan
e of the generatorT = gsl_rng_default;gsl_rng * r = gsl_rng_allo
 (T);// Initialize/Seeds the random number generatorgsl_rng_set( r, (long)(time( NULL )) );6.2.2.6 Markov::Markov (unsigned long ∗ 
ount, short size, short order, bool
al
_rank = false)Constru
tor 9 : Estimate the transition matri
es on a word-
ount.Parameters:
ount 
ount of all the 
oded word(base size) of size order+1 for estimationsize alphabet sizeorder markovian order
al
_rank 
al
ulus of the 
onvergen
e rank if true6.2.3 Member Fun
tion Do
umentation6.2.3.1 void Markov::draw_markov_matrix (
onst gsl_rng ∗ r) [inline℄draw at random the markov matrixParameters:r gsl random generatorGSL use exple:
onst gsl_rng_type * T;// Choi
e a default generator and seed// from environment variablesgsl_rng_env_setup();// New 
reated instan
e of the generatorT = gsl_rng_default;gsl_rng * r = gsl_rng_allo
 (T);// Initialize/Seeds the random number generatorgsl_rng_set( r, (long)(time( NULL )) );......gsl_rng_free( r );Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



18 seqpp Class Do
umentation6.2.3.2 template<
lass TSeq> void Markov::estimate (
onst TSeq & tseq, unsignedlong beg, unsigned long end, bool 
al
_rank) [inline℄Estimate the transition matri
es on the sequen
e/sequen
eset tseq.Parameters:tseq sequen
e/sequen
eset for estimationbeg begin position in sequen
e(s) if subsequen
esend end position in sequen
e(s) if subsequen
es
al
_rank 
al
ulus of the 
onvergen
e rank if true6.2.3.3 bool Markov::isMu () 
onst [inline℄_Mu == NULL ?6.2.3.4 bool Markov::isPi () 
onst [inline℄_Pi == NULL ?6.2.3.5 bool Markov::isPow () 
onst [inline℄_PowPi == NULL ?6.2.3.6 double Markov::Mu (int i) 
onst [inline℄A

ess to stationnary ve
tor Mu elements.Parameters:i index of the word6.2.3.7 double& Markov::operator() (int i) [inline℄() operator for Markov matrix Pi elementsParameters:i index of the word6.2.3.8 double Markov::proba_step (long w1, long w2, int step) [inline℄transition from word w1 to word w2 in step stepsif step > _rank, give stat_law(w2). You must have w1-jump, w2-jump < _nMuParameters:w1 �rst word (of length order) as a Sequen
e-
oded-like integer (see Sequen
e(p. 59))w2 se
ond word (of length order) as a Sequen
e-
oded-like integer (see Sequen
e(p. 59))Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.2 Markov Class Referen
e 19step number of steps between w1 and w2The do
umentation for this 
lass was generated from the following �les:� Markov.h� Markov.
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20 seqpp Class Do
umentation6.3 MTDMarkov Class Referen
eMixture Transition Distribution Markov(p. 14) modelling, estimation and simulation.#in
lude <seqpp/MTDMarkov.h>Inheritan
e diagram for MTDMarkov::
MTDMarkov

Markov

PhasedMarkov

Publi
 Member Fun
tions� template<
lass TSeq> MTDMarkov (
onst TSeq &tseq, short mkv_order, short nb-seed=NBSEED, int nbiter_max=NBITERMAX, double eps=EPS, bool log=false)Constru
tor 1 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59).� MTDMarkov (unsigned long ∗∗
ount, short size, short mtd_order, short mkv_order, shortnbseed=NBSEED, int nbiter_max=NBITERMAX, double eps=EPS, bool log=false)Constru
tor 2 from a 
oded-word 
ount.� void estimate (unsigned long ∗∗
ount, bool de
al_required, short mkv_order, short nbseed,int nbiter_max, double eps, bool log)performs the estimation [used by ea
h 
onstru
tor℄� ∼MTDMarkov ()Destru
tor.Prote
ted Attributes� mtd_
ore ∗ _mtd
orePar
imonious Context Trees.6.3.1 Detailed Des
riptionMixture Transition Distribution Markov(p. 14) modelling, estimation and simulation.MTDMarkov is a Markov(p. 14) obje
t with a di�erent estimation step. This obje
t performsthe estimation with the Mixture Transition Distribution algorithm and then transfoms, on
e perphase, the MTD model in a markovian matrix.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.3 MTDMarkov Class Referen
e 216.3.2 Constru
tor & Destru
tor Do
umentation6.3.2.1 template<
lass TSeq> MTDMarkov::MTDMarkov (
onst TSeq & tseq,short mkv_order, short nbseed = NBSEED, int nbiter_max = NBITERMAX,double eps = EPS, bool log = false) [inline℄Constru
tor 1 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59).Parameters:tseq a set of sequen
es or a sequen
e for estimationmkv_order markovian order on the markovian matrix of the MTDnbseed number of seeds for the EM algorithmnbiter_max maximum iterations number of the EM algorithmeps value of the epsilon of the EM algorithmlog true to log the su

essive likelihood values6.3.2.2 MTDMarkov::MTDMarkov (unsigned long ∗∗ 
ount, short size, shortmtd_order, short mkv_order, short nbseed = NBSEED, int nbiter_max =NBITERMAX, double eps = EPS, bool log = false) [inline℄Constru
tor 2 from a 
oded-word 
ount.Parameters:
ount 
ount of all the 
oded word(base size) of size order+1 for ea
h phase, for estimationsize alphabet sizemtd_order markovian order for the resulting modelmkv_order markovian order on the markovian matri
es used in the MTDnbseed number of seeds for the EM algorithmnbiter_max maximum iterations number of the EM algorithmeps value of the epsilon of the EM algorithmlog true to log the su

essive likelihood valuesThe do
umentation for this 
lass was generated from the following �le:� MTDMarkov.h
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22 seqpp Class Do
umentation6.4 Partition Class Referen
eDealer of alphabet partitions.#in
lude <seqpp/Partition.h>Publi
 Member Fun
tions� Partition (short alphabet_size)
onstru
tor with integrated 
reation of the set of partitions� Partition (
onst Translator &alphabet, 
onst string &p�le)Constru
tor from a �le 
ontaining the partitions or the list of synonymous tokens.� virtual ∼Partition ()destru
tor� 
onst ve
tor< ve
tor< short > > & list_possible_elements ()initialize the list_possible_elements of possible tokens'subset in a partition and return it� long tell_nbposs () 
onstreturns the number of possible tokens'subset in a partition� 
onst ve
tor< ve
tor< short > > & get_synonymous () 
onstreturns the synonymous list� short tell_size () 
onstreturns the size of the spa
e to partition6.4.1 Detailed Des
riptionDealer of alphabet partitions.Let a partition of an alphabet be a set of tokens'subset, i.e. a division of the alphabet into subset.The Partition obje
t gives 2 possibilities:� to 
ompute the overall set of possible partitions (automati
ally generated) given the alphabet� to 
ompute the overall set of possible partitions (automati
ally generated) given a synony-mous pseud-alphabet: by de
laring synonymous tokens, it is possible to group tokens as asingle predi
tor so that the number of partitions is lower.In this 
ase, a 
on�guration �le with the top key word "#Synonymous", 
ontaining the listsof synonymous tokens, is required.Exple:#Synonymousa tg 
 Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.4 Partition Class Referen
e 23� to input a sele
ted set of partitions. In this 
ase, in a 
on�guration �le after a "#Partition"on the �rst line, ea
h partition is represented as a list of tokens'subset delimited by a "|",ea
h subset being 
omposed with tokens of the alphabet separed by spa
eExple:#Partitiona | g | 
 | ta g | 
 | ta 
 t | g6.4.2 Constru
tor & Destru
tor Do
umentation6.4.2.1 Partition::Partition (short alphabet_size)
onstru
tor with integrated 
reation of the set of partitionsParameters:alphabet_size size of the alphabet6.4.2.2 Partition::Partition (
onst Translator & alphabet, 
onst string & p�le)Constru
tor from a �le 
ontaining the partitions or the list of synonymous tokens.Parameters:alphabet a link to a Translator(p. 64) obje
t required for the �le readingp�le partitions �le-> 1st possibility: after a "#Partition" on the �rst line, ea
h partition is represented asa list of tokens'subset delimited by a "|", ea
h subset being 
omposed with tokens of thealphabet separed by spa
eExample:#Partitiona g | 
 t-> 2nd possibility: after a "#Synonymous" on the �rst line, tokens are grouped (separedby spa
es) into synonymous 
lasses on ea
h lineExample:#Synonymousa tg 
The do
umentation for this 
lass was generated from the following �les:� Partition.h� Partition.
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24 seqpp Class Do
umentation6.5 PhasedMarkov Class Referen
ePhased Markov(p. 14) modelling, estimation and simulation.#in
lude <seqpp/PhasedMarkov.h>Inheritan
e diagram for PhasedMarkov::
PhasedMarkov

Markov PhasedMTDMarkov PhasedPMarkov PhasedVLMarkov

MTDMarkov PMarkov VLMarkovPubli
 Member Fun
tions� PhasedMarkov (
onst string &markov_�le, bool 
al
_rank=false)Constru
tor 1 : read a 
on�guration �le.� PhasedMarkov (
onst Sequen
eSet &seqset, short phase, short initial_phase=0, bool
al
_rank=false)Constru
tor 2 : Estimate the transition matri
es on the sequen
es of seqset.� PhasedMarkov (
onst Sequen
e &seq, short phase, short initial_phase=0, bool 
al
_-rank=false)Constru
tor 3 : Estimate the transition matri
es on the sequen
e seq.� PhasedMarkov (
onst PhasedMarkov &phm)Constru
tor 4 : Copy 
onstru
tor.� PhasedMarkov ()Constru
tor 5 : Default 
onstru
tor.� PhasedMarkov (short size, short order, short phase)Constru
tor 6 : Minimal Constru
tor.� PhasedMarkov (
onst PhasedMarkov &M1, 
onst PhasedMarkov &M2, 
onst �oatp) Constru
tor 7 : Creation of a "mixed" Markov(p. 14) 
hain M = p∗M1 + (1-p)∗M2 ∗/.� PhasedMarkov (
onst Sequen
eSet &seqset, 
onst ve
tor< int > &Indseq, short phase,short initial_phase=0, bool 
al
_rank=false)Constru
tor 8 : Estimation of the transition matrix based on the sequen
es of seqset given inIndseq.� PhasedMarkov (
onst gsl_rng ∗r, short size, short order, short phase, bool 
al
_-rank=false)Constru
tor 9 : random markov matri
es.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.5 PhasedMarkov Class Referen
e 25� PhasedMarkov (unsigned long ∗∗
ount, short size, short order, short phase, short initial_-phase=0, bool 
al
_rank=false)Constru
tor 10 Estimate the transition matri
es on a word-
ount.� virtual ∼PhasedMarkov ()Destru
tor.� template<
lass TSeq> void estimate (
onst TSeq &tseq, short phase, short initial_phase,unsigned long beg, unsigned long end, bool 
al
_rank=false, bool 
ount_again=true)Estimate the transition matri
es on the sequen
e/sequen
eset tseq.� 
onst double ∗∗ markov_matri
es () 
onsta

ess to the markov matrix(
es)� 
onst double ∗ markov_matrix (short numphase) 
onsta

ess to the numphase-th markov matrix� void draw_markov_matri
es (
onst gsl_rng ∗r)draw at random the markov matri
es� void free_markov_matri
es ()free the memory allo
ated for markov matri
es� double total_variation (
onst PhasedMarkov &M)Total variation distan
e between ∗this and M.� void 
ompute_stat_laws (bool for
e=false)Compute the stationnary laws.� 
onst double ∗ stat_law (short numphase=0) 
onsta

ess to the stationnary distrib in phase numphase� void free_stat_laws ()free the memory allo
ated for stationnary laws� void 
ompute_init_law (double ∗MuInit, 
onst Sequen
eSet &seqset) 
onstGet the empiri
al relative frequen
y of the �rst order+1 letters on the set of sequen
es "seqset".� virtual int 
ompute_rank ()Computes the rank of 
onvergen
e of the Markov(p. 14) Chain.� virtual long nb_parameters () 
onstreturn the number of e�e
tive parameters� void link_to_translator (
onst Translator &trans)link to a Translator(p. 64) obje
t to use proba methods with strings� double proba_
 (
onst string &word, Coder &
oder, short numphase=0) 
onstStationnary proba of a word(size greater than _order) 
onditionnaly of its �rst letters (!uselink_to_translator before!).Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



26 seqpp Class Do
umentation� double proba (
onst string &word, Coder &
oder, short numphase=0) 
onstStationnary proba of a word.� double proba_
 (
onst ve
tor< short>&word,Coder&
oder, short numphase=0) 
onstStationnary proba of a word(size greater than _order) 
onditionnaly of its �rst letters.� double proba (
onst ve
tor< short > &word, Coder &
oder, short numphase=0) 
onstStationnary proba of a word.� double proba_
 (long word, int lw=-1, long jump=-1, short numphase=0) 
onstStationnary proba of a word(size greater than _order) 
onditionnaly of its �rst letters.� double proba (long word, int lw=-1, long jump=-1, short numphase=0) 
onstStationnary proba of a word.� double proba_
 (
onst long ∗seq, long tbeg, long tend, short numphase=0) 
onstStationnary proba of the word seq[tbeg...tend℄(size greater than _order) 
onditionnaly of its �rstletters.� double proba (
onst long ∗seq, long tbeg, long tend, short numphase=0) 
onstStationnary proba of the word seq[tbeg...tend℄.� double log_likelihood (
onst Sequen
eSet &seqset, short initial_phase=0, shortnumphase=-1) 
onstloglikelihood of a set of sequen
e� double log_ratio_likelihood (
onst Sequen
eSet &seqset, 
onst PhasedMarkov &M,short initial_phase1=0, short initial_phase2=0) 
onstCal
ulation of the logarithm of the ratio of the probability of observing "seq" under "this" distri-bution and "M".� double log_likelihood (
onst Sequen
e &seq, short initial_phase=0, short numphase=-1)
onstloglikelihood of a sequen
e� double log_ratio_likelihood (
onst Sequen
e &seq, 
onst PhasedMarkov &M, shortinitial_phase1=0, short initial_phase2=0) 
onstCal
ulation of the logarithm of the ratio of the probability of observing "seq" under "this" distri-bution and "M".� template<
lass TSeq> double BIC (
onst TSeq &tseq, short initial_phase=0) 
onstBIC of sequen
es (BIC = -2∗loglikelihood + nbparam∗log(length)).� template<
lass TSeq> double AIC (
onst TSeq &tseq, short initial_phase=0) 
onstAIC of a set of sequen
es (AIC = -2∗loglikelihood + 2∗nbparam).� void print (
onst string &FileOut)Print a summary of the obje
t.� void print (ofstream &Out) 
onst Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.5 PhasedMarkov Class Referen
e 27Print a summary of the obje
t.� int tell_size () 
onstReturns the alphabet size.� int tell_rank () 
onstReturns the 
onvergen
e rank.� int tell_order () 
onstReturns the order.� int tell_phase () 
onstReturns the phase.� int nMu () 
onstsize of the stat law ve
tor� int nPi () 
onstsize of the matrix� double Pi (int i, int p=0) 
onstA

ess to Markov(p. 14) matrix Pi.� double & operator() (int i, int p=0)() operator for Markov(p. 14) matrix Pi elements� double Mu (int i, int p=0) 
onstA

ess to stationnary ve
tor Mu elements.� bool isPis () 
onst_Pis != NULL ?� bool isMus () 
onst_Mus != NULL ?� short nextPhase (short p) 
onstGive the phase following p.� short prevPhase (short p) 
onstGive the phase pre
eding p.� bool Sto
hasti
ity ()Verify sto
hasti
ity of the _Pis[℄ and eventually res
ale it.Prote
ted Member Fun
tions� bool isNextPhase () 
onst_nextPhase != NULL ?Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



28 seqpp Class Do
umentation� bool isPrevPhase () 
onst_prevPhase != NULL ?Prote
ted Attributes� short _phasePhase of the model.� double ∗∗ _Pis"Matri
es" (in ve
tor format) of transition probabilities for ea
h phase� double ∗∗ _MusVe
tor of stationnary probabilities for ea
h phase.� short _sizeSize of the alphabet.� short _orderOrder of the model (the same at ea
h phase).� long _nPiDim of Pi :_size∧(_order+1).� long _nMuDim of Mu :_size∧_order.� long _nb_paramnumber of e�e
tive parameters� int _rankHow many steps to 
onverge to Mu ?� long _jumpjump to the 
odes of _order+1 letters when Sequen
e-like 
ode� short ∗ _nextPhase(Optimization) For ea
h phase, give the next phase� short ∗ _prevPhase(Optimization) For ea
h phase, give the previous phase� 
onst Translator ∗ _translink to a translator obje
t for the use of proba methodsGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.5 PhasedMarkov Class Referen
e 296.5.1 Detailed Des
riptionPhased Markov(p. 14) modelling, estimation and simulation.This is generalization of a Markov(p. 14) 
hain, using di�erent matri
es in fun
tion of the 
on-sidered position in the sequen
e. The phase is variable.For example, if we 
onsider 3 phases, and we note respe
tively Pi1, Pi2 and Pi3, the three transitionmatri
es, theMarkov(p. 14) sequen
es will be generated by the indi
es 123123123123... In a DNAmodelisation (genomi
 �eld), this is useful to take into a

ount the fa
t that a 
oding region isread by 3 bases-blo
ks. The order of theMarkov(p. 14) Model, i.e. the number of previous statesne
essary to determine the distribution of the 
urrent state, is variable. It is assume here thatthis order is the same in all the phases.Methods are implemented for Markovian transition matrix estimation, stationary distribution
al
ulus, word probabilities, total variation distan
e between two Markovian matri
es, and further.The e�
ien
y of eigenproblems 
omputation is ensured by the use of the impli
itly restartedArnoldi algorithm.Simulations are also possible.6.5.2 Constru
tor & Destru
tor Do
umentation6.5.2.1 PhasedMarkov::PhasedMarkov (
onst Sequen
eSet & seqset, short phase,short initial_phase = 0, bool 
al
_rank = false)Constru
tor 2 : Estimate the transition matri
es on the sequen
es of seqset.Parameters:seqset set of sequen
es for estimationphase sele
ted phaseinitial_phase phase of the �rst element of ea
h sequen
e
al
_rank 
al
ulus of the 
onvergen
e rank if true6.5.2.2 PhasedMarkov::PhasedMarkov (
onst Sequen
e & seq, short phase, shortinitial_phase = 0, bool 
al
_rank = false)Constru
tor 3 : Estimate the transition matri
es on the sequen
e seq.Parameters:seq sequen
e for estimationphase sele
ted phaseinitial_phase phase of the �rst element of ea
h sequen
e
al
_rank 
al
ulus of the 
onvergen
e rank if true6.5.2.3 PhasedMarkov::PhasedMarkov (short size, short order, short phase)Constru
tor 6 : Minimal Constru
tor.Initialises the 
onstants of the model but not the matri
es nor the stat lawsGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



30 seqpp Class Do
umentationParameters:size alphabet sizeorder markovian orderphase sele
ted phase6.5.2.4 PhasedMarkov::PhasedMarkov (
onst PhasedMarkov & M1, 
onstPhasedMarkov & M2, 
onst �oat p)Constru
tor 7 : Creation of a "mixed" Markov(p. 14) 
hain M = p∗M1 + (1-p)∗M2 ∗/.Parameters:M1 �rst Markov(p. 14) 
hain obje
tM2 se
ond Markov(p. 14) 
hain obje
tp weight of M1 in the resulting M(with 0<=p<=1)6.5.2.5 PhasedMarkov::PhasedMarkov (
onst Sequen
eSet & seqset, 
onst ve
tor<int > & Indseq, short phase, short initial_phase = 0, bool 
al
_rank =false)Constru
tor 8 : Estimation of the transition matrix based on the sequen
es of seqset given inIndseq.Parameters:seqset set of sequen
es for estimationIndseq index of sele
ted sequen
esphase sele
ted phaseinitial_phase phase of the �rst element of ea
h sequen
e
al
_rank 
al
ulus of the 
onvergen
e rank if true6.5.2.6 PhasedMarkov::PhasedMarkov (
onst gsl_rng ∗ r, short size, short order,short phase, bool 
al
_rank = false)Constru
tor 9 : random markov matri
es.Parameters:r gsl random generatorsize alphabet sizeorder markovian orderphase sele
ted phase
al
_rank 
al
ulus of the 
onvergen
e rank if trueGSL use exple: Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.5 PhasedMarkov Class Referen
e 31
onst gsl_rng_type * T;// Choi
e a default generator and seed// from environment variablesgsl_rng_env_setup();// New 
reated instan
e of the generatorT = gsl_rng_default;gsl_rng * r = gsl_rng_allo
 (T);// Initialize/Seeds the random number generatorgsl_rng_set( r, (long)(time( NULL )) );......gsl_rng_free( r );6.5.2.7 PhasedMarkov::PhasedMarkov (unsigned long ∗∗ 
ount, short size, shortorder, short phase, short initial_phase = 0, bool 
al
_rank = false)Constru
tor 10 Estimate the transition matri
es on a word-
ount.Parameters:
ount 
ount of all the 
oded word(base size) of size order+1 for ea
h phase,for estimationsize alphabet sizeorder markovian orderphase sele
ted phaseinitial_phase phase of the �rst element of ea
h sequen
e
al
_rank 
al
ulus of the 
onvergen
e rank if true6.5.3 Member Fun
tion Do
umentation6.5.3.1 template<
lass TSeq> double PhasedMarkov::AIC (
onst TSeq & tseq,short initial_phase = 0) 
onst [inline℄AIC of a set of sequen
es (AIC = -2∗loglikelihood + 2∗nbparam).Parameters:tseq a sequen
e or a set of sequen
esinitial_phase phase of the �rst element of ea
h sequen
e6.5.3.2 template<
lass TSeq> double PhasedMarkov::BIC (
onst TSeq & tseq,short initial_phase = 0) 
onst [inline℄BIC of sequen
es (BIC = -2∗loglikelihood + nbparam∗log(length)).Parameters:tseq a sequen
e or a set of sequen
esinitial_phase phase of the �rst element of ea
h sequen
eGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



32 seqpp Class Do
umentation6.5.3.3 void PhasedMarkov::draw_markov_matri
es (
onst gsl_rng ∗ r)draw at random the markov matri
esParameters:r gsl random generatorGSL use exple:
onst gsl_rng_type * T;// Choi
e a default generator and seed// from environment variablesgsl_rng_env_setup();// New 
reated instan
e of the generatorT = gsl_rng_default;gsl_rng * r = gsl_rng_allo
 (T);// Initialize/Seeds the random number generatorgsl_rng_set( r, (long)(time( NULL )) );......gsl_rng_free( r );6.5.3.4 template<
lass TSeq> void PhasedMarkov::estimate (
onst TSeq & tseq,short phase, short initial_phase, unsigned long beg, unsigned long end, bool
al
_rank = false, bool 
ount_again = true) [inline℄Estimate the transition matri
es on the sequen
e/sequen
eset tseq.Parameters:tseq sequen
e/sequen
eset for estimationphase sele
ted phaseinitial_phase phase of the �rst element of ea
h sequen
ebeg begin position in sequen
e(s) if subsequen
esend end position in sequen
e(s) if subsequen
es
al
_rank 
al
ulus of the 
onvergen
e rank if true
ount_again false if the word-
ount already performed before the use of this method6.5.3.5 double PhasedMarkov::log_likelihood (
onst Sequen
e & seq, shortinitial_phase = 0, short numphase = -1) 
onstloglikelihood of a sequen
eParameters:seq sequen
einitial_phase phase of the �rst element of ea
h sequen
enumphase likelihood in only the numphase phase, -1 if sum of the phasesGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.5 PhasedMarkov Class Referen
e 336.5.3.6 double PhasedMarkov::log_likelihood (
onst Sequen
eSet & seqset, shortinitial_phase = 0, short numphase = -1) 
onstloglikelihood of a set of sequen
eParameters:seqset set of sequen
einitial_phase phase of the �rst element of ea
h sequen
enumphase likelihood in only the numphase phase, -1 if sum of the phases6.5.3.7 double PhasedMarkov::log_ratio_likelihood (
onst Sequen
e & seq, 
onstPhasedMarkov & M, short initial_phase1 = 0, short initial_phase2 = 0)
onstCal
ulation of the logarithm of the ratio of the probability of observing "seq" under "this" distri-bution and "M".Parameters:seq sequen
eM alternative Markov(p. 14) 
haininitial_phase1 phase of the �rst element of ea
h sequen
e 
onsidered in model ∗thisinitial_phase2 phase of the �rst element of ea
h sequen
e 
onsidered in model MREMARKS : NO veri�
ation is done on the 
ompatibility of the Markov(p. 14) 
hainsCAREFUL: this 
al
ulus is performed by s
anning the sequen
e to avoid pbm of too lowlikelihood6.5.3.8 double PhasedMarkov::log_ratio_likelihood (
onst Sequen
eSet & seqset,
onst PhasedMarkov & M, short initial_phase1 = 0, short initial_phase2= 0) 
onstCal
ulation of the logarithm of the ratio of the probability of observing "seq" under "this" distri-bution and "M".Parameters:seqset set of sequen
esM alternative Markov(p. 14) 
haininitial_phase1 phase of the �rst element of ea
h sequen
e 
onsidered in model ∗thisinitial_phase2 phase of the �rst element of ea
h sequen
e 
onsidered in model MREMARKS : NO veri�
ation is done on the 
ompatibility of the Markov(p. 14) 
hainsCAREFUL: this 
al
ulus is performed by s
anning the sequen
e to avoid pbm of too lowlikelihood6.5.3.9 double PhasedMarkov::Mu (int i, int p = 0) 
onst [inline℄A

ess to stationnary ve
tor Mu elements.Parameters:i index of the wordp sele
ted phaseGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



34 seqpp Class Do
umentation6.5.3.10 double& PhasedMarkov::operator() (int i, int p = 0) [inline℄() operator for Markov(p. 14) matrix Pi elementsParameters:i index of the wordp sele
ted phase6.5.3.11 double PhasedMarkov::Pi (int i, int p = 0) 
onst [inline℄A

ess to Markov(p. 14) matrix Pi.Parameters:i index of the wordp sele
ted phase6.5.3.12 void PhasedMarkov::print (
onst string & FileOut) [inline℄Print a summary of the obje
t.The estimation results 
an be saved in su
h a representation:# 1 <- Order of the phased Markov 
hain# 2 <- Phase# 4 <- Alphabet size# 19 steps <- Convergen
e to the stationnary distribution# Phase n°0# Transition matrix:0.3945322543 0.1652811616 0.1535033485 0.2866832356et
...........# Stationnary Probability:0.3127105148 0.2114684268 0.1783495332 0.2974715251# Phase n°1# Transition matrix:0.3923961961 0.163516403 0.1521005152 0.2919868858et
................# Stationnary Probability:0.3135417652 0.2089660861 0.1771006767 0.3003914726.5.3.13 double PhasedMarkov::proba (
onst long ∗ seq, long tbeg, long tend, shortnumphase = 0) 
onstStationnary proba of the word seq[tbeg...tend℄.Parameters:seq Sequen
e-like 
oded sequen
e(see Sequen
e). The Markov-order for the 
ode must be thesame than _ordertbeg begin position of the wordtend end position of the wordnumphase phase of the last letter of wordGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.5 PhasedMarkov Class Referen
e 356.5.3.14 double PhasedMarkov::proba (long word, int lw = -1, long jump = -1,short numphase = 0) 
onstStationnary proba of a word.Parameters:word word as a Sequen
e-
oded-like integer (see Sequen
e(p. 59))lw length of the word. Default => order+1jump Sequen
e-
oded-like jump (see Sequen
e(p. 59)). Default => jump[order℄numphase phase of the last letter of word6.5.3.15 double PhasedMarkov::proba (
onst ve
tor< short > & word, Coder &
oder, short numphase = 0) 
onstStationnary proba of a word.Parameters:word word as a ve
tor of short
oder required Coder(p. 11) obje
t, from a PrimaryCount(p. 49) obje
t for explenumphase phase of the last letter of word6.5.3.16 double PhasedMarkov::proba (
onst string & word, Coder & 
oder, shortnumphase = 0) 
onstStationnary proba of a word.Parameters:word word as a string -a Translator(p. 64) obje
t is required to pro
ess string to int-
oder required Coder(p. 11) obje
t, from a PrimaryCount(p. 49) obje
t for explenumphase phase of the last letter of word6.5.3.17 double PhasedMarkov::proba_
 (
onst long ∗ seq, long tbeg, long tend,short numphase = 0) 
onstStationnary proba of the word seq[tbeg...tend℄(size greater than _order) 
onditionnaly of its �rstletters.Parameters:seq Sequen
e-like 
oded sequen
e(see Sequen
e). The Markov-order for the 
ode must be thesame than _ordertbeg begin position of the wordtend end position of the wordnumphase phase of the last letter of wordGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



36 seqpp Class Do
umentation6.5.3.18 double PhasedMarkov::proba_
 (long word, int lw = -1, long jump = -1,short numphase = 0) 
onstStationnary proba of a word(size greater than _order) 
onditionnaly of its �rst letters.Parameters:word word as a Sequen
e-
oded-like integer (see Sequen
e(p. 59))lw length of the word. Default => order+1jump Sequen
e-
oded-like jump (see Sequen
e(p. 59)). Default => jump[order℄numphase phase of the last letter of word6.5.3.19 double PhasedMarkov::proba_
 (
onst ve
tor< short > & word, Coder &
oder, short numphase = 0) 
onstStationnary proba of a word(size greater than _order) 
onditionnaly of its �rst letters.Parameters:word word as a ve
tor of short
oder required Coder(p. 11) obje
t, from a PrimaryCount(p. 49) obje
t for explenumphase phase of the last letter of word6.5.3.20 double PhasedMarkov::proba_
 (
onst string & word, Coder & 
oder,short numphase = 0) 
onstStationnary proba of a word(size greater than _order) 
onditionnaly of its �rst letters (!use link_-to_translator before!).Parameters:word word as a string -a Translator(p. 64) obje
t is required to pro
ess string to int-
oder required Coder(p. 11) obje
t, from a PrimaryCount(p. 49) obje
t for explenumphase phase of the last letter of wordThe do
umentation for this 
lass was generated from the following �les:� PhasedMarkov.h� PhasedMarkov.
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6.6 PhasedMTDMarkov Class Referen
e 376.6 PhasedMTDMarkov Class Referen
ePhased Mixture Transition Distribution Markov(p. 14) modelling, estimation and simulation.#in
lude <seqpp/PhasedMTDMarkov.h>Inheritan
e diagram for PhasedMTDMarkov::
PhasedMTDMarkov

PhasedMarkov

Publi
 Member Fun
tions� template<
lass TSeq> PhasedMTDMarkov (
onst TSeq &tseq, short mkv_order, shortphase, short initial_phase=0, short nbseed=NBSEED, int nbiter_max=NBITERMAX,double eps=EPS, bool log=false)Constru
tor 1 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59).� PhasedMTDMarkov (unsigned long ∗∗
ount, short size, short mtd_order, shortmkv_order, short phase, short initial_phase=0, short nbseed=NBSEED, int nbiter_-max=NBITERMAX, double eps=EPS, bool log=false)Constru
tor 2 from a 
oded-word 
ount.� void estimate (unsigned long ∗∗
ount, bool de
al_required, short mkv_order, short phase,short initial_phase, short nbseed, int nbiter_max, double eps, bool log)performs the estimation [used by ea
h 
onstru
tor℄� ∼PhasedMTDMarkov ()Destru
tor.Prote
ted Attributes� mtd_
ore ∗ _mtd
orePar
imonious Context Trees.6.6.1 Detailed Des
riptionPhased Mixture Transition Distribution Markov(p. 14) modelling, estimation and simulation.PhasedMTDMarkov is a PhasedMarkov(p. 24) obje
t with a di�erent estimation step. This ob-je
t performs the estimation with the Mixture Transition Distribution algorithm and then trans-foms, on
e per phase, the MTD model in a markovian matrix.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



38 seqpp Class Do
umentation6.6.2 Constru
tor & Destru
tor Do
umentation6.6.2.1 template<
lass TSeq> PhasedMTDMarkov::PhasedMTDMarkov (
onstTSeq & tseq, short mkv_order, short phase, short initial_phase = 0, shortnbseed = NBSEED, int nbiter_max = NBITERMAX, double eps = EPS, bool log =false) [inline℄Constru
tor 1 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59).Parameters:tseq a set of sequen
es or a sequen
e for estimationmkv_order markovian order on the markovian matrix of the MTDphase phase shortinitial_phase phase of the �rst element of ea
h sequen
enbseed number of seeds for the EM algorithmnbiter_max maximum iterations number of the EM algorithmeps value of the epsilon of the EM algorithmlog true to log the su

essive likelihood values6.6.2.2 PhasedMTDMarkov::PhasedMTDMarkov (unsigned long ∗∗ 
ount, shortsize, short mtd_order, short mkv_order, short phase, short initial_phase= 0, short nbseed = NBSEED, int nbiter_max = NBITERMAX, double eps = EPS,bool log = false) [inline℄Constru
tor 2 from a 
oded-word 
ount.Parameters:
ount 
ount of all the 
oded word(base size) of size order+1 for ea
h phase, for estimationsize alphabet sizemtd_order markovian order for the resulting modelmkv_order markovian order on the markovian matri
es used in the MTDphase phaseinitial_phase phase of the �rst element of ea
h sequen
enbseed number of seeds for the EM algorithmnbiter_max maximum iterations number of the EM algorithmeps value of the epsilon of the EM algorithmlog true to log the su

essive likelihood valuesThe do
umentation for this 
lass was generated from the following �le:� PhasedMTDMarkov.h
Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.7 PhasedPMarkov Class Referen
e 396.7 PhasedPMarkov Class Referen
ePhased Par
imonious Markov(p. 14) modelling, estimation and simulation.#in
lude <seqpp/PhasedPMarkov.h>Inheritan
e diagram for PhasedPMarkov::
PhasedPMarkov

PhasedMarkov

Publi
 Member Fun
tions� PhasedPMarkov (
onst Sequen
eSet &seqset, short phase, short initial_phase=0, dou-ble prior_alpha=-1., double penalty=0., 
onst string &xml�le=string())Constru
tor 1 from a Sequen
eSet(p. 62).� PhasedPMarkov (
onst Sequen
e &seq, short phase, short initial_phase=0, doubleprior_alpha=-1., double penalty=0., 
onst Translator &trans=Translator(), 
onst string&xml�le=string())Constru
tor 2 from a Sequen
e(p. 59).� PhasedPMarkov (
onst string &partition�le, 
onst Sequen
eSet &seqset, short phase,short initial_phase=0, double prior_alpha=-1., double penalty=0., 
onst string &xml-�le=string())Constru
tor 3 from a Sequen
eSet(p. 62) and a Partition(p. 22) -�le.� PhasedPMarkov (
onst string &partition�le, 
onst Translator &trans, 
onst Sequen
e&seq, short phase, short initial_phase=0, double prior_alpha=-1., double penalty=0., 
onststring &xml�le=string())Constru
tor 4 from a Sequen
e(p. 59) and a Partition(p. 22) -�le.� PhasedPMarkov (unsigned long ∗∗
ount, short size, short order, short phase,short initial_phase=0, double prior_alpha=-1., double penalty=0., 
onst Translator&trans=Translator(), 
onst string &xml�le=string())Constru
tor 5 from a 
oded-word 
ount.� PhasedPMarkov (
onst string &partition�le, 
onst Translator &trans, unsigned long
∗∗
ount, short order, short phase, short initial_phase=0, double prior_alpha=-1., doublepenalty=0., 
onst string &xml�le=string())Constru
tor 6 from a 
oded-word 
ount and a Partition(p. 22) -�le.� void estimate (unsigned long ∗∗
ount, bool de
al_required, 
onstTranslator &trans, Par-tition&p, short phase, short initial_phase, double prior_alpha, double penalty, 
onst string&xml�le)performs the estimation [used by ea
h 
onstru
tor℄� ∼PhasedPMarkov ()Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



40 seqpp Class Do
umentationDestru
tor.Prote
ted Attributes� pmm_tree ∗ _pmmtreePar
imonious Context Trees.6.7.1 Detailed Des
riptionPhased Par
imonious Markov(p. 14) modelling, estimation and simulation.PhasedPMarkov is a PhasedMarkov(p. 24) obje
t with a di�erent estimation step. This obje
tperforms the estimation with the Par
imoniousMarkov(p. 14) algorithm and then transfoms, on
eper phase, the par
imonious 
ontext tree in a markovian matrix. xml outputs 
an be a
tivated tosave the asso
iated trees.6.7.2 Constru
tor & Destru
tor Do
umentation6.7.2.1 PhasedPMarkov::PhasedPMarkov (
onst Sequen
eSet & seqset, shortphase, short initial_phase = 0, double prior_alpha = -1., double penalty= 0., 
onst string & xml�le = string()) [inline℄Constru
tor 1 from a Sequen
eSet(p. 62).Parameters:seqset a set of sequen
es for estimationphase phaseinitial_phase phase of the �rst element of ea
h sequen
eprior_alpha alpha for the a priori law, by default -1. means 1./alphabet_sizepenalty penalty on the leaves number, by default 0xml�le xml�le for tree saving (if xml2 a
tivated)6.7.2.2 PhasedPMarkov::PhasedPMarkov (
onst Sequen
e & seq, short phase,short initial_phase = 0, double prior_alpha = -1., double penalty = 0.,
onst Translator & trans = Translator(), 
onst string & xml�le = string())[inline℄Constru
tor 2 from a Sequen
e(p. 59).Parameters:seq sequen
e for estimationphase phaseinitial_phase phase of the �rst element of ea
h sequen
eprior_alpha alpha for the a priori law, by default -1. means 1./alphabet_sizepenalty penalty on the leaves number, by default 0trans a Translator(p. 64) is required only for the xml savingxml�le xml�le for tree saving (if xml2 a
tivated)Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.7 PhasedPMarkov Class Referen
e 416.7.2.3 PhasedPMarkov::PhasedPMarkov (
onst string & partition�le, 
onstSequen
eSet & seqset, short phase, short initial_phase = 0, doubleprior_alpha = -1., double penalty = 0., 
onst string & xml�le = string())[inline℄Constru
tor 3 from a Sequen
eSet(p. 62) and a Partition(p. 22) -�le.Parameters:partition�le �le 
ontaining a sele
ted partition, when default overall partition is too heavyseqset a set of sequen
es for estimationphase phaseinitial_phase phase of the �rst element of ea
h sequen
eprior_alpha alpha for the a priori law, by default -1. means 1./alphabet_sizepenalty penalty on the leaves number, by default 0xml�le xml�le for tree saving (if xml2 a
tivated)Exple of partition�le (grouped tokens, separed with a "|", beware the spa
es) with 4partitionsa 
 | g ta 
 | g | ta | 
 | g | t
 g t | a6.7.2.4 PhasedPMarkov::PhasedPMarkov (
onst string & partition�le, 
onstTranslator & trans, 
onst Sequen
e & seq, short phase, short initial_phase= 0, double prior_alpha = -1., double penalty = 0., 
onst string & xml�le= string()) [inline℄Constru
tor 4 from a Sequen
e(p. 59) and a Partition(p. 22) -�le.Parameters:partition�le �le 
ontaining a sele
ted partition, when default overall partition is too heavytrans a Translator(p. 64) is required for the partition readingseq sequen
e for estimationphase phaseinitial_phase phase of the �rst element of ea
h sequen
eprior_alpha alpha for the a priori law, by default -1. means 1./alphabet_sizepenalty penalty on the leaves number, by default 0xml�le xml�le for tree saving (if xml2 a
tivated)Exple of partition�le (grouped tokens, separed with a "|", beware the spa
es) with 4partitionsa 
 | g ta 
 | g | ta | 
 | g | t
 g t | aGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



42 seqpp Class Do
umentation6.7.2.5 PhasedPMarkov::PhasedPMarkov (unsigned long ∗∗ 
ount, short size, shortorder, short phase, short initial_phase = 0, double prior_alpha = -1.,double penalty = 0., 
onst Translator & trans = Translator(), 
onst string& xml�le = string()) [inline℄Constru
tor 5 from a 
oded-word 
ount.Parameters:
ount 
ount of all the 
oded word(base size) of size order+1 for ea
h phase, for estimationsize alphabet sizeorder markovian order asso
iated to the word 
ountphase phaseinitial_phase phase of the �rst element of ea
h sequen
eprior_alpha alpha for the a priori law, by default -1. means 1./alphabet_sizepenalty penalty on the leaves number, by default 0trans a Translator(p. 64) is required only for the xml savingxml�le xml�le for tree saving (if xml2 a
tivated)6.7.2.6 PhasedPMarkov::PhasedPMarkov (
onst string & partition�le, 
onstTranslator & trans, unsigned long ∗∗ 
ount, short order, short phase, shortinitial_phase = 0, double prior_alpha = -1., double penalty = 0., 
onststring & xml�le = string()) [inline℄Constru
tor 6 from a 
oded-word 
ount and a Partition(p. 22) -�le.Parameters:partition�le �le 
ontaining a sele
ted partition, when default overall partition is too heavytrans a Translator(p. 64) is required for the partition reading
ount 
ount of all the 
oded word(base size) of size order+1 for ea
h phase, for estimationorder markovian order asso
iated to the word 
ountphase phaseinitial_phase phase of the �rst element of ea
h sequen
eprior_alpha alpha for the a priori law, by default -1. means 1./alphabet_sizepenalty penalty on the leaves number, by default 0xml�le xml�le for tree saving (if xml2 a
tivated)Exple of partition�le (grouped tokens, separed with a "|", beware the spa
es) with 4partitionsa 
 | g ta 
 | g | ta | 
 | g | t
 g t | aThe do
umentation for this 
lass was generated from the following �le:� PhasedPMarkov.h Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.8 PhasedVLMarkov Class Referen
e 436.8 PhasedVLMarkov Class Referen
ePhased Variable Length Markov(p. 14) modelling, estimation and simulation.#in
lude <seqpp/PhasedVLMarkov.h>Inheritan
e diagram for PhasedVLMarkov::
PhasedVLMarkov

PhasedMarkov

Publi
 Member Fun
tions� template<
lass TSeq> PhasedVLMarkov (
onst TSeq &tseq, ve
tor< double > &init,double 
uto�, short phase, short initial_phase=0)Constru
tor 1 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59).� template<
lass TSeq> PhasedVLMarkov (
onst TSeq &tseq, double 
uto�, short phase,short initial_phase=0)Constru
tor 2 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59) with random init.� ∼PhasedVLMarkov ()destru
torProte
ted Attributes� vlm_tree ∗ _vlmtreeVariable Length Context Trees.6.8.1 Detailed Des
riptionPhased Variable Length Markov(p. 14) modelling, estimation and simulation.PhasedVLMarkov is a PhasedMarkov(p. 24) obje
t with a di�erent estimation step. This obje
tperforms the estimation with the Variable Length Markov(p. 14) algorithm and then transfoms,on
e per phase, the variable length 
ontext tree in a markovian matrix. One di�eren
e is that a
uto� is required for the sele
tion of the tree.6.8.2 Constru
tor & Destru
tor Do
umentation6.8.2.1 template<
lass TSeq> PhasedVLMarkov::PhasedVLMarkov (
onstTSeq & tseq, ve
tor< double > & init, double 
uto�, short phase, shortinitial_phase = 0) [inline℄Constru
tor 1 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59).Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



44 seqpp Class Do
umentationParameters:tseq a (set of) sequen
e(s) for estimationinit initial law in the leaves
uto� tree sele
tion 
uto�phase phaseinitial_phase phase of the �rst element of ea
h sequen
e6.8.2.2 template<
lass TSeq> PhasedVLMarkov::PhasedVLMarkov (
onst TSeq &tseq, double 
uto�, short phase, short initial_phase = 0) [inline℄Constru
tor 2 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59) with random init.Parameters:tseq a (set of) sequen
e(s) for estimation
uto� tree sele
tion 
uto�phase phaseinitial_phase phase of the �rst element of ea
h sequen
eThe do
umentation for this 
lass was generated from the following �le:� PhasedVLMarkov.h

Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.9 PMarkov Class Referen
e 456.9 PMarkov Class Referen
ePar
imonious Markov(p. 14) modelling, estimation and simulation.#in
lude <seqpp/PMarkov.h>Inheritan
e diagram for PMarkov::
PMarkov

Markov

PhasedMarkov

Publi
 Member Fun
tions� PMarkov (
onst Sequen
eSet &seqset, double prior_alpha=-1, double penalty=0., 
onststring &xml�le=string())Constru
tor 1 from a Sequen
eSet(p. 62).� PMarkov (
onst Sequen
e&seq, double prior_alpha=-1, double penalty=0., 
onstTrans-lator &trans=Translator(), 
onst string &xml�le=string())Constru
tor 2 from a Sequen
e(p. 59).� PMarkov (
onst string &partition�le, 
onst Sequen
eSet &seqset, double prior_alpha=-1, double penalty=0., 
onst string &xml�le=string())Constru
tor 3 from a Sequen
eSet(p. 62) and a Partition(p. 22) -�le.� PMarkov (
onst string &partition�le, 
onst Translator &trans, 
onst Sequen
e &seq,double prior_alpha=-1, double penalty=0., 
onst string &xml�le=string())Constru
tor 4 from a Sequen
e(p. 59) and a Partition(p. 22) -�le.� PMarkov (unsigned long ∗
ount, short size, short order, double prior_alpha=-1, doublepenalty=0., 
onst Translator &trans=Translator(), 
onst string &xml�le=string())Constru
tor 5 from a 
oded-word 
ount.� PMarkov (
onst string &partition�le, 
onst Translator &trans, unsigned long ∗
ount,short order, double prior_alpha=-1, double penalty=0., 
onst string &xml�le=string())Constru
tor 6 from a 
oded-word 
ount.� void estimate (unsigned long ∗
ount, bool de
al_required, 
onst Translator &trans, Par-tition &p, double prior_alpha, double penalty=0., 
onst string &xml�le=string())performs the estimation [used in ea
h 
onstru
tor℄Prote
ted Attributes� pmm_tree ∗ _pmmtreePar
imonious Context Tree.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



46 seqpp Class Do
umentation6.9.1 Detailed Des
riptionPar
imonious Markov(p. 14) modelling, estimation and simulation.This is a spe
ial 
ase of a phased Par
imonious Markov(p. 14) [PhasedPMarkov(p. 39)℄ modelwhen only one phase is 
onsidered, and also a Markov(p. 14) obje
t.6.9.2 Constru
tor & Destru
tor Do
umentation6.9.2.1 PMarkov::PMarkov (
onst Sequen
eSet & seqset, double prior_alpha = -1,double penalty = 0., 
onst string & xml�le = string()) [inline℄Constru
tor 1 from a Sequen
eSet(p. 62).Parameters:seqset a set of sequen
es for estimationprior_alpha alpha for the a priori law, by default -1 means 1./alphabet_sizepenalty penalty on the leaves number, by default 0xml�le xml�le for tree saving (if xml2 a
tivated)6.9.2.2 PMarkov::PMarkov (
onst Sequen
e & seq, double prior_alpha = -1,double penalty = 0., 
onst Translator & trans = Translator(), 
onst string& xml�le = string()) [inline℄Constru
tor 2 from a Sequen
e(p. 59).Parameters:seq sequen
e for estimationprior_alpha alpha for the a priori law, by default -1 means 1./alphabet_sizepenalty penalty on the leaves number, by default 0trans a Translator(p. 64) is required only for the xml savingxml�le xml�le for tree saving (if xml2 a
tivated)6.9.2.3 PMarkov::PMarkov (
onst string & partition�le, 
onst Sequen
eSet &seqset, double prior_alpha = -1, double penalty = 0., 
onst string & xml�le= string()) [inline℄Constru
tor 3 from a Sequen
eSet(p. 62) and a Partition(p. 22) -�le.Parameters:partition�le �le 
ontaining a sele
ted partition, when default overall partition is too heavyseqset a set of sequen
es for estimationprior_alpha alpha for the a priori law, by default -1 means 1./alphabet_sizepenalty penalty on the leaves number, by default 0xml�le xml�le for tree saving (if xml2 a
tivated)Exple of partition�le (grouped tokens, separed with a "|", beware the spa
es) with 4partitions Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.9 PMarkov Class Referen
e 47a 
 | g ta 
 | g | ta | 
 | g | t
 g t | a6.9.2.4 PMarkov::PMarkov (
onst string & partition�le, 
onst Translator & trans,
onst Sequen
e & seq, double prior_alpha = -1, double penalty = 0., 
onststring & xml�le = string()) [inline℄Constru
tor 4 from a Sequen
e(p. 59) and a Partition(p. 22) -�le.Parameters:partition�le �le 
ontaining a sele
ted partition, when default overall partition is too heavyseq sequen
e for estimationtrans a Translator(p. 64) is required for the partition readingprior_alpha alpha for the a priori law, by default -1 means 1./alphabet_sizepenalty penalty on the leaves number, by default 0xml�le xml�le for tree saving (if xml2 a
tivated)Exple of partition�le (grouped tokens, separed with a "|", beware the spa
es) with 4partitionsa 
 | g ta 
 | g | ta | 
 | g | t
 g t | a6.9.2.5 PMarkov::PMarkov (unsigned long ∗ 
ount, short size, short order, doubleprior_alpha = -1, double penalty = 0., 
onst Translator & trans =Translator(), 
onst string & xml�le = string()) [inline℄Constru
tor 5 from a 
oded-word 
ount.Parameters:
ount 
ount of all the 
oded word(base size) of size order+1 for ea
h phase, for estimationsize alphabet sizeorder markovian order asso
iated to the word 
ountprior_alpha alpha for the a priori law, by default -1 means 1./alphabet_sizepenalty penalty on the leaves number, by default 0trans a Translator(p. 64) is required only for the xml savingxml�le xml�le for tree saving (if xml2 a
tivated)6.9.2.6 PMarkov::PMarkov (
onst string & partition�le, 
onst Translator & trans,unsigned long ∗ 
ount, short order, double prior_alpha = -1, doublepenalty = 0., 
onst string & xml�le = string()) [inline℄Constru
tor 6 from a 
oded-word 
ount.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



48 seqpp Class Do
umentationParameters:partition�le �le 
ontaining a sele
ted partition, when default overall partition is too heavytrans a Translator(p. 64) is required for the partition reading
ount 
ount of all the 
oded word(base size) of size order+1 for ea
h phase, for estimationorder markovian order asso
iated to the word 
ountprior_alpha alpha for the a priori law, by default -1 means 1./alphabet_sizepenalty penalty on the leaves number, by default 0xml�le xml�le for tree saving (if xml2 a
tivated)Exple of partition�le (grouped tokens, separed with a "|", beware the spa
es) with 4partitionsa 
 | g ta 
 | g | ta | 
 | g | t
 g t | aThe do
umentation for this 
lass was generated from the following �le:� PMarkov.h

Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.10 PrimaryCount Class Referen
e 496.10 PrimaryCount Class Referen
eAbstra
t 
lass designed for the (
oded)word 
ount.#in
lude <seqpp/PrimaryCount.h>Inheritan
e diagram for PrimaryCount::
PrimaryCount

Sequence SequenceSetPubli
 Member Fun
tions� virtual ∼PrimaryCount ()destru
tor� void 
lear_
ount () 
onst
lear the 
ount� void null_
ount () 
onstput all 
ounts down to 0� short tell_order () 
onstreturns the markovian order� int tell_nb_value () 
onstreturns the nber of 
odes/words taking into interest� long tell_jump () 
onstreturns the jump to the 
odes of _order+1 letters� long ∗ get_jump () 
onstreturns the ve
tor of the jumps to the 
odes of i letters, 0<i<=order+2� Coder & get_
oder () 
onstallows a 
onst a

ess to the 
oder� bool is_
ount_ok () 
onst
he
ks if the 
ount is available� unsigned long ∗∗ get_p_
ount () 
onstget the total 
ount, in the phased 
ase� unsigned long ∗ get_
ount (short p=0) 
onstget the total 
ount in a phase p, or in the unphased 
ase� short tell_phase () 
onstGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



50 seqpp Class Do
umentationreturns nb of phase� void 
ount_p_o

uren
ies (short phase, short initial_phase, unsigned long beg, unsignedlong end) 
onstPhased 
ount the number of o

uren
ies of all the nbvalue 
odes (in the sub-sequen
e [beg...end℄)...beware: beg>=0 but not >0.� void 
ount_p_o

uren
ies (unsigned long ∗∗extern_
ount, short phase, short initial_-phase, unsigned long beg, unsigned long end) 
onstPhased extern 
ount the number of o

uren
ies of all the nbvalue 
odes (in the sub-sequen
e[beg...end℄)... beware: beg>=0 but not >0.� void 
ount_p_o

uren
ies (unsigned long ∗∗extern_
ount, short phase, short initial_-phase=0) 
onstPhased extern 
ount the number of o

uren
ies of all the nbvalue 
odes in the whole sequen
e.� void 
ount_p_o

uren
ies (short phase, short initial_phase=0) 
onstPhased 
ount the number of o

uren
ies of all the nbvalue 
odes in the whole sequen
e.� void 
ount_o

uren
ies (unsigned long beg, unsigned long end) 
onstExtern 
ount the number of o

uren
ies of all the nbvalue 
odes (in the sub-sequen
e [beg...end℄)...beware: beg>=0 but not >0.� void 
ount_o

uren
ies () 
onstCount the number of o

uren
ies of all the nbvalue 
odes in the whole sequen
e.� unsigned long tell_p_o

uren
ies (long 
ode, short numphase) 
onstextra
t the number of o

uren
ies of 
ode in phase� unsigned long tell_o

uren
ies (long 
ode) 
onstextra
t the number of o

uren
ies of obsProte
ted Member Fun
tions� void init_
ount () 
onstinitialize the 
ount� virtual unsigned long tell_max_
ount () 
onst =0return the max length for the 
ount� virtual void 
ompute_
ount (unsigned long ∗∗extern_
ount, short phase, short initial_-phase, unsigned long beg, unsigned long end) 
onst =0
ompute the 
ountProte
ted Attributes� short _orderOrder of the model. Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.10 PrimaryCount Class Referen
e 51� long _nbvaluenber of 
odes/words taking into interest� short _nbinvnumber of invalid negative 
ode� Coder ∗ _
odermarkovian 
oder asso
iated to the order of the sequen
e� bool _
oder_intrue if _
oder is build in the 
lass� unsigned long ∗∗ _
ount
ount of ea
h 
ode/word, even invalid (-1)� bool _
ount_okif the 
ount is available� short _phasephase for the 
ount6.10.1 Detailed Des
riptionAbstra
t 
lass designed for the (
oded)word 
ount.This obje
t is based on integer 
odes to store words as required for a markov modelling (seeSequen
e(p. 59)). The words are 
oded in alphabet_size base, 
oding the 1-token words, thenthe 2-tokens words, the 3-tokens words... Let 
all jump(i) the �rst 
ode of a i-tokens words, aPrimaryCount obje
t is designed to 
ount all words:(example with alphabet AGCT and order=2)0 first word ( 0 -> A).... 1-token words (from A to T)..jump(1) (4 -> AA).... 2-tokens words (from AA to TT)..jump(2) (20 -> AAA).... 3-tokens words (from AAA to TTT)...... last word (TTT)jump(order+1) (64 -> /end)The 
ount 
an also be phased.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



52 seqpp Class Do
umentation6.10.2 Member Fun
tion Do
umentation6.10.2.1 void PrimaryCount::
ount_o

uren
ies (unsigned long beg, unsigned longend) 
onst [inline℄Extern 
ount the number of o

uren
ies of all the nbvalue 
odes (in the sub-sequen
e [beg...end℄)...beware: beg>=0 but not >0.Parameters:beg the sub-sequen
e [beg...end the sub-sequen
e ...end℄6.10.2.2 void PrimaryCount::
ount_p_o

uren
ies (short phase, shortinitial_phase = 0) 
onst [inline℄Phased 
ount the number of o

uren
ies of all the nbvalue 
odes in the whole sequen
e.Parameters:phase phaseinitial_phase phase of the �rst element of asso
iated sequen
e6.10.2.3 void PrimaryCount::
ount_p_o

uren
ies (unsigned long ∗∗extern_
ount, short phase, short initial_phase = 0) 
onst [inline℄Phased extern 
ount the number of o

uren
ies of all the nbvalue 
odes in the whole sequen
e.Parameters:extern_
ount extern 
ount storagephase phaseinitial_phase phase of the �rst element of asso
iated sequen
e6.10.2.4 void PrimaryCount::
ount_p_o

uren
ies (unsigned long ∗∗extern_
ount, short phase, short initial_phase, unsigned long beg,unsigned long end) 
onst [inline℄Phased extern 
ount the number of o

uren
ies of all the nbvalue 
odes (in the sub-sequen
e[beg...end℄)... beware: beg>=0 but not >0.Parameters:extern_
ount extern 
ount storagephase phaseinitial_phase phase of the �rst element of asso
iated sequen
ebeg the sub-sequen
e [beg...end the sub-sequen
e ...end℄ Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.10 PrimaryCount Class Referen
e 536.10.2.5 void PrimaryCount::
ount_p_o

uren
ies (short phase, shortinitial_phase, unsigned long beg, unsigned long end) 
onst [inline℄Phased 
ount the number of o

uren
ies of all the nbvalue 
odes (in the sub-sequen
e [beg...end℄)...beware: beg>=0 but not >0.Parameters:phase phaseinitial_phase phase of the �rst element of asso
iated sequen
ebeg the sub-sequen
e [beg...end the sub-sequen
e ...end℄6.10.2.6 unsigned long∗ PrimaryCount::get_
ount (short p = 0) 
onst [inline℄get the total 
ount in a phase p, or in the unphased 
aseParameters:p sele
ted phase, default 0 if unphased 
ase.The do
umentation for this 
lass was generated from the following �les:� PrimaryCount.h� PrimaryCount.
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54 seqpp Class Do
umentation6.11 PrimarySequen
e Class Referen
eVirtual 
lass 
orresponding to a generi
 sequen
e.#in
lude <seqpp/PrimarySequen
e.h>Inheritan
e diagram for PrimarySequen
e::
PrimarySequence

SequencePubli
 Member Fun
tions� virtual ∼PrimarySequen
e ()=0Destru
tor.� 
onst Translator & ref_translator () 
onstallows a 
onst a

ess to the alphabet� short tell_alphabet_size () 
onstreturns the alphabet size� short tell_nb_inv () 
onstreturns the nber of invalid 
odes in alphabet� virtual unsigned long tell_length () 
onstreturns the length� string tell_seq_name () 
onstreturn the sequen
e name� string tell_�le_name () 
onstreturn the �le name� void set_pos (unsigned long t)sets the 
urrent position� unsigned long tell_pos ()returns the 
urrent position� virtual short tell_int (unsigned long pos) 
onst =0returns the int value of the single letter on position pos� short tell_int ()Return the 
ode on 
urrent position.� short tell_int_
ompl (unsigned long pos) 
onstGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.11 PrimarySequen
e Class Referen
e 55Returns the 
omplementary 
ode on position i.� short tell_int_
ompl () 
onstReturns the 
omplementary 
ode on position i.� string tell_pattern (unsigned long pos) 
onstreturns the pattern for a position� string tell_pattern_
ompl (unsigned long pos)returns 
omplementary pattern on position pos� string tell_patterns (unsigned long beg, unsigned long stop) 
onstreturns the patterns between position beg and stop� string tell_label (unsigned long pos) 
onstreturn the label(if de�ned in the alphabet) for a position� string tell_labels (unsigned long beg, unsigned long stop) 
onstreturns the label(if de�ned in the alphabet)-sequen
e between position beg and stop� void print (
onst string &�le) 
onstprint the sequen
e in fasta formatProte
ted Attributes� 
onst Translator ∗ _transla Translator(p. 64) alphabet pointer� short _size
odethe number of 
har for a letter of the alphabet (alphabet mode)� short _nmodalnumber of possible observable value� long ∗ _obsVe
tor of the observed datas.� unsigned long _lengthlength of the sequen
e� unsigned long _ipos
urrent position� string _namename of the sequen
e� string _name_�lename of the �leGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



56 seqpp Class Do
umentation6.11.1 Detailed Des
riptionVirtual 
lass 
orresponding to a generi
 sequen
e.Note that a Primarysequen
e is asso
iated with a Translator(p. 64) obje
t.The do
umentation for this 
lass was generated from the following �les:� PrimarySequen
e.h� PrimarySequen
e.
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6.12 PrimarySequen
eSet< TSequen
e > Class Template Referen
e 576.12 PrimarySequen
eSet< TSequen
e > Class TemplateReferen
eClass 
orresponding to a generi
 sequen
e set.#in
lude <seqpp/PrimarySequen
eSet.h>Publi
 Member Fun
tions� PrimarySequen
eSet ()default 
onstru
tor� virtual ∼PrimarySequen
eSet ()destru
tor� 
onst Translator & get_translator () 
onstallows a 
onst a

ess to the alphabet via a referen
e� short tell_alphabet_size () 
onstreturns the alphabet size� short tell_nb_inv () 
onstreturns the nber of invalid 
odes� TSequen
e & get_sequen
e (int i) 
onstallows a 
onst a

ess to ith sequen
e via a referen
e� TSequen
e & operator() (int i) 
onstallows a 
onst a

ess to ith sequen
e via a referen
e� int tell_nb_sequen
e () 
onstreturns the number of sequen
es� virtual unsigned long tell_length () 
onstreturns the total length� unsigned long tell_length_max () 
onstreturns the length max� unsigned long tell_length_seq (int i) 
onstreturns the length of sequen
e i� string tell_seq_name (int i) 
onstgives the name oh the ith �le� string tell_�le_name (int i) 
onstgives the name oh the ith �le� void weight_matrix (double ∗∗wmat) 
onst
ompute the weight matrix asso
iated to the sequen
es wmat[token℄[position in the sequen
e℄Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



58 seqpp Class Do
umentationProte
ted Attributes� 
onst Translator ∗ _translAsso
iated alphabet.� short _nmodalnumber of possible observable value� int _nb_seqNumber of sequen
es in the array.� unsigned long _total_lengthTotal length.� unsigned long _length_maxMaximum length of a sequen
e.� TSequen
e ∗∗ _array_seqArray of sequen
es.6.12.1 Detailed Des
riptiontemplate<
lass TSequen
e> 
lass PrimarySequen
eSet< TSequen
e >Class 
orresponding to a generi
 sequen
e set.The do
umentation for this 
lass was generated from the following �le:� PrimarySequen
eSet.h

Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.13 Sequen
e Class Referen
e 596.13 Sequen
e Class Referen
eThe Sequen
e 
lass has been designed for Markovian analysis of a single sequen
e.#in
lude <seqpp/Sequen
e.h>Inheritan
e diagram for Sequen
e::
Sequence

PrimarySequence PrimaryCount

Publi
 Member Fun
tions� Sequen
e (ifstream &i�le, short order, 
onst Translator &transl, Coder &
oder, 
onststring &name_�le="noname")Constru
tor from a �ow i�le from a fasta �le.� Sequen
e (short order, unsigned long length, 
onst Translator &transl)minimal 
onstru
tor� Sequen
e (
onst string &name_�le, short order, 
onst Translator &transl)Constru
tor from a Fasta or Genbank �le 
ontaining a single sequen
e.� Sequen
e (
onst Sequen
e &seq)Copy 
onstru
tor.� Sequen
e (
onst Sequen
e &seq, short order)Dedu
tion 
onstru
tor from an order 0-sequen
e.� virtual ∼Sequen
e ()destru
tor� short tell_int (unsigned long pos) 
onstReturns the int value of the token on position pos.� long tell_
ode (unsigned long pos) 
onstReturns the 
ode on position pos.� long tell_
ode () 
onstReturns the 
ode on 
urrent position.� 
onst long ∗ seq () 
onstReturns the 
oded sequen
e as a ve
tor.� 
onst long ∗ get_
ode () 
onstReturns the 
oded sequen
e as a ve
tor.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



60 seqpp Class Do
umentation� void simule (
onst double ∗m_trans, 
onst double ∗v_init, 
onst gsl_rng ∗r)simulate the observations from a transition matrix and a ve
tor for initial _order-word proba� void simule (
onst double ∗m_trans, 
onst gsl_rng ∗r)simulate the observations from a transition matrix, random initial law� void simule_phased (short phase, 
onst double ∗∗m_trans, 
onst double ∗v_init, 
onstgsl_rng ∗r)simulate the observations from a ve
tor of transition matri
es and a ve
tor for initial _orderword proba� void simule (unsigned long position, double ∗proba, 
onst gsl_rng ∗r)simulate the observation on position from a alphabet size ve
torProte
ted Member Fun
tions� virtual unsigned long tell_max_
ount () 
onstreturn the max length for the 
ount� virtual void 
ompute_
ount (unsigned long ∗∗extern_
ount, short phase, short initial_-phase, unsigned long beg, unsigned long end) 
onst6.13.1 Detailed Des
riptionThe Sequen
e 
lass has been designed for Markovian analysis of a single sequen
e.On ea
h position, the markovian predi
tor is 
oded and store (see PrimaryCount(p. 49)):Exple with the alphabet AGCT:sequen
e position .... 7 8 9 ...token .... A G A ...
ode stored ..........24Sequen
e obje
t of integer values 
orresponding to the 
ode of the word 
onsidered on a positiont for a Markov(p. 14) model of order _order... this 
ode 
orresponds to the number of smallerwords and the 
al
ulus in base |A| of this word, with A the alphabet.ex : from A to GGG for order 2 with dna alphabet6.13.2 Constru
tor & Destru
tor Do
umentation6.13.2.1 Sequen
e::Sequen
e (ifstream & i�le, short order, 
onst Translator &transl, Coder & 
oder, 
onst string & name_�le = "noname")Constru
tor from a �ow i�le from a fasta �le.on the position of the 
har '>', 
reate an obje
t until the next '>' generating his name by the
on
atenation of the senten
e after the 
har '>'. The �ow is or eof or on a '>' at the end.Parameters:i�le iftream �ow Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.13 Sequen
e Class Referen
e 61order markovian ordertransl referen
e to a Translator(p. 64)
oder referen
e to a Coder(p. 11)name_�le �le name 
orresponding to i�le6.13.2.2 Sequen
e::Sequen
e (short order, unsigned long length, 
onst Translator &transl)minimal 
onstru
torParameters:order markovian orderlength default lengthtransl referen
e to a Translator(p. 64)6.13.2.3 Sequen
e::Sequen
e (
onst string & name_�le, short order, 
onstTranslator & transl)Constru
tor from a Fasta or Genbank �le 
ontaining a single sequen
e.Parameters:name_�le �le name to openorder markovian ordertransl referen
e to a Translator(p. 64)6.13.3 Member Fun
tion Do
umentation6.13.3.1 void Sequen
e::
ompute_
ount (unsigned long ∗∗ extern_
ount, shortphase, short initial_phase, unsigned long beg, unsigned long end) 
onst[prote
ted, virtual℄total length 
aseImplements PrimaryCount (p. 50).The do
umentation for this 
lass was generated from the following �les:� Sequen
e.h� Sequen
e.
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62 seqpp Class Do
umentation6.14 Sequen
eSet Class Referen
eSet of Sequen
e(p. 59) obje
ts.#in
lude <seqpp/Sequen
eSet.h>Inheritan
e diagram for Sequen
eSet::
SequenceSet

PrimarySequenceSet< Sequence > PrimaryCount

Publi
 Member Fun
tions� Sequen
eSet (
onst string &seq_list_�le, 
onst string &alpha_�le, short order, int nb-seq=BUFFERSEQ)
onstru
tor with a alphabet-needed �le� Sequen
eSet (
onst string &seq_list_�le, short mode, 
onst string &line2parse, bool
ase_sensitivity, short order, int nbseq=BUFFERSEQ)
onstru
tor with a alphabet-needed line2parse6.14.1 Detailed Des
riptionSet of Sequen
e(p. 59) obje
ts.from :� a Fasta �le (with 1 or more sequen
es inside separated by a line beginning with aSKIPCHAR) or a Genbank �le� or a �le 
ontaining the name of many Fasta (or a Genbank) sequen
e �les6.14.2 Constru
tor & Destru
tor Do
umentation6.14.2.1 Sequen
eSet::Sequen
eSet (
onst string & seq_list_�le, 
onst string &alpha_�le, short order, int nbseq = BUFFERSEQ)
onstru
tor with a alphabet-needed �leParameters:seq_list_�le �le, among the 3 possibilities of �les.alpha_�le �le for initializing the alphabet (see Translator(p. 64) do
)order Markovian order,nbseq number of sequen
es Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.14 Sequen
eSet Class Referen
e 636.14.2.2 Sequen
eSet::Sequen
eSet (
onst string & seq_list_�le, short mode, 
onststring & line2parse, bool 
ase_sensitivity, short order, int nbseq =BUFFERSEQ)
onstru
tor with a alphabet-needed line2parseParameters:seq_list_�le �le, among the 3 possibilities of �les.mode number of 
har for a token in the alphabetline2parse string for initializing the alphabet (see Translator(p. 64) do
)
ase_sensitivity true for being 
ase sensitiveorder Markovian order,nbseq number of sequen
esThe do
umentation for this 
lass was generated from the following �les:� Sequen
eSet.h� Sequen
eSet.
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64 seqpp Class Do
umentation6.15 Translator Class Referen
eAlphabet designer tool.#in
lude <seqpp/Translator.h>Publi
 Member Fun
tions� Translator (
onst string &alpha_�le)Constru
tor from a 
on�guration �le.� Translator (
onst string &line2parse, short mode, bool 
ase_sensivity=true)Constru
tor from an expression.� Translator (
onst Translator &t)Copy 
onstru
tor.� Translator ()Default 
onstru
tor.� ∼Translator ()Destru
tor.� short tell_alphabet_size () 
onstReturns alphabet size.� short tell_nb_inv () 
onstReturn the number of invalid 
ode.� short tell_alphabet_mode () 
onstReturn alphabet mode, the number of 
hara
ters of a token.� bool is_
omplementary_ok () 
onstChe
ks if 
omplementary 
odes are de�ned.� bool is_label_ok () 
onstChe
ks if labels are de�ned.� short int 
har_to_int (
onst 
har ∗sour
e) 
onstReturns the int 
ode for a given 
har ∗.� short int str_to_int (
onst string &sour
e) 
onstReturns the int 
ode for a given string.� short 
omplementary_
har_to_int (
onst 
har ∗sour
e) 
onstReturns the 
omplementary int 
ode for a given 
har ∗.� short int 
omplementary_str_to_int (
onst string &sour
e) 
onstReturns the 
omplementary int 
ode for a given string.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.15 Translator Class Referen
e 65� short 
omplementary_int (short sour
e) 
onstReturns the 
omplementary int 
ode for a given 
ode.� void int_to_
har (
har ∗dest, short sour
e) 
onstInitialize dest to the word 
orresponding to the int sour
e.� string int_to_str (short sour
e) 
onstreturns the word 
orresponding to the int sour
e� void 
omplementary_
har (
har ∗dest, 
onst 
har ∗sour
e) 
onstInitialize dest to the word 
orresponding to the 
omplementary of word sour
e.� string 
omplementary_str (
onst string &sour
e) 
onstreturns the token 
orresponding to the inverse 
omplementary of a token sour
e� string 
omplementary_int_to_str (short sour
e) 
onstreturns the string 
orresponding to the 
omplementary of int sour
e� string 
omplementary_strw (
onst string &wordsour
e) 
onstreturns the inverse 
omplementary string-word of sour
e� void ve
t_to_word (
har ∗worddest, 
onst short ∗ve
tsour
e, short sizeword) 
onsta 
har-word <- an int-ve
t� void ve
t_to_word (
har ∗worddest, 
onst ve
tor< short > &ve
tsour
e) 
onsta 
har-word <- an int-ve
t� string ve
t_to_strw (
onst short ∗ve
tsour
e, short sizeword) 
onsta string-word <- an int-ve
t� string ve
t_to_strw (
onst ve
tor< short > &ve
tsour
e) 
onsta string-word <- an int-ve
t� void word_to_ve
t (short ∗ve
tdest, 
onst 
har ∗wordsour
e, short sizeword) 
onsta 
har-word -> an int-ve
t� void word_to_ve
t (ve
tor< short > &ve
tdest, 
onst 
har ∗wordsour
e) 
onsta 
har-word -> an int-ve
t� void strw_to_ve
t (ve
tor< short > &ve
tdest, 
onst string &wordsour
e) 
onsta 
har-word -> an int-ve
t� long word_to_
oded_int (
onst 
har ∗wordsour
e, int &l) 
onsta 
har-word -> an int 
ode (base alphabet_size)� long strw_to_
oded_int (
onst string &wordsour
e) 
onsta string-word -> an int 
ode (base alphabet_size)� long 
omplementary_
oded_int (long 
odesour
e, short sizeword) 
onstReturns the 
omplementary int 
ode for a given 
oded int.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



66 seqpp Class Do
umentation� short isInvalid (
onst 
har ∗sour
e) 
onst
he
ks if sour
e is invalid� short isInvalid (
onst string &sour
e) 
onst
he
ks if sour
e is invalid� string int_to_label (short sour
e) 
onstreturns the label 
orresponding to the sour
e� string ve
t_to_labelstrw (
onst ve
tor< short > &ve
tsour
e) 
onsta string-word of label <- an int-ve
tProte
ted Attributes� short _alphabet_sizenumber of tokens des
ribing the alphabet� short _alphabet_modenumber of 
hara
ters of ea
h token� short _nb_invnumber of invalid tokens� bool _
omplementary_ok
he
ks if 
omplementary is de�ned� bool _label_ok
he
ks if labels are de�ned6.15.1 Detailed Des
riptionAlphabet designer tool.The key of the seq++ �exibility is the translator obje
t. It de�nes a mapping between the alphabetand integer values. In seq++, a letter of an alphabet, 
alled a token, 
an be made of one or more
hara
ters, for instan
e to manage n-uplets like 
odons. It is asso
iated to its rank integer positionin the alphabet.A simple 
on�guration �le is required, 
ontaining synonymous tokens, 
omplementary tokens (ifexist) and labels. A label aims to be the expli
it name of a token. Moreover, invalid tokens 
anbe de
lared and asso
iated to negative values.Use a initial �le 
ontaining same size(alphabet_mode 
hara
ters) tokens (the letters of the alpha-bet)� on a same line, all the synonymous tokens (beware lower and upper 
ase)� (if ne
essary) on a line beginning with a "?", single 
hara
ters or tokens (same size thanothers) to de
lare a 
lass of invalid tokens. NB: a default 
lass 
ontains all the tokens notde
lared (neither belonging to alphabet nor to known invalids)Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.15 Translator Class Referen
e 67� (if ne
essary) their asso
iated label (formally the 
ommon name) after a " → "� (if ne
essary) their 
omplementary after a ":"Beware the spa
es between ea
h tokens !exple :#
odonsttt TTT -> F1tt
 TTC -> F2tta TTA -> L1...ggg GGG -> G4? taa TAA tag TAG tga TGA#dnaa A : t Tg G : 
 C
 C : g Gt T : a A? n N#se
ondary stru
turesH -> HELIXB -> BETAC -> COILORUse an expression to parse ("line2parse") where all the same size ("mode") tokens are 
on
atened,with a ":" to de�ne the inverse 
omplementary with same size tokens. No synonyms supported.exple :a
gt:tg
a # dna alphabet, mode = 1R1R2T1T2T3X1Y1Y2 # other alphabet, with mode = 2 (R1 is the first token...)6.15.2 Constru
tor & Destru
tor Do
umentation6.15.2.1 Translator::Translator (
onst string & alpha_�le)Constru
tor from a 
on�guration �le.Parameters:alpha_�le 
on�guration �le6.15.2.2 Translator::Translator (
onst string & line2parse, short mode, bool
ase_sensivity = true)Constru
tor from an expression.Parameters:line2parse alphabet expressionmode number of 
hara
ters of a token
ase_sensivity false if no 
ase sensitivity requiredGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



68 seqpp Class Do
umentation6.15.3 Member Fun
tion Do
umentation6.15.3.1 short int Translator::
har_to_int (
onst 
har ∗ sour
e) 
onstReturns the int 
ode for a given 
har ∗.Parameters:sour
e pointer to the �rst 
hara
ter of a token to translate in int Beware that sour
e mustbe the beginning of a word of size _alphabet_mode, or -1 is returned6.15.3.2 void Translator::
omplementary_
har (
har ∗ dest, 
onst 
har ∗ sour
e)
onst [inline℄Initialize dest to the word 
orresponding to the 
omplementary of word sour
e.Parameters:dest must be allo
ated with _alphabet_mode+1 spa
e, empty word if bad query.sour
e pointer to the �rst position of the sour
e token6.15.3.3 short int Translator::
omplementary_
har_to_int (
onst 
har ∗ sour
e)
onstReturns the 
omplementary int 
ode for a given 
har ∗.Parameters:sour
e pointer to the �rst 
hara
ter of a token to 
omplementary translate in int Bewarethat sour
e must be the beginning of a word of size _alphabet_mode, or -1 is returned6.15.3.4 short Translator::
omplementary_int (short sour
e) 
onst [inline℄Returns the 
omplementary int 
ode for a given 
ode.Parameters:sour
e integer 
ode6.15.3.5 short int Translator::
omplementary_str_to_int (
onst string & sour
e)
onstReturns the 
omplementary int 
ode for a given string.Parameters:sour
e string-token to 
omplementary translate in intGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



6.15 Translator Class Referen
e 696.15.3.6 void Translator::int_to_
har (
har ∗ dest, short sour
e) 
onstInitialize dest to the word 
orresponding to the int sour
e.Parameters:dest must be allo
ated with _alphabet_mode+1 spa
e, empty word if bad query.sour
e integer to translate6.15.3.7 short int Translator::str_to_int (
onst string & sour
e) 
onstReturns the int 
ode for a given string.Parameters:sour
e string-token to translate in int6.15.3.8 long Translator::strw_to_
oded_int (
onst string & wordsour
e) 
onsta string-word -> an int 
ode (base alphabet_size)Parameters:wordsour
e word to 
ode6.15.3.9 void Translator::strw_to_ve
t (ve
tor< short > & ve
tdest, 
onst string& wordsour
e) 
onsta 
har-word -> an int-ve
ta string-word -> an int-ve
t6.15.3.10 void Translator::ve
t_to_word (
har ∗ worddest, 
onst short ∗ve
tsour
e, short sizeword) 
onsta 
har-word <- an int-ve
tParameters:worddest word (must be allo
ated sizeword∗_alphabet_mode + 1 spa
e) 
orresponding tothe sequential translation of sour
eve
tsour
e ve
tor of integer to translatesizeword size of the ve
tsour
e to translate6.15.3.11 long Translator::word_to_
oded_int (
onst 
har ∗ wordsour
e, int & l)
onsta 
har-word -> an int 
ode (base alphabet_size)Parameters:wordsour
e pointer to the 
hara
ter word to 
odel its lengthGenerated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



70 seqpp Class Do
umentation6.15.3.12 void Translator::word_to_ve
t (short ∗ ve
tdest, 
onst 
har ∗ wordsour
e,short sizeword) 
onsta 
har-word -> an int-ve
tParameters:ve
tdest integer ve
tor (must be sizeword-allo
ated)wordsour
e 
hara
ter word to sequentially translatesizeword size of the wordThe do
umentation for this 
lass was generated from the following �les:� Translator.h� Translator.
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6.16 VLMarkov Class Referen
e 716.16 VLMarkov Class Referen
eVariable Markov(p. 14) modelling, estimation and simulation.#in
lude <seqpp/VLMarkov.h>Inheritan
e diagram for VLMarkov::
VLMarkov

Markov

PhasedMarkov

Publi
 Member Fun
tions� template<
lass TSeq> VLMarkov (
onst TSeq &tseq, ve
tor< double > &init, double
uto�)Constru
tor 1 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59).� template<
lass TSeq> VLMarkov (
onst TSeq &tseq, double 
uto�)Constru
tor 2 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59) with random init.Prote
ted Attributes� vlm_tree ∗ _vlmtreeVariable Length Context Tree.6.16.1 Detailed Des
riptionVariable Markov(p. 14) modelling, estimation and simulation.This is a spe
ial 
ase of a phased Variable LengthMarkov [PhasedVLMarkov(p. 43)℄ model whenonly one phase is 
onsidered, and also a Markov(p. 14) obje
t.6.16.2 Constru
tor & Destru
tor Do
umentation6.16.2.1 template<
lass TSeq> VLMarkov::VLMarkov (
onst TSeq & tseq, ve
tor<double > & init, double 
uto�) [inline℄Constru
tor 1 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59).Parameters:tseq a (set of) sequen
e(s) for estimationinit initial law in the leaves
uto� tree sele
tion 
uto�Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



72 seqpp Class Do
umentation6.16.2.2 template<
lass TSeq> VLMarkov::VLMarkov (
onst TSeq & tseq, double
uto�) [inline℄Constru
tor 2 from a Sequen
eSet(p. 62) or a Sequen
e(p. 59) with random init.Parameters:tseq a (set of) sequen
e(s) for estimation
uto� tree sele
tion 
uto�The do
umentation for this 
lass was generated from the following �le:� VLMarkov.h
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Chapter 7seqpp File Do
umentation
7.1 Coder.h File Referen
eCoder(p. 11).#in
lude <ve
tor>#in
lude <iostream>Classes� 
lass CoderCoded abstra
t representation of a word.7.1.1 Detailed Des
riptionCoder(p. 11).Author:Vin
ent Miele07/2004Coded abstra
t representation of a word



74 seqpp File Do
umentation7.2 
onst.h File Referen
eCon�guration �le.Namespa
es� namespa
e seqplusplus_spa
eVariables� 
onst int BUFFERSEQ = 100for Sequen
eSet(p. 62), number of sequen
e per bu�er� 
onst int LGBLOC = 1000for Sequen
e(p. 59),length of a blo
 used to memory the sequen
e� 
onst 
har SKIPCHAR = '>'for Sequen
e(p. 59), 
hara
ter de�nig the line to skip on top of a sequen
e (
f. fasta �le)� 
onst 
har INVCHAR = '?'for Translator(p. 64), for invalid de
laration �le� 
onst 
har COMCHAR = '#'
omments 
hara
ters� 
onst 
har LABPATT [3℄ = " → "label pre�x before a de
laration� 
onst 
har LABINV [4℄ = "INV"invalid label� 
onst int LGSTRING = 256string name max length� 
onst int LG_FILENAME = 200�le name max length� 
onst int STREAM_PRECISION = 8pre
ision for the o/ofstream� 
onst double PRECISION = 1e-7pre
ision for 
omparing a double to 0, must be = 1e-(STREAM_PRECISION-1)� 
onst double EPS = 1e-5for MTD E.M. Algorithm� 
onst short DEBUG = 0debug level, for the 
ompilation Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



7.2 
onst.h File Referen
e 757.2.1 Detailed Des
riptionCon�guration �le.Author:Vin
ent Miele12/2003
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76 seqpp File Do
umentation7.3 DOXYMAINPAGE.h File Referen
e7.3.1 Detailed Des
riptionMain page
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7.4 Markov.h File Referen
e 777.4 Markov.h File Referen
eMarkov(p. 14) model.#in
lude <seqpp/PhasedMarkov.h>#in
lude <seqpp/arnoldi.h>Classes� 
lass MarkovMarkov modelling, estimation and simulation.7.4.1 Detailed Des
riptionMarkov(p. 14) model.Author:David Robelin - Vin
ent Miele01/2004

Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



78 seqpp File Do
umentation7.5 MTDMarkov.h File Referen
eMixture Transition Distribution Markov(p. 14) model.#in
lude <seqpp/Markov.h>#in
lude <seqpp/mtd_
ore.h>Classes� 
lass MTDMarkovMixture Transition Distribution Markov(p. 14) modelling, estimation and simulation.7.5.1 Detailed Des
riptionMixture Transition Distribution Markov(p. 14) model.Author:Vin
ent Miele01/2004
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7.6 Partition.h File Referen
e 797.6 Partition.h File Referen
ePartition(p. 22).#in
lude <seqpp/Partition_box.h>#in
lude <seqpp/Translator.h>#in
lude <list>#in
lude <set>#in
lude <map>Classes� 
lass PartitionDealer of alphabet partitions.7.6.1 Detailed Des
riptionPartition(p. 22).Author:Vin
ent Miele23/02/2004
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80 seqpp File Do
umentation7.7 Partition_box.h File Referen
ePartition_box.#in
lude <iostream>#in
lude <fstream>#in
lude <ve
tor>#in
lude <
math>7.7.1 Detailed Des
riptionPartition_box.Author:Vin
ent Miele23/02/2004display the set of |A|-ve
tors 
ontaining the num of group for ea
h letter. exple: a 
 g t 1 1 1 1 12 1 1 1 2 2 1 et
... 1 2 3 4 and those ve
tor must be pro
essed and stored in a Tpart
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7.8 PhasedMarkov.h File Referen
e 817.8 PhasedMarkov.h File Referen
ePhased Markov(p. 14) model.#in
lude <seqpp/Sequen
eSet.h>#in
lude <seqpp/arnoldi.h>#in
lude <ve
tor>#in
lude <string>Classes� 
lass PhasedMarkovPhased Markov(p. 14) modelling, estimation and simulation.7.8.1 Detailed Des
riptionPhased Markov(p. 14) model.Author:David Robelin - Vin
ent Miele01/2004
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82 seqpp File Do
umentation7.9 PhasedMTDMarkov.h File Referen
ePhased Mixture Transition Distribution Markov(p. 14) model.#in
lude <seqpp/PhasedMarkov.h>#in
lude <seqpp/mtd_
ore.h>Classes� 
lass PhasedMTDMarkovPhased Mixture Transition Distribution Markov(p. 14) modelling, estimation and simulation.7.9.1 Detailed Des
riptionPhased Mixture Transition Distribution Markov(p. 14) model.Author:Vin
ent Miele01/2004
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7.10 PhasedPMarkov.h File Referen
e 837.10 PhasedPMarkov.h File Referen
ePhased Par
imonious Markov(p. 14) model.#in
lude <seqpp/PhasedMarkov.h>#in
lude <seqpp/pmm_tree.h>Classes� 
lass PhasedPMarkovPhased Par
imonious Markov(p. 14) modelling, estimation and simulation.7.10.1 Detailed Des
riptionPhased Par
imonious Markov(p. 14) model.Author:Vin
ent Miele01/2004
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84 seqpp File Do
umentation7.11 PhasedVLMarkov.h File Referen
ePhased Variable Length Markov(p. 14) model.#in
lude <seqpp/PhasedMarkov.h>#in
lude <seqpp/vlm_tree.h>Classes� 
lass PhasedVLMarkovPhased Variable Length Markov(p. 14) modelling, estimation and simulation.7.11.1 Detailed Des
riptionPhased Variable Length Markov(p. 14) model.Author:Vin
ent Miele01/2004

Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen



7.12 PMarkov.h File Referen
e 857.12 PMarkov.h File Referen
ePar
imonious Markov(p. 14) model.#in
lude <seqpp/Markov.h>#in
lude <seqpp/PhasedPMarkov.h>#in
lude <seqpp/pmm_tree.h>Classes� 
lass PMarkovPar
imonious Markov(p. 14) modelling, estimation and simulation.7.12.1 Detailed Des
riptionPar
imonious Markov(p. 14) model.Author:Vin
ent Miele01/2004
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86 seqpp File Do
umentation7.13 PrimaryCount.h File Referen
eAbstra
t 
lass designed for the (
oded)word 
ount.#in
lude <seqpp/Coder.h>Classes� 
lass PrimaryCountAbstra
t 
lass designed for the (
oded)word 
ount.7.13.1 Detailed Des
riptionAbstra
t 
lass designed for the (
oded)word 
ount.Author:Vin
ent Miele23/04/2003
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7.14 PrimarySequen
e.h File Referen
e 877.14 PrimarySequen
e.h File Referen
eAbstra
t generi
 sequen
e.#in
lude <seqpp/Translator.h>#in
lude <fstream>#in
lude <iostream>#in
lude <string>Classes� 
lass PrimarySequen
eVirtual 
lass 
orresponding to a generi
 sequen
e.7.14.1 Detailed Des
riptionAbstra
t generi
 sequen
e.Author:Vin
ent Miele - Floren
e Muri - Pierre Ni
olas23/04/2003
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88 seqpp File Do
umentation7.15 PrimarySequen
eSet.h File Referen
eGeneri
 set of sequen
e obje
ts.#in
lude <seqpp/Sequen
e.h>#in
lude <seqpp/Translator.h>#in
lude <iomanip>Classes� 
lass PrimarySequen
eSet< TSequen
e >Class 
orresponding to a generi
 sequen
e set.7.15.1 Detailed Des
riptionGeneri
 set of sequen
e obje
ts.Author:Vin
ent Miele23/04/2003
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7.16 Sequen
e.h File Referen
e 897.16 Sequen
e.h File Referen
eSequen
e(p. 59) 
lass has been designed for Markovian analysis.#in
lude <seqpp/PrimarySequen
e.h>#in
lude <seqpp/PrimaryCount.h>#in
lude <seqpp/Coder.h>#in
lude <set>#in
lude <gsl/gsl_rng.h>#in
lude <gsl/gsl_randist.h>Classes� 
lass Sequen
eThe Sequen
e 
lass has been designed for Markovian analysis of a single sequen
e.7.16.1 Detailed Des
riptionSequen
e(p. 59) 
lass has been designed for Markovian analysis.Author:Vin
ent Miele - Floren
e Muri - Pierre Ni
olas23/04/2003
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90 seqpp File Do
umentation7.17 Sequen
eSet.h File Referen
eSet of Sequen
e(p. 59) obje
ts.#in
lude <seqpp/PrimarySequen
eSet.h>#in
lude <iomanip>Classes� 
lass Sequen
eSetSet of Sequen
e(p. 59) obje
ts.7.17.1 Detailed Des
riptionSet of Sequen
e(p. 59) obje
ts.Author:Vin
ent Miele23/04/2003
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7.18 Translator.h File Referen
e 917.18 Translator.h File Referen
eGeneral Alphabet 
lass.#in
lude <seqpp/
onst.h>#in
lude <iostream>#in
lude <fstream>#in
lude <string>#in
lude <map>#in
lude <ve
tor>Classes� 
lass TranslatorAlphabet designer tool.7.18.1 Detailed Des
riptionGeneral Alphabet 
lass.Author:Vin
ent Miele - Pierre Yves Bourguignon23/04/2003
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92 seqpp File Do
umentation7.19 VLMarkov.h File Referen
eVariable Length Markov(p. 14) model 01/2004.#in
lude <seqpp/Markov.h>#in
lude <seqpp/PhasedVLMarkov.h>#in
lude <seqpp/vlm_tree.h>Classes� 
lass VLMarkovVariable Markov(p. 14) modelling, estimation and simulation.7.19.1 Detailed Des
riptionVariable Length Markov(p. 14) model 01/2004.Author:Vin
ent Miele
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Chapter 8seqpp Page Do
umentation
8.1 LibraryThe inheritan
e links between 
lasses are essential to understand the design of seq++ and thebehaviour of ea
h obje
t. Please browse the top task bar to dis
over the Class Hierar
hy.Basi
aly seq++ fo
uses on both aspe
ts:� Sequen
e manipulation:1. the key of the seq++ �exibility is the possibility to 
ustomize any alphabet thanks to theTranslator(p. 64) 
lass. Therefore a seq++-based software 
an support alphabets of DNA,
odons, proteins, se
ondary stru
ture, hydrophobi
ity 
lass and so on.2. the Sequen
eSet(p. 62) and Sequen
e(p. 59) 
lasses are dedi
ated to the storage and themanipulation of external sequen
es provided by the user. This is done keeping in mind thepurpose of modeling sequen
es with Markov models: at ea
h position of the sequen
es theasso
iated markovian-predi
tor (word, see PrimaryCount(p. 49)) is 
oded and stored.� Markovian modelling (estimation, simulation...)1. the PhasedMarkov(p. 24) obje
t represents the general Markov model: the order and thenumber of phases have to be sele
ted. Markov(p. 14) fo
uses on non-phased models.2. PhasedPMarkov(p. 39) and PMarkov(p. 45) are dedi
ated to Par
imonious Markov mod-els. Note that the de�nition of a set of partitions of the alphabet (see Partition(p. 22)) 
anbe required.3. PhasedMTDMarkov(p. 37) andMTDMarkov(p. 20) are dedi
ated to Mixture TransitionDistribution Markov models. Note that the estimation is performed by a E.M. algorithm sothat E.M. parameters have to be set up.4. PhasedVLMarkov(p. 43) andVLMarkov(p. 71) are dedi
ated to Variable Length Markovmodels. Beware that these models require a 
uto� value whi
h 
an be estimated by opti-mizing the BIC 
riteria.Please wat
h the Referen
es(p. 101) page for more details on the models.



94 seqpp Page Do
umentation8.2 ProgramsWhen installing the pa
kage seq++, both the libary and a set of binary programs are available onyour system:1. estim_m is dedi
ated to Phased Markov model estimation (based on the Phased-Markov(p. 24) obje
t).2. estim_vlm is dedi
ated to Variable Length Markov model estimation (based on thePhasedVLMarkov(p. 43) obje
t).3. estim_pm is dedi
ated to Par
imonious Markov model estimation (based on the Phased-PMarkov(p. 39) obje
t).4. estim_mtd is dedi
ated to Mixture Transition Distribution Markov model estimation(based on the PhasedMTDMarkov(p. 37) obje
t).5. simul_m is dedi
ated to sequen
e simulation from a markovian matrix (previously esti-mated) or a base sequen
e (based on the PhasedMarkov(p. 24) obje
t).6. dist_m 
omputes the Total Variation Distan
e between two Markov models previouslyestimated with estim_∗.Nota bene: the estim_∗ programs di�ers only on the way the estimation of the markovian matrixis performed.Basi
aly the best way to dis
over the possibilities of these programs is the Unix way:program_name --help OR man program_nameThe estimation results 
an be saved in su
h a representation:# 1 <- Order of the phased Markov 
hain# 2 <- Phase# 4 <- Alphabet size# Phase n°0# Transition matrix:0.3945322543 0.1652811616 0.1535033485 0.28668323560.2758032675 0.208204727 0.2605722039 0.25541980160.3496152294 0.2310568942 0.1708121974 0.2485156790.2312234494 0.2503993203 0.1515293118 0.3668479184# Stationnary Probability:0.3127105148 0.2114684268 0.1783495332 0.2974715251# Phase n°1# Transition matrix:0.3923961961 0.163516403 0.1521005152 0.29198688580.2789719005 0.2082462898 0.2570550517 0.25572675790.352109549 0.2297549901 0.1679259742 0.25020948670.2320996136 0.2447917561 0.1520437956 0.3710648347# Stationnary Probability:0.3135417652 0.2089660861 0.1771006767 0.300391472
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96 seqpp Page Do
umentation8.3 What's new[02/17/05℄ Version 4.0.0:Mixture TransitionDistribution modelsare available in thelibrary, as theprogram estim_mtdand the Phased-MTDMarkov(p. 37)and MTD-Markov(p. 20)obje
ts.[02/02/05℄ New version 3.1.3,with man pages. Nomore limitations forSequen
eSet(p. 62)in terms of sequen
esnumber.[01/24/05℄ MTD modeldevelopment startswith 1.75 (1+1/2+1/4...)developers.[01/24/05℄ Happy new year withversion 3.1.2available. estim_pm:time performan
ein
reases up to 40%(ni
e!) with anin
rease of 0.5%memory. Be 
areful:some programsoptions have slightlybeen modi�ed.[12/14/04℄ Stable version 3.1available.Par
imoniousMarkov(p. 14): notea newPartition(p. 22)possibility where you
an de�ne arestri
ted alphabet ofsynonymous tokensfor the markovianpredi
tor -> usefullfor proteins.[11/29/04℄ Stable version 3.1 is
urrently tested by 5beta-testers, �xing afew bugs appearingin versions 3.0.x.Updated version3.0.4 is also available.Improvments:libxml2automati
ally linked,option -v available,bug �xed in simul_mand highly tested.[11/17/04℄ Little bug �xed forthe help -h 
ommand(thanks to Bug andFeedba
k(p. 97)).[11/16/04℄ Release seq++-3.0.3with enri
heddo
umentation onthe Partition(p. 22)obje
t and on theprograms options.Also su

essfully
ompiled on g

3.3.4.[11/15/04℄ Bug �xed insimul_m (thanks toBug andFeedba
k(p. 97)).[11/15/04℄ New possibility tode
lare the alphabetnot in a �le butwithin the 
ommandline (seeprogram_name�help).[11/10/04℄ Release seq++-3.0.2with improvments on
on�gure andinstallation steps,supplementaryoptions for theprograms[11/02/04℄ Release seq++-3.0.1with updated BIC
al
ulus[10/20/04℄ Brand new releaseseq++-3.0[10/20/04℄ Brand new web siteusing Doxygen[before 10/20/04℄ seq++, availablesin
e Mar
h 2003, insu

essive versionsseq++-1.x.x
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8.4 Bug and Feedba
k 978.4 Bug and Feedba
k� Bug report:If you experiment any bug with seq++, please send a mail to Vin
ent Mielename�genopole.
nrs.fr with the following subje
t "bug report". At last, feel free to addany relevant 
omments to that bug report. We will try to answer to most of those reports.� Other feedba
k:seq++ is an emerging proje
t whi
h is still in evolution. Thus, your feedba
k is more thanwel
ome to help us to get seq++ better than it is. For any suggestion or 
omment, pleasesend a mail to Vin
ent Miele name�genopole.
nrs.frwith the following subje
t "feedba
k".
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98 seqpp Page Do
umentation8.5 ToDoForth
oming developments:� implementation of Mixture Transition Model (MTD) in release seq++-4.0 [in progress, re-leased in February℄.Please send a mail to Sophie Lebre name�genopole.
nrs.fr for information on the topi
.� algorithm for Trans
ription fa
tor binding site dete
tion using seq++ modules [in test, re-leased in February 2005℄.
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8.6 Download and Installation 998.6 Download and InstallationThe pa
kage is written in ANSI C++ and developed on x86 GNU/Linux systems with GCC 3.3.It has been su

essfully tested with Intel ICC 8.0, on Sun systems using GCC 3.3 and Apple Ma
OSX systems with GCC 3.1. Compilation and installation are 
ompliant with the GNU standardpro
edure. seq++ is li
ensed under the GNU General Publi
 Li
ense (Li
en
e(p. 100)). Pleasevisit the bottom links to download seq++.NOTICE: The following pro
edure installs on your system both the library as a shared libraryand asso
iated in
lude �les and the binaries su
h as estimation and simulation programs.0/ Requirements : 
ompilators C++ and F77, library GSL and XML2(optionnal).1/ The installation pro
edure is explained in ./INSTALL. The 
lassi
al way, 
ompliant with theGNU standard pro
edure:� ./
on�gure (add "�enable-xml" to a
tivate xml options, libxml2 required)� make� make install� make do
s (if you want to generate the html do
)NB: for a debug 
ompilation, add "�enable-debug and then le library name be
omes "seqpp_g"2/ You 
an then in
lude �les from seqpp by su
h an in
lude� exple: #in
lude <seqpp/.....>2'/ You 
an then use the binary programs.� exple: estim_m �help3/ You now must 
ompile with the -lseqpp or use in your 
on�gure.in the set of instru
tions :� AC_CHECK_LIB( seqpp, main )4/ Don't forget to �t your $LD_LIBRARY_PATH for the linkage
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100 seqpp Page Do
umentation8.7 Li
en
eCopyright (C) 2005 Laboratoire Statistique & GenomeThis program is free software; you 
an redistribute it and/or modifyit under the terms of the GNU General Publi
 Li
ense as published bythe Free Software Foundation; either version 2 of the Li
ense, or (atyour option) any later version.This program is distributed in the hope that it will be useful, butWITHOUT ANY WARRANTY; without even the implied warranty ofMERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNUGeneral Publi
 Li
ense for more details.You should have re
eived a 
opy of the GNU General Publi
 Li
ensealong with this program; if not, write to the Free SoftwareFoundation, In
., 675 Mass Ave, Cambridge, MA 02139, USA.Please visit the GNU li
en
es web site.
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8.8 Referen
es 1018.8 Referen
esPlease feel to free to 
onta
t:� Pierre-Yves Bourguignon name�genopole.
nrs.fr for details on Par
imonious models.� David Robelin name�genopole.
nrs.fr for details on phased models and statisti
al 
al
ulus.� Gregory Nuel name�genopole.
nrs.fr for details on Arnoldi algorithms.� Sophie Lèbre name�genopole.
nrs.fr for details on Mixture Transition Distribution mod-els.Several referen
es:� Bourguignon,P.Y., Robelin,D. (2004) Modeles de Markov par
imonieux , A
tes de JO-BIM.� Bourguignon,P.Y. (2005)Par
imonious Markov Models, submitted.� Bühlmann,P., Wyner,A.J. (1999) Variable length Markov 
hains. Annals of Statisti
s, 27,480-513.� Bulyk M.L., (2003) Computational predi
tion of trans
ription-fa
tor binding site lo
ations,Genome Biology, 5:201.� Borodovsky,M., M
Inin
h,J.D., Koonin,E.V., Rudd,K.E., Medigue,C., Dan
hin,A., (1995)Dete
tion of new genes in a ba
terial genome using Markov models for three gene 
lasses,Nu
lei
 A
ids Res., 25, 3554-62.� Lebre,S. (2004) Estimation de modèle MTD, Evry Univ. Internal Report.� Lehou
q R.B., Sorensen B., Yang C. (1996) ARPACK user's guide: solution of large-s
aleeigenvalue problems by impli
itly restarted Arnoldi methods. Te
hni
al report, Ri
e Uni-versity.� Ri
hard H., Nuel G., (2003) SPA: simple web tool to assess statisti
al signi�
an
e of DNApatterns. Nu
l. A
ids. Res., 31(13):3679-81.� Robelin D., Ri
hard H., Prum B., (2003) SIC: a tool to dete
t short invertedsegments in a biologi
al sequen
e. Nu
l. A
ids. Res., 31(13):3669-71.� Ron D., Singer Y., Tishby N., (1996) The power of amnesia: learning probabilisti
 automatawith Variable Memory Length, Ma
hine Learning, 25.� S
hbath S., Prum B., Tur
kheim E. d. (1995) Ex
eptional motifs in di�erent Markov 
hainmodels for a statisti
al analysis of DNA sequen
es. J. Comp. Biol., 2:417-437.� Stormo G.D. (1990) Consensus patterns in DNA. Methods Enzymol., 183:211-221.Generated on Sun Apr 3 14:16:10 2005 for seqpp by Doxygen
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