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Chapter 1Lurupa Do
umentationLurupa is a tool for 
omputing rigorous error bounds in linear programming.This do
umentation 
onsists of four parts.� Introdu
tion (p. 1)We will start with the question why at all do we need su
h tools. What 
an go wrong whenwe solve a linear program? What 
an a veri�
ation tool do for us in these 
ases?� Theory (p. 2)After that we look at the mathemati
s behind the 
omputations done in Lurupa. What hap-pens in the algorithms and how 
an we make sure that the 
omputed bounds are rigorously,in
luding rounding errors.� Usage (p. 4)The usage of Lurupa has to be divided into two parts.� Stand-alone usage (p. 4)In this se
tion we will investigate the usage as a stand-alone 
ommand line tool.� API usage (p. 7)Here we look at the usage through the API.� Li
ense terms (p. 8)Finally the terms under whi
h you are allowed to use Lurupa.1.1 Introdu
tionThe usefulness of veri�
ation tools for linear programming 
an be demonstrated with simpleexamples. Let's 
onsider the following simple linear program
min x

s.t. 1 · x < 0.999999999

1 < x <∞.While the infeasibilty of this problem 
an be easily seen, many linear programming solvers likeCPLEX 9.000, lp_solve 5.5, and MATLAB R14SP3's linprog will regard this problem as feasible.



2 Lurupa Do
umentationWith the default a

ura
y they will happily return with an optimal solution not even displayinga warning.A similar 
onstru
tion for an unbounded problem,
min 0.999999999x1− x2

s.t. x1 − x2 = 0

x1 ≥ 0, x2 ≥ 0,fools CPLEX and lp_solve into returning 0 as the optimal solution for the variables xi and thusas the optimal fun
tion value.Given, these examples are very simple. They are just used to illustrate that even in these dimen-sions problems may arrise. Adjusting the a

ura
y of the solvers would enable them to returnthe 
orre
t results. One may ask if 0.999 is di�erent from 1? Is 0.999999 di�erent? What about0.999999999999? If not the solvers are 
orre
t. The values used above, however, are re
ognizedby the solvers as being di�erent from 1.Going to higher dimensions the problem be
omes more subtle. The dependen
ies between the
onstraints 
annot be seen easily. Let us look at a problem from the Netlib lp library [7℄ , a free
olle
tion of insdustrial and a
ademi
al linear programs. With 56 
onstraints and 97 variablesadlittle is one of its smaller members. While being in fa
t feasible, adlittle su�ers from ill�posedness. Perturbing the right hand side of the equality 
onstraints by subtra
ting a tiny multipleof the 96th 
olumn of the equation matrix renders the linear program infeasible. Running thisproblem through CPLEX and lp_solve does again return a solution without any warnings.Now we will have a look at what Lurupa returns when 
onfronted with these problems. Usinglp_solve to 
ompute approximate solutions as a start o�, Lurupa returns for the primal infeasibleproblem the optimal value interval [1,∞]. While the lower bound does not help us mu
h here, theupper bound tells us, that the problem is at least very 
lose to infeasibility as Lurupa 
ould not�nd veri�ed feasible points. What this means is explained in the next se
tion. Computing boundsfor the se
ond, unbounded problem Lurupa returns the interval [−∞, 0]. Here we 
an pinpoint theunboundedness in the in�nite lower bound. Using the �nal example as input, Lurupa 
omputesthe bounds [2.2549495685e + 05,∞] (we need the resetbas option of the solver module in this
ase to deal with the bad numeri
s). Again the upper bound indi
ates the problem being at leastvery 
lose to infeasibility.On the other hand let us have a look at what Lurupa does when 
onfronted with a feasi-ble lp. Taking adlittle again, now with the original 
oe�
ients, Lurupa returns the interval
[2.2549495675e+ 05, 2.2549496497e+ 05] for the optimal value. This does not only give a veri�edinterval 
ontaining the optimal value, but also veri�es that feasible solutions in fa
t exist. Thisproblem 
annot be infeasible or unbounded, as the lower and upper bounds prove the existen
e ofdual and primal feasible points, respe
tively.Results of Lurupa being applied to the whole sele
tion of Netlib problems is 
ontained in [5℄ .1.2 TheoryThe idea behind the 
omputations done in Lurupa is to use a 
ombination of iteratively perturbingthe linear program and using interval arithmeti
 to verify feasible points of the original linearprogram. On
e su
h a point is veri�ed a rigorous bound on the optimal value 
an be derived. Thedetails 
an be found in the work of Jansson [3℄ . Here only an overview is given.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



1.2 Theory 31.2.1 Interval Arithmeti
Before we look at the a
tual algorithms, we need a tool to ensure 
omputations to be 
orre
t evenin the presen
e of rounding errors. This 
an be a
hieved with interval arithmeti
. The basi
 ideais to not represent the value of an expression by a number but by an interval that is guaranteedto 
ontain the exa
t value.Let us have a look at a simple example. We use a de
imal �oating point arithmeti
 with only 2digits mantissa and 
ompute
fl(10 + 0.1) = fl(10.1) = 10.Here fl(x) means the �oating point evaluation of x. The 0.1 is 
ompletely annihilated by roundingthe result to 2 digits. Repeating this using an interval arithmeti
 gives us the following

flint(10 + 0.1) = [fl▽(10 + 0.1), f l△(10 + 0.1)] = [10, 11].We arrive at a guaranteed en
losure, 10.1 is 
ertainly between 10 and 11.But how do we get there? The equation gives a hint how to arrive at this result. The intervalen
losure flint(x) of the expression x is formed by the lower bound fl▽(x) and the upper bound
fl△(x). These are 
omputed using dire
ted rounding towards minus in�nity and plus in�nity,respe
tively.Having arrived at intervals we now have to 
ontinue our 
omputations using these. The obje
tivestays just the same. Compute an interval that is guaranteed to 
ontain the 
orre
t result usingdire
ted rounding. As we do not know whi
h number in the intervals is the 
orre
t one, we have totake all into a

ount. If we have to divide the result of the previous example by [2, 3], this means

flint

(

[10, 11]

[2, 3]

)

= [3.3, 5.5].The lower bound is the result of rounding 10 over 3 downwards, and the upper bound stems fromrounding 11 over 2 upwards.For a more thorough introdu
tion to interval arithmeti
 have a look at Kearfott [4℄ and Hayes [2℄and the referen
es therein. The interval 
omputations homepage [6℄ is also a good starting point.1.2.2 Rigorous lower and upper boundsLooking at a linear program in standard form
min cT x

s.t. Ax ≤ a

Bx = b

x ≤ x ≤ x,we use a standard linear programming solver to 
ompute an approximate solution x. We makeno assumptions about the a

ura
y of the 
omputed approximations. A good approximation,however, usually results in a sharper en
losure of the optimal value.The next step is to enfor
e the simple bounds x, x. We a
hieve this by setting the 
omponentsof x that violate their 
orresponding bound to the violated bound. If xi > xi or xi < xi, we set
xi = xi or xi = xi, respe
tively.Now we use an interval linear system solver to 
ompute a rigorous en
losure of the solution setof Bx = b. This step transforms the point ve
tor x into an interval ve
tor x, whi
h is veri�ed to
ontain at least one point satisfying the equations.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



4 Lurupa Do
umentationFinally we just have to 
he
k if the inequalities Ax ≤ a and the simple bounds x, x are satis�edby x and thus by all points 
ontained in the interval ve
tor. If this is the 
ase, x 
ontains at leastone point that satis�es all 
onstraints. Taking the maximum of the obje
tive fun
tion over thebox x, that is over the obje
tive value of all points in the interval ve
tor, we arrive at an obje
tivevalue that is veri�ed to be larger than the one of a feasible point. This in turn is larger than theoptimal value, whi
h leaves us with an upper bound on the optimal value.If x does not satisfy the 
onstraints, the iteration starts. We perturb the linear program bylowering the right hand sides of the inequalities a and tightening the simple bounds x, x. Usingthis perturbed linear program as an input to the linear programming solver, we 
ompute a newapproximate solution x. With the above pro
edure we try again to derive an interval ve
tor xveri�ed to 
ontain a feasible point of the original linear program.If the linear programming solver does not return an approximate solution in any stage of theiteration, due to numeri
al failure for example, the only upper bound we 
an derive is plus in�nity.The same holds if the interval linear system solver 
annot 
ompute an en
losure of the solutionset of the equations. As the equations do not 
hange during the iteration, this 
an be ruled outafter the �rst iteration.The lower bound on the optimal value 
an be derived in a similar way from the dual linear program
max aT y + bT z + xT u + xT v

s.t. AT y + BT z + u + v = c

y ≤ 0, u ≥ 0, v ≤ 0.Here, however, we 
an make use of the spe
ial stru
ture of the dual, thus redu
ing the 
omputa-tional 
omplexity. The details are 
ontained in [3℄ .1.3 UsageLurupa 
an be used in two ways.� Stand-alone usage (p. 4) using Lurupa over the 
ommand line� API usage (p. 7) in
luding Lurupa as a library into a larger frameworkIn ea
h 
ase an lp solver spe
i�
 module is needed to translate the generi
 
alls from Lurupa into
alls to the solver API and to transfer data between Lurupa and the solver.1.3.1 Stand-alone usageThe 
ommand line 
lient lurupa is 
ontrolled through various options. Mandatory are the optionsto sele
t an lp and a solver module.-lp file This option spe
i�es the �le 
ontaining the lp to be pro
essed. The �le has to be in aformat that 
an be handled by the solver module.-sm file This option spe
i�es the solver module and thus the lp solver that is used to 
omputethe approximate solutions.The most basi
 
all, using a solver module Module, assumend to be lo
ated in the lo
al dire
tory,would thus be Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



1.3 Usage 5lurupa -sm Module -lp lp.mpsHere we assumed the module knows how to parse lp.mps. This 
all, however, would just 
all thesolver through the module and solve the lp. To 
ompute the bounds we have to spe
ify whi
hbounds we want. This is done via the bound parameters-lb This option spe
i�es, that the lower bound for the optimal value shall be 
omputed.-ub This option spe
i�es, that the upper bound for the optimal value shall be 
omputed.Computing both bounds for lp.mps is therefor done withlurupa -sm Module -lp lp.mps -lb -ubIt's important to note that while the 
omputed bounds are rigorous the 
ommand line 
lient doesnot provide for rigorous printing of the bounds. This means that the values printed for the boundsare rounded to display pre
ision.Several more options are available to alter Lurupa's behaviour. These 
an be divided into optionsa�e
ting the input, the algorithm, and the output.Options a�e
ting the input-i d This option spe
i�es, that the 
ost ve
tor and the 
onstraint matri
es and right hand sidesare in�ated to intervals with the given midpoint and a radius of d. The parameters getmultiplied by the interval [1− d, 1 + d].Options a�e
ting the algorithm-alpha d This option 
hanges the algorithm parameter α to d. For details on the parameterrefer to [3℄ .-eta d This option 
hanges the algorithm parameter η to d. For details on the parameter referto [3℄ .-inflate This option tells Lurupa to in�ate perturbed lps in 
ase of infeasibility. Due to theexponential de�ation used in the algorithm the gap between lps that 
an not be veri�ed andlps that are 
onsidered infeasible by the solver might be missed. If this option is spe
i�edLurupa tries to in�ate the feasible region of perturbed, infeasible lps to rea
h this gap. Usingthis option in
reases the number of algorithm iterations.Options a�e
ting the output-
sv file This option tells Lurupa to append a line 
ontaining the 
omma seperated results tofile. If not present, the extension .
sv is appended to the �lename.-latex file This option tells Lurupa to append a line 
ontating the results to file, formattedto be used in a LaTeX table. If not present, the extension .tex is appended to the �lename.-t This option 
auses all messages printed by Lurupa to be prepended with the 
urrent time.-vn This option sele
ts the verbosity level of the messages printed by Lurupa. The verbosityin
reases with n. Possible values are:-v0: No messages Print no messages from Lurupa. The 
ommand line 
lient just printsthe �nal results.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



6 Lurupa Do
umentation-v1: Errors Add error messages from Lurupa to -v0.-v2: Warnings Add warnings.-v3: Brief Add brief program �ow messages like the iteration number and whether weare 
urrently approximately solving a perturbed problem or verifying the feasibility ofa solution.-v4: Normal Add more program �ow messages like whether we are perturbing or approx-imately solving a perturbed lp, and intermediate results like the approximate optimalvalue of perturbed lps.-v5: Verbose Add detailed information like 
hanges of the de�ation parameters.The default verbosity level is -v2.-write_vm style This option tells Lurupa to save intermediate ve
tors and matri
es to disk.The format depends on style. Spe
ifying o
tave stores all these in readable by O
tave,this means all in one �le with meta information about the dimension and the name of theve
tor or matrix. The �le is named after the lp. Spe
ifying matlab stores these in one �leper ve
tor or matrix. These �les are put into a dire
tory named after the model.Remain the options that print informational messages.-h, -?, �help These options tell Lurupa to print usage information about the 
ommand line
lient 
ontaining the supported parameters along with all parameters supported by the solvermodule if spe
i�ed.-V This option tells Lurupa to print version information about the 
ommand line 
lient, the
ore, and the solver module if spe
i�ed. This also 
ontains values like the set algorithmparameters.-Vb This option tells Lurupa to print a brief version of the information printed by -V.As mentioned the solver module might support additional options. These are spe
i�
 to the solvermodule. They have the 
ommon pre�x -sm, with additional parameters appended with 
ommas.A typi
al option would be -sm,timeout,3600, whi
h might tell the solver to time out after 3600se
onds.1.3.1.1 lp_solve solver modulesThere are solver modules for di�erent versions of lp_solve [1℄ . Development is done on the latestversion of lp_solve with features ba
kported as appropriate. Thus the modules support di�erentoptionslp_solve 3.2 No further optionslp_solve 4.0.1.0 and 4.0.1.11-sm,timeout,i This option sets the timeout in se
onds to i. Setting this 
alls lp_solve's set_-timeout, 
ausing lp_solve to stop solving an lp if it takes longer than i se
onds.-sm,vn This option sele
ts the verbosity level of the messages printed by lp_solve. The verbosityin
reases with n. Possible values are (taken from the lp_solve do
umentation):v0: NEUTRAL Only some spe
i�
 debug messages in debug print routines are reported.v1: CRITICAL Only 
riti
al messages are reported. Hard errors like instability, out ofmemory, ... Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



1.3 Usage 7v2: SEVERE Only severe messages are reported. Errors.v3: IMPORTANT Only important messages are reported. Warnings and Errors.v4: NORMAL Normal messages are reported.v5: DETAILED Detailed messages are reported. Like model size, 
ontinuing B&B improve-ments, ...v6: FULL All messages are reported. Useful for debugging purposes and small models.The default verbosity level is v3.lp_solve 5.5-sm,resetbas This option 
auses the solver module to re-solve lps in the 
ase of numeri
alfailure with an all-sla
k basis. While this in
reases the runtime it may help with numeri
allydi�
ult lps.-sm,s This option enables the default s
aling of lp_solve (Numeri
al range-based s
aling).-sm,timeout,i This option sets the timeout in se
onds to i. Setting this 
alls lp_solve's set_-timeout, 
ausing lp_solve to stop solving an lp if it takes longer than i se
onds.-sm,vn This option sele
ts the verbosity level of the messages printed by lp_solve. The verbosityin
reases with n. Possible values are (taken from the lp_solve do
umentation):v0: NEUTRAL Only some spe
i�
 debug messages in debug print routines are reported.v1: CRITICAL Only 
riti
al messages are reported. Hard errors like instability, out ofmemory, ...v2: SEVERE Only severe messages are reported. Errors.v3: IMPORTANT Only important messages are reported. Warnings and Errors.v4: NORMAL Normal messages are reported.v5: DETAILED Detailed messages are reported. Like model size, 
ontinuing B&B improve-ments, ...v6: FULL All messages are reported. Useful for debugging purposes and small models.The default verbosity level is v3.-sm,wmps This option 
auses the solver module to save the perturbed lps in mps format. The�lename is 
onstru
ted of the lp name and the 
urrent iteration number.1.3.2 API usageUsing Lurupa through the API means greater �exibility and allows to embed Lurupa in a largerframework.C++To a

ess the API we need to in
lude the two header �les globals.h (p. 145) and Lurupa.h(p. 154). Now we need to 
reate an instan
e of the Lurupa (p. 36) 
lass. All intera
tion withLurupa is done via this obje
t. As in the stand-alone 
ase we need a solver module, whi
h sele
tsthe lp solver to be used. Sele
ting the lp to be solved, we arrive at the following 
ode that willappear more a less like this in every API usage of Lurupa.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



8 Lurupa Do
umentation#in
lude <lurupa/globals.h>#in
lude <lurupa/Lurupa.h>[...℄Lurupa lurupa;bool module_set = lurupa.set_module("path/to/module");bool lp_read = lurupa.read_lp("path/to/lp", 0);The se
ond parameter to read_lp reads the lp as it is and does not in�ate it to an interval problem.Now we 
an 
ompute an approximate solution and after that the rigorous bounds on the optimalvalue.double optimal_value;Solver_status status;bool lp_solved = lurupa.solve_lp(optimal_value, status);double lower_bound, upper_bound;int lower_iterations, upper_iterations;Bound_status st_lower = lurupa.lower_bound(lower_bound, lower_iterations);Bound_status st_upper = lurupa.upper_bound(upper_bound, upper_iterations);This is all that is ne
essary to 
ompute rigorous bounds on the optimal value. For details on howto set the algorithm parameters, how to 
hange output and the like refer to the referen
e of the
lass Lurupa (p. 36).CThere is a C wrapper for the library, whi
h maps all 
alls to an internal Lurupa (p. 36) obje
t.To use it we have to in
lude the 
Lurupa.h (p. 135) header. The names of the routines are 
hosenafter the names of the 
orresponding member routines of Lurupa (p. 36) with a pre�x of 
lu.The previous C++ example looks like the following using the C wrapper.#in
lude <lurupa/
Lurupa.h>[...℄BOOL module_set, lp_read, lp_solved;double optimal_value, lower_bound, upper_bound;BOUND_STATUS st_lower, st_upper;int lower_iterations, upper_iterations;
lu_init();module_set = 
lu_set_module("path/to/module");lp_read = 
lu_read_lp("path/to/lp", 0);lp_solved = 
lu_solve_lp(&optimal_value, &status);st_lower = 
lu_lower_bound(&lower_bound, &lower_iterations);st_upper = 
lu_upper_bound(&upper_bound, &upper_iterations);For a 
omplete list of the wrapper fun
tions refer to the referen
e of the 
Lurupa.h (p. 135)header.1.4 Li
ense termsCopyright (C) 2006 by Christian KeilLurupa is free software; you 
an redistribute it and/or modify it under the terms of the GNULesser General Publi
 Li
ense as published by the Free Software Foundation; either version 2.1 ofthe Li
ense, or (at your option) any later version.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



1.4 Li
ense terms 9This library is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY;without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULARPURPOSE. See the GNU Lesser General Publi
 Li
ense for more details.GNU LESSER GENERAL PUBLIC LICENSEVersion 2.1, February 1999Copyright (C) 1991, 1999 Free Software Foundation, In
.51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USAEveryone is permitted to 
opy and distribute verbatim 
opiesof this li
ense do
ument, but 
hanging it is not allowed.[This is the first released version of the Lesser GPL. It also 
ountsas the su

essor of the GNU Library Publi
 Li
ense, version 2, hen
ethe version number 2.1.℄PreambleThe li
enses for most software are designed to take away yourfreedom to share and 
hange it. By 
ontrast, the GNU General Publi
Li
enses are intended to guarantee your freedom to share and 
hangefree software--to make sure the software is free for all its users.This li
ense, the Lesser General Publi
 Li
ense, applies to somespe
ially designated software pa
kages--typi
ally libraries--of theFree Software Foundation and other authors who de
ide to use it. You
an use it too, but we suggest you first think 
arefully about whetherthis li
ense or the ordinary General Publi
 Li
ense is the betterstrategy to use in any parti
ular 
ase, based on the explanations below.When we speak of free software, we are referring to freedom of use,not pri
e. Our General Publi
 Li
enses are designed to make sure thatyou have the freedom to distribute 
opies of free software (and 
hargefor this servi
e if you wish); that you re
eive sour
e 
ode or 
an getit if you want it; that you 
an 
hange the software and use pie
es ofit in new free programs; and that you are informed that you 
an dothese things.To prote
t your rights, we need to make restri
tions that forbiddistributors to deny you these rights or to ask you to surrender theserights. These restri
tions translate to 
ertain responsibilities foryou if you distribute 
opies of the library or if you modify it.For example, if you distribute 
opies of the library, whether gratisor for a fee, you must give the re
ipients all the rights that we gaveyou. You must make sure that they, too, re
eive or 
an get the sour
e
ode. If you link other 
ode with the library, you must provide
omplete obje
t files to the re
ipients, so that they 
an relink themwith the library after making 
hanges to the library and re
ompilingit. And you must show them these terms so they know their rights.We prote
t your rights with a two-step method: (1) we 
opyright thelibrary, and (2) we offer you this li
ense, whi
h gives you legalpermission to 
opy, distribute and/or modify the library.To prote
t ea
h distributor, we want to make it very 
lear thatthere is no warranty for the free library. Also, if the library ismodified by someone else and passed on, the re
ipients should knowthat what they have is not the original version, so that the originalauthor's reputation will not be affe
ted by problems that might beintrodu
ed by others.Finally, software patents pose a 
onstant threat to the existen
e ofany free program. We wish to make sure that a 
ompany 
annoteffe
tively restri
t the users of a free program by obtaining arestri
tive li
ense from a patent holder. Therefore, we insist thatany patent li
ense obtained for a version of the library must beGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



10 Lurupa Do
umentation
onsistent with the full freedom of use spe
ified in this li
ense.Most GNU software, in
luding some libraries, is 
overed by theordinary GNU General Publi
 Li
ense. This li
ense, the GNU LesserGeneral Publi
 Li
ense, applies to 
ertain designated libraries, andis quite different from the ordinary General Publi
 Li
ense. We usethis li
ense for 
ertain libraries in order to permit linking thoselibraries into non-free programs.When a program is linked with a library, whether stati
ally or usinga shared library, the 
ombination of the two is legally speaking a
ombined work, a derivative of the original library. The ordinaryGeneral Publi
 Li
ense therefore permits su
h linking only if theentire 
ombination fits its 
riteria of freedom. The Lesser GeneralPubli
 Li
ense permits more lax 
riteria for linking other 
ode withthe library.We 
all this li
ense the "Lesser" General Publi
 Li
ense be
ause itdoes Less to prote
t the user's freedom than the ordinary GeneralPubli
 Li
ense. It also provides other free software developers Lessof an advantage over 
ompeting non-free programs. These disadvantagesare the reason we use the ordinary General Publi
 Li
ense for manylibraries. However, the Lesser li
ense provides advantages in 
ertainspe
ial 
ir
umstan
es.For example, on rare o

asions, there may be a spe
ial need toen
ourage the widest possible use of a 
ertain library, so that it be
omesa de-fa
to standard. To a
hieve this, non-free programs must beallowed to use the library. A more frequent 
ase is that a freelibrary does the same job as widely used non-free libraries. In this
ase, there is little to gain by limiting the free library to freesoftware only, so we use the Lesser General Publi
 Li
ense.In other 
ases, permission to use a parti
ular library in non-freeprograms enables a greater number of people to use a large body offree software. For example, permission to use the GNU C Library innon-free programs enables many more people to use the whole GNUoperating system, as well as its variant, the GNU/Linux operatingsystem.Although the Lesser General Publi
 Li
ense is Less prote
tive of theusers' freedom, it does ensure that the user of a program that islinked with the Library has the freedom and the wherewithal to runthat program using a modified version of the Library.The pre
ise terms and 
onditions for 
opying, distribution andmodifi
ation follow. Pay 
lose attention to the differen
e between a"work based on the library" and a "work that uses the library". Theformer 
ontains 
ode derived from the library, whereas the latter mustbe 
ombined with the library in order to run.GNU LESSER GENERAL PUBLIC LICENSETERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION0. This Li
ense Agreement applies to any software library or otherprogram whi
h 
ontains a noti
e pla
ed by the 
opyright holder orother authorized party saying it may be distributed under the terms ofthis Lesser General Publi
 Li
ense (also 
alled "this Li
ense").Ea
h li
ensee is addressed as "you".A "library" means a 
olle
tion of software fun
tions and/or dataprepared so as to be 
onveniently linked with appli
ation programs(whi
h use some of those fun
tions and data) to form exe
utables.The "Library", below, refers to any su
h software library or workwhi
h has been distributed under these terms. A "work based on theLibrary" means either the Library or any derivative work underGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



1.4 Li
ense terms 11
opyright law: that is to say, a work 
ontaining the Library or aportion of it, either verbatim or with modifi
ations and/or translatedstraightforwardly into another language. (Hereinafter, translation isin
luded without limitation in the term "modifi
ation".)"Sour
e 
ode" for a work means the preferred form of the work formaking modifi
ations to it. For a library, 
omplete sour
e 
ode meansall the sour
e 
ode for all modules it 
ontains, plus any asso
iatedinterfa
e definition files, plus the s
ripts used to 
ontrol 
ompilationand installation of the library.A
tivities other than 
opying, distribution and modifi
ation are not
overed by this Li
ense; they are outside its s
ope. The a
t ofrunning a program using the Library is not restri
ted, and output fromsu
h a program is 
overed only if its 
ontents 
onstitute a work basedon the Library (independent of the use of the Library in a tool forwriting it). Whether that is true depends on what the Library doesand what the program that uses the Library does.1. You may 
opy and distribute verbatim 
opies of the Library's
omplete sour
e 
ode as you re
eive it, in any medium, provided thatyou 
onspi
uously and appropriately publish on ea
h 
opy anappropriate 
opyright noti
e and dis
laimer of warranty; keep inta
tall the noti
es that refer to this Li
ense and to the absen
e of anywarranty; and distribute a 
opy of this Li
ense along with theLibrary.You may 
harge a fee for the physi
al a
t of transferring a 
opy,and you may at your option offer warranty prote
tion in ex
hange for afee.2. You may modify your 
opy or 
opies of the Library or any portionof it, thus forming a work based on the Library, and 
opy anddistribute su
h modifi
ations or work under the terms of Se
tion 1above, provided that you also meet all of these 
onditions:a) The modified work must itself be a software library.b) You must 
ause the files modified to 
arry prominent noti
esstating that you 
hanged the files and the date of any 
hange.
) You must 
ause the whole of the work to be li
ensed at no
harge to all third parties under the terms of this Li
ense.d) If a fa
ility in the modified Library refers to a fun
tion or atable of data to be supplied by an appli
ation program that usesthe fa
ility, other than as an argument passed when the fa
ilityis invoked, then you must make a good faith effort to ensure that,in the event an appli
ation does not supply su
h fun
tion ortable, the fa
ility still operates, and performs whatever part ofits purpose remains meaningful.(For example, a fun
tion in a library to 
ompute square roots hasa purpose that is entirely well-defined independent of theappli
ation. Therefore, Subse
tion 2d requires that anyappli
ation-supplied fun
tion or table used by this fun
tion mustbe optional: if the appli
ation does not supply it, the squareroot fun
tion must still 
ompute square roots.)These requirements apply to the modified work as a whole. Ifidentifiable se
tions of that work are not derived from the Library,and 
an be reasonably 
onsidered independent and separate works inthemselves, then this Li
ense, and its terms, do not apply to thosese
tions when you distribute them as separate works. But when youdistribute the same se
tions as part of a whole whi
h is a work basedon the Library, the distribution of the whole must be on the terms ofthis Li
ense, whose permissions for other li
ensees extend to theGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



12 Lurupa Do
umentationentire whole, and thus to ea
h and every part regardless of who wroteit.Thus, it is not the intent of this se
tion to 
laim rights or 
ontestyour rights to work written entirely by you; rather, the intent is toexer
ise the right to 
ontrol the distribution of derivative or
olle
tive works based on the Library.In addition, mere aggregation of another work not based on the Librarywith the Library (or with a work based on the Library) on a volume ofa storage or distribution medium does not bring the other work underthe s
ope of this Li
ense.3. You may opt to apply the terms of the ordinary GNU General Publi
Li
ense instead of this Li
ense to a given 
opy of the Library. To dothis, you must alter all the noti
es that refer to this Li
ense, sothat they refer to the ordinary GNU General Publi
 Li
ense, version 2,instead of to this Li
ense. (If a newer version than version 2 of theordinary GNU General Publi
 Li
ense has appeared, then you 
an spe
ifythat version instead if you wish.) Do not make any other 
hange inthese noti
es.On
e this 
hange is made in a given 
opy, it is irreversible forthat 
opy, so the ordinary GNU General Publi
 Li
ense applies to allsubsequent 
opies and derivative works made from that 
opy.This option is useful when you wish to 
opy part of the 
ode ofthe Library into a program that is not a library.4. You may 
opy and distribute the Library (or a portion orderivative of it, under Se
tion 2) in obje
t 
ode or exe
utable formunder the terms of Se
tions 1 and 2 above provided that you a

ompanyit with the 
omplete 
orresponding ma
hine-readable sour
e 
ode, whi
hmust be distributed under the terms of Se
tions 1 and 2 above on amedium 
ustomarily used for software inter
hange.If distribution of obje
t 
ode is made by offering a

ess to 
opyfrom a designated pla
e, then offering equivalent a

ess to 
opy thesour
e 
ode from the same pla
e satisfies the requirement todistribute the sour
e 
ode, even though third parties are not
ompelled to 
opy the sour
e along with the obje
t 
ode.5. A program that 
ontains no derivative of any portion of theLibrary, but is designed to work with the Library by being 
ompiled orlinked with it, is 
alled a "work that uses the Library". Su
h awork, in isolation, is not a derivative work of the Library, andtherefore falls outside the s
ope of this Li
ense.However, linking a "work that uses the Library" with the Library
reates an exe
utable that is a derivative of the Library (be
ause it
ontains portions of the Library), rather than a "work that uses thelibrary". The exe
utable is therefore 
overed by this Li
ense.Se
tion 6 states terms for distribution of su
h exe
utables.When a "work that uses the Library" uses material from a header filethat is part of the Library, the obje
t 
ode for the work may be aderivative work of the Library even though the sour
e 
ode is not.Whether this is true is espe
ially signifi
ant if the work 
an belinked without the Library, or if the work is itself a library. Thethreshold for this to be true is not pre
isely defined by law.If su
h an obje
t file uses only numeri
al parameters, datastru
ture layouts and a

essors, and small ma
ros and small inlinefun
tions (ten lines or less in length), then the use of the obje
tfile is unrestri
ted, regardless of whether it is legally a derivativework. (Exe
utables 
ontaining this obje
t 
ode plus portions of theLibrary will still fall under Se
tion 6.)Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



1.4 Li
ense terms 13Otherwise, if the work is a derivative of the Library, you maydistribute the obje
t 
ode for the work under the terms of Se
tion 6.Any exe
utables 
ontaining that work also fall under Se
tion 6,whether or not they are linked dire
tly with the Library itself.6. As an ex
eption to the Se
tions above, you may also 
ombine orlink a "work that uses the Library" with the Library to produ
e awork 
ontaining portions of the Library, and distribute that workunder terms of your 
hoi
e, provided that the terms permitmodifi
ation of the work for the 
ustomer's own use and reverseengineering for debugging su
h modifi
ations.You must give prominent noti
e with ea
h 
opy of the work that theLibrary is used in it and that the Library and its use are 
overed bythis Li
ense. You must supply a 
opy of this Li
ense. If the workduring exe
ution displays 
opyright noti
es, you must in
lude the
opyright noti
e for the Library among them, as well as a referen
edire
ting the user to the 
opy of this Li
ense. Also, you must do oneof these things:a) A

ompany the work with the 
omplete 
orrespondingma
hine-readable sour
e 
ode for the Library in
luding whatever
hanges were used in the work (whi
h must be distributed underSe
tions 1 and 2 above); and, if the work is an exe
utable linkedwith the Library, with the 
omplete ma
hine-readable "work thatuses the Library", as obje
t 
ode and/or sour
e 
ode, so that theuser 
an modify the Library and then relink to produ
e a modifiedexe
utable 
ontaining the modified Library. (It is understoodthat the user who 
hanges the 
ontents of definitions files in theLibrary will not ne
essarily be able to re
ompile the appli
ationto use the modified definitions.)b) Use a suitable shared library me
hanism for linking with theLibrary. A suitable me
hanism is one that (1) uses at run time a
opy of the library already present on the user's 
omputer system,rather than 
opying library fun
tions into the exe
utable, and (2)will operate properly with a modified version of the library, ifthe user installs one, as long as the modified version isinterfa
e-
ompatible with the version that the work was made with.
) A

ompany the work with a written offer, valid for atleast three years, to give the same user the materialsspe
ified in Subse
tion 6a, above, for a 
harge no morethan the 
ost of performing this distribution.d) If distribution of the work is made by offering a

ess to 
opyfrom a designated pla
e, offer equivalent a

ess to 
opy the abovespe
ified materials from the same pla
e.e) Verify that the user has already re
eived a 
opy of thesematerials or that you have already sent this user a 
opy.For an exe
utable, the required form of the "work that uses theLibrary" must in
lude any data and utility programs needed forreprodu
ing the exe
utable from it. However, as a spe
ial ex
eption,the materials to be distributed need not in
lude anything that isnormally distributed (in either sour
e or binary form) with the major
omponents (
ompiler, kernel, and so on) of the operating system onwhi
h the exe
utable runs, unless that 
omponent itself a

ompaniesthe exe
utable.It may happen that this requirement 
ontradi
ts the li
enserestri
tions of other proprietary libraries that do not normallya

ompany the operating system. Su
h a 
ontradi
tion means you 
annotuse both them and the Library together in an exe
utable that youdistribute.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



14 Lurupa Do
umentation7. You may pla
e library fa
ilities that are a work based on theLibrary side-by-side in a single library together with other libraryfa
ilities not 
overed by this Li
ense, and distribute su
h a 
ombinedlibrary, provided that the separate distribution of the work based onthe Library and of the other library fa
ilities is otherwisepermitted, and provided that you do these two things:a) A

ompany the 
ombined library with a 
opy of the same workbased on the Library, un
ombined with any other libraryfa
ilities. This must be distributed under the terms of theSe
tions above.b) Give prominent noti
e with the 
ombined library of the fa
tthat part of it is a work based on the Library, and explainingwhere to find the a

ompanying un
ombined form of the same work.8. You may not 
opy, modify, subli
ense, link with, or distributethe Library ex
ept as expressly provided under this Li
ense. Anyattempt otherwise to 
opy, modify, subli
ense, link with, ordistribute the Library is void, and will automati
ally terminate yourrights under this Li
ense. However, parties who have re
eived 
opies,or rights, from you under this Li
ense will not have their li
ensesterminated so long as su
h parties remain in full 
omplian
e.9. You are not required to a

ept this Li
ense, sin
e you have notsigned it. However, nothing else grants you permission to modify ordistribute the Library or its derivative works. These a
tions areprohibited by law if you do not a

ept this Li
ense. Therefore, bymodifying or distributing the Library (or any work based on theLibrary), you indi
ate your a

eptan
e of this Li
ense to do so, andall its terms and 
onditions for 
opying, distributing or modifyingthe Library or works based on it.10. Ea
h time you redistribute the Library (or any work based on theLibrary), the re
ipient automati
ally re
eives a li
ense from theoriginal li
ensor to 
opy, distribute, link with or modify the Librarysubje
t to these terms and 
onditions. You may not impose any furtherrestri
tions on the re
ipients' exer
ise of the rights granted herein.You are not responsible for enfor
ing 
omplian
e by third parties withthis Li
ense.11. If, as a 
onsequen
e of a 
ourt judgment or allegation of patentinfringement or for any other reason (not limited to patent issues),
onditions are imposed on you (whether by 
ourt order, agreement orotherwise) that 
ontradi
t the 
onditions of this Li
ense, they do notex
use you from the 
onditions of this Li
ense. If you 
annotdistribute so as to satisfy simultaneously your obligations under thisLi
ense and any other pertinent obligations, then as a 
onsequen
e youmay not distribute the Library at all. For example, if a patentli
ense would not permit royalty-free redistribution of the Library byall those who re
eive 
opies dire
tly or indire
tly through you, thenthe only way you 
ould satisfy both it and this Li
ense would be torefrain entirely from distribution of the Library.If any portion of this se
tion is held invalid or unenfor
eable under anyparti
ular 
ir
umstan
e, the balan
e of the se
tion is intended to apply,and the se
tion as a whole is intended to apply in other 
ir
umstan
es.It is not the purpose of this se
tion to indu
e you to infringe anypatents or other property right 
laims or to 
ontest validity of anysu
h 
laims; this se
tion has the sole purpose of prote
ting theintegrity of the free software distribution system whi
h isimplemented by publi
 li
ense pra
ti
es. Many people have madegenerous 
ontributions to the wide range of software distributedthrough that system in relian
e on 
onsistent appli
ation of thatsystem; it is up to the author/donor to de
ide if he or she is willingGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



1.4 Li
ense terms 15to distribute software through any other system and a li
ensee 
annotimpose that 
hoi
e.This se
tion is intended to make thoroughly 
lear what is believed tobe a 
onsequen
e of the rest of this Li
ense.12. If the distribution and/or use of the Library is restri
ted in
ertain 
ountries either by patents or by 
opyrighted interfa
es, theoriginal 
opyright holder who pla
es the Library under this Li
ense may addan expli
it geographi
al distribution limitation ex
luding those 
ountries,so that distribution is permitted only in or among 
ountries not thusex
luded. In su
h 
ase, this Li
ense in
orporates the limitation as ifwritten in the body of this Li
ense.13. The Free Software Foundation may publish revised and/or newversions of the Lesser General Publi
 Li
ense from time to time.Su
h new versions will be similar in spirit to the present version,but may differ in detail to address new problems or 
on
erns.Ea
h version is given a distinguishing version number. If the Libraryspe
ifies a version number of this Li
ense whi
h applies to it and"any later version", you have the option of following the terms and
onditions either of that version or of any later version published bythe Free Software Foundation. If the Library does not spe
ify ali
ense version number, you may 
hoose any version ever published bythe Free Software Foundation.14. If you wish to in
orporate parts of the Library into other freeprograms whose distribution 
onditions are in
ompatible with these,write to the author to ask for permission. For software whi
h is
opyrighted by the Free Software Foundation, write to the FreeSoftware Foundation; we sometimes make ex
eptions for this. Ourde
ision will be guided by the two goals of preserving the free statusof all derivatives of our free software and of promoting the sharingand reuse of software generally.NO WARRANTY15. BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NOWARRANTY FOR THE LIBRARY, TO THE EXTENT PERMITTED BY APPLICABLE LAW.EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OROTHER PARTIES PROVIDE THE LIBRARY "AS IS" WITHOUT WARRANTY OF ANYKIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THEIMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULARPURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THELIBRARY IS WITH YOU. SHOULD THE LIBRARY PROVE DEFECTIVE, YOU ASSUMETHE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.16. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO INWRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFYAND/OR REDISTRIBUTE THE LIBRARY AS PERMITTED ABOVE, BE LIABLE TO YOUFOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL ORCONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THELIBRARY (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEINGRENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR AFAILURE OF THE LIBRARY TO OPERATE WITH ANY OTHER SOFTWARE), EVEN IFSUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCHDAMAGES.END OF TERMS AND CONDITIONSHow to Apply These Terms to Your New LibrariesIf you develop a new library, and you want it to be of the greatestpossible use to the publi
, we re
ommend making it free software thateveryone 
an redistribute and 
hange. You 
an do so by permittingredistribution under these terms (or, alternatively, under the terms of theGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



16 Lurupa Do
umentationordinary General Publi
 Li
ense).To apply these terms, atta
h the following noti
es to the library. It issafest to atta
h them to the start of ea
h sour
e file to most effe
tively
onvey the ex
lusion of warranty; and ea
h file should have at least the"
opyright" line and a pointer to where the full noti
e is found.<one line to give the library's name and a brief idea of what it does.>Copyright (C) <year> <name of author>This library is free software; you 
an redistribute it and/ormodify it under the terms of the GNU Lesser General Publi
Li
ense as published by the Free Software Foundation; eitherversion 2.1 of the Li
ense, or (at your option) any later version.This library is distributed in the hope that it will be useful,but WITHOUT ANY WARRANTY; without even the implied warranty ofMERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNULesser General Publi
 Li
ense for more details.You should have re
eived a 
opy of the GNU Lesser General Publi
Li
ense along with this library; if not, write to the Free SoftwareFoundation, In
., 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USAAlso add information on how to 
onta
t you by ele
troni
 and paper mail.You should also get your employer (if you work as a programmer) or yours
hool, if any, to sign a "
opyright dis
laimer" for the library, ifne
essary. Here is a sample; alter the names:Yoyodyne, In
., hereby dis
laims all 
opyright interest in thelibrary `Frob' (a library for tweaking knobs) written by James Random Ha
ker.<signature of Ty Coon>, 1 April 1990Ty Coon, President of Vi
eThat's all there is to it!

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



Chapter 2Class Do
umentation
2.1 Bound Stru
t Referen
eInformation about a Bound.Publi
 Attributes� bool 
omputeWhether the bound shall be 
omputed.� int iterationsIteration 
ount.� double pro
_timePro
ess time needed to 
ompute bound in se
onds.� double realtimeWall 
lo
k time needed to 
ompute bound in se
onds.� Bound_status statusStatus of the bound 
omputation (i.e., su

essfull or failed due to ...).� 
onst 
har ∗ time_statusStatus of the time taken (i.e., if any wrap around is possible / o

urred).� double valueValue of the bound.2.1.1 Detailed Des
riptionInformation about a Bound.This stru
ture aggregates the value of a single (lower or upper) bound and 
orresponding data,that is the status of the bound and the iterations and the time ne
essary to 
ompute it.



18 Class Do
umentationThe do
umentation for this stru
t was generated from the following �le:� lurupa_
md.
pp
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2.2 Certi�
ate Stru
t Referen
e 192.2 Certi�
ate Stru
t Referen
eA 
erti�
ate.Publi
 Attributes� bool 
omputeWhether the 
erti�
ate shall be 
omputed.� double pro
_timePro
ess time needed to 
ompute 
erti�
ate in se
onds.� double realtimeWall 
lo
k time needed to 
ompute 
erti�
ate in se
onds.� Bound_status statusStatus of the 
erti�
ate 
omputation.� 
onst 
har ∗ time_statusStatus of the time taken (i.e., if any wrap around is possible / o

ured).2.2.1 Detailed Des
riptionA 
erti�
ate.This stru
ture stores information about a 
erti�
ate.The do
umentation for this stru
t was generated from the following �le:� lurupa_
md.
pp
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20 Class Do
umentation2.3 Condition Class Referen
eCondition numbers#in
lude <lurupa/Condition.h>Collaboration diagram for Condition:
Condition

Report

preport Lurupa

report

lurupa

Solver_module_interface

solver_module

Publi
 Member Fun
tions� void 
ond (
onst Lp ∗lp, INTERVAL &en
losure)Compute veri�ed 
ondition number.� Condition (Lurupa ∗lurupa, Report ∗report)Constru
tor.� void rho_d (
onst Lp ∗lp, INTERVAL &en
losure)Compute distan
e to dual infeasibility.� void rho_p (
onst Lp ∗lp, INTERVAL &en
losure)Compute distan
e to primal infeasibility.� ∼Condition ()Destru
tor.Private Member Fun
tions� Lp ∗ generate_lp_rho_d (
onst Lp ∗lp)Generate lp to 
ompute distan
e to dual infeasibility.� Lp ∗ generate_lp_rho_p (
onst Lp ∗lp)Generate lp to 
ompute distan
e to primal infeasibility.� int norm (
onst Lp ∗lp, INTERVAL &en
losure)En
losure of the norm of an lp.� INTERVAL norm_1 (
onst INTERVAL_VECTOR &ix)En
losure of the 1 norm of a ve
tor.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen

$classReport.html
$classLurupa.html
$structSolver__module__interface.html


2.3 Condition Class Referen
e 21� INTERVAL norm_11 (
onst INTERVAL_MATRIX &IA, 
onst INTERVAL_MATRIX&IB)En
losure of the 1,1 operator norm of a matrix.� INTERVAL norm_F (
onst INTERVAL_MATRIX &IA, 
onst INTERVAL_MATRIX&IB)En
losure of the Frobenius norm of a matrix.� INTERVAL norm_L1 (
onst INTERVAL_MATRIX &IA, 
onst INTERVAL_MATRIX&IB)En
losure of the L1 norm of a matrix.� void rot (int ∗rg, int i1, int i2, int i3)Rotate elements of array.� void swap (int ∗rg, int i, int iT)Swap elements of array.Private Attributes� Lurupa ∗ lurupaLurupa (p. 36) referen
e for bound 
omputation.� Report ∗ preportReporting and debugging.2.3.1 Detailed Des
riptionCondition numbersThis 
lass implements the 
omputation of veri�ed 
ondition numbers. It is based on Ordonez andFreund's [8℄ linear programming 
hara
terization of the 
ondition number. This in turn 
an bebounded with Lurupa (p. 36).2.3.2 Constru
tor & Destru
tor Do
umentation2.3.2.1 Condition::Condition (Lurupa ∗ lurupa, Report ∗ preport)Constru
tor.Parameters:
← lurupa Lurupa (p. 36) referen
e for bound 
omputations.
← preport Report (p. 65) referen
e for reporting and debugging.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



22 Class Do
umentation2.3.3 Member Fun
tion Do
umentation2.3.3.1 Lp ∗ Condition::generate_lp_rho_d (
onst Lp ∗ lp) [private℄Generate lp to 
ompute distan
e to dual infeasibility.Generate the lp to 
ompute the distan
e to dual infeasibility. Ordonez and Freund's lp (3.15)translates to the following lp. Note the transformation from pL to −pL.
min
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Referen
es Lp::free_variables, Lp::free_variables_size, Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
,Lp::in�nite, Lp::ix, Lp::iy, Lp::iz, Lp::lurupa, Lp::maximize, Lp::name, Lp::non_�xed_vars,Lp::xl, and Lp::xu.Referen
ed by rho_d().
2.3.3.2 Lp ∗ Condition::generate_lp_rho_p (
onst Lp ∗ lp) [private℄Generate lp to 
ompute distan
e to primal infeasibility.Generate the lp to 
ompute the distan
e to primal infeasibility. Ordonez and Freund's lp (3.14)Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.3 Condition Class Referen
e 23translates to the following lp. Note the transformation from yL to −yL.
min
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, s−
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= 0Referen
es Lp::free_variables, Lp::free_variables_size, Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
,Lp::in�nite, Lp::ix, Lp::iy, Lp::iz, Lp::lurupa, Lp::maximize, Lp::name, Lp::non_�xed_vars,Lp::xl, and Lp::xu.Referen
ed by rho_p().2.3.3.3 int Condition::norm (
onst Lp ∗ lp, INTERVAL & en
losure) [private℄En
losure of the norm of an lp.Compute an en
losure of the norm of lp. This is bounded byReferen
es Lp::IA, Lp::ia, Lp::IB, Lp::ib, Lp::i
, Lp::ix, norm_1(), norm_11(), norm_F(), norm_-L1(), preport, and Report::print().Referen
ed by 
ond().2.3.3.4 INTERVAL Condition::norm_1 (
onst INTERVAL_VECTOR & ix)[private℄En
losure of the 1 norm of a ve
tor.Compute an en
losure of the 1 norm of ix.Parameters:
← ix the ve
torReturns:the norm en
losureReferen
es Lp::ix.Referen
ed by norm(), norm_11(), and norm_L1().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



24 Class Do
umentation2.3.3.5 INTERVAL Condition::norm_11 (
onst INTERVAL_MATRIX & IA,
onst INTERVAL_MATRIX & IB) [private℄En
losure of the 1,1 operator norm of a matrix.Compute an en
losure of the 1,1 norm of the matrix
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∥

∥

∥

∥
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∥
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∥

∥

1

.Parameters:
← IA upper part of the matrix
← IB lower part of the matrixReturns:the norm en
losureReferen
es norm_1().Referen
ed by norm().2.3.3.6 INTERVAL Condition::norm_F (
onst INTERVAL_MATRIX & IA,
onst INTERVAL_MATRIX & IB) [private℄En
losure of the Frobenius norm of a matrix.Compute an en
losure of the Frobenius norm of the matrix ( A

B ).Parameters:
← IA upper part of the matrix
← IB lower part of the matrixReturns:the norm en
losureReferen
ed by norm().2.3.3.7 INTERVAL Condition::norm_L1 (
onst INTERVAL_MATRIX & IA,
onst INTERVAL_MATRIX & IB) [private℄En
losure of the L1 norm of a matrix.Compute an en
losure of the L1 norm of the matrix ( A

B ).Parameters:
← IA upper part of the matrix
← IB lower part of the matrixReturns:the norm en
losure Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.3 Condition Class Referen
e 25Referen
es norm_1().Referen
ed by norm().2.3.3.8 void Condition::rho_d (
onst Lp ∗ lp, INTERVAL & en
losure)Compute distan
e to dual infeasibility.Compute distan
e to dual infeasibility ρd. Consists of the following steps:� generate new lp� tell module to transform lp to solver representation� iterate over i/j settings maintaining en
losure of optimal value, i.e.,� set x_i = j� 
ompute lower/upper bound� update en
losure, set to smallest lower/upper boundParameters:
← lp Lp to 
ompute distan
e to primal infeasibility for
→ en
losure En
losure of distan
e to primal infeasibilityReferen
es Lp::free_variables, Lp::free_variables_size, generate_lp_rho_d(), Lp::IA,Lp::IB, Lp::in�nite, Lp::ix, Lurupa::lower_bound(), Solver_module_interfa
e::lp2solver, lu-rupa, Lp::non_�xed_vars, preport, Report::print(), Solver_module_interfa
e::set_bounds,Lurupa::solve_lp(), Lurupa::solver_module, swap(), Lurupa::upper_bound(), Lp::xl, and Lp::xu.Referen
ed by 
ond(), and Lurupa::rho_d().2.3.3.9 void Condition::rho_p (
onst Lp ∗ lp, INTERVAL & en
losure)Compute distan
e to primal infeasibility.Compute distan
e to primal infeasibility ρp. Consists of the following steps:� generate new lp� tell module to transform lp to solver representation� iterate over i/j settings maintaining en
losure of optimal value, i.e.,� set y_i = j� 
ompute lower/upper bound� update en
losure, set to smallest lower/upper boundParameters:
← lp Lp (p. 28) to 
ompute distan
e to primal infeasibility for
→ en
losure En
losure of distan
e to primal infeasibilityReferen
es Lp::free_variables, Lp::free_variables_size, generate_lp_rho_p(), Lp::IA, Lp::IB,Lp::in�nite, Lp::ix, Lurupa::lower_bound(), Solver_module_interfa
e::lp2solver, lurupa,Lp::non_�xed_vars, preport, Report::print(), rot(), Solver_module_interfa
e::set_bounds,Lurupa::solve_lp(), Lurupa::solver_module, swap(), Lurupa::upper_bound(), Lp::xl, and Lp::xu.Referen
ed by 
ond(), and Lurupa::rho_p().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



26 Class Do
umentation2.3.3.10 void Condition::rot (int ∗ rg, int i1, int i2, int i3) [private℄Rotate elements of array.Rotate the elements with index i1, i2 and i3 of array rg 
lo
kwise.Parameters:
↔ rg the array
← i1 index to rotate
← i2 index to rotate
← i3 index to rotateReferen
es swap().Referen
ed by rho_p().2.3.3.11 void Condition::swap (int ∗ rg, int i, int iT) [private℄Swap elements of array.Swap the elements with index i and iT of array rg.Parameters:
↔ rg the array
← i index to swap
← iT index to swapReferen
ed by rho_d(), rho_p(), and rot().The do
umentation for this 
lass was generated from the following �les:� Condition.h� Condition.
pp
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2.4 En
losure Stru
t Referen
e 272.4 En
losure Stru
t Referen
eAn en
losure.Publi
 Attributes� bool 
omputeWhether the en
losure shall be 
omputed.� double lowerThe lower bound.� double upperThe upper bound.2.4.1 Detailed Des
riptionAn en
losure.This stru
ture stores information about an en
losure of a value.The do
umentation for this stru
t was generated from the following �le:� lurupa_
md.
pp
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28 Class Do
umentation2.5 Lp Class Referen
eA linear program.#in
lude <lurupa/Lp.h>Collaboration diagram for Lp:
Lp

Lp_solver

module

Lurupa

lurupa

Report

report

Solver_module_interface

solver_module

Publi
 Member Fun
tions� bool is_
onsistent () 
onstChe
k lp for 
onsisten
y.� Lp (Lurupa ∗lurupa)Constru
tor.� Lp ()Constru
tor.� void set_lurupa (Lurupa ∗lurupa)Set Lurupa (p. 36) instan
e.� ∼Lp ()Destru
tor.Publi
 Attributes� Solver_status feasibilityLp-solver's judgement of problem's feasibility.� int ∗ free_variablesThe indi
es of the free variables.� int free_variables_sizeNumber of free variables in model.� INTERVAL_VECTOR iaRight hand sides of the inequalities.� INTERVAL_MATRIX IA Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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2.5 Lp Class Referen
e 29The inequality matrix.� INTERVAL_VECTOR ibRight hand sides of the equations.� INTERVAL_MATRIX IBThe equation matrix.� INTERVAL_VECTOR i
The 
ost ve
tor.� REAL in�niteUsed lp-solvers representation of in�nity (e.g. as bound value).� INTERVAL_VECTOR ixSolution of the last solved problem (
hanges during algorithm as perturbed problems are solved).� INTERVAL_VECTOR iyDuals of the inequalities of the last solved problem (
hanges during algorithm as perturbatedproblems are solved).� INTERVAL_VECTOR izDuals of the equations of the last solved problem (
hanges during algorithm as perturbated prob-lems are solved).� Lurupa ∗ lurupaReferen
e to Lurupa (p. 36) instan
e.� bool maximizeTrue if obje
tive fun
tion is to be maximized, false otherwise.� Lp_solver ∗ moduleAdditional storage for module data.� 
har ∗ nameName of the lp model.� int non_�xed_varsNumber of non �xed variables in model.� VECTOR xlThe simple lower bound.� VECTOR xuThe simple upper bound.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



30 Class Do
umentation2.5.1 Detailed Des
riptionA linear program.This 
lass is Lurupa's representation of an lp. The problem is stored in PROFILs interval types.The do
umentation for this 
lass was generated from the following �les:� Lp.h� Lp.
pp
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2.6 Lp_lp_solve Class Referen
e 312.6 Lp_lp_solve Class Referen
eInformation about lp_solve's problem.#in
lude <Sm_lps3_2.h>Inheritan
e diagram for Lp_lp_solve:
Lp_lp_solve

Lp_solver

Collaboration diagram for Lp_lp_solve:
Lp_lp_solve

Lp_solver

Publi
 Attributes� lpre
 ∗ lpReferen
e to lp_solve's stru
ture representing the lp.� int ∗ mp_eq_
onMap from equation to 
onstraint.� int ∗ mp_le_
onMap from less-equal to 
onstraint.� int ∗ mp_partsMap 
onne
ting positive and negative parts of free variables.2.6.1 Detailed Des
riptionInformation about lp_solve's problem.This 
lass stores additional information about lp_solve's representation of an lp.The do
umentation for this 
lass was generated from the following �les:� Sm_lps3_2.h� Sm_lps4_0_1_0.h� Sm_lps4_0_1_11.h� Sm_lps5_5.h� Sm_lps3_2.
ppGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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32 Class Do
umentation� Sm_lps4_0_1_0.
pp� Sm_lps4_0_1_11.
pp� Sm_lps5_5.
pp
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2.7 Lp_solver Class Referen
e 332.7 Lp_solver Class Referen
eInformation about solver spe
i�
 lp representation.#in
lude <Solver_module.h>Inheritan
e diagram for Lp_solver:
Lp_solver

Lp_lp_solve2.7.1 Detailed Des
riptionInformation about solver spe
i�
 lp representation.The do
umentation for this 
lass was generated from the following �le:� Solver_module.h

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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34 Class Do
umentation2.8 Lp_stats Stru
t Referen
eInformation about an Lp.Collaboration diagram for Lp_stats:
Lp_stats

Enclosure

rho_p

rho_d

condition

Bound

lower

upper

Certificate

primal

dual

Publi
 Attributes� bool automati
Whether bounds are automati
ally sele
ted for 
omputing based on approximate solver output.� double bound_qualityRelative a

ura
y of the 
omputed bounds.� En
losure 
onditionData for en
losure of 
ondition number.� Certi�
ate dualThe dual 
erti�
ates data.� bool is_maximizeWhether obje
tive is to be maximized.� Bound lowerThe lower bound's data.� 
onst 
har ∗ nameName of the model.� double optimal_valueApproximate optimal value from solver.� 
har ∗ pathPath to the lp �le.� Certi�
ate primalThe primal 
erti�
ates data.� En
losure rho_dData for en
losure of distan
e to dual infeasibility.� En
losure rho_p Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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2.8 Lp_stats Stru
t Referen
e 35Data for en
losure of distan
e to primal infeasibility.� double solve_pro
_timePro
ess time needed to solve the lp in se
onds.� double solve_realtimeWall 
lo
k time needed to solve the lp in se
onds.� 
onst 
har ∗ solve_time_statusStatus of the time taken (i.e., if any wrap around is possible / o

urred).� Solver_status statusStatus of the solver (e.g., found optimal solution, model unbounded, failure while solving).� double total_pro
_timePro
ess time needed to solve the lp in se
onds.� double total_realtimeWall 
lo
k time needed to solve the lp in se
onds.� 
onst 
har ∗ total_time_statusStatus of the time taken (i.e., if any wrap around is possible / o

urred).� Bound upperThe upper bound's data.2.8.1 Detailed Des
riptionInformation about an Lp.This stru
ture aggregates information about a linear program. The path to its �le representation,information about the model itself, about the lp-solver solving the model and about the boundsfor the optimal value.The do
umentation for this stru
t was generated from the following �le:� lurupa_
md.
pp
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36 Class Do
umentation2.9 Lurupa Class Referen
eLurupa's 
ore.#in
lude <lurupa/Lurupa.h>Collaboration diagram for Lurupa:
Lurupa

Report

report

Solver_module_interface

solver_module

Publi
 Member Fun
tions� void 
ond (Lp ∗lp, double &lower, double &upper)Compute veri�ed 
ondition number.� Bound_status dual_
erti�
ate (Lp ∗lp)Compute 
erti�
ate for primal infeasibility.� 
onst 
har ∗ get_
ore_version () 
onstGet 
ore version string.� 
har ∗ get_lp_name () 
onstGet linear program's name.� bool is_lp_maximize () 
onstReturn whether linear program is maximized.� Bound_status lower_bound (Lp ∗lp, double &bound, int &iterations)Compute lower bound.� Lurupa ()Constru
tor.� Bound_status primal_
erti�
ate (Lp ∗lp)Compute 
erti�
ate for dual infeasibility.� void print_
ore_brief_version () 
onstPrint brief 
ore information.� void print_
ore_version () 
onstPrint 
ore information.� void print_module_brief_version () 
onstPrint brief module information.� void print_module_version () 
onstGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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2.9 Lurupa Class Referen
e 37Print module information.� void rho_d (Lp ∗lp, double &lower, double &upper)Compute distan
e to dual infeasibility.� void rho_p (Lp ∗lp, double &lower, double &upper)Compute distan
e to primal infeasibility.� Bound_status upper_bound (Lp ∗lp, double &bound, int &iterations)Compute upper bound.� ∼Lurupa ()Destru
tor.� double get_alpha () 
onstGet algorithm parameter alpha.� double get_eta () 
onstGet algorithm parameter eta.� bool is_in�ate () 
onstIs in�ation set.� void set_alpha (double alpha)Set algorithm parameter alpha.� void set_eta (double eta)Set algorithm parameter eta.� void set_in�ate (bool in�ate)Set in�ation.� 
onst 
har ∗ get_module_version () 
onstGet solver module version.� double get_solver_eps () 
onstGet solver's a

ura
y.� void lp2solver (Lp ∗lp)Set linear program from Lurupa (p. 36).� void print_module_options () 
onstPrint options supported by module.� Lp ∗ read_lp (FILE ∗in, 
onst double &relative_interval_radius)Read linear program.� void set_interfa
e (Solver_module_interfa
e module)Set solver module.� bool set_lp (Lp ∗lp, 
onst double relative_interval_radius)Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



38 Class Do
umentationSet linear program from solver.� bool set_module (
har ∗module_path)Set solver module.� bool set_module_options (Lp ∗lp, int arg
, 
har ∗argv[ ℄)Set solver options.� bool set_solution (Lp ∗lp, void ∗p)Set linear program's solution.� Solver_status solve_lp (Lp ∗lp, double &optimal_value)Solve linear program.Publi
 Attributes� Report reportReporting and debugging.Private Member Fun
tions� void restore_dual_phase1 (Lp ∗lp, 
onst INTERVAL_VECTOR &iaT, 
onstINTERVAL_VECTOR &ibT, 
onst VECTOR &xlT, 
onst VECTOR &xuT, 
onst intnon_�xed_varsT, 
onst int free_variables_sizeT)Restore lp after dual phase 1 approa
h.� void restore_primal_phase1 (Lp ∗lp, 
onst INTERVAL_VECTOR &i
T, 
onst boolmaxmimize)Restore lp after primal phase 1 approa
h.� void set_dual_phase1 (Lp ∗lp)Set dual phase 1 lp.� void set_primal_phase1 (Lp ∗lp, bool ∗maximize)Set primal phase 1 lp.Find basisFun
tions to �nd basisThese fun
tions are used to �nd a regular submatrix to rigorously verify the primal or dual
onstraints.� void add_
olumn_to_basis (int step, INTERVAL_MATRIX &A, INTERVAL_-MATRIX &IBasis, int ∗basis_indi
es)Add 
olumn to basis.� void do_pivot (MATRIX &LU, int pivot_index, int step, int ∗basis_indi
es)Do the pivot. Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 39� void eliminate (MATRIX &LU, int step)Perform an elimination step.� bool �nd_basis (INTERVAL_MATRIX &A, int ∗&basis_indi
es, int size_basis_-indi
es, INTERVAL_MATRIX &IBasis, MATRIX &Basis_mid_inverse)Find basis for linear system.� double pivot_element (MATRIX LU, int step, int &pivot_index)Find pivot element.� void shorten_basis_indi
es (int ∗&basis_indi
es, int basis_size)Shorten basis indi
es array.Lower boundCompute minimizing lower boundThese fun
tions are used to 
ompute a lower bound for the minimal obje
tive value.� void 
ompute_dual_de�ation (Lp ∗lp, VECTOR &d_
)Compute dual de�ation parameters.� Bound_status 
ompute_lower (Lp ∗lp, double &bound)Compute minimizing lower bound.� void de
rease_dual_de�ation (Lp ∗lp, VECTOR &d_
)De
rease dual de�ation parameters.� bool �nd_
onstraint_basis (Lp ∗lp, INTERVAL_MATRIX &IResidual, int
∗&basis_indi
es, INTERVAL_MATRIX &IBasis, MATRIX &Basis_mid_inverse)Find 
onstraint basis.� void in
rease_dual_de�ation (Lp ∗lp, VECTOR &d_
, 
onst INTERVAL_-VECTOR &id_pos, 
onst INTERVAL_VECTOR &id_neg)In
rease dual de�ation parameters.� void pro
ess_initial_dual_solution (Lp ∗lp, Bound_status &status, double&bound, 
onst INTERVAL_MATRIX &IBasis, 
onst MATRIX &Basis_mid_inverse,
onst INTERVAL_MATRIX &IResidual, 
onst int ∗basis_indi
es)Pro
ess initial dual solution.� void pro
ess_perturbed_dual_solution (Lp ∗lp, Bound_status &status, dou-ble &bound, 
onst INTERVAL_MATRIX &IBasis, 
onst MATRIX &Basis_mid_-inverse, 
onst INTERVAL_MATRIX &IResidual, 
onst int ∗basis_indi
es, VECTOR&de�ation_
)Pro
ess perturbed dual solution.Upper boundCompute minimizing upper boundThese fun
tions are used to 
ompute an upper bound for the minimal obje
tive value.� void 
ompute_primal_de�ation (Lp ∗lp, Primal_de�ation &d)Compute primal de�ation parameters.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



40 Class Do
umentation� Bound_status 
ompute_upper (Lp ∗lp, double &bound)Compute minimizing upper bound.� void de
rease_primal_de�ation (Lp ∗lp, Primal_de�ation &d)De
rease primal de�ation parameters.� bool �nd_equation_basis (Lp ∗lp, INTERVAL_MATRIX &IResidual, int ∗&basis_-indi
es, INTERVAL_MATRIX &IBasis, MATRIX &Basis_mid_inverse)Find equation basis.� void in
rease_primal_de�ation (Lp ∗lp, Primal_de�ation &d)In
rease primal de�ation parameters.� void pro
ess_initial_primal_solution (Lp ∗lp, Bound_status &status, double&bound, 
onst INTERVAL_MATRIX &IBasis, 
onst MATRIX &Basis_mid_inverse,
onst INTERVAL_MATRIX &IResidual, 
onst int ∗basis_indi
es)Pro
ess initial primal solution.� void pro
ess_perturbed_primal_solution (Lp ∗lp, Bound_status &status, dou-ble &bound, 
onst INTERVAL_MATRIX &IBasis, 
onst MATRIX &Basis_mid_inverse,
onst INTERVAL_MATRIX &IResidual, 
onst int ∗basis_indi
es, Primal_de�ation&de�ation)Pro
ess perturbed primal solution.Dual feasibilityEstablish dual feasibilityThese fun
tions are used to establish a dual feasible solution starting from an approximate onedelivered by the solver.� Bound_status establish_dual_feasibility (Lp ∗lp, 
onst INTERVAL_MATRIX&IBasis, 
onst MATRIX &Basis_mid_inverse, 
onst INTERVAL_MATRIX &IResid-ual, 
onst int ∗basis_indi
es, INTERVAL_VECTOR &id_pos, INTERVAL_VECTOR&id_neg)Establish dual feasibility.� void establish_iy_simple_bounds (Lp ∗lp)Establish simple bounds on lp.iy.� Bound_status establish_lagrange_parameters (Lp ∗lp, 
onst INTERVAL_-MATRIX &IBasis, 
onst MATRIX &Basis_mid_inverse, 
onst INTERVAL_MATRIX&IResidual, 
onst int ∗basis_indi
es, INTERVAL_VECTOR &id_pos, INTERVAL_-VECTOR &id_neg)Establish lagrange parameteres.� Bound_status pro
ess_bounded_variables (Lp ∗lp, INTERVAL_VECTOR&id_pos, INTERVAL_VECTOR &id_neg)Pro
ess bounded variables.� Bound_status pro
ess_free_variables (Lp ∗lp, 
onst INTERVAL_MATRIX &IBa-sis, 
onst MATRIX &Basis_mid_inverse, 
onst INTERVAL_MATRIX &IResidual, 
onstint ∗basis_indi
es)Pro
ess free variables. Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 41Primal feasibilityEstablish primal feasibilityThese fun
tions are used to establish a primal feasible solution starting from an approximateone delivered by the solver.� bool establish_equality_
onstraints (Lp ∗lp, 
onst INTERVAL_MATRIX &IBasis,
onst MATRIX &Basis_mid_inverse, 
onst INTERVAL_MATRIX &IResidual, 
onst int
∗basis_indi
es)Establish equality 
onstraints.� void establish_ix_simple_bounds (Lp ∗lp)Establish simple bounds on lp.ix.� Bound_status establish_primal_feasibility (Lp ∗lp, 
onst INTERVAL_MATRIX&IBasis, 
onst MATRIX &Basis_mid_inverse, 
onst INTERVAL_MATRIX &IResidual,
onst int ∗basis_indi
es)Establish primal feasibility.� bool primal_feasible (Lp ∗lp)Che
k for primal feasibility.Private Attributes� double alphaAlgorithm parameter.� double epsAlgorithm parameter.� double etaAlgorithm parameter.� bool in�ateTry in�ation to 
ompute bound.� int iterationCurrent iteration 
ount.� int max_iterationsUpper limit for iterations.� lt_dlhandle mod_handleHandle to solver module obje
t.� Solver_module_interfa
e solver_moduleInterfa
e to solver module.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



42 Class Do
umentationFriends� 
lass Condition� 
lass Lp2.9.1 Detailed Des
riptionLurupa's 
ore.This 
lass implements Lurupa's 
ore logi
. It implements the interfa
e visible to the user as wellas the algorithm logi
 to 
ompute the veri�ed bounds using the interfa
e to the solver modules.2.9.2 Member Fun
tion Do
umentation2.9.2.1 void Lurupa::add_
olumn_to_basis (int step, INTERVAL_MATRIX &A, INTERVAL_MATRIX & IBasis, int ∗ basis_indi
es) [private℄Add 
olumn to basis.Set 
olumn #step of IBasis to the 
olumn of A designated by basis index #step. Zero out the
olumn in A.Parameters:
← step index into IBasis and basis_indi
es
↔ A 
ontains the 
olumn to add / zero out
→ IBasis re
eives the basis 
olumn
← basis_indi
es indi
es of basis 
olumnsReferen
ed by �nd_basis().2.9.2.2 void Lurupa::
ompute_dual_de�ation (Lp ∗ lp, VECTOR & d_
)[private℄Compute dual de�ation parameters.Compute the initial dual de�ation parameters for lp.Parameters:
← lp the LP
→ d_
 stores the dual de�ation paramtersReferen
es alpha, eps, eta, Report::get_write_vm(), Lp::IA, Lp::IB, Lp::i
, Lp::in�nite, Lp::iy,Lp::iz, Lp::name, report, Report::write_ve
tor(), Lp::xl, and Lp::xu.Referen
ed by 
ompute_lower().2.9.2.3 Bound_status Lurupa::
ompute_lower (Lp ∗ lp, double & bound)[private℄Compute minimizing lower bound. Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 43Compute the lower bound for the obje
tive fun
tion of a minimizing problem. Try iteratively totransform the approximate dual solutions of perturbed problems into intervals veri�ed to 
ontaindual feasible points of the original problem.Parameters:
← lp the LP
→ bound the 
omputed boundReturns:status of the bound 
omputationReferen
es bs_rank, bs_running, 
ompute_dual_de�ation(), eta, Lp::feasibility, �nd_-
onstraint_basis(), Lp::i
, iteration, Report::print(), pro
ess_initial_dual_solution(), pro
ess_-perturbed_dual_solution(), report, Solver_module_interfa
e::restore_dual, Solver_module_-interfa
e::solve_dual_perturbed, solver_module, ss_feasible, and ss_infeasible.Referen
ed by lower_bound(), and upper_bound().2.9.2.4 void Lurupa::
ompute_primal_de�ation (Lp ∗ lp, Primal_de�ation & d)[private℄Compute primal de�ation parameters.Compute the initial primal de�ation parameters for lp.Parameters:
← lp the LP
→ d stores the primal de�ation paramtersReferen
es Primal_de�ation::a, alpha, eps, eta, Report::get_write_vm(), Lp::IA, Lp::ia,Lp::in�nite, Lp::ix, Lp::name, report, Report::write_ve
tor(), Lp::xl, Primal_de�ation::xl, Lp::xu,and Primal_de�ation::xu.Referen
ed by 
ompute_upper().2.9.2.5 Bound_status Lurupa::
ompute_upper (Lp ∗ lp, double & bound)[private℄Compute minimizing upper bound.Compute the upper bound for the obje
tive fun
tion of a minimizing problem. Try iterativelyto transform the approximate primal solutions of perturbed problems into intervals veri�ed to
ontain primal feasible points of the original problem.Parameters:
↔ lp the LP
→ bound the 
omputed boundReturns:status of the bound 
omputationGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



44 Class Do
umentationReferen
es bs_rank, bs_running, 
ompute_primal_de�ation(), eta, Lp::feasibility, �nd_-equation_basis(), iteration, Report::print(), pro
ess_initial_primal_solution(), pro
ess_-perturbed_primal_solution(), report, Solver_module_interfa
e::restore_primal, Solver_-module_interfa
e::solve_primal_perturbed, solver_module, ss_feasible, and ss_unbounded.Referen
ed by lower_bound(), and upper_bound().2.9.2.6 void Lurupa::
ond (Lp ∗ lp, double & lower, double & upper)Compute veri�ed 
ondition number.Compute an en
losure of the 
ondition number of lp.Parameters:
← lp the LP
→ lower lower bound on the 
ondition number
→ upper upper bound on the 
ondition numberReferen
es Condition::
ond(), Report::print(), and report.Referen
ed by main().2.9.2.7 void Lurupa::de
rease_dual_de�ation (Lp ∗ lp, VECTOR & d_
)[private℄De
rease dual de�ation parameters.De
rease the dual de�ation parameters of all 
onstraints. Take the 
urrent value into a

ount.Parameters:
← lp the LP
↔ d_
 the dual de�ation parametersReferen
es alpha, eta, Report::get_write_vm(), iteration, Lp::name, Report::print(), report, andReport::write_ve
tor().Referen
ed by pro
ess_perturbed_dual_solution().2.9.2.8 void Lurupa::de
rease_primal_de�ation (Lp ∗ lp, Primal_de�ation & d)[private℄De
rease primal de�ation parameters.De
rease the primal de�ation parameters of all 
onstraints. Take the 
urrent value into a

ount.Parameters:
← lp the LP
↔ d the primal de�ation parametersReferen
es Primal_de�ation::a, alpha, eta, Report::get_write_vm(), iteration, Lp::name, Re-port::print(), report, Report::write_ve
tor(), Primal_de�ation::xl, and Primal_de�ation::xu.Referen
ed by pro
ess_perturbed_primal_solution().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 452.9.2.9 void Lurupa::do_pivot (MATRIX & LU, int pivot_index, int step, int ∗basis_indi
es) [private℄Do the pivot.Swap the 
olumns of LU with indi
es pivot_index and step and the 
orresponding entries inbasis_indi
es.Parameters:
↔ LU matrix to perform pivot on
← pivot_index index of pivot 
olumn
← step index of 
urrent 
olumn
↔ basis_indi
es indi
es of basis 
olumnsReferen
ed by �nd_basis().2.9.2.10 Bound_status Lurupa::dual_
erti�
ate (Lp ∗ lp)Compute 
erti�
ate for primal infeasibility.Try to 
ompute a dual 
erti�
ate verifying primal infeasibility. A dual 
erti�
ate 
omes with adual improving ray, whi
h is a solution to the homogeneous dual LP with a positive obje
tivevalue (for a minimizing primal LP). Two approa
hes are tried.� If the approximate solver o�ers a mean to extra
t an approximate dual improving ray, wetry to verify a feasible point of the homogeneous dual from it.� If that fails or the solver does not support it, a phase 1 approa
h is tried. We 
ompute alower bound for the primal phase 1 problem. If this is positive primal infeasibility is veri�edand the dual improving ray is derived from the dual en
losure.Parameters:
← lp the LPReturn values:bs_priminf (p. 146) if infeasibility is veri�edbs_failure (p. 147) otherwiseReferen
es bs_failure, bs_priminf, bs_veri�ed, establish_dual_feasibility(), �nd_
onstraint_-basis(), Solver_module_interfa
e::get_dual_ray, Report::get_level(), Report::get_write_vm(),Lp::ia, Lp::ib, Lp::i
, Lp::in�nite, iteration, Lp::ix, Lp::iy, Lp::iz, lower_bound(), Lp::maximize,Lp::name, Report::print(), report, restore_primal_phase1(), set_primal_phase1(), Solver_-module_interfa
e::set_primal_phase1, solve_lp(), solver_module, ss_infeasible, Report::write_-ve
tor(), Lp::xl, and Lp::xu.Referen
ed by 
ompute_dual().2.9.2.11 void Lurupa::eliminate (MATRIX & LU, int step) [private℄Perform an elimination step.Perform an elimination step of the LU de
omposition of the transpose of LU.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



46 Class Do
umentationParameters:
↔ LU matrix to de
ompose
← step elimination step numberReferen
ed by �nd_basis().2.9.2.12 Bound_status Lurupa::establish_dual_feasibility (Lp ∗ lp, 
onstINTERVAL_MATRIX & IBasis, 
onst MATRIX & Basis_mid_inverse,
onst INTERVAL_MATRIX & IResidual, 
onst int ∗ basis_indi
es,INTERVAL_VECTOR & id_pos, INTERVAL_VECTOR & id_neg)[private℄Establish dual feasibility.Try to establish a dual feasible solution in two steps.1. Establish the dual simple bounds on the lagrange parameters of the primal inequality 
on-straints (establish_iy_simple_bounds (p. 47)).2. Compute lagrange parameters for the �nite primal simple bounds, establish zero lagrange pa-rameters for the in�nite primal simple bounds (establish_lagrange_parameters (p. 48)).Parameters:
← lp the LP
← IBasis dual 
onstraint basis matrix
← Basis_mid_inverse approximate inverse of (midpoint of) IBasis
← IResidual residual of dual 
onstraint matrix
← basis_indi
es indi
es of dual 
onstraint matrix basis 
olumns
→ id_pos lagrange parameters for �nite simple lower bounds
→ id_neg lagrange parameters for �nite simple upper boundsReturns:status of the bound 
omputationReferen
es establish_iy_simple_bounds(), establish_lagrange_parameters(), Report::get_-write_vm(), iteration, Lp::iy, Lp::iz, Lp::name, Report::print(), report, and Report::write_-ve
tor().Referen
ed by dual_
erti�
ate(), pro
ess_initial_dual_solution(), and pro
ess_perturbed_-dual_solution().2.9.2.13 bool Lurupa::establish_equality_
onstraints (Lp ∗ lp, 
onstINTERVAL_MATRIX & IBasis, 
onst MATRIX & Basis_mid_inverse,
onst INTERVAL_MATRIX & IResidual, 
onst int ∗ basis_indi
es)[private℄Establish equality 
onstraints.Establish the equality 
onstraints on the approximate primal solution lp.ix. Assume the 
olumnsof the 
onstraint matrix to be partitioned into two sets. The 
olumns indexed by basis_indi
esGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 47form the regular (interval) matrix IBasis. The matrix IResidual, whi
h is a 
opy of the 
onstraintmatrix with the former 
olumns set to zero, 
ontains the remaining 
olumns.Use the equivalent form of the equality 
onstraints
Bx = b ⇔ IBasis · xbasis_indices = b− IResidual · x.Try to 
ompute an en
losure for the solution of the new system, �xing the values of the variablesnot 
orresponding to the 
olumns in IBasis. If su
h an en
losure is found, store the en
losure inlp.ix and return true. Otherwise return false.Parameters:

← lp the LP
← IBasis equality 
onstraint basis matrix
← Basis_mid_inverse approximate inverse of (midpoint of) IBasis
← IResidual residual of equality 
onstraint matrix
← basis_indi
es indi
es of basis 
olumnsReturn values:true if equality 
onstraints 
ould be established,false otherwiseReferen
es Lp::ib, and Lp::ix.Referen
ed by establish_primal_feasibility().2.9.2.14 void Lurupa::establish_ix_simple_bounds (Lp ∗ lp) [private℄Establish simple bounds on lp.ix.Establish the simple bounds lp.xl and lp.xu on the approximate primal solution lp.ix. Assumethe elements of the primal solution are point intervals on input. Set the bound violating elementsto the violated bound,

lp.ixi < lp.xli ⇒ lp.ixi := lp.xli

lp.ixi > lp.xui ⇒ lp.ixi := lp.xuiReferen
es Lp::ix, Lp::xl, and Lp::xu.Referen
ed by establish_primal_feasibility().2.9.2.15 void Lurupa::establish_iy_simple_bounds (Lp ∗ lp) [private℄Establish simple bounds on lp.iy.Establish the simple upper bound 0 on the approximate dual solution part lp.iy. Assume theelements of the dual solution are point intervals on input. Set the positive elements to zero.Referen
es Lp::iy.Referen
ed by establish_dual_feasibility().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



48 Class Do
umentation2.9.2.16 Bound_status Lurupa::establish_lagrange_parameters (Lp ∗ lp, 
onstINTERVAL_MATRIX & IBasis, 
onst MATRIX & Basis_mid_inverse,
onst INTERVAL_MATRIX & IResidual, 
onst int ∗ basis_indi
es,INTERVAL_VECTOR & id_pos, INTERVAL_VECTOR & id_neg)[private℄Establish lagrange parameteres.Compute lagrange parameters for the primal simple bounds. Che
k for the 
omputed parametersto be zero for in�nite bounds.Parameters:
← lp the LP
← IBasis dual 
onstraint basis matrix
← Basis_mid_inverse approximate inverse of (midpoint of) IBasis
← IResidual residual of dual 
onstraint matrix
← basis_indi
es indi
es of dual 
onstraint matrix basis 
olumns
→ id_pos lagrange parameters for �nite simple lower bounds
→ id_neg lagrange parameters for �nite simple upper boundsReturns:status of the bound 
omputationReferen
es bs_noen
, bs_running, bs_veri�ed, Lp::free_variables_size, pro
ess_bounded_-variables(), and pro
ess_free_variables().Referen
ed by establish_dual_feasibility().2.9.2.17 Bound_status Lurupa::establish_primal_feasibility (Lp ∗ lp, 
onstINTERVAL_MATRIX & IBasis, 
onst MATRIX & Basis_mid_inverse,
onst INTERVAL_MATRIX & IResidual, 
onst int ∗ basis_indi
es)[private℄Establish primal feasibility.Try to establish primal feasibility on the approximate primal solution lp.ix in three steps.1. Establish the simple bounds (establish_ix_simple_bounds (p. 47)).2. Verify the equality 
onstraints (establish_equality_
onstraints (p. 46)).3. Che
k if the simple bounds still hold (the approximate solution is 
hanged in step 2) andthe inequality 
onstraints are satis�ed (primal_feasible (p. 54)).Parameters:
← lp the LP
← IBasis equality 
onstraint basis matrix
← Basis_mid_inverse approximate inverse of (midpoint of) IBasis
← IResidual residual of equality 
onstraint matrix
← basis_indi
es indi
es of basis 
olumnsGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 49Return values:bs_veri�ed (p. 146) if lp.ix is veri�ed to be primal feasiblebs_noen
 (p. 146) if lp.ix violates the equality 
onstraintsbs_running (p. 147) if lp.ix meets the equality 
onstraints but violates the inequality
onstraints or simple boundsReferen
es bs_noen
, bs_running, bs_veri�ed, establish_equality_
onstraints(), establish_ix_-simple_bounds(), Report::get_write_vm(), iteration, Lp::ix, Lp::name, primal_feasible(), Re-port::print(), report, and Report::write_ve
tor().Referen
ed by primal_
erti�
ate(), pro
ess_initial_primal_solution(), and pro
ess_perturbed_-primal_solution().2.9.2.18 bool Lurupa::�nd_basis (INTERVAL_MATRIX & A, int ∗&basis_indi
es, int size_basis_indi
es, INTERVAL_MATRIX & IBasis,MATRIX & Basis_mid_inverse) [private℄Find basis for linear system.Find a (interval) submatrix of A whose midpoint matrix is regular. Assume that A has more
olumns than rows. Sele
t linear independent 
olumns from the 
olumn 
andidates indexed bybasis_indi
es. Move the sele
ted 
olumns to the matrix IBasis and zero them out in A. Re
ordthe sele
ted 
olumns in the list of 
andidates.If a proper (interval) submatrix is found 
ompute its (midpoint's) approximate inverse. Removethe dis
arded 
olumns from the 
andidate list and return true. Otherwise return false.Note:As A is 
hanged during this method this has to be a 
opy if it is needed after the 
all.Parameters:
↔ A matrix to be pro
essed
↔ basis_indi
es indi
es of basis 
andidates on input,indi
es of basis 
olumns on output
← size_basis_indi
es number of basis 
andidates
→ IBasis matrix of basis 
olumns
→ Basis_mid_inverse approximate inverse of (midpoint of) IBasisReturn values:true if basis 
ould be found,false otherwiseReferen
es add_
olumn_to_basis(), do_pivot(), eliminate(), pivot_element(), Report::print(),report, and shorten_basis_indi
es().Referen
ed by �nd_
onstraint_basis(), and �nd_equation_basis().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



50 Class Do
umentation2.9.2.19 bool Lurupa::�nd_
onstraint_basis (Lp ∗ lp, INTERVAL_MATRIX& IResidual, int ∗& basis_indi
es, INTERVAL_MATRIX & IBasis,MATRIX & Basis_mid_inverse) [private℄Find 
onstraint basis.Find a basis of the dual 
onstraints. Sele
t a regular submatrix of the 
onstraint matrix prefering
olumns 
orresponding to equality 
onstraints.Parameters:
← lp the LP
↔ IResidual 
onstraint matrix on input, sele
ted 
olumns set to zero on output
→ basis_indi
es indi
es of sele
ted 
olumns
→ IBasis matrix of sele
ted 
olumns
→ Basis_mid_inverse approximate inverse of (midpoint of) IBasisReturn values:true if basis 
ould be 
omputed,false otherwiseReferen
es �nd_basis(), Lp::free_variables, Lp::free_variables_size, Lp::IA, Lp::IB, Re-port::print(), and report.Referen
ed by 
ompute_lower(), and dual_
erti�
ate().2.9.2.20 bool Lurupa::�nd_equation_basis (Lp ∗ lp, INTERVAL_MATRIX &IResidual, int ∗& basis_indi
es, INTERVAL_MATRIX & IBasis,MATRIX & Basis_mid_inverse) [private℄Find equation basis.Find a basis of the equality 
onstraints. Sele
t a regular submatrix of the 
onstraint matrix usingonly 
olumns 
orresponding to non-�xed variables, that is variables with di�erent lower and uppersimple bound.Parameters:
← lp the LP
↔ IResidual 
onstraint matrix on input, sele
ted 
olumns set to zero on output
→ basis_indi
es indi
es of sele
ted 
olumns
→ IBasis matrix of sele
ted 
olumns
→ Basis_mid_inverse approximate inverse of (midpoint of) IBasisReturn values:true if basis 
ould be 
omputedfalse otherwiseReferen
es �nd_basis(), Lp::IB, Lp::non_�xed_vars, Report::print(), report, Lp::xl, and Lp::xu.Referen
ed by 
ompute_upper(), and primal_
erti�
ate().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 512.9.2.21 double Lurupa::get_alpha () 
onstGet algorithm parameter alpha.Get the agorithm parameter alpha.Referen
es alpha.Referen
ed by 
lu_get_alpha().2.9.2.22 
onst 
har ∗ Lurupa::get_
ore_version () 
onstGet 
ore version string.Get the 
ore version string.Referen
es version.Referen
ed by 
lu_get_
ore_version().2.9.2.23 double Lurupa::get_eta () 
onstGet algorithm parameter eta.Get the algorithm parameter eta.Referen
es eta.Referen
ed by 
lu_get_eta().2.9.2.24 
onst 
har ∗ Lurupa::get_module_version () 
onstGet solver module version.Get the solver module version stringReferen
es Solver_module_interfa
e::get_version, mod_handle, Report::print(), report, andsolver_module.Referen
ed by 
lu_get_module_version().2.9.2.25 double Lurupa::get_solver_eps () 
onstGet solver's a

ura
y.Get solver a

ura
y epsilon.Referen
es eps, mod_handle, Report::print(), and report.Referen
ed by 
lu_get_solver_eps().2.9.2.26 void Lurupa::in
rease_dual_de�ation (Lp ∗ lp, VECTOR & d_
, 
onstINTERVAL_VECTOR & id_pos, 
onst INTERVAL_VECTOR &id_neg) [private℄In
rease dual de�ation parameters.In
rease the dual de�ation parameters of the violated 
onstraints. Take the 
urrent value intoa

ount.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



52 Class Do
umentationParameters:
← lp the LP
↔ d_
 the de�ation parameters
← id_pos lagrange parameter of simple lower bound
← id_neg lagrange parameter of simple upper boundReferen
es alpha, eta, Report::get_write_vm(), Lp::in�nite, iteration, Lp::ix, Lp::name, Re-port::print(), report, Report::write_ve
tor(), Lp::xl, and Lp::xu.Referen
ed by pro
ess_perturbed_dual_solution().2.9.2.27 void Lurupa::in
rease_primal_de�ation (Lp ∗ lp, Primal_de�ation & d)[private℄In
rease primal de�ation parameters.In
rease the primal de�ation parameters of the violated 
onstraints. Take the 
urrent value intoa

ount.Parameters:
← lp the LP
↔ d the de�ation parametersReferen
es Primal_de�ation::a, alpha, eta, Report::get_write_vm(), Lp::IA, Lp::ia, iteration,Lp::ix, Lp::name, Report::print(), report, Report::write_ve
tor(), Primal_de�ation::xl, Lp::xl,Primal_de�ation::xu, and Lp::xu.Referen
ed by pro
ess_perturbed_primal_solution().2.9.2.28 bool Lurupa::is_in�ate () 
onstIs in�ation set.Get the algorithm �ag in�ate.Referen
es in�ate.Referen
ed by 
lu_is_in�ate().2.9.2.29 Bound_status Lurupa::lower_bound (Lp ∗ lp, double & bound, int &iterations)Compute lower bound.Compute the lower bound of the linear program lp by 
alling 
ompute_lower (p. 42) or
ompute_upper (p. 43) for the minimizing problem as appropriate. Return a status valueindi
ating that the 
omputation su

eeded or why it failed.Parameters:
↔ lp the LP
→ bound 
omputed lower bound
→ iterations iterations needed to 
ompute boundGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 53Returns:the value returned by 
ompute_lower (p. 42) or 
ompute_upper (p. 43)Referen
es 
ompute_lower(), 
ompute_upper(), iteration, and Lp::maximize.Referen
ed by 
lu_lower_bound(), 
ompute_lower(), dual_
erti�
ate(), Condition::rho_d(), andCondition::rho_p().2.9.2.30 double Lurupa::pivot_element (MATRIX LU, int i, int & j_pivot)[private℄Find pivot element.Find the pivot element, whi
h is the element with largest absolute value in row i of LU and returnits value and 
olumn index.Parameters:
← LU matrix to �nd pivot in
← i row number to sear
h pivot in
→ j_pivot 
olumn index of pivot elementReturns:the value of the pivot elementReferen
ed by �nd_basis().2.9.2.31 Bound_status Lurupa::primal_
erti�
ate (Lp ∗ lp)Compute 
erti�
ate for dual infeasibility.Try to 
ompute a primal 
erti�
ate verifying dual infeasibility. A primal 
erti�
ate 
omes with aprimal improving ray, whi
h is a solution to the homogeneous primal LP with a negative obje
tivevalue (for a minimizing primal LP). Two approa
hes are tried.� If the approximate solver o�ers a mean to extra
t an approximate primal improving ray, wetry to verify a feasible point of the homogeneous primal from it.� If that fails or the solver does not support it, a phase 1 approa
h is tried. We 
ompute anupper bound for the dual phase 1 problem. If this is negative dual infeasibility is veri�edand the primal improving ray is derived from the primal en
losure.Parameters:
← lp the LPReturn values:bs_dualinf (p. 146) if infeasibility is veri�edbs_failure (p. 147) otherwiseReferen
es bs_dualinf, bs_failure, bs_veri�ed, establish_primal_feasibility(), �nd_equation_-basis(), Lp::free_variables_size, Report::get_level(), Solver_module_interfa
e::get_primal_-ray, Report::get_write_vm(), Lp::ia, Lp::ib, Lp::i
, iteration, Lp::ix, Lp::maximize, Lp::name,Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



54 Class Do
umentationLp::non_�xed_vars, Report::print(), report, restore_dual_phase1(), set_dual_phase1(),Solver_module_interfa
e::set_dual_phase1, solve_lp(), solver_module, ss_unbounded, upper_-bound(), Report::write_ve
tor(), Lp::xl, and Lp::xu.Referen
ed by 
ompute_primal().2.9.2.32 bool Lurupa::primal_feasible (Lp ∗ lp) [private℄Che
k for primal feasibility.Test if the approximate primal solution lp.ix satis�es the inequality 
onstraints. Assumingthe approximate solution satis�es the simple bounds and 
ontains points satisfying the equality
onstraints this means lp.ix 
ontains veri�ed primal feasible points.Return values:true if approximate solution is primal feasible,false otherwiseReferen
es Report::get_level(), Lp::ia, Lp::IA, Lp::ix, Report::print(), report, Lp::xl, and Lp::xu.Referen
ed by establish_primal_feasibility().2.9.2.33 void Lurupa::print_module_options () 
onstPrint options supported by module.Print the options supported by solver module.Referen
es mod_handle, Report::print(), Solver_module_interfa
e::print_options, report, andsolver_module.Referen
ed by 
lu_print_module_options(), and print_usage().2.9.2.34 Bound_status Lurupa::pro
ess_bounded_variables (Lp ∗ lp,INTERVAL_VECTOR & id_pos, INTERVAL_VECTOR & id_neg)[private℄Pro
ess bounded variables.Compute lagrange parameters for the primal simple bounds of the bounded variables (i.e., variableswith at least one �nite bound) satisfying the dual 
onstraints. Che
k for the 
omputed parametersto be zero for in�nite simple bounds. Return bs_veri�ed (p. 146) if this is the 
ase, bs_running(p. 147) otherwise.Parameters:
← lp the LP
→ id_pos lagrange parameter for �nite simple lower bound
→ id_neg lagrange parameter for �nite simple upper boundReturn values:bs_veri�ed (p. 146) if the in�nite simple bounds' parameters are zero,bs_running (p. 147) otherwiseGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 55Referen
es bs_running, bs_veri�ed, Report::get_level(), Lp::IA, Lp::IB, Lp::i
, Lp::in�nite,Lp::iy, Lp::iz, Report::print(), report, Lp::xl, and Lp::xu.Referen
ed by establish_lagrange_parameters().2.9.2.35 Bound_status Lurupa::pro
ess_free_variables (Lp ∗ lp, 
onstINTERVAL_MATRIX & IBasis, 
onst MATRIX & Basis_mid_inverse,
onst INTERVAL_MATRIX & IResidual, 
onst int ∗ basis_indi
es)[private℄Pro
ess free variables.Establish zero lagrange parameters for the in�nite simple bounds of the free variables. Set thelagrange parameters to zero. Try to �nd an en
losure of the solution set of the dual 
onstraints
orresponding to the free variables. If this fails return bs_noen
 (p. 146), otherwise return bs_-running (p. 147).Parameters:
← lp the LP
← IBasis dual 
onstraint basis matrix
← Basis_mid_inverse approximate inverse of (midpoint of) IBasis
← IResidual residual matrix of dual 
onstraint matrix
← basis_indi
es indi
es of dual 
onstraint matrix basis 
olumnsReturn values:bs_running (p. 147) if zero lagrange parameters 
ould be established for free variables,bs_noen
 (p. 146) otherwiseReferen
es bs_noen
, bs_running, Lp::free_variables, Lp::free_variables_size, Lp::i
, Lp::iy, andLp::iz.Referen
ed by establish_lagrange_parameters().2.9.2.36 void Lurupa::pro
ess_initial_dual_solution (Lp ∗ lp, Bound_status& status, double & bound, 
onst INTERVAL_MATRIX & IBasis,
onst MATRIX & Basis_mid_inverse, 
onst INTERVAL_MATRIX &IResidual, 
onst int ∗ basis_indi
es) [private℄Pro
ess initial dual solution.Pro
ess the approximate dual solution of the original problem. Based on the solver's judgementof the problem's feasibility try to verify a feasible solution, start iterating, or set an in�nite boundif no veri�
ation is possible.Parameters:
← lp the LP
→ status status of bound 
omputation
→ bound rigorous bound
← IBasis dual 
onstraint basis matrix
← Basis_mid_inverse approximate inverse of (midpoint of) IBasisGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



56 Class Do
umentation
← IResidual residual of dual 
onstraint matrix
← basis_indi
es indi
es of dual 
onstraint matrix basis 
olumnsReferen
es bs_failure, bs_noen
, bs_orgunb, bs_timeout, bs_veri�ed, establish_dual_-feasibility(), Lp::feasibility, Lp::ia, Lp::ib, Lp::in�nite, Lp::ix, Lp::iy, Lp::iz, Report::print(), report,ss_failure, ss_feasible, ss_infeasible, ss_timeout, ss_unbounded, Lp::xl, and Lp::xu.Referen
ed by 
ompute_lower().2.9.2.37 void Lurupa::pro
ess_initial_primal_solution (Lp ∗ lp, Bound_status& status, double & bound, 
onst INTERVAL_MATRIX & IBasis,
onst MATRIX & Basis_mid_inverse, 
onst INTERVAL_MATRIX &IResidual, 
onst int ∗ basis_indi
es) [private℄Pro
ess initial primal solution.Pro
ess the approximate primal solution to the original problem. Based on the solver's judgementof the problem's feasibility try to verify a feasible solution, start iterating, or set an in�nite boundif no veri�
ation is possible.Parameters:
← lp the LP
→ status status of bound 
omputation
→ bound rigorous bound
← IBasis equality 
onstraint basis matrix
← Basis_mid_inverse approximate inverse of (midpoint of) IBasis
← IResidual residual of equality 
onstraint matrix
← basis_indi
es indi
es of equality 
onstraint matrix basis 
olumnsReferen
es bs_failure, bs_noen
, bs_orginf, bs_timeout, bs_veri�ed, establish_primal_-feasibility(), Lp::feasibility, Lp::i
, Lp::ix, Report::print(), report, ss_failure, ss_feasible, ss_-infeasible, ss_timeout, and ss_unbounded.Referen
ed by 
ompute_upper().2.9.2.38 void Lurupa::pro
ess_perturbed_dual_solution (Lp ∗ lp, Bound_status& status, double & bound, 
onst INTERVAL_MATRIX & IBasis,
onst MATRIX & Basis_mid_inverse, 
onst INTERVAL_MATRIX &IResidual, 
onst int ∗ basis_indi
es, VECTOR & de�ation_
) [private℄Pro
ess perturbed dual solution.Pro
ess the approximate dual solution to a perturbed problem. Based on the solver's judgementof the problem's feasibility try to verify the feasibility and modify the de�ation parameters asappropriate. If the iteration 
ount ex
eeds the maximum max_iterations (p. 41) set an in�nitebound.Parameters:
← lp the LP
→ status status of bound 
omputationGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 57
→ bound rigorous bound
← IBasis equality 
onstraint basis matrix
← Basis_mid_inverse approximate inverse of (midpoint of) IBasis
← IResidual residual of equality 
onstraint matrix
← basis_indi
es indi
es of equality 
onstraint matrix basis 
olumns
↔ de�ation_
 the 
urrent de�ation parameters on inputthe new de�ation parameters on outputReferen
es bs_failure, bs_iter, bs_noen
, bs_pertinf, bs_timeout, bs_veri�ed, de
rease_dual_-de�ation(), establish_dual_feasibility(), Lp::feasibility, Lp::ia, Lp::ib, in
rease_dual_de�ation(),Lp::in�nite, in�ate, iteration, Lp::ix, Lp::iy, Lp::iz, max_iterations, Report::print(), report, ss_-failure, ss_feasible, ss_infeasible, ss_timeout, ss_unbounded, Lp::xl, and Lp::xu.Referen
ed by 
ompute_lower().2.9.2.39 void Lurupa::pro
ess_perturbed_primal_solution (Lp ∗ lp,Bound_status & status, double & bound, 
onst INTERVAL_MATRIX& IBasis, 
onst MATRIX & Basis_mid_inverse, 
onstINTERVAL_MATRIX & IResidual, 
onst int ∗ basis_indi
es,Primal_de�ation & de�ation) [private℄Pro
ess perturbed primal solution.Pro
ess the approximate primal solution to a perturbed problem. Based on the solver's judgementof the problem's feasibility try to verify a feasible solution and modify the de�ation parameters asappropriate. If the iteration 
ount ex
eeds the maximum max_iterations (p. 41) set an in�nitebound.Parameters:
← lp the LP
→ status status of bound 
omputation
→ bound rigorous bound
← IBasis equality 
onstraint basis matrix
← Basis_mid_inverse approximate inverse of (midpoint of) IBasis
← IResidual residual of equality 
onstraint matrix
← basis_indi
es indi
es of equality 
onstraint matrix basis 
olumns
↔ de�ation the 
urrent de�ation parameters on inputthe new de�ation parameters on outputReferen
es bs_failure, bs_iter, bs_noen
, bs_pertinf, bs_timeout, bs_veri�ed, de
rease_-primal_de�ation(), establish_primal_feasibility(), Lp::feasibility, Lp::i
, in
rease_primal_-de�ation(), in�ate, iteration, Lp::ix, max_iterations, Report::print(), report, ss_failure, ss_-feasible, ss_infeasible, ss_timeout, and ss_unbounded.Referen
ed by 
ompute_upper().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



58 Class Do
umentation2.9.2.40 Lp ∗ Lurupa::read_lp (FILE ∗ in, 
onst double &relative_interval_radius)Read linear program.Instru
t the solver module to read a linear program.Parameters:
← in pointer to linear program
← relative_interval_radius interval radius to in�ate lp parameters toReturn values:true if �le read su

essfully,false otherwiseReferen
es eta, Solver_module_interfa
e::read_lp, Lp::set_lurupa(), and solver_module.Referen
ed by 
lu_read_lp(), and main().2.9.2.41 void Lurupa::restore_dual_phase1 (Lp ∗ lp, 
onst INTERVAL_VECTOR& iaT, 
onst INTERVAL_VECTOR & ibT, 
onst VECTOR &xlT, 
onst VECTOR & xuT, 
onst int non_�xed_varsT, 
onst intfree_variables_sizeT) [private℄Restore lp after dual phase 1 approa
h.Reverse the 
hanges from set_dual_phase1 (p. 60) and primal_
erti�
ate (p. 53) applied tolp.Parameters:
↔ lp the LP
← iaT ba
kup of the original right hand sides of inequalities
← ibT ba
kup of the original right hand sides of equations
← xlT ba
kup of the original simple lower bounds
← xuT ba
kup of the original simple upper bounds
← non_�xed_varsT ba
kup of original Lp::non_�xed_vars (p. 29)
← free_variables_sizeT ba
kup of original Lp::free_variables_size (p. 28)Referen
es Lp::feasibility, Lp::free_variables_size, Lp::ia, Lp::ib, Lp::non_�xed_vars, Solver_-module_interfa
e::restore_dual_phase1, solver_module, ss_unbounded, Lp::xl, and Lp::xu.Referen
ed by primal_
erti�
ate().2.9.2.42 void Lurupa::restore_primal_phase1 (Lp ∗ lp, 
onstINTERVAL_VECTOR & i
T, 
onst bool maximize) [private℄Restore lp after primal phase 1 approa
h.Reverse the 
hanges from set_primal_phase1 (p. 62) applied to lp.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 59Parameters:
↔ lp the LP
← i
T ba
kup of the original obje
tive fun
tion
← maximize is the original lp maximized.Referen
es Lp::feasibility, Lp::IA, Lp::IB, Lp::i
, Lp::ix, Lp::maximize, Lp::non_�xed_vars,Solver_module_interfa
e::restore_primal_phase1, solver_module, ss_infeasible, Lp::xl, andLp::xu.Referen
ed by dual_
erti�
ate().2.9.2.43 void Lurupa::rho_d (Lp ∗ lp, double & lower, double & upper)Compute distan
e to dual infeasibility.Compute an en
losure of the distan
e to dual infeasibility ρd for lp.Parameters:
← lp the LP
→ lower lower bound on ρd

→ upper upper bound on ρdReferen
es Report::print(), report, and Condition::rho_d().Referen
ed by main().2.9.2.44 void Lurupa::rho_p (Lp ∗ lp, double & lower, double & upper)Compute distan
e to primal infeasibility.Compute an en
losure of the distan
e to primal infeasibility ρp for lp.Parameters:
← lp the LP
→ lower lower bound on ρp

→ upper upper bound on ρpReferen
es Report::print(), report, and Condition::rho_p().Referen
ed by main().2.9.2.45 void Lurupa::set_alpha (double alpha)Set algorithm parameter alpha.Set the algorithm parameter alpha.Referen
ed by 
lu_set_alpha(), and main().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



60 Class Do
umentation2.9.2.46 void Lurupa::set_dual_phase1 (Lp ∗ lp) [private℄Set dual phase 1 lp.Modify lp to be a dual phase 1 problem. Add sla
ks to the dual 
onstraints that may be violatedand put just these with negative 
oe�
ients into the obje
tive (positive ones when minimizing thedual). For the primal this pro
edure boils down to� setting all in�nite simple bounds to (for example) 1 and all �nite ones to 0� making all 
onstraints homogeneous.This allows nonzero lagrange parameters for all simple bounds and removes all terms in the dualobje
tive that do not 
orrespond to originally in�nite simple bounds.Before
min cT xsubje
t to Ax ≤ a

Bx = b

x ≤ x ≤ x
−→

After
min 0subje
t to Ax ≤ 0

Bx = 0

x ≥

{

−1 if x = −∞

0 otherwise
x ≤

{

1 if x =∞

0 otherwiseThe obje
tive ve
tor c was at this point already 
leared by primal_
erti�
ate (p. 53).Parameters:
↔ lp the LPReferen
es Lp::free_variables_size, Lp::in�nite, Lp::ix, Lp::non_�xed_vars, Solver_module_-interfa
e::set_dual_phase1, solver_module, Lp::xl, and Lp::xu.Referen
ed by primal_
erti�
ate().2.9.2.47 void Lurupa::set_eta (double eta)Set algorithm parameter eta.Set the algorithm parameter eta.Referen
ed by 
lu_set_eta(), and main().2.9.2.48 void Lurupa::set_in�ate (bool in�ate)Set in�ation.Set the algorithm �ag in�ate.Referen
ed by 
lu_set_in�ate(), and main().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 612.9.2.49 void Lurupa::set_interfa
e (Solver_module_interfa
e module)Set solver module.Dire
tly set the already initialized interfa
e to a solver module.Parameters:
← module the module interfa
eReferen
es eps, Solver_module_interfa
e::get_a

ura
y, Solver_module_interfa
e::init, report,and solver_module.Referen
ed by 
lu_set_interfa
e().2.9.2.50 bool Lurupa::set_lp (Lp ∗ lp, 
onst double relative_interval_radius)Set linear program from solver.Use the solver module to transform the linear program lp.Parameters:
← lp the linear program
← relative_interval_radius interval radius to in�ate lp parameters toReturn values:true if the linear program is transformed su

essfully,false otherwiseReferen
es eta, Solver_module_interfa
e::set_lp, and solver_module.Referen
ed by 
lu_set_lp().2.9.2.51 bool Lurupa::set_module (
har ∗ module_path)Set solver module.Open the solver module pointed to by module_path using the ltdl API. Set up the interfa
e tothe solver module by initializing the fun
tion pointers in solver_module (p. 41) and get solverspe
i�
 parameters.Parameters:
← module_path path to solver moduleReturn values:true if the module 
ould be opened,false otherwiseReferen
es eps, Solver_module_interfa
e::get_a

ura
y, get_fun
_pointers(), Solver_module_-interfa
e::init, mod_handle, report, and solver_module.Referen
ed by 
lu_set_module(), and main().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



62 Class Do
umentation2.9.2.52 bool Lurupa::set_module_options (Lp ∗ lp, int arg
, 
har ∗ argv[ ℄)Set solver options.Pass the solver options to the solver module.Parameters:
↔ lp the LP
← arg
 
ount of solver options
← argv array of solver option stringsReturn values:true if options set su

essfully,false otherwiseReferen
es Report::print(), report, Solver_module_interfa
e::set_module_options, and solver_-module.Referen
ed by 
lu_set_module_options(), and main().2.9.2.53 void Lurupa::set_primal_phase1 (Lp ∗ lp, bool ∗ maximize) [private℄Set primal phase 1 lp.Modify lp to be a primal phase 1 problem. Add bounded sla
ks for all 
onstraints and minimizethe sla
k sum.Before

min cT xsubje
t to Ax ≤ a

Bx = b

x ≤ x ≤ x

−→

After
min 1T s + 1T t+ + 1T t−subje
t to Ax− s ≤ a

Bx + t+ − t− = b

x ≤ x ≤ x

0 ≤ s ≤ s, 0 ≤ t+ ≤ t
+
, 0 ≤ t− ≤ t

−The upper bounds on the sla
ks are 
hosen in a way that x̂ := min{max{0, x}, x}, s = s, t+− t− =
b−Bx̂ is feasible.Parameters:
↔ lp the LP
→ maximize is lp maximizedReferen
es Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
, Lp::in�nite, Lp::ix, Lp::maximize, Lp::non_-�xed_vars, Solver_module_interfa
e::set_primal_phase1, solver_module, Lp::xl, and Lp::xu.Referen
ed by dual_
erti�
ate().2.9.2.54 void Lurupa::shorten_basis_indi
es (int ∗& basis_indi
es, int basis_size)[private℄Shorten basis indi
es array.Shorten the basis_indi
es array to the �rst basis_size elements.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.9 Lurupa Class Referen
e 63Parameters:
↔ basis_indi
es array to shorten
← basis_size size to a
hieveReferen
ed by �nd_basis().2.9.2.55 Solver_status Lurupa::solve_lp (Lp ∗ lp, double & optimal_value)Solve linear program.Instru
t the solver module to approximately solve lp.Parameters:
← lp the LP
→ optimal_value the approximate optimal value 
omputed by the solverReturns:the status of the solverReferen
es Lp::feasibility, Solver_module_interfa
e::solve_original, and solver_module.Referen
ed by 
lu_solve_lp(), dual_
erti�
ate(), main(), primal_
erti�
ate(), Condition::rho_-d(), and Condition::rho_p().2.9.2.56 Bound_status Lurupa::upper_bound (Lp ∗ lp, double & bound, int &iterations)Compute upper bound.Compute the upper bound of a linear program by 
alling 
ompute_lower (p. 42) or 
ompute_-upper (p. 43) for the minimizing problem as appropriate. Return a status value indi
ating thatthe 
omputation su

eeded or why it failed.Parameters:
↔ lp the LP
→ bound 
omputed upper bound
→ iterations iterations needed to 
ompute boundReturns:the value returned by 
ompute_lower (p. 42) or 
ompute_upper (p. 43)Referen
es 
ompute_lower(), 
ompute_upper(), iteration, and Lp::maximize.Referen
ed by 
lu_upper_bound(), 
ompute_upper(), primal_
erti�
ate(), Condition::rho_d(),and Condition::rho_p().The do
umentation for this 
lass was generated from the following �les:� Lurupa.h� Lurupa.
ppGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



64 Class Do
umentation2.10 Primal_de�ation Stru
t Referen
ePrimal de�ation parameters.#in
lude <lurupa/Lp.h>Publi
 Attributes� VECTOR aDe�ation parameter for the right hand side of the inequalities.� VECTOR xlDe�ation parameter for the simple lower bounds.� VECTOR xuDe�ation parameter for the simple upper bounds.2.10.1 Detailed Des
riptionPrimal de�ation parameters.This stru
ture stores the primal de�ation parameters for the lp.The do
umentation for this stru
t was generated from the following �le:� Lp.h

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.11 Report Class Referen
e 652.11 Report Class Referen
eFun
tions for reporting and debugging.#in
lude <lurupa/Report.h>Publi
 Member Fun
tions� Csv_style get_
sv_style () 
onstGet 
sv style.� short get_level () 
onstGet verbosity level.� bool get_print_time () 
onstGet time prepending.� bool get_write_vm () 
onstGet ve
tor and matrix writing.� void print (short type, 
onst 
har ∗format,...) 
onstPrint message.� Report ()Constru
tor.� void set_
sv_style (Csv_style style)Set 
sv style.� void set_error (FILE ∗error)Set destination of error messages.� void set_level (short level)Set verbosity level.� void set_normal (FILE ∗normal)Set destination of normal messages.� void set_print_time (bool print_time)Set time prepending.� void set_verbosity (short level, bool print_time, bool write_vm)Set verbosity.� void set_warning (FILE ∗warning)Set destination of warning messages.� void set_write_vm (bool write_vm)Set ve
tor and matrix writing.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



66 Class Do
umentation� void write_matrix (
onst 
har ∗�le, 
onst MATRIX &X, 
onst 
har ∗name) 
onstWrite matrix to disk.� void write_ve
tor (
onst 
har ∗�le, 
onst VECTOR &x, 
onst 
har ∗name) 
onstWrite ve
tor to disk.Private Attributes� Csv_style 
sv_styleUse whi
h 
sv style.� FILE ∗ errorDestination of error messages.� short levelMaximum level of messages to be printed.� FILE ∗ normalDestination of normal messages.� bool print_timePrepend time to messages.� FILE ∗ warningDestination of warning messages.� bool write_vmWrite ve
tors and matri
es to disk.2.11.1 Detailed Des
riptionFun
tions for reporting and debugging.The do
umentation for this 
lass was generated from the following �le:� Report.h

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.12 Sm_lps3_2 Class Referen
e 672.12 Sm_lps3_2 Class Referen
eSolver module for lp_solve 3.2.#in
lude "Sm_lps3_2.h"Inheritan
e diagram for Sm_lps3_2:
Sm_lps3_2

Solver_module

Collaboration diagram for Sm_lps3_2:
Sm_lps3_2

Solver_module

Report

preport

Stati
 Publi
 Member Fun
tions� stati
 double get_a

ura
y ()Get a

ura
y used by lp_solve.� stati
 
onst 
har ∗ get_version ()Get module version string.� stati
 bool init (Report ∗report)Initialize the module.� stati
 void print_brief_version ()Print brief module version.� stati
 void print_options ()Print supported options.� stati
 void print_version ()Print module version.� stati
 bool read_lp (Lp ∗lp, FILE ∗in, 
onst double relative_interval_radius, double&eta)Read lp.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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68 Class Do
umentation� stati
 void restore_dual (Lp ∗lp)Restore lp after dual perturbation.� stati
 void restore_primal (Lp ∗lp)Restore lp after primal perturbation.� stati
 bool set_lp (Lp ∗lp, 
onst double relative_interval_radius, double &eta)Set lp.� stati
 bool solve_dual_perturbed (
onst VECTOR &de�ation_
, Lp ∗lp, 
onst int it-eration)Compute solution of dual perturbed lp.� stati
 bool solve_original (Lp ∗lp, double &optimal_value)Compute solution of unperturbed lp.� stati
 bool solve_primal_perturbed (
onst Primal_de�ation &de�ation, Lp ∗lp,
onst int iteration)Compute solution of primal perturbed lp.Stati
 Private Member Fun
tions� stati
 void dual_perturb (
onst VECTOR &d_
, 
onst Lp ∗lp)Dual perturb lp.� stati
 void primal_perturb (
onst Primal_de�ation &d, 
onst Lp ∗lp)Primal perturb lp.� stati
 void read_duals (Lp ∗lp)Read dual solution.� stati
 void read_primals (Lp ∗lp, 
onst int rows)Read primal solution.� stati
 bool solve_lp (Lp ∗lp)Solve lp with lp_solve.Lp transforming routinesThe following routines read the lp from the data stru
tures of lp_solve 3.2 and transform itinto Lurupa's representation.� stati
 void adjust_eta (double &eta, 
onst Lp ∗lp)Adjust eta to the lp.� stati
 bool build_
onstraint_maps (int &
_eq, int &
_le, 
onst int rows, 
onst int
ols, Lp ∗lp)Build mapping between lp_solve's and Lurupa's 
onstraint stru
tures.� stati
 void �nd_free_variables (int &vars, Lp ∗lp)Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.12 Sm_lps3_2 Class Referen
e 69Find free variables.� stati
 void in�ate_lp (Lp ∗lp, 
onst double r)In�ate lp parameters.� stati
 void read_general_data (Lp ∗lp)Read general data from lp_solve's stru
tures.� stati
 void read_lp_mat (
onst int rows, Lp ∗lp)Read lp_solve's lp_mat stru
ture.� stati
 void read_right_hand_sides (Lp ∗lp)Read right hand sides of the 
onstraints.� stati
 void read_simple_bounds (Lp ∗lp, 
onst int rows)Read simple bounds.� stati
 void resize_lp (Lp ∗lp, 
onst int 
ols, 
onst int 
_eq, 
onst int 
_le)Resize Lurupa's data stru
tures a

ording to the lp dimensions.� stati
 bool transform_lp (Lp ∗lp, 
onst double relative_interval_radius, double&eta)Transform lp from lp_solve to Lurupa.2.12.1 Detailed Des
riptionSolver module for lp_solve 3.2.2.12.2 Member Fun
tion Do
umentation2.12.2.1 void Sm_lps3_2::adjust_eta (double & eta, 
onst Lp ∗ lp) [stati
,private℄Adjust eta to the lp.Adjust the algorithm parameter eta to be problem dependent. It be
omes the maximum of itsprevious value and 10−20 times the maximum norm of the right hand sides of the inequality
onstraints,
η = max{η, 10−20‖a‖∞}.Parameters:

→ eta parameter to be adjusted
← lp lp eta is adjusted toReferen
es Lp::ia, Solver_module::preport, and Report::print().Referen
ed by transform_lp().2.12.2.2 bool Sm_lps3_2::build_
onstraint_maps (int & 
_eq, int & 
_le, 
onstint rows, 
onst int 
ols, Lp ∗ lp) [stati
, private℄Build mapping between lp_solve's and Lurupa's 
onstraint stru
tures.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



70 Class Do
umentationBuild a mapping from Lurupa's equality and inequality 
onstraints to lp_solve's 
onstraints, whi
his storing all 
onstraints in one big matrix. Store the mapping in lp->module->mp_eq_
on andlp->module->mp_le_
on. Che
k if the number of 
onstraints is less than the number of variables.Parameters:
→ 
_eq number of equations in lp
→ 
_le number of inequalities in lp
← rows number of rows of 
onstraint matrix
← 
ols number of 
olumns of 
onstraint matrix
← lp the lpReturn values:true if number of 
onstraints is less than number of variables,false otherwiseReferen
es Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_eq_
on, Lp_lp_solve::mp_le_
on,Solver_module::preport, and Report::print().Referen
ed by transform_lp().2.12.2.3 void Sm_lps3_2::dual_perturb (
onst VECTOR & d_
, 
onst Lp ∗ lp)[stati
, private℄Dual perturb lp.Perturb the lp in the 
ost ve
tor.Parameters:
← d_
 de�ation parameters
→ lp 
ontains the base for the de�ationReferen
es Lp::i
, Lp_lp_solve::lp, Lp::maximize, Lp::module, and Lp_lp_solve::mp_parts.Referen
ed by solve_dual_perturbed().2.12.2.4 void Sm_lps3_2::�nd_free_variables (int & vars, Lp ∗ lp) [stati
,private℄Find free variables.Find free variables in the lp. Store the indi
es of the free variables in lp->free_variables andtheir number in lp->free_variables_size.Adjust the number of variables vars to re�e
t the a
tual 
ount of variables and not in
lude thesplit variables used in lp_solve to represent free variables.Parameters:
↔ vars number of variables in lp
→ lp stores number and indi
es of the free variablesReferen
es Lp::free_variables, Lp::free_variables_size, Lp_lp_solve::lp, Lp::module, and Lp_-lp_solve::mp_parts.Referen
ed by transform_lp(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.12 Sm_lps3_2 Class Referen
e 712.12.2.5 double Sm_lps3_2::get_a

ura
y () [stati
℄Get a

ura
y used by lp_solve.Get lp_solve's set a

ura
yReturns:lp_solve's a

ura
yReimplemented from Solver_module (p. 123).Referen
ed by get_fun
_pointers().2.12.2.6 
onst 
har ∗ Sm_lps3_2::get_version () [stati
℄Get module version string.Get the version information of the solver module.Reimplemented from Solver_module (p. 122).Referen
es version.Referen
ed by get_fun
_pointers().2.12.2.7 void Sm_lps3_2::in�ate_lp (Lp ∗ lp, 
onst double r) [stati
, private℄In�ate lp parameters.In�ate all lp parameters to intervals with relative radius r,
x → x , x · [1− r, 1 + r]Parameters:

→ lp lp to be in�ated
← r relative interval radiusReferen
es Lp::ia, Lp::IA, Lp::ib, Lp::IB, and Lp::i
.Referen
ed by transform_lp().2.12.2.8 bool Sm_lps3_2::init (Report ∗ report) [stati
℄Initialize the module.Set preport (p. 124) to ∗report.Parameters:
← report the Report (p. 65) instan
e to useReturn values:trueGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



72 Class Do
umentationReimplemented from Solver_module (p. 122).Referen
es Solver_module::preport, Report::print(), and version.Referen
ed by get_fun
_pointers().2.12.2.9 void Sm_lps3_2::primal_perturb (
onst Primal_de�ation & d, 
onst Lp
∗ lp) [stati
, private℄Primal perturb lp.Perturb the lp in the right hand sides of the inequalities and the simple bounds.Parameters:

← d de�ation parameters
→ lp 
ontains the base for the de�ationReferen
es Primal_de�ation::a, Lp::ia, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_le_
on,Lp_lp_solve::mp_parts, Lp::xl, Primal_de�ation::xl, Lp::xu, and Primal_de�ation::xu.Referen
ed by solve_primal_perturbed().2.12.2.10 void Sm_lps3_2::print_options () [stati
℄Print supported options.Print the 
ommand line options supported by the solver module.Reimplemented from Solver_module (p. 122).Referen
es version.Referen
ed by get_fun
_pointers().2.12.2.11 void Sm_lps3_2::read_duals (Lp ∗ lp) [stati
, private℄Read dual solution.Read the dual solution from lp_solve and store it in lp->iy and lp->iz. Lp_solve's 
onventionto determine the sign of the duals is, that the 
osts must be a linear 
ombination of the gradientsof the 
onstraints.The duals returned by lp_solve, however, are the duals for the original lp, that is the duals forgreater equal 
onstraints are multiplied by −1, and all duals are again multiplied by −1 if thelp is a maximizing one. As Lurupa stores all linear programs as minimizing and all inequality
onstraints as less equal undo these multipli
ations.Parameters:
→ lp re
eives the dual solutionReferen
es Lp::feasibility, Lp::iy, Lp::iz, Lp_lp_solve::lp, Lp::maximize, Lp::module, Lp_lp_-solve::mp_eq_
on, Lp_lp_solve::mp_le_
on, and ss_infeasible.Referen
ed by solve_dual_perturbed(), and solve_original().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.12 Sm_lps3_2 Class Referen
e 732.12.2.12 void Sm_lps3_2::read_general_data (Lp ∗ lp) [stati
, private℄Read general data from lp_solve's stru
tures.Read general lp properties from lp_solve's stru
tures and store them in lp. This in
ludes thevalue representing in�nity, the dire
tion of optimization, and the name of the lp.Parameters:
→ lp stores the read dataReferen
es Lp::in�nite, Lp::maximize, Lp::module, and Lp::name.Referen
ed by transform_lp().2.12.2.13 bool Sm_lps3_2::read_lp (Lp ∗ lp, FILE ∗ in, 
onst doublerelative_interval_radius, double & eta) [stati
℄Read lp.Read an lp from a �le into lp_solve and lp. In�ate the lp to an interval valued one if relative_-interval_radius is greater than 0, and adjust eta a

ording to the lp's parameters.Parameters:
→ lp re
eives the lp
← in �le pointer to lp
← relative_interval_radius interval radius to in�ate lp parameters to
→ eta algorithm parameter to be adjustedReturn values:true if reading and transforming the lp su

eeds,false otherwise, transform_lp returns falseSee also:transform_lp (p. 77)Reimplemented from Solver_module (p. 123).Referen
es Lp_lp_solve::lp, Lp::module, and transform_lp().Referen
ed by get_fun
_pointers().2.12.2.14 void Sm_lps3_2::read_lp_mat (
onst int rows, Lp ∗ lp) [stati
,private℄Read lp_solve's lp_mat stru
ture.Read lp_solve's lp_mat stru
ture. This stores the left hand sides of the 
onstraints togetherwith the obje
tive fun
tion. Split the read 
oe�
ients into equality and inequality 
onstraints,transform inequality 
onstraints to all less equal, and the dire
tion of optimization to minimize.Parameters:
← rows number of rows in 
onstraint matrixGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



74 Class Do
umentation
→ lp stores the 
onstraints and obje
tive fun
tionReferen
es Lp::IA, Lp::IB, Lp::i
, Lp_lp_solve::lp, Lp::maximize, Lp::module, Lp_lp_-solve::mp_eq_
on, Lp_lp_solve::mp_le_
on, and Lp_lp_solve::mp_parts.Referen
ed by transform_lp().2.12.2.15 void Sm_lps3_2::read_primals (Lp ∗ lp, 
onst int rows) [stati
,private℄Read primal solution.Read the primal solution from lp_solve and store it in lp->ix. If the lp seems to be unbounded
onstru
t the last primal feasible point and read this. Join the solution parts of split variables.Parameters:
→ lp re
eives the primal solution
← rows number of rows in 
onstraint matrixReferen
es Lp::feasibility, Lp::i
, Lp::ix, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_parts,Solver_module::preport, Report::print(), and ss_unbounded.Referen
ed by solve_original(), and solve_primal_perturbed().2.12.2.16 void Sm_lps3_2::read_right_hand_sides (Lp ∗ lp) [stati
, private℄Read right hand sides of the 
onstraints.Read the right hand sides of the 
onstraints. Split the read right hand sides into equality andinequality 
onstraints, transform inequality 
onstraints to all less equal. Store the values in lp->iaand lp->ib.Parameters:
→ lp stores the right hand sidesReferen
es Lp::ia, Lp::ib, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_eq_
on, Lp_lp_-solve::mp_le_
on, Solver_module::preport, and Report::print().Referen
ed by transform_lp().2.12.2.17 void Sm_lps3_2::read_simple_bounds (Lp ∗ lp, 
onst int rows)[stati
, private℄Read simple bounds.Read the simple bounds of the variables and store them in lp->xl and lp->xu.Parameters:
→ lp stores the simple bounds
← rows number of rows in lp_solve's 
onstraint matrixReferen
es Lp::in�nite, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_parts, Lp::non_�xed_-vars, Lp::xl, and Lp::xu.Referen
ed by transform_lp(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.12 Sm_lps3_2 Class Referen
e 752.12.2.18 void Sm_lps3_2::resize_lp (Lp ∗ lp, 
onst int 
ols, 
onst int 
_eq,
onst int 
_le) [stati
, private℄Resize Lurupa's data stru
tures a

ording to the lp dimensions.Resize the ve
tors and matri
es in Lurupa's data stru
ture to the sizes of the lp.Parameters:
→ lp Lurupa's stru
ture with the ve
tors and matri
es to be resized
← 
ols number of variables in the lp
← 
_eq number of equality 
onstraints in the lp
← 
_le number of inequality 
onstraints in the lpReferen
es Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
, Lp::ix, Lp::iy, Lp::iz, Lp::xl, and Lp::xu.Referen
ed by transform_lp().2.12.2.19 void Sm_lps3_2::restore_dual (Lp ∗ lp) [stati
℄Restore lp after dual perturbation.Take the model parameters for the 
osts from lp and write to lp->module->lp restoring theoriginal model after 
omputation of the lower bound.Parameters:
← lp 
ontains the original parametersReimplemented from Solver_module (p. 123).Referen
es Lp::i
, Lp_lp_solve::lp, Lp::maximize, Lp::module, Lp_lp_solve::mp_parts, Solver_-module::preport, and Report::print().Referen
ed by get_fun
_pointers().2.12.2.20 void Sm_lps3_2::restore_primal (Lp ∗ lp) [stati
℄Restore lp after primal perturbation.Take the model parameters for the right hand sides and the simple bounds from lp and write tolp->module->lp restoring the original model after 
omputation of the upper bound.Parameters:
← lp 
ontains the original parametersReimplemented from Solver_module (p. 123).Referen
es Lp::ia, Lp::IA, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_le_
on, Lp_lp_-solve::mp_parts, Solver_module::preport, Report::print(), Lp::xl, and Lp::xu.Referen
ed by get_fun
_pointers().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



76 Class Do
umentation2.12.2.21 bool Sm_lps3_2::solve_dual_perturbed (
onst VECTOR & d_
, Lp ∗lp, 
onst int iteration) [stati
℄Compute solution of dual perturbed lp.Perturb the lp and solve the new one. Read the dual solution from lp_solve and store it in lp->iyand lp->iz.Parameters:
← d_
 de�ation parameter
→ lp re
eives the solver status and the dual solution
← iteration number of the 
urrent iterationReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp returns falseSee also:solve_lp (p. 76)Reimplemented from Solver_module (p. 123).Referen
es dual_perturb(), Lp::feasibility, Solver_module::preport, Report::print(), read_-duals(), solve_lp(), ss_feasible, and ss_infeasible.Referen
ed by get_fun
_pointers().2.12.2.22 bool Sm_lps3_2::solve_lp (Lp ∗ lp) [stati
, private℄Solve lp with lp_solve.Solve an lp with lp_solve. Store lp_solve's status in lp->feasibility.Parameters:
→ lp re
eives lp_solve's statusReturn values:true if lp_solve returns a known status 
ode (i.e., OPTIMAL, INFEASIBLE, UN-BOUNDED, or FAILURE)false otherwiseReferen
es Lp::feasibility, Lp::module, Solver_module::preport, Report::print(), ss_failure, ss_-feasible, ss_infeasible, and ss_unbounded.Referen
ed by solve_dual_perturbed(), solve_original(), and solve_primal_perturbed().2.12.2.23 bool Sm_lps3_2::solve_original (Lp ∗ lp, double & optimal_value)[stati
℄Compute solution of unperturbed lp.Solve the original unperturbed lp with lp_solve and read the primal and dual solution.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.12 Sm_lps3_2 Class Referen
e 77Parameters:
→ lp re
eives the solver status and the solution
→ optimal_value re
eives the optimal valueReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp returns falseSee also:read_duals (p. 72), read_primals (p. 74), solve_lp (p. 76)Reimplemented from Solver_module (p. 123).Referen
es Lp::module, Solver_module::preport, Report::print(), read_duals(), read_primals(),and solve_lp().Referen
ed by get_fun
_pointers().2.12.2.24 bool Sm_lps3_2::solve_primal_perturbed (
onst Primal_de�ation & d,Lp ∗ lp, 
onst int iteration) [stati
℄Compute solution of primal perturbed lp.Perturb the lp and solve the new one. Read the primal solution and store it in lp->ix.Parameters:
← d de�ation parameters
→ lp re
eives the solver status and the primal solution
← iteration number of the 
urrent iterationReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp returns falseSee also:solve_lp (p. 76)Reimplemented from Solver_module (p. 123).Referen
es Lp::feasibility, Lp::module, Solver_module::preport, primal_perturb(), Re-port::print(), read_primals(), solve_lp(), ss_feasible, and ss_unbounded.Referen
ed by get_fun
_pointers().2.12.2.25 bool Sm_lps3_2::transform_lp (Lp ∗ lp, 
onst doublerelative_interval_radius, double & eta) [stati
, private℄Transform lp from lp_solve to Lurupa.Transform lp from the data stru
ture of lp_solve 3.2 into the representation used in Lurupa(p. 36). Adjust algorithm parameters eta a

ording to the lp, and in�ate the lp to an intervalvalued one if relative_interval_radius is greater than 0.Write the (midpoint) problem with preport (p. 124) if Report::write_vm (p. 66) is set.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



78 Class Do
umentationParameters:
→ lp re
eives the transformed data
← relative_interval_radius relative interval radius to in�ate lp parameters to
→ eta gets adjusted to the modelReturn values:true if the transformation su

eeds,false otherwise, lp->module->lp is not set or build_
onstraint_maps returns falseSee also:adjust_eta (p. 69), build_
onstraint_maps (p. 69), �nd_free_variables (p. 70),in�ate_lp (p. 71), read_general_data (p. 73), read_lp_mat (p. 73), read_right_-hand_sides (p. 74), read_simple_bounds (p. 74), resize_lp (p. 75)Referen
es adjust_eta(), build_
onstraint_maps(), �nd_free_variables(), Lp::free_variables_-size, Report::get_write_vm(), Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
, in�ate_lp(), Lp::module,Lp::name, Solver_module::preport, Report::print(), read_general_data(), read_lp_mat(),read_right_hand_sides(), read_simple_bounds(), resize_lp(), Report::write_matrix(),Report::write_ve
tor(), Lp::xl, and Lp::xu.Referen
ed by read_lp(), and set_lp().The do
umentation for this 
lass was generated from the following �les:� Sm_lps3_2.h� Sm_lps3_2.
pp
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2.13 Sm_lps4_0_1_0 Class Referen
e 792.13 Sm_lps4_0_1_0 Class Referen
eSolver module for lp_solve 4.0.1.0.#in
lude "Sm_lps4_0_1_0.h"Inheritan
e diagram for Sm_lps4_0_1_0:
Sm_lps4_0_1_0

Solver_module

Collaboration diagram for Sm_lps4_0_1_0:
Sm_lps4_0_1_0

Solver_module

Report

preport

Stati
 Publi
 Member Fun
tions� stati
 double get_a

ura
y ()Get a

ura
y used by lp_solve.� stati
 
onst 
har ∗ get_version ()Get module version string.� stati
 bool init (Report ∗report)Initialize the module.� stati
 void print_brief_version ()Print brief module version.� stati
 void print_options ()Print supported options.� stati
 void print_version ()Print module version.� stati
 bool read_lp (Lp ∗lp, FILE ∗in, 
onst double relative_interval_radius, double&eta)Read lp.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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80 Class Do
umentation� stati
 void restore_dual (Lp ∗lp)Restore lp after dual perturbation.� stati
 void restore_primal (Lp ∗lp)Restore lp after primal perturbation.� stati
 bool set_lp (Lp ∗lp, 
onst double relative_interval_radius, double &eta)Set lp.� stati
 bool set_module_options (Lp ∗lp, int arg
, 
har ∗argv[ ℄)Set module options.� stati
 bool solve_dual_perturbed (
onst VECTOR &de�ation_
, Lp ∗lp, 
onst int it-eration)Compute solution of dual perturbed lp.� stati
 bool solve_original (Lp ∗lp, double &optimal_value)Compute solution of unperturbed lp.� stati
 bool solve_primal_perturbed (
onst Primal_de�ation &de�ation, Lp ∗lp,
onst int iteration)Compute solution of primal perturbed lp.Stati
 Private Member Fun
tions� stati
 void dual_perturb (
onst VECTOR &d_
, 
onst Lp ∗lp)Dual perturb lp.� stati
 void WINAPI lps_log (void ∗lp, void ∗userhandle, 
har ∗buf)Callba
k fun
tion for lp_solve's log messages.� stati
 void postpro
ess (Lp ∗lp, 
onst int status)Postpro
ess lp.� stati
 void primal_perturb (
onst Primal_de�ation &d, 
onst Lp ∗lp)Primal perturb lp.� stati
 bool read_duals (Lp ∗lp)Read dual solution.� stati
 bool read_primals (Lp ∗lp, 
onst int 
ols)Read primal solution.� stati
 bool solve_lp (Lp ∗lp)Solve lp with lp_solve.Lp transforming routinesThe following routines read the lp from the data stru
tures of lp_solve 4.0.1.0 and transformit into Lurupa's representation. Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.13 Sm_lps4_0_1_0 Class Referen
e 81� stati
 void adjust_eta (double &eta, 
onst Lp ∗lp)Adjust eta to the lp.� stati
 bool build_
onstraint_maps (int &
_eq, int &
_le, 
onst int rows, 
onst int
ols, Lp ∗lp)Build mapping between lp_solve's and Lurupa's 
onstraint stru
tures.� stati
 void �nd_free_variables (
onst int vars, Lp ∗lp)Find free variables.� stati
 void in�ate_lp (Lp ∗lp, 
onst double r)In�ate lp parameters.� stati
 void read_general_data (Lp ∗lp)Read general data from lp_solve's stru
tures.� stati
 void read_lp_mat (
onst int rows, Lp ∗lp)Read lp_solve's lp_mat stru
ture.� stati
 void read_right_hand_sides (Lp ∗lp)Read right hand sides of the 
onstraints.� stati
 void read_simple_bounds (Lp ∗lp)Read simple bounds.� stati
 void resize_lp (Lp ∗lp, 
onst int 
ols, 
onst int 
_eq, 
onst int 
_le)Resize Lurupa's data stru
tures a

ording to the lp dimensions.� stati
 bool transform_lp (Lp ∗lp, 
onst double relative_interval_radius, double&eta)Transform lp from lp_solve to Lurupa.2.13.1 Detailed Des
riptionSolver module for lp_solve 4.0.1.0.2.13.2 Member Fun
tion Do
umentation2.13.2.1 void Sm_lps4_0_1_0::adjust_eta (double & eta, 
onst Lp ∗ lp)[stati
, private℄Adjust eta to the lp.Adjust the algorithm parameter eta to be problem dependent. It be
omes the maximum of itsprevious value and 10−20 times the maximum norm of the right hand sides of the inequality
onstraints,
η = max{η, 10−20‖a‖∞}.Parameters:

→ eta parameter to be adjusted
← lp lp eta is adjusted toGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



82 Class Do
umentationReferen
es Lp::ia, Solver_module::preport, and Report::print().Referen
ed by transform_lp().2.13.2.2 bool Sm_lps4_0_1_0::build_
onstraint_maps (int & 
_eq, int & 
_le,
onst int rows, 
onst int 
ols, Lp ∗ lp) [stati
, private℄Build mapping between lp_solve's and Lurupa's 
onstraint stru
tures.Build a mapping from Lurupa's equality and inequality 
onstraints to lp_solve's 
onstraints, whi
his storing all 
onstraints in one big matrix. Store the mapping in lp->module->mp_eq_
on andlp->module->mp_le_
on. Che
k if the number of 
onstraints is less than the number of variables.Parameters:
→ 
_eq number of equations in lp
→ 
_le number of inequalities in lp
← rows number of rows of 
onstraint matrix
← 
ols number of 
olumns of 
onstraint matrix
← lp the lpReturn values:true if number of 
onstraints is less than number of variables,false otherwiseReferen
es Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_eq_
on, Lp_lp_solve::mp_le_
on,Solver_module::preport, and Report::print().Referen
ed by transform_lp().2.13.2.3 void Sm_lps4_0_1_0::dual_perturb (
onst VECTOR & d_
, 
onst Lp

∗ lp) [stati
, private℄Dual perturb lp.Perturb the lp in the 
ost ve
tor.Parameters:
← d_
 de�ation parameters
→ lp 
ontains the base for the de�ationReferen
es Lp::i
, Lp_lp_solve::lp, Lp::maximize, and Lp::module.Referen
ed by solve_dual_perturbed().2.13.2.4 void Sm_lps4_0_1_0::�nd_free_variables (
onst int vars, Lp ∗ lp)[stati
, private℄Find free variables.Find free variables in the lp. Store the indi
es of the free variables in lp->free_variables andtheir number in lp->free_variables_size.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.13 Sm_lps4_0_1_0 Class Referen
e 83Parameters:
← vars number of variables in lp
→ lp stores number and indi
es of the free variablesReferen
es Lp::free_variables, Lp::free_variables_size, Lp::in�nite, and Lp::module.Referen
ed by transform_lp().2.13.2.5 double Sm_lps4_0_1_0::get_a

ura
y () [stati
℄Get a

ura
y used by lp_solve.Get lp_solve's set a

ura
yReturns:lp_solve's a

ura
yReimplemented from Solver_module (p. 123).Referen
ed by get_fun
_pointers().2.13.2.6 
onst 
har ∗ Sm_lps4_0_1_0::get_version () [stati
℄Get module version string.Get the version information of the solver module.Reimplemented from Solver_module (p. 122).Referen
es version.Referen
ed by get_fun
_pointers().2.13.2.7 void Sm_lps4_0_1_0::in�ate_lp (Lp ∗ lp, 
onst double r) [stati
,private℄In�ate lp parameters.In�ate all lp parameters to intervals with relative radius r,

x → x , x · [1− r, 1 + r]Parameters:
→ lp lp to be in�ated
← r relative interval radiusReferen
es Lp::ia, Lp::IA, Lp::ib, Lp::IB, and Lp::i
.Referen
ed by transform_lp().2.13.2.8 bool Sm_lps4_0_1_0::init (Report ∗ report) [stati
℄Initialize the module.Set preport (p. 124) to ∗report. Che
k the version of lp_solve.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



84 Class Do
umentationParameters:
← report the Report (p. 65) instan
e to useReturn values:trueReimplemented from Solver_module (p. 122).Referen
es Solver_module::preport, Report::print(), and version.Referen
ed by get_fun
_pointers().2.13.2.9 void WINAPI Sm_lps4_0_1_0::lps_log (void ∗ lp, void ∗ userhandle,
har ∗ buf) [stati
, private℄Callba
k fun
tion for lp_solve's log messages.Callba
k fun
tion for lp_solve's log fun
tionality. Print the supplied log message marked as 
omingfrom lp_solve.Referen
es Solver_module::preport, and Report::print().Referen
ed by read_lp().2.13.2.10 void Sm_lps4_0_1_0::postpro
ess (Lp ∗ lp, 
onst int status) [stati
,private℄Postpro
ess lp.Constru
t 'last feasible points' if status indi
ates that lp_solve judges lp->module->lp to beinfeasible or unbounded. Postpro
ess the lp.When lp_solve determines an lp to be infeasible or unbounded it does not store any informationgathered in the simplex algorithm but dis
ards it during the postpro
essing. Deriving 'last feasiblepoints' from this information may deliver rigorous bounds to support lp_solve's 
laim. Callinglp_solve's prepro
essing routine expli
itly, whi
h does not alter the lp in a harmful way regardingthe veri�
ation, 
auses lp_solve not to postpro
ess the lp after solving. This way the informationin the simplex tableau is preserved.Parameters:
← lp the lp
← status return value of lp_solve solving the lpReferen
es Lp::module, Solver_module::preport, and Report::print().Referen
ed by solve_lp().2.13.2.11 void Sm_lps4_0_1_0::primal_perturb (
onst Primal_de�ation & d,
onst Lp ∗ lp) [stati
, private℄Primal perturb lp.Perturb the lp in the right hand sides of the inequalities and the simple bounds.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.13 Sm_lps4_0_1_0 Class Referen
e 85Parameters:
← d de�ation parameters
→ lp 
ontains the base for the de�ationReferen
es Primal_de�ation::a, Lp::ia, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_le_
on,Lp::xl, Primal_de�ation::xl, Lp::xu, and Primal_de�ation::xu.Referen
ed by solve_primal_perturbed().2.13.2.12 void Sm_lps4_0_1_0::print_options () [stati
℄Print supported options.Print the 
ommand line options supported by the solver module.Reimplemented from Solver_module (p. 122).Referen
es version.Referen
ed by get_fun
_pointers().2.13.2.13 bool Sm_lps4_0_1_0::read_duals (Lp ∗ lp) [stati
, private℄Read dual solution.Read the dual solution from lp_solve and store it in lp->iy and lp->iz. Lp_solve's 
onventionto determine the sign of the duals is, that the 
osts must be a linear 
ombination of the gradientsof the 
onstraints.The duals returned by lp_solve, however, are the duals for the original lp, that is the duals forgreater equal 
onstraints are multiplied by −1, and all duals are again multiplied by −1 if thelp is a maximizing one. As Lurupa stores all linear programs as minimizing and all inequality
onstraints as less equal undo these multipli
ations.Parameters:
→ lp re
eives the dual solutionReturn values:true if reading the dual solution su

eeded,false otherwise, 
alling lp_solve's get_sensitivity_rhs returns falseReferen
es Lp::iy, Lp::iz, Lp_lp_solve::lp, Lp::maximize, Lp::module, Lp_lp_solve::mp_eq_
on,Lp_lp_solve::mp_le_
on, Solver_module::preport, and Report::print().Referen
ed by solve_dual_perturbed(), and solve_original().2.13.2.14 void Sm_lps4_0_1_0::read_general_data (Lp ∗ lp) [stati
, private℄Read general data from lp_solve's stru
tures.Read general lp properties from lp_solve's stru
tures and store them in lp. This in
ludes thevalue representing in�nity, the dire
tion of optimization, and the name of the lp.Parameters:
→ lp stores the read dataGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



86 Class Do
umentationReferen
es Lp::in�nite, Lp::maximize, Lp::module, and Lp::name.Referen
ed by transform_lp().2.13.2.15 bool Sm_lps4_0_1_0::read_lp (Lp ∗ lp, FILE ∗ in, 
onst doublerelative_interval_radius, double & eta) [stati
℄Read lp.Read an lp from a �le into lp_solve and lp. In�ate the lp to an interval valued one if relative_-interval_radius is greater than 0, and adjust eta a

ording to the lp's parameters.Parameters:
→ lp re
eives the lp
← in �le pointer to lp
← relative_interval_radius nterval radius to in�ate lp parameters to
→ eta algorithm parameter to be adjustedReturn values:true if reading and transforming the lp su

eeds,false otherwise, reading the lp fails or transform_lp returns falseSee also:transform_lp (p. 91)Reimplemented from Solver_module (p. 123).Referen
es Lp_lp_solve::lp, lps_log(), Lp::module, and transform_lp().Referen
ed by get_fun
_pointers().2.13.2.16 void Sm_lps4_0_1_0::read_lp_mat (
onst int rows, Lp ∗ lp) [stati
,private℄Read lp_solve's lp_mat stru
ture.Read lp_solve's lp_mat stru
ture. This stores the left hand sides of the 
onstraints togetherwith the obje
tive fun
tion. Split the read 
oe�
ients into equality and inequality 
onstraints,transform inequality 
onstraints to all less equal, and the dire
tion of optimization to minimize.Parameters:
← rows number of rows in 
onstraint matrix
→ lp stores the 
onstraints and obje
tive fun
tionReferen
es Lp::IA, Lp::IB, Lp::i
, Lp_lp_solve::lp, Lp::maximize, Lp::module, Lp_lp_-solve::mp_eq_
on, and Lp_lp_solve::mp_le_
on.Referen
ed by transform_lp(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.13 Sm_lps4_0_1_0 Class Referen
e 872.13.2.17 bool Sm_lps4_0_1_0::read_primals (Lp ∗ lp, 
onst int 
ols) [stati
,private℄Read primal solution.Read the primal solution from lp_solve and store it in lp->ix.Parameters:
→ lp re
eives the primal solution
← 
ols number of variables in the lpReturn values:true if reading the primal solution su

eeds,false otherwise, 
alling lp_solve's get_variables returns falseReferen
es Lp::i
, Lp::ix, Lp_lp_solve::lp, Lp::module, Solver_module::preport, and Re-port::print().Referen
ed by solve_original(), and solve_primal_perturbed().2.13.2.18 void Sm_lps4_0_1_0::read_right_hand_sides (Lp ∗ lp) [stati
,private℄Read right hand sides of the 
onstraints.Read the right hand sides of the 
onstraints. Split the read right hand sides into equality andinequality 
onstraints, transform inequality 
onstraints to all less equal. Store the values in lp->iaand lp->ib.Parameters:
→ lp stores the right hand sidesReferen
es Lp::ia, Lp::ib, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_eq_
on, and Lp_lp_-solve::mp_le_
on.Referen
ed by transform_lp().2.13.2.19 void Sm_lps4_0_1_0::read_simple_bounds (Lp ∗ lp) [stati
,private℄Read simple bounds.Read the simple bounds of the variables and store them in lp->xl and lp->xu.Parameters:
→ lp stores the simple boundsReferen
es Lp::module, Lp::non_�xed_vars, Lp::xl, and Lp::xu.Referen
ed by transform_lp().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



88 Class Do
umentation2.13.2.20 void Sm_lps4_0_1_0::resize_lp (Lp ∗ lp, 
onst int 
ols, 
onst int
_eq, 
onst int 
_le) [stati
, private℄Resize Lurupa's data stru
tures a

ording to the lp dimensions.Resize the ve
tors and matri
es in Lurupa's data stru
ture to the sizes of the lp.Parameters:
→ lp Lurupa's stru
ture with the ve
tors and matri
es to be resized
← 
ols number of variables in the lp
← 
_eq number of equality 
onstraints in the lp
← 
_le number of inequality 
onstraints in the lpReferen
es Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
, Lp::ix, Lp::iy, Lp::iz, Lp::xl, and Lp::xu.Referen
ed by transform_lp().2.13.2.21 void Sm_lps4_0_1_0::restore_dual (Lp ∗ lp) [stati
℄Restore lp after dual perturbation.Take the model parameters for the 
osts from lp and write to lp->module->lp restoring theoriginal model after 
omputation of the lower bound.Parameters:
← lp 
ontains the original parametersReimplemented from Solver_module (p. 123).Referen
es Lp::i
, Lp::maximize, Lp::module, Solver_module::preport, and Report::print().Referen
ed by get_fun
_pointers().2.13.2.22 void Sm_lps4_0_1_0::restore_primal (Lp ∗ lp) [stati
℄Restore lp after primal perturbation.Take the model parameters for the right hand sides and the simple bounds from lp and write tolp->module->lp restoring the original model after 
omputation of the upper bound.Parameters:
← lp 
ontains the original parametersReimplemented from Solver_module (p. 123).Referen
es Lp::ia, Lp::IA, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_le_
on, Solver_-module::preport, Report::print(), Lp::xl, and Lp::xu.Referen
ed by get_fun
_pointers(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.13 Sm_lps4_0_1_0 Class Referen
e 892.13.2.23 bool Sm_lps4_0_1_0::set_module_options (Lp ∗ lp, int arg
, 
har ∗argv[ ℄) [stati
℄Set module options.Set the spe
i�ed module options. These are supplied in arg
 and argv in a 
ommand line version.Ea
h option is supplied as one string entry in the string array argv, arg
 spe
i�es the number ofoptions.The module supports the following options� '-sm,timeout,n': Set lp_solve's timeout to n se
onds.� '-sm,vn': Set lp_solve's verbosity level to n. The available levels are� v0 NEUTRAL� v1 CRITICAL� v2 SEVERE� v3 IMPORTANT (default)� v4 NORMAL� v5 DETAILED� v6 FULLParameters:
→ lp lp to set the options for
← arg
 number of arguments
← argv array of argumentsReturn values:true if options are setfalse otherwiseReferen
es Lp::module, Solver_module::preport, and Report::print().Referen
ed by get_fun
_pointers().2.13.2.24 bool Sm_lps4_0_1_0::solve_dual_perturbed (
onst VECTOR & d_
,Lp ∗ lp, 
onst int iteration) [stati
℄Compute solution of dual perturbed lp.Perturb the lp and solve the new one. Read the dual solution from lp_solve and store it in lp->iyand lp->iz.Parameters:
← d_
 de�ation parameter
→ lp re
eives the solver status and the dual solution
← iteration number of the 
urrent iterationReturn values:true if solve_lp returns true and the solution is readGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



90 Class Do
umentationfalse otherwise, solve_lp or read_duals returns falseSee also:read_duals (p. 85), solve_lp (p. 90)Reimplemented from Solver_module (p. 123).Referen
es dual_perturb(), Lp::feasibility, Solver_module::preport, Report::print(), read_-duals(), solve_lp(), ss_feasible, and ss_infeasible.Referen
ed by get_fun
_pointers().2.13.2.25 bool Sm_lps4_0_1_0::solve_lp (Lp ∗ lp) [stati
, private℄Solve lp with lp_solve.Solve an lp with lp_solve. Store lp_solve's status in lp->feasibility.Parameters:
→ lp re
eives lp_solve's statusReturn values:true if lp_solve returns a known status 
ode (i.e., OPTIMAL, INFEASIBLE, UN-BOUNDED, TIMEOUT, or FAILURE)false otherwiseReferen
es Lp::feasibility, Lp::module, postpro
ess(), Solver_module::preport, Report::print(),ss_failure, ss_feasible, ss_infeasible, ss_timeout, and ss_unbounded.Referen
ed by solve_dual_perturbed(), solve_original(), and solve_primal_perturbed().2.13.2.26 bool Sm_lps4_0_1_0::solve_original (Lp ∗ lp, double & optimal_value)[stati
℄Compute solution of unperturbed lp.Solve the original unperturbed lp with lp_solve and read the primal and dual solution.Parameters:
→ lp re
eives the solver status and the solution
→ optimal_value re
eives the optimal valueReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp, read_primals, or read_duals returns falseSee also:read_duals (p. 85), read_primals (p. 87), solve_lp (p. 90)Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.13 Sm_lps4_0_1_0 Class Referen
e 91Reimplemented from Solver_module (p. 123).Referen
es Lp::module, Solver_module::preport, Report::print(), read_duals(), read_primals(),and solve_lp().Referen
ed by get_fun
_pointers().2.13.2.27 bool Sm_lps4_0_1_0::solve_primal_perturbed (
onstPrimal_de�ation & d, Lp ∗ lp, 
onst int iteration) [stati
℄Compute solution of primal perturbed lp.Perturb the lp and solve the new one. Read the primal solution and store it in lp->ix.Parameters:
← d de�ation parameters
→ lp re
eives the solver status and the primal solution
← iteration number of the 
urrent iterationReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp or read_primals returns falseSee also:read_primals (p. 87), solve_lp (p. 90)Reimplemented from Solver_module (p. 123).Referen
es Lp::feasibility, Lp::module, Solver_module::preport, primal_perturb(), Re-port::print(), read_primals(), solve_lp(), ss_feasible, and ss_unbounded.Referen
ed by get_fun
_pointers().2.13.2.28 bool Sm_lps4_0_1_0::transform_lp (Lp ∗ lp, 
onst doublerelative_interval_radius, double & eta) [stati
, private℄Transform lp from lp_solve to Lurupa.Transform lp from the data stru
ture of lp_solve 4.0.1.0 into the representation used in Lurupa(p. 36). Adjust algorithm parameters eta a

ording to the lp, and in�ate the lp to an intervalvalued one if relative_interval_radius is greater than 0.Write the (midpoint) problem with preport (p. 124) if Report::write_vm (p. 66) is set.Parameters:
→ lp re
eives the transformed data
← relative_interval_radius relative interval radius to in�ate lp parameters to
→ eta gets adjusted to the modelReturn values:true if the transformation su

eeds,Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



92 Class Do
umentationfalse otherwise, lp->module->lp is not set or build_
onstraint_maps returns falseSee also:adjust_eta (p. 81), build_
onstraint_maps (p. 82), �nd_free_variables (p. 82),in�ate_lp (p. 83), read_general_data (p. 85), read_lp_mat (p. 86), read_right_-hand_sides (p. 87), read_simple_bounds (p. 87), resize_lp (p. 88)Referen
es adjust_eta(), build_
onstraint_maps(), �nd_free_variables(), Lp::free_variables_-size, Report::get_write_vm(), Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
, in�ate_lp(), Lp::module,Lp::name, Solver_module::preport, Report::print(), read_general_data(), read_lp_mat(),read_right_hand_sides(), read_simple_bounds(), resize_lp(), Report::write_matrix(),Report::write_ve
tor(), Lp::xl, and Lp::xu.Referen
ed by read_lp(), and set_lp().The do
umentation for this 
lass was generated from the following �les:� Sm_lps4_0_1_0.h� Sm_lps4_0_1_0.
pp
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2.14 Sm_lps4_0_1_11 Class Referen
e 932.14 Sm_lps4_0_1_11 Class Referen
eSolver module for lp_solve 4.0.1.11.#in
lude "Sm_lps4_0_1_11.h"Inheritan
e diagram for Sm_lps4_0_1_11:
Sm_lps4_0_1_11

Solver_module

Collaboration diagram for Sm_lps4_0_1_11:
Sm_lps4_0_1_11

Solver_module

Report

preport

Stati
 Publi
 Member Fun
tions� stati
 double get_a

ura
y ()Get a

ura
y used by lp_solve.� stati
 
onst 
har ∗ get_version ()Get module version string.� stati
 bool init (Report ∗report)Initialize the module.� stati
 void print_brief_version ()Print brief module version.� stati
 void print_options ()Print supported options.� stati
 void print_version ()Print module version.� stati
 bool read_lp (Lp ∗lp, FILE ∗in, 
onst double relative_interval_radius, double&eta)Read lp.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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94 Class Do
umentation� stati
 void restore_dual (Lp ∗lp)Restore lp after dual perturbation.� stati
 void restore_primal (Lp ∗lp)Restore lp after primal perturbation.� stati
 bool set_lp (Lp ∗lp, 
onst double relative_interval_radius, double &eta)Set lp.� stati
 bool set_module_options (Lp ∗lp, int arg
, 
har ∗argv[ ℄)Set module options.� stati
 bool solve_dual_perturbed (
onst VECTOR &de�ation_
, Lp ∗lp, 
onst int it-eration)Compute solution of dual perturbed lp.� stati
 bool solve_original (Lp ∗lp, double &optimal_value)Compute solution of unperturbed lp.� stati
 bool solve_primal_perturbed (
onst Primal_de�ation &de�ation, Lp ∗lp,
onst int iteration)Compute solution of primal perturbed lp.Stati
 Private Member Fun
tions� stati
 void dual_perturb (
onst VECTOR &d_
, 
onst Lp ∗lp)Dual perturb lp.� stati
 void WINAPI lps_log (void ∗lp, void ∗userhandle, 
har ∗buf)Callba
k fun
tion for lp_solve's log messages.� stati
 void postpro
ess (Lp ∗lp, 
onst int status)Postpro
ess lp.� stati
 void primal_perturb (
onst Primal_de�ation &d, 
onst Lp ∗lp)Primal perturb lp.� stati
 bool read_duals (Lp ∗lp)Read dual solution.� stati
 bool read_primals (Lp ∗lp, 
onst int 
ols)Read primal solution.� stati
 bool solve_lp (Lp ∗lp)Solve lp with lp_solve.Lp transforming routinesThe following routines read the lp from the data stru
tures of lp_solve 4.0.1.11 and transformit into Lurupa's representation. Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.14 Sm_lps4_0_1_11 Class Referen
e 95� stati
 void adjust_eta (double &eta, 
onst Lp ∗lp)Adjust eta to the lp.� stati
 bool build_
onstraint_maps (int &
_eq, int &
_le, 
onst int rows, 
onst int
ols, Lp ∗lp)Build mapping between lp_solve's and Lurupa's 
onstraint stru
tures.� stati
 void �nd_free_variables (
onst int vars, Lp ∗lp)Find free variables.� stati
 void in�ate_lp (Lp ∗lp, 
onst double r)In�ate lp parameters.� stati
 void read_general_data (Lp ∗lp)Read general data from lp_solve's stru
tures.� stati
 void read_lp_mat (
onst int rows, Lp ∗lp)Read lp_solve's lp_mat stru
ture.� stati
 void read_right_hand_sides (Lp ∗lp)Read right hand sides of the 
onstraints.� stati
 void read_simple_bounds (Lp ∗lp)Read simple bounds.� stati
 void resize_lp (Lp ∗lp, 
onst int 
ols, 
onst int 
_eq, 
onst int 
_le)Resize Lurupa's data stru
tures a

ording to the lp dimensions.� stati
 bool transform_lp (Lp ∗lp, 
onst double relative_interval_radius, double&eta)Transform lp from lp_solve to Lurupa.2.14.1 Detailed Des
riptionSolver module for lp_solve 4.0.1.11.2.14.2 Member Fun
tion Do
umentation2.14.2.1 void Sm_lps4_0_1_11::adjust_eta (double & eta, 
onst Lp ∗ lp)[stati
, private℄Adjust eta to the lp.Adjust the algorithm parameter eta to be problem dependent. It be
omes the maximum of itsprevious value and 10−20 times the maximum norm of the right hand sides of the inequality
onstraints,
η = max{η, 10−20‖a‖∞}.Parameters:

→ eta parameter to be adjusted
← lp lp eta is adjusted toGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



96 Class Do
umentationReferen
es Lp::ia, Solver_module::preport, and Report::print().Referen
ed by transform_lp().2.14.2.2 bool Sm_lps4_0_1_11::build_
onstraint_maps (int & 
_eq, int & 
_le,
onst int rows, 
onst int 
ols, Lp ∗ lp) [stati
, private℄Build mapping between lp_solve's and Lurupa's 
onstraint stru
tures.Build a mapping from Lurupa's equality and inequality 
onstraints to lp_solve's 
onstraints, whi
his storing all 
onstraints in one big matrix. Store the mapping in lp->module->mp_eq_
on andlp->module->mp_le_
on. Che
k if the number of 
onstraints is less than the number of variables.Parameters:
→ 
_eq number of equations in lp
→ 
_le number of inequalities in lp
← rows number of rows of 
onstraint matrix
← 
ols number of 
olumns of 
onstraint matrix
← lp the lpReturn values:true if number of 
onstraints is less than number of variables,false otherwiseReferen
es Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_eq_
on, Lp_lp_solve::mp_le_
on,Solver_module::preport, and Report::print().Referen
ed by transform_lp().2.14.2.3 void Sm_lps4_0_1_11::dual_perturb (
onst VECTOR & d_
, 
onst Lp

∗ lp) [stati
, private℄Dual perturb lp.Perturb the lp in the 
ost ve
tor.Parameters:
← d_
 de�ation parameters
→ lp 
ontains the base for the de�ationReferen
es Lp::i
, Lp_lp_solve::lp, Lp::maximize, and Lp::module.Referen
ed by solve_dual_perturbed().2.14.2.4 void Sm_lps4_0_1_11::�nd_free_variables (
onst int vars, Lp ∗ lp)[stati
, private℄Find free variables.Find free variables in the lp. Store the indi
es of the free variables in lp->free_variables andtheir number in lp->free_variables_size.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.14 Sm_lps4_0_1_11 Class Referen
e 97Parameters:
← vars number of variables in lp
→ lp stores number and indi
es of the free variablesReferen
es Lp::free_variables, Lp::free_variables_size, Lp::in�nite, and Lp::module.Referen
ed by transform_lp().2.14.2.5 double Sm_lps4_0_1_11::get_a

ura
y () [stati
℄Get a

ura
y used by lp_solve.Get lp_solve's set a

ura
yReturns:lp_solve's a

ura
yReimplemented from Solver_module (p. 123).Referen
ed by get_fun
_pointers().2.14.2.6 
onst 
har ∗ Sm_lps4_0_1_11::get_version () [stati
℄Get module version string.Get the version information of the solver module.Reimplemented from Solver_module (p. 122).Referen
es version.Referen
ed by get_fun
_pointers().2.14.2.7 void Sm_lps4_0_1_11::in�ate_lp (Lp ∗ lp, 
onst double r) [stati
,private℄In�ate lp parameters.In�ate all lp parameters to intervals with relative radius r,

x → x , x · [1− r, 1 + r]Parameters:
→ lp lp to be in�ated
← r relative interval radiusReferen
es Lp::ia, Lp::IA, Lp::ib, Lp::IB, and Lp::i
.Referen
ed by transform_lp().2.14.2.8 bool Sm_lps4_0_1_11::init (Report ∗ report) [stati
℄Initialize the module.Set preport (p. 124) to ∗report. Che
k the version of lp_solve.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



98 Class Do
umentationParameters:
← report the Report (p. 65) instan
e to useReturn values:trueReimplemented from Solver_module (p. 122).Referen
es Solver_module::preport, Report::print(), and version.Referen
ed by get_fun
_pointers().2.14.2.9 void WINAPI Sm_lps4_0_1_11::lps_log (void ∗ lp, void ∗ userhandle,
har ∗ buf) [stati
, private℄Callba
k fun
tion for lp_solve's log messages.Callba
k fun
tion for lp_solve's log fun
tionality. Print the supplied log message marked as 
omingfrom lp_solve.Referen
es Solver_module::preport, and Report::print().Referen
ed by read_lp().2.14.2.10 void Sm_lps4_0_1_11::postpro
ess (Lp ∗ lp, 
onst int status) [stati
,private℄Postpro
ess lp.Constru
t 'last feasible points' if status indi
ates that lp_solve judges lp->module->lp to beinfeasible or unbounded. Postpro
ess the lp.When lp_solve determines an lp to be infeasible or unbounded it does not store any informationgathered in the simplex algorithm but dis
ards it during the postpro
essing. Deriving 'last feasiblepoints' from this information may deliver rigorous bounds to support lp_solve's 
laim. Callinglp_solve's prepro
essing routine expli
itly, whi
h does not alter the lp in a harmful way regardingthe veri�
ation, 
auses lp_solve not to postpro
ess the lp after solving. This way the informationin the simplex tableau is preserved.Parameters:
← lp the lp
← status return value of lp_solve solving the lpReferen
es Lp::module, Solver_module::preport, and Report::print().Referen
ed by solve_lp().2.14.2.11 void Sm_lps4_0_1_11::primal_perturb (
onst Primal_de�ation & d,
onst Lp ∗ lp) [stati
, private℄Primal perturb lp.Perturb the lp in the right hand sides of the inequalities and the simple bounds.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.14 Sm_lps4_0_1_11 Class Referen
e 99Parameters:
← d de�ation parameters
→ lp 
ontains the base for the de�ationReferen
es Primal_de�ation::a, Lp::ia, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_le_
on,Lp::xl, Primal_de�ation::xl, Lp::xu, and Primal_de�ation::xu.Referen
ed by solve_primal_perturbed().2.14.2.12 void Sm_lps4_0_1_11::print_options () [stati
℄Print supported options.Print the 
ommand line options supported by the solver module.Reimplemented from Solver_module (p. 122).Referen
es version.Referen
ed by get_fun
_pointers().2.14.2.13 bool Sm_lps4_0_1_11::read_duals (Lp ∗ lp) [stati
, private℄Read dual solution.Read the dual solution from lp_solve and store it in lp->iy and lp->iz. Lp_solve's 
onventionto determine the sign of the duals is, that the 
osts must be a linear 
ombination of the gradientsof the 
onstraints.The duals returned by lp_solve, however, are the duals for the original lp, that is the duals forgreater equal 
onstraints are multiplied by −1, and all duals are again multiplied by −1 if thelp is a maximizing one. As Lurupa stores all linear programs as minimizing and all inequality
onstraints as less equal undo these multipli
ations.Parameters:
→ lp re
eives the dual solutionReturn values:true if reading the dual solution su

eeded,false otherwise, 
alling lp_solve's get_sensitivity_rhs returns falseReferen
es Lp::iy, Lp::iz, Lp_lp_solve::lp, Lp::maximize, Lp::module, Lp_lp_solve::mp_eq_
on,Lp_lp_solve::mp_le_
on, Solver_module::preport, and Report::print().Referen
ed by solve_dual_perturbed(), and solve_original().2.14.2.14 void Sm_lps4_0_1_11::read_general_data (Lp ∗ lp) [stati
, private℄Read general data from lp_solve's stru
tures.Read general lp properties from lp_solve's stru
tures and store them in lp. This in
ludes thevalue representing in�nity, the dire
tion of optimization, and the name of the lp.Parameters:
→ lp stores the read dataGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



100 Class Do
umentationReferen
es Lp::in�nite, Lp::maximize, Lp::module, and Lp::name.Referen
ed by transform_lp().2.14.2.15 bool Sm_lps4_0_1_11::read_lp (Lp ∗ lp, FILE ∗ in, 
onst doublerelative_interval_radius, double & eta) [stati
℄Read lp.Read an lp from a �le into lp_solve and lp. In�ate the lp to an interval valued one if relative_-interval_radius is greater than 0, and adjust eta a

ording to the lp's parameters.Parameters:
→ lp re
eives the lp
← in �le pointer to lp
← relative_interval_radius interval radius to in�ate lp parameters to
→ eta algorithm parameter to be adjustedReturn values:true if reading and transforming the lp su

eeds,false otherwise, reading the lp fails or transform_lp returns falseSee also:transform_lp (p. 105)Reimplemented from Solver_module (p. 123).Referen
es Lp_lp_solve::lp, lps_log(), Lp::module, and transform_lp().Referen
ed by get_fun
_pointers().2.14.2.16 void Sm_lps4_0_1_11::read_lp_mat (
onst int rows, Lp ∗ lp)[stati
, private℄Read lp_solve's lp_mat stru
ture.Read lp_solve's lp_mat stru
ture. This stores the left hand sides of the 
onstraints togetherwith the obje
tive fun
tion. Split the read 
oe�
ients into equality and inequality 
onstraints,transform inequality 
onstraints to all less equal, and the dire
tion of optimization to minimize.Parameters:
← rows number of rows in 
onstraint matrix
→ lp stores the 
onstraints and obje
tive fun
tionReferen
es Lp::IA, Lp::IB, Lp::i
, Lp_lp_solve::lp, Lp::maximize, Lp::module, Lp_lp_-solve::mp_eq_
on, and Lp_lp_solve::mp_le_
on.Referen
ed by transform_lp(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.14 Sm_lps4_0_1_11 Class Referen
e 1012.14.2.17 bool Sm_lps4_0_1_11::read_primals (Lp ∗ lp, 
onst int 
ols) [stati
,private℄Read primal solution.Read the primal solution from lp_solve and store it in lp->ix.Parameters:
→ lp re
eives the primal solution
← 
ols number of variables in the lpReturn values:true if reading the primal solution su

eeds,false otherwise, 
alling lp_solve's get_variables returns falseReferen
es Lp::i
, Lp::ix, Lp_lp_solve::lp, Lp::module, Solver_module::preport, and Re-port::print().Referen
ed by solve_original(), and solve_primal_perturbed().2.14.2.18 void Sm_lps4_0_1_11::read_right_hand_sides (Lp ∗ lp) [stati
,private℄Read right hand sides of the 
onstraints.Read the right hand sides of the 
onstraints. Split the read right hand sides into equality andinequality 
onstraints, transform inequality 
onstraints to all less equal. Store the values in lp->iaand lp->ib.Parameters:
→ lp stores the right hand sidesReferen
es Lp::ia, Lp::ib, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_eq_
on, and Lp_lp_-solve::mp_le_
on.Referen
ed by transform_lp().2.14.2.19 void Sm_lps4_0_1_11::read_simple_bounds (Lp ∗ lp) [stati
,private℄Read simple bounds.Read the simple bounds of the variables and store them in lp->xl and lp->xu.Parameters:
→ lp stores the simple boundsReferen
es Lp::module, Lp::non_�xed_vars, Lp::xl, and Lp::xu.Referen
ed by transform_lp().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



102 Class Do
umentation2.14.2.20 void Sm_lps4_0_1_11::resize_lp (Lp ∗ lp, 
onst int 
ols, 
onst int
_eq, 
onst int 
_le) [stati
, private℄Resize Lurupa's data stru
tures a

ording to the lp dimensions.Resize the ve
tors and matri
es in Lurupa's data stru
ture to the sizes of the lp.Parameters:
→ lp Lurupa's stru
ture with the ve
tors and matri
es to be resized
← 
ols number of variables in the lp
← 
_eq number of equality 
onstraints in the lp
← 
_le number of inequality 
onstraints in the lpReferen
es Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
, Lp::ix, Lp::iy, Lp::iz, Lp::xl, and Lp::xu.Referen
ed by transform_lp().2.14.2.21 void Sm_lps4_0_1_11::restore_dual (Lp ∗ lp) [stati
℄Restore lp after dual perturbation.Take the model parameters for the 
osts from lp and write to lp->module->lp restoring theoriginal model after 
omputation of the lower bound.Parameters:
← lp 
ontains the original parametersReimplemented from Solver_module (p. 123).Referen
es Lp::i
, Lp::maximize, Lp::module, Solver_module::preport, and Report::print().Referen
ed by get_fun
_pointers().2.14.2.22 void Sm_lps4_0_1_11::restore_primal (Lp ∗ lp) [stati
℄Restore lp after primal perturbation.Take the model parameters for the right hand sides and the simple bounds from lp and write tolp->module->lp restoring the original model after 
omputation of the upper bound.Parameters:
← lp 
ontains the original parametersReimplemented from Solver_module (p. 123).Referen
es Lp::ia, Lp::IA, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_le_
on, Solver_-module::preport, Report::print(), Lp::xl, and Lp::xu.Referen
ed by get_fun
_pointers(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.14 Sm_lps4_0_1_11 Class Referen
e 1032.14.2.23 bool Sm_lps4_0_1_11::set_module_options (Lp ∗ lp, int arg
, 
har ∗argv[ ℄) [stati
℄Set module options.Set the spe
i�ed module options. These are supplied in arg
 and argv in a 
ommand line version.Ea
h option is supplied as one string entry in the string array argv, arg
 spe
i�es the number ofoptions.The module supports the following options� '-sm,timeout,n': Set lp_solve's timeout to n se
onds.� '-sm,vn': Set lp_solve's verbosity level to n. The available levels are� v0 NEUTRAL� v1 CRITICAL� v2 SEVERE� v3 IMPORTANT (default)� v4 NORMAL� v5 DETAILED� v6 FULLParameters:
→ lp lp to set the options for
← arg
 number of arguments
← argv array of argumentsReturn values:true if options are setfalse otherwiseReferen
es Lp::module, Solver_module::preport, and Report::print().Referen
ed by get_fun
_pointers().2.14.2.24 bool Sm_lps4_0_1_11::solve_dual_perturbed (
onst VECTOR & d_
,Lp ∗ lp, 
onst int iteration) [stati
℄Compute solution of dual perturbed lp.Perturb the lp and solve the new one. Read the dual solution from lp_solve and store it in lp->iyand lp->iz.Parameters:
← d_
 de�ation parameter
→ lp re
eives the solver status and the dual solution
← iteration number of the 
urrent iterationReturn values:true if solve_lp returns true and the solution is readGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



104 Class Do
umentationfalse otherwise, solve_lp or read_duals returns falseSee also:read_duals (p. 99), solve_lp (p. 104)Reimplemented from Solver_module (p. 123).Referen
es dual_perturb(), Lp::feasibility, Solver_module::preport, Report::print(), read_-duals(), solve_lp(), ss_feasible, and ss_infeasible.Referen
ed by get_fun
_pointers().2.14.2.25 bool Sm_lps4_0_1_11::solve_lp (Lp ∗ lp) [stati
, private℄Solve lp with lp_solve.Solve an lp with lp_solve. Store lp_solve's status in lp->feasibility.Parameters:
→ lp re
eives lp_solve's statusReturn values:true if lp_solve returns a known status 
ode (i.e., OPTIMAL, INFEASIBLE, UN-BOUNDED, TIMEOUT, or FAILURE)false otherwiseReferen
es Lp::feasibility, Lp::module, postpro
ess(), Solver_module::preport, Report::print(),ss_failure, ss_feasible, ss_infeasible, ss_timeout, and ss_unbounded.Referen
ed by solve_dual_perturbed(), solve_original(), and solve_primal_perturbed().2.14.2.26 bool Sm_lps4_0_1_11::solve_original (Lp ∗ lp, double &optimal_value) [stati
℄Compute solution of unperturbed lp.Solve the original unperturbed lp with lp_solve and read the primal and dual solution.Parameters:
→ lp re
eives the solver status and the solution
→ optimal_value re
eives the optimal valueReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp, read_primals, or read_duals returns falseSee also:read_duals (p. 99), read_primals (p. 101), solve_lp (p. 104)Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.14 Sm_lps4_0_1_11 Class Referen
e 105Reimplemented from Solver_module (p. 123).Referen
es Lp::module, Solver_module::preport, Report::print(), read_duals(), read_primals(),and solve_lp().Referen
ed by get_fun
_pointers().2.14.2.27 bool Sm_lps4_0_1_11::solve_primal_perturbed (
onstPrimal_de�ation & d, Lp ∗ lp, 
onst int iteration) [stati
℄Compute solution of primal perturbed lp.Perturb the lp and solve the new one. Read the primal solution and store it in lp->ix.Parameters:
← d de�ation parameters
→ lp re
eives the solver status and the primal solution
← iteration number of the 
urrent iterationReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp or read_primals returns falseSee also:read_primals (p. 101), solve_lp (p. 104)Reimplemented from Solver_module (p. 123).Referen
es Lp::feasibility, Lp::module, Solver_module::preport, primal_perturb(), Re-port::print(), read_primals(), solve_lp(), ss_feasible, and ss_unbounded.Referen
ed by get_fun
_pointers().2.14.2.28 bool Sm_lps4_0_1_11::transform_lp (Lp ∗ lp, 
onst doublerelative_interval_radius, double & eta) [stati
, private℄Transform lp from lp_solve to Lurupa.Transform lp from the data stru
ture of lp_solve 4.0.1.11 into the representation used in Lurupa(p. 36). Adjust algorithm parameters eta a

ording to the lp, and in�ate the lp to an intervalvalued one if relative_interval_radius is greater than 0.Write the (midpoint) problem with preport (p. 124) if Report::write_vm (p. 66) is set.Parameters:
→ lp re
eives the transformed data
← relative_interval_radius relative interval radius to in�ate lp parameters to
→ eta gets adjusted to the modelReturn values:true if the transformation su

eeds,Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



106 Class Do
umentationfalse otherwise, lp->module->lp is not set or build_
onstraint_maps returns falseSee also:adjust_eta (p. 95), build_
onstraint_maps (p. 96), �nd_free_variables (p. 96),in�ate_lp (p. 97), read_general_data (p. 99), read_lp_mat (p. 100), read_right_-hand_sides (p. 101), read_simple_bounds (p. 101), resize_lp (p. 102)Referen
es adjust_eta(), build_
onstraint_maps(), �nd_free_variables(), Lp::free_variables_-size, Report::get_write_vm(), Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
, in�ate_lp(), Lp::module,Lp::name, Solver_module::preport, Report::print(), read_general_data(), read_lp_mat(),read_right_hand_sides(), read_simple_bounds(), resize_lp(), Report::write_matrix(),Report::write_ve
tor(), Lp::xl, and Lp::xu.Referen
ed by read_lp(), and set_lp().The do
umentation for this 
lass was generated from the following �les:� Sm_lps4_0_1_11.h� Sm_lps4_0_1_11.
pp
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2.15 Sm_lps5_5 Class Referen
e 1072.15 Sm_lps5_5 Class Referen
eSolver module for lp_solve 5.5.#in
lude "Sm_lps5_5.h"Inheritan
e diagram for Sm_lps5_5:
Sm_lps5_5

Solver_module

Collaboration diagram for Sm_lps5_5:
Sm_lps5_5

Solver_module

Report

preport

Stati
 Publi
 Member Fun
tions� stati
 double get_a

ura
y ()Get a

ura
y used by lp_solve.� stati
 bool get_dual_ray (Lp ∗lp, int &iyzray)Get dual improving ray.� stati
 bool get_primal_ray (Lp ∗lp, int &ixray)Get primal improving ray.� stati
 
onst 
har ∗ get_version ()Get module version string.� stati
 bool init (Report ∗report)Initialize the module.� stati
 void lp2solver (Lp ∗lp)Transform an lp into lp_solve's representation.� stati
 void print_brief_version ()Print brief module version.� stati
 void print_options ()Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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108 Class Do
umentationPrint supported options.� stati
 void print_version ()Print module version.� stati
 bool read_lp (Lp ∗lp, FILE ∗in, 
onst double relative_interval_radius, double&eta)Read lp.� stati
 void restore_dual (Lp ∗lp)Restore lp after dual perturbation.� stati
 void restore_dual_phase1 (Lp ∗)Restore lp after dual phase 1 perturbation.� stati
 void restore_primal (Lp ∗lp)Restore lp after primal perturbation.� stati
 void restore_primal_phase1 (Lp ∗)Restore lp after primal phase 1 perturbation.� stati
 void set_bounds (Lp ∗lp, int var, double lower, double upper)Set simple bounds on a variable.� stati
 void set_dual_phase1 (Lp ∗lp)Set dual phase 1 lp.� stati
 bool set_lp (Lp ∗lp, 
onst double relative_interval_radius, double &eta)Set lp.� stati
 bool set_module_options (Lp ∗lp, int arg
, 
har ∗argv[ ℄)Set module options.� stati
 void set_primal_phase1 (Lp ∗lp)Set primal phase 1 lp.� stati
 bool solve_dual_perturbed (
onst VECTOR &de�ation_
, Lp ∗lp, 
onst int it-eration)Compute solution of dual perturbed lp.� stati
 bool solve_original (Lp ∗lp, double &optimal_value)Compute solution of unperturbed lp.� stati
 bool solve_primal_perturbed (
onst Primal_de�ation &de�ation, Lp ∗lp,
onst int iteration)Compute solution of primal perturbed lp.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.15 Sm_lps5_5 Class Referen
e 109Stati
 Private Member Fun
tions� stati
 void dual_perturb (
onst VECTOR &d_
, 
onst Lp ∗lp)Dual perturb lp.� stati
 void __WINAPI lps_log (lpre
 ∗lp_lps, void ∗userhandle, 
har ∗buf)Callba
k fun
tion for lp_solve's log messages.� stati
 void primal_perturb (
onst Primal_de�ation &d, 
onst Lp ∗lp)Primal perturb lp.� stati
 bool read_duals (Lp ∗lp)Read dual solution.� stati
 bool read_primals (Lp ∗lp)Read primal solution.� stati
 bool solve_lp (Lp ∗lp)Solve lp with lp_solve.� stati
 void write_lp (
onst 
har ∗sz_des
ription, lpre
 ∗lp_lps, 
har ∗sz_�le)Write an LP to �le.Lp transforming routinesThe following routines read the lp from the data stru
tures of lp_solve 5.5 and transform itinto Lurupa's representation.� stati
 void adjust_eta (double &eta, 
onst Lp ∗lp)Adjust eta to the lp.� stati
 bool build_
onstraint_maps (int &
_eq, int &
_le, 
onst int rows, 
onst int
ols, Lp ∗lp)Build mapping between lp_solve's and Lurupa's 
onstraint stru
tures.� stati
 void �nd_free_variables (
onst int vars, Lp ∗lp, int ∗
_inf_bnd)Find free variables.� stati
 void in�ate_lp (Lp ∗lp, 
onst double r)In�ate lp parameters.� stati
 void read_general_data (Lp ∗lp)Read general data from lp_solve's stru
tures.� stati
 bool read_lp_mat (
onst int rows, Lp ∗lp)Read lp_solve's lp_mat stru
ture.� stati
 void read_right_hand_sides (Lp ∗lp)Read right hand sides of the 
onstraints.� stati
 void read_simple_bounds (Lp ∗lp)Read simple bounds.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



110 Class Do
umentation� stati
 void resize_lp (Lp ∗lp, 
onst int 
ols, 
onst int 
_eq, 
onst int 
_le)Resize Lurupa's data stru
tures a

ording to the lp dimensions.� stati
 bool transform_lp (Lp ∗lp, 
onst double relative_interval_radius, double&eta)Transform lp from lp_solve to Lurupa.Stati
 Private Attributes� stati
 bool freset_bas = falseWhether models are resolved with an all sla
k basis in 
ase of numeri
al failure.� stati
 long timeout = 0� stati
 MYBOOL tra
e = FALSE� stati
 int verbosity = 3� stati
 Write_mps write_mps = wm_noneWhether intermediate models are saved.2.15.1 Detailed Des
riptionSolver module for lp_solve 5.5.2.15.2 Member Fun
tion Do
umentation2.15.2.1 void Sm_lps5_5::adjust_eta (double & eta, 
onst Lp ∗ lp) [stati
,private℄Adjust eta to the lp.Adjust the algorithm parameter eta to be problem dependent. It be
omes the maximum of itsprevious value and 10−20 times the maximum norm of the right hand sides of the inequality
onstraints,
η = max{η, 10−20‖a‖∞}.Parameters:

→ eta parameter to be adjusted
← lp lp eta is adjusted toReferen
es Lp::ia, Solver_module::preport, and Report::print().Referen
ed by transform_lp().2.15.2.2 bool Sm_lps5_5::build_
onstraint_maps (int & 
_eq, int & 
_le, 
onstint rows, 
onst int 
ols, Lp ∗ lp) [stati
, private℄Build mapping between lp_solve's and Lurupa's 
onstraint stru
tures.Build a mapping from Lurupa's equality and inequality 
onstraints to lp_solve's 
onstraints, whi
his storing all 
onstraints in one big matrix. Store the mapping in lp->module->mp_eq_
on andlp->module->mp_le_
on. Che
k if the number of 
onstraints is less than the number of variables.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.15 Sm_lps5_5 Class Referen
e 111Parameters:
→ 
_eq number of equations in lp
→ 
_le number of inequalities in lp
← rows number of rows of 
onstraint matrix
← 
ols number of 
olumns of 
onstraint matrix
← lp the lpReturn values:true if number of 
onstraints is less than number of variables,false otherwiseReferen
es Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_eq_
on, Lp_lp_solve::mp_le_
on,Solver_module::preport, and Report::print().Referen
ed by transform_lp().2.15.2.3 void Sm_lps5_5::dual_perturb (
onst VECTOR & d_
, 
onst Lp ∗ lp)[stati
, private℄Dual perturb lp.Perturb the lp in the 
ost ve
tor.Parameters:
← d_
 de�ation parameters
→ lp 
ontains the base for the de�ationReferen
es Lp::i
, Lp_lp_solve::lp, Lp::maximize, and Lp::module.Referen
ed by solve_dual_perturbed().2.15.2.4 void Sm_lps5_5::�nd_free_variables (
onst int vars, Lp ∗ lp, int ∗
_inf_bnd) [stati
, private℄Find free variables.Find free variables in the lp. Store the indi
es of the free variables in lp->free_variables andtheir number in lp->free_variables_size.Parameters:
← vars number of variables in lp
→ lp stores number and indi
es of the free variables
→ 
_inf_bnd 
ount of variables with in�nite boundsReferen
es Lp::free_variables, Lp::free_variables_size, and Lp::module.Referen
ed by transform_lp().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



112 Class Do
umentation2.15.2.5 double Sm_lps5_5::get_a

ura
y () [stati
℄Get a

ura
y used by lp_solve.Get lp_solve's set a

ura
yReturns:lp_solve's a

ura
yReimplemented from Solver_module (p. 123).Referen
ed by get_fun
_pointers().2.15.2.6 
onst 
har ∗ Sm_lps5_5::get_version () [stati
℄Get module version string.Get the version information of the solver module.Reimplemented from Solver_module (p. 122).Referen
es version.Referen
ed by get_fun
_pointers().2.15.2.7 void Sm_lps5_5::in�ate_lp (Lp ∗ lp, 
onst double r) [stati
, private℄In�ate lp parameters.In�ate all lp parameters to intervals with relative radius r,
x → x , x · [1− r, 1 + r]Parameters:

→ lp lp to be in�ated
← r relative interval radiusReferen
es Lp::ia, Lp::IA, Lp::ib, Lp::IB, and Lp::i
.Referen
ed by transform_lp().2.15.2.8 bool Sm_lps5_5::init (Report ∗ report) [stati
℄Initialize the module.Set preport (p. 124) to ∗report. Che
k the version of lp_solve.Parameters:
← report the Report (p. 65) instan
e to useReturn values:true Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.15 Sm_lps5_5 Class Referen
e 113Reimplemented from Solver_module (p. 122).Referen
es Solver_module::preport, Report::print(), and version.Referen
ed by get_fun
_pointers().2.15.2.9 void __WINAPI Sm_lps5_5::lps_log (lpre
 ∗ lp_lps, void ∗ userhandle,
har ∗ buf) [stati
, private℄Callba
k fun
tion for lp_solve's log messages.Callba
k fun
tion for lp_solve's log fun
tionality. Print the supplied log message marked as 
omingfrom lp_solve.Referen
es Solver_module::preport, and Report::print().Referen
ed by lp2solver(), and read_lp().2.15.2.10 void Sm_lps5_5::primal_perturb (
onst Primal_de�ation & d, 
onstLp ∗ lp) [stati
, private℄Primal perturb lp.Perturb the lp in the right hand sides of the inequalities and the simple bounds.Parameters:
← d de�ation parameters
→ lp 
ontains the base for the de�ationReferen
es Primal_de�ation::a, Lp::ia, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_le_
on,Lp::xl, Primal_de�ation::xl, Lp::xu, and Primal_de�ation::xu.Referen
ed by solve_primal_perturbed().2.15.2.11 void Sm_lps5_5::print_options () [stati
℄Print supported options.Print the 
ommand line options supported by the solver module.Reimplemented from Solver_module (p. 122).Referen
es version.Referen
ed by get_fun
_pointers().2.15.2.12 bool Sm_lps5_5::read_duals (Lp ∗ lp) [stati
, private℄Read dual solution.Read the dual solution from lp_solve and store it in lp->iy and lp->iz. Lp_solve's 
onventionto determine the sign of the duals is, that the 
osts must be a linear 
ombination of the gradientsof the 
onstraints.The duals returned by lp_solve, however, are the duals for the original lp, that is the duals forgreater equal 
onstraints are multiplied by −1, and all duals are again multiplied by −1 if thelp is a maximizing one. As Lurupa stores all linear programs as minimizing and all inequality
onstraints as less equal undo these multipli
ations.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



114 Class Do
umentationParameters:
→ lp re
eives the dual solutionReturn values:true if reading the dual solution su

eeded,false otherwise, 
alling lp_solve's get_sensitivity_rhs returns falseReferen
es Lp::iy, Lp::iz, Lp_lp_solve::lp, Lp::maximize, Lp::module, Lp_lp_solve::mp_eq_
on,Lp_lp_solve::mp_le_
on, Solver_module::preport, and Report::print().Referen
ed by solve_dual_perturbed(), and solve_original().2.15.2.13 void Sm_lps5_5::read_general_data (Lp ∗ lp) [stati
, private℄Read general data from lp_solve's stru
tures.Read general lp properties from lp_solve's stru
tures and store them in lp. This in
ludes thevalue representing in�nity, the dire
tion of optimization, and the name of the lp.Parameters:
→ lp stores the read dataReferen
es Lp::in�nite, Lp::maximize, Lp::module, and Lp::name.Referen
ed by transform_lp().2.15.2.14 bool Sm_lps5_5::read_lp (Lp ∗ lp, FILE ∗ in, 
onst doublerelative_interval_radius, double & eta) [stati
℄Read lp.Read an lp from a �le into lp_solve and lp. In�ate the lp to an interval valued one if relative_-interval_radius is greater than 0, and adjust eta a

ording to the lp's parameters.Parameters:
→ lp re
eives the lp
← in �le pointer to lp
← relative_interval_radius interval radius to in�ate lp parameters to
→ eta algorithm parameter to be adjustedReturn values:true if reading and transforming the lp su

eeds,false otherwise, reading the lp fails or transform_lp returns falseSee also:transform_lp (p. 120)Reimplemented from Solver_module (p. 123).Referen
es Lp_lp_solve::lp, lps_log(), Lp::module, and transform_lp().Referen
ed by get_fun
_pointers(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.15 Sm_lps5_5 Class Referen
e 1152.15.2.15 bool Sm_lps5_5::read_lp_mat (
onst int rows, Lp ∗ lp) [stati
,private℄Read lp_solve's lp_mat stru
ture.Read lp_solve's lp_mat stru
ture. This stores the left hand sides of the 
onstraints togetherwith the obje
tive fun
tion. Split the read 
oe�
ients into equality and inequality 
onstraints,transform inequality 
onstraints to all less equal, and the dire
tion of optimization to minimize.Parameters:
← rows number of rows in 
onstraint matrix
→ lp stores the 
onstraints and obje
tive fun
tionReturn values:true if reading lp_mat su

eeds,false otherwise, lp_solve's get_
olumn returns falseReferen
es Lp::IA, Lp::IB, Lp::i
, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_eq_
on, andLp_lp_solve::mp_le_
on.Referen
ed by transform_lp().2.15.2.16 bool Sm_lps5_5::read_primals (Lp ∗ lp) [stati
, private℄Read primal solution.Read the primal solution from lp_solve and store it in lp->ix.Parameters:
→ lp re
eives the primal solutionReturn values:true if reading the primal solution su

eeds,false otherwise, 
alling lp_solve's get_variables returns falseReferen
es Lp::i
, Lp::ix, Lp_lp_solve::lp, Lp::module, Solver_module::preport, and Re-port::print().Referen
ed by solve_original(), and solve_primal_perturbed().2.15.2.17 void Sm_lps5_5::read_right_hand_sides (Lp ∗ lp) [stati
, private℄Read right hand sides of the 
onstraints.Read the right hand sides of the 
onstraints. Split the read right hand sides into equality andinequality 
onstraints, transform inequality 
onstraints to all less equal. Store the values in lp->iaand lp->ib.Parameters:
→ lp stores the right hand sidesGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



116 Class Do
umentationReferen
es Lp::ia, Lp::ib, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_eq_
on, and Lp_lp_-solve::mp_le_
on.Referen
ed by transform_lp().2.15.2.18 void Sm_lps5_5::read_simple_bounds (Lp ∗ lp) [stati
, private℄Read simple bounds.Read the simple bounds of the variables and store them in lp->xl and lp->xu.Parameters:
→ lp stores the simple boundsReferen
es Lp::module, Lp::non_�xed_vars, Lp::xl, and Lp::xu.Referen
ed by transform_lp().2.15.2.19 void Sm_lps5_5::resize_lp (Lp ∗ lp, 
onst int 
ols, 
onst int 
_eq,
onst int 
_le) [stati
, private℄Resize Lurupa's data stru
tures a

ording to the lp dimensions.Resize the ve
tors and matri
es in Lurupa's data stru
ture to the sizes of the lp.Parameters:
→ lp Lurupa's stru
ture with the ve
tors and matri
es to be resized
← 
ols number of variables in the lp
← 
_eq number of equality 
onstraints in the lp
← 
_le number of inequality 
onstraints in the lpReferen
es Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
, Lp::ix, Lp::iy, Lp::iz, Lp::xl, and Lp::xu.Referen
ed by restore_primal_phase1(), set_primal_phase1(), and transform_lp().2.15.2.20 void Sm_lps5_5::restore_dual (Lp ∗ lp) [stati
℄Restore lp after dual perturbation.Take the model parameters for the 
osts from lp and write to lp->module->lp restoring theoriginal model after 
omputation of the lower bound.Parameters:
← lp 
ontains the original parametersReimplemented from Solver_module (p. 123).Referen
es Lp::i
, Lp::maximize, Lp::module, Solver_module::preport, and Report::print().Referen
ed by get_fun
_pointers(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.15 Sm_lps5_5 Class Referen
e 1172.15.2.21 void Sm_lps5_5::restore_primal (Lp ∗ lp) [stati
℄Restore lp after primal perturbation.Take the model parameters for the right hand sides and the simple bounds from lp and write tolp->module->lp restoring the original model after 
omputation of the upper bound.Parameters:
← lp 
ontains the original parametersReimplemented from Solver_module (p. 123).Referen
es Lp::ia, Lp::IA, Lp_lp_solve::lp, Lp::module, Lp_lp_solve::mp_le_
on, Solver_-module::preport, Report::print(), Lp::xl, and Lp::xu.Referen
ed by get_fun
_pointers().2.15.2.22 bool Sm_lps5_5::set_module_options (Lp ∗ lp, int arg
, 
har ∗ argv[ ℄)[stati
℄Set module options.Set the spe
i�ed module options. These are supplied in arg
 and argv in a 
ommand line version.Ea
h option is supplied as one string entry in the string array argv, arg
 spe
i�es the number ofoptions.The module supports the following options� '-sm,resetbas': Resolve lps in the 
ase of numeri
al failure with a default basis of all sla
ks.This may enable lp_solve to �nd a solution at the expense of in
reased runtime.� '-sm,s': Use lp_solve's default s
aling (Numeri
al range-based s
aling).� '-sm,timeout,n': Set lp_solve's timeout to n se
onds.� '-sm,vn': Set lp_solve's verbosity level to n. The available levels are� v0 NEUTRAL� v1 CRITICAL� v2 SEVERE� v3 IMPORTANT (default)� v4 NORMAL� v5 DETAILED� v6 FULLParameters:
→ lp lp to set the options for
← arg
 number of arguments
← argv array of argumentsReturn values:true if options are setGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



118 Class Do
umentationfalse otherwiseReferen
es freset_bas, Lp::module, Solver_module::preport, Report::print(), timeout, tra
e, ver-bosity, wm_all, wm_ask, wm_none, and write_mps.Referen
ed by get_fun
_pointers().2.15.2.23 bool Sm_lps5_5::solve_dual_perturbed (
onst VECTOR & d_
, Lp ∗lp, 
onst int iteration) [stati
℄Compute solution of dual perturbed lp.Perturb the lp and solve the new one. Read the dual solution from lp_solve and store it in lp->iyand lp->iz. Save the perturbed lp as lpnamel-lbii.mps a

ording to the setting of write_mps(p. 110). Substitute the name of the lp for lpname and iteration for ii.Parameters:
← d_
 de�ation parameter
→ lp re
eives the solver status and the dual solution
← iteration number of the 
urrent iterationReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp or read_duals returns falseSee also:read_duals (p. 113), solve_lp (p. 118)Reimplemented from Solver_module (p. 123).Referen
es dual_perturb(), Lp::feasibility, Lp::module, Lp::name, Solver_module::preport, Re-port::print(), read_duals(), solve_lp(), ss_feasible, and write_lp().Referen
ed by get_fun
_pointers().2.15.2.24 bool Sm_lps5_5::solve_lp (Lp ∗ lp) [stati
, private℄Solve lp with lp_solve.Solve an lp with lp_solve. Store lp_solve's status in lp->feasibility.Parameters:
→ lp re
eives lp_solve's statusReturn values:true if lp_solve returns a known status 
ode (i.e., OPTIMAL, INFEASIBLE, UN-BOUNDED, TIMEOUT, NUMFAILURE, DEGENERATE, or SUBOPTIMAL)false otherwiseReferen
es Lp::feasibility, freset_bas, Lp::module, Solver_module::preport, Report::print(), ss_-failure, ss_feasible, ss_infeasible, ss_timeout, and ss_unbounded.Referen
ed by solve_dual_perturbed(), solve_original(), and solve_primal_perturbed().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.15 Sm_lps5_5 Class Referen
e 1192.15.2.25 bool Sm_lps5_5::solve_original (Lp ∗ lp, double & optimal_value)[stati
℄Compute solution of unperturbed lp.Solve the original unperturbed lp with lp_solve and read the primal and dual solution.Parameters:
→ lp re
eives the solver status and the solution
→ optimal_value re
eives the optimal valueReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp, read_primals, or read_duals returns falseSee also:read_duals (p. 113), read_primals (p. 115), solve_lp (p. 118)Reimplemented from Solver_module (p. 123).Referen
es Lp::module, Solver_module::preport, Report::print(), read_duals(), read_primals(),and solve_lp().Referen
ed by get_fun
_pointers().2.15.2.26 bool Sm_lps5_5::solve_primal_perturbed (
onst Primal_de�ation & d,Lp ∗ lp, 
onst int iteration) [stati
℄Compute solution of primal perturbed lp.Perturb the lp and solve the new one. Read the primal solution and store it in lp->ix. Save theperturbed lp to lpname-ubii.mps a

ording to setting of write_mps (p. 110). Substitute thename of the lp for lpname and iteration for ii.Parameters:
← d de�ation parameters
→ lp re
eives the solver status and the primal solution
← iteration number of the 
urrent iterationReturn values:true if solve_lp returns true and the solution is readfalse otherwise, solve_lp or read_primals returns falseSee also:read_primals (p. 115), solve_lp (p. 118)Reimplemented from Solver_module (p. 123).Referen
es Lp::feasibility, Lp::module, Lp::name, Solver_module::preport, primal_perturb(), Re-port::print(), read_primals(), solve_lp(), ss_feasible, and write_lp().Referen
ed by get_fun
_pointers().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



120 Class Do
umentation2.15.2.27 bool Sm_lps5_5::transform_lp (Lp ∗ lp, 
onst doublerelative_interval_radius, double & eta) [stati
, private℄Transform lp from lp_solve to Lurupa.Transform lp from the data stru
ture of lp_solve 5.5 into the representation used in Lurupa(p. 36). Adjust algorithm parameters eta a

ording to the lp, and in�ate the lp to an intervalvalued one if relative_interval_radius is greater than 0.Write the (midpoint) problem with preport (p. 124) if Report::write_vm (p. 66) is set.Parameters:
→ lp re
eives the transformed data
← relative_interval_radius relative interval radius to in�ate lp parameters to
→ eta gets adjusted to the modelReturn values:true if the transformation su

eeds,false otherwise, lp->module->lp is not set or build_
onstraint_maps returns falseSee also:adjust_eta (p. 110), build_
onstraint_maps (p. 110), �nd_free_variables (p. 111),in�ate_lp (p. 112), read_general_data (p. 114), read_lp_mat (p. 115), read_-right_hand_sides (p. 115), read_simple_bounds (p. 116), resize_lp (p. 116)Referen
es adjust_eta(), build_
onstraint_maps(), �nd_free_variables(), Lp::free_variables_-size, Report::get_write_vm(), Lp::ia, Lp::IA, Lp::ib, Lp::IB, Lp::i
, in�ate_lp(), Lp::module,Lp::name, Solver_module::preport, Report::print(), read_general_data(), read_lp_mat(),read_right_hand_sides(), read_simple_bounds(), resize_lp(), Report::write_matrix(),Report::write_ve
tor(), Lp::xl, and Lp::xu.Referen
ed by read_lp(), and set_lp().2.15.3 Member Data Do
umentation2.15.3.1 long Sm_lps5_5::timeout = 0 [stati
, private℄Timeout settingReferen
ed by lp2solver(), and set_module_options().2.15.3.2 MYBOOL Sm_lps5_5::tra
e = FALSE [stati
, private℄tra
e settingReferen
ed by lp2solver(), and set_module_options().2.15.3.3 int Sm_lps5_5::verbosity = 3 [stati
, private℄Verbosity settingReferen
ed by lp2solver(), and set_module_options().The do
umentation for this 
lass was generated from the following �les:Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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pp
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122 Class Do
umentation2.16 Solver_module Class Referen
eInterfa
e for an lp-solver module.#in
lude <lurupa/Solver_module.h>Inheritan
e diagram for Solver_module:
Solver_module

Sm_lps3_2 Sm_lps4_0_1_0 Sm_lps4_0_1_11 Sm_lps5_5Collaboration diagram for Solver_module:
Solver_module

Report

preport

Stati
 Publi
 Member Fun
tions� stati
 bool get_dual_ray (Lp ∗lp, int &iyzray)Get dual improving ray.� stati
 bool get_primal_ray (Lp ∗lp, int &ixray)Get primal improving ray.� stati
 
onst 
har ∗ get_version ()Get module version string.� stati
 bool init (Report ∗preport)Initialize the module.� stati
 void lp2solver (Lp ∗lp_lurupa)Transform an lp into solver's representation.� stati
 void print_brief_version ()Print brief version information.� stati
 void print_options ()Print options supported by module.� stati
 void print_version () Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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2.16 Solver_module Class Referen
e 123Print version information.� stati
 void restore_dual (Lp ∗lp)Restore lp after dual perturbation.� stati
 void restore_dual_phase1 (Lp ∗)Restore lp after dual phase 1 perturbation.� stati
 void restore_primal (Lp ∗lp)Restore lp after primal perturbation.� stati
 void restore_primal_phase1 (Lp ∗)Restore lp after primal phase 1 perturbation.� stati
 void set_bounds (Lp ∗lp, int var, double lower, double upper)Set simple bounds on a variable.� stati
 void set_dual_phase1 (Lp ∗lp)Set dual phase 1 lp.� stati
 bool set_lp (Lp ∗lp, 
onst double relative_interval_radius, double &eta)Set an lp.� stati
 void set_primal_phase1 (Lp ∗lp)Set primal phase 1 lp.� stati
 bool solve_dual_perturbed (
onst VECTOR &de�ation_
, Lp ∗lp, 
onst int it-eration)Compute solution of dual perturbed lp.� stati
 bool solve_original (Lp ∗lp, double &optimal_value)Compute solution of unperturbed lp.� stati
 bool solve_primal_perturbed (
onst Primal_de�ation &de�ation, Lp ∗lp,
onst int iteration)Compute solution of primal perturbed lp.� stati
 double get_a

ura
y ()Get a

ura
y used by solver.� stati
 bool read_lp (Lp ∗lp, FILE ∗in, 
onst double relative_interval_radius, double&eta)Read an lp.� stati
 bool set_module_options (int arg
, 
har ∗argv[ ℄)Set module options.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



124 Class Do
umentationStati
 Prote
ted Attributes� stati
 Report ∗ preport = NULLpointer to report 
lass instan
e2.16.1 Detailed Des
riptionInterfa
e for an lp-solver module.This 
lass is the prototype for the lp-solver modules. The interfa
e between Lurupa (p. 36) andthe lp-solver is spe
i�ed.The do
umentation for this 
lass was generated from the following �les:� Solver_module.h� Sm_lps3_2.
pp� Sm_lps4_0_1_0.
pp� Sm_lps4_0_1_11.
pp� Sm_lps5_5.
pp

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



2.17 Solver_module_interfa
e Stru
t Referen
e 1252.17 Solver_module_interfa
e Stru
t Referen
eFun
tion pointer version of Solver_module.#in
lude <lurupa/Solver_module.h>Publi
 Attributes� double(∗ get_a

ura
y )()Get a

ura
y used by solver.� bool(∗ get_dual_ray )(Lp ∗, int &)Get dual improving ray.� bool(∗ get_primal_ray )(Lp ∗, int &)Get primal improving ray.� 
onst 
har ∗(∗ get_version )()Get module version string.� bool(∗ init )(Report ∗)Initialize the module.� void(∗ lp2solver )(Lp ∗)Transform an lp into solver's representation.� void(∗ print_brief_version )()Print brief version information.� void(∗ print_options )()Print options supported by module.� void(∗ print_version )()Print version information.� bool(∗ read_lp )(Lp ∗, FILE ∗, 
onst double, double &)Read an lp.� void(∗ restore_dual )(Lp ∗)Restore lp after dual perturbation.� void(∗ restore_dual_phase1 )(Lp ∗)Restore lp after dual phase 1 perturbation.� void(∗ restore_primal )(Lp ∗)Restore lp after primal perturbation.� void(∗ restore_primal_phase1 )(Lp ∗)Restore lp after primal phase 1 perturbation.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



126 Class Do
umentation� void(∗ set_bounds )(Lp ∗, int, double, double)Set simple bounds on a variable.� void(∗ set_dual_phase1 )(Lp ∗)Set dual phase 1 lp.� bool(∗ set_lp )(Lp ∗, 
onst double, double &)Set an lp.� bool(∗ set_module_options )(Lp ∗, int, 
har ∗[ ℄)Set module options.� void(∗ set_primal_phase1 )(Lp ∗)Set primal phase 1 lp.� bool(∗ solve_dual_perturbed )(
onst VECTOR &, Lp ∗, 
onst int)Compute solution of dual perturbed lp.� bool(∗ solve_original )(Lp ∗, double &)Compute solution of unperturbed lp.� bool(∗ solve_primal_perturbed )(
onst Primal_de�ation &, Lp ∗, 
onst int)Compute solution of primal perturbed lp.2.17.1 Detailed Des
riptionFun
tion pointer version of Solver_module.This stru
t is a fun
tion pointer version of Solver_module (p. 122).The do
umentation for this stru
t was generated from the following �le:� Solver_module.h

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



Chapter 3File Do
umentation
3.1 
Lurupa.
pp File Referen
eDe�nition of C wrapper for Lurupa.#in
lude <lurupa/
Lurupa.h>#in
lude <lurupa/Lurupa.h>#in
lude <lurupa/Lp.h>In
lude dependen
y graph for 
Lurupa.
pp:

cLurupa.cpp

lurupa/cLurupa.h

lurupa/Lurupa.h

lurupa/Lp.h

lurupa/globals.h

stdio.h

lurupa/Solver_module.h

lurupa/Report.h

Vector.h

IntervalMatrix.h IntervalVector.h ltdl.h

Matrix.hstdarg.hFun
tions� void 
lu_
leanup ()Cleanup library wrapper.� double 
lu_get_alpha ()Get algorithm parameter alpha.� 
onst 
har ∗ 
lu_get_
ore_version ()Get 
ore version string.

$cLurupa_8h.html
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128 File Do
umentation� double 
lu_get_eta ()Get algorithm parameter eta.� 
har ∗ 
lu_get_lp_name (PLP lp)Get linear program's name.� 
onst 
har ∗ 
lu_get_module_version ()Get solver module version.� double 
lu_get_solver_eps ()Get solver's a

ura
y.� void 
lu_init ()Initialize library wrapper.� BOOL 
lu_is_in�ate ()Is in�ation set.� BOOL 
lu_is_lp_maximize (PLP lp)Return whether linear program is maximized.� Bound_status 
lu_lower_bound (PLP lp, double ∗bound, int ∗iterations)Compute lower bound.� void 
lu_print_module_options ()Print options supported by module.� PLP 
lu_read_lp (FILE ∗in, 
onst double relative_interval_radius)Read linear program.� void 
lu_set_alpha (double alpha)Set algorithm parameter alpha.� void 
lu_set_eta (double eta)Set algorithm parameter eta.� void 
lu_set_in�ate (BOOL in�ate)Set in�ation.� void 
lu_set_interfa
e (Solver_module_interfa
e interfa
e)� BOOL 
lu_set_lp (PLP lp, 
onst double relative_interval_radius)� BOOL 
lu_set_module (
har ∗module_path)Set solver module.� BOOL 
lu_set_module_options (PLP lp, int arg
, 
har ∗argv[ ℄)Set solver options.� BOOL 
lu_set_solution (PLP lp, void ∗p)Set a linear program's feasibility.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.1 
Lurupa.
pp File Referen
e 129� BOOL 
lu_solve_lp (PLP lp, double ∗optimal_value)� Bound_status 
lu_upper_bound (PLP lp, double ∗bound, int ∗iterations)Compute upper bound.Variables� stati
 Lurupa lLurupa (p. 36) instan
e used by C wrapper.3.1.1 Detailed Des
riptionDe�nition of C wrapper for Lurupa.This is work in progress.Author:Christian KeilId 
Lurupa.
pp (p. 127) 533 2008-06-12 20:08:12Z keil3.1.2 Fun
tion Do
umentation3.1.2.1 void 
lu_
leanup ()Cleanup library wrapper.Cleanup the library wrapper.3.1.2.2 double 
lu_get_alpha ()Get algorithm parameter alpha.Get the algorithm parameter alpha.See also:Lurupa::get_alpha (p. 51)Referen
es 
lu_init(), and Lurupa::get_alpha().3.1.2.3 
onst 
har∗ 
lu_get_
ore_version ()Get 
ore version string.Get the 
ore version string.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



130 File Do
umentationSee also:Lurupa::get_
ore_version (p. 51)Referen
es 
lu_init(), and Lurupa::get_
ore_version().3.1.2.4 double 
lu_get_eta ()Get algorithm parameter eta.Get the algorithm parameter eta.See also:Lurupa::get_eta (p. 51)Referen
es 
lu_init(), and Lurupa::get_eta().3.1.2.5 
har∗ 
lu_get_lp_name (PLP lp)Get linear program's name.Get the linear program's name.See also:Lurupa::get_lp_name (p. 36)Referen
es 
lu_init().3.1.2.6 
onst 
har∗ 
lu_get_module_version ()Get solver module version.Get the solver module version.See also:Lurupa::get_module_version (p. 51)Referen
es 
lu_init(), and Lurupa::get_module_version().3.1.2.7 double 
lu_get_solver_eps ()Get solver's a

ura
y.Get solver a

ura
y.See also:Lurupa::get_solver_eps (p. 51)Referen
es 
lu_init(), and Lurupa::get_solver_eps().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.1 
Lurupa.
pp File Referen
e 1313.1.2.8 void 
lu_init ()Initialize library wrapper.Initialize the library wrapper.Referen
ed by 
lu_get_alpha(), 
lu_get_
ore_version(), 
lu_get_eta(), 
lu_get_lp_name(),
lu_get_module_version(), 
lu_get_solver_eps(), 
lu_is_in�ate(), 
lu_is_lp_maximize(),
lu_lower_bound(), 
lu_print_module_options(), 
lu_read_lp(), 
lu_set_alpha(), 
lu_set_-eta(), 
lu_set_in�ate(), 
lu_set_interfa
e(), 
lu_set_lp(), 
lu_set_module(), 
lu_set_-module_options(), 
lu_set_solution(), 
lu_solve_lp(), and 
lu_upper_bound().3.1.2.9 BOOL 
lu_is_in�ate ()Is in�ation set.Get the algorithm �ag in�ate.See also:Lurupa::is_in�ate (p. 52)Referen
es 
lu_init(), and Lurupa::is_in�ate().3.1.2.10 BOOL 
lu_is_lp_maximize (PLP lp)Return whether linear program is maximized.Return whether the linear program is maximized.See also:Lurupa::is_lp_maximize (p. 36)Referen
es 
lu_init().3.1.2.11 Bound_status 
lu_lower_bound (PLP lp, double ∗ bound, int ∗iterations)Compute lower bound.Compute the lower bound.See also:Lurupa::lower_bound (p. 52)Referen
es 
lu_init(), and Lurupa::lower_bound().3.1.2.12 void 
lu_print_module_options ()Print options supported by module.Print the options supported by the module.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



132 File Do
umentationSee also:Lurupa::print_module_options (p. 54)Referen
es 
lu_init(), and Lurupa::print_module_options().3.1.2.13 PLP 
lu_read_lp (FILE ∗ in, 
onst double relative_interval_radius)Read linear program.Read a linear program.See also:Lurupa::read_lp (p. 58)Referen
es 
lu_init(), and Lurupa::read_lp().3.1.2.14 void 
lu_set_alpha (double alpha)Set algorithm parameter alpha.Set the algorithm parameter alpha.See also:Lurupa::set_alpha (p. 59)Referen
es 
lu_init(), and Lurupa::set_alpha().3.1.2.15 void 
lu_set_eta (double eta)Set algorithm parameter eta.Set the algorithm parameter eta.See also:Lurupa::set_eta (p. 60)Referen
es 
lu_init(), and Lurupa::set_eta().3.1.2.16 void 
lu_set_in�ate (BOOL in�ate)Set in�ation.Set the algorithm �ag in�ation.See also:Lurupa::set_in�ate (p. 60)Referen
es 
lu_init(), and Lurupa::set_in�ate().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.1 
Lurupa.
pp File Referen
e 1333.1.2.17 void 
lu_set_interfa
e (Solver_module_interfa
e interfa
e)Set the solver module.See also:Lurupa::set_interfa
e (p. 61)Referen
es 
lu_init(), and Lurupa::set_interfa
e().3.1.2.18 BOOL 
lu_set_lp (PLP lp, 
onst double relative_interval_radius)Set a linear program.See also:Lurupa::set_lp (p. 61)Referen
es 
lu_init(), and Lurupa::set_lp().3.1.2.19 BOOL 
lu_set_module (
har ∗ module_path)Set solver module.Set the solver module.See also:Lurupa::set_module (p. 61)Referen
es 
lu_init(), and Lurupa::set_module().3.1.2.20 BOOL 
lu_set_module_options (PLP lp, int arg
, 
har ∗ argv[ ℄)Set solver options.Set module options.See also:Lurupa::set_module_options (p. 62)Referen
es 
lu_init(), and Lurupa::set_module_options().3.1.2.21 BOOL 
lu_solve_lp (PLP lp, double ∗ optimal_value)Solve the linear program.See also:Lurupa::solve_lp (p. 63)Referen
es 
lu_init(), and Lurupa::solve_lp().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



134 File Do
umentation3.1.2.22 Bound_status 
lu_upper_bound (PLP lp, double ∗ bound, int ∗iterations)Compute upper bound.Compute the upper bound.See also:Lurupa::upper_bound (p. 63)Referen
es 
lu_init(), and Lurupa::upper_bound().
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3.2 
Lurupa.h File Referen
e 1353.2 
Lurupa.h File Referen
eDe
laration of C wrapper for Lurupa.#in
lude <lurupa/globals.h>#in
lude <stdio.h>In
lude dependen
y graph for 
Lurupa.h:
cLurupa.h

lurupa/globals.h stdio.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
cLurupa.h

cLurupa.cppTypedefsC version of variable typesThese de�nitions are used when in
luding 
Lurupa.h (p. 135) in a C sour
e.� typedef 
har BOOL� typedef enum Bound_status BOUND_STATUS� typedef void ∗ PLP� typedef enum Solver_status SOLVER_STATUSFun
tions� void 
lu_
leanup ()Cleanup library wrapper.� double 
lu_get_alpha ()Get algorithm parameter alpha.� 
onst 
har ∗ 
lu_get_
ore_version ()Get 
ore version string.� double 
lu_get_eta ()Get algorithm parameter eta.� 
har ∗ 
lu_get_lp_name (PLP Lp)Get linear program's name.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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136 File Do
umentation� 
onst 
har ∗ 
lu_get_module_version ()Get solver module version.� double 
lu_get_solver_eps ()Get solver's a

ura
y.� void 
lu_init ()Initialize library wrapper.� BOOL 
lu_is_in�ate ()Is in�ation set.� BOOL 
lu_is_lp_maximize (PLP Lp)Return whether linear program is maximized.� BOUND_STATUS 
lu_lower_bound (PLP Lp, double ∗bound, int ∗iterations)Compute lower bound.� void 
lu_print_module_options ()Print options supported by module.� PLP 
lu_read_lp (FILE ∗in, 
onst double relative_interval_radius)Read linear program.� void 
lu_set_alpha (double alpha)Set algorithm parameter alpha.� void 
lu_set_eta (double eta)Set algorithm parameter eta.� void 
lu_set_in�ate (BOOL in�ate)Set in�ation.� BOOL 
lu_set_lp (PLP ∗lp, 
onst double relative_interval_radius)Set linear program.� BOOL 
lu_set_module (
har ∗module_path)Set solver module.� BOOL 
lu_set_module_options (PLP Lp, int arg
, 
har ∗argv[ ℄)Set solver options.� BOOL 
lu_set_solution (PLP Lp, void ∗p)Set a linear program's feasibility.� BOOL 
lu_solve_lp (double ∗optimal_value, SOLVER_STATUS ∗status)Solve linear program.� BOUND_STATUS 
lu_upper_bound (PLP Lp, double ∗bound, int ∗iterations)Compute upper bound. Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.2 
Lurupa.h File Referen
e 1373.2.1 Detailed Des
riptionDe
laration of C wrapper for Lurupa.This is work in progess.Author:Christian KeilId 
Lurupa.h (p. 135) 542 2008-06-26 12:44:51Z keil3.2.2 Fun
tion Do
umentation3.2.2.1 void 
lu_
leanup ()Cleanup library wrapper.Cleanup the library wrapper.3.2.2.2 double 
lu_get_alpha ()Get algorithm parameter alpha.Get the algorithm parameter alpha.See also:Lurupa::get_alpha (p. 51)Referen
es 
lu_init(), and Lurupa::get_alpha().3.2.2.3 
onst 
har∗ 
lu_get_
ore_version ()Get 
ore version string.Get the 
ore version string.See also:Lurupa::get_
ore_version (p. 51)Referen
es 
lu_init(), and Lurupa::get_
ore_version().3.2.2.4 double 
lu_get_eta ()Get algorithm parameter eta.Get the algorithm parameter eta.See also:Lurupa::get_eta (p. 51)Referen
es 
lu_init(), and Lurupa::get_eta().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



138 File Do
umentation3.2.2.5 
har∗ 
lu_get_lp_name (PLP lp)Get linear program's name.Get the linear program's name.See also:Lurupa::get_lp_name (p. 36)Referen
es 
lu_init().3.2.2.6 
onst 
har∗ 
lu_get_module_version ()Get solver module version.Get the solver module version.See also:Lurupa::get_module_version (p. 51)Referen
es 
lu_init(), and Lurupa::get_module_version().3.2.2.7 double 
lu_get_solver_eps ()Get solver's a

ura
y.Get solver a

ura
y.See also:Lurupa::get_solver_eps (p. 51)Referen
es 
lu_init(), and Lurupa::get_solver_eps().3.2.2.8 void 
lu_init ()Initialize library wrapper.Initialize the library wrapper.Referen
ed by 
lu_get_alpha(), 
lu_get_
ore_version(), 
lu_get_eta(), 
lu_get_lp_name(),
lu_get_module_version(), 
lu_get_solver_eps(), 
lu_is_in�ate(), 
lu_is_lp_maximize(),
lu_lower_bound(), 
lu_print_module_options(), 
lu_read_lp(), 
lu_set_alpha(), 
lu_set_-eta(), 
lu_set_in�ate(), 
lu_set_interfa
e(), 
lu_set_lp(), 
lu_set_module(), 
lu_set_-module_options(), 
lu_set_solution(), 
lu_solve_lp(), and 
lu_upper_bound().3.2.2.9 BOOL 
lu_is_in�ate ()Is in�ation set.Get the algorithm �ag in�ate.See also:Lurupa::is_in�ate (p. 52) Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.2 
Lurupa.h File Referen
e 139Referen
es 
lu_init(), and Lurupa::is_in�ate().3.2.2.10 BOOL 
lu_is_lp_maximize (PLP lp)Return whether linear program is maximized.Return whether the linear program is maximized.See also:Lurupa::is_lp_maximize (p. 36)Referen
es 
lu_init().3.2.2.11 BOUND_STATUS 
lu_lower_bound (PLP lp, double ∗ bound, int ∗iterations)Compute lower bound.Compute the lower bound.See also:Lurupa::lower_bound (p. 52)Referen
es 
lu_init(), and Lurupa::lower_bound().3.2.2.12 void 
lu_print_module_options ()Print options supported by module.Print the options supported by the module.See also:Lurupa::print_module_options (p. 54)Referen
es 
lu_init(), and Lurupa::print_module_options().3.2.2.13 PLP 
lu_read_lp (FILE ∗ in, 
onst double relative_interval_radius)Read linear program.Read a linear program.See also:Lurupa::read_lp (p. 58)Referen
es 
lu_init(), and Lurupa::read_lp().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



140 File Do
umentation3.2.2.14 void 
lu_set_alpha (double alpha)Set algorithm parameter alpha.Set the algorithm parameter alpha.See also:Lurupa::set_alpha (p. 59)Referen
es 
lu_init(), and Lurupa::set_alpha().3.2.2.15 void 
lu_set_eta (double eta)Set algorithm parameter eta.Set the algorithm parameter eta.See also:Lurupa::set_eta (p. 60)Referen
es 
lu_init(), and Lurupa::set_eta().3.2.2.16 void 
lu_set_in�ate (BOOL in�ate)Set in�ation.Set the algorithm �ag in�ation.See also:Lurupa::set_in�ate (p. 60)Referen
es 
lu_init(), and Lurupa::set_in�ate().3.2.2.17 BOOL 
lu_set_module (
har ∗ module_path)Set solver module.Set the solver module.See also:Lurupa::set_module (p. 61)Referen
es 
lu_init(), and Lurupa::set_module().3.2.2.18 BOOL 
lu_set_module_options (PLP lp, int arg
, 
har ∗ argv[ ℄)Set solver options.Set module options. Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.2 
Lurupa.h File Referen
e 141See also:Lurupa::set_module_options (p. 62)Referen
es 
lu_init(), and Lurupa::set_module_options().3.2.2.19 BOUND_STATUS 
lu_upper_bound (PLP lp, double ∗ bound, int ∗iterations)Compute upper bound.Compute the upper bound.See also:Lurupa::upper_bound (p. 63)Referen
es 
lu_init(), and Lurupa::upper_bound().

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



142 File Do
umentation3.3 Condition.
pp File Referen
eImplementation of Condition (p. 20).#in
lude <Condition.h>#in
lude <Constants.h>#in
lude <Fun
tions.h>#in
lude <assert.h>In
lude dependen
y graph for Condition.
pp:
Condition.cpp

Condition.h Constants.h Functions.h assert.h

lurupa/Lurupa.h

lurupa/globals.h

IntervalVector.h

lurupa/Lp.h

lurupa/Solver_module.h

lurupa/Report.h

Vector.h

IntervalMatrix.hltdl.h

Matrix.h stdarg.h3.3.1 Detailed Des
riptionImplementation of Condition (p. 20).This �le 
ontains the implementation of Condition (p. 20).Author:Christian KeilId Condition.
pp (p. 142) 533 2008-06-12 20:08:12Z keilName
Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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3.4 Condition.h File Referen
e 1433.4 Condition.h File Referen
eDe�nition of Condition (p. 20).#in
lude <lurupa/Lurupa.h>#in
lude <lurupa/Lp.h>#in
lude <lurupa/globals.h>#in
lude <IntervalVe
tor.h>In
lude dependen
y graph for Condition.h:
Condition.h

lurupa/Lurupa.h

lurupa/globals.h

IntervalVector.h

lurupa/Lp.h

lurupa/Solver_module.h

lurupa/Report.h

Vector.h

IntervalMatrix.hltdl.h

Matrix.h stdarg.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
Condition.h

Condition.cpp Lurupa.cppClasses� 
lass ConditionCondition numbers3.4.1 Detailed Des
riptionDe�nition of Condition (p. 20).This �le 
ontains the de�nition of Condition (p. 20).Author:Christian KeilGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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144 File Do
umentationId Condition.h (p. 143) 533 2008-06-12 20:08:12Z keilName

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.5 globals.h File Referen
e 1453.5 globals.h File Referen
eGlobal properties.This graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
globals.h

lurupa_cmd.cpp

cLurupa.h

Condition.h

Lp.h

Lurupa.h

Report.h

Solver_module.h

cLurupa.cpp

Condition.cpp Lurupa.cpp

Sm_lps3_2.cpp Sm_lps4_0_1_0.cpp Sm_lps4_0_1_11.cpp Sm_lps5_5.cppLp.cpp

Sm_lps3_2.h Sm_lps4_0_1_0.h

Sm_lps4_0_1_11.h Sm_lps5_5.h

Bound status� enum Bound_status {bs_veri�ed, bs_priminf, bs_dualinf, bs_orginf,bs_orgunb, bs_pertinf, bs_noen
, bs_warn,bs_rank, bs_iter, bs_failure, bs_timeout,bs_running }Bound status� stati
 
onst 
har ∗ bound_status_string [ ℄Bound status stringsLp-solver status� enum Solver_status {ss_feasible, ss_unbounded, ss_infeasible, ss_failure,ss_timeout, ss_unknown }Lp-solver status.� stati
 
onst 
har ∗ solver_status_string [ ℄Lp-solver status strings.De�nesTablesThe kind of tables that are written to disk by the 
ommand line 
lient.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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146 File Do
umentation� #de�ne LU_T_CSV 2CSV table.� #de�ne LU_T_LATEX 1LaTeX table.Enumerations� enum Csv_style { o
tave, matlab }CSV style.� enum Write_mps { wm_all, wm_ask, wm_none }Write lps as MPS �le.3.5.1 Detailed Des
riptionGlobal properties.This �le 
ontains global properties shared by all 
omponents of Lurupa. It 
ontains possible returnvalues and parameters of methods as enums or de�nes for enhan
ed readibility as well as stringarrays with textual des
riptions of some of these for displaying.Author:Christian KeilId globals.h (p. 145) 533 2008-06-12 20:08:12Z keil3.5.2 Enumeration Type Do
umentation3.5.2.1 enum Bound_statusBound statusThe possible status values of a bound 
omputation.Enumerator:bs_veri�ed Bound su

essfully 
omputedbs_priminf Bound su

essfully 
omputed; problem is veri�ed to be infeasiblebs_dualinf Bound su

essfully 
omputed; problem is veri�ed to be unboundedbs_orginf Bound not 
omputed; the lp-solver 
laims infeasibilitybs_orgunb Bound not 
omputed; the lp-solver 
laims unboundednessbs_pertinf Bound not 
omputed; a perturbed problem seems to be infeasible and in�ationis not setbs_noen
 Bound not 
omputed; no en
losure of the solution set of linear system 
ould befound Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.5 globals.h File Referen
e 147bs_warn Bound not 
omputed; the lp-solver gave a warning while solving a perturbedproblembs_rank Bound not 
omputed; the equation matrix has not full rankbs_iter Bound not 
omputed; the maximum number of iterations is ex
eededbs_failure Bound not 
omputed; an unexpe
ted error o

uredbs_timeout Bound not 
omputed; the lp-solver timed out solving a perturbed problembs_running Bound 
omputation in progress3.5.2.2 enum Csv_styleCSV style.The style whi
h is used to save 
sv �les in Report::write_ve
tor (p. 66) and Report::write_-matrix (p. 66)Enumerator:o
tave O
tave style; one �le (problem_name.
sv) with dimension and name as meta infor-mationmatlab Matlab style; all variables in di�erent �les without dimension in one dire
tory(problem_name)3.5.2.3 enum Solver_statusLp-solver status.The possible status values returned by lp-solvers.Enumerator:ss_feasible Lp-solver judges model to be feasibless_unbounded Lp-solver judges model to be unboundedss_infeasible Lp-solver judges model to be infeasibless_failure Lp-solver returned from solving with a failuress_timeout Lp-solver timed out solvingss_unknown Lp-solver status not yet known3.5.2.4 enum Write_mpsWrite lps as MPS �le.Whi
h intermediate lps are written as MPS �les to disk.Enumerator:wm_all All intermediate lps.wm_ask Ask for all intermediate lps.wm_none No intermedate lp.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



148 File Do
umentation3.5.3 Variable Do
umentation3.5.3.1 
onst 
har∗ bound_status_string[ ℄ [stati
℄Initial value:{"ok","primal infeasible","dual infeasible","lp-solver infeasible","lp-solver unbounded","perturbed lp infeasible","no ls en
losure","solver warning","rank defi
ien
y","iteration limit rea
hed","solver failure","solver timeout","running"}Bound status stringsStatus string array 
onverting Bound_status values to real text for displaying.Referen
ed by print_bound_stats(), report_dual(), report_primal(), write_
sv_table(), andwrite_latex_table().3.5.3.2 
onst 
har∗ solver_status_string[ ℄ [stati
℄Initial value:{"feasible","unbounded","infeasible","failure","timeout","unknown"}Lp-solver status strings.Status string array 
onverting Solver_status values to real text for displaying.Referen
ed by pro
ess_solving_status(), write_
sv_table(), and write_latex_table().

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.6 Lp.
pp File Referen
e 1493.6 Lp.
pp File Referen
eDe�nition of Lp storage 
lass.#in
lude <lurupa/Lp.h>In
lude dependen
y graph for Lp.
pp:
Lp.cpp

lurupa/Lp.h

lurupa/globals.h

lurupa/Lurupa.h

lurupa/Solver_module.h IntervalMatrix.h IntervalVector.h

lurupa/Report.h

Vector.h

ltdl.h

Matrix.hstdarg.h3.6.1 Detailed Des
riptionDe�nition of Lp storage 
lass.This storage 
lass agregates all the model data and the lp-solver's judgement of its feasibility.Author:Christian KeilId Lp.
pp (p. 149) 530 2008-06-12 08:57:52Z keil

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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150 File Do
umentation3.7 Lp.h File Referen
eDe
laration of Lp storage 
lass.#in
lude <lurupa/globals.h>#in
lude <lurupa/Lurupa.h>#in
lude <lurupa/Solver_module.h>#in
lude <IntervalMatrix.h>#in
lude <IntervalVe
tor.h>In
lude dependen
y graph for Lp.h:
Lp.h

lurupa/globals.h

lurupa/Lurupa.h

lurupa/Solver_module.h IntervalMatrix.h IntervalVector.h

lurupa/Report.h

Vector.h

ltdl.h

Matrix.hstdarg.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
Lp.h

lurupa_cmd.cpp Sm_lps3_2.cpp Sm_lps4_0_1_0.cpp Sm_lps4_0_1_11.cpp Sm_lps5_5.cpp cLurupa.cpp Condition.h

Lurupa.cpp

Lp.cpp

Condition.cppClasses� 
lass LpA linear program.� stru
t Primal_de�ationPrimal de�ation parameters.3.7.1 Detailed Des
riptionDe
laration of Lp storage 
lass.This storage 
lass aggregates all the model data and the lp-solver's judgement of its feasibility.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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3.7 Lp.h File Referen
e 151Author:Christian KeilId Lp.h (p. 150) 533 2008-06-12 20:08:12Z keil
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152 File Do
umentation3.8 Lurupa.
pp File Referen
eDe�nition of Lurupa's 
ore.#in
lude <lurupa/Lurupa.h>#in
lude <lurupa/Lp.h>#in
lude "Condition.h"#in
lude <Interval.h>#in
lude <LSS.h>#in
lude <Utilities.h>#in
lude <BIAS/Bias0.h>#in
lude <
stdio>#in
lude <
math>In
lude dependen
y graph for Lurupa.
pp:
Lurupa.cpp

lurupa/Lurupa.h

lurupa/Lp.h

Condition.h Interval.h LSS.h Utilities.h BIAS/Bias0.h cstdio cmath

lurupa/Solver_module.h

lurupa/globals.h

lurupa/Report.h

Vector.h

IntervalMatrix.hIntervalVector.h ltdl.h

Matrix.h stdarg.hVariables� stati
 
onst 
har ∗ version = "Lurupa 
ore 1.1"Version string.3.8.1 Detailed Des
riptionDe�nition of Lurupa's 
ore.This �le 
ontains the de�nition of Lurupa (p. 36)'s 
ore.Author:Christian Keil Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen

$Lurupa_8h.html
$Lp_8h.html
$Condition_8h.html
$Solver__module_8h.html
$globals_8h.html
$Report_8h.html


3.8 Lurupa.
pp File Referen
e 153Id Lurupa.
pp.in 530 2008-06-12 08:57:52Z keil
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154 File Do
umentation3.9 Lurupa.h File Referen
eDe
laration of Lurupa's 
ore.#in
lude <lurupa/Solver_module.h>#in
lude <lurupa/Report.h>#in
lude <lurupa/globals.h>#in
lude <IntervalMatrix.h>#in
lude <IntervalVe
tor.h>#in
lude <Ve
tor.h>#in
lude <ltdl.h>In
lude dependen
y graph for Lurupa.h:
Lurupa.h

lurupa/Solver_module.h

lurupa/globals.h

lurupa/Report.h

Vector.h

IntervalMatrix.h IntervalVector.h ltdl.h

Matrix.hstdarg.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
Lurupa.h

lurupa_cmd.cpp cLurupa.cpp Condition.h

Lurupa.cpp

Lp.h

Condition.cpp

Sm_lps3_2.cpp Sm_lps4_0_1_0.cpp Sm_lps4_0_1_11.cpp Sm_lps5_5.cpp Lp.cpp

Classes� 
lass LurupaLurupa's 
ore.3.9.1 Detailed Des
riptionDe
laration of Lurupa's 
ore.This �le 
ontains the de
laration of Lurupa (p. 36).Author:Christian Keil Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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3.9 Lurupa.h File Referen
e 155Id Lurupa.h (p. 154) 533 2008-06-12 20:08:12Z keil
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156 File Do
umentation3.10 lurupa_
md.
pp File Referen
eLurupa's 
ommand line 
lient.#in
lude "svnversion.h"#in
lude <lurupa/globals.h>#in
lude <lurupa/Lurupa.h>#in
lude <lurupa/Lp.h>#in
lude <lr/Lr.h>#in
lude <ltdl.h>#in
lude <
math>#in
lude <
stdlib>#in
lude <
string>#in
lude <errno.h>#in
lude <iostream>#in
lude <new>#in
lude <time.h>In
lude dependen
y graph for lurupa_
md.
pp:
lurupa_cmd.cpp

svnversion.h

lurupa/globals.h

lurupa/Lurupa.h

ltdl.h

lurupa/Lp.h lr/Lr.h cmath cstdlib cstring errno.h iostream new time.h

lurupa/Solver_module.h

lurupa/Report.h

Vector.h

IntervalMatrix.hIntervalVector.h

Matrix.h stdarg.hClasses� stru
t BoundInformation about a Bound.� stru
t Certi�
ateA 
erti�
ate.� stru
t En
losureAn en
losure.� stru
t Lp_statsInformation about an Lp. Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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3.10 lurupa_
md.
pp File Referen
e 157Fun
tions� void 
ompute_dual (Lurupa ∗lurupa, Lp ∗lp, Lp_stats ∗lp_stats)Compute dual 
erti�
ate.� void 
ompute_lower (Lurupa ∗lurupa, Lp ∗lp, Lp_stats ∗lp_stats)Compute lower bound.� void 
ompute_primal (Lurupa ∗lurupa, Lp ∗lp, Lp_stats ∗lp_stats)Compute primal 
erti�
ate.� void 
ompute_upper (Lurupa ∗lurupa, Lp ∗lp, Lp_stats ∗lp_stats)Compute upper bound.� int main (int arg
, 
har ∗argv[ ℄)Command line main.� void out_of_memory ()Out of memory handler.� void print_bound_stats (
onst Bound &bound, 
onst Lp_stats &lp_stats)Print bound statisti
s.� void print_brief_version (
onst Lurupa &lurupa, bool solver_module_set)Print brief version information.� void print_model_data (
onst Lp_stats &lp_stats)Print model data.� void print_usage (
har ∗self, 
onst Lurupa &lurupa, bool solver_module_set)Print usage information.� void print_version (
onst Lurupa &lurupa, bool solver_module_set)Print version information.� void pro
ess_solving_status (Lp_stats &lp_stats)Pro
ess solving statisti
s.� void report_bound_quality (Lp_stats &lp_stats)Compute bound quality.� void report_dual (Lp_stats &lp_stats)Report (p. 65) dual 
erti�
ate.� void report_lower (Lp ∗lp, Lp_stats &lp_stats)Report (p. 65) lower bound.� void report_primal (Lp_stats &lp_stats)Report (p. 65) primal 
erti�
ate.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



158 File Do
umentation� void report_upper (Lp ∗lp, Lp_stats &lp_stats)Report (p. 65) upper bound.� 
onst 
har ∗ rounded_string (double x, int dire
tion)Corre
tly round double to string.� void start_timer (
lo
k_t &pt, int &rt)Start timer.� void stop_timer (
lo
k_t &pt, int &rt)Stop timer.� 
onst 
har ∗ timer_di� (
lo
k_t start_pt, 
lo
k_t end_pt, int start_rt, int end_rt, double&pt_di�, double &rt_di�)Compute timer di�eren
e.� void write_
sv_table (
onst Lp_stats &lp_stats, FILE ∗
sv)Write 
sv table.� void write_latex_table (
onst Lp_stats &lp_stats, FILE ∗latex)Write LaTeX table.� void write_tables (short tables, 
onst Lp_stats &lp_stats, FILE ∗latex, FILE ∗
sv)Write tables.Variables� stati
 
onst 
har ∗ 
opyright = "Copyright (C) 2006 Christian Keil"Copyright string.� stati
 
onst 
har ∗ version = "Lurupa 
ommand line 
lient 1.2"Version string.3.10.1 Detailed Des
riptionLurupa's 
ommand line 
lient.This is Lurupa's 
ommand line 
lient. It uses the 
ore logi
 and a user spe
i�ed solver module to
ompute veri�ed bounds for a linear program. The results and the time needed to 
ompute themare displayed and written to disk in 
sv or LaTeX format.Author:Christian KeilId lurupa_
md.
pp (p. 156) 533 2008-06-12 20:08:12Z keilGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.10 lurupa_
md.
pp File Referen
e 1593.10.2 Fun
tion Do
umentation3.10.2.1 void 
ompute_dual (Lurupa ∗ lurupa, Lp ∗ lp, Lp_stats ∗ lp_stats)Compute dual 
erti�
ate.Compute and time a dual 
erti�
ate for primal infeasibility lp.Parameters:
← lurupa Lurupa (p. 36) referen
e used to 
ompute 
erti�
ate
← lp the lp
→ lp_stats stores 
erti�
ate status and timeReferen
es Lp_stats::dual, Lurupa::dual_
erti�
ate(), Certi�
ate::pro
_time, Certi�-
ate::realtime, start_timer(), Certi�
ate::status, stop_timer(), Certi�
ate::time_status, andtimer_di�().Referen
ed by main().3.10.2.2 void 
ompute_lower (Lurupa ∗ lurupa, Lp ∗ lp, Lp_stats ∗ lp_stats)Compute lower bound.Compute and time a lower bound for the optimal value of lp.Parameters:
← lurupa Lurupa (p. 36) referen
e used to 
ompute bound
← lp the lp
→ lp_stats stores bound and timeReferen
es Bound::iterations, Lp_stats::lower, Lurupa::lower_bound(), Bound::pro
_time,Bound::realtime, start_timer(), Bound::status, stop_timer(), Bound::time_status, timer_di�(),and Bound::value.Referen
ed by main().3.10.2.3 void 
ompute_primal (Lurupa ∗ lurupa, Lp ∗ lp, Lp_stats ∗ lp_stats)Compute primal 
erti�
ate.Compute and time a primal 
erti�
ate for dual infeasibility of lp.Parameters:
← lurupa Lurupa (p. 36) referen
e used to 
ompute 
erti�
ate
← lp the lp
→ lp_stats stores 
erti�
ate status and timeReferen
es Lp_stats::primal, Lurupa::primal_
erti�
ate(), Certi�
ate::pro
_time, Certi�-
ate::realtime, start_timer(), Certi�
ate::status, stop_timer(), Certi�
ate::time_status, andtimer_di�().Referen
ed by main().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



160 File Do
umentation3.10.2.4 void 
ompute_upper (Lurupa ∗ lurupa, Lp ∗ lp, Lp_stats ∗ lp_stats)Compute upper bound.Compute and time an upper bound for the optimal value of lp.Parameters:
← lurupa Lurupa (p. 36) referen
e used to 
ompute bound
← lp the lp
→ lp_stats stores bound and timeReferen
es Bound::iterations, Bound::pro
_time, Bound::realtime, start_timer(), Bound::status,stop_timer(), Bound::time_status, timer_di�(), Lp_stats::upper, Lurupa::upper_bound(), andBound::value.Referen
ed by main().3.10.2.5 int main (int arg
, 
har ∗ argv[ ℄)Command line main.Parse the 
ommand line arguments and 
all Lurupa (p. 36) appropriately. Print the results andwrite them to disk.Referen
es Lp_stats::automati
, En
losure::
ompute, Certi�
ate::
ompute, Bound::
ompute,
ompute_dual(), 
ompute_lower(), 
ompute_primal(), 
ompute_upper(), Lurupa::
ond(), Lp_-stats::
ondition, Lp_stats::dual, Lp_stats::is_maximize, l, En
losure::lower, Lp_stats::lower,LU_T_CSV, LU_T_LATEX, matlab, Lp::maximize, Lp::name, Lp_stats::name, o
tave,Lp_stats::optimal_value, out_of_memory(), Lp_stats::path, Lp_stats::primal, print_-brief_version(), print_model_data(), print_usage(), print_version(), pro
ess_solving_-status(), Lurupa::read_lp(), Lurupa::report, report_bound_quality(), report_dual(), report_-lower(), report_primal(), report_upper(), Lurupa::rho_d(), Lp_stats::rho_d, Lurupa::rho_-p(), Lp_stats::rho_p, rounded_string(), Lurupa::set_alpha(), Report::set_
sv_style(),Lurupa::set_eta(), Lurupa::set_in�ate(), Lurupa::set_module(), Lurupa::set_module_options(),Report::set_verbosity(), Lurupa::solve_lp(), Lp_stats::solve_pro
_time, Lp_stats::solve_-realtime, Lp_stats::solve_time_status, ss_failure, ss_feasible, ss_infeasible, ss_unbounded,start_timer(), Lp_stats::status, stop_timer(), timer_di�(), Lp_stats::total_pro
_time, Lp_-stats::total_realtime, Lp_stats::total_time_status, En
losure::upper, Lp_stats::upper, andwrite_tables().3.10.2.6 void print_bound_stats (
onst Bound & bound, 
onst Lp_stats &lp_stats)Print bound statisti
s.Print statisti
s about a 
omputed bound. These in
lude of 
ourse the bound itself along with the
ount of algorithm iterations needed, the time needed, the ratio of the time needed to 
ompute thebounds and the time needed to 
ompute the approximate optimal value, the status of the 
omputedbound (e.g. bound su

essfully 
omputed, no bound 
omputed be
ause of rank de�
ien
y).Parameters:
← bound the bound's statisti
s
← lp_stats 
ontains the time to solve the modelGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.10 lurupa_
md.
pp File Referen
e 161Referen
es bound_status_string, Bound::iterations, Bound::pro
_time, Bound::realtime, Lp_-stats::solve_pro
_time, Lp_stats::solve_realtime, Bound::status, and Bound::time_status.Referen
ed by report_lower(), and report_upper().3.10.2.7 void print_brief_version (
onst Lurupa & lurupa, boolsolver_module_set)Print brief version information.Print brief version information suitable for log output.Parameters:
← lurupa Lurupa (p. 36) instan
e to print information about
← solver_module_set whether a solver module is loadedReferen
es 
opyright, Lurupa::print_
ore_brief_version(), Lurupa::print_module_brief_-version(), and version.Referen
ed by main().3.10.2.8 void print_model_data (
onst Lp_stats & lp_stats)Print model data.Print the name and the optimization dire
tion of the model to be pro
essed.Parameters:
← lp_stats 
ontains the model's dataReferen
es Lp_stats::is_maximize, and Lp_stats::name.Referen
ed by main().3.10.2.9 void print_usage (
har ∗ self, 
onst Lurupa & lurupa, boolsolver_module_set)Print usage information.Print usage information for the 
ommand line 
lient; whi
h parameters with whi
h values aresupported.Parameters:
← self path to running program
← lurupa Lurupa (p. 36) instan
e to a

ess solver module
← solver_module_set whether a solver module is loadedReferen
es Lurupa::print_module_options(), and version.Referen
ed by main().Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



162 File Do
umentation3.10.2.10 void print_version (
onst Lurupa & lurupa, bool solver_module_set)Print version information.Print version information for the appli
ation parts.Parameters:
← lurupa Lurupa (p. 36) instan
e to print information about
← solver_module_set whether a solver module is loadedReferen
es 
opyright, Lurupa::print_
ore_version(), Lurupa::print_module_version(), and ver-sion.Referen
ed by main().3.10.2.11 void pro
ess_solving_status (Lp_stats & lp_stats)Pro
ess solving statisti
s.Print statisti
s regarding the solving of the lp like the approximate optimal value, the time neededto 
ompute it, the status of the lp-solver (e.g., the solver's judgement of the model's feasibility ortimeout while solving the model). Set lp.lower.
ompute and lp.upper.
ompute to false if thelp-solver did not judge the model to be either feasible, infeasible, or unbounded, that is returnedwith any kind of error.Parameters:
↔ lp_stats 
ontains the solving statisti
sReferen
es Bound::
ompute, Lp_stats::lower, Lp_stats::optimal_value, Lp_stats::solve_pro
_-time, Lp_stats::solve_realtime, Lp_stats::solve_time_status, solver_status_string, ss_feasible,ss_infeasible, ss_unbounded, Lp_stats::status, and Lp_stats::upper.Referen
ed by main().3.10.2.12 void report_bound_quality (Lp_stats & lp_stats)Compute bound quality.Compute and print the a

ura
y of the veri�ed bounds. It is 
omputed by

µ(a, b) =
|a− b|

max{1, |a + b|/2}
,where a and b are the 
omputed bounds or the approximate optimal value if one of the bounds
ould not be 
omputed. Note that µ is 
omputed from the bound values as they are 
omputedand not from the printed ones. The printed values of the bounds are rounded to display a rigorousen
losure of the optimal value.Parameters:

↔ lp_stats 
ontains the veri�ed boundsReferen
es Lp_stats::bound_quality, Bound::
ompute, Lp_stats::lower, Lp_stats::optimal_-value, Lp_stats::upper, and Bound::value.Referen
ed by main(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.10 lurupa_
md.
pp File Referen
e 1633.10.2.13 void report_dual (Lp_stats & lp_stats)Report (p. 65) dual 
erti�
ate.Report (p. 65) su

ess and time of 
omputing a dual 
erti�
ate for an lp.Parameters:
← lp_stats 
ontains the 
erti�
ate to reportReferen
es bound_status_string, Lp_stats::dual, Certi�
ate::pro
_time, Certi�
ate::realtime,Certi�
ate::status, and Certi�
ate::time_status.Referen
ed by main().3.10.2.14 void report_lower (Lp ∗ lp, Lp_stats & lp_stats)Report (p. 65) lower bound.Report (p. 65) value and stats of the lower bound on the optimal value of lp.Parameters:
← lp the lp
← lp_stats the statsReferen
es Lp_stats::lower, Lp_stats::optimal_value, print_bound_stats(), rounded_string(),ss_feasible, Lp_stats::status, and Bound::value.Referen
ed by main().3.10.2.15 void report_primal (Lp_stats & lp_stats)Report (p. 65) primal 
erti�
ate.Report (p. 65) su

ess and time of 
omputing a primal 
erti�
ate for an lp.Parameters:
← lp_stats 
ontains the 
erti�
ate to reportReferen
es bound_status_string, Lp_stats::primal, Certi�
ate::pro
_time, Certi�
ate::realtime,Certi�
ate::status, and Certi�
ate::time_status.Referen
ed by main().3.10.2.16 void report_upper (Lp ∗ lp, Lp_stats & lp_stats)Report (p. 65) upper bound.Report (p. 65) value and stats of the upper bound on the optimal value of lp.Parameters:
← lp the lp
← lp_stats the statsGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



164 File Do
umentationReferen
es Lp_stats::optimal_value, print_bound_stats(), rounded_string(), ss_feasible, Lp_-stats::status, Lp_stats::upper, and Bound::value.Referen
ed by main().3.10.2.17 
onst 
har∗ rounded_string (double x, int dire
tion)Corre
tly round double to string.Generate a 
orre
tly rounded string representation of x. The dire
tion of rounding 
an be sele
tedvia dire
tion. Possible values are LR_RND_DOWN, LR_RND_UP, LR_RND_NEAR, LR_RND_-CHOP.Parameters:
← x the double value to 
onvert
← dire
tion dire
tion of roundingReturns:rounded string representationReferen
ed by main(), report_lower(), and report_upper().3.10.2.18 void start_timer (
lo
k_t & pt, int & rt)Start timer.Get realtime and pro
ess time 
ounter values. These 
an be 
ompared to the ones returned bystop_timer (p. 164) to 
ompute the elapsed time.Parameters:
→ pt pro
ess time 
ounter value
→ rt realtime 
ounter valueSee also:stop_timer (p. 164)Referen
ed by 
ompute_dual(), 
ompute_lower(), 
ompute_primal(), 
ompute_upper(), andmain().3.10.2.19 void stop_timer (
lo
k_t & pt, int & rt)Stop timer.Get realtime and pro
ess time 
ounter values. These 
an be 
ompared to the ones returned bystart_timer (p. 164) to 
ompute the elapsed time.Parameters:
→ pt pro
ess time 
ounter value
→ rt realtime 
ounter value Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.10 lurupa_
md.
pp File Referen
e 165See also:start_timer (p. 164)Referen
ed by 
ompute_dual(), 
ompute_lower(), 
ompute_primal(), 
ompute_upper(), andmain().3.10.2.20 
onst 
har∗ timer_di� (
lo
k_t start_pt, 
lo
k_t end_pt, int start_rt,int end_rt, double & pt_di�, double & rt_di�)Compute timer di�eren
e.Compute the elapsed realtime and pro
ess time verifying that no wrap around in the pro
ess time
ounter o

ured. If a wrap around o

ured or 
annot be ruled out or the 
alls to the time routinesfailed, return a short string explaining what happened.Parameters:
← start_pt pro
ess time 
ounter value at start
← end_pt pro
ess time 
ounter value at end
← start_rt realtime 
ounter value at start
← end_rt realtime 
ounter value at end
→ pt_di� elapsed pro
ess time in se
onds
→ rt_di� elapsed realtime in se
ondsReturns:time status stringReferen
ed by 
ompute_dual(), 
ompute_lower(), 
ompute_primal(), 
ompute_upper(), andmain().3.10.2.21 void write_
sv_table (
onst Lp_stats & lp_stats, FILE ∗ 
sv)Write 
sv table.Write a line 
ontaining the gathered results with maximal pre
ision to disk in 
sv format. Thisin
ludes� name of the model� status of the solver solving the original model� approximate optimal value� time needed to 
ompute the approximate value� veri�ed lower bound's data� bound status� bound value� number of iterations to 
ompute the bound� time needed to 
ompute the boundGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



166 File Do
umentation� veri�ed upper bound's data� bound status� bound value� number of iterations to 
ompute the bound� time needed to 
ompute the bound� relative a

ura
y of the boundsParameters:
← lp_stats 
ontains the model's and bound's statisti
s
← 
sv �le to be written toReferen
es Lp_stats::bound_quality, bound_status_string, Bound::
ompute, Bound::iterations,Lp_stats::lower, Lp_stats::name, Lp_stats::optimal_value, Bound::pro
_time, Bound::realtime,Lp_stats::solve_pro
_time, Lp_stats::solve_realtime, solver_status_string, Bound::status,Lp_stats::status, Lp_stats::upper, and Bound::value.Referen
ed by write_tables().3.10.2.22 void write_latex_table (
onst Lp_stats & lp_stats, FILE ∗ latex)Write LaTeX table.Write a line 
ontaining the gathered results to disk in LaTeX table format with pre
ision tailoredto viewing. This 
onsists of� name of the model� approximate optimal solution or the solver status if solving failed� time needed to solve the model� veri�ed lower bound's data� bound value or the bound status if its 
omputation failed� number of algorithm iterations to 
ompute the bound� ratio of the time needed to 
ompute the bound and the time needed to solve the model� veri�ed upper bound's data� bound value or the bound status if its 
omputation failed� number of algorithm iterations to 
ompute the bound� ratio of the time needed to 
ompute the bound and the time needed to solve the model� relative a

ura
y of the boundsParameters:
← lp_stats 
ontains the model's and bound's statisti
s
← latex �le to be written toReferen
es Lp_stats::bound_quality, bound_status_string, bs_veri�ed, Bound::
ompute,Bound::iterations, Lp_stats::lower, Lp_stats::name, Lp_stats::optimal_value, Bound::pro
_-time, Bound::realtime, Lp_stats::solve_pro
_time, Lp_stats::solve_realtime, solver_status_-string, ss_feasible, Bound::status, Lp_stats::status, Lp_stats::upper, and Bound::value.Referen
ed by write_tables(). Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.10 lurupa_
md.
pp File Referen
e 1673.10.2.23 void write_tables (short tables, 
onst Lp_stats & lp_stats, FILE ∗latex, FILE ∗ 
sv)Write tables.Calls the routines to write LaTeX and 
sv tables as spe
i�ed by tables.Parameters:
← tables spe
i�es the tables to be written (
.f. globals.h (p. 145))
← lp_stats 
ontains the model's and bound's statisti
s
← latex �le to write LaTeX table to
← 
sv �le to write 
sv table toReferen
es LU_T_CSV, LU_T_LATEX, write_
sv_table(), and write_latex_table().Referen
ed by main().
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168 File Do
umentation3.11 Report.h File Referen
eDe
laration of Report 
lass.#in
lude <lurupa/globals.h>#in
lude <Ve
tor.h>#in
lude <Matrix.h>#in
lude <stdarg.h>In
lude dependen
y graph for Report.h:
Report.h

lurupa/globals.h Vector.h Matrix.h stdarg.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
Report.h

Lurupa.h

Solver_module.h

lurupa_cmd.cppcLurupa.cpp Condition.h

Lurupa.cpp

Lp.h

Condition.cpp

Sm_lps3_2.cpp Sm_lps4_0_1_0.cppSm_lps4_0_1_11.cpp Sm_lps5_5.cppLp.cpp

Sm_lps3_2.h Sm_lps4_0_1_0.h

Sm_lps4_0_1_11.h Sm_lps5_5.h

Classes� 
lass ReportFun
tions for reporting and debugging.3.11.1 Detailed Des
riptionDe
laration of Report 
lass.This �le 
ontains the de
laration of the Report (p. 65) 
lass.Author:Christian KeilId Report.h (p. 168) 530 2008-06-12 08:57:52Z keilGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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3.12 Sm_lps3_2.
pp File Referen
e 1693.12 Sm_lps3_2.
pp File Referen
eDe�nition of lp_solve 3.2 solver module.#in
lude "Sm_lps3_2.h"#in
lude <lurupa/Lp.h>#in
lude <lpglob.h>#in
lude <pat
hlevel.h>#in
lude <string.h>In
lude dependen
y graph for Sm_lps3_2.
pp:
Sm_lps3_2.cpp

Sm_lps3_2.h lurupa/Lp.h lpglob.h patchlevel.h string.h

lurupa/Solver_module.h

lpkit.h

lurupa/globals.h

lurupa/Report.h

Vector.h Matrix.hstdarg.h

lurupa/Lurupa.h

IntervalMatrix.h IntervalVector.hltdl.h

Fun
tions� void get_fun
_pointers (Solver_module_interfa
e &i)Get fun
tion pointers.Variables� stati
 
onst 
har ∗ version = "Lp_solve 3.2 module 1.0"Version string.3.12.1 Detailed Des
riptionDe�nition of lp_solve 3.2 solver module.This �le de�nes the solver module for lp_solve 3.2, Sm_lps3_2 (p. 67).Author:Christian KeilGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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170 File Do
umentationId Sm_lps3_2.
pp (p. 169) 533 2008-06-12 20:08:12Z keil3.12.2 Fun
tion Do
umentation3.12.2.1 void get_fun
_pointers (Solver_module_interfa
e & i)Get fun
tion pointers.Set the pointers of i to point to the member fun
tions of Sm_lps3_2 (p. 67).Parameters:
→ i re
eives the pointers to member fun
tionsReferen
ed by Lurupa::set_module().

Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.13 Sm_lps3_2.h File Referen
e 1713.13 Sm_lps3_2.h File Referen
eDe
laration of lp_solve 3.2 solver module.#in
lude <lurupa/Solver_module.h>#in
lude <lpkit.h>In
lude dependen
y graph for Sm_lps3_2.h:
Sm_lps3_2.h

lurupa/Solver_module.h lpkit.h

lurupa/globals.h

lurupa/Report.h

Vector.h Matrix.h stdarg.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
Sm_lps3_2.h

Sm_lps3_2.cppClasses� 
lass Lp_lp_solveInformation about lp_solve's problem.� 
lass Sm_lps3_2Solver module for lp_solve 3.2.Fun
tions� void get_fun
_pointers (Solver_module_interfa
e &i)Get fun
tion pointers.3.13.1 Detailed Des
riptionDe
laration of lp_solve 3.2 solver module.This �le de
lares the solver module for lp_solve 3.2, Sm_lps3_2 (p. 67).Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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172 File Do
umentationAuthor:Christian KeilId Sm_lps3_2.h (p. 171) 533 2008-06-12 20:08:12Z keil3.13.2 Fun
tion Do
umentation3.13.2.1 void get_fun
_pointers (Solver_module_interfa
e & i)Get fun
tion pointers.Set the pointers of i to point to the member fun
tions of Sm_lps3_2 (p. 67).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps4_0_1_0 (p. 79).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps4_0_1_11 (p. 93).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps5_5 (p. 107).Parameters:
→ i re
eives the pointers to member fun
tions
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3.14 Sm_lps4_0_1_0.
pp File Referen
e 1733.14 Sm_lps4_0_1_0.
pp File Referen
eDe�nition of lp_solve 4.0.1.0 solver module.#in
lude "Sm_lps4_0_1_0.h"#in
lude <lurupa/Lp.h>#in
lude <errno.h>#in
lude <string.h>In
lude dependen
y graph for Sm_lps4_0_1_0.
pp:
Sm_lps4_0_1_0.cpp

Sm_lps4_0_1_0.h lurupa/Lp.h errno.h string.h

lurupa/Solver_module.h

lpkit.h

lurupa/globals.h

lurupa/Report.h

Vector.h Matrix.hstdarg.h

lurupa/Lurupa.h

IntervalMatrix.h IntervalVector.hltdl.h

Fun
tions� void get_fun
_pointers (Solver_module_interfa
e &i)Get fun
tion pointers.Variables� stati
 
onst 
har ∗ version = "Lp_solve 4.0.1.0 module 1.0"Version string.3.14.1 Detailed Des
riptionDe�nition of lp_solve 4.0.1.0 solver module.This �le de�nes the solver module for lp_solve 4.0.1.0, Sm_lps4_0_1_0 (p. 79).Author:Christian KeilId Sm_lps4_0_1_0.
pp (p. 173) 542 2008-06-26 12:44:51Z keilGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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174 File Do
umentation3.14.2 Fun
tion Do
umentation3.14.2.1 void get_fun
_pointers (Solver_module_interfa
e & i)Get fun
tion pointers.Set the pointers of i to point to the member fun
tions of Sm_lps4_0_1_0 (p. 79).Parameters:
→ i re
eives the pointers to member fun
tionsReferen
es Sm_lps4_0_1_0::get_a

ura
y(), Solver_module_interfa
e::get_a

ura
y,Solver_module_interfa
e::get_dual_ray, Solver_module_interfa
e::get_primal_ray, Sm_-lps4_0_1_0::get_version(), Solver_module_interfa
e::get_version, Sm_lps4_0_1_-0::init(), Solver_module_interfa
e::init, Sm_lps4_0_1_0::print_brief_version(), Solver_-module_interfa
e::print_brief_version, Sm_lps4_0_1_0::print_options(), Solver_module_-interfa
e::print_options, Sm_lps4_0_1_0::print_version(), Solver_module_interfa
e::print_-version, Sm_lps4_0_1_0::read_lp(), Solver_module_interfa
e::read_lp, Sm_lps4_0_1_-0::restore_dual(), Solver_module_interfa
e::restore_dual, Solver_module_interfa
e::restore_-dual_phase1, Sm_lps4_0_1_0::restore_primal(), Solver_module_interfa
e::restore_primal,Solver_module_interfa
e::restore_primal_phase1, Solver_module_interfa
e::set_dual_phase1,Sm_lps4_0_1_0::set_lp(), Solver_module_interfa
e::set_lp, Sm_lps4_0_1_0::set_module_-options(), Solver_module_interfa
e::set_module_options, Solver_module_interfa
e::set_-primal_phase1, Sm_lps4_0_1_0::solve_dual_perturbed(), Solver_module_interfa
e::solve_-dual_perturbed, Sm_lps4_0_1_0::solve_original(), Solver_module_interfa
e::solve_original,Sm_lps4_0_1_0::solve_primal_perturbed(), and Solver_module_interfa
e::solve_primal_-perturbed.
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3.15 Sm_lps4_0_1_0.h File Referen
e 1753.15 Sm_lps4_0_1_0.h File Referen
eDe
laration of lp_solve 4.0.1.0 solver module.#in
lude <lurupa/Solver_module.h>#in
lude <lpkit.h>In
lude dependen
y graph for Sm_lps4_0_1_0.h:
Sm_lps4_0_1_0.h

lurupa/Solver_module.h lpkit.h

lurupa/globals.h

lurupa/Report.h

Vector.h Matrix.h stdarg.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
Sm_lps4_0_1_0.h

Sm_lps4_0_1_0.cppClasses� 
lass Lp_lp_solveInformation about lp_solve's problem.� 
lass Sm_lps4_0_1_0Solver module for lp_solve 4.0.1.0.Fun
tions� void get_fun
_pointers (Solver_module_interfa
e &i)Get fun
tion pointers.3.15.1 Detailed Des
riptionDe
laration of lp_solve 4.0.1.0 solver module.This �le de
lares the solver module for lp_solve 4.0.1.0, Sm_lps4_0_1_0 (p. 79).Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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176 File Do
umentationAuthor:Christian KeilId Sm_lps4_0_1_0.h (p. 175) 533 2008-06-12 20:08:12Z keil3.15.2 Fun
tion Do
umentation3.15.2.1 void get_fun
_pointers (Solver_module_interfa
e & i)Get fun
tion pointers.Set the pointers of i to point to the member fun
tions of Sm_lps3_2 (p. 67).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps4_0_1_0 (p. 79).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps4_0_1_11 (p. 93).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps5_5 (p. 107).Parameters:
→ i re
eives the pointers to member fun
tions
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3.16 Sm_lps4_0_1_11.
pp File Referen
e 1773.16 Sm_lps4_0_1_11.
pp File Referen
eDe�nition of lp_solve 4.0.1.11 solver module.#in
lude "Sm_lps4_0_1_11.h"#in
lude <lurupa/Lp.h>#in
lude <errno.h>#in
lude <string.h>In
lude dependen
y graph for Sm_lps4_0_1_11.
pp:
Sm_lps4_0_1_11.cpp

Sm_lps4_0_1_11.h lurupa/Lp.h errno.h string.h

lurupa/Solver_module.h

lpkit.h

lurupa/globals.h

lurupa/Report.h

Vector.h Matrix.hstdarg.h

lurupa/Lurupa.h

IntervalMatrix.h IntervalVector.hltdl.h

Fun
tions� void get_fun
_pointers (Solver_module_interfa
e &i)Get fun
tion pointers.Variables� stati
 
onst 
har ∗ version = "Lp_solve 4.0.1.11 module 1.0"Version string.3.16.1 Detailed Des
riptionDe�nition of lp_solve 4.0.1.11 solver module.This �le de�nes the solver module for lp_solve 4.0.1.11, Sm_lps4_0_1_11 (p. 93).Author:Christian KeilId Sm_lps4_0_1_11.
pp (p. 177) 542 2008-06-26 12:44:51Z keilGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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178 File Do
umentation3.16.2 Fun
tion Do
umentation3.16.2.1 void get_fun
_pointers (Solver_module_interfa
e & i)Get fun
tion pointers.Set the pointers of i to point to the member fun
tions of Sm_lps4_0_1_11 (p. 93).Parameters:
→ i re
eives the pointers to member fun
tionsReferen
es Sm_lps4_0_1_11::get_a

ura
y(), Solver_module_interfa
e::get_a

ura
y,Solver_module_interfa
e::get_dual_ray, Solver_module_interfa
e::get_primal_ray, Sm_-lps4_0_1_11::get_version(), Solver_module_interfa
e::get_version, Sm_lps4_0_1_-11::init(), Solver_module_interfa
e::init, Sm_lps4_0_1_11::print_brief_version(), Solver_-module_interfa
e::print_brief_version, Sm_lps4_0_1_11::print_options(), Solver_module_-interfa
e::print_options, Sm_lps4_0_1_11::print_version(), Solver_module_interfa
e::print_-version, Sm_lps4_0_1_11::read_lp(), Solver_module_interfa
e::read_lp, Sm_lps4_0_1_-11::restore_dual(), Solver_module_interfa
e::restore_dual, Solver_module_interfa
e::restore_-dual_phase1, Sm_lps4_0_1_11::restore_primal(), Solver_module_interfa
e::restore_primal,Solver_module_interfa
e::restore_primal_phase1, Solver_module_interfa
e::set_dual_-phase1, Sm_lps4_0_1_11::set_lp(), Solver_module_interfa
e::set_lp, Sm_lps4_0_1_-11::set_module_options(), Solver_module_interfa
e::set_module_options, Solver_module_-interfa
e::set_primal_phase1, Sm_lps4_0_1_11::solve_dual_perturbed(), Solver_module_-interfa
e::solve_dual_perturbed, Sm_lps4_0_1_11::solve_original(), Solver_module_-interfa
e::solve_original, Sm_lps4_0_1_11::solve_primal_perturbed(), and Solver_module_-interfa
e::solve_primal_perturbed.
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3.17 Sm_lps4_0_1_11.h File Referen
e 1793.17 Sm_lps4_0_1_11.h File Referen
eDe
laration of lp_solve 4.0.1.11 solver module.#in
lude <lurupa/Solver_module.h>#in
lude <lpkit.h>In
lude dependen
y graph for Sm_lps4_0_1_11.h:
Sm_lps4_0_1_11.h

lurupa/Solver_module.h lpkit.h

lurupa/globals.h

lurupa/Report.h

Vector.h Matrix.h stdarg.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
Sm_lps4_0_1_11.h

Sm_lps4_0_1_11.cppClasses� 
lass Lp_lp_solveInformation about lp_solve's problem.� 
lass Sm_lps4_0_1_11Solver module for lp_solve 4.0.1.11.Fun
tions� void get_fun
_pointers (Solver_module_interfa
e &i)Get fun
tion pointers.3.17.1 Detailed Des
riptionDe
laration of lp_solve 4.0.1.11 solver module.This �le de
lares the solver module for lp_solve 4.0.1.11, Sm_lps4_0_1_11 (p. 93).Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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180 File Do
umentationAuthor:Christian KeilId Sm_lps4_0_1_11.h (p. 179) 533 2008-06-12 20:08:12Z keil3.17.2 Fun
tion Do
umentation3.17.2.1 void get_fun
_pointers (Solver_module_interfa
e & i)Get fun
tion pointers.Set the pointers of i to point to the member fun
tions of Sm_lps3_2 (p. 67).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps4_0_1_0 (p. 79).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps4_0_1_11 (p. 93).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps5_5 (p. 107).Parameters:
→ i re
eives the pointers to member fun
tions
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3.18 Sm_lps5_5.
pp File Referen
e 1813.18 Sm_lps5_5.
pp File Referen
eDe�nition of lp_solve 5.5 solver module.#in
lude "Sm_lps5_5.h"#in
lude <lurupa/Lp.h>#in
lude <BIAS/Bias0.h>#in
lude <errno.h>#in
lude <string.h>In
lude dependen
y graph for Sm_lps5_5.
pp:
Sm_lps5_5.cpp

Sm_lps5_5.h lurupa/Lp.h BIAS/Bias0.h errno.h string.h

lurupa/Solver_module.h

lp_lib.h

lurupa/globals.h

lurupa/Report.h

Vector.h Matrix.hstdarg.h

lurupa/Lurupa.h

IntervalMatrix.h IntervalVector.hltdl.h

Fun
tions� void get_fun
_pointers (Solver_module_interfa
e &i)Get fun
tion pointers.Variables� stati
 
onst 
har ∗ version = "Lp_solve 5.5 module 1.1"Version string.3.18.1 Detailed Des
riptionDe�nition of lp_solve 5.5 solver module.This �le de�nes the solver module for lp_solve 5.5, Sm_lps5_5 (p. 107).Author:Christian KeilGenerated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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182 File Do
umentationId Sm_lps5_5.
pp (p. 181) 533 2008-06-12 20:08:12Z keil3.18.2 Fun
tion Do
umentation3.18.2.1 void get_fun
_pointers (Solver_module_interfa
e & i)Get fun
tion pointers.Set the pointers of i to point to the member fun
tions of Sm_lps5_5 (p. 107).Parameters:
→ i re
eives the pointers to member fun
tionsReferen
es Sm_lps5_5::get_a

ura
y(), Sm_lps3_2::get_a

ura
y(), Solver_module_-interfa
e::get_a

ura
y, Sm_lps5_5::get_dual_ray(), Solver_module_interfa
e::get_dual_ray,Sm_lps5_5::get_primal_ray(), Solver_module_interfa
e::get_primal_ray, Sm_lps5_5::get_-version(), Sm_lps3_2::get_version(), Solver_module_interfa
e::get_version, Sm_lps5_5::init(),Sm_lps3_2::init(), Solver_module_interfa
e::init, Sm_lps5_5::lp2solver(), Solver_module_-interfa
e::lp2solver, Sm_lps5_5::print_brief_version(), Sm_lps3_2::print_brief_version(),Solver_module_interfa
e::print_brief_version, Sm_lps5_5::print_options(), Sm_lps3_-2::print_options(), Solver_module_interfa
e::print_options, Sm_lps5_5::print_version(),Sm_lps3_2::print_version(), Solver_module_interfa
e::print_version, Sm_lps5_5::read_-lp(), Sm_lps3_2::read_lp(), Solver_module_interfa
e::read_lp, Sm_lps5_5::restore_dual(),Sm_lps3_2::restore_dual(), Solver_module_interfa
e::restore_dual, Sm_lps5_5::restore_-dual_phase1(), Solver_module_interfa
e::restore_dual_phase1, Sm_lps5_5::restore_primal(),Sm_lps3_2::restore_primal(), Solver_module_interfa
e::restore_primal, Sm_lps5_5::restore_-primal_phase1(), Solver_module_interfa
e::restore_primal_phase1, Sm_lps5_5::set_bounds(),Solver_module_interfa
e::set_bounds, Sm_lps5_5::set_dual_phase1(), Solver_module_-interfa
e::set_dual_phase1, Sm_lps5_5::set_lp(), Sm_lps3_2::set_lp(), Solver_module_-interfa
e::set_lp, Sm_lps5_5::set_module_options(), Solver_module_interfa
e::set_module_-options, Sm_lps5_5::set_primal_phase1(), Solver_module_interfa
e::set_primal_phase1,Sm_lps5_5::solve_dual_perturbed(), Sm_lps3_2::solve_dual_perturbed(), Solver_module_-interfa
e::solve_dual_perturbed, Sm_lps5_5::solve_original(), Sm_lps3_2::solve_original(),Solver_module_interfa
e::solve_original, Sm_lps5_5::solve_primal_perturbed(), Sm_lps3_-2::solve_primal_perturbed(), and Solver_module_interfa
e::solve_primal_perturbed.
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3.19 Sm_lps5_5.h File Referen
e 1833.19 Sm_lps5_5.h File Referen
eDe
laration of lp_solve 5.5 solver module.#in
lude <lurupa/Solver_module.h>#in
lude <lp_lib.h>In
lude dependen
y graph for Sm_lps5_5.h:
Sm_lps5_5.h

lurupa/Solver_module.h lp_lib.h

lurupa/globals.h

lurupa/Report.h

Vector.h Matrix.h stdarg.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
Sm_lps5_5.h

Sm_lps5_5.cppClasses� 
lass Lp_lp_solveInformation about lp_solve's problem.� 
lass Sm_lps5_5Solver module for lp_solve 5.5.Fun
tions� LU_SM_LPS5_5_SCOPE void get_fun
_pointers (Solver_module_interfa
e&i)Get fun
tion pointers.3.19.1 Detailed Des
riptionDe
laration of lp_solve 5.5 solver module.This �le de
lares the solver module for lp_solve 5.5, Sm_lps5_5 (p. 107).Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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184 File Do
umentationAuthor:Christian KeilId Sm_lps5_5.h (p. 183) 533 2008-06-12 20:08:12Z keil3.19.2 Fun
tion Do
umentation3.19.2.1 LU_SM_LPS5_5_SCOPE void get_fun
_pointers(Solver_module_interfa
e & i)Get fun
tion pointers.Set the pointers of i to point to the member fun
tions of Sm_lps3_2 (p. 67).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps4_0_1_0 (p. 79).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps4_0_1_11 (p. 93).Parameters:
→ i re
eives the pointers to member fun
tionsSet the pointers of i to point to the member fun
tions of Sm_lps5_5 (p. 107).Parameters:
→ i re
eives the pointers to member fun
tionsReferen
es Sm_lps5_5::get_a

ura
y(), Sm_lps4_0_1_11::get_a

ura
y(), Sm_lps4_0_-1_0::get_a

ura
y(), Sm_lps3_2::get_a

ura
y(), Solver_module_interfa
e::get_a

ura
y,Sm_lps5_5::get_dual_ray(), Solver_module_interfa
e::get_dual_ray, Sm_lps5_5::get_-primal_ray(), Solver_module_interfa
e::get_primal_ray, Sm_lps5_5::get_version(), Sm_-lps4_0_1_11::get_version(), Sm_lps4_0_1_0::get_version(), Sm_lps3_2::get_version(),Solver_module_interfa
e::get_version, Sm_lps5_5::init(), Sm_lps4_0_1_11::init(), Sm_-lps4_0_1_0::init(), Sm_lps3_2::init(), Solver_module_interfa
e::init, Sm_lps5_5::lp2solver(),Solver_module_interfa
e::lp2solver, Sm_lps5_5::print_brief_version(), Sm_lps4_0_1_-11::print_brief_version(), Sm_lps4_0_1_0::print_brief_version(), Sm_lps3_2::print_-brief_version(), Solver_module_interfa
e::print_brief_version, Sm_lps5_5::print_options(),Sm_lps4_0_1_11::print_options(), Sm_lps4_0_1_0::print_options(), Sm_lps3_2::print_-options(), Solver_module_interfa
e::print_options, Sm_lps5_5::print_version(), Sm_lps4_-0_1_11::print_version(), Sm_lps4_0_1_0::print_version(), Sm_lps3_2::print_version(),Solver_module_interfa
e::print_version, Sm_lps5_5::read_lp(), Sm_lps4_0_1_11::read_lp(),Sm_lps4_0_1_0::read_lp(), Sm_lps3_2::read_lp(), Solver_module_interfa
e::read_lp, Sm_-lps5_5::restore_dual(), Sm_lps4_0_1_11::restore_dual(), Sm_lps4_0_1_0::restore_dual(),Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen



3.19 Sm_lps5_5.h File Referen
e 185Sm_lps3_2::restore_dual(), Solver_module_interfa
e::restore_dual, Sm_lps5_5::restore_-dual_phase1(), Solver_module_interfa
e::restore_dual_phase1, Sm_lps5_5::restore_-primal(), Sm_lps4_0_1_11::restore_primal(), Sm_lps4_0_1_0::restore_primal(), Sm_-lps3_2::restore_primal(), Solver_module_interfa
e::restore_primal, Sm_lps5_5::restore_-primal_phase1(), Solver_module_interfa
e::restore_primal_phase1, Sm_lps5_5::set_bounds(),Solver_module_interfa
e::set_bounds, Sm_lps5_5::set_dual_phase1(), Solver_module_-interfa
e::set_dual_phase1, Sm_lps5_5::set_lp(), Sm_lps4_0_1_11::set_lp(), Sm_lps4_-0_1_0::set_lp(), Sm_lps3_2::set_lp(), Solver_module_interfa
e::set_lp, Sm_lps5_5::set_-module_options(), Sm_lps4_0_1_11::set_module_options(), Sm_lps4_0_1_0::set_module_-options(), Solver_module_interfa
e::set_module_options, Sm_lps5_5::set_primal_phase1(),Solver_module_interfa
e::set_primal_phase1, Sm_lps5_5::solve_dual_perturbed(), Sm_-lps4_0_1_11::solve_dual_perturbed(), Sm_lps4_0_1_0::solve_dual_perturbed(), Sm_-lps3_2::solve_dual_perturbed(), Solver_module_interfa
e::solve_dual_perturbed, Sm_-lps5_5::solve_original(), Sm_lps4_0_1_11::solve_original(), Sm_lps4_0_1_0::solve_-original(), Sm_lps3_2::solve_original(), Solver_module_interfa
e::solve_original, Sm_lps5_-5::solve_primal_perturbed(), Sm_lps4_0_1_11::solve_primal_perturbed(), Sm_lps4_0_1_-0::solve_primal_perturbed(), Sm_lps3_2::solve_primal_perturbed(), and Solver_module_-interfa
e::solve_primal_perturbed.Referen
ed by Lurupa::set_module().
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186 File Do
umentation3.20 Solver_module.h File Referen
eDe
laration of Solver module interfa
e.#in
lude <lurupa/globals.h>#in
lude <lurupa/Report.h>#in
lude <Ve
tor.h>In
lude dependen
y graph for Solver_module.h:
Solver_module.h

lurupa/globals.h

lurupa/Report.h

Vector.h Matrix.h stdarg.hThis graph shows whi
h �les dire
tly or indire
tly in
lude this �le:
Solver_module.h

Sm_lps3_2.h Sm_lps4_0_1_0.h

Sm_lps4_0_1_11.h Sm_lps5_5.h

Lp.h

Lurupa.h

Sm_lps3_2.cpp Sm_lps4_0_1_0.cpp Sm_lps4_0_1_11.cpp Sm_lps5_5.cpp lurupa_cmd.cpp cLurupa.cpp Condition.h

Lurupa.cpp

Lp.cpp

Condition.cppClasses� 
lass Lp_solverInformation about solver spe
i�
 lp representation.� 
lass Solver_moduleInterfa
e for an lp-solver module.� stru
t Solver_module_interfa
eFun
tion pointer version of Solver_module.Fun
tions� void getFun
Pointers (Solver_module_interfa
e &i)Get pointers to member fun
tions.Generated on Thu Jun 26 18:08:52 2008 for Lurupa by Doxygen
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