
BPinSNUser guideMay 15, 20101 Introdu
tionThe software pa
kage BPinSN, whi
h stands for Basis Pursuit in Sensor Networks, is a tool tosolve the basis pursuit (BP) problem minimize ‖x‖1subje
t to Ax = b
(BP)in a 
omputer 
luster or in a sensor network. The mathemati
al details of the BP and the algo-rithm BPinSN appli
ations 
an be found http://users.isr.ist.utl.pt/~jmota/Software/DoubleNest.pdf.In this guide, the fo
us is on the interfa
e of BPinSN, and mainly, how to use the programin the 
orre
t way. Therefore, we will try to keep the mathemati
al details out of our dis
ussionas mu
h as possible.1.1 A brief overview over the BPThe BP arises when we want to �nd the solution of a linear system of equations of the form
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(1)where we have more unknowns (x1, x2, . . . , xn) than equations. We 
an represent this linearsystem in a more 
ompa
t form by Ax = b, where
A =









a11 a12 a13 · · · a1n

a21 a22 a23 · · · a2n

· · ·
am1 am2 am3 · · · amn









(2)
b =











b1

b2...
bm











(3)
1

http://users.isr.ist.utl.pt/~jmota/Software/DoubleNest.pdf


and
x =
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. (4)What the BP does is to �nd the solution of (1) with the least ℓ1-norm. The ℓ1-norm of theve
tor x = (x1, x2, . . . , xn) ∈ R
n, whi
h we denote by ‖x‖1, is de�ned as the sum of the absolutevalues of the entries of the ve
tor, i.e., ‖x‖1 = |x1| + |x2| + · · · + |xn|. This ℓ1-norm is usuallyused when we seek sparse solutions of the linear system (1), i.e., ve
tors with many 
omponentsequal to zero or near zero. There are many appli
ations whi
h require sparse solutions of linearsystems (see examples http://users.isr.ist.utl.pt/~jmota/Software/DoubleNest.pdf).1.2 When to use BPinSN?The BPinSN was designed to solve the BP in a distributed s
enario, when both the matrix Aand the ve
tor b (see (2) and (3)) are distributed over a network of nodes. This 
an happen inreal s
enarios when the matrix A is too large to �t in the memory of a single 
omputer or inan inherently distributed s
enario su
h as a sensor network, where ea
h node has stored a partof the matrix A and the 
orresponding part of the ve
tor b. In BPinSN we assume that thematrix A is partitioned verti
ally
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A =and the ve
tor b has a similar partition.We emphasize that there are more e�
ient solvers1 for the 
entralized 
ase, i.e., when boththe matrix A and the ve
tor b are known in one node.2 InstallationThe steps required for the installation are des
ribed in the �le INSTALL.TXT. Note that itis required to have installed the Intel Math Kernel Library, at least the version 11.02, and theMPICH3.3 How to 
ommuni
ate with the programThe 
ommuni
ation with the BPinSN is established through �les. There are two �les: one forde�ning the network of nodes, and the other for providing the data to ea
h node. The formermust be 
alled Network.txt. The latter is a single �le named input.txt.1For example the spgl1: http://www.
s.ub
.
a/labs/s
l/spgl1/2 http://software.intel.
om/en-us/intel-mkl/3 http://www.m
s.anl.gov/resear
h/proje
ts/mpi
h2/
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3.1 De�ning the networkThe BPinSN reads the spe
i�
ations of the network through the �le Network.txt. This �le mustbe organized as follows:P = 7NE = 7E =1 2 2 4 4 5 52 3 4 5 6 6 7degrees = 1 3 1 3 3 2 1
orresp_node2edge =11 2 323 4 54 6 75 67edges = 2 1 3 4 2 2 5 6 4 6 7 4 5 5This des
ription 
orresponds to the network of �gure 1.
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Figure 1: Network of the example.We now des
ribe ea
h one of the lines of the �le.P is the number of nodes of the networkNE is the number of edges of the networkE is the representation of the network that BPinSN uses. It is a 2 × NE matrix where ea
h
olumn 
ontains a pair of nodes that are dire
tly 
onne
ted. IMPORTANT NOTE: thenumeration of the nodes goes from 1 to Pdegrees is a ve
tor of length P , where ea
h entry 
ontains the degree of the 
orrespondingnode. For example, node 4 in �gure 1 is 
onne
ted to three other nodes, 2, 5 and 6, so itsdegree is 3.
orresp_node2edge is a list with P entries. In the �le, we must have one entry per line.Ea
h entry of the list 
ontains the indexes of the 
olumns of the matrix E in whi
h node pappears. For example, node 4 appears in the 3rd, 4th and 5th 
olumns of E. So, the 4thentry of the list should be 3 4 5.edges is a ve
tor 
onstru
ted in the following way
[neighbors of node 1 neighbors of node 2 · · · neighbors of node P]3



In our example, node 1 has only one neighbor: node 2. So, the �rst entry of edges mustbe 2. Node 2, in turn, has three neighbors: nodes 1, 3 and 4. So, the next entries shouldbe any of [

1 3 4
], [

1 4 3
], [

3 1 4
], [3 4 1

], [4 1 3
], or [

4 3 1
] (the orderdoes not matter).The �le 
ontaining this example is provided in this pa
kage, and is named Network_example.txt.3.2 Spe
ifying the matrix A and the ve
tor bThe matrix A, the ve
tor b and their dimensions must be spe
i�ed in a �le named input.txt.By 
onvention, we say that the dimensions of the matrix A are m × n and the ve
tor b haslength m. In the �le input.txt it must be also spe
i�ed the number of rows of A that go toea
h node of the network (every node must store the same number of rows). We designate thatnumber by mp. Note that mp = m/P .We will now see an example of su
h �le (this pa
kage provides the �le input_example.txt,whi
h also 
ontains an example).m = 14m_p = 2n = 10A =-3 7 -1 -9 1 -12 7 3 -11 -11 -6 -21 12 7 1 -5 3 3 -2 -3-8 -9 -4 0 16 3 21 16 -2 1 -23 -6 -7 -1 -11 1 12 -5 4 -95 -12 -1 -6 10 -4 -14 7 12 -20 -12 -7 0 9 5 -8 -3 -13 -3 -1215 -1 15 5 -16 1 -10 20 -11 -5 11 -10 -8 23 0 7 -1 11 -17 -10-5 -1 -6 6 -1 -4 10 5 6 5 -1 -2 6 5 -3 -24 -13 -7 -10 -4-8 5 -13 -2 -7 -5 -4 19 -6 -3 4 15 -3 0 13 10 -17 0 2 2-2 -6 5 -21 -10 4 -14 -3 6 12 9 0 5 9 19 2 -7 0 -13 -1b =1.064 1.278-0.245 -0.547-1.517 0.2600.009 -0.0130.071 -0.5800.316 2.1360.499 -0.257
 = 1 1 1 1 1 1 1 1 1 1The �rst line 
ontains the number of rows of A, m = 14. The se
ond line spe
i�es thenumber of rows that ea
h node stores, in this 
ase 2. Next line must 
ontain the number of
olumns of A: 10 in our 
ase. After the number of 
olumns, it must be spe
i�ed the matrix A.The rule is that there are always P lines in the �le, and ea
h line 
ontains mp rows. In otherwords, ea
h line 
ontains the information for a node. The ve
tor b is spe
i�ed analogously: ea
hline of the �le 
ontains mp (
onse
utive) entries of b, representing the information that ea
hnode will store. Finally, the last line of the �le 
ontains a ve
tor c of length n full of ones4.3.3 Where is the output?If the network has P nodes, the output will 
onsist of P �les. Their names will range fromoutput1.txt to outputP.txt, 
orresponding ea
h �le to the (hopefully) optimal ve
tor x⋆ solvingthe BP. If the number of iterations of the algorithm is too small (this 
an be set in the �leheaders_
onstants.h), the output of the algorithm at ea
h node will di�er from the optimal4This ve
tor has no in�uen
e on the behavior of the program. It was put there with the hope that ageneralization of this software to solve any linear program will be made.4



solution and the solutions at ea
h node will di�er between themselves. An example of anoutput �le at node 3 (the �le would be output3.txt) isx3 =0.0000000.000000-0.3368440.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000000.0000004 Exe
uting the programThe program is exe
uted with the 
ommand line$./
all_MPIat the dire
tory where the program was installed.5 CreditsThe algorithm for solving the BP was developed by João F. C. Mota, João M. F. Xavier andPedro M. Q. Aguiar from Institute of Systems and Roboti
s, IST, Lisboa, Portugal and JoãoF. C. Mota and Markus Püs
hel from the department of Ele
tri
al and Computer Engineeringat CMU, Pittsburgh, USA. The implementation of BPinSN was done by João F. C. Mota.This work was supported by the grants SIPM PTDC/EEA-ACR/73749/2006 and SFRH/BD/33520/2008(through the Carnegie Mellon/Portugal Program managed by ICTI) from Fundação para aCiên
ia e Te
nologia and also by ISR/IST plurianual funding (POSC program, FEDER). Thiswork was also supported by NSF through award 0634967.We would like to thank Florin Manola
he, the Dire
tor of S
ienti�
 Computing for theMellon College of S
ien
e, for providing the platforms needed for the development of this proje
t,and also for his te
hni
al support.6 CopyrightBPinSN - Solving the Basis Pursuit in Sensor Networks.An implementation in C using MPI and the MKL libraryCopyright 
© 2010 João Mota 5



This program is free software: you 
an redistribute it and/or modify it under the terms ofthe GNU General Publi
 Li
ense as published by the Free Software Foundation, either version3 of the Li
ense, or (at your option) any later version.This program is distributed in the hope that it will be useful, but WITHOUT ANY WAR-RANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR APARTICULAR PURPOSE. See the GNU General Publi
 Li
ense for more details.You should have re
eived a 
opy of the GNU General Publi
 Li
ense along with this program.If not, see http://www.gnu.org/li
enses/.7 Conta
tFor any questions, 
omments, bug reports, 
onta
t João F. C. Mota through email joaomota�
mu.edu.

6

http://www.gnu.org/licenses/
joaomota@cmu.edu

	Introduction
	A brief overview over the BP
	When to use BPinSN?

	Installation
	How to communicate with the program
	Defining the network
	Specifying the matrix A and the vector b
	Where is the output?

	Executing the program
	Credits
	Copyright
	Contact

