1. Consideragainthe L1-regressiorproblem:

(1)

minimize||b — AX]||1.

Completethe following stepsto derive the stepdirectionvector Ax

associateavith the primal-dualaffine-scalingmethodfor solvingthis

problem.

(a) Show thatthe L 1-regressiorproblemis equivalentto thefollowing
linear programmingproblem:

minimize e'(t, +1t_)
subjectto Ax+t. —t_=Db
t,,t_>0.

(b) Write down thedual of (??).

(c) Add slackand/orsurplusvariablesasnecessaryo reformulatethe
dualsothatall inequalitiesaresimplenonneatiities of variables.

(d) Identify all primal-dualpairsof complementaryariables.

(e) Write down the nonlinearsystemof equationsconsistingof: (1)
the primal equality constraints(2) the dual equality constraints,
(3) all complementarityconditions(using . = 0 sincewe are
looking for anaffine-scalingalgorithm).

(N Apply Newton’s methodto the nonlinearsystento obtainalinear
systemfor stepdirectionsfor all of the primalanddualvariables.

(g) We may assumewithout loss of generalitythat both the initial
primal solutionandtheinitial dual solutionarefeasible.Explain
why.

(h) Thelinear systemderivedabove is a6 x 6 block matrix system.
But it is easyto solve mostof it by hand. First eliminatethose
stepdirectionassociateavith the nonneyative variablesto arrive
ata2 x 2 blockmatrix system.

(i) Next, solvethe2 x 2 system.Give anexplicit formulafor Ax.

() How doesthis primal-dualaffine-scalingalgorithmcomparewith
theiteratively reweightedleastsquaresalgorithmdefinedin Sec-
tion 12.5?
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2. GPS The global positioning system (GPS)is a satelite-basedavi-
gationalsystem. It works as follows. Thereare approximately30
satelitesorbiting the Earth. They arewell-spacedno punintended)
andthey know their exact positionat all times. Every few seconds
eachof thesesatelites,in precisesynchronizationsendsout a sig-
nal indicatingits exact position. The Earth-boundravelerusingGPS
for navigation hasa GPSrecever. This recever listensto four of
the 30 satelitesthat are roughly overheadat the momentthat a po-
sition fix is desired. Sincethesesatelitesare at varying distances
from the traveler andthe speedof light is finite (fast, but finite), the
four signalsarrive at the recever at slightly differentmoments. Let
X = (X1, X2, X3) denotethetraveler'sunknavn positionandlet p(i) =
(p1(i), p2(i), pa(i)), fori =0, 1, 2, 3, denotethe known positionsof
the 4 satelites. By carefully noting the four arrival times of the sig-
nals,therecever cantake the differencebetweerthe arrival timesof
the signalsfrom satelitesl and 0, satelites2 and 0, and satelites3
and0. Multiplying thesethreetime differencedy the speedof light,
the recever knows the differencebetweenthe distancef the trav-
elerfrom satelitesl andO, etc. Letting (i), i = 1, 2, 3, denotethese
differencesye getthefollowing threeequations

X =PI = IIx=pOI = 8D
X =P = IIx=pOI = 52
X =PI = lIx=pOI = 4O

for the threecomponent®f the unknaovn vectorx. Theseequations
arenonlinear In fact, it is not possibleto solve themexplicitly. But
given a startingguessat the position (that canbe off by hundredsof
miles), onecanuseNewton’s methodto solve this nonlinearsystem.
Write down the 3 x 3 linear systemthat definesthe stepdirection
vectorAx.



