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1. INTRODUCTION

The inversescattering,or inversespectral,transformis a
methodof solving the initial value problemfor a class
of nonlinearequationsin one spaceand one time vari-
able;theequationsin thisclassarecalledintegrable. This
method,first proposedin [8] for the Korteweg-deVries
(KdV) equation,hasthenbeensuccessfullyappliedtomany
otherintegrablenonlinearevolutionequations.It provides
anexplicit integral representationof thesolution,andit is
basedon theLax propertyof integrableequations,that is
on thefact that integrableequationscanbewritten asthe
compatibilityconditionof two linearordinarydifferential
equations(ODE),onein thespatialvariable� andonein
the temporalvariable

�
; thesetwo equationsarecalleda

Lax pair. The classicalinversespectralmethodusesthe
spectralanalysisof the � partof theLax pair, while the

�
partis usedto determinethetimeevolutionof thespectral
data,i.e. of thedatathatappearin theintegral representa-
tion of thesolutionof thegivenproblem.

For over twenty years,after the discovery of the in-
versescatteringmethod,themostoutstandingopenprob-
lemin thisfield hasbeenthesolutionof initial andbound-
ary value problemfor the importantclassof integrable
evolutionequations;to thisclassbelongin particularsev-
eralequationsmodellingwaterwavepropagation,suchas
the KdV, the Benjamin-Ono(BO), the sine-Gordonand
the nonlinearSchr̈odingerequations,all of which areof
greatrelevancefor physicalapplications.A first stepin
thisdirectionwastheunderstanding[4] thatfor theinverse
scatteringmethodto yield a spectrallydecomposedinte-
gral representationof the solution,oneneedsto perform
the spectralanalysisnot only of one, but ratherof both
equationsin theLax pair. Thesecondcrucialobservation,
dueto GelfandandFokas[3], is that linearpartialdiffer-
entialequations(PDE)canberegardedasaspecialcaseof
integrableequations,andin particularpossessa Lax pair
formulation;thuslinearevolutionPDE’scanbesolvedby
the inversespectralmethod. Thesetwo factshave been
jointly exploitedby Fokas,who alsomadethe important
discovery thatperformingthesimultaneousspectralanal-
ysisof thetwo equationsin theLax pairgreatlysimplifies
theanalysisandclarifiesthemeaningof eachstep;based
on this, in [2], he presentsa generalapproachto solv-
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ing boundaryvalue problemson the half-line for some
particularexamplesof linear andof integrablenonlinear
PDE’s. This approachusesthefactthat thespectralanal-
ysis of the nonlinearintegrablecasecanbe basedon the
analogousanalysisof the associatedlinearizedequation.
Following this importantwork, severaldifferentboundary
valueproblemshave beenstudiedfor integrablePDE’s,
includingproblemsinvolving time-dependentgeometries
[6]; moreover, themethodhasbeenappliedto investigate
many issuesarisingin physicalapplications.

Theaimof thisarticleis to usethegeneralapproachof
[2] andits applicationto linearevolutionequationson the
half-line, [5, 7], to studytwo-pointboundaryvalueprob-
lemsfor integrableevolution equationsin onespacevari-
able. We shall focuson thelineardispersive case,i.e. on
the problemof determiningthe function ��� ��� ��� that for
given appropriateinitial and boundaryconditions,satis-
fiestheequation�
	���
�����������	�� ��� ��� ��� ������� �� � � �"! � � �#�$�#% � (1)

where
!

is a givenrealnumber, and ���
& �$�('�)*�+�,.- * & * ,- *0/21 , is thedispersionrelation.
For domainswith a fixedgeometry, asis thecasefor

thetwo-pointboundaryweconsiderpresently, themethod
consistsof thefollowing steps:(a) Formulatingthegiven
PDE as the compatibility conditionof two linear eigen-
value ODE’s. (b) Performingthe simultaneousspectral
analysisof thesetwo equations,i.e. constructinga func-
tion 34� ��� � � & � whichsolvesbotheigenvalueequationsand
which for � ��� ��� in the given domain,is boundedfor all
complex & , where& is thespectralparameterof theeigen-
valueequations.In fact,for thepresentcase,thefunction34� ��� � � & � is actuallysectionallyanalyticin & . Thismeans
that thereexistsan orientedcontour 5 dividing the com-
plex & planein two multiply-connectedregions,a ��
 � and��� � region (by convention,the ��
 � region lies to the left
of thepositiveorientation),suchthat 3 is analyticin each
of theseregions. This leadsto the formulationof a clas-
sicalmathematicalproblem,known asa Riemann-Hilbert
(RH) problem,on the fixedcontour 5 of the complex & -
plane;theuniquesolutionof thisproblemyieldsaspectral
representationof thesolutionof theequation,in termsof a
function 67�
& � which we call thespectral data. (c) Identi-
fying all globalrelationssatisfiedby theboundaryvalues
of thesolution.



Thesethreestepsare algorithmic, and only step(c)
mak8 esreferenceto theboundaryconditions.Onecanthen
usetherelationsof (c) to determinehow many boundary
conditionsmustbeprescribedin orderfor theproblemto
be well posed.For sucha well posedproblem,onethen
hasto computethespectraldata69��& � involvedin therep-
resentationof thesolution,in termsonly of thegivenini-
tial andboundarydata.This laststepdependsin anessen-
tial wayontheparticulardomainandandboundarycondi-
tionsoneis considering,andeachcaserequiresaseparate
analysis.

Step(a) and (b) can be performedwithout essential
differencesin the integrablenonlinearcaseas well; the
differencebetweenlinearandnonlinearbehaviouremerges
essentiallyin step(c), asin this casethe global relations
oneobtainsarenonlinearasopposedto linear; thustheir
resolutionis muchharderanddoesnot leadto explicit for-
mulas.

This programhasbeencarriedout for linear evolu-
tion PDE’s on thehalf line, andfor severalparticularex-
amplesof nonlinearintegrablePDE’s on variousfixedor
time-dependentdomains.In the linear case,the solution
hasa purely integral representation,whereasin the inte-
grablenonlinearcase,this integral representationis sup-
plementedby a discretesum,whosetermscorrespondto
the celebratedclassof specialsolutionscalled solitons.
The differenceintroducedby the two-point boundaryis
thatevenfor the linearcase,therepresentationof theso-
lution consistsnot only of an integral along a specified
complex contour, but alsoof a discretesum,takenon the
zeroesof a certaindiscriminantfunction :;��& � which de-
pendsonly on the particularspatialinterval. Physically,
thesezeroescorrespondto theresonantmodesoneexpects
to bepresentfor sucha one-dimensionalconstrainedevo-
lution problem.

In Section2 we outline the resultfor the generallin-
earequation(1), and illustrate the detailsfor the partic-
ular caseof the two-point boundaryvalue problem for
the linearizedKdV equation � � 
<� �=�>� �?�

. In Sec-
tion 3 we indicatehow the resultsfor the linearcasecan
beusedto solve thesameproblemfor theKdV equation� � 
@� �>�>� 
�AB�C� � ��� .

The researchpresentedhereis part of a joint project
with A.S.Fokas.

2. LINEAR EVOLUTION EQUATIONS

Ratherthan consideringthe generallinear problem(1),
werestrictattentiononly to dispersiveevolutionequations
correspondingto thedispersionrelation����& �4�ED �F�HG � ) & ) ,
i.e. of theform� � D �I� � )KJ�L 	 )� � ��� � � � � �M! � (2)��� ��� �B�4� ��� � � � � �M�N�#%PO
where��� � � is agivensmoothfunction,andboundarycon-
ditionsareimposedin sucha way that theproblemhasa
uniquesolution.Thissimplificationdoesnot imply acon-
ceptuallossof generalization;indeed,it is shown in [7]
that theanalysisof thegeneralproblem(1) is essentially

basedon theanalysisof theequationobtainedby consid-
eringonly theleadingorder � -derivative. To fix ideas,we
considerbelow only thechoiceof 
 signin equation(2);
we remarkshortly on the choiceof � sign at the endof
thissection.

The first step in our method,the expressionof the
equationasthe compatibilityof a pair of ODE’s, canbe
achievedalgorithmically[2]; it is easyto checkthataLax
pair for thisequationis givenby3Q�H�R�F&�3 � � � (3)3��Q
����HG � )SJ�L �F& ) 3 �UT� � (4)

where3 � 34� ��� � � & � andT� � � )�V�LXW � )�V�L 
��F&�� )�V7Y OZO=O 
[�I�F& � )�V�L � ,Z\ �� * � ��� ����� 	 *� ��� ��� ���
Thesecondstepinvolvesfindingasolution34� ��� � � & � , bounded
for all & in thecomplex plane,of both equations(3) and
(4). Consider3�LC� ��� � � & ���^] �,`_>acbed �SV7fhg ���Ii � ���Fj i
 _=akb � ] �, _ V aml9dcb g d ��V7nog T�p� � �rqB� & ��j qB�3 Y � ��� � � & ��� ] �, _ acbed �SV7fhg ���Ii � ���Fj i� _>acb � ]�s� _ V aml9dcb g d ��V7nog T�p� � �rqB� & ��j qB�3Qt�� ��� � � & �4� � ]�u� _>acbed �SV7fhg ���Ii � ���Fj i
 _>acb>d �SV u g ] �, _ V aml9dcb g d ��V7nog T�p� ! �rqB� & ��j qB�3�v�� ��� � � & �4� � ]�u� _ acbed �SV7fhg ���Ii � ���Fj i� _=akb>d �KV u g ]�s� _ V aml9dcb g d ��V7nog T�p� ! �rqB� & ��j q O
The boundednessof eachof thesefunctionsdependson
thenegativity of therealpartof theexponentof thevarious
exponentialsinvolved. Since _ akb � is bounded,for �@w � ,
only for & in theupperhalf plane x J , theonly exponen-
tial one needsto analyzeis _ V ayl9dcb gz� . Let : J �|{ &`}~o� �I���
& ���H�(��� and : V ��{ &R} ~o� �z����& ��� w ��� . Then
if :�L � x J�� : J , : Y � x J�� : V , : t � x V2� : J ,
and : v � x V�� : V , each 3 a is bounded,andin addi-
tion analytic,in thecorresponding: a . Define 3 � 3 a for& / : a , andcomputethe jump 3 a �"3 * , �;��U� , of the
function 34� ��� � � & � acrosstheboundariesof thevariousre-
gions : a ; since3 a ��3 * satisfiesthehomogeneousversion
of equations(3)-(4), this jump is alwaysof theform3 a ��3 * � _>acb �SV ayl9dcb gI� 69��& � � ������ � (5)

andit is easyto computethat

69��& �4����� ��
����
& ���[� u, _ V akb f ����i �Fj i �� � � � & �4�^� s, _ aml9dcb g�n T��� � ��q �Fj qB�� � ! � & �4�^� s, _ aml9dcb g�n T��� ! ��q �Fj q O (6)



Moreover, 3 satisfiestheasymptoticbehaviour34� ��� � � & ��� �o��� ��� ���& 
#��� G& Y�� � & ��� O
This asymptoticestimate,the sectionalanalyticity of 3
(i.e. the analyticity of each3 a ), andthe jump (5) define
a RH problem. This problemhasa uniquesolution,ex-
pressedas the Cauchyintegral of the jump of 34� ��� � � & �
along the contourin x acrosswhich 3 hasa jump. In
particular, thevariables� and

�
dependenceof this solu-

tion is explicit, becausein the jump function (5) � and
�

appearonly exponentially. This uniquesolutiontogether
with equation(3) yields for ��� ��� ��� thedesiredspectrally
decomposedintegral representation,in termsof thespec-
tral data

�����& � , � � � � & � and � � ! � & � ; thesespectraldataare
definedonly in termsof theinitial andboundarydata,i.e.
of thefunctions��� � � and � * � � � ��� , ���[� � OZOZO ��� �#G .

In generalnotall of theboundaryconditions� * � ��� can
beprescribedindependently. However, toachievethethird
stepof theprogram,onenotesthatall the 3 a � ��� � � & � have
a secondrepresentation,whichcanbeusedto obtainaset
of globalrelationsthat thespectraldatamustsatisfy. Af-
tersomemanipulations,theseglobalrelationsdeterminea
systemof algebraicequationsfor theboundaryconditions;
accordingto thenumberof independentequationsin this
system,onecandeterminehow many independentbound-
ary conditionsneedbe prescribedin order for the prob-
lem to be well posed.In the presentcaseof a two-point
boundaryvalueproblem,in orderto solve theabove sys-
tem, oneneedsto divide by a certaindeterminant:;�
& � ;
theresiduetheoremimpliesthat,at thezerosof thisdeter-
minant,theintegralrepresentationinvolving GC�C:;��& � must
besupplementedby a discretecontributionextendedover
thesezeros.

Ratherthan performingthis analysisin general,we
now give thepreciseresultandsomedetailsfor theequa-
tion � � 
�� �=�>� �[� . Thedetailedanalysisof this equation
canbefoundin [1].

Proposition 1 Let ��� ��� ��� satisfy�Z��
@�Z�>�>� �[� � ��� � �M! � � �M�$�@% ���� ��� �B��� ��� � � � ��� � � / x t ��� � � !4 z�hO (7)

Supposethat appropriateboundaryconditionsare given
at � �¡� and � �[! such that thereexistsa uniqueglobal
solution ��� ��� ��� / x t � � � !¢ �£ x L � � � %�  .

Define, in thecomplex & -plane, thesixregions
{¤�p� *�+ L¤¥§¦§¦§¦ ¥ ¨ ,

where & / {r�p� if�c� � �#G �Q©Nª7  �C« �M¬S­�® ��& �$� � �X©Nª7  �C« �
anddenoteby 	 {¤��� their orientedboundary, seeFigure1.

Thenthisuniquesolutionis givenby��� ��� ����� G¯ ª#° ]#±V ± _=akb �=J acb¤² � ����
& �Fj &
 ]�³C´ Y¤µ _>acb �>J akb¤² � � � � � & ��j &
 ] ³C´ v µ�¶ ³C´ ¨¤µ _ akb>d �KV u gIJ akb ² � � � ! � & �Fj &¸· �
(8)

{ ¯ �
{>¹�� { A �{eº��
{ « � { G �ª �S«

Figure1: Theregions
{ G � � OZO=O � { A � associatedwith equa-

tion (7)

where theentire functions
����
& � and � �I» � & � aredefinedin

(6). Moreover, for
¬K­�® �
& � / � ª �S« � ¯ ª �C«   , the following

globalconditionsarevalid� � ! � & � � _ acb u � � � � & � 
 _ akb u �� , ��& �� _ acb u V akb¤² s �� s �
& � �_ V am¼¤b u � � ! ��½ & � � � � � �r½ & � 
 �� , � ½ & �� _ V akb¤² s �� s �
& � �_ V am¼r¾rb u � � ! ��½ Y & � � � � � �r½ Y & � 
 �� , � ½ Y & �� _ V akb¤² s �� s �
& � � (9)

where ½ � _ V9Y�¿ acÀ t and�� s �
& �4�^] u,Á_ V akb � ��� ��� %X�Fj � O (10)

To obtaintherepresentation(8), we noticethat in this
case3�L is boundedin

{ G �ÃÂ#{ « � , 3QY in
{ ¯ �

, 3Qt in
{eº��

and 3�v in
{>¹��NÂ�{ A � (seeFigure2); thustheir differences

satisfy 3�L$�R3 v � _ acb �>J akb¤² � W _ V akb u � � ! � & �
 ����
& �o  � & /Ä1 �3�L$�R3QY � _ acb �>J akb¤² � � � � � & � �& / 	 { ¯ � �3 t �R3�v � _ acb>d �SV u gIJ akb¤² � � � ! � & � �& / 	 {eº�� �
(11)

Moreover, 3Qt hasthesecondrepresentation3QtK� ��� � � & ��� _=akb¤² � 3Qt�� ��� � � & �
 ] �,Å_ akb¤²Zd ��V7nog T��� ���rqK� & �Fj q O
Evaluatingthisequationat � �[� , �4�¡% andusingthethe
first representationof 3QtK� ��� � � & � , we obtain,for & / {eº�� ,
theglobalrelation_ V acb u J acbh² s � � ! � & � � _ acb¤² s � � � � & �
 _ akb¤² s ����
& ��� �� s ��& � � (12)

where
�� is definedin (6) and

�� s ��& � is givenby (10). We
notethatmultiplying theglobalrelation(12) by appropri-
ateexponentials,weobtaintheanalogousrelationsfor all
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Figure2: Theset-upfor theRiemann-Hilbertproblemas-
sociatedwith equation(7)

& in x : thenby rotation(i.e. multiplicationby thefactor ½
or ½ Y , where½ � _ V9Y�¿ akÀ t ), theglobalrelationsin

{=¹p�
and{ A � yield two equationsin

{ ¯ �
. Thusweobtainthatin the

region
{ ¯ �

the threerelations(9) hold. Sincethebound-
ary dataaresix, threeat � ��� andthreeat � �Ë! , this
meansthat we have a systemof threeindependentalge-
braicequationsin six independentvariables;thusto have
any hopeof solvability, we mustprescribethreeof these
variables. However, it turnsout that this systemcanbe
solved in termsof ��� ��� �B� andthe threeknown boundary
conditionsonly in somecases.This is dueto thepresence
of theunknown term

�� s ��& � ; we cansolve thesystemex-
plicitly only in thecasethat this term,dividedby thedis-
criminantof thesystem,andmultipliedby theexponential_ acb �=J akb¤² � , is boundedandanalytic in the region

{ ¯ �
, so

thatits integralalongtheboundaryof this regiongivesno
contribution to therepresentationof thesolution. For the
presentexample,onecanprovethefollowing result.

Theorem 2 Theinitial boundaryvalueproblemfor (7) is
well posedif any oneof the functions 	 *� ��� � � ��� and any
two of thefunctions	 *� ��� ! � ��� , �2�Ì� � G � ¯ are given. The
uniquesolutionof such a well posedproblemis givenby��� ��� ����� G¯ ª@° ]#±V ± _>acb �=J akb¤² � ����
& ��j &
 ]�³C´ Yrµ _=akb �>J acbh² �CÍ � � � &:;��& � �Fj &
 ]�³C´ v µ _=akb>d �KV u g�J acbh² � Í � ! ��½ Y & �:;� ½ Y & � j &
 ]�³C´ ¨rµ _=akb>d �KV u g�J acbh² � Í � ! ��½ & �:;� ½ & � j & ·� ±Î*�+ L _=akÏ=²Ð �IJ akÏ Ð ��Í � � �rÑ * � 
 ¯ Í � ! ��Ñ * �:ÓÒ
� Ñ * � O
Here, ½ � _ V7Y�¿ akÀ t , :;�
& � is givenby:;��& ��� �FGP� ½ � � ½ 
 _=akb>d L¤V ¼ ¾ g u 
 ½ Y _>acb>d LrV ¼ g u � �Ñ * are the zeros of :;�
& � in the region

{ ¯ �
. The termsÍ � � � & � , Í � ! � & � can be computedexplicitly in termsof

thegivenboundarydata.

Togiveaspecificexample,supposethatthegivenbound-
arydataare��� � � ����� � ,, � ��� � ��� ! � ���4� � u, � ��� and�Z�Ô� ! � ���4�� uL � ���¤Õ thenthespectraldataaregivenexplicitly by thefor-
mulas Í � � � & �¸� �FG��×Ö0ÖXL � ���� ½ Y & � 
& Y � , � � � & �¢Ø � ½ �#G � � ½ 
�Ö0ÖÃL4
 ½ Y ÖÙÖPY ��Ú�0�FG�� ½ � & � LK� ! � & �¢Ø ÖXL4
 ½ Y ÖPYN
 ½ Ö Y Ú�0��G�� ½ � & Y � , � ! � & � Ø Ö Y 
 ½ Y Ö L 
 ½ Ö Y Ú�0�
Ö Y �×Ö L � Ö ����
& � �M��G��RÖÙÖ Y � ���� ½ & �

Í � ! � & �4� 
Ã«KÖ�& Y � , � � � & ���& � LS� ! � & � ��GN
 ½ Y ÖÙÖXL4
 ½ Ö0ÖPY ���& Y � , � ! � & � �FGN
@Ö0ÖXL4
@Ö0ÖPY �
ÃÖ�� ����
& � 
 ½ ���� ½ & � 
 ½ Y ���� ½ Y & ��� �
where,if Û �¡� or Û ��! ,� , �IÛ � & �4� ]�s, _ V akb¤² � �CÜ, � ���FjB� �� L � ! � & �4� ]�s, _ V akb¤² � � uL � ���FjB� �Ö � _ acb u � Ö L � _ V ac¼¤b u �Ö Y � _ V am¼ ¾ b u �4Ý � _ V acbh² s O

We concludethis sectionwith a remarkon the equa-
tion obtainedby choosingthe � sign in (2), i.e. we con-
sider the sameboundaryvalueproblemfor the equation� � �×� �=�>� �E� . In thiscase,we obtaina well posedprob-
lemif twoconditionsaregivenat � �[� andoneat � �¡! .
This result can be proven by the samemethodoutlined
above;howeverit is animmediateconsequenceof thefact
that this choiceof signcorrespondsto aninversionof the
directionof thetimevariable.

3. INTEGRABLE NONLINEAR CASE: THE KDV
EQUATION

We cannow usetheknowledgeof thelinearizedequation
solved in the previoussectionto find a representationof
thesolutionof thefollowing boundaryvalueproblemfor
theKdV equation:�Z��
@�Z�>�=�P
@AK�C�=� ��� � � � � �M! ���� ��� �B�4� ��� � � � � �#�N�M%PO
We assumethat boundaryconditionsaregiven in sucha
way that thereexists a uniquesolution of the problem.
This is possibleastheKdV equationis integrable,andas
suchit admitsa Lax pair representation.Althoughin the
nonlinearcasethereis no algorithmto constructtheLax
pair, in thiscaseit hasbeenknown for a longtimethatthe
Lax pair is givenby (see[4])3 � 
Å�F&�� Þ t � 3  7�^ß 3 �3���
 ¹ �F& t � Þpt � 3  �� Tß 3 � (13)



where�mà � à   denotestheusualmatrixcommutator, 34� ��� � � & �
is a

¯ £ ¯
matrix-valuedfunctionandthe

¯ £ ¯
matricesß � ��� � � & � and

Tß � ��� � � & � aredefinedbyß � �¯ & ��ÞpYP���oÞpt ��� �Tß � ¯ &��CÞpYN
@�Z�BÞ9L4
 G¯ & �
�Z�>�X
 ¯ � Y � �
�oÞpt��×ÞpY ��� �
whereÞ a arethePauli matricesÞ L � � � GG � � � Þ Y � � � ���� � � � Þ t � � G �� �HG � O
The constructionof the representationof the solution is
analogousto the onecarriedout for the linear case,i.e.
it is basedon the simultaneousspectralanalysisof the
Lax pair. To constructthe sectionallyanalytic function3 in this case,we proceedasfollows: usingthenotation�Þ t=á � � Þ t � á   , then _Ôâã ² á � _ ã ² á _ V ã ² , matrix-valued
solutionsof bothequations(13)aregivenbyä LS� ��� � � & �4�[å 
 ] �,`_=akb>d �KV9fhg âã ² � ß ä L � �Ii � � � & ��j i
 _=akb � âã ² ] �, _ V aml9dcb g d ��V�nog âã ² � Tß ä L � � � ��qB� & �Fj qK�
andby

ä Y , ä t and
ä v definedsimilarly, in analogywith3QY , 3Qt and 3 v . By analyzingwherethecolumnvectorsof

thesefunctionsareboundedandanalytic,onearrivesat a
well definedRH problem,thatis now matrix-valuedrather
thanscalar, with jumpsacrossthesamecontourastheRH
problemassociatedwith thelinearizedproblem,examined
in theprevioussection.Thesolutionof thismatrix-valued
RH problemcannotbe found in closedform, but is ex-
pressedthroughalinearintegralequationof theFredholm
type; however, the � and

�
dependenceof the solutionis

the samefound for the linear problem,thusit is still ex-
plicit. Thesolutionof theboundaryvalueproblemis then
givenby ��� ��� ����� ¯ �o	����Óæcç �bhè ± 3�L�Y�� ��� � � & � � �
where 3 L�Y � ��� � � & � indicatesthe �FG � ¯ � componentof the
matrix 34� ��� � � & � .

Matrix RH problems,asopposedto scalarones,can
havesingularities;thesesingularitiesyield a discretecon-
tributionto thesolutionrepresentation.However, thiscon-
tribution differs from the discretecontribution found in
the linear case,which wasduepurely to the form of the
boundaryof the domain. This kind of discretecontribu-
tion will be supplemented,in the presentnonlinearcase,
by a discretecontribution due to the singularitiesof the
RH problem. Thesesingularitiesgive rise to soliton so-
lutions, which arevery specialsolutionsassociatedonly
with integrableequations.

Finally, we remarkthat the mostdifficult part of the
analysisis now the resolutionof the global relations,as
theserelationsarenow nonlinear;theseglobal relations
yieldasystemof nonlinearintegralequationsof theVolterra
typefor theboundarydata,whichonemustanalyzein or-
der to prove which problemsare well-posed. However,

at leastfor small data(or small time intervals), thewell-
posednessof thelinearizedproblemimpliesthewell-posedness
of thecorrespondingproblemfor thenonlinearequation,
andweexpectthattheanalysisof thenonlinearrelations,
althoughmorecomplicatedin thepresentnonlinearcase,
will yield thesameresultsasin thelinearone.
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