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A free boundary problem is a (steady-state) boundary value problem

involving differential equations on domains parts of whose boundaries, the

free boundaries, are unknown and must be determined as part of the solution.

Free boundary problems occur in all branches of continuum mechanics. A typi-
cal free boundary problem is the problem of a water jet in air, where the un-
known free boundary is the water/air interface.

The bibliography contains about 8300 references, most of which are classi-
fied according to one or more of approximately 1200 subjects. This report
contains a description of the bibliography and a list of the subjects, which are
divided into three main groups: I, Types of free boundary problems; II, Mathe-
matical methods; and III, Approximation methods. Listings by author and subject
are given in appendices; these appendices are on microfiche, but paper copies

may be obtained by writing to the Mathematics Research Center.

AMS (MOS) Subject Classification - 31-02, 35J99, 35R99, 45-02, 49-02, 65-02,
65P05, 65R05, 73-02, 76-02, 78-02, 80-~02, 85-02, 86-02.
Key Words - Free boundary problems, Fluid mechanics, Porous flow, Mechanics of
solids, Heat conduction and diffusion, Electromagnetism, Gravitation,
Mathematical methods, Numerical methods.
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A BIBLIOGRAPHY OF FREE BOUNDARY PROBLEMS

Colin W. Cryer

- 1. Description of the bibliography. A free boundary problem (FBP; plural, FBPS) is a

(steady-state) boundary value problem involving differential equations on domains parts of

whose boundaries, the free boundaries (FB; plural FBS), are unknown and must be determined

as part of the solution.

FBPS arise in a great variety of contexts, and the literature on the subject is

scattered throughout many different disciplines. The present bibliography has been com-

S ars T

piled in an attempt to bring together all the important results on FBPS. It is our hope

that this survey will reduce the duplication of effort and stimulate the cross-fertiliza~-

tion of ideas among the different disciplines concerned with FBPS.

The bibliography contains about 3300 references most of which are classified accordine

to one or more of approximately 1200 subjects.

In the remainder of this section we make some general remarks about the bibliography.

In section 2 we describe the approach used to classify the different types of FBPS in

Fimlly.

continuum mechanics. In section 3 we give abbreviations and conventions.

section 4 contains a list of the subjects. Listings by author and by subject are given

in appendices; these appendices are on microfiche, but paper copies may be obtained by

writing to the Mathematics Research Center.

References for the bibliography were obtained in the following ways:

(i) By secarching the recent issues of about forty journals which contain

a relatively large numder of papers on FBPS. The following journals

contained an especially large proportion of papers on FBPS:

Archive for Rational Mechanics and Analysis

Communications on Pure and Applied Mathematics

Journal of Fluid Mechanics

Physics of Fluids

Sponsored by the United States Army under Contract No. DAAG29-75-C~0024 and by the
National Science Foundation under Grant No. DCR75-03838.
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Proceedings American Society of Civil Engineers (Division of
Engineering Mechanics, Division of Hydraulics and Division of
Soil Mechanics)

Water Resources Research
! (ii) By following up the bibliographies of books and papers.
(iii) By writing to a large number of authors requesting reprints
of their recent work.
(iv) By using the following abstracting services:
Applied Mechanics Reviews
Computing Reviews
Contents of Contemporary Mathematical Journals
Dissertation Abstracts International
Mathematical Reviews
Science Citation Index

(v) By browsing in libraries and bookstores, and chatting to
colleagues.

Almost every reference was consulted and copies were obtained of almost all papers
and many of the books.

The literature on FBPS is enormous. To quote a typical example, between 1965 and 1968
over five hundred papers were published on the motion of bubbles and drops. In conse-
quence, we had to be selective in deciding which references to include. The following
criteria were used in determining which references should be included:

(i) Papers describing heuristic approximation methods, papers describing experi-
mental results, and papers using the well-known hodograph method are not
usually included.

(ii) All papers known to us giving existence or uniqueness theorems are included.

(iii) All papers known to us describing numerical methods are included.

(iv) Whenever possible, a worker in the field is represented by at least one
paper.

(v) When an author has himself presented a summary of his results, perhaps
in the form of a book, sometimes only the summary and particularly note-

“hy papers are included.
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(vi) When a series of papers forms a natural sequence - perhaps giving
first-order, second-order, and higher-order approximations - often
only the last paper in the sequence is included.

(vii) Each approach and each type of problem known to us is represented by
at least one reference.

(viii) Papers containing interesting new ideas are included even when not
directly concerned with FBPS when it is felt that the results have
possible future applications to FBPS.

(ix) Preference is usually given to recent work, but papers of historical
interest are included.

The over-riding criterium in selecting references was that the bibliography
should remain comprehensible and manageable to us and useful to the reader.

In constructing the list of subjects, our goal was to devise a systematic classifica-
tion which was so organized that the information could be readily retrieved. The classi-
fication which we use is rather formidable, but it is hoped that it will make it possible
for the reader interested in a particular problem to locate precisely the information of
interest to him. There are three broad classes of subjects: I, Types of free boundary
problems; II, Mathematical methods; and III, Approximation methods. The classification
of FBPS in continuum mechanics presented especial difficulties which are discussed in
section 2. Most references of the bibliography are followed by a list of cross-references
to the subjects with which they are concerned.

Of the major scientific languages other than English, we read German fluently and
read French, Italian, and Russian with difficulty. This has affected the choice of re-
ferences to some extent, and has obviously affected our ability to comprehend certain
references, particularly long references in Russian; such references are therefore cross-
referenced less frequently than they deserve.

The bibliography has been constructed in conjunction with a series of surveys on FBPS

which are appearing as Mathematics Research Center Technical Summary Reports. The follow-

ing comments arise:




(i) Two surveys have already appeared, namely Technical Summary Report #1657
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on porous flow FBPS which corresponds to I.4 in the subject listing, and
Technical Summary Report #1693 on trial free-boundary methods, which corre-
sponds to III.3 in the subject listing. References quoted in these two sur-
veys are listed in the present bibliography, and some new references have
also been added.

(ii) Many sections of the other surveys have already been written. Some of the
terminology used in the list of subjects and some of the cross-references
made will perhaps seem obscure to the reader and may only become clear when
the corresponding surveys appear.

The bibliography was begun during a sabbatical spent in 1972 at Oxford University with

the support of the United Kingdom Science Research Council and the National Science Foundation,

and would not have been written had it not been for the interest in FBPS of Professor
L. Fox of the Oxford University Computing Laboratory.

The National Science Foundation (through Contract No.: GJ-33096) provided substantial
help which enabled us to work full-time on the project for nine months and to meet the
costs of xeroxing and typing. We are particularly grateful in that additional support was
given when the original estimates of time and cost proved to be hopelessly wrong.

Thanks are due to the staff of the Radcliffc.: Science legary (oxford), and the
Memorial, Physics, and Engineering Libraries (Madison), for their help and forbearance.

We would welcome information about errors and omissions, as well as reprints of work

on FBPS. These would be incorporated in a revised edition of this bibliography which we

hope to prepare.




2. Classification of FBPS in continuum mechanics. There is no completely satisfactory

method of classifying FBPS in continuum mechanics. The approach followed is:

(i) To classify first according to the broad subdivisions of continuum

mechanics such as fluid mechanics.

The classification is based upon the "nontrivial" field equations
occuring. We illustrate this by means of some examples. The problem of

water waves subject to gravity involves both fluid mechanics and gravita-

tion, but the gravitational field is given so that the problem is classi~
fied under fluid mechanics. The problem of a rotating self-gravitating h
fluid mass also involves both fluid mechanics and gravitation, but in this

case the fluid velocity is usually prescribed, so that the problem is L
classified under gravitation. Problems involving a plasma in equilibrium
under a magnetic field are often described as magnetohydrodynamic problems

but in many cases the hydrodynamic equations are trivially satisfied and

N in such cases the problems are classified under electromagnetism.

Problems involving two nontrivial fields are treated in one of two ways:
(a) If the problem can be regarded as a generalization of a FBP in one

area of continuum mechanics (the primary area), then the problem

; is classified under the primary area. For example, porous flow FBPS

can be generalized by considering electrical effects: the resulting

electrokinetic porous flow problems are classified under porous flow

k& problems.

f (b) If a problem inherently involves two or more areas of continuum

mechanics, then it is classified under coupled field problems.

For example, the flow of a blood corpuscle through a capillary

i is quite different from problems in either fluid dynamics or
! elasticity and is classified as an elasto-hydrodynamic problem

- in the chapter on coupled field problems.
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When a problem is a combination of two FBPS, it is classified according to the
primary problem. For example, the problem of a cavitating hydrofoil under a water surface
is classified under cavities because this is of primary interest.

(ii) To classify next according to the geometry of the problem.

A major difficulty is that by interchanging axes or invoking symmetry a pro-
blem can be transformed into an apparently different problem. Consider, for example,

the horizonatal flow of a fluid out of an obstructed channel (Figure la).

A’ A
—p l
: |
B e ‘e B
D E e
(a) Horizontal flow from a channel (b) Vertical jet flow

Figure 1: Equivalent problems

When gravity is neglected the boundary DE is an axis of symmetry and the problem
is equivalent to a vertical jet (Figure 1lb). However, when gravity is taken into
account or when the fixed boundaries are slightly changed, the two problems are no
longer equivalent.

Axisymmetric problems are classified according to their plane =quivalents.
Ffor example, the plane equivalent of an axisymmetric is a plane jet, but the
plane equivalent of an axisymmetric stream flowing around a wire is a stream flow-
ing down a plane wall. This approach is quite appropriate because of the close re-

lationship between corresponding plane and axially symmetric problems.
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(iii) To classify finally according to the governing equations and boundary

conditions.

For example, the vertical jet shown in Figure lb is considered for various
governing equations (inviscid flow, viscous flow, etc.) and various boundary condi-
tions (no gravity, gravity, surface tension, etc.)

The method of classification described above (like any other) cannot eliminate all
anomalies. The same mathematical problem may arise in two different areas of continuum
mechanics. Should the problem of a hydrofoil cavity underneath a water surface be classi-

fied under cavities or under water waves? Does a problem have a symmetrical equivalent?

The reader must be prepared to look for a problem under more than one heading.




3. Abbreviations and conventions.

The bibliography is arranged alphabetically. A prefix is treated as part of the name

so that von Mises is listed under V and not under M. Names beginning with Mac and Mc are

: % listed under MAC and MC, respectively.

{ The transliteration of Cyrillic names is handled as follows. If a reference has been
translated, then the spelling of the translation is used. If a reference has not been
translated then a review is quoted and the spelling of the review is used. In some cases
this approach leads to an author's name appearing with different spellings. When this would
appear to create misunderstanding, alternative spellings are given in brackets. (For many
years we were unaware that the famous Joukowsky in fluid mechanics was the same person as
the famous Zhukovsky in porous flow.)

wWhen a reference has appeared in two essentially equivalent forms this is indicated

] by means of an "=" ; the date used is usually the earliest date.

Proceedings and Symposia are listed under the editors when known. Otherwise, they are
listed, not very systematically, under "Proceedings", “"Symposium", or the conference title. .
When a reference has been reported to contain errors, the source of this information

3 is indicated. Occasionally, general observations about a reference are also included. .
In general, each reference is followed by a list of cross-references to the subjects

to which it is relevant. Some very important references are referred to so often that the

list of cross-references is very long. In such cases the list of references is given in

the author listing but is omitted in the subject listings.

As mentioned in section 1, the subjects listed under I.4 (porous flow problems) and
: I1I1.3 (trial free-boundary methods) correspond to two published surveys but also include
some new references. These "new" references are identified by an "N" following the cross=- |

reference, and in the subject listing they are listed separately following the "old" re-

ferences.
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The following abbreviations are used:

TA, TAA, etc.:

CR

"k

Unknown or Unclassified

To appear, to appear (a), etc.
Computing Reviews

Dissertation Abstracts International
Mathomatical Reviews

New references

List of cross-references omitted in subject listing.

Theses which are listed in Dissertation Abstracts are followed by their order number.

!
!

-9- !




4. Author Index and Subloct Index

AUTHOR INDEX

mI
—
o
R
m

AUTHOR APPENDIX PAGE

1

8
27
42
50
53
61
75
86
&7
91

T RCOrFrooD~D
WO NNNOVWVES N W -

L I T T S A Y Dttt e B L T ™Y
"o x
- h
-0

A
B
c
0
E
F
6
H
1
J
K
L
"
N
0
P
Q
R
S
T
u
v
W
Y
4

*MIC(O("C‘z \'Mc‘, wot AM“ Sb\ch«‘, DDC cannet reprM




Lol ol ol o ol ol B S R S
DD DAVVVUOUUUOOOO WWWS LW UEATHMMMETIS 9" Y X JJEETER

ELP) ]

e EerErNNNNNANMMPN NI TN NN NN A OO0V 000 00O

L
9
-
o

NARNINNNNNNNNNN NN NNNNNNN NN N NN NN N NN NN NN NN NN N N NN o

X1AN3IddY

-11~

ALIDTILNMOA HLIIA 3TBISSIYAEOINT QTISIANI
AOT4 JTLININSYD ANV MOT4 Q3ITJTLVHLS
NOILVIIAY)

JINIINBENL

NOTLVIINEN

LH3AVY ANVANNOR

S3WI9IY IVIIIAS

SOINT40H¥34

SOINT4¥34NS

$Ivisay) qIneln

SAINT4 ¥vINIITOW

SAINT4 JILSVII0ISIA

SOINT4 WVHONIE

SAINTS NVINOLAIN-NON

ROT4 AVHS - 3T3M

RO0T4 S3INOLS

SAINT4 NVINOLAIN SNOISIA

SIAVA XNIOHS

SV9 LINIONVL NITSL-NVHYVXY

SV9 NISATdVH)

ROTV4 GTISTIANI 3T8ISSINLN0)
NOILVN®I JAILNLTILSNOD 3IHL
SNOTILYNOI TV¥3IN3I9 3IHL

ROT4 GIISIANI 3TBISSIVNIWOINI TYNOTLVIOWNI
SNOTLVND3 ONINNIA09 3HL

SIINVHI3N QINT4

SAYVWIY ONTIANTINOD

I7dWYXI NY

$84 TVIIJTLNY

$133:43 WIIVINILINI

$84 40 NOILVYNIMING

$d83 9NIATOANI

SNOILIAGNO) A¥VANNOS

NOTSN3IWIAQ 40 NOTLINAIY

SNOTILVNDI 3ATINLIILSNOD

INITVIS

$G7314 A374N0INN

SW3T180¥d 40 S3dAL TV ONIATOANI
SIINVHIIW WNNNILNOD NI SNOILVWIXO¥ddY
S3IVIUNS ¥VINONIS

S$31008 40 NOILOW 3HL

SITJIINTYd JISVE

SWILSAS 3ILVYNIQEO =03 IT41)3dS
S$AG731J ¥OSN3IL ANV S¥O0LI3A

SHOSNIL OGNV S¥OLI3A

. SITUYNTIWININd IVITLVHIHLIYN
SIINVHIIW WNNNTILNOD 40 S3ITNJTIINIYd
SdA4 40 NOTLVIIJISSYT)

$d84 30 SNIOIN¥O

Sdd4 40 NOILVINWNO4

NOTLINAONLNI

SW3IT80¥d A¥VANNOB 3344 40 S3dAL °*TI Luvd

1J3rens

X3ANI Ll3rans

0'“.n."nl~
s*scgEeLgcl
'.“.".F-n.-
£°5 g 1°e1
N.n.n.“.nlu
pescgeLcgcl
LR S Bl S |
n.‘.n. F.n.-
~.‘.".F.“."
'.‘.n. ’.n.~
L3 S 2 3
(SR SR S
Legegcieget
n.n.'.n.u
I3E58 34 58 32
[ SF A4 Sl 0l 42 §
2°gei°g1
ISR S8 2 B4 A2
I AR A Sl RS 32 |
[ 3 Sl 58 92 !
[ Sl 0l 8 |
(S 38 34 ¢
2°1°g°1
’.F.".”
1°g°1

£°1

y°9c2°1
£°9°2°1
£°2°9y°2°1
2°2°9y°2°1
Le2°9°2°1
2°9y°2°1
seieyc2°1
yeLcy2°1
£o1°9y2°1
210921

[ 0 AF A ¢
L*9y°2°1
ye21

£°2°1
Le2c2°1
2°2°1
£eic2ea
ecic2°l
teic21
21

g

€11

g o §

(S 8 ¢

[ §

¢




EENNNNAMNNNNNNNNANNNNNNNNANNNNNAONNNNNNA NN AN NN AN AN
ZZTAQVUUUVUUOOO0O WWE LB whOUVUIIIZITWNITTINUMMNENIISJIJS S JETZT ZZ 220 @

IHIL4

L2
&2
92
92
92
92
92
92
114
L 14
L 14
"”?
L1
"”?
L4
£2
£2

£2
£2

£2
22

22
2

0z
0z
02
6l
6L

L1
8t

8L
8L
i
s
9t
9
9t
9L
St
13
11

St
st

1)
£l
£l

39vd

R

NANNNNANNNNNNANNNNNNNNNNNNNN NN NN NN NN NN NN NN NN

XION3ddY

-1~

$71300w SNO3INVYITIISIN
NOTSN3L 3Dvi¥NS ANV “ALTIAVED *NOTLVE3ITIIIv HLIA ST1300W
T300W LNVYINI-IY
AITININAVT

¥0T13HILVA

144304

S7300W ONILYINI¥IIIN
LERERE [ L]

7300w AXNSNIHINOBYIY
13004 3NVA Q434SN

S$1300W 3INVA ILINIY
TIVANYF=NOSNINYVd
NOSNIXJOH

SITLINVINONIS HLIA ST300M
$30vI8 ¥31402IT3H

3IN34S

NIQITWHIS

$7300M 11040¥3V
X31¥0A-378N00 NIWNL
X3ILYO0A=-ITINIS NITWNL
9INI3A

$7300W X31¥0A

nA

SAI0M
¥314d3-0ANSON-INSAONNOP
$7300W 3INVA-NIO

73008 HOTITAVE-F40NNININ
$1300M INVA IJLINIINI
$73008 ALIAY)

$311¥340¥d Q3A¥3ISA0 ATVTVINIMINIAXI
SINVA ANV SITLIAVI JINOSENS
LNIWHIVLIQ 40 SINIOd
S3IviuNs AIN

S3IIVINILNT ISNisle
SIIVINILNT TVIINVHIIN
SISINILSAN

NOTLVYNIWVLNO) 3JVINNS
JINIANIGIAQ NOTILVELNIINOD ONV 3IUNLVEINIL
NOISN3IL 3Jvi¥NS 3T8VINVA
NOTSNIL 3IVIUNS LNVLISNOD
$123443 WIIVINIIND
SITYVANNOE 3ITBIXIVY
SNOJISIA

QIISIANI

SS3¥)S 40 ALINNILNOD
S3ITyvaNNoe 33¥4

ALINTJINT LV

SNOY¥od

qI9IY

S3TyvaNn0e Q3xI4
SNOTLIAGNO) A¥VANNOS

ROT4 ISYHLILINK

s3y08

SWIT4 NIHL

pi3rens

2°2°s°g°1

I3 3 3838 3¢ 3.
Lescic2°g°g°1
seLe2eg°s1
158 20 3K 58 3¢ 38
IA0 M R A% 38 08 4
(58 24 358 3¢ 3¢
Lo 338 38 32
IS SR A8 38 42
t 28 S 358 3¢ 3¢
Legeic2eeest
[ SA AT AS S 8 |
ge2eLc2ceesl
2e2°ic2 g g1
(R4 Sk A 34 48 ¢
P A 358 38 38
Leic2°geset
[S4d 34 32 4

2°€ g1
1°£°¢°1

£°€°1
ge2°2°¢c°1
§°2°2°2°5°1
yc2°2°2°¢°1
ge2cer2etet
g£e2°2°2°2°5"1
2022022 sl
Le2c2c2c2°s 1
2222 st
pe2c202°s°1
NoNoNonln
gelc2c2°g°1
2*ic2c2°st
pepc2c2eset
Le2c2°c°1
2e2°s°1
geLe2°g°l
2eit2 sl
Leie2eg°1l
pe2°g°t

2°g°1

LA A S A ¢
ges g igel

RS0 Sl St 22 §




T

MF RN F NN ER FRME R FE R R R RN R F NN AT AN AN A AT N AN AT T AN

DVOUWWWENSMLQUVIITIIITINT VAT EITRITITEIVVVVUNVG MWW wwe QI mTmmn ™o

ELPI &

PN I N A NN NN N (NN N N N NN N N 09 e NP PN NN e N NN N NS NN gy O O IO e N e e

XTANdddy

-f1~-

SL3F INTONIdMI

S#437504d ¥IHLO

ISY) TvEINID

RRRLFEEPS L)

JTSL3WnAS ADIVIXY

INVd

HOIH AT3LINIINI

SYI3R Q31S3¥I-dY¥VHS

SHI3M

AYL3IW03I9 TVHINID

$3)I4T80 a3A¥NM)

$3)141¥0 TYNO9ATOd
(IVINUZINOM) SMOT4 JTHLIWKASNN
SNOTLVYNOI IJATLNLTLISNOD TV¥3INID
ANVITIdYI/ALIAVYEY

(SNOJSIA) NVINOLAIN
A¥VITTIdY)

CIVITLINIA) SAOTS DINLIWWAS
$38N1L «40¥4 S13r

SNOILVYN®3 ININYIA0D TVHIN3ID
3TAISSI¥AW0) QIISTIANI
AYYITTIAVI/ZALIAVYYND

A¥VITTdY)

AYNOISNIWIO 33¥HL
JINLIWWASIXY

INVd

ALTAVY9

JINLIWWASIXY

INVd

NOISN3L 3IV4¥NS 30 ALTAVYO ON
3131SS3I4dw0INTI *GTISIANT
SL13F 1A

S13f 3IT4T¥0

(S3Jv4y¥NS 33¥3 O0ML1) S13r
STI040¥AAH

$3TIVISAO ITHLIWWASNA TVYINID
$37JviS90 JIYLIWWAS TVH¥3INID
$37)v1S80 TvAIOS4AITN3
ELELERN

¥34ANITAD

$37)v1S80 ¥VININID
JINLIWWASIXY

3NV

$37IVLSd0 J¥VY ¥VININID

INOD

3903M

$37)viS480 G3dVHS~-3903N
(IS10)IIVLIWWASIXY

INVId

$37)v1S30 31vid LvVV4
SII¥LIW039 II41)3dS

S1300W 3HL 30 NOSINVdWO)
$3MN0LS ¥3TAWN

43AVY A¥VANNOA

Liirans

-~
.
NN NNAMN S

-~ -~ -nN
..

-

-~

e e NNNNNN NN N

CFEENNNMMMESSISITON O

.
LAl 2%

- e e T T NNNNN NN N

NNMIITIIIIIIIIIIIIIT S

Y
Y
£
€
€
£
€
€
€
£
€
£
£
€
£
£
£
£
&
£
£
€

e e o s 0 0

* o 0 o 0 o

>

|
|
m
3
3




v 9
94
L
P |
*» 3
v 3
v 3
v @
v Q
vy Q
v e
v )
L ]
L |
1)
2 9
» N
SN
3
LW
s ¥
» ¥
N
TR
s I
s 1
s I
S M
9
» 9
s 3
5 4
s 4
S 4
5 4
s 4
$ 3
s 3
s @
» 4
5 a
» 0
$ 3
» )
S 8
S &
s B
» 4
N
7 W
97 W
7 4
L |

INILY

L T B B VR N B S o Y T I O B N B P B M R B ¥ I R e e L R e A R e

X1ON3ddY

ITHLINRASND

SNOJSIA

JTNLIWWASIXY

INVId

QIIXSTANI

JINLIWmAS

$371949N° ILINTINI
JTaLIWKASNN

JINLINAAS

$3789n9 3ILINIS

“N074 QINT4NOD NI 3789N8 3ITINIS
ONILYINIISO

INI9IVZ=I1Z 40 ONITVIWNILS
Ivaroyol

TINNNY HLIIR d¥) TVIININGS
SLYIAS HLTIA dV¥) TVIT¥IHGS
4v) TVIININGS

IVAI0Y¥3IHdS QGIUANIOd

Sd0¥a INITV4

IVATON¥3IHAS GILNIANIT
IvaTONIHJS

AVITY IHGS

2074 GINTINOINN NI 3788NW ITINIS
S40¥d aNv S37194n8

SM074 ¥3IHILC

$3902 ONITIVNL

SR04 JINVHAAH ILISOdWO)D
(SILVI 4I10N1S) SILVI MOTIIHIANN
S1INONDD

S3)v4¥NS OININVIY

JIviY¥NS A31IN%LS30 3INO HLI™ SMOV4
170¥

ANVLINOS

IYNTITIIAT04L

AYNTIIONOW

$3d07S NO S3IAVA SNOISIA
SAOT4 T3INNVYH)

S3)IL40A Q39¥348NS

01

)4

1S3¥)

SAVYAITIGS

JIYLIWWASIXY

INVd

$37Jv1SE0 439¥3uWaNS

JIv4uNs GILINYLSEONN INO HLIYM S04
WYIYLS v OLANI Q3ILIICNI
3)Y4H¥NS 3344 Vv NO ONTONIdAL
$13F @3933WaNS

$37IVLSA0 ISNIVIV
ONTLV¥13IN3d

3)v43NnsS QINT4 Vv LSNIVOY
SL3IF ¥3HIO0 LSNIVIV
AINVId~34TIVH ¥ LSNIVIY

Liarans

2022151

A a5
224022 2451
toLoL2%2%2 8%
Fl—.“.~.“.n.~
O A A g il ¢

A A Il g |

B U A i g
Sl B

F.

D )
e, rr et NN
e 4 % 00 0 % s s 0 s e e

NN SN OO - -

2°9°s°1
’.O‘ni~
9°¢°I

(A AR AR
£°5°s ¢l
2°8°5°¢°1
Lesesegl
§*s°gl
ASSEST
g6 gl
£°2°6°%°1
UlN.“.”'ﬂ




L S S S

Lo S SR O S O S L

[ S S A

. e e NN

O NN

RN

VS IIXTT I T mmmm X Y RN Yd dQOOAUIDIIT i mmem =™ e ddwd JJEEPEED X

R R S N

IHIIL 4

o
«©
NI NI T NN NN NN A NN

o
Y
P e

v
2
v

-
0
NP NN e O g

~
~
R N N L I

194 x1QN4ddav

TYNOILVLION
AyNOTLIVLIONAT
ANVITITavYI/ALIAYYS
SNOININO¥ILIN
AYNOILYLON
AYNOTLVLIONNT

ALIAVYY

IvaIoN)
SNOINITON3LIN
ITYNOTLIVION
IYNOTLIVIONNI
ANMVINIdYI/ALTIAYVYD
A¥VIIdY)
SNOINIFOBILIN
TYNOTLVION

3ANLINdYY WNWIXyW
AvNOTLVLIONNI

ALIAVYO

ONISS3I¥90y8d ITA0THId
H1d30 W¥O04INN
A4VLIITN0S QNV VAION)
SNOIN3INONILIH
TYNOTLIVION
AVNOTLVLIONY]
ANVITI4VI/ALIAVYS
A¥VYIIdY)
SNOINIVONILIH
TYNOTLVLON

JANLITYWY WNWIXYSW
TYNOTLVLIOYNI

AlIAVE9

ONISS3¥90484 IIA0I¥3d
H1d30 JLINTANT

SIAY* 3JviNuNS
AdVWWNS TTvY¥3IA0
SITYA 30-93IMILYON
SNOTLVYNO3 ONINJIAOY
SNATLIAGNOD TYIDVIY¥IUNI
IAYA 49 3dAL
53Jv4¥NS G3IXI4 40 3dVHS
SIIVINILNT 33484 40 ¥IRWAN
NOTLVITJISSVYY)

SIAVM QTISIANT
$37188N8 dvOS
NOTLVZIQINTY

4074 3ISYHd-OML
3IN3IIS3 V0D

SA431R0¥a 378878-ANVNW
SW3N15048d 3189N8-434
$37138NnA 341N
Sd0va ONINNNA
$3798N8 3ISYIANI
Sd04d TYIIVI4IANI
5379AN3 3ITONIS ¥3NL0

133irans

2e2e2o2 o508t
Le2ezezeitetsel
222 gt aciel
e
2102 2050 g1
LeLe2ezegtRtgel
Le2s2egoe s
2e2eg gl

-

-
.
-

.
NN

e s o 0 0 0 o 0 o
Lol o ol oY)
.

L

-Nr SV

- (um

-y

*2°¢°3°g°1

el el el R T I R R R R e R R N

.
MMMME I TN ON
.




e RS A

L2 Z2ITVVOVUVUOCCCCOWWEN UL OVOUYUUVUYLUOUUIIXImememm= oy o Jdod oAy

AAAMRMNCGEEGUEEGDT LT TR A EAAME GaULS WO GO S Uy Ees v ae

INIT Y

0L
204
00
0L
2cL
204
204
204
Lo
L0
L0
004
cot
094
004
66
66
66
ELY
36
6
L6
i6
6
L6
L6
L6
L6
6

96
96
96
96
96
96
1
s6
76
76
6
76
"6
76
£6
£6
16

£6
26
(1]
(1]
L6
L6

NNANNNNNNNNNNNNNNNNNINNAN VNN AN NN NN N NN NN AN NN N N N NN e A

XIAN3ddY

-91~-

T4I%S 3and

FIv4uNS 334 ¥ HLIM SAOYS ONILVION
SMOV4 ONILVION

SIvisSAy) aIneln

S9vE 39vH0LS QINYY
SNOINVITIISIW

1)SIN3a

$37868N8 d4v0S

S137433 NOISWHIL 3)dviuns
Swll4 ¥vIneni 40 NOTSN¥LX3
$1739 ¥3LVR

S133MS NIHL Q3LINNLSBONN
S3)vIuNs 3344 ONL
S¥3IV08 N3IMLIE MOV
$3Idvi¥NS QIOIN OML
INTdvINdS

S13TNATY

$10dS 1OW ONV S10d4S AN
SAINOIT wO¥4 TVAVYAHLIA
ROT4 DINLIWWASIXY

*014 3INVId

3dviyns AI9I¥ 3INO
IdIviNNs I3 3INO

313IHS ANV SWII4 QINOIN
IVAVHAHLTIA 3ATLI3T3S
ROT34 IINVHIXI HI0T
SIHINVIVAY

aNId407s

SIS 110

SINO¥4 470)

d330

M01TVYHS

IVINOZTHOH

SAN3IYEN) ALIAVYHO

SMO074 ALISNIO

S3IAVY™ vallL

AMviITOS

IVAION)

ONISS3I¥90¥d IIQOIN3d
SIAVA TVIIVI¥IINI
A¥VITIAYI/ALIAYYS
ALIAVYNS

439 AAVA v HIAC S3AVH INISSI¥O08d 2T00T¥3d
SNOINIOONILIN
TYNOTLVLION

AVNOTLVLIONNT
A¥VITNIAVI/ALIAVYY
SNOINIS0Y¥ILIN
ITYNOILVLIONY

3ANLITAWY WNWIXVYW
TUNOTAVLIOYNI

ALIAVYS

A¥VLIIO0S

SNOINIOONILIN

13ifans

L

1°8*51°8"3
[SA S50 08 |
[T Bl !
s°0L°€°1l

(B Lk o Bl el
geg°0L°£°1
20151
$*c*BL*5*1
£e01°¢°1
ge°2°01°¢°1
2°2°01°¢°1
L*2°0L°g°1
2°0L°¢°1
1201911
2°1°01°s°1
OUFUF'OF'n|~
gL L*0L*g°1
2L Lt0LE"1
geLeL°oL°et
2eLeLeniegl
(A SA R I RS B §
LeLeoL g1
Lo g1

® 0 0 0 0 0 s e s 0D
-
e o o

VOODWORVCCPPOPTOCCTOOONO
® o 0 s 00

TN

L N Nl B Bl N M N N N N N

L I R

ge2oENE L340t
202°gr2et9ecl
Le2egreeet3tel1
AR AE AR SE AR b |
.’.n.NhnInlmﬂﬂ
IP.m-.nl‘.nO~
.FanNOmD‘.n.ﬂ
.’.".N.”l‘.ﬂ.h
Legeeceteerl

gre°8°8°51
ge2oer s ecEn:




via
iy
vii
PI¥)
ull
uii
uie
vie
Ju
Jid
Jid
GL4d
Jie
cl9
Jee
i

«
-
-

WO OCOOCO0O0OCOCO0COCOCQCOCOUOROOCUOOLOOOOCO0O0C000COC0O0C0 OO
TSTCIOAAVYVVOOCAQAWUWUOUNM MM Y ¥ JldJdJJE X022 22

IMITS

20
224
224
224
124
L2
(124
024
6L
sl
LTS
L1YY
E1YY
F1YY
xie
sl
dli
it
ANy
Ay
9L
9L
LYY
L
St
St
SkL
Sk
st
StL
LAY
L 11)
£LL
(498
2L
2L
r41%
24
oL
601
801
204
404
N
201
901
90t
st
SO
s0¢
S04
S
701
204

39vd

NN NN NN NN R NN N AN O R N NN O I NN O NN O N O N N O N ) Oy P N PG 0y 4 O F T P Pyt Ty O T

-L1-

S3IAy® X)IOHS P03 T3IHIVIIG
S1Iu48lv 40 N9IS3Q
S3NIVLISBO TYNOISNINIG 3ITF¥HL
$3ITIVLISAO0 3INVI4 TYH¥INIY
$37IVISHO TVIINANITAD
$37Jv1S4&0 JI41)3dS

S®074 IydTLINI¥IANS
S3ITNIvLSA0 LSYd MOT4 GIANNOENN
SHM0T4 DINOSNVNL

SL1T9¥0 371)I1N¥vVd @3S0
SINITWYINLS IV NO ALIJOT3A LINVLISNOD
SNOTLIAGNOD TVYNOILIAQY O4 123rans SMO0N4
AOXTI9I

AOHVYNOW

111v2va

440NHAO

9NITN¥N38

SNOTLIVZITVE3INID TeITLVHINLIVK
STIvS

S11040¥3V

SL13IHS X3ILNOA

SAINTJ INVLIVIIGQ

SATNT4 WYHINIG

SITLIAV) ANV S3dId NI SMO0T4 NVINOLMIN-NON
LY0dSNVY¥L IN3IWIA3S

SLNOY4 Q70) ANV WivAm

sanom

A907030313W

S13IINT ¥1Iv

STINNNL ANIM

Sw3N80Yd 3ISUIANI

siar

S3INOD aNV S3I903M 40 LIVIWI
SMOT4 431vHITNIIIYVY

SMOT4 ¥VIIWIS-473S

SW3190¥8a SNO3INVITIISIW
SIv3IS TVIINVHIIW

L1SN¥HL

avynynor

SONINVig

NOTLVLIIAY) NOTLVIIN¥ENT
S3IAYA 3)viuns

ANINIHIVW ONILVLIOY

JIvdS NI S3788ny

$37n80719 ¥VNNI

7300W dO¥A ¥Y3IIINN

S40¥Q ONTLVLIOY

SONIY X31¥0A

S3J3I1¥0% 1371v¥vd

S3IIT1H¥0A

S13F ONILVIOY

SYSTA N3IIMLIY

M0T4 311N00)

SYINIVINOD wWO¥4 MOYVY

raarsns

LeoLcgeel
gl

e b o Tl 5l
l*acgLg°l
”lnp.n.ﬂ
st2rgLtecl
g S S e S
ge2ceLcgl
[AFAS S DA D
Le2cgLcecl
AR 1 58 2t ¢
2*9*gig°l
L*9cgiLge°l
AR Y RE R §
2*s gL g1
tesegLg°r
S°s1°s"°1
yoEL E"L
2egrgLegeel
tegegige1
gegLcgecl
2e2°gL gl
Le2egLegel
A 1 Sl gt ¢
geLegLts I
2ricgLeget
LriregLceel
Legreger
gLegel
2ezi gl
i U4 s gt |
Lrireziceetl
Le2Lgel
2L°g°l
sTLLcgel
‘.FF.".N
grecLLeecl
2rgLLegl
prgeLrcgel
geLLegel
2e2ciLeget
(AN RD
2°L1°¢°1
s*tetige*l
PeLCLLtECT
grLcLLcecl
c ol Tk ¥ i 7 §




D i L

DUCUUOUL WWww v DIW 2T XX e e y JZ2UWUVO OO W M WEITIT T

SRS
-
- -

JLI
Jit
ott1
ulH
g
JM

ELD ) ]

NANNF I IV NV OCOVOrNMADN o e

0w -
~N N
-

s2i
s2L
s2i
Lr4%
"2
224

39vd

NN NN S MI N SiRim r MR R R M R r e M r M w Wr A R M MR R MR RLR R R MR e e

X1aN3ddyv

9NINOI=dN
SNOTLVYNOT4NO) H¥IHLO
NOTLVMWYTI3¥ ANV

S¥3410"Y vLISVO0)

SN3IT 9¥IGZNIH=-NIBAHD
SIIVANILNT MILv® HSTad - NILYSN LIvS
SACT4 AINT4-09L

$113% 374I11NW

ONTLVNLINIG ANIVILNV

¥3IHL0

JTdO¥LOST SNOINITONOK
ONILV¥LINIG ANy

113m 3ITONIS

074 1am

JoyNIvVya

STINNVHI 3INdILNW

¥3A¥Y JLINTS OLNI T3INNVHI 3ITONIS
INVId=-4TVH OLNT TINNVHI JTINIS
SIHILIA GNv *SANOd *STVYNV) WO¥4
S3TalIW03I9 TVHINIY

Savd JYNDO9AIO0M

SWY" 1vAI10Z3dY¥L 3IVAWIS

I3Sv) vu3INI9 3IHL

431804d 13004 3HL

SWYT ¥VININVLIIY ITNAWIS

SW¥A HONOWHL

39vd33S

INFAHIYL30 40 SINIOG
SITUVANNOA I3¥4

S$3I13va\no9 Q3IXL4

SNOTLIANOY ANVANNOS

S100¥ LNVd

074 JIL3ININO¥LIINI

“074 ISVHA=-T.NW

#OT4 GILVENLYS ATTIVILINVY

417
13345 HOIH
03345 01

MOT4 G3LvENLvS YYINIINON

MOT4 QILvaNLYS JITJOYLOSINY 3ITIISSINJWOI ¥VINIT
ROV3 SNOINIVOAOH IIHONLOST 3IVGISSIVIWOINT N¥VINIT
SNOTLVNO3 ONINNIAOD 3IHL

SQOHLIW TVITYINNN ANV TVIILATYNY 340S 40 ANVWHNS
ADOTONT WN3L

374WYXI Ny

VIGIW SNONOdg AONOAHL S40T4

SIWVY

SINVYM

si3r

¥IAIW

NOTLISNVYL

407AVL

SM0T3 3T220N

Siwy® JINOSENS

Ll3rens

jrEeyeyeyg
At Aa. b |
el b A At
ey "y 3
t°L1°9%*1
[ Ad A ¢
9°9°1

Zey 59y

ot Bl gtk o §
PR B Bk Bl S Al §
[
[

3

2291
S i
Je2eer el
ereey"y
precy*1
2*y°1
PR S A
9°L°9°l
S”1°y*1
L9l

S A g Ve
i e ) e
IREAT IS

2981
Yl a2 Sl T §




L I R T Sl R R R R AR R L

e N Add et U RLTEID2ADDLADCUN VUL G OCOC WS el ITIIm I YLl JE 2T

NAAGAR AN

ELDI ]

19vd

BN MR N MR R FRE I MM NN MERE R RN R A MPINMEIRE FIRL R MR AN E M

XxTAN3ddv

G3LI3INNOD ANGTLINK

AL ELEL]
NOTLD3S~L
wY0413NY)

NOT1973S-SS0¥) X3IANOI-NON

AALELED]
VA0
¥YININILD
IYNO9AT0d
EARUBLL B ET]
Yy INONVYINL

NOTL)3S-SS0¥) X3IANOD

TILITINNDD ATdAIS
AYIIHANITA)
S¥va 40 NOISHOL

Sw3N994d Jd1LSVId=-ITLSVYI

S3IT¥vANNOY 33¥4
S3IT4YQNNO9 03XI4

SNOTLIAANOY ANVANNOR

NOISN3L ON
IANLIY Y
SNOILYIOISIQ

SIVIg3iLlvw 3LTSOdNWO)D
SISATVYNY LIWIY JILSYYd

NMOQINVHS
NOTLVIENATA
ANINIH

(IY101 ) NOILYWHO33Q

¥VINIT 3SIM3DII4

JTLSYId ATL)34¥34-Q191

IANINIO0T

JT1S¥1d40ISTA=-QI901Y
JT4Svld ATL)34334=-I11SV3

SSNI4-T11aNYYHd
AVLINIWININI

SNUTLIY T3y NIYMIS-SSINLS

Q3LVIIOSSY=-NON
ININIGUYH-NTVYLS
S3ISTw NOA

¥iS3iylL
SNOILIAONQD Q73IA
ALIDJILSVYId
ALIDJTLISYI3=0ISIA

ALIDTLSVI3 H4VYINTINON
ALIDILSYI M¥VIANID
SNOILYND3 3JATLNLILSNOD

NOISHOL

NIYY¥LS 40 SST¥LS INVd
SNIVYLS GNY SISSINLS
SNOTLYND S ONINAIA0D 3HL
SCITOS 40 SIINVHIIW
Sw11A04d Q1314-0374N0)
ALITIQVLISNT TYIJVIEILND
SHIOAYISI¥ QINTIINT

1J3rAnS

~N M
.

R Al
.

2PAsnrsisen
e 3 o
o 1w o o el
PQN.F.F.F.m.m.—
Trirptgigigey
9cLtLTLTLtEes T
o LT
yopepigegsgvgss
S 0
A R S
A o e
Vit ieeraa
LorsiegreR
Licgegel
treecer

£°8°1

S

Le2es1

hgey

15285091

i ol

2t L5%1

2 B
Sl Rl
WRyERELEgs |
£oys2orge1
EEL AT
2e2eyREriase
geiseeyspafscer
S T
e
3 R
ol L e
ko4 cary s ghghgey
B el ol
2eyozoN Ry
yeusys2eLrcel
Tl A B
2*Leyr2outcel
120yt
Lert2riegel

9o 2riresT
A

2o2SL sy
{resuscen

e UeER

R LiNsER
el ok

o b e

N

§*1

el

vl

"1

e




Vi v W W ¥V VNV N e v v

VO OOWWWWW SR VU VI = MJUJdJJdJdElEZ Il 000Fwem s wm wews dURIITIis =~

AN AN A NI I AT IANAENAEANT AN DA NI A IRV T

FLPIF

a9
Je
6s
65
65
as
(13
sS

s
&S
45
45
LS
45
L5
LS
9s
ss
SS

SS
s
vs
£s
s

2s
2§

LS
0s
J$
0§
s
s
8y
Y
bAd
(34
(%4
s
"
"
b A4
9y
£
£
£
2y
2y
t44
(%4

39vd

FPIE M e MM FLM M BRI N F RN E NN R MR NE MR NN MR M Sy e -

XI1QGN3dd¥

e e el i il

SNOTLAVNADI ONINNIAOD 3IHL
SITLINTYNONLIINI

SINVYNS HMOdVYA

HA®mON9 JT4231NT AV WV
S3I1TNAN3C

HLmrO¥9 TVITHAONITA)

SIIVAINTINT 4NVd
SIMLINTIAVLASNI WWIDVINIINT
9NTL13W INOZ

ONTLSVY) SNONNILNO)

NOTLVIEY

Sw3I1A048d ONIAQW-ATIAV3LS
SW3T1908d 3LVIS-AQVILS
53IINVANNOE F ¥4

S3T¥vaNNOM Q3IXIY

SNOTLIGNO) A¥VANNOR

SNOTLIVNNI ININYNIA09 3HL
NOTISNI4T QA ANV NOILINGNOD LV3IH
371708 40 SIINVHIIW 3HL NI SWITA0¥4 ¥IHLO
N9ISI0 TvWIldO

NOILIJTH4

SNOTLvwY033Q0 ILINIY

NOTSNIINIT

NOTLVINIONT

SW37804d ININONIIS

SW3Na8048d TVH¥ILYIINN
SITNVHIIWO039

NOISnALX2

S3I4NLINYLS TYNOISNIWIQ 3LINTY
LIVINOD ONINT0Y

SITYLIW03II HINAL ¥IKLO

dl¥1sS 3ILINTS NO

INVId 47VH NO

HINNG (VT4

4IVLINOY GNv NOILVINIONT

SwWy3a

ST113IKS

S3THL3IW03I9 HIHLO

SITOH HLIA

SXIVHI 3I)viuns

(HINOMHL ) SXIVHE) TYN¥ILINI
¥3HI0

A

HJ)LON 3INO

¥3H10

4VININII-TWIS

A

SIHILON OML

C SAIvy)d 3903 ONIGNIINT )OINILION
(Q43aVOI*NOISSINAWOI *NOISNIL) S¥VY9 ANV S3Lvd
(S3JI¥04 TYIGVY) SASIA ANV *SI¥IHGS *S¥IANITAD *SIanl
JINLIWNASTIXY

M3IHLO

3TI9NVLIIY ROTTOH

133rans

VR |
21
ﬁ.ﬂ.°0—
veg9°1
£05°9°1
NOﬁQOl—
1°s*9°1
§°9°1
£°9°9°1
2°v°9°1
19?91
y°9°I
£°9°1
2°2°9°1
1°2°9°1
2°9°1
1°9°1

9°1

g°g°1
2°s°1
9°s*1
ses°1
£09°5°1
2eves 1
1evesel
vegel
6°€°6°1
geg°s°1I
Lo5esel
£09°€°¢°1
2°9°€°5°1
2°1°9°€°g 1
LoLe9tErseI
Le9eg s I
9°£°c 1
gegeg 1
9egeg I




Vvl A O CE L O X v O

Ve Vv

i e e B T T e B B e e e e I A o

e R

ELMI S

FIMY MR MM R R MMM RN NN N R M e R MR N MR MR PRI AL NN R R M e e R e e e e e

X1aN3ddyY

SNUILIVNT3 ONIY¥IAD9 3HI
NOTLYLIAVYY

SLAF Jdw/sSL3r DT¥LI3IT
SIIAYLISN¥L)IN]
SYNNIINY

SNND ND¥1J3TF

S444 3Ivians T0¥LINO)D
NOILIIANODIINLI3T3
SWIl4

S3J)vi¥nNs IVIINOD
378n040

3TINIS

SdoNa
SIILviSO¥NAHOY¥LIINI
SNOT93Y¥ WwNNIVA HLI® SYWSVYd
S4v1lS JTL3NOVYM

$1340)
AYNOISNIWIA-334HL
L3IIHS TvdLNIN HLTIA 370410 v LSvd
370410 Vv 1SVd

SIN3INNN) INID 0%L LSV
IN3¥an) 3NIT v LSVd
INVd

73004 O¥VYBII=NVIdVH)
J¥3IHASOLIINIVYM 3IHL
IYNOISNIWIO 33INHL
AVITIIH

IvaIoNoL

AVIINANTIAD

INVd

a3aNno8

IvaIoN0L

3IN4dT30YN0D HLIIM 034SM)
ITYLIWWAS ATTVIXY
HINTId 1738

IvaloxolL

IIN3S 1IN

S1I0J OINILINANOD 340 Av¥aV IIQ0Iu3d HIIN Q3dSN)
3INJT¥0YNO HLIA Q3dSN)
INVd

a3ANNOANN

INIWNIVINDOD JIWYNAQONAAHOLINOVW
SI)ILVAISOYOAHOLINOVAH
AYLSTIAIHIONLIITI
S133443 »N3

$133443 07314
S¥0LINANOIIW3S

133443 NOMAISOF 3IHL
ALIAILINGNODY¥IANS
ALTIT¥1337304434
$37848NA JTLINOVW
WSTLINOVWONYIY

Sd84 NIvVWOa

SNOTLIANOY A¥VANNOS

Lyirans

L R R
® s s

e s s 0 o

TS T NNNNNN NN SN

e C et NN




o R R R EE T I T U ITE TR S o S S SRV O S S S S S S R S o S o S S
C RO S i i T B T B . I B e e I

-
x
-
—
-

"9
A8

ig
i3
2R
L8
LR
L8
L
03

6L
LT3

e
L3
L
L3
8§
L2
[y
&
&l
e
9
¢
L2
¢
"
9L
"

-
3

se
S

72
L3
"¢
vl
ol

il
22
ae
2L
| 74
a2
ul
gl

gl
by
02

39vd

M E M MR s M EMMAME R MR RE MR E R ERF MR FE M EIMAE M RN MR R MR M MR e e

X1AN3ddyY

-2z~

NOLLD3IANOIONLIIM

SIAVYN

$3798n8

siar

SIIWVYNAQNYCAHOELIITI
JY3IHASOLINOYM 3IHL
INFWNIVINOD JIWYNAJOHTAHOLINIGYMW
SITWYNAQONAAHOLINOVK

S3aIL

(S¥VYLS) ANMIJZININDI 40 S38N9I4
SITWVYNAGONTAHOLIAVYY

S3¥AL JTLVaN3INdG

' %074 3IINSdV)
$34N1 39¥V¥1

SIdNL JILSVII NI MO0V
$3ISSIIONG INIMVHEQ

LIVLINOD ONITIO¥

SIv3IS OGNV SONTHYIH LSNUHL
1104

ayNynor

SOnNI¥vY3IB viavy
NOILVYII¥3NTY DTWYNAGONAAHOLSYII
INIYWYIS dIHS

AVINT ¥3Lvm

S3IVNIVLSAL QISYIWMI
ALIJDILSVY 4003V OGNV ALIDILSVIIONAAM
S)TWYNAGOMAAHOLSYT3
SIIWYNAQG QINT4 ONTATOANI SW3INH0¥4
NOTLINGOYLNT

$47314 4314Nn0)

SdONd AININYNG

S¥0LIv3Iy Q3A ONIAOW
(SyINuNdg NISNNB)N3ILO
STINNVHI NI

SIWVY

SNOILLIVIY TVIIA3H)
SW3N10¥d TVILNILNd ISHIANI
AS3400139

NOTLYI¥N4IS

Syvsnd

aINT4 L¥vd QIOTY¥ 1¥vd
SITxVIVY

SNANVYN OGNV NY¥NLVS 40 SONIY
SYYLS A¥VNIA

SAINT4 A3ILIINNOI ANLILINMW
44V0 JLIHM

7140¥1A70d

ALISN3A 378VINVA

NOILVIO¥ 378VINVA

NOILlviOnd WHO4INN

ALISN3IQ INVISNOD

SAINT4 GILIINNOD ATdWIS
WANIATIINDI 40 S34N914
SNOTLAIONO) AMNVANNOA

1)irAans

‘.‘.~‘°F.ﬁ
$°9”2°04 1
2oy
F.'.NlOF.&
‘.N'QP.—
2eg*2°0L°1
tege2coL°t
€*2*0L°1

A i Bl
1*2°2°01°1
2°2°0L°1

A B del ] it ¢
2°g° L2011l
LegeLe2eoLer
geL°2°0L°1
*Z*yoe=0i 1
gt g 1) Yo §
1220 %

*L°2°0tL°1
Le2°0L°1
2°0L°1
Leot-°r
JL°1
£°6°1
2*6°1
2°Lt6°1
Leit6°1
1*6°1

6°1

$*8°I
%°8°1
stg°e°l
LoyseRRel
veg°R°l
g*geg°l
2e2*e*g°1l
Le2cgegel




D e e S Sk S o o o e

LA Ay YUOOOCAOWSE wWike “wDIoOOO XX

S N N N A

Ao

~r
VOIT X T m ™™y XS I D JdJdd ES D>

AN NEADNARNT
2

ELD ) ]

e NNERE MM NIONVOC OO

AT

MMM I IN AT I NAT AAI T ATIAATAINTAAIINIIIITTN

A N e N I

FYMLRLE e e

XI1AN3ddY

-£Z~

SNOLLAVINIS 3addn IMVIANTO/VNAIA/NYNINIG
SNOTLONNS DTLATYNYOONISA/SNOTLONNS JILATYNY QIZITVEINDD
AG03IHL NOTLINNY X3NdA0) 40 SNOTLVZITVH3INID
NOTLWN®3 YINOWNVHISE

NOILYN®3 3dvdv

SNOTLINNY ¥X31dw0)

SNOTAVATI TviiNIdI441Q 40 SNOILNIOS 30 NOTLIVINIS3I¥dI
F4VINIOG-L¥ISITH=- NNV A3
AHIRNTH=-NNYWIIY

SH3N40%d INT¥A ANVONNOA

SITLINWINONTS HViN

ANYANNQS IML HVIN

SNOILINNG YILATWNY 40 80TA¥HII
S3IVAIINLING TYNOTLYTY¥VA

INIddYa TI440LSTHHI-~ZINVAHIS IHL
ONIddVYW TYWHEOINOD

SNOTLINT43C

ASOIHL NOILINNG X3ITVdWOD

SITovNIWIN38d TVITLVYWINLIYW

SW3I1H0ON¥d NIMO 3INWOS

$S3Iy¥90y8d IN3IIIY

94 L S00HLIW TVITLVAIHLIYR SNOIMVA IHL 40 ALINIAVIINddv
SNOTLINI0S LTIJITNdX3 3408

LINDII41Q 3¥Y Sd94 AWM

a84 TY¥INIOD 3IHL

NOTLINGONINT

SOO0HL3w TYIILVAIHLIYN *TI LNV4
SWilENyd 01S0d ATY¥IHONdWI

NOTLVNOT FIv4ans TeywiNIw 3L

AOXT91

AOHYNOW

IIvive

440NHQO

aNITyNn3ae

Sdad SIINVHIIW QINT4 40 SNOTLAVYZITVHINIO
3d44 TYITLvadHIVa TV¥INIO

SAIT1708d ¥3IHLO

SIwvy4

Swyia

SAIT0S 40 SIINVHIIwW 3IHL NI

SIIVINNS ININVId TYWILdD

QYNNG WNAINIW

SONTY¥V3IRA

SIINVHIIW ATNTS NI

SNIVWNQ 40 NOTAVITJIANIQT
NOTLY7IWTLd4O

T0HANO) ANVANNOS

J0NLINOD 3ISTINJW]

Sw3I1A08d IWIL 9NIddOLS

A¥03IHL T0¥LINOD

3v¥3* aNv NOTSO43 LH0aSNVY) LNIWIQ3S
MOT4 SNON¥Od JTL3INIXN041I3NI
ALIJILSYT3N¥1I313

SITWYNAGONGAHOWNIHL

/
134rdns

Bl Al et ¢
122222211
g dad A ¢
gl Sk 5 4 & ¢
el Bl Bl el 1
g2 11
2r211
Zeyei 211
G Nl gk 4§
bt Ll 5. ¢
A Bl N A B8
g A B Rl 6
gl Bl A 7
A LT B8 Al 8 4
B A Bl 48 ¢
A B 24 4 §
tere2-11
te2e1r
4K ¢

9L Il
S*L*II
7Ll
i'n

gt Ll 48
L°Le11
55 6

I

et
41 i

L 3 T T ¢
Al 5 B 8
) Ut G 6
A R B ¢
F.F‘nFON
LteLel
£1°1
o Bl o
i b ¢
T b
‘2Ll
INF.M
.NP.”
=1l
B |
Le21°1
21°1
SRR
g B EE
ok} Bt !
Ll
S*oL°I
7011
g0l
s*2roll

2°
L

€
2

NNNM AN T

Le

ki,

i



o

NO N AN AL A b,

MY XY X JJETFIITEEET T I RADAVVVCVUVYVUVOW WSS UV UVIITIIITILII I ™™™

D W W SV R S P P A NI VI I VI

ELP) ¥

22
(44

ﬁv
X4
02
02
92

02
02
Je
02z

bl
g2
ol
ol
6l
6L
8L
8L
L
L
9t
St
st
St
St
St
St
St
St
7L
7L
7L
19
£
£l
£
4
2L
43
2L
21

2t
Li
Lt
ot
01
ot
ot

39vd

NI I TI IVTIAIIIITINITIITNAAIIIAIIIANININIAIIIAIIIII NI I I I IS IS

XIGN3ddv

SERLLOE]

3IV48NS 031)IN81S80 3INO

FIv4¥NS Q3LINYLSHONN 3INO

si3r

S3IVNIVLISA0 TVH¥INED

31v1d v LISvd

SAOTY ALTAY)

SIINVHIIW Q1IN

SIVdWY X3 TVITLYWIHiYW

S3ITdWv X3 TVIISAHd

SSININMINN=-NON 10 SIVdwvX3
SATLTIVNADINT TIVNOTLVINVA

SO0HLI3a TYNOILVINVYA TYIISSYT)
SQOHL3w NOTLYNNILNO)D

3W3160ad VA A¥VANNOR ¥VINIINON
SNOILVYNDI TVH9IUINT

NOTLINYASNODY LD3NIQ

S300¥8d 3IINILSIXI

JINILSTXI =NON 40 SITNduvXd

$4008d SSININODINN ANY IINILSTXI ¥O4 GIIN IWL
$4008d SSININOINAN ANV IINILSIXI 40 MITA3N
$3JvdS Q3ILvI3I¥ ANY S3IvdS A3IN08OS
A¥LIW0TD TIVILNI®ISSTA IWOS
SITLIAVYINONIS 4vIN ONV SYINNOD Ly ¥NOIAVHISG
SAIXNNLS HITAWN

JINOWNVYHIE

SNOTLYND3 N¥3I0H0 ¥IMOIM

¥VINIINON

¥VINIT

SIV9VIEVA OML NVHL 3Jd0W

W¥04 3INIONIAIG NI

Yy 3INITINON

EPS R ELELEL

JILdIN13 ATWHO4INN

3)vd4v

¥VINIT

S3ITAVINVA OAL

SNOTILVYNO3 ¥3Q¥0 ANODI3S

SNOILYND3 TVILINIY3IS4T0 TVILYVY IILHINT3 40 A¥OIHL
19389719

anvyIo

NISNILYVW

SNOTLVINIS3INAIN ¥3HLO
SNOILNETYLSTIO IVIXY

SONTY X3IL¥O0A

SONIY 3)¥N0S

NOTLVIN3SIudIy S N3O
JINLIWMWASIXY

¥3Av1 3718n0q

¥3AVI 3ITONIS

INYd

SNOTLNYI¥LSTA 3IviuNS

STVHIIUINT NVINONIS
SNOLLIVINISINAIN TVHIILINT

13rans

*2ev°g° 1l
o A
-Mnl.non—
*209°8°11
*2recgt Il
*2vyrgIl
222y c 11
*2e g Il
2eyegell
LrytEe Il
ye§e 11
9*g*c i1
ﬂ.ﬂ.nl-
yegrge1l
geetet Il
zegtec 1l
LeEtgetl
£e€ I
205011
tegeal
£e11
s*2°11
ve2e11
£eg2°11
gezcgeeour
ie2ses2 11
2ege2 11

2°L*
L*L*

-




oo

LA O N RN
XM M dd d A2 FRZIZ2Z2INCUVVUUECOW W n Swb e OGCT I ™™™ Mk o oM dodod S F %D

NI NITINI I IITINITNIIIINININTIIINGNAIANAI I I AA AN INIG NI I I I I I AT 239 3 5399

CIOERIA N AN NN MM F MM E s s e r s Nr F RN Wr

LAVNDY TeTANISI44TACHO4INT ONY N0 2LINT TWNOLISNIWIO INO
SNOILVWIINddY MIN F1415SNd 340S

FINIVM 40 00MLIw

HITAOXTIVY ANV *OVI0DIN *NIOAT4VH) 40 SAOHIIW
QOML I« HdYE0Q0H TWL 40 SNOTLYILI41Q04
SANYY INawlS 40 ANOIML

SNOLINTOS JITwANT ANTVIISAHd

Sa?190%y ¥ILVAVNVY IHL

NOTLVWII4TH3A ONY SNOLLYINAWOY TUYNTS
S3IIVIaNS NNVWIIN 40 3,50 IHL 40 3IVdWyX3 Ny *ADY4 SNONOM
ANINEITIND3 DTWYNAGONOANNLINIYME
ALTAY) HOTIVAva~440HI8IN 3HL

S$3dmvX3

SOUML3Iw TVITHINNN

LHIBITH=-NNYWITY

T3440LSTYHI-THVYRHIS

SONIddYW 340 NOTLIN¥LISNOD

NOIL1aT¥)S3Q TVH3INIY

00H13w HAV¥O040H 3IHL

SONIddvW 3°¥04 31ny8

NIVWUO NYONX ¥ OLND 9NIddYW TYWEOINO)D
(ISd*Y) 9NIddvw S3STwWw NOA 3IHL
SWH04SNVHL TVH9IUNT

JTalIwWiS ANIVIXY

M074 JINOSNVNL

4074 3731SS3INAW0) I INOSENS
Vi3IHLsT+(D/L)NT

(YL3HLleT=)dXIen

Alen

SINVIYVA ONV ONIddVw HAVY¥9000H 3IHL
SONIdAYW TSd=IHd QITJ4I1Q0W

SA3ITA0Nd TYNOISNIWIG-3I¥HL

SW3I1A0¥d ¥3HILO0

SW3ITF0¥d JTHLIWWAS ATTIVIXVY

W304 3IINIOYIALIA NI SNOTILVND3I

INIddVW T3IWVH 3IHL

INTJddVYW TINSAONNHZ 3IHL

AeI ¢ X=7 3I78vI¥VA LNIANId3IQ

VLI3HL ANV (D)NT S3ITEYIYVA LNIAN3L3Q

A ONV X S3ITEvI¥VA LINIAN3IJ3IQ

INVYId 3HL NT NOILVNDI S_32v7dV
SINVIYVA ONV INIdavW ISd=THa 3HL
NIVWOQ NMONX V OLNO NIVWOQ 3344 3IHL OINIddVW
SITLTIVNOINT TYNOTLVIN¥VA

SOOHL3Iw TYNOTLVINVA

ALIANIANDD 40 QOHL3IW

SNIVWOQ NAQONX NO SNOTLVAD3 ¥YINIINON
SNIVAOQ NMONXNN NP SQOHLIW NOST¥VJWO)
IVHIINING WNWIXVW

$400¥d SSININODINN

S#379034 ¥3IHILO

SATIT0S 40 SITNVHIIW

AND14 SNOY¥OJ

S3AVN

133rAans

o i apediiitte SAE L Cbll bl i s b LA T A

9°11

9*s 1l
z2*5%¢*11
(B A A §
S*st 11
£e9°ge 11
2ev°s*11
L*9°s°1l
y*sc11
¥*ErE 1L
2*gse11
RNl
£os°1I1
i 24 gt ¢
ereesr Il
Le2*s* 1l
2511
L*s°11
s*Il
9°%°11
S*°11
i § 8
£°9°11
92y 11
ge2°y°11
gy 2°y*II
g°2°%°11
22y 1l
B Bk i € ¢
A bkt

—




i

T Z T IV OCAAOSN I Mt "I T X NN el SF P2 ZVO Wi o e UIRYVVITI e I INNNYdJdJE

MM QNN AT NN NI I T I ITIINNAIININ VLN Y LYY NV VYV VMY L v

ELD) ¥

"9
9

£9
£9
29
29
29
L9
19
Q9

o9
6S
8S
8
8S
as
8s
3S

LS
LS
LS
9s

”9

hd
<

2¢

LS
as

69
6y
6Y

3%
UL
Ly
U4
(44
ik
LA
29
2y

2%
oY
av
L
6f
6%

39vd

L
"
-
"
T
"
b
v
v
: 4
:
b ;
2
2
2
)
"
b 4
k4
7
"7
b
.
Y
2
.
7
b
2
k4
9
 J
v
¥
2
k4
v
b
"
7
Y
”
”
k4
9
h
"
Y
97
Y
y
{4
k4
A

XIQN3ddY

-9Z-

NOTLIVAIXOaddY IAISS3IINS
NOTLvB4NnLN3Id NIVKOO

S3lvallsd 43QNVYHIS

NOISNVdXI S_NOANOY

NOISNVaX3 S_HITH03144

NOISNVEX3 S, VLIATI=-TA3Y

SNOISNVAX3 SITN3S

SW313048d 3INTvA A4YINNOS NVINITINON
S3ITYA 39 QGNV IASAOSOYE

Ivixy

QOHLIN LNIOA ANV GNHL3IW LNILSISNOIYNIS
23)Ii%0A OGNy S3IJN¥NOS ONIY

INvd

SNOTLINGINLSTIA IIVINNS

C ALLINTQI S_N33¥9) ZL0443¥1

SNIVA0Q NMONXINN NO SNOJLVND3 TVHIIUNI
NOILlvNO3 S, L3¥040dVY

NOTLVN9Y §_an30

NOTLvnNO3 S, TIvZva

SNATLYNBI TVILNIN¥IL4IA
IYTININIIITA=-TININISII0

SNOTLYND3 TyNOILINNE ¥3IHLO

S4004d SSININDINN

SQOH L34 TYNOTLVINYVA

NOLLYNNTLNGD ¥7L3Wv¥vd ONV AN03ML NOLLINMNY LTIITdAL
S401v43d0 3ATLISCdA YVINITINON 40 Ad03HL
ANO3HL NOLILVI¥NJIQ

AVOIHL 330NVHIS-AYHIT

434NVHIS 40 wWINO3WL UINTOd GIXIY
JATLINHLSNOI-NON

SNOILYNDI NI3LSHIWWVYH

SH¥0.LV¥3d0 INOLONOW

ONTddyw NOILDIVHLINO)D

$3I4¥3S LNYXOrvM

JATLINNLSNG)

S3400¥8d 3INILSINT

SNOTLYND3 SNOINVITNIISTIW
NIALSNILHII

SNOILVNOT TIVIININIISTAONIIUINI
SNOINVITNIISTIW

$Qo0™

A0Q3S

S4074 ALIAVYS
(3YNLYAAN)) OV TINOLNVYHYT7=4 JONNYIA
CHLINIY Ddav)ivIIA
NOSAANHL=-INTIW-AOSYNNIN

SNOTLVAD TYE93LNT TYNOILINNY

NHOS A¥N

LGIAHIS~AONNGYIT

NI ILSHINWYH

SNOTLVND3 TVY¥IILNT ¥VINIINON

Sdd4 WO¥4 ONISI¥Y SNCILVAMI 40 NOTLYITJISSVY)
SONTJddVYW OGNV STINNIN LNVLIMOAWI 3IWOS
NOTLINAOYLINT

La3rans

LA

2°9°11
s*L°8°1l1
7°1°8° 11

[ S A 4 ¢
2°i°9°11
teLcecll
L°8°1I
9°1II
goge2° Il
‘.~.nlhl-
gezegeL Il
A I §
pe2eseac 1l
2egeLc1l

[ A § ¢
gLt
g°2°L°11
22211
10202011
2211
Le2°11
211
g*9°11
9°2°9°9°1I
ﬂlNl'.O.ﬂﬁ
9°2°9°90°11
Sl b gt L ¢
N‘NI'QO.NN
Le2°9°9*11
2292913

. o Tk gl 3
£°1°9°9°11
2°1°9°9°11
Tt B adl Ak 6 §
L y29*11
%°9°11

At Tl il B 6
Legcge9o° 11
feg€c9 11
L°2°¢°9°11
9c2*g*9°11
§e2°¢°9°11
9°2%€°9°11
£°2%g°9°1I1
2°2%g°9°11
FUNCﬂIOI 11
2°g°9° 1l
Leg*9o°I1I
Leg*9 11
L*g*9o°1I1
Legeoe1t
ek d §
2°9°11
Lol

~Q
[l
L.

e e bl S SO e <o M e Dok it 8



T T T P TW T T Ty T W T ——

DI DLUCOWW NSt WU T III Lmmmmmm=am 9 ¥ ¥ JIE R Z2 2222000000

VMV L COCL U OO UV N OO WYY v o C X X XL AL OO O A

EZz e

dHII 4

NI NI IF IV IIITITS JJ\'\Ivl\lw'\lJ~l~l4##4‘%4*4“4#Qw’*l‘#*\lﬂ""‘iiqﬂ

XTAN3ddy

-LZ-

AIdVINaANX

ANO3HL AINIOd IVIILIN)

SITLITVANINT TYNOTLVINVA

AMO3IML 3¥NSVYIa DI8LIW03) ANV SAV0JTHVA
(NOTLVYINWHO04 DI HLIWYNVYC)SIIVINNS IVWINIW
SINAIINING TYNOTLVINVA 34O 3IINILSIXINON
SNOTLYZITVYINIY

AINFWNIVINOD JITLVLISONIAHOLINOVK

S13f

SL3IIHS X3ILYOA

S3IILIAV)

S4008d SS3ININDINN ANV 3IINILSIXI
S3ITHIINIY¥Y TYNOILVINVYA SNOINVYITNIISIW
SIVAIINING YVWINIW

SITAIINING TYNOILVI4VA (ANVINIWITGwD)) VNG
SWILSAS 3IAILVAISSIQ

SAINT4 ONILVLION

SM0T4 JINOSNYal ANY IINOSENS

S133IHS X31¥0A

SIAYM

Si3r

SITLIAV)

IVAIINT 8d TVMOTLIYINVA S_NOLIIWVH
ALTITLSYI3 ¥YINIINON

SIVLISAN¥) QINMIN

s3inaans

ONTLTIW 3INOZ

SdO¥d JIL¥L1SO0¥LIIT3I

Sa0y¥" INILVLIOY

AJY3NT NNWINIA 40 3IN4IINTNd

SAMVAIY TWA3INID

SwiTd0¥d TYNUILYIAYA 40 NOTLYINANYO4
S3NIYANINI]

SSYW TVNLY¥IA

LEEL]

NOLLINNY S_N3IFYT IHL HO0J YINwaD4 S, OMVWVAVH
SNIVWOT 378VIN¥VA

SNIvwna Q3IXI4

SNOTLVYINVA 4C NOTLYINAWOD

NOTLINAQOMINI

ST0HL3IW TYNOIIVIHVA T¥IISSYI)

INVI4 X3TVdW0D IHL OALNL NOTAVANILNOD JT1ATVNY
NOTLVANTANOD DI LATVAYVONNOA I3IN4 3HL SSO¥IV NY
(NVIU34vav9) NOTLIVANNLIEI4 TYNOTSNIWIQ
SANHLIW LNIANIdIQ-3WIL

SA0HL3W TVINIWININI

NOTLdI¥)530 Tvy¥3IN3I9D

SAOHLIW NOTLVYNNILNO)D

3dAl d3IXIA4 40 SNOTLVNDI

SW118038d TL1Vv¥INIDIA ¥IHLO

NOTLYVND3 3)VI¥NS TIYWINIW 3HL

wSWITNP0Yd JLV¥INIOIGA,,

SW3180%d ADINILS H¥VINITINON

SNOTSNVAX3 JIL0LdAASY

L33r9ns

9°6°0L°1I1
$°S°0L°11
7°S°0L°1I1
£°S°0L°I1I
2°s 01l
L°s°0L°11

S°0L°1I
7°9°0L°11
£*y°0L°11
2*9°0L°11
L*9°0L°11

9°0L° 11
4°§°0L° 11
J°g°CL°II
S°g°0L°II

*x®z°0L°11
£°o0L°1I
*e*0L°1I
anOF.NN

-—NM T NO

3
*g
**goL*I1
0L Il
*2°g*0L°1I
20501 11
22ROt Tl
Z°g°0L° Il
erg*02°11
2°g°0L°11
2°8°0L°IT
ISR TR 8
£°0L°II
2°2°0L°I1
eceroLal
~.~.Ow.-
~.~.
m.

-eM 3N o

L

v
I
2°
[ oL°II
2°0L°11
L°2°0L°11
2°0L°1I
L°0L°11
oL°II
9611
S*6°11
%°6°11
£°6°11
2*6°1I1
Le6°1II
6°I1
9°8°I1
258211
L*s*9°I1l
s*e°Il
7°3°11
Tt il €6

eVl AN i .

oo R T

-




AP ARANAANRARNPA AANRAASASANS AN QGGG & LK U wa e CUOXDEVoAa O e ©

QW WLOUUIIIMMH"THTIYXNYXYXYJJEZLODAVUVYVUVUOOOWWMLOUOUIIIS "=t s F

3HIT4

L0
20
204
(11}
L0
004
00t
00
66
66
64
66
86
86
86
6
L6
96
6
$6
$6
6
26
76

pe
€

£6
g6
£6
£6
26
25
26
6
os
68
68
89
892
83
88
L9
98
98
98
98
s®
S8
S8
98
"8
98
28
29
18

39vd

N I IV I IITIIINIIAIAITITATNAATIIAINGA T I ATIITI I I AN AT ANIIITNI I NI

XI1QN3dav

-8z~

SAINT4 INvivVIIQ

SAINT4 4VHONIE

SMOT34 NVINOLMIN-NON

NOTLYLIAVI NOILVIINANMY

S3NVA a34SNM

5IINVHIIW QINTY

SITLIIVADINT IYNOTLVT¥VA-ISYNR
NOILVWH¥O4SNVEL S_IHI)OIVE
ALINVINIWITGWOD

NOTAVZIWINTIW TVHILVIINN

NOTLVINWNOY 40 SOOHLIW

SNOITLVIIT1ddy

SITLIIVADINT TYNOILVI¥VA-ISYND
SWITA0Nd ¥IHLO

NOILVYNDI DINOWIVHIB 3IHL

w304 3INIONIATIA NI SNOTLVNDI
NOTLYNO3 3dv4aNS IVWINIW 3IHL
SNOTILYNDI ¥30¥0 ANOJI3IS HVINIINON
SNOILVNDI H43QH0 ANOI3IS dVINID

135 2INIQTIINIO) ONY A¥VANNOA 33INJ 3IHL 40 SITLY¥ILONd
SWI180¥d JINOWY¥VHENS

¥ 135S X3IANOD 3IHL 40 SIIIOHI INI¥3IJ4IQ
SW3180¥d IN3ITVAINDI

ALTHVYIN9 Iy

¥OLV¥3d0 3IvIdV1 3IHL

SILLITYNDINT TYNOILVINVA 40 SNOILNTOS 30 SITLYILONd
NOTLIvZIWiidO ¥VINIT

NOILVYZI¥VINO93IY ANV NOTLV2ITVNIG
HdVv¥91d3

(SNOTL1)3r0¥d)INIOd Q3XIY

SINIVNLSIN ¥VINIT

SIVILNINIIITQANS

SNOILVNOI ¥VINIINON

Allvna

SW3I190%d ALINVINIWITHKWO)
NOILVZIWINIW TV¥ILVIINN

SNOILYINWHOS ¥3IHLO

SNOTLINNS 40 SNOTSN3LX3

(N)T S13S 3INIAIINIOD

X S13S X3IANOD Tv)ITdAL

4W~H NI S3TLIWWADINI

$3IvdS A37030% 40 S3113340¥d IWOS
SITLTIVADINI TVNOTLVINVA 3VINIINON
SILLITVNDINT TYNOTLVINVA ¥VINIT
JATINIO0I-NON

IATINI0I-TINWIS

IAIIN3I0)

SITLITWNDINT TWNOILVINVA 30 A¥03HL DISVY
SW3I190¥d TVNOISNINIA-3INO

INVHEWIW V ¥04 W3ITR08d ININONOIS 3IHL
S37dWyX3 ANOLVYNYIdX]

SIINVAIIW NI SITLITVNOINT 40 A¥OLSINW
SITATIVNDINT TYNOTLVINVA

SNCILYNDI Tvy93INT 404 SQOHLIw TYNOTLVINVA

133rans

EN‘FF.-
“geiyrc1l
.N.FF.N”
.N.FF.&&
'“.FF.&N
.NlFF.”N
.N.FF.ﬂﬁ
.N.FFI"”
.N.PF.NM
.N.FF.-
.N.FP.nh
i1l
9°LL°II

s°stic1l

y°s°LL°T1I
2 s L1l
bezcscipeIl
ges°LL Il
2°s°LL°1l
LesciLell
Les LIl
LesciicIl
L
L

2°g*
Lo
.

T
£
2
i

.
.
.
.

-Nn g

Z
2
4
2
2
4
3
3
i
3
3

seliLert
seiLe1l
LeseLLeIr
seLLeII
gL°?*li°11
6°9°LL°II
3°y° LIl
2°9° 111
9cyLL Il
seotLL Il
7°9° 111
£y It
2°9° L1l
LeociieIl

LA RS 21

2eg g1l
AR S TR S
LepegcgcLLcll
LegegtLLctl
£egc LIl
2eg eIl
LegcLLeIt
eIt
2°gC L1l
tegtite
£eLLeIl
2e2tiLIt
1c2°c1r
2°LL 1l
LTI
LLera
9°0L°II




JLQ
Jia
Jta
)
oLl
Jid
g
%]

o cC
-
“

aewWeocCrOCOCOCOCOCOCOCOCOC0OQOOCCOCOCOQC0OCOQOCOCOCOCPOCOOCUCOOOC0OCCOUVOO
FEZZ2UQAVVUVYUOODOO WK W OUIIT Mk ™k = "9" Y xXdddIEE2ZT2Z

INITY

024
0Z¢
024
oli
£113
ol
1%%
aLL
6L
Yy
ey
9LL
ATy
St
St
SLL
St
7L
26t
kL
il
s
bl
2L
2LL
2LL
214
2Ll
2L
2L
r41%
LeL
LiL
QL
oLL
601
601
60
301
401
¢0s
01
L0
904
901
904
904
SOt
$0
0L
Y04
Y04
£04
0L

39vd

MY AT EI T II VNI I II I IANAANTNAIINIININIGEAOITNIITITNIIAIINAINTIIAIIT IIININEIY S

XTAN3IddY

-6Z~

SSINHLOOWS-NON 40 S3ITdWVX3

ANYANNQE 3344 3IHL 40 SSINHIOOWS
ANVANNOD 3344 40 SITL¥IMOND

OVYa ALIAV) WNWINIW HLIIM S31008

SWYQ HONOWHL MO SNONOd

3)I3380 BYINI¥II V HONON¥HL A0S

SLIF YIym HVIIWIS-473S

(M3IN 3¥Vv LSOW)SNOILVYIINddy SNOINVITIIISIW
SWIYOIHL ALTIINOLONOMW

SWINO3IHL NOSTH¥VYdWO)

SNOTLINNY DINOWNVHENS 40 NOILIN¥LSNOI
SNOTLINNY DINOWYVHENS ANV 3T41ININd WNWIXVW 3IHL
SGOHLIW NOSINVAWO) ONV 3ITJIININd WNWIXVW 3IHL
SO0N13w NOILVWIXONddY

SH"¥T NOTLIVAN3ISNGD

M014 SNO¥O0d NI SNOILVIITAdY
SINTHIVWOSNNL

QOHL13IW TVINIA 3HL

S3ISSYw QINBIY ONILVIOYN

SMOT4 ALIAV)

S3I9YVH) MOTTOH ANV NOTLVMLIINIA 13F
YINIVLINO) Vv WON4 NOT4

SIINVHI3IW QTNT4 NI SNOILVIINddY
NOTLdI¥)IS3IA TVHEINID

SITLILNIQT TV¥93ILINI

SW3780¥d N340

A¥303HL T0¥LINO)D

SYVLS ONTLVION

NOTILVLIIAVYS

SITLINOVYWOY¥LIIN]

NOISN44IQ ANV NOILINANO) LV3IH

NIISIQ TYWILdO

NOTLOTH4

SW3T608d Tv¥3ILVYIINN

SIYNLINYLS TYNOISNIWIA 3ILINIJ

Swv3e

ST 3HS

S3Lvid

Savd 40 NOISHOL

JILSVYId=-J11SV13

SAIN0S 40 SITNVHIIW

$4074 QINT4~0AML

%074 M3n

39VYNIVYa

r SIHILIA ONV SONOJd STVYNVI WO¥4
AdL3W03I9 TV¥3INIO

SWVa TYNO9ATOd

SWYQ TvaI0Z3Idv¥l 3INdWIS

IS¥2 IY¥INID 3N

NOTLI¥IIV ON HLIM SNO3IN3IIOWOH -W3ITE0¥d 1300W 3IHL
YVINONVLIIYN 3ITVJWIS

SWAVA HONOYHL

SM0T3 SNOYOd

NOILVLIIAY)

133rans

Ll I1l
L°yL°11
LIRS
yes°tLtIl
Ees°gL Il
2es°g1°11
Les gL°It
SeEL°Il
eIl
gegLenr
2°gL°II
tegLcar
£L°11
s*zZi*Ir
ye2L°I11
ge2L 11
9c2*2L°11
s*2°21°11
y*2c21°11
ge2°21°11
rAR Ak A Sl ¢ §
(SFARANE $
PARA NS 8
L*2L°11
2Lt
*lCLLtIr
*loLLCII
“LTiLtIr

°LL°TI

APAR TN 8

‘LLcIr

‘LI




MOW A WS DT ITM TR VW

Lol i o o o V)
1

c o
-
zz

oo
-
z ez

e R T I L T - BT IS
-~ -

o
”m
-

oft
JEL
A 9Y
624
621
824
62t
824
324
321
3?1
2L
221
221
2L
2L
921
s2i
521
(24}
221

21

w'*'#ﬂ*li\'ﬂiiid\'#ﬂi"‘iﬂJGQQVJQ-'JQJQ‘JV-U VMM Vv vy avanev

XI1ANidddv

SNOLILVNDI TY¥)IUNY

SQOHL3IW NTX¥3TVO

SINIW3ITNI 3LINIS ¥O SINTOALIN 30 3IDTIONK)

SACHLIW INIwITI 3LINIY

SA0ML3IW 3IININIIITA 3IINIEISITQ ILINTY
NOTLINGOYINI

SW3ITN8%d INTVA ANVANNOd QAIXT4 804 SOOMLIIW NOILVWIXONALY
Sw371804d INIANYLISAINO

55349944 INIIIN

SNOINVITIISIW

SaTiTIVARINL TYNOTLVINVA

SOO0HLIw TYNOTLVINVA

SNCTILVYNOT TvH93ILINI

NIvW0® NSONXY ¥ NI SQOWLIW

CQ0HLl3Ia NOTLVNNILNO)

SAOMLIw ANVANNOS I3N4 TVINL

A¥OLSIH
NYvWIN Tv¥INIY
NOTLINQONINI
SAOHL3a NOILVWIXO8ddY *ITI L¥Vd

S3HIVONddY ¥IHILIO

SITHAONLSYLY)

SNOTLVAYNLNI4 3ILINIY

SW3INH0¥d ITWYNAGO¥TAHONLIITNI

SW3IT80¥d IITWYNAGOSOAHOLINIVW

SW3I1304d JIIWVNAQONOAH

SNOTLVHENNLYId TVATSILINTINI

SA0HLIW TYNOTLVTYVA

ALINIAVLS

S3TavyanNnNoa 3334 3IVAISSOd

SNOTLVINVA A3VAINNOS NOdN NOTLNIOS 40 IINIANILIO
SILVWILST THOINd-V

S4313wYHVd NOdN IFINIANILIQ

NITLIITVINT 40 SINIOM

ALIX3IANOD

4NOIAVHIA 3IAILVLIITIVND

ALINTANT LV

SNOTSNVAdX3 ¥30¥0 ¥IHOIH

INNLvYANN)

4SV) 3ILvN¥INIOIC

ISV) 3ILVHINIIIA-NON

34078

H3INYO) ¥0 LNIWHIVLIIQA 40 LNIOd LV

SNOTSNVAdX3 JILOLAWASY

SITLTIVANINI TYNOTLVINVA

SAOHLIW TYNOILVINVA

(INTJddVW TVWNO04INOI 3SHIANI)IAOHLIW S,TT0401))3v)
NOT133743y

SIAVA IAISSIYO0Nd IIAOI¥Id :3ITdWVX]

SNOTLTANO) A¥YVYANNO3 ¥VINIINON

SNOILIAGNO) A¥VANNOA ¥VINIT

NYId 3HL NI NOILVN93 S.3)VIdVY 40 NOTLVANILNOD ITLATWYNY
ALIJILATYNY 40 S4004d

¥NOIAVHIB ZLIHISAIT 40 $3004d

1y3rans

Le2°
2°
L

2
L

9*2°111
$*2°111
¥°2°111
£°2°111
2°2°111
Rl ol 4 f
2°111

¥ itl11
geLcrgr
*2*1"11
2Ll
$*2° 1111
il At g 4 6 §
E*2°1°111
2*2ehc 111
L*2cit1I1
2L 111
L*LeIII
L°I111

111
S*SiL°II
yesLeIl
g°sL°1I
rt2esiLt1I
2~z 511l
pt2°s1 1
2°SL*11
LesLe1r
steIr
9°9L°I1
S*oL°1I
29111
gLl
e nt1l
LegeYL°II
711
21
b <t/ Gt 8
ONOJfIﬂ”
G €
*2°%°11
*2°%L°11
Sdg L €
AR AR ¢
SeELYl°Il
(AR R A 0 ¥
gLty Ir
2°E° L1l
F'”'PC‘P.”"
T v M /2 Vgt € |
LegoiLeoL°Il1
[ RE I RR 8¢
TTLCLcIr
2Lt Ir

'l
[ANY
[
(a3
(%
3

FO R Ry R g —

3




-1€-

- v 4 0¢ 3 ONTAQ3I3WI LINVIYVANI 9°9°I1I1
9 4 22 S NOTLva¥NL¥3Id TYNOISNIWIG S*9 11l
9 3 69 S NOTLYANTLINOD JTLATTVWNY £°9°%°111
s 3 69 3 LNIa3ONVINI NIVWOQ 2°9*9%9°111
9 Q 39 S INVId XI1dw0) 3IHL OLNI NOTALVNNILINOD L°9°9°111
vy @ 89 3 SITYVANNOE SSONIV NOTLVNNILNO)D 9°9°111
31 L9 3 IINIANIAIA~3INIL IVIITSTLNY LAESE A0 § ¢
9 ) L9 S MO0T4 037dN0) ANV ISYHLI LN LAG Sl h L 6 € ¢
92 L9 3 M074 QILVANLVYSNN=-Q3ILVINLYS A Gl Gk B 6 ¢
9 8 99 4 MOT4 GILVENLYS 2*g gy 111
? 8 99 S SOOHL3W INIWIT3 ILTNIS 340 NOTILINYLSNOD Lex*g°%° 111
SN so S SWITEo8d MOT4 SNONOd gegey 11l
s W "9 4 34N1dv)I NIOHS 2°g°y°111
(| 9 N 113)-GNV=-43 2874 ANV 1T13I=NT=-37DT18Vd A bl 1 € §
N £9 3 SQNHLIW LNIANIHIA-3WIL g9 111
s H 6s S ALIDILSYYd ONY ALIDILSYII NI SOOHLIW TYINIWI¥INI 2°9°111
$ 9 8S S NOTL4T¥)IS3A TV¥INI9 L*9°11I
s 9 3¢ S SQOHL3Iw NOILVANILNOD 9°I11
2 4@ SS 3 SATLIYVYINONIS 40 LINIWLIVINL 2°9°¢° 11l
7 N 2§ S S3LYATLISI ¥0¥¥3I Le9°g 111
" N 26 S SAHvada ONICNIINOD 9°g°IIl
? 3 29 5 3INIT3dXT TVITYIWNN 40 A¥VWWNS LA SE S8 8 8¢
27 Js > W3I1A0Md 1300W ¥V 804 400¥d IINIIYIANOD ¥ gegegeIIl
L2 | 6% S INVLISNO) NMONNYNN NV 40 NOTILVWILSI y*2*Tos 111
5 & 87 S SAOHL3IwW VH019 ge2cgcgeIIl
7 I % S SJOHLIW TVHEIIUNI 2°2*%°%° 111
7 4 7% S SAOHL3IW VIO pezeger Il
2 4 79 M A931VHLS INIWIADKW 2*g°g 11l
% 3 iy S SNOILVI3IN TV¥9ILNI 2L°E* 5111
Y 2 €Y S A0Hi34 S_NVIQ3dVY¥VO LeLgcgcI11
7 3 £y S SNOILIGNOD A¥VUNNOE 40 3IIOH)D Legg°IIl
y q 2% S AYYANNDS 3dHL 40 LN3IWIAOW gegerrl
7 4 % 3 SAQOHL3wW TVIIHIVYHD 9°2°¢°I11
7 0 2% S NOd¥V) QNV ¥idVd ONILINANO) 9ege2eg 11l
') [ S SHYOMLIN IINVLISTSIY i*gc2cge11l
) Ly 3 90TYNY WYHS=3T3H 3IHL 2°g*2 g 111
2 ) (%] 5 ANVL JILACHLIINI Lese2°g 111
% 4 0% 3 SAOHL3IW 907VNY ge2cgeI11l
7 4 0% s QOHLIW LNIWOW 3HL ANV QOHL3IW LN3ILISISNOI-413S ge9*2°¢ 11l
b L€ 3 SNOTLNATYLSTA 3IIviNNS 2°9°2°s°111
ey T S 7144381 pe9°2egc11l
x X 9¢ 3 SNOLLNBIYLISIAO 3IVIYNS ANV SNOLLVNOI TVHOIUNI LAFAL SR 8 8
v F (31 S SGOHLIW NIXE3IVD B Al ol €
r 9 2¢ S SINIWITI 3ILINIY dad £ B8 § € S
¢ 3 42 S SIINI¥ISITAQ ILTINDIS L*2°g°11l
2 N 92 S NOTLINT0S TvI¥L 3IHL 40 NCILVINAWO) 2*ge111
2 N 92 S NOILdIN¥ISIA TvH¥INIO LegerIl
Z N 92 3 NOTL1INAONINI o*zeIIl
2N 92 S SAOHLIW A¥VANNOE 3344 TVINL £eIrII
<N 92 S SQOHL13W 40 NOSTY¥VJIWO) L2211l
¢ r 22 S SITATYVYINONIS 40 LIN3WLlvI¥L *2° 111
2 r 22 S SNOTLYND3 JTvy83IVTV ¥YINITINON 40 NOILNTOS 6°2°111 !
< 'Y 6l S SNOILYNDI JDIVHAI9TIY ¥VINIT 40 NOTLNTOS g2 11l
29 61 S SAOHL13IW 901TVYNY %2111

39vd XTAN3IddY 1J3rens




s

“ MO VOII N MM I INUNNLdd LA LS ERZ I ZTZZ2ADOVOO WUHRSBCEODIT mmmemS Dy x

O OOV OIOC WOV U OON U YW OOCUUC WU COX O RPN NAAE NP AR AN AT

IHIT4

39vd

MV AVVNVNNNNVVVENyNnnNenunnnennnunnmnmnynnunnynvnanmennnyng mm e e e

XIAN3ddv

-2€-

SJ0¥AQ INILVLOY

Sddd _ILlv¥IN3IOia,

SMOT4 JINOSNVYYL

ALIJTASYII ¥VINIINON

SNIVWOQ NMONXY NO QOHI3IWw Z1T¥ 13IHL

SNIVWOQ NMONXNM NO QOHL3IW ZL1I¥ IHL

SQOHLIW TYNOTILVINVA T¥VIISSYI)

SW3180¥d N3dO

SNOILVNDI TVILINI¥IIITA-0¥9ILINI

(RRELT N 2T

SNOILvVNO3 TVHIILNI HO04 S4008d 3INIONIANOD
SA0HLIW SNOINVITIIISIW

QOHL3W S_NOLM3N

GOHL3IW S_¥INXI3ING

I5V) IVHINID 3HL

0V1INOANYNYZ ANV “NI3ILSAT09 *340HNNIE
NOILVWIXO¥ddY 3IAISS3IIINS AIOVHIAVY

(INIddVW NOILIVHLINOI)NOTLVWIXON¥ddY IAISS3IIINS
SNOTLVNOI TV¥93ILNI ¥0J SOOHLIW 3IATLvHILI
SNOILVIINddY ¥3HLO

NOILVYNDI S_AOSVY¥NIN

NOISNVdXJ S3IT¥3IS NOILVINNJIA

NOTLINQON¥INI

SNOTLYNODI TVIANIYIJSTAONIILNI ANV TVHIILINT
SW3180¥d JII108¥3IdAH=-II1dITTI QIXIW

SW31804d 3ILVHINIDIC ¥3IHLO

3IV44NS TVWINIA

(3)V3I¥NS) SWINA0Nd «ILVHINIOIQ,

SONIdavW 37%04 3LN¥E

(ISd*X)INIddVm SISTW NOA 3HL

¥3QINS

H)018

ONIJddVW TYWY0INOD
INIddVW HAVYH90QO0H IHL
YNOTSNIWIQ-33yHL, IHL
SW31P0d8d ¥IHLO
INIddVW ISd-IHd JTALIWWAS ATIVIXVY 3HL

W¥034 3IIN3IOYIAIO NI SNOTLVNDI*ONIJAVW TSd-IHd
NINN3TVO-Z11Y

SNOTLYWIXOdddY IAISS3IIINS

C(INVId ANVITNIXAVIVIIAII-TAI
SNOISNV4X3 ¥vIN93N

SNOISNVAX3 d43LN0-YINNI QIHILVNW
SAOHLIW TYITNIAON

Y13HL GNV (DIND SITBVIYYA INIONIJIO
SNOISNVAX3 ¥vIN93Y

$3IVIS 3VdILNW

¥43ILNO-YINNI A3IHILVW

SNOISNVAX3 JILOLJWASY

SGOHLIW TVITHIWNN

A GONY X SIT8VINVA INIAN3JIQ

INVTId 3HL NI NOILVNDI S,3)v1dV1 304 OINIdAVW ISd-THd
NOTL1dI¥IS30 Tv¥INIO

I4VHS NMONY 40 NTVWO0Q O3W30JSNVEL Vv NI SQOHLIW

INIddVW ISd-TIHd _

133rans

i

"gezeic1n1
ge2*L111
2°2°2°111
Sl S T § 6
2°2°111
L*2°111

2°111
9°9°1I11

S°9°III

L°9°9°I11
v°9°111
S°g°9°III
yege9°II]
£°§°9°I11
2°2°€°9°I11

L*2°g°9 111

2°€°9°111
L*g9°III
€£°9°111
2°2°9°111
1*2°9°111
2°9°I11
L1°9°III
9°III
OL*g°III
2°6°S°II1
L°6°S°I11I
6°S°II1L
g8°S°III
2°S°111
2°9°S 111
L*9°seIII
9°S°III
§°S°III
LAESE 8 8
2°§°G°III
L*E°G°III

L°S°III
S*III




00t
00

66
66
6
76
96
£6
£6
£6
26
26
L6
06
68
68
68
68

ANADNANNGIQ U@ e E ua
wd - HEF 2 OO VOUOOY My

IS 39vd

-£€~-

3 SHY¥90¥d AIHSTIANd VeIIl 1
3 SITLIIVADINT TWNOLLVI¥VA-TISYND 9°g°111 3
S SAOH13IW ¥IHLO S°g°8°IIt

3 INTWAVHIOYd ¥VINIT yeg g 111

S Al1lvno £°€°8° 111

3 SW31304d ALTYVINIWII4WO0) 404 SAOHLIW 2°g°8°111 §
5 NOTLVZIWTINIW HLIN NOTLvXVI3¥ L*g°8°I11 ;
s SITLITWNOINT TVNOILVINYA TYNOISNIWIO 3LINI4 40 NOTLNIO0S £°8° 111 £
% IVABINI TYNOTLVINVA 4O NOTLYWIXONddY TYNOTSNIWIQ ILINI4 2°2°8°111 {
3 - NOILVZI¥VIN93IY ONY NOTLVZITYNId 9°2°8° 111 2
3 (NOTLI3r04d)SINIOd Q3IXT4 §*2°3°I1I :
3 SNOTLVN®I ¥VINIINON 9°2°8° 111 :
S ALIVNG £°2°8° 111 |
3 ALTHVINIWITAWO) 2°2°8° 111 '
s NOT1VZIWINIW 1°2°8° 111 4
S NOTLVAIXO¥ddY 40 SAOHLIW 2°8° 111 :
s g NOTLJI¥ISIA TVaINIY 1*9°111

S SITLTIVABINT TYNOTLVINVA 8111

$ SdO¥Q IT1viSON¥13313 2ege2°20 111

XIaN3ddv 133rans

3 3 2 . RS it




D oy g - e AT

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

BER 2. GOVT ACCESSION Ng.[ 3. RECIP —

mRC TSR-1773 ] 7)) [ Zechnical simmar ] refl }
ITLE (andlSuhss 7 =g )1

éummary Report - no specific >

. ,2 BIBLIOGRAPHY OF FREE BOUNDARY PROBLEMS s ] reporting period
———— 6. PERFORMING ORG. REPORT NUMBER
UTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
3
Colin W./Cryer | (5 ) DARG29-75-C-ff24)"
DX ;:\'/‘:-ozazsl,\/sF.gé 11;*-¢383?!
! #. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::ggR‘AgoﬁnthnsrT NUMBERS
Mathematics Research Center, Universit\x;v of , . el it Wby o
610 Walnut Street isconsin Applications of Mathematics
adison, Wisconsin 53706 — 3

11. CONTROLLING OFFICE NAME AND ADDRESS /l

See Item 18 below
. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Otfice) | 15. SECURITY CLASS. (of this report)

UNCLASSIFIED

15a, DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

’ Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

T

b 18. SUPPLEMENTARY NOTES
3 U.S. Army Research Office ‘ National Science Foundation
4 P. O. Box 12211 Washington, D.C.

Research Triangle Park 20550

olina 27709
19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Free boundary problems, Fluid mechanics, Porous flow, Mechanics of solids,
Heat conduction and diffusion, Electromagnetism, Gravitation, Mathematical

metRods, Numerical methods.

-
20. ABSTRACT (Continue on reverse side if necessary and identity by block number)

’ free boundary problem is a (steady-state) boundary value problem in-
volving differential equations on domains parts of whose boundaries, the free
boundaries, are unknown and must be determined as part of the solution. Free
. boundary problems arise in all branches of continuum mechanics. The biblio-
graphy contains about 3300 references most of whichare classified according to
one or more of approximately 1200 subjects. Listings by author and by subject
are given in appendices; these are on microfiche, but paper copies can be ob-
tained by writing to the Mathematics Research Center.

DD , o753 1473  E0iTiON OF 1 NOV 88 1S OBSOLETE UNCLAESIFIED bu&/ |

SECURITY CLASSIFICAT\ON OF THIS PAGE (When Date Entered)

2271 2 @




