COMPUTER SEARCH FOR NON-ISOMORPHIC
CONVEX POLYHEDRA

BY
DONALD W, GRACE

TECHNICAL REPORT CS15
JANUARY 29, 1965

COMPUTER SCIENCE DEPARTMENT
School of Humanities and Sciences
STANFORD UNIVERSITY







UNCLASS

Security Classi‘ication

DOCUMENT CONTROL DATA - R&D

(Securlty classification of titls, bod)y of abstract and indexing annotation must be entered when the overall report ia classified)
1. ORIGINATIN G ACTIVITY (Corporate author) 2&a. REPORT SECURITY C LA.SSlFICATlON
Computer Science Department ' UNCLASS
Stanford University 26 gROUP
Stanford, Calif. 94305

3. REPORT TITLE

COMPUTER SEARCH FOR NON-ISOMORPHIC CONVEX POLYHEDRA

4. DESCRIPTIVE NOTES (Type of report and inclusive datos}
Manuscript for Publication (Technical Report)

5. AUTHOR(S) (Last name, {lrat name, initial)

GRACE, Donald W.

6. REPORT DATE 7a. TOTAL NO. OF PAGES ?5. ‘NO. OF REFS
January 29, 1965 : 137
Ba. CONTRACT OR GRANT NO. Sa. ORIGINATOR'S REPORT NUMBER(S)
Nonr- 225(37) CS15
b PROJECT NO. -~
NR-044-211 _
c. $b. OTHER pron'r NO(S) (Any oither numbors thai may be asselgned
this report
fnone

d.

10. AVAILABILITY/LIMITATION NOTICES

1. Qualified requesters may obtain copies of this report from: Defence Document Center,
Arlington Hall, Arlington 12, Virginia.

2. Office of Technical Services, Dept ‘of Commerce, Washington 25, D.C.

1. SUPPLEMENTARY NOTES ) 12. SPONSORING MILITARY ACTIVITY

OFFICE OF NAVAL RESEARCH
Code 432

13. ABSTRACT
- To classify the polyhedra, to survey the polyhedral shapes, and to exhaust

their variety by orderly enumeration is a naturally attractive problem, noticed by
Euler and Jakob Steiner, to which some mathematicians, especially Max Bruckner,
dewoted considerable work. With the latest high-speed digital computers decades
of manual labor can be compressed into hours. This dissertation is concerned with
the solution of the enumeration problem on a digital computer.

A tri- linear polyhedron is one in which each vertex is incident with exactly
three edges. Two polyhedra are isomorphic if a one-tb-one correspondence can be
established between the vertices, edges, and faces of one with those of the other,
so that the incidence relations between elements are preserved. Two polyhedra are
called equi-surrounded if a one~to-one correspondence can be established between
the faces of one and the faces of the other so that each pair of‘correspondlng
faces has equivalent surroundings ~- i.e. the neighbors of the two faces in questioi
when taken in cyclic. order clockwise, display the same pattern of edge-counts.
Isomorphism implies equisurroundedness. A counter-example with 18 faces disproves
the converse. However, for polyhedra with up to 17 faces we can apparently equate
isomorphism with equisurroundedness.

A polyhedron of F faces can be made from a polyhedron of F-1 faces by
partitioning one face into two. Intuitively, this is done by drawing a line seg-
ment across a face, creasing the face along the partition line, and popping it
outward to retain convexity. If the partition line does not pass through an
existing vertex, and the (F=l)-hedron is tri-linear, then the F-hedron created
(conts e aas) '

DD .7, 1473 | ~ UNCLASSIFIED

y v + Security Classification




UNCLASS

Security Tlu wriion ]
e - LINK A LINK B LINK C
KEY WORDS ROLE WT ROLE wT ROLE wWT
1. Polyhedra, classification and tables of
2. Convex Polyhedra, classification and tables of
3. Computers used to classify and tabulate polyhedra
INSTRUCTIONS

1, ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate authot) issuing
the report.

2a., REPORT SECURITY CLASSIFICATION: Enter the over
all security classification of the report. Indicate whether
‘“Restricted Data'’ is included. Marking is to be in accord-
anice with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200.10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 'as author-
ized. ’

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title,

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final,
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on_
or in the report. Enter last name, first name, middle initial,
If military, show rank and branch of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATZE: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.

756, NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, 8¢, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity., This number must
be unique to this report,

‘9h. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (¢ither by the originator

or by the sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

-

imposed by security classification, using standard statements
such as!

(1) *‘Qualified requesters may obtain copies of ihks
report from DDC.??

(2) “Foreign announrcement and dissemination of this
report by DDC is not_authorized.”’

{(3) ‘‘U. 5. Government agencies may obtain copies of
this report directly from DDC, Other qualified DDC
users shall request through

' . L1

(4) *“‘U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

'.'D

(S) ‘¢All distribution of this report is controlled. Qual-

ified DDC users shall request through

2
»

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known,

11, SUPPLEMENTARY NOTES:
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address,

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though

it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall’
be attached.

It is highly desirable that the abstract of classiﬁed reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS), (S), (C), or (U).

There is no limitation on the length of the abstract.
ever, the suggested length is from 150 to 225 words.

Use for additional explana-

How-

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. - Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rales, and weights is optionai.

FORM
1 JAN 84

DD 1473 (BACK)

UNCLASSIFIED

Security Classification



N O T I C E

THIS DOCUMENT HAS BEEN REPRODUCED FROM THE
BEST COPY FURNISHED US BY THE SPONSORING
AGENCY. ALTHOUGH IT IS RECOGNIZED THAT CER-
TAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RE-
LEASED IN THE INTEREST OF MAKING AVAILABLE

AS MUCH INFORMATION AS POSSIBLE.

t \\






PREPARED UNDER CONTRACT Nonr-225(37)(NR-044-211)
OFFICE OF NAVAL RESEARCH

Reproduction in Whole or in Part is Permitted for
any Purpose of the United States Government

Qualified requesters may obtain copies of this report from
DEFENCE DOCUMENT CENTER
ARLINGTON HALL
ARLINGTON 12, VIRGINIA






ACKNOWLEDGMENTS

The problem treated in this dissertation was proposed by
Professor George Polya., To him and tb Professor George
Forsythe I wish to express my sincere thanks for their
constaﬁt supervision, advice, and encouragement. They have
given their time and effort unsparingly and have exercised
patience beyond all normal expectations. Thelr help has

been invaluable to me. I also wish to thank Miss Judy
McClellan for her excellent work in typing the dissertation.

In addition I should like to acknowledge the generous financial

support of The Procter & Gamble Company.

iii






TABLE OF CONTENTS
- Page

LIST OF TABLES‘OO.09.000009QG00BQ000009900@0900'0.00.0..'.'.....'.... v

LIST OF IIJLUSTRATIONSQQOG@OGQ9060500QO@QOGDOO.Q.O0.0000.0..0'...0.... Vi‘

Chapter
I. INTRODUCTION AND HISTORICAIJ REEJIARI{Seoocaooo-ooooooooooooaoo..no‘ 1

SOU.I‘CG of the Questionooso.oaeeoomoaoo-aooooeo-‘oaooo.ooaooo
Representation of Polyhedracecoscssncossoscscossessosescsase
Isomorphismoooeoooaoooeomoooeoooooooooooooocoeoooooooototo.o
Equisurroundeds.cooseccoccosesocscssccosssscsscnsessscsssvscense
General Theory'ooeaov:eaooaacoqoeoeecaooooacyOocoeoooooooooococ
Steinitz?® Theoreme csovcocsssvcesscoconosacssosescssasecensse
Splittingeooueaeeoeeooeeoooooooeuoeoooaaooocooooo-cotuoocoo"10

Diophantine Relationseseccoccosccccsosasscoccssceessssaosssse 11

-
[@NocRos IVAWL RN

II. TRI-LINFAR POLY}{Ei)RAI90000030.90.60.0..0.00.00.‘.......O'.‘l'. 13

DefinitioNecsceccsvoocsccecooscnocnascscccssssssscsesssosasns 11”‘
Baler®s Relations for Tri-linear POlyhedrae dPeessscosessnesoo 1"”
Splittingnooooo.oosoeeoooooceooooooeoneooooooooooo-aaoooooo 12"‘

MergingﬂO.QDDOQO00D.DQQOOQQQO.OOCOOCQ00..‘...‘............. 15

Splitting Theor@noece.caeo-ocoeooeo.coe-oo.oooaoac..oo...o- 15
Diophantine Relations for Tri-linear Polyhedraccececssessoes 21
Faces With Lilﬂited m.gewCOMtooooocoooootoootoooooooooooooo 23
Kirkman Polyhedra. Dissection of a Polygon into Triangles. 28
Explicit Formilacsseccassvcoscosseonsccsncecscenssanssasssss 35
Bumerationeccecsccosccocesoecassssccsessccssassscascascscs 36

III. COMPUTATIONGDDOOOGDOQQHQQQG‘006000!OO.OOOO'..O.O.........‘...0 38

General CommentSevooosooccsssccnsceooosccsscasscecossososnnes 39
Representationenoceeaooooocoosoeoaoooooooooooo;oo-ot-oonooo 39
Splittingeoeooecaoeeweuoooeoco-oaotgqoooaoooo--a-oooooooo-o LI’O
Compar’ison”.'on..woo.o.”o.o.“..u.aou..nn...a..n..' 42

Resu.ltSoao.o GO SL B BETLORRRIOOOEEORIRIOEGR0COPINGRODOEOGEIGCNOSOOBRIPIEGSE 43

IVO TESTING‘ ISOMORPI‘E‘SMQGOOG’GSQQOOGGB!!OOB.OID...O.G..QVQOQODOUOCOOO L"?

BIBLIOGRAPHY‘OQQ.B.000'.GBQO.!‘1000QGGOOG'50@!'9.000.8.00...."..’.... 55

APPmDIX.'..Q.QOD@@..UOQO.@GQﬁ&&.‘.OOOGO.DCUOOQOOQODOOI......0....'. 58

Eb(plana.tion of Appendixeaeeecn90000«:00000'009'-0»000.oo't-ooo'oo. 59
Computer PI‘OgI'aUIouooaoaoeoooeouco.ooeooaaooeooou.oooocoooooooo-oo 60
List of POlyhedI‘aeowoooacaowaauuouoee.sneoooee-oeov:o-oooccooopo- 714‘






LIST OF TABLES

Table Page
1. Brickner's Numbers for Polyvhedra with More Than Ten FacCeSeseceses 37
2. Some of My Results Compared with Those of Bruckneressesessecesses 46
3. Computer Representation of Two Special 18-HedI'@ceesesecescessess 53

Ll‘o First 11-Hedr0n..ooo.noooa-'o-o.-oooooooo 09 00s00s00000000000800 00 59






LIST OF ILLUSTRATIONS
Figure Page
1. Straight Line Net of a PolyhedroNeeeocosscccosscsscsssscncesssass L
2. Curvilinear Net of a Polyhedronccesesoeccecssescsscsscascasssssse
3. Straight Line Net Showing Face LabelScccosccsssesccosssecssocsess 5
4y Types of Face SplitSseccocsccosescccosscocecsesssssssssssssensss 10
5. A Merger of Two Facescccescescacsoccscsossoscssscscasconsssssess L5
6o Two Adjacent TriangleS.scsssescessscsescossscscscsssscoscssssses 10
7. Merger Involving a Triangleccsseccccscoscccscsssssscnssssscessces 17
8. A Three-Faced Beltecsoosssocoosecososcocossssssssrsoscssssesasssse 18
9. Merger of Two Non=triangleScceeocesscsccossscosssvecscssscsesces 19
10, Net with a Beltewessocessoccosvsccssovoscescsssosvsssesssssssscsss 20
11. Net with Two BeltScecscsoccsesssosccsscscssccssecassscssnsoscsos 20
12, A Belt and Its InsidGeoocssccecsscocessccssccocssssssesscssssssssee 20
13. A Hexahedron of Tribe 222.sccs0escccscecccscscsasssssscssssssses 23
14, A Hexahedron of Tribe 60ccecsssconsscccescscscoseosssvssosssssssos 23
15. One Half of a 32-hedrofecescvscoccosssoscssssosssssssosssssvsnss 20
16, A Tree and Its Polyhedroricsecceesccoscevcovsocassossssessesssasses 31
17. A Dissected Polygon, Tree, and Polyhedronssessccesssecsccevorsee 32
18, Types of Hexagon DissectionSecsevesscecsscessssosessorsscsassssss O
19. FEnumeration of Hexagon DissectionScceecccesossccasessssesssscssse 39
20, Computer Representétion of Two Polvhedr@.eecesccssessccescecssee HO
21, Face Splitting -~ Cutting Off One VerteX.ceecoescccsscssscsscess 40
22, Face Splitting - Cutting Off Two Vertices.ccessesscecvevsssceecs 41

23@ Fa.ce Spli’t‘tinp_; 0 Cutﬁing Off Three VerticeSooneocoooooooocoou.. ,‘1'1






Figure Page
24, TFifteen Tribes of 12-hedra with Maximum Edge-count = Geeseeesses b4
25. Curvilinear Nets for Two Special 18-hedrfceseeocesscscscscsssceass 18
26, Polar Cap for the Two Special 18-hedracccccccesccecscsscsssssace 49
27, Inside Out TetrahedroNeccecescocescoccosecesesosccssscossonsnsssss Hi
28, Common South Pole of the Special 18-~hedra with Labelled Facess... 52

29. North Poles of the Special 18-hedra with Labelled FaceSeescescese 52






CHAPTER 1

INTRODUCTION AND HISTORICAL REMARKS



Source of the Question.

Serious mathematicians as well as laymeﬂ from as far back as Plato
and Archimedes have concerned themselves with the study of polyhedra.
It is generally believed that the regular polyhedra (those whose faqes
are regular congruent polygons and whose solid angles are congruent) of
four, six, and eight faces were known to the Egyptians, but it remained
for the Pythagoreans of about 500 B.C. to discover the other two -~
those with twelve and twenty faces. Plato, in his metaphysical approach
to things, assoclated the tetrahedron with fire, the cube with earth,
the octahedron with air, the dodecahedron with the universe (possibly
because it was discovered last), and the icosahedron with water.

On a more scientific basis, we find references in Euler's work,
]?é] page 90, that indicate clearly that Euler thought about and posed,
though loosely, the general question with which we are here concerned,

Genera notabiliora, ad quae omnia solida figuris planis inclusa
sunt referenda, enumerare nominibusque idoneis denotare.

or,

Bmumerate the more important kinds of polyhedra and give them
appropriate names,

In response to this self-posed question he then lists certain
polyhedra of up to sixteen faces and makes comments about them. In
particular, [22] page 93, states:

The fourth genus hés only one species, which ig the triangular

prism. The subsequent genera usually have several species, but

we cannot go into their enumeration because, for the time being,

the other properties of the polyhedra here involved are not
sufficiently well knowm.



This indicates that Euler wondered about the general problem of
enumeration of polyhedra but, at that time, was unable to come to an&'
general conclusionsg

The nineteenth century mathematician, Jakob Steiner, compactly.
posed the question, [?j] page 227.

Le nombre des faces d*un polyddre &tant dorme, on peunt

demander, de quelle nature peuvent Stre ces faces. Queils

est la loi générale?

Other mathematicians who spent considerable time studying polyhedra
were The Reverend Thomas P, Kirkman, end Professors (swald Hermes and
Max Brickner. Hermes and Brickner, in particular spent decades erumen-
ating polyhedra by hand. Some of thelr results are discussed in
Chapter II.

In mehtioning polvhedra, both Buler and Steiner meant convex poly-
hedra; The aim of this dissertation is the enumeration ofvconvex polye—
hedra subject to a restriction which will be stated below (tri-linear

convex polyhedra), using a digital computer.

Representation of Polvhedra,

Aside from three-dimensional models, there are many useful ways
to represent polyhedra., Some of those which we will have occasion
to use later are the following:

1. Straight line nets in a plane, drawn by imagining one face
to be expanded until all the other lines of the polyhsdron,
when projected onto the plane of this face, fall into its
interior. For example, the triangular prism represented in

this way is shown in Fig., 1.

AN



Fig. 1.
2. Curvilinear nets in a plane, topologically equivalent te
the straight line nets, For example, the cube is shown in

Fig. 23 the diagram contains two concentric circles.

Figo 2e

3. Curvilinear nets on a sphere, which permit visualization of
polyhedra of many faces for which it is difficult to construct
an ordinary three-dimensional model.

b, A 1ist of the nelghboring faces of each face, in ecyclie order,
a. by name, For example, if the faces of the triangular

prism are labelled as shown in Fig, 3, the representation
of the polyhedron becomes the following set of "words,"
one for each face:

234
1453
1250
1352

2h3

It 1s understood that these five.consecutive “words"
correspond to the faces labeled 1, 2, 3, 4, and 5,

respectively.
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1
3

Pig. 3.

b. by edge-count. For example, the same triangular prism
would be represented by the following set of words, one
for each face, showing the mumber of edges possessed
by each of that face's neichbors, in cyclic order, but

without regard to the names of the faces:

Ly
3434
3434

3434
Ly
Abstract definition. A polyhedron is a system containing
three kinds of elements named as follows:
a, "O-dimensional element" or "vertex,"
b, "l-dimensional element” or *"edge,"
¢e "2-dimensional element" or "face."
There is a relation between unlike elements which we call
"incidence"s this‘relation is symmetric ;~ if x is incident
with y then v is incident with x. The system satisfies tﬁe
following axioms:.
(0) If an edge is incident with both a face and a vertex,
then the face is incident with the vertex.
(1) Each edgs is incident with two and only two

(2) vertices.

(b) faces.



(2) There can be no more than one edge incident with
both of any two given
(a) vertices,
(b) faces.
(32) Each vertex is incident with at least three edges,
{3b) Each face is incident with at least three edges,
(4) If each of two faces is incident with each of two
vertices, there is an edge incident with both faces
and both vertices.
Comments ¢
On (1) and (2). Two faces (vertices) incident with the
same edge are called neiphbors, and are sald to be contiguousg,
or adjoining to each other,
On (3a). If this axiom is changed to read "“exactly
three edges," then a speclal class of polyhedra 1s defined,

called tri.linear polvhedra,

On (4),, This axiom is not valild for non-convex polyhedra.

On the whole 1list of axioms (0), (1a), (1b), (2a), (2b),
(3a), (3b), (4). This list does not yield a complete character=
ization of the concept of polyhedron that we have in view.
"Topological® conditions must be addedé¢ the system must be
commected, simply connected, and ordentable, and each face
must be simply connected (the neighboring faces must form a
single cycle), We omit the axiomatic formulation of these
topological conditions ~- they are less prominent in our work
and we have nothing important to add to Stelnitz’® work [4,5]

in this respect., Yet these topological conditions are
6



essential. Thor rule out such systeins of faces, edges, and
vertices as we may Tind in a palr of discounnected polyhedra,
or in a torus-shaped polyhedron, or in a polyhedral Kleln

bottle, or in a polyhedron with some ring-shaped faces, etc.

Isomorphism,

Polyhedron A is sald to be isomorphic with polyhedron B if
a one~to-one correspondence can be established between:

a. the vertices of A and the vertices of B,

bs the edges of A and the edges of B, and

¢. the faces of A and the faces of B,
such that the incidence relations betwoen elements are preserved.
Even if polyhedron A is turmed "inside out" in the process of mapping
it on polyhedron B, (that is, if the cyclic order of the faces sur-
rounding each face is reversed), A and B are still considered to be
isomorphic. In particular, affine mappings with negative determinant
are permissible, Since the’representation of a polyhedron described
in ha of the preceding section (exhibiting the neighbors by name) lists
each face of the polyhedron and showsvthe identity of each of its neigh-
bors in cyclic order, each edge is completely identified by the two
faces which join to form it, and eacﬁ vertex is identified by a face
and two successive neighbors of that face. Hence it is obvious that two
polyhedra are isomorphic if and only if thelr faces can be so labelled .
(by a permutation of the given labels) that thelr representations in

the mammer of 4a are identical,






Foquilsurrounded.

Two polvhedra whose representations in the manner of paragraph

M above are identical will be called squistrrovnded. We shall see An

Chapter IV that equisurroundedness is a necessary but not sufficient

condition for isomorphism.

General Theorv.

Leonhard Fuler (1707-1783) was born in Basel. He was a student
of Johann Bernoulli and an associate of Bernoulli's two sons, Daniel
and Nicholas. He was a prolific writer and made significant contrie
butions to almost every field of mathematics. He is called the founder
of the morphology of polyhedra, having discovered the famous fundamental
law for convex polyhedra:

Ve RB+F=2

where V, E, and F, are the numbers of vertices, edges, and faces of
the polyhedron. Polyhedra which are not topological spheres alvays
have a value different from 2 on the rigﬁt side of BEuler's equation
above, but whatever that value might be, it is called the Euler character-
istic. The Buler characterdstic of a polyhedron is iptimately connected
with the topological nature of the polyvhedron. TFor instance, a polyhedron
which is a topological torus has Buler characteristic equal to zero,
(Imagine cutting the)torus at one place and closing the ends, If this
figure is then straightened out inte a cylindrical shape it becomes a
convex polyhedron, with Euler characterdstic equal to 2. If the cuﬁ
was made along existing edges of the originél polyhédron, then the
c¢ylinder has the same difference, vertices minus edges, but two more

faces than the original polyhedron.)

¢
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One of the several proofs of Euler's theorem is as follows:
Consider the straight line projection of the polyhedron on a plane
(representation 1). Ignoring the base face, if we can show that the
remaining figure satisfies:

VeE+F=1
then, adding the base face we obtain Euler's formula. We proceed
by subdividing each face into triangles, by drawing diagonals, For
each diagonal added; E and F are increased by one, and V remains the
same, so the characteristic V - E + ' is unchanged. Finally the figure
consists of a set of triangles, some of which are on the outside
boundary of the figure and some of which are interior, Of those on
the boundary, some have two outside edges and some have only one, where
"outside édge" means an edge belonging to no other triangle. Choose any
boundary triangle and erase its outside edges. If it has only one, the
resulting figure has the same V, but both E and F are reduced by one,
hence the characteristic is unchanged. If, on the other hand, the
triangle has two outside edges, then we also erase the vertex at their
intersection. The result reduces V and F by 1, and E by 2, leaving the
characteristic unchanged.

Since there is only a finite number of triangles to start with,
we are assured of reaching a state wherein the figure contains only one
triangle, which obviously has:é

V=3, E=13, F=1, with V-I#F = 1,

i

We conclude that the figure with which we began had characteristic
equal to 1, so adding the base face we have Euler®s theorem:

V-E+F=2,



There are other proofsi, some of which involve very different ideas.
The above proof was not flawlessly presented. Withoult a more careful
elaboration of detalls, the method could admit an imprudent choice of
edges to be erased, by which the figure could be divided into two
disconnected nets, each of which has characteristic equal to 1, or lead

to other difficulties,

Steinitz® Theorem.

In a polyhedron satisfying axiom (4) every pair of vertices,
P and Q, which are each incident with both of two faces, a and B, are

joined by an edge PQ which is incident with both o and B. We call such

a polyhedron regularly connected, paraphrasing a term introduced By
Steinitz, who defines a K-polyhedron as a reguiarly comected polyhedron
with Buler characteristlc equal to 2. Steinitz' theorem states that |
every K-polyhedron is realizable as a convex polyhedron, See [}]

pages 227-229. 3teinitz' theorem is basically important to our work;

it enables us to represent convex polyhedra on a digital computer.

Splitting,

A polyhedron having F+1 faces can be derived from one having F
Taces by splitting one face into two. There are three types of splits,

or partitions of faces; see Fig. 4.

Type 1 Type 1T Type III

Fig. 4,

1See Co Lo Pdlya [8] page 54, exercise 9.

10



These three types are distinguished by the number of vertices lying on
the partition line. A split is accomplished by imagining the face to
be scored or creased along the partition line, and pushed outward to
form two faces while retaining the convexity of the figure. Steinitz Dﬂ
page 192, proved the following theorem.

Theorem 1, Anv convex polvhedron of T faces can be derived by

starting with the tetrahedron and makine partitions of Tvpe I, II,

and IIT,

Diophantine Relations,

By axioms (1b), (2b), and (3b), each face has as many different
neighbors as it has edges. No two of its edges can be incident with
the same neighbor, hence the maximum number of edges for any face of
an F-hedron is F-1. Designating as . the number of k-gon faces in
a polyhedron, we can add up the faces and edpges of the polyhedron and
get the following relationss

fB*fL“*eee*.fFul:F

Ji5 "~ =
3y 4 Uy * eoo + (F1)F = 2B

We also have Euler's relation:

VeE+ F=2,
Since we are dealing with numbers of things, solutions (f3,fle coe ani)
of these equations must be in non-negative integers. In general, there
are several solutions, looking at the system from a strictly algebraic
point of view; however, not every solution of this diophantine system
is realizable as a convex polvhedron. FEach solution for which there is

at least one convex polyhedron defines a Tribe, a non-emply set of



convex polyhedré, containing, in general, several members., Regarding

the f, as successive digits, with f3 in the units position, we obtain

a tribe identification number to which we will refer repeatedly below.

For clarification, a few examples are shown here:

polyhedron tribe
tetrahedron L
triangular prism 32
cube 60
hexagonal prism 2060
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Definition.

A polyhedron having exclusively trihedral vertices will be called

a tri-linear‘polvhedron. When there is no danger of confusion, just the
word polvhedron will be used.

The theory of tri-linear polyhedra has a polar or dual counterpart
in the theory of polyhedra having exclusively triangular faces, We will

deal only with tri-linear polyhedra.

Fuler®s Theorenm,
AR

By Ealer®s theorem:
V-E+F=2
Then, since each vertex has three edges leading to it, and since each
edge 1s shared by two vertices, we have, for tri-linear polyhedras
3V = 2E,
Combining these.relations we get:
E= 3(F-2)
V= 2(F-2),
The cube, for instance, is a tri-linear polyhedron with F = 6, E = 12,

and V = 8,

Splitting,.

Partitions of Types I and II produce non-trilinear polyhedra.
Hence we must disallow ail but Type III partitions in the creation of
tri~linear polyhedra, Since a partition can never reduce the number of
edges incident with a given vertex, it follows from Steinitz® theorem
- (Theorem 1) that any tri-linear polyhedron can be obtained from the

tetrahedron by partitions of Type III. However, it is considerablyv



easier to prove this consequence than to prove Steinitz' entire theorem,
so we will give a new independent proof. First we must define the

inverse process to splitting.

Merging,
We have been talking about creating polyhedra of F+1 faces from

F-hedra by splitting faces, Consider the inverse process, which we will
call mergine. In the sketch, Fig. 5, consider merging faces #1 and #2

by erasing their common edge. The result will be labelled face #1,

Fig, 5.
If we denote the edge count of face j before merging by ej, and the
same after merging by 93, we can make the following general remarks:

ei = e, + e, - L

5 = 1

el = e
3
t - -

eu 94 1 .

Theorem 2, (Splitting Theorem) We can obtain QQK,COnvex tri-linear

polvhedron by starting with the tetrahedron and making face partitions

of Type IIT (i,e., partitions in which the partition line does not pass

through an existing Vertexz.
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In order to prcve the splitting theorem, we first need a lemma,

Lema. If, in a tri-linear polvhedron, there are two triangles

incident with the same edge, the polvhedron is, in fact, a tetrahedron.

Proof. Since each vertex of a tri-linear polyhedron is, by defini-
tion, a trihedral vertex, Fig. 6 represents the hypothesized pair of
adjacent tfiangles, Vertices C and D are already trihedral, and

vertices A and B need another line each,

C
e
A B
B
D
Fig., 6.

Now consider faces a and B, each of which is incident with both vertices
A and B, by axiom (0) of the abstract definition of a polyhedron., Then
by axiom (4) there must be an edge incident with both vertices, A and B,
and both faces, o and B, Hence a and 8 must be triangular, which proves
the lemma.

Proof of Theorem 2: Now, by induction, we can prove the main

theorem on splitting, We know that there is only one four-faced poly-
hedron, the tetrahedron, which happens to be tri—l;lnear° It is trivially
derivable from itsélf, by splittings whose number is zero,

Using the method of mathematical induction, wé assume that all
tri-linear F-hedra can be made from the tetrahedron by splitting, and
we must prove that the same is true for the (F+1)-hedra. For this
purpose, we divide the (M1)-hedra into two classes -~ those having

some triangular faces, and those having none.

16



Case I. Some triangles. By the lemma, triangles cannot be neigh-
bors, and so we can find a triangular face with a non-triangular neigh-
bor, and merge the two., Now we must check the axioms. Let us keep a
sketch of the situation before us (Fig. 7). We plan to merge faces. a

and Bo

Fige e

Axiom (0). Elges AB and BD become one edge AD after merging., No
change in incidence relations of the remaining vertices (different from
B and C) takes place. A similar argument holds for edge AE. There is
. no change in the incidence relations of the elements not emphasized by
Fig. 7. _

Axiom (1a). The vertex common to both of two merged edges, for
instance edges AB and BD, is eliminated, leaving only two vertices
incident with the merged edge, AD.

Axiom (1b). On one side of a merged edge, e.g. consisting of AB
and BD, lies one face, On the other side lie two faces before merging,
and one afterwards. Hence the merged edge, AD, is incident with only
two faces,

Axiom (2a). The only way this axiom could be violated would be if
a biangle would be created by the merger. This could occur if either

By Y, or & were triangles. However, by the lemma, this is not possible.

w7



Axiom (2b). To violate this axiom, one must merge two faces which
bBelong to an arrangement we call a "belt" containing three faces. A |

"three-faced belt" is a set of three mutually contiguous faces which

do not have a common vertex; see Fig. 8.

Fig, 8.

Each of the three faces participating in the belt has at least four
vertices (P, P', Q and Q', for example); none of the three can be a
triangle, 4And so, in the case of Fig. 7, the faces a and B cannot form
a belt with any third face, since a is a triangle.

Axiom (3a), After the merger, vertices B and C in the eXample are
eliminated, and none of the other vertices is changed with regard to
its trihedral nature, as we have already mentioned above.

Axiom (3b)., The only faces affected by the merger are a, B, Y,
and &, For a face to be incident with less than three edges, a biangle
would have to be formed. This was ruled out while we examined axiom (2a).

Axiom (4)., The edge required by this axiom is, in the one case, the
composite edge ABD, and in the other, ACE, Faces ¥ and 06 have a common

edge emanating from vertex A, which is unaffected by the merger. They

18



need not have; and indeed cannot have, any other, since face B cannot be
a triangle (hence D and E are distinct vertices).

Case II, No Triancgle, The only axioms which require special

attention in this case are (2b) and (3b). All others are proved

inviolate by the same arguments as in Case I. See Fig. 9.

Y

Axiom (3b). Fach of the four faces affected by the merger has
edge~-count greater than three, hence after the merger Yy and & will
have Jjust one less than before and the merged face, aB, will have
m+n -4, if @ and B had m and n, respectively. No edge-count will
be reduced to less than three, hence no bilangles will be formed by the
merger.

Axiom (2b). This axiom takes a little more discussion, so I left
it to the last. Pirst, note how merging can cause two faces to have more
than one edge in common, It must be that the two merged faces, a and B,
are both neighbors of a third face, ¢, so that a, B, and ¢ form a belt
around the polyhedron, aé defined above. Erasing the line common to
faces @ and B would result in the new face, uB, having two édges in
common with the base face, c.

Examples of three-faced belts are shown in Figs, 10 and 11, where
erasing the edge common to faces o and B will violate axiom (2b)., Note
that in the decahedron of Fig. 11 there exist two belts, aBe and abde »

-9



Fig. 10. Fig. 11.
What we want to be able to say is that even in a polyhedron not free
from belts we can find some édge to erase which will not result in a
violation of axiom (2b).

Consider that a belt divides the remaining elements of a net into
two parts -- call them the ingside and the outside of the belt. If we
disregard the outside, and examine just the belt and its inside, we
can conclude that there must be at least three faces on the inside.
For if'there were only one, it would have to be a triangle, and this
polyhedron contains no triangles. If there were two faces inside; then
one would have to be a triangle (see Fig., 12). Hence there must be at

least three faces inside.

Fig. 12,
Next we should state the obvious fact that no face from the inside‘
can form a belt with a face from the outside of a belt (our polyhedron
is simply connected),

20



If we examine a belt and its inside, we may find that it contains
other belts, and they could involve one or two members of the preseﬁt
belt. For ease of communication, let us call the belt we start with B,
and such an alternate belt contained partly or totally inside B, B'.
(For instance in Fig. 11, a, B, and ¢ can be considered to form the belt
B, and @, 8, and ¢ to form B'.) Picking such a new belt, B', we can
drop the faces which are outside it (there will be at least one to
drop), and then proceed to examine B® and its inside. We note in

‘passing that if belt B had b faces iuside it, belt B' will have at most

b-1 faces inside it. If we continue this process we can be assured of

running out of belits ultimately, since we drop at least one face each
time. The final belt will contain at least three faces inside it, as we
have seen above, and so we can choose any two of them to merge, being
sure that they do not form a belt with any one other face.

This completes the proof of the Splitting Theorem for tri.linear

polyhedra,

Diophantine Relations for Tri.linear Polvhedra.

Theorem 3, Triansles, guadrilaterals, and pentagons cannot

simul taneously be absent from a tri-linear polvhedron,

Proof: Consider the relations below, where fJ. still represents the
number of j-gon faces of a polyhedrons

(1) £y £, % oot £y =F

(2) Iy Uy + el (P~1)fp , = 2B = 6(F-2) .

In equation (2), 2G = 6(F-2) because of Huler's relations for tri-

linear polyhedra. Now if we multiply equation (1) by 6 and subtract



equation (2) from it, we get:

(3) 3f3 *2f) ¥ g - (f7 *2fg tees t (Fﬁ)fp_i) = 12

or, since the fj are all non-negative, we arrive at the inequality:

(%) 3f3 *2f), + f = 12

5
which says that triangles, quadrilaterals, and pentagons camnot simul-
taneously be absent, The case of equality is attained in (4) if there
is no face with more than six sldes., We may also observe that the
well-known inequality (%) holds unrestricﬁedly for convex, not necessarily
tri-linear, polyhedra, and so do some of the consequences wé shall derive
from it.

Now for the special case of F= 6, I should like to investigate the
solution of the above diophantine equations, (1) and (2). If we multiply
the first equation by 5 and subtract the second, for F = 6, we get:

2f, + £), = 6 ,

3

This equation, taken together with

fB*f“‘"&*f5=6

vields f3 = f,59 and so the system has exactly four solutions in none

negative integers.

£s £), £
3 0 3
2 2 2
1 . 1
0 6 0

Only two of these are realizable as convex tri-linear polyhedra, namely

222 and 060 (see Figs. 13 and 14 respectively).

o



/

F\ig@ 1.35 F‘ig- 121-’0

The others canmmot be drawm in such a way as to satisfy the axioms,
This will follow from Theorems I and 5 Which will be stated here and
proved later in this chapter in the section on Kirkman polvhedra.

Theorem 4, In a tri-linear F.hedron containine as base an

(Fwl)=pgonal face, at least two of the remaining faces are triangular,

Theorem 5, In an Fohedron having an (F-1)wzonal face, where F > b

there can be no more than [%T(F‘mi)} trianeular faces (where [X] denotes

the greatest intecer contained in X).

Hach of the three solutions to the diophantine syvstem, 303, 222, and
141, contains an (F-1)~gon base, where F = 6, Hence, invoking Theorems 4
and 5 we have:
=il T
szBmZQ
That is, since a pentagon is present, the number of triangles must be

exactly two. This shows that the solutions 303 and 141 are not realizable

as convex tri-linear polyhedra.

Faces with Limited BEdee.Count,

It may be of interest to study polyhedra of a large number of faces,
none of which has more than, say, M edges. Let us define as the maximum
edge-count of a polyhedron the number of sides of the face with the most

sides, It would be convenlent if we could derive each polyhedron of the



subclass for which the maximum edge-count dogs not exceed a given number
M from the tetrahedron by successive splittings without using inter@ediaﬁe
polyhedra oﬁtside the subclass. It turned out, however, rather surpris-
ingly, that such a derivation is not always possible. The following
theorems, 6 and 7, yield substantial information about the cases M = 5

and M = 6, respectively,

Theorem 6, In a tri-linear polvhedron with F faces and maximum

edge-comt =5 there are two adijacent faces which can be mersed into

one face with no more than 5 sides., This statement is true for F = 11,

but false for F = 12,

Theoren 7. In a tri-linear polvhedron with F faces and maximum

edoe-count =6 there are two adiacent faces which can be mersed into

one face with no more than 6 _sides, This statement is true for F =31,

but false for F = 32,

Let us recall a simple fact discussed above (in connection with
Fig. 5)e If two adjacent faces with m and n sides, respectively, are
merged, the resulting face has m #+ n - 4 sides. Let us also recall the
inequality (4) which goes over into the equation:

= 12

(5) 3y +2fy ¥ f

3 5
when, as in the cases under consideration, the maximum edge-count does
not exceed 6, And let us begin with two examples,‘the first concerned
with the case F = 12 of Theorem 6, the second with the case F = 32 of

Theorem 7,

First example. The regular dodecahedron has 12 pentagonal faces,

If any two adjacent faces of it are merged, a polygon with 5 + 5 - 4 faces,

no
2



that is, a hexagon resulits. Therefore, the polygon with 11 faces from
which our pentagonal dodecahedron is derived by one last splitting mist
have a hexagonal fa¢eg The dodecahedron is a polyhedron of the subclass
with maximum edge-count <= 5 which we cannot derive from the tetrahedron
by successive splittings without going outside this subclass,

Second example, The full page Fig. 15 shows one half of a polye\

hedron with 32 facesi the other half is identical and fits in with the
one half shown by placing the protruding hexagons of one half adjacent
“to the outside pentagons of the other. (A metrically determined reali-
zation of this polyhedron is a *half-regular® or "Archimedean solid,
the "truncated icosahedron.”® Cut off each of the 12 vertices of a
regular icosahedron so that a regular pentagonal face is created at
each of the vertices, and a regular hexagon is made of each of the 20
originally triangular faces of the icosahedron.) Our 32-hedron has high
symnetry? each pentagonal face is so situated in it as any other pentagonal
face, and each hexagonal face as any other hexagonal face, The merger
of two adjacent faces of our 32-hedron ylelds a polygon with
5% 6 =4
or
6+ 6 =4
gides, a heptagon or an octagon, We have here a polyhedron with 32
faces of the subclass hagving maximum edge~count = 6 which we camnot
derive by splitting one face of a 3i-hedron of the same subclass.
Our examples prove the "negative half" of Theorems 6 and 7. We
start proving the positive half with a simple remark: merging a face

of n sides with an adjacent quadrilateral or triangle cannot increase

A



is = &5 and F= 11. Any polvhedron of the subclass S with more than

L faces can be derived from a polvhedron of the same subclass by

splitting one face,

Theorem 9., A convex tri-.linear polvhedron with F faces is said

to belong to the subelass T if, and only if, its maximum edge-count

is = 6 and F =31, Anv polvhedron of the subclass T with more than

4 faces can be derived from a polvhedron of the same subclass by

splitting one face.

Thus, each polyvhedron of the subclass S can be comnected with the
tetrahedron by a chain of polyhedra belonging to the same subclass which
are derived from each other by successive splittings (of Type III, of
course) and the same holds for the subclass T,

One can prove Theorems 8 and 9 by combining the ideas of the
proofs for Theorems 2, 6, and 7. I omit the details whose full presen-
tation seems to be unavoidably long and fussy. Theorem 9 is essential
to the appreciation of some of the work that will be presented in

Chapter IV.

Kirkman Polvhedra, Dissection of a Polvegon into Triangles,

We consider the so-called Kirkman polyhedra -« tri-linear polyhedra
with at least one face of F-1 edges, where F is the number of faces in
the polyhedron, In ény Kirkman polyhedron, we chéose a face of F-1
sides as the base; all other faces of the polyhedron are adjacent to

the base. We draw a net of the polyhedron (representation 1), on the

e co Ty $hd e Mmar Fha travdkd mac meatr SwatAdoant vt bl Tl oa e ccen avsed Ple oo erd e e e



adjacent to, nor identical with, the base. I say that G is a tree, a
connected graph containing no loop (no cycle). |

Lét e and v denote the number of edges and vertices belonging to G,
respectively. Recailing that E and V are the number of edges and vertices

in the eﬁtire polyhedron, we have:?

fl

e=F - 2(Fr-1),

3(F-2) - 2(F-1)
F-l.

i

The number of vertices that do not belong to the base is:

v=V . (F1)

i

2(F-2) - (F-1)

Fu3e
Thus ¢
| v=et1,
It is well known that in a tree the number of vertices eiceeds by
one the number of edges. An inductive proof of this fact runs so
The simplest tree consists of a single node, has no edge, and so the

fact asserted is obvious for a tree with only one node. Then, given

that the relation is true for a tree of K nodes, adding another node
cannotrdestroy the relation because the new node must be connected to
just one of the existing nodes by just one edge (otherwise a loop would
be formed). Thus the relation holds for the K+1 node treé.

Since G contains no loop, as we have observed above, G is ﬁhe
union of a certain number t of distinet trees, and so:

v= e+ t.

Comparing with the above, we see that t = 1, Hence, G is a single

tree; G is connected,
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Let us digress for a moment and prove Theorems 4 and 5, stated above,

Theorem 4, In a tri-linear F-hedron containing as base an (F=1)-

gonal face, at least two of the remaining faces are triangular.

Proof: We have seen that the graph, G, is a tree, a connectéd
graph that contains no cycles. It is enough to consider F > 4, Then
the tree has at least two extremities, X and ¥, Since we are dealingl
exclusively with tri-linear polyhedra, X must be connected to two
successive vertices in the base by two edges, forming a triangular face.
. Similarly, Y must form a triangular face with two vertices in the base

face. : : Q. E. D,

Theorem 5. In an F-hedron having an (F-1)-gonal face, where F > 4,

there can be no more than E%(Fulﬂ trianpular faces, where (X] denotes

the greatest integer contained in X,

Prooft By the lemma which says that the tetrahedron is the only
tri-linear polyhedron containing adjacent triangles, the base (F-1)-gon
can adjoin triangles only at every other edge, at most, Q. E.De

Brickner characterized the Kirkman polyhedra as having no "Deckflache™

or crown faces. The "shape" of the tree G, i.e., the pattern of left tums
and right turns one makes in traversing the tree, uniquely describes the
polyhedron, since there is only one way to connect the tree to the base
faces, A vertex of G‘which is incident with only one edge belonging to
the tree is comnected to two adjacent vertices in the basé face by two
edges, thereby forming a triangular face, A vertex incident with two
edges belonging to the tree is connected to a vertex in the base face by
one edge, 50 placed that all the angles around the crown vertex are less

than‘180 degrees,. A vertex incident with three edges belonging to the



tree has no edges leading to the base face, since all vertices are tri-
hedral,

Simply enclosing a tree in a circle is sufficient to permit drawing
the entire net of its polyhedron. Take for instance the tree and.

corresponding polyhedron shown in Fig, 16,

Fig, 16,

As we have seen above, there are v = F=3 vertices and e = F.lt edges .
in the tree G, Thus, there are five vertices and four edges in the tree
of the octahedron of Fig. 16.

Note the combinatorial nature of the structure of a tree, Once a
first edge is drawn, one has the cholce of "turning left or right” at
each succeeding vertex. Weeding out the isomorphisms and including
vertices of order three in the tree complicate the enumeration of
possible cases, Yet; as observed by Kirkman, the number of such non-
isomorphic trees is exactly equal to the number of ways the base polygon
can be dissected into triangles, assuming all the edges and angles of
the base are equal and indistinguishable. More precisely, the Kirkman
polyhedron problem is essentially the dual of the polygon dissection

problem, in the sense that faces and vertices are interchanged. (For



an exposition on duality, see [8] page 53, exercises 3 and 4, and their
solutions.,) In Fig, 17 for example, drawing the lines connecting the
centroids of the triangles in the hexagon at left we get a tree which

corresponds to the polyhedron shown at right.,
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1, y

Mg, 17.
Dn’ the total number of triangular dissections of an n-gon, ad-
mitting isomorphic dissections, was known to Euler. See [8] page 102,
exercises 7, 8, and 9. Defining D2 = 1, we have for n = 3,

D =1D.D

n 2 n-1 +D

Dnu2 * oboo T DnmiDZ

3
2 610 in 10

I e com  shwoine

T2h L 5 et pnog

(2n.l)$
(n=2)(n-1)¢

H

fnely 1
( n_2) Nel °

To show the connection between these numbers,_Dn9 and the number of
(n*1)<hedra having an n-gon base, suppose the latter is called K(n+1)
in honor of Kirkman, We will refer just to K when the number of faces,
F = n+l, is understood. Each of the K types has a symmetry group of
order Si’ i=1, 2, 3; coeo Ko The base in itself admits a group of
order 2n, the so-called dihedral group. Then, since edges of the base

%0



are considered indistinguishable, we have:

po=Ela 40
n 81 52 SK
or
Dn
k!
1
2n Z 3
i=1 %1
or
K=, |k >
2n K 1 2n
N
=11

because the factor in parentheses, which is dropped to form the last
inequality, is the hammonic mean of the S;, all of which are = 1, and
not all of which are equal to 1.

Recalling that n = F-1, and defining L(n) as Dn/2n, we have the
following table. The numbers for F = 12 are Bruckner's unverified

results., Note that he certainly erred for F = 16, since his K(16)< L(16).

See [2]. )

Fls 56 7 8 9 10 11 12 13 14 15 16
111 .1 1 5 1 5 . 6k

Liz i 5 1z 3 8 =23 75 221 699 2261 7h29 247633

Kl1 11 3 & 12 27 8 228 731 282 7531 (20312)

The foregoing discussion was more intuitive than exhaustive (for
more details see [h] paées 50=55, !}ﬂ , and @6])-50 an example is
particularly desirable, Consider F = 7, (n= 6). The three types of
dissection for the hexagonal base and the operations which map these

figures onto themselves are shown in Fig., 18,
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Fig. 18.

Here M designates mirror image, or reflection in the vertical axis,
Rj means clockwise rotation through j degrees, and I means identity.

Hence the orders of these subgroups are 8y = 6, 5, = 2, and 83 = 2,
, % 1

B, = 2n s

6 s Sy

12(1/6 + 1/2 + 1/2)

i

14,

These 14 ways of dissecting the hexagon (2 from type I and 6 each from

types II and III) are shown in Fig. 19,



II

IIT

Fig, 19,

Explicit Formulae,

The Reverend Thomas P, Kirkman wrote many papers in the publica-
tions of the Philosophical Societies of Manchester and Liverpool, and
the Royal Society of London, mostly in the 1850's, on the subject of
polyhedra, especially on the "Kirkman polyhedra® discussed in the fore-
going section. Kirkman developed a system of rather involved recursion
formulas involving fj (as defined above), There is, however, a particular
case in which the fofmula becomes explicit and raﬁher simple. The number

of non-isomorphic polyhedra for which F =6, fF 1 = 1, and f3 = 2 is?

P8 | E=6
.

22 o241 (F even)
E-7 , E=7
2 2 (2 2 4 1) (F odd),

See h?].
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Inumeration.

Professor Oswald Hermes and Dr. J, Max Brickner both worked on the
extensive enumeration of various subclasses of convex polyhedra, Their

work 1eapffrogged, each having occasion to correct the other’s results.

Bruckner's work culminated in a book, Vielecke und Vielflache, published
in 1900, [1]. Subsequently he published papers adding to his result#;
Iﬂ particular, at the Congresso Internazionale dei Matematici in Bologna
in 1928 he reported certain results, saying in a footnote that the
supporting manmiscripts would be left to "some German university library.®
After some amount of correspondence, I finally located them at the Uni-
versity of Heidelberg in eighteen large volumes.1

The procedure used by both Hermes and Bruckner was to cut off
vertices, edges, or even pairs of intersecting edges from polyhedra of
F faces to make polyhedra of F+1 faces, Many years of work went into the
tabulation of polyhedra by these tﬁo men., The most recent results show ‘
the following total numbers of non-isomorphic polyhedra of various sub-
classes (Table 1) The notation is as follows. G stands for Gattung, or
tribe, and P stands for polyhedra. The subscript shows the total number
of faces, and the superscript shows the number of faces not contiguous
with the base face. Since the base face is always chosen so that it has
at least as many edges as any other face, Ggl = 30 means that there are
thirty tribes of 11~hedfa having at least one 10-gonal face. Generally,

PF and GF

refer to the set of all non-isomorphic convex polyhedra with F faces,

1In the Handschriftenabteilung der Universitatsbibliothek Heidelberg,
under the label "Heid. Hs, 964 bis 981.°%
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PF giving their number, and GF the number of their tribes, whereas

e
F

P

and

refer only to the subset of those that have a base of F-l-c sides.

0

Gy, = 30 B, = 82
Gy, = 51 Py, = 281
63, = 62 Py, = 508
Glii = 14 P;Li = Ll
Gy = 199 P, = 1250
6y, = 0 sz = 228

L= 9t Pr, = 991
¢, = 120 Py, = 2264
G?z = 107 Piz = 2826
Giz = 61 Py, = 1232
Gy, = 1 P, = 7
Giz = 1 P?z = 1
G, = Uik P, = 7616

TABLE 1
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BRUCKNER'S NUMBERS FOR POLYHEDRA WITH MORE THAN TEN FACES

0

5, 88 ?d, 731
GiB = 154 Pi3 = 3452
G?B = 223 PiB = 901
GiB = 224 sz = 16234
GiB = 165 | PiB = 15218
G?B = 7% Pg3 = 1302
6, = 16 o, = 15
Gyy = 96 Piy = b9b53
6, = 1% Py, = 2282
6y, = 253 PL, = 1217
&, = 39 Py, = 370%
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CHAPTER IIT

COMPUTATION



General Comments.

I have written a computer program in the "Extended Algol" langﬁage
for the Burroughs B5000 computer [?U]Q The program starts with the
tetrahedron, and performs all possible partitions of faces to form .
pentahedra, saving only those which are not equisurrounded to one saved
previously; see the definition of "equisurrounded® in Chapter I. Then
it uses the pentahedra as inputs, partitioning theilr faces to form
hexahedra, then the hexshedra to form heptahedra, and so on. The
original program was written to accommodate 1li-hedra. Then when Brickner's
1928 paper EZ} came to light, I modified the program enough to accommedate
larger numbers of faces but of limited edge-count, Hence we have a
complete enumeration of convex trie~linear polyhedra of up to 11 faces,
and a partial enumeration (maximum edge-count = 6) for F= 12, 13, 14,

and 15,

Representation.

In partitioning a face of one of the input polyhedra, the represen-
tation of the polyhedron is the one labellad la in Chapter I, namely a
list of the neighboring faces of each face, in cyclic order, by name,
For comparing two polyhedra, however, 4b is used =- a list of the neigh-
bors by edge-count rather than by name. To make such a description
unique, it was neceséary~ta agree on a canonical form for the latter
representation. In my program I permuted the nelghbors, retaining the
cyclic order, until the resulting word was numerically minimized. Then
these words, one for each face, were sorted to make one-to-one matching

less laborious a process., Two examples are shown in Fig, 20,
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Fig. 20,

Splitting,

Once it is determined which face is to be partitioned, and between
which neighboré of that face the partition line is to run, the details
of forming the resulting polyhedron simply amount to a great deal of
bookkeeping. The procedure by which we assure that all possible parti-
tions are made will be describsd here. We do the following for each
face of each input polyhedron. Assume that the edges (and hence the
neighbors) of the face being partitioned are numbered from 1 to N,
counterclockwise, as in Fig, 21, We run a partition line from each edge
to the next higher numbered edge, including the "wraparound" case from

edge N to edge 1, This is referred to aslcutting off one vertex.

Fig. 21.
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Next we run a partition line from each edge to the second higher numbered
edge -~ e.g. from 1 to 3, 2 to &, etc., N to 2. This is referred to as
cutting off two vertices., For example, in Fig. 22 the partition line

runs from edge 4 to edge 1. We continue this process of cutting off

Fig. 22,

V vertices, where V ranges from 1 up to [N/z}, the greatest integer con-
tained in N/2, The reason we do not have to go higher is that, because
of symmetry, higher values of V simply duplicate partitions that have
already been made. For instance, in Fig, 23 the case of V = 3 gives

the same partition as the previous one shown above,

Fig, 23.

The recognition of one other form of symmetry seemed worthwhile
in the program., That is, in a face having an even number of edges, N,
the partition lines for V = N/2 need begin only at edges numbered from

1 through N/2,

o



Comparison.

The procedure by which the polyhedra created by. the splitting -
process are checked for equivalence will now be described. First,
the tribe number for the newly created polyhedron is formed by counting
triangles, quadrilaterals, etc, The tribe is checked against the tfibe
numbers of each of the polyhedra already formed. If the new one is not
found in storage, then no further checking is necessary -~ the new one is
added to the collection.

If, on the other hand, the new tribe number matches one or more of»
those in storage, then members of this matching subset of polyhedra are
singled out for detailed comparison with the new polyhedron. The detailed
compardson entails looking for an exact one-to-one matching of the sets
of face ™words” of the two pélyhedra being compared, That is, they are
checked to see if they are equisurrounded, as defined above in Chapter I.
At any point in the comparison, if a face word of a polyhedron A is
unequal to a face word of polyhedron B, then a new polyhedron from storage
is brought out for comparison. Similarly, cdmparison checking for a new
polyhedron can be terminated immediately upon finding a polyhedron in
storage with which the new one is equisurrounded, If, however, no such
polyhedron is found, then the new one has to be "turned inside out” by
reversing the cyclic order of the neighbors of each face, and checking it
against the sef of p&lyhedra of the same tribe again. If it survives
this test without being rejected as equisurrounded with one in storage,
then it is added to the collection. Then the program returmns to make
another partition.

Thus, in fact, my computer program regards polyhedra as equivalent

if, and only if, they are equisurrounded,

Lo
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Resul ts.

Using the above program on the Stanford.University Burroughs BECOO.
computer, consisting of a 16,384 word core memory, two drums, four tape
drives, two card reaaers, two printers, and a card punch, I created all
the tri-linear convex polyhedra of up to eleven faces. This took about
twelve hours of computer time. In comparing my results with those
published by Brickner [1] enumerated by another method, I found that we
agreed, one-for-one, up to the 10-hedra, which is as far as he went at
that time. In his 1928 paper [2] he claims to have found 1250 or 1251
1i-hedra, these two figures appearing in two different places in the
paper., My results showed only 1249 ll-hedra, but have not been compared
in detail with Bruckner®s since the supporting manuscripts upon which his
paper was based are in Heidelberg. I hope to have the proper pages of
the manuscripts duplicated and sent to me, if practicable,

I should like to point out the evidence which gives credence to my
results, Brickner and Hemmes disagreed quite a bit on their enumeration
of polyhedra before the turn of the century., Hermes even found an
omission in Brickner's list of 10-hedra, fortunately in time to include
the correction in the publication [1]0

Another example of a difference with Briickner's results is in the
number of 12-hedra with hexagonal base. He claims 74 as against my 76,
and there is a provable 6mission on his part in this case, even without
reference to his manuscripts. The number of tribes of this: class of
polyhedra is 14 according to Brickner, whereas I have found 15. It is
sufficient proof of thelr existence to draw a representative for each

tribe, as I have done in Fig. 24,

L3
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6303
Fig. 24, Fifteen tribes of 12-hedra with maximum edge-count = 6.
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In the section above called, "Kirkman polyhedra. Dissection of a
Polygon into Triangles,” we proved another error in Bruclner®s resulté,
analytically rather than espirically,

Regarding the difference in the number of 1l-hedra, the net
difference of 1 between Bruckner’s 1250 and my 1249 polyhedra is a
composite of twe errors in certaln subsets, For the number of 11-hedra
with an octagonal bhase face {two Taces in the polyhedron not contiguous

with the base face) Drickner had 508 and I had 509. On the other hand,

Brickner had 335 with a heptagonal base, wheveas I had 333, These errors
are in oppegite dirsctions, making a net discrepancy of 1.

As will be explained in Chapter iva Testing Isomorphism, the

criterion of eguisurroundedness is a necessary but not sufficient condi-

vhedra, I I had consistently found fewer

tion for iscomorphism of two poly
polyhedra than Bruckner then T would suspect that I had discarded some
equisurrounded polyhedra which were, in fact, non-isomorphic., But the

s s - f

fact is that, except in the last ol

7

el case of the preceding paragraph,

by

I consistently found wore polyhedra than Brickner.

For purposes of comparison with the hand-work of Brickner and

Hormes, I shall itewize my spec restlbs dn Table 2 and repeat theirs,

where they differ Crom mine.

Recall that G stands for Galtung, or teibe, and P for polyhedra.

The subscript shows the total noeber of faces, and the superscript shows

the number of faces not contiguous with the bsse face. My results are

shown, followed by t in parenthesges whers his differ from mine.



TABLE 2

SOME OF MY RESULTS COMPARED WITH THOSE OF BRUCKNER

= 30

i

51

i

62

= 24,2

14

= 199

15

fl

16

i

18

i

17

(14)

Py
Py
Pl
Py
Pizz

P11

P
*%s
P613
P

8
Pis

48

i}

H

82

281

509 (508)

333 (335)

Ll
1249 (1250)

76 (74)

1 (reg.. dodecahedron)

115

184 (178)

267 (266)



CHAPTER IV

TESTING ISOMORPHISM



The results of this work were obtained using "equisurroundedness"
as the criterion for the equivalence of polyhedra. In the course of the
work it turned out, however, that the following is true:

Theorem 10. Fgulisurroundedness is a necessary but not a sufficient

condition for isomorphism,

The necessity is obvious, and the insufficiency is demonstrated by
a counter-example. In a polyhedron having a large number of faces it is
possible to isolate a symmetrical subset of faces in such a way that a
~perturbation can be made which does not alter the "surroundings" of the
individual faces. The best example derived heretofore from this general

idea is represented by Fig. 25, Each of the two polyhedra R and 5 has

Polyhedron R Polyhedron S

Fige 25
eighteen faces deployed as follows: there are foﬁr hexagons forming a
belt around the "equator™ and two "polar caps” which look like the net
of Fig, 26, In polyhedron 5, the orientation of the two pélar caps is
"oarallel,” but in polyhedron R, one is rotated through 90 degrees with

respect to the other, about the pole.

18
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Figo 260

The present computer work includes only polyhedra of less than
eighteen faces, yet we have no assurance that the criterion of equi-
surroundedness is sufficient for isomorphism even for such polyhedra, A
counter~example of fewer faces could possibly be found., The experimental
evidence makes this seem unlikely since I found more of the higher
polyhedra than Bruckner in some cases, and never less, However, unless
an analytical proof were found, a complete test for isomorphism would
be necessary even for those polyhedra already generated, and certainly
for those with more faces, Such a test is considerably more time-
consuming than the test for equisurroundednes§ since face labels can be
interchanged in so many ways, in general. However, it is not quite as
bad as it might seeam, since only like faces need be interchanged. That
is, we can make tests for necessary conditions, thereby making it possible
to reject the hypothesis of isomorphism early, and proceed to the detailed
exhaustive isomorphiém test only in a relatively gmall number of cases.

If two polyhedra, R and S, are isomorphic, their faces must matph
with respect to certain properties. For instanée, if face Ri is to
correspond to face 81, then they must not only have the same number of
edges, but also must adjoin like polygons —- l.e. be equisurrounded as

faces, Therefore it is not necessary to fofm all possible permutations

kg



of the labels of the faces, but only permutations of like faces. The
number of permutations becomes very much smaller in a hurry. For
example, 18! might become 2803438,

We want to devise a 1list of necessary conditions for faces which
will lead us to a conclusion of non-isomorphism quickly, leaving very few
polyhedra to be checked completely. First, the tribes of the two poly-
hedra must of course be the same, Secondly, they must be equisurrounded.
Thirdly, a face pailr, one from each of the polyhedra beilng compared,
must have equisurrounded neighbors also. A decision to be made here is
whether to use the separate edge-counts of each of these neighbors®
nelighbors, or just the total of same.

Suppose we have such a list of necessary conditions for two poly-
hedra, A and B, This classifies the faces of A and B into subsets having
like properties. Assume that the correspondence, by properties, is as

shouwnn in the following property 1istt

Polyhedron A Property Polyvhedron B
(1,2) 1 (3,5)
(4,6,7) 2 (1,2,4,7)
(3) 3 (6)
(5,8) L (8)

We can conclude immediately that the two polyhedrav are non-isomorphic
since the numbers of faces in the above subsets do not correspond.
However, if such a list does have equal numbers of faces in the corres-
ponding subsets, we would have to test further in a manmner like this:
Choose a small subset and assume a correspondence between one face of
A and one face of B, For example, under property 1 abéve, assume face

Ai maps into face B This changes the property list. Then further

e
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extensions of the face properties (e.g. neighbors' neighbors) being
evaluéted are made, thereby refining the property list still further,
This leads either to a contradiction, proof of isomorphism, or no
further refinement, In the case of a contradiction, non-isomorphism is
proved. Proof of isomorphism comes when the property list containg only
subsets of one element each., In the last case, when there is no further
refinement, we make a further assumption of correspondence and repeat.
Note that, regardless of whether two polyhedra are equisurrounded
in their original form, or when one is turned inside out, the labels
on the faces might not correspond unless one is turned inside out.
For example, without relabeling the faces we ought to be able to deter-
mine that the two tetrahedra of Fig. 27 are isomorphic, In both tetra-

hedra, the base face is face #1,

Fig. 27.

Now let us consider'the eighteen~faced counter-example of Fig. 25,
above, showing two polyhedra, R and S, which are equisurrounded but not
isomorphic. Suppose we label the South Pole caps the same for the two
polyhedra, as shown in Fig. 28, The numbers outside the cap are the

labels of the adjoining faces -~ the four hexagons around the equatdr.

0!
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Fig, 28, Common South Pole.

For the North Pole caps, suppose we label the faces as shown in Fig. 29

for polyhedron R and polyhedron S. For this arrangement, the neighbors’

edge-counts, listed under “Surroundings,” and the nelghbors® labels

are shown in Table 3,

Fig. 29, North Poles.



TABLE 3

COMPUTER REPRESENTATION OF TWO SPECIAL 18-HEDRA

Pace “Surroundings R S
1 666 5 7 8 5 7 8°
2 666 5 9 10 5 9 10
3 666 6 11 12 6 11 12
i 666 6 13 14 6 13 14
5 366366 1 8 9 2 10 7 1 8 9 2 10 7
6 " 3 12 13 4 14 11 3 12 13 4 14 11
v 366666 1 5 10 15 18 8 1 5 10 16 15 8
8 " 1 7 18 17 9 1 7 15 18 9 5
9 " 2 5 8 17/ 16 10 2 5 8 18 17 10
10 " 2 9 16 15 7 5 2 9 17 16 7 5
11 " 3 6 14 18 15 12 3 6 14 18 15 12
12 " 3 11 15 16 13 6 3 11 15 16 13 6
13 " L6 12 16 17 1k L6 12 16 17 14
14 " L 13 17 18 11 6 L o13 17 18 11 6
15 666666 7 10 16 12 11 18 7 16 12 11 18 8
16 " 9 17 13 12 15 10 7 10 17 13 12 15
17 " 8 18 14 13 16 9 9 18 14 13 16 10
18 " 7 15 11 14 17 8 8 15 11 14 17 9

For complete isomorphism testing, we need to permute the labels on
one of the polyhedra and see if the result is identical with the other,
Those with the same "surroundings" in the table are the ones which need
to be permuted., Thus, we have to permute the labels on the faces within
the subsets: (1,2,3,4);5 (5,6)5 (7:8,00013,14); and (15,16,17,18). There
are 24.2,40320,24 ways to do this -~ about 45 million, Even for smaller
polyhedra, e.g. nine faces, the heptagonal prism requires 7!2J = 10,080

permutations. Because of the symmetry, the cardinality of the subsets

53



is not reduced by most of the extensions of properties described above.
To be feasible, perhaps such a complete isomorphism test must wait

for the next generation of computers,
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Fxplanation of Appeadix,

The appendix consists of two parts -- the.listing of the computer
program in Burroughs B5000 Extended Algol, followed by the enumeration
of polyhedra produced by the computer. Because of the large volume of
output it was necessary to code thé 1list of polyhedra rather cryptically.
A word of explanation is in order. Maximum edge-count is abbreviated MEC.

Each line of print in the list represents one polyhedron. The line
bears the identification number (they are numbered serially) of the
polyhedron, followed by one coded word for each face of the polyhedron,
in order, begiming with face #1., Hach word consists of n digits, where
n is the number of sides of that face, The digits identify the adjoining.
faces in clockwise order. For polyhedra having more than 9 faces; the
character "A" stands for 10, B for 11, etc. An example will help
clarify the coding. Take polyhedron #1 from the list of 1l-hedra on

page 86, A clearer listing of its 11 faces is shown in Table 4,

TABLE 4

FIRST 11.HEDRON.

Face Number Identification of Neighbors
Number of Sides in Clockwise Order
1 8 4 3869 10 11 2
2 8 1096534111
3 5 L2581
Ly 3 312
5 5 78326
6 6 752918
4 3 856
8 5 76135
9 b 10162
10 Iy 92111
11 3 10 2 1
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COMPUTER PROGRAM



STANFURD 85000 ALGOL == 7/23/64 VERSION 210764
BEGIN CUMMENT De we GRACE BIN 141%

EXTo 4425, POLYREDRON PARTITIUNING PROBLEM
THINGS TU REMEMHER TO CHANGE REFQRE RUNNING

THE DATA CARD CCNTAINING F» PMAX, Lo MS» AND ML,

THE GMAX ASSIGNMENT STATEMENT == THL FIRST EXECUTED SrAYEMENT. ;

LABEL Bls 322 B3» BAs B5s H6s B7, 882 B9» 810, FINALEND» GENESIS. ILONP,
MSMT, MLMT», MSZEROs MLLERQs POK, RESEART, REAUALL, STARIG

SWITCH SW6 ¢ B1», H?, B3, HB4s RSe H6, B7» B3, B9» B10}

BOOLEAN BUNLIU, BUOLSZ :

INTEGER Al, A2, A3, A4, ASs, Ags AT» A8, A9» A10s ALF» BAD, BAMs CNTL»
DELs, UIMy Fpr FREQs Gy GMAX, [s Js JUEs Ky LIXDs LIXMs MCHs MLs M§»
Ny PATUS, PATUT, PMAX, PRMINDEX, WINULX, S» SAM, SIXU» SIXMs T»
T1s TUICOQUNTS Us Ve VMs VYMAXe Wwp Xs Yo 2}

SEAL ARRAY CUUNTLO110), ODLLSAVE[OQt11])» DLLIA[0811];FRFQL[0i1 017001:
FREWSLO0310223s MATCHIO!2001» PLO¥LUL» PRMLCO39], QLO2111,
QLLO01225,0810),057008125,0:100,QL.000814, 0810132,0S000812, 011031313

SAVE ARRAY INQLOUI11)s PATLOt1ys 08161, QAI[Os311s 08810}

ALPHA ARKAY CHAR[{0311517;

PILE LP(2,15)» PHIL 2(1515sSAVE 099)s GWLOFIL 2(1,15»8AVE 099)»

QSUFIL 2C1» 155 SAVE 099);

FORMAT FMTU("FACE J =",13,"NUT FOUND AS NABUR IN FACE WORD ”»ZAb)}

FORMAT FMT2("™IRIBL ", 11ALl)3

FORMAT FMI4 ("START TU MAKE ®,13,"~HEORA FROM ",135"=HEORA")}

FORMAT FMTO(X12, 11, X16s 122 X11s [2s X6s 10(AL1», ™=", Als X2) ) }

FORMAT FMTQO(X5s "ELAFSEN EXECYUTION TIME 15" F8,.,2s ™ MINUTES. RESTARY pPA

RAMETER L TS NOW™, T4, "a")j -

FORMAT FMT10CXSs "L PULY NO, FOLLUWED BY ITS QLD™»I14,X2, 11CA60X1))3 .

FORMAT FMT11(XS, "S POLY NO, FOLLOWED BY I1S QS0e%salleX2s 11CA62X1) )3

FORMAT FMT12(XSs "PERMUTE RIGHT NUMBER UF SIDES FACE CLUCKWISE

NETGHBORS ¢IDs NUWLI=(NO. UF SIDES) NUTES #=10, @8=11,")}

FURMAT FMTL13CXS, "POLY", L4, o FACE"s [2, ™ WITH vV =%, 12, " AND § =",

13, ™, RESTART PARAMETERS F, PMAX, Ts MSs AND ML ARE“»I3pIQ»Ia»IS;IS)}

FORMAT FMT15C/"EXECUTION TIME EXCLUSIVE UF COMPILATION WAS ",F9,2,

" MINUTES,.")3
FORMAT FMTLI6C™RESTART USING FARAMETERS F ="s13,% PMAX s%,[4, " [ =w,
T4, ™ MS =%, [Ss " AND MU =", [5)}

FORMAT FMT17("PFIL MESSED UP. I =", I4, " NOT EQUAL TU PLO) 3",[4)}

s FORMAT FMT91CIS, At15953A1))

FORMAT FMT92(X99» 135 ld4s I4s 15, 1S5)}

PROCEDURE PARTITIUN 3

BEGIN

LABEL EHK1» ENDPART, ENDY, END10Qs ENDIls BIGT, STNEXTS

T ¢ V4S J CUMMENT T = SUBSCRIPT OF TEKMINAL NABOR BUT NOT MOV N, 3
COMMENT S = SURSCHIPT QF STARTING NABORK. AND V = NO, VERTS CUT OFF .}
FOR Y « 1 STEP { UNTIL F poO

BEGIN JOE ¢ PATCY»01;

TFOR 2 ¢ Q0 STEP 1 UNTIL JUOE UG uaT(Yed) € PAT(YrZ13

ENOS COMMENT NOw MAKE CURRECTIUNS TUO QAT CAUSED BY PARTITION, 3
QATLG»0) € V + 23 COMMENTY NEW FACE HAS V + 2 EDGES. }

WATLkstl) € JJ

FUR £ « 0 STEP 1 UNTIL V DO QAT[Gs»Z+2) ¢ PATIJsZ + S

BAM & y = 23}

JUE ¢ QAT {J» O) ¢ N = BAMS .

2 & © & @ ®» & & e & 3 T O S @ S O 3 I3 6 & I B O & B 6 @ 5 e I S 6 & @ @ & 2 e O O e 6 & @ e ® & e o @



COMMENT  CUT FACE HAS N=V42 EDGES,

IF N <« 1 THEN GO TQ BloT; ‘

WAT Ldr S + 1) ¢ G COMMENT THE FIRST § NABURS ARE UNCHANGED,.?

FUR £ &« 5 4+ 2 STEP { UNTIL JOE DU QAT [da 21 ¢ PAT [Js BAM + 213

GO Tu STNEXTS .

COMMENT GO AHEAD ANU ADJUST NABORS S AND T NEXT, ;

BluTs CUMMENT BIGT: }

QAT tJs 1) € G}

HAM ¢ (T MOD N) = 23

FOR £ ¢ 2 STEP 1 UNTIL JOE 00 QAT (Js £) & PAT [Jr BAM + 2]}

COMMENT NEwW FACE, G» REPLACED ALL MABURS OF CUT FACE ENTRE S AND T,

STNEXT: CUMMENT ‘ STREXT: 3 .

PATJUS & PAT [Jr S13 »

CUMMENT  PATJS = NABOR,NUMBER S OF FACE J, 3

JUE « Pal [PATJS, 013 ’

WAT (PATJS, U & JOE + 1}

FOR £ &« 1 STEP 1 UNTIL JOE 0O IFf QAT [PATJS, Z) = J THEN

BEGIN FOUR YeJUE STEP =1 UNTIL £ DU QATIPATUS,»Y+1JeQAT(PATUS,Y ]S
GU TU ENDLLS ‘

* 6 & & & & e ® ® 3 2 & * e © 2 e »

END S

END113 COMMENT ENDLL S

WAT LPATJS, 4] ¢ G3

COMMENT  WATLPATJS,Q) = CIMENSION OF NABOR S, NOTICE THATY

T MAY BE BIGGER THAN N BECAUSE OQF THE WRAP=ARQUND FEATURE. }

PATJl « PAT L[Js TJ; CUMMENT FATYT = NABQR NUMBER T OF FACE J. ]

JUE ¢ PAT [PATJUT, 013 COMMENT OIMENSIUN OF NABQOR T. H
QAT LPATJYs Q) ¢ JOE + 13
FUR £ « 1 STEP 1 UNTIL JUE 00 IF QAT [PATYT, 2) = J THEN
BEGIN FOR Y ¢ JUE = 1 STEP = 1 UNTIL 2 D0 QAT - [PATJT, Y + 2] ¢
QATLPATJYT, ¥ + 113
GU TU ENDL1OS
ENUG
ENDIUS CUMMENT ENDLOS
QAT LPATJT, £ 4+ 1] ¢ G cOMMENT EODGE/COUNT OF NEIGHBUR T. 3
FUR 4 ¢ 2 STEP 1 UNTIL V DO
BEGIN U « PAT [Js S + Z = 11}
CUMMENT U = ID (F NadQR KO. S+Z=1 UF FACE J, 3
CUMMENT THAT Tue WE pD THIS FOR NABOR NOs S*i1r S+25e00T™1, J
FUuk ¥ & 1 STEF 1 UNTIL QAT ([us 01 DU IF QAT [Us YI = J THEN
BEGIW QAT LUsr YY) € G35 GO TO ENDBF ENDJ
HAU ¢ QAT [U, Y13 '
ENRLS WRITE (LPs FMT1s J» BAD . [4 1 201, BAD . [24 ¥ 2413

ENUG S END CCUMENT EnNDas 3
LNDPARTS ENOS CAMMENT END OF PROCEDURE PARTITION, ENOPART E)
FROCEDURE ISUCHECNKS
BEGIN v

LABEL CANUN, &35 El4s £S5 F£62 E7» E8, EYs E10,ENDISO,ENDS, FILLGSD,
L3sr Lds LS» L6 L7» LB, L9» L10» MAAEPRM, PICKPRM» STARTPHM,SURTS
SWITUH SW2 ¢ L3, Las Ls, 60 L7, L8, L9 L1103
SWITCH SW7 ¢ E3, b4, ES, F£és E7s EBs £Y5 E10)
FORMAT FMT14 (*TCTCUUNT ERROR«M™2 [2s X5 15 (12, %X1))3
BUOOULLIU ¢ FALSES
TLIXD € (ML+1) DIV 993
LIXM & ((ML+1) MCD 92) x (13
SIXyY ¢ (MS+1) DIV 625
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SIXM ¢ ((MS+1)

MOV 92) x 113

FOR £ ¢ 3 STEP 1 UNTIL F DO COUNT [2) ¢ 03
FOR £ « 1 STEP

BEGInN

CUUNT

END

0

IM ¢

QAT

TOTCUUNT & 03

FOR 4 &« 3 STEP § UNTIL F DO TUTCOUNT «

1F TUTCUUNT
WRITE (LP»

CANQON ¢

COMY

UNT
{2,

IL 6 D0 CUMMENT

013

= G THEN GO 10 CANO

FMT14
ENT

CNTL &« CUUNTLF

COMMEN

T

NC

W OWE

s TO

+ CO
FORM

CCOUNTS AND PLCK THE

STARIPRME

FOR £ ¢ 1 STEP {
BEGIN DIM ¢ WAT [Z, 013
" OPRMINDEX ¢ DIM =
BOULTIO THEN GO

[t

ALO € QAT

AY
Ad
A7
AG
AD
Al
Ad
A2
Al
[¢38]
£10
[
[ R
Er
E6t
£5
E4e
£33

R L T S N N

4

WAT
QAT
WAT
GAT
QAT
WAT
QAT
QAT
QAT

QAT
LQAT
LGAT
[QAT
{WAT
LOAT
[QAT
{QAT
[QAT

CUMMENT
UNTIL G N0 CUMMENT

{2
2
[2»
(2
LZs
LZ»
[ Zs
(s
[Z»

TU MAKLPRM}

H

A10
A9 ¢
Al
A7
A
AS
A4
A3 «

+ & & 2+ &

A2 + WAT

Al

DELSAVE (<)

¢

QAT

CUMMENT
MAKEPHRM
Gu TU SW2 (DM =

Liv

COm

+ QA
WAT
QAT
UAT
QAT
QAT
WAT
WAT
LWAT
[JGAT

Fora
[WAT
[QAT
[QAT
[QAT
[WAT
[QaT
[WAT

{Z»

(Z»

CUMMENT

MENT

P4} & A L20
A4032 ¢
PrM (1)

i 4

]

4 A

ADL32 @

PRM
14

L

(21
& A

Aol32 ¢

44
« 0 &
8 {20
44 3
¢« 0 &
9 (20
04

Py

41 &

At

L.
41 4
A7

o
43 8

TCOUNTs FOR Z & & STEP { UNTIL 15 DO COUNT [21))

UNT{Fell;

ALL POSS518LE PERMUTATIONS OF THE NABURS EDGE=
SMALLEST FUR QUR CANUNICAL FORM,

NUMERTICALLY

15
o Swz (01

LQAT [Zs 1015 013

$1s 013
21, 017
71s 013
61, 013
31 013
4 0135
3 013
2}, 01}
11, 013

Al [Z, DIM
LZs, DIM @
tZ, DI =
LZ» DIM =
[Zs, nDIM =
(Zs DIM =
(Zs, DIM =
LZ, DIM =
UIM w 13
DIMl, 01/

¢« DELTA (233
MUST SAVE THE DELTAS aHILEL DQIN

21;

A3( 3¢ § 44
fg ¢ g4 3 4
4 3 47 & A7

Ad[3¢ ¢ 44

{8 5 44 ¢ 43 & Al
[24
4]
PR [3) « U & A3 [8 8 44 3 6) & A2

4 ¢ 43 & AB
AR[3g 2 44

(DIM) « COUNT (OIM) + 1}

N3

Mn

FOR EACH FACE. }

TOTCOUNT 4 COUNT (41}

CANONE 3

STARTPRMIS
FOR EACH FACE.

213 COMMENY E3, +eo0r E10,

= 9Y, 043

§1,
71,

61

5)s
415
31s
21s
01l

H

H

o

01
0l
013
013
013
013
013

£ 44

‘MAKEPHMS}
L1033}

t 41 & AS (28 ¢ 44

Po44.1 41 & A6 [28 1 44

(12

i 44

ti2

$ 4) & AT [28 & 44

}

G INSIDE=0UT CHECK.,

3

PRI [O0] & O & A10 €8 8 44 1 41 & AY [12 ¢ 44 3°4) &8 A8 (16 1t 44
4 3 4y & A6 [24 4] g

4) & A2040 & 44 341 R Alr44tabL3gy;
3 & ALO [12 ¢ 44 % 41 & A9 [16

(24

44
4) &
41 & A3[40 3 44 34) & A2(441484834)5
§ 44 ¢ 4] & AL0 (16 44
4] g
& ALTA40 v 44 t4) X A3[(44%4420)3,
P44 5 4) & A1 L16

.
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1 4) & A0 120 ¢+ 44 3 41 g A9 [24 % 44 1 4) & A8 [28 t 44 1 4]
& A7032 % 44 14) & AhL36 ¢ G442 4] & ASC40 1 44 14) & A4[ad418484))
PRM (4) « U & A4 [8 ¢ 44 ¢ 4) & A3 [12 ¢ 44 ¢ 4) & A2 [16 1 44
to4) % AL [20 v 44 1 o4) & A10 (24 3 44 3 4) & A9 (28 % 44 % 4)
& AB[32 1t 44 3141 8 AT7L36 1t 443 4) & A6[40 3 44 314) & AS[484t48814);
PRM [5) « 0 & As [& 44 1 4) & A4 (12 t 44 3 4) & A3 [16 1 44
1 o4) & A2 [20 1 44 ¢ o4 &k AL [24 3 46 3 4] & A10 (28 % 44 3 4]
& AGL32 ¢ 4n 14y K AB[36 1 44l L) & ATC40 3 44 343 X A6G[ud4tab3p])s
PrRM [6) ¢ 0O & A6 [& ¢ g4 ¢ 43 & AS (12 ¢ 44 3 4) & A4 (16 ¢ 44
Y 4) & A3 (20 f a4 v 43 & A2 [24 % 44 3 43 & AL (28 3 44 3 4}

& A10032t 44 $43 & A9[36 ¢ 44% 4) & AB[40 ¢ 44 14) & Ar[s4t4414);
PRKM [7) ¢« O & A7 [8 t 44 1t 43 & A6 [12 t 44 1 4] & AS (16 ¢ 44

4] & AN (20 8 44 3 497 & A3 [24 3 44 3 4) & A2 [28 3 44 % 4) ¢
Al (32 44 34) R AL0[38: H41 4 & AYL40 t 44 4] & AB[A4az4434);
PAM (8] « O & A8 [8 ¢ 44 ¢ 4) « A7 (12 v 44 ¢ 4) & A6 (16 t 44

$4) & AH (20 % 44 3 47 & A4 L[240t 04 3 4) R A3 [28 ¢ 44 % 4] 2
A2 [32% 44 34) & Al [36t 443 4] & ALOC408 44 t4]) & AY(4434434);
PRM [9]) ¢ O & A9 [8. % 44 ¢ 4) & A8 L12 & 44 3 4] & A7 (16 ¢ 44

P 4) & A6 (20 % 44 3 471 & AS (24 ¢ 44 ¢ 4) & A4 [28 1 44 3 41 g

- PR

A3 [32% 44 t4) X A2 [36% 443 4] & Al [408 44 ta] & A1QL44344234);
GU TOU PICKPRM}
LYs COMMENT , L33
PEM [0} « O & A9 (12 ¢ 44 8 4) & A8 [16 t 44 3 43 & A7 (20 3 44
P4) & A6 [24 % 44 t 41 & AS {28 % 44 3 4) & A4 (32 % 44 1 4]
A3 [36 & 44 ¢ 41 & A2 140 ¢ 44 t 4] % Al (44 3 44 3 413
P 1] ¢ 0O & AL [12 t 44 .8 4) & A9 [16 ¢ 44 ¢ 4] & A8 (20 t 44
C 43 K A7 (24 % 44 3 4) & A6 [28 v 44 3 43 & AS [32 ¢ 44 % 4] g
A4 [36 ¢ 44 3 41 & A3 [40 1t 44 ¢t 4] & A2 (44 1 44 3 4133
PRM [2) « 0 & A2 [12 ¢t 44 ¢ 4) & AL [16 3 44 % 41 & A9 [20 ¢t 44
3 41 & AB [24 1 44 3 47 % A7 [28 ¢ 44 3 4) & A& [32 % 44 3 41 2
AS [36 3 44 3 43 R A4 [40 T 44 1 4) & A3 [44 3 44 % 4}
PRM (3] « U & A3 (12 ¢ 44 3 41 & A2 [16 3 44 1 4) & A1 [20 & 4y
3 4) & A9 [24 % 44 1 41 & AB (28 1t 44 3 4) & A7 (32 3 44 1 4] g
AG [36 & 44 1t 43 & AS 40 44 3 4] & A4 (44 t 44 % 413
PRM [4) ¢ O & A4 [12 8 44 % 4) & A3 [16 3 44 ¢ 4] &8 A2 {20 8 44
§ 41 & AL [24 % 44 ¢t 47 & A9 [28 % #44 1 4] & A8 [32 ¢ 44 % 4) ¢
Af (36 3 44 4] & A6 (40 ¢ 44 3 41 & A5 (44 ¢t 44 3 413
M [9) ¢ 0 & A5 .[12 ¢ 44 1 4) & A4 [16 ¢ 44 3 41 & A3 [20 ¢ 44
4) & A2 (24 % 44 1.431 & A1 (28 t 44 1 4) & A9 [32 % 44 % 4] ¢
AB [36 1 44 1 4) & A7 [40 b 44 3 41 & A6 [44 .3 44 2 41}
PRM [6) ¢°0 & A6 [12 % 44 3 41 & AS [16 3 44 3 4] & A4 [20 3 4y
$ 41 & A3 [24 v 44 1 438 A2 [28 ¢ 44 3 A3 & AL [32 3 44 % 4] g
AY {36 ¢ 44 1t 4] & AR (40 3 44 v 43 & A7 [44 ¢ 44 1 4]
PRM (7] ¢ O & A7 (12 8 44 3 #4) & A6 [16 ¢t 44 v 4) & AS [20 &t 44
P 4) & A4 [24 % 44 3 41 & A3 (28 3 44 1 4] & A2 (32 ¢+ 44 35 4) g
Al (36 ¢ 44 3 41 & A9 40 ¢ 44 2 4) & AB [44 1 44 1 4]
PRKM [8) ¢ 0 & A8 [12 t 44 % 41 & A7 [16 t 44 8 41 & A6 (20 ¢ 4y
P41 % AS (24 % 44 1 4) 2 A4 [28 % 44 3 4] X A3 [32 ¢ 44 % 4] g
A2 [36 & 84 3 41 & Al [40 % 44 3 4] & A9 (442 44 ¢ 413
GU TO PICKPRM}
Lot CUMMENG L8343
PRM [O0) ¢ O B A8 [1h § 44 ¢ 4) & A7 [20 v 44 ¢ 41 R A6 [24 3 44
t 431 & A (28 % 44 2 47 & A4 [32 % 44 3 43 &8 A3 (36 ¢ 44 ¢ 4} g
A2 T[40 ¢ 44 3 4) & Al 44 ¢t 44 3 4]
PrM (1) « U & A1 [16 ¢ 44 % 4) % A8 [20 ¢ 44 3 4) 8 A7 [24 3 4g
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A3 (40 3 qa H
PRM (2} ¢« O &
:o4) & AT L

AL [40 1 48 g
PRM [3) « O &
T 4] & As (28
AS (40 & 44 3
PHM (4] « O &
to4) 8 AL (28
AG [40Q 3 44 3
P (9] e U &
Po4) & A2 {28
Af [40 & 44
PRM [6) « U &
$ 41 5 A3 [28
AB [40 % 44 3
PR (7)) « 0 &
U 4] & A4 {28
Al T40 44 3

GU TU PICKFPRM}

COMMENT
PrRM [0} « O &
T 4) & A4 (37
Al (44 1t 44 ¢
PRM (1) « 0O K
$ 41 & AS (32
A2 [44 ¢ 44
PRM (2] ¢« 0 &
141 % A6 (32
A3 [44 3 44
PRM [3] « O §
vo4) 8 AV L32
A4 (44 v 44 4
PRM (4] &« O &
P41 & AL (37
AS (44 t 44
PRM (5] ¢ O &
2
&

Lr3

to41 & A2 (13
A6 [44 3 44
PRM {61 ¢ U
$ 4) & A3 (32
Al {44 ¢ 44 1

GU TU PICKPRMI}

[RR
PHM
i 4
PHM
2 4}

CUMMEN |
(V) « O &
& A3 (36
{1) ¢« 0 &
& A4 (36
PRM (2] « O &
to4) & AS (36
PRM [3) ¢ O &
P41 & A6 (36
PRM [4) ¢ O K
P4l & Ay L3¢

Soal o

41 & A2

A2 16
oau

41 K A3

A3 [1A
Poga oy

41 & An

Ad (la
So4n %

41 & A5

A5 {16
:oan

41 X A6

A& [16
a4 s

4) & A7

A7 (16
Pohg s

47 & Ad

AT (20
P44 g
A1
A1 1240
o448
473
A2 (20
oad s
41
A3 [20
Ioa4 ¢
473
An [20
P44 e
4y
AN {20

VoA

475

Aa (20
44
413

Abd {24
44 s
AL [24
P44
A (24
fo4d
A3 [24
to44
Ad (24
Eoag g

41 a
[ad4
oan
43 %
[an
|
471 %
[UU
L Wi
“] &
(UU
§o4e
473 &
[4a
1 44
A] K
[44
Poay
41 &
rnd

41 &
Y44
43 &
W]
41 3
o444
41 &
t o4y
41 &

. >
n

(857
.

s

s Y» ee ss > N
~ o
oo i~
Y b IS ETY mes g
w
e DO £

p=3

S
[
[N

LR
A8 (32
a4
[
Al (32
§o44 2
¢ o4) <
A2 (32
ToaL 0t
/I I
A3 (32
s oy 8

HE I 3
A3 [36

LI A
Ay [ 36

HET
AS [36

P4l ok
A6 L[36

b4 &
A7 36

P4 R
Ay 36

o4l &
A2 [36

t 4} &
A2 (40
Vo4l
A3 (40
LTI B
A4 (40
- TIR B
A% [ 40
RTINS
A6 {40

Ton4 g
43
AL (20
[ R
4]
A2 (20
¢ 44 g
4 )
AJ £20
to44
4317
A4 L20
PoAah g
4175
AS L20
P44
41}
A6 [20
toag
413

Ao (24
¢ 44 g

AT 124
o4y g

AL (24
o4q 1

A2 (24
P44 2

A3 (24
P44 g

A4 (24
P44

AS (24
44 3

A5 [28
P44 3
A6 (28
44
Al (28
io44
A2 (28
Voa4
A3 (28
Po4a g

55

t 44
4} &

Ty
43 &

144
41 &
T 44
4] R
L
41 &
1 44
4] 4
P44
4) &

a8

s

N
=

as I
a3
=
&
-

Al 124
HE YA |

A2 [24
§o44 2

A3 (24
44

A4 (24
$ 44 1

AS [24
to4a 2

L7
AS (28
144 8

A6 (28
1 44 3

A7 (28
t 44 3

AL (298
144 s

A2 (28
o448

A3 (28
o4y ot

A4 (28
144 3

Lot

A4 [32
$o44 1
AS (32
oua
A6 (32
to44
Al (32
¢odg
A2 (32
144

431 5

43 &

t Ay
43 R

T4y
Y R

? 4
41 R

t Ay
L

1t 44
41 %

3 4n
47
1 4p
413
HE )
415
t 4y
43
L)
41}



PRM (5] ¢« U & AS
to4) % A2 (36
Gu TU PICKPRM}
Lot COMMENT
PrRM [V] ¢« O §
1 4) & A2
PHM (1) «
¢ 4] & A3
PRM [2) ¢
t 4] & A4
PKM [3] «
P4l & AB
PRM (4] « 0 & Ay
8 o4) & AL LaQ 3
GU TO PICKPRM}
L4t COMMENT

PRM {0 « O & AL
$4) & At (44 8
PKM (11 ¢« U & A1
P41 & A2 Lag
PRM [2) « 0 & A2
Po4) & A3 tas e
PrM [31 « 0O & A3
$ 41 & A4 (a4 3
GU TU PICKFPRM}
.31 CUMMEN]

PRM [0O] ¢ O & A3
PHM (1) ¢ U & At
PRM (2] « 0O & A2
GU TU PICKPRMS
PLCKPHM: CUMMENT
OclLTA (21 ¢ 05

AS
{a0 3
U & Al
LuQ 3
0 & A?
L4 3
O & A3
Lao @

FUR Y € 1 STEP 1 UNTIL PRMINDEX DO CUMMENT
1F PRMIY) < PRMIDELTACZI)- THEN
DELTA

CUMMENT  RECALL

PUT
NEIGHBURS EnGE=C

{24 t 44 13
44 t 431 4

[28 v a4 ¢ 4}
44 ¢ 43 & AL L
(28 ¢ 44 : 4]
44 ¢ 43y & A2 {
(28 ¢ 44 3 4]
44 ¢ a3y & A3 (
{z8 ¢ a4 % 4)
48 ¢ 431 & A4 L
(23 v 44  4)
ad 3 4y 8 AS [

[32 ¢ a4 ¢t 4)
44 1 413
{32 ¢ 44
N4 ovo4y;
(32 ¢ a4 13
H4 ot ouy;
(32 ¢ 44 1
44 1 47

41

4]

4]

41
4]
4]

{36
(36
[36

s oun 8
$ 44 8
s 4y 3

THAT Wg SET

QUNTS

&
44
&
44
&
44
&
44
&
44

&

o e

PO
=

A4
H

AS
Al
A2
3

A3
H

A3
Ay

Al

A2

A2
A3
Al

(32

44

(32

44 3

{3z

44 3

(32

44

L3z

44 1

{36
{36
36

(36

{40
(40
tag

H

144
413
t 44 1
4313
to44 3
413
o448
4133
oAk s
413

¢ 44 3

4]

4
A A6 (84

43
4)
4)
4]

4]

41
4]
43

43

4

41
4)

&

&

&
&
&

A3 32 #
H H

= e
—
AP -~

(
44

L5%;

A3 [36 ¢ 4y

A4 [36 ¢ 44

AS (36

Ay [36 1 4y

A2 [36 ¢t 4y

Lat}

A2 (40 44

'

A3 (40 ¢ 4g

A4 (40 ¢ a4y

AL (40 ¢ a4y

L3is

Al [A4344834);
A2 [ad434434];
A3 [441344154)3

PICKPHM S

TU ZERC ABQVE.
NUW DELTA CONTAINS THE PHASE SHIFT NEEDED IN THE PERMUTATIUN Tq
AND PRMIDELTA)
THE LATTER MUST BE

SIUFFED INTO THE QLD OR QSL ARRAYS FUR COMPARISON WITH OTHERS. 3

IHESE FACES IN CANANICAL FORM»
[N CANONICAL FURM,

PRMINDEX=QAT(L,01=1,}
VELTALZ) ¢ Y}

CONTAINS THE

PLZY ¢ 0 & PRMIDELTACZI)ELS 3431 & OIMC441443 413
ENDS CUMMENT END OF 2 LOOP wHICH BEGAN AT STARTPRM, 3
Y € GJ
SURT 1 CUMMENT SORT 1.3
BulL ¢« FALSE?
FUR £ ¢ 2 STEP 1 UNTIL Y On IF Q(4) > Q{(XeZ=1)]) THEN
BEGIN DOUBLE (H(Z1s QlX1s «» QUX1» Q[Z2))3 ’

HOUL ¢ TRULS )

eNDG
IF BOuL THEN BEGIN Y ¢ Y=1; GO 10 SuURT3 END3
1F CNIL = 0 THEN GO TO FILLQSDICOMMENT SEE CANONS + 1§ 3
FUR Z & 1 STEP 1 UNTIL 6 D0 QULODCLIXDs»Z+LIXM] & Q(2]13
GO TO ENDSS
FLLLOSD: CUMMENT FILLWSDS
FOR Z « 1 STEP { UNTIL G D QSDCSIXO,24+S1XM] ¢ Q(2)3
ENDSS COMMEN| EnNDS S 3
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BEGIN LABEL €3, €8, Chs Cgs C7s €8s C9» €10, COMPL, COMPS» D3» D4,

VD D6s D7, D8s D9y VIg» DETAILL, UETAILS? ENDY» ENU3,
ENU4» ENDTs Mys M2r M35 MU, Moy MbHs M7 MBr MY, M10s Nio

NZs N3s NUs NS» NE» N7, NBs MO» N1Or NEGLs NEQS, NEWLs NEWS,
PACKFREGL, PACKFREDS. pPRINTPOLYS
SWITCH Swil & Cd4, €5, Cee 7 C82 $9» €103
SWITCH Sw3 « U4e 09r Uér O7s DB» ObBr 08}
SWITCH SW4 ¢ N3o N4, NSe RNOs NT7e NB» NGp N1O03
SWITCH Sub ¢« M3, MU, M5, MO, M7r Mdr M9, M0}
[+ BUULID THEN
BEGIN IF CNTL = 0 THIN GO T0U VETAILSS
GU TC DETAILLZ
ENYs

CUMMENT  WE HAVE Twn SpVs 0F ARRAYS FOR THE POLYHEDRA FOUND THYS

FAR, wWE HAVE ARHYTHARILY SEPARATED (THEM ACCORDING TU WHETHER THEY.

HAVE ANY FACES UF ENGE=COUNMT F UR F=Lr OR NOTe. WE HAVE TwQ SETS
QF PARALLEL CCDE TU YRFEAT THESE Twu CLASSES OF PUOLYHEDRA, S AND

Le THE LATTER BEGINS hERE, FUR EACH STCREC POLYREDRON wE HAVE A

CUUE wURD» FREWLLI» SEOWING IN THE LUWw=CRDER 4 8ITS THE NUMBER
OF TRIANGLES, IN THE NEXT 4 9178 1THE NUMEBER (OF QUAURILATERALS»

<

.

»

AND SU FURTH.  IF IHE nEw POLYHEDHRON FORMED HY THE PRESENT PARTI=.

TLUN HAS A DIFFERENT TRIRE nNUMBER FROM ALL THOSE POLYHEDRA FOUND

AND STORED THUS FAN, THER wE CAN 8k SURE THAT THE NEW UONE IS NOT.
ISUMURPHIC WITH ANY (F THE GLD.OwnES THUS ®WE CAN ADD THE NEW QNF.

T THE LIST WITHOUD FURTHER CHECKINUe OGN THE OTHER HAND, IF wWfg

DU FIND A& MATCH OF FREQUENCY WOKOS» WE STILL CANNOT HE SURE THaT

e HAVE AN JSCMORPHAIC pOLYHEORON HU! MUST NOw CHECK THE SU=CALLED.

QLULDY WCRDS (CSDTT FOK S POLYS)Ys AHICH CONTAIN THE INFURMATION
AS TU DEPLUYMENT OF FACcES, BY DIMENSION IN THE POLYHEDRUN,
MUTE THAT MATCHI Y] CONTATMNG THE SUBSCRIPTS OF STORED POLYHEORA
HAVING THE SAVE FRUQUENCY WURD AS THE nNEw ONE HBEING TESTEU.
MOH LS THE NUMBEN UF SyCH MATCHES FUUND. ;

MOH « 0}
IF CNTL = O THEN GU TO CoMPSS
CUMPL s CUMMENT COMPL ¢

FUR Y « 1 STEF 1 UNTIL ML OU

BEGIN FREW &« FREQL Y plv 700 Y MUL 70013
GO 10 SWi (F = 313 COMMENT Clr CS5r0a0aCl0, ;
ClOt ¥ CUULNT €103 ¢ FReEW » [16 1 43 THEN GU TO ENDLZ

C9r IF COUNT (91 # rREG o [20 3 41 THEN GO TO ENDYS
C8% IF COUNT [84 # FREGQ - (24 & 43 THEN GU TU ENULJ
Crs IF COUNT (7] # FREQ o [28 ¢t 4) THEN GO 70 ENDLZ
Cot IF COUNT [6J # FREGC o (32 % &) THEN GO 7O ENDILJ
¢St IF CNUNT (5 # FREGQ - £36 3 4J) THEN GU 70 ENDLS
Cus IF COUNT rald # FREG o [40 3 4) THEN GU 70 ENOLS
C3% 1IF COUNT [3) # FREG o L[G44 & 53 THEN GU 70 EnDys

MCH & MCH + 135

MATCH [MCHI « Y7
ENDY ENUS  COMMENT  EnO OF Y LUQ0P, ENDYE}
IF MCH = 0 THEN GO T NEwWL? COMMENT ADO NEw POLY TO THE LIST,
CUMMENT NUW QLR NEW POLYHEURON 185 DESIGNATED 8Y A LISYT OF F4l =

WURDSs EACH WCRD DESIGNATING ONE FACE, AND EACH WORD SHUANING THE

EUGE=COUNT OF THE FACE AND THE EDGe=COUNTS OF 1TSS NEIGHMBOKS, IN
CANAONICAL FORVS NUW WE HAVE TOQ CUMFARE THE WNEw POLYHEUDKON wITH
THE SET OF PUOLYREDRA HAVING THE SAmMik TRIHBE NUMHBEK. AND ARKAYED

}

3

a



BY FACES IN QLUCMATCHIZ2Y»Y] ISCLATED ABQVE, SINCE, IN THE o
CUMPARISON OF QLD W(ORUSs REJECTION UF THE NEW POLYHEDRUN QCCURS
UFUN FINDING AN ISUMQORPHISMs AND ISUMORPHISMS OCCuUrR MUKE QFTEN
THAN NUOT, [T IS BEST Tg COMPARE THE NEW POLYHEDRON COMPLETELY .
WITH THE FIRST PQLYHEURON IN STURAGL HEFQRE PROCEEDING 7O THE .
NEXT» REJECTING THE nEw ONE IF IT IS MATCHED By ANY POLYHEORON IN,
STURAGE» AND ADDING 1T TO THE COLLECTION UOTHERWISE. }
DETAILLS CUMMENTY DETALILLGSS
FUR £ & 1 STEP 1 UNTIL MCH DU CUMMENY FOR EACH MATCH IN FREQ.S
BLGIN W ¢ "MATCH (2} nly 923
X & (MATCH [2) MOD 92) » 115
FOR Y ¢ 1 STEP 1 UNTIL G DO IF QLOLLIXDaY+LIXMI # 0LU[N»Y+XJ

® @ 2 & e ® e & e

THEN GO TU ENU3Z COMMENT  SOME FACE NOT EQUAL. i
GO TO ENUVISC?
ENU3e END S COMMENT END OF Z LUuP, END3tS

IF BOOLTU THEN
BEGIN FOR £ ¢ 1 STEP 1 UNTIL G DO DELTA (4] « DELSAVE (2)3
GO TO NEwWL)
ENUS
CUMMENTY  [F WE COME QUT THE HOTTOM UF THE 2 LOOP» WE HAVE CHECKED
ALL THE STORED POLYHEDRA AND HAVE NOT FOUND AN TSOMORPHISM, NOW
WE MUST TURN THE NE® POLYREDORON "“INSIDE QUT™ BY REVERSING THp
CYCLIC CROER GF 178 NABORS » ANU THEN GO BACK AND CKECK 17
AWAIN FOR LSOMURPHLISM, ; '
BUOLIU & "TKUES
GU TO STARTPRIG
NLwL s COMMENT NEwl s
ML & ML + 13 .
CUMMENT  UNF MORE POLY HAS BEEN ADUEY TQ THE QUTPUT LIST.
IF G = GMAX THEN GU TO PACKFREGQL;
CUMMENT NU NEED TU MAKE QL ARRAY, 3
FUur £ ¢ 3 STEP {1 UNTIL G DO CUMMENT FOR EACH FACE, 3
BLGIN DEL ¢ DELYA L[Z2)}
QL. [MLe Z1 &« DIM & QAT [Zs (1}
GU TO Swa fDIM = 213
N1O8 QL [MLs 23 , L4 s 4) ¢ QAT (4» (CC(OEL + 9) MQOD UIM) +1333,
N9S QL [(MLs Z) (8 2 4) ¢ QAT (2> (C(DEL + 8) MUD UIM) + 131,

3 ® % e e 6 + 3 ® 6 & o 9 8 € o 3 e »

N8BS QL [MLs 21 o [12 & 41 ¢ QAT (2, (CCDEL + 7) HOD OIM) +1H15.
N7S QL IML» Z3 ¢ [16 ¢ 41 ¢ QAT (Zp C(C(DEL + &) MUD DIM) +13)3,
N6s GL [MLr 21 o 20 8 4) ¢ QAT C4s ((C(DEL + 5) MOD DIM) +1)1;
N9S QL [MLs 2] o [24 % 41 ¢ QAT [Zs ((CDEL ¢+ 4) MOD DIM) +1Hy13s
N4Y QUL [MLs Z) o [28 3 4) ¢ QAT [Z» ({CDEL + 3) MOD DIM) +1)3);
N3T QL (MLs 27 & [32 8 4) ¢ QAY (Z2s (CCOEL + 2) MOUD DIM) +1373
N28 GL [ML2 Z3 o [36 § 4) ¢ QAT {2, (C(DEL + 1) MUD CIM) +1)y)3
N1t QL [MLs 2] o [40 1 41 ¢ QAT (4» (DEL + 1))}

END 3 3

WRITE (GLOFILe #», FOR 2 ¢ 1 STEP 1 UNTIL G 00 QL [ML» 213)3

PACKFREGCLSY CUOMMENT PACKFREQLS

FREQLLML DIV 700, ML MQD 700) ¢
COUNTIL3) & COUNTI4lra0ta4s34) & COUNTISI[3AtAaTHa] &
CUUNY[61032s4484) & cUUNTL7IL2884434) & COUNT[EI(2414484] 8
COUNTLO9I[20Qs34414) & cOUNTflOJ[lé:adxﬂJ} COMMENT THIBE NO,
IF F £ 7 THEN GO Tu PRINTPOLY?
WRITE (CLDFIL, #, FREGL [ML O1lv 700: ML MOD 700), FOR 2 ¢
STEP 1 UNTIL G 00 6D LIXDs, £ % LIXM]II

4 o ® e & & e e & o ® ® a3 & e o

N
0



GU TO PRINTPOLY?
CUMP St COMMENT
FUR £ ¢ | STEP 1

BEGIN FREW ¢« FRERS (233

GU TC Sw3 (F =

Dot IF COUNT (81 # FREQ » (24
D7 IF COUNT (7!
D63 TIF COUNT (61
D58 IF COUNT [51)
D43 TF COUNT [4)
N3 IF COUNT [3)

MCH ¢ MCH & 13
MATCH {MCH] «

2}
END4r ENDF CUMMENT

IF MCH = Q0 THEN GO TO wEw

DETALLST CUMMENT

UNTIL MS§S DU

FUR £z ¢ 1 STEF 1 UNTIL MCH DO CUMMENT
BEGIN W « MATCH (21 DIv 9

X & (MAICH [2]

397 COMMENT D4, DS»
o)
# FREQ o (28 &% 41
# FREG » [32 1 43}
# FREQ - [36 ¢ 4
# FREG .« (40 8 41}
4 FREG - (44 & 4]
Exn OF 2 LOUWP.
S5
24
MOow 92) x {113

FUR Y & 1 STER® 1 UANTIL G

IF Q300STIXDsY+SIxm)

GO TO ENDISUJ

END7 S END S CUMMENT

IF BUULID THEN

BEGIN FCR £ ¢ 1 STEP 1 UNTIL G 00 DELTA [21 ¢ DELSAVE (2]

GU TG NEWSS
END S
BUULIU ¢ THUE?
GU TO STARIPRNMI
‘NEWS?: COMMENT
M> ¢ MS + 17

00

enp OF

# QSOIW,Y+X]

THEN GO TO ENO7S

Z LUOOF.

IF G = GMAX THREN GU TO PACKFREQS}

FUR £ ¢ 1 STEP 1 UNTIL G DU CUMMENT

BEGIN UEL <« DELTA

Q8 [(vS» Z1 ¢« DIM « QA

GO TC SWS [DImM

M1US WS [MS» 2Z)

Myt 635 [MS», 21
MHS €S (MS» 2]
M7 6S (MSy 2]
MEE LS (M5, 21
M5t 6S [MS, 2]
Myt GS [MS, 71
M3: G5 [MSs 2]
M2t OGS (MSs 7]
M1t QS (MS» 23
END
WRITE (C3DFTIL, *»

PACKFREGCSS CUMMENT

FOR 7 ¢

FREWUSIMSY «CUUNT([33

It F < 7 THEN GO TU

WRITE (GQSUFILs *o,

PRINTPOLYS CUMMENT

1 STEP 1

UNT

veol8r D8» D8, })

THEN GO
THEN GO
THEN GO
THEN GO
THEN GO
THEN GO

CETAILS?)
FCR EACH MATCH IN FREQ. }

IL G GO

& COUNT[4J(404484)

PRINTPOLYS

FREGS [MSTs
SIxDs £ + Slxmll}

COMPS:

10 ENUAZ
70 ENDA4S
TO ENDYS
TO END4
TO END&S
T0 END4S

« & & » » ® e

e 5 ©o o e

e o

ENDAE )

* o e * & 3 o

END7S 3

NEWStS,
FOR EACH FACEL, $ .
[Z, 013 .
=21 .
o Lot 4} ¢ WAY (Ze ((CDEL ¢ 9) MOOD DIM) +1H1J,
o [8 1 4] ¢« QAT [4» (C(OEL 4 8) MOD ULVIM) + 11},
o (12 ¢ 41 « AT [4»s ((COEL ¢ 72 MOD OIM) +13)i.
o [ls 3 41 = dAT (4s ((CCEL + 62 MGD DIM) +1)17,
e [20 t A1 ¢ QAT LZ» ((COEL + S) MOD DIMY +13217,
o [24 3 41 & QAT [4s (CCDEL + 4) MOD UIM) +1)1/.
e [28 ¢ 4) € QAL [Z» ((CCEL + 3) MUO DIMY +13)5.
o 32 ¢ 4} & GAT L2, (CCDEL + 2) #00 DIM) +13)1),
o [36 t 41 ¢ Qa1 (Zsr (((BEL 1,1) MOD DIM) +13y37.
e [40 3 43 € QAT (Z» (DEL + 1213

S (MS, L1)3
PACKFHREQSE
K COUNT[SI[3631u814)

FOR £ ¢ 1 STEP- 1 UNTIL G DO 9SO [

69
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WRLITECLPONUI»FMTOL» (M5 + MLD» FUR 2 ¢ ¢ STEP § UNTIL G DO
[FUR Y & WQAT[250) STYEP =1 UNTIL 1 O0U CHARI[QATLZsY1)» 481)5
WRITEC(LP, FM192, Fp PMAX, 12 MS» ML)}
IF (MS + ML) MUD 50= ¢ THEN WRITE (LP [PAGEJ)}
END S
ENOLISOS ENDS COMMENY END UF PROCEDURE ISUCHECK, ENDISQL b

COMMENT ®howakdranhrpdk b hww kg EXECYUTION HEAR A RA N ARk e d kX EXECUTION J
GMAX ¢ 113 :
Iy & TiMe(l1)} COMNMENT STARY THE CLOCK, ;
[-ILL CHAR[*J NITH "()"’"1"?"2"’"3"'“Q"'"5"’"6“?"7"’"8"}”9”'"A"’"8"'"C”'
"D_"’"E"’"F" } )

REAUDCFs PMAXs T, MS, M)} COMMENT PUNCH THIS KEW DATA CARD TO RESTART.?
COMMENT £ = NUMBER (F FACES IN POLYHEDRON 10 BE PARTITIONED,

PMAX = MAX NUMBER UF INPUT POLYHEURA» INDEXED ON Lo

MS AND ML ARE THE NUMRERS OF S AND L POLY STORED AWAY. 3
PO € 15 PL1Y ¢ 171873 P21 ¢ 133317 PL3] « 169155 PL4]) ¢« 8979;
IF MS + ML = 0 THEN GO TO GENESISH? CUMMENT THIS IS NOT A RESTART.
WRITECLPLDRLYs FMT16s Fo» PMuX, [, MS» ML)J
SPACE (PrIL» I=1)j CUMMENT PREPARE 10 READ THE ITH INPUT POLYHEORON,
JF P41 < GMAX THEN GC TO REAUALLJ COUMMENT WL AND GS ARE ALSUO ON TAPE.
LF M$ = 0 THEN GU TU MSZERDS ‘
FOR £ ¢ 1 STEP | UNTIL MS=t UL
BEGIN W ¢ 2 DIV 923
X « (Z M0D 92) x 113
READ (QSOFIL» 12s INGQ [%1)33
FREQS [Z2) ¢« INQ [03}
FOR Y « 1 STEP 1 UNTIL 131 00 980 (ws Y # X];* INg (Y}

‘..

ee e

6 o ®© ® ® o & ° ®© & 8 4 © 8 @ e B & P & & & B & & 8 6 S &6 & G e & B & & T o & L B & B e S o 5 &6 & e & v e s

END 3
L & MS)
Woe Z DIV 923
X € (Z MUD 92) % 113
REAUCQSOF ILINUI» 12, INQI %))}
FPREGS[Z] € INQLOQIS :
FOR Y ¢ 1 SIEP 1 UNTIL 11 DU QSD{Ws Y+#X) ¢ INGQLY])
WRITE(QSUFIL, 125 ING(w1)i , .
MSZERO!? COMMENT : : MSZER(ES
IF ML = U THEN GU TO MLZEKQO) ‘ : :
FOR Z ¢ 1 STEP 1 UNTIL ML=1 DD
BEGIN W ¢ Z DIy 923
X & (2 MUD 92) x 113
KEAD (QLUFILs 125 INQ [%1)}
FREQL [Z DIV 700» 2 MUD 7001 ¢ [NQ {0}
FOR Y ¢ 1 SYEP 1 UNTIL 11 DO QLD [Ws Y + X1 ¢ INQ (Y]}
tNDJ ' :
L & ML} ‘ : 1
W e £ ULV 923 ’
XA oe (2 MUD 92) % 113
READCQLOF ILENOY»12, INQE %))
FREWLIZ UIV 700, 2 MCD 7001 ¢ IAQLO}S
FUR Y € 1 STEP 1 UNTIL 1t DO QLOCW» Y+X]} ¢ INGLY)S
ARITECQULUFIL, 125 INGL#1)S
MUZERUS : COMMENT ' : MLZERQS )
FOR 2 ¢ 1 STEP 1 UNTIL MS puo 4
VEGIN W ¢ 2 UIlv 923
A € (£ MUD 92) x 113

70



JWHth (LPs» FMT11, 25 FOR ¥ ¢ 1 STEP 1 UNTIL 11t DO QSD [wy Y ¢+ X113 e
LND : ’ .
FOR £ ¢ 1 STEP 1 UNTIL ML DO N
BEGIN W ¢ Z DIv 923 .
X € (Z MOD 92) x 113 , ' .
WRITE (LP» FMT10s 2, FOR v « 1 STEP 1 UNTIL 11 00 QLD [ws Y + X1)3 .
END S - .
WRITE(LPLPAGEDY)S o
GO 10 HESTART} : T
READALL S COMMENT READALL: -}
LF MS = U THEN GU TO MSMTS : .
FOR £ ¢ L STEP { UNTIL MS8=t{ 0g : o
BEGIN W € 2 DIy 923 ' .
X ¢ (£ MUD 92) = 113 e
KREAD (QSUFILe #, FOR Y & ¢ STEP °
REAO (QSOFILs %, FREQS [23, FOR e
p Y + X))} .

UNTIL F ¢ 1 DO @S [Z, Y1)
¢ 1 STEP 1 UNTIL F + 1 00 Q5D [w

-

END S
LeMS
Woe 2 DIV 923
X e (2 MUy 92) x 113
READCQSDF IL» oy FOR Y
REAUCQSOF ILINGY, *, FREQSUZ)» FUR Y 1 STEP { UNTIL F+1 DU QSOLWsY+X1)),
WRITECWSUFIL » %» FREQS{ZJs FUR Y 1 STEP { UNTIL F+1 DO QSO[wsY+X3)J,.
MSMI[ 3 COMMENT MSMT: §,
IF ML = 0 THEN GU TO MELMT}
FOR Z ¢ ) STEP 1 UNTIL ML™1 0O
HEGIN W « 2 DIV 923
X ¢ (2 MUD 92) x 113
READ (QLUFIL»" #+» FOR Y & ¢ STEP { UNTIL F ¢ 1 DO 6L (Z» Y1)} ,
READ (QLUFTILs *, FREQL [Z2 DIV 700, Z MUD 7001, FOR Y € { STEP 3§
UNTIL F + 1 DO QLD fwse Y + X1)3

1 STEP { UNTIL F+1 DO QSCLZrY1)}

> + &

tEND B
LeML s
W oe 4 DIV 923
A & (7 MUD 92) x 11} ‘
REAU (WLUFIL, %s FOR Y & 1 STEP ¢ UNTIL F + 1 DQ QL [Zs Y1)}
READCQLOF LLINOY, w, FREWL(Z OV 700, 2 MUD 7001,
FUR Y ¢ 1 STEP 1 UNTIL F+1 00 WLDLwaY+XJ)}
WRITECQLUFIL » %, FREGLLZ Og1v 700, 2 MUD 7001)»
FUR Y ¢ 1 STEP 1 UNTIL F41 D0 SLOCwaY+X4)}

MLMITE _ COMMENT MLMT: 3
GO TU RESTARTS
GENESTS! , COMMENT GENEST 43

WRITELPFLILs %2 FUK J ¢ 0 STEP § UNTIL 4 V0 PLyls 6688@58)}
REWINDCPELL) S

« & 0o & » © ® 6 o & s @ © ® @ ¥ > © © @

STAKD S COoMMENT START},
WRITLC(LPLPAGE]) COMMENT  SKIP T0O THE NEXT PAGE, 3 v
RESTARTS COMMENT " KESTARTS.
G ¢« F + 1 3 CUMMENT NEW PULYHEORON WILL HAVE G FACES. 3 .
WRITECLPIPAGETS FMT4s F+ls FJ3 COMMENT WRITE STARTING MESSAGE)S .
1L00P: . © CUMMENT ILOOPS .

REAUCPFIL, *s FUR Y ¢ 0 STEP ¢ UNTIL F DU PLYJ)? COMMENT I IS5 IN P[OY.}.
LE PLOY = 1 THEN G0 70 POR; COMMENT WE GOT THE KIGHT INPUT POLYHEURON, .
WRLITE (LPs FMT17. 1s PLO})3 COMMENT WE 01D NOT, ; o



G0 TU FINALENUS -
POK? COMMENT POK}
FUR J ¢ 1. STEP 1 UNTIL F DD COMMENT FUR EACH FACE. 3
BEGIN PAI[Je0) ¢ PLU) . [a408]5
G0 TU Swé [PAT (Js 0113
4103 Pal (J» 10) « P LJ) . (4 3 433

893 PAT [J, 91 « P Jd) , 8 t+ 413
881 PAT (Jp, 81 « P [J3 . 12 % 4735
738 FAT {[Jr 7} & P [J) o $16 % 415
Bet PAY (Jdr 6 « B [J) & (20 8 4];
BST PAT [J»r S) &« P {Jd) o 128 5 413
Hat PAT Tde 85 & P (J) . [28 5 413
B33 PAT {Jdp 31 ¢ F [Jd o 32 2 413
B2+ FAY {Jr 2] « P [J) o 136 8 415
it PAT [ur 11 « P [JJ (a0 3 4l

END 3 CUMMENT ENG OF J LOOP, i
COMMENT  NOW THE POLYHFDRON ANUMBER 1 I8 UVECOMPOSEQ INTO ATOMIC ELEMENTS,
PATLJsK» FUR K = 0r 1, «,,PAT[Jr0)s THE DIMENSION OF THE FACE IS Iv

PATLJI»0) ANUD THE KTH NadOR 185 [N PAT{JsKI, H
COMMLENT FOR EACH FACEs INDEAFD ON ys 00 THE FOLLOWING VERY BIG LUQP,. i
FOR J ¢« 1 STEP 1 UNYIL F Uun
GEGIN N ¢ PAT(Js0)3 CUMMENT FaACE J HAS N EUGES, 3
VMAX ¢ N DIV 23
COMMENT YMAX = MAX NUMHER OF VERTICES T(¢ BE CUT OFF. 3
FOR £ « 1 STeP { UNTIL vMaX D0 PAT [Js £ + N) ¢ PAT [Jd» 213
YM & UYMAX = 13}
FOR Vo e 1 STEP 1 UNTIL VUM DO FOR S ¢« 1 STEP 1 UNTIL N 00
BEGIN PARTITIUNG
ISUCHECK >

END

IF N MDD 2 = 0 THEN SAM ¢ VMaX gLSE SAM ¢ N}

COMMENT SOME PARTITIONS CAN BE AVOIDED WHEN V = N/2, }
Vo o+ VMAXS

FOR S ¢ 1 STEP 1 UNTIL S$AM DC
HEGIN PARTITIUNS
ISUCHECK ;

LN S

CUMMENT END 2ND S LO0UP, alb CUTS DUNEs 3
END I CUMMENT EwD OF J LOUP. ALL FACES OF POLY 1 HAVE BEEN CUT, 7
L & 1 + 15 CCOMMENT CUT UP NEXT POLYHEDKUN, 5

IF L 2 PMAX THEN GG TU TLUOP;
NRITECLPLPAGE D)}
FOR £ « 1 STEP 1 UNTIL MS DO
BEGLIN W ¢ 2 DIV 923
Ro& (4 MCD 923%113
WRLTE(LPFMILL, 2o FOR v & 1 STEP 1 UNTIL 11 UO0rdSO{WAY+X])}
LND 3
WRITEC(LPLPAGE Y)Y
FOR £ ¢ 1 STEP 1 UNTIL ML 0Q
BEGLIN W ¢ /2 U1V 925
X e (Z MOD 92)xi1;
WRLITE(LP,FMT 10, Z» FOR v ¢ 1 STEP 1 UNTIL 11 DO GLDIW,Y+X))}
ENDJ
LF G 5 GMAX THEN G0 T0 FINALEWDS COMMENT GMAX IS ASSIGNED FIRST. ;
RENENDCPE DL
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FOR 4 ¢ 1 STEP { UNTIL MS DO ' , -
WRITECPFIL, *» 25 FORK Y & | STEP 1 UNITIL 6 DO QS(Z2,Y1)3

FOR 4 ¢ 1 STEP | UNTIL ML 00

WRITECPFIL, #, 2Z4MS» FOUR Y ¢ 1 STEP 1 UNTIL G DO QLLZaY]))}
NRITE(PFLL, %, BBUB8BB)}
REWINDCPF L)

® © * ® & ¢ 2 4 o e 8 ©

Foe G} CUMMENT INPUT POLYHEDRA ANRE NQOW G=FACED, 3

PMAX ¢ MS + ML) COVMMENT THE NUMBER OF INPUT POLYKEDRA 1S ML+MS. 1}
L€ 13 COMMENT START CUTTING THE FIRST INPUT POLYHEDRON, . -

ML ¢ MS ¢ 0 CUMMENT INITIALIZE MAX INUICES ON STORED RESULTS. }
NRITECQSUFILe ®p F)3  WRITECQLOFIL, ws FOJ

REAINDC(QSUFLIL)}

REWINDCQLUFIL)? .
Gg TU STAKTI CUMMENT SU NUW WE GO BACK AND CUT UP THESE POLYHEDRA. ;.
FINALEND S CUMMENT END OF ENTIRE PROURAM, FINALENDIS .
WRITECLPLORLILFMTLIS, (TIMECL) = T1) / 360033 COMMENT TIME IN MINUTES. .

EnDe e



LIST OF POLYHEDRA

Th



EAR FOLYHEDRA

TRI-LIN



1 4352 3415 4251 231 321

U o& o

-
OO N W W=

fory
fay

- e
2w N

43562 53416 4251 231 32981 521

4652 534174256 2361 3216 4351

435 34 3 19 6132 ¢

135785 8334174283 535%21338 3373 &34
437562 65341 42571 312 61732 521 351

43762 65341 42571 312 6732 5217 3561

43367 65347 4251 3172 6132 5271 6241
4356782 7653418 4251 312 6132 7152 6281 721
4356872 765341 4251 312 6132 78152 6218 671
4358672 765341 4251 312 68132 71852 621 561
435872 765341 4251 312 68132 78592 6218 5671
433872 765341 42581 312 6832 71892 621 3561
435678 7695348 4251 3182 5132 7152 6281 7241
43582 7653418 4251 312 68132 7852 628 547214
43872 765341 42581 312 6832 7852 6218 35671
435862 41653 4251 312 781326 75218 685 5761
43862 41653 42581 312 78326 75218 685 35761
48762 41653 4258 3812 78326 7521.6185 43574
435702 416583 42851 312 713826 7521 615 532
435762 41683 42851 312 71386 75821 615 6532

437562 658341 428571 231 738261 521 351 532_
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TRI-LINEAR POLYHEDRA
OF

9 FACES

[



Lot Nors

&~ O W

Lo

11
12
13
14
15
16
7
18

20
21
22
23
24
25
26
27
29
29
30
R
32
33
34
3h
36
37
38
39
40
41
42
43
44
43
46
47
48
9
50

638697z 419653 42541 312 TuolZ2e 752918 645 7613% 621
493067 41652 425d1Y 3912 78426 75210 685 76135 431
43392 419652 42981 31z 782326 75298 489 769135 8621
49862 H16%3 425989 ¥z 783720 75218 6085 761935 4381
FT6209¢ 34105 4258 28912 67832 7521 6189 435719 481
762908 449105 4258 3407 67832 7921 6485 435719 2481
TEYNE 34965 42DH 38192 67432 7929: 0189 L3871 624]
FYLLE 341965 4258 48172 67837 7529 691895 4357% 762
83567852 87653419 4255 312 65432 7152 8162 7291 821
43567082 B765%341 4291 317 03132 7152 39462 7219 781
43569782 8765341 4251 312 0132 79152 81962 721 671
43596782 47653481 4251 312 Hv132 (1992 €67 721 561
4356932 87653041 625%1 312 6132 79152 8967 7219 6781
4399782 8765341 4251 312 6Y132 7952 81v62 721 5671
4326089 9765349 4¥pi 3192 0132 7132 816p 7291 8244
439692 87652341y 4291 312 6137 79152 896p 729 67824
435982 8769341 w251 312 49132 7952 8962 7919 56781
439782 876953641 42991 312 6949 7952 81960 721 35671
IS567THY HB76934Y 42519 392 6132 7152 €162 7291 82431
4396Y872 417653 4251 312 3261 891527 8651 7166 681
435904872 L7653 L2951 312 32691 616527 Ya21 716 63
43956872 417653 42991 312 32619 H1527 4621 716 351

493560672 417653 42919 3¥12 3261 A1527 Bg21 Ti6 431
5356972 417655 4251 312 3261 851527 86219 796 6871
4396872 417653 425%1 312 3269 819YS27 8621 716 3561
4YSe872 417653 0239 3912 32619 6152/ 861 716 4351
3568729 4917653 42519 2392 3261 81927 8621 716 2431%
N960807 417653 4259 3912 232069 819527 8621 716 43561
568726 4917853 4259 392 32019 81527 8621 716 24351
4356872 4176593 42951 312 39261 HB1527 te21 716 532
43956072 L1/76953 4251 312 32941 B1S9ZT Eg21 716 652
4356872 4179653 4251 312 3261 815297 86921 716 762
4356872 B1/99%3 4251 312 329Y01 31597 86%21 716 70652
4356872 41703 42951 312 3961 BIS59T 86921 716 76532
43568792 41953 6231 312 32v01 81597 8651 716 17652
43589672 765341 4251 312 81326 852719 621 5691 661
43950672 705341 42591 312 819320 #5271 621 561 351
4359072 765341 4251 312 ARYL326 852719 621 569 5861
49580672 769341 4259 3V12 BlvW3I2se 8527y 621 561 435%
439972 7693481 4251 312 861326 25279 6219 569 58071
5686729 7693491 425Y 392 81Y326 85271 621 S61 24351
433809 765349 4251 3192 81326 857791 629 581 67241
4356072 7659361 42951 312 0813926 85471 421 61 532
43500672 7695341 4251 312 413296 859471 621 5861 452
4398672 769341 62951 312 51396 859271 621 561 6532
495872 417653 4259 39 (2 AB1Y3p 7852 8621 6715 435
43Y672 765341 425691 12 832 719852 621 5693 386}
435932 7653410 4255 312 689132 7852 624 721956 58y
435829 765918 495y 31Y &B13%p 7892 028 72156 53412
769425 83IV6Ss 4Y2E51 31Y 826713 75291 615 325 34162
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43B69A2 4179653 42581 312 T8326 /52918 856 76135 62A1 921
4386AGZ 419653 42581 312 78376 7529418 856 (6135 621A 691

L3oA692 41%653 42581 312 78326 7T5291A8 856 T6AL3S 621 861
43A8692 419653 4250A1 312 7326 752918 8§56 761A35 621 381
4A38692 419653 425810 JA12 78326 752918 856 76135 621 #4131
438692A BAL9623 42581 31A2 (8326 752918 856 76135 621 241
43BA92 419653 4258) 312 78326 7TS26A6 856 76A135 621A 8691
43R692 419653 425bAl 312 T8326 IS291A8 856 764A35 621 3861
LAB692 419653 4296A 3412 18326 7529186 856 761A35 621 4381
4386YA 8A9653 42581 3142 78326 752918 856 76135 62A) 9241
438A2 41AG6S3 42581 312 78426 7529Ab 154 T6A13Y 62A 86921
43AY2 4196593 425841 312 78326 7T529A8 856 76A35 621A 38691
4A692 419693 4258A 3M12 Tu326 T529148 B34 T76A3S 621 43861
438692 419653 425A81 312 7BA3I26 7S2918 8§56 7613A5 621 583
43AB692 H1Y653 425A1 312 /BA3IZ6 752918 856 T61AS 621 5813
438692 419653 42581 312 PAB326 752918 8a56 76135A 821 785
438692 419653 42501 312 T8326A /AS52%18 BS5A6 76139 621 675
438692 419653 425A81 312 7TA3726 752918 BaA56 T7613A 621 7835
438692 G196A53 42581 312 7BI2A TA2918 Bs5A6 76135 621 2675
438A92 419A6S3 42581 312 78376 (52A8 B56 76A135 A21 29186
438692 419AS3 42561 3172 7832A 7TAS18 BSA4 76135 6A21 79296
934024 4A1653 942581 Y1h23 76326 75218 685 76135 431 241
GAIB6E2L 51653 Y425B1A Y123 /A326 75218 &85 76135 43A1 931
930624A 41653 942581 9A123 78326 75218 685 76135 431A 491
Y3BA24 41A653 Y4250 9123 70326 752A8 685 76A135 431 8621
G3A624 41653 YURHEAL ¥123 78326 752148 685 76435 431 3861
938620 H4A1653 942501 YA23 TUAP6 75218 685 76135 431A 2491
G3IBAL BA653 QU2581 91A23 78326 79248 485 76A13Y 431 80241
OAGZH 41653 9u258A 9123 7a324 7521A8 685 76A35 43A1 Y3861
938624 416A3 YH42A561 9123 /6340 7T5A218 685 76135 431 6532
938624 41653 Y4251 9123 TAB326 75218 68AS 76135A 431 785
038624 41693 942581 9123 T76376h 785218 &B5A 76135 431 675
938624 41653 YE25A481 v123 TA326 75214 68A5 T613A 431 7635
938624 416A53 942581 Y123 TB3I2A 7A218 685A 7613% 431 2675

43BA2 41A9653 42508) 312 78326 75298 S48 T69A135 Ad62 8921

4AB9Z 419653 42584 3A12 Tod26 15298 S48 T691A35 13862 4381
43892 4196A3 42A081 312 7T83A6 754298 568 769135 1362 6532
43892 41965A 4ASH1 312A 7TH3Aa26 /5294 568 769135 1362 5342
43892 4196543 42A01 312 7oA2a 75298 568 76913A5 1562 25483
4AB62 41653 94258 YA123 74328 795218 S68 761A935 438A 4981
49B6A 4A653 94250 P1AL23 74324 15241¢ 568 761935 4301 6241
49862 41653 9425A8 Y123 TA3Z6 75218 4568 76193A 4381 7835
49862 4106A53 94258 9123 7ul32A 7A218 SA68 761935,4381 2675
49A62 41653 94258 9123 /8326 752178 -56A8 TA935 438A1 76198
Q876244 6534A1 4258 91A238 67832 1521 6185 943571 481 241
J876A24 6L ILLA 4258 91238 67832 7TH2A1 6¢85 943571 481 621
GEATO24 65341 4258 91238 67832 7921 61ARS 94357A1 481 871
ABT 024 65341 4258 Y1238 670632 7521 6185 943571A 4vAl S8
Q8r624A 65341 42by 941233 07832 7521 6185 943571 4dlA 4461
98T6AL 6534A 4258 Y1AZ30 67432 752A1 6185 §43571 441 6241

80



51
52

53
54
55
56
S/
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
13
74
75
76
77
748
79
60
81
82
83
84
85
86
87
88
09
90
91
92
© 93
94
95
96
97
98
99
100

9BA624 65341 4258 91238 678632 7521A 6A85 943S57AL 48) 8761
QATOZA 65341 4258 91238 67832 7521 01A85 94397A 48AY 9874

BT624A 65341 4258 YA12308 67837 1521 6185 943571A 48A 49481
9B7624 6534A1 4208 9A238 67c3?2 7521 6185 943571 481A 2491
9A624 65341 4208 91238 67832 TS21A 6385 94357A 48A1 98761
987624 65AL81 BASE V124338 AT83A2 7521 4185 943871 481 5342
QBI6A24 H34LA 4258 Y1238 oTd32a TSAL 6185 943571 481 1652
GHIO24 65341 425A8 91238 678A32 7521 5185 943A571 481 583
947624 65A341 L2A8 91236 67/BA2 521 6185 943AS731 481 2583
762A8 3U49AL6Y 4228 3IBY2 67432 7921 0185 9435714 48A2 26981
TAZ298 3UO1A65 4298 3892 67837 7524 6A185 943571 4312 7621
TO6RAZ298 3491A5 4258 3892 4678324 7541 5188 943571 4312 1692
B724946 534176 5942 3912 369 B1A9927 8621 716 4356A) 961
B724A96 534176 5942 39A12 3269 819527 8621 716 43561A 491
872A496 S534A176 5942 391482 3269 819527 R621 716 43561 241
B7TAZH96 S341A70 5942 3912 3269 819527 B62A1 716 43561 721
BAT2696 534176 5942 3912 3209 816527 8621A (A16 439561 871
B72496A S34176 9942 3912 3209 EA19527 8621 7T1A6 43561 681
B872A96 S34AL176 5942 39A2 32069 816527 8621 716 435614 2491
BAZ2496 S34LAT6 5942 3912 3269 819527 862A TAL6 43561 8721
B72A6 S34A176 5942 39A2 3269 81A952/7 8621 716 4356A 24961
872496 S53A4170 5SY4A2 39124 326% B19527 8621 716 43561 342
435YA72 417653 4251 312 BW1326 85279 9621A 695 867A1L 971
435p972 417653 4251 312 B9AL326 87279 §621 695 8671a5 591
43AS972 417653 425A1 312 3Y1A326 85279 9621 695 86715 351
LAa35972 417693 4251A 3A12 891326 85279 6621 695 86715 431
4359724 4AL7653 4251 31A2 8Y1326 85279 9621 695 86715 241
435982 ALA653 4251 312 B91326 85279 Q65A 695 B67ALS 9721
4AS972 417653 4257 3A12 891A326 85279 G421 695 86715 4391
835A2 A1AT653 4251 312 BIAL326 85279 962A 695 867AL 59721
435972 417653 4251 312 BA91326 85279 9621 69A5 BOT1HA 895
435972 417653 4251 317 913264 BAS27Y 9629 69A 867154 6895
BOYAU3S 7T853AY 4251 31AY2 81326 852791 962 561 T24A16 S41
BOAYUIS 765349 4251 3192 H1326 B52TYAL 962 561 724146 691
8AGYU3S 765349 4251 3192 813726 8527Y1A 962 S56A1 72416 B6t
BOYAIAS T65A349 U42A1 3192 B1A26 B52/91 962 561 72416 2513
49587 A2 341A765 9425 3912 681932 7852 8g2a1 6715 4351 721
4OBA2 3L1ACE65 942> 3912 68A1932 7852 8624 6TAS 4351 58721
724A396 417653 4298914 3A12 8326 719852 621 5693 8613 431
T243A6 417653 4256vu1 312 8326 7149892 621 5693 86A3 3961
4358209 765GA18 49%: 319 681392 7852 628 72156 41AZS3 291
435A829 765918 495% 319 68AL1392 7852 628 721A56 41253 5381
43A5829 765910 495A1 319 68LA3$2 7852 628 72156 412538 351
LA35829 765918 4951A 3A19 681352 7052 6928 7215641253 431
435829A 765918 4951 31AY 681392 7052 628 72156 4A1253 G4t
435A29 T6591A8 4951 319 64AL392 78952 628 72AS56 41253 5821
LASB29 7165918 495A 3A1Y 681A392 7492 628 72156 41253 4351
3982YA 765918 4951A 3AY 6481392 7852 628 72156 4A1253 9431
439A9 T659A8 4951 319 68A1392 7852 628 72A56 41A253 58291
435829 765918 49A51 319 6813A92 7852 628 72156 4125A3 953
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101
102
103
104
105
106
107
108
© 109
110
111
112
113
114
115
116
117
114
119
120
1279
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
1348
139
140
141
142
143
144
145
146
147
146
149
150

43A5829 TOS5A918 49A1 J19 68142 7852 628 72156 41243 13925
76943705 B39Y65 49285A1 931 82671A3 75291 615 253 41673 351
7694A35 83969 492851A Y3AL 826713 TH291 615 253 41623 431
769435 839ALS 4923851 931 426713 792491 615 253 416A23 §62.
435678982 87053414 42591 312 6132 7152 8162 9172 82AL 921
435678A92 98765341 4251 312 6132 7192 8¢62 9A172 B21A 891
43567A892 987053461 4251 312 6132 T152 Bal162 91A72 821 781
4356A7892 98765241 4251 312 6132 7A152 g1A62 9172 821 671
43567A92 98765341 4251 312 6132 7152 8A162 9A72 B21A 7891
4356A892 98765341 4251 212 6132 74152 8aA62 91A72 821 6781
4395A7892 Q87695345 42535 312 H6A132 7A52 81462 G172 821 5671
435678YA QB7605306A 4251 31AZ2 6132 7152 8162 9172 82A1 9241
43567A2 987065341A 4251 312 6132 7152 BA162 9A72 82A (8921
43956A92 93765341 4251 312 0132 FTA15Z BAG2 9A72 8214 6789
4354892 98765341 4251 312 8A13Z2 7AS52 BA&2 91A72 821 567381
3567T89A 98/76534A 42510 342 0132 7152 8162 9172 82A1 92431
4356A2 98765341A 4251 312 61732 TALS52 8Ag2 9AT2 82A ol8921
43HA92 YBT765341 4251 312 AA132 7AS2 BAGp SAT2 821A 567891
U3AB92 98765341 425A1 312 bA32 FAS2 BA6n 91A72 821 356781
435674982 4187653 4251 312 3261 5271 941628 9721 B81AT 791
4356A7982 41870653 4251 312 3261 S27AYL $(A628 9721 817 671
435407982 4187653 4251 312 32641 S271a 91628 9721 81/ 561
43A567982 4187653 425A1 312 3261A 5271 91628 9721 817 351
4A3567982 4187653 4251A 3Al12 3261 5271 91628 9721 81/ 431
43567082 4187053 4251 3172 32461 5271 9A1628 9T21A BA/ 7981
435A7982 4187053 4251 312 32AL1 S27A 914628 9721 817 5671
43A67982 4187053 42531 312 326h 5271A 91628 9721 s17 3561
GAS6/9Y2 4187653 42oA 3A12 3261A 5271 $41628 9721 817 4351
39679824 4AL1BI653 4251A 3A2 3261 5271 $1628 9721 317 2431
567T982A 4ALE7653 4250 3A2 32614 9271 91628 9721 817 24351
4356A2 41ABI653 4251 312 3203 52741 9A6p8 GT2A A7 6794821
43567982 418705A3 42A51 312 3AZ261 5271 91628 9721 817 532
43567982 41876A53 4251 312 32A81 SA271 91628 9721 81/ 652
43567982 4187A653 4251 312 3261 S2A71 916428 9721 81/ 762
43567982 418AL653 4251 312 3261 5271 9162A8 97A21 817 872
43567982 L18A053 4251 312 3281 52471 914A8 97421 817 8762
43567982 4187A3 42A51-312 3AA1 SA71 916428 9721 817 16532
43567982 H18AS3 4291 312 32841 SA71 91648 97A21 817 87652
4356709842 41A653 4251 312 3261 HB2A71 91648, 97AL 817 18762
43567G8A B7653A GAZSL 31A 3261 5271 91628 972A1 817 34182
43956798274 18765A 4AS1 31A 3A261 S271 91428 9721 817 53412
43567982 H1876A LADT1 3124 3A61 SA271 91428 9721 817 65342
43569782 v765341 4251 312 3261 Y1227 962814 721 67AL 971
B3956AYTH2 8765341 4251 31272 3261 941527 96281 721 671A 691
435A69782 8765341 4251 312 326A1 91AS527 96281 721 671 561
43A569782 8765341 42941 312 3261A 91527 96281 721 671 351
4396A7082 8765341 4251 312 3261 941527 $6281A 721 674 6971
LIAG9T782 B765341 425A1 312 326A S1AS27 96281 721 671 3561
LAS69TE2 Br65341 42574 3A12 3261A 91527 96281 721 6/1 4351
S69/82A B876534A1 425A 3A2 32614 91527 96281 721 671 24351
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151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
159
170
171
172
173
174
175
176
177
178
179
180
181
182
183
164
165
186
147
188
189
190
191
192
193
194
195
196
197
198
199
200

435682 HT6D341A 4251 312 3261 SA1527 9628A T2A 67TA 697821
43569782 BF6SA381 42an1 312 34261 Y1527 96281 721 671 532
43569782 BI6AB341 4251 312 32461 915A27 96281 721 671 652
43569782 G/h65341 4291 312 3261 9152A7 96a281 721 671 762
43569782 BIASIL] 4251 312 32461 919547 96A284 721 671 7652
43569782 BAE5361 4251 312 32/1 P1S52A7 GgABY TA21 67 8762
435691824 BT65AY 4A541 31A 3A261 91527 %6281 721 671 53412
435691782 BT6A4T HBAS1 3128 3461 91SAZ7 $46281 T21 671 65342
43569782 87A341 42a51 312 3A&K1 91SA7 96A281 721 671 76532
43569782 BAS5341 A251 312 32461 $1SA7 96A81 TAR2i 671 7652
43569Y78A2 O05341A 4zZb1 312 3261 Y192KhT 94481 TAL 671 18762
4356978A B7H93A UAZSY 314 3261 91527 96281 7241 671 34182
439946782 B765345 4251 312 Y1326 95271A 8162 721 56A1 9614
43596A82 8/oS34) 4ae51 312 91326 $527TA1 8A&2 721A 561 6781
4356782 8765341 42517 319 YA1326 95271A 8162 721 56A 9961
4359602 8/765341A 4251 312 Y1326 $S2/A1 BALY T2A 561 67821
4359YA2 BTO65381A 4251 312 w1326 9YS27h BAG2 T2A S6A1 Y6782
43596782 8/76A534% 4251 312 Y132A6 95K271 8162 721 561 652
43596782 876A3481 42AS1 312 Y1346 9San71 8162 721 561 6532
435967824 8765A1 GAS1 314 913426 95271 8162 T21 561 534312
43596782 B/A341 A42A51 312 Y1346 G5aly 816A2 721 561 76532
4356A2 41ABTED3 48221 312 32061 794152 8942 972A T7T8A6 69E21
S69824 AAIB76D3 420a 3IAZ2 3261a TG152 BYg2 9721 7816 24391
S9TG2A B876534A1 4258 3A2 oY¥1A32 9927 81wée 721 6115 24351
4356A92 87653419 4251 312 3261 T9a152 8962 729 821A6/0 691
4356A2 B765341A9 4291 312 3261 794152 8962 729 8B2A67 6921
4395A2 B765301AY 4291 3172 326a1 T9A%2 BY42 729 82A67 56521
4356A872 417653 4251 312 3201 GA152/8 821 9671A 8A6 6964
4356A72 417653 4251 312 3261 9A15270 8621A Y67A BAG 6YETY
435642 41A70653 4251 312 3261 YALS278 B62A 967 BAo 6Y8721
43509872 41769A3 LZ2AS] 312 324261 §15278 8621 9671 816 532
4356Y872 417T6AS3 4251 312 32K61 9154278 B&21 9671 816 652
43569872 417A93 4251 312 32A61 Y1SA/8 Bsn21 9671 816 7652
H3I5A960872 417053 4251 312 9A1326 952781 8621 716 561A 591
43A5%96872 417693 4251 312 91A326 953761 8621 716 561 351
43596872 417653 42514 5A12 91326 999781 8621 716 561 431
43990472 417653 4251 312 91326 9°527¢8A1 8621A TAE 561 6871
439A0872 417653 4251 312 YAL1328 952781A 8621 716 S56A 5961
LAD96ET2 417693 425 3AL?2 91A326 $52781 8621 716 561 4351
35968724 HALTO53 42514 3A2 Y1326 952781 8621 716 561 2431
4359082 A41AF653 4251 312 Y1326 95278A1 8624 ThAb S61 68721
SYO872A 4AL17653 425K 3AZ2 Y1A326 952781 8621 716 561 24351
43596872 H1765A3 42A51 312 913p26 952761 8621 716 %61 532
43596872 41T7T6AS3 4251 312 913246 $5Ap78y @621 716 561 652
43996872 417A653 4251 312 91326 $52A781 86A2Y 716 561 762
435Y6872 417AD3 4251 31z 913246 SSAI81 B6A2Y1 716 561 (652
4359687 h2 41AD3 4251 312 v13246 G95A/BY 8641 716 561 17652
B7243A596 417653 425941 312 932614 818527 B621 716 35A 3951
872A3956 WHA17653 42591A 3AR 93261 81527 8621 716 351 2431
72439564 417653 42591 312 Y3261 BA1527 86244 TA6 351 6871
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201
207
203
204
205
206
207
208

- 209

210
211
. 212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
2248
229
230
231
232
233

B7243956 41765A3 42AS91 312 93A261 81527 8621 716 351 532

BY243956 4176A93 42591 312 ¥32461 BLISAZT 8621 716 351 652

B7243956 417A053 42591 312 Y3261 8152A7 86421 T16 351 762
3

87243856 41TAS2 42591 312 932A61 851547 86A21 716 351 7652,
87249386 765341 Q42Z5A1 Y123 326A 81AS2T 8621 716 431 35614
BT24A356 7653471 94251a 9A123 3263 B1597 8621 716 43A 65931
87249356 T653A43 Q4A251 $12A3 3281 84827 8621 [16 431 342
B7246356 TOSA341 YA2AB1 $123 38261 81527 8621 716 434 532
BT249356 765A41 94Aa%1 912a3 3A261 81527 8621 716 431 5342
43A69T2 &1T7653 425A1 312 3260 BY1AS2y 86219 67 8716 3561
4356972 B17A653 4251 312 3201 8915247 84A219 967 87116 762
43569Y/7A2 41A53-4251 312 32A61 BYLSAT 86419 967 8716 17652
B72A396 4A17053 42591A 342 9326 R19527 8621 716 5613 2431
B724396 4176A93 42591 312 Y32A6 8195427 8621 T16 5613 652
8724396 417A653 42591 312 93726 B81952A7 86A21 716 $613 762
8724956 34176A5 9425 3%12 932461 B15A27 8621 716 4351 652
8724956 3417A6D 9425 3912 93261 8152A7 86A21 716 4351 762
8729A56 4917653 4259 392 32617 81027 8621 716 435412 6§51
87T2A956 49A1T7653 4259 392 32619 B1527 8621 716 4351a2 291
B72956 4917A653 4259 392 32019 B8152A7 86A21 716 43512 762
8724356 934176A5 95142 312 Y2A613 815A27 8621 716 532 652
4356872 9534176A 4251 312 96132 9A27415 8621 716 52A6 692
43596872 53641708 4251 312 961325 9A27815 8621 716 SA6 89492
43568720 95A1/6 4a51 31A Y613A2 §27815 8621 716 526 53412
43589672 TOSA341 42451 312 342601 9065271 621 9156 861 532
43589672 7T6A5341 4251 312 32A681 985a27( 621 9156 861 652
4395A2 7653414 42591 312 9326821 8527A 62A SA5 351 586721
439584672 7TESAZ4L 42A591 312 9342681 85271 621 615 351 532
439586672 TOA34L 42A591 312 Y3A681 B85a271 621 615 351 6532
4359672 T65A341 42A51 312 8Y13A26 852716 621 656 8615 532
43596172 TOAS341 4251 312 8913246 8542719 621 956 8615 652
8672495 [6AS5341 9425 3912 8193246 85A271 621 615 4351 652
4359A82 TO53418 4251 312 913268 7852 628 956721A S58A1 981
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25

29
30
31

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

4386982
4386¥3A2
4380u89A2

43880942

43886902
4R33569A2
43869A28
43868A2
L3BBYAZ
H3¥6942
4B86YAZ
4386948
438682 A
BIoyA2 A
4389A2 A

AGo5341
AQ6534%

AY6S 318
AVESIL Y
AVES 34
AY6e53471

A96534 9
A% 65347
3441
A965341
A90S5341

4edon
42581
42%81

42541
4254
42501
4290
425031
425088
4250
42581

42504 3

L2500

/\UA

AG65348
9653418
965341
965341

42581

425841

4

856 76135 A162 92H1
896 76135 AB162 921iE
B 856 7613% AlbG62 921
856 7161132 Al162 921
761H3S A162 921
6 856 76135 B1672 923
8 456 76135 AL62 921
7529818 854 76139 ABGZ 6214
G376 7H2Y88 856 T6H135 Alg62 921
1326 7529188 856 7T6B3% A162 Y21
Jg12 T8326 752918 856 761335 AlL62 921
3182 783260 7H2918 856 76135 A102 G281
3172 78326 (52%818 858 76135 Ad6Z2 628 &
r8326 752%d3 896 768135 Ado2 9214 8
T8326 792988 856 76H83% AlBo2 921 3

NN
> »(_) Lol

~ N AN Y~

~ s U N

(VL IRV Y]

4
N
A

2
2

3
4
IS
1
1
3
g 33l
3
P
2
3172

12

312

A21
GA
691
061
381
431
241
69 A1
8691
3861
4381
A241
GA21
6 AL
8691

f8326 7529148 8§56 76835 AL62 921
fd328 752918 858 761835 Alo2 §21
3869A8 A969348 479018 3yl 8326 752918 856 T6135 Al162 9281 A243)
438698 AY65348 42501 31n2 0326 752%1¢ 856 76135 AB102 928 9Az4y
43B69A2 A965341 425881 317 /nL3/o 7529018 856 761385 A162 Y21 583
L3BBOYAZ AYESILL 429HY 317 7813326 7H2918 856 7618Y A162 921 5813
L38O69AZ AYOSIAY U42S5d1 312 Todlzd 7152918 B8BS%56 761339 Al62 921 789
L3B69A2 AVOS3LYL 42581 3172 /&?268 [R92918 8546 76135 AL62 921 675
G33869A2 A968341 429881 312 /8326 TS52918 BHSE 76138 Al02 921 7439
4386vA2 AVOBS3IAT 42h31 312 78328 782914 8586 76135 Al62 921 2675
U3BHIAD A9BESILY 42581 312 /768326 792R8 856 768135 A1l 921 29184
438B69A2 AYBS341 42581 312 74328 7913 €586 76135 Al6H2 921 75296
AVZ2438B6 419093 4¥ndy 312 78326 7529YA18B8 656 760135 A621 916 6§61
A9243386 419653 4256431 312 78326 75£94518 RBS6 761835 A621 916 381

4dO69A2 A96H341 4254848 3912
B6Y AL A9653481 LZ2bDUR 382

43861
24381

AY24133486
AY2B4386
A92438068

419653 4258113
419653 42531
419653 42501

73326 TOP29A18 856 76135 A621 916
765326 T229A{8 &56 76135 A621 916
9186

35312
3182
312 78326 7529a318 856 76135 A621

431
241
4AY

916
916
916

312 78326 752%A1Hg 856 76835 A621
312 78326 7S2YALE H5a 761335 A62)
382 [A326 7529A18 856 76135 A621

752¥A18 B856 76135 AGLBL 916
75290318 856 76135 Ao21B 986
7529A138 8§56 T6H135 A621 91eé
75294138 856 76835 A621 916
7TS29A18 856 761839 A6L 916
7529418 856 76135 A6281 916
49653 42531 3182 /78326 T7TS29A1H AS6 76135 A628 6B16
419653 4250581 312 78326 7529488 856 76833 A621 9186 386A)

4196883 428581 312 (83E26 T7T529A18 356 761395 #4621 916 532

4196893 42581 312 7823286 75829418 856 76139 K621 916 652

4195653 42561 312 78326 75289418 856 76135 AcB2L 916 $62

41YaB3 42K581 312 703486 75829418 856 76135 A621 916 6532

419853 42581 312 783288 754YA18 856 76135 A6u2l 916 G652

419658 4581 3128 703826 7529418 856 76135 A621 916 5342

41983 424581 312 78386 7TS5g9A1R 8568 76135 Ab821L 916 6932

AY24386
A924186
A928336
A9UB4 386
9243868
A924348B
A92486

AV2u86

A9 386

A4 386

A924 31

A924386
AQ24 3086
A924386
A924386
A9243b6
A9243486
A924386

41Y653 425801
41v653 425084
4319653 L2%810p
4u9Y853 4250 3182 18328
B1Y653 42541 312 76326
H19853 42581 312 /78370
419653 drbod 3d12 /8326
4H19653 L2588 382 18326
4B39653 429831y 382 /8326

3861
4381
2433
§241
609
2641
43861
24381
Ge431
AGzZ4
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51

53
54
55

57
54
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
17
IR
79
80
81
82
83
84
45
86
a7
84
89
Yo
91
92
93
94
995
96
97
98
99
100

AYB24386 41B53 42501 312 /83236 TS5RYAL8 856 76135 A6BL 916 16652
AYB4 386 4BO5I 42501 31yl 78325 7S2B8YA1E 856 T6135 Addl 916 41962
AY24386 41Y653 425881 312 f8R3Z6 7529A18 856 761335 R621 916 583
A9243866 416653 42551 312 [8R8326 75<9A1¢8 856 T618S A621 916 58113
AYZ24386 6196583 42881 312 706326 7529418 856 T61L3BS A621 916 2583
AG24386 41Y653 42981 312 7848328 752%A18 81ES6 761358 A621 916 78%
A924386 419653 42581, 312 7B3I26E 7B8529A18 8586 76135 A621 916 675
AY24330 419653 425881 312 TB326 752%A1¢8 8856 76138 A621 916 7835
AY24386 419653 42581 312 83261 Tun29718 8B6 761358 A621 916 6785
AVZ24386 4196853 42501 312 TOIVE 7482YA18 85B6 76135 A621 916 2675
AV243886 419653 42531 312 T6326 7529A18 8568 78135 A621 916 1876
A924386 419853 42581 312 78324 7HOALY 8s5B6 76135 A6BZ2L1 §16 75296
A924380 41Y6153 425d7 312 T8I0 29A188 858 786135 A621 916 87526
AQ24388B6 419653 42581 312 783260 S529%A18B 85B 781395 A6Zl 916 18756
A924388 419653 42581 312 783256 I529A3 856R 7TH13% A621 9186 A1876
43B8A692 419653 4258R1 312 148326 71529148 568 76A1835 216 861 381
4B3BA692 419653 425813 3EL2 78328 7529148 568 76A135 216 3861 431
43BA6928 4819653 42581 3132 78326 7529148 568 70A135 216 861 24y
4384092 419653 425081 312 70326 7529148 568 76A835 216 8618 38A4
4BBAGY2 419653 4258p 3812 78326 7S2Y1A8 568 T6ALB3S 216 B61 4384
3BA6928 4519693 425018 382 TA326 [(5291A8 568 764135 216 B61 2431
4304098 489653 42581 31H2 70326 752Y1408 568 76A135 2816 861 9241
438692 4190653 4258uv1 312 78326 752918A8 568 76AB35 216 868 38461
LBAG9Z 419653 42581 3HL2 78326 7529148 568 7T6AB3S 216 8618 43844
BAGYZ2E 4819653 4256818 382 703726 75291A8 568 76A1835 216 861 243814
38A698 439653 425818 302 /8326 75291708 568 TO6AL135 2816 861 v2431
43BA68 4BY653 42541 3182 73326 759298148 S68 T6AL3IS 280 861 64241
43BR692 4196583 420981 312 7823626 7529148 568 76A135 216 861 532

438A692 A1Y633 423581 312 70336 758291A8 568 76A135 216 861 6532

43BA692 419658 43581 3128 [b3826 715291A8 568 76A13D 216 861 5342
438A092 41983 423581 312 76356 7T95H91A8 568. 76A135 B216 861 $6532-
43BA69B2 41853 425061 312 [837H6 7SBYLAE S&8 T6A135 Blé 861 15652
43BAOGE 448653 42581 3182 78326 7S28Y1A8 568 764135 516 861 41962
4308692 41Y6583 42881 312 78R26 752Y148 568 76413095 216 861 2583
92483486 965341 4258A18 2381 78326 (52918 568 A33761 621 381 431
924BAB6 960341 4258AR 2361 78326 752918 548 A35761 621 3818 43At
9283A86 9653481 4258418 238 78326 752918 568 AIST6l 621 381 2431
924386 965341 4250AH1 231 78326 7529188 S48 A3S576y 621 388 3A861Y
924386 905341 4258Ag 23d1 78326 (52918 568 A3ST618 621 386 43484
9ZHACH Yo653LB1 H258AB 2308 718326 752v18 568 A3S761 621 3I81E 24341
9243A8 965341 4258A1 231 703726 752948 568 A3S576H 0218 3881 A8691
9243786 9658341 LZBS5RAL 231 783826 752918 568 A35761 621 381 $32
GU43A86 965841 HEDBAL 2d31 (83826 TH2918 568 A3IST6YL 621 381 5342
9243836 96b341 L28958A) 231 7TAR3ES 75d2918 568 A35761 621 381 6932
9243486 985341 4250A1 231 /083286 755918 568 A3S5761 6921 381 9652
92843286 96581 ABSBAL B31 /83026 752918 568 A3S761 621 381 853412
9243A346 906B4] 4BS3AY 2831 783dé 7982918 568 A35/761 b1 381 65342
9243A86 98341 4285871 231 7838¢ 758Y18 548 A3ST7T61 6wldl 381 $6532
9UL3ABE S65341 425871 231 /8B326 TSZ2918 BS68 A3SBI6Y 621 381 785
9R43A86 965341 4H4258A1 231 B3268 7852918 B8 A35376)1 621 381 €785
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101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
11/
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
149
140
141
142
143
144
145
146
147
148
149
150

92434886 965301 4298A1 231 [8326 752918 56B8 AJSTH1 621 381 1876
9243A868 YuS341 425EAL 231 783286 /5818 568 A3IS761 B2l 381 52914
Q243486 9U5S3ILY 425841 231 7B32E 74914 5568 A35761 6821 381 75256
924A8386 965341 a4eb18 A123 78328 752918 856 76135 021 4381 A3
924BA3006 9095241 AL25a1 AB12Y 74326 752948 856 76135 621 4316 44t
F2BHA3BO $O653481 A4ZS5E1 A1UH23 748326 7526918 3856 76135 621 431 241

928A38B6 9605341 AU42D831 A123 783284 /7b2v1p8 B854 T6H3D 621 431 3661
9248386 965341 A4295318 AGL123 8326 (52918 8526 76135 621 438 4A31
92BAS8E 96034081 AUZSRL AH23 76326 TH2918 856 76135 621 4318 2441t
IUBASEE 965341 AB2OS1 AIZ3 (83726 752988 856 T6E13S 6218 431 691
9R24AB8 965341 A42>5488 AL123 7TB328 7929Y1(R8 858 76835 621 4341 A3861
G26p86 $E65341 AA298Y ani23 7TA32060 752918 856 761435 621 438 44381
9BA386 Y46S53418 AUZ2S5B1 ABZ3 78326 752918 8556 76135 6291 4318 92441
24A308 9653418 A42901 A1Z3 FA354H 752938 856 768135 620 431 86921
9244303 Y65341 A4250p1 AL23 78320 752948 856 76835 6218 431 3869}
924A3A46 YOO3B41 AUE2SAl ALZ2HI 78326 752618 856 (6135 621 431 342
924A386 96U341 A4VPUHR1 A1Q3 TE3HE 7532918 856 76135 621 431 6532
V24a386 9uD341 A42bs) AL123 783246 758918 456 76135 6H21 431 %652
9P2B4A386 96581 A4B5SL1 ALIB3 783826 752918 856 76135 621 431 53412
924A386 98341 AU28581 Al23 7TH3EE6 755918 856 76135 6wl 431 965372
92473586 Y65341 A4Z2SRY A123 7HE326 752918 856 76185 0621 431 5813
92474386 9098341 A4ZEA)L AL1R3 78ER28 752918 £56 761385 621 431 2583
924 A3886 9658341 A4PHE1 A1Y3 THEZE 752918 856 Té&1bS 621 431 25413
924A386 YOLHBA1 ALET1 A1283 7HRZ6 752918 856 761385 621 431 42583
9Z4A366 965841 AESd) AlZ2# TB3226 752918 856 76135 621 4831 A4253
9244306 Y65341 AdyShl Al23 748326 752918 8B56 761358 621 431 789
Q24n386 Y69341 A42SB1 AIP3 /83260 YTps2918 8586 76135 621 431 675
9244356 965341 AbrzSul AL23 83268 TBhHP91a aR6 761358 621 431 6785
924A386 9015341 ALLZHEL ALP3 7832R 7u2918 8586 76135 621 431 24875
924A3E8B6 965341 A42SKL A123 78326 75291iR §568 TH135 621 431 1876
924A3486 9uS5341 A42ZSB1 A123 78328 78Y14 85686 T6135 6321 431 75294
A4386928 “b6534A81 42581 A231 78326 /529418 856 74135 621 41BZ2 24a7
AG3I3E92 DO934A1 42du) A231 78320 7529R% 856 768135 6218 412 8091
AL3B692 9693441 425881 4231 74326 7929138 856 7cnidd 021 412 3861
A43882 96534A1B 42581 AL31 (326 752048 856 765135 628 412 B6G2{
AG3892 96534A1 4295851 AL3I1 (E326 75298¢ 856 76H35 6216 412 3869
ALB692 96534A1 425480 w2381 TR3:6 7529188 AS6 T6R35 621 412 43861
438698 Y6SILAB 42581 AZ3\H T7bH326 752918 856 T6135 6201 482 GZad4y
A43p8092 $6934a1 42581 A231 786326 (52918 €56 76139 621 412 S9A13
A438692 96534A1 42581 4231 TBO3I26 752918 8856 761358 621 412 (8S
A438692 YEI3ILAT1 42581 A231 /83268 7Tu52918 8586 76135 621 412 675
A43B6Y2 90BY34A1 42581 A231 73328 722918 8966 76139 621 412 2678
A43B662 9HHILAL 42581 AZ31 7AR3IZB 78Y18 8SR6 76135 6B21 412 75296
4BBAY2 419653 429813 3812 78326 752948 S48 76A1835 A621 9186 434t
438AY8 4HY6S53 42581 3182 /8326 /529A8 9468 76A130 A6281 G186 Sein
43882 4189653 42581 312 70326 752%Ac 568 76AB133 A620 9886 8Aa621
43692 4190653 4258181 312 73326 7529A8 S68 76ARB3S As218 98B 3689
GHAYZ2 419653 42588 3R12 7TA326 7929A8 568 7THAB3S As21 91886 4384t
438AY2 419683 428501 312 /8336 75829A8 568 TOA135 A621 9186 6532
438A92 419058 4HBS¥)Y 3128 /83126 752YAa8 568 T6A13S ARO621 91686 S342
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151
152
153
154

155

156
157
158
L1569
160
161
162
163
164
165
166
167
-168
169
170
171
172
173
174
175
176
177
178
179
180
1d1
182
1483
184
185
186
187
148
189
190
191
192
193
194
195
196
197
198
199
200

438A92 41983 428581 312 753086 7TS5BYAE S6R 76A135 A6B21 9186 96532
438A92 4196983 42881 312 78826 7529A8 568 76A1365 A621 9186 2583
904356 419653 4258Ag] 312 78326 75291BAA 856 76435 216 86B3 3A61
9HU43A6 U4HYESI 4253A1 3182 TB326 7529144 856 76A35 2B16 86113 $241
92486 419653 42588 3812 783206 75291BA8 856 T6A35 216 8683 43A61
GE3A6 489693 4258AlB 3R2 /8326 T5291A8 856 TEA3S 2810 813 92431
92Z43A6 419683 42BSBAL 312 TU3IRG 7S5SHY91A8 856 76A35 216 8613 6532
9243A6 419658 4BS56A1 3128 783326 75291A8 BS56 T6A35 216 8613 5342
9243A6 419B3 A2BSEAL 312 78386 TSBYLAB 856 76A3S B21o 8613 66532
9B243A6 41853 4258A1 312 /83286 7S5HY1AE 856 76A35 BL6 8613 15652
VB43IA6 4B6D3 4250A1 31B2 78376 752B51A8 856 76A35 B16 8613 41962
9243706 419653 425B0A1 312 /brR326 7529148 856 76A385 216 8613 583
9243A6 419653 425BA1 312 /78B326 7S2Y1A6 856 76ABS 216 86138 S8A3
9243A6 4196583 42u8AY 312 TUB?6 7529%1{A8 B56 76A385 216 8613 2583
9243A6 419653 4258A1 312 788326 7529(A8 8856 76A358 216 8613 785
924346 419653 4258A1 312 783268 78529148 8586 76A35 216 8613 675
9243A6 419653 42588A1 312 78326 7529148 BR56 76A33 216 8613 7835
924346 419653 4258A1 312 93268 TB5291A8 8R6 T6A3SE 216. §613 6785
G243A6 4196853 4258A1 312 TH3IZ2B 7H2Y1A8 8586 76435 216 8613 2675
924346 419653 4255A1 312 78326 7529148 8568 7BA3S 216 88613 A876
9243A6 419853 4258A1 312 78323 7BY1A8 8586 76Rr35 2168 8613 75296
924386 4196853 425041 312 78320 291A88 858 TH6A3S 216 8613 87526
9243A6 419653 4258A1 .312 783268 5291A0 BSR 7BA3YS 216 8B613 A8756
928b56 965341 A4258 AB123 78326 752918 568 761BA35 621 4388 481
9BAABE 965348 A4258 A1d23 7832¢ 752918 568 761A39 6281 4381 $241
G286 9653481 AAN25b a3 78326 752918 568 7618A35 621 4388 24481
924786 965841 A4858 A1283 783026 752918 568 T61A35 621 4381 5342
ODLARG 96HUL AULHSE A12B3 78336 7582918 568 761435 621 4381 65342
9LLABE 9658341 AL2UB AL123 78RB26 752918 68 T6&1A305 621 4381 2583
9UHABE Y65341 AL2hHH A123 TBH3I26 /52918 568 761A8S 621 43881 5843
924486 965341 A4250 4123 780326 752%18 RBS68 7614358 621 4381 785
9ZBAB6 965341 AL4258 A123 (63268 75574918 SB6Y T61A3H 621 4381 675
924486 965341 AL2H8 A123 83268 THS52918 p68 761A358 621 4381 6785
G24ABG YEHHIAL AL298 AL23 TO32E 7TH2Y18 5848 761435 621 4381 2675
924ABHG6 $65341 AUR56 AL123 TU326 752918 5688 7H1A3S 621 4381 1876
924486 9USILL A4250 A123 TB32H 7RI91Y S5HE8 761Aa35 6821 4381 75294,
G24AB6 965341 A4258 A123 78326 7S291R 56B8 THA3S 621 438B1 76148
GHAIBG UAY6S53 42581 AZ2318 /6326 752918 856 76135 aB162 9248 SA4Y
IAUBE 4A96H3 4258y APZ3BY 78326 TG5291RA AaS6 76835 A162 9241 43661
98386 4A9653 425818 A23H 78326 752918 856 76135 AB162 9245 9A434
OALIBO H4A9653 425881 h231 7bRr326 752918 856 761385 Alez 9241 583
OALIBEE L4AYESI 42581 K231 70K326 752918 856 76185 A162 6241 5813
OA4386 4A9653 42551 AZ31 /HB326 752918 B8BS6 761358° A162 9241 784
9A43BE 4AY653 42581 AZ31 783266 7uS52918 8586 76135 Al62 9241 67S
OA43U6 4AYO6S3 425881 AZ31./B326 752918 BBS6 76138 A162 9241 (835
9A4386 4AYVOBSI 42581 A231 TU32B 732918 8586 76135 A162 9241 2675
GAU38B 4AYBESS 42541 A231 /8326 752158 856 76B135 AlBZ 9241 2§186
QA4356 4AYBS3 42581 A231 78328 /BG108 85R6 76135 Aled2 9241 75296
L3IBBAZ 41AY653 42581 312 783726 948752 568 76AR13I5 A62 $218B86 8A1
43882 41BAY653 42581 312 78326 9A8792 S48 76A8135 A62 92886 8A21
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201
202

203
204
205
206
20/
208
. 209
210
211

43BAZ 41A9B3 428901 312 73386 GAB7SE 68 T76A135 AsH2 92186 $6537
43BA2 41A9653 42HuB1 312 70b32¢ YABIS2 568 76A13B5 A02 $2186 583
438A2 41A96583 42081 312 /4B26 YABTH2 568 76A13HS A62 92186 2582
430A2 41AY653 42581 312 7uB326 948752 8568 7641358 A62 92186 788
430A2 41A9053 42581 312 783268 Y44TUS52 5868 76A135 A62 92186 675
438A2 41A9653 425881 312 (U326 YAB752 B568 FT6A13B A6 92186 7835
438R2 41A9653 425031 312 83268 YA8TEH? B6B TOAL1398 A62 92186 6735
L438A2 H1AY6BHI 425081 312 706328 PA8782 SnR68 TOAL3S A62 92186 2675
438A2 41A968B53 425081 312 78328 9ad82 S88 786A135 A62 92186 87526
438A2 41A90653 42531 312 78324 SB7S2 5688 78A133 Apbdé2 92188 9A4T76
43392 419653 4258Au1 123 /76326 TS29A8 856 76A35 18A62 98386 3A9¢
43492 41993 4285841 (23 78366 T989A8 BS54 76A35 (A6dZ2 91336 946532
43A92 419653 425BA1 123 788326 7T%29AK 856 T6AHS 1A62 913886 S58A3
L3IA92 4196583 4280Al 123 18U26 /S29AR 856 T6&A3BS 1A62 91386 2583
43A92 419653 4258A1 123 788376 IS29ARK BBS5K 76A358 LA62 91386 785
43A92 419653 4258BA1 123 783268 T3S29A8 8586 76A35 1A062 91386 €75
43A92 41G653 425BBAYL 1235 /8326 7529A8 8pS& 76A3B 1A62 91386 7835
43A92 419653 4258A1 123 B3268 78BS29A8 Er6 76A35d 1A62 91346 €785
43AY2 4196853 4258A1 123 1832 TB29A8 B8sB6 76A35 1A6Z 91386 2675
43A92 419653 425881 123 74326 7959GAH 8948 7BA3S 1462 913886 A8T76
43A92 419B93 4258A1 123 7b32H6 7SBAE 856 76A3S 1AB2 91386b S25A6
43A92 419853 425dA1 123 78324 739A8 ABHe 76A35 1A6HZ 91386 (5296
G2H4AB6 969341 4258A 3AL2 TB3IVH Y18A8792 BS6 7AA3S 162 438681 A6
92456 965341 42584 3AH12 78326 9113A8752 856 THA3S 162 43368 4A61
92476 96H41 4U58A 3A128 78386 Y1AB7TOR2 856 76A35 162 43861 65342
Q24A6 965341 4258A 3412 708326 91A8/52 B56 7TEABS 162 438861 5¢A3
92446 26513341 42138A 3412 78H26 91A8752 856 76A389 162 43861 2583
Q2U4n6 965341 42584 3A12 748326 Y148/7/52 HBSE& 76A358 162 43861 /8BS
924746 965341 42583 3412 783264 93148/B92 8SB6 76435 162 43861 675
92476 965341 4253A 3A12 AR326R G1ABTBS? 886 F6A358B 162 43861 6785
G24A6 YOBH3LL 4258A 3A12 78324 9148782 85B6 76A35 162 43861 2475
02476 965341 4258A 3A12 70326 $1A3752 8568 TBEA3S 162 438B61 A874
92446 YBS934) 42580 3A12 7032R S1ad7v B5R6 76A3S 1682 43861 75296
9243886 419653 42531 312 /baB326 752018 856 AS761d 621 S86 54413
G38ABOY2 965341 #2581 312 78A3326 752918 856 761AS 621 8581 a1l
L3A8692 965341 425A1 312 7TBUBA3Z6 752918 BBSGE T61ASY 621 3581 /89
43AB692 969341 425A1 312 7BA3268 7BO2918 8586 761A5 621 35d1 675
4IAB692 9695381 425A1 312 [BA3286 752918 8856 761AB 621 35881 78AS
4328692 965341 425A1 312 8A326c 7852918 886 761A58 621 3581 61785
43AH692 9685341 G429A1 312 70A3Z8 782918 8586 761A% 621 3581 2675
43A0B692 9065341 42>5A1 12 7TBA3Z26 152018 8568 rB81AS 621 3581 1876
43A86392 9YB5341 425A1 312 Tohl3zBA 75318 BS6 761A5 B21 3581 92916
G3A8692 985341 425A1 312 r8A32¢ 78918 8586 T61AS 6H21 3581 75296
30692 419653 42581 312 A8324837 $1871352 ASH68 A76135 621 785 675
4368692 419653 4¥981 312 A383267 918752 4568 A761358 021 7485 ad8s
438692 419653 42581 312 asl3?&7E 918752 ABS68 A76135 621 7858 74AS
438692 419053 42591 312 Av3260 Y187852 A368 AT613H 641 7858 6743
438692 4196133 42481 312 Aob67 G1A75b2 A568 ATS613E5 621 785 83269
438662 4196393 42581 312 A83287 91802 ASRBB AlB6135 621 745 E7526
438692 419653 42981 312 A7T8326E G14/4852 A685 76139 216 [5B6 645
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251
252,
253
254
255
296
257
258
. 259
260
261
262
263
2604
265
266
267
264
269
270
271
272
273
274
275
276
277
278
219
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
294
299
300

4386972 419653 42581 312 7832648 9187ABS2 A6858 76135 216 7TH6 GATS
438B6Y2 419653 42581 312 A7B326 Y1dB7AS2 A6B8S 786135 216 756 876
4331892 4198653 42541 312 ATH32& B7AD2H A6RS 768135 218 756 29186
438692 41906853 42581 312 78325 9187A2 A685B 76133 102 7826 Z2A7S
4388692 4198A53 42581 312 AT7TA332 918/7A2 A6885 78135 162 7526 1876
438692 4196BAD3 42581 312 A7832 918b2 AR8S 7BO6L3S 164 7528 87426
438892 4196453 42581 312 Al832 9B7A2 A6BBS 78135 1BO2 7526 $1876
438692 41YAS53 42581 312 74324 78A918 85a86 76135 6A21 968752 7TA6
AG983862 AL16534 9425818 AZ3Y1 Tu326 79218 685 76135 4381 412 931
AGBY 3862 Al1ES44 942581 A23931 70326 75218 685 76135 4318 412 491
AG9Y3882 ALB6S34 J42581 A23Y1 783726 75288 68% 768135 431 412 8621
A4B3862 A16534 942581H A23981 738326 73218 685 76135 438 412 4934
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AB624 41653 9425808 YA123 7B326 75218 BS48 761AY3L A438 9814 7835
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AaYBHE A6S3L Y4258 Y1AZ23 78326 T52A1H 5688_!81935 1430 2416 1876 .
A49B76B2 ALB6S34 Hudp K23391 670632 15281 6189 943571 481 241 621
A4988762 A16534 5842 A23891 £7832 75021 6185 9435718 48B1 241 §381
AL4BIB762 A16534 9H8A2 238981 67832 /521 6185 943571 4818 241 491
AG9BI62 A16534 S84 AR3491 67832 7521 6(R85 943578 4881 241 87!
ALBBI62 AL6534 5842 Ae38981 67332 7521 185 9435718 488 241 4981
ABYBT62 AL6534 H847 Az3uSH 67832 7521 6185 943571 4818 24B1 A491
AL9BI62 AL16SBH S648 A283891 A783B2 7521 6185 943571 481 241 S347
Aa9B768B2 A1B8934 Su842 a23891 A78328 7TSH1 6185 943571 481 241 16572
AU93(62 A165384 S012 A2B3891 67832 7521 6185 9483571 481 241 8423
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ABT6248 65341 4255 389312 67832 7521 6185 A943571 Agd4B 93818 4sAy
AB6249 65341 4258 38912 67832 75218 6385 AQ943578 Al4d 9881 A8761
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BU2A496 ALHT6D34 HY42 AZ23vl 3289 819327 8628 7816 35014 412 8721
72A49608 AL176534 5942 AZ3G) 37269 8B1YS527 86218 7836 35614 412 6871
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7249688 S34176 5942 3912 3269 52781Y ABsZ 18 ABL167 435601 878 dary
Al24968 34176 5942 3912 3269 5278819 Agc21 AB6T 43561 8718 68AY
ATZ2B68 5340176 5942 3902 3265 5278189 Ag621 AL167 435649 €71 24961
A724968 5304176 59432 39128 3269 527819 A8621 A167 43561 871 342
A724968 SH3IA176 59428 3912 318269 S2781Y A8621 AL6T 43561 871 532
ATEB24968 S34186 S9Y42 3912 3269 5287819 A36B81 Alo7 43561 8/1 1762
AT264968 S34176 59482 3912 3265 5275819 AgB621 ALcB7 43561 871 786
AT2496B8 5341786 9942 3912 3269 52319 A8H21 AI1B7 43561 871 27816
ABT24968 S341/6 S9Y42 3912 3269 AB195278 8621 A671 43561 8186 €Ay
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501
502
5C3
S04
505
506
507
508
. 509
510
511
512
513
514
515
516
517
516
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
S34
535
536
537
5358
539
540
S41
542
543
544
545
546
S47
548
549
550

AB728G6 S34Bire HOUZ2 Y42 3269 AL1GS5278 8621 A6T1 435618 4816 2494
AB/256 5348170 5942 3982 3289 AL1RYS278 3621 A671 43b0H 216 24961
AB/2466 S3B4170 SYLER 39128 I26Y aivs278 8621 A6TY 435641 816 342
872896 S34ABLTE 9942 39ap 3269 B1$9LY f691 716 A435618 4982 2491
8BZ2A9G6 HIWAIBIE H902 3942 3249 B16527 8423 7816 A43561 4912 8721
87286 53448176 9942 39N 3269 B1HGS27 H621 716 AUL3S6D 4GB2 24961
B72096 S384A176 DY42 39A28 3269 51%¥527 84821 716 A43501 4912 342
82496 BILIBATGE 5942 3912 326y 781952 Arb62 TABI6 43561 8728 8A21
BAZ216 S3IUBIATG 5942 392 3269 78183952 Aasée 7416 L3508 8721 24961
BA2496 53881AF6 SvuBE2 391728 3269 781952 Ad62 FA16 43561 8721 342
B728A6 S34ABLIF6 SY42 3942 3269 B149527 8621 716 43564 456182 2A1
B7206 S34AW1T6 S5¥A42 3YAZ 3269 211329527 A621 716 43%0R 49682 2461
87246 H53B4A176 59482 59YA2u 3265 B1AYSP7 8621 716 43964 49812 342
B72u6 SB34A176 59428 392 jugs» SLAYS27 8621 TL16 435564 49612 532
E72A6 S34A1T768 8942 39A2 3289 &1an27 8691 716 4352A 498612 AG526
872496 A%176S1B3 A20594 A3 12 93usd ¥19597 8621 716 56143 342 532
872496 AdAL76D3 42594 A3Y 122 9324 819527 8621 716 56143 3452 Ad42
/2496 AL17AS38 432594 A3Y12 9226 619527 8421 /1o 536143 3423 347
B72496 4176538 AE2394 A3G122 9326 319527 8621 716 50143 348 3Aa42
4359AG72 417653 4291 312 491326 49279 A9621H 6YS BO67TALS 7H1Y AT
B3OYEAT2 417653 4251 312 891325 45279 496721 695 B67A81L5 7159 941
U35C8YATZ2 A417693 4251 312 09131370 85279 a9621 695 ¢H7ALBS 71y 591
43859472 417693 42581 312 8Y14d326 85279 A9621 69% B6LALS 71Y% 351
GE3S9AT2 H17653 425183 3612 B8Y1326 K279 AGe21 6YS5 B867ALS 716 434
435YA/28 4817653 4251 3182 891326 852796 AGE&21 095 8BOLA1S 715 241
4359872 817653 4251 312 8Y1326 8527Y% p94218 6$5 BolAYLlS 789 SAT1
BuSYAT2 417653 4258 3912 8Y1326 85279 A%621 695 BOTVTALS Tivy 4391
35YA/28 4917693 42518 3072 8Y1326 85279 49621 695 8O7ALS 719 2431
U3D9AT2 U41/76583 42001 312 8¥13826 85979 AG621 6Y5 ©b6lAL1S 719 S32
L35YAT2 8178653 4251 312 813286 R52079 aA96821 695 BoOo/lALS 719 762
L359A782 418653 4251 312 Y1326 852879 598681 695 867ALS 719 1762
G35YATEB2 G1HS3 4251 312 ARY13286 85479 AQ6RY 695 BelAlL 719 17652
4359A72 417653 4251 312 8B8uY 1326 BS2/9 AGEp1 &9US g6/A158 719 898
G359A72 417653 4251 31z 913266 BES2/9 A9621 498 HE/7a158 719 6864
B39YAI2 417RB653 4251 312 o9Y132& 85289 AGHP21 695 8B6g/a™ T19 2795
G35AH972 4176593 4251 312 2UAL326 45279 219 665 86/71d4a5 9KLS 2914
U3D5BA972 417653 4251 312 8901326 85279 6219 695 B671AS 9185 saq
L3B5A972 417653 Gzd5p1 3312 8Ya1e326 €5279 621% 6%5 bo/llas $15 351
4GUH3SAT72 417653 429518 36512 ¢9A1326 05279 6219 695 B6/LAS $15 431
435A9728 4817653 4251 3102 89Ya13726 8527¢ 6219 695 86/71A5 915 24
43549682 4187653 4251 312 891326 85279 §2H9 695 B6/BLAS 915 $721
4358972 417653 4251 3172 87AB13286 ASe79 6216 695 BoT1uhYS JES S£9
BBS5A972 417653 42505 3y1z2 BYALB3I26 80279 6219 6%5 abT1AS 915 4351
35A9/28 4017653 U4251R 3up 0YA1326 85279 6219 695 g6/ 1A5 915 2431
SAY7Z2B 4817653 4250 3p2 RY9ALHIZE 09279 4219 695 567145 §15 24354
L395A972 4176583 42851 312 9413826 ¢5276 6219 €95 67 1AS G115 532
L35A972 4176823 42591 312 8YA123ZB6 BORR7G 621% 695 6o/ 1AS 915 6572
G3SAS/EB2 418693 4251 3172 8981320 852879 6R19 oYY 4671AS 915 1767
435AY7E2 41853 4291 312 BY9A13256 85479 6B19 69yS 84/1AH §15 17¢52
4354972 417653 4251 312 B839A1326 85279 4215 69HS d671A58 915 €95



551

553
554
555
556
557
558
. 559
560
561
562
563
504
565
566
567
568
569
570
571
57%¢
573
574
575
576
577
574
579
580
581
582
533
584
569
586
587
584
589
590
591
562
563
594
595
596
597
598
599
600

L3SA972 417653 4251 312 BYAL13I26B 8H92TS 6219 6958 8567 1A5 $19 685
L35A972 417653 4251 312 Snl326k BR5279 4219 698 8671458 915 64895
B3ABSG/2 417653 42581 312 A37268%18 85279 9621 695 867415 3581 451
43BASGT2 417653 4295AB1 312 A3206891 85279 9621 65 B671S 351y 344
LY3AS972 417653 425a10 3712 A3Z26891 85279 9621 695 86715 351 431
43A59728 4817093 42541 31682 A3Z26891 85279 9621 695 86715 351 241
4385972 417653 425A81 312 A3268918 &€527¢ 621 685 86715 358 3AS51
JASO2B 4BL7653 42518 32 A3268G6% 05279 $621 695 B67 15 351 24314
43ASB2 41B/653 425481 312 a326dY8B1 85279 428 695 867485 351 56721
435912 417653 42543 3512 A3268918 85279 9621 695 86715 35E 43451
AS97Z2H 4317653 425An 3BY A326851 85279 621 695 86715 3918 24341
L3IASYI2 B176583 4205A1 312 A38206891 89279 $621 695 66/15 351 932
43A597H2 41Bo053 425”1 312 A3s6d91 852879 9681 64¥5 80715 351 1762
B3AB922 417658 485k 3128 A3NZABG1 €827 9621 6Y5 86/1S 351 5342
N3ASYTH? 41853 425A1 312 A3286891 85879 9681 695 »b6/715 351 17652

43ADYI2 41765083 428A1 312 AB262Y! 89279 9621 695 86715 3851 2543

43ASG72 417653 42581 312 A32688%1 85079 9621 6%85 86/15H 351 895
43A5972 417653 4251 312 A32688Y1 6435279 9621 6958 86715 351 685 .
BIAS9T2 817654 H425A1 312 A326891 8BL279 9621 693 867158 351 6895
43AB9972 4176583 4283A1 312 268%1n 85279 96721 695 86715 381 14328
AB3IS9724 (65341 ALZHS1E A123 891326 65279 G621 699 86/15 43B1 431
A3S972488 765341 ALZH) AH123 891326 ©5279 9621 66% 86715 43168 4Ay
3597248 769341 A4251H AB123 8Y1326 49279 G621 655 8615 438 4431
A359728 71653481 A&ZS51 AB23 891326 8527% 9421 695 846/15 4318 Z4Ay
A35824 76853418 A4291 AL23 BY31326 85279 962B 695 B6E/35 431 5%72)
A359726 7653841 A4p251 A1283 891326 3S279 9621 695 86715 43y 342
A359/824 653418 A4251 A123 891328 852879 96B1 695 86715 431 1767
A35972B4 /6581 A4HD1 AlB3 BY13826 85079 9421 665 86715 431 %3417
A3BS59 /24 76513341 A4281 A123 891826 85279 9621 645 do/l1S5 431 2513
A35Y /24 1695341 A4251 A123 BY91326 B5279 96721 6985 867157 431 865
A3SY/24 765341 A4251 4123 913268 845279 9621 6958 86718 431 685
A3BYI24 765341 A4251 A123 91326u HRD27G% 9421 6%H B67158 431 6895
A4359728 ABI76534 4251 A231 A91326 £5279 9421 695 86715 41BZ 244
A435982 ALB76534 4251 A231 4891326 85279 962b 695 867615 412 §721
A43DHZ2 ALB/6534 4251 AR31 BYHI3IRE 8527% 9628 695 467u5 412 56721
AG35972 A176534 4251 A231 dBI913286 8527% 9621 6%8d 861158 412 &95
AG3S972 AL/6534 4251 A231 V13268 AB527Y 9621 698 4067158 412 €895
435982 L1HBATE6S3 4251 312 0891326 85279 A9672 695 867TAB1IS 7289 a2
43582 41BAT653 4251 312 89831326 89279 AGE2 695 B88TABS T2HBS §Sa24
4359YA2 41A7T6S3 42591 312 8891326 85279 AQb2 6985 86/7A158 7219 &GS
4399A2 41ATAE53 4451 312 $13268 B85279 Ag96» 698 867TALS8 7215 €895
LASHE? 3418765 AL25 3A12 R9d14326 25279 9628 695 86785 4351 56721
LASY/2 341705 AL25 3A12 BBYIA3Z6 85279 9621 6983 86V 159 4351 895
GAS97E 341765 AL25 3412 91A3268 BRS279 9621 698 Be7158 4351 6898
439BA2 41A7T653 4251 312 BOAH13206 BSZ79 A962 695 S867A5 T21859 5Ay
43982 418AT6S3 4251 312 AYA01326 85279 aA962 695 867 AS 72859 5421
435A2 L1AB593 4251 312 89413286 85379 AG4B 695 B84&TAD (82159 47652
435A2 41A7653 4251 312 BBYAL326 85279 A962 6985 867A23 72159 €95
G35A2 41A7053 4251 312 89A1324F 835279 4962 6958 8B67AS 72156 €£85%
43582 L41A7653 4251 312 9A13268 885279 A962 69y U67ASo 72159 6895
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601
6072
603
604
605
&V6
607
608
609
610
é11
612
613
614
615
616
617
614
619
620
621
622
623
624
625
626
627
628
£29
630
631
632
633
634
635
636
637
638
639
640

€41,

642
643
CX
€45
646
647
648
649
650

435972 4

435912 4

435972 4
AU 35868BY
A435886Y
A4 385869
A9435886
AHY43586
A9435868
A943586

A943586

AY438586
ABG94354
Apv4358

A6943858
86943448
A2495487
A249858¢
A2B49587
AB24Y587
AzZ495873
A2U587 A
A2498587
495482 3
49582 34
49542 34
72448396
124A3968

7284386

7248396
24A3960
7244396
724386 4
43582A89
435824A9
435802A9
435882A9
43458249
4B3582A9
43582498
4350289
43508249
4850249
3582498
S5682A98 7
4358279
4358249
43532a9°
4358249
4358249

17653 4251 312 A9132688 798U52 4219 ASB6Y ABOT1S5 895 -48%
17653 4251 312 ABO13268. 79852 6219 AS69 Ag67 158 8985 A9S
17653 4291 312 AG13268B 79392 6219 ABS69 A86715 8958 BAS
765349 4251 A9231 81326 8527981 962 961 [24A186 419 691
765349 4251 AY231 81326 4527918 $62 S6B1 [(24A16 415 861
76583489 4281 AY231 81826 852791 962 561 [724a16 419 2513
765349 4251 3192 81326 B5279A1R 296 5641 724146 916 861
165349 4291 3192 81326 89527T9A1 266 561 12418a6 9816 AGH
765349 4251 3192 81326 85279a81 296 S61 724146 9186 641
7685349 4251 3192 813206 A5027%a1 296 561 (241A6 916 652
7665349 4251 3192 81326 ABR520879A1 B296 5641 /724146 916 762
7658349 4281 3192 BIBZ26 85279A1 296 561 T241A6 916 2513
765349 4251 3192 32681 A852791B 962 A1S56 /2416 B6BL1 A6
TBOS349 4251 3192 32481 ABBEZR7SY 9682 ALS506 72416 861 762
76503349 4281 3192 B2681 A852791 962 A156 72416 861 2513
765AB349 4231 3192 81426 852791 962 561 72416 5251 2413
ATE5341 9425 3912 0881932 8527 A1862 67185 4351 721 5841 .
AT653481 9425 3912 6818932 8527 A1862 6715 43581 721 651
AT6534B81 Y425 39182 681932 AS27 A1862 6/15 4351 721 241
A7T653418 Y425 3912 6819132 U527 A1862 6715 4351 7281 421
AT69341 9425 3912 681632 8527 aB1862 6715 4351 7218 741
7693481 9429 3vE2 6B13S3p 8527 A1862 6715 4398 721 4§51
Al65B341 9428 3912 681B2 8927 A1862 6715 43d1 721 19325
G1BATES 9425 3912 68A1$32 TESD H62A 6TAS 4351 872815 A2%
1HA765 9425 3yl2 68AB1$32 Tus2 8624 67AS 4351 8728% 5421
TABS Y425 3912 68A1Y32E 785b BopA 67A5 4351 878215 AT652
765341 A4Z58v1H AlR3 8326 /19852 421 9693 8612 4381431
765341 A425891 N123 8326 7819852 6214 55693 Bo6t12 431 671
765341 Ad258581 A123 8324 7189852 621 5693 doB3 431 3961
765341 A42965918 ABl23 8326 719852 621 5693 8613 438 4a31
7653418 A425891 A123 8324 TB19852 62B 5693 0613 431 6721
7693841 A4B2S5891 ALZR3 8326 716852 621 5693 8613 431 342
17653 425B6Ya81 123 8326 718BA98S2 216 5693 B6A3 9653 3IA6L
F699A18 4Y5H1 319 0601392 7852 628 72156 418BALD3 9612 A9
1659AB1Y8 4951 319 O6H139p 7d52 428 72156 414253 9182 ZA1l
TO59A188 4951 319 6B13Y2 TES? 6§28 728156 4]1A253 612 &2
7659A18 49Y51. 319 08R13IV2 7852 28 1218506 41A253 12 541
7659A18 49551 319 681E392 7852 628 72156 41A253 912 351
TO59AL18 49518 J81Y 681392 (852 628 72156 41A253 612 431y
T659A18 4951 3189 661392 7852 428 72196 4B1A253 912 G641
769554818 4951 316 601392 7850 628 72156 41BAZL3 982 2491
7659A1H8 4951 319 68131392 7852 428 721356 41A253 912 S&21
7659418 4958 3819 6813392 7852 628 72156 414253 912 4351,
76594108 49518 389 681392 7852 628 72156 431A253 912 431
65YA10 495b 38Y 681H3IVZ 7852 628 72156 4B1AZS3 912 $435)
7659B9A16 4951 319 60139182 7652 £28 72156 41A20853 912 492
76859A18 4951 316 6013928 785KE2 628 72156 41A253 912 €652
78659A18 4Y51 316 6b1392 78528 6B28 72156 41A253 Y12 762
7655A1068 4Y51 316 681362 7852 6288 7TB2156 41A253 912 672
7T65BA1B 4951 31V 6V13GE2 7852 628 72156 414823 G126 S5SAZ
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€52
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654
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657
658
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660
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662
663
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665
666
667
668
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671
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&15
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681
682
643
684
685
666
687
688
689
690
691
692
693
694
695
696
697
690
699
700

4358249 78B59A18 4951 319 6813928 785R 6828 72156 41A253 912 7652
4358209 65YA188 4951 31Y 681392 (28528 68 792156 41A253 912 8762
435029A9 765818 4951 319 6813952 7852 628 72156 41pa833 18 56412

B3582AY SYA18E 4951 319 6381392K 7850 ABg 7B2156 41A253 612 87652
4356249 T659A18 49151 310 O0B13EY2 TUS2 428 72156 41AZ583 912.9653
43508249 TOOGALE 4951 319 oHB ({392 781882 g28 721586 414253 912 685
43B982A9 7658B9A18 4981 319 68162 785p 628 72156 41A283 912 13528
43582049 7658A18 AYSY 319 6813582 7857 428 72156 418953 Bi12 1A25¢
435A8829 765918 4991 31y Al3926Y8 7892 628 7218AS6 41253 8Bi5 A8
4355A829 705918 49YoD] 319 AB13YZ68 7852 28 721A56 41453 8185 SA¢
43BHAE2Y 765910 49581 319 AL133G268 TRS52 628 721756 41253 815 3514
4B35A8829 7065918 49518 3B1Y A13V268 /852 628 721456 41253 815 431
435A8298 765918 4951 3109 A13Y768 7852 428 721A56 481253 815 944
43506829 765918 4951 319 AB139Y268 7852 6728 7218A56 41253 885 Sa81
L4BS5A829 765918 4958 3d1Y AlH3IYZ68 70652 £28 721456 41253 315 4354
35AB29B 765618 49514 3B9 AL392¢8 7852 628 721456 481253 815 643
435829 7659188 4951 319 An139268 7852 6326 725456 41253 8BS SAs2{
5A8298 765918 4955 38Y A1HB3IY268 7852 628 721A86 4431253 815 G435
435829 7658916 4951 319 A1395268 7852 &2/ F21A56 412853 815 992
4354829 7645918 4951 319 Al1392£86R8 78582 628 7214506 41253 81S 657
435A829 765915 4951 31Y AL39268 THS2B 4RB28 721456 41253 815 762
4358829 7659188 4951 319 Al1392€6b6 7852 6288 7B21A56 41253 815 &72
435AB28BY 765818 4951 319, A139p268 7852 428 721A56 41¢53 815 8612
435A829 785918 4951 319 AL3Y28€¢s 7858 6828 72LA5%6 41253 815 7652
4354889 765LG8 4951 319 A13YE68 7852 628 72B1A56 418>3 815 56182
4358829 765918 49ES1 31Y A138G268 7852 £28 721A56 412583 815 953
435A829 765918 4951 319 A13Y06E8 78852 428 72145066 41253 €1% 685
43B5A829 7658918 4981 319 A1Bz6o 7852 628 721A56 41203 815 13925
435A829 7659188 4951 319 ALl3926BR 78852 428 72856 41253 Bls 21338
G3ABSE29 765918 49%5A1 Y31 A3926818 7852 628 72156 41453 35B1 a8
4B3AS5829 765918 495418 9381 2392681 7852 628 72156 41253 351 431
437456298 765918 49541 9315 A3Gz0681 7852 628 72156 441253 351 414
43A5829 1659188 49541 931 A3926uB1 (852 628 T2B%6 41253 351 54821
4385829 765618 4YS5ABY 931 A3926813 7852 628 72156 41453 358 34951
43A5H9 7659YB8 495A1 931 A3Y2A8k1 7852 €923 72856 418253 351 58291
43A5829 T6uS918 495a1 931 A3928681 (85B2 628 72156 41253 351 652
43IADY29 1865918 U495A1 Y31 A392¢81 T&8928 6828 72156 41253 351 762
L3A5829 7656181 4ybal Y31 A352681 1¢52 §288 7R21%6 41253 351 872
43458289 765d18 4YOA1 Y31 w3cpZ6B1 (852 628 72156 41wb3 351 §917
43AS32Y 7895918 495A1 931 AI¥oHC8y 7458 6R28 72156 41453 351 7652
43A5029 65Y188 495A1 Y31 A39260&1 78528 ¢B8 7B2156 41253 351 8762
G3AS508Y 765H8 49541 931 A39E26E1 7852 628 72B156 41653 351 59182
43A5829 765618 49@5A1 931 A3B9Z2081 7852 628 72156 412583 351 953

43AS829 765918 4YBAL 931 ABY?26ct 7852 €28 72156 412543 3BS1 95A3 .
43A582Y 765616 4BSAY 9831 A3BYZ681 7852 628 72156 41258 351 4953
43A5829 765918 4951 931 A3YD6E8YL 7TE8RSZ 628 721586 41253 351 685
43A9B829 7685918 4Y5A1 931 A39281 TERD2 428 721B6 41253 351 26815
43AB5829 765918 49dA1 931 Y26018 7852 628 72156 4125v3 381 14395
AB358294 765918 A4YS518 A193 AB1392 TR52 628 72156 41¢53 4381 A31L
A3582948 765918 A4YSL AB193 651i?2 7852 628 72156 41253 4315 4Ay
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701
702
703
7Cu4
7C5
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
122
123
724
125
726
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728
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730
731
732
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734
735
t36
137
738
739
740
741
742
743
744
745
746
747
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750

A358294 7659188 A4Y31 A193 6881392 7852 628 72856 41253 431 $821
3502948 7605018 A49518 AB192 6813972 [(ARS52 628 72156 41253 438 #A3y
A3582%H 765618 A4951 ABY3 681352 7852 628 72156 451253 4318 G4A
358298 765918 A4YLHIE AEYIY 681392 78 628 72156 4gi2o3 438 $AA3L
A3OB294 7865918 A4951 A1G3 681292 785

7

S528 6828 72156 41253 431 762
A350294 7659188 A4951 4193 681392 8972 4284 /82156 41253 431 872
A3582898 765318 A4YS51 A192 0813982 7852 628 72156 414853 431 5612
A358294 7TBHU1E A49IbD1 ALY 0813528 7088 6828 72156 41493 431 7652
A358294 65%188 AL991 AL193 601392 78523 AB8 782196 41253 431 8762
A35088394 76588 AL49D1 A193 H813982 7852 698 728156 41893 431 59182
A3582G4 765918 A4GUEST A1G3 6813862 7892 628 721456 412583 431 933
A358294 765918 A4HYSH1 AL9U3 681392 7852 628 72156 412538 431 493
A3858294 769918 A4Y31 AL93 SRLIEYD 78%2 (28 72156 412983 431 9513
A358294 765918 A49DL Al193 68813972 76352 628 721586 41253 431 685
A38548294 7658918 A4981 A193 681y 7852 428 72156 412d3 431 13295
AL358298 7059108 4951 AY31 681392 7850 638 72156 AB12534 418BS GAy
A4 3HE29 7656188 4951 A931 68813Y2 7892 428 72356 A12934 419 S821
4358298 765918 4951 AG31n 681392 785 628 72156 AQ12934 4EY YAasy
A43539 7659YH8 4951 A931 45851392 7852 628 72B56 A182534 419 S8294
Ad35829 7659188 4951 a¥31 581362 7852 6238 782156 A125%34 419 872
A435820Y9 TOSR1Y 4951 AY31 06013582 76852 628 72156 AlYS34 419 9612
A435829 782918 4951 A931 6813928 7858 €Rr28 72156 AL12534 419 7692
Ad 35829 65Y 188 4951 4931 681392 78528 6R8 782156 412534 419 87462
AU435829 765918 49351 aY31 6b13EY2 7852 £28 72156 A125834 419 53
A435829 765918 4951 A931 6881352 78BS 28 721586 A1Z2534 419 6485
A4385829 7658918 4981 AY31 681E2 780 628 72156 A12834 419 13929
435829 T765918BA0 4951 319 ABAR13I92 7852 428 72a56 41253 8285 Sa21
GESA2Y 76591A8 4958 3u1Y 68A1B3Y2 7852 428 T2A56 41253 8215 43514
43589 7659ba8 4651 31¢ 68AB139Z 7452 628 72A56 418253 8285 542971
439A239 T65B1A8 4951 319Y 68A139H2 78592 428 72A56 418593 ¥215 5912
4395A29 T85Y1A0 49YS1 319 64A1392B 7858 628 72456 41253 €215 (6352
435029 6591ABYH 4951 319 68A1392 73528 6R8 7H2A56 412523 8215 E762
435A89 76SpA8 4951 319 6BA13922 7852 628 72A56 41853 82815 S9142°
439A29 591488 4951 319 63A1392E 7858 6BA 782456 41253 8219 87¢52
B35A429 7659 1A8 4Yi3H1 31 SBA13E92 7852 428 72456 412583 8215 953
4395429 76591A0 4951 317 688A1392 78452 628 72a586 41253 8215 635
4305A29 TODBILAL 4Yuy1l 316 68A1EZ 7852 628 72456 41283 8215 13925
4ASBY 765988 A4895 3A19 A3Y268181 7852 628 728356 341825 4351 S&29)
GASS29 165918 A49BY 3A1Y9Y A38028681 7852 28 72156 834125 4351 953
BASB2Y 7685918 A4YD 3A1Y A3Y2ABAL 78852 628 721546 34125 4351 6495
435329 765918 49ABS1 31Y a9248138 7652 428 72156 A34125 B39S AS53
435829 765Y1d 49851 319 A92068138 7852 628 72156 Ag34125 BYS 9453
435829 765918 49A51 319 AY263813 784852 628 7215486 A34125 395 6859
43ABS029 7T65AY 18 49A1 319 681842 7852 6928 7215641243 392581 AS|
43A85829 T65BA918 4941 319 68182 7852 628 72156 412A3 35281 1A25
76Y43A8B5 83965 4928541 931 82671RA3 75291 615 253 41623 3581 ASy
76948 3A5 83965 49285A1s 9381 82671A3 75291 615 253 41623 351 431
7694A835 83965 A4928518 A1Y3 826713 75291 615 253 41023 4381 A3
7694A358 83965 A492851 A1Y3 B267H13 75291 6185 253 41623 431 s71
4356AT8B2 4187653 4251 312 3261 9YA15278 AR62B1A 967TA BA6 GBT 16 721
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751

752

753

754

755
7156

757

758
159
760
761
762
763
764
765
166
167
768
769
770
171
172
773
774
775
776
Tr7
178
t79
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
Tyl
798
799
800

L356A8T2 4176053 4251 312 3261 SA1S278 8421RA 967A B8A6 987816 AT
43968A72 417653 4251 312 3261 SAR1S278 8621A 967A B8A6 S8T 186 6Af
G3SBOAT2 417653 4251 312 326R1 94182278 8621A 987A BAS 98716 561
A356A728 4817653 4251 3182 3261 SA15278 8621A S$67A BAG 98716 244
4356872 817653 4251 312 3261 2AB15278 862108A 906/7A GAG 98786 6ATY
L3BEAI2 4176%3 42531 312 3268 SA1BS278 8621A 96T~ BAC Y8T16 3561
435682 4187653 4257 312 3261 94815272 8g2BA S67TA 6A6 9BTHE 6AT724
§356A72 41706893 4291 312 32861 PA158278 B6321A S67TA GAG 98716 652

4356A72 4178653 4251 312 3201 $A152878
4356AT782 418653 4251 312 3261 $n152878
43956472 417653 4251 312 3261 941527ud &
43956A72 417653 4251 312 32061 95A1S278 8621h 96TA SABG 987168 946
4356482 UIBAMGH3 4291 312 3261 9p15278 A Y6THA dr0 9872816 A2
435B0A2 41A76D3 8251 312 32681 YALHO278 862A 967A BA6 987216 S614
4356A28 4BLATOS3 4251 3182 37261 Gald278 862A 967A 846 987216 241
435682 GIHATE53 4251 317 3261 SAB15278 pgéoh 967hH BAG 9872036 &an)
43B6A2 G1AM653 42581 312 3268 SA1BS278 R62A 96TA BAG 987216 3561
4356A2 H1A76BD3 4251 312 32861 YAL15H278 862A 987A B8A6 $87216 652
43596A8B2 A41EA/653 4251 312 91326 8A19527 862A TAL6 561 872816 A21
A35908A2 L41ATHS3 4251 312 91326 B8AB19527 8624 TAG6 561 872186 6M1
U35986A2 LLIATES3 4251 312 9132¢& 85a189527 862A TAS6 2681 87216 961
N35898A2 41AZ053 4251 312 9B1326 B8ALle527 83524 7Ta6 5618 87216 561
43590428 HUBIASG653 4251 3142 91326 8A{9507 8624 7TA6 501 87216 244
4359002 41U8ATO693 4251 312 91328 6ABLOS27 862A 7A6 561 87286 6421
43990a2 41A76593 4251 312 981326 BA1B9527 862A 7A6 568 87216 5961
35Y6A28 4UB1ATD0S3 42519 3R2 $1326 BAL19527 8624 TAS6 961 87216 2431
506A28 A4BLAT6ES3 4259 3B2 918328 BA1YS27 8624 TA6 561 87216 2435
43959602 41ATOSU3 42851 312 Y13526 BA19527 B62A 7TAS6 561 87216 532
4359642 H1A76H53 4291 312 913246 BALISET 862A 7TA6 561 87216 652
4359642 HB1ATBOD3 42491 312 91326 8A195287 B86B2A 7TAG Sol 87216 762
4359042 G41IABTOS3 4251 312 Y1326 BA1YS27T 8462BA TAG6 561 878216 AT2
4399642 B1A7T683 428%1 312 Y1386 8A19Y%B827 862A TA6 561 87216 6532
43590A2 41AT6H593 4251 312 Y1328 RALYB27 862A TAS SB6L 87216 2695
43590A2 41A78653 4251 312 91326 AA1YS2H 8H2A JAoE 9561 87216 2786
BT2ABS96 4A17693 42574 3A2 9113A326 95278 85621 716 561 435812 ASy
BT28AS596 A4AHLI7653 4257 3A2 Y1A326 Y0278 8621 716 561 435182 241
B7TB2AS96 4A1B7653 4257 3482 9Y1A326 952781 86261 716 561 43512 721
B/2A5B6 UALT653 4254 3A2 9B1A326 9527818 8421 716 S6H 43512 5961
8728596 4AH1/7653 4254 3A2 91RA3I26 952781 2621 716 501 43582 2451
BHR2AS96 H4ALB7O653 4294 3A2 91A326 052781 8628 78B16 61 43512 8721
8720966 4al7A983 42854 342 91A3826 952781 8621 716 561 43512 S32
B8T2A596 4AL76U853 425A 3a2 9Y1A3286 95R2/781 8621 716 561 43512 652
GT72A596 4AL786H3 4250 3A2 YIA3:6 9528781 86B21 716 561 43512 762
B7T2A596 ABALV653 4254 3AHZ2 Y1A326 950789 8621 716 561 435126 4A2
872A596 4A17653B 4b25A 3A2B 91A326 952781 8621 716 561 43512 342
872A596 LAL76853 425A 3A0 Y1A3ZB S$H27H1 8621 716 SBO6L 43512 2695
872A8596 4A176583 423A 342 91826 952781 8421 716 S61 43812 14328
8§72A996B 4A178653 4257 3A2 914326 95231 8021 7165 5631 43512 27816
43269782 4187653 42541 312 A326 BG91AS27 B628B19 G967 8716 5613 721
43A69B72 417693 425A1 312 A326 0891A527 862189 967 87d16 5613 971
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Fih Y6TA dAE 9BTL16 T62
A 9OTA 8A6 Y8716 1762
A SOYTA BAO 98716 7864
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801
&02
803
804
80%
806
aq07
808
. 809
10
811
812
€13
814
€15
816
817
818
g1y
820
&21
822
823
824
825
826
827
828
8§29
830
831
832
833
834
835
436
€37
834
839
840
¢4t
842
843
844
e4s
&46
guvr
848
849
850

43A6B9T72 417653

L3ABO972 417653

4B3IAGGT2 417653

43N69T2 4178653

43069782 418653

43569782 A653418B
435695302 A0653417
43568972 AGH341LT
43586972 AoS3HLT
43569728 A6534B1
4356972 ABéES3417
4306972 Ao234178
4356972 65341178

432569782 A653418
G4i569782 65341

43568972 A653417
43566972 A653417
43569782 A653418
B72A3896 4A17653
87248396 4A170653
8728A396 4431765
BT2A33906 4A1T7658
87284396 AS34817
87524396 AL3418B7
87243968 AL38176
43968782 A653418
43968572 A653417
43968872 A653417
43968728 w6534}
439146872 A6BH3UY
87249586 AD34176
87284956 AS34H17
87128956 A5341487
/24956 AHILLIB6
B7r244856 AHD341T6
8724956 ALB341/768
8724956 5341761

7284956 ADB176

872490856 ASB3417
87264956 ASD34178
87824956 A653418
87249586 A6BSI4
B8729A856 4¥17653
87298456 4917653
87289456 4%B1/765
87829456 4918765
B7T29YA%6 49176853
8729A56 49175653
8/29A586 4917685
435687182 41870AS

4u5A1 312 A326 8Y51AS27 86219 967 871B6 S613 691
425A1 312 A326 6S$1BAS27 86219 967 3716 S6813 A6t
425A18 3512 A326 891527 86219 $67 8/16 5613 434
425A1 312 A326 891A%2B7 8683219 967 8/16 5613 762
42581 312 A326 B91A5287 86819 967 8716 5613 1762
74251 312 3261 BG152AT7 8642819 967 8716 762 721
4251 312 3261 B9152AT S6A2189 967 87816 762 $71
4251 312 3261 B9R1H2AT 86AZ219 967 87186 762 691
4250 312 3241 $91U52A7 86A219 967 8716 T62 561
74251 31HZ 3261 B6A219 S6T BT16 762 261
4251 317 3281 891 B6/A21Y 967 B116 7682 Aé2
4251 312 3261 BOABR1Y 967 8116 7628 TA?
4251 312 3263 389 16AB219 967 8716 768 TA62
4251 312 3261 7 O86ABLY Y67 8716 7628 17A2
4255 312 32061 9152547 S67 BT16 765 17A62
4251 312 3264 BR152AT & 9867 B/1B 762 8516

{
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N
p=3

&
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42951 312 3261 1852Aaf( gg7 871H 762 78516
4251 312 3261 8 967 B716 BO62 6A2L7
4259314 AZ3 9226 716 56183 4312 361
4259 1U3A AZ23 9328 716 9613 43812 A3
3 499914 A23 91326 716 5613 43182 z4a1
3 4281a A3 93¢0 8 716 H61 4312 25913
6 425v1 3182 A69Y32 A27319%5 8621 716 3561 S26 241
O 42591 312 A6632 AZ7r819S 86281 716 3561 526 72¢
2591 312 ARY32 A2788195 8623 7186 3561 526 €84
742891 312 9326 a781¢52 8648281 716 5613 762 /21
42591 312 Y326 A781952 86A218 7816 5613 762 871
42591 312 Y326 A7881952 BEA21 7186 5613 762 681
f425%1 31182 9326 A/B1952 BOA21 716 9613 762 244
{42591 312 932d A78182 86pa21 716 9B13 762 19526
9425 3Y12 AABLIYIZ ARFE1RS 8621 716 4351 652 561
6 Y425 39182 A61932 A2/815 8621 716 4351 652 241
6 Y4295 3912 A6L1Y3I2 APTE(S 86231 T16 4351 652 72)
9425 3Y12 AA1S32 AZB7E4S 86821 716 4351 652 162
D425 3912 A619328 AR7815 B621 T16 4351 65B2 AS?
9425 3912 A61S372 AB27815 8621 716 4351 6528 6A2
9n2% 3Y17 AG1Y3ZHY ABO7315 B&ZYy T16 4451 658 EAS?
Q49 3918 AG19YIBY AZ7H1S 8621 716 4351 652 53412
6 YH28 3912 A61B2 AZ2781s 8621 716 43wl 652 1932S
6 Y4RS 3912 A0t1932 AZBLS BR21 Tib 4351 652 27816
[o9628 3912 93261 ATB1S2 AEA2d1 Tlo 4351 762 721
7 V425 3912 93281 ATAL1EY 86421 716 4351 162 2615
4259 392 AY3ILALB B1527 8621 T1é6 435AL2 9581 A5
4259 392 AY3261 81527 8621 Ti16'43%A812 9518 GA1
3 4259 392 A9326¢ B1527 8621 716 4354182 951 291
34299 392 A93261 31857 86281 716 43%5A12 951 72%
4259 3Y2 AY32861 815827 E621 716 435412 951 652
4259 392 AY3I261 815287 86821 716 435412 951 762
3 4259 362 A932w1 81827 8621 716 435412 951 2615
3 4251 312 Y6132A 9A27815 86281 716 A65 9526 124

J AR
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851
852
853
854
855
856
857
LY
859
860
861
862
863
864
865
866
867
g6t
869
870
g7
812
873
874
ers
876
erv
878
879
860
841
842
883
884
€85
886
887
688
889
890
691
892
893
894
895
896
897
898
899
$00

43968872 4176A53 4251 312 96132A 9QA278845 '§621 7186
43580872 4176A53 4¢bl 312 J6R13I2A 9A2781BS 8621 716

438560872 4176A53 42581 312 Y61B3I2A 9A27815 8621 716

43568728 4¥1T6AS53 4251 31432 961324 9A27a15 8621 716

A6S 9526
A65.9526
A6S5 9526
A6S5 9526

681
561
351
241

3568728 48176AB3 425148 382 Y61324 DAR7815 8621 716 A65 9526 2431
435682 41876A53 4251 312 961320 9A278R1n 8628 786 A6S 9526 6872}
4356072 4176ADH3 42851 312 9613824 YA27815 8621 716 A65 9526 532
4356872 4176A853 4251 312 9Y61328A 9A27d415 8621 716 AGS §5826 AS2
4356872 41768A53 4251 312 96132A GABPTHE(5 8621 T16 AG5 952B¢ 6A2
4356872 4178B6A3 42%1 312 96132A GA237815 86H21 716 A6S 9526 762
4386872 4176A5p3 4281 312 Y6R2A 9A2781B5 8621 716 A6D 9526 61325
43Y5AB2 /653418A 91425 312 9324841 7A852 62A 6AS 391 8672815 A2t
439582 7653418A 91425 312 93268A81 TAd52 62A 6AS 351 B6HT2BS S5A21%
439542 T65B341A Y14205 312 Y313268a1 7TAa852 624 GA5 351 867215
43549672 A341765 42451 312 89413426 719852 621 956 860185 325

43859672 AI41765 42A5081 312 89183426 7198572 621 956
4359672 A3417685 42451 312 89134286 7198582 621 956

8615 325
8615 325

4359072 A3417658 42A51 312 8913AR26 719852 621 956 80615 3285
4359672 3417658 424451 312 6913AR26 719852 621 956 8015 3B5 5A32
43596782 A34185 42A591 312 89134286 719858 6B1 956 8615 325 17652
43598672 AJ41765 HZ2A51 312 8913A268 71852 621 954 8815 325 16854
435960782 41IB76AS3 4251 312 4913246 85A2719 62B1 956 8615 652 721
43596872 4176A53 4251 312 BY132A6 85A27319 6218 956 8615 652 671
43989672 417T6A53 4251 312 BYR{3I2A6 8542719 621 956 86185 652 591
43596728 176458 4851 318 d913HZA6 B5427(¢9 621 956 8615 652 53412
86782499 76A53410 Y425 3912 A681632 BSAp71 6281 615 4351 652

4359YA882 76534188 4251 312 Y13z08 7852 428 A9567231

A158 981

4359ABYB2 T653418 4251 312 913268 7892 628 A9567218 Al58 9841
4356/BYAB2 AQO/653418 4251 312 6132 7152 8162 9172 Ald2 9281
43956789BA2 AYO/69341 4251 312 6132 7152 8162 9172 AB182 9218
4356788YA2 AQO765341 4251 312 6132 7152 8162 98172 Alutz 921

4356/B89A2 A90769341 4251 312 6132 7152 8B162 91672
4356B7T89A2 A90/ 65341 4251 3172 €132 78152 81862 9172

Aldn2 921
ALd2 921

532
5914
351
652
SA2

721
421

A8

A21
9Aa1
891
781
67y

435678BA2 A9B/65341 4231 312 6132 7152 8162 94172 Add2 9218 89A1
4356739YA2 A9B/65341 n251 312 6132 7152 BB162 9B72 A1B82 921 7891
4396HEYAZ AGBr65341 #2551 312 6132 74152 8B62 91872 A182 921 6781
43567089A8 A9876534B 4251 3182 €132 7152 8162 9172 A182 9281 A241
43567882 AY87653418 4251 312 6132 7152 8162 98172 Abd2 928 89A21%
4356/7/83A2 AY8765341 4251 312 6132 71922 8r162 9872 ABBZ 9218 789A1
4356BYAZ2 AYB/765341 4251 312 6132 7H152 8862 S8B72 AlH82 §21 67891
435869A2 AYHETOS341 4251 312 68132 7852 8B62 91872 Al42 921 56781
3I567089AB AYB765348 42518 3B2 6132 7152 8162 9172 Alaz 92B1 AzZ43)

4356782 A987653418 4251 312 6132 7152 8162 $872 ABBZ 928
43568A2 A98765341 4251 312 6132 78152 8p62 9872'AHB82 9218
4358942 A98765341 4251 312 6R132 7852 8R62 9872 AlBo2 921
S567T689AB A98765348 4253 362 618332 7152 81672 9172 A182 9281
35670998 A9876D348 42518 382 6132 7152 8162 9172 ABl82 928

789421
678G9A1
567891
A24351
942431

4356/88A92 41987653 4251 312 3261 S271 6281 AHL729 AB21 9188 €A¢
4356/BBAY2 41YLT76593 4251 312 3261 5271 42881 Al1g729 A821 918 781
4356878AY2 41Y87653 4251 312 3261 52781 62818 A1729 AB21 918 674
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501

502

yJ3
S04
505
GU6
G507
5048
909
610
11
912
913
914
§515
916
$17
918
919
520
§21
G522
G¢3
G224
925
)
S27
S8
§29
930
G311
532
933
$34
939
G§36
S37
938
539
540
$41
42
543
S44
G45
S46
Sy
S48
949
950

435867dA92 41987653 4251 312 32681 5?7}8 67281 A1729 AB21 918 561
4355670A92 41987653 4254y1 312 32618 5271 6281 A172%9 AB2{ 914 351

4835678A92 41987653 42514 3812 3261 5271 6281 A1729 A821 918 4131
4356780892 41987653 4251 312 3261 5271 6281 AB1729 ABZLB 988 8461
432688AY2 41987653 4251 312 3261 52/81 6288 A1B729 Ac21 918 6748y
43987BA92 41907653 4251 312 32681 5278 62818 AL1729 AdZ21 918 5671
438678A92 41907653 42551 312 3268 52718 6281 Al729 Av21 918 3561
GUS6TBA92 41987653 4258 3812 32618 5271 6281 A1729 A821 918 4354
356784923 481987653 42518 382 3261 5271 6281 AL1729 A821 918 2431
5076AY2B 451987653 4258 3d2 32618 5271 6281 A1729 ABZL 918 24351
4356782 41U987653 4251 312 3761 3271 62881 ABY29 A82b GB3 TEAG21
6784928 481987653 4254 382 3768 52713 6281 A1729 AB21 918 243561
435678A92 419876583 42851 312 3IB261 5274 6281 A1729 AB21 918 532
4356/8AY2 419876853 4251 312 32861 HR27T1 6281 AL1729Y AB21 918& 652
43567T8A92 4198738653 4251 312 3261 52171 68281 A1729 A821 918 762
4350678A92 419087653 4251 312 3201 5271 42B81 Al7B29 A821 G1& 472

4 390T8AY2 419887653 4251 312 32061 5271 6281 A172BY AdH21 91é §82

4356/78A92 41987653 4251 312 3261 S271 62881 A178BY A8p21l 918 YE&72
435678AY2 4198783 42451 312 3Iné1l 5877 6B281 A1729 AbBZLl $18 76532
43%073AY2 4196893 425] 312 32061 5871 6381 A17829 AdZl 918 47652
435678A92 4198653 4251 312 37261 52871 6881 A17BY AdBLL 918 §8762
4356/78AYH2 4187653 4251 312 32861 5271 62881 A1/8Y Aesi 918 16872
4350 /8AYd Y8T7T653p 41251 314 3261 5271 6281 A1729 AB2B1 918 3419%¢
4350/8AY28 19687658 4851 31d¢ 3nzé1 9271 6281 A1729 Aol 918 53412
L35678AY2 4198768 44351 3128 3461 $B271 4281 A1729 AB21 918 65347
435078A%2 419883 42551 312 3861 SB71 6B81 A17B2Y AB821 918 8765932
435673A92 419853 4251 312 32K61 5B71 6881 AL17HY AdB21 913 987652
435678AYH2 418653 4291 312 37261 S28B/1 6881 A1789 A881 913 1987672
4350/78A98 4B7653 4251 3182 3261 271 62581 A1789 Ad81 918 4168772
4356748892 98165341 1251 312 3261 5271 A1628 A7291d 821 7881 A81
435678BABY2 98765341 4251 312 3261 5271 aAB1628 A7291 821 7818 7A1
43568/AB92 98765341 4251 312 3261 52781 A1B628 AT291 821 781 6714
435B67A892 98765341 4251 312 32681 S271p A1628 Af291 821 781 561
43856/ A892 98765341 A425081 312 32618 5271 A1628 A7291 821 7481 351
435618892 Y3765341 4251 312 3261 S271 Ag1628 A72918 621 788 7A81
435H7A892 98765341 4291 312 32681 527H A1Be28 A7291 821 781 S671
HIBOTABY2 YBTH65341 42581 312 3268 52718 A1628 A7291 821 781 3561
4BO6TABY2 YB7T69341 4258 3312 32614 5271 A1628 A7291 821 781 4351

S6TAV92B YBT6534181 4258 332 32618 5271 a1628 AT291 821 781 24351

4396732 987653418 4251 312 3261 5271 AH1628 A729d 82b 788 74A8621
67ABY28 987653481 4258 3HZ 326F 52718 A1628 A72vyl 821 781 243561
4356714892 987658341 428351 312 38261 85271 A1628 A729)1 821 781 532
43%67a892 987685341 42591 312 32861 58271 A1628 AT291 821 781 652
43967A892 987865341 4251 312 3261 SZR71 A16B28 AT29Y1 821 781 (62
435674892 963/6%341 #4251 312 3261 5271 Al62B8 A7B291 82t 781 &72
4395677892 98865341 4251 312 3261 S2871 Al6B8 ATB291 B21 781 8762
43567TA892 98765341 4251 312 3261 52/ A16288 A7891 8b21 781 9872
4356748928 9876581 4851 318 38261 5271 A1628 A7291 841 781 53412
435674892 9876841 4n51 3128 3uél SB271 a1628 A7291 821 7381 65342
435670892 Y87H341 42851 3tz 3361 SBTY A16B28 A729L o021 781 76532
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§51
552
§53
go4
§55
Gh6
557
954
959
$60
961
562
S63
G64
965
G66
Go7
G648
69
570
971
972
73
974
75
76
Sr7
578
979
980
981
582
G83
G884
585
986
S87
s88
S$H9
$90
G991
592
.993
S9u
§95
996
g97
994
G99
1000

43567A892 9489341 4251 312 37861 5871 A168B8 A78291 821 781 87652
435674892 YHEOH3UL 4251 312 3261 52871 A(688 A7BYL 8gll 781 $8762
43567A8932 7653418 4251 312 23261 S271 A({62B8 A7TB91 &B1 781 19872
43350748918 9876538 44251 318 3261 5271 A1628 A7291 82ul1 781 34192
4356748928 98706131 4131 314 3861 HB271 A(628 A7291 B21 781 653412
43567A892 YBTHB41 4851 3123 3861 5B/71 AL14B28 A7291 821 r81 (65342
435674892 988341 42851 312 3H61 5371 AlsB8 A7B291 821 781 876532
435614892 Y5341 4291 312 32B61 SBT1 A16B8 A7891 8H21 781 987652
4356AB78Y2 98765341 4251 312 3261 A152/ A62818 9172 821 678y ATHq
4356BATEYZ2 G8/69341 4251 312 3261 AUB1S27 Ag281 9172 821 671B 6A1
435BOATEY2 98765341 4251 312 32681 A1BS5p7 A6281 9172 821 671 561
4356A78G2 YBT765341 4251 312 3261 A1927 462881 9872 8218 671 T6891
4356487392 Y8765341 4251 312 3261 AB1S27 A62818 9172 d21 678 6A74
4386A7892 98765341 42581 312 2268 A1B527 A&281 9172 821 671 3561
LYB56AT8Y92 YB87T65341 4258 3012 32618 A1527 A&281 9172 821 671 4394
43564782 987653418 4251 312 3261 a1B27 pA62881 9872 828 671 7842
SOA/8928 YE7ALIABY 4253 3yl 32618 AL1S27 A6281 9172 821 671 24391
4356A02 987653418 4251 312 3261 A1527 pe28R 9872 828 6781 A789Y21
6AIBY28 YBT7T6534181 4258 3Bz 3268 A1B527 aA6281 9172 821 671 243561
4356A7892 987085341 4251 312 32861 A15827 6281 9172 821 671 652
4356A7T892 Y8TBO534) 4231 312 3261 A152H7 A6B281 9172 821 671 762
4356A7892 9B7H5341 4251 312 32661 AL1SAT A6B28y 9172 821 6731 165z
4356A7892 Y8pB65341 4251 312 3281 A150237 A6B8Y1 91782 821 671 €762
4356AT78928 9876531 4851 318 33261 ALS27 A6281 9172 821 671 53412
4356A7892 YaT70841 4451 3123 38361 A15B827 A628) 9172 821 671 65342
4356A7892 Y878341 42751 312 30661 A19B7 aéB281 9172 821 671 76532
4356A7T892 YEHES5341 4251 312 372861 Aa1587 A6R81 91/82 821 671 87652
4396A7T892 90965341 4251 312 3261 A1592RT A6B81 9178 8r21 671 S8762
43596A7H9B2 7653418 4251 312 3261 A1527 a62881 9178 881 671 15872
4356A78928 9876831 4851 318 3061 A1SB27 p6281 9172 821 671 6534412
4356A7892 988341 42851 312 3B61 A1587 AgBBL1 91782 821 671 876532
4356A7892 YB5341 4251 312 32561 A15H7 AgB8Y 917H wvH21 671 987652
4356782 418987653 4251 312 6132 5271 8AR162 9A7T2 AB2Y 8987 T7AG21
S67TAYZ28 481987653 4258 3R2 611332 5271 8a162 9A72 A821 8917 2435¢
4306132 418987653 4251 312 6132 92781 BARG2 9AT2 Ad2B 8937 6174621
S6ABY28 Y8/7/653481 4254 382 32618 TA152 A628 91A72 821 7816 24351
435682 987653418 4251 312 3261 TAB1D2 Ag28 9BATZ2 828 7886 6A4G21
4354782 987653418 4251 312 0A132 AS527 A428B1 9872 828 67195 785214
4395AH2 987053410 4251 312 b6A132 AS27 Abo88 9B72 824 67415 A7T8921¢
435678BA2 SuT769341A 4251 312 6132 5271 8AB162 9AT2 B82A 9218728 7A1
4396742 98765341HA 4251 312 6132 5271 HBAB162 9A72 82A 92878 71421
435662 98/765341BA 4251 312 6132 5278y 8aAB62 9YAT2 32A 92B78 67421
43B7A2 987653414 42581 312 6832 5278 BA1B62 9ATZ B82A 92178 3567
LE6TAZ2 9B765341A 4258 3812 6832 52718 8162 9A7T2 82A 92178 43561
567A28 98765341H1A 4250 3R2 61B32 5271 8a162 GAT2 B2A 92178 24351
435682 418Y87653 4251 312 3261 TAB1b? Ba62 9AT2 82BA 789R6 €4921
4356AB2 9076%53418A 6251 312 3261 7TA152 BAG62 9AT2 ©62A 9281678 A21
4356BA2 987653417 4251 312 3261 7TABlS2 8A62 9AT2 82A 9218678 641
435682 98765341BA 4251 312 3261 TAB152 8A62 9AT2 32A 928678 6421y
439678BA982 4187653 4251 312 3261 5271 AR1628Y 9721 AT81 9187 74A\



1001 43568BT7AYB2 41870653 4251 312 3261 52781 A186289 %721 AT81 917 671
1002 435B6/AYB2 4187653 4251 312 32681 52718 A16289 9721 Aal8y 917 564
1003 43B507AY82 4107653 42501 312 32618 5271 A16289 %721 AT81 917 351
1004 4B3567A982 4187653 4254k 3b12 3261 5271 A16289 9721 Af8y 917 434
1005 43507982 41870523 4251 312 3261 52735 AL16289 9721 Afd1B 987 7491
1006 435B7A982 4187053 47951 312 306881 5278 4186289 9721 A781 917 35674
1007 43867AY082 4187653 42531 312 3268 52718 p16289 9721 Af81 917 35614
1008 4BS567aYd2 4187053 4258 3612 32618 SU71 n1628% S723 A/81 947 4354
1009 3567A982d 4B1870653 42518 3H2 32064 92 £1628% 9721 A/B8YL 917 243y
5

1010 435674982 41876583 42551 312 3£261
1011 43567A982 41870853 4251 312 32861
1012 435670982 41078653 4251 312 3261 52 AS6B289 9Tl AT81 917 762
1013 43567A9062 41887053 A251 312 23261 5279 A162B38% 7821 A781 17 &72
1014 435674982 4188053 4251 312 32861 52871 A16889 97821 A/81 917 B762
1019 43507AY82 418853 4251 312 3¢8B61 5871 AL1gBEY9 97821 A76l G17 87652
1016 43567A90882 4180653 4251 312 3261 S2ify A16189 G/HL ATBL 917 18762
1017 43567AY828 1870658 4851 318 38261 S271 A(6289 9¥21 A?d1 917 53412
1018 4396/7A982 4187653 4251 312 3261 8271 b1s2889 98721 A7B81 917 897
1019 4356A7982 4107653 4251 312 1261 ALD27 36289148 9721 o137 6781 A7y
1020 4356BA79Y¢2 4107654 4251 312 3261 ABLS27 AGR2891 9721 oi7 6718 6At
1021 4358047582 41087653 42951 312 32681 ALBS27 A62891 9721 817 671 561
1042 4305064 /7/982 41876523 42581 212 32618 A195z7 462891 9721 817 671 351
1023 4b356A7T%082 4107603 425114 3412 3261 AL5Z7 A@2891 9721 817 671 431
1024 4356A7882 41870653 4291 312 s261 A1527 Ag2898)L S7218 8B7 671 798¢
1C2% 43567982 4187653 4251 312 32461 AB1527 pA62891p 9721 017 678B 64714
1026 43B6AT7Y82 41870653 42581 312 3268 A1BS527 A62891 9721 817 671 3561
1027 8pH6A7982 41870653 42%1 3512 32618 A1S27 Aép8%3 9721 617 671 4351
1028 356479528 40187653 42518 3u2 3201 ALS27 A62891 9721 oL7 671 24314
1029 4356A7%82 41876583 42051 312 3E261 A1527 A62891 S721 817 671 532
1030 4356A7Y02 418768353 4251 312 32Eo01 ALBH27 A62891 Y721 BL/7 671 652
10231 4356A7902 416873653 4251 312 3261 ALD2RT . ASR2E9L 9721 817 671 762
1032 43S0A/YE2 4187653 4251 312 32€1 A1527 a62peys 97321 817 671 872
1033 4356A7982 4187353 4251 312 32861 A15R7 A6RZ28GL ¢721 817 671 7652
1034 4356ATY82 4188653 42571 312 37261 ALSZRY A68a91 $7TE21 o617 671 €762
1035 83956A7962 418BH3 4291 312 32861 A1SHY AgBEGT 9/7B2) wl/ 671 87652
1036 4356A/9882 418053 4251 312 3281 A192A7 A6BE9L 97BL BLY 671 18762
1037 4356479828 18/05d 4uS51 3in 387261 A1bD27 A628%1 721 BT 671 53412
1038 4326A09E2 418768 4LS) 31238 3P0t A19027 A62891 721 817 671 65342
1039 4354807982 A1B8/7653 4291 312 A1326 ALD271R 91628 9721 817 5681 461
1040 4398A67682 4108/653 4251 3172 AQ1326 AS27y §1628 9721 817 5618 SAY
1041 8385A67982 4107693 42501 312 A1BIRG ASZ71 91628 9721 817 561 351
1042 4835467982 4187653 4251 3812 A1326 AS5271 91628 9721 817 561 431
1043 435A07882 8187053 42591 312 A1320 45271 9B1628 97218 887 S61 7481
1044 43967982 4187053 4251 312 ABI326 AS2718 01628 9721 &17 568 5Aa6)
1045 4g9A6/7902 A187653 4250 3B12 ALE324 AS2TY 91628 9721 817 561 4351
1046 35A6/9828 48187653 42518 3u¥2 A1326 w82/ 91628 9721 617 561 2431
10/l 435A079062 41876583 42351 312 A13R26 AS271 G162 9721 417 S61 S372
1048 435A6/982 818761353 4251 312 A12236 ASBE71 91628 9721 817 S61 657
1049 435867982 418/b653 4251 312 A1226 AD2RYY 916828 9721 817 S61 7672
1050 43586/982 41887653 4251 312 A13286 AD2TL 916268 97821 817 S61 872

1 416289 9721 A7B1 917 532
1 416289 9721 A781 917 652




1051
1052

1053
1054
1055
1056
1657
1058
1059
1C60
1061
1062
1063
1064
1065
1066
1067
1068
1069
1C70
{671
1672
1073
1074
1075
1076
1C77
1078
1C79
1680
1081
1082
1083
1084
1085
1086
1087
10848
1689
1690
1091
10¢2
1C93
1094
1695
1066
1C97
16938
1{C99
1100

435067982 4187683 421391 312 A13B6 ADB274 91628 9721 817 561 6532
435A07982 4187853 4251, 312 13 B6 ASHB71°916H28 9721 817 561 7657

4350079482 4188053 4251 312 A1326 AS2871 91688 97821 817 561 &762
435A67982 418783 42851 312 A136E6 ASHT71 916828 9721 81/ S61 76532
435A0/988B2 4108653 4251 312 A1326 AS2B871 91688 9781 4817 561 18762
435A07988 676538 48251 318 A1326 a%271 91628 97281 817 561 34182
4350079828 187053 4451 318 AL13826 AS5271 91628 $721 d817.561 53412
Gu243AH8567 4187653 425A1 312 A3261B 5274 91628 9721 v17 3581 ASy
98243BA567 4187653 n25a81 312 43261 5271 910628 9721 817 3518 341
S8243A58/ 4187653 425aA1 312 A3268) 5278 918628 9721 817 351 5674
982433567 4137653 425481 312 AJ2618 5274¢ 91628 $721 8L7 358 3A5%
Y8283IA567 4BLOT653 425718 382 A3261 52741 91628 9721 817 351 2434
8243A5678 41870653 42541 312 A3264 5271 981428 37218 847 351 798¢
982437567 41R7HSB3 A2BBAYL 312 A3B8261 5271 91628 9721 B1LT7 351 532
Q2434567 41376853 42541 312 A32B861 58271 91628 9721 817 351 652
982434567 418/B653 42541 312 A3261 528741 916528 9721 817 351 762
GB243A567 41887653 425A1 312 A3261 5271 916288 97323 817 351 &7z
SU243A567 4187683 4285A1 312 A3B61 3R271 91628 9721 817 351 6532
98243A567 4188653 42541 312 A3261 52R71 91688 97821 817 351 8762
982434567 4187658 4b5A1 3128 A3BR261 5274 1628 9721 817 351 5347
98243A067 418/83 42ZpSAl 312 A3E61 54971 914828 9721 817 351 76532
982434567 4108853 42541 312 A32E61 SBT{ 91688 974821 B17 351 87652
98B243A567 4180653 42541 312 A3261 52871 91688 9781 817 351 18762
982843A567 187658 4BSAl 3B AJE261 5271 91628 9721 817 351 53412
98243A567 418/68 4u5A1 3128 A38b1 58273 91628 9721 81/ 351 65342
9824A3587 653418/ A42>51 A123 68132 5278 9186248 9721 817 431 5674
982483567 6534187 A4251d AB123 6132 5271 91628 9721 417 438 4434
9824A3567 65341887 A4251 a123 6132 5271 9146288 v/821 817 431 872

)(

C9824A3567 65834187 A42851 A123 61382 5271 91628 9721 817 431 532

JBR4A3567 68534187 A4ZS1 A123 61328 58271 91628 9721 817 431 652
9624A3567 6584187 A4BSL A1Z2H3 61382 S27¢ 91628 9721 817 431 53472
Q8284A3567 65B1B/ ALRSL ALB3 61382 5271 91628 9721 817 431 53412
YB24A3567 684187 A4851 A12083 6138 So271 91628 9721 817 431 65342
9B24A3567 3410871 AdZa51 A123 6138 5471 916828 9721 817 431 76532
43b07A842 4180653 4251 312 32A1 52871 9A1688 978B1A A78 9817 18762
43567A828 187658 4851 I1H 3u261 5271 9A1628 9721A A/8 9417 53412
435476828 187658 4bB51 318 6A1382 AS527 91A628 9721 81/ 6715 53412
QBB2A43A6T 41480653 425A1 312 A326 A52871 916R8 9731 817 5613 18762
GEB24A567 341865 A425 3412 A3261 52871 01688 9781 81/ 4351 18762
982844567 187651 A4HS 3A1n A38261 S271 91626 9721 81/ 4351 53412
98208567 4AU187653 425BA A23 61832 5271 91628 9721 81/ 4382 2A35)
992867 4LABL187653 #4Z5BA A23 6R32 52718 §1628 9721 81/ 4382 243561
Q828A567 LUABLBT653 425A 342 A1A32 7152 91628 9721 817 435182 241
9828567 4AB187053 4254 342 61BA32 7152 91628 9721 81/ 43582 2451
G8RB6T7 4ABLETOSD3 A425A 3A2 6BA3Z 71BO2 91628 9721 817 43582 Z2A56)
982A567 H4A18765B3 4235A 342 614382 /1152 91628 9/21 BLT 43512 532
9824567 4AL376853 425A 342 61A328 71582 916238 $721 817 43512 €52
9324567 4A187BE53 425A 3A2 61A32 713728 916828 9721 817 4351z 762
982A567 4HALEB/6593 4254 3A2 61A32 7152 916288 97821 817 43512 872
4356AB2 41BABT653 4251 312 3261 527A1 9a628 972A 8A7 982B167 A2y



1101
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11C4
1145
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1107
1108
1109
1110
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1112
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1119
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1123
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1125
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1128
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1130
1131
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435682 41HBAB/653 4251 3172 3261 D27ABYL 94628 97248 B8AT 982B67 6421
4356A2 41A876783 42851 312 38261 S27A1 9A628 972A BAL 9832167 932
B356A2 A41AC76853 4251 312 32861 SB27A1 9A628 QT2A YA/ GB2167 652
43956A2 ULAE730D3 4251 312 3263 52d7A1 $a6828 972A BAL $82167 762
4356A2 G41ABRTOS3 4251 312 3261 527A1 RA6288 9782A BAS 9GH2167 872
98243567 A3AH107685 AS1HZ2 312 A2H613 58271 91628 9721 817 532 657
GB243567 A3418/B65 AS142 312 A2613 SP2BT{ $16828 9721 817 532 762
98243567 A3K18TEDE AS142 312 AE2613 85274 $1628 9721 817 5328 547
GBB243567 A341865 AS142 312 A2613 52871 916B8 S7H1 81/ 932 18762
YBB243567 A3A41H5 AS1AZ 312 A24E13 So7y $1688 9Tyl 81/ 532 187652
43567982 AS3410786 4251 312 A6132 A2B71s Y16828 9721 817 652 76%
43501902 ABS341E76 4251 312 A61328 A2715 $1628 9721 6817 6582 AS2
43567982 AD341b07003 4251 312 A6132 ABR271s 91628 9721 ol17 6528 642
435679082 AS534186 4251 212 A6132 A2B71Y 91686 781 BLT 652 18762
435679828 ASB18/6 4851 3138 AH138P AZ2715 91628 9721 817 652 53417
435679823 AB18/6 4851 318 A6G13E A271S $1628 $721 81/ 6582 A53412
4356/982 AGE536Y4T 4231 312 3261 AT1S28 A28916 9721 817 6B27 A62
43567982 A65341873 4251 312 3261 A7T152 aAB28916 9721 817 6287 TA2
435679828 A6SHIBS 451 314 38261 A7152 A28916 9721 817 627 53412
435679828 Abu187 4851 318 3BA1 A7ISB2 Ap8916 Q721 8171 627 653412
435619882 41BOS3 4251 312 3241 A7T1528 916A8 97AB1 /781 87618 18p62
435676828 18A65H 4851 318 347261 A7152 916A8 9T7TA21 Tul 8762 S34y1?
4356/58AB2 41BA6GS3 4251 312 3261 S2A71 916A8 ¢7A1 81/ 876281 a2!
4350798A2 B1ABOR3 42451 312 3261 S28BA71 91648 97A1 817 876821 A2
43567908A182 416853 4251 312 32861 58A71 $16A8 G7A1 417 87681 14652
435679824 87658AL 4A51 3t1a 343261 5271 91628 9721 817 412653 5AZ
435679828A 876581 4ASL 31a JAB261 5271 91628 9721 d1/ 41853 54a12
4356B9AT82 8765341 4251 312 3261 527981 AGA281 721 ALB67 Y71 691
435BO69A/BZ 8765341 4251 312 326B1 S2r9ipg A96281 721 AL67 (1 561
438569A782 8765341 42581 312 32618 0279y 496281 721 A167 971 351
4356ualf82 B7AS381 4251 312 3261 527981 a%6281 721 AHO/ 9718 €GAL-
43569YAT82 765341 42591 312 3268 S2/918 Ag62B81 721 Alo7? 971 3561
UuS697A7H2 8765341 4253 3H12 32618 52791 AQ&281 721 A167 971 4351
43D69ATER2 87658341 42851 312 36261 52791 A90281 721 A167 971 32
4395694702 87685341 4251 312 32861 582791 a96281 721 A167 971 652
435694782 B7B65341 4251 312 3261 528791 A96B281 721 A167 971 762
43569A7T62 8785341 4251 312 32361 SB791 A96B281 721 AL67 971 7652
43569A782 0B65341 4251 312 37261 528791 A%6881 7821 AL6T 971 8762
43569YAT628 870581 4851 314 38261 52791 aA%6281 721 ALs7 971 S3«12
435694782 885341 4251 312 32861 5Su7v%1 A96881 7B21 AloY 971 876952
4350947882 6534108 4251 312 3261 9528791 A96B81 78B1 A16/7 971 18762
435697782 8762341 4251 312 3261 527891 4986281 721 Al6B7 971 764
43569A7882 4865341 4251 312 3261 $28791 A96B1 B21 AL67 971 6281/
G3S5HOA9782 87065341 4251 312 326B1 ALRS279 B1962 721 A671 916 H61
4385609782 8765341 42581 312 32614 A15279 81962 721 A671 916 351
435689782 8765341 4251 312 37261 AB15279 81962 721 Ao/l1B 9BO6 EA91
L3B6A97UH2 B765341 425+1 312 3068 A1B8S279 81962 721 AG71 916 3561
4E856A9782 B76D341 4254 3BE1Z2 32614 ALS279 81962 721 AG/1 $16 4351
4356A9782 87658341 472451 312 38241 A15279 81962 721 Ab671 916 532
4356A9T7E2 B7685341 4251 312 32861 AL15B279 B1962 721 A671 9146 652
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1153
1154
1155
1156
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1158
1159
1160
1161
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1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
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1181
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4356A9782 07B6D341 4251 312 3261 A152479 A19682 721 4671 916 762
4356A9782 B735341 4251 312 39861 AL15879 81962 721 Aof1l 916 7652

43956A9702 U765341 4251 312 3261 A152789 819862 721 A68T1 91¢ 796
435A86Y782 8765381 4251 312 A1326 AS2791B 96281 721 716 S68B1 A61¢

[Avd

U3ILBAGYIEL HTOS341 4251 312 AB1326 AS2/91 96281 721 /16 5618 SA4

L3B5A6Y9782 B765341 42551 312 A1B3I26 ASZ791 96281 721 f16 561 351
H3S5A0H782 8765341 4251 312 A1326 ASZ79B1 962818 721 (86 561 6971
435309782 8765341 4251 312 AR1326 AS2791B 96281 721 116 568 5469
LBHAO9TYE2 BT6E5341 4258 3R12 A1E3I26 AS2791 96281 721 716 S61 4351
4395769782 87654341 42851 312 A13H26 A%2791 96281 721 /16 561 532
435000782 87655341 4251 312 AJ32R6 AsB2791 96241 T21 716 561 652
435060782 B7HO5341 4251 312 A1326 ALD2H791 968281 721 716 561 762
B395A6G/782 6748341 42491 312 A1386 ASBER791 96241 721 (16 561 6532
435069782 8785341 425) 312 A13286 ASB79q 968281 721 716 561 7652
4350097828 8765B1 4u51 31 A13824 AS279y 96281 721 716 561 53412
435069782 878341 42851 312 A13P6 ASH791 968281 721 716 561 76532
L3AS0B782 8765341 42541 312 A3261 9819527 962818 721 67B 351 €971
43A509782 87658341 420H5A1 312 A38261 91527 96281 721 671 351 532
BIASCYTE2 B7685341 425A1 312 A32161 915827 96281 721 671 351 652
43A569782 8765841 4gS5A1 3128 A38261 91527 96281 721 671 351 S342
43A569782 6766341 4239A1 312 A3861 915827 96281 721 671 351 €532
43A5697828 876581 485A1 318 A3E261 91527 96281 721 673 351 S3412
4396AT7T828 B76581 4851 31R 38261 9A1927 962814 721 A6/ 9716 53412
4356A7882 6534183 4251 312 3261 9A15287 96881A T8BL A6/ 9716 18762
Q782H4AS6 876581 A4S 3A13 A3E261 91527 962841 721 671 4351 S3412
9782456 8/76534A8B1 425A 342 32618BA 91527 96281 721 671 43582 24514
978286 BTO6D3IHABY 425h 3AZ 32684 G1HB927 96281 721 671 43582 2A56
9782A56 8/65H34A1 42RS5A 3A2 3BZ261A 91527 96281 721 671 43512 532
Q782756 BYOBHIANAL 4254 3A2 323614A 915827 96281 721 671 43512 652
9TB2AS6 BTB6534AL 4254 3A2 3261A 915247 968281 721 671 43512 762
435682 876593418A 4251 312 3261 9A815927 BA9&2 72A TA6 9T782B6 64214
43956A2 B765RB3UIA 421351 312 3H261 9AL527 B8A362 T2A TAb 9738216 532
4356A2 B/6B5341A 4251 312 32H61 9A19827 BA962 T2A (A6 $78216 652
4356A2 B/B6SIGIA 4251 312 3261 9A152R7 BAY6B2 T2A TA6 978216 762
43569782 AUS381876 4251 312 A61328 9(5A27 96281 721 716 5826 AS?
43969782 AS3418768 4251 312 A6132 9154827 96281 721 716 5286 642
435697682 A5341B6 4251 312 A6132 $15A2B7 96881 7B1 716 526 18762
4359697828 ASB1676 4851 318 A61382 915427 96281 721 716 526 53412
435697828 AB1876 4u51 316 A6132 915An7 96281 721 716 5826 AS53412
435697828 07A5H1 4851 318 A013E2 91947 96A281 721 671 6527 S3412
43569782A B7695BA1 4A91 31A 3A8261 91627 96281 721 671 412853 SA2
439697TH8A2 41AB6053 4251 312 3261 9152RA7 96A81 TAl 716 876821 A62
4359HA6782 8765341 4251 312 32691 A95271 8162 721 AH156 9618 9A1
439549A6TH2 8765341 42951 312 326981 A95271 8162 #21 Alu56 961 591
4359A6882 B765341 4251 312 32651 A9527H( 8862 721d AlS6 961 6781
435986782 B765341 4251 312 32651 A952718 8162 721 Adl96 968 9461
435BA6782 8765341 4251 312 326681 AYS27y 8162 721 ABS6 9618 594
GE59A6782 8765341 4258 3012 326Y1B A95271 8162 721 AlS6 941 435
4359A6782 bY6HS341 4251 312 328691 A9SB271 B162 721 A156 961 652
43959A6TH2 8789341 4251 312 328691 AYS5BT7y 81682 721 ALbL6 96y 7652



12014
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1243
1214
1215
12416

1247

1218
1219
1220
1221
1222
1223
1224
1225

1226
1227
1228

1229

1230

12314

1232

1233
1234
1235
1236
1237
1238
1239
1240
12414

1242

1243
1244

1245

1246
1247

1248

;2&9

4359A67828 B76581 485¢ 31B 382691 A95271 B162 721 A156 964 53432
435906782 87653061 4254 312 326394 A9B5271 8162 724 A15B6 961 695
435962828 187653 4851 318 913826 9527A1 8r62 AT21 564 7816 53412
435A67828. 876581 4BS1. 34B 9413526 9527 1A 8462. 721 A56. 9615 53412
4359682 B8765341BA 4251 312 91326 9527AB1 8AG2 T2A 561 82867 6A21%
4359872 87653448BA 4251 312 91320 9%527AB BA62 T2A 5681 B2B67 96A2Y
506A28 B7653481A 4258 332 913326 9527A1 BAG2 724 564 82167 24351
L3596A2 876353414 4251 312 913286 95827AL B8A62 T2A 564 82167 652
4359A2 B76BS341A 4251 3172 913286 95827A BAS2 T2A 56A1 821967 652
435967824 BT65BAL 4A51 31A 913aB26 95274 8162 721 615 412853 S5A2°
435967828A 87631 4A51 314 913ABS 955274 B1é2 721 615 41853 65412
435682 B76534189 4251 312 3261 AB15279 B962 729 A67828 698 6A921
S6A928 B76534819 4258 382 32618 A15279 8962 729 Ab7821 691 24351

4356492 876534198 4251 312 3261 AL5278B9 8B62 728 A6821.691 67829
987204356 A53414736 4251 342 A6132 A2B78915 86821 9671 816 526 T62 .
98724356 AS5341768 4251 312 A6132 AB275915 8621 9671.816 5286 64D

435A96B72 417653 4251 312 A13269 BR19527 86218 TE6 AS61 915 687 ¢ !
§35A96872 H176533 42B51 312 AL13B269 819527 5621 716 AS61 915 532
435496872 L176R53 4251 3142 A132B69 B195827 84621 716 AS6L 915 652
B7263BAS96 447653 62SABYL 312 A32691 952781 8621 716 561 3518 3A14

8724B3A596 417653 425A18 3812 A32694 952781 8621 716 561 354 431
B7243A5086- 817653 42541 312 A326081 9527818 8621 716568 351 59614
872438596 417653 425AB1 312 A32694B 952781 862( 716 564 358 3451+
87283A596 4817653 825418 3B2 A32691 952784 B62y T16 561 351 2431

7243A5968:
B7243A596"
87243AL96

872434596

B7244A3586°

872483596
724435968
872443596
8724A3596"
872443596
B724A3596
8720443596
43596A782
878243546

447653 425A1 312 A32691 9527881°86218 7B6-5617351 6871
4176583 LPB5A1 312 A38R26931 952784 8624 7165617351 532
4176853 425A1 312 A32B591 95327841 . 8624 716561 351 652
4178653 425A1 312 A32691 9528781 86B2Y¢ 716561 354 762
765341 AG251 A123 981326 9527618 8621 716 S6B 431 5964
7653414 AL2518 AB123 91326 952781 8621 716 561 43B 4A3%
76530 A4251 A123 91326 9527881 B62iB. YB6 561 431 68674
7653841 ALB251 A1283 91326 952781 8623 716 5631 431 342
7658341 AU2851 A123 913B26 95278y 8621 716 564 431 532
7685341 A4251 AL123 913286 9582781 8621 716 561 431 652
7365341 A4254 AL123 91326 9528781 86821 716 561 431 762
765841 A4851 AL1283 913326 9527841 8621 716 5061 4331 5342
44853 4251 312 913286 BA19587 8681A AT 561 8716 17652
41853 4251 3312 9413236 9538781A B6BL 746 A5 9615 17652

87243596 HA{765B3 42BS1A A23 913B26 952781 8621 716 361 4312 532
87B2A3596 4A1B53 42514 A23 913286 053781 8681 716 561 4312 17652
878243596 A341B5 AS142 312 A286913 958781 8681 716 561 325 17652
43506872 AS3L17B6 4254 312 A69132 95428784 8682y 716 561 526 762
43596872 AS341768 4251 312 A69132 95432781 8621 716 5361 5286 6aA2
435068728 A58176 4BS1 318 A6913B82 9542781 86234 716 561 526 53412
435968728 A65817 4B51 318 9413826 A781952 86A24 716 561 762 53412
B7A2L3506- 41 AB53 625¢ 312 9132846 954781 B86AL 716 561 T65821 AS52
87243956 LAL768353 425914 A23 932p61 815827 8621 716 513 84312 652
B7249356. ASH176385 942451 9123 AZ3613 815827 8621 716 43¢ 532 652
B6T24395 7685A3481 (424594 312 93A28681 85827314621 615 354 325 652
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