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An Algorithm for Path Connections
and Its Applications”

C. Y. LEE{, MEMBER, IRE

Summary—The algorithm described in this paper is the outcome
of an endeavor to answer the following question: Is it possible to find
procedures which would enable a computer to solve efficiently path-
connection problems inherent in logical drawing, wiring diagram-
ming, and optimal route finding? The results are highly encouraging.
Within our framework, we are able to solve the following types of
problems:

1) To find a path between two points so that it crosses the least
number of existing paths.

2) To find a path between two points so that it avoids as much as
possible preset obstacles such as edges.

3) To find a path between two points so that the path is optimal
with respect to several properties; for example, a path which is
not only one of those which cross the fewest number of exist-
ing paths, but, among these, is also one of the shortest.

The minimal-distance solution has been programmed on an IBM
704 computer, and a number of illustrations are presented. The class
of problems solvable by our algorithm is given in a theorem in Section
III. A byproduct of this algorithm is a somewhat remote, but unex-
pected, relation to physical optics. This is discussed in Section VI.

[. INTRODUCTION

rather than numbers or symbols, on a digital com-

puter, we may wish to know how a computer, with-
out sight and hearing, can be made to deal competently
with situations which appear to require coordination,
insight, and perhaps intuition. It is not our intention to
consider the general problem of pattern detection and
recognition by machines. We will consider rather the
following simpler, and therefore perhaps more basic,
problem in pattern processing by machines.

Let a pattern of some sort be presented to a machine.
We then want the machine to construct some optimal
path subject to various constraints imposed by the pat-
tern. The problem is to find efficient procedures, which,
if followed by the machine, would lead to an optimal
solution.

Ideally, many situations would fall within this de-
scription. We might present to the machine a map of
Manhattan and ask it to find the shortest-time route
between, say, the United Nations and Yankee Stadium,
using only public transportation. With sufficient care,
it is possible to make a problem such as this unambigu-
ous. In most cases, however, it would be too great a
struggle just to present the problem in a way that is
completely and consistently stated. For this reason, we
have decided to present an abstract model in Section I1.

J:[N processing information consisting of patterns,

* Received by the PGEC, December 2, 1960. This material was
presented as part of the Umver51ty of Mlchlgan Engineering Summer
Session, Ann Arbor, June 19-30, 1961.

T Bell Telephone Labs., Inc., Whippany, N. J.

Based on this model, we will consider a class of well-
defined optimal path problems. A general procedure for
solving this class of problems will then be given in Sec-
tion II1.

Within this class of problems is the shortest-route prob-
lem on which there has been earlier definitive work.
Algorithms for finding shortest paths have been given
by Dantzig,! Ford and Fulkerson,? Moore® and Prim.*
The minimal-distance illustrations (Section V) make
use of one of Moore’s algorithms, which is a specializa-
tion of algorithm A given in Section III. These experi-
ments were tried out before the abstract model was
completed. Once we have at our disposal the abstract
model, it came as a pleasant surprise that problems
such as the minimal-crossing and minimal edge-effect
problems, which had appeared difficult to us previously,
all yielded immediately to algorithm A. The possibility
of joint minimization is also a direct consequence of
algorithm A. A further outcome was the “diffraction”
patterns. These experiments would not have been at-
tempted if we had not noticed the patterns obtained in
the minimal-distance experiments.

II. AN ABSTRACT MODEL AND THE PATH
PROBLEM

A. e-Space, an Abstract Model

Let Cbeaset of elementscalled cells: C= {c!,¢?, - - - }.
For each cell ¢?in C, there is defined a subset of C called
a 1-neighborhood N(c?) of ¢i: N(c?) = {cl , Cofy o, Gyt }
The following rules hold for 1 neighborhoods:

N1) Every 1-neighborhood has in it exactly % cells,
where 7, #>1, is some predetermined number depend-
ing on the specific model involved.

N2) If ¢/&N(c?), then ¢!EN(c?). We will call the
function N with domain C and range subsets of C the
I-neighborhood function.

Together with the 1-neighborhood functions, there
are n functions dy, dy, - - -, d, on C to C defined as fol-
lows: If ¢is any cell in Cand N(¢?) = {cl", Gty - - -, cni},
then

di(c) = E=1,2,- -, n

1 G. B. Dantzig, “Maximization of a Linear Function of Variables
Sub]ect to Linear Inequalities,” Cowles Commission; 1951.

Ford and D. R. Fulkerson, “Maximal flow through a net-
work, " Can J. Math., vol. 8, pp. 399- 404; 1956.

SE. F. Moore, “Shortest path through a maze,” in “Annals of the
Computation Laboratory of Harvard University,” Harvard Univer-
sity Press, Cambridge, Mass., vol. 30, pp. 285-292; 1959.

¢ R. C. Prim, “Shortest connection networks and some general-
izations,” Bell Sys. Tech. J., vol. 36, pp. 1389-1401; November, 1957,
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That is, di(c?) is the kth coordinate cell in the 1-neigh-
borhood of ¢t

Let S be a finite set of symbols: S={s1, s?, - - -,
S is called the alphabet of space €.

Let T' be a map on C to CXS. That is, for every
c'eC, T(chH)=(ct, s7), s7€S. In general we will write
T'(c?) = (¢}, s(c?)). Therefore, to every cell ¢?€( is asso-
ciated some symbol s(¢?) €S. The map I gives then the
cell-symbol configuration for a particular path problem.
Generally speaking, we may keep in mind the analogy
that each function I' corresponds to some sort of a street
map for a particular city or town, and that the path
problem is to find an optimal path from one point to
another in that city or town.

Let ¢?, ¢/ be two distinct cells in C. By a path p(c?, ¢?)
is meant a set of cells called a chain: p(ci, ¢7)
= {c°=ci, AN A NN c’”=c"} such that ¢*H'E N(c?) for
1=0,1, - - -, m—1. By w(c?, ¢/) is meant the set of all
paths p(c?, ¢?) between cell ¢? and cell ¢.

Let M be a map called an admission map with domain
(¢t ¢?) and range the two-element set {0, 1 } Any path
p(ci, ¢?) such that M(p(c?, ¢/)) =1 is said to be an ad-
missible path. Otherwise, p(c?, ¢7) is said to be inadmis-
sible. The set of all admissible paths will be denoted by
7*(ct, ¢).

The quintuple (C, S, N, I, M) is called a @-space.

ol

B. The Path Problem

Let F be a vector of r functions (f1, f, - - -, f,) where
each function f;, =1, 2, - - -, 7, is on 7*(c?, ¢7), the set
of admissible paths, to I, the set of non-negative inte-
gers. A path p'(c?, ¢/) of 7*(c?, ¢%) is said to be minimal
with respect to fi if

N, ¢)) < filp(e?, )

for all p(c?, ¢¥) Em*(c?, ¢7). A path p2(¢?, ¢7) is said to be
minimal with respect to (fi, fo) if

(@) p(c, o) € Pc, ¢)

where P(c?, ¢/) is the set of all paths in 7*(c?, ¢?), which
are minimal with respect to fi; that is,

PY(ci, ¢f) = {pl(c, ¢F) lfl(Pl(Ci, ) < filp(ct, )
for all p(c?, ¢¥) © 7*(c, Cj)};
and

(i) f2(p*2(c?, ¢) < fa(p(c?, 7))
for all p(ct, ¢) & P(c, ¢f).

Therefore, p'2(c?, ¢?) is minimal with respect to (fi, f2)
if among all paths minimal with respect to fi, p'*(c?, ¢?)
is also minimal with respect to fo. In a similar way, we
may define a path p'2"-7(¢?, ¢/) which is minimal with
respect to (fi, fo, © + -, fr).

The path problem we are considering is the following:

P) Path problem: Given a @-space (C, S, N, T", M),
a vector F={fi, fo, - - -, fr}, an initial cell ¢* and a final
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cell ¢**, find an admissible path p'?--7(c*, ¢**) which is
minimal with respect to (f1, f2, -« -, fr).

In the following section we will show an algorithm
which solves the path problem P for a certain set of
vectors F.

[1I. A SEARCH AND TRACE PROCEDURE
A. Montone Functions and Monotone Vectors

Let a @-space (C, S, N, T, M) be given. A function f
on T*(c?, ¢) to the set of non-negative integers I is said
to be monotone if for every path p(c?, ¢?), we have the
inequality

Jp(el, ) < f(ple, ¢)),

where p(c?, ¢¥) is any subpath of p(c?, ¢7). A vector F of
monotone functions (fi, fe, - - -, fr) is said to be a
monotone vector.

B. An Algorithm

Let ¢* and ¢** be the initial and final cells in a €-
space (C, S, N, T', M). The main procedure will be given
in terms of a number of subprocedures.

D1) Cell list: A cell list L is an ordered list containing
names of cells.

D2) Cell mass: With each cell in list L will be associ-
ated an r-tuple called a cell mass (my, ms, - - -, m,). The
cell masses are ordered lexicographically. Thus, if

m=(my, my, - - -, m,), and m' = (m/, my’, - - -, m,’) are
two cell masses, (m1, mq, - - -, my) <(mi, my’, - - -, m,')
if mizm/, i=0, 1, oy, k, but mk+1<m’k+1; OSk <r.

D3) Chain coordinate: Associated with each cell in
the list L is also a chain coordinate which is one of the
1-neighborhood coordinate functions dy.

D4) Auwuxiliary list Li: An auxiliary cell list L, is pro-
vided for momentary storage of names of cells.

R1) Procedure for constructing auxiliary list Ly: Let ¢
be a cell in list L. By a path p(c*, ¢?, ¢**) we mean a path
p(c*, c**) of which p(c*, ¢?) is a subpath. A cell ¢’ is said
to be admissible if p(c*, ¢?, ¢**) is an admissible path
and if the cell mass for ¢’ has not yet been determined.
Let {ci} & N(c) be the set of all admissible cells in N(c).
Append to list L; the set {cl} L, is constructed by re-
peating this process for every entry ¢ in L, under the
condition that a cell should not be listed more than once.
L, is therefore the set of all distinct cells ¢? such that ¢?
is an admissible cell in N(c¢) for some cell ¢ in the list L.

R2) Procedure for assigning cell masses and chain co-
ordinates: Let ¢ be a cell in Li. A possible cell mass for ¢?
is determined as follows: For each ¢/& N(c¢?) whose cell
mass has been determined, construct an r-tuple,

(fl(P(C*a Cj; Ci))) T 1fr(p(6*) er Cl)))

Now apply rule R3 below to find a ¢*& N(c?), for which
this r-tuple is a minimum. A possible cell mass for ¢t is
then the r-tuple (fi(p(c*, ¢?, ¢?), - - -, f:(p(c*, ¢, ¢¥))),
and a possible chain coordinate for ¢ is di, where di(c?)
= ¢io,
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Next, find possible cell masses for all ¢/EL;. Among
the cells in Ly, let {c'} be the set of cells whose possible
cell masses are a minimum. We then assign to each
'€ {ct} the same cell mass and the same chain co-
ordinate as its possible cell mass and its possible chain
coordinate.

The cells whose possible cell masses are not minimal
are no longer considered, and the list L, is cleared.

R3) Selection rule: In R2, a cell ¢* and a selected sub-
set {ci} of N(c?) were given. The rule which was invoked
to select one ¢ from the set {¢} is called a selection
rule.

R4) Procedure for updating list L: Let {c’} be the set
of cells whose cell masses had been determined by R2.
Append first to list L the set {c‘}. Next examine each
cell ¢ in L to see if the cell masses of all its admissible
1 neighbors had been determined. If so, erase ¢ from
the list L.

RS) Initialization: Cell ¢* is given the cell mass
(0, 0, - - -, 0). The list L contains initially the single
entry c¢*. The list L; is initially cleared.

With the aid of rules R1-RS5, we may now state the
main procedure.

A: The Search and Trace Algorithms:

Al: Search algorithm: Apply rule RS for initializa-
tion. Apply rules R1, R2, R4 to entries of L until either
c** appears in L or the list L has been exhausted. In
the former case, we will proceed to the trace algorithm
A2. In the latter case, there is no admissible path
p(c*, ¢**) in the @ space.

A2: Trace algorithm: Begin at ¢**, follow the chain
coordinates until ¢c* is reached. This determines a unique
path p(c*, c**).

C. The Procedure Applied to the Path Problem

Leta @space (C,S,N,T', M),avector F=(f1,fo, - *,fr)
and an initial cell ¢* be given. A cell ¢? which is reached
from c* after exactly ¢ application of rules R1 to R4 is
said to have a chain index | (c*, ¢?) of ¢ from c¢*. We will
begin with two lemmas.

Lemma 1: Let F be a monotone vector. Let ¢? and ¢?
. be two cells with cell masses m(c¢?) and m(c’) and chair
indexes £(c*, ¢) and {(c*, ¢7), respectively. If m(c?) <m(c?),
then £(c*, ¢?) <{(c*, c?).

Proof: Assume £(c*, c¢)={(c*, ¢/). This means that
after £(c*, ¢?) applications of rules R1 to R4, the cell
mass m(c’) has been determined, but the cell mass
m(c?) has not. By the nature of rule R2, the cell masses
are obtained by evaluating the vector F for the paths in
question. Since F is monotone by hypothesis, m(c?)
=m(c?) and the lemma follows.

Lemma 2: Let F be a monotone vector. Let p(c¥,
¢**) be any admissible path from ¢* to ¢**. Then m(c**)
= F(c*, c**).

Proof: Let p(c*, ¢**) consist of the chain of cells

P(C*r c**) — {c* = ¢l e -, R = cq+1},

We will let the number of cells contained in a path, ex-
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cluding the initial cell, be called the path length of that
path. For the path p(c*, ¢**), therefore, the path length
is ¢+1.

For admissible paths of length 1, it follows from rule
R2 that m(c**) < F(c*, ¢**). Let us now assume valid the
induction hypothesis that m(c**) < F(c*, c¢**) for all
admissible paths of path length not greater than q.

Consider the subpath p(c*, ¢?) of p(c*, ¢**). By the
induction hypothesis,

m(c?) £ F(c*, ¢v).

Let us now suppose m(c**) > F(c*, ¢**). Since F is mono-
tone, we then have the inequalities

m(c?) = F(c*, ¢?) = F(c*, ¢**) < m(c**).

Since now m(c?) <m(c**), it follows from Lemma 1 that
£(c*, ¢9) <{l(c*, c¢**). Therefore the cell mass m(c?) is
determined before the cell mass m(c**) is determined.

From rule R2 it follows that as soon as m(c9) is de-
termined, the cell ¢? becomes a member of cell list L.
Since by rule R2,

min {F(p(c*, ¢, **)) | ¢t E N(c**)}
m(c**) =

over all ¢i for which m(c?) is defined,’

and since ¢? is one of such cells ¢;, it follows that this
minimum cannot be greater than F(p(c*, ¢**)). This
contradicts our earlier supposition, and the lemma fol-
lows.

The basic result is embodied in the following:

Theorem: Let a C-space (C, S, N, I', M) be given.
Let P be a path problem with respect to a vector F.
If F is monotone, then algorithm A yields a path
plc*, ¢**) satisfying P.

Proof: Let p(c*, ¢**) be any admissible path from
c* to ¢**. Since F is monotone, we may apply Lemma 2
to get m(c**) K F(p(c*, ¢**)). It follows from rule R2
that

m(c**) = (fu(B(c*, ¢*)), - - -, [(B(c¥, ¢*))).
Also, by definition,
F(p(c*, ™)) = (filp(c*, ¢*)), - - -, fr(p(c*, ).

The theorem therefore follows by the lexicographic
ordering of these r-tuples.

IV. APPLICATIONS

In the applications to be discussed here, we will con-
sider the set C to be a set of squares in the plane with
the usual 1 neighborhoods as shown in Fig. 1. We will
let the alphabet set .S consist of the following:

1) Digits from 0 to 9.

2) All letters of the English alphabet.

3) The symbols: +, —, -, », /, *,—, L, 71, _I, [,

(), —, <, T, !, blank.

The 1-neighborhood function N and the coordinate
functions di, ds, ds, and ds are defined as follows: Given
a cell ¢, di(c?) is the cell to the right of ¢, di(c?) is the
cell above ¢?, ds(c?) is the cell to the left of ¢? and dy(c?)
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6] 15
5 2
6 |
7 )

14 13
3 12
2 1
9 10

Fig. 1—The set C of squares in the plane.

is the cell below ¢i. N(c?) is then the set {di(c?), da(c?),
dy(c?), du(c?) }.

Let a function I' be given, so that to each cell ¢*&Cis
associated a symbol s(¢?) €S. The function M is given
as follows:

Let p(c*, ¢**) = {c°=c*, ct, o e e, e c"=c**} be a
path from ¢* to c¢**. p(c*, ¢**) is admissible, 7.e.,
M(p(c*, c**)) =1, if

1) s(¢’) =blank,—, or l fore=1,2,--.,n—1.

2) s(c™*!) #=— whenever ¢*'=di(c?) or ¢t =d;(c?),
1=0,1,---,n—1,

3) s(ci+‘)#| whenever c¢t'=dy(c?) or c¢*'=d,(c?),
1=0,1, -, n—1,

Thus, except for the function I' which depends on the
application in question, the specialization of the C-
space to our applications has been fully described.

A. A Minimal-Crossing Problem

Given a set of squares in the plane, the problem of
finding a path p(c*, ¢**) from c¢* to ¢** such that
p(c*, c**) crosses over the fewest number of existing
paths is called the minimal-crossing problem. We will
formulate the minimal-crossing problem as a path prob-
lem in some appropriate € space and then solve it with
the aid of algorithm A.

For this problem the vector F would consist of a
single function f given as follows:

F1) f(p(c*, ¢*))=0.
F2) If s(c?) =blank, then

(min {f(p(c*, c”)) l N~ N(Ci)} over all ¢/
for which f(p(c*, ¢/)) has been defined;
undefined otherwise.
F3) If s(¢?) = —, then
(min{/(p(c*, da(c?))), f(p(c*, da(c))})+1

if either one of the values of f is defined;

f(p(c*,c)) =

J(p(c*, ) =

undefined otherwise.
F4) If s(c’) =], then
(min {f(p(c*, di(c))), f(p(c*, dslc)N})+1

if either one of the values of f is defined;

f(p(c*, ¢)) = v[

undefined otherwise.

We assert first that f is monotone. This is so by the
iterative nature of the definition of f; the value of f
never decreases as a path increases in length. Hence, we
may apply the basic theorem to get:

Corollary 1: Algorithm A solves the minimal-crossing
problem,

Example 1: Consider the cell configuration given in
Fig. 2. The path 44 consisting of the chain of cells
{6, 5, 16, 15, 14, 3, 2, 11, 28} is already present. We
wish to find a minimal-crossing path from ¢* (cell 18),
to ¢** (cell 13).

Applying algorithm A, we find that list L consists of
the single entry {18} to begin with. List L; therefore
has in it entries {5, 17, 19}. Note that cell 39 is not an
admissible 1-neighbor of ¢*. The possible cell masses
for cells {5, 17, 19} are 1, 0 and 0, respectively. Hence,
by rule R2, cells 17 and 19 are assigned cell mass 0 and
are appended to the list L. Moreover, the chain co-
ordinates of cells 17 and 19 are respectively d; and d..
The cell masses and chain coordinates for these cells are
properly denoted in Fig. 2. Thus, in cell 17, we have the
pair (1, 0), meaning that the chain coordinate is ds
(i.e., downward) and the cell mass is 0.

Applying rules R1 to R4 again, we find that list 1,
has in it now the entries {5, 20}. This is so since cells
16, 36, 38, 39, 6 and 40 are all not admissible. The pos-
sible cell masses for cells 5 and 20 are respectively 1
and 0. Thus, the cell mass for cell 20 is 0, the chain co-
ordinate for cell 20 is d;, and cell 20 is appended to
list L. Moreover, cells 17 and 19 are erased from list L.

Fig. 3 shows the cell mass and chain coordinates for
all the cells reached by the application of Algorithm A.
The trace algorithm then traces out a solution path
p(c*, ¢**) as shown. The boundary cells have been
omitted in Fig. 3.

Example 2: Consider again the cell configuration in
Fig. 2. In this case, however, we stipulate that it costs
3 units to cross a —, but 1 unit to cross a I That is,
the definition F3 is changed to read:

F3’. 1If s(¢?) = —, then

(min {f(p(c*, Da(c?))), f(p(c¥, Da(c)))})+3
if either one of the values of f is defined;

f(p(c*, c)) =

undefined otherwise.
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37 36 35 34 32 32 3
X X X b3 X X X X
38 17 16 [E] 4 i3 30
X r - A B X
(+,0)
39 [[] 5 4 3 2 29
X B | | X
(0)
40 19 [ ] 2 " 28
X A b § L — A X
(t,00
4) 20 7 t 3 9 10 27
X X
42 21 22 23 24 25 26
X X X X X X X X
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17 3 15 14 13 30
r - A ?
(4,0) (4,1)
18 5 49 3 12 29
||3 | I
(0) (=0 | (=, 4,1
19 € | 2 1] 28
A X L T A
(+,0) 1)
20 7 8 9 10 27
(4,00 | («+=,0) | (+,0) | (+—,0) | ta—,0) [ (=, 0)

Fig. 3—Cell configuration after algorithm A has been
applied to Example 1.

17 16 15 19 13 30
r — 1 ?
(4,0) (4,2)
18 5 4 3 12 29
B { t
(0) (e, 1) | (=, 1) (+,2) -| (*,2)
19 6 I 2 I 28
A X [ —_ A
(¢+,0)
20 7 8 9 10 27
(4,0) (<,0) | («=,0) | (=,0) | (=,0) | (+,0)

Fig. 4—Cell configuration after algorithm A has been
applied to Example 2.

Since F is still monotone, algorithm A may be ap-
plied to solve this modified path problem.

In this case, after applying algorithm A, we have the
cell configuration and the solution path shown in Fig. 4.

In Example 1, the function f is not only monotone,
but grows a single unit at a time. For such functions and
for vectors made up of such functions, it is possible to
simplify algorithm A to solve the path problem. In
Example 2 the function f no longer grows one unit at a
time. The machinery of C-space is needed to cope with
this more general class of monotone functions.

B. A Minimal-Edge-Effect Problem

Let us begin with the C-space consisting of squares
in the plane described earlier. Let an initial cell ¢* and
a final cell ¢** be given. We wish now to consider the
problem of finding a path from ¢* to ¢** which avoids,
as much as possible, any symbol other than —, I and
the blank symbol. In other words, we want a path
which does not tend to “cling to edges.”

For this application, the vector F would again con-
sist of a single function g given as follows:

G1) g(p(c*, ¢*))=0.
G2) If s(¢?) =blank, then

g(p(c*, )

Jmmu@wmmhﬁemwb+R@
over all C7for which g(p(c*, ¢?)) has been defined;

{ undefined otherwise,

where R(c*) =the number of cells ¢/ in N(c¢?) in each of
which the symbol is neither blank, nor —, nor |

G3) If s(c®) =—, then

g(p(c*, ¢?)
(min {g(p(c*, da(c?))), g(p(c*, d5)c)))}) + R(c?)

= if either value of g is defined;

undefined otherwise:
G4) 1If s(c?) =], then

(min {g(p(c*, di(c?))), g(p(c*, ds(c)))})
+ R(c?) if either value of g is defined;

undefined otherwise.

g(p(c*, c)) =
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64 63 62 6l 60 59 58 57
X X ?
(4,0)
37 36 35 34 33 32 31 56
X |

(4,0) (+,0) (=,0)

38 7 16 15 14 13 30 55
X X

(4,0 (=0 (=,0)

39 18 5 4 3 12 29 54
X

{¢,0) {4,0) {=-,0) (4,0)

40 19 6 1 2 n 28 53
X X
{(¢,0) (+,0)
41 20 7 8 9 10 27 52
? X

(0) {4,0) («,0) (#,0)
42 21 22 23 24 25 26 51

(4,0) (=,0) u!o) (=,0) (=,0) (=-,0) (=-,0)
I 43 44 45 "l 46 47 48 49 50

(4,0) (=,0) {=,0) (=,0) {(=,0) (=,0) (=-,0) (=,0)

Fig. 5—A minimal edge-effect example.

From this it follows that F is again monotone.
Therefore, we have:

Corollary 2: Algorithm A solves the minimal edge-
effect problem.

Example 3: Consider the cell configuration given in
Fig. 5. We wish to construct a path 44 from cell 41 to
cell 58 satisfying the path problem with respect to the
vector F given by G1 to G4.

To begin with, the list L has in it the single entry
{41}. Thelist Ly, therefore, hasin it entries { 20, 40, 42}.
The possible cell masses for these cells are, respectively,
1, 0, 0. Therefore, by rule R2, m(40) =m(42) =0. The
chain coordinates for cells 40 and 42 are also determined
and are respectively | and T.

List L is now updated to contain cells {41, 40, 42},
From this, we get for list L the cells {20, 19, 39, 21,43 }
Following rule R2, we get therefore m(39)=m(43)
=m(21) =0, and also their chain coordinates. By rule
R4, cell 42 is erased from list L.

The new list L now has in it cells {41, 40, 39, 43, 21 }
Therefore, cells {20, 19, 18, 38, 22, 44} all belong to list
L,. Consider now cell 44, It is clear that m(44) =0. We
must, however, invoke the selection rule R3 to get its
chain coordinate. We may assume, in this case, that
the left neighbor is always preferred over the other 1-
neighbors. The chain coordinate for cell 44 then be-
comes .

Continuing in this way, we arrive at the path shown
in Fig. 5. We see that the path so constructed avoided
all the X'’s which may be considered as edges.

C. Joint Minimization

In the last two applications, the vector F in each
case consisted of a single function. This was so because
we were looking for paths which were minimal with
respect to a single property. In the first case, the prop-

erty was the number of crossings, and in the second, the
property was edge effect.

On the other hand, the €-space model was intended
to solve joint minimization problems; i.e., the vector F
may have several component functions. In order to
illustrate the possibility of joint minimization, let us
consider a minimal distance then edge-effect problem.
What we wish to find here is a path which is, first of all,
one of the shortest, and secondly, among all shortest
paths, this path is also minimal with respect to edge
effect. The vector F for this problem has, therefore, two
component functions F=(k, g), where % is the distance
function and g is the edge-effect function.

The edge-effect function g will be taken to be exactly
the same as that defined previously in G1 to G4. The
distance function % is given as follows:

H1) The function % satisfies F1, F3, F4.
H2) If s(c?) =blank, then

(min { A(p(c*, ¢?)) | ¢ € N(c?) }) + 1overall
¢’ for which &(p(c*, ¢’) has been defined;

undefined otherwise.

h(p(c*,c)) =

From these definitions it again follows that both # and
g are monotone functions. F= (%, g) is therefore a mono-
tone vector. Therefore, we have:

Corollary 3: Algorithm A solves the joint minimiza-
tion problem with respect to first distance then edge
effect.

Example 4: Let us consider again the original con-
figuration shown in Fig. 5. We wish to find a path 44
which solves the path problem with respect to the vec-
tor F=(k, g) for this configuration.

Following rule RS, we begin with cell 41 in list L.
By rule R1, cells 20, 40 and 42 therefore belong to list
L,. The possible cell masses for cells 20, 40 and 42 are
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64 63 62 61 60 59 58 57
X X II\

(+,5,2) | {+,6,3) | (+,7,4) (4,12,2) (4,13,1)

37 36 35 34 33 32 l 31 56
X

(4,4,2) (4,8,5) | (+,97) | (+,10,3) | (4,11, | (=,12,)

38 07 16 15 14 3 30 55
X X
(4,3,1) (4,9,8) (4,9,2) | (4,10,1) | (&, 11,1) | («,12,1)
39 18 5 4 3 l 12 29 54
X —
(+,2,0) | («,3,2) (+,7,5) (¥,8,1) (+,9,1) | («,10,2) | («,11,2)
40 19 6 [ 2 1 28 53
X X
U4,1,0) | («,2,1) (4,6,3) | (4,7,1) | (+,8,2) (+,10,2)
a1 20 7 8 9 10 27 52
? X

{0) (€, 1,1) (¢,5,2) | (+,6,1) | («,7,1) | (+,8,2) | (4,9,1)
42 21 22 23 l 24 25 26 51
(4,1,0) | («,2,0) | (€«,3,1) | («,4,1) | (*,5,1) | («,6,1) | («,7,1) | («,8,1)
43 44 45 46 47 48 49 50
(4,2,0) | («,3,0) | («,4,0) [ («+,5,0) | (+,6,0)[{<+,7,0) | («,8,0) | (%,9,0)

Fig. 6—A joint minimization example.

respectively (1, 1), (1, 0) and (1, 0). Therefore, m(40)
=(1, 0) and m(42)=(1, 0). The chain coordinates for
cells 40 and 42 are respectively | and 7.

From rule R4, the list L now contains cells 41, 40 and
42, Therefore, by R1, list L; has now in it cells {20, 19,
39, 43, 21} with possible cell masses respectively:
(1, 1), (2, 1), (2, 0), (2,0), (2, 0). Thus m(20)=(1, 1)
and cell 20 has chain coordinate «.

Continuing in this manner, and using again the selec-
tion rule R3 that the left direction is to be preferred
over all other directions, we arrive at the path shown in
Fig. 6. We see that in this case, since we are interested
in the shortest path, the path 44 makes contact once
with an edge. We had seen before that there are paths
which make no contact with any edge.

D. Generalizations

We should, perhaps, take a moment at this time to
reflect on the following two questions. In Section II, we
have set up an abstract model, our @-space, in such a
way that algorithm A can be used to solve path prob-
lems formulated within this model. The first question
we will ask is whether algorithm 4 can be applied to
still more general situations—that is, whether our ab-
stract model of @-space may be further generalized. In
a similar way, we may wish to relax the monotone con-
dition on vectors F. The second question is, therefore,
whether our basic theorem may be generalized to in-
clude also perhaps a subclass of non-monotone vec-
tors.

The answer to the first question can be given in the
affirmative, and may appear a bit surprising. Specifi-
cally, we may redefine the 1-neighborhood function N
such that N needs to satisfy neither rule N1 nor rule N2
of Section I1. The only condition that N must satisfy is
a finiteness condition:

NO. Every 1-neighborhood is finite.

Let us call a space (C, .S, N*, T', M) a C-*space if the

1-neighborhood funciton N* satisfies the finiteness con-
dition NO rather than conditions N1 and N2 of Section
II. Accordingly, we must also make minor changes to
algorithm 4. For instance, we must redefine the coor-
dinate functions d;, and modify our process of assigning
chain coordinates. Let us agree to call the modified al-
gorithm A*. Then our basic theorem would read:

Let a C*-space (C, S, N*, T, M) be given. Let P be a
path problem with respect to a vector F. If Fis mono-
tone, then algorithm A* yields a path (c*, ¢**) satisfy-
ing P.

In regard to the second question, our knowledge is
very meager. It is quite possible that an essentially
different algorithm is needed to deal with non-monotone
vectors.

Coming back to our basic theorem, we ought to make
it clear that even when a vector F is monotone, it may
be so pathological that the process of applying algo-
rithm 4 could become extremely tedious. To be specific,
let p(ct, ¢*) be an admissible path consisting of the chain
of cells:

p(ct, ) = {c‘, ¢, c"}.
A monotone function f is said to be I-hereditary if
f(p(c, ¢®) depends only on f(p(c', ¢»')) and on cells
¢ and ¢*. A monotone function f is said to be 2-
hereditary if f(p(c', ¢*)) depends only on f(p(c!, ¢"?))
and f(p(c, ¢» ™)) and cells ¢*2, ¢*! and ¢". In a similar
manner, we may define p-hereditary functions for p=1.

All of the examples of monotone vectors given in this
section happen to be 1-hereditary. In such cases the
process of applying algorithm A4 is much simplified.
We may also apply algorithm A to solve the minimal
corner problem; that is, to find a path with the least
number of corners. This problem presents an interesting
twist, since the corner function is monotone but 2-
hereditary. In the same way, one may construct p-
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hereditary functions for arbitrary p. Indeed, one may
construct monotone functions which are not finitely
hereditary.

V. MINIMAL-DISTANCE SOLUTIONS—A MAZE AND
OTHER ILLUSTRATIONS

As the reader can see, the statement of algorithm A
lends itself quite directly to computer programming.
Such a step for the minimal distance problem has been
carried out. A natural cell configuration is determined
by the printer associated with the computer. The printer
can print 120 characters in one line, and usually prints
60 lines to a page. The cell configuration is therefore a
rectangular array of 120 cells by 60 cells. The sets of
symbols are, in this case, the set of characters on the
printer.

In Fig. 7 is shown an input into the computer. The
boundary cells and the obstacle cells are all marked X.
In this illustration, we wish to find a minimal-distance
path between cell 4 and cell B.

Fig. 8 shows the result of applying algorithm A1l (the
search algorithm) to the cell configuration given in Fig.
7. Since it is not possible to print more than one char-
acter in each cell, we have chosen to print out the least
significant octal digit of the cell masses. The reader can
see that the immediate neighbors of cell 4 has cell mass
1. The neighbors of these have cell mass 2, etc. This
search-expansion process continues until cell B is
reached.

Fig. 9 shows the result of applying algorithm A2 (the
trace algorithm) to the cell configuration. The selection
rule used here is to order the admissible neighbors ac-
cording to the following list of preference: right, up,
left, down. The path shown is the machine’s solution to
the original path problem.

Fig. 10 depicts a three-stage adder circuit; each box
designates one of the circuit stages. We wish to apply
algorithm A to establish all appropriate connections.

Fig. 11 shows the result of applying algorithm A. One
may note that in these paths, there are many more
corners than necessary. The appearance of these extra
corners is due to our simple selection rule. To a large
extent, the appearance of paths can be controlled by
incorporating appropriate selection rules into algo-
rithm A.

Shortly after the program was written, we realized
that this program, without change, can be used to also
solve maze problems. In this sense then, and with
proper modifications, the program may serve in particu-
lar as a 704 version of Shannon’s maze-solving ma-
chine.® An illustration is the Hampton court maze
shown in Fig. 12. Fig. 13 shows the result of applying
the search algorithm to the maze configuration. The
machine’s solution is given by Fig. 14.

VI. THE SEARCH ALGORITHM AND HUYGENS’
PRINCIPLE

In the course of programming algorithm A for the
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minimal-distance problem, it occurred to us that the
search algorithm is, in a remote sense, a computer model
of waves expanding from a source under a form of
straight-line geometry. Those cells having the same cell
mass may be thought of as the locations of the wave-
front at the mth unit of time. Fig. 8, for example, may
be taken to represent the wavefront originating from
source A as it expanded.

Following this line of thought, we proceeded to run
a few simple experiments suggested by optics. In Fig.
15, the obstacle consisted of a vertical barrier with a slit
in the middle. The source is at the left-hand end of the
diagram. The blank spaces may serve as an indication
of the propagation of the wavefront. The reader may see
that the wave pattern to the right of the obstacle is the
same as that which would have been produced by a
source located at the slit.

In the same way, Fig. 16 shows the effect of having
a 2-slit obstacle and Figs. 17 and 18 are patterns
created by having a number of multiple-slit obstacles.

There are several differences between the model
shown here and the usual diffraction patterns in optics.
The geometry assumed in this model is, in the first place,
not Euclidean. Since distances in this geometry are
measured roughly as distances are understood by taxi
drivers on the island of Manhattan, this geometry is
sometimes called Manhattan geometry.

In addition to the difference in geometry, and the fact
that we are dealing with a discrete space, we have also
not taken into account the phenomenon of interference.
The computer instead has a built-in first-come-first-
served rule. That is, where there are several sources pres-
ent, the amplitude of the wave at any point is deter-
mined by the source closest to it.

Although there is only a remote resemblance between
this model and optics, these experiments seem to sug-
gest the possibility of microsimulation of physical
phenomena on a computer and the possibility of look-
ing for effects in this way if the laws of nature were
modified. In our case, it would be possible to include
also interference. The model would then be a reason-
ably faithful representation of elementary wave phe-
nomena under discrete Manhattan geometry.
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XXXXXXKXKXXX KKK XK KK LK K KKK XK KKK KKK K HKKHKHKEKXKEK KKK KKK KK KKK XXX HX KKK ALK AEKXKHXKKEX KX KL KKKK XKL LXK XAXK LXK
XOGHETT LOSHEZT LSSHEZT L9GWEZT LSSwegT L9GWEZT L9GHEZT L9SvGSL TZEWSIL TZewsSL TZewGoL TZews9L T2eH499L TZews9L TZevsoX
XGHEZT LOGHEZT LOGHEZT LOGHEZT L9G%E2T L9GHheZT L9GweZT L9GHENG9L TZEWGIL TZevG9L T2ewS9L TZe¥S9L TZE%G9L TZevq9L T1ZeHsX
XHEZT LOGHEZT LIGWEZT L9GHEZT L9GwezT L9GHEZT L9GHe2T L9GHEZERSIL TZE¥G9L 1ZevS9L 17ewc9L TZehweS9L 1Zewe9L T2ensG9L T2ewX
XEZT LGGWEZT LSSHETT LOGHEZT LOGHEZT L9GHEZT LIGwEZT LOGHEZTZERSIL TZENGIL TZEWGIL TZEWGIL T2e%wG9L 1Ze#S69L 12eh89L TTEX
XPEZT LOGHYRXXXXXXXXXXXH XXX XKY XK XX K YK KXY XKUY XXXXXXXX KKK EZTHTZEDXX XN XXX XX XXXXKXXKXXHXH XXX XXX XKXHXKXKAXXXKXXXXEGIL T2ENX
XGHEZT LOGXT L9GHEZT L9SHETT LOGWERT LOGHETZT L9GHEZT L96He212¢H69L T26¢HG69L T7E%69L 12€%G9L T2€%G9L TZeva9L T2ZX9L 12e%SX
XOGHEZT LOXZT L9SHETT L9GHEZT L9SHEZT LOSHEZT L9GHEZT LOSHEZEHRGOL TTZERGOL T2E€%G9L TZEwG9L TZews9L T2e%G9L TZEXL TZEWSOX
XLOGHEZT LXEZT LOGHEZT LSGHEZT LOGHEZT L9GHEZT LOGHEZT LOGHENGOL T2ehG9L TZeHG9L T2e%G9L T12e%G9L T2e%69L TZehX 12eHG9LX
X L9GHEZT XWEZT LOGHEZT L9GHEZT LOGHEZT LOGHWEZT L9SvE2T L9S¥GSL T2EHGOL T2e%G9L TZEwG9L T2e%G9L TZEHS9L T2evsXT2e%69L X
XT L9GHEZTXXXXXXXXXXKXXX KX KK XXX KK HLKXXKX XXX XHHK XN K HXKXHKXKKXKXHHKXKHKKXKKXKKXH KKK AKX XXKKXXHKXXXKKXXXXKXXXZEYGIXZENGIL TX
X2T LOGHEZXIGHEZENGTL T2EHG9L T2E€HG9L TZEWGOL T2EWG9L TZEHS9L X L9GHEZT L9GHEZT L9GWEZT L9GwelT L9G9L TXewS9LXEHGIL TTX
XEZT LGGHEXSGHEZTZENGI)L T2EWSOL TZEWGOL TZEHSOL TZEWSOL TZEHSILXLIGHEZT LOGWEZT L9SHEZT L9GWETZT LIGHEIL XWG9L XWe9L TZEX
WHEZT LOGHXHEZT TZEHGOL TZEHGOL T2EHS9L T2EWGOL TZEhG9L TZENSIXOGHERZT LOGHEZT LIGHETT L9GhelT L9SHEHSOLXSIL TXGIL TZeWX
XGHEZT LOGXEZT L T2E%69. T2EHSOL T2e%S9L 12e€%69f T2evG9L TZEWSXGHEZT L9GHETT L9GHETT LISHEZT L9GWEZENSIXIL TZXIL TZEHSX
XOCHEZT LOXZT LOXXXXXXXYXXXXXXXXXXXEXXKX XX XXX XXX XXAXXXNXKETGIXIGHETXX XX XXX KX X XXX XXX XXX XX XX XXX XXXXTZERNSXL TZEXL TZEHGIX
XLOSHEZT LXT LOGXEZEWSHL TZENGCOL TIXLGSGHAZT LOSHEZT L9S9L XWGOLXLIGHEXT LOGWETT L9G%EeX LIGWETZT LOX TZEWX TZenX T2eENaILX
X L9GHEZT X L9GHXZI76HG9L T26HG9L XOGheaT L9SHEZT LOGHGILXGIL X LISHX LGGHEZT L9GHEZIXLIGHEZT L9CXL TZEXTZEHSXTZENSIL X
XT LO9GHEZTXLOGHEXT TZEHGS). T2EHGOLXSHEZT LOGHETZT L9GHENGOXIL TXT LOGXLOGHEZT LOGHEZT X9SHETT LOGHXOL TZXZERGIXTZENGIL TX
X2ZT LOGHEZXOGHEZX L TZEWGOL T2EHSOXREZT LOGHEZT LOGHEZENGXL TZX2T LIXOGwEZT L9GHEZT LXGWEZT LOGHEXGOL TXEWGILXENSIL 12X
XEZT LOGHEXGHEZTIXLIL TXXXXUXXXXXXXXGPEZIXGHEZ ITXXXXXXXTZENX TTEXETT LXXXXXUXXXXXXZT LIXOGHEIXOGHEZXPGGL XHG9L Xws9L TZEX
XHEZT L9GHXHEZT XO9G9L XOGHEZEHGOL XOSHEZXHEZT X L9GOL TZEXTZEHWXHELT TZERSOL TZEXT LIEXLIGHEXGHEZTZENGILXGIL TXGIL T2ewX
NGHEZT LOGXEZT LXGHGOLXGHEZTIZENCOLXLIGHEXERT LXLOGHGOL TZXZENGXSGHETTZENGGL TZehX LOGHX L9SHXHeZT TZew§9X9L TZX9L TZeHGX
XOGHEZT LOXZT LOXWEHRGOXHEZT TZEHSOX LIGHXZT LSXOGWENSSL IXEHGOXGEHEZENSIL TZEHEXLIGHEXT LOGXe2T L TZehoXL TZEXL TZeHG9X
X19GHEZT LXT LIGXEZENGXEZT L TZEWSEXT LOGXT LOGXSGWEZCHGOL X#GILXLIGHEVGOL T2EHEOXIEHEIXZT LOXZT L9L TZewX TZehX TZehs9LX
X LOGHEZT X LOGHXZTIZEWXZT LOXZEWSOXZT LOX LOGHXHETTIXXXXXXXGIL XUXXXXXXXXXXEHCOLXCHEZTIXEZT LXT LOSXXXXXXXTZERGXTCEHGIL X

XT LOGHEZTIXLOSHEZT TZEXT LOGXENGOLXEZT LXLOSheXeZT Xwe2l L9L T2Zewa9l XKPGOL XhEZT XWETT X L9GHX LOSHETEWGIXIENGIL IX
X2T L9GHEZXOGNEZT L T2ZX L9GH7XHGOL XweZT X9SHEZXZT LXGweZT L TZERGOL XG9L TXEZT LXGWEZIXLIGHEXT LOGHENGILXEHNGIL TZX
XEZT LOGHEXGHEZT L9L TXL9GHEXEOL TXCWETTIXGPETTIXT LOXOGHEZT T2ewG9IL X9L TZXZT LOXOGHEZXIECHEIXTT L9GWGIL XWG9L TZEX
XHEZT LYGHXXXXXXXXEOL XOGHEZXOL T2ZX9euwe?Xve?T X L9GX 9¢HellIZensoL XL TZEXT LOEXLOGHEXGHETZIXEZTXXXXXXXXXGOL TZEWX
XGHEZT LIGHGHEZTZENCSLIXGHEZTIXL T2EXLIGHEXEZT LXLIGHX  9GWElZENS I X [2€%7X L9SHX LISUXHEZT X¥elehs9L TIX9L T2Ze#sX
X9GHEZT LOXPETT TZewcoXnElT X TzewX L9¢HX2T LOXISWEX 9GvEH a9 XTZENGXLOGHEXT LICXEZT LXGSHEWGIL TZEXL 1ZgHG9X
XLOGHEZT LXEZT L TZEHEXEPT LXTZEHEXT LSGXT LOGXGHETX 9sha9 XZ2EnGOXOGHEZXZT LOXZT LOX9GYG9L TZEWX T2e%69LX
X L9GHEZT XTT L9L T2EHXZT LOXZEHGOXZT LIX LOSvXwEZTX 959 XEHGOLXGHEZIXEZT LXT L9GXL9G9L TZeHSXTZeNa9L X

XT LOGHEZTIXT LOGXXXXXXXT LOGXEHWCOLXEZT LXLIGHEXEZT XXUXXXUXXXXXXXXXXXXXXXXHSOL XHWEZT X¥E2T X LIGHXXXXXXXCZEVSIXCERGIL TX
XZT LOGHEZX LOGHXOGHEZT LOSHXHGSL X¥EZT XOGwE7XZT LOSHEZEHRGXEZT L9GHETT L9G9L IXEZT LOGWEZIXLOCHEZTZeneXENGSLXERSIL T2X
YEZT LOGHEXLOGHEXGHEZT LOGHEXCOL TXGHEZTXEHETIXT LOGHEZTZEHXHEZT LOGHETT L9 T2XHEZT L9GHEIXOGHEZT TZEHXHGOL X¥E9L TZEX
XYEZT LIGHXOGHEZXNEZT LOSHEIXOL TZXSSwEXWEZT X L9SvEZT TZIXSWEZT LYGHETT L TZEXGWEZT LIchexaweZT L TZEXGIL TXG9L 1ZewX
NGHEZT LOGXGHEZTIXEZT LOGHETTIXL TCEXLOGmIXERZT LXL9Gwe2T L TZX9G%E2T LIGWEZT TZEWX9GHEZT LOGHXweZT L9L TZX9L TIX9L TTERGX
XOEHEZT LOXHERZT XHEZT XHEZT XUXXXXXXXXXXXZT LOUXXXXXXXKIL TXLIGHXXXXAXXXXXKXXKHUXAXKN N UAXXKXXGHETINGOL TXL TZEXL TZewS9X
XL9cheZT LXEZT LXSHEZINEZT L9CHCZT JOCHE2T L9SHEZIXGHENGCOL X L9G9L X9GHETT L9GvelT L9GweZT [967elXWS9L X TZe¥X TTe#G9LX
% L960EZT X2T LOXSGHEZXZT LOGHEZT LSGHEZT LGGweZT X»EZEWGOLXT L9L TIXLIGHEZT L9GHEZT L9GHEZT L9GHeXEYGILXTIZENSXTZENGIL X
YT L9GHEZTXT L9GXLOGHEXT L9GHEZT L9GYETT LOGwEZT LXEZTZE7G9X2T L 12X L96wElT L9EweTT L9GweZ1 LSGuXZETGIXTENSOXZENGIL TIX
2T LYSHEZYX LOGHYX LOGHY L9GHE7ZT L9GHEZT LOGHEZT L9XZT TZEWGXEZT TZEXT LOGHEZT LOGHEZT L9GHEZT LICSXTZEHGXENGILXERGIL TTX
XEZT LOGHEXLIGHEXT LOCHUXXYXNXXYXXNYXNYNXXXNX YN LOEXT LXXXXXXXXXXZETXZT LOXXXUXXXXXUXXXA XX XXX XAXXXX TZEHXEGTL X7G9L TZEX
YHEZT LOGHXOGHEZXZT L9L TZEVSOL T7EHGOL TZSHGOXOSHX LOGHEZT LOGHEHGXETZT LXSHEZENGOL T2evG69)L TZenS9L TZeX=9L TXG9L TZEWX
WGHEZT LIEXGHEZIXEZT L TZEHGOL TZEHSOL TZEVCOLUGHEXT LOGHEZT L9GHGOXWETT XvEZT2e% 69 12€yG9L 126€969L TZX9L TZX9L 1ZewsX
X9CnEZT LIXDEZT XHEZT T2E#G9L ITEHCSL TZeHGGL XHeZXZT LSGHE2T L9GOLXSwETIXEZT TZ2e9 5oL T7e%GoL TTZEve9oL IXL TZeXL T2eh 69X
¥LOGhEZT LXEZT LXGHEZTZenG9L T2ZEnG9L TZCHGSL INEZINEZT L9GHETT L9L X9GWEZXZT L 1Ze%c9l 17evc9lL TZeEwGoL X TZewX TZews9LX
X L9GHEZT XZT LIOXXXXXXXXXYKXXXXXUUXNKXARKKKN TZXZT AXXXXXLOGXUXKUXKXXLOGEXT LOUXKXKMKXXKE KX KXKXXXXXXKKXXXTZERSGXT2ZERGIL X
T LOGHEZTIXT L9GHEZT L9GHEZT LOGHEZT LOGHEZTIZEXT L9SHEZT L9X L9GWEZT LOGHX LOSHeldT L96HWEZT LGGHeTT LOGHETERNGIXTENSIL X
XZT LSGHEZXZT LOGHERZT LOSHEZT LOGHTZT LOCwEZeyXZT LOGHEZT LXT L9SHEZT LSGXT L9SHEZT LOGHEZT L96HeZT LIGHEHNGILXENSIL T1CX
NEZT LY9SHEXETT LOGHEZT LIGWERT LOSHEZT LOGHENGXEZT LOGHEZT X2ZT L9GHETT LOX2T L9GHEZT 195%€2T L9EHETT LF6HG9L XHG9L TZeX
XHEZT LOGHXYWETT L9SHEZT LOGHEZT L9GHETT L9GHGOXYEZT LOGHEZIXEZT L9GHEZT LXETT LSSwEZT L9GHEZT L9GWEZT L9¢9L TXG9L TZEWX
XGHEZT LOGYXXXXXXNXKHXKU KKK XX KKK XXK K LKL KK K XHXAKX XX KK KX KK KKK SXIH KKK KIS KIK XK KK EXKHAXKLXLX XKL LXAKKKXKKXAKOL TZehaX
XOGHEZT LOL TZEHSOL TZEHG9L TZEHS9L TZEHGOL TTEHGOL TZEHGOL T LOGHETT LIEHSEZT L9SvEZT L9GHeZT LOGHeZT L9eheZT L T1ZeHs9X
XL9GHEZT L TZEHSSL T2ewGSL TZEHGSL TZEeHG9L TZEwG9L TZE€HG9L TZT L9GHEZT L9GWEZT [9G¥ElT L9GneZT L9GHe?T L9GhelT TZE%SOLX
X L9GHEZT TZENSOL TZEHSOL TZEWGOL T2ehG9L TZehSG9L TZEWGIL TZETT L9GHEZT L9SwEZT LOSHETT LSGHETT LOGwell LOGwEZTZENGIL X
YT LOGHEZTZENGIL TZENGOL TZSHG9L T2ZCHS9L TZeHhG9L T2ZEwG9L T2eheTT L9shezT L9GReZT LG6weZ1 LOG%EZT L9Gvwell LSSHETENSIL TX
KXXXKXHKKK KKK HHHHXK K LK LKKX KK KKK K AKXEIKXKKKHKKHKK KKK HX KKK KKK K XXX XKKKK KA XK XK XXX XYHHX AKX XXX XXKXK KK
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| XXXXXXXX
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IXXREXHKHKHKLHHRHXKKEXEKKXXKXXAIKAXXKXKKKKKX | X IUXXX XXX XAXX KR XY XXX XAXKXXHXX X1
X X X1 X X X X1 X1
X X X1 X X X X1 X1
I X X X1 X X X X1 X1
IX X X1 X I X X X1 X1
I X XUXKXXR XXX X KX X XXX XXXX X | X IXXXXXXXXXX XX X X X | X1
I X X X X X X1 X | X X X e X1
I X X X X X X1 X ] X X X X1
I X X X X X X X | X X X X1
I X X X X X X1 X O e O X X X X1
X X X X X X XXXXXXX | XRUXHKXARKXXX | X X X XXXX XXX |
| X X X X X X | X1 X X X X |
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| X X X X X X X1 X X X X
| X X X X X X X! X X X 1X
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X X X X X X I X X X1
X X X X X X ! X X X |
I X X X X X X | X X X1
I'x fums X X X X X W ——— X X bl X1
I X %1 KXXX XXX AXXXXX AXXXXXKXX X IXXXXXXXXHXXXXX XXX XXXXK XXX X1 X1
I X 1%t X X | X X| X1
IX X1 X X | X X1 X1
X X1 X X ! X X1 X1
I'X Ixe - ¢ X X *e X X1 X1
I X IXRRXHKRHURXKXRXXXAXXXRXXXX N X XXXXXXXXXX | X XXXXXXUXH XK XXX XHXXXXXXXKX | X1
I X | Xl X I X X . . X1
1 X | X1 X X X | X1
I X | XI X I X X | X1
I'X P s - ————t XX toome—t X X 1 X1
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. —— ——— A T LD 4 ¥ (] L]
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HXHEXHXAXAHXHXHKHXKXHKHKHXHXHXHXE XXX HKHXHE XXX XXX XXX XX XXX XXX XX XX
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€2T L9GHEZT LIGHERZT LO9GHEZT L96HE2T L9GHEZT LIGHEZTXLISHGIL TZEHNGSL TZeHG9L . 1ZEX

€21 L9Ghe2T L9GweZT L9GHETT LO9GHEZT. L9GHEZT L9GHEZT X9GhEHGIL TZEHG9L TZEWS9L 12ZX

€21 LOGSYEZT LOGHEZT L9GHEZY L9GHEZT L9SHEZT LO9GHEZT LXGHEZEHGOL TZEHSHL T2EHGSL TX

€2T L9GHEZT L9GHEZT LOGHEZT LOGHEZT L9GHEZT L9GHEZT LOXHEZTZENGOL T2€EHS9L TZENGIL X

€2T L9GHEZY L9SHEZT L9GYE2T L9GHEZT LOGHEZT L9GHEZT L9SXEZT TZeHS9L T2e4S9L TZEHGILX

€21 L9SHEZT LOGHEZT L9SYEZT LISHEZT LOGHEZT L9GHEZT L9GYX2ZT L TZE¥G9L TZEHS9L TZEHGIX

€21 L9GHEZT L9SHEZT LOGHEZT L9GHEZT LOGHEZT LIGHEZT L9GHEXT L9L TZEHG9L TZEWSOL TZEHSX

€2T L9GHEZT LOSHEZY L9GHEZT LOGHEZT L9SGHE2ZT LOGHEZT LOGHEZX  L9G9L TZEHG9L TZEHGIL TZEHX

€ZT L9GHEZT LOSHEZT LOGHEZT L9GHEZT L9GWEZT L9GHEZT L9GHEZTIXLOGHSGYL TZEHGIL TZEHGOL TZEX

€21 L9GYEZT L9Gwell L9GYEe2T L9G6HeZT L96%E21 LIGHE2T L9SHEZT XOSvewG9L 12eH69L 12€969L 12X

€21 LOGHEZY L9GHETT LOGHEZT LOGYETZT LOGHEZT L9GHEZT L9GHEZT LXGHEZEHNGOL TZEHG9L TZEWS9L TX

€21 L9GvE€2T LOGHEZT L9GHEZT LOSHEZT LOSHEZT L9SHEZT L9GHEZT LIXHEZTZEHSIL TZEHSOL TZEHGOL X

€T L9SWEZT L9SHEZT LOGHe2T L9Gw€21 L9GHETT L9GHEZT L9GHEZT LI9GXEZT 12eH59L TZEHGIL TZENGILX

€2T LOSHEZT L9GHEZT L9GHEZT LOGHEZT L9SHERT L9SHEZT L9SHEZT L96HX2T L TZewS9L T2E¥S9L TZEHGOX

€ZT L9GHEZT LYSHEZT L9GHEZT LISHEZT L9GYEZT LOGHEZT L9GHEZT LOGHEXT L9L T2¢H69L T2ZEHGIL TZEWSX

€21 L9GHEZT LIGHEZT LIGHEZT LOGHEZT LOGHERZT L9GH%Ee2T L9GHEZT LOGHEZX L9G9L TZEHSSL TZEHSSL TZEHWX

€TT LOGHEZT LIGHERT L9GWEZT L9GHEZT LOGHEZT LOGHEZT L9GHEZT L9SHEZTIXLO9GHGOL TZEHG9L T2EHSOL TZEX

€21 L9GHEZT LOGHEZT LO9GHERT L9GYEZT L9GHEZT L9SHEZT LIGHEZT LOGHEZT XOShEHGOL T2ZE€HG9L TZENGIL T2ZX

€21 L9GHEZT LOSHEZY LOSHEZT LOGWEZT LOGHEZT L9GHEZT L9GHEZT LOGHEZT LXGHEZEWGIL TZEHGOL T2ZEHG9L 1T¥X

€2T LOSYEZT LOGHETT L9SHEZT LOGHEZT LOSHEZT LIGHEZT L9GHEZT L9GHEZT LOXYEZT2EHRGIL T2e%69L TZERG9L X

€2ZT L9GHEZT LO9GHEZT LIGHEZT LOGHEZT LOGHEZT L9GHEZT LOGWE2T L9GwEZT LOGXEZT T2€H59L TZEHG9L TZENGILY

€TT LOGHETT L9Gwe2T L9GHETT L9GHEZT LOGHEZT L9GHEZT LOSHEZT LOSHEZT LOGHX2ZT L TZEWS9L TZEYGOL TZE#SoX

€21 L9GHEZY L9GHEZT LO9GHEZT LO9SYEZT LOGHERT L96%€2T L9GHEZT L9GHERZT L9GHEXT L9L TZE%G9L TZEHSGOL TZEHSX

€2T L9GHEZT L9GHEZT L9GHEZT L9GHEZT L9GHEZT L9GHEZT L9GHEZT LOGHEZT LOSHWEZX L9GSL TZEHG9L 1ZEHSIL TZEHWX
€21 L9GHEZT L9GHEZT L9G%EZT L9GHEZT L9SGHEZT LISHETT LIGHEZT L9SHELT LOSHEZTXLIGHGIL T2EHNSOL TZEHS9L TZEX
E2T LOGHETZT L9GHETT LIGHEZT L9GYERT LOGHEZT L9GHEZT L9GHEZT L9GHEZT L9GHELT X9GHEWGIL TZEHGIL TZENSIL TZX
€ZT L9GHEZT L9GHEZT L9SHERT LIGHEZT L9GHEZT L9GWEZT L9GHEZT LIGHEZT LOGHEZT LXSHEZEHGOL TZEHG9L TZE969L 1TX
€21 L9SHEZT LOGHERZT L9GHeTT L9GHEZT LOGHEZT LISHEZT L9GHEZT L9SHEZT LOGHERZT LIXHEZTZENSOL T2EHGIL T2EHGOL X
€ZT L9GHEZT LOGHEZT LO9GHETT LOGHEZT LOGHEZT LIGHETT L9GHEZT L9SHEZT L9GHEZT LOGXEZT TZEHGIL T2ZEHSIL T2ZEHSOLX
YEZT LIGHEZT LOGHEZT L9GHEZT LOGHETT L9GHEZT LOGHEZT LOGHEZT L9GHEZT LOSHEZT L9SHEZT L TZEHSOL TZEHGIL T2EHGOX
€2T LOGHEZT LOGHEZT L9GHEZT L9GHEZT LOGHEZT L9GHEZT LIGHEZT LOGHEZT LOSHEZT L9GXT L9L TZEWGIL TZEHGOL TZEHGX
€2T L9GHEZT LISYEZT LOGHEZT LISHETZT LIGHERT L9SHEZT L9GHETT L9GHE2T LISHEZT L9X L969L TZEHG9L T2E€wG9L TZEwX
€2 LOGHEZT L9GHEZT LIGHETT LISHEZT LOGHEZT LOGHEZT L9GHEZT L9GHEZT L9GHEZT LXL9SHGIL TZEWSSL 12¢%69L T2EX
€2T L9SHEZT LOGHEZT LISHETZT LOGHEZT L9GHEZT LOGHETT L9GHEZT LOGHEZT LISHEZT X9GHEHSIL TZE¥G9L TZEHGOL TZX
€2T L9GHEZT LOGYEZT L9GHETT LOGHEZT L9SHEZT LIGHEZT L9GHETT LISGHEZT LOGHEZIXGHEZEHNSIL T2EHGIL TZENGOL TX
€ZT L9SHEZT LO9SHETT L9GHEZT LOSHERT L9GHEZT L9GHEZT L9GHEZT L9GHEZT LOGHEZXHEZTZENSIL TZEHGOL TZEWGIL X
€ZT LOGHEZT LOGHEZT LOGHETT LOSHETT L9GHETT LOSHEZT L9GHE2T L9SHETZT LO9GHEXEZT T2EHG9L IZEWSIL TZEHGILY

€21 LO9GHEZT LO9SHEZT L9GHETT L9GHEZT L9GHEZT L9GHEZT L9GHEZT LOGHEZT L9GHX2ZT L TZEwG9L 12€HS9L TZEHGOX

€21 LOSWETT LOGYE2T L9GYEZT L9GHETT L9GHEZT LI9GHETT L9GHEZY L9SvEZT L9GXT L9L T2€4%G9L T1Z2€4%S9L TZEHGX

€21 LOGHEZT L9GHeZT L9GHEZT LOGHEDT L9SHEZT LOGHEZT LOGHEZT LSSHEZT L9X L9S9L T12€HG9L T2EHG9L TZEwX

€2T L9SHEZT LOSHERT LO9SHEZT LOGHEZT LOGHEZT LOGHEZT L9GHEZT LOGHEZT LXL9GHGIL T2€HG9L T2e%69L TZEX

€21 L96HEZT LOSHEZT LO9GHE2T L9GHERZT LOSHEZT LIGHEZT LIGHEZT L9GHEZT X9GHEHNGOL TZEHGOL TZEHSOL TZX

€21 L9GHETT L9GHEZT LOGHETT LO9GWEZT LOGHEZT L9SHETT L9GHEZT LIGHEZTIXSHEZENGIL TZEHGIL TZENGOL TIX

EZT LI9GHEZT LO9GHETT LOGHETZT L9GHETT LOGHEZT LISHERZT L9GHERZT LOGHEZXHEZTZEHGO,. TZEHGOL TZEHGIL X

€2T LI9GHEZT L9GHEZT L9GHETZT L9GHEZT LOGHEZT LSGHETT L9GHEZT L9GHEXEZTZTIZENSIL TTEHNGL TZEHGILY

€2T L9GWEZT L9GHEZT L9GHe2T L9GHETZT L9SHEZT L9GHEZT L9GHEZT L9SHXWEZTZENSIL T2E%G9L TZEWG9L X

ETT LO9G%wEClT L9SHETT L9GHE2T L9GhelT L9ovelT L9GWEZT L9GHETT LIGXGHEZENGYL TZEHGIL TZEHSIL IX

€ZT L9SHETT L9SHETT L9GHEZT LOSHEZT L9GHERQT L9GHEZT LOGHEZT LOXOGHEHRGOL TZE€%G9L T2€w59L 12X

€21 L9GHEZT LO9SHETT LOGWETT LI9GHEZT L9GHETT L9GHETT LO9GHEZT LXL9GHGIL TZEHE9L TZEHS9L TZEX

€ZT LO9SHEZT L9GHe2T L9GWEZT LISHEZT LOSHEZT L9GHEZT L9GHEZT X L9G9L 12e%G9L T2E%G9L TZEHX

€21 LOSHEZT LOGHEZT L9SWELT LOGHETT LIGHEZT L9GHEZT LOGHEZTIXT L9L TZEWSOL TZEWG9L TZEHGX

€TT LOGHEZT L9GHE2T LO9GHEZT L9GHEZT LIGHEZT L9GHEZT L9GHEZXZT L T1ZEwS9L TZEHS9L TZEHGOX

€ZT L9SHEZT L9GHEZT L9GHERZT L9SGWEZT LOGHEZT L9GHEZT LIGHEXEZT TZEHSSL T12€959L TZEHGOLX

€ZT L9GHEZT L9GYEZT L9G9e2T L9GHETT L9GHEZT L9GHEZT L9SHXHEZTZEHnSIL T2€HS9L T2ENSOL X

€ZT L9GHEZT LI9GHEZT LOGHEZT LOGHEZT LOGHEZT LIGHETT LIGXGHEZENGIL TZEVGIL TZEHGOL TIX

€CT L9GHE2T LOGHEZT LOGHETZT LIGHEZT L9GHEZT LIGHEZT LIXOGHEHGIL TZEHG9L T2€%69L 12X

€2T LOGHEZT LIGHEZT LISHEZT LIGHEZT LOGHEZT LOGHEZT. LXLOGHSSL TZEVSIL TZEHSL TZEX

€21 L9GHEZT L9SHEZT L9GHETT LISWETZT LOGHEZT L9GHEZT X L9G9L TZEHSSL TZEHSOL TZEWX
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X

wE2T L9GHETT LO9GHEZT L9GWEZT LXGYEZT LIGHEZT L9S9L T2ZEHSIL TZeHG9L TIX

WEZT LOSHEZT LOGHEZT L9GHWEZT LIXWEZT L9GHEZT L9SHGIL T2E%GIL TZEWSIL X

HEZT LOGHEZT L9GHEZT LOGHEZT LIGXEZT L9GHETZT LOSHEHGIL TZEHSIL TZEHSOLX

YEZT LOGHEZT LIGHEZT L9SHEZT L9GHXZT LISWEZT LOGHEZEHSIL TZEHGIL 12e459X

WEZT LIGYEZT LOGHEZT LIGWEZTT LIGHEXT LIGHEZT L9GHEZTIZEHNSOL TZENGIL TZEHSX

YEZT LIGHETT LISHEZT L9GHEZT LOGWEZX L9SHEZT LOGHEZT TZEHS9L T1ZEHGIL TZEHX

YEZT LOSHEZT LOGHE2T L9GHEZT L9SwETTXLIGHEZT L9GHEZT L TZEWSIL TZEHGOL TZEX

WEZT LIGHE2T LOGHEZT L9GHEZT L9GHEZT XOSHEZT LI9GHEZT L9L 1ZEHG9L 12eHS9L 12X

Ye2T L9GHeZT L9GHERZT LIGHEZT LIGHEZT LXSHEZT LIGHEZT L9G9L TZEHGSIL TZEWGOL 1IX

#EZT L9GHEZT L9GHEZT L9GHEZT L9SHEZT LOXWEZT LI9GHEZT L9SHG9L T2EHSOL TZEHSIL X

HEZT LOGHEZT LOGHEZT LOSHEZT LOGHEZT LIGXEZT LISHEZT LIGHEHGIL TZEHGIL TZEHGIOLX

#E2ZT LOGHE2T L9GHEZT LOGHEZT LISHEZT L9SHXZT LIGHWEZT LOGHEZEHGOL T2e%G9L TZENSIX

PEZT L9GYETT L9GHEZT L9GYEZT L9SYEZT LOGWEXT L9GHEZT LOSHEZIZERNGIL TZEYGIL TZEHNSX

HEZT L9GHe2T L9GHEZT LOGHEZT LOSHEZT L9SHEZX LIGHETT L9GHEZT T12e%G9L TZEYGIL TZEHX

WEZT LIGHEZT LISHEZT LOGHEZT LIGHEZT LOGHEZTIXLOGYEZT L9GHEZT L TZEHS9L TZEHSOL 12X
HeZT L9GHEZT L9GHEZT LOGHEZT L9GHEZT LISHEZT X9GHEZT L9GHETT L9L TZEHSOL 12eH49L 1TX
WEZT LOGWEZT L9GWEZT L9GHEZT L9GHETT L9GYERT LXGHE2T L9SHEZT L9G9L TZEHG9L 12eH99L X
HEZT LOGHEZT L9GHEZT L9GHEZT L9GHEZT LOGHEZT LOXWEZT L9GHEZT LISHGOL TZeHS9L TZENGIL X
HE2T L9GHEZT LOGHEZT LOGHe2T L9GHEZT LOGHEZT L9GHEZT L9SHETT LOGHENGIL TZehS9L TZeHGILX
PEZT LOGHEZT L9SHEZT LOGHETT L9GHEZT L9GHEZT LIXZT LISHEZT L9GHEZEYSOL 12eHSG9L TZEHG9X
7€ZT L9GHEZT L9GHEZT L9SwE2T LIGHEZT LOGHEZT LXT L9SHEZT LISHEZTIZEHSIL 12ZEHGIL TZEHSX
HEZT LYGHEZT LOGHEZT LIGHETT LIGHEZT L9GHEZT X L9GHEZT L9GHEZT T2€HhS9L TZEHGIL TZEHX
€21 LO9GHEZT LOGHEZT LI9GHEZT L9GHETT LIGHETTIXLOGHEZT LIGHEZT L TZEHWSIL TZEHG9L TZEX
7E€ZT L9GHEZT L9GHEZT L9GWEZT L9GHEZT LIGHEZXISGHEZT LIGHEZT L9L T2€HS9L TZEHG9L 12X

PEZT LOGYEZT L9GHE2T L9GHETT LIGWEZT LOGHEXSHEZT LIGHEZT L9G9L T1ZEHGIL T2ewsoL IX

7€ZT LOSHEZT L9SHEZT LIGHEZT LIGHEZT L9GHXHEZT L9GHEZT L9GHG9L TZEHG9L TZEHGIL X

WEZT L96WEZT LO9GHEZT LOGHeZT L96%EZT LIGXEZT L9SHETT LIGHENSIL TZEWGIL TZehGILX

WEZT LOSHETT L9GHEZT L9GHE2T LIGHEZT LIXZT LIGHEZT LISHEZEHNSIL TZEHSIL T2eH69X

€21 L9GHEZT LOGHEZT. L9GHEZT LOGHETT LOSXT L9GHEZT LISHEZTIZEHSIL 12EHG9L TZEHGX

WEZT L9GHEZT L9GHEZT LIGHEe2T LISHEZT LIGHX LIGHEZT L9GHEZTIZTZENGOL TZEHSIL TZEWX

YE2T L9SHEZT LO9GHEZT L9GwEelT L9GHEZT LOGHEXT LIGHEZT L9IGHEZTIZEHSIL TZEWGIL TZEWSX

HEZT LOGHEZT LOGHEZT L9GHEZTT LOGHETT L9GHESXZT LI9GHEZT L9GHEZEHGIL TZEHGIL TZEWGSHX

WEZT LOGHEZT L9SHEZT LOGHEZT L9SHWEZT LOGHEZTIXEZT L9GHERZT L9GWEHRGIL TZENGOL TZEHGOLX
WEZT LOGHEZT L9GHEZT LOGHEZT LOGHEZT L9GHETZT XWEZT LI9GHEZT LISHGIL TZEHGIL TZEHGIL X
WEZT LOGHEZT L9SHe2T LIGHEZT LIGHEZT L9GHECT LXSHEZT L9GHEZT L9G9L 1ZE¥S9L TZEHG9L IX
WEZT L96welT LOG6welT L9Gwell L9GHEZT LOGHEZT LOX9GHEZT L9GwEZT LI9L TZEWS9L T2e469L 12X
WEZT LOGHEZT LOGHWEZT L9GwelZT L9GveZT L9GHEZT LIGSXL9GHEZT LOGHEZT L TZEWSOL 12€%G69L TZEX
HEZT L9GHEZT L9GHEZT L9GHEZT LIGHEZT LISHEZT L9GHX LOGHEZT L9GHEZT TZEHS9L TZEWGOL TZEWX
BeZT L9GHEZT LIGHEZT LO9GWERT LOGHEZT LIGYEZT LOGHEZT L9GHEZT L9GHEZTIZENGOL TTEHGIL TZEHGSX
H€2T L96HETT LOGHERZT L9GHEZT LOGHEZT L9GHEZT L9GHXZT LIGHEZT LIGHEZEHRGIL TZEHGIL TZEHRGSOX
HeZT L9GHEZT L9SHEZT LO9GHelT L96HEZT LISHEZT LIGXEZT LIGHEZT LOGHERGIL TZTEHGIL T2€HG9LX
WEZT L9GHEZT LOGHEZT L9GHE2T L9GHEZT LOGHEZT L9XWEZT L9GHEZT L9SHS9L TZEVSIL TZEHGOL X
Hell L9GHEZT LIGHELZT L9GHEZT L9GHEZT LOGYEZT LXGHEZT L9GHEZT L9G69L T2EHSOL TZeHG9L 1X
7eZT LOGHEZT LO9GHEZT L9GHeZT L9GHEZT L9GHEZT X96%€2T LI9GHEZT L9L TZEHG9L TZehsoL 12X
PEZT LOGHEZT LOGHEZT LIGHEZT LOGHEZT LOGHEZTIXLOGHEZT LOGHEZT L T2€4G9L TZEwG9L 12€X
VEZT L9GHEeZT LO9GHEZT L9GHEZT LI9SHEZT LOGHEZX L9GHEZT L9GHEZT TZ2EHGOL T2€EHGOL TZEWX

PE2T LOGHEZT L9GWEZT LOGHEZT LIGHE2T LIGHEXT LIGHEZT LISHEZIZEHNSIL TZEHGOL TZEHSX

€2T L9GHEeZT L9GHEZT LIGweZT L9GHEZT L9GHXZT L9GHEZT L9GHEZEHNSIL TZEHSIL TZEHGOX

E2ZT L9GHEelZT L9GwelT L9GYETT LIGHEST LO9GXEZT L9SHEZT LIOSYERSIL TZEWGIL T2eH59LX

€T L9GWETT LOSHeETZT L9GHEZT L9SHEZT LIOXWEZT L9GHEZT L9GHGIL TZEWSOL TZEHNSIL X

€2T L9GHeZT L9G%Ee2T LIGHEZT L9che2T LXGHEZT L9GHEZT L9G69L TZEWG9L TZEHG9L TIX

€21 LOGHEZT L9GHEZT L9GHEZT L9GHEZT X9GHEZT L9GHEZT L9L T2€%S9L TZEHG9L 12X

€2T L9GHETT L96HelT L9G%EZT L9GwelZIXLO6HEZT L96vEZT L 1ZEWGIL T12e¥S9L TZEX

€21 L9GHeZT L9GHedT LOGHEZT L9GHERZX L9SveZl L9Ghel1l T2ewG9L TZEYS9L T1ZewX

€2T LOGHEZT LOGHWEZT LOGHEZT LOGHEXT L9GHeldT L9GhE2T2ehG9L T2e%69L T2e4H6X

€2T L9SHEZT LOGHEZT LOSHEZT LO9GHXZT LIGWETT L9GHEZEHNSOL TZEHGIL TZeENGOX

€21 LSGHEZT LOGHEZT LI9GHECT LOGXETT LOGHEZT LIGWEHNGOL TZ2e%G9L TZEHGILX

€21 L9GHERT L9GHEZT LOSHEZT LIXHEZT L9GHEZT L9GHGIL 12eH%G9L TZEHGOL X

XHXUXXXXXXKXKHXX X KX KHXKX KKK XKKE XXX KKXKK KK KXXXLKX XK XX KK KX XX HXKKXKEXXKKX KKK K KKK K YLK KXKKXKXXXXEXHXXKXY XXX XXX XXX XKKRKX
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XXXXXXXXHXKXXXXKHHHXXKKK KKK XX KKK KK XXHE KKK XHKXKKK KKK KKK KKK XKL LXK XXX XKKXKKKH KKK KKK KK KKK KKK HXXKKXKKK KKK XXX KK
X X#€ZT L9SHEZT L9GHX
X XE€ZT L9GHEZTL L9GHEX
X WXZ1 L9GHeZT LI9sHweElX
#EXT L9GHEZT L9aHeETTX

#EZX L9GHEZT L9GWEZT X

HEZIXLIGHEZT L9GwEZT LX

#eZT1 X9s#e21 L9GYEZT L9X

YeZT LXGheZT L9gvell L9SX

HEZT LOXHEZT L9GHelT LIGHX

#EZT LI9GXEZT LISHETT LIGHEX

#EZT LIGHXZT L9G6wEZT L9GwelX

YEZT L9GHEXT L9SHETT LIGWEZIX

VEZT LIGHEZX L9GHETT L9GHEZT X

HEZT L9GHETIXLOGHEST L9eHeZT LX

#EZT L9GHEZT X9GheZT L9GHEZT L9X

#EZT L9GHEZT LXSHEZT L9GWETT L9GX
HEZT L9GHEZTT LIXHEZT L9GHelZT L9G¥X
HEZT L9GHEZT LIGXETT LIGHEZT LI9GHEX
GHEZT LOGHEZT L9GHXZT L9GHe2T L9gwelX
XGHEZT L9GWEZT L9SHEXT L9GveZT L9GHEZTX
XY€ZT LIGYEZT LOGWEZX L9GHETZT L9SHEZT X
XEZT LO9GHEZT L9SHETTIXLIGHEZT LOGWETT LX
X2T L9GWEZT L9GWEZT X96%e21 L9GHEZT L9X
XT L9SHEZT L9SHEZT L9cHelT L96%elT L9GX
XZT L9GHEZT LOGweZT X%ETT L9GHEZT L9GHX
XEZT L9GHEZT L9GHEZIXEZT LI9e¥EZT L9GHEX
XHEZT L9GHEZT LOGHEZXZT L9GHeZT L9chwelZX
XGHEZT L9GHEZT LOGHWEXT L9GHEZT L9GvEZTIX
GHEZT LOGHEZT LOGHX LIGHEZT L9GHeZ1CX

X %E€ZT L9GHEZT LoGweXT L9GveldT L9avelIX
X®EZT L9GHeZT LOGHEIXZT L9GHETT LIghelX
X€2T L9GWEZT L9Ghe21Xell L9G%ell LoahveX
X2T L9G%EZT L96wedT XHel2l L96%ell L9avX
XT L9G#€2T L9GWEZT LI9GWEZT L96wEZT L9GX
XZT1 L9GHEZT L9GHWEZT X96%wel1 L9GHelT L9X
XEZT LOGHEZT LOGHEZTIXLOGHEZT "L96%e2T LX
XH€ZT L9GWEZT LOGHEeZX L9GHeZT L9GhelTl X
X HE€ZT L9GHEZT LI9SWEXT L9GHEZT L9G6+e21X
#EZT L9GHEZT LIGHXTT L9GheZT LIGheEZX
#E€ZT LIGHEZT L9GXEZT L9GHeZT L9SheEX
wEZT L9GWeEZT LOXHelZT L9Gwel1 L9GhX
wEZT LO9GHWEZT LXGWelZT L9GHEZT L9aX
HEZT L9GhelT X9SvelZ1 L9GHeZT L9X
HeZT L9GHEZTXLI9GWECT L9G%eTT LX
HEZT LOSHEZX LGGHEZT LI9SheZT X

HEZT. L9GHEXT L9GHETT L9GwEZTX

WEZT LIGHXZT L9GHEZT L9GhelX

#€2T L96XEZT L9SHEZT L9sHEX

2EZT LOXWEZT L9GHETT L9SHX

HEZT LXGHETT L96welT L9GX

HeZ1 X96%elT L9ghedl L9X
HEZTIXLIGHEZT L9GWEZT LX

wEZX L9GHEZT L9GHeZT X

HEXT L9GHEZT L9GHETIX

HXZT L9GHEZT L9ghelX

XEZT L9SHelZl L9GvEX

X#eZT Loahell L9sHX
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XXXXRXXRH KK XK KKK XKHNKK KKK KXXXAXXK XXX XK X HXE XL XK KK KKK HKKHKEXKK KKK KKK EHXKKKX KKK KKK KKK KKX KKK EXXXKX KLY KXXXXKXXXX
€21 L96H€2ZX LOGHEZT LOSHERT LOXHEZT L9GHEZT LOGHEZX L9GHEZT L9GHETZT L9XHe2T L9GheZT L9G¥X

€21 LI9GHEZIXLIGHEZT LOSHEZT LOGXEZT LOGHEZT LI9GHEZIXLOGHEZT L9GHelZT L9SXETT LIGHETT L9GHEX

€2T L9GHEZT X9SHEZT LOGHEZT L9GHXZT L9GHEZT L9SHEZT X9SHEZT L9GHEZT L9SHXZT LI9SHEZT LISHEZX

€21 L9GHEZT LXSHEZT L9GHETT L9GHEXT L9GHETT LO9GHETZT LXGHEZT L9G6HETT L9SveXT L9GHETT L9GHEZIX

€ZT LO9GHEZT LIXYEZT L9GHEZT LOGHEZX LOGHEZT LOGHEZT LOXWEZT LOGHETZT L9G6HEZX LOGHEZT L96HEZT X
€21 L9G%€2T L9GXEZT LO9GHEZT LO9GHEZTIXLISHELZT LIGHelT LOGXEZT L9GHETT LOGHWEZIXLOGHEZT L9GHEZT LX
€2T LOGHe2T L96HX2T LOGHe?l LOGHEZT X9GHEZT LISHEZT L9GHXTZT LOGHEZT L9GHeZT X96Hel2T L9GHeEZT L9X
€2T L9GHETT L9GHEXT LOGHETZT L9GHEZT LXSHEZT L9GHe2T L9GHeEXT L9SHEZT L96HECT LXGHEZT L9eheZT L9SX
€2T LOGHEZT LOGHEZT LOGHeZT L9GHETT LOXWEZT LOGHEZT LOGHeZX L96HeZT LOGHeZT LOXHEZT L9GHEZT L9GHX
€21 LOGHEZT LOGHEXLOSHEZT LOGHEZT L9GXEZT LOGWEZT LI9GHETZTIXLOGHEZT L9GHEZT L9GXETZT L96HEZT L9GHEX
€2T L9GHEZT L9GHXISHEZT LI9GHETZT LOSHXZT LOGHEZT LOGHEZT XGSHEZT L9SHETT LOGHXTZT L9GHeZT L9GHelX
€2T L9GHEZT LOGXGHEZT L9GHE2T LIGHEXT LIGHETT LOGHEZT LXGHETZT L9GHEZT LIGwEXT LIGHETT LIGHETZIX
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