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1.2 Phases of airline crew scheduling 3

Legality A pairing is said to be legal if it complies with the set of rules
given by the aviation authorities as well as union agreements. This
set has to be satisfied by all pairings.

Duty period Duty period

Bri ef Leg Sits Leg Debrief Stop Brief Leg Debri ef

J L L J L
1 1 ) 1 )
CPH  ARN ARN  OSL osL CPH

Pai ring/roster/sling

Figure 1.1: The building blocks of a pairing.

1.2 Phases of airline crew scheduling

Due to the difficulties of airline crew scheduling the solution is traditionally
divided into a number of phases. On figure 1.2 these phases are sketched.
The first phase consist of longterm planning where the destinations to serve
and the type of service (number of flights per day) are determined. This
results in the set of all flights to fly.

Schedule
release

Planning Assignment Day-to—-day
Pairing Tracking

-32 -14 -1 0 days

Figure 1.2: Phases of airline crew scheduling.

1.3 Report organization

The aim of the next phase, the pairing, is to generate pairings from tk
planned flights from the planning phase. The objective is to include eac
planned flight exactly once in the generated pairings.

When pairings have been constructed individual crews are assigned to tk
generated pairings in the assignment phase. This step ends with a schedu
which gives the relation between crews and flights; showing the flights an
the crews that are to man them. At this point the schedule is released, s
each crew gets to see the flights she is to man.

The released schedule is not complete, as not all flights are assigned tk
number of crews which are needed. In other words the released schedu
most likely contains open flights. Some of the open flights in the schedu
are inherited from the previous phase. Others emerges during the trackir
phase due to new passenger forecasts! and illness. The objective of tk
tracking phase is to assign crew to these open flights.

Finally, on the day of operation, the schedule is executed in the day-to-dc
phase. Remaining open flights, new which arise, delays etc. are dealt wit
possibly by cancellation.

1.3 Report organization

Problem description This chapter gives a more precise description
the problem targeted in the project along with a description of tt
project background.

Tracking phase at SAS This chapter describes an existing approach fc
solving the problems of airline crew scheduling during the trackin
phase, used by SAS.

Solution approach This chapter describes the approach taken in th
project for solving the problem.

Implementation Here an overview of the implementation is given.

Results This chapter presents the numerical result obtained along wit
a comparison with results obtained with the program currently use
by saAs.

IThe number of crew needed on a flight is determined by the type of flight and tl
estimated number of passengers.
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Planning Operation

Planning Assignment Day-to—-day
Pairing Tracking

-32 -14 -1 0 days

Figure 3.1: The division of phases of crew scheduling into to
meta phases: The planning phase and the operational phase.

[13] defines the operational airline crew scheduling problem as that of “mod-
ifying individual monthly work schedules for airline crew members during
the operational phase of the planned schedule”.

The approach taken is column generation. The master problem is modelled
as a Set Partitioning Problem over the open flights. The subproblem gen-
erates columns corresponding to pairings. The subproblem is formulated
as a shortest path problem on a duty graph G* for each crew k. Each path
in the graph corresponds to a legal pairing. The cost associated with each
path in the G* corresponds to the marginal cost of the new pairing in the
master problem.

The specific problem considered in this paper was that of cockpit crew.

3.3 Day-to-day

The day-to-day problem is also referred to as airline irregular operations
[15] or crew recovery [7], because it consists of targeting those problem that
arise due to disruption from maintenance problems, bad weather conditions
etc.

In [15] depth first search in a branch-and-bound tree is used to assign crew
to flights that have become open due to disruption. The branch is done on
the assignment of a crew to an open flight.

In [7] a graph G* representing pairings is build for each crew k as an
extension of the already flown pairings by k. This is then used in a set

3.3 Day-to-day 1

covering formulation which ensures that each open flight is covered at lea:
once.
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Chapter 4

Tracking phase at SAS

This chapter describes the solution approach used currently by SAs when
dealing with the tracking phase.

SAS uses a program called TAP-AI, based on self developed heuristics (which
will be described below) to close open flights during the tracking phase.

Before 1998 TAP-Al was able to efficiently close open flights. This was done
using reordering (from Danish “omdisponering”), which basically swaps
pairings in and out of the schedule, possibly changing already planned duty
(a more detailed description follows). But in 1998 a new union agreement
heavily limited the possibilities of changing planned duty time during the
tracking phase. Hence, the usefulness of this approach was limited.

TAP-AI consists of two main parts: One that does the reordering, and one,
that generates pairings from the initial set of open flights. To overcome the
difficulties of the new union agreement SIG took the approach of letting TAP-
Al generate pairings which could then be assigned to crew using allocated
resources in schedule (such as standby, blank-days, usable-time and “holes”)
instead of changing already planned duty — which was the case when using
reordering. Thus mirroring the pairing and assignment phases from figure
1.2. The assignment is done manually.

In the following a more in-depth description of TAP-AL will be given.

4.1 TAP-AI 1

4.1 TAP-AIl

The pairing generation part approach of TAP-AI can be divided into tw
steps; an initial pairing generation, which was the generator used befo
1998, and the (main) pairing generation. The latter which has been buil
on top of the initial pairing generation after 1998.

Both the pairing generation and the reordering parts of TAP-AI uses tl
initial pairing generation to build an initial set of pairings from the give
set of open flights. Firstly, a description of this initial pairing is give
Secondly, a closer look will be taken at the reordering approach used prior t
1998, and thirdly, the main pairing generation used to day will be describe

4.1.1 Initial pairing

The initial pairing uses two lists, which are sketched on figure 4.1 All ope
flights are kept in a list L1, which is sorted accordingly to increasing d
parture time. L1 is traversed several times with different heuristics tryin
to construct pairings. All the heuristics are greedy in the sense that the
start at the head of L1 and add the first flight to the pairing current!
under construction, which fulfill some requirements given by the heuristi
Each time a pairing is successfully constructed it is stored in L2 and tk
flights which make up the pairing are marked as used in L1 (illustrate
with crosses on the figure). As several heuristics will be tried in turn onl
flights not marked as used will be considered when trying to construct
pairing.

L1: Open flights
LA IPNAPNT L P T E | NEADNST NY

Figure 4.1: The 2 lists used when TAP-AI does the initial pairing
on the open flights.
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As described, the initial pairing consist of a number of heuristics. They can
be divided into two main categories: A preprocessing (enforcing some rules)
and a number of heuristics which constructs pairings. The two categories
will be described next.

Preprocessing

First, a small amount of preprocessing is applied. This forces flights to be
connected and locked! if the “50 minute” rule? apply. Similar the “trivsel
stop” rule? is checked, and flights that are required to be connected will be
connected and locked.

Heuristics

Next the following heuristics, which tries to build pairings from the flights
in L1 are applied. The heuristics are tried successively in the order they
are listed.

The first heuristic tries to construct a pairing starting from a homebase X,
with one or more stops with good connection time (less than 3 hours) at
non-homebases (here a and b) and returning to X. This is illustrated on
figure 4.2.

a a
I PN
|\<3h L <3h

Figure 4.2: Pairing with good connection time ending and start-
ing at a homebase X.

The second heuristic relaxes the requirement on the connection time; now
connection times up to 30 hours for the leg returning to the homebase

IPairings can be locked so they will not be changed at any point in the future.

2The rule states that if the captain or the pilot, for a given leg, have less than 50
minutes connection time to the next leg, they should be captain and pilot on that next
leg.

3Trivsel stop rule forces flights together in pairings that will keep crew “happy”.

4.1 TAP-AI 1

are accepted. Hence, the requirement becomes < 30h at figure 4.2 for tk
connection time at base b.

The third heuristic tries to build a pairing consisting of exactly two flight
with a good connection time and start and end at the same homebase
This is illustrated at figure 4.3.

X a
I PN |
| I

Figure 4.3: Pairing with exactly 2 legs, good connection time
and start and end at a homebase X.

The fourth heuristic relaxes the requirement of good connection time, henc
a connection time of up to 26.6 hours is accepted (see figure 4.4(a)). Hov
ever, there are two exceptions illustrated in figure 4.4(b) and figure 4.4(c
A flight creating more than 3 hours connection time on a homebase Y is nc
accepted, if the previous base ¢ or the next base e are a homebases (illu;
trated at figure 4.4(b)). A long stop (more than 3 hours) is not accepte
on a base d (see figure 4.4(c)) if it is possible to insert two passive transfe:
(dotted lines) forming two new balanced pairings. The two passive tran
fers may only have 5 hours of connection time and should not overlap wit
more than 2 hours.
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X a a b b X c Y Y e
I L L I I L I
I F F 7 I I F 7 I
<26.7 <26. 7h >3h
(a) Pairing with at most 26.6 hours con- (b) Connection time >
nection time with start and end at a home- 3hours on homebase Y
base X. and c or e also homebase.
<2h
<>
c d d c
<5h
<5h

e d d e
(c) Inserting 2 passive flights, forming 2 new
pairings, with at most 5 hours connection time
and no more than 2 hours of overlap.

Figure 4.4: Relazation on connection time (a), with 2 exceptions (b) and

(c).

The fifth heuristic relaxes the requirement from figure 4.4 where the pairing
should start and end at the same homebase. Hence, the pairing should start
and end on a homebase, but not necessarily the same.

The sixth heuristic is a variant of figure 4.2. It tries to connect a flight,
which starts on a homebase X, with one or more flights with good connection
time. But now an ending on a base (even a non-homebase) different from
the stating base X is accepted.

The seventh heuristic tries to build pairings starting from any base, with
good connection time, ending on a homebase (see figure 4.5). A possible
bad connection time of up to 24 hours is accepted on the leg arriving on
the homebase, with the exception illustrated on figure 4.4(c).

4.1 TAP-AI 1

Figure 4.5: Pairing starting from any base with good connection
time and ending on a homebase with possible bad connection
time.

The eighth heuristic tries to construct a pairing starting on a homebas
with three or more flights with good connection time (< 3 hours) and endir
on any base.

The ninth heuristic tries to construct pairings consisting of two flights star
ing at any base a, with good connection time, and ending at base a (s¢
figure 4.6).

a b b a
I L I
I F I

<3h

Figure 4.6: Pairing starting and ending at base a with good
connection time at b.

As a final processing all remaining unmarked legs in L1 from figure 4.1 a
converted into pairings consisting of one flight, and are inserted into L2.

4.1.2 Reordering

The reordering approach was developed based on interviews with the sta
who prior to TAP-AI solved the scheduling problems during the trackir
phase manually. The goal was to develop a system which mirrored tk
heuristics that the staff consciously or unconsciously would use. An i
depth description of reordering is given in [11]. Below a rough outline ¢
the ideas used in reordering will be given.

Reordering is a process where pairings are swapped in and out of cre
schedule using some heuristics. The process can be described as a loc:
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search heuristics that tries to transform a current schedule by swapping
pairings (of open flights) into the schedule (possible) replacing other pair-
ings which then become open flights. The hope is, that if the pairings that
are swapped into the schedule, are always “harder to cover” than the ones
they are replacing, the set of open pairings can, at some point in time, be
inserted into the schedule without replacing any other pairings.

To be able to use the above sketched local search a definition of “hard
to cover” and “easy to cover” pairings/flights has to be introduced. The
following characteristics are considered:

Length Several short pairings are considered easier to cover than one long.
The hope is that small pairings can be more easily fitted into the
schedule than long ones.

Destination Flights between the three homebases are considered easy to
cover. This is natural since a huge number of personal are transported
with passive flights between the homebases and they can be used to
cover flights.

Departure time Pairings which are closer to operation are considered
more important to cover than pairings which are far from operation.

If it is not possible to get all open pairings closed, the set of remaining
open pairings (after the reordering process is terminated) should hopefully
be easier to cover than the initial set. Due to the last preference listed
(departure time) some important time has been achieved because open
flights are moved forward in time.

4.1.3 Main pairing

The aim of the main pairing (in the following just referred to as pairing)
process is to produce pairings which can be covered with the resources
allocated in crew schedules. The pairings produced by the initial pairing are
optimized towards reordering of crew schedules, because it was originally
build to produce the initial set of pairings from the set of open flights used
in the reordering part of TAP-Al (as described above). Pairings used in the
reordering step are (in general) shorter than the available resources in crew
schedules. Therefore some further pairing is introduced to optimize the use
of resources.

The pairing process can run in one of two modes. In mode 1 one open flight
is only included in one pairing (similar to the way the initial pairing works,

4.1 TAP-AI 2

by marking open flights as used). This way one can be sure, that a flight
not overcovered, because multiply instances of the same open flight is nc
present in several pairings.

Mode 2 does not mark flight as used thereby producing several pairing
possible containing the same open flight. This is dealt with by a greed
heuristics that postprocesses the set of generated pairings and selects
subset that do not contain any duplicate use of flights.

The two different modes reflects two different (and greedy) ways of dealin
with the set partitioning problem that lies beneath; generate pairings th:
covers each open flight exactly once.

In the following descriptions of the heuristics used in the two modes a
given.

Mode 1

Similar to the initial pairing a number of heuristics are tried in turn. The
all function on a list of pairings sorted by departure time (see figure 4.7
The heuristics start at the head of the list, and try to build a new pairir
constructed from pairings from the list. When a new pairing X is built it

appended to the list and the pairing used (B, E and G) are marked as use
and ignored afterwards.

(A K c o K F R :ﬂ
[+ 11+ Lle

Figure 4.7: List of pairings.

The first heuristic traverses the list of pairings looking for pairings, whic
starts or ends on a homebase. When such a pairing is found it is checked
it starts on a homebase. If it does not start on a homebase passive transfi
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is added (if possible) to make it start on a homebase (making sure the
pairing is still legal). If this succeeds the result is a pairing like Pairing 1
on figure 4.8, where X is a homebase, the leg X-b is possibly passive and
Y is a homebase. Next the list of pairings is traversed looking for another
pairing Pairing 2 with a connection time less than 5 hours if X=Y or less
than 15 hours if X#Y. Pairing 2 is appended to Pairing 1 if the new
pairing is legal, and if one of the following holds:

e The new pairing is balanced.

e If it starts and ends on a homebase and covers at most two days.

e If it covers at most two days and can be balanced by adding passive
transfer.

New pairings are appended for as long as possible, under the rules described
above along with the 5/15 hours rule, forming one long pairing.

Pairing 1 Pairing 2

X=Y: <5h
Xl =Y: <15h

Figure 4.8: Pairing 2 are appended at Pairing 1 by the 5/15 hour rule.

The second heuristic is just like the first with the exception that passive
flights are considered (when trying to connect the two pairings) if there is
at most 24 hours between them and if it does not create a night stop on
the base where the pairing starts.

The third heuristic tries to balanced pairings, which either starts or ends
on a homebase, by adding passive transfers. Optionally it is also attempted
to remove the first or the last leg if this would balance the pairing.

The fourth heuristic tries to connect unbalanced pairings that starts and
ends on a homebase (possible with a passive transfer) to make them bal-
anced.

Finally, all pairings that contain a night stop on the starting base are broken
into smaller pairings on those bases.

4.1 TAP-AI 2

Mode 2

Mode 2 is very similar to mode 1 except that it does not mark pairing
as used. This is illustrated on figure 4.9, which corresponds to figure 4.
Hence all possible combinations of pairings starting with B, that fulfills tl
requirements of the given heuristic, are built.

|A B C D E F G Xy
[T:1117 oL
L TT
I I
L7121 = 7 T
cIT T|F
I
176

Figure 4.9: List of pairing.

Mode 2 therefore produces pairings, where several instances of the san
open flight may be present in, several different pairings. As describe
above, the problem now is to solve a set partitioning problem. This is dor
using a greedy heuristic which sorts the pairings by density. The densit
of a pairing is defined as the total number of flights in the pairing mim
the number of passive transfers. Hence, the density is a pairing qualit
measure. The heuristic chooses the pairing with the highest density fir:
and rule out all other pairings that contains flights also present in tk
chosen pairing. This way a best first principle is used.

The final result from the pairing process (despite the mode) is a set ¢
pairings covering each flight exactly once.

However, mode 2 is not considered fully developed and has therefore nc
been put into production.
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The main idea which s1G had considered was this tailoring of pairings. Gen-
erating tailored pairings for each crew also lie in the line of the reviewed
literature (see chapter 3). Here, a graph G* which for each crew k rep-
resents the set of pairings tailored for £ was widely used. Especially, in
the tracking and day-to-day phases for the reasons described above. The
pairings given by G* was the used as columns in a Set Covering Problem or
Set Partitioning Problem. Below, a solution approach using these elements
will be presented. Firstly, the generation of pairings (G*) will be covered
followed by the selection of the pairings each crew is to man.

5.1 Pairing generation

The goal of the pairing generation is for each crew to generate a set of
pairings that she might fly. This is conceptually done by searching through
a graph G* for each crew k which represents the pairings constructed from
the open flights which are tailored for k.

Firstly, a more precise definition of how resources are identified will be
given, followed by a presentation of a number of heuristics for searching for
pairings in G*.

5.1.1 Resources

A resource is a crew that has one or more standby allocated in her schedule.
A resource period is one or more successive standby periods in a crew
schedule. This definition might be extended to blank-days, usable-time
and “holes” (described in chapter 2). However, the majority of resource
time allocated in the schedule is standby and the extension might not be
straight forward due to differences in the rules concerning the use of the
different resources. Thus only standby is considered.

On figure 5.1 two resource periods are shown in which crew might be able
to cover some open flights. The first period (between ¢; and t2) is simple;
it consists only of 1 standby. An upper bound on the total production
time which can be assigned during this period is ¢, — ¢;. The next period
(between t3 and tg) is formed by three successive standby. Here tg — t3
is an upper bound but not a particularly tight one. A better bound is
(ty—t3)+ (te —t5) + (ts — t7), because allthough one may assign production

5.1 Pairing generation 2

Peri od Peri od
<>
t1 i t3 ty ts te 7 ts

Ti me

Figure 5.1: A sample schedule for a crew. Solid lines represents
production and dotted lines standby

between t3 and tg the legality of the production is bounded by the sum
the individual standby.

5.1.2 Pairings

As already described a pairing is a work shift for a crew. The estimate
duty time which a pairing takes up is the sum of the length of the dut
periods that makes up the pairing (see figure 1.1).

The term partial pairing will be used to denote a pairing which is nc
balanced (Starting and ending and the same base).

5.1.3 Depth first search

The construction of G* is a way of enumerating all legal pairings for a cre
k in a given resource period. As a first attempt a depth first search throug
all open flights which lie within the given period (with respect to time)
used.

On figure 5.2 a sample search tree is shown. Here the resource is availab
between ¢; and t, at base a. Each node in the tree corresponds to a le
and each edge to connection time. Each path in the tree, from the root t
a leaf, corresponds to a legal pairing to which the crew may be assigned.
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Figure 5.2: A sample search tree for the depth first search.
Nodes corresponds to legs and edges to connection time.

A closeup on the search tree is shown in figure 5.3. Here four open flights
can follow p;. Two to which it is directly connected, namely, p; and p; and
two, p; and p,,, to which it is connected through passive flights k; and &,
respectively.

On table 5.1 pseudocode for a recursive depth first search which gener-
ates pairings is given. As arguments, DepthFirstSearch takes the pair-
ing p corresponding to the path to the current node in the search tree,
which initially is the empty pairing. Next it takes a list of partial pairings
[l1,...,1,], which initially consists of one partial pairing for each open flight
which matches the given resource period with respect to time. [l1,...,1,]
is sorted by increasing departure time. Finally, P, is the set of generated
pairings for resource period r.

Line 3-9 check the possible direct connections connecting p with an open
flight. This corresponds to the connection between p; — p; and p; — p;, on
figure 5.3.

Line 10-17 check for possible connections between p and an open flight
through a passive connection, which corresponds to p; — k — p; and
pi — kuy — p, on figure 5.3.

Line 19-24 check for passive flights that would balance the current pairing.
Which corresponds to node k,, on figure 5.3.

Each of the 3 parts (line intervals) described above have more or less the
same structure. Firstly, they check if the given connection should be tried

5.1 Pairing generation 2

Figure 5.3: A node p; in the searchtree with successors p;, pr pi
and pp,. Py and p,, are connected by two passive flights k; and
K -

with the “okto” predicates in line 3, 10 and 19. If the connection shoul
be tried they check if a legal pairing has been generated (lines 5, 12 an
21) in which case it is saved (line 6, 13 and 22). If the connection does nc
result in a legal pairing they check if the subtree beneath the current noc
should be explored (lines 7 and 14).

A more in-depth description of the different predicates follows.

okToAppend (p,l,r)

okToAppend (p,l,r) is a predicate that decides if [ should be appended t
p when trying to build a pairing for resource r.

On figure 5.4 the situation is sketched. Firstly, it is checked whatever [
departure base ¢ matches p’s arrival base b and if the connection tim
between p and [, t3 — t5, lies within a predefined interval. Secondly, it

checked whatever [ lies within the current resource periods time interv.
(t4 <t5 and t; < t3). Finally, it is checked whatever the estimated duty
p U1 is bigger than the estimated duty for the given resource period.
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1 DepthFirstSearch(p,[l1,...,1y],Pr,7)

2 forl;ely,... 1]

3 if okToAppend (p,l;,r)

5 if isValid(pUl;,r)

6 P.=P.U[pUly

7 else if okToContinue(pUl;,r)

8 DepthFirstSearch(pUl;,[lit1,...,0n], Pryr)
9 end

10 else if okToAppendWithPassive(p,l;,r)

11 k = GetPassive(p,l;,r)

12 if isvalid(pU[k]Ul;,7)

13 P. =P, U[pUI[klU[L]]

14 else if okToContinue(pU [k]Ul;,7)

15 DepthFirstSearch(pU[k]UL,[l1,..., 1), P ,7)
16 end

17 end

18 end

19 if okToBalanceWithPassive(p,r)
20 k = GetPassive(p,r)
21 if isValid(pU [k],r)

22 P.=P.U[pUIk]]
23 end
24 end

Table 5.1: Pseudocode for a depth first search procedure that
generates pairings.

isValid(p,r)

isValid(p,r) checks whatever a pairing p is valid according to union and
governmental rules. This is done by a system called RAVE, which SAs
currently uses to ensure legality of the schedule. The check is performed
by inserting the pairing p into the crew r’s schedule and then validate the
schedule using RAVE.

5.1 Pairing generation :

a a b c d a Bases

Ti me

t1 t2 t3 ta ts

Figure 5.4: Partially pairing I sought appended to partially pair-
ing p. The corresponding resource period start and end at base
a from time t1 to ts.

okToContinue(p,r)

okToContinue(p,r) checks if the subtree rooted at p should be explore
for resource period r. Here a partial legality check is used to ensure the
no illegal node is explored any further. However, since the pairing is onl
partial, only a partial legality check can be performed. The pairing p
inserted into crew r’s schedule, however all activities which lie after p a
removed from the schedule before the legality check is performed. This
done since the pairing p is not balanced and therefore do not (yet) fit wit
the part of the schedule which lies after it.

okToAppendWithPassive(p,l,r)

okToAppendWithPassive(p,l,r) checks whatever p and [ can be connecte
through a passive flight. The requirement is that (see figure 5.4) p arri
on a different base than ! (b # d), and that the time interval between
and [ is so “big enough” for a passive flight to be inserted.

GetPassive(p,l,r)

GetPassive(p,l,r) returns a passive connection to connect p and [ if po
sible. This is done by querying the SiG utility for a passive connection.
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okToBalanceWithPassive(p,r)

okToBalanceWithPassive(p,r) checks whatever it is realistic to balance
pairing p (see figure 5.5) with a passive flight. The requirement is that the
time between the arrival at b (¢2) and the end of the given resource period
(t3) is big enough for at passive flight and that p is not balanced already

(b # a).

a Bases

]

t1 to ts

Ti me

Figure 5.5: Partially pairing l sought appended to partially pair-
ing p. The corresponding resource period start and end at base
a from time t1 to ts.

5.1.4 Depth-best first search

In the above description of the depth first search an implicit priority is used
during the search because [y, ...,[,] is sorted by increasing departure time.
This way flights with a small connection times are sought connected before
flights with long connection times. This priority might not be optimal.
If a cost could be assigned to a pairing then at each node all possible
successors could be generated and sorted according to this cost. At each
node this would form a searchfront with a given length Lgp. The nodes is
the searchfront could then be explored in turn by increasing cost.

5.1.5 Pairing cost

Estimating the cost of a pairing is not straightforward. Many factors in-
fluence on the quality of a pairing. Currently the only measurement used
by SIG is the density of a pairing (introduced in section 4.1.3) which is the
total number of flights in the pairing minus the number of passive flights.

5.1 Pairing generation :

This, however, is a very coarse estimate. Therefore a more flexible estimat
is introduced.

Together with siG, four aspects of a pairing have been identified whic
influence the quality of a pairing and therefore should be reflected in tk
cost. These aspects will be introduced below.

Duty

The amount of open flight duty which the pairing covers is important. Tt
(estimated) duty of an open flight has already been introduced in sectio
5.1.2 as the sum of the duty periods that make up the pairing. To mal
this comparable between different resource periods the cost for duty is see
relatively to the estimated duty of the period the pairing is intended for:

Duty cost = 1 — Estimated duty of pairing

Estimated duty of resource period

In other words, this specify what you get (the duty covered by the pairing
relative to what you pay (the duty allocated in crew schedule). Since tt
ratio grows, as the amount of duty that is covered grows the ratio actuall
measures what you gain. Therefore 1 minus the ratio is used as the cost. A
implicit assumption is made here that the remaining time in the resourt
period is not usable. Even though this might not be the case all the tim
it seams reasonable during tracking. Here the goal is to use the resourc
periods allocated in the schedule and not to build up a schedule for fro
scratch.

Passive flights

The passive duty time in a pairing is also important since it basically

time where a crew gets payed but do not work. Some passive legs in

pairing might be changed to “ordinary” legs, before crew sees the pairin;
However, this is far from always the case and therefore passive flights shoul
be avoided.

Once again a ratio is used to make the measure comparable:

Estimated passive duty of pairing

Passive cost =
Estimated duty of resource period
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Problem flight

The notion of problem flight arises because some open flights are more
desirable to cover then other, or — put in other words — some open flights
are more difficult to cover than other.

A flight from Copenhagen to Aalborg departing at 12.00 is easy to cover
compared with a flight from Stockholm to Munich at 23.00. Therefore it
is more desirable to cover the second flight than the first at this point in
the solution process. This idea is somewhat similar to that of reordering
(see section 4.1.2). Here the flights are also ranked according to how big a
problem they are. And flights that are bigger problems are sought swapped
into the schedule instead of less problematic ones.

Together with sia the following 4 aspects of an open flight have been iden-
tified which characterize a problem flight:

Time of departure (Early departures are problems).
Time of arrival (Late arrivals are problems).

Length of flight (Long flights are problems).

If flight creates a night stop (Night stops are problems).

Again a ratio is used to make the cost comparable between different resource
periods.

Duty of problem legs

Problem Cost =1 —
' m Estimated duty of resource period

Crew cover

Crew cover is the average ratio of crew which have resource periods which
matches (with respect to time) the legs in the given pairing. This gives a
rough estimate of how likely it is that the legs in the pairing can be covered
by another crew.

The cost of a pairing is a weighted sum of the introduced costs:

Cost =Duty Weight x Duty Cost+
Problem Weight x Problem Cost+
Passive Weight x Passive Cost+
Crew Cover Weight x Crew Cover Cost

5.1 Pairing generation :

5.1.6 Searching from the “middle and out”

The search strategy forces a given partial pairing to be part of the pai
ings that are generated. This is illustrated on figure 5.6. Here a parti
pairing from b to c¢ is used as a starting point for 2 depth first searche
One searches backwards in time towards the start of the given period an
another forward in time towards the end of the period.

A modified version of the depth first search described in section 5.1.3
used. The largest modification is that between ¢; and ¢ the search has t
be backwards in time form b towards a.

a
a
b C a
a
! ! a
. . a
a
1 : : Ly Time
t1 ta 13 t4

Figure 5.6: A sample search tree for depth first searching back-
and forward from a given pairing.

5.1.7 Preprocessing of the open flights

When constructing pairings for different resource periods (different crew
several open flights will be sought connected over and over again. Therefo
a preprocessing of the open flights where all possible successors are foun
for each flight might improve performance. This idea forms a clone betwee
the classical approach, where all pairings are generated first and then cre
are assigned, and the idea that is tested in this project where crew ai
considered in the generation process.

The idea is to construct two maps which for each leg gives the possib!
direct successors and possible successors through a passive leg. Thought
in terms of graphs the two maps represents a “meta graph” G that contair
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Chapter 6

Implementation

This chapter gives a short overview of the implementation. The program
has been implemented as an extension to TAP-Al. The advantages using
this approach are many; firstly, SIG’s existing data structures and library
functions can be used. This way pairings, flights, schedules, crew etc.
are already implemented and ready to use together with several library
functions where the most important are the legality checking functions.
Secondly, this makes it easy to extract data from SAS and use it to test
the program. The drawback is that TAP-AI has been developed within
several different programming paradigms: It started out as a PROLOG pro-
gram, then some of the code was ported to C and lately an object oriented
approach has been used using C++. Nowadays, the program can run com-
pletely without using the parts of the program that still resides in PROLOG.

As a natural choice an object oriented approach has been taken given that
SIG currently has used this paradigm in the development of TAP-AIL

There has been written around 9000 lines of code in this project. The code
and test data are available at IMM at /home/proj/proj7/public.

In the program code for TAP-AI the term sling is used which is a synonym
for pairing. Hence, to keep the terminology consistent sling has been used
instead of pairing in the code. However, to avoid confusion in this report
the term pairing is used on the subsequent figures.

6.1 Program design 4

6.1 Program design

On figure 6.1 the relations between the main pairing generation objects a:
given. Two main components are the representation of resources and tl
generation of pairings. For each crew a resource class is given (CrewResour
which contains a linked list of the resource periods where the crew ma
work (CrewResourcePeriod). The pairing generation heuristics are in
plemented through a Strategy pattern [5]. Therefore an abstract pai
ing generator class has been made (PairingGenerator). This way ne
pairing generators can easily be added: They just have to implemer
the PairingGenerator interface. Hence, implementing and experimen
ing with the different heuristics described in section 5.1 has been mac
easy. On figure 6.1 the inheritance from the PairingGenerator-class to tl
PairingGeneratorDepthFirst-class (implementing the depth-first searc
from section 5.1.3) has been shown. Similar inheritances have been mac
for classes implementing the other generation heuristics.

‘ CrewResource ‘ PairingGenerator

firstPeriod: CrewResourcePeriod period: CrewResourcePeriod

crew: CrewlInfo + GeneratePairings
CrewResourcePeriod PairingGeneratorDepthFirst

next: CrewResourcePeriod

candidatepairings: PairingList + GeneratePairings

generator: PairingGenerator

¢

Figure 6.1: UML-diagram for the classes representing the re-
sources and the associated pairing generation heuristic.

On figure 6.2 a diagram is given showing the relation between the tw
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classes that represent the Set Covering problem and the class that rep-
resents the Simulated Annealing heuristics that is used the solve the Set
Covering Problem. The problem is split into two classes: One that repre-
sents the problem (SetCoveringProblem) and one that represents a solu-
tion (SetCoveringSolution). Hence all data common to different solutions
to the same problem are kept in the problem class.

SetCoveringSolution

problem: SetCoveringProblem <>

SimulatedAnnealing

0

SetCoveringProblem

Figure 6.2: UML-diagram for the classes representing the Set
Covering Problem and the Simulated Annealing heuristic.

6.2 Memory consumption

During the implementation a high memory usage has been observed (in
some situations above 1 GB), which points in the direction of a memory
leak.

For the part of the code which has been written in this project some leaks
where found and corrected. Some testing has been carried out to detect
further leaks in the added code, however, no further sign of leaks could be
found. One leak was found in the original code from siG; unfortunately SiG
has not yet had the time to close the leak.

The high memory usage still persist and as will be described in the following
chapter several test have been aborted due to high memory consumption.

Chapter 7

Results

In this chapter the software will be tested on “real life” data from SA!
Firstly, a description of the different data sets used will be given. This
followed by a description of the tuning of the parameters which are pas
of solution process, such as simulated annealing parameters, weights in tl
cost function and so forth. Finally, the different heuristics are tested an
compared.

The tests have been carried out at IMM on serv2 and serv3 which bot
are HP servers model J7000 running HP-UX 11i. They each have 4 44
Mhz CPU’s and 4 GB memory.

7.1 Data

The data sets used in this chapter consists of “real world” snapshots take
from sAS’s schedule. A snapshot of the schedule gives the present status ¢
the schedule at the point in time it is taken. The current set of open flight
is given and for each crew the current activities assigned are given. Befo
the actual data is presented a short description of three important factor
will be given.

Crew category describes the type of personal to consider. There are tw
meta categories cabin and flight deck. Within each meta categor



‘g, 93 U0 UMOYS
- sporrad $90IN0SAI JO UOIINQLIISIP 9} PUR ') d[qR) UL PIISI] oI ¢ PUR
‘) ‘9 ‘¢ qoysdeus § pue ¢ ‘g ‘1T sjoysdeus jo uoryejuasald oY) 01 IR[IUUI

‘T°L 91901 wouf 195 DIDP Y3 4of yibua)
§pot4ad 204N059.L SNSU20 §POLLIA 9I4N0SIL JO 42QUInAT :T°), 2IN3T

ol lsvorl [ovsel tos-oel " Toekel ” Roe P lozstl lsrorl  fovsl 5ol

spouad

08T
skep z Bulanod zooz Atenigad °g ‘spoliad 9ainosay

‘38ua S1Y) ey
7]} S9OINOSAI S9RIO[[R UDYJO SVS JRY) 10R] 9yl AQ POsned SI [RAIIUI- GF
)Gy, U2 UL d03,, oY T, "o[npayds ur sporrad 921n0so1 Sururemas oy Jo yiSua]
17 pue spoltad 90In0sal Jo IaquInu o) Sumnpal spydiy uado aso[d 0} pasn
I'e 9[NPaYDS Ul S90IN0sal ‘19s0[0 s308 uoljerado se asnesaq SosIIe UOIJen)s

3 vred T2

sty, ‘spotrod Buo[ [e10Ads pue spoLlad 90INOSAI 1I0YS Tomof sey (f pue ¢
joysdeus) uoryerado 910Joq sAep 1 PUe L YIIM 108 BIRD O], "SUO] MOJ pue
spotiad 921nosa1 110ys Luwew sey (g pue 1 joysdeus) uorpeiado o) aso[d wyep
9y} MOT SMOUs aInSy oy, 'T°L o[qe} woij sjoysdeus Inoj oY) I0] UMOYS ST
S[eAI9)UT 9WIT) JUSISPIP UO sporiad 90In0sal Jo UOTINGLIISIP a9y} '/, 2Indy uQ

‘sfinp & $.49000
10Ys YoviT ¢00¢ favniqQag Y16 wosf joysdous vvq :1°) 9[qRL

¢1¢ ¥E€€ | 6181 4t 4
€CT L6 | "€1-¢CI L €
86T 9¢¢ 8L ¢ ¢
891 9¢¢ L9 I I

syySig ued() | mo1) | ere(q uoryeIado RIINg
: 9I0Jo(| OWIL],

"A[oA1)0adser sy uado Jo 1equInu
oY) PUR SMAID JO IOQUINI 91} SMOYS SUUIN[0D Jse] OM) Y], "10Us oy} £q
PoI19A0D IR JRY) (AIRNIGO UI) S9jep oyl Pyl oY) ‘uorperodo a10joq o)
9} UWINJOD PUOISS 9} ‘)OYS 91} JO dWRU S} SMOYS UWN[0D }SITf oY T, ‘SAep
¢ JO [ealajur awl) e SULLAOD Yoed Pajsl] aIe sjoysdeus Inoj -, a(qel uQ

"I9A0D AdY[) [RAIS)UI UIT) 9Y) 0} SuIp10sde sdnoid § ojur
POPIAIP U99( 9ARY SI0TS 9], U0} U29( 9Aey sjoysdeus JuaIafyIp 97 [[e ul

-joysdeus oy) ur Aep 1sIg oY) puR USYR) SeM J0yS
-dreus o1y} Aep o) MeM)D] SARD JO IDqUINU dY[) ST UoIjeIado aiojoq owilL],
"I9A0D
01 o[qissodwl WoY} SoRW YDIYM [RAIDJUI oY) JO STUIPUS OY) SSOID
10 0} 9s0[d o1 W31 sy3ry uado Auey -ww[qoid 9y} Jo ANNUIIUOD
9Y) 9SNBIA( ,PO0S,, POAIOS 9 10U JYSIWI [RAIDIUI [[RWIS © NG “YIFUS]
[earoqul o) yum [euorjrodoird oIe moId JO Iequinu oY) pue sHYIIy
uodo JO IoqUINU 81} 9STBI(] ISe],, POAOS 9 Ued W[qoId o) UssoyD SI
[eAIOUI [[RWIS ® JT "SI0A0D j0ysdeus o1} o} Jo poriod o} ST [eAI9JUT SWIL],
'$9110307'D ®IOW 97} JO OUO UIYIM So110303eD
qns JUSISHIP 9y} JO AURUI IO [[R S€ YIOM 0} PoyIenb ST MaI1d @ ua)jo
9SNeI9( O[(RUOSRAI SI STYT, “BIRP 9} Ul POPNOUI dIR MOID UIQRD JO
sodA) urewr 9oIY) oY) SIORISY) PUR MAI) UIQRDI U0 $osnooj joefoxd
SIY} IOI[IeD POqLIISOpP Sy °Sol10301ed (NS JUSISYIP [BIOADS OIe oI}

i 'R T'L



‘A[oaryoedselr ), 0In3y
pue ¢, 2an3y uo j0[d suonINgLISIp sporrod 2901nosal Supuodsaliod Yym ),
9[qe) PUR ¢°), d[qe) Ul MO[9(q POISI] oI8 SABD G PUR § SI0A0D 1eY) S10ysdeug

"L 21qD7 wouf 198 DIDP Y] Lof yY1bua) ‘@1 2]19p3 wo.f 195 DIOP Y} 4of yibua)
§p014ad 22UN0SIL SNSAI0 §POLIIA 9IUN0SIL JO 42QUINAT :¢°), 2IN3T §p014ad 224M053.4 SNSI20 SPOLIAA 92UN0SIL [0 42QUINAT ) 9INTT]
(sinoy) Anp umumE_wmm_ (sinoy) Anp parewnsy
gyl levorl lov-sel [se-oel logsel * [sc-oel ™ log-atl [sr-otl forsl  [s-of gl lsvovl [lov-sel [seoel [logsel [szozl lozstl [sr-otl [ot-gl  [s-of

0c

oy

09

08

3 - 0ot 3
L 1 oot & - ot &
r orT
- 4ozt
o 09T
r - o1
Jui F 08T
I @_um - w 1091 L W w 002
--x--- 0T --X--- 9 H
- 6 08T - s oce
skep p Bulianod zooz Areniga4 "GT ‘spouad 8ainosay sAep ¢ Bulanod zooz Areniga4 °g ‘spouad aainosay
‘sfinp ¥ $.42000 ‘sfinp & $.49000
10Ys Yavi 'G00c Q&\B\;&QMRN Yier1 EQ&.\. MDQwQ\BQm DID(T €L °lqeL 10Ys Yooy ‘G006 \M,:Y;&QURN Y18 EO&\. MDQwQ\BQm DID(T -G L °lqel,
Lvy 114" 6-'¢ 4t ¢l 60¢ 9¢¥ | 'T¢'61 VI 8
¢r9 €8¥ ‘T-'9¢ 0T 1T G8¢ 8G¢ | 'GI-'€¢T 8 )
91.L 0TS "G¢-CC 9 0T ¢le 1€¢€ ¢1-01 g 9
(499 69y | 'T¢-'8I (4 6 Sve ¥6¢ 6L (4 g
uotjerodo uorjerado
muﬂwﬁm QQQO \Swho e o10Joq oI, QuIe N maﬂwﬁm QwQQ Bwho oled o10j0q owIT, QuwIre N

vred T2 Ly 'R T'L



‘(uoryereuad Sutired 10} yoreas 381y yjdep Suisn)
), 9]qe} WOIJ S19S BIRP F 9} I9AO TSR} SI 9FeIoA® o) dInjeroduid) 1rels
ue 1030€J SUI00D JO II0YD [YDed 10 "SI0}0R] SUI[00D JUSISHIP 99IY) I0]
mjeroduia) 11e3s SNSIOA UMOYS ST dN[A UOIIN[OS dFeIoAR TR G°) 9INJY U()

‘pojyewin)se aq 0} sey 0 pue 0 A[UOo pue pasn SI ‘UOTIRINIT
)ed 9B palemo] st arnjeroduia) oY) aIeym ‘opooopnesd oY) Ul payo)eys o[
)OS SUI[00D ) 9I0JIdY ], "0 osrel pue [ = 77 3urnjes Aq poadIyde aq
) INOIARTSq IR[IUIIS ® ‘POUINLID)OP oIe © pue OF ‘77 I0J senyea Ji 1ey) si
0SBaI Y], ‘SUOIIRINII 77 AI9A9 POIOMO] PUR SUOIIRID)I SAISSODONS 7 UL JUR)S
100 ST ainjeroduwo) oY) aIoyYM ‘ SINPaYds Neajeld,, & 10U SI SWLYDS SUI00D
17 eanpedoid Suifesuuy peje[nwilg aYy) Ioj apodopnasd 9y} Ul Pojuly Sy

I1090e] Sui[ood pue arnjeradura) jIe)g

“yuopuodop woqoid Aiaeoy oIe
pjotrered o1} JeY) 1B} 97} 0} ONP SI SIYJ, *, SIUoWIodxe Auewl Iojje PUNOj
M s10jowreTed 9soq oY), 18} pejlodod UaO SI 1 9INJRINNI] oY) U] ‘pouny
re s1ojourered 9sot[) [[om Moy U0 A[iAee1] spuadap D1ISLINSY] 9} JO 9OURULIOJ
od o) pue pejsnlpe oq ued (yr8us] neojed pue 1030€] UI[00D ‘vInjerod
U9) 1IR)S Se [ons) siojouwrered [RI9A9S SUIROUUY Poje[NIIg JUISn UOYA

Sur[esuuy pajenuwig ul sivjowered T1°Z°.

‘syoysdeus
31e] 91} 10] sigjourered Jo S9O10TD oY) I10] sUOIyedIpul pood apiaoid pnoys
oysdeus [[ews o) o 3ur)se) uoym punoj siojeurered o) pue sjoysdeus
1) Suoure 1S1xd prnoys Ajrrequas auwos ‘A[njodoy -sjoysdeus o31e[ o) 10}
pjotrered Jo 921070 9} SUIpIEGSaI AJUTR)IOOUN IOYIINJ SOONPOIIUT — SSINOD
) — SIYT, "sIojourered pue j0ysdeus JO SUOI)RUIGUIOD DWOS YIHM §1507 UNI 07
qissod ueaq j0u et 91 (g'9 UOIINs UT poqLIsep se) uoldwnsuod AIomwat
1) 0} anp ‘A[pu0ddg “SUIMNSUOD ST} A[OUIdIIXS JUIIS9) Soxew S10YUS JIq
7 JO 9UIOS 10J SINOY ()] U} 9IOUI PUR $)OYS [[eUIS 9} 10] SINOY Jo a1dnod

wogj Jurdues sewr} Juruuni 3uoy oy} ‘A[Isig ‘sjoysdeus [[ewS oy} JO
)S POJIWII] ® UO INO POLIIBD U9 ATUO SBY S$1S07 9S9Y}) SUOSI [RIDADS 10

: s1oyouwrered [OPOIN gL

‘punoj
ore sonpea 9jerrdordde pue pajso) ore [Ppouwr oy} Jo 1red ST YOIYM SIojoUIRI
-ed JUOISPIP O} I0J SONTRA JO 910D O} WOIJ UOIINJOS S} UO ID9FD YT,

s1ajoweted [OPOIN T4

7oL 9]9qDy wouf 195 DIDP Y)Y 4of yibua)
$po14ad 204N083.4 §NSLI0 SPOLLAA 90UN0SIL [0 L2QUINNT ), 9INTT

(sunoy) Ainp pajewns3
gyl [sv-ovl [ov-sel [se-oel loe-sel [se-oel [oz-grl [st-otl  [0T-5l [s-ol

o
@
3 H oot Z
o
2
o -1 ozt
o -1 ovT
o - 09T
G- 9T
1 - 08T
% YT o
—— €1

L 002
sKep g Buanod zoog Areniga GT ‘spouad a2inosay

‘sfinp ¢ $.49000
10ys Yoy “g00e Aioniqgag -¢r woif joysdous v ) 9[qRL,

(48 119 '9-'¢ 4t 91
16 Ga6g ¢'9¢ 0T a1
668 €9¢ | '9¢-'¢C 9 Vi
o0¢ €9¢ | ¢e'8l (4 €1

syySig ued() | mo1) | ere(q uoryeIado RIINg
: 9I0Jo(| OWIL],

6¥ s1ojourered [OPON gL



-dmgjerddurey IOYSIY oY} YA 9/ 9IS UO PUNOJ SUO 9} URYY
JI0M ST PUNOJ UOTIN[OS 9} pue A[juatogns parofdxd jou st 9deds UOIN{OS
13 SNYJ, ‘YoIess [eo0] aind oI 4sowye s)00[ $s9001d UOTIN{OS 81} SUOTIRI)T
)OS 2AOQE PUY SUOTRISII ()02, ISIN o) IoJe o[eds [fews fitan & uo pajdedoe
[0 9I% SUOTIN|OS 9SIOM MON] “POIdMO] ST oInjerodura) 41els oyy /"), 9Insy uQ)

'666°0 = © pup (0T = 07, ‘buypouup pagpjnuirg :9°), dINJI

suone.a)|

0000T 0006 0008 000L 0009 000S 0oov 000€ 0002 000T 0
T T T T T

anfea uonnjos

““““ wauny
1seg
L

‘suoijelall "sA anjeA uonnjos :Bulfesuue pajeinwis

C s1ojourered [OPOIN  Z°L

‘pa1dasoe oIe SUOTIN[OS 19319q A[UO SIYM T[DILdS
[€20] & SPIeMO) 9SIOATIOD YDIRSS 9T} SUOIIRIAI )()CC dA0qY “odeds UOIINOS
9} Ul punore soAour §s9001d TOTIN[OS YY) YRY) SOYLITPUI YOTYM STOTIRI)T
00G¢ 3817 o) UM pojdadde aIe SUONN]OS 9SIOM AURW 998 URD AUO SY
"SUOIYRINYT JO IOQUINT A7) SNSIOA TUMOYS dIe PUNOJ IS A} PUR UOIIN[OS
JUDIIND 9} IO} sonyea 399[qo 9y} 9°2 21Ny u() ‘07, JO SOIOYD JUIIIPIP YIM
UMOUS 91k SUNI om} ssad01d uonnjos oyl uo 0f woij joedwil oY) MOYS OF,

-o[qe1dedor aq 03 meS Yr0q 00T PueR QT 2Nq Y31y 03 ST OOOT PUR MO[ 0} SI |
‘1ea(d ey} J0U SI aanjeradura) Jo 92100 YT, '666°0 = © YIM POASIYDIR oI
S3[NSAI 9S9q PUR ISR 03 S[00D GG'() = © PUR () = © JeY) SMOYS ¢*), 2InJ1 ]

0 §.40200f bu)00d JuL[[1p
2241} 40f O 2ungviaduta) 1403S SNSLIQ INIDA UOYNJOG G ), dINTT

ainjeladwa) Uels

0000T 000T 00T 0T T T0
T T T T s7A4
o - 08
L 1887 o
=1
=
S
5
<
28
c
o -4 06v @
L - Sév
““““ 006°0=ryde
\\\\\\ 066°0=ydfe
—— 666°0=,ydie
L 005
sirewesed Buieauue payenwis
1C s1ojowered [OPOIN  Z'L



‘666°0 = © pup T = OF ‘buypauun pavjnwng 6L 2In3ig

suonessy
0002 0009 000S 000 000g 0002 000T 0
T T T T T

—+— olel soueldasoy
: ; : 570
alel 1de2oy :Buiesuue parenwis

'666°0 = © pup (0T = 07, ‘buypouup pagpjnuirg :g°), dINJI

suonelay
0000T 0006 0008 0004 0009 000S 000% 000g 0002 000T 0
T T T T T

%

—+— el dourydaddy
| 1 I I I I 60
ayel 1daooy :Buljeauue payenwis

s1oyouwrered [OPOIN gL

“MO[ 00} ST T = OF Jo arnjerodwia) [eIIUT © JRY) I9YIINJ S9)edTpul
pue se] £10A S9sLAIAP 67 9ISy pojordep ssedord uworInjos oY) jo oajel
9oure)dador o1[) JSBIIUOD U "POAISSAO SI %08 JO 99el douejdodde Tenyrur ue
YSnot) uaAd ‘oury surees g/, 91ndy uo pajordep ssedoxd uorIn[os oY) quInyl-Jo
-9[NI ® ST ATUO ST} JeT[} PAISPISUO)) * SUOIIRINT JO IOQUINT J8IT, oY) Ul %L
-040€ [PAIDQUT BT} UL 8q pINoys ajel 1dodoe oY) 1R} S9IR)S qUINY)-JO-o[nI Y

"A[oA1)00dsa1 ), 2IN3Y
pue g’/ 2In3y UO UMOYS SI /) 9INJY pue 92 2In3y 01 Furpuodsariod el
ooue)dodoe o7, *([eAIOIUT UOTJRIOI SWIOS I0J) POIOPISUOD UOTIN[OS SULINO(
-y319U JO IaquInu [ej0} oY} pue suonnjos furmoqydoeu paydesoe Jo equnu
[e30) 9y} Usam)aq Orjel oY) St 9jel aour)dedor oy, oel aoue)dedor oy} si
‘Suifesuue poje[nNUIIS SUIZI[ENSIA UM PIIOPISUOD 1U9IJO ‘10)eDIPUI I9YJOUY

'666°0 = © pup T = OF -buyvouun pagvnwig :)°) 2InSLy

suonesdy|

0002 0009 000S 000t 000€ 0002 000T 0

T T T T T §8¢
i o
=1
=
S
o 5
<
28
c
@

““““ Wwaun
1sed
L L Sce
‘suoleIa) "SA anfeA uonn|os :Bujiesuue parenwis
ec s1ojowered [OPOIN  Z'L



1S "s1YS1Y wejqold aIe pelerod )3Ty uado o1y Jo % eg Apjeuwrrxoidde
ue Umnod MoId)soyd weqoid e srenbo umwnjod MoId1soys3 ® Jo 1509 9y}
s[enbo 9OUSIOPIP 100 MIINISOYUS O} UOYA\ "1S0D UWN[OI MOIDISOYS I0F
J0 90107 ® sjuosoIdol oul] PIjos oY) o[duwexs uR Sy 1500 MOIDISOYS JO
D107 JUDIDPIP OAT I0J 1500 MoID}S0Y3 Wo[qoId PUR 31500 MAIDISOYS Usam)aq
YUDIDPIP o} snsioa pajjold sI paloaod sy3ig uedo Jo Iaquinu [ejo} oyl
e PoIoA0d SIS wa[qold JO IoquInu a1} Usemiaq oIyel 9y} T°2, 2In3y uQ

‘posn uoaq oAry ¢ pue 9 ‘T joysdeus
A0 o3eIoAR UR (ET°L Pue 11, ‘gT'L 0In3Y) soIn3y o901y} SUIMO[[0] oY) U()

1y31g wejqoid-uou 09 Surpuodsariod SMOI JULIDA0D SUUIN[0D MDIIISOYS PUR
y31g mwe[qoad 01 Surpuodsariod SMOI SULIOA0D SUTIN[0D MAIDISOYS WA[qOIJ
UWN[0d MdI19980YS Jo sodA) om) Usom)aq paysmSUISIp o [[I4 I8} MO[og]

“I91[)0 o[} URT} UMIN[OD MIID)SOYS-UOU ©
1M smol Surpuodseliod oY) JO dUO 19400 09 d[qejjoid 210U opeul 8¢ Ued
 SUWIMN[0D MAIN)SOYS 0M) 09 $)S00 JULISHIp SuruSisse A ‘UOIIN[OS Y} WOIJ
IN[OD MOID)SOYS o) SUIPN[OXd JO U3 O} S9SLIINP 1S0d MAIIISOYS MO[
" UTIN[0D MAID)S0YS 91} A POISAOD MOI 9} SIOA0D ([} UMIN[0D MIIIISOYST
I0U B 10] 01898 0} 9AT}ORI})R }1 SORUI 1S0D MdI0)s0Y3 YSIY Y "TOIIN[OS YY)
I UmInjod SuIpuodsallod 9y} SPNIOUI 0} SOUWI0d(] 1 SATIORIIIR MOY SIO0[R
- peIo)[e ST MdINSOYS ® JO 1800 9y} USYAN SIS wejqoid-uou pue wo|
(01d jo 98e10A00 UsOMID] JJOOPRI} 91} SUI[[OIJU0D JO URSIUW — IOY)OUR JoA —
[PU0J9S puR ‘pUNO} 9 Ued UIA[OIJ SULIDAO)) 19§ 91} 0} UOIIN|OS d[]ISes]
181} SoINSUL 91 ‘A[ISIL] :MOIDISOYS JO 9SN 9Y) I0] SUOSEII OM) 9IR SIS T,

3S0O MIJII}SsoOYyH) g°C'L

-owres oY) oI AURU 9sNRIV] 1S0D
unired awres o1} SeY SUWN[0d AURW JRY} SI () = @ 18} UOSBAI 9], "UOIIN[OS
I9IIND 977} JO onfea 129[qo oY) WO JUIeHIp SI UomNos SuLmMoqyseu oY)
) onfea 199(qo oY) J1 pup poaysnes st uonouny 1dedde pro,, oyl J1 pordesoe
- A[uo uomnjos Surmoqu3dou ay) 0S payIpomt s uorjouny 3dedde oy} ‘sIy)
TODIOA0 O, -'7, JO sonfea oAnisod [ I0J T SI iy 2 90UIS Poydodsde oq

0

(em[e [[IM TOTINJOS SULINOQYSIOU B3 () = ¢ JT "POAISSCO U] sey (TG o[qe)
0 ¢ oul]) uoounj 1dedde 9y} pue POOYINOQYSIOU YY) JO UOIYRUI(UIOD oY)
) £y10do1d eyeunjiojun ue Suifeeuue poje[nUIS YHM sjuawrIadxe Surin(g

uorjounjy 3dadde oY) Jo UOIJeIYIPOIA

: s1oyouwrered [OPOIN gL

‘g = p SuIsn uni osye sem sjusmrIodxo juenbasqns [re
‘syuowILIodxo JO 198 03I 18I 9) WOIJ $HNSOI 9} 9SN 0} 9[qR 9 OF, “UISOYD
U99q 9ARY P[NOYS § I0 ¢ JO anfea e smoys Ydels 9A0qe 91} Sk ‘I0ADMOY "G = P
SUIST JNO polired sem sjuowIodxe JO JoquInu IoGIe[ ® SNYJ, JUSIIPNS
sem g = p JO oN[eA ® JRY) PoMOYS FUIISO) POIWI] ISI o) ‘A[oyeuniiojun)

P $NSL0 INDA U0YN)OS (0T L 9INJT

0T 6 8 L 9 S 14 € < T
T T T T T T T T S9¢

ane uonnjos

L 00e
doup 03 suwnjod :Buieauue pareNwIS

"oN[RA UOTIN[OS PIYeNnIONY © Ul $) NSOI
‘pooymoqu3eu o) SUIYoIeds UeyM ‘sumnjod g uey) oarouw Surddoip jo uor)
-dnistp a1} ety smoys 3071d o1} 9 9A0QY O[(RUOSEII SWIdS § PUR ¢ Udomlaq
90107 ® ‘99S UBD U0 SY °P JO 90I0YD JUSISHIP WOIJ anfeA UOIN[OS 97} UO
eouenyul a3 smoys jord oY) 02 2In3y u() "pooyInoqy3eu oy} SUIYdIeas
UOUYM ‘Uornios juerind oY) woaj paddorp st yorym p sumwnjod jo Isquinu
oY} ST ‘pooynoquslieu oY) Ym Suieep ueym Igjemrered jueriodwr oyJ,

pooyanoqyu3raN

ce s1ojourered [OPON gL



YUSIOPIP o1} Sy "Paure)qo st aalssed Jo osn mof [eiul ue (g pue 1) [[ews
180D MDIDISOYS oY) JT (T 0In3y UO POIRIISNI]L ST SIYT, "SIYSIF oarssed
) 9STL POSBAIOUT UR ST §1500 MAIDISOYS oY) Sursearour usym paked ootid oy,

2509 MaL2)s0Yb Wa)qo.Ld
puD 1502 MaA.L2I50Yb UIMIAq 22UAL[Jrp snssaa spybuyf uado fo 1aq
-WnY D307 puv PaLaaod syybyf uado uaamiaq 01vY :gT°), 9INJI

92URI3YIP 1S0D MBIDISOYD

€ ST 4 ST T S0 0
T T T T T €0

L {90

- 180

Sjybiy uado Jo Jaquinu 10} pue PaIanod siybiy uado usamiag oney

paianod syybiyy uado :sybiam maiosoys

)T PUB § JO 1500 MdIDISOYS Furjuesaidol soul] [eiuozlioy jsowr doj om) oY)
(| PYRIISOI[I ST SIY], 0FeIoA0d JITY uado IOYSIY & Ul }[NSDI J0U SOOP IS0
WN[0d MOIDISOYS JO 9SLIIIUT IOYIINJ PUR POPN[OUL dIR SUWIN[OD MIII)SOYSI
I0U [[@ ‘YSIY S9UW0I9( SUWN[0D MOIIISOYS JO 150D oY) USA\ "(Smo1) s3Iy
odo Surpuodsseiiod 97} I9A0D 0} SUMIN[OD MIIIISOYS-UOU asn 0) d[qeigoid
[OW S308 1 SOSBAIOUI MAIDISOYS UO 1500 9y} Sy :10odXe p[nom auo jeym
) OUI[ UI SOI[ SIY ], "PoIoA0d oIk s3I Uedo 9IOW PUR 9IOW ‘SOSBAIDIUI S0
21035073 97} SB {1500 M0I2)50Y3 JO 92I0D ® sjuasaidol dUI] [RIUOZLIOY DRG]

"POAISSQO ST
5I9A0D SIYSTY uedo Ul 9SBAIOUT UR ‘DUI[ PI[OS oY) SULIOPISUOD [[13S ‘PaseaIdul
 9DUSISJIP o1[} Sy "PaIea0d aIe sjysdig uado oy} Jo %0F ‘() JO 9OUSISHIP 150D
21035073 ' pue jutod 90UsISJOI © S UL PI[OS o} Sulsn uredy °g'. oIndy

C s1ojourered [OPOIN  Z°L

1o pajeIdsn[l st SIy T, “siySig uedo Jo IequInu [ej0) pue paiarod syydiy uedo
TI09M)9(| OTYRI A1) U0 ST S'Y UTIN]0D MIINSOYS JO 1809 91} 1T} }29J0 I9YI0UY

1502 Ma.2)s0yb wiajqo.Ld
puD 1800 MAUIISOY6 UIMIIQ IULIL[AP SNSU0 PAL20.0D SPYbIY
uado puv pa.ta0nod spybyf wajqord uzamiaq oupy :1T°) 9INJL]

90UBIBYIP ISOD MBIJISOYD

€ SC 4 ST T S0 0
T T T T T ST0

pai1anod sybijy uado Jo Jaquinu [e10) pue palanod syybiy wajqold usamiaq oney

paJan09 syl wajgold :siyblam maiosoys

"SUUWIN[0D MdIDISOYS-UoU SUIpN[oul £q SMOI dY[)} IOA0D 09 d[qRIISIP ST SAem
-Te 91 7e) Y31 OS 9W029( d9ARY SUWN]0D MdIN)soy3 weqold pue sUWN]OD
MaI12)50y3 Yj0oq Jo 3800 oy} jutod SIY) }y "109JJo OU Ser] SUWN[0d MIII}SOYS
uR[qoId pue SUUN[0) MOIDISOYS USIMIO( DIUSISHIP 150 oY) (9T pue g A[[e1d
-odso) o31e] SOUI0D9q 1500 MBIIISOYS oY) JI ‘1oA0MOH “(Z PUR 1) MO] ST 150D
MAID)SOYS oY) UM 150D MdII)SOYS md[qold pue 1500 MAID)SOYS UaMID(
90UaIoJIp oY) Sulsealoul Aq oryel oY) 109pje 03 o[qIssod ST J1 U9ds oq URD SY

"SUWN[09 MaI199s0yS weyqold
Surpuodse1100 a1} Jo peajsur sIYSI wa[qold SI9A0D JeY) SUWN[0D MAII)SOYS
-uou asn 0} a[qejyoid A[SuiseaIdur seuI0daq 91 Jue)suod jdoy ore suMIN[OD
MOIDISOYB-UOT JO 1S0D Y} ADUIS "%9C 01 ostTel s1Y31y wejqoid Jo orer oY)
seyew ¢ O} SUWN[0d MdINSoYS weqold pue SUWN[0D MIIDISOYS 9S00 oY)
U0aM)9(q 9OUSISHIP oY) Suister ‘jurod ooULI9Jel ® Se AUI] PIOS oY) Sulsn

2G s1ojourered [OPON gL



‘I0AOMO] "PoIoA0D oIk SIYSIP UIB[qOId 9I0UI PR IOUI SB 9SBIIIUI PNOM
Y31y oarssed Jo asn oY) jer) j0odxe YIS dU() 'SOSRAIIUI JYIPOM JYSIIF
1o[qo1d 91} Sk PoAIaSqO ¢ Ued Pasn oAlssed JO ORI 9} UL 9SBAIIGD [[B
QA0 [[BWIS B JRY) PIOTIOU ST 91 ‘A3SIT] “I1YStom oarssed Jo S9010UD AT} IO]
[Stom wepqold a1p) snsiea pajjord st syySiy eatssed Jo asn oy ¢, 2an8y UQ

‘spybrom anissod
quaLaffip 201f 4o, -pybram spybnf wapqoid sns.ian paanod spybuyf
uado puv pasa00d sybyf woapqosd uzamiaq ouvYy FT°), OINII]

WBiem 1By walqold
8 v z T 0

L cro
s1ybiyy wajqoid :syibiem uonouny 1s0)

pa1an02 1sybily uado Jo Jaquinu pue palanod syybiy wajgoid usamiag oney

‘soseaIdul YSem Y31 we[qoid dYf) Sk S9seaIdul
DI0A0D SIYSTY wafqoId Jo o1)e1 oY) pajoadxe sy -IY3om da1ssed JO $9010TD
IOIOJIP oA I10J JySom we[qold snsioa pajjold s1 palesod siydrg uado Jo
YQUINU [2}0} PUR PaIoA0d SIYIIY wejqold usemiaq oljel oy} F1°. 0Indy uQ

WHame;P m->mww5Q pPue mid[qoIg

‘0M9 9} I9A0 9FeloAe
e oIe palrodel SIoqUINU 9} puUR pasn ale ¢ pue T sjoysdeus eyep 489 sy

9 s1ojourered [OPOIN  Z°L

JYS1OM IDA0D MAID O}
pue JySTem UOIIRZI[IIN [} JO UOTIRUIWIRXD Uk A POMO[[O] POUIWIRXS 9( [[IM
s1ySem oalssed pue wo[qoid o1} ‘A[IsII “posn sHYSIF aalssed Jo orpel oY)
sosearout A[rensn yorym 9011d ' Led 09 sey suo s)y3ig wejqoid Aueur 10400
0) sjuem duo JI {yStom oarssed o) pue JySrom we[qord oY) aI1e SHYToMm
PoIR[OIIoD jsouwr om) OUJ, ‘(C'T°C UOIMDISS Ul POQLIISOP) UOIDUN] 1SOD oY)
Ul pesn syy3em oY)} sI ssedold uonnos oy} SUI[[OIIU0D JO UedW ISYIOUY

sIy3Som 93s0d Surared €°7°L
1509 Ma423s0Yb

wa)QoLd pup 3509 MaL2IS0YL UIIMIIQ IUBLIY[1P STSLIO PILIA0D
sqybuyf uado puv pasn spybnf a01sspd Uamiaq 01y :¢1°) 9INJL

20UBIBYIP 1S02 MBIIISOYD

€ S'c 4 ST T S0 0
T T T T T c0

- S50

palanod syybiy uado Jo Jaquinu [elo} pue pasn Jybiy anissed usamiaq oney

pasn anissed :SIyBlam maIlsoy

“JURISUOD SO0 Pasn aAlssed Jo OIeI oY) 9OUSY
"SUUWIN[0D MOIDISOYS-UoU FUIPNIUI AQ SMOI 9} I9A0D 0) d[qeigord sAempe
ST 91 Jey) Y3 O ST SUWN[OD MIINSOYS JO 1500 9y} (9T pue g) YIIY SoU0D
-9 150D MdID)SOYS oY) UeyM ‘UreSy ‘[[om Se sosealoul aalssed Jo asn o1}
POSBAIOUL SI SUWN[0D MaI21S0yS wajqold pue SUMWIN[OD MAIN)SOYS UsamIaq

6S s1ojourered [OPON gL



‘poAdIDR
94,8 punoiIe jo adeierod Y31 uedo © }S0D UWN[0D MDINYSOYS Y3 © [ITM
1), 9INSY UO POJRIIST[I ST YOIYM ‘USIIY SUMWN[0D MOIDISOYS JO 150D oY)
fewr 09 ST 9000 owres o) Apjewnrxoidde Jurureiqo jo Lem IoYjouy -UOI)
1[0S 9} OJUT WS} SPNIUL 0} A[RIISOP SAMTR ST T JRY) MO[ 0§ ST SUWN]OD
2I01S0Y3-U0U Jo 1500 oY) Julod SIY} 1y "PoIoAod aIe s3Iy uado oY) Jo
106 Punore (91-2 2Indy uo) ySem P31 we[qoid MO [eTITUL Ue YIIA\ 1S0D
21035073 10 JySrom syY31Y wojqold Io73te Jursnipe Aq paldofe SI paIorod
Y31y wedo Jo o1yel oy} Moy SUIMOYS [10q g1’ 2In3Y pue 91°), 9INSI[ UsoM)
(| OpoW 9 Ured uosIIeduIod JUIISOINUT Uy “SUN[0D MOIIISOYS JO 150D oY)
urystlpe Aq Lem 10130 o1y pemoys Ioyderp snoreid oy, *(uorouny 1soo)
orouny 109(qo o) Ul sHyStem a1} Jursnipe £q ‘Apureu ‘paping oq UL SS00
1d woTInjos oY) sAem oqIssod om) a1} JO SUO SOCLIISIP UOIPIDS JUSIIND YT,

“TI0TINOS 1]} OJUl
OPN[OUL 9q 07 YSNOUd MO] ST 18y} 1500 © 2aey SIYITP we[qoid jo Ioquini
3Ie] B 19A0D 1) SUWN[0D MIdSoyS-uou oy} ATuo jurod sy} 4y “1YSom
Sty wejqoid a1} Jo senfes a8Ie[ I10] PaAIasqO ST 9felarod Sty uado ul

9 s1ojourered [OPOIN  Z°L

9seaI0ap a8ny ® ‘yue)suod 3dey are $1S00 MINISOYS oY) Sy "MaIdISOyS asn
0} 10 ‘syy31y werqolid AUeul SI0A0D Yer[} SUWN[0D MdIN)SOYS-UoU IaYjo SUlsn
1PY)e £q smol SurpuodsorIod 91} I9A0D 0} J[(IISOP 9IOUI PUR dIOU SIUIOD
-9q 91 ‘sesea1oul JYSem SIY3TY ue(qoid o1} se Ioprey pue Iepliey paystund
are s)yS1y woerqoid ma] ' Isnl I0 OU SISA0D JRY) SUWN[0D 9OUIG ‘SOSeaId
-ur JyStem 9yt wepqoid oY) se 9seaIdsp SIYSIJ PaIeA0d Jo oIjel aY) Moy
smoys jord oy, *HyStem syySiy woerqoid snsioa payjord st syl uedo jo
I9qUINU [R}0} 9} PUR PaIdA0d SIYSIP uado usomIdq O13el 9y} 912, 218y U()

‘spybram
a01ssod quaudffap a0y 4o -pybrom syybrf wojqoid sns.ian pasd
-000 spybuyf puv pasn spybyf aaissnd usamioq 01y :CGT°), 9In31g

wBrem b1y wajqoid

palanod syybiyy pue pasn aaissed usamiag oney

L L0
asn anissed :syiblam uonouny 1s0)

‘sdo1p oatssed Jo asn Surpuodsa1Iod a1} ‘oUI] Yok I0] PaseaIdul st JySrom
aatssed o) sy -oatssed Jo asn }seySIy oY) UI s)msal pue () Jo 1ySem aatssed
9somo[ oy} syuesaidal auty prjos ‘somrdoy oy, ‘1 S1om aarssed Irot) o) Sul
-p10d0% poInqLuISIp Aotu (Suryeads AJYSNOI) oIe SoUI] [RIUOZLIOY OAT )
181} POIOU OS[e SI 3] "GT"/ 9INJIJ UO PAAISSUO SI 9SBIIIDP JYSI[S ® ‘910J9101 T,
‘SuyS1y ealssed Jo osn o1} seyeutwiop (917, 9INSY UO UMOYS SB) SOSRAIIUIL
1yStem 431y werqoid a1y} se pa1erod syySiy uedo Jo IoqUINU S} UI 9SBSIIAP

19 s1ojourered [OPON gL



ybram uonzYN Y] SN0 Patanod spybuyf uado
Jo uaquinu puv pasn spybuyf a01sspd uzaMaq 01Y :QT), INII]

1yBrem 1502 uoneziinn

8 14 [4 T 0
T T T S€0

"QT°/ 2In3Y UO UMOYS ST YOIYM SaseaI1dap aalssed Jo asn a1} ‘A[SUIPI020Y

“TIUIN[0D MOIDISOYS B 9SN 0} 10 Spoliad 90In0sal
Surpuodse110d 1101} JO UOTIRZI[IIN POOS B 9ARY e[} SUMIN[0D MIIDISOYS-UOU
asn 0} o[qeiygold oIoW SOUI0D9q 1 9OUSY '10] pepuajul are Aot} sporied
901no0sal1 oy} ojul Apind $)1, YOIYM SUWIN[O0D MIIIISOYS-UOU I0] PISBaIdul
ST 9S0O 9T} 9OUIS ‘Sosealoul JYSIom UOTIRZI[IIN dY) Sk S9sealddp 95eIsA0d o)
Ppo1oodxo sy uMOUS ST 95eI0A0d Y31 uedo oY) uo YoM UOTIRZI[TIN YY)
WIOI} QOUSNPUI 9Y) LT’ 9INSY U() "I0] popuojul a1e Aoy} sporrdd 90Inoser
o) oyur 37 sSurired  J[om MO}, [0I3UOD 0} Pasn ST JYSTom UOTIeZI[IIN oY T,

paianod syybiyy uado pue pasn siybiyy aaissed usamiaqg oney

STem ToIYRZINIIN

L S9°0
pasn aAissed :uoneziinn

‘sqybrom aaissod
quasaffap 201f 40, ybram spybuyf wojqosd snsizn spybyf uado fo

“ybram woypzyyn Yy snsuaa syybyf uado fo L2QUIN [DJ0Y PUD PaLan0d spybuf uado uaomiaq 01y 91", 9INSL ]

42QUINY D307 pUD PaLanod syybyf uado uaamizaq 01y )1 ) 2INSL]

wBrem b1y wajqoid
1yB1am 109 uonezin 8 14 I T 0

8 14 [4 T 0 T T T e140)
T T T S0

sB1y uado Jo Jagquinu (10} pue pi1anod syyblly uado usamiaq oney

L S6°0
abelanod Yibiyy uado :uonezinn |

sybiyy uado jo Jaquinu [e)0) pue palanod siybiy uado usamiaq oney

S6°0
pa1anod siybi4 :syibiem uonouny 150D

s1ojourered [OPOIN  Z°L €9 s1ojowrered [OPOIN  T'L



@

1YBIaM 1S09 190D MAID
14 4

€0

SvE0

Se0

GSE0

9€'0

S9€°0

LE°0

2fe1a109 1Bl Wa|GOId 1A0D MAID

SLE0

ybram 12003 MaALI YY) SNS.LI0 PAL00d sybyf uado fo
L2QUINY puv PaLaaod spybnyf wajqoid usamiaq ouvy :1g ), 9INITg

pa1an09 sjybily uado Jo Jagquinu pue pasanod sybiy wajqoid usamiag oney

"POAISSQO ST 9SBAIOUL [[RWS © oI0 ] 'Poljo[d are paiorod s3Iy wojqord
JO O1yel A} 2IOYM Tg', 9INSY U0 PajyeI)sn[l ST SIYT, *(S1yS1y werqoid uaijo)
I9A0D 0} PIRY oIt UOTYM SIYSIF oIe TUAJO [OIYM ‘I9A0D MOID MO[ © M
SOUO 9Y) oIk I2A0D 0} d[qelgord dIoW SomI0daq IR} SIYSIP Oy} 9sneddq
SOSBAIOUL 9SN Y], "UMOYS ST 9AIssed Jo asn Surpuodsariod oY) (g L 2INS3Y u()

ybrom 12000 ma.d 2y sns.aaa spybyf uado fo
42QUINU JDJ0] PUD PauLan0d syybyf uado uaamiaq 013y GT°), 9INIL

1BIaM 1509 190D MBID
8 14 4 T 0

qybram 12003 MaLd Y] SNSU0 PaLan0d sjybyf uado

Jo usquunu pup pasn spybryf 201ssnd u2amIaq 01vY 0 ) 2INIIg

@

80

1yB1aM 1509 JaA0D MBID

14 [4

o

Sv'0

pasn aAIssed 1JaA0D MaID

SL'0

paianod syybiyy uado pue pasn siybiyy aaissed usamiaqg oney

sybiyy uado jo Jaquinu [e)o) pue pianod siybiyy uado usamiag oney

L 60
abe1an02 by usado 48n0d MaID

‘61" 2In31 UO UMOYS ST SIYJ, ‘SUWN[0d MdINSOYS asn 09 aqeiyord
aI0W pUR dI0W 393 1 Sk S9seaIdp 98e1ar0d sHySiy uado oY) paseaIdul SI
JYSIoM ISA0D MAID oY) SY *(G'T'G UOIID9S UI POGLIISOP SB) I0A0D MOID UYSIIY ©
yua s1y31g uado 10400 yotym sSutired asoy) soystund JySom I9A0D MAID ST,

NS1OM I9A0D MBI))

s1oyouwrered [OPOIN gL <9

siojowrered [OPOIN T2



‘Fg’ 2In31 uo pajjord St UOIIN[OS [eul] oY) Ul
510400 sHy31Y uedo Jo oryel 8y} pue ¢’/ 9InSy uo pajjord SI 400 UOIIN[0S
13 £37enb UOIIN[OS 9} UO dDUSNFUI Y} JO dINSBOW FJUIpuodsariod e 398 O,

“epy fo sa010y0 quaLdffap 94y) 40f TP SNSAI0 W) UOWNIOS TT ), 9INSL

S9POU JO JBqUINU WNWIXe|A

0000ST 00000T 00052 00005 0000T
0
T T T
=" oooz
000%
0009
[%]
=8
0008 =
=3
0000T 3
7
3
0002T 8
o
k3
000vT
0009T
Foe 0000T - ooost
““““ 000T
—— 00T
00002
awin uonN|os :yoJeas isiiy-yidap Buipunog
9 s1ojowrered [OPOIN  Z°L

‘o) SUTUUNI [[BISAO 91} UO 9OUSNJUI JURIYIUSIS OU SeY EJ{ JO 20101D oY)
‘T A[Tea]d ST oW} UOIINOS o1} I0] 10)0e] SAISIIOP o], "UMOYS dIe ZJy pue
T7y JO S9O10TD 91} WIOIJ 9UIT) UOIIN[OS 91} U0 dIUSNYPUL 9y} g L 2In3y u(Q

‘sjoysdeus omy 9s9Y} I19A0 dFeloAe
9} oIk $)INSal ) pue ¢ pue T sjoysdeus Uo JNO PaLIIed Usd( SBY 1897 oY T,

‘PodUR[R( OWO029( AdY[} UM POISAOISIP oq 151 [[Im s3ulired owos
I0J 39S O[NI 91} JO UOIJR[OIA dY} PUR PasN 9q UeD YIOUD A}I[eTo] pojIwi] ®
ATuo 910J0I9Y ], 'paouR[R( J0U o1 A9} asneddq [e39[ 10U a1e Lo1) erred [[e
oIe (SOpOU-Jeo[ 91} SOPISA() 991} YIRS ST} Ul SOPOU Y[} 9IUIG *POIDNIISTOD
uoaq sey Jurired o3o[dwod ' 210Joq INO PALLIE) 9q J0UURD N2oyd A)edo]
JMJ,, ® e} Suleq UOseal oY, ‘UoljeIoUSS Julired [NJSs0dons AUe INOYIM
poio[dxe oIe Sopou JO IoquUNU 98NY ® MdID dWOS IO %y poled Mmo[aq
‘surired @89 Jo uoI)RIOUSS AUR INOYIM 9I0[dXd 0} SOPOU JO IaqUINU oY)
uo punoq 1oddn ue s1 ‘sjuomurrodxoe j0[1d oY) WIOIJ SUOI)RAIISCO UO PIse(
SI OS[R UOIYM ‘“@opl Ioyjouy “Ipy po[ed mo[aq ‘9rojdxe 0} sopou yoIeos
Jo Iaqunu 9y} uo punoq loddn ue st uonnjos o[dwis Y ‘SUIUNSUOD dWII}
fizoa $oMOD0Q UDIYM ‘palo[dXo oIOYM SOPOU PUBSNOY} JO POIPUNY [RIDADS
S99I) YDIROS SWIOS IOJ JRY) INO POUIN) 91 SjuowLIddXo Jo[id MO © Iy

‘Po1se) puR PadnNpoIUl oIe
SpUNOq MU 9} MO[a¢] 921} UYOIBSS o1} JO UOIYeNWI] jUaldIye ue opraoid
10U S00P ST} ‘I19AMOJ] AN Suroeyd £31eda] oY) Jo asn Aq pue yojew
UOTJRUIISOP PUR OUWIT} SULINSUS Aq opew ST SuIpunoq oy} aloy '(1°¢ o[qel
995) opodopnasd oY) UT POLIISOP URY) A[OAISSIS3R 9I0U POPUNO( 9 0F PeY
99I) TDILIS JY) YY) IBS[D oTIRId| 91 syusuILIadxa jorrd may 9811y o) Surn(g

yoaeas 9s1y ydep oYy Surpunog 7L

29 s1ojourered [OPON gL



‘poro[dxoe o1e sopou
[OUI pUR 9I0UI (ST [IIM SOSROIOULI SUII} SUTUUNI 9Y) J0odXd p[nom duo
y "UMOUS SI 9w} SUTUUNI oY) U0 4S7T WOIJ 90USNPUI oY) Gg'), 2In3Y U()

ures eotueuriojiod paitsep o1} Suisoo] pue ypIeas 151y yidep (pepunoqun)
re[d e yoIeas o1} SUIYRUI 9POI USAIS B JO SIOSSEDONS [[B 0} 9s0[d 9I10[dxe
) oIeDS 91} asned [[IM ST Jo anfes 98Ie[ ® puey IO 9} U() "9[qRIOU
yrenb uorinjos o) Surtemo] Aqeiey) s3urired rerpred 9soq A[jueIImnd oY)
y1o[dxe ATuo et} yoress £paaid AIoA © UI 9[NSaI [[m 45T JO onfeA [[eWS Y
POU ora Y 189~ S7T 91} 0} PO ST YoIeas oY, "JUOIJYdIeas a1y} Jo IST
13U o) ST YoIees 181y 9soq-yjdep Suisn uaym Iejeurered juejioduwr oy ],

oIeas 9s1y 1s9q-y1dap 10} YyjSuo[ JUOIYIILdS G°Z'L

ey fo sa010y0 quasaffip o4yy 4of T
$N8420 U0NJOS (DU UL PAL200I spybf uado fo 01vY Fg' ), 9IN31

S9POU JO JBqUINU WNWIXe

0000ST 00000T 00052 00005 0000T
T T T cLo

paianod syybiyy uado Jo oney

paianod sybiy uado :yoreas 1siy-yidap Buipunog

s1oyouwrered [OPOIN gL

 d

“CP7 JO S9O10TD
Y31y om) o) 107 A[erodss Jno usjyey 03 weds jo1d o) )00SL = 'Jy punore
ez’ 2In3y yum oM spuodseriod jo1d oy T, ‘§¢ L 2Indy uo pajjord St yorym
‘pa1or0d syy31y uedo Jo uoryel o1} ST £317enb UOIIN[OS 91} JO 2INSBOW IOYIOUY

‘pojeIouad surited sey mou Zpy Aq JO IND IoI[IeS Sem UOTYM MIID
19710 [RIDADS ‘MOID omIOS 10] suLired Aurur SuUrRISUAS JO PRIISUL ‘MON eI\
Jo anyea oy} Suiseaour Aq pojyesuadurod oq JSuI Iy JO aNRA ) SULIOMO]
‘1oAdMOY mR[qoId SULIDAO)) 319G 9} 0} UOIIN[OS 19}319( © I0] Surmore ssur
-11ed a10wW 9jeIoUR3 A[IRa[D NOA Tpy Sulsealoul Aq SMOT[0] sk pajaidiojur oq

W3 ST, "000SL = A7 JO 9910 Id[[RWS © I0J MO[[e 0000T = 747 JO onfea
Y31 @ SUISo0yd ‘I9AOMOY “Tpy 9( 0) WIS 10)0€J JURIYIUSIS JSOU oY) ‘UTRFY

“epy fo $2010y0 quaL[fap & 40f TPY SNSAIQ 1$0D U0UNJOS €T ), DINTT

S9pOU JO JBqUINU WNWIXe
0000ST 00000T 000S. 00005 0000T

1500

1502 UONN|OS :Yareas 1sil-ypdap Buipunog

69 s1ojourered [OPON gL



“1no sPAd] ydeis o) (g < 457 10] {pajoadxo se soaryaq
o1d oy ureldy -z . 0In3y uo pepold st ST snsioa palosod siySIg uedo
) IqWINU 9Y) 9I0JoI0Y ], 'UOIINOS [eUN oY} Ul POISA0D dle OIYM SIYSII[
odo Jo 1oquuInu 9y} ST A317enb uoIIN[Os ) I0J dINSeOW jue)Iodwl IOYIOUY

ST $NSLIN INIDA UO0UNIOS ‘Y24DaS 1842f 2599-y3da(T 197"}, 9INTI

aneA uonnjos
0S 0c ST 6

_4~
4w
™
—

‘pasealour st 457 uaym ypnw pasoxdur jou st £ypenb uonnjos oy g < IS
10 '0g 03 dn sesee1our IS se paurejqo st £yyenb uonnjos ut ured o8ny e
poroadxe sy “4S7T Aq pojodpe SI onjeA UOIINOS o1} MOY SMOYS 97"/, 9INJ1

ST §NSAIN SPU0IIS UL DU UOYNJOS ‘YIuDas 84af 159Q-yida(] :Cg ), 9INJ1

yibuaj Juoyyoreas

0S 0c ST 6 L § ¢ 1
T T T 0

- 0000T

- 0000¢

- 0000€

- 0000%

- 00005

o -{ 00009

1 1

yibuaj JuolyyoIeas "sa anjea uonnjos :1sily yidap-1seg

yibuaj Juolyyoreas awin uonn|os :siy yidap-isag

00002

00008

00006

00000T

SPUN023S Ul BW} UORN|OS

 d

s1oyouwrered [OPOIN gL

T2

siojowrered [OPOIN T2



ewts e A[uo ‘readde 0} wees jou op Ayrenb uorpnjos ur ured peajydadxa oy,
19d pue sdd 10j peredwod sI odelar0d 31y uado oy} {7 ) 9InlyY u(

‘T AIoWewW {¥) T oY) MO[oq Ar)S 01
[durts (9T pue ¢ ‘F1 ‘g ‘IT ‘0T) s1oysdeus o81e] oY) JO 150UI 10] AI1RSSOIU
09 SRY ()00CZ = Ty JO 90101 ® SAd 9} I0] I0AMOY (0000 = YU pue
)00C = Ty ‘0g = 45T o1e posn sidjowrered oy [, 's449d oY) o} porjdde os[e
e SAd oY} J0J POdNpOIIUT SPUNOQ OM) S} ‘DI0JoIOY ], "Popoadxe ST go) T
) ] Arowew oY) ‘sjoysdeus oy} JO oWOS 10j pue SUTUNSUOD dWI} 007
YUI0DA( )] :991) YDILSS O} PUNO( 0} HIBIIPNS J0U SI ()g = 4S7T Jo Y)3u9[
sjoysdeus 1081e] 9} 10 ‘poreduwiod 9q [[IM SA9d PUR SAd UOIIIAS STY) UJ

Sddd SnsIdA Sdd  Z°¢'L

*o1Is1INeY sIY) 10} syutod Juryress ajeridoidde
os 9onpoid 0} peonpotjul oq 03 sey sutired-oid Jo puly awos pue urede
)AO pue 19A0 sSurited aures oY) seonpoid yoroxdde siyy ‘1osomoy -sjutod
111.10)S Se Pasn (| aARY SIS WR[qoId 97} 9I9YM ‘JNO POLLIRD UdS( dARY
1591 j011d Jo IToquunu [rews Y -o[qerreae st gurred [enred Syl SUIjoNIISuOd
) 3ursoord Jo Aem arerrdordde ou dnjes juerind oY) ul inqg ‘Sutired [erred
uoAld Sutired ® pINg 03 SOLI} SOIISLINSY O, "JULIDIPNS 10U ST dNnjes jual
MO a1} 1Y) ‘30%] o) 0} onp ‘193deyd ST} UT IOYIINJ AUR PaIse) oq j0U [[Im
)SLINSY STY) ‘IOAOMOY 'Q°'C UOIID9S Ul PALIISOP SeM )1 S ,JNO PUR d[p
TUI 9}, WO} SUIYIIRDS 91} sem ¢ 19)deyd Ul PaqLIOSOp OI)SLINSY SB[ YT,

(N0 pUE J[ppIuL, Wolj Suryoresg 1°¢'L

UOUDINALQQD BUIPUOSILLOD PUD SIVSIINAFT :C°) S[qR],

qa4d Surssenoadead yym yoxess 351y qrdeq
TDIS 1 epow uorjerousd Jurired s OIS
sdqada yoxeas 181y 1soq-yrdo(g
Sdd yoxess 1811 Yrdo(g

| uonenaiqqy | O1)SLINOY UOIRIOUSS JuLIreJ |

"¢*), O[q®) UI USAIS dI® 9SO, Posn
q T[4 so1IsLIMay uorjerousd Sutired JUaISHIp oY) I0] SUOIJRIADIQR MO[Og]

 d

§3S9} 20uRWIOND §°L

‘pasn usaq
PRy S$OTISLINSY I9YJO0 9Y) JO SUO JI S POAJOS PUR POZI[RIMIUL 9( URD W[(0I]
SULIOA0)) 10§ 9Y) ‘VOUSH SOTISLINOY UOTYRIOUSS I9YJO0 ) WOIJ POUTRICO dUO
9Y) 0} IR[IWUIS UOIJeNIIS © SOUSI[RISO SIYJ, ~POUNUSPI oIe UeU JyITul 9Ys
peq} ssutired pojeloUed oY) JO 1OSQNS O} MID Ded I0] ‘A[puodag ‘sIySIg
uodo o) woJij sunired 9)eIoUS 0} posn ST I0jeIdUSS S,DIS ‘A[ISI] :Ased
ST so1)s1INdYy pado[essp oY} Jo auo Jo peajsur 1ojeiousd Jurred s .nIS Juisn

(€' T°F UOI1D9S UL POqLIISOP SB) T 9poul
uorjyeroudd 3urred s,.nIS jsurede 9soy) uosredurod © Yim 3uoe “yno parLIed
aq [im poado[ersp SOIISLINSY JUSISPIP oY) Jo uosiredwod e UOIIes SIY) UL

S31S97 IoUBWIOJIo §°A

‘a[qejou Ajipenb uorinjos oY) SuUIOSe INOYIIM PIASIYDE Ik SSUIARS ST}
aropy ‘oyerrdoxdde aq 03 smoys (g = ST JO oN[eA B dAOQE PIJRIIPUI SY

~AST snsuan uowynjos pulf ur spybry
uado pat200d fo 4aQuInp  Y2upas 3841 1§99-ypdop :)g7), 9INJL]

yibuaj Juoyyoreas

0s 0c ST 6 L S €1
T T T T T TO

sy pa1snod

1
T
yibuaj Juolyyoress s sybiy pa1anod “oN sy yidap-lsag

) $1899 @oueWIOJD €'/,



-oAtssed Jo asn yS1y e Surjuaesaidor sopou o10jo( aA1ssed
) oSN MO[ © sjuasoxdor yoIym ‘sopou o10[dxo SAdd 9y) ‘90U uUOoIOuUNj
00 o) UI PojuasaIdor st oArssed JO 9sn 9Y) 9OUIS 9[(RUOSRII SUIIDS SIYT,
JId ) URY) SAdd oY} I0J POAIdSqO oq Ued sIYSIP oalssed Jo 9sn Iomo|
Sunyeads A[ySnoy -Qg) 9INSY UO UMOYS ST SIYSIF oalssed Jo osn oY,

"SUNOY [T ~ SPU0IIS 0000} “Loquinu
10ysdpus $NSLI0 WY UOWNJOS [SAAA $NSLI0 SAA :Gg ) 9INII]

joysdeus
9T ST vT €T T 1 0T 6 8 L 9 S 14 € 4 T

000S

0000T

000ST

0000¢

000S¢

0000¢e

awi uonnjos

000se

00001

000sY

00005

000SS

aw uonnjos :s49a 'sA S4a

 d

§3S9} 20uRWIOND §°L

*JUOYDIRAS 9} SUIpUNOq
£q poure)qo ured oY) uey) I9ZIR[ ST JUOIYIIRS 9} Ful)I0s £q PadNPOIIUL
Pe9I0A0 BT} OYI] SIS 91 SIOYS [[RWS o1} I0] ‘dA0qe pue (T sjoysdeus I0j
U09S ST OUIT) UOTIN[OS UT 90USISHIP S1q YY) ‘90USY] *SJd I0J pasn usaq sey Tpy
JO 9N[eA I9MO[ 9Y) 20UIS N0 A11ed 0} prey st uostredurod e syoysdeus adre|
oY) 10 'UMOYS SI SOISLINSY OM} dY)} IOJ SUII} UOIIN[OS 9} g L 2In3Y U

‘sp0ysdous
971 Yy 4of syybyf uado [o saquinu (p303 pup paiaaod syybuyf uado
U229M3aq 014 Y3 smoys 10]d ay3 ‘SIAA SNS4Q SAA :8F") 9IS

joysdeus

9T ST T €T T T 0T 6 8 L 9 S 14 € I T
T T T T T T T T T T T T T T SS0

90

S9°0

~
o

SL0

sybiyy uado Jo Jaquinu [e10) pue palanod syybiy uado usamiaq uoney

! ! L L L X
abeIanod sybiy uado :s49qd 'sa s4a

—

‘[BAIOYUT SUII) USSOYD oY} USAIS 10400 09 dqIssoduir
aq Aew syYS1y yong -joysdeus o) Jo pus oY} I0 }Ie}S Y} IS 0} SO 1]
s1ySty uedo oY) JO wOrIORIJ © SOUIS PaYadxd j0u ST d3RISA0D 1YITY %001 V

"SJ4a ety 9sIom surrojrod SAdd SI0YS [[RUIS 91}
10 ‘oAlsseIduil $SO] UGAD SI UreS PoAIasqo oY) 9oUS “Tjy JO onfeA Iomof e
)M UNI U9d(Q ey SId ‘IeAemoy ‘sjoys a8Ie[ o1} 10J Ue9s ST juatasordul

c), $1899 @oueWIOJD €'/,



‘pgoded 03 swees sSurired jo SuLIoTe) oY} pUR pojUewdeI]
19A 9I@ §90IN0s01 ‘quiod STY) 1y SAEd OY) I0J dFRISA0D YSIY UI SIMNSOI
o1ye1odo a10joq sAep g isnl uoxe) are WPIYMm ‘¢] pue g joysdeus yjog

"$90INOSOI PIJUOMIIRI)
euIs o1} 11 09 SU0[ 0} sem pojelousd sgurired o1} JeY) ‘Sem TOIS YIM W]
(oxd o, :F Iorderp ur ueald uondiIdsep oY) UM JUSISISTOD OS[e ST SIYT,
OIUOUISRI] IOUI OIR SOIINOSOI SIDYM ‘SOUO URY) IOY)el POJUomIer] sso
e S9DINOSOI 9T} 919YM sj0ysdeus U0 19119 doueuLIofed [DHIS 0F “SISeIId
Il [RAIOJUT OUII} 9Y) Se SOSBOIOUI S[RAIDIUI 90INOSAI 93Ie] JO IoquuInu oy}
), TIOT109S UT UMOUS Sy '9SROIDUL OS[R [RAIOIUI SUIT) UT painseaw joysdeus
11 JO 9ZIS oY) ‘SeseaIdul Ioquuini joysdeus oy} Sy ‘SoseoldUl Ioqunu J01Ss
[etus o) s POAIISO 9 OSTR URD TOIS 10] 9FRIGA0D B} UT 9SBIIOUL [[eWS Y

‘spoysdous 9 ayy 4of spybryf uado fo uaq
-UWLNU D107 PUD PaLan0d sybyf uado usamiaq 013 2y3 smoys 10)d
Yy ‘T apouws u0DLIUIL burund TDIS $NS.Laa SAdd :1¢ ) 9In3rq

joysdeus

9T ST T €T cT T 0T 6 8 L 9 S 14 € Z T
T T T T T T T T T T T T T T Sv'0

s)yBiyy uado Jo Jaquinu €10} pue palanod sybly uado usamiaqg uoney

! ! L L L
T
abesanod sybiy uado :TOIS "SA S49d

‘'spunoq o) £q poyyturiad ST SI} ‘I0ADMO] "SIYSIf 9IOUI dPN[OUL 0}
[INLQ 9 0} 9ARY S92} YoIeas I98Ie] ‘981el a1e s)ySiy uado Jo Ioquinu oy} Ji
YOPUNOq ST SI4d 9} yey} Suteq uoseal oY J, sIS1P uado Jo Ioquunu 3soy31Y

 d

§3S9} 20uRWIOND §°L

PIIY) 9Y) SUreIuod yorgm (T joysdeus 10J POAISSQO OSTR ST INOIARYD( SIYT,
-aoueun1ojiad 100d oy} ure[dxe Aew Yo1yM SIYSTY Uodo JO IoqUINU 1SoYSIY o)
surejuod §T joysdeus §/, o[qe} Ul UMOYS S "08e10400 131 uedo IoyS31y © ul
$3[NSoI THIS oY) ‘FT Ioquinu ‘yoysdeus auo 10j A[U() *TOIS 87 YIm paredurod
98RI0A00 IOYSIY A[(RIOU B UT SINSSI SAH 9} ‘USIS 9| kD )1 S "SIMSLINSY
IDIS pue s4dd o) 10] paredurod st o3evI1oA00 W31 uado o) 1¢°, 2IN3Y U

IDIS SNSIdA s49d €°'¢°L

‘Sutared [ poo3,, © jo 11ed aq
01 9mo uin} ySrwu Junired Tented sy} YSnoy) Uasd ‘palojdxe oq UsAd j0U
St 9] “uorjouny 1800 oY) Aq prey paystund oq pmom A[uo 131y oarssed e
JO 1SISUO0D (9911 YDIRSS 9Y) JO 1IeIS 9Y) 1') yorym Sutired Terired y :oq pnod
oldurexo uy -purw ut urred [[NJ © YIIM PIJONIISUOD U SRY UOTIOUNJ IS0
oy} ey} Sureq ST} 10 UOSEDI UIRW o], 'Poldadxe oq 0} UOIIN[OS 9y} Ul
JuewwAoxdwir £17enb o1} 0AI3 J0U S0P SAdd 91} 1R} ‘SMOYS 51593 9A0qR YT,

uoQuinu J0ysdous snsian paLanod spybuyf uado uoquinu
pup 28N 20188Dd UIPMIA 01DL FSAAA SNSAIN SAA ()¢ ) 9IMSITg

joysdeus
9T ST 1 €T T 11 0T 6 8 L 9 S 14 € 4 T

awn uonnjos

asn aissed :S49dQd 'SA S4d

2. $1899 @oueWIOJD €'/,



“soquinu joysdous
§NSU0 PL200D spybnf uado fo uaquinu pup 2sn 20185Dd UIIMIIQ
0104 T 2pouL U0YDLIUIE burind TOIS SNSA20 SAAA ¢ ), 9INJT]

joysdeus

palanod siybiy uado Jo Jaquinu pue pasn anissed UsaMIS] oleY

asn aissed ‘T19IS 'sA s394

51597 20URUWLIOJIDJ

€L

'S49ad 91} I10] paAlasqo St a3eloa0d wa[qold 1aYSIy
9[qRIOU B ‘UO9S 9 URD )1 Sy ’SOIISLINOY OM) OY) I0J UMOYS SI 95RIA0D
1Sy werqoxd oYy ¢, 2Indy uo ‘snyy, ‘oarssed jo asn 10y3iy e oambai
prnom yotym ‘sqySry me[qoid a10m SULIDA0D SAdd Aq pasned o JyITur SIY T,
‘¢E’) 9INSY U0 UMOYS ST YOTYM paseaIour osye s aalssed Jo asn a1} ‘A[puodag

'$9TD-T Y] 900qD 1SNl Uy YbIvLIS D
sp suvaddp fijuo TOHIS dwy buruuns ur uL[1p b1q ay) 03 an(
SUNOY [T ~ SPU0IIS ))00F 42QUInU J0YSADUS SNSAIN WY U0
-nJ0s T apouL uo1nLauab buund TOIS SNSL20 SAdd :gg ), 9IS

joysdeus
9T ST 1 €T T T 0T 6 8 L 9 S 14 € 4 T

* x * e x x o * * * * o * T 0

0000T

0000¢

0000€

awn uonnjos

0000

00005

00009

awn uopn|os “I9IS 'sA s48d

“)TNSOI OSIOM ® T[IIM IN( I9)Se] POAJOS 9
ued PIYM ‘WA[qoIJ SULIOA0)) 19§ I9[[eWS © UI }Nsal urede yoiym ‘sgutired
[e$o] JOo suoIjeIaUad IoMo] UT SHMSOI SPUNOQ Podnpoijul oy} ‘syysig uedo
AueW SUTRIUOD )OS 91} dOUIG WO[qOIJ SULIDA0)) 10§ 93 I0J OWI} UOIIN[OS
MO ' Aq pasned ST SIYJ, "MO[ SUIpuodsarlod SI oUIl) UOIIN]OS dY) ‘©O3RIDA0D
Mol e 3utaid joysdeus om) oY) 10 ‘g L 2INSY UO UMOYS SI SIYJ, ‘SINOY
[eI0AdS IOJ SUNI SJAdd oY) S[IYM SOINUI MO] © Ul N0 PALLIRD 9q URD TDIS
Jo Suruuni a1} ‘ATISII :08®IoA0D paured oY) 10 poded are seotid UTEW OMT,

6. $1899 @oueWIOJD €'/,



‘0T uety
3Ie] stoqunu sjoysdeus I0J POAISSCO ST 9WI} UOIIN[OS [[eWs A[OAIJe[dl ®
DUDJ "Iol[Ied PaqLIISap se sjoysdeus a3Ie] o} U0 SId I0J PaIomo] IoT}Iny
99q sey Tpy 1et) 9J0N -SUIAJSIIRS POIOPISUOD 8¢ JSNUI JNSII SIY) SA9d 9Y)
] SINOY TT 2A0qe Jo sjoysdeus o81e[ o) JO SWOS I0J W) UOIIN[OS B T[ITM
oreduIon) spuodas ()000g 2Ao0qe isnl st yorgm ‘01 10ys 1deoxe sjoysdeus (e
] (SINOY G'G =) SPU02ds 00N 210Joq SIRUTULID} HUd ‘U9dS 9 URD JUSM
A0I1dWI 9[qeI0U ® SINSY SIY} U] "9¢’) 9IN3Y U0 UMOYS SI dWI} UOTIN]OS YT,

*§917514M2Y UN0f 9Y]
d0f aaquiny Joysdpus snsian 26042000 spybuyf uad() :¢g), 9IN3Tg

joysdeus

9T ST T €T cT T 0T 6 8 L 9 S 14 € Z T
T T T T T T T T T T T T T T Sv'0

s1yBiyy uado Jo Jagquinu €10} pue palanod sybly uado usamiaqg uoney

abesanod sybiy uado :1s8) paulquiod

3 Suissenoadeirg 7L

‘U901 SULIOAO)) 19§ 91} 0) SUOIIN[OS I19339q UI JUII[NSSI
pojeIouad oq ued s3utired [eSe] 10w pue PaYeSIISEAUl 9 UED SOPOU IO
‘ST T, "YoIeas oY) WOIJ SUOIDSUUO0D [e39[-Uol [[e Suipnoxs Aq soeds yoIess
o) seonpai Sutsseooidaid o1 T, ‘sjoysdeus o81e[ o1} 10] o98e10400 SIS uado
o1} seseardul Jursseooiderd jo SUNPOINIL oY) UAS 9 URD Sy "SOIISLINOY
PoqLIdSOp INOJ 9Y) I0] UMOYS ST 98rI0A0D SYSIY uedo 9y} ¢g°) 2In3y u()

*MO[oq PaqLINSp dIe
S)Nsel YT, 'L'1'C UOI}09s Ul Paqliosep se syydiy uado a1y jo Surssevordaad
e Sunpnporyur £q pajedie) usaq sey siy) jydurelye Isiy e Sy owl) Suruunl
QYY) ST $O1ISTINOY oY) Sursn Aq suoryerwur] Iofeur oY) JO 9UO ‘GA0(R UDS Sy

Suissodoadarg ¥°L

“42QUINU J0ysdous snsion
Pa42009 spybiyf uado Laquinu puv paL200d s3ybLf wa)qoLd UamIaq
01DL T 2pouL U0YDLIUIL burind TOIS $NSL20 SAAA F¢ ), 9IN3L

joysdeus
9T ST T €T T 1 0T 6 8 L 9 S 14 € I T
T T T T T T T T T T T T T T STO0
x A
b X 3T 4z0
e Kl ’ \
X X
r h k s 4520
/X\ e //
3 e g
B -1 S€0

| | 1 S9°0
abe1an0d wajqoid TOIS 'SA S49d

pa1an0d sybiyy uado Jo Jaquinu pue palanod siybiy wajqoid Jo Jaquinu usamiaq oney

18 Surssenoadarg 2



"9917 OIS dY) JO UOoryeIo[dXa SATISNRIX
0TI 9} 0} paquLse aq jsnur juauasoxdurr o) ure8y -syySIy Paiosod jo
qUINT pue pasn darssed Jo IoqUINT TWooMId] OTRI ) SMOYS [DIYM ‘8L
M3y Uo usds aq ued juswasoidull [rews e ‘oarssed Jo asn o1y je Furyoor]

‘SAd puv TUd 40f 42QUINU
joysdous snsuaan sburarnd woLIUID Pasn 2wy PUD WaJqQoLJ bur
-12000) 125 Y3 buinjos pasn auiy U2IMIaQ 0UDY :)¢') I3

joysdeus
9T ST T €T cT T 0T 6 8 L 9 S 14 € Z T

L > 1 660

awi uonn|os [e10) pue uonesauab Bulred usamiaqg uoney

uonelauab uonelssuab Buured :1s8) pauiquiod

3 Suissenoadeirg 7L

‘SUWN{od ()000E PUNOIR SOZIS JO SW[qOI]
SULIOA0) 10§ UI $)[Nsol A[Uo SAd oiym ‘sjoysdeus o3Ie] oY) JO 9WOS I0]
suwnjod )O)O00GT PUNOIR SOWO09q THUd oY) I0] YOTYM WO[qOIJ SULIOA0)) 10§
9T} JO oz1s oy} Aq posned Aqureur st sIYJ, "(UMOYS IaT[Ied se) synsor 100d
UM )SB] POAJOS SI WS[QOIJ SULISA0)) 109G SUINSAI o) IoAdmoy ‘s3urired
Sunerousd owr Jo porrod 9FI1el © sosn SAd -9[qeIedwIod oI SIqUINU dY)
‘aouay ‘sjoysdeus o3Ie[ o) I0] oW} UOIN[Os dWes o) A[ojewxoidde pey
dud pue SId 9¢') 9InJY UO UMOYS Sem 1 S "W[OIJ SULIA0)) 108 oY)
SUIATOS 10] Pasn ST awir) oY) JO % GF snyy) pue sgurired Furyerousd auiry ay)
JO %,GQ pUNOIR S9SN — PURY IS0 9Y) UO — HHd "W[(OIJ SULIDAO)) 109G oY)
SuIA70S awI) YY) JO %OT URY) SS9 sny) pur sgurired Furyerousd auwir) o) Jo
%06 9AO(® SoSTL SAQ USS ¢ TRD 91 Sy “A¢"), 9INSY UO UMOYS SI oW UOTIN]
-0s [e307 oy} pue sdunred SUIRIDUSS 10] POS oW O} UMD OIYRI YT,

"$91351UMIY
Anof ayp 4of 4aquinu J0ysdous sns.ian Wy UoWNI0g 19¢°), dINJT

joysdeus
9T ST 1 €T T T 0T 6 8 L 9 S 14 € 4 T
i e o T 3 o 3 G ko L Lo L G Ll 0

0000T

0000¢

0000€

SPUODSS Ul S} UOKN|OS

0000

00005

00009
awi} UoNN|oS :1S8) pauIquioD

€8 Surssenoadarg 2



8€°L
9INJY UO POAIISQO Sem 9sn dAIssed UI 9SBAINOP [[eUIS © YSNOY) UdAD ‘HHd
9} IO0J 95BaIdAp 10U SI 98eI0A0D SIYSIY wd[qoid oY) et} ‘usas SI 31 dI9H
‘6¢’L 2InSy uo pajjold st requnu joysdeus snsioa afeIorod WS weqold
o) ‘o8e10400 431 wejqoad oty uo joedwr SurpuodselIod 8y} 8)RIJSNI[L OF,

"§91981402Y
anof ayy 4of sequinu Joysdous snsion patdnod spybiyf uado fo u4aq *§019814N2Y UNOf Y] L0f 42QUINU J0YSADUS SNSLIN PILINOD
-WNU PUD PaLaaod spybuyf wajqoid uzamiaq 01vYy :6¢ ) 9INIJL spybuyf uado [fo uaquinu puv 2018$Dd UIMIIQ 0UYDY :QE), OINJT]
joysdeus joysdeus
9T ST T €T [45 1T 0T 6 8 L 9 S 14 € 4 T 9T ST T €T [43 T 0T 6 8 L 9 S 14 € 4 T
T T T T T T T kE T T T T T T 20 T T T T T T T T T T T T T T ST0
s}
B. g B o B o B o 4720
’ ...D,, pal
- o 5e0 - B EEAY
B a 5| e .
: B “ B g
/ - . €0
o - S€0

pai1an0d sybiyy uado Jo Jaquinu pue asn aaissed usamiag oney

%
,

L o140
abe19n02 W.|gold :1S8) paulquio) asn anIssed :1Sal pauIquod

paian0d spybily uado Jo Jaquinu pue palanod syybiy wajgoid usamiag oney

Suissenoadeirg 7L cg Surssenoadarg 2



) IoqINU o3I ® SUIRIDUSS JO PeaISU] “d[Npow Uoljetousd Jurired o) Ul
IS 9 JYSTUI S[NPOT SULIDAOD 19§ 9} UIOIJ JOR(PI] ‘YIOMIUIRI] UDALS 91}
[ ‘poje81e) oq pmoys Aypenb uornjos oY) jo jusureroiduil ue ‘ATpuosag

‘posn aq osTe W31 $IYSIF JO
seq Surpredop pue [RALLIR ) UO PISE( SOITOYD SATIOLIISII SIOUL ‘IOADMOH
1112391 sosn parpdde Sursseoordeid oy [, 'MOID YORD 10] UTSe ISA0 PUR IOAO
197} Surjeadal Jo peajsUL [[€ I0] PUR 9OUO SADIOYD ILIGUSF oIS Julsyenr Aq
10p sem STy, ‘Sursseooideid awios A(dde 03 sem ‘Sse0dns YIIM PaLI} Uda(
peale sey YoM ‘ypeordde su() -owl}) SUTUUNI 97} JO UOIIONPLI © ‘ATISIT]
[10M I9U}INJ Surmp poaleSie) oq JYSIUI SeaIe IOY)0 [RIGADS ‘UOIPPR UT

'SVS [im uonel
)qR[[02 Ul opewW 9q p[noys Jurired pajerousd o1} jo Ayrenb oy A[remodse
NSO OY[) JO UOTIRN[RAD YSNOIOY) ® ‘PURY IR {IOM S} JO SIMNSOI o) YIA\

foomO T8

‘suorn[os Jo sodA) juaregip sonpoid 03 pejySom oq ued (210 93eId
00 s9Y31 uedo ‘a8eroa0d 3ty wejqoid ‘Gatssed Jo osn) serrrodold ure)Ied
21} 0s sseooxd uornios oY) opms 03 o[qissod sI ) :SHNSeI £I030€ISIIRS
}IM POJSe) pUe Pednpoljul usaq sey ainseawt Ljrenb Sutired e ‘uonippe up

‘poAdIyoR 919M ATenb uornjos ur juemaAoxduil [eus
pue oW} UOHNOS UI juewvsoldwil a[qeiou © ‘AqoIS9} ‘[[e I0J pUR 20UO
T01109UUO0D d[qIseajul Jurjeurwulfe ‘uoljerousd 3urired oy 0} Jurssenoidoeid
MOS SUINPOIJUT A dUOP Sem SIYT, "duwl}) SUIUUNI 9} SUDNPAI 0} UOIIR[oI
1 opewr sem jduslje 181y y -uonnjos posordurt A[qejou e 105 Led 0y ootad
31 00} 9q 10U P31 SUOTIR[NI[RD JO IYSITU © ‘sAep Jo o[dnod e Jo uozlIoy
uruue(d e Y)m ‘IOAOMOJ] ‘SINOY Ul POINSeal ST SO1ISTINSY pajuewe[duwl oY)
) sowIT) SUIUUNI 9} SOINUIW Ul PoINSeaul ¢ Ued oW} SUIUUNI OT)SLINSY
VS 97} 90T A\ :POAISSCO Sem oI} SUIUUINI o) UL 9SeaIoUl 931e] ® ‘A[pu0dag

‘Ie] 08 o[qIssod U9d( 10U SeY UOTIeN[eAd IoynJ Aue ‘A[ojeuniiojun
ue ¢ YS1 powess, sPSIF oalssed Jo osn oy} ey} Pojels SVS WOIj Uoljen
eAo Teuosiod A[res ue joefoid o) Surin( -oalssed Jo asn Iomo[ ® SUIPRIL
Areangyeu — syy31y uedo JO IOqUINU ID[[RUIS 1€J B POISAOD UDTUYM ‘OT)SLINSY
SVS JO S3NSoI oY) YHM poreduwrod usd( ATUo sey osn dAIssed ur 9seoIOUL o)
9AOMOT] 'POAISSCO ST SIYSIP oAlssed JO 9STL O} UI 9sLDIOUT 9310 ® ‘ATISIT]
uoweAoxdwr s1y) 10j peded ore seouid urewr om], 'SvS Aq pesn A[juol

8 qo0pmO  T'8

-IND 9IeM)JOs oY) YMM pareduIod SOIPSIINGY MoU oY) SUISn Palorod SIYSIP
1ado JO IOqUINT S} I 9SRIIDUI [RIURISANS © PAMOYS S)[NSST [RILIDUWINT YT,

‘podoessp sem Jurired ® jo Lypenb oY) 103
amseowr € ‘A[feur -1°¢") UOIIIS Ul POQLIISOP SUOSLII O anp PoIso) IoAdU
Inq pojuewe(dwil Sem O1SLINSY UOTPeIoUsd YN0 ¥ "WI[OIJ SULISA0)) 198
oY} SUIAJOS I0J OT)STINOY ® YIIM I9I050) pojuewa]dul A[[NJSS0I0Ns aIom SOT)
-S1IneY uorjeIouad Jutired JUSIOHIP 901, 'SVS e aIemijos SUIISIXo o} Jo
NIOMOUIRI] UOALS oY) UMM POdO@AdP SeM W[(OIJ SULIDAO)) 19§ ® JO UOI)
-NOS 9} PUR BIPI , POIUSLIO MAID,, 9} Suisn yoroidde uornjos e ‘910101 J,

“90101]D )81 ® jou sem yproidde uonnjos
pUR UOIIR[NULIO} YoNS ‘SVS Aq UaAld dnjes jualind oy} pue azis wa[qoid oY)
01 on( "I0zIuIjdo IedUl] JO PULY dWOS SUISN POA[OS PUR POIRINULIO} dIom
POqLIOSOP S[OpOW o) [[R ‘ISAOMOH ‘WR[(OIJ SUTUOTIIIRJ 10§ IO WO[(OI]
SULIDAO)) 19§ © JO UOIIN[OS 9} UM POUIqUIOD SWRYDS UoreIoUaS3 Jurired
(PRIUALIO MOID,, ® Sosn A[)somr soseyd Aep-0)-Aep pue JuIdeI} oY) YHUM
Surreap sfpowr (paysyqnd) oY) ey} ‘PoMOYS dINJRINI O} JO MOIADI Y

‘Sutared o1} Jo UoIjRIOUNS O} SULINP pasn aq pInoys ‘sutired & uewW
ST 2Ingny oYy ul jutod owos e ‘YOIYM ‘MdID Jo A[Iqe[IRAR O} Jnoqe
93po[moty oIoyM ‘PaIse) aq prnoys yoeoidde  pojuaLIo MAI),, ® ‘UOT)IPPE UL
"'SVS Aq posn Ajua1Ind arem)jos oy} jo jutod Jurpre)s o) yum ‘eseyd Jur
-yoer) o) Surmp mweqord Sunpayds MaId surfIre o) 10j yoeordde uornjos
® 159} pue JuowodWI ‘30NIISU0D 03 U sey 10e[o1d sTy) Jo [e03 UTRW oY J,

UOISN[OU0)

8 Iojdey)

L8



¢0'T ‘UoIsiAy

66T 1SNSNe ‘1V-d V.l 1 I0Poy3Inus3urouodsipmo o10F1[19P4A Je osAeuy
"000g ‘108uridg

DUSIINIFT ULIPOJT 3] 20)0G 03 MOFT "T9S0 "¢ "(I PUR ZOIMO[RYIIN "7
6661 ‘CF-6T:(T)e€

012904 pup fidnoJ ¥ MDJ Yo40asay uoyviiodsuniy -wolqoid Sul
91S0I MAIDITR 9AT}IR[CO-T)NW 91} 10 SUIRSUUR POIR[NWIS *OBNT ]
66T ‘SGC—LFC:(9)€T ‘Y241a83Y su0vLad() pup standuioy) *SUINpPayDs
9ID QUI[ITe 0) WIIOZ[R d1PUd3 PLIqAY ' Jo uonpedrddy -ourad] -(J
"000% ‘8F-LE€:(P)PE ‘uat0g uowviodsun.]

I0A0D9I MOID QUIITY ‘IosNeyWaN 'f) PUe ‘Uosuyor ‘o ‘AYsa013eq
"€66T dunf ‘¢hL-9¢2:(9)6€

UG JuawAbounpy  Suimpeyds MeId WS  “eIRYPIYRN "(d
ue ‘UosIopuy (I ‘PONUSIOL) T ‘OpugOoN " Y ‘SeArIin) A\ D
"GE6T ‘AO[SOM

OSIPPY "SUL229DJ ub1s9(J "SOPISSIA ‘[ PUe WP Y ‘ewwes) " ' "
)66T ‘6C3—CH¢ soded ‘youpasayy jpuowviad() fo

U0 L UDadoans "oduRI} TR Je Jurited MdI)) "SIINOS ' PUR ‘UOUIO[OS
N TN ‘Xnory g ‘OIRJ\ *§ ‘Sewun(] A ‘SIOISOISO(] [ ‘SIOTUNRSI(] L)
1002

R0-T129:(2)8C ‘Y240asay] suonviad() pup sitoanduroy) "SMOID SUIIIR I10]
POW SULISYSOI PodURYUS UY 'SSNeIIS ') pue ‘Suoy ' ‘pmed H
‘0002 ‘TL—€CE:86 ‘Ya4pasay suoyviad() fo sppuuy ~wejqoid

ILIOA0D 19 97} I0J SWYILIOB[Y "TIOYISI "] pue ‘qioJ, d “erexde)) 'y
"666T ‘LG-T119:98

040959y suoypLad() fo spuul  swelqold SULIBA0D-19S POIR[DII0D
8RIOA0D PUR -150D I0J OIISLINGY Julesuur pojenuis e juoweiddns
) aanpooold Surydiowr y uosdwoyJ, '£) pue ‘sqooef ' ‘0asnig I\

[11]

[o1]

[6]
(8]
(L]

[9]
[c]

[7]

€]

[e]

[1]

Aqderdorqrg

‘Auedwiod
QUI[Ire Uk FUIUNUNI UdYM Jurejrodulr os[e ST ANg 0} Yonur Moy pue sumjareds
Anq 0} uwoym Surpoep jo me[qoid oY) dousl -oduId 19Y3IY © B ‘IoAOMOY
‘ommjoreds sso] Anq 0} o[qssod )1 U R SNYJ, "POPOOU MdID JO IdQqUINU
o1} eonpal WS PIYM (IYSIPF ® UO POPedUl MdId JO IoqUNU oY) SULIDMO]
AqoI1a1) 9seaINOp ST Jsedalo] Iousssed) o[qe[leAR SOUWI0ID( UOTIRULIOJUL
a1ow pue aromt soyoeoidde uoryerodo se ‘10AdMOJ ‘o) ul juiod A[1es ue
je awirjoreds Anq 09 9[qRIISOP 1 Ul eul ‘DAISUadxd 910U PUR dIOUI SOUIOD
-0( Mo1) woIy owreIeds urdng seydrordde uoneiodo Sy PosSO 9WI0IAq
St sy uedo 10 uedo awodaq PITW SIYSIY paso we(qoid oY) Jo 8Ing
-RU DIWRUAD 91} 03 on(] "MID YDIYM WOIJ AN 0} YONW MOY pue ‘owlaieds
oy} Anqg 0} USYM 9PIIOP 0} PIBRMIOJIYSIRIIS J0U SI )1 ‘IoAdMOY ‘SIyS1y uedo
9S00 01 MaI1d wo smreIeds sAnq svs oseyd Jurypray oY) Suunp fyoefoxd
sty Suump dn oured ww[qoid poje(or juelrodwr ue ‘YIeWSI [eUy € Sy

“SOTISTINOY
podo[essp o7} Suljen[esd UM 9OUSISJoI ® Sk Pasn oq St 1 ‘swajqoid
Io31e] 10 oW} SUIUUNI SUO[ AIoA UL }Nsal 03 payoadxa st yoeordde ue yons
ysSnoy) uoAf -o[qenyes aroid S Iozrmurido Iesur] e JUISN UOT)eZIUIl)
-do pue uorR[NULIO} [RIIIRUWAY)eUI [RUOINPRI} ® Jo suoljerojdxe ‘A[piyJ,

dfqesn oq Jysrur 1]
Ul paquiosep se  sydiow,, oI0f] ‘UOI}IS[ES PUR UOI)RISUSS Usom)aq ssedold
Suryeuaje ue Ul J[NSaI pnom sIyJ, ‘poziurljdosal oq PInod UsY) YoIym ‘Wa|
-(01J SULLA0)) 19§ SUIISIXS 9} OYUI PAYISSUI d( PINOd 289y T, ‘sSurired mou
97eI19uad 01 pasn aq pnod meqoid SULIeA0D 198 91} JO UOIN[OS dY} SULINp
pouTe}qO UOIYeULIOFUL 9Y ], ‘POAJOS 9 PINOD WB[(OIJ SULILA0)) oG SuIynsel
9y} pue pojerousd oq pinod Juuired Jo Iequunu poywiy & ‘eouo je sSurired

68 Joopng  T'8



"L66T ‘TG0 (€)1 ‘wouvziund() [0eL010u1quLo,)

Jo puanop -suoryerodo rendoiir ourpire SULINP JUOUIDICURT MOID 10
w)rodre pue [Ppown uonpezimd() -Suog N pue ‘np D ‘oM D [CT]

"L66T ‘00Z-88T:(2)C¥ Yruvasay suom

-p42d() WYIOS[e UOIHSOdWOIep pUR UOIJR[NULIO) MAU B :FUINPOYDS
MOID QUIMTY “IOSTRYWON ‘Y) pPue ‘uosuyor 'f ‘4reyureq ‘) ‘@ouep ‘J [F1]

‘8661 ‘CT—2€c:(€)ge ‘@ua10g uoniodsun], wo(qold SUNNpPaYDs MaId
ourpare reuoryerddo oY, 'SIAISOISI(] " Pue ‘srunog " ‘01803015 ‘N [€T]

"L66T ‘6F2-1€2:(£)6 ‘SWHOA
-NT “IeypIeasal suolyetado o1} I0] SWILIOS[R d130UaY) seaddn] Y 'O [¢1]

16 AHAVYOOITAId



