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Cheng Guo

Abstract

A current trend in residential construction is the use of prefabricated wall panels. It is
important to carefully establish how panels will be stacked, because an optimal sequence will
improve productivity and reduce the possibility of worker injury. Mathematical models and
heuristics are proposed for solving the panel stacking problem without consideration of
interference. Dissertation work includes a mathematical model of the corresponding panel
stacking problems in which the goal is to minimize total weighted panel move distance
concurrent with certain construction assumptions. The heuristic method was provided to
establish how each panel would be stacked and gave the drop-off location of each stack. The
heuristic method was found to be able to reduce the total weighted panel move distance and
ensure connectivity was always maintained, meanwhile, interference could also be avoided. In
terms of solution speed, the heuristic method can solve real size problems in less than one
second. Solutions to such problems can increase productivity.

Three improvements to the only known existing panel stacking algorithm with
consideration of interference were proposed. The computational results indicate the proposed
algorithm performed better than existing algorithm in all experimental cases. Improvement on
panel move distance ranged from 1.35-47.93%, and improvement on interfering panels ranged
from 20-100%. The proposed algorithm can solve non-rectangular cases (not possible with
existing algorithm) and was compared with an experienced panel designer and commercial
software. When compared to the proposed algorithm, total weighted panel move distance
increased 0.10-85.52% and 0.77-136.23%, respectively, for the panel designer and software.
While connectivity was 100% for all cases with the proposed algorithm (the algorithm ensures
connectivity is always maintained), it ranged from 69.56-86.95% and 73.33-90.91%, however,
for the panel designer and software respectively. Finally, the proposed algorithm can solve the
interfering panels in the last stack: this cannot be done with the existing algorithm.



Because prefabricated wall panels are typically large and cumbersome to work with,
there is a significant probability of worker injury. It is important to carefully establish how each
panel will be handled by workers. This is typically the responsibility of field construction
foreman, but such personnel are often ill-equipped to make such decisions. An alternative,
proactive approach is to establish how each panel will be handled in advance, such that overall
ergonomic consequences can be properly considered. This dissertation presents mathematical
models of the corresponding construction task scheduling and worker assignment problems,
where the goal is to minimize total project completion time (subject to worker quantity
constraints) and assign tasks to workers as evenly as possible. The solution of such problems
can help residential construction managers better plan construction by establishing the
ergonomic impact associated with a given construction plan. A heuristic was also developed to
solve large problems by balancing workload between workers. The heuristic was found to be

able to provide near-optimal solutions, and can solve large problems in less than one second.
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Chapter 1 Introduction

1.1 Motivation

A current trend in residential construction is the use of prefabricated wall panels
(O’Brien et al., 2000). Panelized wall construction presents significant opportunities to improve
housing quality, safety, and affordability. Prefabricated wall systems are becoming a popular
element of building construction (Louis, 1999). It has many benefits (Lindow et al., 2003)
which include: reduced on-site construction time, reduced labor costs, increased product
consistency, and decreased noise pollution for the indoor environment.

Lean manufacturing has become a popular topic in recent years because it is a method of
manufacturing using less of everything compared to mass production. Lean has been proved
powerful in the manufacturing industry. Residential construction can also be viewed as a
manufacturing industry, if we consider the house as the final merchandise. Therefore, if we can
apply the lean philosophy to the building construction, less waste and less human effort will be
required in the whole construction process. Actually lean thinking principles have been applied
to identify and reduce the non-value added activities and improve performance in residential
construction (Sharma et al., 2006). Lean construction research has also shown that managing
work flow effectively and maintaining labor flow on site can improve construction labor
performance (Watkins et al., 2009).

The key of lean is to reduce all kinds of waste. The first thing needed is to identify
where waste exists in the construction process. After viewing several construction field video
tapes and interviewing some construction workers, it was established that prefabricated panels
were usually shipped to the construction site via trucks and unloaded in several stacks. The
usual objective of this process is to minimize the number of trips. This results in two problems.
The first problem is that the panel stacking order is not in the order the construction workers
need. A typical scene in the video tapes showed that workers kept moving the top panels of a
stack to somewhere else until they got to the panel they wanted. A field study of mechanical
installation work has shown that over 50% of the total time observed on construction sites is
non-value-adding time in the categories of interruption, disturbance, communication and

preparation (Vedder et al., 2005). The second problem is that in some cases, the panel drop off
1



location is not predetermined. If the drop off location was not pre-arranged, it often required
workers to walk a long way to get the panels.

The disadvantage of the above scene is obvious. There is too much wasted motion and
time, as well as the possibility of damaging parts during the process of workers seeking the
“right” panel. From the ergonomic point of view, it is not safe as well. Due to the unneeded
work efforts and unorganized workplace, the ergonomic impact on workers therefore increases
the possibility of their injury.

Under this circumstance, we propose an effective lean approach which will reduce
wasted motion and time, improve work efficiency, and maximize worker safety. During the
construction process each panel must join to one or more of the panels already in place,
excluding the first panel. To minimize the workload and the possibility of worker injury, we
should sequence those panels within a stack, in the order they are going to be used, so that the
next available panel is the next needed panel. Once a panel is taken from a stack, it will be
moved to its location and put in place. Meanwhile, minimization of total number of stacks (total
shipments) reduces the shipping costs. As many panels per layer as possible as noted in Figure
1.1. Traps, such as situations that prevent workers from accessing a panel due to its location,

must be avoided.

Figure 1.1 Stack example

The approach will assign panels to stacks and provide the order they are going to be
stacked. The drop-off location of each stack will also be provided under the goal of minimizing

total panel move distance. Computational experiments are conducted to establish performance.

1.2 Problem Statement
The panel stacking problem may be formulated as follows. There is a set of N (which is
given) prefabricated wall panels (panel parameters are defined as Figure 1.2) which are going to

be shipped to the construction site and divided into S (unknown) stacks.
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Figure 1.2 Panel parameters

Based on transportation limits, ergonomic considerations and other considerations, the

maximum of stack length and stack height (defined as Figure 1.3) will be specified.
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Figure 1.3 Stack parameters

When trucks arrive at the construction site, usually for easy access of trucks, an edge
(dropping edge) will be chosen along which the trucks should unload stacks. Also, one or more
possible dropping edges (refer to Figure 1.4) are given. In the Figure 1.4, the outside rectangle
refers to the building plan, and the bottom edge is the dropping edge we choose. All stacks will
be dropped on the chosen dropping edge (if there are multiple possible dropping edges, we will

choose one).



Building plan

|

stack stack stack

J J J dropping edge

Figure 1.4 Dropping edge

Panels are placed with the bottom plate parallel to the dropping edge (Figure 1.5). It has
two ways to place the panel just like (a) and (b) in Figure 1.5, and when you turn the panel over
it will have two additional ways to place the panel like (c) and (d) in Figure 1.5. So when
stacking a panel, there are total four possible orientations which will be specified in the solution.
Just like Figure 1.5, the rectangle indicates a panel and we use the little circle to indicate

different orientations. These are established per Shewchuk (2008).
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Figure 1.5 Panel stacking orientations

We have the following assumptions:

® All panels have the same height.

® Stacks always have the long edge parallel to the chosen dropping edge (Figure 1.5).

® Temporary bracing used on the construction site is not considered.

® Workers have the ability to choose an appropriate way to carry and move a panel, i.e., the
workers will carry panels vertically when space is not enough for carrying them horizontally,
since carrying panels horizontally will need more space.

® Blocks will be used to keep panels parallel to each other (Figure 1.6).

® Stacks are delivered to the dropping edge separately which means the second stack will not be

delivered to the dropping edge until the first stack is fully completed.
| |« block

Figure 1.6 Use of Block




Since the number of stacks is positively associated with the shipping costs, one objective
is to minimize the number of stacks. The other objective is to minimize the total weighted panel
move distance weighted by panel length. This will also reduce workers’ workload and
construction project completion time
The problem is thus to determine how to assign panels to each stack, the location of each
panel in a stack, the stacking orientation of each panel, as well as the drop-off location of each
stack to minimize total weighted panel move distance and the number of stacks under the
following constraints:
® To improve the work efficiency, during the construction process each panel must join to one
or more of the panels already in place if possible, excluding the first panel.

® To reduce the wasted motion and minimize the possibility of worker injury, panels should be
stacked in the order they are going to be used. It means once a panel is taken from a stack, it
will be moved to its location and put in place.

® Transportation physical constraints on stack length and stack height.

® [nterference constraints to avoid the following interference situations (Figure 1.7) when move
clearance (which will provide enough room for workers to walk around stack and unload the
panels) is considered:
(a) the interference between stacks and finished panels (due to the overlapping of stacks and
panels, they cannot be installed).
(b) panels left in a stack cannot be moved to their destinations since they are blocked by other
finished panels.
(c) the interference from finished panels encountered by workers while moving panels to
final location, i.e., when carrying panels, workers cannot access the final location since they

are blocked by some finished panels.
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Figure 1.7 Interference situations: (a), (b) and (c)

1.3 Research Objective

This dissertation research primarily focused on two areas. The first area is on the panel
stacking problem. The second is on the worker assignment problem. Overall, objectives of the
research were to develop algorithms which will solve the panel stacking and worker assignment

problem and provide a solution which includes:



The number of stacks.

Which panel goes to which stack and the location of each panel in a stack.
Orientation of each panel.

Which dropping edge will be chosen among all possible dropping edges.
The location of each stack.

How to handle the interfering panels in the last stack.

Worker assignment.



Chapter 2 Literature Review

The use of panelized construction increased dramatically during the past several years
(Table 2.1 & Figure 2.1). It accounted for only 5.2% of the linear feet of light-frame frame walls
in residential construction in 1991 (Annual Builder Practices Survey, 2000). The number
increased to 47% in 2006 and continues to increase. Among the industrialized housing
segments, the panelized manufacturers posted the greatest increase, estimated at 8% for 2006.

Panelizer's production continued to exceed that of production builders from 2004 (Automated
Builder, 2007).

Table 2.1 Estimated housing productions by industry segments 1996-2006 (in thousands)

Year 1996 1997 1998 1999 2000 2001
panelizers 740 762 793 801 841 877
production builders 696 698 792 889 960 984
modular 112 124 140 163 148 166

Year 2002 2003 2004 2005 2006 % change
panelizers 989 1081 1254 1377 1483 +8%
production builders 1082 1118 1241 1293 1354 +5%
modular 181 198 206 212 187 -12%
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Figure 2.1 Estimated housing productions by industry segments 1996-2006 (in thousands)

Many sources of literature referred to construction project scheduling, but few of them
addressed the panel stacking problem. The only known work is Shewchuk (2008). Only a few
related previous works were found.

Zhang et al. (2005) proposed to replace the traditional management approach with
residential construction site operation by using a management philosophy that has as its sole and
unifying objective: the elimination of process waste. However, they did not address panel
stacking. The waste considered was about the following aspects: 1) Missing or broken
tools/equipment; 2) lack of sufficient information; 3) misstaged material; and 4) preceding work
that has not been totally completed.

Jang, Lee & Choi (2007) proposed a floor-level construction material layout to minimize
repositioning construction materials by the genetic algorithm. It was reported that material
handling time is reduced. However, it only discussed the material layout problem, such as the
crane location, but it did not address the panel stacking problem.

Hegazy et al. (1999) presented a genetic algorithm based model for site layout planning
which placed facilities within a construction site. It “places the facilities”, but actually did not

stack the panels when they were delivered to construction site.
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Beary & Abdelhamid (2005) developed a production planning model based on Lean
Construction production planning concepts and Six Sigma methodology. It was reported that
lean construction aimed at identifying and eliminating waste. But there is a need for continuous
improvement in lean construction since there are no guidelines for implementation.

Choo et al. (1999) created a database program which implemented several lean
construction techniques to help crew foremen allocate available equipment resources. However,
the program did not address the panel stacking problem.

Hu (2005) presented a model based on geometric reasoning which reversed the
disassembly process to produce a construction sequence. The model could generate a graph of
precedence constraints. However, it did not explicitly specify how the panels should be stacked
and which panel should come first. Instead, it was the responsibility of field construction crews
to choose construction sequences, but such personnel are often ill-equipped to make such
decisions.

Nguyen and Oloufa (2001) developed a building design framework in a solid modeling
platform which generated complex building information. Nguyen (2005) proposed a framework
that generated sequences of construction activities automatically. Since the framework was
limited to the use of spatial information to establish construction sequences, other factors such
as work spaces and panel stacking were not taken into consideration.

Chantawit et al. (2005) developed a 4DCAD-Safety application which uses scheduling
information created by MS Project software to assist users in analyzing what, when, where and
why safety measures are needed. Yet, this method separated safety planning with scheduling.
Again, the panel stacking problem is not considered.

Constructing a building involves design tasks and construction tasks. Both practitioners
and researchers have paid increasing attention to the control of the schedule of design work,
because construction is commonly delayed by the lateness of design deliverables (Wang et al.
2006). However, the panel stacking problem is still not addressed.

For human resource planning in construction, most approaches allocate labor based on
the assumption of a stable organizational structure for executing processes. Some researchers
have forecasted human resource requirements based upon mass sampling surveys with statistical

analysis (Cheng et al. 2006).
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Discrete-event simulation has been used to assist construction engineers in analyzing and
designing construction operation processes for years (Cheng et al. 2006). Similarly, discrete
optimization techniques can be applied to generate construction schedules.

Gomar et al. (2002) investigated the mechanics of allocating a multiskilled workforce
and developed a linear programming model to help optimize the multiskilled workforce
assignment and allocation process in a construction project. Ahuja et al. (2004) mentioned
further research should increase the use of various mathematical scheduling models such as
linear programming. All of the above papers assumed panel stacking problem was solved.

In short, the automatic construction planning literature provides useful background, but
no one, except Shewchuk (2008), focuses on the very first problem, which is the panel stacking
problem. This research complements the previous researches by improving upon Shewchuk
(2008) and hence helping workers further reduce wasted motion and total project completion

time.
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Chapter 3 Panel Stacking without Consideration of Interference

Abstract

More and more prefabricated wall panels are used in residential construction. Panels are
manufactured in a factory and shipped to a construction site for workers to assemble. Current
approaches usually aim at reducing the transportation cost and do not consider how construction
workers will handle these panels after they are brought to construction site. From the
observation of construction video tapes, this increases material handling workload, possibility of
damaging panels, construction time, and risk of worker overload. This chapter proposes a lean
approach to the panel stacking problem without consideration of interference, where panels are
stacked in the exact construction sequence which means workers can work continuously to get a
panel from stack and put it in place. Mathematical models and a heuristic are presented for
solving the panel stacking problem. Computational experiments are conducted and results show
the proposed heuristic can ensure a continuous flow and reduce total panel move distance

without compromising panel transportation costs.

3.1 Introduction

More and more prefabricated wall panels are used in residential construction. In this
case panels are manufactured in factory and then shipped to construction site for workers to
assemble. This will bring some benefits like: reduced on-site construction time, reduced labor
costs, increased product consistency, increased soundproofing, and decreased noise pollution for
the indoor environment.

It is very important to determine how to transport the panels to construction site. Panels
are usually arranged into stacks (Figure 1.1) and transported to construction site by trucks.
Current approaches usually only aim at reducing the transportation cost and don’t consider how
construction workers will handle these panels after they are brought to construction site. Also
the drop-off location of each stack is not pre-determined and stacks are typically dropped off at
the most convenient location to drivers, even though that may increase panel move distance for
workers. The construction sequence will be determined by construction foreman. If it is not the

same sequence panels are arranged in stacks, workers will have to remove unwanted panels
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from top of a stack until they get to the one they need. This process not only increases material
handling workload, but also may cause damaged panels. In other cases, some panels are carried
to their final location and temporarily braced since they are not connected with any completed
panels. This additional activity (bracing) is not required if each panel connects with at least one
completed panels. Overall, current panel stacking approach will result in unnecessary material
handling workload and increase the total construction time.

In this chapter, we propose a lean approach to panel stacking problem which will assign
panels to stacks, provide the arrangement of panels within each stack, and establish drop-off

location for each stack to minimize total panel move distance.

3.2 Research Approach and Methodology

Because there is a finite set of alternative panels and configurations, it allows us to
model the panel stacking problem as discrete optimization problems. Then operations research
(OR) techniques can be employed. Such techniques include both optimal methods (Mixed
Integer Linear Program, which takes a long time to find optimal solution) and heuristics (rapid
solution, but only a near optimal solution is expected).

The objective of both optimal methods and heuristics is minimizing total weighted panel
move distance which will decrease the possibility of musculoskeletal injuries of workers since
total material handling workload is minimized.

The overall approach is to use computer-based methods (optimal methods and heuristics)
to generate panel stacking solutions. By construction assumptions, there are the following
constraints:

1) Panels are erected in the order in which they are arranged in the stack. This ensures
workers will always get the panel they want.

i1) Workers will always remove the top panel to its final location and get it erected directly.

iii) Except the first panel, each panel will connect with at least one completed panels. This

will reduce unnecessary bracing activity.

3.3 Mathematical Model
We formulate the problem as a Mixed Integer Linear Program (MILP), using binary

variables that establish the sequences of panels on each stack. Objective function is to minimize
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total weighted (weighted by panel length) material handling distance (x-direction only, since the
y-location of stacks are fixed). Quantity of stacks is given. In practice, we will try from the
smallest number which is calculated based on the smallest size panel (actually it is a lower
bound on number of stacks needed). If the problem is infeasible, then increase the number until

a feasible solution is reached.

Parameters

N Total number of panels

S Maximum possible length, any stack layer

H, . Maximum height, any stack

L, Length of panel i

T. Thickness of panel i

q; x coordinate, final location of panel i

Loin The minimum possible panel length

L s The maximum possible panel length

Toin The minimum panel thickness

T e The maximum panel thickness

K Number of stacks

M Total length of the dropping edge

Kin Lower bound on number of stacks: K, = {N/ L—LJ : Jmax]
K e Upper bound on number of stacks: K ., = {N/( i’“ﬁxJV_}h"aX ﬂ
J e Upper bound on number of layers per stack: J . = {%J
Sets

Panels set of panels (1, 2, 3....., N)
Layers set of layers (1, 2, 3...... J )

Stacks set of stacks (1, 2, 3....., K)
15



Maxstacks

P[i]

Variables

set of stacks (1, 2, 3

x coordinate of stack k

set of panels that is connected to panel i

Binary variable. Xk =1 if panel i is placed in layer j stack k, O otherwise

Maximum panel thickness of layer j stack k

x coordinate of the stack to which panel i is assigned

Move distance for panel i, layer j, stack k

A mathematical model for the proposed approach, where the quantity of stacks K is given, is as

follows:

subject to

Minimize

Eijk + I:ijk 2 Xijkqi

ijk

Fp <uy +M (1-x;, )

ijk —

—Fy <—U +M (1-xq)

B — Fijk 2 _Xijkqi

> LE;
]

Vi € Panels, j € Layers, k € Stacks
Vi € Panels, j € Layers, k € Stacks
Vi € Panels, j € Layers, k € Stacks
V' i € Panels, j € Layers, k € Stacks
Vi € Panels, j € Layers, k € Stacks

Vi € Panels, j € Layers, k € Stacks

V i € Panels

V j € Layers, k € Stacks

V k € Stacks

(1)

()
(3)
(4)
()
(6)
(7)

(8)

(9)

(10)

Vi € Panels, j € Layers, k € Stacks (11)
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j k_l‘]max
X < PRSI Xmg U 1 € Panels,j € Layers, k € Stacks (12)

neP[ilm=1 g=1m-1
Where the objective function (1) minimizes total weighted material handling distance.

Constraint (2) (3) are objective function absolute value forcing constraints. E, ;  represents the
absolute value of move distance in x direction only if X;, =1, E; =0 if X;, =0 by
constraint (6). Constraint (4)-(7) are logical constraints which ensure Y, ;, represents the x
coordinate of stack to which panel i is assigned and make sure Y, ; =U, only if X;;, =1,
Y« =01if X;;, =0. Constraint (8) forces each panel appears in exactly one layer of a stack.
Constraint (9) forces total length of each layer of a stack does not exceed S, . Constraint (10)

forces total height of each stack does not exceed H, . Constraint (11) calculates maximum

panel thickness each layer of each stack and make it equal to Cj. Constraint (12) ensures that
panel connectivity is maintained.

The above model is a variation of the generalized assignment problem, which is NP-hard.
Few papers have addressed this problem mathematically before. Although the models
developed cannot solve large problems (it was found that the optimal solution can be found for a
problem with up t017 panels, but needs more than 15 hours runtime), they provide insight into
the problem structure. To solve the panel stacking problem quickly and easily in practice, a new

algorithm for solving the problem was developed.

3.4 Heuristic

A practical problem cannot be solved optimally by the mathematical model because the
size of the problem is too large for the MILP model to solve optimally. So a heuristic approach
is required.

The following preliminary work is presented without the consideration interference
constraints. To avoid traps, a global building direction should be specified, e.g., from north to
south. We should specify the dropping edges first, along which the trucks should unload panels.
Usually we choose the dropping edge for easy access of trucks. Then the building direction
should be from the opposite edge to the dropping edge. For example, if the south edge of the

structure is the dropping edge, the build direction is north-south. Also any panel should join to a
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panel already in place, except the first panel. The heuristic only can handle rectangular buliding
plans.
After all the panels are assigned, the drop-off location for each stack is determined.

Since the larger panels are more difficult for workers to handle, we multiply panel move
distance by panel length. The problem then becomes a traditional weighted mini-sum location
problem, with weight corresponding to panel length. An iterative algorithm can be used
(Appendix A) to calculate drop-off locations for each stack. The objective is to minimize total
weighted panel move distance. Let

I: Set of panels that already assigned to a stack.

A: Set of all panels.

C: Set of candidate panels for the next panel.

N: Total number of panels.

D, : Distance from the center of panel i to the dropping edge.
B,: Distance from the center of panel i to the left side of structure (building plan rotated until

the dropping edge is at the bottom)

A;: Aj=1if paneliand j are adjacent, O otherwise.
L;: Length of panel i.

H,: Height of panel i.

S..n: Length capacity remaining for the current layer.
H...: Height capacity remaining for the current layer

Using the above notation (and that established previously), the algorithm is shown in the

flowchart of Figure 3.1.

18



y
Initialize all

variables

Find set C: {i €C|Di >D,,Vi,je A}

A J

Choose panel i {i|Bi <B,,Vi,]j eC} as the

first panel (top layer). Update all sets and
variables.

et

4

Find set C: {ieC|A | =1,A, =1,D,2D,,3j,l e 1,Vi,kel}

l

Choose panel i {i|Bi <B,;,Vi,je C} as the first panel. Update all sets and variables.

Y
Put panel i as the same layer
as the previous panel. Update
all sets and variables.

H.., =H,, —max{H, :i last layer}

Put panel i as the first panel of the next

layer in the same stack. S, =S . —L,.

[Update all sets and variables.

S >

[Put panel i as the first panel in
the next stack.
Hiem = H o> Srem = Sinax — Li -

rem max > =~ rem max 1
[Update all sets and variables.

Figure 3.1 Algorithm Flow Chart
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Note Figure 3.1 shows calculations for a single dropping edge only. But the algorithm
can run for each accessible dropping edge (all the coordinates recalculated automatically) and
the stacking solution having the minimum total weighted panel move distance selected.

3.5 Computational Experiments
3.5.1 Experimental Design

As outlined in Chapter 2, there is no published algorithm for panel stacking problem.
The traditional emphasis in stacking is to minimize the quantity of stacks. The problem of
minimizing the number of stacks is actually a two-staged fixed-orientation two-dimensional
cutting stock problem. It is a variant of the constrained two-dimensional cutting stock problem
(Hifi et al. 2006). If all the panels have the same thickness, then it is reduced to a one-
dimensional cutting stock problem, for which several commercial software packages are
available. Thus, all the experiments were assumed to have the same panel thickness, and a
commercially-available business cutting stock software package (Astrokettle, 2009) was
employed as the traditional approach to solve all the problems.

A set of computational experiments was performed to establish the performance of the
proposed algorithm as compared to the traditional approach. Three sizes of residential home
design were investigated: small (<1,000 sq.ft.), medium (1,000-2000 sq.ft.) and large (>2,000
sqg.ft) which were based on the size of the house. For each scenario, 5 problems were randomly
chosen from an online database (The Home Plan Group, 2009), giving fifteen problems with
rectangular building plans. For each problem, the corresponding set of panels were found by
‘breaking up’ walls one-at-a-time into panels assuming a preferred panel length of 8 feet. These
can all be found in Appendix B.

Each problem was solved using both the proposed algorithm and traditional approach.
Solutions were compared in terms of (a) quantity of stacks (b) total weighted panel move
distance, and (c) the percentage of panels for which connectivity is maintained (when panels
are installed in the stacking order). On a construction site, it requires more activity (like
additional bracing) to install a panel when it does not connect with any completed panels. Of
the three criteria, (a) is the objective of traditional approach, but the traditional approach does
not consider (b) and (c). Instead, our proposed algorithm tried to minimize (a) and (b) under

the constraint (c) must be 100%.
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3.5.2 Results

Experimental results are presented in Table 3.1. The proposed approach reduces the
total weighted panel move distance in all cases, for which the improvement ranged from 18 -
68%. Connectivity was 100% for all cases with the proposed algorithm since it will always
maintain connectivity. And using the traditional approach the connectivity ranged from 26 -
59%. Finally, the proposed approach resulted in the same quantity of stacks in all cases except
one (Med-5). In terms of solution speed, the proposed algorithm will always provide a solution

in less than one second.

Table 3.1 Computational results for Proposed Algorithm vs. Traditional Approach

Traditional Approach Proposed Algorithm
Total Total
Total ) Total )
weighted o weighted o
#of | #of move Connectivity,| # of move Connectivity,
Case ] move ] move
panels | stacks distance, % stacks distance, %
distance, distance,
2 ft 2
ft. ft.

Small-1 27 2 116 730 26 2 93 599 100
Small-2 26 2 143 960 34 2 109 708 100
Small-3 21 2 102 655 47 2 59 372 100
Small-4 25 2 177 1,119 56 2 109 641 100
Small-5 27 2 152 970 44 2 79 484 100
Med-1 35 3 259 1,632 57 3 168 1,037 100
Med-2 52 5 618 3,886 28 5 269 1,658 100
Med-3 27 2 111 697 41 2 62 375 100
Med-4 39 3 317 1,997 40 3 128 796 100
Med-5 43 3 329 2,075 39 4 155 974 100
Big-1 60 5 552 3,477 43 5 206 1,310 100
Big-2 47 4 351 2,208 49 4 136 800 100
Big-3 49 4 452 2,831 33 4 179 1,146 100
Big-4 52 4 473 2,979 42 4 346 2,211 100
Big-5 46 4 386 2,427 59 4 132 780 100

In order to show the difference between traditional approach and the proposed algorithm,

please see an example (Small-1) in Figure 3.2 which shows the building structure.
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Figure 3.2 Building structure

The stacking solution using the traditional approach is shown in Table 3.2. From table

3.2 we can see that the solution contains two stacks.

22



Table 3.2 Stacking solution using the traditional approach

No Mult Size Offcut Panels
Stack 1

1 1 156 2 14 17 15
2 11562 2 26

3 1156 4 6 18 25
4 1 156 4 11 23 27
5 1156 6 3 20 10
6 1156 6 4 21 13
7 1156 6 5 22 1
8 1156 60 8

9 1 156 60 9
Stack 2

1 1 156 60 12

2 1156 60 16

3 1156 60 19

4 1156 60 24

5 1156 62 7

The stacking solution for the proposed algorithm is shown in Table 3.3. From table 3.3
we can see that the solution contains two stacks as well which is the same as the solution from
traditional approach.

In order to show the impact on panel move distance and non-connecting panels by
different stacking solutions, panelization plan is shown with the panels labeled by build
sequence for each approach in Figure 3.3 & 3.4. From these figures, it can be seen the
traditional approach results in excessive walking and more non-connecting panels. Also note
that the traditional approach would result in interference during construction. Figure 3.4 shows

top — down, left — right build direction, which leads to smoother construction.
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Table 3.3 Stacking solution using the proposed approach

*** smallcasel.txt

** Dropping Edge (1=South, 2=West, 3=North,4=East)
1

** NStacks
2
** stack#  xloc #layers j #panels panels
1 80.3 9 1 2 10 11
2 3 12115
3 1 2
4 1 9
5 2 14 13
6 2 16 17
7 1 3
8 2 8 18
9 3 19 20 21
2 2233 6 1 4 22 23 25 26
2 2 24 27
3 1 4
4 1 7
5 1 6
6 1 5
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Figure 3.4 Solution of proposed approach (by build sequence)
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3.5.3 Discussion of Results

The computational results indicate the proposed algorithm performed much better than
traditional approach in 14 cases, because it provided much less total panel move distance and
much better connectivity with the same quantity of stacks. Only in Medium case 5, the
traditional approach provided one stack less, but much worse in total panel move distance and
connectivity. The advantages of proposed algorithm against the tradition approach include
much less total panel move distance (less workload) and better panel connectivity issue
(increase working efficiency). It is not surprising that proposed algorithm will perform much
better in panel move distance since it is also one of our objectives. Instead, the traditional
approach has just one objective.

From these computational results, we can see the proposed research can reduce worker’s
workload by reducing the total weighted panel move distance and providing much better

connectivity in working with panels.
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Chapter 4 Panel Stacking with Consideration of Interference

Abstract

Chapter 3 mainly solved the panel stacking problem without the consideration of
interference. But in practice, there may be several kinds of interference (Figure 1.7). Such
issues are extremely difficult to model mathematically. From Chapter 2 we can know that
Shewchuk (2008) is the only algorithm that solve panel stacking problem with consideration of
interference. But it still has some limitations: (1) the zone width is not optimally calculated, (2)
cannot solve non-rectangular cases, and (3) cannot solve the panels left in the last zone. This
chapter proposes new algorithms which are based on Shewchuk (2008) and address the
limitations (1) - (3) mentioned above.

4.1 Introduction

Chapter 3 discusses the panel stacking problem without consideration of interference
constraints which means extra work (moving some panels to somewhere else) is needed to
continue working. But in practice, in addition to the constraints considered in last chapter, we
still have “interference constraints” to avoid any interference problems in the practical work.
When put into practice, the walking clearance around a stack will be required to provide enough
room for workers to walk around and unload the panels.

Some interference is hard to be incorporated to mathematical models since we do not
know if such interference exists until we know which panel will be assigned to which stack.

Usually interference happens in the last stack since by that time the number of finished
panels has increased. As a result, we should choose dropping edge carefully to minimize the
interference occurring in the last stack.

The only known algorithm which tackles panel stacking problem is Shewchuk (2008).
This work solves the panel stacking problem by splitting building plan into vertical zones which
can provide a feasible solution without interference. Zone 1 only has one stack type which has
the panels in area 1A and all the other zones have two stack types which have the panels in
corresponding area (Figure 4.1). Since the building direction is from North to South and from

West to East (in Figure 4.1), so the stack unloading sequence is 1A, 2A, 2B, 3A, 3B. Stack type
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1A, 2A, and 3A are placed on the dropping edge, since we don’t need tip a panel off the bottom
of stack. Stack type 2B and 3B have an offset, due to the need to tip the horizontal finished
panels on the dropping edge off the bottom of stack.

building plan
zone 1 zone2 zone 3

stack 3A

v

Zone 3B

dropping
stack 2B edge

stack 2A

stack 1A

Figure 4.1 Panelized Wall Construction Process (Shewchuk, 2008)

However, this algorithm has the following limitations:

1) Zone width is determined by the maximum panel length which is not the best solution. All
zones have the same width, w, which is determined by the maximum panel length except the
last zone. Plus, the width of last zone, w", can be greater than w, i.e., w<w <2w. All the
above situations may increase the total weighted panel move distance.

2) The algorithm can only handle rectangular building plans.

3) The panels in zone 3B in Figure 4.1 are referred as interfering panels. The algorithm can
handle at most only the last interfering panel in the stack.

The new proposed algorithm will be developed based on Shewchuk (2008) and address
the shortcomings (1) — (3) mentioned above.
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i. The new proposed algorithm will optimize the zone width and stack locations which will
provide a solution with less total weighted panel move distance. A new iterated algorithm will
be developed to solve the zone width problem.

ii. The new proposed algorithm will be able to handle both rectangular and non-rectangular
building plans.

iii. The new proposed algorithm will determine how to handle the interfering panels in the last
zone which is not addressed in Shewchuk (2008).

iv. The new proposed algorithm will check building direction of Left—>Right and Right—>Left
and provide a better solution in terms of panel move distance, while Shewchuk (2008) will only
check building direction of Left—>Right.

Above all, the new proposed algorithm will provide a solution which includes:

The number of stacks,

Which panel goes to which stack and the location of each panel in a stack,

Orientation of each panel,

Which dropping edge will be chosen among all possible dropping edges,

The location of each stack,

How to handle the interfering panels in the last stack.

4.2 Improvement 1 — Minimize Zone Width
4.2.1 Algorithm

Shewchuk (2008) split the building plan into vertical zones which have the same zone
width except possibly the last. Also each zone is divided vertically into a lower and an upper
zone based on ‘unload zone height’. Meanwhile stack clearance is calculated which ensures
enough room for workers to work around stacks. Please refer to Shewchuk (2008) for additional
details. In the algorithm, zone width and unload zone height are calculated for all zones based
on the maximum panel length and stack length (see Figure 1.3). It is actually a relaxation, and
the maximum panel width and stack length in the current zone should be used. In order to
tighten the calculation, a new iterated algorithm was developed as follows and here are some
notations:

Input Parameters

H = panel height, inch.
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w_dia = worker diameter, inch.

Lmin = minimum panel length (inch), all stacks
Lo = maximum panel length (inch), all stacks
mc = move clearance, inch..
M = zone width multiplier (M > 1)

Variables
Lmax = maximum panel length (inch), current stack
Ls = maximum stack length (inch), current stack
W = current zone width
Whew = current zone width from current iteration
H* = unload zone height, current stack

1. Calculate initial value for unload zone height, H*nax, for all zones
H*max= max{Hmin, (fi(L) + D/2 + w_dia/2),( fo(L) + L/2 + 2-w_dia), (f3(L) + D*/2)},

Shewchuk (2008)

where Hmin = H+mc+H+w _dia+mc
fi(L) = max{D/2, Yy min}
fo(L) = max{L/2 +w_dia, Y¢min}
f3(L) = max{D*/2, Y¢min}
Yrmin= H+w_dia/2

D = JL2+H?
D* = \(L+2w_dia)’ + (H +2-w_dia)’
and L=1Lo

2. Calculate initial value for stack clearance, sc and minimum zone width, Whin

sc = max{3, D — L, (Dsum — Ls)/2}, Shewchuk (2008)

where D = JL2+H?

D* = \/(L+2w_dia)y + (H +2-w_dia)’
Dam = D*2+D’/2
D' =\V(L+2w dia) +H’

and L = Lyin

Whin = minimum zone width = (s¢ + Ls + s¢) * M
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Where Ls = Liin
Initiate zone width for current zone
Each zone starts from zone width:
W = Whin
If current zone width exceeds building plan, it means current zone is the last zone, go to step
6.
Otherwise, go to step 4.
Update current zone width
If current zone width exceeds building plan, it means current zone is the last zone, go to step
6.
Otherwise calculate and record panel set which include panels within current zone, update
Lmax, Ls correspondingly.
Update sc and current zone width Wyey,.
sc¢ = max{3, D —Ls, (Dsym — Ls)/2}, Shewchuk (2008)

Where D = \/m
D* = \/(L+2w_dia)’ + (H +2-w_dia)’
Dem = D*/2+D’/2
D' =V(L+2w dia)y + H?
and L = Liax
Whew = (SC+ Ls+5sC) * M

If Whew =W, then find current zone width Wyey, go to step 5.
If Whew > W, then set W= Wy, go to step 4.
If Whew < W, then if panel set within current zone equals some previous panel set for
current zone, we find current zone width W, go to step 5, otherwise go to step 4.
Update unload zone height, H*, for current zone
Update H* using Liyax.

H* = max {Hnin, (fi(L) + D/2 + w_dia/2),( fo(L) + L/2 + 2-w_dia), (f5(L) + D*/2)},
Shewchuk (2008)
where Hmin = H+mc+H+w dia+ mc

fi(L) = max{D/2, Y¢min}
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fo(L) = max{L/2 +w_dia, Yrmin}
f3(L) = max{D*/2, Yrmin}
Yrmin= H+w_dia/2
and L = Lyay
Since H* < H*ya, New panels may be introduced into current zone. Update Lmax, Ls and Wyey
correspondingly.
If Whew > W, then set H*= H* ¢
If current zone is the last zone, then END.
Otherwise go to step 3.
6. Update zone width for last zone
Zone start from right side of the building plan, zone width increasing direction is from right
to left. Let current zone width W = Wy,n, calculate and record panel set which include
panels within current zone, update Lmax, Ls correspondingly.
Update sc and current zone width Wy,
sc = max{3, D —Ls, (Dsum — Ls)/2}, Shewchuk (2008)

Where D = \/m
D* = \/(L+2w_dia)’ + (H +2-w_dia)’
Dgum = D*2+D’/2
D' =V(L+2w dia) +H’
and L = Limax
Whew = (SC+ Ls+5C) * M

If Whew =W, then find current zone width Wpew, go to step 5.
If Whew > W, then set W= Wy, go to step 6.
If Whew < W, then if panel set within current zone equals some previous panel set for

current zone, we find current zone width W, go to step 5, otherwise go to step 6.

The whole process is shown in Figure 4.2. And Figure 4.3 shows the difference between
Shewchuk (2008) and the proposed algorithm. White zone in Figure 4.3 shows the “interfering
zone” which contains the interfering panels. Obviously the proposed algorithm will have a

smaller “interfering zone” which result in less interfering panels than Shewchuk (2008).
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Figure 4.3 Last zone, Shewchuk (2008) vs. Proposed Algorithm

4.2.2 Experimental Design

A set of computational experiments was performed to establish the performance of both
the proposed panel stacking algorithm and Shewchuk (2008). Three sizes of residential home
design were investigated: small (<1500 sq.ft.), medium (1500-3000 sq.ft.) and large (>3000
sg.ft.) based on the size of the house. For each scenario, 5 problems were randomly chosen
from an online database (The Home Plan Group, 2009), giving fifteen problems with
rectangular building plans since Shewchuk (2008) can only solve rectangular building plans.

The computational experiments were performed for different panelization strategy. For
each problem, the corresponding set of panels were found by ‘breaking up’ walls one-at-a-time
into panels using different preferred panel length, 8 ft., 10 ft. & 12 ft., giving total 45 problems.
These can all be found in Appendix C. From there it can be seen if the panelization would
affect the performance of proposed algorithm.

Each problem was solved using both the proposed panel stacking algorithm and
Shewchuk (2008). Solutions were compared in terms of (a) total weighted panel move distance

and (b) the number of interfering panels left in the last zone.
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4.2.3 Results

Experimental results are presented in Table 4.1. The table compares total weighted
panel move distance and number of stacks of for both approaches. The cases are named in this
format: Sa-b. The first character S indicates the size of the problem (S: small cases, M: medium
cases, and L: large cases). The number a indicates the case number and number b indicates the
panelization parameter (1: preferred panel length is 8 ft., 2: preferred panel length is 10 ft., and 3:
preferred panel length is 12 ft.). For example, case M3-2 would be medium case 3 with
preferred panel length 10 ft.

In all cases, the proposed algorithm reduces both the total weighted panel move distance
and the number of interfering panels. In terms of solution speed, the proposed algorithm solved

each problem in less than one second.
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Table 4.1 Computational results for Proposed Algorithm vs. Shewchuk (2008)

Original Algorithm Improved Algorithm

Case p* s TWD® ft> ip*| ¢° TWD® ft> ip? IMP°, % IMP®, %
S1-1 31 4 1,336 8 5 1,299 6 3 25
S2-1 37 3 1,804 12 5 1,614 7 11 42
S3-1 29 4 1,612 6 5 1,535 4 5 33
S4-1 31 2 1,930 7 3 1,301 2 33 71
S5-1 27 2 1,522 7 4 1,296 4 15 43
S1-2 28 4 1,386 9 5 1,349 7 3 22
S2-2 33 3 1,793 11 5 1,677 6 6 45
S3-2 23 4 1,672 5 6 1,588 3 5 40
S4-2 26 2 1,909 6 3 1,409 2 26 67
S5-2 23 2 1,506 6 3 1,307 4 13 33
S1-3 24 4 1,316 9 5 1,298 7 1 22
S2-3 28 3 1,796 10 5 1,609 6 10 40
S3-3 20 4 1,594 3 6 1,529 2 4 33
S4-3 24 2 1,894 5 3 1,499 4 21 20
S5-3 23 2 1,498 6 3 1,260 4 16 33
M1-1 57 5 2,681 6 6 2,385 3 11 50
M2-1 69 6 4,411 3 6 3,481 0 21 100
M3-1 67 5 3,855 7 5 3,705 6 4 14
M4-1 78 8 4,469 4 9 3,321 0 26 100
M5-1 62 6 3,227 4 6 2,722 0 16 100
M1-2 49 5 2,678 7 6 2,441 4 9 43
M2-2 57 6 4,297 1 6 3,295 0 23 100
M3-2 47 5 3,678 5 5 3,529 4 4 20
M4-2 65 7 4,675 3 8 3,469 0 26 100
M5-2 52 5 3,321 4 5 2,843 0 14 100
M1-3 43 5 2,532 5 6 2,354 3 7 40
M2-3 47 5 4,752 1 4 3,484 0 27 100
M3-3 44 5 3,687 5 5 3,539 4 4 20
M4-3 58 7 4,398 2 8 3,475 0 21 100
M5-3 46 5 3,340 2 5 2,924 0 12 100
L1-1 114 13 9,022 5 13 5,402 3 40 40
L2-1 111 12 6,072 5 12 4,936 0 19 100
L3-1 108 10 8,769 7 10 6,253 3 29 57
L4-1 114 13 8,750 5 13 4,556 0 48 100
L5-1 111 13 9,033 5 13 6,633 3 27 40
L1-2 93 11 7,926 4 11 5,703 3 28 25
L2-2 85 11 5,973 4 11 4,922 0 18 100
L3-2 94 9 7,531 6 9 6,138 3 18 50
L4-2 90 12 7,130 4 13 5,123 0 28 100
L5-2 91 10 8,413 2 10 6,694 1 20 50
L1-3 82 10 8,431 4 10 6,168 3 27 25
L2-3 74 10 6,096 4 10 5,134 0 16 100
L3-3 72 8 6,921 5 9 6,094 2 12 60
L4-3 80 12 8,561 3 12 6,350 0 26 100
L5-3 81 10 8,232 3 9 6,476 1 21 67

1
2

p~: number of panels
s“: number of stacks

TWD?: total weighted panel move distance

ip*: number of interfering panels
IMP®: improvement on move distance, and IMP®: improvement on interfering panels
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In order to show the difference between the proposed algorithm and Shewchuk (2008),
please see the case S3-1 in Figure 4.4 which shows the building plan. Table 4.2 and 4.3 show
the solution from Shewchuk (2008) and the proposed algorithm, respectively. From the two
tables, we can see the proposed algorithm will have one zone more than Shewchuk (2008), just
like Figure 4.3, which result in less interfering panels. Also, the proposed algorithm has smaller

zone width and less panel move distance (239,606 in.> vs. 244,080 in.?).

| — 3 & S
@ Gy @
i @-} @H
B & & & &
@ o
@
5 5 5 5 &

Figure 4.4 Building plan
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Table 4.2 Solution from Shewchuk (2008)

** Stacking Plan
** File: example.stk

** Dropping Edge (1=North, 2=South, 3=East,4=West)

2

** # of zones
2

**zone left edge X coordinate
1 6.0
2 228.0

** # of Stacks
4

** stack flush

** # zone type edge  xloc
1 1 A RIGHT 1170

2 2 A RIGHT 344.0

3 2 B LEFT 3440

4 2 B LEFT 3440

** # of interfering panels
6: 222324252829

** weighted panel move distance
232151

yloc
48.0

48.0

90.0

90.0

#layers j #panels

6

~NoobhwNRFRPRODMONROODRWONNRDORWONE

PNONNRPRPRRPRPNPRPWRRPRPRRPRPREPRPRPRPRPEPRERPR

panels
9
10
14
15
16
1
11
12
13
6
7
8
2
17
1918 20
21
26 27
3
4
22
23
24 25
2829
5

orientation

[EEY
[EE

P WWWWWERrRWERrEFRPROWONDNMNDNMNDNMNDNMNNWEREREDNDDND
[N

Wk Ww
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Table 4.3 Solution from proposed algorithm

** Stacking Plan
** File: example.stk

** Dropping Edge (1=North, 2=South, 3=East,4=West)

2
** # of zones
3
**zone left edge X coordinate
1 6.0
2 210.0
3 258.0
** # of Stacks
5
** stack flush

** # zone type edge
1 1 A RIGHT

2 2 A RIGHT

3 2 B LEFT

4 3 A RIGHT

5 3 B LEFT

** # of interfering panels
4:2524 2322

xloc
102.0

351.0

351.0

369.0

369.0

** weighted panel move distance

220970

yloc #layers

48.0

48.0

90.0

48.0

90.0

6

i
1
2
3
4
5
6
1
2
1
2
3
4
5
6
1
2
3
4
1
2
3
4
5
6
7

#panels

RPRRPRPRPRRNONRRPPRPRORRRPRPRPRRERRERRERE

panels
9
10
14
15
16
1
11
12
2
3
4
17
1918 20
21
13
6
7
8
28 29
26 27

25
24
23
22

orientation

WWWWWRRENNNNNWRRPRWOWWRNNDWERERRERENN
e -
=
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4.2.4 Discussion of Results

Improvement was found in all cases. Improvement on panel move distance ranged from
1.35-47.93%, and improvement on interfering panels ranged from 20-100%. The computational
results indicate the proposed panel stacking algorithm performed better than Shewchuk (2008)
in all cases, because it provided less total weighted panel move distance and interfering panels.
It is not surprising that proposed algorithm will perform better in panel move distance since
zone width is optimized for each zone and from Figure 4.3 it can be seen the proposed algorithm
will have less interfering panels than Shewchuk (2008).

A summary is presented in Table 4.4. From the summary we can see that the proposed
algorithm can provide more improvement on panel move distance in large cases than small
cases. It is not surprising since the larger the problem, more zones it will have which results in
more improvement. In terms of the improvement on interfering panels, the proposed algorithm
can provide a slight more improvement in medium and large cases than small cases, it maybe
because there are more interfering panels in the last zone for medium and large cases.
Regarding the panelization strategy, we can see from the summary that the proposed algorithm
can provide more improvement if the preferred panel length 8 ft. is selected. When 8 ft. is
selected as the preferred panel length, it will result in more panels and smaller average panel
length which will possibly result in smaller zone width, and as a result, it will possibly result in
more improvement on both improvements on panel move distance and interfering panels. From
these computational results, we can see the proposed algorithm performs better in larger cases

with the preferred panel length 8 ft.
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Table 4.4 Summary for the computational results

Case Average improvement on | Average improvement

panel move distance, % |on interfering panels, %
Small - panelization 8ft 13.11 42.86
Small - panelization 10ft 10.72 41.53
Small - panelization 12ft 10.53 29.78
Medium - panelization 8ft 15.47 72.86
Medium - panelization 10ft 15.29 72.57
Medium - panelization 12ft 14.23 72.00
Large - panelization 8ft 3241 67.43
Large - panelization 10ft 22.54 65.00
Large - panelization 12ft 20.34 70.33

4.3 Improvement 2 — Solve for non-rectangular cases
4.3.1 Algorithm

When the building plan is non-rectangular, which Shewchuk (2008) could not solve, the
idea of the proposed algorithm is similar to Shewchuk (2008). First, zone width and unload
zone height will be calculated based on the algorithm described in chapter 4.2. Then each zone
will be examined: if the zone is rectangular, it will be the same as Shewchuk (2008), otherwise,
it will provide different solutions based on the shape of the zone and unload zone height.

The follows will show how the proposed algorithm perform for each situations (first
zone-type a, second zone-type a, second zone-type b, etc.)

1. First Zone (stack type a)

1.1 When the width of first zone is calculated like Figure 4.5 andH, + offset <H,-L,,,

Where Lmax = maximum panel length (inch), current stack

H, = maximum distance from the top edge of the building plan to the dropping edge

Stack 1a in the location as Figure 4.5 indicates. Calculate x coordinate Xstackia:
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Xstack,, =—-

Calculate y coordinate of stack la Ystackiaoig following Shewchuk (2008). Then now

Ystackianew= Ystackiaog +0ffset

IfH; + offset > H and H;  + offset <H, , we put stack la in the location as

Figure 4.6 indicates.
building plan building plan
zone 1 zone 1
T widhw, ¥ T widh w7 ¥

T H0 T Ho
rH1* H*1Iow

i stack 1A i stack 1A

? dropping edge ? dropping edge
off set offset /

v ¥ v ¥

Figure 4.5 Non-rectangular, Zone 1, casea  Figure 4.6 Non-rectangular, Zone 1, case b

Where H,, = unload zone height calculated based on lift activity L3 and L4 (Shewchuk et

al., 2009, Figure 4.7). L3 and L4 are two lift activities which will be used when the space is
limited, they are illustrated in Figure 4.7.

Activity Horizontal Panels Vertical Panels

L1 }JL'X U:[I I%esrnck
I T
L el )

L4 =

i

L0 1 1 [
n:n-@[[b@ﬂh
D-@@Eﬂﬂm

1 B9 & iy =t

Figure 4.7 Lift activity (Shewchuk et al., 2009)

L3
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Calculate X coordinate Xstackya:
Xstack,, = \%

Calculate y coordinate of stack la Ystackiaog following Shewchuk (2008). Then now

YstacklaneW: Ystacklaokj + Offset
IfH,,, + offset > H,, we put stack la in the location as Figure 4.8 indicates.

Calculate x coordinate Xstackia:
Xstack,, = Wy +W,
2

Calculate y coordinate of stack la Ystackiaelq following Shewchuk (2008). Then now

YStaCklan eW: Ystac klaold

building plan

zone 1

width W,

*

H;

4 ; dropping edge
offset 3 |
3 stack 1A RS

W zone 1

Figure 4.8 Non-rectangular, Zone 1, case ¢

1.2 When the width of first zone is calculated like Figure 4.9 and H, + offset < H,—L__

Stack 1a in the location as Figure 4.9 indicates. Calculate X coordinate Xstack,:
W
Xstack,, = ?1

Calculate y coordinate of stack la Ystackiaoig following Shewchuk (2008). Then now
Ystackianew= YStackiaog + Offset
IfH; + offset > H,—L _ and H,,, + offset <H,, stack la in the location as Figure

4.10 indicates.



building plan building plan

zone | zone 1

width 7, % width w, ¥
o — 5 - — x

i - a -
‘H 1* H*1 low %
offset offset

stack 1A stack 1A
. 2
dropping edge d\ropping edge

Figure 4.9 Non-rectangular, Zone 1, cased  Figure 4.10 Non-rectangular, Zone 1, case e

Calculate X coordinate Xstackia:
Xstack,, = Wy
2
Calculate y coordinate of stack 1a Ystackiqog following Shewchuk (2008). Then now

Ystackianew= Ystackiaoig + Offset

IfH’

llow

+ offset > H_, stack la in the location as Figure 4.11 indicates.

Calculate X coordinate Xstacka:
3
Xstack,, = Ewl

Calculate y coordinate of stack la Ystackiaoig following Shewchuk (2008). Then now
Ystackianew= YStackiaoq + Offset

Situation like Figure 4.12 is similar to situation 1.2.
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zone 1
width W,

building plan

il

stack 1A

’H1*
,,,,,,,,,,,, ‘
|

3
offset
v

dropping édge

width 7,

zone 1

4%

building plan
zone |
width W, ¥
stack 1A
o ] RS
offset
»®

dropping edge

Figure 4.11 Non-rectangular, Zone 1, case f Figure 4.12 Non-rectangular, Zone 1, case ¢

1.3 When the width of first zone is calculated like Figure 4.13:

building plan
zone 1 /
'H1*
stack 1A
dropping edge

Figure 4.13 Non-rectangular, Zone 1, case h

Stack 1a in the location as Figure 4.13 indicates. Calculate X coordinate Xstackis:

Xstack,,

_W

Calculate y coordinate of stack la Ystackiaog following Shewchuk (2008). Then now

Ystackianew= Ystackiaold
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2. Zonei > 1 (except last zone), stack type a

2.1 When the width of zone i is calculated like Figure 4.14 and H, + offset < H,-L__,

Stack ia in the location as Figure 4.14 indicates. Calculate X coordinate Xstacki,:
i—1
Xstack, = > W, +\%
j=1

Calculate y coordinate of stack ia Ystackiaoiq following Shewchuk (2008). Then now
YstacKianew= YStackiaqg + Offset

building plan building plan

zone i zone i

‘ width 7; ¥ T widthw, 7 ,

* *

—‘* 7y
Ho T Ho T dropping edge

H; H;
sl i) stack iA »
dropping edge
? pping edg T ?
offset ! offset
¥ _y 1
\dropping edge o
building plan building plan
zone i zone i /
width W; ’ width W, ¥
A

"

Ho T

%] ]

dropping edge

« T »
T

: ? dropping edge
| - :

! offset offset]
v | v ¥ vy i v ¥

L
<

Figure 4.14 Non-rectangular, Zone i-type A-case a

%

IfH + offset > H,-L__ and H,,, + offset <H, , stack ia in the location as Figure 4.15

indicates. Calculate X coordinate Xstackia:

i-1 W.
Xstack, = > "W, +7'
j=1
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building plan building plan
i / zone i
zone i Z
width ; ’ width W; ¥
% 3
Ho T Ho *T dropping edge
H*/'lo H iIoW: /
stack iA stack iA »
T dropping edge | T ?
offset offset
v v ¥ vy
\dropping edge o
building plan building plan
zone i zone i /
width 7, ’ } . width W; ’ ¥
I I
H*ilo H ilow]
L I |
’—ﬁ dropping edge Lo — dropping edge
offset = offset
| ¥ ¥ v - v i ¥

Figure 4.15 Non-rectangular, Zone i-type A-case b

Calculate y coordinate of stack ia Ystackiaoig following Shewchuk (2008). Then now
Ystackianew= Ystackiaoiq + Offset

IfH, , + offset > H,, stack ia in the location as Figure 4.16 indicates.

Calculate X coordinate Xstackia:
Xstack,, = ;lele +% +W,

Calculate y coordinate of stack ia Ystackiaoig following Shewchuk (2008). Then now

Ystackianew= Ystackiaoid
If a location like Figure 4.16 could not be found, stack ia in the location as Figure 4.17

indicates. Calculate X coordinate Xstackia:

i-1
Xstack, = > W, +\%
=1
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building plan building plan
zone i / ,
T widh w7 e Zomel |
— ‘ » width ; ¥
Ho I Ho I
i * 3 o« Wy
H; ! 'H,*

I 2 stack .

zone i - zone i

dropping edge width ; dropping edge width i,
building plan
zone i /
T width " ¥

<7W0—>i
s

offset

i

'H,* |

|

/ zone i
dropping edge }‘7width W;

Figure 4.16 Non-rectangular, Zone i-type A- case ¢

zone i

E1: exterior panels

Ho T
H*

stack iA

building plan

/

? dropping edge
offset /
v ¥

Figure 4.17 Non-rectangular, Zone i-type A-case d
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Calculate y coordinate of stack ia Ystackiaig following Shewchuk (2008). Then now
In this situation, stack ia will only contain the exterior panels E1.

Situation like Figure 4.18 is similar to situation 2.1

building plan
zone i
width 7; ’
Ho T |
‘ stack iA ‘
T ‘ T | dropping edge
offset
L i ¥

Figure 4.18 Non-rectangular, Zone i-type A-case e

2.2 When the width of zone i is calculated like Figure 4.19:

building plan
zone i /
width W; ’
He o —
| stack 1A ; |
\dropping edge

Figure 4.19 Non-rectangular, Zone i-type A-case f

Stack ia in the location as Figure 4.19 indicates. Calculate x coordinate Xstackia:
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i-1
Xstack,, = > "W, +V%
-1

Calculate y coordinate of stack ia Ystackiaeiq following Shewchuk (2008). Then now
YStaCkianeW: YStaCkiaold

3. Zonei > 1 (except last zone), stack type b

3.1 When the width of zone i is calculated like Figure 4.20:

building plan

zone i-1 zone i /
width W, ' width 7; ' ‘

? dropping edge
offset | /
¥
building plan
zone i-1 zone i //
Cwidth w, T width T %
| |
f | dropping edge
offset | /
v | ¥

Figure 4.20 Non-rectangular, Zone i-type B-case a

Stack ib in the location as Figure 4.20 indicates. Calculate X coordinate Xstackiy:



i-1 W
Xstack,, = > W, +?'
=1

Calculate y coordinate of stack ib Ystackipog following Shewchuk (2008). Then now
Ystackipnew= YStackinog + Offset
3.2 When the width of zone i is calculated like Figure 4.21:

building plan
zone i-1 zone i
“widthwi, T width w7 %
f | dropping edge
offset
¥
building plan

zone i-/ zone i
width W, width W; ’ ’

f | dropping edge
offset
o v ¥

building plan

zone i-1 zone i
“width W,”.‘ width 7, > ¥

f dropping edge
offset

Y

Figure 4.21 Non-rectangular, Zone i-type B-case b

Stack ib in the location as Figure 4.21 indicates. Calculate X coordinate Xstackiy:



i—1 W
Xstack,, = > W, +—-
=1 2
Calculate y coordinate of stack ib Ystackipog following Shewchuk (2008). Then now
Ystackipnew= YStackinog + Offset

3.3 When the width of zone i is calculated like Figure 4.22:

building plan
zone i-1 zone i
“widthw, T widthw, ¥

Figure 4.22 Non-rectangular, Zone i-type B-case ¢

Stack ib in the location as Figure 4.22 indicates. Calculate X coordinate Xstackiy:
Xstack,, = ;Z_?Wj +V%

Calculate y coordinate of stack ib Ystackipeg following Shewchuk (2008). Then now
Ystackipnew= YstacKipold

3.4 When the width of zone i is calculated like Figure 4.23:
Stack ib in the location as Figure 4.23 indicates. Calculate X coordinate Xstackiy:
Xstack;, = gwj +\%
Calculate y coordinate of stack ib Ystackipog following Shewchuk (2008). Then now

Ystackipnew= Ystackipold
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building plan

zone i-1 zone i
" width Wiy "‘ width W, " ¥

T
| | ¥

Figure 4.23 Non-rectangular, Zone i-type B-case d

4. Zone i >1 (last zone), stack type a

4.1 When the width of first zone is calculated like Figure 4.24 and H, + offset < H,-L

max

building plan )
zone i

o [© widhw, "

H*
i stack i4
, )
dropping edge | offset
“« Ls >

Figure 4.24 Non-rectangular, Last Zone-type A-case a
Stack ia in the location as Figure 4.24 indicates. Calculate X coordinate Xstacki,:
W.
Xstack,, = L, —7'

Where Lg s the total building length.
Calculate y coordinate of stack ib Ystackiaog following Shewchuk (2008). Then now

Ystackianew= Ystackisoq + offset
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*

IfH; + offset > H, - L, and H,, + offset <H,, we put stack ia in the location as

ilow
Figure 4.25 indicates.
Calculate X coordinate Xstackia:
Xstack,, = L, W
2
Calculate y coordinate of stack ib Ystackiaoq following Shewchuk (2008). Then now

Ystackianew= Ystackiioq + offset

If H,

ilow

+ offset > H,, we still put stack ia in the location as Figure 4.25 indicates. But

stack ia will only contain those exterior panels like shown in Figure 4.26.

zone i

building plan
S widhw,

\‘

i .

H ilow§
dropping i stack iA
edge f
offset
< v
PR o .

Figure 4.25 Non-rectangular, Last Zone-type A-case b

building plan .
zone i
M width W,
4
I
exterior panels
,Hi*
Ho
stack i4
£
offset
«
dropping edge

Figure 4.26 Non-rectangular, Last Zone-type A-case C
54



4.2 'When the width of first zone is calculated like Figure 4.27,
Stack ia in the location as Figure 4.27 indicates. Calculate x coordinate Xstacki,:
Xstack,, = L, —\%
Where Lg is the total building length.
Calculate y coordinate of stack ib Ystackisog following Shewchuk (2008). Then now

YstackianeW: YStaCklaold

building plan _
| zone i
\ T widthw, "

\ i 3 stack i4
S L Ls >

Figure 4.27 Non-rectangular, Last Zone-type A-case d

5. Last Zone, stack type b

It will be discussed in section 4.4.1.

4.3.2 Experimental Design
A set of computational experiments was performed to establish the performance of the
proposed panel stacking algorithm, as compared with commercial software and an experienced
panel designer. For commercial software we chose IntelliBuild 2.4.8.4, which was developed
by Truswal Systems and Intelligent Building Systems and widely used in the industry. We also
chose a panel designer, who has 8 years experience in generating panel stacking plan, to solve
all the problems manually. Three sizes of residential home design were investigated: small
(<1500 sq.ft.), medium (1500-3000 sq.ft.) and large (>3000 sg.ft.) based on the size of the house.
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For each scenario, 5 problems were randomly chosen from an online database (The Home Plan
Group, 2009), giving fifteen problems with non-rectangular building plans.

The computational experiments were performed using different panelization strategy.
For each problem, the corresponding sets of panels were found by ‘breaking up’ walls one-at-a-
time into panels using different preferred panel length: 8 ft., 10 ft. & 12 ft., giving total 45
problems. These can all be found in Appendix D. From there we can see if the panelization
would affect the performance of the proposed algorithm.

Each problem was solved using the proposed panel stacking algorithm, IntelliBuild, and
the panel designer. Solutions were compared in terms of (a) total weighted panel move distance
and (b) the percentage of panels for which connectivity is maintained (when panels are installed
in the order they appear in the stack). Since solutions from IntelliBuild and the panel designer
did not provide stack drop-off locations, we assumed the best case possible and used an iterative
algorithm (Appendix A) to calculate stack drop-off locations to minimize total weighted panel
move distance. Note that as interference was not checked here, problems can occur when panels
are unloaded from their stacks. By contrast, the proposed approach guarantees no such

interference will occur when panels are unloaded.

4.3.3 Results

Experimental results are presented in Table 4.5. The table compares total weighted
panel move distance and connectivity for all approaches. The cases are named in this format:
Sa-b. The first character S indicates the size of the problem (S: small cases, M: medium cases,
and L: large cases). The number a indicates the case number and number b indicates the
panelization parameter (1: preferred panel length is 8 ft., 2: preferred panel length is 10 ft., and 3:
preferred panel length is 12 ft.). For example, case M3-2 would be medium case 3 with
preferred panel length 10 ft. In terms of solution speed, the proposed algorithm solved each

problem in less than one second.
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Table 4.5 Computational results for Proposed Algorithm vs. IntelliBuild vs. Panel

Designer
Panel Designer IntelliBuild Proposed Algorithm
Case ol | TWD?, C*, @ TWDS ft2 c’, & TWD?, C* INC”INC®,
P ft> % S ft2 % % %
S1-1 28 3 1,967 82 | 3 1,910 89 | 5 1,548 100 27 23
S2-1 27 3 1,353 81 | 3 1,504 89 | 3 1,308 100 3 15
S3-1 30 4 1,478 80 | 3 1,814 73 | 5 1,311 100 13 38
S4-1 31 4 1,480 80 | 3 1,920 84 | 3 1,313 100 13 46
S5-1 36 4 1,642 72 | 4 1,657 86 | 3 1,629 100 1 2
S1-2 23 3 1,999 87 | 3 1,915 87 | 5 1,602 100 25 20
S2-2 23 3 1,346 74 | 3 1,430 89 | 3 1,319 100 2 8
S3-2 27 3 1,652 74 | 3 1,825 81| 5 1,361 100 21 34
S4-2 25 3 1,699 80 | 3 1,910 84 | 3 1,422 100 20 34
S5-2 33 4 1,470 73 | 4 1,731 79 | 3 1,467 100 0 18
S1-3 20 3 1,948 80 | 3 1,996 85 | 5 1,543 100 26 29
S2-3 23 3 1,398 70 | 3 1,414 89 | 3 1,272 100 10 11
S3-3 24 3 1,643 71 | 3 1,647 75| 5 1,310 100 25 26
S4-3 24 3 1,568 79 | 3 1,884 83 | 3 1,513 100 4 25
S5-3 30 3 1,459 77 | 3 1,732 83 | 3 1,457 100 0 19
M1-1 66 6 2,588 70 | 5 2,242 83| 5 2,225 100 16 1
M2-1 61 7 3,212 80 | 5 3,432 87 | 6 2,747 100 17 25
M3-1 56 7 2,962 84 | 5 3,137 88 | 6 2,407 100 23 30
M4-1 7 9 4,452 83 | 6 7,917 91 | 9 3,351 100 33 136
M5-1 68 8 2,482 79 | 6 4,512 87 | 6 2,551 100 -3 77
M1-2 46 5 2,800 78 | 5 2,690 85 | 5 2,450 100 14 10
M2-2 51 6 3,845 84 | 5 4,431 84 | 5 2,869 100 34 54
M3-2 49 6 2,431 84 | 5 3,268 86 | 6 2,427 100 0 35
M4-2 64 8 5,533 78 | 6 6,890 89 | 8 3,501 100 58 97
M5-2 59 7 2,667 83 | 5 4,502 86 | 6 2,631 100 1 71
M1-3 43 5 2,382 74 | 5 3,263 88 | 5 2,376 100 0 37
M2-3 45 6 4,027 76 | 5 4,804 84 | 5 2,951 100 36 63
M3-3 43 6 2,399 81 | 5 3,615 86 | 6 2,376 100 1 52
M4-3 57 8 5,230 81 | 5 6,427 89 | 8 3,506 100 49 83
M5-3 47 6 3,307 79 | 5 5,405 87 | 4 3,258 100 1 66
L1-1 107 | 11 6,157 82 | 8 6,459 86 | 9 6,102 100 1 6
L2-1 112 | 13 8,529 83 | 9 10,438 86 | 11 4,597 100 86 127
L3-1 113 | 13 6,696 81 | 9 9,567 87 | 13 5451 100 23 76
L4-1 110 | 12 10,543 83 | 9 13,019 87 | 13 6,693 100 58 95
L5-1 110 | 12 7,252 82 | 8 8,280 87 | 12 4981 100 46 66
L1-2 90 11 6,452 79 | 8 7,033 86 | 9 6,194 100 4 14
L2-2 91 10 8,014 84 | 8 11,230 89 | 10 5,169 100 55 117
L3-2 93 11 6,291 81 | 8 10,222 89 | 11 5755 100 9 78
L4-2 87 10 11,077 80 | 8 15,468 87 | 12 6,755 100 64 129
L5-2 84 10 8,162 77 | 8 7,703 88 | 11 4,967 100 64 55
L1-3 71 9 6,260 7|7 6,855 87 | 9 6,149 100 2 11
L2-3 82 9 8,928 78 | 7 12,620 88 | 9 6,408 100 39 97
L3-3 81 9 8,025 81 | 7 11,079 86 | 10 6,224 100 29 78
L4-3 74 10 10,788 777 14,759 88 | 12 6,535 100 65 126
L5-3 73 10 6,496 79 |7 11,423 82 | 10 5181 100 25 121

p™: number of panels

s% number of stacks

TWD?: total weighted panel move distance

C* connectivity

INC®: increase on the TWD* by panel designer, and INC®: increase on the TWD* by IntelliBuild



In order to show the difference between the panel designer, IntelliBuild, and the
proposed algorithm, please see the case S4-1 in Figure 4.28 which shows the building plan.
Figure 4.29, 4.30 and 4.31 show the solution from panel designer (4 stacks), IntelliBuild (3
stacks), and the proposed algorithm (3 stacks), respectively. Panel designer mainly makes the

stacking efficiently and stable (no block will be used).
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Figure 4.28 Building plan
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Figure 4.29 Stacking Solution from Panel designer
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Figure 4.30 Stacking solution from IntelliBuild
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Figure 4.31 Stacking solution from the proposed algorithm




In order to show the impact on panel move distance and non-connecting panels by
different stacking solutions, we show the panelization plan with the panels labeled by build
sequence for each approach in Figure 4.32, 4.33 and 4.34. From these figures, we can see the

panel designer and IntelliBuild results in more non-connecting panels.
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Figure 4.32 Solution of Panel designer (by build sequence)
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Figure 4.33 Solution of IntelliBuild (by build sequence)
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Figure 4.34 Solution of the proposed algorithm (by build sequence)

4.3.4 Discussion of Results
There were improvements in all cases except one for panel move distance, M5-1: panel
designer (357,366) vs. proposed algorithm (367,284) with 2 less stack. When compared to the
proposed algorithm, total weighted panel move distance increased 0.10-85.52% and 0.77-
136.23%, respectively, for the panel designer and IntelliBuild. While connectivity was 100%
for all cases with the proposed algorithm (the algorithm ensures connectivity is always
maintained), it ranged from 69.56-86.95% and 73.33-90.91%, however, for the panel designer
and IntelliBuild respectively. Finally, it is seen that typically IntelliBuild resulted in the least
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quantity of stacks, panel designer and the proposed approach resulted in the same quantity of
stacks for medium and large cases.

The computational results indicate the proposed panel stacking algorithm can decrease
the amount of material handling workers must perform in erecting panelized structures.
Additionally, it will always guarantee connectivity and reduce the amount of additional work
required when panels are installed in the given stack order (as indicated by the connectivity
values). Plus it can avoid interference problems which was not addressed in Panel designer or
commercial software.

A summary is presented in Table 4.6. From the summary it can be seen that the
proposed algorithm can provide more improvement on panel move distance in large cases than
small cases. It is not surprising since large cases will have more panels, shorter average panel
length, and more zones. IntelliBuild tends to have more material handling work since it
typically results in least quantity of stacks.

In terms of the panelization strategy, the effect was mixed. When compared to panel
designer in large cases, the proposed algorithm can provide more improvement if the preferred
panel length 8 ft. is selected. The possible reason could be that it would result in more panels
and shorter average panel length. While for small and medium cases, the computational results
indicated 10 ft. preferred panel length can provide more improvement. From the value of panel
move distance, we can see that 8 ft. preferred panel length would result in better solutions, but
the panel designer provided relatively worse solutions for 10 ft. preferred panel length which
resulted in better improvement. So it can be concluded that the proposed algorithm performs

better in larger cases with the preferred panel length 8 ft. selected.
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Table 4.6 Summary for the computational results

Average increase on panel | Average increase on
Case move distance by panel |panel move distance by
designer, % IntelliBuild, %
Small - panelization 8ft 11 25
Small - panelization 10ft 14 23
Small - panelization 12ft 13 22
Medium - panelization 8ft 17 54
Medium - panelization 10ft 22 53
Medium - panelization 12ft 18 60
Large - panelization 8ft 42 74
Large - panelization 10ft 39 79
Large - panelization 12ft 32 87

4.4 Improvement 3 — Solve for interfering panels
The third improvement is that the proposed algorithm specifies how to handle the
interfering panels in the last zone. First, following building direction, install any panels
directly (lifting, moving, and erecting, etc.) as long as there is no interference. Then for
those panels which do have interference, a place is found to put them and then install them
directly.
The algorithm is as follows:
4.4.1 Algorithm
Last Zone (stack type b)
1.1 When the width of last zone is calculated like Figure 4.35:

Stack 1a in the location as Figure 4.36 indicates.

Step 1: Install the exterior panels along edge E1;

Step 2: Install some panels directly as long as it does not have any interference.
After step 2 is completed, we define 2 corners (C1& C2) as Figure 4.36.

66



Step 3: The panels left are interfering panels. If an interference situation is not detected
as Figure 4.37, we lean these panels against the corner C1 as Figure 4.38. Then
install the interfering panels. Otherwise, go to step 4.

Step 4: Check corner C2. If no similar interference like step 3 exists, these panels are
leaned against the corner C2, then install these panels. Otherwise, go to step 5.

Step 5: Install panel a and b, then lean other panels against the corner C1. Install the

interfering panels.

i Buildin j ildi
zone i g zone | building
}‘iwidth w, " plan « width 7; ’ plan

T ”””””””””””””” r'g | .

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

dropping dropping
W o
§ AN Cl
A l - A

< Ly ———————— b < L —————————»
Figure 4.35 Last zone, type B-case a Figure 4.36 Last zone, type B-case b
zone i building plan
—— . Ll
width W; /
C— building plan
rHi* ,,,,,,,, interfering panels
[ A in step 3
Dropping |
edge i I
§ b—» | |p
i 3 o’ @
\
D Lg W

Figure 4.37 Last zone, type B-case ¢
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The benefits putting the interfering panels like Figure 4.38 include:

a) Avoid the interference situation shown in Figure 4.39 since |, <1, .

b) The rule is simple as all the interference panels will be handled in the same way.

zone i g
}47“& dhw building
! plan
T ir ””””””””””””””” A

‘H* interfering
' panels

dropping ‘ -

edge | /
edee B 4 ;_‘ i

o

zone i building plan
width 7, ’J‘

dropping |

C— building plan

interfering
panels in step 3

,,,,,,,,

edge

/:::/ ‘ ][

7
L
Y

“ !

S —

Figure 4.38 Last zone, type B-case d

Calculate x coordinate Xstackip:

Figure 4.39 Last zone, type B-case e

W,
Xstack, = L —?'

Calculate y coordinate of stack ia Ystackiaoiq following Shewchuk (2008). Then now

Ystackipnew= YStacKipord + LS * \/54

Where Lg is the total building length,

Ls is the maximum interfering panel length.

1.2 When the width of zone i is calculated like Figure 4.40:
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Figure 4.40 Last zone, type B-case f
Situation 1.2 is similar to situation 1.1 except

1.3 When the width of zone i is calculated like Figure 4.41:

zone i building plan
width : /

*x
H . .
| interfering panels
/
1 S
dropping edge
\\A ¥ exterior El 5
e La > offset

.

Figure 4.41 Last zone, type B-case g
Situation 1.3 is similar to situation 1.1 except

Ystackianew= Ystackiaoiq + offset + L * \/54



1.4 When the width of zone i is calculated like Figure 4.42:

zone i building plan
kiwidth w, " e

¢

interfering panels

l =
|
T

D

dropping edge

Figure 4.42 Last zone, type B-case h
Situation 1.4 is similar to situation 1.1 except

Ystackianew= Ystackiaoig + offset + L, *‘/54
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4.4.2 Experimental results

The panelization problems described in section 4.3.2 and presented in Appendix D were
studied using the proposed algorithm, the proposed algorithm was found to be able to solve the
interfering panels left in the last stack for these experiments. It could provide a place for
workers to put down interfering panels first and then install these panels. The most common
case was picked to show as an example. The building plan is in Figure 4.43. The proposed
algorithm specified that panel 25, 26 and 31 are interfering panels. When all the other panels
are completed, only panel 25, 26, and 31 are left as interfering panels. According to the
proposed algorithm, move panel 31 and 26 to the corner C1. At this time, the bottom panel is
panel 25, just like Figure 4.44. Then panel 25 can be completed directly like Figure 4.45. The
next step, panel 26 can be completed like Figure 4.46. Last step, panel 31 can be completed like
Figure 4.47.

il
(o
H

Figure 4.43 Example-interfering panels
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Figure 4.44 Example-move interfering panels
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Figure 4.45 Example-install interfering panels-1
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Figure 4.46 Example-install interfering panels-2
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Figure 4.47 Example-install interfering panels-3

Panel 31 needs to be rotated first, so either don’t fix panel 25 until after rotation or break panel

31 into two small panels during panelization.
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Chapter 5 Worker Assignment in Residential Construction Using

Prefabricated Panels

Abstract

A current trend in residential construction is the use of prefabricated wall panels. This
chapter proposes an approach which specifies how to handle each panel in advance: how many
and which workers should be assigned to each panel, etc. Mathematical models of the
corresponding worker assignment problems were developed, where the goal was to minimize
total project completion time (subject to worker quantity constraints) and try to assign tasks to
workers as evenly as possible. The mathematical models were very difficult to solve large size
problems, so a heuristic was developed to solve the worker assignment problem when the panel
stacking plan was generated by the proposed algorithm described in Chapter 4. Meanwhile a
simple mathematical model was developed to test the performance of the heuristic. The solution
of such problems can help panel designers generate better construction plans.

5.1 Introduction

Construction accidents often lead to project delays. However, in practice, construction
safety and schedule control are often managed separately (Wang et al. 2006). But designers can
positively influence construction site safety by integrating safety considerations into the design
process (Gambatese et al. 1999). Prior research efforts aimed at construction safety have
seldom considered safety planning at the design stage. Our goal is to address safety from the
design stage because integration of safety and human factors into the design phase is a vital
necessity (Fadier et al. 2006).

This chapter presents an approach to generate a plan of construction activity and worker
assignment, showing the schedule of construction tasks and by whom. The construction
schedule is very important to the whole project: a field study of mechanical installation work
has shown that over 50% of the total time observed on construction sites is non-value-adding
time in the categories of interruption, disturbance, communication and preparation (Vedder et al.
2005). A good construction schedule can reduce non-value-adding time in construction and

improve efficiency.
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A finite set of construction tasks can be identified via laboratory-based experiments. All
the parameters, like ergonomic risk and task time with different quantity of workers, are
assumed available. Additional assumptions are as follows: (i) all workers are considered
identical, (ii) task time and ergonomic risk are deterministic, (iii) there are no defective panels
during the construction, (iv) setup time for all tasks is not considered, and (v) all construction
tasks will be completed successively without rework.

5.2 Problem Formulation

The problem may be formulated as follows. There is a set of N prefabricated wall panels
to be assembled by workers. The set of workers is denoted W, W={W1,W5,....Wn}. Each panel i
is defined as a job and consists of a sequence of J; tasks Oi1, Oi,...Ojji: all tasks have to be
performed to complete a job. The construction of each task j of a job i (noted Oj) requires at
least Q;; number of workers, takes Tij time units to complete, and has Rjjx ergonomic impact on
workers when k workers are utilized. For any panel, some tasks may be sequential and thus
handled by same workers. We use breakpoint Bj; to denote this. To minimize the maximum
ergonomic impact of workers, we should assign the tasks to workers as evenly as possible.

The problem is thus to both determine an assignment and a sequence of the tasks on all
workers that minimizes total project completion time and distributes all the tasks to workers as
evenly as possible with the consideration of ergonomic risk. Minimizing completion time is
assumed most important and that is our objective function. We decompose the original problem
into two sequential problems. The first step (Model 1) is to determine how many workers are
needed to perform each task under the objective of minimizing total project completion time.
The solution from Model 1 would be input parameters for second step (Model 2). Model 2
solves the worker assignment problems, which then assigns all the tasks to workers evenly with
the consideration of ergonomic impact. Since all workers are considered identical, so the
solution from Model 2 is optimal to Model 1.

We formulate the problem as a mixed-integer linear program (MILP), using binary
variables that establish the assignments of jobs on workers and continuous variables that decide

the time a task is finished.
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Sets

Jobs

Tasks
Workers
Parameters
Qij

Tijk

Ji

Bij

H

S
Variables
Xijk

Sijp.a

Eijpa

Oijp.ak

Ziyj
C

set of panels (1, 2, 3.....N)
set of tasks (1, 2, 3,4 ....J)
set of workers (1,2 ....M)

the minimum number of workers needed to execute panel i task |

the time needed to execute panel i task j with k workers

the number of tasks of panel i

the breakpoint (if the first and second tasks of panel i are required to be
sequential, then B; =0, Bj,=1)

a big positive number

a small positive number

Xijk =1 if panel i, task j performed by k workers, 0 otherwise.
Sijpg =1 if the start time of panel p, task g is earlier than the completion time of
panel i task j, 0 otherwise.
Eijpq =1 if the completion time of panel p, task q is not earlier than the
completion time of panel i task j, 0 otherwise.
Oijpak =1 if panel i task j, panel p task g has already been started but not yet
completed and panel p task q is performed by k workers, 0 otherwise.

completion time of panel i, task j.

total project completion time. C=max {Zij , 1eJobs, j e Tasks}

Mathematical Model 1

Subject to

Min C (1)
Z, 2 Y Ty Xy o Vi€Jdobs )
' keWor ker s h -
Zii- Y TaXiyx 2Zy, Vi€dobs Vj=2,..J ()

keWor ker s
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Zi,l - z Ti,l,kXi,l,k 2 Zi—l,l vi=2,..,N (4)

keWor ker s

Zi,j[i] B z Ti,J[i],kXi,J[i],k 2 Zi—l,J[i—l]- z Ti—l,J[i—l],kXi—l,J[i—l],k Vi=2, ., N (5)

keWor ker s keWor ker s
> KX = Q, VYi€Jobs, VjeTasks (6)
keWor ker s
> Xyx=1 Vi€Jobs, VjeTask (7)
keWor ker s

Oipak < Xpq  Vip€Jobs,VjgeTasks, VksWorkers (8)

(1-Ej, H+Z,, 2Z; VipcJlobsandi=p, Vjg<cTasks (9)
Z,,-EijpqH <Z;;-S Vi,p€Jobsandi =p, Vj,q€Tasks (10)
Z,,- k WZ‘; ToakXpax SZij - S+ (1-S;,4)H  VipeJobsandi=p, VjgeTasks (11)
Z,y- k zk Tk Xpak = Zij - SijpgH VipeJdobsandi =, VjqeTasks (12)
eWor ker s

EiipatSipg < 1+ D O,q YipEJobsandi=p, VjgeTasks (13)

keWor ker s
Eipa = 2, Oijpax Vip€Jobsandi =p, Vj,q€Tasks (14)
keWorker s
Supa = 2. Oipax Vip€Jobsandi =, VjqeTasks (15)
keWor ker s

DKKu+ D D D KOS M Vielobsandi=p, Vj€Tasks  (16)

keWorkers peJobs geTasks keWorkers

Z,,=Z,at D TuXye  Vi€dobs, Vj=2,..J andBijjz=0 (17)

keWor ker s
C 2 Ziji (18)

Objective function (1) minimizes total project completion time. Constraints (2) ensures

all tasks start from time 0. Constraints (3) and (4) are precedence constraints. Due to the nature
of construction activities, constraint (3) ensures for each panel, the subsequent task cannot be

started unless the preceding task has been already completed. Constraint (4) forces the
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subsequent panel cannot be started (lifting) unless the preceding panel has been already started
(moved from the stack). Constraints (5) is a construction sequence constraints: according to the
construction sequence, the final task (attaching the panel to a connected and completed panel) of
preceding panel should precede that of subsequent panel. Constraints (6) forces the construction
of task j of job i requires at least Q;; workers. Constraint (7) forces only k workers are assigned
to job i task j. Constraint (8)-(15) force the logical relationship between variables Sijpq, Eijp.g,
Oijp.ak and Zjj which maintain the definition of these variables. Constraint (16) ensures, at any
time, number of workers assigned to tasks should not be greater than M. Constraints (17)
ensures for each panel, some tasks should be sequential and handled by same workers.
Constraints (18) determines total project completion time based on the last completed task.

The solution of Model 1 (Xjjx) tells us how many workers are needed to perform each
task under the objective of minimizing the total project completion time. And it will be input

parameters for Model 2.

Addition Parameters for Model 2

Xijik the solutions from Model 1

Rijk the ergonomic impact of panel i task j with k workers

Additional Variables for Model 2

Wik Wijx =1 if panel i, task j is performed by worker k, 0 otherwise.

Yijpg Yijpq=I if panel i, task j precedes panel p, task q (where panel i, task j, panel p

and task q are performed by the same worker), 0 otherwise.

ik

Maxrisk Maxrisk:max{ z Z W. R k eWOrkerS} : total ergonomic impact for

ieJobs jeTasks

the busiest worker.

ijk g

Minrisk Maxrisk:min{ z z W.. R, k eWOrkerS} : total ergonomic impact for

ieJobs jeTasks

the least-busy worker.
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Mathematical Model 2

Min maxrisk — minrisk (1)
Subject to
> W, = >, kX;;, Vi€Jobs, Vj€Tasks (2)
keWor ker s keWor ker s
Z,, - Z;+HQA-Y, ) +HQ-W,;, ) +HA-W, ) =T,

Vi,p€Jobsand i=p, Vj,q€Tasks and j=q, ¥ k€ Workers (3)
Zy -2y +HY, F HEL-W,, ) +HL-W, ) 2T,

iLj.p.g

Vi,p€Jobs and i=p, Vj,q€ Tasks and j=q, ¥V k€ Workers (4)

> > W, R; = Minrisk ¥ ke Workers (5)
ieJobs jeTasks " ’
DD W Ry < Maxrisk ¥ ke Workers (6)
ieJobs jeTasks v ’

Wi,j—l,k SWi,j,k

Vieobs, Vj=2,.,J;, VkeWorkers, Bijjz=0and > kX, < > kX, (7)

keWor ker s keWor ker s

Wi gk 2W

i1k =

Vieobs, Vj=2,.,J;, VkeWorkers, Bijjz=0and > kX, > > kX, (8)

keWor ker s keWor ker s
Obijective function (1) minimizes the workload difference between workers. Constraint
(2) forces that the number of workers assigned to all the tasks will match the results from Model
1. Constraints (3), (4) ensure any worker cannot perform multiple tasks simultaneously. So
either constraint (3) or constraint (4) must hold. Constraints (5), (6) calculate the ergonomic
impact of the most and least busy worker. Constraints (7), (8) are breakpoint constraints which
ensure for each panel, some tasks should be sequential and handled by same workers.

The solution of Model 2 (W;;) tells us the worker assignment.
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5.3 Results

If we consider the construction tasks as jobs and the workers as machines, construction
scheduling closely resembles job shop scheduling, where a set of jobs must be processed on a
set of machines and each job can visit different machines and in a different order. Job shop
scheduling problems are generally NP-complete, which means that nowadays there is still no
polynomial-time algorithm being able to solve the problems optimally (Cheng et al. 2009).
Similarly deterministic project scheduling for construction projects is difficult too (Ahuja et al.
2004).

The MILP (generally NP-hard problems) models we present cannot solve large size
problems optimally. To test the model performance, the above two mathematical models were
implemented. The programs were coded using the AMPL programming language (Fourer et al.
2003) and run using CPLEX optimization software (ILOG, Inc., Mountain View, CA), version
9.0 with default settings. An Intel(R) Xeon(TM) CPU 3.60 GHz with 3.25GB of RAM and
Windows XP professional operating system was employed.

Of the above two models, the first one is very hard to solve. We have tested a few cases
and found that the maximum size of problem that we can solve optimally is 6 panels (each of
which has 5 tasks) and 3 workers (first model: computation time is 15561.1 seconds) or 5 panels
(each of which has 5 tasks) and 4 workers (first model: computation time is 19133.5 seconds).
Any larger size problem is essentially intractable.

A problem of 5 panels (each of which has 5 tasks) and 4 workers is presented as the

example. The parameters are as shown in Table 5.1.
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Table 5.1 Input parameters for the example problem

Parameter Q;;

j

i 1 2 3 4 5
1 2 2 1 2 2
2 1 2 1 2 2
3 2 3 1 1 2
4 2 2 1 2 3
5 1 2 1 2 2
Parameter T
i ] | 2 3 4 5
15 18 15 18 15 k=1
. 12 14 11 15 14 2
12 11 11 14 12 3
12 10 10 12 12 4
15 18 16 17 15 | k=1
) 14 12 14 15 14 2
13 11 13 11 11 3
12 10 10 10 11 4
15 18 16 18 15 | k=1
3 11 13 11 15 14 2
11 11 11 12 12 3
10 10 10 12 12 4
15 18 15 18 15 | k=1
) 12 14 11 15 14 2
12 11 11 13 12 3
12 10 10 12 12 4
15 20 15 18 15 | k=1
5 12 14 11 14 14 2
12 13 11 13 12 3
12 10 10 12 12 4
Parameter B;;
i ] | 2 3 4 5
1 0 0 1 0 1
2 0 1 1 1 1
3 0 1 1 0 1
4 0 0 1 0 1
5 0 0 1 1 1
Parameter H 1000
Parameter S 0.5
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The above performance parameters are assumed reasonably-accurate predictions
generated from laboratory-based experiments. The results generated from the Model 1 are as

shown in Table 5.2.

Table 5.2 Output from Model 1 for the example problem

Xi,i,k
i ] | 2 3 4 5

0 0 0 0 0 k=1

. 0 0 1 1 1 2
0 1 0 0 0 3
1 0 0 0 0 4
1 0 1 0 0 k=1

5 0 1 0 0 1 2
0 0 0 1 0 3
0 0 0 0 0 4
0 0 0 1 0 k=1

3 1 0 1 0 1 2
0 1 0 0 0 3
0 0 0 0 0 4
0 0 1 0 0 k=1

4 1 1 0 1 0 2
0 0 0 0 0 3
0 0 0 0 1 4
1 0 0 0 0 k=1

s 0 1 1 1 0 2
0 0 0 0 0 3
0 0 0 0 1 4

Zi’i
i ] 1 2 3 4 5

1 12 23 34 71 85

2 27 39 55 104 118

3 45 56 67 126 140

4 79 93 108 158 170

5 119 133 144 158 182

The results tell us how many workers needed to perform each task and completion time of
each task. Then this data is used as input for Model 2. The results generated from Model 2 are
shown in Table 5.3.
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Table 5.3 Output from Model 2 for the example problem

Wik
i ] ] 2 3 4 5
1 1 1 1 1 k=1
: 1 1 1 1 1 2
1 1 0 0 0 3
1 0 0 0 0 4
0 0 0 1 0 k=1
5 0 0 0 1 1 2
0 1 1 0 0 3
1 1 0 1 1 4
1 1 0 0 0 k=1
3 1 1 0 0 0 2
0 0 1 1 1 3
0 1 1 0 1 4
0 0 0 0 1 k=1
4 0 0 0 0 1 2
1 1 1 1 1 3
1 1 0 1 1 4
1 1 1 1 1 k=1
5 0 1 1 1 1 2
0 0 0 0 1 3
0 0 0 0 1 4

The solution of Model 2 (Wijx) tells us the worker assignment, i.e., which workers
should perform which tasks. The computational time for Model 1 is 19133.5 seconds and for
Model 2 is 48.177 seconds. Combining the solutions of model 1 and 2, we can obtain the final
optimal schedule as shown in Figure 5.1. From the schedule we see that the total project

completion time is 182.
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(X, y) means: (panel x, task y)
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Figure 5.1 Schedule for the example problem

5.4 Simplified Model
Although the mathematical models developed cannot solve large problems, they provide
insight into the problem structure and provide a foundation for the development of heuristic
(approximate) methods. In order to solve larger size problems, the original problem is
simplified as follows: (1) each panel is defined as a job and no more sub tasks will be
considered and (2) we assume we have the knowledge that how many workers are required for
each panel depending on the panel size and that is the exact number of workers we will assign to
the panel. The simplification results in the same workers for all tasks of each panel which
means workers are assigned to panels (jobs) and no tasks are considered. The objective here is
to balance the workload between workers. Workers are considered identical. The panel
stacking plan is available at this point, we multiply panel move distance by panel length as the
workload for each panel to account for the fact the larger panels are more difficult for workers
to handle.
5.4.1 Simplified Model — Heuristic
To solve real-size problems based upon the simplified model, a heuristic was developed.
The heuristic is a greedy algorithm which is simple and straightforward. It will first find out
how many workers will be assigned to the panel, and then choose that amount of the least busy
workers to the panel. The number of workers assigned to each panel is based on panel length
84



and the fact of if the panel is sheathed or not. This guidance of determining the number of

workers needed for each panel is based on lab experiments from ergonomic point of view (Kim
et al., 2009). The heuristic detail is described as Figure 5.2.

initialize all parameters and read
in the panel stacking plan. Start
from the first panel.

move to next panel
based on the panel
stacking plan

Y

v assign 2 workers with
the least workload to
this panel. Choose first
2 workers to break a tie

current panel length <48 inch?

current panel length <96 inch?

N assign 2 workers with
the least workload to

this panel. Choose first

2 workers to break a tie

assign 3 workers with the least
» workload to this panel. Choose
first 3 workers to break a tie

‘ l

update workload list for all the assigned
workers. updated workload= previous
workload + current panel length*moving
distance for current panel

last panel?

Figure 5.2 Worker Assignment
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5.4.2 Simplified Model — Mathematical Model

In order to know how good the heuristic is, a mathematical model was developed to

establish the performance of the heuristic.

Parameters

N Total number of panels

M Total number of workers

a; Number of workers needed for panel i.

I Workload of panel i

c Control parameter. Any worker cannot be assigned ¢ consecutive panels
Sets

Panels  Set of panels (1,2, 3....., N)
Workers  Set of workers (1,2, 3....., M)

Variables

Xi Binary variable. X;; =1if panel i is assigned to worker j, 0 otherwise
W . Total maximum workload on workers

W Total minimum workload on workers

Mathematical Model
MinW__, — W,

min

Subject to
> X;=0  VicPanels

jeWorkers

X,;<c-1 ViePanels,jeWorkers,and i<N-c+1

kePanels and k>i,k<i+c

> X <W,,, Y j€Workers

iePanels

> X =Wy, VjE€Workers

iePanels

DXz D X, Y i€Workersand j=M

iePanels iePanels

(1)

()
(3)
(4)

()

(6)
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Objective Function (1) is to balance workload between workers. Constraint (2) forces
each panel will be assigned to the pre-determined number of workers. Constraint (3) ensures
any worker cannot be assigned ¢ consecutive panels from ergonomic point of view. Constraint
(4) & (5) determine the maximum and minimum worker load of all workers. The above model
is symmetrical and in order to reduce the solution space and running time, two symmetry

breaking constraints, constraint (6) and (7), were invested.

DXz Y X V jeWorkersand j = M (6)
iePanels iePanels

DXz D LX V jeWorkersand j = M @)
iePanels iePanels

Through experiments, constraint (6) performed better than constraint (7). Constraint (6)
was found to reduce the total running time by average 18.6% while constraint (7) increased total

running time.

5.4.3 Simplified Model — Results and Discussions

A set of computational experiments was performed to establish the performance of the
heuristic. The cases described in section 4.3.2 and presented in Appendix D were investigated.

Even though the mathematical model described in Chapter 5.4.2 was very simple, it still
could only solve the cases with around 30 panels optimally. In order to compare the solutions of
the heuristic to optimal solutions, some small cases were chosen to be solved using both the
proposed worker assignment heuristic and mathematical model. Since the objective of heuristic
and mathematical model is balancing the workload between worker, solutions were compared in
terms of Wﬂ—l

W

Experimental results are presented in Table 5.4. In all cases, the gap between heuristic
solution and optimal solution ranged from 1.31-3.02%. The average gap is 2.25%. In terms of
solution speed, the proposed heuristic solved each problem in less than one second while the

mathematical model took several hours to find the optimal solution.
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Table 5.4 Computational results for proposed heuristic vs. optimal solution

Wmax Wmax
Case # o W 1 W - Ga
panels| ~ ~mn min -~ P
optimal solution heuristic

Smalll-1 28 0.16% 2.46% 2.30%
Small2-1 27 0.09% 3.11% 3.02%
Small3-1 31 0.04% 2.22% 2.18%
Small4-1 31 0.08% 1.39% 1.31%
Small5-1 36 0.09% 2.54% 2.45%
Average 2.25%

Obviously, the proposed heuristic will perform better with the increasing of the number
of panels, percentage wise. Five large cases were solved using the proposed heuristic.
Experimental results are presented in Table 5.5.

From Table 5.5, it can be seen the average of the value is 0.21%, although the optimal
solutions are not available for those large cases, we can easily know that the lower bound of the
value is 0, which means the average gap is less than 0.21%. The computational results indicate
that the proposed heuristic can effectively balance the workload, especially for larger cases,

between workers and solve any size of problems very fast.

Table 5.5 Computational results for proposed heuristic solving large cases

Case # of Winse _q Jheuristic
panels nin

Large-1 107 0.16%
Large-2 112 0.24%
Large-3 113 0.28%
Large-4 110 0.25%
Large-5 110 0.11%

Average 0.21%
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Chapter 6 Conclusions

6.1 Research contributions

The research presented in this dissertation focused on two areas: panel stacking problems
in residential construction (with and without consideration of interference) and construction
worker assignment problems.

A lean approach to reduce construction workload and the possibility of worker injury
was proposed. When interference constraints are not considered, a mathematical model was
developed, along with heuristic algorithms which can solve real stacking problems quickly.
From computational results it can be concluded the proposed algorithm can dramatically reduce
the panel move distance and provide better connectivity without compromising the
transportation costs when compared to traditional approach. Overall, it can be seen the
proposed research can reduce worker’s workload by reducing the total weighted panel move
distance and provide much better connectivity in working with panels.

When interference constraints are considered, this research makes three improvements
upon Shewchuk (2008).

® The zone width is optimized. Improvements were found in all experimental cases.

Improvement on panel move distance ranged from 1.35-47.93% (average: 17.18%), and

improvement on interfering panels ranged from 20-100% (average: 59.37%). The

computational results indicate the proposed panel stacking algorithm performed better
than Shewchuk (2008) in terms of total weighted panel move distance and interfering
panels. Also we can conclude that the proposed algorithm can provide more
improvement on panel move distance and interfering panels in larger cases than smaller
cases. Meanwhile, proposed algorithm can provide more improvement if the preferred
panel length 8 ft. is selected.

® The proposed algorithm can solve the non-rectangular cases. Based on computational
results, compared to the proposed algorithm, panel designer and IntelliBuild increased
0.10-85.52% (average: 23.17%) and 0.77-136.23% (average: 52.90%), respectively, on
the total weighted panel move distance. While Connectivity was always 100% for all
cases with the proposed algorithm, it ranged from 69.56-86.95% (average: 79.11%) and
73.33-90.91% (average: 85.85%), however, by the panel designer and IntelliBuild
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respectively. The computational results indicate the proposed panel stacking algorithm

can decrease the amount of material handling effort in erecting panelized structures.

Additionally, it will always guarantee connectivity and reduce the amount of additional

work required when panels are installed in the given stack order (as indicated by the

connectivity values). Plus, it can avoid interference problems which was not addressed
in panel designer or commercial software. Also it can be concluded that the proposed
algorithm can provide more improvement on panel move distance in larger cases than
smaller cases when preferred panel length 8 ft. is selected.

® The proposed algorithm can solve the interfering panels. From the computational
experiments, proposed algorithm was found to be able to solve the interfering panels left
in the last stack. It could provide a place for workers to put down the interfering panels
first and then install these panels.

Overall, the proposed algorithm can improve the original algorithm (Shewchuk, 2008)
by providing less panel move distance, solving non-rectangular cases, and solving the
interfering panels. Computational experiments indicate that the proposed algorithm can reduce
the construction workload when compared to the panel designer or commercial software by
providing less total weighted panel move distance and better connectivity value. It may be
useful for panel designers to generate efficient panel stacking plans.

Meanwhile, mathematical models were developed for the construction worker
assignment problem. The models worked correctly based on a small case but it is extremely
difficult to solve real construction problems so a greedy heuristic was developed to provide
worker assignment solution quickly. From experiments of some small cases, the gap between
heuristic solution and optimal solution ranged from 1.31-3.02% (average: 2.25%). And the
proposed heuristic performs better with the increasing of the number of panels, percentage wise.
From experiments of some large cases, the average gap is less than 0.21%. The computational
results indicate that the proposed heuristic can effectively balance the workload, especially for

larger cases, between workers and solve any size of problems very fast.
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6.2 Strengths and limitations
6.2.1 Panel stacking Problem
The proposed approach is based on Shewchuk (2008) and has several improvements:
® |t can reduce the workload at the construction site by providing less total weighted panel
move distance.
® It will always reduce the amount of additional bracing, fitting, etc., by maintaining
connectivity.
® |t can avoid interference problems.
Though the proposed approach has the above advantages, it still has some limitations:
® |t does not consider the temporary bracing used on the construction site.
® |t assumes that blocks are used to keep panels from falling when stacking (Figure 1.6).
But the use of blocks should be minimized.
® Stacks always have the long edge parallel to the chosen dropping edge (Figure 1.5), but
there may be other ways to put stacks.

6.2.2 Worker assignment

The model discussed in Chapter 5.3 is sophisticated which can minimize total project
time subject to worker quantity constraints and try to assign tasks to workers as evenly as
possible with the consideration of ergonomic risk. It can help residential construction managers
better plan construction activities. But the limitation is obvious: it cannot solve real size
problems.

The greedy algorithm discussed in Chapter 5.5 is simple and runs fast. However, it has
more assumptions which will result in the same workers for all tasks of each panel, and the
number of workers assigned to each panel is determined by the size of the panels.

All the workers are considered identical in both the mathematical models and the
algorithm, while in reality it is not true, as the physical conditions of workers are different.
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6.3 Future research
For panel stacking problem in residential construction, the current approach has some
assumptions. In future research, more realistic situation should be considered.

® \When generating stacking plan, current approach does not consider the panel thickness
difference of the panels in the same layer, in other words, it allows two panels with
different panel thickness to be placed in the same layer. In future research, panel
thickness should be taken into account, it should try to put more panels with the same
thickness in the same layer.

® Currently, blocks are assumed to be used to keep panels from falling when stacking
(Figure 1.6). But more blocks used, more unstable the stack would be. Meanwhile,
more effort and material will be needed when stacking panels. So in future research, the
use of block should be minimized.

@ Current approach does not considered the temporary bracing used on the construction site
which might cause interference problems in reality. In future research, this should be
taken into account.

® Current approach assumes stacks are delivered to the dropping edge separately, in other
words, the second stack will not be delivered to the dropping edge until the first stack is
fully completed. In future research, the situation like two or more stacks are delivered to
the dropping edge should be considered. Corresponding interference problems should be
considered as well.

® Currently, the approach will consider all accessible dropping edges, but only one
dropping edge will be selected as the solution based on the panel move distance. In
future research, more than one dropping edges should be allowed in the solution, in other
words, different stacks may be delivered to different dropping edges based on the

structure. Corresponding interference problems should be considered as well.

For worker assignment problems, a more advanced algorithm may be needed if more

factors are considered.
® Currently, panel move distance is multiplied by panel length as the workload for each
panel to account for the fact that larger panels are more difficult for workers to handle.

In future research, more accurate method of predicting the workload may be needed.
92



® All workers are considered identical in current approach. However, people are different.
Therefore in future research, the difference between workers, such as physical conditions
and skill sets, should be considered.

® Currently, the heuristic assumed panels are completed one by one, however, in future
research, a new heuristic which allows workers to handle more than one panel at a time

may be needed.
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Appendix A: Iterative algorithm

For each stack, we calculate the drop-off location (X location along the dropping edge)

via iterative algorithm. Y = y location of each stack, ¢; = X coordinate, final location of panel i,

Vi =Y coordinate, final location of panel i.

2k,
1. Find Starting Point: X =———

2!

2. Using X, Y to calculate all d, = \/<Y— a; )2 + (\7—Vi )2

2

3. Findnew X with d;: X =——

4. 1If the stacking location values have converged to an acceptable

otherwise go to step 2.

5. End

level, go to step 5,
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Appendix B: Data Sets and Results (Chapter 3)

Small-1
e £ oy e
g ) '\T,»' 5
g
(184
ey _
1) . (8)
(20)
~ s
{13 —~
N \1_9 |
\G\ (16) = | )
(12 ) = _ 1 _ H{5)
— Js\ (28) (20)| |(27) —
N N2, bR L
(2)
oy S a0y ~
{ _1. ) Ley -\3/ .__|
Small-1:  Traditional approach Small-1:  Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j  #panels panels
Stack 1 1 80.3 9 1 2 10 11
1 1 156 2 14 17 15 2 3 12 1 15
2 1 156 2 2 26 3 1 2
3 1 156 4 6 18 25 4 1 9
4 1 156 4 11 23 27 5 2 14 13
5 1 156 6 3 20 10 6 2 16 17
6 1 156 6 4 21 13 7 1 3
7 1 156 6 5 22 1 8 2 8 18
8 1 156 60 8 9 3 19 20 21
9 1 156 60 9 2 2233 6 1 4 22 23 25 26
Stack 2 2 2 24 27
1 1 156 60 12 3 1 4
2 1 156 60 16 4 1 7
3 1 156 60 19 5 1 6
4 1 156 60 24 6 1 5
5 1 156 62 7
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Small-2
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Small-2:  Traditional approach Small-2:  Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j  #panels panels
Stack 1 1 51.3 9 1 1 11
1 1 156 0 23 17 2 1 12
2 1 156 2 2 21 15 3 1 13
3 1 156 4 9 19 4 3 14 1
4 1 156 4 10 25 5 1 10
5 1 156 8 3 26 8 6 1 17
6 1 156 10 4 18 7 1 16
7 1 156 10 7 24 8 2 2 18
8 1 156 36 5 1 9 2 39
9 1 156 60 6 2 259.2 9 1 1 19
Stack 2 2 2 20 21
1 1 156 60 11 3 2 4 8
2 1 156 60 13 4 1 22
3 1 156 60 14 5 2 24 23
4 1 156 60 16 6 2 25 26
5 1 156 60 20 7 1 7
6 1 156 60 22 8 1 6
7 1 156 74 12 9 1 5




Small-3
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Small-3:  Traditional approach Small-3:  Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j #panels panels
Stack 1 1 96.3 9 1 1 10
1 1 156 2 5 11 2 1 11
2 1 156 3 2 4 3 2 12 15
3 1 156 4 3 13 4 2 13 1
4 1 156 5 6 18 2 9 16
5 1 156 8 19 21 20 6 1 14
6 1 156 9 15 7 19 20 21
7 1 156 9 9 16 8 2 2 17
8 1 156 18 10 17 9 2 18 8
9 1 156 60 12 2 326.1 4 1 1 3
Stack 2 2 2 7 4
1 1 156 60 14 3 1 6
2 1 156 60 1 4 1 5
3 1 156 87 7
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Small-4
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Small-4: Traditional approach Small-4:  Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j #panels panels
Stack 1 1 68.3 9 1 2 12 13
1 1 156 0 6 25 24 2 1 14
2 1 156 4 2 2 3 1 15
3 1 156 12 16 19 4 2 16 1
4 1 156 12 3 9 5 1 17
5 1 156 12 4 1 6 1 19
6 1 156 18 7 5 7 1 18
7 1 156 18 8 12 8 1 21
8 1 156 60 10 9 2 2 11
9 1 156 60 11
Stack 2 2 230.6 8 1 2 20 23
1 1 156 60 13 2 2 22 10
2 1 156 60 14 3 2 24 25
3 1 156 60 15 4 1 3
4 1 156 60 18 5 2 9 4
5 1 156 60 20 6 1 8
6 1 156 60 22 7 1 7
7 1 156 60 23 8 2 6 5
8 1 156 78 17
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Small-5
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Traditional approach

Mult Size Offcut Panels

Small-5:
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Stack 1
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2 1
3 1
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1 1
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2
6
19
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1
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3
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13
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Proposed approach
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1
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Med-1
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Med-1: Traditional approach Med-1: Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j #panels panels
Stack 1 1 97.5 9 1 2 16 17
1 1 156 0 5 28 2 1 18
2 1 156 0 4 23 3 1 19
3 1 156 0 13 35 4 1 4
4 1 156 0 21 26 5 1 1
5 1 156 6 1 6 2 25 20
6 1 156 8 7 14 7 2 15 31
7 1 156 8 32 20 8 2 32 24
8 1 156 9 33 29 9 2 26 27
9 1 156 12 25 2 2 216.5 9 1 2 21 2
Stack 2 2 2 28 14
1 1 156 18 18 30 3 2 33 35
2 1 156 36 8 6 4 2 34 23
3 1 156 36 9 17 5 3 6 30 29
4 1 156 36 10 27 6 2 22 3
5 1 156 36 11 31 7 2 5 13
6 1 156 36 12 34 8 2 7 12
7 1 156 60 15 9 1 8
8 1 156 60 16 3 425.6 3 1 1 11
9 1 156 60 19 2 1 10
Stack 3 3 1 9
1 1 156 60 22
2 1 156 60 24
3 1 156 61 3
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Med-2
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Med-2: Traditional approach Med-2: Proposed approach
No Mult Size  Offcut Panels ** stack# xloc  #layers j #panels panels
Stack 1 1 226 9 1 1 29
1 1 156 0 48 14 2 1 30
2 1 156 0 38 5 3 1 31
3 1 156 0 45 23 4 1 32
4 1 156 0 2 9 5 2 33 34
5 1 156 0 3 18 6 2 1 40
6 1 156 4 19 29 7 1 28
7 1 156 4 43 8 8 1 41
8 1 156 18 7 40 9 1 2
9 1 156 18 1 34 2 196.8 9 1 1 35
Stack 2 2 1 39
1 1 156 32 4 6 3 1 38
2 1 156 32 10 21 4 1 36
3 1 156 32 11 42 5 1 27
4 1 156 32 12 47 6 1 37
5 1 156 32 13 49 7 1 3
6 1 156 32 15 51 8 1 26
7 1 156 56 16 9 2 23 24
8 1 156 56 17 3 416.6 9 1 2 25 42
9 1 156 56 20 2 1 4
Stack 3 3 1 22
1 1 156 56 22 4 2 46 47
2 1 156 56 24 5 1 48
3 1 156 56 25 6 2 52 43
4 1 156 56 26 7 3 19 21 45
5 1 156 56 27 8 3 51 50 49
6 1 156 56 28 9 3 44 5 6
7 1 156 56 30 4 491.6 9 1 1 20
8 1 156 56 31 2 1 7
9 1 156 56 32 3 1 12
Stack 4 4 1 11
| 1 156 56 33 5 2 18 13
2 1 156 56 35 6 2 8 14
3 1 156 56 36 7 1 17
4 1 156 56 39 8 1 16
5 1 156 56 41 9 1 15
6 1 156 56 44 5 626.0 2 1 1 10
7 1 156 56 46 2 1 9
8 1 156 56 50
9 1 156 56 52
Stack 5
1 1 156 64 37
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Med-3
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Med-3:  Traditional approach Med-3:  Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j #panels panels
Stack 1 1 106.1 9 1 2 10 11
1 1 156 0 2 19 2 1 12
2 1 156 0 5 24 3 1 1
3 1 156 0 14 21 4 2 13 14
4 1 156 0 4 6 5 1 9
5 1 156 0 10 11 6 2 15 18
6 1 156 0 1 16 7 2 2 26
7 1 156 11 7 26 13 8 2 19 8
8 1 156 11 8 27 20 9 1 17
9 1 156 17 3 25 2 272.9 8 1 2 16 24
Stack 2 2 3 25 23 27
1 1 156 20 9 18 3 1 3
2 1 156 20 12 23 4 1 22
3 1 156 60 17 5 1 7
4 1 156 68 15 6 2 20 21
5 1 156 76 22 7 2 4 6
8 1 5
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Med-4
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Med-4: Traditional approach Med-4: Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j #panels panels
Stack 1 1 93.1 9 1 2 4 15
1 1 156 0 2 13 2 1 16
2 1 156 0 6 28 3 1 17
3 1 156 0 11 29 4 1 18
4 1 156 0 16 30 5 2 1 13
5 1 156 0 12 5 6 1 24
6 1 156 2 17 31 7 3 23 27 2
7 1 156 2 9 36 14 8 1 12
8 1 156 12 10 38 9 2 25 26
9 1 156 14 15 25 2 193.3 9 1 2 39 28
Stack 2 2 2 36 3
1 1 156 18 3 27 3 1 22
2 1 156 18 7 33 4 1 21
3 1 156 18 34 35 5 1 20
4 1 156 22 4 39 6 2 19
5 1 156 22 19 37 7 2 11 30
6 1 156 38 8 23 8 3 38 37 29
7 1 156 60 18 9 2 32 31
8 1 156 60 20 3 354.4 7 1 2 10 4
9 1 156 60 21 2 2 34 35
Stack 3 3 2 5 33
1 1 156 60 22 4 1 9
2 1 156 60 24 5 1 8
3 1 156 60 26 6 1 7
4 1 156 60 32 7 1 6
5 1 156 76 1
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Med-5
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Med-5: Traditional approach Med-5: Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j #panels panels
Stack 1 1 5.4 9 1 2 4 15
1 1 156 0 21 20 2 1 16
2 1 156 2 1 40 3 1 17
3 1 156 2 14 23 4 2 18 19
4 1 156 4 4 5 1 1
5 1 156 10 2 33 6 2 20 21
6 1 156 10 15 39 3 7 2 27 13
7 1 156 10 28 25 38 8 2 24 23
8 1 156 12 11 9 3 22 25 28
9 1 156 12 8 32 2 112.2 9 1 2 29 12
Stack 2 2 1 2
1 1 156 12 9 12 3 2 26 32
2 1 156 12 13 31 4 2 33 31
3 1 156 36 7 5 5 2 30 36
4 1 156 36 10 6 6 2 37 38
5 1 156 36 16 19 7 2 40 39
6 1 156 36 17 22 8 2 3 43
7 1 156 36 18 27 9 1 42
8 1 156 36 24 43 3 263.0 9 1 1 41
9 1 156 46 29 36 2 1 11
Stack 3 3 1 34
1 1 156 60 26 4 1 4
2 1 156 60 30 5 1 35
3 1 156 60 34 6 1 5
4 1 156 60 35 7 1 10
5 1 156 60 37 8 1 9
6 1 156 60 42 9 1 8
7 1 156 80 41 4 372.0 1 1 2 7 6
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Big-1:
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Big-1: Proposed approach
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Big-2
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Big-2: Traditional approach Big-2: Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j  #panels panels
Stack 1 1 67.4 9 1 2 1819
1 1 156 0 30 23 37 2 1 20
2 1 156 0 31 25 44 3 1 21
3 1 156 0 9 42 6 4 1 22
4 1 156 0 29 43 5 1 1
5 1 156 0 20 39 6 2 26 23
6 1 156 0 2 46 34 7 1 17
7 1 156 1 3 32 8 8 1 2
8 1 156 4 5 9 2 33 32
9 1 156 4 13 2 215.8 9 1 2 25 27
Stack 2 2 1 24
1 1 156 12 40 41 3 1 31
2 1 156 12 4 14 19 4 1 30
3 1 156 12 7 28 35 5 2 29 28
4 1 156 14 10 27 6 1 16
5 1 156 60 11 7 1 3
6 1 156 60 12 8 1 15
7 1 156 60 15 9 1 4
8 1 156 60 16 3 468.9 9 1 1 39
9 1 156 60 17 2 3 38 3 34
Stack 3 3 2 14 36
1 1 156 60 18 4 1 5
2 1 156 60 21 5 2 40 41
3 1 156 60 22 6 2 42 43
4 1 156 60 24 7 1 13
5 1 156 60 26 8 2 37 46
6 1 156 60 36 9 2 47 6
7 1 156 60 38 4 661.7 6 1 1 12
8 1 156 60 45 2 1 7
9 1 156 60 a7 3 2 45 44
Stack 4 4 1 11
1 1 156 60 1 5 1 10
2 1 156 76 33 6 2 9 8
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Big-3

18 17 16 15 14 13 12
1 . 1 . 1 I
26
'19. 40'
27+
45 44
izl 28 |25 41 : :
20 ([T
— 137
. . — K 46 47
3236 3335 34
52l 31_ |24 5!
23 48
I -39
49
2 30 43~
38
1 ' 2 3 a B 6 7
Big-3: Traditional approach Big-3: Proposed approach
No Mult Size Offcut Panels ** stack# xloc  #layers j  #panels panels
Stack 1 1 52.7 9 1 1 8
1 1 156 0 17 11 2 1 19
2 1 156 0 13 15 3 1 20
3 1 156 2 14 23 4 2 2122
4 1 156 2 19 37 25 5 1 1
5 1 156 2 2 48 6 1 17
6 1 156 4 27 5 26 7 2 2 26
7 1 156 4 32 9 34 8 1 27
8 1 156 4 10 9 2 28 29
9 1 156 10 35 38 24 2 203.3 9 1 1 31
Stack 2 2 3 30 25 37
1 1 156 12 30 18 3 2 32 36
2 1 156 12 42 21 4 3 24 23 16
3 1 156 12 4 5 2 3 33
4 1 156 16 44 29 6 2 35 48
5 1 156 16 46 49 7 3 49 15 34
6 1 156 28 8 8 1 4
7 1 156 48 12 9 2 39 38
8 1 156 48 20 3 442.8 9 1 2 14 5
9 1 156 48 41 2 1 40
Stack 3 3 1 41
1 1 156 60 3 4 1 42
2 1 156 60 6 5 1 43
3 1 156 60 7 6 2 13 6
4 1 156 60 16 7 1 45
5 1 156 60 22 8 1 46
6 1 156 60 28 9 1 12
7 1 156 60 31 4 594.7 6 1 1 7
7 1 156 60 33 2 1 44
9 1 156 60 36 3 2 47 11
Stack 4 4 1 10
1 1 156 60 39 5 1 9
2 1 156 60 40 6 1 8
3 1 156 60 45
4 1 156 60 47
5 1 156 60 1
6 1 156 76 43
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Big-4

34 33 3|2 2|? 26 25 2|1 20 19
- 47 50
H
45 da 51 83 &N ¢
10
3B 39 o et =
I 301 17
46
36+ 23
-5 11
4531— | 22
12 16
37 42 !
~4 4i3 U
i 2 3 7 8 9 13 14 15
Big-4: Traditional approach Big-4: Proposed approach
No Mult Size Offcut Panels ** stack# xloc #layers j  #panels panels
Stack 1 1 58.9 9 1 2 34 35
1 1 156 0 18 17 2 1 36
2 1 156 0 44 27 3 2 37 1
3 1 156 0 16 9 4 2 38 33
4 1 156 2 2 15 5 1 2
5 1 156 2 3 19 6 1 39
6 1 156 2 47 22 7 1 32
7 1 156 6 5 1 8 1 3
8 1 156 8 37 28 9 1 40
9 1 156 8 4 10 2 288.1 9 1 2 41 5
Stack 2 2 2 4 28
1 1 156 12 6 34 3 3 6 49 42
2 1 156 12 7 38 4 2 27 48
3 1 156 12 8 12 25 5 1 7
4 1 156 12 11 41 42 6 2 46 45
5 1 156 12 13 49 51 7 1 43
6 1 156 14 14 46 8 1 26
7 1 156 14 52 29 9 2 29 30
8 1 156 18 26 3 634.0 9 1 1 31
9 1 156 20 20 50 2 2 47 8
Stack 3 3 4 44 9 25 51
1 1 156 60 21 4 1 21
2 1 156 60 23 5 1 13
3 1 156 60 24 6 2 50 52
4 1 156 60 30 7 1 10
5 1 156 60 31 8 2 11 12
6 1 156 60 32 9 1 20
7 1 156 60 33 4 516.7 6 1 1 14
8 1 156 60 35 2 1 24
9 1 156 60 36 3 2 23 22
Stack 4 4 2 19 15
1 1 156 60 39 5 2 18 17
2 1 156 60 40 6 1 16
3 1 156 60 43
4 1 156 60 45
5 1 156 66 48
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Big-5

21 20 19 18 17 16
22 26 42 15
234 14
27 e
38
31 32
284
24 29/ 37 13
) 44 45 46
Lag 36 I
34
25 33 8 7 42
304
= 35 L
-39
6 H1
i 2 3 4 5 10
Big-5: Traditional approach Big-5: Proposed approach
No Mult Size Offcut Panels ** stackit xloc #layers i #panels panels
Stack 1 1 25.7 9 1 1 1
1 1 156 0 40 2 1 22
2 1 156 0 4 6 3 1 23
3 1 156 0 9 1.1 2 1 24
4 1 156 0 20 8 5 1 25
5 1 156 0 1 10 6 2 6 1
6 1 156 0 7 30 7 2 31 43
7 1 156 2 29 32 8 1 20
8 1 156 2 12 35 9 2 2 32
9 1 156 2 46 28 39 2 190.7 9 1 1 44
Stack 2 2 1 29
1 1 156 2 13 3 43 3 2 30 3
2 1 156 2 14 5 45 4 1 26
3 1 156 12 37 2 5 2 27 28
4 1 156 20 22 18 6 2 33 19
5 1 156 20 44 33 7 1 4
6 1 156 60 15 8 2 38 45
7 1 156 60 16 9 1 46
8 1 156 60 17 3 304.7 9 1 1 34
9 1 156 60 19 2 1 42
Stack 3 3 1 41
1 1 156 60 23 4 1 40
2 1 156 60 24 5 3 39 18
3 1 156 60 25 6 2 37 17
4 1 156 60 26 7 1 9
5 1 156 60 27 8 2 36 35
6 1 156 60 31 9 2 8 16
7 1 156 60 34 4 509.3 5 1 2 0 7
8 1 156 60 36 2 1 15
9 1 156 60 38 3 1 14
Stack 4 4 1 13
1 1 156 60 41 5 2 12 11
2 1 156 60 42
3 1 156 72 21
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Appendix C: Data Sets and Results (Chapter 3)

S1-1
N |
O @ @H H
@& @ @ %
& e
Oy @ &
& & & 6 5

S1-1: Shewchuk (2008)

**z0ne left edge X coordinate
1 6.0
2 222.0

** NStacks

4

** stack flush
** # zonetype edge xloc yloc #layers

j #panels panels orientation
1 1 A RIGHT 114.0 48.0 6 1

10
11
15
16
18 17
1
12
13
14

[N

2 2 A RIGHT 346.0 48.0 7

3 2 B LEFT  346.0 90.0 4

= w

4 2 B LEFT 346.0 90.0 8

NNRPNRRRPRRRRERNONRRRRRRPRRr R R
N
w®©

WW WL wwwrRrRrRROYYYNON LR R RN

O~NOURAWNRMWNRNOUMWNPForWN
RS

** # of interfering panels
8:2726282425222329
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S1-1: Proposed algorithm
** Nzones
3

**zone left edge X coordinate
1 6.0

2 210.0

3 254.0
** NStacks

5

** stack flush

** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 1140 48.0 6

[N

2 2 A RIGHT 330.0 48.0 3

w

3 2 B LEFT 330.0 90.0 4

PoRrRroRrRrPRrRNORRrRP
[o
w
-

4 3 A RIGHT 362.0 48.0 4

prownvProNnvRrodMPooswP

5 3 B LEFT 362.0 90.0 10

[N
[N

2122
27

[N

29
23
25
24
28
26

N
S
WRWWWRWRP LN R pwPoPNoRP ke R o™

COWONOUITAWN
RPRRPRRPRRRRERREN PR
o

=

** # of interfering panels
6: 292325242826

S1-2
T ol é & | &
&
@ @
& &
5
(@ H
5
| 5 | |
® @
5 5 5 5 5
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S1-2: Shewchuk (2008)

** Nzones
2
**zZone left edge X coordinate
1 .
2 222.0
** NStacks
4
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 5 1 1 2
2 1 13 1
3 1 14 1
4 1 15 1
5 1 1 3
2 2 A RIGHT 346.0 48.0 6 1 1 10 2
2 1 11 2
3 1 12 2
4 1 6 2
5 1 7 2
6 3 17168 222
3 2 B LEFT 346.0 90.0 2 1 1 3
2 2 2728 31
4 2 B LEFT 346.0 90.0 9 1 1 3 3
2 2 45 33
3 1 18 1
4 1 24 1
5 1 19 1
6 2 2320 33
7 1 25 1
8 1 21 3
9 2 2226 31
** # of interfering panels
9: 182419232025212226
S1-2: Proposed algorithm
** Nzones
3
**zZone left edge X coordinate
1 6.0
2 211.0
3 254.0
** NStacks
5
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 5 1 1 9 2
2 1 13 1
3 1 14 1
4 1 15 1
5 1 1 3
2 2 A RIGHT 330.0 48.0 3 1 1 10 2
2 2 16 11 12
3 1 17 2
3 2 B LEFT  330.0 90.0 3 1 1 2 3
2 1 3 3
3 2 2728 31
4 3 A RIGHT 362.0 48.0 4 1 1 12 2
2 1 6 2
3 1 7 2
4 1 8 2
5 3 B LEFT 362.0 90.0 10 1 1 18 1
2 1 19 1
3 2 45 33
4 1 24 1
5 1 26 1
6 1 22 3
7 1 21 3
8 1 25 1
9 1 20 3
10 1 23 3

** # of interfering panels
7. 24262221252023
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S1-3
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S1-3: Shewchuk (2008)

** Nzones
2

**zone left edge X coordinate
1 6.0
2 206.5

** NStacks
4

2 2 A RIGHT 348.2 57.3

3 2 B LEFT 3482 99.3
4 2 B LEFT 3482 99.3

** # of interfering panels
9: 1415211819162017 22

** stack flush
** #  zonetype edge xloc yloc #layers
1 1 A RIGHT 116.2 57.3 4

5

2
9

j #panels
1
2

OCONOTRARWNRENRPORWON W

PRONRRRRRRRRONRERRE P RE

panels
7

11
12

1

8

9

10

5
136

1916
2017
22

orientation

N(AJD—‘HN

w N

PPV RrPpPWwwRr PN OO N
W
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S1-3: Proposed algorithm

** Nzones

3

**zone left edge X coordinate

1 6.0

2 203.5

3 249.5

** NStacks

5

** stack flush

** # zonetype edge xloc yloc #layers | #panels panels
1 1 A RIGHT 116.2 57.3 4 1 1 7

11

12

2 2 A RIGHT 336.7 57.3 3
3 2 B LEFT 336.7 99.3 3
4 3 A RIGHT 359.8 57.3 3

5 3 B LEFT 359.8 99.3 9

OCONOURWNRWN LWNRWN LDWN
PRRRPRRPRRPRPRE L NRPRNR PR
(3]

** # of interfering panels
7. 16212217201918

orientation

w N
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WWWWHRRRWERENN G,
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S2-1
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S2-1: Shewchuk (2008)

** Nzones: 2

** NStacks: 3

** stack flush

** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 11 1

Rrowo~NoUIAwWNE
-

e

2 2 A RIGHT 3410 48.0 8

[N

N

3 2 B LEFT 3410 90.0 10

NN NNRRRRPRRNNRRRRRPRrRpRprRrRrRrRrRrRP
~No
PRRPRORPRPGgowondnNoroNNoNRrRRP R R RN

QOWONOURARWNRERPONOOIEAWN

=
WP WWN -

** # of interfering panels
12: 2526303527 28313633323437

S2-1: Proposed algorithm

** Nzones: 3

** NStacks: 5

** stack flush

** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 11 1 1 11

N
=
[N Y e e T U IS
=

e

COONOURWNROURWN L, PWONRLN  POOONOTORAWN

2 2 A RIGHT 330.0 48.0 2

[N
w
N

3 2 B LEFT 330.0 90.0 4

w
PwwwnN
HIN

4 3 A RIGHT 352.0 48.0 6

NN

w N

5 3 B LEFT 352.0 90.0 10

PRRPRRPRPRRRENRRR NP RPE L PRRPRRNRRRR
N
3]
)
o

w
~
NREPWRRRPWWR XN

[

** # of interfering panels
7: 37343233363135
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S2-2
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S2-2: Shewchuk (2008)

** Nzones: 2

** NStacks: 4

** stack flush

** #  zonetype edge
1 1 A

2 2 A

3 2 B LEFT

** # of interfering panels

xloc yloc #layers |j
RIGHT 114.0 48.0 8

RIGHT 341.0 48.0

341.0 90.0

11:22 2327 31 24 2528 32 30 33 29

10

11

[
l—\OQDCXJ\I@(J‘I-&(.&)I'\)|aO(.Dm\IC)‘)U‘I-l>(JuJl\lldCXJ\IG(J‘I-b(.wI'\J'a

e

PRONNRRNRRRRPRRRRRRRRE PR P

#panels panels
10

24 25
28 32
3033
29

orientation

N
OWNN R PR

-

RPPPOOBRPOWWWNNRNRNNN NN
www

S2-2: Proposed algorithm

** Nzones: 3

** NStacks: 5

** stack flush

** #  zonetype edge
1 1 A

3 2 B LEFT

5 3 B LEFT

** # of interfering panels
6:293330322831

xloc yloc #layers |j
RIGHT 114.0 48.0 8

RIGHT 330.0 48.0

330.0 90.0

RIGHT 352.0 48.0

352.0 90.0

4

4

6

9

#panels

2

OCONOUTRAWNROTRAWN LAWONRLAWN LN AW

PRRRRRRRRRRRRR NP RRRRR L RRRR R,

anels

14
15
16
17
20
21
1
11
12
18
19
2

3

4
22 23
13

orientation

OWNN R PR P

Powwkr kN

N

NRPWRWRWRPOODNDNDND
w
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S2-3: Shewchuk (2008)

** Nzones: 2

**zone left edge X coordinate

1 6.0

2 226.5

** NStacks: 3

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 7

2 2 A RIGHT 3432 57.3 8

3 2 B LEFT 3432 99.3 3

COONOURWNRPONOURWN  NOORWN

[

** # of interfering panels
10: 19 22 20 21 23 26 27 24 25 28

NRPNRPNRRRRRRRRRRRER PR RRERPE

panels
8

12
13
14
17
18
1
9
10
11
5
6
7
15
16

orientation

WNRNNNNNNGWNN R R,

Ppr®a®Wnsow
w W w

S2-3: Proposed algorithm
** Nzones: 3
**zone left edge X coordinate
1 6.0
2 2145
3 239.5
** NStacks: 5
** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 7 1
2

2 2 A RIGHT 336.7 57.3 4

3 2 B LEFT 336.7 99.3 3

4 3 A RIGHT 349.8 57.3 4

5 3 B LEFT 3498 993 9

OCONOTRWNRLRWN L LWONRRWON  NOUO AW

** # of interfering panels
6: 28252427 26 23

PRRPRRPRRPRRPRRPRRE L PRRRRR PRRRERE

panels
8

12
13
14
17
18
1
9
10
15
16
2
3
19
11

orientation

P WWRRPNGWNNE R P

meppmwpxmmm
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S3-1: Shewchuk (2008)

** Nzones: 2

**zone left edge X coordinate
1 6.0
2 222.0

** NStacks: 4

** stack flush
** # zonetype edge xloc yloc #layers j
1 1 A RIGHT 1140 48.0 6

2 2 A RIGHT 343.0 48.0 6

3 2 B LEFT  343.0 90.0 5

4 2 B LEFT 343.0 90.0 7

** # of interfering panels
6: 222324252829

#panels
1

NOURAWNRORWNRPOORWN OO RWN

PRNRPRPRPRNRPRORRRRRRR PR

panels
9

10

14

15

16

1

11
12

13

6

7

8

2

17
1918 20
21
26 27
3

22
23
24 25
2829

2]

orientation
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[N

whFP®wwwwr
- w

S3-1: Proposed algorithm
** Nzones
3

**zone left edge X coordinate
1 6.0
2 210.0
3 258.0
** NStacks
5
** stack flush

** # zonetype edge xloc yloc #layers j
1 1 A RIGHT 114.0 48.0 6

2 2 A RIGHT 330.0 48.0 2
3 2 B LEFT  330.0 90.0 6

4 3 A RIGHT 356.0 48.0 4

5 3 B LEFT  356.0 90.0 7

** # of interfering panels
4:2524 2322

#panels
1

NOURWNRLPRWN L LOUORWNREN L LOORWN

PRRPRPRRRPNRRR PR RRE PP

panels
9

10

14

15

16

1

11
12

2

3

4

17
191820
21

13

6

7

8

28 29
26 27

25
24
23
22

=
=

orientation
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[N

wwwww Proon
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S3-2
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S3-2: Shewchuk (2008)
** Nzones
2

**zone left edge X coordinate
1 6.0
2 222.0

** NStacks
4

** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 4 1 1 2
2 1 12 1
3 2 1413 11
4 1 1 3
2 2 A RIGHT 343.0 48.0 5 1 1 9 2
2 1 10 2
3 1 11 2
4 1 5 2
5 2 76 22
3 2 B LEFT 343.0 90.0 4 1 1 15 1
2 1 16 1
3 1 17 3
4 1 21 1
4 2 B LEFT 343.0 90.0 7 1 1 2 3
2 1 3 3
3 1 4 3
4 1 18 3
5 1 19 3
6 2 2022 31
7 1 23 1
** 4 of interfering panels
5:18192022 23
S3-2: Proposed algorithm
** Nzones
3
**zone left edge X coordinate
1 6.0
2 209.0
3 248.0
** NStacks
5
** stack flush
** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 4 1 1 8 2
2 1 12 1
3 2 1413 11
4 1 1 3
2 2 A RIGHT 330.0 48.0 2 1 1 9 2
2 1 10 2
3 2 B LEFT 330.0 90.0 5 1 1 2 3
2 1 3 3
3 1 15 1
4 1 16 1
5 1 17 3
4 3 A RIGHT 356.0 48.0 3 1 1 11 2
2 1 5 2
3 2 76 22
5 3 B LEFT 356.0 90.0 6 1 2 2223 11
2 1 21 1
3 1 4 3
4 1 20 3
5 1 19 3
6 1 18 3

** # of interfering panels
3:201918
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S3-3: Shewchuk (2008)
** Nzones
2

**zone left edge X coordinate
1 .
2 226.5

** NStacks
4

** stack flush
** #  zonetype edge xloc yloc #layers | #panels panels orientation
1 1 A RIGHT 116.2 57.3 1 1 7 2
2 1 11 1
3 1 12 1
4 1 1 3
2 2 A RIGHT 3452 573 5 1 1 8 2
2 1 9 2
3 1 10 2
4 1 5 2
5 1 6 2
3 2 B LEFT 3452 99.3 5 1 1 13 1
2 1 14 1
3 1 15 3
4 1 18 1
5 1 16 3
4 2 B LEFT 3452 99.3 5 1 1 2 3
2 1 3 3
3 1 4 3
4 1 17 3
5 2 1920 11
** # of interfering panels
3 171920
S3-3: Proposed algorithm
** Nzones
3
**zone left edge X coordinate
1 6.0
2 2125
3 2435
** NStacks
5
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 116.2 57.3 1 1 7 2
2 1 11 1
3 1 12 1
4 1 1 3
2 2 A RIGHT 336.7 57.3 2 1 1 8 2
2 1 9 2
3 2 B LEFT 336.7 99.3 5 1 1 2 3
2 1 3 3
3 1 13 1
4 1 14 1
5 1 15 3
4 3 A RIGHT 353.8 57.3 3 1 1 10 2
2 1 5 2
3 1 6 2
5 3 B LEFT 3538 99.3 5 1 2 1920 11
2 1 18 1
3 1 4 3
4 1 17 3
5 1 16 3

** # of interfering panels
2:1716
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S4-1: Shewchuk (2008)

** Nzones

1

**zone left edge X coordinate
1 6.0

** NStacks
2

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 203.0 106.5 9 1

2 1 B RIGHT  203.0 106.5 13

OCONOUIRWNRFRPOONOUTEAWN

** # of interfering panels
7:9242529303128

panels

NRENNRRPNRRRNRONRRRRENRER R

10
11

orientation

NN oo

L)
L)

WuWR HwRWR RN
A

w

S4-1: Proposed algorithm

** Nzones

2

**zone left edge X coordinate
1 6.0
2 184.0

** NStacks

3

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 9

2 2 A RIGHT 292.0 48.0 7

3 2 B LEFT 2920 90.0 7

~NOURAWNRLPNOURWN L, OONOURWN

** # of interfering panels
2:3130

orientation

e
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w
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S4-2

® ® ®

@ ® <§ o8

- @_ H

® .
®
@ o
@ ol
® 0 ® ®

130



S4-2: Shewchuk (2008)
** Nzones
1

**zone left edge X coordinate
1 6.0

** NStacks
2

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 203.0 106.5 8

2 1 B RIGHT 203.0 106.5 14

=
QWO NOUITRWNRFRONOUITRARWNE

el
ArOWNE

** # of interfering panels
6:20 2124252623

panels orientation
9 2
10
11
12
5
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16 15
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N
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N

o
NorPowwwProvmrRreRrNooo NN

w

S4-2: Proposed algorithm
** Nzones
2

**zZone left edge X coordinate
2 184.0

** NStacks

3

** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 7

2 2 A RIGHT 292.0 48.0 8

3 2 B LEFT 292.0 90.0 7

~NOUPRWNRONOURWN  NOUORWN,

** # of interfering panels
2:2625

panels orientation
9

13
14
16 15
17
18
1
10
11
12
5
6
87
22
19
202123
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2
3
4
26
25
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w
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S4-3: Shewchuk (2008)
** Nzones
1

**zZone left edge X coordinate
1 6.0

** NStacks
2

** stack flush
** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 203.0115.8 6 1 2

2 1 B LEFT  203.0115.8 14

=
cwo~NouhwNhFor~wN
-

-
N
NRPNRRPRRPRRPNNRRRPRRPRPPRrRRrRrRr R
=
©

p
15
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= e
M wnN
w e

** # of interfering panels
5:1821222320

S4-3: Proposed algorithm
** Nzones
2

**zone left edge X coordinate
1 6.0
2 179.5

** NStacks
3

** stack flush
** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 116.2 57.3 1

11
12
13
1
9
10
5
6
7
14
15
17 18 20 1
19
2
3
4
23
22
21
16

2 2 A RIGHT 289.8 57.3 5

3 2 B LEFT 289.8 99.3 11

PRRRRRRRPORRRERRRE (PR ERE
NP WWWWWER GNERNNNRN GWR R,
w

POOONOURWNRORAWN, ORWN

-

** # of interfering panels
4:23222116
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S5-1: Shewchuk (2008)
** Nzones
1

**zone left edge X coordinate

1
** NStacks
2
** stack flush
** #  zonetype edge xloc yloc #layers j #panels panels orientation

1 1 A RIGHT 198.0 106.5 7 9

10
11
1312
14
15
16
6

7

8

17
23
24
18

1

23

4
519
2526
2720
2122

N

2 1 B LEFT  198.0106.5 14

vo~NoUuAwNDFPE oA~

MNmegwl—‘l—‘l\)l—‘l—‘HHNl\)l\)Nl\)l\)l\)

NNONRRNRNRRRRRPRPRrRpRrRrRER
NN

** # of interfering panels
7:19 252627202122

S5-1: Proposed algorithm
** Nzones
2

**zone left edge X coordinate
1 6.0
2 174.0

** NStacks
3

** stack flush

** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 6 9

10

14

N
o
NWR R RN

2 2 A RIGHT 282.0 48.0 8

N

w

3 2 B LEFT 2820 90.0 11

RPOOONOUBRWNRONOUIRAWN,  OUTRWN,,
PRRPRPRRPRRRRRRRNRRRN PR RRPE

N
[
RPRNONONRRNNRENowwRONNN

-

** # of interfering panels
4:27262524
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S5-2: Shewchuk (2008)
** Nzones
1

**zone
1 6.0

** NStacks
2

** stack flush

** #  zonetype edge
1 1 A

2 1 B LEFT

** # of interfering panels
6:162122231718

left edge X coordinate

xloc yloc #layers j

RIGHT 198.0106.5

198.0 106.5 14

#panels
1

PR ERR e
DwNROoOOVo~NoURwNFP,FvyohwWN

RPRNNRRRRRRRRRPRrRpRrRrRRR

panels
8

9
10
11
12
13
14
5
6
7
15
19
20

orientation

S5-2: Proposed algorithm
** Nzones
2

**zone
1 6.0
2 176.0

** NStacks
3

** stack flush
** #  zonetype edge
1 1 A

2 2 A

3 2 B LEFT

** # of interfering panels
4:23222120

left edge X coordinate

xloc yloc #layers j

RIGHT 114.0 48.0 5

RIGHT 282.0 48.0 8

282.0 90.0 9

#panels
1
2

OCONOURARWNRONOTRAWN, OP~W

p

1
1
1
1
1

1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1

anels

8
12
13
14
1

9
10
11
5

27

orientation
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N
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S5-3: Shewchuk (2008)

** Nzones

1

**zone left edge X coordinate
1 6.0

** NStacks
2

** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 198.0115.8 7 1

2 1 B LEFT  198.0115.8 14

=
COONOUIRWN  , NOUORWN

el
AOWN

** # of interfering panels
6:221621231718

panels orientation

10
11
8
9
12
13
14
5
6
7
15
19
20
1
2
3

4
221621
23
17
18

PRRPWORRPRPRPRRPRPRRRR PRRPRRRRE

N
NMNHQ)QJUJQ)I—‘NI—‘I—‘HHNNI\JNNI\JN

S5-3: Proposed algorithm
** Nzones
2

**zone left edge X coordinate
1 6.0
2 169.5
** NStacks
3
** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 6

2 2 A RIGHT 279.8 57.3 7

3 2 B LEFT 2798 993 9

OCONOTRWNRPLNOURWN L OUORWN,,

** # of interfering panels
4:23212220

panels orientation

10

PRRPRRPRRPRRPRPRENRRR PR RERE

NNI\)I\)NWHD—‘HI\)N

PNRPRNNRPNREOWWWR
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M1-1: Shewchuk (2008)
** Nzones
2

**zone left edge X coordinate
1 6.0
2 222.0

** NStacks
5
** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 13

anels orientation

N
~
N

[,

=

2 2 A RIGHT 361.0 48.0 13

N
whFwNhRoOOONOO R WN

e
NP O©~NO U A
N N

[N
w
I\)N

3 2 A RIGHT 361.0 48.0 11

~
o NYYNY oYY N ONoRP DR R RRRERN

46 56 55
47 57
48

35

49

2

e
[N
N
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o N
[N

ORWNRPPAPONRPRPPRPOOONOGRWN
N

4 2 B LEFT 361.0 90.0 4
3
4
5

al
oo
[3)]
[uiy

5 2 B LEFT 361.0 90.0 5

N
=
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** # of interfering panels
6: 505152365354
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M1-1: Proposed algorithm

** Nzones

**zone left edge X coordinate
6.0

1 .
2 210.0
3 284.0

** NStacks
5

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 13 1
2

©O©oO~NO U W

el
WRN O

2 2 A RIGHT 330.0 48.0 12

3 2 B LEFT 330.0 90.0 4

e
NPNRPOOONOUTRWN,,

4 3 A RIGHT 392.0 48.0 13

5 3 B LEFT 3920 90.0 5

T e
OBWNRWNRPOOONOURWN, L Dw

** # of interfering panels
2:5453

panels

PRRPRPRPRRPONNNRRRRER RPRPRRNRRNRRRRRRRE  BPRNRPRPRENRRRRRE

15

1312
44 43
38 37
57 56 55
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orientation
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M1-2: Shewchuk (2008)

** Nzones
2

**zone left edge X coordinate
1 6.0
2 222.0

** NStacks
5

** stack flush

** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 9 13

18

N
iR
= W
)
N
(oSN -
NERrRrRER
NN T N

2 2 A RIGHT 361.0 48.0 13

=
COONOUIARWN L OONOUIRWN,
N
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=
N
o
oo NoNN N

w
©
N

3 2 A RIGHT 361.0 48.0 10

e
N WN

N

4 2 B LEFT 361.0 90.0 3

wWww

5 2 B LEFT 361.0 90.0 6

NRPRPRPRRNRNRRNRRRRRR  PRRRNRRRRRRRE NP NRRRRE
w
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** # of interfering panels
7:324344 45 46 47 33
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M1-2: Proposed algorithm

** Nzones

**zone left edge X coordinate
1 6.0
2 209.0
3 284.0

** NStacks
5

** stack flush
** #  zonetype edge xloc yloc #layers |j
1 1 A RIGHT 1140 48.0 9

2 2 A RIGHT 330.0 48.0 12

3 2 B LEFT 330.0 90.0 3

4 3 A RIGHT 3920 48.0 13

5 3 B LEFT  392.0 90.0 4

** # of interfering panels
4:3347 46 32

#panels panels

e
NRNRPOOONOURWN, L, OONDURWN,,

e el
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M1-3: Shewchuk (2008)

** Nzones

**zone left edge X coordinate
1 .
2 226.5

** NStacks
5

** stack flush

** #  zonetype edge xloc yloc #layers j #panels panels
1 A 8 1

1 RIGHT 116.2 57.3

2

2 2 A RIGHT 363.2 57.3 13

3 2 A RIGHT 363.2 57.3 12

P ol
OCONOUBRWN  WNRPOOONOURWN, OO U AW

10
11
12
4 2 B LEFT 363.2 99.3 3 1
2
3
5 2 B LEFT 363.2 99.3 5 1
2
3
4
5

** # of interfering panels
5:26 37 383 39 40
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11
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orientation
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M1-3: Proposed algorithm

** Nzones

3

**zone left edge X coordinate
1 6.0
2 222.5
3 279.5

** NStacks

5

** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 8 1

2 2 A RIGHT 336.7 57.3 10

=
OCONOTRWN L LWONROOONOUTRAWN ,ONOUORWN

3 2 B LEFT  336.7 99.3 3

4 3 A RIGHT 389.8 57.3 13

5 3 B LEFT 389.8 99.3 4

el
A OWONRFRPWNEF,O

** # of interfering panels
3:4039 26

panels

PRRPRRPRPRPRPRPNRENRRRRE  PRRRPRERRRRRRERE PR RRE

orientation
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| | | | I |

16 17 18 19 20 21 22

23 34 37 56 8
| 61 62 63 ||

64
24- 35- 38- 57 . o
67 68 69
36+ 39
25 58 104
31 32 33

| o i

261 = T 59 11
2 41 o i H

604
27- 42- 46- 51+ | —— L
: : 65 66
s2{l7 48 49

1 53 54 55 I

28 13

29 14

304 15

| | 1 1 1 1
i 2 3 | 5 6 ?

149



M2-1: Shewchuk (2008)
** Nzones

**zone left edge X coordinate
1 .
2 222.0

** NStacks
6

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 13 1
2
3
4
5
6
7
8
9
10
11
12
13

2 1 A RIGHT 114.0 48.0 9

3 2 A RIGHT 411.0 48.0 12

4 2 A RIGHT 411.0 48.0 9

5 2 B LEFT  411.0 90.0 6

6 2 B LEFT  411.0 90.0 8

e
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** # of interfering panels
3: 60 66 65
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1
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1
1
1
2
1
1
1
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2
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1
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1
1
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1
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1
3
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2
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M2-1: Proposed algorithm
** Nzones
3
**zone left edge X coordinate
1 6.0
2 212.0
3 384.0
** NStacks
6
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 13 1 1 16 2
2 1 17 2
3 1 23 1
4 1 24 1
5 1 25 1
6 1 26 1
7 1 27 1
8 1 28 1
9 2 3029 11
10 1 34 1
11 1 35 1
12 1 36 1
13 1 31 2
2 1 A RIGHT 114.0 48.0 9 1 1 32 2
2 1 40 1
3 1 43 2
4 2 42 41 11
5 1 47 2
6 2 52 48 12
7 1 53 2
8 2 55 54 22
9 1 1 3
3 2 A RIGHT 330.0 48.0 9 1 1 18 2
2 1 19 2
3 1 37 1
4 1 38 1
5 2 3339 21
6 1 44 2
7 1 45 1
8 3 51 46 50 111
9 1 49 2
4 2 B LEFT  330.0 90.0 3 1 1 2 3
2 1 3 3
3 1 4 3
5 3 A RIGHT 492.0 48.0 13 1 1 20 2
2 2 2221 22
3 1 8 2
4 1 9 2
5 1 10 2
6 1 11 2
7 1 12 2
8 1 13 2
9 2 1514 22
10 1 56 2
11 1 61 2
12 2 63 62 22
13 1 57 2
6 3 A RIGHT 492.0 48.0 10 1 1 61 3
2 2 62 63 31
3 1 57 1
4 1 64 1
5 1 67 1
6 2 68 69 22
7 1 58 2
8 1 59 1
9 1 60 1
10 2 65 66 22
** # of interfering panels
0
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M2-2: Shewchuk (2008)

** Nzones

2

**zone left edge X coordinate
1 .
2 222.0

** NStacks

6

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 14

N

2 1 A RIGHT 114.0 48.0 4 1

3 2 A RIGHT 4110 48.0 12

4 2 A RIGHT 4110 48.0 3

5 2 B LEFT 411.0 90.0 3

6 2 B LEFT 411.0 90.0 12

e e
NRPOOONOURWNRLRWNRWNP MRV UTAWN LA

** # of interfering panels
155
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panels
13
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M2-2: Proposed algorithm

** Nzones
3

**zone left edge X coordinate

1
2 211.4
3 384.0

** NStacks
6

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 14 1

2 1 A RIGHT 114.0 48.0 4 1

3 2 A RIGHT 330.0 48.0 8

4 2 B LEFT  330.0 90.0 2
5 3 A RIGHT 492.0 48.0 13

6 3 A RIGHT 492.0 48.0 7

** # of interfering panels
0

panels

PRRPPRRR L PRPRPRRPRRPRERPRERN LRPRONNNRENRR L PRR GNRRRRNRRRR R R

3332

3727
44 43
42 41

orientation
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M2-3
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M2-3: Shewchuk (2008)

** Nzones
2

**zone left edge X coordinate
1 6.0
2 226.5

** NStacks

5

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 13

2 2 A RIGHT 4132 573 13

3 2 A RIGHT 4132 57.3 6

el T e
N L WNRPOOONOUBRWN  WNRPOOONOUDWN,

4 2 B LEFT 4132 99.3 4

4 2 B LEFT 4132 99.3 11

POOONOUITRWNERPRAWNROU W

e

** # of interfering panels
145

panels
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11
16

orientation
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156



M2-3: Proposed algorithm

** Nzones

3

**zone left edge X coordinate
1 6.0
2 2145
3 379.5

** NStacks

4

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 13

2 2 A RIGHT 336.7 57.3 13

T el
WN L WNRPOOONOUDWN,

3 2 B LEFT 336.7 99.3 5

4 3 A RIGHT 489.8 57.3 14

e Tl e
PBWNRPOOONOUIRWN LUBRWNRPWNROOONO UM

** # of interfering panels

panels

PRRENRRPRRPRRRRRR  RPRRRRNRRRRRRRRRRRE  PRRRRERRERERRERE

11

orientation
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M3-1: Shewchuk (2008)
** Nzones
2
**zone left edge X coordinate
1 6.0
2 222.0
** NStacks
5
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 14 1 2 1918 22
2 1 15 2
3 1 20 1
4 1 21 1
5 1 22 1
6 2 2423 11
7 1 59 1
8 1 61 1
9 3 62 60 63 111
10 2 3864 21
11 2 2827 22
12 1 35 1
13 2 3029 22
14 2 66 65 22
2 1 A RIGHT 114.0 48.0 1 1 1 1 3
3 2 A RIGHT 361.0 48.0 13 1 2 17 16 22
2 1 12 2
3 2 1413 22
4 1 7 2
5 1 8 2
6 1 9 2
7 2 1110 22
8 2 2625 22
9 2 4039 22
10 2 4541 22
11 3 42 44 43 222
12 1 53 2
13 3 485554 222
4 2 B LEFT 361.0 90.0 7 1 1 2 3
2 2 3132 22
3 2 36 37 11
4 1 50 2
5 1 51 2
6 2 3334 33
7 1 56 1
5 2 B LEFT 361.0 90.0 6 1 1 3 3
2 1 4 3
3 2 56 33
4 1 46 1
5 2 5257 21
6 4 47496758 1221
** # of interfering panels
7:46 52 57 47 49 67 58
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M3-1: Proposed algorithm

** Nzones
3

**zZone left edge X coordinate
1 6.0
2 211.0
3 284.0

** NStacks
5

** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 15 1

2 2 A RIGHT 330.0 48.0 6

3 2 B LEFT 330.0 90.0 7

4 3 A RIGHT 392.0 48.0 8

5 3 B LEFT 3920 90.0 8

ONOTRWNRPONOTRWN L NOORWNRPOUORWN,

** # of interfering panels
6: 58 67 49 47 57 46
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M3-2: Shewchuk (2008)

** Nzones
2

**zone left edge X coordinate
1 6.0
2 222.0
** NStacks
5
** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 525 9 1

2 2 A RIGHT 361.0 525 13

OCONOUTRWN  OCONOUTRWN

3 2 A RIGHT 361.0 52.5 5

4 2 B LEFT 361.0 945 6

5 2 B LEFT 361.0 945 7

NOURWNPRPOURWNRUORWN,

** # of interfering panels
5:40 333546 41

panels
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M3-2: Proposed algorithm

** Nzones
3

**zone left edge X coordinate
1 6.0
2 211.0
3 284.0

** NStacks
5

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 525 9

2 2 A RIGHT 330.0 52.5 12

3 2 B LEFT 330.0 94.5 5

4 3 A RIGHT 3920 525 9

5 3 B LEFT 3920 945 7

e
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** # of interfering panels
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M3-3
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M3-3: Shewchuk (2008)

** Nzones

2

**zone left edge X coordinate
1 6.0
2 226.5

** NStacks

5

** stack flush

** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 116.2 57.3 9 12

2 2 A RIGHT 363.2 57.3 14
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** # of interfering panels
5:37 30324338
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M3-3: Proposed algorithm

** Nzones
3

**zone left edge X coordinate
1 6.0
2 2135
3 279.5

** NStacks
5
** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 9 1

2
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5
6
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8
9
2 2 A RIGHT 336.7 57.3 13 1
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9
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3
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** # of interfering panels
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M4-1: Shewchuk (2008)
** Nzones
2

**zone left edge X coordinate
1 6.0

2 222.0
** NStacks

8

** stack flush

** #  zonetype edge xloc yloc #layers j #panels panels orientation
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M4-1: Proposed algorithm
** Nzones
3

**zone left edge X coordinate
1 6.0
2 222.0
3 404.0
** NStacks
7

** stack flush
** # zonetype edge xloc yloc #layers | #panels panels orientation
1 1 A RIGHT 114.0 48.0 16
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M4-2
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M4-2: Shewchuk (2008)

** Nzones

2

**zone left edge X coordinate
1 6.0
2 222.0

** NStacks

6

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 12

WN

2 2 A RIGHT 4210 48.0 12

3 2 A RIGHT 421.0 48.0 17

©©oo~NO U

RPRRRR R
~NoORrWNRO
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5 2 B LEFT 421.0 90.0 9
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M4-2: Proposed algorithm

** Nzones
3

**zone left edge X coordinate
1 6.0
2 211.0
3 408.0

** NStacks
6
** stack flush

** #  zonetype edge xloc yloc #layers j #panels panels
1 1 A RIGHT 1140 48.0 12

OCONOURAWN,

-
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=
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e
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M4-3
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M4-3: Shewchuk (2008)

** Nzones
2

**zone left edge X coordinate
1 6.0
2 226.5
** NStacks
6

** stack flush
** #  zonetype edge xloc yloc #layers j #panels

1 1 A RIGHT 116.2 57.3 13 1
2
3
4
5
6
7
8
9
10
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12
13
2 2 A RIGHT 423.2 57.3 13 1
2
3
4
5
6
7
8
9
10
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2
3
4
5
6
7
8
9
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4 2 A RIGHT 4232 57.3 2 1
2
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2
3
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2
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4
5
6
7
8
9
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M4-3: Proposed algorithm

** Nzones
3

**zZone left edge X coordinate
1 6.0
2 215.5
3 399.5

** NStacks
6
** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 13 1

=
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e e
WN -

2 2 A RIGHT 336.7 57.3 9

3 2 B LEFT 336.7 99.3 2
4 3 A RIGHT 509.8 57.3 14

=
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=
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=
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M5-1: Shewchuk (2008)

** Nzones

2

**zone left edge X coordinate
1 6.0
2 222.0

** NStacks
6

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 14 1
2
3
4
5
6
7
8
9
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14
2 1 A RIGHT 114.0 48.0 1
3 2 A RIGHT 386.0 48.0 13
4 2 A RIGHT 386.0 48.0 9

5 2 B LEFT 386.0 90.0 7

6 2 B LEFT 386.0 90.0 7
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M5-1: Proposed algorithm

** Nzones

**zone left edge X coordinate
6.0

1 .
2 212.0
3 334.0

** NStacks
6

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 1
2

RIGHT 1140 48.0 1
RIGHT 330.0 48.0 10
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** # of interfering panels
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M5-2
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M5-2: Shewchuk (2008)

** Nzones
2

**zone left edge X coordinate
1 6.0
2 222.0

** NStacks
5

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 12

anels orientation
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M5-2: Proposed algorithm

** Nzones
3

**zone left edge X coordinate
1 6.0
2 211.0
3 325.0

** NStacks
5

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 12 1

2
3
4
5
6
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9
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2 2 A RIGHT 330.0 48.0 9

3 2 B LEFT 330.0 90.0 4

4 3 A RIGHT 433.0 48.0 14
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M5-3
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M5-3: Shewchuk (2008)

** Nzones

2

**zone left edge X coordinate
1 6.0
2 226.5

** NStacks

5

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 12

WN

2 2 A RIGHT 3712 573 14

3 2 A RIGHT 371.2 57.3 5 1
22

4 2 B LEFT 371.2 993 3

5 2 B LEFT 371.2 99.3 6

COURWNRFRPWNRFRORAW

** # of interfering panels
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M5-3: Proposed algorithm

** Nzones
3

**zone left edge X coordinate
1 6.0
2 2115
3 2955

** NStacks
5

** stack flush
** #  zonetype edge
1 1 A RIGHT 116.2 57.3

RIGHT 336.7 57.3

3 2 B LEFT  336.7 99.3

RIGHT 4058 57.3

5 3 B LEFT 4058 99.3

** 4 of interfering panels
0

xloc yloc #layers j

#panels
1

2
3
4
5
6
2
8
9
10

[y
RrPWONROONOORWN LN

=
BWNRROOONOUTAWN

panels orientation

PRRNRRPRENRARRNRRR  PRRRRRRENRRRRE  PRRERRERERRRRRERERE

15
16
17
18
19
20
24
40
21
22
1
12

13

N(JQI'\.)I\)I\JI—‘I\)I\JI—‘}—‘I—‘I—‘N

N

N
Pppen
-

[
1
I'\.)I\JI\JN}—‘I—‘(AJOOI\JI—‘I\)

N

3310
44
35
41364534 2
43 46
5

6

4

47 39
37
38

N

»—-H:‘Nww’\’mmm'\’

N
N

184



L1-1

20 @ 2 | 2 J 73 % 25 27 2 T 29 30
31 49 5 73 87 13
| s I
97 9% |
32 50 56 74 88 14
99
I I |
k3 10 51 57 75 89 o3 1045
80 81 82100
H 83 H
107 108
54 52 58 76 90 16
— 84 85 85
44 4 5 o
| 109 110 10z
35 42 53 59 77 914 105 10617
[ 11T 112
I 54 I
66 &7
36| 44 60 78 92 18
; 94 95 9§
=T 68 5 70 7 !
37 48 44 64 ” 79 93 19
T T T 5 5 7 8 8 10 M _ 12

185



L1-1: Shewchuk (2008)
** Nzones

4

** NStacks

13

**zone left edge X coordinate

1 6.0

2 222.0

3 438.0

4 654.0

** stack flush

** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 13 0
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L1-1: Shewchuk (2008)
9 4 A RIGHT 830.0 48.0 17
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** # of interfering panels
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L1-1: Proposed algorithm
** Nzones 5
** NStacks 13
**zone left edge X coordinate
1 .
2 212.0
3 416.0
4 642.0
5 790.0
** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 13
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L1-1: Proposed algorithm

4 2
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L1-2: Shewchuk (2008)

** Nzones 4

** NStacks 11 )

**zone left edge X coordinate
6.0

1 .
2 222.0
3 438.0
4 654.0
** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 14

2 2 A RIGHT 330.0 48.0 16

PR PR
LOUBRWNRPOOONOUIAWN  AWNRPOOONOUITRWN,

3 2 A RIGHT 330.0 48.0
B LEFT 330.0 90.0

Rl

5 3 A RIGHT 546.0 48.0 2
6 3 B LEFT 546.0 90.0 6
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8 4 A RIGHT 830.0 48.0 17
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L1-2: Shewchuk (2008)
9 4 A RIGHT 830.0 48.0

10 4 B LEFT 830.0 90.0

11 4 B LEFT  830.0 90.0

** # of interfering panels
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L1-2: Proposed algorithm
** Nzones 5
** NStacks 11
**zone left edge X coordinate
1 6.0
2 213.0
3 429.0
4 642.0
5 788.0
** stack flush
** # zonetype edge
1 1 A RIGHT 1140 48.0

2 2 A RIGHT 330.0 48.0

3 2 B LEFT 330.0 90.0

RIGHT 546.0 48.0
5 3 B LEFT  546.0 90.0

xloc yloc #layers j
13

17

4
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9

#panels
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L1-2: Proposed algorithm

6 4 A RIGHT 762.0 48.0

RIGHT 762.0 48.0
8 4 B LEFT 762.0 90.0

RIGHT 898.0 48.0

10 5 A RIGHT 898.0 48.0

11 5 B LEFT 898.0 90.0

** # of interfering panels
3: 777675
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L1-3: Shewchuk (2008)

** Nzones 4

**zone left edge X coordinate

1 6.0

2 226.5

3 446.9

4 667.4

** NStacks 10

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 11 1

P
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2 2 A RIGHT 336.7 57.3 16

3 2 B LEFT 336.7 99.3 6
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L1-3: Shewchuk (2008)

4
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B
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LEFT 836.7 99.3

LEFT 836.7 99.3

** # of interfering panels
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L1-3: Proposed algorithm

** Nzones

**zone
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left edge X coordinate
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** NStacks

** stack
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RIGHT 116.2 57.3
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LEFT 336.7 99.3

RIGHT 557.1 57.3

xloc yloc #layers j

11

16

6

1

#panels
1

=
©CONOUBWN L POOONOUBWN

panels

B RPRPRPNRRRRRRRRRRRERERRRRERE  PRERRERRRRRERE,

14
22
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N
=
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L1-3: Proposed algorithm
5 3 B LEFT 557.1 99.3

6 4 A RIGHT 7776 573

7 4 B LEFT 7776 99.3
RIGHT 8958 57.3

9 5 A RIGHT 8958 57.3

10 5 B LEFT 8958 99.3

** # of interfering panels
2:777673

8

15

1
13

2
5

e e ol
OCONOUBRWN L RURWNRPOOONDUIAWN ,ONOURWN R
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L2-1

77 2% 3% & BJ 3 35 24 FEI
36 52 1
37 53 83 17
[ ? L
m
38 ﬁ 7 84 18
73 74 75
W =
39 7 85 19
140 56 74 36 20
== 57 79 87 21
9% 97 o8
99
42— 54 - 88 22
59 81 94 1 13@
44| 64 6_'6 é_? aa 104 105
I 90
104 13
44 107 108 109
1 14
145
: : . . 4. . 18]
i 3 1 E B ) T 12

197



L2-1: Shewchuk (2008)
** Nzones

**zone left edge X coordinate
6.0

1 .
2 222.0
3 438.0
4 654.0
** NStacks
12
** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 11

T

OCONOUTRWN LOONOUTRWN  POOONOGRWN,

2 1 A RIGHT 114.0 48.0 9

3 2 A RIGHT 330.0 48.0 16

4 2 A RIGHT 330.0 48.0 4

5 2 B LEFT 330.0 90.0 3

6 3 A RIGHT 546.0 48.0 7

7 3 B LEFT 546.0 90.0 2

PRERRRR e
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8 4 A RIGHT 827.0 48.0 11

POOO~NOUITRAWN
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1
1
1
1
1
1
1
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1
1
1
2
2
2
1
1
2
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2
1
2
1
1
1
1
1
1
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anels orientation
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N
-

O WRRONENG Jwww
NN w NN

PDRONRNRR NN

198



L2-1: Shewchuk (2008)

9 4 A RIGHT 827.0 48.0 16 1 1 23 2
2 1 13 2
3 2 1514 22
4 1 82 2
5 1 83 2
6 1 84 2
7 1 85 2
8 1 86 2
9 1 111 2
10 1 87 2
11 1 95 2
12 1 96 2
13 2 98 97 22
14 1 88 2
15 1 99 2
16 2 94 93 22
10 4 A RIGHT 827.0 48.0 4 1 1 89 2
2 1 100 2
3 1 104 2
4 2 106 105 22
11 4 B LEFT 827.0 90.0 1 1 2 90 101 11
12 4 B LEFT 827.0 90.0 7 1 1 8 3
2 1 9 3
3 1 10 3
4 2 1112 33
5 1 107 2
6 2 108 109 22
7 2 102 103 11
** # of interfering panels
5:107 108 109 102 103
L2-1: Proposed algorithm
** Nzones
5
**zone left edge X coordinate
1 6.0
2 212.0
3 418.0
4 624.0
5 784.0
** NStacks
12
** stack flush
orientation

1 RIGHT 114.0 48.0

2 1 A RIGHT 1140 48.0

** #  zonetype edge xloc yloc #layers |j
1 A 11

P
OCONOUIRWN  RPOOONOUAW

2

PRRRPRRPRRRE  PRERRRRRERRERP,

#panels panels
1 2

28

WRNNRORNNN PR RRRRERRREN,,

199



L2-1: Proposed algorithm
3 2 A RIGHT 330.0 48.0 16
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6 3 A RIGHT 546.0 48.0 7

w
3
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7 3 B LEFT 546.0 90.0 2

\,
w
N

8 4 A RIGHT 762.0 48.0 14

N

PRNRRRPRRRERPRERN LRPNRRPNNNR L RPRRONRE L PRRPRERPRENRRNNRRRE
w
-
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9 4 B LEFT 762.0 90.0 2

=
[ee]

10 5 A RIGHT 892.0 48.0 11

._.
N
~

Mo

P

~NOOAWNRONOTRAWN LPOOONOOIRWN

11 5 A RIGHT 892.0 48.0 8

N
D
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** # of interfering panels
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L2-2
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L2-2: Shewchuk (2008)

** Nzones
4
**zone left edge X coordinate
1 6.0
2 222.0
3 438.0
4 654.0
** NStacks
11
** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 13 1

2 1 A RIGHT 114.0 48.0 1 1
3 2 A RIGHT 330.0 48.0 16 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
4 2 A RIGHT 330.0 48.0 6 1
2
3
4
5
6
5 2 B LEFT  330.0 90.0 2 1
2
6 3 A RIGHT 546.0 48.0 7 1
2
3
4
5
6
7
7 3 B LEFT 546.0 90.0 2 1
2

panels

PNRRPRRPRR  PREPRPRRPRE PRPRERRPRRRPRRPRRRRRRRER L PRRRPRRERRRRRRE

orientation

OWWNNRPRER L RPRRPRNRERNRNNRRRNNRPRONO DN RRR R R R R R
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L2-2: Shewchuk (2008)
8 4 A RIGHT 827.0 48.0

9 4 A RIGHT 827.0 48.0

10 4 B LEFT 827.0 90.0
11 4 B LEFT 827.0 90.0

** # of interfering panels
4:78828379

11

15

2
6

e
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L2-2: Proposed algorithm

** Nzones
5

**zone left edge X coordinate
1 6.0
2 213.0
3 428.0
4 650.0
5 784.0

** NStacks
11

** stack flush

** # zonetype edge xloc yloc #layers j
14

1 1 A RIGHT 114.0 48.0

#panels
1

panels

PRRRRRRRRRRRE

29
30

orientation

WRNNNNRRRRRR R
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L2-2: Proposed algorithm

2 2 A RIGHT 330.0 48.0

RIGHT 330.0 48.0

4 2 B LEFT 330.0 90.0
RIGHT 546.0 48.0

6 3 B LEFT 546.0 90.0
RIGHT 762.0 48.0

8 4 B LEFT 762.0 90.0
RIGHT 892.0 48.0

10 5 A RIGHT 892.0 48.0

11 5 B LEFT 892.0 90.0

** # of interfering panels
0

16
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4

6
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L2-3
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L2-3: Shewchuk (2008)

** Nzones
4
**zone left edge X coordinate
1 6.0
2 226.5
3 446.9
4 667.4
** NStacks
10
** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 13
2

O©oO~NO U W

2 2 A RIGHT 336.7 57.3 16

A RIGHT 336.7 57.3
LEFT 336.7 99.3

NIN)
N

5 3 A RIGHT 557.1 57.3 8

6 3 B LEFT 557.1 99.3 2
7 4 A RIGHT 833.7 57.3 12

8 4 A RIGHT 833.7 573 10

e
WN L NP OOONDUIARWN  NRONOUTARWN N

QW ~NOU

=

panels

PRRPRNRRRR  PRRRPRRRERRRRERE  PRRPRERRERRRRRE PP L RPRPRRRPRRERRRRPRRENRRRE PRRERRRPRRERERRRREE
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NENGWRNNNNRRR R R

NNNNNNNNNNNNNNNNNQJMNNNNHNNN(AJQJNND—‘HHD—‘HND—‘NND—‘:

STNT YN
N

206



L2-3: Shewchuk (2008)

9 4 B LEFT 833.7 99.3 1
10 4 B LEFT 833.7 99.3 7

NOUIDWN R

** # of interfering panels
4:67717268

RPRRPRRR R R

59

67
71
72
68

RPNNRFRPOWWE

L2-3: Proposed algorithm

** Nzones
5

**zone left edge X coordinate
1 6.0
2 218.5
3 437.9
4 657.4
5 779.5

** NStacks
11

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 13 1

2 2 A RIGHT 336.7 57.3 16

T el
WN L WNRPOOONOODWN

3 2 A RIGHT 336.7 57.3 1
4 2 B LEFT 336.7 99.3 2

5 3 A RIGHT 557.1 57.3 8

e el
ONOUIBWN NP, OUIRWNRPOO®OND U

panels

PRRPRRPRRPRE PR L PRPRRRRRRRRRENRRRE PR RRRRRRRRRE

16

orientation

NENGWRNNNNRRRE R R R

=
N

NN NENNGWW NP RPRRPRPREPENENNE
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L2-3: Proposed algorithm
6 4 B LEFT 5571 99.3

7 4 A RIGHT 777.6 57.3

8 4 B LEFT 777.6 99.3
RIGHT 889.8 57.3

10 5 B LEFT 889.8 99.3

** # of interfering panels
0

10
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L3-1
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L3-1: Shewchuk (2008)
** Nzones
3

**zone left edge X coordinate

1 6.0

2 222.0

3 438.0

** NStacks

10

** stack flush

** #  zonetype edge xloc yloc #layers j
1 1 A RIGHT 114.0 48.0 11
2 1 A RIGHT 114.0 48.0 6
3 2 A RIGHT 330.0 48.0 16
4 2 A RIGHT 330.0 48.0 1
5 2 B LEFT  330.0 90.0 8
6 3 A RIGHT 619.0 48.0 11
7 3 A RIGHT 619.0 48.0 16

#panels
1

2

e

OCONOTRWN L, OORWN  POOONOO W

=

panels

PRRPRRNRRRRRRRENR  RPRRPRRRRNRR GRPRENRRRRR L PRRENRRERNRRRRRRRRE PR ERRE G RPRRRRRRRERE

orientation
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L3-1: Shewchuk (2008)
8 3 A RIGHT 619.0 48.0 10

9 3 B LEFT 619.0 90.0 4

10 3 B LEFT 619.0 90.0 9

** Ninfeasible
7:101 102 106 104 107 105 108

=
OCONOTPRWNRLPAWONRPOOONOGRWN,

PNRPRPRNNRPRRRENRPRONRPRRENONRRE
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NN N NN N
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Coww FRp®
PR w PE W
N

=

L3-1: Proposed algorithm
** Nzones
4

**zone left edge X coordinate
1 6.0
2 211.0
3 418.0
4 584.0
** NStacks
11

** stack flush
** # zonetype edge xloc yloc #layers
1 1 A RIGHT 114.0 48.0 11

2 1 A RIGHT 1140 48.0 6

3 2 A RIGHT 330.0 48.0 17

j #panels panels

1

T

OCONOTRWN LOORWN LPOOONOUIRWN

PRRPRPNRPRNRRRRRRRR PR (PR RRRERRERRERE,

25

orientation
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L3-1: Proposed algorithm
5 2 B LEFT

6 3 A RIGHT

7 3 A RIGHT

8 3 B LEFT

9 4 A RIGHT

10 4 A RIGHT

11 4 B LEFT

** # of interfering panels
3:108 107 106

330.0 90.0
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L3-2
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L3-2: Shewchuk (2008)

** Nzones 3

**zone left edge X coordinate

1 6.0

2 222.0

3 438.0

** NStacks 9

** stack flush

** # zonetype edge xloc yloc #layers | #panels panels orientation
1 1 A RIGHT 114.0 48.0 12 1

2 1 A RIGHT 114.0 48.0 2

w
N
NP LNNRRRRRRRRE,

3 2 A RIGHT 330.0 48.0 14

NN

N

4 2 B LEFT  330.0 90.0 6 1

o
o
PRORWoRRPN R NN L

w =

5 3 A RIGHT 619.0 48.0 11
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6 3 A RIGHT 619.0 48.0 16
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L3-2: Shewchuk (2008)
8 3 B LEFT 619.0 90.0 5

w

9 3 B LEFT 619.0 90.0 8

ONOUTRWN R UTA WN

WRRPRNRRRPRRREPREN R
[N
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** # of interfering panels
6: 889290939194

L3-2: Proposed algorithm

** Nzones
4

**zone left edge X coordinate
1 6.0
2 215.0
3 430.0
4 584.0

** NStacks
9
** stack flush

** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 14

w
N
NP e e e e N

2 2 A RIGHT 330.0 48.0 14 1

NN

N

3 2 B LEFT  330.0 90.0 6

NNRRRRRRNRPRRNRNRRRR PR RRRRERRRRERRRE
o
=N

3
o
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w
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L3-2: Proposed algorithm

4 3 A RIGHT 546.0 48.0

5 3 A RIGHT 546.0 48.0

6 3 B LEFT  546.0 90.0

7 4 A RIGHT 692.0 48.0

8 4 A RIGHT 692.0 48.0

9 4 B LEFT 692.0 90.0

** # of interfering panels
3:949392
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L3-3
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L3-3: Shewchuk (2008)

** Nzones

3

**zone left edge X coordinate

1 6.0

2 226.5

3 446.9

** NStacks

8

** stack flush

** # zonetype edge xloc yloc #layers
1 1 A RIGHT 116.2 57.3 12
2 2 A RIGHT 336.7 57.3 16
3 2 A RIGHT 336.7 57.3 2
4 2 B LEFT 336.7 99.3 6
5 3 A RIGHT 6235 57.3 12
6 3 A RIGHT 6235 57.3 12
7 3 B LEFT 6235 99.3 3
8 3 B LEFT 6235 99.3 8

** # of interfering panels
5:6968 717072

j

#panels

PR PR PRRRRRE PR
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orientation
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N
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L3-3: Proposed algorithm
** Nzones 4
**zone left edge X coordinate
1 6.0
2 2185
3 440.9
4 579.5
** NStacks 9
** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 12

2 2 A RIGHT 336.7 57.3 16

3 2 A RIGHT 336.7 57.3 2
4 2 B LEFT 336.7 99.3 6

5 3 A RIGHT 557.1 57.3 7

6 3 B LEFT 557.1 99.3 7

7 4 A RIGHT 689.8 57.3 13

PRRRRRE PR
OCONOUIBRWN L NOUIBRWNRNOUIRWN  OUBRWNRN  OURWNRPOOONOUIRWN,  NRPOOONDUAWN,
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11
12
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8 4 A RIGHT 689.8 57.3 5 21
3
4
5
9 4 B LEFT 689.8 99.3 3 22l
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** # of interfering panels
2:7271

PRRRRRR  PRRRRRRRRRRR L PR RRRRR RPN RR L RRRRRRR L PRRRRRRRRRRRR R R PRRRRRRRRRR
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orientation
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L4-1

% %5 % 77 28 2 30 3 32 33 34 3 36
37 59 6: 10 15
1) 60 109 16
4 a7 4 e 98 99|
6 B! .
- 49 102 17
6:
67 68 69 71
50 103 18
% —7@ % 7 F & 88 |
| 80 8 94 104
56 57 5 105 106 107
a1 5 ] 19
— 77 18 19
8 90 95
42 53 1 20
82 91 96
1
53 21
43 1 112 T3 114
83 93
44 54 22
8 91
45 55 . 4‘ . 23]
i 2 3 L3 5 [ 7 8 10 11 12 13 14
L4-1: Shewchuk (2008)
** Nzones
5
**zone left edge X coordinate
1 6.0
2 222.0
3 438.0
4 654.0
5 870.0
** NStacks
13
** stack flush
** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 1140 48.0 12 1 24 2
2 1 25 2
3 1 37 1
4 1 38 1
5 1 39 1
6 1 40 1
7 1 41 1
8 1 42 1
9 1 43 1
10 2 45 44 11
11 1 46 2
12 2 48 47 22
2 1 A RIGHT 1140 48.0 7 1 1 49 1
2 1 50 1
3 1 56 2
4 2 58 57 22
5 1 51 1
6 1 52 1
7 1 1 3
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L4-1: Shewchuk (2008)

3 2 A
4 2 B
5 3 A
6 3 B
7 4 A
8 4 B
9 5 A
10 5 A
11 5 A
12 5 B
13 5 B

** Ninfeasible
5:110111 112113114
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546.0 90.0
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L4-1: Proposed algorithm
** Nzones
6

1 .
2 210.0
3 428.0
4 634.0
5 860.0
6 984.0
** NStacks
13
** stack flush

** #  zonetype edge
1 1

2 1 A

3 2 A

4 2 B LEFT
5 3 A RIGHT
6 3 B LEFT

7 4 A RIGHT

8 4 B LEFT

9 5 A RIGHT

**zone left edge X coordinate
6.0
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L4-1: Proposed algorithm
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L4-2: Shewchuk (2008)

** Nzones
**zone left edge X coordinate
1 6.0
2 222.0
3 438.0
4 654.0
5 870.0
** NStacks
12
** stack flush

** # zonetype edge
1

1

A RIGHT 114.0 48.0

2 1 A RIGHT 114.0 48.0
3 2 A RIGHT 330.0 48.0
4 2 B LEFT  330.0 90.0
5 3 A RIGHT 546.0 48.0

6 3 B LEFT  546.0 90.0

RIGHT 762.0 48.0

8 4 B LEFT 762.0 90.0

10 5 A

RIGHT 1035.0 48.0

RIGHT 1035.0 48.0
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L4-2: Shewchuk (2008)

11 5 B LEFT

12 5 B LEFT
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L4-2: Proposed algorithm
** Nzones
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428.0
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** NStacks
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** stack flush
** #  zonetype edge
1 1 A RIGHT

2 1 A RIGHT

3 2 A RIGHT

4 2 B LEFT
5 3 A RIGHT

6 3 B LEFT

**zone left edge X coordinate
6.0
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xloc yloc #layers |j
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L4-2: Proposed algorithm

7 4 A RIGHT 762.0 48.0

8 4 B LEFT 762.0 90.0

9 5 A RIGHT 978.0 48.0
10 5 B LEFT 978.0 90.0
11 6 A RIGHT 1092.0 48.0
12 6 A RIGHT 1092.0 48.0

13 6 B LEFT  1092.0 90.0
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L4-3
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L4-3: Shewchuk (2008)
** Nzones
5
**zone left edge X coordinate
1 6.0
2 226.5
3 446.9
4 667.4
5 887.8
** NStacks
12
** stack flush
** #  zonetype edge xloc yloc #layers | #panels panels orientation
1 1 A RIGHT 116.2 57.3 1 1 24 2
2 1 25 2
3 1 26 1
4 1 27 1
5 1 28 1
6 1 29 1
7 1 30 1
8 1 31 1
9 1 32 2
10 1 33 2
11 1 34 1
12 1 39 2
13 1 40 2
2 1 A RIGHT 116.2 57.3 1 1 35 1
2 1 1 3
3 2 A RIGHT 336.7 57.3 1 1 18 2
2 1 41 1
3 1 42 1
4 1 43 1
5 1 47 2
6 1 52 2
7 1 53 2
8 1 54 2
9 1 55 2
10 1 56 1
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L4-3: Shewchuk (2008)
4 2 B LEFT  336.7 99.3 5

5 3 A RIGHT 557.1 57.3 3

6 3 B LEFT 557.1 99.3 4

7 4 A RIGHT 7776 57.3 4

8 4 B LEFT 777.6 99.3 2
9 5 A RIGHT 10439 573 12

10 5 A RIGHT 10439 573 14

11 5 B LEFT 1043.9 99.3 4

12 5 B LEFT 10439 99.3 6

** # of interfering panels
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L4-3: Proposed algorithm

** Nzones

6

**zone left edge X coordinate
1 6.0
2 2135
3 432.9
4 653.4
5 868.8
6 979.5

** NStacks

12
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L4-3: Proposed algorithm
** stack flush

** #  zonetype edge xloc yloc #layers |
1 1 A 13

RIGHT 116.2 57.3

2 1 A RIGHT 116.2 57.3
3 2 A RIGHT 336.7 57.3

4 2 B LEFT 336.7 99.3

5 3 A RIGHT 557.1 573

6 3 B LEFT 557.1 99.3

7 4 A RIGHT 7776 573

8 4 B LEFT 7776 99.3

9 5 A RIGHT 998.1 573

10 4
11 6

LEFT 998.1 99.3
RIGHT 1089.8 57.3
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12 6 B LEFT  1089.8 99.3
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L5-1
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L5-1: Shewchuk (2008)

** Nzones

5

**zone left edge X coordinate

1 6.0

2 222.0

3 438.0

4 654.0

5 870.0

** NStacks

13

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 13

anels orientation

2 1 A RIGHT 1140 48.0 6

[y

3 2 A RIGHT 330.0 48.0 14

4 2 A RIGHT 330.0 48.0 2
5 2 B LEFT 330.0 90.0 4

[N
~
P WWWRENNRPRENONNRRRRONEN GNRRONE NN RRRRR R RN,

ol
LR WNRNPRPONRFROOONOUIRAWN L LOUTRWN .,

6 3 A RIGHT 546.0 48.0 10

N

7 3 B LEFT 546.0 90.0 3

o
&
RPwwkRrRRPRENOR RN

N
By
N

8 4 A RIGHT 762.0 48.0 14

OCONDUIAWN  WNROOONDUTRWN
Nl—\l—‘Hl—\l—‘Hl—\I—‘Hl—\l—‘H'_\I—‘Hl—\l—‘Hl—\l—‘Nl—\I—‘Hl—\HHl—\l—‘Hl—\HHl—‘l—‘Hl—\I—‘Hl—\l—‘Hl—\l—‘H._\l—‘Hl—‘l—‘N._\I—‘Hl—\I—‘Hl—\I—‘Hl—\I—‘Hl—\H_c
o
>

o)
o
PRONRRRRNONRRNON

[uny

231



L5-1: Shewchuk (2008)
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L5-1: Proposed algorithm
** Nzones
6

**zone left edge X coordinate
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** NStacks
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** stack flush
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L5-1: Proposed algorithm
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L5-2: Shewchuk (2008)
** Nzones
5
**zone left edge X coordinate
1 6.0
2 222.0
3 438.0
4 654.0
5 870.0
** NStacks
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 1140 48.0 11 1 1 2
2 1 27 1
3 1 28 1
4 1 29 1
5 1 30 1
6 1 31 1
7 1 32 1
8 1 33 2
9 1 36 2
10 1 43 2
11 1 1 2
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L5-2: Shewchuk (2008)
2 2 A RIGHT 330.0 48.0 16

RIGHT 330.0 48.0 1
LEFT  330.0 90.0 3

I
NN
W >

5 3 A RIGHT 546.0 48.0 8

6 3 B LEFT  546.0 90.0 4

7 4 A RIGHT 762.0 48.0 15

8 4 B LEFT 762.0 90.0 6

9 5 A RIGHT 985.0 48.0 12

10 5 B LEFT 985.0 90.0 14
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L5-2: Proposed algorithm

** Nzones

6

**zone left edge X coordinate

1 6.0

2 210.0

3 423.0

4 638.0

5 860.0

6 884.0

** NStacks

10

** stack flush

** #  zonetype edge xloc yloc #layers j
1 1 A RIGHT 114.0 48.0 11

2 A RIGHT 330.0 48.0

2 A RIGHT 330.0 48.0
B LEFT  330.0 90.0

3 A RIGHT 546.0 48.0

4 B LEFT 546.0 90.0

5 A RIGHT 762.0 48.0

5 B LEFT 762.0 90.0
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L5-3

L5-2: Proposed algorithm

9 6 A RIGHT 978.0 48.0
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L5-3: Shewchuk (2008)

** Nzones
4
**zone left edge X coordinate
1 6.0
2 226.5
3 446.9
4 667.4
** NStacks
10
** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 12

2
3
4
5
6
7
8
9
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12
2 2 A RIGHT 336.7 57.3 13 1
2

3 2 B LEFT 336.7 99.3 4

4 3 A RIGHT 557.1 57.3 6

5 3 B LEFT 557.1 99.3 3

6 4 A RIGHT 883.7 57.3 13
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L5-3: Shewchuk (2008)

8 4 A RIGHT 883.7 57.3 17
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** # of interfering panels
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L5-3: Proposed algorithm

** Nzones

5

**zone left edge X coordinate

1 6.0

2 216.5

3 427.9

4 651.4

5 879.5

** NStacks

9

** stack flush

** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 2
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L5-3: Proposed algorithm
6 4 A RIGHT 7776 57.3 14

7 4 B LEFT 777.6 99.3 2
8 5 A RIGHT 989.8 57.3 14

9 5 B LEFT 989.8 573 9
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Appendix D: Data Sets and Results (Section 4.3, 4.4, & 5.4)
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S1-1: Panel Designer
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S1-1: IntelliBuild
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S1-1: Proposed algorithm

** Nzones: 3
**zone left edge X coordinate
1 6.0
2 212.0
3 2435
** NStacks: 6
** stack flush
** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 87.3 5 1 1 2
2 1 14 2
3 1 17 1
4 1 18 1
5 1 1 3
2 2 A RIGHT 330.0 87.3 2 1 1 15 2
2 1 16 2
3 2 B LEFT 330.0 99.3 5 1 1 19 1
2 3 212022 111
3 1 23 3
4 2 242 33
5 1 3 1
4 3 A RIGHT 3538 57.3 4 1 2 1012 22
2 1 11 2
3 1 8 2
4 1 9 2
5 3 B LEFT 3538 99.3 8 1 1 4 3
2 1 28 1
3 1 5 3
4 1 6 3
5 1 7 3
6 1 25 3
7 1 26 3
8 1 27 3
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S1-2: Panel Designer
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S1-2: IntelliBuild

14 (80"}

15(10' 2"}

16 (7' 1-1/2"

o (7 3-1/2") ‘
11 (4'0-1/2") 10 (4 0")
12 (&7
13 (108"
6 (82"}
7(121-1/2"
8 (54"
4(10' 27
5 (9' 4")
Fpe—
348" 2(2 0
20 (9 4")
21 (9 4"
19 (9'8")
22 (5' 4% |
23 (4' 8") |
17 (9 27)
18 (9' 2)

246



S1-2: Proposed algorithm
** Nzones
3
**zone left edge X coordinate
1 6.0
2 220.0
3 2435
** NStacks
5
** stack flush
** # zonetype edge xloc yloc #layers | #panels panels orientation
1 1 A RIGHT 114.0 87.3 4 1 1 1 2
2 1 15 1
3 1 16 1
4 1 1 3
2 2 A RIGHT 3322 873 2 1 1 13 2
2 1 14 2
3 2 B LEFT 3322 993 4 1 1 17 1
2 1 18 1
3 2 192 33
4 1 3 1
4 3 A RIGHT 353.8 57.3 4 1 1 11 2
2 2 109 22
3 1 7 2
4 1 8 2
5 3 B LEFT 3538 99.3 7 1 1 23 1
2 1 4 3
3 1 5 3
4 1 6 3
5 1 20 3
6 1 21 3
7 1 22 3
S1-3
I I i
® | ® |
O
@ @A l
15 (18) ‘
o o
I
® ®
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S1-3: Panel Designer

9 (4 0-1/27)

| 8 (11'3-1/27)

[ 12(6'8")

14 (5'9-1/2")

[ 109 117

’ 11087

‘ 13(11'87)

2(4'8")

{ 1(0'67)

l 768

542

I 3(11'6"

| 4(12 07

’ 6 (10'9-1/2")

20(4'8")

15(9'2"

16 (9 27)

19 (9 47)

17 (12 4%)

18 (12'0%)

248



S1-3: IntelliBuild

** NStacks
5

** stack

** #  zone type
1 1 A
2 2 A
3 2 B
4 3 A
5 3 B

flush

edge xloc yloc #layers j #panels panels
RIGHT 116.2 87.3 4 1 10
13
14
1
11
12
2
3
4
15
16
17
9
8
6
7
20
5
18
19

2

RIGHT 336.7 87.3 2
LEFT 336.7 99.3 6

RIGHT 353.8 57.3 4

LEFT 3538 993 4

bwwawN}_\mmwa}—‘l\Jwa
PRRRRPRRE PR RERRRRE PR

11 (10 8%
12 (6'8")
13 (11'6%
14 (5' 8-1/2")
8(11'3-1/2%) ‘
9(4'0-1/27)
10 (@117 ‘
5(4' 27
6{10'9-1/2") ‘
7687
301187
41209
1(9'6")
248
19 (9 4"}
20 (4'8") \
17 (12 4
18(12 07
15 (g 2")
16 (9 2")

S1-3: Proposed algorithm
** Nzones
3
**zone left edge X coordinate

1 6.0

2 226.5

3 2435

orientation

WWWRERNPNONGWRRPWWRN WRE P,
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S2-1: Panel Designer

17 (4' 0") 14 (4' 0"

5(8' 10

7 (8" 11-1/2"

<<<<<<<<<<<<<<<< 8 ‘(8' 70 ) S
9 (8 0 :
\ 20 (4' 10 |
| 18 (8' 0%) |
19 (6'8") [ 26 (3'4") \
21 (9' 4" |
23 (6'8") ] 27 (3 7-127) |
25 (7'0") ’ 22(2'8") |
| 24 (8' 0" {
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S2-1: IntelliBuild
‘ 11 (807
128 07)
L
13 (5'47) \
9(8'0") ‘
10 (7 7%) ’
6(5'2") l
78 11-1/2") ‘
‘‘‘‘‘ 8 (B"(-)V‘)“““““ ‘
15(7'6") [ 14.(4'0%) ’
17 (&' 0" 16 (8 07) l
4(5'0") 3(2 5-1/27)
5(8' 10"
1(8 0
2(80"
24 (8 0r) |
26 (3 4) | 25 (7' 0°)
21 (9'47)
23 (6'8") | 22 (2 87)
27 (3 7-1/2) |
18(8'07)
20 (4 107) 1868
S2-1: Proposed algorithm
** Nzones
**zone left edge X coordinate
1 6.0
2 174.0
** NStacks
3
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 1140 925 1 1 10 2
2 1 11 2
3 1 15 1
4 2 17 16 11
5 1 1 3
2 2 A RIGHT 2820 925 6 1 1 12 2
2 2 1413 22
3 1 7 2
4 1 8 2
5 1 9 2
6 2 32 33
3 2 B LEFT 282.0 945 4 1 1 18 1
2 2 2122 22
3 2 1920 11
4 1 23 2
5 1 4 1
6 1 5 3
7 1 6 3
8 1 24 1
9 1 25 1
10 1 26 3
1 1 27 3
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S2-2: Panel Designer

9 (103"

11 (80"

10 (108"

14 (94"

13 (102"

1(10'8"

2 (7 9-1/2")

53107

3(5° 0

4(10'2Y

7 (94

6 (10 3-1/2")

19 (6'8")

|

16 (8' 10"}

23 (3'7-1/2")

22 (3'4"

15 (10°8")

17 (9 4")

20 (10° 8"}
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S2-2: IntelliBuild

12 (4 0%

11 (8'0")

13(10'2%)
14 (947 |
7 (9 4% |
8 (5 4%
9 (103"
10 (10’ 8%}
40102
5(3 107
6(10°3-1/2") ‘
2 (7' 9-1/2" ‘
3(5'0"
1(10' 8%
20 (10'8")
22 (3'47) 21 (4 4%)
23 (3' 7-1/2") \
15 (10° 8")
16 (8 10%) \
17 (@ 47)
19 (6'8") 18 (2' 8"

**zone
1
2

** #
1

** stack

** Nzones
2

S2-2: Proposed algorithm

left edge X coordinate

6.0
174.0

** NStacks
3

2 A

2 B

flush
zone type edge
1 A

RIGHT

RIGHT

LEFT

xloc yloc #layers
4

114.0 525
2

282.0 525 7

2820 945 11

POOONOTAWNRNOORWN, AW

e

j #panels panels
1 9

PRRRRRERRRRNRRRRRRE PR

13
14
1
10
11
12

orientation

o WE P

(AJOOI—‘E—‘OOOOE—‘NI—‘E—‘R(DNNMNN
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S2-3: Panel Designer

(o)

9117

14 (8 0%)

12 (4 07)

10 (8 47

13(116")

2 (6" 5-1/2"}

11207

3(5'0"

8 (4 0"

5(2 6"

4(118"

6 (10" 3-1/2"

7 (108"

16 (7' 8"}

19 (6'8")

22 (3'4"

21 (3'0")

23 (3' 7-1/2")

15 (12 0")

17 (9 47)

| 18 2 8

20 (1207
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S2-3: IntelliBuild

11 (80"

12 (4 0"}
13 (116"}
14 (8 0"
7 (108"
8 (40"
9 (11" 7"
10 (9 4%
411" 6"
5 (2 6"
6 (10" 3-1/2")
1 (12 0%
3(5'0" ‘ 2(8'5-1/2")
19 (6'8") | 18 (2'8")
20 (12 0")
22 (3'4") 21 (307 ‘
23 (3'7-1/2")
15 (120"
17 (9 4%)
S2-3: Proposed algorithm
** Nzones
2
**zone left edge X coordinate
1 6.0
2 169.5
** NStacks
3
** stack
** # zonetype edge xloc yloc #layers #panels panels orientation
1 1 A RIGHT 116.2 57.3 1 1 9 2
2 1 13 1
3 1 14 1
4 1 1 3
2 2 A RIGHT 279.8 57.3 5 1 1 10 2
2 2 1211 22
3 1 6 2
4 1 7 2
5 2 28 32
3 2 B LEFT 279.8 99.3 11 1 2 1718 22
2 1 15 1
3 1 16 1
4 1 19 2
5 1 3 1
6 1 4 3
7 1 5 3
8 1 20 1
9 1 22 3
10 1 21 1
11 1 23 3
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S2-3: Proposed algorithm
** Nzones: 3

1 .

2 2145

3 239.5
** NStacks: 5

** stack flush
** # zonetype edge
1 1 A

3 2 B LEFT

5 3 B LEFT

** 4 of interfering panels
6:282524 272623

**zone left edge X coordinate
6.0

xloc yloc #layers
RIGHT 116.2 57.3

RIGHT 336.7 57.3

336.7 99.3

RIGHT 3498 573

349.8 99.3

4

3

4

9

j #panels
1

OCONOTRWNRAWN LWONRPRON  NOORWN

panels
1 8

12
13
14
17
18
1
9
10
15
16
2
3
19
11
5
6
7
2021
22
4
28
25
24
27
26
23

PRRRRRPRRERPRPRRE L PRRPRRER L PRERPRRPR

orientation

P WWRRERGWRN R R

RPWWRRPWWRFRPONN
w
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S3-1: Panel Designer

18 (4' 0"

12 (8' 0"

13 (8'0")

16 (7' 6")

14(8'0")

15 (8' 0")

17 (8'0")

6 (8'0")

5(8 107

10 (5' 4%

7 (44"

"™

8 (7' 9-1/2")

9(9' 4"

3(1"11-1/2"

4(2'6"

1(8'0"

2 (8' 0"

| 21(7'8Y)

[ zoqey [ sgren

22 (8'0%)

| 24 (4' 1-1/2")

26 (6'4")

23 (6'8")

25(8' 0%

| 27 (3107

28 (8'8"}

| 30 (2' 8")

29 (10'8")
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S3-1: IntelliBuild

14(8'0%

15.(8'0%)

18 (7'6")

9@ 4"}

10 (5 &%)

1@

B(7'8-1/2")

9 an)

12 (807

13 (8'07)

18 (4' 07 ‘

178 0%

6(8'0")

301" 11127

2(8'0%

5(8'10")

‘ 4(26"

1(8'0"

744" ’

27 (3 107) |

26 (6" 4%)

28 (8'8")

24 (4 1-1/27)

23 (6 8")

25 (8 0")

21 (7 57

| 20(1'8%

| 19 (1'87)

22 (8 07)

29 (108"

30 (2' 87
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S3-1: Proposed algorithm

** Nzones
3
**zone left edge X coordinate
1 6.0
2 222.0
3 254.0
** NStacks
5
** stack flush
** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 1140 725 5 1 11 2
2 1 12 2
3 1 16 1
4 2 1817 11
5 1 1 3
2 2 A RIGHT 330.0 725 3 1 1 13 2
2 3 201914 112
3 1 21 2
3 2 B LEFT 3300 945 1 1 3 234 331
4 3 A RIGHT 3620 725 4 1 1 15 2
2 1 8 2
3 1 9 2
4 1 10 2
5 3 B LEFT 3620 945 10 1 1 22 1
2 1 23 1
3 1 28 1
4 2 2724 33
5 1 29 1
6 1 6 3
7 1 7 3
8 1 25 3
9 1 26 3
10 1 RN 13

& | o ol |6 5
&
E & o
@_
® ®
.
® © o @1 o]
o & 6

262



S3-2: Panel Designer

10 (10 3

11 (9 4"

12 (10 8"

13 (94"

14 (10 2"

15 (9 4%

2 (8'7-1/2"}

1(8'4")

4 (810"

326"

5(9' 4"

(30"

7 (9 1-1/2")

‘ ‘ 9 (28"

8(10'8")

20 (4' 0%)

17 (118

6(ren |

19 (10' 87

18 (7' 5

21 (& 1-1/2")

24 (3107

27 (2' 8%

23 (3 87

22{10'8")

26 (9' 4"

25 {10' 0"
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S3-2: IntelliBuild
14(10' 2" ’
15 (9' 4")
12 (10'8" ‘
13 (9' 47 ’
9 (2 8"
10 (10'3") ‘
11 (947 ‘
6 (307
7(9'1-1/27)
8(10'8" ‘
4810 3{2'6"
5(9 4"
1 (o' 2
2 (8 7-1/2
24 (3 107 \ 23 (3'8")
25 (10' 0") ]
26 (9 4") \
27 (28" [
18 (7'5% I 17 (1'8") [ 16 (1'8") |
19 (10 8") \
21 (4'1-1/2") | 20 (4'0") |
22 (10'8") ‘
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S3-2: Proposed algorithm

** Nzones 3

**zone left edge X coordinate

1 6.0

2 212.0

3 254.0

** NStacks 5

** stack flush

** # zonetype edge xloc yloc #layers | #panels panels
1 1 A RIGHT 1140 725 4 1 1

2 14

15

1

11

12

RIGHT 330.0 725 3

LEFT 330.0 945

1 23
RIGHT 362.0 525 4

13

5 3 B LEFT 3620 945 11

RPOOONOUIRWNRBRWN LRPWN AW
PRNRPRRRRRRRRRRE  NWR PR
©

=

181716 2

orientation

G AN S Al N
[N

w
N

wwgp—\wpwwl—w—w—‘mmm

S3-3
[ | |
R ® OH®  ® @
@ @ @
@—
| @ | |
&
o
> ol
® ®
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S3-3: Panel Designer

8(11' 7"

13 (8 07)

9 (1207

10 (12'0")

12016}

2(73-1/2")

1(10' 87

4 (11" 6"}

6 (10’ 8"

7 (11re-1/2%

‘ 16 (7' 59

17 (12'0%)

22 (3'10") 21 (247

\ 18 (4 1-112")

20 (12'0%)

24 (10°8")

23 (11'4")
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$3-3: IntelliBuild

11407
12¢11' 8" ‘
13 (8 0")
401187
5(9'8")
6(10'8")
7(11'9-1/27)
8 (11" 7"
9 (12 0"}
1001207
3{2'8" 2 (7'3-1/2"
1(10'8"
23(11'4")
24 (10' 8")
19 (4 1-1/2") | 18 (2 8") |
20 (12 0")
22 (3 10) y 21 (2'4") |
16(7' 57 5(re) | 14 (1'8")
17 (12 07)
S3-3: Proposed algorithm
** Nzones
3
**zone left edge X coordinate
1 6.0
2 226.5
3 249.5
** NStacks
5
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 116.2 725 4 1 1 8 2
2 1 12 1
3 1 13 1
4 1 1 3
2 2 A RIGHT 336.7 57.3 3 1 1 9 2
2 1 10 2
3 3 161514 211
3 2 B LEFT 336.7 99.3 1 1 2 23 31
4 3 A RIGHT 359.8 57.3 3 1 1 11 2
2 1 6 2
3 1 7 2
5 3 B LEFT 359.8 99.3 8 1 1 17 1
2 1 18 1
3 2 2223 31
4 1 4 3
5 1 5 3
6 1 20 3
7 2 2119 33
8 1 24 1
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S4-1: Panel Designer

18 (1" 8-112")

12(8'07)

13 (8' 07

14 (8' 07

15 (8' 07

16(8'07)

17 (8' 07

10 (5" 4%
T A e T L T T N T e L T T T A T T L T

6 (62"

9 (6 &

1 (9 3-1/2%)

e

3(37-1/2)

1(6'8%)

19 (7' 107) |
21 (8 07)
22 (' ) |

_23(3 8112) |

25 (5" 07)

24 (3 07)

2004 |

29 {5'0")

31407}

7(ra) |

26 (7 107)

28 (2 6°) |

30 (9 47)
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S4-1: IntelliBuild

18 (1" 8-1/2%)

1(6'8"

5(810") 4(2'6") ‘

3(3 7-1/27) 2(8 0 ‘

6(6'2") ‘

22 (807}
25 (5' 07} | 24 (307 23 (3 9-1/2)
30 (9 4" |

31 (4 0% \
19 (710" |
21 (807
26 (7' 10") |
28 (5'0) | 28 (2'6") BER

S4-1: Proposed algorithm
** Nzones 2
**zone left edge X coordinate
1 6.0 2 184.0
** NStacks 3
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 1140 48.0 9 11
12
15
16
1817
1
2019
21
22
13
14
7
8
9
26 10
2327
32
242528
294

MNP wPE R RN
=R

2 2 A RIGHT 292.0 48.0 8

NN N N,

P wrn
w

3 2 B LEFT  292.0 90.0 6

RN wN

30
31

DUBRWNRONDUIRWN L OONDUIRWN,
PRPRENRPONNNRRRR LBPRNRRNRR R

o
NwwwE
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S4-2: Panel Designer

o (@ 3-1/27)

10 (' 4%

15 (5 9-1/2")

12 (54"

11 (944

13 (9 4%

14 (108"

1(9'4"

2 (8 11-1/2"

\ 16 (9' 2"

| 17 (9" 47

18 (102"

20 (4' 8-1/2") |

19 (3' 3-1/2")

[ 23 (5' 3-1/2"

| 21 (92"

| 24 (9' 4"
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S4-2: IntelliBuild

13 (9'47)
14 (10" 8%
15 (5 9-1/2%)
9(9'3-1/2")
10 (9 47)
11 (9'4")
12 (5' 47
6 (9 7-1/2"
7(9' 47
8(9'47)
4(9' 4" ‘ 3(2'6")
5(5 8"
1(9 4"
2 (8 11-1/2") ‘
24 (9'4")
25 (4' 0" \
18 (10' 2")
20 (4' 8-1/2") \ 19 (3'3-1/2") |
21 (9' 2% |
23 (5' 3-1/2") 22 (2' 6" |
16 (9' 2% |
17 (9' 4%

S4-2: Proposed algorithm

3 2 B LEFT 292.0 90.0

** Nzones 2

**zone left edge X coordinate

1 6.0 2 184.0

** NStacks 3

** stack flush

** # zonetype edge xloc yloc #layers j
1 1 A RIGHT 114.0 48.0 6
2 2 A RIGHT 292.0 48.0

10

7

#panels panels
9

N
NOURAWNROOONOTRAWN LOTRWN

orientation

13
14
15
1
17
10
11
12
6
7
8
16
21
18
2
1920 22 1
23
3
4
5
25
24

PRRRPRRPWRRPRRRRRERRE PR
NWWWR R GWRRNRNRNRNNNNGNWR PR
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S4-3: Panel Designer

104947 14017107
9012 5
‘ 1"z o) ‘
‘ 12011 8
‘ 13612 0 ‘
2 (6'3-1/2") 3(2' 6"
1(12'0%
858" -
‘ 619 7-1/2")
‘ 40118
7 (12 0
15 (@' 2") I T
16 (12 0) |
\ 17(7 9-1/2%) | e
| 18 [P \ 22 (5'0") |
20927 ] 21 (26" ‘
[ 23 (10°8")
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S4-3: IntelliBuild

9(12'5")

10 (9 4"}
10207
5(3'6")
6 (9 7-1/2")
7 (1207
8 (687
121167
13012 07}
14 (1107
3{2 67 2 (6 3-1/2")
4(11'8"
101207
17 (7' 9-1/2")
19 (5'0%) | 18(3' 07 \
20 (9 2}
15 (92"
16 (12 0%)
22 (5'0") | 21 (2'67)
23 (10'8")
24 (2'8") |

S4-3: Proposed algorithm

** Nzones
2
**zone left edge X coordinate
1 6.0
2 179.5
** NStacks
3
** stack flush
** # zonetype edge xloc yloc #layers | #panels
1 1 A RIGHT 116.2 57.3 5 1
2
3
4
5
2 2 A RIGHT 289.8 57.3 6 1
2
3
4
5
6
3 2 B LEFT 289.8 99.3 11 1
2
3
4
5
6
7
8
9
10
11

PRPPRPRPRPWORRRRRRR PR RPPE

panels
9

12
13
14
1
10
11

N N
Whoh~hw

orientation

WWWWRRNR GREPWRNRNNN GWR R

w
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S5-1: Panel Designer

18 (3" 1-1/2")

8(6'0"}

10 (8" 3"

11 (94"

3(5 10"

20 (5' 4"

21 (8'0"

19(8'6")

22 (78"

[ 2601101729

23 (8'6"

| 24 (2' 8"

25(10' 8"

[ 31 @79 [

32(30"

\ 28 (3 6")

36 (5'4")

34 (3'0") ‘ 33 (26"

27(10' 8%

29 (7' 0"

| s0(ray |

35 (8' 6"
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S5-1: IntelliBuild
11 (' 4
12 (8’ 8"
13 (6’8"
7(8' 0%
8 (8' 0"
108 3" ‘ ‘ S
14.(7' 6"
15 (8' 0"}
16 (8' 0"}
18 (3 1-1/2") 17 (8' 0"
4 (80"
5 (6 7-1/2")
6 (8 10"
1(8 10"
2(7'0")
3(5' 10"
27 (10' 8") |
29 (7' 0") | 28(367) |
24 (2 8" | 23(8'67) ‘
25 (10 8) |
26 (1'10-1/2") |
33 (2'6") | 32 (3'0") | 31 (37 | soq@ray |
35 (8 6) | 34(30) |
36 (5'4") |
21(8'0" |
22 (7' 8" |
19 (8' 6% |
20 (5' 4) \
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S5-1: Proposed algorithm
** Nzones
2

**zone left edge X coordinate
1 6.0
2 144.0

** NStacks
3

** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 1 1
2

©oOo~NOUThW

PR Re
WN RO

2 2 A RIGHT 252.0 48.0 8

3 2 B LEFT  252.0 100.0 9

OCONOURWNRPONOUOTAWN

orientation

(S

WWRNT R NP s
[E

IN) N

PRrwNhRRwPPowRrNooN
W
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S5-2: Panel Designer

16 (5' 8-1/2")

10 (9" 47)

11 (9 4%

12 (2'8")

13 (10° 2"

14 (9 4")

15 (9 4")

8 (810"

9(9'7%

5(5'3-1/2")

8 (102"

7(9'4"

2 (5'8"

3(5'107)

1(10'2")

4(9'4"

21(8'6")

19(9'4")

17 (9'107)

20 (6'4")

l
23(9'4")

18 (4'07) ‘

{ 26 (4' 10%)

y 24 (3 2-1/2")

\ 22 (2'8") |

‘ 28 (3' 7

33(40%

[ 29 (3' 0% \

25 (9'4")

[ 30 (2 6") |

27 (8'4")

| 31 (3'0" }

32 (9'107)
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S5-2: IntelliBuild

12287 11 (9 4%

16 (5' 9-1/2"}

5(5'3-1/2")
10102
3(5' 10" 2 (5' 8"
4(9' 4%
20 (6’ 4)
21(8'6") |
23 (94"} | 22 (2 8")
18 (4 07) |
19 (9 4} |
24 (3 2-1/2") \
25 (' 4"} \
26 (4'107) \
28(3' 77 [ 27 (8" 4")
31 (3 0%} | 30 (2'6) | 29(3' 0) |
32 (9'107)
33 (4 07) \
17 (9 10%)
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S5-2: Proposed algorithm
** Nzones
2

**zone left edge X coordinate
1 6.0
2 144.0

** NStacks
3

** stack flush
** #  zonetype edge xloc yloc #layers | #panels

1 1 A RIGHT 114.0 48.0 7 1
2
3
4
5
6
7
2 2 A RIGHT 252.0 48.0 13 1
2
3
4
5
6
7
8
9
10
11
12
13

3 2 B LEFT 2520 90.0 6 1

panels

PRNONNNNRPRNRPNRRRRRREN L RPRRRERPRE

9

orientation

OWRN PP

N
N

N
N
N NN N NN

=

[RAg
N W
W L I
w N
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S5-3
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S5-3: Panel Designer

11 (8'0")

g (10'11%)

100120

12(12' 10"

130108

14 (11" 11727

5 (2 7-1/2")

10116

3(5'107

B (4107

4012 07

6 (116"

7 (1207

16 (2'8")

15 (11'27)

17 {10'8")

18 (11'2")

23(3' 6"

| ergtio-y |

18 (5' 0"

24 (8'4") | 25 (377
} 30 (2' 8% 28 (3 0") | 27 (2'6") [ 26 (3' 0°)
20 (10'8")
22 (10'8")
29 (11'2")
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S5-3: IntelliBuild

10 (120"
11 (8 0")
12(12' 10" ‘
5 (2 7-1/2")
6(11' 6"}
7 (1 2" D")
g (4' 10"}
9 (10° 11"
13 (10' 8")
14 (1 1" 1-1/2")
3(5'10" 2 (4 47
4(120%
10116
18 (5 07) |
19 (11'2")
20 (10' 8%
15(11'27)
16 (2' 87 [
17 (10'8")
21 (1110172 |
22(10'8")
23(3' 6"} |
25(3'7") | 24 (8'4") \
28 (3'0") [ 27 (2'6") | 26 (3' 0"}
29 (11'2")
30 (2' 8") }
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S5-3: Proposed algorithm
** Nzones 2
**zone left edge X coordinate
1 6.0
2 139.5
** NStacks 3
** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 6 1

2 2 A RIGHT 249.8 57.3 11

=
DUBRWNRROOONDUIRWN L OURWN

3 2 B LEFT 2498 993 6

panels

PRNNRPRRRE PR RRERE

FPNNNNRE -

orientation

O WN R

)
N LN N e LT ST
N W

WP Wy,
N w
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M1-1

26 27 21 22 23
24 32/ 18!
25 33 19.
I 34 L
20
28, 46 47 48 15 16 17
53
I 43|54 55 = 101
— | 51 52
35 36_ | & _
29 55—
44/
I~ 37 38 L
30/ 39 4ol 61 62 63
45 &8 5 60 gl
1 42 64
34| I
1 2
5 65 13!
5 6 7 8 9
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M1-1: Panel Designer

21 (5 117
22 (6 8")
24 (7' 6"
25 (6" 4-1/2") 20 (2 8"
26 (6 87) 23 (40"
28 (7e) 31 (38"
20 (8 07) 27 (2 1-1/27)
30 (@ 47
13 (6' 8")
11 (8 07)
12 (8' 0")
15 (7" 5-1/2") 14 (2' 8"
18 (7" 0-1/2") 17 (2' 8%
16 (8' 07)
19 (8' 0")
168"
3 (68"
5(76" 4(1 e 2(2 1-1/2%)
10 (7 11-1/2% g (1107
6 (80"
7 (80"
B (80"
53 (4' 8") 52 (2' 0" |
51 (8 0" | s0(1's)
54 (7' 0 \ 55 (2' 8%
58 (6' 8" 56 (3' 4")
59 (6' 8" 57 (3' 4")
61(6'8" 60 (3' 6-1/2")
62 (6' 8" 63 (3' 4")
| 65 (6'8") \ 66 (2' 8")
84 (7 0 \
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M1-1: Panel Designer

37 (6'8")
39 (8"
41 (6'8") 36 (1' 2"
46 (6'8") 38 (1'2"
\ 47 (6 8") | 421512y | 40(12y) |
43 (8'0" ] 45 (2' 8")
\ 49 (6' 8" 48 (2 107)
\ 44 (9' 4" \

34 (4'6-1/2")

33 (5'4")

35 (6'8")

32 (8'4")
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M1-1: IntelliBuild

26 (6' ")

28 (7' 6"

27 (2'1-1/2")

19(8' 0

21 (511"

20 (2 8")

22 (6' 8")

24 (7' 6%

23 (4'0")

25 (6’ 4-1/2")

29 (8' 07

30 (9' 4%

31 (36

12 (8' 0"

13 (6'8")

6 (80"

7(8'0"

8(8'0"

10 (7' 11-1/2%)

9 (1107

11(8'0"

15 (7' 5-1/2"%)

14 (2'8")

16 (8'0")

18 (7' 0-1/2")

17 (2'8Y
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M1-1: IntelliBuild

3(6'8" 242 1-1/2%

sir &) 4(1'8")

1(6'8")

61 (6'8") 60 (3' 6-1/2")

62 (6'8")

46 (6' 8") 45 (2'8") |

47 (6'8")

49 (6' 8") 48 (2' 10%) |

52 (2'0) | 51 (8'0") | 50 (1'8")

54 (7'0") | 53 (4’ 8")

56 (3" 4") | 55 (2'8") |

58 (6'8") 57 (3'4") |

59 (6' 8")

64 (7'0") | 63 (3' 4") |

65 (6' 8") ]

66 (2' 8") [

32 (8' 4%) |

33 (5 4

35(6' 8") 34 (4'6-1/2%)

37 (6'8") 3,129 |

43 (81 0" | 4205172 |

44 (9" 4") [
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M1-1: Proposed algorithm

** Nzones

3

**zone left edge X coordinate
1 6.0
2 212.0
3 284.0

** NStacks
5

** stack flush
** #  zonetype edge xloc yloc #layers | #panels
1 1 A RIGHT 114.0 48.0 11 1
2
3
4
5
6
7
8
9
10
11
2 2 A RIGHT 330.0 48.0 12 1
2
3
4
5
6
7
8
9
10
11
12
3 2 B LEFT 3300 90.0 6 1
2
3
4
5
6
4 3 A RIGHT 392.0 48.0 5 1
2
3
4
5
5 3 B LEFT 392.0 90.0 8 1
2
3
4
5
6
7
8

panels

NRNRPRPNRRNONRPRRE GRRNWORRNRONWORNRNNRRPRONRE R GRNRRNRN R R R R

27 26

orientation

22

NI\)I\.)I—‘

NN';:I—\I—\NNI—\NLOHF—‘I—\I—\F—‘N

roRrP RN
I—‘I\)NBF—‘I—‘I\)

N
w
w N N [
w

N
PN RPwonmNMooow R

=N
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M1-2

19 15 16
17 23| 13
18 24
i 14
25
2 : 11 12
56, 3 o 33
. 26
| 40
24 =
3H 8-
28 43 44
41 42
22 29 45,
i 9
2- 46 i
101
]
3 4 6
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M1-2: Panel Designer

17 (8'10%

16 (6 8"

18 (5' 0-1/2")

19 (8' 9-1/2")

22 (8107

21 (9'4"

‘ 20 (102"

‘ 12 (80"

9 (94"}

‘ 14 (8 0"

10 (4 01

‘ 11 (10 1-1/2)

13 (9'8-1/2")

‘ 15 (9" 11")

4(9'4"

5(9'4"

8 (94"

‘ 7 (10" 7-1/2")

\ 35 (8' 0")

| 37 (4'8")

| 42 (7' 6-1/2"

\ 38 (9'8")

\ 24 (2 87) |

25 (4' 6-1/27) |

11'0°

7' 10"

23 (11'0%

\ 33 (6' 107)
26 (7 10%)

27 (7 10%)

7 107

28 (7' 10

\ 20 (8 1-1/2%)

\ 34 (8 4")

30 (10' 8"

31 (9 4

32 (9' 4"
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M1-2: IntelliBuild

16 (6'8")

10 (4'0")

7 (10'7-1/2")

11 (10" 1-1/27)

12 (8' 0"

1(8 9-1/2")

2(8 4"

34 (8'4") |

35 (8'0") \

37 (4' 8" \ 36 (20"

30 (10' 8%

33 (6' 10%) |

38 (9'8") |

40 (3' 4" | 39 (34" |

41 (9' 4" |

42 (7' 6-1/2") [

43 (9' 4") ]

44 (7' 4" {

45 (9'8") |

46 (6' 8" |
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M1-2: IntelliBuild

26 (7' 10
27 (710
23 (11'07)
25 (4' 6-1/2") | 24 (2 87)
28 (7' 10%) |
29 (8' 1-1/2") |

M1-2: Proposed algorithm

** Nzones

**zone left edge X coordinate
1 6.0

2 222.0

3 284.0

** NStacks
5

** stack flush

** # zonetype edge xloc yloc #layers j
1 10

1 A RIGHT 1140 48.0

2 2 A RIGHT 330.0 48.0

3 2 B LEFT  330.0 90.0

4 3 A RIGHT 392.0 48.0

5 3 B LEFT 3920 90.0

14

6

5

8

N
©CONDUIRWN, L OOONDUTRWN,,

e
ONOURWNRUBRWN LOURWNRRWNRO

PRRPRPRRRPRPRRERPRER LLPRPRPRPRPRENRRNRRRRRNRRR PR RRRRRRR

#panels panels
1 1

17
18
20
21
22
1

26
30
27

15

orientation

LRRENGNRNOR PR R

N

NI—‘NOJ(D!—‘SHD—‘NHNNNNH

PNNRPWWNNNNRNN G
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M1-3

17 13 14
15 24| 44
18], 22 i
I 242
I 1
30 31 9 10
18 34
$
08| 351 36 32 -
24 6+
i _3?
25 i
19,
29 1
26 40 4|
38 39
- 27
20 42
1
2 8+
43
3 5
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M1-3: Panel Designer

20 (4'10")

13(11'3")

14 (5'4%) 16 (3 8-1/2")

17 (8 9-1/2")

15 {10' 2")

18 (11'6")

19 {12'0")

6 (11" 11-1/27)

7 (12 0%

‘ 125 4"

10 (5'4")

8(8'4")

8 (12 8-1/2"

11 (12" 4-1/2")

2(8'4"}

1(8 9-1/2")

5(9' 10"}

3(11'8"

4 (120"

32 (8 4")

[ 34 (4'8")

} 31 (5'6")

33 (10'07)

35 (9 8")

39 (4 10-1/2"

| 37 (3 4") |

\ 43(5'4")

‘ 41 (4'8")

38 (1207

40 (12 0)

42 (11' 0%

23 (4' 6-1/2")

26 (7' 107

25 (7'107)

24 (7'10")

27 (8 1-1/2")

21 (11'0%)

29 (9 4") [

22 (2'8")

28 (10'8")

30 (10'8")
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M1-3: IntelliBuild
14 (54"
15 (10' 27}
16 (3'8-1/2"}
11 (12" 4-1/2") ‘
12(5' 4"
13 (11' 37 ‘
17 (@ 8-1/27)
18 (11' ") ‘
18 (12' 0% ‘
20 (4 107}
1@ 9-1/27)
B (9 &)
9 (12'8-1/27) ‘
401207 ‘
5 (9 10"
6 (11" 11-1/2"}
7 (12'0%) ‘
10(5 &%)
2(® 47
‘ 3(1167 ‘
| 43 (5'4") ]
33(10'0") |
34(4'8) [
35 (9'8") |
25 (7107
26 (7 107
27 (8" 1-1/2%)
28 (10'87) |
29 (9 4%)
30 (10'87) |
31 (56" ]
32 (84"
37 (3 4") [ 36 (3'47) \
38 (12 0%) |
39 (4' 10-1/2") |
40 (1207 \
41 (4 8) [
42(11'0%)
21 (11'0")
23 (4'6-1/2") [ 22 (28" |
24 (7' 10 |
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M1-3: Proposed algorithm

** Nzones

**zone left edge X coordinate
6.0

1 .
2 216.5
3 279.5

** NStacks
5

** stack flush
** #  zonetype edge xloc yloc #layers | #panels
1

1 1 A RIGHT 116.2 57.3 1
2
3
4
5
6
7
8
9
10
2 2 A RIGHT 336.7 57.3 13 1
2
3
4
5
6
7
8
9
10
11
12
13
3 2 B LEFT 336.7 99.3 6 1
2
3
4
5
6
4 3 A RIGHT 389.8 57.3 4 1
2
3
4
5 3 B LEFT 389.8 99.3 7 1
2
3
4
5
6
7

PRRPRPRPRRPRPRPR L PRPRPRPRPRRERRPRRPRPNRRRRPWORRR PRRPRRRPRRPRRRE,

panels
17

15
16
18
19
20
1
24
25
28

13
14
21
11
231222
9

30
31
35
37 36
32
34
33
2
3
4
26
29
27
10
6
7
8
38
39
5
42
40
41
43

orientation

2

PRORNN SRR GRPRNNWR R R R

N

WRPNWWRNER RN

I—‘l\)l\)l—‘(}t.)l'\.)l'\.)l\)l’\.)l\)N

-
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M2-1

16 17 18 19 20 21
P2 31 Kyd 42 450
03 32 38 43 A
. : 46 47
39| 44| % 57
I - 491 48 61
= = 40 41
24 33, 12
55
i 50,
36
o5 s . b34’ 51
2 3 58 59 6013
26 35,
j 3 3 4
15
7 8 9
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M2-1: Panel Designer

21 (5'4")

24 (8' 0")

25 (8'0")

26 (8' 0")

11(8'0")

12 (8'0"

13 (10' 8")

4(1'5-1/2")

1(8'07

2807

3(8 0

5 (8'0")
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M2-1: Panel Designer

53 (4'0")

50 (6' 8")

49 (7' 0-1/2")

54 (8'0")

52 (6'8")

55 (6' 4")

\ 51 (2 8")

61 (4' 10-1/2")

60 (4' 7-1/2")

56 (6'8")

| 57 (2' 6")

38 (6'8")

40 (6'8")

48 (4 0")

45 (3 07 \

43 (6'8")

46 (6'6")

42 (8'0")

30 (4' 6")

28 (4'6")
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M2-1: IntelliBuild

23(8'0")

24 (8' 0"

17 (8'0")

18 (8'0")

19 (8'0")

20 (8' 0"

22 (7'6")

25 (8' 0")

26 (8' 0"

12 (80"

13(10' 8%

14 (8 0"}

5(8'0")

4 (1" 5-1/27) |

7107

| 8 (2'0%) ‘

e ]

8 (80"

10 (8 7-1/2%}

11(807)

15 (6'8%) ‘

16 (€117

2 (8'0")

1(8'0")

3(8'0")

49 (7' 0-1/2")

48 (4' 0)

50 (6" 8")

52 (6'8")
42 (8'0")

51 (28" |
| 4123

45(3'0%) | 44 (207 |

47 (28" | 46 (6'6")

43(6'8")
|

54 (8 0"

53 (4 07)

55 (6’ 4") |

56 (' 8")

58 (8'07)

57 (26"

59 (8'0")

60 (4' 7-1/2") |

61 (4" 10-1/2") |
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M2-1: IntelliBuild

34 (8 0")

35 (8 0")

27 (8 0")

28 (4'6") |

29 (8' 0")

31(7'6")

30(4'6")

32 (8' 0"

33 (8'0")

37 (7' &)

36 (2 6"

38 (6 8")

40 (6 8")

39 (2 8")

M2-1: Proposed algorithm
** Nzones
3

**zone left edge X coordinate
1 6.0
2 210.0
3 329.5

** NStacks

6

** stack flush

1 1 A RIGHT 114.0 87.3

2 1 A RIGHT 1140 87.3

3 2 A RIGHT 330.0 87.3

4 2 B LEFT 330.0 99.3

5 3 A RIGHT 439.8 57.3

6 3 A RIGHT 439.8 57.3

** # zonetype edge xloc yloc #layers | #panels

13 1

[N
N

=

COONDUITAWN LWNRONDUTAWN L WN

e
N

ONOUTRWN

panels

FRORONRONRE L NNNRPRNNRRRRRR L PRPRPOWRRRRERE PR GNRRRRRERRRRRRRE,

16
17
22
23
24
25
26

39 57 56
414044
34

35

2

20

21

orientation

NN PEvRRRORRRRREN,
)

N
WP RGP RPRRN
)

NN OGN oY R
NN

WroN

NwaI\JNH
w NN =
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M2-2

I
15 1 17 18 19
4 —
PO 28 33 36 33-
34 37 : 39
P 29 47 10
| = ad 20 51
| 24 25 | |
46
P2 = 30 42 14
1 2|6 27 | 4|9 * 510 |
43
P3 31 128
44..
i ] 3 |
4- 13
54 | | 14!]
7 8
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M2-2: Panel Designer

17 (9'4")

18 (9'4")

19 (8'0")

20 (10" 2")

21(9'4"

22 (9'4"

23 (10' 8"

9(9'11-1/2")

10 (94"

11 (94"

12 (94"

13(9'4"

14 (2' 8"

15 (10° 3"

16 (94"

39 (9' 2"

41 (9' 8-1/2"

40 (4

o)

a4 (4

o)

45 (8'0")

50 (1" 11-1/2")

51 (4'10-1/2")

34 (6'8")

20 {9' 4")

301{9'4")

358117

l

32 (26"

3774

38

30"

36 (9' 4")

31 {10'8")

33 (10'0")
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M2-2: Panel Designer

25 (3'2")

27 (3'2"

24 (9' 4"

26 (9' 4")

28 (10' 2"

M2-2: IntelliBuild

19 (8 0%

20 (10 2")

21

© 47

14 (2' 8"

15 (9' 4"

15(10' 3")

16

(47

17

(947

18

@47

22

(o 47

23 (10' 8"

8 (2" 2%

9

(@ 11-172")

1(9 4"

2(9'4"

3 (6 91727

4(8'0"

6 (810"

5 (2 0"}

10 (9 47)

11 (9 4"

12 (947

51 (4' 10-1/2")
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M2-2: IntelliBuild

3 (30 [ a7 (7 4) |
39 (92"}
40 (4'0") |
41 (9' 8-1/2") |
31 (10'8")
32 (2'6") |
33(10'0%) |
34 (68"
35 (8 117
36 (9 4")
22(68)
43(6'8")
45 (8' 0") 44 (407
46 (6' 4") |
47 (92"
48 (9 47)
50 (1 11-1/2) | 49(94")
26 (9' 4%
27 (3' 2" |
24 (9' 4"
25 (3' 2" |
28 (10'2")
29 (9'4")
30 (9' 4"
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M2-2: Proposed algorithm

** Nzones

**zone left edge X coordinate
1 6.0
2 212.0
3 334.0

** NStacks
5

** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 68.0 13

OCONOTRWN

T e
WN RO

2 2 A RIGHT 330.0 68.0 10

3 2 B LEFT 330.0 90.0 1
4 3 A RIGHT 442.0 48.0 13

N
©CONOURWN L POOONOURWN

5 3 A RIGHT 4420 48.0 7

PRRENRRPEORRPNRNNRRRRR L RPRRRRRRRPRER L PRPRRERRNRRRRRE

panels
15

20
21

orientati

N
NDRONRNRENORONONN o N

on

N
NWR PR R

N

NP NNRRRRRPRRN PN R

N NN

N

312



[ | I R
i 12 1'1 14 15
34
16, 24 29 32 74
35
30 33— 42
36 45
17| : - 31 8 8-
20 21
414
28 2
18 22 2?6 43 44 9-
39 I
19| 27 F
| I
1 2 3
10+
4-
| 14|
E 6
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M2-3: Panel Designer

19 (40"

14 (10 8")

15 (1207

16 (11'6")

17 (1207

18 (12' 0"

11 (2'8"

7 (11" 3-1/2")

8 (1207

91207

10 (12'0")

12(11'7")

13(12'0")

6(8'10") 3 (1'5-1/2")

1(12°0"%

2(12'0"

4 (100"

5(11'8"

38 (5 4')

\ 40 (8 0) \
| 44 (8 7-1/2") |
39 (10°8")
\ 42 (9 27) \

45 (4" 10-1/2") \ M (6'4") |

43 (1207 I

30 (5'4") 27 (3'6")

35 (9' 2") \ 28 (2'67) \

29 (11'4%) ‘

31 (8'117) [ 34 (3 0") ‘

32 (10'8") |

I 33 (6'0%) I 36 (4' 0% ‘

37 (11 0-1/2") ]

\ 21(1°107) [ 23 (1" 10%) \

108"
10°8%)

20 (
22 (
24 (12 07)
25 (12 0")
26 (12 0"}
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M2-3: IntelliBuild

15 (120"

16(11'6")

17 (120"

10 (12 0%

11 (2 8")

12(11' 7

13 (12 0%

14 (10' 8"}

18 (12' 0%

19 (4 0"

5(11'8")

6 (8' 10"}

1(12°0")

2(12' 0

4(10' 0}

3(1"5-1/2") ‘

7 (11" 3-1/2")

8 (12 0}

9 (12' 0"}

44 (8 7-1/2")

45 (4 10-1/2" |

41(6'4") |

42 (82"}

43 (120

29 (114"}

30 (5'4")

31 (811"

32 (10' 8"

22 (10' 8")

24 (12 0")

25 (12 0")

26 (12 07

28 (2' 6") | 27(5'¢") \

34 (3'0") | 33 (6 0")

35(9'2")

37 (11 0-1/2")

38 (5' 4") }

39 (10' 8")

40 (8 0")

20 (10° 8"

21 (1' 10" [
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M2-3: Proposed algorithm

** Nzones

**zone left edge X coordinate
1 6.0
2 216.5
3 329.5

** NStacks
5

** stack flush
** # zonetype edge xloc yloc #layers | #panels
1 1 A RIGHT 116.2 77.3 2

N

2 2 A RIGHT 336.7 77.3 12

3 2 B LEFT 336.7 99.3 3 1

4 3 A RIGHT 439.8 57.3 8

5 3 A RIGHT 439.8 57.3 4

APWN LONOORWN LW

panels

PR GRPRPRONRRER  PRRRRRRRNRRRRR  RPRRERNRRRRRRE

16
17

orientation

MO RPE DR R R
)

P RPN,
A (5

WWPFP L OO RER,rNRRPONDE

o N
o N

=N
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M3-1
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Nw <
> o % M T = 10
= e <
i 2 ~ m 4] -3 2 -
| > 0
0
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™
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©
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M3-1: Panel Designer

22 (7'6"

21(2'8"

23 (8'0"

24 (8' 0"

25 (9'4"

6(2 0%

5(8'0"

7 (8107

8(8'0")

10 (7 3-1/2")

11 (80

3(5'3-1/2")

4(5'8")

1(8'0")

2(8'07)

43 (6'8")

| 44014

45 (7' 10°)

46 (8'0%)

| 47 (2'8")

|

50 (4'9-1/2") |

] 53 (4' 2-1/2")

l

54 (2 8" l

49 (8'0%)

48 (6'6")

55 (5'8")

52 (7' 10%)

51 (8'0%)
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M3-1: Panel Designer

38 (5' 10%)

32 (4'6-1/2")

29 (6'8")
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M3-1: IntelliBuild

19 (8'0"

20 (6'8")

22 (7'6"

21 (28"

15 (8' 0%

16 (8' 8%

17 (8'0"

18 (8'0"

23 (8' 0%

24 (8' 0%

25 (9 4"
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M3-1: IntelliBuild

1(8'0")

42 (8'8") |
43 (6'8") |
45 (7' 10" | 4a(ray |
46 (8' 0") |
48 (6'6") ji 47 (2'8") \
49 (8'0") |
36 (8' 6")
38 (5' 10") | s7(ray |
39 (8'0") |
40 (4' 6" |
41 (8'0") |
50 (4' 9-1/2")
51 (8'0") |
52 (7' 10) |
53 (4' 2-1/2") ]
55 (5' 8") \ 54 (2'8")
56 (2' 6") |
31 (80" \ 30 (2 8" |
324 6-1/2") {
26 (8'6") |
28 (7 47) | 27 (4 07 |
29 (6'8") \
33 (76" ]
34 (8 0") |
35 (5 4"
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M3-1: Proposed algorithm

** Nzones

**zone left edge X coordinate
6.0

1 .
2 222.0
3 279.5

** NStacks
6

** stack flush
** # zonetype edge xloc yloc #layers | #panels
1 1 1

A RIGHT 114.0 87.3 1

2

3

4

5

6

7

8

9

10

11

2 2 A RIGHT 330.0 87.3 13 1
2

3

4

5

6

7

8

9

10

11

12

13

3 2 B LEFT 330.0 99.3 3 1
2

3

4 3 A RIGHT 389.8 57.3 12 1
2

3

4

5

6

7

8

9

10

11

12

5 3 A RIGHT 389.8 57.3 3 1
2

3

6 3 B LEFT 389.8 99.3 6 1
2

3

4

5

6

panels

PRRERNRPRPRRE L PRPRPRENRRPRRRR GRPRPNNRNRPWORRRRPRRENR L RPRERRRRRRERE

17
22
23
24
25

orientation

N
N

PRORNNRRNYO RPN RPNNRRRRN

=N : NN N

N

wNHNNNNNNxNNNNNNNNN'—‘HHH

NN W
w
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M3-2

| 4 1
15 16 17 18 19
34
20 35 9-
33
| ol
37| 49. 38 i
21
5 = 39 bt
4 25 301
26‘ 28 2I9 | 4'0 : 4'1
22 42! 14
31
| 27, 43 44
23 : ,
32 45 46
5 -
1 2 3 -
4-
i 131
5-
1 141
7 8
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M3-2: Panel Designer

23 (40

16 (9 4"

17 (94"

18 (10'8")

‘ 20 (102"}

21 (9'4"

22 (9'4")

9 (9 11-172")

10 (9 4%

11 (94"

12 (9 4%

13 (9 4"

14 (2 8"

‘ 15 (1017

5(7' 4"

6(8'10%

7(94"

\ 30 (8'0")

| 40 (106"

| 41 (5 47) |

44 (3'5-1/2") |

42 (9'2")

\ 49 (2 6" \

{ 46 (6'6")

47 (& 2-1/2") [

29 (3' 2-1/2") \

| 33 (@' 109

35 (9' 4%

37 (9" 4"

[ 27 (6 8"

25 (2'8") |

24 (9' 10

] 28 (9'4%)

26 (10'0")
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M3-2: IntelliBuild

18 (10'8")

19 (2' 8"

20 (10' 2")

14 (2 8% 13 (947

15(10'1%)

16 (9 47)

17 (94"

21(9'4")

22 (947

23 (40"

1947 ‘

6 (8107

8(2'2") | l 7(94"

9 (9 11-1/2")

10 (9'4")

11(9'4"

12 (94"

2(94)

4(9 4

3(2'7-1/2")

5(7'4") ‘

49 (2'6") |

36 (3 27) |

37(9 47

38(7 4 \

39 (&' 0") \

40 (10'8")

41 (5'4") [

30 (10'27)

31(9 47

33(9' 107

[ a2(ra

34 (5'10%) [

35(9 47)

42 (9 2%)

43 (9 47)

44 (3' 5-1/2")

45(9' )

47 (4 2-1/2% | 46 (6'67)

48 (8' 47) |

27 (6' 8 }

28(9'4")

29 (3 2-1/2) |

24 (9' 107

25(2'8") |

26 (10'07)
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M3-2: Proposed algorithm

** Nzones
3

**zone left edge X coordinate
1 6.0
2 210.0
3 284.0
** NStacks
5
** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 78.0 9

2 2 A RIGHT 330.0 78.0 14

3 2 B LEFT  330.0 90.0 1
4 3 A RIGHT 392.0 48.0 13

5 3 B LEFT 3920 90.0 7

T e R e
~NOURWNRPWNROOWONDUIRWN L PFAWNRPOOONOURAWN,  OONDUIRWN

panels

PRRPNRPRPRNNRRRRNRRRRR L RPRPRRERNRRRRRRRERR  PRRRRRRP R,

orientation

FPRONRNRRNRNGRERONNR R R

NMRONNN GRRRE
YN ) =

Nmpgwpr\)'\"\’r\)r\n\)r\)’\’
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M3-3

| T |
12 13 14 15
28
16 e 7
27
30,
31[ 43/ 32
, 42
19 20 33
17 o5 8-
23 24 : l
54l 34 35
-
18 26| . = 38
22] (B =
. 39 40
i 41
34
10
4-
11
6
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M3-3: Panel Designer

15 (5 4}

18 (9" 4"}

12 (129"}

13 (12'0"}

14 (120"}

16 (116"}

17 (120"}

6 (B 10")

11 (2'8"

711 3-1/2"

8(12'0")

10 (120"

9(12°0")

4 (4'8")

5(11'6")

2 (9" 3-1/2")

1(12'0"

312707

32 (4'8")

31 (12 07}

42(8'4")

30 (3'2")

33(8 07

35 (4'07)

34 (11" 107)

41 (4 2-1/2")

40(3'10")

38 (2' 1-1/2%

36 (9 2")

\ 43(2' 6"

28 (5' 107

24 (3 2-1/2") |

26 (9" 4"

27 (9' 107

29 (9" 4%

25 (11'67)

22 (4'0")

{

20 (3 2")

19 (9 4"

23 (9 4%

21 (128"
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M3-3: IntelliBuild

13 (12 07}

14 (12' 0"}

15 (5" 4"}

¢ (120"}

10 (12’ 0}

11 (2'8Y

12 (12'9"

16 (1187
17 (12 0%} ‘
18(9' 47
3(12 07
448
5(11'6"
1 (120"
29 3-1/2")
6 (8 107)
7 (11 8-1/2") ‘
8 (120"
41 (4’ 2-1/2%) \ 40 (3' 10)
a2 (8'4")
43 (2' 6% |
38 (2 1-1/2") |
39 (12 0)
26 (947
27 (9 107)
28 (5 107) \
29 (947
30 (3 27 ‘
31 (1207 |
21 (128
22 (4 0%) J
23 (947
24 (3 2-1/2") [
25 (11'6") |
32 (4' 8" |
33 (807
34 (11" 10%) |
35 (4 0%) }
36 (9 27)
37 (10'e")
19 (9 4%)
20 (3'27)
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M3-3: Proposed algorithm

** Nzones

3

**zone left edge X coordinate
1 6.0
2 220.5
3 279.5

** NStacks

6

** stack flush

** #  zonetype edge xloc yloc #layers | #panels
1 1 A RIGHT 1162 77.3 8

2 2 A RIGHT 336.7 77.3 11

e
OCONOURWN  PROOXINDUTRWN ONDOUTRWN

3 2 B LEFT 336.7 99.3 1
4 3 A RIGHT 389.8 57.3 14

A RIGHT 389.8 57.3 1
B LEFT 389.8 993 6

ool
ww

panels

PRPRRRPR L PRPRRPRRRNRRRRE  RPNRRPRRRERRRPR PR RRRRERE

orientation

P RNN R R

H:HNNNHHNHN

NNI\.)I\)N

N
N

l\)r\)}—‘wwl\)wl\)l\)}—‘l\)l\)l\)l\)l\)

330



M4-1

26

141

15

16

76

70

73

74

72

17

18

24

62|

63

22

21

41,

42,

47

65

66|

59

58

60

6+

13

12

1

10

56,

20

19

39,

37

40

38

4
504

51
54

53

484

49|

57

5-

7

281

29,

3H

32,

33

34
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M4-1: Panel Designer

34 (2' 11-1/2)

29 (8' 0")

30 (8' 0")

31 (8'0")

32 (8'0"

33 (8' 0"

21 (8' 0"

22 (8'0")

27 (2' 8")

26 (6'8")

23 (8'0")

24 (8' 0"

25 (9" 4%
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M4-1: Panel Designer

12 (8' 0"

14 (7' 2"

13 (2 1-1/2"

18 (2' 2"

15 (8' 0"

16 (8' 0"

17 (8' 0"

19.(8' 117

20 (8'0")

7(1'4")

8(8'0")

9(8'0")

11 (8'0")

10 (8' 07)

1(7'6"

5 (7' 4"

416"

2(8'0"

3(8'07)

6 (8 0%

65 (8' 0")

67 (8' 0"

| 64 (6'8")

| 66 (2' 8"

] 69 (4' 8"

68 (4'6")

] 72 (4' 67)

70 (4' 0)

] 76 (5' 2°)

73 (4' 09

77{8'2")

75 (4'6")

| 55 (2 4")

\ 61 (4 0"

57 (4' 6")

58 (7' 47

[ 59 (2 8)
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M4-1: Panel Desianer

43 (7 11-1/2%)

44 (807

45 (8'07)

48 (6' 8")

49 (1'8")

\ 51 (1'8")

50 (6' 8"

47 (2'8")

35 (8'0")

36 (8' 0)

38 (7' 2"

37 (2 47)

39 (7'6"

42 (7' 6"

40 (8'0"

)
)
)
)

41 (8' 0"
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M4-1: IntelliBuild

28 (7' 6")

27 (2 8"

29 (8' 0"

30 (8' 0"

23 (8' 0"

24 (8' 07)

25 (9' 4%

26 (6' 8"

31(8'0"

32 (8' 0"

34 (2' 11-1/2")

33 (8' 0"

16 (&' 0)

17 (8' 0

19 (8 117

18 (22"

11(8' 07

12 (8' 0%

14(7 2

13 (@ 1-1/2")

15 (8' 0"

20 (8'0")

21 (8'0)

22 (8'0")
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M4-1: IntelliBuild

72 (4'6")

74 (8 0")

73 (4'0%

76 (5' 2%

71 (8 0%)

75 (4' 6

70 (4 0%)

77 (5'2")

52 (8' 0"}

s108) |

53 (8 0")

54 (68"}

56 (8 0"}

55 (2' 4%) \

58 (7' 4)

57 (4' 6") |

60 (8'6")

[ 59 {2' 8") [

44 (8 0"

45 (8 0")

46 (9 4")

48 (6'8")

47 (28"

50 (6" 8")

49 (1'8") |

62 (8 0")

61 (4 07)

63 (8 0")

84 (6 8")

85 (8 0")

67 (8 0")

66 (2'8")

69 (4'8")

68 (4' 6"}

39

(76

40 (8' 0"

35 (8' 0")

36 (8' 0")

38 (7' 2")

41 (8'0")

42

(78"

43 (7' 11-1/2%)
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M4-1: Proposed algorithm
** Nzones
4

**zone left edge X coordinate
1 6.0
2 222.0
3 438.0
4 584.0
** NStacks
9
** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 525 13 1

2 1 A RIGHT 1140 525 4

3 2 A RIGHT 330.0 525 9

4 2 B LEFT 330.0 945 2
5 3 A RIGHT 546.0 525 6

6 3 B LEFT 546.0 945 5

7 4 A RIGHT 6920 525 14

8 4 A RIGHT 692.0 925 5

BPRRREe
WNLPRWNROOONDUIRAWN LUORWNROURWN  NRPOONOURWN L RWN

9 4 B LEFT 692.0 1245 3

WN =01

PRRERRPRPRPR GRPNRPRPRPRRRPORRPREN LRPRPRPRPORNRRR LNRPRPRNNNRRNR PR GRRRRERRNRRR R

27 26
14

15

16
131817
62

orientation

wNNHNNHNN:HHHHHNN

L )

PR NN Ny
NN

N
N =Y )
) N w

[N
[N
[N

PRRN SRR
N

2

NN NN G
)
N

N N
o

SN ULl NN NY N
N
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M4-2

- ¢ - T zi 0 T T
15 16 17 18 19 20 21
22| 34 33 50, 14
28 29
30 .
32 34 54 55
23 54 56/ 12|
35 36 37 38
2
H 39, 404 , ; H
46 47
59 60 64
13|
24 ! ' 52 :
41 42 43 44 48 = =5
45 49| 53] 14
25! 6 ) 10
4
26, 1
54
27/ 1 ]
1 2 3
M4-2: Panel Designer
21 (6'8"
20 (9' 4"
22 (10" 2
23 (9' 4"
24 (2" 4"
26 (9' 4™ 27 (1" 7-1/27)
25 (10" 8"
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M4-2: Panel Designer

14 (3'6Y

13 (94"

15 (10' 3"

18 (9" 4%

16 (10' 89

17 (10 89

19 (10 8%

10 (3' 5-1/2")

7(10'8"

8(9'4"

9(9'4"

11 (9'107

12 (10" 8"

4(10'0%)

53 (4'0")
[ 51 (9' 4") |
{ 52 (10 8") \

| 54 (9' 4") |

56 (4' 8"} 55 (3' 2"} 57 (4'0") |

60 (4' 0") ] 62 (3' 2") [ 59 (3' 2")
64 (5' 2" [ 83 (5' 2")
58 (9' 4")
61 (9' 4")

39 (8 4")
40 (8 4°)
| 45 (32") [ 43(5'0") ]

| 41 (94" |
| 42 (108" |

4494 [ 47 (2’8" |

| 46 (74" 49(2'8") |
| 50 (9 4") |
| 48 (9'10") j
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M4-2: Panel Designer

6'2")

|

9'4")

34
38 (&' 8")
33(
37(

9' 4")

35 (9' 3-1/2")

36 (10" 8")

32 (5' 4"

30 (7' 2"

29 (7' 8")

28 (10'8")

31 (10'2%)

M4-2: IntelliBuild

21 (6 8"

22 (10' 2"

23 (9' 4%

24 (9' 4"

17 (10" 8")

18 (9 47

19 (10' 8

20 (9 4%)

25 (10' 8%

27 (1'7-1/2")

26 (9 47)

11 (9° 107

12 (108"

13 (9 4)

14 (3'6"

10 (3'5-1/2")

15 (10'3")

16 (10" 8")
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M4-2: IntelliBuild

3(4'2"

4(10'0")

1(10'2")

2(10'8")

5 (6'8")

6(9'4")

57 (4' 0")

56 (4' 8") [

55 (3' 2")

58 (9'4")

60 (4' 0"

59 (3 2")

53 (4' 0"

63 (5' 2')

62 (3' 2"

64 (5'2")

39 (8' 4"}

40 (8° 4")

41 (9 4%

42 (10'8")

43 (5' 0

|

44 (9 4")

34 (6' 2")

35 (9’ 3-1/2")

36 (10' 8"

37 (9 4")

38 (6 8"}

45(3' 2" \

47 (2'8") }

46 (7' 4")

48 (9' 10")

50 (9" 4")

49 (2' 8"

51 (9 4")

52 (10' 8"

30(7' 2%

31 (10' 29

28 (10 8"

32(5'4"

29 ("' B%)

33 (9'4")
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M4-2: Proposed algorithm
** Nzones
4

**zone left edge X coordinate
1 6.0

2 222.0

3 438.0

4 584.0
** NStacks

8

** stack flush

** #  zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 48.0 12

N
~
N
A
— N

2 2 A RIGHT 330.0 48.0 12

3 2 B LEFT  330.0 90.0 2

w
N
W WRRNRENRNRRRON GWRNRN RN

4 3 A RIGHT 546.0 88.0 6

N

5 3 B LEFT 546.0 100.0 4

I3
PoONRRprRNaRaN

-

6 4 A RIGHT 692.0 88.0 13

N
[
RN N

N

NS

7 4 A RIGHT 692.0 88.0 3

8 4 B LEFT  692.0 100.0 3

T e e e
WP WNLLWNRPOOONOUIRWN LUIBRWNROUIRAWN L NRPNRPOOONOURWN LNRPOOONDUTRWN,
(N}

o
N
I
>
oroRPONN N
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M4-3

13 14 15 16 17 18
19 27 29 44 104
% S
_ 261 ! 1 H —
28 30, 47 48
49/
31 32 33 ol ,
= a5l Y=gy s T
34, 35 ,
41
i 39 H 52( &3 57 H
) I7 4 1
36 3 38 2| =5 =
46 12
2+ L !
40 43
6 7 8 8
4]
22,
H 5-
23 : .
1 2 3
M4-3: Panel Designer
17 (12 0")
18 (8'0") 23 (2 11-1/2"
19 (11'8")
20 (120"
21 (12'0")
22 (120"
12 (10' 2"
13 (11" 7"
14 {12' 0"
15 (12' 0"
16 (12' 0"
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M4-3: Panel Designer

9 (6" 1-1/2")

7 (12707

8 (12 0%

10 {11' 2%

11 (120"

‘ 5(54")

3(2'10%)

‘ 1(10°2%)

2(120%

4(114%)

6 (12 0%

[ 49 (4'8") \

50 (4' 07)

46 (9" 47)

47 (10' 8")

53 (4' 07) [ 52 (3 27)

[ 55 (1" 107)

57 (5 27) \

56 (5' 2")

51 (9 47)

54 (10' 8")

4328 ]

38 (2 4) \

37 (12 07)

39 (10 8")

| 41 (10 0%

42 (910"

44 (12 07)

45 (1207

35 (8'4")

34 (& 47)

36 (10'8")

31 (11" 11-1/2")

321207

33 (12 0%

25 (6'4")

[ 28 (4'0)

26 (7' 2"}

24 (120"

27 (118"

29 (12'0%)
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M4-3: IntelliBuild

18 (8 0°)

19(11°¢7) 1

20020

141207

1501207

181207

17012079

211207

20zo0)

23 11127

81z o) J

9 (6"1-1/2°)

10011'2% |

npzoY) J

40114 |

5(547)

6(1207

7020

1201002

130117

32107

1{102)

2(1207 I

53 (4 0°) [ 52(32%) |

54 (10°8) |

56 (5'2") 55(1°109 |

57 (5'2%)

42(9'10) |

4328 |

441207

45 (12 0%

41(10'0%) | 4@y |

6@ 4) |

a7 (108 ]

50 (4 0) 1 d0@e) | 4eqrioy |
519 47 |
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M4-3: IntelliBuild

28 (4'0") \

29 (12 0")

30({3'6") \

31 (11 11-1/2%)

32 (12 07)

33 (120"

24 (120"

|

27(11'8")

36 (10' 8"

37 (120"

38 (2' 4"} [

39 (10' 8"
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M4-3: Proposed algorithm

** Nzones

**zone left edge X coordinate
6.0

1 .

2 226.5
3 446.9
4 579.5

** NStacks
8

** stack flush
** #  zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 13 1

2 2 A RIGHT 336.7 97.3 9

3 2 B LEFT 336.7 129.3 2
4 3 A RIGHT 557.1 97.3 5

5 3 B LEFT 557.1 1293 3

6 4 A RIGHT 689.8 97.3 14

10
11
12
13
14
7 4 A RIGHT 689.8 97.3 2 1
2
8 4 B LEFT 689.8 129.3 3 1
2
3

panels

PRRRP LNNNRRPRRRRRRRR  WRRRPRERPRE PR NRRRRRRRE PR RRPRERRERRERRRE

orientation

RWRNRPRNRRNNR R R R G

PoORNNR RN

N

2

NP RRPENERE G Www
=

R RO R R R NINIMN G RO R R RN NN NN
N NN
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M5-1

16 17 18 19 % 71
22! 33 36! 55 11
| 60 81 62
63|
23 341 3z 56/ 68 12|
65 66 67
35 38
24/ 57 13!
30 31 32
| 39
25 42 43 49 58| 14]
' 40 4 | _
50 59 15!
261 41-- 45- ’ﬁl 10
51[H6 47 484
I 53 54
271 i
— 5-
28 |
6_
20! | . l
1 2 3

348



M5-1: Panel Designer

22 (76"

29 (2' 9-1/2")

23 (8' 0"

24 (8'0"

25 (8'0)

26 (8' 0%)

27 (8'0")

28 (8'0")

16 (8'3")

17 (8'0")

18 (8'0")

21(8'0")

‘ 15 (2'2")

19(9'4")

20(9'4")

10 (5' 7-1/2")

8(8 07

a8 0"

11889

12 (807

13(8 0%

14 (8' 0%

3(4'0Y

4(7'0")

1(810%

2(8'0")

5(8'0")

6(8'0"

7(8'0"

55 (8'2")

56 (8' 0")

57 (8'0")

58 (8'0")

60 (8'0")

63 (5'107)

59 (2' 8")

61 (6'8")

82 (20"

68 (5'8")

64 (4 0')

66 (6'8")

67 (2'0")

65 (8'0")
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M5-1: Panel Designer
| 42 (8'0") [
| 44 (7' 4" [
| 43 (6'0%) | 45 (2'8") |
46 (8' 0"
47 (8'0")
| 48 (4' 10") | 50 (2' 8") | 51 (1'8") |
| 53 (6'8") | 54 (2' 5-1/2") |
[ 49 (9'0") |
| 52 (8' 0") |
\ 38 (4'6") \ 35 (5' 4 ]
| 40 (6'8") | 41 (2' 0" |
36 (8'0")
37 (8'0")
39 (8'0")
[ 32 (6' 8" ’
| 33 (7 2% |
| 30 (8' 7-1/2") |
31 (8' 0"
34 (8' 0"
M5-1: IntelliBuild
.......... 23(30)
24 (8 0")
2'5 (e;' o’)
Y 19k(9'l4")k k
‘‘‘‘‘‘‘ 20 (9'4")
21 (8' 0"
e
. 27. (8'. 0").
29 (2 9-1/é") | | | | | 28 (é' o)
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M5-1: IntelliBuild

12(8'07

13(8'07)

14 (8'0")

8(8'om

9(8'07)

10 (5' 7-1/2")

11 (88"

16 (8 37

‘ 15 (2 2%)

17 (8' Q")

18(8'0")

4707

3(4'07

5(8 0"

1(8'10%

2(8 0%

6(80"

7(80"

60 (8'07)

59 (2 87)

61 (6'8"}

83 {5' 10")

57 (80

58 (8'0")

65 (8'0")

64 (4'0")

67 (2'07)

68 (58") |

40 (6'8")

42 (80

41 (2 0% |

43 (6" 0")

44 (7 4%)

46 (8' 07)

45 (2 8")

47 (8'0")

35 (5'4") |

36 (8'0")

a7 (80

38 (4' 67 |

39 (8'07)

48 (4°107) |

50 (2’ 8%)

49 {9 0

|
52 (8 0")

51 {1'8") |

53 (6'8")

55 (8'2")

54 (2 5-1/2")

56 (8'0")

30 (8' 7-1/2")

31 (8'07)

32 (6'8")

33 (7' 2")

34 (8' 0")
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M5-1: Proposed algorithm

** Nzones

**zone left edge X coordinate
1 6.0
2 222.0
3 384.0

** NStacks
6
** stack flush

** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 1140 525 3 16
2 17

OCoOoO~NOUTh W

e e
WN RO
-

2 1 A RIGHT 114.0 525 4

w
=)
w:NI—\I\)I—‘I\)I\)HI—‘HI—\I—\I—‘I—\NN
[

3 2 A RIGHT 330.0 525 13

w
@
PRPRERN,

OCONOUTBWN L BWN
5

=

4 2 B LEFT 3300 945 7

5354

-

5 3 A RIGHT 4920 925 17

N

NN

6 3 A RIGHT 4920 925 3 1

-
[
NP GRPRENRNRRRRRRNRRRRRENRRRRRRRPNNRRRNRRRRRE BN GRPRRERNRRRRRERE
N
o
(N}

N
[N
NN oNovomrroNovooNRPovoNNRooNRRPRONDE

=
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M5-2

12 15 16 17 18 14
20 29- 32 49 10
53
| 55/
56
= .
2*+ W 3 50 14
| 34| 34!
% 27 "8
22 35, 5H 12|
7 o
39
I 521 13
36 45
23 T T
40| ; 8
26]] 41 2
i 47 48 47
24 L
| g,
25
6_
N 3 3
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M5-2: Panel Designer

20 (8' 10"

21(9'4" ’

22 (10'8") ‘

23 (9'4")

24 (10'8") ‘

25 (9' 5-1/2")

13(6'2"

14 (9 77

15 (9' 4%

16 (9 4")

18(9°47) 19 (28"

17 (10 8"}

7{(9'4"

8(10'8"

9(9'7-1/2"

10 (10" 0"

11 (9'4")

12 (9'4")

18107

2(9'49)

4(9'8"

5(9'4")

54 (7' 4")
58 (7' 4")

49 (9'6") |

50 (10' 89 |

56 (5' 10") \ 52(5'4") |

56 (5' 8" ] 56 (4'0%) \

51 (9 4%

53 (9'4")

57 (9' 47)

354



M5-2: Panel Designer

38 (4'87)
| 37 (@' 4") | 4004 |
\ 39 (2 8") \ 43 (2 27) |
] 41 (9 4" [ as(ren |
\ 48 (7' 9-1/27) [ 45 (2'8" \

28 (4' 0")

] 26 (9 11-1/2") \
\ 27 (9 4") [
| 29 (9' 107 |
30 (9' 4"

36 (8 0") BERES
| 35 (8' 8") ] 34 (1" 107 |
32 (9' 4"
33 (9' 4")

M5-2: IntelliBuild

24 (10' 8")

25 (9’ 5-1/2")
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M5-2: IntelliBuild

9 (9'7-1/2"

10 (10' 0%

11(9'4"

5(9'4"

7(9'4"

8(10'8")

12 (9" 4")

3@ ey ‘ ‘

2(9 4

48 (7' 9-1/2")

49 (9'6%)

50 (10’ 8")

51 (9'4")

45 (2' 8"

44 (9" 0%

58 (7' 4")

59 (5' 8") }

52 {5' 4")

54 (7'4")

56 (4' 07)

28 (4' 0)

29 (9 10)

30 (9’ 4)

32 (9 4")

26 (9 11-1/2")

27 (& 4")

38 (4 &)

l

39(8' 8"

41 (9 47

43 (2 27) [

42 (9'4%)

33 (9 4)

35 (8' 8

36 (8'0")

37 (9 4
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M5-2: Proposed algorithm

** Nzones

3

**zone left edge X coordinate
1 6.0

2 212.0

3 384.0

** NStacks
6

** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 14 1
2
3
4
5
6
7
8
9
10
11
12
13
14
2 1 A RIGHT 114.0 48.0 1
3 2 A RIGHT 330.0 98.0 11

e

OCONOURWN LORWNRRPOOONDUITRWN L,

4 2 B LEFT 330.0 98.0 5

5 3 A RIGHT 4920 98.0 15

Pl el
ORWNRO

6 3 A RIGHT 4920 98.0 3 1

RPRNR R

PRERRERRREN L PRERRNRERNNNNNRERRR L L ENNRRRR R R R R

anels

orientation

PRPRhpRrNRrRRRRERE

N
N W

WPONENNE L s
w NFENRFR -

NP N R

N

MmsMMNMNNNNNNN

N
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M5-3

m 11 12 13 14 15
16 231 25 38{___ . 8-
41 42
43
| 44 47 |
45 46
24 26
17 39 9-
L ' 22
27, 34
29 30
31
28 — : 1
. 5 6 7
3] 32 S
' 3% ~ a7
19 3
20 44
# 1 2
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M5-3: Panel Designer

15 (2'8")

16 (11'6")

20 (10' 9-1/2")

17 (120"}

18 (120"}

19 (120

8(11'4")

9 (120"

10(11'6")

11 (123"

12 (12°0%)

13 (120"

14 (120"

7(87-1/2")

2(9'4%)

1(11'6%

3(11'0%

4(12' 0%

5(12 0

6 (120"

| 37 (51-1/2")

| 24 (4 07)

38 (10°107)

39 (12 0)

43(5'10")

| 42(4'8")

47 (5'8")

| 26 (4'8")

40 (12 07

41 (12 0%

4512 0)

28 (54"

27 (11" 4%)

29 (12 07)

31 (10'0")

30(2'0")

33 (8107

35(1'8")

32 (12 0%)

34 (11"8")

36 (12 0%)

26 (86"}

24 (9'4")

21 (11° 3-1/2%)

23 (11" 2°)

22 (12 0%

25 (1207}
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M5-3: IntelliBuild

15 (2' 8%

16 (11'6")

17 (120"

1 (1287

12 (120"

13 (120"

14 (12'0")

18 (12'0")

16 (12'0")

20 (10° 9-1/2")

5(12'0"

6 (120"

7 (58 7-1/2")

1(11'6")

2(9 4"

3(11'0"

4012 0"

8 (114"

9(12'0"

10(11'6")

47 (5'8")

34(11'8")

35 (1'8") [

36 (12 0)

37 (5'1-1/2") |

38 (10' 10

39 (12 07)

28 (5' 4"

29 (12 0")

31 (10'0")

30 (2’ 0)

32 (12 0)

33 (8" 107}

41 (12 0"}

42 (4'8") |

44 (4 0) }

43 (5' 10")

45 (12 0%)

46 (4' ") |
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M5-3: IntelliBuild

23 (11' 2%
24 (9 4%
25 (12 0)
21 (11° 3-1/2")
22 (12 07)
26(8'6")
27 (114"

M5-3: Proposed algorithm

** Nzones

**zone left edge X coordinate
6.0

1 .
2 226.5
3 379.5

** NStacks
4

** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 57.3 11 1
2

e
©CEONOUTRWN L POOONOUTAW

2 2 A RIGHT 336.7 97.3 14

e
Nk O

3 2 B LEFT 336.7 1293 6

4 3 A RIGHT 489.8 97.3 12

= =
COONDUIRAWN L OURWNRLA®

e
[N

PRNNRRRRRRER  PRENRRRPRRRNRRRRRRERRE PR RRRRRRRP R,

panels
11

16
17
18
19

orientation

R N e e e e N Y

N

NN EBE R, oNRRRRPONRRRRRN
-

N

moNPovONREREREN
NN
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L1-1

7 2 3 B
25 10
26 11
27| I
28 29 30 M 2 B
12
34 62
|~ 4 Fv a5 :
13
35 63 73 74 75 7% 77
[ 46 47 48 | 78 83 |
71 72
- 14
64
| 79 84| 1
15
37 o = =
| 80 85 1
49 SJFD 51
16|
38 52 86
| 8t o1 :J 920 I
55 9 17
= 53 57 67 82 87
94 95 QH 96 97 98 I
! 1
s 100 10
5 18
Al 4| 58] 68| 101
59 60 81 -
108
41 6d 103 19
42' 1 70 :‘01 . 109 i . ,29|q
i p) 3 . 5 3 7 8 9
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L1-1: Panel Designer

42 (2' 7-1/2")

35 (8' 0")

36 (8'0")

37 (8'0")

38 (8' 0")

39 (8' 0")

40 (8' 0")

41 (8'0")

25 (6'2")

24 (20 3"

34 (7'6"

33(2'8"Y

30 (8' 0"

31 (80"

32 (8'0"

15 (8'0%)

16 (8'07)

17 (8 0"

18 (8'0")

21(6'8")

20 (2'8")

19 (8'0")

22 (8'0")

23 (8'0")

363



L1-1: Panel Designer

1(7'6")

94 (8'0")

95 (8'0")

96 (8'0")

97 (8'0")

100 (8' 0)

99 (6'8") 98 (1' 4"

102 (7' 4") 101 (2'0)

103 (8'0") | 104(1'4)

106 (8' 07) ] 107 (2' 8%

105 (9' 4% }

81 (8'0" \

83 (7' 2") 82(2' 8"

84 (8'0")

85 (8' 0"

85 (8'0")

90 (4'6")

} 92 (4' 7-1/2") |

93 (6'8") { 87 (2'8") |

88 (8'0"

89 (8'0")

91 (8'0")

| 70 (1'8") } 72 (2' 0%) |

78 (7' 2') [ 77(rez) |
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L1-1: Panel Designer

54 (4' 107) 51 (2'2) \

[ 58 (4' 10") | 55 (4' 7") |

45 (4 107) | 48 (4 107)

L1-1: IntelliBuild

36 (8'0"

37 (8'0"

38 (8'0)

31(8'0%

32 (8'0M

34 (7' 6" 33(2'8"

35(8'0"

39 (8'0"

40 (8' 0"

42 (2 7-1/2") 41 (8' 0
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L1-1: IntelliBuild

23 (8'0"

25 (6' 2% 24 (2'3")

26 (8' 0"

18 (8'0")

19 (8' 0"

21(6' 8" 20 (2' 8"

22(8'0"

28 (7' 11-1/2"

27 (2 6-1/2")

29 (8' 0}

30 (8' 0

12 (8' 0"}

13 (8' 0}

14 (8' 0}

4(8'0")

5 (8'0")

6 (8'0")

1(7'6")

2(8'0")

3(8'0")
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L1-1: IntelliBuild

102 (7' 4%)

[ 101 2'0%) |

103 (8'0%)

[ 10a(ray |

98 (1' 4%

107 (' 8") ]

82 (2 8

87 (2'8")

77082y |

90 (4' 6"

93 (6' 8"

92 (4 7-1/2")

61 (2 27) \

oo DB D
~N|O (N[O | B|W(N
@ wW|®|® (W |®|E|B
O|lOoO|O|O|O|O|O|O
Nl A Pl T ) el

58 (4' 10")

72 (2' 0" |

48 (4' 10)

51 (2'2"

55 (4' 77)

54 (4' 10) |

45 (4' 107

367



L1-1: Proposed algorithm
** Nzones 4
**zone left edge X coordinate
1 6.0
2 212.0
3 438.0
4 584.0
** NStacks 8
** stack flush
** # zonetype edge xloc yloc #layers | #panels
1 1 A RIGHT 114.0 48.0 1

anels orientation

w
s3]
NP RRRRRRRN
5N

2 1 A RIGHT 114.0 48.0 6

3 2 A RIGHT 330.0 48.0 16

[N
I—‘I\)I—‘NI\)ML\JI\)I—‘I\)I\)M

N

N

=

4 2 B LEFT 330.0 90.0 7

NI—‘

5 3 A RIGHT 546.0 48.0 13

34
~
o1
G0
(A)NNN:';NN}—‘I—‘I—‘I\)I\)I\)QJHHb—‘wwwHHHHHHNHI—‘N

6 3 B LEFT  692.0 90.0 14

[o)]
w

106 70
104 107

-
o

NP RPN RPRRRRRRENNRR R RR R GRENRRRRERNRRRRRNRRNRR PR R L PR RR R L PR R RR R R R
o)
R
©
=

o
s3]
PR R R ®N R

P
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L1-1: Proposed algorithm
7 4 A RIGHT 692.0 48.0 17 1 2 26 27 22
2 1 25 2
3 1 21 2
4 1 22 2
5 2 2423 22
6 1 10 2
7 1 11 2
8 1 12 2
9 1 13 2
10 1 14 2
11 2 104 107 22
12 1 16 2
13 1 17 2
14 1 18 2
15 2 2019 22
16 1 7 3
17 1 98 33
8 4 A RIGHT 692.0 48.0 4 1 1 75 2
2 2 7776 22
3 1 89 2
4 2 98 90 23
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L1-2

17 18 19
20 8
21
9
2% ) . 54 i 75 5%
27 53
62 63 84 65 ||
28 e %’
14)
29 55
67 74
12
1 74 75 76|
40 41 42 |
30 56
68 72
43 47 13
| 77 78
46 I 79
69 73| i
34 57 = = L
1
44 48 14|
1 84 85 88
4q 49 58 H
32 5 51 52 %8
15
| 89
33 59 87 L
90 16
1 2 2 1 3 1 4 8 5 1 1 7 1
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L1-2: Panel Designer

‘ 33 (6'7-1/2")

26 (2'8")

27 (10'2%)

28 (9'4")

29 (10'8")

30(9'4")

32(9'4")

31(10'8"

18 (9'4"}

21 (6' 6-1/2")

19 (5'4")

20 (102"}

22(9' 3-1/2")

23 (94"}

24 (10'8")

25 (10'8")

16 (4' 0")

11(9' 4"

12 (10' 8"

13 (9' 4")

14 (10" 8"

15 (9" 4"

17 (10' 3"

7(6'8"

6(9'4"

8 (9'11-1/2")

9(9'4"

10 (10' 8"}

1{10'2")

2(9'4"

4(9'4"

3(10'8"

5(10'8"
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L1-2: Panel Designer

87 (6'8") 90 (1' 4%
78 (3' 3-1/2" 79 (6'8")

ol 83 (4'0")

88 (9' 4"
89 (9' 4"

73 (4' 0" | 69 (4'0") \ 76 (1" 107

\ 55(10' 8" |
\ 56 {9’ 4") \
\ 57 (10'8") |
\ 58 (9' 4% 81 {2 0" \
| 65 (4 4-1/2") | 59 (5' 8" ]
60 (9’ 4")
62 (9’ 4")
[ 63 (10' 8" |
\ 649’ 4") }

\ 46 (4 77) [ 52 (2 2%) | 49 (2' 27 | 45 (2' 2" |
47 (@ 47)
48 (@' 4"
50 (@' 4")
51 (9 47)

)

42 (22" 39 (2' 2) \
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L1-2: IntelliBuild

28 (9'4")

29 (108"

30 (9'4")

24 (10' 8"

25(10'8")

26 (2'8")

27 (10" 2")

31 (10'8Y

32 (94"

33 (6" 7-1/2)

18 (94"

19 (5'4"

20 (10'2")

14 (10" 8"

15 (9" 4")

16 (4'0")

17 (10'3%)

21 (6'6-1/2")

22 (9'3-1/2"

23 (9'4")

8 (9" 11-1/2"

9(9'4"

10 (10" 8")

4(9'4"

5{(10' 8"

6(9'4"

11 (94"

12 (10' 8")

13 (9'4")
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L1-2: IntelliBuild

3(10'8")

1010 2%

2(9'4"

79 (6' 8")

78 (3' 3-1/2")

80 (9’ 4

81 (10'8")

82 (¢’ 4"

83 (4'0")

77 (9 4)

76 (1'10"

85 (6' 8")

86 (10'0")

87 (6' 8")

88 (9’ 4

88 (9' 4"

84 (10'0")

90 (1'4")

64 (8" 4"

65 (4' 4-1/2")

66 {9' 10)

67 (10° 8")

68 (8" 4"

69 (4' 0")

58 (9" 4")

59 (5' 8%

60 (8" 4%

62 (8" 4%

63 (10° 8")

70{9' 10"

71 (10 8"

72 (9 4%

73 (4' 0"

74 (9' 4"

75 (8 4%

4

42 (2" 2"

3 (9 4")
4 (9 47)

46 (4'7")

45 (2 2%)

49 (2 2%

36 (2' 2"

39 (2' 2"

52 (2' 2
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L1-2: IntelliBuild

34 (9 47)

L1-2: Proposed algorithm
** Nzones
**zone left edge X coordinate
1 6.0
2 212.0
3 438.0
4 584.0
** NStacks
8
** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 48.0 13 1
2
3
4
5
6
7
8
9
10
11
12
13
2 1 A RIGHT 1140 48.0 2 1
2
3 2 A RIGHT 330.0 48.0 14 1
2
3
4
5
6
7
8
9
10
11
12
13
14
4 2 B LEFT 330.0 90.0 5 1
2
3
4
5
5 3 A RIGHT 546.0 48.0 14 1
2
3
4
5
6
7
8
9
10
11
12
13
14

PRRRNRRERRRRRR LUNNRPRRRRRERNRRENRENRENR LR PRRRRRRRR R R

anels

orientation

W LNRPRRNRRRRR R,

N NN

"‘"‘meppl—\pxpp’\’l—\’\’b—"\’m

N

l\)l\)l—\l—‘:)l\)l—‘b—‘l\)r\.)l\)b—‘l\.)
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L1-2: Proposed algorithm
6 3 B LEFT 692.0 90.0 13 1 1 4 3
2 1 5 3
3 1 57 1
4 1 80 2
5 1 84 2
6 1 85 2
7 2 5152 33
8 1 58 1
9 1 86 1
10 1 88 1
11 1 59 1
12 1 87 1
13 2 8990 11
7 4 A RIGHT 692.0 48.0 16 1 1 17 2
2 1 18 2
3 1 19 2
4 1 8 2
5 1 9 2
6 1 10 2
7 1 11 2
8 1 12 2
9 1 13 2
10 1 14 2
11 1 15 2
12 1 16 2
13 1 6 3
14 1 7 3
15 1 64 2
16 1 65 2
8 4 A RIGHT 692.0 48.0 4 1 1 65 2
2 1 74 2
3 2 76 75 22
4 1 83 3
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L1-3

1% 15 £
17 ra
b
19 = 70 ) 8
42
23 55 - |
! 19 51 g
3 32
24 43 L 55 I
I 10
25 44 53 56 59 |
33 34
I 11
35 38
s S0 &
26 45 62 |
63 64
I 12
3 39 56 5 ]
46 ™
27 40 1 68 -
| 13
= % Gﬂ 74
1 1 2 4 1 1 6
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L1-3: Panel Designer

28 (6" 7-1/2"}

22 (8'8")

23 (11'6")

24 (1207

25 (12'0")

26 (12'0")

27 (120"

18 (5' 2-1/2")

16(3'7")

14 (10' 8")

15 0108Y

17 (11' 8"}

19 (11" 11-1/2")

20 (120"

21 (120"

7113172

g8 (120"

9120

10 (12 0%}

11 (12' 0%

12 (12 0%

13(12' 0"

6 (6'8"}

1(11'6"

2(12'0%)

3(12'0%)

4(12 0"

512 0"
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L1-3: Panel Designer

62 (6'8")

| e i1y

I

71 (8 0')

|

85 (9 4")

63 (12 0%}

84 (12 0%

69 (5 4")

67 (5' 4")

66 (11' 4"

68 (11' 4%

70 (12 07}

59 (&' 6%)

54 (9 4%)

57 (9 47)

53 (12 07)

80 (10'8")

1207

(
(
55 (12' 6")
(
(

56
58 (12 0")

47 (5 8")

51 (9 8-1/2")

4401207
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L1-3: IntelliBuild

24 (12 0%)

25 (12 0")

19 (11" 11-1/2)

20 (12 0)

21 (12 0"

22 (6 8"

23(11'8")

26 (120

27 (12 0"

28 (6' 7-1/2")

13 (12' 0"

14 (10' 8"

15 (10' 8"

9 (12 0"

10 (12 0"

11 (1207

12 (1207

16 (3' 7}

17 (11" 6%

18 (5" 2-1/2")

3(12'0"

4012 0"

5(12' 0"

1{11'8"

2 (12 0%

711 3-1/2%)

8 (120"
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L1-3: IntelliBuild

70 (12 07) \
71 (8 0)
67 (5' 4") |
68 (11'4")
89 (5' 4" \
54 (9 4%)
55 (12'67) |
56 {12'0)
57 (9 4")
58 (12 0"
59 (8'6")
48 (12 0")
50 {12 0")
51 (9 B-1/2")
52 (12 67) |
53 (12 0"
60 (10' 8")
62 (6'8") [ sty |
63 {12'0")
64 (12 0%
85 (0 4")
66 (11' 4
37 (4 77) \
38 (12 07) ]
39 (8 10)
40 (12 07) \
41(8' 107
42 (12 07) |
32 (8 10)
33 (12 0% \
34 (8 10)
35 (12 0%) |
36 (8 107)
43 (12 0%)
44 (12 0%)
45 (12 0%)
46 (12 0%)
47 (5'8") |
48 (11'4")
29 (12 0%) [
30 (8’ 107)
31 (120" \
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L1-3: Proposed algorithm

** Nzones
4
**zone left edge X coordinate
1 .
2 216.5
3 446.9
4 579.5

** NStacks
9

** stack flush
** # zonetype edge xloc yloc #layers | #panels
1 1 A RIGHT 116.2 57.3 13 1

2
3
4
5
6
7
8
9
10
11
12
13
1

2 1 A RIGHT 116.2 57.3 1
3 2 A RIGHT 336.7 57.3 13

2

3

4

5

6

7

8

9

10

11

12

13

4 2 B LEFT 336.7 99.3 5 1
2
3
4
5

orientation

WRRPWWNRPRRNRPNRENRRONGRPNRPRORNNR R R R R R
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L1-3: Proposed algorithm

5 3 A RIGHT 557.1 573

6 3 B LEFT 689.8 99.3

7 4 A RIGHT 689.8 57.3
8 4 A RIGHT 689.8 57.3
9 4 A RIGHT 689.8 57.3

11

15

-
NROOONDURWN LPFOOONDUIRWRONOUTRWN,

e

-
WN LR W

PR aRPrRPrRERRrRrRrRRRRRRRE PP RPRNRRRRRRRNRRRRE

NNHwHwNHBNNNHN

=

NWHRPRONNOWRNRNRNNONNN GRR R R
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L2-1

7% 2% 27 78 0 3 BJF? — 33 3 J 3 s'zj
37 63 70 94 9 1
44 45 a7 | U
38 5 64 71 84 o 99 17
| . 78 79 |
39 65 72~ 90 o859 109 18
48 49 50 51
I 97 104 |
54 %2 GE] 102 703 104 105
40 66| 73 86 ## it 19
I 5 |
4 5 67 74 87 112 109 i
57 58 50 60 | 108 109 110
64
42 68| 75 88 21
I 81 82 I
43 6 69 7 89
6‘ 22
T 2 3 3 5 7 g |
9
23
10 |
& I T I24
] 2 13 14 15
L2-1: Panel Designer
43 (' 2")
37 (7' 6")
38 (8' 0")
39 (8' O")
40 (8' Q")
41 (8' O")
42 (8' O")
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L2-1: Panel Designer

20 (8' 0")
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L2-1: Panel Designer

10 (4' 6"

100 (6' 8") 101 (2'Q") \

\ 105 (5' 1-1/2") \ 110 (2' 8") \

107 (4 6") | 112 (4'6") |

\ 108 (7" 1-1/2") \
109 (8'0")
111 (8'0")

| 89 (5' 8" |

88 (8'0")

90 (8' 0")

93 (4' 2 \ 91 (4' 2")

92 (8' 0"

94 (8' 0"

95 (8' 0")

96 (6' 8") 97 (2' 0") \
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L2-1: Panel Designer

78 (6' 8")

81 (6' 8"

66 (8' 0")

67 (8' 0")

68 (8' 0")

70 (8' 0")

71 (8'0")

72 (8' 0")

73 (8'0")

74 (8' 0")

75 (8' 0")

60 (5' 2")

56 (1' 7-3/4")

62 (7' 10)

63 (8'0")

64 (8'0")

65 (8' 0")

53 (4'6")

| 51 (5' 2"
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L2-1: IntelliBuild

38 (80"

39 (8'0")

40 (8 0")

33(8'0")

34(8' 0"

35(8'0")

37 (76"

36 (4'0")

41 (80"

42(8 0"

43(6' 2"

27 (8' 0%

28 (8' 0"

29 (&' 0")

22 (8' 0%

23 (8'0")

25 (8' 17

24 (2 87

26 (&' 0")

30 (8'0")

31(8'0%

32 (8'0")

18 (8' 0%

19 (8'0")

20 (8' 0%

21 (8' 0%

11 (62

10 (4' 6%

12 (8' 0")

13 (8' 0"

14(8' 0%

18 (7' 11-1/2"

15(2'2")

17 (8' 0%
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L2-1: IntelliBuild

3(8'0"

4(8' 0"

5 (80"

1(8 0"

2(8'0"

6 (80"

7 (80"

o (80"

8 (3 31/2 ‘

111(8 0"

110 (2’ 8") |

112 (4 6") |

106 (8' 07)

108 (7' 1-1/27)

107 (4'6")

100 (8' 0")

92 (8'0")

93 (4' 2") |

94 (8'0")

95 (8'0")

96 (6' 8")

98 (8'0")

97 (2' 0% |

87 (8'0")

88 (8'0")

89 (5' 8"

91 (4' 2 |

99 (8'0")

100 (6' 8")

102 (8'0")

101 (2 07) |

103 (8'07)

104 (8'0")

105 (&' 1-1/2")
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L2-1: IntelliBuild

79 (1'8") |

82 (1'8" }

55 (6' 8")

57 (8' 0%)

56 (1'7-3/4") |

58 (8'0")

59 (8' 0")

60 (5'2")

61 (8'0")

50 (8'0")

51 (5'2")

52 (8'0")

53 (4'6") |

54 (8' 0")

62 (7' 10"

63 (8'0")

84 (8' 0)

65 (8'0")

66 (8' 0)

67 (8' 0)

47 (5'2")
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L2-1: Proposed algorithm

** Nzones
6
**zone left edge X coordinate
1 6.0
2 212.0
3 438.0
4 654.0
5 870.0
6 884.0

** NStacks
1

** stack flush

** # zonetype edge xloc yloc #layers j
1 1 A 12

RIGHT 114.0 48.0

2 1 A RIGHT 1140 48.0

3 2 A RIGHT 330.0 48.0

4 2 B LEFT 3300 90.0
5 3 A RIGHT 546.0 48.0

6 3 B LEFT 546.0 90.0

16

10

#panels panels
1

e
OCONOURWN L,NOUAWN  NRPOOONOUAWN

=
ONOTRWNROOONOTRWN LN

PRRPPRPRNRRRPRREPRNRRRR  PRPRPRPRRRRRPRRERRRERRRRRRE LPRPRENRR L PRRRRRRRRRRE,

orientation

PROGOGRNNNRRRRRREREN,

i
-

PR RPRRNNRPRNNRRRRNREN R NN

N

wwwWHEMHHHHHNNHHN
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L2-1: Proposed algorithm

7 4 A RIGHT 762.0 48.0

8 5 A RIGHT 762.0 48.0

9 5 B LEFT 762.0 90.0

10 6 A RIGHT 978.0 48.0

11 6 A RIGHT 978.0 48.0

16

14

OCONOTRWN

PNRPRPRRNRE  NRPRNRRRRRRRRRE  RPRPRENRRPRPRE L PRPNRRRRRRRRRRRRE

NNRERPRONRRRERNN L

el TN Y Ry
w [SN

w
oW

P LoPwoNorvooN
[5N w N

NN RO E
N
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L2-2

20 ] 21 2 7 7% ' 77 78 P
30 51 57 67 77 80 13
| 3 37 38 |
31 52 58 68 78 81 14
I 73 74 I
39 40 i1 79 32
69 15
32 gl 53 5 S = 5 =
H 90 8 .
33 4 54 60 70 16
91 8
45 47 48 88 I
49
34 58] 61 71 17
ﬁ
I g I
3 56 62 72
' i ' P 3 ' 5 18
7— H
| 19
8
3 10 T 12
L2-2: Panel Designer
27 (9" 4"
28 (9" 4"
35 (4 107 29 (4' 0"
30 (8' 107
31 (9" 4"
32 (10' 8"
33 (9' 4"
34 (10' 8"
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L2-2: Panel Designer

19 (8'0")

20(9'5"

21(9'4"

22 (10'8"

23 (10' 8%

24 (9'4"

25(10' 8"

26 (9' 4"

12 (3'8")

13 (9'3-1/2")

14 (9' 4%

15 (10" 8"

16 (9" 4")

17 (10" 8%

18 (9' 4"

8(3'2"

6 (9" 11-1/2")

7(9'4"

98 10"

10 (9' 4")

11 (10'8")
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L2-2: Panel Designer

80 (9' 47

81 (10' 8"

83 (9 47)

87 (3' 2

82 (4 87 \

84 (10' 8")

85 (9 1-1/2%)

86 (9' 4"

88 (9 9-1/2")

89 (8' o)

90 (9' 47)

72 (4' 4"

68 (108"

89 (9' 4"

70 (10 8")

71(9'4"

79 (4'8") \

786 (2 10)

74 (210 |

64 (7' 0"}

58{10'8")

59 (9' 4")

60 {10'8")

61 (2'4")

66 (7' 0"

62 (4 47) |

63 (9' 4")

65 (2' 4")

67 (9' 4")

48 (9' 2"

49 (9' 4")

50 (6' 6")

56 (4' 4") |

51 (9' 4

52 (10' 8")

53 (9' 4"

54 (10 8")

55 (9' 4)

57 (9' 4")

36 (9'4")

37 (10'8")

38 (9'2")

39 (9'4")

40 (10'8")

41(9'2"

42(9' 4"

45 (6' 11-3/4")

43(3'2") |

44 (9'4")

46 (9' 4")

47 (10" 8")
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L2-2: IntelliBuild

30 (8" 107

31 (9' 4"

32 (10' 8%

26 (9' 4")

27 (9'4")

28 (9' 4")

29 (4' 0"

33 (9' 4"

34 (10' 8%

35 (4' 10"

20 (9' 5"

21 (9' 4%

22 (10' 8%

16 (9'4")

17 (10" 8")

18 (9'4")

19 (8' 0%

23 (10' 8%

24 (9' 4%

25 (10' 8%

10 (9' 4")

1 (10 8%

12 (36"

5 (94"

8 (8 11-1/2")

7 (94"

9 (810"

8(3 2"

13 (9" 3-1/2"}

14 (9' 4"

15 (10 8"
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L2-2: IntelliBuild

86 (9' 4") |

87 (3'2" |

88 (9 9-1/2") |

89 (8'0")

80 (9' 4") |

81 (10'8") |

82 (4'8") |

83 (9' 4") |

84 (10'8") I

85 (9' 1-1/2") |

90 (9' 4") |

91 (3'2")

72 (4' 4" |

64 (7' 0" \

66 (7' O") \

74 (2' 10" \

75 (9' 4") |

76 (2' 10") [

77 (9" 4" \

78 (10'8"%)

79 (4' 8" [
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L2-2: IntelliBuild

51 (9'4")

52 (10" 8%

53 (9'4")

54 (10" 8%

55 (9'4")

56 (4' 4%)

46 (9'4")

47 (10" 8"

48 (9' 2")

49 (9'4")

50 (6'6")

57 (9' 4")

58 (10" 8")

59 (9'4")

60 (10" 8%)

61 (9'4")

62 (4' 4"

|

40 (10' 8")

41 (9'2"Y)

42 (9'4")

36 (9'4")

37 (10' 8%

38 (9'2")

39 (9'4")

43 (3'2")

44 (9 4")

45 (6' 11-3/4")

**zone

U WN

10

** stack
*% #
1

** Nzones

L2-2: Proposed algorithm

left edge X coordinate
6.0

222.0
438.0
654.0
870.0
884.0

** NStacks

flush

zone type edge xloc
RIGHT 114.0 48.0 11

1

yloc #layers j

#panels

1

POWOWO~NOOUITRWN

Il

panels

PRPRPRRERRRRRE

20

orientation

NN R R B RPERP
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L2-2: Proposed algorithm
2 2 A

RIGHT 330.0 48.0 16 1 21
2 22
3 37
4 38
5 42
6 51
7 43
8 52
9 40

10 41
11 44
12 53
13 45
14 47
15

16 49

RIGHT 330.0 48.0 1
LEFT 330.0 90.0 1
RIGHT 546.0 48.0 8

o w
WNN
>w>

6 3 B LEFT 546.0 90.0 9

S
©
PRNRRERRERONENGRELPRNRERRRNRR R RN

w
wwwwhk
N

7 4 A RIGHT 762.0 48.0 14

8 5 B LEFT 7620 90.0 9 1

PR RPRPRRPRRRRPRRRRRRRRERRRRE L PRPRERNRPRRRPERRRRRRE LR L PRPRERRRERRRERRRRRRRRE
»
>

9 6 A RIGHT 978.0 48.0 13

-
-
N
By
N

=
COONOUITAWN ©O~NOUTAWN
~
=
WRNRNNRRORNRONRON WRRPWRRRPRRONRPRPRRNNRPRRENNR RN

P

N
[o0)
ol
=
N
N
Pw

10 6 A RIGHT  978.0 90.0 6

NRRRRE NP RRPRRRRRRRRRE
=
o

N
CURWN, LW
fee)
~
NNk -
-
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L2-3

7 : 18 19 : 20 ' 21 7 7
25 45 50 59| 68 71 1
30 3 32
I 5 I
26 46 55 5‘@11 60 69 72 12
3 65|
33 34 35
I 70 73 |
67 74 75 76 |
38
27 47 52 61 81 77 13
H = 82 78 H
40 41 42 80
28 48 53 62 14
43
I 57 58 | I
29 al 49 541 e.a|
1 : 2 3 : 3 ' 5 q
6‘ H
1 11
7-
9 10
L2-3: Panel Designer
29 (6 2"
24 (9 4
23 (120"
25 (11" 8"
26 (120"
27 (120"
28 (12'0"
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L2-3: Panel Designer

16 (6'8")

17 (10'9")

18 (120"

19 (12 0%)

20 (12'0")

21 (12 0%

22 (12'0")

10 (810"

9 (120"

11 (11 11-1/2")

12012 0%

13 (12 0%

14 (12 0%

15012 0%

7 (110"

1(120%

2(12'0"%

3(1270"%

41207

511" 3-1/2")

6 (108"

8(11'86"

73(2' 0"

78(1' 10" \ 82(1' 10")

70 (2'0")

10'8")

120"

12 0

69 (
711(
72 (108"
74 (
75 (

120"

80 (6' 8")

76 (5' 1-1/2")

77 (108"

79 (11" 1-1/2")

81 (10' 8")
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L2-3: Panel Designer

58 (4'4") | 56 (4 4%)

57 (12 0")

59 (12 0"}

60 (12 0"}

84 (9 4")
66 (9 4")

85 (2’ 10") 63 (5 8") 67 (2 10"

61 (12 0"

62 (12 07

68 (12 07)

46 (12 0")

47 (120

48 (12 0"

49 (5'8") [ 54 (5'8")

50 (12' 0"

51 (12 0"

53 (12 0"

)
)
&mm
)
)

55 (12 0"

39 (4 3-3/4")

38 (12 0") ‘

[ 42 (5'27) [ 44 (3107 ] 37 (1'10%

40 (12 0%

(

41 (12 0%

@UZO)
5 (

\ 35 (5 2°) | 32 (5'2") |
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L2-3: IntelliBuild

24 (9' 4"

25 (11" 6")

26 (120"

20 (12 0"

21 (12 0%

22 (120"

23 (12 0"

27 (12 0%

28 (120"

29 (6' 2)

1412 0%

15 (120

16 (68"

10 (8" 10")

11 (11" 11-1/2")

12 (120

13012 0M

17 (10' 6"

18 (12' 0"

19 (12' 0"

401201

5 (11 3-1/2")

6(10'8")

1(12' 0%

2 (12 0%

312 0%

7 (1'10")

8 (116"

9 (12' 0%
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L2-3: IntelliBuild

82 (1'10%

80 (6'8")

81 (10'8%)

68 (12 0")

69 (10" 8")

70 (2' 07) |

71 (1207

72 (10' 8"

73 (207 [

65 (2 10 |

67 (2 107 ]

76 (5' 1-1/2")

77 (10" 8")

78(1' 107 [

79 (11" 1-1/2")

51 (1207

52 (12 0")

53 (12'0")

54 (5'8")

55 (12 0")

56 (4'4")

46 (120"

47 (12 0")

48 (12 0)

49 (5'8")

50 (12 0"}

57 (120"

58 (4'4")

35(5'2")

37 (1'10%) |

39 (4' 3-3/4")

30 (12 07)

31 (1207

32(5'2"

33(1207

40 (12 0"

41 (1207

42 (5'2")

43 (1207

44 (310

45 (1207
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L2-3: Proposed algorithm

** Nzones
5
**zone left edge X coordinate
1 6.0
2 226.5
3 446.9
4 667.4
5 879.5
** NStacks
8
** stack flush

** #  zonetype edge xloc yloc #layers | #panels
1 A RIGHT 116.2 87.3 1

=
COWONOUTRWN

[En
=

2 2 A RIGHT 336.7 87.3 13

= =
COXNDUTRWN LN

3 2 B LEFT 336.7 993 2
4 3 A RIGHT 557.1 57.3 6

5 3 B LEFT 557.1 99.3 8

6 4 A RIGHT 777.6 57.3

=
N

=

CQOONOUTRWN LLONOUTRWNROUIAWN LN

e
NP

panels

PRRPRPRRPRRRPRPRER L PRPRNRRRPRRRPRRRRE L PRRERPRERPRRRPRRRRRRRE L PRERRRRRERRERE

25
26
27
28
29

orientation

NRPRRRRPRNNRE LGRRPRONRRRNNRRERRONN GRNRPRRORNNR R R G

wwwh
=

PRRONRPRPRONRP RPN
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L2-3: Proposed algorithm
7 5 A RIGHT 989.8 57.3 17

8 5 A RIGHT 989.8 57.3 10

N Y NS
WP NoOURWNRPOOONOUTAWN
~
RPENRONONNOWWRRPORNNNNNN

[SEEE BRSNS ES
RPRrRRORRPRP R RrRrRrRrRrRrRRRRRRE
e} =
o o
L L S
HIN

=
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L3-1

74 1 B 23 29 3 3 3 3 B
35 54 60 78 92 18
| I
104 105
36 55 61 79 93 16
106
22 a3 |
a7 al 56 6 80 o4 o 111,
69 70 85 86 87|07
L 8 H
9
38 48 57, 63 8155 @D:Tﬁm 18
49 50 109
39 46 58 64 82 96 112 11319
L 59' H
71 72
1o 47 65 83 97 20
(8 5’1 52 75 ?4 55 ig- H
48 6| o8 21
7 2 3 5 6 7 |
gl 101 102 1oj
9 22
9. I
. 104 : 23
10 1 12 13 14
L3-1: Panel Designer
34 (40"
41 (6' 8"
35 (7' 6"
36 (8'0")
37 (8' 0"
38 (8'0")
39 (8'0")
40 (8'0")
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L3-1: Panel Designer

O I R N TR R TR T T XN

30 (8'0")

31 (8'0")

32 (8'0")

33 (8'0")

27 (8'0")

28 (8'0")

29 (8'0")

23(2'8")

20 (8'0")

21 (80"

22 (8'0")

24 (8'3")

25 (8'0")

26 (8'0")

13 (5'8")

12.(8'0"

14 (28"

15 (8 5-1/2)

16 (8' 0"

17 (8'0")

18 (8'0")

19 (8'0")

6 (8' 0

946"

7 (2 11-1/2"

8 (8'0")

10 (7' 6")

11 (8'0")
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L3-1: Panel Designer

| 113 (5' 9-1/2") |
| 102 (6' 8" |

108 (6' 8") [ 1eEo12) |

104 (8' 0")

105 (7' 10") ]

106 (8' 0")

111 (5'86") 109 (2' 4") ’

107 (8' 0")

110 (8' 0")

112 (8' 0")

100 (2' 8)

93 (8' 0")

94 (8'0")

95 (8' 0")

96 (8'0")

97 (8'07)

98 (8' 0")

99 (8' 0")

101 (8'0")

88 (7' 8-1/2") }
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L3-1: Panel Designer
| 72 (6' 6") |

| 71 (8' 0" |

| 75 (6' 8") |  7oqse) |

77 (6'8") | 76 (2' 6") \

69 (6' 8") | es(re |

48 (5' 5-3/4") | 50 (2' 0%) | 52 (2' 0) |
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L3-1: IntelliBuild

36 (8' 0

37 (8' 07

38(8' 07

31(8' 0

32 (8' 0

33(8'07)

35 (7' 6%

34 (4'0")

39 (8 0")

40 (8' 0")

4 (&' 8"

25 (8' 0"

26 (8' 0"

27 (8' 0"

20 (8' 0"

21 (80"

22 (8' 0"

24 (8 3"

23 (2' 8"

28 (8' 0"

29 (8' 0")

30 (8' 0"

7 (2 11-1/2)

9 {4' 6")

15 (8 5-1/2")

14 (2' 8"

19 (8 0"
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108 (6' 8"
110 (8' 0%) \ 109 (2' 4%) |

111 (5'6")

105 (7' 10") |
106 (8' O")
107 (8' 0"
112 (8 0"
113 (5'9-1/2") [

91 (2'0")

85 (8' 0") |

86 (6' 8") |

| 87 (2 0"

") 100 (2' 8") |

102 (6' 8"

104 (8' 0") 103 (2' 0-1/2") ‘
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L3-1: IntelliBuild

71(8'0")

| 70018

72(6'6"

73 (8'0")

74 (8'0")

75 (6' 8"

77 (6'8")

76 (2' 6")

64 (8' 0%

65 (8' 07)

66 (6'2")

67 (6'8")

69 (6'8")

68 (1'8")

78 (8'0")

79 (8'0")

80 (8' 0")

81 (8' 0%

82 (8'0")

83 (8' 0%

50 (2' 07)

53 (6'2"

52 (2' 0" |

43 (2' 1-3/4"

48 (5 5-3/4")

59(1'49 |

42 (8'0")
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L3-1: Proposed algorithm

** Nzones
5
**zone left edge X coordinate
1 6.0
2 210.0
3 438.0
4 654.0
5 790.0
** NStacks
13
** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 1140 78.0 1 1
2
3
4
5
6
7
8
9
10
11
12
2 1 A RIGHT 114.0 78.0 4 1
2
3
4
3 2 A RIGHT 330.0 78.0 16 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

4 2 A RIGHT 330.0 78.0 2
5 2 B LEFT 330.0 90.0 4

6 3 A RIGHT 546.0 48.0 5

7 3 B LEFT 546.0 90.0 10

COPMNOURWNRUBWN LAWNRPN,,

=

PRRRPRRENRRRRNRR L PR RR R L PR RENRRRENRRNRR R LN L RPN R R R R R

anels

orientation

PR RRRRRRN
)

NN
[ENENENNY [EN
N Nt oR

N

NNHiHHHNHHN

WP RN

N

HHHHHszwwHNNN
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L3-1: Proposed algorithm

8 4 A RIGHT 762.0 48.0

9 4 A RIGHT 762.0 48.0
10 4 B LEFT 762.0 90.0

11 5 A RIGHT 898.0 48.0

12 5 A RIGHT 898.0 48.0

13 5 B LEFT 898.0 90.0

16

2
2
14

7

O©ONOUTRWN

DUTARWNRPNOORWN

PRRPRPRPRRPRNRPRR LRPRPNRNRRPRPRRERRRR PR LRPNRRRRNRRRRRRRERE

100
103

NP R RPRERPNN
N

NopRrpRrpRe N

N

l\)l\)l\)l\)l\)l\)l\)l\)mwwl—"_‘}—‘

Wy N
NN W w
N w N

NHHmeNNBNNN
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L3-2

20 21 22 23 24 25 26 27 28|
29 46 54 65 76 13
86 ||
30 47 52 66 77|87 14
35 34 i
90 91 ||
37 71 72
73
31 48 53 67 7888 15
74 75
1 42 49 16
32 54 68 79 5 5
50 I i
¥ 80 |
33 55 69 80 17
43 44 61 62
4 40 I 64 H
34 56‘ 70
i : 2 ' 3 ' — 5 §| 81 18
83 84
7_ H
| 82 19
8‘ I
9 10 11 12
L3-2: Panel Designer
34 (5'4")
28 (6' 8"
30 (9' 4"
29 (102"
31 (9'4")
32 (10'8")
33 (9'4")
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L3-2: Panel Designer

26 (10'8")

27 (9" 47)

21 (10'8")

22(9'4"

23 (9'4"

24 (9' 47

25 (9' 4")

19 (6' 8"

13 (9 9-1/2")

14 (10' 8")

15 (10" 8")

16 (9' 4"

17 (10' 8")

18 (9' 4%

20(9' 7"

B (1" 7-1/2")

12(5' 4"

3(9'4"

4(10'8")

5©'4"

194"

2(10'8"
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L3-2: Panel Designer

|
|

91 (4'2")

86 (6'6")

93 (4' 5-1/2")

89 (5'0")

72 (7' 4%

75 (7' 4%

73 (7' 8-1/2")

74(9' 4"

76 (9' 4%

77 (10" 87)

78 (9'4%)

79 (10' 87

80 (9'4%

60 (3' 10")

56 (4' 10")

55 (10" 8)

57 (8' 4%)

58 (8'4")

59 (10" 8"

61(9'4")

62 (10' 8"
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L3-2: Panel Designer

43 (80" [

42 (2' 0"

45 (6' 2"

50 (2' 87)

44 (2 0"

46 (10' 87)

47 (9' 4"

48 (9' 4)

49 (9' 47

51 (10 87)

52 (9' 4"

35 (8'0")

40 (8' 1-3/4")

|
|

41 (8' 0%

36 (2' 1-3/4")

37 (9' 4"

39 (9'47)

38 (10'8")

L3-2: IntelliBuild

29 (10' 2%

30 (9 4"

31(9' 4"

25(9'4"

26 (10" 8%

27 (9' 4"

28 (6'8")

32 (108"

33(9'4"

34 (5' 4%

19 (6' 8")

20 (9 7

21 (10'8"

15 (10' 8"

16 (9' 4%

17 (10" 8"

18 (@' 4"

22 (9 4")

23 (9'4Y)

24 (9' 4"
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L3-2: IntelliBuild

9(810")

10 (@ 4%

11 (94"

12 (54"

13 (9' 9-1/2%)

14 (10' 8"}

82 (8' 0"

83 (9' 4"

84 (7" 4-1/2")

85 (9'4")

86 (6'6")

87 (9' 4"

79 (10' 87

80 (9'4")

81 (9'4")

88 (10' 8"

89 (5' 0" ]

90 (9 4"

91 (4'2" [

92 (9'4")

93 (4'5-1/2%) ]

67 (9'4")

68 (9'4")

69 (9'4")

70 (6" 2"}

71 (9'4%)

72 (7' 4"

61 (9'4%)

62 (10' 8"

64 (6'8")

65 (9'4")

66 (10'8")

73 (7' 8-1/2")

74 (9' 4%

75 (7' 4")

76 (9" 4")

77 (10'8")

78 (9' 4")
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L3-2: IntelliBuild

48 (9'4%)
50 (2' 8" | 49 (9 4)
51 (10' 8
52 (9" 4"}
53 (9" 47)
54 (9" 47)
41 (
43 (8'0") 42 (2'07) \
45 (8' 2} 44 (2' 0") |
46 (10' B8 |
47 (9 47) ]
55 (10' 8" |
56 (4' 10") [
57 (8' 4"}
58 (8'4")
59 (10' 8"
60 (3 107} \
30 (9' 4" |
40 (8' 1-3/4%) \
35 (8 0" |
37 (9'4Y \ 36 (2 1-3/4") \
38 (10' 8 I
L3-2: Proposed algorithm
** Nzones
5
**zone left edge X coordinate
1 6.0
2 211.0
3 438.0
4 654.0
5 790.0
** NStacks
11
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 114.0 78.0 13 1 1 20
2 1 29 1
3 1 30 1
4 1 31 1
5 1 32 1
6 1 33 1
7 1 34 1
8 1 1 2
9 2 36 35 22
10 1 37 1
11 2 42 41 22
12 1 38 1
13 1 39 1
2 1 A RIGHT 114.0 78.0 1 1 2 44 43 22
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L3-2: Proposed algorithm

3 2 A RIGHT 330.0 78.0

4 2 B LEFT 330.0 90.0
RIGHT 546.0 78.0
6 3 B LEFT 546.0 90.0

7 4 A RIGHT 762.0 48.0

8 4 B LEFT 762.0 90.0

9 5 A RIGHT 898.0 48.0

10 5 A RIGHT 898.0 48.0

11 5 B LEFT 898.0 90.0

14

13

15

15
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e el el
B WNRUBRWN L LUBRWNRPOOONOUIRWN NP

el e e e e e I e e e el el el e el e e e e e e e e e e e e e e e N e et Sl el e e N B e e e I e e e e e N e e e e e e N

wwwwNNHHNNH:HNI—‘HHI—‘NHNN

w

=

I\Jl—‘Hl—\oJl\)I\Jl\)l\)NI\)NNNwwNNNNNNNNNwwl—‘D—‘HNNHNNH!—‘D—‘H!—‘NND—‘D—‘HNNND—‘D—‘H

422



L3-3

17 18 ‘ 19 ’ 20 ' 71 22 23 79
28 38 42 55 65 1)
47
73 74
= 75
26 3 39 43 5 66 1
‘1 78 79
34 48 60 61
L 62 (4
76
53 64
27 40 44 57 67 13
— 77
| 80 81 |
41
45
28 75 501 58 68 14
33
u 51 52 53 I
29 3 4 54 59
e 69 15
i 3 ' 3 ' ] 5
71 72
6_ )
| 70 16
7‘ I
8 9 10
L3-3: Panel Designer
22 {10' 8"
23 {10 8")
29 (6'8") 24 (4' 0)
25 (11'8")
26 (12' 0"
27 (120"
28 (12' 0"
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L3-3: Panel Designer

16 (8' 0")

15 (12'0")

1107117

18 (12' 0")

19 (12'0%)

20 (12' 0)

21 (120"

10

o)

7(1'10")

g (116"

9(12'0"

11 (11" 1-1/2")

12 (12 0%

13 (120"

14 (12'0")

5 (2" 11-1/2")

1(12'0"%

2(12'0")

3(12'0")

4 (120"

6 (10°8")

79 (2 107 \

74 (3'10")

70 (&' 8"}

72 (4' 8-1/2")
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L3-3: Panel Designer

| 64 (4'8") |
62 (7 8-1/2") |

59 (6' 2") | 61(4'8")

60 (12 0%)

63 (12 0")

65 (12 0")

66 (12'0")

67 (12 07

68 (12 0")

49 (12 0") ‘

54 (6 8") ] 53 (2' 6"} 50 (2'6") ]

120"

108"

51
52
55 (12 0"

56 (12 0"

57 (120"

(120"
(1oe’)
(120"
(1207}
(120"
(120"}

58 (120"

47 (8 47)
48 (8 47)

38 (12 0")

39 (12 0)

40 (12 0)

46 (6 2") [ 41 (5' 4

42 (12 0"

43(12 0"

)
44 (12 07)
45 (12 0")

[ 37 (6 2" 34 (2' 5-3/4") |

30 (10' 1-3/4") \

31 (120"

32 (120"

33 (108"

( )
( )
35 (10 0%)
36 (10 0%)
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L3-3: IntelliBuild

24 (4 0"

25(11'6")

26 (1207

20 (12 07)

21 (12 07

22 (10’ 8"}

23 (10' 8"

27 (12 0%)

28 (12 07)

29 (8 8")

14 (12 0"

15 (12 0%

16 (8 0%

10 (9 47

11 (11" 1-1/2")

12 (12 0"

13 (12 0%

17 (10°117)

18 (120"

19 (12 0%

4012 0%

5 (2 11-1/2")

6 (108"

7(1'10%

1(12'0"

2(12'0"

3(12 0"

B (11" 6"

9(12 0"
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L3-3: IntelliBuild

81 (3' 1-1/2" }

79 (2' 10 ]

80 (10" 8")

87 (12 0%)

68 (12 0%

89 (12 0%

70 (6' 8") \

71 (12 0% ‘

72 (4 8-1/2") \

62 (7' 8-1/2")

63 (120" ‘

64 (4'8") |

65 (12 0")

66 (12 0")

73 (120"

74 (3 107

75 (120"

76 (10' 8" ‘

77 (2' 4" [

78 (10' 8") ‘

49 (12 07 ‘

50 (2' 6") ]

51 (12 07) |

52 (10 8")

54 (6 8") } 53 (2' ")

55 (12° 0") ]

44 (12 0)

45 (12 0%}

46 (8' 2" |

47 (8'4")

48 (8'4")

56 (12 07)

57 (12 07)

58 (12 0")

59 (6 2")

80 (12 0"} ]

61(4'8")

32(12 0" ‘

33 (10'8")

34 (2' 9-3/4"}

35(10'0"}

36 (10'0")

37 (6' 2°) |

30 (10' 1-3/4")

41 {5 4% ‘
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L3-3: Proposed algorithm

** Nzones
5
**zone left edge X coordinate
1 6.0
2 226.5
3 446.9
4 667.4
5 785.5
** NStacks
10
** stack flush

** #  zonetype edge xloc yloc #layers | #panels
1 1

A RIGHT 1162 87.3 1
2

3

4

5

6

7

8

9

10

11

2 2 A RIGHT 3367 873 13 1
2

3

4

5

6

7

8

9

10

11

12

13

3 2 B LEFT 3367 99.3 4 1
2

3

4

4 3 A RIGHT 557.1 87.3 1 1
5 3 B LEFT 5571 993 13 1
2

3

4

5

6

7

8

9

10

11

12

13

6 4 A RIGHT 7776 57.3 13 1
2

3

4

5

6

7

8

9

10

11

12

13

7 4 B LEFT 7776 993 1 1

panels

PRPRPRRPRRR L PRPRRPRRPRRPRRERRRPRRPRRRERRRRR L PRRPRRPRRERRRRE

PR RN

PRRRPRRRRERPRERRE

25
26
27
28
29

orientation

PRONRPRPRPOWOWGRPRRRONNRRRRRNRRENRENGRPRNRRNR R R

WRENNRRRRONRE R RN,
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L3-3: Proposed algorithm

8 5 A
9 5 A
10 5 B

LEFT

RIGHT 8958 57.3

RIGHT 8958 57.3

895.8 99.3

15

4

5

PRRPRPRRE PR RERRERRERRRRERRRE

I\)HI—‘I—‘(A)NI\)I\JMNI\JNNNCO(A)I\JNNI\JNNI\JN
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L4-1

27 %8 79 J 30 3 3B 3 35 3% 3B 39|
40 5 62 95 18
41 59 63 96| 19
@ s 49 ) B o4
60 64
42 50 97 20
6 65 il
% 67 68 69 72
51 98 24
43| T?ﬁ JW 84 85 |
I 79 8 89 9 I
55 56 57 100 101 102
52 22
44 104
— 7 77 78 H
80 87 90
4 5. 23
1 o ee‘ 104 _
4 5 o1
1 3 3 3 5 7 8 10§ s
1 106 107 108 109 110
" 25
1 , : 26
13 14 15 1% 17
L4-1: Panel Designer
46 (2 0™ 39 (4' 0"
40 (7' 6")
41 (80"
42 (8' 0"
43 (8" 0"
44 (8' 0"
45 (8" 0"
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L4-1: Panel Designer

35 (8' 0")

38 (8'0")

31 (8'0")

32 (8'0")

33(8'0"

34 (8'0")

23 (8' 0"

24 (80"

25 (8' 0")

27 (8" 11")

28 (8 0")

29 (8 0"

30 (8 0")

14 (8 0")

15 (8' 0")

16 (6'8") 17 (2 8")

18 (7' 11-1/2")

19 (8' 0")

20 (8'0")

21 (8'0")

22 (8'0")

431



L4-1: Panel Designer

.........................................

98 (6'8") 99 (2'8")

102 (6' 7-3/4") | 105 (3' 0-1/4") |

100 (6' 8") | 110 (2 2 |

88 (4' 11-3/4")

87 (8'0")

89 (8' 07)

90 (8' 0)

91 (8 1-1/2") |

92 (8' 0" |

93 (6' 8") 94 (2' 0") \

95 (8'0")

96 (8' 0")

97 (8 07)
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L4-1: Panel Designer

76 (8' 0%)

85 (4' 7-3/4")

81 (4' 11-1/2")

72 (2' 5-1/4")

|65 (1'1-3/4") |

66 (8' 0")

67 (8' 0")

68 (8' 0")

69 (8'0")

70 (8'0")

71 (8'0")

73 (8'0")

55 (8' 0")

56 (6' 8")

57(1'8") |

60 (6'8")

61 (2'4") |

| sa(r72) |

47 (8'0")

49 (1' 8"
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L4-1: IntelliBuild

40 (7' 6"

39 (4' 0

41 (80

42 (8 0)

35 (8 0)

36 (8'07)

37(8'07)

388 07)

43 (8' 0"}

44 (8' 0"

46 (21 0)

45 (8' 07)

29 (8' 0")

30 (80"

31 (80"

24 (8'0")

25 (8'0")

27 (8 117

26 (2'8")

28 (8'0")

32 (8'0"

33 (8' 0"

34 (80"

18 (7 111729

17 (2 8"

19(8 0"

20 (8 0%

13 (7' 8Y

12 (20"

14 (8 0%

15(8' 0"

16 (' 8"

21(8 0%

22 (8 0"

23(8 0"
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L4-1: IntelliBuild

93 7-1/2")

110 (2' 2")

96 (8'0")

97 (8'0

98 (6'8")

100 (8' 0%)

% (2 8"

101 (8' 0")

102 (' 7-3/4")

90 (8'0%)

91 (8' 1-1/2")

92 (8'0")

93 (6'87)

94 (2 07) |

105 (3 0-1/4")

78(2' 0%

81 (4' 11-1/2"

72 (2 5-1/4")

75(2' 0")

85 (4' 7-3/4")

88 (4' 11-3/4")
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L4-1: IntelliBuild

55 (8' 0") | sa(r7e) |
56 (6' 8")
58 (8'0") 57(1'8"
59 (8' 0")
60 (6' 8"
62 (8 0") \ 61 (2'4") |
48 (6'8")
50 (8' 0") 49 (1'8"
51 (8'0")
52 (8'0")
53 (8' 0")
63 (8' 0"
64 (8'0")
66 (8' 0") 65 (1' 1-3/4") ‘
67 (8' 0%
68 (8' 0")
69 (8'0")
47 (8'0")
L4-1: Proposed algorithm
** Nzones
6
**zone left edge X coordinate
1 6.0
2 216.0
3 438.0
4 654.0
5 870.0
6 984.0
** NStacks
3
** stack flush
** # zonetype edge xloc yloc #layers j #panels panels orientation
1 1 A RIGHT 1140 78.0 3 1 1 2 2
2 1 28 2
3 1 40 1
4 1 41 1
5 1 42 1
6 1 43 1
7 1 44 1
8 2 46 45 11
9 1 1 2
10 1 47 2
11 2 4948 22
12 1 50 1
13 1 51 1
2 1 A RIGHT 114.0 78.0 4 1 1 55 2
2 2 57 56 22
3 1 52 1
4 1 53 1
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L4-1: Proposed algorithm
3 2 A RIGHT 330.0 78.0 12

e
NP OW©O~NDUTAWN .,
~ w
© o
NN NP R RN,
N [SN

=N

B LEFT 330.0 90.0
5 3 A RIGHT 546.0 78.0

S et

6 3 B LEFT 546.0 90.0 5

w
NHI\)I\)I\JI\)I\JI\JNI\JN

7 4 A RIGHT 762.0 78.0 8

8 4 B LEFT 762.0 90.0 7

q
=)
PRNON DR Rh RN

NN R

w
>
=N w
N -

9 5 A RIGHT 978.0 78.0 8

©
~

» PpRrpp

N

=
o
w
=

10 5
11 6

LEFT 978.0 90.0 1
RIGHT 1092.0 48.0 14

>w

=
COONOUITRWN L RFONOUIAWN L NOUIRWNRONOUIAWN L LUORWONRORWN -
=
©
NRNRNNNN W

e
N =
=
]

N
o
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w N

N

12 6 A RIGHT 1092.0 48.0 9

©
=
NN NN,

13 6 B LEFT  1092.0 90.0 7

PRRPRPRNRRPRPRRRERRER L NRNRNRRRRRRRRE  RPRPRERNRRRE LRPRPRERNRNRNRENRRRER L PRRRRRPRRRE L L NVRPNRPRENRRNR PR
w
~

e
~NOUIRWNROONOURWN LW
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o
>
N
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L4-2

21 ' 22 ' 23 ' % 25 ‘ % 27 ' 28 30 3
32 45| 48| 75 14
33 46 49 76 15
37 3 74
I " |
41 50
34 = = = = ———% 77 16
H 57 518_ 64 @5 g% H
40 8
: 67 70
- 3 a3 61 79 80 817
— 82
I l |
62 68
%8 ™ 18
42 63 69 83
2z 3 4 5 7 72 H
84 85 86 87
8 19
9 20
10 1 12 13
L4-2: Panel Designer
31 (4' 0"
30 (9' 4"
32 (10' 2"
33 (9'4")
34 (9' 4"
35 (10' 8"
36 (10' 0"
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L4-2: Panel Designer

27 (94"

28 (9' 4")

29 (9'4")

23 (9'4")

24 (10'8")

25(9'4"

26 (10'8")

20 (6'8")

16 (10'8")

17 (94"

18 (10'8")

19 (9'4")

21(10'3%

22 (9'4")

13 (2'8")

8(10'8")

10 (102"

11 (108"

12 (9'4")

14 (9" 3-1/2")

15 (10" 8"

777172

1(8'4")

2(10'8"

3(8'4"

4(10' 8"

5(9'4")

B(10'8"
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L4-2: Panel Designer

78 (4'0%)

81 (3' 11-3/4")

77 (9'4")

79 (9'4")

80 (9'4")

83 (8' 4-1/4")

87(2'2")

82 (10'8")

84 (10' 8")

85 (10'8")

86 (9'4")

65 (9'4")

66 (9" 11-3/4")

67 (9' 4"

68 (9'4")

70 (9" 4")

69 (2' 3-3/4")

71 (10 8")

74 (6' 0")

72 (4 1-1/2) |

73(10' 8"

75 (9'4")

76 (10° 8"

58 (6' 0")

|se (1" 1-1/4")

57 (10" 87)

| 60 (6' 0")

[ 63 (2 3-1/2") |

59 (10" 8")

61(9'4"

62 (9'4"

64 (9'4"

47 (6' 4"

50 (6' 5-3/4")

48 (9' 4%

49 (9' 4"

51 (9'4"

52 (10" 8")

53 (9'4")

54 (10' 8%

55 (9' 4")

38 (5'8")

37 (10'8"%)

39 (9'4")

40 (10'8")

41 (9 47

44 (5' 8"

42 (4 3-1/27)

43 (10' 8%

45 (9' 4")

46 (9' 4")
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L4-2: IntelliBuild

31 @0

32 (10' 29

33 (94"

27 (9" 4")

28 (9" 4")

29 (9" 4")

30 (9" 4")

34 (9" 4"

35 (10' 8%

36 (10'07)

21 (10'3")

22 (9'4")

23(9'4)

17 (9 4%

18 (10' 87

18 (@' 4"

20 (6' 8"

24 (10' 8%

25 (9' 47)

26 (10' 8"

10 (1027

1 (10'8")

12(9' 47)

6(10°8")

7 (77 7-1/2%)
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L4-2: IntelliBuild

82 (10'8")

83 (8' 4-1/4")

84 (10'8")

78 (4'0")

81 (3' 11-3/4"

85 (10" 8"

86 (9'4")

87 (2' 2 \

65 (9" 4")

66 (9 11-3/4")

9" 4")

67 {
68 (" 47)
70 (9 47)

69 (2’ 3-3/4")

71 (10' 8"

59 (10' 87)

60 (&' 0")

61 (9 4%

62 (9 4%)

B4 (9" 4")

63 (2' 3-1/2")

|

72 (4 1-1/2")

73 (10' 87)

74 (6' 0")

75 (@ 4%)

76 (10° 87)

77 (9 4%
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L4-2: IntelliBuild

46 (9 4")
47 (6' 4 |
48 (9 4")
49 (9' 4")
50 (6' 5-3/4") [
51 (9'4")
4 (94"
42 (4 3-1/2") ]
43(10'8") |
44 (5'8")
45 (9' 4") |
52(10'8") |
53 (9’ 4") ]
54 (10' 8") |
55 (9' 4") |
57 (10'8") [56 (1" 1-1/4"]
58 (6' 0) |
39 (9'4")
40 (10" 8")
37 (10' 8"
38 (5 8" i

L4-2: Proposed algorithm

** Nzones
6

**zone left edge X coordinate
6.0

218.0
438.0
654.0
870.0
984.0

OO WN

** NStacks
12

** stack flush
** # zonetype edge xloc yloc #layers j
1 1 A RIGHT 114.0 78.0 14

#panels panels
1 2

PRRRPRRRRRRRERRPE

32
33
34
35
36
1

37
38
39
43
44
40
i

orientation

PRPRONRENNNR R R R
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L4-2: Proposed algorithm
2 2 A RIGHT 330.0 78.0 12
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B LEFT 330.0 110.0 1 1
4 3 A RIGHT 546.0 78.0 4 1
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5 3 B LEFT 546.0 110.0 4
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[
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N
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10 6 A RIGHT 1092.0 48.0 15

=
N
w
-
w
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11 6 A RIGHT 1092.0 48.0 4

12 6 B LEFT  1092.0 90.0 7

=
N
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L4-3

18 19 20 21 73 74 75 76 ]
27 39 42 65 12
- 32 33 40 43 66 63 6443
Mo,
| H A4 I
45 4% 47 a3 49
67,
29 51 58 | 14
| 37 35 54 59 61 68 69 I
53 7
30 15
38 5 60
| 62
o 5‘ 7 I
1 ' 2 ' 3 8
72 73 74 1
7
8 17
9 10 11
L4-3: Panel Designer
26 (5' 4") 31 (207

24 (12 07

25 (12 07)

27 (11" 8"

28 (12" 0")

29 (12’ 0"

30 (127 07)
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L4-3: Panel Designer

17 (6' 8"}

18(11' 7"}

19 (12'0")

20 {12 0")

21 (1207

22 (1207

23 (120"

11 (94"

12 (11" 11-1/2")

13 (1207

14 (120"

15 (12 0%

16 (12 0")

31207

4 (12 0%

1(120%

2(12'0"
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L4-3: Panel Designer

71 (7 0-1/47)

67 (9 47)

74 (8'10"}

68 (1207

69 (10" 7-3/4"}

70 (12 0%}

72 (120"

73 (1207

60 (8' 11-3/4")

64 (4'8")

58 (4' 7-3/4")

59 (12' 0"}

81 (12 0")

62 (12" 1-1/27)

83 (12 0")

65 (12 0"}

86 (12° 0")

53 (4'8")

51 (4'8")

55 (8" 11-1/27)

49 (2'5-1/4")

50 (12 0%}

52 (120"}

54 (12 0"

56 (12 0"

57 (120"

38 (4'4")

44 (2' 5-3/4")

41 (2 4"}

33 (4 4")

36 (9 7-1/2")

32 (120"

120"

34 (
35 (12 07)
37 (12 0")
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L4-3: IntelliBuild

26 (5 47)

27 (118"

26 (12 0"}

22 (12 0"

23 (12' 0"}

24 (1207

25 (12' 0"}

20 (12 0}

30 (12 07

3120

16 (12 0"

17 (68"

18117

19 (12 0%

12 (11" 11-1/2")

13 (12 0"

14 (12' 0%

15 (12 0%

20 (12'0")

21 (12 0"

6 (7' 7-1/2"

71207

B (4’8"}

2(12 0%

3(12 0

401207

5(12°0"

§(11' 6"

10 (12' 07

1(9 49

448



L4-3: IntelliBuild

11207 ‘

83 (12' 0"}

64 (4' 8" \

65(12'0")

86 (12'0")

67 (9 47)

68 (12'0") I

58 (4' 7-3/4") |

59 (12'0") ‘

60 {8’ 11-3/4")

81 (12'0") \

62 (12" 1-1/2"}

69 (10' 7-3/4")

70 (12'0") ‘

71 (7' 0-1/4") |

72(12'07)

73(12' 0"

74 (8 10")

46 (12 0")

47 (120

48 (12 07)

49 (2' 5-1/4") \

50 (12 0") ‘

51 (4'8") [

41(2' 4" |

42 (120" ‘

43 (10'8")

44 (2' 5-3/4") \

53 (4'8") [

55 (8' 11-1/2")

36 (9 7-1/2")

33 (4'4") |

34 (1207 ‘

38 (4'4") [ .

39 (12 0% ‘

40 (10' 8")
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L4-3: Proposed algorithm

** Nzones
6

**zone left edge X coordinate
6.0

226.5
446.9
667.4
887.8
979.5

DU WN -

** NStacks
12

** stack flush
** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 116.2 77.3 1 1

2

3

4

5

6

7

8

9

10

11

12

13

2 2 A RIGHT 336.7 77.3 11 1
2

3

4

5

6

7

8

9

10

11

3 2 B LEFT 336.7 119.3 1 1
4 3 A RIGHT 557.1 77.3 2 1
2

5 3 B LEFT 5571 1193 4 1
2

3

4

6 4 A RIGHT 777.6 77.3 8 1
2

3

4

5

6

7

8

7 4 B LEFT 777.6 1193 6 1
2

3

4

5

6

8 5 A RIGHT 998.1 57.3 7 1
2

3

4

5

6

7

9 5 B LEFT 998.1 99.3 1 1

P PRRPRRRRPRRR L PRRRERRRPRRPRRRRERRE,
-

PRRPRPRPRE PP R
- -

PRRRRRRL RRRe

panels
18

27
28
29
30
31

orientation

I'\.)NI—\I—‘I'\)I\)I\)I\.)I\)I—‘}—‘HNNI—‘I\)I\)I—‘I\)I\)I\)I—‘}—‘I—‘I—‘}—‘N
N

WRENRPRRRG  WORERNRONNNER RN GRENN
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L4-3: Proposed algorithm
10 6 A RIGHT 1089.8 57.3 14 1 1 25 2
2 1 26 2
3 1 12 2
4 1 13 2
5 1 14 2
6 1 15 2
7 1 16 2
8 1 17 2
9 1 11 3
10 1 63 2
11 1 64 2
12 1 56 2
13 1 57 2
14 1 58 2
11 6 A RIGHT 1089.8 57.3 2 1 1 61 2
2 1 69 2
12 6 B LEFT 1089.8 99.3 5 1 1 62 1
2 1 71 1
3 1 72 3
4 1 73 2
5 1 74 2
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L5-1

25 2 27 J 28 29 30 3 32 3 3 j
36 5 83 1
37 54 84 17
— 69 70
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37 78 m?'ﬁ!
38 5 5 73 85 18
5
1
& & -
39 56 78 86 19
104
40 57 = 87 20
o
% il . s 105 106 19_1‘
104
42 59 89 22
=Y 104
108 109 110
s% 82 95
43 65 66 93 94 90 23
9 24
44 T B - T A T
74
45
84
48 |
i 3 3 3 5 6
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L5-1: Panel Designer

40 (8' 0")

41 (8'0")

42 (8' 0")

43 (8'0")

44(8'0")

45 (8' 0")

34 (8'0")

36 (7' 6")

37 (8' 0")

38 (8' 0")

39 (8' 0")
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L5-1: Panel Designer

15 (2" 1-1/2")

7 (6'6")

6 (22"
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3(8'0")

4(8'0")

5(8'0")
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L5-1: Panel Designer

97 (8'0")

98 (6'8")

99 (2' 07) \

100 (8' 0")

101 (8'0")

103 (6'8")

104 (2' 8")

106 (6' 8")

|

107(1'e) |

109 (6' 8")

|

10 (1" 11-1/2") |

102 (8 0"

105 (8' 07)

108 (8' 07)

95 (1' 9-1/2")

91 (28"

| ™
0|

©| o | o |lo|lo|lm
o|RlW N O|l©

= s b [ | s | [ [
a0 0o e e

82 (2' 5-1/2")

77 (7' 3-1/2")

78 (8' 0")

79 (8'0")

80 (8' 0")

81 (8'0")

83 (8'0")

84 (8'0")

85 (8' 0")

86 (8' 0")

63 (6'8")

[ 64 (2' 4

65 (8' 0")

66 (8'0")

67 (6'8")

| e

70 (6'8")

68 (2' 5-3/4")

72 (6'8")

| 76(1'9-34")

75 (6' 8")

| 73 (2' 1-1/4")

69 (8'0")

74 (8'0")
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L5-1: Panel Designer

60 (2' 11-3/4")

55 (8' 0")

56 (8' 0")

57 (8' 0")

58 (8' 0")

59 (8' O")

61 (8'0")

62 (8' 0")

47 (8' 0"

49 (6'8") | 50 (2' 4")

51 (6' 8" | 52 (1'8") |

L5-1: IntelliBuild

39 (8' 0")

40 (8' 0")

44 (8’ 0")

45 (8' 0")

46 (4' 9-1/2")
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L5-1: IntelliBuild

30 (8 0")

31 (807

32 (8 0")

26 (8 07)

27 (8 07)

28 (8' 0")

29 (8' 0")

33 (8 0")

34 (8 0")

36 (7' 67

35 (4 07

19(8 0"

20 (&' 0"

21 (8' 0"

14(8 0

16 (8'6")

15 (2 1-1/2")

17(8 0"

18 (8 0"

22 (8' 0"

23 (8 0"

25 (83"

24(2 2

7 (6'8Y

6 (2 29

8 (8' 0"

10 (8' 07)

2(80Y

380"

4(8'0")

5 (8'0")

11 (8' 07

12 (8' 07

13 (8' 0"
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L5-1: IntelliBuild

1(7'6")

96 (8'0")

95(1'9o-1/2) |

97 (8'0)

98 (6'8")

100 (8' 0%)

99 (2' 0") \

101 (8'0")

102 (8' 0")

89 (8' 0"

90 (8' 0"

91 (2'8")

93 (8'0"

)
)
92(8'0"
)
)

94 (8'0"

103 (6' 8")

105 (8' 0%)

| 104 (2' 8"

06 (6'8")

108 (8' 0%)

| 107(rey |

109 (6'8")

110 (1" 11-1/2")

|

75 (8'8"

77 (7' 3-1/2")

[ 7e(roas) |

| 68 (2' 5-3/4")

71(1'8% \

73 (2' 1-1/4")

82 (2' 5-1/2")

52 (1' 8" |

ol o v O,
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©
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50 (2 47 |

80 (2' 11-3/4")

64 (2' 4)
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L5-1: Proposed algorithm

** Nzones
5
**zone left edge X coordinate
1 6.0
2 218.0
3 438.0
4 654.0
5 784.0
** NStacks
11
** stack flush

** # zonetype edge xloc yloc #layers j #panels
1 1 A RIGHT 114.0 48.0 11

=

OCONDURWN,  ONDUIRAWN, \FOOONDUTRWN .,

2 1 A RIGHT 114.0 48.0 8

3 2 A RIGHT 330.0 48.0 16

4 2 A RIGHT 330.0 48.0 4

5 2 B LEFT  330.0 90.0 3

6 3 A RIGHT 546.0 88.0 7

7 3 B LEFT 546.0 130.0 3

WP NOURWN LWNEPRWN L

anels orientation

NPRNRRNRONNRRRRRRRRERREN

=N

HHHHHHNHSNHHNMHHN

N
N~ DN =
NN N HWww,
N~ DN =

w

NNy
[En
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L5-1: Proposed algorithm

8 4 A RIGHT 762.0 88.0
9 4 A RIGHT 762.0 88.0
10 5 A RIGHT 892.0 88.0

11 5 A RIGHT 892.0 88.0

16

1
15

N i = e e e
CURWNFURAWNRPOOONOUIRWN L L LOUIRWNRPOOONOUITRWN,,

PRNRNRN R ORRRRNRRRRRRRE LR RRRRRRRRR R

w
[y

NP Rk RrRrRRORRRON

[N
N NE

N RO NN RN NN

N
N o
N RN R RN R

NNy
N

460



L5-2
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16
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18
84 |
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A
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71
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64
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n
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33
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L5-2: Panel Designer

37 (4' 9-1/2")

31(9'4")

32 (9'4")

33(10'8")

34 (9 4")

35(10'8"}

36 (9'4")

28 (5'4")

23 (10'8")

24 (10'8")

25(9'4"

26 (10' 8")

27 (9'4")

29 (10' 2"

30 (10'8")

19 (7' 6"

15 (10' 8")

16 (9' 4"

17 (10' 8"

18 (9' 4"

20(9'7")

21 (9'4")

22 (9'4")
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L5-2: Panel Designer

7 (68" 12 (3 5-1/2"

4(9'4"

6(10'6")

| 73 (5' 9-1/2") |
74 (9 47) |

75(10'8")

82 (o) \ 76 (& &) |

\ 77 (2 47) |

78 (10' 8" |

84 (7' 3-1/2") | 80 (4 0") |

79 (9' 4"
81 (9'4")
83 (9'4")

70 (6'8")
64 (9' 4%)

65 (10 8")

66 (10' 8

67 (9'4")
68 (9'4")

69 (10' 8") |

| 71 (9" 4") \

72 (10'8%) I
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L5-2: Panel Designer

59 (7 3-1/27) \

56 (8 9-1/47) \

| 55 (5' 8"

\ 53 (5' 1-3/4")

54 (10 8"

\ 58 (5' 9-3/4")

| 83 (5' 1-1/2")

57 (10 8")

60 (10' 8"

81 (g 47

62 (9' 4")

50 (5'0"%)

45 (9' 4"

46 (10'8")

47 (9' 7-3/4")

48 (9'4")

49 (10'8")

51 (9'4")

52 (10' 8%

40 (5' 0"

41 (8' 4" |

38 (9' 4"

39 (10° 8"

42 (9 47

43 (10" 87)

44 (9' 4"

L5-2: IntelliBuild

32 (94"

P

31 (9' 49

35 (10" 8"

36 (9' 4"

37 (4' 9-1/2")
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L5-2: IntelliBuild

22 (9'4")

23 (10' 8"

24 (10' 8"

18 (9 4%

19 (7' 6"

20 (97"

21 (9 4%

25 (9" 4)

26 (10'8"Y

27 (9 4"

12 (3'5-1/2")

13 (9 107

14 (9" 4")

8(9'4"

9(9'4"

10 (10" 8")

11 (@ 4%

15 (10' 8")

16 (9'4")

17 (10" 8")

5(2'2")

49 4")

6 (10 6%

7 (68"
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L5-2: IntelliBuild

80 (4'0")

82(7'0"

84 (7' 3-1/2")

67 (9'4")

68 (9'4")

69 (10' 8%)

70 (6' 8")

60 (10' 8%)

61 (9'4")

62 (9'4")

63 (5' 1-1/27)

64 (9' 4") \

71 (9 47) \

72 (10'8)

73 (5'9-1/2")

|

74 (9 4") |

76 (4' 8"

75 (10'8%)
|

48 (@' 4") |

49 (10' 8%

50 (5'0")

|

51 (9'4") |

52 (10'8")

53 (5' 1-3/4")

43 (10' 8%

44 (g' 4")

45 (9'4")

46 (10'8")

47 (9" 7-3/4") ‘

54 (10' 8")

55 (5'8")

56 (8' 9-1/4")

57 (10' 8%

58 (5'9-3/4")

|

59 (7' 3-1/2")
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L5-2: IntelliBuild

40 (5'0") |

41 (8'4")

42 (9'4")

38 (9'4")

39 (10" 8"

L5-2: Proposed algorithm

** Nzones

**zone left edge X coordinate
6.0

1
2 214.0
3 438.0
4 654.0
5 784.0
** NStacks
10
** stack flush

** # zonetype edge xloc yloc #layers

j #panels
1 1 A RIGHT 1140 48.0 12

2 1 A RIGHT 1140 48.0 2
3 2 A RIGHT 330.0 48.0 16

B
©CONOURWN LN NRPOOONDUTRWN,,

PR R e
ORWNRO

4 2 A RIGHT 330.0 48.0 6

5 2 B LEFT 330.0 90.0 2
6 3 A RIGHT 546.0 88.0 7

=
NOOGORWN LNRPOORWN O

panels

PRRPRPRR L PRPRPRPRPRRE L PRPRPRRPRRRRPRRRPRRPRRRRER P L PRRPRRERRRRRRRE

20

orientation

NNI\)HNI\)NOOQJI\JND—‘D—‘HHl—‘HI—'NNl—‘NNNl—‘HNNHNN(.L)NI\JND—‘D—‘HD—‘D—‘HD—‘D—‘HN
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L5-2: Proposed algorithm
7 3 B LEFT 546.0 130.0

8 4 A RIGHT 762.0 88.0
9 5 A RIGHT 892.0 88.0
10 5 A RIGHT 892.0 88.0

14

14

[N

e
OCONOURWN L PONFROOONDURWN,LWN

N

PRPRR PR RRRPRRPRRRPRRPRRPRR LPRPRRPRRRRRRRRRE PP

w
w

NRPRPRPNRRRRPNRRRENGN R

NNHNNNM”:NND—‘NNNNNNNN
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L5-3
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69
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19
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46

56
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51
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17

35

1
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40

37

38

39
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24

25

26

27
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L5-3: Panel Designer

25(12' 0"

26 {12'0")

27 {12'0")

28 (12'0")

29 (12' 0")

30 (11' 5-1/2"}

18 (120"}

19 (12'0"}

20 (12 0")

21 (12707

22(12'0")

23 (120"

24 (12' 10"

16 (68' 2"

11267

12 (12 07}

1312 07)

12 (120}

15 (12° 0%}

17 (12 a7}

10 (6" 1-1/2")

5(11'10"%

7 (120"

8 (12'0"}

9 (120"

4 (6'2")

1{11'8"

2(12'0"

3(12'0"

470




L5-3: Panel Designer

73 (4' 7-1/2")

71 (4 4")

[ e(re1zy |

69 (9'4")

[ 66 (2 0)

I

60 (6'8")

54 (10" 5-1/2")

55 (12 0")

56 (12 07)

57 (12 07)

58 (12 0%)

59 (12 0)

61 (120"

62 (1207

47 (4' 4

44 (10'8")

48 (8 9-1/4"}

45 (2' 5-3/4")

46 (120"

51 (7' 3-1/2")

50 (4' 5-3/4")

49 (12 0%

52 (12 0")

53 (12 0"

42 (2 47)

37 (12 0"

38 (120"

39 (10" 11-3/4")

40 (12'0")

41 (10 8")

43(12' 0

31 (1207

34 (8'4")

33 (2'4")

32 (108"

35 (120"

36 (12 0%)
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L5-3: IntelliBuild

25 (120"

26 (12'0)

27 (120"

21 (120"

22 (120"

23 (120"

24 (1210

28 (120"

29 (120"

30 (11' 5-1/2")

15 (12 07

16 (6’2"

17 (12 37

11 (1267

12 (12 07)

13 (12 07

14 (12' 0%)

18(12' 0%

19(12 0%

20 (12 0%)

5011107

6 (547

7 (12 0%

1(11'8")

2 (12 0%

3(12 0%

4(6' 2"

8 (12 0%

9(12' 0"

10 (6 1-1/2")
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L5-3: IntelliBuild

73 (4' 7-1/2")

63(19-12) |

66 (2' 0") {

80 (6' 8"

69 (9 4")

71 (4'4") [

45 (2' 5-3/4") |

47 (&' 47) |

48 (8' 9-1/4")

38 (12 0")

39 (10° 11-3/4%)

40 (12 0"

41 (10' 8%

42(2' 4" ]

49 (12' 07

51 (7 3-1/2")

50 (4’ 5-3/4"}

52 (120"

53 (12' 0}

54 (10° 5-1/2")

55 (12 0}

35 (12 0%}

36 (12' 0")

37 (12' 0

31 (12 0"

32 (10'8"

34 (8'4")

33 (2'4")
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L5-3: Proposed algorithm

** Nzones
5
**zone left edge X coordinate
1 6.0
2 226.5
3 446.9
4 667.4
5 779.5

** NStacks
9

** stack flush
** # zonetype edge xloc yloc #layers | #panels
1 A RIGHT 116.2 57.3 1 1
2
3
4
5
6
7
8
9
10
11
12
2 2 A RIGHT 336.7 57.3 16 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
3 2 A RIGHT 336.7 57.3 1 1
4 2 B LEFT 336.7 99.3 2 1
2
5 3 A RIGHT 557.1 87.3 8 1
2
3
4
5
6
7
8
6 4 B LEFT 5571 1293 2 1
2
7 4 A RIGHT 777.6 87.3 12 1
2
3
4
5
6
7
8
9
10
11
12

PRRRRRR L PR L R RRRRRRRRRRENRR R L PR PR RRR R R R

N

PRPRPRRRRRPRRRE P

orientation

=
NRWOHNRERRERRNENRNE INEN GO RR R R

NP RN
-

PRNRRPRRERNRERN,
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L5-3: Proposed algorithm
8 5 A RIGHT 889.8 87.3 13

9 5 A RIGHT 889.8 87.3 5 1

©
NN GRNNRNNERNNNNNN G
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