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PREFACE _

This dissertation represents an attempt to explore the possibility of
developing an applicable tool for the design of food processing facilities, the
layout design to be specific. Most of the principles presented herein can be
traced to the industrial engineering and management science literature,
however, the author believes the heuristic ARCH to be a unique combination
of those principles with incorporation of pertinent considerations of food
plant design.
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ABSTRACT

A Robust Construction Heuristic (ARCH) represents the first attempt to
develop a facilities layout design algorithm tailored to the particular solution
of the food processing facility layout problem where a fluctuating product mix
either due to seasonality or uncertainty of consumer demand is typical. Food
plants are also additionally constrained by regulatory and sanitation concerns
when compared to other manufacturing enterprises. The foundation
literature for this research comes predominantly from the industrial
engineering, management science, and food science fields.

Food processing has experienced a sustained growth for more than 20
years and ranks as the largest industry group in the U.S. manufacturing sector
based on the value of products shipped, second in the ratio of sales per
employee, and third on both a value added and total employment basis. Each
dollar of income in food processing generates triple that amount of income
and employment in the rest of the economy. Proper planning of new
facilities for the food processing industry is imperative to maximize the
economic benefits of new capital investments. Facilities layout design is an
important component in the planning process.

Many computer driven heuristic algorithms based on the quadratic
assignment problem (QAP) technique have been introduced with varying
success to aid the layout designer. Heuristics can be grouped into one of two
categories: construction or improvement. Construction heuristics generally
provide poor quality results. Improvement heuristics are typically
computationally intensive. A robustness algorithm was reported to yield
potentially higher quality layouts than QAP for real-world layout problems

such as food processing plants where individual production levels of specific
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products in a product mix were uncertain. However, the robustness
algorithm was more computationally intensive than the QAP. No
simplifying heuristics were reported in the literature for the robustness
algorithm.

ARCH was developed as an alternative layout design algorithm based
on the parallel philosophies that a robustness consideration would improve
the relatively low quality solutions generated by construction heuristics and
that a construction approach would allow the robust algorithm to be
realistically implemented. ARCH was found to provide layout solutions
comparable to or better than improvement heuristics for benchmark
problems from the literature.

A case study of an existing ham processing line was performed and a
layout design for the plant generated by ARCH. In-plant surveys were
conducted to develop pertinent input data for ARCH. Three products, whole
smoked ham, chunked-and-formed ham, and pork sausage were produced by
the plant. Historical seasonal demands were used for the expected fluctuation
in levels of demand for each product. Certain assumptions had to be made to
allow ARCH to consider layouts with certain flow patterns (U-shaped). The
resulting layout designs were rather unorthodox in shape but could be used
by the human designer to determine adjacency requirements for the final

design.

xi
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I. INTRODUCTION

Between 1955 and 1975, an average of 8% of the gross national product
(GNP) was spent on new facilities in the United States (US Census, 1976).
Approximately $250 billion are spent annually on new and modified
facilities”. Facilities expansion and refitting in the manufacturing sector
accounted for the largest portion of the expenditures at 3.2% of the GNP.
Tompkins and White, (1984), estimated that if effective facilities planning had
been universally practiced the annual manufacturing productivity of the
United States could have increased at triple the actually realized factor over
the past 15 years.

With $302 billion or 13.2% of all manufacturing shipments, food
processing ranks as the largest of the twenty industry groups that make up the
manufacturing sector of the U.S. economy based on the value of products
shipped (Connor, 1988). Food processing ranks second in the ratio of sales per
eniployee at $200,000 worth of products per employee versus $868,000 for
petroleum refining. On both a value added and a total employment basis,
food processing ranks third among the manufacturing industries.

The food processing industry has experienced a sustained growth for
more than 20 years and invested $7.0 billion of new capital in 1985 versus $1.3
billion in 1963 (Connor, 1988). During this time, new capital investments
have increasing at a faster pace than shipments. Other growth indicators for
the food industry are also positive.

Food processing enterprises offer significant economic benefits to the

surrounding economy. Typically, each dollar of income in the food

" Note: Facility can be used to refer to the overall manufacturing plant or the production unit
within the plant. Here, as in the literature, the words facility and department are used

to refer to the i

1 production unit.
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processing industry generates almost triple that amount of income and
employment in the rest of the economy (Connor, 1988). Proper planning of
new facilities for the food processing industry is imperative to maximize the
economic benefits received from new capital investments to the particular

enterprise as well as the economy as a whole.

1.1 Facilities Planning: Facilities planning has been defined as the act
of locating, designing, and installing a production entity (Muther, 1973). The
planning component chosen for research herein places special emphasis on
layout design for the food processing facility. While facilities planning is
predominantly based upon scientific principles and techniques, effective
planning also relies heavily on the experience of the planners. Successful
planners must develop a feel for the interrelated objectives and requirements
of the departments. Indeed, planning has been referred to as an art.
Tompkins and White, (1984), give the following definition - Facilities
planning determines how an activity’s tangible fixed assets best support
achieving the activity’s objectives. Facilities planning has a number of global
objectives for both updating existing facilities and designing new ones (El-
Rayeh and Hollier, 1970). Constantly changing international and domestic
competitior. requires continual reevaluation of a facilities objective and
reorganization to meet that revised objective. One vitally important aspect of
facilities planning is the arrangement of production units within a facility
into a layout so as to maximize some criteria for production efficiency. In fact,

the term facilities planning is often used to refer to layout design.

1.2 Research Focus and Objectives: The focus of this work was to

develop a method of determining an acceptable facilities layout design.
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Design of the structural and materials handling components was not
investigated in depth. However, handling system constraints upon the
layout were addressed as to their contribution to materials handling costs for
specific layout designs. The specific objectives and concerns addressed by the
research described in this dissertation were:
1. To derive a mathematical model for the facilities layout problem
under multiple demand states of multiple products;
2. To propose a computationaily feasible heuristic solution for the
model;
3. To implement the heuristic on a microcomputer; and

4. To evaluate the heuristic solution quality.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



II. REVIEW OF THE LITERATURE

This research represents the first attempt to develop a facilities layout
design algorithm tailored to the particular solution of the food processing
facility layout problem. The foundation literature for this research
predominantly comes from the industrial engineering, management science,
food science fields and to some extent the architectural and artificial
intelligence fields. The information is presented beginning with a broad
discussion of facilities design and concluding with the specific topic of

computer-aided facilities layout design.

2.1 Facilities Design: From the engineering perspective, a facility can
be divided into its location and physical components (Figure 1). The segment
of facilities planning that evaluates how placement will effect attainment of
the activity's objectives is termed facilities location. Location refers to
placement with respect to customers, suppliers, and interfacing support
activities (labor, utilities, etc.). Transportation costs of raw and finished goods
as well as retail arrangements are all integral considerations in location.
Governmental location incentives and regulations can not be ignored.
Location also refers to geographic placement and orientation on a specific plot
of land (Muther, 1973). Receiving and shipping access, transportation fow
patterns, integration of appearance into the neighborhood, and existing
facility locations must be considered in the placement branch of the facilities
planning problem.

The physical components of the facility are the structure, the layout,
and the handling system. The structure includes the building and services
such as water, gas, electricity, sewerage, and streets. The layout consists of the

arrangement and relative placement of the departmental areas required to

4
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accommodate production and personnel. Placement of the equipment within
each department is also a part of layout design. The handling system is
responsible for management of the movement of materials, personnel, and
information within the layout. Structural, layout, and handiing system
design are closely interrelated with each dictating form and compromise in
the other areas. The combination of these three design components into a

feasible whole that meets the activity's objectives is referred to as facilities

Facilities
Location

design.

Facilities| Structural,
Planning Design

Handling
System
Design

Figure 1: Hierarchy within the facilities planning probiem (after Tompkins

and White, 1984).

The facilities design evolves through a number of steps, is evaluated,
and returned to a previous step to be refined until an acceptable solution is
achieved. Alternatives for the structure, layout, and handling system must be
iteratively developed for the proper design. In general, the principal of least
commitment should be followed. That is, no aspect of the design should be
concretely fixed before it is absolutely necessary to allow completion of the

design. Arriving at an acceptable facilities design is often a cumbersome, ill-
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defined procedure often further constrained by the urgency of construction
deadlines as well as the need for consideration of any projected future
expansions of the facility. Tompkins and White (1984) suggest the design
process given in Table 1 for the facilities design problem.

TABLE 1

Design Process for Facilities Design after Tompkins and White (1984)

1. Define or redefine the objective of the facility. Quantify the type|

and amount of product that is to be produced in the facility.

2. Determine the primary and support activities necessary to
accomplish the objective. Primary activities are the production,
processes (ie. materials, personnel, and equipment flows).
Suppor: activities include such functions as equipment
mainienance and janitorial services.

. Determine the quantitative and qualitative aspects of all
interrelationships between departments.

w

4. Determine departmental space requirements. Space
considerations for personnel, equipment, and materials must be|
included.

5. Generate alternative fadilities layout designs.

o

. Evaluate alternative plans or designs. Determine which design
best meets the objective of the facility using both subjective and
objective qualifiers..

. Select a facilities layout design.

8. Implement the design.

. Maintain and adapt the design as new requirements are placed

N

o

upon the facility.
10. Return to step one.
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2.2 Facilities Layout Design: Muther (1973) observes that each layout
problem possesses unique constraints and objectives and that a layout design
problem has no unique answer. Similarly, there are no correct answers to
layout problems, only good answers at the time. In fact, in the dynamic
environment, today's good answer may be viewed as being a poor answer in
the future or vice versa. New equipment and technology must persistently be
incorporated into the facility to maintain competitiveness. However, Muther
(1973) cautioned that when improving an existing facility, the planner should
resist the temptation to over improve the deficient areas. The improvement
should only bring the facility performance level comparable with the rest of
the plant. One of the most universally accepted methods of reducing cost and
increasing productivity is to eliminate any unnecessary activities (Tompkins
and White, 1984). In layout design elimination of unnecessary activities is
usually approached by minimizing the materials handling costs (Kusiak and
Heragu, 1987). However, productivity and efficiency are not the only
considerations in the design or redesign of a facility.

Concerns for employee health and safety, as legally mandated by the
Occupational Safety and Health Act (OSHA, 1970) and other governmental
agencies, can profoundly influence the layout design of a facility. Hazardous
substances and machinery, for instance, must be confined to areas of minimal
employee contact. Fire protection, security, and energy conservation are also
major considerations in any facility design. Security must consider both
external and internal threats. Pilferage by employees is a growing concern in
industry but can be reduced by the physical design of the structure and proper
design of materials handling systems. State and local community oversight is
a necessary consideration as the facility must abide by any structural,

environmental, or other regulations that are in force at the chosen location.
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2.2.1 Layout Design Evolution: The objective of layout design is to
situate the facilities so as to produce the highest quality product(s) at the least
cost in the safest environment. The mode of meeting the facility objective
must constantly evolve as new production and management technologies are
developed. Layout design evolution is one principle means of objective
satisfaction as are production scheduling, line balancing and others
(Vollmann and Buffa, 1966). Indeed, good production control can
compensate for poor layout design and vice versa. Facilities evolution is
generally classified as one of two cases, minor case evolution and major case
evolution.

Minor case evolution, the most common type of evolution,
encompasses the short-term change that does not justify complete redesign of
the facility layout. In minor case evolution the layout is generally viewed as a
group of interactive subsystems with placement of a new department or piece
of equipment being dictated by the existing layout constraints. Usually these
constraints are so severe that consideration of materials handling costs is not
feasible.

Incorporation of a new piece of equipment into a production line
probably would not drastically alter the layout individually. However, the
cumulative effect of a number of minor changes can lead to a layout very
different from the original and eventually may justify major design
alterations. Difficulty in deriving an applicable mathematical definition and
the many boundary constraints have caused minor case evolution to be
largely overlooked by researchers (Vollmann and Buffa, 1966).

Major case evolution deals with major layout changes that occur at a

single point in time and reflect long-term objectives in the facility design. For




the majer case evolution a layout design is viewed as a single monolithic
system. Major case evolution occurs only when a facility is completely
redesigned or a new plant is designed, and is the less common type of
evolution. Many of the boundary constraints encountered in minor case
evolution are not present in the major case evolution and a mathematical
representation of the layout becomes more meaningful. Major case
evolution has been the subject of most layout design research (Vollmann and
Buffa, 1966).

A series of minor case changes may not yield the same results as a
single major case change. The criteria and constraints of the overall system of
the major case are generally different from those of the subsystems considered
in the minor case. System boundary constraints are less rigorous in the major
case as no location is initially reserved for a specific purpose. Easing of the
placement constraints, compared to those present in the minor case, allows
linear as well as incremental materials handling costs to be considered in the
major case change (Vollmann and Buffa, 1966). Lirear costs can be defined
with a linear function and vary in direct proportion to the distance moved or
traveled. Incremental costs require step functions since they are constant for

an increment of distance moved then change value in a step at some point.

2.2.2 Unifying Method: Muther (1973) presented a method of planning
that attempted to unify major and minor evolution. Future needs, such as
manufacturing capacity, access, and relationship to planned expansions, were
quantified as best possible, and then accommodated in a master layout
expansion plan. The designer then worked backwards to various increments
of expansion. If properly executed, this method provided for logical and

systematic expansion of the facility and efficient utilization of real estate.
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Lining up columns, building faces, and doorways to reduce maintenance and
material handling costs and improve appearance of the facility could be
considered in the initial and subsequent layouts. Logical, piecemeal
expansion within an overall master plan made conservative and efficient use
of capital investments, and saved design effort devoted to planning future
facilities layouts.

The obvious drawback to this unifying methodology is that the future
is uncertain. Compromise in the current layout quality may be dictated by
needs for providing for expected expansions that may or may not occur. The
facility objective may evolve in an unforeseen path. Unpredictable changes
in product lines may become desirable, forcing expansion to occur in an

unprovided-for direction offsetting the benefits of the methodology.

2.2.3 Types of Layout Design: Layout design problems can be
categorized as initial layout or relayout of manufacturing or non-
manufacturing facilities (Vollmann and Buffa, 1966). Manufacturing and
non-manufacturing can be treated the same except for adjustments in the
driving criteria. Maximizing information flow would likely be the most
important objective for the typical office layout design, while minimizing
materials handling costs would be paramount in the typical manufacturing
layout. Of course, many intermediate types of facilities exist such as the
hospital where both materials handling, patients, drugs and equipment, as
well as information flow, communication between doctors and support
personnel, are of equal importance. Table 2 lists some additional objectives
that may apply to the design of a facilities layout.

Manufacturing facilities can be designed from a product or process

oriented perspective (Tompkins and White, 1984). Product layout design
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arranges the needed manufacturing steps or equipment in a linear manner as
needed to mass produce one particular product and then encloses the facilities
layout with a building and supporting structure (Mecklenburg, 1985 and
Tompkins and White, 1984). Each product would have a separate production
line specific to the product. An automotive assembly lire is an example of a
product layout design. A second example could be a chemical processing
plant where structure and equipment layout arrangement is constant after
initial plant construction (Mecklenburg, 1985). Layout by product is
considered elementary as to component locations because of severe
restrictions by sequential constraints and line balancing becomes the primary
goal of the layout design (Vollmann and Buffa, 1966).

TABLE 2
Some Additional Design Objectives of Facilities Layout Design

A. Minimize the initial capital outlay for the facility.

B. Provide for economic expansion capabilities for the future.
C. Minimize operating cost for expected production conditions.
D. Maximize product quality.

E. Maximize unit profits for each product output.

F. Maximize processing capacity for the facility.

G. Maximize space utilization within the facility.

A process layout design groups similar processes into individual
departments. In this type of layout materials used for manufacture are routed
from department to department to be acted upon by the necessary unit
operations. Pure process layouts are predominant in job shop environments
where the variety of products is relatively high in comparison to the volume

of any one product manufactured. Consequently, in the case of a job shop

11
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environment, a layout specifically designed for efficient production of a single
product would be counter productive.

Machine shop or process dominant layout designs are normally
developed by locating department areas in a grid so as to minimize materials
handling costs. The facility layout design is then completed by inserting
appropriate equipment into the departmental spaces. Layout of departmental
areas has traditionally been treated as a mathematic placement or assignment
problem with materials handling as the predominant evaluation criterion
(Kusiak and Heragu, 1987).

A rearranging of facilities within a manufacturing plant is called
relayout. Relayout can be considered the same as initial layout with added
constraints. The possible location configuration of the finished design is
normally dictated by the existing plant structure. Also, placement of some
departments may be fixed and cannot be relocated in the redesign of the
facility layout. Hence, change in the layout shape and some departmental
locations are removed from the relayout problem. Therefore, initial layout of
a manufacturing, job shop or process, layout is the most complex case with

others being andillary to it (Vollmann and Buffa, 1966).

2.3 Food Facilities Layout Design: Study of the initial layout design for
food manufacturing facilities was the impetus of this research. Food
manufacturing plants were found to exhibit both product and process type
layout design characteristics (Case Study, 1989). Product layout was evident in
that no back-flow of product was allowed in the production of food due to
possible contamination problems. However, process layout was the

predominant layout design scheme for food manufacturing facilities.
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Appendix C.2: Category III Flow for Boil-in-Bag Ham (cont.)

A B ¢C D E F GH J KL MNUPR S T UV W X Y Z
A 0 O 0O 0 0 0 0O 0O O O O 0O O O O O O O O o0 0 0 1300
B 0 0 0 0 O O O O O O O O O O O O O O O O O 0 O
cC 0 0 O 0 100 0O 0 O O O O O 87 0 O O O O O O O O O
D0 0 0O 0O 0 0O 0 0 O 0O 0O 0 0o 0 0O 0O 0 0 0O 0o o0 0 O
E 0 0 0 0 0 O 0O O O O O 0O O O O O O O O 0O O o0 O
F 0 0 0 O O O 0O O O O O O O O O O O O0O O o0 0 o0 O
G 0 0 0 O O O O O O O O O O O O O O O0o O O 0 o0 .B07
H 0 0 0 0O 0O 0O 0 0 100 0O 0 O O O O O O O O 0 o0 o0 O
j 0 0 0 O 0O O O O 0O O O O O O 0o O O 0O O o0 O o0 o
K 0 0 0 0 0 O O 0O 0O O O O 0O O O O O 0O O 0 O o0 o0
L 0 0 0 O O O O O 0O 0O O O 0O 0O O O O 0o O O O o0 O
M0 O 0 0 0 0O 0 O O 0O O O O O O O O O O 0 0 o0 O
N 0 0 O O O 87 0 0 0 0 0 0O O 0 0 0 0O 0o 0 o0 0 o0 o
P 0 0 0 O O O O O O O O O O O O O O O O 0 O0 0 O
R 0 0 0 0O O 0O O O O O O O O 0O O O O O O 0 0 o0 O
S0 0 0 0O 0 O O O 0O O O O O O O O 0O 0O O 0 O o0 O
T 6 0 0 O O O O O O O O O O O O O O0o O O 0 O0 O0 O
Jy 0 0 0 0O 0O O O O O O O 0O O O O O O 0O O O0 0O o0 O
v o0 0 0 0 0 0O 0 0 0O 0O 0O O O O O O o0 O O 0o 0 0 O
wWo 0 0 0 G 0 0 0 O 0O 0 O 0 0 0O O 0 O O 0 0 o0 O
X0 0 0 O 0O O O O 0O 0O 0O O 0o O O O O O O 0O O o0 O
Y 0 0 0 0O 0 0 O O 0O 0O 0O 0O 0 0 0 0O 0 0o 0O 0o 0 o0 O
Z 0 021670 0 0 0 O 0 O O O O O O O O 0 O O 0 O O
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Appendix C.3: Category I Flow for Smoked Sausage

A B C D E F G H J KL MNP R S T UV W X Y Z
A 0 48 0 0 0 0 0 0O 0 0 0 0 0 O 0 O 0O O O 0 O 0 O
B 0O 023 0 0 0 0 0 0 O 28 0 0 0 0 0 0 0 0 0 0 0 O
CcC 0 0 O 083 0 0O O O O ©O0.J70 0O 0O O 0O 0 0 O O 0 0 0 O
D08 0 0 0O 0 0 0 0 0O 0 0 0O 0 O 0 0 0O O O 0 0 0 O
E 0 0 0O 0O 0 0 0 O 0 O 0 0 0 0O 0O 0 O O O 0o 0 0 O
F 0 0 0 0 0 O O O 0O O 0O O O O 0 O O O O OoO o0 o0 O
G 0 0 0 0 O 0 O O 0O 0O O O 0O O O O O O O 0O ©0 0 ©0
H 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O
J 0 0 0 0O 0 0O 0 0 0 0 0 0 0 0O 0 0 0 0 0O 0 O0 0 O
K 0 0 0 0 0 0 0 0 0O 0 0 0O 0O 0O 0O 0 O 0O O 0O 0 0 O
L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 O
M 0 0 0 0 0 0O 0 0 0O 0 0O 0O 0 0O 0 0 0 0 O 0 0 0 O
N 0 0 0 0 0 0 0 0 0O 0 0O 0O 0 0 0 0 0 0 0O 0 O0 0 O
P O 0O O O O 0O 0 0O 0O 0 0O 0O O O O 0 O O O 0 O 0 O
R 0 0 0O 0O 0 0O 0 0O 0O O 0O 0 0 0 0 0 0 O O 0o 0 o0 O
$ 0 0 0 0 0 0O O 0O 0O O 0O 0O O O O 0O O O O Oo O o0 O
T 0 0 0 0 0 O 0O 0O 0O 0 0 0 0 O 0O O O O O 0 0 0 O
U 0 0 0 0 0 0 0 0 0O 0 0 0O 0 0O 0O 0 O 0 0O 0 0 0 O
v o 0 0 0 0 0 0 0 0O 0O 0O 0 0 0O 0 0 0O O O 0 0 0 O
Wo 0 0 0 0 0 0O 0o 0O 0O O O 0o 0O O O O O O 0 0 0 O
X 0 0 0 0 0 O 0 0O O O 0 O 0O 0O 0 0 0 O 0O 0 ©0 100 O
Y100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Z 0 0 0 0O 0 0 0 0 O 0 O O O O O O O O O 0 O 0 O
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Appendix C.3: Category II Flow for Smoked Sausage (cont.)
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Appendix C.3: Category III Flow for Smoked Sausage (cont.)

A B CDEF G H J KL MNPT RS T UV W X Y Z |
A 0 0 0 0 0 0 0 ©0 ©0.1000 0 0 0 0 0 0 0 0 0 0 0 329
B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 ©0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 0 0 0 0 0 0 0 0 0 0 0000 0 0 0 0 0 0 0 0 0 0 0
L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .05 |
R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
U 0 0 0 0 0 ©0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
V 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17
Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Z 0 0 39 0 0 0 0 0 0 0 05 0 0 0 170 0 0 0 0 0 0 0 0
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