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THE EFFECT OF WAREHOUSE LAYOUT ON ORDER-PICKING EFFICIENCY

I. INTRODUCTION

Order-picking is defined as the warehouse activity of performing

picking tours throughout the aisles, retrieving the ordered items

from their storage locations, and delivering them to the dock. The

order-picking process is varied in the way in which it can be per-

formed. A common way is that the operator is scheduled to pick all

items of a complete order in one tour. The tour starts from the

dock, the operator receives the picking-order ticket, picks the items

and ends at the dock for unloading the items of a completed order.

This method of order-picking is referred to as "complete order-

picking". In another method, known as "Zone/Batch order-picking,"

the warehouse is divided into picking zones and the picking orders

are batched according to the location of the items in the picking

zones. In this method the operator is scheduled to pick all items of

multi-orders in a batch located in a picking zone. This method is

especially used when different types of material handling equipment

are required for items of various sizes, shapes or weights, and/or

when the same items are repeated in different picking orders. A

third method is called "pick-and-back" or "out-and-back." This

method is mainly applicable in the automated storage and retrieval

systems. The crane retrieves a single item or load at a time. In

most order-picking operations, picking is done by the operators

walking or riding vehicles or carts. The type and capacity of the
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vehicles or carts are varied depending on the items' size, shape,

weight and the number of items per order.

The assignment of items to storage locations is also accomp-

lished in a variety of ways. One well-known approach is referred to
G)

as the "activity or popularity approach." The items are assigned to

the storage locations based on their turnover frequency or activity

rate. Items with a higher activity rate are located in storage

locations closer to the dock. The advantage of this method is to

minimize the traveling distances for order-picking. But a traffic

congestion problem can be expected to be created in the active

aisles, especially when the number of picking vehicles increases.

Another method is called the "random or equally likely approach." In

this method the items are randomly assigned to the storage locations.

this approach is expected to minimize the congestion problem of the

order pickers by "equally likely" distributing the active items

throughout the picking aisles. On the other hand, the traveling

distances are expected to increase when this method is used. kthird

method is used by
C)
grouping together the items which are complementary

based on their function or use and which have a very high chance of

being ordered together within an order. Each group is located in a

picking zone in the warehouse and zone order-picking is used. This

method is expected to minimize the traveling distances.

The order-picking list usually indicates the item number,

location and quantity. Items are listed according to their picking

sequence. A common method used to determine the picking sequence of

items is referred to as the "nearest-neighbor" method. The first
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item on the list is in the nearest location to the dock followed by

the item which is closest to the first item, and so on. Another

method that has recently been applied with the use of the computer is

to generate the order-picking list and optimize the items sequence

for picking by utilizing the "shortest route" or "traveling salesman"

technique to minimize the traveling distance.

Warehouse layout has an effect on the order-picking process. If

the various functions in the warehouse are not properly relatively

located, considerable travling may be required to perform the picking

process. There are three major function elements for the warehouse

layout. First, the crossing aisles are usually wide enough to permit

two-way traffic. They are used to connect the picking aisles and to

facilitate the vehicles' movement. The crossing aisles are also used

for waiting in front of the picking aisles to prevent the traffic

congestion problem from occurriung within the picking aisles.

Second, the picking aisles normally are narrow and permit only one-

way traffic. They are used for access to the items in their storage

locations and for picking and replenishment operations. The picking

aisles are usually arranged in either parallel or perpendicular order

to the dock. Third, the dock in the warehouse is considered to be

the central or focal point where each picking process starts and

ends. The dock is also used for orders accumulation and for shipping

and receiving goods. Normally the dock is located adjacent to one of

the walls of the warehouse building that is close to the receiving

and shipping doors.
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The order-picking cost represents the major part of the

warehouse overall operating cost and is recognized as an area in

which a great savings can be accomplished by increasing the order-

picking efficiency and thereby improving the system performance.

There has been much work and a great deal of research done to improve

the efficiency of order-picking in the warehouse. Areas such as

warehouse automation and product layout have been considered in the

search for cost reduction. Although the automated storage system has

revolutionized the conventional storage methods, it is not necessari-

ly or always the answer to go from an inefficient conventional system

to a sophisticated automatic one. In many cases, it is not justifi-

able to implement an automated system due to the small capacity and

low volume of storage activity relative to the high cost of the auto-

mated storage system.

Another important and challenging area has an impact on the

order-picking process and is less costly to improve and implement.

This is the physical-layout design of the warehouse, and it deals

with the relative locations of the various functions contained in the

warehouse. Unfortunately, this area has not received enough atten-

tion and only a very little literature on this subject is available.

All of the research which has been done tries to optimize the system

by developing mathematical models rather than analyzing the system's

operation and performance under various conditions to study the

interaction effect of certain factors and thereby objectively arrive

at a satisfactory conclusion.
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The focus of this study is to improve the physical design of the

warehouse layout in order to increase the efficiency of the order-

picking process. The function elements of the layout to be con-

sidered include the dock location relative to the warehouse building,

the picking aisles orientation in relation to the dock location, and

the presence of the crossing aisles. The study will be done by

developing a simulation model which represents the system's opera-

tional characteristics. Through the use of a simulation technique as

a tool, an insight into the system is provided which can yield data

as to how variables interact, which enables the study of the effects

of the considered factors on the system's operation and performance.

The system performance is measured in terms of the picking vehicles'

traveling and waiting time, which reflect the traveling distance and

the traffic congestion of the order-picking operation.

The resulting savings in the vehicle travel and waiting time are

of greatest interest to the user, designer and planner of such sys-

tems because the traveling and waiting time represent the major part

of the picking process and directly effect the order-picking ef-

ficiency. This reduction in traveling and waiting time would mean an

increase in the productivity of the system and thereby decrease the

warehouse operating cost. The savings can be used either in the

planning and design of new systems or modification and improvement of

the existing ones. Therefore, it is worthwhile to examine this area

for further improvement.



II. PROBLEM ANALYSIS

Literature Review

6

A great deal of research has been done in the area of ware-

housing and layout, but it seems that no computer simulation assisted

study has been developed to analyze the order-picking process in a

conventional warehouse. Most of the literature in the field uses

some of the traditional mathematical-solution techniques to study

some of the factors effecting the warehouse layout. The use of

mathematical models is limited to a particular situation or to a

narrow area, however, the common objective of the mathematical models

is to optimize the system rather than analyze the system's operation

and performance under various conditions and to study the interaction

effect of certain factors and thereby objectively arrive at a

satisfactory conclusion.

Francis (1967) studied some problems of rectangular warehouse

design and layout. In his article, he studied the problem related to

finding a warehouse layout and design that would minimize the total

cost of item movement between the facilities which are the items'

storage locations and a known point which is considered to be the

dock location.

Francis developed two mathematical models which consider the

cost of item movement within the warehouse and the costs due to the

warehouse perimeter. He assumed that the warehouse has one dock, and

that items with different turnover frequencies are equally likely

moved between the dock and storage locations. All item movement is
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assumed to be of direct back and forth nature between the storage

locations and the dock. Then as he concluded:

A particular type of warehouse layout, called an
ordered rectangular layout, is defined, and an
ordered rectangular layout is obtained which mini-
mizes the total cost of item movement over all
such possible layouts.

Bassan, Roll and Rosenblatt (1980) considered two configurations

of shelves. In the first configuration, the shelves are arranged

perpendicular to the longitudinal wall of the warehouse building. In

the second, the shelves are arranged parallel to the longitudinal

wall. Also, two organizational situations are considered. First,

the whole warehouse is considered as a single homogeneous unit, while

in the second, the warehouse consists of several independent units.

The four layout alternatives are shown in Figure II-1.

Bassan and his colleagues assumed that items are delivered to

the warehouse through a door (dock) located on one side of the

rectangular warehouse and taken out through another door located on

the opposite side of the warehouse. Both doors (docks) are consid-

ered equivalent to a single door. In the homogeneous alternative,

one set of two doors is located at the middle of the longitudinal

walls opposite each other, while in the zoned alternative, each zone

has its own pair of doors located in the same manner at the middle of

the zone. Each zone has its distinct items stored within and also

has its own customers, while in the case of the homogeneous ware-

house, there is an equal probability for an item to be located in any

of the storage spaces in the warehouse.
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They developed a mathematical model to compare the overall cost

of each alternative. The overall cost considered includes: the

material handling cost, the costs connected to the warehouse area,

and the costs that are proportional to the building perimeter. In

their general comments they write:

It was found that perimeter costs are of im-
portance and may play (together with the handling
costs) a decisive role in the choice between
internal layout patterns.

Ballou (1967) developed a linear-programming model to be used as

a guideline for more optimal arrangements of products in a typical

warehouse, both in the reserve and the assembly sections. He ap-

proached the problem by considering that each item in the warehouse

has a handling cost associated with it, depending on its particular

location. He tried to assess the trade-offs in handling costs among

the various stock arrangements by utilizing the linear programming

technique to research all the feasible layout arrangements and then

suggests the one with the lowest total handling cost.

He concludes:

The largest plan suggested by the linear-pro-
gramming analysis resulted in total yearly
handling costs that ranged from 11% to 23% lower
than those encountered when the existing layout
methods were applied to the example problem.
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Problem Formulation

Consider a typical storage warehouse system with one dock, where

the order-picking process is performed by picking vehicles upon

requested or scheduled orders. Each picking order consists of multi-

items. Each vehicle is assigned a complete picking order in "one

picking tour". Starting from the dock, the vehicle receives the

picking order, travels through the picking aisles in a sweeping

manner starting from one side of the warehouse and continues picking

items from aisles closer to the dock first until it finishes picking

the last item in the picking order. Then it returns to the dock for

unloading the completed picked order, and a new picking order is

scheduled. In the order-picking tour, the vehicle selects the short-

est path each time it travels from one item location to the next.

Each time a picking aisle is occupied by a picking vehicle, the other

vehicles have to wait outside the aisle until the aisle is cleared.

Once a vehicle has entered the picking aisle, it is required to pick

all the ordered items located in that aisle before it leaves for the

next aisle. `The popularity approach for item location is used; items.

with higher turnover frequency are located closer to the dock. j

By doing so, the layout of the warehouse can have a major impact

on the performance of the system. However, an alternative which

reduces the vehicles' traveling time and waiting time, and consequ-

ently increases the productivity of the system can be found.

One way of doing this is by introducing the crossing aisle first

to facilitate the movement of the picking vehicle when it travels

through the picking aisles, and second, to divide the one-way traffic
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picking aisles into two sections. This alternative is expected to

reduce the traveling time and waiting time.

The second way is by trying to orient or arrange the picking

aisles in two different ways. The first way is to orient the picking

aisles perpendicular to the dock, and then, the second way is to

arrange the picking aisles parallel to the dock. A study of the two

possible ways of aisle orientation systems can reveal how far the

aisle-orientation factor can reduce the vehicle traveling time and

waiting time, and hence help to increase the efficiency of the

system.

The third way is to locate the dock in two alternate locations.

First, the dock can be located in the longitudinal side of the ware-

house, and then, it can be located in the cross side of the ware-

house. A comparison of the two dock location systems can lead to a

possible way of decreasing the traveling and waiting time of the

picking vehicles and hence improve the performance of the system.

Factors Under Study and Performance Measures

The number of factors which may be analyzed and compared is very

large. For this purpose, general assumptions have been made to reduce

the magnitude of the problem and to concentrate on some of the

factors in this study. The factors considered with their layouts

compared are shown in Table II-1 and Figure 11-2. As can be seen,

for each factor four different pairs of layouts are considered. They

are designed in a way to represent and reveal only the effect of each

factor by keeping all other factors and variables constant.
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Factors Pairs of Layouts Compared

Effect of Crossing Aisles

Layouts

Layouts

Layouts

Layouts

(1)

(2)

(3)

(4)

&

&

&

&

(5)

(6)

(7)

(8)

Effect of Aisle Orientation

Layouts

Layouts

Layouts

Layouts

(1)

(2)

(5)

(6)

&

&

&

&

(3)

(4)

(7)

(8)

Effect of Dock Location

Layouts

Layouts

Layouts

Layouts

(1)

(3)

(5)

(7)

&

&

&

&

(2)

(4)

(6)

(8)

TABLE 11-1 Factors Under Study
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The first factor deals with the presence of the crossing aisles

in the layout of the warehouse. It examines the effect on the pick-

ing vehicle movement through the picking aisles and its impact on the

traveling time. Also it studies the effect of dividing the one-way

traffic of the picking aisles into two separate sections to assess

the impact on the waiting time of the vehicle for the busy aisles.

The presence of the crossing aisles in the warehouse is expected to

result in a considerable reduction in both the traveling and waiting

time. The expected decrease in traveling time is due to the effect

of the expected short-cut movements the vehicle can make with the

presence of crossing aisles. On the other hand, the chances of the

vehicle waiting for busy picking aisles are expected to be lower by

fifty percent. This is due to the fact that half of the picking

aisle is occupied as busy by dividing the picking aisle into two

sections. For this reason the waiting time is expected to be reduced

too.

The second factor is to study the effect of the picking aisles

orientation with relation to the dock. It examines two different

alternatives of aisle arrangement. In the first one, the picking

aisles are arranged perpendicular to the dock, and in the second,

they are arranged parallel to the dock. If the picking aisles are

not laid out properly, considerable traveling may be required to go

from one location to the next. The way the picking aisles are laid

out effects the length and number of these aisles in the warehouse.

As the length of picking aisles decreases and their number increases,

a reduction in the traveling and waiting time may be expected due to
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the same reasoning discussed earlier in regard to the effect of the

crossing aisles. Of course, this effect is not expected to hold all

the time due to the interaction effect with other factors such as the

dock location from where all picking cycles start and end.

The third factor considers the effect of the dock location. In

regard to this factor, two alternatives of dock location are

examined. In the first alternative, the dock is located on the

longitudinal side of the warehouse, and in the second alternative the

dock is located on the cross side of the warehouse. Obviously, the

dock location by itself does not have any effect on the vehicle wait-

ing time, but in relation to the other factors, such as the picking

aisles, it would. The dock location is expected to have an effect on

the travel time, but it is closely related to the way the picking

aisles are arranged in relation to the dock. For example, locating

the dock on the longitudinal side of the warehouse may favor travel-

ing time when the picking aisles are arranged perpendicular to the

dock, but may not favor in the traveling time other way.

The primary objective of this study is to examine the effect of

three elements of the warehouse layout on the order-picking process.

In order to select a performance measure for use as a measure to the

system throughput, it is necessary to start with the order-picking

cycle time tOPCT) definition. _The OPCT is defined as_the total time

required for a vehicle to finish picking a complete order. This

Includes the time required for traveling to perform the complete

order-picking tour, time spent waiting in queues for access to busy

aisles, time required for picking items from storage locations,
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unlaoding time of the picked order at the dock, and any idle or delay

time required by the operator or vehicle. Due to the variation of

the idle or delay time required by the operator or vehicle, it is

omitted from consideration in the performance measure of the system.

The picking and unloading time may vary. This depends mainly on the

total number of units picked per order. It also depends on the means

by which the material is handled and picked, which in turn is

effected by the size, shape and weight of the items and the height of

their storage locations. All these variables are not under conside-

,

ration for the scope of this study. -For this reason picking and

waloading_ times are excluded from the performance measure of the

system. However, in this study, the system performance is measured

in terms of the vehicle average traveling and waiting time per a

complete order-picking cycle. Both measures are the most important

parameters effecting the order-picking process in warehouse. The

traveling time directly reflects the traveled distance, especially

when using constant vehicle speed without any consideration to the

rate of acceleration and deceleration. The travel time can be de-

fined as the total time required for the vehicle movement in order to

finish a complete order-picking tour, starting from the dock,

traveling to the different item locations required for a complete

order and finally returning to the dock. On the other hand, waiting

time gives an indication of any traffic congestion problem within the

system. The waiting time (Wt) is defined as the total time spent by

a vehicle in queues waiting for access to busy picking aisles in

order to finish a complete picking order.
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Assumptions
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In order to access the effect of the crossing aisle, picking

aisles orientation and dock location on order-picking process, it is

necessary to make certain assumptions regarding the warehouse opera-

tion. First, it is assumed that the system under consideration

consists of a rectangular warehouse. Its size is constant. It has

one dock used for unloading the picked orders. The items are stored

in racks. The height of these racks and number of shelves on which

the items are stored are excluded from the analysis because they

wouldn't have a significant bearing on the results. Usually, storage

height is predetermined by the type, shape and size of stored items,

as well as by the capacity of handling euqipment. All these factors

are outside the scope of this study. Storage racks adjacent to a

wall or parallel and next to the dock are single-sided; all other

racks are assumed to be_double-sided, with access to both sides. The

passages between the racks are called picking aisles. They are

assumed to permit one-way traffic from either direction at a time.

The cross aisles and aisles adjacent to the dock are wide enough to

_permit two-way traffic.

Each item is stored in one region in the racks. This region can

be divided between two racks on both sides of the same aisle, which

are considered to have the same traveling distance to the dock. The

activity approach is used to locate the items in the warehouse.

Items with higher turnover frequency are located closer to the dock.
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The replenishment time for stored items is not considered in the

analysis. In other words, the supply or the availability of the

stored items is assumed constant and always sufficient to fulfill the

orders. The number of items stored in the warehouse is assumed to be

constant throughout the analysis.

For picking purposes, it is assumed that an order consists of a

quantity of multi-items which are picked in one picking tour by

moving through the aisles of the warehouse. The picking process is

carried out by a driver in a vehicle. There is no capacity

restriction prohibiting the vehicle from finishing picking an order

in one complete tour. Each vehicle assigned an order starts picking

items located on the right side of the warehouse and moves in a

sweeping manner through the aisles. It is assumed that each time a

vehicle finishes picking the ordered items in an aisle and wants to

move to the next aisle, it selects the shortest path. Finally, after

a vehicle finishes picking all the items in the order, it returns to

the dock for unloading. Another order is assigned to the vehicle

immediately after it finishes unloading. The picking frequency of

each item type stored in the warehouse is assumed known, and has a

constant rate. The number of items per order and number of units per

ordered item are assumed to have Poisson distribution, with a minimum

of one item per order and one unit from each ordered item. Also,

each item can occur only once in a given order.

By taking all these assumptions into consideration, a computer

simulation program has been formulated to fit and precisely describe

the systems of the eight layouts under study.
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System Design and Specifications

Layout Design

The following are some general specifications which have been

followed in laying down the design of the eight different layouts

under study, to make sure that all the layouts are evaluated under

similar working conditions. First, the shape and size of the ware-

house is held constant with dimensions 420 x 280 feet. Then, the

width of single-sided racks is 8 feet, which will make the storage

system more flexibile to accommodate other storage types like pallet

storage system for further studies. Also, the width of picking

aisles (one-way traffic) is 12 feet, and the width of crossing aisles

(two-way traffic) are 16 feet, which is considered to be wide enough

to permit the use of other types of material-handling equipment. On

the other hand, the percentage of spaced utilized for storage is kept

consistant for all layouts in the range of 43% + 3%. In each layout,

the racks' length is divided into levels. Each item location is

given a level number as shown in Appendices B-1 to B-8. The middle

level is assigned the zero value. The upper half is given positive

numbers and the lower half negative numbers. The levels are made to

determine the shortest path for the movement of the vehicle from one

aisle to another. For instance in layout (1), provided in Appendix

B-1, suppose a vehicle finished picking an item located at level (+3)

and wants to move to pick the next item located at level (-2) in

another aisle. The shortest path will then be determined by adding

the two level numbers. If the resulting number is positive, then the
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shortest path for the vehicle will be to go up the current aisle and

then down through the next picking aisle. In the case that the

resulting number is negative, then the opposite is true. If the

resulting number is zero, then either way will be the same distance.

Item Location

There are 100 items stored in the warehouse. Their turnover

frequency is predetermined by a method which will be discussed later

in this section. In each layout the distance from the dock to each

storage location is determined. The items with higher order fre-

quency are located closer to the dock, and the numbers of items

relative to their order frequency is translated or given different

numbers in each layout. This is related to the movement of picking

vehicles through the aisles of each layout. The vehicles are assumed

to start the picking cycle at the dock, and then move to the far

right side and start sweeping through the aisles picking by following

the ascending order of the translated item location numbers as shown

in Figure III-1.

Vehicles and Order Picking

The type of vehicles assumed to be used for picking are driver-

operated picking vehicles, with an average speed of 3 miles per hour

(264 feet per min.). The vehicles have no capacity limitation. That

is, the vehicle capacity can be extended by attaching carts to it.

The operator drives the vehicle through the aisles, and steps down at

each ordered item location to pick the number of units required with

a picking rate of 12 seconds/unit (0.2 min./unit). The number of



FIGURE III-1 An Example which shows the Movement Path of the
Vehicle for a Complete Order-Picking Cycle
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picking vehicles used for picking is fixed at two and is kept con-

stant in all the layouts. The number of items scheduled for picking

per order is generated from a Poisson distribution with a mean of 10,

a minimum of 1 and a maximum of 20 items/order. In addition, the

number of units required per ordered item is represented by a Poisson

distribution with a mean of 5, a minimum of 1 and maximum of 10

units/ordered item. The minimum number of units and items ordered is

restricted to one to prevent scheduling orders of zero units or

items.

Simulation Model

Simulation Program Procedure

The simulation language used in this study is GASP IV. The

model used to describe the system is classified as the discrete

model. This is because time is the only independent variable in the

system, and all other variables are dependent and discretely changed

at specified points in the simulation time. To obtain a complete

simulation of the system under study, some user subprograms have been

written. The listings of these subprograms and their descriptive

flow charts are shown in Appendices B-9 to B-18. In addition, the

definition of all variables, files, and GASP subroutines and func-

tions used are provided in Appendix A. the following section will

describe the overall simulation program procedure.

The general simulation procedure is summarized in Figure 111-2.

As can be seen, there are two main events or dependent variables that

describe the operation of the system. The first is scheduling the
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vehicle assignment when it finishes picking an item or a complete

order. The second is scheduling the aisle assignment after it is

cleared from a picking vehicle. Subroutine EVENTS mainly transfer

control to one of the two events. In the case of first event, it

determines the vehicle number and checks whether or not it has com-

pleted picking an order. In the case of a vehicle that has finished

a complete picking cycle, another picking order is scheduled for the

vehicle with the restriction of not repeating the order of an item in

the same picking order. If the vehicle has just finished picking an

item and still has some more items left to pick, then the vehicle is

removed from the aisle file of that item and the entry of the next

item to pick is called from the vehicle file. The item number and

its aisle is determined and the aisle file is checked to determine

whether or not the aisle is busy. If the aisle is busy, then the

item entry is stored in the waiting queue file of that aisle, the

time the vehicle started waiting is determined, and the vehicle

status is set as waiting. If the aisle is empty from picking vehi-

cles, then the waiting queue of that aisle is checked to see if there

is a vehicle waiting. If the waiting queue is also empty, the

vehicle is moved to that aisle to start picking. The traveling and

picking time is calculated, and the vehicle status is set as picking.

The number of items left for the vehicle to pick is decreased by one

and the end of the picking event is scheduled. When the vehicle

finishes picking the last item in the order, it is moved to the dock

for unloading. Traveling, unloading, and total picking cycle time is

then calculated, and the vehicle status is set as idle. The
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vehicle's next assignment event is scheduled.

In the case of the aisle assignment event, the first step is to

determine the aisle number; the waiting queue of that aisle is

checked. If the aisle has a vehicle waiting, then the vehicle is

removed from the waiting queue file and moved to the picking aisle to

pick the required item. The vehicle status is set as picking and the

number of items left for the vehicle to pick is decreased by one.

Time variables of the vehicle, the waiting, traveling and picking

time are calculated, and the next vehicle assignment event is sche-

duled.

Subroutine PICK basically deals with the vehicle movement

throughout the aisles of the warehouse. It calculates the traveling,

picking and unloading times of the vehicle and updates the vehicle

location after each move. Due to the variation in the aisle patterns

of the different layouts which effect the vehicle movement

differently, subroutine PICK is designed in three different models.

Each model is used for layouts with similar aisle patterns.

In regard to the initial condition of the warehouse, it is as-

sumed that the two picking vehicles are located at the dock waiting

for an order to be scheduled for them and that all of the aisles and

their waiting queues are empty. As can be seen from the typical

storage area at time zero, which is given in Appendix C-17, File (1)

has two entries as assignment events of the two vehicles. All other

files are empty. Subroutine INTLC is used to initialize the location

variables of the two vehicles at the dock in the beginning of the

simulation.
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The final condition of the system at the end of the simulation

is shown in Appendix C-18. It shows a sample of the file storage

area of the layout (1) at time 3,000 minutes. It is an exmaple of

the final situation in the warehouse at the end of the simulation

time. As can be seen in File (1), it has two entries as assignment

events for vehicles (2) and (1): to pick their next items at time

3,000 and 3,002 minutes, respectively. File (2) shows that vehicle

(1) still has eight items to pick. In the same manner File (3) shows

vehicle (2) still has two items to pick. The rest of the files are

empty except Files (11) and (14). File (11) has an entry which shows

that vehicle (1) is picking item (54) from aisle (8). File (14) has

an entry for vehicle (2) picking item (68) from aisle (10). It can

be seen in File (2) and (3) that the entries have been arranged in

ascending order according to the value of item number so that the

vehicle will pick items with least value first since the items are

numbered in ascending order starting from the front right to the left

side of the warehouse. This has been done to meet the assumption

that the vehicle will start picking items located in the front right

side of the warehouse and continue sweeping through the aisles to

pick the rest of the items ordered.

Input Data

The input data can be divided into two main parts. The first

part which is given in Appendices C-9 to C-16 and C-19 may be ob-

tained from the layouts shown in the Appendices B-1 to B-8. This

data is read in the main program and describes the location of the

one hundred items stored in the warehouse as well as the dock
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location which is considered as number (1) in all layouts. This

information is needed to keep track of the picking vehicles' movement

in the warehouse. The first variable describes the aisle number of

each item location [AISL(I)]. The second variable determines the

level of each location in the layout [HLV(I)]. The next two vari-

ables describe the X and Y coordinates of each location in the layout

[X(I) and Y(I)].

The last variable in this first part of data is concerned with

the cumulative turnover frequency of each item [FX(I)]. This

frequency is obtained originally from the ABC curve which is drawn to

pass smoothly through the point 20%/80% as it is shown in Figure

111-3. Item numbers related to their frequencies taken from the

curve are located in each layout by using the popularity approach.

The items with higher turnover frequency are located closer to the

dock. Then the numbers of the items located in each layout are given

equivalent numbers to be used as input data in the program. The

equivalent numbers are set differently in each layout. These equiva-

lent item numbers are arranged in each layout in a way that allows

the vehicle to move throughout the picking aisles in a sweeping

manner following the ascending order of the item numbers as discussed

earlier in this section. This has been acocmplished in the program

by storing the item entries of each order in the vehicle's file and

removing them for picking purpose with the priority of the least

value first (LVF). By reading in the main program this cumulative

frequency (FX(I)) and its corresponding item numbers used in the
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program (XIN(I)), the subroutine DPROB can be employed to generate

deviates from this given probability mass function.

The second part of the input data for each layout simulation run

is given in the Appendices C-1 to C-8. Some cards of this part of

input data bear discussion. The first card of the histogram cards

(HIS) is set to find the resulted items' turnover frequency generated

by subroutine DPROB from the input data of the items' turnover fre-

quency since the output of items' turnover frequency is expected to

be different from the original frequency which is derived from ABC

curve 20/80. This is due to the restriction used in subroutine

EVENTS, which implies that sampling from the input frequency function

is to be generated without replacing items to be ordered more than

once within the same picking order.

The second set of cards is the priority cards of the filing

system (PRI) which are prepared in a certain manner. For instance,

in File (1) the event file, the priority to remove the entries from

the file is set to follow the rule of the least value first (LVF) of

the time event [ATRIB(1)]. It implies that the vehicle first in is

first served. In Files (2) and (3) the vehicle files, the priority

is also based on (LVF) but according to the item number [ATRIB(3)].

This is done to allow the vehicle to pick items in ascending order

based on their number which represents the closeness of item loca-

tion. The rest of the files in each layout can be divided into two

parts. The first part for the picking aisles and the second for

their waiting queues. The priority in all the aisles and their wait-

ing queues follows the rule of first come first served, according to
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the vehicle number [ATRIB(5)]. The third set of cards is the

parameter cards (PAR). The first card sets the parameters for the

NPSSN function to generate from Poisson distribution the number of

items to be picked per order with a mean of (10) items, a minimum of

(1) item, and a maximum of (20) items per order. The second

parameter card is to generate from Poisson distribution the number of

units to be picked from each ordered item with a minimum of (1) unit,

a mean of (5) units, and maximum of (10) units per item. In the

(INI) data card, MSTOP = 1 which specifies that the simulation run of

each layout is to end at TTFIN = 3,000 units. It means that the

simulation time of the order-picking process in all layout simulation

runs is constant and continued for 3,000 minutes (50 hours). On the

(ENT) data card, two entries ares scheduled in the event file, each

one for a vehicle. This is done to initiate an order to be scheduled

for each vehicle at zero simulation time. In other words, it

implies that at the beginning of the picking operation the two

vehicles are set idle at the dock waiting for an order to be

scheduled for them to start picking.
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To make sure that there is no bias due to the initial conditions

in the statistical data collected, a plot for the time of the

traveling, picking, waiting, and order-picking cycle of each vehicle

against the simulation running time is plotted to provide a feeling

for any unsteady period throughout the simulation run. One example

is provided (Appendix D-9) which shows there is no presence to an

unsteady or transient state throughout the simulation time (3,000

units). This may be due to the initial conditions the simulation

model started with. The initial conditions were close or typical to

the long-run (stead-state) operational conditions of the simulated

system. Also the pattern and type of activity the system is simu-

lated to perform was a regular and single-type activity in which the

complete order-picking cycles starts and ends at the dock. This

assures that the simulation results are being taken from a simulation

steady state period and do not have bias.

Due to the assumption that the ordered items are not permitted

to be repeated within the same picking order, a restriction in the

computer program has been made as discussed in an earlier section.

The restriction used is expected to effect the probability function

used in the program from generating the required ratio of the items'

turnover frequency, which is 20% of the items required to be picked

80% of the time. For this reason, an ABC curve of the resulted

turnover frequency is plotted for each layout simulation run to make
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sure that the turnover frequencies used for all layouts are similar

and do not have large variations which may effect the system perfor-

mance. Figure IV-1 summarizes the resulted ABC curves of all lay-

outs. The results reveal that there is no significant variation in

the resultant frequencies used throughout the layout alternatives.

As can be seen from the resulted ABC curves, the item frequency ratio

is within the range of 20/(72 + 2).

Analysis of Results

As discussed in the earlier section, the traveling time and

waiting time represent the performance measures of the system of the

different layout alternatives. The two parameters are considered to

give an inside feeling of the system response as well as an indica-

tion of the alternatives' throughput.

As a reminder, the travel time is defined as the total time

required for a vehicle's movement in order to finish a complete order

picking tour, starting from the dock, traveling to the different

items' locations required for a picking order and finally returning

to the dock. The waiting time is defined as the total time a vehicle

spends in queues waiting for access to busy picking aisles in order

to finish a complete picking order.

Each pair of layout alternatives for each factor is selected in

a way to represent and show only the effect of that factor and to

keep all other variables constant.

All of the resultant data are collected from a representative

sample of over 100 observations as can be seen from Appendices D-1 to

D-8.
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Effect of Crossing Aisle

The system's throughput and the percentage change for the four

pairs of layouts are presented in Figures IV-2 and IV-3. Comparing

the results of each pair of layouts, it is clear that the presence of

the crossing aisle reveals improvement in the throughput. As can be

seen from the figures, the four layout pairs are acting in a manner

similar to each other. In the first layout pair, layout (5) shows

improvement over layout (1) in the traveling time by 3.6%, waiting

time by 12.9%, and the sum of traveling and waiting time by 4.2%. In

the second pair, layout (6) is improved over layout (2) in the

traveling time by 5.3%, waiting time by 33.9% and the sum of

traveling and waiting time by 8.4%. As may be seen the third and

fourth layout pairs show a much higher rate of improvement. This

increase is related to the effect of the parallel orientation of the

picking aisles to the dock. In the third pair, layout (7) shows

improvement over layout (3) in traveling time by 27.9%, waiting time

by 49%, and in the sum of the traveling and waiting time by 30.4%.

The fourth pair as well shows a high improvement: layout (8) im-

proved over layout (4) in traveling time by 19.4%, in waiting time by

43.9%, and in the sum of traveling and waiting time by 22.3%.
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Effect of Aisle Orientation

The system responses of the four layout pairs in terms of

traveling and waiting times and their percentage change are shown in

Figures IV-4 and IV-5. The results of this factor demonstrate an

overall improvement in the four pairs of layouts. This comparison

shows that when the picking aisles are oriented perpendicular to the

dock, the layouts reveal an overall improvement. In the first pair

of layouts, layout (1) reveals a significant improvement over layout

(3) in traveling time by 34%, in waiting time by 69%, and in the sum

of traveling and waiting time by 38.1%. In the second layout pair,

layout (2) shows a considerable reduction over layout (4) in

traveling time by 14.7%, in waiting time by 24.4%, and in the sum of

traveling and waiting time by 15.8%. In the third pair, layout (5)

is also improved over layout (7) in traveling time by 11.7%, in

waiting time by 47.1%, and in the sum of traveling and waiting time

by 14.8%. The fourth pair shows a slight overall improvement. Lay-

out (6) shows a slight increase over layout (8) in traveling time by

0.2%, an improvement in waiting time by 10.9%, and a slightly

improved performance in the sum of traveling and waiting time (0.7%).
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Effect of Dock Location

The effect of this factor perhaps is better illustrated by

Figures IV-6 and IV-7. As can be seen from the figures, the effect

of the dock location can be classified into two categories with

relation to the aisle orientation. In the first category, the dock

is located perpendicular to the picking aisles. In this case, the

results show that a considerable improvement is obtained by locating

the dock on the longitudinal side of the warehnouse. This category

is represented by layouts (1) and (2) and layouts (5) and (6). Lay-

out (1) reveals a significant improvement over layout (2) in travel-

ing time by 5.7%, in waiting time by 50%, and in the sum of traveling

and waiting time by 10.4%. Layout (5) shows an improvement over lay-

out (6) in traveling time by 4%, in waiting time by 34.2%, and in the

sum of traveling and waiting time by 6.3%.

The second category illustrates the dock located parallel to the

picking aisles. In this case, the effect of locating the dock on the

longitudinal side of the warehouse is adversely evident. The

traveling and waiting time clearly show an increase. In this cate-

gory, layouts (3) and (4) and layouts (7) and (8) are compared.

Layout (3) shows an overall increase over layout (4) in the traveling

time by 21.8%, in waiting time by 22%, and in the sum of the travel-

ing and waiting time (21.8%). Layout (7) reveals an increase over

layout (8) in traveling time by 8.9%, in waiting time by 10.9% and in

the sum of the traveling and waiting time by 9.1%.
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Number of Order Picking Cycles Processed

Although the order-picking cycle time is not considered as a

measure to the system's performance due to the definition and justi-

fication reasons discussed earlier under the system performance

measures in Section II, statistical data has been collected on the

number of order-picking cycles processed by each of the two picking

vehicles. The data is included in the summary report of each layout

provided in Appendices D-1 to D-8. The results are summarized and

presented in Figures IV-8. As can be seen from the histogram, the

results of the total number of order-picking cycles processed reveal

and confirm exactly the same indications obtained from the traveling

and waiting time measures for the three factors under study as

discussed earlier in this section.

It can also be noted from the figure and the appendices that all

layouts show a total number of picking cycles processed by the two

vehicles to be above 200 cycles. Each vehicle processed over 100

picking cycles, which is considered to be a good sample size from

which the observations of the statistical data about the system's

performance has been collected.
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V. SUMMARY OF RESULTS AND CONCLUSIONS

Summary of Results

As a reminder, the main objective of this research is to study

the effect of different warehouse layouts on the order picking pro-

cess. Three factors are taken into consideration for this study:

the effect of the crossing aisle, the effect of picking aisles orien-

tation, and the effect of dock location. Four different pairs of

layouts are considered to study the effect of each factor. By eval-

uating the effect of each factor considered (as shown in Figure V-1)

through the comparison of the relative pairs of the layouts, the

following results can be summarized:

The presence of the crossing aisle in the layouts shows improve-

ment in the system performance: a decrease in the traveling time

from 3.6% to 27.9%, a decrease in the waiting time from 12.9% to 49%,

and a decrease in the sum of both traveling and waiting time from

4.2% to 30.4%.

When the picking aisles are oriented perpendicular to the dock,

it improves the layouts by decreasing the traveling time in three

layout pairs from 11.7% to 34% and increasing the traveling time in

the fourth layout pair by 0.2%; the perpendicular aisles arrangement

shows a decrease in the waiting time from 10.9% to 69%, and a

decrease in the sum of the traveling and waiting time from 0.7% to

38.1%.

The effect of dock location is related to the picking aisles

orientation. If the picking aisles are perpendicular to the dock,
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then locating the dock on the longitudinal side of the warehouse

improves the layouts by decreasing traveling time from 4% to 5.7%,

and the waiting time from 34.2% to 50%, as well as decreasing the sum

of the traveling and waiting time from 6.3% to 10.4%. But if the

picking aisles are parallel to the dock, then locating the dock on

the longitudinal side of the warehouse will increase the traveling

time from 8.9% to 21.8%, increase the waiting time from 10.9% to 22%,

and increase the sum of the traveling and waiting time from 9.1% to

21.8%.

General Conclusions

The general trend of the results obtained from this simulation

study concludes that the productivity of the warehouse can be sub-

stantially improved through decreasing the traveling and waiting time

of the order-picking process. This can be achieved when the picking

aisles are oriented perpendicular to the dock, when a crossing aisle

is placed or located parallel to the dock and when the dock is

located on the longitudinal side of the warehouse.0 The general out-

look of the different layout performances indicates that an improve-

ment in the throughput can be achieved by decreasing the traveling

time up to 36%, the waiting time up to 73%, and the sum of the

traveling and waiting time up to 41%.
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Recommendations For Further Research

The possibility of extending this study is positive. An ex-

tended study could cover a wide variety of factors effecting the

order-picking operation in the warehouse. Some general features of

the system mentioned in the assumptions under which the order-picking

process operates must be taken into consideration. With these

features in mind, the system can be operated to study the interaction

effect between several variables such as the number of picking

vehicles, the number of items stored in the warehouse, the number of

items picked per order, the turnover frequency of the items, the

items' location approach, the number of docks, the size and shape of

the warehouse, space utilization, the number of picking aisles, and

the number of items located per aisle.

One of the interesting areas which is recommended for future

research is the study of the effect on the order-picking process by

using different approaches to item location. 'The first approach

equally distributes the first 20 items with higher turnover frequency

,t1fiNnigliailt-- the aisles of the warehouse when the item's closeness to

the dock is regarded only within each aisle. The second approach

concentrates on the location of the first 20 items with higher turn-

over frequency within the first 4 or 5 closest aisles to the dock.

The third approach locates the items with higher turnover frequency

closer to the dock. By applying these three approaches with the

increase of the number of vehicles picking each time and the use of

the first three best layouts obtained from this study, an interesting

relationship might be shown in regard to the reaction of each
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approach with the increase in the number of picking vehicles. This

interaction will be represented by the variation in the traveling and

waiting time. The traveling time is expected to increase by using

the first approach and to decrease by using the second and third ap-

proaches. The waiting time is expected to decrease by using the

first approach, to increase moderately by using the third approach,

and to increase sharpely by using the second approach.) By increasing

the number of picking vehicles, this variation will be seen more

clearly. This may lead to an improvement in the system by decreasing

the sum of traveling and waiting time.

Another interesting research area can be studied by restricting

each picking vehicle to pick just the items located in a particular

zone of the warehouse. This can be accomplished by dividing the

picking aisles into a number of zones equal to the number of picking

vehicles and by scheduling each vehicle to pick just the items

located within its zone. That means each picking order which con-

sists of multi-items must be divided into sub-picking orders. Each

sub-picking order contains items located in a particular zone. Then

each sub-picking order will be assigned to a vehicle to pick. After

all the sub-orders of a picking order are picked, it will be consoli-

dated on the dock into one picking order. By comparing this picking

approach with the complete order picking approach which is used in

this study and by keeping the number of picking vehicles constant, an

interesting study can be made, especially if it includes the inter-

action effect of another factor using the different item location

approaches mentioned earlier in this section. The effect of the
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different combination of the two factors will be reflected in the

traveling time only. Obviously, it is expected that there will be no

waiting time for each vehicle to pick from its zone. Meanwhile,

there will be a considerable variation in the traveling time, especi-

ally when the required extra work time to perform the tasks of

dividing the picking orders and issuing new sub-orders, and the con-

solidation-process time of the sub-orders at the dock are included.

This study may lead to an improvement in the system by developing a

better approach to order-picking and item location.

Comments on the Effect of Some Variables
which Change the System Performance

1) Number of Picking Vehicles:

The effect of the increase in the number of picking vehicles is

expected primarily to cause a traffic congestion problem in the

system which would be reflected mainly on the vehicle's waiting time.

This effect will be more intensified, especially when the activity

approach is used for item location and a complete order-picking

method is applied. The expected increase in number of picking orders

processed will reflect the increase in number of order-pickers and is

not a result of savings in the vehicles' travel time. On the other

hand, by using the random approach for item location, it would help

reduce the congestion problem, but it may be expected to increase the

travel time. The question would be two-fold: how much saving in

waiting time and loss in traveling time will result, and what level

of picking-vehicle fleet size would be justifiable to switch from
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activity to random approach for item location or visa versa. This

can be accomplished by utilizing the simulation model used for this

study with some changes to adopt the new assumptions.

2) Number of Items Per Order:

It is true that as the number of items per order increases, it

is likely that all the picking aisles in the warehouse will be

visited. But there is still some room for savings in the travel

time, especially with the presence of the crossing aisles and the

selection of the shortest path each time the vehicle moves from one

item location to the next. By using the random approach for item

location, the traveling time is expected to increase moderately, and

the waiting time is expected to substantially reduce. But when the

activity approach is used for item location, a moderate savings is

expected to result in the traveling time and a considerable increase

to result in the waiting time. The increase in waiting time is ex-

pected to be seen more clearly by leaving the vehicle in a picking

aisle until it finishes picking all of the required items located in

the same aisle. Then the question becomes a question of item loca-

tion approach and order-picking method: what order size or number of

items per order would be justifiable to trade off the activity

approach with the random approach for item location? The next ques-

tion would regard order-picking method what method is better to use

the complete order picking approach or zone/batch order picking

approach at different levels of order size? These questions can also

be studied by using the same simulation model with some modification.
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3) ABC Curve Ratio:

Changing the ratio of the ABC curve, which is used to determine

the item's activity rate and location, is expected to have some im-

pact on the system's performance. For example, the ratio used in

this study was 20/80, which means that 20 percent of the items stored

in the warehouse represent 80 percent of the activity and are located

closer to the dock. By using a lower ratio such as 20/40, the result

expected is an increase in traveling time and reduction in waiting

time. This result is due to the reduction in order frequency of the

same number of items, which is located closer to the dock, which

means the, vehicle would have to travel to further aisles to pick the

other items more frequently. This effect also would lead to a reduc-

tion of the vehicle's chances to wait for the less active closer

aisles. Suppose a higher ratio is used, such as 10/90. This means

fewer items with higher activity rate are located closer to the dock.

In this case, the expected result is a considerable reduction in

traveling time and a substantial increase in waiting time due to the

concentration of a few very high activity items in the closer aisles.

This effect can be studied with relation to other factors by using

the same simulation model developed for this study.



53

BIBLIOGRAPHY

Apple, James M. 1972. Material Handling Systems Design. The Ronald
Press Company, New York.

Ballou, Ronald H., "Improving the Physical Layout of Merchandise in
Warehouses," Marketing, Vol. 31, No. 3, July 1967 (pp. 60-64).

Bassan, Yoseph, Roll, Yaakov and Rosenblatt, Meir J. "Internal
Layout Design of a Warehouse," AIIE Transactions, Vol. 12, No.
4, December 1980, (pp. 317-322).

Francis, Richard L., McGinnis, Leon F. and White, John A., "Loca-
tional Analysis," European Journal of Operational Research, Vol.
12, No. 3, March 1983, (pp. 220-252).

"On Some Problems of Rectangular Warehouse Design and
Layout," Industrial Engineering, Vol. 18, No. 10, October 1967.

Jenkins, Creed H. 1968. Modern Warehouse Management. McGraw-Hill
Book Company, New York.

Morris, William T. 1962. Analysis for Materials Handling Manage-
ment. Richard D. Irwin, Inc., Homewood, Illinois.

Pritsker, A. Alan B. 1974. The GASP IV Simulation Language. John
Wiley & Sons, New York.

Taha, Hamdy A. 1976. Operation Research An Introduction. Macmillan
Publishing Co., Inc., New York.



APPENDICES



54

APPENDIX A

Variables, Files, and GASP Function Definitions



55

Variable Definition

AISL(I) Aisle number of location (I).

AISLE,NA Number of aisles in the warehouse.

AN(M) Aisle number where vehicle (M) is located.

DX Distance traveled by vehicle in X-direction.

DY1 Distance traveled by vehicle in Y-direction through
aisle after finished picking.

DY2 Distance traveled by vehicle in Y-direction through
next aisle to start picking from.

FRQI(I) Order frequency of item (I).

FX(I) Cumulative probability to order item (I).

HLV(I) Level number of location (I).

HMAX Maximum level in the layout.

HMIN Minimum level in the layout.

HMED Middle level in the layout.

HN(M) Level number where vehicle (M) is located.

I Location number

ITEM The item no. which have been ordered to pick.

J Aisle number

M Vehicle number

MRL Middle level of the racks in the layout.

NI,Q(M) Number of items to be picked by vehicle (M) per order.

OI The item no. to be ordered.

PCT(M) Order picking cycle time of vehicle (M).

A-1 Variable Definitions
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Variable
Definition

PT(M) Picking time of vehicle (M) for an item.

RT The arriving time of the vehicle to the waiting
queue.

SVWT(M) Sum of traveling and waiting time of vehicle (M) per
order picking cycle.

SWT(M) Time vehicle (M) started waiting.

TPT(M) Total picking time of vehicle (M) per order picking
cycle.

TT Total time.

TUN(M) Total no. of units picked by vehicle (M).

TVT(M) Total traveling time of vehicle (M) per order pick-
ing cycle.

TWT(M) Total waiting time of vehicle (M) per order picking
cycle.

UNT(I) Number of units to be picked from item (I).

UT(M) Unloading time of vehicle (M) per order picking
cycle.

VBUZ(M) = 0 = vehicle (M) idle at the dock.
= 1 = vehicle (M) finished picking an item
= 2 = vehicle (M) is waiting for aisle

VECS,NV Number of vehicles used for picking in the warehouse.

VT(M) Traveling time of vehicle (M).

WT(M) Waiting time of vehicle (M).

X(I) X-coordinate of location (I).

XIN(I) Number of item correspondent to FX(I).

XN(M) X-coordinate of vehicle (M).

Y(I) Y-coordinate of location (I).

A-1 (Cotinued)
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YMAX

YMIN

YMED

YN(M)
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Definition

Maximum point in Y-direction the vehicle can move to
cross aisle.

Minimum point in Y-direction the vehicle can move to
cross aisle.

Middle point in Y-direction the vehicle can move to
cross aisle.

Y-coordinate of vehicle (M).

A-1 (Cotinued)
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File No. Attributes Code Definition

1 Event file.

Event Time (priority: Least
ATRIB(1) Value First (LVF))

ATRIB(2) 1 Vehicle assignment

2 Aisle assignment

ATRIB(3) Not used.

ATRIB(4) Not used.

Vehicle number if ATRIB(2) = 1.
ATRIB(5) Not used if ATRIB(2) = 2.

Aisle number if ATRIB(2) = 2.
ATRIB(6) Not used if ATRIB(2) = 1.

M+1 Each file for a vehicle.
M = vehicle no.

ATRIB(1) Time of order scheduled.

ATRIB(2) 1 Vehicle assignment.

Item number. (Priority: Least
ATRIB(3) Value First (LVF))

ATRIB(4) Number of units of ordered items

ATRIB(5) Vehicle number the order scheduled
to

Aisle number where ordered item
ATRIB(6) is located.

A-2 Files and Attributes of Entries
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File No. Attributes Code Definition

J+NV+1 Each file for an aisle.
J = Aisle number
NV = Number of vehicles used for
picking in the warehouse.

ATRIB(1)

ATRIB(2)

ATRIB(3)

ATRIB(4)

ATRIB(5)

ATRIB(6)

Not used.

Not used.

Item number the vehicle picking.

Number of units to be picked.

Vehicle number which is picking
from the aisle. (Priority:
First in First Out (FIFO))

Aisle number from which the
vehicle is picking.

J+NA+NV+1
Each file for waiting queue of an
aisle.
J = Aisle number
NA = Number of aisles in the

warehouse.
NV = Number of vehicles in ware-

house

ATRIB(1)

ATRIB(2)

ATRIB(3)

ATRIB(4)

Time vehicle started waiting

Not used.

Item number to be picked.

Number of units to be picked.

A-2 (Continued)
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File No. Attributes Code Definition

ATRIB(5)

ATRIB(6)

Vehicle number which is waiting for
the aisle. (Priority: First in
First out (FIFO))

Aisle number for which the vehicle
is waiting.

A-2 (Continued)
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Subroutines or Function Description

Subroutine GASP

Subroutine DATIN

Subroutine FILEM(IFILE)

Subroutine RMOVE(NTRY,
IFILE)

Subroutine COLCT(XX,ICLCT)

Subroutine HISTO(XX,T,
ISTAT)

Subroutine GPLOT (XX,T,
IPLOT)

Function NPSSN(IPAR,
ISTRM)

Function DPROB(CPROB,
VALUE,NVAL)

Executive routine for advancing time and
status.

Initializes GASP variables and calls user
written functions INTLC and STATE.

Files on entry into IFILE.

Removes entry NTRY from file IFILE.

Records value XX as an observation on
variable number ICLCT.

Determines the cell number associated
with the value XX for variable IHIST and
increases the cell content by one.

IPLOT is the plot number and GPLOT stores
values of the dependent variables XX for
a value of the independent variable T.

Poisson deviate generator using stream
ISTRM and parameters from parameter set
IPAR.

A deviate generator for obtaining samples
from a probability mass function using
stream ISTRM; CPROB is a vector of the
cumulative probability values for the
probability mass function; VALUE contains
the possible deviates that can be ob-
tained from DPROB; NVAL is the number of
values in the vectors CPROB and VALUE.

A-3 Description of GASP Subroutines and Functions Used
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APPENDIX B

Warehouse Layouts, Flow Charts and Program Listings
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Numbers, and Distances in X and Y Coordinates
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LEVEL

I 1

210 232

- -3

5.

280

- -6
10X

B-7 Layout(7) shows Item Location, Aisle, and Level
Numbers, and Distances in X and Y Coordinates
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B-8 Layout(8) shows Item Location, Aisle, and Level
Numbers, and Distances in X and Y Coordinates



71

PROGRAM MAIN FIN 4.04552

PROGRAM MAIN (IMPUI,OUTPUT,TAPE/,TAPE20APE7,TAPE5=INPUT,
1 TAPE6 =OUTPUT1
IIIRENSTOR-NSETIIVOOT
COMMON QSET(100Q!
COMMON/GCOMUATRIB(25),JEVNTOIFAOFE(1001.MLE(1001,MSTOP,NCROR,1NNAPOONAPTO ONAIR,NNFILNO(100) ,NNTRY,NPRhT,PPARM(50,4),THOW,2TTBEGO OTCLR,TTRINTRIBt251.TTSEI
COMMON/UCOM1/0(10/014(1010N(10)10(N(101,IN1101,VOUZ(101,

1 AISL(101),HLV(1011,X(1011.Y(101),SWT(10) 1WT(10) ,TWT11111.
2 TUN(101.0v/.0X.01.2.VT(101,PT(101,UT110)14T,XIN(1111),NI,
-PCTI111-01.J.I,FX(1011i1C-OrtriIMIRiTMEDilISLS,SVWTTIVT,
4 VECSINMAX,HMINOMEO,MP OLVT(101.TPT(101011,NA,5 ITEM(201.0I(201,FROI(1011,UNT(1011,RT.PLOT(51

EQUIVALENCENSETWOSET(111
SET VALUES FOR CARD READER AND PRINTER
NCROR=5

READ (NCROR,1011 (AISL(I1II=1,1011
READ (NCROR,1011 (MLV(I1,I=/.1011
READ (NCROR,1011 MI1.1=1.1011
READ INCPOR.10/1 (Y(t)1121,1011
READ (NCROR,1011 (FX(III=1,1011
READ (NCROR,10/1 (XIN(D,,I=1,1011

R0ttICRCat MINTY Pit 13-jA /St-STVECSVOM Xvillittrirt4Etrirtin.
WRITE (NPRNT,1031 (AISL(III21,1011
WRIT; INPRNT.1031 CHLVM.I=1,101)
WRIT: (NPRNT,103) (X(I1,I=1.101)
WRITE (NPRNT.1031 (Y(11.1=1,1011
WRITE (NPRMT.103) (FX(II,I2/10.011

LS.VECS.MMAXHMIN,-

eC

C

C
C 3TAtir,,,,,$ SIMULATION

101 FORMAT (10F6.4(

102 FORMAT (9F6.41
C

MAt"--111trrelre.
104 FORMAT (1X0F9.411

STOP
END

B-9 Listing of Program "MAIN" used for all Layouts



SUBROUTINE INTLC FIN 4.8+552

SUBROUTINE INTLC
CONNON/GCOMUATRIB(251.JEVNT.MFA.MPE(100),MLE(1001INSTOPINCROP,
TNNANWINAPTiNNITRONPILONO(1001.NRTRTOPPNI.PPARAT50.41.7N00.

CONNON/UCOMI/0(1 ).AN(10).HN(10),XN(101.YN(10).VEIUZ(10).
1 AISL(1011OLV(10 (1((1011.Y(101).SWT110).M3(/0).TMT(10).

TUN(10).M.OX.0.(20T(101.PT(10).UT(1.01.TTIXIN(1.01,) 0I.
3 PCI(10,01,JiiI.FX(1011.K.YMAX,YMIN.YMEO,AISL5.SVNT(1010
4 VECS.NNAXONIN.NMEDORL.TVT(101,7PI(101.NV,NX,
5 ITEN120),OI(20(iFROI(101).UNI(1011.RT.PLOT(51

C
DO 10 N21.10
AN( i)28.

INIM)244. I-- Change for each Layout
HN(4124.
XN(4/22104

V4UZ(N)20.
CITRI2T.
TUN(4)20.
SNT(M120.
NTIM)20.
TNT(M)20.
VT(M)04
PI(M12Q.
UT(412U
rvrtiTicr .

TPttw).(1
svwt (tit 26.
PCT(14120.

10 CONTINUE
00

EN(25

K21.20/TK)=0.
0I K)20.

co---zonTrwur
DO 30 I=1,101
FROI(I120.
UNT(I)20.

30 CONTINUE
DY1.20s
DX=0.
0.(220.
TT70.
NI=9
NV= 0.
NX20.
RT20.
PLOT(1120.

PLO (3
PLO

.

ENRETO

URN

72

B-10 Listing of Subroutine "INTLC" used for all
Layouts with the necessary chages



C
C

7u9POUTI`+E E mrs Pr4 4.4552

-11JAROJTINE EYNTS(IX1:0mmor4/Gcomi/ATR/ 9(25),JEln ,p1FA,p1.2.4.41LisLoutAz E( 0 I ot5TOP, cRoc.,
2TT3EGTTCLRTTFIN TTRIB(25),TTSET

::ONNO4/JCONI/C1(11),AN(111004(1.0).XN(10),T14(10),V8U2(10).t m---tit ift ,141.ff te j f .11AT f t W T /et f TIM 141
2

G V.:34-MAX,AN NiNP4rOdIRV,TV/T4iI1,-TPT13 PVit0)J,
5 IfEM(201,01(201001I(101).UNT(10111R ,PLOT(5)

GO TO ( tOls/02) *It
lit P*4 T RIB( 5)

IF (v8bz(4).cr.1.1) Go TO
7 L z? 2-02-0
TE MO 80.01(0 xi.

-5 -COW T-1 ARK
z WPSSW (1./1

DO 21 K*104I
B TWO it

SAT R BC Zi t.to RI If znaynott Ti1 .1444,t1
00 15 01.1 .20
IF (ITEM041.E0.0I(K) GO TO 10

IToI(K)x0100
At kfl3 (3) NITEM(10

-1=11 84-31
FRO' ( I ) 2Lrti Httrn (Flal:1T at .1
AT RIB(*) ar4P5S$4(2 .2)
UHT( I) IRATFLI15(41

---Ctt, NIS TO 44:NT-4 v-2)
ATRIB( 5) 214
ATRIB (6) =AISL( I)

FILEN TN411
20 CONTINUE

0(M1 =N

C 4.
GO 5

:ALL
TO

CyLliA)4/41
M3 t

C

W 1TicilAINT
:ALL RMOVE (NFE (It 44V11 11KNV1)

511 101141 _En_11.- Al cn Tr1
CALL RMOVE (PWE (P1+1) g (14+i))
Ix AT RI 8( 3)

AIL-414
IF (NN.Q(.104V+1 I. GT,0.0) GO TO 60
IF ( (N).EQ.AISI.(I) ) GO TO 55
IF MN I ..14NA WV+ 11-7;11.-111 --G-13 TU -GT

55 TUN( N) TUN(M)+AT R184 i I

C

CAALLL
CL FILEM 1J+Nil+4.1

tWt 014
Of 41 30(4)-A.
TV(' (N)*TVT(m)VT (41
IP-I T PT TNT-4. PT PT1
AT RI 841.33TT NOM. TTAT2Latzlzi_
AT RIB( 5) aN
CALL FILEN (1)
60 -TO 114

61 CALL PICK
SW tPfl O-Oft-TAT IBillT N

ZSOWT CM)
NT

^ALL FI1 _FM prmiliptV11
V8U1 (NI *2.
TVT (NI sT VT ( YT (NI

B-11 Listing of Subroutine "EVENTS" used for all Layouts



C

C

SUBROUTINE EVNTS

GO TO 104

In.

FTN 4.8+552

CALL COLCT (TUN(14)04+14V1
CALL P iCK
TVT (041 TVT (N) +VT (rit
CLOALT

(11
L COLOT

VI
(T VT (f(190++(21INV11

P = (N)
TPT (PI) zTPT ( +Urlm)
1,-Att-C- Ott T-- IT Prtrt7 t-3rirmirtnor (2 I =DT
CALL COLCT (TNT (MOH 41*(NV1 1
PLOT (3 1.2TNT ( PI1
SV1IT ( MI =T VT (M)+IwI(N)
CALL COLCT (SINT (141.01+1511(NVII
PLOT (4 1 rSVI4T (1/
PCT1 P41=TVI(MOPTINI +TIMM
CALt-COteI---(Pc )m. (+Oft

PLOT(5)=PCT(M)
CALL GNAT (PLOT,TN0149111
V41.12 (m) 20 .
TUN( M1 20.
TVT (PO 20.
TPT (N) =0.
TNT 1,1 TO.
SIcT KT-tli rye .
ATRIB( /01 =TN011-+TT
ATRIBt 21=1.

tIEVntill (11
GO TO 104

C

C

C

102 J=AIRI B(61
NV=VICS_
NA=AISkS

gLeN64t7AnY5U11001a,(57NIINVit),
RT=ATRIBill
IzATRIS1(31
ri= t-51

(RT .GT.TN010 GO TO 103
TUN( m) =TUN()(1+ATRI1314) _

CALL PICK

Itt

CALL FILES (J+14V1)
tiBUZ (M) =1.
QIN120(141-1._

t`1-= T-Naires *lint
TNT ( MI +NT (141
Arne( NON+TT
ATRIB(
ARE9
c LER (11
GO TO 104

C

Itt14 t 3 v+4**PtV
*TRIO( 11 =RT

MiR111=3*
CALL FILEM (1)

104 RETURN
ENO

B-11 "EVENTS" (Continued)
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SUBROUTINE PICK FTN 4.8552

SUBROUTINE PICK

INNIPT4NNAPT,NNATR,NNFILiNNO(/00),NNTRX,NPRRT,PPARM(50,4T,TROR.

CONNON/UCOM1/1711 /tAN(10),NN(10),KN(10),TN(10),V8U2(10),
1 AISL41011,NLV(te )0(1101),Y(101),SNT(10),104/0),TWT(10),
Z TUN(101,0Y1,0X0Y2,VT(101,PT(10),UT(101,TTIoXIN(1011,NI,
3

5 Iii;111A414144;n4g914111;;;7A47:k.RiZIWWT"U"
ATEN1201,1JI(20,,FRw4A/04),UN (lul),R,P6OT,51

C
to

IF (V8UZ(M)..1.0) 10,50,160

NV=VEC5
NA2AISLS
IF INNO(J .NV.1).GT,0,0) GO TO 30
IF INNCI(J.NANV+1).GT.0.0) GO TC 20cfix0,
17X= ABS17 ntrTR(NTI-
0/22ABS (V (/)Nt)())
NN(M)*NLVII)
YN(M)=Y(I)
VT(1)2(0TD0MY2),264.
PT(M)v(ATR/13(41)*(0.2)
TT:VT(14)01'TM
GO TO 200

75

20

ATRIB(6)=J
CALL FILEM (1)

30 DT14104
DX2ABSIX(/)-KNIM))
OT2=0.
01(111-milIN
YN(N)=YRIN
VT(M)(0Y1.0X+0T2)200 /264,
GO TO

50 NValCS
NA2A SLS
IF ( 1)(1.GT.0.0) GO TO 60
orpromst/rum=/wilni
OX=ABS(X(I)XN(N)1
OTZ'Oe
fiN(MI2NLV(1)
TN(N1ITIII
VT(N)*(0Y1.0X40Y2)/2644
UT(M)2(TUNIM))*(0.2)
TTRVT(M)+UT(Mt
ATRrBITTTTNOW*TOTI, 4.;
ATR/B()*2.
ATRIB(6212ANIM)
CALL FILEN(1)
GO TO 200

C

-C

01FF

-INNAAeLOSITIJTM,aNNIAN4T160

IF

-70G0.O

GTO
O 61

00

IY=NNIN4NLN(.1) .0.0)
1G G10

7-
94

DX2ABG(K(II.XN(N))
OTZ=ABS(TRIN...Y(I))
GO TO 60

C
70 OTI=ABS(YMAX....YN(M))

ox=Assixttl=mnIT
Dy2=AnstymAx-rm)

60 ATR/BUI=TNON410Y1/264.)
ATRIB(2)=2.
ATRIB(6)=ANIN)
CALL FILEN(/'
NN(41=NLV(I)
YN(N)=Y(I)
ITTIRTY(DY1fOXF0T21726=;--
PT(M)=(ATR/B(4))*(0.2)
TT2VT(M)4PT(M)

B-12 Listing of Subroutine "PICK" used for
Layouts(1) and (2)



C

C

C

C

SUBROUTINE PICK FTN A.B*552

GO TO 200

BO AIRTBlirsTRIN

NRIR111=5.
100 itii4IWNITII.GT.0.0) GO TO 110

Ov1=AB5(YmIN-YR(4))
DX=ABS(X(II-XN(M1)

AIni=11NIN
rN(M)mvs/N
GO TO 120

110 Ov1=ABS(YmAX-YN(M))
OXTABS(X(I)-XN(0())
0Y220.
NN(1112)1MAX
TRINTATTIAr

120 VT14)2(0)1+0X401'2)/264.
millii:INOW4(01W26.1
ATRIB(612ANIN)
CALL FILEM (1)
GO TO 200

i8' DYvrtSITTNtM aTT111
OX=0.

ir)(44:NLY(I)
TN(M)=Y(II
VTIMI(fra40K+OY2)I2644
pl(N)=(ATRI9(41(0.21
TT=VT(M)+PT(N)

200 AN(A)=K15).(1)
KN(NIAXII)

RETURN
gNO

B-12 "PICK" (Continued)
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C
C

SUBROUTINE DICK FT1 4. 9 +55z

SUBROUTINE DICK
CONNON/GCON1tATRIg125).JEVNT.NFA,NFE(IC01 oNLEI10310STOD.NCR3,

itiN4PO,NNAFT,NNATPONFIL.NNO(100) ,NNTRYINFRNT,DFARN(5G 041 ,TN0A,
2TTBEG.TTCLR.TTFINITTRIBI25I.TTSET

2ONNON/UC:"41/0(10).AN(10).NN(10).)N(10).TNI101.VBUZI1C).
1 AIS01011001(101).x(1011.T(101).SWT(1012MT(10),TwTC101.
2 TUN(10 )op% IPDXIDY2IVT (10) oPT (1.0).UT (101 tiT,XIN(101/ INI,
3 FCT(10 I .N,J. I .Fx (101 ) K. YmAx oNIIN,YNEO.AISLS. SVwT ( 10 )
4 VECSIHMAX 04'4IN91.44E09MPL.TVT ( in) ,TPT110)
5 ITE4(201.0I(201.FROI(101).UNT(101).qT,DLOT(5)

Ir tV4l7(4)1.0) 10950,1PC
C

C

C

10 NV=VECS
NA=AISLS
IF INNOO+NV.11.GT.0.01 GO TO 30
IF INNI(j+NA+NV.1).GT.0.01 GO IC 20
IF IPLV(I).GT.0.01 GO TO 12
OT/ITABS(TNIN-TN(N))
OK=APS(X(I)-XN(N1)
OT2=AS5ITNIN-TII))
GO T i5

12 OT1=OABSCINAX-TN(411
OX=ABS(XIII-XN(N))
OT2=A1StYN4X-T(/),

15 NN(4)=HLVIII
YN(4)=TII1
VT(41=(OTI,OXI.OT2)/264.
pTIN12(ATFI9(411(0.21
TT=VT(NIDTINO
GO TO 200

£0 ATR/9(11=TNow
ATRIO(2)=2.
ATPIBIE) =J
CALL FILEN (II

3C IF INLV(I).G1.0.0) GO TO 35
OvI=ABSivmiN-YN(M1
OX=ASSIxtIl-xNtmll
0'2=0.
NNINI=HmiN
rN(4)=YR/N
GO TO 40

35 OTI=ABSIYNAxYNtNI)
OX=4BSIX(I)-XN(M)1
DT2=0.
HN(4)=HmAX
YN(4)=v4Ax

40 VT(41=f1v1+0XJv21/264.
GO TO 200

5G NV=VECS
NA=AISLS
IF (Itm1.GT.0.01 GO TO 60
IF IHN(4).GT.0.31 GO TO 52
OT1=ABS(YMIN-YNINI)
DX=AB5IX(II-XN(m11
OT2=0.
GO T3 55

52 011=110StymAxrN(4)1
Dx=apS(XIII-XN1m11
0Y2=119S(YmAx-rt1))

55 HN(41)=HLv(I)
Y4(11=Y(I)
VT(4):(01 .0e#OYZ)/264.
UT(1)=(TUN(4))(0.2)
TT=VT0414UT(M1
ATIRIB(1)=TNOw4(0y1/264.)
ATRIB(21=2.
ATP/P151=44(MI
CALL FILE4(11
GO TO 200

60 IF IN9 I(J.41141).GT.0.0) GC TO 10C
IF (AN(m).7.0.AISLIII1 GC TO 190
IF CNNI(JNa.Nv41).GT.0.0) GO TC DO

B-13 Listing of Subroutine "PICK" used for
Layouts(3) and (4)
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C

C

C

C

SUBROUTINE PICK gTA 4.84552

IF (mN(N.NLV(II.GT.0.01 GO TO 70
DT1=ABS(Tm/N-I4(m))
OX=ARS(x(II-XN(411
ov2=ABS(TmIN-T(I11
GO TO 80

70 OT1=A9S(TmAX-TN(411
OX=ABS(X(I)-XN(41)
OT2=ABS(YmAX-T(I11

80 ATRIe(1) =TNOwCOY1/254.)
ATPIB(21=2.
ATR/S(61=AN(N1
CALL FILEMt11
HN(m)=NLV(I)
YNIN1=T(I1
VT(41=10Y1+0X49T21/264.
PTtM1=(ATAI9(411(0.2)
TT=VT(M1aPT(m1
GO TO 210

90 ATRIB(11=TNow
ATRIS(21=2.
ATRIB(61=J
CALL FILEm (11

100 IF (NN(41HLVI.GT.0.01 GO TO 110
OT1=A8S(TmIN-TNIm1
DX=ABS(X(I1-XN(m11
DT2=0.
NN(M1=HmIN
Xv(41=TmIN
GO TO 120

110 OT1=ABS(TmAX-TN(M11
OX=ABS(X(I)-XN(m11
01'2=0.
HN(m1=mmpx
TN(M1=TmAX

120 VT(M1=IDT110X3T21/264.
ATRIB(11=TNOw4(0.11/2E4.1
ATRI0(2) =2.
ATRIB161=AN(M)
CALL FLLEm (1)
GO TO 200

180 OT1=AoStxN(m1-T(I11
OX=0.
OT2=0.
NN(41=NLV(/1
TN(41=T(I1
VT(41=(0T14.0X0Y21/264.
PT(4) =(ATRIB(4114(0.21
TT=VT(M)PT(m1

2C0 AN(41=AISL(I
XN(41=X(I)

C
RETURN
zN)

B-13 "PICK" (Continued)
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SUBROUTINE RICK FTN 4.8+552

SUBROUTINE PICK
CONNON/GCONUATRIE1(251.JEVNT,MFA,MFE(100),NLE(100)04STOPOCROR,
iNNAPOONAPT,NNATRONFILON0(100),NNTRY,NPRNT,RRARM(50.4).TNON.
2TTREG,TTCLR.TTFIN,TTRIB(25).TTSET
CONNON/UC041/0(10).AN(1011NN(1.01,XN(101.TN(/01,V8U2(10).1 AISL(101),NLV(101.1.X(101),T(101).SNT(101,NTUOWNT(10).

2 TUN(101.0Ti.OXOT2.VT(10).PT(101,UT(i0),TT.XIN(1011.NI.
3 pc/(i010,J./,FX(101),K.rmAxoNIN,yNEO,AISLSISVNT(10).
4 VECSINMAXONINOMEOORL,TYT(101,TPT(10),NVOA,
5 /TEN(20),0/(201.FF01(1011,UNT(101).RT.PLOT(51

C
IF (V9u7tmt-1.0) 10,50,180

C
10 NV=VECS

NA=AISLS
IF (NNO(JeNV*11.GT.0.0) GO TO 30
IF (NNO(J+NA+Nv+ii.GT.0.0) GO TC 20
DYI=0.
OX=ABS(X(I)-XN(N))
DT2=ABS(T(I)-TN(m)l
MNIN)=NLVII)
yN(n)=Y(I)
VT(4)=OTIOX+OT21/264.
P/(41 =(ATRI5(4)),(0.21
TT=VT(N)+PT(m)

_ GO TO 200

20
ATRISI )22.
*TRIP(

FlEa)
30

CF LL
NLVLIN .GI. 0.01 GO TO 35

_8)113i(X(I1-XN(M)) _

DT2=0.
HN(M)=HMIN
Y444)=YmIN
GO TO 40

35 OT1=A8S(YmE0-1,N(N))
OX=A08S(X(/)-XN(M))OT=.

________NN(2N)=NNEO -
TN(M)=TNEO

40 VTIN12(0T1+0X+0T2)/264.
GO TO 200

C
50 NV=VECS

NA=AIS4S
IF (Otm1.GT.0.0) GO TO 60
OTiskEIS(TNIN-rN(N))
OX=A8S(x(I)-XN(M))
01.220.
N(1HLVIII
rN(N)=T(I)
vT(41=t0Y1+0X+01,21,264.
UT(N)=ITUNIN))0(0.2)
TT=VT(Ml+UT(N)

__ATRIE1(i)=TNow+(oY1 /264.)
ATRIB(2)=2.
ATRIS(6)=AN(N)
CALL FILEM(il

C
Go TO 200

60 IF (NNO(J+NV+1).GT.0.01 GO TO 100
IF (AN(N).E0.AISL(I)) GO TO
IF tNNO(J+NA+Nv+i).GT.O.0) GO TC 90
IF (NN(N).GT.0.0) GO TO 75
IF (NLV(11.GT.0.0) GO TC 70
IF (NN()))+41.V(I).GE.(-2)*(NRL)) GO TO 65
OTI=A8SUININ-rN(N))
OX=ARS(x(I)-MH)1
0y2.148socmIN-Y(/))
GO TO 40

65 or1=ASS(YmEo-vN(m))
Ox=ABSIx(I)-xN(m1)
0Y2=41S(TNEo-r(I)1

Change for

79

101150 =1NNE C

ato=7$0"--Layouts (7)&(8) 35 0Y120.

B-14 Listing of Subroutin "PICK" used for Layouts (5)&(6),
and with the necessary changes for Layouts (7)&(8)



C

SUBROUTINE PICK FTN 4.8+552

GO TO 80
70 DY12A5S(Y(T1-1N(M11

0X=A0S(X(II-KN(N1)
0Y2=0.
GO TO 80

75 IF (HLV(I1 GT.0.01 GO TO 77
0Y1=A9S(r(11-YN(M1)
OK=ASS(X(I)-KNIM11

2=0.
TO 80

77 F (NN(N1011.V(II.GE.(21*(MRL11 GO TO 79
DY1=A851YmED-Y4(m11
OX=ASS(X(I1-XN(N11
0Y2=AFIS(YNEO-Y(I11
GO TO AO

79 0Y1'7.485(YN4X-YN(N11
OX=ABS(X(II-XN(N11
OT2=ASSIYNAX-itI1)

80 ATRIB(11=TNO1W0T1/264.1
ATRIB(21=2.
ATRI01612AN(M)
CALL FILEm(11
NN(M1=HLV(T1
YNtM1=Y1I1
VT(M1=10,1140X+0Y2)/254.
PI(N12(ATN/0(411*(0.21
TT2VT(M1+PT(M1
GO TO 200

90 ATRI8(1) =TNOw
ATRI8(21=2.
ATRIB(§)=J

100._ 9Lbrahi / A
IF (HLM1.GT.0.01 GO TO 105
IF (NN(111041.V(11.Gg.(-21(MRLII GO TO 105
0Y1=ABSIYMIN-YN(M) 1
OX=A0G(K(T)-XN(P111
0Y2=0.
NN(412HMIN
YN(412TNIN

__GO TO 120
C

105 0Y1=A9S(YNtO-TN(1.111
OX=ABS(x(11-XNIM11
01'2=0.
NNIN)21.1mE0

GYN(MI
_ 110_

TO
IF (HIV( 1.LI.0.0)_GO TO 115
O

0
12

IF (NN(PA1o4LV(I).LE.(21*(NRL11 GO TO 115
0Y121185(YMAX-YN(M)1
0K=A8S(X(I1-XN(M11
0Y2=0.
NN(412NNAX
YN(M12TMAX
GO T 10

/15 OTI=AO 85t2YMEO-TNIM)I
0x=485(K(I1-xN(m1)
DT2=0.
NN(MI=NNE0
YNIMI=YMED

120 VT(41=(0Y1+0X+0Y21/264.
ATRIS(1)=THOwa(Or1/264.1
ATRI8(2) =2.

_ ATRIB(61=AN(N)
CALL FILEM (11
GO TO 200

C

C

180 OTI=A8S(rN(M1-Y(111
OX20.

gi*NLV(I1
YN(41=TtI)
vT(4)=10Y1+0X,OY21/264.
PT(41=(ATRIB(411(0.2)
rr:yrimi.er(m)

260 ANIM1.0I5LII)
XN(41:1(II

RETURN

B-14 "PICK" (Continued)
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YES

C SUBROUTINE
EVENTS

CHECK

EVENTCODE

2 AISLE ASSIGNMENT

VEHICLE ASSIGNMENT

SET
M VEHICLE NO.

IS
VEHICLE
BUSY ?

SCHEDULE ORDER
FOR VEHICLE TO PICK

(NO ITEM REPEAT)

CALL
VEHICLE FILE
CALL HISTO

REMOVE

VEHICLE
FROM AISLE

B - 15 Flow chart of subroutine " EVENTS" used
for all layouts
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REMOVE NEXT ITEM
TO BE PICK FROM
VEHICLE (M) FILE

B-15 "EVENTS" (Continued)
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ir

CALL PICK

PUT VEHICLE (M)
IN AISLE (J)

SET VEHICLE
BUSY =1

V
UPDATE

Q(M), TVT(M)
AND TPT (M)

V
SCHEDULE
VEHICLE

ASSIGNMENT

CALL
FILEM(1)

B-15 "EVENTS" (Continued)



CALL PICK

UPDATE TVT(M),
TPT(M),SVWT(M),AND

PCT(M)

CALL
COLCT AND

GPLOT

i
INITIALIZE

VARIABLES OF ORDER
PICKING CYCLE TIME

AND TUN(M)

V
SET

VEHICLE IDLE=D

SCHEDULE
VEHICLE

ASSIGNMENT

CALL
FILEM(1)

SET
I=DOCK LOCATION.

=1

CALL PICK

COUNT
SWT(M)

V

PUT VEHICLE(M)
IN WAITING

QUEUE OF AISLE

SET VEHICLE
WAITING=2

UPDATE
TVT (M)

B-15 "EVENTS" (Continued)
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REMOVE 1st
VEHICLE FROM

QUEUE

SET
RT-TIME VEHICLE ARRIVE QUEUE.

1.1TEM NO.
KUVEHICLE NO.

SET
J.AISLE

NO.

UPDATE
TUN (M)

V

CALL PICK >

B-15 "EVENTS" (Continued)



V

PUT VEHICLE (M)
IN AISLE (J)

SET
VEHICLE BUSY-1

UPDATE
Q (M)

I
CALCULATE

WT (M) , AND
TWT (M)

SCHEDULE
VEHICLE

ASSIGNMENT

CALL FILE M(1)

PUT VEHICLE (M)
IN

WAITING QUEUE

i
SCHEDULE

AISLE
ASSIGNMENT

V

CALL FILE M(1)

ty

RETURN

END

B-15 "EVENTS" (Continued)

86



87

AT AISLE = 1=

( SUBROUTINE
PICK

CHECK
VEHICLE

LOCATION

AT WAITING
= 2 = QUEUE

= 0 = AT DOCK

IS
AISLE
BUSY

YES

YES
IS

WAITING
QUEUE

BUSY

CALCULATE
DISTANCE TRAVELED TO

ITEM (I)
LOCATION

B -16 Flow Chart of Subroutine " PICK" used
for Layouts land 2



UPDATE
THE VEHICLES NEW

LEVEL AND
Y-COORDINATE

1
CALCULATE

TRAVELING,PICKING
AND TOTAL

TIME

V
SCHEDULE

AISLE
ASSIGNMENT

CALL
FILE M (1)

CALCULATE
DISTANCE TRAVELED

TO AISLES
WAITING QUEUE

UPDATE
THE VEHICLES NEW

LEVEL AND
Y- COORDINATE

CALCULATE
TRAVELING

TIME

B - 16 "PICK " (Continued)
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IS

IT LAST
ITEM PICKED

CALCULATE
DISTANCE TRAVELED

TO
DOCK

UPDATE
THE VEHICLE'S NEW

LEVEL AND
Y-COORDINATE

CALCULATE
TRAVELING, UNLOADING

AND TOTAL
TIME

SCHEDULE
AISLE

ASSIGNMENT

B - 16 "PICK " (Continued)

CALL
FILE M(1)
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CALCULATE
DISTANCE TRAVELED

GOING DOWN
CURRENT AISLE

THEN UP TO
ITEM AISLE

CALCULATE
DISTANCE TRAVELED

GOING UP IN
CURRENT AISLE

THEN DOWN
TO ITEM AISLE

B - 16 "PICK " (Continued)



SCHEDULE

AISLE
ASSIGNMENT

CALL
FILE M(1)

V

UPDATE
THE VEHICLE'S
NEW LEVEL AND
Y- COORDINATE

CALCULATE
TRAVELING,PICKING

AND TOTAL
TIME

SCHEDULE
AISLE

ASSIGNMENT

CALL
FILE M(1)

WHICH
DIRECTION HAVE
SHORTEST PATH

UPPER

LOWER

CALCULATE DISTANCE
TRAVELED DOWN
CURRENT AISLE

TO WAITING QUEUE

B - 16 "PICK " (Continued)
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CALCULATE DISTANCE
TRAVELED UP

CURRENT AISLE
TO WAITING QUEUE

V

UPDATE
THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

UPDATE
THE VEHICLES

NEW LEVEL AND
Y- COORDINATE

IIICALCULATE
TRAVELING TIME

V

SCHEDULE
AISLE

ASSIGNMENT

CALL
FILE M(1)

B - 16 "PICK " (Continued)
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CALCULATE DISTANCE
TRAVELED TO

THE AISLE

UP DATE

THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

CALCULATE
TRAVEUNG, PICKING

AND TOTAL
TIME

V

UP DATE

THE VEHICLES
NEWAISLE AND

X- COORDINATE

END

B - 16 "PICK " (Continued)
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AT AISLE = 1=

(SUBROUTINE
PICK

AT WAITING
= 2 = QUEUE

= 0 = AT DOCK

YES

YES

NO

NO
IS

THE ITEM
LOCATED IN THE UPPER

HALF LEVEL

YES

B -17 Flow Chart of Subroutine " PICK" used
for Layouts 3and 4



0
CALCULATE DISTANCE

TRAVELED GOING DOWN
CURRENT AISLE

CALCULATE DISTANCE
TRAVELED GOING UP

CURRENT AISLE

v
UPDATE

THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

v
CALCULATE

TRAVELING,PICKING
AND TOTAL

TIME

V

SCHEDULE
AISLE

ASSIGNMENTS

V

CALL
FILE M(1)

IS

THE ITEM
LOCATED IN THE UPPER

HALF LEVEL

B - 17 "PICK " (Continued)

YES

0
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CALCULATE DISTANCE
TRAVELED. TO WAITING

QUEUE GOING
UP AISLE

0
IS

IT LAST
ITEM

PICKED

IS

THE VEHICLE
LOCATED IN THE UPPER

HALF LEVEL

O

YES

CALCULATE DISTANCE
TRAVELED TO WAITING

QUEUE GOING
DOWN AISLE

UPDATE
THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

CALCULATE
TRAVELING

TIME

B - 17 "PICK " (Continued)
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CALCULATE DISTANCE
TRAVELED TO DOCK GOING

DOWN CURRENT AISLE

CALCULATE DISTANCE
TRAVELED TO DOCK GOING

UP CURRENT AISLE

UPDATE
THE VEHICLE'S
NEW LEVEL AND
Y- COORDINATE

CALCULATE
TRAVELING, UNLOADING

AND TOTAL
TIME

SCHEDULE
AISLE

ASSIGNMENTS

B - 17 "PICK " (Continued)

CALL
FILE M(1)

97



98

IS
AISLE
BUSY

IS
IT SAME AISLE
WAS PICKING

FROM

IS
WAITING

QUBJE
BUSY

WHI
DIRECTION

HAVE SHORTEST
PATH

CALCULATE
DISTANCE TRAVELED.

GOING DOWN
CURRENT AISLE

THEN UP TO
ITEM AISLE

CALCULATE
DISTANCE TRAVELED

GOING UP IN
CURRENT AISLE

THEN DOWN
TO ITEM AISLE

B - 17 "PICK " (Continued)



SCHEDULE
AISLE

ASSIGNMENT

V
CALL

FILE M(1)

UPDATE
THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

CALCULATE
TRAVELING,PICKING

AND TOTAL
TIME

SCHEDULE

AISLE
ASSIGNMENT

V

CALL
FILE M(1)

WHICH
DIRECTION HAVE
SHORTEST PATH

UPPER

LOWER

CALCULATE DISTANCE
TRAVELING DOWN
CURRENT AISLE

TO WAITING QUEUE

B - 17 "PICK " (Continued)
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CALCULATE DISTANCE
TRAVELED UP IN
CURRENT AISLE
TO WAIT QUEUE

UPDATE
THE VEHICLE'S
NEW LEVEL AND
Y- COORDINATE

UPDATE
THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

V

CALCULATE
TRAVELING TIME

SCHEDULE
AISLE

ASSIGNMENT

CALL
FILE M(1)

B - 17 "PICK " (Continued)



CALCULATE DISTANCE
TRAVELED TO

THE AISLE

UPDATE
THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

CALCULATE
TRAVELING PICKING

AND TOTAL
TIME

B - 17 "PICK " (Continued)

UPDATE
THE VEHICLES
NEWAISLE AND
X- COORDINATE

RETN
END
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AT AISLE = 1.

( SUBROUTINE
PICK

AT WAITING
= 2 = QUEUE

= 0 = AT DOCK

(!)
YES

YES

CALCULATE
DISTANCE TRAVELED TO

ITEM (I)
LOCATION

B -18 Flow Chart of Subroutine " PICK" used
for Layouts 5,6,7 and 8



UPDATE
THE VEHICLE'S NEW

LEVEL AND
Y-COORDINATE

CALCULATE
TRAVELING,PICKING

AND TOTAL
TIME

SCHEDULE
AISLE

ASSIGNMENT

CALL
FILE M (1)

IS

THE ITEM
LOCATED IN UPPER

RACKS DIVISION

YES

V
CALCULATE DISTANCE
TRAVELED TO WAITING
QUEUE IN UPPER RACKS

DIVISION

CALCULATE DISTANCE
TRAVELED TO WAITING
QUEUE IN UPPER RACKS

DIVISION

CALCULATE
TRAVELING

TIME

V

11-

UPDATE
THE VEHICLE'S NEW

LEVEL AND
Y- COORDINATE

B - 18 "PICK " (Continued)
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IS

IT LAST
ITEM PICKED

CALCULATE
DISTANCE TRAVELED

TO
DOCK

UPDATE
THE VEHICLES NEW

LEVEL AND
Y-COORDINATE

CALCULATE
TRAVELING, UNLOADING

AND TOTAL
TIME

V
SCHEDULE

AISLE
ASSIGNMENT

B - 18 "PICK " (Continued)

CALL
FILE M(1)
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IS
AISLE
BUSY

NO IS
IT SAME AISLE
WAS PICKING

FROM

YES

IS

WAITING
QUEUE
BUSY

IS
VEHICLE

LOCATED IN UPPER
RACKS DIVISION

YES

CALCULATE
DISTANCE TRAVELED

GOING UP TO
AISLE

IN THE UPPER
RACKS DIVISION

YES
IS

THE ITEM
LOCATED IN UPPER

RACKS DIVISION

NO

B - 18 "PICK " (Continued)
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LCWER

CALCULATE
DISTANCE TRAVELED

GOING DOWN IN CURRENT
AISLE THEN UP
TO ITEM AISLE

0
WHICH

DIRECTION HAVE
SHORTEST PATH

UPPER

CALCULATE
DISTANCE TRAVELED
GOING UP IN CURRENT

AISLE 'THEN DOWN
TO ITEM AISLE

0
IS

THE ITEM
LOCATED IN UPPER

RACKS DIVISION

V
NO

CALCULATE
DISTANCE TRAVELED

DOWN TO AISLE IN
LOWER RACKS

DIVISION

B-18 "PICK" (Continued)
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WHICH
DIRECTION HAVE
SHORTEST PATH

LOWER

UPPER

CALCULATE
DISTANCE TRAVELED

GOING DOWN IN CURRENT
AISLE THEN UP
TO ITEM AISLE

CALCULATE
DISTANCE TRAVELED

GOING UP IN CURRENT
AISLE THEN DOWN

TO ITEM AISLE

CALCULATE
TRAVELING,PICKING

AND TOTAL
TIME

V

SCHEDULE
AISLE

ASSIGNMENT

CALL
FILE M(1)

UPDATE
THE VEHICLES
NEW LEVEL AND

COORDINATE

B-18 "PICK" (Continued)
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SCHEDULE
AISLE

ASSIGNMENT

CALL
FILE M(1)

CALCULATE
DISTANCE TRAVELED

TO WAITING QUEUE FROM
UPPER DIRECTION OF

CURRENT AISLE

YES

i
UPDATE

THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

UPDATE
THE VEHICLE'S
NEW LEVEL AND
Y- COORDINATE

UPPER

IS

VEHICLE
LOCATED IN UPPER

RACKS DIVISION

IS

VEHICLE
LOCATED IN UPPER

RACKS DIVISION

YES

WHICH
DIRECTION HAVE
SHORTEST PATH

LOWER

CALCULATE
DISTANCE TRAVELED

TO WAFTING QUEUE FROM
LOWER DIRECTION OF

CURRENT AISLE

B-18 "PICK" (Continued)



O
IS

THE ITEM
LOCATED IN LOWER

RACKS DIVISION

WHICH
DIRECTION HAVE
SHORTEST PATH

UPPER

CALCULATE
DISTANCE TRAVELED
UP IN CURRENT AISLE

TO WAITING QUEUE

LOWER

CALCULATE
DISTANCE TRAVELED

DOWN IN CURRENT AISLE
TO WAITING QUEUE

UPDATE
THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

CALCULATE
TRAVELING

TIME

SCHEDULE

AISLE
ASSIGNMENT

CALL
FILE M(1)

UPDATE
THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

B-18 "PICK" (Continued)
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CALCULATE DISTANCE
TRAVELED TO

THE AISLE

UPDATE
THE VEHICLES
NEW LEVEL AND
Y- COORDINATE

CALCULATE
TRAVELING, PICKING

AND TOTAL
TIME

B - 18 "PICK " (Continued)

UPDATE
THE VEHICLES
NEWAISLE AND
X- COORDINATE

i
EN)
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APPENDIX C

Input Data and File Storage



112

GEM4Y. 8ENMAMMUOi1.4420419820W.YeY. .Y.Y.
STA,14,04,3,2

---LIMTt.13-00y6v3111-t4ee'

CO1,10(11,12.0(2)*
COLOsTU4(1),441TUN(2)
COLO.TVT(1),64,TVT(21
COlo7OPT(1)01,TPT(2)*
COL,91,T10(1).10,TWT(2)*

--eft-TItTSIWT4tfT1-2TSVWftt,
COL,13,P;T(1),14,PCT(2)'
H/S,ifITEM-4R011101,1.0,1.8
HIS,2,UNITS.18,103.1.0
H13OsITEMS,2001.0.1i0+

--Vikkvil1vIlvTRAVfrT4r1TIT414-047'

VAR#1,304,WAIT.-TMo1e1l0.000.*
VAR.1.4,5,TRVLO4T,114,0.0.90.
VAR.1115tC.CYCLE.qMe1s1s040,90g3
P10.2.TIME120.0.1.0'

--Y011r2-Tt-OfirTR*Vt-TM, tirtveT,T94.'
VAR,2,2,PsPICK...TM,114.0.0.90.
VAR12,310101AIT...TM.1.1 *040000
VAR,2.4.S,TRVL+WIt1,110.0190.
VAR42454C.CYCLE-TM,1itt040000
PRIelaVrtit2,LVF.3.3.1VF,3

--PRIT4,FICOT5T5irfifer5lfrvfl
PRIatF/F01,501,FIF095,9,FIFO,5*
PRIWI,FtF0Ot11,FIF0Ot120FIFOO'
PRI,i3.F/F0.5.14,F1F0t5,159FIF0,5'
PR1,16,FIF015,17,FIF00,48,FIF0041
PR/#19,FIF00,20,FIF00,214FIF0.5

,TFIFOT5'
PRI,25.FtF0,5926,FIFO.51127.FIFO,5*
00/1,20.FIF00,29,FIF00,31,FIF0,5*
PRI1,31,FIF00,32,F1F0.5,33,FIF0O
PAR.11,94,14,20441
041/#2.4.$1.910.'

SEE.41981.11854,97339*
FArt1a.0.16,0.0,049,1.40,10.0.1.110.60410,2.110.0FIN

C-1 General Input for Layout (1)
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IrN.Y rITNVA1.01U0g2.4.2C,11A2,1.70,,Y,

011-.1,1ft).2.0(Z)
COL,3,TU4(1),4,TUN(21
COL,5.TVTt1)t6.TVT(2)
Cill.7,T0T(1).8,TDT(2)*
COLO,TwT(1),1C,TwT(21
COL.11,SVWT(1).12,SV4T(7
COL.11.D:T(1),14,PCTIZ)

HIS,2.UNITS.1C1,1.0.1.C
HIS.3,ITFMS,20.1.0,1.0
PL0.1,T:47,1.c.C.1t

vap,10,v04G/T-T4.1.1,C.00!"..
VA4,104,7,,TRVL4wT.1.1.0.3,0C.*
VA;,1,5.C.CYCLE-TM,1,11,0.000.*

VAR,Z1114sTFAVL-Tm.1.1,0.0,10.
vaq,2,2,p.oicw-TH.1.1.0.0,91.
VeR.2.301.WAIT-T4,1,1.C.0.9C.
V14.2,4.S.TRVL+WT,1.1.0.11.
VA;,2,5.C.CYCLE-TM.1.1.C.000.
0R1,1,LVr.1,2.LVF,3,3,LVF,3
Dor.4,FIrO,5,5,F/r0,S,E,FIFO,5
0q1,7,F:0,50,FIF0,5.9.FIrn,5
,01,10,rrF0,5,11.FIF0.5.12,FIF0,5
1301,13,cIF0.5,14.F/F0,15.FIF0,5
PPT,16,F/F0,5.17.FIF0.5.114.FIP015
PRTelq,FTF0,512C.FIF0,5121,F/F0,5
001.22,r!Ft11.5.27.FIF0.5°
oic,i0..i.,20.*
PaP12,4.,1..10.

317E.4001/.11,54.97731

FIN'

C-2 General Input for Layout (2)
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GENIY. 9ENMAHMUN3,4,20,1982.1,7,Y00 ,Y,Y.
STA.14,00,2
1.14,2,3,547,5,19,1000
COL.1.0(11,2,0(?),
COL,30U4(1.1.4.TUN(213
COL,5,TVI(1),5,TVT(2),
COL,79TPTI110.TPT(2)*
COLO,TWT(11,10,TWT(21
COL,ii.SVWT(1),12,SVWT(2)
COL,13,QCT(1),14.PCT(2)'
HIS,14,ITEMrR0,101.1.0t1.0
H/3,2oUNITS,10.1.0,1.0
H/S,3.ITEMS920.1.0.1.0
P10,1,TI4E.I.590,10*
VAR,1,1,V,TRAVLIM,1t1,G.0100.
VAR,1,2oPPICKTM,1,1.0.0,90.
VAR,10,W,WAITTM,1,1,C.000.
VA9,1.4.S,TRVO.VIT,111.0.300.

P0,2'14E4,2,5.0,10'
V4P92.i.V.TRAVLTM,1,11,C.00.

V44,2,3,W,WAITT4,1,1,0.0.40.
V4P,24,3,TcVLatiT,191.C.0990.
VAR.2,5,C.CYCLE-14,111.0.000.
041,10.1= 11,2,LVF,30,LVr,3*

PRI,7.FIF0,503.FIFO.5,9,FIFO,5
PRI.10,rIF0,5.119FIF04,5,12,rIF0,5
PRI,1.39FIF0,5114,F/F0.5,15,FIF095
PRI,15,FIF0,5,17,FIF0,5,19,FIF0,5*
PRI,11.FIF0,5
PAR.1.11.,20.

r4r.iY.f.0.0,3300.,Y
SEE,4051'.11854,9733q

FIN

C-3 General Input for Layout (3)
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GEN,Y. 1=NMAHMU7y4.41120,11fi2.11,7,Y,Y, ,Y,Ys
STA.14.09392'
L14,20.50,6,29,10206
C01.1.0111,2,0121*
COL3,TU4(1),4,TUN(2)*
COL,S.TVT(11tc,,TVT(21*
COL.7,TPT(11,9,TPT(2)*
COLO,TWT(11.10.TWT12)3
COL,11.SVWT(1),12,SVWT(2)
COL,13,0CT11).14.;CTt2)'
H/S.1,ITEM-FP0,101,1.0,1.0*
41S.2,UNITS.10.1.0,1.0
HISO,ITEMS,20,1.0.1.0*
PL0.1,TIME$1,5.0.10
VAR,1,11V,TPAVL-1,1,1,0.0,10.*

VAP,1,1,W,WAIT-T4,1,1,0.0,90.4%
VAR,104.3,TP.VO.WT,1,1,C.3,90.'
VAR.1,5,C,CYCLE-TM.1.1,0.0,10.
Pl0.2,TIME.2,5,0,10*
VAP.2.1,WRAVL-TM.1,1.0.0,10.
VIAR,2,2,0.PICK-T4.1,1+0.000."

VAR,2,4,SORVO.WI,1.1.0.0.90.1
VAR,2.51C,CYCLE-T4,1,1,0.0,10.*
PP/.1,LV,1,2,1.VF,3,3,1VF,31
°R1,4,r1F0,5.5.FIF0,5,F),FIF0,5
PRI,7,F1F0,5,8,FIF00.9.F/F0,5°
201.10,F/F0.5.11.FIF0,5,12,rIF0,5'
PRI.13,FIF0,5,14,FIF0.5,15,FIF0,5*
PRI.15,FIF0,5,17,FIF0,5,105,F/P0,5*
PPI.19,FIF0,5.20,FITO,5,21,FIF0,5s
DPI.22,F1F0,5,23,FIF0,5,24,FIF0,5+
0R1,25,FIF0,5.2E,F1F0,5,27,FIF0,5*
0RI.28,FIF0,5.29,FIF0.5*
0IR.1.9..3..2C.*
049.1214.91.910.

5E77,41981.11854,97331*
ENT v1.1013.103090091,00 .1,00 910.0,0.0,2. 10 .0`
FIN*

C-4 General Input for Layout (4)



GENtY. BENMAHMU00,4120,199Z,1,7,Y,f, eY,Y*

.LIM.2,3,5016,66,1AADs
COL,101(11,2,,I(2)*
COL13,TUNt11.41TUN(2).
COL.5,TVTI1)1,01,TVT12)*
COlt7,TPTII1I8ITPT(2)*
COLO,TWT(11.13,TWT121*
0 L t 11 _31 kLi 1) 1_12 AUND 2 )

COL.13,PGT(11t14,PCT(2)*
HIS,1,ITEMFR1,101,1440,1.0
1115,21UNIV5,1J,1.0111.0*
HIS,3111TEMS.20.1.411100'
Pl0.1,TIMcia,514:110*

VAR,1,24P,PICK-TH.1,1,0.00G.
VAR11,3,W,WAIT.-TM,1,10:1.0990.*
VAR,1,4,S,TRVI+10.1,1,0.003.'
VAR,1,5,COACLE-TM,1119U.0,90.
PLOt29TIMt,2.5.0,10'
VARt2,14,VITRAVL...1Mt1,1,U0000,.
VAR.2.2$P,PICKPis1i1sk.0,1U.
VAR,2,3114,WAIT-qMt1iar0.0,9Jes
VAR,2114,StriRVO.WT.11110.0,90.
V4 R,215,C,t;YCLGTMI1,1,12.1.0,90.4
PRI,i0AF.1,2,LVF0,3,LVFI
PRIt4,FIF015,5,FIF0,5,611FIF0,5*
PRI,7,FIF0,5031FIF015.9,FIF0,5*
PRI,10,FIF0,5,11,FIF0,5,12,FIF0Os
PRI,13,FIFU,5914,F1F0,51151FIF095+
PRI,16,FIF0,51117,FIF0,5,181FIF0t5.
PRI,19,FIFU.51120,FIF0,5,210FIF0,5
PRI122,FIFUllt23,FIF00124,FIFO,5*
PRI,25tFIFU,5126,FIF00,27,FIF045'
PRI,28,FIFO15,29oFIF015,30,FIFOo5*
PRI.01,FIFU$5,32,FIFOs5,33,FIFO,5*
PRIv34,FIF0,5035,FIF00,36,FIFO,5
PRI,37,FIFU,5080FIF0.509,FIF0,5*
PRIo4Lo,FIFU_Ap5t4ILFIF095,J42.FIF0,5
k1,43,FIF0,5,44,FIF0,5045,FIF0,5*
PRI,46,FIFU15,47,FIFO,5,48,FIFO,56
PR1,49,FIF0,9,50,FIF0v50510FIF0,5*
PR1,52,FIFU$5,53,FIF00,54,FIFO,5*
PRI,55,FIF0,5,56,FIF00,57,FIFO,5*
PR1,58,FIFU,5,59,FIF0.5.60,FIF0,5
PRI,61,FIFU,5.62,FIF0t5,63,FIFO,5
PARIP10.91.,2J.
PAP/2.4..1.'10e*
INIellY,Y.4.0,3000.1Y
SEct41981,11854,97339*
ENT 11 LO u,cc,1,0 3.1.04 ej Co .0 :;,2 G'
FIN

C-5 General Input for Layout (5)
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GEM,Y. TENMAHMUD,C4,20,1982,197,Y,Y, ,Y,Y3
STA.14,00,2
LIM,2,30096.43,1000
COL. 1,0(1),2,0(21*
COLO,TU4(1),4,TUN(2) °
COL,50VT(1).5,TVT(2)
COL,79TPT(1).8gTPT(2)*
COLOttia(1),10,TWT(2)*
COL,11.SVWT(111,12,SVWT(2)*
COL.13,0C711).14,PCT(2)*
HISipitITEN...FR0,101111.0,1.0
H/S,2gUNITS.10,1.0.1.0

OL0,1,1IME,1,514,10'
VAR.1,10f.TRAVL-qM.1,1,0.3,10.
VIIIR,1$2024,PrCKTM,1,114.0,90.
VAR,10,11044/TTM91,1,0.0,90.
VARg1.49SITRVL+WT.1,1.0.0.90.
VAR,1,5,C,CYCLETM,01.190.0.90.'
P1012tTIME$2,51,0,1C*
VARali.V,TRAVL...TM91,1g0.01190.
VAR,2,21,*.PICKTM.1,1.0.0,90.
VAR,2,30404AITTM,14.0.0,90.;
VIR.2.4,S.TRVLOIT,1,114.0,90.*
VAP,2,54.CYCLETM,i,1.0.000.
PR/ololVrat2,1VF,30.13F0'
PRI,4,FIF0,511511FIF00,6,FIFOO
PRI,7,F/r0.5,,,FIF0,50*FV0,53
PRI,i0,F/F0,5,11,FIFO,5,12,FIFO,5*
PRIvi3.FIF0,5,14,F/F00,15,FIF0,5
PRI,16,FrF0,5,17,FIF0,5,18,F/F0.5
PRI$19,FtF0,5.20FIF005,21F/F0.5'
PRI#22,FIF0,5,23,F/F0,5124,FIF005'
PRI,25.F/F0,5,26,FIF0.5,27,FIFO,5*
PRI,28,FIF00,29$FIFO.5,30,FIFOO'
PRI,31sF/F0,5,32,FIFO,5,33FIFOO'
PRI,341F0.5,35,FIF0,5,36.F/F0,51
PR/,371oF/F0,5,38,F/F0,5,39,FIFO,5*
PRI.40.F/F0,5,41,FIF015,42,FIFOO
PR/.431F/F0,5.
PAR.1,9.,1.,20.'
04R,214..1.,10.3
INI,11.00.10.0,3000.0"
SEE,41981'.11854,97339'

FIN

C-6 General Input for Layout (6)



GZN.Y. 3ENMAHMU0.7.4.20.1982$1,7,Y,f, ,Y,Y
STA.14,j1,31,2*

COLvi.Q(1)12,0(21*
COL.3.TUN(1),4,TUNI21°
COL.5.TVT(1),3,TVT(2)*
COL.7.TPT(1.)salTPT(2)'
COLOIJWT(1),10,TWT(2)

__CliLAI_I1..AILVRI111,1124.5104I(7)*

COL.13sPCTI11$14,PCT(2)*
HIS.1,ITEM-FP-0,101.1.C.1.0*
HISatUNITS,10,1.0,1.0*

PlOtitTIME,1,5,0,10*
__VARg1o1saLI1iAT1m1341.1,11.0.9n.*

VAR.1,44,SITRVL4MT.1,1.0.0,90.
VAR,1,5.C,LYGLE-TM,111114.0.90.
PL0atTIME,2,590,10'

____VAR.291.41,LRd11I.-Tlita-14-1.11"-II011

VARI2a.P.PICK-TM,I.1,0.13.93.*
VARs2,3,14,WAIT-TMs1tIsC.0,90.8
VAR,2,4,SITRVWr,111114.000.
VAR412,5,C,LYCLE...TM,1,1104.0,90.$
PRI,I,LVFlpislVF,30,LVFO*

--PRI.4tEIE0.3.3.1PEIF0.5.6.4FIFO.S°
PRI,711FIFC.503tFIF0.5.9.FIF0,5*
PRiti0eFIFL,5,11sFIF0.5,12,FIF0,5*
PRIt13,FIF6,51,14,FIF0.5,15,FIF0,5*
PR/sib.FIFU.5,1711FIF0,5s1811FIF0.5
PRI1119,FIF06,20gFIF0415,21.FIF0,51

_eR.L.2z Eat/4421a LUZ, 5 .2 4.F TF n 5 *

PRI,25,FIFO,54,26,FIF095.27sFIF0,5*
PRZ,28,FIFU,51,29.FIF0.5.30IFIF0.5*
POU,311FIFQ95.32IFIF0,503.FIF0,5*
PRI,340FIFO,511354FIF0,5*
PAR, 1,9.,1.,20.

Stc.,41981,11854,97339*
ENT,103.L$1.,G.L,O.6,1. 0.0.1,0.1) IL. , O. 0,11.C.2. '0.0*
FIN+

C-7 General Input for Layout (7)

118



119

GEN.Y. BENNAHMU04,4,20,1982.1.70.01 IY,Y
stA,14,0,3,2.
irm.2,3,50.6,26,1000.

coLoo-u4(1),4,TuN(2).
COL,5,Tv(1),6,TVT(2).
cot..7,Tpt(1).A.Tpi(2).
cot.,9,twr(t),10,Twr(2)
coi,1i.sywrto,12.svwT(2)
cuL.13.PCT(1).14,FcT(2)

41s,2.uN1rt,10,1.0,1.0.
4ts.3.ITEm5,20,1.0,1.0
010.1,TImE,115.0,10'

vAR.1,202,PICK-Tm.1110.0,90.
vAP,10.w.wAIT-tm,1,10.0,90.
VAR,11,4,S,TRVL4WT,1,1,0.600.1
v02,1,5,C,cYCLE-tm,1.1,0.000.
010,12,TIME.215,0,104,
ViR.2,1,V,TRAn-rm.1,1.0.0.90.*
VAR.2,2,P,PICKTM,1.1.0.0,90.
VAR,2,30404Art-Tmo1,1,0.0490.4,

vAR,20,C,CYCLE-Tn,1,1110.000.4,
P01.1,LvF,1,2,LVF.3.3OAF,30
pR/$4,FIF0,5,5,F1F0.5.6.F1F004,

pin.10.F/F0.5,11,F/F0,5,12,FIF0,5*
oft1 ,113.PtP0.5,i4,FtP6,5,0,P1P-0,54,

Pkt,14.PfP0.5,20.FIFd.5,2i,rfre,5*
PR',22,Fir0.5,23,FIF0,5.24,Fuo,5.

---pgr,25:3-175;3;26,FtF0.5.27,Frr0,5.
PRI,28,FIF0.5,29,FIF00,30,FIFO,5*
PR/01,F1F0,5,32,F1r0,5;33,FIF0,54-
pRi,34,FrFo,5,35,FIFO,5,35,FIF0,54,
oft1 .37,Ftr0.5.38,F1F0.5.34.FIFO.54
pu,40,FtF0.5.4i,FIF0,5,42,F/F0,54,

---akr;43TriF0.5,44,FIF0,5,45,FIF-0,5*
pa/.46,FiF0,5,47,F2F0lp5.48,F/F0,54,
oRt,49,FIF0,5.50,FIF0,5.5i,r/F0,5*
PRZ,52,FIF0,5,53.F/Fos5.54,FIF0,5,0
op1,55.FIF0,5
PAR,10..1.,20.

15W-92.4..1. 10.4

SEE.41981`ai85407339$

FIN'

C-8 General Input for Layout (8)



.0000 1.0000 1.0000 tam 1.0080 tootle 1.0000 1.0000 1.0900 1.0000
1.0000 1.0000 10060 2.0000 2.0000 2.1000 2.0000 2.0100 2.0001 3.0000

--9T-4044 3.4444-3-r41-t-+r44-0-0---8-r4844--4-re484---4v4404-4 41144---4-r49 0 4- -4,44-
4.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 6.0000 6.0000 6.0000
6.0000 6.0000 6.0001 7.0500 74040 2,0000 7.0008 2.4110 7.1001 8.4414
8.0000 8.0000 8.0000 8.0000 8.0000 9.0000 9.0000 9.0000 9.0001 9.0000
9.0000 10.0000 10.0000 10.0000 10.0000 10.0000 10.0000 11.0100 11.0001 11.0000

11.0000 11.0000 11.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0011 13.0000
-4-1-.-4040-4-3.41144-1-4,1-044-143-14444-1-8-.44411-4401404--141r948-4-14.4140-44.44164-14.r0414-

14.0000 15.0000 15.0000 15.0000 15.0000 15.0000 15.0000 15o0(00 15.0000 15.0000
15.0008
.4.0000 - 3.0000 ...3.1000 - 2.0000 - 2.0000 - 1.0000 1.0000 1.0000 1.0000 2.0000
2.0000 3.1000 -3.0004 3.0401- 2.1000 1.0000 -1.0000 - 2.0(00 - 3.0000 -3.0000

- 2.0000 .1.0000 1.0000 2.0000 3.0000 3.0000 2.0000 1.0000 - 1.0000 .2.1100
ee9e-3,-4111--e .0000---1,4018-

-1.0000 .2.0000 -3.0000 - 3.0000 - 2.0000 .1.0000 1.0000 2.0000 3.0000 3.0000
2.0000 1.0000 - 1.0000 2.0000 - 3.0000 3.0000 ..2.0001 - 1.0000 1.0000 2.0001
3.0000 3.0000 2.0000 1.0000 - 1.0000 - 2.0000 .3.0000 .3.0000 - 2.0000 - 1.0000
(.0000 2.0000 3.0000 3.0000 2.0000 1.0000 .1.0000 ..2.0600 - 3.0000 - 3.0000

- 2.0000 - 1.0000 1.0000 2.0000 3.0000 3.0000 2.0000 1.0000 .1.4000 - 2.0000
--.3.-4444-.4-.-4444--.3.4-04-0-...2-.4041-.4.0144--.1-.4040--- 1.1000-1 .0400-- 2.1004-4.4400-

3.0000
210.0000406.0000406.0000406.0000406.0000406.0000406.0000446.0000406.0001406.0000
486.6000406.0000406.0000378.0000378.0000370.0000370,0000378.0000378.0000350.0000
350.0000350.0000350.0000354.0000350.0000322.0000322.0001322.0100322.0000322.0000
322.0000294.0000294.0000294.0000294.3900294.0000294.0003266.0000266.0000266.0000

--266-.44444-56.1004266,4404208.0000136.4004238.0000238.4040238.0000298.0000238.0000
210.0000210.0000210.0000210.0000210.0000182.0000182.0000102.0000182.0000182.0000
102.0000154.0400154.0000154.0000154.0108/54.0104154.0000126.0100126.0000126.0000
106.0000126.0000126.0000 98.0000 98.0001 98.0000 98.0000 98.0100 98.0000 70.0000
70.0000 70.0003 71.0000 70.0300 70.0000 42.0000 42.0000 42.0000 42.0300 42.0000
42.0000 14.0000 14.0010 14.3000 14.0000 14.0000 14.3000 14.0000 14.0000 14.0000
14.0000
64.0000 60.0000 68.0000100.0010100. 0180132. 0018132 .0000168.000016e.0000200.0010

208.0000244.0000244.1000244.0000208.0001168.0010132.0000100.0000 68.0000 68.0000
-640-.-40444332.004.46-81444/41-208.40.0144-.000024-41144218.0008108.4000132.0084100.0000-

68.0000 68.0000100.0000132.0000168.0000208.0000244.0000244.0000208.0000168.0000
132.0000100.0000 68.0000 68.0000100.0000132.0044168.0000248.0000244.0000244.4000
208.0000168.0000132.0000100.0000 68.0000 68.0000100.0000132.0000168.0000208.1000
244.0300244.0000208,010016800000132.0000101.0001 68.0000 68.0000100.0000132.0000
168.0000008.0000244.0000244.0000208.0000168.0000132.0000110.0000 68.0000 68.0000

-keiv,40.4t42_, goe.144,44.244.4.4.f44,441(1244000/1414.911)9164-0/104132.0044/40-10001-
68.0000 68.0000 68.0000100.0000132.0000132.0000168.0000168.0000208.0000244.0000
244.0000

0.0000 .0030 .0060 .0081 .0100 .0110 .0120 .0128 .0130 .014E
.0148 .0153 .0150 .0164 .0171 .0181 .0201 .0221 .0271 .0351
.0391 .0411 .0421 .0431 .0438 .0446 .0456 .0476 .0516 .1586

-.1165---- 1176--.1146- 1216--.42 4 6-
.1346 .1586 .2136 .3336 .3736 .3916 .3976 .4016 .4036 .4070
.4136 .4236 .4526 .5176 .6476 .7576 .7926 .6066 .6128 .8160
.8186 .8196 .8216 .8256 .8336 .8516 .8916 .9156 .9258 .9316
.9335 .9356 .9366 .9374 .9364 .9404 .3444 .9514 .9614 .9E94
.9734 .9754 .9764 .9772 .9778 .9783 .9790 .9800 .9821 .9840
..9090--.9910-----.-9940-.9980--.9960----0970---- .9977-- 9984--.9991-- -.9995
1.0000
1.0000 2.0004 3.0000 4.0001 5.0000 6.0000 7.0000 8.0000 9.0000 10.0400
11.0000 12.0000 13.0000 14.0001 15.0000 (6.0000 17.0000 18.0000 19.0000 20.0000
21.0000 22.0000 23.0000 24.0004 25.0000 26.0000 27.0000 28.0000 29.0000 30.0004
31.0000 32.0000 33.0000 34.0000 35.0000 36.0001 37.0000 38.0000 39.0000 40.0000

-41-.0041-42-.0000-41-.040044.4440-45.41104-46.0100--47.4004 48.0014-49.01104- 51.0.01-
51.0000 52.0000 53.0000 54.0000 55.0000 56.0000 57.0000 58.0000 59.0000 60.0000
61.0000 62.0000 63.0004 64.1000 65.1010 66.0001 67.0010 68.0000 69.1001 70.0000
71.0000 72.0000 73.0000 74.0000 75.0000 76.0000 77.0000 78.1000 79.0100 80.0404
81.0000 82.0000 83.4000 84.0400 45.0000 86.0000 87.0000 88.0000 89.1000 90.0000
91.0000 92.0000 93.0000 14.4000 95.4000 96.0000 97.0000 98.0001 99.0001100.0004

C-9 Input Data for Layout (1)

-J

X
L.
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5.0000 1.0000 1.0010 1.0003 1.1101 (.0000 1.1000 1.0000 1.3000 1.1000
4111011111/

1.0003 2.0000 2.0000 2.0000 2.031) 2.0000 2.3030 2.3100 2.3000 2.31002.3001 3.0020 1.0:00 3.300C 3.1000 3.0000 3.0000 3.0000 3.0000 3.00003.0000 4.1000 4.0361 4.0001 4.0000 4.1000 4.1000 4.0010 4.0006 4.02004.2000
5.0101
5.0000

5.1000
5.0010
7.0000

5.3300
5.3002
7;0303

5.0000
1.0300
7.0000

5.0030
6.0000
7.0011

5.0100
5.0000
7.0000

5.0000
6.0000
7.3000

5.3000
5.0000
7.0100

5.0000
6.0000
7.0000

5.3000
5.0000
7.1000

111

-J
U)

7.0000 1.0100 1.3100 1.0001 9.1012 1.2001 1.1001 1.0000 1.3010 1.3001 ct1.0300 1.0001 9.2000 1.1001 9.0000 1.0000 9.0001 9.0000 9.0010 1.00001.0/00 10.0100 10.000) 10.3300 10.0100 10.0300 10.0010 10.0000 10.307C 10.000010.0000
-5.1000 -5.0000 -4.1011 -3.0000 -2.0001 -1.0300 1.0000 2.0000 3.0000 4.0000

1111111I

5.1000 5.0200 4.3001 1.0000 2.0100 1.0000 1.0000 -2.1000 -3.0(10 -4.3000-5.0000 -5.00CC -4.0000 -2.0001 -2.2009 -1.1300 1.0030 2.3003 3.0000 4.00005.0020 5.00(2 4.3000 3.03(0 2.1100 1.0000 -1.3100 -2.0(00 -3.0(10 -4.0000-6.0001 -5.00C3 -4.0000 -3.0020 -2.1030 -1.0000 1.0000 2.02(0 3.3000 4.00005.0201 5.000C 4.3000 3.0100 2.2110 1.0000 -1.0000 -2.)300 -3.0002 -4.0060-6.1102 -5.0000 -4.3000 -3.0001 -2.3000 -1.0090 1.1000 2.0000 3.0000 4.00005.1101 5.0000 4.0000 3.0000 2.0000 1.0000 1.0000 -2.0(00 -3.0000 -4.0000-5.11C0 -5.0103 -4.0101 -3.0300 -2.1001 -1.010C 1.0001 2.0101 3.1(11 4.0)0v5.0000 5.0201 4.00(0 3.0062 2.0000 1.0000 -1.0000 -2.0000 -3.0006 -4.0000 1I1=I-5.0000

140.0000366.0000256.0300266.01002$9.000°265.2000266.01012E6.0(00266.0310266.000C
255.0002231.00CC211.3003231.000121m.1100231.0000239.0000231.0000238.0000231.0000
231.000021C.0000210.00CO21C.0000210.1000210.2000210.0001210.3C0C213.000C210.3000
210.0000112.0300112.0310112.1007112.100'112.1)20112.0000182.1C0C112.003(112.0i01
112.0000154.3C22154.3001124.0011154.(300154.0100154.1001154.0400154.0000154.0000
154.0301126.0001129.30(0126.0100126.0000125.))101:6.0201125.1000126.000C126.)000
125.1003 91.0000 99.0000 11.0300 11.)/1' 11.2137 99.1003 11.)2,1G 19.1n:10 11.0:00
90.000C 70.0222 70.0jC.0 73.0300 7C.J100 70.0030 70.0001 70.0000 70.0000 70.0000
70.1001 42.0100 42.070" 42.3301 42.1)00 42.C200 42.1020 42.22.10 42.0030 42.0000
47.0)01 (4.3000 14.3010 14.0)r7 14.1',01 14.0/00 14.1222 14.3311 14.J112 14.1200
14.0300

60.0300 94.0000115.0202141.0000110.0300212.0000260.0000212.1000324.0000356.0000

314.0000311.0300356.3010324.0010212.0000260.0100212.03001/0.0100148.0000116.300194.0003 94.0000116.1010144.1000190.1000212.0000210.0000292.0000324.0000355.0000

341.0010011.0000356.2000324.0000212.0000260.0000212.0000100.0300141.0010116.0000
14.0030 84.0001116.0000148.0000/10.0300212.00102f0.000U2f2.1201324.2000356.3000
11".0000311.0003356.0102124.0000242.1107260.0000212.0000110.0000141.0000116.000014.0000 84.0002115.00001403.0000110.0000212.0000290.0000292.1000324.0010356.0000
399. 3007398. 0000356 .1300324.0000212.0)x5263.3309 212. 3003100.0000149.003(116.3003
14.0300 14.0103116.00CC141.0000110.0003212.0000260.00002'2.0000324.0000356.0000

141.0100311.0000356.1000324.1100212.0000260.0000212.0100110.1900148.0001116.010014.3)01
0.0301 .0012 .013C .0170 .0111 .0210 .0220 .0221 .0235 .0240
.0245 .0250 .3256 .0264 .0374 .0214 .0314 .0044 .0314 .0464
.0644 .0194 .1134 .1204 .1244 .1264 .1214 .1294 .1314 .1311
.1317 .1324 .1134 .1344 .1364 .1314 .1424 .1494 .1594 .1024
.2474 .3674 .4074 .4314 .4414 .4474 .4514 .4334 .4554 .4564
.4574 .4584 .4594 .4614 .4534 .4574 .4774 .4934 .5374 .5524
.6124 .0024 .9314 .8414 .9474 .1514 .1534 .8554 .8564 .9574
.4511 .1297 .8595 .9505 .1525 .1645 .1555 .0705 .1775 .1915
.7315 .1417 .1575 .1625 .1655 .1675 .9695 .1705 .3713 .4709
.9724 .9721 .1735 .1742 .1750 .1750 .1740 .1900 .3840 .3900

1.3000
1.00(0 2.0000 3.0000 4.0000 5.0000 6.0301 7.1001 8.0300 1.3110 10.0000
11.0100 12.0200 13.0300 14.0300 15.0000 15.0000 17.0000 14.0000 11.0000 20.0000
21.0300 22.0000 23.0000 24.0000 25.010C 25.0000 27.0000 20.0000 29.0000 30.0006
'1.3000 32.0000 33.3000 14.0300 35.0300 36.0000 37.3003 38.0000 39.303C 40.3000
41.0001 42.0000 43.00E0 44.0300 45.0000 46.0000 47.0000 4".0000 .9.0000 50.0000
51.0100 52.0000 53.0000 54.0000 55.0000 56.0000 57.0000 51.0000 59.0000 60.0000
51.0000 62.0000 52.2060 54.1000 55.1101 66.0100 67.0001 58.0000 69.0011 71.1001
71.0003 72.0003 73.0000 74.0000 75.1000 76.0000 77.0000 78.0000 79.0000 90.0000
11.0000 12.00(0 93.0000 94.0000 "5.1311 96.0000 97.0000 90.0000 19.0000 40.0000
91.0001 02.0000 93.0000 14.0100 15.0301 46.0000 17.1010 18.0200 99.000C130.0000

101.0000

C-10 Input Data for Layout (2)

,11,

.11
MINI111,
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122

0.0009 1.0000 1.0o0o 1.0000 toaoa 1.o0a0 1.0000 1.0000 1.0000 1.00o0
1.0000 1 . 00 00 1 . 0 06 0 2 . 00 0 0 2 . 00 0 0 2 . 0 00 0 2 . 0 0 00 2 . 0 00 0 2 . 0 00 0 2. 0 00 02.0000 2 . 0 0 00 2 . 00 0 2. 0 00 0 2 .0 3 30 3 .0 0 00 3 .0 00 0 3 . 0 00 0 3 .0 CO 0 3. 0 00 0
3 . 0 00 0 3 . 0 0 GC 3 . 0 00 0 3 .00 0 0 3 .00 00 3 .00 00 3.0(00 4 . 3000 4 . 0 006 4. 3 00 04.0000 4.03CC 4. 0 OGC 4.0000 4.0000 4.0000 4 .0 000 4 .0 00 0 4.0000 5 . 01100
5 . 00 C 0 5 . 0 0 C 0 5 . 000 5.0000 5 .0 0 00 5 . 00 0 0 5 .0 00 0 5 . 0 100 5 .0 00 0 5 . 0 00 05 . 0 JO 0 6 . 00 00 6. 0 C 0 0 6 . 0 0 0 0 6 .0 00 r 6 . 0 001 6. 3 00 0 6 . 3 CG 0 6 . 0 CO 0 6.00006 .0 10 0 6.0006 6 .0 3C 7 . 0000 7 .01 00 7 . 0000 7 . 0 00 7 . 0 000 7 .0 00 0 7. 0 00 07 . 000 0 7 . 0 0 0 0 7. 0 00 0 7 . 000 0 7 .000 0 5.0000 8 . 0 0 01 8.0000 8.0606 8. 000 08.0000 I. 0 0 GC 8. 0 60 0 8 . 0000 0. 000 0 5.0000 01.0 00 0 5. 010 0 0.0000 8. 0 00 0
. 000 0

0.0000 5.0000 5.0000 3.0000 3.0001 1.1107 1.0000 -1.3000 -1.0(06 -3.0100
-3.0000 -5.0000 -5.0000 -5.0000 -5.0021 -3.0000 -3.0000 -1.0000 -1.0000 1.00001.0000 3.0000 0.0000 5.0000 5.1100 5.0000 5.0000 3.0000 3.0006 1.00001.0000 -1.0000 -1.3000 -3.0000 -3.0301 -5.0000 -5.0300 -5.0000 -5.0000 -3.0000-3.0000 -1.0300 -1.0000 1.0000 1.1100 1.0000 3.0000 s.0e00 5.0000 5.00005.0000 3.0000 3.1000 1.3060 1.0100 -1.0OCJ -1.0000 -3.060C -3.3000 -5.0000
- 5.0000 -5.0000 -5.3161 -7.3000 -0.1310 -1.002C -1.1050 1.0(00 0.0001 3.1000
3.0060 5.0000 5.0060 5.0300 5.1000 3.0000 3.0000 1.0000 1.0000 -1.0000

-1.0000 -3.0440 -7.0000 -5.0000 -5.1000 -5.0000 -5.0000 -4.0000 -4.000C -2.0000
-2.0000 -1.0003 -1.0060 ..0000 1.1001 2.0000 2.0000 4.0000 4.0000 5.00005.0000

232.0000210.000021S.0000210.000)210.0001210.0000210.0000210.3000210.000G210.0000
210.1030210.0G00210.3000110.0000112.0300102.0000102.3000112.0003182.0000182.0000
102.00001A2.00001,2.0000112.0000102.0000154.0000154.0000154.0000054.0000154.0000
154.0000t54.0000154.0060154.0000154.0000154.0000154.0000126.0000126.0000126.0000
126.0000126.0000126.0000125.0003126.0000126.0000126.0000126.0000126.0000 96.0000
95.0000 901.0600 98.0000 90.0300 98.0000 98.0000 98.0000 18.0000 98.0000 94.0000
101.0000 70.0000 70.0000 70.0300 70.0000 70.0000 70.0000 70.0000 70.000C 70.0300
70.0000 70.0000 70.0000 42.0000 42.0000 42.0000 42.0000 42.0000 42.0000 42.0000
42.0000 42.0000 42.0060 42.0000 42.1000 14.0000 14.0000 14.0000 14.0000 14.0000
14.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.000014.0000

212.0000350.0000380.0000312.00003t2.0000240.0000243.000oteo.ocooloo.amatz.3000
112.0000 48.0000 48.0000 46.0000 41.0000112.0000112.0000180.0000180.0000240.0000

240.0000312.0000312.0000380.00003010.0000110.0000380.0000312.0000312.0000240.0000
240.0000100.0000100.0000112.0000112.0000 48.0000 48.0000 4.8.0000 48.0000112.0000
112 . 0000180 . 00 0 01010. 0 00 02 40 . 00 00 2 40 .00 00312. 0300 3tz. o a o . ago as no .loo c3 90. 0 000

380.00G1312.0000312.0000240.0000240.0000180.0000180.0000112.0000112.0000 48.0000
48.0000 48.0000 48.0000112.0000112.0000180.0000140.0000240.0000240.0000312.0000

112.0000050.0000310.00003010.0000380.000C312.0030312.0000240.0000240.0000180.0000
190.0100112.0000112.0000 48.0000 48.0000 48.0000 48.0000 88.0000 88.0000136.0000
136.0000150.0000180.0000240.0000240.0000284.00002418.0000336.0000336.0000340.0000340.0000

0.00(6 .1103 .1750 .1590 .2030 .2070 .2110 .2160 .2200 .2380.2560 .30160 .5060 .5610 .501e .5110 .6190 .6210 .6230 .6250
.6270 .6350 .6430 .6530 .7180 .7420 .7660 .7720 .7770 .7790
.7810 .7830 .7850 .7910 .7970 .5260 .8500 .01600 .8700 .8740.6750 .8790 .0600 .8810 .4420 .8850 Anna .8980 .9000 .9140 017:
.9200 .9220 .0240 .9248 .1256 .9264 .9272 .9292 .1312 .1382
.9452 .1492 .9532 .9552 .9562 .1570 .1577 .1584 .3591 .9501 U-.9611 .1651 .9691 .9711 .7731 .9741 .9751 .9757 .9752 .9744
.9774 .9744 .3794 .9414 .9834 .9454 .7674 .9404 .3894 .9901.9905 .9913 .9915 .9923 .1928 .9934 .9940 .9160 .9960 .7980

1.0000
1.0900 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000 0.3006 9.0000 10.0000
11.0000 12.0006 13.0600 14.0000 15.0000 16.0000 17.0000 18.0100 19.0000 20.0000
21.0000 22.0000 23.3000 24.0000 25.0000 26.0100 27.0000 28.0000 29.0600 30.0000
71.0000 32.0000 33.0000 34.0000 35.0000 36.0000 37.0000 38.0000 39.00)0 40.0300

C/)

-J

41.0000 42.0000 43.3600 44.0000 45.0000 46.0000 47.0000 48.0000 45.0000 50.0000
51.0000 52.0000 53.0000 54.0000 55.0000 55.0000 57.0000 58.0000 59.3000 60.0000
61.0000 62.0000 63.0000 64.0000 65.0000 66.0000 67.0000 68.3000 69.000C 70.0000
71.0000 72.0060 23.0000 74.0000 75.0000 76.0000 77.0000 78.0060 79.0000 80.0000
81.0000 02.0000 53.0000 04.0000 55.0000 46.0000 87.0600 88.0000 89.0030 90.0000
91.0000 12.0000 91.0000 94.0000 35.0001 96.0303 97.0000 98.0131 3.4.0306130.0000
101.0000

C-11 Input Data for Layout (3)



0.0000 1.0000 1.0000 1.0000 1.0000 1 .0000 1.0000 1.0000 1.0000 2.0000

2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 3.0000 3.0000 3.0000

3.0000 3.0000 3.0000 3.30E0 3.0000 4.0000 4.0000 4.0000 4.0000 4.0000
4.0000 4.0000 4.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.3000 5.0000
5.0000 6.0000 6.0000 5.0000 6.0000 6.0000 6.1030 6.01LO 6.3000 7.3007
7.0000 7.0000 7.0000 7.3000 7.0000 7.0000 7.0000 8.0000 8.3000 5.0000
5.0000 5.0000 5.0000 8.9000 P.3010 9.0000 9.0031 9.0300 9.0000 9.0000
9.0000 9.0000 9.0000 10.3000 10.1103 11.1010 10.0000 10.0000 :0.0030 10.0700
10.0000 11.0000 11.3000 11.0300 11.0000 11.0000 11.0001 11.0000 11.0030 12.0000
12.0000 12.0000 12.0000 12.0000 12.0301 12.0000 12.0000 13.0300 13.0030 13.0000
13.0000
0.0060 3.0000 1.0000 1.0100 1.0000 -1.0000 -1.0000 -3.0000 -3.0000 -3.0(00
-3.0000 -1.0000 -1.0000 1.0003 1.0000 3.0000 3.3030 3.0000 3.0010 1.0300
1.0000 -1.0000 -1.0000 -3.0000 -3.000) -3.0000 - 3.0000 -1.0000 -1.0000 1.3107
1.0000 3.0000 3.0000 3.0000 3.3000 1.0000 1.0000 -1.0000 -1.0000 -3.0000
-3.0000 -3.0000 -3.0000 -1.0300 -1.0000 1.000: 1.0000 3.0000 3.0000 3.3000
3.0000 1.0001 1.0000 -1.0000 -1.0001 -3.0007 -3.0000 -3.0003 - 3.0(10 - 1.000)
-1.0000 1.0000 1.00(3 3.3000 3.0001 1.0100 3.3100 1.0030 1.0010 -1.0000
-1.0000 -3.0001 -3.0000 -3.0300 -1.1001 -1.0000 -1.300 1.0600 1.3000 3.3060

3.0000 3.0000 3.0000 1.9300 1.0000 -1.0000 -1.0000 -3.0600 -3.0030 -3.0000
-3.0000 -1.0000 -1.3000 1.0000 1.0000 3.0000 3.0000 2.0000 2.0000 -2.0000
-2.0000
48.0000 70.0000 70.0000 70.0000 70.0000 70.0000 70.0000 70.0000 70.0000 38.0000
98.0000 95.0000 95.0000 14.0000 18.0000 98.0000 18.0000126.0000126.0000126.0000
1.26.0000126.0000126.0000126.0000126.0000154.0000154.000W4.3000054.0000154.0000
154.0000154.0000154.0000112.0000152.0000182.0000112.000)102.3100182.4000142.0000
142.0000210.0000210.3000210.0300210.1000210.0000210.0000210.1000210.0010238.0000
238.0000035.0000235.0000238.0000215.0000238.0000235.10002(6.0000266.0000266.001.3
266.0000266.0000266.3000266.0000266.0000294.0000294.0001294.3100214.0030214.0000
294.0000294.000:294.3000322.0000 122.0000322.0000322.0000322.0000322.0000322.0000
122.0300350.0000350.0000350.0000350.0001350.0000150.0000350.0000350.000(378.0000
078.0000375.0000375.0000375.0000370.0000378.0003178.0000406.0100406.0300406.0000
406.0000
140.0000236.0000236.0000072.0000172.0000109.0000108.0001 44.3000 44.0000 44.0000
44.00001.08.0000105.0000172.0000172.0000216.0000236.)033236.0CL0236.0000172.1100
172.0000105.0000108.0000 44.0000 44.0000 44.0000 44.0000108.0000008.0000172.0000
172.0000236.0300236.0000236.0000236.0000172.0000172.0000108.0000108.0000 04.0000
44.0300 44.0000 44.0000108.0000105.0000172.0000172.0000236.0100236.0000236.0000
236.0000172.0000172.0000108.0000108.0000 44.0000 44.0000 44.0000 44.0000108.0000
108.0000172.0000172.0000236.0000236.0000236.0000216.0000172.0000172.0000108.0000
108.0000 44.0000 44.0000 44.0000 44.0000105.0000108.0000172.0000172.0000236.1000
236.0000236.0000236.0000172.0300172.0000108.0000108.0000 44.0000 44.0000 .4.0000
44.0000108.0000108.0000172.0000102.0000236.0000236.00002C4.0000204.0000 76.0000
76.0000
0.0000 .0650 .1750 .1990 .2030 .2210 .2390 .3590 .4810 .5290
.5540 .5040 .5020 .5100 .6080 .5580 .6933 .7170 .7410 .7470
.7520 .7580 .7640 .7500 .5170 .5270 .1370 .8410 .8450 .5490
.8530 .8630 .8730 .8790 .4550 .8870 .5890 .8310 .8930 .3000
.9076 .9120 .9160 .9180 .9200 .9220 .9240 .9280 .9320 .9350
.9350 .9400 .9420 .9440 .1460 .9500 .9540 .9566 .9580 .9590
.9600 .9610 .9620 .9640 .1660 .9680 .3700 .9710 .9720 .9700
.9740 .9760 .9780 .1790 .9510 .9517 .9425 .9132 .1135 .1549
.9859 .9869 .9579 .9885 .9591 .9898 .9905 .9315 .3325 .3933
.9941 .9946 .9951 .3156 .3961 .9369 .9977 .9183 .3958 .3994

1.0000
1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000 5.0000 9.0000 10.3000
11.0000 12.0000 11.0000 14.0000 15.0000 16.0000 17.0000 11.0000 19.0000 20.0000
21.0000 22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000 29.000C 30.0000
31.0000 32.0000 13.0000 34.0001 35.0000 36.0000 37.0000 31.0000 39.3000 40.0000
41.0100 42.0000 43.0000 44.0000 45.0003 46.0000 47.0070 45.0000 49.0000 50.0000
51.0000 52.0000 53.0000 54.0000 55.0000 56.0000 57.0000 55.0006 53.0000 50.3300
61.0006 62.0000 63.0000 64.0000 65.0016 66.0000 67.0000 68.0000 69.0000 70.3000
71.0000 72.0000 73.0000 74.0000 75.0000 76.0000 77.0000 78.0000 73.0000 50.0000
51.0000 52.0001 51.0000 54.0000 55.0000 56.0000 17.0000 55.0000 49.0000 33.0000
91.0060 92.0000 91.0000 04.0000 95.0000 16.0000 97.0000 95.0000 19.3000133.3100
101.0000

C-12 Input Data for Layout (4)

z

123



15.0400 1.0040 1.0030 1.0000 1.3603 1.3300 0.0000 2.0001 2.0101 2.102Z
2.0044 2.1000 2.0000 4.000G 4.4000 4.110'1 3.000, 3.400; 3.0000 5.0000
5.0900 5.0000 6.0300 6.0000 6.0000 8.0400 8.0000 10000U 7.0600 7.3005
7.0040 9.1040 9.0000 9.00L0_ 10.000Q 10.4400 10.3000 12.0101 12.3030 12.1000
11.0000 11.1900 11.0000 13.0000 13.0000 13.0011 14.0000 14.3004 14.6000 16.0030
06.0641 16.0004 15.3000 15.0000 15.4000 17.0000 17.0000 17.0003 18.0300 18.1002
18.0400 24.0000 24.0000 20.0000 13.0000 19.0000 19.0000 21.0003 21.0000 21.0003
22.0000 22.4403 22.0000 24.3000 24.4000 24.0100 23.0000 23.0904 23.0003 25.3000
25.0440 25.41130 26.0000 26.0000 26.0000 28.3000 28.0000 28.01109 27.0000 27.3000
2E.00,0_21aj3c 29.0090 29.0000 2000401 29.0004 34.0004 31.0004 30.0004 30.0000
34.0000
44.0000 43.0400 -3.0060. - 2.0000 - 2.0000 41.1000 41.0000 1.3000 1.0003 2.3000
2.0003 3.0000 3.0064 3.0000 2.0400 1.3000 - 1.0000 42.0040 43.0400 43.0000

- 2.0000 41.3000 1.0000 2.0000 3.0000 3.3000 2.0000 1.0030 - 1.0000 -2.0033
43.0040 43.0041 42.0049 - 1.0000 1.0000 2.0040 3.3000 3.0000 2.0000 1.0001
41.0040 42.0400 43.0900 - 3.0000 42.0000 - 1.0000 1.0000 2.0000 3.0000 3.0000
2.0900 1.0004 41.0000 - 2.0000 43.0000 43.0000 - 2.0000 - 1.0000 1.0004 2.0000
3.0405 3.0000 2.4004 1.0000 41.0000 - 2.0000 - 3.0000 -3.0000 42.0400 40.0040
1.0000 2.4130 3.0040 3.0000 2.0600 1.0009 41.0000 42.0000 - 3.0000 - 3.0000
42.0300 41.9000 1.0000 2.0000 3.1000 3.0000 2.0009 1.0000 4/.0000_42./000
43.0000 43.0000 - 3.0000 42.0000 41.0000 4100000 1.3000 1.0000 2.0000 3.3000
3.(10(0

210.0000496.0040406.0000406.0004406.0000406.0000406.00004060000406.0000446.0000
4ob.00004:6.000c4116.000,37e.ouoosmoomm0000m.opoc375.000,ircoommoom
350.4000354.0000350.0009350.0000350.0000322.0000322.0000322.0004322.0000322.0000
322.0000294.0004294.0000294.0000294.0000234.0000294.0000266.0&00266.0000266.0000
266.0400266.0460266.0004238.0000238.0000230.0003230.0000236.0000230.0000238.0000
gt0.1400210.00114210.0400210.0000210.3000102.0000102.0000102.0603182.0000182.0000
182.0400154.0050154.0000154.0000154.3000154.0003154.0000126.0000126.0000126.0000
126.0060124.4000126.0000 98.0000 93.0000 93.0000 98.0000 90.0000 90.0000 70.0000
74.0440 74.0030 70.0000 70.0000 70.4000 42.0000 42.0000 42.0001 42.0001 42.0000
42.0000 14.0004 14.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.0001
14.0000
28._0060_52.0090 52.0040 84.0000 84.0000116.0000116.0000168.0000168.0000208.3000
208.0000244.0043244.0400244.0004208.1003168.3000116.0000 84.0300 52.0000 52.0000
84.0000116.3003168.4000208.0000244.0000244.3000208.0000168.0003116.0000 94.1003
52.0000 52.0034 84.0004116.0000168.1000208.0400244.0001244.0000208.0401168.0000

116.0464 84.0400 52.0000 52.0000 84.1000116.0101168.0000238.0600244.0000244.0000
208.0000168.0004116.0300 84.0400 52.0000 52.0400 84.0000116.0000168.0000218.0003
244.0000244.0004238.0000168.0040116.0003 84.3303 52.0000 52.4000 04.0004116.0003
168.004.12C8.4091244.0410244.0401245.0000168.0300116.0000 84.0330 52.000, 52.3009

84.0404116.0 001168. 3010208. 030u244. 060244.000 3208. 00130168.0. 3 J116.00110 94.0000
52.0100 52.0009 52.0040 84.0044116.4004116.0041168.0000168.3300203.0000244.3044
244.0000

0.0400 .0034 .0464 .0080 .1100 .0112 .0123 .1128 .0138 .0146".
.0148 .0153 .0158 .1164 .0171 .0181 .1201 .0221 .0271 .0351
.0391 .0411 .0421 .0431 .0438 .34.6 .3456 .0476 .0516 .1516
.0726 .0966 .1466 .1126 .1146 .1166 .1176 .1186 .1240 .1246
.1346 .1586 .2136 .3336 .3736 .3316 .3976 .4916 .403E .4076
.4036 .4236 .4526 .5176 .6476 .7576 .7926 .1166 .8126 .1166
.8186 .8196 .8216 .8256 .8336 .1516 .8916 .9156 .9256 .3316
.9336 .9356 .9366 .9374 .3384 .3404 .144. .351 .9614 .0694
.1734 .9754 .9784 .9772 .4779 .3733 .3796 .i94,
.989, .941, .9934 .9150 .0963 .347. .9377 .148. .999J .3135

1.0441
1.2941 d.367C 3.030, 4.3014 3.JG.J r.000: 4.0u3u 13.1303

_4 ]309 13.1;.0 14.:004 16.1'1). 17.;Cu. 11.qt.41

21.0000 22.0490 23.0604 24.0046 24.0000 26.0323 27.0000 20.0030 23.0100 30.3000
31.0044 32.0046 33.0400 34.0000 35.0000 36.0000 37.0000 38.0033 33.0490 90.0003
41.0400 42.4004 43.0000 44.0000 45.1003 46.0031 47.0000 48.0409 43.0001 50.0000
51.0000 5210040 53.0004 54.0000 55.0000 56.0000 57.0016 58.0400 59.0003 60.0000
61.0000 62.0044 63.3000 64.0000 65.3000 66.0004 67.0003 68.0000 63.0400 70.0003
71.00100 72.0000 73.0000 74.0000 75.0000 76.0000 77.0000 78.0044 73.0000 80.0033
81.0040 82.0041 83.0000 84.0000 85.1400 86.0004 87.0000 18.3100 81.000u 40.0030
91.0040 92.0400 93.0600 94.0000 95.1000 96.1303 97.0000 98.0000 90.0000113.3000.....
101.0000

1111011.

C-13 Input Data for Layout (5)

X
u_

124



125

9.0000 1.0000 1.0000 1.0000 1.0000 1.0000 2.0000 2.0000 2.0000 2.00002.0000 4.0000 4.0000 4.0000 4.0000 4.0000 3.0000 3.0000 3.0000 3.0000
3.0000 5.0000 5.0000 5.0000 5.0000 5.0000 6.0000 6.0000 6.0000 6.0000
6.0000 8.0000 _0.0000 8.0000 8.0000 8.0000 7.0000 7.0000 7.0000 7.0000
7.0000 3.0000 9.0000 9.0000 9.0000 9.0000 10.0000 10.0000 10.0000 10.0000
10.0000 12.0000 12.0000 12.0000 12.0000 12.0000 11.0000 11.0000 11.0001 11.0000
11.0000 13.0000 13.0000 13.0000 13.0000 13.0000 14.0000 14.0000 14.0000 14.0000
14.0000 16.0000 16.0000 16.0000 16.0000 16.0000 15.0000 15.0000 15.0000 15.0000
15.0000 17.0000 17.0000 17.0000 17.0000 17.0800 18.0000 18.0000 18.0000 18.0001
18.0000 20.0000 20.0000 20.0000 20.0000 20.0000 19.0000 19.0000 19.0000 19.0000
19.0000
-6.0000 -5.0000 -4.0000 -3.0000 -2.0000 -1.0000 1.0000 2.0000 3.0001 4.0000 .."-w
5.0000 5.0000 4.0000 3.0000 2.0000 1.0000 1.0000 - 2.0000 -3.0000 -4.0000
-5.0000 -5.0000 -4.0000 -3.0000 -2.0000 -1.0000 1.0000 2.0000 3.0000 4.0000
5.0000 5.0000 4.0000 3.0000 2.0000 1.0000 -1.0000 -2.0000 -3.1(08 -4.0008
-5.0000 -5.0000 -4.0000 - 3.0000 -2.0000 -1.0000 1.0000 2.0000 3.0000 4.0000
5.0000 5.0000 4.0000 3.0000 2.0000 1.0000 -1.0000 -2.0000 -3.0000 -4.0000
-5.0000 -5.0000 -4.0000 -3.0000 -2.0000 -1.0000 1.0000 2.0001 3.0008 4.0000
5.0000 5.0000 4.0000 3.0000 2.0000 1.0000 1.0000 -2.0000 -3.0(00 -4.0000
-5.0000 -5.0000 -4.0000 -3.0000 -2.0000 -1.0000 1.0000 2.0000 3.0080 4.0000
5.0000 5.0000 4.0000 3.0000 2.0000 1.0000 -1.0000 -2.0000 -3.0081 -4.0000
-5.0000

140.0000266.0000266.0000266.0000266.0000266.0000266.0000266.0000266.0000266.0000
266.0000238.0400236.0000238.0000236.0000238.0100238.0000238.0000238.0010236.0000
238.0000210.0000210.0000210.0000210.0000210.0000210.0000210.0000210.0001210.0011
210.0000182.0000182.0000102.0000182.0000182.0000182.0000102.0000182.0880182.0000
182.0000154.0000154.0000154.0000154.0000154.8000154.0000154.0000104.0000154.8008
154.00001/26.0000126.0000126.0000126.0000126.00001 26.1000126.0000126.0111126.1C00
126.0000 98.0000 90.0000 90.0000 98.0000 98.0000 98.0000 98.0000 38.0000 98.0000
98.0000 70.0000 70.0000 70.0000 70.0000 70.0000 70.0000 70.0000 70.0000 70.0000
70.0000 42.0000 42.0000 42.0000 42.0000 42.0000 42.0000 42.0000 42.0001 42.0001
42.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.0000 14.0080
14.0000
60.0000 84.0000116.00001A8.0000180.0000212.0000260.0000292.0000324.0000356.0000
168.0000188.0000356.0000324.0000292.0000260.0000212.0000180.0000148.0000116.0000
84.0000 04.0000116.0000148.0000180.0000212.0000260.0000292.0000324.0000356.0001
380.0000388.0000356.0000324.0000292.0000260.0000212.0000100.0800140.0100116.0001
84.0000 84.0000116.0000148.0000180.0000212.0000260.000022.0000324.0000356.0000
388.0000388.0000356.0000324.0000292.0000260.0000212.0000100.0000148.0000116.0010
84.0000 84.0000116.0000148.0000180.0000212.0000260.00002!2.0000324.0000356.0000
368.0000388.0000356.0000324.0000292.0000260.0000212.0000180.0000148.0000116.0000
84.0000 84.0000116.0000148.0000180.0000212.0000260.0001212.0000324.0000356.0000

386.0000386.0000356.0000324.0000292.0000260.0000212.0000180.0000148.0000/16.0000
84.0000
0.0000 .0080 .0130 .0170 .0190 .0210 .0220 .0228 .0235 .0240
.0245 .0250 .0256 .0264 .0274 .0294 .0314 .0344 .0384 .0464
.0644 .0994 .1134 .1204 .1244 .1264 .1284 .1294 .1304 .1311
.1317 .1324 .1334 .1344 .1364 .1384 .1424 .1484 .1584 .1824
.2474 .3674 .4074 .4314 .4414 .4474 .4514 .4534 .4554 .4564
.4574 .4584 .4594 .4614 .4634 .4674 .4734 .4834 .5074 .5624
.6924 .8024 .8314 .8414 .4474 .8514 .8534 .8554 .0564 .8574 LL
.8501 .8587 .4595 .8605 .8625 .8645 .8665 .0705 .8775 .8915
.9315 .9495 .9575 .9625 .9655 .9675 .9695 .9705 .9713 .9719
.9724 .9729 .9735 .9742 .1750 .9760 .9750 .9600 .9040

1.0000

-J

1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000 8.0000 9.0000 10.0000
11.0000 12.0000 13.0000 14.0000 15.0000 16.0000 17.0000 18.0000 19.0000 20.0000

21.0000 22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000 29.0000 30.0000
31.0000 32.0000 33.0000 34.0000 mom 36.0000 37.0000 38.0000 39.0000 40.0000
41.0000 42.0000 43.0000 44.0000 45.0000 46.0000 47.0000 48.0100 49.0001 50.0(00
51.0000 52.0000 53.0000 54.0000 mom 56.0000 57.0000 58.0000 59.0000 60.0000
61.0000 62.0000 63.0000 64.0000 65.0010 66.0000 67.0000 68.0000 69.0000 70.0000
71.0000 72.0000 73.0000 74.0000 75.0000 76.0000 77.0000 78.0000 79.0000 80.0000
81.0000 82.0000 83.0000 84.0000 85.0000 86.0000 87.0000 88.0000 89.0000 90.0000
91.0000 92.0000 93.0000 94.0000 95.0000 96.0000 97.0000 98.0000 99.1000100.0000--
/01.0000

C-14 Input Data for Layout (6)



0.00;4' 1.0004 1.0000 1.0000
2.0400 2.0000 2.0000 4.0000
3.0000 3.0010 3.0460 3.0000

- -5.4444--4.4444---6.44.14--6.31444
8.0000 6.0000 8.4004 7.0000
9.0000 9.0000 9.0000 9.0000
10.00U4 12.0440 12.0000 12.0000
/1.0000 11.0000 11.0.00 13.0000
14.0004 14.0404 14.C404 14.0000

---16.1100.-11. 1141.--16-,CL-nn c. IX 0
15.0000
3.0000 5.0000

- 3.0040 -5.0000
1.040u 3.0300
1.0000 -1.0000

4.1108

5.0000 S.0040
-5.0030 - 5.3406
3.4000 5.0000

-1.0000 -.3.4601,
-2.0000 -1.0000

1.0000 1.4004 1.0001 2.00004.0040 4.0000 4.0000 4.1100
3.0000 5.0000 5.0000 5.0000
4 1444__4.13111.-J6..1000.--4 _004.(3
7.3000 7.3104 7.0000 7.0000
1.0000 14.0044 10.0000 10.0044
12.4003 12.00)0 12.0000 11.0000
13.0300 13.0343 13.0060 13.0000
14.0000 16.3333 16.0030 16.4000
1s-aLla_15.02133_15...10111_a5.allia_

2.0000 2.1000
4.0000 3.0004
5.0010 5.4000
4-11.74.1___J3114.11

7.0040 4.0001
13.0001 10.1000
11.0003 11.0003
13.0000 14.0033
16.0000. 16.3430
15_040.4 15_033.3_

5.0000 3.4000 3..1000 1.0040 1.0000 -1.0000 - 1.CCGC
-5.4000 -5.0000 -5.0003 -3.1031 -3.0003 -1.3000 -1.0400
3.0000 5.0000 5.0000 5.3300 5.0004 3.0003 3.0000
-1.0000 -3.0000 -3.0000 -5.0404 -5.0000 -5.0000 - 5.0003

1-11001 4.ac4111

3.0000 1.0000 1.3000 -1.0340 -1.0000 -3.0000'-3.0000
-5.0000 -3.0000 -3.1000 -1.0000 -1.0000 1.000C 1.00445.0400 5.0000 5.0000 3.0040 3.0000 1.4000 1.0000
-3.0000 -5.0000 -5.0000 -5.0000 -5.0000 -4.3000 -4.0000
-1.0000 1.0000 1.4000 2.0000 2.000G 4.0000 4.0000

-3.3003
1.3003
1.0000
-3.0000
5.0.00.0_

-5.1000
3.4003
-1.0330
-2.3000
5.0000

232.0004214.000210.0000213.0000213.0003210.0300210.00002L0.0000210.00a3210.0000
210.3004214.0040210.4000182.0000182.0000182.0000182.0000182.0000182.0000152.0000
182.040014c.4040192.3000182.0000182.4000/54.0003154.0040154.0000154.0000154.4003
154.0000154.0300154.0000154.0000i54.3000154.0300154.0003i26.3000126.0000126.3003
126.0004126.0034126.4000126.0000126.0000126.0300/26.0000/26.3000126.0004 98.0040
9800110_48.4001._184100 98-8000 98-01100 98.00,111_91641110_30.10aa_98.1000 38.0000
95.0000 70.0000 70.3004 70.0000 70.0000 70.0303 70.0000 70.0000 70.0000 70.3000
70.0600 71.0000 70.3000 42.0000 42.0000 42.0000 42.0000 42.0000 42.0000 42.3000
42.0004 42.0300 42.0000 42.0030 42.4000 14.0000 14.0000 14.000J 14.0004 14.3001
14.0300 14.0401 14.3000 14.0000 14.3000 14.0040 14.0000 14.0000 14.0004 14.0000

11111M.,

14.0044 mom.
2U54000.0376.41111C376.111105312.55053t7.10.

2411.6212.112.414.004101/2.001141t2c0la013141.01.1104.0000 44.0030 44.0400 44.0000 44.4003104.5001104.0000172.0400172.0003240.2040
240.0040314.0000312.440:1376.0000376.0404376.0003376.0000312.0040312.0000240.0003
240. 0664112 .6436172.0000104.0006104. 0000 44.0000 44.0000 44.0000 44.4003114.0003
104.0440172.0000172.0000240.0000240.0000312.0400312.0000376.0030376.0000376.3000
376.0000312.0001312.0000240.0004240.0000172.4J01172.0000104.0004104.0004 44.4400
_A4.1001 _44.40.11i0 44.2.0atak.a2111114_,11110112...1109171A000021Calila.43.0411211l.lia
312.0160376. 0400376 .0000376.0000376.4004312. 0000312. 0000244.0000240.0400172.0000
172.00401C4.0031104.4000 44.17000 44.0000 4...0000 44.0000 80.0000 50.0000124.0000
128.00000k.00OG172.0000240.0000243.4000288.0003218.0000336.0000336.000,4176.0011376.0000
0.0400 .0450 .0090 .0270 .4410 .1713 .2810 .4010 .4660 .4440

.6960 .7060 .7146 .7166 .7140 .7200 .7220 .7290 .7340 .7130

.7870 .8110 .8350 .5410 .9460 .8483 .4500 .5514 .852J .156).8590 .864C .3790 .4490 .3993 .303) .1060 .9070 .9084 .3088

.9096 .1116 .1136 .9206 .3266 .3336 .1396 .416 .1436 .4444

.9452 .9.59 .9466 .9476 .3486 .1526 .3566 .36,36 .3646 .4666
_06/6_ .3684____._9691___..3617_.....371_3_,3713_ .4723_ .9743 .9763_._..37.33

.9803 .1813 .9823 .9429 .4834 .3839 .4444 .1451 .1457 .4167

.9877 .9897 .9917 .1937 .3957 .3457 .9177 .991E. .9944 .414F
1.0400
1.3000 2.0004 3.0414 4.303,3 0.0603 6.3;0,- 4.43 1.4.J00C

1:.0C40 14.0C14 15.4 .JOJ 16. 17.J:Jr
21.0060 23.0000 23.0340 24.0006 25.1000 26.0000 27.0104 28.4030 24.0044 30.1433
31.0004 3,.0000 33.0300 34.0000 35.4000 36-3300 37.3004 34.0003 39.0006 .0.3040
41.03E0 44.0334 43.0064 44.0000 45.0000 46.0000 47.3000 48.3000 41.0000 50.3003

_51. 00013__5.c..100.10_53_4_05.11-0-54.-La1i1111_33_. 1110.0_11/.101La 3.3 04IJ_55.0000 513 3 991
61.0003 64.0400 63.3000 64.0000 65.3000 66.3303 67.0006 61.0004 69.0060 10.4003
71.0004 74.0)00 73.0000 74.0000 75.4000 76.4404 77.0000 78.0000 71.0004 40.3000
81.0000 12.1106 83.0050 84.0000 85.0000 86.0000 87.0000 84.0000
91.0040 94.0000 93.0040 94.0000 95.0000 96.0400 97.0000 48.3000
101.0000

11111111

13.0000 10.4003
19.000J110.0010.

C-15 Input Data for Layout (7)

-J
C',

-J

z
X

126



0.0000 2.0000 2.0000 2.0000 2.0000 1.0000 1.0000 1.0000 1.0000 3.00003.0000 3.0000 3.0000 4.0000 4.0000 4.0000 4.0000 6.0000 6.0000 6.00006.0000 5.0000 5.0000 5.0000 5.0000 7.0000 7.0000 7.0000 2.0000 e.0coo8.0000 8.0000 8.0000 10.0000 10.0000 10.0000 10.0000 9.0000 9.0000 9.04009.0000 11.0000 11.0060 11.0000 11.0000 12.0000 12.0000 12.0300 12.040C 14.0000
14.0000 14.0000 14.0000 13.0000 13.0000 13.0000 13.0000 15.0600 65.0600 15.0000
15.0000 16.0000 16.0000 16.0000 16.0006 14.0006 18.0006 14.0000 16.6060 12.6000
12.0300 17.0000 17.0000 19.0000 19.0000 19.0000 19.0000 20.0000 20.0000 20.0000
20.0000 22.0000 22.0000 22.0000 22.0000 21.0000 21.0000 21.0000 21.0000 23.0000
23.0000 23.0000 23.0000 24.0000 24.0000 24.0000 24.0000 26.0000 26.0000 25.0000-15. 0-000

=mom.0.0000 3.0000 3.0000 1.0000 1.0000 - 1.0000 - 1.0000 - 3.0000 3.0001 -3.0600-3.0000 -1.0000 -1.3000 1.0000 1.0000 3.0000 3.o006 3.0000 3.0000 1.00001.0000 -1.0000 -1.0000 -3.0000 - 3.0000 - 3.0000 - 3.0000 - 1.0000 - 1.0000 1.00001.0000 3.0000 3.0000 3.0006 L0000 1.o00o 1.0000 -1.0600 -1.0000 3.0000..3.0000 3.0000 - 3.0000 1.0000 - 1.0000 1.0000 1.0000 3.0000 3.0000 3.00003.15006--i:Ii00 1.0000 -1.0000 - 1.0000 - 3.0000 - 3.0000 .3.6000 -.3.0001 1.0004
1.0000 1.0000 1.0000 3.0000 3.0000 3.0000 3.0000 1.0000 1.0000 - 1.0000

..4.0000 1.0001 3.0000 - 3.0000 -- 3.0000 - 1.0000 - 1.0000 1.0001 1.0000 3.00001.0000 3.0000 3.0000 1.0000 1.0000 - 1.0000 - 1.0000 - 3.0000 - 3.0000 - 3.0000-3.0900 -1.0000 -1.0606 1.0606- 1.0600- 1.0000 3.0010 2.0000 2.0000 -2.00062.0000
48.0000 70.0000 70.0040 70.0000 70.0000 70.0000 70.0000 70.0000 70.0000 98.0000
98.0000 98.0000 98.0000 98.0000 98.0000 98.0000 98.0000126.0000126.0000126.0100
126.0000126.0000124.0400126.0500126.5500134.05011154.4000154.5000154.0000354.0000-
164.6000154.0000154.0000102.0000162.0000182.0000602.0000182.0000182.0600132.0000
is2.00002t0.000021.0.6004210.6060230.08002i0.0004210.0000216.0000210.0000236.0101
238.0000238.0000238.0000238.0000238.0000238.0000238.100020.0000266.0000266.0000
2b0.6000266.0000266.0000266.0000256.0000294.0000294.0000254.0000294.0000214.0060
294.0000294.0000294.0000322.0000322.0000322.0000322.0000322.0000322.000(322.0001
122.0000350.0000350.0400350.0000350.0000350.4000351.0000350.0400350.0004370.0101-
178.0000378.0000378.0000378.0000378.0000378.0000378.0000406.0000406.040C406.0000406.0000

140.0000236.0000236.0000172.0000172.0000108.0000108.0000 44.0000 44.0000 44.0000
44.0000108.0000/08.0000172.0000177.0000236.0000236.0001236.0000236.0004172.0044
172.0000108.0000108.0000 44.0000 44.0000 44.0000 44.0000108.0000108.0000172.0000
322.0000236.0000236.0000236.000021E.0000372.0000172.00001(8.5400140.606. 44.000644.0000 44.0000 44.0000108.0000108.0000172.0000172.0000236.0000236.0000236.0000

236.0000122.0000172.0000100.0000165.0101 44.0000 44.0000 44.0004 44.4404141.0040
/08.0000172.0000172.0000236.0000236.0000236.0000236.0000172.0000172.0010108.0000106.06fI-44.0000 44.0000 44.0000 44.0000108.0000108.0000172.0000172.0000236.0000
236.0000236.0000236.0000172.0000172.0000108.0000108.0000 44.0000 44.0000 44.0000
44.00001134.0020300.0000172.0000122.0000236.0000236.0000204.0000204.0000 76.000076.0000
0.0000 .0180 .0360 .1660 .2860 .3460 .4610 .4750 .4848 .4970.5050 .5450 .5800 .6350 .6750 .6850 .6930 .6990 .7050 .7340.7580 .7420 .0060 .fizo .8170 .8210 .8250 .8350 .1436 .8550.8650 .8690 .8730 .0750 .8770 .8840 .8910 .8970 .9434 .9050.9070 .9090 .1110 .9160 .1200 .1240 .3280 .9300 .3320 .1340
.9360 .9400 .9440 .9470 .9500 .9520 .9540 .9550 .9560 .9580.9600 .9620 .9640 .4650 .9660 .9670 .9680 .9700 .9720 .1740.9760 .9770 .1780 .9707 .9794 .1814 .9824 .1834 .9044 .9952
;1439 .9866 .9073 .9883 .9893 .9003 .1417--71919 .4675 .9930.9935 .9e43 .9951 .9959 .9967 .9972 .9977 .9183 .9999 .1995...m.1.0000

1.0000 2.0000 3.0000 4.0000 5.0000 6.0001 7.0300 0.0000 9.0(10 10.0000
11.0000 12.0000 13.0000 14.0000 15.0000 1602700 17.3000 10.0761 19.3COG 21.1003
21_0000 22.0010 23.0000 24.0000 25.0000 26.0640 27.0000 24.0600 29.0000 30.0000
31.0000 32.0000 33.0000 34.0000 35.0000 36.0000 37.0000 20.0000 39.0000 40.0000
41.0000 42.0000 43.0000 44.00011 45.0010 46.0000 47.0000 18.0100 49.0004 50.0003
51.0000 52.0000 53.0000 54.0000 55.0000 56.0000 57.0000 58.0000 59.0000 60.0000

63.0000 64.0000 65.0000 5.0000 67.0100 68.0004 -69.0000 70.0-00071.0000 72.0000 73.0000 74.0000 75.0000 76.0000 77.0000 78.0000 79.0000 40.0600
61.0000 62.0010 63.4600 84.4000 85.0000 86.0000 87.0000 06.0000 69.0000 40.0000
91.0000 92.0000 93.0000 94.0000 95.0000 96.0000 97.0000 98.0000 99.0000100.0000101.0000

C-16 Input Data for Layout (8)
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ENTRY 1 0.

*GASP FILE STORAGE AREA DUMP AT TIME 0.

MAXIMUM NUMBER OF ENTRIES IN FILE STORAGE AREA = E

PRINTOUT OF FILE NUMBER I

= O.
°rain= 0.

FILE CONTENTS
61000E.01 0.

ENTRY 2 = O. .1000E*01 0.

0.

0.

PRINTOUT OF FILE NUMBER 2
TNOW = O.
win= 0.

THE FILE-IS EMPTY

PRINTCUT OF FILE NUMBER 3
TNON = 04
norIm= 0.

THE FILE IS EMPTY

PRINTCUT OF FILE NUMBER 4
TNOW = O.
MIMI=

THE FILE IS EMPTY

.1000E40i O.

.2000E+01 O.

C -1 7 Typical File Storage Area at Time Zero



PRINTCUT OF FILE NUMBER 5

TNOW-41--01
ICITIM= 0.

PRINTCUT OF FILE NUMBER 10
TNON * 0.
aqTIM= 0.

THE FILE IS EMPTY THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER
TNON = 0.
MIN= 0.

PRINTOUT OF FILE NUMBER 11
TNOW = 0.
(SWIM= 0.

THE FILE IS EMPTY THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 7

TNON 2 0.
(MUM= 0.

PRINTCUT OF FILE NUMBER 12
THOU = 0.
gOTIM= 0.

THE FILE IS EMPTY THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 4

TNON =
(MIN= 0.

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER
It,OW = 0.
gOTIM= 0.

THE FILE IS EMPTY

C-17 (Continued)

PRINTOUT OF FILE NUMBER 13
THOM = 0.
99T4P*--0.

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 14
THOU-. -Ow

[MUM= 0.

THE FILE IS EMPTY



GRIN TOUT- OF- F IlENUMBER 15
T NON = 0.
QOT IM= 0.

PRINTOUT OF FILE NUMBER 20
T NON = 0.
OOT Ma 0.

THE FILE IS EMPTY THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 16
TNOW = O.
OOT IM= 0.

PRINT OUT OF FILE NUMBER 21
THOR z 0.
OOT IN= 0.

THE FILE IS EMPTY THE FILE IS EMPTY

PRINT CUT OF FILE NUMBER 17
T NOM = 0.
gQTIM= 0.

PRIM TCUT OF FILE NUMBER 22
T NON = 0.
OOT

THE FILE IS EMPTY
THE FILE IS EMPTY

PRINT OUT OF FILE NUMBER -1M PRINT CUT OF FILE NUMBER 23T NON = 0. THOM z S.-
IM= 0.

QQTIM= 0.

THE FILE IS EMPTY THE FILE IS EMPTY

PRINT CUT OF FILE NUMBER 19
T NON = 0.
wain= O.

THE FILE IS EMPTY

C-17 (Continued)

PRIM TOUT OF FILE NUMBER 24-
T NON = 0.
CIOT IM= 0.

THE FILE IS EMPTY

8



PRINTOUT OF FILE NUMBER 25
TNOW 2 O.
WIT IM2 0.

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 26
T NOw = 0.

OOT IM= 0.

PRINTOUT OF FILE NUMBER 30
THOM 2 Oa
CHITIN= 0.

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 31
?NOM = 0.

ew

THE FILE IS EMPTY THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER ??
TNOW = 0.

QQTIM= 0.

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 28
T NOW = 0.
QQTIM= 0.

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 29
THOM = 0.

MIN= 0.

THE FILE IS EMPTY

C-17 (Continued)

PRINTOUT OF FILE NUMBER 32
T NOM 8.
CITIN= 0.

THE FILE IS EMPTY

----PRINTOUT OF FILE NUMBER 33
THOM = 0.
QQTIM= a.

THE FILE IS EMPTY



*GASP FILE STORAGE AREA DUMP AT TIME .3000E+04.

MAXIMUM NUMBER OF ENTRIES IN FILE STORAGE AREA = 32

PRINTOUT OF FILE NUMBER
TNOW = .3000E+04
OOTIM= .3000E+04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBER IN FILE 2.0775
STANDARD DEVIATION .3737
MAXIMUM NUMBER IN FILE 4

FILE-CONTENTS
ENTRY 1 = .3000E+04 .1000E+01 .6800E+02 .5000E+01 .2000E+01 .1000E+02

ENTRY 2 = .3002E+04 .1000E+01 .5400E+02 .9000E+01 .1000E+01 .0000E+01

C-18 Typical File Storage Area at Time 3,000



ENTRY 1

PRINTOUT OF FILE NUMBER 2
TNCW .3000E+04
WHIM= .3000E+04

TIME PERIOD FOR STATISTICS .3000E+04
2. 7882

= .2967E+04

A VER A fi'E-P+UM E ft -F IL E

STANDARD DEVIATION
MAXIMUM NUMBEF IN FILE

FILE CONTENTS
.1000E+01 .5500E+02

3.5276
18

.4000E+01 .1000E+01 .6000E+01

ENTRY 2 = .2987E+04 .1000E+01 .5600E+02 .5100E+01 .1000E+01 .9000E+01

ENTRY 3 = .2987E+04 .1000E+01 .5700E+02 .6100E+01 .1000E+01 .9000E+01

ENTRY 4 = .2987E+04 .1000E+01 .5800E+02 .9000E+01 .1000E+01 .9000E+01_

.2987E+04 .1000E+01 .6700E+02 .4000E+01 .1000E+01 .1000E+02ENTRY 5 =

ENTRY 6 = .2987E+04 .1000E+01 .8100E+02 .6600E+01 .1000E+01 .1300E+02

ENTRY 7 = .2987E+04 .1000E+01 .8900E+02 .8E00E+01 .1000E+01 .1400E+02

ENTRY 8 = .2987E+04 .1000E+01 .9500E+02 .8000E+01 .1000E401 .1500E+02

PRINTCUT OF FILE NUMBER 3
TNOM '3000E+04
OOTIM= .2919E+04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBEF IN FILE 2.5192
STANDARD DEVIATION 3.6241
MAXIMUM NUMBEF IN FILE 16

FILE CONTENTS
ENTRY 1 = .2987E+04 .1000E+01 .6900E+02 .4000E+01 .2000E+01 .1100E402

ENTRY 2 .2987E+04 .1000E+01 .7600E+02 .3E00E+01 .2000E+01 .1200E+02

C-18 (Continued)



PRINTCUT Of -FILE NUMBER 4
TNON = .3000E+04
noun= .2965E+04

TIME PERIOD FOR STATISTICS 63000E+04
AVERAGE NUMBER IN FILE .8477
-STANDARD- DEVIATION
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINTOUT Of FILE HUMBER
TRON = .3000E+04
QQTIM= .2989E+04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBER IN FILE .0357

----STANDARD DEVIATION v4855
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINTCUT OF FILE NUMBER 6
THOM = .3000E+04

.2944E,04

PRINTOUT OF CALE-NUMBER f--
TNON = .3000E+04
rAOTIM 82962E+04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBER IN FILE .0535

----STANBARO-BEVIATION
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINT CUT -OF FILE NUMBER-
TNON = .3000E+04
(MIMI, .2993E+04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBER IN FILE .0807
STANDARD -DEVIATION .2724
MAXIMUM NUMBER IN FILE

THE FILE IS EMFTY

PRINTCUT OF FILE NUMBER 9
TNOM m .3000E+04
DIDTIM= .2994E+04

TIME PERIOD FCR STATISTICS .3000E+04 TIME PERIOD FOR STATISTICS .3000E+04AVERAGE NUMBER IN FILE .0405 AVERAGE NUMBER IN FILE .0957
-----STANDARD-OEVIATION STANDARD DEVIATION .29411497t

1MAXIMUM NUMBER IN FILE MAXIMUM NUMBER IN FILE

THE FILE IS EMPTY

C-18 (Continued)

THE FILE IS EMPTY



PRINT CUT OF FILE NUMBER 10
T NON = .7000E404
OOTIM= .2997E+04

TIME PERIOD FCR STATIST ICS .3000E+04
AVERAGE NUMBER IN FILE .1445
STANDARD DEVIATION .3516
MAXIMUM NUMBER IN FILE 1

THE F ILE IS EMPTY

PRINTOUT OF FILE NUMBER 11
T NOW = .3000E404
4OTIM= .3000E404

TINE PERIOD FOR STATISTICS .3000E404
AVERAGE NUMBER IN FILE .1795
STANDARD DEVIATION .3636
MAXIMUM NUMBER IN FILE

FILE WATENT6
ENTRY 1 = .2967E+04 .1000E401 .5400E402 .9000E+01 .1000E+01 .6000E401

PRINT CUT OF FILE NUMBER 12
TRION .6000E404
OOT IM= .2997E404

TIME PERIOD FOR STATISTICS .3000E104
AVERAGE NUMBER IN FILE .1362
STANDARD DEVIATION .3452
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

C-18 (Continued)



--ENTRY 1 12919f+04

PRINTOUT OF FILE NUMBER 13
TNOW = .3000E604
OOTIM= .2999E404

TIME PERIOD FOR STATISTICS .3000E404
AVERAGE NUMBER IN FILE .1081
STANDARD DEVIATION .3105
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINTCUT OF FILE NUMOER 14

TNOW = .3000E+04
QOTIM= .2999E404

TIME PERIOD FCR STATISTICS .3000E+04
AVERAGE NUMBER IN FILE .0739
STANDARD DEVIATION .2616
MAXIMUM NUMBER IN FILE

:2000E+01
FILE CONTENTS

'6800E+02 85000E401- 12000E411 -41000E+02- -

PRINTOUT OF FILE NUMBER 15
TNOW = .3000E+04
(MT N. .2974E+04

TIME PERIOD FOR STATISTICS .3000E404
AVERAGE NUMBER IN FILE .0487
STANDARD DEVIATION .2153
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

C-18 (Continued)



PRINTOUT OF FILE NUMBER 16
TNOW = .3000E+04
e9TIM40- -.e975E+04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBER IN FILE .0335
STANDARD DEVIATION .1799
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 17
TNOW = .3000E004
419/ 2924E +04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBER IN FILE .0324
STANDARD DEVIATION .1770
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINT CUT OF FILE NUMBER 18
TNOW = .3000E+04
BITIMs, .2873E+04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBER IN FILE .0255
STANDARD DEVIATION .1576
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 19
TNOW = .3000E.0G
mit+. .235eE+04

TIME PERIOD FOR STATISTICS .3000E+04
--AVERA6E -NUMBER IN FILE egoa
STANDARD DEVIATION .0290
MAXIMUM NUMBER IN FILE 1

THE FILE IS E MPT Y

PRINTOUT OF FILE NUMBER 20
TNOW = .3000E+04
OOT IM= .2519E+04

TIME PERIOD FCR STATISTICS .3000E+04
AVERAGE NUMBER IN- FILE ---.0011----
STANDARD DEVIATION .0332
MAXIMUM NUMBER IN FILE 1

C-18 (Continued)

THE FILE IS EMPTY

PRINT CUT OF FILE NUMBER 21
TNOW 2 .3000E+04
00T IM= .1013E+04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBER-IN F r$0.3
STANDARD DEVIATION .0177
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY



PRINTOUT OF FILE NUMBER 22
T NOW 4. .3000E+04
QOTIM= .2671E+04

TIME PERIOD FOR STATIST ICS .3000E+04
AVERAGE NUMBER -IN-F ILE- -.0015
STANDARD DEVIATION .0388
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINT CUT OF FILE NUMBER 23
TNOW = .3000E +04
QCIT Pi= .2523E+04

TIME PERIOD FOR STATISTICS .3000E+04
--AVERAGE-NUMBER IN-FILE-

STANDARD DEVIATION .0564
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 24
T NOW = .3000E +04
nor Itl= .2893E+04

TIME PERron FC4 STATISTICS .3000E+04
AVERAGE NUMBER IN FILE .0048
STANDARD DEVIATION .0688
MAXIMUM NUMBER IN FILE

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 25
TNOW = .3000E+04
(MIN= .2676E +04

TIME PERIOD FOR STATISTICS .3000E +04
AVERAGE NUMBER IN FILE .0072
STANDARD DEVIATION .0846
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 26
T NOW = .3000E+04

-QUIN= .2841E+04

TIME PERIOD FOR STATISTICS .3000E404
AVERAGE NUMBER IN FILE .0124
STANDARD DEVIATION .1107
MAXIMUM NUMBER IN FILE

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 27
T FOW = .3000E+04

QUIN= .2777E+04-

TIME PERIOD FOR STATISTICS .3000E +04
AVERAGE NUMBER IN FILE .0076
STANDARD DEVIATION .0869
MAXIMUM NUMBER IN FILE 1

C-18 (Continued)

THE FILE IS EMPTY



PRINTOUT OF FILE NUMBER 2A
INCH = .3000E+04
40TIM=---.2760E+04

TIME PERIOD FOR STATIST ICS .3000E+04
AVERAGE NUMBER IN FILE .0023
STANDARD DEVIATION .0463
MAXIMUM NUMBER IN FILE

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 29
TNOW = .3000E+04
OCIT IM= .2366E04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUM4EF IN FILE .0003
STANDARD DEVIATION .0158
MAXIMUM NUHDEF IN FILE

THE FILE IS EMPTY

PRINTOUT OF FILE NUMBER 30
TNOW = .3060E+04
OriTIM= .1047E+04

TIME PERIOD FOR STATISTICS .3000E+04
AVERAGE NUMBER IN FILE :0007
STANDARD DEVIATION .0271
MAXIMUM NUMBER IN FILE 1

T PE FILE IS EMPTY

PRINTOUT OF F ILE NUMBER 31
TNOW = .3000E+04
QOT IM= .2260E+04

TIME PERIOD FOR STATISTICS .3000E04
AVERAGE- NUMBED IM FILE a sae.
STANDARD OE VIAT ION .0279
MAXIMUM NUMBER IN FILE 1

THE FILE IS EMPTY

PRINT CUT OF FILE NUMBER 32
TNOW - .3000E+04
OWN= O.

TIME PERIOD FOR STATIST ICS .3000E+04
AVERAGE NUMBER ;N ---6 Bea 11----
STANDAR() DEVIATION 0.0000
MAXIMUM NUMBER IN FILE 0

THE FILE IS EMPTY

C-18 (Continued)

PRINTOUT OF FILE NUMBER 33
TNOW = .3000E+04
DQT IM= .6477E+03

TIME PERIOD FOR STATIST ICS .3000E+04
A VERA6E NUMBER- IN FILE settee -----
STANDARD DEVIATION .0263
MAXIMUM NUMBER IN FILE 1

THE FILE IS E PFT Y



YMAX YMIN YMED AISLS VECS HMAX HMIN HMED MRL

FLI FLI FL1 ELI 1-11 FLI FL1

MI272.0000 44.111011 14160111 15.0011 2.10110 4.8C80 4.0000 0.1111

412.1000 60.0000 236.0000 10.0000 1!.0000 6.0000 ..6.0000 0.0000

412.0000 0.0000 212.0000 0.0000 2.0000 6.0000 - 6.0000 0.0000

272.0000 0.0000 140.0000 13.0000 2.0010 4.0(00 - 4.00)0 0.0000

20.00E 140.0000 30.44311 2.0013 4.0000 4.1000 0.000J___272..404

412.0000 60.0000 236.0000__20.0000 2.0000 6.0000 - 6.0000 0.1000

412..16.0C---2.0E011 ;011.0000 16.0000 20000 6.41.111___6.10GI___1.9001

272.0000 0.0000 140.0000 26.0000 2.0000 4.0(00 -4.0000 0.0000

0.0000

10.0000

10.3010

2.0040

3.08011

3,521112_

2.0000

C-19 Last Part of Input Data for all Layouts
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"31SP SUMMARY REPORT".

SIMULATION PROJECT NUMBER 1 BY V. BENMAN4U0

DATE 47-701 191Z RUN NUMBER- -1-DF----1

CURRENT TIME = .31001.04

PARAMETER
PARAMETER

SET 1 = .90001.11 .1000E401 ;2000E402 0.
SET

MEAN

.1000E001 .101011F12

',STATISTICS FOR VARIABLES BASED ON OBSERVATION,'
STD DEV SD OF MEAN CV MINIMUM MAXImuM OBS

0(1) :9361E.01 .2786E901 .2492E100 .t97rEe1e .211001.01 101011-02
0(2) .90571.01 .20531.01 .26151.00 .2894E400 .51001,01 .18101402 119TuNt1; .4728E902 .1501E102 .13401.01 .31791.611 .70001.01 .116001.02 124TUN(2) .49651.02 .16931.02 .1552E+01 .34091.00 .19001.02 .1008103 119TVT(1) .48851.01 .1596E901 .1434E400 .32631.00 .7879E40 .9152E401 124TVT(2) .49861.01

-.18611402
.15331.01 .1406E410

-T.61151E901 -----T5441E91111
.30151.08 .2861E901 .98411.11 119TPT111 ;1257E400 ----w2000(9111 .3320E12----174IPT(21 .1952E407 .69191.01 .6343E000 .35451.00 .7208E+01 .40001912 119TNT(1) .2912E400 .82771.00 .7433E-01 .2842E901 O. .48551'01 124TNT (21 .32131.00 .8808E+00 .8074E-01 .27411.11 0. .42181.01 119SVMT111 .51761.01 .17881,91 .1606E+00 .3455E910 .7079E400 .10511102 124SVNT(2) .5307E401 .1708E101 .15551.00 .3217E900 .2061E+01 .10941.82 119

----ADM's'? ---I24
pCT111 ;Z3781.02 --;7227EID1 .6410E+00 ---.73038100 ----.35001,11PCT(2) .24821.02 .7970E+01 .73861.00 .3211E000 .1006E402 .47711982 119

D-1 Results Summary Report for Layout (1)



GASP SUMMARY REPORT

SIMULATION PROJECT NUMBER 2 BY Y. BENMAHMUD

DATE 4/ 20/ 1982 RUN NUMBER 1 OF 1

CURRENT TINE = .3000E.04

PARAMETER 11.1 1 = .3.1011.11 Aa.14111111 .21101.112_
PARAMETER SET 2 =

MEAN

.4080E+81 .1001E+01

"STATISTICS FOR VARIABLES
STD DEV SD OF MEAN

.1000E+82 0.

BASED ON OBSERVATION
CV MINIMUM MAXIMUM OBS

(1(11 .9581E+01 .18891.01 .2643E+10 .3816E+00 .3080E011 .1600E+02 1198121 .967211111 .2017E+01 .2502E+80 .29121.80 .20401.01 .18801.02 119TUN111 .4836E+02 .1662E+02 .1531E+81 .3437E+00 .1700E+02 .9708E+02 118!UMW .4821E+02 .1I61IL.02 ,1382E+811 ,3113fir00 ,7808E.01 .8788E012 118TVT(11 .5186E+01 .1874E+01 .1725E+40 .3E13E+40 .1818E+01 .9667E+01 118.52_85_1+41 11795104 .1654.10 4396E .1e 1144144 .1936E+82 118
_ ___IVTli1

2PTI1N .1881E+02 .1831E+01' .62941.80 .3634E+00 .6800E+01 .3880E+02 118irPrit) .1675E +02 .61451#01 .56511.00 .32771+00 .2800g.01 .3480E+02 118(N1(11 .6856E+01 .14551E+81' .1421E+118 .2262E+41 O. .6048E+01 118114(21 .5562E+80 .1353E+81 .12141.00 24321*01 0. .7164E+01 116svbact) .56721+01 .2294E+01 .2112E+00 .3906E+00 .1818E+01 .1268E+02 1185VNT121 11_84tE*911 3107E411 1949VI4 .36081+00 .1303E+01 .1140(.02PCT411 .2468E+02 .79441+81 .73131+80 .3218E+00 .8614E+01
__iv'

.4559E+02 118Pcr121 .2459E+82 ,720E001 .6648E00 .2954E+00 .6255E+01 .4323E+02 118

D-2 Results Summary Report for Layout (2)



**ASP SUMMARY REPORT

SIMuE4TION PROJECT NUMBER 3 BY Y. BENmAmmUD

DATE 4/ 20/ 1952 RUN NUMBER 1 lE 1

CURRENT TIME = .3000E+04

PARAMETER SET 1 = .9000E+01 .1080E+41 .2000E+02 0.
PARAMETER SET 2 = .4000E+01 .1000E+01 .1000E+42 0.

MEAN
*STATISTICS FOR VARIABLES

STD DEV SD Jr MEAN
BASED ON OBSERVATION..

CV MINIMUM MAXIMUM OPS

011) .9755E+01 .2536E+01 .2521E+00 .2661E+08 .3000E+81 .1600E+12 106
0121 .9391E+01 .31,47E+01 .2946E+80 .3245E+00 .2000E4101 .1680E+82 110
TUN111 .4987E+02 .1451E+02 .1418E+01 .29701.00 .2010E+82 .9700E+42 106
TuN121 .4627E+02 .1688E+02 .1616E+01 .3647E+00 .70001.01 .9140E+02 109
IVT111 .7476E+01 .1919E+01 .1864E+04 .2567E+80 .3015E+81 .1335E+02 106
IVT121 .7494E+01 .2111E+01 .2022E+40 .2816E+00 .2970E+01 .1318E+42 109

.1958E+02 .6128E+01 .5952E+80 .3130E+00 .4000E+81 .37801.02 106
TP1121 .1800E+02 .6943E+01 .6658E400 .3457E+80 .2800E+81 .35411E+12 109ImT111 .4035E+00 .165iE.01 .1641E+84 .2102E+41 0. .7897E+41 106
TwT121 .1190E+01 .2330E+01 .2230E+00 .2009E+01 0. .1093E+02 109
SVRT111 .8280E+01 .2345E+01 .227 8E+00 .2832E+00 .3485E+01 .1348E+42 106
SV111121 .8685E+01 .28941.01 .27r2i.oe .3332E+48 .2970E+01 .1736E+02 109
PCY111 .2786E+02 .7075E+01 .6872E+40 .2c401.00 .1491E+02 .4971E+32 106PC1121 .2E69E+02 .8450E+01 .8103E+00 .3170E+40 .7233E+01 .465E*02 109

D-3 Results Summary Report for Layout (3)



GASP SUMMARY REPORT

SIMULATION PROJECT NUMBER 4 BY Y. BENMAMMUD

DATE 4i21/ 14102 RUN NUMBER 1 OF 1

CURRENT TIME a .3000E+04

PARAMETER SEI i .1111141 AJ100EE01 .2011E+82
PARAMETER SET 2 =

MEAN

.4080E+01 .1888E+01 .1000E+12 0.

STATISTICS FOR VARIABLES BASLE ON OBSERVATION
STD 0EV SD OF MEAN CV MINIMUM MAXIMUM OBS

0111 .9250E+01 .2822E+01 .2628E+00 .3851E+00 .3000E+01 .1600E+02 116
4421 .5955E+04 928014.81 4050E+88 .2017E+09 4000E+01 .1600E+02 112
TUNt10 .4673E+92 .16851,02 .1490E011 .3434E400 .1300E+02 .9700E+02 116yuNIZI .4902E+02 41593E+02 .150E+01 .31971.00 .7000E401 .9100E+02 112
1111111 .6110E+011 .1676E001 .1551E+08 .2743E+00 .1530E+01 .9227E+01 116
4VTIL1 .6163E+81 .14481..01 .1360E+10 .2336E+00 .1636E191 .1482E+41 412
11,1(11 .1825E+82 .6569E001 .6899E+08 .3599E+08 .5200E+01 .3780E+02 116
fP1121 .1958E+02 .6490E+01 .4132E+00 .3314E+00 .24001411 .3640E+02 112
INTI11 .9737E+00 .1851E.81 .1710E+00 .1901E+81 8. .0385E+01 116TW121 .6667E*** .1477E4011 .1396E+88 .2215E+01 0. .6758E+81 112
SVIIT111 .7084E+01 .2303E+01 .2138E+00 .3251E+00 .1603E+01 .1496E+02 116

____Svq121 110081_001 .18971.18 .29411+00 .163611q1 .4448E+02 __112______________26830P01
.2533E+82 .76361,011 .7190E+00 .3914E+80 .4483E+01PC1(tIb .4683E+02 116PCTIII .2641E+02 .14381**1 .7020E+00 .2816E+00 .4436E+01 .4361E+02 112

D-4 Results Summary Report for Layout (4)



,,G.;sp suNe.:RY REPORT*

SImULATICN PvCJECT Nome-ER 5 ar v. IENN:.NNUO

)ATE 4/ 20/ 1992 Rut. NutiBi. -1 OF

niRFENT TIME = .3600E.04

PARAlETER SET
PLRAIETER SET

mEAN

.9ecrfa1 .160CE+31 .2LGGE..02 3.

.40001+01 .1000E01 .100CE.02 0.

STATISTICS FCh vAg(Iikel,t! BASED ON OBSERVATION
STD 3E0 SD CF MEAN CV niNivm MAXIMUM Oes

3411 .9941E401 .2583E.JG .2634E40C .44C0i.01 .:6001.32 119
0121 .92992C1 .2794i+01 .2479E+00 .3003E+00 .2040E+01 .1000E+02 :27
fuN111 .5E17E+32 .:655E+02 .1=19E.0; .3331E.00 .1906E+02 .9700E+02 119
TU4421 .4672E+12 .1515E+42 .15441.01 .3241E+00 .706.E+01 .10042+03 127
'VT40 .4892E G1 .1432E*01 .2424+00 .206:E.01 .88192.61 119
1VT421 .4E42E+01 .1456E0I .1292k+0L .3137E+2,0 .7879E+35 .8515211 127
IPT4111 .1961EC2 .6703NO: .6144E+00 .3203E+00 .760CE*01 .3t801.02 111
tPT121 .1939E+02 .6103E+02 .3318E+00 .2800E+01 127
INT4:1 .23i8.104 .7525E+36 .6699E-31 .3246E+01 O. .4642L+C1 114
INT121 .3021E+w0 .8241t.00 .7852E-31 .2929E+01 O. 0.915E+31 127
SvwT411 .5:24E+01 .15990.11 .1466E*00 .3122E+00 .206-E01 .1145232 119
SVNT421 ..94.E+.11 .17331.02 .1543E.00 .3517L+60 .7879E+00 .11013L02 127
PCT111 .2494E+12 .7694E40: a!"57E4.4C .361117k.30 .i008t.52 .4710E.G2 1:9ocT421 .2337E0:2 .7149.11 .3154E+44 .35604..01 127

D-5 Results Summary Report for Layout (5)



*GASP SUMMARY REPORT**

SIMULATION PROJECT NUMBER 6 dY V. BENMANMUC

DATE 4/ 20/ 1902 RUN NUm9FR 1 3F 1

CURRENT TIME = .30001.04

PARAMETER SET 1 = .90001.01 ./000(1.01 .2010E+02 O.
PARAMETER SET 2 = .41100E01 .11100E.01 .1000E+02 e.

MEAN
STATISTICS FOR VARIABLES BASED ON OBSERVATION*

STD DEV SO 3F MEAN CV MINIMUM MAXIMUM OBS

0111 .9661E+01 .27/1E+01 .2519E+00 .2666E+00 .2000E401 .16001.02 121
11121 .9579E+01 .2696E.01 .2634E+00 .3025E+00 .3000E101 .16001.12 121
TUN111 .4639E+02 .15121.02 .14291.01 .32466.00 .70001.01 .69001.02 121
TUN(21 .4654E+02 .1633E.02 .1464E001 .13640.80 .17011.02 .10001.03 121
TVT111 .5009E+01 .1592E+01 .14.15E+00 .31791.00 .13031.01 .9333E.61 121
TVT121 .49141.01 .15381.01 .13)81.00 .3129100 .10191.01 .0364E.01 121
TPT111 .1903E+02 .6301E+01 .57281.00 .3311E460 .26001.01 .34801.02 121
TPT121 .1901E+02 .66201.01 .60161.00 .34821.80 .63001.01 .36001.02 121TUTU) .3616E+00 .96371,80 .0943E-01 .27201.01 O. .53391.01 121
TWT(21 .4581(.00 .11291.01 .10271.00 .2465E*01 S. .49031.01 121SVNT111 .5371E+01 .16?8E.01 .1652E+00 .34031.00 .11031.61 .10931.02 121SVNTI21 .53721.01 .1874E+01 .171141.110 .34681,011 .18151.01 .11301.62 121
PC1111 .24.0E.02 .74205..01 .67.5E.00 .3041E+00 .60736.01 .4789(.02 121PCT121 .2436E402 .7656E+01 .6352E400 .31411.80 .8613E+01 .4612E.02 121

D-6 Results Summary Report for Layout (6)



GASP SUMMARY REPORT

SIMULATION PROJECT NUMBER 7 BY V. SENmANNuO

DATE 4/ 20/ 1982 RUN NUMBER 1 OF 1

CURRENT TIME = 00001+04

pARAIELLA_ILT i =
SET 2 a

MEAN

./1111±11 .1116E.011 .2000E+02 1.

.4080E+81 .1008E+01 .1000E+02 O.

STATISTICS FOR VARIABLES BASED ON OBSERVATION
STD DEv SD OF MEAN CV MINIMUM MAXIMUM cloS

PARAMETER

OM .9576E+011 .3008(01 .2769E+00 .3141E+00 .3000E+81 .1880E+02 118
0121 .96751.41 .2092E+01 .2457E.00 .2784+00 .2000E404 .1600E+02 120
fuNflp .4844E+02 .1638E+82 .1514E+01 .3379E+88 .1700E+02 .9700E+02 117
ruN(2) .4809E+82 .1528E+82 .1401E+011 .3177E.80 .7080E401 .8900E+02 1191M11 .5451E+01 .1525E+01 .1418E+00 .2798E+00 .1955E+81 .9076E+01 117
IVT121 .5321E+01 .15001+01 .137;(.18 .28191.00 .1403E+81 .0742101 115_TPTE11 .1495E+02 .6401E+01 .6181E+08 .3443E+08 .6200E+01 .3840E+82

_____

117
IpT121 .1883E+02 .6268E+01 .5746E+00 .3329E+00 .2800(401 .3560E+82 119
foor(tO .5687E+00 .1130E+01 .1230E+88 .2139E+81 O. .6642E+01 ill
ria(2) .4592E400 .1146E01 140881.10 45841+01 I. .6309E401 119
SvNT411 .601914011 .1901E+01 .1759E+80 .3162E+00 .2379E+01 .1267E+02 117

.57141±01 .1035+01 .10014400 .3175/400 .14031+81 4055E+02_____1VIni21 ____

Inittl .2497E+02 .7692E+81 .7111E+01 .3080E+08 .9179E+81 .4688E+02
_115 _

117
PC1121 .2461E+02 .73081.01 .6699E+80 .2970E+00 .4601E+01 .4319E+02 119

D-7 Results Summary Report for Layout (7)



.GASP SUMMARY REPORT**

SIMULATION PROJECT NuMMER g BY Y. BENMAmmUD

DATE 4/ 20/ 1932 RUN NUM9ER 1 3E

;URRENT TIME .30001.04

PARAMETER SET 1 = .90110E+01 .10801.01 .21801.02 0.
PARAMETER SET 2 = .4000E +01 .10001.81 .10001.02 0.

MEAN
*STATISTICS FOR VARIABLES BASED Cm OBSERVATION*

STD OEV SD Or MEAN CV MINIMUM MAXIMU4 OBS

0(11 .9403E+01 .24361.01 .2188E400 .25911.80 .2800E1111 .115181.12 124
0121 .98471.01 .3136E.11 .29321,80 .32351.08 .30801.81 .18801.02 118
TUNI11 .47201.02 .14191,02 .1274E481 .38051.00 .72001.81 .9720E0112 124
TUN12I .1/49771.02 .1773E402 .16391.01 .35631.60 .13001.02 .1010E403 117
TVT111 .49061.01 .1419E,01 .12741.08 .28931.80 .18791.01 .86361.01 124
TVT(21 .49041.01 .13551.01 .12531.80 .27191.88 .23031.01 .86361.01 117
TPT111 .10561.02 .57191.01 .51361.00 .30781.80 .20021.81 .1810E002 124
TPT(21 .19551.02 .71291.81 .6591E.00 .3647(.80 .523111.01 .39281.82 117
Tv1(11 .35951.00 .99361'00 .8923E-01 .27641.01 0. .71151.81 124
IvT121 .55451.00 .1116E401 .1832E+00 .28121.81 G. .43941,01 117
SVNT111 .52651.01 .16971.01 .15241.08 .32231.00 .18791.01 .12401182 124
SVNT(21 .55301.01 .16061.01 .15591.00 .3045E100 .23031.01 .10381.02 117
PCT(11 .23041.02 .17061.01 .60221.10 .18121.00 .5012E0111 .46631.02 124
PCT(21 .25091.02 .81231.01 .75151.00 .3241E+00 .77261.01 .48181.82 117

D-8 Results Summary Report for Layout (8)
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