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ABSTRACT
THE IMPACTS OF VEHICLE CONTROL POLICIES
ON THE SHORT RUN COSTS OF CARRIERS:
STATE STREET TRANSITWAY,
A CASE STUDY
by
JOHN VINCENT MADDEN
A Thesis submitted to the Graduate School in partial
fulfillment of the requirements for the degree of

\ Master of Science in Transportation

\;khis thesis investigates two vehicle control policies
utilized to restrict delivery vehicles in the vicinity of down-
town shopping malls. The two policies analyzed are complete
vehicle prohibition from the mall, and time-restricted access
to the mall by delivery vehicles. Under the time-restricted
policy, delivery vehicles would be prohibited from entering
the mall during the times of peak pedestrian and transit ve-
hicle flow.

The impacts of these policies which are of prime concern
to carriers relate directly to the increased time necessary to
perform a given number of deliveries as a result of these policies.
This reduced productivity results in an increase in the short
run costs of the carriers. The proposed mall/transitway for
State Street in Chicago was selected as a case study. L

In order to measure the increased time it takes to m

deliveries under the proposed vehicle control policies, a series
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of queuing simulations were constructed. Two different methods
of making a delivery were identified in the case study. They
were the on-street or curb side deliveries, and the off-street
or alley deliveries. The control policy that prohibits entry
to the mall results in on-street deliveries being diverted to
cross-street loading zones. The effects of this were simulated.
The alley deliveries were simulated under the policy that pro-
hibited entry to the mall, and under the policy that permitted
them time-restricted entry and exit on State Street.

In almost all cases, the vehicle control policies result
in increased costs to the carriers. Alternative ways to reduce

these increased costs are discussed briefly, but not simulated.

Thesis Advisor: Mark Alan Turnquist
Assistant Professor
of Civil Engineering
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Chapter 1
INTRODUCTION AND BACKGROUND

1.1 Introductien

Most studies of .the movement of urban goods have
investigated policies to reduce the perceived social costs
of truck operation. Less attention has been given to the
costs to the carriers if these policies were implemented.
The construction of downtown shopping malls in the retail
districts of central cities requires the use of vehicle
control policies. Two of these policies are complete ve-
hicle prohibition from the mall, and time-restricted ac-
cess to the mall by delivery vehicles. The proposed mall/
transitway for State Street in Chicago was selected as a
case study to measure the costs to carriers if these pol-
icies were introduced. A surrogate for measurement of
these costs is the extent of the increase in time neces-
sary to perform deliveries under these policies. This
increase was obtained from a series of queuing simulations

of the delivery operations.

1.2 Previous Studies and Proposals
The pick up and delivery operation (PUD) is a facet

of urban goods movement (UGM) which involves the collection




of goods from several origins in the metropolitan region
for delivery to a terminal for line haul, or the distri-
bution of goods from the line haul terminal to numerous

destinations in the urban area. In some cases, the PUD

vehicle may perform the line haul function as well.

A study done by Wilbur Smith and Associates (31)
in 1969 was the first serious look at PUD operation. This
and most subsequent studies were from the viewpoint of a
public policy planner who was still amassing data, and
speculating upon possible government imposed programs to
alleviate perceived industry problems. Many of these pro-
grams have centered around implementation of a consolida-
tion concept [see, for example, Parsons (4)] or a night-
time delivery program such as Project Moondrop in London
(25). The principal concern to date has been for the re-
duction of perceived social costs of truck operation such
as congestion effects upon auto movement, noise pollution,
and aesthetic pollution. The costs to the carriers if the
proposed policies were introduced has received much less

attention.

1.3 Downtown Shopping Malls and Urban Goods Movement

An increasingly common public project that will
have an effect upon the costs of the carriers is the con-
struction of downtown shopping malls. The retail centers

of many of the cities in this country are undergoing
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stagnation or a decline in sales revenue. In an attempt
to halt and reverse this trend, some cities have proposed
that the streets of their retail centers be closed to pri-
vate vehicular traffic and returned to pedestrian use.
Provision of pedestrian amenities in these traffic-free

environments is intended ‘to :attract some of the suburban

'sales dollars back to the downtown, and spur investment

in ‘the central city. In some cases, bus or light rail
transit is permitted to remain within a right of way on
the mall.

Coincident with provision of an attractive, traf-
fic-free environment for the pedestrian, however, is the
necessity of continuing to provide goods delivery to the
retail establishments in the vicinity of the mall. Sev-
eral vehicle control policies have been proposed to main-
tain the pedestrian environment as much as possible, yet
accomplish the necessary deliveries. One of these poli-
cies involves complete vehicle prohibition from the mall.
This would have the greatest effect upon vehicles which
provide on-street deliveries to merchants, either directly
across the curb to the retailer's front door or through a
service elevator, delivery chute, or stairwell within the
sidewalk itself. These vehicles would be forced tb park
on side or cross streets and carry or hand truck goods
some distance. This policy would not seem to have a great

impact upon vehicles that deliver to retailers through a




grade-separated service tunnel beneath, unless the entry
point to either of these is from the street that is to be
designated as the mall. An example where an extensive
alleyway system, many off-street loading doors/docks, and
few curb-side deliveries permitted successful implementa-
tion of this policy of complete vehicle prohibition is
the Nicollet Mall in Minneapolis (1) (22) (40).

A second, less extreme policy is one of time-re-
stricted access to the mall by delivery vehicles. Car-
riers making curb side deliveries to buildings without
off-street facilities would be permitted entry to the
mall only during specified hours. Vehicles that must
enter an alley from the mall to make a delivery to a
building's loading door or recessed loading dock will
be permitted access across the mall during these hours
as well. Obviously, this second policy is less desir-
able from the point of view of preserving the pedestrian
environment. The nature of the downtown of many older
cities is such that their narrow alleyways and few off-
street facilities preclude complete vehicle prohibition
from the mall. In newer cities, with ordinances re-
quiring off-street facilities in all new construction,
this policy may not be as severe. Copenhagen's Strdget
is an example of operation under a policy of time-re-

stricted access (19).
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The use of either of these policies, or variations
of them, depends upon the unique physical characteristics
of the retail center of the city under consideration. As
discussed above, the implementation of either of them will
have an effect upon ‘the carriers serving the-area. .Jn an
attempt to show these effects -in terms of the increased
time it takes to make deliveries, and hence, the increase
in short run.marginal :costs to the carriers, a case study
was selected. This case study is the proposed mall/tran-

sitway for State Street in Chicago.

1.4 The Case Study Area

State Street is the major downtown retail district
of Chicago, with over $600 million in retail sales annually
(31). The construction of a mall/transitway on this street
has several objectives, including the improvement of public
transportation services to and within the downtown area,
the enhancement of the pedestrian environment on State
Street, and the stimulation of the economy of the central
area.

The transitway is to extend nine city blocks along
State Street, from Wacker Drive on the north to Congress
Parkway on the south. The location of the project in re-
lation to the rest of the downtown area is shown in figure
1.1. The existing roadway of six lanes will be narrowed

to two exclusive bus lanes, with boarding bays at the end
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Figure 1-1. Location of State Street Transitway.




7
of each block. Cross streets will remain open to general
traffic. The use of the two lanes is to be restricted to
Chicago Transit Authority (CTA) ‘buses and to emergency
vehicles with exceptions for some delivery vehicles to
be noted later. Over 2600 CTA buses use State Street
each day, with approximately 120 buses in each direction
during the peak hour. During the peak 15 minute period,
scheduled bus headways are 20 seconds. It is -anticipated
that removal of private vehicles from State Street will
reduce significantly the time for a bus to traverse these
nine blocks.

Pedestrian amenities are to include widened side-
walks, street furniture, tree planters, fountains, new
lighting fixtures, new informational signing, etc. The
reduced vehicle/pedestrian conflict on the transitway will
permit easier crossing of State Street by the pedestrian.
Removal of the delivery vehicles from State Street is one
of the prime considerations in preserving the pedestrian
environment.

The delivery of goods to this retail area is a
non-trivial problem. The Warnke and Zavattero study (42)
shows that the number of trips terminated per acre for
the Central Business District (CBD) of Chicago is the
highest in the Chicago Area Transportation Study (CATS)
eight-county region. The purpose of the thesis is to

identify the immediate impacts of the transitway project
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upon the delivery costs of the carriers serving the State

Street retail area.

Two different types of deliveries need to be dis-

tinguished from one another. These are the on-street or

curb-side deliveries, and the off-street or alleyway de-

liveries. Closure of State Street to delivery vehicles,
will affect each type of delivery in a different way.

The curb-side deliveries will be diverted to load-
ing zones on the cross streets. The Chicago Department of
Public Works (DPW) study (26) recorded data on curb-side
deliveries on the east and west sides of State Street for
the central seven of the nine blocks that comprise the
mall. The deliveries for the northern-most and the south-
ern-most blocks were not tabulated due to the insignificant
number involved or the marginal retail nature of the block.
The number observed on the west curb of State Street was
approximately four times the number observed on the east
curb. This is due primarily to the poorer alleyway sys-
tem serving the blocks west of State Street.

In general, the alleys east of State Street are
wider and run north and south; the alleys west of State
are narrow, and run east and west. Closure of State is
not likely to have a severe impact upon the alley deliv-
eries to the east of State, due to the north-south orien-
tation of the alleys and the fact that the cross streets

will remain open. In addition, the fewer curb-side




deliveries on the east side of State can be diverted to
these alleys. The DPW also recorded the numbers of vehi-
cles entering the alleys from State. All of these serve
the blocks west' of State. Again, the northern-most block
was not recorded, due to ‘the insignificant number of vehi-
cles involved. The «study area "for purposes of this thesis
is thus redefined to encompass the blocks and alleys west
of State, -between Lake on the north and Ven Buren on the

south.

1.5 Outline of the Thesis

As discussed in the introduction, the purpose of
this thesis is to measure the costs to the carriers if the
proposed vehicle control policies were introduced. Chap-
ter 2 discusses how the increased time to make a delivery
under these policies will be converted to a dollar value
through the use of labor cost figures. The theory behind
the construction of the quéuing model to measure the in-
creased time is discussed in Chapter 3. Chapter 4 de-
scribes the analysis that is necessary to determine confi-
dence intervals about estimates of the mean wait time in
the queue. These estimates are obtained from the queuing
simulations. The detailed discussion of the models for
the on-street deliveries and the results of those simula-
tions are contained in Chapter 5. Similar informatica on

the off-street deliveries is contained in Chapter 6 for
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each individual alley. Chapter 7 briefly discusses some
alternative policy and facility changes that could serve
to reduce the magnitude of the increased costs observed
in the simulation results. Chapter 8 contains the summary
and conclusion. An explanation of the notation used in
the discussions of the queuing theory and the statistical
analysis is in Appendix A. The simulation programs are

in Appendix B.




Chapter 2
OPERATING COSTS OF THE CARRIERS

2.1 Introduction

The increased time to make a delivery in the mall
area is reflected as an increase in the carrier's immed-
iate short run marginal costs. This increased time is
converted to a dollar value through use of labor cost

figures.

2.2 Cost Characteristics of the Carriers

The objective of this thesis is to ascertain the
effects on the costs of PUD carriers resulting from impo-
sition of several different operating policies for deliv-
eries to the State Street transitway.

What is occurring in the State Street area, is a
shift upward of the carrier's Short Run Marginal Cost (SRMC)
curve in figure 2-1 caused by a change in the productivity
of the factors of production, the vehicle and drivers. The
present number of deliveries made by a carrier is Q-

The imposition of a vehicle control policy will cause an
increase in the cost to make these deliveries, and the
SRMC curve will shift upward to SRMC'. The magnitude of

this shift is the difference between P3 and Pl. The

11
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difference in time to make a delivery is measurable, and
its dollar -value can be found. If the function that de-
scribes the shape of the SRMC curve were also known, the
quantity Qs that the carrier should deliver: under the
new gonditions could be found. This thesis does not
attempt the latter; what it does show is the magnitude

of the increase, from P, to P3, of the carrier's short

1
run marginal cost at the present number of deliveries

made by the carriers.

1 A S b
P

Figure 2-1. Carrier's Short Run Marginal Costs

2.3 The Carrier's Expenses

The inputs to the simplified production function
for the carrier are the number of truck-hours and the num-
ber of man-hours. It takes an amount of truck-hours and

an amount of man-hours to produce one delivery. Under
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the vehicle control policies, the amount of man-hours and
the amount of truck-hours to make one delivery is increased.
The true cost function would include, among others, both
the truck and man-hour inputs. An approximation to this
will use just the time input. In order for the carrier
to produce the same number of deliveries in the State
Street area and elsewhere he may service in the city, he
will have to increase his total fleet size. This added
capital expenditure is not accounted for in the analysis.

The Cartage Exchange of Chicago maintains, from
a data base of over 150 firms including more than 6000
vehicles, breakdowns of vehicle operating expenses and
labor cost for several different types of trucks. This
data can be used to provide a cost per hour for operation
of a driver-truck pair. Table 2-1 contains gross labor
cost calculations for an operator of a two axle truck.
Wages, benefits, taxes, etc. sum to a cost per hour
figure for a driver of $13.68 in column 1. Time and a
half for overtime, and doubleée time are shown in columns
2 and 3, respectively. The straight time cost is $547.28
for a 40 hour work week. The 40 hour assumption is valid,
since union rules (7) (17) require that an operator, once
called, be paid for the entire week.

Table 2-2 contains an analysis of vehicle operating
expenses for a 20', 24000 1b. gross weight truck. The cap-

ital investment, interest expense, other fixed expenses,
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Table 2-1
GROSS LABOR COST FOR A TWO AXLE TRUCK

No. of Holidays 9
Average Vacation Days 15
Average Misc. Off Days 6
Total Off Days in Year 30
Straight Time Hours in Day 8
Total Idle Hours in Year 240
No. of Weeks in Year 52
Straight Time Hours in‘Week 40
Gross Straight Time Hours in Year 2080
Total Idle Hours in Year 240

Actual Straight Time Hours
Worked in Year 1840

WAGE TAXES AND INSURANCE

Item % Limits Cost/Year
F.I.C.A. .0585 15300.00 895.05
State Unemployment Insurance .0270 4200.00 113.40
Federal Unemployment Insurance .0058 4200.00 24.36

Workmens Compensation Insurance.0531 Gross Wages
Manual Rate

Total Wage Tax and Insurance 1032.81
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Table 2-1 (continued)
GROSS ‘LABOR COST
Straight Extra Man
Item Time Overtime Overtime
Base Hourly Rate
7-18 % %65 7.8300 11.7450 15.6600
Cost of Living dIncrease
NONE IN 1976
Sub Total "A" 7.8300 11.7450 15.6600
Holiday Cost
8 x 9x 7.83 =°563.76 + 1840 .3064
Vacation Cost
10 x 15 x 8.62 = 1293.00 < 1840 .7027
Misc. Off Day Cost
6 x 8 x 7.83 = 375.84 + 1840 .2043
Bonus Cost
Sub Total "B" 9.0434 11.7450 15.6600
Wage Tax and Insurance
1032.81 + 1840 .5613
Health, Welfare and Pension
52.00 x 52 = 2704.00 + 1840 1.4696
Bonding Cost .0100
Chicago Head Tax 36.00 + 1840 .0195
Workman's Comp. .0531 x B .4802 .4802 4802
Safety Program and Awards
45.00 + 1840 .0244
Physical/Security Checks
75.00 = 1840 .0407
Sub Total "C" 11.6491 12.2252 16,1402
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Table 2-1 (continued)
Gross Labor Cost (continued)

Straight Extra Man
Item Time Overtime Overtime
Payroll Handling 2% <2330 .2445 .3228
Sub Total '"D" 11.8321 12.4697 16,4630
Engineering Fee 2% .2376 .2494 .3293
Sub Total "E" 12.1197 12.7191 16.7923

General Overhead and

Supervision 9%% 1.1514 1.2083 1.5953
GROSS LABOR RATE PER HOUR 13.2711 13.9274 18,3876
BI/PD Ins 2%% CARGO Ins %% .4110 .4307 .5687
TOTAL 13.6821 14.3581 18,9563

Source: Cartage Exchange of Chicago
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Table 2-2

VEHICLE OPERATING EXPENSES

17

Vehicle Cost

Total ‘Investment!

Tire § Tube Cost

Investment Less Tire § Tube Cost
Residual Value 10%

Amount to be Depreciated (5 years)

13000.00
1138.92
11861.08
1186.11
10674.97

Variable Expense Per Mile

Gasoline .56/gal. (5 MPG)
0il

Greasing

Tires § Tubes
Maintenance § Repair

Sub Total "A"

Overhead 15%
Sub Total "B"
Contingency Per Mile

Variable Cost Per Mile

.1120
.0012
.0006
.0220
.1100
.2458

.0369
. 2827
+.0023
.2850

lpeferred to in this table as L1.
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Table 2-2 (continued)
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Annual Fixed Expense

Depreciation

Interest on Total Investment 8% L1
State License

City Vehicle Tax

Federal Use Tax

State Commerce Commission Tax

Personal Property Tax 1%% of L1
Other Taxes

Safety Inspection

BI & PD Insurance See Contingency/Week
Collision Insurance 2% of L1

Collision Reserve

Fire § Theft Insurance .006% of L1
Cargo Insurance See Contingency/Week
Washing §$6.50 x 52

Re-Painting § Lettering 1% of L1

Garage Rent or Proration $15.00 per week
Anti-Freeze § Safety Equipment 1% of L1
Accessories

Other Expense

Sub Total "A"

Overhead 15%

2134.99
1040.00
330.00
85.00
5.00
195.00

260.00
250.00
78.00
338.00
130.00
780.00
130.00
100.00
5865.99
879.90
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Annual Fixed Expense (continued)

Sub Total "B"

Engineering Fee 2%

Sub Teotal "C"

Profit 10%

Total Annual Fixed Expense
Fixed Expense Per Week
Contingency Per Week 3%

Standby Charge Per Week

6745.89
134.92
6880.81
688.08
7568.89
145.56
4.37
150.93

Source: Cartage Exchange of

Chicago
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and assumptions as to service life produce a fixed cost
per week of $150.93. Fuel, maintenance, etc. yield a
variable cost per mile of $0.285. An assumption, from
experience, of 250 miles per week, produces a variable
cost per week of $71.25. A reduction in the number of
deliveries by carriers may reduce the number of miles
driven. Unless this change is radical, the percentage
change in the total cost will be small.

The sum of labor cost per week, capital cost per
week, and variable vehicle operating costs per week totals
$769.46. The fixed costs contained herein are predicated
upon an assumption of a 40 hour work week. It would be
improper to allocate these to the increased time it takes
to make deliveries over present. The labor input cost is
over 70% of total cost in a 40 hour week. As an approx-
imation, the $13.68 cost of a man-hour input is used to
show the cost to the carriers of increased time observed

under different operating policies.




Chapter 3
THE QUEUING MODEL

3.1 Introduction

Queuing ‘models were constructed for the on- and
off-street deliveries. This was done to show the increase
in wait time resulting from congestion ‘under the proposed
vehicle control policies. Information on arrivals was
taken from the DPW study (26) and a Poisson arrival pat-
tern was assumed. Gamma distributions were used for ser-
vice times, with the mean from (26). The shape of the
distributionused was that from an area of similar land
use, as observed in the PINY study (9). An attempt at
an analytic solution was terminated, as it rapidly be-
came too complex. The models were simulated using GPSS

(General Purpose Simulation System).

3.2 Arrival Data

The arrival of vehicles for both the on- and off-
street delivery processes will be modeled by a Poisson
arrival pattern. The use of an exponential distribution
for inter-arrival times is predicated upon the assumption
that the arrivals are completely random. The probability

of an arrival during any given interval of time, then,
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is proportional to the length of that arrival, and is in-
dependent of the previous pattern of arrivals. There are
significant peaking characteristics during the day, so an
assumption of constant arrival rates will not suffice.

To reflect the time-variant nature of A the day was di-
vided into several different time periods, and a separate
A was calculated for each time period and for each block.

The arrival data collected in the DPW study for
curb-side deliveries was not in a form which was readily
usable in a queuing model. The accumulation of delivery
vehicles on State was recorded at fixed time intervals
instead of recording the time of arrivals of those vehi-
cles. In order to derive the mean arrival rate A from
this information, it was necessary to manipulate the data
in the following way.

On a block face there is space for 10 delivery/
service vehicles. This can be treated as a 10 channel
service facility. Since L, the number of vehicles in
the system is always less than 10 (see Table 5-1), at
no time on any block are all the servers in use. Thus,
it is reasonable to model the system as one in which no
queue forms. In the case of Poisson arrivals where no
queue forms, the mean number of vehicles observed in the
system is independent of the type of service distribution
used [(24) pp. 45-47]. For the no-queue case of a multi-

ple channel service facility with a Poisson arrival
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pattern, the mean number of vehicles in the system is given

by [(24) p. 31]

L = (3.1)

( M- (1/p) (p>>1)
{ pM (p<<1)

For the data from-the curb.side deliveries, the utilization
factor p for the whole system is very much less than one,
thus the second relation is assumed to hold. For the mul-

tiple channel case, p is defined by
p = A/ (Mu) (3.2)

Substituting for p in equation (3.1) above and rearranging
will yield the arrival rate A for the curb-side deliveries.
The data collected by the DPW for the curb-side de-
liveries was only for the hours from 0800 to 1500.1 The
actual close of the delivery day, as used in the model was
1600. The arrival rate for 1500 was extended to 1600. It

was assumed that no deliveries were made after 1600, so the

arrival rate was reduced to zero after this hour.

3.3 Service Data
The Chicago DPW has collected some basic data on
the delivery times in the State Street area (26). An esti-

mate of dwell times for on-street deliveries was obtained

IThe 24 hour military clock system is used, e.g.
0800 = 8 A.M., 1500 = 3 P.M.
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through a parking survey. An estimate of the duration of
alley deliveries was obtained through a merchants survey.
This latter method was inexact for two reasons. First,
it relied upon the retailers' perceptions of the delivery
times and not on recorded delivery times. Second, the
time increments used on the survey forms presented to
the merchants were large and only provide a coarse approx-
imation of the average time. For neither the curb-side
nor alleyway deliveries was the distribution of delivery
times observed; only an estimate of the mean dwell time
for each was obtained.

A study (9) by the Polytechnic Institute of New
York (PINY), of goods delivery in Brooklyn recorded dwell
time data for individual deliveries. This data was clas-
sified by land use of the delivery point, and, depending
upon the land use, by parking mode (legal or illegal) and
type of delivery (curb or dock) as well. This data was
fitted to a gamma distribution having different parameters
for the classifications noted.

The data obtained by the DPW for the mean dwell
times cannot be used alone to describe the service time
distribution unless the wholly unrealistic assumption is
made that service times are constant. While cognizant of
the dangers involved, the decision was made to take the
gamma service distribution as observed in the PINY study

and, while retaining the shape, rescale it with the mean
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service times of the DPW study. As some estimate of the
distribution of service times is necessary for the queuing
model, it was felt that the distribution of observations
at land uses similar to State Street would be acceptable.

The gamma distribution is defined by ‘two parameters,
a-and B, termed the '"shape'" and "scale" parameters, respec-

tively. The mean-of the-distribution, Ty, is given by

T e 4GB (3.3)
and the variance 1is
Var = aB? (3.4)

The shape parameters of the gamma distributions used in
the PINY study (9) were a = 1.25 for the on-street de-
liv ries, and a = 1.50 for off-street deliveries. The
mean service times obtained from the DPW study (26) were

T, = 22 minutes for the curb-side deliveries, and Tg = 30

s
minutes for the alleyway deliveries.

The diversion of an on-street delivery to a cross-
street loading zone will increase the dwell time of that
vehicle at the curb, since the driver will now have to
walk up to half a block to bring the goods to the retailer.
With the length of a block, and an average walking speed

known, the dwell time for a cross-street delivery was

assumed to be gy = 24 minutes.
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Substituting the information on the shape parameter
(from the PINY study) and the mean service time for each
method of delivery (from the Chicago data) in equation

(3.3) produces values for the scale parameter B shown in

Table 3-1.
Table 3-1
Service Distribution Parameters
Type of Delivery Tg ("1 B
curb 22 1,25 17.6
cross-street 24 1.25 19.2
alley 30 1.50 20.0

3.4 Attempts at Analytic Solution

Initially, an attempt was made to find an analytic
solution to the queuing problem for the curb-;ide deliver-
ies diverted to cross-street loading zones. The gamma
service distribution from the PINY study (9) had a shape
parameter of o = 1.25 for the on-street deliveries. As
the calculations for a gamma distribution with a non-inte-
ger o are quite tedious, approximations of o = 1 (exponen-
tial) and o = 2 (Erlang-2) were used, in an attempt to
bound the solution for the true gamma distribution,

The attempt was not successful, as it would have

required the exceedingly complex calculation of the
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transient solutions. This would have been necessary be-
cause the arrival rates increased to a value much greater
than the service rates. As a rigorous discussion of tran-
sient solutions of multiple channel servers with infinite
queues is ‘beyond the scope of this thesis, a decision was
made to terminate any further attempts at an analytic
solution, and construct a simulation model instead.

The simulation language :chosen ‘to model the queu-
ing systems discussed above was GPSS (General Purpose
Simulation System). This decision was made based upon
the availability of the compiler at Northwestern Univer-
sity's Vogelback Computing Center, its suitability for
the queuing systems under discussion, and the author's

familiarity with the language.

e e —————y




Chapter 4
STATISTICAL ACCURACY OF THE RESULTS

4.1 Introduction

The previous chapter has discussed the theory be-
hind the construction of the queuing models for the on-
and off-street deliveries. The details of the individual
models are discussed in subsequent chapters. A primary
output of these models is the mean wait time in the queue
to make a delivery. This chapter describes the analysis
necessary to determine confidence intervals about estimates
of this value. The fact that successive observations of
wait time within a given simulation run are auto-corre-
lated must be accounted for. The result of this analysis
is a determination of the number of experimental replica-
tions which must be conducted in order to attain the re-

quired confidence in the model results.

4.2 Calculation of Confidence Intervals
During a simulation run, n observations of waiting

time wj, are obtained. The mean of these observations, X,

is given by,

=

W (4.1)

=<|
n
S
e
n
p—
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The sample mean X is an unbiased-estimator of the true mean
wait time, uyx. If each Wj is independent, the variance of
the sample mean,*VC&), is ‘related to the true variance V(X)

as follows:

v - X (4.2)

n

It can also be shown that an -unbiased estimate of the true

variance is given by,
n
.2 '
B i . (4.3)

With an estimate, X, of the true mean, and V(X), the true
variance of X, .it is possible to obtain a confidence in-
terval about the true mean. For large n (n > 30), the
central limit theorem applies, and the distribution of X
is approximated by the standard normal distribution. The

standard normal variate Z is given by,

- Xew)
a /V?X) (4.4)

The probability (1 —a)$% that the interval constructed

contains the true mean uy is shown by,

P('Zl'a/z 5%&%&3_/’?5 z1— a/Z) =1-a (4.5)

where z1-a/2 is in units of standard deviation about Z.
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Rearranging yields,

- z.-a/2A ) - 21~-a/27V(X)
"(X‘~17n——(—)suxgx+ 1~ /270

= 1-a  (4.6)

This states, with probability 1-a, that X falls within the

specified interval about the true mean u,.

4.3 Observations That Are Auto-correlated

The discussion above utilized the assumption that
the observations of waiting time Wj within a simulation
run are independent random variables. This is usually not
the case. If the waiting time for arrival m is large,
then the waiting time for arrival m+1l is likely to be
large also. Data related in this manner is said to be
auto-correlated.

Since the assumption of independence does not hold
for observations of waiting time Wj within a single simu-
lation run, it would be necessary to make multiple runs
unless the auto-correlation is accounted for. The mean
x., of the observations of one run i is given by

i
n
. =
Xy * HZ wij (4.7)
b

If independent streams of random numbers are used in each

run, then each x; is independent. If N independent runs
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are made, then the mean ¥ -is given by

\l
_y. ﬁi X; (4.8)

i=1

The sample mean X is an unbiased estimator for the true mean
Uy- Since each x; is independent, the relationship between
the variance of ‘the sample mean V(i) and the variance of

the true mean V(X) would be

V() = ﬂ%l (4.9)

Once again, the true variance V(X) would be estimated by
s?, with x; substituted for Wj. The rest of the discussion
of the previous section holds, with there being N indepen-
dent runs instead of n observations within a single run.

There are two difficulties with this simplistic
approach. First, the number of runs necessary, and hence
the cost of the modelling effort, can rapidly grow large.
Second, there is much data within a single simulation run
that is being discarded and which could be of some use.
The following discusses a way to utilize some of this in-
formation to reduce the number of independent simulation
runs necessary for the level of confidence desired.

The process under discussion is the waiting time

of vehicles in the arrival queue. Each Wj is one obser-

vation of a waiting time. The mean time in the queue for
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a single simulation run is given by

=

Wj (4.10)

=T

W =
j=1
What is desired is V(W), the variance of the sample
mean W. This cannot be estimated through use of the formula
for s?, as the successive Wj's are auto-correlated. There
is theoretical and empirical evidence [Fishman (12)] that
for simple queuing systems successive Wj's are related

through the following recursion

The correlation coefficient is represented by £, and the
error term, ej+1, is assumed to be normally distributed
with mean of zero and variance o?. For any observation
of waiting time W;, the correlation coefficient of that
observation and one s observations away, Wiss can be

shown to be,

cor My o We,o) = E° (4.12)

With knowledge of &, 0%, and the number of observations
n, equation (4.14) can be developed to obtain V(W). The
0?2 may be estimated from the data stream, and Sussman and

Tumquist (35) have developed an estimator for £, as given

by
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£ = e (170)° (4.13)

p is the utilization factor for the particular queuing sys-

tem under discussion.

- gz o 28(-EY) E2(1-EMY
V(W) = __Iﬁ%_é)z [1 i n(1_€2) n(l-gz) (4.14)

At this point the relation between the variance of the sam-
ple mean over several runs, V(X), and the variance of a

single run, V(W), is given by
v - e (4.15)

The number of independent simulation runs, N, necessary to
obtain the desired level of confidence in the results, can
be obtained from equation (4.15) by re-arranging and substi-
tuting V(W) from equation (4.12) and V(i), as calculated
in the following discussion.

In this thesis, the level of confidence and the
interval are exogeneously specified. The expression for
one-half the interval is given in equation (4.6). The
value of z;_,/, for the desired confidence interval is
obtained from a table of the standard normal distribution.
The number of observations, n, is determined by the sys-
tem being modeled. This information is substituted, the
expression is set equal to one-half the desired interval,

and it is evaluated for V(X). This value for V(f) is

e s . o,
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then substituted in equation (4.15), and solved for N, the
number of simulation runs required. The required number of
independent simulation runs were made for the on- and off-
street deliveries under the vehicle control policies per-
tinent to each. The sample mean was obtained by

X = ;l,—f: W | (4.16)
i=1
The confidence levels for the results of each model are
specified in the following chapters, where the simulation
results are shown.

In order to minimize the variance of the estimated
difference between mean waiting times under alternative
vehicle control policies, separate sequences of random
numbers were used for generation of the inter-arrival times
and service times for each server. Identical sequences of

random numbers were used in the simulation of each vehicle

control policy for a particular block or alley.

4.4 Summary

The observations of waiting time from a particular
simulation run are not independent random variables, but
are auto-correlated. If the observations were erroneously
treated as being independent, the variance of the mean
wait time will be underestimated. It is possible to make

multiple, independent runs of each simulation model, but




35
this results in much useful data within a run being ignored.
More sophisticated treatment of the data results in an es-
timate of the true variance that is corrected for the auto-
correlation effects. The desired level of confidence that
the sample mean falls within an interval about the true
mean is specified exogeneously. The variance of the sam-
ple mean which would result in the specified level of con-
fidence in ‘that interval is calculated. This, and the
estimate of the true variance, are used to determine the
number of replications of the model required to achieve

that level of confidence.
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Chapter 5
ON-STREET DELIVERIES

5.1 Introduction

Vehicles that currently make curb-side deliveries
on State Street will be diverted to cross-street loading
zones under the mall proposal. The mean dwell time for
a vehicle will be longer, as the driver must hand carry
his delivery farther. The arrival rate for vehicles was
calculated using the assumptions discussed in Chapter 3.
Using the same arrival rate, simulation runs were made
for the present curb-side deliveries and the proposed
cross-street deliveries. The results show an increase
in time to make a delivery, as a result of this vehicle
control policy, which is longer than the time increase
attributable to the increased walking distance for the

driver.

5.2 Assumptions Underlying the Analysis

Under the State Street transitway proposal, no
delivery vehicles will be permitted to make curb-side
deliveries on the mall. All deliveries that are currently
made in this manner, will be diverted to loading zones on

cross-streets. The number and placement of these loading
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zones is shown in figure 5-1. The direction of flow of
the one-way cross streets is shown also.

Each block was simulated ‘separately as no informa-
tion on the vehicular interactions between them was avail-
able. Assumptions had to be made concerning which loading
zones were to serve which blocks. The assumptions made
were influenced by several factors, including:

1. The placement of the loading zones;

2. The total and peak hour number of vehicles

for each block;

3. The hypothesis that drivers would prefer,
where possible, to cart or carry their de-
livery a longer distance on the sidewalk
than attempt to cross the street with it.

Based upon these considerations, the following
assignments of loading zones were made:

1. The two loading zones on Lake will serve

block #1.

2. The three loading zones on Randolph will
serve block #2.

3. The three loading zones on Washington will
serve block #3.

4. The three loading zones on Madison and two
of the loading zones on Monroe will serve

block #4.1

IThere are no loading zones contiguous to blocks
#4 or #6 due to the presence of wrong-way bus lanes there.
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5. Two of the loading zones on Monroe and the
three loading zones on Adams will serve
block #5.

‘6. The two loading zones on Jackson will serve
block #6.

7. The two loading zones on Van Buren will serve
block #7.

By simulating each block -separately in this manner,
the possible effects of a truck using a loading zone that
is not "assigned" to the block for which he has a delivery
are ignored. This may occur when there is a long queue
for the loading zones, yet there are open loading zones
elsewhere. The effects of trucks which balk at trying
to enter the alleys under the vehicle control policies,
and use the cross-street loading zones instead, are also
ignored.

The mean time for a curb side delivery was ob-
served in the DPW study (26) to be 22 minutes. The entire
440 foot length of a block on State is a posted '"No Park-
ing--Towaway Zone." A city ordinance, however, provides
for a vehicle to park for up to 30 minutes if it is making
a delivery. Space for 10 vehicle loading zones on a block
face along State is not unreasonable, and allows a driver
to park relatively close to the retailer to whom he is

making the delivery.
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Parking on a cross street loading zone will now
require the driver to carry or hand truck his delivery, on
the average, one half block. At a minimum, one round trip
between the delivery vehicle and the retailer would be re-
quired. At an average walking speed of 3 mph (264 fpm),
the additional service time for a delivery will be about
two minutes. Thus, a mean service time for a cross street
delivery is assumed to be 24 minutes.

The arrival rates for each time period and for
each block are derived using the relationships shown in
equations (3.1) and (3.2). The mean of 22 minutes for a
curb side delivery and the steady-state value of L when
no queue forms are used to calculate the arrival rates.
(See Table 5-1). The mean times between arrivals, Tg,,
are calculated from these and are used as the means of

the exponential inter-arrival distributions.

5.3 Simﬁlation Results

Simulation runs were made for the present curb
side deliveries, and the proposed cross street loading
zones, incorporating the pertinent assumptions above.
The results of these simulations are shown in Table 5-2.
For each block, as was expected, the total average time
to make a delivery increases. The additional time re-
quired for a cross street delivery over a curb side de-
livery ranges from 7.1 minutes on block #7 to 76.5 min-

utes on block #1. This does not consider the situation




Arrival Rates for On-Street Deliveries

Table 5-1
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Block Time Period
Ending L A Ta2
#1 11001 2 0.09090 660
1260 4 0.18181 330
1400 2 0.09090 660
1500 1 0.04545 1320
#2 21000 2 ‘0.99090 660
1100 3 0.13636 440
1400 2 0.09090 660
1500 3 0.13636 440
#3 1000 2 0.09090 660
1100 2 0.09090 660
1400 3 0.13636 440
1500 0 0.0 600003
#4 0930 1 0.04545 1320
1100 7 0.27272 220
1215 2 0.09090 660
1400 1 0.04545 1320
1500 0 0.0 60000
#5 1000 3 0.13636 440
1115 5 0.22727 264
1400 2 0.09090 660
1500 1 1.04545 1320
#6 1000 1 0.04545 1320
1100 2 0.09090 660
1400 i 0.04555 1320
1500 1 0.04545 1320
#7 1000 1 0.04545 1320
1300 1 0.04545 1320
1400 2 0.09090 660
1500 1 0.04545 1320

1Twenty—four hour clock system.

2in seconds

3since Ty = 1/X, A=0 » Ty = o =

60000 seconds
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where a driver will balk at the length of the queue and

return again later. The increased cost of making a de-
livery under this policy varies from only $1 on block #5
to $17.50 on block #1. It is evident that the number of
loading zones serving block #1 could be increased and
thus reduce the increased cost to make a delivery.
Table 5-2
Simulation Results for On-Street Deliveries

3 Interval & Mean Time Mean Mean 1

Bl. Policy Mean Non. Confidence Arr. Time Time Cost
Vehicles Level Queue Ser. Total
1 curb 48 4 @903%2 0.05 24.6 24.6 $ 5.60
1 x-street 46 10 @90% 77,1 23.4 101.1 23.10
2 curb 51 4 @90% 0.0 24.2 24.2 5.50
2 x-street 51 4 @90% 15.6 25.1 40.7 9.30
3 curb 48 4 @90% 0.0 24.6 24.6 5.60
5 x-street 43 4 @90% 22.2 25.7 47.9 10.90
4 curb 49 4 @90% 0.4 Z4.3  25.1 5.70
4 x-street 40 4 @90% 8.9 22.3 Tl.d 7.10
5 curb 59 4 @90% 0.0 24.0 24.0 5.50
5 x-street 55 4 @90% 2.0 26.3  28.3 6.50
6 curb 28 4 @90% 0.0 23.7 23.7 5.40
6 x-street 24 4 @90% 6.9 2.9 X8 7.30
7 curb 28 4 @90% 0.0 23.7 = 28.7 5.40
7 x-street 25 4 @90% 6.2 24.6 30.8 7.00
2

1 h
1553 pew hewe, 2 minutes 90% of the time.

3311 times in minutes.

i.e., mean time in arrival queue is
+




Chapter 6
OFF STREET DELIVERIES

6.1 Introduction

Six east-west alleys are in the study area. The
arrival rates for vehicles at.each alley was obtained from
the observations in the DPW (26) study. The arrival rate
for a particular alley was used in the simulation of that
alley under each policy. Generally, these policies were
simulated: (1) present conditions, (2) closure of each
alley at State Street, and (3) time-restricted entry or
exit on State for alley access. Each alley was simulated
separately. For almost all alleys under each vehicle con-
trol policy, the results showed an increase in the total

waiting time for a vehicle to make a delivery.

6.2 Description of Setting

There are six east-west alleys in the study area
that have vehicular entry from State Street at the present
time. They are: Couch, Court, Calhoun, Arcade, Marble
and Quincy. These are shown in figure 6-1, numbered con-
secutively for convenience. Except for Quincy, the alleys
are very narrow, 15' to 18' wide. This is a nominal width
and does not account for numerous protrusions from build-
ings which reduce the effective width. A standard 18 to
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20 foot straight truck would find it virtually impossible
to pass another one. In the simulation of the alley traf-
fic, then, no passing is-allowed within the alleys, except
for Quincy.

With some exceptions to be noted later, there are
three policies for each alley that are simulated and com-
pared. They are (1) the present conditions, (2) alley
closure at State ‘Street, =and (3) time-restaricted alley
entry/exit on State. The time restrictions during which
no truck would be allowed to enter State, either from a
cross street or from an alley, would be designated to
avoid the peak hours of bus traffic in the morning and
evening, and pedestrian traffic at lunch time. The time
restrictions would be from 0700-0930, 1130-1330, and
1530-1800.

With the implementation of this policy, the exis-
ting distribution of arrival rates throughout the day may
change, as the carriers adjust to the new restrictions.

It is likely that .carriers will not arrive at 0800, for
instance, if they know that the restriction will not be
lifted until 0930. What may be observed is a clustering
of arrivals at the beginning of the non-restricted period.
Similarly, a clustering of arrivals just prior to the
beginning of the restricted hours may be noted, as car-
riers attempt to get in "under the wire." If a carrier

has multiple deliveries, some of which are to merchants
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in the downtown, but not in the mall area, they may be
performed during the mall restricted hours. This poten-
tial change in arrival rates as a result of the time re-
striction implementation is not accounted for in the
simulation model, as no estimate of it could be made.

Closure of the alleys at State would, except for
Quincy, require vehicles to enter and exit from the alleys
on Dearborn Street. To avoid serious congestion in the
alleys, it is necessary to enforce a queuing discipline
that requires a vehicle to wait on Dearborn, outside the
alley, until a dock or loading door becomes available for
him. In this situation, it is possible for the trucks to
maneuver around one another in the queue as their partic-
ular server becomes available.

Generally, the present traffic flow in the alleys
is one-way from north to south and from east to west.
Although illegal, it is quite common for a truck to exit
the "wrong way" rather than incur delay if the western
end of the alley is blocked. For practical and safety
reasons, no truck is allowed to attempt backing in or
out of an alley. This is reflected in the simulation
model.

From the DPW study (26) the mean service time
for an alley delivery, at a loading door or a dock is
30 minutes. This does not include waiting time for

access to a server or waiting time for alley exit upon
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completion of the delivery. These latter two quantities
are separately tabulated in the simulation run.

The model does not account for any:additional
cruising time that a truck may incur as a result of in-
creased traffic on cross streets, nor does it consider
congestion effects on Dearborn caused by a queue waiting
for alley entry.

The arrival rate A, in units of number of arrivals
per hour, for each alley is shown in table 6-1. The ar-
rival rates were obtained from (26). The mean inter-
arrival times T, were calculated and converted to seconds
for use in the simulation model. The arrival rate was

assumed to go to zero after 1800.

6.3 Alley #1--Couch

The policy of closure at State is not feasable
here, as the alley has no docks at which the turning move-
ment could take place. Figure 6-2a depicts the vehicular
flow in the alley as it is at present. Vehicles proceed
south bound on State and enter the east end of the alley.
The exit onto Dearborn and proceed north bound. There
are three loading doors that are serviced by the alley,
two on the south and one on the north. Trucks that ser-
vice these doors occupy space at S3, S, and at Sz while
doing so. Additionally, there is sufficient space (Sy;,

S72) for two trucks to queue in the alley while waiting
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Figure 6-2a. Present Conditions Alley #1, Couch

Trucks first queue on State, and are able to man-
euver around one another if the destination loading door
of a particular arrival opens up prior to the one for the
trucks ahead of him in the queue. Thus alley entry is
not strictly first come first served. A uniform distri-
bution of loading door destinations was assumed, as no
better estimate was available. Once a truck has entered

the alley, however, there is insufficient alley width for
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passing to take place. This results in congestion effects.

For example, if three trucks arrived in rapid succession
and were waiting for the door at S, to become free they
would occupy space Spp, S;q, and S;. A truck arriving

for delivery at S1 would not be able to enter the alley

and perform the delivery function, even though the door

at Sy is not in use.

RN
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The vehicular flow for the time-restricted exit
policy is shown in figure 6-2b. Trucks would now queue
on Dearborn and enter the alley from the west. As in the
present case, a uniform distribution of arrivals to load-
ing door destinations is assumed. Trucks would exit only
during the non-restricted hours'by cfﬁssing Stafe, and
departing through the larger alley, Benton. This restric-
ted cros:zing is to preserve the pedestrian environment

on tie mall.
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Figure 6-2b. Time Restricted Policy Alley #1--Couch

A comparison of the results of simulation runs of
the present conditions and the time-restricted exit policy
is shown in Table 6-2. As might be expected, the imposi-
tion of a policy of time-restricted exit will increase the
waiting time for trucks to depart the alley. The blockage
caused by this time restriction will cause trucks to "back

up'" in the alley, blocking the loading doors, and increase
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the waiting time for entry to the alley as well. This
increase in total average delay amounts to 41.8 minutes

per delivery.

Table 6-2

‘Simulation Results Alley #1--Couch

Mean No. Mean time Mean Time Total Avg.
Policy Vehicles -Entry Queue Exit Queue Delay
present 16 49.2 7.8 57
time restr. 14 60.6 38.2 98.8

6.4 Alley #2--Court

The present flow of delivery vehicles is shown in
figure 6-3a. Vehicles queue on State and in the alley east
of the dock pair at S;. There is sufficient space for the
vehicles to maneuver around one another in the vacant lot
if a truck's destination dock becomes available. The alley
contains one loading door and two dock pairs for two dif-
ferent retailers. The noréh-south alley is of insufficient
width to permit use by trucks. A vehicle at one of the
docks will not block passage past that dock by another ve-
hicle. A vehicle at the loading door, Sy>» will effectively
block entry and exit to the west docks, S,. If alley traf-
fic flow is observed, a vehicle at S; would also obstruct

exit from the alley for a vehicle from the east docks, Sjz,

ey - - R e R A S el e
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as well. In actual practice, however, a truck which has
completed its delivery at S3 will not wait for S; to fin-
ish, but will use the vacant lot to maneuver around the
trucks in the queue and will exit the alley the '"wrong way"
on to State. For purposes of analysis of present condi-
tions, a vehicle at S; will interfere with neither entry

to nor exit from S3.
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Figure 6-3a. Present conditions Alley #2 Court

There is little information available on the desti-
nation dock or door of a vehicle entering the alley. The
distribution of destinations is, however, an important par-
ameter of the analysis. Figure 6-3a illustrates how the
percentage of vehicles that are delivering to the loading
door can have a significant effect upon the delay time for
entry to and exit from the west docks. Estimates of vehi-

cles using the loading door range from 30% to 40% of the
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total number of vehicles entering the alley,1 somewhat
above the 20% that one would assume if there was a uniform
distribution among the 5 available loading spaces. In ‘an
attempt to determine this impact, the number of vehicles
destined for the loading door was varied from 20% to 50%
of the total number entering the alley for the present,
the closure, and the time restricted policies. The re-
maining vehicles were uniformly distributed between S,
and Sz as both of these service retail food establish-
ments of approximately the same size.

The traffic pattern in the alley under conditions
of closure at State is shown in figure 6-3b. Under this
policy, alley entry and exit for all servers is blocked
by vehicles at Sy, the loading door. Vehicles using the
loading docks can use the docking maneuver to turn around
and depart from the west end of the alley. Vehicles using
the loading door must pull past the docks upon completion
of the delivery, use the vacant lot for the turning maneu-
ver, and then exit from the west end of the alley. Vehi-
cles will queue on Dearborn for entry to the alley.

At this time, development of the lot is under
consideration. If a building is constructed on the lot,

the delivery door vehicles will no longer have a turnaround

1Source: Personal communication with personnel
from the retailer whose deliveries are received at the
loading door, S;-
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and, will be forced to exit onto State Street. The vehi-
cles serving the loading docks will still be required to
enter and exit from the west end of the alley. (See
figure 6-3c). East of Sz, there is adequate space (Sll,
S12» Sy3) for three vehicles waiting for alley exit onto
State. If all three are full, the vehicle at S; will be

unable to pull forward, and all servers will be blocked.

Figure 6-3b. Closure at State Alley #2 Court
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Figure 6-3c. Time Restricted Exit Alley #2 Court
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The results of the simulation runs of this alley

for the present conditions, State closure, and time-re-

stricted exit policies with the percentage of vehicles

destined for the loading door ranged from 20% to 50%

are shown in Table 6-3.

“Table “6-3

Simulation -Results Alley #2 Court

Mean No. Mean Time Mean Time Total Avg.
Policy Vehicles Entry Queue Exit Queue Delay
present 20% 47 17.9 14.7 32.6
present 30% 43 40.1 42.0 82.1
present 40% 50 88.1 100.3 188.4
present 50% 49 124.2 143.7 267.9
closure 20% 47 28.4 15.0 43.4
closure 30% 43 80.4 46.5 126.9
closure 40% 50 117.6 100.9 218.5
closure 50% 48 164.31 144.8 309.1
time restr. 20% 47 35.3 59.8 95.1
time restr. 30% 43 85.0 82.1 167.1
time restr. 40% 49 119.2 132.1 251.3
time restr. 50% 49 185.9 183.8 369.7
Under all policies, the percentage of vehicles
that must use the loading door is indeed a critical number.
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In addition, it is of some importance in interpreting
these results to know the arrival pattern through the
course cf the day for each of the three servers them-
selves, instead of an aggregate for the entire alley.
For example, the distribution of the 50% of the vehi-
cles to the door is assumed uniform throughout the day.
If in fact those 50% entered mostly in the afternoon,
and the vehicles destined for the docks entered mostly
in the morning, a different picture might be painted,
as a difference in congestion effects would exist.

With presently available information, the in-
crease in time to make a delivery (Total Average Delay)
over the present situation is estimated to range from
10.8 minutes for the closure policy and 62.5 minutes
for the time-restricted exit policy with 20% of vehicles
going to loading door, to 41.2 minutes for closure and

101.8 for time restricted exit with 50% of the vehicles

going to the loading door.

6.5 Alley #3--Calhoun

The existing vehicle flow for alley #3 is shown
in figure 6-4a. At first glance, it may seem similar
to alley #2; however, there are some important differ-
ences. Vehicles queue in the alley for service, and the
queue extends on to State. Vehicles queue in the alley

in order of arrival and there is insufficient alley width
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to permit one to maneuver around another. A truck may not
move up in line until the space in front of it is cleared.
There is space (837, Sj,'S13) for three vehicles to queue
in the alley. When a vehicle has reached the head of the

line, it must-wdit in place until its server opened up.
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Figure 6-4a. Present Conditions Alley #3 Calhoun

There are four docks and one loading door in the
alley. There is also a little used loading zone on the
northern side of the alley to the west of Sl' The four
docks serve the same retail building. A vehicle at the
loading door, Sl’ will block entry and exit for one dock
pair, S2. Entry to the other dock pair, Sz, is not blocked
by S;. A vehicle completing service at Sz will attempt to
exit the 'wrong way'", if S, is blocking the western exit,
and if there is no queue in the eastern end of the alley.

Otherwise, it must wait in place for S1 to clear.
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The four docks were simulated as parallel servers,
with the exception that entry was attempted at dock pair
SS first, before testing if S, was full.

The vehicular flow under the closure policy is
shown in figure 6-4b. A .ehicle at S; the loading door,
will block both entry and exit for all dock vehicles, thus
the four docks are simulated as four parallel servers.
Dock vehicles can turn around through the docking maneuver.
Loading door vehicles can back a short distance to the
loading zone and turn around, or use an empty dock at S,
if it is available. Vehicles will queue for alley entry
on Dearborn, and will not be permitted to enter until
there is a server open for them. If the server opens up
for a vehicle not at the head of the queue, that vehicle

can maneuver around trucks in fromnt of it.
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Figure 6-4b. Closure at State Alley #3 Calhoun
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The possibility exists that permission may not be
obtained to utilize the loading zone or one of the loading
docks as a turnaround for the loading door vehicles. If
this occurs, a policy of time-restricted exit would be im-
plemented for the loading door vehicles only. (See .figure
6-4c). The vehicles serving the loading docks will still
be required to enter and exit from the west end of the
alley. There are three spaces (S;4, $125 Syz) for vehi-
cles to queue to exit to State. When these three are
occupied, the vehicle in S is blocked, and thus, all

servers are blocked.
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Figure 6-4c. Time—Restricted Exit Alley #3 Calhoun

The percentage of the total vehicles entering the
alley whose destination is the loading door will have a
critical effect upon the operation of the alley. Little

information is available on which to base estimates of
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this percentage. For the present, the closure, and the
time restricted policies, simulation runs were made with
the percentage of 20% and at 30%. The results are shown
in table 6-4.

Table 6-4
Simulation Results Alley #3 Calhoun
Mean No. Mean Time Mean Time Total Avg.
Policy Vehicles Entry Queue Exit Queue Delay
present-20% 68 127.9 32.0 159.9
present-30% 68 191.7 66.9 258.6
closure-20% 68 8§2.3 51.2 133.5
closure-30% 68 159.8 118.5 278.3
time restr.20% 68 89.2 86.7 175.9
time restr.30% 69 179.1 160.0 339.1

Note that the total average delay for the 20% case
drops 26 minutes from the present situation to the closure
case. This is a result of the mean time in the entry queue
being the highest for the present conditions, due to the
queuing discipline involved. Presently, vehicles queue in
the alley on the order in which they arrive. For a vehicle
not at the head of the queue, no maneuvering is allowed in
the confines of the alley for him to access his server if
it opens up. This truck cannot move up until the vehicle

in front of him has occupied his respective server.




This is not the case with either the closure or
the time restricted exit policies. Since the vehicles
in both these cases queue on Dearborn for alley ‘entry
(and can maneuver), and no entry is permitted unless a
server is open, the congestion effects observed in the

present situation do not take place.

6.6 Alley #4--Arcade

The existing vehicular flow for this alley system
is shown in figure 6-5. There are two north-south alleys
in this block, the easternmost of which serves the re-
tailers facing State Street. This alley has two loading
doors in the northern half of the block, and one loading

door and one dock pair on the southern half of the block.
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Figure 6-5. Present Conditions Alley #4--Arcade
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The decision was made not to simulate this alley
for three reasons. First, the number of vehicles entering
Arcade from State Street was the lowest of all the alleys
in the study. Second, on site observation by the author
noted in a short period of time serveral vehicles using
Arcade as a "short-cut" between State and Dearborn. Third,
the loading doors and docks that serve the retailers on
State Street are accessed by the north-south alley.

It does not seem that closure of State Street will
severely impare delivery vehicles making off-street deliv-
eries to this block. The two loading docks at the west
end of the alley can be accessed from Dearborn. As the
cross streets will remain open, access to the north-south
alleys will remain as at present. Therefore, this alley

was not simulated.

6.7 Alley #5--Marble Place

The present vehicular flow is shown in figure 6-6a.
There are two straight loading docks and four angled docks
in the alley, all of which serve the same retailer. One
of the docks, however, is occupied all day by a trailer
which is dropped off at night; thus only five docks are
available for daytime usage. All trucks entering the
alley are destined for this establishment, and the alley
was treated as having five parallel servers. Of special

note here, is the fact that four docks are angled in such




a manner so as to require a vehicle to approach from the

east before backing into the dock.
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Figure 6-6a. Present Conditions Alley #5 Marble

Trucks queue in the alley, and onto State without
blocking any servers. Alley entry and the delivery func-
tion are performed on a first come, first served basis.

The nature of the angled docks would preclude
closure of the alley at State, requiring both entry and
exit from Dearborn, unless some provision is made for the
turning movement of the trucks. One proposal to accomo-
date this is shown in figure 6-6b. The building facing
State on the north side of the alley would be acquired,
and demolished, and the land used as a turnaround. Vehi-
cles would queue on Dearborn, and entry to the alley
would not be permitted unless there was a dock available.

This queuing discipline with the closure policy would

63
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result in the same observed delay times (ignoring the addi-
tional time to maneuver the truck in the turnaround area)
as the present conditions. Thus, the results of the sim-
ulation run for the present conditions adequately describes

the closure case as well..
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Figure 6-6b. Closure at State Alley #5 Marble

The remaining alternative is the use of the time-
restricted entry policy. In this situation, the vehicular
flow would be the same as for the present conditions as
shown in figure 6-6a, but entry to State, and subsequent
entry to the alley, would not be permitted during the re-
stricted hours. Trucks would queue on Monroe, the cross
street on the northern edge of the block, while waiting
for the time restrictions to be lifted. The possible
interference here with the trucks using the cross street

loading zones is not accounted for in the model.
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Simulation runs of the alley for the time-restricted
entry policy and the present conditions (describing the
closure case as well) are shown in Table 6-5. The impo-
sition of a time-restriction on entry of vehicles causes

an increase in average waiting time of 70.1 minutes per

delivery.
Table 6-5
Results of Simulation Alley #5 Marble
Policy Mean # Vehicles Mean Time Entry Queue
present 76 29.8
time restr. 92 99.9

6.8 Alley #6--Quincy Street

Quincy Street is the only dead-end alley off of
State. Complete closure would be infeasible, as it would
leave no access whatsoever to the loading doors and zones
in this alley. One closure possibility is a policy of time
restricted access across the Federal Building plaza; how-
ever, the General Services Administration (GSA) opposes
this solution. If it were permitted, the time-restriction
to avoid pedestrian peak flows would be essentially the
same as for the time-restricted entry/exit to State. A

trade-off in the decision between access across the plaza
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and access through State is the degradation of the pedes-
trian environment that would occur in either case. One
could speculate that the retailers on State would prefer
to maintain the environment on the mall for their cus-
tomers, rather than the environment for the pedestrian
having business in the Federal Building. In either case,
however, the time-restricted access would have the same
effect upon delivery vehicles.

As shown in figure 6-7, there is space for seven
delivery vehicles in this alley, although illegally parked
autos can reduce this number. There is sufficient maneu-
vering room for the trucks to enter and exit independently.
With no data on the number of vehicles destined for each
establishment, the alley was treated as having seven par-

allel servers.
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Figure 6-7. Present Conditions Alley #6 Quincy
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As closure is not feasible, a policy of time-re-
stricted entry and exit to the alley is proposed. Vehicles
would queue for entry to State on Adams, a one-way Cross
street on the northern edge of the block. Entry would be
on a first come, first served basis, :and would not be per-
mitted unless .a server were .available. Vehicles would
have to remain in place in the alley when the time«restfic-
tion was in effect.

Table 6-6 presents the results of simulation runs
for the present and the time-restricted situations. Under
present conditions, there is no exit queue; upon comple-
tion of its delivery, a vehicle departs. The time-restric-
tion policy increases the total average delay by 70.6 min-

utes per delivery.

Table 6-6

Simulation Results Alley #6 Quincy

Mean No. Mean Time Mean Time Total Avg.
Policy Vehicles Entry Queue Exit Queue Delay
present 81 11.6 0.0 11.6
time restr. <67 60.0 22.2 _ 82.2

6.9 Simulation Results and Summary
Five east-west alleys were modeled. Each alley has

a unique combination of servers and congestion problems.
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Alley #4, Arcade, was not simulated, as it has a low vol-
ume of delivery vehicles and the existing data on vehicles
entering the alley includes both trucks making deliveries
and those simply going through. Generally, three policies
were simulated for each alley: (1) present conditions,
(2) closure of the alley at State Street, and (3) time
restricted entry or exit on State for alley access. The
time-restrictions were designed to avoid the presence of
trucks on the mall during peak transit and pedestrian use.

As the destination server was not known in most
cases for vehicles entering each alley, a uniform distri-
bution among servers was assumed. Due to the critical
nature of alley obstruction by a vehicle at the loading
door in alley #2 and alley #3, the percentage of vehicles
destined for each of these varied over a range to test the
sensitivity of that assumption.

Determination of the number of simulation runs re-
quired for each alley under each policy was made using the
techniques discussed in chapter 4. The confidence inter-
val and level for the mean wait time was initially set at
4 minutes and 90%. This proved infeasible for policies
where the variance of the observed waiting times was large.
The number of simulation runs required for these would
have been in excess of a thousand. Since the budget con-

straint on computer time was a factor, the interval was
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widened and the confidence level reduced in some cases.
The results for each alley simulated are summarized in
Table 6-7. Alley closure is infeasible for alleys 1 and
6. There will be no change in costs for deliveries in
alley #5 as a result of closure, due to the wvehicular flow
involved. The cost per.delivery in alley #3, with the
assumption of 20% of vehicles entering the alley going to
the -door, actually is less -under ‘the closure policy. This
is due to the queuing discipline observed under this policy
and subsequent reduction of congestion within the alley.
Under the 30% assumption, the increase is less than it
might otherwise have been. Alley #2's deliveries will
experience an increase in costs under all assumptions as
to the percent of delivery door vehicles.

The time-restricted entry/exit to Stz*e imposes
the most severe cost increases on all of the alleys. Again,
the increased cost for alley #3 may be less than it might
otherwise have been, due to the change in queuing discipline
observed. It is interesting to note that the policy of
time restriction of delivery vehicles is most often put
forth as the quickest and easiest policy to implement.
The perceived social costs of delivery vehicles may be
reduced, but significant costs are transferred to the

carriers.
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Chapter 7
Alternatives to Increased Costs

7.1 Introduction

The State Street transitway is going to be built,
and the vehicle control policies discussed in previous
chapters will be implemented. The simulation models for
the on- and off-street deliveries have shown that there
is going to be an increase in the time to make a delivery.
Since the amount of man-hour and truck-hour input necessary
to produce a delivery will go up, the cost function will
increase for the carriers. The carrier will increase the

price (rate) he charges to make a delivery to the retailer.

7.2 Policy Changes

The actual physical acts involved in making a de-
livery, i.e., the unloading of the goods, the signing of
the bills of lading, etc., have not experienced an increase
in time, except in the situation with the cross-street
loading zones, where now the driver must walk farther to
make his delivery. The percentage of the total time (wait
time plus actual physical unloading time) that is devoted
to idle waiting has increased under the vehicle control
policies. The key is to propose some policy or some
facility which will enable a carrier to reduce this idle

72




73
time. The obvious trade-off is between the cost of such
a scheme and the costs of performing deliveries under
the vehicle comtrol policies.

One could approach this attempt to reduce costs
on a block by block or an alley by alley basis. A simple
example is the very sharp increase in waiting time that
is observed on block number one. This could be reduced
by the provision of ‘a third loading zone sservicing this
block. Another example is the .interference and congestion
caused by the vehicles delivering to the loading doors in
alleys #2 and #3. It bhas been shown that the number of
vehicles destined for these doors can have a significant
effect upon the waiting times for almost all the other
vehicles entering these alleys. If the distribution of
arrivals to the door and the docks individually were
known for each of these alleys, it might be possible to
schedule the arrivals for these so as to off-set the peaks
of both.

This type of approach, although having some merit,
is piecemeal and does not permit one to view the problem
in its entirety. As discussed above, a means is needed to
keep the idle time of the carriers to a minimum. Various
technological innovations have been proposed to facilitate

distribution of goods from the delivery vehicle to the re-

tailer in downtown areas. These include tube systems,




conveyors, etc., all of which are automated to a high
degree. Implementation of any of these concepts would
require a massive capital investment to provide the in-

frastructure. They will not be discussed here.

7.3 Consolidated Receiving Facility

With present technology, there is at least one
proposal that would serve to reduce the carrier's time
to make a delivery under the vehicle control policies,
This would be the provision of a consolidated receiving
facility contiguous to the mall for deliveries to all but
the largest retailers on the mall. The larger retailers
already consolidate smaller shipments into larger ones
for their downtown stores to a great degree. This re-
ceiving facility could be compared to the central re-
ceiving room of a large industrial plant. The problem
then becomes one of physical distribution of goods to
individual retailers in a controlled environment, i.e.,
the mall area. If the facility were properly sized, it
would serve to reduce the idle time of the carriers
through quick in and out service. It is conceivable
that the times might even be less than those observed
under present conditions. The internal distribution of
goods from the central receiving facility could be per-
formed by smaller, perhaps electrically powered vehicles

that could share the pedestrian right of way. These
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smaller vehicles would make scheduled runs to each block;
the number of vehicles and frequency of runs could be
planned with presently .available information on the re-
quirements of each :'retailer. Since the operation of the
facility and the redistribution of goods would be under
the control of a single manager responsive to the re-
tailers, a more uniform rate of arrival of goods at the
individual retailer could be achieved.

The trade-off here is between the cost to the
carriers of operation under the vehicle control policies
with the present facilities, and the construction and
operation of the central receiving facility scheme. As
calculated from the results in table 6-2, the increased
cost as a result of diversion of curb side deliveries to
cross street loading zones would be over §7000 per week
for the study area., The simulation results for the alley
deliveries in table 7-7 show an increased cost to the
carriers of $14,000 to $30,000 per week, depending upon
the policy evaluated and the assumptions concerning the
loading doors in alleys #2 and #3. If these increased
costs are thought of in terms of increased rates to the
retailer, the concept of a consolidated receiving facil-
ity becomes attractive.

In considering the dollar value given to the
results alone, one must be wary of using them directly

in a cost/benefit analysis to justify such a facility.
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They are indicative of the magnitude of the cost increases
to the carrier, but this is over a very short time span.
To compare these directly with long range investment in
a fixed facility could result in erroneous interpretations

of the results.




Chapter 8

SUMMARY AND CONCLUSIONS

8.1 Summary

This thesis has investigated the cost impacts to
carriers resulting from two vehicle control policies that
could be used to direct the flow of delivery vehicles
which service downtown shopping malls. These control
policies were complete delivery vehicle prohibition from
the mall and time-restricted access by delivery vehicles
upon the mall. Most studies to date have proposed con-
trol policies as means of reducing perceived social costs
of truck pick up and delivery operations. Relatively
little consideration has been given to the costs that
the carriers would incur if these policies were intro-
duced. The proposed State Street transitway/mall in
Chicago was selected as a case study to evaluate the
cost impacts of these policies.

Imposition of a vehicle control policy will cause
an increase in the amount of time necessary to make a
delivery and will shift the carrier's short run marginal
cost curve upward. As there is no rate regulation of
local cartage companies in the Chicago Commercial Zone,
a carrier will be able to increase the rate he charges

&
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for a delivery to the retailer. At the same time, the
expected increase in retail sales as a result of the mall
construction may increase the retailer's demand for de-
liveries. The cost of time was approximated by the man-
hour cost to the carrier.

A queuing model was constructed in order to show
the increased time it takes to make deliveries under the
proposed vehicle control policies. The arrival data was
obtained from a study by the Chicago Department of Public
Works (26). A Poisson arrival pattern was assumed. The
service data from the DPW study was inadequate for use
in the queuing model, as no information of the distribu-
tion of service times was collected. A study by the
Polytechnic Institute of New York (9) had fitted a
gamma distribution to the delivery times observed at
different land uses in Brooklyn. For this thesis, the
gamma service distribution for a land use similar to
that of the State Street area was rescaled to the mean
delivery times as observed in Chicago.

Confidence intervals and levels were pre-speci-
fied in determining the number of simulation runs neces-
sary for the models under each policy. Adjustments were
made for the fact that the data is auto-correlated.

In the study area, two types of deliveries were

identified: on-street and off-street. The on-street
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deliveries were diverted to cross street loading zones.
Using the same arrival rate, simulation runs were made
for the present curb side deliveries and the proposed
cross street deliveries. Each block was simulated sep-
arately, and each shawed an increase in time to make a
delivery under .this policy.

The off-street deliveries are made to six east-
west @alleys in the study -area. Generally, three policies
were simulated for each alley: (1) present conditions,

(2) closure of each aliey at State, and (3) time-restricted
entry or exit to State for alley access. The arrival rate
for a particular alley was used in the simulation of that
alley under each policy, and each alley was simulated sep-
arately. 1In almost all cases, an increase in time to make
a delivery was observed under the proposed vehicle control
policies.

As a way to reduce these increased costs, two types
of alternatives were discussed. The first concerned changes
in policy to specific blocks or alleys. The second dealt
with the construction and operation of a central receiving
facility for goods delivery to the mall retailers. The
feasibility of these were speculated upon, but they were

not simulated.
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8.2 Conclusions
The introduction of vehicle control policies to

the State Street retail area will result in significant
increases in the short run marginal costs of the carriers
serving the area. The aggregate cost increase would be
over $7000 per week for the carriers making curb side
deliveries, and between $14,000 and $30,000 per week for
the alley deliveries, depending upon the policy evaluated.
The potential exists for the reduction of these increases
by means of various adjustments in the policies, or per-
haps through the construction and operation of a central
receiving facility for all but the largest retailers.
The need exists to confirm the validity of the assumptions
made in the models through on-site observation in a sys-
tematic manner for an extended period of time. If this
is done, and the observations conform to the results of
the simulation runs for the present conditions, a strong
basis would be made for discussion between the carriers,
the retailers, and the city of Chicagoc concerning a cen-
tral receiving facility or other method of reducing the

expected cost increases.
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APPENDIX A

NOTATION

Queuing Notation

A = arrival rate

U = service rate

p = utilization factor

M = number of parallel servers

L = Mean number of vehicles in the system

T, = 1/X mean inter-arrival time
Ts = 1/

@ = shape parameter of the gamma distribution

mean service time

B = scale parameter of the gamma distribution

Statistical Notation

n = number of observations of waiting time in one run
Wj = the jth observation of waiting time in one run
X = the sample mean

V(Y)= variance of the sample mean

V(X)= true variance

s* = unbiased estimate of the true variance
Uy = the true mean

Z = standard normal variate

X5 = W = mean of the observations of one run i
N = the number of independent simulation runs
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APPENDIX A (continued)

Statistical Notation (continued)

2

(o] the variance of the process

L}

3

V(ﬁ)= estimate of the true variance, corrected for

damping constant

auto-correlation
a = probability of the sample mean i-being outside

the specific interval about the true mean ux




APPENDIX B

This appendix contains the programs used to simulate
the on-street and off-street deliveries in the study area.
Liberal use was made of comment cards in the programs. The
simulation language was GPSS.

Present curb side deliveries on State Street
Cross-street deliveries

Alley #1, Couch, present

Alley #1, Couch, time-restricted exit across State
Alley #2, Court, present

Alley #2, Court, closure at State Street

N OO AN =

Alley #2, Court, time-restricted exit to State Street
8. Alley #3, Calhoun, present

9. Alley #3, Calhoun, closure at State Street

10. Alley #3, Calhoun, time-restricted exit to State Street
11. Alley #5, Marble, present

12. Alley #5, Marble, time-restricted entry to State Street
13. Alley #6, Quincy, present

14. Alley #6, Quincy, time-restricted entry/exit to State
15. Calculation of the cumulative distribution function

for the gamma service times.

84




Ph sm e e

dvvd ‘L0

ot e e e meaes

1 0 ot
S i e e T S L B (SR 6
82 0 9
82 0 L
- forere S it e o S e S e 0. .9
ez 0 S
g2 0 Y
N o .0 o) (L ISR £ o
T 0 21 82 0 2
1 0 11 82 0 t i
- IVLICSL  UINJEHND __ ¥ICTE | visy yemaaou:|‘zyu04mleu<h<» ~AN3YY¥NI____X2078 . IVLCL. . IN3MYND...__XI848 4<».h-.pzumn:us---xuugm
SINNZD X2
Q0042¢ %9879 3in7Cs8Y  00w2E 3212 m>H»<4wu
N AN e 1 1¥V1S
£E SLe02T¢0¢ 398VLi0 1 1 ;
EB e e iy agVIIvAY. SaNSZ.ONIOQvCA . O ._._39v8SLS . ...t ... % ..
L€ 1 3LVNIWY3L €1
0E 0¢1s 3 1S3l FA
62 o ey IREEMINIENII U I I L) | I O o IR R e e T
L1 2 S 21987 o1
Le 00%2€  31vHaN3d 6 §
s O, e il el RVNTHNEY . e W e N
5 1et EINER L :
e EN4 JINVAUY 9 <
ee e i e e e s e i (SR o, e SAREAGE Lo = e BN I oE RN
€l et EIGE] v d
2 11 an3no €
(i O I PRSP s - ) 1 2
i T62N4¢INd  31VH3N39 1
g1 008L4666°0/0099¢6566°0/8295¢166°0/81154986°0/022%*186°0/00594926°0 £
Ll . EY2%%06°0/4910%°G96°0/02LE4256°0/299€ 6 0/BETEL26°V/0RREYL'D g
91 T T T T 00492980 0/09 124 E 180700814542 °0/80914L°0/99214108°u/0021¢6.5°0 £ |
51 70066%5°0/29L°10%°0/8G6G4E *0/BLE 202" o\egm.mo— 0/6°C*0*0 3 |
vl i TR e Sl e e #224ENY B0 IR - o T
£l ) o F e g T S3UNNIW 22 = NV3AA *S3ITVIAINZU uanm gyn? °
A 9°LT=g ¢G2°1=v *S3WIL 3DIAH3S VKWVO ™
B 0°84L666°0/0°L666°0/2794866°0/E2GS66°0/9°9466°0/6°C486°0 = s s
01 ER L TR S AR S EYL6°0/2°EY96°0/66%24G6°0/ U L 96 0/26°2126%078°246°0 5 o
6 C12 ' uH 0/EU T g 0/9° [ 4y 0/HE L GL 0/2°\ VL U/5106°0%4°D 2 i
C] e e e BY%0'5°0/6US"0*9°0/5GE%0%E°0/222°02°0/%D1°0% L °0/0%0%0°0 . __ . .2 !
L e 922*2NY  NCILINNA ~ 2
9 SIAWIL IVAIUYVUILINI IVIIN3NSAX3
S ) oo VOVOY*OUY2E/GZET008U2/02E ¢ occﬂm\oco.ooco,\ommﬂ.oowp R A . e
v GU*1)  NCILINNA 1 1
£ 9 °CN 30274 ‘SAWIL IVAIYEYHILNL NV3IW ¥C3 NOILINNG d3IS ®
4 ALVINWIS &
{ 192029 12526 170y
BIUANN A RN ' SINAWWS POISHIOL 03004 E¢Y  NOILVY3EdS  2C7Te MIBWAN. .. ...
Quvd A Ay %2818 _
i°61 9L/02/40 L6€ BSd 1°1 *H3IA  0009/A S$Sdd 0009/A S5d9 ALISHNIAINN NHILISIWHLHCN
L 3

-
-

\




86

CTTIVAOL T UANIEAND T UN00T8 T IVAOL C ANIHYEND T TN008 T IVLI0L T IN3dENd

39vd

..:L;A 1 -
1 0

X 0

%3078 "vi0L

uovee

AN383N2

£l
el
9

%907V 34017088V

%2018

1
1
62
el
8e
€2
ve
ve
82
g2
aviol

Oueze

€€ L 18v1S
ZE GL02140¢ 1 3I8VLD (
1€ ’ s A T e T R TTTTT3MWVALIVAY S3INOZ 9NIAVOT ¢ 39VH04S i
0E L. 3dvnIadzl
62 . 0¢1s 4 1831
5 e e i o e i e 00 3 1841 -
L2 l S 21901
vé vosee 4L17Y3N39
52 MR A s T i S R TR R BN 3LUNIAY¥IL
ve 1oL 3AV3Y
£e ENS 3INVAQY
22 : ’ X . 14l lyvgig
le et NET ]
o2 i 1t 3030
61 PN S o j S i ¥l 3Lvo
ul TSNS IND  3LVH3N3S
Ll ‘008L'666°/°0099° LEGL 0/ °2E19(66°0/°0695%CB6°0/°YpTntlBL U/ 00YY* ELE D
91 - *00S94996° 0/ 949 194S56 0/  Vi06 560/ 9BLE Y6 U/ UZHL 26U/ b L")
al *0V0E Yy 0/°099245H°0/°0912% (9L 0/°8SLI*10L 0/ UgGLiesy I/ 02ET es T
vl *0564559°0/°82889°0/7°2199208°0/7°BUSY L0/ %20/ Usu Y
y & S : $204ENy  wOILINN4 £
2t Z1 133¥1S=X 2°6l=d ¢G2°1=V ‘S3ull 301A038 VAAVO_ e
1 0°8%L666°0/0°L4660°0/2°9%866°0/E°54G06°V/Y v406°0/67E%86°)
e N S e T T S'EeLp*0/2°€%90°0/66°24S6°0/(8°2496°v/ecs’2426°0/E%2%6"%
b C12'yB 0/EB T 98  0/9 L4 0/8E 124G U/  LPL 0/GT6%0%9%Y
%] 69°04¢5°0/605°0°%°0/S3E°04L°0/¢22 0 2 0/ PVl v ®0/0°ds0 L
e B~ S I I i 5 v22%2Ng  wpIlINNg 2
L] Sdndl] TWATUYVUHIINT IvIININOdX I ®
S L0009 00v2E/v2ET*VlUYE2/702ETUNY L2708y Vvbu) Z7v2EL*002L
4 susty wolioNn4 1
€ 9 *ON M08 *S3WIL IVAINEVEILND NVIW Hud NUILvNONd d31S e
¢ JLVANALS
4 Lhe029t12vaL6t 470wy
YAHWNN SAIN3WWO0I PeIOHODEdedeys eV NUILVE3IH0 207
Jdvd
*BY*27°61 YL/02/80 L6E ¥Sd 'l °yaA

0009/A SSd9

Zccccceoacecon

4

3dand

-

~ANMMeuwvraoo

%207¢e

SINNQD »207%
¥ov1D 2AlLlvizy

MU CHrHrTO

Y3HANN
b U i1

i

NV v MMM

— -

YU09/A SSdY ALISHIAINN Noidl

S3M41dON

RO NIE )

—— e




~ AD=AD53 525 NORTHWESTERN UNIV EVANSTON ILL F/6 15/5 N
THE IMPACTS OF VEHICLE CCNTROL POLICIES ON THE SHORT RUN COSTS ==ETC(U) i
JUN 77 J V MADDEN ‘
UNCLASSIFIED NL

Ml B
=

END
DATE
FILMED

6 =78




o

==

i
=

« i~
S R
=

N

[

2

It = g
e e

it s

I
O

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1961-A




87

duva

b

SLOCTY L2 91/02/80 © © - Lot ¥Sd 1°L *B3A - 000Y/A 'SSd9

55 A3 3AvIt e l¥vdagn s2
LS € 30vdS av3ld £ 8 21901 $ 74
LS . 2 Jovds dgvid < 8 21901 te
25 o ol U i e "€ 30vdS Adndd0 T £ $ 21%9% T &g " R
s 031dN220 € 3IvdS 41 A0 L 47 31v9 12
0% 22 4IVdS aviNd 2¢ ¥ 21901 ve ;
e g s m g G AGNDID T TG e 91007 T Gy T -
bY 031dN220 2 32ves 41 AJ08 < ¥1 31v9 ul
Ly & 30vds uvid lc ¥ 21501 L1
3% Sl B R e 22 3J0VdS AdNMI20 2¢ S 21%0L0 N
av 031dn220 SI 22 32Vas 41 v Nn ¥l 21vy »l
L1 L 3ovdS davi3w ¥ 21997 9l |
e e s e = e g g0 S Ag990 atl-:,l!.ﬁm g 3lgg T g e
2y Q314n320 SI 12 3JIves 41 oUW 1¢ ¥ 31vd ¢l
L) A3TV WON¥J 3unLyvd3u ¥04 3n3NO 1'¢ 3n3nYy §1
i "oy TITANA07VILLS 3IVdS ¢0U343T9nw0d IDIAEIS ™77 7T AT gsva3y T TR Ml TTTTTTIOTTTTY
(3 yNd 3INVAGY v !
vt Q3ONIAUI 391ABES et d3v430 ) :
T AU RN B o e P ) T
114 [ 3JvdsS AdNI0 { S 21901 Y
st U314dN320 SI 1 30vgS 41 »IuW \ ¥ 31vo s
R B (T TR LR A3V 01 AHANZ Y04 ININ0 ~""""" 161770 3N ETTL R RN A
tt SSAS OL SNOILOV#X 40 NOILVIOTIV WaUJINIl 1HAS*ESUASHEEE’ ©34SVVal £
¢t SHNUH 00WT 1V NOILvadndd duls L gl alve <
R Lt | et T R b e TLYZNACING T atvHeangy T R A i
0¢ 008L666°0/00992uy6°0/9L79%Ldb"® c\eqmw.wmo 0/900%°¢Lxp" o\m,¢m.F~o.o v
b2 CLISPEYE 0/V0un  966°0/9ulev30°0/702ER YLL L/ 0YuE Yup V/CYEE LYyR® S )
oy Be T T T T 0008 b ey 0/962246°0/00¢20REL° /20224 (01070201 09 et Iig Y RS 9 3=
Le 211109 0/2Su E /90902 0/ [ V/Zugl oy 2u® /300 9
g¢ v2J'ENY NOLLINIS v v
e R SR T e e e o b : E EYAS M03 Sunild 301ab3s e G e R e
£ 008L4666°0/7009Y9°2846°0/9L99* Lo 0/BY2Y9*546°0/306vI*>Llbe*y \T_cu.—so.y S
£e CLLIS'E96° 070080 9C6°0/90 9450 0/ UCEY EL  V/OMUE YVE  I/0GEEY LYy® S
44 K T e DONE ML /v al2t8°N/00vE BEL I/2020 LUL 070201 ey 072201  Iug s S e
le 228 SR (L A VA A{TAR AR (VAT L AR F-AR VAR TRE BT ATA U R - A D RV R 5
be v2J* 9Ny ®O11INN 3 s S
e R G - | MRl e S e e T 2HRS HUd Sdall 3ITaBIS § " : =2
gl 008L4666°0/70099421886° oxesqo.»mc o\mmmo.wmo 079009 Ly " C/ETH5 1L6 Y v
Lt ClLIS*EY6° 0700054 9G6°U/v0LYG0°0/702E0 9L U/ 09aESYVE G/09YEESLYR® d ¢
T L e s e e 000082800/ 9824248° 070092 HEL U 202 (VL U020 UL L2210 Lug® ) v e
el CeTITPI00°9/8SG EP0/7909%cI2 S/ /ey 1 v/ueleg200/2%ve0"2 v
vl 922%ENd  wOLlLlINN4 v ®
el o : "S3TH3ATI20 A3V 40255 (=Y *SEWIL uua>cum VAAYD T e
21 0°84L666°0/0°L%665°0/2°9%865°0/E° 355666 v/ " 9406°0/6E* 6"V 2
1§ s* w.ho.c\m.n.wo 0/66°2°56°0/Tu 2 46°V/¢5°2%26°0/E°2%6°% ¥ e
= fe NRg s e A e e S C1°2'60°0/7E8° Lo 9u 0/9° 1 8 0/BE  T¢S L U/ LV LoU/GTIG6 LG Y " aptedk ooy
) 69°Usc*0/60S°0%y 0/ 55E0%E o\nmn 0%2°u/gwl®utL*g/u® 00D 2
8 20%2Ns NOTLONOS ¢ 2
=S T S R e e e e et e e Ve SAWIL 4<>wac<auhzﬁ TVIiN3NOdYY Rl i
9 ooooo 0N96€/702L*V0U9EZ00BL*UOyEZV2LY <e¢:n\ccc.u<~n~ l
5 00009¢00912/70000%¢00081/70L*0Uyy1/7008LV0BULZ00BL 022700810009 l
v TIUMTY 1DL1ONNA 1 \
HINOI *1 °*ON A3V *S3AlL V/1 NV3k Hud NUILINNE d218 °
2 IIVINalS
i ¢ LIOTLL Y IrwveE eneey uivweer? L0
yIHnny SININWOD POLOHIDOLOIOLIDIUIY  NVTLVHIA0  D0Te  HaliAN
quyd LWV

UVOY/A SSd9 ALISHIALN L5315 IN<4180N

b



ott 020 3 1s31 vl
601 VeES 3 153l oL
CTA vez4 3 1831 LT
FO — - . . - — TR e e a— . - D P I T T - S i s s e - C- Ak e 00 o h F“WF - .. . - FF..‘A ‘o re e s e
Ul TR (7] 3 1831 vL
s0¢( s L S 31907 T8
= e bt e 28 SIATLAYIAITN30 SHH 00812008V = QO09E "= SLVYINGD '~ o> = § = commnrns o)
oy (A A4YNTaYIL te
@ ol A3 3AvaT 14¢ i¥vd30 <L
- ﬂOﬂ - e . B e L e e S S e b e A A f Bl e e e - . ﬂ hU‘&“ GGUJU . —a— F - x UWQOJ — e ﬂh - - ————e o l'll.l-_
ot A3V WONS 3¥NlY¥vVd3U 804 3n3NY . [4¢ 331y vi !
66 V3141900 TILS 39vds *03137dn0LI 341AaS v 35va3y 69y t
e s et s e R i .Ii.l.--...ozh_ - 3INVAUY -—%9
Lo 03IN3ANLD 30IAY3IS 16t 14vd30 L9
Yo £ 3213S 9y
.o p— - mo - - T L T P —— N buqkm zQUJu‘ PR — - —e—e - “ - x UMOCI—  sm. e P x."o R Pp—— tvbl"lu
) € 3uvds AdNI20 & S 21907 v9 '
Lo . omua:uoo n 3IVdS 41 A#JUH € ¥l 34v9 £9 i
b s R e e e Y e e St € AIVES WYANITmTT I RE T T DIPNT il
le - ¢ 3JvdS AdNI ¢ S 21901 L9
vo omna:uoo IIvasS 41 %OV é 37 31vy v9
- - DY ¢ s e n e e e e e e m—er e e 1 30Vds 4v3ND ==« —=1& = Y IO ===—-: == pG =mmer == e —m
¥y 22 3JVdS AdNIIV 2¢ S 31901 1’1 ;
Ly 031dN220 SI 2¢ 3dvdS 41 x»Iovy ¢ - 26 47 31vH LS :
P . i e semie Gy o e i SR ey S e n u0<&v. Q<NJU m————ten e - ¥ UMOOJ e cas gEr e m—— e e
S8 12 30vdS Agn2dv te S 21901 sy
b owuu:uuo SI 12 30vaesS 41 %0078 1¢ ¥1 31v9 119
PSSR PR m.m P — - po—. —— s v o — wb<ﬂﬂ >QD¢vUC ansss o mes oW — . m UwQCJ PR P FT - ——— e e ey
29 Q314220 [ 30vaeS 41 00k l ¥ 3199 29
ly A3V 0L AYLIN4 dod 3n3N0 B an3ng EYAS \S !
- - - cu - - — — - - —— - . —— e . . - mmt e R s B e @ .v“h‘ﬁ&ﬂ‘mmhh S — ‘m —— ———————
SL A3V 3Av3T 14 iyvdag (3]
YL € 30vdS av3’d t ¥ 21901 eV
- —— = i e R R T T e TR ~gee—- g LYY - e LY - e
9¢ € 30vdS AdNII0 t S 21901 Y
5L '0314N220 € 32vas 31 ¥I0H t ¥l 31voe Sy i
A L it st 1)) i T AINIWVOOHONS 3WNLEVAE3U ¥0d AndnY e e Tt 3N3nD =Y
EL 031d1320 AMI1S 30VdS *03137dn0d 3JIAY3S ¢ 3Sv3T3y Ly
el SNJ 30NVAQUY cY
¥ T Ve L B U3ININNUD dJiABIS 144 lyva3ay - W e
0L [ L2148 vy
LY 2¢ 3JvdS avid 2¢ ¥ 21901 ot |
- o - - . co teme ¢¢ . .- - - —— e coe - ®@cs o o N quam ’&DULQ - ——— e+ - —— “ .olll..m UﬁGOJ B - ﬂﬂ [ ———
LS ouna:uuo ¢ 3Jvds 41 X208 4 371 31ve Lt
99 12 22vdsS yv3 1¢ ¥ 91907 vE
SSSEEn T e R S 29 S GSSRE S e e S e e + 2R JOVES AaNDIL = S i BEsess RERERAR saetic S SR s S ss b el S——
v9 0314N220 SI 22 3IvdS 41 %IV 2¢ ¥l 31vo 9€ !
€9 { 3JvdS 4v3 l 8 21907 tE i
S e e e e e e R R L TS T e e e et i S| 1 oy - b
£ Q031dNJ20 SI 12 329us 41 UM 1 €4 ¥l 31vo \E
¢9 1 30vdS AdNIJ0 \ S J190" vEg
CE) v R S L S e S 0314n300 1 39vgS 41 oW - Ly 3lve o¢ : B
vs A3y 0L AYLING Bud IN3no st 3N3nd 2¥AS B¢ :
LS SHYAS OL SNOLLIOVEX J0 0TIV WHUIIND 2UASCENASS® o34SVvnl  E2AUAS ic %
y 9g LR k S el - ge T P
H3HWAN SININNWOD POISHIVY G300V NUTLVHIHO 207Te  HIbnin
uavd - - R ? A DA 2 R

¢ 39vd  *L0°TY'12 9L/02/B0 ° T LGt y¥Sd T*L "H3IA~ 0009/A_SSd9

) SADIVIU S 34

U UU09/A SSdY ALISYIAINN WE3LS3IMALEON

[ %]




4 39vd

*L0°1Y°t2 9L/s02/B0

== LGt S TCL*¥3A~ 0009/A_§Sd9 s

\ AWYLS,
Vo BAeNIUIIL

ott 0s20 4 1S31

6u1 Uity 3 15834

IO ve24 4 1831

FO— - . e - Wi P e GG ISEEE (. b e 1 e eEmE s e e -~ P IR I e pp— Beps it e G G C. ﬂ-& PR h hmwh

961 Grlv 4 1531

$0( ! L S 21901
St e s ek s e GO i SIATLAYIAINZA SHH 00812008U ~9009E " 3LVyINID
-] 01 4AYNTay3L

@« eol A3V 3AV3T 14¢ ilyvd3ag

e s O == vorimimmos i S e st s o s T e 12w € 49V4s #v31D m— £~ ¥ 21997
ec— >u44< WON4 3uNl¥vd3ad ¥04 3n3NY . 14¢ 31309

66 U3IdI1220 1ILS ug«am .ouhwga:cu wg~>«uv € 35Sviiig

e e T ek ek f e k B .|!o||;a.!ozu - ZINVALY
Lo Q3IN3ANVI 3VIAYIS 14t 4¥vd30

T £ 3213$

- s - 86 sie == T e i e e (e e 2 30vdS yv3Nd- vt gt Y 91907
95 € 3JVdS AgNI t S 21907

Lo . Omna:uoo n 3dvdS 41 AU € ¥l 31vo

AL o, 5 oS SR O, S 22 4Ivd§ gV 2et oy 91901
1 : € 3J0vdS AdNI0 < S 21901

Vo om~a:ouo ¢ IIvdS 41 %IV < ¥ 31lvy

- - 54 e et L LT & 20vds yv31) < ==~ —-1&= ¥ 21907
¥y 22 3JvdS AdNIdV 2¢ $ 21901

Ly ouunauuo mn 2¢ 3IvdS 31 »Iuy - 2¢ 47 31vy

2 . ettt et O i o= Ay b AOVdS HN3N9 s mmemnven S gy B
1] 12 30vdS Adnadv le S 21901

L2°] .omunauuo ma 12 32veS 41 %0078 1¢ ¥l 31v9

St S T o e e e 2 e e St - i w==l 4 AIVES . ABNIIY. o wesr e ) =S J1su1

2% omua:uuo I 30veS 41 %0V i 871 3199

1y A377v ol _AYIN4 dod 3n300 | (8 T 3anang

i S vy e e et s ¢ N .....udenzcw:'

5L A3V 3AvaT 142 luvd3a

¥L € 30vdS av3id £ 4 21901

- - L R e R R R P To £ 27 T | 2 Jn o NSO -edee— g 21901

9L € 30VdS AdNII0 3 S 21901

5L 031dN330 € 32vas J1 »I0d £ ¥yl 31lvo

: 2 ctsbeie e RNy === == =AW 0N 3UNLYVE3U o4 Andny e tpterT-= - 3N3nY
EL 031d01320 ILS 3OVdS ¢03137T7dn0d 3IIAU3S 4 3Sv33y

el ['F] 30NYAQY

|75 SR o 4 U3INIWAVD JIIABIS 141 duva30

0L < 22148

LY 2¢ JI0VdS 4v3 2¢ Yy 21901

s s e e e G G S e sretiaas it e simme: € 3IVES ABADIY s e B BB

LS ownn:uuo 2 3JvdS 41 %3014 < 8l 31ive

99 12 42vds gv3 1¢ ¥ 21901

S = e as 29 e YV et S S -+ 22 3IvdS AdNIJY == —-- ~8¢--="5°31901

Y9 Q316NJ90 SI 22 2IvdS 41 XI0M o< ¥l 3lvo

t9 [ 2JvdS ¥v3D l ¥ 21907

e B e e e e s e TR SIDNES R aE e e DL

1y 031dN230 SI 12 3Jvus 41 HOVM | 4 ¥1 3lvo

¢y 1 30vdS AdNJJ0 ) S 31901

oY - S 031dn220 1 3IvgS 41 %00 - Lo Wl dlve

us A3TIy 01 AYLINS ¥ud N3N0 et 3nano

L §°Y SUAS OL SNOLLDOV#X JO J0TV IV WHUIINN SUASSEUASHS® a034SNVnl

5 : 9s S TR ¥ T dAVNIANAL
H3UWNN SIN3WKWOD POIOHOYI JO34QQoyty  NUILVHILD

Gny3 - A5 : »

Ll e SR
YL
by :

R

————

Y
[y e

vy

of
B RIS O
iy
vE
e T
Y€
LE

e meem

1
i
“
————

LE
vg
LT+ _ sy
a.ﬂ ]
ic

g

2Y¥AS
€2AAS

YItunlin
" U R

207e

T UYU09/A SSdY ALISHIALNN WEILSIALEON

—

-




9vd

S¢ € 30vdS 8v31) € ¥ 1981 1 T4

%S 433443 NI NSILOIMAS3Y 3WId 41 L1IX3 %2878 L ¥l 31vo 92

€S 22 30vdS Hv3id - 22 ¥ JIel €2

s 3 % € 3J0vdS Adniac € S Jd19C1 ¢ AN N
is 031dN22C € 3IvdS 41 ¥ICw € ¥l 31vo 12 4
0s 12 30vdS H¥v3I1 i2 ¥ 21981 (7] :
oy et e €2 32vdS Adnd2C . ‘22 7§ 218t R R L TR
8% 031dNJ38 SI 2¢ 39vds Jf 22 e2 ¥l 31lvy 81

Lo 2 30vdS uv3ld 2 ¥ 21907 L1

9% S oot 12 39vdS AdN2IS — - 12 7§ 21921 NN (e e R o
SY Q314dN23C SI 12 32vdsS 41 XIC 12 ¥ 31v9 st

v 1 20vdS yvind 1 ¥ 21987 . LAY
SN R PR DR s v a S AR e ¢ AR T s v T 3 2 30vdS AdN2IT T T TR S 9IPRY TSR

29 G31dNJ3IT 2 32vdS 41 42278 e 37 2lvo A ~
i» A37V WOH4 3uNid¥V430 ¥S4 3n3NY 12 3an3ny 1t

o» T e e mes emmeeeme - 031dNJ28 VIL1AS 30VHS 4Q3137dWSD 32IAH3S 0 T TRV T e T ————
o€ LT INYAdyY 6 ;
'] U3IN3WAS) 3I1AM3S (‘1 lyvd3g 8

- Fn TN W B @ SRl L FeeE e Sk et & e . - T, - ﬂ P UNumm . - .h P ——

9¢ Tt 30vdS Adndds 1 S 21921 ]

13 Q31dN22C SI | 3JvdS 41 %337 1 471 31v9 S

FE TR s Eenapuing etk s S 2 >u44« Cl AMIN3 ¥C4 3n3n0 g GRS~ QYRR R TRt
gt SYAS Cl1 SNC ahocsx 48 SSIAVITTIV WHSHINN  TYASCE2YAS*EEE" H3I4SNVA] € i
2€E SUNSH ooc. dv NOILVHMINID dS1IS L H1 3Lvy 2 |
1€ ) e S e 1 b - . Te2N48INS - EIS EELED) e T T e T T
og 008.4666°0/009942486°0/9L994,06°0/88294S86°0/9009° 186°L /81954 [L6"V 9

62 CIISEV6°0/7008%°956°0/790L%9456°0/02E%E6°0/0HEBE* QU5 G/OYEES LR Y -]

e AR e 000E*828°0/9uL2'B°0/700%2¢8EL*0/2022% TOL V/C261REF U/EEHIGIUSE®D — ~~— g  ~——
L2 2211%109°0/2S8¢€°0,9094¢202°0/89E4T°0/7021¢L29°0/5°0UD*D q

92 #2J4SNY WSLLINNIY 9 S

se LA €YAS UCJ SIATL 3IDIA¥3S B R A
e 008L4666°0/0099¢2u86°0/9L99¢186°0/88294S86°0/9029¢ 186°0/8I9S*1L6°0 S

€2 211S4€E96°0/00en 956°0/%90L%456°0/702E%* 9€6° 0/0HHESQUE U/UYELS L9 Y (3 e
22 000€E'e8EZB°0/59.248°0/00%24REL*0/2022410L°0/70261%8E9°3/220141C5°D St i e
12 22114 [04°0/2S8¢E*0/9094202°0/3%ES 1 U/G2L¢E2NU/s3°NeCC s

02 9ZIlsny  NSILINNA S c

6l Fbietes sEAE il 2YAS uCJ4 S3IWIL 3IJIAH3S o i

gl ¢ 008L¢666°070099¢2886°0/9L99¢L86°0/8H294586° 075009 TU6 O/BILL 126D 5

L1 C1IG*E96°0/0089HS6°0/90,9456°Q/702E9*%E6° U/70VBE*QI6°0O/09EELIR "D “

91 - Sl 000E*82E*0/9RLL 'Y 0/0092¢8EL°0/2022°T0L°0/026149E9 0722014 1UG*) "= 4 ~
sl 22114 109°0/2584€°0/909¢202°0/8%€21°0/0214€20°C/C°I%C*J D)

L2 92IYENY NSILOMN Y L] LR

€1l SIIHIATIIQ A3V 402=( *G°l=sy *STll ADIAMIS VRVY ® e R R G e
el 0°8%2665°0/0°L 666°0/2°9%Y66°0/7E°C SRR V/I°9%66°U/6 E2RE°0 2

it S*EYL6°0/2°E496°0766%°2°S6°0/718°2496°0/25%2426°%v/E 240" 2

o1 . 21248 0/CH 19N C/9° ' 0/RE 14GL 0/2° 1L 0/51e°(¢6*D R

6 69°04G*I/76VS 09 0/SSE 0%E°0/7222°042°0/7%01°0* 1°0/L°0%0*D 2

8 H2I°2HH  NCILINNG e 2 .
L SANIL WAIMAVUILND WILININCAEX3 ° RN e e
9 00009°0096€702L*0009E/00B([*00%2E/U2L00BH2/00LLO2S2 1

s 00009¢00912/700009*L00BT/02L %004 T200U [ *DLHL(/0UB L CLRLZUGEI*CLYE 1

9 (SR ¢] NCILONNg 1 {

€ HONGY *1 *ON ATV *SIWTL v/1 NVIA HO4 NCLLJNNG d3LS o :
2 vanels e e - R Y e R
1 LI0TTT*TESOZELG20U2Y ALGERLY L I0ay

Y3YWNN SLININWG MO10HE9 430040 H¢Y NOTAVY3ES  JCTe ¥3WWOAN :

*1s%00%e  9L/EL/u0 L6t ¥Sd 1°1 *d3dA  OQUUY/A SSuY 000YZA SHLUY ALISUIAINN NHILSIMHIUTN

L]

b




ott v ¥1 31v9 8L

601 : ; 1 31vy3anio L

80l . N30l = 13534 ST *03SC1D = 143§ SO .

Lol 1IX3 A3V ¥C4 SNCILOIYLS3Y 3wl ® i i

9ot : ALuNIwWEE] 9L !

S0\ A37v 3Av3D 12 lrvdiau S .
- %01 G € 32vdS uv3d £ g oty v s
o €0l 433343 NI NOILOIYLIS3Y 3WIL 41 11X3 927 L 1 Z1vo EL

20t ATV WOH4 3uniuvd3q »uS4 303N 142 N3t 2L

1ol . 2 031dN29C ILS 30vdS *Q3137dWSO 32IA¥3S € © 3Sv3i3de 5 AR e SSrahenae

00t 9N 3INVAUY oL ;

66 QIINIAWSD 3DTAB3S 1¢1 A¥yain €9 ‘

66 s = - ¢ 27138 £ R

L6 22 3dvds 3v31 22 M 2188 LS

96 £ 30vdS Adno23C £ S J1481 99

56 iy : 031411938 € 3DveS 41 2ICM £ ¥1 3ive el St Shedide it

%6 12 30vdS yv3 12 ¥ 31929 %9

£6 22 30vdS AdNIIC 22 $ 21uC £9

26 o L : Q31aNI3C S1 22 39veS 41 %2274 2¢ "~ ¥7 31vy 1 e R

16 2 30vdS Mv3Id g ¥ 21920 19

06 12 30vdS AdnIOS 12 S 21480 09

68 o TAELEL R G Q31dNJJT S1 12 3vas J1 MITW 12 1 31v9 iy 5% N

T [ 30vdS ¥vzId t ¥ 219C es

L8 2 30vdS AdNIIC 2 s 21981 LS

94 < AR R e B saie S R e v U31dNJ3T 2 3IvdS 41 ¥IC™W T 2 N7 3LvO SEeaEts | DR

S8 T 30vdS AdnIaC 1 € 21¢C1 13

Y8 Q31dN22C I 30vdS 41 X227 1 ¥ 21ve s

£y SRR T iy A3V $L A¥IN3 ¥24 3n3N0 141 SNaht  EBRAE Eg T omeTS

28 S1uNIwddl 2¢ .

I8 A37v 3AvD 142 l¥vdsag 1¢ :

oy ATHE i = > € 32vdS ¥v3D € ¥ 91987 | N R R |

6L 133443 NI NCILJIMASIY 3WIL 41 LIX3 327 4 ¥l 3ive 6% 2

yl 22 3JvdS uv3I1d 22 ¥ 21907 8% :

LL _ . . yas £ 32vdS AdNIIT “= g =8 31887 el | TR s o

9L Q31dNJ33C € 3dvesS 41 ¥ILH 3 ¥l 31ve 9n

SL 12 30vdS Hv31D 12 ¥ 21987 17

9L 22 32vgS AdNa2ae 2¢e S 31987 o4 st S Lt

EL _ Q31dN22C Sl 22 32vds 41 %35 22 41 3ive £y

eL 2 39vdS uvid 2 ¥ 21981 2%

\ . . 12 32vdS AdNJIC : 12 S 21921 1 - ey

oL G3IdNI2T S1 12 3dvdS 41 %22 12 ¥ O3Lvy Cx

69 A3V miiud F¥NLN¥VLIU ¥S4 3N3NU 12 3N3ING 6t

89 - Q31dN23C T1ILS 32veS *0U3L37dWCO 3IIAY3S 4 eV ERET] g€ e o

L9 SN 4 JINVAOY LE

99 Q4IN3WNSD 321A¥3S 1l levd3g SE

s9 : 2 37138 ; - e g s T

29 [ 32vdS uv31d 1 ¥ J19¢1 oE

£9 2 39vdS Adnaad 2 S 1481 €L

29 031dN22C ¢ 3dvas 31 %337 2 Y 34wy 2¢

19 { 39vdS AdN2IC 1 s 21981 1€

09 031dn33C 1 30vdS 41 »ICW 1 ¥ 31vo og

6S 1 A3Nv C1 AMINI T4 3ININU G & N2y 2Y¥AS 62 R -

s SHAS C1 SNCI12v2X 4T 2C277v WHSIINN ZYASCEHASS® YI4SNvVal L2HAS UT

LS 3LVNIWN3] L2

99 A3V 3Av3T [e2 Luvaldg 92

YIUWNN SINIWWS) CO[OHID 40 30QeDsey  NCILVHICS AT ¥3INWNN

auvd NI T e

39vd *¢s*00°ce  9L/E1/H0 L6E ¥Sd 1°1 *y3A  0009/A SSdy 00097A SSd9 ALISHIAINA NNIISIMKIYUCN

- > —




14 ¢ (7] { Y og 9 0 0L 9 0 09
1 [} 66 1 0 68 | V] 6L 9 0 &9 9 (] 6S
1 0 8% 1 9 8y ¢ (V] AL 9 0 89 9 4] 8S
1 0 L6 1 0 L8 1 ( LL 9 0 L9 el e T i
1 0 96 1 0 98 9 v 9L 9 0 99 9 0 93
1 0 a6 B 0 1] 9 v sL 9 0 <9 9 0 ez
: scNagh Q' = el e e %8 9 0 : yi 9 0 59~ 9 ° ey N
o | 0 €6 { 0 (%] 9 1 [V} €L 9 0 €9 9 0 CHAS
1 0 26 1 0 2y 9 (7] 2L 9 0 29 Y 0 2s
- t 0 16 STl S (' ) v B - i AN ¢ Bl << | i et R ) e el | s
WASL  IN3YYND NS IVACL  IN3E¥ND NOCUE VLSS  IN3Y¥HN N3CT8  WICL IN3HEN) N3878  WLCL  In3MNND 2278
SINNSY 2278
L] 0 0s v 0 0% L] 0 (] S 0 - 02 S 0 ot
9 0 . (1] 4 - Q 6€ - oy -0 itans iy ZHAS S 0-— ~ === "61" g g mmm—e g =
L Q §% L} o 8€ o1 v CE¥AS S (¢] g1 S (] g
v (¢] Ly ) (] &8 1 0 L2 S o] L S 0 1 i
2 0 9% L B m 9¢ S ) % 92 S 0 - g 91" T Rl et R
] (¢] SY L L SE S 0 62 S 0 st s 0 s
] Q vy L) 0 9E S 0 %2 S 0 L1 [ 0 TYAS
4 o nQ ‘ T ° - nﬂ . m c ...... ve » nN e m o ...... - nﬂl mﬁt' .tﬂ\ ...... Oovtn‘unv. o —
D’ 9 FL) v (4] 2¢€ S u 22 S 0 a1 sl c 2 !
L] 0 1 9 (<] 1€ S 0 12 S (4] 1§ Sl 0 1
: wdSL  IN3E¥ND ¥3C18  VLSL AN3Y¥NID - IS8 WICL  INIXHND ¥3378  WWLSL  IN3HENDTT NITIE  WISL TINIEyNI T T xI8Ee T

SINNCD %2878

o

; 0009¢ 398719 31n18Ss8v  0JCGE M3312 3ATLVIZY _
%€l T 18V1S
£et QV3ddS HH 27120 ¢ONI NIW 2 9960214042 37MVLD G2 02
eel =~ e R e T T QV3NdS HH /121 SONI MIW 2 9%%021¢0¢T = - 33gvlo "Gl T T ey
et - " 1 31vNlWg3l 66
0E1 . 0*20 3 1s31 f6 :
62l ’ : : © T 0%€d 3 1s31 ‘ §8 T T T AT e
821 0s24 3 1s3L %6
L2t cél4 3 18351 S6
9cl : : IR ) 3 1831 i R it A e m
b4 3 L s 21987 €6 :
nel S3NIL A¥3ATI30 SUM 008120080 00C9E  3ivHiIn3y 26 ¥ .
get ‘ JLvNIkysl s I TR R e
22t L ¥ 2198 06
121 co2L 3INVAUV (44 -
021 : v § 919317 U pe il
6l oveL 39NVAQY LR

: g1l v ¥ 21687 oR ‘
Lt © ot 002L T 3INvVAQY A
9t " S J1ugT "y
Stt oo2L 3JINVAQY o)
911 L ¥ 2198 : 2e ; st
€Ll covs FINVALY e '
21t ) § J19¢ <R T
1t vy § 21901 &L
YIYWON SAINIWKSI FOIOHIYI 4434000080y  NOTLAVH3AS  9C8Te  MIEWNN S

Quy3 e

£ - 29vd  v2¢5°00°€2 9L/gt/80 L6E ¥Sd T°T *yYyan  0004/A SSd9 0009/A SSd9 ALIISUIAINN N¥ILSIMHIUSN *

IRAN AN 4

[



UL

hhty

1 148 €2

%35 3 L¥AS %2

L3 £2

< 342 e -
3¢ 1 12 '
-1 142 Ce
6n - - s s oo 5. m s oo, A vo = - $82. - FIVER] . [} SRR ———
L N4 3ONVASY %
Lh '3 12va20U L7
SN e e e - SH000-4S3M LV-30vdS T AdNVIQ .- B2 83IN3 T - &
£ . 4 ¥ 34v9 st H
"9 A377v OL A¥LNZ ¥04 2N3N0 o i 3300 2¥AS 4 |
X, TERRE O SHIVA-%200 OL- NLSIJ WANOJINN 2UASPEBASG®  %3sSNvel E£26AS- E£T - ——- -
« 3IVNInYZL 2T

L) T 30vdS ¥V3IID T ¥ 31991 181

o Ce emmn - weeme - Q2L3 VW00 301IAE3S T 3SY31:s [ e it
6¢ 9Nd 20NVASY )
Wi R 03ON3WA0D 30IAN3S ¢t lave30 & ;
NM - " o e voina i e siems sene we S e o & Wi d - MNme N PP ——— |
¢ . ¥0CG ONIGVOIT L1v 39YdS A4NII0 T S 21991 9

cg 3SN NI 000 9NIJVT 41 %3018 4 ¥ 31v9 s
ng e —— .= A277V Ol A#IN3 %034 302020 e BT INZI0 TIAS- % R
(3 ¥I00 ONIGLYO0T UL SNOILIVX 40 §/% ﬂ¢>m.n~¢>v.~. ¥34Snval T30 ¢ .
z L ¥ 51vY 4

s 5 b o o v 8 i e e o s e < TSNS INS 2iVdEN3S T - mer e e
oE 0082%6EL"* o\ouoo.uecm.o\4~¢m 246°9/9829%536°0/3059°%T686°0/6T95%3L26°0 e

62 CTTSEI6°3/C06N NSE 0/H0L9456°0/7028%4n26°0/0n8E4906°9/0%E£4298°0 9

§2 ——- - J00E4826°0/6,2%6°5/00%240852°0/20224T0L°0/026T40E9°3/227T4T06°0 I - B
L 22134 T0N 0/2C34T00/7909%202 07998 4T°0/021%822°2/75°%0% 0" 9

ER h2J*3NY NOILINNS C] 9
22 e e SAES ¥04 S23WIL 30IAN3S . i it e
nZ g8t ooo.o\nuio.nerw.o\asrw.uco.o\nnNQ.mco. /790094 TE60/uTRS TLES <
il 2TTC 36 N/ 6N NGB 0/n02%466° 0/02E449E6°0/0%2E°9C6°/03x24298°0 s
€2 e c—— — JOCE R2E /6L U/00N2 UELI/23224T02%0/025T748E€9°3/7229T4Td¢8 D — G e ———
12 : 22TTTLN 6/256°€°0/909°202°0/6757°0/02T74820°2/0°540%) s

5 H22'aNE  NOILONNI s ¢
€3 fe e e e e SAdS 302 S3WIL 3J2IAn3S . - - —
$7 ' ongn.com.,\nu o.~mco.u\45:o.~cm 9/4829°S85°0/9009T¢H B/ THECTLE D L]

ic S 2TTSE6 /(e N NGB 0/ N0LN066" 2/ i2CN NED )/ 2N6E%906°3/03EE% 2382 4
3P = o mo  m Q0CE*E2U /N6 L2 W 0/ 73Cn2 9EL"0/2322%T0L° 070267 €88 0/229T4395°0 - v — e e
3t C2TTAIONL /25 L 0/Y09%202° 076N T C/02T%ECY /00400 ] :
LI ®20'ENY  NOILONNJ L] ] :
£3 e e e e e e §TTEIAIN20 AZ1TY Y0222 *6°Tzy *S3AIL 20IAUSS ThaUO o e mme e
21 0°6*LEdE " AN L*566°0/2°9%866°0/8°5%506°0/9°%*66°0/6°£406"°C 2

13T S L LE*D/2°C%96°0/66°2SH 0/Ta 2 N5 0/25°2426°2/7E 246D 2

3 - .- et A A AR T ROV AR AL AR VA RS AR T4 TAS RE-FAR T A A AW A -5 £ R L - R
€ €9°00G L/BL5 I n /8L LoD 02220 2 /0T L T /02402 2 :
¥ h2JtaNy NOILONNS < b4 :
4 s e e et = aie m———————— SIAIL TVAIe4vs3INI IVIIN3NOOX3 SR - ———
g o;noo.anoon\ooon.ooecn\ono.ou4mn\a<~“.oo¢¢~\a°m.un~m~ T

3 90T ¢o09T2/700642009T /GO0 009 nT/700%¢ D ﬂcaa\orr.ogus\cnm.aoon T

Ll o SR W AT TI64T9 NOILONNS T :
£ 13n03 *2 *ON A3V *S3aI1 V/1 NV34 o04 NOILGNNG «3LsS -

z 3LVINALS

T LT0TTT T5e02ud52029° T2 9Lb Y 1 Nne : T
aiydAlill SINIHALY FOIPH®D 530Uy Y'Yy NOILve3dl 2071 Q20NN

Uovd ST, 0 L Y AR Sl b e AR s %0078 s -

5'693 ©L/6T/00 LE6F &5a VT k= CC09/7A 5549

0C0Y/A SSdY ALISHUZAINA NUILSINHINON

IO RYRTL)




e

Coe  Weia o e s D B BT~ v e s s v e | e 06 %D 9£9°£59°T . T3 -  SPREEER L
ONILiW3ied ONIZ2I35S ALINIOVIIVAY SNLvVLS ZWIL INIL InIL NVEL/Z3WIL SIININE
elgnlite NOZILIVINT 2L IN3Jezd IN328Nnd *AIVAVNN *IvAay Tvi0L 39V8:AY YIBKNN ALITIOVAY
% = ONI¥NG NOILVZITILN 39VIIAV =
o 2 i b b el s b vad s aadaddalas d 2424424222222 21222222222 o TR S S S D W B - ¥ i
L 4 L 4
. S3I11710v4 -
e o L S R AN e _ s ot 2, g « - : e ) s e R
YEPOCOREPENP PO O P PRV IPAT AT RO NP OIT R P ERNTEO O
3 . Mh s en e e e same e e ame e - 0 o oo —cea s | ~-e st o e - un MN g o nN 4 4 . u ...uﬂ o
97 0 ee éé 0 6T 3T c b
9% 4 82 22 b 'R 1T ¢ €
P gy e & Ov St lilb.t.c-’xill...&ma.. - Oﬂ.il Q i, NN ox NN . .u N.w ﬂﬂ . O B A
T b] 9t 9% 0 92 22 0 97 139 0 9
3 ) st 91 0 g2 22 bl st TT 0 ]
. -- il T 1 B VTR - b S LT geAS 22 b} 2eAS T - 1} s o TUAS -
T 3 £€ 22 e £2 §e 0 £23A3S  b% 0 3330
1 3 2¢€ 22 t 22 13 9 P (] C 2
S T R 4 S 24 G- 12 133 3 1T ek 3 T
ITLIL LINZa=mN) %2078 V101l INZd3ND %3978 V104 AN3F¥ND %0078 19l IN2¥¥ND %0978 Ivi0L  iIN3&EN) %2018
: Si1NNOD »9078
- -- - 2uwede %3273 31n70S8v 2629¢ %0070 3AIL1712%
2L T 12v1sS
kYA e e e e gLto3gd 02 eviv 02 gc
92 524228404t 37evi0 a4 5 ¢
69 316V IIYAY SNOILISOd %000 2 39v40:LS £ £ L
- e %9 R ae = o=+ 3TEVIIVAY SNOILISO4 X000 2 3SV¥0LS 2 - Qe
L3 T 3LUNIW¥ZL iE
33 . 0¢29 2'1854 ¢f
B 53 o B e B e s =k 0'gs 3 1831 £ - R v,
©3 o423 3 182 L1y
£2 074 3 1Szl £t
23 - - [ARS(] 3 151 <f »
33 ¢ S 21991 I£
13 £093:2 31VY3EN3H [y
85 S e e e o T s 8 SLVNINDSL t2 e,
¥s TR 3AvZY 174
L3 yNd 30NYAYY L2
71 - - 137030 °2 ale
BEGHNN SLIN3KAQQ PPI*H*9%4%3400'8'y NOILvd3a0 07« ¥IZEANN
i : Uavd - N L T M LI T : : L b I - SR,
EDY L HNYLHd  wL/bB/uD LbE aSd T'L CauA 100y/A sLdy 0009/A 5SdY ALISE:AINN NI [SLEKMHLAUN




94

39vd

s~ NMmITINO~OOC

Y3UWNN
Quvd

seetretot

9L/s61/00

0314N330 T 30vdS 41 %2078 1 47 3lvo
Tl 3N3no EYAS
3LYNIAYIL
{14 ddvdig
) 87 31lvo
12 3N3nd
142 3Av31
GNd 3FINVAQY
1t idvdig
Jrmemsmmeemme—ems s oiegy200° 4S3M LV 30VAS T AdNII0 142 ¥3IN3
i ¥ 3lvo
A3V 0L AYINI HO4 3N3ND il 3n3nd 2HAS
e e e e e STV d %000 0L NASIQ WHO4INN CYUANSEYASHS®  d34SNVML E2MAS
: 3lvNIny3L
I 30vds ¥v3aN 1 ¥ 21901
e 0 Q34371dA0Y 30IANAS i 3Sv3I3y
yNd 3IONVAQY
G3ON3HW0D 3DIAY3S 141 lyvd3g
1 37138
Ho00 ONIQVOT iV 30vdS AdNIJ0 1 S 31901
3SN NI H00Q ONIQVOT 41 2074 8 ¥l 31vo
A3V 01 AY¥YIN3 ¥04 3n3n0 Tt 3n3no T¥AS

H000 ONIQVOT O4 SNOILJVX JO S/1 THAS¢EZ2YASe2® Y34SNVYL 1330

L 1 3lvo

S TR PR e T Te2NJ*INd  31V¥3IN3I9

ocmh.oo

6°0/0099°2886°0/9L994.B6°0/88294586°0/9009¢186°0/8195%126°0

2lL1S'€96°0/0085¢956°0/90L9¢56°0/02E%%9EL°0/7098E*Y06°0/703€C4 L9

S e e OO0

008L¢66
eligt

et ke ek e e OOO”

oomr.oo
euisgt
s 000€

L6E HSd T°( *y3A

$828°0/4812¢8°0/0092¢8£L°0/2022410L°0/0261%8E9°9/22¢1¢ (05D
22114104°0/268¢€°0/9094202°0/849€*1°0/0216C20°0/0°040%)
v2246NH  NOILONN4 9
EAYS H04 S3ALL 3JIAN3S ®
6°0/70099°2886°0/92.99¢286°0/86829¢S86°0/9009%1us°0/8195¢1L6°0
€96°0/0084¢4956°0/40L94C6°0/02E9*4C6°0/099E*9VE*0/00EE4L98°%D
$928°0/98.28°0/0092¢8€L°0/2022410L°0/0261*8£9°0/229T14105*0
221T4109°0/2G84€°0/909¢4202°0/BYE1*0/02L4520°%5, 70800
Y24 yNY NOILINNA S
2A¥S ¥03 S3All 30IaM3S »
6°0/00992886°0/9L%9¢186°0/8829¢S86°0/5009¢(¥6°0/81¢G*126°9
£96°0/00894 9564 0/90,4456°0/02E YEL°0/7098E9U*D/705EE L9880
$928°0/98L2¢8°0/0092¢8€EL°0/2022¢10L°0/0261¢YE9°0/2291¢105°0
2211%1045°0/268¢¢€°0/9094202°0/54¢%1°0/0214€£20°0/70°040°90
52IVENY NQILINNY L4
S3IH3AIT30 A3V ¢02=y 'S°l=vV *S3WIL 30IaY2S VAAYO _ °
0°B¢L666°0/0°L4666°0/2°9¢856°0/E°54666°0/3° 4.00.0\0 “€ig6°0
G E¢L6°0/2°C496°0/66°2456°0/18°2've*UresS”® 2'26°0/€%2%6*0
21°2¢88°0/E8°1*%8°0/9° ('8 0/8E 145 L 0/ LEL*0/G16°049°0
69°0¢6°0/605°0¢9°0/55€°04€*0/222°0%2°0/79VU1*047°0/0°0¢0°)
$22¢2Nd  NOILDNN3 2
k S3wIl IvAIYNvVEILANT IVILININO4XTI 3
00009¢0094€/009€40009€/7006¢0042E/00214003827906%00262
0021¢00912/700640008T/004¢00%%1/700%v¢00RN1L/00060022/70094009¢

110419  WOILOINNY 4

LyN0d *2 °*ON A3V *S3AIL V/I NV3H 304 NOILINND 431§ .
3LVINAIS
L10TT1eTES02€E4LS202¢%¢12¢ES5L6" 1 NKy

SIN3AWOD PoTeHe9¢d436406¢2084V NOTLVY3AO 207e

~NMNMeNOr~CTO

¥3IGWNN
3078

Sty et @ wnn nn n VOO

NN NN

-

0009/A .55d0 Y009/A SSdO ALISHIAINN NYILSINALHON




95

t
v

39vd

0

0
1 IN3¥¥ND

Y3IYWNN
Uuv

*gEt 12’0t

1y

%9018 TvliQl™ IN3U¥NI

9L/61/00

91
9t

B R e )
- .

ey

0%
" 6E
8€
LE
T
1%
%€

]
.

2€
1€

(-X-N-R-R-N-N-N-X-5-J

L6E YSd T°T *y3A

€€

%2078 VIOl IN3¥IND

91 0 oE
91 0 62
91 0 ¥2
91 0 L2
A R 92
91 0 s2
o AT EYAS
22 0 €2
22 0 22
22 0 (2

2829t

3SN NI ¥00Q 4I X%J078

4
BE
11
1

0CO0O00COO0O0OO0OD O

%3079 3iNn70s8v 28929¢€

{

SL00E4 042
SLY00ES Q4L
378v1IVAY SNOILISOd %300 2
318vIIVAY SNOILISOd %200 2

1
G20
04€S
0s2S
0¢1d
010

L

0009€

T2

{
1ee
1€
9Nd
Tl
T¢E

SIN3WWOD FOIIHED® 46340400V

0009/A $Sd9

02 1t 0 ot
61 1t 0 TRy
81 1t 0 )
Lt it 0 L

S 91 11 0 e i
st 1t 0 5
CYAS  T1 0 1BAS
E2HAS &% 0 1230
el 6% 0 2
1t 6% 0 ¢

%0078 VI0L  IN3H¥¥ND %3078 vl0L In3¥END %2318

SINNOD X¥3U7s

l4v1s
378v10 0z 02
378vio 0t 01
39vy0lLs € €
39VHOLS 4 4
JLIUNInE3L 1%
3 1S31 vy
3 s ot P 5
3 1831 8¢
3 1831 LE
3 1831 9t
S 31901 SE 75
31Vy3N39 YE ;
3iyNIAY3L EE :
iyvd3l0 2t i
¥ 31lve 1€ i
3N3n0 vg
LS AR L2
JFONVAQY u2
AHVd3a L2
¥3INI 92
NOILlVH3d0 207« H3HWNN

X0

0009/A SSd9 AIISH3AINN NUILSINKLINON

207D 3AILvIZY

[ ¥




96

z9vd

UM IWBLCe s

g3d etk
asvd

*gefseee

92/8%/4)

Lbi ¥Sd I°'T *¥3A  -0009/A SSdd 0009/A SSd9 ALISHYSAINN NY¥3LSIMHLNON

S¥Ivd 2000 0L NISIJ WEDJINA - 2UAS*EHAS‘S*® TIASNVHBL ER2¥AS €2

J1YNIKEIL ©2
: 2 Tep l¥vd20 £2 1L nEes e i M
£T ¥ 21901 z2 .
: ) ¥1 31y9 51 |
2T ¥ 21901 ISR et s el v
£T S 31901 67 :
t? ¥ 31v9 vl
< LT 21001 LEJY
2T S 31901 24
2t ¥ 3199 €1
g ) 3 ¥ 21901 7 e
141 S 91931 £7
14 ¥1 31v9 23
ON3 31V1S WO¥J 3¥N1Y¥Y430 ¥03 3n3n0 Tep ansny 17 3/
03137dN0J 3J9IAY3S : 3Sv313y 07 1
TP JONVAUY 6 '
U30N3WA00 301Ae3S 5% 1avdiu ¥ i
1 32138 L
8000 ONICY0T iV 3UVdS AdNIDO 3 S 21Iv0 g
3SN NI 2000 9NIJVO 41 %0070 Y @1 31vy < i
A3V 0L A¥LIN3 ¥04 3N3N0 5 S 3n3no T¥AS L} H
Y0OU ONIOUVYOT 01 SNOILIVX 40 S/F TYAS*EL2¥AS'2°  ¥343Nvdl 1930 ¢ !
L ¥ 31v9 L A A S
TESN4 TN 31VE3N39 1

0082°666°0/0999428¢5°0/744%9%286°0/9829%536°0/3009°T06°3/78T495°%TL6"0
2ITS'E96° (/0069 nG6° 0/ 009456 0/702E44426°0/040EE306°0/09EE% L300
000£4829°0/4%642¢4°0/00924982°0/2022470240/0267¢8E9°0/229F¢%T 25"
CeITILN L /25848 *0/9094202°C/BNE T C/02T4£20°5/0°0 C*D

H2J*' 5Ny NOILUNNS o

e ———

£A¥S ¥04 S3MIL 3DIAX3S
060 6E6°0/00994Z6UB*0/hLn9° 206 ° 0/4829°596°0/3009° 156 °0/u395°TL6%0
2TTS E96°0/00Wh hG56°0/nGLn 56 0/02En %E6 C/0%8E%906°0/09LE%298°0
CUE 924 0/N6 220 0/00n2 WEL 0/20224TDL 0/025T°6£9%0/220T4326°C
22TT TCH 6/258°C°0/9C9%202°0/799ET°0/02T4€20°0/2°0%0°0
n2OtaNE  NOILONDS R e e
2A43 903 SIWIL 3DIAYIS .
0082°665°0/0093°24k5°0/%L4%9*2¢6°0/88294S86°0/9609°¢T66°0/6T 7SI T26°)
2TT5'E96°0/006%  %56°0/40,%456°0/02E%*ni6°0/2n¢E*906°0/09EE¢298°D

wnnoan o n OO WO
A

o e s e ———

JC0E*y28 0/l u*0/02h2%0EL°0/2022%T04°0/026T%6E£9°%0/224T4TCS°0
CCTT'TICR L/25UE 0/903¢202°0/6nC T °0/02T%2205°370°0¢0°%2
523Ny NOILONNSI 9

-S3I83ATZC A3V 40228 *S°T=V $S3AIi 30IAYZS VYHRVH
0t lbbE 0/0L 666 0/2°3%Ubb D/E S 566 0/9 4 66 °0/6°E%56° a
S'LbLB T/ L Sb 0/66°24SH*0/TR 245 0/25%2%26°0/8%2%60
ASEASTRE VIS ARAE UREVERS SURI VL TRk AX VAL FL-AR SVEE V-5 - R RE-1]
69°0°S /0050 0/558°C*C°0/222°02°C/n0T 0T *C/0°0%C"2
®29'2NY NOILONDNS m

S¥nll TVAI0dY334H1 TVIAINGNOUR3
30009°0095E/009L000Ys/CLo*I0N2L/C0C0LT" nac<~\ooa.oa«m~
00CT*009T2/GCo000¥T /70094009, T/00%¢0Cy0T/7006%0024/0094C09¢
$10°19 NOILONNS T
1dNud *2 °*ON A3TV *S3AIL V/I NV3A d0J NOILONNA 4318 - '
1 ALVINALS
LT0TTTTES02E4252020 122646 1N4y

QU e

|
|
|
|

- ———————

NN N

it

SIN3WAQD PEI'HD43%34040'9'Y NOILVe34D 07+ R3ORNON
%078

- m———-

- f




97

43vd

v vl vl o et vd vt

AN ONDO T O™ TN
OO PFOOIOCICI I

aIaHRNN
Ca73

‘r2tsLtye

1
S%021%0¢s

My e & 54008402

$2400£¢3¢1

376V1IVAY SNOILISO4 %300 2

o ; . 370VIIVAY SNOILISOd %200 2

1

0gd

Gl e _ ‘ 020
0cs

0¢zs

0410

L

E ey 0003

]
5 o e R e A R 5 B et D0RE

h
002
v e et e et : i

0022

L]

% ek AT Gl
L]

0£60 pons

Y

18]

Th

0ce0 T

N340 = 13S3¥ S7 *03S273

l¥vLsS
378y
37EV4LD
376v10
39v¥ILS

39VE0LS _

EFSED € EDY
1834
1834
JSZ1
1831
1831
1834
S 21901
SLVdEN39
JIUNIWEZL
s 01901
3JNVAQY
S 21901
SONVAOY
¥ 31901
3ONVAULY
S 01901
SONVAUY
¥ 21991
32HVACGY
S 01901
S 21901
¥\ Z1vS
21VcINZ=9
= 13S 31

Wwwwwww

- LIXS ¥0 3ONVYLINI A3V %403 SNOILQI¥LS3¥ SWIL

A3177 3AV3Y T2
3

A377v HO¥J 3¥NLAVJ3C ¥04 3N3N0 T4e
g
9Ng
T4%
T'e

1
T

T2

T

T2

1¢e

N4

T'T

SYJ0C LS3M LV 3JvES T AdNOD0 v e
T

A377Y 01 AYLIN3 ¥03 30n3N0D T

SINZWAOQD FYI*H'943434Q4D%8 'y

QL/74T/90 L6E USA T'T oA 0009/A SSud

SIvNInESL
1avd30

¥ 31vYy
N3N0

3Av 3T
3OHYALY
1%%d20
831IN3

¥ 31vy
3n3nu
31YNIWESL
18Vda0

¥ 31v9
312nu
3AV3T
~3ONVAQV
13vds0
¥3IN3
¥ 31v9
3n3nu

NOIL1V33d0

0¢
02
07

£

£YAS

2¥AS

30T«

I e ]

L2
92

¥IGWAN
%2018

0003/A SSd9 ALISY3AINN NY3ILSIHHINON

R TR PN
P




28 TInd SI LUNS 41 ¢AdS A8l 2¥AS't  JNS 3Lv)  EY¥AS lE
s 2l 30vds §vi1d 2l ¥ 21901 vE
LS . EL J0vdS AclIdv €L S 319V (-1
'E | S i T il e R ouun:uuc €l 30ovdy 41 »OVW Rl ) ¥l 349 ° o Aalmekeaiiaiv o5
is Ll 20vds ova'd tt ¥ 21807 Le '
Vs ¢l 30vds AdnIdn 2 5 Vvl ve d
e U e e s ) 3 o1 B R E T ST T R e e T R T S S T B i e s
o 84 L 3uvds AdNUI0 1 S 91907 ve
Ly U31dNI230 11 JIVdS 41 RV 1 8’1l dlvy £e
vy , (S dndny  EeuAs <¢ 1
a% AV audl (4 i
ve ‘ 8 1y ve !
S sl e e veie e ) viee s me e e G b S FNN S e e GBS se 16 A LE W AW @ 81 seew © 6. SR 8 ¥ 4 & 0eh e !.— -y MV4kc—hU S '.Oﬂ A ———————
Y N4 3UNVAUY vl
iy 1l L4ve30 el
prind o =G U SR S nesmean e s e emesisdr HOUUYONLOVOT LY BuVAS ARIDR0T it semniemen B RS HER a8 LT TSN T e
6¢€ €1 20vgsS yva €l ¥ 21907 sl H
yE . S 13V 71 '
oLt L 0310201 J0Vas 41 ¥Julg-=s== o= by Jppy moe— ool .
JE ¢l 30vdS avi 4 & 1901 cl
st El 30vdS aanudv €t S J1907 i
Qﬂ S, . @ 580 @ e cam Himsimm @ wEmees wBe e ¢ .ll.lc.khnﬁuuc ﬂﬂ LLQQM uH XUCJK P . Mr ‘e '..av— uhﬂo U - Cr - e - —
tt LO 30vdd gva'ld T g 2Iv0 L :
43 2l J0vdaS AdNI0 2l S JIvu " i
mm s s T SaS mesete se ear e e G H N0 2T T BOVdES 4l NI e gy ¥l 3y = e
vE UL 30vds AdNovv Tt S J190L1 v
e UdlaN220 Tl JOvyS 31 »oy'lus 1t yl d1vy s
. 8z Ny T P e PN TNEL . LY T W ule Ao Lt <l Mo . ; Qe P (A % £
Lé TGASCECHASE®  ©34SVVul 3y ¢ .
< 7. bl 3ivy 2 Y
i e e e Faies S Ry | P i ColeeNd T ING T BivE3NE9 g e e
ve 0UBL666°0/70099¢2YB6°0/9L%9" huc.cxaxmc sHb* c\cocc.,ao oxxpg..F»o v S g
(T Cl1S EYL 070089 960 0/ h UL a0 U/ UcER Pt U/UhaE YL Crl st L L9y y S
cc ANt ccc....:mc..o\.::.m.z.c\cccm.xrr.c\ncmw.::..c\c.n.c_.crc.,..\m,:.ﬁ.f..._ Y )
i el Uy I/euute0/7y0y el U/Zubt 1 vrueit gt uz)dsusy »
ve Yerot pMu .,.c:uz__u 3 S
Gl i T N SR S N T R n>zv VOS SANLL HSOTAULS W jERE T e g b
ol mmxp 666°0/0099¢28Y6°0/7L99 Luo®0/8u29° S8L°U/90UY  lue CryleStiLe Y v
Ll CLIG4EYE 0/00yy  ¥56° 0/ YULy 20 U/ VCEY YEL U/ UNdE Y6 /Uy Lop Y v !
; B e e e wemmemee—s Q000 YR80/ 9Lty 0/0092 REL 0/ Ut L0 UL BRY I/ Lt VG Y L
51 Celitl0y0/eau e 0/7909%c0e U/ 1 U/ueltegu®izi®usy®y v
GM Y2IVENY WOLLIdNid Y v i
e e e e e e e e S 1 (0 TR e I AR 1 IR T B3R T BT R Y- RS ) A S e e
el 0%yt L566°0/0°L 600°0/2 ytub6°0/E 306 v/ v Y806 U/0"E e Y 2
i1 STLALO0/C L 90 U/b0 "m0t 0/ M e 95 /a2 0/E e b Y <
- vl L b e S e CLl®2'Hu 0/ent 109 07y L' C/ut 1o u/e® Ld L 0/s1b% V9 y TR R
6 cc.o.m.o\oom.c.q.o\wum.o.m.O\«nn.c.w.qu«..¢.~ FPOMEE AR P4 i 4
] veUteNy  nUILIVI4 < ¢ ”w
L ; RSt ERRp et T e ar Sadll ._<>Hcc$_u._.<~ AVILINIICdY S ° - e s
9 ccgoc.coo?r\ccgct CulyeZ7uvgl®Uuher/zLLet vvgde/ivl*ulgse l
5 00900 1C/702L0000lL/PLnt0uyh /UL uugli/Zlvetulelsoce cfvuge 4
v TLue Yy wollovnd l {
t NNOHTIVY *€ *UN ATV *S3all v/ NVIN HUS NulLonnid dags L
¢ JAVINNIS
{ LLIOCLLY LCHUEEY 202y  12uhLh? 1 M0nd S
BIHANN SINIHKOD POI O 404Ut O sy NUILVE3GO 2070 H3uwNN
Uegvd 290 lu 3
“4uva *yveeltyl  9L/1e/80 0 - L6t Bbo L*L *y¥3A 000Y/n SSdY e y YVOY/A SSAY ALISYIALRND NOILSINALUUR

-
-



Z 9 03 &1 v 0v 14 ] vE %4 [\ 32 €2 ] vi
14 0 6% 61 0 AVMLY SV 0 (-1 14 0 61 e v b
ot Pl s i T e T S G T et g ey 0 AT BT TR | il b oM e
v 0 Ly 2 v LE SY 0 e €2 0 L\ €2 ¢ L !
v 0 9y 12 v AVMYM S 0 e Le v 9l t2 J y :
. - ..m.a. ga g emaa s mc PR uNivl..il. v 'lbllimﬂ. .. m* Ty s .‘n«.!t.u& -~ MN N—— c.'llll.0| m s ﬂN s o il.lolnll...u. PO
o ¥ 0 114 12 v 114 Sy 0 ve £e 0 vl e v leas -
Ve 0 £y ﬂm "} [ %% sy o . (¥4 te 0 el 49 v 1230
- - Q“ c e . t>m N - e e e l.l"’ll,'loNﬂ . - - '* - e ° - —— e '“n>m . ﬂ“ - ° N —— - “ﬂ mo C— c . - -.“ .
o 0 Sy v LUns €¢ 0 e €2 . v it ¥9 v 1 :
.::.3 AN3IYENI zuo.E ILVL  INJEEN) N0 ._:c» hzuuuzu 22018 IVAUL  AN3g¥0 xuc.a WIoL  AN3dend Pl
e R e e i W=l i, ¢ GRS, W S, 3, SRR . 1A L 4. e e e 2l e e L L LTI LRNOD 00T
¥seus N0MW s41MUSYY ¥eu0S ALY anlivise
. _
s e e o s ) o e R — - - o —— 18V1S - A
16 . ’ ¢ IuvH0LS € £
vé < VeyLS < e
- R T e A A R R S ARSI 5 S s o . TRl s A 5 i U “dAVNladE) “on g o ¢ emeee—em
ol GlES 3 1s v
LB Uees 4 133l 9
e e e b u | ¢ us v wc, - vesein P J—— P TT———— .rll"...‘.qah h.hnw» . = mxl......nlllnl.’l’L
e ] velo 3 1531 LS
93 . L S 21901 <s
e e DU ’ e e e 0 QO <ALYNEVEY — T LG n - e
P AlViilA¥al vs -
la $X200 1834 3Av4T OGNV 3JIA¥3S 3137402 1é¢ v oY %
S e e Gy e WL ORD ST i ponsotng  amsmpbernp JULL0g | wtort o g o el §
el SN4 JONVAUY Ly
L Q3INJWALY 30[AB4S 14 ldvesa 9y E
P B e K T T T K b e S Bl VI T 1+ b B e O T gl
94 : WI0U ONIQVLT LV 3JvdS v AdIIVIO 1¢¢ ¥3lwd vy
,.UF BATRQOBDARBLCORIIVENAVBCRVORPEDDIVTVBVPEORRONROGOIDLOBLOOBEG *
R el | e e et T ATV viUEd 3uNlYvadd yUd 30300 H41 NIT Ihll 3Kl T et
el ° S3UNTINT N300« SIML N1 3aAIl 301A¥IS LVHL 310N ° ;
m&v 0.0...0:.0..000‘..803......l..““#ﬂ00.00‘00.000..0000000..
- - - - o e - — - - _$ . o e . o — - .- -- . m— - . F - “I- hh<w —————- e - m# .!..Ily'ln||l.'||||fl|”
ue TINS SXI0U LS4M 41 »OUTm €  ANS 2lvo  CHAS  e¥ Lk
69 3iviilagidl ly !
R e e g T e i SHI0QTISNI AV ONY HITAMAS FLANGAYD =" " IR TUTTEZANIY T gy e
LY 350 NI soud 41 xJovie 3 ¥1 3LvD  AVMIY bt ¢
99 SaViila¥EL L 1%
= T SRR gt Srahsiaem s ki h s emea v s SN0 LSV SAVATT UNV B0IAHAR ILITERNDD I bR T GRNET T e e e eemEmEs
v9 LON 41 AVAM LH9IY *378iSS50d 41 AVA YnNUdm L1x3 AVALYSO¢To Jd 1831 Avsm Yt ‘R
£y SNJd JINVAUY st L
T s o= L I T s e AN ARG AN A T T T T YA T R R T T T
1y £l 40vds ¥vJID £l Yy 21901 4% .
v AJVU ONIUVUL Lsv3 LV 39vdS 7 AdIlYIV 1% g3in3 ct
65 i doodteobponbbonenanphcanocpeadadbonlnanpoanaitisvoncncontdoce g
uh ° A3V WUHd Johddvadd wud NI Jddl NI awll 3l ® :
LS @ SAWISNT 1duyud SInl N1 3nl) JOLANIY LVML SIUN ° :
25 QRRBORRBROODROENENNNNONECRRRNONDRORNNARERNNERLUERANUDODROODR 3 T ol A e
v AUNNN SINIWWOI POICH L AP A%U O 'Y WUTLVY340 2071®  ¥IunON
Guvd o 3 220 R
¢ 49vd *L9%6LYT  9Lsie/g0 Lot 85d Ll *y3A  0009/n S8a4v S s T OWUUY/ZA SSUY ALISUSAINN NOILSIAHLIYLN




T WS W

P

T

100

A9vd

wn
tn

padls Bt 4
w0 Ly

nNoONOO
TITTITITN

M3
2 g 4

NGO O
MM 23

RNV
Mmm

—-om
MM

N oo
NN M

ANVE )
o~

J

L B o
(]

OO Dty
Lo IR BV SUR S

O N~
i -

L
il

oA m
Lol R ]

- N ITNVNON OO

d3GRNN
(24 B

*L0°60°1T

94782700

468 ¥Sd T°T

——em it 4 e emmeasieems Smisr ¢ ea

"378VIIVAY SNOOILSOd X200 *

$¥000 1S3M 1v 30VdS T AdNI90

A3V 04 A¥IN3 ¥04 3N3ND

T 30vdS ¥V310

021374400 3J1IAd3S

O30ON3IWK0I 3JIAVSS

" ¥000 9NIOYO0T LV 39VdS AdNIIO

3Sn NI 2000 9NIJVIT 4I %2078
A377V 01 AdLIN2 ¥0a 3n2n0

TUAS*24AS e

’e ol . TSN CINS :
008L4666°0/7339942886°0/%24n3 266 U/88294686°D/9000 T8E0/6595°TL6")

Vo, ABV1S
39ve0iS

. % FivNIne24
020 ... 3 1S3L
gt2s Z iSad
073 3 1821
0'30 .. 3 1S3l
4 S 21901
0309¢ 3LVEzIN39
L. 3AVNIWYZL
T2 1avdz0
L3 ¥7 31v9
T2 2n3n0
T2 3Av2T
N4 3oNYASY
T4T ... 1¥vd20
T2 Y3UIN3
T ¥Y Y9
T¢F_. . 2n2n0
JIYNIR¥IL

T ¥ 21901
T 3sv3734d

NG 3VhUY
T4 lyvd30
B . . 31835

3 S JIsu1
T ¥ 3199
T 3N3N0
d34Shval
L ¥7 21v9
J1VH3NZ9

B

SYAS .

TEAS .

1330

CTTS €96 °0/006% %SE /004N 56 C/D2E9%L6 °0/0%EE4S(H /0284228 C
JUCE*8AY*0/90L2'6°0/00n2%08L 572022343040 0/2320T46E99/22nT4T9¢(
22TITLICH 0/280 L L/909 20C°0/8N L T 0/02T%822%2/0°2%0°C

®2J'aNs

RO1iJnNg

ZA¥S 304 S3WIL 3JINYSS

e
v

T 06844666°0/0799°2866°0/9299°286°0/0¥29°686°0/9009°T66°0/LTNS4TL6S

2TTS'£96°0/00084 NSE 0/90L N C6°0/02E9 nEB D/0NEE49CH°D/C0YEE*L90"?
2008826 0/98L42%8°0/009240EL /202204 /326 T RE9 322N T36 L

.

-]

NN

3A

CCIILICH C/286 ' E°0/909%202°0/E9E T 0/02T 2D /0 C 2
H2J'eNY
SEIVIATNZ0 AZY 572y *S3AIL
0°ytL6606°0/0°¢ 506°0/2°9%866*0/E°54566°C/9°%p6°0/6° L €6

L8cErletlretEten0sEE R Sh LT 2 N0 0/28% 2 2b /8 %20
. . C%2'gE0/TB T N C/9 TR /8L T CL"0/2°T4 L 0/5T6°049 0

‘02=0

NOILINNJ
ZOIAYZS YWRYY

Yy 4 X

v

69°0°S*5/505°04%°0/532°0%2°0/222°042°C/h0T 0T °3/0°C*Q"0

00009°009€E£/00C09¢LCIYUE/TIBTITN2E/LL24C5663/026T "

22Ny

NOILONNJ

S3WIL IVAIY¥VIIUINI AVILIN3NOGx3

c

L 4
toes2

00940C6T2/0240C08T/hTS L0 T/022 0 CBCT/002 00cLs622%209¢

FT0'IC  NOILONNS
OHIVY € °*ON A31TW *S3AIL V/I NV3W 303 NCILONNI d31S
31VINKIS

L3077Vt 1e50284252029 12K 546" 1Nke

SINIHNOY (1%KH*O*3434040 UV NOTLVE3AU

0009/A SSd9

0009/A SSd9 ALISY3AINN NUILSIMHIYON

T

307,

=

—“aam

d3LHNAN
V%6

- — —— - —

; [ EGRTNTY

I e 3

L alalial NN NN

. ——

. a g




101

39vd

S5
%S
€S
ésy
ls
41
¢y
uv
A4
yh
YWY
wv
LY
4
v
L]
U1%
e
Lt
1%
1%
wE
Lt
(4%
(€
OE
oe
Le
£ 24
sé
Q\N

cd

BAUNIN
Udv

‘unt0l*¢ce 9L/y1e80

L6L 85d \°1 °N3A 0009/A SSdu

J 12 3n2np

1¢2 3Av3n
g ! SNd 3ONYAQY
3 11 lavd3qg
SHITA 1S3M Lv 39vdS T AdNIDC 12 ¥31N3
_ 1 47 31vy

A37Tv CL AHINI ¥C4 3n3an0 1t 3n3Np  2uAS
3LYNIwN3L
5 1€ . ddvdidn

¢ 4 21989
¥ 4371 31ve
21 ¥ 01989
€l § 319C7
€t 471 3Lve
18 H 914937
el S Jd1vdn
A 47 3lvo
( ¥ 149¢
1 S 21m81
it d7 Alve

ON3 31VAS WOM4 J¥NL¥VCIU ¥Sd 301300 Ll Ansmy
QJdL31dWSI 3D1AH3S 1 asv3aay
N4 JONVAQy
032NIANWSID 3J1IAY3S it dgvd2an
1 37135
480U ONIQVYST LY 30veS AdNIDC 1 * § 2158
asn NI uCCO 9NIQVTT 41 %2274 1 ¥ 3)v9
A3T7v CL A¥IN3 ¥C4 30300 tey 3an30p TuAS

[HAS2HAS 2" B833SNVa) 1230

L. . ¥ 3ivy

T¢2N4¢INd  3L1VU3N3Y
oomn.ooo 0/70099°2uB6°0/41949%.86°0/8829°S56°0/9009*186°0/R105*126°0
2116'€g6° c\ccc:.1no.c\1o\e.mo.c\0nm¢.qmo 0/7098E* 906 O/09EE LYR D
000E *y2Y°0/99, 248 0/00924AEL 072082 10L 070261 'REQL/EEHT 10D
C2LLtIOn0/2GHE0/909¢202°0/80E*1°0/02T4*E€20°0/0°%04C" 0
$22°* 7Ny NCILIONNg S
2ANS ¥TJ4 S3NIL 3D1Ak3S @
0082%666°0/0099%2886°0/49.%94L86°0/8829°586°0/9009¢186°0G/81454T1L6°D
2L15°€96°0/700u% n56°0/%90,0456°0/702ER*%E6°0/705RE*G06°0Z0YCEC LS80
000€482u°0/uB ¢ H*0/0082¢REL 0/2082 TUL 0/02614BE9°U/22h14105°0
C2llsi0%°0/2SB¢E*0/6094202°0/%E*[°C/0ZT€20°0/0°0¢C*0
9CI¢ENY  NSLLIONMNG L)
. S31¥3AINA0 ANV ‘02=4 *S°l=v *S3mIL IDIAYIS VinVe e
O°R*L660°0/0°L666°0/279°866°0/E°54566°0/9°4466°0/6°C86° U
G160/ E Y6 0/766°2%C6°0/18°296°0/26°2%26° 0/ 246" D
212yt 0/ee*1*58°0/9° 14 x.o\xm.ﬂ.mp.oxq.~.u U/516°0%6°0
69°0¢G°0/6VS 0 0/SGE 0% E°0/222°02°0/%01°041°0/0°0 0D
H2042NY  NSILONWNg e
SANIL IVATHUVAUSIND W ININSHXT °
ccoo<.cocc~\eooco.ooocm\ouc_ V0%eL7LLe* 00uyesvLgl *00Sse
009*00A /0L 000N/ TS .ooq:.\onn.cczo_\cor.oawnxmwn.ocer

Lla*1d  NCILONNG

NNSHTIVY *E *(N ATV *SIWIL v/1 NV4W ¥T3 NSILONNS 431§ 3
Jivinwis
LIOTTLOTESO2E P LN20gy [2Ltulb? Ly

SLNIVIWS FOIeNsDe J8TeysIvHéy NOILVHIALD ICTe

B s s i e

ARG e

NI NO~DOC

N nn v

NN NN Treers

-

Y3RWON
AT

0009/A SSd9 ALISUIAINN NuI1SIMRININ

ORI T TR




|

t 0 0s t v 0% £9 u 0€E 91 0 02 91 .0 L e
) 0 o% o v 6t £s v 62 91 0 61 91 0 6
o | 0 A% { v 13 £9 v 82 91 0 8l 91 0 8
" ) v Lv ! v Lt LS v L2 91 0 L1 9t ) B | )
i 2 9% { 0 9E . 18 v 92 91 0 91 9t 0 9
1 Y sv 1 l st €S v 2¥As 91 - 0 st 91 0 S
1 0 vy £s 0 v 9l v 92 91 0 9l 9l U SUERY
{ v 117 £5 v €e 9l v €2 91 0 £l 69 0 123¢
! 9 2 €S v 4 9\ o 22 91 0 21 €9 0 2
{ J JEURE £q 0 1€ 9l v 12 91 0 18 69 1 1 L ]
IWWLLL LddnENY %008 VICL  INId¥Nd NICT8  VLCL  In3¥HND %3878 IVISL  IN3¥EN) %3098 WACL IN3IEEND %3278

SiNNZI 2278

Y90y %2870 31n7Ssay Y9E0Yy N8I 3Alividy..
ny 1 lyvlis
L3 i e b SL*021%0'E . 378vlp 0¢ O oo
9y ki e SL¢Q0E Q2 3Aevin o2 02
Gd SLY00ECOQ Y 318vio ot (o] §
vy B 378VIIVAY SNCCILSCd %220 39vulls 4 4 IR 11,
ty R GRSty - 1 31VUNIwy3y 1S
2y O*En 3 153} 9S %
L : ) ct2o 3 183y SS IEERREREL
us . v*es 3 1S3} 29 3
(A : 014 3 1531 £S 5
5l . i 0*1Y 3 1s34 AT PRI S
Li y e § ’ L S 21981 Is e
9L E . 0009¢ 31Vvy3N3g 0¢
=L ; ; o B SR ¥ e e . BLVYNLwWE3Y i BY ke e late Sl
vL " ¥ 21981 34
5L 002L 3JONVAGY LY 9
2L : 3 % . § 21909 efel) DY st e Rt
(92 002, JONVAQY sy
uL b ¥ 91989 L1 ] v 9
GY g 0022 3JONVAQY G BY G S sl e
Hy L] S 2I9Cq 2y
Ly . 0o2L 3INVAQY 1% .
9y ) ¥ 21987 : 0% ity TR
sS4 Q€60 00%S 30NVAQw 6€ |
vy v S 21921 g€ ,v
LY iy S 2193 ! | R o (o e L
29 ; -9 €7 3471 31vo 9¢
(y 0080 1 34VUINGS St )
Oy N3dC = 13534 §7 ¢Q35272 = 135 S° ° e
b5 : 1Ix3 uC 3ONVMINI A3V 404 SNCIUDINHLISAH 3IwI) .
49 3lvNiwyd) L1
La : 1%e luvd3qn £g o sl sieek
v [ ¥l 3ive cE
HAHWIN SLIN3HHE FOTOHIYD4630QtO0Ysy  NCILVYIdE  ICTe  H3IAWNN :
iy 2 ISR

Joyd ‘vtul*ee YL/sBl/HO L6t USd 1°*l *y3aA 0009 /A 4Sdb 0009/A S65d9 ALISU3IAINA NuIIS3MHLIEON

- f
32

. et




T ) 0% y
A M e o e P e L il it it LPRGIGR . SR T
™M 2Lt 0 9.
s #97 0 L
ARl s SE RS R = 2 o Sl WRE T B ol S
807 0 0 e
¢0T 0 " H
B ens SN b TN, |, SRy - o i e e S e ey B e oo 8 | G B R O I (RS o i
b 0 27 891 0 2
1 0 144 807 T 4
L. JVA0L UIN3N¥NY %078 yi04 _AN3¥¥ND %9078 VIOl _IN3EaNd  X3076 Ivi0L  IN3¥END %2098 Wi04 AN3EuND #2078
SINNGD %2076 .
9242% %0099 31N70S8Y 92L¢n NCO2 3AILTNSY
g 3 1¥v1s AV
£¢ 6402740 376VL0 T T 4
2¢ Mo et T 1T Al Y} e e .. 378VYIIVAVY_SN000 & __ 39V<0LS 5 ST e e, etk
h T 3l¥RIne3l 194
£ 04IS - 3 1S54 T
R PR L [ - ) Lo L bdsp - @ aBsy 0 - 5%
82 T S 21901 ot
L2 0009E€  31YozIN29 &
22 S i e A e ot Sl STl T .. 3AVNIK®3L 4 PR 2
62 AT 5AY37 L
L 4N3 30NVAJY e
i i e B S o SN i O . 1)) R e b s
2¢ Iy ¥IIN3 U] :
¥ : 't 36310 £
i R e o~ o, o e o T T _wyisiyy B IR R 5
6% TO2N3INS T T2lvuEn39 1
§7 0084°666°9/C0932486°5/7L%3%286°3/6829°586°0/9039°Teb C/eTR64TL6"0 )
] son iy o o EPEE G St el 2TTS €96 3/02Un H5h /02N Eb  0/02E0 LB 0/5hEESI6°0/09EE4 2980 i
a3 uunn.gc.o\..f.m.c. /3ChC B8Rl 0/2022% T34 °5/G26T 4ESG/2TNT T25 2 -
< 2233433 /2588 0/909%202°°C/U% ‘T 0/02F ST /3" 2 - :
w1 L S Elh . M20'EN¥  NOI1ONNS S . :
£3 . S3IYIAITZIC AT 402=8 *6°T=V ¢S3AIL 3JIALEZS VhHYY -
ra3 B°E4l6Bb°0/0°2 0060723866 °0/E°S 506 0/9°n¢66°0/6°E%85°D 2
e o, e 1 R RTNENR R AP Cm.n.mw.o\ww 2466 072102 "6°Q/28%2 R0 v 2 k% . 2. . ..
T A TANVITRAAX PEF A RS LRI P2 T3 X VALK VA0 VAN 923 {1 KT LE 2 3
6 69° u.n.n\mrm Jéneh/a5803E5/222°C2O/nLT R T Q02002 2 :
P e BT B o o e n20'245  NOILINNJ N. o N
L SZAILl TVAIBAVISIINI IWILNILDOGX3
9 0C003°%0096£/502T7°CIC9 /7224 3dn2E/70244 000 7022T " Swm~ T
WS Lt el SR ERTIIRA . £SO TR L e S, oon.oaoum\ana.ogc:nen.oo.}:oaw.o?:\oﬁ.a?:\.;m.uaf A T el L
n TIG'TD NOILONNI 3 3 :
£ 2I8YVH ‘S *ON AzTTV ¢S3aILl V/1 HNV3A 30> NOILONNS d31S .
2 e g e ] 2ivINKIS ATS: =l
b4 LT0TTT TES026%44202%%6L412T 1ind
e e ot ST gsgwew. . o R ~ SIN3WHOD FOI*H*Y 3430046y nMOTAV¥3d0 07T« 23BAON
0Evd Tl s %2976 ;
]
T 39vd 1280283 94/9%/90 4b€ ¥Sd Tt °*¥u3A 0009/A $5d9 000Y/A SSu9 ALISYIAINA NE3LS3IMHIRON
e ————— e

{
{

-

e e

R R




2s T levis
1s 6240214043 37€v10 T
. o S o T e wn. B3TBVIAIVAY SHO00 S 39VeOdS %
6" T 3LUNIKYSA
L] 041s 3 1s31
o R N RO Db s i s b s AR A RSN S Wl A i
99 T S 91901
i 00098  31veInz9
C A L L R T
£ L] ¥ 91901
v 29 0022 39NYAQY
i TN K B R
] bL) ucee 3ONYAQY
y 6¢ " ¢ 21901
L i s s i s o i . p02Z_._ BonvAOY .
) (£ " S 21991
o 3¢ 0022 3ONYAGY
SN GRR R e e : L N ) Lk e
i he 0€60 00%s 3ONVAGY
~ £s n S 21901
Gl el FUNEREE 2 it et e P L CERRBDRE
] 1€ In &7 F1v9
1 8¢ 0080 T 31V¥3N39 v
A OPEATR AT, TS . _N3d0 = 13Sz¥ $1_°03S079 = 13 51 __ »
\ P TIX3 %0 3ONVYLN3 A377v 203 SNOILOI¥IS33 ZWIl -
L2 2LUNIH¥3L
i .32 i Renr e il R e 3AV37 !
Exd - aNd 3INYAGY
"2 147 1¥Vd30
£2 et aiids sl e e e B et ST T R R e e e IS R Rl R SO R o
22 102343 NI SI NOTI10I¥1S3¥ SWIL 41 A¥LIN3 %0078 ) ¥ Ziv9
12 Tt 3n3n0
¥ : SO e e e S ey ety ey el o T ... ¥ 21v9 e
: 6T : TE2NJCTNS  31VY3N3D
n 97 0382°666°0/509942685°0/749942086°3/¥¥29°586°0/9003°TU6 0/8T7E%TL26°)
it . 2TTG'£96°0/006%%%56°0/%049%56°0/C2E% 4E6°0/0%85°936°0/09£E4296°0
E 005E%924°0/794 2248 °C/00h2%8824°0/2022%T32°0/026T%bE9°0/22%T°%T195°¢
61 22T T430n°0/2584E°0/959%202°0/89E 4TI/ 02T4822°C/8°0%0°)
p e iy PR a el e P LG o 4920'SNY  NOILONN4 .
. £3 X S3I43A1730 A31V ¢0228 *S°T=y *S3AIl 3JIAX3IS VKKYO .
’ 23 0°6*2666°C/9°L*666°0/2°94Y66°0/E°5°566°3/9°n*66°0/b°E%86°C
1 - : . sl el o 8"§%26°0/2°£%96°C/56°2456°(/T8°2416°0/26°2426°0/5°2 "0
0% W R 2102 uu 0/ Y T Y 0/ T U C/UE T SL /2 T L C/5T6°C 9
: 6 69°C G C/605° 0 % 0/55E°0%C° C/222°042°3/7%CT 0 T 3/0°0%0"¢
§ R L ol A %20'2N3  NOIiONNJ 2
L SIAIL AVAINEVYS3INT IVILN3INOGX3 »
3 07605 5C95E /00284 0009E/22£%39%2:/702L400682/6C2T480262
5 . 5 e e BCE*C0972/0C%*0008T/0CE *00%%T/C%2%9060T/09042024/97543098
" TT0‘3Q  NOILONNS 3
£ 378%¥VN %S *CN A31IV *S3AIL V/I NV34 303 NOILONNJ o31S «
2 LTy J1VINKIS
3 LT0TTTIATIFG02C%25202%464652T" 170k>
s ey s s ke Y AN Sl B e . . SINSKADQ PYICH*D%34540%0'6 Y NOILVE340  D07e
03v)
4 Z9vd CEECLTTT SL/4%/90 468 ¥S3 T°T *u3A  0099/A $Sd9

- a— -

R LT T pep——

T ;
T |

- e s e —— —

Cm e — ——

¥SEANN _
%2018

—— v —

0009/A SSd9 ALISYIAIRN NUIISIAHINON

S T R R

FUN




T -
{ ¢ vl :
o et i a B i e it
1§:] v ¢
mw 8 ¢ L
el el o ks TR ! 8 it U 18 DPERES e
‘ Iy L 3
3 $ s ] v v
y i o T e : : | B i i AB s oime B e ol et i
{ 0 ¢l ig J 2
¢ 0 i €] ¢ 4
Ivi0L  IN3¥END 2006  IVIUL  AN3BENI M08 IVLOL  AN3¥HND NIVTE  IVIOL  INJuENnd ¥074 WLIL  AN3¥eNI . gwwwc,
SANNOI %2071k
000ve 2200 A USYY viLoE Mouo 3AalivIidy
vE i 18v]S
EE SL02140%L Ievyy l {
¢t v 3WVIIVAY S3INOZ UNIOYVOT. L 3YvHILS L T e
e > I Javnlwd3l £l
ee 0s15 3 183l ¢l
6 g : usTo 4 1531 ( G
w2 - . - L $ 21900 vl
L2 LUO9L  aLVH3VIY 6 &
9 3lynInygdl 8 O R -
Se st 3AvIT L %
ve yNg JUNVAQY Yy i
e 1t lyvd3a s - S
2¢ 141 ¥3In3 v
12 . Tt N3N0 - 3 s
ve o : L. y1 31vo . B R
sl [¢2NJ*INd  S1VH3NIY \
gl 008L4666°0/009942886°0/¥L99°286°0/8829%585°0/390u9% lue /B [9S 146"V v .
L CUIS'EY6°0/700us 0S6° /90 LY 5b°U/0cEY  YEL L/ 0DuE Yvp /L 9EE  Lun®y .. L R
? VO0OES Y2 0/ 9yl 0 0/00 v HEL 0720220 0L L/ 02010y N /2Tt (ug® v
sl CeTLP 109 0/2S0 E U/YVD 02 U/ BYL 1 U/ /L LOEUT G/ V0 v %
vl 9EI'ENY  nOLldNNd Y B e R
£l SIINJAINZU ATV *02=y *G°(=V 'SInll 30Ia03S VAAvO_ °
2l 0°BLb66°0/0°L 060 0/ Y HEL0/E 2 506 vy ¥4066°0/6°E°86°Y 4 »
i QU L6%0/2°C YD 0/b0 2 on 0/ 18 2 yp urent 2 2b /L e v R —acus el
0l Sl 20 LU 0/EH T o8 U/ 7y 1 b 0/HE 129U/ e L L u/GT0°vig° o 2 :
5 09 UG 0/605°0 v U/ 306 00E 0/ Ut U/ oy i ®as 0 A ws U] 2 N
o v2J'eNg RIS EATIR] 4 i B e
L SINIL vATOuvHILNT “Ivian3nddx3 °
9 00009 G09RE/IVIVY DUUVE/VVOOY VUYL /Z00BL  viypre/Z0GY* J)aGe [ Y ¢
& 001009127516 °00uB1/7UVL 0UYYT/ZLL2 UUEELZuveGA2L/VVY VI9E 14 é
] Tlust nQLlLIONNY L { ;
£ AININO *9 *UN AZNIV *S3ALL V/Z1 NVdn 304 NUILYINGE d31S ® <
4 ajvinals
{ LIOTTL*1ESvCE Ln208Y blstr2T? LNwy
Y3HWNN SINIHWKWQD COLORODS 000D 1OV NULAYHIGO 0T  ¥InWaNN S
Qavd >xouln
39vd L0022 9L/vlsg0 Lobl usd 1°1 °*y3a

000¥/A SSd9 YVUY/A SSdY ALISHIAINN No3LS3M<INON




39vd

*6€°22°02 94/02/80 L6t uSd 1°1 ‘u3A 0009/A SSdy

1] 1 1yv1s
¥s 378VIIVAY S3NOZ ONIGVOT L 39vy01s t
€S . | 34¥YNIAY3L
e g et e s R e 2 0620 3 1831
1§ vets 4 1521
0s % 0¢10 d 483l
BY ¢ e e s e e Gara = 5 55 A 1 s 91901
-3 0009¢ d1vy3N3o
LY dAyNtad3L
I 1 : i o A P AN PSR AT e e e e e Ba R " 4 31901
59 obo2L IINVAUY
12 v S J19%01.
~ gy o 150 S e Dy G g s e ST Al s A Ay 0oL IMYACY
4 v ¥ 21901
1% voaL JINVAUY
T D mT e meee es e e RN P N 1oy, S AR ' S 51807
o€ ' voeL JUNVAQY
15 v ¥ 31907
Ll LE i e N T SR e ntatiiy ey B S [P e S el 0c60 : 00%s S vy
Yt k4 S J219%01
e 1 S 31901
s ve e vonS o S 1% w1 31k
tt 0080 1 41vH3vio
FAX N3dv = L3534 §1 ¢Q3SUTNI = L35 §1 °
BE - S e e S R S e T LI1X3 YO 30WVHLINS A3V ¥U4 SNUTLVIELS3Y 4dal) °
0g JAUNTAY¥IL
(Y4 A31v 3AV3T 14¢ iy¥ve30
e - TToTrTImTT v 7103443 NIUNOTLJIYASIY 3WIL 4T LIx3 Ho078 T v gl 3199
Le A3V WOY4 3unNLUYdIU ¥od4 N3 14¢ 3n3nd
9¢ ) 198 3av3T
S g mm T emmmseeme s e e . i - . 8 SnvAQy
%2 1l iyvdg20
Ee Y ¥3aLlnu3
ToRe TUUTTTrTTrrTrm ommmemrem m193443 NI ONOILIIMASIN 3WIL 41 LIx3 #9018 v 41 31%9
1¢ s} 3N2nd
be t ¥l 31vo
iy | el iitie Y b ot i o i S S i “T¥eNdS NS JLVyINID
gl oenp.ooo 070099%2886°0/7%L99" »ao 0/8Y29°%$85°0/9603%1ye® o\¢~«u.”~o.o
L Cl1S'€96°0/70059 956 0/790 L% 55" 0/UCEY 9E6 U/ 0%E ' Yvp*C/0ySE* L9 D
4 91 T T mTIImTIIT 000€y2yt0/984248t0/005248EL00/2022110L°0/0201 kg 0/2en Tt LOG" Y
51 22T18106°0/7258%€* /79094202 0/ 1 V/velig20°0/70°0s0%Y
L2 22J*ENG wolloNng L
S i e T e Sy e S3IIH3AIN30 ANV *02=y ‘*S°l=v .mmzmp mcH>cum VAANYD ®
FA 0°8°L666°0/0°L'660°0/2°9¢896°0/E*5 s06°v/rd° c.oo.o\o "glgetd
11 s* n..o.o\a €'90°0/50° m.wo 0/1g°2'46°v/7cn’2'26°07€°¢ e "
-0t i e 21°2'H8°0/€E8 T oy 0/9° 1y 0/8E T s v/ LoL9/516°C9"%)
[ 69°0¢5°0/6US°0%9°0/55£°0°€°0/¢22°0%2°0/79v1*0s1%0/0%0eG)
. - 92)3%¢Ne w~wDllONN4 (4
L P SAnlLl IVAToYvdsLyl AIVIANINDIGX3 o
9 00009¢0096£700009%00vye/09009°009¢E/70031 vuY2/7Csstvnas2
3 0081°00912/791S400uR /7006039 1/7LL2 vunDL/7uvetudels7UOv* 0O9E
H 1119 NOI1INNg 1
€ AININO *9 *ON A3V *S3A1L V/I NV3IW U0d NUIaINNY d31S °
2 3LVINALS
1 LIOTTL*LESUCE Lb202% i 5L8E2T" 17Ny
Y3I¥HAN SININKOI POIOHeQE LIyt NeY  NUILYE340 20«
ddvd

seNNrFaouvrcnra

ygarany
A2V

TrR2 I

VAN N

- e~

VUDY/ZA $SdY ALLISUIAINN Nudls3s-AuyiN

ey




~
o
- —— . —— 1
)
e T b Y : ok
[
wask sl -
1
- e e IrenvT—
an3 001
ds1s 9L
~~3NNIINSI-G2 2L .
(S*0T3S*XT) AVhuss 02 2L i
1*Uex=X ST oL L_
ol s it e e 34x¢94gty- (C242) 3L1YNM- 2s
ST 2L 89 (CC8°31°1) 41 LY
{(Voage9) /(8/X=) d¥3a(0°[=V)aoX) oX 71130 4= we
- - - it e e - - R — o v eaera s o lolltl=l 82 2Q e 2@ mm———
{0*0LJE) 4VuSd 01 22 H
9egsY (14 LIGYIY o1 |
0 i NI s, s ST o 0 O . N o SRR T S O s B o By i v T 5 T I Y o, s e il e -1 0*0=4 ~—e- L SO |
1°0=x 9
£'lex S2 20 S
~1*G=Xv1130" €

(INdINS323dVLI ¢ LNdNT3 {3V LNdINTE LAANT) 3THAVT RVAGTHd

10v Juvd ! 9L/720/80 01 &1 8 %L 434 NCISHM3A INNY




SELECTED
BIBLIOGRAPHY

Ashman, Frederick T. '"Nicollet Mall: Civic Cooperation

To Preserve Downtown's Vitality." Planners Notebook.

September 1971, Vol. 1, No. 6, pp. 1-8.

Behrens, John William. '"Regional Accessibility to Urban
Intermodal Terminals." M.S. Thesis, Northwestern Uni-
versity, 1974.

Beyer, William H. Ed. CRC Handbook of Tables for Prob-

ability and Statistics. Cleveland: The Cleveland Rubber

Co., 1966.

Blatner, Irwin. A Study of the Transportation Facilita-

tion Center Concept. Pasadena: Ralph M. Parsons Company,

1974.
Bolger, Frances T., and Bruck, H. W., Eds. An Overview

of Urban Goods Movement Projects and Data Sources.

Cambridge: Urban Systems Laboratory, Massachusetts Insti-
tute of Technology, 1973.
Burstein, M. L.; Cabot, A. Victor; Egan, John W.; Hurter,

Arthur P., Jr.; and Warner, Stanley L. The Cost of

Trucking: Econometric Analysis. Dubuque: Wm. C. Brown

Co., Inc., 1965.

Chicago Truck Drivers, Helpers and Warehouse Workers

Union (Independent). '"Collective Bargaining Agreement

for the Period of July 1, 1973 through March 31, 1976."
108




- WD SRR

10.

11.

12.

13.

14.

15.

109
Control Data Corporation; and Northwestern University.

General Purpose Simulation System V (GPSS V/6000).

Minneapolis: Control Data Gorporation, 1975.
Crowley, K. W.; Habib, P. A.; Loebl, S, A.; and

Pignataro, L. J. Mobility of People and Goods in the

Urban Envivronment: Facilitation of Urban Goods Move-

ment. Brooklyn: Department of Transportation Planning
and Engineering, Polytechnic Institute of New York,
1974.

de Neufville, Richard, and Wilson, Nigel, H. M.

Analysis of Consolidation Ferminals ‘for Urban Truck

Movements, Vol. I § II. Cambridge: Department of

Civil Engineering, Massachusetts Institute of Tech-
nology, 1973.

De Salvo, Joseph S. '"Linehaul Process Functions for
Rail and Inland Waterway Transportation.”" Ph.D.
Dissertation, Northwestern University, Evanston, 1968.
Fishman, G. S. "A Study of Bias Considerations in

Simulation ‘Experiments,'" Operations Research, 1972.

Freund, John E. Mathematical Statistics. Englewood

Cliffs: Prentice-Hall, Inc., 1962.

Gisser, Micha. Introduction to Price Theory. Scranton:

International Textbook Company, 1966.

Gordon, Geoffrey. System Simulation. Englewood Cliffs:

Prentice-Hall, Inc., 1969.

== e T R T T T e i e R e i g




16.

17.

18.

19.

20.

21.

22.

23.

110
Hagner, Charles Philip, III. "Intra-Urban Commodity

Movement--A Descriptive Research Paper." Discussion
Paper Number VI, Department of Geography, University
of Cincinnati, June, 1966. (Typewritten)
International Business Machines, Corp. GPSS/360

Introductory User's Manual. n.p., 1972,

International Brotherhood of Teamsters, Chauffers,
Warehousemen and Helpers of America. "Joint Area
Cartage Agreement of Local 705, I.B. of T., Effective
dates July 1, 1973 to March 31, 1976."

Lemberg, Kai. 'Pedestrian Streets and Other Motor
Vehicle Traffic Restraints.'" General Planning Depart-
ment, City of Copenhagen, n.p., 1973.

Mansfield, Edwin. Microeconomics, Theory and Appli-

cations. 2nd ed. New York: W. W. Norton § Company,
Inc., 1975.

Mayer, Harold M. Freight Transportation and Metropol-

itan Land Use. Chicago: Northeastern Illinois Planning

Commission, 197S5.

Mitchell, Sharon. '"Downtown Renewal? Minneapolis
Really Did It." Stores. September, 1974, pp. 10-12.
Morgan, William J. "The Financial Aspects of Private
Truck Fleets--Capital/Operating Cost Analysis." Paper
R-3299, for Certification of Membership in The American

Society of Traffic and Transportation, Inc., 1973(?).




24.

25.

26’

27.

28.

29,

30.

Wl

111

Morse, Philip M. Queues, Inventories and Mainterance.

Operations Research ‘Society of America Publications in
Operations Research Number 1. New York: John Wiley §
Sons, Inc., “1958.

Organisation for Economic Co-operation and Development,
Consultative Group on Transportation Research. Pro-

ceedings of the Third Technology Assessment Review.

United Kingdom: n.p., 1970.
Research and Development Division, Department of Public

Works, City of Chicago. State Street Transit Mall Goods

Movement Study. Chicago: Department of Public Works,

1974.

Robeson, James F., and Cadotte, Ernest R. An Analysis

of the Economic Costs of Constructing and Operating an

Urban Goods Consolidation Terminal, Part II. Columbus:

College of Administrative Science, The Ohio State Uni-

versity, 1974.

Robeson, James F., and McDermott, Dennis R. The Economic

Feasibility and Social Desirability of an Urban Consol-

idation Terminal, Part I. Columbus: College of Adminis-

tration Science, The Ohio State University, 1974.

Schriber, Thomas J. Preliminary Printing of A GPSS

Primer. n.p., 1972.
Simons, N., Jr.; Hamilton, C. W.; Leis, R. D.; and

Cheany, E. S. Urban Goods Movement Program Design.

Columbus: Battelle Columbus Laboratories, 1972.




112

31. Smith, Wilbur, and Associates. Motor Trucks in the

Metropolis. New Haven: Wilbur Smith and Associates,
1969.

32. State Street Council. "Annual Report 1975."

33. Sutton, R. M.; Weitz, D. W.; and Potter, R. S. Case

Studies of Private Motor Carriage. New York: Drake

Sheahan/Stewart Dougall, Inc., 1973.
34. Sweet, Clyde, E., Jr.; Roden, Norman C.; Mario, John;

and Vankayala, M. C. S. Good Transportation in Urban

Areas. An Institute of Traffic Engineers Informational
Report. Arlington: Institute of Traffic Engineers,
19737,

35. Turnquist, Mark Alan; and Sussman, Joseph M. "Initial
Condition Bias and Experimental Design in Queuing Sim-

ulations.'" Proceedings of the 1975 Winter Simulation

Conference. Sacramento: December, 1975.
36. Vandenberge, Marc H. "Consolidation of Urban Shipments."
M.S. Thesis, Northwestern University, 1974.

37. Wagner, Harvy M. Principles of Operatioas Research.

Englewood Cliffs: Prentice-Hall, Inc., 1969.

38. Watson, Peter L. Urban Goods Movement. Lexington:

D. C. Heath § CO., 1975.

39. Watson, Peter L., comp. An Annotated Bibliography on

Urban Goods Movement. Evanston: The Transportation

Center, 1972.




o

40.

41.

42.

113

Wascoe, Dan, Jr. "A New Life-style Walks Into Minne-
apolis." Passages. August 1973, Vol. 4, No. 8, PP.
10-15.

Wyckoff, D. Daryl; -and Maister, David H. The Owner-

Operator: -.Independent Trucker. Lexington: D. C.

Heath and Company, 1975.

Zavattero; and Warnke. "Commodities and Commercial
Vehicles." Chicago Area Transportation Study, August,
1975S.




VITA

John Vincent Madden ("Jack'") was born on January 19,
1951 in Boston, Massachusetts. He received a B.S. in Indus-
trial Engineering from Northwestern University in June 1973,
and was a Distinguished Military Graduate. Under an Army
fellowship, he has completed the requirements for a Master
of Science in Transportation at Northwestern University in
Evanston, Illinois.

Immediately prior to the work on this thesis, he
participated in a research project for the Chicago and
North Western Railroad. Jack is a member of Alpha Pi Mu,
and is on active duty as a First Lieutenant in the U.S.

Army Transportation Corps.




