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Abstract

The snow clearing vehicle routing problem (SCVRP) is a problem of finding
an optimal route in a street system such that the streets of higher priority are
covered before the streets of lower priority. This thesis defines the SCVR'I3 as
the postman problem in a hierarchical network, or the Hierarchical Chinese
Postman Problem (HCPP). The HCPP is concerned with finding an opti-
mal postman tour on a special network where the links are associated with
priorities. Unlike most of the other link-covering vehicle routing problems in
literature, the HCPP, or the SCVRP, has received relatively little attention
in both the theoretical aspect and the practical aspect. This thesis studies
the SCVRP and developes solution method to deal with it. The proposed
method 1s based on decomposing the SCVRP into two subproblems: (1) the
problem of finding an optimal postman tour for each link class (hierarchy),
and (2) the problem of optimally composing the postman tour of each class
into a total postman tour. Heuristic procedures are presented to solve these
sub-problems.

The presented method to the SCVRP is tested with numerical and prac-
tical examples. It has been applied to solve the SCVRP in a district street
system of the City of Winnipeg with three priority street classes. By us-
ing the proposed routing strategy, the total completion times for priority II
and priority III streets, in theory, are only 14% and 26% of their maximum

allowed completion times.
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Chapter 1

Introduction

1.1 Background

Snow clearing and hauling operations from streets and sidewalks after a
major snow fall in the City of Winnipeg constitutes a major activity during
winter months. The operations often take a very long time to complete and
are sometimes very expensive. This situation becomes more acute after a
major snow storm which often leaves the city paralysed for a length of time
and also reduces the available budget for handling operations for the rest
of the winter. In Nov. 1986, the cost of snow clearing after a major snow
storm was about $6m, 37.5 % of the 1986-1987 fiscal year total snow removal
expenditure, and took nearly one week to complete the operations on major
streets.

In the City of Winnipeg, the engineering operations activities are decen-
tralized under six districts. Each district is responsible for arranging its snow

clearing operations. All districts, except the downtown district, contract out



most of the snow clearing operations. Contractors are paid for the operations
on the basis of the total length of the streets that they have to clear out and
the amount of snow to be cleared. The cost to the contractor is dependent on
these two factors and how efficiently the contractor’s co-ordinater plans the
routes of the vehicles for the operations. When a district carries out some or
all its snow clearing operations it often needs to hire equipment and opera-
tors to carry out most of the operations. It pays for the equipment and the
operators on an hourly rate basis. The cost to the district, and hence to the
city, is dependent on the vehicle routing strategy. It is therefore imperative
that a very efficient vehicle routing strategy is put in place that can cut the
cost and length of time needed to carry out the snow clearing operations.

The research work conducted in this thesis i1s motivated by such an idea.

1.2 Research Scope and Purpose

To efficiently organize and plan the snow clearing and hauling operations
requires solving several problems simultaneously. Operational problems to
deal with are not only the routing of vehicles for snow clearing but also
the routing of the vehicles for snow hauling, organization of the crew, crew
scheduling, use of the equipment, etc. We must state, however, that the
finding of the solutions to all these problems is complex. In this thesis, the
author will focus solely on the development of the model and the solution

techniques to efficiently solve the problem of routing the vehicles for snow



clearing operations. Other problems will not be treated in any detail in this
thesis and will be left as extensions of the problem.

The author must emphasize that the work conducted in this thesis are
mainly the theoretical research. The results obtained are suffered from cer-
tain inadvertent omissions. In the actual situation, there exist many factors
that affect the vehicle route. For instance, the multi-clearing vehicle case,
the geometrical variants of streets, the changing of weather conditions (e.g.
thickness of snow), the location of depot, etc. In order to keep the problem
in a reasonable size, we will ignore these factors in this thesis. We consider
only the situation where the street network is ideal and only single vehicle is
being used.

The remaining chapters of this thesis are organized as follows: Chapter 2
defines the snow clearing vehicle routing problem (SCVRP) and provides the
literature review. The SCVRP is defined as a new extension of the Chinese
Postman Problem (CPP) known as the Hierarchical Chinese Postman Prob-
lem (HCPP). Chapter 3 introduces the CPP and reviews the basic solution
techniques. Chapter 4 presents the solution techniques to the SCVRP. A
heuristic algorithm based on discomposing the SCVRP into sub-problems is
introduced. Heuristic solution procedures used to solve the sub-problems are
described. Chapter 5 presents an example of using the proposed method to
solve the SCVRP on the practical street network system. Chapter 6 dis-

cusses the solution algorithm for the SCVRP. Finally, Chapter 7 presents



conclusions and directions for future research.



Chapter 2

Problem Description and
Literature Review

2.1 Problem Description

In the City of Winnipeg, snow clearing operations have the following basic
requirements regarding the vehicle route:

—regional streets have the highest priority (Priority I) and they are re-
quired to be cleared first, followed by Collectors and the Bus routes (Priority
II). The local residential streets with the lowerest priority (Priority III) are
cleared next.

We have arbitrarily selected district #2 of the City of Winnipeg’s street
network as a case study in this thesis. The map of the district is shown
in Figure 2.1. Notice that only part of the regional streets (Priority I) are
included since the rest are scattered in a wide area of the city. To simplify
the problem only the Priority II and Priority III street classes are considered

in the discussions.
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Figure 2.1: District #2 of the City of Winnipeg street network
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The problem of routing the vehicles for snow clearing operations, or the

? vehicle route

SCVRP, can be described as a problem of finding an ”optima
to cover each and every street in the network at least once, without violating
the priority requirements described above. The “optimal” vehicle route is
the one that contains the least deadheading length. Deadheading is referred
to as the non-operational vehicle movement.

Figure 2.2 shows the corresponding graphical representation of the street
network system shown in Figure 2.1. A directed network is used because the
clearing operations are usually carried out one side at a time on a street in
the traffic-flow direction. In such a network, a link represents one side of the
street. We assume all streets have two sides to be cleared. The direction
of the link indicates the traffic-flow direction on the real street. Hence each
street block i1s represented by two links in either the same directions for a
one-way street or two opposite directions for a two-way street. A node stands
for an intersection of the street system where more than two streets meet.

Associated with each link are two numbers representing the information on

the corresponding real street block:

e the length of the link; and

e the priority level of the link.

We will call such a network the Hierarchical Network(1].
With the graphical representation, the SCVRP can be defined formally as

the network optimization problem given below.



Figure 2.3: Graphical representation of the street network



Given a connected network G = (N, 4, C, P), where N is the node set, A
is the link set, C' = [c;j] is the cost matrix (c;; > 0; Vij € N) and P = [py]
is the priority matrix (p;; = 1,2, ..., h, where h is the number of priority level
in G). Let A(1), A(2),..., A(h) be the corresponding link subsets of priority
level 1,2,...,h and A(1) U A(2)U,...,UA(R) = A, A(r) N A(s) = é(r,s =

1,2,...,h,7 # s). Find the optimal cycle 2 such that

(1) each and every link of G is covered at least once; and
(2) A(r)1s covered completely before starting A(s) ifr < s(r,s =1,2,...,h).

It can be seen that the above problem is similar to the well-known Chi-
nese Postman Problem (CPP) [33]. The CPP a link covering problem that is
concerned with the finding of an optimal cycle—called the optimal postman
tour— that traverses each of the link of a given network at least once. The
basic CPP has been extended to the CPP in the un-directed network, CPP
in a directed network, CPP in a mixed network, CPP in a capacitated net-
work, and CPP in the rural network (See extensive literature review in next

section). Our problem is significantly different in two aspects:

(1) links of certain hierarchy may not be all directly connected; and

(2) the tour (vehicle route) must cover each link hierarchy in the priority

specified.

Hence we view the SCVRP as a new extention of CPP - or called the Hier-

archical Chinese Postman Problem due to Alfa and Liufl]. In [1], the HCPP
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was explored initially in theoretical aspect. To some extent, the presented

research can be viewed as the extension of that work.

2.2 Literature Review

The Chinese Postman Problem, or CPP, is closely related to the Fuler
tour. An Euler tour is a closed tour that passes through each link of the given
network exactly once. The CPP can be traced back to a famous mathemati-
cal problem known as the Konigsberg Bridge Problem, which was a problem
of finding a closed tour that passes through each of the bridges exactly once
without repeating any. Euler in 1736 studied such a problem as the network
problem and proved that the sufficient and necessary condition for the ex-
istence of an Euler tour in a connected network is that it must be an even
network. A network is even if all its nodes are of even degree.

Kwan[33] in 1962 addressed the problem of finding a tour that covers each
link of the given network at least once with the minimum repeated length.
When studying the routing of mail delivery, Kwan noticed that sometimes
the postman has to repeat some streets in order to cover every street in the
district. He was then interested in knowing which route the postman should
choose so that each street is covered at least once and the repeated length,
or the equivalent of deadheading, 1s minimized. Such a problem, as well as

the other problems having such a property, were later called the Chinese
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Postman Problem or the Postman Problem.

The basic CPP, since it was introduced by Kwan[33]), has been exten-
sively studied by many other researchers. Some of these researchers are
Edmonds[22], Bellman and Cooke[5], Stricker[46], Christofides[14], Edmonds
and Johnson[23]), Minieka[35][36] and Sebo[44].

Historically, the basic CPP has been thought of as the postman problem in
the un-directed network. Given a connected network G = (N, A, C), where
all links of A are un-directed, find a cycle that covers each link of A at least
once. Here the postman can visit each link from any direction. Such a prob-
lem is often referred to as the un-directed Chinese Postman Problem. The
un-directed CPP has been studied in Kwan[33], Bellman and Cooke[5], Ed-
monds and Johnson[23] and Minieka[35] and the optimal solution algorithms

are also available.

Several other variants of CPP are summarized as follows:

The directed Chinese Postman Problem

Given a network G = (N, A, C), where each link of A is directed and is
visited by the postman only in a specific direction, find an optimal cycle
that passes through each link of A at least once. Edmonds and Johnson[23]
and Minieka[33] have discussed this kind of problem and presented efficient

solution algorithm to solve it.

12



The mized Chinese Postman Problem

Here the link set A of the given network G = (N, A, C) consists of both di-
rected links and undirected links. Find the optimal cycle that passes through
each link of A at least once. The mixed network reflects the fact that a real
street system may consist of some one-way streets and some two-way streets.
Note that the street network for SCVRP can not be represented by a mixed
network since a street will always have a direction associated with it. Dis-
cussions and heuristic/optimal solution algorithms for the mixed CPP have
been provided in [23][36]. Minieka[36] also proposed a solution method to
treat a special case of the mixed CPP where the cost of traversal of a link 1s
dependent on the direction. Such a mixed CPP is called the Windy Postman
Problem|36].

The un-directed, directed, and the mixed CPP are often referred to as the

general CPP.

The Capacitated Chinese Postman Problem (CCPP)

Given a network G = (N, 4, C, Q) where each link [;; € A is associated
with a demand ¢; > 0, each vehicle(postman) has the capacity w, find
cycles, each of which passes-through the depot, that satisfies all demands
at the optimal of travel. This problem has been studied by Christofides[15],
Golden and Wong[27], Golden et al[26].

3
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The Rural Chinese Postman Problem (RCPP)

Given a connected network G = (N, A,C), let R € A be a link subset
required to be covered by the postman, let G(R) be the subnetwork of G
generated from link subset R. Find an optimal cycle that passes through each
link of G(R) at least once. This problem has been addressed and studied by
Orloff[39][40] and Lenstra and Kan[30]. The optimal solution method to the
RCPP when the G(R) is directly connected and a heuristic method when
G(R) is not directly connected have been developed in [39]. Tucker and
Bodin[51] also tackled a similar problem and provided a different heuristic

solution method when G(R) is not directly connected

The Hierarchical Chinese Postman Problem (HCPP)

Given a network G = (N, A,C, P) where A is divided into h subsets
A(1), A(2),..., A(h), each subset is assigned to a different number p, (p =
1,2,...,h) indicating the priority for being traversed by the postman. Find
an optimal cycle such that each link of A is visited at least once and the sub-
set A(r) is covered earlier than A(s)ifr < s, (r,s =1,2,...,h). It can be
seen that the HCPP is identical to the SCVRP. This problem was addressed
initially in a paper by Alfa and Liu[l]. Alfa and Liu[l] have developed a

heuristic solution algorithm to solve part of the problem. (See detailed dis-

cussion in chapter 4).
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The solutions of the CPP and its extensions have been found widely ap-
plicable in solving the real life vehicle routing problems such as the police
patrols, street sweepers, indefatigable tourists, repair crews, refuse collec-
tions, etc, which have the link-covering requirements. Successful application
of the CPP solutions in vehicle routing have been reported in street sweeper
vehicle routing [9][10][51], public sector vehicle routing[46], roadway main-
tenance vehicle routing[47], and electric meter vehicle routing[45]. It seems,
however, that the existing solutions do not take into account the link priority,
that 1s, the priority link-covering vehicle routing problem has not been dealt

with.
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Chapter 3

Introduction to the Chinese
Postman Problem

In this chapter we will give the notations which are often used in the
link-traversal in graph theory and the formal definition of the general Chi-
nese Postman Problem (CPP). We will also discuss the solution techniques
developed for solving the general CPP. This is because most of the existing
methods for solving the extensions of the CPP are based on the solutions to
the general CPP. Special attention will be given to the solution technique for
solving the CPP in a directed network. Since its solution is adopted to the

method for solving the SCVRP discussed in next chapter.

3.1 The Chinese Postman Problem (CPP)

Given a connected network G = (N, A,C), N is the node set, A is the
link set and C' = [¢;] is the cost matrix. A Walk is a finite alternative

sequence of nodes and links, beginning and ending with nodes, such that
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each link is incident with nodes preceding and following it. No link appears
more than once. A Closed walk is a walk with the same beginning and ending
node; otherwise it is an Open walk. A Path between node 7 and node j is an
open walk with the beginning node ¢z and ending node j, where no node is
repeated more than once. An Fuler tour is a closed walk such that it covers
each and every link of a given network G exactly once. An Fuler network is
a network that contains an Euler tour. A Postman touris a closed walk than
covers each and every link of a given network G at least once. The Chinese
Postman Problem is a problem of finding an optimal postman tour in the

given connected network G.

3.2 Solution Techniques to the CPP

For the CPP on the connected network G = (N, A, C), Stricker[46] has

provided the following integer programming (IP) formulation:

Minimize »_ > c¢;;z;; (3.1)
i=1 j=1
Subject to Z Thi — Z zgx =0 fori=1,2,...,n (3.2)
k=1 k=1
Tyt Ty > 1Vlij c A (33)
z;; > 0 and integer (3.4)

17



where n is the number of the node in G; z;; is the number of times the link
(z,7) is repeated. Constraint (3.2) makes sure that each node becomes even
after the repeated links are added to the original network. Constraint (3.3)
guarantees that each link of the network 1s visited at least once.

The above integer programming formulation gives the framework of the
general CPP. Unfortunately, such a model, in general, can not be solved
by using the classical IP techniques because the size of the problem is too
large (Bodin et al[11]). To solve the CPP, special purpose algorithms have
been established to find the optimal or heuristic solutions. For example,
Bellman and Cooke[5] have developed a dynamic programming algorithm
which can find the optimal solution in the small network. Edmonds and
Johnson (23] presented algorithms using the optimal matching or network flow
techniques to solve the CPP optimally in the directed, un-directed network
and mixed network in the special case. Minieka[36] developed an optimal
algorithm to find the solution in the general mixed network. The solution
methods suggested by Edmonds and Johnson[23] are highly recommended as
the results of their computational efficiency[11]. In the following discussion,
we will briefly look at the solution method for solving the CPP in the directed
network suggested in [23]. Such a technique will be adopted in the method
proposed in this thesis for solving the SCVRP.

The method suggested by Edmonds and Johnson[23] is based on the fol-

lowing theorem.

18



Theorem 1 A network G is an Fuler network if and only if G is connected

and every node of G is even.

Proof: (See Deo[20])

From the above theorem it can be seen that if every node of the given
connected network G is even, it follows that the CPP is reduced to finding
an Euler tour, which is known to exist on G;

On the other hand, if G contains some odd nodes, then any postman tour
in G must contain a set of repeated links fl,ep. If we add /Lep artificially
to the original network G to construct an augmented network G*, then G~
must be even and the postman tour in G is equivalent to the Euler tour in

G~. Hence solving the CPP can be divided into two parts:

—determining the optimal repeated link set jl;‘ep, constructing an even aug-

mented network G*, and

—finding the Euler tour on G~.

The method assumes that the given network satisfies the following two

conditions:

(1) The total network G = (N, A, C) is connected;

19



(2) There is no proper subset, ¥V, of nodes such that every link meeting one

node in V and one node not in V is directed away from/to the node in

V.

These two assumptions are the necessary and sufficient conditions for a
postman tour to exist in a given network[23]. The solution method is sum-
marized as a three-step algorithm given below.

Let us define
d™ = number of links incident to a node
d~ = number of links incident out of a node
D7, = set of odd nodes with the property that d* > d-
D2, = set of odd nodes with the property that dt < d~

e;; = length of the shortest path from node i (+ € DJ;;) tonode 7 (5 € D7)

=

Tep

Step 1 Determine the optimal set of links A7, by solving the following

transportation model:

Minimize Zeijyij (35)
4,J
Subject to > y;; = d¥(i) — d”(i)Vi € D7, (3.6)
7

20



Zyij =d*(j) —d™(5)Vj € Doy (3.7)

Yi; = Oorl (38)

where y;; is the decision variable that is equal to 1 if a shortest path
from node ¢ to node 7 needs to be repeated, and 0 otherwise. Vi €
D},,,V5 € D, Constraints (3.6, 3.7) ensure that each node in D},

is matched with the node(s) in D_,, and vice versa.

Step 2 Construct an even augmented network G* as follows: If node 7 is
matched with node 5 (i.e. y;; # 0), then identify the shortest path
with the traversal cost e;; in G between 7 and j and add artificial links

on such a path to the origin network G.

Step 3 Find an Euler tour Q on G* by using any one of Euler tour find-
ing algorithms developed, such as the end-pairing, nezi-node, maze-
searching(Edmonds and Johnson[23]) or cycle-building(Deo[20]). For
instance, the cycle-building algorithm finds an Euler tour in a given G

network as follows:

Step (i) Let w be any node in G. All links are not included. Cycles
C=¢,0C = ¢.

21



Step (ii) Start from w and go through the links of G such that no
link is traced more than once. Continue to do so until the tracing
stops at w (since every node of G is even, we can exit from every
node we enter). This forms a new cycle C'. If C = ¢ then let
C = C’ and go to Step (iii). Otherwise go to Step (iv)

Step (iii) Back from w to the first node, say, v, on C with a non-
included link incident to it. If no v exits, go to step (v); Otherwise

rename v as w and go to step (ii)

Step (iv) Break the original cycle C from w and include C’. This form

a new cycle C~ which includes more links of G. Rename C~ as C
and go to Step (iii).

Step (v) Cis an Euler tour on G. Terminate

22



Chapter 4

Proposed Solution Method for
SCVRP

This chapter presents the solution method to the SCVRP. The SCVRP
1s viewed as the combination of two sub-problems: The problem of finding
the optimal postman tour (sub-postman tour) on each of the hierarchical
subnetworks !, and the problem of composing all sub-postman tours into the
optimal total postman tour. Heuristic solution procedures for solving these

sub-problems are illustrated. An numerical example is presented.

4.1 Solution Method

The solution method used for solving the SCVRP presented below is
the improved version of that proposed by Alfa and Liu[l]. It is based on

decomposing the original problem into sub-problems, finding the solutions

1A hierarchical subnetwork is a subnetwork of the total hierarchical network formed
from a set of links of certain hierarchy

23



to these sub-problems, and then composing them into a final solution to the
original problem. The original problem is decomposed into the following two

sub-problems:

(1) The problem of finding the optimal sub-postman tours w(1),w(2),...,w(h)
on each of the subnetworks G(1),G(2),...,G(h) generated from link
subsets A(1), A(2),..., A(h) of hierarchies 1,2,..., k; and

(2) The problem of combining the sub-postman tours found in (1) into the
optimal total postman.tour 1 over the entire network G such that it

covers each link of G in the priority specified.

The orginal problem is then re-defined over these two sub-problems and
solving the original problem becomes the solutions to the two sub-problems.

The solution method is based on the following assumptions:

(1) The total hierarchical network G = (N, A, C, P) must be connected. Al-
though a hierarchical subnetwork G(k)(k € h) may not be directly con-
nected, i.e. it consists of rn(h) number of components ? ¢;(h), ca(h) . .., cmn)(R),
these components should be connected through links of other hierar-

chies.

(2) There is no proper subset, V, of nodes in the total network V as well as

in each subnetwork G(h), such that every link meeting one node not in

2A component is a connected subnetwork of the non-directly connected network

24



V and one node not in V is directed away from/to the node in V

These two assumptions are the necessary and sufficient conditions for con-
structing the final postman tour . They ensure that each link of the network

is ’accessable’ from other links.

Initially, the solution method - which consists of two phases - constructs
the hirarchical subnetworks G(1),G(2),... G(h). In Phase I, it determines
the optimal sub-postman tours w(1),w(2),...,w(k). Thisis accomplished by
the following: Apply the algorithm for solving the CPP in a directed network
suggested by Edmonds and Johnson[23] to each subnetwork and then find
the solution. Although such an algorithm requires that the given network
must be connected, this is not true for some subnetworks. In order to find
the sub-postman tour in a non-directly connected subnetwork, the proposed
solution method employs a heuristic procedure developed in [1] to derive a
solution. See detailed description in next section.

In Phase II, the method determines the optimal to compose the subpost-
man tours w(1),w(2),...w(h) into a total postman tour Q. Since there is
no method available in [1] to solve such a problem, a procedure based on
the dynamic programming has been developed to find a solution, a detailed
description of which can be found in the next section.

The complete solution method is summarized into a four-step algorithm

below.
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Inztialization
STEP 0 Read in the total network G(N, 4,C, P).

STEP 1 Generate the corresponding hierarchical subnetworks, G(1), G(2), ..., G(h),
from hierarchical link subsets A(1), A(2),..., A(h).

Phase I

STEP 2 Arbitrarily select an un-processed subnetwork G(k), go to STEP

3; If no such subnetwork exists, go to STEP 4.

STEP 3 Check if G(k) is directly connected. If it is, then find the optimal
sub-postman tour, w(k), on G(k) by applying the CPP algorithm in
the directed network suggested by Edmonds and Johnson|23]; otherwise
find such a tour by using the procedure for solving the CPP in a non-

directly connected subnetwork described in section 4.2.1.
Phase I

STEP 4 Combine the sub-postman tours found in STEP 3 into the total
postman tour {2 over the entire network by using the subpostman tour

composing procedure described in section 4.2.2.
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The flow chart of the algorithm is shown in Figure 4.1

4.2 Optimization Procedures

This section presents the two special optimization procedures used in the
proposed solution method for SCVRP introduced in the last section. The
first procedure discussed is for finding the subpostman tour on a non-directly
connected subnetwork. The second procedure presented is for combining the
sub-postman tours found into the total postman tour that covers the links

of the entire network in the priority order specified.

4.2.1 Solving the CPP in a non-directly connected
subnetwork

When applying the general CPP algorithm to find a postman tour in a
given network, one of the requirements for a solution is that the given network
must be connected. Hence when applying the CPP to a subnetwork, G(h), to
find a sub-postman tour, one must also ensure that G(h) is connected. The
problem, then, is how to find the optimal postman tour, w(h), in G(h) if it
consists of m(h) components ¢i(h), ca(h), ..., cm)(h), which are connected

only through links of the other hierarchies.
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Read in total network G=(N,A,C,P)

v

Generate subnetworks G(1),G(2),....G(h).
All subnetworks are untreated

yes

Have all subnetworks

yes

been treated already?

v

Select an untreated subnetwork G(k)

Is G(k) cormected?

Apply general algorithm
for solving the CPP in a
directed network to G(k),

Apply the algorithm for
for solving the CPP in a
non-connected sub-
network to G(k), find w(k)

findw(k)

g

v

Compose® (1), ®(2),..., ®(h)
into total postman tour

Figure 4.1: Flow chart of the algorithm for solving the SCVRP
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In constructing a postman tour on such a network, obviously, two types
of deadheading may be incurred. Firstly, the postman has to use a set of
links from the other hierarchies to connect the components, because the tour
1s a continuous walk; Secondly, if the subnetwork contains some odd degree
nodes, he must repeat some links in order to traverse each the links of G(h) at
least once. Hence solving the CPP in a non-directly connected subnetwork,

in general, involves the following:

(1) determining a set of links, flothe,(h‘), from the other hierarchies such that
by adding flother(h) to the original subnetwork it becomes connected

and the additional cost is minimized;

(2) determining a set of links, A,.,(h), from the links of the entire network
such that by adding A,e,(R) to the subnetwork generated from (1),
the subnetwork becomes even and connected and the additional cost is

minimized; and
(3) finding the Euler tour on the resulting subnetwork.

The most difficult parts are (1) and (2).
In the following we will present an algorithm developed in [1] to solve CPP
in a non-directly connected subnetwork. The algorithm finds flothe,(h) and

A,ep(h) independently in different steps.
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Algorithm

Step 1 Determining Aothe,(h), constructing a connected subnetwork G*(h).

/L,the,(h) can be found by solving the following integer programming

problem:
Minimize Y > Cuu(h)Xuw(h) (4.1)
Subject to > Xun.(h)=1 1< w < m(h) (4.2)
Y Xuw(h) =1 1<v<m(h) (4.3)
DD Xuu(h) =1 (4.4)
weQ ved
Cwao(h) > 0; Xyo(h)=0,1 (4.5)
where

m(h) = total number of non-directly connected components inG(h)

Cuww(h) = length of the shortest path from component w to v. It is
assumed that Cp, < Cyr + Cry (w,v,7 = 1,2,... ,m(h),w #
v, 0 F£7)

Xww(h) = decision variable. It is equal to 1 if the shortest path links
the component w and v, and equal to 0 otherwise

@, Q = a partition of the integer set {1,2,...,m(k)} such that QUQ =
{1,2,.,m(h)} and Q1 Q = {9}
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Constraints (4.2) and (4.3) ensure that each component will be visited by the
postman once and only once. Constraint (4.4) guarantees no subtour will be
formed.

The above model is actually the typical integer programming form of the
TSP[34]. Hence the connection problem is converted to the TSP and may
be solved by utilizing existing techniques for the TSP, provided the shortest
distance between each pair of components is known. In [1], jlother(h) is

determined through the following sub-steps:

Step 1 (i). Initially, let OPEN set I' = {¢}, CLOSE set A = {¢},] =
{9},7 = {¢}.

Step 1 (ii). Select arbitrarily two unconnected components in G(h), assign

all the nodes on one to set 5, all nodes on another set to T.
Step 1 (iii). Let 7 = S, put I on I.

Step 1 (iv). Find, if there exist, all immediate successors of I, put them on
I'. Remove I from I', put J in A. Among all elements in T, find 4~
such that P, . = min {P,,}(7v",y € I',s € S). P, is the shortest
path from s(Vs € S) to v(Vy € T'). If more than one is available, then
arbitrarily select one. Note that the immediate successors of I are a

set of nodes in A which have direct connections to 1.

Step 1 (v). If v is NOT in T, then assign v to I and go to Step 1(iv),

otherwise P; ., is the shortest path from S to T'. Reverse S and 7, find
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the shortest path from the opposite direction by repeating Step 1(iii)

to Step 1(v).

Step 1 (vi) Repeat Step 1(ii) to Step 1(v) until the closest nodes and
shortest paths between each pair of components are found. The length
of the shortest path becomes the shortest distance between two com-

ponents.

Step 1 (vii) Construct a complete graph ® &(h) = (N, A) where N is a
set of nodes denoting the components of G*(k) and A is a set of links
representing the shortest paths between the closest nodes of each pair

of components.

Step 1 (vii) Find the optimal Hamilton circuit H(h) on ®(h) by using the
existing TSP algorithm (e.g Little et al[31]). The branches of H(h)

indicate which pair of components should be connected.

Step 1 (ix) For each pair of components to be connected, join the closest
nodes using the corresponding shortest path. This construct a con-

nected augmented subnetwork G*(h)

Step 2 Determine the optimal fl,ep(h) and construct an even augmented

subnetwork G™*(h) by using the algorithm for solving the CPP in a

3The term 'network’ and ‘graph’ are used interchangeably throughout this thesis
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directed network suggested in [23]. Note that such an algorithm is

applied over the entire network G.

Step 3 Apply the Euler tour algorithm suggested in [23] to G**(k) to find

the minimum postman tour w(h).

We must state that the above algorithm is heuristic. It may or may not
produce the optimal solution to the overall problem. This is because the
procedure for constructing a connected subnetwork G*(h) (Step 1), and the
procedure for constructing an even augmented subnetwork G**(h) (Step 2),
are applied in the different steps in problem-solving process. The results of
these steps are considered to be independent. However, this is not always
true since adding a set of links to connect the components may change the
degree of the connection nodes, depending on the nature of connection. In
other words, it may affect the length of A,.,(h) required to make the sub-
network even. For example, consider a component c¢,(h) consists of two even
nodes v,v’ and u,u’ as shown in Figure 4.2 (a), suppose that c¢,(h) is con-
nected in two different cases, (a) and (b). Then one can see that in (b) the
odd nodes u,u' become even and thus no link requires to repeat; while in (c),
on the other hand, the even nodes v, v’ become odd and some links must be
repeated. Hence the optimal solutioﬁ to the overall problem is obtained if,
and only if, after adding A~ to G(h), the total length of the repeated links re-
quired to construct an even augmented subnetwork is also the minimum. In

section 6.1, we will discuss this problem in more detail and present a method
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connection link

connection link

(b) (c)

Figure 4.2: Adding a set of links to connect the components may
change the degree of the connection nodes, depending
on the nature of connection

based on dynamic programming which can produce a globally optimal solu-

tiom.

4.2.2 Composing the sub-postman tours into the to-
tal postman tour
Upon finding out the sub-postman tours w(1),w(2),...,w(k) from each
of hierarchical subnetworks, the next problem is how to compose them into
a total postman tour 2 over the entire network.
Solving the subpostman tour composing problem is relatively easier. It can

be easily verified that if the starting node, sy, of the sub-postman tour w(1)
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is the common node to w(2),w(3),...,w(h), then the problem is solved by
selecting s; as the starting node for w(2), w(3),...,w(k). THisis because each
subpostman tour is a closed walk. However, it is possible that a subpostman
tour, w(r), for example, may not have a common node to w(1). To handle
such a case, we select a node in w(1) which is common to most of other
subpostman tours as s; so that the additional cost to visit these subpostman
tours are the minimum. For the subpostman tour w(r), since we also wish to
minimize the additional cost to visit it, we select a node, s,, as the starting
node of w(r) such that the traversal cost from s; to s, as well as from s, to
sy 1s the minimum. The shortest path algorithm can be used to find s,.

We must state that the sub-postman tour composing procedure described
in this section is, again, heuristic, even though there exists a node in w(1)
which is common to all the subpostman tours. Firstly, to form Q by using
the strategy of visiting all links of one sub-postman tour and then going on
to the next, may not be the optimal. In fact, one need not cover all links of a
subpostman tour and return to the starting node before going on to the next,
provided that all the non-repeated links have already been covered. In such
a case, leaving the subpostman tour at the ending node of the lastly-visited
non-repeated link of the tour, rather than the starting node, one may ob-
tain an improved solution. For example, consider the subpostman tour w(r)
having such a property shown in Figure 4.3, where s, is the starting node of
w(7), s'» is the ending node of the lastly-visited non-repeated link of w(r)

:
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Figure 4.3: Leaving the sub-postman tour at the ending node of
the lastly-visited non-repeated link rather than the
starting node, one may yield an improved solution

and s.4; is starting node on next subpostman tour w(r + 1). Obviously, one

can leave w(r) at node s', rather than node s, if the following is true:

€s/rrsrpr < Pslpysr T Copsnyy (4-6)

where

€s'r,s,4, = the length of shortest path from node s'. to node s,.;

Ps'.,s, = the length of the lastly-visited segment of w(r) starting from node

s'» and ending at node s..

€s,,s,,, = the length of shortest path from node s, to node s,.;
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We will discuss such a problem in more detail in section 6.2.

The second situation for not guaranteeing the optimal solution to the sub-
postman tour composing problem occurs when some sub-postman tours do
not have a common node to w(1). Although selecting a node, sy, on w(1)
which 1s common to most of the other sub-postman tours can minimize the
additional cost to visit these subpostman tours, such a strategy may not
be optimal to a subpostman tour, w(r), that has no common node to w(1).
Since we use the node, s,, on w(r) which is the closest to s;, the position of
51 determines s, and hence the additional cost to visit w(r). Therefore the
best starting node s; may not be the one which is common to most other
subpostman tours but the one that result in the minimum additional cost to

visit w(r) as well as to all the other subpostman tours.

4.3 Numerical Example

Consider a hypothetical network shown in Figure 4.4. 1t has two hierarchy
of links: 1 and 2. The length and the hierarchy of each link are shown in the
diagram. Suppose we wish to find the optimal postman tour that traverses
each link of the network at least once and the links of hierarchy 1 are visited

first and then the links of hierarchy 2.
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Figure 4.4: A hypothetical hierarchical network

STEP 0 : (Ignored)

STEP 1 : Generating subnetwork G(1) and G(2) from hierarchy 1 links and
hierarchy 2 links (Figure 4.6)

STEP 2 : Choosing G(1)

STEP 3 : G(1)1is not directly connected. It has three components: ¢;(1), ca(1)

and c3(1). Applying algorithm for solving the CPP in a non-connected
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Figure 4.5: Hierarchical subnetwork G(1) and G(2)

subnetwork to find w(1):

Step 1 : Determining flothe,(l) and construct a connected augmented

subnetwork G~(1):

Step 1 (i): T = {¢};4 = {¢}; I = {¢};7 = {¢}

Step 1 (ii): choose components c;(1) and ¢;(1). S = {3,4,6,7}T =
{1,12,13}

Step 1 (ii):/ =S5 = {3,4,6,7}; = {3,4,6,7}

Step 1 (iv): Immediate successors of I are 2(of 3), 12(of 6) and
9(of 7)
T ={2,12,9}; A = {3,4,6,7}
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min{P,» =1,P12=5Pg=2}=PFP,,=1
therefore v* = 2

Step 1 (v): v is not in T, therefore I = {2}

Step 1 (iv): Immediate successors of I are 1,5
T ={12,9,1,5}: A = {3,4,6,7,2}
min.{ P12 =5, P =2,P;1 =3, Pssa} = Pig=2
therefore v* =9

Step 1 (v): v~ is not in T, therefore I = {9}

Step 1 (iv): Immediate successors of /is 8 ' = {12,1,5,8}; A =
{3,4,6,7,2,9}
min{P, 1o =5,P,1 =3,Ps =3,Pys—a}=P,1 =201 P,g=
3
Arbitrarily select 1. therefore v* = 1

Step 1 (v): y=1isin T = {1,12,13}.

Therefore Cp; =3(3 -2 — 1)

Step 1 (v)(vi) In a similar way, we find
Ci2=5(13 11 —-8—7) Coz=3(7T—9—8)
Caz=1(8 > 7) Cig=1(13 — 11)

Cy1 = 8(11 — 13)
Step 1 (vii): Using above information we construct a complete

graph @(1) (Figure 4.6)
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Figure 4.7: Optimal Hamilton circuit H(1)

Step 1 (viii) Applying the TSP algorithm (e.g. Little et al[31])
to ®(1) we find the optimal optimal Hamilton circuit H(1)
(Figure 4.7)

Step 1 (ix) From solution found in Step 1[viii], we construct a

connected augmented subnetwork G~(1) (Figure 4.8).
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Figure 4.8: Connected augmented subnetwork G*(1)

Step 2 Applying the general algorithm for solving the CPP in a di-
rected network[23]to the entire network G we determine the op-
timal A,., and construct an even augmented subnetwork G==(1)

(Figure 4.9) and find the optimal postman tour w(1) (Figure 4.10).

STEP 2 Choosing G(2)

STEP 3 ((2)is connected. By Applying the algorithm for solving the CPP

in a directed network suggested in {23] to the entire network G we deter-
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Figure 4.9: Even augmented subnetwork G==(1)

Jo; Qe ()

Total length=55
Total Deadheading=2 1
i

Figure 4.10: Sub-postman tour w(1)
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Figure 4.11: Even augmented subnetwork G=(2)

mine the optimal A,., and construct an even augmented subnetwork
G~(2) (Figure 4.11), and find the optimal postman tour w(2) (Fig-
ure 4.12)

STEP 2 All subnetworks have been treated
STEP 4 Composing the subpostman tour w(1) and w(2) as follows:
Set of nodes in w(1) = {1,12,13,3,4,6,7,8,10,11}

Set of nodes in w(2) = {1,2,3,5,6,12,7,8,9,11, 13}

Set of common nodes to w(1) and w(2) = {1,3,6,12,7,8,11,13}
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Total length =65
Total deadheading =12

Figure 4.12: Sub-postman tour w(2)

Since w(1l) and w(2) have nodes in common, from the previous dis-
cussions we know that if any one of the common nodes is selected as
starting node s;, then the optimal tour is the tour with s, = s;. For
example, let s; = s; = 6, we obtain the corresponding total postman

tour as shown in Figure 4.13.




Start of @(1)

6

™\, End ofe(l) & Start of o(2) R

\ Total length=120 *
Total deadheading=33

Figure 4.13: Total postman tour
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Chapter 5

Solving the District #2 of the
City of Winnipeg Example

The method developed in this thesis has been applied to solve the snow
clearing vehicle routing problem on Priority II streets (Collectors) and Pri-
ority II streets (Residential streets) of the street network system shown in
Figure 2.1. The real data for the streets of the total network are listed in
Appendix A; C and F. The Priority IT class consists of 122 street blocks with
37,700 meters total length to be cleared. The Priority III class consists of
208 street blocks with 89,610 meters total cleared length. All the streets of

Priority II and Priority III are two-way streets.

By using the routing strategy developed in this thesis, we obtained the
actual vehicle routes for clearing out the streets of these two classes. For Pri-
ority II street class, the streets are not all directly connected. They constitute

5 components which are linked by streets of other classes (Appendix D). The
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actual vehicle route for clearing this street class is shown in Appendix E. It
contains 8,322 meters deadheading length.

For the Priority III street class, the street blocks are not all directly con-
nected either. They consists of 54 components (Appendix G). The actual
vehicle route for clearing this street class is shown in Appendix H. It con-
tains 18,742 meters deadheading length.

We will not provide the composed vehicle route that contains both the
Priority II streets and Priority III streets here. Such a route can be easily
obtained by selecting a common node to both the Priority IT and Priority III

streets as the starting node.

To this moment we have not yet used the vehicle routes obtained in this
thesis to perform the actual clearing operations. In order to assess the routing
strategy developed in this thesis, we use the following formula to estimate,
in theory, the total time required to complete the operations on each priority

street class:

L.(h Lilh
T = 2B | La(h) (5.1)
Ve Ud
where
Tiotar(R) = total time required to complete the operations on priority h
streets
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L.(h) = total cleared length for priority h streets.
L4(h) = total deadheading length for priority h streets
7, = average clearing speed

U4 = average deadheading speed

From the City of Winnipeg, we obtained that the average clearing speed o,
1s 5 — Tkm/h and the average deadheading speed o4 is 20 — 30km /h. Hence
using the routing strategy developed in this thesis, the total time required

to complete the operations on Priority II & III streets, in theory, are

Le(1) | Le(1) _ 37.700  8.322

Teorar(1) = = g 6 25

= 6.56(hrs) (5.2)

for the Priority II streets and

Le(2) | La(2) _ 89.61 18742

Teorat(2) = — 7y 6 25

= 15.56(hrs) (5.3)

for the Priority III streets.

In the City of Winnipeg, the maximum allowed completion times for Prior-
1ty II streets and Priority 111 streets are 48Ars and 60hrs, respectively. Hence
by using the routing strategy developed in this thesis, the total completion
time required, in theory, are only about 14% and 26% of the maximum al-
lowed completion times for these two street classes.

The results are summarized in Table 5.1.
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Table 5.1: Results of using the proposed strategy to
solve the SCVRP on District #2 streets

. ) Completion time
Priority Total Deadheading Total Cleared Length
Max. allowed] Estimated
I N/A 117,416m 24hrs N/A
II 8,322m 37,700m 48hrs 6.56hrs
181 18,742m 89,610m 60hrs 15.56hrs




Chapter 6

Discussion of the Solution

Method

We have already presented a complete solution method to solve the
SCVRP in chapter 4. Such a method, as we have pointed out, is only heuris-
tic. This is because the methods for solving the CPP in the non-directly con-
nected subnetwork and subpostman tour composing problem may or may not
produce the optimal solutions, depending on the structure of the network.
In this chapter, we will discuss these problems in more detail and explore the
optimal solution method to solve them. We will give particular attention to
the CPP in the non-directly connected subnetwork since such a problem is
met very frequently in the SCVRP. The discussion will be divided into two
sections. In Section 6.1, the solution method for solving the CPP in a non-
directly connected subnetwork, that is, finding the optimal postman tour in a
subnetwork consisting of a number of components which are connected only

through links of other classes, will be discussed. We will first examine the
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heuristic solution methods existing in literature to solve such a problem and
then present a method based on dynamic programming which can solve the
problem optimally. All these methods will be tested in a small example net-
work shown in Figure 4.4. The computational efficiency and solution quality
are then compared. In Section 6.2, the solution method to the subpostman
tour composing problem will be studied. We will present a method to obtain

the optimal solution to such a problem.

6.1 Discussion of the Solution Methods to
the CPP in A Non-connected Subnet-

work

6.1.1 Heuristic methods

Apart from the effort made by Alfa and Liu[l] to solve the CPP in the
non-directly connected subnetwork, Orloff[39], in the Rural Postman Prob-
lem (RPP) and Tucker and Bodin[51], in the street sweeping vehicle routing
problem have also dealt with a similar problem. T]aej7 both presented so-
lution -methods which are different from that suggested in [1] to solve such
a problem. Unfortunately, their methods, are heuristic and can obtain the
optimal solution only in special cases. The methods suggested in [39] and

[51] are described below.
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Orloff’s method

The problem-solving scheme suggested by Orloff[39] is similar to that
suggested in [1] in deriving a solution, that is, solve the problem through

three major steps:

-a step for determining an optimal set of repeated links and constructing

an even augmented subnetwork (making-even step);

~a step for determining an optimal set of connection links and forming a

connected augmented subnetwork (connecting step); and
—a step for finding an Euler tour (finding-Euler-tour step).

Different from [1] where the connecting step is taken first and then followed
by the making-even step, in [19], these two steps are executed in the reverse
order. The method employed by Orlofl[39] for determining the optimal set
of repeated links and constructing an even augmented network is the same
as that for solving the CPP in a connected network suggested in [23], except
it is applied to the entire network. In other words, the links not belonging
to the subnetwork may be used to make the odd nodes even. If the even
augmented subnetwork is now connected, then the optimal solution to the
problem can be found by applying the procedure for finding the Euler tour,

since it satisfies the two conditions for an Euler tour to exist[23]. However,
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when the even augmented subnetwork still remains un-connected, then a set
of links to connect the remaining un-connected components is determined by
using a method based on a subtour elimination technique similar to that used

to solve the TSP. The method is summarized in an algorithm displayed below.

Step 1 Construct an even augmented subnetwork G*(h) from the origi-
nal subnetwork G(h) using the algorithm for solving the CPP in the
directed network suggested in [23]. Note that such an algorithm is

applied to the entire network G.

Step 2 Check whether G*(h) is connected. If it is then go to Step 4;

Otherwise go to Step 3.

Step 3 Construct an even, connected augmented subnetwork G**(h) as fol-
lows: When duplicating some shortest paths between odd-degree nodes
on G*(h), let one of them cross a node of the even component, say cx(h),
which remains un-connected after Step 1. Find the least cost way to
do so by using the subtour elimination algorithm similar to that for
solving the TSP . If ¢{® is far from the rest of G~(h), then use any

node of ¢x(h) as the connection node.

Step 4 Find an Euler tour, w(h), on G*(h) using the algorithm for the Eu-

ler tour (e.g. Edmonds and Johnson[23]’s algorithm).

!No detail solution method was provided in [35]
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Example

Consider the example network shown in Figure 4.5. We wish to find sub-
postman tour w(1) on G(1). By applying the above algorithm we construct
a subpostman tour of G(1) as shown in Figure 6.1. The total deadheading

1s 19 units.

Shortcomings

The shortcomings of Orloff[39)’s method can be identified as follows:

1. The solution quality obtained is dependent on the structure of G(k).
No optimal solution is guaranteed if G*(h) remains un-connected after
Step 1. This is due to the fact that connecting an even component
in other ways may yield an improved solution. See for example the

dynamic programming method described in Section 6.1.2.

2. The computation becomes exceedingly difficult when more than one
component of G(h) is even. This is due to the fact that the possible

ways to connect these components would be a very large number.
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Qdd node of G(1) are 6,4. Duplicate
the minimum cost path from 6 to 4 make
G(1) even.

Since components C1
and C2 are even, when
duplicating the path from
the odd node 6 10 4, let
such a path cross anode in
C1 and anode in C2 in order
1o connect them.

The minimum cost to do
50 is obtained by choosing
node 12 of C1 and node
11 of C3 as the connection
nodes

Total length=53

(c) Sub-postman tour ®(1)

Figure 6.1: Subpostman tour w(1) obtained by using Orloff’s method
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Tucker and Bodin’s method

Tucker and Bodin[51]’s method to solve the CPP in the non-directly
connected subnetwork is quite similar to [39], that is, it employs the same
problem-solving scheme to construct a solution. However, it uses, in the con-
necting step, a different technique based on the Minimum Spanning Tree to
find the optimal set of links to connect the remaining un-connected compo-

nents. The method can be described as the following algorithm:

Step 1 Construct an even augmented subnetwork G=(h) from the origin
subnetwork G(h) using the algorithm for solving the CPP in the di-
rected network suggested in [23]. Note that such an algorithm is applied

to the entire network G.

Step 2 Check whether G*(h) is connected. If it is, then go to Step 4.

Otherwise go to Step 3.

Step 3 Construct an even, connected augmented subnetwork G*(h) from

G=(h).

Step 3 (i) Determine the closed nodes between each pair of compo-
nents in G*(h) using a geographical estimate called the ”Man-
hattan” estimate (See detailed description in [51]). Construct a
complete graph ®(h) = (N, A) where NV is a set of nodes denoting
the components of G*(h) and A is a set of links representing the

shortest distance between each pair of the components.
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Step 3 (i) Find the minimum spanning tree T'(h) on ®(h). The
branches of T'(h) indicate which pair of components should be

connected.

Step 3 (iii) Using the solution found in (ii) construct an an even, con-
nected augmented subnetwork G**(h) as follows: For each pair of
components to be connected, identify the shortest paths between
the closest nodes in each direction by using the shortest path al-

gorithm and join the closest nodes using these paths.

Step 4 Find an Euler tour w(h) on G*(h) using the Euler tour finding al-

gorithm (e.g. Edmonds and Johnson[23]’s algorithm).

Example

Using the above algorithm we find the solution (Figure 6.2(a), (b),(d))
to the same sample problem shown in Figure 4.4 The total deadheading is
23 units. Note that the method for determining the closest nodes and the
shortest path between components developed in [1] is employed since the

geographical estimate is not applicable in this case.

Shortcomangs
The shortcomings of Tucker and Bodin[50]’s method appear in the follow-

ing two aspects:
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(a) Subnetwork G*(1)

Closest nodes between C1,C2=(1,3)
C1,C3=(13,11)
C2,C3=(8,7)

(b) A complete graph® (1) for linking (¢) The Minimum Spanning tree T(1).
the components of G(1) Note that two links connecting
a pair of components is viewed
as a tree branch.

(d) A solution which is not a tree may yield an improved solution

Figure 6.2: Subpostman tour w(1) obtained by using Tucker and Bodin’s
method
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Total length=54

Total deadheading=20

(f) Subpostman tour (1)

Figure 6.2: continued
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1. The method used to find the shortest distance between components
may not be accurate enough and may become very inefficient when a

component contains a large number of nodes.

2. Finding the optimal set of links to connect the components by using the
Minimum Spanning Tree solution may not be optimal. This is because
a solution which is not a tree (Figure 6.2 (c)) may yield an improved

solution.

The approaches for solving the CPP in the non-directly connected subnet-
work discussed so far are only heuristic and the solution quality is dependent
upon the nature of the subnetwork. The main reason for not guaranteeing
the optimal solution is that the optimization procedure is divided into the
making-even step, the connecting step, and the finding-Euler tour step and
they are taken independently. The nodes used as the connection nodes are
restricted in a certain subset of nodes in the components; either the closest
nodes between components (e.g. Alfa and Liu[1] and Bodin and Tucker[51}),
or the odd nodes in the odd-components. However, the connection nodes,
can be any nodes in a component. This can be proved as follows: Suppose in
a subnetwork (k) consisting of m(h) components ¢1(h), ca(h), ..., cm(n)(h),
one wishes to construct an optimal postman tour w(h). Since such a tour

1s a round trip we may start at any component in analyses. Without losing
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generality, let us select component ¢;(h), for example, to start with. Now the
problem is how to select a node in ¢;(h) to start with the tour. Suppose we
arbitrarily select the node, s;, as the starting node. We can see that after we
traverse each link of ¢;(h) at least once via an optimal tour we may end up
with either s; when s, is even or another odd node s} when s; is odd. Let us
denote o, o (h) as the length of such an optimal tour and let Nst s, () be the
length of the optimal partial tour of w(h) starting from s, that visits each
link of the remaining components c;, (), c;, (h), ... ¢j, -, () at least once
and finally returns to s;. Obviously, the length of the optimal tour w(h) is
determined by

181 (h)] (61)

| w(h) |= ?in{aal,ag (h) + s,

Therefore, any node, not only the closest node between two components
(i-e. Tucker and Bodin[51], Alfa and Liu[1]) or the odd nodes (i.e. Orloff[39]),
can be used as the connection node, provided the rest of the postman tour

to be constructed is optimal.

6.1.2 Optimal method — dynamic programming ap-
proach

This section presents an optimal solution method to solve the CPP in a
non-directly connected subnetwork. The method is based on the dynamic

programming approach which is similar to the one for solving the Travelling
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Salesman Problem(TSP)[3].

Consider the CPP in a non-directly connected subnetwork G(h) consist-
ing of m(h) components ¢;(h),ca(h),. .., cmn)(h) as a multi- stage decision-
making problem. Without losing generality, since the solution w(h) is a round
trip, it can be viewed as a closed walk which starts from a node of certain
component, visits each of its links at least once, and then the next un-visited
component and visits each of its links at least once, and so forth until it
finishes visiting all the remaining un-visited components, and finally returns
to the node of the beginning component. We may start at any component,
say ci(h), in analyses. Suppose at some stage k(k = 1,2,...,m(h)), the
optimal tour, w(h), starting from the starting node, sgl), of component c¢;(h)

one has reached the starting node, sgk), of the component ¢;(h). There are

(m(h) — k) components c; (h),c;, (),

before returning to sgl). Then w(h) is optimal if, and only if, the length

-3 Ciy— (h) Temaining to be visited

(k

f

) that visits each link of c;(h) at least

(k) and

of its partial tour starting from s

once and then the remaining components c; (h),c;,(h), ...

finally returns to sgl) 1s optimal. Otherwise one may always obtain an im-

2 Coan(ny~k
proved tour by choosing the least-cost partial tour starting from sgk) that

visits each link of ¢;(h) at least once and then the remaining components

¢ (R),cip(h), . .. s Cimey—i (1) and finally returns to sgl).

Let us define
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k =stage. k = 1,2,...,m(h). At stage 1, the postman from starting node

s{") begins to visit the links of ei(h).

s¥) = state variable on stage k. It is the starting node on component
ci(h)(i=1,2,...,m(h) and ¢ # 1 if k # 1), where the postman tour
w(h) begins to visit links of component c; and then the remaining com-
ponents ¢; (h), c;,(h), ..., ¢ 0,_, (k) and finally returns to s A set
of decision variables SZ-(k) 1s a set of nodes which are to be selected as

the starting node on component ¢;(h)

u(k)(.s(k)) = decision variable on stage k. It is the selection of the starting

j‘n. 2
node on the component c;, (7)(jn = J1,72,- -+ Jm(n)-k), given that the

(k)

node s;’ on component ¢;(h) has been used as the starting node on

w(h). A set of decision variables Ugf)(s('k)) 1s a set of nodes which are

7

to be selected as the starting nodes on component c;,

FE ei(h); cs,(h), 5, (R), . . ., Chmimy—i(B)) |1y )= length of the optimal par-
(k

tial tour of w(h) at stage k. It starts from s; ) and visits each link

of ¢;(h) at least once and then the m(h) — k remaining components

(1)

Cjis Cizs - - 3 Cjy—, and finally returns to s
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d,-jn(sgk), ugﬁl(sgk))) = length of the shortest path starting from node s on
ci(h) that passes through each link of ¢;(h) at least once and reaches
25

5. (s;7") of component c;,

With the above remarks the CPP in a non-directly connected subnetwork

can be defined as the following typical dynamic programming problem:

f(k)(ci(h); cjn(h)’ c.‘in(h)> R cjm(h)-k(h)) i,gk)’,(ll)z
n {di;, (s, B () 4+ fE(e(R); ¢ (R), e (B), - -

min { mi
1<k<m(h) ug_:)(,gk))
Cin—y (h)7 Cint1 (h)v ) ijn(h.)—);(h)) Iu‘(,_:),,gl)}}

(6.2)
Applying the above equation recursively we begin with
F(ci(R) | g = dia (s, 51) Wi £ 1 (6.3)
and terminate with
FO(er(h); ¢y (h), cjp(h), .., €y (R)) FUNG (6.4)

The length of the optimal path is

| w(k) |= min {f(c1(R); cs(h), cin(h), -, €5y (B)) o) (8:5)

Vs(ll)
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and the optimal tour is the one having such a length.

Example

Using the dynamic programming approach, we solve the CPP in G(1) of
the network shown in Figure 4.4. The steps are displayed below. (note that

(h) is omitted if there is no ambiguity)

Number of component m =3 (e1, ¢a, c3)

Select ¢; as the starting component S = {sgl)} ={1,12,13}

(1) s =1

At stage k=3

m—k=3-3=0 No component left to be visited. After visiting all links
(1)

of ¢;, one returns to s;
Calculate f(3)(ci) ] (3) (1)
Si a8y

Select ¢;:

E#1, ¢ #c¢, c;=c or ¢ =ca
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(i) ¢ = e

= {s} = {3,4,6,7}

fe2) o 0= d (5, 1)) = f(

(ii) ¢ =c3

G es) , ® W= d31(5.§3 s (1))

At stage k= 2

m—-—k=3-2=1

@ea) |1 2g o020 = d21(3,1) = 32
)(Cz) | () _g o)y = dy1(4,1) = 28
Mez) I (3)—g,o(l) =g = ds1(6,1) = 35
FO(e2) 1oy 12, = dna(7,1) = 36

S = {s} = {8,10,11}

F®es) |or_g 12y = dar(8,1) = 13

F®)es) L(;)le,Bgn::: ds;(10,1) = 16

F®)(es) |8g3)=11,5<11>=1: d31(11,1) = 15

1 component left to

Calculate f(z)(ci;cjl) |8(z) 1)
HERLS

Select ¢;, ¢j

k1

e #F e oc #Fa

be visited.

Components other than ¢; are ¢, and ¢z

Therefore ¢; = cy;¢j, =c3 or ¢ =c3;¢, = o
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From equation 6.2 we have
() c=caey =ca S = {7} =13,4,6,7} UP(sP) = (uf(s§)} =
{8,10,11}

From equation (6.2) we have

PO ezien) 0=, i (o868 + 5o Lo g0}
Yu! (s )

For sgz) = 3,

d23(3, 8) + f(a)(C:;) '8,1: 35 + 13 = 48
F® 2 e3) la(”)=3,a“)=1= min ¢ dz3(3,10) + f®(cs) l101=36 + 16 = 42 } =48
] 1 d23(3,11) + f®)(c3) 11,,= 33 + 15 = 48

For 5(22)

F®(cz; ¢3) I,g2’=4"(11)=1: 44 f(cy;ca) | AP =g sV =g = 0L

f(z)(cz; cs) I,(’)=7 0=y = 40
2 1

= 4,6,7, in a similar way, we obtain:

() & =g = 57 = () = {8,10,11}  UP(sP) =
{u?(s67)} = {3,4,6,7}

From equation (6.2) we have

f(z)(CSyC2) I (2) (1)—\1 (U;J(Jl(lz)gdaz( 2) (2)(.3%2)) + f(B)(Ca) lu(zz)(agz))’agn}
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2

For 5( ) = 8 we have:

d32(8,3) + f®)(c3) |a1= 10 + 32 = 42
. d32(8,4) + F®(ca) |a= 14 + 28 = 42
(2 , — 32{ 3, 3 —
f (63’ C2) !,g-)zs,a(l‘)=1 min d32(8,6) + f(z)(cs) |6 7435 =42 42
d32(8,7) + FP)(cs) ls1= 6 + 36 = 42

In a similar way, for 3(32) = 10,11 we obtain:

f(z)(C;;; C2) l‘xgz):lﬂ,a(ll):l: 46 f(z)(Cg; 63) Iagz)=7,s(11)=1= 44

At stage k=1

m—k=3-~1=2 2 component left to be visited. The next starting node

1s sgl)

Calculate f(z)(ci;cjncjz) l,(l) &
2 191

Select ¢;, ¢j,, ¢;
k=1 ¢ =c c¢; #c¢ since component other than ¢; are ¢, and c;

therefore ¢;, = cz;¢5, =3 or ¢; = ca5¢5 = ¢o
The length of the optimal tour with the starting node sgl) 1s

e o i
A CHNS Iag”:l,agl)z],: min {v

Vu(!)(

(1 ) (1)
n, {dlz(s (s{) + fC2 Yez;ca) l ({0,400 2y }

1 (1) (1)

B {6alo o) % 1) g o)
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(i) ei=1Les = caep = ca {s} = {1}, {uf(s{)} = {3,4,6,7}

d12(1> 3) + f(z)(cz; 03) |3,1
) dia(1,4) + f®)(ca; ¢3) s,
B ers ez, 5) |y 1oy = min dizg : 6§+ f<2>§cz,c3 o
di2(1,7) + f(z)(cz; e3) |7
15 + 48 = 63
NI I C R T (R
MY a1 =65 [T
14 + 45 = 59

(i) e = 1,¢, = caycp = e {sM} = {1}, {uf(s{)} = {8,10,11}
dlz( 3

1,8)+ f@ (03,02) ls.1
f(l)(cl;C:a,Cz) Lgl)zl,sgl):lz min ¢ dip(1,10) + f )(cs; e2) hoa
d12(1,11) 4+ f®)(c3; ¢2) |11

13+42 =55
= min ¢ 14 +46 =60 , =55

11 44 =35
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Hence the length of the optimal tour w(1) for s{! = 1 is

. {f(l)(chcz,cs)l(l 1= 59
min

— 1 . _
f( )(01)03762) ! (1) _. =1,s (1 55 } - f( )(Cl,Cg,Cz) |8£1)=1,3§1):1_ 55

In a similar way, if we let

(2) s =12 we yield
e e, 02) ‘8(11)=12,s§1)=12: 52
(3) s =13 we yield

FHe;es,¢0) | RONRPINCIRTE

Hence the length of the optimal tour to G(1) is

f(l (c1;c3,c2) |s§1)_1 o= 55
min { FfO(e;es,ca) lsgl 12,6212 = 59 L _ f(l)(cl;cg,cz) |s§1)=1275§1):12: 59
i (e1; ¢, ¢2) lsgl) 13,5V=13" 53
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Figure 6.3: Corresponding augmented subnetwork of G(1)

The corresponding augmented network with above solution is shown in Fig-
ure 6.3 and the sub-postman tour is shown in Figure 6.4. The total dead-

heading 1s 52 units.

Computational feasibility

Although the dynamic programming approach presented above can pro-
duce the optimal solution to the CPP in a non-directly connected subnetwork,
it is very difficult to implement on the computer due to the storage require-
ments, a problem that also encountered when using dynamic programming

method to solve the TSP. In fact, the CPP in a non-directly connected sub-
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Total length=52
Total deadheading=1 8

Figure 6.4: Sub-postman tour w(1)

network can be viewed as a special case of the TSP where one is required not
only to visit each component (equivalent to the node in TSP) at least once
but also to visit the links of each component at least once. If there is only
one way to visit the links of each component, then the CPP in a non-directly
connected subnetwork is exactly the same as the TSP.

In solving the TSP using the dynamic programming approach, to calculate

) on stage k, the number of values of f(**1) that needs to be known is
g(n, k) = (n - 1)/(k - D)l(n -k — 1)![3] (6.6)

where n 1s the number of nodes in TSP. On a computer with 32k memory
(such as the IBM 7094), the largest problem size reported to be solvable for

TSP was n = 15[3].
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Since we can actually visit the links of a component by starting from any
of its nodes, the number of ways to visit the links of a component is usually
more than one. Hence, using the dynamic programming approach, the prob-
lem size that can be handled in solving the CPP in a non-directly connected

subnetwork, is less than the one that can be handled in solving the TSP.

In concluding this section we can see that the key to solving the CPP in the
non-directly connected subnetwork is to determine the starting node on each
un-visited component. This is due to the links to connect the components
can also be used to make the subnetwork even at the same time. We must
state that the solution to such a problem is very difficult. None of the solu-
tion methods (heuristic or optimal) discussed so far is superior to another,
when taking into account the computational efficiency and the solution qual-
1ty requirements. For the heuristic approaches, the computation is easy but
the quality of the solution is dependent on the structure of the subnetwork.
Orloff[37)’s method works well when the subnetwork contains only one even
component. If it contains more than one such component, the solution ap-
proach becomes exceedingly inefficient, since the solution branches expand
rapidly. Tucker and Bodin[50)’s method may produce a solution in a large
scale network but such an approach requires a special method to determine
the distance between components, hence it may not be suitable for theoreti-

cal research. Alfa and Liu[l]’s method, which is also heuristic, works fast and
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is able to solve the relatively large scale problem since algorithms for solving
the general CPP in the directed network and the TSP are readily available.

The dynamic programming approach, on the other hand, is able to produce
the optimal solution all the time from the theoretical point of view, but
the large storage requirements make the practical implementation on the
computer extremely difficult. Therefore such an approach needs to be more
computationally feasible.

The‘eva,luations of the solution methods for solving the CPP in the non-
directly connected subnetwork are summarized in Table 6.1. In this thesis,
since we intend to use the IBM PC to perform the vehicle routing, taking
into account the solution quality and computational efficiency requirements,
the proposed solution method adopts Alfa and Liu[l]’s method to solve the
SCVRP.

6.2 Discussion of the Solution Method to
the Sub-postman Tour Composing Prob-
lem

As we stated in Section 4.3.2 of chapter 4, the solution obtained by using
the subpostman tour composing method is only near optimal, even though
there exists a common node to all the subpostman tours. This is because

sometimes one may not need to visit all links of a subpostman tour before
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going on to the next, provided that all the links that are required to be
covered have already been visited

If we observe the problem more closely, we can see that such a problem
occurs only in the subpostman tour, w(r), where its starting node, s,, is an
odd node in the original subnetwork G(r). In such a case we need to find an
optimal tour that starts from s, and traverses each link of G(r) at least once
and ends at another node, s'.. Such a tour is often called the Open Post-
man tour and its corresponding open walk that traverses each link of G(r)
exactly once is called the Open Euler tour. It can easily be proved that if a
given network contains more than two odd nodes, there exists an Open Euler
tour which begins at one odd node and ends at another(See Deo[20]). Hence
we can see that wherever the starting node of a subpostman tour is odd in
the original subnetwork, we need to identify an open postman tour and check

the ending node of the tour to see if the condition in equation (4.6) is satisfied.
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Chapter 7

Conclusions

The present investigation of the optimal vehicle routing design has re-
vealed that the Chinese Postman Problem on a hierarchical network, or the
hierarchical link-covering vehicle routing problem, has received relatively lit-
tle attention in both the theoretical aspect and the practical aspect. Such a
problem appears not only in snow clearing vehicle routing but also in many
other real-life vehicle routing problems such as the street sweeping, garbage
collection, police patrol, etc. This thesis developed the optimization method-
ology to solve such a problem in theory and apply the developed methodology
to solve the real-life problem in practice. The Chinese Postman Problem in
a hierarchical network, in practice, can be solved optimally using the general
CPP solution and the dynamic programming method if the given network
size 1s relatively small and the links of each hierarchy are all connected. If the
links of some of the hierarchies are not directly connected, the problem be-

comes exceedingly complicated and may be solved only through the heuristic
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solution method.
In summary, the following aspects of the postman problem in a hierarchical

network are tackled throughout this thesis:
e The modelling;
e The solution method to solve the problem. This includes

— Optimal solution method when links of each hierarchy of the hi-

erarchical network are connected;

— Heuristic method when links of some hierarchies of the hierarchical

network are not connected;

— Exploration of optimal solution method when links of some hi-
erarchies are not connected —introduce a dynamic programming

method
e Practical application of the proposed solution method-solve the SCVRP.

Direction of future research

In theory, the following may be developed:
e A more accurate mathematical model formulation.
e A more efficient solution algorithm. This includes:

— A more efficient algorithm to solve the CPP in a non-directly

connected subnetwork optimally;
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— A more efficient algorithm to solve the subpostman composing

problem;

— A solution algorithm which does not require the decomposing of

the original problem.

— An algorithm to deal with the problem in the multi-postmen case
In practice, the following may be considered to be the future improvements:

e The exact number of times for the vehicle to clear out a street, given
the number of lanes, should be calculated more accurately. In this
thesis, we assume that to clear out one side of street with » number of
lanes, r vehicle movements are required. However, such a value may
be varied. For example, the weather conditions such as the thickness
of the snow fall, the variation of the road such as the yield turns, bus

routes, changes of the lane number, etc.

® The width of the street should be considered in the vehicle route. This
1s because the number of snow plows needed during the operation are
dependent on the width of the streets being cleared. Sometimes the
operations are better completed on a group of streets having the same

width before going on to the others.

e The division of the total vehicle route into segments in order to allow

several clearing vehicles to carry out the operation.
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e The snow hauling operations should be incorporated.
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Appendix A
District #2: Priority I Streets

FN TN LTH P #LN BLOCK NAME FROM TO
1 2 63 1 8 Portage Riverbend Garden
2 1 63 1 8 Portage Garden Riverbend
2 4 80 1 8 Portage Graden Riverbend
4 2 80 1 8 Portage Riverbend Graden
4 5 188 1 8 Portage Riverbend Winston
5 4 188 1 8 Portage Winston Riverbend
5 9 80 1 8 Portage Winston Cavell
9 5 80 1 8 Portage Cavell Winston
9 11 78 1 8 Portage Cavell Bourkevale
11 S 78 1 8 Portage Bourkevale Cavell
11 13 80 1 8 Portage Bourlevale Riveroaks
13 11 80 1 8 Portage Riveroaks Bourkevale
13 15 90 1 8 Portage Riveroaks Parkview
15 13 30 1 8 Portage Parkview Riveroaks
15 17 88 1 8 Portage Parkview Roseberry
17 15 88 1 8 Portage Roseberry Parkview
17 19 88 1 8 Portage Roseberry Colligiate
19 17 88 1 8 Portage Colligiate Roseberry
19 21 30 1 8 Portage Colligiate Ferry
21 19 90 1 8 Portage Ferry Colligiate
21 23 212 1 8 Portage Ferry Library
23 21 212 1 8 Portage Library Ferry
23 25 95 1 8 Portage Library Douglas
25 23 g5 1 8 Portage Douglas Library
25 27 178 1 8 Portage Douglas Albany
27 25 i75 1 8 Portage Albany Douglas
27 29 112 1 8 Portage Albany Deer Lodge
29 27 112 1 8 Portage Deer Lodge Albany
29 30 125 1 8 Poratge Deer Lodge Deer Lodge
30 29 125 1 8 Portage Deer Lodge Deer Lodge
30 32 1740 1 8 Portage Deer Lodge Assiniboine
32 30 1740 1 8 Portage Assiniboine Deer Lodge
32 33 230 1 8 Portage Assiniboine Olive
33 32 230 1 8 Portage Olive Assiniboine
33 36 450 1 8 Portage Olive Moray
36 33 450 1 8 Portage Moray Olive
36 38 125 1 8 Portage Moray Lake
39 36 1256 1 8 Portage Lake Moray
39 41 100 1 8 Portage Lake Windham
41 33 100 1 8 Portage Windham Lake
41 43 87 1 8 Portage Windham Thompson
43 41 87 1 8 Portage Thompson Windham
43 45 85 1 8 Portage Thompson Woodbridge
45 43 g8 1 8 Portage Woodbridge Thopmson
45 48 170 1 8 Portage Woodbridge 0ld Mill
48 45 170 1 8 Portage 0ld Mill Woodbridge
48 49 175 1 8 Portage Oold Mill Woodhaven
49 48 175 1 8 Portage Woodhaven 0ld Mill
49 55 263 1 8 Portage Woodhaven Oakdean
55 49 262 1 8 Portage Oakdean Woodhaven
55 63 100 1 8 Portage Oakdean Harris
63 55 100 1 8 Portage Harris Oakdean
63 68 200 1 8 Portage Harris Woodland
68 63 200 1 8 Portage Woodland Harris
68 70 90 1 8 Portage Woodland Woodland
70 68 90 1 8 Portage Woodland Woodland
70 73 125 1 8 Portage Woodland Country Club
73 70 125 1 8 Portage Country Club Woodland
73 76 115 1 8 Portage Country Club Greenacre
76 73 115 1 8 Portage Greenacre Country Club
76 79 100 1 8 Portage Greenacre Golf
79 76 100 1 8 Portage Golf Greenacre
79 93 100 1 8 Portage Golf Daer
93 79 100 1 8 Portage Daer Golf
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99 93
99 101
101 99
101 111
111 101
111 139
139 111
139 159
159 139
159 1350
190 159
190 218
218 190
218 220
220 218
220 232
232 220
232 234
234 232
234 258
258 260
258 234
260 258
260 262
262 260
262 264
264 262

200
150
150
100
100
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Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage

Daer
Banting
Banting
Kirkfield
Kirkfield
Shelley
Shelley
Westwood
Westwood
Rouge
Rouge
Sumach
Sumach
Seaton
Seaton
Raguette
Raquette
Best

Best
Bedson
Bedson
Buchanan
Buchanan
Stewart
Steward
St Charles
St Charles
Gagnon

TOTAL CLEARED LENGTH: 67,960m

90

Banting
Daer
Kirkfield
Banting
Shelley
Kirkfield
Westwood
Shelley
Rouge
Westwood
Sumach
Rouge
Seaton
Sumach
Ragquette
Seaton
Best
Raquette
Bedson
Best
Buchanan
Stewvart
Bedson
Buchanan

St Charles

Steward
Gagnon

St Charles
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Appendix B
District #2: Vehicle Route For Priority I Street

FN TN LTH P #LN BLOCK NAME FROM TO
1 2 63 1 8 Portage Riverbend Garden
2 4 80 1 8 Portage Graden Riverbend
4 5 188 1 8 Portage Riverbend Winston
5 9 80 1 8 Portage Winston Cavell
S 11 78 1 8 Portage Cavell Bourkevale
11 13 80 1 8 Portage Bourlevale Riveroaks
13 15 30 1 8 Portage Riveroaks Parkview
18 17 88 1 8 Portage Parkview Roseberry
17 19 88 1 8 Portage Roseberry Colligiate
19 21 90 1 8 Portage Colligiate Ferry
21 23 212 1 8 Portage Ferry Library
23 25 95 1 8 Portage Library Douglas
25 27 175 1 8 Portage Douglas Albany
27 29 112 1 8 Portage Albany Deer Lodge
29 30 1256 1 8 Poratge Deer Lodge Deer Lodge
30 32 1740 1 8 Portage Deer Lodge Assiniboine
32 33 230 1 8 Portage Assiniboine Olive
33 36 450 1 8 Portage Olive Moray
36 33 125 1 8 Portage Moray Lake
39 41 100 1 8 Portage Lake Windham
41 43 87 1 8 Portage Windham Thompson
43 45 85 1 8 Portage Thompson Woodbridge
45 48 170 1 8 Portage Woodbridge 0ld4 Mill
48 49 17% 1 8 Portage 0ld Mill Woodhaven
49 55 263 1 8 Portage Woodhaven Oakdean
55 63 100 1 8 Portage Cakdean Harris
63 68 200 1 8 Portage Harris Woodland
68 70 90 1 8 Portage Woodland Woodland
70 73 125 1 8 Portage Woodland Country Club
73 76 115 1 8 Portage Country Club Greenacre
76 79 100 1 8 Portage Greenacre Golf
79 93 100 1 8 Portage Golf Daer
93 99 115 1 8 Portage Daer Banting
99 101 120 1 8 Portage Banting Kirkfield
101 111 30 1 8 Portage Kirkfielad Shelley
111 139 130 1 8 Portage Shelley Westwood
139 159 430 1 8 Portage Westwood Rouge
159 190 240 1 8 Portage Rouge Sumach
190 218 85 1 8 Portage Sumach Seaton
218 220 85 1 8 Portage Seaton Raquette
220 232 85 1 8 Portage Raguette Best
232 234 85 1 8 Portage Best Bedson
234 258 700 1 8 Portage Bedson Buchanan
258 234 700 1 8 Portage Buchanan Bedson
260 262 150 1 8 Portage Steward St Charles
262 264 100 1 8 Portage St Charles Gagnon
264 262 100 1 8 Portage Gagnon St Charles
262 260 150 1 8 Portage St Charles Steward
260 258 200 1 8 Portage Stewart Buchanan
258 260 200 1 8 Portage Buchanan Stewart
234 232 85 1 8 Portage Bedson Best
232 220 85 1 8 Portage Best Raquette
220 218 85 1 8 Portage Raquette Seaton
218 190 85 1 8 Portage Seaton Sumach
190 159 240 1 8 Portage Sumach Rouge
159 139 430 1 8 Portage Rouge Westwood
139 111 130 1 8 Portage Westwood Shelley
111 101 90 1 8 Portage Shelley Kirkfield
101 99 120 1 8 Portage Kirkfield Banting
99 93 115 1 8 Portage Banting Daer
93 79 100 1 8 Portage Daer Golf
79 76 100 1 8 Portage Golf Greenacre
76 73 115 1 8 Portage Greenacre
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73 70 125 1
70 68 90 1
68 63 200 1
63 55 100 1
55 49 262 1
49 48 175 1
48 45 170 1
45 43 85 1
43 41 87 1
41 39 100 1
39 36 125 1
36 33 450 1
33 32 230 1
32 30 1740 1
30 29 125 1
29 27 112 1
27 25 175 1
25 23 95 1
23 21 212 1
21 19 90 1
19 17 88 1
17 15 88 1
15 13 S0 1
13 11 80 1
11 9 78 1
9 5 80 1
5 4 188 1
4 2 80 1
2 1 63 1

TOTAL DEADHEADING:
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Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage
Portage

Country Club
Woodland
Woodland
Harris
Oakdean
Woodhaven
0ld Mill
Woodbridge
Thompson
Windham
Lake

Moray
Olive
Assiniboine
Deer Lodge
Deer Lodge
Albany
Douglas
Library
Ferry
Colligiate
Roseberry
Parkview
Riveroaks
Bourkevale
Cavell
winston
Riverbend
Garden
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Woodland
Woodland
Harris
Oakdean
Woodhaven
0ld Mill
Wwoodbridge
Thopmson
Windham
Lake

Moray
Olive
Assiniboine
Deer Lodge
Deer Lodge
Albany
Douglas
Library
Ferry
Colligiate
Roseberry
Parkview
Riveroaks
Bourkevale
Cavell
Winston
Riverbend
Graden
Riverbend
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Appendix C

BLOCK NAME

Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assinikoine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Ferry
Assiniboine
Ferry
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Woodhaven
Woodhaven
Woodhaven
Woodhaven
Woodhaven
Woodhaven
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Harris
Harris
Harris

Harris

Harris
Assiniboine
Harris

Mcbey

Mcbey

Mcbey
Country Club
Mcbey
Country Club
Country Club
Country Club
Mcbey
Country Club
Mcbey

Mcbey

Mcbey

Mcbey
Country Club
Country Club
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District #2: Priority II Streets

Winston
Cavell
Bourkevale
Bourkevale
Bourkevale
Riveroaks
Riveroaks
Parkview
Parkview
Roseberry
Roseberry
Colligiate
Colligiate
Portage
Ferry
Assiniboine
Portage
Olive

Olive
Pinewood
Pinewood
Moray

Moray

Lake

Lake
wWindham
Windham
Thompson
Thompson
Woodbridge
Portage

Emo

Emo
Glendale
Glendale
Assiniboine
Woodhaven
Sunnyside
Sunnyside
Qakdean
Oakdean
Portage
Armour
Armour

Emo

Emo

Harris
Assiniboine
Woodland
Summerlands
Summerlands
Portage
Country Club
Mcbey

Mcbey
Meadowside
Country Club
Meadowside
Greenacre
Greenacre
Golf

Golf

Park West
Park West

Riveroaks
Bourkevale
Parkview
Riveroaks
Roseberry
Parkview
Colligiate
Roseberry
Ferry
Assiniboine
Colligiate
Portage
Olive
Portage
Pinewood
Olive
Moray
Pinewood
Lake

Moray
Windham
Lake
Thompson
Windham
Woodbridge
Thompson
Emo

Portage
Glendale
Emo
Assiniboine
Glendale
Sunnyside
Woodhaven
Oakdean
Sunnyside
Harris
Armour

Emo

Portage
Armour
Assiniboine
Oakdean

Emo
Summerland
Woodland
Country Club
Mcbey
Summerlands
Portage
Meadowside
Mcbey
Greenacre
Pine Valley
Country Club
Golf
Greenacre
Daer
Meadowside

Pinehurst
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134
134
136
136
136
137
139
140
140
141
141
142
142
142
143
143
144
144
145
145
147
147
148
148
150
150
150
151
151
158
158
159
160
160
162
162

119
102
142
110
120
119
121
150
175
120
122
121
125
126
122
124
128
126
130
128
133
131
134
133
136
134
137
158
136
140
139
141
140
142
112
141
143
142
144
143
145
144
147
145
148
147
150
120
148
151
150
171
136
186
160
159
162
160
163
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Country
Country
Country
Country
Country
Country
Country
Country
Country
Mcbey
Mcbey
Browning
Mcbey
Mcbey
Mcbey
Mcbey
Browning
Browning
Mcbey
Mcbey
Browning
Browning
Browning
Westwood
Westwood
Browning
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood

Club
Club
Club
Club
Club
Club
Club
Club
Club

Assiniboine
Assiniboine
Assiniboine
Westwood
Westwood
Westwood
Westwood
Westwood
Mcbey
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Sansome
Sansome
Sansome
Assiniboine
Assiniboine
Rouge

Rouge

Rouge

Rouge

Rouge
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Pine Valley
Pine Valley
S. End
Pinehurst
Pinehurst
Hagen
Hagen
Pinehurst
Pinehurst
Daer

Daer
Pinehurst
Banting
Banting
Kirkfield
Kirkfield
Wordsworth
Wordsworth
Shelley
Shelley
Shelley
Shelley
Westwood
Browning
Browning
Westwood
Wordsworth
Wordsworth
Carlyle Cr
Carlyle
Carlyle
Carlyle
Sandburg
Sandburg
Sandburg
Sandburg
Haliburton
Haliburton
Haliburton
Haliburton
Kilmer
Kilmer
Assiniboine
Westwood
Westwood
Westboine
Portage
Byrd

Byrd
Admunsen
Admunsen
Westwood
Mcbey
Mcbey
Admunsen
Admunsen
Henday
Henday
Henday
Henday
Magellan
Magellan
Henday
Magellan
Sansome
Sansome
Westwood
Joliett
Joliett
Caroll
Caroll
Portage
Byrd

Byrd

Davis
Davis

S. End
Pinehurst
Pine Valley
Pine Valley
Hagen
Pinehurst
Pinehurst
Park West
Hagen

Golt
Banting
Wordsworth
Daer
Kirkfield
Banting
Shelley
Pinehurst
Shelley
Kirkfield
Westwood
Wordsworth
Westwood
Shelley
Wordsworth
Sansome
Wordsworth
Browning
Carlyle Cr
Wordsworth
Carlyle
Sandburg
Carlyle
Carlyle
Sandburg
Sandburg
Haliburton
Sandburg
Haliburton
Haliburton
Kilmer
Haliburton
Assiniboine
Kilmer
Westboine
Caroll
Westwood
Byrd
Portage
Amundsen
Byrd

Mcbey
Shelley
Admunsen
Admunsen
Mcbey
Henday
Admunsen
Henday
Henday
Magellan
Henday
Magellan
Magellan
Sansome
Browning
Magellan
Joliett
Westwood
Peary
Westwood
Long Fellow
Byrd
Portage
Davis

Byrd
Ericson



163
163
165
165
165
166
166
167
167
169
169
170
170
170
170
171
171
172
172
174
174
175
176
176
184
184
186
186
187
187
188
188
189
189
197
198
198
197
199
199
201
201
208
208
211
211
211
212
212
217
217
219
219
221
221
222
222
231
231
233
233
234
235
235
237
237
237
238
238
239
239
241
241
242
242
242

162
165
163
166

199 -

165
167
166
169
167
170
169
171
172
201
151
170
170
174
172
176
120
174
208
189
208
158
187
186
188
187
211
184
211
198
197
199
219
165
198
170
222
176
184
188
189
212
211
217
212
231
197
221
219
233
201
242
217
255
221
237
235
234
237
233
235
238
237
239
238
241
239
242
222
241
243

175
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Rouge

Rouge

Rouge

Rouge
Allard
Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge
Sansome
Rouge
Sansome
Sansome
Sansome
Rouge

Rouge

Rouge

Rouge
Browning
Rouge

Rouge

Rouge

Rouge
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Rouge

Rouge
Allard
Allard
Allard
Allard
Allard
Allard
Sansome
Sansome
Rouge

Rouge
Assiniboine
Rouge
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assinibione
Allard
Allard
Allard
Allard
Sansome
Sansome
Assinibione
Assinibione
Allard
Allard
Bedson
Bedson
Bedson
Allard
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Sansome
Bedson
Bedson
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Ericson
Ericson
Ericson
Ericson
Rouge
Galinee
Galinee
Galinee
Galinee
Peary
Peary
Sansome
Rouge
Sansome
Rouge
Peary
Peary
Jeliett
Joliett
Browning
Browning
Wordsworth
Erlandson
Erlandson
Columbus
Columbus
Long Fellow
Long Fellow
Long Fellow
Long Fellow
Scalena
Scalena
Scalena
Scalena
Sumach
Pontiac
Pontiac
Sumach
Pontiac
Pontiac
Whitegates
Whitegates
West

West

Rouge
Assiniboine
Rouge
Maureen
Maureen
Barron
Barron
Seaton
Seaton
Raguette
Raquette
Ragquette
Raguette
Raquette
Raguette
Best

Best
Portage
Twain
Twain
Bedson
Allard
Allard
Keats
Keats
Keats
Keats
Twain
Twain
Bedson
Sansome
Sansome

Davis
Ericson
Ericson
Galinee
Pontiac
Ericson
Galinee
Galinee
Peary
Galinee
Sansome
Peary
Peary
Joliett
wWhitegates
Joliett
Rouge
Sansome
Browning
Joliett
Erlandson
Westwood
Browning
West
Scalena
West
Caroll
Long Fellow
Long Fellow
Scalena
Long Fellow
Rouge
Columbus
Assiniboine
Pontiac
Sumach
Pontiac
Seaton
Rouge
Pontiac
Rouge
Raquette
Erlandson
Columbus
Scalena
Scalena
Maureen
Rouge
Barron
Maureen
Raquette
Sumach
Raguette
Seaton
Best
Whitegates
Bedson
Barron
Bedson
Raguette
Bedson
Twain
Portage
Allard
Best
Twain
Keats
Allard
Keats
Keats
Twain
Keats
Sansome
Raguette
Twain
Dicken's



243
243
244
244
245
245
247
247

TOTAL CLEARED LENGTH:

242
244
243
245
244
247
245
249
247
250
249
255
231
250
261
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Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Assinibione
Bedson
Allard
Allard
Allard
St Charles
Allard
St Charles
Allard
St Charles
Allard
St Charles
St Charles
St Charles
St Charles
St Charles

Dicken's
Dicken's
Shakespeare
Shakespeare
Shakespeare
Shakespeare
Dicken's
Dicken's
Assinibione Gr
Assinibione Gr
Coleridge
Holt

Bedson
Assinibione
Buchanan
Steward
Steward
Portage

St Charles
Allard

St Charles
Allard
Gagnon
Lepine
Lepine
Sansome
Sansome
Augier

37,700m
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Sansome
Shakespeare
Dicken's
Shakespeare
Shakespeare
Dicken's
Shakespeare
Assinibione Gr
Dicken's
Coleridge
Assinibione Gr
Assinibione
Raguette
Holt

Stewart
Allard

St Charles
Allard
Stewart
Portage
Gagnon
Lepine

St Charles
Allard
Sansume
Lepine
Augier
Sansome
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Appendix D
District #2: Components of Priority II Streets

FN TN LTH P #LN BLOCK NAME FROM TO
COMPONENT 1:

7 10 88 2 2 Assiniboine Winston Cavell

10 12 78 2 2 Assiniboine Bourkevale Cavell

12 14 80 2 2 Assiniboine Bourkevale Riveroaks

14 16 100 2 2 Assiniboine Riveroaks Parkview

16 18 95 2 2 Assiniboine Parkview Roseberry

18 20 95 2 2 Assiniboine Roseberry Colligiate

20 22 95 2 2 Assiniboine Colligiate Ferry

22 21 425 2 2 Ferry Assiniboine Portage

21 22 425 2 2 Ferry Portage Assiniboine

22 20 95 2 2 Assiniboine Ferry Colligiate

20 18 95 2 2 Assiniboine Colligiate Roseberry

18 16 g5 2 2 Assiniboine Roseberry Parkview

16 14 100 2 2 Assiniboine Parkview Riveroaks

14 12 80 2 2 Assiniboine Riveroaks Bourkevale

12 10 78 2 2 Assiniboine Bourkevale Cavell

10 7 88 2 2 Assiniboine Cavell Winston
COMPONENT 2

32 34 350 2 2 Assiniboine Portage Olive

34 35 88 2 2 Assiniboine Olive Pinewood

35 38 350 2 2 Assiniboine Pinewood Moray

38 40 120 2 2 Assiniboine Moray Lake

40 42 90 2 2 Assiniboine Lake Windham

42 44 125 2 2 Assiniboine Windham Thompson

44 47 80 2 2 Assiniboine Thompson Woodbridge

47 44 80 2 2 Assiniboine Woodbridge Thompson

44 42 12585 2 2 Assiniboine Thompson Windham

42 40 30 2 2 Assiniboine Windham Lake

40 38 120 2 2 Assiniboine Lake Moray

38 35 350 2 2 Assiniboine Moray Pinewood

35 34 g8g 2 2 Assiniboine Pinewood Olive

34 32 350 2 2 Assiniboine Clive Portage
COMPONENT 3

49 50 340 2 2 Woodhaven Portage Emo

50 51 150 2 2 Woodhaven Emo Glendale

51 54 260 2 2 Woodhaven Glendale Assiniboine

54 61 130 2 2 Assiniboine Woodhaven Sunnyside

61 62 110 2 2 Assiniboine Sunnyside Oakdean

62 67 105 2 2 Assiniboine Oakdean Harris

67 66 360 2 2 Harris Assiniboine Emo

66 64 145 2 2 Harris Emo Armour

65 63 310 2 2 Harris Armour Portage

63 65 310 2 2 Harris Portage Armour

64 66 145 2 2 Harris Armour Emo

66 67 360 2 2 Harris Emo Assiniboine

67 62 108 2 2 Assiniboine Harris Oakdean

62 61 110 2 2 Assiniboine Cakdean Sunnyside

61 54 130 2 2 Assiniboine Sunnyside Woodhaven

54 51 260 2 2 Woodhaven Assiniboine Glendale

51 50 75 2 2 Woodhaven Glendale Emo

50 49 340 2 2 Woodhaven Emo Portage
COMPONENT 4

71 72 85 2 2 Mcbey Woodland Summerland

72 74 30 2 2 Mcbey Summerlands Country Club

74 75 290 2 2 Country Club Mcbey Meadowside

75 83 150 2 2 Meadowside Pine Valley

Country Club
‘ 97



83
92
.91
90
88
89
88
90
91

83

75

74

77

80

94
100
102
112
142
142
141
140
139
140
141
143
144
145
147
148
150
181
171
170
201
222
242
222
201
170
172
174
176
208
184
189
211
189
184
208
176
174
172
170
169
167
166
165
199
138
197
219
221
233
237
238
239
241
242
243
244
245
247
249
250

242
222
201
170
172
174
176
208
184
189
211
189
184
208
176
174
172
170
169
167
166
165
199
198
197
213
221
233
237
238
239
241
242
243
244
245
247
249
250
255
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Country
Country
Country
Country
Country
Country
Country
Country
Country
Country
Country
Country
Mcbey
Mcbey
Mcbey
Mcbey
Mcbey
Mcbey
Mcbey
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Sansome
Sansome
Sansome
Sansome
Sansome
Sansome
Sansome
Sansome
Sansome
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Allard
Allard
Allard
Allarad
Allard
Allard
Allard
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson

Club
Club
Club
Club
Club
Club
Club
Club
Club
Club
Club
Club
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Park West
Pinehurst
Hagen
Pinehurst
Pine Valley
S. End

Pine Valley
Pinehurst
Hagen
Pinehurst
Park West
Meadowside

Country Club

Greenacre
Golf

Daer
Banting
Kirkfield
Shelley
Mcbey
Mcbey
Admunsen
Byrd
Portage
Byrd
Admunsen
Admunsen
Henday
Henday
Magellan
Magellan
Westwood
Joliett
Peary
Rouge
Whitegates
Raquette
Bedson
Raquette
Whitegates
Sansome
Joliett
Browning
Brlandson
West
Columbus
Scalena
Assiniboine
Scalena
Columbus
West
Erlandson
Browning
Joliett
Sansome
Peary
Galinee
Galinee
Rouge
Pontiac
Pontiac
Sumach
Seaton
Raguette
Best
Allard
Keats
Keats
Twain
Sansome
Dicken's
Shakespeare
Shakespeare
Dicken's

Assinibione Gr

Holt

Pinehurst
Hagen
Pinehurst
Pine Valley
S. End
Pine Valley
Pinehurst
Hagen
Pinehurst
Park West
Meadowside
Mcbey
Greenacre
Golf

Daer
Banting
Kirkfield
Shelley
Westwood
Admunsen
Admunsen
Byrd
Portage
Byrd
Amundsen
Mcbey
Henday
Henday
Magellan
Magellan
Sansome
Joliett
Peary
Rouge
Whitegates
Raquette
Bedson
Raquette
Whitegates
Rouge
Joliett
Browning
Erlandson
West
Columbus
Scalena
Assiniboine
Scalena
Columbus
West
Erlandson
Browning
Joliett
Sansome
Peary
Galinee
Galinee
Ericson
Pontiac
Pontiac
Sumach
Seaton
Raquette
Best
Bedson
Keats
Keats
Twain
Sansome
Dicken's
Shakespeare
Shakespeare
Dicken's

Assinibione Gr

Coleridge
Assinibione



255
250
249
247
245
2424
243
242
241
239
238
237
235
234
235
237
233
221
219
187
198
199
165
163
162
160
159
160

187
188
211
212
217
231
255
231
217
212
211
188
187
186
158
136

250
249
247
245
244
243
242
241
239
238
237
235
234
235
237
233
221
219
197

275

180
180
90
85
275
85
85
85
112
220
85
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Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Allard
Allard
Allard
Allarad
Allard
Allard
Allard
Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge
Sansome
Sansome
Sansome
Westwood
Browning
Browning
Browning
Browning
Browning
Browning
Browning
Browning
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assinibione
Assinibione
Assinibione
Assinibione
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Westwood
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Assinibione
Coleridge
Assinibione Gr
Dicken's
Shakespeare
Shakespeare
Dicken's
Sansome
Twain

Keats

Keats
Allard
Twain
Portage
Twain
Bedson

Best
Raquette
Seaton
Sumach
Pontiac
Pontiac
Ericson
Bricson
Davis

Byrd
Portage
Byrd

Davis
Ericson
Ericson
Galinee
Galinee
Peary

Rouge

Peary
Joliett
Sansome
Westwood
Shelley

- Wordsworth

Pinehurst
Wordsworth
Shelley
Westwood
Wordsworth
Browning
Wordsworth
Carlyle
Carlyle
Sandburg
Sandburg
Haliburton
Haliburton
Kilmer
Westwood
Westboine
Westwood
Caroll

Long Fellow
Long Fellow
Scalena
Rouge
Maureen
Barron
Raquette
Bedson
Raguette
Barron
Maureen
Rouge
Scalena
Long Fellow
Long Fellow
Caroll
Assiniboine

Holt
Assinibione Gr
Dicken's
Shakespeare
Shakespeare
Dicken's
Sansome
Twain

Keats

Keats
Allard
Twain
Portage
Twain
Allarad

Best
Ragquette
Seaton
Sumach
Pontiac
Pontiac
Rouge
Ericson
Davis

Byrd
Portage
Byrd

Davis
Ericson
Ericson
Galinee
Galinee
Peary
Sansome
Peary
Joliett
Westwood
Browning
Shelley
Wwordsworth
Pinehurst
Wordsworth
Shelley
Westwood
Wordsworth
Westwood
Wordsworth
Carlyle Cr
Carlyle
Sandburg
Sandburg
Haliburton
Haliburton
Kilmer
Assiniboine
Westboine
Westwood
Caroll

Long Fellow
Long Fellow
Scalena
Rouge
Maureen
Barron
Raguette
Bedson
Raguertte
Barron
Maureen
Rouge
Scalena
Long Fellow
Long Fellow
Caroll
Westwood
Kilmer



134 133
133 131
130 128
128 126
126 125
125 122
122 121
121 120
120 150
150 148
148 147
147 145
145 144
144 143
143 142
142 112
112 102
102 100
100 94
94 80
80 77
77 74
74 73
73 74
74 72
72 71

COMPONENT 5

259 261
261 263
263 265
265 263
263 262
262 263
263 269
269 274
274 280
280 274
274 269
269 263
263 261
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Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Mcbey
Mcbey
Mcbey
Mcbey
Mcbey
Mcbey
Mcbey
Country Club
Country Club
Mcbey
Mcbey

Allard
Allard
Allardg
Allard
St Charles
St Charles
St Charles
St Charles
St Charles
St Charles
St Charles
St Charles
Allard
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Kilmer
Haliburton
Haliburton
Sandburg
Sandburg
Carlyle
Carlyle Cr
Wordsworth
Browning
Sansome
Henday
Magellan
Henday
Henday
Admunsen
Westwood
Shelley
Kirkfield
Banting
Daer

Golf
Greenacre
Mcbey
Portage
Country Club
Summerlands

Buchanan
Steward

St Charles
Gagnon
Allard
Portage
Allard
Lepine
Sansome
Augier
Sansome
Lepine

St Charles

Haliburton
Haliburton
Sandburg
Sandburg
Carlyle
Carlyle
Wordsworth
Browning
Sansome
Magellan
Magellan
Henday
Henday
Admunsen
Mcbey
Shelley
Kirkfield
Banting
Daer

Golf
Greenacre
Country Club
Portage
Mcbey
Summerlands
Woodland

Stewart

St Charles
Gagnon

St Charles
Portage
Allard
Lepine
Sansume
Augier
Sansome
Lepine
Allard
Stewart



175
340
150
260
130
110
105
360
145
310
200
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Appendix E
District #2: Vehicle Route For Priority II Street

BLOCK NAME

Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Ferry
Portage
Portage
Portage
Portage
Portage
Portage
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Woodbridge
Woodbridge
Portage
Portage
Woodhaven
Woodhaven
Woodhaven
Assiniboine
Assiniboine
Assiniboine
Harris
Harris
Harris
Portage
Portage
Portage
Country Club
Mcbey

Mcbey

Mcbey

Mcbey
Country Club
Country Club
Country Club
Country Club
Country Club
Country Club
Country Club
Country Club
Country Club

Country Club

Country Club
Country Club
Country Club
Country Club
Mcbey

Mcbey

Mcbey

Mcbey

Mcbey

Mcbey

Mcbey
Westwood
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Winston
Bourkevale
Bourkevale
Riveroaks
Parkview
Roseberry
Colligiate
Assiniboine
Ferry
Library
Douglas
Albany
Deer Lodge
Deer Lodge
Portage
Olive
Pinewood
Moray

Lake
Windham
Thompson
Assiniboine
011 Mill
Woodbridge
0lda Mill
Portage
Emo
Glendale
Woodhaven
Sunnyside
Oakdean
Assiniboine
Emo

Armour
Harris
Woodland
Woodland
Portage

Country Club

Summerlands
Woodland
Summerlands
Mcbey
Meadowside
Park West
Pinehurst
Hagen
Pinehurst
Pine Valley
$. End

Pine Valley
Pinehurst
Hagen
Pinehurst
Park West
Meadowside

Country Club

Greenacre
Golf

Daer
Banting
Kirkfield
Shelley
Mcbey

Cavell
Riveroaks
Parkview
Roseberry
Colligiate
Ferry
Portage
Library
Douglas
Albany

Deer Lodge
Deer Lodge
Assiniboine
Olive
Pinewood
Moray

Lake
Windham
Thompson
Woodbridge
0ld Mill
Portage

0lda Mill
Woodhaven
Emo
Glendale
Assiniboine
Sunnyside
Oakdean
Harris

Emo

Armour
Portage
Woodland
Woodland
Country Club
Mcbey
Summerlands
Woodland
Summerland
Country Club
Meadowside
Pine Valley
Pinehurst
Hagen
Pinehurst
Pine Valley
S. End

Pine Valley
Pinehurst
Hagen
Pinehurst
Park West
Meadowside
Mcbey
Greenacre
Golf

Daer
Banting
Kirkfield
Shelley
Westwood
Admunsen



142
141
140
139
140
141
143
144
145
147
148
150
151
171
170
201
222
242
222
201
170
172
174
176
208
184
189
211
189
184
208
176
174
172
170
169
167
166
165
199
198
197
218
221
233
237
238
239
241
242
243
244
245
247
249
250
255
250
249
247
245
244
243
242
241
238
238
237
235
234
259
261
263
265
263
262

141
140
139
140
141
142
144
145
147
148
150
151
171
170
201
222
242
222
201
170
172
174
176
208
184
189
21
189
184
208
176
174
172
170
169
167
166
165
199
198
197
219
221
233
237
238
2383
241
242
243
244
245
247
249
250
255
250
249
247
245
244
243
242
241
239
238
237
235
234
258
261
263
265
263
262
263
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Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Sansome
Sansome
Sansome
Sansome
Sansome
Sansome
Sansome
Sansome
Sansome
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Allard
Allard
Allard
Allargd
Allard
Allard
Allard
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Portage
Allard
Allard
Allard
Allard
St Charles
St Charles
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Mcbey
Admunsen
Byrd
Portage
Byrd
Admunsen
Admunsen
Henday
Henday
Magellan
Magellan
Westwood
Joliett
Peary

Rouge
Whitegates
Raguette
Bedson
Raqguette
Whitegates
Sansome
Joliett
Browning
Erlandson
West
Columbus
Scalena
Assiniboine
Scalena
Columbus
West
BErlandson
Browning
Joliett
Sansome
Peary
Galinee
Galinee
Rouge
Pontiac
Pontiac
Sumach
Seaton
Raquette
Best

Allard
Keats

Keats

Twain
Sansome
Dicken's
Shakespeare
Shakespeare
Dicken's
Assinibione Gr
Holt
Assinibione
Coleridge
Assinibione Gr
Dicken's
Shakespeare
Shakespeare
Dicken's
Sansome
Twain

Keats

Keats
Allard
Twain
Bedson
Buchanan
Steward

St Charles
Gagnon
Allard
Portage

Admunsen
Byrd
Portage
Byrd
Amundsen
Mcbey
Henday
Henday
Magellan
Magellan
Sansome
Joliett
Peary

Rouge
Whitegates
Raguette
Bedson
Raquette
wWhitegates
Rouge
Joliett
Browning
Erlandson
West
Columbus
Scalena
Assiniboine
Scalena
Columbus
West
Erlandson
Browning
Joliett
Sansome
Peary
Galinee
Galinee
Ericson
Pontiac
Pontiac
Sumach
Seaton
Raquette
Best

Bedson
Keats

Keats

Twain
Sansome
Dicken's
Shakespeare
Shakespeare
Dicken's
Assinibione Gr
Coleridge
Assinibione
Holt
Assinibione Gr
Dicken's
Shakespeare
Shakespeare
Dicken's
Sansome
Twain

Keats

Keats
Allard
Twain
Portage
Buchanan
Stewart

St Charles
Gagnon

St Charles
Portage
Allard



263
269
274
280
274
269
263
261
258
234
235
237
233
221
219
197
198
199
165
163
162
160
159

269
274
280
274
269
263
261
259
234
235
237
233
221
219
197
198
199
165
163
162
160
159
160
162
163
165
166
187
169
170
171
151
150
120
119
110

110
118
120
175
120
121
122
125
126
128
130
133
134
136
137
136
158
186
187
188
211
212
217
231
255
231
217
212
211
188
187
186
158
136
134
133
131
128
126

170
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St Charles
St Charles
St Charles
St Charles
St Charles
St Charles
Allarad
Allard
Portage
Bedson
Bedson
Allard
Allard
Allard
Allard
Allard
Allard
Allard
Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge

Rouge
Sansome
Sansome
Sansome
Westwood
Browning
Browning
Browning
Browning
Browning
Browning
Browning
Browning
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assinibione
Assinibione
Assinibione
Assinibione
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Assiniboine
Westwood
Westwood
Westwood
Westwood
Westwood
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Allard
Lepine
Sansome
Augier
Sansome
Lepine

St Charles
Steward
Buchanna
Portage
Twain
Bedson
Best
Raguette
Seaton
Sumach
Pontiac
Pontiac
Ericson
Ericson
Davis

Byrd
Portage
Byrd

Davis
Ericson.
Ericson
Galinee
Galinee
Peary
Rouge
Peary
Joliett
Sansome
Westwood
Shelley
Wordsworth
Pinehurst
Wordsworth
Shelley
Westwood
Wordsworth
Browning
Wordsworth
Carlyle
Carlyle
Sandburg
Sandburg
Haliburton
Haliburton
Kilmer
Westwood
Westboine
Westwood
Caroll
Long Fellow
Long Fellow
Scalena
Rouge
Maureen
Barron
Raguette
Bedson
Raquette
Barron
Maureen
Rouge
Scalena
Long Fellow
Long Fellow
Caroll
Assiniboine
Kilmer
Haliburton
Haliburton
Sandburg

Lepine
Sansume
Augier
Sansome
Lepine
Allard
Stewart
Allard
Bedson
Twain
Allarad
Best
Raguette
Seaton
Sumach
Pontiac
Pontiac
Rouge
Ericson
Davis

Byrd
Portage
Byrad

Davis
Bricson
Ericson
Galinee
Galinee
Peary.
Sansome
Peary
Joliett
Westwood
Browning
Shelley
Wordsworth
Pinehurst
Wordsworth
Shelley
Westwood
Wordsworth
Westwood
Wordsworth
Carlyle Cr
Carlyle
Sandburg
Sandburg
Haliburton
Haliburton
Kilmer
Assiniboine
Westboine
Westwood
Caroll
Long Fellow
Long Fellow
Scalena
Rouge
Maureen
Barron
Raguette
Bedson
Raquette
Barron
Maureen
Rouge
Scalena
Long Fellow
Long Fellow
Caroll
Westwood
Kilmer
Haliburton
Haliburton
Sandburg
Sandburg



126 125 90 2 2 o Westwood Sandburg Carlyle
1285 122 100 2 2 o] Westwood Carlyle Carlyle
122 121 85 2 2 C Westwood Carlyle Cr Wordsworth
121 120 85 2 2 C Westwood Wordsworth Browning
120 150 220 2 2 c Westwood Browning Sansome
150 148 85 2 2 C Westwood Sansome Magellan
148 147 85 2 2 C Westwood Henday Magellan
147 145 85 2 2 [od Westwood Magellan Henday

145 144 85 2 2 C Westwood Henday Henday

144 143 85 2 2 Cc Westwood Henday Admunsen
143 142 50 2 2 c Westwood Admunsen Mcbey

142 112 130 2 2 C Mcbey Westwood Shelley
112 102 90 2 2 C Mcbey Shelley Kirkfield
102 100 120 2 2 (o Mcbey Kirkfield Banting
100 94 110 2 2 o] Mcbey Banting Daer

94 80 95 2 2 [of Mcbey Daer Golf

80 77 85 2 2 [of Mcbey Golf Greenacre
77 74 105 2 2 C Mcbey Greenacre Country Club
74 73 220 2 2 o] Country Club Mcbey Portage

73 70 125 1 8 D Portage Country Club Woodland
70 68 90 1 8 D Portage Woodland Woodland
68 63 200 1 8 D Portage Woodland Harris

63 65 310 2 2 o] Harris Portage Armour

64 66 145 2 2 o] Harris Armour Emo

66 67 360 2 2 lof Harris Emo Assiniboine
67 62 105 2 2 o Assiniboine Harris Oakdean

62 61 110 2 2 (o Assiniboine Oakdean Ssunnyside
61 54 130 2 2 C Assiniboine Sunnyside Woodhaven
54 51 260 2 2 o] Woodhaven Assiniboine Glendale
51 50 75 2 2 o] Woodhaven Glendale Emo

50 49 340 2 2 C woodhaven Emo Portage

49 48 175 1 8 D Portage Woodhaven 0ld Mill
48 45 170 1 8 D Portage 0ld Mill Woodbridge
45 46 210 3 2 C Woodbridge Portage 0ld Mill
46 47 180 3 2 o] Woodbridge 0ld Mill Assiniboine
47 44 80 2 2 c Assiniboine Woodbridge Thompson
44 42 128 2 2 o] Assiniboine Thompson Windham

42 40 90 2 2 [of Assiniboine wWindham Lake

40 38 120 2 2 C Assiniboine Lake Moray

38 35 350 2 2 Cc Assiniboine Moray Pinewood
35 34 88 2 2 o] Assiniboine Pinewood Olive

34 32 350 2 2 o] Assiniboine Olive Portage

32 30 1740 1 8 D Portage Assiniboine Deer Lodge
30 29 125 1 8 D Portage Deer Lodge Deer Lodge
29 27 112 1 8 D Portage Deer Lodge Albany

27 25 27 1 8 D Portage Albany Douglas

25 23 95 1 8 D Portage Douglas Library

23 21 212 1 8 D Portage Library Ferry

21 22 425 2 2 o Ferry Portage Assiniboine
22 20 95 2 2 o] Assiniboine Ferry Colligiate
20 18 95 2 2 c Assiniboine Colligiate Roseberry
18 16 95 2 2 o] Assiniboine Roseberry Parkview
16 14 100 2 2 (o] Assiniboine Parkview Riveroaks
14 12 80 2 2 c Assiniboine Riveroaks Bourkevale
12 10 78 2 2 o] Assiniboine Bourkevale Cavell

10 7 88 2 2 o] Assiniboine Cavell wWinston

= C - CLEAR OUT D - DEADHEADING
TOTAL DEADHEADING: 8,322 M
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340
350
350
370
370
390
390
370
370
120
120
430
430
150
150
670
670
150
150
420
150
420
150
130
130
280
280
310
310
260
260
210
210
180
390
180
390
150
220
370
220
370

75
125
110
110
105
220
105

R
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Appendix F
District #2: Priority III Streets

BLOCK NAME

Riverbend
Garden
Riverbend
Graden
Riverbend
Riverbend
Winston
Winston
Winston
Parkside
Winston
Parkside
Cavell
Cavell
Bourkevale
Bourkevale
Riveroaks
Riveroaks
Parkview
Parkview
Roseberry
Roseberry
Colligiate
Colligiate
Library
Library
Douglas
Douglas
Albany
Albany
Deer Lodge
Deer Lodge
Olive
Olive
Pinewood
Moray
Pinewood
Moray
Moray
Moray

Lake

Lake
Windham
Windham
Thompson
Thompson
Woodbridge
Woodbridge
Woodbridge
0ld Mill
Woodbridge
0ld Mill
Emo
Glendale
Ashcroft
Glendale
Ashcroft
Assiniboine
Assiniboine
Oakdean
Oakdean
Cakdean
Oakdean Cr
Oakdean
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Portage
Portage
Graden
Riverbend
Graden
Portage
Portage
Parkside
Parkside
Winston
Assiniboine
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage

S. End
Portage

S. BEnd
Portage

S. End
Portage
Portage
Assiniboine
Assiniboine
Assiniboine
Portage
Moray
Pinewood
Pinewood
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage

0ld Mill
014 Mill
Woodbridge
Assiniboine
Portage
woodhaven
Woodhaven
E. End
Assiniboine
Assiniboine
Glendale
Woodhaven
Portage
Oakdean Cr
OCakdean Cr
Cakdean
Oakdean Cr

Garden
Riverbend
Portage
Portage
Portage
Graden
Parkside
Portage
Assiniboine
Assiniboine
Parkside
Winston
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage

S. End
Portage

S. End
Portage
Deer Lodge
Portage
Portage
Portage
Portage
Portage
Moray
Pinewood
Lake
Portage
Assiniboine
Pinewood
Assiniboine
Portage
Assiniboine
Portage
Assiniboine
Portage

0ld Mill
Portage
Assiniboine
Portage

0ld Mill
Woodbridge
Sunnyside
Assiniboine
Assiniboine
Woodhaven
E. End
Woodhaven
Glendale
Oakdean Cr
Portage
Oakdean Cr
Oakdean
Oakdean Cr
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200
220
220
110
360
105
110
150
360
360
360
460
460
105
760
760
212
330
200
212
200
330
100
239
237
190
100
290

55
250
250
290
290

37

55

37
330
330
133
133
140
204
140

60
204

133
133
225
360
150
260
260
360
150
337
337
115
225
115

60

60
280
280
285
285
230
230

320
88
75

320
75

145
90
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Oakdean
OCakdean Cr
Oakdean
Emo
Cakdean
Emo
Emo
Emo
Sunnyside
Sunnyside
Oakdean
Armour
Armour
Emo
Woodland
Woodland
Woodland
Summer lands
Woodland
Woodland
wWoodland
Summer lands
Meadowside
Greenacre
Greenacre
Greenacre
Meadowside
Greenacre
Meadowside
Golf
Golf
Golf
Golf
Meadowside
Meadowside
Meadowside
Park West
Park West
Pine Valley
Pine Valley
Vardon
Pine Valley
Vardon
Braid
Pine Valley
Braid
Pine Valley
Pine Valley
Pinehurst
Hagen
Pinehurst
Daer
Daer
Hagen
Pinehurst
Pinehurst
Pinehurst
Pinehurst
Pinehurst
Pinehurst
Compton
Compton
Banting
Banting
Kirkfield
Kirkfield
Kirkfield
Kirkfield
Kirkfield
Byron
Kirkfield
Kirkfield
Byron
Kirkfield
Wordsworth
Wordsworth
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Oakdean Cr
Oakdean

Emo

Oakdean

Emo

Cakdean
Sunnyside
Sunnyside
Emo
Assiniboine
Assiniboine
Portage
Harris
Harris
Portage
Summerlands
Summerlands
Woodland
Portage
Mcbey

Mcbey

Mcbey
Country Club
Portage
Mcbey

Mcbey
Greenacre
Meadowside
Greenacre
Portage
Mcbey

Mcbey
Meadowside
Golf

Park West
Greenacre
Meadowside
Country Club
Country Club
Vardon

Pine Valley
Vardon

E. BEnd

E. End
Braid

Pine Valley
Braid
Country Club

Country Club

Country Club
Country Club
Portage
Mcbey
Pinehurst
Hagen
Hagen
Browning
Browning
Compton
Compton
Pinehurst
W. End
Portage
Mcbey
Portage
Mcbey
Mcbey
Byron
Byron
Kirkfield
Byron
Byron
Kirkfield
Wordsworth
Kirkfield
Kirkfield

Emo

Oakdean
Portage
Sunnyside
Assiniboine
Harris
OCakdean
Woodhaven
Assiniboine
Emo

Emo

Harris
Portage
Cakdean
Summer lands
Portage
Mcbey

Mcbey

Mcbey
Summer lands
Portage
Woodland
Greenacre
Mcbey
Portage
Meadowside
Country Club
Mcbey

Park West
Mcbey
Portage
Meadowside
Mcbey
Greenacre
Greenacre
Golf
Country Club
Meadowside
Vardon
Country Club
E. Enad
Braid

Pine Valley
Pine Valley
Vardon

E. End
Country Club
Braid
Compton
Pinehurst
Hagen

Mcbey
Portage
Country Club
Country Club
Browning
Hagen
Compton
Country Club
Browning
W. EBEnd
Pinehurst
Mcbey
Portage
Mcbey
Portage
Byron
Mcbey

Byron
Kirkfield
Byron
Wordsworth
Kirkfield
Byron
Aldrich
Shelley
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124
124
126
126
127
127
127
128
129
130
132
133
133
134
134
135
137
138
140
141
143
144
146
147
149
151
152
152
152
153
153
153
154
154
154
155
155
155
156
156
156
157
157
157
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153
129
154
174
205
206
185
126
133
133
130
132
135
1857
134
138
137
161
143
141
146
144
149
147
173
121
183
175
124
152
154
126
153
155
128
154
156
155
157
181
134
156
158

330
180
210
310
130
200
112
210
210
340
210
340
210

70
215

70

50

50
250
410
410
410
410
410
410
335
112
125
425
180
125

80
210

80

85
210

85

35

35
205

85
215
205
110
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Wordsworth
Wordsworth
Aldrich
Wordsworth Pl
Wordsworth
Wordsworth Pl
Wordsworth
Wordsworth
Wordsworth
Shelley
Shelley
Shelley
Wordsworth
Shelley
Shellev
Poole
Shelley
Poole
Shelley
Aldrich
Shelley
Shelley
Drummond
Shelley
Drummond
Shelley
Shelley
Wordsworth
Wordsworth
Carlyle Cr
Carlyle
Carlyle Cr
Carlyle
Thackeray
Sandburg
Leacock
Browning
Reynolds
Browning
Frost
Sandburg
Robert Serv.
Haliburton
Robert Serv.
Haliburton
Connor
Kilmer
Connor
Westboine
Westboine
Byrd
Amundsen
Amundsen
Henday
Henday
Magellan
Magellan
Joliett
Wordsworth
Caroll
Wordsworth
Thackeray
Caroll
Caroll
Leacock
Caroll
Caroll
Frost
Caroll
Caroll
Caroll
Caroll
Columbus
Kilmer
Caroll
Caroll
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Aldrich
Aldrich
Wordsworth
W. End
Wordsworth
Wordsworth
Wordsworth
Browning
Browning
Portage
Mcbey
Mcbey
Shelley
Wordsworth
Wordsworth
W. End
Poole
Shelley
Poole
Shelley
Aldrich
Aldrich

W End
Drummond
Shelley
Drummond
Browning
Westwood
Westwood
Westwood
Westwood
W End
Westwood
Westwood
Westwood
Westwood
Reynolds
Browning
Reynolds
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood

E End
Assiniboine
S End
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Sansome
Caroll
Wordsworth
Caroll
Caroll
Thackeray
Thackeray
Caroll
Leacock
Leacock
Caroll
Frost
Frost
Columbus
Columbus
Caroll
Caroll
Kilmer
Kilmer

Pl

Pl

Kirkfield
Wordsworth Pl
Shelley
Wordsworth
Aldrich

W. End
Browning
Wordsworth Pl
Westwood
Mcbey
Portage
Wordsworth
Kirkfield
Mcbey
Poole
Shelley
Wordsworth
W End
Aldrich
Wordsworth
Poole
Drummond
Shelley
Aldrich

W End
Browning
Drummond
Browning
Carroll

W End
Westwood
Westwood
Westwood
Caroll
Westwood
Caroll
Rouge
Whitegates
Whitegates
Caroll
Westwood
Westwood
Westwood
Westwood
Westwood

E End
Caroll
Westwood

S End
Assiniboine
Davis
Westwood
Westwood
Westwood
Westwood
Westwood
Westwood
Wordsworth
Westwood
Thackeray
Browning
Westwood
Wordsworth
Leacock
Westwood
Thackeray
Frost
Westwood
Leacock
Columbus
Frost
Kilmer
Erlandson
Westwood
Columbus
Assiniboine



157
158
160
161
161
161
162
164
165
166
168
169
171
172
173
173
173
174
174
175
178
175
176
177
177
177
177
178
178
179
180
180
180
181
181
181
182
182
182
183
183
183
184
185
185
185
186
187
188
189
190
191
191
191
192
192
193
194
194
194
195
195
196
197
198
200
201
202
202
202
203
203
204
205
205
205

185
157
161
140
160
162
161
165
164
168
166
171
169
173
151
172
175
175
127
152
173
174
177
176
178
179
182
177
180
177
178
181
182
156
180
183
177
180
183
181
182
184
183
157
186
187
185
185
189
188
191
190
192
193
191
194
191
192
195
196
194
187
194
195
200
198
202
201
203
204
202
205
202
203
206
127

180
110
160
250
160
250
250
420
420
420
420
250
250

85
175

85
250

130
425
250

125
370
125

380
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Kilmer
Caroll
Byrd

Byrd

Byrd

Davis
Davis
Ericson
Ericson
Galinee
Galinee
Peary
Peary
Joliett
Joliett
Joliett
Wordsworth
Browning
Browning
Wordsworth
Wordsworth
Browning
Erlandson
Erlandson
Erlandson
Cortez
Cook
Erlandson
BErlandson
Cortez
Erlandson
Erlandson
Bering
Columbus
Erlandson
Columbus
Cook
Bering
Cook
Columbus
Cook
Columbus
Columbus
Kilmer
Long Fellow
Long Fellow
Long Fellow
Long Fellow

‘Scalena

Scalena
Sumach
Sumach
Sumach
Canoe
Sumach
Sumach
Canoe
Sumach
Sumach
Manitou
Sumach
Sumach
Manitou
Sumach
Pontiac
Pontiac
Whitegates
Whitegates
Whitegates
Belcourt
Whitegates
Whitegates
Belcourt
Whitegates
Whitegates
Reynolds
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Caroll
Assiniboine
Rouge
Davis
Davis

Byrd

Rouge
Rouge
Rouge
Rouge
Rouge
Rouge
Sansome
Rouge
Wordsworth
Wordsworth
Joliett
Rouge
Rouge
Browning
Browning
Wordsworth
Rouge
Portage
Cortez
Erlandson
Erlandson
Cortez
Cortez
Erlandson
Bering
Bering
BErlandson
Erlandson
Columbus
Erlandson
Bering
Cook
Bering
Cook
Columbus
Cook

Rouge

Long Fellow
Kilmer
Kilmer
Assiniboine
Assiniboine
Assiniboine
Rouge
Portage
Portage
Canoe
Sumach
Canoe
Canoe
Sumach
Manitou
Manitou
Sumach
Manitou
Manitou
Sumach
Allard
Allard
Allard
Sansome
Belcourt -
Belcourt
Whitegates
Belcourt
Belcourt
Whitegate

" Reynolds

Reynolds
Whitegates

Long Fellow
Kilmer
Davis
Westwood
Rouge
Rouge

Byrd

Rouge
Rouge
Rouge
Rouge
Sansome
Rouge
Wordsworth
Sansome
Rouge
Browning
Wordsworth
Reynolds
Caroll
Joliett
Rouge
Cortez
Rouge
Cortez
Erlandson
Bering
Cortez
Bering
Erlandson
Cortez
Columbus
Cook
Caroll
Bering
Cook
Erlandson
Erlandson
Columbus
Brlandson
Bering
Rouge

Cook
Caroll
Assiniboine
Assiniboine
Kilmer
Kilmer
Rouge
Assiniboine
Canoe
Canoe
Canoe
Sumach
Canoe
Manitou
Sumach
Canoe

‘Manitou

Sumach
Manitou
Allard
Sumach
Manitou
Allard
Allard
Belcourt
Sansome
Belcourt
Whitegates
Belcourt
Reynolds
wWhitegate
Belcourt
Browning
Browning



206
206
206
206
207
207
207
208
209
209
209
209
210
210
210
212
213
213
213
214
214
214
215
215
215
216
216
216
217
218
219
220
221
222
223
223
223
223
224
224
225
226
226
226
227
227
227
228
228
228
229
229
229
230
230

236
236
236
237
238
240
241
242
243
244
246
247
247
248
248
248

127
205
207
226
206
209
216
209
207
208
210
215
209
213
214
213
210
214
212
210
213
215
209
214
216
207
215
217
216
219
218
221
220
223
222
224
225
248
223
226
223
206
224
227
226
228
229
227
229
248
227
228
230
229
231
250
230
233
232
236
235
237
241
236
240
238
236
256
247
246
244
243
248
223
228
247

175
410
112
160

110
360

110 -

450
450
355
355
200
495
200
340
340
495
240
640
320
320
640

80
320
245

80
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Browning
Whitegates
Whitegates
Browning
Whitegates
Whitegates
Barron
West
Whitegates
West
Whitegates
West
Whitegates
Whitegates
Cora
Maureen
Whitegates
Maureen
Maureen
Cora
Maureen
Maureen
West
Maureen
Maureen
Barron
Maureen
Barron
Barron
Seaton
Seaton
Raqguette
Raguette
Raquette
Ragquette
Raquette
Haultain
Addison Cr
Ragquette
Raguette
Haultain
Browning
Raquette
Raquette
Raguette
Raguette
Trigwell
Raqguette
Raquette
Addsion Cr
Trigwell
Raquette
Raguette
Raquette
Raguette
Holt
Raquette
Best
Best
Twain
Twain
Allard
Twain
Allard
Keats
Keats
Twain
Sansome
Dicken's
Shakespeare
Shakespeare
Dicken's
Addsion
Addsion Cr
Addsion Cr
Addsion
109

Whitegates
Browning
Browning
Whitegates

‘Barron

Barron
Whitegates
Rouge

West
Whitegates
West
Whitegates
Cora

Cora
Whitegates
Assiniboine
Maureen
Whitrgates
Whitegates
Maureen
Cora

Cora
Maureen
West

West
Maureen
Barron
Maureen
Assiniboine
Portage
Allard
Portage
Allard
Sansome
Haultain
Haultain
Raquette
Raguette
Haultain
Haultain
Raquette
Raqgquette
Browning
Browning
Trigwell
Trigwell
Raguette
Addsion Cr
Addsion Cr
Raguette
Raguette
Trigwell
Trigwell
Holt

Holt
Raguette
Assinibione
Portage
Allard
Bedson
Allard
Twain
Allard
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Bedson
Addsion
Addsion
Addsion Cr

Reynolds
Reynolds
Barron
Raguette
Browning
West
Maureen
Whitegates
Barron
Rouge
Cora
Maureen
West
Maureen
Maureen
Whitegates
Cora
Cora
Assiniboine
Whitegates
Whitegates
West
Whitegates
Cora
Barron
Whitegates
West
Assiniboine
Maureen
Allard
Portage
Allard
Portage
Haultain
Sansome
Haultain
Raguette
Addison
Haultain
Browning
Raquette
Whitegates
Haultain
Trigwell
Browning
Addsion Cr
Raguette
Trigwell
Trigwell
Addsion
Raguette
Addsion Cr
Holt
Trigwell
Assinibione
Bedson
Holt
Allard
Portage
Allard
Bedson
Bedson
Bedson
Twain
Bedson
Bedson
Allard
W End
Bedson
Bedson
Bedson
Bedson
Addsion Cr
Raguette
Ragquette
Bedson



249
250
250
251
251
251
252
253
253
253
254
255
256
257
258
259
260
261
264
265
265
266
267
268
268
268
265
269
270
271
271
271
271
272
273
273
273
274
274
275

257
230
251
250
252
253
251
251
254
255
253
253
242
249
259
258
261
260
265
264
268
268
271
265
266
271

WWWWWWWWWWWOWWWWWWWWWWWHRWWWOWRWHWWWWWRWWWWWWWWWWWWWWW

NNNNNNNNNNNNDNNNNNDNDODONDNNONNDNDNNNDNDDNNODNNNDNONNDNDNDNNNDNNNN

Assinibione Gr

Holt
Coleridge
Coleridge
Galsworthy
Coleridge
Galsworthy
Coleridge
Masefield
Coleridge
Masefield
Coleridge
Sansome

Assinibione Gr

Buchanan
Buchanan
Stewart
Stewart
Gagnon
Gagnon
Gagnon
Dennis
Brendalee
Gagnon
Dennis
Gagnon
Lepine
Lepine
Lepine
Gagnon
Brendalee
Lepine
Gagnon
Suzanne
Gagnon
Suzanne
Gagnon
Sansome
Sansome
Sansome
Gagnon
Sansome
Gagnon
Jeanetteg
Gagnon
Jeanette
Gagnon
Augier
Augier

TOTAL CLEARED LENGTH: 89,610m
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Bedson
Bedson
Bedson
Galsworthy
Coleridge
Galsworthy
E End
Masefield
Coleridge
Masefield
E End
Assinibione
W End

W End
Allard
Allarad
Portage
Allard
Portage
Allard
Allard

W End

W End
Dennis
Gagnon
Dennis

St Charles
St Charles
E BEnd
Brendalee
Gagnon
Gagnon
Lepine

W End
Suzanne
Gagnon
Suzanne

St Charles
St Charles
E End
Sansome
Gagnon
Sansome

W End
Jeanette
Gagnon
Jeanette

E End

St Charles

W End
Raguette
Galsworthy
Bedson

E End
Masefield
Coleridge
Galsworthy
E End
Assinibione
Coleridge
Masefield
Bedson
Bedson
Portage
Portage
Allard
Portage
Allard
Portage
Dennis
Gagnon
Gagnon
Allard

W End
Brendalee
E End
Gagnon

St Charles
Dennis

W End

St Charles
Suzanne
Gagnon
Lepine

W End
Sansome

E End
Gagnon

St Charles
Suzanne

St Charles
Jeannette
Gagnon
Sansome

W End
Augier

St Charles
E End



Appendix G
District #2: Components of Priority III Streets

FN TN LTH P #LN BLOCK NAME FROM TO

1 3 237 3 2 Riverbend Portage Garden
3 2 13¢ 3 2 Graden Riverbend Portage
2 3 130 3 2 Garden Portage Riverbend
3 4 243 3 2 Riverbend Graden Portage
4 3 243 3 2 Riverbend Portage Graden
3 1 237 3 2 Riverbend Graden Portage
COMPONENT 2
5 6 225 3 2 Winston Portage Parkside
6 8 270 3 2 Parkside Winston Assiniboine
8 6 270 3 2 Parkside . Assiniboine Winston
6 7 176 3 2 Winston Parkside Assiniboine
7 6 17 3 2 Winston Assiniboine Parkside
6 5 225 3 2 Winston Parkside Portage
COMPONENT 3
9 10 3760 3 2 Cavell Portage Assiniboine
10 9 370 3 2 Cavell Assiniboine Portage
COMPONENT 4
11 12 340 3 2 Bourkevale Portage Assiniboine
12 11 340 3 2 Bourkevale Assiniboine Portage
COMPONENT 5
13 14 350 3 2 Riveroaks Portage Assiniboine
14 13 350 3 2 Riveroaks ' Assiniboine Portage
COMPONENT 6
15 16 370 3 2 Parkview Portage Assiniboine
16 15 370 3 2 Parkview Assiniboine Portage
COMPONENT 7
17 18 380 3 2 Roseberry Portage Assiniboine
18 17 380 3 2 Roseberry Assiniboine Portage
COMPONENT 8
19 20 370 3 & Colligiate Portage Assiniboine
20 19 370 3 4 Colligiate Assiniboine Portage
COMPONENT 9
23 24 120 3 2 Library Portage S. End
24 23 120 3 2 Library S. End Portage
COMPONENT 10
25 26 430 3 2 Douglas Portage S. End
26 25 430 3 2 Douglas S. End Portage
COMPONENT 11
27 28 150 3 2 Albany Portage Deer Lodge

28 27 150 3 2 Albany S. End Portage
‘ 111 '



COMPONENT 12
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52 53 370
54 53 125
53 51 220
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Deer Lodge
Deer Lodge

Olive
Olive

Pinewood
Moray
Moray
Moray
Moray
Pinewood

Lake
Lake

Windham
Windham

Thompson
Thompson

Woodbridge
Woodbridge
Woodbridge
0l4a Mill
018 Mill
Woodbridge

Emo

Emo
Qakdean
Oakdean
Oakdean
Oakdean
Oakdean Cr
Oakdean Cr
Oakdean
Oakdean
Oakdean
Emo

Emo
Oakdean
Emo
Sunnyside
Sunnyside
Emo

Glendale
Assiniboine
Ashcroft
Ashcroft
Assiniboine
Glendale
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Portage
Portage

Assiniboine
Assiniboine

Assiniboine
Pinewood
Assiniboine
Pinewood
Portage
Moray

Portage
Assiniboine

Portage
Assiniboine

Portage
Assiniboine

Portage
014 Mill
Assiniboine
Woodbridge
Portage
0ld Mill

woodhaven
Sunnyside
Emo

Oakdean Cr
Oakdean Cr
Portage
Oakdean
Oakdean
Oakdean Cr
Oakdean Cr
Emo

Oakdean
Harris
Assiniboine
Oakdean

Emo
Assiniboine
Sunnyside

Woodhaven
Glendale
Assiniboine
E. BEnd
Woodhaven
Assiniboine

Portage
Portage

Portage
Portage

Moray
Assiniboine
Pinewood
Portage
Pinewood
Lake

Assiniboine
Portage

Assiniboine
Portage

Assiniboine
Portage

01ld Mill
Assiniboine
01ld Mill
Portage
Woodbridge
Portage

Sunnyside
Oakdean
Portage
Oakdean Cr
Portage
Qakdean Cr
Oakdean
Oakdean
Qakdean Cr
Emo
Assiniboine
Harris
QOakdean

Emo
Sunnyside
Assiniboine
Emo
Woodhaven

Assiniboine
Woodhaven
E. End
Assiniboine
Glendale
Woodhaven



63 64 460
64 63 460

COMPONENT 22

85 84 140
84 87 204
87 88 133
87 86 60
86 87 60
88 87 133
87 84 204
84 83 133
83 82 330
82 78 55
78 77 290
77 76 237
76 77 239
77 78 190
78 75 100

93 94 260
94 93 260

COMPONENT 26

99 100 280
100 99 280

COMPONENT 27

103 104 88
104 106 75
106 107 145
107 109 85
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Armour
Armour

Woodland
Woodland
Woodland
Woodland
Woodland
Woodland
Summerlands
Summerlands

Meadowside
Meadowside
Meadowside
Gol€f

Golf

Golf

Golf
Meadowside
Park West
Pine Valley
Vardon
Vardon

Pine Valley
Pine Valley
Braid

Braid

Pine Valley
Pine Valley
Pine Valley
Park West
Meadowside
Greenacre
Greenacre
Greenacre
Greenacre
Meadowside

Pinehurst
Compton
Compton
Pinehurst
Pinehurst
Pinehurst
Pinehurst
Hagen
Hagen
Pinehurst
Pinehurst
Pinehurst

Daer
Daer

Banting
Banting

Kirkfield
Kirkfield
Kirkfield
Kirkfield
Wordsworth
Wordsworth
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Portage
Harris

Summerlands
Mcbey
Portage
Mcbey
Summerlands
Portage
Woodland
Mcbey

Country Club
Greenacre
Greenacre
Meadowside
Mcbey
Portage
Mcbey

Golf
Meadowside
Country Club
Pine Valley
E. End
Vardon

Braid

Pine Valley
E. End
Country Club
Braid

Vardon
Country Club
Park West
Meadowside
Mcbey
Portage
Mcbey
Greenacre

Country Club
Pinehurst

W. End
Compton
Browning
Browning
Hagen
Pinehurst
Country Club
Hagen .
Country Club
Compton

Portage
Mcbey

Portage
Mcbey

Portage
Mcbey
Byron
Byron
Kirkfield
Aldrich

Harris
Portage

Mcbey
Portage
Mcbey
Summerlands
Portage
Summerlands
Mcbhey
Woodland

Greenacre
Park West
Golf

Mcbey
Portage
Mcbey
Meadowside
Greenacre
Country Club
Vardon

E. End

Pine Valley
Braiad
Country Club
E. End

Pine Valley
Braid

Vardon
Country Club
Meadowside
Greenacre
Mcbey
Portage
Mcbey
Meadowside
Country Club

Compton

W. EBEnd
Pinehurst
Browning
Compton
Hagen
Browning
Country Club
Pinehurst
Country Club
Hagen
Country Club

Mcbey
Portage

Mcbey
Portage

Mchey

Byron

Byron
Wordsworth
Aldrich
Wordsworth Pl



109
110
121
152
153
154
126
129
126
154
155
156
181
180
182
180
178
177
179
177
182
183
182
177
176
177
178
180
181
183
184
183
181
156
157
158
157
134
157
185
187
185
186
185
157
156
155
128
155
154
153
124
122
123
122
124
153
152
175
174
127
174
175
173
151
173
172
173
175
152
121
110
109
108
109
107

110
121
152
153
154
126
129
126
154
155
156
181
180
182
180
178
177
179
177
182
183
182
177
176
177
178
180
181
183
184
183
181
156
187
158
157
134
157
185
187
185
186
185
157
156
155
128
155
154
153
124
122
123
122
124
153
152
175
174
127
174
175
173
151
173
172
173
175
152
121
110
109
108
109
107
116

88
280
112
125

210
210
210
310

205
205
115
115
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Wordsworth
Wordsworth
Wordsworth
Caroll
Caroll
Leacock
Sandburg
Sandburg
Leacock
Caroll
Caroll
Columbus
Erlandson
Bering
Bering
Erlandson
Erlandson
Cortez
Cortez
Cook

Cook

Cook

Cook
Brlandson
Erlandson
Erlandson
Erlandson
Erlandson
Columbus
Columbus
Columbus
Columbus
Columbus
Caroll
Caroll
Caroll
Kilmer
Kilmer
Kilmer
Long Fellow
Long Fellow
Long Fellow
Long Fellow
Kilmer
Caroll
Caroll
Frost
Frost
Caroll
Caroll
Thackeray
Carlyle
Carlyle Cr
Carlyle Cr
Carlyle
Thackeray
Caroll
Wordsworth
Browning
Browning
Browning
Browning
Wordsworth
Joliett
Joliett
Joliett
Joliett
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Aldrich
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Pl
Pl

Wordsworth Pl
Browning
Westwood
Wordsworth
Thackeray
Caroll
Westwood
Westwood
Westwood
Leacock
Frost
Caroll
Columbus
Erlandson
Cook
Bering
Cortez
Erlandson
Erlandson
Erlandson
Bering
Columbus
Bering
Portage
Rouge
Cortez
Cortez
Bering
Erlandson
Cook

Rouge

Cook
Erlandson
Columbus
Kilmer
Assiniboine
Caroll
Westwood
Caroll
Kilmer
Assiniboine
Kilmer
Assiniboine
Long Fellow
Kilmer
Columbus
Caroll
Westwood
Frost
Leacock
Caroll
Westwood
Westwood

W End
Westwood
Westwood
Thackeray
Caroll
Wordsworth
Rouge
Reynolds
Rouge
Browning
Wordsworth
Sansome
Wordsworth
Rouge
Joliett
Browning
Caroll
Westwood
Browning
Wordsworth
W. End
Wordsworth P1
Wordsworth

Browning
Westwood
Carroll
Thackeray
Leacock
Westwood
Westwood
Westwood
Caroll
Frost
Columbus
Erlandson
Bering
Cook
Erlandson
Cortez
Cortez
Erlandson
Erlandson
Bering
Columbus
Bering
Erlandson
Rouge
Cortez
Cortez
Bering
Columbus
Cook

Rouge

Cook
Erlandson
Caroll
Kilmer
Assiniboine
Kilmer
Westwood
Caroll
Long Fellow
Assiniboine
Kilmer
Assiniboine
Kilmer
Caroll
Columbus
Frost
Westwood
Caroll
Leacock
Thackeray
Westwood
Westwood

W End
Westwood
Westwood
Caroll
Wordsworth
Browning
Rouge
Reynolds
Rouge
Wordsworth
Joliett
Sansome
Wordsworth
Rouge
wWordsworth
Browning
Caroll
Westwood
Browning
Wordsworth
W. End
Wordsworth
Aldrich
Shelley

Pl



[ S I G Y ST ST L S WU ST S ST SUF ST S G SY QUUP ST Sy
o X R0 Y S SRS S S S G S RS R S S G S S S W o, W'ey I ¥
POAWNANWHPIAOIRVLOATNTWANON

e
OO0
Wwnw

102

[ S SO G T YU SUUF SN S S S NS ST S0 SV ST S S S
[ J0 ST S SRS P SR S S S SN ST SO S S S S G W o ¥ o ]
QWA NOWAUIOCONOVORARWA N

b ok ok e od
COO0OO0O0
N W UTWd

101

320
320
230
285

COMPONENT 28

226
224
223
225
223
222
223
224
226
227
228
229
230
250
251
252
251
253
254
253
255
253
251
250
230
231
230
229
228
248
223
248
228
227
229
227

224
223
225
223
222
223
224
226
227
228
229
230
250
251
252
251
253
254
253
255
253
251
250
230
231
230
229
228
248
223
248
228
227
229
227
226

110
110
85
80
80
230
236
85
315
360
110
110
260
30
245
320
320
245
55
250
250
95
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Aldrich
Wordsworth
Wordsworth
Shelley
Shelley
Shelley
Shelley
Shelley
Drummond
Drummond
Shelley
Shelley
Poole
Poole
Shelley
Shelley
Shelley
Shelley
Shelley
Wordsworth
RKirkfield
Kirkfield
Byron
Byron
Kirkfield
Kirkfield

Reynolds
Whitegates
Whitegates
Belcourt
Belcourt
Whitegates
Whitegates
Whitegates
Whitegates
Whitegates
Browning
Raguette
Raguette
Haultain
Haultain
Raquette
Raqguette
Raquette
Raguette
Raquette
Raquette
Raquette
Raguette
Holt
Coleridge
Galsworthy
Galsworthy
Coleridge
Masefield
Masefield
Coleridge
Coleridge
Coleridge
Coleridge
Holt
Raguette
Raguette
Raquette
Ragquette
Addsion Cr
Addsion Cr
Addison Cr
Addsion Cr
Raguette
Trigwell
Trigwell
Raguette
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Shelley
Aldrich
Kirkfield
Wordsworth
Poole
Aldrich
Drummond
Browning
Shelley

W End
Drummond
Aldrich
Shelley

W. End
Poole
Wordsworth
Mcbey
Portage
Mcbey
Shelley
Wordsworth
Byron
Kirkfield
Kirkfielad
Byron
Mcbey

Browning
Reynolds
Belcourt
Whitegates
Whitegate
Belcourt
Sansome
Belcourt
Belcourt
Reynolds
Whitegates
Browning
Haultain
Raquette
Raquette
Haultain
Sansome
Haultain
Haultain
Browning
Trigwell
Addsion Cr
Trigwell
Ragquette
Bedson
Coleridge
E End
Galsworthy
Coleridge
E End
Masefield
Assinibione
Masefield
Galsworthy
Bedson
Holt
Assinibione
Holt
Trigwell
Raguette
Addsion
Raqguette
Addsion
Addsion Cr
Raqguette
Ragquette
Trigwell

Wordsworth
Kirkfield
Shelley
Poole
Aldrich
Drummond
Browning
Drummond

W End
Shelley
Aldrich
Poole

W End
Shelley
Wordsworth
Mcbey
Portage
Mcbey
Wordsworth
Kirkfielad
Byron
Byron
Kirkfield
Kirkfield
Mcbey
Portage

Whitegates
Belcourt
Belcourt
Whitegates
Whitegate
Sansome
Belcourt
Belcourt
Reynolds
Browning
Raquette
Haultain
Haultain
Raquette
Ragquette
Sansome
Haultain
Haultain
Browning
Trigwell
Addsion Cr
Trigwell
Holt
Bedson
Galsworthy
E End
Coleridge
Masefield
E End
Coleridge
Assinibione
Masefield
Galsworthy
Bedson
Raguette
Assinibicne
Holt
Trigwell
Addsion Cr
Addsion
Raquette
Addison
Raguette
Trigwell
RaqQuette
Ragquette
Browning



226 206

206 207
207 216
216 207
207 209
209 210
210 213
213 212
212 213
213 214
214 215
215 216
216 217
217 216
216 215
215 214
214 210
210 214
214 213
213 210
210 209
209 215
215 209
209 208
208 209
209 207
207 206
206 205
205 127
127 206
206 127
COMPONENT
132 133
133 130
130 133
133 132
COMPONENT
134 135
135 134
COMPONENT
137 138
138 137
COMPONENT
140 161
161 162
162 161
161 160
160 161
161 140
COMPONENT
141 143
143 141
COMPONENT
144 146
146 144
COMPONENT
147 149
149 147
COMPONENT
164 165

420
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Browning
Whitegates
Barron
Barron
Whitegates
Whitegates
Whitegates
Maureen
Maureen
Maureen
Maureen
Maureen
Barron
Barron
Maureen
Maureen
Cora

Cora
Maureen
Whitegates
Whitegates
West

West

West

West
Whitegates
Whitegates
Whitegates
Reynolds
Browning
Browning

Haliburton

Robert Serv.
Robert Serv.

Haliburton

Connor
connor

Westboine
Westboine

Byrd
Davis
Davis
Byrd
Byrd
Byrd

Admunsen
Admunsen

Henday
Henday

Magellan
Magellan

Bricson
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Raquette
Browning
Whitegates
Maureen
Barron
West

Cora
Whitegates
Assiniboine
Whitrgates
Cora

West
Maureen
Assiniboine
Barron
West
Maureen
Whitegates
Cora
Maureen
Cora
Whitegates
Maureen
Whitegates
Rouge

West
Barron
Browning
Whitegates
Reynolds
Whitegates

Westwood
Westwood
Westwood
Westwood

Westwood
E End

Assiniboine
S End

Westwood
Byrd
Rouge
Davis
Rouge
Davis

Westwood
Westwood

Westwood
Westwood

Westwood
Westwood

Rouge

Whitegates
Barron
Maureen
Whitegates
West

Cora
Maureen
Assiniboine
Whitegates
Cora

West
Barron
Assiniboine
Maureen
West

Cora
Whitegates
Maureen
Whitegates
Cora

West
Maureen
Whitegates
Rouge
Whitegates
Barron
Browning
Reynolds
Browning
Whitegates
Reynolds

Westwood
Westwood
Westwood
Westwood

E Engd
Westwood

S End
Assiniboine

Davis
Rouge
Byrd
Rouge
Davis
Westwood

Westwood
Westwood

Westwood
Westwood

Westwood

- Westwood

Rouge



165 164 420

COMPONENT 37

166 168 420
168 166 420

COMPONENT 38

169 171 250
171 169 250

COMPONENT 39

188 189 180
189 188 180

COMPONENT 40

191 182 78
192 194 125
194 195 75
185 197 80
197 195 80
195 134 75

198 200 11
200 198 11

COMPONENT 42

243 247 640
247 248 80
248 247 80
247 243 640

COMPONENT 43

256 242 240
242 256 240

COMPONENT 44

218 219 480
219 218 480

COMPONENT 45

220 - 221 470
221 220 470

COMPONENT 46

232 233 450
233 232 450

COMPONENT 47

236 235 355

COMPONENT 48
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EBricson

Galinee
Galinee

Peary
Peary

Scalena
Scalena

Sumach
Sumach
Sumach
Sumach
Sumach
Sumach
Sumach
Manitou
Manitou
Sumach
Sumach
Canoe
Canoe
Sumach

Pontiac
Pontiac

Dicken's
Addsion
Addsion
Dicken's

Sansome
Sansome

Seaton
Seaton

Ragquette
Raqguette

Best
Best

Twain
Twain
Twain
Allard
Allard
Twain
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Rouge

Rouge
Rouge

Rouge
Sansome

Assiniboine

Rouge

Portage
Canoe
Canoe
Manitou
Manitou
Allard
Manitou
Sumach
Sumach
Manitou
Canoe
Sumach
Sumach
Portage

Allard
Allard

Bedson
Bedson
Addsion
Bedson

W End
Bedson

Portage
Allard

Portage
Allard

Portage
Allard

Bedson
Allard
Bedson
Twain

Bedson
Allarad

Cr

Rouge

Rouge
Rouge

Sansome
Rouge

Rouge
Assiniboine

Canoe
Canoe
Manitou
Manitou
Allard
Manitou
Manitou
Sumach
Sumach
Canoe
Canoe
Sumach
Sumach
Canoe

Allard
Allard

Bedson
Addsion Cr
Bedson
Bedson

Bedson
W End

Allard
Portage

Allard
Portage

Allard
Portage

Allard
Bedson
Allard
Bedson
Twain

Bedson
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238 240 340
240 238 340

COMPONENT 49

244 246 320
246 244 320

COMPONENT 50

249 257 260
257 249 260

COMPONENT 51

- ——— s e e o e s -

258 259 260
259 258 760

COMPONENT 52

e

260 261 238
261 260 238

COMPONENT 53

265 268 75
268 266 60
266 268 60
268 271 85
2717 267 60
267 271 60
271 269 100
269 270 50
270 269 50
269 271 100
271 273 80
273 272 60
272 273 60
273 276 70
276 274 100
274 275 50
275 274 50
274 276 100
276 278 70
278 277 70
277 278 70
278 281 85
281 278 85
278 276 70
276 273 70
273 271 80
271 268 85
268 265 75

265 264 100

COMPONENT 54

279 280 100
280 279 100
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Keats
Keats

Shakespeare
Shakespeare

Assinibione
Assinibione

Buchanan
Buchanan

Stewart
Steward

Gagnon
Gagnon
Dennis
Dennis
Gagnon
Brendalee
Brendalee
Lepine
Lepine
Lepine
Lepine
Gagnon
Suzanne
Suzanne
Gagnon
Sansome
Sansome
Sansome
Sansome
Gagnon
Jeanette
Jeanette
Gagnon
Gaganon
Gagnon
Gagnon
Gagnon
Gagnon
Gagnon
Gagnon

Augier
Augier
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Gr
Gr

Bedson
Bedson

Bedson
Bedson

Bedson
W End

Allard
Allard

Portage
Allard

Portage
Allard
Gagnon

W End
Dennis
Gagnon

W End
Gagnon

St Charles
E End

St Charles
Lepine
Gagnon

W End
Suzanne
Gagnon

St Charles
E End

St Charles
Sansome
Gagnon

W End
Jeanette
Augier
Jeanette
Sansome
Suzanne
Brendalee
Dennis
Allard

E End
St Charles

Bedson
Bedson

Bedson
Bedson

W End
Bedson

Portage
Portage

Allard
Portage

Allard
Dennis

W End
Gagnon
Brendalee
W End
Gagnon

St Charles
E End

St Charles
Gagnon
Suzanne

W End
Gagnon
Sansome

St Charles
E End

St Charles
Gagnon
Jeannette
W End
Gagnon
Augier
Jeanette
Sansome
Suzanne
Lepine
Dennis
Allard
Portage

St Charles
E End



Appendix H
District #2: Vehicle Route For Priority III Street

BLOCK NAME
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390

370
370

212

120
120
95
430
430
175
150
150
112
670
1740
230
150
88
420
130
130
150
125
280
280
100
310
310
87
260
260
85
210
180
180
390
175
340
150
110
220
105
110
100
460
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Riverbend
Graden
Garden
Riverbend
Portage
Portage
Cavell
Cavell
Portage
Portage
Riveroaks
Riveroaks
Portage
Parkview
Parkview
Portage
Roseberry
Roseberry
Portage
Colligiate
Colligiate
Portage
Portage
Library
Library
Portage
Douglas
Douglas
Portage
Albany
Albany
Portage
Deer Lodge
Portage
Portage
Olive
Assiniboine
Pinewood
Moray
Moray
Moray
Portage
Lake

Lake
Portage
Wwindham
Windham
Portage
Thompson
Thompson
Portage
Woodbridge
Woodbridge
Woodbridge
0old Mill
Portage
Woodhaven
Emo

Emo
Oakdean
Cakdean
OCakdean
Portage
Armour

119

Portage
Riverbend
Portage
Graden
Riverbend
Winston
Portage
Assiniboine
Vavell
Bourkevale
Portage
Assiniboine
Riveroaks
Portage
Assiniboine
Parkview
Portage
Assiniboine
Roseberry
Portage
Assiniboine
Coligiate
Ferry
Portage

S. End
Library
Portage

S. End
Douglas
Portage

S. End
Albany
Portage
Deer Lodge
Assiniboine
Assiniboine
Olive
Assiniboine
Pinewood
Assiniboine
Pinewood
Moray
Portage
Assiniboine
Lake.
Portage
Assiniboine
Windham
Portage
Assiniboine
Thompson
Portage

0la Mill
Assiniboine
Woodbridge
0la Mill
Portage
Woodhaven
Sunnyside
Emo

Oakdean Cr
Oakdean Cr
Oakdean
Portage

Portage
Riverbend
Portage
Winston
Cavell
Assiniboine
Portage
Brourkevale
Riveroaks
Assiniboine
Portage
Parkview
Assiniboine
Portage
Roseberry
Assiniboine
Portage
Colligiate
Assiniboine
Portage
Ferry
Library

S. End
Portage
Douglas

S. End
Portage
Albany

Deer Lodge
Portage
Deer lodge
Portage
Assiniboine
Clive
Portage
Pinewood
Moray
Assiniboine
Pinewood
Portage
Lake
Assiniboine
Portage
Windham
Assiniboine
Portage
Thompson
Assiniboine
Portage
Woodbridge
018 Mill
Assiniboine
01ld Mill
Portage
Woodhaven
Emo
Sunnyside
Oakdean
Portage
Oakdean Cr
Portage
Harris
Harris

( 30=31

)



64
63
68
70
73
76
77
78
75
78
82
81
80
79
93

101
102
103
104
106
107
108
110

96
95
95
91

92
97
90
97
98
97

110
121
152
153
154
126
123
126
154
155
156
181
180
182
180
178
177
179
177
182
183
182
177
176
177
178
180
181
183
184
189
188
189
184
183
181
156
157
158

178
177
179
177
182
183
182
177
176
177
178
180
181
183
184
189
188
189
184
183
181
156
157
158
157

460
200

920
125
115
239
190
100

290

260
125
210
370
370
75
200
200
75
80
80
210
125
82
375
80
85
180
180
85
80
375
85
205
110
110
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Armour
Portage
Portage
Portage
Portage
Greenacre
Greenacre
Meadowside
Meadowside
Meadowside
Meadowside
Golf

Golf
Portage
Portage
Portage
Kirkfield
Kirkfield
Kirkfield
Kirkfield
Wordsworth
Wordsworth
Wordsworth
Browning
Pinehurst
Pinehurst
Pinehurst
Hagen
Hagen
Pinehurst
Pinehurst
Pinehurst
Pinehurst
Compton
Compton
Pinehurst
Browning
Wordsworth
Wordsworth
Caroll
Caroll
Leacock
Sandburg
Sandburg
Leacock
Caroll
Caroll
Columbus
Erlandson
Bering
Bering
Erlandson
Erlandson
Cortez
Cortez
Cook

Cook

Cook

Cook
Erlandson
Erlandson
Erlandson
Erlandson
Erlandson
Columbus
Columbus
Rouge
Scalena
Scalena
Rouge
Columbus
Columbus
Columbus
Caroll
Caroll
Caroll
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Harris
Harris
wWoodland
Woodland
Country Club
Portage
Mcbey
Greenacre
Country Club
Greenacre
Greenacre
Meadowside
Mcbey

Golf

Daer
Banting
Portage
Mcbey

Byron

Byron
Kirkfield
Aldrich
Wordsworth Pl
Wordsworth
Browning
Browning
Hagen
Pinehurst
Country Club
Hagen
Country Club
Compton
Country Club
Pinehurst
W. End
Compton
Pinehurst
Browning
Westwood
Wordsworth
Thackeray
Caroll
Westwood
Westwood
Westwood
Leacock
Frost
Caroll
Columbus
Erlandson
Cook

Bering
Cortez
Erlandson
Erlandson
Erlandson
Bering
Columbus
Bering
Portage
Rouge
Cortez
Cortez
Bering
Erlandson
Cook
Columbus
Rouge :
Assiniboine
Scalena
Rouge

Cook
Erlandson
Columbus
Kilmer
Assiniboine

Portage
Woodland
Woodland
Country Club
Greenacre
Mcbey
Meadowside
Country Club
Greenacre
Park West
Golf

Mcbey
Portage
Daer
Banting
Kirkfield
Mcbey

Byron

Byron
Wordsworth
Aldrich
Wordsworth Pl
Browning
Pinehurst
Compton
Hagen
Browning
Country Club
Pinehurst
Country Club
Hagen
Country Club
Compton

W. End
Pinehurst
Browning
Wordsworth
Westwood
Carroll
Thackearay
Leacock
Westwood
Westwood
Westwood
Caroll
Frost
Columbus
Erlandson
Bering

Cook
Erlandson
Cortez
Cortez
Erlandson
Brlandson
Bering
Columbus
Bering
Erlandson
Rouge
Cortez
Cortez
Bering
Columbus
Cook

Rouge
Scalena
Assiniboine
Rouge
Columbus
Cook
Erlandson
Caroll
Kilmer
Assiniboine
Kilmer



157
134
136
137
138
137
136
134
1353
134
157
185
187
185
186
185
157
156
155
128
130
133
132
133
130
128
155
154
153
124
122
123
122
124
153
152
175
174
127
205
203
202
204
202
201
202
203
205
206
226
224
223
225
223
222
223
224
226
227
228
229
230
231
230
250
251
252
251
253
254
253
255
253
251
250
249

134
136
137
138
137
136
134
138
134
157
185
187
185
186
185
157
156
155
128
130
133
132
133
130
128
155
154
153
124
122
123
122
124
153
152
175
174
127
205
203
202
204
202
201
202
203
205
206
226
224
223
225
223
222
223
224
226
227
228
2298
230
231
230
250
251
252
251
253
254
253
255
253
251
250
249
257

215
85
70
50
50
70
85
70
70

215

180

205

205

115

115

180
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Kilmer
Westwood
Assiniboine
Westboine
Westboine
Assiniboine
Westwood
Connor
Connor
Kilmer
Kilmer

Long Fellow
Long Fellow
Long Fellow
Long Fellow
Kilmer
Caroll
Caroll
Frost
Westwood
Robert Serv.
Haliburton
Haliburton
Robert Serv.
Westwood
Frost
Caroll
Caroll
Thackeray
Carlyle
Carlyle Cr
Carlyle Cr
Carlyle
Thackeray
Caroll
Wordsworth
Browning
Browning
Reynolds
Whitegates
Whitegates
Belcourt
Belcourt
Whitegates
wWhitegates
Whitegates
Whitegates
Whitegates
Browning’
Raguette
Raguette
Haultain
Haultain
Raquette
Ragquette
Raguette
Raguette
Raquette
Raquette
Raquette
Raquette
Raquette
Raquette
Holt
Coleridge
Galsworthy
Galsworthy
Coleridge
Masefield
Masefield
Coleridge
Coleridge
Coleridge
Coleridge
Bedson
Assinibione Gr
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Caroll
Kilmer
Westwood
Assiniboine
S BEnd
Westboine
Assiniboine
Westwood

E End
Westwood
Caroll
Kilmer
Assiniboine
Kilmer
Assiniboine
Long Fellow
Kilmer
Columbus
Caroll
Sandburg
Westwood
Westwood
Westwood
Westwood
Haliburton
Westwood
Frost
Leacock
Caroll
Westwood
Westwood

W End
Westwood
Westwood
Thackeray
Caroll
Wordsworth
Rouge
Browning
Reynolds
Belcourt
Whitegates
Whitegate
Belcourt
Sansome
Belcourt
Belcourt
Reynolds
Whitegates
Browning
Haultain
Raguette
Ragquette
Haultain
Sansome
Haultain
Haultain
Browning
Trigwell
Addsion Cr
Trigwell
Holt
Assinibione
Raguette
Bedson
Coleridge
E End
Galsworthy
Coleridge
E End
Masefield
Assinibione
Masefield
Galsworthy
Coleridge
Bedson

Westwood
Assiniboine
Westboine

S End
Assiniboine
Westwood
Kilmer

E End
Westwood
Caroll

Long Fellow
Assiniboine
Kilmer
Assiniboine
Kilmer
Caroll
Columbus
Frost
Westwood
Haliburton
Westwood
Westwood
Westwood
Westwood
Sandburg
Caroll
Leacock
Thackeray
Westwood
Westwood

W End
Westwood
Westwood
Caroll
Wordsworth
Browning
Rouge
Reynolds
Whitegates
Belcourt
Belcourt
Whitegates
Whitegate
Sansome
Belcourt
Belcourt
Reynolds
Browning
Raguette
Haultain
Haultain
Ragquette
Raquette
Sansome
Haultain
Haultain
Browning
Trigwell
Addsion Cr
Trigwell
Holt
Assinibione
Holt

Bedson
Galsworthy
E End
Coleridge
Masefield

E End
Coleridge
Assinibione
Masefield
Galsworthy
Bedson
Assiniboine Gr
W End

(130=132)



257
249
250
230
229
228
248
247
243
244
246
244
243
247
248
223
248
228
227
229
227
226
206
207
216
207
209
210
213
212
213
214
215
216
217
216
215
214
210
214
213

249
250
230
229
228
248
247
243
244
246
244
243
247
248
223
248
228
227
229
227
226
206
207
216
207
209
210
213
212
213
214
215
216
217
216
215
214
210
214
213
210
209
215
209
208
209
207
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260

80
360
260

245
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Assinibione Gr

Bedson
Holt
Raquette
Raquette
Addsion Cr
Addsion
Dicken's
Bedson
Shakespeare
Shakespeare
Bedson
Dicken's
Addsion
Addsion Cr
Addison Cr
Addsion Cr
Raguette
Trigwell
Trigwell
Raguette
Browning
Whitegates
Barron
Barron
Whitegates
Whitegates
Whitegates
Maureen
Maureen
Maureen
Maureen
Maureen
Barron
Barron
Maureen
Maureen
Cora

Cora
Maureen
Whitegates
Whitegates
West

West

West

West
Whitegates
Whitegates
Whitegates
Reynolds
Browning
Browning
Browning
Browning
Wordsworth
Joliett
Joliett
Joliett
Joliett
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Wordsworth
Aldrich
Aldrich
Wordsworth
Wordsworth
Shelley
Shelley
Portage
Portage
Portage
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Pl
Pl

W End

Assiniboine Gr

Bedson
Holt
Trigwell"
Raguette
Addsion Cr
Bedson
Dicken's
Bedson
Bedson
Shakespeare
Bedson
Bedson
Addsion
Raguette
Addsion
Addsion Cr
Raquette
Raquette
Trigwell
Raqguette
Browning
Whitegates
Maureen
Barron
West

Cora
Whitegates
Assiniboine
Whitrgates
Cora

West
Maureen
Assiniboine
Barron
West
Maureen
Whitegates
Cora
Maureen
Cora
Whitegates
Maureen
Whitegates
Rouge

West
Barron
Browning
Whitegates
Reynolds
Whitegates
Reynolds
Rouge
Browning
Wordsworth
Sansome
Wordsworth
Rouge
Joliett
Browning
Caroll
Westwood
Browning
Wordsworth
W. End
Wordsworth
Wordsworth
Shelley
Aldrich
Kirkfield
Wordsworth
Mcbey
Shelley
Westwood
Rouge

Pl

Bedson
Coleridge
Raquette
Trigwell
Addsion Cr
Addsion
Bedson
Bedson
Shakespeare
Bedson
Bedson
Dicken's
Bedson
Addsion Cr
Raquette
Addison
Raquette
Trigwell
Raquette
Raguette
Browning
Whitegates
Barron
Maureen
Whitegates
West

Cora
Maureen
Assiniboine
Whitegates
Cora

West
Barron
Assiniboine
Maureen
West

Cora
Whitegates
Maureen
Whitegates
Cora

West
Maureen
Whitegates
Rouge
Whitegates
Barron
Browning
Reynolds
Browning
Whitegates
Reynolds
Rouge
Wordsworth
Joliett
Sansome
Wordsworth
Rouge
Wordsworth
Browning
Caroll
Westwood
Browning
Wordsworth
W. End
Wordsworth
Aldrich
Shelley
Wordsworth
Kirkfield
Shelley
Mcbey
Portage
Westwood
Rouge
Sumach

Pl



190
191
192
194
195
197
198
199
165
163
162
161
160
161
140
141
143
144
145
147
149
147
146
144
143
141
140
161
162
164
165
166
167
169
171
168
166
165
200
198
197
195
194
196
194
192
191
193
191
190
218
219
218
220
221
220
232
234
258
259
261
263
265
268
266
268
271
267
271
269
270
269
271
273
272
273

191
192
194
195
197
198
200
165
164
162
161
160
161
140
141
143
144
146
147
149
147
145
144
143
141
140
161
162
163
165
166
168
169
171
169
166
165
199
198
197
195
194
196
194
192
191
193
191
190
218
219
218
220
221
220
232
234
258
259
261
263
265
268
266
268
271
267
271
269
270
269
271
273
272
273
276

125
78
125
75
80
45
110
110

410

420

250
250
420
80
110
110
85
80
75
380
380
125
78
370
370
125

480
480
85
470
470
85
85
700
260
100
145
95
75
60
60
85
60
60
100
50
50
100
80
60
60
70
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Sumach
Sumach
Sumach
Sumach
Sumach
Allard
Pontiac
Allarad
Ericson
Rouge
Davis
Byrd
Byrd
Byrd
Westwood
Amundsen
Westwood
Henday
Westwood
Magellan
Magellan
Westwood
Henday
Westwood
Amundsen
Westwood
Byrad
Davis
Rouge
Ericson
Rouge
Galinee
Rouge
Peary
Peary
Galinee
Rouge
Allard
Pontiac
Allard
Sumach
Sumach
Manitou
Manitou
Sumach
Sumach
Canoe
Canoe
Sumach
Portage
Seaton
Seaton
Portage
Raguette
Ragquette
Portage
Portage
Portage
Buchanan
Allard
Allrad
Allard
Gagnon
Dennis
Dennis
Gagnon
Brendalee
Brendalee
Lepine
Lepine
Lepine
Lepine
Gagnon
Suzanne
Suzanne
Gagnon
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Portage
Canoe
Canoe
Manitou
Manitou
Sumach
Allard
Pontiac
Rouge
Ericson
Rouge
Davis
Rouge
Davis
Byrd
Westwood
Amundsen
Westwood
Henday
Westwood
Westwood
Magellan
Westwood
Henday
Westwood
Amundsen
Westwood
Byrd
Davis
Rouge
Ericson
Rouge
Galinee
Rouge
Sansome
Rouge
Galinee
Rouge
Allard
Pontiac
Allard
Manitou
Sumach
sumach
Manitou
Canoe
Sumach
Sumach
Portage
Sumach
Portage
Allard
Seaton
Portage
Allard
Ragquettee
Best
Bedson
Allard
Buchanan
Stewart
St Charles
Allard
Gagnon

W Ena
Dennis
Gagnon

W End
Gagnon
St Charles
E End

St Charles
Lepine
Gagnon

W End
Suzanne

Canoe
Canoe
Manitou
Manitou
Allard
Pontiac
Allard
Rouge
Rouge
Davis
Byrd
Rouge
Davis
Westwood
Amundsen
Westwood
Henday
Westwood
Magellan
Westwood
Westwood
Henday
Westwood
Amundsen
Westwood
Byrd
Davis
Rouge
Bricson
Rouge
Galinee
Rouge
Peary
Sansome
Rouge
Rouge
Bricson
Pontiac
Allard
Sumach
Manitou
Manitou
Sumach
Sumach
Canoe
Canoe
Sumach
Sumach
Canoe
Seaton
Allargd
Portage
Raqguette
Allard
Portage
Best
Bedson
Buchanan
Portage
Stewart
St Charles
Gagnon
Dennis

W End
Gagnon
Brendalee
W End
Gagnon
St Charles
E End

St Charles
Gagnon
Suzanne
W End
Gagnon
Sansome

(199=200)

(163=164)

(145=146)

(167=168)



276
274
275
274
280
279
280
274
276
278
277
278
281
278
276
273
27
268
265
264
265
263
261
260
261
259
258
234
232
233
237
236
235
236
241
242
256
242
241
236
237
238
240
238

274
275
274
280
279
280
274
276
278
277
278
281
278
276
273
271
268
265
264
265
263
261
260
261
259
258
234
232
233
237
236
235
236
241
242
256
242
241
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200
355
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Sansome
Sansome
Sansome
St Charles
Augier
Augier
St Charles
Sansome
Gagnon
Jeanette
Jeanette
Gagnon
Gaganon
Gagnon
Gagnon
Gagnon
Gagnon
Gagnon
Gagnon
Gagnon
Allard
Allard
Stewart
Stewvart
Allard
Buchanan
Portage
Portage
Best
Allard
Allard
Twain
Twain
Twain
Bedson
Sansome
Sansome
Bedson
Twain
Allard
Bedson
Keats
Keats
Bedson
Allard
Best
Portage
Portage
Portage
Portage
Portage
Portage
Shelley
Shelley
Shelley
Shelley
Shelley
Shelley
Shelley
Drummond
Drummond
Shelley
Shelley
Poole
Poole
Shelley
Wordsworth
Kirkfield
Kirkfield
Byron
Byron
Kirkfield
Kirkfield
Portage
Banting
Banting
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Gagnon

St Charles
E End
Sansome
St Charles
E End
Augier

St Charles
Sansome
Gagnon

W End
Jeanette
Augier
Jeanette
Sansome
Suzanne
Brendalee
Dennis
Allard
Portage
Gagnon

St Charles
Allard
Portage
Stewart
Allard
Buchanan
Bedson
Portage
Best
Bedson
Allard
Bedson
Allard
Twain
Bedson

W End
Sansome
Bedson
Twain
Allard
Bedson
Bedson
Keats
Bedson
Allard
Best
Raguette
Seaton
Sumach
Rouge
Westwood
Portage
Mcbey
Wordsworth
Poole
Aldrich
Drummond
Browning
Shelley

W End
Drummond
Aldrich
Shelley
W. End
Poole
Shelley
Wordsworth
Byron
Kirkfield
Kirkfield
Byron
Mcbey
Kirkfield
Portage
Mcbey

St Charles
E End

St Charles
Augier

E End

St Charles
Sansome
Gagnon
Jeannette
W End
Gagnon
Augier
Jeanette
Sansome
Suzanne
Lepine
Dennis
Allard
Portage
Allard

St Charles
Stewart
Portage
Allard
Buchanan
Portage
Bedson
Best
Allard
Bedson
Twain
Bedson
Allard
Bedson
Sansome

W End
Bedson
Twain
Allard
Bedson
Keats
Bedson
Bedson
Allard
Best
Portage
Ragquette
Seaton
Sumach
Rouge
Westwood
Shelley
Mcbhey
Wordsworth
Poole
Aldrich
Drummond
Browning
Drummond
W End
Shelley
Aldrich
Poole

W End
Shelley
Wordsworth
Kirkfield
Byron
Byron
Kirkfield
Kirkfield
Mcbey
Portage
Banting
Mcbey
Portage



115
260
260
100
250
290

37
330
133
140
140
204
133

60

60
133
204
133
330

290
237
115
125
200
212
760
760
330
330
212
200

200
100
110
220
220
105
200
360
105
105
360
110
360
130
125
370
370
220
220
125
130
360
150
340
175
390
210
85
87
100
125
150
420
88
150
230
1740
670
112
175
95
212
90
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Portage
Daer

Daer
Portage
Golf

Golf
Meadowside
Park West
Pine Valley
Vardon
Vardon

Pine Valley
Pine Valley
Braid

Braid

Pine Valley
Pine Valley
Pine Valley
Park West
Meadowside
Greenacre
Greenacre
Portage
Portage
Woodland
Woodland
Woodland
Woodland
Summerlands
Summerlands
Woodland
Woodland
Portage
Portage
Portage
Oakdean
Oakdean Cr
Qakdean Cr
Oakdean
Oakdean
Oakdean

Emo

Emo

Cakdean

Emo
Sunnyside
Assiniboine
Assiniboine
Ashcroft
Ashcroft
Glendale
Glendale
Assiniboine
Assiniboine
Sunnyside
Emo
Woodhaven
Portage

014 Mill
Woodbridge
Portage
Portage
Portage
Portage
Moray
Pinewood
Assiniboine
Olive
Portage
Portage
Deer Lodge
Portage
Portage
Portage
Portage
Portage
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Banting
Portage
Mcbey

Daer
Portage
Mcbey

Golf
Meadowside
Country Club
Pine Valley
E. Bnd
Vardon
Braid

Pine Valley
E. End
Country Club
Braid
Vardon
Country Club
Park West
Meadowside
Mcbey
Greenacre
Country Club
Portage
Mcbey
Summerlands
Portage
Woodland
Mcbey
Summer lands
Mcbey
Woodland
Woodland
Harris
Portage
Oakdean
Oakdean
Oakdean Cr
Oakdean Cr
Emo

Oakdean
Harris
Assiniboine
Oakdean

Emo
Sunnyside
Woodhaven
Assiniboine
E. End
Assiniboine
Woodhaven
Glendale
Woodhaven
Assiniboine
Sunnyside
Emo
Woodhaven
Portage

01d Mill
Woodbridge
Thompson
Windham
Lake
Portage
Moray
Pinewood
Assiniboine
Olive
Assiniboine
Portage
Deer Lodge
Albany
Douglas
Library
Ferry

Daer

Mcbey
Portage
Golf

Mcbey
Meadowside
Greenacre
Courtry Club
Vardon

E. End

Pine Valley
Braiad
Country Club
E. End

Pine Valley
Braid
Vardon
Country Club
Meadowside
Greenacre
Mcbey
Portage
Country Club
Woodland
Mcbey
Summerlands
Portage
Summerlands
Mcbey
Woodland
Mcbey
Portage
Woodland
Harris
Oakdean
Oakdean Cr
Oakdean
QCakdean
Qakdean Cr
Emo
Assiniboine
Harris
Oakdean

Emo
Sunnyside
Assiniboine
Woodhaven
Glendale

E. End
Assiniboine
Woodhaven
Assiniboine
Woodhaven
Sunnyside
Emo
Woodhaven
Portage

014 Mill
Woodbridge
Portage
Thompson
Windham
Lake

Moray
Pinewood
Lake

Olive
Portage
Assiniboine
Deer Lodge
Portage
Albany
Douglas
Library
Ferry
Celligiate



[ R G R G S §

ded ed cd d ek
S WP VAN OUIO NS WA
N
[\
(S}

WHhUUIOANOOOANWANAWNIY
N
~
o

WW L WWWWWW - LWl =

Portage
Portage
Portage
Portage
Bourkevale
Bourkevale
Portage
Portage
Winston
Parkside
Parkside
Winston
Winston
Winston
Portage
Riverbend
Riverbend

Colligiate
Roseberry
Parkview
Riveroaks
Portage
Assiniboine
Bourkevale
Cavell
Portage
Winston
Assiniboine
Parkside
Assiniboine
Parkside
Windston
Portage
Graden

Roseberry
Parkview
Riveroaks
Bourkevale
Assiniboine
Portage
Cavell
Wwinston
Parkside
Assiniboine
Winston
Assiniboine
Parkside
Portage
Riverbend
Graden
Portage
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TOTAL DEADHEADING:

8 D
8 D
8 D
8 D
2 Cc
2 c
8 D
8 D
2 C
2 o
2 o
2 C
2 C
2 Cc
8 D
2 C
2 C
18,742 M
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*C ~ CLEAR OUT
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PROGRAM SCVRPGM(INPUT, OUTPUT, NAMEDATA, LENGDATA, PRIODATA);

Appendix I

List of the Computer Program

(*************************************w************************)
SCVRPRGM is a computer program designed to solve the snowx)

(*
(=
(=
(=

clearing vehicle routing problem (SCVRP)

procedures:

1. BULDNTWK -~ a procedure that builds the sub-networks
G(1), G(2), ..., G(PL) (PL = # of priorities)

in a2 hierarchical =*)
street network system. It contains the following main

2. MAKECONN - a procedure for constructing the connectedx)

sub-networks G(1)x, G(2)*, ..., G(pPL)~*

3. MAKEEVEN -~ a procedure for constructing the even
sub-networks G(1)#=%x, G(2)**, ..., G(PL)=**

*)
*)
*)

*)

4, POSTTOUR - a procedure for finding the Euler tours onx)

the sub-networks G(1)»*x, G(2)*», ...,

N - number of nodes in the total network

PL - number of priority levels

NETWORK - N x N matrix contains the network data
It has six fields for each street block:

. Name

. From-—Name

3. To-Name

Number of lanes
Length
Priority

N 4

Ul
.o

QuUTPUT :

Optimal routes for each of priority levels

*)

(**************************************************************)

CONST
N = 200; (* Number of nodes in network =)
PL = 3; (* Number of priority levels in network *)
MAXNUM = 99999;
TYPE
ARRN = ARRAY[1..N] OF INTEGER;
ARRNN = ARRAY[1..N,1..N] OF INTEGER;

BOOLARRN = ARRAY[1..N] OF BOOLEAN;
BOOLARRNN = ARRAY[1..N,1..N] OF BOOLEAN;

TRANSPDATATYPE = RECORD
NODE : 0..N;
AMOUNT : O..MAXNUM;
END;

‘NODETYPE = ARRAY[1..N] OF TRANSPDATATYPE;

EDGE = RECORD
LENGTH : 0..MAXNUM;
PRIO : 0..PL;
END;
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EDGEPOINTER = Q@PEDGE;
PEDGE = RECORD
FNODE : 0..N;
TNODE : 0..N;
NAME : STRING(51);
LENGTH : 0..MAXNUM;
PRIO : 0..PL;
PREV, NEXT : EDGEPOINTER;
INIT, FINAL : INTEGER;
CLEARED : BOOLEAN;
END;
ITEMPOINTER = QITEM;
ITEM = RECORD
ROWPOSI, COLPOSI : INTEGER;
VAL : INTEGER;
NEXT : ITEMPOINTER;
END;
NAMEPOINTER = @PNAME;

PNAME = RECORD
ROWPOSI, COLPOSI : INTEGER;
EDGENAME : STRING(51);
NEXT : NAMEPOINTER;
END;

NODEPOINTER = @PNODE;
PNODE RECORD
NODE : 0..N;
NEXT : NODEPOINTER;
END;

VAR
I, J, K, P, L: INTEGER;
EDGEMAXNUMO : ARRAY[1..N,1..N] OF EDGE;
DIST, PRED : ARRN;
LAST : BOOLARRN;
OK, PATH : BOOLEAN;
WGHTTAB, PRIOTAB, SHRTTAB: ITEMPOINTER;
NAMETAB : NAMEPOINTER;
CURRENT, NEWEDGE: EDGEPOINTER;
HEAD, TAIL, SUBNTWK : ARRAY [1..PL] OF EDGEPOINTER;
NAMEDATA, LENGDATA, PRIODATA, NTWKDATA : TEXT;

PROCEDURE NEWTAIL ( NEWEDGE : EDGEPOINTER; P : INTEGER );

(* Inserts an edge at the tail of the list x)

BEGIN
NEWEDGE@.PREV := TAILI[P];
NEWEDGE@.NEXT := NIL;
TAIL[P]@.NEXT := NEWEDGE;

TAIL[P] := NEWEDGE;
END; (* Newtail =»)

FUNCTION RV ( LST : ITEMPOINTER; I, J: INTEGER ) : INTEGER;
{* This procedure finds real value in position (i,j) of a data table

VAR
TABLE : ITEMPOINTER;
FOUND : BOOLEAN;

BEGIN
TABLE := LST;
FOUND:= FALSE;
WHILE (TABLE <> NIL) AND (NOT FOUND) DO
IF (TABLE@.ROWPOSI = I) AND (TABLE@.COLPOSI = J) THEN

BEGIN
RV := TABLEG.VAL;
FOUND:= TRUE;
END
ELSE
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TABLE :=
END;

TABLE@.NEXT

FUNCTION RN ( LST : NAMEPOINTER;
(* This function finds edge name
VAR

TABLE :
FOUND :

NAMEPOINTER;
BOOLEAN;

BEGIN
TABLE
FOUND: =

LST;
FALSE;

I, J: INTEGER ): STRING(51);

in position (i,j) of a data table

WHILE (TABLE <> NIL) AND (NOT FOUND) DO

IF (TABLE@.ROWPOSI =

BEGIN
RN := TABLE@.EDGENAME;
FOUND:= TRUE,;
END
ELSE
) TABLE := TABLEG.NEXT
END;

PROCEDURE SHOWLIST ( NTWK:

(#* Displays the list in order as entered so

BEGIN
CURRENT =
WRITELN;
REPEAT

WITH CURRENT@ DO
BEGIN

NTWK ;

WRITELN('EDGE (',FNODE:2,',

END;

CURRENT := CURRENT@.NEXT;
UNTIL CURRENT = NIL;
WRITELN;

END; (* Showlist =)

PROCEDURE SHORTESTPATH( N,MAXNUM,S,T

VAR PATH

VAR FINAL

I) AND (TABLE@.COLPOSI

EDGEPOINTER );

= J) THEN
far =*)
', TNODE:2,') L = ',LENGTH:2);
:INTEGER;
:BOOLEAN;
: BOOLARRN

VAR DIST,PRED: ARRN);

(**************************************************************)

(»
(* another in the network

This procedure finds the shortest path from one node to

*)
*)

(**************************************************************)

A NON-EXISTENT EDGEx*)

VAR uU,V,Y,RECENT ,NEWLABEL ,TEMP: INTEGER;
BEGIN
FOR V:= 1 TO N DO
BEGIN
DIST[V] := MAXNUM; (*INF = WEIGHT OF
FINAL[V] := FALSE;
PRED[V] := -1
END;

pisTiS):= 0; FINAL[S]:= TRUE;
PATH:= TRUE; RECENT:= S;
{*INITIALIZATION OVER*)

WHILE NOT FINALIT] DO
BEGIN
FOR V:=1 TO N DO

IF (RV(WGHTTAB,RECENT,V) < MAXNUM) AND (NOT FINAL[V]) THEN

BEGIN
NEWLABEL:=

DIST[RECENT] + RV(WGHTTAB,RECENT,V);

IF NEWLABEL < DIST[v] THEN

BEGIN
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DISTI[V] := NEWLABEL;
PRED[V] := RECENT
END
END;

TEMP:= MAYNUM;

FOR U:= 1 TO N DO (*FIND SMALLEST LABELED NODEx)
IF (NOT FINAL([Ul) AND (DIST{U] < TEMP) THEN
BEGIN

Y:=U;
TEMP:= DIST[U]
END;

IF TEMP < MAXNUM THEN

BEGIN
FINAL(Y] := TRUE;
RECENT:= Y

END

ELSE

BEGIN
PATH:=FALSE;
FINALI[T] := TRUE

END

END (*WHILE®*)
END; (*SHORTESTPATH®*)

(************************************)

(= %)
E* MAIN PROCEDURE 1 BULDNTWK *g
* *

(R R R AR A AT E AR RRAAR AR TR ATTARNRTLL LR )

PROCEDURE BULDNTWK;

(*************************************************************)
(* This procedure reads in the network data and builds sub~- =)
*)

(* network for each priority level
(*************************************************************)

VAR
I, J, K, L, P : INTEGER;
PRE, POST : EDGEPOINTER;

CURRITEM : ITEMPOINTER;
CURRNAME : NAMEPOINTER;
NM : STRING(51);

BEGIN (* BULDNTWK =*)
(* Read in edge name data from NAMEDATA *)
RESET (NAMEDATA) ;
NAMETAB := NIL;
FOR I:= 1 TO N DO
FOR J:= 1 TO N DO
BEGIN
READLN (NAMEDATA, NM);
NEW(CURRNAME) ;
WITH CURRNAME@ DO
BEGIN
EDGENAME := NM; ROWPOSI := I; COLPOSI := J;
END;
CURRNAME@.NEXT := NAMETAB;
NAMETAB := CURRNAME
END;
(* Read in edge length data from LENGDATA x)
RESET(LENGDATA) ;
WGHTTAB := NIL; (* Initialize length table =)
FOR I:= 1 TO N DO
FOR J:= 1 TO N DO
BEGIN
READLN (LENGDATA, L);
NEW(CURRITEM) ;
WITH CURRITEM@ DO
BEGIN
VAL := L; ROWPCSI := I; COLPOSI := J;
END;
CURRITEM@.NEXT := WGHTTAB;
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WGHTTAB := CURRITEM
END;
(* Read in edge priority data from PRIODATA =*)
RESET(PRIODATA) ;
PRIOTAB := NIL; (% Initialize priority table =x)
FOR I:= 1 TO N DO
FOR J:= 1 TO N DO
BEGIN
READLN{PRIODATA, P);
NEW{(CURRITEM) ;
WITH CURRITEM@ DO

BEGIN
VAL := P; ROWPOSI := I; COLPOSI := J;
END;

CURRITEME@.NEXT := PRIOTAB;

PRIOTAB := CURRITEM

END;

FOR I:=17 TO N DO
BEGIN

FOR J:=1 TO N DO
WRITE(RV(WGHTTAB,I,J):5,' ');

WRITELN;

END;
WRITELN;
(* Builds shortest distance matrix =)
SHRTTAB := NIL;

FOR I:= 1 TO N DO
FOR J:= 1 TO N DO
BEGIN

SHORTESTPATH (N,MAXNUM,I,J,PATH,LAST,DIST,PRED);
NEW(CURRITEM) ;
WITH CURRITEM@ DO
BEGIN
VAL := DIST[J]; ROWPOSI := I; COLPOSI := J;
END;
CURRITEM@.NEXT := SHRTTAB;
SHRTTAB := CURRITEM
END;

(* Build subnetwork for each priority level *)
FOR K:=1 TO PL DO
BEGIN
HEAD{K]:= NIL;
TAIL[K]:= NIL;
(* FPirst edge *)
FOR I:=1 TO N DO
FOR J:=1 TO N DO
BEGIN
IF ( RV(WGHTTAB,I,J) < 10000 ) AND ( RV(PRIOTAB,I,J) = K ) THEN
BEGIN
NEW (CURRENT) ;
WITH CURRENT@ DO
BEGIN
FNODE:= I; TNODE:= J;
NAME : =RN (NAMETAB,I,J); LENGTH:= RV(WGHTTAB,I,J);
PRIO:= RV(PRIOTAB,I,J); INIT:= 0; FINAL:= 0; CLEARED:= TRUE;

END;

IF (HEAD[K] = NIL) AND (TAIL[K] = NIL) THEN
BEGIN
CURRENT@.PREV := NIL; CURRENTQ@.NEXT := NIL;
HEAD([K] :=CURRENT; TAIL[K] :=CURRENT

END

ELSE (* append to an existing list =)
NEWTAIL (CURRENT,K);

END

END;
SUBNTWK [K] := HEADI[K];

END;
END; (* BULDNTWK x)

PROCEDURE INITIALIZE ( SUBNTWK: EDGEPOINTER );

BEGIN
WHILE SUBNTWK <> NIL DO
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BEGIN
WITH SUBNTWKE DO

BEGIN

INIT := 0;

FINAL := 0;

END; .
SUBNTWK := SUBNTWK@.NEXT;
END;

END;

PROCEDURE DUPEDGES (VAR SUBNTWK : EDGEPOINTER;
DUP : BOOLARRNN;
P : INTEGER);

(************************************’**********************‘****)

(= This procedure duplicates the eges of a given subnetwork »)

(* to form a augmented subnetwork * )
( R AR R N T T N T N R A R R N R T R R R R R R R R T N R T A A AR AR LR ARARA AR T TR NS )

VAR
I, J, WORKINGNODE : INTEGER;
PATH : BOOLEAN;
LAST : BOOLARRN;
DIST : ARRN;

PRED : ARRN;
CURRENT, NEWEDGE: EDGEPCINTER;

BEGIN
FOR I:= 1 TO N DO
FOR J:= 1 TO N DO
IF DUP[1,J] THEN
BEGIN
SHORTESTPATH (N,MAXNUM,I,J,PATH,LAST,DIST,PRED);
WRITE( 'DUPLICTAING SHORTEST PATH FROM ');
WRITELN(I:2,' TO ',J:2,': ',DIsT[J]):2);

WORKINGNODE:= J;
WHILE WORKINGNODE <> I DO
BEGIN

WRITE('DUPLICATING EDGE ' ,WORKINGNODE:2,',');
WRITELN(PRED [WORKINGNODE] :2);
NEW(NEWEDGE) ;
WITH NEWEDGE@ DO
BEGIN
INIT:= 0; FINAL:= 0O;
FNODE:= PRED [WORKINGNODE]; TNODE:= WORKINGNODE;
NAME:= RN(NAMETAB,PRED[WORKINGNODE] ,WORKINGNODE) ;
LENGTH:= RV(WGHTTAB, PRED[WORKINGNODE], WORKINGNODE);

PRIO := RV(PRIOTAB, PRED[WORKINGNODE], WCRKINGNODE);
CLEARED := FALSE;
END;
NEWTAIL (NEWEDGE,P) ;
WORKINGNODE:= PRED[WORKINGNCDE];
END;
END;

WRITELN
END; (*Dupledgex)

(******'A‘*****************************)

(* *)
(* MAIN PROCEDURE 2 MAKECONN *)
(= *)

(************************************)

PROCEDURE MAKECONN ( SUBNTWK : EDGEPOINTER;
P : INTEGER );
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(***************#********************************************** )

(= This procedure first checks the given sub-network to see ¥)
(* if it is connected. If it is not, it then uses the TSP ap- ¥*)
(* proach to connect the components * )
(= * )
(* The procedure contains the following main sub-procedures: =)
(* *)
(= 2.1. IDTCOMPT - it identifies the components as well as x)
(= the shortest paths between each pair of them *)
(* ® )
(= 2.2. TSPCONN - it determines the best strategy to con- ¥)
(= nect the components * )
(= *)

(**‘*************************************************#****‘k***** )

TYPE
CONNDATATYPE = RECORD
DIST : 0..MAXNUM;
CONN : BOOLEAN;

FN : 0..N;
™ : 0..N;
END;

COMPTCONNDATATYPE = ARRAY[1..N,1..N] OF CONNDATATYPE;

VAR
1, J, NOC : INTEGER;
X : ARRNN;
ROUTE : ARRN;
TOTALCOST : INTEGER;
COMPT : COMPTCONNDATATYPE;
OK : BOOLEAN;
DUP : BOOLARRNN;

PROCEDURE IDNTCOMPT ( SUBNTWK : EDGEPOINTER;
VAR COMPTCONN : COMPTCONNDATATYPE;
VAR NOC : INTEGER );

VAR
CURRENT : EDGEPOINTER;
WCOMPTA, WCOMPTB, WCOMPTC, NEWNODE : NODEPOINTER;

COMPT : ARRAY[1..N] OF NODEPOINTER;

1, J, K, M, Q, FN, TN, TOTALCOST : INTEGER;

FOUND, CYCLECOMPLETED, ALLCOMPTEDGETRACED, NWNODEFOUND : BOOLEAN;
NEXTNODE, NUMOFCOMPT : INTEGER;

REPLY : CHAR;

PROCEDURE FNWNODE ( NTWK: EDGEPOINTER;
EXAMEDNODE: INTEGER;
VAR FOUND : BOOLEAN );
VAR
CURRENT : EDGEPOINTER;

BEGIN (* FNWNODE =)
CURRENT:= NTWK;
FOUND := PFALSE;
WHILE (CURRENT <> NIL) AND (NOT FOUND) DO
IF (CURRENT@.FNODE = EXAMEDNODE) AND (CURRENT@.INIT = 0) THEN
FOUND := TRUE
ELSE
CURRENT:= CURRENT@.NEXT;
END; (* FWNODE =)

PROCEDURE CCDIST ( SCOMPT, TCOMPT : NODEPOINTER;

VAR TOTALCOST: INTEGER;

VAR FN, TN : INTEGER );
{* This procedure finds the shortest distance from component =)
(* to component *)
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VAR
WCOMPT : NODEPOINTER;

SPOINT, EPOINT, MINVAL, TEMPCOST, TEMPFN, TEMPTN : INTEGER;

PROCEDURE PCDIST ( MINVAL : INTEGER;
SPOINT : INTEGER;
WCOMPT : NODEPOINTER;
VAR TEMPCOST : INTEGER;

VAR TEMPFN, TEMPTN : INTEGER );

(* This procedure finds the shortest distance from point to
(* component

BEGIN (* PCDIST =)
WHILE WCOMPT <> NIL DO

BEGIN

EPOINT := WCOMPT@.NODE;

IF RV(SHRTTAB, SPOINT, EPOINT) < MINVAL THEN
BEGIN
MINVAL := RV(SHRTTAB, SPOINT, EPOINT);
TEMPFN := SPOINT;
TEMPTN := EPOINT;
END;

WCOMPT := WCOMPTG@.NEXT;:

END;

TEMPCOST := MINVAL;

END; (* PCDIST =)

BEGIN (* CCDIST =)

MINVAL := MAXNUM;

WHILE SCOMPT <> NIL DO
BEGIN
SPOINT := SCOMPTE.NODE;
WCOMPT := TCOMPT;

PCDIST (MINVAL, SPOINT, WCOMPT, TEMPCOST, TEMPFN, TEMPTN);

IF TEMPCOST < MINVAL THEN

BEGIN
MINVAL := TEMPCOST;
FN := TEMPFN;
TN := TEMPTN;
END;
SCOMPT := SCOMPT@.NEXT
END;
TOTALCOST := MINVAL;

END; (* CCDIST =)

BEGIN (* IDNTCOMPT =x)
CURRENT:= SUBNTWK;
NUMOFCOMPT := 03
WHILE CURRENT <> NIL DO (* Find an un-treated edge *)
WITH CURRENTE@ DO
IF (INIT = 0):AND (FINAL = 0) THEN

BEGIN
NUMOFCOMPT := NUMOFCOMPT + 1;
INIT := 13
NEXTNODE := TNODE;
CURRENT := CURRENT@.NEXT;
IF CURRENT <> NIL THEN
BEGIN
ALLCOMPTEDGETRACED := FALSE;
I = 2; J := 1;
END
ELSE
ALLCOMPTEDGETRACED := TRUE;
REPEAT (* until all edges of a component are traced %)
CURRENT := SUBNTWK;
CYCLECOMPLETED := FALSE;

REPEAT (* unitl a new cycle is completed x)
WITH CURRENT@ DO
IF (INIT = 0) AND (FNODE = NEXTNODE ) THEN
BEGIN
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INIT := I; I:= I + 1; NEXTNODE := TNODE;
CURRENT := SUBNTWK; (* Start from beginning =*)
END

ELSE
CURRENT := CURRENT@.NEXT;

IF CURRENT = NIL THEN
CYCLECOMPLETED := TRUE;

UNTIL CYCLECOMPLETED; (* A new cycle is completed x)
CURRENT:= SUBNTWK;

Ii=1 - 13

NWNODEFOUND:= FALSE;

REPEAT
WITH CURRENTE@ DO
IF (INIT = I) AND (FINAL = 0) THEN

BEGIN

FINAL:= J; INIT:= -1;
NWNODEFQOUND := FALSE;
NEXTNCODE := FNODE;

J:= J + 1;

FNWNODE ( SUBNTWK, NEXTNODE, NWNODEFOUND);
IF NOT NWNODEFOUND THEN
BEGIN
I:= 1 -
CURRENT:
END;
END
ELSE
CURRENT := CURRENT@.NEXT;
UNTIL ( I = 0 ) OR ( NWNODEFOQOUND );
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SUBNTWK ;

IF NWNODEFOUND THEN

CURRENT := SUBNTWK;
IF I = 0 THEN (* All links have been traced *)
ALLCOMPTEDGETRACED := TRUE;

UNTIL ALLCOMPTEDGETRACED;
WRITELN('**x COMPONENT ' ,NUMOFCOMPT:2);
COMPT [NUMOFCOMPT] := NIL;
J = J - 13 Q := J;
CURRENT := SUBNTWK;
REPEAT
WITH CURRENTE@ DO
BEGIN
IF FINAL = J THEN
BEGIN
FINAL := 0}
NEW{NEWNODE) ;
NEWNODE@.NODE := TNODE;
NEWNODER@.NEXT := COMPT [NUMOFCOMPT] ;
COMPT [NUMOFCOMPT] := NEWNODE;
WRITELN ('(',FNODE:2,',',TNODE:2,') ',LENGTH:2,',',PRIO:2);
J :=J - 13
CURRENT :=
END
ELSE
CURRENT := CURRENT®.NEXT;
END;
UNTIL J = 0;
WRITELN;
END
ELSE
CURRENT := CURRENT@.NEXT;
NOC := NUMOFCOMPT;
FOR I:= 1 TO NUMOFCOMPT DO
FOR J:= 1 TO NUMOFCOMPT DO
IF I <> J THEN

SUBNTWK;

BEGIN
WCOMPTB := COMPTI[I1];

WCOMPTC := COMPTI[J];

CCDIST ( WCOMPTB, WCOMPTC, TOTALCOST, FN, TN );
COMPTCONN (I,J] .DIST := TOTALCOST;
COMPTCONN(I,J].FN := FN;

COMPTCONN[I,J].TN := TN;

END;

END; (* IDNTCOPMT =x)
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PROCEDURE TSPCONN ( N, MAXNUM : INTEGER;
VAR W : COMPTCONNDATATYPE;
VAR ROUTE : ARRN;
VAR TWEIGHT : INTEGER);

VAR
BACKPTR, BEST, COL, FWDPTR, ROW : ARRN;
I, INDEX : INTEGER;

PROCEDURE EXPLORE ( EDGES, COST : INTEGER;
VAR ROW, COL: ARRN);

Var
AVOID, C, COLROWVAL, FIRST, I, J,
LAST, LOWERBOUND, MOST, R, SIZE: INTEGER;
NEWCOL, NEWROW, ROWRED, COLRED : ARRN;

FUNCTION MINIMIZE ( I, J : INTEGER ): INTEGER;
BEGIN
IF I <= J THEN MINIMIZE:= I
ELSE MINIMIZE:= J
END;

FUNCTION REDUCE( VAR ROW, COL, ROWRED, COLRED: ARRN ): INTEGER;

VAR
I, J, TEMP, RVALUE : INTEGER;

BEGIN
RVALUE:= 0;
FOR I:= 1 TO SIZE DO
BEGIN
TEMP:= MAXNUM;
FOR J:= 1 TO SIZE DO
TEMP:= MINIMIZE ( TEMP,w[rROw(1], coL(J]l]l.pisT );
IF TEMP > 0 THEN
BEGIN
FOR J:= 1 TO SIZE DO
IF W[ROW[I],COL[J]].DIST < MAXNUM THEN

4
wlrow(1] ,coL[J]]).pisT := Ww{rROW([1], cOL{J]]1.DIST - TEMP;
RVALUE := RVALUE + TEMP;
END;
ROWRED (1] := TEMP;
END;
FOR J := 1 TO SIZE DO
BEGIN
TEMP := MAXNUM;
FOR I := 1 TO SIZE DO

TEMP:= MINIMIZE ( TEMP, W[ROW([I],coL[J]1l1.DIST );
IF TEMP > 0 THEN
BEGIN
FOR I:= 1 TO SIZE DO
IF W{ROW[1],cOL[J]].DIST < MAXNUM THEN

w{row(1],coL(J]].pIST := w[rROW[1],CcOL[J]].DIST - TEMP;
RVALUE:= RVALUE + TEMP;
END;
COLRED{J] := TEMP;
END;

REDUCE:= RVALUE;
END; (*Procedure REDUCE%*)

PROCEDURE BESTEDGE ( VAR R, C, MOST : INTEGER );

VAR
I, Jd, K, ZEROES, MINCOLELT, MINROWELT : INTEGER;

BEGIN (»* BESTEDGE *)
MOST:= —MAXNUM;
FOR I:= 1 TO SIZE DO
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FOR J:= 1 TO SIZE DO
IF W{row(1]l,coL[J]]).DIST = 0O THEN
BEGIN .

MINROWELT := MAXNUM;
ZEROES:= 0}
FOR K:= 1 TO SIZE DO

BEGIN
IF WIROW[I],COL[K]].DIST = 0 THEN ZEROES:= ZEROES + 1
ELSE
MINROWELT:= MINIMIZE(MINROWELT, W[ROW[I]),COL[K]].DIST);
END;
IF ZEROES > 1 THEN MINROWELT:= 0;
MINCOLELT:= MAXNUM;

ZEROES:= 0}
FOR K:= 1 TO SIZE DO

BEGIN
IF W{ROW[K],cOL{J]].DIST = 0 THEN ZEROES:= ZEROES+1
ELSE
MINCOLELT:= MINIMIZE(MINCOLELT, W[ROW[K],COL[J]].DIST);
END;

IF ZEROCES > 1 THEN MINCOLELT:= 0;
IF ( MINROWELT =+ MINCOLELT ) > MOST THEN
BEGIN
MOST:= MINROWELT + MINCOLELT;
R:= I
C:= J;
END;

END;
END; (* BESTEDGE *)

BEGIN (=
SIZE:= N
COST:= CO
IF COST <

BEGIN
IF ED
BE

EN
ELSE
BE

END;
FOR I:=

EXPLORE *)

- EDGES; (*Number of rows,cols left in matrixx)
ST + REDUCE ( ROW, COL, ROWRED, COLRED);
TWEIGHT THEN

GES = ( N - 2 ) THEN
GIN (*Last two edges are forcedw¥)
FOR I:= 1 TO N DO BEST([1]:= FwDPTRI([I];
BEGIN
IF WlrROW([{1],coL(1]].DIST = MAXNUM THEN AVOID:= 1
ELSE AVOID:= 2;
END;

BEST[ROW[1] COL[3 - AVOID];

]l:=
BEST([ROW([2]]:= CcOL[AVOID];
TWEIGHT:= COST;

D
GIN

BESTEDGE(R, C, MOST);

LOWERBOUND:= COST + MOST;

FWDPTR[ROW([R]] := coL{C];

BACKPTR[COLIC]]:= ROW[R];

LAST:= COLI[C];

WHILE FWDPTRILAST] <> 0 DO LAST:= FWDPTR[LAST]:;

FIRST:= ROW([R]:

WHILE BACKPTRIFIRST] <> 0 DO FIRST:= BACKPTRI[FIRST];
COLROWVAL:= W[LAST,FIRST].DIST;

WILAST,FIRST] .DIST := MAXNUM;

FOR I:= 1 TO R - 1 DO NEWROW[I]:= ROW[I]; (*Remove Rowx)
FOR I:= R TO SIZE - 1 DO NEWROW[I]:= ROW[I+1];

FOR I:= 1 TO C - 1 DO NEWCOL[I]:= COL[(1]; (*Remove Colx)
FOR I:= C TO SIZE - 1 DO NEWCOL[Il:= conl1i+1]1;

EXPLORE ( EDGES + 1, COST, NEWROW, NEWCOL );
W[LAST,FIRST] .DIST := COLROWVAL; (*Restore previous valuex)
BACKPTRI{cCOLI[C]l):= 0;

FWDPTR{ROWI[R]]:= 0;

IF LOWERBOUND < TWEIGHT THEN

BEGIN
W{ROW[R] ,COL[C]].DIST := MAXNUM;
EXPLORE {( EDGES, COST, ROW, COL);
wW{ROW[R] ,COLI[C]].DIST := O;

END

END;

1 TO SIZE DO



FOR J:= 1 TO SIZE DO
WwlrRow(1],coL[J]].DIST := wirROw[1], ¢coL[J]].DIST +
ROWRED[I] + COLRED({J];
END; (* Explore =*)

BEGIN (*TSPCONNECTx)
FOR I:= 1 TO N DO
BEGIN

ROW[1]:=
conl1il:=
FWDPTRI[1I
BACKPTR{
END;
TWEIGHT := MAXNUM;
EXPLORE( 0, 0, ROW, COL);
INDEX:= 1;
FOR I:= 1 TO N DO

BEGIN
ROUTE([I] := INDEX;
INDEX:= BEST[INDEX];

END;

END; (* TSPCONNECT =)

BEGIN {(* MAKECONN =*)
FOR I:= 1 TO N DO

BEGIN
ROUTE([1] := 0;
FOR J:= 1 TO N DO
BEGIN
pup(1,J] := FALSE; x[1,J3] := 0;
COMPT[I,J].DIST := MAXNUM;

COMPT[1,J] .CONN :
COMPT[I,J].FN :
COMPT(I,J]1.TN :
END;
END;
IDNTCOMPT (SUBNTWK, COMPT, NOC);
IF NOC > 1 THEN
BEGIN (* Searching for the best connection strategy *)
OK := FALSE;
FOR I:= 1 TO NOC DO
FOR J:= 1 TO NOC DO
IF I <> J THEN
WITH compT(I,J] DO

= FALSE;
03
03

BEGIN
WRITE('SHORTEST DISTANCE FROM COMPT ',I:2,' TO COMPT
WRITELN(J:2,' IS: ',DIST:3,' (',FN:2,',",TN:2,')');
END;

WRITELN;

TSPCONN { NOC, MAXNUM, COMPT, ROUTE, TOTALCOST );
WRITE ('THE BEST CONNECTION STRATEGY IS: [');
FOR I:=1 TO ( NOC - 1 ) DO

BEGIN

COMPT[RCUTE[1] ,ROUTE[I+1]].CONN := TRUE;

WRITE(ROUTE([I]l:2,',");

END; '
COMPT [ROUTE [NOC] ,ROUTE[1]] .CONN := TRUE;
WRITE (ROUTE([NOC]:2,',', ROUTE[1]:2);
WRITELN ('] WITH TOTAL COST : ', TOTALCOST:2 )
WRITELN;
FOR I:= 1 TO NOC DO

FOR J:= 1 TO NOC DO

IF COMPT({I,J].CONN THEN
pup (compT(I,J] .FN, COMPT[I,J].TN] := TRUE;
END (* Searching for best connection startegy *)
ELSE
OK := TRUE;
IF NOT OK THEN DUPEDGES (SUBNTWK, DUP, P);
END; (* MAKECONN =)

.o

(AR AKX ARARAXAAKRAARA EXAXATRRXETRR )
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(= )
(= MAIN PROCEDURE 3 MAKEEVEN * )
(= * )
(************************************ )

PROCEDURE MAKEVEN ( SUBNTWK : EDGEPOINTER;
P : INTEGER );

( A R R R R R R R R R R R R A T R R R R R R T A N T R I R R N T N T N T A A RN TR AR R )
(* This procedure checks the given sub-network if it is even.x)

(* If it is not, the procedure then usese max—-flow min-cost *)
(* approach to determine the best strategy to make the sub- *)
(* network even *)
(= *)
g* The procedure contain the following main sub-procedure: *;
* *
(= 3.1. TRANSPORT - it determines the best set of edges to x)
(* be duplicated to make the sub-network even * )

(************************************************************** )

TYPE
DEGREE = RECORD
INDEG: INTEGER;
OUTDEG : INTEGER;
END;

VAR
A, B : NODETYPE;
C, X : ARRNN;
KO : INTEGER;
OUTDATAFILE : TEXT;
NODEDEG : ARRAY [1..N] OF DEGREE;
ABSDEG : INTEGER;
CURRENT : EDGEPOINTER;
1, J : INTEGER;
INCOUNT, OUTCOUNT : INTEGER;
DUP : BOOLARRNN;
OK : .BOOLEAN;

PROCEDURE TRANSPORT (
M,MAXNUM :INTEGER;
VAR A :NODETYPE ;
VAR B :NODETYPE ;
VAR C,X :ARRNN;
VAR KO :INTEGER);

(************************************************************** )

(* This procedure uses the TRANSPORTATION algorithm to de- *)
(* termine the best strategy to duplicate the edges of a non- =)
(# even subnetwork to make it even ®)

(************************************************************** )

VAR
1,J,SF,R,RA :INTEGER;
LAB,LAB1,LAB2:BOOLEAN;
U,W,EPS :ARRN;
V,K,DEL :ARRN;

BEGIN (* TRANSPORT =)
FOR I:=1 TO M DO U[1]:=0;
FOR J:=1 TO M DC
BEGIN
R:=MAXNUM;
FOR I:=1 TO M DO

BEGIN
x{1,3]:=0;
SF:=C[1,J3];

IF SF < R THEN R:=SF
END;
v[J}:=R
END;

LAB1:= FALSE;
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REPEAT
(* INILIALIZATION OF ROW AND COLUMN LABELS *)
FOR I:=1 TO M DO
BEGIN

w1l :=0;
EPS[1]:=A[1].AMOUNT
END;
FOR J:=1 TO M DO
BEGIN
K{J]:=0;
DEL[J]) :=0;
END;
REPEAT (*UNTIL LAB¥*)
(* PROCESS OF LABELLING ROWS AND COLUMNS«*)
LAB:=TRUE; (*LAB BECOMES FALSE WHEN A COLUMN IS LABELED%)
LAB2:=TRUE; (*LAB2 IS FALSE IF BREAKTHROUGH=*)
I:=0;
REPEAT (*UNTIL I = M OR LAB2 = FALSEx)
I:=1+1;
SF:=eps{1]; EPS[1]:=-SF;
IF SF > O THEN
BEGIN (*ROW I BECOMES LABELED =)
RA:=U[1];
J:=0;
REPEAT
Ji=J+1;
IF (DEL[J] = 0) AND (V[J]-RA = C[I,J]) THEN
BEGIN (*ELEMENT I,J IS ADMISSIBLE%®)
kK{J]:=1; (*COLUMN J CAN BE LABELED%)
DEL[J] :=SF;
LAB:=FALSE;
IF B[J].AMOUNT > 0 THEN
BEGIN (*BREAKTHROUGH®*)
LAB:= TRUE; LAB2:= FALSE;
SP:=ABS(DEL[J]);
R:=B[J] .AMOUNT;

IF R < SF THEN SF:=R;
B[J] .AMOUNT:=R - SF;
REPEAT
I:=k[J];
X{1,J3]:=x[1,J]+SF;
J:=W[1];

IF J <> 0 THEN
x{1,3):=x{1,3]~SF
UNTIL J = 03
Al1].AMOUNT:=A[1].AMOUNT - SF;
J:=0;
REPEAT
Ji=J+1;
LAB1:=B{J] .AMOUNT <= 0
UNTIL (J = N) OR NOT LAB1;
IF LAB1 THEN
BEGIN
SF:=0;
FOR I:=1 TO M DO
FOR J:=1 TO M DO
BEGIN
R:=x[I,J3]);
IF R > 0 THEN SF:=SF+R*C[I1,J]
END;
KO :=SF
END (* LAB *)
END (*BREAKTHROUGH®*)
END (* LABELING COLUMN J x)
UNTIL (J = M) OR NOT LAB2
END (* SF > 0 =)
UNTIL (I = M) OR NOT LAB2;
IF NOT LAB THEN
BEGIN (* LABELING ROWS FROM COLUMNS =)
LAB:=TRUE;
FOR J:=1 TO M DO
BEGIN
SF:=DEL[J];
IF SF > 0 THEN
BEGIN
FOR I:=1 TO M DO
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IF EPS[I] = 0 THEN

rR:=X[1,3];
IF R > 0 THEN
BEGIN
wWwliil:= J;
IF R <= SF THEN EPS{I]:=R
ELSE EPS[I]:=SF;
LAB:=FALSE;
END
END; (*I, BPS[I]:=0%)
DEL[J] :=~-SF
END (*SF > 0x*)
END (* J =)
END (*NOT LAB=*)
UNTIL LAB; (*END OF LABELING*)
IF LAB2 THEN
BEGIN
R:=MAXNUM;
FOR I:=1 TO M DO
IF EPS[I] <> O THEN
BEGIN
RA:=U[11];
FOR J:=1 TO M DO
IF DELIJ] = 0O THEN
BEGIN
SF:=C[1,J3] + RA - V[J];
IF R > SF THEN R:=SF
END
END; (= I, EPS[I] <> Ox)

FOR I:=1 TO M DO

IF EPS[I] = 0 THEN U[1]:=U[1]+R;
FOR J:=1 TO M DO

IF DEL[J] = 0 THEN Vv{J]l:=vV[J] + R;

END (* LAB2 x)
UNTIL LAB1
END; (* TRANSORT =)

BEGIN (* MAKEVEN *)

FOR I := 1 TO N DO
BEGIN
A[I].AMOUNT := 0; A[I].NODE := 0; B[1].AMOUNT := 0; B[I].NODE
FOR J:=1 TO N DO
BEGIN
cl{r,J1 := MAXNUM; X[I,J1:= 0; pupl1,J] := FALSE;
END;
END;
FOR I:= 1 TO N DO
BEGIN
INCOUNT := 0; OUTCOUNT := 0;
CURRENT := SUBNTWK;
WHILE CURRENT <> NIL DO
BEGIN

IF CURRENT@.FNODE = I THEN OUTCOUNT := OUTCOUNT + 1;
IF CURRENT@.TNODE = I THEN INCOUNT := INCOUNT + 1;
CURRENT := CURRENT@.NEXT;
END;
NODEDEG (1] .INDEG := INCOUNT;
NODEDEG{I].OQUTDEG := OUTCOUNT;
END;
WRITELN;
OK := TRUE;

FOR I:= 1 TO N DO
IF NODEDEG[I].INDEG > NODEDEGI[I].OUTDEG THEN

BEGIN

OK := FALSE; .

ABSDEG := ABS(NODEDEG(I].INDEG - NODEDEG[I].OUTDEG);
WRITELN ('ODD NDOE: ',I:2,'(', ABSDEG:2, ')');
A{I].NODE := I; A[I].AMOUNT:= ABSDEG;

END; :

FOR I:= 1 TO N DO
IF NODEDEG[I].INDEG < NODEDEG[1].OUTDEG THEN
BEGIN
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ABSDEG := ABS(NODEDEGI[I].INDEG - NODEDEG[I].OUTDEG);

B[I].NODE := I; B[I].AMOUNT:= ABSDEG;
WRITELN ('ODD NDOE: ',1:2,'(', ABSDEG:2, ')');
END;

FOR I:= 1 TO N DO
IF NODEDEG[I].INDEG > NODEDEG[I].OUTDEG THEN
BEGIN
FOR J:= 1 TO N DO
IF NODEDEG[J].INDEG < NODEDEG[J].OUTDEG THEN
cl1,J31 := RV{(SHERTTAB,1,J);
END;

WRITELN;
TRANSPORT (N, MAXNUM, A, B, C, X, KO);
FOR I:= 1 TO N DO
FOR J:= 1 TO N DO
I1F x[1,J3] <> 0 THEN

pupl(I1,J] := TRUE;
IF NOT OK THEN DUPEDGES (SUBNTWK, DUP, P);
END; (* CHECKEVENESS =x)

(H AR AR A AR AR A RN AAA KRR ARRARRRRKRRRALRA )
(= *)
g* MAIN PROCEDURE 4 POSTTOUR *;
* *

(************************************)

PROCEDURE POSTTOUR( SUBNTWK : EDGEPOINTER;
P : INTEGER )};

(**************************************************************)
(* This proceudre finds an Buler tour in a given connected and*)
(* even sub-network *)
(***************‘*********‘A‘*************‘k**********’*********‘****)

VAR
CURRENT : EDGEPOINTER;
1, J, K, M, FN, TN : INTEGER;
FOUND, ALLTRACED, NWNODEFOUND : BOOLEAN;
NEXTNODE, CLENGTH, DLENGTH : INTEGER;

PROCEDURE FNWNODE ( NTWK: EDGEPOINTER;
EXAMEDNODE: INTEGER;
VAR FOUND : BOOLEAN );
VAR
CURRENT : EDGEPOINTER;

BEGIN (*FNWNODEx*)
CURRENT := NTWK;
FOUND := FALSE;
WHILE (CURRENT <> NIL) AND (NOT FOUND) DO
IF (CURRENT@.FNODE = EXAMEDNODE) AND (CURRENTE@.INIT = 0) THEN
FOUND := TRUE
ELSE
CURRENT := CURRENT@.NEXT;
END; (*FWNODEx)

BEGIN (* POSTTOUR =)
CLENGTH:=0; DLENGTH:=0;
CURRENT:= SUBNTWK;

WITH CURRENTE DO

BEGIN

INIT := 1;

NEXTNODE := TNODE;

END;

=25 J:=1;
ALLTRACED := FALSE;
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REPEAT { until all rest edges are traced }
CURRENT := SUBNTWK;
REPEAT (* unitl a new cycle is completed =)
IF (CURRENT@.INIT = 0) AND (CURRENTQ@.FNODE = NEXTNODE) THEN

BEGIN
CURRENT@.INIT := I; I:= I + 1;
NEXTNODE := CURRENTG@.TNODE;
CURRENT := SUBNTWK; (* Stzrts from the beginning again =)
END
ELSE
CURRENT CURRENT@ .NEXT;

[}

UNTIL CURRENT NIL; (* A new cycle is completed =)
CURRENT := SUBNTWK;
I:=1 - 1;
NWNODEFOUND:= FALSE;
(* Back tracking x)
REPEAT (* until a new working node is found *)
WITH CURRENT@ DO
IF (INIT = 1) AND (FINAL = 0) THEN
BEGIN (* Perm. label an edge x)
FINAL:= J; INIT:= -1;
NWNODEFOUND := TRUE;
NEXTNODE:= FNODE;
J:= J + 13
FNWNODE ( SUBNTWK, NEXTNODE, NWNODEFOUND) ;
IF NOT NWNODEFOUND THEN
BEGIN
I:=1 -
CURRENT:
END
END
ELSE
CURRENT:= CURRENTG@.NEXT;
UNTIL ( I = 0 ) OR ( NWNODEFOUND );
IF NWNODEFOUND THEN

13
= SUBNTWK

CURRENT := SUBNTWK;
IF I = 0 THEN (* All edges have been traced =)
ALLTRACED := TRUE;

UNTIL ALLTRACED; (* All egdes are traced *)
{* output the Euler tour =*)

J = J - 13

CURRENT := SUBNTWK;

REPEAT

+WITH CURRENTE DO
IF FINAL = J THEN

BEGIN (* outputing a matched edge =)
FINAL := 03
WRITE(NAME:51,' (',FNODE:2,',',TNODE:2,') ');
WRITELN(LENGTH:4,',',PRIO:Z);
IF CLEARED THEN ’

CLENGTH := CLENGTH + LENGTH
ELSE
DLENGTH := DLENGTH + LENGTH;
J = J - 13
CURRENT := SUBNTWK;
END (* outputing =*)
ELSE
CURRENT := CURRENTQ@.NEXT;
UNTIL J = 03
WRITELN;
WRITELN('TOTAL LENGTH: ', (CLENGTH + DLENGTH) :5);
WRITELN('TOTAL CLEARED LENGTH: ',CLENGTH:5);
WRITELN('TOTAL DEADHEADING: ' ,DLENGTH:5);
WRITELN;

END; (* POSTTOUR *)

BEGIN (* Main program SCVRPGM x)

BULDNTWK ;
FOR P:= 1 TO PL DO
BEGIN
CURRENT := HEADI[P];

WRITELN('SUBNETWORK G(',P:1,"')");

SHOWLIST (SUBNTWK([P]);

MAKECONN (SUBNTWKI[P], P)
?

H
WRITELN('SUBNETWORK G(',P:1,')»');



SHOWLIST (SUBNTWKI([P]);
MAKEVEN (SUBNTWK[P], P);
WRITELN( ' SUBNETWORK G(',
SHOWLIST (SUBNTWKI[P]);
INITIALIZE (SUBNTWK[P]);
WRITELN;
WRITELN('#*#**x%* POSTMAN TOUR FOR PRIORITY ',P:1,' x#%»xx');
POSTTOUR (SUBNTWK([P], P);
WRITELN;
END;

END. (* Main program SCVRPGM ¥*)

1, )Ex" )
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