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PREFACE
 

This report is one of a series of publications which describe
 

various studies undertaken under the sponsorship of the Technology
 

Adaptation Program at the Massachusetts Institute of Technology.
 

The United States Department of State, throughithe Agency for
 

International Development, awarded the Massachusetts Insitute of Tech

nology a contract to 
provide support at M.I.T. for the development, in
 

conjunction with institutions in selected developing countries, of
 

capabilities useful inthe adaptation of technologies and problem

solving techniques to the needs of those countries. This particular
 

study describes research conducted in conjunction with Cairo University,
 

Cairo, Egypt.
 

In the process of making the TAP supported study some insight has
 

been gained into how appropriate technologies can be identified and
 

adapted to the needs of developing countries per se, and it is expected
 

that the recommendations developed will 
serve as a guide to other devel

oping countries for the solution of similar problems which may be encount

ered there.
 

This research is carried out by Cairo University/M.I.T. Technological
 

Planning Program, under the auspices of the M.I.T. Technology Adaptation
 

Program, which is funded by the United States Agency for International
 

Development (USAID), Cairo, Egypt. 
 The views and opinions expressed in
 

this report, however, are 
those of the authors and do not necessarily re

flect those of the sponsors.
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PREFACE
 

This is one of three companion reports summarizing the activities
 

undertaken by this research team over the four year life of the project.
 

The other two final reports are:
 

Volume I: Investment Planning and Project Programming
 

Volume III: Transport Planning Aids and Methods
 

Much of the early work on the project is described in Cairo Urban
 

Transport Project Annual Report, December, 1979. There are also an exten

sive series of technical reports and theses produced during the project, 

which are referenced in this final report. 
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CHAPTER ONE
 

INTRODUCTION
 

The urban transport system in Cairo is under increasing stress as the
 

levels of population and auto ownership increase at a faster rate than the
 

infrastructure which must accommodate the resulting demand. 
At the same
 

time as street congestion is increasing, rass 
transit, provided principally
 

in the form of buses operating in mixed traffic, must carry more 
people
 

with an aging fleet which is unlikely to be increased significantly in the
 

near future. While these problems are not unusual in the 
major cities of
 

developing countries, Cairo suffers more than most in terms of narrow 
 streets 

with severe traffic congestion and bus overcrowding. 

In this report various strategies for improving the public transport 

system in Cairo are defined and analyzed. While many strategies could be
 

developed encompassing all aspects of public transport system operation and
 

management, given the constraints 
on time and effort existing, this report
 

focuses on 
the operations planning and service design strategies. Thus
 

other areas which might well prove as fertile, such as maintenance, bus 

replacement, and bus priority schemes will not be addressed here. The 

topic of operations planning was selected because it was felt to be possible 

to suggest new procedures, then test and implement them, all within the 

scope of this research. Stress was placed on developing planning methods
 

which could be used by transit planners in Cairo directly without requiring 

additional data or computer assistance. This research has tackled one facet 

of the short range bus service problem in Cairo, and in no way satisfies 

the need for studying other facets of the short range public transport 

problem, let alone the nued for longer term solutions. 



-2

1.1 The Cairo Urban Transport System 

Cairo is situated about 170 km. from the Mediterranean Sea on the 

banks of the River Nile. The city itself had a 1979 population of 5.4 

million with Greater Cairo, which includes parts of the neighboring gover

nates of Ciza and KaLiaubeau,having a population of 8.5 million, about 

21% of the total population of Egypt. Due to the harsh terrain surrounding 

the city, population densities are extremely high, in the vicinity of 

100,000 persons per square kn. in several districts. Major industrial 

centers are located some 40 km. apart at each end of the principal north

south axis running along the Nile. Population growth is continuing at an 

annual rate of more than 5% currently. 

Currcntly, the Cairo public transport system carries about four million 

passengers daily, a figure which has been increasing at an annual rate 

of six percent. The fleet consists of about 1500 operational buses, 150 

(two-car) trams, 08 trnll y6, and 15 ferries with service being provided 

on 250 bus lines, 27 tram lines, six trolley lines and five ferry lines. 

The ability of the transi.t system to meet this increasingly heavy demand 

is compromised by the existence of numerous problems. 

First, thl road network is strongly oriented toward the central city, 

imposing a radial orientation on the transit system as well. As the city 

has expanded, however, non-radial trip-making has become more important, 

resulting in severe congestion on the few existing crosstown streets and 

requiri.nn; thda many transit trips be made with a transfer in the downtown 

ar(,a . lxpansion of the r'adway capacity would involve reLocating .arge 

numbers f people which, gi[ven the chronic housing shortage in the city, 

is un acceptab Le. Second, the growth of the c itv within ti ght geographical 

http:requiri.nn
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constraints has meant that most developable land is already used and
 

there is little potential for major expansion of the road network.
 

Furthermore, only a small percentage of city streets are designed and
 

maintained to allow passage by buses, thus virtually every road on which
 

a bus can possibly operate already has at least one bus line. 
 As part
 

of the radial structure there are three major transit terminals in the
 

central city, and in many cases two different bus lines will operate
 

on identical routes, but terminate at different transfer points. This
 

overlapping route structure is the cause of some concern to transit 

planners in Cairo, suggesting that benefits might be derived from 

restructuring the network of routes. High population densities and low 

auto ownership levels have resulted in near-saturation levels of transit 

demand. The facts that 75/ of all vehicular trips are by transit (the 

remainder are 19% auto and 6% taxi) and that the average productivity is 

165 pa:ienger trips per bus-hour indicate how heavily the system is used. 

Resource constraints, however, have severely limited the ability of the
 

Cairo Transportation Authority (CTA), the primary agency responsible for 

the operation of public mass transportation facilities, to expand the 

system capacity. 

The transportation planning process that exists in Cairo is 
not
 

designed to address problems such as those identified above. In general, 

planning in Cairo has focused on long-range, large-scale projects. A
 

preliminary master plan for the metropolitan area was prepared in 1970 

in which secondary population centers served by an outer ring road were 

envisioned as the basic characteri.s tic of the regional physitcal form. 

Within the c i ty subway eitsel f, a h.stening constructed which wiil 

serve LIi mijor corridors. Even thouh thiss ubwLby wi.l hellp alleviate 

many of tie Lr.ITIspor t probLois in the ci.ty, .it has been estimated that it 
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will serve only 30% of all trips. There are thus both short run needs
 

and continuing needs for study of the components of the transport system 

be made. The first step in this directionto see where improvements can 

was taken with a 1978 system-wide transit origin-destination survey. This
 

provides a useful data base for analyzing the effectivesystem-wide survey 

ness of the existing transit system.
 

1.2 General Approach
 

The 	focus adopted for this analysis was one of examining the existing 

This focus was chosen for severaloperations of the transit system in Cairo. 

reasons: 

" There are no resources available to expand significantly the 

number of buses in the fleet. 

* The transit network is so ubiquitous that efforts to expand the
 

service are unnecessary. 

" The proposed subway is designed to handle many of the trips in 

specific corridors. More efficient utilization of existing 

services in these corridors is thus meant as an interim strategy 

until, the subway is constructed. 

There were several factors that had to be considered in developing 

the analys is approach. Most importantly, the scale of analysis in this 

project would he much smaller than that traditionall y used in Cairo. 

moist previ-mis efforts had focused on network or regionwideWhereas 

improvejiLu) t s, th is an;itys i.s required a close look at -individual transit 

lines. IThe type of information required for the analysis was thus very 

ditleric t: frolfl t:hat previously med by 	 pl anners in Cairo, thereby requiring 

effort. it ,rey to dewv loJp technticall.y sourd analysis techni.ques, but 
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also to identify a strategy for explaining and demonstrating their use.
 

Since a useful data base resulted from the onboard survey,
 

initial efforts at developing analysis procedures relied heavily on this
 

information. 
However, given the rapidly changing social and demographic
 

characteristics of Cairo, it was recognized that 
this data base would
 

quickly lose its value and, because of its cost, would unlikely be
 

repeated for a long time. 
 Thus, a set of analysis techniques are developed
 

which rely on the continued monitoring of the transit system by the transit
 

authority, thereby giving transit planners a tool which can be used to 

identify and evaluate prospective changes in the system as the urban 

environment itself changes. 

Since the CTA bus system is a supply-constrained system and we are
 

mainly concerned with changes that could be made in the short term, the 

potential change in demand caused by the modified operations are not con

sidered in he analysis. For similar reasons, the effects of pricing
 

and other means of influencing passenger choice are not considered. 

In Cairo the overriding short-run planning objective must be to 

maximize the productivity of the vehicle fleet so that the greatest 

possible passenger carrying potential is achieved. To this end the analy

sis methods presented in this report are intended to restructure services 

to increase productivity within policy constraints on such things as maxi

mum acceptable headways. 

In order to keen this report brief, the procedures will be presented 

in summary form with detailed reports on each topic referenced in the Appendix. 

Similarly, applications of the methods in Cairo will be referred to, but 

not presented in detail. 
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The planning methods presented in this report can be characterized
 

the system to which they apply. At the simplest level of
by the part of 


a single bus line, the strategy of deadheading some of the buses in
 

the lightly travelled direction will be analyzed. At the corridor level
 

sets of interdependent routes can be analyzed both in terms of the
 

structuring of each route, and the allocation of vehicles between routes.
 

Routing strategies at this level include zonal, express, and local service.
 

Finally, one can consider inter-corridor services such as through routes
 

and crosstown services.
 

The remainder of this report summarizes the procedures which have
 

been developed to investigate each strategy.
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CHAPTER TWO 

DEADHEADING
 

Deadheading, or running vehicles empty in the light direction of
 

travel, can be an effective strategy for reducing operator costs during
 

peak periods when there is a large imbalance in loads between the inbound
 

and outbound directions of travel,and when the deadheading vehicles can 

use a faster path in the light direction than they would use if in service. 

On a route with a given number of vehicles, deadheading decreases the 

capacity available in the light direction (where capacity is least needed) 

while increasing the capacity available in the heavy direction, since 

deadheading vehicles can make their round trip faster and thus perform 

more heavy direction runs in a given period of time.
 

Two levels of deadheading can be employed on a route. If some trips 

deadhead while others serve passengers in the light direction, then this 

arrangement is called "partial deadheading." If all of the trips of a 

route deadhead, this arrangement is "complete deadheading." Complete 

deadheading can only be implemented on a route that belongs to a system 

of overlapping routes in which provision is made for light direction
 

travelers to use a different route belonging to that system. Partial
 

deadheading can be employed on isolated routes as well as 
on routes that
 

belong to a system of overlapping routes. This chapter will cover par

tial deadheading on a single route, leaving complete deadheading to chapters
 

3 and 4 which deal with systems of overlapping routes.
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2.1 Theory of Partial Deadheading 

This section summarizes the theory relating to partial deadheading 

that is described in detail in Furth (1981). Let A denote the heavy 

direction of travel and B the light direction. Let t A be the run time 

in the heavy direction, tB the run time in the light direction in 

service, and t the run time in the light direction when a vepicie is 

deadlad ing. These run times are defined as including the minimum lay

aover. A partial deacdiheading configuration is characterized by heavy 

direction service headway hA and a light direction service headway, hB . 

If no trips on a route deadhead in the light direction (i.e. 

hB = hA), the number of vehicles required, Nc would be 

N 	 = A (2.1) 
c hA 

where <X> = the smallest integer greater than or equal to x. If every 

trip is deadheaded in the light direction (h B ), the number of vehicles 

needed, nA' would be 

= tA +t (2.2) 

nA h A 

The partial deadheading solution will always require at least one vehicle 

more than nA. Therefore, if nA> Nc- 1, partial deadheading cannot reduce 

the number of vehicles needed on this route. 

The vehcle savings poss Lbl.e on a route through partial deadheading 

depend on the "deadhead premium" on that route, which is t B - tD, the 
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difference in light direction run 
time between an in-service trip and
 

a deadheading trip. But mixing deadhead 
 trips with in-service 

trips on the same route may necessitate some extra layover for the 

deadheading trips, and so the "effective deadhead premium," i, lies between 

(t - t D ) and (t B - t - hA) since the deadheading trips will need, an
 

extra layover time of between u and hA minutes. The effective deadhead 

premium may be computed using the formula
 

t hAnA
= tA+ B A (2.3)
 

ThO ratio of the light direction service headway to the heavy
 

direction service headway, 
r = hBhA , is also a vlal). l of interest. 

If no Lrips deadhead, then r=; if hal.f the trips deadhead, then r =2;
 

in general, for a given r, the fraction of runs that deadhead is r--


If r is an integer, the dispatching strategy is simple: the first of 

every r trips covers the light direction in-service, and the remaining
 

(r-1) trips deadhead. If r is not an integer, the dispatching strategy 

becomes more complex. For example, in order to achieve a service headway
 

ratio of r = 3.4 and spare the light direction service departures at 

even headways, .itwould be necessary to dispatch the first, fourth, 

seventh, and fourteenth of every seventeen buses in-service and deadhead
 

the remainder. In addition to 
requiring a complex dispatching strategy, 

a non-integer service headway ratio r also requires a longer layover on 

some of the runs in order to keep service departures evenly spaced. To
 

help account for this extra layover, we introduce the function g(r) = y-l,
 
y
 

where y is the smallest denominator of r when r is expressed as a ratio
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of integers. If r is an integer, then r can be expressed as the fraction
 
17 

= 3.4, then since 3.4 - 17 
= 0. If, for example, rr/l, and5-1thus g(r) 

= g(r) 5-= 0.8.
 

The total number of vehicles required on a route using partial
 

integer and that
deadheading, assuming that the number of buses must be 


service departures in each direction must be even, may be expressed as
 

the function Np(hA,r), which is given by
 

Np(hA,r) = nA + nB 

(2.4)
tAtD + rh A> 

"AA 

where
 
i + g(r)hA 

nB rhA 

in eq. (2.4), solutions with non-integer
Because of the term g(r) 


r have some built-in inefficiency. On a given route, solutions with
 

an integer headway ratio r=k (k>2) will often require less than or as 

thoughmany vehicles as solutions for which r is between k and k+1, even 

better service in the light direction.the integer solution offers 

Under circumstances that would be expected in Cairo, integer headway 

ratio solutions were optimal (required the least number of vehicles 

casesunder maximum service headway constraints) in over 90% of the 

because integer soluLions are soexamined. Because of this, and 

much easier to operate, we recommend that whenever partial deadheading 

is employed on a route, the l ipit direction service headway should be
 

an integer mu.ltiple of the heavy direction service headway. When the
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service headway ratio is an integer, then the number of buses required 

on a route becomes 

Np(h ,r) = ADA + . (2.5)A11A < rA 

2.2 Procedure for Applying Partial Deadheading in Cairo 

In order for a route to qualify for partial deadheading, it must 

meet these two criteria: 

a) 	 Its light direction peak load is at most half as large as its 
heavy direct ion peak load. 

b) 	 Its heavy direction headway, h , which is sixty times the ratio 
of the bus capacity to the heavy direction peak load, must be no 
greater than half the policy headway (max[mum headway allowed on 
a route). 

If a route fails either of these tests, then any partial deadheading 

configuration would either overcrowd the light direction trips or provide 

light direction service that is too infrequent. 

Furthermore, a candidate route must also have a path for deadheading 

that takes at least hA fewer minutes than an in-service trip in the light 

direction; that is, we require that t D.< t B  hA . 

If a route meets these three tests, it is a candidate for partial 

deadheading. Its maximum light direction service headway, hBax , is sixty 

times the bus capacity divided by the light direction peak load. The 
h1max max ha 

maximum service headway ratio is then r = Int [ h 1, where Int ix] 

is the integer portion of x. The service headway ratio could then be 
ma xany 	itepe " any 	 integer .., . We recommend2, 	 * B that every possible value of r 

be tried; the planner can then choose the preferred value. As r gets 
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smaller, the service level in the light direction improves, but the number
 

of vehicles needed may increase.
 

A manual worksheet for executing this procedure for a given route 

in a given time period is displayed in Exhibit 2.1. Necessary data inputs
 

policy headway, vehicle capacity, peak load in each direction, and
are 


trip times. Note that trip times should include minimum layover at the
 

end of the trip. It is also important that the policy headway and the
 

vehicle capacities be realistic and reflect the operator's vehicle 

resources. For example the CTA considers that the capacity of a vehicle is 

80 persons and thE.t headways should be no longer than 10 minutes; but 

with the current (and, it seems, perpetual) vehicle shortage in Cairo, 

these standards cannot be attained. To impose such high standards on 

one route when most other routes in the system violate these standards 

is inappropriate. The standards used should be realistic; that is, 

peak load in the peak periodthere should be very few routes whose mean 

exceeds the standard capacity, and very few routes with headways exceed

ing the policy headway. For the current level of resources at the CTA, 

a capacity of 120 or 130 passengers and a policy headway of 20 minutes 

are probably appropriate. 

2.3 	 Example 

Route 57 has the following parameters in the weekday morning peak: 

minimum layover = 25% of run time for in-service trips, 12% of run 
time for deadheading trips 

trip 	 time Lnbound = 34 min t A 34 • 1.25 42.5 min. 

trip 	 tiline olItbound 32 in t 32 1.25 40.0 min. 

trip 	 time deadheading = /4 min- t D 14 1...2 = 15. 7 min. 
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peak load inbound = 575 pax/hr
 

peak load outbound = 220 pax/hr
 

bus capacity (including standees) = 63 pax
 

policy headway = 30 min.
 

Exhibit 2.2 is the Partial Deadheading Worksheet with the Route 57
 

example executed on it. 
 The number of buses needed throughout deadheading,
 

shown in Step 4, is N = 13. Only
C 

one deadheading configuration with 

an integer service headway ratio r is feasible; for this configuration 

(r=2), 1. buses are needed (Step 9). Therefore, the optimal deadheading 

configuration (Step 10) has an inbound headway of 6.5 minutes and an 

outbound service headway of 13 minutes. Two buses are saved then, as 

half the remaining vehicles deadhead under the new service configuration. 



-14-


Exhibit 2.1
 

Partial Deadheading Worksheet
 

Date:
 

Time Period: Bus Capacity C = _pax/veh
 

Policy Headway H = min
 

Route: 


Heavy Direction 	 Light Direction
 

Peak load LI = pax/hr Peak load L2 = pax/hr 

Headway hA = 60C/L = min Max headway hB a x = min[60C/L2 ,H] min 

Trip time t = min 	 Trip time tB = min 

Trip time deadheading tD = min 

max max 	 max
 
1. rma Int[hm /hAA] 

= If 	 r < 2, check n and STOP. 

2. If hA > H/2, check 1 and STOP.
 

3. If tD+ hA > t check and STOP. 

= (A+ tB
4. Nc 


5. nA = DhA = 	 If nA > N - 1, check [_J and STOP. 

A B /A
6. t+tA t B - hAn A 

max_
 

7. Let r = r = 

and STOP.
8. Np(r) = nA +(-jA= If 	Np(r) > Nc, check Li 

If any box was checked in Steps 1-8, no vehicles can be saved through
 

partial deadheading.
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Exhibit 2.1 (cont'd) 

max max 
 max
9. Let r = r ,r -, r -2, .. , 2. For each value of r compute 

Np(r). 

a. r max ii rhA = nA + /T) i/2/ 

b. r = rmaxl= 1113= rhA= Np =nA+<i1)= 2/
 

max_ 21
 c. r =r -2 h ==rh Np= n/

B A A+___
 

d. r= rmaX 3 = = rhA= Np = hnA+ - 2/ 
A- A B 

Note 1/: this was already computed in Step 8. 

Note 2/: if r = 2, or if Np(r) =N , STOP. 
c 

10. All of the solutions in Step 9 for which Np(r) < N are potential
 

solutions. 
 Choose one taking into account the light direction level of
 

service as well 
as the number of vehicles required.
 

Chosen solution: hA = min 

hB = min 

N = buses 
p 
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Exhibit 2.2 

Partial Deadheading Worksheet
 

Date:
Route: 57 


Time Period: 1 Bus Capacity C = 63 pax/veh
 

Policy Headway II = 30 min
 

Heavy Direction 	 Light Direction
 

= 
Peak load L1 575 pax/hr 	 Peak load L2 220 pax/hr 

Max headway hBax = min[60C/L2 ,H] = 17.5 minHeadway hA = 60C/L1 
6 .5 min 


= 

Trip time tA 42.5 min 	 Trip time tB 0.0 min 

Trip time deadheading tD = 15.7 min 

1. rmax ha 2 If 	rmax < 2, check and STOP. 

2. If hA' > H/2, check [ and STOP. 

3. If tD+ h A > tB) check[7 and STOP. 

Nc =(AhB = 13 

A \ -h 	 A-C5. nA = (A tD) 9__ If nA- N . 1, check [7and STOP. 
6. i= tA+ hAn =tB - 24
 

max
 

27. Iet r = rm = 

8. Np(r) = nA + (V A = 11 . If 	Np(r) > Nc , checklZ and STOP. 

If any box was checked in Steps 1-8, no vehicles can be saved through 

partial deadheading. 
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Exhiiait 2.2 (cont'd)
 
max max max
 

9. 	Let r =r , r - , r - 2, ... , 2. For each value of r compute 

Np(r). 

= 
a. 	 r rmax = 2 hB rhA __ Np =2/nA+ (1) = -- i1 / 

b. 	r= rB 
max

-1= __= = rhA = Np =nA+ 2/ 

Bax A __ 2./_N 

= c. 	r = r __ hB rhA = Np n+ 2/2 

d. 	r=rmax- = h__= = N =n+ 2/3 A A 	 hB) 

Note 1/: this was already computed in Step 8. 

Note 2/: if r = 2, or if Np(r) = N , STOP. 

10. All of the solutions in Step 9 for which Np(r) < N are potential
 

solutions. Choose one taking into account the light direction level of
 

service as well as the number of vehicles required.
 

= Chosen solution: 	 hA 6.5 min 

hB = 13 mill 

N = 11 buses 
p 	
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CHAPTER THREE
 

LOCAL ZONAL SERVICE W'ITH EXCLISIVE BOARI)ING AND ALIGHTING ZONES
 

Local zonal service w:ith exclusive boarding and alighting zones can be 

an efficient means of providing bus service in single arterial corridors 

having high demand which is heavily oriented toward the downtown. This 

routing strategy includes a number of routes, each of which begins at a 

different uptown terminal.; these terminals are staged along the corridor 

at Lnc r.asing distances from downtown. Each route operates between its 

terminal. and the downtown terminal . Inbound a route picks up passengers 

onLy withini s boardin g zone; after the end of its hoard ings zone, it 

continues travel ing along the arterial, stopping to discharge Passengers 

where they des ire to alight, but not picking up any more passengers. 

Outbound a route may pick up passengers at any stop between downtown and 

its uptown terminal, but it may discharge passengers only in its alight

ing zone. It is also possible that a .oute may deadhead, and thdrefore 

have no alighting zone outbound in the morning peak or no boarding zone 

inbound in the evening peak. 

The boarding zone of an active route that does not deadhead inboind 

extends from its uptown terminal to the next inner terminal out of which 

a route operates that does not deadhead inbound. That is, if terminals 

are numbered consecutively and terminal 1 Is the outermost terminal in 

the corridor, the boarding zone of route I. (the route beginning at 

terminal 1) will be the segment between terminal. I and terminal 2 if route 

2 is active and does not deadlhead inbound; however, if route 2 is inactive 

or if it deadheads inbound, then route one's boarding zone has to include 
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the segment between terminal 2 and terminal 3 as well. Analogously, the 

alighting zone of an active route that does not deadhead outbound is 

the segment between its uptown terminal and the next inner terminal that 

has an active route that does not deadhead outbound. 

A zonal configuration designed for an off-peak period (in which 

loads inbound and outbound are similar)will, not Include any deadheading 

routes. Then a route's boarding zone will be the same as its al'ghting 

zone. If we are designing for a peak period, we may want to let some 

routes deadhead in the light direction. Then the design becomes more 

complex, since active routes may deadhead or not deadhead, and as a result 

a route's alighting zone may differ from its boarding zone. In either 

peak or off-peak periods, we may choose to let a route be active or in

active (i.e. not operate at all 

Two different procedures will be presented, one for design of off

peak zonal service, and the other for design of peak period zonal service. 

The off-peak procedure is simpler since it prohibits deadheading. These 

procedures find the zonal service routing configuration, and the service 

headway for each component route, that minimizes the cost of operating 

the set of routes. For the remainder of this chapter we assume that cost 

is proportional_ to the number of vehicles required, and therefore we 

minimize the number of vehicles required. One may choose Instead to 

minimize a weighted sum of ,operating cost, wait time cost, in-vehicL.e 

time cost, etc. n this case where we compute the number of vehicles 

required on a route, the cost of that route shouLd he computed in terms 

of the specified function to he minimized. 
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3.1 Design for Off-Peak Periods
 

The following notation is used: 

n = number of potential uptown terminals. Terminals 
should be numbered consecutively, with terminal I 
being the outermost terminal in the corridor and 
terminal n the innermost. Let the downtown terminal 
be indexed n+l. 

route (j,k) = 	 route whose boarding zone and alighting zone extends 
from terminal j to the stop just before terminal k+l 
(k>j). 

Bjk = minimum number of buses needed to serve route (j,k) 

Zjk = minimum number oi buses needed to serve inbounddemands originating beyond terminal k+l and 

outbound demands terminating beyond terminal 
k+l when only routes beginning at terminals 1,...,j 
are allowed to be active.
 

In a corridor with n potential uptown terminals, there are n(n+l)/2
 

potential routes. The first step in the design is to compute the number of
 

buses needed by each potential route (j,k), j=l,...,n and k=j,...,n. To
 

compute the number of vehicles needed on a route, one needs to know that
 

route's peak load and its trip time. If its peak load is Li (pax/hr),
 

its trip time (including layover) is Tjk (min), the bus capacity is C (pax/veh),
 

and the policy (maximum allowable) headway is H, the minimum headway of route
 

(j,k) will be 

h' = jmin (11,
I 62C 	 (3.1)

Ljk
 

and the number 	 of vehicles needed will be 

B k = k 

where < > means round up to the ,ext higher integer. 
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It is necessary then to estimate the trip time Tjk and peak load
 

4 jk for every potential route. Methods for estimating these quantities 

will not be presented here, as a route planner will certainly be famiLiar 

with methods to estimate peak loads and trip times given a route's align

miw and Its boarding and alighting zones. Peak loads, trip times, and 

resulting minimum headways and vehicular requirements should be recorded 

in matrices that have the form of the matrix shown in Exhibit 3.1; that is,
 

there should be one matrix [(Ljk )] for peak loads, one matr:ix [(T k)
 

for trip times, etc. 

Once the matrix of vehicles required [(Bjk )I is completed, we may 

begin to fill in another matrix, the matrix of values of Zjk . This matrix 

is displayed in Exhibit 3.2. The first row of this matrix should be simply 

copied from the first row of the matrix of Bjk. Fill in tihe second row 

next, then the third, and so forth. Within a row, fill in the cells from 

left to right, beg inni ng with tie cell that is on the diagonal. The cells 

in the second and subsequent rows require two entries. In the small box 

of cell (j,k), enter the sum (B k + Z1,j.l). Notice that ZPAW will 

be the diagonal entry of tie next row up. Then in the larger part of cell 

(j,k), enter either the value inithe smal-l box of that cell- or the value 

in the cell just above cell (j,k) (i.e. Z -l,k ), whichever is smaller. In 

this step we are performing the computation Zjk = min Bk + Z 

Z7j l,k. f the value cho.sen was Zj-l,k or if there was a tie (i.e. 

" Zk ;min small in tihe cell. , - B. - . ), X lthrough the box 

(ThereFor,., wulhnvr the val , in 1 .Lhbe small box is gre'ater than or equal. 

to ti.- valute in the cell, there should be an X through the small tbox.) 
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Exhibit 3.1
 

Matrix for Recording Route Performance
 

Contents (Cjk) where contents could be peak load (Lik) or trip time 

(Tjk) , or minimum headway (h' , or vehicles required (Bjk) 

k 

j 1 2 3 4 n 

111 C12 C13 
 C14 
 CIn
 

2 C C C
24 ..22 23 C

2n 

33 
 34... C3n
 

o..- C44 •, 4n
'cXn

-- 7A 

n 
 ' 

C
 
nnl
 

j = first terminal. Ln boarding/alighting zone
 

k = 1 terminal in boarding/alighting zone
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Exhibit 3 .2 

Matrix for Recording Zik 

k 

j12 3 n 

1 1ll Z1 2  z1 3  zln 

21 
_22_23... Z2n 

Z3 3  Z3n 

n Z 

X nn 
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Once the matrix [(Zjk) ] is filled in, the active routes that make up 

the optimal routing configuration can be found. Begin at the bottom 

right cell of the matrix [(Zjk)], i.e. cell (n,n). If there is an X 

through the small box in that cell, then the route corresponding to that 

cell is inactive; if there is no X, that route is active. If that cell's 

route is inactive, go to the next higher cell and repeat the procedure. 

If that route is also inactive, keep going up until an active route is 

found, record its address (j,k), and go to the diagonal cell of the next 

row up (i.e. row j-l) and begin the search again. Continue this procedure 

until you arrive at the top row (any top row cell you reach has an active 

route). 

Having recorded the active routes in the optimal routing configuration, 

simply read the number of vehicles required by any route (j,k) from the 

matrix [(Bjk) ] . The headway h jk of an active route (j,k) can then be 

computed as
 

hjk 1H BminTJk (3.3)
j 
Bjk 

3.2 Example of Off-Peak Design
 

A single arterial corridor has four potential uptown terminals. A 

study of passenger movements and vehic]e trip times along the arterial 

have led to the matrices of peak loads and run times for each of the 

4 • 5 !2 = 10 potential routes. These matrices, [ jk)] and [(Tjk) 

are displayed in Exhibit 3.3.
 

The po licy headway is 20 minutes and the bus capacity is 50 passengers. 

Using equations (3.1) and (3.2), the matrices [h. k)] and [(B 1) ] are 

compu ted as shown in Exhibit 3.4. 
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Exhibit 3.3 

Example Matrices of Peak Load and Trip Time 

Peak Load of Route (j,k) (Ljk) (pax/hr)
 

k
 

j12 3 4
 

1 200 350 450 600
 

2 . < 160 270 	 430
 

3 	 >I <120 290
 

190
4 


Trip Time of Route (j,k) (Tjk) (min)
 

k
 
j
j1 2 3 	 4
 

1 90 95 100 	 105
 

25 80
 

3 5560
 

45
/4 
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Exhibit 3.4 

Example Matrices of Headway and Vehicles Required 

Minimum Headway of Route (j,k) (min) 

= min {20, L6050h

jk 
 Ljk
 

k
 1 2 3 4 

15.0 8.6 6.7 
 5.0
 

2 18.8 11.1 7.0 

3 - " 20.0 10.3 

4 ~2K.15.9
 

Vehicles Required by Route (j,k)
 

B < j
jk h'
 
jk
 

J1 2 3 4
 

1 6 ii 15 21
 

4 7 12
 

3 3 6 

• _ __. __- .. 3 

2 
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The matrix [(Zjk)] is then completed in Exhibit 3.5. Also shown 

in Exhibit 3.5 is the path of the search for the routes belonging to 

the optimal configuration. As shown in Exhibit 3.5, there are 3 routes 

in the optlmal configuration: routes (3,4), (2,2), and (1,1). Matrix 

[(Bjk) ] shows that these routes need 6, 4, and 6 buses respectively, 

for a total of 16 buses (compared with 21 buses for the conventional 

single local route (1,4)). 

The headways of the optimal routes are found using equation (3.3): 

60
 
h = 10 min 

h = 70 = 17.5 min
2,2 4 

90
 
hl =-90 = 15 min. 

3.3 Design for Peak Periods
 

The design of zonal routes for peak periods is more complex, because 

loads are not only heavier toward the downtown end of the route but also 

are imbalanced by directirn (i.e., the loads in one direction are far 

greater than those in the other direction). This load imbalance suggests 

that some of the zonal routes deadhead. 

Potential uptown termina.l.s should be numbered just as described in 

Section 3.1. The remainder of this discussion wi li assume that we are 

deal in g witL the morning peak, when the t raff Lc is heavier in the inbound 

direction. Design For the evening peak is essentially the same, requiring 

a few rever;aIs in del intitIon. Let segment I he the iad segment- between 

Lerminal j and tihe stop just before termina l j41. Then let: 
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Exhibit 3.5 

Example Matrix [(Zk)] 

Zjk 

j 1 2 3 4 

6 11 15 21 

3 

4+6=10 

10 

7+6=13 

13 

13 

12+6=18 

6+10=161 
18 

16 

16 

k 

1 

2 

3 

4 

Tracing the Optimal Configuration: 

1 2 3 4 

0 

NO 

"0 

Optimal 

Routes 

(l,1) 

(2,2) 

(3,4) 
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route (j,k,g) = route whose uptown terminal is j, whose inbound board
ing zone includes segment j through segment k, and
 
whose outbound alighting zone includes segment g through
 
segment j. Employ the convention that if g = 0, the
 
route deadheads outbound. Route (j,k,g) is a valid route
 
only if k > j and if g = 0 or g > k.
 

Tjkg = trip time(round trip, including layover) on route

(j,k,g) (min)
 

Bjkg = minimum number of buses needed to serve route (j,k,g).
 

hjkg = maximum headway on route (j,k,g) (min)
 

Ljkg = peak load on route (j,k,g) (pax/hr)
 

Zkg = minimum number of buses needed to serve inbound demands
 
originating on segments 1,...,k and outbound demands
 

destined for segments 1,...,g. (Zkg is computed at
 

difforent values of j; at a given value of j, routes
 
may begin at terminals 1,...,j only).
 

First, all of the potential routes in the system must be analyzed.
 

For each route the inbound and outbound trip times and peak loads inbound
 

must be computed. Note thac many of these figures will not differ between
 

a number of routes; for example, route (1,4,4) will have the same inbound
 

trip time and peak load as route (1,4,5). To record the total round trip
 

time and peak load (maximum of inbound and outbound peak load) of a route,
 

a number of matrices are needed. One can record the peak loads Ljkg of 

routes (j,k,g) in a series of matrices ((Lkg)), ((L2kg)), etc., as 

Illustrated In Exhibit 3.6. The values of Llkg (i.e. all of the Ljkg for 

j=l) can be put into an n x n matrix; the values of LMg into an (n-l) x n 

matrix, and so forth. (An extra column in the second and subsequent 

matrices is necessary to ruprd deadheading routes). Similarly, the run
 

times Tk of each route can bhe recorded in a series of matricns.
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Exhibit 3 .6 

Matrices for Recording Ljkg , Tjkg , hjkg and Bjkg 

For illustration's sake, assume n=4, and that we are recording Ljkg.
 

((Lllg)) (i.e. j=l) (L3kg)) (i.e. j=3) 

k 1 2 4 k g 4 0 

1 L11 L12 L1 131 114 3 L371L33 3  L3 3 4 0 

2 L122 L1 L124 4 L3 44 L3 40 

3 x 1,233 L234 I L2 30
 
4 etc.
 

*The ffr.sL matrix has no col.umn zero -ince routes beginning at terminal 
L. Ma'y not deadhlead. 
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Then the headways of each potential route can be computed and recorded
 

in a third series of matrices. To compute the maximum headways, use the
 

formula (analogous to (3.1))
 

h' = min W, 60C 	 (3.4)
jkg ' Ljkg 

Finally, fill in a fourth series of matrices with entries Bjkg, computed
 

using the formula (analogous to (3.2))
 

T
 

13jkg 	 jk (3.5)
 
jkg
 

Once the values of B .kg are recorded, we can execute a dynamic
 

program to find the routing configuration that requires the least number
 

of buses. To execute this three-dimensional problem on a two-dimensional
 

piece of paper requires using the worksheet illustrated in Exhibit 3.7
 

and using a pencil. (to allow erasing). The worksheet is a matrix whose
 

rows correspond to values of k and whose columns correspond to values
 

of g. This matrix has the same dimensions as the matrix [(B Ijk. Then
 

perform the following steps.
 

I. 	Copy the entries of the matrix ((Bjkg)) into the main part of
 
each corresponding cell (k,g) on the worksheet. Each cell
 
(k,g) on the worksheet now contains a value of Z = Blkg.
 

.
In the corner box of each cell, enter the number kg"l"
 

2. 	Draw a he;vy l.ine between rows I and 2 on the worksheet, since 
row 1 will rIiumain untouched. Let j= 2. 

3. 	Take out th, matrix ((Bjkg)) (e.g. when j=2, take out matrix
g )(~).
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Exhibit 3,7
 

Worksheet for Peak Period Zonal Route Design
 

(For illustration, assume n=4)
 

((Zkg))
 

kg 1 2 3 4
--- -- L L-
1 Z11  Z12 etc.
 

L L L 

3L
 

L 
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4. 	For each cell (k,g) of the worksheet that is below the lowest
 
heavy line, perform the following steps:
 

a. 	Add the entry in the corresponding ccll of matrix ((Bjkg)
 
(i.e. cell (k,g)) to the diagonal cell on the work
sheet that is just above the lowest heavy line (i.e. cell 
(j-, j-V). if this sum is less than the current entry 
in cell (k,g) of the worksheet, replace the contents of 
the corner box of ccll (k,g) with the number j. (7.g. 

if j=2 and we are dealing with cell (3,4), read B231, 
from cell (3,4) of matrix ((kg)), read Z1 from cell (l,1) 
of the worksheet, and sum them. Compare this sum with Z314. 
If this sum is greater than Z34, go to Step 4b. Otherw ise, erase 

the contents of the worksheet's cell (3,4), enter the sum in 
the 	min part of the cell, and wri-te "2" in the corner of the cell.) 

h. 	From matrix ((B Jkg)), read the entry in the last column
 
(column 0) oflk row k and add it to the entry on the
 
warksheet in the row just above the heavy Line in column
 
g. 	 If this sum is less than the current entry in cell (k,g) 
of the worksheet, replace the current entry in (k,g) with 
this sum, and replace the contents of the corner box of that 
cell with Lhe number j followed by the letter "d" (for 
"deadheading"). (ie., for cell. (3,4) when j=2, read 

B230 from the last column of row 3 in matrix ((B2k,)), read 
Z14 from column 4 of the row L of the worksheet (the row 

just above the lowest heavy line), and sum them. If this 
sum is greater than or equa to the worksheet's cuirrent 
entrv in cell (3,4), notlhlng more in this step. Otherwise, 
erase the entire contents of cell (3,4) of the worksheet 
replacing the main entry with the sum just computed and put
ting O2d"In the corner box.) 
Note: Pur,:o rm Steps 4a and 4b for every cel of the work

sheet below the lowest heavy line. 

5. 	If j=n, go to Step 6. Otherwise, draw a heavy line under row j 
of the worksheet. Put away matrix ((BJk)). Let j = j+l. 
Go to Step 3. 

6. 	 TIhe olptimal solution has now been found, but it must be traced. 

Begin at the bottom riglt cull of the worksheet, cell (n,n) 
The entry in tlis cel l, Z , Indicates the total number of buses 
required. let k=g-n. 

7. 	 Let j equal the number In the corner box of the cell we arc now 
looking at (i.e. c 1Ii(k,g)). 

a. 	 If the cor r be conLa[ns lie let.ter "d" as well as the
 
number j , tlcln rouit:c (j,k,O) is actlive. Record this. Then
 
.-uavci up Ln workslect, r wuta-tning In colulmn g, to row (-I).
 
Now let k j-l, and go to Step 7.
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b. 	 If the corner box does not contain the letter "d", then route 
(j,k,g) Is active. Record this. If j=l, go to Step 8. 
Otherwise, go to the diagonal cell of row (j-L). Let k=g=j-i. 
Go to Step 7. 

8. 	 Tihe active routes belonging to the optimal solution were recorded 
in Step 7. The number of buses required by each route (j,k,g), 
Bjkg' can be read from ,eli (k,g) of matrix ((Bjkg)). The run 

time, T., can be read from cell (k,g) of matrix ((T.,)). The 
bast h a~way for route (Qk,g) should then be computhgand recorded: 

h = m ,nH } 	 (3.6)jkg ' B.kg 

Because the above procedure requires erasing and replacing worksheet 

entries, it is difficult to illustrate, so no example is provided. 

However, the reader is encouraged to work through an example, after 

working through the example of Section 3.2, as this will certainly enhance 

understanding the procedure. 
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CHAPTER FOUR 

ROUTES WITH OVERLAPPING SERVICE ZONES 

A common rout:lng configuration existing in Cairo is overlapping
 

routes. It is not uncommon for a long road segment to have three or
 

more routes covering its entire length. These routes have no explicit
 

boarding or alighting restrictions; hence such a route's boarding and
 

a]ighting zones may be considered to extend the entire length of the
 

route, and the boarding and alighting zones of overlapping routes
 

therefore overlap. To the passenger, overlapping service zones mean
 

a choice of which route to uso. This choice makes analysis of an over

lapping zone route system difficult, since it makes it necessary to
 

predict the number of riders using each of the overlapping routes. 

This prediction requires some understanding of both passenger behavior 

and the operating characteristics of an overlapping :oute system. 

Overlapping routes exist for three major reasons. The first is
 

that a corridor may have numerous uptoxin branches. If a route begins at
 

the extreme point of each of those branches, then all of those routes will
 

overlap along the length of the trunk. Secondly, a corridor may serve
 

more than one downtown terminal. To provide direct service in a corridor 

to all the downtown terminals, the routes must overlap within the corridor. 

Thirdly, short routes that are entirely overlapped by longer routes can be 

a more economical way of serving large volumes of short trips rather than 

having the short-distance travelers use a more costly longer route. 

Designing routes with overlaplping zones has three parts. First, 

one must choos, h confP iguration; second, ofle must predictthe irottitng 

which runtl each passenger wil. use; third, one) must allocate bunses to 
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each route so as to serve its passengers. These last two parts are
 

the number of buses allocated to a route determines
interdepepdent, since 

the serv ice frequency, whicn a f fec ts passenger pa t choice. Thus, the 

design process is broken into two stages. One stage is passenger path 

assignment and bus allocat [on, discussed in Sect itons 4.1 to 4.4 ; tue 

second stage, route configuration, is discussed in Section 4.5. 

One can view overlapping route system design from two points of
 

view: a system-optimizini; point of vLew that dictates passenger route 

choice so as to minimize total system cost, and a user-optimizing point 

of view that allows a passenger to select the path that best serves him. 

These two poilnts of view correspond to Wardrop's two principles of traffic 

assignment [Wardrop1. Since in real .life passengers are free to select
 

the route they prefer in an overlapping route system, the user-optinized
 

point of view is usually the correct one for system design; nevertheless, 

the system-optimized point of view is worth studying, for al. though the 

transit operator cannot dictate path choice to the users, it can use 

incentives to influence path choice, and the system-optlmized solution 

gives the operator a target toward which he can aim his incentives. 

4.1 Passenger Route Choice 

There are manv factors that can influence passenger route choice, 

each with (iffer ing degrleres of importance. In a corridor in Cairo, route 

choice is tnl ikely to be a ffected by differences in in-vehicle tine, so 

that the major fa ctors affect-Ling route choice areo number of transfers arid 

fare. For poorer travelrois, fare is a more imporltat fac tor ; for less 

poor travelers, numler of transfers is more infiuential. Al so when the 
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trip in the corridor wil. be followed by a transfer to another i[ne,
 

passengers prefer to transfer at the 
 terminal+ of the second route, if
 

possible, in order to increase their chances 
 of finding a seat on the )us,
 

otherwise they prefer to stay on the first 
bus 	 they board as .ong as 

possible. 

Using the above criteria, the set of acceptable paths that a group
 

of passengers of a gi[ven 
 Income class traveling from one point to another 

wi. l use can 1)e la rrowed. For poorer passengers, the criteila that
 

determine an acceptable path, in order of decreasing 
 Importaince, are: 

1.. El i.nlinalte paths that are not inimum pri.ce (i .e. fare) paths 

2. L{Iilmitiate paths thalt are not mnninmum transfer paths 

3. 	 IF a transfer must occur and it is poss Lb l to make it at the
terminal of t he 	 route to which the passengers are transferring,
el. imintoLe all paths that e,,taill transfers at points that are not 
terminal s. 

4. 	 When a Lransfer can be made at different louints along a route,
el. Lminate all paths except those tiaIt entail, transferring at the 
last possible stop. 

For 	 L.ess poor ti'avele rs, sitnply reverse the ranking of the first two criteria. 

Ofton the set of paths aicceptl: le to poor and less poor wi l. be iduntical 

since in Cai "4oup anp;yis extra fare with each transfer, mnaking the 

m i nnimt rat sfr pat l the minimum price pathIi. 

If by nplplyig thie ;bov' crriteria it is found Ihat a particula r 

origin-d,,st iil; t i,,n ()-)) pa ir a1d 	iinoe clIas ''omblu[ati'm has only one 

;,ccept;bl, p l)h, i1 ,, gll r2 ofthoi' . '' io 	 lass;that im(wpic trave]Iling fromn that 

,ori., in I" tLIi <I ,'s;I l i,ll ;i i Il d "n:pt ivv I l w;" if minlp tihan one 

.1ccc'tlI~ I ;111'i ";'' i ' , I 1445;,' I/p 	 tll '4 i ; , 'I ' ' V li Ii1 I 1,,w ." A,,.; i g.tliluy, 

'+'pt ,4Il I Ifh. XIA+ iq ,irit ' i gui f i, , , 5 I t I1)44 V o1 ii1 
vat ' Ii 14" I". Q As~ i l oh i I' sc nu hdv IIi 1ii mbI ~frd i ;ip 	 "niiII one2(II 
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it among a set of routes is more difficult, since it is not clear how 

it uill, in fact, distribute itself. It is the problem of assigning 

these variable flows that makes it difficult to plan service on over

lapping routes. 

4.2 System-Optimized Passenger Assignment and Bus Allocation 

As mentioned before, one can take two viewpoints in designing over

lapping routes. One viewpoint says, "lAec everyone choose their preferred 

path aid design the system around the resulting, flows to minimize cost;' 

the other says, "Let us determine wherc the people with a choice of path 

shou ld go and tlhen design the system so that the resu ting total cost will 

be minimized," This second view, the system-optm zed criteria, is dis

cussed in this sect ion. 

To minimize total operator cost in a system of overlapping routes, 

we should assign the variable flows in such a way that peak lcads on the 

longer routes are as sinai as possible, pretferring Instead to load the 

shorter, cheaper routes. The following ailgorithm may he used to assign 

passenger flows and al locate vehicl es to minimize systemwide operator 

cost. 

ALgorithm 4.1 

1. 	 Construct a load profile of the corridor. Note the area where 
the load is within 150 pax/hr of the peak load. Cal.l this 
the "peak load area." 

2. 	 Assign all captive flows to their noique paths. 

3. 	 .d ntI- the l ;k I l )f Pachl rI-iit as now lWaded. If a route's 
lwak 	 load i s sma ill, one shou ld crnsidcr el imin;,ting that route 
Muless itsi shrtr than routes that oveilap it. 
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4. Rank variable flows by Length, hegInning with the .ongest. If 
a v-erlable flow does not cross the peak load area, exc.lude it 
from the ranking. 

5. 	Beg inning with the lgest variable Flow and progressing accordin, 
to the :ankin g or Step 4, assign variable flows using the following 
rules: 

a. 	 If any or all of the variable Flow can be assigned Lo a route 
without increasing its peak load, assign it to that route. 

b. 	Tf any or all cannot be assigned as in Step 5a, assign it to
 
the acceptable path route with the shortest run time.
 

6. 	The number of vehicles that ,should.be al Loca ted to each route is 
then t.L.
 

L I 

1 60C 

where n, = number of buses allocated to line i 

t. = round trip time on route i (min) 

C = bus capacity (pax/bus) 

L. = peak load on route i. (pax/hr) 

I F integer veh i.eIe allocation Ls des[red, round nj to the nearest 
integer. 

The servic he;adwa y on route i will then be t.n.. Note that Ithe 

simplest consistent way to apply capacity consrai nts in Cairo's over

crowded bus svslpim is5to set C equl It, the average peak Load on CTA bus 

17)II:us , and ien tlotroh(l n, to the neares t integer, i.e. 4.2 becomesI 

14, 4.8 becomes 5. 

;'Iitat ion 

o1 buse-;ts. ' i h in keepin g with ope)tra toil: 

'l'hie bus,; Io foulnd by al]Igor ithm (4.1) uses the l east number 

l I ils.von'e rnin g vehicle 

captac(ity aIndl withI II svniger it' Iit Iins "f avtee1 [:1)1 pa ts. Hlowever, 

it is unre' I isl m' inI llhi it s la1t1.o:; 'tm wit I ilmor, 1 lll011ono acceptdeie 	 r"; 

aleI pa iI I mc'il chi~f (it pathI. ItIanm opetratIor ilphIlnitmI an al I otat Ioil 

round ;l ir I ithill, le w(lu. I I iI;ifinltI sI11' i V ln, ; 'It)V( t t 'owdc ol 

(mrn Vl e .nIand 	ot t, flt Ii d ,a; vri b;lh Ilow 'Na; ngam ;t 't it l ,ro t. p":Ilh 
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than 	 those to which the algorithm assigned them. 

4.3 	 User-Optimized Passenger Assignment 

While we can be quite confident in laying down the criteria for 

acceptable paths, it is clifficult to predict accurately how variable 

flow passengers will distribute themselves among the acceptabl.e paths. 

From the passenger point of view, It is quite simple: board the first 

bus that comes which belongs to an acceptab Ie path and has room. When 

passengers foll ow l, rule, what fraction of a gtwyn variable flow can 

be expec ted to board a route on an acceptable path? 

The answer to this question dependls on the distribution of bus 

inter-arrival times and whether there will always be room on the bus. 

Two distributions are studied in the literature: deterministic inter

arrival Limes and exponentially distributed arrival times [Lampkin & 

Saalmans, Clriqi & Robillard]. in Cairo the assumption of exponentially 

distributed arrival, times seems more plausible. Uncler this assumption, 

and assuming there is room on every bus for passengers to board, a 

route's share of a particular market is given by: 

P - i 	 (4.1)
E q. 

jCR J 

=where P.
I 

fraction of a particular variable flow that will use route i 

q: = frequenvy on rouitie i 

R = set of acCeuptable routes 
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Equation (4.1) is called the "frequency share rule" of passenger
 

assignment, since each route's market share 
[s proport ional to its share 

of the total frequency offered by all. competing routes. 

If we want almost all passengers to be abl.e to board the first 

acceptable bus that comes to their stop, 
then the bus allocation to each
 

route, with the resulting frequency on each route, must be such that the
 

capacity provided on each route is great enough to carry the l.oads that
 

would he expected if all variable flows divided themselves among acceptabl
e 

routes accordi ug to the frequency share rule. Finding such an allocation
 

is an equilibration problem, since any bus allocation 
implies (by the
 

frequency share rule) a passenger assignment, which in turn demands a
 

bus allocation that provides adequate capacity. 
Many allocations will yield
 

an equilibrium; we would naturally like to 
find the equilibrium that requires
 

the least number of vehicles overall.
 

Han proposed the fol. lowing algorithm for finding a near-optimal 

bus allocation that is consistent with the frequency share passenger 

assignment ru.e.
 

Algorithm 4.2
 

1. 	Assign captive flows to their unique paths.
 

2. 	Allocate buses to each route so 
that just enough capacity 
is provided to carry flows assigned i.n Stop 1. 

3. 	 Assi. variable Flows according t:o the frequency share of each 
acceptable rou te. 

4. 	 Al Iocate busess to eaIh route sto t:hat just enough capacity is 
plrovidcld t" car v flows as;5ig,,ned in S teps 1 ancd . 

5. 	 If llwcloI; lq ; ulloc 
 oru Wltlc 4 dulos not differ firo the 
prviol; al local ion, SlP; othlnrwi' go to Step 1. 
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4.4 	 Application to Cairo
 

The two algorithms (4.1 and 4.2) presented in this chapter were
 

applied to the Shoubra corridor in the North of Cairo. The Shoubra 

corridor is bounded to the west by the Nile River and to the byeast 


the Cairo/Alexandria Railway Line. While the corridor is served 
 by
 

buses, trains, and ferries, this study focuses on the bus service only,
 

since 	buses provide the bulk of the public transport service in the 

corridor. This corridor is typical of the rest of Cairo with very 

high 	population densities and di.tinct activities scattered throughout. 

It is served by 34 bus lines on which more than 200 buses operate with 

a great deal of overlapping services. 

Initially the set of bus routes was converted into a network of nodes 

and .inks and an inter-nodal demand matrix was determined from the 1978 

O/D 	 survey. This involved splitting the traffic analysis zone trip 

volumes into smatler units, so that trips could be more accurately assigned 

to the appropriate bus lines. Appl. ication of algorithms 4.1 and 4.2 

resulted in allocations of buses to routes consistent with system optimized 

and user optimized assignments. As expected the system optimized required 

fleet size ws sm.'I er than the user-optimized fleet--in this case the 

difference was about 5% fewer buses for algorithm 4.1. 

There were substantial differences between the actual allocation 

existing in 1978 and the al locations resulting from the algorithms for 

many lines. l owever, it was not possible to try to implement changes in 

This appl i raion is described in deta il in "[ Is Allo cat ion Procedure 
and its Appl ivat ion to Shioubra Corridor" by A. E.I-IHadawy Taha. 
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allocation of buses based 
on this analysis because of important changes
 

in Shoubra since 1978.
 

This ap.plication did show that both algorithms can 
be applied manual ly
 

to a large network. Building on this experience, the next section suggests
 

a comprehensive approach to bus allocation in 
the case of overlapping
 

routes.
 

4.5 Suggested Procedure: A Compromise
 

Neither the system-optimized nor the user-optimized allocation is
 

fully appropriate for Cairo. The system-optimized allocation is inappro

priate because it asstiumes that people will use routes CTA wants
the them 

to when, in fact, they won't; and the user-optimi.zed a.location is inappro

pr iate beCiaurise the CTA is under no obligation to provide enough space to 

allow passengers to ride whatever route they want when they have other 

acceptable routes avai.lable that are less costly to provide service on. 

A compromise is apl)ro)priate: one in which passengers choose their routes 

freely, and then move s toward the system-opt imized allocat ion by trying 

to inf.uence lpasselligers to rise less costly routes. IHow far toward the 

system-optini.zed all.Jocttion the CTA can move depends on the effectiveness 

of tihe incentives and disincentives it appl ies to inrluence passeng-r 

route choice. 

Wha t kind or( act can talkeI ions the CTA to influence passenger route 

choice? 'ire s piirir is bi allocatlion Sull)se the uiserlest liri. is i tell. 

opt inized ai I Wa ('ii Icion a l ()1"buses on Route 1, and ti svsten

oPt mitrii l ion caills buses.d ,t Ilo for 
 If Route I is assi.gnd ) buses 

;iilnd l -; do I ch i t ir outile di,i ir the MZ(il ro iip' r-oipl Ui 

s(o I'li i l, f"or~ul, w1 h ini I evP'ru ii'.I 1 m' ' rovnin 'lTiis cl'erowdiing will inlu ence 
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variable flow passengers to use a different route. If at the same time 

there is an overlapping, but less costly Route 2, whose system-optimized 

allocation is 7 buses and whose user-optimized alloco'zion is 5 buses, and 

this route is assigned 6 buses, it will be undercrowded if passengers don't 

change their route choice, influencing passengers to use Route 2. By 

assigning 5 buses to Route 1 and 6 buses to Route 2, we are both influenc

ing passengers to move toward system-optimized passenger assignment, and we 

are moving the bus a llocatiol toward the system-optimized bus allocation. 

However, tiits kinid of incentive must be used carefully, for in allowing 

overcrowding on a route one will not only be influencing variable flow 

riders to use a different route, which is good, but one may also be imposing 

an unfair hardship on captive fl.ow riders who may be unable to board their 

route because it is overcrowded. In the morning peak this kind of incen

tive will usuallv work well, since most captive flow riders will be on 

board beffore tile bus becomes overcrowded, and the crowding wil.l primarily 

affect vanriable flow passengers. In the evening peak, however, the over

crowding affects variable flow and captive flow riders equally, so that 

the a llocation in the evening peaks should probably lean more toward the 

user-oprimized allocatil while the morning peak allocation can lean more 

toward the sysqtem-"pl imized allocation. 

Tlhere are other disincentiyes that try to influence variable flow 

passengeri- s 10 st' a less tcostly route w ithout adversely affecting captive 

flow ,Rs. n,,rs in the vvengi o peak. In Cairo, outbound radial routes 

ar, of ten fillpd at ti,, ,l(ownlown te lrminal. If the CA wanted to kee ) 

variable flow passengrs From usil g a rou te, tihecy culld make that route's 
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stop within the term[nal as remote as possible, or even have it stop
 

outside the terminal. (Captiye flow passengers would then he able to
 

board, but variab le flow passo:gers would prefer to remalr in ii the 

center of the terminal where they would be more likely to catch buses
 

on other acceptable routes. 
 Then if the route did not have a Layover 

in the terminal., but picked up its passengers and left inmediately, the 

variable flow riders would be unable to board it. 

The CTA might use other incentiwyes and disincentives to influence 

people's route choice to move toward the system-opt imized passenger
 

assignment. Using proper judgement, it can apply these incentives 
to 

routes as a ppropriate, and move the bus allocation toward the system

optimi.zed ,l loo'ation. Then it must Judge the effectiveness of its incen

tives by monitorin g peak loads on the routes to which disincentives have 

been applie_d. If those routes are overcrowded to the point that captive 

flow riders are being hurt, then the allocation must move hack toward 

the user-optimi;,ed a] location. If those routes are a little more crowded 

than normal, but operat ions are going smooth l.y, the allocation should 

remain uhanged. If those routes are just crowdedas or less crowded 

than normalI, then the CTA cain con t inue mov ing toward the sysLem-opt imized 

alloca;rtion. in a stabO.e soluntion it should be expJected that the longer, 

more costly routes will be a itle overcrnwded, since t.Llis will help to 

Intfuelnce varia;ble, flow riders to ue a chc:p,er route,; they should not 

be s5)ove ro' wdel, hIowweVor , {La opera ti orIs suhl as fare col.l_,ction are 

undulv hindlred, "r s ;"ht 1,tive flow rider, n;re often unable to board. 
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4.6 Designing Overlapping Route Systems 

The previous sections of this chapter have discussed how buses 

should be allocated in a set of overlapping routes. Now we raise the 

question, how can we find the best design of an overlapping route 

system?
 

The Cairo transit system is already full of overlapping routes,
 

many of which exist to provide direct service between outer branches 

and the multiple downtown terminals. These routes should probably be 

kept unless a route's ridership is primarily made up of variable flow 

riders who would use less costly routes if that route were eliminated. 

The primary design issue is adding short routes in corridors whcre long 

routes already exist and trying to influence riders to switch from the
 

longer routes to the shorter routes.
 

Addi. ng a short route in a corridor is a potentially useful, strategy 

when the loads on rou tes in the corridor are considerably higher 

over the inner segments of those routes than over their outer segments. 

By examining the load profiles of all the routes in a corridor, one can 

see whether there is potential for introducing a short route. If there is, 

one should choo&se (by juddgement) its configuration or a few alternative 

config,graLtions. One should then execute the system-optimizing and user

optimizing lus alloc ati prolce(dures. Then one siould decide which passen

ger route c(oice inmenitives can be appl ied , est imaute tiheir effectiveness, 

;i( move frIn the mser-opt imie( alI(cation in the dhirection of the system

optimized a1I(,cat ion nio ,accird;m',cc wi tim the pIredicted effect vness of 
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the route choice incentives. Then one can evaluate the new design 

with its vehicle requirements and passenger level of service, and com

pare it with the existing system and any other alternative designs, and 

choose the best one according to the CTA objectives and constraints. 
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CHAPTER FIVE 

JOINT DESIGN OF EXPRESS AN]) LOCAL ROUTES 

Express routes have three important advantages over Local routes.
 

Since they carry passengers from ther orl[gins to their destinatitons 

more 	 quickly, they offer the operator a reduction in vehicular require

ments, and consequently, operator cost. For the same reason, they offer 

issengers a better level of service. Finally, because oil their , pec[al. 

nature, operators will "suall.y find it easier to charge a higher fare 

for express routes, and thus they can increase revenue.
 

In a system I ike Cairo's, virtually all express route passengers 

can be expected to be passengers diverted from local routes. Thus, the 

demand data needed can be obtained from counts on local routes. It is 

important to design jointly express routes and local routes that operate 

in the same corridor, since the introduction of an express route will 

affect demand for nearby local routes. 

The design principles for express routes are:
 

1. Estimate the market that the express route will capture. 

2. Adjust service levels on nearby local rou tes to reflect their 
loss 	in r idership.
 

3. Consider providing a zonal. or overlapping system of routes for 
both 	the express service and the local service.
 

3.1 	 Expr..; and Local Zonal Service with Exclus ive Boardng and Al.IghLting
Zones 

3 lora ser cv[ (. 

uxcllms ivp cdi ailt; l ;(l i ihg zones. The :s;dmo, prorce, irt, t)rers ntLe( 

(:hapli r showed hot, zonal I o l]. (I he d(es i gned wit h 

in Sutei on 3.1 cn he used for desliegning ex)ress service. The Issues 
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then are: what wil. be the service area (boarding area inbound, alight

hng area outbound) of tiie express route, and wtat share of the transit 

market will it divert from loca routes? One can simply try a number 

of a] ternative express servi.ce areas, estimate the ntrket share, and 

design the express and local service for the resu.l ting demands. A 

more foirmal rel ltInent o 1 this sutbject is found inl Furth's thesis. Since 

in Cairo i-r s. un Like lv ttaLt local zonal serv ice wi tli exclusive boarding 

anI al ighti ng zotltS will e i1) 1itntnted ii ;I cor- i dor along with express 

servi ce, thi s str teg)y w il receive li) i-or at Lelit ion. 

5.2 Ex-press and Overlapping Local Routes 

The most L ko IY i1 ) 1eltAI'Itt iOll of express serv ice in Cairo is in a 

corridor that a I read, has over Iapp i g I ocal routes. The design procedure 

is then : 

I. 	 Suggest alterna t ve express service areas. Analyze each 
separa tel v. 

2. 	 Estimate the market that can be captured by all exT)ress route (or 

a few express routes) in that area. If it is below a certain 
th reshoI d, an express r t,e i11, tecollonl i ca I If :it :is more than 

tlic'tl 	 "Is great ;as the tlreshiolld, consider srving that area with 
two or tltmf, r,'s rou tes. The final product of this stel) should 

be tto !;IvctL(s) of ti e .prss rlte(s) with its (their) service 
2,rea t;In;iii Isft t I (Il-dchmlmd id. Fo)r ia clh propos ed express rit te to be 
vialbl e, its estinni. d demiitid Imust Ii e above the thresihold. 

3. 	 I'; t i mate thherim Liies 0 t prti pocsed routes , and compute the 
uniumber ()I vehicles needed, ihi-ch is 

t. d 
fi0C 

where 11. is the iltinlier of buses jit(ICre oll expresq -,Iout(, L (round 

to the ma re,;t: in t e ) 1r. ii, theUs tiavy d it-oct i oii demand for 
route i (sl ) , is thet/r round t rip on I (In in)o. t int route 

antd C ,; [t. its il ; ),.i t % . 

http:servi.ce
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4. 	The number of passengers diverted from each local route shouId 
be subtrac ted from the peak load of that .Local roite Lo estimate 
that rfute's new peak load. The number of buses assigned to 
each local route slould then be 

Li.L.1. L 
i1. 	 = 1. 60C 

where 1,, = reised peak load on route i 
1 

Repeat Step 4 for every local route in the corridor.
 

5. 	 Sum the number of buses required on the express route(s) and on 
every Local route in tlh, corridor. Compute any other desired 
measures, such as predicted wait time, in-vehi cle time, and 
revenue.
 

6. 	Repeat Steps 2-5 for each alternative express service area. 
Uslg die measures of operator and p;isengeri cost coiiputed 
in Step 5, select the best alternative in accordance with the 
CTA's objectives and constraints.
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CHAPTER SIX 

INTERCORRIDOR ROUTING IPROVEMENTS 

This chapter discusses ways to improve the efficiency of the Cairo
 

transit system 
through routing changes that involve more than one corridor. 

Two types of intercorridor routes can be considered: crosstown routes,
 

which join two or more corridors without traversing the downtown, and
 

through routes, which 
 connect two corridors through the downtown. 

6.1 Crosstown Routes 

In the absence of a crosstown route, passengers traveling between
 

nearby corridors must use a radial ti get
route downtown and transfer
 

to another radial route to get to their destination. For the passenger,
 

this path is without question 
 inferior to a direct trip on a crosstown 

route. For the operator, 
it can also be more efficient to serve cross

town trips on crosstown routes. 
 If the passenger must use two :iadial 

routes, he will increase the peak load on both of these routes, requiring
 

extra capacity on potentially long, expensive routes. he a
If uses cross

town route instead, he will be on board 
for a shorter amount of time, 

lessening the chances that he will increase the peak load; and even if
 

he does increase the peak load on the crosstown route, the extra capacity 

he reqtK-es will be used more efficiently than extra capacity on a radial 

route since crosstown routes don't have the severe directional load 

imbalances in peak periods that characterize radial routes, meaning that extra 

capaciLy on a crosstown route can inbe useful both directions, not just 

in one direction as on a radial routit. 
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To iden tifv demand for new crosstown routes, one needs an 

origin-destination matrix of I inked passenger trips whicl cannot he 

derived from route on-off coUnltS Of pOilt coUn'ts alone. The on-oard 

(i igin-destination survey performed in Cairo in 1978 is a useful source 

of data on linked p)assenger trips. 

(,iven a zonal or igin-dest ination matrix of passengers who currentLy 

inust transfer beOtweOn two or l)erol utes, neOW FOltes canl e planned to 

reach t:hese markets. The procedure for- p.laninfg a1 newlroute is heuriscic, 

relying lheavilv on the p anner's judgemen t. 'l'his seems t:o be more 

efftct:ily than one relvi;ng on extensLve compuitation using a computer, 

s ice r,(uL i hg pro bl 011(5re very comlex fnathema LLtial Iv.a 


The sggested prolcedFure given below ilncl udes both route layout and
 

bus 	allocat ion.
 

A. Route la.,ou t 

Ste 1. Select the zonal pairs whose transfer volumes exceed a certain 

threshold, say 75. 

Step 2. so a map, color code these zone pairs accordingm to the following 

gu 	i~ll1nes: 

Zoles of e'a('h Izone pair should have a coditng tilhat isa. 	 The two 
identi al'a;inldlifferent from that of every other zone palir. 

1). 	 The C',di n, Could .1iso carr' infornation on the magrnitude of 

the frin,;fer volume'; g.g. use' triang les for volume-s between 

A d 50, , ircl cFilr 11 -250), and squ[aresifor ' 250. 

S top 3. lles i o tLh ' ,',,: : 
F,'itU. ar'c 	 a d .e,"f In,'m.. s q in dn1C( with kn owl 

t[I""' 1] I F 51 ' I 5 to!('Z(iii' ' 11l " 

that LI 

of[ tLii' U S . )I ) ,,liniie ig lt ie l ii' l ' pI);~ F d(-ile 

lilt' ':, ,':;[ ]' l 0b' Frf rrans ' rs Note hoL)1 

the ei,,in ', ., ill ' afno l pair must 
to suc '. e;.i ' p1 umllew 

and L inil,,m ( a ne' l e inzlrded 

to IrLin . a ' I , ire Itoflie Iit' t\ i() Ill F zone
('v',l,51 1(1in)', 


Ihe i l s b'' 'd by ,lIIowilg 

'In ;'sg:; I is 
p.i r;. lii' . 1 '.'uu t'" Ina", f,' il it itLa the 
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a. 
To narrow the scope of the problem, work independently on smalle rsectors of the city, e.g. look only at 
zone pairs contained w JliinShobra and Giza in designing direct services from Shobra to Giza.

it will prolably be useful to have a Separate map for each sect.r. 

b. If ime coding carries informatLion on the s ize of transfer volumes,
give the 
zone pairs with higher volumes greater priority in laying 
otlt the new roltes. 

c. To get started, it will probably be helpful 
to select a zone paLr
wi tLh a large tran sfer volume and designg the layout around this
pair, adding other zone pairs to the route as sees reasonable
witi [n the constraints of using aceptable roads 
and avoiding 
circui tous routing. 

d. Keep in mind that a Lone 
i.3 an area, so 
that a route passing through
t may not serve the entire demiianiid in that zone. Sitmilarly, part

of a zone 's demand may be served by a route that does not traverse 
it, but traverses a neighboring zone. 

The route la.youts designed by these first 
three steps are not guarainteed
 

to be optimal, amd 
 require creatti.vty and intelligence on the part of 
the
 

analyst. h ,uwver,we 
bel ieve that the coding scheme recommended above will. 

pr vLde the best visual aid to the analyst in designLng routes that serve
 

the zone pairs with the highest transfer volumes.
 

B. Bus Al 1ocation
 

Given a new route, the main problem is to estimate its ridership, and 

thereby dCLe rinne 
the frequency and number of 
buses required to serve this
 

demand. 
 It is also important to estimate the impact on routes currentl.y 

serving these demands. 

Step 4. lieterm ne the fare structure of the new route and also estinmate 
its round trip time. 

Step 5_. (2,,;.idpin1, all the zone pairs served by a rou te (not .just those

o()let] ( the ma;pt), and;li ti)k g into account tile inifl.ience area of 

tle ro t in 'ac h zon(e, ( t[ilma hitte potei t ial miiiihc of travelers 
bhetweei ec zoi, pti r ,whi wi I thiI e serv ice based on tie 
mat wi triii;fi -l,n,. Ii i1r; t-c the pk;l: hour. 1 It i- ainlV Zone 
Sl:lr 1!1, , j ,i 'rIf') it ; illore t lhII I ,t1arc ft r liet rip t I1 r v,,,ioi et iImarp theit iii mht of, ; psith, i. r;i I l r! Whio ai-e 
,-s 1,'.' ih tt','-' il ii itlinot. list '.ieWe [ -heVcnsI ' vice, aind 

]di t I i ll. 
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Step 6. 	Based on the volume computed in Step 5, estimate the volume at
 
the peak load point, VI. If it does not exceed a certain thres
hold, say 400 per hour, eliminate this route froim consideration.
 

otherwise estimatle thef requiency of the new Line as VI, where
 
C 

C = calitv of a bus (e.g. L0) pax/bus) and the threshold 400 
is based on a maximum headwav requirement (e.g. 15 minutes). 

Step 7. 	We need to know from which I i ues; the trips now served will be
 
diverted. Some of this infformat ion can be found in the 1978
 
survey, but mav rot be readilv a;vailable; at any rate, s one must be
 
estimatted based on ojudemunt:. sing the rules of transit trip 
asN:-i gnment described in SectionA.'I, the trips diverted to the 
new rloute an D all "cated among the exist ing tines. For each 
zone p:air, compute the numbr of trips diverted from each rele

vant i ni. 

Step 8. 	(ompte tire dcrease in requied capac i tv on each affected exist
ing linc (i. e. tire d ifference between the former and new peak 
load pint volurmes). Comput e the reduction in number of huses 
nete'hed on eachr line due to this ceduic tion0 in required capaci ty. 

Step 9. 	 'lhe red rion in nnllir of buses needed oin other lines sho, ld 
e:"''c'e itire numb"er of buses needed on tihe new rotut ictutse the 
demranods ice se rved mrel. (I" I I- ems myocurIcc r!'trv. obI rav however, 
due t.o the in'egcal nature if buses (e.g. it mrray not he possible 
to take I/4 of a bus from each of 24 liner to get 6 buses for a 
new l ire). The ilIia iI locatLion rrf boses therefore relies on 

Lhe plnner', julgterm{I ; tire corriputed albove. As wellarnd numbers 

as tiWe e:.: stelice of new or surp ils hoses.
 

The reail locaLion iprocedure may point to a reduction in the need for buses 

on certain lines, while the p !,nner may want to leave the buses there. 

Neverthelesscoo, tihe redrction in number of buses needed should bie evaluated 

as a bernefit, sinice it will redure crowding aind/oriprovide some slack 

that will liteor be taken up by the needs, of other lines. Care Irust ibe 

taken that the lirtrdwyv on existing I irres do nont rise above Lhe pol.icy maximum. 

C. Eva luat ion 

The third part of tie procedure is tihe evaluation of the proprosed 

route and selection armirong them. Tir criteria for selet 	 be:eion should 
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1) A selected route should have positive benefits
 

2) A selected route should have greater benefi ts 
than that of
 
any mutually exclus:ive alternative.
 

The benefit neasures of a proposed route are the number of transfers
 

saved and the number of buses saved. These two facLors should be
 

weighed approrIaLtely and a composite benefit reasure 
computed for each
 

line.
 

If all routes are i.dependemt, every route with positive benefits 

should be selected. 
 If a number of routes are mutually exclusive, the
 

best alternatives should be selected. 
A problem occurs when routes 
are
 

neither independent, nor mutually 
 exclus ive, as illustrated in Figure 6.1. 

En order to avoid do1I.e count:ing benefits, such a set of interdepen

dent Lines must be analyzed and evaluated together, affecting Steps 5-8. 

Step I.(0. Among independent sets of mutually exclusive alternatives, 
select the alternative with the greatest benefits provided 
the benefit is positive; select 
no member of a set if the benefit
 
is not positive.
 

6.2 Through Routes
 

lhroughm routes are generally discouraged by the CTA because its
 

fare pol icy forbids collecti ton of fares that are commensurate with the 

long distalnce cverod by a through roimtc. By mlaking passengers transfer 

downtown hecwpein two radial routes, two fares canl he collected from 

P1ss-n ,lpr a trips fronmm ,'lkinug lonig one side of tile ci ty to anoither. 

However, Lth (-,a ter C;airo Bus (ompany ((CBC) hmas recenti lcreated a 

numller o1 Lhr"ig;h r"tLp; for which it is allowed to charge higlher fares 

(LO0 pl aL-'e.), ;and timr is 1 reasoln more tihroitgih routes iicould not h)e 

or
madli i'l of ti BC \.v;teli. 
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FIGURE 6.1
 

TWO INTERDEPENDENT ROUTES THAT ARE 
NEITHER INDEPENDENT NOR MUTUALLY EXCLUSIVE
 

ieoolI 
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Because through routes, where implemented, will usually have higher
 

fares, it would be unwise to assume that all passengers who now transfer
 

but could use a new through route to make their trip direct will switch 

to the new route. Furthermore, the large number of possible paths a through 

trip may now take (transferring at any one of a number of squares, using 

different routes to and from each square) makes it preferable to use 

data on transfer trips such as the 1978 O-D survey and to use the proce

dure of Section 6.1 to plan these new routes, considering the demand impact
 

of the higher fare in Step 5. 

Ignoring for a moment the fare problem, there is a way that the
 

efficiency of CTA operations could potentially be enhanced through the
 

creation of through routes. At present there are many radial routes 

originating south and west of downtown that pass through Tahrir Square 

and terminate at Ramses Square, while other 'adial routes originating 

north and east of downtown pass through Ramses Square and terminate at 

Tahrir Square. This configuration provides twice as much capacity as 

would normally be expected over the TahrIr-Ramses segment. By combining 

two routes of similar frequency, some operatLing cost would be saved since 

the Tahrir-Ramses segment would le covered only twice per round trip 

compared with t heccurr, n t four times (twice for each radial route). No 

extra passenger transfers would be required in such a scheme. The only 

problem withb thi:s scheme (besides the fare problem) is that passenger 

capacity on the Tahr ir-Ramses segment would le reduced. 
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CHAPTER SEVEN 

THE DESIGN OF NEW DIRECT BUS SERVICES IN GREATER CAIRO 

As discussed in the previous chapter, the introduction of new inter

corridor bus services, referred to as "direct service,"is one of the 

strategies available to improve transit system performance in Cairo. In 

this 	chapter the procedure used by the research team to identify new 

direct service opportunities is presented (it is a variant of the pro

cedure described in Chapter 6) and the results of the analysts described. 

7.1 	 Procedure Description 

The following procedure is adapted from the principles set forth in 

Chapter 6, the aim being not to eliminate any existing services, but 

rather to reduce the number of transfers between some origin-destination 

(O/D) 	 pairs in Cairo. The basic data used in this procedure is the matrix 

of the number of transfer trips at the interzonal level. In this case 

this trip matrix was derived from the 1978 CTA on board survey modified 

to account for demand growth since 1978. The procedure is as follows: 

Step 	1. Using the peak hour matrix (in this case the 8-9 a.m. period 
was 	 analyzed), list in descending order the top 20 subzones 
according to the total number of passengers who make trips 
involving a transfer. 

Step 2. 	 Select tlh highest subzone on this list which has not yet been 
considlered; thmis will be referred to as Suhzone A. Itentify 
all s"bzones havil more than 75 passengers per hour'-going to 
or from Smtzont A and list these subzOnes in tabular form. 

1-The wurl. summn/ri zo(d here is described in detail, in "Procedure to 
Identify New ir'ect Bus Se-vices in Greter Cairo" by M. El Hawary, 
F. Nodel-Iary, T. l'M&;i , a'nI A. MIomtaqr. 

This 'i ur was svolted based on experience and an examination 
of tihe 0/I) ifri. for L ,cansf-r trips. 
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Step 3. 	Mark Sub zone A and the associ I ted sub zones on a map with color
coding. From an examination of the map, identi fy ees of these
 
shxones which could form new direct lines serving Sihzone A.
 

Step 4. IdenLtirfv all the other suibzoes not listed in Step 2 hut served
 
by the new line. If the line p.Hscs near a shZone, " percentage
 
"t that shIIZone 's vnlme will be assumed to HelcLt tice
 
n Iw i ne.
 

Step 5. 	EsLtimate the potentilal ridership of each new line .v summing all
 
the transfer trips between the subzIones identified in Steps 2 and
 
4.
 

Step 6. 	To just ify establi ing the new direct I ine and to ensure adequnate
 
service frequenci(es the following ;ssimptions can he liade:
 

- The maxinmum acceptable mean headway in minutes, 

II - 1( minnutes 
niax 

- The nominal bus capacity in passeng;ers, k = L00 passengers 

If the maximum demand V on the suggested L1ine is gre;ater than or 

equal, to 	 (--I--- .k), then the, line is feasib lIe. [f this condition 

is satisfiedi . U V 600 issengers, proceed to) Step 7, other

wiSe retorn to Step 4 to invesLigate the addition of more subzones.
 

Step 7. 	Est imaLe the one way running time T for the new line using data 
gathered for the exist ing bus network. 

Step 8. Calcul ate the number of buses required to serve this line 

V , 
 2T
 
-
11 = - - X

k 60 

Insert the new line into separate ranking of all. new li noes 
la se d on the maximum demand V . Return to Step 4 or 2 as 
appropriate unt i I Al I (adf date L nes and the whole subzone 
Lit have been cons idered. 

7.2 Results in Ca irio 

The ipre' dleure desc r ihed in sect fon 7. 1 was appi led in Ca Noir makng 

use of the I197H O/I) survey rosul ts. It shiould( be noted that this p~roce~dure 

was des igned for manla I so l lti ) and no computers were used in tie Cairo 

application. A tota l of tweLntv-seven new direct li fnes werIe developed 
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in step 3 of the procedure, but these were reduced to thirteen through
 

the constraints in step 6. Each of 
 these proposed new lines was carefully
 

reviewed by CTA planners who 
 made valuable suggestions to improve terminal
 

selection and paths between terminals. 
 In some cases a new line was extended 

to end at a:more suitable terminal. 

After these reviews CTA implemented seven of the thirteen proposed 

new lines. All of these lines are still in operation showing high rider

ship and productivity. The remaining new proposed lines will be implemented 

when additional. buses become available. 

This experience supports the value of adding carefully selected 

new inter-corridor bus services in terms of improving vehicle utilization 

as well as improving the service provided to the public. The suggested 

procedure proved to be effective in identifying productive new services, 

although careful review and modification by experienced local planners is 

essential. 



-61-


CHAPTER EIGHT 

CONCLUSIONS
 

As stated at the outset, this research focused on just one aspect
 

of the public transport problem in Cairo; the development of improved
 

methods for bus service planning. 
 At the present time it is premature
 

to judge the success 
of these efforts, but certain conclusions can be
 

reached:
 

1. 	 Manual procedures have been developed and shown to be feasible 
to identify changes which might improve productivity, and in 
many cases service quality, at the level of the route, corridor 
and inter-corridor maiiets. 

2. 	 These methods are in general feasible with the types of informa
tion resulting from passenger, revenue, and ticket counts and 
are not dependent on expensive and time-consuming on-board surveys 

3. 	 Results of these procedures should be viewed as the input to 
a review process by the planning staff with the experience,
judgement, and local knowledge to identify weaknesses and suggest 
improvements. 

It is clear that the types of service improvements which can be 

identified by these procedures are not easily found by other planning 

methods, and that they do have potential for positively affecting public 

transport in heavily used, under-equipped public transport systems, such 

as Cairo's.
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