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ABSTRACT

This report summarizes the functional details of various computer-
aided methodologies developed by Stanford Research Institute to conduct
detailed analyses of blocking and train operations schemes and yard
operations. Technical details and User's Manuals for various computer
programs developed during the course of the project have been documented
separately as User's Manual for Network Analysis Computer Programs and
User's Manual for Yard Operations Analysis Computer Programs. This work
was done under Contract USRA-C-50042 for the United States Railway
Association to assist it in developing system-wide operating and manage-
ment plans for rail operations in the Northeastern and Midwestern states.
However, the methodologies and the programs described in this report can
be used for analyzing rail operations in any railroad network.
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I INTRODUCTION

Background

Under the Regional Rail Reorganization Act of 1973 (Public Law
93-235, Title II), the United States Railway Association (USRA) was

“to develop a system—wide operating and management plan for rail operations
- in the Northeastern and Midwestern states consolidating the railroad
networks and operations of several bankrupt railroads. A key element of
2this plan was to construct operating schemes for blocking railroad cars
~and forming trains, for routing and scheduling these trains within the
_network--both on rail lines and through railroad yvards, The railroad
considered has about 20,000 miles of track, part double track and part
single track. Approximately 40,000 cars are to be handled per day,
including both loaded and empty cars. The total number of distinct
origins and destinations considered is in the range of 500 to 600.

On September 27, 1974, SRI was awarded a contract by USRA to assist
in developing a preliminary plan for an operating system, using
relatively gross computer-aided analysis techniques. The first generation
of computer-aided methodologies and USRA's preliminary system plan
were completed in February 1975. The preliminary system plan was based
on representing the Northeastern and Midwestern railroad network, with
147 origin/destination nodes connected through 246 links. Results
based on these studies are included in USRA's report emtitled, "Preliminary
System Plan,'" dated February 26, 1975. While the development of preliminary
system plans was in its last stages, the USRA's contract with SRI was
extended to develop further analysis techniques, so that a more detailed
final system plan could be developed. Two parallel efforts were
initiated during the latter part of February. The first effort was
to develop more sophisticated computer programs to analyze the blocking
and train operation schemes in more detail by representing the network with
494 origin-destination nodes and 650 links. The second effort was to
develop a computer program to simulate the yard operations as realistically
as possible so that yard capacity, and ability to build enough blocks to
support the road operations plans, could be more realistically evaluated
and improved yard operations techniques could be developed. Both of these
efforts were completed in July 1975, This report summarizes the functional
‘details of various computer-aided methodologies developed to date.

Problem Statement

It is necessary to define the following frequently used terms before
describing the problem:




Node--a geographical location where a railroad car is loaded,
released for load, or received on the system; or is unloaded,
reloaded, or delivered from the system. The level of resolution
of a node can vary from individual shippers and consignees to

a large geographical area, e.g., a state. The level used in the
SRI model is a gathering point representing major interchange
points and the locations where local and industrial crews
distribute and collect cars from shippers with minor interchanges
being included as local cars to their normal serving yard,

O/D Traffic Table--a listing of all origin-destination node pairs
along with the number of loaded and empty cars traveling between
them on a daily, weekly, or monthly basis. The traffic used

in the SRI model is average daily traffic.

Network--a specification of how the various nodes of a railroad
system are interconnected. This is typically a list of links
of connected nodes along with link lengths in miles and average
link transit times.

Block--a group of cars that travel as a single entity between
two nodes. A block can be a pure block or a mixed block. A pure
block contains only cars going to the same ultimate destination.
A mixed block contains cars going to a common intermediate
destination, where they will be switched and may become part

of another bhlock.

Blocking Strategy--rules for forming pure and mixed blocks at
each node of the network, based on network geometry, originating
and transit traffic, and designer's judgment,

Train--a combination of one or more blocks having a common inter-
mediate or final destination.

Train Routing and Scheduling Strategy--rules for forming trains
and assigning routes and departure times to each train.

Clasgification of Nodes--the nodes in the network have been grouped
into the following classification to aid the designer in preparing
realistic blocking strategies and to simplify the caleculation of
train movement times by assigning average yard delay times to

each type of node.

-~ Class 1--is a junction point that does not originate or
terminate traffic, or switch cars. Blocks may be passed at
a Class 1 node and trains may change routes.




Class 2--a node that originates or terminates flows but does
not switch cars. This type of node has also been referred to
as a nontransit node (yard) occasionally in this report.

Class 3--an ordinary transit yard that switches medium volumes
of cars as an intermediate yard in addition to originating
and terminating traffic flows.

Class 4-- a major system transit yard that switches large
volumes of cars and may have Some originating and terminating
traffic.

With the above definitions, the problem of developing system-wide
operating and management plans for rail operations can be stated in terms
of the following subproblems:

Establishment of demand data, i.e., an O/D traffic table giving
the daily movement of freight cars between all 0/D pairs.

Establishment of a representation of the existing network of
railroad tracks and yards.

Development of strategies to form blocks of cars at different
nodes (i.e., originating points, intermediate yards, and major

system yards). -

Development of strategies to form trains consisting of several
blocks of cars and routing them via suitable links.

Development of efficient yard operating strategies.

The overall objective is to develop optimum block and train formation
and routing strategies which are optimum in a suitable sense. Some
important factors in comparing various alternatives are:’

Operational requirements at various yards, e.g., the number of
cars to be switched and blocks to be made at various yards.

The number of car switchings required.
. Road statistics, e.g., link loadings, car miles, and ton miles.

Calculations of the necessary data from which to compare various alternatives
of blocking, train formation, and routing for the large network

considered, and detailed yard analyses are nontrivial tasks. A combination

of human judgment (to generate suitable practical alternatives) and computer
aids (to do repetitive calculations) is required. A summary of the method-
clogies developed by the SRI-USRA team to conduct extensive analyses of various
alternatives is presented in Section II.
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II SUMMARY OF THE COMPUTER-AIDED METHODOLOGIES

The approach used by SRI-USRA team in developing the system-wide
operating and management plans for rail operations was to use rail
operations experience to make the more complex or judgmental decisions,
while using computer programs to do the extensive, repetitive calculations

eeded to compare various alternatives.

The overall methodology can be divided into three processes: The
first process is to analyze and develop blocking strategy for each node
(yard) of the network. The second process is to analyze and develop
train and network statistics. The third process is to perform detailed
anlyses of selected yards. 1In the following list of eight steps, the first
four steps are associated with the process of blocking strategy analysis
and development; Steps (5) and (6) are associated with the process of
analyzing and developing trains and network statistics; and Steps (7)
and (8) are related to detailed yard analysis. Figures 1, 2, and 3 respectively
depict the flow diagrams of these three procesgses in which the role played
by the designer (man) and the role played by the computer (machine) are
clearly defined.

(1) A suitable representation of the railroad network is prepared,
e.g., to develop the preliminary system plans, the bankrupt
railrocad's network in the Northeastern and Midwestern states
was represented by 147 nodes, 23 junction points, and 246
links. Later, a more detailed representation with 494 nodes
and 650 links was developed to conduct more detailed analyses
and to develop the final system plan.

An 0/D table tape prepared by USRA, giving monthly traffic
demand between various 0/D pairs is read and is converted to
an average daily traffic 0/D table by a computer program
developed by SRI. The program generates a permanent 0/D

file and prints out an 0/D table giving average daily traffic
flows for the designer as an aid in developing blocking
strategies at wvarious nodes.

The designer manually prepares a preliminary blocking
strategy at each node, based on experience and study of the
network and 0/D table. In a later version of the program, a
preliminary blocking strategy, based on some heuristic
rules, is generated automatically. Further discussion on
autcomatic generation of blocking strategy is included in
Section IV of this report as well as in the '"User's Manual
for Network Analysis Computer Programs". The specification

of blocking strategy at each node essentially consists of:
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Specifying block destinations of various blocks to be
made at the node

(b) Specifying the destinations of other groups of cars
to be included in each block.

As an example, the designer may specify that at Node 1, he
wishes to make a block destined for Node 53 containing cars

for Nodes 53, 54, 74, and 89; another block destined for

Node 87 containing cars for destination Nodes 87, 90, 91,

..., ete. It is to be ensured that all destinations are
accounted for. Note that the designer need only specify the
destination of nodes incliuded in each block. The actual

number of cars in each bleock is automatically calculated by
program based on the O/D table as discussed below. The

details of the exact format to specify the blocking strategy is
included in the User's Manual for Network Analysis Computer Programs.

The specified blocking strategies for all the nodes are
inputted to the Blocking Strategy Analysis Program, which

uses the specified strategies along with the O/D file stored

in the computer. The program is designed teo calculate the
number of cars in each block by adding not only all cars
originating at the node for the destinations included in the
block but also the cars that were sent to the node by other
nodes through the specified strategy. The specifications ot
blocking strategies at each node in combination with 0O/D table
uniquely determines several operating characteristics through
simple mathematical relationships, e.g., number of car
switchings at each node, number of cars switched 1, 2, 3,

..., times, blocks and block sizes made at each node, and total
system switchings. These data are used to analyze the proposed
blocking strategy. Sample outputs of this program are included
in Section I1I. The program also generates and stores a block
file in the computer to be used with train formation and road
statistics analysis program. The designer can modify the blocking
strategy, using an editing program, and rerun the program many
times to accomplish a satisfactory strategy.

After a few iterations, when the blocking strategy has been
refined to the satisfaction of the designer, e.g., the

yvard loadings are satisfactory, the number of car switchings
are acceptable, the block sizes are satisfactory, the designer
manually combines various blocks, generated by the proposed
blocking strategy, into trains and specifies a route for each
train. The designer may also specify the departure time of




 ”The'formats for specifying these data are
luded in Section III of this report and also in the User's
Manual for Network Analysis Computer Programs.

. These manually generated train routing and departure times o
‘data are then applied to the "Train Formation and Road Statistics -
Generation” program. The specification of train composition
{blocks in each train) and their routing in combination with
network details (link length in miles or travel times) uniquely
determines several operational characteristics through simple
mathematical relationships, e.g., train miles, car miles, ton
miles, and trains per link. These operational characteristics
are used to analyze the proposed train formation and routing
strategies. The designer can modify the composition, routing
and scheduling of trains and rerun the program many times to
accomplish a satisfactory set of trains.

The arriving train data at the yard to be analyzed in detail
(e.g., cars brought by various trains for different blocks to

be made at the yard) are established by suitably rearranging

the results of blocking and train formation strategies through

a2 computer subroutine developed by SRI. These data are inputted
to the yard analysis simulation program along with the specifi-
cation of yard geometry, humping rate, crew numbers and their
processing rates, and so on.

The yard analysis programs generate many operational data,

such as crew utilization, hump utilization, class track
utilization, and average car transit times. The designer

may modify data such as the humping rate, seguence of humpings,
class track assignment, and crew numbers, and study the effects
on yard operations until a satisfactory operation is accomplished

The detailed yard analysis program is essentially an independent pro-
gram. The only interfaces between the detailed yard analysis and the
train statistics and blocking strategy program are the specifications of
arriving and departing trains, and the block specifications. If the detail
of arriving and departing trains and their block contents can be specified
by other sources (e.g., from actual field data), the programs can provide
the yard operations analysis in the same manner.




III EXAMPLES OF INPUTS AND OUTPUTS OF VARIOUS PROGRAMS

In this section we present several examples of inputs and outputs
associated with various processes and programs to elaborate the general
explanations given in Section II. Examples will be presented in the
same sequence as used for explaining the various processes. It will
be useful to refer to Figures 1, 2, and 3 as needed.

A, Blocking Strategy Analysis and Development Process

1. Program Inputs

a, Network Definition and Network Data Input

There are two types of network definitions: first, a
graphical representation of the entire network; and second, a specification
of nodes, links in terms of connected ncde pairs, link lengths in miles,
and link transit times in minutes. A graphical representation of the
network used for developing the preliminary system plan is shown in

Figure 4. This network consists of 147 nodes, 246 links, and 23 junction
points. Nodes are identified by unique numbers from 1 through 147;
junction points are identified by unique numbers from 160 through 182,

The real names of the nodes are also indicated on the map. A graphical
representation of the network used for developing the final system

plan is shown in Figure 5.¥ This network consists of 494 nodes

and 650 links. PFor inputting the network details into the computer,

the nodes, links, link lengths, and link transit times are specified

in terms of node name, node classification, link origin, link destination,
link length, and link transit times. A sample of node specification input
data is shown in Table 1. A sample of specified link table is shown in
Table 2. This link table is a part of the actual link table used for the
network shown in Figure 4.

b.

0/D Data Input

The traffic flow between various origin destination pairs
is contained in a tape prepared by USRA, which provides the number of
loaded and empty cars and the associated net weight in tons (i.e., car
weight excluded) traveling between each origin-destination pair on a
monthly basis. A program prepared by SRI reads the tape, generates a
permanent file in the SRI computer, and produces a printout giving the
average rounded off daily traffic flows between various origin destination

*
Attached separately at the end of the report.
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SPECIFICATION INPUT (147-Node Network)

Node Name

Abbreviation

Roselake

Madison

Exermont

Paris

Terrehaute

Table 2

SAMPLE OF LINK TABLE INPUT

Origin Node

Destination
Node

Time
(minutes)

15
16
169
169
40
50
51
60
61
62
81
82

60

70
95
80

60
75
45
70

30
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pairs. Less than 1/2 car per day is rounded off to zero and between

1/2 and 1 is treated as 1 car per day. Average daily tonnage is
calculated separately and is rounded off in a manner similar to the car
count. Because of the independent calculation of daily car count and
associated net tonnage, it occasionally happens that the daily loaded
car count is printed as zero but the associated net tonnage has a small
finite value, e.g., refer to fifth row in the sample 0/D data printout
in Table 3, This is actually helpful since the designer thereby becomes
aware that some monthly traffic exists between the respective nodes.

Table 3

SAMPLE OF 0O/D DATA PRINTOUT

Origin| Destination T?zzife Loaded Cars | Empty Cars {Total Cars
6 1 55 1 0 1
6 4 491 6 2 8
6 6 1033 16 19 35
6 7 1012 14 0 14
6 10 3 0 2 2
6 11 67 1 0 1
6 15 203 3 0 3
6 16 180 3 0 3
6 23 108 1 0 1
6 39 0 0 1 1

45 24 69

c. Blocking Strategy Input

Blocking strategy input consists of specifying at each
node the block destimations of all blocks the designer wishes to make at
the node and of specifying all destinations included in each block,
Table 4 shows a portion of blocking strategy specifications for Node 1
of the network of Figure 4. Referring to Table 4, number 1 in the first
column refers to the origin node. The numbers 66, 39, 34, ..., in the
second column are the block destination nodes of the several blocks the
designer has specified to be made at Node 1. Considering the block
for destination 66 (Conway), the block will contain cars for Nodes 66,
71, 85 through 88 (a dash between two numbers means all numbers in
between are included), 103 through 114, and 90 through 97. Considering




Table 4

SAMPLE OF BLOCKING STRATEGY SPECIFICATION

Block Origin Block Destination Other Destination Nodes
Node Node Included in Block

NS ,/

B

1 66 71 7% B85 B8 103 =114 90 =97
1 39 48 50 ‘ :
1 34 37 65 67 =70 T2 =74

1 3

1 4 17 18

1 5 6 7

1 2

1 12 -15

1 16 22 =28

1 11 28 =33

1 98 <100 102 115 =122

1 124 =129

1 51 52 60 ~64 77 =84

1 130 =147

1 10 =1

the block for 10 (the last block in the second column), the ~1 sign in
front of this block destination is designed to indicate that all the
remaining destinations, so far not accounted for, are to be incliuded in
this block. This possibility of assigning all the remaining cars to a
certain block destination by simply indicating a -] sign is very convenient,
since otherwise the designer will have to write all the remaining
destinations. It also ensures that all destinations have been assigned
to some block. The blocking strategy analysis program is designed to
calculate the number of cars in each block at a2 node by adding both the
number of cars originating at the node and the number of cars sent to
that node by other nodes for the respective destination,

2. Outputs of Blocking Strategy Analysis Programs

The blocking strategy program, which consists of several sub-
routines, provides several useful outputs that the designer can study.
The designer can then revise the blocking strategy to test the implications
of various changes. Five types of data are provided:




. Individual flow handliings

System-wide car handlings

. Yard loadings
. Transit traffic in yards

Blocks and block sizes.

Individual Flow Handling Output

This output gives the number of times cars are handlied
(switched) before reaching a destination from various origins. The program
is designed to print any selected data specified by the designer. A

typical specification for printing selected data is shown in Table 5.

Table 6 shows a portion of the flow handling output associated with desti-
nation Nodes 32, 33, 34, 35, 36, and 37. It is assumed that cars are
handled once at the originating node, once at the destination node, and once
at each intermediate node (yard). Thus, considering the flows associated
with destination Node 35 (Grandview), all cars from Node 3 destined for

Node 35 are handied once at Node 3, once at intermediate Node 34, and once
at destination Note 35--i.e., three times., The numbers in the column

give the product of the number of cars and the number of handlings. The

21 cars from Nodes 3 to 35 were handled three times; therefore, the

number of car handlings from this flow is 63 as indicated. Similar

remarks apply to other flows. From this output, the designer can spot

those flows that are perhaps handled too many times. For example,

referring again to Table 6, the flows from Node 58 to Node 35 are switched
at three intermediate nodes before reaching Node 35, i.e., at Nodes 57,

49, and 34, The designer may wish to improve his strategy by checking
blocking strategies at Nodes 34, 49, or 57.

If the designer does not want a switching count at certain
yards {(i.e., in case the block is being delivered to an interchange

yard to be switched by other railroads) he may specify the node numbers
of all such yards as an input to the program. The program will not count
switchings at all these specified yards. fxact details of this feature
are explained in the User's Manual for Network Analygis Computer Programs.

b. System-wide Car Handling Output

This is a system-wide car handling output and gives the
total number of cars switched 1, 2, 3, ..., times. It also gives the
total number of system switchings and total number of switchings in all

intermediate yards. These system-wide figures are very helpful in comparing
blocking strategies quickly on a system-wide basis. A sample output is shown

in Table 7.

i6
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Table 7

SYSTEM-WIDE CAR HANDLING OUTPUT

CAR HANDLINGS FOR STRATEGY CONRAIL 2A=-85 12 FEB 75

TOTAL_CARS HANDLED 1423 TIMES 6774 13176 13752 3730 250 4

\

TOTAL MAMDLINGS = 90576
10TAL EXCESS HANDI INGS = 21978

According to this table, 6,774 cars were handled once (these were local

cars and cars that had nodes, with no switch counts, as the origin or
destination nodes), 13,176 cars were handled twice {(i.e., these cars went
directly from origin to destination), 13,752 cars were handled three times
(i.e., these cars went from origin to destination through one intermediate
vard), and so on. The total handlings 90,576 is the sum: 6,774 + 2 (13,176)
+ 3 (13,752) + 4 (3,730) + 5 (250) + 6 (4). Total excess handlings 21,978

is the sum: 13,752 + 2 (3,730) + 3 (250) + 4 (4) and gives the total

nuntber of intermediate yard car handlings.

c. Yard Loadings Output

This output gives the number of cars handied at each yard
as a result of prepared blocking strategy. Displayed are the number of
inbound cars, outbound cars, local cars, cars in transit, and total number
of cars switched at every yard. A breakdown of loaded and empty cars
is also indicated as well as the weight in tons, A sample output showing
loadings of some selected yards is given in Table 8.

d. Transit Traffic in Yards Output

This output gives the number of cars in transit at various
nodes with their final destinations and the next intermediate yard (if
applicable) through which cars will go before reaching their destination.

A sample output of the transit traffic in various yards is shown in

Table 8, To illustrate the use of this table, consider the column
asgsociated with Node 12 (Chicago). The first number 3 in this column

means that Node 12 will have three cars for Node 1 (ROSELAKE) and these
three cars will go to Node 1 via PAR (Paris). As another example, consider
the fourth entry in the same column, which is 7. This means that Node 12
will have seven cars for Node 4 (PARIS) and these will go directly to Paris
without being handled at any intermediate yard, since no name is indicated
beside the number 7. The seven cars for Paris include the three previously

19
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mentioned Roselake ¢ars. Other numbers can be interpreted similarly.
The information associated with transit traffic at each node helps the
designer to understand the traffic patterns generated by his proposed
blocking strategy and thereby facilitates his analysis and improvements.

e. Blocks and Block Sizes Output

This output is one of the mose useful ones. It gives
a list of all the blocks made at each node along with the number of loaded
and empty cars and the total weights. A sample output showing blocks made
at Nodes 1 through 5 is given in Table 10. This output gives the designer
a complete picture of block sizes, contents, and weights made at each node
as a result of his proposed strategy. Some blocks may be found to contain
too many or too few cars. If so, the designer can then revise his
strategy based on this information and rerun the program until satisfactory
block sizes are formed.,

B. Trains and Road Statistics Analysis and Development Process
1. Program Inputs
a. Network Definition and Network Pata Input

The link table input shown in Table 2 is used also in
the Trains and Road Statistics Analysis Program. Additionally, a set of
standard routes are defined to simplify route specifications of trains as
explained below. Standard routes are expressed as a sequence of nodes
as shown in Table 11. Typically, standard routes are selected hetween
nodes that are some distance apart, and where portions of the standard
route are expected to be frequently used by trains. Specification of any
two nodes onp a standard route automatically defines the entire path between
the two nodes thereby simplifying the specification of train routing.
Referring to Table 11 and also to Figure 4, the number in the first column
is the serial number of the standard route. Considering the first
standard route that occupies the first two rows, the route starts at Node

12 and traverses through Nodes 14, 15, 16, ..., 81, 82, 123, 179, ..., and
ends at Node 144. Similarly standard route number 2 starts at Node 2 and
goes through Nodes 1, 160, 5, ..., 68, 69, 70, 74, ..., and ends at Node

115. Other standard routes can similarly be defined. Selection of the
number and composition of standard routes is, to a great extemnt, arbitrary.
Many good sets of standard routes are possible. They are simply a
mechanized route coding aid.

: The usefulness of the concept of standard route will be
clearer when the specification of trains and their routing is explained
in the following section.
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Table 11

SAMPLE OF STANDARD ROUTES SPECIFICATIONS

Serial
Intermediate Nodes
Number

1 26 40 50 51 60 62 81 82 123

144 (last node
of route 1)

69 170

A yard delay allowance by the class type of each node is also specified
as shown in Table 12,

Table 12

YARD DELAY ALLOWANCES

F(ARD DELAY ALLOWANCES BY TYPE ARE (MINUTES)




The meaning of the numbers in the above table are as follows: The
first number 45 is associated with Class 1 yards and indicates an
average delay in minutes experienced by any train that stops at a node
of the Class 1 type; the second number is associated with Class 2 yards,
and so on. The average delays are specified by the designer, based on
his knowledge of yard types, and constitute a simplified model of

yard delays to calculate train movement times in the network.

b. Train Composition and Routing Input

The designer has to combine manually various blocks
made at each node into trains based on his experience and judgment and
also has to specify a route and departure time for the train. Any
blocks that have to be set out or picked up have also to be specified,
along with the node where these will be set out or picked up. Since
the computer already has a block file in which the number of cars in
each block and the total weight are all indicated, the specification
of trains essentially means the specification of bleck origin and
destination to be included in any proposed train, the route, the departure
time, and indication of pick up or set outs. Note that a bloeck is uniquely
identified by specifying its origin and destination. An example of the
train specification process is shown in Table 13.

Table 13
SAMPLE OF TRAIN SPECIFICATION INPUT

Train Origin Train Desti- Intermediate Nodes to
Node nation Node Define Route Uniquely

Train Number 35/ / e
// ///’ - -

BAS 10 24 21 168 23

BAS 2 # Number of Trains

—» Departure Time

10 24 -0

10 27 167

20 27 167 - Set Out Node
16 24

23 24

27 16

16 23

¥
Block Block
Origin Destination

Pickup Node
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The meaning of the different entries in this table
are as follows: Each row is punched on a separate computer input card.
The first row, which represents the first card, is callied a "train
card.” BA5 on this card indicates the train symbol; T indicates that
this is a train card. The first number 10 is the origin node of the
train and the second number 24 is the destination node of the train,
The third, fourth, and fifth numbers, i.e., 21, 168, and 23 are the
intermediate nodes needed to specify the route uniguely between Nodes
10 and 24. Note that Nodes 21 and 168 can be connected by many paths.
However, since the two nodes are on the standard route number 7 (refer
to Table 11 and Figure 4), it is not necessary to specify the intermediate
Nodes 20, 167, and 16 to uniquely define the desired route. The
computer program automatically picks up the route portion lying along
the standard route without the need to specify the intermediate nodes.
Thus, if any portion of a route between any origin and destination
lies along a standard route, it is not necessary to specify the
intermediate nodes for the section of the route that lies along the
standard route. The only nodes that need be specified are those at
the beginning and end of the route.

The second row, which represents the second card, indicates
the need for multiple trains where applicable. If the designer feels
that the total number of cars in the blocks to be carried is more
than a single train can carry, he may specify the number of identical
trains in which the blocks to be carried will be equally divided. The
second card can be omitted if omly one train is desired.

The third and fourth rows represent train departure
time specification cards. In the example shown, the two trains have
been specified to depart at 1130 and 2145 hours, respectively. The
number of departure time cards should be equal to the number of trains
specified. 1If the departure card is omitted, the program assumes a
midnight departure of the train.

The remaining rows in Table 13 each represent a block.
The fifth row is for block (10-24) originated at 10 and destined for
24. The sixth row is for block (10-27) to be set out at 167, The
tenth Tow is for block (27-16) to be picked up at 167 and so on. Table
13 represents a complete specification of train BAS5. The symbol BADS is
also chosen by the designer. All the blocks in the system have to be
similarly combined to form trains. This train input is applied to the
train and road statistics analysis program, which generates several
useful outputs as explained below.

2, Outputs of Trains and Road Statistics Analysis Program

The outputs of train and road statistics analysis program can
be categorized in three groups. These are:
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Block movement review outputs
. Train and link statistics outputs
Incoming and outgoing train data for specified yards.

Each of these three types of outputs are discussed below.

a. Block Routing Review Qutputs

These outputs are intended basically to help the designer
find whether or not he has specified the complete movement of each block
correctly {e.g., some blocks were overlooked or some were set out but not
picked up). Because of the large number of blocks involved (e.g., around
2000 blocks in the network under consideration) and hundreds of trains
to be specified, it almost always happens, particularly in the first
go round, that some blocks are either overlooked, set out but not picked
up, or assigned to more than one train simultaneously. The program checks
each block in the blocking table and follows its movement in accordance
with the specified trains and their routes and flags whenever there is
an incomplete journey of a block or if a block has been assigned to
more than one train simultaneously. '

Table 14 shows a part of the block routing review output.
The complete output consists of a display of the content and movement
of all blocks in the system in which any omissions on the part of the
designer is flagged. Referring to Table 14, and considering the first
row, the meanings of various entries are as follows. The numbers in the
first and second column refer to block origin and block destination,
Thus, the first row refers to block (1-2). The third and fourth number
indicate the number of loaded and empty cars in the blocks. The
block (1-2) has no loaded cars and four empty cars. The fifth number
is the weight of the block, i.e., 138 tons. The symbol BT2 indicates
the train in which block (1-2) traveled. The number 2 in the bracket
beside BT2 gives the serial number of the train assigned by the computer,
in accordance with the sequence of the input train cards. This serial
number is helpful in finding the train data cards if some modifications
are to be made in the train. Referring to the third row, the meanings
are that the block (1-16) has 20 loaded and 20 empty cars, it weighs
2403 tons, it moved in train BC1(9) which brought it to Node 21 and
then it was picked up by the train BA3(32), which brought it to the
final destination. Considering now the block (4-7) shown below block (1-16),
a sequence of dashes is indicated instead of a train symbol. This is an
indication that this particular block was overlooked by the designer,
i.e., it did not move at all and is sitting at its origin. Similar
remarks apply to block (6-58) shown at the bottom of the figure. This
block was carried by train ACT7 and was brought to Node 51, but was not




Table 14
SAMPLE OF BLOCK ROUTING REVIEW OUTPUT

Block Block Loaded Empty Trains in Which
Origin Destination Cars Cars Tons Block was Carried

N/
N7 7 ——

1 2 0 4 138 Brz(2)
1 3 1 4 206 BT1(1) Transfer Node
1 16 20 20 2403 BC1(9) 21 BA3 (32)

Dashes in this

i ) ) ’//,/’/' column indicate no
block movement at all

4 7 2 1 239 2 e
4 10 34 17 3777 . BB7(16)
. . . Dashes in this and
other columns on
6 58 10 20 1622 ACT (92)51-————~ the right side
indicate partial
. movement

picked up at Node 51. These built-in checks in the program are essential
features in helping the designer to rectify his omissions. Knowing
which blocks he forgot to move, the designer can revise or modify the
train specifications until every block has been completely routed to its
destination.

b. Train and Link Statistics Outputs

. The specification of blocks for various trains and their
routing in combination with link tables, their iengths, and their transit
times uniquely defines many statistics associated with trains and links,
e.g., train miles, car miles, ton miles, train hours, car hours, trains
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per link per day, cars per link, and car miles per link. The program
has been designed to calculate several of these numbers that are

printed in two sets of tables. The first set is arranged with

reference to trains and the second with reference to links. Table 15a
shows the beginning portion of the output with reference to trains and
Table 15b shows the end portion of the same output, which also includes
totals in each column, The symbols L, E, and T under the headings of
cars or car miles refer to loaded, empty, and total cars. Table 16a
shows the beginning portion of the output referring to each link. Table
16b shows the end portion of the same output along with totals, It is to
be noted that some grand totals (e.g., total car miles) are calculated
independently in both train outputs and in link outputs and come out

to be identical as they should be,

c. Incoming and Outgoing Train Data for Specified Yards

A compuier subroutine has been developed by SRI the
purpose of which is to generate the list of arriving and departing
trains (with respective arrival and departure times) and of blocks carried
by them for any specified transit yard. This list consists of the trains
generated by the designer in the train formation process and is intended
for inputting into the detailed yard analysis program to analyze the
yvard operations in detail, if the specified trains were to be handled in
the yard under consideration. The latest version of the subroutine
actually produces a set of train computer cards in proper format for
direct use in the detailed yard analysis program. A sample of the output
of this program is included in the description of yard analysis program
input/output examples in the next section.

C. Detailed Yard Analysis Process

The detailed yard analysis process consists of two stages. In
the first stage, the designer can use a preliminary program to analyze,
on a quick checkup basis, the building up of various blocks (to be made in
the yard) as a function of arriving trains and as a function of the
sequence of humping the arrivimg trains. The output of this first stage
program can be helpful in making preliminary decisions related to class
track agsignments and possible time sharing of tracks. The second stage
consists of using detailed subroutines to analyze the yard operations
in finer details as will be explained in the following sections.

1. Program Inputs

a, Yard Geometry Input

Yard geometry input consists of specifying a unique
number to each of the receiving tracks, classification tracks, and departure

29
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tracks and of specifying their capacities in terms of the number of cars
each track can hold. An example of specifying receiving tracks is
shown in Table 17.

Table 17

EXAMPLE OF SPECIFYING RECEIVING TRACKS

Number 1 2 3 4 5 6 7 8 9 10 11

Length 51 56 58 130 - 40 136 156 153 153 i55 150

(Note: Length is expressed in the number of cars the track can hold.)
Classification and departure tracks are similarly specified.

b. Inputs Related to Various Yard Operations

Several inputs related to yard operations have to be
specified. Many of these inputs represent actual operations but some
are specified in terms of equivalent effects. A list of inputs related
to yard operations is given in Table 18. Typiceal values of each input are
also indicated.

c. Inputs Reléted to Yard Crews

A sample of input specifications associated with Inbound
Inspection Crews (Receiving Track Crews), Departure Engine Crews {(Pullout
Crews), and Outbound Inspection Crews (Departure Track Crews) is shown in
Table 19. Referring to the entries for IB (Inbound} Inspection Crew
data, the meaning of various entries are:

DOWNTIME is the time the crew takes to get ready for
actual inspection process after its trick (shift)
starts and the administration time just before the
end time. A typical value is 5 minutes.

. CREW BREAK is the time lapsed between the end of
inspection of a track and beginning of inspection of
another track, A typical value is 5 minutes.

PRINT CREW DATA is a data printout option.

TAU is a look-ahead time window to see if a crew
currently busy will become available within Tau minutes,
so a new crew will not be required. A typical value

is 10 minutes. (Also refer to Table 18 last line.)
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Table 19

SAMPLE OF INPUTS RELATED TO YARD CREWS

l ) . +

IB  INSP CREW DATA '
DOWN TIME CREW BREAK PRINT CREW DATA TAU.
5 5 : 1 _ 10

\ ,

CREW  RATE INSP CONS  START LUNCH FINISH OVERTIME
1 +250 10 630 1100 1130 1430 ]
2 W 250 10 1430 1900 1930 2230 ' 0
3 2250 10 2230 400 430 630 ]

0B INSP CREJ DATA '
DOWN TIME CRE® BREAK PRINT CREW DATA  TAU
10 5 H 10
CREW RATE  INSP CONS START LUNCH FINISH -OVERTIME
1 500 10 630 1100 1130 1430 b
2 2500 10 730 1200 123¢ 1520 1}
3 500 10 1430 1900 1930 2230 Q
4 +500 1p - 1500 1930 2000 2300 0
5 «500 10 2230 300 339 630 0
6 «500 1g¢ 2300 330 400 700 0
DEP ENGINE CREW DATA
ipowN TIME CREW BREAK PRINT CREW DATA TAU
5 5 : 1 10
CREW RATE  INSP CONS  START LUNCH FINISH  OVERTIME
1 «200 10 &30 1100 1130 1430 0
? L200 19 700 1130 1200 1500 0
3 2200 10 730 1200 1230 1530 0
& W 200 lo 1430 1900 1930 2230 ]
5 2200 10 1500 1930 2000 2300 0
6 J200 10 1530 2000 2030 23190 ]
7 200 10 2230 ap0 330 630 0
8 . 200 19 2300 330 400 700 0
9 «200 lo 2330 400 430 730 9




The numbers in the column heading CREW are the
crew serial numbers.

The .25 numbers under RATE column are the inspection
rate expressed as minutes per car. A typical value is
0.25 minute per car.

The numbers under INSP CONS are the constant amounts

of time added to inspection time calculated on a per
car basis to calculate the total inspection time per
track, i.e., if the number of cars to be inspected

on a track is x, then total inspection time is
calculated as: {Inspection Rate) (x) + (Inspection
Constant). A typical value for the Inspection Constant
is 10 minutes.

START indicates the starting time of shifts corresponding
to the crew.

LUNCH indicates lunch period for each crew.
FINISH indicates the finishing time of the shifts

OVERTIME indicates the allowable overtime for
corresponding crews.

The explanations given above apply also to the Departure Engine Crew Data
and Outbound Inspection Crew Data.

d. Input Data Related to Arriving Trains

The input data associated with arriving trains consists
of the train identifications (IDs), the arrival times of the trains at the
yard, and the number of cars being brought by each train for various
blocks to be made at the yard. These input data can also be manually pre-
pared (e.g., based on real observed data) or can be produced by the
blocking strategy and train development programs discussed earlier if the
yard analysis is to be conducted for the proposed blocks and trains. A
sample of input data for arriving trains is shown in Table 20,

The meaning of different entries in this table are:

NO indicates the serial number of train, e.g.,
1, 2, ... .

TRAIN indicates ID, e.g., Local, and BT204.

TIME is the arrival time at the yard, e.g., 0 means
midnight, 40 means 40 minutes after midnight, and
455 means 4:55 am,
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BATCHES are indicated as sets of two numbers:

the first number is the block destination number to be
made at the yard and the second number is the number of
cars brought by the train for the respective block. For
example, the first set of numbers associated with train
BT204 is "1-~7," meaning the train has brought seven
cars to be included in Block destination 1 to be made
at the yard. Similarly, the second set of numbers

"2~-3" meang three cars for Block destination 2. The
set of numbers are continued in second, third, ... rows,
if necessary.

.  TOTAL CARS indicates the total number of cars brought
by trains. This number is necessary for proper
receiving track assignment.

e. Inputs Related to Class Track Asgignments and Time Sharing

If the number of blocks to be made at the yard is less
than or equal to the number of classification tracks, then each block
can be made independently on a separate track. Otherwise, the blocks have
to be mixed initially and then the respective tracks have to be rehumped or
the tracks have to be time shared if conditions permit. The program has
the capability to simulate preplanned time sharing of the tracks. It is
necessary to assign various class tracks to one or more blocks initially
and to indicate the time periods during which the various blocks are
desired to be made on the respective tracks. A sample of class track
assignment is shown in Table 21. The numbers under the heading NO. are
the track serial numbers. The numbers under the heading LENGTH are the
track lengths in terms of the number of cars the track can accommodate.
The numbers under the heading BLOCKS are the block destimation numbers (not
the number of cars). The time period during which the blocks will be made
on each track is indicated against each track. For example, the first
row of the sample table indicates that class track number 1, having
a capacity of 63 cars will be used to collect cars for block destination
5 during the hours 0 to 2359 (i.e., throughout 24 hours). The fourth row
indicates that track number 4, having a capacity of 61 cars will be used to
collect cars for block 1 during the hours 0 to 229 and 1330 to 2359. Other
entries are to be similarly interpreted. 999 indicates a local block.

f. Input Data Related to Departing Trains

The input data associated with departing trains are similar
to the data for arriving trains except that in departing trains the number
of cars to be included in each block is not specified. These numbers are
calculated by the program logic based on the specified departure times.

A sample of data associated with departing trains is shown in Table 22,
Meanings of different entries are:
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Table 21

SAMPLE INPUT OF CLASS TRACK ASSIGNMENT

WO,  LENGIH  BLOCKS 3
ﬁAL_mu_,,ba_wﬂ_nsﬂwxﬂﬂouyzas S .
2 2 ¢ -18%9 o
3 59 = 42 D =1614 ‘ '
4 61 1 ,H0””r229M”~“mld_1;30m72352”
5 58 19 0 -2359
6 57 6 ¢ -2359
| 7 BS______2. 1900 .-2359.._.. 32 930 =-1529
8 56 1 230 .-1329
9 56 72 ¢ ~2359
| 19 52 32#“*mpp_~:930w_dwaz_wl530Y32359M
11 51 160 0 ~2359
12 49 8 p -2359
13 48 14p 0 =2359 ]
14 - - 46 28 g -2359
15 ... 46 110 g =159 110 13p0 -2359
16 ©17 44 7335 0'4522_mﬁ§§mjég&;@§§i@
17 44 - -3 0 =23%9
18 T 44 131 0 -2359
19 43 2z 0 =15% 22 715 ~2359
20 . 41 .18 ¢ ~2359 -
21 38 460 0 =-2359 L
22 39 __ 151 . . 0_=2359 ... -
23 41 42 1615 =23%9
24 37 26 p -23%59
28 3y 440 0 =2359 ]
9. 38 °% 9-223% 9 1700 -2359
5g Y w3 9  &31.-1659 - .
29 . 33 230 0 -23%9
30 3n 120 ¢ ~2359
31 30 24 ___0__ =529 24__1100_=2359 |
32 | 29 260 g ~2359 .
33 ¢ 29 198 o ~23%9
|34 27 24 __ 900.=1059 -
'35 27 110 200 ~1259
36 25 16 0 ~-2359
37 25 31 0 =2359
38 22 207 0 -2359
39 . 22 189 0 -2359
40 en 999 - .
41 Zn 22 200 ~714 '
42 21 29 g -2359
Wz,___m,dﬂgg g gmw 530 899
45 27 34 g -2359
46 - 29 137 0 =~2359 B
47 25 999 :
4B 25 999
49 23 999 _ s
50 ° 23 23 0 -2359
51 % €2 38 © g =~2359
2 - - 22 35 530 ~1459
53 ..~ 19 33 p -2359
54 ' 19 999
55 2e EL._..Q__—zlSi .
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Table 22

SAMPLE INPUT DATA RELATED TO DEPARTING TRAINS

Early Pullout Time -1 Indicates Early Pullout

for Blocks of Train 0 Indicates Routine Pullout

BAOO1
Estimated Number

PARTURES
CE ///’ ’//,/”' of Cars

TRAIN N\TIME PRI EST NGO, BLOCKS
8appl 215 -1 138 72 120
8T201 300 =1 66 3P :
BDe03 301 -1 93 300
B3104 330 0 79 5
85701 400 0 62 26 29
BB103 405 -1 93 2
B3702 430 -1 117 28
BT201 500 . 0 66 32
Bonos 630 0 2T 230
BAQDE 630 =1 42
8DgH3 700 -1 3ano
B8501 730 0 35
BFOD2 735 0 260 440
B3402 915 ¢ az
BH104 930 5
BCODTY 1000 ' 151
BB1O01 1009 9
B3102 1020 1
BCOOZ 10485 140
BH1G3 1100 2
BCOOS 1115 110
BR109 1130 3 8
BAQOS 1130 -} ‘
BAgGOL ~1200 72 120

e of Train | BDOR3 1209 ang

01 BB10& 1300 5

BB6O2. 1300 24

BB10S 1400 6
BB702 1400 28
BCO0O4 1420 i10
Banos 1435 42
BB110 1530 16
BB4OZ 1600 22
BESGl 1600 33
BT201 1700 32
BADDE 1700 34
89110 1730 16
BDOD3 1800 ano
BB102 1845 1
8C002 1900 140
BB1al 1500 9
BCO03 2600 160
B3702 2020 28
59105 2100 6
Ba1p2 2120 1
sresl 27480 3z

T PP e
BTz202 22390 3
88101 2300 9
BT201 2300 - 32
BCOOS 2330 - 13) 137 189 198 207
Bapol 2359 72 120
BB1G5 10001} ‘ 6
88104 10030 5

¢
[~ K =]

OO0 OMDRO0O

L]
L= 3




TRAIN indicates the train IDs of departing trains.

PRI. A zero under this column indicates that the
blocks of the associated trains will be pulled out

at a prespecified time (e.g., 3 hours) before desired
departure time and the respective train will depart

as soon ag inspection is completed. A -1 sign
indicates that the designer wishes to pull out the
blocks earlier at the specified time from the class
tracks and bring them to departure tracks. The
ingpection and departure of these blocks is to be
completed consistent with the actual desired departure
time of the train indicated against the same train
symbol later in the list with 2 0 in PRI column.

As an example consider the first row associated with
train BAOOl. The -1 sign and the time 215 indicate that
the designer wants to pull out blocks 72 and 120 at
215 and bring them to departure tracks. The actual
departure time of train BAOOL is 12 as indicated in
the table. The early pullout technigue is frequently
helpful in increasing yard capacity.

EST NO. indicates the block identities to be carried
by respective train. For example, in the first row,
Train BAQOl is specified to carry Blocks 72 and 120.

As in the case of arriving trains, the data for departing
trains can either be manually specified based on real observations, or
computer specified outputs of blocking strategy and train formation
programg, if yard analysis is to be conducted for some proposed strategy.

2, Program Outputs

The program is designed to start either with some prespecified
initial conditions or with totally empty yard tracks at O hours (midnight)
on the first day and go through the simulation process for day 1, day 2,
..., until a steady state stabilized process is established, i.e., when
the yard operations for the next day become almost identical with the
previous day. This happens typically within two or three days depending
upon the traffic patterns. Much of the significant information about
vard operations is available after the second day's simulation. The logic
of how each output is calculated is explained briefly in Section IV of
this report and also in User's Manual for Yard Operations Analysis Computer
Programs.

We have included a few selected samples of program outputs to
indicate the type of information provided by the programs,
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The following sample outputs have been included:
Prehump and humping scenarios
Block build-up scenario
Hump utilization analysis

Crew utilization analysis

Receiving track utilization analysis

Hump and block formation scenaric
Class track loading scenario
Departing trains scemario

Yard transit times statistics

A complete set of all the program outputs is included in the Uger's
Manual for Yard Operations Analysis Computer Programs.

a. Prehump and Humping Scenarios

Table 23 shows a sample of prehump and humping scenarios.
The entries under ARR TIME, REC TIME, and other headings of five digit
number columns are to be interpreted as follows: The left most number
indicates the simulation day, e.g., day 2 in the sample shown. The
next two numbers are the hour of the day and the last two numbers are
minutes of the hour. The entries under INST TIME, QUE TIME TO HUMP,
etc., are indicated also in hours and minutes respectively. For example,
the QUE TIME TO HUMP for the second train BT204 is 108 meaning one hour
and eight minutes. The meaning of other entries are self-explanatory.

b. Block Build-Up Scenario

Table 24 and Figure 6 show samples of block build-up
output generated by the preliminary program of the yvard analysis process.
Table 24 gives the output in a tabular form. The meaning of different
entries are as follows: There are three columns associated with each block,
For example, counting from the left, the first three columns are associated
with Block 8. The first entry (20100) in the first row indicates the
day of simulation (second day in the example) and the time at which some
cars associated with the block were humped (0100 hours in the example).
The second entry (i.e., 2) indicates the number of cars humped at the
indicated time associated with Block 9, The third entry (i.e., 113)
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indicates the cumulative total of cars humped at the time of entry.
Considering the fourth row, the -123 indicates that 123 cars were
removed from the block based on the departure times of the associated
train. The process of block build-up continues from here onward
again starting from 0 residual, as shown. The cycle is on a 24-hour
basis. The residual number of cars at 2349 hours 18 indicated on

top to the right of the block number, €.g., for Block 9, the residual
number of cars from the previous day is 1i1. Information related to

other blocks is similarly interpreted.

Figure 6 shows in a graphical form a portion of the
block build-up of Block 9, The information contained in this graphical
display is the same a8 the information in tabular form, but graphical
presentation gives a pergpective that is visually more readily under-
standable--particularly in spotting time gaps when no cars are arriving
for certain blocks. The possibilities of track time-sharing could be
explored by studying such gaps.

c. Hump Utilization Analysis

This output gives an analysis of hump utilization in terms
of service time, idle time, and nonproductive time. The overall hump
utilization is also caleculated as the fraction of 2400 hours when the
hump is actually being used for humping. In the gample shown in Table 25
the overall hump utilization is 71.2 percent. Other entries are self-
explanatory. IDLE TIME indicates the time when the hump is available
but the train to be humped is not yet ready. Nonproductive times are
the inherent time delays petween the end of humping of a train and the
start of the humping of the other. These inherent delays are
specified by the analyst as the hump break constant as defined in
Table 18.

d. Crew Utilization Analysis

An analysis of how each crew was used is provided both
in a tabular form and in a graphical form. Table 26 shows part of the
tapular form display of the activities of inbound Crews 1 and 2. A
gimilar display is provided for Departure Engine Crews and Outbound
Inspection Crews. Meanings of various entries are self-explanatory. For
convenience, the information displayed in tabular form is also provided
in a graphical form as shown in Figure 7. In this figure, the numbers

1, 2, 3, ... in the left column refer to the crew numbers. The rows ©On
the top indicate the time. Each dot represents 15 minutes and the numbers
1, 2, 3, ... refer to hours 1, 2, 3, ... 24 . Because of space limitations,

the hours are broken into g8-hour groups and are displayed in three sets
of 1 to 8, 8 to 16, and 16 to 24 hours. The ¥X marking against each crew
jndicate the busy period. Each character, i.e., X, L, U or space represents




Table 25

OUTPUT SHOWING HUMP UTILIZATION

HUMP UTILIZATION UTILIZATION = T1.2 PERCENT
TRAIN START SERVICE END I0LE NONPROD
NO TIME TIME TIME TIME TIME
‘30 BB204 12362 27 20009 0 10
31  BT204 20019 24 - 20043 0 10
32  BB20o8 20053 41 20134 0 10
1 LOCAL 20144 53 20237 a 10
2 BT204 20247 24 20311 0 10
3 BRB703 20321 28 20349 133 10
4  BB401 20532 - 35! 20607 0 ‘1D
5 FROO1 20617 46 20703 b A
6  ABDOT 20714 37 20751 0 10
T FRpoOZ 20801 33 20834 0 10
8 BB205 20844 23 20907 0 10
9  BT203 20917 30 © 20947 0 10
10 BB704 . 20957 50 21047 0 10
11 DROoZ 21057 32 gl129 0 10
12  BR201 21139 17 21156 0 10
13 - RBZ20Z 21206 23 21229 0 10
14 DB0OQ& 21239 - 30 21309 0 10 -
15  BT204 - 21319 - 24 21343 0 10
16 DBoo2 ¢ 21353 3z 21425 0 10
17 C€Booa 21435 36 21511 0 10
18  CR006 21521 37 21558 0 10
19 48001 21608 44 21652 0 10
20 CB001 21702 33 21735 0 10
2l BB603 21745 45 21830 o 10
22  CBoo2 21840 28 21908 o 10
23 FBOO3 » 21918 40 21958 0 10
24  R8203 22008 26 22034 0 10
25  CcBOOT 22044 9 22053 0 10
26 43006 22103 27 22130 n 10
27  BBR20S5 22140 23 22203 a 10
28 CROO9 22213 21 22234 0 10
29  AB0O8 22244 48 22332 n 10
30 BRZ2O4 22342 27 30009 f 10
31 BT204 30019 24 30043 0 10
32 BBz2og 30053 41 30134 0 10
¥ 3 3% SBR= s==za=
i 1838 134 550




Table 26

OUTPUT SHOWING INBOUND INSPECTION CREW UTILIZATION

18 INSP CREW 1 UTILIZATION = T4e4 PERCENT

TRAIN START SERVICE  END I0LE NONPROL

NO, TIME TIME TIME TIME TIME

«3 20630 0 20635 0 5
6 ARQO7T 20635 34 20709 . 0 5

7 FBoO2 20714 ‘ 31 © 20745 5 ° 5

8  BB205 20755 25 20820 0 5

9 BT203 20825 29 20854 0 S

10 88704 20859 42 20941 0 5
11 DR002 20046 gy 21017 0 v 5
12 BBz201 21022 ' 21 21043 f 5
13 BR202 21048 12 21100 0 0
-2 21100 0 21130 0 30
i3 BB202 21130 13 21143 n 5
14 DBO0G& 21148 30 21218 17’ 5
15 BT204 . 21240 25 21305 0 5
16 0BOo2 21310 : 31 21341 0 ‘5
17 CBoo8 21346 33 21419 1 5
=3 21425 0 21430 0 5
: A s=3= =8== =2=2==

557 23 140

IB INSP CREW "2 UTILIZATION =.76'0 PERCENT

TRAIN START SERVICE END I0LE NONPROD

NO o TIME TIME TIME "TIME  TIME
3
=3 21430 9 21435 0 5
18  CBOO& 21435 34 21509 .0 5
19 AB0O1 21514 38 21552 0 5
20  CBOO! 21857 31 21628 2 5
21 88503 21635 39 21714 0 5
22 CBO002 21719 28 21747 . 0 5
23 FBOO3 21752 36 21828 0 8
24  BA203 21833 27 21900 0 0
-2 21900 0 21930 0 30
24  BB203 21930 0 21930 0 . 1
25  CBOO7 21935 16 21951 0 5
26 A3006 21956 27 22023 0 5
27  BB205 22028 25 22053 0 5
28 CROO9 = 22058 23 . 22121 0 5
29  AB00S 22126 41 22207 13 5
-3 22225 0 22230 0 5
==== ==== ===E=
605 15 140
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FIGURE 7.

SAMPLE OF GRAPHICAL DISPLAY OF CREW UTILIZATION

o minutes. For example, in Figure 7 Crew 1 starts working at 0630

hour and is busy inspecting train Numbers 6 and 7 (the numbers are

shown above the set of XX) until 0745 hours. The U marks following

the X marks are the durations of unavailable time indicating the inherent
delay between the end of the inspection of one train and the beginning of
the inspection of another. The L markings indicate lunch periods. The

D symbol indicates crew downtime at the start and end of the trick (shift).
Empty spaces indicate idile time.

e. Receiving Track Utilization Analysis

This output provides the analysis of the usage of each
of the receiving tracks in both tabular form and graphical form. Similar
outputs are provided for class tracks and departure tracks. Table 27 and
Figure 8 show gamples of tabular and graphical displays, respectively.
Meanings of various entries and symbols are similar to those given for
crew utilization outputs.

f, Hump and Block Formation Scenario

This is one of the most useful outputs and shows a time
scenario of the way cars belonging to various blocks of the outgoing
trains are being formed as the arriving trains are humped. Table 28 shows
part of the output for the hours from midnight (0 hours) until 0800 hours.
The top most row, which starts with 0 and has dots between the numbers
l, 2, ..., represents time starting from O hours. Each dot represents
15 minutes. The numbers -in the second row, e.g., 30, 31, 32, 1, 2, and
3, are numbers of incoming trains being humped. Consider Train 30.
Numbers in this column represent the numbers of cars brought by Train
30 for various blocks shown under the BLOCK column, When Train 30 is
humped (indicated by XX under number 30), three cars for Block 72 are
sent to their respective tracks, one car for Block 120 is collected on
its respective track, one car for Block 32 is collected on its respective
track, and so on. Similar remarks apply for other incoming trains.

The ocutgoing train associated with each block is also shown in the column
under the heading NO. For example, Blocks 72 and 120 both are associated
with Train BAOOl. The numbers under the very first column on the left
are the desired departure times of outgoing trains. The star sign, *,
attached with some of the entries in the block column means that time
history of that particular block is already being displayed above with
reference to some other train. For example in Table 28, the first star
sign from the top of the column appears with Block 32, which is associated
with the second part of Train BT201 that is scheduled to depart at

0500 hours. The time history of this block is already being displayed
along with the first part of Train BT201 that is scheduled to depart

at 0300 hours,

The usefulness of this output lies in the fact that it
provides an overall interface between arriving trains and departing trains.
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Table 27

OUTPUT SHOWING RECEIVING TRACK UTILIZATION

INSP  TRACK 1 UTILIZATION = 25.2 PERCENT

TRAIN START SERVICE END ' NONPROD
NQ o TIME T;ME TIME TIME

BBz2el 20505 291 21156
CBoOQ7 21741 3lg - 22053

603
INSP TRACKX 2 UTILIZATIDON = 10.8

TRAIN START  SERVICE END NONPROD
NO, TIME TIME © TIME

€Boo9 . 21959 23% 22234

31—+

235

INSP TRACK 3  UTILIZATION = 13.9 PERCENT
o

TRAIN START SERVICE  END 10LE NONPROD
NO ., TIME TIME ‘TIME TIME . TIME

BB205S 20755 112 209907 1043 5
BBZ205 2195% 208 22203 o 5

32¢ . Ga 10
INSP  TRACK 4 ~ UTILIZATION = T1.0 PERCENT

TRAIN START  SERVICE END 1DLE NONPROD
NO, TIME TIME TIME TIME TIME

BTZ04 20040 231 20311 139
RB401 20455 112 20607 ‘ 0
ABQOY 20618 139 20751 &
BT203 20800 167 20947 125
DBOOE 21137 152 21309 )
CRo06 21314 244 21558 : 32
BR&D3 21635 155 21830 135
ABDDB 22010 322 22332 : 0

o ——— |y -
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1702 51%
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The designer gets a feel for the status of various blocks after the
humping of each train. He may use this information to change the sequence
of humping to form certain blocks earlier than others, if necessary.

g. Ciass Track Loading Scenario

This is another very useful output. It shows the loading
of each class track as a function of time while cars are being sent to
and pulled out from them. The complete output consists of a 24-hour
scepnario for 2ll the class tracks. However, because of space limitations,
the output is printed in parts, as shown in Figure 9.

Referring to the figure again, the time is shown on
the top most row. Each dot represents 15 minutes. Track numbers are
shown in the left most column. The number of cars in each track at
15-minute intervals is shown against each track. Overloading of a track
ig indicated by a star, *, starting from the times of overloading. For
example, in the figure shown, Track 10 starts becoming overloaded at
0945 hours. As shown in Table 21, the capacity of Track 10 is 52 cars.
Thus, when the number of cars assigned to this track exceeds 52, it is
overloaded, as indicated in Figure 9. The designer can use this display
to study the consequences of his track assignment and track time sharing
strategy. One or more overloaded tracks would indicate the need to
modify the strategy.

If the overloading of tracks cannot be rectified by
reassigning the tracks and their time sharing periods, it would indicate
that the solution of the problem lies somewhere else, e.g., early pullouts,
and addition of tracks. The program has the capability to test various
alternatives by modifying the number of tracks, pullout times, etc.

h, Departing Trains Scenarios

Table 29 shows the details associated with departing
trains. The meaning of various entries are self-explanatory. The times
indicated under START, START PULL, and so on are to be interpreted as
explained already in paragraph a. The figure shows the desired scheduled
time of departure under SCHEDULE. The amount of time the train is late
or early is shown under LATE. For example, Train BB104 is 26 minutes
early, indicated by the minus sign associated with 26.

This output gives the designer important information
about departing trains. If some trains are too late or too early, he
may wish to change the humping sequence, pulling sequence, and so on.
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i. Yard Transit Time Statistics

This output gives the overall performance of the yard
in terms of transit times of cars and total number of cars handled per
day. A histogram of transit time is also shown. Figure 10 is a
sample output asgociated with transit times. As indicated in this
figure, the mean transit time in the simulated yard is 11 hours and 21
minutes and the standard deviation is 6 hours and 42 minutes. The
histogram shown in the bottom of the figure gives the number of cars
having transit times of 1 through 29 hours. Referring to the histogram
shown graphically on the left side, each star, *, represents five cars.
The numbers 1000 and 2000 indicate 10 and 20 hours respectively,
indicating the scale of time. The same information is displayed in a
tabular form on the right side. For example, the number of cars delayed
between 0 and 1 hour is 20, and between 1 and 2 hours is 10. The
percentage of cars delayed by 1, 2, ... hours is also indicated.

This output is very useful in evaluating and comparing yard performance
on an overall level.
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IV MODELS AND ASSUMPTIONS ASSOCIATED WITH VARIOUS PROCESSES

In this section we present the various models (e.g., mathematical
relationships) and assumptions associated with each of the three processes
discussed in Section II., The methodologies and computer Programs asgociated
with blocking strategy and network analysis processes were designed
essentially for planning purposes and to compare several alternatives
of restructuring the Northeastern and Midwestern railroad network, on
& gross level, using a daily cycle of traffic. The yard simulation
program is relatively more dynamic and simulates yard operations in
considerable detail. These methodologies and computer programs c¢an he
very useful in developing preliminary operating plans for ConRail as
well as for any other railroad. Recommendations for enhancing the
usefulness of the methodologies and the computer programs are included
in Section V,

A. Blocking Strategy Analysis and Development Process

1. Basic Relationships and Assunptions

The mathematical relationships used in calculating the flow
handlings, system switchings, yard loadings, block sizes, etc., are
essentially bookkeeping processes based on appropriate summations and
products of number of cars, number of times each car is switched, etc.
These processes are conceptually quite straightforward. The bookkeeping
process is performed on a daily basis assuming that the traffic, as
given by the O/D traffic data, is repetitive in a daily cycle. Thus, a
flow which travels from an origin 0 to a destination D through some
intermediate nodes is assumed to start at 0, appear in all intermediate nodes
and reach D every day at some point in time, during the 24-hour period.
The calculation of flow handlings, system switchings, block sizes, and
80 on, therefore represent average values on a per day basis. Since
the purpose of the study was to compare various zlternatives for planning,
the assumption of repetitive daily traffic, which greatly simplifies
the calculations, is justifiable.

2, Automatic Development of Blocking Strategies

Manual preparation of a blocking strategy for a large network
is a laborious, time-consuming process. For example, preparation of
initial blocking strategies for the 147-node network typically took 2
to 3 man-days. In the case of the 494-node network, it required typically 5 to
6 man-days. For any given O/D traffic data and a given network, it is
the preparation of the imitial blocking strategy that takes the most time,
Once an initial strategy is prepared and the associated measures of
effectiveness (e.g., flow handlings, system switchings, and yard loadings)
are available, modification and improvements in the blocking strategy
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are not as time consuming. To provide the designer with a preliminary
blocking strategy as a point of departure, SRI has developed a program
to automatically generate an initial blocking strategy, based on the
geometry of the network and some heuristic principles.

The automatic development of blocking strategies in the
subsystem is based on rules and principles believed to result in good
but not optimal strategies. (In fact, no criteria of optimality has
been proposed for this study.) Such rules and principles are generally
referred to as "heuristics" and accordingly the strategy developed is
called the "heuristic blocking strategy.” The two primary principles
utilized are known as block early and block late.

SEE e

The block early principle, roughly speaking, requires the
formation of a block to a final destination at the first transit yard
at which it is possible to do so. This concept can be described more
precisely using the term "block-size collection point," defined as |
follows: if the traffic in a yard, both originating and in transit to '
another yard, is sufficient by itself (i.e., not considering possible
inclusion of traffic at more remote points) to justify sending a block
to the other yard, the yard originating the block is termed a block-size
collection point, or collection point for short, for the destination.

A set of collection points for each final destination is called a
collection point strategy. In these terms, the block early principle
requires designating any transit yard as a collection point for ‘a
final destination, if the total traffic originating at that yard

and points farther away on the shortest routes passing through the
transit yard up to but not including more remote collection points
constitutes a blockable quantity.

The block late principle, on the other hand; requires sending
cars from each yard as far as possible in the direction they are going,
subject to three conditions: (1) that the quantity sent be block size,
(2) that the block destination be a transit yard unless the block is
pure {(a pure block contains cars for only one destination), and (3) that
the block contains no cars for which there is a collection point between
origin and block destination.

The heuristic strategy developed by the subsystems is a
compromise between these two principles. The compromise involves applying
the block early principle to develop a complete collection point strategy
for each destination, then building blocks out of each origin, according
to the block late principle modified, so that cars are not permitted
to go past their collection points. The number of cars that defines
minimum block size is an input., Both the collection point strategy
and blocking strategy are constructed entirely automatically.
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The heuristic strategy makes a distinction between ordinary
transit yards (Class 3) and major system yards (Class 4). The effect of
the distinction is to restrict the use of ordinary transit yards to
handling cars originating at or destined to nearby nontransit yards
(Class 2). (A nontransit yard N is said to be 'nearby" a transit yard,
T, if no *transit yard lies on the shortest route from N to T.)

This distinction affects the collection point strategy as
follows: An ordinary transit yard (Class 3) will be a collection point
for a destination if (1) the destination is not nearby and (2) its own
originating traffic for the destination plus the traffic for the destination
originating in nearby upstream nontransit yards constitutes a block-gize
quantity. This distinction similarly affects the automatically generated
blocking strategies. Blocks destined for ordinary transit vards from
yards that are not nearby are permitted to include only traffic destined
to that yard and to other nearby nontransit yards. In view of these
restrictions, a block is made at an origin to a destination if any of
the following rules apply:

1. The destination is a major system yard (Class 4) and the
traffic from the origin to that yard and beyond (excluding
(2) traffic that is collected at collection points
short of the yard, and (b) traffic already blocked to
points beyond the yards) constitutes a block-size quantity.

The destination is an ordinary transit yard (Class 3) and
the traffic from the origin to the yard and to nearby
nontransit yards (excluding traffic covered by rule 1)
constitutes a blockable quantity.

The destination is a nontransit (Class 2) and traffic
from origin to destination constitutes a blockable quantity.
A block created according to this rule is a pure block.

The origin is a collection point for the destination. A
block created by this rule is also a pure block.

The origin is a nontransit yard (Class 2) and no Class
3 or Class 4 yard lies between the origin and the destination.

The origin is of Class 3 and (a) the destination is of

Class 2 and no Class 3 or Class 4 yard lies in between

or (b) the destination is of Class 3 or 4 and no Class 4 yard
lies in bhetween.

If the origin is of Class 4, blocks are made to destinations
as for Class 3 and in addition blocks are made to all

other Class 4 yards.
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Rules 1 through 4 generate blocks based on flow volume, network geometry
and yvard clasgsifications. These rules are applied first starting

from the most distant points working toward the origin. All nodes that
are defined by them either to be block destinations or to be included

in such blocks are omitted from further consideration. Next, rules 5
through 7 are applied to the remaining nodes to select some among them
as block destinations. Finally, all nodes not designated as block
destinations are assigned to the nearest block available on the shortest
path working backwards and towards origin.

The simpie heuristic has been tested by applying it
to both the Node 147 and Node 494 networks. To facilitate the
modifications in the automatically developed blocking strategies or
other existing strategies, an editor program has been developed that
permits manual modification of the strategies, Further details of the
automatic generation of a blocking strategy and associated computer
subroutines are included in the User's Manual.

B. Train and Road Statistics Analysis and Development Process

1. Basic Relationships and Assumptions

The mathematical relationships used in calculating train
miles, car miles, ton miles, traimns per link per day, and so on, are
essentially bookkeeping processes based on appropriate summation and
products of individual trains, individual car flows, car weights, link
length and transit times, and so on. These relationships are conceptually
guite straightforward. As in case of blocking strategy analysis, the
bookkeeping process associated with train and road statistics analysis
is performed on a daily basis, assuming that each of the generated trains
will start from the origin, travel along the designated links, and reach
its destination at some point in time during a 24-hour period. The
calculation of car miles, ton miles, and so on, therefore represent average
values per day. Again, as in the case of the blocking strategy analysis
process, the purpose of study was to compare various altermatives for
planning purposes; therefore, the simplifying assumption of daily repetitive
traffic is justifiable.

2. Calculation of Train Arrival Times at Various Yards

The designer specifies a departure time at the origin of
each train as explained in Section III. Starting from the specified
departure time, the program adds the link transit times of all links
(see Table 2) and the yard delay times (see Table 12) along which the
train has been routed and calculates the arrival time at the destination
vard. The main purpose of developing this subroutine is to generate,




on an average basis, the expected arrival times of trains at certain
yards that the designer may wish to analyze in detail to see if his
proposed blocking strategy and train scheduling can be handled by the
yard under consideration. As mentioned earlier, the output of this
subroutine is a set of computer cards that can be used directly as
input to the yard analysis program.

C. Detailed Yard Anaiysis Process

1. Assumptions and Limitations

The following is a list of assumptions and limitations in
the current version of the yard simulation model:

Only one hump with a single lead can be simulated. In

the event a yard is bi-directional (i.e., Eastbound and
Westbound) with a hump for each direction, the entire
complex will have to be treated as two separate simulations.

The entering and exiting of cars into and out of a yard

can only be expressed as inbound and outhound trains with
predetermined schedules and block destinations. For
example, locally generated cars or incoming cars from the
opposite yard are defined as inbound trains with designated
train code and block composition.

It is assumed that all cars are the same length and size.
Weight and rolling stock types are not considered.

. The priority of train processing is based upon z predetermined
processing sequence defined by the analyst before the
simulation run. During the simulation, the processing
order is then based on a first-in first-serve discipline
in a sequential manner according to the prescribed sequence,

The physical geometry of the yard (e.g., distance from one
track to another, and location of switches and retarders)
is not a part of the model structure. Therefore, the
travel time between points in the yard is either expressed
as an average time constant or is not considered (i.e., set
to zero).

The traffic schedule and volume are defined omn a 24-hour
basis from 0000 to 2400 hours. The same train schedule and
traffic matrix are repeated daily. However, by using the
program iteratively, it is also possible to study yard
operations for varying daily conditiomns.
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The program is designed to start either with some pre-
specified initial conditions of the yard or with a totally
empty yard at zero hours (midnight) on the first day.

2. Basic Relationships and Models

In this section we describe briefly the logic used in the
program to assign various yard resources and the mathematical relationships
used to calculate various operating characteristics.

a. Assignment of Various Yard Resources

The basic logic used in assigning various yard resources
when a need arises is to search for the most appropriate resource
currently available and use it on a first-come first-serve basis. The
following examples elaborate this logic.

When a train arrives in a yard, the program sgsearches
for the shortest receiving track that could accommodate
the arriving train. If this track is empty, it is
assigned to the arriving train. If there are two
available tracks of the same length, the lower number
track is selected., If the track is already occupied
by some train, the program checks to detect whether
the track could become empty in the next few minutes.
The amount of time allowed for waiting is a designer’s
choice and has been shown as the input "Tau" in

Table 18. 1If the desired track could become available
within the next "Tau" minutes, it is assigned to the
newly arrived train and the time of arrival of the
respective train on the chosen track is advanced
corresponding to the wait time. If the desired track
is not going to be available in the next "Tau" minutes,
the program looks for the next shortest track and

goes through the same logic until a receiving track

is found and then assigns that track to the newly
arrived train. This logic is repeated whenever a

new train arrives.

When a train has arrived at the receiving track, the
program searches for those crews who are supposed to
be on duty (i.e., by looking at the data related to
inbound inspection crew, Table 19)., If at this time,
some crews are already working on some train, it
checks if any of them could be free within the next
"Tau" minutes. (The meaning of Tau is the same as
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explained above.) If so, this crew is assigned to
the train which has just arrived; otherwise, it looks
for a free crew whose working hours (including
allowed overtime) are within the time limits needed
to complete inspection. If no crew is free presently,
the crew which is projected to become available first

is agsigned to the newly arrived train and a corresponding

inspection delay is displayed in the "Inspection Delay"
column, Table 23.

Assignment of class tracks to various blocks and the
times during which the tracks are to be used for
various blocks is a preplanned input by the designer

. and can be varied before each run of the program.

Assignment of departure track, departure engine, and
departure engine crew is done by the program logic

in a manner similar to that of inbound track assignment
and inbound inspection crew, i.e., the program searches
for the most appropriate resource currently

available and assigns it to the demand on a first-

come first-serve basis.

Exact program logic to accomplish the above noted
assignment of resources is incliuded in User's Manual
for Yard Operations Analysis Computer Programs .

Mathematical Relationships Associated with Various

Operating Characteristics of the Yard

Resource utilization =

Yard operating characteristics, such as hump utilization,
inbound inspection crew utilization, and class track utilization, are
calculated as simple ratios with the following general form:

Total time the resource spent
in performing the service
Total time period during which
the resource was available

In case of inbound inspection tracks, hump, and outbound inspection tracks,
the utilization is calculated on o 24-hour availability basis, i.e., the
utilization is expressed as a fraction of 24 hours during which the
tracks or hump performed useful service.

In the case of the inbound inspecticn crew, departure
engine, and outbound inspection crew, the utilization is expressed as a
fraction of trick period (shift duration which is typically 8 hours),
i.e., crew utilization is expressed as a fraction of 8 hours during
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which the crew performed useful work. A shift which is not finished at
midnight of the day being displayed is not considered in the calculation
for that day. Such service time is shown again in the display of the
following day and the utilization is calculated for that day based upon
the entire eight~hour shift.

Mean transit time T of cars in the yard is calculated
using the following relationship:

ko o T .
F=1J ] 1] (1)
N
where Bi' = Batch of cars with identical destination block
J pumbers from inbound traim i to outbound train j
_ I B
N = ij i3 or total nubmer of cars entered and

exited during the simulation period (e.g., 24 hours)

Tij = Transit time for Bij’ which is the elapse time
between arrival and actual departure of the batch.

The standard deviation § in the transit time is calculated using the
following relationsh¥g.

ij 1j : _ (2)
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V CONCLUDING REMARKS AND SOME RECOMMENDAT IONS

A, Concluding Remarks

The methodologies and computer programs discussed in this report
were developed under quite pressing circumstances. The overriding
consideration throughout the project was the need to develop techniques
suitable for fast analysis of several alternative blocking and train
operation plans for the Northeastern and Midwestern railroad network
to establish a preliminary system plan and then a final system plan
within the deadlines set up under the Regional Rail Reorganization Act
of 1973, Because many operational decisions in railroad operations
involve human judgment and because no well-defined single criterion of
optimality exists to test competing plans, it was decided in the early
stages of the project to develop techniques wherein the wvital decision
and evaluations related to railroad operations are made by man, and
extensive calculations and bookkeeping operations are performed by
machines as explained in Figures 1, 2, and 3. Some simplifying
assumptions were made to facilitate quick development of analytical
techniques and related computer programs. However, such assumptions
were made in consultation with USRA team members to ensure that vital
results will not be distorted to an unacceptable degree,

The computer programs and methodologies developed by SRI should
be treated essentially as planning tools. Used as planning tools, the
gross effects of changes in blocking, in train operations and in yard
capacities can easily be simulated, TFor example, it is possible to
test the overall system effects of closing yards, the downgrading or
upgrading of mainlines and opening of yards. It is also possible to
test the system-wide effects of major changes in operating philosophy
on yard and mainlines, such as short trains and long trains.

Used as a planning tool, the SRI programs would be quite valuable
to ConRail, requiring neither extensive manpower nor computer time
particularly when using an accurate and up~to-date data base. The
blocking strategy analysis programs could be used to generate preliminary
blocking books for various yards. The train and road statistics analysis
program could be used to develop preliminary operating plans of trains.
The yard analysis program could be used to develop improved and efficient
yard operational procedures at many yards to increase their capacity.

B. ' Some Recommendations and Possible Improvements

The SRI programs in their present forms are quite valuable to
analyze and develop preliminary operating plans. However, several
possibilities exist for modifications and improvements to the basic programs.
Below we present a list of some of the improvements which can be looked
into in the future:
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Possible Improvements Related to Blocking Strategy Analysis
and Train Statistics Programs:

- Develop methods for altering blocking strategies and train
formation strategies considering the associated costs
including car miles costs, switching costs, yard congestion
costs, etc,

- Use visual aids to analyze blocking strategy. SRI has
already developed a preliminary plotter program which
shows graphically how various flows converge to a destination,

- Make the blocking strategy analysis programs suitable to
analyze the effects of daily and bourly variations in the
arrival of trains.

- Improve the automatic blocking strategy program to comnsider
more detailed classification of yard and more sophisticated

logic to form blocks.

- Develop a technique to automatically combine blocks and form
trains using possibly standard routes.

- Develop a program to automatically generate a train file
using standard routes, Train IDs, departure times, and so on.

- Convert the whole system to time-sharing with interaction
blocking strategy and train editing capability.

Possible Improvements in Yard Analysis Program

- Improve the model to include flat yard operations.

- Create more realistic modeling of pullout track interference.
(In the present model, the interference effect is represented
as an average delay applied uniformly to the pullout times
whenever there i a predicted interference possibility.)

- Randomize the yard input parameters to make the model more
realistic, i.e., use statistical distribution functions rather
than fixed values, for train arrival time, hump delay,
inspection rate, pullout time, and so on.

- Include costs of various yard operations.

- Include rehumping and multistage blocking schemes.

- Include bad-ordered car handling.
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Include capability to prespecify some or all receiving
and departure tracks.

This is only a partial list of improvements and modifications
that seem desirable. Several other features have been suggested from
time to time during the course of the project.




FOLDOUT MAP - Figure 5

e The report includes a pocket in the back
with a large foldout map of ConRail,
approximately 3’ x 5’ dimension.

e The first page 1s a photograph of the entire
map, on a single page.

o After this are 5 more zoomed in views of the
same map, taken from left to right (west to
cast) for a higher resolution view of smaller
portions of the map.





















