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Computer Methods in Blocking and
Train Operations Strategies

Waheed Siddigee and Donato A. D'Esopo, Stanford Research Institute,

Menlo Park, California

This paper presents a set of computer-aided methods for developing
blocking and train operations strategies for railroad networks. These
methods are iterative processes in which complex, judgmental decisions
are made by experienced railroad operators and extensive, repetitive
calculations are performed by a computer. By using these methods, rail-
road operators can compare the consequences of various blocking and
train operations strategies in terms of such measures as car switching,
yard loading, block size, car-kilometers, ton kilometers, train-kilometers,
and the like, which are calculated by the computer; operators can then
develop efficient blocking and train operations strategies.

The blocking and train operations strategies currently
used by various railroad companies have taken years of
professional experience, judgment, and knowledge to
develop. However, because of mergers, railroad net-
works have become increasingly extended and complex,
and network conditions and demand patterns have been
changing continuously. Blocking strategies thus tend to
lag behind the real-world situation by even a year or two
and create a need to be constantly reviewed and revised.

One outstanding example of such a need occurred re-
cently when Congress charged the U.S. Railway Associa-
tion (USRA) with the responsibility of developing a sys-
temwide operating and management plan for the rail op-
erations of the Consolidated Rail Corporation (Conrail).
A key element of USRA's approach to this problem was
to develop detailed schemes for blocking railroad cars
and forming trains, as well as for routing and scheduling
these trains within the network both on rail lines and
through the yards.

To get some idea of the magnitude of the problem,
consider the following statistics about the Conrail net-
work. It has about 32 200 km (20 000 miles) of track,
part of which is double; it handles approximately 40 000
cars per day, including both loaded and empty cars; and
it has 500 to 600 distinet origins and destinations (actu-
ally many more when considered in detail). With such a

large network and so much activity, it is obviously ex-
ceedingly difficult and laborious to analyze and develop
blocking and train operations strategies purely manually.

On the other hand, the interrelations among the de-
mand patterns, the car blocking, the train routing, and
the constraints on rail tracks and yards are inherently
so complex that the logic of forming blocks and trains
cannot realistically be stated in sufficiently concrete
steps for purely automatic generation of blocking and
train operations strategies. Consequently, USRA needed
a method by which complex judgmental decisions could
be made by experienced railroad operators but the ex-
tensive and tedious calculations would be performed by
a computer.

The resulting method, the subject of this paper, was
developed by a team of researchers from USRA and Stan-
ford Research Institute (SRI) and was used extensively in
developing both the preliminary and the final plans for
the Conrail system. However, because the method and
the computer programs described in this paper are so
general, they have also successfully been used to analyze
and develop suitable blocking and train operations strat-
egies for other railroad networks.

STATEMENT OF THE PROBLEM

In its basic form, our blocking and train operation prob-
lem can be stated as follows: Given a railroad network
in terms of the origin-destination (O-D) nodes (yards)
and the connecting links (tracks) and given the O-D de-
mand data on railroad cars, we wanted to develop an ef-
ficient blocking and operations strategy for the movement
of railroad cars.

Unfortunately, no single criterion of efficiency can be
realistically defined for comparing various alterna-
tives. However, operators used the following typical
attributes of blocking and train operations strategies
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to compare various alternatives:

1. Total number of car handlings the system has;

2. Number of times cars are switched before reach-
ing their destinations;

3. Number of cars that are switched at various nodes;

4, Number and sizes of the blocks that are made at
various yards;

5. Total train-kilometers, car-kilometers, train
hours, car hours, and ton kilometers there are on a per
day basis; and

6. Number of trains per day, cars per day, tons per
day there are on various links.

By studying such measures as those noted above, ex-
perienced operators can develop an efficient blocking
and train operations strategy after a few iterations. It
is, of course, possible to translate the above attributes
into a common set of units, for instance, delays or
costs. However, defining suitable equivalent delays or
costs for various attributes is quite a difficult task and
may even be misleading, because certain attributes can-
not realistically be treated on an equivalent basis. We
therefore calculated the various measures individually
and used them as a set of criteria for comparing various
alternatives.

METHODOLOGY

For a given network and O-D data, there are two ap-
proaches for developing blocking and train operations
strategies: (@) the blocking strategies are developed for
all nodes simultaneously, and the resulting blocks are
then combined to form trains; (b) the blocking strategies
are first developed for the extremity nodes, which gen-
erally do not have any transit traffic, and then trains
from these nodes are designed to carry the developed
blocks to the various destination nodes. Blocking strat-
egies are then developed for the set of nodes next to the
extremity nodes.

The blocking strategies for this second set account
for any cars sent to these nodes from the extremity nodes
for further movement. Trains are then developed from
this next set of nodes to carry the designed blocks to the
respective destination nodes. This process of developing

stage is continued until all the cars have been moved to
their destinations.

The advantage of the first approach is that a signifi-
cant amount of information related to system car han-
dlings, block sizes, and yard loadings becomes avail-
able during the first stage. The second stage then pro-
vides the information related to train-kilometers, ton
kilometers, and the like (although our program was
based on the mile). In the second approach this informa-
tion becomes available in partial steps, and the whole
process has to be completed before systemwide data can
be established.

In view of the advantage mentioned above and the ease
with which the process can be computerized, the first
approach was selected by the SRI-USRA team to develop
the strategies. Figure 1 indicates the overall logic and
interrelationship of the blocking strategy analysis and
development process. Figure 2 indicates the overall
logic and interrelationship of the train operations analysis
and development process. The following steps are asso-
ciated with the development of blocking and train opera-
tions strategies. (It should be noted here that all the
calculations were carried out in customary, rather than
metric units; these have not, then, been converted, but
metric equivalents have been noted where applicable.)

1. A suitable representation of the railroad network
was prepared., For example, to develop the preliminary
system plans, the bankrupt railroad network in the North-
east and Midwest was represented by 147 nodes, 23 junc-
tion points, and 246 links. Later, a more detailed repre-
sentation with 494 nodes and 650 links was developed to
conduct more detailed analyses and to develop the final
system plan.

2. An O-D table giving average daily traffic between
pairs was prepared.

3. The designer manually prepared a preliminary
blocking strategy, based on experience and on study of
the network and the O-D table, for each node. In a later
version of the program, a preliminary blocking strategy,
based on some heuristic rules, was generated automati-
cally. Specifying the blocking strategy for each node in-
cludes (a) the destinations of various blocks to be made
at the node and (b) the destinations of other groups of
cars to be included in each block. For example, the de-
signer may specify that at node 1 he or she wishes to
make a block destined for node 53, containing cars for
nodes 53, 54, T4, and 89; another block destined for node
87, containing cars for destination nodes 87, 90, 91, and
so forth. All destinations are to be accounted for. Note
that the designer need only specify the destination of the
nodes included in each block. The actual number of cars
in each block is automatically calculated by a program
based on the O-D table, as discussed below. The de-
tails of the exact format for specifying blocking strategy
are explained elsewhere (1, 2).

4. The specified blocking strategies for all the nodes
are put into the blocking strategy analysis program,
which uses the specified strategies along with the O-D
file stored in the computer. The program is designed to
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 all the cars sent to the node
by other nodes through the specified strategy. The spec-
ifications of blocking strategies for each node in com-
bination with the O-D table uniquely determine several
operating characteristics through simple mathematical
relationships, such as number of car switchings at each
node, number of cars switched how many times, block
sizes made at each node, and total system switchings.
These data are used to analyze the proposed blocking
strategy. The program also generates and stores a
block file in the computer to be used with train formation
and a road statistics analysis program. The designer
can modify the blocking strategy by using an editing pro-
gram and can rerun the program many times to accom-
plish a satisfactory strategy.

5. After a few iterations, when the blocking strategy
has been refined to the satisfaction of the designer (the
vard loadings are satisfactory; the number of car
switchings is acceptable; and the block sizes are satis-
factory), he or she 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 each train. The for-
mats for specifying these data are included in our other
papers (1, 2).

6. These manually generated routing and departure
time data are then applied to the train formation and road
statistics generation program. Specification of the train
composition (blocks in each train) and routing in combi-
nation with network details (link length in miles or travel
times) uniquely determines several operational charac-
teristics through simple mathematical relationships, for
example train-miles, car-miles, ton miles, and trains
per link. These operational characteristics are used to
analyze the proposed train formation and routing strate-
gies. The designer can modify the composition, routing,



and scheduling of trains and can rerun the program many
times to accomplish a satisfactory set of trains.

Completion of the above steps results in a set of
blocking tables and trains for each yard that is realistic
because it has been defined by experienced designers and
is efficient because the various performance attributes
calculated by the computer have been used by the de-
signers to select the strategies. Ina related effort, a
detailed yard simulation program (1, 3) was also devel-
oped and used to study the yard operations in finer de-
tail; this ensured that the loadings imposed on various
yards as a result of the selected blocking strategies were
feasible.

EXAMPLES OF PROGRAM OUTPUTS
As indicated earlier, the computer programs associated

with blocking and train operations strategies calculate
several performance attributes for these strategies spec-

Figure 1. Blocking strategy analysis and development process.
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ified by the designer. Examples of several outputs are
presented for content and format, and those discussed
under car handling and blocks and block sizes below are
produced by the blocking analysis program; those dis-
cussed under block routing and train and link statistics
are produced by the train analysis program.

Systemwide Car-Handling Output

Systemwide car-handling output gives the total number of
cars switched and how many times. It also gives the
total number of system switchings and the total number
of switchings in all intermediate yards. These system-
wide figures are very helpful in comparing blocking
strategies quickly on a systemwide basis. A sample
output is shown in Figure 3.

According to this figure 6774 cars were handled once
(either once at the origin or once at the destination);
13 176 cars were handled twice (once at the origin and
once at the destination); 13 752 cars were handled three
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Figure 2. Train and road statistics analysis and MANZS: PART

development process.
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times (once at the origin, once at an intermediate yard,
and once at the destination), and so on. The total han-
dlings, 90 576, is the sum of 6774 + 2 (13 176) + 3

(13 752) + 4 (3730) + 5 (250) + 6 (4). The total excess
handlings, 21 978, is the sum of 13 752 + 2 (3730) + 3
(250) + 4 (4) and gives the total number of intermediate
yard car handlings not including the handlings at the
origin or destination.

Individual Flow-Handling Output

This output gives the number of times cars are handled
(switched) before reaching a destination from various
origins. The program is designed to print any selected
data specified by the designer. Figure 4 shows a portion
of the flow-handling output associated with destination
nodes 32, 33, 34, 35, 36, and 37. It is assumed that
cars are handled once at the origin 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 handled once at node 3, once at
intermediate node 34, and once at destination node 35.
The numbers (Figure 4) in the columns give the products
of the numbers of cars times the number of handlings.
The 21 cars from nodes 3 to 35 are 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 flows that are
handled too many times. For example, referring again
to Figure 4, the flows from node 58 to node 35 are
switched at three intermediate nodes, at nodes 57, 49,
and 34, before reaching node 35. The designer may wish
to improve his or her strategy by checking the blocking

strategies for nodes 34, 49, and 57.

If the designer does not want a switching count at cer-
tain yards (in case the block is being delivered to an in-
terchange yard to be switched by other railroads), he or
she may specify the node numbers of all such yards as
inputs to the program. The program will not count
switchings at all these specified yards. Exact details of
this feature are explained in the user's manual for net-
work analysis computer programs (g).

Yard-Loadings Output

This output gives the number of cars handled at each yard
as a result of the prepared blocking strategy. Displayed
are the numbers of inbound cars, outbound cars, local
cars, and cars in transit, and the 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 the loadings for some selected
yards is given in Figure 5.

Blocks and Block Sizes Output

This output is one of the most useful. It gives a list of
all the blocks made at each node, together with the num-
ber of loaded and empty cars and total weights. A sam-
ple output showing blocks made at nodes 1 through 5 is
given in Figure 6. This output gives the designer a com-
plete picture of block sizes, contents, and weights for
each node resulting from his or her proposed strategy.
Some blocks may be found to contain too many or too few
cars. If so, the designer can then revise his or her
strategy on the basis of this information and rerun the
program until satisfactory block sizes have been formed.
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Block-Routing Review Outputs overlooked or some were set out but not picked up). Be-

cause of the large number of blocks involved, say,

These outputs are intended basically to help the designer around 2000 blocks in the network under consideration,
find out if the complete movement of each block has been and the hundreds of trains to be specified, it almost al-
specified correctly (for instance, if some blocks were ways happens, particularly in the first go round, that

Figure 3. Sample output of
systemwide car handling.

CAR HANDLINGS FOR STRATEGY CONRAIL 2A-85 12 FEB 75
OTAL_CARS HANDLED 14243 TIMES 6774 13176 13752 3730 250 4

TOTAL HANDLINGS 90576
A EX i = 21978
Figure 4. Sample output of T ]
flow handling. FLOW MANDLINGS FOR STRATEGY CONRAIL 2A=85 12 FER 75 TR/05/CR, 10,1002,
DESTINATIUN ORIGIN LOADS EMPTIfS CAKS CARSEHANIIL INGS e THTICRME (AT TANDY ——=
312 OAYTON 32 DAYTON 1 1% 1& 16
33 SPRINGHIFL 30 SHARONVILL 29 54 "3 1e6
31 SPRINGF LEL 0 3 3 3
34 BUCKEYL 34 RUCKEYE [ 5 5 5
35 GRANDVIEW 3 FXERMONT 10 1 21 63 34
12 CHICAGO 3 H 46 13K 34
14 COLHOUR ) 1.7 22 44
30 SHARDNVILL 22 18 40 ag
35 GRANDVIEW 53 28 Hl 81
39 STANLEY 4 ETY 38 76
50 FA[LRLANE 1 25 26 o
SR GATFWAY 5 0 5 25 57 49 34
61 ASHTABULA 1 14 15 «5 51
67 ENIF \ 11 12 4 en 5]
Figure 5. Sample output of yard loadings.
YARI LOADING FOR STRATFGY (ONRAIL 2A-RS 12 FEH 7% 75705700, 1010417,
ceemcam |MEUIND o= aex comeaaQUTHOUNlecoman  =mmman coenl OCAL=mmmoenr  eceweao TRANG]T-meene  =w-=n P 11} Y .
LNaN FMTY CARS TONS LOAD EMTY CAWS TUNS LOAD EMTY CARS TUN®C 1.0aD FHTY CaRsS Tuhs LOAL FMTY CAKS TONS
1 ROSFLARE PRS 112 397 26475 134 93 2?27 15009 1 9 12 A 1S 126 28Y 1KYeY LET IIH 425 89034
4 PARTS 21 64 HS  &1)S 35 19 S4 4011 2 17 19 huA K5 115 JAG 9onY 123 215> 33k YHTng
S  TERRFHAUTF 3% 58 43 5320 6 51 107 6023 Vo200 21 72» 7 | [ 99130 g2y 17594
10 AvOw 53 156 203 9036 849 74 163 AT30 I 5 6 237 IR 1145 PaYTLIUESZ 1805 1366 ZKRYIRINGE
11 HAMTHOKNE 172 230 402 233AS 177 255 432 20613 27 207 234 Wyo? Ry 6T 1S 9499 ahs 759 1226 #3419
12 CHICAGY 1T 196 36) 27722 1529 662 2191142370 3 f5 R 2R37 Q0 b7 152 13046 LTRY 1005 PT9e10)112H
13 CHICAGUSS 189 268 457 240286 99 130 229 10979 1] 56 56 16H0 1 3 4 cle 2hY  aS7 Tan k90|
18 COLHOUR 159 117 276 16616 151 153 304 19293 [ Az 4 Paba 0 ( o [ 310 352 b6 THIA)
16 ELKHAR 108 95 203 12924 k6 181 287 11661 122 23 756 11h0 1297 265T12ARP2 1355 19Y% 2950152140
19 LOGANSHORT 63 62 125 TAS 4k T4 120 TUR9 1 32 35 116k 2 e 34 2eud 14y 176 314 TKa1T
20 PMARJON =3 9T 150 ARAL 12R 44 1772 K659 ? 17 14 s56¢ 4 &) BY S2H4 231 194 425 233H4
21  ANDENSUN 73 57 130 A4RB 9 59 128 #2TA . 5 9 504 5 ‘ 4 en9 181 125 276 16025
23 rALBMALOO 12 %3 125 RAOS 75 65 140 6691 I 20 21 684 A7 26 63 3s17 1S 1h& 344 19597
25 JACKSON 119 64 183 10358 66 96 162 7442 2 S0 52 1613 KL 127 2UM 10¢0M 2hH 33T 604 2UA4T
27 FT,wAYnE Rn Al 161 9090 87T 77 164 1033R H Sh 64 234R 0 1 1 30 175 215 3%¢ 2iR2h
Figure 6. Sample output of blocks and block sizes.
ALOCKS AT EACH NRIGIN FNR STRATEGY CONRAIL ?A-85 12 FFR 75 15/05/0R, 10,1U.12.
ORIGIN NESTINATION CARS TONS LOADS FMPTIES
I HOSFLARE 1 NOSFLAKE 409 25081 2uR 121
2 MADISON . 138 0 4
3 EXFRMONT 5 206 | .
s Panls 13 615 . 9
5 TERPEWAUTE 38 2481 17 21
10 Avow 50 2820 24 26
11 HEWTHORNE 82 3511 21 61
12 CHICAGO s\ 5783 a1 i
14 FLRMHART a0 2401 20 20
34 RAUCKEYE 19 1054 7 12
39 STANLEY 16 691 9 7
5)  CLEVELAND 10 02y . I3
66 CONwAY L] 5142 54 2¢
bl ] ALLENTONN 48 3325 41 3
124 DEWITY 36 3589 30 6
130 SELKIRK 27 1781 25 i
2 MADISON 1 ROSELAKE 155 A195 66 8%
2 MADISON 319 12184 Ta 265
10 AyON w5 2662 14 511
34 AUCKEYE 35 1666 ] 25
39 STANLEY 45 1887 S 40
66 CONWAY 3l 1706 18 13




50

Figure 7, Sample output of block routing review.
Number of Number of
Block Block Loaded Empty"' Trains in Which
Origin Destination Cars ?rs ;ns Block/Was Carried
N / /S r R -
1 2 0 4 138 BT2(2)
T
1 3 1 4 206 BT1(1) ransfer Node
1 16 20 20 2403 BC1(9) 21 BA3(32)

Dashes in this

i g ¢ i i / column indicate no
block movement at all

4 7 2 1 239 ——————
4 10 34 17 3777 BB7 (16)
» . L Dashes in this and
other columns on
6 S8 10 20 1622 AC7 (92)51~---=--the right-hand side
indicate partial
, , movement
Figure 8. Sample output of beginning portion of train statistics.
THAIN COUNT THAIN CAR MILES TON MILES THATN KUUNWS CAR HOUHS
MILES L 3 T L E T
HT1 1 0 0 0 0 0 1.5 66,25 0,00 156,25
BTZ ] n 1] 0 0 0 1,25 2%.09 24,18 49,715
bg¢ 1 22¢ 1laag 12768 20208 157763¢ 6,07 400,00 380,00 Ta0.0n
-LK] 1 22% 1enle 21539 34213 1784186 T.42 317092 667,00 1044,92
uf} 1 Yy YYibe Ses4  104b0H 873724 3L s 3153,83 171,67 332%,50
baj i 3 luy15 YTb6 culal FLA ALY 16,54 1108492 610,33 119,28
T i 230 PCTTS 14396 19152 825598 7,42 155.75 452,42 608,17
:FTY 1 236 10010 1ub70 20680 1161288 8,92 380,92 405,25 186,17
8cy \ 454 20029 36057 50086 2576300 15,43 663,74 1207.58 1871,133
BCe i 017 clbbe EERA S EETY SN 3185880 15,¢5 717.50 1204,75 1982, 25
801 ) 589 CELTYS 1ub0e 56544 4BIas5)2 17.92 1397.5¢0 322.50 1720,00
ap¢ 1 54y 4bTbH 2824 LEDIDY 45613567 14,67 186,25 741.25 2227,50
I'SY ] 9523 “byb3 4988 ayys| 369)418 30,42 1487,00 115.25 1602,33
BYS 1 90 vlo 7318 9228 e9127e 11,00 111.00 893.00 1008, 00
bue i 90 a770 1080 9850 T1u3710 11.00 583,00 132,00 T1S.0n
687 1 146 9z 467 13799 1055759 7.75 488,25 222,83 T1l.nA
By8 1 1406 Y4yl 5917 1310 106287) 1,75 530,92 241,25 112,17
Ab ] 1 Il Bh06 11840 ORI Y 1€u5280 16,08 ale,25 614,17 1020.,42
450 1 152 S676 5552 liz22s T3vall 11,42 415.17 404,50 819,467
oYy 1 224 1753 blsl bH9s ¢81900 T.62 $3.83 164,83 218,87
BE1Q 1 131 16113 1572 17685 1791556 lo,08 124025 121.n0 1361.25
LLDOY ] 131 1048 10637 17685 589107 10,08 80.67 1280,58 1361,2%
Bd)2 é 23 17433 1¢870 30303 1663506 13,33 993,33 733,33 172667
8413 ¢ 234 18274 14054 2v133 1626300 13,33 813,33 646,67 1660,0n
6814 3 672 95328 1bles T14%86 4482240 19,25 1988,.9¢2 462,00 2046,92
BH]S Fa 448 LT ©0768 baps56 2126656 14,83 459,83 1369,83 1809,47
uBle 5 1120 7T634s 40544 116928 sUSYUT2 33.33 2273.33 120867 3s80, 060
873 2 2 1246 1548 2Tb4 172440 2,00 103,00 129,00 232.nn
B14 Fl 24 1546 €520 4056 1844186 2,00 128,00 210.00 338,00
BA2 1 167 19yin 10832 30750 1960272 14,50 1680.50 910417 2590,67
AB2 1 179 14355% 5286 1v6al 1431623 15,50 1185450 434,50 1620, 00
BA3 1 167 9432 1285 10717 1110293 8,92 499,50 391,2% ¥90, 7%
bAs ] 119 5503 26499 Blé62 976378 6,17 284,67 150.33 435,00
AB] 1 119 4slo Jea 7 1827 447348 6,17 241417 170,33 411,51
BAS 1 264 15293 “234 1v527 1124253 11,92 730.50 190417 920,47
Ads 1 2zl 7538 6089 13627 591406 11425 373,33 295,42 688,75
BC3 i 119 4699 2756 5455 d23229 5450 166417 128,17 294,33
Col 1 119 2500 9670 e170 388153 5,50 125,00 262,50 387,50
BCe 2 350 [ETTY 2491 27y 1534067 16,47 434,67 11986,42 1631.08
bY50 1 7 ¥53 1708 2657 151041 1,00 35400 60,00 95.00
uCs 1 187 13263 8290 24553 1319019 9,08 645,33 402,92 1048, 25
BE2 1 727 LRE-LY 15057 52939 IY¥6B523 25,42 1657.67 531.47 21R9.33
BCa0 1 158 blez 6132 142ss b96972 6,75 278425 274,50 552,1%
8F3 1 296 15048 18629 33674 1766942 9,67 487,67 503,33 1091,00
BC6 1 292 voby 8549 18138 950316 11,42 341425 315,75 657,00
Ce 1 142 Y281 1920 oTy7 405429 5,67 226.9¢ 79,17 N6, nA
803 1 365 13505 4030 21535 132093% 11.25 416.25 247,50 663,718
AT] 1 0 0 0 0 9 2,50 19.00 143,00 162,00
ATe ) 0 0 0 0 0 2,50 58,50 104,50 163,00
A} 1 22 1034 1034 008 163328 3.50 140,00 126,50 264,50
A2 1 22 1iv8 902 €090 143726 3,00 136,00 61,00 197.n0
AES F 134 vise 38589 43921 1665724 28,00 784,00 2898,00 602,00
AAD i 176 14790 T221 2<ul) 1494292 11,00 888.00 413,90 1321,%0
Ada | A7 Ivis 4263 8178 513300 3. 00 135,00 147,00 282,00




Figure 9. Sample output of beginning portion of link statistics.
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LINKS
LINK  HMILES TWAINS CansS TUNS TRAIWN CAH MILES TRaIN CAM HOURS

k [ 1 ALL MILES L € T HOURS L F T
la = )5 22 r3) lals 409 lu2¢ 1267173 a2 Jloss 4998 40084 24,00 113,00 409,00 1822.00
15 = 1« 22 Iy 1y 1078 ld4s v6493  3ve 1694y 23716 40656 1u,00 770.00 107A.00 1848,00
15 = 16 65 ¢l leg? PEY 188> 128547 Jdeb Y2755 291790 122525 4¢.00  285a,yn Q1AL 00 1770.00
16 = 18 b 14 bub loys luve 93401 1170 5¢5¢v 10460 122980 Ju,00 Isléaun 2168,00 1784,00
16 = 169 “2 17 1ent KLT Louy 107469 Tla Sl 16864 61576 1,43 1419.81 457,33 1877,17
169 = 16 42 15 714 Hed 1558 79642 630 dup3v 3406 65436 17,50 R3&, 17 .o 1R1T.67
26 = |69 51 i® ree CEY 1574 8030) 8le KLY P 43452 80276 25,31 1143,17 1349,00 2492,17
169 = 28 S) i8 leey 3ve 1628 104787 918 62ply 20349 84028 20,50 1945.v2 631,15 2577.87
2b = 40 az iy 1edy “ud 1641 luvlve 756 5¢u3dy 17130 A917« 24,00 1652.00 S4a,00 ;l%:oo
40 = 26 42 16 12U CED) 15970 80657 6712 du2ay EELEYS 664192 21,33 960.00 HH'H 21n1,33
40 = Sp 70 21 1578 434 2ulu 132810 lAT0 jlu3Ry 30380 140700 4£,00 3152.00 864,00 w0z0.00
S0 = 40 70 20 Bly 1116 193> 95848 400 97340 Ty120 135450 44,00 1633,00 2232.00 1470,00
50 - 8§} ELS 2 1590 541 elet 135647 Tab 5426 18054 72318 22,00 1596,0n 531,00 2127,00
91 « 50 34 P3 v67 1144 1991 101967 Tia PATSL] 38216 67694 21,00 867,00 1124, 00 1991,00
51 = 60 29 18 IR 29y 14Bb 104663 522 d4424 4671 43094 22,50 1483,75% 371,78 1857, 50
60 = 5] 29 17 Sif 9] 15u0 66630 4yl 16993 29739 43732 2},25 bab, 25 1234.75 185, 00
60 = 61 26 18 1153 J¢4  lall 100671  4ks 29974 8426 38402 11,50 864,75  261.00  11a7.75
6l = b0 26 17 v37 978 1513 71088 “a2 13902 25428 39390 12,75 “02,75 731:50 \1'36:25
bl - 62 “2 19 1306 308 167v 121168 198 S4H5¢ 152K8 70140 22,17 1523,67 424,47 948,13
62 = 81 42 19 623 1101 17¢% 81328 798 26j006 46242 72408 22,17 726,81 1284.50 ;nn:n
62 = Y} 80 19 1271 ey 16}V 116052 1520 1vis8y 27840 129520 41,17 2753.81 754200 1507.83
41 - 62 80 19 buY 1o« 1650 79417 1520 872y 843250 132000 41,17 1319,5n 2254 ,5¢ 1575,00
6] - 82 (] 24 1440 ay2 1830 125747 192 10768 3936 14705 12,00 673,00 244.00 919,00
8¢ -~ 8] 8 24 6b5 114y 180w 86902 192 5340 9112 18432 12,00 332,54 569,50 902.00
1 = 160 1a7 11 Su3 S00 1084 6472 1617 85701 73500 159201 43,08 2283.42 195R .33 4241.75
160 = 1 147 12 707 503 1e1y 62518 1764 103929 73981 177870 47,00 2769.08 197008 4739,17
S = 160 18 12 re 949 1241 63877 216 12816 Y630 22446 1,00 “Ta, 07 354.67 A31.33
160 = S 18 ik 584 500 1083 bbnTe lym 1069e Yuoo 1949« 733 388.67 331:33 7??:M
S = 19 59 12 ov! 5eY 12¢o T71274 Tos sl1es 3la1l 72334 22,00 1277,83 969,81 2247,867
10 - s 59 13 713 6uy 1362 71531 767 45607 35931 K153 23,83  1417,17 1114,80 2533,67
10 = 21 6 19 Yyye 132 17]a 105538 47 85356 33872 79028 38,00 1972,c0 1464,00 1436,00
21 = 1o Y 18 sle gul 1719 88020 828 4011¢ 38962 79074 38,00 1744,40 1694,00 1438,00
2l = 170 “9 16 us5] 659 151u 91v17 T84 Aleyy 32291 73990 ¢1.33 1134,67 818,67 2r13,1)
170 = 2} &9 15 704 175 1938 7960 715 3738/ 379715 75362 20.0v 1017,33 133,23 2050,47
170 = 172 s? o J61 216 551 315105 342 19437 12312 31749 14,00 795,67 504,00 1299,47
112 = 170 57 o 5y 95 554 0102 w2 187064 16815 31878 14,00 604,37 660,33 292,87
le = |72 41 7 evl EEL] bab 35277 247 11931 18555 26486 11,67 485,01 59\:67 3'075:1-7
172 = 3 .1 7 dre 2% 30 dpeas 247 1525¢ 9922 25174 11,87 620400 403,33 1023.3)
J& = 87 61 ] 46l L3 b4 45032 B8 €702y 18701 41724 14,00 775,25 421,75 1197,00
b; - 3 61 7 EY a2 oy 49096 427 2387 26962 49349 17,25 642,25 173,50 je15.75
:a - eg 90 8 435 2%l 30 44235 120 39150 21690 60840 20,00 1087,5n 602,%0 1690,0°
- 8 90 7 303 %30 194 4g45] 630 3261y 38700 71370 17.50 907,50 1o7s,00 1982,50
65 = 88 s 7 235 4Ts 70% 36045 238 7990 16116 24106 8,17 2Te01T £51,00 827,17
:g = b5 3e [ 339 227 560 39485 20 11526 1718 19244 7,00 395,99 264,83 6¢0,33
- 66 11 [ 467 237 60w 43908 66 4017 2607 6644 3,50 214,08 138,25 352,3)
;: - 75 11 [ ¢hb RITY t0¢ 34597 66 2816 JBob 6622 3,50 149,33 201:!13 5117
g A 138 gu 10 h_l’b 52} 93o 44083 SHp 24g10 30218 54268 14,13 760,63 955,17 1716,00
70 2 8 10 576 3l Hy/ 37432 580 33aud 19048 Sleés 18,33 1056,09 57,17 i626,17
- 49 49 ] 580 252 83¢ 57605  44) 28420 12348 40768 13,50 870,00 378,00 j248.00
:: - ga 49 1) EEDY CEL) 1015 48876 539 loesy 31066 49735 1s,50 571.5¢ 9%1.00 1522.50
- 1 15 '] ‘67 180 Cra 45260 500 33525 13500 47025 18,00 B9a.0n 360,00 1254,00
51 = 49 75 8 245 546 781 32180  buD 181375 40200 58575 18,00 490,01 1072,00 1562.00
EL Y 66 3 213 be 21! 21597 1wy 14058 0224 18282  §.75 408,29 123287 .92

some blocks are overlooked, set out but not picked up,
or assigned to more than one train simultaneously. The
program checks each block in the blocking table, follows
its movement in accordance with the specified trains and
their routes, and flags whenever there is an incomplete
journey of a block or a block has been assigned to more
than one train. Figure 7 shows a sample of this output.

Train and Link Statistics Outputs

The specification of blocks for various trains, together
with routing of the trains—in combination with link tables,
link lengths, and link transit times—uniquely defines
many statistics associated with trains and links: train-
miles, car-miles, ton miles, train hours, car hours,
trains per link per day, cars per link, and car-miles
per link. The program has been designed to calculate
several of these values, which are printed in two sets of
tables. The first set is arranged with reference to trains
and the second with reference to links. Figure 8 shows
a portion of the output with reference to trains. The
symbols L, E, and T under the headings of cars or car-
miles refer to loaded, empty, and total cars. Figure 9
shows the beginning portion of the output, referring to
each link.

USEFULNESS OF THE METHOD

The method and computer programs discussed in this
paper can be used for the following purposes:

1. Development of efficient blocking strategies so

that systemwide and individual car handlings are not ex-
cessive;

2. Appropriate distribution of the switching load at
various system yards so that each yard's share in the
switching load is consistent with its capabilities; and

3. Development of suitable train compositions and
routings so that link loadings are not excessive.

In addition to the above purposes, the method could,
for example, be used to study overall system effects of
closing yards, downgrading or upgrading mainlines, and
opening yards. It is also possible to test the systemwide
effects of major changes in operating philosophy on yard
and mainlines, such as the effects of short and long
trains.

AREAS FOR FURTHER RESEARCH

The methods and the computer programs in their present
forms are valuable for analyzing and developing system-
wide operating plans, but there is room for modification
and improvement. Under an extended research contract,
SRI is currently adding a feature to trace the movement
of selected traffic flows from origin to destination in
terms of time spent in waiting in the origin yard, in tran-
sit on road, in intermediate yards for switching, and in
waiting to be set out and picked up, until arrival at the
destination. This will give the designer additional in-
formation regarding the individual and systemwide travel
times of various cars. These data will also be helpful

in comparing various blocking and train formation strate-
gies in terms of car hours and delivery times.
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Some other possible improvements in the present pro-
gram are as follows:

1. Developing an improved automatic blocking strat-
egy process;

2. Developing a technique to combine blocks and form
trains automatically;

3. Developing a cost model to compare various strat-
egies on a cost basis; and

4, Converting the whole system to time sharing with
interacting blocking strategy and train editing capabili-
ties.

The above is only a partial list, and several other
features have been suggested during the course of the
project. We hope that the present programs can even-
tually be augmented, by incorporating all the significant
features, so that a highly efficient and useful tool will be
available for railroad operators.
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Inventory Model of the Railroad
Empty-Car Distribution Process
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Techniques to improve freight-car fleet use are of considerable interest
to the railroad industry. One potentially high improvement area is the
disposition of empty cars within the network. This paper reports the
first results of inventory control applied to one aspect of the process,
namely the sizing of empty-car inventories at points in the network.
First we evaluate existing techniques for distributing empty cars on a
rail network. These techniques deal primarily with optimizing empty-
car movements from areas of surplus to areas of deficit. To account for
variations in supply and demand, we designed a discrete event simulation
model that can determine optimum inventory level, for a single terminal
area, as a function of (a) daily supply variations, (b) daily demand varia-
tions, and (c) cost of holding a car in a terminal awaiting loading com-
pared to cost of having no car available to satisfy shipper demand. A
first attempt to use the model to evaluate the performance of an actual
railroad terminal area indicates that excessive inventories are maintained
in surplus terminal areas. The applicability of the model to a real rail-
road operating situation is also demonstrated.

Empty-car distribution is an unavoidable problem for
most railroads, because demand and supply are typi-
cally unbalanced in any given region. Thus, surpluses
and deficits at terminal areas are inevitable, and some
mechanism must be employed to move cars from points
where they are not needed to points where they are.
Shippers feel the impact of the distribution mechanism
directly. Car availability will largely be determined
by the ability of the railroad to efficiently move cars
from surplus to deficit areas.
This recurring need to manage and monitor car move-
ment has come to dominate current empty-car distribu-

tion processes. The techniques used to allocate cars
usually employ standard static optimization methods

and thus rely on the hypothesis that levels of supply and
demand will not vary significantly. Variations, how-
ever, do exist, and one of them is periodic shortages
caused by railroads unreliably routing cars from surplus
to deficit areas.

Some empty-car distribution practices have evolved
to cope with this problem; individual terminal distribu-
tors, for example, often maintain an inventory of empty
cars to protect against the uncertainties of supply and
demand. Still, since distribution mechanisms seldom
consider inventory levels, no strategy for determining
appropriate inventory levels has yet been proposed,
and costs to the railroad incurred by wasted car days
or lost loads due to shortage can be directly related to
these levels.

This report evaluates the theoretical implications
and tests the methodology of one strategy for deter-
mining inventory level in a railroad operating en-
vironment. The proposed strategy grew naturally from
our reexamination of the empty-car distribution process
from the perspective of the local or terminal decision
maker. Several theoretical solutions to the empty-car
distribution problem, such as existing network models
that determine flow rules, are contrasted with a theo-
retical construct of the need for empty-car inven-
tories.

A discrete event simulation model of empty-car





