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The Allocation eof Switching Work i{n a System
of Classification Yards*§

Martin Beckmann, Tjalling C. Koopmans, C. B. McGuire, and C. Ba Wingten

A veek or 80 ago the newvspapers carried reports of the Gemeral Motors
"Rail-Truck Coordination Plan”™ wvhich is mainly concerned vith the operatioa
of piggy-beck cars. The reports would have us believe that the operstioa
of these nev railroad cars, vhich carry loeded truck trailers, will add the
short-haul economies of trucking to the long-haul economies of rail transport.
Without entering into the merits of the plan itself, ve would likke to look
a little closer at one of the proposals involved.

Rail transport is slov, according to the report, partly because loaded
cars spend 0 much “dead” time in yards. Big investments go imto providing
fancy equipment which speeds the actual dresaking-up of iocoming trains, but
once into the yard the cars Just sit there. The way to avoid this wvasled
tiwe, says the report, is to keep traffic out of yards altogether. Rum paly
"s0lid” trains, that is, trains coaotaiming caris for oanly ome destinatiou.
Trains can then haul their load from vhere it originates to its destination
wvithout passing throught the very Cime-consuming svitching cperations at
intermediate yards. Well, how adbout it?

Put baldly, the plan perbaps attridbutes more nalvete to its proposers
than they deserve. At any rate, it ia en interesting end profitable guestion
to examine. If it is silly, wvhy 1s it silly? Amd is there a good suggestion
in 1t someplace?

First it must be recognized that loaded cars to in fact spend a larges part
of their time standing in yards. Though nobody seems to have a firm estimate
of what this proportiom is, one can find rvports for particular rosds of oae~

* Research carried out under comtract between the RAND Corporation and the
Covles Commission for Research in Economics.

# Paper preseuted at the Jovember meeting of the Railwvay Systems and Procedures
Associstion in Chicago.
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third dead time. At [=ast ve knov that it i{s dig enough to wvarrant serious
study .

Then of course ve are interested in transit time not only becsuse the
shippers value time, bDut also Ueczuse the smme Job cen De done with less
rolling stock if overall speed is increased. The importwce of these yard
Selays is underlined by the fact that the subject is attackeld anev each year
by such organisatioas as the Americen Association of Railrosd Buperintendeunts
vhich has gome on record as disapproviag of this “umproductive” yurd time
== umproductive because it produces po toomiles. Now in outlimies & very
preliminary snaiysis of this prebles ve hope to make clear that this yard
time i» by no moans completely unproductive. We wvant to reduce 1t as fap &8
posaidle, of course, subject to other costs, but after a certain poist it
costs us more to reduce this deed time than it's worth. It's even conceliv-
able that this point has already been reached, if the railroeds have been
as efficient as possible im their epersiions. This is doubtful though, s
almcst snyome vill admit, bhowvever frieddly he 1is to the railroads. The
problem is simply too 4ifficult for us to believe that the solution hes bLeen
reached .

Let us ask cutselves first why the prodlem arises at all. Way are
classification yards necessary? No one has complained tast loaded highway
transports spemi t00 much time staniing idle. And, loeding docks aside,
&umubumxcmuzcummrornuwmummr
sbout all the time being wasted.

The first reascon for yards and the basic csuse of these classification
problems, is that the size of the ordinary shipment 1is smaller by far thaa
the sise of a train. The second reason is that setting out or picking wp &
Gar or two 1o & costly procedurs whick consumes time, fusl, wages, ete. If
m-mot.mmqmumnum-mctcm,m-uﬁ
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be no reasoa for svitching, and yards wvould have m0o function whatsoever.
Locamotives would simply pick wp their load from a shipper and take {t
diractly to the comsignee; yurds would oot fecillitste its journey. This
ia fact 12 Just sbout the situatiom ve have in truck transport amd it ex-
plains the absence of a classification protlem in that bdusiness.

Suppose however, that on the average it takea seversl shipments %0
£111 the ordinary sized train. Then {f the bhigher costs of ehort tragns
are to be avoided, tvo alternatives are opem to us:

(1) Single trains may carry shipments bound for different

destingations, and cars may be shifted from train tc treia

at points called claasification yards, or

(2) Smipssnts may be allowed to accumulate at their point of

origim until wiole .raialoads are reedy.
Botice that the secood alternative 1s precisely thn “s0lid traip” proposal
of the Oeaeral Notors plan. The only troudble vith it {s that it driags about
Qquite & bit of dead time, if OOt {n classificetion ymrds proper, thea omn the
shippern’' trucks while the necessary accumlation of cars takes plate. So
ve are left vith the¢ choice of either making use of classification yards or
suffering these very large delays of accumilation. It is to this problem
of the use 0of classification yards that wve pov turn our attentiom.

Probably a0 one ia the sudience, and particularly mo opersting msan,
vill demy thut the prodiem is one of s high order of complexity. Bowever,
ve hope to shov that the possibilities of amalytic methnds i{n this aresa are

by oo means small. We should also like to emphasize that the approach through-

Out 15 an econmmic one; we Are asking hov the mpet product can be proéuced vith

given reeeurcss. or, turning tie statemeant around, hov a given product can bde
produced with the l2ast amount of resources. Ve wwnt to distribute vork over

s system of yards 30 that another dollar spemt vill result {n an equal ralue
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of tremsportation-product no matter vhere in the sy.tem this dollar is spplied,
00 long as 1t s properly ~pplied.

To simplify our terminology, let us think of the tracks from wvhich cars
are originally picked W and on vhick they are fiually set off , a3 ssall flat
yards. In this vy, ve can think of ell traffic es boing yard-to-y=rd. Bov
a8 wve have seel there are two erxtreme vays of running e system of yards. Ome
s to let traffic dound for exactly the same 4estination to accumiiate at the
originating yard until it fills & train. This is obviously vasteful due to the
large accumulation delays vhich would build up with the usual sized shipments.
The other extreme:1s o cut dovn on accumulation delays by sending off a trein
the minute eaough traffic going i{n that general direetion i{s avauilable. This
i35 also warteful for it means that little or no work hes been ‘One on the
train to facilitate set-offs. Mr. Lake mentioned same of these troubles a
fev minutes ago.

It {s clear that some happy m~dius detveen these extremss must be found.
The mcans by wvhieh this middle ground is reachel 1s prior classification, some-
times called grouping Or blocking. It meens that scme yurds of the system do
more wvork, i{n the way of grouping and lining up the train. than is absolutely
socessary at that yard. HNearly all yards try to group their local trains end
put the groups in taticon order. The vay ve have defined yards, to i{nclude
destination trecks, means that ve have %o regard this station ordering of
locals @ case of prior classification, 8o in this serse nearly all yards of
any site 30 same prior classificetionm.

What ve are really interested (o however, is the prior classificdtior
doune by the larger yards. Ve wvould like to knov the costs incurred by the
yar< that does !¢, ami hov much voik it saves otoer yards farther dowvn the

1ipe. In a sense, prior classificetion is a device used to ahift work from
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yard to yaxd. If the custs, in terms of both money and time, are known at
each of the yards, and i{f the wvay these costs change U th changee in the
dsgree of prior classification, then it should be possible to distridbute
the vwork over the vhole system of yards {m euch & wvay as to even out con-
gestion to the point where total costs are reduced as far as possibdble.
Before discussing these costs {in more detail 1t should be said first
that ve are ccocerned here vith vhat the economist would call the 'short-run
problem of distributing classification vork. That is, ve have s given set
of ywrds of fixed sitee and Capabilities. It fsn't open to us, say, to
change a flat ywd into & hump yurd, or to add pev treacks or retarders to
existing yards. VWe restrict our discuseion to a pericd trat {8 too anort for
changes (L these ibems, and ve then ask the Qquestion ¢/ hov wve should act
irn this wslort period. In any cese, this short-ru. prodlem has %W te solved
before mich progreds ean de made vith .ouger -run ones. Beconily, wve suppose
tuat the origia to 4estination traffi flovs wre ugarly constant,; a little
bunshing or dispersal i{s not ruled out, dut no traffic {s groving or declininl
steadily. This is fairly realistic for the shcrt run. Ve also sassume here
that the routes each camponmant of traffic taxes are fixed from beeinning to
end. In other words, this {s not a routing protles.
The problem 1s to find, for sach yard of the systam, turee things:
(1) The points to be classified, that is to say. the grouping, or
bilocking of cars {nto groups,
(2) The maka-up c? trains, that is, vhat groups to into what trains,
(%) The aghaduling of trains. This may he in the form ¢f & departure
time strictly edhered to, or perhaps a rule kst s particular
train vill be di.petched vhar filled, or poesidly some cEgpromise

batwveen these two.
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e shall nov discuss dov, for a single yard, these three '‘policy var-
lables” together with tie characteristice of incoming traffic and the phys-
ical aspects of the yard cambine to determine the various cosete of classifi-
cation operations. The discuseior ir meny respects vill be incomplete; for
instence ve sball taks the third variadle, scheduling, to be fixed through
nost ¢! the discussion.

Tvo major catagories of coat ave Of interest to us -- mopey oosts, rep-
resented by svitch-engine 008t and vages, and time coets, consisting of delays
of various sorts. In both cases aversges are used, deelly a separste average
for eeach compoaeat of traffic.

It 1s convenient to define four or five differeat kinds of delay (ses
Figure 1).

sorting

svitching
d trimming

handl {ng
icing
siscillanecus {nspection
N\ lubrication
rekes

congestion etc.

accusulation

Figure 1: Sources of Deliny

Pirst is accumulation delay about vhich something has alreedy been said. For

the traffic to be dispatched om mny obne trein it 1s found in the follewing vuy:

Look at the timis of arrival in the recaiving yard for all the cars going out
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on this train. VYor ecech of these cars, find the difference detvesn {te
arrival time and the arrival time of the very last such car to come {n.
Take the ave:ange. The resulting zversge accumulation dslay {igure repre-
sents the average time spest by a car in waiting for the rest of its treic
to come iu. These delays vill be large {if imputs to the yurd are dispersed
over time but outputs bunched. They vill not be affected by changes in
grouping elone, since the composition of outbouad treins remains the came.
They vill hovever, be very seriously affected Dy chenges i1a traia make up.

The pext type of delay is switching delay, comsisting of sorting and
trimming dalay. The wvord sortiag is used here W cover humpiag and tae
corresponding operation {o a flat yard -- the sorting of cars from inceming
trains into the classifiction tracks. The time consumed per car i{m sorting
prodbadbly depends for the most part oa the averege number of cars per cut.

Thie last i1tem {s particularly Luportant in s flat yard, asd prodebly oot

80 impo:tant in a hump yerd. In fact, doesa't this 4ifference in sorting
abilities of the two kinds of yards constitute one Of the main operational
d1istinctions bygtveen them?! If the first policy variable, grouping, is changed
50 that the mumber of clastificae‘ione is increesed, that is, the grouping ‘s
made finer, them the mmber of cars per cut vill decrerase and the time comsumed
in the sorting opereation vill incrrase, a little bi? in & bump yard and quite
a lot {n & flat yard. On the other hand, {f incoming traffic hes already been
goupad to same degree by earlier yarda, them the number of cars per cut will
b2 greeater and the porting operation wvill require a little less time {in a hump
yard and & lot less times in a flat yard. Analysis of sorting deiay and the
vay 1t enters into the problem of selecting the best grouping policy fer e
ysrd requires two things. Piret, time studies must be made to determine how

the sorting time per oca depenis oan cars per cut. Buch studies vould reveal



-8 - S

bov this relation varied from yard to yard, and moet interestiagly, from
flet yard to bump yard. The second thing needed is a statistical method
of estimating hov cars per cut varies when policy changes. especially in
grouping, are made. Some progress has been made along tLese lines, what
has to be Acoe nOV {s t0 compare som= of these numbers from statistical
formulas vith aoumbers from (cltusl {nbound train consists to see {f the
formulas are realistic.

Trimming delay (per car) 1s the time taken to pull ‘he classiffcation
tracks and make up) the outbound train, divided by the sumber of cars {n
the trir. If the oumber of svilch engines e fired, this prodably depends
for the moet part on the particuiar make-up policy decided oo. The more
groups thsre are {c & train, the greater the mmber of ciassification tracks
that vill have o be pullsl, and the greater the time anc wvork _nvolved {n
asseadling the train.

The miscellaneous category is meant to contaip all those other sorts
of deley that 40 not deperd oo the degree of prior classification at diffe--
ent parts of the systea. The averege time per car for {nspection and ludbri-
cation, for instance, is prodedbly the same vhai.°ver the order of incoming
cars. Thic msans that for the prcblem we are here concerned wvith, the selec-
tion of our policy variadles -- grouping, mske—up, and echeduling, these
delays are not so important. They affect our choice through their iaflueonce
oa cougestion delays (sce below), but the) are not thamselves affected dy
our choice. The same caanot be said of th~ othar delays ve have discussed.

Congestion delay 1s defined here as the average time Jpeant by e car in
the recelving yard, not coumting thcse parts of this roceiving vard time de-

voted to iaspection and other aiscellanecus ftems. If handling time i3 very

regular and arrivals of “rains are very regular, then congestion delays will
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be ail. They imcCrease vith the variability of each. They are affected
by grouping and make-up 10 the axteat that these policy chuices affecV
the variability of handling 4eluye and arrival timss. 8ince Wr. Crano 's
paper deals specifically vith congestion delays, pothing more will be said
adout thum at this point.

foney coet per car cam be pretty well categorised im the sams way o8
delays vere. The miscellsmecus costs corresposding to lubricatiom, brekes,
etc., are probably imdepealsnt of the degree of gromping and make-up. Ovi'ch-
engioe cost and wages for sorting and trixwming prebably chamgs 1% the same
directions as sorting amd trimming delays whea traffic charecteristics amd
the policy veriadles are altered. The: moasy e0st sile Cf the pictare 18 &
1{ttle singlar then the dealay side ic that there see= to de »o monsy coste
correspooiing te coagestion aM sceumwmlation dslays.

The importaat questios ocencerning monay eost is the ‘utllcowving one.
To vhst extemt and at VAat places can 0ost be subetituteld or delay? st
1s, cen delay be reduced .y a oie intessive application of sviteh eagines
and isbor to the vork at band?! One suvpects that at some placee this is
possidlic to & large axtest, amd very littls at otkers. The Lime it tahes
0 hamp ¢ givea train is prodadly met swdjeet to refwctioa of this type.
T™he sorting operetioc ia s flat yod however, con semetimes Le speedsd up
by cutting a trais im two, using two engines iastead of one, and feeding
cars iato the claseification tracks from dotd emds. Wr. Laku mmmtiocsed 4
fev mimtes agc thet am extra crev geldam helps {n yard work umsless the
yard is designed vith sa «ye toverd this additioseal labdor.

After this hesty eramination of the verious coets ionvolved ia classi-
ficavion, let's look st & simple prodiem amd try to see hov & proposed

prier claseification alters Costs at different parts of the system.




Mgure 2.
‘Each of the Mnares in the diagrem of Figure 2 {s & yurd of some kisd. Be-
| eenme the trecks lesding mwvay Trom C diverge, 1% is clear that © must

Slimatfy D sad E. Let‘s suppose to start viih however, taat no prior
classificetion s dove. Wat would happen if the grouping st B were
chonged o0 that nov B also claseifisd DY With this mev grouping policy
cars por ot st 3 would of eouree increass, and the time sad eost of ¥'s
sorting wonld g w corresponiingly. Trimming costs vould aleo iscrease be-
canse of the extrs classification treek %0 be pulled. Coets at C however,
would decresse for the sumber of tars per cut hes gone wp with B's prier
classification work. Sov if make~up snd scheduling remsin unchenged at the
v yds, =0 that scoumilation delay is unaffected, and if seither yard 1is
20 hard pressed thet comgestion delays are affected by the change, theu ‘he
snsver we seck may be Tousd 1o & simple comparisom of the cost ilnorise at
B with the cost decresse st C. Some problems are unfdoudtedly Just as
.simple as this. If, for imstemce, B is & bump jurd and C o flet yurd,
then the cost incresse at 3 1s ldkely to be small), and the cost decreass
at © large; comparisom thes peinty to prior classifiestion.
Upon closer exsmimetion of such simple predlems however, wany difficulties

shov wp. Deley comparisons fer iasteance only meke semse If some scheduling
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changes are allowed. Prior classifiestion at B may reguire that we delay
a train’'s doparture from B to enadle the extrs work to be dome. If this
time 1is mcre than mede wp (s 1t vill be if prior classificetion {» profit-
sdle, time-vise) by the redection in sorting time st C, then the departure
from ¢ may take place earlier. But 1f ve allow scheduling to be changed,
then we can 20 loager igoovre changes ia accumilation delays. A complete
anslysis sust handle both grouping and soheduling problems simultansously.
Such somsiderstions lesd us straight intc the mathematics of the proh~
lem. Tis methamatics is adaittedly difficult. Provided, however, our
mmnmmxymuuwn,mummuqy
wmﬁummwumuuumv-q‘
partment of & reailroed faces moch of the time. The great sdvastage of e
soalytic sppromer is that it oam help us to see more clearly the relatioa~

mpot&omunxwt,dh:ﬂéym}.muumhc-v(,‘\

¢

guences of verious posaible epersting declsioms and procedures. "
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