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b« ao rMMMk f«r •vitchln«,  «ad ymrdt would bar« ao fmoctloo Mb«tso«T«r. 

Locamotlr— would alapl^ pick «p thair  load fro« m. shipper and taka  it 

directly to tut coaalfaae;   yards would not farllltat« it« jouroay.     Thl« 

ia fact  1: Just about  the  situation *t hars  in truck traasport aad  It ax- 

plalna the sbseoce of s claaalflcatloo problea  in that buslnaas. 

Suppose howarer.   tüat oa the srera^a  it  taJcaa  several shipsents  to 

fill UM ordiaary sited train.     Then if ti.e hlgber coats of abort trains 

are to be awoidad,  two alternatlTas are open to us: 

(1) Sintis  trains mmj carry shipments bouad  for different 

dfstiaatiooa,   aad ears any be shifted  froa train tc  train 

at points called class If 1 cat loa yards,  or 

(2) ahlpasnts aay be allowed to acraaulate at tbeir point of 

origin until «Lole   .raioloads are  ready. 

■otlce that the secuod  alternative is precisely tbo  "solid train" proposal 

of tba Oaaeral Motors plaa.     The only trouble with  it is tbat it brings about 

quite a bit of dead tiae,   if not  in clasalficatioa yards proper,   thee oa  the 

sbippem '   tracks while the neceaaary accvaulatlon of cars takes pla:e.     So 

we are  left with the choice of either aakiog ust of classlfl  ation yards or 

sufftring these rery large delays of accuailation.     It is to this protlaa 

of the  use of claasif 1 cation yards  that w« now turn our atteotioa. 

Probably ao on«  ia the  audience,  aod particularly ao operatLn« aaa, 

will deay that the problesi is  one of s nigh order of cta^lexity.     Bowrrer, 

we hope  to show that the poaeibilltles of aaalytlc aethrjds  in this  area are 

by no aaaas saall.     Me should also  like to e^phaslre  that the approach througb- 

out  Is  aa economic  ooe:   we  are  asking how the aoet  product cen be produced  with 

tlrcn resources,  or,   turning the  ststnemat amuad.   how a ^Ivea product can be 

produced  with the  laast  —'innt   of  resources       Ve nent  to distribute work over 

a systea of yards     so that  aaother dollar spent  will   result  in aa equal   .alue 
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of tr«n«port4tiooT)rt>duct oo afttUr vb«r« In tbm •/».!«■ Uil« iollar !• ^ppllad, 

•o 1004 *s  It  !• proper^/  applied. 

Its sUpllfy air taimloolüßr,  let us think of thm tr*ckJ fro» which CAT« 

are orlflaailjr picked u^ eoA oc tAlch tbey ere ftuAlijr get off,A« e*ejl flat 

y%rrle.     la till» vmy,   *t C«D think of ell  traffic  ae bolnf jrard-to-y^rd.    Bow 

a« we har« seen there are two cxtreae vaye of running a 0/atea of rarda.    One 

le to Irt traffic hound for exactly the »aae leetlnation to accuaiäate at the 

originating jr&rd until it  fill* a train.     Thl«  is obvloualy vaeteful due to the 

large  eccueeulatioc delajre  which would build up vltb the ueual ilzed ehipacntc. 

The otner eztrearile  to cut down on e/scuaulatioo delays by sending off a trmln 

the alout« enough traffic  going In that general direction Is sriiilahle.     This 

1»  also wssteful  for it ■eeni  that Uttle or no work has been  'one on the 

train to facilitate eet-offe.    Mr. Lake seatlooad so»« of these troubles s 

few alautes sgo. 

It  is clear that  soae happy nedijn betveeo these eztresMS aust be  found. 

The aoaaa by which this alddle ground 1« roach*!  is prior class!fleet 100,  SOM- 

tiaas called grouping or blocking.    It aaaos that scae yards of the sjrstaa do 

»ore work,   In the «ay of grouping end lining up the trslo.   than  is  aheolutcly 

•acessary at that yard,    ■aeu-ly all yards try to group their local trains sad 

put the groups  in Atation order-    The vsy we hsve defined yard«,   to  include 

daetioation tracks,  aaaos that w« here to regard  thia station ordering of 

locels  s csee of prior olassiflcstlon,   so In this  sense nearly all yard« of 

any size do soae prior classlficatloo. 

What we are really Interested in however, is the prior elassifiedtior. 

done by the larger yards. Ve vould like to knov the costs incurred by the 

ymrd that does It, sad how auch work it saves other yards farther down the 

line.     In a sense,  prior classification  Is s device used to »hift work froa 
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yard to yard.    If th« oo»X§,  in term» of both aooay and Ximm,   arc kaovn at 

each of Ihm yard«,   and  if Uva tfa>  the««-  co»ta ohao^c W th chaagß*  In the 

lagree of prior olasaiflcatloo,  theo  It  »bould be poMlble to  11 «tribute 

the work over the whole syetea of yard«  la «uch « way a« to ev«n out con- 

gektloo to the point where total co«t« a:-*  reduced a« far  as po««ltIe. 

Before diecuasln« tlieee coets  1c acre detail  It abould be  «aid first 

that we  are crocerned here with what the ecoooalst  would call  the    «hort  rua 

probl«« of llatrlbutla^ claselflcatlon work.    That it,  we hare a given set 

of yard« of flxad «lea« and eapabliltle«.    Zt Isn't open to oa,  «ay,  to 

change a flat yitrd  Into « h\mf) ynrd,   or to aid new tracks or  r^tarder« to 

exletlog yards.     We  reatrlct our discussion to « period that  Is too snort  for 

^haagct  In these  Iteae,   and we tAen as«  the  queatlon a*,  laow we  should act 

In this   .short period.     In «oy caae,   thl« short-run problea has  to '■* solved 

before such progrees  can be aade with   uMige-  run does.    Secoolly,   we ev^rpose 

t4iat the origin to laetloatloo traffl     flow«  are vmilj constant,   a little 

bvmahlog or dispersal  is not  ruled out,  but  no traffic  la  growing or declining 

«teadlly.     Thl«  1«  fairly realistic  for  the  ahcrt  run.     We alao  aasua« here 

toat the  routes  each coaponant of traffic ta&eB  are fixed froa beflanlng to 

end.     In other words,   this Is not « routing protlea. 

nie problsa 1«  to find,   for each yard of the systea,   taree things: 

(1) The point«  to br cla««lfled,   that  Is    to «ay,   th« grQUBlagy  or 

blocking of  oars  Into groups, 

(2) The ■v*kt~lffr of train«,   that  1«,   what  groupa  to  into what train«, 

(')    nt« •fiLfltullag of traina.     Thl« any    '  In th«  for« gf a departure 

tlae  strictly adhered to,  or perhape a rule   Jurt a particular 

train will be dUpatehed wtvu.  filled,   or possibly soaw     «sproaist 

betwam these  two. 
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«• «hall aov dl»cu»i hov.  for * »lad« yard, thM« t4rM  "policy rmr- 

tabl»«r toother »nth t,im eharacWrlatlos of incoaln« traffic aod th« phys- 

ical aspactt of th« yard coabiM to dotantloo the rarlou« ooot« of clattlfl- 

oatloa oporatlooa.     TkM dl»cu*«lor. In mmny ra«p«ct« nil b« Ineo^pleto;  for 

v« slMkll tak* UM third varlabl«,  »chadullog,  to b« flxad throu^i 

it ol th* dlscuaaloa. 

Two aajor eataforlo« of cost ar« of Intorost to us  -- moamy «osts.  rsp- 

rossAtsd by i^ntcb-englas cost «tad wafs«,   «ad  tla« costs,   oooslstln^ of dslay» 

of varlous sorts •     In both cssss «wrsfes sr« used,   ld*ally « separat« srerafe 

for each eoapo—ot of traffic. 

It Is comrealeot to define four or fir« dlffcreot kinds of delay (see 

n«ure 1). 

^^ sortlsfl 
BVltChlOC 

/ tilSÄlnt 

bendlla« 
iclat 

alsosllaoeouc      Inspection 

^   lubrlcstloo 

brakes 
ooo^estloo 

»<- • atulatlon 

Plgur« I:     Sources of Deley 

First Is acoyulatloo dsly shoct wülcb so—thlag hat «Ireaiy been said,    for 

the  traffic to be dlspatche«* on eny one  train  It  Is found  In the  foIXowlof w«gr: 

Look «t the tl»>s ef arrival  In the recelrta« yard for all the  ear«  fOlo« out 
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OB thU  trtln.     for each of UMM car»,   flad tb« AttfT*oc9 b«tvMO 1U 

arrlTal tlao «ad th« arrival tiae of the very last auch car to coat 1A. 

Take the aT«x-««e.    the reeultlag er^erafe aocvandatloa Aalajr Itgure repre- 

sent« th« «rerage tlae «pent by a oar la waiting for the rest of it« trait» 

to oose  lu.     These delajra will be  lerge  If inputs  to the ymrd are dlsfcrsed 

over timm but outputs bunched.     They will  not be affected by changes  In 

»raupln« alone,  since the eoapositioo of outbound trains  reaalns the seae. 

They will hOMrver,  be rery seriously affected by chn&fe«  ia trala nek»-up. 

The aext type of delay is svitchlag dalay,  coosisttaf of sorting sod 

Ti ftf.nf delAy-    The word sortia^ Is uned h»r» to oorer tun^inf end the 

correspondlag operation lo a flat yard  -- tb« sorting of car»  fron incnoing 

trains into the eInasifir\tion tracks.    The tine consumed per ear is eortiog 

probably depends for the »>st part on tha arerage nuaber of cars per cut. 

This Inet Item is particularly iMportant in a flat yard,  and probably not 

so l*po:-tent  in a twjmp yard.    In fact, doesn't this diffsranee  in sorting 

shilitiee of the two kinds of yard« constitute one of the aalo operational 

distinctions bvtvenn thenT    If the first poll y Terlable,   grouping,   is  cban#ad 

so that the ouaber of clasilfieaMone  is  incraasad,   that  is,   the grouping '.s 

nade finer,   then the nurtbar of care per  cut will decrrase and  the tiae oonsmm 

la the sorting operation will   incroeee,   a little bit   In a buap yard and  quite 

a Lot in a flat yaxd.    On the other band,   if Incoming traffic has already been 

grouped  to soac decree by earlier yard«,   then the ouaber of ears per cut will 

t» greater eod the  sorting operation will  require a little  leas  tins  la a buap 

yard and a lot  leea  tine  in a flat  yard.     Analysis of sorting dexay and the 

way  it entere   Into  the problea of  selecting the best grouping policy for a 

yard requires  two things,    first,   tins  studiee nust be nade to deteralne how 

the  sorting  timm per oa   dapeod«  on cars  per rut.     Buch  studies  would  rereal 



8 - p.-.- 

bow thl» r«lAtlon r«xl»d fro« JMTA to yard, «od momt inters«tlacly, fro« 

flet yturd to bujqp yairJ. 7h« »«cood thing o*«d«d l» • stAtlntlCAl aetAod 

of sftlaatio« hov oar« p«r cut varl«« «taso polio/ c'imng*» e«|>«cl«ll/ In 

grouping, are mmA*. 9am» progrei« hm» b««n Mtir along Ui«se lln««, wtat 

n»* to be -ka*- now 1« to -capar« «a»? of the«e niab<frt fro* «tttlstlc«! 

formdju witt number« fraa trvunl Inboaad tr«lo conaltt« to «e« If tbe 

formii«« «r«  r««dl«tic. 

Trlanlng a«i«jr  (p«r c«r)  1« the  tin« tmkeu to pull  *h«  cI««Blflo«tioo 

trmci* «od imke up tha ontbouod tralu,   dlvid«d by tte suaber of care In 

th« trar      If the ouaber of tvllca engine«  la  fired,  thl« probebj^y depend« 

for the aoet pert on th« pertlculer aake-^ policy decided on.    The aore 

group« thsre «re  1c « train,  the greater the maber of ciaaelfleatlos treck« 

that will have  to be pulled,  end the greater  tne tlae «nc work   lorolred  la 

««««ribllng the train- 

Th« mlecellaaeou«  cateyury  la aeant to cootalo all  thoee  other «orte 

of deity that do not leper* oc the degree of prior claaelflcatioo at dlffe-- 

eat part« of the  »/«tea.    fbm «rerage   tiae per cer for loapectlon and lubrl' 

cation,  for ln«tanee,   1« probably tbe aaa« *^varer the order of locoaln^ 

car«,    ftl* awaa  that  for the pruble« ve are here coocemed  with,   the «elec- 

tion of our policy  variable*  -- grouping,  ■aae~up,  «nd acbetfullog,   thca« 

dal<ye are not «o  laport*/:t.    They affect our cnolce through  their  laflueoc« 

oa cotigeatlon delay«  (aee below),  but  the> are not the««elre«   effected by 

oar choice-    AM   aeaa  ceaoot be «aid of  th* othar delay« we have di«ca*«ed. 

Congee t loo delay 1« defined here a«   tie are rage tlae .rpent by « car la 

UM receiving yard,   not  couatlog tncee part« of thl« rocelviog   »»rd  tlae de~ 

voted to laepection and other alec«llaneou«  itea«.     If haadliag tlae la very 

regular «ad «rrival« of train« are very  regular,   then coageetioo delay« will 



- 9 - 

hm ail.    The/ lacrM«« vlth UM rarlablUty of each.    Tbey ar« «ffvctad 

by grouplat and aakenj^ to th« «ixtaot tAJit tbeae pcllcjr cbolcM aff»e% 

the rarlablUt/ of handily d«Uya aad arrival tima*.     Bims« Mr.  Crane • 

pajHi" ^aaia  •pacifically with coo^aAtloB delay«,  nothing aora »111 b« »aid 

about ttum at thl« point. 

Honey coat par car oaa b€ pratty wall catafforlitsd  la tha Maw «ay M 

dala/o ware.    Tha ai»callaaaoiu cost« corrvapoadlBf to inkrlcatioa, braitaa, 

•tc. ,  ara probably ladapaadaat of tbe iagrae of graaplac aad aaka-ap.    9vltefe 

•acioc cost and va#s« far aortla« and trlMainf probably oäam^ß lb tha saac 

dlractloos aa •ortia« aat trUalr^ dalaya *haa traffic cbaractarlstlc« aad 

tha policy varlabla« ara altcrad.    Tha/ aoaay aoat «Ida of tha plctare U a 

lltU» «l^plar than tha dalay sida la that thara mm. to ba ao aooay coata 

oorraspaadlag ta ooa^Mtioa cod acatomlatioa dalaya. 

Tht «apoitaat faaatloa oancamlaf aoaay aoat la tha 'txilovlBf oaa. 

To what aataat aad at what placaa caa aoat ba «ubatituta^ it>r dalayt   That 

la, can dalay ba radaead   y a aora IntaaalT» application of arttah aaglaaa 

aad labor to tha «orb at baadr    Oaa au«pacta that at aoaa placaa thia la 

poaalbl« to a lar^a aataat, aad »017 littla at otbars.    Tha tiaa It taltaa 

to tua* • gXrmm train l« probably aat auhiart to raftaeUoa oC thla typa. 

tha aortlaf oparatioc la a flat yaj*d howrrar. caa aaaatijaaa ba apaadad ap 

by ruttinc a trai;« ta two, ualoc *■**> «mflnaa laataad of oaa, aad faadiat 

car« lato tha elaaaifloatloa tracba froa both aada.    Ihr.  Labu aaatlaaad a 

fav alaataa a#c that aa txtra crav ««Idoa balpa in yard work aalaa« the 

yard la 4aa1^ad vlth aa eya toward thia addltloaal ihbor. 

After thla baaty araalnatlon of tha varloua coata laeolrad la claaal- 

fieatdoa, lat'a look at a staple problaa aad try to aaa ho« a 

prlar elaaaifioatlon altera ooata at different parts of the «j 
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