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':i.'~1c: questio:--i as to Nhethc~ to o:pera te S!lo~ter, 

!:~t1·,o:::-~ is of inc.reasir:g inter0st to the railroad 

i nclu_s try today. The additional operating e:xpense 

mi~~t b~ justified by i~proved freight car utilization 

alone . In addition 1 given the existence of the tech- . 

riolo,::_:y to a'..ltonate r0ad train o~oc:r3.tion B.nd the evidence 

pG~-train operated basis, th2reby 2a~ing the short 

train concept even more attr~ctive. 

Therefore~ . it is ti~aly to consider the erfects 

shorter traln 1~2a 

specifically, ti:e eftccts c:l clas~iI'ication yard.s. 

A digital compute~ s isulation mod0l is su53ested. The 

lS 

,, 

i~~ ~~~ p~oper physical and traffic cha~acteristics. 

I 
~-.-:.--1 :.:~1'1. road .trains are input to-the model ":~ith various 

fr.:::c_1J.. c::-:cies and t:rain lengths while total tra:~fic is held 

1 



national, regional o? corpor2.te level. T.raffic c.ay 

enter a n~twork at various points and ~recross to its 

c.estination by travelin3 over ·c:1e links 2x1d. throush the 

In general, then, railroad traffic 

1 ) in tcr-r.odal; 

2) inc:ra.-noda.l. 

occur in d.i screte ui.-ii ts commonly called. :r:_g.e,c. tr8.j_hs. 

Intra-nodal activities basically consist of a sorting 

Other activities exist, ~~t thay arG of a 

https://J.1.:.�.'.:.cr
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e.:.1.-:ri1""on:r.en t. the railroads no lonse,r enjoy the 

In o?der to compete w!th othe~ modes, custo3er-

-orie-..1.ted. service :policies h_ave o~co,:1:::: a ncccssi ty. As 

innovations have been implemented over the last decade, 

~-5•, specialized high-capacity cars, high speed schedules, 

new rate-making concepts. Frequency of service may be 

a~othe r mea~s of attracti2~ t~affic which now uses a 

cc~uetins ~ode (19). f:..~aq_ucnt 

service over the lin~s of s a shorter 

average transit ti:'.l!e bct~-:2.:;:;~: any two poL1ts, other things 

bein5 equal and. p::-ovidins that the capacity of a:..riy 

po~tion of tha ncbro:rk is not a constrainiri .. g factor.. Not 

o~ly may additional tra~fic be attTa cted, bat u tilization 

of the :freight ca1:· .fleet Wo.J.ld in.prove~ ·car utilization 

any !!":0::.1ent 550,000 freight cars re:91~es1:m.ting an ir.vestment-

tein5 at poirits of damani. :2:mpty car movements ara 

extensive; in 1962 38.8% ot total c~r-~ iles resulted 

fro~ eCTpty movements (21). Furthermore, becG.use of 

co'.:!lp:::ti tic~, tha trend in :"cccnt years has been toward 

~ore ezpensivc, highly specialized cars: 

!J-
" I' . 
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11 
.. ;.today ... 1·re are not to..llcinD aoout ca.:::.~s that 

can b~ plirch:-:tsed for ~)5, 000 or :';:6, 000 but cars 
a:;.~e l'ar~6 i:-1:; in ?ric;:-::_fc:-o:-.:. ::;:15,000 to :)35fooo.•·1 

-
o:1 i~:i:1 to desti::~ation r23.Y is?:-:.1 0110 utiliZ&'cic:'l e~-iou3'.'.: to 

This added ezpense say ba reduced substantially 

i::1 t!~e next decad.e as the opportunity fox- a.uto~ating 

i~tar-nodal train movemenbs b0comes a real possibility. 

The technology fo:r autonation nm·i exists; a number of 

T~e ms.jor 

1964 agreernent to reduce t1'2in cre-ws fro·::! fi Ve to four 

4 

In some cascs 3 s~~~e laws which regulate m1nimum 

u.o:re freq_uent ro2.d trains c~ cl2sslfic&.tion ya:eds 

G0~eral Puroose Systems Simulator II tor the fBH 

J' 

.- I 

, J 
f 
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7090 computer system was used. Tl1c s~ucly i t.s0lf can be 

orol-:e!'l down into th:rGe phases; 

2. Adaptins t~12 g~nex·al r.:od.el to a ::;p3cific ya.rd.. 

J. Studying t~1c ofte.cts of m.:rce f::c'.::clu0~1t trains 
on the sp3ci[ic model~ 

In the f·irst phase a general mod.el •SRS bull t in o:i::-dc1~ 

·c0 g0t sorr:.e feeling for the level of detail ne~ded and 

\~.s:.:--ic~is a.sSU:"Tlptlons as to the n2. ture of cert;ain phenomena 

In the final phs.se computer runs of the 

5 

!:!c-:el ,•;ere made in "Order to compare the effects .of short'er • 

So:l0 d.i scussic:~-

... o~ t~: e -advaY..t.J.;;-3.s· ot t~e sinulation technique is i-nclud.ed. 

ly a ~ta tem.ent of output require;::,e~'Gs, i mp6rte.nt assumptions,, 

);'' . 
, _' _ ....... ____ _; __ ~.....,...., 

I 

' I 



-~,_ffiU'!~MJIUYtairlWfY.;A:ltl¥iPNtn1Sil5Wmtzttrn71i'lmDzFGJ·,...?Hn __ , h !l d 

6 

speci fie yard? data col lee tio:n p::cocedu:r.'e 1 d.a ta weakn'2!sses, 

:::.c..-::_i ti o::.;.:=.2.. 2 s sv.:':!p 'ci ons 2..21.d CO!!l~er,t s on :r.od.el validity are 

con~ains supplcnentary material, including a block 

c.ia.gra:IJ. of the sir.r:.:lation ::1.od.Gl, a listinc; of the Gen0ra.l 

Pur9ose Systens Simulator II program, a sample of the 
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:pr-::sE:;nted. 

classification y~rd phenosena is quite scanty. i:11e only 

published si3ulation study is a 1955 effo?t by C~ane
7 

:3rm·m and Blanchard ( 4). 'I'hey d•~sc~i"'oe a canual s1.m.ulation 
. . 

't~-:1i ch in""v":°ol v·cd 5eneL ... 2. ti::::; t-8.:.!.do::1 .-:t::::--i vals 1 :ran~o~n t~a.i~1 

actually done in series were 

sinulated in parallel with a resulting d8creasa in aVe~age 

dalay ti~e to traffic from 337 ~1~. (empirical) to 243 

annually . 

"r!o;;•.r~ver, the Ba-ctelle i'rcraoria.l I:1sti -eute 

situations by the user (11)~ One of the models is a . 

7 



8 

cl~ssification yard siLlulato~. Koomanoff, et. al. 1 (1.3) 

tindinc;s of a 2at~ella pilot study ~~ich estab-

t:ie ind..1..:..stry with the set o:C simula.tio:.'l 11odols i:i8ntio::-ied. 

I:00:10.noff ( 10) and Koomanoff and Pri ts1{er ( 12) have t,~ro 

pilot :20th 

are very general in na tu:;:-B i:·:i -;:;h the emphasis on describing 

syste:n.s. r,-.:i, ""I .... v .... .,._ 

Si nu.la ti on 

as an area 

1·.rhere sy_stems simulation cculd. achiave large oenefi ts. 

, _ : ... ,- ·.-.-, ..... - ... ....., _ ... 

d..c: Coe!-< 

be done at e~ch yar~ to mi~i2ize o~arating costs within 

Scientific Research also irn,estigate the problem of ho";•; 

to allocate swi tchi:ns 1'l0l'l1'.: 2-.:::ion e; tha yards in a railroad 

network so as to ~mprove car utilization. 



9 

Vs.rious net:1ods 

Soree corG~eY?.ts 

in ctpplying . 

Wyn.."le {25) descrioes the development of a . 

r:;:;.the~·:-:~.t:;ical model for predictinc tt:e number of sNi tch 

engines and crews required for a specific yard based on 

Linaar ~~ci sio~ rules are develo?ed for 

.u.s0 by yarc!. superviso:~.s i::--. <e:s ti:::::s.ti~'1£; the number · of crews 

and. s'wi tch engines needed to ha:r:.dle the ne:ct day's work. 

s~~t~~ili tv o: th~ Si~ul9~ia~ Tac~~icue ---

0~e mich t infar tha~ difflculties · 

In -'--- ' L, ....... -::.. 

t;I·::. ::si~s sl1oc~-:i!.'lG 3-n t~1e e8.rl y d.~.:rs o-:t i;~1e 1~~ 32;arch 
et!~o::--·~ tc iii.sco-ra.c ttla-=c an ad.ecrL18.te descr1 "Dtion 
of t~e tr~ :tf1c had. to CO!'ltem:pl a t e so o.a:ny v a riables. 
'There was no p1~eceden t in the literature of 
Operations Research. r, 

-- - :It , ' ' 
• I ~ .' • 

,, . 
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i! r~:~.; ~i_")_ill"Q?.d irldl.lG~l''.Tf i.~3 011 1.?: t)i,,., t:·1c; l[-:.:c!~:~;~t 8.nd 

: 10:..: ~ c,:,. :ril-:.·::•: o ;_-.. ..: :_i ... vi~~r; ~: ·._t ~; ::.t~ •.!.:... ~ .... ~-_,._:.c:~ ~-:r-:;;.-;.1~ t~1.:: 

~:•
1
v- .. ·:l"'-:·.ll _=:.":.~.i1::'c1~.( . .s /:_;·:;,=;·:-!i '"o..:c8-l•.;~~ :·~::.•Jl"'~.; co:n1)l~:-::. i: 

1V 

of train proce s sing could not be approxi~ated by 
:::.ny si:npla 2.112.l,:,rtical form. Consequently it was 
r~.-..:. c,:~ s .3r--.,,ry i11 -~L-.r.,~: a11s l}r si::; to ~lJ:PlY r1u'~eri cal mcthoc!s. " · 

;'Sir:iulation of a co!:lple;: s.;sc0m ·n?.y ~:i:rovide an 
indicatio!'l of which v ::::.l'iable:.s S1.1~0 i ·:1po::!:'tant and 
how they relate. Thi~ 2~y l2~d to later successful 
;--::.~~.;-:-:.l 2rti c :f\:>1.,12u l a -~i 01~ :>. 

1
~ 

'
1 I : L!~t ~...:~:: .:. ~-.:..· . .: c ..:__-: ~~ ·.::.· :_r ~.. ~ - -- :..:-.8.::= c:.. ..::~-~·:1 c •• ·~::.. J:::.. i :-: t: ... 2 ~~: ... ~ 0._ : s 8 -

.J:") o~-::• ~~~.-:._ Ci o~:- ":.: .: ii!~ !~i ~~: ! -~l.c -~ .:;d~ ct ~ .. :=:-~L~..,_.l:r :; t.0 ~:.~ :~ ~o:::-·c-.·~d 
~ ~-~~u :--::.:l :-_:};.:::_· .. . ::.i.? ~io~! -~-~:i u:1.·::=:. __ :_· _:~ . .--,~:t~ir::: ul ... ~::l :~,. .. c~t~_; 
o f the systc~ with the result tha t fina l conclus ions 
P..re l ess !? .. pt ... to be un~·ro~c1{r::t"blc ~·:•i thin t~1.c system 
f:r•,'.::/:!. :_.. ";·Jc.,y·~: • 11 

-.::~. 0 1., (13) s,.s1·~c t11D.t it 1:.w:.:i.ld. b.:;; f 3.r too costly a nd. 

https://unwo:r�"\w.bl
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tioe-consuming to- interrupt the daily ·operating of a 

Finally, a siwulation ~odel is generally ~ar wora 

i:::;.:,lications of proposed. ::_:,olfcy changes than ·an ·analytic · .. 

model ( 16). . ·rhe simulation model is a. t least one degr1ee 

of aost~action close~ to reality. 

~ -. ,. .. -.- ,,. . 
.... :... • • ~!..%-

.. -.... _ 
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int:i:-oduction, the basic :t;.:..:::c ~io:1 of t11 r~ i:.od.es of a 

ro.111~oa.d netuorl-i: is to process arriving traffic in such 

':'his requi!'es switchin.~, a T:>hysical process conducted 

is sorted into groups 110 .: 0;_·;-::n0ous ':ri 'tt1 respect to 

d.estina tio:i.1.. 

trains are then made up of onG or more· blocks with 

to the discuasion. Cla.a:::l fie-:?, tion yards can be. ca.tego:tiZed 

into 'types: The . 

) '..ls~:.ins 2, stri2:g of c3.rs o,rer an actual hill or hU:f!P in 

s::1all 

complex of semi-automatic or computer-controlled switches 

a.::.d speed cont:rol devices (ret.3.rders) which guide the ca.rs 

12 

., . 
l 

l 
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to the 9roper track at a safe speed. A single-track hump 

nay so~t c~rs 1nto as 2~ny ~s with processing 

c~p2cities as g~eat as 3000 cars ?er day. 

fou~t in older and/or low 

vol~~e locations. Gener-ally, switch ene;i:~es take short 

· grou::_:is of' cars and switch them by accelerating rapidly 

z.nd. then slotring dm,m while the cars 8.re uncoupled and 

allowed to roll .free to the proper track. The impetus 

ct tte fo~ce oI' gravity. ?~ocessing rates are slower 

i:nvest-.:1-an"v and r.1aint0:1ance costs are lower than in a 

hump yard. 

'1-.fhichever s~yle of yard e~dsts, the switching 

techniq_'.;.e: d.epc~1ds on the ability of the ind.i vidual freight 

car to roll freely. Because of the a.ir bralce system . 

employed on freight cars, brakes are locked. on t,,rhen cars , .. 

arc 11.11cou:_:>lod. Thus it is in1possible to switch cs:rs 

Tc overcome this, all 

freight cars awa.i ting switching undergo a process ltnor,m • 

Physically thiG is do~e when the train 

the cars, 

:9ausing 2,:; e3.ch car to :pull a levei~ ·1rhich 11bleeds 11 the 

air prassure fro~ the ~rake syste~, r e~de~ing the brake 

systGn i~operative. 

?u~~her2o=e; it is nornal practice to subject each 

car to c. :·:.ec?:3.ni,,cal i ~spection. Any · defects are noted 

l and when the ca:- ls switched it is routed to the repair 
: 
I '. 
' 

I r 
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In so~1e ya~ds the 

1-~-~c~lon ts conducted in uarallel with the bleeding ---- - .. -' ~ .. 

-- -.... . .. . 
~ .... - -...,, - .... ,,, . ~:.0~·~2ver, it is u::;ually !:.ore tco.si ble to co~1.duc t 

ca.n be noted as cars are pushed t01,-~ard the crest. 

::-.:J";t: ,., r.i.. co4tribu'tes zero d.elay tim,:; to traffic, i_.~., the 

vary real constraint and trai.J1s r.1a.y be 

"rj• 

queuine · up for entry to t~e yard. 

,::u.st be 1;-~ad.e on ·· tha basis of- the sizG of the train as 

avalloble in the receivin~ area. 

accomodate the train, the "'.:.raffle =~s - a_:,:ili t to t,-w trac:-;s 

.. . even"'s 

:2 . Search f o::c trs..0k space 

J. Entez- cru.2u~ for bleeding process 

~. Bleeding process 



~--- ---- -------------- --------------

5- -
,, 
o. 

Q ...,. 

Enter queue f.or s 0:-ri tchir'l.g :process . 

9. Tra in leaves 

This is the level of detail employed in the model. The 

assumption is made that opBra.ting 1·ules can be given f'or 

each of these events; thls would· satisfy the ~aasibility 
.'•• 

. . . 
.of' sl:::.11l~tio:'l cond1 tion !Jl'O?osed by Johnson, Conway and 

:i •• ~::,. s:rste2, h.::,;;~v..:;::.• G-0::i)L::z, c:,_:-i 't-:: simulated 
if i G op .. n be bro~~~:: ::.0-:·r.1 in tc fi .so"'v oI"' ele~Gnts 
for -:,;}:-.ich ope-i~a. tir"s I'l;_les can be :::;i v8n." 

·rim great majority of traffic uncle1.~goes tne above 

seque.!'!ce of events at l'.Qost · yc.!'ds. Th0 basic processes 

O:C coursa, some 

• -·.;-r· _,;, .r.1~• c "--.~·; ve s . . .., ._..,.L ..L '-'1.J. ..!., ..... 

• -'bac:.{ tre,i~s, sinGle-de stina. tion tra.ins. 3uch traffic 

In 

cs.r 

on the b~si c activities. 

The General Pi.;:-i_~uose Svs t.~.'.1s Si~u.lator 

··'. 
15 

. .: 

., 

., .. . 
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?urpose Syste:ms Simulator II (Gi·'SS) computer lanr:;uae;e (8). 

t l 
I • 

: j 
I . 

{ 

proc:;ram can be written directly. 

progra3 used in this study.· 

I disc=ete .entities (~raffle). 

The appendix contains 

th2 syste~ can be ch2~acterized by t~a flow of some 

In es3ence, a GPSS mo~el 

., . .. 
. ;1~ 

. ,l 1:, · 

,, 
, 1, 

11 :;,t 
,l/i f, 

,.r 
·.:. - :.. ·t 

cohtains a clock which creates units of . tiafflc and 
. .. _. 

. pro£resses them th:roug;h the system. . It is then possible 
; 

to obso:rve t:ie flow of t:r~fflc and the results o_f the 

oessing facilities of the system. • The entire logical -

can also be incl~ded to control t~affic flow. Im-

jroperties of system variables can be included by using 

ra~dom nl.l2"nbers as the independent va ria bles of statistical 

distributions. An importan t feature is that the systen 

https://1].!"li.ts


configuration can_ be changed easily and the simulation 

co..n include the 

1. 'l'raf'fic volu~,es th::::oughout .the syste!J.-

2. Statistical distributions of elapsed travel 
times for traffic between points in the system. 

J. Ave1~age utilization of storag e and :processing 
facilities. 

~istribution of queue lenzths. 

sa~ple o~ t,Y3)ical output from a 

Error analysis of bloclr diagram logic is per­

Upon detection 

diagnostic er=or condition conments a~e printed. 

Stze limitations for a stmidard GPSS progra!tl. 

• one t:.:ne~ • ?Jc · more th~n 4,500 word.s of· core storage 

• basi c ~~asu~~~e~~ of classification yard 

• performance is the avar a.ge d.elay time to traffic, 

t:".:.at th-:: total elapsed time f rom ru.~ri val to de-

partu.re . • E:ccessi ve c.elay ti':!le causes poor freight ·car 

utilization and, of course, can cause a loss of 

lm½MilES3tt;Affl¢M! 

17 
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In addition, routines were Nritten to record the actual 

1G 

events in the model. Statistics for queues were -maintain~d 

,. :. J . l • · .. . . -------~ 

day th~ assembly process will b ~gin. Including . the 

ac3e :.::·:Jl.Y proC/3Gs in the r,1oclG-l would. requira distributions 

of traf:ic by block and. pro:Sr ar'.nning a s op arite d e cision 

-I 

. I 



rule for each outoou:.~d train, thus addin0 consiQerably 

to the co~?lexity of the model. By omitting these 

eve:.!. ts the r.Jodel then sho1·rn w:1en t:ca:f'fi c is 8.va_i 1.9.ble 

A:'ly time that 

ass8=~ly p=ocess is essentially under management 

control. '· ·rhus, benefits of including this phenomenon 

in rr•.odel dottOt:t'ul. 

Another assumption involved the cyclical pro-

Daily, weetly, 

~0~~1ly, a~d seasona l cyc l2s e f fectin~ the level and 

na.t·ure of t1:·affic S!.re k!1c~·;11 to exist. 

that the ds.1 7 :r r~:;,0ti"ti v 0ness of traffic phenomena :,;as 

the impoTta::1.t cyclical characteristic of yard operations. 

':'he -nodel was designed so tr.3.t 9. single ru:n could easily -' 

computer ti:::.e. The statistical distributions useQ for · 

19 

the various nodel inputs ,·rere then based on-, a .daily cycl.e. 

by basing the· 1aouel inputs 0 :.1 a. cycl~ · Go:me 

gen e r a tor" ~outines a nu_rnber of trains 

their ai~r1 val times t~1roughout the cycle by ~a.ndom 

s a::1~:l~::2.g of the appro:priate empirical distri_oution.. 
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tr::i.ins per day from tne c,npi:;.--ical dci.ta. 31:n.ilarly, 

I 
y~rd are distributed accorat~c to the ~cur of tte day. 

'I'o :::.void. cloe;eine; the moclel Hi th unnecessary 

i· Each 

ve:nience at various points in r:1odel. 

purposes , dunmy traffic u~i~s are split off . fro~ th~ 
I • 
I 
I 

time. 

to 

s. s lotrer :r.od2l 1:-Tculd use e::-:c.essive a r,:wunts .of co~1:9ut<:!r 

Innut 2equirements 

there are essentially two types of information re-

quired.. 



J:.... The specific physical characteristics of 
the ys.rd beinz studied. 

3. T:~c ac'Gt!:3.l o:?er::.!~tir:.s ~.:=;.ta r~i~o-:..1 tl1e ;)rard 
over a period of ti~a. 

L Size of tt1e receiving a.rea. (:no. of t:rac:.-<:s, 
c~pacity of each). 

2. No. of trains which can be processed sim­
ultaneously. 

Processing _criteri~. eillployed, ~-E·, any 
priority system, , logical decision rules-. 

The following oparatins dat~ are re~uired: 

1 -· Distribution. of road. t;1~~in arrival times. 

2. Distribution of road t:ra in len0ths. 

J. Distributions of arrivals of other - traffic 
which competes for processing facilities. 

4. ·. Distribution of train lengths of other 
traffic. 

5. Process ti~es p e r 
size of the train 

6. Distribution of . delays to switching process 
as · a function of tha time of day. 

7 
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I 
I 

ca.rs. Individual track capacities ranged from 40 

tc 113 C ·:>1"\::, 
---- ,._;J. 

11u:J.p facility equipp,;;d with rc:::iotc-controlle:d s,·ri tches 

operations provided 

duties are decisions as to what track arriving trairis 

1:ill be assi;sned a?J.d the .sequence in which trains Will 

to c,s>.3t. 

1·,i trl swi tchine; 

As a result of the loca~ion of this yard in the 

~~ ad's lines, ther~ axisted dafinite contrasts in the 

22 
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· characteri stic~ of the traffic ·flow wh~n separated by 

other 2.·ail1·oads ( transfGrs) with yards in t11c Chicago 

area a~d care fro~ local industries. 

,• . . 
. • ,-t·.-. •' 

•rhe d:.>.ta collected covered the handling 

i}.-.i (;::.,~t=1.e;~ 

E?:.J:. .. _s1' trG.. i:;-1 

0252 • 

~2:':;~ .. ffi.c :-1~ .. :=- ..,~'2 dc sti~•1~L: ~i t!:c:.~ 11rcst 
,: .... ••. - - .J. ;"' 1 -........ -; - ..... ·. ~ ~ '•7 - ''"I •. -, : .... ,- --r. .,:.; r-:-u-~~'"=,. 

.__;-,·- v} ~ .... 1,...1 - ·~ _.., ,......,_,._.._._ .-1..,_ -"-- t.,;,:, .. .; ._~ ~vi/'-'." .i..- ~ .._'"" 

:_..:~al t\:l•:I t::....,~~·.:1.:::-,~:::~ 111 0-vo~ont s s:.:!par ::~.tc 

..... 
c :~clud~c t wel ve tr2ins which bypassed the 

; ·:..::• 1-:._;J.--v-1.r1.;~ ar~:=r: .. :1.r!d. !1:.l.:np f a cili •~~, and \•idre 
s~itchcd s~parat~ly. 

o!' 
to 

SiYice the :91.rrpo~e of thi s study is to GXamine the 

t:-2.nsf-;r a.nd. local t:r·af ric was i nclu.<.it:d in . tne I'ilGdel 
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e:rn.mple, cars sent to t::-ie repa11~ track are now ready-

disposition might be subject to r~pro~essin3. During 

is of two baai~ ~ypes. 

of ,:1i scellc;.::J.c-cu~ 1.-mrk· which must be:: d.one by th:;; :::witch 

pushing_cars 

of the physical l ayout of the yard~ t~2re is a pariod 

1
, , . 

,;;. 

accou.1~t in 



:Data. CoJ.l ,::c tion and Hs.n.d.lin~ 

·rnrze mid.--,;e.:.,tern railroads -;-rl th m,Sl.jor yarc.s in 

be furnished . However, one company did not have availabl~ 

pzrticular yard had to be terminated. • The re~aining . 

A 83.~ule of 

Proc~ss tim~s f0r the ble0di ng and ·switching 

activitias were a s~umed to b~ lind~rly depcnd~nt on 

process. 

Leas t-

u seC.. : 

~7-1 .. 
• ;, .l.a 

z = V. G5 , 

:dh~1~~ Y = 0st1,~at:cd blecd.i r!3: tis e (in min1.ttes) 
Z = 2sti ~a t ~d ~~ltchin3 ti~e 
X = nusb0r of cars in tra i n 
N = sampl e s i ze 

I'l-1.:; .:;;::iallcr ~;8.:mp l ~ ta!-;:en fo:c the bleeding process was 

CB.Used bJ' insufficiencies in data. 'I1here \•,a.s no 

1 · 

i ~1:. f 
I' 
' : i I 'l : 

I 

'" 



d.id_ 

train 

t2-.bule. ted on a. t1irenty-four hour basis in 

of occurrences over the data period, the probability 

ws.s a -simple ranc!.om. rnr:11.:)ar. 

for procas3ing facilitle ~ but ~lso ~~r tr&c~ space in 

considerable computer ti~ e c~uld 

I 
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FI GURE 1e 

Ri!:CEIVING AR-EA Taf,.CK OCCUPANCY - FOR 48-HOUR PERIOD 
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As a result of dlfficulti~c ~ncount~rcd in 

clc;te1·mini:.,1g the actual decision rule- used in a.ssigning 

d;;;ci sion rule ha.d -to be const1:'uc tcd.. . l::tcor;iins trains 

.. - .. , \ 
-J... >..J',,., 

min · (c- - x} 
l -

i 

~ .~. - - " 
...,_ ,_•.;.;. ,:0 

I'nerc wa.s :no e:c:9lici t data avaU .. 2.ble with r.:::gard. 

of trains. In cases where the delay. ~aa small, 1.~., 



• f"'\,~ 
• ..: '_I 

1 -=s.::, t:1::,1.n sc.::ver. o:r eight ninute:s , it WA.s La.possible to 

o~ t~3 nu~bo~ of tr~i~s to be switched frora other delays. 

An arbitrary judgement 

fiv2 

. ~ 
-. -· • J"so .,.,. ~. 

l.-t.:..- - ~ 4J -

3cfor~ the effects of mor~ fr0quent road trains 
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noci,;:;l v2.lidity. 

When ~aking 2. co::1.putcr run of :?. sim.ul-?.tion mod.el~ 

l•.c cord.ir:.g 

'. i('< 

)~ 
,1d 

I 
1tJ 
'~ r. 

' i~ ., 
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si~ulstion and is rar~ly s~tGlud by statistical 
consid~rations ... 9lants with long -runs can be 
ltea.1 t 1·Ji tl1 by :-;hi ft~,, cl0..yt-::, or ... r~et::l{s .. u 

consic::..<:;rins 

obtain reliable results . 

:::-:.1,1..s Of T,". ~ "'\. •!' ,•-. 
.......... _,,. .,_ aJ · Ii1.i ti2.l 

conditions were the sa~e for each run; the model 

n~:J1 "'Jer s in tho.t 

the five 

given a particul~r 

-.... - ··- ..... - ..... 
... ;.J_ !..•.J'.- -

rv.n.s E: t;ot::>.l of 

...... -. ·- - .. ~ 
V~-.J U ,._J,!_ 

+-'-· • . ..,. - .,. ~- ;-,, •-: )""\ .••·.::::: · . ..;__ __....__._ .., 

S::..nce 

re.nd.o:n 

tezt (20} 1'1:c~!J c:10~{.;n. ?or 

the statiBtic => 
1=1 

(Si-ji) 2 
is computed 

catego~y, 

JO 
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Empirics..l: 

168.1 

147. 2 

197.0 

144.5 

139.4 

158.2 

T..:\3LE ? 

10_5.J 

84.3 

126.0 

lOJ.4-

80.7 

99.9 

DISTR.I:i3Ul'IOI-: c-,.-:;- 'ra...:..:r~SIT THIES 

total 
--ci tb.e 

1-60 

61-120 

121-1.80 

131-240 

361-420 

total 

26 

55 

J3 

25 

Q ,, 
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192 

run 
rf2 

20 
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11 
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J2 
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1 2 
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3 
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41 

11 
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2 
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192 
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total 

123 

194 

138 

34 

41 

29 

29 

955 

, : 

avg 

26 

62 

39 

28 
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191 
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• is the em~irical value eDQ k is ---'i - the total number 

.-........ 

..., -

t~'ansi t. efilpirical 
tL:11,:; b {?. ) \ ~1. 

l-60 4 

~1-120 16 

121-130 10 

1.:?.i-300 10 

;<)1 + 5 

tots.ls 45a 

com,utations snd 

simulated {Si -Ei)2 . 
( s. ) 

l -·, 
~.; 

.I. ,,. 
LOO ::) 

15 .06 

9 •. 10 

-~ ~ 
.!. l ""Q • \.J ✓ 

,. . 20 · --;, 

J, -...,,) 2 = 1.45 

~iz:·~, .:: "TJ"<..!ras(; iSirnulate;d 
3) 2:~ ll~itGd ~y 4.24. 

b So~a co~biµing of cRtc~o~i Js nGc~ssary to 
t;r~.tl sf~r X ~ te ~Jt r~c~1.1 .. i 1~,) ~.:(:::": t tr~ri t 11.{)t 1:1.orc 
than 20;; of fr:c::C_Ll(; ,lCi,~ ._; ). 
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a s su~ptions made , it c a n b ~ concluded th~t the m6del 

,, 

I ,. 
:if 

li 
I
J't, 

' ' 
I ' 

! ! 
:{ 
J~-­
~-r 
{.l. 

ii , 

I 
l'i 

' . 
~

;.-
1 , I 

ii~ I 

https://conclud.cd
https://61-:J.20


r. 

. : : . 

,~. . 
~-. .. . . :a 

:-,i ~:1 the previous series of runs. The sa~e set of random 

. . 
as .before and all statistical . d.istributions rem_ained -

//:J 

1so.3 

1 ") -~ .. .1. 
- ✓-- • 

_;1.5 
7[ 

-· ~7 .., i. j • \J 

105.3 . 

126.0 

10).4 

.so. 7 

99- 9 

Tab lG 6 shows tha - frequancy distribution tGbulations 

frorn the fiv-2- l'1..ms for shorter and more :treq_v.ent trains., 
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.l.-Cv I, t.: :-,- u 
r,r, 

_;. ;:: 50 46 49 22J 12-3 

61-120 44 56 50 53 68 261 312 

121-180 32 L!,-:-
·.,I 47 ') ,::, 

.)-.J 27 137 194 

181-240 22 ,.., 1 
.J-

?I• _..,, ?' -0 20 123 133 

:::) . .:>l-JCV A 1, 1=S .. ~. •1 ~ 1 L:-
/('\ 8L~ .L"i· .L ~' L~ V'' " 

,..... , "'\ •I '""I ,I' r\ 2!:. 9 ::; !: r. ,, ,., 
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I 
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K. 
:~; 

tr\,. __ _ 
I:.,~ 

'.. ·~ 

p ' . 

-T.li3LE 7. 

CUt:uL.\·rrvE DI3 I'3I 3U'i'IOIJS - ·rJo SAEPLES 

lonz. 
Llr::..i~.18 

( ,, ) \ .::i~ •. 
J.~ 

~o ,.. -· ~-'- less ;133 

120 or l ess .461 

180 01~ less .,. .,. .5 . oo 

240 or less .808 

JOO 01· less . 897 

360 o:~ less ,...,,, -4 

• ';·~ .i 

420 or l G8S . 971 

ove-:;:· 420 1.000 

on3- t.s>.iled the st.3. ti S ti C 

::::'!o~·~ 
"c-:, .! • .., 0 

( s:i.2) 

2 'J 1, 
• ./Y 

. .508 

. 701+ 

.8J4 

.905 

. 961 

.937 

1.000 

= 953 
!.,~[;2 

. 101 

. 047 

. 039 

.026 

.008 

.020 

.016 

is computed 

;:-.,,::c=~ D = ~ a ;.: · ( Si 1-312 ), i. o. , ttle !CC-~:i ~r:~:n di ffer-3nc~ 
i • 

bet,;•reen the two d1 s t~ci bu-:ions ove;r n.11 i categories. 

t est shows that transit ti~e for shorter and nore 

c'.~plrical di s tribution. Th.a X 2 
goodness-of-flt test 

1,ould apply here aga:in. 'I'h·.:: tabula ti or~s a.re ~i vcn in 

Table 8. A ·x 2 
value = 13.81 for four d.egrGes of . 
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for z.11 s ets of runs~ 
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t·; ~ .. 11.! '~ 

t i :1e-s noJ.'r.:.al i:C:8.11 t1~2.:c1si t 
-:.':' 0 q uoncy time 

1 
.. 159.2 

2 144.o 

J 141 . .5 

. 4 131 .3 
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ul.8.tion raodel can be used to study tne effects of other 

For oxa2pl~, the effects of adding. 

-or r c!!lo,ring receiving area tracks, or · ad.ding additional 

sh.ifts instead oi' thr_ee, ·or settin5 up a priority 

syst0~ fo~ processing could also be tGsted. 

b e ing the 

f:;tcilities 
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G?SS Block Diap::J'.'elm 

Shm~n below 1s • a typical portion of the GPSS block d1agre.m 
of the g~ne~al modele Thare are 63 additional blocks in 
th~ codel - for a total of 10~ blocks. 
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	~eir~:; at :points of damar..d.~ :2mpty car movements are extensive ; in 1962 38. 8% of total cnr-~iles resulted fro~ enpty movements (21). Furthermore, because of 
	co·21petition, the trend in :.~acent years has been toward 
	rrore e~pensivc, highly specialized cars: 
	-
	4 
	r~.today...i-re are not t.o.l:cing about cars that can be ptirchased for j5,ooo or ~6,000 but cars that a::."'e l':?..r.6inr:; i n :;,rice _f~o:-:. ..:15,000 to ) 35s000. (2 ) 
	11
	11 

	just ify the a~d~d axpensa o; 3ore frequent service. 
	This added expense may ba reduced substantially in t~e next decade as the opportunity for autoo.ating intar-~odal train movements becomes a real possibility. The technology for automation now exists; a number of 
	I'~e major 
	-. I 
	, ~ 
	I 1964 a_gree:::1ent to reduce t1:·ain crews froi:i. five to four 
	men ( 7).. In some cases, st~te l aws ~·1hich r egulate minimum 
	Studv or~e~:zation 
	no1~e frequent road trains o:?:'1 cla.ssific0.tio11 ya!'ds 
	The I3!·i . 
	G,;;;~0~cal Puruose Systems ator II (3) for the IBH 
	Si:-:>.ul 

	5 
	, 

	' 7090 computer system was used. The s~udy itself can be b:oken do~m into thr3e phases : 
	1. Davalop~ent ot a gen8ral nodal. 
	J. Studying t he effects of more fra0uont trains on the sp~cific moQel. 
	In the first phase a. gcn8ral mod.el Kcts bu.11 t in order to get some feeling for the level of detail ne~ded and 
	ii
	t

	'i 
	t
	I
	tt 
	\',a.:::::-i cas assmnpt1ons as to the na ture of certain phenomena '-L 
	r
	.

	~ 
	~ 
	i 

	t~:e:t w0uld allo;-T the 52neral :-:.odel to validly :cepresent 
	-~ J...l •
	fina l phase computer runs o.:. 1.,.n.e r1cd.el ,·,ere made in orde~"· to compare t he effects of shorter · 
	'!. 
	The papc:1· is divided. i:'1to five rr:3.in sections. ?irst, • 
	s. brief litera.tu:ce survey :::.s prc.:.::.:;n.t2d. in order to review 
	-portance· anc pertinence to ~ni~ stuuy. o-:r t,:E; ·adva;1t-=:..:::-::s-of the simulation techni que is i-ncluded.
	.
	,; 

	,--. 
	-

	-:::ad.el o:ri th0 basic cl~ssific2-ti on yard activi ties. Tne 
	. . ~ a s tatement of ou t put r equirenents, i mp6rtant assumptions, 
	~ t!".c t h iru. :=~-:ction the gen~i·al model is appl ied to a 
	,,. 
	C, 
	specific yard, da ta collection procedure, data weaknesses, ::-.c_.:.i t i o::.:.3.~ 2-ssu!.0.ptions and co!!U!lan.t s on ?1odel va lidity ar e The ra~rt~ ~ectio~ :iv~s th0 results of. testing 
	'l! 
	con~l us~ons dra~n. Ar ~as for future invasti~ation are ~i scussed in the fifth section. contai ns supplementary material, including a bl ock ~ 
	-

	r! t •
	I 
	tiagrara of the si n~lation sodel , a listing of the Gen~ral 

	I ( 
	Fur:9ose Systen.s Simulator II program, a sample of the 
	I
	I. 
	l1i·,1 
	l1i·,1 
	~ I
	J.· 
	. 
	1~1
	·'~I
	_r 
	.. 
	... 
	Railways in Paris in 1963 (5), the li~era tura on railroad classification yard ph2no~ena is quite scanty. The only published simulation study is a 1955 effo~t by Crane, :aroffD and Blanchard (4). They d-esc~ibe a r:1anual sirn.ulation 
	(inspection ar~c. s~•;itchi ng) actuall::,r done in series wei~e simulated i n parallel with a resulting decrease in average delay ti=e to traffic fro2 337 ~in. (empirical) to 243 min. (sinulatcd) for an estimated sivings of $100,000 annually. Also, queue l~r.3ths for3cd by a:criving trains ~·:ere exs.:::i.in-.:";d under vi:.:.ryin:3 assumptio:"ls of the r ar..domness 
	a~,aar to exist. 3owever, the Battelle Memorial Institute is :n8arii':g co::npletio:'2 o-.t a:1 indust:i:7-:tunded projGe'.; to p:..-o7ic.e a set of four _;,.';:::0::·;:,.l sir:1~tlation models for 
	situations by the user (11). One of the models is a . 
	7 
	8 
	classification yard simulato:::.·. Koomanoff, e t _. al., (13) :::.':::)ort the findinc;s of a :Catt:ell~ pilot study 1-rhich estab
	-

	the ind.ustry with the set of sir2ulatio:n models r.~E:n:tio;1ed. Koo:J.anoff {10) and Koomanoff and Prits!-cer (12) have two othe~ papers which pilot project. 30th :-ri t;h the emphasis on describing 
	are ve1·y general in natu::.'e 
	1

	Sin.ulation 
	syste:o.s. where systems simul ation ccul d achiave l argci benefits. Among the assortrr.ent of papers pr c:sented at the Sy,rrposiu!::", of t he ApplicG.t.i.:)r.. of' Cy"..::.Grncti c.s i::.1 the 
	d.c: Cock 
	(3) of tha Kct~erlands iiail~ay N~ich lco~s into 
	fJ 
	be do~a at eac~ yar~ t o mi~i 2i ze o~erating costs within 
	Scientific Research also investigate the pr oblem of ho~ to allocate swi tchins 1·rork a:wong the yards in a railroa d 
	network so as to ~mprove car utilization. The simpl er 
	Uk.I 
	' 

	9 
	is i!lvestigated. • A itle.tl;.eme.tical ezp:r-cssicn. is p::cesented 
	a: successive a~prc~i~atio~s ar8 discussed. Some COEi:il8YltS ~~2 made on usefuln~ss of a di~ital co=,~ter i n applying 
	Wyn.vie ( a .
	25) oes the develop:nent of 
	descri

	:o:;.ther::::i.tical mod.el for predictins t?:e number of s~•ritch engines and crews required for a specific yard based on t:--:c D.:!lount a.nd type of i-:or}~ to b::: do:w and the physical 
	Linear decision rules are developed for by yard st..perviso:cs i::-: 8sti::2s.tL'l6 the nt:mber of crews ani sWitOh engines needed to handle the next day's work. ·Co~perisons· are·rnade bet~ean theoretical predictions, 
	~xpcrienced. 
	C2e mizht infer that difficulties · e~:is'c tn !!iathe:c.atical t:'or'.Tlulations of the :phenomena In t:-:e s·:.;1-:.c.:r described by :!yr.:11e (25), it is 
	1

	{ j ~·:; f:~~s s!1oc~·:l ng in t:1e c:Z!.:rl y d.s.~rs ot t:-.i.e 1~033arch 
	e:ffo:::.·-c to 0.:i..sco7e.c tt1.at a.n a.escriY,>tion of t!:.e tr::;.t:tic had to co~te:mplate so Bany variables. 'I'hc:re was no pi~ecedent in the literature of 
	ad.equ8.te 
	Operations Research. 
	11 

	R++AA 
	r 

	i: 
	concur : 
	;, l':1:.1 :r2.il1·0;:,.d industry i s one: of t:1c: 12.1·::::;~::;t and 
	:',")::.:-.:. cc.:r1l-:·: ~.: c : ...:-~:.. i. . ~vi.:t1r-; .: ·..,·~: ~--.1 •. ~:... ~ ~ o •• :·_:_e;~·: =-/•2.-;.r t~,:; 
	o 'i .:l"'-:~:.l l =~" :_"'. i l:..... c,0.c~. .s f ..1 ·~,t;·:·n t)..: ca-·t•..: :~ ~-::01"' ~.: co :npl 0:::. " 
	of train processing could not be approximated by ::.:.ny si:::n.p l c sn2.lytica.l form. Consequently it was n~c2sssry in th8 anal ysis to ~pply nu~erical methods."· 
	"Sir1ulation of a complex sys t:;0:m T,":'.y ~Jrovide an indication of which variabl es ar 0 is portant and how they r el a te. Thie ~3Y l 2Gd to later successful 
	H 
	=-:-:.::.:-::.lyt ic fo1'"':nula tior; :..:-. 

	.; -.--!-!,.., -~ 
	..J,. -• .., ~ -
	-

	of the systc~ with the result that final conclusions ar e less a:pt...to be e Ni thin the syste!!l 
	unwo:r•"\w.bl 

	fr':;!,'.!!.v1·Jc.,:r·~ ..:. " 
	~.!. -• 
	,J ..l. ·i•-· 0 
	I{oo~etnoff , 
	-:;7-: . ?l., (13) agr .ec thf.1.t it ·wo:.:i.l d b 0 fo.r too costly and. 
	tioe-consumi n~ to· interrupt the daily operating of a r&ilroad system for r eal-life ezperimentatlon. 
	Finall y, a siGulation ~odel is generall y far wore convincinz in conv~yiY!.to uan~331nent th3 e ssence a:id i :.:r:::,lications of proposed. ,011°cy changes than ·an ·anal ytic model (16). The simulation model is at least one degree of abstraction close~ to reality. 
	6 

	• 
	c,ctl0rities ;r;ust the introduction, the basic .t~::..c~ion of thE; nod.es of a railroad network is to process arriving traffic in such 
	c,ctl0rities ;r;ust the introduction, the basic .t~::..c~ion of thE; nod.es of a railroad network is to process arriving traffic in such 
	c,ctl0rities ;r;ust the introduction, the basic .t~::..c~ion of thE; nod.es of a railroad network is to process arriving traffic in such 
	-


	'l'hi s 
	'l'hi s 
	req_uires 
	swi tchin~ , 
	a 
	physical process 
	conducted 

	I !. 
	I !. 
	G2~c~ally, the end ~es ult o~ s~ltc~ ~~~ is that traffic i s s9rted int o groups ho ~oc aneous ~i~h -respect to destination~ These groups ar e l{nown a s blocks. Outbound trains are then made up of onG or r:1ore blocks with d~stinatio~s along t he s~me lin~ of t~e ~3twor~. 
	. , l 

	TR
	to 
	the diSCU3Sion. 
	Clas::;ification yards 
	can be 
	categorized 

	TR
	Switching is accoa ~lishcd ~i th a ~witc~ 0TI3ine slo~ly :!_")US~"!.ing a string of c.:.:n~s o,rer an actual hill or ~ in c~--..rs a re uncou:oled si25ly or i n s~all compl ex of semi-automatic or comput er-controlled switches aY-.d speed con trol devices (retarders) which guide the cars 
	t 

	TR
	12 


	13 
	, 
	to the proper track at a safe speed. A single-tra ck hump r.18.:Y so:::t c9.rs into as :::ic.n:r ;;.s tracks with processing c~p2cities as g~eat as JOCO cars ~er day. 
	voh.:'i:e locs,tions. Gene1--ally, switch engi~es take s?10rt grou~s of cars and switch them by accelerating rapidly 
	l 

	t 
	e,nd t he:n sloHini down while tl~e cars are u.."-1.coupled and allowed to roll free to the proper track. The i mpetus 
	of t~e force of gravity. ?~ocess1ng rates are slower ar:.d s:,ritc'.'.'ies are controlled. :t1anus.lly, but the cap:!.tal 
	I 
	I 

	L1vestment and ua.intc:1.ance costs are lower than in a 
	~'1hichever style of yard exists, the switchint2ohn.iq'.;.3 depe~1ds on tr.e ability of the individual freight car to roll freely. Because of the air brake system employed. on freight ca.rs, brakes are locked. on when cars are unco'..l::_:)lcd. T?'lu s it is i mpossibl e to switch cars with~~ oparativa br~:a s yste□. To overco~e this, all freic;ht ca.rs awa iting switchinundergo a process knovm· as ':f!_.;2---::.-:~. ?hysically t h is i s do:1e ·when the train 
	6 
	6 
	I 

	-pausing a -: e3.ch car to pull a levei~ which bleedsthe 
	11
	11 

	air !):r2ssure fro::i. ti1e '.)r .:~:~e systera, i--e~1d.e::-ing the bral-:e 
	syst0n inoperative. 
	?urt~er2o~a; it is nornal pract ice to subject each ca::-to o. :·::.ec~a.n4cal inspection. Any defects are noted and when the ca~ i s switched it is routed to the repair 
	I 

	·J 
	I~ so~e ya~ds the i---~ ~~~on is conducted in n~rallel with the bleeding 
	-----..J --4 
	.:--:.o~·:ever, it is u:::;t~.::i.lly mora feasible to cor..duct 
	. 
	I 
	can be noted as cars are pushed tm,:ard the crest. ·:i'his 
	I. = ~~~~a contributes zero delay time to traffic,!-~ ; , the 
	I 
	.:-.nether event 1/nj_ch ;·,ust b e ·,,,entioned is the 
	queuing· u, for entry to the yard. Trac::.~ assignments must-be made on'tha ba sis of-the sizG of the train as co~pared to the capacities of the various tr~cks· available in the receivin~ ar?a. acccrnodate the train, the traffic is S?lit to two trac~s 
	2. 
	2. 
	2. 
	Search 
	·ror 
	track space 

	J. 
	J. 
	Enter Q112u3 
	f or 
	bleeding process 

	~. 
	~. 
	Bl eeding process 


	_:jMfflilE'ern,liiBZn:mhNRGftl 
	_:jMfflilE'ern,liiBZn:mhNRGftl 
	15 
	5--Enter queue for switching process ,, 
	o . S~itchi~g procass 
	7. 2_-it8r q_ueue for asse:-J'bly i::ito outbour..d train 
	0 
	..., . 
	C/. 'I'rain leaves This is the level of detail employed in the model. The -assuillption is made that opBrating rules can be given for each of these events; this would· satisfy the faasibility .of sl::-.:.,ll2t io:-i condition p2·0::iosed by Johnson, Conway and 
	u • .. ~ ....... s~rste~, :1.Ji,;~\-·v:.:: (;V:::t~Jl t::::, c.~:.:ri... b:; st mu.l at ed if' it co.n Oe bro\:0:--: io-.•;:1 intc a sGt of ele:lGnt s 
	1
	... 

	for ~,~l:ich operatir~s 2·t:.l0s can be ;:;i ven." 'I'he great majority of traffic undergoes t he ·above seque~ce of events at c:ost yc::i.:rds. 'I'hc bci.sic processes are typical cf 2.11 yards. Of course, some tra.ffic c,rrives in sp:::c:i.a l~zad tr?-ir..s , 2,. .:3:.. , all pi35y·-oac:.{ ..s, single-desti r..a.tion tr2.ins. 3uch traffic 
	-
	t:r:?.ir

	~ainte~~r..ce facilities, ?i g~y-back 
	on the basic activities. 
	The Gener a l Pl;:cuose Svs c2.::1.s Si3ulator ~ha model was dcvGloped using t hG I3M General 
	illl!L~ 
	·1~:1 
	,!Jf1 tJ · 
	f 
	?urpose Systems Simulator II (GPSS) computer l anguage (8 ). 
	I'i-:e la:::1.c-;ua_se is desis~ed for use o~;. the I B'i·l 7090 under 1_1 
	I 
	j 
	.:,~
	-·~:r 
	ii.1 ".)lee:;: di s.:-;ra'!'il fo.rr:i. Given tl'le b loc:I d.i a;;ra:::1, the G?SS 
	})roram ca:ci be written directly. t::c cpe:ci fie ol ock dia.~;2.~s.:r. and a progra:i. used in this study. · 
	6

	G?3S i s a.pplic.sol e ;.:}:E:1~e the syste~ can be ch~~acte~ized 
	The appendix contains listing of the G?S.S 
	It
	'·fi 

	the vo.rious porti ons o:' <t; : 
	~~ ·:
	Ill •.•
	by tha f low of some 
	··~ 
	¼ •..
	' 
	discrete entities (~raffle) . In essence, a GPSS mo~el cohtains a clock which creatas units of t i affic and . prosresses ~hem through the syste~. -It is then possible to o~sarve t ~e f low of traffic and the r esults of the 
	~ I
	• 
	• 

	conpeti t ion c..::c.o:ng oessing facilities 
	traffic fo~ the va1~1ous•pro-
	1].!"li.ts 
	.', 

	I
	of the system. •·rhe entir e logical 
	• )I ' 
	,· 
	','. I
	•~:fr· 
	I, 
	' 

	•.-I
	~ 
	ts<-_ : 
	can a l s o be incl~ded to control t~a ffic f l ow. I m
	-

	]!i 
	1i't , 
	9io5ress of traffic through the system. Any stochastic pr operties of system variables can be included by .using ~cando.:n. number s as the ind.epende~1.t variables of statistical di stributions. An important feature is that ti1e system 
	17 
	configurati"on ca.n. be changed easily and the simulation 
	G~.33 uodel outyilts r..0:::-::!2.lly can include the 
	1. 
	1. 
	1. 
	'l'raffic throughout .the system.. 
	volu::1.es 


	2. 
	2. 
	Statistical distributions of elapsed travel times for traffic between points in the system. 


	J. Ave1~age utilization of storac;e and processing 
	• facilities. 
	~-Distribution of queue len~ths. . 5. Values of an.y systc!'.!1 v2,:-:_,i~1::les saapled ·at 
	p·~rticula~ ii-1ste:.!-i·~s il"l ti:-ue . 
	·?110 a:;i;,0ndix ·includ-3s a sa~ple o-:: ty:9ical output from a cooputer :r·u..YI. Error analysis of bloclc diagr am logic is perfor::eQ· by the pro5ra~ during the run. Upon detection 
	-

	. . diagnostic error condition comments are printed. 
	S:i,.ze lim_i te.tions for a standa:-cd G?SS progra!ll. 
	-one t:.me.; No ·more th8..n 4,500 words of'core storage 
	L ~asic ~2asu~~nc~~ of classification yard · performance is ·the average delay time to traffic, 
	t~at is~ the total elapsed time froill arrival to de-
	parture. -1£ccessive ~elay ti~e causes poor freight ·car 
	.utilization e,nd, of course, can cause a loss of 
	',;; 
	',;; 
	,: 

	I 
	' 

	> 
	'
	I 
	I 
	' 

	..,,t{', 
	~"'..-,.!.. 
	~·,~i?:
	·.:;:';. 
	Tnc GPSS ~rogram 
	In addition, routines wer e record the actual 
	event s in the model. Stati otics for queue s were maintained 
	fro~ the model ev~nt s sev~n thTough nine of the basic 
	The p~rticul ar schedules 
	day th0 assembly process will b egin. Includine; the &iJ3c:.:~l y proceGs in the mocle::l would require distributions of tr af:ic by block and pros rar.D~ing a separate de cision 
	19 1t1:!n iw1i! rule for each outoou:1.d train, thus addin¢ considerably 
	, ,)~I
	to the co~plexity of the model. By omitting t hese 
	:]iji~: 
	.:r" ' 1:
	event s the rnodel then shows when traffic i s ava ilable 
	• ih 
	' 
	; 
	e l 2.).sCs a fte::-the switc:1.ing :p:!:'occss a;-id befoz-e the 
	. , . as s-:;:::oly p~ocess is essentiall y u.!'lder r.-1a11::1gement control. Thus, benefits of including this phenomenon in t ~c model are doubtful. ·:,l(rt.·:; Another assumption involved ~he cyclical pro-
	~,, 
	1, 

	i .1 r 
	.

	Da ily, weakl y, 
	Da ily, weakl y, 
	!, ' •' 

	~-'ti • 
	~!;
	~1.¾f nat u:-:.-e of traffic :;:.re k!1c~·m to e:-'.:i:::t. ::;:t ·wa.s assu~ed that the da ily r e?eti"tivc::ne ss of tr3.f.fic p!'lenomena was the im:poTta~t cyclical characteristic of y~rd operations. 'I'he :1odel was desi gned so t ha.t e. single run coul d easily cover several daily cycles 1,;i t ~1out e::cessi "'r.a use of computer ti::.e. The statistical di stributions ·used for · the i:tarious 1:1odel in:puts ,,,rere then based on:a .daily cycle. 
	By basing t :ie 1nociel .input s O i.'!. a d.~ily cycle •::.ome 
	i nnut t o s;en8l'3.tori: :::ou tines ~-;t:ic~1 create a number of trains at 
	-

	t hi::ir arrival times t~1:r·oughout the cycle by ~andora sa~~l~ng of the appropriate empirical distribution. ':Le :::t:.::°J):;r of tr2.ins created i s the average number of 
	t, 
	t 
	20 
	i· 
	t 
	t rains per day from t he empi~ical data. Si:::n.ilarly, 
	e:.cla,ys to 
	.i'.lso 
	1 

	yard are distributed accor~l~c tc the ~our of tte day. To ,9.Void clo55in5 t}:e model with unnecessary 
	the inciividuc?.l freigh·t car. Each 
	Other ,ar ameter fi 2ldG are employed fo= convenienoe at various points in thd ~odel . For cut,ut 9urposes, d.unmy traffic u::-1i ts are s:pllt off. fro~ the main program at crit~c~l Joints a~d se~t to statistical routines to si~n~l the ne~d to rcco~d current clock 
	-

	time. 
	C" n. .t-
	G.?SS cloc:-: unit 1.-;,5.s ~ ,.__ V eq_uiv&.lent 
	e. slo1·rer ~nod.el i·ICuld use eAcessive amounts. of co!!l.:9uter 
	Innut ~eauirements 
	To apply the gcner~l ~odel to a · specific yard, there are essentially two types of information r e quired. 
	-

	A. The specific physical characteristics of the yard being studied. 
	3. T~':C ac t u.:.11 o:)er::.!#t.in.s Q.:;. ta f'1.....o:-:·1 t l1e ~rard 
	over a period of ti~a . ite□ s: 
	s~ecif~c characte=~ stics invo! va t~e following 

	1 . Size of t :1e receiving a rea. (no. of t:ra.cks, capacity of each). 
	2. 
	2. 
	2. 
	No. of trains which can be processed sim-ultaneously. 

	3. 
	3. 
	Processing criteri~. employed, ~.g., any priority system, · logical decision rules~ 


	The following operating data are r equired: 
	1. 
	1. 
	1. 
	Distribution of road t1-~i:n arrival times. 

	2. 
	2. 
	Distribution of road train lenths. 
	0 



	J. Distributions of arrivals of other·traffic which competes for processing facilities. 
	4. Distribution of train lengths of other } traff i c. 
	5. 
	5. 
	5. 
	Process ti~es nor train as a function of the size of the train (bleeding and switching). · 

	6. 
	6. 
	Distribution of delays to switching process as· a function of the time of day. 


	'. 
	I 
	pqfflsmapg,ii&SJ31 
	1 
	;:;.mrilllll,__________ ___ -■
	;:;.mrilllll,__________ ___ -■
	... ~llfllLllDII_IIIB!_mlll'llilfl■IBC!ll--ll.&lllil£1(114 
	--~------··• lkr 
	tr~ck recaivin3 area wit~ a total capacity· of 1339 cars. Individual track capacities ranged from 40 tc 11 3 c2-rs. These tre.cks fmr:rnl into a sing:le traclc i.'m:·..1p facility equipp,:)d with re:notc-controlled S'.·Ti tches .::.~--6.. c2.1' 1,..eta:rder s . Co~~~ol ov~r operations is provided 
	<iuties are decisions as to what traclc arriving tra ins will be assi gned and the sequence in which trains will be swi -tchcd. 
	The direction of f low i n the yard is f rom Kest to C,'?.St. Inco~ing trains fro□ th3 west enter the 
	t,.-o tracks, on<; o:n .:;ach s i de of t~--ie }Ju:np·.,:-ith eacn. 
	1 

	wi tci switching t~1at i s und.erw1.:1.y, &~pcnC:.ing on -.,..rhat 
	As a r0sult of the location of t his yard in the '.:::, :.ce.; o area at t ~0 e:e.s t 0:r::.1. c:-'ld. of the. subject r ail~oad 's lines, there existed d~finite contrasts in the 
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	charac'ceris tic·s of the traffic ·flow wh-3n separated by 
	. 1··: l 
	1:

	1· 
	,I 
	•~.~ I 
	> 

	If tr' : 
	J 

	'iJ! • 
	~Hr., 
	I 
	• l
	!' 

	the 0ast con~ists malnly of d8livcri~s of traffic from 
	other railroads (transf&rs) with yards in th~ Chicago 
	' 
	area a~d CQ~s fro~ local industries. 
	II 
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	·rhe d:.>,ta collected covered the hs.ndl i ng 
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