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INTRODUCTIOW

The work parcel sorting vas originally suggested to the
atevials ¢h1u11rf Leseurchk Unit by Dritisu Rail which is cne
of the spousoring orgauisations contributing to the Res=arch

Yund., mig vork has alsc formed the subject of 2 researcs
ci.ceis, whica nas been uscd as the basis of this Leport. The

stuueat, Lr. D.h. Depa: d is thercfore the mein author, in
co~operation wiitl. the staix cf the Research Unit.

Quite 2 high picportion of commercial gcods travel Ivow supplier

to customer zs = 'parcal'. That is, a single packege

securely packed, moviug fron ori-in tc a destination by ver icus
ncans of transport. Since most parcels originatin: from a
single point are destimed for different addresses waich way

be in any part of the country (vve are only comsidering iniend

percels) a sorting procedure i:as to tako nlace. Theorctically,
tiis could occux at any point after despateh, but is usually
donz at a poinmt central to collection fron a nuuber of
suppliers., e advent of neil order business which is still
expanding rapicly in this country, ias broujht a vascly
i@craased flow of parcels into the various o*ﬁan.uatians under-
taling te weliver tueli.

It was appreciated frou the beg inning of the work tint this
D'OLL-m was not peculiar to U.Lk. OF other parcel handling
recnisatione such as thae G.27.0., but the *”1ﬂu1?195 involved

nOLLd be chpablc of application over a much wider field,  There
are many cituations wuere & sorting esctivity takes place in

orcer to reduce a mess of randemly mized iteme into cisecrete
ccteﬂorius, and it is lilkely that many of these coule uenefit

Ly being examineud by the metiocs cuscasted in this reperi.

One of the cariy ¢ifficultics ves to Gecide what comstituted
a percel, and ertzin rules were proposec to arrive at a
definition. t wac jenerally talen to Lo a pacikace of any
suape or form which travellad betwecn two points as a

separate entity. It was ncces.ary Lo jiace scue re »strictions

t -

Zme and weinhit, eiuce articles as large and unwicidly as a
double~bea size mattress rejularly travel on J.L. a5 'parcels
- ]

I‘sﬂ

traffic', but o not lend themselives very w7ell to rapid
handiing. Thus a parcel was zenerally talen to mean 2 0OX

or packuge of wbout 2 ft. cube whiclh could rzadily be handlad
Ly one man. This division is icosely observed by L.f., vko
sene to treat separately those iteris whic: are cbviously
vnrieldly o excessively heavy.



There are three rough divisions iito size and "handleability™:-

(1)

The rupoxt

iii)

thie practicel

Poctal pearcels accepted by tie G.P.O.
vnder stringeut size end weight iimits.

Railway percels trafiiec, which takes
altuost any size, bLoth rarallel with the
G.P.J. ramge and upwards, and sinilar
servicezs y¥un by anational or private

road carriers. The upper zize/weight
limit tewds to be set by the pricing
structure ruticy then by i-icsed physical
limitations.

Lazger and gencraily more irregular
packages waich usually travel by rail
'sundries' service or could similarly

travel oy road haulacze. This category
also inciudes multiple packages to one
nddress.

iz confined to t..o Zirct tuc ccte uries with regard to
sigcination of the problem.



2.

SULLIARY

The object of tle imvestigation was tc examine the existing
scrting vrocecures for railvay pearceic in ordaer to evaluate
existing methwods both manual and machine-cssisted for
efficiency of sorting. To poastuiate a standard of sorting
afficiency it was necessary tce lock more closely at the
thecretical basis of the sorting preocecs, and to deveiop a
theory of sortiug. This has beei. done by the application of
Information Theory, usiuz the concept of Latrcpy as a measure
of the state of disorder of a given mix of parccls,

The relationship between the eutropy index and the number cof
bays or divisions into wnich tihie parcels are required to be
sorted vill enable thie amount of sorting per parcel to be
found, This in turw will given an indication of the most
efficient method to be used.

The thecretical sortiug, method can be anplied to both wanual
and mechanical sortiny, znd an iadicatien caun be given as to
which metiiod is likcly to be more efficient in a givewn
situstion, and thus & cost estimate can be carried out.

Some comparisons have Loen made between the coct of sorting
parcelis both manually a:d by differcut mechanical methods,
naking certain cost assumptions, and relating this to the volume
of parcels to be sorted.



L0 ]
(0]
b
£
i)
ik
4

The sje2ed with which parcels cen be sorted is dependent on the

number ¢f cateqgories into which the itews must be corted and

the nunier of corts,uscessary to scparate tuea to destinations. With
letitey rost, there iz little actual trunsportl,_J & the letter at

tue sorting peoinc, wost of the sorting iime is demoncent cn how
culckly the sorter can recoguise the destination. witl
parcei=-sortiung, tue opposite is true, the greacer the lengrh of

we is spent in courying the paicel from the scrtinc point to

e sorting destinatiori,.

I'f ﬂr\jr

Corting speed, taougu, is uct the only factor for optimal
sorting. Yhe increased sorting speed, due to the smaller

v bher ¢f sorts, is ofi-set by the number of times a parcel
must be sorted and L2 increasea hendling time betwzen sorts.,

The *otal scorting efiiciency, tlerefore, ig dlependent on the
speec of sorting aud tine average wumber of sorts

If there are 100 wostinations to be soried to, and an equzl
number of parcels for each, tiusw tio sorts cach into ten

bays can be ucel, At the firs% sort, tne porcels are

rlaced into ten vays, each having ten (ostiueticus allotted

to it. The parcels in ewch bay are then scrted into a
further ten bays, one bHay per destination, As the volume for
eaci cestinaticn has been assvied te be equal, then sorting

to L00 descinavions Las only reqguired twice the number of

sorte that would be needed for ten destinations. Likewise,
soriing for 1,000 destinations will only requirz three sorts
of ten bavs ezch. As the effective work done is the same

for each sort, theu it can Le saiu thal sortiag for 100
destinacions is twice the effoctive worl cf sorting for tem
Cestinaticns, This meaws that tue effective work done in
soviing caa be relataa to the logarithm of the nuniier of

ba yu. :is logaritiumm cau be called the Iauex of Lffectiveness
asd ; for the c;rect of thw virying nusber of handlings
ceurring with cifferent aumbers cf Gays.

Tius if the sorting spreeds are multipliec by this In.ex,

the sorving efficiency can be determined. Jor parccls
surtew into less than ten “ays, thc effective sorting sueed
will be reiucid, as the 1owar1:ums usad are to the base of
10. This ailcows for the increasec number of handlings. %%
the number of bays is greater than ten, then the cffective
sorting speed wlll be iucreased, cue to the lesser number of
Lendlings required.



If these a2ffective sorting speeds are uow compared, tihe nost
efficient number cf beys can Le determined.

beei prepared uesing standard time data
providad by Bil. The time cli:ments referred

Tiie foliowing table has
on parcel sorting

to iv the taule and the text following are the analysis of the
tasr of sorting parcels as uader
Zieuont ilo. Operation
1 Lemove naclage froa ‘arrival' vehicle,
2 identify destiration code nuber.
3 .iove rackage to aypropriate trclley,
4 €couwr in trolliey
5 Operator returuns to pick-up peoint.
T2 above is depenfent on parceis being sorted into Lritish Railways
Universal Trolleys {DLU1L0) a vheeled cage~tyne containey arprox.
5' % 33" in arca.
No. of Arexn Time per Parcels/ Total time Lffective sorting
sorts,I recuired parcel hr Parcel allow- specd
5eC,. 5 ing 3 secs s ¥ log T
for elements
1,2 & &
i
L0 2,400%t7 13,7 263 16.7 421 354
36 1,600 12.0 300 15.0 443 352
22 1,200 10,25 250 13.25 452 338
15 oCo 2.1 29 12.1 4363 350
12 6090 9.1 355 12.1 £30 322
10 G00 o0 456G 11.0 450 327
S 400 .35 525 Ceu5 475 330
9 350 6s25 575 9.25 Lbs 300
&4 250 4.3, uCs 7.0 540 310
El.1863 (all
only elements)
If we assuie that thie poreel ciruits free meovement and is between
10 ané 75 1ibs in weigat, them, a Zirst znalysic of the basic time
per parcel fcr elenmeuts 3 aad 3 shous that a sort of four is the
mest eifective, allowing eviin, for the increased auwber of sorts.
tiowever, the data provided was only fer a compavison of manual
and automated methods, an’. uid not take into account the time
taler. for the othc. eleuents - unloading and loading the

the destination address or

code TUmber.

TThen

rarceis and reading
making a normal coupari
Le{im_reu, &s tney ara2

son of iwetlhods, these tines would not be
the semce for e:zch methocd



Although the time for elements 1, 2 and 4 is short, it is
reasouably comstanc, ond vihen added to the time for carrying
the parcel and returning it, it reduces the overall effective
scrtiug speed, particulariy for the sorts with z smaller
number o bavs,

For tie eccleulations of parcels per hour sorted, tie assunption
was nmace that the sorter was working, nonstop, for a full hour,
hut tue sorter does uct spend all of his time sorting, he has t
neve railvay cage type trolleys (UTUTLS) etc. around, zemoving
full omes ana collecting eupty ones; lLe has to assist in the
loading of trains specially cesigned to accent BRUTES, etc.

iie may alsc have to wait for 'zriival' vehicies and muct also
be given a 'personal’ allowance. This will probably reduce
his actual soriiug time to about i hour for each hour worked,

(S

From the correctec cffecetive sorting speeds, it will be scen
that there ie littiz c¢ifference in sorting speeds between

C and 40 beyc, the sorts inmto 15 and 30 bLays, giving the
highest epeeds; however the sort iunto 0 bays recuires twice

tie area of that of 15, and Zfour tiies that of O sorts. It

has Dbeen zssuped above, that the tiwe taken to read and identify
a parcel's address is coustant, for all numiers of bays. Dut,
alti:ough no figures for parcels are available, iectter sorting
bhas suowm that the time teken fos recoguising the destination

and ite appropriate bav, particularly whein there are a larce
number nf pocsible destinations, will be longer when there are
a larser nucber of bays. Tnis time will be difficult to

neceure, as cach sorter's time vwill vary with cxperience acu
nethod of rememberin . It will have thie effect of reducin
the sortiig speeds for highier numbers of bays.

63



4, TETUGHALTOW TLM0RY

All coumtrol systews function oy transmitting signals which
contain information about thie controllexr's requirements. This
information is tien 1nLerrreLeu and any appropriate changes

take place. wnils iufornation can tien be put into 2 wemory
store, as in the humen bfaiﬂ or an elacironic corputer.  Thus,
iufernaciocn can ve transcitted, translated and stored, it is

an cesentinl content cf any control syster = Information
Thecyy auswvers cquartatively Liow mucu ivformation a system contains,

Information Theory was criginally developed ir the field of
Communicaticus bngireering = upon wiiich the media of radio,
telegrapi etc., are tecunologically basad = by Shannon in :is
"athewatical Tuecry of Commwuu:ication" in 1948,  This theory
was ased to desl witn the question of noisc in a radio chraunel
cid Low Lo organisc a wessage ~t the trausndssion peint in
order to minimisz tuc effect of this noise. It tock into
account prior iuformation, of a statistical nature, on tie form
of the .iessage — tius becoming tic applicztion of nrobability
ti.cory to cormunications probleus.

.

Leocause of the cepth ard generality of Information Theory, it
can be applied to ali forms of communication. As well as
cosaunication encineering, it alsc coatributes to the basic
corcepts of Ll}pLCngphV and languace translation, and its use
in informection retricval, ﬁcrception and learninvy, and other
belavioural sciences 1s beilag explorec.

)DiFL a messiye ss.ccted 2t auotuer, The mescages may nave
meaningy i.e. they refer uo, or are correclated, according to
souie systen witl physical or ccaceptual mearnings.  lLowever,

Ti.c funcamental problem of communication is reproducing at one

this is irvelevant to the engiucering problem. The significant
aspect i. that the actual message is one selected from a set
of nogsible nessasiu,. Tho system nwst cperate for gll these

possivle selectionspot just the cne which will actually be

chosen, siuncz tiis is uvmanown beforenand.

Syarmoa, taen, is coucerued with tiie average amount of '"uncertainty'
within the sat or cmseuble cof messazes. Lie called this
uncertainty "intropy", Lecause the foruula he derived for it =

":ill be recoguised as that of entropy as defimed in certain
formulations of statistical mechanics", It is also the term

used iu physics tc measure the excitation or disorder of

woleculeg it & zas.



Shannon's ek does not ounly holce for radio messages, but for
any application wicve the uncertainty of picking cne menber
frow: a coliection is requivzd.

& formula can be derived relating the size of an cnsenble to

tiie uncertainty {or entropv)} associated with it. If the
enscuble nas only oue wewser, then thuire is no uncertainty;

vie Wuov tue zolution L.iofore we start. If there are two vcubers,
ithen one question is nzeced to identify betwezn thei. In a

biuzry systaom, it can Le shoun that each time the ensemble
doubles, the rnumber ¢f questions tec e asked, thue the entropy,
is increascd Dy one. Tius the entropy, Lk, can be connected
tc tie size cf the euscuble by

=
i = =00

2

wnen all of the solutions are aguinrobable.

uovrever, where the solutions are not cquiprobable, i.ec. where
tiiere is bias towerds certaiu .embers, this value of E does

not apply, as tie eutropy 1s reduced. Therefore some account
muet be taken of the weighting, or probability, of each member.

Cuppose tnere is a sel of ossible seletions, wihose probabilities
of ccecurrence are y., Ppeeeel o The prebabilities are known,
but nothing else counceriing which selection will be made is
GG, if ti.ere is a measure of ‘choice’ involved in the

selection of tue eveni, say L(pl,p?...pw}, it is reazomneble

to require that it satisfies the following conditions:-

1/ 2 siwould be covtinuvous in Py
57 £~ G| 1 P e . 1
2/ If all p, are equal, Py = s then the value
h L
¢ I increases as tiie size of the set increacses,
3/ The uuit of uncertainty is additive, i.e. if

& choice is breoken dowu into successive choices,
the criginal I shouid be the weighted sum of
the individual values cf B, Tor exzample, the
avount of inforr.ation cn two punched cards is
the sum of tue amount of informatici. cn caci.



Channon oficzred as s o, theovar, that tihe only forrmula for
E satisfying these ti: : : i

1s3:—

pilcg Py

Where il is unevely a pocitive comstant, determining tine units of
unicertainty.

a given set, . is a wediimwm waen all tliie possible cutcomes
are equiprobable., Ti» miniwu vaive of & is $, which occurs
vuen there is only cne possiule outceorea, Since tue resuit
is then xnown, uncertainty vanishes.

~

A collection of uugerted parcels will be in a state of disorler
an¢ thus will have a value of uncertainty comnected with the
possible aesiluaticns of any of tne parcels. This value will
be proporticnal teo the amount oi sorting that is required on the
carcels, to get them to tueir proper destinaticns. Therelcore,
as this uncertaincy existe, the Theory of Information can be
applicd to Parcel Sorting to determine the amount of sorting
reruired on a collection cf parcels.

The mathenatical derivetion of the entropy value for a mass of
assorted parcels is given in 4ppendin I, and siows that tlie number
of sorts is equal t , where ¥ is the number cf bays into which
g F

the parcels are tc be sorted.

Cn
lo



QP TIMNAL SOKTIVG

It was chown in the sectiou on Information Theory, that the
eritropy of & colliection of pareale shows the amount of sorting
work to be done, and that the rveduction in entropy after one
sort into z set number of bays is equal tc the 1oz, of thet
ndnJ__ i.e, Fo 1t was stated auove that the sorting

effectiveness'was also relsted te log F.  The reduction of
entropy or disorcey, verifies this r»latlonship. It was
also showm that tlc eatropy divided by the logarithm of the
mmaber of bays vas cqual to the nuuber of sorting passes
required,

If an equal ivrber of parvcels are allocated to the bays
availcble, thon the number of destinations per bay will vary
vilely. Lovever, since destinations are not equi~probable,

tuis may result iv the number of oo*ts being reduced, Wide
C¢iscrepancies in tie number ¢f destinations per bay may ake it
iore aifficult for sort.us to romember, and it would be Letter to
have the nunber cf destinctions per bay as powers of a common
figure, {(ec.g. i, 1C, 1CO).

Taus, aithough the sorting effectiveness requires equal numbers
of pgrruxs per bay, in practice this figure can only be used
as a Buide vihen allecacing destinations to Lays. This meaus
that tue reducticn in entropy will be less than log T in the

g e s
majerity of cascs.

4 Practical fxample

Nail for a typical depot was used as
iz cbove theoreticazl method.

vunber of parcels handled was 26,8013, Of these 10,748
ected for fo*uaruLnu, 14,C%5 were reeceived for traashipmenc,
were receivel fox te‘1v0r" “here were 170 possible
ions and the number of parcels per destination variec
C51 and 1.

B2 i B0 B

The erntropy per parcel was calculated for the vhole collection
and this figure came to 1.,81. For an equal nunber of parcels
per destination the enirepy weulce have been logp L70 (or 2.245).
The metaod used was to scrt te 57 éGestinations, the traffic

= a~

being re-sorted to the 170 at the various tranSulpment poinis,



Joing the thecretical methoa of cptimal sorting, the parcels
couid be sorted with an average number of 1.0 handlings per
parcel into 10 bays. Alternatively, if 15 bays werc used,
the parcels could be covied with au average of 1.54 nandllwgﬂ
per parcel,

For the moment, we shall assunme that the collectiou is Ffuily
sorted at tlie ﬂcrot, thue no acccunt will need to be paid

to any gec:;raplhical destiunations. If 15 sorting bays are used,
the average muaber of parvcels per bay will be 1,£00. Of the whole

collection the parcele receivad for uellvery wvere 2,042,
therefore one of tne bays cen be used solely for these parcel
For the remainder, 2 destinations each receive more than 1200
parcels, thus, these destinatious can be allotted individual
bays, removing the nced forx further sorting. Tlie mext two

viil mean that if one bay is allotted to then, they will have
to Le sorted intco two at a later StE”L. It would we better
if they were allotted a bay eaci. This will ieave 172
Cestinations Zor 1U bays. Sorting could be arrangaed as 17
estinations er bay, t this will rescult in a large
variation of percels in each vay. If ¢ bays are allotted,
15 destinations each, tlere will be a remainder of 37
destiunations with a totzl of 252 parcels, cssuming that the
eroupivgs ave maas in ordsr of quantity. The number of
pa"ce.“ per bay for the remainder will vary betveen 7,000
and 400, to be sorte d into 15 each at tlie sccondary sort,
thndﬁ,n the quantitices per bay at this sort will Le
approvimately equal, This range of parcels is ratiher high,
vhen, for optiuwm sorting, thiere shwould be an equal nuzber
ci parcels pet Lay.

S,

J’
destinations, houever, account for a further 250C parcels which

If o lower number of bLayes iz uced, say 12, the sorting sneed
vill Le slightly less elficimt, but L.e quintities per bay,
requirec for optiiwm sorting vill be more ciosely approached,
The parcaels could be handaled as showns-
vAZ.1, Pl )
Lay at KBaite tame Lideeg lio. of parcels sorted at
ist Sort jo. of iestinations 1 Z 2

A 1 2851

b 1 2217

C i 14G0

o] 1 1112

E 12 from 062-3Z1 0159 6159

F 12 froa 311-200 3085 3089

G 12 fyom 200-134 1645 1845

51 12 from 127-S5 1258 1228

3 12 from ¢5-G6C 1058 1058

rd 12 froin S0-u6 8506 C58

L 100 from 64~-1 2827 oL7 e

il Delivery 2042 -

11.



This results in a total of 44,849 parcel handlings, for

24,771 parcels, or an average of 1.u3 handlings per parcel.

The entropy for this collection c¢f parcels was 1.01,

therefore 1"ith equal quanities of parcels per bay, tLe
theoretical number of parcel handiings would kave been 1.74, thus
the result of uw.equal quancities of parcels in the bays

has increased the number of handling by .07 per parcel, or an
extra 7% handling overall.

This assumed, nowaver, that all of the parcels were serted at
the oue {eE-' and then sent to their final destinations in a
fully sorted conuition. this cannot be the case, in the
najority of depots, due tu lack ef space and facilities,

therelore close attenticn must be paii to the geographical region
of the destiution. The parcels would be partly sorted and
then sent "rough' sorted to another zone centre for final

sorting iu that uzrea.

This will have particular effect on the destinations with low
volunes cf parcels, as the largest parcel volumes are sorted
out at the fivst pass, and the allotment of destinations in
the middle ranges can be re-arranged to suit regions cuite
easily. Although this will mean that destinations of
approxinately equal voluses will no lenger be coiwbined, the
nev grouping may improve the variance of tiie nunber of parcels
per bay after the primary sort, to give & closer figure to the
averace,

Tor = a 10U Jestinations of small volume traffic, it should
be prf‘:hi? to collect 10 grcups of 10 destinations each,
with'n fhe sama railway regicn. If necessary, tie 10
destinuicions per bay ueed not be strictly acherred to. For
exanple, if there are 12 destinations that can be forwarded
together, and avother group ci ¢, then this will be better

for foruarding thau sorting out 2 grours of 10, These groups
can then be combined with the traffic for & main zone centre,
and forwezrded tucsre for fimal sorting, In addition, any

small destinatiocn that may have traffic forwarded to the sorting
denot in questicn, as a zoae cenire, must be sorted cut
individudily, in auy evenu.

The fcollouving talle {Tab.2,; 1s an arcaded version of the ab-wve one
giving the code numbuers for 5.1, zore centres and sheving bow
destinations could be coribined gegsraphically by rogions.

Table 3 shows a breakdown of destinations for bay L on the secoud
sort. (This schows muniers of parcels only,tlie destination codes

a1

being ouitted.

].2.



Tab., 2.

Bay at Zone centre cede wumber and parcels per zone
1st sort Tegion centre
& E.R. 150/2851
B BaiRe 16272217
c 0 166/1403
¥ E.Re. 184/1112
E BB, 171/86231556/7533 153/693:;161/575;165/528
151/4-,2;15?;4&2;164/3:3,1“5/3/.7 100/2301;
149/235;109/152
1y iR, 103/1353139/1255108/82 ¢ 140/70 3 113/062;
118/62; 104/62;
el 1/#{&;-,-01/10J 197/206;174/805188/743177/67;
G B.Rs 22173213200/293:225/273; 202/230ﬂ12f400 226/170;
210/1243204/1205227/95:225/703220/G3
i LR. 3“0;253;3‘2’2 7,300’l£’;b16/110;301/105;303/95;
323/92;330/70; 314/72;310/066;
Sc.R. 66}138 61/127; 84/140
J L.M.R. 23/399; 56/293;24/193313/141;49/109;52/96;
17/95:13/90; 10/85 34/855 9/75; 35/70
It LR, 6;445,12/ 1°%“f?20 27/16&°55/134 54/123;
,41..-53 /L;7 59/G66¢ ?/90,.1/_&
L Ihe remaitdhg, on the seccond sort they could be
sorted to the following groups (number of parcels only):-
Table 3,
I 11 III v v VI Vil VIII I bid
F.R. N,B., N.E. F.R W.R S.R LR LIR LM Sc.R
35 16 5 6 35 4 5 10 20 50
46 30 z0 40 15 2C 25 41 50 40
1G 10 23 25 30 5 50 25 g 5
o 1 5 36 6e ;1 1G 35 I 5
40 5 20 ¢ 3¢ 40 35 Y 42
3G 45 5 5 Lo 55 0 i3 55 5
48 Sc.R 5 15 & 17 45 43 25 X
32 35 45 1 ) 5 Z0 43 O
11 45 45 3 24 L7 45 90
22 5 3% 25 60 4¢ 5
42 35 50 50
17 30

If cach 'bay' used takes tue form of 1 LRUTE, then there wilil
still be a nccu to sort furtiuer {or some of the regions,
where destinations in that region mey be far apart., [owever,
if a 'bay' corsists of a number of LRUILS, placed togetier,
traffic to be forwarded tc differant zone centres in the same
region cau be placed in diffevent DRUTES, ailowing the

bl }
parcels to be forwarded via the most convenient zone centre.

Ll



liore then one SRUTZ will be required at each bay, at the
sarie time, but, ou the otlhier hand, there will be less need
to zeplace full DRUTLS witna cmpty ones.

tach sorting ccpot will have different quantities of parcels
for eacu other depot. [Likewise, day to day quantities will
vary at each depot, but over a period of time, a reprosentative
nunber of parcels per cepot per day, can be obtained and this
figure can bLe used for cetermining the sllocation of sorting
bays. Attention seliould be paid to these fisures, whicl

should be anenced to koep up with altering trends.

It hes been assuned throughout tlis secticn that the parcels
receivec for gorting have bezen in a coupletely mixed
collection, However, this is not strictly accurate,parcels
received for transhipment at thie lavger depots will alrecady
iiave beon passed through a primary sort elsevhere. This
means that the uncertzainty, or entropy of a part of the
collection has clready been reduced elsevhere, as the
possible destinaticms for this group has been greatly reduced,

This will tend to cancel out the effect which the unequal
runbers of parcels in each bay will Liave on the reduction in
total eutropy after ome pass.



ACTUAL SORTILG LETIODS

lianual Sortiag

A great imany parcels carried by #ritish Rail are sortec by
hard. A gang of men, sorting a collection cf parcels, can
cither work indivicually, each men collecting, sorting and
’oading on Lis own, or two Cr more can work as a team, cne
selecting the parcel ana recding the destination, the other
taking ic to the receiviag vehicle. There are tiiree basic
types of sort a parcel can receive — it can be the first sort
of trafiic ccllected at the depot to the area of its
dectination; it can be a parcel received from a depot for
deliverys or it can be attranchipmentiparcel, yhich has been
forverded from aancther area, to be sent on to a taird dewnot.

Whern the narcels are collected, they pass through a primary sort,
ther directly teo its destiuation, or more commoinly, to a
cestination area. These parcels are thea loaded inte
appropriate railway wazons and forwarded. At the destination
depot, the wagens are unloaaed aud the parcels resorted, either
to final cartage posts, or if Hxanshlpmc‘h traffic, to the

final destination zone centrea

The percels are often rehandled several times in the course of
transit, by a2 large nusber of men. Many of these men simply
cancel out the worl: dome by eatrlier men, mainly because sorting

and lozc.ng imvoives the use of barvous, which cause uanecessary
lnading ~nd unicading. Parcels offlcaded from barrows accumuiate
on platform waile awaitin; thwe arrival of a train. As it takes
4050 minuvies to fully load a van with parcels, trains tend to
leave lightly-loaded, te clear ;;atform space and keep to time-
tables. In additiomn, sejrcgation of pngEIa for different
Gestinations within a ciagle vam is difficult and long delays sometimes
occur at intermediate stations, for unloading and loading

parcels, This means that scue vans are detached from trains

witi less parcels than would ncormally justify this action.

T

, a form of unit lcad has heeu developed.
ilets were tried, tut these wore not

gs thie dimensions of the pailets were uot compatible
» of the vans, aud, with the end-forxces subjected
hea shunted, uniess the packages were strapped to the
pallcts, or the vwagon wars fully-lcaded, damage could occur to
the goods, Bex pallets would have been able to deal with
ti:e problem, but they were heavy, immobile and, theoretically,
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wasted a lot of cpace in the rail van, compared with filling
the van to capacity with parcels., . orever, it was found
after investigetion il.at on averase, parcel vans were under=
filled.

Ti.ere were scine rcutes where the vans were filled to capacity,
but adequate segregation of the parcels was impossible,
consecuently unnecessary hiandling resulted,

This resulted in & wheeled, box container being developed.

This was lnown &5 the British Railways Universal Trolley
Equipment {(B.R.U.T.E.). It has two fizec wheels towards

thie rear and tijo sw;velling castor wheels at tihe fromt, These
whecls are offset, to provide en inlerent emount of "toe-in",
vhich helps prevent 'snaking', when being toved, a well known
characteristic of tie cld type plzcform barrow trains.

Ancther aid to soed traciting was found by having the draw-

ar at the rear of the trolley, instead of the front, and
having it spriug-loaded, sc taat it extended when the trolleye
vere traversing a curve and julled back afterwards. This
results in very accurate tracking of a train of BRUTEs, each
one following exactly in the path of the tractor. Another
importent purpose of the spring draw-bars, is during the initial
tractive eifort,enabling the tirac.or to take up the load ome

rclley at a timej this can result in the use of a smaller
tractor.

To avoid the rehandiling occurring during transit, the parcels
should be lcaded into LLWUTEs at the earliest opportunity, and
left there to the final dectination., The trolleys can be
loaded onto percel trains with the maximum speed and minimum
labour. 15 LRUTLe can Le loaded onto a CUV van in five
ninutes, compared with the full hour to load it with individual
parcels.,

The DRUTLs are best used for total wovement of a group of
parcels; however, tney can Le used instead of the old-type
barrows for storage and trancport cround depots. there
intermediate stations do not hove the facilities for hanaling
LRUTEs, the parcels can be initially sorted into BRUIEs,
loaded onto traius directly from sRUTEs into vans and
unilozced manually at the cther end. Alternatively, when
quantity for ome {estination is consistently sufficient to
£i11 & ven, then LDPUT_s need not be used, and the van can

be detached at the receiving station. This is particularly
useful for terminal depots.



v preseut a number of routes are sclely for BRUTL trains. A
train, comsisting of tea CUV wvans, cach capable of holding 18 BRUTEs
runs a set route, depositing and co li-cting BRUTEs from stations
on the route. A pood exanple of thic is the East Anzlia BRUTE
train, from Peterborough Hast to Liverpocl Street. The train
travels arcund Lest Anglia twice a day, each van having a set
nunber of LRUTEs for one or mere of the fifteen stations. The
train can bLe loaded at the origimating depot some tine before
departure, in a slack period, allowlng the staif to deal with
cther traffic, as the need requires.

At the mowent, unfortunately, there is still a lot of traific
not handled in BRUTEs. However, with the increasing use of
LRUTEs, handling of parcels will be reduced, resulting in a
Speedier service, with less chance of damage and confidence

in parcels arriving at the correct cdestinations. The
following section <deals withi parcel-sorting from a iork
Study view-point, comparing the work involved in nianual
sortinr to cifferent sorts, and also with mecharical scrting.
As the time te "rougli~load' a parcels van varies considerably,
all of the sorts wiil be iInto LEUTEs.

\e the theoretical sorting develecred is not restricted to

LRUTEs, or even to Dritish Rail pzrcels, the parcels will be

sorted into what will be termed 'bays'; these could conceivably be
LRUTEs, rall vams oy gparcel bags.

liecitonical Sorting of Parcels

in addition to manual scorting, there are a number of sorting

machines available, Although these machines differ in
Gesign and method of oneration, they are all of the saue
basic concept, The parcels pass, on a corveyor of one form

oY 2notier, a sorting point at which an operator records the
cestinacion of tue parcel in the memory system of the
nechine., The percel then moves elong the com wveyor, until
this destination is reached, vience the rarcel is removed
from the convevor. As the actual sortipg process is still
carried cut Ly & human cperator, tiis methioc is more

i
accurately described aos an automatic conveying of sorted
rarcels to their receiving bays.

Sorting macliines provide a faster and more efficient method
of gorting, with, when a sufiicient numuﬁr of parcels is
sorted, a recduction in labour cos Lfficiency is increased
because the operator remains at th orting point, reading

the destination code and keying tiis into the memory. After
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this all of the sortins is carried out automatically, with
little chance of a wrong sort. As the operator does not
have to move away irom the coding pcint, the speed of

sorting is increased, all of the carrying of the parcel
through this sort being doiie on comnveyors, the speed of which
can Le controlled. If the sorting operator has a loading
assistant, wio places the parcels with the code number
showing in the correct position, and who can also call out
tiie ccde number, then peak perieds of traffic can be sorted
rapidly and cc"“ectly.

The machine delivers sorted parcels to one of a number of sorting
bays, where the pzrcels are accumulated, awaiting fornation:into unit
loads, such as BRUTES. To sort completely by mechanical

means, hawevct, will incur very high cost, due to the large
number of clacuaro_ points and long length of conveyors required.
Of all the possible destinations B.R. narcels are liable to

be forwarded to, 754 receive less than 100 parcels per day each.
Tlis means that a mechanical/manual comiined system could be
better used. The primary sort would use the sorting machine,
followed by a manual zecondary sort. This would resuit in a
system similar to the theoretical manual system. The
destinations with a large number of parcels, would have separate
discharge pointy, whilst the remainder are sorted from the
discharge bays into BRUTEs, for their recpective destinations,
grouped around the discharge bays.

Alternatively, traffic for other transhipment depots could
be stowed in a number of BRUTLS, without thorough sorting.
This would zllow traffic for destinations within the same
trenshipment depct, and with low quantities, to be combined
for trausporting conveniently.

Tor a large depot, handling a hipgh throughput of traffic,
another nethocd would be to have a 'rough' preliminary sort
before passing traffic fo the sortiag wachine for 2 main sort

b

for the destinartions witunia this sor;.

As the soyting is carried out at high speed, the sorting can

be bettcr planned to fully utlllae the facilities and labour

of the depot. Staff will be able to undertake other work

on the same snift. Providel the demand is cufficiently great,
received traffic for delivery could be sorted on the machine,
into final cartgac posts, thus enabling more time to be spent

on making out delivery notes and better loading of the delivery
vehicles, than if the traffic had to be sorted manually as well,

P
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Labour would still be required to load the parcels from

the discharge chutes into parcels vans or unit loads, even
if nc further sorting was needec. liowever, these stowing
operators wiil have a choice of package shape and size from
the accumulation of parcels, to assist them in the loading
of the DRUT., etc to its fullest capacity. The distance
that the peicels are carried, also, will be reduced to

a cinimum, as will the choice of destinations, although
therc will still nave to be a certain amount of package

recognition by the operators.

The discharge cuiutes will act as temporary reservoirs,
provided they are large enougii, so that once a chute has
beewn cleared, the operator can move on to another,

reducing to a minimum his waiting time. This will also
Lean that other operators cen be moved to a certain set

of chutes, to prepare all of the traffic to meet particular
trains, tinus ensuring the prompt dispatch of traffic and

a decrease in vaiting-time and 'under-loading' of through
parcel trains.,

Vigh mechanical sorting, a higher numbers of sorts can be
carriad out in the priwmary sort tihan would be used in a
manual sort. Other work has indicated that 40 discharge
points is the maximum an operator can key to efficiently and
aithough this awiber of discharges reduces the number of
secoudary soris, it means a fair increase in the capital cost
of the equipment. It will also require a larger area for
tile sorting equipment.  Unlike manual sorting, tliere is
little difference in sorting rates for up to 40 sorts, as

all carrying of the parcel is dcne automatically, the

rumber of parcels pascing the operater being constant. Thus
tie number of discharge chutes chosen will be dependent on
cost of equipment area availeble and amount of primary
sorting required.

Typree of Sortimg Ilachine

There are geveral types of sortinc machine, all based on the
use of a conveyor c¢f ome Torm or anoilier.

o’

Tilting Tray

The bagehawe "Tilt-Tray" sorter consists of a series of closely
spaced trays, mouirtted between axially disposed pivots, cn
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carriages which travel around a fixed track. Each tray
s held in a horizontal position on a cam plate, until
tne destination point 1s reeched, when an ecxuternal roller
is raised causing thie trsay to tiit.

Parcels ave 1laceu on tiie ¢rave at an induction point,

where the westination for each tray is sclected on a
irey=board. This destiiation is fed into a lcgic memoiry
unit, following tihe tray, round the memory as the tray

moves aleng tue track, until tlie selected destination is
reachec, at which point the discharge arm is raised, tilting
the tray, so that the parcel slides off, Uischarge can be
to eitlier side of the track and, if necessary, 'double tray'
leying can be added, so that two trays carrying a long parcel
can Le tilted simmltaneously.

The destinations should be spaced at a minimum of 1} tray
iengths, the nuber of discharge stations being limited only
by tiie lengtl. of the sorter, however, the cost of the
centrol equipnant may rise vza:r1v with increasing length.

The control equipment used inciudes an analogue memory
unit, constructed from static state switching elements
i ti:e form of a shift register.

Puoto-cleciric cells or other devices can be placed
across the mouth of each discharge chute to warn of any
full cuautes and to prevant any more parcels being placed
in it. Thiis will mean that an extra chute must be
supplied zt the end of thie run te collect any such
parcels, wuich will then uave to be resorted, or alternatively
2 re-civeulating format Le used, ahtnou~n this will mean
that sioulce the chutes remain full, one or more of the
trays will be used as moving storage. Therefore, close
attention nust be paid t¢ tie loading of the chutes,

anc either ample storage space or rapid removal cf the
parceis siould be availablie.

The Tilt=Tray system can Lo used as a re-cisculating loop
or as a simpie over—and-uuder circuit. If the latter
systenm is used, there can Le ne re-cireulation of any
parcels, but the sipace required is quite narrow for area
where there is some restriction in width, YUith the

loop met.od several cdifferent patterns can be used., Uith
ounly one lcading point and discharge to one side of the
conveyor only, the wicith of the sorter will be doubled,
but the lenstin halved, If the width between the two



paths is increasel, disciiarges can be made to both sides.,
4Llternatively, one sortin: machine can be used for two
operations, if two loading points are included, one each
end of the loop, then one si.e can doal with the sorting

of outgoing parcels, whilst che cther handles incoming
parcels, sorting them to the seperate cartage posts. lLowever,
tiie gorting operator on tue latter position would have

to be very experienced and nave a lot o local kaovledge,
until ecdress codes beceme standard throughout the country.
o matter which cf the above syctems were used, a small
proportion of the traffic would have to be handled
nanually due to excess length.

The scorting mac.ine operztes at speeds up to 250 ft/uin,
whiclt, assu.ing four foot trays, means handling approximately
3,750 parcels per hour under maxinmum sorting conditions.

The speed can be adjusted to pive a steady flow of work.

Tilt-tray installations at work in parcel and freight depots
in the USA have Leeu reported @s bringing about a saving

in operating costs equal to the capital outlay, over a period
of 3=4 yezrs. This, however, means maxing full utilisation
of the eguipment.

b) Tiilting Slat

The Sorirac ITI tiltiug~slat sorting conveyor is similar

to the Tilt-Tray in operation. Instead of trays, this
conveyor coisists of a series of C" wide nild steel slats,
meunted on centre pivots and moved by a chain-conveycr.

The slats are Leld in a horizontal pesition by stabilisiug
rollers which run in a central track. The elats can

Lbe tilted in either cirection by switchimg the stabilising
rollers to a subsidiary tracl. The track can only be
supplied with the return strand under the sorting strand of
Lii@ COnVEeyor.

The conveyor is scemmed by a ploto-electric beam at the
induc*ibn point, go that all of tle slats under a particular
parcel av2 tilted at the discharge point. Decause the

st ilt as they aprroach the discharge point, the change
in direction is ,radual, allowing a virtually shock-free
discharge from ti.e conveyor.

The control system and coding operation are practically
identical to that of the Tilt Tray system. But, whereas
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the lengtl: of parcels on the tiays
of the trays tgcmselves, tlie parcel
can be up to &' long and 3' square

is limited by the length
s scrted on Sortrac III

Uniike tue Tilt Tray, this sgystem is not capable of
negotiating coyners and is thercfore limited to a single
flow direction. It is also slower with a maximum conveyor
cpeed of 200 f£t/min., Discharges can be arranged at a
minimum piteh of 2 £t on each side of tha conveyor, but it
is seldon possible to make use of this, particularly with
larger parcels,

el Diverters

This metiiod of automated sorting is different in operatioun
to tlie above two. It consists of a number of arms which
syveep across a flat comveyoi, diverting parcels off into
discharge chwutes. Yo aia diversion,a vertically mounted
belt conveyor iz mounted around the diverting arm, moving
in the direction of the discharge.

Diverters can operate on any flat coaveyor, band or slat,
provided that it is sufficicntly tough to withstand the
sidevays movements of the parcels. The diverters can
be exrther single or double acting, i.e. they sweep to

one or both sices of the conveycr. Yovever, tlhey have
limitations in usej the paclkages must DLe capable of
abscrbing the impact of hitting the diverting arm and
rmust also be of sufficient height to prevent passing or
sticking unuer the zrm (approx. " gap.)

It is also slower in operatior than the other methods, as
the arm has te swinag across before the parcel reaches the
discharge chute, and swing back before the next parcel
arrives. It tae pa*cclu are teoo close teogether,

thiere is a risk of striking anc trappianz a parcel
praceding the parcel for that destimation point. There
ie aiso a restriction cn throughput caused by the maximum
lersths of parcels that can Le hiendled by the arms,

The naeximun sneed of the conveyor is about 150 £t/nin.

LY

4 Tilted Land

1iis system is based on a conventional belt or band conveyor,
viaich is tilted to an angle of sbout 30~ after passing the

I
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coding point, Along the lower edse of the conveyor is
a shallow wall with a number of gates included in it.
parcel destinastion ig coded ia thie nermal way, via a
keyboard, into the memory unit, the signal generated following
the parcecl along tiie couveyor until the appropriate gate is
reached,wlien thie latter opens, depositing the parcel into a
aischarge chute, This wethod is used by the G.,P.0. for
wecnanical sorting oif their parcel nost.,

The

It is not suitable fer B.R.
parcels handled by them are larger and heavier. The side-
wall nust be fairly low, to avoid excess fyictiomn. This
neans that large or irregular parcels are liable to tip

over the wall, with risk of uamage, as well &s the necessity
for re-handling. The gates should also be at least the
lensth of the larger parcels and preferably 1) times larger.

parcels, however, as the

Thus for parceis up to 3' in length, the gates should be at
least 4;' lozg. Alternatively tvo fleps could Le opened
simultanecusly, but with iacreasing cost in control and

operating mechanisn.

llovever, as tihis method is not cuitable for B.R. Parcels,

it will not be considered further.

Costs for Automatiec Sorting llachines (for equivaleunt capacity)

Tilting Tray 4
Basic cost 6100
Por foct rum 36
induction stations 1300 ea.
Destinations 320 ea.
Tilting Siat
Drive 1156
Tension €50
Slat Treck + Aprod 45 per foot
and supporis
Disciarcers 130 ea
iiemory system 40=-50 per foot of conveyor
Supply end erect 10C per ft.
Diverters
Basic conveyor, velt 14 per ft
Slat 20 per ft
liemory systen 40 per ft.
Single Diverters 225 eac.)+ snatallation

Double Diverters

350 eag.)
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ANALTCIS CF RESULTS

In this sectlon the applicaticn of Information Tuacry to

_mqhel Sorting will be lealt with in meore detail. Also
par;SP“u 7ill be made between sorting nethods Weathﬂec

AR DI B e n

£ ST LICY SeClLlOLS.
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In the section on Iuforzation Thecry, it was found that the
entropy of & ccliectiou of unsorted parcels could be found
from the icimula:z:-

This figure for emtropy, in units dependent on tlhie base of
tire iogcrithns used, indicated the amount of sorting that
uas require tite colleetion, to get ther into a fully
sort icn, This weans that an increase in entrony

is accompanicd bv an increase in the amount of sorting
requivad.

of poosibl estinations, D, is & constant, then the entropy
musi vary with if, the tocal nunber of parcels, or n., the

nurber cf parcels per destination. If we also assume that
., renains & ceonstant proportiown, regardless of il, then an

increase in Kk will preduce an increase in o, in preportion.

Thuc ﬁmwiil remain conustant, i.e. there will ne change

1

in entrony. ihercfore the entropy of a collection is mot
dependent en tie number in that collection, if the
i .estination rvemains constaui.

rronertion of

Tue eatvopy uust thevefore be dezpoudent on L. Tue formwula

an o

used to determine the entrory is such that £ iz a mrximum
. . M

nd oqual to log L, whea all of the probabilities _1i are

equal, i.e. 2ll n, are equal, As the variation bctweep

thie value of E will decrease,

these S,
otions and counstant tetal number,

pr 5
for a given nuid
untii all the —= but oue zre zero, at which point & = 0.

i
L
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Therefore, if a sorting dostinationchas a nunber of depots which
reccive an equal guantity of percels, the entropy, and

Lence the amount of sorting required, is greuter than that of a
curtindtion which sends a lorge nunder to ona or two depots

and sr.aller numbers to itie otlhers.

The reducticw in entvopy after one sort 1s also found. If
the number of parcels per bay 45 the same, this reductiom will

be equal tec the logaritiy of tiie pumber of bays. If the
number per Lay is ciuci, then the reduection in cutrevy will

be recuced. i.ovever, providzd tlhat reasonable care is

tazen in Lalaueing the numbers, the error will not be tco sreat
In thc practical example of wwnual egorting, the reduction

in eptropy ou dividing equaliy to tiie 12 bays should have

been icg 12 = 1.00. Fer tue first sorting pattern

ti:e reduction cof entropy after
az 1.01, an error of 6.5%.

designed, i.e. tetal sort:
the first sort was calculat

If the number of destinations is iancrcased, then E is also
inucreasad, as, when all Vrupublllti s are cqual and there

are & possible degtiuvotions, & = loc D. Therciore to recuce
the entropy of a collection of parcels at a depot, the

nunzer of destinations to be orte to should be reasduced,
This, in fact, is wvhat is Intend=d for D.R. and G.P.0. traffic

9

i

in Che uecar future, when certain large depots will becone
area centres for freight and parcels.  fach depot will handle
i i -woun* of transhipment troffic, but with mechanised
£k andard unit load transport, i.e. SEUTE trolleys
ai  tiie most efficient way cf cdealing with long
iig B Swmaller depots should be nainly concerned
with loecal traffic; traffic for other zreas being sent to

the arca sorting Jdepot, possibly after a simple primary sort,

omparlbon of methods

The Viork Study investigation cuowed that the theoretical
scrtiﬁs cpeec for nienual sortingz inte 12-15 sorts, is
I

& o

apprezivately 400 parcz.c per hour.  an allowance of 1074
siouia be made for normal werking rate, which reduces the
par:;ls ner hour. A further 207 for a Rest
5 tiis down to 208 parcels per hour.
4 de u;ct:on will aliso bhave to be uade for different sizes
ol parcels, handuriting on lzbels, cocding checks etc., if
this is aosuwred ko be 10, toen the fimal speed for scrting
would be 2060 parcels pex liour, per man, liowever, these
figures were obtainad on the assumption that the staff
were working full=- on parcel-sorting alone, but they

-

;o
b=t @



e

also have to load traias, chaage BRUTE trolievs, and alter
sorting layouts for aiiferent types of traffic. Thais will
probablv vc;rrc the overall sorting spead to about 200

In addition to tliis, a labour allowance uust be made for
ss, lolidays ete. and also to cope witi: peak veriods
nat ray cceur, requiring an extre ’9'4 labour force.,

The approgiuate labour cost ¢f ome war is cprror. £1000 p.z.; thus a

Tmotiicw e of the ouvantity of. Harcels te Lo aondled noer ooy, will allow the
tanount of lobour vequired te be caleviated, cnd therefore the labour
costs of sortiuj to be found., The Uvu;fluy of parcels

handlied per dav will be the number of parcels received for
sorting per day, multipliec by the entropv over the log of

the nunber of bays, assuning optirw sorting is used, zid

2ll of the parceis are fully sorted. Otherwice the number
of handlings should be less than this, and obtained from
tables similar to those in the section on theoretical handling,

To compare mechenical with menual systems, the cost of the
mechenical system, with its associated labour costs, shoula
be calculated.

The maiutensnce, rvunning and deproeciation of tie mechanical
cquiprent is asswied to be 154 of the total capital cost,
per ye.r » the accounting 1ife of the equipment being thknn
as 10 years, If a cost comparison is madc betwcen manual
handling for & certain number ofparcels, and mechanical
handling for the sawe number, then the difference between

the tvo costs will be the savinns exrpected by use of
Tilecnuu;'-;uu. il laﬂ':.ent °

-

I# a cash flow is then drawu up, showing the initial ocutlay,
';ainyt the expectsd rerurng, the cxpected return Cn
rwestnent can ba I

The cocts ovtoined Eor the mechanical equipment are only

on apnroximete flg drawvn up as a tentative guide to
alloy compariscoas Lo be made. As the mechanical equipnent
will Le used gc’ - for & privary sort, labour will be
requived to sort tne parcels into scecondary scrts, tlie
nuiiber of sorters requirel .epending upon the number of
parceis per day and the amount of sorting recuired.

20,



Additional Icbour will also be needed for loading the
machine and for the primary sorting operation.

Of the turee types of mechanical equipwent cor.sidered:=—

a} 'Tue Liverter system is the ciieapoest) however it has a
number ¢f disacveantages, it is tie slowest in gpeed and therc
cre also limitetions of sizz, weizht ané strengin of the

it

cackage. Therefove, it will nct Ye counsidered further.

b} The Tilting Slat system L:as the highest canital cost;
however, it iz vorsaiile, ag the slats can support parcels cf
varying lengths, wlieveas tray length is caturally limited.

1t is rastrictea though, by tie fact thet it cannot turn
ccrners, taus layout is restricted to a single run of the
conveycer.,

¢} The Tilg~Tray
capital cost and
thus cifferent layouts can be congidared as circumstances
cemand, Dxutra labour will be required, however, to handle
long pavcels that canrot be carried on the trays.
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For comparison it will be assumea that the entropy of the
collection is 1.8 and that there is three-shift working.
The converors will be of 100 ft, operating lengti and have
cue inauction station and 1F destinationms, cach destination

LAt il

being a secceudary sort into 10 LDUTES.
g p

R

anowing the number of men requirea allows tie labour cost per
annun to be calculazed for manucl sorting. The costs for
the mechanicai equinment are:-

aj Tilt Tray
Basic Cost 5100
per [t. run 7200
Tucuetion stations 1300
Destinacious 5700
Total Cost 28,300

§
. o Annual cost for running and maintenance = £1,013.



be manuelly sorted from the dischiarge chute,
a discharce chute vas provided for each one or two cartage
posts, the loading cperation coculd be carried out more
efficientiy, aithough the keying cperator would have to
have some loca. tmowladie, to know which traffic was

assigned to which cartaje post.
weuld mean that

If, however,

These additional destinzations

one of them could be taken over, if a

breaizdown cccurred on one of the other chutes.

If the costs
obtained and
custs can be

for varying numbers of parcels per day are
dravm up on a cost/volume chart, tne relctive

Parcels/ Parcel handling/ lien requivred il Cost p.a.
day [hr ar ner por T 2436 at £1000

) Lntropy = 1.0 shift day Tatopr

S alloveance
12,000 410 750 3.75 11.25 14 14,000
15,000 625 1125 5.62 1649 21 21,000
20,000 355 1500 7.50 22.5 2C 26,000
25,000 1040 1375 9.37 23 35 35,000
30,000 1Zid 2250 11.25 33.¢ 42 42,000
35,000 1460 2630 13.15 34,5 49 49,000
40,00 1066 3600 15.0 45,0 56 56,000
45,000 1570 3490 17.0  51.0 63 63,000
50,000 2GC0 3750 16.7 56.1 70 70,000
Avromatic Soriimg, Labour
?arcelsf ‘ ien requ%red = 2217 f Z,EO: Hih Hes CouE Beits
aay fur for sorting keying doy 2t £1000
coaration

10,000 416 2.08 3 5 15 15,000
15,000 623 213 4 S 18 16,000
75,000 c22 4,16 5 7 21 21,CC0
5,000 1040 52 6.4 Gett 25 25,000
306,000 125¢ 6.25 7.7 i zZ9 25,000
35,000 14060 7.3 9.0 11 33 53,000
40,060 1655 L33 10.2 12.2 37 37,200
45,006 1870 9.3% 11.5 13.5 41 41,000
50,000 2085 10.4 13.0 15 45 45,000




In aadition to the labour ceost, the following costs will have to
be aducd:-

Ceosting Lxercise on Tiit-Trav Sortiuc Machine
) 2 2

vis exercise uses the tentative costs provided by B.R.D. for a
i1t Tray scrting machine, to give an idea of the expected returns
on iavestment that would be achieved with this equipmenz. For
the purpose of the exercise the following data has been assumed:=-

aj 25,000 parcels per day are hondled;

b)  the machine has a working length of 100 ft.
with one induction point and fifteen discharge
peints, giving a capital cest of £20,300;

c) the expected life of the machine is five
years, with three shift working; also, an
anticipated scrap value of £3,000 is expected

LG

ihe cost for rumning, maintenance and depreciaticn was given

as 157 of the capital cost. lowever, the D.C.F. techinique used
evoics the ancad to cousider depreciation as a separate factor,

a D.C.F. rate of return of 10, iwplies that the project will

arn 10% on tbe [unds invested in tie equipment as well as

repay original suns investad over life of equipment. The
accountancy 1ife of this type of equipment is taken as 10 ycars,
with siraiglht line depreciation, and ue residuvel value, the
cepreciation, therefore is 10% per annum. Thus, the ruoniang and
meintenance of the egquipment, the actual cash payments are 57 p.a.

the cqguipmeut does not qualify Zeor an Investmout Grant, there
be an initia! allowance of 30% of the capital cost plus an
¥

uval Allowance of 254 of the Resicdual Value, for tax purposes,
cliarges at a rate of 42)% Corporation Tax.

-
o
He 03
i i_:
[ S

There may be a Residual Value afier the five years, if the
equipnent is sold for more than this, 2 balancing charge will
have to be made on the difference, If it is sold for less a
balaueing allowance will be made. It is asswied that the
ta: is paid one year later than the profit is made.,
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T
Year C 1 2 3 4 5 5
(a) Cash Outlay (20,300) = - - - - =

{t} Cash Returnsz

(Profit over manual - 16,000 10,400 10,000 10,000 10,000 =
system)

{c¢) Runiiiang costs - {1,000) (1,000) (1,000)(1,000)(1,003) -

(¢) et cash in (b=c)} - 9,00 9,00 9,000 4,000 9,000 -
(e} Capital Allowance = 11,500 2,200 1,556 1,260 945 =
{f; Dcsidual Valiue 1d
(Capital value allow- = 300 6,600 5,050 3,790 2,345 izr
ance 3,000
{(g) Tauxable returans B i
= (2,506) 6,000 7,450 7,740 06,055(Balance
(u"(. : .
* charge)

1c7

(h) Corp.Tax @ 4234

1 year delav) b - - (2,5850)(3,160)(3,295) (3,490
iiiuﬁit?:*idx s - 9,000 5,000 6,110 5,540 5,710 (3,450)
(33 205 Zactor o 833 .694 579 J4062  J402  .335
fs flopd sy - 7,500 6,256 2,540 2,620 2,290 (117)

value {jxi)

This recults in an H.P.V.
outlay of £20,509, with a

alditional proiit of just

are negative quantities)

cash return of £21,230 for =
return on investuwent of 25X pius
uncer £1,500, This for 25,000

)
-
L

parcels per Joy, with a higher rate of parcels, the profit cver

the manual system would bLe nigner, resulting in 2

rate of retu.n.

Ligher expacted

L
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COUICLUSIONS

Tie first conclusion tiwat can be arrived at is that
infornation Theory camn be applied te parcel sorting. One
of the wasic concents of Information .ueory is that of
Lntrorv, or the uncertainty of receiving the required
mecsage from a2 ccilection of possiblie ressages. A
collection of unsortes parcels for a number of destiuations,
has an uncertainty connected with selecting the pavcel for
a gpecific Clestingtioci, Thus, as these uncertainties can
be regavded as couparavle, tie concepts of one can be
applied to the other, within iimitaticns, dependent upon
tize gimilarity of the two. The ccncept of entropy,
tnerefora, can be applied to p;rcel sortinz. This will
cive the auount of uncertainty in thie coliecticn a finite
value, thus eaablins comparisons to be made betwzen
various collections, and also giving 2n indication of the
awount of sorting required to sort tlie parcels,

if an cptioun sorting netnod is used, by getting equal
quantities of yparcels into the optimum number of bays,

thein the relatiscosiip between the entruny and the number of

bays will enabie the amount of sorting per parcel to be
found, The optimum uunber ¢f bays is arrived at by comparing
sortirg speeds into aiffereat numbers of bays, an allowance
being nade for the ‘cffectiveness' ox reduced nuirber of
serting passes nceded, of the larger nusber of bays. If
ti:ese quantities are used 2s ¢ guide for a mere practical
systen, cnd this system fcliows the theoretical system

aale -

as closely as is conveniently possible, then the theoretical
amount of sorting reuuired is a good indication of the
actual scrting need, the latter being slirhtly lavger,

The ckbove i1s awplicable when the narcele ars £ully sorted
at onc depot, If, however, they are ouly partly sortel,
the lozavitim of
in entropy for =ac
entropy, tuc entiopy
found.

tiie number of bays indicates the raduction
h sort., Thus lmncwing the origiral

ie semi-gorted collection can be

it was shcwn ia the test that as the total number of
roercels was increascd, the entropy azstered only if the
rroportion of the parcels to each destination zltered,
This 1eans thiat tie entropy is not rvelated to the total
nurber of parcels, but to the number of destinations and

-



the pumber of parcels to eaci: dectination, it was
seer. that as the nuuber of westinations inereased, then
so «ia the entropy. Lil:ewrigse, as the pyobabilities of
parcels per destination beceame more equal the entropy
increasce ., untii a naxinwn wag reacned when all of the
destinations werc equi-proballe. This is intuitively
the Lost uncertain rnosition, as all tue parcels have to
pass throuzh all of the sorts. The eiatropy will Le zero
vi:enn the probabilities fcr all cestinatioms but one are
zero, as no sorting necd be carried out, no uncertainty
existing.

Lecause tue entropy is dependent upon the number of
destinations and the proportion of tne traffic sent to
eacti, then to reduce it, anc¢ tiaus the sorting requlred
either one or bot.u of these factors should be recuced.
If traffic at a dapot 1s passed through a »rinayvy sort,
the trafiic for otuer areas or regilons then being
forwarc . directly to tue arezs, whereas traffic for the
rea in vh ¢h the denot is sitruated is passed throuzl: a
Setchuniy sort, this will reduce tiie nurber of destinations
sorted to, end hence the entropy for tie parcel collection
of tiat depot. 4his will necessitate large depots in each area
receiving wore traific than it would ncrmally, from a
nusber of uiffere.t areas. Dut with efficient sorting
ang conceutration ou the area covered by the depot, the
: ling siould be improved. Care must be taken in
-ing these area canire depots, to ensure they are of
iert gize to hancle thie traffic and placed in an
ible pousition, geographically.

This will mean that zlternative coding to that at present

in use should e provided. At tae moment eacli zone
ccutre depot hus its uaique code uuwaber, depots in the
sw.e region having similar code numiirs, At present,

thcurch, these codes are uct aluzys referred to, warcels
Leing referred to by dastination address rather than by
code number, alsc nanyr amendmenis take place to the zone
centres for certaiu towas as statious and lines are closed,
cnd these amenduents are often not kept up to date.

Vith tie tneorﬁf;cax sorting, the distribution of parcels

to each bay will vary Zrom cepot to depot, thus to get

even duantities, a complex number of codes would have to

be reuemberad, Tius zev codes should be drawn up for each
cepot,to enalle parccl sorters to sort at highest speeds,
witiout having to reifor te an address, or remember a

covyplen collection of numbers. The o0ld codes should still
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be kept, as once a parcel has left the originmating
derot or arse, tuls noew code will lLe meaningless; tiws the
wo codes should be of different forms.

The theoretical sorting anclysis shows that vhen ail
factors are taken into consideration, there is not much
difference in the cffective sorting sreeds. These
fzctors include the spece of sorting one sort iutc
arious bays, enc the effect that the extra re-handling
required has wuauzn pavcels are sortad into a snall number

of bays. Cowever, there zre peaks in effective sorting
spead at 15 and 30 Lays. The layout for 30 bays reruires

twica the layout avea of 15 bays, and theve will also

be wifficultics in equating guuntities of iparceis anu
groupins destinations. This means that 15 bays would
prouvuce tihe nost cifective sorting, when speed is the

Mmost 1muortani consideration, but, as is pciuted out,
uiificrities would arise in obtaiuing cptimal sorting, after
tie first sort, and a slower speed, with slightly

iwre sorting per parcel, would give a sorting pattern

closer to iL.e ortiruu. It should be emphasisecd though, that
tuis only occurs due to tue wnunber of .estinations, 175,
ith a different number of d=stinatiouns, either less or
tiore, then other patterns, prebably using 15 sorts should

be used.

Vhen the sorting pattern is drawi: up, close attention
must be paid to the cestination creas, Onlv at the
ilarsest cepots can traffic be fulily sorted, therefore

for the remaiader a propertion of the traffic will be
sent only 'part-sorted'. Time can be wasted in
trangport and reuundling if parcels are sent to tue wrong
area zone centre.

e, tuey shouid be

3
kept in uait loads, the briti Universal Trolley
ceal

Eguipment (SRUTE) being iceal for this, LIUTEs are
steadily being brougiit intc use, but facter in some regions
tuan othiers. This Leens tust iuter-region traffic has

Zo take inte account the faciliities cof the dififerent
regions., it will Le a waste of time and effort if traffic

T

is forvarced from ouc regicvi: to another in DRUTus, if tie
receiving region cannot haunale them, The imprescion gained
from sortiu- staff using uilil troileys at present, was

a very favouruble one., They are very much easier to

handle sround depotis then tue ola-type flat barrous, and

a parceis van that weula require an hour to load 'rough'
takee about five minutes to load with 1L YRUTEs. this

34.




esns tiat BAUTEs for different westinations can be

loiec. Lailo one vaii, wit\out fear of 'un~sorting' the
parcelis in transit. Wnenl a westination is rezached, the
S0UTEs recuived for that station are removed from the

vaa, without having to detaca the van, reducin~ waiting

tie te @ niwvimua, This ieads to the conclusion that
a3 wuen traffic as possible be forwarded in ZRUTEs. This
is being done by D.R. to a limiteu extent with their

EUTE traius. iine vans of a train cf ten are filied

witie oRUTEs for destinziions on a set route, possibly
cirecular, tiz2 cther van being filled with avwkward parcels
that will not conveniently fit iu ARUTHs (e.g. rolled
carpets,

%1
ix

Thereforz, if optimmm nanual sorting is usecd, as completely
s poscibls, straight into JRWiLs, an effiulant parcel
m should be ;,fexopeu. Once in a particular

sarcels glould rewain in it for as long as

Sorting mackines are availanle to assist in sorting,
provided that sufficient ¢uantitics of parcels are sortel
per Lay. Tuls speeds un the process by eliminating

the izbour requive. to trausport parcels betuveen the
first cnd second scrts, tiuis ailso allews a reduction iu

labiour costs. The costs for low quaﬁt:ties por
doy are higher tnan for manual so-tlnq, but as the
guantity increases the saviugs in labour increase. The

cxzample in the analysis has s.own that for a total of
25,000 percels per day, witi: tie costs provided, there

will be a return on investuwent of approzinctely 20k
for a life of fiva years. Tie sortips time—table can

be planned more efficioutly, sorting being carvied out

quieter periods, tuus allowiag the sorting staff to
concentyate on the rapil loading of porcel traias, when
requived,

The theoretical sorting methed cam &lsc be applied to

mecirenical sortiag. A4S Lie secondary sort is a manual
oue, trow the disci:arge clhutes, therc are different

iliatecions thet will aguly to this wethod. On the
primary sort, tiie cifferent speeds of sorting to differing
nuwbers of bays will Le aimost re;ligible, as tiie conveyor
rurs at counstant sgeau, tue operater remeining stationary.
in increascd numbar of primary corts will increase the
cos: of the ecuipment and also tiie arez required, but it
will decrease the amowunt ¢f sorting required by the
secondary sort. Sorie parcels will still need to te
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ort toc ciher aveas, due to the low
inatio:. per day.

combined Zor trans
quantities pey ces

Y
5
1

in mantal sortin., tiiwe Las also to be spent sorting out
parcels for delivery te tieir cartage posts. Tith
mechanical sorting, extra discharze roints could be

surriied for tuis type of traffic, ailowing the de'ivery
staff to speiwwi more tiie ou loading the vehicles ecificiently,
and in the waling ocut of deliveiy notes.

he oumber of menual stafi at tic cischarge chutes should

be a function cf the nunber of parce le hﬂnéled, rather

than of tic number of bays, cue bays acting &5 terporary
stcrage reserveirs. Lach opesrator havipg & set number of
bovs to lock gxtez, tie opevators being cenceuntrated on
cectain bays when the need avises, e.g. for loading trains
atc, Thiz would mean that ar increased number of Lays
would uave to be deait with, witih a larger primary sort,
althouzii tie tetal quantity of parcels will be the same,
therefere some account must Le paild to this when determining
the labsur rocuviren, as tuaere will be a limit on the bays ome
moi can lcok uiter.

k=i
=h
(1)}
n)
ks
&3

rly ilov nucber of bLays Itz used, and one becomes
unasable, there being uc alternmativz bay, preblems will
arise. Acditional bays sheould be supplied for this anc

any other coutingencies that may arise (e.5. full chute
illesivle addresse).

in conclusion, therciore mecianical sorting systems should
be used for dealiug with quantitics of parcels over a set
minimum level, detormined vy cowparing the cost of r?qning

tae oyster cowparea withh a purely wanual methec. Thi
cost figure vwill voery with the entropy of the collectiong
tne Iigher the ertropy, ti:e more clLence there will be of
ciploying sorting teachines, A chart is provided compaiiug
necuanical wita manuzl soriing, sicwing an approuzimate
brzaok-aven point, an. alcc tae poimt for an expected return
on investrent of 20% using a D.U.F. emthod, It must be

nointe4 out, vhough, that the costs supplied were only
tentative and tusrefore a mcre accurate investigation

of costs, machine life, 2tc., must be carried out before
an accurate bresk—even point is obtained. It is hope
hovever, tiat the figures supplied will provide a
reasonable guide to expected costs and returns.

w
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(Fig.2)
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APPEITLIX 1

The probsbility, ;o of a parcel for the ith cestination D being

selectad from tic collectiomn will ue CHp viiere n,

e

Ly

is the number

of percels fox the ith destination anc ¥ is tlie total nuubar

of parcels iu ti:z collection.

Thae entropy of the collection, per parcel, will be:-

L .
’ i
g8 » = 9 logp 3P & o
s 1 1 2 7 1 il
i=4i
ni oI
= - L = loz —=
1 @ W
ni
= L {lcg n, = log il }
;Li 1l.
= T - log i = Z== log n,
i Ly
but i is coustant and ni = 1
> i 1
s e B o= = Jlog H, In, ——= in, log n,
u 1 L} £ 1
i
= lo& i == In. loo i,
e i i < 10 "i
e a - i (ot

Tha totel entropy of an ungoricd group of if pavcels will be:-
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If the parcels are corted inco T bays, with n, parcels in eaca bay
Loy bj
theu, cutropy per bay = n. log nj ~ s n. log n,

J e

" .o.n
viere D. = aest. per bay.
3
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D

- Z n. log n.
1 a1

r
+3E -_s
. + Tctal entropy after 1° sort, L' = I nj
=1

iz new level of entrecpy and surmation is over all destinations.

log n

Lote

vhere I

Tie recduction inm total entropy = uk - (L'

v
rr}
o

= {iI log il — n, log ni) - {an log By - Za, iog ni)
I:I
= Ij lecg ¥ - Z n. log n.
J
“r!|
L
L= In.
:
o
¥ Iy
= ft, Leg W = E 4, log n
3 a
F
=L (n, log Il = n, log n:l)
o -
r ]
= I n, log .,
K J
- F -T
nn s - 1o . = =7 ! : >
. + heduction in entropy per parcel = E = E' == I nj log T,

Las

for any number, nj, of parcels per bay.

1f we assume that the parcels are divided equally into eac:: bay,
then, with T bays,

B
D B =
5 i
- i
L= '== In, log=
14 J T\_.'
- 1 LI -
o . Lo = ., i i
) “ n. is constant and equals -‘1; log I
J J
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Tor equal quanti
71ll be reduce

The units cf eatropy

e

tieg 2
d by loe F. (the number of bays).

(]

re
2

of parcels per bay, after cue sort the entropy

depencent on the basa of the logarithms,

If logs te the Lase o ore used, then the units will be binary

A X M, 2 it 2 o T ] = : L - .
digits, or "bits", if to t:e base 10, then, in decimal digits. As
log, 10 = 3.32, 1 decimal “igit = 3.32 bits.

Asrune that the quantity of parcels in each bay is the sames-
Change in entropy, & = L' = log F.
This is the reduction of eutropy in one pass,
L]

« o if L' = 0, then no further soriing is reguired.

> 0, then furti:er sorting is required,

£

o vy B
or log ¥ log ¥

After a further sort,

; G ,
s assuming same n, of bays.

")

E' = E" = log

-

if 2" £ 0, me further sorting is required

if " > U, further sorting is required.
* iy . B
ot “iog T & Tog F
v u
or fEE_F = A iog 7

Thus the amount of further sortin: reguired is determined by EV

and log F.
If 8" = log F, i.e.dlog ¥ =1,

one further sori is needed,

and, " - E" =0 or a fully scrted coliection.
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i . . 5 - G
sqr=—- = 4, the nwvnibery 0L sorits carrled out,

=
i
iE > 1, then further sortinz will te required
log T

if ——_ < 1, then only a proportion will be neeved to be sorted.

icg T

R . "

L, E6% g P i, log ¥ is reduced, so that Tog )" =1,

theu u"' = 0, and no further sorting is required. To obtain
h g" . Ll

—_— = 1, log F must be multinlied by — .. —_—
{1log )’ ¢ ERe PREES T fha W P N top ¥

is thie proporiion of parcels toc be re-sorted. Alternatively,

i

each parcel nmugt De sorted an eztra—zgg—ﬁ times.
T

B i 3 Latropy e ~ _—
This vesults in = number of sorts required.

Vhen the units cf entropy and the base of the log are the same,
end optimw: scriing is used.

For example:-

1) Say, entropy of 2.0 and F = 10 bays
lst sort L =L'=1logF
2 - 8" =1
EY =1
2ad sort w' = E" = log T
1-p"=1
=0

« o fully sorteu in exactly two sorts.

2 entropy of 2.0 and ¥ = 25 bays
lst sert E=i'=1log 7
2=~un'=1.4
L' = 0.6
7o .
Too 25 = 435 . . only 43% of the parcels .
b reca to be sorted a second time
E - ! % O e i 5 IR
§r Al + TR i 1,43, the n, of sorts per parce

required,
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