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One to One System
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One to Many System

Single Distribution Center:

e Products originate from one origin

e Products are demanded at many destinations

e All destinations are within a specified Service Region
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LCF for One to Many System

N
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# Cost Function
= Storage (Rent) Holding Costs
= Inventory Holding Costs
= Transportation Costs
= Handling Costs

#Key Cost Drivers?
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One to Many System

Finding the estimated total distance:
e Divide the Service Region into Delivery Districts
e Estimate the distance required to service each district
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One to Many System

ya Line Haul

.f Route to serve a specific district:

e Line haul from origin to the 1st customer in the district
e Local delivery from 1st to last customer in the district
e Back haul (empty) from the last customer to the origin
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An Aside: Routing & Scheduling

# Problem:

= How do I route vehicle(s) from origin(s) to destination(s) at a
minimum cost?

= A HUGE literature and area of research

# One type of classification (by methodology)

1. One origin, one destination, multiple paths
Shortest Path Problem

2. Single path to reach all the destinations
Minimum Spanning Tree

3. Many origins, many destinations, constrained supply
Transportation Method (LP)

4. One origin, many destinations, sequential stops -
Traveling Salesman Problem
Vehicle Routing Problem
m Stops may require delivery & pick up
m Vehicles have different capacity (capacitated)
m Stops have time windows
m Driving rules restricting length of tour, time, number of stops

N

L/
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One to Many System

N

L/

# Find the estimated distance for each tour, drgr
= Capacitated Vehicle Routing Problem
= Cluster-first, Route-second Heuristic

dTOUR ~ 2dLineHaul + d

Local

d,inenay = Distance from origin to center of gravity of
delivery district

d .., = Local delivery between c customers in district (TSP)

MIT Center for Transportation & Logistics — ESD.260 8 © Chris Caplice, MIT



One to Many System

N
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# What can we say about the expected TSP
distance to cover n stops in district of area A?

= Hard bound and some network specific estimates:

E _dTSP_ <1.15vnA |For n>25 over Euclidean space, k=.7124

- - For straight line (Manhattan Metric), k=.7650
E[d,, ]~ ky/nA SUSHS )
Density, 0, number of stops per area
Average distance per stop, dg,, O=n/A
J _ drgp :k.\/nA: k
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One to Many System

N

L/

# Length of local tours

= Number of customer stops, ¢, times dg,, over entire
region

= Exploits property of TSP being sub-divided —
» TSP of disjoint sub-regions = TSP over entire region

Traveling salesman

| . ’I' 7~
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One to Many System

N
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# Finding the total distance traveled on all, |, tours:

k
E [dTOUR] — 2dLineHaul + %

nk
Js
# The more tours I have, the shorter the line haul distance
# Minimize number of tours by maximizing vehicle capacity

E [dAllTours] = lE [dTOUR] - 2ldLineHaul +

N
o [x]* is lowest integer value
Viiy greater than x — a step
function

0 } nk | Estimate this with continuous
E d ours | 2 d ineHau +—= i .
[ AT, ] LMAX LineHaul \/g function:

E([x]*) ~ E(x) + Y2
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One to Many System

N

L/

# So that expected distance is:

E|D] 1 Eln|k
E[dAllTours]:2|: [ ]+§i| dLineHaul + [ ]

Vmax \/5

# Note that if each deIivery district has a different density,
then:

|
E [dAllTours ZZ { + 5} LineHaul, +k Z \/[gl]

# For identical districts, the transportation cost becomes:

TransportCost = c E[n]+ [D]+— +c,| 2 E[D]+— d,. +E[n]k +c E[D]
s VMAX 2 d VMAX 2 LineHaul \/g Vs
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One to Many System

N

L/

# Fleet Size

= Find minimum number of vehicles required, M

= Base on, W, amount of required work time
+ t, = available worktime for each vehicle per period
+ S = average vehicle speed
+ | = number of shipments per period
+ t, =loading time per shipment
t. = unloading time per stop

L 2

d
Mt > W =—4ows 4 [t +nt

W:( o j{E[DL_}E[,ﬁ]%%j
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One to Many System

N

%

and D

ElaX +bY]|=aE[ X ]|+ bE[Y]
VarlaX +bY = a’Var[ X+ b Var[Y]+2abCoV[ X,Y]

# Note that W is a linear combination of two random variables, n

# Substituting in, we can find E[W] and Var[W]

a :(2dLineHaul +tlj|: 1
S VMAX
k
b=|—+t
F*
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Given a service level, SL
PIW<Mt,]=SL Thus,

M= (E[W] + k(SL) StDev[W])/t,

© Chris Caplice, MIT




	
	One to One System
	One to Many System
	LCF for One to Many System
	One to Many System
	One to Many System
	An Aside:  Routing & Scheduling
	One to Many System
	One to Many System
	One to Many System
	One to Many System
	One to Many System
	One to Many System
	One to Many System


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


