Cost Allocation for Routing

* Allocation Problem: If shipments from different firms are
sharing the same vehicle, how much should each shipment
contribute to the total cost paid to carrier?

— What is a “fair” allocation?
— Allocated cost should not exceed cost as an independent

shipment

— Examples:
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Transport Charge (c, S)

Ex 22: TL+ TL Same O/D

Shipment 1
— setsr=1,d =300, TL, max c =300 Shmt 1 (TL)
Shipment 2 O T — =<0
— same O/D, TL, max c = 300 Shmt 2 (TL)
c:max{min{cLTL,cTL},MC} c=¢ =300
c=300=C +Cy, & =Cp=—=150
o TL L~ A
300 H—2
MC :

Full-Truckload
Shipment Size (tons)
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Ex 23: TL + LTL Same O/D

 Shipment 1
— setsr=1,d =300, TL, max c =300 Shmt 1 (TL)
 Shipment 2 O T — =<0
— same O/D, LTL, max c = 100 Shmt 2 (LTL)
c:max{min{cLTL,cTL},MC} c=300=c;+C,
& | 1| 2
L TL ™\
300 ‘&’, 12 300 0
21 200 100
250 50
100 ¢, =250, Cc,=50
e (Shapley value allocation)

Transport Charge (c, $)

Full-Truckload
Shipment Size (tons)
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Ex 24: TL + TL Different O/D

Shmt1& 2 (TL)

 Shipment 1

— setsr=1,d =300, TL, max c =300
* Shipment 2

— different O/D, TL, max c = 250

Shmt 2 (TL)

300
c:max{min{cLTL,cTL},MC} c=310=¢ +C,
o
I TL S ™~ ey
310 ‘&’, g&f 12 300 10
' 21 60 250

180 130

¢ =180, ¢, =130

MC

Transport Charge (c, $)

i
Full-Truckload

Shipment Size (tons)
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Shapley Value Approximation

* Shapley value

— Average additional cost each shipment
imposes by joining route

7£3ﬁ3

— Exact value requires n! R T R
m!(n—m-1)!
ai = Z 0l Z_(O'Mu{i}—GM) S S
0<m<n-1 . M cN\i
Ml=m O e D
_ 2 i : ST 275
Use n“ pairwise savings approximation: Zn: O
sav
sav n CS&V+C86.V n n CL = Ci —CL
Cisav _ CL 4 1 Z 1 v 1 ZZC?E\/ 1
n n-149 2 n(n-147i3
=300+ 250+ 275-430
n
G = +CY —Cij), CV =D 60 —CL —825- 430 = $395 savings for load
=1 c: 1 2 3

c0 ¢ equal ¢ eg sav <¢_Shap exact <¢_Shap approx -l

1: 300 143.33 1e8.33 130.00 130.00 132: 300 35 a5

2: 230 143.33 118.33 122.350 122.350 213: e0 250 120

3: 275 143.33 143.33 177.50 177.50 231: 0 230 180
Total: BZ5 430.00 430.00 430.00 430.00 312: 120 35 275
Avg: 275 143.33 143.33 143.33 143.33 321: 0 155 275



Ex 25: Intercity Trucking

* 4 out 30 available shipments form consolidated load
— Savings of 824.81 — 452.47 = 372.34 from consolidation
— Pairwise approximation differs from exact Shapley value

37 [ S T T

36 [
North Carolina
36.5 35.8f
36 = 35.6[
355 5l 35.4r
ok " st
34.5 35
34 34.8 1 1 1 1 1 1
L L ! ! ! ! I 81 80.5 80 -79.5 79 78.5
Shmt cO0 ¢ equal (%) c eqg sav (%) c _Shap exact (%) c_Shap approx
1 130 113 13 37 72 62 52 52
2: 119 113 5 25 79 53 55 50
3: 254 113 56 161 37 117 54 123
4: 322 113 65 229 29 220 32 227
Total: 825 452 452 452 452
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