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Abstract

This appendix presents the optimization model developed and solved.

Optimization Model

Data and Parameters

pl = the plant.

xd = the crossdock.

C = set of all customers.

S = set of all suppliers.

N =set of all customers and suppliers: N =CUS.

N’ = set of all nodes including the crossdock and the plant: N' = N U { pl, xd }.
CLTE = set of customers currently on LTL routes.
STL = set of suppliers currently on milkruns.

RS = set of current supplier milkruns.

STt = set of suppliers currently on milkrun j € R®.

dist; ; = distance between nodes i, j € N .

*Corresponding author. Tel: +1 517 4326439; Fax: +1 517 4321112
Email address: yildiz@msu.edu (Hakan Yildiz)

Preprint submitted to Elsevier March 30, 2010



d; = average demand for node i € N in units of a truck load.
s; = average supply for node i € N in units of a truck load.
dNPak = average demand for node i € N in units of packages.
sNPack = average supply for node i € N in units of packages.

d'*" = average weight of node i € N’s demand in pounds.

weight
i

s = average weight of node i € N’s supply in pounds.

maxstops = maximum number of stops allowed on a route excluding the origin (pl or xd).
maxvol = maximum percentage volume capacity allowed on a TL in units of a truck.
maxweight = maximum weight capacity of a truck in pounds.

m = an arbitrary large number.

Costs

p"t = per mile cost for round trip TL trucks.
pPW@ = per mile cost for oneway TL trucks.
pTE=51oP = per stop charge for a TL truck.

pi7/ = LTL cost between i € S and the Plant.
pil; = LTL cost between i € N and the crossdock.
pﬁ’c , = per container handling cost at the crossdock.
prE(C) = current milkrun cost fori € C.

pi*(S) = current milkrun cost for current supplier route j € R°.



Decision Variables

We used three types of variables in this model: Binary, General Integer and Continuous.

Binary Variables

Z, = 1 if the current supplier milkrun r € RS is used, 0 otherwise.

Vi = 1 if customer i uses its current way of transportation or if supplier i uses its current milkrun,
0 otherwise, Vi € N.

Y; = 1 if node i uses LTL to and from the Plant, O otherwise, Vi € N.

W; = 1 if node i is on a new milkrun, O otherwise, Vi € N.

X; = 1 if node i uses LTL to and from the crossdock, 0 otherwise,¥i € N.

Dockl.d = 1 if node i’s demand goes through the crossdock and O otherwise,Vi € N.

Dock! = 1 if node i’s supply goes through the crossdock and 0 otherwise,Vi € N.

Visitj. = 1if i’s demand or supply goes through node j,and O otherwise Vi € N,Vj € N .

As mentioned in Section 7, in addition to the current ways of transportation, two new means of
transportation for each customer and supplier are allowed. In this formulation, the two new means
are represented by X; and W;. The decision of keeping the current mode is represented by V; for
suppliers that currently use TL carriers and customers, and represented by Y; is for suppliers that

currently use LTL carriers.

General Integer Variables

RT = number of round trip trucks between the crossdock and the Plant.
A,, = number of times the milkrun arc (u, v) is used, Yu, v € N'.
OW,;xa = Number of times the one way arc from the Plant to the crossdock is used.

OW.4,1 = Number of times the one way arc from the crossdock to the Plant is used.

Continuous (Flow) Variables

FI'(i) = flow of node i’s demand on milkrun arc (i, v), Yu,v € N',VieN.

GIL(i) = flow of node i’s supply on milkrun arc (u,v), Yu,v € N ,Vi € N.

F iffx ,(0) = flow of i’s demand from the Plant to the crossdock on RT trucks, Vi € N.
G%; () = flow of i’s supply from the crossdock to the Plant on RT trucks, Vi € N.

F SZZ ,(0) = flow of i’s demand from the Plant to the crossdock on one way trucks, Vi € N.

Gfd‘f;l(i) = flow of node i’s supply from the crossdock to the Plant on one way trucks, Vi € N.
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Objective Function

+ MilkrunCost°“

minimize(MilkrunCost™" + StopCost"" + MilkrunCost’" Supplier

customer

+LT Lcosty + LT Lcost,; + RT cost + OneWayCost + CrossdockCost)

where,

MilkrunCost"" = p™ x (3, ,en' dist,, * Ay,) : the total cost of all new milkruns.

StopCost™ = pTt=51P 5 (3icy Wi + Ayapr + Apia + RT) : the total stopping cost incurred in the
new milkruns.

MilkrunCost?, .. = Yicc Vi* pI'“(C) : the total cost of current milkruns used by the customers
in the new solution.

MilkrunCostyy, ... = Yiegs Zi * p] “(S) : the total cost of current milkruns used by the suppliers in
the new solution.

LT Leostyy = Yen Xi % priy - the total cost of LTL trucks between nodes and crossdock.

LT Lcosty = Yies Yi* pf |+ the total cost of LTL trucks between the nodes and the plant.

RTcost = RT * p"™" s (disty wa + dist,q ) : the total cost of round trip TL trucks between the plant
and the crossdock.

OneWayCost = pP" " s (OW p4q * distyza + OW.gp * distyy ) © the total cost of one way TL

trucks between the plant and the crossdock.

CrossdockCost = p" s 3 icn(Dockd s dNP* + Dock; » sVPe¥) : total crossdock usage cost.



Constraints

For ease of reading, we grouped similar constraints below.

Y,‘+Vl’+Wi+Xi:1, Yie N (1)
Vi=0, VieS\S'" )
Y, =0, YieCUS™, 3)
STH*Z, > > Vi, VreRS. (4)
iesTL
> Fiki) =di+ W, VieN. (5)
ueN’
> Gl = i+ Wi, VieN. 6)
ueN’
Z (Frhi)+ Fip, () + FAL () + FOY (i) < m+ Dock!, Yie N (7
ueNU{pl}
Z (G5 + G () + GYy () + GO (i) < mx Dock], Yie N 8)
ueNU{pl}
FIL(0) + GTHi) + FTEG) + GIL() + GIL () + FIL () = 0 Vie NYu e N )

Short Description: (1): only one mode of transportation must be used by each customer and sup-

plier; (2): suppliers that currently use LTL service, naturally, do not have old milkruns to be as-
signed in the new solution; (3): for suppliers, only the ones that currently use LTL service can use
an LTL service to and from the plant; (4): if a supplier i that is on the current milkrun r uses that
milkrun in the new solution, Z, becomes 1; (5 & 6): if node i is on a new milkrun, than the amount
of i’s demand flow into node i should be equal to its demand and the amount of i’s supply flow out
of node i should be equal to its supply; (7 & 8): If node i’s flow passes through the crossdock, then

the crossdock is used by node i; (9): unallowed flows are set to zero;



D Auw<1VueN

veN’

Ay + Ay, <1 Yu,v e N'\{pl)

D A=) Au YueN

veN’ veN’
E Axd,u = E Au,xd
ueN ueN

(10)

(1)
(12)

(13)

Short Description: (10): at most one milkrun truck should enter each customer or supplier; (11):

only one of the two arcs between two nodes can be used; (12, 13): number of milkrun trucks en-

tering and leaving a node should be equal;

Flow Balance Type Constraints:

Visd+ Y di+ FRL ) + FOUG) + ) Frk () =d;, YieN
ueN’
Vis s+ Yix s+ GR (0 + GOl i) + ) GIE() = s;, YieN
ueN’
Y Fiki) - Y Fili) =0, VijeN:i# ]
ueN’ ueN’
ZG%(D—ZG%(D:O, Vi,jeEN:i#j
ueN’ ueN’
DFEG) + FRL ) + FO ) = ) Fli () = Xixd; =0, VieN.
ueN’ ueN’
> Gk + G+ GO () = Y GiE () = Xix 5;=0, Vi€N.
ueN’ ueN’

(14)

(15)

(16)

7)

(18)

19)

Short Description: (14 & 15): supply and demand satisfaction at the plant; (16 & 17): flow balance

at nodes except the crossdock and the plant; (18 & 19) demand and supply flow balance at the

crossdock;



Volume and Weight Capacity Constraints:

Z(Fi L(i) + GTL(i)) < Ay, ¥ maxvol Yu,v € N . (20)
ieN
> PRI G0) < RT x maxvol 1)
ieN
Z ijp,(i) < RT * maxvol (22)
ieEN
Z F I?vad(i) < OW,jxa * maxvol (23)
ieN
DGO (i) < OW,ypr 5 maxvol (24)
ieEN
Z(diwe"gh’ * FTLG) + 87" 5 GTL(i)) < maxweight x A,,, Yu,v e N (25)
ieN
Z d;veight x F ﬁfxd(i) < maxweight « RT (26)
ieEN
Z s:veighf * Gfl () < maxweight = RT 27)
ieN
Z d;”’ight * Fl?lfzd(i) < maxweight x OW,,; 4 (28)
ieN
Z s:.mght * G)?d‘};,(i) < maxweight « OW,4 (29)
ieN

Short Description: (20, 21, 22, 23, 24): the total flow between two nodes can not exceed the total
volume capacity on the TL trucks operating between those two nodes; (25, 26, 27, 28, 29): the
total flow between two nodes can not exceed the total weight capacity on the TL trucks operating

between those two nodes;



Customer Sensitive Constraints:

D" Gik) < Visity Vi€ NVje S Ulplxd):i# (30)
keN’
D Fii) < Visit, VieN,jeN :i# ] 31)
keN’
Z Visiti- < maxstops Vi€ N. (32)
JEN':i#j
X; =0 Vie C\C't (33)
A,"j =0 VZ,] eC (34)
FI'()+GIHi) =0 Yve N ,Vie C,Vje C\C"" : i # j (35)
Aij=0VieS,VjeC (36)
>, GlHj)<0VvieC (37)
keN',jeN:j#i
> FIH) <0 Vies (38)
keN',jeC
D, G <0 (39)
keN,jeN

Short Description: (30, 31): if node i’s supply or demand flows through a node j, then node i’s

flow visits node j; (32): the number of nodes that node i’s flow goes through is at most maxstops;
(33): customers should not ship with LTL unless they currently use LTL; (34): no arc between two
customers can be used; (35): no customer’s demand or supply should go through another customer;
(36): no arc from a supplier to a customer can be used; (37): no supply flow should go through a
customer; (38): no customer demand flow should go through a supplier; (39): the crossdock should
only be the last stop on a milkrun (no supply flow should flow from crossdock to other customers

or suppliers).



