Basic EOQ system without holding costs and with transportation costs

Choosing an allocation in the core.

(N,a,{ai}ien, {di}ien, {Ki}icn) a basic EOQ system without holding costs
and with transportation costs.

O 11, (N,¢') = {o € TI(N) | a; > a; implies that ¢ (i) < a(j), forall i,j € N}.

® (N, ') = {o € TI(N) | £ > i implies that o(i) < o(j), for all i,j € N}.

J

Foranyi € N,

1 1
TL(N,&") = s=—oee > mI (N, @) s Y mi (N, ),

21H1(N’El)i oI (N,¢!) 21H2(N,El)i oI {(N,¢")

where mZ (N,¢') = e (P U {i}) — ¢! (P7)and PY = {j € N | o(j) < a(i)}.
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Basic EOQ system without holding costs and with transportation costs

(N,a,{ai}ien, {di}ien, {Ki}icn) a basic EOQ system without holding costs
and with transportation costs. For any i € N,

1 1
TL(N,&") = s Y TN, Y 7(N,c",
( c ) 211—11(1\],51)1 i (N_])m, ( Cc )+21H2(N,Z‘1)1 Iy (N_])ml ( c )
o 1{N,c o 244V,C

where m¢ (N,¢') = ¢! (PP U{i}) —¢'(P7) and P? = {j € N | o(j) < o(i)}.

Let (N,a,{a;}icn, {d:}ien, {Ki}icn) be a basic EOQ system without holding
costs and with transportation costs, and let (N, ¢') be its associated cost game.
If (N, &') is subadditive, then TL(N,¢') € Core(N,c").
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An Economic Shortage Level problem

An Economic Shortage Level problem (abbreviated ESL problem) is a
deterministic continuous review inventory problem with fixed holding costs
and with shortages. The relevant parameters associated to one of these
problems are:

® > (), the fixed cost per order,

® ); > 0, the shortage cost per item and per time unit,
® d; > 0, the deterministic demand per time unit,

® K, > 0, the capacity of the warehouse.
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An Economic Shortage Level problem

An Economic Shortage Level problem (abbreviated ESL problem) is a
deterministic continuous review inventory problem with fixed holding costs
and with shortages. The relevant parameters associated to one of these
problems are:

® > (), the fixed cost per order,

® ); > 0, the shortage cost per item and per time unit,
® d; > 0, the deterministic demand per time unit,

® K, > 0, the capacity of the warehouse.

The objective is to identify the (maximum) shortage level which minimizes
the average cost per time unit.
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An Economic Shortage Level problem
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An Economic Shortage Level problem

10

Inventory level

Time

Length cycle

Identifying the optimal shortage level 5; is equivalent to identifying the

optimal number of orders per time unit X; = K_jﬁ 7
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An Economic Shortage Level problem

Agent i’s problem:
® > (), the fixed cost per order,
® d; > 0, the deterministic demand per time unit,
® K; > 0, the maximum capacity of i’s warehouse,
® ); > 0, the shortage cost per item and per time unit,

- <B<
(ﬁ)={+ﬁ -
st (e B>
g B>— B>
>
()Z{ +(_) < <
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An Economic Shortage Level problem

Agent i’s problem:
® > (), the fixed cost per order,
® d; > 0, the deterministic demand per time unit,
® K; > 0, the maximum capacity of i’s warehouse,
® ); > 0, the shortage cost per item and per time unit,

ad. .
. . if —K;< B <0
Cl(,@) o J KitBi - B
ad; + bif3; if ,6 >0
Ki+Bi 2(Ki+8i) !
where f§; is his shortage level (8; > —K;, §; > 0 implies shortage is present ).

z
()Z +(_) <

IA

+8
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An Economic Shortage Level problem

Agent i’s problem:
® > (), the fixed cost per order,
® d; > 0, the deterministic demand per time unit,
® K; > 0, the maximum capacity of i’s warehouse,
® ); > 0, the shortage cost per item and per time unit,

ad. .
. . if —K;< B <0
Cl(,@) o J KitBi - B
ad; + bif3; if ,6 >0
Ki+Bi 2(Ki+8i) !
where f§; is his shortage level (8; > —K;, §; > 0 implies shortage is present ).

ity = 4% if x; > &
i) = 2
R T e T P

where x; = is the number of orders per time unit.

K+ﬁ
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An Economic Shortage Level problem

Agent i
® > (), the fixed cost per order,
® d; > 0, the deterministic demand per time unit,
® K; > 0, the maximum capacity of i’s warehouse,
® ); > (0, the shortage cost per item and per time unit,

Cost function
3
1
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An Economic Shortage Level problem

More than one agent: N = {1,...,n},i € N,
® > (), the fixed cost per order,
® d; > 0, the deterministic demand per time unit,
® K; > 0, the maximum capacity of i’s warehouse,
® ); > 0, the shortage cost per item and per time unit,
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An Economic Shortage Level problem

More than one agent: N = {1,...,n},i € N,
® > (), the fixed cost per order,
® d; > 0, the deterministic demand per time unit,
® K; > 0, the maximum capacity of i’s warehouse,
® ); > (0, the shortage cost per item and per time unit,

Two agents

Bist \
RVANEAN

Time

15

10

Iventory level
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An Economic Shortage Level problem

More than one agent: N,i € N,
® > (), the fixed cost per order,
® d; > 0, the deterministic demand per time unit,
® K, > 0, the maximum capacity of i’s warehouse.

® ); > 0, the shortage cost per item and per time unit,

-
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More than one agent: N,i € N,
® > (), the fixed cost per order,
® d; > 0, the deterministic demand per time unit,
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1 K+8 K+8 1 .
o= a’,-ﬁz ’dj'gjz)?j, forevery i,j € S.
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An Economic Shortage Level problem

More than one agent: N,i € N,
® > (), the fixed cost per order,
® d; > 0, the deterministic demand per time unit,
® K, > 0, the maximum capacity of i’s warehouse.
® ); > 0, the shortage cost per item and per time unit,

-

1 K+8 K+8 1 .
o= a’,-ﬁz ’dj'gjz)?j, forevery i,j € S.

i x> i,0
atYies 3 ﬁ,ﬁ ; — 4 d; d; b; max*{f;, 0}
Kith; Ki+6 K+p2 di

e
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An Economic Shortage Level problem

More than one agent: N

Coalition S C N

Fix a playerj € S and let x = x;.

Equal length cycle condition implies: §; = —K; + % foralli € S.
Thus, for every x > 0,

CS(x) = ax + — Z—max{ Kix +d;, 0}.
tES
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An Economic Shortage Level problem

More than one agent: N

Coalition S C N

Fix a playerj € S and let x = x;.

Equal length cycle condition implies: §; = —K; + % foralli € S.
Thus, for every x > 0,

CS(x) = ax + — Z—max{ Kix +d;, 0}.

tES

CS(x) = ax + — Z ( —Kix +d;)?
tES)C

with S, ={ieS:x<g}

27736



An Economic Shortage Level problem

What is the optimal number of orders per time unit for coalition S?
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An Economic Shortage Level problem

What is the optimal number of orders per time unit for coalition S?

Cost function of coalition $={1,2,3,4}
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An Economic Shortage Level problem

What is the optimal number of orders per time unit for coalition S?

Cost function of coalition $={1,2,3,4}

o 120 140
L |

£l

Ceet furctor

e 15 T 2885 T 5 T T =l 1
[ 20 40 80 o0 100

Number of orders per time unit

CS is a convex function.
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An Economic Shortage Level problem

What is the optimal number of orders per time unit for coalition S?

bid; .
ZiESX; 2 ZiESX; bldl
2 21
b K7 K
a+ ZiESX; 24 2a + ZiESX; bi7;

with x3 < & forall i € S,

()= -
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An Economic Shortage Level problem

What is the optimal number of orders per time unit for coalition S?

bid; .
ZiESX; 2 ZiESX; bldl
2 21
b K7 K
a+ ZiESX; 24 2a + ZiESX; bi7;

with x3 < & forall i € S,

i(S) := Sx;

29 /36



An Economic Shortage Level problem

What is the optimal number of orders per time unit for coalition S?

ZiEi(S) bid

X¢ = 20
2a + ZiEi(S) b’?ﬁ

d:
xe < E for all i € i(S)
1

IA
IA
IA
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An Economic Shortage Level problem

What is the optimal number of orders per time unit for coalition S?

ici(s) Didi d;
x§ = Lici(s) x5 < < forall i € i(S)

KZ)

2a + Zlez(s) big- d;

Q LetS = {i,i,...,i} be the agents in S arranged in non-decreasing order
of the ratios demand/capacny Thus d" < d’z < e < Z—

©Q Iitializek =s+1,T =0, x; =0, and Sy, =S.

#
= - = u{}

X e
+> e
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What is the optimal number of orders per time unit for coalition S?

ici(s) Didi d;
x§ = Lici(s) x5 < < forall i € i(S)

KZ)

2a + Zlez(s) big- d;

Q LetS = {i,i,...,i} be the agents in S arranged in non-decreasing order
of the ratios demand/capacny Thus d" < d’z < e < Z—

©Q Iitializek =s+1,T =0, x; =0, and Sy, =S.

@ Do while S,, # T:
Setk=k—1,T =T U {i}, and compute

Zi,gT bizdiz

d;
= | I and S, = (i €S 1 < 1
261 + Zi;ET bild_,-ll u
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What is the optimal number of orders per time unit for coalition S?

ici(s) Didi d;
x§ = Lici(s) x5 < < forall i € i(S)

KZ)

2a + Zlez(s) big- d;

Q LetS = {i,i,...,i} be the agents in S arranged in non-decreasing order
of the ratios demand/capacny Thus d" < d’z < e < Z—

©Q Iitializek =s+1,T =0, x; =0, and Sy, =S.

@ Do while S,, # T:
Setk=k—1,T =T U {i}, and compute

Zi,gT bizdiz

d;
= | I and S, = (i €S 1 < 1
261 + Zi;ET bild_,-ll u

0 x§ = Xr. STOP.
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An Economic Shortage Level problem

dj

i d; bi K; =

K;
a = 180, compute x§ for § = {1,2,4}. e
3 ﬂOS 10 8 0.131
4 1.20 12 9 0.133

® ={}
+X e +
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