Life >vu=nm:o:|_=<m=»o_‘< Decisions in Dell's Supply Chain

I, Inc., implements a direct-sales business model in which personal computers are

ited States. When an order arrives from a customer,

tions are sent to a manufacturing plant in Austin, Texas, where the com-

€T is built, tested, and packaged in about 8 hours. Dell carries little inventory. Its
ers, normally located in Southeast Asia, are required to keep what is known as

near the manufacturing

uppliers. Dell then “pulls®

' responsibility to replenish

not own the inventory in the

ers, its cost is indirectly passed on to customers through component pricing.

any reduction in inventory directly benefits Dell’s customers by _,mn_.:ni.m product

. The proposed solution has resulted in an estimated $2.7 million in annual
/ings. Case 13 in Chapter 26 on the website details the study.

ONTINUOUS REVIEW MODELS

ection presents two models: (1) a “probabilitized” version of the deterministic

0Q (Section 13.3.1) that uses a buffer stock to account for probabilistic am:::.a and

ore exact probabilistic EOQ model that includes the random demand directly
ormulation.

abilitized” EOQ Model

. inistic EOQ model (Section 13.3.1)
ractiti ught to adapt the deterministic EOQ . s
E@mgonﬂw waﬂuww%m:m% nature of demand. The nu_:.na vm.:oa a_m::m the
Hxﬁﬂﬂnﬁohavg%nmn placing and receiving orders. This is the time period when
oy
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f(2)

FIGURE 16.2

Probability of running out of stock,
Pz=K )=«

ple 16.1-1

ple 13.3-1, dealing with determining the inventory policy of neon lights, the EOQ is 1000
s, Assume that the daily demand is N(100, 10)—that is, D = 100 units and standard deviation
= 10units. Determine the buffer size, B, using a = 3.
o maintain a constant

1, i - From Example 13.3-1, the effective lead time is [, = 2days. Thus,
ower shortage

e = DL = 100 X 2 = 200units

, and the parame- | o= VL = VI® X3 = 1414units
e average demand

iven K gs = 1.643, the buffer size is computed as

v B = 14.14 X 1.645 ~ 23neon lights

er unit time is norma

der this assumption, the
. = DL and standard

buffered) optimal inventory policy calls for ordering 1000 units whenever the inventory
el drops 0 223 (=B + p; = 23 + 2 % 100) units.

lOBLEM SET 16.1A

In Example 16.1-1, determine the optimal inventory policy for each of the following cases:
~ *a) Lead time = 15days.

(b) Lead time = 25days.

(¢) Lead time = 9days.

d) Lead time = 12days. ) : ; imately N(200, 20). The cost of
R e el
eeping the OU on :.mum M time for delivery. Determine the store’s optimal inventory policy
BEMM.%NMM mwowwmmmwm to limit the probability of shortage to at most 0%

: i is N(300, 5). The cost of holding a roll

dai mera films at a gift shop is A . :
..H_., daily %Eumm_ mwu. MQ and the fixed cost of placing a Rv_m.am_ﬁ:ma %an_q hw euow
in the mro,n is $. .om uc_mmq is to order 130 rolls whenever the inventory level drops to
- 80 :MWMMM m_whmnmawoum_w maintains a buffer of Wo S_hw at all times.

ili i t of stock.

) i robability of running ou . . ‘
.ww Mﬁads_waoh“” wn the situation, recommend an inventory policy for the shop given
(b) Given the

that the shortage probability cannot exceed .10.

s




16.1
he elements of the cost function are now determine
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odel in Section 16,1 is
el yields an optimal inventory
yrobabilistic nature of demang
dent manner at a later stage
nedy the situation, this section

d.

1. Setup cost. The approximat
e € number of orders €T unit time is 2, 5o that the setu
€OSt per unit time js approximately X2 : * ]
2. Expected holding o5 2

L Given 7is the ay
COSt per unit time is 4

! erage inventory level, the ex
1. The average

pected holding
tnventory level is computed ag

= (y + E(B -- x}) +

The formula averages he starting -

w+m~xlk_m=am-«1.,

ignores the case where 2 — £
3. Expected shortage cost. Sh
is computed as

1nd ending expected invento
sectively. As an ap
{x} may be negative,

ortage oce

ries in a cycle—
Proximation, the expression

urs when x > R.Its expected value per cycle

S = \a (x = R)f(x)dx

8¢ quantity only, the expected
g€ cost per cycle is pS, and, based on w cycles per unit time, the shortage cost per
neis 25 = 208
Byn = S5 —rmjay
The resulting total cost function per unit time is

DR (Y pD (%
TCU(y,R) = |.<| + kAM + R — m_k_v + 5 \w (x = R)f(x)dx
- optimal values, y* and R”, are determined from
JTCU _ Ammv+m|nbmuo
mvg - km 2 ‘-\N
oICcu _, _ Au\%v f(x)dx =10
dR R
se two equations yield
S
- ye thn\u pS) a
I
Yy | = Su . o
uw , .\aw fxdx= 25
* ined in closed forms. An itera-
= *and R" cannot _u,.w m_oana__m 2 1 :
time— - The optimal values of y mm dley and Whitin (1963, pp. 169-174), is applied to
fi-
cle 2—

gorithm, developed by



st value of y* is \/2D

h s

0.Seti =1, and go

R;_j, stop; the optimal

0 gallons per month. It cost
,and the shortage cost
is uniform in the range
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Using S in Equations (1) ang (2). we obtain

= V100,000 + 10,0005 gallons 3)

(4)

B Al 5
B = 100 = \ (5)

now use Equations (3) and (3) 10 determine tize optimum solution.

- Iteration 1

| e —_—

L \Nxm B \N X 1000 » 100

M=\ \ 2 = 316.23 gallons
316.23
R, = 100 - = 93.68 gallons
50
T Iteration 2
. 2

== — R; +50 =199

S 200 R, + 50 9971 gallons

¥ = V100,000 + 10,000 X .19971 = 319.37 gallons

319.39
R, = 100 — 0 = 93.612
~ Xteration 3
2
s = 22 _ g, 450 = 20399gallon
200

35 = V00,000 + 10,000 X .20399 = 319.44gallons

319.44
- — 22— = 93.611gallons
Ry = 100 50 &

imum is R® ~ 93. __onm.w.aus.ﬁmw:o:m.mmm
B ~ R, the optimum is R ~ 93.611ga lor
wngﬁn BnER and xm - ._Mu_n:__mnw the solution to any %wa.n of accuracy by specifying the
S npm_ _wm.__ﬁnovaau_ inventory policy calls for ordering approximately 320 gallons
R._; — R The
niever _ﬁm m_=<a=.oa. Jevel drops to 94 gallons




1s uniform betwe<n

a &Bnnmogvagno:&aua

U 2 16.1-2, and interpret the
ance in the present probiem

that the demand during lead time
‘= $2 per gallon per month,

a single time period. Al
as in fashion items. Two
odels is whether or not

es the sum of the

he inventory policy call
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D>y

Time

g and shortage inventc

0 a single-period m:

Figure 16.4 demonstrates the inventory position after the demand, D, is satisfied.
D < y, the quantity y — D s held during the period. Otherwise, a shortage amount
) — ywill resultif D > y,
The expected cost for the period, E(C(y)), is expressed as

N

E(C(y)} =k | (y - D)f(DMD + p \* (D - y)f(D)dD

0

he function E{C(y)} can be shown to be convex in y, thus having a ._E._mcn mini-
aking the first derivative of E{C(y)} with respect to y and equating it to zero,

I
o

| Hoyan - | “f(pyap

I
(=]

hPD = y) - p(1 - PD =)} =

14

PD=Y1=

the associated cost function is

 If the demand, D, is discrete, then
E S (y - D)D) +p % (D= fD)
E[C(y)} = :ch D)D)+ P 2
ry conditions for optimality aré

BlC(y - ) = ElCpNand L * 1) = EICO))
EiCly —




a convex function. After Some
itions yields the mo__oi:m

newspapers of USA Now 1o be

WBUHEG data of the prob-
 cents and that the penalty

1 terms of the parameters of the

= 45 cents per copy per day.

=y

s.xls to determine the o.m_m
15, which gives the anm_a.:
e standard normal tables’
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ase (b). The demand p follows a dj
Hlows ; i
a discrete pdf, f(D).First, we determine the CDF PID = y}as
i O e
y 20 200 300 30
' = Ay 5" L
PiD = y) X 3 ok 9 w_w
o SRS e
For the computed criic: ! 1ato of 642, we have

OBLEM SET 16.24

1. muo_. the single-period modcl, show that for the discrete demand the optimal order quantity
is determined from

* ﬁ *
PD=y I:Mu+> = P(D = Y}

The demand for an item during a single period occurs instantaneously at the start of

the period. The associated pdf is uniform between 15 and 20 units. Because of the

difficulty in estimating the cost parameters, the order quantity is determined such that

the probability of either surplus or shortage does not exceed .1.Is it possible to satisfy

both conditions simultaneously?

The unit holding cost in a single-period inventory situation is $1. If the order quantity is
4 units, find the permissible range of the unit penalty cost implied by the optimal

" conditions, Assume that the demand occurs instantaneously at the start of the period

- and that the pdf of demand is as follows:

2 3 4 5 6 7 8
WA bv cm M .H.N .mm .G .cu .om .om

program of reproducing class notes for participating
aches a freshmen-level class with an enrollment of
g iformly distributed. A copy costs $10 to produce,
~ between 100 and 150 wﬁcanmzwm__wwﬂrmww their books at the start of the semester.
b sells for uN.m.dm_MmMMaMmoq Yataha'’s notes are %Ea.a.& for _.m.mv.nznm. F the
Aol cOpEs u_‘683 runs out of copies, 10 additional copies are E.Ewan. If
~ meantime, once the _ﬂ”oawxmaﬁw its revenues, how many copies should it print?
the bookstore s.s:a. ustomers with coffee E..m_ donuts at 6:00 >.Z»,. gwn.w day. ,:um
QuickStop provides 1ts ns donuts for 7 cents apiece and sells E.N..: or _unnEM apiece
gpcioncestore c&mﬁw M M., the donuts sell moq.u cents %_wnm.. :.n_u..ﬂ“_ M.Mﬂwz -
QLS00 A s _u.mﬁ.“&a: 6:00 and 8:001s F...zno_.a { >_ . __.o“::w.n_ how man
 customers buying donuts oeually orders 3 donuts with coffee. e ¢
iand 50. munﬂ nc_mhomﬁmwman stock every morning to maximiz ?
ozen donuts shou

The U of A Bookstore offers a
b professors. Professor Yataha te




ony pays $50 for a coat and
offers the coats at $55 each.
an 20 but less than or equal
ason is short, the unit holdine
lieve that any penalty would result
antity that will maximize the
pproximation.
sumed uniformly during the
f the period). Develop the associaied

tinuous and uniform during the
‘and 100. (Hint: Use of the results

-rmined from the equation
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Assume that x is the

i damount on ha s .
hould be ordered? Thi au it on hand before an order s placed. How much

stion is answered under three conditions:
1 x<s.

2. s=x=<3§.

3. x>8S.

se 1 (¥ >5). Because v 1: nirond .
( ). Because x5 izeady on hand, its equivalent cost is given by E{C(x)).

g‘ NQQ&&OEN— mso:——_‘.w n« 2 s ordere i _TQ corres d
= %= LY 2 X} 18 orc . L A F_u W 5 .W. i
s " sponding cost en S
n A.Yvr SEG—_ —ZO_CL w.l. r.nT nOr.-\fA“,._ O:a— mm—.—ﬁw :wu e<0 Tm<0 “ .

8
-"'lj
@)

()} = E(C(S)) < E{C(x))

S 2 (s = x < §). From Figure 16.5, we have

E(C(x)] = minE[C(y)] = E(C(S))

y=>x

3(x > §). From Figure 16.5, we have for y > x,
E(C(x)} < E[C(y)}

ondition indicates that, as in case (2),it is not advantageous to place an order— that
= x.

The optimal inventory policy, frequently referred to as the s-S policy, is
mmarized as

Ifx < s,orderS — x

Ifx = s,do not order

ovaBmuQ of the s-S policy is guaranteed because the associated cost function is convex.

e m—

xample 16.2-2 . Wt ih .
. i .o a single period occurs instantaneously at the start of the
h w__w ,aannn_ for an _am_am M__::m_% = com&on: 0 and 10 units. The unit wo_asm cost of the item
iod. The pdf of the deman Ity cost for running out of stock is $4.50. A fixed cost of

ng the period is u”mo. m:&hﬁmﬂmwﬂﬁa Determine the optimal inventory policy for the item.
me an

curred each “; .

determine y', consider
\\l‘ﬁ = ‘Ihh\ml\l =9
pt h 45+ .5



Do not order —+— ——

]
1
9 §$1=19 y

scarded. Because Emﬂ_
6 shows, the 0Pt
appens when the €08

s of the model.
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LTIPERIOD MODEL

section presents
‘Additionally, the moue] alinws
further assumes that i1 4

cqag

- The multiperiod roje

I medel und
Kiug of dem
d Dinany peri

¢t the assumption of no setup cost.
and and assumes a zero-delivery lag. It
od is described by a stationary pdf, (D).

2l ¢ ers the discounted value of money. If a (< 1) is the
ount factor PEr penod, then an amount 84 available n periods from now has

nt value of $a" 4,

Suppose that th- lory situation eng
nd can be backlcgped exactly

“ompasses n periods and that unfilled
one period. Define

ﬁﬁa.«.v = Maximum expecied profit fer periodsi,i + 1, ..., and n. given that

X; is the amount on hand before an order is placed in period i

sing the notation in Section 16.2 and assuming that ¢ and r are the cost and revenue
I uni respectively, the inventory situation can be formulated using the following
bilistic dynamic programming model (see Chapter 24 on the website):

2 h.=+~c\=|bvﬂo

Yi=x

£ = paxf-coi-m+ [0~ 0y - o)1)
0
i \ 83_. + ar(D - y) — p(D — y)| f(D)dD
Yi

= a\sm.i@.. = UV\AUKEW. =120
0

i < m i d is —uwnw—cmmmﬁ.dum D:ﬂ»::%

wwﬂﬂ cm X; ma ﬁuﬂ negative cmnﬁ—umm —:&2—0& deman 2 :

: v E. ﬂ?ﬂ MOOOH:— Enﬁm—‘m~ H.m E. OH_.R_QQ because AU .Sv 15 HHHO _.—B@——OQ Gmgm:uﬁ
.v,wu. "

illed i jodi + 1. )
T Eﬂﬂ_nﬁ_mﬂ ”mcm_n_“%\”wﬁwca?o_g For the case where the number of periods
- The problem ca

ite, the recursive equation reduces t0

g = dD
Tqii & (D - h(y = D)F(D)

F(x)="max
o+ [Ty + ar(D = ) = D = MIFD)D
¢ 00
v o[ F - DYOID)

0

i ! an order is
—— \'% moq —ﬂ(ﬂmm H.Q—. 0@07 Mvmnoﬂ .GOHQH" ﬂ—,—ﬂ ”?0
inven

spectively.



e following necessary condition,
venue function F(x) is concave,

a)r + pIf(D)AD

'\S‘AUEU =0
0

he demand is g..ur_omm&.
period is uniform

Bibliography 603

The pdf of the dema I period ; dopes

0d per period in an infinite-horizon inventory model is given as
f(D) = 0D0=p=s

The unit cost Paramelers are

Unit selling price - ¢

Unit purchase price

Unit holding cost Per monih =

Unit penalty cost per mo

Discount factor = o

0

$3

"

Determine the optima iy
demand is backlogped,
Consider the infinite-hor 200 nventory sit

logged demand. Develop the optim
of cost given that

ntory policy assuming zero delivery lag and that the unfilled

uation with zero delivery lag and back-
alinventory policy based on the minimization

Holding cost for zunits = 72
Penalty cost for zunits = px?

Show that for the special case where s =

p, the optimal solution is independent of pdf of
demand.
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