CHAP 10 Inventory Model

10.1 Introduction
A. Inventory: any idle goods that are mainting to be used
— cycle stock: inventory in curved by ordering process
— safety stock: inventory used to protected stockout
B. Inventory carrying cost
— cost associated with maintaining a given level of inventories:
(1) cost of finance

- interest - if it is borrowed
- opportunity cost -if it is owned

(2) other cost

- insurance
- taxes
- breakage
C. Reasons

— periodic order

(1) cycle stock inventory

(2) advantage
- time utility
- economic of scale

- quantity discount

— fluctuation in demand and delivery

(1) protect stockout

(2) maintain a level of customer service
D. Objective

— minimum total inventory cost to maintain sufficient inventories.
E. Cost components

— inventory carrying cost (holding cost)

— order cost

(1) order -to other

(2) setup own

— stockout cost
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(1) loss of scale
(2) loss of goodwill
(3) backorder

— purchase cost

800

700
Total Cost

Total Incremental
300

Carrying Cost
200

Cost
|

Order Cost
100

Order Quantity
950 1450 1950 2450 2950 3450 3950 4450 4950

F. Inventory model
— deterministic
(1) static
(2) dynamic
— probabilitic
(1) stationary

(2) unstationary

10.2 Economic Order Quantity(EOQ) Model
A. Basic assumptions
— constant demand rate
— uniform purchase cost

— no stockout
B. Basic question

— how much to order

— when to order - reorder point
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C. Inventory pattern

Inventory
level Maximum inventory
o /
/ Average
Q2 |\ _| - .
» TiMe

D. Total cost method

T.C.=purchase cost + inventory carrying cost + order cost

=CoD+Chog+COo2
2 Q

E. Reorder point
— r=d - m
r = reorder time
d = daily demand

m = lead time = the time between place an order and receive the order

F. Cycle time
— the time between two replenishments

_ 250Q"
D

T

G. Sensitivity of EOQ

— the Q' is insensitive to small variation or errors in the cost estimated
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H. Manager's adjustment

Inventory

lewel hazismam inventory
-~ A
; L Average itrventory

Time

tn production phase nonproduction phase

— to adjust to move practical order quantity

— to adjust the reorder point to protect stockout by adding safe stock

Soample 51 W5 L IV P AT T 185
| ER100ff » = %t~ RS AVEI0.027 » FHE - KEUURERI007 o fHE
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Sol : ) CD
Q' = | Sg = R - 1000
h

t*_Q_*_wzlo:\

D 100
TIC* =,/2DC,C, =+/2x100x100x0.02 = 207 /=

Example : 50 2 F] € FEAFOHIUFH] > B %ﬁ:{éqﬁﬁ% Ii‘%ﬁ?”ﬁ?ﬁ@j (‘=4 £160 €] - FiIZER R
,hﬁﬁ[bE'Jlooow ’ g}@’ﬁ%ﬁ%ﬁfjg]{j FFR54070 0 BT Y] Al BEE U T 3=§|Eﬂjff“,,
FORGEET EY e bl R SRR AT T RRIR T N IS SR e
?ﬁ%%’%%}ﬁ%Mﬁﬁ@ﬁﬁﬁwwf»ﬁ?%ﬁlkﬁ?ﬁﬁ?ﬁ%

— PR ? = FpuaEe e Ry ) 2

Sol : « 2C,D —
0 Q = C:0 _ Iz 504000 155 *
h

v =2 5025 -

TC* =,/2DC,C, =+/2x1000x 60540 = 80507 / i
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10.3 Economic Production Lot Size Model

A. Basic assumption
— constant supply rate

B. Production lot size
— the optimal production quantity per production

C. Cost components
— Cy=inventory carrying cost
— Co=production set up cost - laber, material, lost production

D. Maximum inventory
(p—d)et=(p-d)e?
=({1-4)eQ
=l-$)+Q
where p:daily production rate
d:daily demend
P:annual production

D:annual demand

E. Total cost model

1 D D
T.C. :E(l—EJQ .Ch +6.CO
¢iC 1, D)o Do,
dQ 2 p Q

2DC,

W

Example @ S IR~ % #8419 & 21160000747 - @QZ“MF‘[%ZGOOO;&FI’ETT*} [fil -~ Y
v | Jb%ﬂ SR ESp x1357m @;Jiﬁm J#FI4 57m » I RE A FE24% -
C,=1C=024x45=1.087 - FF* &L EF?

Sol:

. 2DC 2% 26000x135
Q = 0 _\/(1 0.1 08 = 3387
60000

=3

F R4 T.C. :%(1_%}? oC, +goC0:2073%

250Q°  250x 3387
D 26000

F SRR T =
33877 -

=337 =5 g BRI BRI %
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10.4 Inventory Model with Planned Stockout

Inventory
level

A

Maximum inventory

/

> Time

A. Desirable shortout

— high inventory carrying cost

B. Backorder
— if out-of-stock, the consumer doesn't withdraw the order
— short backorder period

— immediately delivery

L-sk +ot,

— average inventory = 2
t,+t,
1
E(Q_S)tl
=
_Q-5sy
2Q
t, :E,tz :E,T :g
d d d

(222(3)

SZ
:E

— average backorder level=

C. Total Cost

— TIC.=%c +oc, +5iC,

_p (G (@s? [ s_)
_Q(Zx 5+ Cy+5x3

_ Q%-2Qs+52

D s?
20 XCh +3C0 +5Cb

GG 2 QC, . DC
—%XS —SXCh +Th+TO
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2] , Ch+Cy —
MRS~ 0= &% xS-C, =0

§"=Qx ch+cb
oTCc(Q.S) _ (Ch+Cy)S% |, Cy  DCp _
T =0t =0

~(Cp+Cp)Q’CE _ Gy _ DGy _ 0

ZQZ(Ch+Cb)2 2 Q?

-2 DCU _

= 3c e +& =0
~C2+C,(Cy+Cy)  DCy _

= T 3C,+Cy) Q? 0

CiCo Dc0 _
= 6 g 0

_2DCy(Cy+Cy) (znco Xch+cb)
= Q - CnCy —\ G Cp
Q = zoc0 N
Cp

T.1.C(Q.8)=,/2DC,C, (=)

T.1.C(Q)=4/2DC,C,

D. Observations
— TC(Q,S)<TC(Q)
— Q*>Q*for EOQ
— if C, become larger relativeto C, = S*=0

if Ch become larger relativeto C, = S* increase

Example:
D =2000, Ch =10, Co =25, C, =30

2(2000 1o+30

S" =115% 48 =29
T = 28.(250)=14.4

2000

T.1.C = ,/2(2000)(25)(10)(:2%;) = 866
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Example:5 = R o kLE & puEe > SR 71‘?1?”:;5@ BETF - GFEFTT %’JE'P,J ~El 8]
100|ﬁ ST PR YEE0.027 > ST CVRVYH [ER1007 o ]E@% O SEEEILET ZJ
(it S5 F e ET— Jéfgj—iﬁﬂ'ft ,0.087% ﬁ*ﬁ&ﬁ*?@ Q" ~ s ge (T B i rEfIg

FI Ff““]ﬁf AR TC

Q" = (282 &%) =1000 x /282002 ~ 1118
S" = ZECO o) =500%+/0.2 = 224

o

Sol:

T.C(Q.8)=,2DC,C, %) = 2008 ~ 187 /=

t =9 =811 2%

D 100

10.5 Quantity Discounts for EOQ Model
A. Supplier provide incentives for large purchase quantity by offering discount
B. Procedures
— step 1 : Based on discount prices, compute EOQ(Q") for each category i

— step2:1f Q <minQ, = Let Q; =minQ,

— step 3 :identify Q  with smallest total cost

Total Cost

5205000
5204000
5203000
5202000

5201000 7
5200000 4

5199000
5198000

T1

T2

T3

0 950 1450 1950 2450 2950 3450 3950 4450 4950
Order Quantity

Example :
Q* 2(5000)(48) _ 7))
1 (02)(5.00)
Q; = foovasey = 711
Q; = Zios.gojio4.74583) =718
T.C.=,2DC,C,
Ql* =700 = TC = 25700

Q, =1000 = TC = 24980
Q, = 2500 = TC = 25036
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| I L1000 (RS f 51907 » 5 SHERRE 1652007
i G o i £y e e SEfHEY 10% o 4 I ALY BRI R E TR 2

Byl Pl (e T TR A
0~249 0% 200 20
250~999 10% 180 18
1000/ 20% 160 16
Sol:
[t Al 1000 -

i
Q3 — 2><10000><9O 335 < 1000
TC, =90 x 100 116 x 190 + 10000 x 160 = 1608900

1000

= P f[EH250~999 :
Q; = /2100 _ 316

250 < Q, <999
TC, =90 x1%% +18x 48 +10000 x 180 = 1805692

ﬂ

= M ArRI0~249 ¢
Ql — 2><10000><90 300

250 < Q, <999
TC, =90 x 1% + 20 x 22 +10000 x 200 = 2006000

249

rgsrlﬁ_gg : F' =7H£ 100045 -

f

10.6 EOQ Under Constraint in storage
A. Limited on storage space
— One type of commaodity
(1) use EOQ model to find Q
(2) if Q*< K (Quantity limit) thenuse Q" else let Q*=K
— Multiple commaodities
(1) use linear programming to solve the problem

(2) objective function

mInTC = Z( oi QI +Chl 2 +WiKiQi)
s.t.zn: KQ =K

where  W,;=warehouse rate for commaodity i
Ki=size of commodity per unit

K =total space allowable
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(3) solution approach

- step 1 : formulating the model

- step 2 : use unconstrained EOQ model to identify each Q"
- step 3: if ZKiQi* <K stop, otherwise go to step 4.
- step 4 : use (Lagrangian function)
LQA)=Y(Cy 2+C, L+WKQ )+ (D K,Q -K)
- step 5 : partial differential of L(Q, & with respect to Qjand A

aLE%i,A) -0 and aL(gﬂ,,ﬂ) -0

_ 2D,Cy;
= Qi =y ow)

- step 6 : use trial -and-error identify A" suchthat ) K; /ﬁm -K=0

- step 7 : substitute A into Q; equation in  step 5
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Example: 5~ ’Eﬁj [ £ 25m puﬁi’g[ s LT S P J?E‘;"Jaj Fb%;{ T 5 “bﬁnf]rgfmﬁ

gofaar%éfé?vaﬂ@ PR PRSERL M > Y AP REE Cy o A IO

SR D, B PIEY IR 1Y C,y o SR RSP I R 2

Py i C, D, Cy
1 10 2 0.3
2 5 4 0.1
3 15 4 0.2

Sol:

mmC Ql’QZ!QS 23:( oi Q:+Ch' %)

S.t.le Q <25
i=1

Ql!QZ’QS Z O
FreT e b AR R - 2 IEOQETH [{ e iuisi~hl -
Q, =11.5,Q, =20.0,Q, =245 [ F'Jp A £511.5420+24.5=56>25 » A=t Ff_%ﬂu (kL

&l ["EEIJF[@ o

w

L(£Q.,Q,,Q)) =Y (C, 2 +C,y 3)- 2 (ZSZQ‘_ZSJ

i=1 i=1

Hii2<0
S~
i
a_ R [2) ST i=1,2,3
Q Q 2
oL 3
— ==  +25=
7 Z}Q
= (9 cm 24
ESHR T %
3
A Ql Qz QS - ZQ| +25
i=1
0 11.5 20.0 24.5 +31.0
-0.25 7.1 8.2 11.3 +1.6
-0.30 6.7 7.6 10.6 -0.1

fhl e 4"~ -0.30,Q; =6.7,Q; =7.6,Q; =10.6
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10.7 Inventory Model with Probability Demand
A.Q-system
— fixed order quantity(EOQ)
— continuous review (variable order interral)
B.Lead time
— the time between order is placed and the goods is received
C.To specify the allowable probability - reorder point of stockout

0.025 4
0.02 4
0.015 4

0.01 q

0.005 4

D.Stockout cost
— assume a fixed penalty cost for stockout()
— the expected number of stockout

B(r) = IOrOf (x)dx + f’(x— r) f (x)dx = f(x- r) f (x)dx

— stockout cost function
sC = p(8)B(r)
— order cost
oc=cC,3
— inventory cost
IVC =C, (& +r-X)
E.Total cost
TCQ.r)=C, 2+ p(3)B(r)+C, (2 +r-X)
¥=-C, &~ p(%)s(r)+ &

F.Solution approach-Henristic

— stepl:let B(r)=0=Q, = /%2 = EOQ (for deterministic)

— step2:use Q; =,

— step3:use r = B(r)
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—step4: use B(r) = Q,

i+1

—step4: set i=i+1 repeat step2, 3, 4 until Q,

i+1 i

Example:

The lead time is 5.2 weeks(1/10 years) with demand mean( « ) of 1,000 units and

o =250,C, =100,C, =0.15 perunitand p=1.00 per unit

sol:

Ql :\/zghco :\/2(10%0(1)5100 — 136515

1) Iff (x)dx = 2% = 225045) _ g 05

= 5200 _ 1 60,1, =1400

B(r) = pf (5)+ (u-r)6(=2)
— 250f(1.60) + (1000 — 1400)G(1.60)
— 250(0.111) — 400(0.055)
—5.822

— Q; _ \/2D(C0C+hpB(rl)) _ \/2(10000)0(.11(;0+5.822) — 3756.27

[ (x)dx = %5 = 0.0563

20 =1.586,T, = 1396.5
B(r2) = 250f(1.586) — 396.5G(1.586)
=5.99
= Q, =3759.86

-Q, <e and r,-1 <¢ ,

Example:fﬁﬁpﬂk I‘Jj\ EB1000(f » EfERY £ 201007 » & ETRY A 2R [/ > H 3=1*)E"*J‘FFHEJT

I £30~100 V3 %Effi—i%*ﬁ}p?l’E—RETEﬁJ%‘(%iJ#}i%EFﬁleﬁ’jiﬁgr:

Sol: D =1000,C, =100,C, =2, p =10, f(x) =

/ ZZhC 2><1000><100 =1316.227

100 C.Q 100
— ~hN1 1 ___2x316
J. f (x)dx = &2 —j =

N N 100  10x1000

100

ﬁﬁ =0.0632 =1 =93.68

B(rl)=j: X)x = [["(x—94)x 3 cx = 0.18

100
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Q, = [CEl) _ | [2d0i0:005) _ 319,06
J~100 f(X)dX _CnQ _ J‘looi _ _2x319

r, D 100 10x1000

r}
100

00 L 0.0638 =r, =93.62

B(rz):jrl X)x = || (x ~93.6) 13 tx = 0.204

100

Q3 _ \/ZD(CapB(r)) _ \/2><1000><(102+10><0.204) =319.437

1 1
” f (X)dx _ %% _ [ 1 _ 21043
r3 D r, 100 10x1000

100

], =00639 =r,=9361

Q;-Q, =0.163
r,—r, =0.010 =1, I, = stop

Hi i e B 2S04 T IS 20 U <

10.8 The Newsboy Problem
A.Asingle period model
B.One order for entire process
C.No items are transfer to next period
D.Unknown demand
E.Trade-off between under too much and too little
F.Incremental approach

— cost comparison between order one additional unit and not ordering one additional unit
— the optimal Q" is reached
when EL(Q +1)=C,, xp(x<Q")=C,x p(x>=Q")=EL(Q") since
p(x<Q)+p(x>Q") =1
= Co, x p(x<Q7)=C, x p(x2Q") =C, (1~ p(x<Q"))
= p(x <Q ) o
G.Key element
— probability distribution of demand
— over estimation cost Cov

— under estimation cost Cu

10-14



Example:
u =1000,6 =100,C,, =10,C, =
sol:
p(z<Q")=44=029=27 =055
Q" = i —2x o =1000-0.55(100) = 945

Eﬁﬁ’W%@ﬂ*SWHJlﬂmﬁﬁwW%mEETF @%ﬁi f%ﬁjiﬁﬁ
€% P LY ORI R 2

Sol:
C 2
P(x<Q)= L = =05
(x<Q) C,+C,, 2+2
P(z <2#)=05
= Q =150
o , o me /oooo XZO ) }
Example: 5. iy Fﬁﬁi e PSSR - 7“5%?1 B BRI IR P(x)= ’ IE?F?‘Q?F
0.W.

EHFEEIS (F107 > S 1857 - PRIl s 145 L8+ OB TR e e
FIVH RS M S G 2
Sol:
FEC. . GEETIEL > P FOEEETHIAY b 0 RS o AU I 0 (R AL
Bl BT ORI QTR A

[ ol =L=2 ()

+
i p—C_35-10
R i = - = 0.6944
Qb p+h 35+1
= jQ L o fongy =1 %o = 0,6044
© 10000
= Q" =11856
1 711856 » FIILATHS Bl 2 =100007i £«
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10.9 Variable Lead Time
A.To allow variability of both demand and delivery process

B.The lead-time demand density function(p.d.f)
F)=[ y(x: gt

y(x - 1) =conditional p.d.f. for lead time given lead time

9(t) =p.d.f. for lead time t

C.Based on central limitation theorem, we assume f(x) is normal distribution
u=EMXE(L)
o’ =E(L)a’(X)+E(x)’c?(L)
Example:
E(x) =50,0(x) =5,E(L) =16,0(L) =2

o2 (%, L) = (16)(5) + (50)2(2)? = 10,400

o?(x)=16(5)" =400 (lead time is not variable= ¢*(L)=0
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@ 45 RS 100 [ 2 BT R h=002 7 - R KO ketoo
~ I 12 MR I Q° T - R

Sol:
2kd 2x100x100
* — = =1000(f
Q \/ . \/ 0.02 ()
t*=Q_: 1000 _10(%)

d 100
SO LIPS 12 2 o [ RS 10 2 o Py €A 2 (=12-10) [ » ST 67 - A €783 200
Hf (100><2) [ €7 1000 -
= d % m =100 2 = 200({%)

155 15 = o R ETHE ( Ans:500 {F)
f[' F5 23 = RHERE e (Ansi300 )
fh' E Jj £5 80 v i E“?&ﬁ ( Ans:800 {F )
ﬁﬂ’ﬂj}ﬁl’ﬁ?j&ﬁ% 10 =~ » 2RH ET% (Ans:0 (%)
3T EHI_J—’\QE:_J\EH}T]I ﬁ/\lq TSI > BT8R =100 0 fEYEE o =10 o YN [ FJ
(I ] 5 2 SR TR ﬁfﬂ\t» 0.05 » TRFHIFETEI B o
Sol
FREIR =2 = > 7 I8, =2x100=200{F » 5% 0 =V2x10° =14.14

f(xL)_
P{x, > u, +B}
s

Xe—t o B etz 4 =, B ;
P{ - ZO_L}Sa [ R A 441421.645‘/8223.2
i
plXi=r s B L 605

o, 1414

A2 112 005 st SRS T SS0100 (F » AEIEI0 - SR FURLY T
TR IS 15~ < (Ans:g =500,0, =12.25B2>20.1)
I‘FIIJEIIE#F HEL 23 - (Ans: g, =300,0, =9.49,B>15.6 )
(IR 80 %« (Ans: g =800,0, =15.49,B>25.4)
(RS 10 - (Ansiy =0, =0,B=0)
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