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2- Demondl rote

K - Fixed Cost

C - cost per- un)t (Variable cost)

h - Holding Cost rocte

Q- Order Quantity |
G(Q)- Average @nayzl cost (as @ function of &)

T- Cycle time
CQCT)- Aerage annuo) cost (s @ Juncton of T )

2
SLEWLS ey LSS ) |
L Jota) Cost e K+cQ+h @IN)
9/MUJ e %__

G2
KitO sl 0- 0. 5 Q
QfQ,DZ - AN ) 5
1z D}Zé// Ut/ /95 IOINY'ND 0 Yy MIC |
L ol A I 2l
S e E T e
=> J* = V 2%1 C -0 pudu RSL D(o‘/zop JSAEN

G(QE) = VK 2 A

=

T- head +time

R - Reorder foinkt ¢
(Q,R) - Ordering Polhcy > order @ fixed Juantity Q every

time the npentory s at or below R.. 1 <7 = R=0T
When 257 2 R=3 2 (& = Tam-FdyamedF |

For- firute Production Rate 2 H=(P-2)74 = H= CP 2)< )
= = @ (4= %’) M- Maxwmum level of on-hand Im}afécg

riet frlboel’)t(?l"g }eb’e} &/}'LQVL OY‘O/QPIHg
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Ho/olmg COst 2 /1.(02".//,7)_-4.0%,@({‘ -g-) - | @@
Deiine b = h (1-2) = Holdmg cost ~h- k@7

_@ /92/62 /é%
L@@M@WPNQL ool

A

P- backorder coct rate ( Per #ime umt )
P- backorder cast Per unit

B - Maximum backorder leve/ (units)

/B-‘-T;(P—) HRr-o) (’H:Tj-g)
o e o G ot/
o

judeg 7z -

Ly + 8

2. h o
H=Q-b- (74"'7&)9 g mﬁﬁggfo(«))r a-{;)sg(gqagéet: Plepluce

=g-p- F2 - l-#-e
Inwentory 13 where doy startesd

H=-B+ (T2 +Ta)(P-2) 3 Plus whaf sou pus
--B+ F(p-7) = a (1-F)-B

onder- cost
K Per cycle
Inventory CoSt
AE ARG OE PO IR AP i %*%’ "H "-‘_
(H-;a + x/(,o—z)) 7 &
20P-3) bt * 5CP-2) =
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_émgge_cast_ | ‘

: Prepared by Boris Milner |

PAL NN % ;
2 iPLd- R Time _and Quantity dependent | |
P-B  Quantity decendent '
i ERZ2

G(Q): K+ J}L Zf% o_z_ " A 7 PR /')@/W‘

7 1
<K D) P2)= 4+ P
WL ‘-'7[(% o) kAP T ,f

(=) (121

B Y ~

Reorder pont ¢ p=)7-A
Fll.roée = Q@;B' AFLRE OO =B =g T
~SRNSIEIITY

SN g BT §5T ek R

b hich Way o roynd ? |
)F You need to choose between Qgég* S ]

Choose the one thot has Smaller geometric deviatior .

&*

QL | O %4 LA Midroint 13 where the two are egua)
Um _ Qe |
rons I o s Xl (DAL

Geomel)%mc /?wemg e

Power 0F JGJo

Orders can only be placed once a unit time |
Allowable reorder intervals are TPO2 (1,2,v & 632,
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Quantity Discoynts.

LS Wi W s o e W W el

Jnterva) - Quantities Sor which the Unrt cost )5 “unchange
M~ Number of tervals (numbered 04 ..., M=)
Cy - Unit cost Sor interval 5 ( Co> Cr>Ca>Com-v)

b7+ Breakpoint I - Beginming of Jnterval I
D=bo<b4<ba< bma1< bm=X |
G (Q) - avergge anoual cost as a Function o;? QL glven
N that @ Falls wrthn M%QPL?Q)J
Plan_of attack
e ook at each interval Sepgra{dg
Find. QQ)EO& the unconstroined OP{;ma/ Yalue
for interval 3. [Use QUEOR to find QX ]
bi 2QUIEOR 2 b, = QOIF = QUEOL
QRUIE0Q <« bi % b, =5 QCJ)*": b

bj £ bj,, <02 Q9*= by cl@)

| e
® Find the optimal order guantity by comparing the
Op{/ma/ Value Jor the difterent intersals.

Quantity. Discounts-Moldimg cost Q- |
h=1€ﬂ?@ Depenofs on Q. = Hcﬁgl;ng cost rate)s a

10n O£ Q..
b s S W
O@fl’ﬁ@oﬂ Aj _JCJ- 7 W/

Fore A2l amts. Luscownt s
/n each interda) T Fnd QQ)EOQ“ -
C @+ i+ h@E-TQ - TS

G (R) =
ClCigey o %& [Icc@)+wj

P
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C(Q |
i 2 TCaF WA | |
e CJ‘Q e —j—[ Jc;L ] = -
_| Wi hr @ _ U)EoQ N,
= C : + el 2o = =~ i1 ol .
T A+ %.' = Q@ —QD /
Zncrementa). Piscount.

For €ach nterwvalj find @V S
ccczm\:-;-hc@)-z’zr-a T
.(@) = Y

- Lot Gy (@ [P NEDSENE < 2

+w]@ i T

——

CCb)+C (Q- b
+D- L 1)

¢ Tl )
» Lo G ol o 4 K2, T C(@)Jrc @- bj)ﬂm

:C"

J

IL(S%chbﬂ ; CmC(QbJ)—Qbﬂﬂ e

:Cj2+

) |
= I EORL | %JQC/CTCCE')’C‘J@' |
7 QL} ' Ni /ijj Mﬁ////

eterminist)c Deman 18Crete Jime

n- number Of Periods in the planning horizon.
r$ - requirements (demand ) n Perod 5 (. 2;)
Y - Amount to order (ot sze) mn period 7 (Q5)
15 - Inventory held $from. Period § to Periodl j+4
T, - tia) inventory (he=0) |
T- humber 0f Periods covered. with a certain om(er- (s‘\wev- Heal)
e In each Permc{) units Can become available Srom
— Production. in FPeriod. §
— Inventory from period j-1
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T
e n each feriodl f, wunints axn be used For @
— Pemand in period j
= TFLfS’enior“g Jor Ferod )+4

Jotal Production zg; must  egual total demand fﬁ”?

Representaton_as_a Neluor Flow
In=0 WV eV eV W o Yl W
Modle O <=> Total production
.
Flow in )s 2.F7
Mode ; represents Peviocl )
Flow out Js ry
Arc Co,7) represents Production in Fericd J
Flow in )s I;

Cost )s (0 or K;+Ci Y;)

Arc (f-4,7) represents ho/a/mg )nwentory  Srom Period 1
Flow i (18 1T, o ="
OOS_Z: )S }L)'_{ I;_,! .

MIP Representotion

1 ¥ ¥>0 indicator ﬁarcable mdncax’:mg )£
g = Yo it yi=0  Production tokes place in Feriod j

Min Zn: Ck;é\, 0 Y| + -1 Ii—f)

St iﬁ :ig: 1i,di =0
IERES NENsEPE | JQ{CH'}
Jo=1In=0 M= 251y
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Solution. Methods

e Heur)stiCs
+— Lot for Lot| (LATL) |

— S)ler- Mea A "5at§}sfg

o OPLimal 'Q)Qor‘)fkm  Zero oﬁdér‘mg

R Nagner Whiten (W) | ' |
— Zangw)ll (Include Shortages) _ |

Lot forl Lot | | | | *:
Proafuce each Periocl exactly t)qe r‘egc(tremerrt Jor ﬂaat PeriOO(
Himimizes insentory CostS <> Haximizes fixed order costs |

chlser - Mea _ |
Start aé Perwd { by examming an order §or one PemoaL

— Calculate the average Aolo/mg and getup cost Pey Per“loo(

C(T) )¥ orderad For 7 Periods
Vapriable order cast )s constant —+ not oonszolereo[

— JTncrease the order one Period and recalculate
= Sio,o When. alvergge cost Per Periocl. begms 1o Incregse
— Order enough to cover demand For T—1 Periools =

; i i
Tl S kb T ah-rs L+ Ot b
3 AT 1O T | then T—TH
SABIES AEWES WA B A INEY APEXS

‘)quanpr Whiten (OPf/ma/ /?/yOP/{/Lm) . | '

In Per;o@(, 1 Produce enough to Jast unt)) Rriod ] O’H +Y".1)
J goes From. & to n+{ |
Period  n+ Slgmf}es the end of +he world

m-
The cost for each fath k2 C;5= K +C Zm, +Z [m SZ hJ

mﬁ
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T *
:Ki‘f C/';Pm £ ZV\mj - |

Dunamm Hﬂoammrrmg.
ofic mm:ca% of !Star‘f;mg Pemoo( K with Zero )n \entory and.
Supp lying all regiarements unt) the end of the world .

JE/{ = mn (Czjkaf)

KH 2T =134
JCnH =0  (Tntial Cona//é/m,)
| Zangwill G (&)= /Cé)-fcoe/,
> Shor{ages are allawed Cjr = Y‘m)+ Z Hs st+ Y‘m)
=L~ gmount.of Siwréage CUnsat)S&ed demandl )=y
S (I ) - CoSt of having I; units 'of c(fzsa-élsf/eaé ili=o
~demond. at the end of period i
~ A Shorﬁageﬁ Satisdied bg the end OJC time CVZ_)

EEEE. MIP Representat
mmg (G‘ (I G F S0

| 7 a |
5 gy‘; =219 | S ANCIYMER e
I}_{ ?+g;'+]__;w =Y‘,-’+_T5 ""I}:' Z: i I 20
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ﬁ_t,Q_QiLQ,,S,iLQ Demond Discrete Time (

V- Sez’lmg Pmce Per uni+
C- Purchase cost pPer- wunit
h- /Lofafmcg cast Per wunit (1 Sa/&’age u!a,/ae)
P - Shortage cost Per umt (@bove Jost eale) ,
D - Cont)nuous random variable representing. o/emaho(. wzth
Known. distribution . |
d - mstance /realization 0f D | T
Q. - Order quantity IvE |
AN OH’EFQge Cost Per unit = C+h 4-*PP05(D<&/ FCQ/
Cu - Underage cot Per unit = (\/c)+P<— Pf‘ob(D>CQ) ff-Fc@)

Cu- (4= F@*) ) = Co FO®) = F(cz*) cm gnma/

at/o

G(Q,d) - Owerag angl una/em,ge CoSt @t zflze ehd Of the
Poriool. when @ umts are ordered andl fhe a(e:mna/is dl.

6(Q) = E, [6(@,d)]
6(@.d) = G(Q-cl)+ Cutd-@)".
G(Q) = Ey[6,d)] = f G Feb dat |
6(0)= G ) @ cl) " Sicidldl +Cu S -@)* Jul) -

: coiff(@—oé)-oocobo!a{ f chS (d-@)-$c) dd
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(=)

Seyw|ce

AL- NO Stock-out probab; 1ty
B- Fil rote ~ Pemeniage of o(emand Hlled off- *éhe She):?

] /Elﬂa]aaéo/z of &Amfagepcosf _uding ot |

o No Stock-0ut Frobability set 4o & by managemen-t
Gisen Vic,h and o calculate P

A+U-Cl Pri/=C |
o = F(Q*) 4G -'(;wc:ﬁ@m) *' P+//+JL |

ol- (PHVh )= Pri/-¢ ,
X (V+4)-U-c) =P (- aé)

oh+C-(1-0)V | odAEC
PP G R i

—

2= startmg !mﬂen{;or*(;/

Q - Order Quantity

S -order-up-to Quantity
ENEICE Y aNEN

ok - desired  order-up 4o Quam‘:
G* )2 Independent of u | _
S = Opém’ra/ Orc/er Quanf/f(y Without Ih;é/a/ /fwenéovg

G(SJ+ EXPGC&O{ OO.% (gWerag e ahol uncferag;Q) abov e -6!««&
Night decision when ordering-up-€o 3 units

T(8) - Expected Profit when ordering-upto & Units
F(S) =@t
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Fixed Order st (s, S) @
g Prepared?by Boris Milner

Indifference Ponit s T = T (S*¥) %
(O F Tl = G o= (Ve + Cle —G A <4
G =G(SIHK

Define s*  as +he smallest mtial nventory « suc/z t/LQé
Gest) - G(S) =k | |

When the net muentory at ‘he sfart of Zhe ,oemoo( 28 /ess' fhan or

—~

egual to s order ‘o bmndq the muenfog up to S.

Tndinite horizon (S)

N- humber oF Feriods

di - instance/realization of D i period |

S- Or‘c{erbu!o to lewel in each Period |

h - J«olo(mg cost Per unit m Stock at the endo of the /oemoo(
> No Salvage Value because the world oloes not. endl

P- Shortage cast per unit Closs of good wlll)
- Al Shortages satisfied the very next perioel

Critical Rotio.

EEEEiNENEE

Bockorderg ¢ F(S) = Cuf ol |1 PHFR |
Cul  DcEP

I\IOS‘{: SG'@S 3 FCS*) O.44~C0 ﬁ_c‘}_P_}_h_ ;

Packorders
Ezf)ec{eol Profit over n Per"faa’s’ = -C-S+(V-C)n-0r+ VE [mm ¢ Dn_)}

L)+ h J 6 DISebdd splcesrtahdd A, RS
Aet. n grow wlihouf bouno. >£A’p€cf€a/ Poht Per /%nw/ 9ot Prof) Fer Ferod
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®)
Over- iInfinte }ww%wz, Expé’cz‘:eo/ Prof £ Per Period Lg @
V=CJM ] (S) < [ Profid of k 19ht dectsior - /’C"Zié-é ﬁfgg,f‘;g,?e

Fes®) + 7E T Oem ||
= C 1 may affect b
— Vmacy affect P
Divide byl n = QZ/Of?C'é@o/ Profi#

Mﬂ 7 T - =00 =~ 0 e}/- }nﬁl Pei'“ P@f?@o{,
/Sxpecéea{ P/"ofré aver- n Pemods Je s i i A -

C 8+ V- -ed - fd- NNEES IR

oper maf}mfe homzon (V- c)[/( f d-5) $dy oloU LCS)

Vic Cu
FCS) Pfl;r—c+h “Gi+Co

S* B )owger R st Sale&‘ than with RBackorders.

_Slochastic Demana/, (‘@nﬁmw

| | Base! Stodu + 8
uncertain demami oiur"mg Supp/;er- /eaa{ Lime
H- on-hand ;mﬂentoncy Cumts) '
B- Backorders (uUnits) |
1- Vet inventory (I=/H-8)
O - On-order inventory |
X - Inventory Position (X=]+0)
T - Lead #ime

Da{ Random Uarigble and Instance of a{emand duri Og
lead-time & ; D15 Continuous ¢ F(L), $d), /4,

h }w_]o( ng casz rate | 5-base Stock Jeve ]

ﬁ-,\bacwrder" COT L O 63(6‘) expected Cost per «h e
MEEEETET L using bace Stock level S.
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S=x =+ O) B
* On-order MUen—éoréy at time t (riow) egaals dmmﬁ;

Jn the last 7 ¢me amits [t-r,tJ<> O=d
+ An order 1s placed together with each Aemanal .
* Orders before time ¢-T have already erawec{
e Orders after time €- have not et czrnwed’.;
» Number of orders between time t-7 and t )8 emc{:g D

ST e == 80[-~> H-8- S-d >/~/Sa£+8

HE ) Q»Em = 8- M
B= (d=8)" ETH] = S AcF BB I o [

| 'G(s) = h-E[H]+ P-E[#]
E[H] = j(s-ol)a%()o/o{ + go-fcd)dd

S | N
ECB] + 50-&01)0!0( + S<d~s)§ca()old

et gS(s o) S dld pS@L $)uh)

(Lerbn)2's rule)

%%_8' all] §§(a£)0/a{ T ﬁg§(a/)o/0{

h FE)- PlU-F(s)=0 = F(%)= &7
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/vOTL 5/z¢e //—?eord'er font (@ ZB I Y )
- When +he )nwentorg Jevel veaches R (reorder pO;m-(;)
order Q (ordev* guamﬁg ) Units,

. SMrtage Cast > holding cost

T - Lead #ime ] |

' D- Rondom Varigble Oﬂo/ an msfamce of  demane| during
~ the lead time 7. |

WE Ezpecéea/ demand rate + =T

& - Sofety Stocke (S=R-E(D) - R-2%)

T K- Fixed ordenng cost

C- Cost Per umt

h- holding coct rate

P- backorder (0%t Per unit

R -reorder point (Units)

Q- Lot Qize (Units) *

J- Quergge gme betueen Ovders T=%

G(Q,R) - Gueradge cost Por unit time J§ Using Qond R

g Tnisertory Aﬂ/a/mg cost CAPProx )

‘ umﬁlentorg Jeve) Laryes )mearicy beﬁweem_ 8 and 2+aL ..
: —> &= E[R -DI1=R-I2C
Expected holding cost Per unit time (APProx+) 18

SH(SFRY )~ | .— | |
DT L @ra)ok B e

E:c)oecfed a“/xeo/ o5t Per Unit Lime dependls on AT

KA
7‘- @
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Expectect number of stock-0uts In_a Cgce n(RJ .
n(r) = E&D R)+j “ffcd R)Fcl)eld | --1 _

S)\orfage cost Soe a cycle S )ndepenolent of @g P VLQE)
- Expected shortage cost Per untt time depemofs Oh ﬁslo
PHCRL | PnCR) 71l " HENEEEE |

E:T 4 J

| | | |
. Ex,oecéed, Cas-ci Per‘ unit time C_,h(}dmg QefMC amdj\om:ﬁe)

P - fi,L{;)
Q|

Qﬁ—m~

PN SN /DU SONDUUIL FVOUUNL (O oy o |

6(&9)?“)7; (§ ‘*‘ﬁa 72:)+

Q/al%i 2[6?/9/2(2*)]/ @) ‘ . :
zja*? NS WD é

FRY= T P T T E)
Solution, Procedure (Arpraca) |

I{;er’azﬁmg beéwaem eguations (@) am( (_b) unt))'two
| uuc:ces..;llﬁ D‘a)ueS O§ Q and R are the Same’ '

-@?ew ‘)—JQU. @) n(i%)=o} mENmE
) T

.

}r('RY@&J) _ P9 pthneu) =/>Rneul oy |
o= 22K+ P nCQO'O’)] - EENEN
. ‘f SESCC IR puuas j@ PreE
ew | L l newd
| )_'(Rneu))___ P2 }1, Q”l L RrLeou Qﬂ) Rf) R |

LT
el QI RERTY IR ENERER
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| (APProx_2)
IH[?QVH:OT"& )QV@) Laries ’)mem‘lg bQ’éUJQQVL T
L ThQ' expected on-hand muentory b9§ore oxder arrises
| E[(R D))= E[R-D+ (DR)' ] = R-0% +rL(R)

= The expecéed hot mwemtory cta%er Oro?er arces
$+Q R- 9)’(: +Q

Expected Qwemge holding cost (Approx2) ¢
— < (S+N(R)) + (@+s))
bl ledd | ] L ren L

. k(%*ST Ry )

T (MR

* For H\e Lome @ ond R, 2PProX © reporfs Q )ar“g)@r
Sa?ﬁw‘;gj Stock  than QPOrOx A,

APRE Jom[/c/i— TGON BN (s1) ,
H- p2 QZ}L B Sc;;nezfemffms!
| - : orithme Bmg A and b
F(R*) = el E A g
| AT C nsteod 6F a and b

ZOC demand :?olom a ”Or‘ma! 011315?;6!»(-6)01/1_ /U(/c{/ =)
B O /l/(’zl’/<, 2’6’2') -

F vaA/(/w @’Z) |
/2,(/‘&) IS Cormp yted C(S!mg the J-éano/arﬁzgea/ fogj’ ;&nc{;;om_
A,cz) j(t*%)ﬁ(i:)alf n |

n(/@) 64 (&./_4_4_) RO
Prepared by Boris Milner


Boris Milner
Sticky Note
Prepared by Boris Milner


Multiple Ttems Sngle Stage

_FOR  whith Constrains.
I numbévv of 1tems L _
G, Ko, hr, 5,6 T3, G (@) =~ Loke EO@ (=4, in)
Wi - SFace Consumed by unit ]
I tota) SPace avayla ble , , | |
C - total budget avalable Jor- mventory nvestment
Q7% - Order quantity Qs determined by the EOR formulq

, EOQ = AN T
Q- /2L
Solut PProach.

e Solye the problem oun&h help of Lagmmgt&n Hulbphers
Y- Lagrange mthip yer- for the S,Oace constrainst. |
0% - Lagrange mulipher- for the budget constmmt

—

SPace Constroint
" ! n hi Q; T ALY
min 3 Gi@) = 2 (A2 %)

Subject to:  JTWiQi < W -4 )
Q; =0 | =l

)F TIWiQTO% £ ) then QY= Q7% and go no Further,
20w Q8 > W, then Some @578 must be reduced.

| ngr@pge\}@tﬁlﬂ:

- Call fh@ dua) variable for the constrant 6%

¢ OV s the decrease m the avermge cost that would WW
result from OoUmg an addrtional unt of resoure s
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p =
mfer/oref G il 3 diLLere nt Ways s
—  Mow much w)mefg Lo pay Lo expand the Warthuse
— Chopge the parts for wmg our space
mF Ohawgg QurSelves for volating the constrain

‘ The new target gupet)
Jinol Qwaﬂd K+, 02,.. Q. to m)wa the pmb emse

g { pn [ (BB 52 o lagon)

OW>0 w0y (= O

Differentiote and set egual o zero

g@y U For I=HL L Gk éf@w T
99‘ AAENY S RN
190 L 17 QFZ T8 =0 L T Eatln.

7 B
L :;Wi@; + W =0
Ok Iy
So/iﬂmg for QF : Qs :ﬂ;ﬂ;}.—j i Y

Z: LL); Q}' pid l"\/

Budget Constraints

LK i Lol }7.}’ = 7] Cf
Q %1 +. .08 Ey V- Lode P o '

L e byt
ZC; Q; c Q,;’ = /l;p_fgf Qgc)cf szggf 4+928/i-
{ 7
i 7//4- 27 = %% m

12 = l/’/"r‘oZé%. ,
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L£0Q With Common reorder nterisa.l @
7/03;5@ ' / g e
EOQ A {8 K i
QJ' = /7;,' I A«J (1~ 2.///9

T, = 3:). ;T The common_ regrder interval Sor ol P‘t‘od-lcﬂz

9(7) /Qwemge tota) cost as a Function of T

Dbjective s Find aQ (Oroducﬁion schedule thot loma/uces all /ﬁems

On the Single machine in Such a way as to Satisfy all o/emam{
"hape no Shortgges anod mnmize agerage |Cost. |

A’IPQI"QOP Annual Cast

—

| K 9 hi Qs
Averag e Cast For: /oroa(uctJ + G (@)= e wik “JQQ—

Jor- al] products ZG (G )= 24 ( %_-,ZJ 3 hjéec%)

(J_Cj_ RS R

Gl Fl At ] | = gCT)‘ZgJ())* -
J - 2i)) |
02_2";6 | : aE

T* &% Z}LJ 2__) . a

Aoldin 19 Set-tp Cimes
Oj - Setup é;me Jor item j

- Jota) Setu/o tme 1 a cgle, 2isi s mde,oeno/ent of T

- Jime available for Sei'«(lo )5 J- - Z ‘F_SJ__ =7 ( Z _L)
= f T s small ~ infeasible
=a L AN /crr"ge ~ feasible CPr‘owc/ed ther )2 Some JO”Q tlme)
- A particular T 18 feasible if and only

FZ15J-—T({Z” <#>Z *Z(
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| this leads #o the constrant. | | A2

255
T>,/ Z(‘—J) Tm!rl;

- _Lemand Rate (forecasting)
| Feo = Forecast made in period. -2 for period +

AN TR | =
. T:me of %he last obserwa-tzara t o | |
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