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ABSTRACT

This mathemati cal pr obl em wveokprestigates thedVordiagtofe

Newsvendor model utilizing computational software, specifically Excel. The primary objective is
to forecast demand. Conventional Supplgmand techniques often prove inefficient and
cumbersome, prompting the explorationnefv methodologies. This study presents a case study
and application of various tools to create a forecast. Investigating the properties of Newsvendo
model and getting managerial insights. Furthermore, maximize expected profit and minimize
expected lossln conclusion, the utilization of C language and code for advancing our
comprehension of Newsvendor model. Future endeavors may focus on refining accuracy ang
optimizing forecasts. This approach holds promise for revolutionizing inventory/operation

managerant across diverse domains.




CHAPTA®EHR

| NTRODUCTI ON TO NEWSVENDOR MODEL

11l ntroduction
The newsvendor model i's a mathematheeht mogel e
for a product that has wuncertain demand and] a

ordering too much or too I|ittle inventory a

also known as the newsmholye pappl ieend ®Hectheedgit
vendor who must decide how many copies of tlhe

unsold copies wil/l be [2orthless at the end f

1.2 Origin

The newsvendor model is a daeaesl&888nvwememrirlom
Edgew@Bushed the central | imit theorem to finfgd
random withdrawals from depositors. The ter f
and the modern formulation of the prebl eamdwgac
Mar shhtkh 1951. The model can be applied to a

seasonal produemanwi ahdu[Blceed apni des

. 2.1 Applications
e newsvendor problem has many applications
timal order quantity of a perishable prodgct

mmampl i cations include:

rsonal IAweistvrentesr must decide how much tjo
turn -famele aassaesk with a fixed return. The ifnv
ility of the final wealth, whieahH idememdced ufym
sky asset. This problem can be formul ated] as
e amount invested in the risky asset, d e

t me orfe tfunre er iasls et , the wholesale cost i t h

ro.



0 Emergency :Redvospcdacti dnemshow many units
emergency situations, where the demand
hospital és objective is to minimize the
t he ngoldost , the shortage cost, and the

formul ated as a newsvendor probl em, wher e

dered, the demand is the numbers hoofr thalgoeo cc o
0

| esale cost is the procurement cost,

the negative disposal cost .

uf accAumangfacturer must decide how many
l ing season, where the demand is uncerta
manufacturerds objective iIis sotmaxi eveer
es, the production <cost, and the
mul ated as a newsvendor probl em,
demand i s t h,e tnhuembseerl loifngunprtiscesoilsd t he

production cost, and the salvage value

al HAs tr etad estate developer has to decide
r a single selling period, where the dema
te. The developer 6s objectihviec hi si ntcd umexsi
om sal es, the construction cost, and the
formul ated as a newsvendor problem, wher
mand is the number seif |l umigt prscldi s the un

e unit construction cost, and the salvage

shAohashion retailer must decide how man
supplier, where the demand is uncertain, a
objective Is to maximize the exmectadedspr afie
cost, and the salvage value of the wunsold u

problem, where the order quantity is the
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1.2.4 Working of Newsvendor model (Brief)

|l magine you are a person who sells newspapgqrs
each atnhdensetld people for 207.57 each. You a

right? But you donot know how many peopl e Jwi

Someti mes you may have too many newspapers Jani
day That means you | ose 41.51 for each news]pa
W newspapers and you have to say sorry to]t
se 166. 06 for each newspapert hy csu tcuoauli d nhsq v e

w do you decide how many newspapers to bu €

here Iis a way to find the best numbe
essing. The math part is called the ri
e about | osing 166s@6 yeusuarkosbog
mes more than | osing 41.51. So, c
enough newspapers so that you have a |

ng some | eft over.

ssing part is called the Demand Di stjri
number of peopl e i yp ut
want to buy your . , D
ape that shows how the number of pedqpl
called a Nor mal Distribution. 0 C
and twhowimtesh wheée chumbhew can go D
ase, the middle point is 100 and e

who want to buy your newspapers ip I

can use the Critical Fractile and |th
s to buy. You must find the point Jon
want to buy enough nheawscpea ptehrast snoo {teh
to buy them. You can use a ca-lculjat
ysacwrr ec @ sse ,0 .t8Me ZThat means you mugt

gi vesanyow Hay .lbal Bua yewspgaper, y

st number of newspapers to buy!
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there is one more thing to remembg
of 10. That means you canodét buy exa
ase, you should &dkedaydebRpumdr &p
ome extra newspapers than to miss
10, you pbhOpuld buy 120, not 110

ast

t is an estimate or prediction of
éedsfactors. A forecast iIs iIimporta
the opti mal order gquantity that
endor model uses the fohetastheopct
g the demand without having excess
rginal profit and the marginal cos

he i nrvaecrtsiel eo fa ptphlei ecdr ittjpiZzckahle fd e mand

king of a Forecast

ng is a technique that uses histor

e in deter mirneinndgs.t he direction of
i on: Gather historical data that w

a Forecast Model : Sel ect a model
vV e or guantitative mo d e |

ive model s use sitnaftorsmatciadn.dat a

Analyze the data using the chosen

ionships in the data.

n: Make informed estimates about

used to make ptrreemadsi ons about f




Verification: Compare the forecasted resultp

helps in refining the model dmd.umaeki ng mor el ac

|l tés i mportant to note that the accuracy of] f
new dataawbveaiclhameldei.nance, for exampl e, compalni

earnings or othper dent av.efadrh esru lpsreeqdu ecrtti o n, e (

to predict cfomtdutt® owesather

1.4 Description

The project ai ms t o Under stand Operatifn
and Creating a Forecast. The Forecast is wuspd
expected profit. This project wildl i nvol ve Jex

il ncrease our expected profit and reduce our] !l c

15Probl em Statement

How to determine the opti mal order quantityl o
fixed prices, such that the exmpedtad pmr afiimi}jzie:

consideri-omfgf tlhhet weamet he costs of overstockifng

1.6 Objectives

To gain a comprehensive understanding of the Newsvendor model, focusing on the forecasting o
it on excel.

To check the working of Newsvendor model through ¢ language code.

To check the local markets for supply demdssle.

To maximize expected profit through Newsvendor Model.

To check stock probability.

1.7 Expected Outcomes
A running code which hegatatesha Demdhd 6fbe}se:e

l nsights into the working of forecasting anfl

M O



A Getting manageri al i nsights into Newsvendor

Figl.1 Newspaper vendor sellingwspapef5].




CHAPTER 2
TERATURE REVI EW

story of Newsvendor Probl em

e newsvendor problem is a classic model [in
hat deals with the opti mal order quantityll o
The newsvendor problem has a |l ong histor]y,
ntral | imit theorem to find the optd.i ca

The newsvendor problem has been extended] a

price effects, salvage value, stochast:i (
riods, multiple echelons,zaltdarmnni ragq da e huvd
The newsvendor problem has many applicdti
vestments, emergency resources, manufactjur
The newsvendor problem is stildl an act.i e
all enges, such as i ncorporating <customgr

sponsibility, and ethical i ssues.

Edgeworth introduces the problem of Jop

8, Francis Ysidro Edgeworth made a {ig
roducing the problem of opti mal c a g]h
ng rapidly, and there was abegsrtownagalgnee

ir reserves to meet the demands of depojsi

geworth's i nsight was to apply the <ce r
bability theory, to address this probl ¢gm.
ermine the opti mal amount of moyn erya nt dhoa

ot}

hdrawals from depositors. This mar ked |p
agement theory, as it l aid the groundwyor

bl em.

e of the key considerati omrosf fi nro el dveeewo rttighe’
|l ding cash reserves and ttrheefdr irskmaifng uanafi tni

wsvendor problem and is a recurring thenje
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Whitin's work was motivated by the recognijti
determining the profitability of a busine{s,
ncorporating price effects iatmotbecomwse|pa,]

framewor k for anfaflsy zi ngoltvhed tirmdenventor r

strategi es.

One of the key contributions of Whitin' wlp r
opti mal price and gquantity that maxi mi ze h
model i ng demand as a function ofi ome sedéedqnyg

the vendor should adjust the price to i fimi

Whitin's extension of the newsvendor mo d e C

nagement and pricing strategy. Hi s work [l a

the field and provided valuabléenvesti gy s

nagement decisionq. and pricing strategi €]s

1.4 Arrow, Harri s, and Marshak publ i sh ¢
61:

1961, Arrow, Harris, and Marshak publ i she
wsvendor mod el to include multiple prodquc
presented a significant advanaemernt ailnd otyleea
more comprehensive analysis of the factjor

pply chain environments.

e work of Arrow, Harri s, and Mar swakl| dvalp |
ventory management problems oflteaat nvms vjee
with its own uniqgue demand patterns and c]os
model to accommodate these complexities, t h

analyzing inventory management decisions i]n

One of the key contributions of their wor \
inventory decisions across multiple dimenpic
di fferent parts of the supply chohaiehs Tiiag &\
the relationships between supply, demand, AN (

for coordinating inventory decisions acr ogs]s



Arrow, Harris, and Marshak's paper | ' t hle
management, as it provided a unified o]
supply chain environments. Thdiirelwor k nhds qina
devel opment of new methodol ogies and tool f
[ 1.6]

1.5 Porteus analyses the effects of t
del : 1975:

1975, Porteus made significant contri ti

effects of |l ead time and demand variabilil]y
challenges faced by vendors in mheadi hgme gjlveae
demand patterns, providing valuable insi ts
in practice.

Porteus's analysis was motwiovdtded nlvyent lme y rjgmma
probl ms often involve uncertainties i bdt h
S ni I cant i mpact on inventor ytidneec iasnido ndsejmaE

iability on the newsvendor model, Port qus

ks associated with these uncertainties Jan

o] the key findings of Porteus's work fwa
ake into account both demand varialpil
ping mat hemati cal model s dhat meaptde]nart
ility, and inventory | evels, and derl]iv

ce of these uncertainties.

s'"s research has had a significant i]mp
ed valuable insights into the factorp Ii
el ped to i mprove our wonldveerds tiamn dmanrnga gifjh o

uncertain environments and has provi dgd

cisiongs[ li7/n] practi ce



2. 1Pe6t ruzzi and Dada extend t he newsvendo I

sto

I n
ext
f ac

cCO0S

Pet

chastic cost s: 1985:;

1985, Petruzzi and Dada made significdgnt
ending it to include salvage value and st
ed by vendors in managing i nvegqd ovayl whsgna

ts, providing valuable insights into t hje

ruzzi and Dada' s extension of t he newsv]en

re@adbrl d i nventory management problems ofte]n

and
t he
opt
On e
mo d
i nv
vV a

un

Pe

c

costs, each of which can fiaomsa Byginmdcgrp
se uncertainties into the model , Z 2

i mizing inventory decisions in the face o

of the key contributions of Petruzzi afpd
el s that capture the relationships bet wWee
olved extending the tradihashhiht d d
ues and deriving opti mal strategies r

ertainties.

ruzzi and Dada's research has had a sigpif
it has provided valuable insights into h
ir work has hel ped to iprpaivtei e@uri numndalew gsd
entory in uncertain environments and as

entory dec[ils8]Jons in practice

7 Gallego and Moon propose a dynamic]| Ve
rning and wupdating: 1997:

1997, Gall ego and Moon introduced a dyna

orporates |l earning and wupdating mechanf s

mmonwarelad scenari o where vendors | acsk prjec

t

e

a

can gather insights from past observat]io

core assumption in Gallego and Moon' mo
uncertain and evolves over ti me. a

mewor k that all ows the vendorn [t |

M ¢



By | everaging Bayesian inference, the wvendo
(learning from new observations) and expl off t

profit).

One of the key contributions of Gall ego d

| earning rules, including constant, decrea|si
the vendor updates their bel iiedhs mevve ri nfinmrgmaa
i ncorporatednaknnhg. dBgi gioomparing the perfoff m;
Gall ego and Moon provided valuable insighyts

strategies in the context of the newsvendaor

Overall, Gall ego and Moon' s dynamic e
represents a significant advancement i n t hje
chall enges of demand wuncertainty andievwadI i

strategies for vendors to optimi4de.5ilnvent ol vy

.8 Khouja studies the newsvendor mo d e
straints: 2002:

2002[2pEKkbeapded the traditional newsvenfior
products and multiple constraints, awarrledss]i n
inventory management scenarios. This externsi

busedsses sell a variety of products, each it

Khouja's model considers situations V €
budget, space, and service l evel, mu
profitability. This involves detdumininongatye.:

the desired balance between meeting demandy a

One of the key <challenges addressed by h o
correlation and substitution effects acro}s
demand for one product i mpact t he f o

complex interactions between different par]ts

Khouja's research offers practical -ptodueg] e
environments, hel ping vendors allocate ds o

profitability. By considering mhlotuij pal' s onPprds
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nagement in complex [2Zupply chain environme

. 1.9 ChelneviSi mcrhd Sun develop a robust 0 p

wsvendor model with demand uncertainty: |20

2012, CLheevni,, S@nichhBuoduced a robust mi
wsvendor mo d el to address the <challengps
proaches that rely on specific assumpt jor
nsiders a mie

st.

e core idea behind robust optimization i s
cisions under the assumption that the trjue
ows vendors to develop stradegiaes sSlcanh {pe

her than being overly sensitive t spec]i f

n, -ISewichiand Sun's robust optimization] afy

ditional met hodsasdBysdormarri ng, oint wpmeu] de

i mat e of expected cost s, hel pi mg eseadfr

ctuations in demand.

itionally, their approach proakdeg,aamd]jpev
dors to adapt to changing mar ket condiljfi
i mization techniques i nt o -Ltetved n &ws v or denr

cal strategies for managing demand n c

mancel[ 17]

.1.10 Chen, Cheng, Choi, and Wang provi def a

oblem and its wvariant s: 2016 :

2016, Chen, ChelmBgon@€botedandc@mpgehengi v
wsvendor problem and its various extensifon
comprehensive oWeieevt ewnohewbeesdanr eresefpr

vel opments, trends, and areas for futurel e
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des a framework for understanding d

et al. also discusses the extensions Jnc
ns, i ncluding pricing, qguality, comppti
ning how the newsvendor e eh

ersatility and relevance across wi dje

ionally, Chen et al . identify researjch
e m, pointing out areas where f-attileer Ji n
Their survey prrewiedhas hwalsu anlde pirmsitg [t <

endor problem, helping to guide futur]e

mmary, Chen et al.'s survey offers a o]

its variants, highlighting key devel ojf me
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hts for advancing tfhk field of inventjor
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Peopl eds opi niloent vaebeoruts wbpadlayncaend de mand

Table 2.1

Row Labels | Count of Do you feel there is a good balance between supg Percentage
and demand in the vegetable market?

Agree 18
Disagree 13
Neutral 16
Strongly 2
agree
Strongly
disagree
Grand Total

Strongly agree J§ Strongly disagree
4% |

B Agree

\ m Disagree
Neutral
32% Neutral
Strongly agree

B Strongly diszgree

Disagree |
26%

Fig 2.1 People opinion about balance betwee

~According to statistics most people agr e

inducing a need for inventory management

Dof l uctuations in demand and supply affect
Table 2.2

Row Labels | Count of How do fluctuations in demand and supply affect your Percentage
profit margins?

Moderately 23
much 5
Significantly 22
Grand Total 50




m Moderately

@

® Not much

Significantly

Figbemand and Supply fluctuations affecting

~According to statistics more than 90% of

supply demand solution.

Do you find i necessary

fluctau@Aati on
Table 2.3

Count of Do you find it
necessary to adjust your pricing
based on demand and supply
fluctuations?

Always 21
Rarely 8
Sometimes 21
Grand Total 50

Row Labels Percentage




m Always
® Rarely

m Sometimes

.3 Adjusaamedtomfdemaresand supply

~According to statistics most of
of no proper forecast of how much

of your items remain unsol d?

Table 2.4

Row Labels Count of Do some of your items remain unsold?| Percentage
No 1 2%
occasionally 7 14%

Yes 42 84%
Grand Total 50 100%




= No
® occasionally

Yes

.4 Goods wunsold

~According to statistics more than 80% of

managerialt hiemsi ghoskto

Count of Is quantity of your | eftover
Table 2.5

Row Labels | Count of Is quantity of your leftover vegetables more Percentage
than you sell?

No
sometimes
Yes

Grand Total

= No
® sometimes

Yes

FigQrabtity of | eftovers with respect t




~According to statistics most people buy

about supply and demand resulting in them

Whattde vamdavi ¢ lheftthev &r it ems?
Tabl e 2.6

Row Labels Count of What do you do with your Percentage
leftover vegetables?

Give it to domestic animals (cows etc) 6%
Keep for the next day 92%
Provide/distribute it to entities (like charities, 2%
localcommunities etc)
Grand Total 100%

m Keep for the nextday

® Provide/distribute itto
entities (lkecharities, local
communities etc)

.6 Selling |l eftover items

~According to statistics most people can

extend i ts sal e duration and provvalkuedi




mpact done by not managilng

Table 2.7

Row Labels | Count of Average impact (in rupees) Percentage
200 3 15%
300 1 5%
400 1 5%
450 1 5%
500 10 50%
1000 1 5%
2000 1 5%
3000 5%
5000 5%

Grand Total 100%

Average monetary i

Count of Average impact (in rupees)

AVERAGE MONETARY IMPACT

200 300 500 1000 2000 3000 5000

Average impact (in rupees) .Y

Fig 2.7 Monetary impact done by not managifng

ng to statistics on an average mo{t

nventory. They even | ose Jas

~Accordi
to not managing i
week managtng inventory.



Howendmbbamsdl e their supply and demand?
Table 2.8

Row Labels Count of Handling supply and demand | Percentage
buy it from somewhere else 2 5%
No need 13 33%
nothing 10 26%
On spot 5 13%
other jobs 2 5%
Stock 7 18%
Grand Total 39 100%

HANDLING SUPPLY AND DEMAND buy it from

somewhere else
Stock 5%
18%

other jobs No need

5% 33%

Fig 2.8 Handling supply and demand

~According to statistics most people they] t

demand and after t hat majority think the S

minorities just do trial and error to sol vje

After observing all the primary data wl m

Operation Madewgeemeddir.s Model




CHAPTBR
METHODOLOGY

3.1 Introduction

The newsvendor problem is about finding tHe
before seeing the actual demand, which is n
example, a newsvendor must buy newsyp &pert npew
will show up. | f they buy too many, they wj I |
wi || | ose sales and profit. This problem S
demand and must make supplsyedhdadwirsipons |liem BV
one to solve, aosf fi tb eitnweelnv eosv ea sttroaxake ng ard
problem occurs i n other situations, suchl] a:
components with a longliéadcycme. ahtl ahehdpot

may end up with obsolete inventory. t hjey

opportunities. Cisco exded0lenwbdnthheypouojpl ¢
demand for theiripreodddc¢t &i &ahdomasdotfodwid | ar|s

3.2 Case Study

O6 Nei || |l nc. , a sport s| &pepca rsd lo nmaan wsfoa cctl uorsqerl .
news vendoro6és task. We then describe the new
probl em. We also show how to ssese@raleonmas]pe

measures relevant to OO6Neill

O6 Nei I | l nc. makes clothing, wetsuits, and] a
rfing, diving, waterskiing, wakeboar dji n
ifferent | evels of ueserexampom,beéehieynjpa
ui waatfeor de wleda s who work in the oil i du
selling seasons in a year: ( flr o
y). Some ar
than the other. For instance, s k
tional surfing is more in demand i t h
n exa@&mplse,( forandard bl ack neoprene Dbloo
AAni mal , 0 AEpic, o0 AiHammer, o Al nferno,jo

ding to the preferences of their mai C



has its own factory in Mexico, n

by TEC Group, a company in Asi a h .

or OO6Nei ll (such agdg olngwegri.ge J bs
drawback: they need three mon] h:e
something on November 1, they wil!/l DN

i fornia, on Janutaa yt BBeli,r rcocuwgdtyo mer .e B iJprpd
bl em that OO6Neill faces, |l et ds | ook at Ja
esigned for the next spring season: thel H
suihicgk 8nmmmhe chest and 2 mm thick eyer
the OO6Neill l ogo. OO6Nei l |l has decided |t o
t h-mobhhhekead time of TEC Group, OO6Nei l m
vempbebefore the spring season starts. N e

mmer 3/ 2 during the spring season wil e

oducts and the opinions of i ttsi mMaetsa ginse rrfp ta
i abl e, because there is a |lot of uncertjai
|l f of the ti me, the actual demand i dilf f
nt of the esti rmatod. tlhre dti hmer, wdred aa,ctajmall

nt and 125 percent of their estimate. E
accurate, OONeill wildl have a much t

al ees fdatsa ofnet or two months. Then, OfNe

rr or slower than expected. I f it 5 e
tory at the end of the seasuwm.outf adft Jtsc

e second case, OO6Neill would Iike tofjor

i makes it impossible for OO6Neil!]l to ggqt
ive or diveo with theNosvienngh eer .o rlduecrk itlhya tff otr
mmer has good profit margins. OO0Nei |l sef |
TEC Group $110 for each suit. | f OO6Nei || hila s
can usually sall .itSof drows I nyemunits shoul pl
mi ght argue that OO0Nei ||l should order thel]fo
the most | ikely outcome. The forecast is QI s
di f f doreeween the actual demand and the prodjuc
to the actual demand. Alternatively, you mpay
therefore suggest an order quatn.t iRiyndlelsys, tjhoat

argue that Dbecause the gross mar gilnl Oo)n/ 1t9n0Oe] =H

OH



0.42), OO0 Nei || should order more than 3,
newsvendor mo d e | and then discuss what t

guantity

ONeEILL

Fi g O8Nei I[I2.3Jogo

Fi gO3N2ill Wetsuits[®Men's Hammer 3/ 2mm




Generate forecast
of demand and
submit an order

to supplier Spring selling season

¢ >
| I | | 1 | |
Nov Dec Jan \Feb Mar Apr May Jun Jul/zug

! f

Receive order

Left over

from supplier at the i
units are

end of the .
> discounted

month

.3 O6Neill s [BuXx4dhess process diagra

The value of the inventory that remains at
which is the fixed amount that you earn f
Hammer , the Salvage value i s 9als. nHo weavleu g
meaning that the Salvage value is 0. Or e
value, meaning that you have to pay to get
and needs speci al dalspagal val methatl|l easet
production decision, you need to esti mat
Ha mmer is 3,200 wunits for the season. But
confident you §pope neeyyouo exethsmaeet he erro
in a perfect world, your estimate would be
units iIs exactly the demand for the season
eror can be big or small. For example, it
will be between 3,100 and 3,300 units than
bet ween 2,400 and 4,000 wuni tosu nYioguhrt i wa ruti
di fferent quantity in those two cases. To
you must make one choice (for exampl e,

(for example, the deurancdhaoi cTeheirse taoe Itiogh
to sell the inventory that you did not sel

if your choice is too |l ow (you | ose the

the newsvlenidort onodleoose the quantity that

we need to know our costs and how unceéemt ai




t he next wbedclalc @H o0 n how to measure the unjce
Hammer 13/ 2

3.3 Demand forecast

However, | can sti }tMasetdeirt ftihlee fcia e ad tna liéheanji dpe
To do this, we need to understand how much] d
which essentially means we negeude stta olme aMnhige

probability demand will be | ess than or equa
short, we need a distribution function. Re]c a
by its distributiiofn tftlhuecpgrn omgbiFl i(tQy )t, hevho «whc c
i s Q or | ower . I n this case the random ar

stribution function is

F(Q) = Prob{Demand is less than or equal to O}

Because it provides us with a comprehensi e
confront, we refer to the distribution funfct
This section's goal is to claritymbiowi nwg pnat
analysis and intuition.

Two types of distribution functions exist. C
as a table: There are several potential ouftc
An il lustration of a basiha eki porsetid | ki gtersigd u

¢-o6fS odm 5AEO0ONBGS RA&AGNROdziAZY TFdzyOlualy

F(Q)

0.25

0.75

wi || use the Poisson distribution a | ot}

l i mited number of outcomes. The expdne

op



They are continuous distribution functionsj|

described by one or two parameters. For in]st

its mean and its standard dewiaatdiaoc . @We (i @rtfji to
anidare Greek letters, mu and sigma.) Thi s S
Sometimes, a discrete distribution functi ofn
continuous distrntiebutiSon Wwenoaoseoboité& Bends Jof
we will |l ook at how to make the forecast. e
the next spring season. So, the sales fro t
he demam the next season. There are other]t
nd the marketing plan for the next seasof,
uyi ng more expensive ofr cheaper heprgewmetr p),
opularity of the sport. We asked some peo]pl
he Hammer 3/ 2 wil/ be. We took the averagp
nits. This is the Aintdit i Nowo wegamtusaf ucwerf Od
mprove the demand forecast. Tabl e shows tlhe
urf wetsuits. The data have the original 0
riginal forecasstssmiwkae -umagte tfoo rtehcea s3t, 2f000r th e
his season. For example, the forecast forf t

ut the demand was 1,696 units

Table 3.2 Showing forecast and actual dglma n

Product
DescripForecasActual

EPI CWBH120



WM S Z-E N
4/ 3 1

HEAT WAV
3/ 2 1

JR EPI C1

WMS ZEN1

ZENI P
W/ HOOD 2

JR EPI C3

ZEN 4/ 3 43

HEAnoVA
4/ 3 4 3

EVO 4/ 3440




WMS EPI

WMS ELI

ZENI P 36

WMS EPI 1




HAMMER

HAMMER
FULL

ZEN 3/ 2

ZENI P 43810
WM S

HAMMER
FULL 6490

O6 Nei | | can estimate the actual demand for a

first order s, before they know the producty i
someti mes people on the phome uftoerrg e ts ot a heen|ees
perfect. We wil/ il gnore this problem in r
For example, a store that sells OO6Neill 6s Jpr
buy the Hammer 37 @ckdf Buteyt heayd wdulidh lknowlwh
Hammer and use that to guess how many mor e t|

not see the |l ost sales, they should be abl]e



The d

Actual Demand

at t he hi

Wo me n
under
shown

perf e

Historical forecast performance at O’Neill

T T T

2000 3000 4000 5000 6000 7000

Forecast
FigHBs4orical forecast
ata shows that there was a range i e
ghest. Significant projection erfro
s Hammer 3/2 Full suit washevEpisol 8/[py:

sol d
i n

ct.

by roughly 1,300 wunits.

Figure. Al the observati

The forecast errors for some of t

absol
need
forec
absol
Rel at

ut e

errors for some of t he |

A

h e

scatt dr

ons

S

arger

woulfl d

mal | ¢r

pr ofdu

of more for the Juni orrcse nZte ng riel aatte rL otchkj n3

ast
ut e

i ve

This suggests that we shoul

forecast errors.

f orecast errors

A forecast t hat i s correct has an

t oo |
final

These

ow i
col
Al F

Al F

s indicated by an A/ F rati

umn .

ratios give an indicat.i

on

(0]

of

d confc e

ratilflo

abovgq 1

ho a



Tabl e presents
al so shows the
products with
the product wi

data.) We see

third of the por o0du8c thsas( tah ep éAr/ de mtaitli e

the data sorted in

A/ F rank of
that A/ F rantk
th the fifth

from the dat a

than 125 percent of the

percentile of

Hence, we want
We wi | | use th

of additional

Pr oduc
Descri

WMS Z-EN
4/ 3

HEAT WA\
3/ 2

72.7). Given
inetprevious season, maybe
di stri

to find a

e nor mal di stri

resul ts. Take

each
bhebél 6wwvh pFomguic
Al F

t hat

f orecast
t hat

t he

ascendi nlg

product

rati o

act ua-l

of

for

Al F

t he current

t he

Table 3.3 Representing A/ F

ForeceActual

Al Rat i

buti on
brudg ,i owme fruemmed i[
def i

Rati o

has



WMS ZEN

ZENI|I P &
W/ HOOD

WMS EPI
W/ HD

HEAnoVA
4/ 3




WMS EPI

WMS ELI

ZEN 2 MN
FULL

EPI C 2M
FULL

WMS EPI

JR HAMNM
3/ 2

HAMMER

HAMMER
FULL




ZENI| P

WM S
HAMMER
FULL

Average A/ F

St.dev. A/F 0.369

" TN v, «, 7 Y ,6\ ooy " ’ \ B T vy \
0 WO Q@ e Q—Ol WO XOE T Qwwi O

YO W& QMR UAQOD O AR EBEAYO WE MUm@o%emozm I Qwwi o

Expected actual demand, or expected demand] f
for our nor mal di stribution, 0. The averadgqe
demand for the Hammer 3/ 2 in tH&2upoomisng {se
words, if the initial forecast is 3,200 wunyit
A/'F ratios, then the mean of actual i
mean of the nor mailsidamstmayy urtaiosne sTohmes edyeecb || oV
is 3,200 wunits, why do we not instead chols:c

Because 3,192 is so close to 3,200, assignfn

order ouamvetliltty However, suppose the averag A
actual demand is 90 percent of the forecalst

optimistic forecasts, so an averagedAAEtudt:i



would only be 0.90 * 3,200 =2,880. Be
epresents actual demand, in that i glua
hough our initial forecastnosmad8l 200sj NI
d a standard deviation. The second eljgu
demand equals the standard deviati on
ion of the .MB/6W .r gtUisces tihre Tiasbtldee vi(s) 00 |f u
rd deviation of actwual demand i S
st: 0.369 * 3,200 = 1,181. Hence, e

oumal adinstri bution with a mean of 3,119

summary of the process of choosing|a
bution forecast. Now that we hxapreegsshp

mand forecast, we need to be able t f

rst way is to use spreadsheet softwalre

2, 1181, 1). The secompuwary, w&itchd doe
Distribution Function. The standardj n

0O and its standard deviation is 1. To ifnt
be the dinstorfi btuhtei osnt af nudnacrtd onor mal . Eve t

ti nuous distribution, it can be AdAchoppgeococ
tribution. The Standard Nor mal Di stribut.i
cweertsei on of the standard nor mal D U t
tribution Function Tabl e makes i h
ted to know the probability that tédree ouft c
king foltz(f hei vialzwe=00.51. To find that a
table such that the first number in the rdw
value you seek. Wi th 2z =hadt. 5ble giwes awiet H 00o.kq O (
that begins with 0.01, because the sum of h
row's intersection with that column; Tabl ef s
69.5 percenattybanae nbamal wil/l have a r esjul
However, it is improbable that our demand |[pr
With our demand estimate being some other n
standard nor mal to get F (Q), loowdarh?® The edr
involves converting the quantity of interdst
nor mal . To put it another way, we identif 8

probability demand i s esemaibvatenbhabhoot heqblajke

np



nor mal wi || result in zsomatiessc. WoVer egtust |1 o

Standard Nor mal Di stribution Function-Tablfe
statistics.

Use the following equation -$batranstate i n

a
Let's take a case where we are interested].
demand f or the Hammer 3/ 2 will be-s4,aG0Gtui t

wi t h a nor mal di stribution wi t h mé a n 3,
TTTTOP WG
ppyYp

Therefore, the probability need for t he an
l i keli hood that the standard nor mal woul h a
The Standard Nor mal Distribution Function |Ta
convenience). Put differently, there is a |[li
be in demand for 4,000 pi ecetsheorprloebsashi ITihjey
demand will be | ess than or equal to some |Q
As you may remember, O' Neill has had dematfd
25% from their i nitial projection. Now t hjpt
nor ma l di stribution prediction folOO0Othhai Hf mr
Therefore, it is implied that demand i s tF
when there is a variance of -s22%istigreatdr.-
3192)/1181 ~ 10.67, and ~ (oirOma6l7 )Di~s tO.i205ult4 ofr
Tabl e. (l'dentify the column with T1O0. t
50. 03 percent chance that demand i s bet weg¢n
probability that demasedandg bhe3s5. LlhapecéO] p
| ess than 4,000 wunits. Therefore, O'Neill"’

our demand projection using nor mal di str i bjut
Il n summary, creating a thorough demand f o] ec
rely on a single "point forecast," such afs

guantify the potential amount of wunpredictlab
By fitting a normal distribution to our hilst

this distriblution function [ 2

nec
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0.04
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0.7019

0.7054

0.7088
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0
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from an extra unit
N =Y
o o

7]
w
2
S~
=
©
vo
o
o
-
o
@
Q.
x
w

Expected gain
0 1000 2000 3000 4000 5000 6000
Order Quantity Q

o

Fi GBaphenéepgeexpgaited | oss /

Suppose we plan to order Q wunits. Shoul d e
What i1 s the expected gain/loss from unit njum
Expected* Ba( e mamgd(-P (Q@)e mad o FQQ))) =C
Expectedt |Ps(sdemaagkFd Q) Q) = C

When Q very smal/l:

Expected gain from extra unit ~

Expected |l oss from extra unit ~

It is profitable to increase Q
As Q increases:

Expected gain decreases
Expected | oss increases

At some point expected | oss exceedpr efxipteaxhjed
To maxi mi ze ,exfpiecd e@ spucolf itthat
expected gain = expected | oss

Cu( IF( Q) (XQ)C

Solving the equation:

Cu-GiF ( Q)oF @)

Y& QQIIEEDD
Ye QQIIEEQQD U Qi 100 o

Y& QQI QD

U O N oanEFams 0 01 BR0o

JOTAYAYI Y OX o TGN

Find Q such that P (demand O Q) = critical r



Maxi mi zi ng expected profit from O' Neill

Recall that F(x) is the Normal distribut:i
wetsuit with meani & =1138119.2 and St. dev.

Al so recald $#80,=cndd® 0& C

T}

O' Neill sbhoaul @y opdger
Il n Excel, =NORMI NV (0.8,3192,1181)

0 Y O'YDoO OB

Why Q much higher than the expected demand

Demanhdi gihsl y wWncertain (

Potenti al gain outweighs potenti al | oss

odp t SNF2NXIYyOS aSiNKOa

Newsvendor Model : Lost Sal es, Sal es, and

Expected
Demand,

If Normal Expecte
Demand, o Sales

Loss Function -— Ap_cctcd

Table Lost Sales

Order Quantity,
O, and, if
Normal Demand,
z=(0 — p)eor

Expected
Leftover
Inventory

Distribution
Function Table

Price, Cost,
Salvage Value

Fi ®oF8 owdlhp2 55

Recale, t=ha3tl92andi p=r olfli8tl ,maxi mi zing Q =

U Expected |
guantity =
0t I n Excel fo

=0 "NNORMDI ST, ( Q&) -MORMDI ST, (®, 1))

ost sales (expected shortage)
(loss function) = 131.84 wunits
r

normally distributed demand:

n o




that :
pectef@xpatcesd+|l ost sales = Expected demgnd
pected sales + Expected |l eftover inventolry
sed on this:
pected;Bxadect eed | o0slt3 1s.a8 4 s= =3 B61M.21 6

cted lEXpeowvteed =s3NV @6. £64286125. 84

coest |, and Profit

cted revenue = Price x Expected sales |+

190 x 3060.16 + 90 x 1125.84 = $682, 757

cted profit-ExpkExpedt ead srte e
$682,476507, 460 = $222,297

i mum Profit and Mi smatch Cost

ther way of <calcul ati ng EXop exc tEexdp epcrtoefdi tj e=
= 80 x -306K®.1625.84 = $222,297

i mum pro€Costty &PBQAOE = $255, 360
ypothetical profit with a perfect forecfas
mat ch cost <=ExMaexcitneudm pprroobfRi2t2 =28255, 8388, { 6 4
ernative way of calculating Mismatch 0 S
ected | ost sales

20 x 1125.84) + (80 x 131.84) 06

cost is the maximum possible gainf f
g expected profit i s equi val nt
Cost as a Percentage of Profit or] R
cost / Maximum profit = 33,064 [/ |25
Q
c
;

=]

is chosen to maximize expected |pr
ost / Maximum profit is | arge whlen
itab/i bi tigtr g€Y kBHard to match supplly

< o> Q S ST 33 O

a

mand is | ess predictable.

i cal ratio, Cu/ (Cu + Co), i's s-mall, i} e

case,e@nidsespecway betbwsal es ar | a

pn



Mi smatch cost |/ Expected revenue = 06 4 /|6 8

I f net profit fob%W pnplusevenaencehaeadmi smat]ch
net profit!

odc { SNBAOS tS@St YSI adzNB
Newsvendor : Service Level Measur es

Expected [ rate = percentage of satisfj e
3060. 16 = 95.87%

| 3t ock ility = F(Q) = 80%
—1In Excel, =N@RNMDI ST(Q,

I f Q deter mined bystpocokf ipir arbaaxh imiiztayt i=o nc,r iitnjl c &
Stockout prPRbL@bid i20%= 1

Expected fill

In-stock probability

1000 2000 3000 4000 5000 6000 7000

Order quartity

Fi g7GBaph represent i ng-SEagPprkocbtaebd IRitlyl Rate vs n

Suppose Q = 100 and demand can be 80, 90, 10
Corresponding aesttwalk fsitlalt urseetsesaarandcd hown | t
Expected fill rate = 0.948
|l 3t ock probability = 0.6

[

Gener asltloyc,k ipnrobability expected fil



Tabl €otp&ari son of Expected and Actual Peciuosmance

Before demanc After demand
occurs occurs

Fill rate Expected Actual
percentage of percentage of
filled demand filled demand

In-stock Probability of  Either in stock

being in stock (1) or out of
stock (0)

Tabl 8hdwbng demand, Sales, Fill rate

Demand Sales Fill rate In stock

80 80 1 1
90 90 1 1
100 1 1
100 0
100 0

Average 0.6

Order Quantity for a Desired Service Level

|l 3t ock Probabitlhiatty-stthtet kidp QobBabhl ity is 99¢

T F(Q)-stoickk probability
1 Q =1l(Féhock probability)
T Q=B (0. 99)

= NORMI N¥,@0. 99,

= 5940




Expected Fill Rat e

Find Q such that the expected [ rat e
No each formul a

Adjust Q iexExactedd ufnitlill rate achieves a
Seek)

For 99% expext®e®5i[ll rate Q

Jx

price 190 Input
cost = 110 Input
salvage value 90 Input

Underage cost Cu=p-c 80

Overage cost Co=c-=s 20

Expected demand mu = 3192 Input

St. dev. of demand sigma = 1181 Input

Critical ratio (= in-stock prob.) 0.8

10 |Profit maximizing Q 4186 <-- assuming Normal distribution
11

12 |Chosen Q | 4186_|Input

13 | Expected shortage 131.84 <=— assuming Normal distribution
14 |Expected sales 3060.16

15 | Expected leftover 1125.84

16 | Expected profit

17 |Maximum profit 255360.00

18 Mismatch cost 33063.50

19 |Mismatch cost / Maximum profit 132

20

21 |Expected fill rate

22 |In-stock probability <-— assuming Normal distribution
23

24 |Expected revenue 682756.50

25 |Expected cost 460460

26 Expected profit

27 |Mismatch cost 33063.50

28 |Mismatch cost / Expected revenue 4.8%

29

30

31
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The foltledWwisoguswe made code to solve newsj el

understanding of the piroblem and applying it

.1. 11 Code

oblem identification or requirement anallys

stpndbstehamt e ment |, gather requirements i
veadasd,n itthis about calculating profit]hba
nit cost.

bility study:

mine i f the probl emvcaan abbd ef eraessiolulryc esqpo, |
echnical capabiitl'ist ieessi mml et hd sl ccualseet, ijlosni
y not an issue.
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how to structure hbedpdpgwhat what abljes
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rovided inputs.

the actual code btas@msloatitmgeg tlesiglngp i
a prhagmammgieng | i ke the C code provided(.

ude <stdio. h>

e calculate_profit(int demand, ' rd

_cost) {



order gquantity) {

ngumirt ceos$t demamdler _quantity

ng_prucgiet *cosdet _gquadet i gyant] t

order _quantity;

i ng_price, unit _cost;

er demand: ")

&demand) ;

rder quantity: ");
der quantity);

elling price per unit: ");

elling_price);

nit cost per unit: ")

nit_cost);

profit = calculate_profit(demand, fJor

"Pind'f,i tpir o f%.t2f;

Testing:

Veri fy the program biemhpwtes arsd ex@redit feidc
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rder

cal
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| e
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user

n d

e .

four paramet ercsastd.e manjd,

profit based on the give]ln

ss than the order gquantit
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ates p1(oufniitt ger

cul ated profit as doubfl e

point of the program.

es demand, order quant.i Y,
ated profit.

to enter demand, order] q

scanf .

i
t prints
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) M Save
OnlineGDB ™
main ¢
ompiler and debugger for cic++ 1 UUUULE CdICULdtE_proTIt(it uemdnu, it or _YUaITtIty, UUUDIE SEILINg_prile, UOUULE Uit _Cust) {
(demand < order_guantity) {
code. complle. run. debug. share. selling_price ' demand - unit_cost * order_guantity;
IDE 5 selling_price * order_quantity - unit_cost * order_quantity;
My Projects
Classroom new

1

void main() {
2 int demand, order_quantity;
Programming Questions double selling price, unit_cost;

Leamn Programming

Jobs new

Sign Up 24 » fdemand);
Login order

order_quantity);
selling pri

selling_price)

unit cos e
unit_cost);

double profit = calculate_profit(demand, order_quantity, selling price, unit_cost);

Lo ', profit);
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orGame| m play X | ) Blaming MathPro # DOSBox

onlinegdb.com

OnlineGDB >**
main
online compiler and debugger for cic “UUUULE CdICULdLE PruT LUy ITe Uemaiy, LIt Uruer—qudiitity, UOUDLe SELLLg_price, Uouuie uns
(demand < order_guantity) {
code. compile. run. debug. share. 3 selling price * demand - unit_cost ' order_guantity;

IDE 5 selling_price * order_quantity - unit_cost * order_quantity;
My Projects
Classroom new
19 void main() {

int demand, order_quantity;
Programming Questions double selling_price, unit_cost;

Leam Programming

Jobs new
Sign Up
Login

u p
unit_cost);

double profit = calculate_profit(demand, order_quantity, selling_price, unit_cost);

", profit);

Enter deman
Enter order guantity:
r selling p
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Microsoft Wor X | W Parth ().docx - Microso dor Game | = play Blaning MathPr X 4 DOSBox

onlinegdb.com

OnlineGDB >

oniine compier and debugger for cic++

Language C
_PrUTIC(LIC UeNidiiu, L1t Uruer_Yudlitity, UUUDLE SELLIfg_PriCe, UOUULE UNMLt_CUSC)
(demand < order_guantity) {

code. complle. run. debug. share. selling_price * demand - unit_cost ' order_guantity;

IDE
My Projects
Classroom new

selling_price * order_quantity - unit_cost * order_quantity;
1

void main() {

2 int demand, order_quantity;

Programming Questions double selling_price, unit_cost;
Jobs new

Lean Programming

nar 225
Sign Up ) demand) ;

Login

double profit = calculate_profit(demand, order_quantity, selling price, unit_cost);

", profit);
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