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Probabilistic Models and
Safety Stock

» Used when demand Is not constant or certain

» Use safety stock to achieve a desired service
level and avoid stockouts

ROP =d x L +ss

Annual stockout costs =
X The probability of that
demand level x
X The number of orders per year



Probabilistic Models and Safety
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Safety Stock Example

ROP = 50 units Stockout cost = $40 per frame
Orders peryear =6  Carrying cost = $5 per frame per year

NUMBER OF UNITS PROBABILITY

30 2
40 2
ROP - 50 3
60 2
70 A

1.0




Safety Stock Example

ROP = 50 units Stockout cost = $40 per frame
Orders peryear =6  Carrying cost = $5 per frame per year

SAFETY ADDITIONAL
STOCK HOLDING COST STOCKOUT COST

20 (20)($5) = $100 $0

10 (10)($5) =$ 50  (10)(.1)($40)(6) = $240  $290

0 $ 0 (10)(.2)($340)(6) + (20)(.1)($40)(6) = $960 = $960

A safety stock of 20 frames gives the lowest total cost
ROP =50 + 20 = 70 frames



Probabilistic Demand

Figure 12.8
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Probabilistic Demand

Use prescribed service levels to set safety
stock when the cost of stockouts cannot be
determined

ROP = demand during lead time + Zoy ;

where Z = Number of standard deviations

oy 1 = Standard deviation of demand during lead
time



Probabilistic Demand
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Probabilistic Example

u = Average demand = 350 Kits

oy 1 = Standard deviation of
demand during lead time = 10 Kits

Stockout policy = 5% (service level = 95%)

Using Appendix |, for an area under the curve of
95%, the Z = 1.645

Safety stock = Zoy 1 = 1.645(10) = 16.5 kits

Reorder point = Expected demand during lead time +
Safety stock

350 kits + 16.5 kits of safety stock
366.5 or 367 Kits



Other Probabilistic Models

» When data on demand during lead time is
not available, there are other models
avallable

1. When demand is variable and lead time Is
constant

2. When lead time Is variable and demand is
constant

3. When both demand and lead time are
variable



Other Probabilistic Models

Demand is variable and lead time is constant

ROP = (Average daily demand
X Lead time in days) + Zoy 1

where oy 1 = oy 4 Lead time

oy = Standard deviation of demand per day



Example

Average daily demand (normally distributed) = 15
Lead time in days (constant) = 2
Standard deviation of daily demand =5

Service level = 90%
Z for 90% = 1.28

From Appendix |

ROP = (15 units x 2 days) + Zoy, ¢

=30 + 1.28(5)({2)
=30 +9.02 =39.02 = 39

Safety stock Is about 9 computers



Epapuoyn (BidaAng, 2017)

Mia emmixeipnon NAEKTPIKWY €10WV ayopadlel AAUTITIPESG TTPOG 6 € Tov éva. Kabe
TTapayyeAia €xel otaBepd KOOTOC 00 pe 12€ avd TTapayyeAia Kal To KOOTOG
dlIOKPATNONG MIAG MOVAdAG Yia €va £T0G €ival ioo he 1o 20% TNG TIMAG Ayopag
ava povada ava £1o¢. H eBdopadiaia ATNoON Twv AAUTITIPWY OKOAOUBEI TNV
KAVOVIKI KATavVOouNn ME pEan TIUN 154 AAUTITAPES KAl TUTTIKA ATTOKAION ion ME 25
AQUTTTAPEC KAl O XPOVOG UaTEPNONG €ival oTaBePOC Kal ioog e 1 efdoudda.

> [1600 va TTapayyEAvel Kal

> TTOI0 TO €TTITTEQO avaTTapayyeAiag yia tnv eTmixeipnon otav €mmOUUEl va EXEI
ETTITTEd0 £CUTTNPETNONG iI00 pE 95%;



ATTavTnon
H eTnola yeon ¢nrtnon €ivail ion Je:

52 gdopadeg X pEon gpodouadiaia {nTnon= 52x154 =
8008 AQUTTITNPEG

H BEATIOTN TTOOOTNTA TTAPAYYEAIAC Eival:
_ [2DS \/2*8008*12

U= 1.2 = 400 AauTITNPEG
> ss=z*o*JL =1.65*25*1= 41 AauTITAPEC
> To eTTiTred0 avatrapayyeAiag ival ico JE:
ROP= L*D + ss = 154+41 = 195 AQUTTTNPEC



Atravtnon

2uvouwidovtag Ba TTapayyEAVETAl TTOGOTNTA ioN s 400 AAPTTITAPEG MOAIG TO
a1roBepa @Baoel oTo emiTredo TWV 195 pova Me autr) TNV TTONITIKN
EX ouya service level ioo pe 95% onAadn oT1o 5% Twv 20 TTEPIOdWV (O¢€

via (1) Trepiodo) Ba Bpedei pe EAAEIPMQ.
To €T010 OUVOAIKO KOOTOG HE TNV TTOAITIKI) QUTI QVEPXETAI OF :
. . D 8008
KooTtog rapayyeAlwv= 6-8 = 12 =240 XxpnMATIKEC HOVADEC

KooTtog d1akpATnong KavoviKou atToBEuaToC= (29 H _4700 1.20 =240 x.p.

KéoToc dlakpdtnong amodéuatoc aogaieiac= SS-H =41-1.20
= 49.20 XpNUATIKEG JOVADEC
ETrjo10 UVOAIKO KOOTOC : 240+240+49.20 = 529.20 XpNMUATIKEC JOVADEC

KdBe trepiodog (cycle time) £xel diapkeia ion pe 400/154= 2,6 eBOONADEG
(KaTQ HECO OPO).



Other Probabilistic Models

Lead time Is variable and demand is constant

ROP = (Daily demand x Average lead time
In days) + Z x (Daily demand) x o; +

where o;; = Standard deviation of lead time in days



Example

Daily demand (constant) = 10

Average lead time = 6 days

Standard deviation of lead time = g+ =1

Service level = 98%, so Z (from Appendix I) = 2.055

ROP = (10 units x 6 days) + 2.055(10 units)(1)
=60 + 20.55 = 80.55

Reorder point is about 81 cameras



Other Probabilistic Models

Both demand and lead time are variable

ROP = (Average daily demand
X Average lead time) + Zoy, ;

where o, = Standard deviation of demand per day

o, = Standard deviation of lead time in days

oy1 = |(Average lead time x o,?)
+ (Average daily demand)?o? ¢



Example

Average daily demand (normally distributed) = 150
Standard deviation = o = 16

Average lead time 5 days (normally distributed)
Standard deviation = o;; = 1 day

Service level = 95%, so Z = 1.645 (from Appendix |)

ROP =(150@backs ~ 5&lays)+1.645s

dLT

s, = \/(S@Iays "167)+(150° " 17) = \/(5’ 256)+(22,500" 1)

= \/(1,280) + (22,500) = /23,780 @154

ROPE= (150 7 5)+1.645(154) @ 750+ 253 = 1,003@acks




Single-Period Model

» Only one order is placed for a product

» Units have little or no value at the end of the
sales period

C, = Cost of shortage = Sales price/unit — Cost/unit
C, = Cost of overage = Cost/unit — Salvage value

CS
C, + C,

Service level =



Single-Period Example (the
newsboy problem)

Average demand = ¢ = 120 papers/day
Standard deviation = o = 15 papers

C, = cost of shortage = $1.25 - $.70 = $.55
C, = cost of overage = $.70 — $.30 = $.40

. CS
Service level = C.+C,
_ .55 Slervi(l:e
55 + .40 57 0%
55 ]
=_—— =.579 _
95 H= 120"\

Optimal stocking level



Single-Period Example

From Appendix I, for the area .579, Z = .20

The optimal stocking level

= 120 copies + (.20)(o0)
=120 + (.20)(15) = 120 + 3 = 123 papers

The stockout risk = 1 — Service level

=1-.579=.422 = 42.2%



Mapadeiypa (BidaAng, 2017)

‘Eva avaAwaiyo_gidog (Tr.X. Wwpi) TTpoc@EpeTal ammo éva supermarket.
To poidv kogTiCel 1.19% ava povada TTpoiovTog Kal TTwAeiTal 1.65%. Av
KATTOIO_ TTPOIOVTA  HJEIVOUV  aTToUANTA OTO  TEAOG ng nuEPAG _o
TTPOUNOEUTAC Ta TIAIpVEl TTiOW ME TIYAR ammooupong 1% ava povada
TTPOIOVTOG. swpwvmi OTl n KaBnuepivy ¢NTnon €ival KAvovIKA
Karaveunuevn de P=150 kal 0=30 ammAVINOTE OTA TTAPAKATW
EPWTNAMATA:

> [lola TToodTnTa TTapayyeAiag 6a ouvioTouoaTte 0TO supermarket;

> Moia n mBavétnra 710 supermarket va TmTwWARCeEl OAa T
TTapayyeABEVTa TTpOIOVTQ;

> [1olo TO €TTITTEDO ECUTTNPETNONC VIO TO CUYKEKPIPEVO TTPOIOV,

> Tarti -kata 1N yvd)lyr] 00G - O TIPOMNBEUTAG TTPOCYEPEI TOCO ysyd)\rj
TINN ammooupong; Na mapddelyua yiati va pnv mpoo@épel 0.25 $ ava
MOVAda ETTIOTPAPEVTOG TTPOIOVTOG; 1wg €MIOPA N HYEIWON aTN TIPN
aTTéouUpPONG OTNV TTOOOTNTA TTapayyeAiag Q;



EtriAuon

KbéoTog utroekTipnong ¢.=1,65-1,19= 0,46$

>

>

>

KbéoTog utrepekTipnong ¢,=1,19-1,0= 0,19%
H TTapayyeAouevn TTOOOTNTA TTPOKUTITEI ATTO TNV OXEON -

N C, 0,46
PID=QT= ¢ ~04sr010 070769
MeEow llivaka Tng Tutrotroinuévng Kavovikng Katavoung i tng
OTaTIOTIKNG ouvaptnong tou Excel NORMINV(0,70769:150:

30) Bpiokouue OTI TTPETTEN va TTapayyEANovTal Q= 166 povadeg

H mmBavotntTa 710 supermarket va TiwAnocelr OAa 1O
TTapayyeABEvTa TTpoiovTa €ival 100dUvapn ME TO YEYOVOC N
{nTnon va e€ivalr peyoAutepn N ion TG TrapayyeABgioag
ToooTnTac Q= 166:

P[D = Q"] = 1- P[D < Q"] = 1- 0,70769 = 0,29 (29%)



EtriAuon

> To emimedo egumnpéTnOoNng e€ival n_ mlavortnta n {ntnon va
KaAUTTTETAl _(€ival 10N 1 "WIKPOTEPN) amd TNV TrapayyeAbeioa
TToooTnTac Q= 166 :

P[D < Q1 =0,70769 (= 71%)
» Otav o TTpounNBeUTAC TTPOCKEPEI MIKPN TIMAR attoouponc TOTE TO
KOOTOG un‘s')p-“arllﬂpngrg]g VR/ET((IPI ; Fc):O: ,18—%,2590,9% o#éng

C

. ., 04
PID<Q1= 1o ~oasroes- 0.32857

+C,

Kal N TrTapayyeAopevn moootnTa Q° yiveral |'09 pE Q" = 137 povAdeg Kal
TO €TTITTED0 EQUTTNPETNONG YiveTal io0 pe 33%. AOYwW TNG MEYOAAUTEPNG
OTTWAEIAG YIo KABE atToUANTO WWHI N TTOAITIKY TOu supermarket yiveral
TTIO QUVTNPNTIKN JE ATTOTEAECPA VO HEIWVEI TIG TTAPAYYEAIEG aTTO 166
o€ 137 YovAOEG.



Fixed-Period (P) Systems

> Fixed-quantity models require
continuous monitoring using perpetual
Inventory systems

> In fixed-period systems orders placed
at the end of a fixed period

> Periodic review, P system



Fixed-Period (P) Systems

> Inventory counted only at end of period

> Order brings inventory up to target level
> Only relevant costs are ordering and

>

>

nolding
_ead times are known and constant

tems are independent of one another



Fixed-Period (P) Systems

Figure 12.9
Target quantity (T)
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Fixed-Period Systems

> Inventory is only counted at each
review period

> May be scheduled at convenient times
> Appropriate in routine situations

» May result In stockouts between
periods

> May require increased safety stock



