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Assumptions: Basic EOQ Model
Demand

Constant vs Variable
Known vs Random
Continuous vs Discrete 

Lead time
Instantaneous 
Constant or Variable 
(deterministic/stochastic)

Dependence of items
Independent
Correlated
Indentured

Review Time
Continuous vs Periodic

Number of Echelons
One vs Many

Capacity / Resources
Unlimited vs Limited

Discounts
None
All Units or Incremental

Excess Demand
None
All orders are backordered
All orders are lost
Substitution

Perishability
None
Uniform with time

Planning Horizon
Single Period
Finite Period
Infinite

Number of Items
One
Many
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Fundamental Purpose of Inventory

To buffer uncertainties in:
- supply,
- demand, and/or
- transportation

the firm carries safety stocks.

To capture scale economies in:
- purchasing,
- production, and/or
- transportation

the firm carries cycle stocks.



© Chris Caplice, MIT4MIT Center for Transportation & Logistics – ESD.260

Cycle Stock and Safety Stock

Cycle
Stock

Cycle
Stock

Cycle
Stock

Safety Stock

Time

On Hand

What should my inventory policy be? 
(how much to order when)

What should my safety stock be?
What are my relevant costs?
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Preview:  Safety Stock Logic

P[SO] TC[R]E[US]N[K]

FRR

KSLCb
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Determining the Reorder Point

Reorder Point Estimated demand over 
the lead time (Ft)

Safety Stock 

k = SS factor
σ = RMSE 

R = d' + kσ

( )'R d
k

σ
−

=

Note
1.  We usually pick k for desired stock out probability 
2.   Safety Stock = R – d’
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Define Some Terms

Safety Stock Factor (k)  
Amount of inventory required in terms of 

standard deviations worth of forecast error

Stockout Probability = P[d > R]
The probability of running out of inventory 

during lead time

Service Level = P[d ≤ R] = 1- P[SO]
The probability of NOT running out of inventory 

during lead time
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Service Level and Stockout Probability

Normal Distribution
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Where d ~ iid N(d’=10,σ=25)

Forecasted Demand (d’)

SS = kσ
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Cumulative Normal Distribution

Cumulative Normal Distribution
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Finding SL from a Given K
Using a Table of Cumulative 
Normal Probabilities . . .

K 0.00 0.01 0.02 0.03 0.04 

0.0 0.5000 0.5040 0.5080 0.5120 0.5160 
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 
0.3 0.6179 0.6217 0.6255 0.6293 0.6331 
0.4 0.6554 0.6591 0.6628 0.6664 0.6700 
0.5 0.6915 0.6950 0.6985 0.7019 0.7054 
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 
0.7 0.7580 0.7611 0.7642 0.7673 0.7704 
0.8 0.7881 0.7910 0.7939 0.7967 0.7995 
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 
1.0 0.8413 0.8438 0.8461 0.8485 0.8508 

 

. . . then my 
Service Level is 
this value.

If I select a K = 0.42

Or, in Excel, use the function:
SL=NORMDIST(kσ+d’, d’, σ, TRUE)
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K Factor versus Service Level
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Safety Stock and Service Level

Example: 
if d ~ iid Normal (d’=100,σ=10)
What should my SS & R be?

 
P[SO] 

 
SL 

 
k 

Safety 
Stock 

Reorder 
Point 

.50 .50 0 0 100 

.10 .90 1.28 13 113 

.05 .95 1.65 17 117 

.01 .99 2.33 23 123 
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Service Level

What is exactly is Service Level?

Service Level . . . . 
IS

IS 
NOT

Probability that a stockout does not occur during lead time

The fraction of demand satisfied from stock

Probability that stock is available

Fraction of order cycles during which no SO’s occur

Probability that all demand will be satisfied from on hand 
stock w/in any given replenishment cycle

Fraction of time that stock is available in the system

Fill rate for or availability of an item 
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So, how do I find Item Fill Rate?

Fill Rate
Fraction of demand met with on-hand inventory
Based on each replenishment cycle

[ ]OrderQuantity E UnitsShortFillRate
OrderQuantity

−
=

But, how do I find Expected Units Short?
More difficult
Need to calculate a partial expectation:
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Expected Units Short

( ) [ ][ ]
x R

E US x R p x
∞

=

= −∑ ( )[ ] ( )o x o o
R

E US x R f x dx
∞

= −∫

Consider both continuous and discrete cases
Looking for expected units short per replenishment cycle.  

x

P[
x]

1 2 3 4 5 6 7 8

1/8

For normal distribution we
have a nice result:

E[US] = σN[k]
Where N[k] = Normal Unit 

Loss Function 
Found in tables or formulaWhat is E[US] if R=5?
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The N[k] Table
A Table of Unit Normal Loss Integrals

K .00 .01 .02 .03 .04 

0.0 .3989 .3940 .3890 .3841 .3793 
0.1 .3509 .3464 .3418 .3373 .3328 
0.2 .3069 .3027 .2986 .2944 .2904 
0.3 .2668 .2630 .2592 .2555 .2518 
0.4 .2304 .2270 .2236 .2203 .2169 
0.5 .1978 .1947 .1917 .1887 .1857 
0.6 .1687 .1659 .1633 .1606 .1580 
0.7 .1429 .1405 .1381 .1358 .1334 
0.8 .1202 .1181 .1160 .1140 .1120 
0.9 .1004 .09860 .09680 .09503 .09328 
1.0 .08332 .08174 .08019 .07866 .07716 
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Item Fill Rate

( )

[ ]

[ ] [ ]1 1

1
[ ]

OrderQuantity E UnitsShortFillRate FR
OrderQuantity

E US N kFR
Q Q
FR Q

N k

σ

σ

−
= =

= − = −

−
= So, now we can look for 

the k that achieves our 
desired fill rate.
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Item Fill Rate Example
Find fill rate for R=250, 300, 350, and 500 where, 

Q = 500 units and demand ~ N(d’=200, σ=100)

R k SL P[SO] N[k] N[k]s FR
250 0.5 .69 .31 .1978 19.78 .9604
300 1.0 .84 .16 .0833 8.33 .9833
350 1.5 .93 .07 .0293 2.93 .9941
500 3.0 .999 .001 .0003 .03 .9999

Note:
Fill rate is usually much higher than service level
Fill rate depends on both R and Q
Q determines the number of exposures for an item


	
	Assumptions: Basic EOQ Model
	Fundamental Purpose of Inventory
	Cycle Stock and Safety Stock
	Preview:  Safety Stock Logic
	Determining the Reorder Point
	Define Some Terms
	Service Level and Stockout Probability
	Cumulative Normal Distribution
	Finding SL from a Given K
	K Factor versus Service Level
	Safety Stock and Service Level
	Service Level
	So, how do I find Item Fill Rate?
	Expected Units Short
	The N[k] Table
	Item Fill Rate
	Item Fill Rate Example


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


