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A company purchases customized electronic
components from a supplier,

n =required number
®x = hbatch size ordered (xzn)

Each unit 15 inspected when received.
p =probability that a component passes inspection

For each component passing inspection,
c =unit price paid to supplier

If more than n components pass inspection,
v = salvage value of excess components

If fewer than n components pass inspection,
K =cost of re-ordering
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n=20 components are required, each costing
c=%$50.

The probability that a component. passes
inspection is p=80%.

The supplier charges K = $100 for the setup
Lime, inconvenience, etc, of producing a new
hatch (in addition to the $50/acceptable
component )

v = salvage value of excess components = $10
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The number X of components which would yield
an expected 20 acceptable components is
nop = 20/80% =20,

Howewver, ordering 2o will result in a significant
probability that we must re-order, incurring
the $100 ordering cost,
while ordering too large a batch will result

in an excess of acceptable components, also
incurring a large cost.

What is the balch size thalt will minimize the
tatal expected cast?
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Let

p,(j) = probability that j components of a
batch of size X will pass inspection

Assuming independence of flaws,

px(-]) - i ;‘:‘”' p! (1-p) : Brnrorraad RsEribil ioe
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Let fin)=minimum expected cost of acquiring

n acceptable components
we wish to compute (20,

Recursive Definition of f

1=n

X ) -1
f(n) =I}§g{2ﬂjcpx(j) - S (rves() + Z[K + f(ﬂ-j)]Pg(j)}
i=

=0
st af SF lFe axpected cost
Fooanlashie liFiie af WiSIT ISt
bEls SRS Sorapishio perls
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n-1
" ZD[K + f(n-j)] px(j)
- A

ﬂlte that f(n) appears in these terms (when j=0]

.
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fin) =min {% jopx(i) - f Cj=novpx(j)

*en | j=0 j=n

4—E'W+va@ﬂmxn+[K+ﬁnﬂ@Ao{}

Renote the optimal x by %
% %
fin) - psl0)f(n) = > jopx(j)-
i=1 j=n

(1-nJvps()
5 K =) pa(i)+ Kps( 0)
1=1
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Solving for fln) vields
fin) =

o 5 n-1 n-1 )
C> Pl v G nIp ) + K pul i+ fln=j)p,(j)

p - 5 -
] 1=n ] j=1 X

1 = p 0]

* 3
M

which can be evaluated recursively, setting f{0)=0,
computing fC1), f{2), f(3), ... fin).
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Paraneters for Optimal Batch Size Problem |
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required nunkber of acceptable components

cost of each comnponent passing lnspection
salwvage valus of excess conponents
cost of reordering
probability of passing inspection =
maxinum batch size considered

10

0.8
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b

7

compute table of binomlial probabilities

8

00 =] i e O B = |

2000
04000
Qg0
QOLED
Qo032
Qo006

o000
32000
Q9600
02560
Q0640
00154
Q0036
Qoo0s

Qo000
B4000
38400
15360
05120
01536
Qo430
00115

Qo000
Qo000
51200
40960
20480
0g1Rd
02867

Dinamial Distribulion

Qo000
Qo000
Qo000
40960
40960
2457k
11469
04588

Qo000
Qo000
Qo000
Qo000
22768

a93dd
a75dh
14680

Qo000
Qo000
Qo000
Qo000
Qo000
ab2ld
AR700
29360

Qo000
Qo000
Qo000
Qo000
Qo000
Qo000
ae7a

00000
00000
00000
00000 §
00000 3
00000 ¢
00000 §
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________ Expected Costs_____ Total
)4 Purchase Salvage  RBeorder 1-P0) L¢1-PO3E
| 2z | 80.00 ~f . 40 4.00 | 0.9600 | 80.83F

Example: Suppose 1 unit i1s need, and 2 are ordered...
p-(0)=0.04, p,(1)=0.32, p.(2)=0.64

That 15, there 15 probability 4% that neither of the 2 received
parts pass inspection, and so the expected reorder cost will
be 0.04x $100 = §4

The expected number passing inspection will be
Oxd®H + 1x32% + 2x64% = 1 6, so expected purchase price 1s
$=0 x 1.6 = §80
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Expected Costs____ _ Total

H Purchase LHalvage Eecorder 1-FP0 +(1-p03%
| 2 | a0, 00 ~h .40 4.00 | 0.9600 | g0.33f

The expected number of excess parts will be
ODx 4B+ 0x 325+ 1 x064% =064 and so the expected
salvage value 1564 x $10 = §6.4

Totalis 80-6.4+4 =§776

Probability that at 1east one part passes inspection is 963%,
and the quantity to be compared when minimizing s

$77.6 _ ¢80 83
0.96 $80.
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________ Expected Costs_____ Total
i Purchase Salvage  Reorder 1-P0) L¢1-POy |
1 40,00 0.00 20,00 | 0.8000 75.00
2 a0, 00 6,40 4 .00 0.9600 B0.8B3E
3 120,00 “14.08 0.80 0.9920 107.58}

7hoat Ex =1

FL11

Doing a similar computation with order guantity x=1and x=3
vields the values §75 and $107.56, respectively,

The optimal order quantity 15 therefore x=1, which vields a
minimum expected cost of f{1) = $75 to obtain one acceptable
part.

page 8
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Once f( 1) has been computed, then f{2) may be computed:

________ Expected Costs _____ Total
H Purchase Salvage Eeorder 1-Fn =(1-Pon
1 40, 00 0,00 1a0,.00 [ 0.8000 250,00
2 g0, 00 0,00 BO.O0 [ 0,9600 145.83
3 120,00 “h.12 17.60 [ 0,9920 133.55
4 160,00 T12.29 .64 | 0,9984 152.80
a] 200,00 20,07 1.15% 0,997 181.14

133.55 at E*x = 3

FLZ]

That 15, 1f 2 acceptable parts are required, 1t 1s optimal to place

the order for 3 parts, and the expected cost 15 $13355.
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Mext, given f{ 1) and f(2), the value of f(3) may be computed:

Total :
% | Purchase Salvage  Reorder 1-P0 ~1-Poy b
3 120,00 0,00 T I 0,9920 212.12
4 160,00 4,10 33.02 0,9984 189 .23
5 200,00 10,85 10,49 0,907 199,90
B 24a.00 -18.19 3.058 0,9390 224,88

FL31 = 189,23 at X*x = 4
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Total §

H Purchase BZalwvage  Reorder 1-F0 +¢1-pg;%

4 160,00 0,00 115.12 0.9984 | 275.56

5 200,00 T3.28 49 6§ 0.9907 | 246,48

b 240,00 9,18 18.37 0.9909 | 240 21

7 280,00 “16.38 B.13 1.0000 269,75

Fr4l = 24f.48 at E*x = §
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________ Expected Costs_____ Total E
o Purchase Salvags Reorder 1-P0 =c1-POIE
a] 200,00 0,00 136.57 0.9997 | 336.68
f 240,00 “Z2.h2 By .12 Q.9909 [ 304,52
7 280.00 -7 .86 28.14 1.0000 [ 300,28
a J20.00 “14.68 10.53 1.0000 [ 315,85
a Ja0. 00 22,23 J.62 1.0000 | 341 .40

FI51 = 300,28 at E* = 7
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el
. If wou Then Expected
;’}ﬁ&? ﬂpﬁ“fm{?{/ require order coOst
- e Eoimas
Harch s/ze 18 23 070 .22
y , TR
S Lk oo
D& 29 13 17 721.40
TR R
{i.e., the batch size 10 13 E64.27
. . 9 12 512 .52
which vields an 5 10 460.87
7 9 406 . 41
expecled 20 good g 8 352.78
componenits’ 4 5 Z
2 3
= 1 1
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