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® Make to Stock (MTS): (hin-snamienndalIsognft nsafauuul asumisednszedos
a 9 a0 ow do o o @ o & o w oo Y as 9
wonsainNudens lunaaduadusvesnmmidludidmua Faawdndnsaadsfuiiosddud
$IUIUNHY (safery stock) TisoefunnuAuulsvasnnudoamsvesania A9y 1o IHUARTSIS
v v
msuaalunsaii Saluduiuedeuimasandeuv ETO w3o MTO
Tuduvesdunadeuiiinuideaiunszuiumsnda (processes) nonldiiu 2 dsznningq 18
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R . a o r rl 5 ) - [ u.'y
® [ntermittent production: {WHMIRAATHA VY Ao mT1zdenBadudmarsiia Fuiu ms
=y r-l,-ﬂ 9/ [ d'l LY 24 o a dl.n gt v ar g
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A4 159UV process layout
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¥ W ¥
uazndnnisaz bindu SmdaeTaznavviataliunuy bach production
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2, DIHEENNTAURNRADINITVDINDIA (Demand forecasting)
1 o 9} o W =3 t: o Y . b
AMmoInsanNudeImsludud fe auguristeyadmivimuaniudeinislueinis Tse
i uazgnsaimsnda MWdmiunawunsidussn Nwsumstadetag uazdmuamsimania
2.1 AUENHALYBIMNEINTAINA (good estimates):
1. £A7uQnA8a (accuracy)
2. o ldsvdan (cosy
3. aevauedldinad) deanudesmadasuuyas (response)
4. YAz AUY (simplicity)
v < v 4 ¢ ¥ A a 1 Ay s
22 MANVBIMINNNINAINABIMS:  TTaamswensaanuneInts Indnnmsusedaignonsal
» ) ¥
vzABIRsTHINALATUAU MANNTIMaIl fle
¢ 4 v & vg s W o ) o
1. MIREINSETEAIIUAMNARADY (error) ANTU JlFAMEINTRzAounsbuNMTND 58T
ATLARIAAADUBOIAMYINT O]

P
W oow =

1 = 1 1 4 QIJ ot A
2. smunssinnstziidrfannunaimndeudas wu vendlutisdonuieiuszsunila
1 ¥
1 manudsamsiufs ahzegiuginiug
3. Aol legsiueesduimaissineinnugndesninaimneinssdmidum
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4. amunsaidmiudisardug luemenazgnAssnnniinmensald Myt
5. duflull1g ansldmianudeanisfiufiase (actual demand) Winpawensallumsa
UNUMINER
o < k3 1 ao Es 9} 4  ao
2.3 inennTainnudeans: entlssaniinensaanudeimsvesnaiadiu 2 wuu fe 53
7 a . . Sy @ o ) . .
WEINTBLUTINUNIMN (qualitative method) A ITNEINTBUBITUI (quantitative method)
ad = ar o o oy % 1
Fwernsolifiqumwerfonudesfauuazilszaumssivesdmeinsaldadu  Farmensel
Fuegfiuanui anuasovewAazynna $1d198a 3T nsalnuuil 1A managemenrdecision,
Delphi technique, Sales force composite D% market research Wiy
ad d a = ar = o 9 a0 ar s o
FnnnsalFlTine e luwandlamons uazdoyafriumndmiunenseinnudesmsly
A =3 yw L]
DUIPA mﬁmsﬁmuﬂﬂﬂamﬂmmu extrinsic methods HOZMUY intrinsic methods HUULINAITNADINT
RAedeetuilidoneusndun dauvumdlddeyavsinnudsinisfidiuindiug
3 1
UBAIINHMINEINTAI SN THNALF I ANN A DN 1
Short-term forecasting wensel L 13
Medium-term forecasting wensaldaud 1-53
. o o = L) -
Long-term forecasting Wensaiinu 51 was lanu 103
o w = ' ] o @ 1 .
24 YoyadmFunensal iiFondoyavesnudesms Tuanm A IUINANEFUI time series B
o u‘lg) L] qy =1 T 9 I'd i ] é | 1}
lunisunssvdeyamaitzdendoyaliznoudisesnilsznovedislaednanils vianasedis

59U #1931 2.1 (2)-(d)

x |
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D’?'W.‘c"" o ’:/.\/ NN
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.. g Ay
2 g I 2 3.4

Fimae Trme Cuarts

@) comstant (B> Trewol (@) seasmal ot ) eyeles
emanof patlem ¢ _

1 = 1 R ar L4

2.4 Regression Methods 1fuwrdunfvvesgandeavasmanudsamshruundlundnlumsnensel
addv as 3/ a o = 4:‘4:?::

BUIAA ITUDIHY method of least squares ANTULUARDLUDIYANDDA FluniAn s Tunaves

4 . . . ) ) )
msweinsaidu 2 uuude (1) simple linear regression MR (2) multiple linear regression
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Simple Linear Regression: °lugﬂ 2 u.ﬁmqawaammmmmﬁ'ﬂ&nﬁ U T RIIAINNATUA N
9 a dy
ARIY

& ¥ A e v a a
£, fin Anmdeamsfiruiniidamat t iannsodow x, dulueondamans]

gﬂ 2: Plot of data points

Xt = ag +a, 't+8t 2.1)
< o : g
Taed ap uag a Lf]uﬁ;ﬂﬂﬂummu Xy lae slope ‘llmuu:lmaﬂﬂlfmigﬂwaﬂﬂ

4781

t

€¢ = random noise NIa t
a1 ) = . . . ¥ A b a0
auyAN g, IMUInUuIng (normal distribution) was luANARAY (MMANY) Taviia

Ay g =0 uaz var(g,) = o2
Y Y v oA 4 Yy a 4
eI mInduiunImieves X, A taee lngdunanilgluuune
)"(t = 5.0 +§.1 -1 (2.2)
fi1 4, uaz 4, Aednlszinuues dguay 4 mudAy
9 3 1 o« LA Y oe 1 o . ~
8119 error YOIMNNNTUUAZAALNITUMAY €, .. €; =X, — K,

". sum of squares of error, SSg

n
SSg = et
t=1

(2.3)

(2.4)

n
H3® SSg = Z[xt —it]z . nfio Srundeya
t=1

- ~ n 4 'V os o . . . L
Fusruisom aguaz 4 itel SSy Tiaiga1dd10ms partial derivative Hafidu SSg

Foufy dguaz 4, ud0 set aun1sf I8 ldmiiy o nazifieudaumsudiez1d
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Example: The table givesthe demand for product A over 5 year. Determine the demand for the
next year.

a9

Year,t | 1 | 2 | 3 | 4 | 5
Demand | 100 | 115 | 116 | 125 | 135
Solution:

1 100 100 1
2 115 230 4
3 116 248 9
4 125 500 16
5 135 675 25
15 591 1853 55
5\(230 +ﬁl't

_ 55x595-15x185

=942
5% 55—(15)

ch

_5x1853-15x591 _
5%(55) - (15)?

0>

1

. %) o A
L auMIEHTUNEINTN A9
F, =%, =942+8t

nt=6
Fo=%5=942+8x6=1422 ~ 142 units

. ‘ 4 & ) .
ISINTORUINHIFNAUFOUY (confidence interval) UBIAUADINT xpsaumﬂizmm

R, @nlszinuves * @ t=plag) MAnn

__2.
Et s \/H;& o

noy (-1’



A 2
S = \/M (2.8)

n-2

Tae# (n-2) Ale degree of freedom:
n fiv S1UIUYA
2 9 $1U7U parametor U84 model

fethary Judiedefidum WM IHINHITINaIENY 95% dMSUMWEINIAANNARIMT 1D

p=6
Solution 2N =942 + 8t
m &, ‘ﬁ 189518
Year, t 1 2 3 4 5
Xy 100 115 116 125 135
it 102.2 110.2 118.2 126.2 134.2
g2 =348 s_‘/348 =3.41
3 3
toozss = 3.182
¥ = 142.2+3.182x3. 41\j1+5 (61;)

1422+ 1532

3 ] ]
", ismengel 1 Anudeimsezeg lugasin 12648 51 157.92 dreanuieiiu 95%

2.4.2 Multiple Linear Regression:
! o . 5 Vo o a . \ o
lunsaifdautlsay (dependent variable) UBYAUAMLTBATL (independent variables) HA1WAI
@ Tumavessinnudesmseniiyy

Xt = dg+ap Yy tay ¥ tasz Yyt tan  Ym T8

2 ,'ﬂ ¥
g +a1 "Y1t +az ‘Yot FUUHAY
’ - ™ = -
ap, 2y, 32...£{|1—£ﬂ'\ﬂ\11’l llﬁzﬂ?llﬂiﬂﬁiz D ¥Yits You--

Taoh t=1,2,3..m;

s

¥
suiuTumadmiunenssivzidiy

~ A A ~ r-)
X, = Gg+A; Y +ag Yo+t Y+ D %30

}

o ,. A A 2
Xt = agta;-Yyitaz- Y @



ar o {] = Y T 1 g 1 = Sl
ﬁlligﬁ?"liiﬂﬂﬁﬂﬂ'lﬂiﬂu HAUNT @ Hazauuayasg n A1 AA 1 = I ddt=n, Li’]ﬂ"lll'liﬂsl‘h")ﬁﬂ'li Least

A

= ] ~ ~ = nﬂlaﬂy
Squares MATAITTMRs Yo Tian (A1 ¢, 4y, ... 4,,) MImsudaumsfudu mt qaums  lufifiez s

3
=

351159949 matrix algebra MIAIWTNNBTAINETI AaT:-

auyAnTumofe X, =4y +4, Y +82 Yo oty Y s iYoyafiduN0gh n
4 ¥ o ::ly
g Fusemzaglieyaluglvesmndail-

Y -
voyaeM t Xy Yie Y2t Y3 -+ Ymt
l X1 Y Y21 ¥31 -+ ¥Ymi
2 X2 Y12 Y22 Y32 - ¥Ym2
3 X3 Y13 Y23 Y33 .o ¥Ym3
n Xn Yin Ya2n Ysn -+ Ymm
= 'y R o g o 3/
waz e so@ounen 18id marix x waz y feil-  wazdmuald
_ o _ -
X] Y11 ¥21 ¥31+¥mi a9
X 1 Yo Y22 Y32--Ym2 a;
X=|x3|; Y=|1 yi3 Y23 ¥33.¥Ym3 |; a=|4,y
| Xn | _1 ¥m ¥2n ¥3n .- Ymn_ _am_
(srerusaowiluauns least squares 11U
(Y'Y)a=Y"X 2.9)
£ o~ o ¥ ~ ’ -1 4
Faalszmnaveamsfimesmldnn a=(Y'-Y)" - Y'X (2.10)
1 o A A
HaZATNEINTTAD Fo=%,=y.4 @1y
=
Taofi vy =[L yie Yae Y36 o Yt
LRLTRE An electric company wants to predict monthly power usage of a home as a

function of the size, x, of the home based on the model ¥ = ﬁo + Bl ‘X +B, -x2. Find the least

squares estimates of GO , Bland Bz. The data are shown in Table 1 below:

Size of home Monthly Usage

X (squire ft} y, (kilowatt-hr)
1,290 1,182
1,350 1,172
1,470 1,264
1,600 1,493
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Size of home Monthly Usage

X (squire ft) y, (kilowatt-hr)
1,710 1,571
1,840 1,711
1,980 1,804
2,230 1,840
2,400 1,956
2,930 1,954

Tablel: Data for power usage study

Solution

XO X X2
1,182 ] 1 1,290 1,664,100 ]
1,172 1 1,350 1,822,500
1,264 1 1,470 2,160,900
1,493 1 1,600 2,560,000
1,571 1 1,710 2,924,100
Y= ; X=
1,711 1 1840 3,385,600
1,804 1 1,980 3,920,400
1,840 1 2230 4,972,900
1,956 1 2,400 5,760,000
1,954 | 12,930 8,584,900 |
10 18,800 37,755,400
X'-X ={ 18,800 37,755,400 8,093.9x107
37,755,400 8,093.9x107 1.843x10"
15,947
X'-Y = 31,283,250
6.53069x10"
26,9156 ~0.027027 6.3554x107
X'-X ={ -0.027027 2.75914x107°  ~6.5804x107°
L6.3554><10‘6 ~6.5804x107° 1.5934x107"2
B - XXXy
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26,9156 —~0.027027 6.3554x107% | 15047

= —0.027027 2.75914x107>  —6.5804x107° |x| 31,283,250
6.3554x107%  —6.5804x1077 1.5934x107'2 | | 6.53069x10!°
[-1,216.14389

- 2.39893
- 0.00045

~

By =-1,216.14389

B, =2.39893
B, =—0.00045
wazaumsdmiuwensed fe
% = —1,216.14389+2.39893){—0.00045)(2
duiu Snnthundamilsdumaiud = 2500 e srannsanensaUSnams 19 h 1dnn:-
§ = —1216.14+2.39893x (2500) — 0.00045 x (2500)>

= 1,968.685 kW-hr

4 o ‘ 0
YAl BIR INENTal, X, S1aellRern:-

n (04
Xtitz, VXSf (2.12)

Taof S;=Sy1+Y'-(Y'Y). ¥ 2.13)

2
%9 S ¥ 199 INAUNTT 2.8 1AL

I

Yt
Yat ’\

] ' . A ]
(vector U84 independent variables M3 miwAmIaou lvmdeans ¥ lunswonsad
Y3t

=
I

Ymt |

et v=n—-{(m+1)

m fin $1U independent variable



12

fvea: 296 IINTIT IR BT 95% dmTuAMeInTaiia x = 2500 fi?
Solution:
x Y ]y y=-3 y-92 |

1290 1182 1129.63 52.37 2742.532
1350 1172 1202.29 -30.29 917.2787
1470 1264 1337 88 ~73.8% 545759
1600 1493 1470.14 22.86 522.3917
1710 1571 1570.18 0.82 0.67009
1840 1711 1674.37 36.63 1341.954
1980 1804 1769.56 34.44 1186.285
2230 1840 1895.67 -55.67 3098.593
2400 1956 1949.29 6.71 45.04947
2930 1954 194052 4.48 20.10617

15332.85

g= [L333285 _ 4680178
(10-3X

S; =S+ XXXy

=S,/(1+0.271217)
=52.768
Confidence interval: X, % ty . -S¢ =1968.68 %t 557 XS¢
>’
to.025,7 = 2-3
.. lower limit = 1843.884
upper limit = 2093.478

o A
2.4.3 11514 linear regression 1l non-linear function W9
ar ] - ] =, ar w ] Qs ar o =

Tudradiafiduan esuld Sinuns Ewdanu T luasafou i ldtiaudu i
9 w a4 o @ A ’ A o - @ o P 3 =
WuasatLvIarunUeIns IS o U HANITNDT Y09 TuRalin 1y AR T BUTFUTUATI INTIZREINITIN

- = . . a o g Sy vt \

a0 1inalinves linear regression MW HweT Id Fusreusossynd 1938 MUY non-linear
function 514”1151‘1}14:-

1. %, = AB'; %, hildflarwdudusiFaduaseiu ¢ fiolu log idmisaesdions1d:-

logR, = logA+tlogB uwazdunld X, = logx;; 8y = logA uae



4 = logB wld X, = &,+4,-t sweniuldh 4, uay 4, Tnnuduiug
Fuduasanoni
= A-¢® W¥iREntude (1) Taon1sld m ez 18

2. %
InX, = InA+Bt diald
X, = In%,;43=InA noz 4, =B 'l
A fad A fad ~ r W =,
X, = 8p+4;-t % 4y waz 4, TauduiusiFudunsg
. ' i o
3. % = nlaowdugilou sl
. | R 1 B 4
X, = gl —=A—— iel#
R, t

: 1 1
et X, =— uaz y==- a4
X, t

é o/ ar =
X, =A-B-y % AuazB Ianuduiuiifuduass

fvEa: As an example of the forecasting procedures for reasonal variations (periodic
changes) the number of snow tires sold during 1 year at a tire distributions is shown in the table
below. Find an appropriate predictor equation.

1 V2131451671819 1w]11]12
| 200 | 250 | 280 | 280 | 230 | 210 | 180 | 150 | 120 | 120 | 170 | 195

Month
Tires Sold

. o ¥ =4 =] ¥t ¢ w . v & o @ @ & 1
Solution: 11¥oyalinden veifiu I8 ulluiledduniy sine curve AniuSamuyddil anwduiufsznin

b
$1UIUNBVDY snow tire 11 t IuFaT

§ 7 -
.:L_zs_o ._/'./l_\
v —

g /53T /

R (oo &
s'a-n
—— >-
1 2 3 4.5 >89 tepn 12

Hon 2L ¢
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A . Tt
X, = A+B-sin— *

Taeh A fin gATUAUYDA sine curve 1AL B AID amplitude Has

2nt it i (radians)
e = — = requency (radians
12 6
EX N m ¥ A 1
MNAUMT* IR y = sin-— wldmumslugilues X, = A+By uasmaiAuny

¥
B 1891AMsimua data points falumsradiedei

t Xy y= sin(’—g)

1 200 0.5
2 250 0.866
3 280 1.000
4 280 0.866
5 230 0.5
6 210 0
7 180 0.5
8 150 -0.866
9 120 -1
10 120 -0.866
11 170 -0.5
12 195 0
2wld A = 198.33
= 70.86  uaz
%, = 19833+ 70.86sin(-’;l)

Coefficient of determination: 33 regression [lumyadieilsidundiamandifenansas
Hutszninganls TasorWodeyafiintusie unfledduii 14 dventinswd Wmudeyasien
IRAifeeln mSorhugandon) Tduindisela ?‘ﬁﬂ15'3’ﬂd1ﬁ&f?’q?uﬁ"lﬁ’mmimmu%ya"lé’t'mﬂﬁ?m}'@ff
Fioele 1933 msdiuans coefficient of determination (r?) 3

S (&, -x

2 t=1

> (x-x)

t=1

=

2

1 v ] 9
g r? GudInd 1 Ataansdt HerFui 18 efuieawduusvedeya iy sulends

\/ 1'2 ‘r‘i%lf) r ’51 correlation coefficient.
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¥ [] Qs ] . 1 ™ . m
Froena¥y:  1UAIDY1 “snow tires” 12 = 0.913 uaaai X =198.33+70.86s1n(€) #1750

pfuwanuiuilsvedoya 18dannndt 90% mieldunudeyaldfrlszum 90%)

2.5 Moving average methods
2.5.1 Simple moving average (MA): FTmsnonsaluvuiliedweyadszneudvesntsznouaes
AL nmmaﬂﬂd‘n (constant demand) uawmmwuuﬂimau (random variation Y39 nmse) %1
A1u4M NI demand aansaueraaiiy T lddd -
X =ap+g ; t=12,..,n periods (2.14)
ap Ao Aundeussn udenis
4 1 Ao a0 . 1) &
g, Ao druNAULLlIIBIGU (noise) VBIdOYA ¥4
E(g,)=0 uaz variance 983 €, = Gg
n fle §1UU periods Mifiadoya
Tumaildnnnsalfe-
X =4, (2.15)
1% ] A ] 1y o k4 C u’; | ~
13701 1F UMY least squares Yszanma &, udis isuiuezdenihdoyaianuanmeam 4,
] v ¥ Fd
mszdeyadeienniligiuuntadisnuAanatann aaiu felddeyaiios m meinilegtiumniu
.+ Sum of squares errors,

n

S$Sg = (x;—4,)

t=n-m+1
dsse) _ 0 wld
d(ﬁo)

th (2.16)

t=n-m-+l

Tumsnennsalldnmnnsal fie F, ; Fewenselfi period t 413 period ©) Taeh

Fi.=%,. =4 (2.17)

3 ¥

¢0E19; Use the moving average method to determine future demand for the following
data. What is the forecasts for periods 13 and 20?

Period Demand Period Demand
1 106 7 112
2 110 8 106
3 118 9 118
4 105 10 102
5 115 11 112
6 100 12 110
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Solution

t . .
Period Period 3 I;;z()d 5 Il\’z:()d

1 106

2 110

3 118 111.3

4 105 i11.0

5 115 112.7 110.8
6 100 106.7 109.6
7 112 109.0 110.0
8 106 - 106.0 107.6
9 118 112.0 110.2
10 102 108.7 107.6
i1 112 110.7 110.0
12 110 108.0 109.6

F12,13 = )A(lz =108 (fh“ﬂ%’l! 3 period MA)
F12’13 = )‘\(12 =109.6 (ﬁ‘]‘ﬁ;ﬂ 5 period MA)
F12’20 =108 (fOI' 3 period MA)

=110 (for 5SMA)

sirnnnSoudfeniinnnsalldTasmsiunum SSE waviinuinsellalidunteios el
] 1 k4
anuiisansannd (usdvesdeyaniidmuy mswe Uil uaaamsaSoufiounsneinsalTasld

é ] i ol 1 ]
MA Fa1¥Auna0 3-period 1Az 5-period taz 35 ¥ 1doyas1ga (Naive method)

o [ © o%, @ ok, & | 0%,
Period | Demand | 3 period MA SSE 5-Period MA | SSE Naive SSe
1 106
2 110 106 16.0
3 118 110 64.0
4 105 111.3 39.69 118 169.0
5 115 111.0 16.00 105 100.0
6 100 112.7 161.29 110.8 116.64 115 225.0
7 112 106.7 . 28.09 109.6 2.40 100 144.0
8 106 109.0 9.00 110.0 16.00 112 36.0
9 118 106.0 144.00 107.6 108.16 106 144.0
10 102 112.0 100.00 110.2 67.24 118 256.0
11 112 108.7 3.30 107.6 19.36 102 100.0
12 110 110.7 0.49 110.0 0 112 4.0
Sum 501.86 329.80 1258.0
Sum/n 55.76 47.11 114.36
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2.5.2 Moving Average with trend

¥
frnyandeavesdeyaiiuui Tududuase 5enlslndundamanssae lliumuaiy
Ao9nisuednann

Xyp=ag¢tap (T-t)+g,

= = ar ¥ o a1 W ¥ dy o
lagil ag  fie szAUAUABINITNA t (RuyATIsEAURIIABIM I nlGoulasl ey
w3 TN (trend)

) Y o
ajy A9 slope YoM IUANA ¢

T A g lusuiaaiideamnensaanudents

Tumsnoinsst 15114 Tuaa
Xep =gy t+a;-(1=1)
T = o o 9/ o . & =4 o 1 r
masfivesflantu M11d9nn15%1 Double moving average Favunefanisiigl MA el
E @
moving average H1DNATY

W 1
01 MAE” #® A1 moving average AFAINAIAT t LAY

¥ [}
MAEZ] fiD A1 moving average ASINABINIIAT

1

War A
1510T0NY A, WY ap, TAAIT -

doe -  Mall J{MAQ] _MaP] }
- amallomall )
oz 4, = (ﬁ)'(MA?]‘MAF]) .

¥
daiu Amensel fuawlden F o = R = 8o, +4;,(c-1)

foE:; Use the moving average model with trend to determine the future demand for the
following data. What are the forecasts for periods 13 and 207

Period | 1 2 3 4 5 6 7 8 9 10 11 12

Demand | 106 115 128 123 135 130 147 150 158 155 167 170
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Solution 3-Period MA with trend

t Xy mall Mal? a0,¢ a1,
1 106

2 115

3 128 116.3

4 123 122.0

5 135 128.7 1223 135.1 6.4
6 130 129.3 126.7 131.9 2.6
7 147 1373 131.8 142.8 5.5
8 150 1423 136.3 148.3 6.0
9 158 151.7 143.8 159.6 7.9
10 155 154.3 149.4 159.2 4.9
11 167 160.0 1553 164.7 4.7
12 170 164.0 159.4 168.6 46 |

)"(12,13 =168.6 + 46(1) =173.2

5‘112’20 =168.6+ 4.6(8) =2054

2.6 Exponential smoothing

2.6.1 Simple exponential smoothing #1%151 Constant process;
nudeansvesnaaiion tlaq aunsounudas  x, =agy +e,

dnfulumadmsuwernsal Ao

X, = dg (M91EN E[xt]=>"(t uay E[e ]=0 ; var [at]zog

- t

qdy LY o 19 ot [ :r' 1 A A @
Tunsditinanuddydudeyedigananideyafiviui dulu msmanad 4, Sadlu'll

L o

4 q Hy Yo ! Y ¥ E =0 a q &
oln SSg (‘n"lﬂsumsmmm'uﬂaﬂuatmmmmanmwmum)nmmqﬂ Huno
Tt 2

SSg = DB Tt (x,-4y)
t=I
Tari 0< B <1 uazauyAdirdiedoya T periods AN
dSSg L \
- = ~23 B (xy-4g) = 0
d ag =1

2 4. - | 1=P Tt

Wi ap = '1—T ZB "Xy
-B° )4

4 ) g4

BNTEAUTUNTVNLUUBDN HONAD

o 1-B [y1-1 T-2 T-3
XT = m[ﬁ 'XI+B 'X2+B 'X3+...+B'XT_1+XT
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1-8 1-B [,1-1 T-2
= I_BT ‘X7 +W[B ‘X.1+B “Xo +"‘BXT——1]
1-P B1-B) [,T-2 T-3
= X7 +——=B X1 +BT T Xy X
I—BT T I—BT [ 1 2 T 1]
_aT-l
gaumenfidesmunileds % 'l

_ _aT-1 _

! ll—gﬁr X7 +B((11—%T) )'(l(—IBTBBl) BT x +BT 7 x, +---+XT-1]

) 1-B BA-B™H .
T T ATy

wt
—3
Il

T-1

Ed
aumstdlurunisdiniy

Y = T o T—]. ~ "
mTuawn, B uaz BT 0 WeNTal HazIs S o0

Xt = (-B)xr+P-R7
Al a=(1-p)wld D

iT = O XT +(1—'(X.)}A(T__1 Aok

o smoothing factor

Amengel Ry 1Y o e ATWABIMSAAAINITY (x¢) vanfunagmues (1—a) fusmeinsel

¥
vaanudpamsvestnatneuntniu (k)
F

0 1 A a9 ¥ sy ad & o oa
emnsatimua Ko_; Guduldnn 351a35nila deil-

1. ouveua

Y

Y ay oA WRI YRS U TR doyatiamn
N1 X121 =
n

YA Y L T
2. lwamsududly xp_; e Xp_ = x4

1 Q&

3. dmnTifidoyai daduloldmladmiisinunzay
k4 Py A
MnITeTUms Xy =a X7 +(l-a)X1;
I 2 T-1 T
Xt = axrt+a(l-a)-xp+all-a) xp_s+..+all-a)'  -x;+(1-a) -Xg

= ) Y  ad R . ) v et
smulaimsnennssinieis exponential smoothing a1 1VYANAAINHTUN

fMvea Use the simple exponential smoothing method to forecast the demand for next

period for the data given in the example on page 14. Assume 2 cases: o. = 0.1 and o = 0.3
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Solution
auyAIIFAUTNAY (initial value) X =106
a = 0.1 a = 0.3

1 106 106 106

2 110 11.0 954 106.4 33.0 74.2 107.2
3 118 11.8 95.8 107.6 354 75.0 110.4
4 105 10.5 96.8 107.3 31.5 77.3 108.8
5 115 11.5 96.6 108.1 34.5 76.2 110.7
6 100 10.0 97.3 107.3 30.0 77.5 107.5
7 112 11.2 96.6 107.8 33.6 75.3 108.9
8 106 10.6 97.8 107.6 31.6 76.2 108.0
9 118 11.8 96.8 108.6 35.4 75.6 111.0
10 102 10.2 97.7 107.9 30.6 77.7 108.3
11 112 11.2 97.1 108.3 33.6 75.8 109.4
12 110 10.0 97.5 108.5 33.0 76.6 109.6

AMeINIald M3 period 13 A Fj5 =109 uaz 110 dmsua 0L = 0.1 uaz 0.3 MudIdy

2.6.2 Double exponential smoothing

qciy =

o o é hod
Tddmsvnensalanudesms lunsdifideyaiuun iy (trend) Faliflasdulugal.-

Xty = apgta;-(t-t)+st

¢ ~ &
ay uaz a; fe winiwefvesiledFulaell €, Wy random errors il mean 30 E(g,) =0

2

uazil variance = Cg

ar 3 o o o e ~ ~ A
aniulumadmiunenseife X . = d5+4,(z—t)
» []
Y = o . . . H
aouilsnau lifisrsan Tuaano1nsalueq simple exponential smoothing (M3 **lunifir1u

[} 4
W) Fusrewsodouln Taeld g = (1-a) fefi

~

Xt = Q,-XT+Cl,'ﬁ'XT_i+a'B2'XT_2+...+U.‘BT_1‘X.1+BT'i()
T-1

wiodouily  Rr = a) Blexp+BT %g
i=0

& w ~ 2
Fammaniwes X fe
T-1 .
E(XT) = a) B -B(x_)+B" -%g
i=0
T-1

= aY B -[ag+4,(T~i)]+BT %,

i=0

e To o, BT >0 dufu
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xR o0 s8]
E(&1) = ﬁo‘a’ZBl+él'T'G'ZBl“ﬁl'a'Zi‘Bl
i=0 i=0 i=0
R ,. n B . HUWAIIND) simple exponential
E(xt1) = ag+a; - T—>a ey DRI
a smoothing v w gINIWAINI
r 1
Lk Aumagesaba anl
. B . o
E(xT) = E(XT)_a'al *

AISNEINTAUU Double exponential smoothing Humrira X1 075 simple exponential smoothing 111

11 simple exponential smoothing ?Jﬂﬂiﬂ“}’i‘ui'l fiD Xgr] =a- X +B- x[z] Favzhlnansomm 510

L

uaz 4; TuTnmenonsal1dTasiodn sundoves R egdndheuaivves 27 eguify L “dy 1 19U
(08

¥
RONUANNT * A9U -

E[ﬁm] = E[ﬁT]—%aLT o

dr = %(E[iT - E[X[TZ]D

130
él,T = E(AT_i[TZ]) @**
B
unus mP—-éLT = Elxr]-E[&1] @wnaums » adlu @ 14
o
Elxt] = 2E[>“<T]—E[£Er2] } ui Elxr] = g7
A 2
a1 = 2E[&q]- [ R }
dgr = 2-%p-kY I ©)
faoen: The data below appear to have a trend. Develop a model for this time series using

the double exponential smooth method and o =0.3 what is the forecast for period 137 For
period 20?

Period | 1 | 23] 4|5 |6 7189 ]twiil]i
Demand | 106 | 115 | 128 | 123 | 135 | 130 | 147 | 150 | 158 | 155 | 167 | 170
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Solution Double exponential smoothing, o = 0.3
o X joexgp Qo)X | Xy | oeX | qooglP | g | Ao | age
1 106 106 106
2 115 345 74.2 108.7 326 74.2 106.8 110.6 038
3 128 384 76.1 114.5 346 74.8 109.2 119.8 2.3
4 123 36.9 80.2 117.1 351 76.4 11t.5 122.7 2.4
5 135 40.5 82.0 122.5 36.8 78.1 114.9 130.1 33
6 130 39.0 85.8 124.8 374 80.4 117.8 131.8 3.0
7 147 44,1 87.4 131.5 39.5 82.5 122.0 141.0 4.1
8 150 45.0 62.1 137.1 41.1 85.4 126.5 147.7 4.5
9 158 47.4 96.0 1434 43.0 38.6 131.6 155.2 5.1
10 155 46.5 100.4 146.9 44.1 92.1 136.2 157.6 46
11 167 50.1 102.8 152.9 459 95.3 141.2 164.6 5.0
12 170 51.0 107.0 158.0 47.4 98.8 146.2 169.8 5.1
?212,13 = 1698+51X(}.) =1749
X1220 = 169.8+5.1(20-12) = 210.6

3
Qeasy 1 Qs

® A10.: RG.Brown nuzih 3 a lunedfidliadaus 0.1 wez 0.3

14
e anuduwufiznin exponential smoothing method NU m — period moving average (MA) i udat:-

2
a = —
m+1

2.7 Winters’ Method for seasonal variation
ad . sy < o as dq' v = ar -
Atwee Winters Wuiinwennsaiduiunsdindoyalinuiumlsaiuggnia (seasonal variations)
E = = o y
FannsouaasiuTuaandaenaas 10l
& ¥ = i & a4 y oA
X, 1D ATUABINTVOIAAT period t FeliDsdilsznen dIufe
ap Wuduhnd
a; A duFaduass
¢, Hudmfurasdninavesggnia uaz
g, WudrmfuaainnuiunsiFagu
AuYANT I period NAVITABNEWAVBIgYMANIMNAT L periods uagRMuadn ¢, (38 seasonal

factor) zdestimni iy

L
th = L @
t=1
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ad o | oA gt a T = a o Y
Armsaaamwensa 1Fanmslszuiaaiwisiimesves Tumanonsal lae 1935 n15v0 9
exponential smoothing AQll:-
' Y
WAIINAY period T uAIAA Xp TN

1 Amnuiszginuees g Tmidue 44 1

. X i .
agT = of T — +(1—‘1)‘[ao,('f—1) +al,(r—1)]
T,(T-L)

Tagh 0<a <1y smoothing constant.
a ) 3/ ]
2. ATIUAWUI 1NN (trend) Thu
dyr = Bldg,r —do,r_ny]+(1—B)-ayry

1 0 <P <1 il smoothing constant.

3. AITUIRA seasonal factor 1HNEIHITY period T

. X .
cp = ¥ |+ (-t 7y
40, T

H =1 ar A
Tagfl 0<¥ <1 1flu smoothing constant BNAINIA

4. msnensaiad sy period (T + A) Tuewanld

Froa = Xrea = [Bo1+a;7-AlCTya(Tea-L)
~ ! ~ é 8 n:; .
wineme: 4o = M 4g Fefmoufivan period T
wdung 181 Tumssnu sdemswaiiiudunes 4 ,4; uas & dmiu ¢ = 1,2,3,...,L

sunsadsznuswsiinesmainndoymi 2 2eseuvesggmanrmndail -

1. m3dszmnan i (trend) :

f1X, = Aushuved demand ¥992950UGANALTA

Xy = AURGYYSY demand YDINTBUHAMIAAIYA
. n Xy —X
Loa - 27X

L
¥ =y < a A
2, ‘IJiS%J"IﬁI!ﬂ'IW’I'S]N!ﬂEI‘iﬂQTI, ag:

Tagsurafiarenseuvesgamaniga

R _ . (L-D
ap2L < Xy +ap:
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3. AUINAIUAY seasonal factors, ét'-
) X
Ct = U t
ag +4a, -t
Taoh g =4, —(2L)-4) wazt=1,2,3,.., 2L wlddeya ¢,85,..&1 2 9n Iddmnm
v :4 F ET :E 1
winundondsldaundodius seasonal factors
& ¢ AR bduldawauns @ Tundh 22 e Whbhmsd$ud &, uaasdilaogu &,
L

Y .-
FEmstiTendn msvia nommalizing tia ¥ 26{ =L

L
Zet t=1

t=1

uRazAde

911 Model ﬁ’lﬂ%ﬂﬂﬂ’]ﬂﬁﬁﬂuﬁﬁ’] 23 ﬁf*hulﬂ FT+A = iT+A = [é.o"'[' + 5.1_'"[' . A] €T+A’(T+A_L) ﬂy'i
y

mniusnh i ldfunsdivesfoyavosnnudesmsi il Ty, f 4,7 =0; Auiulusavesms

o ~ A A
winpsalvzamediu Fro, =7, = [ao,1]1CTsA,(T+A-L)

fotia: Given the data for the sate of snow tires in the table below, forecast the sales for
the first 3 months of years 3

No. of tires sold

Month Year | Year 2

1 195 229
2 252 271
3 299 333
4 276 305
5 258 277
6 210 239
7 192 211
8 152 193
9 141 155
10 128 159
11 200 209
12 217 236

2522 2817

Solution

1. sz 4y

2522
12

= 210.2



. a1=

. Xp,-%;  2347-2102

24

2

t=13
12

2817
12

2347

25

=2.05

L

2, dszinum

80,24 = 234.7+(2.05)-

~

ag o, =Xy +ay-

= 246.08
3. &,
n Xt
VN G =
dpg+ap-t

Tagvn 4 p 910

dpp =

-1

12

(12-1)

8021, —(2L)-4,
50’24 - (24) X 2.05
246.08—-24x2.05

- 196.88

Fa &, ot t a1 uazAundn T, AwaldRmsedudd

Year1| 4,+4;-t ¢, Year 2 dg+a;-t ¢y [
t t
1 198.93 0.98 13 223.53 1.02 1.00
2 200.98 1.25 14 225.58 1.20 1.23
3 203.03 1.47 15 227.63 1.46 1.47
4 205.08 1.35 16 229.68 1.33 1.34
5 207.13 1.25 17 231.73 1.20 1.23
6 209.18 1.00 18 233.78 1.02 1.01
7 211.23 091 19 235.83 0.89 0.90
8 213.28 0.72 20 237.88 0.81 0.77
9 215.38 0.65 21 239.93 0.65 0.65
10 217.38 0.59 22 241.98 0.66 0.63
11 21943 0.91 23 244.03 0.86 (.88
12 221.48 0.98 24 246.08 0.96 0.97

ERsY 12.08
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2.8 Forecast errer
ﬂ’ﬂllﬁﬂwmﬂ %38 error ﬂlﬂdﬂ'ﬁ‘v‘ltﬂﬂ‘iﬂfﬁ‘lu’mﬁ]’lﬂ
= T 9 =l'.4a d? & g L .
X¢ 9 AANTUADINITNINAVUITITINTU period t LD
X, fio MneInTaiANUADIMITIMTY period t
[ ] 1 (BN ] o = o ¢ [ 4 o 9
UARLAAZATYBY error TBAEMIYS VTN Tmesuoantsnensalinmin Jelimsldénne

590994 error a2 (E1)

T
ET =Zet @
t=1

14 ¥
i o =

(" o 9 acd oo @ Y @
uAf I error veamIneINsaA AT UM Ui M3z error MllY + uaz - mansorindraduy
o ¥
Wid E1 =0 14
. ¥ ' . & o
iwouileynil Tafinn3 1961 mean absolute deviation (MAD) #asaa 1dan
1 < ®
MAD = — e,
i
t=1
[ =B £ U e ¥ o ¥ =
81 MAD 11408 MREAIN ANEINTNLATINANUAINADINITITY

b4
wennniudalinsl4a1 Mean squared error (MSE)
I« 2
MSE =—>"¢; @
T t=1
= = 1 & & [ @ a1 LY r o 3
TlN"IHﬂJ'!lJﬂ‘QJW'I?JUNﬁN»‘] fiD AIMINANBVVDL demand TN wU THUNYBIAT error NITUINAEY

Lﬁﬂuﬁﬂi};ﬂ1ﬁ 9582TnA2 1110 A9 mean absolute percentage error {(MAPE)
L[ el
MAPE =—| > =5x100 ®
T| 3 %t

1 MAPE<10% @un
MAPE <20%  uu2 10ud
MAPE <30% AWDAIS
MAPE >30% liiifioanss

Fa
UBABINTIS 1A IWITOATUINUN standard deviation UDIA forecast error 14910

A =4 Qs L =t . B . < dy
Fatlanuduriuiiu MAD lunsdlueanisly Simple exponential smoothing #4U
o ~1.25 MAD

unuesAmIun MAD dwmsuusaay period o1 ldmatinves exponential smoothing 1A fio
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MAD, = ax; —x,|+(1-)MAD,;, @

2.9 Tracking signals:

o3 v Hq ¥ ¥ o l Y o = 2 s 3 U N R t
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2. Smoothed average error tracking signal:
Tat D.W.Trigg Hufiaus 1914 uazduia tracking signal 910
1 t
- ;Zei
€ _ M=l

MAD, MAD,

Tunsaidia T, awfudsegsendng £1 uge upper limit 422 lower limits Ndoy1diufe +0.5

f081: Given the actual and forecast demands in Table A, calculate the smoothed

average error tracking signal for each period using ¢ =0.2 and limits of 5. The initial value for
the smoothed error is 0.5 and for MAD 1is 5.0 the tracking signals are shown in the second last
column of the table.

Table A: Calculation of tracking signals

Period | Actual demand | Forecast Error Smoothed Tracking
t X, Demand, Fs € Average, €; MAD, Signal, T;
1 106 0.5 5.0 0.1
2 110 106 4 1.2 4.8 0.25
3 118 107.2 10.8
4 105 110.4 -5.4
5 115 108.8 6.2
6 110 110.7 -0.7
7 112 107.5 4.5
8 106 108.9 -2.9
9 118 108.0 10.0
10 102 111.0 -9.0
11 112 108.3 3.7
12 110 109.4 0.6

#9619 U W15 period 6.
32 =X2 —F2 =110—106:4
€=o-e+(1-0)e=02%x4+0.8x0.5=1.2
MAD, =ale;|+(1-a) MAD; =0.2x4+0.8x5=4.8

T, =22 2025
4.8
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PROBLEMS

2-2. The manager of a warehouse distribution center would like to determine the
demand for items in the center in order to decide on the size of a new layout,
The demand is shown in Table 2-27,
fa) Draw a trend line by eye for these data.
{b) Use a simple regression model to forecast the demand for year i3.
(c) Calculate the 95% confidence interval around the forecast.
(d) Calculate the correlation coefficient.

Table 2-27.
Year Demand (1P units)
i 50.7
2 55.4
3 59.6
4 61.9
5 8.0
[ 60.5
7 66.0
8 70.5
] 7.8
10 814
11 4.8
12 100.7

2-3. The forecast mode! for production quantities of an item can be expressed by

E -] -—H—-——-—-‘z.
Y X~ m
where y = production quantity
x = time period, years
oy, @) = Constants
{a) Using Table 2-28, determine the production quantity for next year.
{b} Determine the coefficient of determination.

Table 2-28.
Year  Production Quantiry (105 units)
1 - 6.0
2-4, The seasonal demands for a product are shown in Table 2-29. § :gg
4 16.5
Table 2-29, : ;’;’:’;
Year  Month  Demand (units) 7 23.4
8 254
1 Ian. 100 9 73
Feb. 120 10 .0
Mar, 140 B.
Apr, 160
May 155
Tune 150
‘haly 145
Auvg. 149
Sept. 135
Qai. 145
Nav. 160
Dec. 200
2 Jan. 210
Feb. 230
Mar, 25¢

(2) Plot the points and draw a trend line by eye.

(b) Use a trigonometric fanction and fit the data by the least-squares method.
{c) Determine the coefficient of determination.

{d} What are the forecasted demands for the following 9 months?



4s shown in Table 2-30, the productivity of a transfer line is a function of the

size of buffer storage and the ratio of the failure and repair rates of the produc-

tion machines (p).

() Estimate the productivity 2 for a production system with a bufTer storage Z
and a failure to repair rate ratio p by utilizing the multiple linear regression
technique. Find P if Z = 180 and p = 0.35. )

(b) Calculate the 95% confidence interval around the forecast.

(c) Determine the correlation coefficient.

5, The production quantity of product 4 depends on the sales of two other prod-

pcts, B and C. j‘he sales of these products are given in Table 2-31.

(a) What are the expected sales of product A if 40 and 50 units are expected
be sold from products B and C, respectively?
(b) What is the correlation coefficient?

to

7, Use Winters's method to forecast demand for the first 6 months of year 2 for
the data given in Table 2-29. Initialize the model in year 1 and update forecast

parameters with year 2 results for first 3 months (use & =y = ¢ = 0.3).

8. Use Winters's method to forecast demand for year 3 for the data given in Table

2-32. -
Table 2-32.

Month First Year Second Yeor
Jan. 29 50
Feb. 57 60
Mar. 62 64
Apr. 83 87
May 104 109
June 121 127
July 138 139
Aug. 165 169
Sept. 7 65
Oct. 52 55
Nov. 67 57
Dec. 62 50

P1/2

Table 2-30.
Productivity, Buffer Size,
P (%) Z P
40 2 0.50
50 3 0.50
55 3 0.75
60 4 0.80
65 8 0.70
68 7 0.65
70 9 0.60
75 15 0.60
80 20 0.50
85 38 0.51
%0 60 0.48
92 75 0.45
93 85 0.44
94 110 0.43
95 140 0.43

Table 2-31. NUMBER

OF UNITS
, soLp
. FROM
PRODUCT
A B C
100 80 50
200 % 30
300 70 40
400 60 60
500 50 80
600 95 35
700 45 75

2-9. Table 2-33 shows the monthly sales of a product for a 2-year period.

Table 2-33.
Jan. Feb. Mar. Apr. May June
Year | 73 65 0 70 76 68
Year2 71 67 68 72 74 70
July Aug. Sept. Oct. Nov. Dec,
Year 1 75 73 70 66 70 78
Year2 73 75 68 73 68 80

{a) Use year 1 to initialize a 3-month and 5-month moving-average mo

Forecast year 2 on a 1-month forecasting horizon.
(b) Compare the two forecasts. Which do you prefer?

2-10. Using the data of Table 2-33, develop a forecasting mode! using exponer
smoothing. Find the appropriate value of @ experimentally. Compare the re

with the forecast results of Problem 2-9b.

2.11. The data in Table 2-34 represent monthly demand for a product aver a
month period. Forecast the monthly demand for year 2 using an appropr

exponential smoothing model.

Table 2-34.
Jan. Feb. Mar. Apr. May June
Year 1 55 70 62 68 75 72
July Aug. Sept. Oct. Nov. Dec
Year i 69 80 .75 82 78 75




2-12. Using the data of Problcfn 2-9, develop a MA(1) mode). Compare the accuracy
of the forecasts to the simple moving-average results of Problem 2-9.

2-13. For the data of Problem 2-9, what is the standard deviation of demand for a

2-month forecast using a 3-month moving-average model?

2-14, Records show that a company has the demand shown in Table 2-32 for one of

its products.

(a) Establish a monthly forecast for the first & months of the third year by using

the moving-average approach.

b Establish.a monthly forecast for the first 6 months of the third year by using
exponential smoothing with a = 0.25; compare with the forecast of part (a).

2-15. Calculate the 95% confidence interval around the forecasts of Problems 2-14

and 2-8.

2-18. The yearly demand for personal computers is increasing at a significant rate. A
manufacturer wishes to expand its manufacturing facilities to meet the demand
during the next 5 years. The actual sales of personal computers during the last

10 years are tabulated in Table 2-36.

Table 2-.36.
Year Sales in Units
1 200,000
2 .. 250,000
3 . 350,000
4 370,000
5 400,000
3 500,000
7 §50,000
] 780,000
9 850,000
10 1,000,000

(2) Use the simple exponential smoothing method to determine the forecast

for the next 5 years. Assume that & = 0.20.

(b) Use the double exponential smoothing meth6d, assuming « = 0.30, to
determine the demand for the next 5 years. Compare the results with part
(a). Which result would you consider to be more accurate? Why?

(¢) The manufacturer captures 22% of the current market and is expected Lo
increase to 25% during the next 5 years. Assuming that the current manu-
facturing facilities are operating at maximum capacity, by how much, if
any, should the manufacturer increase the capacity of the facilities?

2-19, Use a linear regression model to determine the increase of the manufacturer’s
capacity in Problem 2-13. Compare your results with those obtained using a
quadratic regression niodel. Which would you consider to be more accurate?

220, The quarterly sales of tires during the last 6 years are given in Table 2-37.

-~

Tabie 2-37.
Year Winter Spring Summer  Autumn
H 180,000 150,000 130,000 169,000
2 183 000 155,000 128,000 170,000
3 150.000 160,000 140,000 165,000
4 191,000 162,000 133,000 160,060
5 195,000 155,000 143,000 168,000
6 200,000 170,000 150,000 165,000

{d) Use a four-period moving average (o establish a forecast for each quarter

of next year.

{b} Use a linear regression mode! 1o determine the forecast for each quarter.

Determine the 95% confidence intervals for each quarter.

P1/3



2.5, As shown in Table 2-30, the productivity of a transfer line is a function of the
size of buffer storage and the ratio of the failure and repair rates of the produc-
tion machines {(p).

{a) Estimate the producnvuy P for 2 production system with a buffer storage Z
and a failure to repair rate ratio p by utilizing the multiple linear regression
technique. Find P if Z = 180 and p = 0.35, .

{b) Calculate the 95% confidence interval around the forecast.

(¢) Determine the correlation coefficient.

2.6, The production quantity of product A depends on the sales of two other prod-
ucts, B and C. The sales of these products are given in Table 2-31.

(a) What are the expected sales of product A if 40 and 50 units are expected to
be sold from products B and C, respectively?
(b)Y What is the correlation coefficient?

2.7, Use Winters's method to forecast demand for the first 6 months of year 2 for
the data given in Table 2-29. Initialize the mode! in year 1 and update forecast
parameters with year 2 results for first 3 months (use & =y = ¢ = 0.3).

2.8. Use Winters's method to forecast demand for year 3 for the data given in Table

2-32. .
Table 2-32.

Month First Year Second Year
Jan, - 29 50
Feb, 57 &0
Mar, 62 64
Apr. a3 87
May 104 109
June 121 127
July 138 139
Aug, 165 169
Sept. 7 65
Oct. 52 55
Nov. 67 57
Dec, 62 50

l"/-‘-

Table 2-30.
Productivity, Buffer Size,
P (%) z P
40 2 0.90
50 3 0.%0
55 3 0.75
60 4 0.80
65 8 0.70
68 7 0.65
70 9 0.60
75 15 0.60
20 20 0.50
a5 38 0.51
% 60 0.48
92 75 0.45
923 85 0.44
94 110 0.43
95 140 0.43

Table 2-31. NUMBER

OF UNITS
' SOLD
. FROM
PRODUCT
A B C
100 80 50
200 90 30
300 70 40
400 60 60
500 50 20
600 95 35
700 45 75

2-9. Table 2-33 shows the monthly sales of a product for a 2-year period.

Table 2-33.

Jan. Feb, Mar. Apr.

May June

Year | 73 65 () 70 76 68
Year2 71 67 68 72 74 70

July Aug. Sepi. Oct. Nov.

Dec.

Year! 75 3 70 66 70 78

Year2 73 75 68 73 68 80

(a) Use year 1 to initialize a 3-month and 5-month moving-average mo

Forecast year 2 on a 1-month forecasting horizon.
(b} Compare the two forccasts. Which do you prefer?

2-10. Using the data of Table 2-33, develop 2 forecasting model using exponer
smoothing. Find the appropriate value of @ experimentally. Compare the re

with the forscast results of Problem 2-9b.

2-11. The data in Table 2-34 represent monthly demand for a product over a
month period. Forecast the monthly demand for year 2 using an appropr

exponential smoothing model.

Table 2-34.
Jan. Feb, Mar. Apr. M{zy_—‘llane
Yearl 55 70 62 &8 15 72
July Aug. Sept. Oct. Nouw. Dec.

Year | 69 80 .75 82 78 75




2-12. Using the data of Problc{n 2-9, develop a MA(1) model. Compare the accuracy
of the forecasts to the simple moving-average results of Problem 2-9,

2-13. For the data of Problem 2-9, what is the standard deviation of demand for a
2-month forecast using a 3-month moving-average model?

2-14. gecords show that a company has the demand shown in Table 2-32 for one of
its products.

(a) Establish a monthly forecast for the first 6 months of the third year by using
the moving-average approach.

(b) Establish a monthly forecast for the first § months of the third year by using
exponential smoothing with a = 0.25; compare with the forecast of part (a).

2-15. Ca;clzalate the 95% confidence interval around the forecasts of Problems 2-14
and 2-8.

2.18. The yearly demand for personal computers is increasing at a significant rate. A
manufacturer wishes to expand its manufacturing facilities to meet the demand
during the next 5 years. The actual sales of personal computers during the last
10 years are tabulated in Table 2-36.

Table 2-36.

Year Sales in Units
1 200,000
2 .. 230,000
3 - 330,000
4 370,000
5 400,000
6 500,000
7 650,000
8 780,000
9 850,000
10 1,000,000

(2) Use the simple exponential smoothing method to determine the forecast
for the next 5 years. Assume that & = 0.20.

(b} Use the double exponential smoothing methdd, assuming a = 0.30, to
determine the demand for the next 5 years. Compare the results with part
(a). Which result would you consider to be more accurate? Why?

(c) The manufacturer captures 22% of the current market and is expected to
increase to 259 during the next 5 years. Assuming that the current manu-
facturing facilities are operating at maximum capacity, by how much, if
any, should the manufacturer increase the capacity of the facilities?

2-19. Use 2 linear regression model to determine the increase of the manufacturer’s

capacity in Problem 2-18. Compare your results with those obtained using a

quadratic regression model. Which would you consider to be more accurate?

2-20, The quarterly sales of tires during the last 6 years are given in Table 2-37.

‘Table 2-37.

Year Winter Spring Summer  Autumn
I i80,006 150,000 130,000 169,000
2 183,000 155,000 123,000 170,000
3 190.000 160,000 140,000 165,000
4 191,000 162,000 135,000 160,000
5 195,000 155,000 143,000 168,000
6 200,000 170,000 150,000 165,000

(3) Use a four-period moving average to establish a forecast for each quarter
of next year,

{b} Use a linear regression model to determine the forecast for each quarter,
Determine the 95% confidence intervals for each quarter.

P1/3
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(c) Use Winters's method to determine the forecast for each quarter, '
(d) Compare the results of the abave three methods.

~ 2-21. The capacity (in terms of workers and machine hours) of a manufacturing
facility depends on the number of jobs to be processed and the number of
skilfed workers avaifable. The manufacturing faciiity data obtained for the last
8 years are shown in Table 2-38.

Table 2-38.
. Number of Number of
Year Capacity Workers Jobs
1 100,000 250 2000
2 110,000 o 2220
3 150,000 245 3000
4 166,000 280 2800
5 175,000 300 2760
6 173,000 2%0 2685
7 180,000 320 3100
8 185,000 315 3200

(a) Develop a multiple linear regression model to determine the capacity as a
function of the above factors.
(b) What is the capacity for the next § years?
(c) Develop two models to forecast both the number of workers and the num-
. ber of jobs separately. Calculate the capacity using the two models and
compare the results with those obtained from part (a).

" 225, A 2-year sales history by quarter for 2 seasonal product is given in Table 2-40.

Table 2-40.
Sales
Quarrer First Year Second Year
1 30 42
2 48 /58
3 60 . 74
4 38 44

(a) Using Winters's method, forecast the quarterly sales for the third year,

{b) Assume that the actual sales for the first quarter of year 3 are 48 units.
What is the revised forecast for the second quarter of the third year? Use
e =y=g =032

(c) Assume the following actual sales occurred dunng the third year.

Table 2-41.
Quarter Sales
1 43
2 70
3 95
4 50

What is the 95% confidence interval around a one-period forecast?
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3. AUNUNEINVADTUINUINY (storage facilities)
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' 4 lﬂ' Y =] ,‘l é = -3
1) tmngndlise nazludefidu s uSunnsdifiin lost sales Fusnzgaudom lsvnnsve

=

&1 1 Ae yaswewnnugydvdeniedudr uazdwinves = b miaw

L ANNEETIN = Th Y

2) fadui udigndBudfiezse Mufe aunsadwesmTeduildgnfiniovdsld (backordering)
.:qdyo Y P = =
nsdlfianldovzsniunuszoznaisedud
Y oA A 9 4 a g4 o s Y9 [} ] 1 1
§1 & fe dunuitidaninmanuinwiduiiiads 1 i dewioim

¥ I~ &=
L Hanadaud 0 99 T avidem1de1e = #-T-B Taoh
T

B s smuiumdsussdudidiae
- 1
Fa B=— [B()dt @
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3.3 ulpuemsnands (Inventory policies)

1.} Periodic-review R-r policy

r

gﬂ 1: R-rpolicy

fM3As 95T A UAINEIARZYAYEINAIBI AL T 193300 T 41 review period
R #io ihmanvesiaaninds (target inventory)
r A1 ‘qﬂfu;"ﬁuf’ﬁ (reorder point) 1A
Q fip smnAudfidurazeeines (order size)

Qoulalunisds An N review period Tj

0 f‘l"le)l'
R"IJ 6’IIJST

b4
3

i573enuTow1efian Rt policy uadua1ld r=R flez e Teu1ofiE ondt order-up-to R policy
)
2. Continuous-review period: uIEl‘IJ”IUﬂQﬂasiI.L‘U‘U‘ullﬂTiﬂS’Ji]’ﬁ’B”U'izﬂvﬁjﬂﬂ‘dummﬂmﬂﬂwﬂﬂL‘uﬂ\i
wozdlelafiouii I, <r fesdsdion Q = Rr vzitu1d1iifie periodic review A1 T = 0 157500

U Tou10tI1 fixed-reorder quantity policy (gﬂ 2)
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e

: &aT
"TTNI W

= 7’7‘;«,{
gﬂ 2: Q-r policy

]
o A g a Y @ a Y sic:;ai)a'ulu.,

w131 r = R Amangamnu nnﬂNﬁmﬁumaaﬂmnﬂmﬁum%zﬂmﬁaﬁuﬂnwummummu
fheen luimuemi3unu Ternonih base-stock policy
3.3 Deterministic single-item models with static demand
Joauydgin:-
(1) $A5IANUABING (demand rate) SAAa7 LwagNs W

] . 1 3 ] £ 3 qy P lg o o q'a d’ A
(2) N3N lead time UATANUDIAUNU (costs) 71199 cmmmamﬂqwua:"lmuaﬂnummuﬁwamam

Han
E)

(3) 1MUINVBIMTPAUAWUIA (shortage) IZANAN (back log) UazaelASuMsdedouUnAY (backordered)
mﬂ"lﬂi DAUMATURIAY (replenishment orders)

o w " ad a & A4 a9 A & o A o &
Jymdmivszvuandelunsdiil fe swwdwemSeduduiieln edwdndieln) uazezdade
a a2
niaNannIIaz la
4 o ¥ o . ¢ d a4 4 a .
IUBIAINBATINIINABINT (demand rate) HAAIN Insznzus mIudeonSedinda (ot size)

ey A 4 =1 = o @, = as .
el Welafimwnszaunnda (inventory level) DATIYINYRAY (reorder point)

wemiiinudwaziads weadnlumandamansiuaasiuniovesdunudelumen

o g [ g 1 ar ar 1 4'| o 9 e =) u'
ﬂﬂﬁﬂﬁllﬂ'j‘ﬂﬂﬁﬂs‘lﬂ’] NNUUIME LA L‘P\Iﬂﬂ'lalﬂﬂu“i]umﬁﬂilﬂ'lﬂﬁjﬂ

audoauidgiu mezvisenTusaveanisasndsTaqdiu 4 uuy nie 4 Twna fe-

—-.—7'»:(

/*foe&e.z Eam&..z.u,.at pst-_

baeklgging allund
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Modet T+ Foomite bupeil. e,

Mﬁ' Wﬂ/lﬂ‘fﬁfl,

gw\r N

Modad T2 on W"”Q

¥
WEJ"lﬂli’]‘l]‘”‘r‘lWNW%H‘UEN%’]“N’JHﬁduﬁw‘qﬂﬁdﬁuﬂ1ﬁ1ﬂiﬂ model I Tnal¥Fadnueidrendail-

2
H .
§

P = 9ATINITHEN (production rate) — units/year
D = 8ATIANNABINIT (demand rate) — units/year
Y AS o & Af o W a8 s g & ' .
A_ = ﬂu‘lﬂ]‘uﬂﬂﬂ“ﬁ\ilﬂﬂ%’lﬂﬂﬁ‘ﬁﬂﬁiﬂﬂ%ﬂﬁﬁﬁuﬂ'l’ﬂ‘u@ﬂmﬂﬂi (ordermg cost or setup cost)
3/ o t ] A a & g 1 L]
C= ﬂunuuﬂiwum 1 HUDBAHDA (MF0T 1A 1YDADHUIY)
g  a = . 1 ' 1 4 = I . { .
h = AunumaniusnuAud (camrying cost) Aentise Aedl FemuunAvzuendusii h =i C Taoh i fie
o 1 g o ] ] a (=]
?Jﬂi'lﬂ'llﬂﬁﬂuﬁ'lﬂﬂﬂu’mlﬂuﬂﬂﬂ
Y o 5 ¥ ' 1 e 3 A 4 ' o Ha W ¥
™= ﬂuﬂuﬂkﬂﬂﬁnﬂﬁuﬂ'l‘ll’lﬂ (shortage cost) AV HIUNYIA munumz'lmmagﬂusxﬂ:nﬁmﬁummam
7= ﬁunuﬁxﬁﬂmﬂﬁuﬁ'wmﬁwﬁwdﬂﬂ (shortage cost per unit per year)
. & R . & o daoa Y oYY a 9
T = lead time Y159 replenishment lead time 19 ‘5::U‘:‘,L’m'\ﬂ&uﬂﬂ'ﬂﬂﬂmﬂﬂ5ﬁﬂﬁuﬂ1%uﬂi$ﬂi1ﬂiﬂﬁum
[ 3 ¥ ]
Q = SufideonTodaman (order quantity)

r= i;ﬂ?%dﬁﬂ?’!”l (reorder point)
Lpax = zﬁﬂﬂdﬂﬁdq\ifm (max. on-hand inventory)
b= szﬁuﬁ’wﬁamﬂﬁqw (max. backorder level permitted)
T = cycle tength = szvznasEnianiseeneatme fiftemud mIuFufIAARS (replenishment orders)
K = ﬁﬂ‘%"ltli')iliﬂéﬂﬁﬂﬂ (average total annual cost)
wannndeauyagm 3 Je Sandnuda Tumalunguil FefidoauyRgiiuAudas s
isansedunwduiinilludouasfiosiu  fafy maunsa@ouauduiuivesssiunindafuna
Tugalnsl1ddu gal 3)
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31 3: Model I

] & o/ a =& Y a dy = 1w -:!y = a
11 back order f19 i%ﬂﬂﬂﬂﬂﬂdlﬂuﬁﬂ Wiﬁﬂlﬂﬁ!ﬂﬂﬁ]ulﬂﬂﬂqmﬂ"ﬁﬂﬂ b HazAIIYAU NITHARITITY

e

9} s -

A 1 - ﬂ’: a Q Q‘ g el a
YUAWDATINIHNGA P Uaziusd91n P 81031 D mumsﬂvmﬂaﬁqmeuﬂ"'waﬂﬂ (P-D) i]‘l-‘lﬁ‘]Ji!{Nﬂ“]J

¥

4 4 = 3 1 = d’ @ ar v
§1uImA A (back log) wazilandn ldiman Q mirudiSmganda o yail ITAUMIANLIAIYIA

(T ax)
Lnax = Tp(P-D)-b

Tp fie o ldlunmskdnsuldsuau Q u tufe

TP=%
- Q0p
b = 5 (P-D)-b
D
- Q(l——ﬁj—b ®

wasnnmandangaasduiiiuadifudnggnlidodnsinedl D wunseiufamsvadudh
119U b M8 MIndnTasuAUsOU ]

Ed
INTIZREIU TUY 1 1950 VYBINTIHER (cycle length)

TD=Q
Wit T=—Q ®
D

é Ll 1 1 o
Faivuonnmas Wenh dusmaus Q mawsoduaum T 18ied s msw T, sfannsom Q 16)

o Y = o a
T, paildiRessdumendenn ol I,

Imax

P-D
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ANnAUIBITRUAIASIMasATINToUYRIMIsdanEe Mldnnauns @ luwdh 31 tude

¥ 1 ]
WAL WuNvedaumaoy j k1 ¥15Ae T

= 1
I = ?]-—'(T2+T3)leax
‘ Q Q(l—%)—b Q(l—%)—b
unuar T== s T2 —— o T3 —
D P-D D
2]
o |eaD-]
ﬂg‘lﬁ I = ? D - \
2D(1—F)
2
[Q(l—g)—b}
= @
D
2Q(1—§)

L] H =y 1 é - 3 1 1 t - 1
Aunfovesdudideds Fufatulugiwm T; (eavesdndy) sazgrnm T, (Aavesined)
a 3 5 a4 4 - aa v & Y w A 9
Aura1dn hraswvssRun I asuRlssauFufInnGIAnaY 1A T

& B = aundovsidumAieda (backorder)

nath asauesdiads

b \ _-y 1
T,y = 5 na1nnAYeIANgEY, b

2
B - l(l><T1><b+—I—><T4 xb] = % -—bT
P
2
-
2Q(01——
Q( P)
&y dunundodersseu (cycle) Ao nasauves Auyudandn, dunualsdu, dupumsiuinm, wes

3

uiifiaandudnayiq Wude
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A+CQ+h-T-I+#-T-B+nb ®

=

fin Augumsiiudnu 1 mizedududunar T miasam
a9 Aunuvesniseanliing backorder 1 MuawFuduTwam T niirona

>

T
T
Aunundonstifiannmiguiuam cycle Aetlfudunuae cycle

19U cycle A91) = — waz@ow i-C uny h 1214

b
Q

KQb) - 22, cD+icT+iB+ b2 ®
Q Q

gnum 1 uaz B 1@

D 2
IC[Q(I - ?) - b] b2 . 7bD @

+
_D _DyQ
2Q01-3) 2Q-2)

K(Q,b) = %+CD+

AulsnmiResnsma fie Q uaz b (it ldd b ifudidmuayads (reorder point) #28) AT

MUY Q 1Ay b ¥ ldan

6_K=0 uag 6_K=0
ob

oQ

4 . g
e 1admen Ao (Taoh 7 = 0)

. 2AD  (aD)*  [iC+#
- iC[I—E} iclic+a] V # ®
1az
iCQ*—nD]-[1- 2
b (CQ*—nD]-[1 P] @
[iIC+#]

EI‘;‘IJ:

' &
M §1 m=0 5 Q* uaz b* lannauns  (2) Faox I k*ifu

2ADIC[1- %]ﬁ:
K* =  K@Q%b*) -  CD+
(Q%b%) [iC+ f1]
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Y A T { t L] 3y a
@ $17> 0 uae n> 0 dilumndi 2veeaunis 12) erduay (naunn) lunsdiguiiulonod

manzaude Amua it biflfudiaadon As 198 b* =0 msasiu sznatofiu model 11 &4
2AD

e - ®
iIC[1-—=]
P
=
BN
KQ- 22icp+ic-20-2
Q 2 P
G) Ml P=o , ﬂzﬂmmﬂuﬁiﬁ)u"lwm model I11
v _ 2 n 2
KQb) = AP, cp,ClQbl”  [2nDb+ b ®
2Q 2Q

ua

Q*

2AD  (aD)*  [iC+#
iC iCC+A] V &

s . LiCQ*-mD]

[iC+ 7]

@) MM P=w uay m=q uda b=0) 1314 modet IV &4

k@) - 2P,cp+icl
Q 2

. 3AD

Q* - = @

Example: A company XYZ purchases air filters that are used at the rate of 350 per year.
The cost of each filter is $30 and the cost of placing an order is $10. The inventory carrying cost
rate is 0.18. Shortage cost consists of 2 components

1. fixed cost of $0.30 per unit

2. variable cost of $5.00 per short per year.
Find the optimum order quantity and the optimum shortage. Also, find the total annual cost.

. A 44 1 v o Y ¥ a .
Solution HoIA filters wc‘ﬁm:gnaamti‘lu batch AIUU '%'J'ermgmwmﬂmimmn (replenishment

Vo v A
rate) IN1NU o0 HUAD P =0

D 350 units/year

i = 0.18

C = $30 /unit

h = icC = 0.18 x 30 = §5.40 per unit/year
A = $10/order
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o ¥ aw Y 4 A o 4 o
fed9 USHN Avyaene w3e nun Weglulasems SME uflulassmafadumyulsany
g a o - .
gamVMNITHIINANGN uazvinadin Modudmuingms Miyazaws auyddmautiuisnsduilies
= Y o qy o 3/ = 3 o o - ar = & Y] a ]
wna. i lanamsil weshwii s umsiisfullgweewdin nve Fadludwmuiomie
ghadansiles meuTmveliaudmua E0Q veamsdduddnarnndmiie Tavlvdeyanmds
2
-
1) miFnennedesiie Arléelunsde (ordering cost) taza1lFnslumsninds (holding
£ 1 ar d" 1w W :a' 1 a . ar =1
cost) B ludrundailazmifudunuiiduyasimioves inventory gy 0.30 vm Tufing
14 back-orders iz LaifiA 149 1088 198U
b4 ] ]
2) AuddisivesuSinduidesmsinn vitmeznedauelusiniian ldfudud wosnedud
é % =y A. = 3 o =~ o o
appamAonimily menTinzdunmdudiduiuil usaiilddasaudesmsaans
W Aeuusn sanaudesmsidiu D, asumaiunmi@udi sasnnunesmsnatodiy
D, lagh D; > D,
3) auYPI lead time TumsdaFudiliidevinn (= 0)
1 o - - - oo dy o & 1 g =
TugwengaimihidiuiSnuveswSinil senauns E0Q dinfumsduudazada auydn

D, uay D, fis Sasmnudeanisismituanniuen

y IR
Inventory m?;tl/cycle
= [QXTI +[1X—Q—XT1]+[1X9XT2)
2 2 2 2 2
e Ty = Q ez Th =
2 X Dl 2 X D2

d T

Inventory 1n@itl/cycle = —i—-QTl + Q—42‘- = -?1'42(5—(35] -+ (—4)-[2—8—;—]

0 optimum point : holding cost = ordering cost
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2 2
3, Q.
8D, 8D,

th 3D2 +D1 A
8D,D,

o - A__8DD,
h (D, +3D,)

2.5 Quantity discounts

2.5.1 All units discounts
a' ] - 9 t [) = 9} =1 4” T 1 A d' IJ " ar
A1 1suyAN Auyudenissdud (vienmidedeniiy) fiaad uas lurvegiuvina
e ] 3 . k4

yoafeniidanda niedede udluannmsslvesmsdadesss Juulinenausdivanvesnimud &

' 1 4
mﬂcdnmfluﬁ‘hmunm AP M1T NI uazﬁ‘im’mcﬁa%’umq (price schedule)

Order size Unit variable cost
0<Q<q Cy
q; <Q<qz C2
42 £Q<q; Cs
q; <Q Cs

A o W iy at @ A & ay
auiou lyvesnmauduuil auydilunavesnmsawnds Ae EOQ (Tuan 4) Fallauyusu

a0 m‘ﬁiﬂ (average total annual cost) Ao
AD .
K(Q) = -2—+CJD+1CJ%

(519211 Q* vaneau Idedsls

PLEIEE A manufacturer uses large quantities of a purchased part in his assembly

operation. He wants to use a constant purchase lot size, and he specifies that no shortage be
planned. The following data are relevant to this problem:

the demand rate is 300,000 per year ;

the ordering cost is $80 per order ;

the annual inventory rate is 20%

cost of storage = 10 cent per month, based on average inventory.
Vender’s price schedule a fixed charge of $20 per order, plus a charge per unit determined
according to the following schedule:
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Order size Unit variable cost
0<Q<10,000 $1.00
10,000 < Q@ < 30,000 $0.98
30,000 <Q < 50,000 $0.96
50,000 <Q $0.94

Determine the optimum order quantity.

Solution
Snmdumdeniaedly C i , Ml esumavaell fe
kQc;) - & 20)((2300’000) +(300,000x C;) +[0.20x C; +1.2] x%

Taof i=1,2,3 laz 4

1 . . * r o
i1 optimum quantity, Q; YeuAaLsIM Hrure IdoNaUMs

* 2
Q; = : AD
(1C+ )
) 2% (80 + 20) x 300,000
(0.2xC;+1.2)

Wnsainmaga fie j=4 uaz C, =3$0.94/ i

Qi

2x100x 300,000
(0.2x0.94+1.2)

6.575 Hi

¥ J a g g { J ] L - ﬂ' H * 1
usl 6,575 Woendn 50,000 Aty Seffefistm 5.94 deminehild fwedofisnil Q) vxfour

[ 1 & a = J J i 1 oar
i 50,000 #1128 Favi Iinaa 19 emaeAl iy

K(50,000) =  190x300.000 51 000%0.94+[0.20%0.94+12]x 32000
50,000 >
= $317300

#nsanmdaduan j=3,C; =$0.96

9 - 2x100x 300,000
3 (02x0.96+1.2)

= 6,565 viiw

Fm Q; = 6,565 <30,000
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oS w { g I . * , . - T,
1Nl fazdendasdodvan Qs = 30,000 winy uazh ifadunuindsdail

o K(30,000) = $309,880

finsandell j=2,C, =$0.98

9 - 2x100% 300,000
2 (0.2x0.98+1.2)
= 6556 Wi < 10,000
Q; = 10,000 Hay

K(10,000) = $303,980

Wasawelden j=1,C, =$1

o - 2x100x 300,000
! (02x1+1.2)

v 45 ¥ [] :io
= 6,547 M Faeglurnvesnmndimua

K(6,547) = $309,165

KA

309,145 4~
30 5,q9‘o -l- —_—

- .

t
]
!
1
f
'
L]
f
]
L

| SO P -
° {opze Hoo D eeo
3 L

fimou Ao Q* =10,000 wue

2.5.2 Incremental discounts:

[
=

[ k4
Tuiadefindr mslddiuaavessim seldfunnmineiide  dmnddnnudesgluriewe

ImRfIMua
[) ¥ »
uslunsalves incremental discounts WL T U 'm‘n'ag‘lu‘mwaqmmmmumm’,‘lé’mu oA
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,VCR)
o

b - m m — — )
———

1
A
Ref 41 ; r
1 H 1 {—b&
. z
%o 4, % % v ??
{A
ﬁunué’ecﬁaﬁmau(}wﬁwﬁa = A+V(Q) lasi
VQ) = dunuuisfusiumesiion (total variable cost of the lot) Ha114an
=
VQ - 2C@k-a)+(Cj(Q-qj) 5 g9y SQ<q;
k=1

V(@Qj-n +Cj(Q-qj-1) 5 q;-1<Q<q;

¥ A ooy A
AUNUIINRAYADY Ao

KQ = ki@ &  g;;<Q<q; 0
Tl K{(Q = [A+V(Q)]—g-+{%}x%

D
» —

Q
V(Q)

A -dr ' 1 4 g 3 r A . ¥ g
WImJT 19 IAURATADH U %Qi‘]isluﬂ'liﬁu&lﬁmmﬂﬂ‘um inventory 11-.Iﬂ'liﬂi"lx1fﬁ.lﬂ'liﬂ’l1‘ﬁ‘i]‘lﬂ

[+ Va0 +€5@-a5 0]+ HVaag +€@-ay0)]

E 4
nieduyuimveansdil muns @) 15114 BOQ - model (Model 4) uagzis 1A MTRGWIF optimum

[ Ed
lot size AMTVTINN = 1, 2, 3,.... Wl I werums

- 2D[A+V(qj_1)-C; - qjy]
. iCj

i qjg < Q} <qj, fimou Kj(Q;) TWdenvuiafion Q” iflush Q; vl Kj(Q}) fifdga

!

)
!

@
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dvee:  Suppose the following price schedule Order size Unit Variable Cost
(from the previous example) had been of the 0<Q<10,000 1.00
incremental discount type. Find the optimum order 10,000 < Q < 30,000 0.58
quantity, Q. 30,000 < Q < 50,000 0.96
’ 50,000 <Q 0.94

Solution

dunuindoselsa, K;(Q), e q;_; <Q< q; fmaaalden

300,000
Kj@ - [100+V(gj)+CjQ-g;) 5
0.20
2= Mg+ ci-agnfa20-2

Taofi

j C; qj V(g;) V(Q)=V(q;-1)+Ci(Q-q;y) |

1 $1.00 10,000 10,000 = Q

2 0.98 30,000 29,600 = 200+098Q

3 0.96 50,000 48,800 = 800+0960Q

4 | o9 | - = 1800 +0.94 O

Tgan lad o

K(Q = [100+0+1Q-0)x>220%0, 020

[Q]+ 12

6
_ 30’30 +300,000+0.7Q ; 0<Q<10,000

Ko(Q) = [100+10,00+0.98x(Q~10,000)]x 300,000 020[200 0.98 QJ+1. 2(22
6
= 90’(‘;0 +294,020+0.698Q ; 10,000 < Q < 30,000
6
Ky(Q = 20X19  088080+0.696Q : 30,000 < Q < 50,000
6
Ko = 2910 182180+0694Q ; 50,000<Q
9 - J2x300,000[100+0—1x0_ 6546
0.20x1+1.2
Q, = 11,360
Q; = 19’660 I:ll 11 ' v v w nylly
Q4 = 28,700 HAYUY N AJUUAANT 1A
fuaw K, 14
K, (6,546) = $309,165
war K, (11,360) = $309,871

fweufe Q = 6,546 units
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2. Multi-item systems withconstraints
ﬂdy = e 1 A 1 4 a 9 o L o
Tunsdisl 1MnsaMIAIRdedufuinniminedy saziitou lvdidanisnands 1wy Juyu
o ™ a2 L o 5 W & d” d o o o B dﬂydA o M d:‘
smivandadagluiauiiia niefufidmiumsnndaiivinaneh Jymlunsditinfe duiudede
[ * - 1 - 1 a i A s
Fimuzan (Q ) vesdumudazriianinihumile Saszdidduyuinuniesetiisdga

auyddn 19 Twaa 3 Tumsneads (EOQ MODEL) AuNUImRduAel] (average annual cost of the

system) ¥1 14917
n n A.-D; i.CQ,
K = YKQp - 2|epj+——+—2H) ®
'= j:l Qj 2
n file Swmfiumuaz j = 4,2,3,..n

9 A e a Am b o 4 o A
a1 B f9 DTUIUNUNUNNDY (NTIZATUHU Nﬂu"lqﬁlﬂ\‘]ﬂ‘ﬁaqnﬂﬂQﬂaq e

1
>C;:Q; < B @
e~ _
susensadouduiladsu dmTumm Q Amuzaulddst
n n A D Q
minimize K = Y K(Q;) = Z CDj+——> Q L +iC; -2— ©)
j::l : ]
n
subject to ZCij <B ume Q20 @
j=1
ﬂmm‘mﬂumuﬁﬂmmﬂau"lﬂmnmsh 5198 1nua1n5Ud (method of Lagrange Multipliers)
4 a2
Fefitumondadi -

ot

o 1 144 A o
mwimaey (Q;) Taodeirlifiiseululagtady
; 4 2 .
2. 8wn Q i #14 tusewanutouly, Q ; Manany fis mnou

1 A M
3. $ldluldauigeu a Iadadaddu

L = fQ+i[eQp-B|

lagh A Ao Lagrange multiplier

] é =
L Qj uag A azldnnmudaums n+1 aumsdunann

oL :
—=0 _(?.L—_O ; Iath j=1,2,3,..n
a j

t 4
o a A

Ao tsa A FUaINTING Aadl -
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e ld optimum solution ANUALI AD

*
Qv
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Fagzla A =
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unuay A" aelu @ udriagilluseeld

B *

Q = % -
2.C;-Q;
i=1
Tavfl Q’; =
E -

n
.Z;‘Cj Qj
]=

foEa:

24D, -
C;(i+21)
ce, @ 2A. D,
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2
11 i
E{EZIJZAJ'DJCJ ‘% @)
J:

46

n DJ )
=1

1,2,3

]

%Jm(icj@j—}s}
j=1

n @

g tes

©

el e

Qj @

° a A 1o 4 a *
dnoudsimingauTaghisladaseuly dufio minn Q;

A small electronics company purchases 3 types of subcomponents.

The

management desires never to have an investment in these items in excoss of $15,000. No
backorders are allowed and the inventory carrying cost rate for each item is 20%. The pertinent
data for each item is shown in the table below. Determine the optimal lot size for each item.

Date Ttem 1 Item 2 Hem 3
Demand rate, D j 1,000 1,000 2,000
Item cost, C i 50 20 80
Setup cost, A; 50 50 50




a7

Sr'lidiadeteuly

Solution
Q; - 7] - ,_2)(_‘5()’(_1092 _ 100 iias
ICJ 0.2X50

* 5 0 ]
Q2 = M = 158 HUWY
V 0.2x20
* 2x50x 2000 '
= _— = 112 vww
Qs 0.2x 80
§1idvuindendanann uazhiimseeinesivdentu (phasing of orders)
Gunuiidesld e (50x100)+(20x158) +(80x 112)
= $17,120 Fwinnd $15,000
* 15,000 '
= = —x100 = 88 nuwe
Qui 17,120
* 15,000 '
= ’ x158 = 139 +uae
QL2 17,120
* 15,000 '
= 2 x112 = 99 nuY
Qs 17,120
f0E4: The Bench Company is a small manufacturer of wooden benches. Their line

includes 4 types of benches that differ in size, malarial, finish, and colour. Pertinent production
data are as follows:

Bench type
, 1 2 3 4
Annual demand (units) 1,000 5,000 10,000 8,000
Setup cost ($) 6 10 10 8
Unit cost ($) 10 3 5 2
Space per unit (ft°) 5 1 1 1.5

Bench has a small warehouse for finished benches, which has an area of 1500 fi2. Each
bench has a fixed location. Assuming i = 20% annually. Calculate the optimal quantities to be
stored

Bench has an offer to double the storage space, which will result in an increase of $200 in
annual expenses. Should Bench do it?

Suppose that Bench, in addition to limited warehouse space, also has a budget limitation
of $3800 for investment in inventory. Calculate the optimal qualities to be stored.
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4.6 Continuous Review Models (Probabilistic models)
4.6.1 Fixed order quantity policy iUyl backorders:
a n:iyd ar ar
WoAnITuYes lueat Lanwmzdegy
i é a=‘:ls‘t J 1
11 Falunsdififedn demend lugraranla
namiadud gy (random variable) &2
& da ' 4 ot

nilgatinsuenuesnivzduasfinass .{:&
AUNAYVDI demand ABHUILIN (1FY ABT) \

AU D seauanadns ldsunmsasigey 8

.‘

agnananal s ladafTzduningading

i
1
|
l
|
|
]
]

U |

b [ Y . ] v a 3y A
UTOMINY reorder point, r Aazdadudufiuily

o
111w Q ud lumeuduilvzauydii lead time, i) Tiing

a oy = .
T UATHDY LLALAIN 7

ar

o o ' P
109152a9A NAD ¥IA1 Q UaL ¢ N

]

. A4 ¥y v
(Mg (optimum values) te TiaAumu 31/ 1 Probabilistic Continuous review model
' d‘ I a1 D'
Iuntasiliimdiga

Tydnyeiouq #Flumslmsizd fe

A = Aununshlnidide
v ooy d
cC = AutpulsAusen Y
h = AAUNUAIABY (carrying cost) ADMUIY Aad)
n = backordering cost aanasnug (lae lifdiiiadaszeznarfivinves)
T = lead time UDIMTAIUDINUIAY (replenishment lead time)
X = demand Tu%73 lead time
f(x) = msusnusennuiesdiuves x

1 * * r- 1 ot dl U . i 1 &
s Q uaz r 19EAnAuA AN 1IN fie M expression YpsRUNUTINRALADY
1 W (Y o o Mgy 1 o
nou U894 differentiate Hafdudunusiy Tanfoniy Q uae r uda fmualiAessui1dwhdy o vn
Q’: - & ar dy
WuTameaunsves Q wio r aail -
dunuindszneududunusauadededl 1dun
i
(1 ﬁuuumwa: (procurement cost)

D AD
- A = = 2 +CD ®
(A+CQ) 3 9 +

i a o 3
(2) Shortage Cost: Aunuiliinvinyesnaafense cycle 111da1n

) _ { 0 xSr} o
X—1 ! X>T
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I st o a
FIAURAY HITD AR IIUDY b NAD

o
b = I(x—r)f(x)-dx €©)
r
Y o a a a1 e
. AuUNUANATINYBIVIRARBMIRAYARY AD
= D
nb.-— @
Q

(3) Inventory cost: AUNUAIARIADMTOU (cycle)
= hx % x oy ®

Tnoh 1, fio Aumdovesszdunsaduntions cycle wazauydi I, dszmnaurhgfusimisvess i
AINAIANT (net inventory)

Iav = [(r—p)+(Q+r—p.)]><%

I

~

-(-22—+r—u ®

av
K = average demand 1% lead time
S (r—p) e safety stock

] 1 3
wmilsduvesdunusmoldnnmysaduyunssusiiaghdaedu dude

AD QlQ D =D
K(Q,r) = —-+CD+hx—|i—-+r—u]><——+nb—
Q D[2 Q Q
Wieven Q uae r i K(Q,r) Seériign -
oK) _ _AD h_mD _ ®
o) _ he I8
o Q o
aums @ Wi Q"

Qaﬁ N #ZD[Ah-i- Tlib] @
waz luaums '

b 8t

% - & Jox-mf(x)dx

T

I

- oj.f(x)dx



50

NI ob _ -hQ )
or nD
f(x)dx = —
!( ) D @
T

@M o w ¢ A 4 g9 ' - ' . VoW hQ
HUAD AMITLAT Q ATHUS AITITLEBN 1 W\Iﬂiﬁﬂ31uu1ﬂ3lﬂuﬂ%3ﬂﬂﬂ%ﬂ~31u%1\1 lead time (NN —D
T

1A * * 4 " a o o 4
msmmgimnzauves Q L, r el K Tawiga ilddadl
(1) au@dn b= 0 udrdmnu Q foaums @ uaziSun Q7141 Q;
¥
@ Waums(QD W81 reorder point, r FonA1HN 5
3) Waums @ uag r = m Q, Tasdmd b(y) Medunms @
14 ] ¥ [} .}
(@) Fduseuil (2) 91 &re Q = Q, sunszilaadedi i i Q; =Q;_; wior; =1,
S PUg g+ hQ o o Re :
Tuvaizimmdunoudl Tasldaums@) uazlda -S>1 WA A1 1t ladies wazih
T

14 1 -
T¥ouldina backorders 185 mamIn mazasiiu Am@h T Uszinaifu net inventory 39 lirdlu

a yd 1 1 o o -
939 uaz Tuwailn Waasld oo lsfiaw Tasialuudy szuunendaszgnesnuunldmaiia backorders

You Wofsuduuaved lot Ada

ot A company purchases air filters that are used at the rate of 800 per year. The cost

of each filter is $25 and the cost of placing are order is $10. The inventory carrying cost is $2
per unit per year. The shortage cost is $5 per unit. Assume that the demand during lead time

follows a uniform distribution over the range 0 to 200. Find Q* and

Solution
w© 200
b = x-o)f(x)-dx = X — r—dx
rj( )E(x) j( Y500
b = ———1+100
400 ©
o - /2D(A+nb) _ szsoo(lo 4 5%)
h 2
Q" = +/8000+4000b @
200 * *
1 2xQ Q
ﬁ -——-—'d =~ =
vmaums (1) I 200 5% 800 2000

T
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ol = 200- <L @

Iteration1: W b=0

0 - 2AD _ 2x10x800
! V h V2

= 89 ww
n = 200-32 191 i
10
9 - 1'2
Jteration 2:  1H b=—1__ r +100
400
2
5= _191+100=0.1980
400
Q, = V8000+4000x0.1980 =  93.76
r, = 2002376 - 190.624
10
— ]_’2
Iteraion3: 1§  b=-2-—r, +100=02197
400
Q; = /8000 +4000x(0.2197) = 94.228
n o= 200-L - gpp_24228 - 190.577
10
Iterationd: 1 b=———r; +100=0.2198
400
Q, - /8000 +4000x(0.2198) = 94.275
r, = 200 24275 - 190.5725
Q* = 94 war r = 190
fave: A manufacturer of textile product uses a certain chemical in its finishing process

at an expected annual rate of 10,000 gallons. This expected rate is constant over time; however,
the actual demand in a period may vary randomly. The chemical is purchased and the demand
during the procurement lead time is estimated to be normally distributed with a mean of 300
gallons and a standard deviation of 40 gallons. The fixed procurement cost is $70 per order and
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the variable procurement cost is $3 a gallons. The company uses an annual inventory cost rate of
20%. Shortages result in rescheduling production, with the resulting cost assumed proportional
to the size of the shortage. This loss is estimated at $1.50 per gallon short. A fixed order
quantity system is to be used.

Lo

" V M’
Solution nsaldiuns sveenssenhiifadumas {backorders case)
D = 10,000
A = 70
h =  iC = (02x3) = 06
n = 1.5 uaz x ~ N(300, 40%)
[= o}
M b = J(x—r)f (x)-dx  sudionldlmaldly
T
b = j(x —1)n(x;300, 1600)dx

T

Tavfi n(x; 300, 1600) #® normai density function % =300 uaz va iance, 62 =1600

naums @:

Q =

\/2x10,000[70+1.55]
0.6

= (182.5)-4/70+1.5b

uagnnauns 11

o0 ) hQ
_ff x)dx = s
r
Roului iy
gfr=300) _ _Q@OxQ 4000040
400 1.5x10,000
u
[ﬁmnmg D) = Id) (z)-dz

u z*

] ¥ ] ¥
1 -— #ifie UM 14 normal curve AUA — oo
B [
2n
—0

=2
WU Z=1

2
o0 A 5! T :; .
& i 5 ﬁuﬁ‘lé‘ normal curve AR 2 =U
way ©'(u) e 1—d(u) tiude du) = ITz_—-e 2 .dz
yI
u

=
FUDY
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1umsmﬁh b 51 expression e 1l

Ja-Dn o ohax - c¢(r—;—”J—(u—r)cD’[r‘—“]

o

HANATIATUIN 1T 114 table A-3 (unit-normal linear-loss integral)

L'(u)

Je-wo@dz

wazisrrnnsaiged 149 &1 x Tnvswenuessmmnihezdhuwy N(x; p, o2) ués

b = c L,[Lr;_u)} J

Iteration 1: b = 0
70
Q = 2x10,000x— = 1527 =~ 1530
0.6
@'%@ = 0.00004x1530 = 00612
I ;300 = 1.545 (mnmiuﬁuﬁ“lﬁ’ Normal curve)
uaE = 1.545x40+300 = 362

Iteration 2:

b = 40L’(MJ = 40L'(1.55)
- 40%0.026125 - 1.045
e Q, = (182.5)W70+1.5x1.045 = 1544
cb'[r2“300] = 0.0004x1544 - 0.0618
40
, = 300+ (1.545x40) = 362
winldh o, =
Q" = 1544 waz r = 362

musiufezeveslunindalugae lead time = 0.0618

uaziuumdeivesfedine cyce (b) = 1.05 i
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FrEmsasuAuguTINmasaell ldaal

K = é—Q+CD+h —+r u} 2
Q Q
10,000 1544 10,000
= 7022290 1 (3%10,000)+ (0.6 +(1.5)-(1.045) x =20
[0 Tsag | 310,000 +( )X[ 2 } (1.9)- (09—

30,963.9 ~ 31,000
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TABLE A-2 Unit Normal Linear-Loss !ntegrals

where ¢(z) = {1/\,-"-i;)e"‘-"“'. L{u) and L'(u) are the left-hand and right-
hand unit narmai linear-lass integrals, respectively. To evaluate unit normal
linear-loss integrals, the fallawing identities are useful;

L{y) = {. (v — 2} (2) dz

v = | - we@ e

1. Ou) = [ ${z) 0z {standard normal distributian function)
2 Ly} =ud(u) + ¢(u)

3. Lu) = udb(u) + gle) = v

4, Ly} =Llw) +u

5. ll—wny=l'{yy +u=L(y)

B, L{—-u) =Ll(u) —u=L'{u)

y Ly L) v Ly L{u) u L) Liu}
0.00 0.398942 0.298542 C.50 0.187797 0.697797 0.94 0.093279 1.033279
0.07 0.393962 0.403962 0.5 0.184728 0.704729 0.95 0.091556 1.041555
0.02 0.389022 0.408022 £.52 0.191696 0.71163%6 0.96 0.0898358 1.048888
0.03 0.384122 0.414122 0.53 0.1886898 0.718638 0.97 0.088185 1.088188
0.04 0379282 0.419262 0.54 0.185735 0.726738 0,98 0.088537 1.066537
Q.05 0.374441 0.424441 0.58 0.182808 0.732806 0.9 0.084314 1.074914
0.06 0.369660 0.429680 0.56 017932 0.739912 1.00 0.083316 1083316
0.07 0,36491 9 0.434919 Q.57 0.177051 0.747051 1.01 0.081741 1.091741
Q.08 0.360218 0.440218 0.58 0.174225 0.754225 1.02 0.080151 1.100191
Q.08 0,355557 0.4455857 0.59 0.171432 0.761432 1.03 0.078664 1.108684
0.10 0,350835 0.450938 0.60 0.168673 0.768673 1.04 Q.077160 1.117160
a.11 0.346354 0.458354 0.61 0165947 0.775947 1.05 0.075680 1.125680
012 0.341811 0.451811 0.62 0.163254 0.783254 1.06 0.074223 1.134223
0.13 0.237309 0.467309 0.63 0.150584 0,790594 .07 00727893 1.142738
014 0.332848 0.472846 C.64 Q.157967 0.797967 1.08 0871377 1.151377
0.15 0.328422 0.478422 C.€5 0138373 0.805373 1.09 0.069387 1.159987
016 0.324038 0.484038 0.66 0.152810 0.812810 1.10 0.0688620 1.169620
0.17 0.319693 0.489693 0.67 0.150280 0.8202380 1.1 0.067274 1177274
0.18 0,315388 0.495388 0.68 0.147781 0.827781 112 0.065350 1.185560
.19 0311122 0.501122 0.69 0.145315 0.835315 1.13 0.064847 1.184847
0.20 0.3068585 0.506895 G.70 0,142879 0.842879 114 0.083365 1.203365
0.21 0.302707 0.512707 671 0.140475 0.850475 1.18 0.062104 1.212104
Q.22 0,298558 0.518558 Q.72 0.138102 0.,858102 1.18 0.0608863 1.220863
Q.23 0.294448 0.524448 0.73 0.135760 0.865760 117 0.058643 1.229643
0.24 0,290377 (_}.530377 .74 0.133443 0.8734438 1.18 0058443 1.238443
0.25 0.286345 0.536345 0.75 Q131167 0.881167 1.18 0.057262 1.247263
0.26 0282351  0.542351 0.76 0128916  0.388916 1.20 0.056103  1.256103
0.27 0.278396 0.548396 €77 0.126694 0.296694 1.21 0.054962 1.264962
0.28 0274480 0554480 0.78 0.124503  0.904503 1.22 0.053840  1.273840
0.29 0270801  0.560601 0.79 0122340 0912340 1.23 0052737 1.282737
0.30 0.266761 0.566761 0.80 0.120297 0.920207 1.24 0051653 1.291853
.31 0262980  0.572960 .81 0418103 0328103 1.25 0.050587  1,300587
032 0.253196  0.579196 0.52 0116028 0936028 1.26 0.043540  1.209540
0.33 Q.255470 0.585470 0.83 0.113981 0.943981 1.27 0.048510 1.218510

- 034 0.251782 0.591782 0.533 0.111962 3.851562 1.28 0.047400 1.32749%
0,35 0248131 0.598131 0.85 0.109972  0.959972 1.29 0.046505  1.33650%
0.36 0.244518 0.604518 Q.86 0.108009 0.968002 1.30 0.045528 1.345528
0.37 0.240943 0.610943 0.87 Q.106074 Q.576074 1.3 0.044569 1.354569 -
0.38 0.237404 0.517404 0.88 Q.104166 0.984166 1.32 0.043626 1.383626
0.35 6.233903 0.523903 c.29 0.102285 0.992285 1.33 0.042700 1.372700
0.40 0.230439 0.630439 0.90 0.1G0431 14000431 1.34 0.041791 1.381791
0.41 0227012 0.637012 a9t 0.038604  1.0086504 135 0.040898  1.390898
¢.42 0.223627 0.643621 0.92 0.096803 1.016803 1.36 0.040021 1.400021
0.43 0.220267 0.650267 0.93 0.095G28 1.025028 1.37 0.039153 1.403159
0.44 0.216594% 0.656949 .
0.45 0.213867 0,663667
0.46 0.210422 0.670422
0.47 0.207212 0.677212
0.48 0.204038 0.684038
0,43 0.200900 0.690900



Table A-3 (continued)

u L'{wy Liw)
138 0038314 1.41B314
1.29 0.037484 1.427484
1.40 0.036668 1.436668
1.41 0.035858 1445888
1.42 0.035083 1.455083
1.43 0.034312 1.484312
1.44 0.033556 1.473556
1.45 0.032813 1.482813
1.46 0.03208% 1.492085
147 0.031370 1.501370
1.48 0.J30664 1.510869
1.49 0.029982 1.519982
1.50 0.029367 1,529307
151 1.028645 1.538645
1.52 0.027997 1.547997
1.53 0.027360 1557380
1,54 0.026736 1.666736
158 0.026125 1,576125
1.56 00256285 1.5856525
187 0.024837 1.584937
1.58 0.024381 1.604361
1.59 0.023796 1.613796
1.60 0.023242 1.623242
1.61 0.622700 1.632700
1.62 0,022188 1.642168
1.63 0.021847 1.651647
1.64 0.021137 1.661137
1,65 0.020637 1.670837
1.66 0.020147 1.680147
1.67 0.018668 1.5895568
1.68 0.015198 1699198
1.6 0.018738 1.708738
1,70 6.018288 1.718288
1,71 0.017847 1.727847
1.7 0017415 1.737415
1.73 0.016992 1.746992
1.74 0.015579 1756579
1,75 0.016174 1.766174
176 0.015777 1775777
1,77 0.015380 1,785390
1,78 0.015010 1.795010
179 0.014828 1804638
1.80 0.014276 1814276
1.81 0013820  1.823920
1.82 ¢.013573 1.833573
1.83 0.013232 1.843232
1.84 0.012900 1.852000
1.85 0.012575 1.862575
1.86 0.0122587 18722517
1.87 0.011946 1.881946
1.88 0011842 1.891642
1.82 Q011345 1.8D01345
1.80 0.011054 1.911054
1.91 0010770 1.920770
1.82 0.010493 1.530483
1.93 0.010222 1.540222
1.94 0.009857 1.948957
195 0009698 1.950698
1.86 0009445 1.569445
197 0.008198 1.979198
1.58 0.008955 1.988958
1.89 0.008721 1.998721
2.00 0.008490 2.008430
2.01 0.008266 2.018266
202 0.008048 2025048
203 0007832 2.037832
2.04 0.007623 2.047623
205 0.007418 2.067418
2.06 0.007219 2.067219
2.07 0007024 2077024
2.08 0.006834 2.086834
2.09 ©.00684% 2.096649
210 - 0008468 2.106468
211 0005292 2116292
212 0.006120 2128120
2.13 0.005952 2.135952
214 0.005788 2145788
2.5 005628 2.155628
2,18 0.008472 2165472
217 0005320 2175320
2.8 0.005172 2185172
218 0.005028 2185028
2.20 0.004887 2.204887
22t 0.004750 2.214750
222 0.004518 2224616
23 0.004485 2234485
224 0.004358 2244338
223 0.004234 2,284234

Tabie A-3 {comtinyed)}

u L) Liv)
2.8 0.002114 2284114
2.27 0.003956 2273986
228 0.003852 2283887
2.28 0.003770 2293774
2.30 0.003862 2.302662
2.31 0.002556 2313556
232 0.003453 2323453
233 0.002352 2.333382
2.34 0.003255 2343285
2.23 0.0G3158 2353159
2.36 0.003067 2363067
2.27 0.002577 2372877
238 0.002288 2387889
.38 0.0G2804 2352804
2.40 0.002721 2.40272%
244 0.002540 2412840
242 0.002861 2.£22561
243 0.002484 2.432484
2.44 0.00241¢ 2442410
245 0.002338 2457238
2.45 0.002267 2.082267
247 0.002189 2.472199
245 0.002122 2.452132
249 0.002067 2.492067
2.50 0.002004 2.502004
2.5\ 0001943 2511943
2852 ¢.001884 2521884
253 0.001825 2531826
b= 0.001770 2541770
255 p.001715  _-2.551715
258 0001662  2.561662
2.57 0.001610 2.571610
258 0.001580 2.55158D
259 p.0D151% o.5a1511
260 0.001464 2,501 464
281 0.001418 2611418
2.52 0.001374 2671374
263 0.001239 2.631330
2.64 4.0012¢8 2.541288
2,65 0.001247 o.651247
266 0.001208 2.561208
2.67 -0.001169 2.671168
758 ¢.001132 2681132
2.68 0.001096 2691096
2.70 0.001060 2701060
27 0001026 2711026
2.72 0.000993 2.720993
2.3 0.00D967T 2.730981
2.74 0.000930 2.740930
2.75 0.600900 2.750800
2,76 0.000870 2760870
2.77 0.000842 2770842
2.78 0.000814 2.780814
2.79 0.000787 2790787
2.80 0.00076% 2.800761
z.81 0.000736 2.810736
2.82 0.000712 2.820712
283 0.000588 2.836688
2.84 0.000665 2840865
2,85 0.000843 2.850643
2.86 0.000622 2.860622
2.87 0.000801 2 B70601
2.88 ©.0DD5B1T 2,880581
2.88 0.000561 2.890561
.80 0.000542 2.900542
2.9 0.000524 2.810524
282 0.000508 2.9205D5
2.83 0.000489 .  2.930489
2.84 0.000472 2.940472
285 0.000456 2 850456
2.96 0.000440 2980440
257 0000425 2470525
a8s £.000840 2.980410
ngg 0.000396 2.990395
.00 Q.000282 3.000362
210 0.600267 3.106287
3.2 0.0007E5 3700765
230 QoM7Y 3300127
3.2 0.000026 3.400086
23 0.000CER £.500058
260 0.000028 2.6G0019
370 0.000528 3.700C25
280 0020017 3.8000%7
2,90 0.000011 3.50080
400 £.000067 £.000007
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4.6.2 Fixed order quantity {4U1) Lost sales:

¥ ] ¥
luns@ifl sl Smou vedlimandenvionue srgqande’ll  Aadu dunuidly

(shortage cost) T 39321t978115 (profit) ﬁqn,;'lm%'ﬂ'siﬁ"m

o w9 o @ ad o d i
ﬂ1ﬂiﬂﬂ8ﬁnyag1u9u¢] ﬂglﬂﬂﬂuﬂvﬂﬁmﬁf\nu31 EsTfanTﬁﬂihgn-mlﬂ“ﬂaﬂﬂﬂ\? cycle i

Q

o L] D
nn = e s mIrou eycle andl 1Anm =

5
F‘*———:NTT:_
L=
(1) ﬁ’uﬂwmmséﬁw{a‘ﬂ {procurement cost/year} = (A+CQ)X—8— = —éQ]—D-—I- CD

(2) AUNHAIAGS (holding cost) ABT) 9zt 1daIN

o ‘ﬂ‘ 2 cv . 1 a N D
[rununarveInUINAIAd (on hand inventory) #@ cycle MY h x cycle time}x a

] P o @w B p
= $umEIveIEALAIAGene cycle datlTzinm 1@

1
Iav = (lmax +Imin)_2'

e
-
—

|

¥ ¥
2

1 = a:i A ! 1ar dl.
M L in unafUaIY cycle time FIMUVUBYNUY X UG 1 Tae# x (5 random van'ablellﬁ:qu

. 1 ar . 1 n’: | = 1 -1 1
8srni1a 0 far 8759933 on hand inventory 8Y IMIIRIHUAURTOYDY L ;) AD cycle NAD ﬂ*

aeniwes [, Wihe

r
Elmn) = J@=0f(0dx
0
EQpg) = [~ x)f(x)dx + j(x ~)f (x)dx
0 r
= r—u+b
oo Iy, mde = r-u+b
nay Imum%u = Q+(r~p+b)
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I, = [{Q+(r—p.+5)}+(r—p+5)]x—;—
I, = %+(r—u+5)

QIR i uim <2
h D[2+(r u+b)}<Q

*. Hedding cost/year

h[%+(r—p+€)}

: ' : - D
(3) ANNFYANUDIIN lost sales woTl Taeindy = b x —
Aunumsoneil

K = £+CD+h[9—+(r—p+B)}+nﬁ—Q
Q 2 Q

a—Kzo Haz -‘213:0 a1
or

o - [2D(Ah+ nb) ®

ias

w *
h
ffooax - _hQ ®
> hQ +nD
fIoea: A beer distributor uses a fixed reorder quantity system to control the inventory of

a locally popular brand of beer. His weekly demand is approximately normal distribution with a
mean of 800 cases and a standard deviation of 40 cases. He pays $2.50 for a case and makes a
net profit of $1.10 on each case he sells. His fixed cost of procurement from the brewer is $50
per lot, and the lead time is two weeks. He uses an inventory carrying cost rate of 20% per year.
He fells that the majority of shortages are lost sales. Determine the appropriate order quantity,

Q*, and the reorder level, r

Solution lead time = 2 d1la1H

‘. demand 180 1U¥24 lead time Af® 2 X 800 = 1,600 &4 (case) LAz

standard deviation = Y2 x 40° =56.684

demand #181) ; D = 52 X 800 = 41,600 &3

TT=381.10Uds h=iC=0.2 X 2.5=130.50
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¥ ' A A
AUNUIMIRaARY = K
{50 Q -1 11 —
K = -axzu,soo +(2.5%41,600) + (0.50) =-+1-1,600+ b +~6-><41,600b
= (—SQQ-X41,6OOJ+(2.5X4I,6OO)+(0.50)-[:%+r—1,600}+{0.50+—1'1—xi@9}g @
\ _ [ea)
gl b = f(x—-r)n(x;1600,3200) dx
T
B - oL'(r—_—E) - (56.6)L'(r"1600] 0
c 56.6
o - \/2x41,6%02500+1.1b] _ (408307116 ®
jf(x)dx = ———29—-—— @
r* hQ +7D
. r-1600
1) f(x)d = o'
! (0)dx ( 56.6 )
T
(D,[r~1600] _ 0.5xQ _ Q
56.6 0.5Q+1.1x41,600 Q+91520

FUALN iteration 171 Q uaz 1 Taasunindd b =0 udld @ m Q, w14 Q, = 2884

v ' * *
(infowma Q uaz r 1089)

4.7 Periodic review models
4.7.1 76 backerders:
@ Aﬁ‘.d o L2 1 d:;. ¥ o =
dhiusrpuaeadsfilimasaseusziunaiadamnlaediwm T fnafu uagezlinnseanst
& ar = ¥ ar o A ar ar o (-4 o . i . ) 2/
1993 deveunnlinuszuuinedio szaunendeluasiumiy n5aA1011 reorder point, r tNe 1vanIu:
4884 (inventory position) MU uTEAUM MG R #iflvua
Qr =y =ivd' Y ar 1 ot o o ¥ v oa & o 1 . A
szuUnIRderielin ¥t uINI a1 A9 ¥aN 1Y r 1NV R FU58n37 order - up — to — R policy &
) Y 1 [
nned Mezlimsdaaadidinsanadeuszdunnds uazdaludnnuihtaougaedumiy R

JaguszesAfae a1 R uag T e aunuwlsfundonsilinidiga




T e e . S e e

) %ot 5-6
«k  r tsr #r2 \-?’-6'

Tugtieuuuaasdednymzveansnlfoumnlaswoszdunmds sasmsnffounamwesszdung

A543 + §1UIUNAY (on hand + on order) fitaan t 1a9)
a a ar ar o) ar 1 4
W 1 fle Awnuiidasnnisaseasussduninds auy@i lead time YosmIdeBonsd uay
' & @, .

backorder cost, TT ﬂf]u“i’hﬂq\‘i disiguiy inventory carrying cost, h

¥ A4 3 A

AunuithoItes Ao -

L duqulunsduezminsisasudel

_ A+] ®
T
T = review period length
1 ,
? = no. of reviews per year

2. UIUHUUNADIN backorders 14 1 3

% Rj (x —R)f(x;7+ T)dx
%-B(R, T+ T) @

. ﬁuuumﬁﬂﬁlﬁmm backorders

- :T;—-B(R,‘E+T) ®



59

Y gy oA { : . : v v o &
3. &1 L fio demand 19861u%29 lead time aziflBanINALRRYYBERTIAWARINT Ao D AT oy
1 9
asndalu 1 cycle vznldeuuilasAaumszdu (R - L) 9udI (R - |4 - DT)
. ¥ v A Ay
. AuuAIRduRaeaet Ae

IC[(R—HH(R-P«—DT)}

2
= 1C[R H— —I—)—T—j| @
2
wazduuTmmaoaet fe
K = A+J+CD+ {R p——D-T—}LH(R +T) ®
] * o o aK & 9/
M T At sasamm R Itk fedgale Tao = 0 avzld
_[f(x;t +T)dx = o2 ®
T

R*
. ! . oK oK :
enizmlfaums © fimdigaldlaemar T uaz R minaums T 0 wo a—Rzo el

= Y - L] o o 3 ! J
S8 asiideelnafinnie numerical method 8814 15AA s NI o AT AT IR MIBM K A1 T 639

=2 1 1 #* * LI S a0 8
G Tawwama R IHudaden R™# T Fahid k Tdvige

0814 : A large supplier of electronic components has decided to control the inventory of

a certain item by a periodic review, order — up — to R policy. The mean demand rate for this item
is 500 units per year. The lead time, t, is neary constant at three months. The demand in the
time T + T can be represented by a normal distribution with mean 500 (t + T) and variance 800
(t + T). The cost of each unit is $10, the inventory carrying charge is computed using i = 0.10,
the cost of making a review and placing an order is $15, and the cost of a backorder is estimated

to be $30. It is required to fine the optimal R and T".

Solution AMuuam T HA8IMITTNLNIUTTAUAINES 15U duyAdl Aeamsnumiungn 3 Weu A
e T+ T= %+% =0.5 7 uasAunfoved demand W1 T+ T fin 500x0.5=250 uazd
variance 484 demand Ju3 29170 800x 0.5 = 400 Fnfum R 1%vn
| q),( R_—g_@j _iCT _ (0.10)(10)0.25) 0.0083
20 T 30
©'(2.40) =  0.0043 (M310AuA1A normal curve)

R —250
20

= 2.40
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R = 2.40%x20+250 = 298
$ludmuas T adunuusdudetdmaaldnn
Ky - A+] +ic[R _DT:)+ﬁb(R,T)
2 T
15
- =+ 1)(10)[R - 125+ 250T] +— j(x R)f(x; T+ T)dx
oL@
(vngw: 90wt 535 Raudiug j\E{
J'(x—a)n(x;p,csz)dx = cd)( J a)(D( “]
a (8]
L2 .
Tagd 0(z) = (2n) Zxe 2 uaz n(x;p,0°) = —.q{x_“
o
\

Ky

1]? (0.DAO)R -125+ 250T]+——>< J/800(0.25+T xL [

R—poir

).
|

CrtT

Y L4 . ar ] = 1 dy o 9
157871159 191Ma1 (expression) u asamynm Ky dmsSudr T m@q“nfmam Fevnar T 1 g

[} 1 ar U a L3 * * ] o a1 ol [
musafmuIum R (uiedei lduandde) uazdineu fle T uay R™ fhld Ky Sdwiga f

AU 1999

T (years) R’ (units) Ky (dollars)
0.20 275 178
0.25 298 177
0.30 324 181

4.7.2 Periodic review models n39 lost sales:

z
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dnvazeedluan (Fwaailugl) adedunsdiuds Hdmfuandedu fo lvenldifg
backorders tag §uARADIpNUTUA AU TT AONUIBTVIA (penalty cost of TT)
. * * 9)3 os n:ly
MINT expression 994 R laz T 1ddunou deil-

1) Aupnlumsdaazmsnuniussdunindsnell (ordering review costs/year)

_ A+] ®
T
2) frunsadaundonsl (average number of items on hand) 1 1dan -
W I, =  on-hand igasuduvestianan T
Lo = on ~ hand N1tfa1es190a1 T
¥ o 9
IS MIARGsYDY [, 19N
R
Lo = j(R — x)f(x;T+T)dx
0

Tatfi x Aig demand 11474 lead time U2NAY T uaz £(x;T+T) A0 probability density function ¥Rl
Fd
ey x g T+ T 4

it

R 0 ]
J.(R -x)f(x;t+Tdx I(R -x)f(x;t+T)dx — I(R -x)f(x;7+T)dx
0 ] R

Il

R—-p 1 +bR,T+T) @

T = ¥
uazauragves 1. w1l

i

L max (AURTBUBY demand TUFN D) + 10

DT +{R —ugy7 + bR, T+T)}

S IMUNIREUREY (average on — hand) f period t Glﬂ'ﬂ

= %[DT-P—{R-—{JT_,_T +B(R,T+T)}+ {R_p“H-T +—6(R’t+T}]

= DT
= R_HT+T+b(R’T+T)+T

= R—(p+DT)+B(R,t+T)+%Z

i

R—p—-Dz—T+B(R,r+T) €)

&

b d [ 9 3 3
$1UU on - hand Hzifiafl period t laqaasall MI12RzITY $1U9Y on - hand @avHiTaily on -

=y L]

hand 1Ra8#01l
d! [] Y= 9 L .:é 1
FapiIdifladunuatndunaossdl

- i-C[R—u—%IJrE(R,*HT)] @
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y s =
3.) AUNUNINADIN lost sales

Ky

Q.

¥
Qo

AIHU #

= j(x R)f (x;7+ T)dx

R

T[: J—

—~b(R,t+T) ®

T

funuuilsiundeded fde wmammﬂumum 3 iladana1d vude
A;J+ic[R—p—%:F-+B(R,HT)}?E(R,HT) ®

! ¥ 4, ! oK w a
LAz 1aUITo NI R Lﬁ?)ﬂ'l‘riuﬂﬂ'lT“iﬂﬂ v =0 A9l :-

Ky _

dR

(1C)+(1C+E) @(R T+T)

h+(h+¥).—li-(R,r+T)

=)

h+(h+ ) aR Jax-R)f s+ T)dx}
R

o0

h+(h +¥) aR _'(x ~R)f(x;1+T)dx — j(x ~R)f(x;T+ T)dx}

o]

ac>o
OR ¥
0

h+(h+—-) [ (x-f(x;'c+T)dx—% jR-f(x;HT)dx
4]

o a5
- jxf(x;r+T)dx+a—R [RE(x; 7+ Tydx
3] O
T o AR
h+(h+—>-[~—(urm——— [fs T+ Thdx
T | 6R R

R R
) GR ¢
- ojxf(x,HT)dx e Jf(x,t+T)dx}

R
o 0
h+(th+=)|0-1-— + f(x;t+ T)dx
+h+o) e (ev1) Oj( ) }

i R
h+(h+%)- 0-1-0+ If(x;t+T)dxj|

o)

R
h+(h+%)- ~1+ j.f(x;'c+T)dx1
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R
h+(h+%)[—l+6[f(x;r+"f)dx}

= 0
y h
-1+ jf(x;ﬂchT)dx = -
0 h+ I
: T
: h
jf(x-,: +T)dx = 1—-
0 h+ —E
T
R h+Z_h
JresreDax - T
0 h+ E
T
T
- T
h+~
N T
n+hT
R’ n
If (x;t+T)dx = @
7+ hT
0
fMeea: An assembly of a small automobile manufacturer is using a periodic review

inventory model (order — up — to R) to place orders for tires needed for the car assembly. The
demand rate is 12,000 tires per year. The average lead time t is 6 months. The cost of making a
review is $20 and the cost of placing an order is $30. The cost of each tire is $40, and the
inventory carrying cost rate is 0.20 per year. The shortage cost per unit is $25. The demand
during t + T is represented by a normal distribution with a mean of 12,000 x (t + T) and a

variance of 8,000 x (t + T). Determine the optimal values of R and T'

Solution
D = 12,000 units/year
C=2%40 ..iC=h=102X40 =38
6
A=

$30 ;1 =820; T=— =05
12

o = 3 =

AUYAN T = 300U = 5o 0251

* o ar =
msm R dwdu 7=025% 1¥auns @
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*

R
2 T
n(x; ,O dx =
! ( MetT 1+T) T+h.T
Taoh peor = 12,00000.5+0.25)
= 9,000 units
Wz O = /8000 (0.5 +0.25)
= 77.46 units
R | R" -9,000
mawmadon  [n(x;9,000,77.46)dx iy O(=—0) -
; 7746
uagandafiamdesnn
R’ x
[n(x;9,000,77.46)dx ~ E2220%
: 77.46
wozez 1431 @(LS"Q‘}E) - B
77.46 25+8x0.25
= 0.9259

F9nfA 18 normat curve 1218
®(1.44) =~ 0.9259
R*-9,000

77.46

= 1.44

*

R

77.46x1.44 + 9,000
9,112 units

Tumsmen KV 15190 9R UM Lost sales cost LAY inventory cost;

-4

DR,T+T)

Lost sales cost; =

il
T

j(x —R)f(x;7+ T)dx

b(R,t+T) =
R
R -
— O--H.T 'L’( “T+TJ
CreT
_ 77 46L" 9112 -9000
77.46
= 2.5417
. 25
.". Lost sales cost = —x2.5417 = $254.17

(

0-9,000

77.46

)
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Inventory cost: (NN @)

= 8[9,1 12 -6,000-12,000x 0'225]

= $12,896
3
Ky = 0+20 @ 954.17+12,89%
0.25
= $13,350.17
wimsfnoam R uag Ky Tndidwmiud T aingd ensfunh Ky inafSeudieusudslumag
T, day R Ky(R,Ty)
M R uay T fmnza 20 9,112 $13,350.17
u p 75 8,614 $11,390
(optimal values) o ¥ANW 60 8,119 $9,498
A — 45 7,625 $7,625
W Ky fieiviga 15 6,645 $4,590%
5 6,334 $6,041

2.8 Safety Stock 1182 Service Level:
Safety stock A9 AuMARdaduA1E5993 (protection) AW TuNLUBUYDY demand T4 lead
time

. 2
1un39iued continuous — review model, safety stock 19

r—Drt ®
uazlunsdiued periodic review model, safety stock Ao
R-D(t+T) @

ZWf demand Tug9 leaf time 115UAALDIAIMUTILET UL normal distribution, (5781150
[} :; F Y 9 ] 3 o dy
neasaNiTiufiszifiaues vSeaua1v e luuaaz cycle lanadl
Stoek.

Pr stk
m&t)

J} bt ¥
Sofelystek
4ot

.DcLﬂ') | 2t
pSiY | Pesirrlc. reviens wipslon,
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Vi A& o

< ar a = = ' =
WU A8 safety stock 110 sEAUMIIHUTAS U3 service level B4R BFIMMEANUTIHER

a 9 4 o a9 Py yyy 4
130 E!“lﬂﬂ '-‘Nﬂﬁﬂflﬂﬁllﬂ?mmmﬁummmmmﬂ]iﬂjadgﬂﬂﬂﬂmﬂ‘uu

Vi y a1 * LI S ¥ Ta A
usifin safety stock Yuagiud1 r wor R Fednisansuedfun h uaz 7T Tasmmnizoties: lost
) Ed
sales costs or backordering costs {Hudunuiivszilulden Aniunweenvesfuinisife dmuaszduy
¥ ]
vosmsliuTmagnddn udnlsadiudunuiifarndufiveaden Smndiu ldmnansysy
sedums Ifusas vy
dld” ¥ =2 o o 1w ar Y A s oA 3 s ] oy
Tuntiiznandunusivesmismussiinsyaunis usns 2 wilah 1§ fusgiaueiie
1) Criterion: Probability of not stocking out (tnaivesmsl¥mmninziiuigudie:hineaien)

Muunidudadauvesiiu cycle filidesnisIiiRamsvnaioniu usausodeusde

¥
]

1 1 dy Yo o da a . R 9 o
muﬂmiwﬂuwu‘ﬁnu r (NIBNYDY continuous review system) "lﬂﬂ\‘l

e
ky = 1-Pr(x >r) = 1- If(x)dx ©)
r
it k; - Fadauveai 11U cycle i liifa stockout
X = demand 11924 lead time
T = reorder point
Aog: In the example on page 50, Q* and 1 have been determined to be 94 and 190

respectively, what is the service level, k, and what is the expected frequency of stockouts over
time?

Solution
200 1
Pr(x >t = —-dx
(x>1) I 200
r
_ X |200
- m’l%
= 0.05
ki =  1-Pr(x>r1) = 1-0.05 = 0.95

3
Nuuailumsnnvesaell 35149 cycle YBIMTMATDIADT])

] (@Jxo.os _ 0426
94
S ATURUDINITIAA stockouts
N & - L = 2351
f1uunsalulsl 0.426

' 9
HnenNud Tnemasudiaziia stockout 1 AFINAG 2.35 1
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2.} Criterion: Number of units of demand satisfeid
saq Vo ' o = Y ¥ N
e lFiaumisvesduffiausoauesniuAsemsveagni I8
+ ¥

Tuhtlondied1avensdlves continuous review system Usznevfieduiensidinaaifimg

FETAUURINT IAUTAT (service level)
a‘dy o T Qs ¥ o 1 4 o ' Y
amnuaiizimuamszdumsiuinsdua k, Faulludadiuvesnnudesmssm (ot

demand) 132 IATUMTAUTHDS B Na lAa MmN demand IRATY
A I M e Y ¥V = [ a L S & 1 &
PN b Ae Suaudy mAinaadon Tnenaoae cycle uaz Q s $1UIUTIAD cycle ¥3n

MIUVBINLAD cycle
b

" dadauvesdudiiezaiede 1 cycle = —;

1 E ] d’ ¥ ] ar oF r
wioyaldin — fie arninzdufinnudoims (demand) 1 wiie 12l1ASumsaues (iadadan

Q

¥ []
voanudpImsnanuan luldsunsaneq)

Kk, -2 @

*

Q
Jx-nfydx ©

=t.
o
i

1Y

froena: A continuous review policy is being used to control an item having a demand of
84 units per year. The reorder quantity is 7 units ; there are 12 reorder cycles per year. The lead

time is 0.5 month (EZ year), and the — time demand is Poisson distributed. It is desirable to set a

service level of k5 =0.95. Compute the appropriate value of r.

Solution L“ﬁ'ﬂﬂ%m Poisson 135 discrete distribution.
b = 2(x—r*)-Pr(x)
r +1
. ky, = I-— wagr  k, = 0.95, Q* = 7
Q
. 5 v =
. 095 = 1—5 a'ld b = 0.35
b = D> (x ~1")-Pr(x) = 0.35 @

r +1
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—A aX
o c A
Taoh  Pr(x) =
x!
l = mean UV Poisson distribution
= Dt = L x 84 = 3.5
24
-3.5 X
Pr(x) = ey @
x!

mswiet 1 snaums @ uaz @ 135nmavsauyiin r udasmoms D (x—1) Pr(x) &

¥
erasnsaussaums @ |, r aniude Ameulumsi @ oA r=4 uazl¥ A =3.5

s @ auyd r=4 uazld A=3.5

X X-r Pr(x) (x-1) Pr(x)
5 1 0.1322 0.1322
6 2 0.0771 0.1542
7 3 0.0386 0.1158
8 4 0.0168 0.0672
9 5 0.0066 0.0330
10 6 0.0023 0.0138
11 7 0.0007 0.0049
12 8 0.0002 0.0016
13 9 0.0001 0.0009
D = 0.5236
a5y @ duyd r=5 uazl¥ A =3.5
X X-T Pr(x) (x-1) Pr(x)
6 1 0.0771 0.0771
7 2 0.0386 0.0772
8 3 0.0168 0.0504
9 4 0.0066 0.0264
10 5 0.0023 0.0115
11 6 0.0007 0.0042
12 7 0.0002 0.0014
13 8 0.0001 0.0008
D = 0.2490
feeufer = 5
mnemg:  NNNsFunanNRen1sIugIe lead time voadudmudt TumefiRudrFudiiien

]
o

kg 9 =) . 1 = Y
BATINDINABINITAT (low demand rate) LTNITUINLIIVOI x UL Poisson AIUAURIRLSATIAITY

¥ = .
ﬂﬂﬂﬂﬁiq\i, X BEUMIUINUAUVLY Normal dist.
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A company is using a periodic — review policy. A certain item has an annyg)

demand of 1,200 units and is reviewed once every 2 months. The mean and standard deviation
of demand over the period of © + T are 300 units and 200 units respectively. Assuming the

desired service level is ko = 95%, what is the required order — up — to — level, R

Solution

mn k,

o

e b

OreT

A 3 ¢ - o & S A A
Lu@\ﬁnﬂﬂ’ﬁ]@'ﬂﬂﬂﬂlﬂﬂ'ﬂ]ﬂq 2 199U ANHUHAHIAYDIODINDIINAUAD

¥

2x1,200 = 200 &
12

-2 1% 095 = 1--2-
Q 200
= 200-190 = 10
= .[(K - R)f (x)dx
R
= J(x—R)n(x;MHTaGHT)dX
R
_ O.”T.L'(MJ
O1+T
Lr[_@ﬂ] - 10
Ottt
P Ryt .10 - 0.05
CetT 200
L,[R—-WOJ - 005
200

s A-3 ;5 L'(1.25) = 0.05

*

R

1.25% 200 +300
550 units

2.9 Single — period models
FhuTumavesnsmnssdmsuldlurananae deldduiluTunanends periodic review uuu

5 A [ ar 1 =4 ’
wite Belddmiuausnnudasn s e i) uiveanihy 2 nsd fe
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2.9.1 Instantaneous demand

°luﬂsmu §871 demand @atuiudimia (#1993 1ANUADANT O0) naziiafigu period.

AuyA71 setup cost Hmyfesunau = 0

i Q= $717% (on - hand) Fumnie
8 -
waz X = 742U (on ~ hand) Aiegnoufiss 145y

4

¥ 3

grde01n IRFuFUMNYASUAUUDA period

AMuEIM 3 TUFUAT (demand) NYAUTUAUYOA period.

-

FUAIAY order

[ 4
di ep e
04222%§§ZZ%T el

o

CINWAH'D‘ k4 PFR

)

Mo sorbac ,éfiz

Single — period inventory (instantaneous demand)

v

Yo
!.i']ﬁ'lil'liﬂﬂ'luﬂmﬂunu5'Jﬂiﬁﬂﬂulﬂ AU

1.) Holding cost (carrying cost);

Q-8

0O

d<Q
3>2Q

2

FEAUAINDI

. ¥
, M

AU AURALUDA holding cost v E(holding cost)

I

Taufi h = holding cost/unit/petiod
Ho) = F.-d-f-“um demand
2.) Shortage cost:
] a8 ¥ a 0 ; f?h
Samdumnne =
3-Q ; &

Q
h [(Q-8)¢(3)d3
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- o A A a a ¥ o -
JUUAUNURAVNINANINT UMV IATADA AD

E(shortage cost) = m j (5-Q)d(8)ds @)
Q
T f® shortage cost AONUINVIN

3 o
3. AMYUAOFUM (tem cost):
= C(Q-x) &
¥

Aunusaunie fin wasIwveIRuYURdY 3 TIMITIIUY -

Q ©
EK) = CQ-%)+h [Q-5)0@)d+ [(5-Qed)ds @
0 Q
wazis Q WRnnmadnive AE®)] = 0
oQ
Q o0
%4 qe)] C+h [¢(5)ds—n j¢(6)d5
oQQ ; 3
' < Q
wdidowin  [9(8)dd = 1- [4(8)dd
Q 0
Q
Jo@yas = n-C ®
: n+h
dufedr Q" fle d1 Q Foild Pr(d<Q) = n;i oy Q" wiffusiiseiie n>C
n

f0ENa: Assume that h = $2.00, n = $10.00 and C = $2.50. The demand density is given by

1
— 05238520
P(d) = <20
0 d>20
Determine Q"=
* Q n—-C
Solution  Pr(3<Q") = fo@ys =
5 T+h
Qt
_ j _1_ 45 = 10-2.50
0 20 10+2.0
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Q*
0
= — = 0.625
20|,
Q*
= — = 0.625
20
Q° =  20x0625 =  12.5units
fa0E19: Determine Q* for the data given in the previous example when the demand
probability distribution is given by
) | 0 1 2 3 4
&S | 015 020 030 020 0.15
Solution
-C 10-2.5
Pr(5<Q") = LI - - 0625
©<Q) n+h 10+2.0
8 | o t 2 3 4
Pr(3<Q") | 015 035 ‘(0.65 0.85 1.00
Pr(5<Q")=0.625
Q* = 2 units
+mannam Q Wi Pr6<Q’ -1 < n—(h: <Pr(5<Q)
T+

2.9.2 Uniform demand:
¥ L) 1

Tunsdifl fehidananudeamsiiond, Sianudeens (8), fidnfesnhinrunndifiioy

L]

yém1 o o oa Y

(Q), fezfadusmdefidats period uatmImdesmsgenimuduiiited, fAwdadufine

d ldl. r
anenNa1ea9 period.

-QS...
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1.) Holding cost (carrying cost);
o

AnunInAuRdsve i I, I, Aadl-

Q~§ . $H8<Q

Ly = Q2
_E ) 10> Q
. Q 8 °°Q2
. aumdsvesdununwndedudife h I(Q - §)¢(8)d8 + I—2§¢(6)d3 ®
0 Q
2. Shortage cost: Funuiifannuesnacfendiuiann Snuvesnacienlasmie, b,,
2
G- 4550
by = 20
o ; MdLQ
. CUS — 02
. dunumAsiieninvesagien fo= 7 j(a 2:3) - $(8)dd @
Q
3. Purchase cost: ﬁ'mqu“lumu‘%a = C(Q-x) €)

. funusanedo = (1) +2)+ (3) 1iufe

Q © ~2 © s 2
BK) - CQ-0+h [Q-20ENE+ [2-0)ds +nj@2%—-¢(s)da @
0 Q Q

Q %0
' * BE(K) y * ¢(6) n—-C
0 Tau =0 2l 3)ds + LA = ——= ®
W Q § JoousQ” [5 —
0 Q
fraoena: Assume that h = $200, 7 = $10.00 and C = $2.50. The demand density is given
i 0<8<20 . .
by $(8) =< 20 And, assume that the demand rate is uniform over the inventory
0 56>20

. . *
period. Determine Q .

*

Q 1 *?.0 1
Solution Ii-ad5+Q Q*Z—Og.da = 0.625

8]
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E

AR s -

5Bk + 2@ 0.625

%[Q* +Q {1n(20) - 1n(Q*)]] = 0.625

516 [Q* +Q" In(20)-Q” 1n(Q*)] = 0625
3.996-Q" - In(Q") = 0.625x% 20

3.996-Q" - In(Q")-12.5 = 0

v * .
1475 NAROWNUA (trial and error) 3213 Q= 5.4 units

2.10 ACB Classification System:

=1 ar 1 a 1 o o ar ar 1 ) o
Wuszvuvesnsiangududinieg Tunsedimudiwuanudidy Taoldyanieiubuvesdudh

o b = QA 9/ ] v o o al
I{I‘H‘Hﬂﬂ uamimimiﬂaﬂmﬂuﬂﬂmmazﬂqumuamummﬁmﬂg

32UUMIIATZAN ABC 1130 ACB Classification System (AR INNANMTYB T NIATHFAANSH17

a ad, o ' & 4 ' v & A o o ¥ s &4
anand “eertsznovdesy Nanasidesagnisldnsalunniu fesddsenauuaudoeriamniud

o 9 o =) o o P By " =
ﬂﬂmﬂﬂﬂﬁﬂ‘iz‘mjﬂ']ﬂ L!EI&’NBiﬂ‘ﬂ‘)'Sﬂﬂ’Uﬂ’lu’Juﬂﬁ?ﬂ‘ﬁuﬂﬂijwﬁﬂizﬂﬂuﬂﬂ” 11,459&"1]?)@7]15‘11‘5“1511&13

t:d
munuiagnends madanguieag Wudeil

¥

¥ . ]
GROUP A: Tunguillidiufiudilszmnm 20% vossnududmimusiinnds ustiyam
Ya9MInndanatlilszinm 80% vaayad (1A X $1u9n) vesduAnendaianuannwiia
Aol
o ¥ & 3/

¥ ¥
Tunguii Udwugshrhaum lunguiinas 185umsquastdialndda st 1 aviesey

3
¥ o A =

'Y a o & &
$ruauld uazdununisdadeynideu nazld E0Q Tumadmunuevesdeadade

E v ¥ ‘

GROUP B: iifuflunguiilszanu 20 - 30% vesimusiiafudviamuaiands uazya
Aresdufilunguaaniuudnlszinu 15% veayamvesdudmnyilanandadodl

A o o o LYY ¥ 1 q,‘ t 9 o | = v 1 =

fidwusihd@mindud lunguiin Wasnasunsidswdouvesud mansiionns 6
@Wou elsuswaudde Imunzan

» 1

GROUP C: fifnnusidavesduiiszina 30 - 60% vessmausinvesdudniviuahiag

A9 uAyamIINvBITumM TuNgulsEunn 5% Yoayan1I INYRINIAINRIADT

»
Auuzihdmiunisusmsminendsdmsudud lunguiiiae envzasvdsums ¥

¥
¥

{Whusel mansndaeesiinsuiu iwelfidudl unsdfidesld Eoo Tumasuduals

1 1 1 l:: " 1 * = 1 L]
NN NEUIYIzrdaInm Q  vesdufuAazed
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— -~

3
N

PoLtdR verung -

!
!
l
!
!
!
|

FPERCENT OF AMviAL

'

O %oETsrAL 1TENs 1g0 7,

.
-

¥ L d | ar D] g
AN 1 Deamannssangudufiammann1sues ABC Classification System Inofldudmia

a & < a o s Y o/ o Ay o

nua 16 siia Falussdnigsiasseonifuduiluiuriaidennd
Tumsn 1 Judmanuiay 1 wor 2 Tiyasisufugeqade 85% veayamAudianuaveagsis
dwduilungu ¢ Binaudaszne 2 lu 3 vesduinimun uslinansznudeasdnsgsivios msy

E 4
yar1r o 3% mniy

AT L 799019y 0A1AINAIeILTEN XYZ

Average Annual .
Part No. Unit Dgeman d, D Price, C CxD
i 2000 $156.00 $312.000 ,
2 1200 55.00 66,000 } 85% A
3 100 314.00 31,400
4 500 30.00 15,000 } 12%B
5 4800 1.80 8,640
6 250 19.00 4,750
7 120 25.00 3,000
8 100 19.00 19,000
9 1000 1.00 1,000
10 30 25.00 750
1 500 0.80 400 > 3% C
12 100 1.30 130
13 10 5.00 50
14 100 0.20 20
15 6 2.00 12
16 100 0.06 ¥, |
\ 445,058

o 9 ﬂl’ * d' ﬂIJ ¥ Qt - 1 =y 1
s 1 annadundQ  uazanudlunsda¥edwmsudududazyiia Tesld A =$50 ds

2AD

. *
9OIADS LAY i = 0.30, uazl¥aums EOQ: Q = -
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] @ [
a3 I STudeFeuazau

— *

No. D C Q CQ" | Months Ofdelr\’}yea” i
1 2000 $156.00 65 $10,140 0.4 30.8 } A
2 1200 55.00 85 4,675 0.9 14.1
3 100 | 314.00 10 3,140 1.2 10.0
4 500 30.00 75 2.250 1.8 6.7 } B
5 4800 1.80 | 943 1,697 2.4 5.1
6 250 19.00 66 1,254 32 3.8 \

7 120 25.00 40 1,000 40 3.0
8 100 19.00 42 798 5.0 2.4
9 1000 100 | 577 577 6.9 1.7
10 30 25.00 20 500 8.0 1.5
11 500 0.80 | 456 365 | 109 i1 ¢
12 100 130 | 160 208 | 192 0.6
13 10 5.00 26 130 | 312 0.4
14 100 020 | 408 82 | 49.0 0.2
15 6 2.00 32 64 |  64.0 0.2
16 100 0.06 | 745 45 | 89.0 0.1 )

81.7

o 1A ' * = = a4 1 &
WMl I nFudlungu A efl Q@ uazfiarwdlumsdufiugs 19U No.1 szdnada
5 o o o &
WuNN9 11— 12 51 d9u No.15 Mnanlszaina FilndsesdnTauil dhidu
M4 1 g @ * =Y :-: ° g/ w a9 ¥ P
Tuase L dehdwauds Q  vesdudmanaei lddugulumsasndsdufudazriaiiad
¥ ' 3 3
gqa uadmmswwduu Teuemsamasmumsiiundienee lazainlunsdide Taomwzediads

= ' A ' = 1 Q al " r 4 < 1
duilungu C Rdlwansznudeginnios usdnsnseniagrzaunindiesdeiiios uazdumlungu

L =4

Almwdvesnsdafiunnamefiuinn fie vniszina 4 douds 73t Weiliudmediivesnsinnied
ulswenada Lﬁﬂﬂ’nuﬂ%ﬁﬂ’}ﬂiuﬂﬁG‘%ﬂauﬁﬂuﬂﬁiu C e wazdmaiiumn oo dueduin
MUY 6 D9 11 YR} 6 1ADU uazdavome 12 4 16 NN i !.ﬂmm'%'ﬂﬂuiﬂmﬁiy"h concurrent review
(Munaus i) oS onu Taus@ua1n1s 13 1T 91 optimum policy (W lousAunNUANEA)
TumsinsanSoudiouu lnnevaaes 19555 vuifleudunus awdniiudsfunuuToneds

Tumrse I
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1918 11
Optimum Concurrent
No. D
N CQ* D N CQ Q=)
6 3.8 1254 250 2 2375
7 3.0 1000 120 2 1500
8 24 798 100 2 950
9 1.7 577 1600 2 500
10 1.5 500 30 2 375
11 11 365 500 2 200
12 0.6 208 100 I 130
13 0.4 130 10 1 50
14 0.2 82 100 1 20
15 02 64 6 1 12
16 0.1 45 100 1 6
15.0 5023 17 6118
nioudeudunudiuandiaiu @etl)
Ordering Cost Carrying Cost Total Cost
. . 5023
Optimum Policy 15x50=750 0.3x (~2—) =753 1530
. 6118
Concurrent Review 17 x50 =850 0.3><(—2—) =918 1768
.". Net increase 238

sz 183 Toure Tl v TduquRntudie: $238 wieuszuna 16% detliviniu Avagiits g
31 malfounla Tonensadsdmiuduilungy ¢ finansznudegsfoloy wazlunsdid Taoaaw
dhunswddumuiidiviu dnsternidn mswmawsaaaduqunsdaldsn Sisaliaudily s
somsudadondous Sufudilu 6 sen13usn

msansediueRniiiioreni iU fuFudly ngu A w50 B auyddusnih U 1dsududm

Tungu A waifle M3 1v s Taslimumudmnidey

AT IV
Optimum Concurrent J
No. D
N €Q D N CQQ==)
N
1 30.8 $10140 2000 12 26,000
2 14.1 4675 1200 12 5,500
44.9 14815 24 31,500
Ordering Cost Carrying Cost Total Cost
Optimum Policy 2245 2222 4467
Concurrent Review 1200 4725 5925
4 & a
(WUAYUYNT = 1458
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" Lﬁuﬁquﬁ :Ei5—8x33%
4467

a o LY of ) Pt ] a 1~ 1 :
FafludedieTentuiuldmuihdud lunguiilinanssnudedunuvesgsfnnaniidudlunguiug

2.11 Exchange curves:
=1 -1 t ‘é 8 Q@ gl o A‘l LV - o LYY 9
Humatndnsornilidmiulsimzyd memsaadulalumsusmisszuvandadmsudud

Hae D197 WY (aggregate inventory)
#9159 1UIUEY EOQ dmSududn g
2AD

Q; = = D
] ICJ
EY v
. smunidlumsdasied] Ae
D.
N, = 2 @
Q;

3
o  of

3 ]
Fariu yamvesdud manuainenda (Total cycle stock), TCS 11 1Av1n
Q.
TCS = Y —2.C; =
= 2
j

F v £
sz unflumsdmanuaaell Ae
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dushaums @x@D 9213

i

(TCS)x(N)

i (e

2
(TCS)x(N) %[ZJC ijJ ®+
j

' =
= fInIn

i

vnaumsit @ uaz ® nneanun SEwITams Iy HemfiMzauve TCS uas N

8 @ as | A 4 o =] 'Y w A ] 4
dmiudasdin = laq 18 Fadusui TcS nag N umdeadmdum — e udres1diduldeiden
i i

U 5 o Qs ) ﬁ’ ar -3 s Q & y =
11 Exchange curve Faaunsath Il dduuamadadulafiordusmouaends uazswoudesedu’la

UFLURR auyAndeyavesmsaenduiiuluawmsie 1 lundwizs - IWa$a exchange curve

13
¥ @ o

FINTUTUAIAIARININUA

Solution 5MIL A =850 waz i =0.3
AL 20 L g6
i 0.3

fMura1 N uaz TCS 92 ldauase v
nnmsneeld N=81.7 uaz TCS =13,463

(TCSYN) =  81.7x13,463 ~ 1,100,000 @
' 46
AMaoue1A1 TCS u1ssle N 121 %7—3 = 165265 = 166
Aumsfignin LSS é— = 166 (b)
N i
AV
Part No. . - TCS, c(y
art No C;D; CQ N C;D; )
i $312,000 $10,140 30.8 558.6 $5,070
2 66,000 4,675 141 256.9 2,338
3 31,400 3,140 10.1 177.2 1,570
4 15,000 2,250 6.7 122.5 1,125
5 8,640 1,697 8.1 93.0 848
6 4,750 1,254 3.8 68.9 627
7 3,000 1,000 3.0 548 500
8 1,900 798 2.4 43.6 399
9 1,000 577 1.7 31.6 289
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* Q
Part No. C;D; CQ N C,D; TCS,C /2
10 750 500 1.5 27.4 250
11 400 365 1.1 20.0 182
12 130 208 0.6 11.4 104
13 50 130 0.4 7.1 65
14 20 82 0.2 45 41
15 12 64 0.2 3.5 32
16 6 45 0.1 2.4 23
81.7 1,483.4 13,463
= A l::q L 1 a r
lumsa$ Exchange curve quydn — fidaiwadiullidvaiss udadmama TCS oy N 910
i
1 A
auns (2) uaz () 154 18 — =440 .. TCSx N =1,100,000 ua 1CS _ 440 2214
1
440N? = 1,100,000
1
, 1
N _ ( ,100,000 )2 _ 50
440
1
waz  TCS = %@9 = 22,000

A A 4 Y ¥ o o ot
mmawaammnz"lﬂ curve aﬂymzmgﬂwm .....

Tes ($o0s)
25"—

2y

]
£5 feo 150
Exchange Curve

3 13u & v nandhnidniissdvamtuesdio Tcs uaz N eyl wwtuldi &

¥ s g J P 1 .
AeaImsssvdaduyu findsezaariam TCS uaz N aq e W 1ndA1 Optimum

o W o A 1 @ 1 = to A 1
n3o hhdsduiuegludumisge (B) fenezdeadsnngiar —imuizaumeli
i
4 Yoo ow oo A 1o oo 9 woa Y T g A g ad
3o fridaduiueddi (©) uazsududeansndidudlnmia Sedimou N Aeziiiudae ndiden

o i as 5 @ an P 3y A w
iy luinga (D) Tavdansduyus nazvasinaduf hideariiuiiufineads



PROBLEMS

3.1. The ABC Company estimates the cost of ordering a raw material to be $30 per
order. The cost of inspection of the received material is 310 per order. The

monthly demand is 3000 units and inventory carrying cost is $4 per unit per

month. Find the optimum order quantity for the following independent as-
sumptions:

1. Shortages ars not permitted.

2. Shortage cost is $50 per unit short per month,

3. Shortage cost is $10 per unit short independent of duration and considering
the shortage cost in 2 above.

4, Errors in estimated shortage cost in (2) are +50% to —50%.

Draw 2 relationship diagram to show the effect of these errars on EQQ.

3-2. A manufacturing facility is planning to increase the storage space by building a
new high-bay warehousing system. An analysis is performed for one of the
main products of the facility and the following data are obtained:

. The annual demand for this product is 10,000 units.

. The cost of providing space is 31 per unit per day.

. The combined cost of storing or retrieving a unit is $0.50.

. The inventory carrying cost rate is 20% based on the average inventory
level. ’ . -

. The cost of shortage is $30 per unit per day.

. The cost of the product is $40 per unit.

. The cost of production setup is 5200 per order.

The production rate is 50,000 units per year.

. The space required for each unit is 2 ft?.

P
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How much space should be allocated for this product such that the total
inventory cost is minimized?

3-3. Consider an inventory system in which discounts are given for large ordered
quantities. The price schedule is shown in Table 3-13. The shortage cost is 38
per unit per year and the order cost is 340 per order. The inventory carrying
cost is 32 per unit per year and the annual demand is 5000 units, Determine the
optimum order quantity.

Table 3-13,

¢ < 1000 units C = $10.00unit
1000 =< Q < 2000 units C = $9.0/unit
2000 = 3 < 3500 =nits C = 28.00unit
B =Q units C = $7.5/umit

3-4, An industrial engineer wishes to determine whether a subassembly of a prod-
uct is to be made in the plant or manufactured by an outside supplier. The data
pertinent to the decision-making process are shown in Table 3-14. The carrying

Table 3-14.
In Plant  Vendor| Vendor2
Production per day {units) 200 400 =
Lead time {days) 4 6 9
Cost per unit $50 $55 $54
Crder cost 5100 560 70

vust per unit is $0.50 per day and the shortage cost per unit per day is $0.20.
How should the engineer decide on ordering this subassembly, assuming 260
working days per year?



P.:z/.z
) If the annual demand is 30,000 units?
(1) If the annual demand is 20,000 units and the shortage cost per unit is $0.15
independent of the period?

) Assuming that the annual demand is 20,000 units and that vendor | ‘p;'o-
vides a quantity discount as shown in Table 3-157?

Table 3-15.

£ < 5000 C = $55/unit
5000 = Q < 10,000 C = 350/unit
10,000 = Q C = $48/unit

3, Consider a situation where the procurement rate of a product is infinite and the
carrying cost rate is 0.15 per year, based on the maximum inventory fevel. The
shortage cost per unit per year is 31.50 and is based on the average shortage
yuantity. The procurement cost is 330 per order; shipping and inspection cost
is $100 per order. The annual demand is 1000 units and the cost per unit is $3.
Determine the optimum order quantity and the optimum reorder level.

3-0. Derive expressions for the optimim order quantity Q* and reorder r* for the
inventory system described in Section 3.6.1 (assuming that shortage cost per
unit is 7 and independent of the duration).

17, Consider an inventory system with a deterministic demand rate D, Shortages
are allowed and the carrying cost is based on the maximum inventory level.
Find Q* and S* (replenishment rate is P). _

13. The following estimates have been determined for an inventory problem: D =
2500 unit/period, A = 315 per period, i = 18%, C = $8 per unii, and the
production rate is 3500 units per period. If the shortage cost per unit is negligi-
ble and the inventory manager decides on an arbitrary optimum quantity of 500
units, what is the implied shortage per unit per period?

9. Using the ABC inventory approach, company XYZ identified three main prod-
vcts in group A. The inventory data for these products are given in Table 3-16.
Assume that the carrying cost rate is 0,24, What are the optimal quantities to
be ordered from these products if the total investment in the inventory does not
¢xceed $80007 What is the optimum cycle time?

Table 3-16.
Product | Product 2 Product 3
Demand per year (units) 2000 3000 1500
A $50 $40 T $60
Cc $40 $70 $30

3-10. Suppose that an inventory system accommodates the four types of items
shown in Table 3-17. The inventory carrying rate is 0.20 per year. The maxi-
rmum investment is $15,000 and the maximum floor space available is 8000 fi%.
{a) What are the optimal ordered quantities of these items? What is the optimal

cycle time?
(b) Rework part (a) for a space constraint of 1200 fi2,

Table 3-17.

Item ] Item 2 Item 3 Item 4
Demand per year (units) 3000 4000 2000 3200
C

$20 $30 825 $40
A $100 5110 $10s $80
Floor space per 3 2 4 2.5

unit (fi2) /




3.11. Solve the inventory problem described by Eqs. (3.28) and (3.29) when shortage
costs per unit per period are allowed.

3.12. A manufacturing engineer is to decide on the optimal order quantity for the
number of spare dies for three different stamping operations. It is found that
the average life of a die is 30,000 stampings and the aumber of stampings for
each die per day is 2000. Other data are given in Table 3-18. The downtime per
machine due to lack of dies is $3 per hour. The carrying cost rate is 0.18 and the
maximum floor space available is 100 ft2. What are the optimal number of
spares for each die type?

Table 3-18.
Die | Die 2 Die 3
C $100/unit $150/unit $30/umit
A $50 540 $50
Floor space {{t'; .0 i.5 HR:

313. A machine shop purchases spare parts for several machines at the rate o}' 1000
per year. The cost of each part is $20, and the cost of placing an order is $20.
The inventory carrying cost is $2.5 per unit per year. The short_age cost is 35.5
per unit per year. Assume that the demand (x) during lead time follows an
exponential distribution with a p.d.f. of £28% gver the range 0 tc.> 200. The
shortage cost per unit short is 52 based on the average ;hortage. Flr_ld Q* and
r*. Assume that shortages are backordered. ‘

3.15. Consider a continuous-review inventory model, where the p.d.f. of the de-
mand x during lead time follows 2 uniform distribution over the range 0 to 100.

The annual demand is 600 units and the cost of #ach unit is $20. The inventory
carrying cost is $2 per unit per year and the order cost is $20 per order. Based

‘on the experience, it is found that a reorder level of 80 units couid be optimal.

What are the optimum order quantity and the implied shortage cost? Assume
that shortages are backordered.

3-17. In a typical periodic-review case, it is assumed that the annual demand is
10,000 units. The cost of making a review is $10 and the cost of placing an
order is $25. The cost per unit is $20, the carrying cost is $4 per unit per year,
and the shortage cost is $10 per unit independent of duration. It is found that
the demand during I + T is represented by a normal distribution with a mean
10,000(/ + T} and variance 8000(! + T). Determine the optimal values of R and
T* (the lead time is 4 months). Assume that shortages are lost sales.

3-19. Consider a periodic-review model where the demand rate is 1000 units per
year. The carrying cost is $8 per unit per year. The cost per unit is $80 and the
cost of making a review is $20. The order cost is $10 per order. The demand
during  + T is uniformly distributed over 200 to 400 units. If the optimal 7* is
45 days and lead time is 4 months, what are the implied shortage cost and the
optimum value of R?
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A company uses a continuous-review system, with 0* = 100, Annual demand
for an item is normal with mean 1000 and standard deviation 200. The reorder
lead time is 0.5 month. It is desirable to set a service level such that there is-an

average of not more than one stockout a year. What should the level of safety
stock be?

3-23. For the data of Problem 3-22, what should the safety stock be if it is desirable

to set a service level to meet at least 90% of the units demanded during a
typical lead time?

3-24. A company uses a periodic-review system with a review period of T = 2
months and a lead time of / = | month. Annual demand is normally distributed
with mean 1000 and standard deviation 100. How much safety stock should be

provided to ensure that 95% of the units demanded per year can be satisfied
immediately from inventory?
Weekly derriand for an item is Poisson distributed with a mean and variance of
4.0. The company operates a continuous-review system and the reorder lead
time is | week. What should the rsorder point be to ensure that the average
time out of stock does not exceed 1 day (3 week)?

325



3-26, Demand for an item during a lead time of 20 days is Poisson distributed with

mean and variance of 6. The company wishes to ensure that the average time
out of stock for a typical cycle does not exceed 5 days. What should the level
of the safety stock be?

3.27. A periodic-review policy is being used to control the inventory of an item. The

fixed cost of an order is 5200, the cost per unit is $10, and the annual inventory

carrying cost rate is 40%. Demand is normally distributed with a mean of 6000t

and a variance of 12001, )

(a) If shortages result in a lost sale at a cost of $4 per unit, what should the
service level be? : )

(0) If the reorder lead time is | month, what is the appropriate level of safety
stock?

(c) What is the appropriate order-up-to level, R?

3.28. A firm forecasts demand for anitem using exponential smoothing with & = 0.3.

Table 3-19 is a history of forecast versus actual demand for the past year.
The company reviews the inventory status of this item every 6 months. It is
now reviewing the item tc make a reorder decision for the period Janua.ry to
June. The current inventory level is 60 units. When an order is placed, delivery
of the order will be instantaneous. If the company wishes to provide a 95%
service level over the next 6 months, what is the size of the ordt;:r that should
be placed? Service level is defined as the probability of not stocking out over a
cycle.

Tabie 3-19.
Actual Forecast of

Month Demand (units) Demand (units)
Jan. 715 70
Feb. 60 T2
Mar. 72 68
Apr. 63 69
May 15 67
June - 69 69
July 80 69
Ang. A0 T2
Sepl. 66 68
Oct. 68 &7
Nov. 7] 67
Dec. T2 68

3-29, Consider an inventoried item with the following characteristics:

3-30,

PR /4

Unit cost, C = $10.00/unit Standard deviation of demand, ¢ = 30 units/year

N Order lead time, ! = 4 months
. and, D = 300 units/year . *
Annual deman unisry _ Carrying cost rate, i = 40.0%
Demand is normally distributed.

The company uses a @, r continuous-review ordering policy as follows: when

the reorder point r = [25 units, place an order for ¢ = 150 units.

{a) What is the actual safety stock in units for the item?

(b) What is the actual service level being provided, where service level is
defined as the fraction of total demand satisfied off the shelf?

(c) When shortages occur, the item is backordered. Given the sbove policy,
what is the implied value of =, the backorder cost per unit short?

The ABC Company establishes a safety stock so as to provide a service level of
95%. The service level is measured as the fraction of demand satisfied immedi-
ately from stock over the year. An inventoried item has an average demand
rate of 1000 units/year, and the firm uses a continuous-review system with g*
= 200 units. The supplier of the item has historically maintained a constant
lead time of 4 weeks. The ABC Company has found that the standard deviation
of demand over that lead time is 100 units. The current purchase price of the
item is $1.00 per unit. The supplier has offered to reduce the lead time to 1
week if the ABC Company is willing to pay $1.02 per unit. The current inven-
tory catrying rate for ABC Company is 20%. .

{a) Qualitatively discuss the economic trade-offs involved in deciding whether

or not to accept the supplier’s proposal,

{(b) Perform the computations required to decide whether or not to accept the
offer,
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3.31, In Problem 3-30, assume that the current lead time is a normally distributed
random variable with a mean of 4 weeks and a standard deviation of 1 week.
What savings will be obtained by accepting the supplier’s offer to maintain a
constant lead time of 1 week for an increased price per unit?

3-32. A company wishes to forecast the demand for all its products using one fore-
casting method, simple exponential smoothing. A 12-week forecast will be
made on the first Monday of each month and used as the basis for making
inventory-replenishment decisions. The firm is concerned with the problem of
estimating the variance of the forecast for items with lead times greater than
the forecast interval. The firm intends to assume that observations over adja-
cent forecast intervals are independent and that variances are linearly additive.
The firm is using an R, 7T periodic-review system with [ + T > 1 week for all
items in the inventory, The firm wishes 10 maintain a service level of 95%;
service level is defined as the probability of not having a stockout during the
lead time.

{a) Describe how the actual level of protection provided by the safety stock
will be affected if the actual pattern of demand is () seasonal and (2)
random. Discuss your answer so that 1he logic used in arriving at the
conclusion can be voderstond.

(b) Assume that the latest forecast of dcmand by weeks over the next 12 weeks
is constant at

Xw = 25 units
@, = 25 units
{ = 2 weeks

T = 4 weeks

(1) How many units of safety stock should be carried?
(2) What is the order-up-to-R* levei?
(c) If you were offered either one of the t'ollowmg. which would you prefer and
why?
(1) A 50% reduction in supplier lead time (that is, I = } week),
(2) A 50% reduction in the standard deviation of demand (that is, ¢, =
12.5).

Show computations.
3-33. Consider a single-period inventory mode! in which the inventory level during
production increases according to the following expression:

¢

1) =~ (P - D)2

where I{f) = inventory level at time ¢
P = production rate
D = demand rate

Find the optimal Q* {shortage is not allowed).

3.34, In a single-period inventory model, the demand density function is given by a
normal distribution with mean of 100 units and variance of 60. The carrying
cost is 55 per unit, the shortage costis $15, and the cost of the item is $10, Find
Q#

3-35, The probability of a demand for a product is given by

x 10 20 30 40 50
Frx 0.2¢ 0.23 0.35 g.1¢ 0.1¢

The carrying cost is 53 per unit, the shortage cost is $15, and ihe cost of the
product is $8 per unit. Find Q*,

~ 3-36. In a single-period inventory model, the demand occurs uniformiy over the
inventory period. The carrying cost is $2 per unit per year, the shortage cost is
%10, and the item cost is $8. Assume that the demand follows a uniform distri-
bution over the range 100 to 200. Find Q*,

3-37. Soive Problem 3-36 assuming that the demand occurs uniformly over the in-
umntary rerind with a range from 109 to 300 units.



3.38. Repeat Problem 3-33 assuming that
¢(8) = {0,

and zero initial inventory.

3-39. A manufacturer of electronic equipment produces and ships to his distribution
warshouse in batches. Annual shipments are shown in Table 3-20.

e, &>
otherwise

(a) Perform an ABC classification of the items.

{b) Create an exchange curve for the items.

{c) The company has determined that its carrying cost rate for inventory items
is about 25% to 30% and its setup cost lies between $80 and 5120. Last year
the average finished-goods inventory level was $3,000,000. What recom-
mendations czan you make to the company's management?

Table 3-20.

Units Dollar

Item Saold Vaulue
Analog/digital converter - 2,000 5 350
2000 External modem 1.000 150
ST-8 3.5 disk drive 10.000 300
VGA/NTSC converter 100 528
Ethernet card 10,000 120
RS232 breakout box 1,100 35
EPROM programmer 500 160
Color VGA card 80,000 120
Winchester XT HD controller 20,000 40
T8 oscilloscopy 1,000 1500

FA /(;
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3. Aggregate Production Planning:
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M3 I: Forecast of sales and safety stocks

Expected Required Cumulative
Month Production Safety Production Production

Requirement Stocks days days
1 6,000 3,000 22 22
2 4,000 2,500 19 41
3 3,000 2,100 21 62
4 4,000 2,500 21 83
5 6,000 3,060 22 105
6 9,000 3,500 20 125
7 11,000 4,000 12 137
8 12,000 4,200 22 159
9 13,000 4,400 20 179
10 12,000 4,200 23 202
11 11,000 4,000 19 221
12 9,000 3,500 21 242
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Average safety stock = 401’200 = 3,400
d mwr oA a ¥ s - & 2 =
A5 1 %mu"lﬂ'n wau 3 UANNAINITAGA AD 3,000 @YU 9 Q’QQ@I 13,000 fD uJatJu
= 13,000 e e - a o w v 4 oo o
utlasdy =4.33 w1 dwiuiueeu 7 ied 12 Tu s zdesdla Tsanumedoniiige dauu

bl

11,000

Yy

F
ﬂ']ﬂﬂﬂwaﬂﬂ'lllﬂ'ﬂllgl}ﬂﬁﬂ"ﬁﬁlﬂ\mﬁ’lﬂuﬁ’l Lﬁﬂﬂﬁﬁﬂ\!ﬂﬂﬂﬁ?ﬂﬂﬂﬂ =

=917 dowou luvmzn

2

Py 3 nEALfes

. 3 o - o 917
=143 dsfou Fdasmsnaniudadiu =m=6.41 A0 I

MIngAved Isanumnfsgh 500 niieaeiu tazowazin1dae 600 nuledeiu Iauefenisyita

U

1 1 ¥
991 (overtime) 42081 199 1MANTU $10 ABHUY



85

fmindesmsniald ldunndi 600 missdeTu dosdrumanifaudus (subcontracting) §aess
3l oo dy 1 = = 1 [l oty
Tahenmniundunulnavedlsaanuds s15 deniefians
a ¥y ] n:sy o ﬁ a b 4
vindoyadsdumaril mmusafmuadiuununandald 3 oy fe--

® Plan#1: Level production
Wuurumsrdafiiwiiga fe Wsanmseaansfivifunniu Sasnssdadinnldn nas

9 9/ o o Q’J’ a | s = 100,000 [] el & ol v
VSATUADINIT HITAWITUIUIUNIHUA UUAB DATINTHAN = ——— =413 HUWAU ¥/ 107

Armesolnaveslsany (500 wiseiu)
Tugd 3 ewfuindunsmlvewmums 1 Shuduszduass uazigreidesnsndeld (seasonal

. A o ar [ = ¥
inventory) et i sereiusIefinnuRoenisgs

l-_’l’leiﬂ Inet prrpier rpranits foresy]
0 geadea ion oy

1
—
E )

|0
qeo
(]
k= - l
¥ Foo I !
= [
g ) , Flavt gapendy
o koo - i e,
£33 o-;m -i--o ! - st moof by,
w Flan Py, leywt practuetion, § ' et A " -: '{‘:‘;-".;:.li:: ’\i
£ ?D - _Imeh invantory coste H l L} s s
A bl mimenum Labor 3 :
ai bainaver costs e bl Y —
8 $ap r .
S s Flan #2, low ventcry cpans, e
:!.-.: ] e DUt Buigly Lalpge oy 2r conig
':z w L. } rut needs int grentar paar capacity
(1]

--a-on-ln-l-...m crenLBEw B
pos

Ftan 3 bowref cambinatmn ol fventory,

-r--j Triw Suerreer 104t il eveeek pagotity

¥

rors1% eb Hen thesa plases

o 1 i 1 1 ] f : 1 3 ] 3 3
0 o Jo g0 8o jee 2p Mo o jR8 Jte b e 250

l."‘.”,' l.,un "'"5"'

-—

»
51 3: anvilSsuRuuwunisng 3

] ¥

0 o Y | . a a & A g
A15°9 I uaaamIfiuIss uIuaindande {seasonal inventory) ‘ﬁlﬂﬂquﬂ'lﬂﬂ’liwﬁﬂ HIUUDUTUN

a ] [ I ] 1 ] =4 = o & e P
guium19910nnda (carrying cost) $40 Aowin 3z ldyanuadsvesduinmds Fuiaainnskinly

A 1 1 L] dy 1 lﬂ' =y
unazifeu uazdiomurnmdans 1dwiy 9,600x 40 = $384,000 sldneduiifediufifinnnms

1% level production



e Plan#2: (dunylugil 3)

86

Wuunumsasainnulaouunlassasimssda llauanudesnisinense Taadnsins

. { o N 1 o ' P o o a o = o 1
wamzmﬁﬂumxm 250 WU %uﬁq 500 YUIGADIU IRUMBINTHAR UBZUMITINGILIEN LLﬁt%’N

. 1A Y 1 & = A o -
N (subcontractmg) iu“ﬂ?\‘]‘ﬂﬂ?’lnﬂﬂ\iﬂ'ﬁlﬂﬂﬂluqq (199U 7 DIeaU 9) AT I UFAIATATUIUAURAY

P84 seasonal inventory

vnemg: Tumss i ldauydh
inventory Fudu = 3,500 i
INTINIHANT 11T level production
100,000
242
uuAIduRRefnAINNTHAR

Sh

) =413.22 niw/iu

(average seasonal inventory)
115,344
12

@ A =

HufsNng gAvoananziidiuIun

=9,612 = 9,600 "W

AGIVINNITHER = 9,600 U HID
Y=t ' & 1 o
15 9gya Iddnat1anitadn Swuns

ar tﬂl. L= [}
AaundoAell = 9,600 v

a1l
Catculation of the seasonal average inveniory for plan #1
- o 3
-3 ) -
g £ : 5 F 3 5 &
&, = o 8 & & 4 F &
g = L Sy ] B s H
3 F 3 g & ] [ T g £
B & Cnt 3 et e K]
£ %2 % % % ¢ T £ 5
wn & % OBz 3 2 8 s E
Mo & 3 g S & & 3 3
1) %3500
1 8000 3000 22 22 5500 5500 413.22 90909 9090.9 3500.91
2 4000 2500 19 41 3800 9000 41322 78512 16942 794215
3 3000 200 21 62 2600 11600 41322 &677.7 255620 14019.8
4 4000 2%00 2% 83 4400 16000 41322 B8677.7 34208 1B297.5
5 6000 Jovo 22 105 6500 22500 41322 9090.9 43368 208884
§ 5000 3500 20 125 9500 32000 41322 82845 51653 196529
7 1160 4000 12 137 11500 43500 413.22 49587 56612 131118
3 12000 4200 22 159 12200 65700 413.22 90909 85702 100025
9 13000 4400 2o 179 13200 68900 413.22 82645 73967 5066.94
10 12000 4200 23 202 11800 8OT0O 41322 9504.1 83471 2771.07
11 11000 4000 19 2Z1 10800 91500 41322 785t2 91322 17769
12 9900 3500 2 242 8500 100000 41332 B67L.Y 100000 4]
100600 40900 115344
1919 111
of e wverage y for plan #3
- k-]
| 3
Fl o5yl i i1
g e 7 ] . 5 . 8
a = = s
3 g H) & 1 2 x
Pigig § - E 2
3 a . 3 § § g
-3 ] 1 B = [~ o
I} 5 s 4 & fd -4 . Q a & 3 @
] 1500
T 8000 3000 22 32 5500 5500 250 5500 5500 5500 ]
24000 2500 19 41 3500 9000 20 4750 4750 10250 1250
3 300 2100 21 62 2600 11600 280 5250 5250 15500 2900
¢ a0 2500 21 83 4400 18000 250 5250 5250 750 ATSO
5 600 3000 2 105 6500 22500 280 5500 5500 6250 W0
& 0000 3500 20 125 9500 3X00 250 50N 006 31250 75D
7 11000 4000 12 137 NI500 43500 790 6000 1200 ZBO  WMMEC 40720 2T00
5 12000 4200 22 .159 12200 55700 662 11000 200 1364 14664 55X 408
9 13000 4400 20 179 13200 68000 662 10000 2CH0 1240 130 B85 366
10 12000 4200 20 202 11800 20700 500 11500 1500 BOOM4 68
foe
1111000 4000 1 221 10BCO 91500 500 9500 9500 BOSM4  -1986
12 9000 3500 21 242 8500 100000 500 10500 10500 100034 04
5400 4984 13684




87

¥ ] ¥ 2 ]
Tuanumssz Ghmldheinty Ao mldudenanisalaoulasd damsnia (changeover
d‘.dy ¥ a1 o a a a A = ] 1w Py
costs) il Wauy@nidinsnda wSeanuaansovesmsndaiiudui 250 milwdoiu nazd iy
wIvaamsnaaNdaslnI PN Bieaad U
ar [ dy ¥ =% ¥ o - = 1 v o £ g} a =
Tudrednil awyfd Sranmssian/founlas 35 mitsdeTu sedoednauanuivnioan
¥
AMITHAY 100 Au itarm gt lunsuenEndeauau vialumsmiauamlnisiuiinsinadne
' &
=$230 aBAUITUW LAY
1 a1 d'i ::{:u d¥ & 1 o 1 . d..dyo y:‘. q?
A 1501091 NAAVUINUNUMS #2 An MH19UE0391 (overtime) TunHfmua LAY $10
1 1] H =Y ] [ 1 o . a L 4 1 q. g
aavrsAinaalurea19a) (OT) uazAmama (subcontracting) Mnual3zdeauiin Swdudy

80 $15 deudWNIUM  IWSITRLTUMLLANNT #2 zi@omidndel AnndannmIkaadu
13684

T [l ) ¥
x 40 = $45,600 ; a11%918lunslfouuatnsanuilewindasinsHanifuIy

= 007290, 5301100 = $164,300 ; srldawlumsi OT = 5,400%10 = $54,000 uazrd

mn1 =4,884x15 =$73,260

MmagIv

Calculation of the seasanal average inventory for plan #3

3 X iy =]
@ g -] @ a
& i) 3
& 3 g - § 2 & £
el @ %] g [ @ @ E = d. ¢
3 F - g - -3 § : o . g
i 3§ =3 ¢ 3§ & 3§ & :
g @ 5 § - 3 3 g e g
£ % 3 g & g ¢ 3 & & 35 & 3
5 g : : ;
£ & 3 & 3 &« 8 £ & 8 a 5 4
b 3560 :
1 6000 3000 22 22 5500 5500 250. 5500 5500 5500 ]
2 4000 2500 19 41 3500 90O 250 4753 4750 10250 1250
3 3000 2100 21 62 2600 11600 250 5250 5250 15500 38C0
4 4000 2500 21 83 4400 18000 250 5250 5250 20750 4750
5 6000 3006 22 105 6500 22500 20 7040 7040 27790 5290

6 9000 3500 20 125 9500 32000 550 10000 1000 11000 38790 6790
T 11000 4000 12 137 11500 43500 530 6000 800 8800 45390 1890
8 12000 4200 22 159 12200 S5700 S50 110UC 1300 12100 57490 :I790
9 13000 4400 20 179 13200 689CO0 S50 10000 1000 11000 6B4SD 410
10 12000 4200 23 202 11800 B8QT0Q 520 11500 460 11860 80450 -280
1t 11000 4000 19 221 10800 $1500 57§ 9500 1425 109268 IS -125

12 9000 3500 21 242 8500 100000 413 8873 8573 100048 48

100000 40900 5585 25708




88
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Plan #1 Plan #2 Plan #3
Average seasonal inventory 9,600 1,140 2,140
Average safety stock 3,400 3,400 3,400
Average total inventory 13,000 4,540 5,540
Peak capacity required 100 191 139
(No.1 =100)

Incremental cost: $ $ $
Seasonal inventory cost 384,000 45,600 85,690
Labor turnover cost 0 164,300 164,300
Overtime premium 0 54,000 55,850
Extra subcontracting 0 73,260 0

Total $384,000 | $337,160 | $305,340
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¢0814: (Pages 137 and 138 --- Elsayed)

A chemical plant manufactures two types of products with either regular production time
or through planned overtime. Products use the same equipment and are scheduled intg

productivi: ore at the time. Demand of the products over the next 4 months is illustrated in the
table below.

Demand Units

Month Product A Product B
1 100 200
2 90 190
3 110 210
4 100 200

~ The initial inventory level are 36 units of product A and 220 units of product B. It takes
1 plant — hour to produce a unit of product A and 0.40 plant — hour to produce a unit of B.
Associated production costs are

cost of regular production, cg = $10/plant — hour
cost of overtime production, ¢y= $15/plant — hour
inventory carrying cost Cy=%4/plant — hour/month

Production capacities for regular time and overtime are:

R.T. = 160 plant — hours/month; O.T. = 40 plant — hour/month
Determine the production plan, in term of plant — hours, for these products such that the total
production and inventory costs are minimized.

Solution
dy Ao L 4 . e . & a . o Q’I‘
Heymiilisfisurunsndasudu (nitial inventory) Faomnsori Uy period n3ne 18 dasiu

o 1 - ° v ts P o &
513 IATIUMAIINGDIN1TENT (net demand) TasmssinerAmennsalaudaes unwndusudu wdald
¥ ]
AMAIWABINIYNTUAUIUNINUIOTIY (aggregate units) Aumitedr Tuaituveslsanu (plant -

3 Ed
hours) FIMTUNITNWHUNITHAA ﬂﬂﬁhﬂﬁuﬁﬂﬂu@]ﬁ'lﬂ%ﬂﬁﬁ

Demand Aggregate
Month Gross (units) Net (units) Demand
A B A B 1.0A +0.4B
1 100 200 64 0 64
2 90 190 90 170 158
3 110 210 110 210 194
4 100 200 100 200 180
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Ve & )
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WWEU dual statements 190U cell NUANEY solution

U1+V1 =10
u1+v5 =26
3 +V2 =10
us +vy =14
1.15 +V3 =10
u6+v3 =15
Uq +V4 =10
u8+V4 =15
Ug +V5 =23
1.18+V5 =19
U2+V1 =15
U4+V2 =15

Mu =0 ;u; =5 vy =10; u,=I
V5:26

Ug =3
vy =18
us = -8
ug =-7
vy =22
u; =—2
u; =—4
vy =14

NATDY constraints M5 UFDIN 1L TAUAY solution

UI+V2 :10<Cl,2 =14

u; +vjy =18SCL3 =18

111+V4 322.{01’4 =22

Uy +vy =5+14=19
Uy +v3 =5+18=23
Uy +vy =5+22=27
u; +vs =5+26=31
Uy +vy=6<

u; +v, =18<18




94

uz+vs =22<122
uy tVvy =1+10<o
ug +v3=1+18=19
Uy +vy=1+22=23
Uy +vs =1+26=27
us +vy=14<14
Us +Vs =1<18
ug+vy =19<19
u;+vs =-10<14

@l dual constraints .". fmounld optimum
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o
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Planned Activity Level (Plant hours)

Period | Regular Time | Overtime | Total scheduled Plant - hours
1 116 0 116
2 160 0 160
3 160 40 200
4 160 40 200
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VNABIA A TUFI97 1KY (planning horizon)
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lered fed
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*Demand (units) 1. e A 788N B .". 13U setup LAZHAN A B UAZIZNYA
Month A B o A qw -
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g 1?8 ;51’8 2. 1wl B =220 vie W lald@euusn = 200 wide .. mde
1 1 [ v
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20
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(Plant — hours) 150 » Sl .
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] 1
4 a4

5 WIEAUAIABITEY A A599aT B gnldvuaned tufiegn Ajg; Ajg = (52+0.1 X 160 X 1)-0.1
X 90 = 59

6. 1u Gantt chart iarAeTIenswan Wouusnuda A 18 = 116 wiae wazludoud 2 wanld = 0.1x160
x 1 M120.", Batch WSNUDINITHAN A = 116+16 = 13

7 5uNan B Mannan A ilA 1.1 ey
o 59 - 4 -
g. 1% A nualuna = 50 = 0.66 wU ¥3oNIN 1.76 tROU

9. fiam 1.76 Beu szdunenda B vy qign = (O 66 x 10—640—J —{(0.66 x190)

-114.6 ~138.6 (37 Byy)

160 . a a
10. WA B Eulliﬂiukﬂﬂuﬂ 2 YUY batch 0.66 X — Y = 264 wio uazldamaa ~ 0.66 1deu

11. 15UHA batch 11 2 U89 A MIAT 1.76 1A TAlvuAU0d batch NHAR = 126 MU0 UAZHER
12. (SUHAA batch 1 2 ¥04 B 111121 2.44 1ADU 37U =255 MU0

13. Wan A d1u batch #1 3 MIauABUR 3 14U 148 MU

- 4 da 4 . 200 .
14. Wan B 1IlU batch #i 3 MApUN 3.77 $1um 0.31 XH =155 78

gyl

I 1 2 3 4
A (units) 116 54 98 138
B (units) 0 264 255 155

3.4.3 Linear Production Planning Models: Changing Workforce Levels and Backlogging

Tuns sl 15779 linear programing lunisnsunumswanfinsoungu lldem 49 enodunuiina

q

L4

v Asuassiuaunsany uazdunuiianndudidieds (backlogging) v Tasiifaguszasn
#9 Momdmauusany, szduAudnnduasinoududivsnaalundas period e l¥dumus s

ununskaafaaiga $ld

D, = AMmansaivenudeens 1 period t

P, = $1uruiaedeer@nlu period t (il decision variable #amita)

C, = dunumsnaanilaniiaolu period t (s msmssan)

I, = §121RAS1 (on — hand) AllagLlans period t ($u decision variable damila)
St = ﬁwmuﬁ'ndaﬁﬂmﬂ period t (ﬁ‘]u decision variable ﬁ"mﬁa)

ht = inventory carrying cost ﬁﬂﬂﬂ?ﬂﬁﬂﬂﬂﬁﬁmﬂ period t Tugat+1

(B =& 1 4 .
T, = AunUUeIRIdInenaNY 8T VAN period t A4 t + 1
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subject to :
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nalunsHAARIUNA (regular time) Tumino$2 134159973 (worker hours) Vo
ussaruditleglu period ¢ (ffu decision variable fIH{T)

Aussdeds Tuskamvasmsnanaulndly period t

nafsua eI (overtime) Tumineds Tuanssqudmia period t

(ﬁ'lu decision variable)

ATAAUITHAINI0H Tuus smYean13 OT Tu period ¢
msiiuTuesszauis s (umisd Tuausani) 1n period t-1 4 period t

(1)U decision variable)

Sunuiifannmsiiuda Tuaussans 1 42 1uau period t

MyaAaeasduNsaaY (Juviae¥a Tnausaan) 910 period t-1 89 period t
FunufiiannmaandaTuas sy i $2Tu4%u period ¢
FITTHUAUVDINITINIHUNITHAR (time horizon for production planning) EL LT
periods Als1auHuMIsHARIWBAA

$1Tushen Asmualiinuteoniga lusinauanalnd (regular time) 151360 Ly
1 under time R wmualHIA period t

3
=

T
t=1 product cost Labn:»u‘lT cost inventory; backorder work - force ch arge
I, -S, = I —S¢-1 +P ~Dy; t=1,2,3,..,T @
LRt = LR,t—l + 1:- _1t_ . t = 1, 2, 3,..., T @
Lo — Ly m-P,—Lg, ; t=1,2,3,..,T @
+ -—
Pt,It,St,LRt,lt,lt,Lot,Lut 2 0 t=1,2,3,...,T @

* panewe: m Ae $1uus Tuahauidesns lunswdaniianiioves P,

1
o . . . == o
15192992 1A 31 19 objective function @ 18 constraints @ §3 @ fuil

a An 1 ' i 1w . a1 1 [
1. & C, iedunumsnani lisaudwse) Siaeiinhitunn period, s1amnsadasiildiw nieau

1 & .
dauil (C,P,) 09011910 objective function 18 Tusimseafisafiu drimnuusanunacilugn pero

ransada (Cre - L, )i (C - 1f +¢ilp) senluvinaumamums @ uazsnidn constraint

3 W = . - 4 ¥ 2
Bortunsiunteanussnueenil (constraint @) ARSI NWAUMT KB TR

flsgeqa (max profit) inyensadivilys @ iy
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T
Max Z = VIp+Y (VP —C,-P, —..)

t=1

Taof VIp fie yasoveadudiaandad period T uaz VP, yarmewos$umndaf period t

. 9 9 a as ] . ] s J s v o
2. constraint@ FoamisIiinannindalundas period laindaiu f mnedeh Smrunnded period t
IMAUT U IUAIAAIAIMAB RN period t - 1 VInAUTUTANEATU period t UazinaendIss MUY
141u period t
Y @ . Sy . p ' ™ -
DMINIIAR S, LAz s, _; 980 11 solution 1 1Rvefetaiioudr ifinisiiaves1a stock 1ad
¥ ¥ ¥ } -
DIMIMUTIABINT IHNNY period 3 safety stock = I (5181815043 constraint 197111 constraint
e Iy 21y t=1,2,..T wIethdoentsld upper limt1day I, fawnsairld L<T
t=1,2,..T dludu
. ® ¥ Y o . 1w g . 4 o
3. constraint & ABaMT 1 111159914 TU period t IIAUTINIIGTINY period t-1 UINAIBT WIS
unwin U period t alBBNAY SIMLIINUNaR 1Y period t
danldnanllude 1. udridmnslusadnounsd mansada 17,17 eenlon
aums O, @ uaz ® W wie Swndesnsimualiimuussoueglusn L, uasL . f
a3 1d 1ao 1
LRt 2Lmln ;t=1,2,...T
Lpt €Lpin 3t=1,2,...T
. 3 . A A A o . A . A
4. constraint @ 1Ty constraint v3eR0U lUHDAMMUAYIAUDY overtime 115® undertime 1o 19 lUA1T

win P, miteTu period t

¥
o £ 3

flosnn Lo, iz Ly, Smiedusdaluehan ud P, Fumbeiuon fuhiafeudiumiae
104 P, Wifuda TuaTnonsgoa m @il standard time voamswan 1 3%)

wazdleh mP, Mlaudis Lyp foglsnnudalusiiin overtime w30 undertime  dus1lal
#9199 undertime, 191N ANNTOAR Ly, senninaumi @ O

5. termdudunlsdudh 1ty Tumadndld wu Sufinsannsiamngis (subcontracting) 151819

¥ S, Wududsirln domneds Sruoudtdamnlu period t uazld o, Ao dunudramn e
T ¢y Sy wimegluaums O

91l constant equations sziimsnlavuuauinien Ao
® 170 Sy Wiuauns @
® gy m-S, oenvnaunis @
o uiu S, Wivauns ®

¥

o 3 . . At ! 1 o 9
191921 1A TAave linear programming Tumailfinubavgulumslszgedldamann
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F0814: A company produces 4 products in a small production facility. One product is

produced at a time, and machine undergo tooling changes when production is rotated amon
products. The forecast of monthly demand for each product is shown in Table 4.2 below. The
initial inventory of each product and the standard whorkhours to produce a unit of each product
are shown in Table 4.3. The following labour ~ Regular costs are estimated

- Regular time: § 12 per hour

- Overtime: $ 18 per hour

- Cost of hiring: $ 1600 per work

- Cost of layoff: $ 5920 per worker.
The upper limit on the work force level is 26 workers. Currently, 18 workers are employed. It
has been estimated that a direct labour hour of production, net of labour cost, is worth $80. The
company tries to carry an average safety stock of 2 weeks of supily. The inventory carrying cost
is $2.70 per worker hour per month. Assume that a worker averages 160 hours of regular time
employment per month. Develop an aggregate production plan, in terms of worker — hours, to
meet the demand requirements without incurring backlogs.

Table 4.2: Monthly demand of products
Month A B C D E
1 150 300 600 150 400
2 300 600 600 200 400
3 300 200 600 250 400
4 400 1500 600 400 400
5 400 600 650 350 400
6 400 600 600 350 400
7 400 100 700 350 400
8 500 Q 700 500 400
9 300 0 700 550 400
10 250 0 600 475 400
11 200 0 600 450 400
i2 (] 0 600 400 400

Table 4.3: Initial Inventory and Standard times by Product

Product Initial Inventory Standard Worker — hours
Per unit

A 150 2

B 700 1

C 200 1

D 200 4

E 500 I 2 |
Solution »
nlasumisvesdudififhumisovesda lusms e fslum1i13 Monthly demand (worker — hour)

Month A B C D | E Totaf
1 300 300 600 600 800 2600
2 600 600 600 800 800 3400
3 600 900 600 1000 800 3900
4 800 1500 600 1600 800 5300
5 800 600 650 1400 800 4250
6 800 600 600 1400 800 4200
7 800 100 700 1400 800 3800
8 1000 0 700 2000 800 4500
9 600 0 700 2200 800 4300
10 500 0 600 1900 800 3800
11 400 0 600 1800 800 3600
12 0 0 600 1600 800 3000
Total Inventory | 300 700 200 800 1000 | 3000
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Cost #1495 TUYAT ANWYTIVD period t 197 = 1 (DU

c, = $80 A9 13141439979 1ABATI (direct labour — hour) Fa5iAIMITNA period t
Crt = $12 / worker — hour
Cot = $18 / worker — hour
h, = $2.70 / worker — hour of inventory carried for 1 month
T, = oo
1600
Cit = —— = §10/worker ~ hour
160
, 9520
Ct = —_— = $37 / worker — hour
160
‘éﬁdﬁ1u1iﬂﬁg1ﬁlﬂuINLﬂﬁﬂﬂﬂ linear programming ladadl -

12
Minimize Z = Z[SOPtﬂzLRt+18L0t+2.71t+101t++381;] 0

t=1

Subject to:
I, = 400+P I, 21700
I, = I;+P,—3400 |1,>1950
I, = I, +P;-3900 | I >2650
I, = I;3+P4—5300 | I4>2125
I, = I,+P—4250 | I5>2100
I, = Is+P-4200 | I, 1900
I, = I4+P,—-3800 | I,>2250
Ig = I;+Pg—4500 | Iz >2150
I, = Ig+Py—4300 | Io>1900
Lo = Jo+Pg—3800 | Iy 21800
I, = Ijp+Py 3600 | I;;>1500
I, = Iy +Py=-3000 | I,,>1300
Lry = Lro+li -1y

—18x160+1f — I

Lg, = 2880+1 —If

Lps = L+ -13
Lrz = Lgy +1§r -3 ©)
Lrs = Lpz+l3-13
Lrs = Lgpat lg —ls

Lre = Lps+lg-lg
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Lrg; = Lret+l3-15

Lrpg = Lgr+lg-Ig

Lre = Lpg+l5-1lg ®
Lrio = Lro+Lp-1lip
Lrit = Lrwo+li~1j
Lriz = Lrntlz~-lp

R, < 4160 ; t=1,2,..,12

Lot-Lu = P -Lg

Loz=Lys = Py-Lpy
Los—Lus = Py—Lgs
Los—Lyg = Py-Lgpy
Los—Lys = Ps—Lpgs
Los—Lys = Ps—Lrs

@

Log—Luyy = Pr—-Lypy

Log—Lug = Pg—Lgpg

Log =Ly = Pg—Lgg

Lio~Luo = Pio-Lrio

Lit—=Lur = Py-Lgu

Lip-Luz = Ppo-Lgy

P, L, Ly, {7, Lo, Ly 205 t=1,2,3,...,12 ®

4 . e :
#491077 19 Simples method 1214 solution A9M1519913813

Aggregate Production Plan

Month I, P, *Dy Lgs Lot Lyt v | 1y 1
1 3280 2880 2600 2880 0 0 0 0
2 3580 3700 3400 3700 0 0 820 0
3 3380 3700 3900 3700 0 0 0 0
4 2125 4045 5300 3700 345 0 0 0
5 2100 4225 4250 3700 525 0 0 0
6 1900 4000 4200 3700 300 0 0 0
7 2250 4125 3800 3700 450 0 0 0
8 2150 4400 4500 3700 700 0 0 0
9 1900 4050 4300 3700 350 0 0 0
10 1800 3700 3800 3700 0 0 0 0
11 1500 3300 3600 3700 0 400 0 0
12 1800 3300 3000 3700 0 400 0 0
3 Ed
*D; 119 solution naugaslumsueSeuifisudy P, winiu

y - : : o
S ANUHRUNTHERTIE AR sumIHARaana IAeUN 4 — 9 uasmMTHuANNUAD I LR AU 2
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3.5 Dynamic Programming Production Planning Models
o o 9 o =) ar aray
dlunsmdweuliduilymmsnwnunseia Tasefuauansdves Optimum solution 910
¥ . . 4 44 ' a a
A5 1% Dynamic Programming F4IuNNazna1nRINTMIdmey 2 3370 Wagner — Whitin algorithm 11y

Zangwill’s extension

3.5.1 Wagner — Whitin algorithm d§113Uns s backlogging (backlogging prohibited)

W P $1uaundalu period t

H

D, = Amunsainnudesnsd sy periodt
I, = $wauneedsfitate periodt
Wagner a2 Whitin 1a@a 111131 optimum solution axilgaierniia fail
I,.*P, = 0 @
P, = 0,D;,D{+Dy,,Di+Dyy +Dyys, .. 2D, @
t

ey 1 4 3 ) = 3 ot = o [ a 1 1
qmﬁum%’@usnuanm ﬂ'lilillﬂuN’dﬁﬂZlﬂﬂ‘ﬁuﬂﬁﬂﬂTﬂ‘lfl‘iJTN’]‘Hﬂ\‘lﬂaﬂil"lﬂ period ﬂNTNJJ'!‘JdJﬂ'Im']

Jedrosvanit luudaz period, $TIURBHARB NI 0 HToIT LS MANATILABIMI ] period
¥ ¥/ ] . ¥ £ 1 L4
1911117118 period 119¥ (A IWAMNEINT )

A

v

b .
AUNUVBINT setup TU period t 1a9)

Aunumswan (i) dewiohinda

= 1 A ° . _y = 1
AT ANaN Fwanad U T period ¥BINTIUNUMTHAR AURAT L =0 msz

A1 93AvInEA U period j uazauyAde llBni e laussnuden1sda period k Taed k > j

- Cik
ety
& 1 2 g fM Kk T
1'-=0L =
J- _d
B=20, N
Loen
K(he)
W C. = gunuiifianinnsnaaly period j iisauaininidesns 1 periodj, j+1, ..., k
jk 7

K(Pjy) = #unumsandn (production cost) MAnnnnsnanlu period j iNoauDIATINADINS

4 . :
Tu period j 4 k Fusiamizad a1 K(Py ) 1dun
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K(ij) = AJ +C(Dj +Dj+1 +...+Dk)

k
K(y) = th-lt
t=]

h, = dununsndsdomiroFudl dmsy period t
Cik = K@Eu)+Kdj)

W ke [ =0 wazazin Swaad period j IABAUBINITNABINITHS period k, 1y
A0 Aounthuzdesdimsnanuaz1fumuad period -1 Fanapudent i1 unmsnaauasmsnindanis
period j-1 S1 1A 19T enTed iy Z;.y wam Z;_; aunaadunaldvaion fe R udndn
1% period 1 audananlu period j-2 S Z;_y Tldmanwsh Fuswadenldidiian (Z;_l) T
#oft period k Ta fimidsresow Z, woy 2, = Z;_l +Cyx TaoRi 1<k <k vionaldifik=1,2,
o T TR TUINA

Z, = M AZi,+Cy) Tavh Zy =0
fufte s Zr isawsefmuad j Asudundadomusiniudoantsfis period T, Hazen

t * o a a 9 o ' '
M Z" deunihilmannsagasudurdadmiumdeinisudaztiald

ar T = 3/ 9, ot o . LY ) 1 dy
A089; Fosandoyodmsunaununsnia 4 period Taglifinsadausudude 1il -
Period | Demand | Setup Unit Unit holding—
Forecast Cost | Variable Cost | Cost/period
D, A, ¢y h,
1 10 $ 20 |S$ 3 § 2
2 30 40 3 2
3 30 30 3 1
4 20 50 3 1 )
Solution
Z, = Zh+Cy, = 0+Aj+¢xD; = 20+3x10 = 50°

-

Zo+Cpy = O0+A;+¢(D+Dy)+h; Dy

= 0+20+3(10+30)+2x30 = 200
Zi+Cy = 50+A,+cy-Dy
L = 50+40+3x30 = 180"
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(Z4+Cj3 = 0+A;+¢;(Dy+Dy +Dy)+h, (D, +Dy)+hy Dy
= 0+20+3(10+30+30)+2(30+30)+2x30 = 410
z, - JZi+Cy3 = 50+A;+cy(Dy+D3)+hy Dy
= 50+40+3(30+30)+2x30 = 330
Zy+Cy; = 180+ Az +cyxDy
L = 180+30+3x30 = 330*
(Z6+Cry = 20+3x90+2x80+2x50+1x20 = 570
7, - <z£+c24 = 50+40+3x80+2x50+1x20 = 450
Zy+Cqy = 180+30+3x50+1x20 = 380*
Z3+Cu = 300+50+3x20 = 410

Ansandoundann Z, szoildhdunudigaie 380 muneaudn BunEAR period 3 uag
AUBININABINIIA period 4 Uaziia Z5 =180 ﬁﬂz"lﬁé’fununuﬁwmﬁﬂmﬂ period 4 = 380
ufle waa period 4 =0 Fu
waaf period 3 = 50 Fu
dmiumsndnt period foumthil desfinrsanan Z, %1 Z, =180 favin Z; =50 uae
HaR 1 period 2 Lﬁﬂ%’iu period 2 ﬁ%‘lfu
HAAT period 2 = 30 41
WAAT period 1 = 10 #u
oyl
period | 1 2 3 4

Production (units) | 10 30 50 0

3.5.2 Zangwill’s Extension dmiunIdiwenliing backlogging (backlogging allowed)

Zangwill lAve033015983 Wagner Whitin 900 T 1dnseunquiansdiiflvesiiada (backorder)

a y P t a0 @ a . N ' a
#nsanginee meuyanudnn ;) =0 sazdewinmsnialy period j udnsnane 199z
ety period j M50 period £ 19 A14AuA period § B4 k iWoauosnMudoImsAitnsdanow period £

HAYAINABINITIN period 889 period k
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Cit
£ _L —y
p—t—t—— T
o | 231 1 1 4 241 f % T
Lz i N
| ezl
7K Lyy)

AR

4

aunumsHan K(Py)
K(ij) = A£+C¢(Dj+Dj+1+...Dk)

k .
= Ag+cgy Dy @
t=j
Aunuaends K(lg )
k-1
K(lg) = th Iy @
t=€
Aunu EluNHanvemae (penalty cost) K(S;p)
£-1
KSpp = Dom-S ®
t=j
Tﬂﬂ‘ﬁ T, = Alfudenueifiedd (penalty cost per unit backlogged)
S, = Smuiidradsfivats period t
AU
, k k-1 g1
min
t=j t=£ t=]

'
(] <3

P 1 Aa 4 4 . g o ) | o {
fiflo Adunuiliiaduf period k nazfiadiga FailuldRosuswivdunusiui k fe Zg

9

1510ans M Z, dAvihiganu fe

Zy = 12}2k[zj+cjk]; k=12,3,..T

¥
Qs

detha: Tayadmsunaumumsedalu 4 period dhanth dhudadl -
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Period D, A, ¢ h, T,
1 10 $20 33 $2 $1
2 30 40 4 2 1
3 30 30 4 1 2
4 20 50 5 1 2
Solution

Cll :Al +C] XDI =20+3x10=50

_ [Aq+¢;(D; +D,)+hy xDy = 20+3(10+30) + 2x 30 = 200
27| Ag +co(Dy +Dy)+7y xD, = 40+4(10+30)+ 1x10 = 210

(A} +¢;(Dy + Dy +D3)+h (D, + D3)+hy(D;)
=20+ 3(70) + 2(60) + 2(30) = 470

Ag +¢3(Dy + Dy +D3)+hyD3) +m(Dy)
=40+4(70)+2(30) +1(10) =390

Az +¢3(D;+Dy +D3)+m (D) +n,(D; + D)
=30+4(70) + 1{(10) + 1(40) =360

C13 =4

(A; +¢1(D; +Dy + D3 +Dy)+h(Dy + D3 +Dy) +hy (D3 + Dy )+ hy (D)
=20+3(90) + 2(80) + 2(50) + 1(20) = 570

Ay +03(D1+Dy +D3+Dy)+hy (D3 +Dy)+hy(Dy) +m(Dy)
=40+4(90)+2(50) +1(20) +1(10) = 530

Az +c3(Dy+Dy + D3 +Dg)+h3(Dy)+m (D)) + 71, (Dy +Dy)
=30+4(50) +1(20) +1(10) + 1(40) = 460

Ag+¢4(Dy+Dy +D3+Dy)+ 7 (Dy)+ 715 (Dy +Dy)+ m3(D; + Dy +D4)
(= 50+5(90) +1(10) + 1(40) + 2(70) = 690

Cyy = Ay+cy(Dy) = 40+4(30) = 160

Az +¢3(Dy +D3)+h,(D3)
= 40 + 4(60) + 2(30) = 340
Az +¢3(Dy +D3)+7,(Dy)
=30 + 4(60) + 1(30) = 300
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(As+cy(Dy +D5+Dy)+hy(Dy+ Dy )+ 03Dy
=40+ 4(80) + 2(50) + 4(20) = 540

Az +¢3(Dy + D3 +Dy)+0h3Dy +11,D5
=30+4(80)+1(20)+ 1{30) = 400

Ay+cy(Dy + Dy + Dy} + 1Dy +13(Dy +D3)
= 50+ 5(80)+1(30) + 2(60) = 600

C33 = A3+C3D3 = 30+4(30) = 150

Aj+cy(Dy+Dy)+hyDy = 30+4(50)+1(20) = 250
Ag+cy(Dy+D)+m3(Dy) = 50+5(50)+1(30) = 350

Cas = Ag+cDy = 50+5(20) = 150

a3l
Cover demand Period of
From To Production, t te Cix
j k 1 2 3 4
1 1 50 | 50
2 200 210 1 200
3 470 390 360 3 360
4 570 530 460 690G 3 460
2 2 160 2 160
3 340 300 3 300
4 540 400 600 3 00
3 3 150 3 150
4 250 330 3 250
4 4 150 4 150

asnnaas v SmnsdosnisazrdadieTiasounquanudanIsnn period j TS k Asez
HAAT period 1 (tz) fair Cy wiiga 1wy desnisasounquATReIMI9IN period 1 84 period 3
dwdnlu period 3 921 Cpy Arga o = 360 T uwmsaldananililduends szniaf period
1n 195 wsamazdngm watlmss midswsnituegfumidolumsnda mildtwlumanends uazm
Ysuveamsudaneumind fufu Sedeald

min

Zy = 1sj<kz;+Cy]
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Zl = Zo+CT1 = 0+5
, Zo+Clp = 04200 =
2 = *
ZI+C22 = 54160 =
(Z,+C); = 0+360 =
Zy = {Z;+Ch = 50+300
Z,+C3; = 200+150
(Z,+Cl; = 0+460 =
. Z,+Ch = 50+400
4 = < "
Z2+C34 = 200+250
Z;+Cay = 350+150
aql
k
1 2 3 4
1 50 200% 360 460
2 210 350 450
3 350 450%
4 500
Zy 50 200 350 450

200
210

360
350
= 350

460

= 450

= 450
= 500

[ - v
fvisanfeundy Z, diga e 450 Aniu AunuswimuamIiy 450 zdentnliasoy

AAUAIABINITIN period 3 1184 period 4 TagnaAnTu period 3 $1WIU 50 MY

v ¥
aolifinsan Z, dganiify 200 dnfu miskdazasounquANNABINS T period 1 uay 2

r ] F 4
TauiTunaAN period 1 $1UIU 10 + 30 = 40 By

ayldmeu
Period Production (units)
| 40
2 0
3 50
4 0




PROBLEMS

4-1.- A producer is considering either producing or procuring a certain part. The
relevant data are as follows:

Period
i 2 3 4

Production capacity

in-house 30 40 60 . 60

Qutside vendor 60 &0 &0 60
Unit cost

In-house 20 20 21 22

Outside vendor % 260 26 26
Demand 60 30 w0 120

Initial inventory is 20 units and the holding cost is $5 per unit per period. What
is the optimal aggregate plan? .
4.2, Formulate Example 4-1 to allow for backorders at a cost of 7 per unit ordered,
4.3, In Problem 4-1, the outside vendor is willing to give discounts based on the size
of the order placed. Furthermore, the order will be delivered in parts over time

based on a predetermined delivery schedule. Payment for the quantities deliv-
ered is made only al tlime of delivery. The discount schedule is an all-units

discount. as follows: .

Order Size
What is thie optimal production plan? {units) Price per Unit
0~-60 $26
61-90 14
91-12¢ 2
121-180 20
>180 20

4-4. A jelly manufacturer bottles three flavors of jelly on the same automatic filling
machinery. Demand for each brand over the next six weeks is as follows:

Units Demanded (% }(?)
Week Grape Strawberry Apricot
1 100 50 100
2 100 8o 8o
3 200 100 150
4 150 120 B0
5 200 50 80
6 200 100 100
Initial inventory - 200 100 130

The filling machinery is operated for 40 regular time hours per week maximom,
and overtime is limited to 20% of the scheduled regular time hours. Due 1o the
difference in viscosity among the three jellies, the filling rates are different. -
The standard number of jars filled per hour is as follows:

Jars Filled per Hour
Jelly at Stendard
Grape 9800
Strawberry 7200
Apricot 6900

Cost per regular time and overtime operating hours are as follows:

Regular time:  $200
Qvertime: 400

The carrying cost rate the firm applies to a dollar of inventory is 40% per
annum. What is the optimal aggregate production plan?



4-5. Develop a master production schedule from the answer to Problem 4-4. As-
sume that all changeovers are scheduled as overtime on the off-shift.

4-7. A manufacturer has three manufacturing cells, each charged with the produc-
tion of five different products. Monthly demand, initial inventory, and stan-
dard hours per unit for each cell and for each product within the cell are given
in Table 4-12, The following cost data apply:

Cost of regular time/worker-hour:  $12/hour

Cost of overtime/worker-hour: 18/hour

Cost of hiring: 1600/ worker

Cost of layoff: 5920/worker
Inventory carrying charge: 2.70/worker-hour of

production carried per month
Other applicable conditions are as follows: '

Current Maximum Maximum

Cell Employment Employment Overtime
1 18 26 40% of regular ime
5 | 32 3 40% of regular time
i1 20 25 40% of regular-time

Safety stock levels, or inventory, will not be lower than 2 weeks of dc;na_nd in

total. .

(a) Develop an aggregate plan for cell 1 only.
(b} Develop an aggregate plan for the entire plant. Assume that workers are

aliowed to be transferred between cells from period to period. Due to

leamning during relocation, there is a cost to transfer of $240 per worker.

4-8. Disaggregate the aggregate plan of Problem 4-7 (a). Assume that the cell is
tooled to work on only one product at a time.

» UNITS DEMANDED

FB/.z

Cell I Cell I . Cell 1II
Nonsh A B ¢ D E£ F G H 1 J4 ¥ L M N o
1 10 300 600 150 400 1006 300 300 150 1000 1000 100 300 150 600
2 300 60 60 200 400 800 300 400 300 80 B0 100 600 300 600
3 300 900 600 250 400 600 300 500 450 600 600 100 900 300 600
4 400 1500 600 400 400 600 300 800 70 €00 600 100 1500 400 600
s 400 600 650 350 400 600 300 700 300 600 600 100 600 400 650
6 400 600 600 350 400 600 300 700 300 600 600 100 600 400 600
1 400 100 700 350 400 700 300 700 S0 700 700 100 100 400 700
' 500 0 700 500 400 S0 300 1000 O 90 900 100 0 50 700
y 300 0 700 S50 400 100 300 1100 O 1500 1500 100 0 300 700
" 250 0 600 475 400 1800 300 90 0 1800 1800 100 0 20 600
i 200 O 600 450 400 1500 300 900 O 1500 1500 100 0 200 600
R 0 0 600 400 400 1000 300 800 O 1000 1000 100 0 0 600
Mventory 150 700 200 200 500  S00 400 300 100 700 400 SO 200 300 600
Besperant 2 1 1 4 22 13 422 3 111

4-9. A manufacturer that produces a single product having a seasonal demand is
faced with decisions about production ievels, work-force size, and overtime
during a planning horizon of 6 weeks, Capacity is determined by work-force
level, which is preseatly 100 people, each working 2 40-hour workweek, Qver-
time, up to 8 hours per person, is possible. Labor costs average $10.00 per hour,
resulting in an overtime rate of $15.00 per hour, It takes 6 worker-hours to
produce a unit of product. Product cests, other than labor, are $100.00 per unit.
The cost to carry a unit of inventory for one week is 80 cents. Costs to change
work force are basaed on an estimate of $400.00 to hire and train a worker and
$250.00 to lay off a worker. Estimated demands by week are 650, 700, 800. 900,
800, and 700 units. The current inventory level is 50 units. Shortages are o

allowed.
(a) Compute demand and initial inventory in terms of the aggregate measure of

worker-hours.



() Formulate the production planning problem as a linear program. Use cost
coefficients from the problem description above. Specify initial levels of
decision variables as required. Set ending inventory at 400 worker-hours.

(¢) Show how you would modify this formulation if production scheduled for
week ¢ cannot be used to satisfy ctistomer demand until week 7 + 1.

4-10. A chemical company produces two products on the same equipment simulta-

neously, Two raw materials are used as inputs and, depending on the synthesis
(chemical processing steps) used, the output will be some combination of
products A and B. Two syntheses are possible, as follows:

RATIO OF INPUT QUANTITIES PER GALLON OF INPUT

Synthesis No. Input Cost

! 2 per Gallon
input | 0.4 0.5 2.50
Input 2 0.6 0.5 3.00

The output quantities per gallon and the selling prices are as follows:

RATIO OF OUTPUT QUANTITIES PER GALLON OF

OUTPUT /
“TUTTTTTT Synthesis No. ] Selling Price
o] 2 *  per Gallon
Product A 0.3 0.6 $10.00
Product B 07 . 0.4 8.00

" The production facility is capable of producing 1000 gallons per production
period, regardless of whether synthesis 1 or 2 is used. Demand for the next six
periods is as follows:

Period  Product A Product B

1 00 0
2 400 400
l 400 300
4 200 300
5 " 500 500
& 00 0

Assume that we do not wish to carry any final inventory. The carrying cost rate
is $2.00 per gallon-period.

{a) Formulate the. production planning problem.

(b) Sclve the problem for-the optimal six-period plan.

4-11. Solve the fallowing single-product problem:

§-12.

1-13.

Unit
Units Production

Period Demanded Cost
i 500 40
2 650 40
3 750 45
4 400 45
5 800 . 50
6 600 50

The initial inventory is 100 units and no backorders are allowed. The cartying
cost rate is 20 percent, and the machine is used only for this product {(no setup

cost).

Solve Example 4-1 with the additional information that it costs $4.60 per unit

each time you change the production level.

Consider Example 4-1. The company has a warehouse restriction that limits
the storage of inventory to 3000 worker-hours of inventory. However, an
adjacent building owned by another company will rent space at $3.00 per
worker-hour of inventory per month. Space can be rented on a monthly basis.

How much space should be rented for zach month of the production plan?

P35



4-14. Analysis of a company's operating costs indicates that it fits a quadratic cost
function such as that of Eq. (4.25), where the demand for the next 6 months in
units is 100, 150, 80, 200, 50, and 100. It takes 100 worker-hours to complete a
unit and there are 40 hours per worker in a period. Formulate this production
planning problem.

4-15. Solve the following Wagner-Whitin problem.

Period
1 2 k)
Demand (units} 100 160 150
Fixed setup cost 360 $70 $50
Variable unit production $3.25 3350 $4.00

cost

End of period unit inven- 30.80 30.80  $1.00
tory holding cost

Initial inventory = 40 units

4-16. What is the optimal production plan for the following problem?

COST PER UNIT

Period
Range 1 2 3 4
0O<X=l0"  7.-§ 7 8
N<X=20 8 7 7 9
20<X =30 9 9 2 10
W<Xx=40 10 B 12 2

F3/4
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Master Production Scheduling:

Master Production Scheduling (MPS) 1184 iumsnda lumizevesduf viaduduilszney
r . d aw A £ oo w4 : o ] a '
89 (subassemblies) HuTHNHIeMMUAIUTMTUTUMMTadlsznavdaaluduiufioznan Tuudas

291987

o o -

3 dl = 1 c;
1. AHINMY99 MPS: U 4 9gNNTAY AD

3
o P

1) MHUARISHATHAILAZAYe TUEIU HipoenRlszneuueadudifinga

L3

2) 1hiludeyeiiddgdmivaiumunisi¥iag (MRP System)
¥ 1
3) Widludug i lumsfmuaninmnnsnuemsnda o Siuunssny Suaunseadng wienaw
aunsnves s Wudu

4) wlunmsdaduluferduius muadadui Iand

2. Yoyafidedlddmsumah Mps

1) Aggregate production plan tteiflunseuntien dmiu MPS wasauues MPS Tusnuvesdud)
fndaudazedn i‘hu';umﬂﬁmazﬂ%’wmnﬂumsNﬁmxafjmﬂiuﬂiauﬁ aggregate production
plan fMUUA

2) i’l’agatﬁmﬁ'ﬂmmﬁmms (demand data) MPS 9% 101 audesmsiufudmissssznoni
WA WML AT -
- AMUINTINITIY (sales forecasts)
- $urndignfnds (customer orders)
- i‘hmuﬁﬂﬁ'af?uﬁﬁuﬂ'azuﬁa?fmnﬁ {(warehouse requirements)
- i’hmm‘fﬁiwmimﬂ%‘aﬁmms (interplant requirements)
- mwenseisanfidealdlumsgouninga (service demand forecasts)
- Pwuduuumadanisy (engineering prototypes)
- NUIAIAGIT1T0 (safety stocks)
~ $ununndefimaieziaiy (auticipation inventories)

3) ADIUZYIINITAIAGY (inventory status) msfzdmualgdmsiediieniedanaaniila sedes
wswhinvesdumvietudnanlszneudeniiied arannsathWiimld Swaunsam

o
1 o

3 a @ e . a o e
Idvn Srurunsndeniiogyaziy (on - hand inventory) $TMIUAIAGINGNIOY (allocated stock)
a = . oo
pBIABS lUNTHER Yie oameineanliuds (released production and purchase order) 9®IADIN
fiviua 13l ueu (firm planned orders)
o . . = o g A o a4 v o
4) uTenensda (ordering policy) HU8DE MINHUAVUTIAVDINDANISHNONYIDYD LUAZIUNIZOBN
sy w 3 '
DDIADT WIADIDIAYVBUD LTU
° = . .
- ﬂ:;]mmqrﬂumsmwummﬂﬂumaaﬂ (lot sizing rule)

- udaRagi (fixed order quantity)
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- AMUIUFIGIAA (max order quantity)

a4 Q
'

- fﬁmauﬁ'f 391 (min order quantity)
- IMABNUIY (unit cost)

- ﬁunu“lumsf?ac‘ifa (ordering cost)

- 9A71A9AAN (inventory carrying rate)
- UIUEITe (safety stock)

- 138741 (lead time)

3. Planning Bills:

Tumadsans sy wazlumsuda 1573 Bill of material (BOM) uaasaq $udiu uavdanlszney
HBEATIY) fidoslddminnsnaadufetimile ualumsnensg N IsUazMT R MPS I
115 1% BOM nunInifionlaoin T planning bills 3851803 TAFaNUMY

Planning bill u.fluswn1wmmju"§ut‘hu wiedusznevdan 'ﬂ?af?u#’fﬁﬁ?ﬂlﬂmmvﬂunﬁiﬂa
(BOM) Lﬁammﬁ:mﬂiumiwmnmf LRSI NNITHAANAR (Master Production Scheduling — MPS)

Planning bills J¥a 181U 15U
® Modular bills:

o 519mM3ing ﬁaﬂizﬂauﬁaﬂ?;ufhudnq wieduilszneudesme Mifudnyasmme
3IUUBI option Na10E1 viedtuFudmsmveadud Sefinrumammalussdilszney 513unus
AENGUUBI31N1591 module

fnsansnsudfivieluania azuldigndiiniuden (option) natwsdha 1

#2370 (body)

2 —door

4 — door

Convertible
Lﬂ?@dﬂuﬁ (engine)

V-6

\

Deasel
55 UVAIN189 (Transmission)

Manual

Automatic
STUVAUAEINOU (suspension)

Standard
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Heavy duty
1112 (upholstery)
Cloth
Vinyl
szt ldhinmumadenvossaoudiosuield fe 3x3x2x2x2 =72 i LRVIETIESE A
HONTAUANUABINIG N3 DINUNUAITNAR iesdehdmiusarrinvesauudRILe 72 SIS TR
Lﬂ%ﬂﬂfjﬂﬂ?&!ﬂﬂ&ﬁ@ﬂ%@ﬂlﬁlﬁgﬂf’]”l i1vzda ldidh 12 ngu
msnsiy I5IMNTONOINTUUAZIANITINTHAR MPS W51 Module 12 86745 Hag Mgy
111 module Lﬁé}ifﬂiznauﬁumummmiﬂisﬂwifumﬁw (final assembly scheduling) e 1§ Tunoine?
Y8I9NA1
WU SIUvBIMIINTIZaREIN T2 A unde 12 FuriuS oy option YBITDUUG

¥
wennRtusmNIAT N NEiaNgade e mnnTal i us aoudusazyiia

dve 1
@y o a & = . 1 = e . - . =
TUANINEUAAUNUIY option 2 B89 AD manual HID automatic transmission 148 Standard ¥3© heave
w o o o o =t
duty suspension FI9UU NUTaIUAdUT9H 4 uny

Tugit 1 uameswmisdmszneussdumes (single — level bills) VBT AEUAUARLLY

Mamual Aecmatlie

gil 1: Single - level BOM'S f1%5U 4 LuY

Traus miss i . -
Seupensdy  Stauctaid Heapyduly Stavclate! feapy ity
| Afol] [Afo2 ) [Afes 1ok
- B 602 . Béoa, B 602 FBé602
- C 0L - C 106 -G 104 -0 10b
| D123 - D123 - D42} D4/
- DI72 L D172 L D423 O3
- Egob L E892 - £gob  [ER
~ EfR) | E9SA L EI)  FEgsp
L Fa233 l... F 386 - 46/ L B 527
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[
[

a & o s w P w a
a5 modular BOM Suduninmsdendunguiudiuluszdvumiiadidroiu Tasizudnly module
- as o -:y [ ] o | o ] . = o g/
@rrrueiuFudiusmvessooudnnuuy viedludnyusmwiziinues option  Fusisohla
sndu F233, F386, F461 uag F527 iy usazosilszneuiiueadsznoummwizveaudas option W51z
¥
aviudaliaunsodaltngula’ld FEmswonseldalfdinguldael Ao Tnszvesdlsznouves

F233, F386, F461 az F527 Ae Il udadmusesdusenoudesduiiu module

F1d3| |F386] [F46/] |F5*%F
G123 FeIZ tehw (67

a3t tedh (638 (6%

31] 2: Single — level BOM’S #1119 subassemblies

Tugil 2 LaneemlsEReLdRuTEAUTANITY (Single — level BOM) Y84 F233, F386, F461 Lz F527 aziiiu 14
T G127 Y51negnnI1en13U84 subassembly farfu irnansaimua iedlu module AisuFudaus
vessnoudnnuIL dau G234 Usingogummzsaoudidliuny manual transmission; G381 15IngeY
RITHUTDIUALUY automatic transmission; G462 agjﬁ’u standard suspension 01z G521 Elgliﬁ'll Heavy duty
suspension 1W312 iy salﬂmnm%’ﬂﬁ%udmﬁ'qntinagﬂmwiax module fi)ingdagy 3 uaAY modular

BOM

Hanual Autmalie  Shudesd Hawy‘&*{?
Lomman  Tramsmission Tramsmission  Stespensiom deciponsin

Béox, >/23 LYY TEgol  ESR
C 1o DIY D 443 E g2/ E 954

& ¥ G134 & 3%/ & 462 G 5)

gﬂ 3: Modular BOM
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&1 7233 Tugt 1 Aududruniled hiflosdvsznevdu @orflu part 113 assembly) Haymsoniuig
Eriuduiinm hiumaseedaliedlunguvos manal transmission 182 1UAGUYEA standard suspension
F9 mnganud wmasunswaauniuly (overplanning) ms1z§uﬁauﬁyﬂﬂﬁ’gﬂi%’iumnnuuuﬁ
i{lu manual transmission ﬁ?anmmuﬁtﬁu standard suspension Llﬁiﬁmﬁaﬂgﬁum uﬁifl"liﬂu‘lq;’uﬁimﬂm
ane s lEmnsoiiEuilld mredunugalunseda uazerndufiuasdeaiuaimLIes produc
“I,mju,ﬁam%'ﬂ{!mumif

A13MTHEA MPS UDAAAT module 32U52NBUAY druUsTnovuBIuAR: module MUBAY
31 $udanlu module Auafuszgnimualindnludoiu uérduden vewsas module 1 Msznoy
HundasusiduSenoanasvegni (FAS)

w1 mstams1amsnaaaudniing1eq option SausImsIiAN  Kai evdn
Avaliymil SefimslfvunsSaaiion (pseudo bil) Tasldhmualiudas module Tavvesndy wie
module HZ3UN31 pseudo assembly 34 pseudo assembly fdufoanisalodmiummuamaamsnaai

¥
vy (lidnsnaassa)

® Super Bills:

Super bill A9 BOM 32/1AY7 (Single level BOM) ‘ﬁﬁ pseudo assembly Furta (parent item) uazil
module U84 option A1) (Hudmilszaoy FamennssiueI uIuveUAaY option sz muasiudada
Y94 pseudo assembly daru iwmii'ﬁmmm‘.’:maﬁﬁaﬂﬁ ratio bill 1158 percentage bill

sl super bill inldfuszuy MPS ‘ﬁfl 2 529U (two — level MPS system) NaI Ao ATIUARINS
sauszgnileuliniusedugagaves MPS uaz MPS fszAuiiznsyasinuniudesnsiaay super bill

AR IS aIAINADINIT YD ARE module TUTZALA19YDI MPS

0814 2

_ o . & o & m . 2 g YA

917019037871 Speedo bicycle %93 product structure #4131 4 &8 option UINAB frame Taellmidon 3
[ . ~ A & aq 9 A

uvy 1800 men’s 217 AT men’s 23” AT woman’s 197 LAY option NADIAD DU (seat) #9199 2 uuy

ﬁ’e) standard seat 1181 deluxe seat.
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Xayo
Commen  Trame J Soed
pars  ephion optlion
| Bleo Cfeo
5 Delires
23% | O3 &
B fo! [ _Clet ] .85
e
!
19° = 0.45
pfold

gﬂ 4: Product Structure for an option super bill

Tua13 19T 9819 HARIANUABINTTIIY (gross requirements) TMTUNBALARZ module 11 5 Fanidha

it Tngefea1nsiamINMsHERYeId 14 (parent item) AT FARIUVDY option ITUINBIIT

Week 1 2 3 4 5
X270 (1.00) 100 160 120 80 200
A100 (1.00) 100 160 120 80 200
B100 (0.40) 40 64 48 32 80
Bi101 (0.30) 30 48 36 24 60
B102 (0.45) 45 72 54 36 90
C100 (0.65) 65 104 78 52 130
C101 (0.45) 45 72 54 36 90

¥ 3
BIWOIRUNRUFIU Fail:-

(MTO)

rough-cut capacity planning IHANAIAUIN

y
AADIN1T

| ; T - -: o (7]
. mimenmumummmmﬂs:nwmﬁ'm MPS:

¥ k-
SuUYTIRTeITUAT (HToTud I 158 items) AITOTHBENRS Y SXUTHITOIN IR

uAae item 12Anel BOM ol MPS nizaisean limsudnlsenovden’la

¥ 1
FosgnnsanenssinLdeansvessudiufiozin MPs 198 (uua luduuny  make-to-order

¥ ¥
Tasg1uudn items taniuvzdealddiulvgvesnnuemusolunsndnveslssan daziuuds

. ¢ q 9 ¢ o 9 o mw ) P
MPS items ﬂ’J3‘ﬂg“nﬂ‘ﬂLﬂﬂﬂ’l'Iljﬂ'gﬂ’.]ﬂ(luﬂ]illﬂﬁﬂﬂ’ﬂlﬂﬁ]‘iﬂ]ﬂﬂgﬂﬂ’l GI.‘VIﬂf;i'll*.lL‘]J‘Ll’ﬂ"l«l'FlTLI.‘TI.I‘IJ@ING“[‘R'IQﬂ
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dﬂw A Ada A ' 4 . & ¥ g o o ¥ 1 o
HUIIUHYTUANNINTHARDNITEADN items WDITUNITIN MPS ﬂﬂ1ﬂfg‘1ﬂllﬂ Iﬂﬂﬁﬁwm

= Y ) =% o ' c:’ 3 o
BOM itaguauiiuuuy MTO, ATO, H38 MTS daaarimssavaiiannsauaas ladzy s,

Product's Frovlucts
> >

») £ apfims
Malereiles MaZlerinOs
@ Fpmicd MTO (5 Hotps bers
gal MTs ATO arol MTS
FProcleeets Freclecets

M\

Q. ve'wo&a/ pyrmis (8 Sapertecf
pefromic! MTs

51 5: BOM Structures and FAS, MPS levels ( B> FAS level; B> MPS level)

& o 1

ganndszaumsalnum
1. Pyramid BOM, MTO

n:qayo =Y A w o 9t T (=) 4 o [ v o YA '
nIdMIUsIavpInaafuloaua i1t Wkdaienunnds (MTS) W11 (n) dumilsm
1 A = =) . ar L Y o 1 v =l & 4
UM 15U 15890 38 main frame computer (V) I IRHANMNTDAMUAYDINAT 19U 1D NTBIATEA
$n5RlTaumwIzedia 1319 MPS uay FAS ssmileufu tas Mps Tugausng vzalsznoudaseaines
ﬂ: o d a o o d 3 1 . .

489gnR1750 (order backlog) Smndutludestmuaiudmumaialidud cumulative lead time (W

g =

=S n’: ' a =5 a9y o 3 o 'i‘_l Y a g/
ﬂﬂ‘;}f’NnﬁWNlmﬁﬂﬁﬂﬂﬂﬂﬂuﬂQﬁﬂﬁﬂﬂ11ﬁgﬂﬂ1) ATULUUADINYINTUAIIUABINITVEIAARLDSVEY

a

Mps ifueamedisesenlin MeliinmamiviasenazmIondutlsenounaiivg roufiezd
fupaimedase udmsiusuiifidudewn maziwaasuaiiefudfindatianumanmats msizi
audermunvesgndn  mewaziu fmnnselies MpS fiuenmilevneeinesfive Adsudiumie
80 (average product) WiemMasWEY 1 Sausd Tueihem udSganFouldiduiouiagiy,
Fudan, vietudnnlsznouiidesldediauelunswia
2. Pyramid BOM, MTS

ShudnsazvenSiminraasusifeuiaaspudmiune wu wiewnss Ing 73 sadang)
LaIA3 89310919/ 90 (hand tools) U MPS uay FAS szmilousu S uunaasusiiniosyida MPS

s

¥
] s ar 1 oo = o Y
wilszneudionguyendadungaieimun uaddriavewdaduaiiauuin Aezdimsad
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planning bill %uﬁm%”untjmmwﬁﬂﬁmqﬁﬁmﬁauﬁu wazlinis 14 mps «dlu 2 sedu fe ¥Nungquadn
fau uazlddundasusiudazyila
3. Hourglass BOM, ATO

¥fundnsaudsivinfindafusiimadon (option Idnatvetne Wy sooud saussyn wieadle
N8 1A30IAIN (printing machinery) Hudu M3 MPS vz luszduves option Fae1wziiluvatosyd
H3a5ZALIAY? %umjﬁummmmi’aﬂmm option ususeanu Mps vz lduntsiszneuihdandy
AUBOIABTIBIGAAIAIY FAS

4, Hourglass BOM, MTS

[
[=1

anmmsalisuiifenn ATO uaiudinig option 183 um o mizasiugud
marferiinsraadteiu i unenduwndn Mps nsdiflesmilouty ATO dau FAS fezviwind
dsznaumusaimesiitaiy (Stock)
5. Inverted Pyramid BOM, MTO

Fdaudszaeuitugmiimnuiesriia wiamwisolsenouliiudufidud smueainoives
anfnldvagyiia Are1 1wy waradn musainsdaduduildnainvaryiia nswdaiagausy
QnANURID MPS Haghidansndnveanszuaumsnan uAitesnindu MTO dniu Saliamnsoma
azumdemsTaiven dnfi Fas f1ldpeime fiuieswegndiudaivun
6. Inverted Pyramid BOM, MTS

Sudauihmniadesiunden (standard serow machine) 38 HiafuAMAIANAINY vaaglungu
i Mps wmileudy FAS uazilszneudioransusigaiuioma uatiisnoududunnenld Mps
Wudeasediy
7. Time buckets: 111904 FIUIDWMABLEN (period) 1w MPS n3e MRP lu MPS wzuaaidoyanieg 1y
AUABINT (demand), DBIADS (order), TIHIUAIARA (inventory) uaziﬁ’aqaﬁ‘uq S uuAaLyIIaaIY
81911 (series time buckets) sSonuaumsRaRNULT 9 time-phased plan

Time bucket t%u“lﬁ’ﬂayammfiw time bucket 819 UAEoA TuMISEINAND VEnTinGa
Fudifadia wasfine i (tead time) Iumsndan 7014 time bucket 012838 1 T59011WEA turbines
dmiuTsa It Taoldndanumiy 01979 tme bucket i 1 siou usdmlnguds uSeniitiaud
wanooghauazs tead time TuniswBady §1% time bucket iy 1 dlari
8. Planning horizon:  WMUIURY §1UIUTIIAT (period) RIS MUAUAUNIKER TEUIAA

MPS 5 Planning horizon 2 #ut (§alugd 6) wuunsnidunuufldlu Mes w24 wwuiszes
naduniuwfiaes TumaUfuaudneld planning horizon We1and1 cumulating lead time 3oz

] [ ¥
(3-6 10w iudu) e ¥ avarndemnuumuimuavavesingAuizde
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SN procludtio selactulio

e s ]
i
- M* 34 %

NS Aong Loas! Line W..M@.‘mgg péomuj

31 6: MPS planning horizon

@74 planning horizon WULAHDY IFFMTUMIINUNUAIGINITHAR (rough-cut capacity planning)

M ¢ ] ¥
luszeze1) 9119Y09 planning horizon °1unitﬁuﬁ'ﬁu'agﬂu lead time Tumsds¥eginsalmmiz wu &
aﬂnmmamsewmemwmu lead time 2 Tlunsdede planning horizon 484 MPS 81992A8481IU MY

f43 31 udu

g‘l.l 7: Product structure Li8% lead times Y84 product A



118

o [ a  w o a 1 o
drheend: Tuzil 7 uand product structure voIHAAT M A duavhegdandeaans lead tme Tunswan

1 ¥ @ [] [ k4 '
wiomsvsznevudaundasiu Fudiuiegirge (low-level items) sufhuesdisznevvesdudindiog
A d? = g =] ° a a o
milotu ) wdsdunudise mmuseduamnaluniswianiadua A 91001559 lead time 970
¥ 1 1 Qy i |°I g ] ﬂ. 3 -
FudnmaazFuiiagigalu product structure hlanda A wasawveImINSUdmgaTulYFiHda
o o

- | s = ] ] 4 as =t Vg
fauaid1u5atiisuFond path 15U path MAeIdasiy K Ao K-H-C-A Hasinnueunifiy 3+49+8+2 = 22.

157300 path fidfiged1 “critical path” $iifie L-H-C-A fimamem s+9+8+2 = 27; fufie nailelums
yndafuat A edwifosdeuriiu 27 flad mnganud frdaszResgndeoenlyI¥Euvigy L ad
Yov 27 dlad Reudsiuiidosmandnianl A Awe11v04 critical path A8 cumulative lead Gme (5911
8

£E=b
B=4
&=7 )
k=3 C:3 ) A2
H=1q ”
I=
L=8 b5
=5
TIHE
| S -l-...'.,‘.t._._l-;--‘II.

e % » /3 19 & 0
Ceemunolun Kool lue |
-

g‘i.l 8: Gantt chart U@AN cumulative lead time Y94 product A

1
ar = ¥

ci:x ¥ A . = = ] 1 9 ) =
PIAAUAI lead time Tumsnandy fidefvaroedns iy duilunsdiues make-to-order (MTO),
3 ar o 3 ]
lead time & w183 dwsasusemeignd11aundu use Auflunsdives make-to-stock (MTS), 1511 lad
o 4 9 ¢ Y v o P 4w A4
fuifufivzdeannnsalmnudesmsvenainliluewnninnin nafife o2 1ddmensalgndestsiu
Ed . v o . = 3 Aaa & o
DA NI 0aAa1 1 critical path 1@ 13T 1U1500A lead time TunIsRAA 1A TITMInilan
inlFeganedmiusudaulu critical path A5 Biumanninife 1435awnasiudn 1wy 15191909
3 [] Ed
adsFudau L Tashivueimsdawdasudiu L meglu MPS Wanfio critical path sznanoiiu K-H-C-A
UaY lead time aABdN UKD 22 Hilad
9. Time fences:
c; s =~ d!‘ 3 L = i
manfdeuwilasly MPs sinvziiaduagious Mmsdsuumumssialuszozenlusuanee lufina
nsznudedunulumsnda mnmswniodaei ouhdwazninonsnseanliifivaneld udns

] ¥
wasumlaaumunisednluszezdu s limusodmldinin msizgndrtadiy lead tme Tunmsnaa,
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o o A A LY a Ao, o a i 3 ] ! a o
maamsedanleg uazdagaunsuiudels sanmnlasunlanfuegluszeznlndruilagtumniiyg,

] ] i 13
=

Anwendronlumsianissuruiu uazdemldneannd
Tu Mps Timslimatinedanilsdmiumivualan (zone) 489 planning horizon Hudanug g
3 1 T Ao 1 a A 1 YRR o’ 1 g’:
TiudazrduiTsnGeumlawwumsndafivand i 33msdananie n1514 time fences (Faan)

Time fence FHAWHL Ltﬁﬁﬁﬂni%ﬁfumﬂﬁqw fi8 demand time fence (DTF) Uag Planning time
fence (PTF) ﬁd;‘ﬂ 9

ot DTF e 2 ;ITF ;M.j
one Forne 3 M?’U_J
A : | ,
” Lo actual Usio aombinstion § actial
& plofeeled Aonand ot ot
available frreeanC
babpuer.
T ' ‘ plamesd
ed bplars | Few plowed |
Kz.sc&w&z&g Marler Makr
oo | T | L |
Aﬂm.e
.fk)u.
| _wasagausd B
#Mﬁmr
- Ceemrelatwe .
Soacl Terne.

“1] 9: MPS Time fences

¥
Tunsdiuey assemble-to-order (ATO), DTF 3gnfiiualMininy lead time Tun1silsznaudugn
Fd 3
W6 Zone 1 Aogranmdwailogiuaude DTE ol Zone 1 11 vz lifimsSueswesvingnd®n miz
g = { = yd 3 1 a v i
RUU ANUABINTAUM 1T0 demand NazAowdaln 1a tuTruiinfe sawmesiineds uazdynieeal
Fi ] 14 '
Tugranaril Awensal hideald nazduunsndaimadiezliog (projected inventory balance) 95418y
v o A Y ow ¢ Y A
fudauigniids (eawmesuesgninilieg) |
¥ ) 1
MTNMINAR 130 unun1sHdn 1y zone 1 41 a1 lunfdouutas e “frozen” udeailimnlaoy
Ly -l ar 19 A 4? 13 3 =) o 1 1 [} dy o o =
mlasthawilouiu uadudaduuds szdedimsnnsanedsevasy 1wy Juraieniisamodfiay
= - el dl = = d’ L] J
wSumdun dnuwnumIndnizdotinsssansznuiinuninnsnaaoames Al 15U NuosAnd

[ ¥ 1 I
duonn liuaudimuana mazeetiumadaouudelan lulyuiieedeq 1dsuanustuveuainthy
U3H15A0
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14 [
zone 2 BYILHIN DTF uaz PTF nolulyudl erndnsnfdsuntasdadiuvesmsndandndua

¥
r = )

. a9 = 9 = a o e 1 = o - o w
anqidesrdnlur el ldanfinavesingdvniie uamsildouudasludasnmsndaszgndiia e

G

] ¥
= =

Y e Yo ] l 3 as = ' ] 1o -
f_l?]llclﬂ‘ﬂ’illﬂﬂﬁ@ﬁﬂﬂi.lﬂ’]'iwaﬂlimﬂlﬂf]’]\iallﬂq U.az']ﬁﬂ ‘]fuﬁ’.]uﬂi:ﬁﬂ@Uﬂ'l\‘l‘]ﬁ'lli'liﬂﬁuENﬁaﬂﬂi']ﬂ'ﬁNf‘l?’]

¥ ¥ F ¥ e
zone 3 79 YROMAATBUAQUASA PTF T984dUga planning horizon TuTauiinsnasumlaq
o a o 1 a oW o a s w =
Tudasimswan 3o ludadiuveinaaduyinznia dunsamls dAuavvesesmosniaunu'ld (order
¥
. ] Yo M 3 o o g o _ @ =
planning) 3192 1451 1ug291 asgalddmivdmuaidaniswda (rough-cut capacity planning-RCCP) taz
W msuiludiuglumsivuannavssieniszde luszozon
10. Planned orders, firm planned orders 8% orders
Tu MPS ifigadestueeimas lun1swia (production orders) 8¢ 3 LU fip
I @ ! A -4 4
® Plannedorders:  \ilusamsinszdsluowing iusamesfigndmuadulasTilsunsy Mps #Al¥
1A - = ' e o 4 y
navfe TUsunsunse(s1e19Gendn) S¥UY MPS TWNEUILKURENMAINAR Wl supply
auqaiy demand 81 demand ildounalas lidwzidluuniaues demand 3o aiiRA demand Aay
= ~ o = T = ]
AezlimsUsuusunisnia v wande iNegaued planned order i
g 1s i =) 1 = ] ) P o 3
Planned orders Til#§nnuit lddadulandrieeada ualuiwiufiszuu MPS fmuadiu uazd
- 1 o = A Y = :.: &
1WA (master scheduler) BaNAasagiunfinsu e lhidaidu MpS dugaie
® Firm planned orders (FPO): fla MidandnnonnTnoda19umy (master scheduler) Tud ugda
1 yu'.u =Y = [~ o o t:ii' = 1 o 9 a Y t
hilddawannse dusemeimauignumuiuiiduiudeaimualfuana199mn planned order
5ITUA
r 3/ [
FPO azgndleudiudoyaldiu MRP efmuaeomesdmiuingdy uasiudiuiidedld ud
planned order %a:"lﬁgﬂﬂau“lﬁﬁ'u MRP
¥ ] ¥ 14
MpS azilizneulldie FPO wazesmosngndssenluuduieldnianielids (released
i & ] dyo.a ' a ar
manufacturing or purchasing orders) Fepaimasmariiniuilu rro Arumiloudy fufe dnwwuszdes
dndulaaniudoynaliesnsemed dalusunsunenfiunesuseszuy Mps Whufisuniaciiefii
1 ¥ 9
nrhfhednaumuniniu uez lemnsozadis MpS Aunuea’ld
[} ] q’: I ar 7 @
Tulssandulvg eemeiiamatsfiegnolu PTF Saflu FPO nie eemesfigndseenuda
¥ ¥ 1 W
(released orders) N9dU aamﬂ{mguanmﬁamnﬁﬂﬂﬁ‘lu planned orders
= ol ¥ A o a 4 44, 2 Qy T & o d
® Orders: mywWAY sowesnoen lUuduNenisHaarIaiNaToFUA UM oFUdIUYsENRUR IS
- o P = @ o o A o 2 a o W ¥ ¥ ]
mileuiy FPO Ao msfasulasiufmmunads wiedmaufindamunsoi i lasdaumunni
a Qi L] dy 1 ﬂ'. ‘:' = d? 1 é =1 1 [ B
uuamaliAsuiiszsrsaanutfsuilasfifiadusgiueannssuy MPS ¥aaziinane MRP 114
v oA D oA ¢ R s o o &4 & ¥
szuy MRP linsd wufe sawmevesgni liiuauimusnaiinuande anudetavesgaly

a o [} -] a o 3 =3 1 P 1 = = ]
UTHnasas edelsiamgamunssumsndaduinlagnawlieeni  udssiimesnlasuniaseg
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1 ¥ ]
anvanal warmynldouslauruiiazieussninii MPS 18 ¥uwAINI1 MPS szded liuiuey
avefiuiu i Tnvmz@oanuides lidandumnninullioe
11. Final assembly schedule (FAS):
1 E
Amiidmuaauniounumsdsznoudugaiie taymsnadeundadusl
oy An oo J T v =
dwnndudidunuiidudeuuasdoudroonilududunasgu (standard products) 134 Iy
14 ]
wastwm Wudu Tunsdill FAS uag MPS fe avsumsnaadeiiy: vieduilududiianududoy
4109 uaziudusua ETo (engineering-to-order) #8% MTO (manufacturing-to order) uda FAS uay
MPS azflumsrudsusuin uadiunneld FAS uaz MPS 193 ATO (assembly-to-order) products 1
3 9
Moo option vesdFudmawedy mizreiinezll MPs Tasad e mmninTainudesnsves
& Q@ o Y = ar dy e & = g (] 1 :.: Q 3/ ::.
aae ¥ MPS azlidumdou MRP IifamsdidonSedanantudiuaieg vy FAS sedivingi
Ed b
Uszneusudmmaiiiiundasusiaudeimun (specifications) vosgnd
] ) -
dmivdudmaosiadidiunun MTS, s2uu FAS safinandugatelffumsuin uenmils
910 MPS lagvzgeudalivszney iedfdaduvsssiinduiinda i indfudmonsainasaauzag
adsagaliinniiga daed1e u uTEmsdan srdanaisiladuiunnmy MPS uazavusTyiiuve
AT FAS
a o P . o = 1 Y
FAS 1n9Maa3t lead time Tumsdsznauiidemsnda lunizeanudsznovuay MPS §1 MPS
2y PApwmans U 20 wilwlusiwiamfivue, FAS liawisoswiIfidund 20 w1 dufien
ffu option AItid2 FAS azwialdd1nan 20 e Juagfiun option module HArnanlu MPS 1Ay
.o y_ g Y e
option fignftdesnirumntioaiiesla
12. panlsznoUved MPS:
1) [
WINTLATIIOIUUDY MPS (MTe3und1 MPD report) sxiistvaziduadorfusudaiu 15U vy
(2%, ¥9, lead time, 914U safety stockn Toutwlun13FAE MINGS), DTF uaz PTF draudiswauoziive
¥
yadmiuuaay time bucket Al -
- 1 o o o s 9t = o ] n:iyd T 4
1.) Forecast: #9 AWOINIUFTIWIY independent demand Suiuduiidusy mifesmeinssinnu
9 3/ : 1 o a Y = 1 2 ¥ o« 9 M .
feamssa dududuaudmivlduSamsEeuusy) fe awmnsaianudesmsluezydy (service

demand)

1
@ 24 o

2) Actual demand: 7 powavpIgnAfidga Ui muaadwda

3.) Production forecast: fig $713U dependent demand ﬂlﬂﬁ%ﬂﬁ’NﬁlﬂHﬂ%ﬁﬂi%ﬂUﬂﬂﬂ

4) MPS- fie Srmufidmuadnes 1850910 order a2 FPO

5) Project available balance: %mauﬂmﬁ’qﬁﬂmimxﬁaé AN MU (allocations) T1HIUMA
dafounds (back orders) g $rruRRsiimiediaa fio S1usuiiegdoiiovas period usn
Projected available balance fi1HI89IN $UIURIARUSUAU (starting balance) VAN MPS Az

. a [ 3 9
AUBBNAIY demand ALAN: demand AUINVIONIT AT forecast HAZAT actual demand 11 zone 1, 1%
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] = 9 1 [} o ]
actual demand 9619R7 UDN zone 1 1977 forecast 1AZAT actual demand Tasldnaudu nande Hon

I annuipnanluida period

1Y

6.) Available to promise (ATP) fo Sududt MnasndanilagsuAy (current balance) 4az91n MPS

U
]

umazafise i 18daym I iugadh m31zﬂ$€u§qtﬂu§1uauﬁmﬁaag wazannsnvsdgygnldny
ﬁuﬂﬁ‘lvligl’ (available to promise)
@ m3U period Uin, ATP AIUIMUIIN (ﬂaﬂﬁ'u_%;nﬁu) + (MPS 114 period 150) — (demand U period
L3N, AT demand 1 period & luhoufinz 1881191 MPS Twy)
ATP T period 60 14Ii5 MPS order az1i1ffu Sunufidinusaiy MpS)
- $1UU demand V94 period Yhu tazueq period §a lUauntidouszdesmuesine sy 14suay
7 MPs fmuaniasol
1 AT dufiaunsalddyandugedt Hufuswuduifiamsessfaldla
7.) Planned orders — nauRtmueieg MU uALaIHEe
TBIUYBITEUY MPS Ailsy Tomivdlauils fio “customer order peg.” Tus e sruendn
actual demand (ﬂ?ﬂﬁﬂﬂg 'Ll“]’j‘l demand) Wuvaalas (demand source)
demallamlumswia gy mealdliasunuiitmue swaezuenmswilandudves

aoaed nazez ldsumsudaldnudannuad lunsds

Actual Demand Source

Hem # : W324 Date: 2/15/xx

Description: Laser disk drive

Required Date Quantity Reference Order No.

Overdue 12 General Dyn 7631

Overdue 20 Hewlett 7842

3/1 15 Gould 7928

3/5 30 KC Dist 9365
faoe: MPS @113 MTS product

) ar a el oo 1 4 4 kY
fwiunsfives MTS product, aundne lilidiauludesue actual demand titssnintilegnin

PPN s = a o o A0 Yo o (=) W
Fidud oamesuesgniing Idsunsaevauessndudlundsdudniuiin 1dfuoames hilimslv

(17

@ o ¥

¥ L]
fuiudmuadsluewaa Aniudalilianavyes ATP udluuensidisaurqunsdl sz
a “a oo 1 . . PN 3/
i]'l*i]ilx‘ﬂﬂﬁ'mﬂﬁﬂ'l’}zﬂmlﬂdf’fNﬁd (back-order situation) 81992Uf1 actual demand Uaz ATP YN L‘i‘_‘uﬂ‘li

FIA571 WUNTEN NV IAVDIISHUA W]
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tem no.: X1736 Descriplion: Generalor
Laad time: 3 periods Salety stock: 3 units
Order quanlity: 3 penods DTF: 0 period

net requirements PTF: 5 perods

- PTF
Period 1 2 3 41 5 6 7 8 ]
Fotecast 5 3 8 2| 7 5 8 41 10
Production lorecast
Actual demand
MPS 15 |
Projected aveilable balance 14 9 B 13| 1 4 -1 | -9 1=-131-23
Avaitable 10 promise .
Plarmed arders 16 10
Figure 7-14 MPS for an MTS protuct.

Ytlem no.: X1736 Description: Generator .
Lead time; 3 periods Safaty sfock: 3 units
Crder quantity: 3 periods DTF: 0 perod

net requirements PTF: 5 periods
. sl
Period 2 3 4 5 -] T 8 gl 10
Forecas! 3 81 2 7 5| 8 4 10 7
Productian forecast
Actugl damand
MPS 15 i8
Frojecied available batance 7 4 3} g 2 5i7 3 -7 (=1
Planned orders 17

Figure 715 MPS for an MTS product ona period fater,

fasen MPS lugll 7.14 aendaTudu = 14 avssndrosmeInsal 5 T period 1, Smurunnded
Ya1y period 1 = 9 ; AUBBNAIWAWUINTAIYBT period 2 FTHIU 3 ppnAsnIndaiiany perod 2 = 6 ;
period 3 fifmenngal 8 uazsaufies 85 uaia MPS fie 15 fufu snaunwda Ao 68+ 15 = 13

Period 6 151U period I.L‘iﬂ‘ﬁ projected available balance ﬁfi'lénﬂ'h safety stock (3 NUI) ﬁQ‘li:u
TusunsuezfiMua planned order 1W1a5u1u period i unsdfulnnedosuimud fo s
§miaunudonisgnives 3 period e Fadaa 18910 Net requirement (S1urudBsmsgn3) =
(Demand) + (safety stock) — (starting projected available balance)

favhy AMWABINSANTAMSY period 6,7, 8 AB (5+8 +4) + (3) -4 = 16 Lmzﬁwmuffﬂzgﬂ
UKY (planned order) WIRzuludla i 6 199970 lead time 1WA 3 dlad T T LRL
wantudlanii 3

aoutifunioniudeanslu period 9 $1U3U 10 Wiy wdeafmun planned order 1Y

1

3 ) 4 ’
demand 10 #1105 udswuismueetenfeulasfdenairiiull s vuaiwiudnaanianso

td
[}

fafl - PP IIUAASIROY period 9 BN 3 MU1E LazAvUAILIUAIRAIEITEY  IWeduTR
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period 1 9=3 .\ dnudanaannauwuli 18 period i 9 Ao 3 + 10— 3 = 10 M1 Fa3iu planned
order MM5U period 9 fim 10

31 7-15 u@aa MPS report iiorra 1l 1 diland Femudesnisesafiniaduly period 7 1 fio

k3
o 1

7 mihe unutezisiu s mizoauAnensal Sy projected available balance A44A period 1 D4 period 5
£0AR4 2 W20 FNeINsalved period 2 14 9 lihi/Aonualas uAll demand vou period 10 AN 1174
7 Y1738 ; Period 6 ﬂ@uﬁvﬂm’h“lﬂa;ﬂu PTF mﬂmmfuizummm:ﬁ11ﬁ’é"ammu°ﬁ1 planned order 1T
FPO iazluvzH projected available balance aAAY 2 MIod MU0 period 5, SMIUTHAR T
Fuihy 18 iz
pﬁ'muwuwé’ﬂﬁ’ planned order Wy firm planned order 914U 18 HUIY T period 6 Tuunves
MPS tazailu planned order 115V period 6 Fame'ld dwsu planned order M5V period 9 "lﬁ’tﬁuﬁu
adedn Tudidu 17 wite Weliaseunquilsnimdosnsdmiy period 10 #au ; drmndaiausn )
ponddalwifiu FPO Tu period 6 , 53U1921MUAM planned order 1A period §a910 PTF Huft uazez

DBNTIYINUABU (exception report)

CRLIRT MPS #1151 MTO product

Tuzil 7-16 UAAY MPS @MFU MTO product 1184910 production order %@ﬂﬁW%gﬂﬁ"@ﬂMﬂﬁ'&ﬁ
Wsueemeitiangndudauiniy mezasidelifismensed DTF uaz PTF Sederiu ulewely
st MuAvWIAEeR fe §IULY lot-for-lot datfus MPS Ae Snuadafiuind iwosgndfaus period 1 39
PTF wnzitosninidlofuduaiauasnaouids fzgndaldgndid §ufuislus projected available

balance @B1AD ¥ IgNA1IY period 7 aguen PTF saiansiegnfiualiifiu planned order
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ltem na.: Y750 Description: Digital controfier
Lead time: 5 periods Safety stock: 0 unit
Order quantity: Eot for 10t DTF: 6 periods
PTF: 6 pariods
~ DTF
r~FTF
Period 1 2 3 4 5 ] 7 8 9
Forecast
Production forecast ]
Actual demand -] 5 7 3 4 2 1
MPS 8 S 7 3 4 2
Projected available balance
Available to promise
Planned ordars . . 1
Flgure 7-18 MPS for an MTO product.
ftem no.; Z438 Description; Electron microscope
Lead time: 3 periods Safety stock: O unit
Order quantity: 4 periods OTF: 3 periads
net requirernents PTF: 6 periods
. OmF PTF
Pearicd 1 2 3 4 5 5] 7 8 9
Forecast 7 8 3 & 1w n 6 9 is
Production forecast
Actual demand 4 6 5| 3 2 1
MPS 18 28
Projacted avaliable balance MmlzV 1] o)2zz]w]1w} 1|14
Available 10 promiss 1 10 25
Planned orders 14
Figure 7-17 MPS for an MTO/MTS product.
e no.; Z438 Description; Electron microscope
Lead time: 3 periods Safety stock: 0 unit
Order quantity: 4 periods DTF: 3 petiods
nat requirements PTF: & peficds
DTF PTF
Period ’ 2 3l 4 5 61 7 ) 81 10
Forecast 8 3 5 0jn 6 9 15 B
_Production forecast
Actual demand [ 516 4 2 1
MPS 18 28
Projected availabie balance T 1 14 8 26 | 15 2 g }=-15]-23
Available o promise 1 7 21
Planned orders 23

Figura 718 MPS for 8n MTCMTS product ane period later.

fegha: MPS §111$1u MTO/MTS product

o oo . o o :‘ & 1
119Ul uuRaY (hybrid system) @115 product NAINANNTZWIN MTO itag MTS 53U
o ] .
yhataiso Y lafunandusnn i uwsnIAun M AsAdawuLdeu MTS ua luvagifont
o v o 3 a ar 1 [ ]
fdpamsnaz Ifenmsodmuaiudalfisnd1 MTO produet

a w ¢ 4 v o =t o Y 4 ¥ " e
mmnmmﬂszmwm:ﬂaummﬂumﬂ'ij;m Hﬂ’]iﬂiﬂﬂ’]ﬂgﬂﬂ'\ﬂ@ﬂﬂ'ﬁlﬁﬂu’ﬂElm'luu
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b | as 1 ! Y = L
MPS orders 9z 13mmensalifiunan neufivz1d5useinniningndiniay udaeinasveegnaie:

= =

3 dguduainudwusemeiussgndn sty Sefinendalinn

71 7-17 ugad MPS @113 MTO/MTS product 314U projected available balance = (RIASASLY
1) + (MPS 22a) — (AIWADIMSAZAN): AIUABINTTILAIATUANNABINIT TR 99UNTETata DTE
Lilgamensel wfamie audeamsszienyeeineiiiwesgndy wiermmnsaiiuagiuiwm
Tuannnuy

A1 ATP Tu period 1 = (MAdRgaSudn) - Grousnudesnsiavuadeuiias Idaw MPS dends
aoll)=11-4-6=1; 1 ATP lu period 3 fie $1u2m MPS U period 3 audvoBIABI 351U period 3, 4
siufle = 185 -3 = 10 4az ATP 1t period 5 = MPS 11 period 5 auA8001A07 93910 period S AL 6 = 28
-2-1=25

Tugtl 718 uams MPS donaulyl 1 period Mnemsalfinadnonuilsmensaldmiy
period 10 UTUIN =8 ANudDINTTMTB0RIABTI319IN period 4 74 7 (AU A1 ATP i period 3 118 5
aA0Y 1HDIDINBOIADSYDIGNAIIINNIUAY STHIUIIUNLITHER (planned order 11 period 9 LA
ATBLARUAIILADINTG 1U 2 period 1154 planning horizon
12. MPS 2043200 (two-level MPS)

Tuwmzfild super bill 925in3 14 MPS deasiufie MPS sedULUIFAY pseudo assembly Hazes
1520113 pseudo assembly 92gANMAUSIY MPS s5RUE (o Mraaun 1 s2du) Snuaziuiiadiy
930101171 pseudo assembly 92481 product family Helindasusudazetafiussilsznon niouily
WAAS AN ANFuAlizneutey (subassembly) n3e Tugamaidion (option modules) tHunas
Usnaudosiaim

Tus1ea1uves MPS vewudazTzduszinnudesmsfiufedszyeg uasmsnsrnmoui e

a

Tdyaniugni lfzdesasnaeudiuruiiiegisedu MPS d1ndn: w1zt Suauniiey (availability)

t = v a

2fIgenI1 (AB pseudo assembly) 8719 Witfiue3a Srszdv Tugadiniiiiogdu hinedios

==b.

Iy v

. [~ -ow L] £ .
07111071 pseudo assembly i product family uaztuniasmaiodianile (an item) YBILWNUNIT
waauds MPS luszduuuife seAuUwUMINER (production plan) AT MPS 5ZAUANISHNAANLLHY

AMIHANAINAT

e Tuz1) 7-19 uaAa super bill SmTUNGUHEATUY (product family) A100 NguazTINNGR

o < ¥

fie B101 §I0A1aY 0.6 HUBAINT 60% YBIANUABINMTEHTY A100 ﬁ@ﬁmmﬁmﬂﬁwzé’faﬂ%’

r=Y ar = o 1 = dl A Qs é . . .
naafmat B101 Nammqﬁ'ﬂqu A100 f9 AUMANUNUMITHENA NI (a production planning item)
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:!"”d‘.‘d' 0y Atoo
M M

@D @3

(8101 $ 702,

Products
MPS el

gﬂ 7-19 Super bill for product family A100

PRODUCT FAMILY A100

Petiod i) 2] a] #+| s 7
Feorecast wolo|2o|20|20 o0
roduction lorecast
Actual demand
Producticn Flan 40 40 a0 a0
Pmjectad availatle balance 0 | 20 ol 20 ol 20
Availatia {0 proenise P P R P

PRODUCT B107
Period 1}j2]ajals 7
Forocast
Production forecast 24 24 Y] 24
Actual demand
MPS 24 24 % 24
Projected avaiiable batancs o|o]o|lal| of o o
Availabie 10 promise 24 24 2% 4

Figuea 7-20 A two-lswsl MPS uia' 10 snlaring actual demand.
PRODUCT FAMILY A100

Period 2] 3] af s 7
Forecast EVEIESEJE
Production forecest
Actul demand wmlw|z]w0]| 8 3
Production plan ) 0 o 0
Projecied avaiabie bakmca o|l20] of2)| o= 20
Avaiatia 10 promisa 4 18 2 7

PRODUCT B101
Pariod 123 a2al4a]s 7
Forscost
Procuction forecast 2 1t 17 P
Actual Cesmarid HIEEEDE 2
MPS 24 24 24 24
Projectec avaiabla balance 0|1 2] 1 4 8 4
Available 1o promise P 3 7 2

Figure 721 A twolavel MPS shw antering actust demand.
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1031 7-20 uaAa MPS 2 52AY (two-level MPS) Aounivzlinisasdnavuseniiudoanshiudess

(actual demand) AUV 7D UNUMSHARTIHTD A100 AUABDINITAB AWUINTEL 20 ¥HIBAB period HAT
o S ] . Y . ° . .
UHUMITNEARND HAA 40 Y7 period 1IU period N1TATUIM projected available balance Uag available to
. Yy a v Y

promise MAEMINina MM

dmfuves B101 Amensainudesmsilugud uazamensalmsndn (production forecast)
FUINTIN 60% 03 A100 A snlndyn1 1A (A100 available to promise) WuRoii 0.6 X 40 = 24
¥UNN period 13U period 112 MPS 921¥11 24 NN period 13U period

Tugal 721 Tdmanudeansiuieiandlusisnuves Al01 uag B101 wlofiduduas A100
d89m13 B101 vz iy 60% FmSUUAAE period iATzIIREULLRN period HiiaTUEEn period Mils
AnudeensH 1A 1uIm projected available balance 115U A100 fis Avfigendiseninamnnssiua
‘ ¥ a9 -
AMAWABINITNUNART S

3747 production forecast #1135 B101 AMUInAIWITMIANANA 1WA ATP FIMTU A100 92
S0 ¥ ¥ q 1a Y 9 o ° o Ha ve ' ) .
fianier dldswruanudesmaiudviasld  Souanudesmsildduamn1 projected available

¥ . 3 ]
balance fi® HATINVDA production forecast i1l actual demand 1{i9 actual demand (AXAU ANUABIMIATS
1 ¥ ]
Tun158 1198 production balance 9zTiALBYNUBBIABT NN I3
3 } 1
Tufetiiis lufins19500a1 (time level) e lilidetedfudoudiull

13. MPS exception report:

¥ ]
] (=Y a

MPS exception report 18 output BENMTIUARITIBMIVOIARRBIAUTUIUILA WieReRfN
s (master scheduler) Apasudnlfanmanle

griuruemszhmudenusinesszuy ieduygsdenusi wie'hives lsvadu amnd
A NUHUITRDITNT U MPS atesoUnBRaufaziadulasiunsedislaodimile

sruunsuAumesaziIMIUsumITamInanlvded 19w TuliA v3oen@an planned order aavhy
Fouuzihinfumstumsmswaalmi nieonidnoomes 1y MPS exception report 3414 1difigsee
imesidaniaen|uida (released order) 1102 FPO'S

ﬂafﬂy’c’lalu exception report 1

¥
1. YSuunu 1599 (expedite)

. vy I MPS Exception Report 1/30ixx

2. YSuumnlddag (deexpedite) p————

4 ITEM | DUE DATE | QUANTITY ACTION
3. lawu planned order i FPO

4 2536 16 a0 Reschedule to 3/9

4. DONDALRDT 2784 46 60 Reschedule ta 4/13

- o | 6185 413 25 Cancel
5. snanasiang 7256 a9 40 Creats FPO

' 8164 2128 20 Release
o Y e

6. NUNIUDOIADI NIIRUAIMUA g;gg lﬁ; ;g %F“':zﬁe 413 1o 4720

[) »
7. wenmsnlaswalasveisainm

‘g‘l.l 7-22: MPS exception report
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PROBLEMS

7-1  The Clipper Company manufactures four models of lawn mowers which have the :following

variants: push type of self-propelled, side or rear discharge. Single-level BOMs for these
mowers are as follows:

PUSH PUSH POWER POWER

PROPULSION . SIDE REAR SIDE REAR
DISCHARGE m221 Mz222 M223 M224
B431 A102 B431 A102
D417 D422 D417 E542
D422 F176 E542 G198
F176 H938 G198 H938
M127 Mi127 Mm1z7 M127
X138 X138 X138 X138

Develop modular single-leve! bills for this family of mowers.

7-2  Referring to Problem 7-1, the production schedule for all lawn mowers for the next five
" weeks is 250, 270, 320, 300, and 264. The projected percentage of orders requiring the vari-
ants, induding allowances for estimating errors, are push 65 percent, power 40 percent,

.side 30 percent, and rear 75 percent. Based on this information, determine the projected

gross requirements by week for each of the following items: X138, D422, G198, D417, and

AlQ2.
7-3  An indented bill of materials for centrifugal impeller, No. 1682, is given below. The num-

bers to the right of the itern numbers are the lead times in weeks required for their purchase
or manufacture.

1682 2
A718 3
B622 2

B865 5

Co18 4
D867 7

D363 2

E690 6

(2) Draw a Gantt chart of the production of the impeller.
(b) Determine the cumulative lead time.

74  The Thomas W. Knowles Electronics Company produces a klystron, item K720, to stock.
Information aboui production of the klystron is as foilows:

Lead time: 2 weeks Safety stock: 5 units
Order quantity: 2 weeks net requirements
DTF: { weeks PTF: 6 weeks

- Current inventory: 12 units MPS: 18 units'due in week 2
Forecast demand for the next 9 weeks: 6, 6,7, 7, 8,8, 7,6, 5

Prepare an MPS, including the projected available balance and planned orders.

7-5  The Midwest Automation Company makes robots to order. Relevant information is as fol-
lows:

Lead time: 5 weels Safety stock: 0 unics
DTF: 5 weeks PTF: 5 weeks
Order quantity: $ weeks net requirements
Current inventory: 0 units

Actual demand next 9 weeks: 7,9, 5,3, 8, 11,6, 7, 4
MPS: 21 and 22 units due in weeks 1 and 4

Prepare an MPS, including the planned orders.
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7-6 The MBI Company makes a minicomputer, item M670, using an MTO/MTS planning sys-

7-8

tem. Planning information is.as follows:

Lead time: 4 weeks Safety stock: 2 units

Order quantity: 2 weeks net requirements
DTF: 4 weeks PTT: 6 weeks

Current inventory: 30 units

Forecast demand next 9 weeks: 6, 8, 10, 12, 10, 9, 8,7, 6
Actual demand next 9 weeks: 7, 6, 5, 14, 6,3,0,0, 0
MPS: 12 units due in each of weeks 2 and 4

Prepare an MPS, including the projected available balance, available to pl;umise, and
planned orders.

The General Appliance Company makes a family of microwave ovens. The family, which is
designated W700, consists of ovens with different capacities, controls, and features. A super
bill is used in planning in which the product family is the parentand the various oven mod-
els are the components. Demand for all ovens is forecast to be 240 units per week for the
next four weeks and 300 units per week for following five weeks. The ordering policy is to
order two weeks net requirements. Starting inventory is 340 units. The W712 oven is a new
model which features a built-in memory for 400 recipes. [t is expected that this model will
account for 10 percent of total oven sales. Starting inventory is 40 units. The order quantity
will be four weeks net requirements. Safety stock is zero in planning both the W700 family
and the W712. ,

{a) Prepare a two-level MPS for the W700 and W712, including ATP for both. The
W?700 is a production planning item and the W712 is an MPS item.

() Prepars a two-level MPS, keeping the production plar and MPS scheduled order
quantities from part (a} but adjusting the production forecast for the W712 and
the PAB and ATP for both levels, taking into account the following actual de-
mands for the next nine weeks: W700—240, 240, 126, 72, 30,0, 0,0, 0; W712—22,
26, 10, 5,4,0,0,0, 0.

A company makes pumps, valves, and housings and must decide how many of each to make
next month. Relevant information is as follows:

MACHINE HOURS PER UNIT

Capacily
Pump Valve Heusing Hours
Dept. A 2 1 5 320
Dept. B 1 2 2 260
Dept. C 4 o] 8 300
Profiunit (8} 150 90 210

No more than 60 pumps can be sold. Because of a prior contract, at least 20 valves must be
roduced. Any quantity of housings can be sold. ]

P Formﬁlgtc a linear program that could be used to determine how many of: each

product to make so that profit will be maximized without violating any of the capacity or

demand constraints.

(a) List and define the variables.

(b) State the objective function.

(c) State the constraints.

d) State the restrictions on the variables.
Ec)) If you have access to 2 computer with an LP software package, solve the problem.



A company produces five items in product family A. Production of one unit of any of these
~ items is equivalent to one unit in the production plan. The production plan calls for 500
units to be produced next month. The family setup cost, which is incurred each time one or
more of the items in the family is produced, is $400. Additional setup cost associated with
producing individual items within the family is negligible and can be ignored. Further in-
formation that can be used in planning the production of these units for next month fol-
lows: ‘

Item 1 2 3 4 5
Starting inventory 42 26 a7 38 50
Forecast demand g0 75 50 140 85
Safety stock 12 0 20 30 18
Carrying cost, $/unit month 2 3 5 1 2

Use the family setup method to determine (a) which items to order, and (b) order quantities
for those items.



129

4, Material Requirement Planning (MRP)

& A 3 o

Tag2 luumunsnan (production plan) Nfie Yo muaRefumsnaaiuaIu d1lsenouveg
LY 9} 1 = c:i = ] = A o 1 o3 g tfd. 3
aududazyiiafindaiezndadiols il vazaSvAuauyseidela s10199znee 18 wmung

=Y « as 1 [} o o

Naﬁﬁmﬂﬂizﬂaumﬂﬂg 3 @ fe (1) MTNNITHAAYTAN (Master Production Schedule-(MPS); (2)
Materials Requirement Planning (MRP) 4@ (3) M3 NAITAIIHNANEBY (detailed job shop schedule) usay
druaaduszuudes AlanuduFou uaiauduuiu

ar = » o 3/ ]

Walevawmuniswda fie AmeInsainnudon1svedna1nlur919uNY (planning horizon)

' o o @/ o = a & ° o r = '

mszamoinsgiazgmi i 1dlunsimuemsumsndondn (MPS) Faazivuaswauniaefudg

1 3 ¥
avpliafozkdn  udukumsHAandn niemsnmsndandnillildssyluswaziBoafoidumsldag
wSomsniineeflsznevanguesfududazsila nihfivewnunudesmsiaguie MRP Afe fmus

= - 9 s 1 1 a o [ Py 9/ 1 - & o
J0az@earpImsKan wazma iFiraunazeswiiludiulsenevvesdududazyiia deesfilsznou
[ ] =1 .nl L7 =~ ‘:‘ d‘ T as LI | =y a 4?

uaazeszlgaiTudAundagazdugalunaiuiumslsuionsnda uazmsndaluiulsanuee
sl S ididlulday MRP Tufe Heaisamsnindesiudazdiusenuonan M3 idazinseq
$n1 Tnulidesmuaves MRP dwdhnine

Foyaimiunlddmua MRP fio (1) eameivesgni; (2) Amensainudeams ludududas
9619909A219; (3) 17U safety stock NABINTT LAY (4) Truudduq melusing

4
s

4 o q ¥ 4 A W = Y ¥ o &y ¥
’C'N"ﬂ"'l}%’fl"l'lslﬂ MRP UE‘EQN’ﬂﬁ'lﬁ%ﬂﬂ ﬂlayaﬂgnﬂmm‘lumummmmmamﬂaami ITUUVD

at

10 (information system) ‘ﬁm‘i’umu MRP mz"lﬁ'%’wauamﬂﬂwwﬁﬂ (production), fgnisaaa

o

[] & 4 4 1 1 q’: -
(marketing), nazfhen1siaY (finance) Y9984ANT M3 1MaAUYDY information FEHMINHHNUTIT IV

-3 o

fludsdigaennudiFolumsnamsunssia
mmfﬂwnﬁm']mmmmmmuﬂmﬂnmiwam"lﬂﬁ]u 3 funou fo ad1e MPS; aﬂﬂmmwaﬁmn
MRP; 4ag 83 19A1519MIOUAIULHUN S § IWAYE9 MRP
a I = 9o =1 o ] d! d? 1 qr ='. &
MRP gﬂ‘wmuwumhnummmmmmﬂﬂqﬂ15‘11&ﬁuﬂmsamﬂﬂiznauamwuwuagﬂumﬂu
L] k1 a9 =} o 1 24 d? Yo o A ] o : ] [
1wy anugeanslududmieswliznoveiamily Auegiuddu wu anudesdudiliznoudes
vasFuduedfuusunsnaadud dudu 15150071 dependent demand uanuABINT IMAUA VD

v 3 1 oas ] o g Q’ A = 1
gna luFuegiudumaou niedadu 15150071 independent demand

Y

s 1 % d as :{w o
'I?IJ']LS'HJSMEN MRP Lﬂuiﬁﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁﬁ\i MRP ﬂLﬂHi%UUﬂQﬂﬁﬂ‘l’ﬁiﬂﬂﬁﬂU dependent demand

1 as i 1 =] kg 3 g @ o e
AIUTTVUMIADY (inventory systems) fsnandaudiuiadlusyuuaendedm iy independent demand
¥ 4 v
Tumsudafiufl S1v Rl route sheets YBIMTHARTUTIMIABz FUVBIFUM, Ui wnmsTagh

=1 = gt ] : =t @ = qy ] o ] 3 o o
Usenpudlududuaaz iy, Gnawasgiudmiundaadudiy wazesnlizneuangual Wevua

]
=y L) 1

o -~ Y = o o 3f 3/ o ] : 1 | .:
mmuﬁu?’ﬁﬁ%ﬂaﬂ ELﬁxl’JﬂTﬂﬁﬂQﬂ'ﬁ l‘i"lﬂ’(’f']ll']iﬂi‘]i“llﬂﬂ anuaya dﬂa1’Jﬂ1mmm'n‘1mmuma::‘]m

v ]
A =

arsmAas wumla Sudundadiola Sozviumuimuaned dAeden MRP it uaziludnyushn

i work-in-process ﬁ%m’;uﬁmﬂﬁ"aﬂ
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MRP $uszuufioidomsiiaiurensuiunes

4.1 MINTTNLANUABINITIUTUTIU (Part explosion requirements):

]
o k.

dess 1l MPS Ainnennwan 15 1AM1UA end product (Fumduin) fsozndauds Fefivedey
o o3 o = Tl a o fs & Ao 3 3 at o ] ] :{ay =
nnae mﬂmmuﬁuﬁmsawﬂmnmmmmﬂmwuﬂuu %g‘ﬂﬂﬂﬂfﬂdﬂﬂisﬂ@l]!mﬁ:ﬁ@ﬂwﬂ‘b'u 3580y

s ] C:‘l .

ﬂs:ﬁnmi‘lumﬂﬂizﬂawaﬂum part explosion

o nuﬁ'jm 1LLﬂQ§ué"l‘ﬁli mamami‘lu end items, subassemblier @Y parts

. v & q:? t o =1 ] ] =Y =t o "1

end item 'é)fm‘Huqﬂ:uammuﬁmwumﬂummlsznﬂu uazgmﬂwuﬂm%nmmu"lummu 137
Beniwnsaiuilszneuiii Bill of Materials (BOM)

15191984 BOM lug1lva4 row vector TaAsil

i

B =(bilﬁbi2’bi3="'v blj) ®

{ o | o o/ 1 .
Tagdi by; Ale aumitevesesdisznou j filszneudu 1 wiipvesi

Fd b4
Q917 A 1377 end product $1147% n ¥9iA 1548 BOM 1114 BOM matrix 183
B!
B? o a :
B = |~ |=BOM matrix o Bmatrix @
Bl’l

#9131 BOM structure §1115 end product 1 1tag 2 Tugil 1

I
(C9) (3
H O &0 O

T ol 2loms € 1,2

Foer subaremdles (a8,c,b)
Thoet parts () p, %)

g‘ﬂ 1: Product structure U9 end product 2 FUA (1 uag 2)
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=3 a3 . [ J |
1T allouiiu BOM matrix 18401519 1 818704870 row n192Usn 1915710797 end item 1ie

subassembly lieiazatimlsznoud 0oz 15119 (how-constructed) 15U end item 1 Usznaudis A 2 Ty uas C

1 Fu Sudy '
GnsId £ 1 BoM Halaix

M . MS,\

P;vd“&ﬁ‘ WTMME__ Clomponmds/

Y 2 A DB C YXP
2 9

t\)"‘-l--...
x

) PN

’*—m:{w‘nwom &~
\w

§1318 1IN UHAIIATY column 98I TR MU (how-used) (94 B galHi end item 2 $107m 1
v 1 ¥ ¥
%, 9 subassembly A §1124 1 U 1AL subassembly D 31131 2 F1 15ludn

Tusguy MRP a2limifuuaduausdy (level number) 19U end item, subassembly Uag part
) #¥ 1 o o ¥ 2 T a add o . '
Lwauﬁﬂﬂﬁgmmmuwﬂauiumﬂ‘u subassembly ¥i79 part uaazytalndunauaudly end item 19U

= [ o/ 1 3

end item 1 1182 2 3 level number t1u 0; A 1 level number = 1 m3zilsznoudniu product 1 IW1HU, B

¥ ¥
at ar ar or at = 1 A
Usznoudiy A uaz A iy 1 @iy B T level no. = 2 dmiufudiudug gaisa 2

1374 2: MRP level assignments

Level No.
0 1 2 3 4
1 A B C o
2 D Y B

4.2 104 direct dependent demand

SIETaA ISR Snueinlsznouilszay ntl dwiuiuiuessdsznouuaas

-4
=

a dAaw ar Y
¥aNIAUaV5ZA n Taq 1dda
¥
W d,
v ¥ ] 3
dd(n) = vector U84 dependent demand WRATL TATAT I 1118991AAITUABININILAY n
5. ddn) = d xB

vector ﬁJBiﬂTIiJﬁﬂﬁﬂ'li‘ﬁiSﬁﬂ n

It

fee9 Assembling the product structure of Fig 1, compute the direct demand that results from the

following level 0 demand
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Itern 1 : 100 units

Item 2 : 200 units
solu  dd(0)=d,xB
(002001000
000110300
000010020
000021000
(10020000 00000) 0 0 0 00210 0
000000013
000000000
000000000
000000000)]

= (0 0 200 200 200 100 600 0 0)

1 o ¥
149U subassemblies 110 parts NAD1FEMTUNGEN item1 , 100 FU 1A item 2, 200 T waalua1sg

Item Demand
A 200
D 200
B 200
C 100
¥ 600

43 MUIUAITNABINIINITNA (Total requirements)
$181MuAT1UIU end product M38 sub 3B part AUWHUTIVZHEN 1TTANTEMUIUTIUIULDS
1 ¥ Ed ¥
subassemblies UBY parts NApIMINInue TinFudnumaniuszlseneudiu end product (M3 sub
=) =} g
%350 part) lasasanse lnen1edon

#1 R = total requirement matrix

_Rl -
R2
. v k4
R = R3 ; R' #i® row vector mmﬁmmﬁﬁ’mmﬁamawumui @
Rl'l

i
R = (ril, Lo, ... rij)
v £ ¥ 9 . L4
laohi r; Ao SnuauFuvesdudIu j Nenuaminnmda 1 viisuesiudau i (aztszneulagas

wio11R14)
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hjj =1

n
. 2 Zbik-rkj f"f‘li;“—'j
AU rij =Y k=

1 Mi#]
w R=BR+I
IUU -1

R=(I-B)

I 9 identity matrix vnaumslsazl1dh w1 R 18910015 invert (-B)

I d = vector 49 demand ‘ﬁﬁlu demand "ll’EN‘IQﬂﬂEhx? 19U end products, spare subassemblies
LIA% spare components L@

vector U045 MIUNEATIWARBINTRINLA (total production vector)

dR = d(I-B)™! ®

»
Il

=
ee
—
)

5
I

EPLINE A company has the product structure as shown in Fig 1. Demand for the end

products and spare assemblies is given in the following table. Compute the total production
vector.

tem [ 1 |2|A|D|B|C|y | al|3B
Unitsdemanded | 20 {30] 0 [ 10 ] 0 [ 5 [ 0 | o | o
Solution d=(203001005000)
1 2 A D B C v o B
1 1 2 2 5 2 9 15
2 1 1 3 7 6 7 21
A 1 1 2 1 4 6
D 1 2 5 2 5 15
R=(1B)'= B 1 2 1 2 6
C 1 1 3
Y 1
o ]
B 1

X = d(I-B)" = (20 30 40 40 150 365 240 445 1095)

4.4 Yofmualumswanlaouulas (Engineering Change):
@ = 4 o - i o .
dosmualumandadounas Mlesrdssnouvesdudalaesunlas wafde BOM matrix
A & ) 3 . g £ N . !
wasuulas FalunsdmInnuAenII3IY (total requirement) 15192ABa 1% B matrix 1182 R matrix o

] Y
ierue 1o 1M IS uA1 B matrix 1ae R matrix (lu'l)adesa57 1511998 madasd -
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y 1]
% AB 79 matrix ¥a9n1mldsuutaslu BoM

A ) i . . .
uay AR fe matrix Y9IA1INUTUUUaIU849 R matrix (‘H%‘ﬂ requirement matrix)

Mnauas: R=(1-B)™ )
ndamsdfusatngla
R+AR = [1-(B+AB)"!
- (1-B-AB)" @

910 @ yaz @19

I

(I-B)R €
(R+AR)x(I-B-AB) @
g @ & R+ AR uaz @ §10 R

I

(R+AR) = (R +AR)x(I-B)R ®
RI =  (R+AR)x(I-B-AB)R ®
3 ®- ® w14
AR = R-AB-R+AR-AB-R @

) o ] g ' \ w - P
vedunaiu ANy B marix $udiu i szlidludunlsznevvesiums mzaziudminsulion
wasesiilsznouvestudau i Tu B matrix, column T4 AR matrix fifieadieany i szfisudy o nuann

v o a a v 4 a . 3 aa a 1 o da
element A9UY DI IRITANATIlREw] asfuFudufed Tu AB matrix AezTifies row Reviiun
aua% row duvziii 0 vua 1ufe AR -AB =0 #atiu

AR =R-AB-R

waz R, =Rg4 +AR

@ =4 1 ] . !
PLIEN 1 product 1 Tugal 1 fimseenuuului ssfilszaeulumifiudagl 1 sosuen, (@ D
v IanIAI I asua U requirement matrix (R matrix) . &
3NN @
Solution
I 2 A D B C y o B
1 1 1 1
AB =

R =0T =
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AR = RABR =
I 2 A D B C v o 8
! 1 -1 -1 2 3
2
A
D
B
C
Y
a
B

4.5 Material Requirements Planning System

FoyansududmiumsiauuedTsunsy MRP w3es2u1 MRP fio BOM, $1uaumindafid oy

Tuilagiiy, product routing, 4oz MPS A41ug 2

31 2: 9eA1l52NBUVBITTUY MRP

Tumssuduldszuussdosfimuaszoznanffean13219uHY (planning time harizon) 320zl
Tinsfiugnai dwnnsaiardents, awdnddnldnaificomesegaeudrunivou oz
1 Ll = o 1 L} 1 é = 1 é a8
Foautisraenavewmumsnaasanaifiuiiaiaitesy Fus15oni1 time buckets Faorvdudulon,

A ar N T - T . Y
vsedesdlas wieilufou Yusgiy lead time LAZAIUANTIATUMIAILAY
WU T 1IN THAAAI0 MRP Joyaiu@uing 1 fis @1979 3 4azman 4, 19193

Qr [ . 4 1 i 3] o 3 Iy
UARITZAUNIADY LAY lead time UYBITUTIUAN TIUATN4 1)1 MPS 1993 HAIULARL YU
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1374 3: Current inventory status and production load times

Level |

Item On-hand inventory at t=0

B A WWRNE— OO

Lw;zae g s B v 23N SR

120
85
0

500
160
0
1200
4000

Reader lead time @

1

S I e I S

11319 4: MPS in weekly buckets (units of items to be producted)

Period q
ltem 1 2 | 3 4 | 5 6 7 ] 9
1 50 20 30 40 40 30 25 15 30
2 20 30 25 35 10 35 20 25 30
A 15

10
1[3) 10 20 100
C 5
v
[0 4
B

2 . o &
M5M9U0e MRP uand 1dd8 MRP report Tun1519 5.8 Fuilu report 499 item 5281 0 fio end

items 1 i@ 2

] 1 . < " 9 b4
UDIMINVBIARE report ADAT gross requirements HUIBET TTUIUNLUIOVOA item Tazgniin 1yl

¥
TP (item bucket) 119

Table 5-8. GROSS AND NET REQUIREMENTS REPORT, LEVEL 0 ACTIVITY

Period
I 2 J o 5 6 7 8 9
Ttem 1, Level 0
Gross requirements 0 20 30 40 40 30 1= 15 kit
Scheduled recsipts 120
Expected inventory 120 70 30 0 100 60 30 5 0
Net requirements ] 10 30
Planned order release 120 120
item 2, Level 0
Gross requirements 2 30 25 35 10 33 0 25 30
Scheduled receipts 100
Expected inventory 85 &5 s 10 75 &5 30 10 0
Net requirements 15 30
Planned order release 100 100
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MRP e ludnuaisiEondt rolling horizon U8R $90umsunyu )iy e
¥ ] 1 [
r1uTluday period N5 1EREIU Tadi subassembly 138 part Hiogluszdudndt uavszduganiy) fign
o o [ @ g kY :‘;’ at ar )
Fawaa lludy (niededeludy) winfleg @S unstuiinluusdves scheduled receipts Tugilvasiiuam

] 1 o Y a
wienidlunadwE 91N subassemblies uag parts A lludn

® 1197 expected inventory
o r ‘=I. L] =Y 3 L] 5 é I3
HAAITZADAINGINAIANIIIZINAAIUAAY period Mileq Fafmulmldon

Iy = max{0,[;;_; +Sj_ — Gy} Iavil

¥ ]
L = MMAnRRYessAuAING (on load) YBITU j Aifu period t (13% backlogging)
S it = scheduled receipts VDIFU j Tu period t
Gji = gross requirements V0I%U j TU%29 period t
fotha: What is the expected inventory for item 1 in period 57
Solution
Lis = Iig+8,4-Gig

20+120-40 = 100

® 11973UD9 net requirements

uaass IR liifisanefiozausanudean1398 gross requirements AAIAY net
requirements 3ziiudnynvBINITNIAUBY (backorder situation) mazRziy Sadealinsmumudanda
(H?Bé’ﬁl) c?wzﬁuﬁﬂimiawm planned order release Eﬁﬂﬂﬂ\iﬁuﬂlmmﬂ (stock out)

Net requirements ATUIMAN

Nj = max{0,Gj —S; —TIj}

¢eena: Compute the net requirements in period 8 for item 1.

Solution

Nig = 15-0-5 = 10

¥ ] ]
waziy Tuwawes planned order release 9 period 7 Fsidaav 120 W92 lot size YDANITHY

14 14 ¥
A5 item AU 120 F1 uazhifoudluy period 7 (M9 lead time = 1 period

1 3
= [ ] n

9 9 o
Aanssumsndagdudiuniiszaudiniilulassadundadual (product structure) ssAuBYRL

»
planned order release U243 end product § LAY 0 AT08 1YY planned order release V143U 120 FUVDI item |
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¥
1AL 100 FUUBY item 2 1u period 7 i lviiia gross requirements Y93 subassembly, A, D, B, D 1iag part '
Fadoegn 19y period 7 Huf

¢eena: Compute the week 7 gross requirement for A, D, B, C and y

Solution
Wauns dd(n)=d, xB
dd(0) = dy x B
[0 0 2 0 01 0 0 0]
¢ 0011 03 00
00 0 0100 2 0
¢ 0 0 0 21000
= (120100 0 00000060 O O O O 2 1 0 O
o0 00 00 01 3
0 0 00 0 0 O 0 0
0O 0 00 0 0 0 00
0000000 O O
. dd(0)=(0 0 240 100 100 120 130 0 0)
nazaudeims ludlanis 7 fo
Item | Fromlevel 0 Other Total ]
A 240 0 240
D 100 0 100
B 100 0 100
C 120 0 120
o 130 0 130

¥ | i 3 1
awAnImsivailziiiy gross req. U report 484 item MRBITO (FA1579 5.9 FTAILIAIUVOL gross

HAY net requirements) TUA1319%1 TR 1A independent demand 81%) A9 (A1519 4)
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Table 5-9. PARTIAL GROSS AND NET REQUIREMENTS REFORT
Period

{tem I, Level 0

Gross requirements 50 20 30 40 40 30 2. 45 30
Scheduled receipts 120
Experted inventory 120 70 50 20 100 o0 30 5 0
Net requirsments , i0 3o
Planned order release 120 120

{tem 2, Level 0
Gross requirements 20 30 25 35 10 35 w25 30
Scheduled receipts 100 .
Expected inventory 85 65 35 1o 75 63 30 10 0
Net requirements ' 15 30
Planned order release 160 100

Item A, Level !
Gross requirements i} 0 240 0 ] 0 240 15 0
Scheduled receipts 240
Expected invenlory Q 0 5 0 0 0 0 0
Net requirements 240 15
Planned order release 240 240 13

Item D, Level t
Gross requircments 1] 10 100 10 0 [+ 11+ 0 ]
Scheduled receipts 10 100 ItH
Expected inveniory 0 g ] b} Q V] [+] Q 0
Net requirements 100
Planned order reicase 100 10 100

{tem B, Level 2
Gross requirements 100 20 100 100

Scheduled reczipls
Expecied inveniory
Net requircments
Planned order release
{tem C, Level 3
Gross requirements F o120 120
Scheduled receipts
- Expected inventory
MNet requirements
Planned order relcase
Item v, Level 3
Gross requirements 300 300
Scheduled receipts
Expected inventory
Net requiremenis
Pianned order release
Item e, Level 4
Cirpss requirements
Scheduled receipts
Expected ipventory
Net requirements
Planned order release
Rem B. Level 4
Gruss regquirements
Scheduled receipts
Expecied inventory
Net requirements
Planned order release

fee: From Table 5-9, compute the week 5 lower — level gross requirements implied by

the week 5 planned order released at level 1.

Solution
dd(1)=d;xB
dd()=(0 0 240 100 0 0 0 O 0)xB
=0 0 0 0 440 100 O 480 0)
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o o
oyt aawdesmsludilad 5

r& [tem | Fromlevel 0 { Other T Tatal l
B 440 20 460
C 100 0 100
o 480 0 480 (

o =]
w . - ‘ N
UM 13 5-10 Uerad MRP report DNULHIY TAell net requirements 1% planned order release AU

4 : 2 o &
v& 2 FoliSeng 921891519 5.11 Fauaas report eIl

Table 5-10. PARTIAL GROSS AND NET REQUIREMENTS REPORT
Period

Item 1, Level D . ' .
Gross requirements 50 jris] 34 40 40 30 25 1% 0
Scheduied receipts 120
Expected inventory 120 70 S 2 80 @ 3B 5 ¢
Nex requirements . 10 30
Planned order release 129 120 )

Item 2, Level 0 -
Gross requirements 20 k1] s 35 0 35 0 i3 30

Scheduind receips 100
Expected inventory 85 65 35 10 75 65 0 10 ]
Net requirements 15 30
Planned order reicase 100 100

ltem 4, Level U .
Gross requirements 0 9 140 o 4 ¢ 240 15 0
Scheduied receipts 240
Expetied invemory ) ] ] o [ 0 ] B ]
Net requircments 240 15
Planned order release 240 240 s

ltem D, Lovel ]
Gross requivements b} o100 10 ] ¢ 100 9 8
Scheduled receipts 0 I90 10
Expected inventory 1] 0 0 Q [} D 0 0 0
Net meguirements 100
Planned order release 100 0 100

Mem B, Level 2
Gross requirements 440 20 100 ¢ 46 5 a oo
Scheduled recaipts 560
Expected jnventory ¢ 120 0 b 0
iNet requirsments 360
Planned order release 575 W
 ftem C, Level 3 .
Gross requirements 100 15 12 130 120
Scheduled receipes
Expected inventory
Net requirements
Planned order release
Item y, Level 3
Gross requirements 300 00
Scheduled receipts
Expected inventory
Mt requiraments
Flanped order release
frem o, Level 4
Gross requirements 480 480 0
Scheduled receipts
Expected inventory
Nel requirements
Flanned order release
liem 8. Lavel 4
Gross requirements
Scheduied receiprs
Expecied invemory
INet requirements
Planned order release

Oy}
=]
<
i=1
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Table 3-11. COMPLETED GRQSS AND NET REQUIREMENTS REPORT

Period
i 2 J 4 5 4 7 8 9

item |, Level 0
Gross requirements 50 20 30 40 0 30 25 15 3
‘Scheduled receipts 120
Expectad inventory 120 70 30 AU (s T4 I 1} 3 8
MNet requirements 10 30
Planned order release 120 ' 120

[tem 2, Level 0 .
Gross reguirements 20 30 a8 35 0 35 0 2% 30
Scheduled receipts 100
Expected inventory g5 &3 35 10 735 65 30 10 V]
Net requirements 15 30
Planned order reiease 100 100

Item A, Level ]
Gross requirements [+ 0 40 o - 0 0 240 15 4]
Scheduied receipts 240
Expected inventory 0 @ 0 0 a 0 0 0 0
Net requirements 40 15

. Planned order rzlease 240 230 5

liem D, Levei |
Gross requirements 0 10 100 10 0 8 100 0 0
Scheduled receipts 10 100 10
Expected inventory 0 0 0 0 1] 0 1] [¢] 0
Net requirements . 100
Planned order release 106 10 100

ftem B, Level 2
Gross requirements 440 20 100 0 460 15 100 0 100

Scheduled receipts 560
Expected inventory 0 120 100 0 0 0 0 0 0
Neat requirements 4450 15 MR 100
. Planned otder release 575 ) 106
[tem C, Level 3
Gross requirements 160 15 120 1150 100 0 120 200 0
Scheduled receipts 115 120
Expecied inventory 0 15 . 0 0 0 0 0 0 0
MNet requirements 1150 100 120 200
Planned order relcase 120 1250 320
ltem y, Level 3 A
Gross requircments 0 0 30 575 0 0 300 100 0
Scheduled reczipts 300
Expecied inventory 0 0 ) ] 0 0 0 o 0
Net requirements 575 300 100
Plaznned crder rolonse 309 M5 30 100
ltem a, Level 4
Gross reguirements 480 120 1250 0 480 350 0 o Q

Scheduled receipts .
Expecied inventory 3000 2520 2400 1150 1150 670 320 320 320
Net requircments
Planned order release

ltem 3, Level 4
Gross requirements 0 WO 3750 0 0 96l 0 t] a
Scheduled receipts
Expected inventory 4000 =000 3640 il 0 ] 0 I 0
Net requirements Mo 960

" Planned order refease 2000

4.6 Lot sizing ]
=] 4 @ oA A d.y 1 ad ‘1 o v ' Sﬂlﬁﬂxﬂ
f3Emsfimuavinavesdonfiodanianiedere lusyuy MRP aguanulT lunumnan

¥
A

2-39% A9
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¥ 5 ’ 1
® Lot for - lot : niaduvAeasedeauynidumsdemuimiuideans WM perioa
[ ¥ ]
WU 8ndIBt19%Y subassembly A tag D 1U period 5 FIHAATIUIY 240 1aT 100 AWAWU
971UIU net requirement 11 period 7 Audu msdauu lot - for - lot (ueRdenlu 141) ¥1AN inventory
£y N :j = @ o/ dd a1 Y
Woy Ay 391 unT iR set up cost A inY

=

k) o o o 3/ * ZAD
L 1‘Hﬁ'uﬂ'l'5 EOQ : UNHATINMINHUAYUIAUDINOAAIITUNTT EOQ Q = T Y FTR)TI

fu Taummizasiats 3183 1a9u A1t TU5 8T demand AOAURAUDT demand TA1TIBS (variance to
mean ratio)
® Least—unit—cost: AnIsmTVIAAen latwe dedunundodemiteiings vinafeafismua
s Wi umunislugmamidnmisdindige desusu Tunsfissansmuaniadeaiivseda
A M35U subassembly item C ﬁ}dﬂ net — requirements Gii&i.@‘i period 4 4 period 8 ua:ﬁmﬁ’h period 4 dh
period Al¥HAA misdnauaauiiumse s-12 Ta
column 1 114 column Y94 period
column 2 U1 net requirements fans period 4 D3 8 1319ENNTUIMIIN WU period 4 Rudmiums
Namiﬁ’mauﬂqummé’l’mmwmﬁ period danihiienzhilddungulums setup uag
inventory ﬁfhﬁ%TcIﬂ
column 3 Am vnadenionady 14
column 4 A9§11I period HABIAIAGT

= 1 LT A g ar
column 5 A9 A1l IEHTDAUNUALARY

Table 5-12. ILLUSTRATION OF LEAST-UNIT-COST LOT-SIZING COMPUTATIONS FOR
ITEM C*

fi) 12) 3) i) {51 16} {7) (38)
Currying Dollurs  Sewup Tora!
Net Prospective Curriedin  Cost per Unit  Unit
Period  Requirements Lot Size  Inventory  per Lot Unit  Cost Cost

[teration |
4 1150 1150 0 0 0 0.87 0.57
5 100 1250 t 60 005 0.3 Q.85
6 ' ¢ — 2 —_ -—_ - —
7 120 1370 3 276 0.20 0.73 093
8 200 1570 4 756 .48 064 112
lteration 2 : : !
7 120 120 Q ] Q 833 833
3 ¢0 370 1 1120 n.38 313 351

* Setup cost = $1000: holding cost = 30.60/unit-period: unit cost = $1.

auyAiuswaail period 4 uazlinseunquauAnin1ve perod 5 A0 Wufte wialu period 4 MY

o 4 u‘: o::‘ ] a g ey
1150 + 100 = 1250 (A navil9za3lu column 3 Y04 period 5) 1WIIXRLHUU WHFUAMITUIU 100 FuhaDd



143

AIAT 1 period (AAY 1 81U column 4) uAzAUNUANTTRATU A0 0.60 X 100 = 60 (@914 column 3)
waziladndusenioz1d = 6011250 = 0.05 (column 6) dum199181Un15 setup AoMIIEANER =
1000/1250 = 0.80 (column 7) HAXAUNUIINMAOADMUIWAKEA = 80 + 0.05 = 0.85 (column 8) ztFU'la
1NATIN 5-12 11 A MGaiie period 4 1#09 period 1897 A119910 = 0.87 Aoy S WAANe period 4 1az 5
sauiu 15918 = 0.85 Aemiae uadwAaiNe period 7438 (lun3dlil period 6 AMWABAMS = 0) 14
110 = 0.93 #EN1IY 1UAD 159257 IWEATU period 3 (C 1 lead time 1 week) InsaURAgNAIIUADINTTY
period 4 1ag 5 iU FwmFvvuiadeaiaseungquaimdainslu period SauaR R wlowRY (S
iteration 191 period 7) 22 IdvtAdomyiy 320 Fanda Ty period 6

ey = qy 'S e A o Y a ] 9 1 H . [} :,’

Tmnadeanvuie lildnnadesih difan 141 gn (optimum) AaeatIenaumy W
dy ] o [ é’ roar o U g} 3 o v Y o [ g/ -
fms1z71 vinavesdeadeq il srduegiuvinavesdeaneuminiy deansunthiiamifediga

1 =& ] A @ T ¥ a P - 19 11 91 a g ¢

RMTAIUNITUDIIN NN diss v lstovesaeainuinuds o1 Wlsmisiedigai 13

® Wagner — Whitin algorithm: ifumafinfifiondmivmunadeaiin¥ifadunusiganaen
%797 MUK (global optima) 11 MRP

¢eena: Apply Wagner — Whitin algorithm to lot sizing for item B in Table 5-11. The relevant

Cost are: Sutup cost = $150
Holding cost = $0.60/unit — period
Unit cost =85

Selution: a3UaNA151 5-11 Lazfuuafl index TnaanNuazaInluMsMuIw

Period Index, t N h, ¢4
5 1 460 0.60 5
6 2 15 0.60 5
7 3 100 0.60 5
8 4 0 0.60 5
9 5 100 0.60 5

Zl = ZB+C11 = 0+A1+C1‘N1
= 0+150+5(460) = 2450*

(Z6+C1y = Ay +c(N;+Ny)+h;N,
= 150+5(475)+0.6(15)
= 2534%

]z§+cn = Zy+A,+cy(N5)
2450 +150+5(15)
2675

Il




. oA
.Y

MDY AUTU

-

ZB +Cy3

Z; +C23

*
Z2 + C33

.

(%
Zy+Cyy

Z1 +Coa

Z; +C34

Z3+Cy

\

(%

Z; +C25
Z; +Cs5
23 +Cys

*
LZ4 +C55

¥
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= Al +CI(N1 +N2 +N3)+h1(N2 +N3)+h2(N3)

150+ 5(575) + 0.6(115) + 0.6(100)
3154%

Zi + Ay +0y(Ny +N3) +h,y(N3)
2450+ 150+ 5(115)+ 0.6(100)
3235

Zy+ Ay +03(Ny)

25344150 +5(100)

3184

ZS +A1 +C1(N1 +N2 +N3 +N4)+h](N2 +N3 +N4)
+h2(N3 +N4)+h3(N4)

=150+ 5(575) + 0.6(115) + 0.6(100) + 0.6(0)

it

3154*

Zy + Ay +Cy(Ny + N3 + N ) +h, (N3 +N ) +hy(Ny)
2450 +150 + 5(115) + 0.6(100) + 0.6(0)
3235

Zy + Az +03(Ny +Ng)+h3(Ny)
25344150+ 5(100) + 0.6(0)
3184

Zy+ Ag+og(Ny)
31544150+ 5(0)
3304

150 + 5(675) + 0.6(215) + 0.6(200) + 0.6(100) + 0.6(100)
3894

2450 +150+ 5(215) + 0.6(200) + 0.6(100) + (100) =
2534 +150+ 5(200) + 0.6(100) + 0.6(100) = 3804*
3154 +150+5(100) + 0.6(100) = 3364

3154 +150+5x100 = 3804*

3915

AU AD 3804 Mufe

Ql =575,Q2 =0,Q3 =0,Q4 :O'JQS =100

Q1 =475Q,=0,Q3=200,Q4 =0,Qs =0
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4.6 MRP Uaz MRP II (Manufacturing Resource Planning - MRP II)
<] i w | = ar
MRP I1 i MRP #i 85 un1svnedannumuisoves MRp von luldnseunquuihiifvisuns
AIAGY (inventory), MITAYD (purchasing) UATMIIRY (finance) Vat04ART WilHiAARINIIN NN 19w
rough — cut capacity planning (RCCP), Capacity Requirements Planning (CRP) 1ai2 Shop floor control (SFC)
4.6.1 Rough — cut capacity planning: (JumsasinaounsUg Nusumskaandiuaiusinanszny
814 13AB1381%191 (work — hours), 1301 1%1AT893n5 (machine — hours), TAUAING (inventory
Fd 1
levels) Hag 489 NIATINADUNDINILATIVAOUNTNNNTMTHEALNOEIUNTNY (key resources)
ndsslddmiunsnda uazmanu unumswaadana limunzay msniwennsmssan 1y
= a =1 as E = ar o
eane neniimsdaarsIdmnsanviodivljumumsnian
¥
4.6.2  Capacity Requirements Planning (CRP): (fiadunieondsainms1d RCCP ud i usunmsnas
i 3 o = 1 T 3
(production schedule) Hifmuatiudlulalld (Tasmsasseaauninensmswdauisediamini)
a o o @ I 4 Y =
crP 92 ldumums1¥iaqduduradniom MRP udrSsuisunnuansedifediuinand
WUALHAR (MTNEINTMISHERA) ABITEI5YNY F1la1rinaenyI9919uNu (planning horizon)
g = oo 9/ a a Y w A ar A 1 =
4.6.3 Shop floor control: dlufanssuimsivestumsmvuanu inuasosdniuSenuronaa
(machine or work center) Uszanauamyanuveunios fmuaiuaeulunsiiaruveunies (ob
. = 1 zss.‘ a ¥ g o ar dll Y - 1 o dy dl dy
sequencing) fionssumaril Tandndaudrdeswhmniu welinswdwansznuaiag fAPaduiny

Tse0 0 1w inFeednaidu uazTagau Tuwe Mudu

47 Iessadnvealdsunsu MRP
] ¥
flagin Tlsunsy MRP (W590n92i58n91 MRP system) ¥nihsauiu fie %119 material
requirements planning 1L9¥ manufacturing resource requirements planning Gl‘ug‘ﬂ 5.3 ugaslnsead WA Tl
5
994 MRP system %91/52n8UA28 MRP 1 1ty MRP 11
1 (4
wifives MRP 1 lufilifie f1muaf 1A R0IN1559 (gross requirements) UAYAIIUABINTENE
. ¢ ' S w A gy A w S 3 o 0
(net requirements) YBI03ATLNBUAIE) vewaAd YN (o uAaduiduganadusamudmuanalu
Master Reduction Schedule (MPS)
Yo34a (input) A MRP T Aamisfio MPS, BOM, TWavesdwuduneunisnia (routing files) Laz
Ildvorn1unImYBIAIAds (inventory status file)
s | o o . 3 § = o A 1 . .
M3U5D BOM #3onssuTEmsnanly routing files 1HuniiAvoaluganiiondn Engineering
Change Module @IuaUMNUBIAIAGINTWwOIUATUAoumlamniy menaasaomunmiuilagiiu
VYDININA
wihifives MRP 1T e idiRanvauqadszriminoninspaailiogiuinuranaai

ABIMS  UaTMISeNUAEINUANENTRIUMINER (capacity reports) WU TS euifeuniny
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aunsalumssdany Inaafiaiosing 145y (capacity vs load report), TBMRIITIUHUNIHEALLTRY

1
= =

159911 (shop floor planning report) HagswNUABIRUNMTBBNMFIHAR LazfdaRiIrYdUY (exceptions)

Aggregations

disaggregation Inventary
system . irantaction
dala

BOM ang
“routing
files

Inventory stajus
files. Raw maierials,
Wo_rk-in-prugress
Finished products

Master production
schedule file
(what and when)

Geoss and net
requirernents
feport

Gross and net
requirements
file

Production
. Capacily
file

: MRP 17 |+

fnlemtfiv:iy ! O

cvaluate loading k)

scemarios 4 TR [
Whatpans |, 16 producs,

when and where

Shop floor Production
planning orders and
report exception

repont

Figure 5.3 Typical structure of commercial MRP — based planning system.

MRP I 191 lngo1fedoyain MRP I fip $1491AWA8IN5590 nazaudesnsgns, Jeya
vin Iafisuisnnuaunsalumsndnideditedinmsndalugsesmandadiming (arget production
phase) Iﬂﬂ‘ﬁ?‘lﬂ capacity file wldsumsysu {(update) Gl‘H’%J“V!ﬂ"‘] Flailay capacity change module 131
annsomuIun Inanluudazdlarived work center 199 lulsanu Taeerfoaisrnawaaluse
ITUATINABINITTINUALANABINGANT (gross and net requirements reports) ForoloziSonduq 11
requirements reports, 3NAUANIAWIATIU Lm:ﬂ'??uﬂﬂu‘luﬂﬁwﬁﬂﬁﬂgﬂu routing file 1131 5.4 ieraan
WSvufsuanuansalumsndavesniienunds (Lathe tuming department) nwifhuniaile
pUMUNIAEMIY capacity planning (36091 Capacity vs load report Fufhumadniainisduinm Inan

as ] =] o ar | a 1 I ar o
fana1y sz 1 Tunsddand (@Ued 2 1ag 4) i lnaadinhanuemisalumsnda uazuisdden
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gﬂﬁ 5.4 Capacity VS load report, Lathe department

Tnamzqeniifidanisndaiided Faif 3, 5, 6 uaz 7) nvasBudl 1819081 18N AT
wiefdiminaavesmivaunda lifissmedmiunsrdaauusuiiinma amudosrsruyiaiiiya
Ussasfiodsdayaauouliihoiamsnda (Production Management) n31udenamndiulyllil&lums
fiRvesnumsnan (infeasivility) Fsorwiiiithousmsiumsssislandianils wisnawsinsau
4 191 MU niedadedamin Tssnumeuen U Tnaadufimusids vieuSuuny
nswaandn (Mps) Inil Tasmsueneenes (order splitting) HaznszvioTvanlmi Ingulizasdvessia
AUMINHUMEINIHEN (capacity planning report) i rﬁamwmmsﬂu"lﬂ"lﬁ'lumaﬂﬁﬂ’muudaz
Flanrinaoar14981994n152194KY (planning horizon) waznan Nk 1955 n15A 19 aaeavufinlsana
naznufinzfatudessdnglassaudy Tuigaee lRunumsrdafidlly 181umal§oR (easible plan)
aszuuns el 18usumsmi anlndinldaeufiuaodliuusamunsndn deluiadode i
wnaNDImdnmsnineg VOINTLUIUNITE

Tsunsu MRP fi5waluFawaiind Taoialsnes 1 shop floor planning report 1988 316911

14

Il a = dy as U at & o ~
HezuaasmstiauluswazBoavuiulsnu @weinluaisg 5.13) Jagilszasandnveasisausiia

¥
agA 4

' ¥ 1 Il
iffa iwenugumstuiAuIsaa (shop floor supervision): lasmsuaasuiivaioiisegimiog
¥ 1 1 ]

NAAUARZ YUY ST ITURTMUALETY (due dates) Va3avaniy e lf mansaiusuna ldndmuald

& o ) : g o H v o w
Tu requirement reports IFAILANMIHIIU (supervisor) Hiru Isenmazerdoronuillumsiaddums

' v

Msnvesryeay TnsRosaadsnai Munsiioueeazau waemvuad uni e gra iy
Table 5-13 SHOP FLOOR PLANNING REPORT

Cost center: 963, machine shop
Machine: 41, lathe, engine (18 to 34 in)

Part No. Operation Hours Production Due Date
622496-4 Turn 2-in round stock 6 100
5
738242-5 Recess shaft — 12 102
8
n
L 733921-4 Bore ID 2 10 103
4
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& H r
uannINgIsyiaiings dnihswaniiSendy exceptions reports MNBT TwTRnTA IR,
T Q = T ) A = @ r - 1
T msszduiumsetnlashamiiadiutimiua Gobs) Tathe iy veenuidanmuaidlunmaega
o o 9 ' o c? r A o 3 a o y
Sulludnase (expedite) Wiudumsldlugudimunegluszdugaiulyl @uavszavdon) nieeendd,

LABAVINAR (de - expedite) TUUN AIUADAATTUIU work — in — process Wudu

4.8 9N Capacity Requirements Planning (CRP) lu MRP 11
ar = =] a P @ ' 4
Yy mdnvesmsnuwumndalulswmiie mymhihfeanuausaiuiznihuaieads -
d‘i.wt:iyﬁcua ﬂﬂ'o t ¥ o g ¥w w o g sy d ;,”
wieadnsi lyndadudiuaundaiidimuadiderda iituruiudmuaud s (due dates) Sapniidhy
Tgvifenn s 1zmInuwumnanszezdy ingeallo — 1n3899n5 HAZH1UIULTIUAIR
v o @ o ar = . R = & e g i
atelsiat TumsdaMaamsmnad (capacity allocation) Iaunsowds ladufus MUAIaT
[fAnInN1508nMFIHaR (order releases) AMATZUIUMIVDI MRP WU frnausumissdaiaunsofiee
o o o o k' @ a_ @ A = ] o 3 2 as o
aguaA s unidinnedesduiidanisanuamise lunsndaveanttonda lamilouny  duals
¥ ] 3 ] ]
wma1s 1aun: MIN OT, MSAUNTHINTY (extra shift), FarRuanmeusn, fSuaauaulssunionns
T (reassign) JunsdiAnuauansehnuldanaioniedns wavmie usneenmef ludaidiui
MUY
] td
nsluds wiedSunlasudulsmarl Seduilunagntlumssamsninveshednnisnia
{production management) HOWLIMAUMT Nﬁﬂf}ﬂigﬂ‘l (infeasible plan) A1oTM13 vedeefndule MRP IT
= ¥ Y a = o k4 1 z
Fufvareliviuilapn sasdszdivanmmwnsame 3 smanidym muiy
o w - . . Yast o o v o o
MIINUNUMIEINITHAA (capacity planning) 13 TA MMM anaRdsely llfumsinm
saznmfinasuivauzniamionds dmivoowesimaiszgndanda (projected order reteasee)
¥ -
My SadwumsnaRa i uanawd nas e semeSma Ny
Timaiian ¥ lunmsiasduosinesnanag 2 75 fio backward scheduling 182 forward scheduting
® Backward scheduling:
nuviesamesashgninnanliedluglvesszaznalumeinusgniaiEoe (sequencing)
WhginTesinsnieguiniandn (work center) Tasiuvintusmuanduadwnduamuraiiniegdu lu
g .
gﬂ 5.5 (a) LAY backward scheduling 41U (job) agnilalszneude 3 operation (OP1, OP2 gz OP3)
' &4 o A o Y 1A o 1w & d\l ¥
Aunseadns 3 1wfed szmiuldn wen litunudwaiuil (current date or proposed start date) 0116
' ER . . ;
IN3123 slack time BYVIUIUNU mu’!ugﬂ 5.5(b) 111 backward scheduling 9939974 4 operations Fauan
‘ . ¥ .
anangl (@) fs Junathgiuldiuduiuiinossuduamannuds mseasiviaiwenlinswn

¥
utisabun Tuesadinimruaudae (due date)
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oP? of2 Pl 2 or4
é@'
. Dece
Ddﬂﬂ@, }nm Folatle o Aate
Prvfmu( skt dali

;5,1] 5.5 Backward scheduling of jobs

® Forward scheduling:
fo madaddnaulfined vneawd wwduauninuiuaudhigafidh g cearliest
M ow ot P 3 oS o e Y 1 - Y @ o W@ =
start date) (3o iulafunieiiden il iusudunulungquaessnuwainy nuinedaddumsnaa)
d Y ' == 2 e . @ A 4 o
INIUE 8 117 due date AiAMuANIUARBUDN due date HABD 3 stock time WuABOMIATIR MU

y . = 1 al - ] a 3
UADTHUAIUIEAY due date %UIBDY slack time TAuiluay fo Wanrwardlumswia (delay) 317 5.6

Ioﬂ oFP2. oP3 te— s/ack
;ﬂx—u Aaly

Cuppat clale
propodd i Yy

(@) Sebedscle aily, Arrek
opi oPL  ©oP3 P4 i :
7

2

Coeprent dale or Pece Aaly
propevel start dale

(o) Salestute coé‘é’x’_o&&ay

Haa forward scheduling

51 5.6 forward scheduling of jobs
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' [l
nalumsduiuugias operation Vuagiuviavesieniiaznda lugl 5.5 uay 5.6 159901 udqe

operation HUIATBATRTIATOSRY AUT1TIATETNT 2 inTaadmTy OP 4 wrewisashiom Idfunm (g,

date) ﬁgﬂ 5.7

OPA

el &r3 T M2 X
WM'MM&IM?HM//&EIW K3
&),

ofl ofl
i B I A A WA

@)

OF

1157

¢voena: Table 5-14 lists the two parts y and B (part numbers P-102 and P-104) for which order

releases have been planned, and their planned release and due dates for the first 4 weeks have
been determined as part of the gross and net requirements report.

Table 5-14: Net Requirements and Planned Releases for o and B

P-102 (y) P-104 (B)
Week Due Release Due
1 2000
2
3 300 2000
4 575

Relevant information for preparing schedules and capacity reports is given in the following files:
1. The PART file identifies each part by a unique part number. It also contains the part process
plan specified as part routing and sequencing information shown by the work center
identification numbers to which the port will be routed and the setup and machining times
required for the part in each work center.
2. The WORK CENTER file identifies work centers and weekly capacities specified in hours.
The file contains normal capacity (one shift) and maximum capacity (two shifts) hours of

operation.

From the above information it is required to develop a backward schedule for the two
parts y and P planned order releases. Assume one day of move time between operations

Part description

PART file: ‘i —
. - SU-TIME M/C Time
Part - id DESC ROUTING/SEQ _ (min) per Batch {min) per unit

P-102 ¥ WC1 120 3.0
wC2 90 5.0
wC4 30 2.0
P-103 o WC3 120 3.0
WC4 30 1.0
P-104 B wC2 120 1.8

WC4 30 0.2 ]
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WORK CENTER file:

WC-id WC-NAME NORM-CAP MAX-CAP
WClI Turn lathe 40 (hr) 80 (hr)
WwC2 Mill 40 80
WwC3 Drill 40 80
WC4 Inspect 40 80

Solution;

auy@dniiem 8 4 Tusdedu uag 5 Tudediard

Batch wC Setup + machine time

300y WCl1 1020 (min) = 0.425 (week)
wC2 1590 = 0.6625
WC4 630 = 0.2625

20003 WC2 3720 = 1.5500
WC4 430 = 0.1792

575y wCl1 1845 (min) = 0.7688 (week)
wC2 2965 = 1.2354
WC4 1180 = 0.4917

71 5.8 uerAIEIAUNITHANULL backward scheduling U84UAAY batch. (MOVE = 0.2 week)

we2

Ve
2N

X

| feely | ek | Wak3, LleZs

*

fega: From the schedules shown in fig. 5-8, compute the capacity requirements for
WC2 (milling) over weeks 1 through-3 using time buckets of 1 week.

Solution
vingdl 5.8 15idesduduIugI Tuelumsiiay (machining) YedAaE work center TunAnz

as £ as o 4 ﬁ; ot 1 ' a:' 3 a o o
'ff‘].]ﬂ'l“r‘?’ WQ#T’EN’e]'lﬂf]ﬂ'liﬂ'm?iuﬁlui'lﬂﬂmﬂﬂﬂLﬂﬂ’]ﬂ‘l]ﬂ'liu'lﬂlﬁ’éuﬂlﬂﬂl'llﬁ'mﬂ']‘ijlﬁﬂ’m‘l_l 2 ddarvives

{ o & ° Voo
batch ﬁﬂaﬂ GINNa%1ﬂﬂ15ﬂ1u’lmi}ﬂﬂmm‘i1ﬂ
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WEEK 1:

Batch WCl1 WwWC2 WC4 Move
300y 1020 300 - 480
2000 8 - 2230 - -
575y 1845 - - 305
Total 2865 2530 - 785
WEEK 2:
Batch WC1 wC2 WC4 Move
300y - 1290 630 480
2000 B - 1490 430 480
575y - 2225 - 175
Total - 5005 1060 1135
WEEK 3:
Batch WCl1 wWC2 WC4 Move
300y - - - -
2000 B - - - -
575y - 740 1180 480
Total - 740 1180 480

alaeunnunidiug Ined iy wez
1

Week 1: = 2530x— = 42hrs
30

Week2 = 5005x— = 83hrs
30
1

Week3: = 740x— = 12hrs
60

uani liwien load profile (M3aiFenT capacity requirements planning profile n30 capacity VS load

report) @T\‘lzﬂ 5.9

31 5.9 Capacity VS load 493 WC2
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pngUil s daia 1 uay 2 § wez Thdamswaaline daudlania 3 Tnaatesniiiga
¥
mswHan asalifhoianssdnazasudumsnues Taedaduihmsezudigmiddinsuaaeiiels wu
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21971 OT Tuduaia 1 uazii 2 nzluddayia 2 nioewieiidduuen 139918 H3a919INAaDIM

, Y Aa 1
forward scheduling 4@IgHANTTNUNUAD due date 1oz Inaah WC2

Ed
auyan maufilgmlunsdifide 19 wez W 2 nz Tu 2 dlanfusn udmaneald forward

=1

scheduling Fawaiife 31 5.10

' Vo s
% Wt .f bl stees
_r 215505 A e et
i Wc2 [N . ’
o TSP | st
eerp Ii

Yogrs WC2 124§
- ue Voz 2-
© ! s | 14 St

s I i YR —
o SR T N
L a¥k [pqpes WL ol

i c o3
| .

gil 5.10 Forward scheduling with 2 shifts working for WC2

. Load i We2 Iudawidi 1 = [0.6625+1.5500 + (1—0.9683) x 2] x 40
90.996 2114
1.5865-0.9688)x 2 x40
1.2354x 40
49.416 27w
sz lanludaenyiusn wez ﬁ'qmﬁ’mm‘snmﬁmumnﬂfhﬁﬁaﬂ (80 $2 1w Taomsiiain 2 )
Conudaddd = 90,996 -80
— 10996 $alua
= 0.2749 dland
wiei2nz = 0.2749
= 0.13745 dani

Fafu S niswdy schedule Tugll 5.10 (@ linwvnileduszez 015 aansanlnaaly

[ u’t:;
yazdilain 2

Slaniusnld = 0.15x40x2 =12 wiiw  vazdodufmiuinasn wez Tuddanif 2 do ud
Qs ol = = n'a 1 3 @ ar Yt 3 d‘ - dsi‘ =
Flawa 2 we i1 lvaafiog 49.416 F2Tuaviniu FiauisosuTvealaon msizasiiu 0.95 MWLUUI

Tifhiilgm (g 5.1
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> wel % Yl § sieet ]
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31 5.11 Rightward shift £300°Y

1 é 1 y
MRP I 411150319 load profiles Yaswun1udon lumsudilymiain dagaefumuldunlududl
1) ¥
et lsimy MRp ildsusewanalin uauniswdafifadurzdiu’y 1Aiaue ondretauay
3 ]
mandaalugy 5.1 Tuddamiusn wel deafuammiann 300 Y uazan 575 Y wiouq fu Failulallild
9/ - A Qs di = & V 3 - ] A (=1 9 =2 o 3/ ar
i1 wcl fimdeadnanieudien snlanunilzdessesunihaudiegluniouaiudaeild msda
¥ oo 1A oA 9 o an ra 4 & Yo ar a
phatuauil Tuuwumssaaidiull1dTunal §ide bidadu msgaziu wunslimdsmnda
(capacity plan) fifa¥uain MRP WilafvdsziunesldunumsndafidhlIdlumalfiGeneh) §
14 MRP wzdesfivisanSuuduesauniiez ldunui hifidedandalumalfiid faz1ii 5.12 uaeams

Armuausumsraafiilu il 18 lumal §a

Froposes BEreldt Enad

WeY |30v | 575
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wcz. -_:E:M? Y [x 21
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| Lled] | etz | b3

gﬂ 5.12 Feasible schedule for 3 job on three work centers
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4.9 mmémmmaﬂ%’u MRP lidl (Replanning Frequency in MRP)

iifold MRP luszoznils sxdeafimau$y MRP Tml sz lumad§iRe3eens liinseiuflifini
Tuurumssaane MRP nieya 188notenileyi mszRanunlfoundas lnneeududu MRP 1y
due date lFounlas, Snnudwsgndmlfoundas w18 Mps Wavualasdae, Suamndahildaw
fifmuna, wiesinsdades, lead time Wlvuitas Aundaril¥imdonl?n MRP dwsumausiin
Lﬁ"a“lﬁmmzﬁuﬁ'ummﬂ%‘ﬂuuﬂmﬁnﬁﬂﬁuiuﬂﬂﬁ;ﬁu

M5USU MRP (w309230n11 Mi1aumuIng - replanning A1) fionshiueg 2 38 As 33
regeneration 11833% net change TiuInluITadaumumsnan IniimunsumIria@y Tas MRP a2
faunmdesms ududaumen wazFutmuauduassninuanudoyagalud @038 net change
szfmnnnaziuiravewzludnfnndeunsinmaminh Wy Sfemsiodudu
15£N01 (engineering change) N925UR MWL BOM uasﬂ%’ﬁ?mhu%m FiRmdosiusuiifanisndo
wlaanimiy

iwiuldFadnee 143505y Mre wuladuagiuanimnn - fes vesnrunBnunlas defouiy
AouTLTL MRP afirou uenvIniiu m3U$a MRP Vouye et I MIHEAT AT NI ATEUIUMS
waaiansnldeuntatetnaiiaveuazdaiomunudoms uazeeimosusagnfin (order priorities)
MiRnduluilagty undnnadfuvesiuly Pamefiaduivesmefigadindasenluda (open
orders) LAZBYIENINNTA Faazdecimsdmuaununissialiiuesmedmariibmi Fudvnauaseld
sluns 1 MRP

1nMsUfianueTwaznnnsnaaewudl A1y MRP vaes $wauasadiezgs arlddion
ARy uazvIneavesmsd1s1ams1H MRP wuh 56.79% 150 MpS nAe FaH uag 16.37% 15

Mps yadu Taovia TUg1d MrP TnezalSugne dlawt



PROBLEMS

5-1. A manufacturer is producing cranes for a miniload automated storage and
retrieval system. The ¢rane assembly is shown in Fig. 5-14, and the indented
bill of materials structure is given below.

PRODUCT : STORAGE/RETRIEVAL CRANE

Level

Description " Quantity

A

Al
All
Al2

A1}
Al4
AlS
Al6

A2
A2t

A24

Crane frame assembly

Frame assembly

Cross bracing

Crane frame angles

Top plate

Bottom plate

Bearings, 1.375 outer diameter
Picking head guide

Motor assembly

Stepping motor, 750 ouncesfinch
Motor supports

Sprocket

Chain

Sprocket support

Order picking head subassembly
Bucket frame

Picking head frame angles
Chain support

Motor assembly

Moving plate

Picking lever

Spring

Rack and Pinion .
Stepping motor, 120 ounces/finch

—rd R N B et et s OO e e o B B DY o O e e B 00 e e

(a) Construct the BOM matrix. _
(b) Compute the total requirements matrx.

x
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010610

o

=)

D &
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@ blem 3-1.

Figure 5.14. Storage/retrieval crane assembly for P

P{:j-}
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{
52. Consider the following product structures:

and the {otlowing single-period end-product demand:

Demand
(renits)
Item 3 500
Itcm 4 100
Item § 100

{a) Construct the bill of materials matrix.

(b) Compute the vector of depcndcnt dcmand rcsultmg d:rcctly from end-
product demand.

{c) Compute the total requirements matnx
5-3. Coansider the following redesign for product 4 of Problem 5-2.

{2} Compute AR matrix.
{b) What is the new total requirements matrix?

5-4. Consider the following schedule of requircrnents for 2 prodiict A, togethar with
estimates of the setup cost, carrying cost. and production cost by month.

Month N, A, h, o
1 30 100 ! 34
2’ 62 100 | 4
3 12 200 ! 3
4 130 200 2 4
5 154 0 2 5
6 129 260 2 5

(a) Determine the lot sizes using the least-unit-cost method.
{(b) What is the schedule of optimal lot sizes?

5.5. A company manufactures two products, which are broken down as follows:

End products: -



Subassembiies:

[ 3)

Items have the following six-period demand schedule:

@
o ; e DEMAND BY ITEM

On-hand inventory and production lead times are as follows:

Develop the gross and net requirements report for the 6-week period. Assume

lot-for-lot lot sizing.

' Period o
hem 1 2 3 4 3 &
1 40 20 10 60 10 35
2 2 10 30 50 M 4
A
B 10
C
i
D
o 20
B
Y
On-hand Lead Time
Item Invenjory . (periads)
1 4] 1
2 40 1
A 30 1
B 100 i
C 100 1
D 100 1
o 200 1
8 300 1
v 500 1

5-6. For the situation given in Problem 5-5, assume the following production
worker requirements per item produced:

Assuming there are 1550 worker-hours available per time period, check the
overall capacity constraint against your pre

= ingly.

5-7. A manufacturer of computer printers obtains the bidirectional tractors assem-
bly from a supplier. The tractor assembly is used for moving continuous form
paper in precise forward and reverse directions. The assembly and its compo-

Worker-hours
liem Required
i 2
2 4
A 1
: § 1
(o4 2
b 2
« 3
B 1
¥ 6

nents are shown in Fig. 5-15.

The bill of materials is shown in the following table.

Level

Description Quantity

A

oW

Al
A2
Al
A4
AS

Frame subassembly
Side support

Left and right tractors
Control rod

Center guide

Turning knob

Paper net

Rear tractor cover

— o o o b B -

duction plan and modify it accord-
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Figure 5.15. Bidirectional tractors assembly and components.

(a) Construct the bill of materials matrix.

{b) Compute the total requirements matrix.

(c) Assume that the supplicr has obtained the following demand estimates and
cost. Determine the aptimal lot sizes such that the production and inven-
tory costs are minimized.

Monh N: A, h, C,
1 50 150 2 20
2 107 150 2 pr)
3 35 190 1 25
4 220 210 2 22
5 3% 25¢ 2 b
& 100 200 2 20

5~3. A producer of barbecue grills, shown in Fig. 5-16, wishes to determine the
production schedule during the spring and summer months. Each grill consists
of three subassemblies as shown in the following table.

A A3 Al
AZ Level Description Quantity

A Grill subassembly 1
B2 Al Cover 1
: ] \ % A2 Cover hinge 2
» LR RSN Al Cooking grill 1
N A4 Tub !
Bl * A5  Bolts 4
Q B Frame subassembly 1
Bl Legs 4
| . B2 Wood slats 4
- T T T T B3 Bauttam shelf 1
C Wheel subassembly 1
2 o) Cl  Wheels 4
2 End caps 4

C3 Axles
D -

Figure 5.18. Grill assembiy and components,



(a) Construct the bill of materials matrix.

(b) Compute the total requirements matrix.

() Given the following demand estimates, lead times (periods). and on-hapd
inventory, determine the gross and net requirements report for § months.

On-hand  Le
Item Mar, Apr. May June July  Aug. Units Ti:f:‘: g On-hand o
Barbecue grill 200 300 300 500 - 400 250 %0 ; f:’;n Inue:;a!? MEL
2 1
A2 2 1
’ A3 100 1
5-9. The barbecue grill in Problem 5-8 is being redesigned to reduce the number of Ad 50 !
components, Assume that the number of wheels is reduced to two and the AS 120 1
number of the cover hinges to one. . Bl - 20 2
(a) Compute the AR matrix. B2 105 1
(%) What is the new total requirements matrix? Ié:: ;‘:g ;
5-10. The fqllorving is the volume in cubic fect that each component of the grill « 105 1
occupies in the warchouse. C3 210 2
Given that the maximum available space in the warehouse is 2500 cubic feet, Item Volume (fi')
develop the gross and net requirements report for the 6-month period taking Al 5
the space availability into consideration. What would the new requirements be A2 0.5
when the available space is increased by H%? ﬁ Lo
5-11. Figure 5-17 shows the main components of a ferce-torque sensor. The system AS (3)‘2
measures and classifies forces during the assembly of parts. In other words, the Bl 3:5
sensor is used to determine if parts are assembled satisfactorily. B2 20
B3 i.8
C1 Q.23
c2 0.25
C3 0.8
Level Description Quantity
A Top cover subassembly 1
Al Cover plate !
A2 Reflectors 8
Elastomer ring l
C Reflector post !
D Bottom cover subassembly I
m Bottom plate ’ !
D2 Transducers 8

(a) Construct the bill of materials matrix.

(b) Compute the total requirements matrix,

(¢) Assume that the supplier has obtained the following demand estimates and
cost. Determine the optimal lot sizes such that the production and inves
tory costs are minimized.

Month N, ) A, hl CJ

! 60 250 3 20
2 207 450 3 22
3 715 195 2 45
4 250 219 2 42
5 360 270 4 28
6 150 300 2 27

Figure 5.17. Force-torque sensor.
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5-12. A company manufactures several products. One of the products has the fol-
lowing tree structure, (The number of components required is given in paren-
theses,)

Producy

l :

C(3)

HﬂH‘lF‘l

B(3) - KD E(2) A(2) F2) G(3)

{a) What are the levei numbers for each item on the trec?

(b) Construct 2 BOM matrix for this product.

{c) After the BOM for all products was exploded into net requirements, it
resulted in the following weekly requirements for item D: -

REQUIREMENTS FOR FTEM D

Week 1 2 3 4 5 6
Demand 50 60 10 40

it cdsts $100 to set up to produce a batch of item D and the holding costis
$1.00 per unit per week, what is the optimal production schedule for com-
ponent D? Variable unit production cost is constant.

5-13. As a production planaer in the XYZ company, you were asked to provide a
feasible capacity plan for the production of the three parts y, «, and 8 over the
planning horizon of 4 weeks. The corresponding part numbers are P-102, P-
103, and P-104. The nct requirements and planned releases for a planning
horizon are as follows:

P-102 P-103 . P-104
Week Rel. Due Rel. Due  Rel Due
I 300 500 2000
2 575 200
3 300 500 2000
4 575 200

Part routing and process plan and work center capacity information are similar
to those given in Example 358®. Produce a capacity versus load report for each
of the four work centers using the forward and backward scheduling tech-
niques.

5-14. In Problem 5-13, the capacities of the work centers were limited to the normal
capacity (one shift), and any extra work can be subcontracted at the followmg
rates- per unit regandless of the product:

wcl we2 WC3 WwC4
$3 39 55 52

That is, it cost $900 to subcontract for 100 units of any of the products to
perform processes normally performed in WC2. Determine a feasible capacny
plan. Evaluate, for comparison reasons, the capac:ty plans obtained in Prob-
lem 5-13.
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MINWHHMAINIINER (Capacity Planning)

ot (3

MITRUAUAIEINIIHAS (capacity planning) Mede MIMmsEAvveIndImIniandoans

o [y = dlu o_ 1 = [l = = @ o @ a e t @
AINITUMITHARA NI NN UR mﬂm"lﬂ“hhﬂaﬂumaunummmﬁwawmg wazINUAUYS TSy

o_ % = kY ! ] a 3/ w oo oA =
masmanaa livnean wisdsumamssialimmneiuhdinisnaniileg

3 |

dmaianuadamanivawesnfigninnlddmsunmsnaunuiidamsndn wu mMs1¥ linear
. 1 a e W Qi o @ a  w nd‘a d?’ ] Yo o
programming 1 lun 1 AIn 1435 naasslSuunumssamdanisadafismuadum sundnz1amsy

1 -
NIHAANAIAINUUAUNITHEAAINATTN (iterative planning procedure) E‘IJ 1 HAAITUADUYDINITHIA WMDY

wednTuTamiaanmsean

I a o _ w =

inureTadidsnisninaguaiy

1 g (Y A o oo s/
E}tl’N“U‘L!’E]Qﬂﬂﬂiiﬂ?‘ﬁﬂ'ﬁﬂﬂﬂ%’llﬂﬂ?‘lji‘)\?
] o
wu Auifu continuous production o104
wuruiamdamsndadnihividnnse

USuesvomande vy Wudu wdo

upaaoudaniona) niadlumsnan

v . v
WUY repetitive production o114y

NUIUBUVBIRARBARBVUIBLIAN
g I} =} A
L‘ﬁuﬂu ﬂﬁ@iuﬂimﬁ]ﬂiﬂ’liwﬁﬂuﬂﬂ

. . % -y =3 s o
intermittent production FIHAANTAN UN

a 9 Ci=) ar ) 1
ﬂle‘]f‘Llﬂﬂ’JElQﬂﬂimLﬂﬂ’Jﬂu HIDUUWY

AU HuleveIMdInIsHAaN

51

= [T Y | =&
Hou14¥nufe standard hours %4
Stand hours UDANAKNAN (output} = (ﬁ’m’mf«lawaﬂ) X {standard time/unit)

3 1
Standard hours maawawaﬂﬁuagﬁu % utilization 40% % efficiency UBIWUWIU N1

% Utilization = -No-of hours worked o

No. of hours avilable

uaz

No. of standard horsprodced y
No. of hours worked

100

% Efficiency =

e 3 - -~ 1 1 1 o a Qs A
ﬂ’.!'élil'"l\‘i: VIFATUIUHIMNMAINTHARUVDIHUIYANY “lu‘nmﬂ man hours A9 1TV work center YN

#991197U 3 ng, 8 ¥1 Tusrony, HAUU 12 AU, utilization = 85% UaY efficiency = 120%,
capacity =3 x 8 x 12 x 0.85 x 1.20 = 393.8 standard hours/day
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LAUTHYBWAUNBINITHAN (Hierarchy of capacity plans):
3
UHHMAINIHAATINAIIS AU TUIFUIRBINUUAUAITHEA (production plans) 143l 2 uaasany
ar o d 1 o o o0 s =y a ] [ t o ot o
FUAUTTEHITNUHHEMBINTTHRANUVUAUNTITNARATSADA T ﬁ']ujﬁ_' 3 WA M ISUTVOULHUNRINTIIHER

{planning horizon) wazaNune ey (degree of detail) YDIADSLINY

Bodueation | _ Resorisee
[plan. [T 7 plm |

Masler R,-u?gw
roductin
_f;m o

31' 2 Hierarchy of capacity plans

Resource Plan: A MUANSWEINITMIU production plan i planning horizon ﬂnﬁq ALY AL production
plan 11 91811121889 5 T 19 time bucket Hudouniolasia, numnuwunnideunienn lasue
o = 1 I} 1 = o S A o tﬁy
FHuunufidinsHaaveaasurunIIU (department) ¥30UnuAaz 15991y, Siagiszasnmeduiug
o, <@ o o o = ] ng L3 = ] =) =
dmsumsdeundasiidemsndaluszozen wu weelssaw, degilnsaimsndalvy wienlaou

wlasvnansaanu dludu
Planniy
[ |
1113"' Lo l
A’Mj;. + K"’% - et @
mediewm

Lapacily ptm
1 k’egzu.mm

PMW a»rkemza,.
Degree A Aetail

1

51 3 Wesvezumuhdimsnaauazeazidon
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Rough - cut capacity plan: ¥ muamidsmsnaad1viy MPS ¥3901aunua19iu 1-3 3, time bucket
dudadd, numuyadlaninfenmfion miidimswda (mSeiSeni1inan) eweglugilves man
hours 1139 machine hours YOIAALHUIVNAN (work center)

9110 MPS VoL A9 end items FaiTu rough-cut capacity plan 99R9150i 1R
dmvosFudifindadie udey liimstueriwaunandaninds wionanaatedndsluszninaniswia
il lumssnon nantleson Mps hildsmesudnnlsznoudes (components) Haan e In
rough-cut capacity plan (RCCP) fanafinnudanaang d1ulng) RCCP axgnlddwmiudiunuimnluns
YFuiasmsuanluszeenaly (medium range capacity planning) 1% éam?m%’mmmgm wiasadhasiy

q’z’ ) & o ] o
I viohwusudumiamsiiauvesaununiolu Ty

Capacity Requirements Plan (CRP): 1¥diusunihdamsndamn MRP s9maumulszuns 1 1, time
bucket 1iludilard, YsumnddaifuSenmaon Tnaadmilu man hours 38 machine hours YowATE
work center -

Y Ed
crP 14 MRP 1ily input ms1zasiu JsfinsandedmaunandnnindivesFudiuesnlsznen

1 = o dyu - a [y 4 o = ] o & -
#7199 NOIVOY UBNTINUENNIITU AN IRVIBIAD TN ITNUINHIZ TIHOA lmgﬂﬂlﬂﬂiﬂﬂﬁlﬂﬂ'lﬁﬁwﬁﬁnlﬂ

&

3 v @ a8 ' 9 o Jd 42 & e 4 '
w&y 97 Fanan1dn CRP mwsoazieu AU LI setup uazvurnve Ivanfitiniu luusas
Flamivasudazruienia (work center)

¥ 9 a 4 4 @ 3 A = 1 R g 3/
CRP Aosldimasufiumeiing uazdeofedayadug 8n i routing Haz sawainosn hiudy

CrP ISdmsumumuidanisnanseos sy

¥

mARA§ MUY Capacity Plan: fimadlneg 4 sgrehilondmsunwmuhdimssda madadnan1a
3

¥n (Seamnudidvvessivazidea s1ndeelUuin) @il capacity planning factors (CPE), Bill of capacity
(COC), Time-phased bill of capacity (TPBC) 1oz Capacity requirements planning (CRP)

3 9619u5nT1FAY resource planning #39 RCCP: Capacity planning factor ‘1%'%@%1\11]':@{*1‘)14
ﬁuym AT 19 F M5 resource planning; Bill of capacity 149% Time-phased bill of capacity planning 1%
¥

Qo

1 »
foyanorfumsndaduimisndadusiudazaiia dniufelddmit Recp udansaldiy resource

. ¥ o1 ¥ ! R . . . o
planning Taeruiu d11dvmiqeves Tnaatlumiiss (aggregate units); capacity requirements planning %

¥ ¥
MRP Lﬂu‘{l’ﬂﬂ\lﬁiuﬂ’l5‘31\1!1H14ﬁ’]5\1ﬂ15ﬂﬁ9] ﬂ\?‘uuﬁﬂ%ﬁﬁ‘ﬂiﬂﬁ'l CRP (MU

U
Y

® (Capacity planning factors (CPF):

¥

CPF #ip factor MIFIumsniasumisueinanda (oupud) Wiumibuseminmnshidesldlu

¢ o

minAR; CPF uanaennisaunssidumi ldnndeyaimfidiumn lulanmnonmsinsiziniwens

4 w A v [ = Qs o
fiaelFd T UNER0RTNo VAR g 1NVDINDAN DN lAUATS
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Medhe: Tudied1iild cpF 1aumuns 1S WoNs (resource plan) A1 standard man hours §1HSUNS

nanlulasurie lduesanonsudaniis 93 2 upunnan

%ﬂgﬂﬁWﬁ%ﬂJ’JNuNu resource plan A28 CPF

$1U7U standard hours 1 19wan T lnsuanou = 840

o = 4=:. a L ]
Sumanaainaa lalu lasuianey = 120

: & ' =t 1 ' = 840
Nndeyaiaans mmMIsaf IR UREoY8S standard hours Aonenan'ld = 20" 7.00

fayadmiums [ununndalunmsnia

Standard man
Department Hours produced last % of standard
quarter man hours
1 305.0 36.3
2 535.0 63.7
Total 840.0 100.0%

o
apuilaus 11l Mps gy lasudae 11fe

Production plan for next quarter

Month Jan Feb March  Total
Units 40 48 50 138

Aedrlunsd e i Tvaa

VBWRUNGIY 1 S mTuiAeu

v ung1nu w1 ldnn

o =

H45181UNTON resource plan ladadl

=400 x7 x 0.363 = 101.64

Dept. Jan Feb March Total
1 101.64 121.93 127.05 350.66
2 178.36 214.03 222.95 615.34
Total 280.00 336.00 350.00 966.00

CPF Yod1in fio -

154 =y Y ar g I l = ] 9
1 lifimsHesan lead time Tumswin duiiu Inanvewdazidousaligndas

=] = o ] a0 L4 q’; c'. 1 o,
2, ullliJﬂ'Ii‘W'il'lim1@ﬂﬂﬂ53ﬂﬂﬂﬂﬂﬂﬂjﬂﬁﬂaﬂﬂm‘ﬂ !Wi'lgﬂzuuiﬂaﬂsﬂﬂ'lﬂ'ﬂﬂﬂﬂ

) = v v A - [~ = ] 1 o ] dy
3. ﬂ“ﬂﬁﬂﬂ]ﬂﬁiﬂﬂﬂﬁaﬁl‘nﬂ’ﬂr‘*ﬂﬂ Lﬂu‘u@ﬂﬂﬂﬂ llﬂﬂu'lﬂﬂa'ﬁ]lrlNiﬂuLTuu

° - ot A e g an Y - v gt 1
4, mmuwawa@ﬂu"lmmﬁﬂmum 'El'l'i]lﬁ]']‘u3uNﬁNﬁﬂﬂ1‘ﬁ1uﬂ131ﬂUiﬂ'lﬁﬁ"JﬂJ@gﬂ’Jﬂ (L‘h’u 181

T utiuesndnlunsseutings Dudu)

Hufe Snumisuesrandadmiulduiomsezudlsamusumieiidewmanlulasuiaas 14

= ' o
4 lesuausly
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® Bill of capacity (BOC): Bill of capacity ¥iuti1iuenfidsmsnaaifesmsdmiundananaa 1 vy

0 1 Y - a0 a o o o w4 o oA -
AADHT: INATDE TR ﬁ'llij‘ﬂﬁﬂ‘lﬂﬂﬂ'ﬂ ﬁ'lﬁl\i'!uﬂaﬂﬂigﬂ@‘ﬂﬂ')ﬂWﬁﬂﬂmm 2 3uf Ao U Uaz V 49y

3 '
paAsEnauMIY product structure 914872 uazll routing ANNATINT 10.2

Product structure

Table 10.2 Routing data
Work center | Run time/unit Setup Average
Item | Op.No. | Dept. No. No. (Standard hour) | (standard hours) | lot size
U 10 | 15 1.60 2.00 4
\% 10 1 15 2.40 3.00 6
Y 10 2 35 1.20 1.00 20
20 2 40 0.40 0.50 20
X 10 2 35 1.10 2.10 8
20 2 40 0.60 0.60 8
Y 10 2 35 0.50 1.40 6
20 2 40 2.10 0.50 6 |

158N DA standard hours/unit YBIUAAL item NUARE work center AR

-4

Table 7 : standard Tewe Lourd feesnid
[tem Dept. Work center | Standard hour/unit
[ 24 1 15 2.1
v 1 15 2.9
W 2 35 1.25
2 40 0.425
X 2 35 1.363
2 49 0.675
Y 2 35 0.733
2 40 2.183

&30

ABEIMITAIUIN: 0.425

(0.4 tun time) +
( 0.5setup

_SCWD | .425
\20 lot sme} j

' ¥ ¥
o 6 = ot r ] = ] o ar
LazANAs oA AN AN 1T NART ST Tuaus s uRe i onanaands 14 luimas work center IRl
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Bill of capacity (BOC)
Dept. Product U Standard labour
work center hours/unit
15 2.100 —> 271 table 3
2 35 2,613 - 125+ 1.363=2.163
40 1.100 - 0.425+0.675=1.100
Dept. Product ¥ Standard labowr
work center hours/unit
1 15 2.900 - 2.9 9n table 3
2 35 1.983 - 1.25+0.733 = 1.983
40 2.608 - 0.425 +2.183 = 2.608

Aedere lszuansisms 14 Boc Tumsnaumuiidansnge
9 ] ¥
A0e18: A10U19HUaAINS 19 bill of capacity M 1AvInGI9d19HLED Tumsfiutamidimsaadmiy

uAag work center A13 MPS fiffinua Tuz1l 10.7 Uaae Bill of capacity (1INFI08197HE) sazlugyl 108

UARAI MPS w03 IHAaNaaNMS U naz v

Bil of Capacity
PRCOUCT (J STANDARD LABOR
DEFT. WORK CENTER HOURS PER UNIT
1 15 2.100
2 35 25613
40 1.100
PRODUCT ¥ STANDARD LABOR
DEPT. WORK CENTER HOURS PER UNIT
1 15 2,500
35 1.083
40 2.608

_Figure 10-7 Bill of capacity.

Masigr Production Scheduls
WEEK T 2 3 4 5 . & 7 8 9 m 1 2 1
] 4 3 3 3 3 4 4 5 5 ] 7 7 8
v § 7 7 7 ] 8 ;] 8 5 4 3 3 2
Tatal (week} 0 w0 w 1w n 12 12 13 1o 10 1w 10 1
Total {month} 40 48 50
Tatal (quartar) 138
Flgurs 108 Naster production schadule for products L and V.
Rough-Cut Cajacity Plan {standard lshor hours)
WEEK 1 2 3 4 5 -] 7 8 9 10 n 12 13
WC 15 258 2685 288 266 295 3J18 N8 T B0 242 224 24 228
Dept. 1 258 288 268 28 205 348 38 7 [0 242 204 234 228
WG 35 24 21T 217 21,7 23r 283 283 289 230 238 242 242 249
WC 40 200 218 216 2t6 242 263 2643 264 185 170 155 55 140
Dent, 2 424 433 43 433 479 516 S51.6° 553 415 408 387 397 349
Total {waek) 682 &9 698 899 7.4 832 832 890 665 643 611 631 G1S
Total tmorith) 2778 328 :::.g
Total (quarter) ) 29.

Figure 10-9 Rough-cul capacity plan preparsd using & bl of capacily.




162

17 IUINUN rough-cut capacity plan dWMTULAGE work center Tutaazdua I InmsgasIumiig
voanAatusudazyia fusmandTuafidesldlunsninluudas work center 1dr7aMIA T I¥d My
uae work center 19U ST TusfidealFdmiunanlu work center 15 TudUAME 1 fo (4 viovaq
U X 2.1 $9Ta9) + (6 Wiawvea V X 2.9 49Tu3) = 25.8 $2Tua wheInaafl work center 35 Tudanid |
A0 (4 X 2.613) + (6 X 1.983) = 22.4 iWudu
v2ttu 1431 Bill of capacity iie@nd1 CPF A
1. #3 conversion factor WM Iaasalumsmauiiudas work center M3 zaziy Tvandi
nsza1eldiuuAag work center 39gnaeIndI
2. 1i999n conversion factor ldumInnAIL TAIATS Ms1zaziTy MsmsemsndadmuFudy
wANE MY service S9gndnent

'ﬂ ot dg 2 & A A = o L4 1 cl = g .
3. AWIFEMINATINININTWAVIINAAN NNHD1EBY T LUMINDARIY (effects of product mix)

~ = ] é
Time-Phased Bill of Capacity (TPBOC): UNWI38N77 resource load profiles e product load profiles %4
msrmasmsnaauuriiemieuiuizlyd BoC oadu time bucket fiavianwiii Inasfianinnslé
backward scheduling 91 MPS Tae14 standard lead time
] } 4
f0ea: Tun1391 Time-phased bill of capacity (TPBOC) 15192A0IHNIATURATY (elapsed time) 115
] 1 4 . v

15U (operation) u@azytia uazndvsiNenssyiPadutouRezdutiumsmay nshisee
annsadsunannasguuniiunainenld 51928040 % utilization 1aE % efficiency AMATINE
P ' ¥ A Sy qu
avuluuang work center TuA1319 10.4 aasoyaiattl nozlumii 10.5 uaaaIn1iineely (elapsed

ot o

¥
times) MUTUNARNUNHYS T UF IULABSFIA A2

Table 10-4 Work Center Data ' . o w o o 1 !
‘ BT AT MSUTIFUAIU W N work center

WORK CENTER UTILIZATION  EFFICIENCY  QUEUE TIME

o vl Y . 1.250x 20
15 090 1.40 1200 35 MUIU AN Elapsed time = ——— =
35 085 125 6.00 0.85x1.25
40 : 0.90 1.20 3000

23.53 ¥ T4

Tabie 10-§ Eiapsed Opecation Times

STANDARD AVERAGE  ELATIED
MEM WORKCENTER  HOURSUNIT  UTILIZATION  EFFICIENCY  LOT SIZE TIME

u 15 2100 050 1,30 4 7.18
v 15 2900 [+1:i] 1.30 8 14.87
w k] 1.250 085 125 20 2253
40 0.425 050 1.20 20 7.87
X 35 1383 as8s 125 8 1025
40 0675 050 1.20 8 5.00
Y s 0733 085 1.2§ 6 4.14
40 2183 090 1.20 6 1213

¥ ¥ 1] » ¥
wennniifdeamsdeyaneiudundovesimdmmiumsndude3uanssn g work center AL store

FaA2961911R15149 10.6
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3 | y ) [} 1
mﬂ“llﬂlqllasﬂﬁ'lﬁ TN A I IR

Table 10-8 Transit Times (Hours) to Work Center

FROM WORK GENTER 15 35 40 STORES HINTTUNTOITU (operation) A7 BYWI9IINYA
— ¥ 1
o 8 6 g TUYATDINANTIU ITUTBNTTBZIMNUIT lead
8 0 4
4 8 2 ¢ p time offsets W30 offset times; IUAINTI 10.7
ores :

HEA4 offset times FIMTUNINTTUAIL diolelu
Msu 31 unIenenssudIulaniseziuily
Tnanldruddanila

Tun1519 10.7 lead time 19997UA197 grusasludnymsdoundy luninuEudu (everse order)
i1 offset 7118 Ao AmanTavess s lueiann niliedousy lead time vossiunoufomizads

¥
Auauysal

Tahle 10-7 Lead-Time Offsets

LEAD TIME {HOUAS) OFFSET (HOURS)

u v u v
Transit WG 15 to stores 2.00 200 2.00 200
Operation 10 EAE: 14.87 9.18 16.87
Quaue 12.00 12.00 21.18 22.87
Transit camponents atores to WG 2.00 2.00 2318 30.87
15
Administrative and stockmicking 400 4.00 278 34.87

LEAD TIME (HOLIRS) OFFSET (HOQURS)

X ¥ W z t w
Transit WC 40 to stores 4.00 400 4.00 4.00 400 4,00
Qgperation 20 5.00 1213 147 900 16.13 t1.87
Queua 30.00 050 300 35.00 4613 41,97
Transit WC 35 10 WC 40 4.00 4.00 4.00 43.00 50.13 45,87
QOperatlon 10 1026 4.14 2353 53.28 54.27 69.40
Quevua 8.00 200 8483 e B 86.27 75.40
Transit materials stores to WG 35 200 200 2400 6126 82.27 77.40

Admiristrative and stockpicking 4.00 400 400 65.28° 6627 81.40

remnsaldmsn 107 fAFudt time bucket YeuAaZ work center $U load o l5thaRiezauas
M MPS fifvua nd1afe load M axgnimuatify tme bucket TAse WA S IR LYEY load 11y
LU operation 10 Y94 product U Ma% product V !3:1!“?.1 offset times 9.18 1A 16.87 AME 1A L'ﬁ@\ﬁl’lﬂ work
center AMeEna WY 40 FaluededUand mswzaziium oftset HaaaiSatiouni 40 uaz load vaa
operation 10 U84 product U Ua¥ product V %’qgnﬁmuﬂiﬁﬁu time bucket week 0 “'1?\? week 0 M09 week
 product Werrpadeuatvauysal

i1 offset Y0RAGUAUBENAAIHAA AB 27.18 uaz 34.87 $2 119 mnuSal week 0 FnfuFudan
Usznoumee wwdeaadaly week-1

FrsenFudIm x cffaﬁigm%;nﬁwm operation 20 71 offset 9.00 421w ua:i;m?mm operation 10

71 offset 53.26 7114 1199970 9 BHITLNTII 0-40 F91IU load 9INFUAIU x 1U work center 40 Tagnivua



164

T week-1 67U 53.26 0g5z11a 40 3 80 load 4B3 x T work center 35 Sagnfmualy week2 391010

WHPN time-pleased capacity

Rough-Cul Capacity Plan {standard abor hours)

WEEK OVERDUE 1 2 3 4 5 § 7 8 g9 10 11 iz 13
WC 15 0 258 266 266 266 295 316 318 337 250 242 234 234 228
Dept. 1 0 958 266 9266 266 295 316 316 337 250 242 234 234 226
WC 35 441 2.7 21.7 23.7 26.3 28.3 288 230 236 242 24.2 249 0_0' 0.0
WC 40 200 216 216 216 242 263 253 264 186 170 155 {58 140 00
Dept. 2 64,1 433 433 453 505 516 542 494 421 412 397 404 140 00
Total {week) 64.1 94 @08 718 774 811 828 810 758 682 €33 G638 374 2298
Tatal {month) 64,1 288.0 320.7 2539
Total {quarnter) 926.7

Flgure 10-11 Fough-sut capacity plan developad using a lime-phased bill of capacity.

. j - . : . 4
3 1l 10.11 uang rough-cut capacity plan iAo 1nms 14 time phased bill of capacity (gﬂ 10.10) tWo
Thdhlefinvesdaay auydin Mps Juldaugy 10.8 157303M13M510 load e work center 35 Tu
I'd [y
e 1 91031 1010 92118 load 489 work center HiARIN product U uaz V Afnuasn 2 e

¥ + ’
ADI INT1EREUY load Tudala1r 1 U89 work center 35 AfiD load 1184970 product U uaz v Tudilanii 3

o -

1fufie U $119u 3 i uaz v $1uau 7 miie Tasfiudasmineuss U #eems W 19 1 mide uag X
S 1 wieda w wiholdnannasgniify 1.250 2w waz x 1 wiawl¥ 1363 $2Tug waz v 1
mitedeants W 1 miw tag Y 1 i Faldnannasyuaud sy fe 1250 uaz 0733 $2Tua dadu
load 135U work center 35 @ WTUAUA 1 fiB = 3(1.250 + 1.363) + 7(1.250 + 0.733) = 21.72 $2 Tuawas
37U (standard hours)

sedanaiiulusnedefi I8 msl¥ TPBOC ¥lWiRa overdue loads §1115% work centers 35 1a
40, load maTiAIMe5 1979151 loads fgniuadeluSeudoouds

TPBOC uffluynsonvns BOC asafitingt lead times voamswansunfinsania load Wudas
work center A1t 'E!thﬂﬁﬁfr’lmgﬂﬁﬂuﬁﬁﬂﬂgﬂﬂl%ﬂhlﬂﬁﬁﬂ (1) 11i'l41i 181 on-hand inventory }l@% inprocess

inventory lAnITandae (2) Tilddmiladvinavesion (ot size) vz finads load Tuieay time bucket

Capacity Requirements Planning (CRP)

CRP 1% MRP Tunsfimua load 191U work center 13 MPS

hrd 1 B o 4:& ;:;
f9819: MRP iy W, X uaz Y uanalugy 10.12 uazgil 10.13 uaag CRP 3mangi load fidoans

dmiu MPS Tugzil 108
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Maierial Requireianty Plans

iTEM W

Ordar qusniity; 2 weaks ned raquirements Lead time: 2 weeks Safety atock: 0

WEEK 1 2 3 4 5 & 7 a g k143 1t 12 13
Greas rag.iremants w o1 18 M 1 @2 12 3 w ® w0 W
Scheduied receiply 30 e
Froecled avalable blarcs & 28 1 6 4 -5 ~¥ -3 -2 -w -7 -8 @ <02
Planned order relenses 15 o) 23 i

TEM X

Order quantity: 2 weeks net requicements  Lead lime: 2 weeks Sajety stock: 0

WEEX - t 2 2 4 5 g 7 8 9 0 11" 12 3
Gross requirements 4 3 3 3 3 4 4 5 5 8 7 7 ]
ls’rnﬂcted avaihbl:balanca W 8 3 0 -3 =8 =10 ~14 ~19 =24 --30 =17 44 =52
Flanned arder reidases 2 3 10 3 15

TEM ¥

Order quentity: lot for joi  Lead time: 2 wedky Salely stock: 0

WEEK 1 2 3 4 5 g 7 8 g o 1" 12 13
Gross requireanta 8 77 T 8 8 a L} L 4 k] 3 2
chagduleu ol 3 _ - _
gmju;t!d ::a::- palancg 15 & 11 4 -3 11 =19 =27 -~35 -40 -4 4; 50 52

Pannad arde: releagas a n a .4 8 8 L] 3 3

Figars 10-12 Matadal moquiteterts Dans for i, %, wa Y.

Capacity Requirements Plan (load in standasd iabor hours)

WEEK OVERDUE 1 2 3 4 5 6 ? 8 9 w w12 13
2, 1 WG 15

3ep 54 @68 €8 65 83 g4 84 100 100 N8 122 102 WM

v 174 198 194 198 222 222 @2 22 WL 126 W2 w2 78
Total (waek) 258 286 258 265 80 906 306 322 23/O 2 WA B4 28
Total {month}- 105.6 1224 a6
Total {guarter) 6.6

Dept. 2WC 35

wm 150 7.8 85 250 %0

x a7 109 13.1 164 186

¥ 29 54 54 854 5.4 3.9 a4 29 4:_? 2:
T Bk 308 54 46.3 54 47.1 39 448 23
rg: (r(wn:nﬂ)ﬂ ' . 821 1Mz 51.8
Tatal (quarter) 238

L 2 WG 40

3}"’ 85 101 77 a5 35

X 42 84 8.6 a4 25

¥ (T 58 173 73 17a 473 Mg 83 &8 68 a7
Tatal {weak) 19,4 176 173 28 173 36 110 258 48 248 47
Yotz {month) 9832 847 zﬁ"‘;
Total igquarter) .

Figure 10-13 Capat-ty retuirements plana for Work Candars 15, 35, and 40.-

Capacity plan 910330155 veSiaruiuntls1u load Wdamidedariunah capacity plan 71821035
AITA IR WAl Tz CRP %uagjﬁ’umsaaﬂaﬂmﬂ{mm MRP Fauaaz order aziivuiadoan
fAfuaty MRP ugTEmsroumthil ) 1amiaie

wenaINAs Nt Iusfimanisaiaw CRP sefosnidas mse CRP thdnaumnduiay
$masudniegiu process WAmml

iwenaadlfiiiuiEnsdon, MRP doanmslfoamesviin 15 viavves W eon g uiums
wAn AR 2 Fafa operation USRVBINTITI W AT work center 35 Tuduamiiusn Grnaisdilania

2) A91iu load NFUMHA 2 5 = 15 x 1.20 + 1.00 = (run time + setup time) = 19.00 standard hours
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3
o A o

U3 MIU scheduled receipt 9 HHBUDE Y a2 lATunda 2 3 lead time 2 2lant uazd operation% waork
center 40 luFUanii 2 n&snndudu mn@imnesraivllawdismue dufu Tudaid 1 e
514 work center 40 #9491 Y 1ufi load 483 work center 40 11189910 Y A8 9 x 2.10 + 0.5 = 19.4 standard
hours
2if 189 load ranatets i ludlawia 11 8 13 Wellmsizd1 MPS, aaimthidmue
gross requirements 399 MRP, wuafiduand 13 Tugasdinai lufieainessen
nanTasaqyl CrRe Sawgadeunnnit (Tasawizediiisluszozdu) CPF, BOC nie TPBOC
W351231 CRP 0151591 11J59 MRP orders, on-hand 4a¢ in-process inventories 9814'157@ 14 CRP fis

¥ 1 3 ¥
wa1n 1B uiU INS12 lead times HanaeTuA R LazaINBY (quene time) HuA N Tz RN Y

PROBLEMS

10-1 A work center works two shifts of eight hours each. There are 18 operators on each shift.
Uilizaton is 85 percent. kthdcency is 120 percent. What is the capaaty per day in standard
manhours?

10-2 A company produced 2,400 units of product last quarter and produced 1,800 standard
manhours of production. Standard hours produced by department were Department

_ A~600, Department B-—~900, and Department C—300. The production plan in units of
product for the next quarter is Aprik—700, May--800, and Junce—1,000. Use the CPF
technique to determine a resource plan showing the number of standard hours required
by department and total by month.

10-3 A company makes a product R, which requires one 2ach of two frst-level components g
and T, Routing data for these items are as follows:

WORK RUN TIME SETUP

CPERATION  DEPYT, CENTER PER UNIT TIME AVERAGE

TEM NCO NO. ©  NG."  (STANDARD HRS.)  (STANDARD HRS)  LOT SIZE
R 10 1 12 0.80 1.50 20
S 10 2 16 0.50 C.80 40
20 3 14 1.20 200 40
T 10 2 16 1.00 040 40
0 3 14 0.30 1.2 40

Develop a bill of capacity for product R.

104 The MPS for product R for the next nine wecks calls for the production of 24 units in
week 6 and 16 in week 9. Using the BOC obtained in Problem [0-3, develop an RCCP.

10-5  Refer to Problem 10-3. Assume that the average queue time at Work Centers 12 and 1455
two days and at WC 16 it is three days, Transportation between departments averages one
day. All work centers are scheduled for eight hours per day, five days pet week. Utlization
and efficiency at all wark centers are 85 and 120 percent, Tespectively. Develop a TPBOC
for product R.

10-6  Use the TPBOC developed in Problem 10-5 to obtain an RCCP for the MPS given in Prob-
lem 10-4.

10-7  Develop an MRE for iters Sand T to support the MPS given in Problem 10-4. Items S and
T have starting inventories of 8 and [2. In addition, there is an open order for 4 T sched-
uled 1o be recrived in week 2. The ordering policy for 5 and T is to order two weeks' net
requirements. Safety stock is zero. Using the MPS and MRP and routing data given in
Problems 10-3 and 10-5, develop a CRP.
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5. Job sequencing and operations scheduling
= as ad say | a X =1 3 Qd
5.1 Job sequencing: NanymzallyniAel:- Haw (ob) F11IU n 1 uAazufinaId MY setup,
nadmsudniinnszuiumslunseadtn (processing time) uazIAIIMIHUAUANASY (due) ITULEAY
2 t 4’! o d..l L=y [ - b4 .d‘l s [} = =
TuAzABIE ATt nIvAAT e Tavide wiaddunuduniesiniedie lsTezianuming au
Hgaanunuaitsziiumsiauidimua naeiasediunisyham (performance criteria) At o193y i
Vsziiuanummnzavvesnsiagdn ldun
I. Mean flow time 130 mean time in the shop HU1083 A URAsHeNmedueglunizyIuns
Han
2. Idle time U84 machine
3. Mean lateness [lateness ¥9997TH HUEH4 AIMUANANTYHNIUIATN IR Muai g
witaS ey (due date)]
. 3 P v o ¥
4. Mean earipess UDINUNINUA [ﬁwmﬂamhamwmm?wamuuﬁam%% (due date)
lateness 921TUAY 13758037 eariness U¥TU)
¥ 1
5. Mean tardiness Y89 Mvanua [01914 laruniluadsvdaiusmuanduade (due date) 923
f11 lateness (111N 153807 tardiness U]
6. Mean queue time (1781594 A0)
7. P laemas 1wy (Mean number of jobs in the system)
g ulefirudvasimanauidi® (Percentage of jobs late)
¥
aﬂ*ﬂmw%mummﬂtymmm job sequencing %ﬁgﬂﬁﬁﬂuﬂﬁﬁﬂ factor IMa1U
1. 91U jobs MBI MAUTIUAABIIRA AL
o E ar . A k'
2. $IUIUATOIINT (machine) MineTaq
3. UszanueImInan (flow shop 1138 job shop)
4. ApNaRIUEINTRT013NT S omiIondn (facility) [LULLY static M58 dynamic]
5. wnamh IS omifivumiaden (scheduling alternative) HULAN39)
§ s 1 ] o ! . | . Ay Yo o a
Factor DU sniu 4 fanumuedanueguds @14 factor 4 §171 static #IEATNAT 1 job AlWTaddy
& ¥ v ow VA w ¥ ﬂ B 9 Yo o w Il v .
uu wiouedudinwaudn uednmil dynamic fuaznu MRS AULDD hiiue (stochastic

process)

§ot19: Two jobs, A and B, are required to be scheduled on two machines, M1 and M2. Each
job is processed first on M1, then on M2. The processing times of these jobs are as follows:

Processing Time

Ml M2

Jobs: A 8 5
B 7 10
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Find the sequence of these jobs that minimizes the make span.

Solution
VMUIUNY = 2 (factor 1)

SIUIUATDITNT =2 (factor 2)

¥ L [
IUABIHI M1 LE1eaR18 M2 (EnuMeYes flow shop, factor 3) TUNIARINTBNAAT NN I IIms

IAG1AUNTTHER (static, factord) s FAaT UM uden A9 make span ﬁmﬁmﬂ {make span Ao 2oz

- 1

nowwmasuHinusnawhaugahoad)

} A 2

AN e
)
Q”? 7727 —

g [ 1315 20 2%
P A
m 1-7?//////;43 4 !
' LB L g
mn ALY L =
N FURSR N Y S
3 w20 3

ar 4 as 1 [ as 1 =3 ] [}
Tugil (@ uaawmavesmsiald A dunseadninon B daulugy (b) $al4 B dou A winlddinsdings
AyzuIUAsHAA TH N IHE 22 YN HasnTHNINIFIRT 25 ¥U813A7 (make span = 22 Az 25 AN
anw)

52 n Jobs, one machine: 1Huflamiveanistadraubinua o iy vuRTesinsmIBusl A1uATed
[ 1 *
377 39 mochine TuRimnedegUnsaimsndn Fewthunseadns, gilnssiyudis (materal-handiing
. ' L . & P ' .
device), HUBUA 30 manufacturing cell wqﬂﬂmmmumwm I UNMIUY
¥ o N 3 @ o W 3

5.2.1 n jobs, 1 MACHINE: MFT: ninuanyuh diuilymiues job $1uan n jobs Rezdesgniadidus
machine 31uwnToufu Taodidhminoiia st mean flow time Tdd1ga

n

2.Ci

MFT = =
n

TasN  MFT = mean flow time

C; = completion line ¥84 job 1[C; = W, +1;]

n = $1u7u job Rezgniadudunios
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3
#IIUNIU 2 910 A U8 B 41 processing time vosnuiisaauiut 4 uaz ty awd Wy uaz'luil due date
¥ v x ] ¥
ANYATIM T, AUty Wufle t4 < tg; @i laziuduneud 14fina1 T = o duhun

Intadien 2 msde TiSu A Ay B feu dalugdingd

B
— 4
A

I -] :
& %3t 2 Ui iy

=T

dld  tyyy fis arlumisdudis process 30 processing time ¥B3TUNIN 11AZ

to; flo processing time YUY

n
2 1
MFT = =- = (t[1]+t[1]+t[2])§

aziiu 1At Y5100 2 853 Iuaumstiesuy 1ag 1, 13105 1 #59 darfu MFT aziiamiesiiaa o1 t
2y i (2] M

Y @A

fiantos 1iufe MFT wliddmge WeBvanumy processing time ¥a3uMToY NN (shortest

processing time (SPT)

Meea: Given the following processing times of 4 job on a machine. Find the optimal sequence
of jobs such that the mean flow time is minimized.

Job i J J1 J2 I3 J4

Processing time (t;) ’ 7 6 8 5

vl 4 . o o
Solution: A1 SPT 157114 sequence A3%% 78 34 —> 12 > 31 —> 13 Fedhwoe MFT 1dasdl

Job Wi ti Ci
J4 0 5 5
J2 5 6 11
J1 11 7 18
13 18 8 26

34 + 26 = 60
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JoMFT = EQ = 15
4

& o | % a ]
SPT 1unguean 151 sequencing 88191119 5458171 SPT rule
o W = @ o q ¥ a P

STP rule Uenanazyin 1y MFT fiahiqaudidui iinaiate Tasnaudaaiu (men job lateness)
Adgaaig

BI =) ' +

01 L; 78 71 lateness Y83 1

Li = Ci "dl‘

Tagil  C; @@ competitions time 814 job i
d; fio due date V93 job 1

i =
LAY A1 mean lateness (L) 79

L =

&, 1S =
L = =) C-=)d = MFT-d

UAD mean lateness (L) 3shfdga f1 MFT fimdge msizd d damad

nnAee1ahud1 AusidiuIme lateness Tagauyan d; Usmgailuaisi

Job ti Ci di Li
J4 5 5 20 -15
J2 6 11 ¥ tardy jobs
J1 18 18
J3 3 26 26 16
ZLi = 4
L = (4)x -41—1 = 1.00 wazdmunuaEn=2aw

¥ 3
Tuneaiasdesms WamudAgiuvnnanumuddusmddguesnn eiuliimdndy

] 9 = [ r e o & e d:ly . 4‘ 9 v :{ . d'
i g; Sllanudinamnn aidan) walunsiadiduvesnsili ae e lddundoves flow time Nign

mdlr’a

k3 H ]
8291 milaliAA A (mean weighted flow time - MWFT) A0 nQuaImMsvafauNiFTond1 MWET rule

e B ot

g1 - g>» 83 En

faae4: Assume that the weights assigned to jobs 1, 2, 3 and 4 in the previous example are 7, 5,

10 and 3, respectively, on a scale of 0 to 10, where 10 represents the highest priority and 0
represents the last priority. Find the optimum sequence that minimizes the man weighted flow
time of the jobs.
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Solution
Job t/
0 t1 g g;
11 7 7 1.0
J2 6 5 1.2
I3 3 10 0.80
j4 5 3 1.66

". sequence fmngaufe J3 —> J1 —> 12 —> 4

¥
A -

npdnngriliiduiitniudde faSusnumudrduveaanduade (due date) 950071 Eadiest Duc
Date (EDD) rule ﬂgﬂ?ﬂmﬂwﬁ’ﬁ’ﬁ)a‘,ﬁﬂﬁ ﬂ'nnﬁ‘l%ﬁmﬂﬁqe;uﬁﬁ]ﬁ’aﬂﬁ'c’gﬂ {minimize the maximum lateness
of n jobs) flg 304A 1M

d; <d, <d;...<d,

A Y o ava e " 4 - d4 A &
LLWﬂaﬂﬂuullu’lqu'ﬂ11ﬂlﬂﬂﬂ1u’1uﬂ]ua1‘ﬁ’lu‘lﬂﬂu wIagasuunaaamRamuay

¢hoea: For the data given the example on range 127 with due dates, fine the sequence for the
jobs such that the maximum lateness of all jobs is minimized

Job t; G d; L

J2 6 6 8 -2

J3 8 14 10 4
J1 7 21 18 3 tardy jobs

J4 5 26 20 6

11

11 . ,
L = —Z = 2.78 ; No. of tardy jobs = 3 jobs

5.2.2 n Jobs, 1 Machine: Common due date
. ] » '
anvmzueilywife ~ MATeITNIMTENAEY T4 n 9 uaruanTendMTumIsaaiina,
. s P | . I aw o ¥ g o L
0 LAY processing time ¥OINU 1 A8 1, ,1=1, 2, 3,..., i QIUNIHUATIUMTUALANTIAATINY (d)

¢ w o W oA A g A = 4
'Jﬂil‘l]iﬁiﬂﬂﬂ‘ll'ﬂ\flﬂ']ii]@lﬁ'lﬂ“l]\‘ﬂuﬂﬂ@ tW@Tﬁﬂ'\Lﬂﬁﬂ‘ﬁ’ﬂQﬂﬁ‘i')lﬁl‘ﬂﬁﬂ'TIIJLUEJ\HU‘IJ%@Q&'JQ'H?TS%J']H

(completion time) "l'ﬂmnnmﬁmuﬂuﬁ'am?ﬁ]ﬁmﬁmﬁ 130

ki
Minimize Z = ZICi*di{
i=l

Subject to SU] = 0

Iagh  C; = completion time Y84 job 1, (C; = W, + t;)
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W, = waiting time %94 job 1
St

il

NAUSUANYE job 1

n
¥ 3 3
wrftulddads lunsdifl d <MS (s fle make span §9 MS = t;) vufle sxfivsnuaianeu o
i=t

a ul It

=1 o dqy a EERY . . | t E d:ll.c!wlﬂ 9
gazUUETangs d nsditl anweseddluiiitnslanle optimum solution agauduenla luniivaly

g A o ar 1 @ day Y 1o
beuristic (Hu3Fnsmamenldivilym Fiaunsouaaddiiiuldin swlddeeund wilifuseah

4 ] .

mauﬁ"l%’ﬁuﬁ“ﬁqm (optimal) %50 14) Tave1iunANUBINTS V-shaped scheduling NA12A8 job Faviaefh
1w3aneu due date azgﬂﬁ'mmuﬁﬁumm processing time mnqamﬁ:h {nonincreasing order of their
processing times) 1Az job feviatefiaiands due date S2gni3paMNETIVRS processing time 9110w
Tvnnn (nondecreasing processing time)

Hunsumsmidnney (algorithm) Mudsedl
Stepi: - fmiuald A uoy B 18l set 499 sequence 2 set Taefilu A, snnzgniSonan t; snn'ly

"o uaz B, Feevintesliinn udah A wag B Wil empty set

A< ¢:B
(b = empty set
L4
Step 2: funawaz i MUamMAT :-
n
Make span, MS = Zti
i=1
i = n
R = MS-d
L =4d
Step 3: §1R 2L, A « AU (fmuaaiu i 18 sct A)

#1 R <L, B« BUi (fvuaau i W setB)
di=1"Tlsteps

Step 4 R(——R—ti,ﬁ'lieA
LeL-t,fhieB
i=i-1
pau 11 step 3

Step 5: W1 set 2 set wided Tasa1s B foumih Auaz Spy =0

syetha: Given 7 sets with processing times of 1, 3,6, 5,12, 16 and 22; i=1,2, ..., 7;and d=

21, determine an optimal schedule that minimizes the deviations of the job completion time from
the due date
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Step 1: A<—¢, B9
7
Step 2: MS = Zti = 68
i=1
i=7, R=68-21=47, L=2]
Step 3: R2L .. A« (7);
Step 4: R=47-22=25 L=2], i=6

R>L; A« (0,7,R=25

R<L; B« (), R=9, L=21-12=9, i=4

R=L; A« (46,7, R=9-8=1 L=9, i=3
R<L; B« (5,3, R=1, L=9-6=3, i=2

R<L; B«(532), R=1 1L=3-3=0, i=1

R>L; A« ({(1,4,6,7)
Step 5: Schedule=5,3,2, 14,6, 7

*. completion time = 12, 18, 21, 23, 30, 46, 68 Nai’.)n‘llmﬂ’nmﬁﬂamui)1ﬂ due date = 94




waalag @ MNIsIAINIINGAmMHIL
o 4 = d
MRy imnIsumans

oy ar =~ =4
suwmInenamaluladgsund



