
IE383 Lecture 5

Continuous Case - Single Facility

Minisum : minimum total travel distance

(wi)
User YX Demand a straight-line distance :

A 175200 200

min wid; di JIxi-x3 + (yi - y)
2

B 100 500 105

C 600 135250

min wiki-x(2 + & Wilyi - y)2300500D Go

min wiki - x)2
Center of Gravity :

min wilyi-y)2
** =

Zwixi [WiYi
y
*

=

Ewi Wi
· final solution location tend to be closer to

200 . 775 + 108. 105 + 258 . 135 + 500 - 60** = point wh higher traffic
= 238

175 + 105 + 135 + 60

· di magnifies large distances but brings point
y
*

= 444 ANS : 1238
,

444) closer ; labs) on large distance but less traffic

ignoes point.

6) .

Minisum : Rectilinear Distance :

· most time ANSI exact client coordinate
.&

min Wilki- x1 + (yi - y1)

&

Y

J
min & Wilxi-xI X

---- ----
-2 - ------

I
min Wilyi-Y/ &

D

median condition :
· B

&

175 + 185 + 135 + 68 A
Y

↓
N =

2

> YW I

W,
= 187 . 58Wz

possibleW &

251
1x1051x15 - IX6&S

X 1I y
*

= 500I I* = 250I I Y
200 300 500 600loo 200 300250

J ↓ J Ju ↓↓ JJ
175195 17569135 105 13569

1x 135

· most cases ANS on a coordinate



I 2 57

X I IIIIIIIII X = 2 to x = 5
ANS :

any point on the live connected by
1DO 50 75 75

all satisfy median condition & (2
, 16) & 15

,
16)

, including the 2 points .

12 16 28 25

Y 15dd
only y

= 16 satisfies · could be ancrea w/4 points-

100 175 50 75

Minimax :
ignore demand/traffic

.

9)
.

Rectilinear Distance : diamond shape :

(perfect square rotated 45%
machine Xi Yi XitYi-XitYi

I & & & & every point has a distance
2

2 4618 2

3 S 218 - 6
33
· ll

o to the centerout4 10414 - 6 minimize r !

548 12 44

6 246 2 have to make sure all client locations

7 6 10 - 2 are on the edge or within the shape !
is diff.or

g S g
16 & ↑

22 25 = max (16
,

10) = 16
.

P
.

= (3
,

5) Pe = 16
,

2) ; max travel dist . = 3 = 8
.

Minimax : Straight Line

↳ similar approach but circle



IE383 Lecture 6

Continuous Case : Single Facility

Minisum Minimax

Rectilinear Median Condition &

3Straight Line Center offravity veyclose to (location Problemsa

"Minisum"

Wid

System Analysis (Capacity)

A)
. 20 5

> > 2 & 37
max cap .

= 75/day utilization :
machining time

work time
100/day 80day 775/day Lunder perfect condition

7 can have 100% U . R
. Max input : 175/day If demand = 58/ day

but w/ surplus 20
.

UR#1 : 75/100 = 175% UR1 = 50%

B) . Reverse order UR #2 : 75/80 = UR2 = 318

UR # 3 : 75/75 = 100 %= bottleneck UR3 = 2/3

V
.
R

.

> 80% = almost perfect operation (non-ideal IRL)

Queue : caused by variation

67
.
5/ day

& . I 64.
8

max input rate : = 88
.89/day

100/ day >
1 > 90/day &.9x0 .9 x & .9

D . I
50

9&/ day > 2 > 172/day
demand = 50/day , input =

& .
9 . 1 .9 · 1 .9

80/day
& .

I
line yield.

72/ day 7 3 < 172x0 .9 = 64
.8/day ->

75/day

Parallel :
0 . 5

->>
0

.44B
Line yield : 1 - 2 1 - 3 - 2

9.5x0 .95 + 0 .4x 0
.85 x 1

.95



IE383 Lecture 17

- &.
I 1 - 2 - 1 1 - 2 - 1 - 2 - 1 1 - 2 - 1 - 2 - 1 - 2 - 1

1 > 0 :7 &!7 t & .
2x0.7 x &:7 + 1 .2x0

.
7x0 .2x0.7x0.77 + 1 .

2x8:7x & .2x0.7 x 0.2x &.7......

&.2
= 0

.
7 + (1 + 10 . 2 x 0.7) + 10 -2x0 .732 + 10.2x0 .733 +

...... ) = 0
.7)

1 62x0)

2 Common Ratio
(0 .77)

-A

& .3 r = 0
.
2x0

.7 & cr

= & .14

& cr 5 = 1 + r + r2 + r3 + ......

n- ,
S = r + r2 + 3 + r4 +

......
2

1 - 2 (l - r) = 1

may
have other values too .

S = ir
.......................

↑
&/

- 0.
05 "

S " 1 - 2 1 - 2 - 3 - 1 - 2 -

> &
.
9

> 1 .45 , finished goods. Line Yield : &9 x &
.45 + 1

.
9x1

.5 x 0 . 3 x0
.
9 X0

. 5

"

& .5 " -line yield
+ 10 .9 x &

.5x &.3)2 x & .
9x1

.45 +
.......

↓I >

& .3
T

>

"
> * > line yield = 0

.

9 x 0.45 (1 + 0
.9 x 0

. 5 x 0 . 3 + (0 .9x0 . 5 x0 .332)
f "

~ &.17 I
--.. -- - - - ....

" =

19x0
.45) 1

- 09x05x0 .

3) = LYx

- 7 > &

cannot simplify / Monte Carlo Simulation

/ 1

B-->-> 1-F ! .............. ↳D. -

X
T

↓/
--------- - - -

[D=



IE383 Lecture 17 Part 2 - Midterm 2 onwards

Qualitative

Forecasting exponential soothing Testing
Quantitative -> Error analysis

e = Y(k) - Y(k)

data

X 7
= real data-predictive data .

X I value
X

+ X
MAD :

X X

X
X X

X X X
↓

~ 20% le(k) Mean abokte deviationo

X X
~ 80%

> time
fitting testing USE :

LetR) MSE
,

Mea Square of Er

~: testing data point
MAP :

(
n

Mean Abs . Percentage,

Fitting Approach :

model - data pattern
↑

x
**

X

/

" " x""x

X

X

X

X

Ax*
X X

X

> t > t > t

constant model linear model seasonal model

Minimize MSE => Linea Regres .

Constant Model Y(t) = a A I 2 3 4 5

a =

Y(k) Y(k)18 12 15 Ig 20

N

Linear Model Y(t) = a . k + b
[ k-Y(k) = (x10 + 2x12 + 3x15 + 4x18 + 5x28

slope Ek = zik = 12 + 22 +
...

+ 52

a =
N . Eik . Y(t) - ZikZiY(k)

N . If - (Eik)
?

& Y(k)

=> N : # of fitting data

given on intercept a = 2 .
6 5 = 17

.
2

exam 2 5 -

2k [Y(H) - Eit [kY(t)

N. [ik2 - (Eik)2

us
: model : Y(k) = 2

.
6 . # + 17 .

2

N n
- 1 A = 10

,
y(10) = 2

.

6(10) + 1 .2

testing stage fully analyzed
le.g .

80 %)



Moving Average Weighted M
.
A .:

# Y(x) N = 3 N = 5 N = 3

I 2

·
3

> 0 . 2x2 + 0 .3x4 + 1.
5x6

-ja ,jadeeeden .....

2+ 4 + 6 + 8 + 10

5

N large OR small = 1

/

↓ from real very
little /no memory N

↓ large : stable

data to predic good for dynamics L small = 1 : dynamic

is minimal

31 +....t 180

& 100

only 1/100 changes

Exponential Smoothing Constant Model - ExponentialSoothing

Y(k) = c - Y(k) + (1 - a)Y(k- 1) Y'(k) = a(k) + e(t)

error

& : weight between a = 0
.
2

- two

First-order Smoothed Aug .

# Y(x)c . Y(A)(l -x)Y(t)Y(k)
I g g *

..............& <k < 1 : Smoothing constant 2 G 0
.
2x6 = 1 . 2 0 . 8 . 8 = 6

.4 17 .
6

............3 19 02x10 = 2 08 . 7.61 ........ 8. I

Y (k) : Most recent (real) data 4 S 0.
2x8 = 1 .6 0 .

8 . 8 .
1 8. I

..........5 17 0 .2x17 = 1
.
4 0

.
8 . 8

.17.
9

Y(K-1) : Momentum

*
Y(1) = Y(1)

=

Y(l) + y(2) + y(3)
= g

3

↑ (5) = 17
.9

> used up 5 data & 17
.9 is the best guess

* = 6
,

17, ...,
d predicted value is 17

.
9

Y(t)
X

8. I

16
>

&

! :
>

123456789 10 ..........



everything produced in-house

no ofits produced in overtime

no of mits that could've been produced
in down time

coefficients
-

problem variables
all variables have soln

.
lat end)

main focus : Ne

Minimizing Total Cost

planning horizonle
.g . no . of months)

-

min E (C : Ha + CFoFa + CIIa + [roPa + Con + (u - un + ( - St)
#= 1 L

I
un u

workforce inventory purchases from outside

S
.
t

.

Work force level : Inventory level :

Wa = Wa- 1 + Ha - Fa In = In- 1 + Px + St - B # = 1
,...,

T

z z

k = 1
, ...,

T in-house subcontract demand

L productions
S

Production / Workforce :

PA = nt k ww + Sa -

ME

5 = 1
,...,

T

all variables are non-negative

Wo
,

Io,



Example :

Hiring Cost : $500/ person 1 working day : Shrs/day

Firing Cost : $1000/ person Subcontract : $100/ unit

Inventory cost : $80/mit-month Idle time : $10/hr

Production Cost in Regular How : $) 28/ nu Current workforce level : 200 people
11 Overtime : $150/hr 11 Inventory : 500 mits

# of working days

E I 2 3 4 5 6 K : 16/day-person

Nt 20 28 20 20 20 20 Regular : $20/hr >? /mit

De 5000 8000 MODD 12000 IDOOD 600D $20x8 = $10unit

Cr = $10 Co = $15 = 25-10 Cn = $5 Overtime : $150/hr >? /mit

(not both)
$50x8

= $25/mit
either one

16

I I

min 1500h + 1000fa + sol + lo Under time : $10/hr) ? / mit

Lidle)
+ 1584 + 54t + 188St) $10x8 = $5/mit

either one (not both)
S

.t.

* Wa = WH-
+ He - Fx

,
# = 1 ...,

6

= It = It- 1 + Pt + St - Dt
,

E = 1
,...,

6

I = 500 + P
, + S - 5000 [4 = Iz + Pq + S4 - 12000

12 =1 + P2 + S - 8008 [5 =4 + 15 + 55 - 10000

13 = 12 + Py + S3 - 7800 Io =
5

+ po + So - 6000

* PE = ME - k wt + &x - ut

P = 20 . 16 - Wi + &
,

- u1
,
k = 1 ...., 6

* Wa
,
He

, Frc It , Pe
,
&A

, Un , St = & # = 1, . . .,
6

could have both zero



Lecture 10 : Material Requirement Planning (MRP)

BOM : Bill of materials

Product Tree : Lead Time(LT) GR : Gross Requirements
SR : Scheduled Receipts (external contractors (

A /mfg . process
BI : Beginning Inventory

I
purchase NR : Net Requirement

POR: Planned Order Release
B (2) [ (1)

E's for one A ?
LT = 2 LT= /

32 + 2- 1 = 8

DE F E G

LT= 3 (T= 2 (T= LT = 2 LT= /

(1) (3) (2) (2) (1)
GR(c) = 1x POR(A)
-

A C LT = I day Let for Lot

I~Aust 2 s Ttday Let for 12-ayt 123456789101112

GR 2015 30751218 752818151818 GR &1 25 12 18 25 20 18 15 18 10

SR 14 10 0 o o o o o o 00 & SR & 00000000000I
BI 4) 342900000000 & BI 10

NR & & 1 25 12 18 25 20 18 15 18 10 NR
-

& IF2512F18 25 20 10 15 10 10

->15ePOR POR

- infeasible MRP Table

GR(B) = 2 xPOR(A)
GRIE) = 3 XPORIB) + 2 x POR(C)

- -

B LT = 2 days Let for Lot D Let for Lot

I I-ayt 234567891011 12~aut 2 s days 8 a 10 11 12

GR & 2582436584828382828 GR 96 10413218617910011990 80 ---

SR & & ooodddd008 SR & & ooodddd008

BI 2) 2018 o 00000000 BI 2001048 00000000

NR & 322436584828382028 NR & & 132186 178 100 110 90 80 ---

--

1 /
POR 32

= 247365 50 4020302020 POR & 132186 170 100 118 90 80

infeasible MRP Table infeasible MRP Table



IE383 : Inventory Model

Tp
Inventory T >

Level Th Tz T3 T4

↑ xx * 3 >
-

-

- D = demand (linear : assume constant D
. ratel

# max /

: !
P = production rate lassume constant)

: /

I

↑B : ↑

-
· P > D

I P- D :
> time

--------- T :
Smax

Imax shortage kx

production time

> batch production (MRP : EDQ) > Q : Economic Order Quantity
↓ lot size / batch lot

size of triangle

Variables : &
, Smax

Imax + ISmax/ Imax + ISmaxl
Constants : P

.
P D = p =

T3 + T4 T,
+ Tz

Tp
- Smax

= D Smax
= P - D

& = D = T = P . (T, + Tz) T4 Th

Total Lost Lover one cycle T)

1 Ordering cost ($A/ order)

#) A * 1

2 Inventory cost 12 : interest rate
,

C : item cost
,

ic : holding cost) for one cycle

i . C X = i . c. (Imax (Tz + Tz))

3 Shortage cost 4 Item Cost : $C/unit

↓ fixed shortage cost : $W/unit

$) C . Q
& variable shortage cost $W

,
/ unit time

Total Cost : 1 + 2 + 3 + 4

5) W . Smax
over one cycle

4) w. . (x" + = ) = Wi (Smax(Ti + T())

1 + 2 + 3 + 4
=

T

Imax + Smax
= D Imax = D(T3 + +4) - Smax

Tz + T4 # 2TC(Q,
Smax)

= b
2A

B
= D1 +

Smax
... ) 2 2Tc(Q,

Smax)
= I

= IP-D)f- Smax 2Smax

TC(Q
,

Smax) = AD +
i c (Q(1 - D/P) - Smax)2

+
W . Smax - D

t

W
, Smax?

+ C . P
2(a)(1 - D/P) & 2 & (1 - D/p)



Lecture 2/27/2024 : Inventory Model

Batch Production (Lot)

Inv

level ,
D = demand (assumed constant) ; P = production rate (constant)

Imax- P-D : you'll only deal wh inventory model if

production rate > demand. P > D

- M - i
B

P - D S
max

: max shortage Imax : max inventory

> time

Smax- =
&*: EOR (Economic Order Quantity )

production time > AKA lot size / batch lot

> size of triangle
total I

. evertime total shortage overtime > can control Smax (how low)

Inv T : cycle time
T

. & T4 : non-existing ifS not allowed
level ,

T
Tp

x T
T

: Smax -> O shortage

Imax- T2 : start accumulating inventory ; 0 -> Imax

B ... Ts : stop production : Imax -> &

T4: start allowing back order

D =
Imax + Smax P - D =

Fmax + Smax

m time Tz + T4 Ti + Tz

!
Smax-

D =
Smax

P - B =
Smax

T4 Ti

how much how much

Variables : &
,

Smax Q = D . T - P . Tp = P(T,
+ Tz)

Constants : D
,

P where (P > D) is demanded is produced

&, Smax
,

P
,

D
s

A
,

i, c
,

W
,

W,
TotalCost (Over one cycleT) = 1 + 2 + 3 + 4

T = & ,
Imax = D(Iz + 14) - Smax Smax = D . TH

1 + 2 + 3 + 4

Average Total Cost :

T Imax = (P-D) -Smax

I Ordering Cost ($A/order) 2 Inventory Cost 11 : interest rate c : item cost)

#) A * 1 (time period) 2 c . = i : c! (Imax (Tz + Tz))
u

holding
cost

3 ShortageLost 4 Item Cost $C/unit

↓ fixed shortage cost $W/unit

& variable shortage cost $W
, / unit time

$)W . Smax

$) W. (x + ) = W, . (E Smax(T,
+ T4)

TC(@Smax)

=



IE 386

ordering item Inv.

Cost

cost cost ↑

↑ ↑ Example : C : $30/unit D = 350/ year

2 : 1
.
18 annual A : $10/order

W : $0 .
3 /unit W

,
= $5/mit-year

↑ ↑ "Instant Delivery"
fixed shortage Variable Shortage

cost cost all products are received in "one shipment"

P. D are constant P > D /
*

I Sax ?
A e ,

2, w
,

w ,: cost coefficients

Instant Delivery => p/product. rate) -> d

B/p = 0

TC (0
, Smax) =

18x350
t 30 x 350

& I x

+
0

. 18130)(@-Smax)
+

0
.

3 xSmax (350)
+

5 Smax - -

2& & 2&

2

= 18500 + 2
.178 - 5

.
4 Smax +

5
.
2 Smax

+
185 Smax

t
3500

& & & shipments

2TC(Q
,

Smax)
= d

2TC(Q
,

smax)
= d

& 2 Smax

↓
[TC(@

, Smax)
= 2

.
7- 5.2 Smax - 105smax - 35a = D

2&

& 2TC(@
.

Smax)
= - 5.4 +

5
.

2/21Smax
+ 105 = 0

337

2Smax

Smax

&

·** = 47.83
*

= 14
.82

I
.
B

. &
=> 48 => 15 >

Todays
Reordering point . (T (lead time) = 10 days

200 days / year
*

D = 350/ year

335"
-

D . T = Q

350/year - T = 48
· B

3 = y ...... T = &
.
137 year 200 days / year

15-
I >

= 217
.4 days

LT = 18 days

lays = D =3 Yeear

= 1 :75/day = D

T >

T

= 217
.
4 days X = 1 .75/day x 10 days = 117

.

5 Units = 18 Mits

Re-ordering point = 3



Classic EDR /Instant Delivery p
-> o

& No shortage allowed Smax = P
, P = 0

TC(Q) = AD + cD
i - CQ

2

2T((Q)
= 0*

= J2A2Q

e
X

↑

↑ & D constant (triangle)

no shortage
allowed (>0)

Safety Stock say if reordering point,
then new r

. p .
=> 10 + 20 = 30

70-

safety stack = 20
.

** = 50
50

~

-E
-

=>Lead time is> cycle time (T)

70-
T = 217 .4 days D = 350/year =>

350
= 1 :75 days

200

Lead time = 60 days

~ reordering point

days 217 .4 days receive-E 5
.
2 * T

order => 60-27.
4x2 = 5

.2 days

T >
5.2 days X 1 :75/day = 9 .

1 mit 9 mit
60 days

re-ordering point = 6 in shortage .

ABC Analysis :

↑ value of profit margin is high

A group
: 20% products => 80% profit high volume



Price Break Problem

Price E3 Order Quantity &
*

& & < 5000 #) 12 /unit D = 250
,
000 /xr

5000 & 20
,
000 # II/unit A = $100/order

20
,
000 Q 40

,

000 $ 10/unit i = 0 .

24 annally
40

,

000 & #) 9/unit Instant delivery
No shortage allowed

Solution :

Instant Delivery P -> a

3 classical EOQ
No shortage allowed Smax =&

TC(Q)= + CD +
iCa

2

** = j2A = (2x100x250 = 4166
&

.24 x 12

1)
.

c = $12/unit

TC (&*, $12) = TC(4166
,
$12) = $3

,
012

,
000

2). C = $11/unit

** = (2100x2500043525o
TC (**, $11) = T2(5000

,
$11) = $2

,
761

,
000

set
*

= 5
,
000

3)
.

c = $10/unit &* = 4564 > 20
,
000

set &
*

= 20
,
000

TC (20
,
800,

$10) = $2
,
525

,
258

4)
.

c = $9/unit ** = 4811 < 40
,

000

set &* = 40
,

000

T2(40
,
000

, $9) = $2
,

293
,

285 >TC(40
,
000,9) =

$100 x 250
,

000
+19x250

,
000

40
,

000

+
0 . 24($9)40

,

000

2

Storage Capacity
T =

40
,
000

year
250

,

000

Inventory - Raw materials

- Finished goods
- WIP (work in progress)

08 > production line > finished goods & wip = no production lempty (not possible)
·o

T >
%o

We try to LEAN WIP toJ congestion
WIP



Lecture 3/7/2024 : Price Break Problem

> Price depends on order quantity &* Say ......

O & 5
,
000 #) 12/ unit D = 250

,000/year Instant Delivery

5
, 000 [ & 20

,

000 #) II/ unit
A = $100/order No shortage allowed

i = 0
.

24 anually
20,000 = & < 48

,
000 $10/ unit

40
,
000 & #9/unit for 1)

. &.24

$100 250
,00012 250

,
000" $12

in Y
T

Solution : 74166

T((Q) = AD + CD + 10
instant delivery P > &

- 4166

no shortage allowed Smax =
0 ) classical EDQ :

a
*

= (2

1)
. p

= $12/unit 3) . p
= $101unit

&* = (2x100x 250
,
000

= 4166 &* = (2x100 x 250
,
000

~ 456420
,

000
&

.24x12 &
.24x10

↑C(&*, $12) = TC(4166
,
$12) set* to 20

,
000

= $3
,
02

,
000

↑C (&*, $10) = TC(20
,
000

,
$10)

2)
. p

= $111unit = $2
,

525
,

250

4)
. p

= $111unit

&* = (2x100 x 250
,
000

~ 4352
&

.24 x 11
&* = (2x100 x 250

,
000

= 4811 <40
,
000

set &* to 5
,

000
&

.24 x 11

Vset &* to 40
,
000

&

40
,
000

↑C (&*, $11) = TC(5000
,
$11) T - year

258
,

000
= $2,761

,

600 ↑<(&* $9) = TC(40
,
000

,
$9) D

= $2
,

293
,

285

Storage Capacity >
$100 x 250

,

000
+ $9x250

,
000 +

0
.
24 ($9) . 40

,
000

48
,
000 2

too much inventory > tighten up cashflow

( can't pay for operation costs)

JIT Lideal) :

Inventory - Raw materials

Y zero inventory (raw m
.)) directly into production line

- Finished goods
- WIP (work-in-progress (

(finished g.
) E) directly shipped

& e & production line

e Y % zero WIP EX nothing in factory

raw mat
.

~ > finished goods cannot be O
, only reduced

WIB



Lecture 3/19/2024 : JIT

Just In Time i raw materials > WID > finished goods Ideal : no raw material/finished good
(Toyotal inventories

> short lead time Crea (materials arrive & moved directly

> high quality products (rea .
) (everyone is Q

.

C
. expert)

to the line : switch to WIP
. ) +

> steady demand (benefits)
(finished goods get loaded & exported

right away) .
> low cost (benefits)

> not implementable/fails if low >> not a "solution" but a continuation of

quality/no constant demand/long lead time
. improvement (foundation) .

Pull System Push System
> Driven by demand > Driven by forecasting

Kanban System : location
, program code (for CNC)

, part ID
,

where to process

Y Push (driven by forecasting)

Kanban w/ Kanban w/

MH material flow
2 parts 2 parts
- T

>
Showroom

Purchasing X -----)
oo"...8

* ..........,

4

Dept .

23 ...
/ ⑪

* < (bought)

· · .. ↓·
T

information flow

push pull
express Kanban : sent to a previous station

to prioritize a part ; an

no
no production shortage Kanban sent to a alert to the chain

.input .

(acceptable) (express Karban)
> machine can't find

(materials) the parts needed.

machine blocked solution : buffer (individual sols
.)

no locate more space no free Kanban
demand to store extra invent. (no drive/action)

> create traffic

line will eventually Throughput
Stop : Rate

x

Machine Blocked

system
-

capacity
Demand

- >

WIP* (work level) WIP Inventory Rate



Lecture 3/28/2024 : Scheduling

Single Machine Ghant Chart : plot out time V.
S. all resources

↑ early vs
.

late

* no setup time lateness 0,? &

> 1 > (fixed)
tardiness ? & (on time or late)

can be part of pi

i 2 3 ***X *
>

Processing time : Pi 12 3 time

Due date : di 6 53

Arrival time : aiO

Shortest Processing Time (SPT) : shortest processing first Mean Flow Time : how much delay in the

system ; MFT = level of WIP & delay
1 - 2 - 3

completion time > ↑ MFT
,

↑ wait time & longer quere
I 2 3 = 6

> time
① I 3 6 Trade off between MFT & Tardiness

Una perfect solution)
.

max tardiness = max&
,

&
,
16-31) = 3

mean flow time = 11 + 3 + 6)/3 = 18/3

(time in system) Single Machine : all jobs arrive at time &
,

no setup time

Earliest Due Date (EDD) : earliest due date first

SPT > Minimize MFTle .g. express lanes)
3 -> 2 -> 1

completion time EDD > Minimize Max Tardiness
3. 2 I

> time
= 6 le

.g . assignments)
& 3 56

max tardiness = max<
,

4
,

63 = 0

MFT = (6 + 3 + 5)/3 = 14/3

Parallel Machines

i 1234 5 6
1

Pi 11313 I

& & > 2 > & & di 6 5 3 48 I

aiO & & &

3

Jackson's Rule :

Broader category of EDD > minimize max tardiness : 6 -> 3 -> 4 -> 2 -> 1 -> 5

2513013 6

> Task 4 could be assigned to machine 2 or 3
.

> Task 5 could be assigned to any

M2" > Max tardiness same regardless of ghantt chart configuration .

3
M1 > time

# 3
max tardiness = max <0

,

p,... . .

.,
63 = 6



Serial Machines

> 1 > 2 > flow shop : material always
g in same direction

Minimize Makespan (completion time of all jobs through all processes),

Johnson's Algorithm

MI
IIIIIIIII III > Shortest first process is early

> Shortest second process is late

last
M2 IIIIII "IIIIIII

minimize! "I
makespan Critical Ratio =

time remaining

work remaining

Flow Shop 2 Machine Problem : > Prioritize task w/ low C
.
R

.

--- slack time

i 123 4 5 > I > 2 now

mu

Due Date

Pil 2 344 6 * all jobs arrive at time &

Piz 5 12 8 T * no setup time

now Due Date

Min[Pij) = 1 = Pez :

second process > late : 2 & P2z/Piz removed

Min[Pij] = 2 = Paz ;

second process > late : 3 2 & Pi3/Pis removed

Min[Pij] = 2 = Pil ;

first process early : 1 32 & Pl/Piz removed

Min[Pij) = 4 = Pa ;

second process early : 14 5 3 2
,

5 remaining & filled.

1 -> 4 ->5 -33 -32

Makespan
I 4 5 3 2

= 25
MI

2 6 12 16 19
> SPT

,
EDD

,
FIFO

,
LIFO

I 4 5 32
M2

2 M 15 22 24 25

I



Lecture April 9th

CORE LAP - Computerized Relationship Layout Planning

inputs /Relationship Chart & constructive procedure& Size of Dapt (Blacks)

Dept 1234 5 Area TCP (1) Translation Phase

I - VEI vo I V + E + 1 + u = 2 + 4 + 5 + 2

2 V - 0 & V 2 2 + 3 + 2 + 2 = 10 Total Closeness Rating ITCR) = I, Rels

3 E0 - o
&

2 17

(2) Selection Phase
4 I0 - v I 15

5 vvou - 3 9

Dept.

3 First Dept-Highest TCR

A = 6 E = 5 1 = 4 0 = 3 V =2x = - 100 Tie Breaking Rules (1) largest area

(2) lowest ID #

2 Fourth Dept. - 5 Fifth Dept .

Dept .
4 Second Dept - "A Rel

.
w/ First Dept .

"A" - Ist If tied
,

I highest TCR

"A - 2nd 2 largest area

"A" - 3rd 3 lowest ID#

"E" - # none
,

"E"Rel
.

w/ First
. Dept .

3 -> 4 ->) - 2 -> 5 If tied
,I

(3) Placement Phase Placement Rating (PR)

=likel (w/ common wall)
1 Third Dept - "A Rel

.

WI
.

First Dept.

"

,

4 = Rel (3 ,
4) = A = 6

tie-breaking rules

3 3

If none
,

"A Rel
.

WI
.

Second Dept.

tie-breaking rules

41 14 4

3 3 3 3 3 3 If none
,
"E" WI

.
First Dept .

I If none
,
"E"w/

.
Second Dept .

PR = R(1
,
4) + R(1

,
3) PR = R(1

,
4) PR = R(1

,
3)

= I + E = 9 ~ = I = 4 = E = 5 5 5 5

highest 2 4 I 5 24 I

2 3 3 5 2 3 3

22 41 PR = (5
,

1) + 15
,
4) 5

4 2 41 4 12 33 + (5
,

2) = n + n + u
PR = (5

,
2)~

= 6
3 3 23 3 3 3 2 22 highest = n = 2

PR = (2
. 4) + 12

,
1) PR = (2

, 4) + (2
, 3) PR = (2

,
1) + (2

, 3) PR = (2 ,
3) 2 41

23 3

= 0 + y =

& + & = V + 0 = D

~ 5 5 5

= 5 - 6 st = 5 = 3

highe
PR = (5

,
1) + (5

,

3) = n + 0 = 5



14) Scoring Phase

555 Z Rel . x Dist .

12 13 14 15 23 24 25

2 41 | xy + + b + b + b + b + b

3 closest walls 34 3523

rectilinear 4517n + 0 = 2 + 3 = 5

b + 10 + b
the lower the better

,

Iminisum problem)

1 = 2 dist(1
,
4) = 1

Il

3 4

Y I keep dept.
size

ratios < 1/3

-
3

receiving+
center

F
shipping

ideal
v

TCR
acceptable questionable problematic but IRL X



Lecture 4th : Sequencing & Scheduling

Givens :
a collection of jobs remaining to be processed on a collection of machines

Problem : how to sequence the given jobs to optimize some specified criterion

Common objective : maximize the throughput rate of the job shop

Flow time of job i = amount of time that job : spends in the production system
* mean flow time : the arithmetic mean of flow times for alli jobs .

Tardiness is the positive difference btwn completion time & due date of a job .

* job's tardiness is zero if completed before due date

# a tardy job is completed after its due date

* common scheduling objectives : max
.

tardiness
,

mean tardiness
,

& no
.

of tardy jobs.

Lateness is the diff
.

btwn
.

the job completion time & its due date

* can be either (t) or 7) : job completed before due date

Makespan is the time to complete alln jobs

First Come First Served (FCFS) : jobs are processed in the sequence they entered the queue

Shortest Processing Time (SPT) : jobs are sequenced in increasing order of their processing time ;

* job w/ shortest P
.

T
.

first
,

the next shortest P
.
T

. as second
,

and so on .

Earliest Due Date (EDD) : jobs are sequenced in increasing order of their due dates :

* job w/ shortest D
.

D
.

first
,

the next shortest D
.
D

.

as second
,

and so on .

remaining time until due date Idnedate - current time)
Critical Ratio (CR) :

processing time of the job (at a machine) 3
schedule job w/ smallest

C
.

R.

*Single Machine Problem

> P
.
T

.
& D

.

D. of each job are given constants > SPT minimizes mean flow time

> All jobs arrive simultaneously > EDD minimizes maximum tardiness

-> Setup time is fixed

t = 0)
.

Job 1-6 ; no tie-breaking rules : job 3 or 6 first

CRI = 69 = 6 CR3 =
3 - 0

= 1 CR5 =

8 - &
~ 2

.
67

m 3 3.

CRz = 50 = 2
.
5 CR4 =

4 -2 =2= = 1

Gantt Chart

t = 3)
.

Job 1v2
.

4-6 :

3 6 4 2 1 5
7 6- 3

t= & 3 46 8 9 12 CR1 =

I
= 3 CRp = 4305=-

Cre = 53
= 1 CR5 =

8- 3
= 1 . 67

3

t = 6)
.

Job 1
,

2
,

5 : (R1 = 6 >
CRz = 5 CR5 = 8
-

t= 4)
.

Job 1-2
,

4v5 : cri =

0, = 2

t = 8)
.

Job 15:=
8

, CR=
&

then

CR5 last
-

(Rz = 5 -4 = 0 .
5 CR4 =

4

-
4

= 0CR5 = 8-4
-



Flow shop : each of the U jobs must be processed through the m machines in the same order
,

& each job is processed exactly once on each machine (assembly line) .

Job shop : not all jobs are assumed to require exactly in operations ,
& some jobs may

require multiple operations on a single machine. Furthermore
,

each job may have a diff
.

required sequencing of operations. Can be extremely complex & thus has all-purpose solution

algorithm .

* Job Shop Scheduling Problem with Dynamic Arrival : * >Apply EDD & CR

~ ~ ~ ~ & ! "~ &
tie~ ~ & MIT,

4

53

6

J2

g 12
>

~ &
M2 "

'

J4 T2
>

I g Il
I

EDD
I

~ J3 J T2 J4
t = 4) .

53 -> M18 M3
12 13

>

52 -> M1 15

[1 -> M3 t = 0
i "

t = 8) T4 -> M2 t = 12) .

54 -> M3
-

52 -> M3 52 - M2

Layout Design : (1) Types of Layouts

Fixed Position Layout : for products that are too bulky & heavy to move le
.g. planes, ships

,

& rockets) . The product remains fixed & the layout is determined later based on product
size & shape .

Product Layout (Or Product Flow Layout) :

> machines are organized to conform the sequence of operations required to produce the product
< typical layout for high-volume standardized production
> an assembly line (or transfer line)
> desirable for flow-type mass production & provide the fastest cycle times in such environ .



Process Layout (Or Job Shop Layout) .

> Groups of machine having similar fructions

> Common for small/medium volume manufacturers

> Most effective when there is a wide

variation in the product mix.

- Each product has a diff
. renting

sequence associated with it.

< Flow patterns are highly variable
.

Group Technology Layout (or Cellular Layout)
- Parts must be identified & grouped in part families based on similarities in manufacturing

function or design .

< Each family requires similar processing
> Each cell of machines corresponds to a particular part family
- Suitable for large firms producing a wide variety of parts in moderate to high volumes

.

process-layout product - layout

Layout Design : (2) Charts



Layout Design : (3) Computerized Layout Techniques

Computerized Relative Allocation of Facilities Technique (CRAFT)

> Improvement routine (requires the user to specify an initial layout)

&bjective : minimize total transportation cost of a layout

Transportation cost = product of

(the cost to move a unit load from a department to another)

&

(the Frectilinear] distance btwn
.

the 2 departments' centroid)

> Based on an initial layout, CRAFT considers exchanging the positions of adjacent departments
& computes the materials handling cost of the resulting exchange ; the pairwise interchange
that results in the greatest cost reduction is chosen by the program .

Centroid

= coordinates of

the center of

gravity

< Department A)/ Example

Mx =

1402 107180 - 38) + 1507404180 - 407 + (02 507180 - 50) = 91
,

500
2

My =

1802
-302)(40 - 10) + 1807 304150 - 40) +

1807
-702/70 - 50) = 145

,
500

* = 450 = 36
.
6 y

= 150 = 582
,

centroid = 136. 58% %

Example 2 : Flow Chart : use CRAFT to determine the score

A B 3
A BC D E A BC B E

score :& A 24 A 4.5 24 x 4
. 5 + 117x6 + 18x9

117 18 B 6 9 + 5x3 + 28x10
.
5 + 12x6

5 E 3 + 18x6 = 729
G

⑨ yo 01 19 B 10
.
5 6 6

t
E E if new layout beats (x)

-- 1) 29
,

then new is better !
6 3



Computerized Relationship Layout Planning (CORELAP) (Placement Phasel

> Greedily places departments in the determined order while maximizing the placement rating
/ constructive procedure

> Relationship chart
,

size of department (Blocks) 1) Translation Phase :

> find the Total Closeness Ratings (TCR)

I 2345 Area TCR 2) .

Selection Phase :

I - E I U I u + E + 1 + u = 13 DeDeptisenehighesta
2 - 1 U 2 10 (1)

. largest area

3E0 - A & 2 17
(2)

.
lowest area

Dept.
4

4 I0A - V I 15

5 unou - 3 9

~

IDep
is one w "A relation e

· If tied : (1)
. highest TCR

A = 6
,

E = 5
,

1 = 4
,

8 = 3
,

n = 2
,

x = - 100 (2)
. largest area

(3) lowest area

Dept .
I · If no "A" : "E"w/ relation wh

> 3rd Dept.

is one w/ "A" relation w/ Ist Dept .
1st Dept .

-

· T
.

BR
.

· If tied : TCR + Tie Breaking R
.

-

· If none "A"
,

then "A"w/ 2nd Depart .

· T
.

B
.

R
.

> 4th Dept.

is Dept .

2 & 5th Dept .
is

· If none
,

"E "W 1st Dept . Dept. 5
,

since TCR(2) > TCR(5)
·

· T
.
B

.
R

.

· If none
,
"E" w/ 2nd Dept .

· T
.
B

.
R

.

& "I"
,
"O" """

- Common wall length doesn't affect no .

of

relationships

3)
.

Placement Phase : -

2
2 2 = 3 41

Placement Rating (PR)/ choose the highest
4 I 2 4 I 4 2 3 3

23 223 3 3 3 3 2
= [IRel (w/ common wall)

= Rel (3 ,
4) = A = 6 PR = (2

. 4) + 12
,

1) PR = (2
, 4) + 12

, 3) PR = (2
,

1) + (2
, 3) PR = 12 ,

3)

= 0 + y
=

& + & = V + 0 = D

~
= 5 = 6 st

= 5

highe
41 I 4 4

1

3 3 3 3 3 3

I

5PR = R(1
,
4) + R(1

,
3) PR = R(1

,
4) PR = R(1

,
3) 4 I 55 5 24 I 24 /

= I + E = 9 ~ = I = 4 = E = 5 3 3 3 24 I 5 2 3 3 23 3

highest 22 23 3 5 5 5 5

PR = (2 ,
3)

PR = (5
,

1) + 15
,
4) PR = (5

,
2)

PR = (5
,

1) + 15
,

3)
+ (5

,
2) = n + n + u

= n = 2 = u + 1 = 5~
= D = 6

highest
= 3



4)
. Scoring Phase

< ZiRel x dist
.

(closest walls NOT centroid [CRAFTI) > lowest layout score is better !

> minisum problem > neighboring (w/ common wall)
,

then distIscore = &

1- 2 1 - 3 1 - 4152-3242-53-4

555 (xn + b + b + b + p + b + p + p+
2 4 I

233 => n + & = 5 (Layout score)

* common practice :

keep dept . size ratios<" L-shape (Acceptable) V-shape (Questionable)

31
-

3

highest TCR # best

↑

- how to exit ?

helicopter ?
shipping/export

Center



high RPW : higher position

greater weight
/value

3 + 2 + 4 + 1 + 2 + 1 + 5 +p + +p = 3 ty + +E + tr + to = 12 tE + to = T

= 18

Desired cycle time

Cd =
1 hour

RPW 6) units

& 4 - 0
.
4 - 0 .

3 = 3
.
3

= 1 unit / hr
.X &X 4. 0

.
2-0

.
17 - 0 .32 = 2

.
67

↓*** 4. 0 .2 - 0 .
1 - 1 . 4 - 1

.
3 = 3

.
&

1
,97

1
.
3

1
. &

1 .21

1
. 87

&
.89

&
.
38 + 0 .12 + 0 .

5 = 0
. 9

0 .
12 + 8

.
5 = 0 . 62

&.12

total = 4 mins

↑

i



high RPW : higher position

greater weight
/value

3 + 2 + 4 + 1 + 2 + 1 + 5 +p + +p = 3 ty + +E + tr + to = 12 tE + to = T

= 18

Desired cycle time

Cd =
1 hour

RPW 6) units

& 4 - 0
.
4 - 0 .

3 = 3
.
3

= 1 unit / hr
.X &X 4. 0

.
2-0

.
17 - 0 .32 = 2

.
67

↓*** 4. 0 .2 - 0 .
1 - 1 . 4 - 1

.
3 = 3

.
&

1
,97

1
.
3

1
. &

1 .21

1
. 87

&
.89

&
.
38 + 0 .12 + 0 .

5 = 0
. 9

0 .
12 + 8

.
5 = 0 . 62

&.12

total = 4 mins

↑

i


