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Methods for layout design

e Layout evaluation
o Distance-based scoring
> Adjacency-based scoring

» Layout generation

o Construction algorithms

Building a block layout by iteratively adding
departments

° Improvement algorithms
Incrementally improving an initial block layout
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» SELECT an activity to be placed

* PLACE the selected activity in the layout
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o Contiguity Rule
If an activity is represented by more than
/ one unit area square, every unit area
/ square representing the activity must share
\ at least one edge with at least one other

unit area square representing the activity.

o Connectedness Rule

The perimeter of an activity must be a
single closed loop that is always in contact
with some edge of some unit area square
representing the activity.
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° Enclosed Voids Rule WOITITE
No activity shape shall contain an ] d (]
enclosed void. l\
o Shape Ratio Rule
The ratio of a feasible shape’s greatest
. . N~
length to its greatest width shall be PN
constrained to lie between specified \\
limits.
o Corner Count Rule
The number of corners for a feasible
shape may not exceed a specified
maximum.
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Procedure

Determine department centroids.
Calculate rectilinear distance between centroids.
Calculate transportation cost for the layout.

Consider department exchanges of either equal area
departments or departments sharing a common
border.

5. Determine the estimated change in transportation
cost of each possible exchange.

6. Select and implement the departmental exchange
that offers the greatest reduction in transportation
cost.

7. Repeat the procedure for the new layout until no
interchange is able to reduce the transportation cost.
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. A facility with 7 departments

. Cost of carrying any material ¢; = 1 for all i and j pairs.
. Each grid size is 20 X 20, total 72,000 m? is available
. Total requirement is 70,000 m?
. Location of receiving (A) and shipping (G) departments are fixed
1 2 3 4 5 6 7 8 9 10111213 14
Dept. | Area | Noof Flow 1
Name Grds |A | B C D E F G H 2
Te=ime 112,000 | 30 0 45 |15 |25 |10 |5 0 0 3
PHEE18000 |20 0 [0 Jo [30 |25 [15 0 Jo 1| B Bl Ic Cl [EmE
P 6,000 |15 0O |0 [0 |0 [5 |10 [0 |O 518 Bl c clE EEEEEERE
o= 112,000 30 [0 |20 [0 [0 [35 [0 [0 [0 | ¢|e B CCCCCEEECEECETEETE
Fy;yf;"ggogggggggsfzzg 7|lBBBBBDDDDFFFFPFFFIEE
GS"‘"‘“]Z:OOO30 0 [0 Jo o Jo Jo Jo Jo SBDDDDD B;FFFF F;
-
2000 |5 0 Jo o 0 10 [0 J0 19 ylp ppbooop o[ AHEHEHRFEFFEFF
> Dummy Deparement
Improve the layout
o Total available space > total required space:
therefore we use a dummy department (H) with the size of 2,000 m?
A.Ghaderi 27
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p Dept. | Area | Noof Flow
. . Name Grids |A | B C D |E F G |H
1. Determine department centroids. e 13000130 10 125 115 125 110 15 To 1o
2.  Calculate rectilinear distance o000 [0 [0 [0 [0 150 [55 |15 [0 |0
between centroids. 1200030 To T30 o To T35 To o0
3. Calculate transportation cost for "7 18000 20 [0 [0 [0 [0 [0 65 [35 [0
e 12,000 | 30 0 5 0 0 25 |0 65 |0
the layout. T 12,000 (30 [0 |0 |0 |0 [0 [0 [0 [0
iy 2,000 |5 0 0 0 0 0 0 0 0
1 2 3 456 7 8 91011121314151617 18
1]A A AA|G G G GG GG G
2 |A AlG i G
3|J]A A A A AJA A AA A|G G G G . .
41B B BB BJC C/C/C C|JEE|G/G G/ G/ G G 'DISIEHCEMBUIX
5|8 Blc] || [clele|elElE|E|E|E A[B|C|D|E|F|G|H
6|8 Blc clcicicleleEElEE|E E Al Le|5|&[13[18
7|s 8/B/8 B[D DD D[F F F F FF F|EE D al1114
s[ppbpbDD D o|F . FFF 'C 710
9|o ¢ D D|F FIF F F F D [] 12
1DDDDDDDDDHHHHH|FFFFF E 24
Figure 6.15 Initial CRAFT layout and department centroids F M 3 T
for Example 6.1 (z = 2974 X 20 = 59,480 units). G
H
Distance between A and B is 6 units / Cost Matri
. . .
(illustrated by the red line above) 0s arle TR
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C RA FT Exa m p I e Dept. | Area | Noof Flow
. . N; Gnds |A | B C D E F G H
1. Determine department centroids. w2000 T30 1o 145 115 125 110 T3 To T
2. Calculate rectilinear distance b iggg :g g g g 30 5 }8 g g
between centroids. e 000 3001200 To T35 oo To
3. Calculate transportation cost for RSP 8000 (20 [0 [0 |0 |0 |0 |65 [35 [0
PP 12,000 | 30 0 [5 o Jo J25 o |65 Jo
the laVOUt' I re 12,000 | 30 0 0 0 0 0 0 0 0
Fomy 19000 |5 0 [o [o Jo Jo Jo Jo Jo
AFT Example
Trial distance matrix latrix
A[E[C[D[E[F[G[H E[E[C[D[E[F[G[H
ation of the Al [6[5]&]6[13 AREEEEE
. B AEE B I
e in T 0 T [ 71
- 0| [6 g o[ & 2
bortation cost E 317 = T3
|11 3[4 AHE (7
G G
H H
: : rix
. Trial cost matrix
A|l]B|C|D]|E]F|G|H|To
| cost matrix JETETE 15;'33 Ld —
B|C]O]E[ ]G A o NEEREAHEEREEE i 1805210 =
[ 270 7= [150] 130] 80 75| [A ] |Z70[ 7= [1E0]qen] &5 | T 1= = =
80| 275] 210 EES B 180 350 | 955 £85 i [ES 338
35| 100 135 [+ El ] 120 : i) 75 4z5| | e0d]
120 40 54 [5] 120 315 432 : g
5140|335 E R —=
T 75| ez Jem F 5 = 250 350 —

Facility Planning

© 0~ U wWwN =

-
=)

Dummy Department

Which
departments
to exchange?

Bringing the departments E and D closer
might help to reduce total material flow

Bringing the departments F and G closer
might help to reduce total material flow

(= E §"3‘2 ‘ Exchange Eand F

Departments E and F can be reorganized

only if they have the same areas OR
they have common border

. 1.
Cost Matrix
R]B|C|D]E] =[G ]H e
A 70| 7% |10 13| & 05 2
F 180] 275[ 210 §ES
C o 135
) 120
E
= m 75| (az=]) [em]
B I
B [ i
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Selection Criterion for Exchange
» Estimated change in the transportation cost:

o Consider two departments i and j:

Let the centroids of each location be L;and L;

Assume that after the exchange, the new centroid of i
becomes L;and j becomes L,.

Compute the change in the total transportation cost by
using the new estimated centroids
+ Centroids of the two departments are temporarily swapped

* The actual size of cost reduction can be overestimated or
underestimated
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Swapping the centroids

1.2 3 4 5 6 7 8 9 10111213 141516 17 18

1
2

3

4B B C CEE

5|8 B C CEETEFTE E )
6B B C CCCEEEEé E Centroid of E
7|lBBBBBDDDDFTFFFFFFEE

e oD DD R D F EE Centroid of F
9|D DFFFFFO(_F

10]b DD DDDDOD[HHHHH|FFFFF

Dummy Department

8 9 1011 12 13 14 15 16 17 18 To calculate the

estimated change

[N
w
o~
&)
o

1
2 in cost after the
3 exchange:
4B B B B B C CEE

508 B C CEETEEFE .
6|8 B C ccceEe€e€eQ Centroid of F
7|1BBBBBDDDDTFTFTFTFTFTFTFIEE

e DD DDD ol T Fr Centroid of E
9o DFrrFr® <€

0D DD DDDDOD[HHHHHEFFEFEFTF
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| CRAFT Example

Trial distance matrix

A[B[C[D[E[E[G[H
e Estimation of the 'é 65 g :i :g.
change in T o
; o] [© ]
transportation cost £ 1=
F 1 K] 2
G
H

. . Trial cost matrix
Initial cost matrix

AlB|C|D|E]|F|G|H|Toa AlBIC|DIE|F]| Q| H [T
A 70| 75 |450] 130] &0 05 A 20| 75 | 150 180] 65 720
B 80| 375 210 BES B 180|350 | 955 E85
[+ 35 | 100 135 [ E] __3| 120
& 120 40 a0 o 120 35 :I 432
E 125]140 335 E 135|245 440
F 0 75 452 £00 F 5 75 280 350
a 0 G 0
H 7 =
= \
A.Gh ;': T , 33
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Facility Planning
Exchanging two departments
¢ If the areas of the two departments are of equal sizes one
department takes the shape of the other.
e If the areas are not identical:
> Draw a box enclosing the two departments (this enclosed
shaped includes the grids of the two departments only)
o Count the number of grids of the smaller department. Let this
count be k
o Count k grids from the non-adjacent side of the larger
department. These grids now become the new location of the
smaller department. The space emptied by the smaller
department now becomes part of the larger department’s new
territory
34
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Exchanging two departments
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CRAFT Example —exchanging Eand F

8 9 10 11 12 13 14 15 16 17 18

e

© W~ oA WM

=2
=)

Department E needs less space
Dummy Department than department F. Then:

Starting from the most left part of

8 9 1011 12 13 14 department F, locate all the cells

1 for department E

2

3

4B

5|8

6|B New Layout — after
71B exchanging E and F
8|D

9D

10| D
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CRAFT Example

Final Layout — after exchanging B and C
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CRAFT Example
Manual Adjustment on CRAFT output
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6999 wibs ddaf
Flow Matrix Department Information
T0 Name F/V___ Area Cells
FROM D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 Dept. 1 D1 v[ 5|5
D1 16 Dept.2 D2 v |10 | 10
D2 11 16 Dept. 3 D3 v [ 20 | 20
D3 15 | 16 14 | 12 13 | 12 Dept. 4 Da v 1 30 | 20
g; 18 13 o o 16 & Dept.5 D5 v [ 20 | 20
D 15 | 16 | 15 13 | 13 Dept. 6 D6 vV [ 10 | 10
D7 16 16 | 14 13 Dept.7 D7 v]s5s 5
LY 16 12 17 Dept. 8 D8 v [ 10 | 10
D9 13 | 13 19 | 12 13 Dept.9 D9 v |20 | 2
D10 13 | 17 13 | 11 | 18 Dept. 10 D10 v | 30 | 30
Software:

Name: Facility Layout Add-in
Source: UTEXAS
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Problem Name:{ Production Method{Traditional Iterations: 4 i
Number Depts. 10 Layout] Blank lter.  Type Action Cost
L ( 11 No 1
Width(cells)| 15 Measure{ Rectilinear 2
Area (cells): 165 Number Aisles 3
Cost{ 4049 Dept. Width 5 3
4
4049Initial layout 3573The last move increased the cost.
3 8 9 10 11 12 13 14 15 1 4 5 6 7 8 9 10 11 12 13 14 15
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A|B|C|D|E|F|G|H - lpJoLow
Al 0 |45|15|25|10| 5| 0 | O | 12000 30
B|lO|O0O|0|30)|25|15| 0 | 0 | 8000 20
clo|0|0]| 0| 5]|10]| 0| 0| 6000 15
D0 |20 0|0 |35] 0| 0| 072000 30
E|JO|O|] 0| 0] 0 |65|35] 0| 8000 20
Flo| 50| 0|25 65| 0 | 12000 30
Gl|oO|O|]O|O|O0O| 0| O] O0]12000 30
Hjo|0|O0|O0| O] 0] 0] 0] 2000 5
S =72000
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Automated Layout DEsign Program

(ALDEP)
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ALDEP f
* Vertical sweep pattern \ ‘ \ ' \ 1 \ ‘ l 1 >4

» Sweep width ?‘3‘
Dept. size = 14 grids Dept. size = 8 grids )
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ALDEP(Example.)

» The size of the facility and the size of the departments are

expressed in terms of blocks.

» The procedure will be explained with an example. Suppose that
the facility is 6 blocks (horizontal) x 8 block (vertical).

» The departments and the required number of blocks are:

— Production area 14 blocks

— Office rooms 10
— Storage area 8
— Dock area 8
— Locker room 4
— Tool room 4

;1.,?-::.3:', 61
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ALDEP(Example.)

Production area

Office rooms

Storage

Dock area

Locker room

Tool room

A: Absolutely necessary

E: Especially important
I: Important

O: Ordinarily important

U: Unimportant

X: undesirable

62
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ALDEP(Example.)

ALDERP starts to allocate the departments from the upper
left corner of the facility. The first department is chosen at
random. By starting with a different department, ALDEP
can find a different layout for the same problem.

» Let’s start with dock rooms (D). On the upper D\D

left corner 8 blocks must be allocated for the DID

dock area.
» The sweep width defines the width in number DD

of blocks. Let sweep width = 2. Then, dock DD

area will be allocated 2 x 4 = 8 blocks.

A Ghaderi 63
Facility Planning
ALDEP(Example.)

To find the next department to allocate, find the department
that has the highest proximity rating with the dock area as
given on relationship diagram. Storage area (S) has the highest
proximity rating A with the dock area.

So, the storage area will be allocated next. The storage area
also needs 8 blocks.

There are only 2 x2 = 4 blocks, remaining
below dock area (D). After allocating 4 blocks,
the down wall is hit after which further
allocation will be made on the adjacent 2
(=sweep width) columns and moving upwards.

0 n 00|00
0| |»w| OO0 |T|C
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ALDEP(Example.)

» See carefully that the allocation started from the upper left
corner and started to move downward with an width of 2
(=sweep width) blocks.

» After the down wall is hit, the allocation continues on the
adjacent 2 (=sweep width) columns on the right side and starts
moving up. R

This zig-zag pattern will continue.

Next time, when the top wall will be hit, the
allocation will continue on the adjacent 2
(=sweep width) columns on the right side and
starts moving down.

)
D
)
)

(altalin NS
i W |Oo|T|C

(N (N
W

l

A k;;i-,‘t-::_fj', 65
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ALDEP(Example.)

» To find the next department to allocate, find the department
that has the highest proximity rating with storage area.

* Production area (P) has the highest proximity rating A with the
storage area.

» The production area needs 14 blocks.

D|D|P|P|P|P
After allocating 8 blocks, the top wall is hit and DIDIPPIPP
i : wall is hi
the remaining 6 blocks are allocated on the DID\P|P|P|P
adjacent 2 (=sweep width) columns moving DIDIPIP
downward.
S|S|S|S
S|S|S|S

66
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ALDEP(Example.)

To find the next department to allocate, find the department
that has the highest proximity rating with production area as

given on Slide 30.

Tool room (T) has the highest proximity rating A with the

production area.

The tool room needs 4 blocks. So, 4 blocks are allocated.

Next, there is a tie. See from relationship
diagram that both locker room (L) and office
room (O) have the proximity rating of U with
the tool room.

Ties are broken at random. So, any of the
locker room or the office room can be
allocated next.

—|—4|/0| 0| T
—|—|/0| 0| T

0 »n|O|0|T0|0
0 n o000
W »W V|V |T|T
W » T|T|T|T

67
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ALDEP(Example.)

Let’s choose locker room (L) room at random. Then, the last
department must be office room (O). The resulting layout is

shown below.

Note that since the ALDEP chooses the first department at

random and since the ties are broken at random, ALDEP can

give many solutions to the same problem.

Using the layout, the adjacency relationships
and the proximity ratings, we can find an
overall rating of each layout. Then, the layout

with the highest overall rating is selected. This

will now be discussed.

0 n 00|00
W wn 0|0 oo
W W TV T VT
W W» T T TT|T
~|—4|/—4|0| U |
~|—H|/—4|0| 0|
—0|0|0|0|O
—10|0|0|0|0
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ALDEP(Example.)

After a layout is obtained, a score for the layout is computed with the
following conversion of proximity relationships:

A =43=64, E=4=16
| =41=4, O=4=1
U =0, X=-45= -1024

If two departments are adjacent in the layout then the weight corresponding
to the rating between the two departments is added to the score.

69

Facili

y Planning

ALDEP(Example.)

Let’s compute the overall rating of the layout constructed. To do this, we shall
list every pair of adjacent departments. For each pair, a letter rating will be
obtained from the activity relationship chart (a.k.a. rel chart) on Slide 30 and
then the score will be converted to a numeric score using the conversion
scheme on the previous slide.

Adjacent departments:

D.5) (D7) D\D|P|P|P|P|O|O

(SP)(S.T) D\D|\P|P|P|P|OO

(SL) (PT) DID|P/P|P /P OO

(RO)(TL) D\D|P|P|T|T|O|O

(T.O) (L,O) S|S|S|S|T|T|O|O
S|S|S|S|L|L|L|L

70
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ALDEP(Example.)
Adjacent Proximity Numeric
Departments Scores
(D,S) A 43=64
(D,P) I 41=4
(S,P) A 43=64
(S,T) o 4°=1
(S,L) U 0
(RT) A 43=64
(PO) (o] 4°=1
(T.L) U 0
(T.0) u 0
(L,0) X -45=-1024
Total = -826
71
Facility Planning

ALDEP(Example.)

The process is repeated several times and the layout with the

highest score is chosen.

Notice the large negative weight associated with X ratings.

If the departments which cannot be next to each other, are adjacent

in a layout, then the layout score reduces significantly.

This is important because ALDEP also uses a cut-off score (if not

specified by the user this cut-off is zero) to eliminate any layout

which has a layout score less than the cut-off score.

72
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1. Layout and area requirements are shown in Table below.

Table: Layout Requirements °‘w ﬂ“
Department | Area (sq. ft) | Number of unit squares had
1 1200 30
2 800 20
3 600 15
4 1200 30 ?G'iwé (1
c 300 >0
5 800 20 Q (
6 1200 30 : )‘9‘.‘!{2‘5 2
7 1200 30
Total 7000 175

Assume one square in the layout to be equal to 40 sq. ft.
Number of unit squares for a department = dept. area in sq. ft/area per square.

Let the size of layout be 15 x 12, and the sweep width be 2 (this means that we will fill 2 columns
simultaneously).

The relationship chart for the example is as follows:

Department [1 [2 [3 |4 [5]|6 |7
1 E|lo[i [o[u[u
2 E uleE]r |1 |u
3 olu ululolu
4 I [E|U r[ulu
5 ol [ui ALl
6 ulr J[oJu[A E 73
7 Ufujuful|l [|E

Facility Planning

i 5 9 pouid 5 Guldf

COmputerized RElationship LAyout
Planning
(CORELAP)

A Ghaderi 74
University of Kurdistan

2/3/2010

37



Facility Planning

(CORELAP) wid y 98 ot ) guid!

sl 233l iy oS S
b go Lled dhul) Hl3ges 2 (Siro >

&P 2 e bl 4599 ¢l bl ol >
.24b 0 Total Closeness Rating JS Soo 5

A E;i-,‘t-:_f:', ) 75

Facility Planning

id 5 98 ook 5 9ubdl SMR 6269

Lewled dul) Jlsges >
b idw Colus 9 slass >

OT Sl oo 5 45 (S935 Ol puss sl (59 29SB >

85 T e 4 b s
b s sy Jxo >

3 A L'j';‘...‘;_-;:e:"_ ) 76

2/3/2010

38



Facility Planning

il 5 0 o 9l Jal 5o

W s 51 Sy b Sl JS (S99 E05 Ao gl pa3 >
3979 Whm 3 (S8 Er lxe Sl & 330 pdlie GdysS o>
bl (oo 2 Dygear 315
A=6 E=5 [I=4 0=3 U=2 X=1I1
D9 (oo duwle 22 Dgaar Jidu s Sl (355 P Eseme ¥
TCR(@) =Y R, j)
=1

oasuie b Culled dul) Jgaz jl 45 sl Jo I o Sus 35 4205 R(G, j)

.),.ai'a «®
A E;z.f—t-:ia:: 7 77
versity of Kurdistan

Facility Planning

o ool Ol ipgs o3 >
oST pabl 83,50 pasdn |) sz B (639,59 U Sgo ) ¥k

Jid oalgl Olgie 4 sl sy 1) TCR o iy a5 Lo J)sS
S g0 Ol

15 (o 5E) A dul) o i &5 Sloi )b (Solume 3929 O yguo o ¥
33,5 o0 oLl

23 9 4sldS LS 1) oT oyl Jsl oleisbs L X ably Sl 81

33,8 5o i s

78

2/3/2010

39



Facility Planning

2l b yisu wle 39,9 cad 5 (yassi ipgu pS &
E)A bl | oy i 1> gl s b S Gl (oS0 cp9> Giuses ©
oww 9 ol TCR 2,3 5929 Sjgo o 2L (o 9 I
35S 50 IS e sy o lods
2105 15T il o pos s U X dl) slls ileisbs ST
paled oo 2Ll

79

Facility Planning

il ;9 o ) gell Jal 5o

123948 (o0 Job M) D90 4 poan JlS 035 pasieo sl ©

93 ond b A dl) 929 pas Oyg0)d tdyl pidu L A il
3979 pas O g0y gl Jisu L E dal) 3529 pae Oyg0)d
5 Jop bal s 93 3 5 g0 )1 )8 Jhide 9 p9> Giudu L E akl,
D9 g0 Jos JuS siilod

o 3litnl e (Slogad I 3w b jice sl 3979 cad i s (slp ©
s

80

2/3/2010

40



Facility Planning

il 5 0 o 9l Jal 5o

C)-b 23 b jisw )l il lo)l.p loAS

.ﬂlgwa)igm)us)-‘

Department neighbors r 8 L7 6,
o Adjacent (in position 1, 3, 5 or 7) with department 0 r1]10]5:
F--- ---d

o Touching (in position 2, 4, 6 or 8) department 0 120314

[

>

81

Facility Planning

il ;9 o ) gell Jal 5o

Jol> O)gar Yoo E 5l Gidu ja Yoo oS Sle Yo 75 @
Gl OT Gluod sla i b b5 390 Ghou (S35 ¢ 5 go
335 513> 0T Joro § 5 45 358 (00 pitiane > s D9d s

Job ST 2l 2 U abis 95 lp Jomo g5 Sisge s> @
Hiiws S oBGLS 9 232 iy Gm S i o) S lued
292 3ls> b s (605 )18 sliue (a3l

82

2/3/2010

41



.ys " .
Facility Planning

il 5 0 o 9l Jal 5o

—
dwly | a5 | oJs
3 I 4 1-4 | A | 600
2-4 | E |200
3-4 I 50
A Ghaderi 83

University of Kurdistan

e p———
Facility Planning

il ;9 o ) gell Jal 5o

3
€ > |l | 5 | 09
4 1-4 A 600
3
4 2-4 E 200
3-4 I 50
3

(Placing Rate) PR =200
(Neighborhood Length)NL =3

3 I
A Ghaden

University of Kurdistan

84

2/3/2010

42



.ys " .
Facility Planning

PR =800
NL=3
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PR =800
NL =4
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Personnel

. Plant
manager

. Plant
engineering
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Plant Layout ANalysis & Evaluation Technique
(PLANET)
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