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CORELAP; Computerized Relationship Layout Planning

* Developed for main frame computers
» Construction type

* Adjacency-based method
o CORELAP uses A=4, E=3, |I=2, O=1, U=0 and X=-1
values
» Selection of the departments to enter the
layout is based on Total Closeness Rating
> Total Closeness Rating (TCR) for a department is
the sum of the numerical values assigned to the

closeness relationships between the department
and all other departments.

TCR= Z

J=1i#]



CORELAP

Department selection

1. The first department placed in the layout is the one with the
greatest TCR value. If there is a tie, then choose the one with
more A’s (E’s, etc.).

2. If a department has an X relationship with the first one, it is
placed last in the layout and not considered. If a tie exists,
choose the one with the smallest TCR value.

3. The second department is the one with an A (or E, |, etc.).
relationship with the first one. If a tie exists, choose the one
with the greatest TCR value.

4. If a department has an X relationship with the second one, it is
placed next-to-the-last or last in the layout. If a tie exists,
choose the one with the smallest TCR value.

5. The next department is the one with an A (E, |, etc.)
relationship with the already placed departments. If a tie
exists, choose the one with the greatest TCR value.

6. The procedure continues until all departments have been
placed. = Placement sequence




CORELAP

Department placement

O

O

Department neighbors k8 [ 6
Adjacent (in position 1, 3, 5 or 7) with department O 11015

|.___ - -

Touching (in position 2, 4, 6 or 8) department O 2131 4

Placing rating (PR) is the sum of the weighted closeness ratings between the
department to enter the layout and its neighbors.

PR = Zwik where k ={departments already placed}
k

The placement of departments is based on the following steps:

1. The first department selected is placed in the middle.
2. The placement of a department is determined by evaluating PR for all possible
locations around the current layout in counterclockwise order beginning at the

“western edge”.

3. The new department is located based on the greatest PR value.

| ER R U i |



. Directors
conference
room

CORELAP - Example 1

>Given the relationship chart and the departmental dimensions
below determine the sequence of the placement of the

departments in the layout based on the CORELAP algorithm. Place

the departments in the layout while evaluating each placement.

. President

. Sales department

. Personnel

. Plant
manager

. Plant
engineering
office

. Production
supervisor

. Controller
office

. Purchasing
department

Department Sizes Sq.ft. Num of Grids
1. Conf Room 100 2
2. President 200 4
3. Sales 300 6
4. Personnel 500 10
5. Plant Mng. 100 2
6. Plant Eng 500 10
7. P. Supervisor 100 2
8. Controller Office 50 1
9. Purchasing Dept 300 6




. Directors
conference
room

. President

. Sales department

. Personnel

. Plant
manager

. Plant
engineering
office

. Production
supervisor

. Controller
office

. Purchasing
department

CORELAP - Example 1

A=4, E=3, 1=2, 0=1, U=0, X=-1

The first department placed in the layout is the one with
the greatest TCR value. If there is a tie, then choose the

one with more A’s (E’s, etc.). Any X relationships?

Dept. | Department relationships Summary TCR | Placement
Sequence
1 2 3 4 56 78 9 A EI O UX
1 -({rjyujofujujyulufo|o|2|1|s5]|0 5
2 I [- [O|JU|OfU|U|JU|O(O|O0|1|3|4]|0 5
3 I (O|- |U|Il [O|O]|JE|JU[O|1]|2]|3]|2]|0 10
4 ufuful|- |OfO|O|O|O(fO0O|O0O|O|5]|3]|0 5
5 oO|Oo|IlI [O|-|]A]JA|Of(O}|2|0f1(|(5(0{0O 15 1
6 U(U[O|O|A|-|I |OJE|1T|1|1|3]|2]|0 12
7 U(U[O|O|A|I |- ]JU]JOf1]|0|1|3|3]|0 9
8 ufulfeE|joO|Of(O|U]|-|I [O]l1T]1]|3]|3]|0 8
9 ufofU|O|O(E|O]|I |- |O|1]|1]|4]|2]|0 9

The placement sequence: 5




. Directors
conference
room

. President

. Sales department

. Personnel

. Plant
manager

. Plant
engineering
office

. Production
supervisor

. Controller
office

. Purchasing
department

CORELAP - Example 1

A=4, E=3, 1=2, 0=1, U=0, X=-1

The second department is the one with an A relationship
with the first one (or E, I, etc.). If a tie exists, choose the
one with the greatest TCR value. Any X relationships?

Dept. | Department relationships Summary TCR | Placement
Sequence
1 2 3 4 56 78 9 A EI O UX
1 -({rjyujofujujyulufo|o|2|1|s5]|0 5
2 I [- [O|JU|OfU|U|JU|O(O|O0|1|3|4]|0 5
3 I (O|- |U|Il [O|O]|JE|JU[O|1]|2]|3]|2]|0 10
4 ufuful|- |OfO|O|O|O(fO0O|O0O|O|5]|3]|0 5
5 o|Oo|IlI [O|-|]AJA|Of(O]|2|0f1([5(0{0O 15 1
6 U(U[O|O|A|-|I |OJE|1T|1|1|3]|2]|0 12 2
7 U(U[O|O|A|I |- ]JU]JOf1]|0|1|3|3]|0 9
8 ufulfeE|joO|Of(O|U]|-|I [O]l1T]1]|3]|3]|0 8
9 ufofU|O|O(E|O]|I |- |O|1]|1]|4]|2]|0 9

The placement sequence: 5-6




. Directors
conference
room

. President

. Sales department

. Personnel

. Plant
manager

. Plant
engineering
office

. Production
supervisor

. Controller
office

. Purchasing
department

CORELAP - Example 1

A=4, E=3, 1=2, 0=1, U=0, X=-1

The next department is the one with an A (E, |, etc.).
relationship with the already placed departments. If a tie
exists, choose the one with the greatest TCR value. Any X?

Dept. | Department relationships Summary TCR | Placement
Sequence
1 2 3 4 56 78 9 A EI O UX
1 -({rjyujofujujyulufo|o|2|1|s5]|0 5
2 I [- [O|JU|OfU|U|JU|O(O|O0|1|3|4]|0 5
3 I (O|- |U|Il [O|O]|JE|JU[O|1]|2]|3]|2]|0 10
4 ufuful|- |OfO|O|O|O(fO0O|O0O|O|5]|3]|0 5
5 oO|Oo|IlI [O|-|]AJA|Of(O]|2|0f1([5(0{0O 15 1
6 UlU|O|O|A|-|I |O|JE|1T|1|1|3|2]|0 12 2
7 U(U[O|O|A|I |- ]JU]JOf1]|0|1|3|3]|0 9 3
8 ufulfeE|joO|Of(O|U]|-|I [O]l1T]1]|3]|3]|0 8
9 ufofU|O|O(E|O]|I |- |O|1]|1]|4]|2]|0 9

The placement sequence: 5-6-7




. Directors
conference
room

. President

. Sales department

. Personnel

. Plant
manager

. Plant
engineering
office

. Production
supervisor

. Controller
office

. Purchasing
department

CORELAP - Example 1

A=4, E=3, 1=2, 0=1, U=0, X=-1

The next department is the one with an A (E, |, etc.)

relationship with the already placed departments. If a tie
exists, choose the one with the greatest TCR value. Any X ?

Dept. | Department relationships Summary TCR | Placement
Sequence
1 2 3 4 56 78 9 A EI O UX
1 -({rjyujofujujyulufo|o|2|1|s5]|0 5
2 I [- [O|JU|OfU|U|JU|O(O|O0|1|3|4]|0 5
3 I (O|- |U|Il [O|O]|JE|JU[O|1]|2]|3]|2]|0 10
4 ufuful|- |OfO|O|O|O(fO0O|O0O|O|5]|3]|0 5
5 O|O|IlI [O|-|A]JA|Of(O]|2|0f1(|[5(0{0O 15 1
6 UlU|O|O|A|-|I |OJE|1|1|1|3(|2]|0 12 2
7 U(U[O|O|A|I |- |JU|J]O(f1]|0|1|3|3]|0 9 3
8 ufulfeE|joO|Of(O|U]|-|I [O]l1T]1]|3]|3]|0 8
9 ufofU|O|O(E|O]|I |- |O|1]|1]|4]|2]|0 9 4

The placement sequence: 5-6-7-9




. Directors
conference
room

. President

. Sales department

. Personnel

. Plant
manager

. Plant
engineering
office

. Production
supervisor

. Controller
office

. Purchasing
department

CORELAP - Example 1

A=4, E=3, 1=2, 0=1, U=0, X=-1

The next department is the one with an A (E, |, etc.)

relationship with the already placed departments. If a tie
exists, choose the one with the greatest TCR value. Any X?

Dept. | Department relationships Summary TCR | Placement
Sequence
1 2 3 4 56 78 9 A EI O UX
1 -({rjyujofujujyulufo|o|2|1|s5]|0 5
2 I [- [O|JU|OfU|U|JU|O(O|O0|1|3|4]|0 5
3 I (O|- |U|Il [O|O]|JE|JU[O|1]|2]|3]|2]|0 10 5
4 ufuful|- |OfO|O|O|O(fO0O|O0O|O|5]|3]|0 5
5 O|O|IlI [O|-|AJA|Of(O]|2|0f1(|(5(0{0O 15 1
6 UlU|O|O|A|-|I |O|JE|1T|1|1|3|2]|0 12 2
7 U(U[O|O|A|I |- |JU|J]O(f1]|0|1|3|3]|0 9 3
8 ufulfeE|joO|Of(O|U]|-|I [O]l1T]1]|3]|3]|0 8
9 Uu(fofU|O|O(E|O]|I |- |(O|1]|1]|4]|2]|0 9 4

The placement sequence: 5-6-7-9-3




CORELAP - Example 1

. Directors
conference
room

A=4, E=3, 1=2, 0=1, U=0, X=-1

. President

. Sales department

The next department is the one with an A (E, |, etc.)

relationship with the already placed departments. If a tie
exists, choose the one with the greatest TCR value. Any X?

. Personnel

. Plant
manager

. Plant
engineering
e Dept. | Department relationships Summary TCR | Placement
: spﬂf)g'fvﬁggrn Sequence
12345678 9 |AEIOUX
Sl 1 {1 {1 Julofulufu|ulo]o]|2]|1]|5]0 5
, > (1 [-]olulo|ulululolololz]3]a]o 5
Geparimert 3 [ {ol-Tuli Jolole]ulolz]2]3]2]0o | 10 5
4 |ululul-lololololo]o]ofos]3]0 5
s |olo|i [o]-[alalo]ol2]olz[s]o]o | 15 1
6 |ululololal-TiJolela]al2]3]2]0 | 12 2
7 (ululololali [-ulolzlo|2]3]3]0 9 3
8 |ululelololoful-Ti]ola]2]3]3]0 8 6
9 [ulofulolofeloli [-Tola]zlalz2]0 9 4

The placement sequence: 5-6-7-9-3 - 8



CORELAP - Example 1

. Directors
conference
room

A=4, E=3, 1=2, 0=1, U=0, X=-1

. President

. Sales department

The next department is the one with an A (E, |, etc.)

relationship with the already placed departments. If a tie
exists, choose the one with the greatest TCR value. Any X?

. Personnel

. Plant
manager

. Plant
engineering
e Dept. | Department relationships Summary TCR | Placement
: spﬂf)g'fvﬁggrn Sequence
12345678 9 |AEIOUX
Sl 1 {1 {1 Julofulufu|ulo]o]|2]|1]|5]0 5 7
, > (1 [-]olulo|ulululolololz]3]a]o 5
Geparimert 3 [ lol-Tuli Jolole|ulolz]2]3]2]0o [ 10 5
4 |ululul-lololololo]o]ofos]3]0 5
s |olo|i [o]-[alalo]ol2]olz[s]o]o | 15 1
6 |ululololal-TiJolela]al2]3]2]0 | 12 2
7 (ululololali [-ulolzlo|2]3]3]0 9 3
8 [ululelolofoful-TiTola]2]3]3]0 8 6
9 |ulofulololeloli [-Tola]zlalz2]0 9 4

The placement sequence: 5-6-7-9-3-8 - 1



CORELAP - Example 1

. Directors
conference
room

A=4, E=3, 1=2, 0=1, U=0, X=-1

. President

. Sales department

The next department is the one with an A (E, |, etc.)

relationship with the already placed departments. If a tie
exists, choose the one with the greatest TCR value. Any X?

. Personnel

. Plant
manager

. Plant
engineering
e Dept. | Department relationships Summary TCR | Placement
: :J(;gg\;tsigrn Sequence
12345678 9 |AEIOUX
Sl 1 11 |1 Julofulufu|ulo|o]|2]|1]|5]|0 5 7
, 2 (1 |- lolulolulululololo|1]3]a]o 5 8
Geparimert 3 [ {ol-Tuli Jolole|ulolz]2]3]2]0o | 10 5
4 |ululul-lololololo]o]ofos]3]0 5
s |olo|i [o]-[alalo]ol2]olz[s]o]o | 15 1
6 |ululololal-TiJolela]al2]3]2]0 | 12 2
7 (ululololali [-ulolzlo|2]3]3]0 9 3
8 [ululelolofoful-TiTola]2]3]3]0 8 6
9 |ulofulololeloli [-Tola]zlalz2]0 9 4

The placement sequence: 5-6-7-9-3-8-1 - 2



CORELAP - Example 1

. Directors
conference
room

A=4, E=3, 1=2, 0=1, U=0, X=-1

. President

. Sales department

The next department is the one with an A (E, |, etc.)

relationship with the already placed departments. If a tie
exists, choose the one with the greatest TCR value. Any X?

. Personnel

. Plant
manager

. Plant
engineering
e Dept. | Department relationships Summary TCR | Placement
: :J(;gg\;tsigrn Sequence
12345678 9 |AEIOUX
Sl 1 {1 |1 Julofulufu|ulo|o]|2]|1]|5]|0 5 7
, 2 (1 |- Tolulolulululololo|2]3]a]0 5 8
Geparimert 3 [ {ol-Tuli Jolole|ulolz]2]3]2]o | 10 5
4 |ululul-lololololo]o]ofos]3]0 5 9
s |olo|i [o]-[alalo]ol2]olz[s]o]o | 15 1
6 |ululololal-TiJolela]al2]3]2]0 | 12 2
7 (ululololali [-ulolzlo|2]3]3]0 9 3
8 [ululelolofoful-TiTola]2]3]3]0 8 6
9 |ulofulololeloli [-Tola]zlalz2]0 9 4

The placement sequence: 5-6-7-9-3-8-1-2-4



CORELAP - Example 1

. Directors
conference
room

A=4, E=3, 1=2, 0=1, U=0, X=-1

. President

. Sales department

. Personnel

Final table of TCR Values with the placement sequence:

. Plant
manager

. Plant
.
e Dept. | Department relationships Summary TCR | Placement
. Sﬂf)?fﬁggr” Sequence
12345678 9 |AEIOUX
Sl 1 {1 {1 Julofulufu|ulo]o]|2]|1]|5]0 5 7
, 2 (1 [-Tolulolulululololol1]3]a]0 5 8
Geparimert 3 [1{ol-Tuli Jolole|ulolz]2]3]2]o | 10 5
4 [ululul-lololololololofos]3]0 5 9
s |o|o|i [o]-[alalo]ol2]ol2]s]o]o | 15 1
6 |ululololal-|ifolela]al2]3]2]0 | 12 2
7 (ululololali [-ulolzlo|2]3]3]0 9 3
8 [ululelolofoful-TiTola]2]3]3]0 8 6
9 [ulofulololeloli [-Tola]2lalz2]0 9 4

The placement sequence: 5-6-7-9-3-8-1-2-4



CORELAP - Example 1

A=4, E=3, |=2, O=1, U=0, X=-1
Departments: 5 & 6 Entering department: 7

. g g 77 Both options give the
5 6

6 6 6
& & g Same PR Score

PR = A 71+l6,7

:4+2:§

If the location for the
B department 7 is chosen as
shown, the PR would be

PR=A 5, =4

o O Lh
< T Lh
h Ch
h Ch
h Ch

The placement sequence: 5-6-7-9-3-8-1-2-4




CORELAP -Example 1

A=4, E=3, |=2, O=1, U=0, X=-1
Entering department: 9

PR=E/q =3

WO Th LLh
WO Th LLh

g & 8 — — —
s e e TR e Osam3Tn S
............... 6 6 6 6 6
) 6 ; 6 ; 6 ; 6 ; 6 .............

The placement sequence: 5-6-7-9-3-8-1-2-4




CORELAP -Example 1

Entering department: 3

On O ILh D

Oh Th WO AT

Oh Th WO AT
o

A=4, E=3, |1=2, 0=1, U=0, X=-1

PR=1I35 +0;3, +U;zg =2+1+0=3

O Th WD MWD

O On 1Lh (WO S

O Th WD MWD

PR=+Egzg+lgg=3+2=5

The placement sequence: 5-6-7-9-3-8-1-2-4



CORELAP -Example 1

A=4, E=3, |1=2, 0=1, U=0, X=-1

Entering department: 1

9 9 = N PR: |[1,3]+U[1'7]=2+ O=2
5 9 9 9 ..................
6 6 6 6

Entering department: 2

.................. PR = |[1'2] + |[2,3] = 2 +2 = 4
[ 9 9
................. 9 9 9 .
............... & 6 6
) : ) _

Continue with Department 4.

The placement sequence: 5-6-7-9-3-8-1-2-4




CORELAP - Example 2

» Given the relationship chart below, determine the sequence of the
placement of the departments and find the best layout with CORELAP
algorithm assuming that all the departments have the same size. Use
these closeness values: A=125, E=25, |=5, 0O=1, U=0, X=-125 and
consider half weight if the departments are only touching by one
point.

1. Receiving

Shipping

Raw Materials Storage

Finished Goods Storage

Manufacturing

o2 I B R S I

Work-In-Process Storage

~

Assembly

8. Offices

9. Maintenance




CORELAP - Example 2

=0, X=-125

=25, 1=5,0=1, U

A=125, E

Table of TCR values:
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CORELAP - Example 2

A=125, E=25, I=5, O=1, U=0, X=-125

The first department placed in the layout is the one with the greatest
TCR value. If there is a tie, then choose the one with more A (E, etc.).
Any X? = Yes, X with 8.

Dept. | Department relationships Summary TCR | Placement

Sequence
1234 5678 9 |AEIOUZX

1 -lAlAlE|lO|lUlUlAlO|3|2]-]2]|2]- 402

2 |A|-|E|A|U|O|U|E|U|2]|2]|-|1]3]- 301

3 |A|E|-|E|A|U|U|E|A]|3(|3]|-|-]2]|- | 450

4 |E|A|E|- |E|O|A|E|U|2]|4]|-|1]|1]- 351

5 |O|U|A|E|-|A|A|O|A|4|L1]|-|2]|1]- 527

6 |u|lo|lu|o|A|-|A|O|O]|2]|-]|-1|a]|2]- 254

7 |U|lU|lU|A|A]|A X|Ala|-]-]-]3]1 625 1

8 |A|E|E|E|O|O|X |- |[X[1]3]|-]2]-]2 452

9 |o|Uu|lA|U[A|O|A|X|-|3]|-|-]2]2]1 502

The placement sequence: 7



CORELAP - Example 2

A=125, E=25, I=5, O=1, U=0, X=-125

If a department has an X relationship with the first one, it is placed last
in the layout. If a tie exists, choose the one with the smallest TCR value.

Dept. | Department relationships Summary TCR | Placement

Sequence
1234 5678 9 |AEIOUZX

1 -lAlAlE|lO|lUlUlAlO|3|2]-]2]|2]- 402

2 |A|-|E|A|U|O|U|E|U|2]|2]|-|1]3]- 301

3 |A|E|-|E|A|U|U|E|A|3]3]- 2|- | 450

4 |E|A|E|- |E|O|A|E|U|2]|4]|-|1]|1]- 351

5 |O|U|A|E AlA|O|A|4|1]|-|2]1]- 527

6 |u|lo|lu|o|A|-|A|O|O]|2]|-]|-1|a]|2]- 254

7 JU|lU|U|A|A|A|- |X|A]|4a|-]|-|-]3]|1 625 1

8 |A|E|E|E|O|O|X |- |[X[1]3]|-]2]-]2 452

9 |o|Uu|lA|U[A|O|A|X|-|3]|-|-]2]2]1 502

The placement sequence: 7- -8



CORELAP - Example 2

A=125, E=25, I=5, O=1, U=0, X=-125

The second department is the one with an A relationship with the first one
(or E, |, etc.). If a tie exists, choose the one with the greatest TCR value.
Any X?

Dept. | Department relationships Summary TCR | Placement

Sequence
1234 5678 9 |AEIOUZX

1 -lAlAlE|lO|lUlUlAlO|3|2]-]2]|2]- 402

2 |A|-|E|A|U|O|U|E|U|2]|2]|-|1]3]- 301

3 |A|E|-|E|A|U|U|E|A|3]3]- 2 |- 450

4 |e|A|E|- |[E|O|A|E|U|2|a]|-|1]|1]- 351

5 |(O|U|A|E AlA|lO|A|4a|1|-]2]|1]- 527 2

6 |u|lo|lu|o|A|-|A|O|O]|2]|-]|-1|a]|2]- 254

7 JU|U|U|A|A[A |- |X[A]|4]|-|-]|-1]3]|1 625 1

8 |A|E|E|E|O|O|X |- [X]|1]|3]|-|2]-]2 452 g

9 |o|Uu|lA|U[A|O|A|X|-|3]|-|-]2]2]1 502

The placement sequence: 7- 5- -8



CORELAP - Example 2

A=125, E=25, I=5, O=1, U=0, X=-125

The next department is the one with an A (E, |, etc.) relationship with the
already placed departments. If a tie exists, choose the one with the
greatest TCR value. Any X? = Yes, X with 8.

Dept. | Department relationships Summary TCR | Placement

Sequence
1234 5678 9 |AEIOUZX

1 -lAlAlE|lO|lUlUlAlO|3|2]-]2]|2]- 402

2 |A|-|E|A|U|O|U|E|U|2]|2]|-|1]3]- 301

3 |A|E|-|E|A|U|U|E|A]|3(3]|-|-]2]- 450

4 |e|A|E|- |[E|O|A|E|U|2|a]|-|1]|1]- 351

5 |Oo|U|A|E|- |A|A|O|A|4|1]|-|2]|1]- 527 2

6 |u|lo|lu|o|A|-|A|O|O]|2]|-]|-1|a]|2]- 254

7 JU|U|U|A|A[A]|- |X[A]|4]|-|-]-1]3]|1 625 1

8 |A|E|E|E|O|O|X |- [X]|1]|3]|-|2]-]2 452 g

9 |o|Uu|lA|U[A|O|A|X|-|3]|-|-]2]2]1 502 3

The placement sequence: 7-5-9 - -8



CORELAP - Example 2

A=125, E=25, I=5, O=1, U=0, X=-125

The next department is the one with an A (E, |, etc.) relationship with the
already placed departments. If a tie exists, choose the one with the
greatest TCR value. Any X?

Dept. | Department relationships Summary TCR | Placement

Sequence
1234 5678 9 |AEIOUZX

1 -lAlAlE|lO|lUlUlAlO|3|2]-]2]|2]- 402

2 |A|-|E|A|U|O|U|E|U|2]|2]|-|1]3]- 301

3 |A|E|-|E|A|U|U|E[A]|3]|3]|-|-]2]- 450 4

4 |e|A|E|- |[E|O|A|E|U|2|a]|-|1]|1]- 351

5 |Oo|U|A|E |- |A|A|O|A|4|1]|-|2]1]- 527 2

6 |u|lo|lu|o|A|-|A|O|O]|2]|-]|-1|a]|2]- 254

7 JU|U|U|A|A|A|- |X|A]|4a|-]|-|-]3]|1 625 1

8 |A|E|E|E|O|O|X |- [X]|1]|3]|-|2]-]2 452 g

9 |o|U[A|U|A|[O|A|X |- |3]|-|-]2]2]1 502 3

The placement sequence: 7-5-9-3 -8



CORELAP - Example 2

A=125, E=25, I=5, O=1, U=0, X=-125

The next department is the one with an A (E, |, etc.) relationship with the
already placed departments. If a tie exists, choose the one with the
greatest TCR value. Any X?

Dept. | Department relationships Summary TCR | Placement

Sequence
1234 5678 9 |AEIOUZX

1 -lAlAlE|lO|lUlUlAlO|3|2]-]2]|2]- 402 5

2 |A|-|E|A|U|O|U|E|U|2]|2]|-|1]3]- 301

3 |A|E|-|E|A|[U|U|E[A]|3]|3]|-|-]2]- 450 4

4 |e|A|E|- |[E|O|A|E|U|2|a]|-|1]|1]- 351

5 |Oo|U|A|E|- |A|A|O|A|4|L1]|-|2]1]- 527 2

6 |u|lo|lu|o|A|-|A|O|O]|2]|-]|-1|a]|2]- 254

7 JU|U|U|A|A|A|- |X|A]|4a|-]|-|-]3]|1 625 1

8 |A|E|E|E|O|O|X |- [X]|1]|3]|-|2]-]2 452 g

9 |o|U[A|U[A|O|A|X |- |3]|-|-]2]2]1 502 3

The placement sequence: 7-5-9-3-1 -8



CORELAP - Example 2

A=125, E=25, I=5, O=1, U=0, X=-125

The next department is the one with an A (E, |, etc.) relationship with the
already placed departments. If a tie exists, choose the one with the
greatest TCR value. Any X?

Dept. | Department relationships Summary TCR | Placement

Sequence
1234 5678 9 |AEIOUZX

1 -{AlAlE|O|lU|UlAlO|3|2]|-|2]2]- 402 5

2 |A|-|E|A|U|O|U|E|U|2]|2]|-|1]3]- 301

3 |A|E|-|E|A|[U|U|E[A]|3]|3]|-|-]2]- 450 4

4 |e|A|E|- |[E|O|A|E|U|2|a]|-|1]|1]- 351 6

5 |Oo|U|A|E|- |A|A|O|A|4|L1]|-|2]1]- 527 2

6 |u|lo|lu|o|A|-|A|O|O]|2]|-]|-1|a]|2]- 254

7 JU|U|U|A|A|A|- |X|A]|4a|-]|-|-]3]|1 625 1

8 |A|E|E|E|O|O|X |- [X]|1]|3]|-|2]-]2 452 g

9 |o|U[A|U[A|O|A|X |- |3]|-|-]2]2]1 502 3

The placement sequence: 7-5-9-3-1-4 -8



CORELAP - Example 2

A=125, E=25, I=5, O=1, U=0, X=-125

The next department is the one with an A (E, |, etc.) relationship with the
already placed departments. If a tie exists, choose the one with the
greatest TCR value. Any X?

Dept. | Department relationships Summary TCR | Placement
Sequence
1234 5678 9 |AEIOUZX
1 -{AlAlE|O|lU|UlAlO|3|2]|-|2]2]- 402 5
2 |A|-|E|A|U|O|U|E|U|2]|2]|-|1]3]- 301 7
3 |A|E|-|E|A|[U|U|E[A]|3]|3]|-|-]2]- 450 4
4 |eE|A|E|- [E|O|A|E|U|2|a]|-|1]1]- 351 6
5 |Oo|U|A|E|- |A|A|O|A|4|L1]|-|2]1]- 527 2
6 |u|lo|lu|o|A|-|A|O|O]|2]|-]|-1|a]|2]- 254 8
7 JU|U|U|A|A|A|- |X|A]|4a|-]|-|-]3]|1 625 1
8 |A|E|E|E|O|O|X |- [X]|1]|3]|-|2]-]2 452 g
9 |o|U[A|U[A|O|A|X |- |3]|-|-]2]2]1 502 3

The placement sequence: 7-5-9-3-1-4-2-6-8



CORELAP - Example 2

A=125, E=25, I=5, O=1, U=0, X=-125

Final table of TCR values with the placement sequence:

Dept. | Department relationships Summary TCR | Placement
Sequence
1234 5678 9 |AEIOUZX
1 -{AlAlE|O|U|U|A|O|[3|21]|-[2]|2] - | 402 5
2 |A|-|E|A|U|O|U|E|U|2|2]|-|1]3] - 301 7
3 |A|E|-|E|A|U|U|E|A]|3]|3]- 2| - | 450 4
4 |e|A|E|- |E|O|A|E|U|2]|4]|-|1]|2]|-| 351 6
5 |(O|U|A|E AlA|lO|A|4|1|-]2]|1]| - | 527 2
6 |u|o|lu|Oo|A|-|A|O|O]|2]|-|-|a]|2]| -] 254 8
7 JU|U|U|A|A|A]|-|X|A]4]|-]|-|-1]3]|1]| 625 1
8 |A|E|E|E|O|O|X |- |[X[1]|3]|-|2]|-|2]| 452 9
9 |o|U|A|U|A|O|A|X |- [3]-]|-]2]|2|1]| 502 3

The placement sequence: 7-5-9-3-1-4-2-6-8



A=125, E=25, I=5, O=1, U=0, X=-125

CORELAP - Example 2

Department 5?

e e e e ke == —— -

7-5...A=125

The placement sequence: 7-5-9-3-1-4-2-6-8

Department 9?

' 62.51187.5/187.5! 62.5 |
i- _____ 1 1 ' i
125 5| 7 | 125!
S, NN S :

e o o e e e ===

7-9...A=125
5-9...A=125



A=125, E=25, I=5, O=1, U=0, X=-125

CORELAP - Example 2

The placement sequence: 7-5-9-3-1-4-2-6-8

?
Department 3: Department 17

625} 125 | 625] 0 | | 62.5 11255 635! 05] 0 |
e SN R B o E
1875| 5 | 7 | 0 125131570
S ;T e ;T
11875 9 |18751 0 162511265 9 | 151 0 !
e S S S
1 62.51 125 | 62.5: 05 1 05,
3-5..A=125 1-3..A=125
3-7...U=0 1-7..U=0
3-9..A=125 1-5..0=1

1-9..0=1



A=125, E=25, I=5, O=1, U=0, X=-125

CORELAP - Example 2

The placement sequence: 7-5-9-3-1-4-2-6-8
Department 47 Department 2?

12,51 37.51 100 |137.5! 62.5 | 125! 25 (1250 0 | 0 |
i— _____ 1 1 1 L 'i :_ _____ . | . o ;
13751 3 | 5| 7 | 125 18751 3 | 5 | 7 |625!
e — T |
13751 1 | 9 [1375: 625! 1375 1 | 9 | 4 125!

---------- i

e o o e e e ===

e e e e e e e ==

7-4...A=125 2-1...A=125
9-4...U=0 2-4...A=125
3-4...E=25 2-3...E=25
1-4...E=25 2-5...U=0
5-4...E=25 2-7..U=0
2-9...U=0



=0, X=-125

=25,1=5,0=1, U

A=125, E

CORELAP - Example 2

The placement sequence: 7-5-9-3-1-4-2-6-8

= e e e e e e e = e e e e e = e e e e e = ==y

AP AR B RV
_._1_1_7_2_
_0_6_1_3_1_
1 T S T R T W 1
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k- - ————— - - - i
o e o
"0"6596"
1 1 1
Lmm oo o f|||_|| ||H|L
1 1
o 1

. Lo

A o |
oo ' ™ !
._I.“u ||||| T .“
n_5_5 o
NN ITAN ]~
m_l_l oo
._n_l ||||| e — - - - i
1 1 1 1

© __.3._5__.3._
(]} I o B I e B
Q Lmm oo o Lommm o Lommm o J
BRI RV R

1 1 1 1 1
N, N, M O

L © o= © |

k- e ——— - - - i

1 1

1 00 o !
SR B D o
6__ 1
k- - e e —— - - - i
T ! |
1 5_
..ﬂr |||||||||| i
S 1 WO '
p"n/_n‘ull"
o , © 1
/o S S W SN i
1 1 1
o N | =

1 1 1
L= e — - - - i

1 1 1 1

' Vo T [ Yo R

Lo o T o

1 1 1 1

Lmm oo o Lommm o Lommm o J

9-8...A=125
1-8...A=125

5-6...A=125

7-6..A

=125

N N N
N NN
o
i
o0 o o
M N <
— -
oo
©0oQ
© Y
N O <

5-8...0=1
6-8...0=1

7-8..X

=0

3-6..U

1-6...U=0

-125



A=125, E=25, I=5, O=1, U=0, X=-125

CORELAP - Example 2

The placement sequence: 7-5-9-3-1-4-2-6-8

6
813|557
2111914

The final layout



CORELAP - comments

» The final layouts are evaluated by the
distance-based layout score

> CORELAP uses the shortest rectilinear path
between the departments (receiving/dispatch
areas are assumed to be on the side of the
departments nearest its neighbor)

» The layouts often result in irregular
building shapes



ALDEP — Automated Layout Design Program

» Similar to CORELAP (objectives,
requirements)

> Adjacency-based method

e The main differences:
> Randomness
> Multi-floor capability

> CORELAP attempts to produce the best
layout, ALDEP produces many layouts



ALDEP - Procedure

» Department selection
o Randomly selects the first department

o Qut of those departments which have “A” relationship with the first one
(or “E”, “I”, etc. —min level of importance is determined by the user) it
selects randomly the second department

o |f no such department exists it selects the second one completely
randomly

> The selection procedure is repeated until all the departments are
selected (Always search for the departments having relationships with
the last one placed in the layout — not all)

Department placement

o Starts from upper left corner and extends it downward

o Vertical sweep pattern

o Sweep width is determined by the user

Adjacency-based evaluation

o If minimum requirements met, it prints out the layout and the scores
Repeats the procedure (max 20 layouts per run)

User evaluation




ALDEP

» Vertical sweep pattern

* Sweep width

Dept. size = 8 grids

BBB
BBB

BB
BB
BB

Dept. size = 14 grids

Dept. size = 8 grids

1 grid :
2 grids | c

3 grids \"

Dept. size = 8 grids

EEE
EEE
EE

EEE
EEE
EEE
EEE
EE

Dept. size = 14 grids

CC
cC
cC

cc
ccee

Dept. size = 14 grids




ALDEP Example

> Use ALDEP procedure to determine the layout vector,
construct and evaluate the layout for the facility
based on the relationship chart and the departmental
dimensions given below. The dimensions of the
facility are 10x18. Use the sweep width of 2 and the
minimum acceptable level of importance “E”. The
closeness values: A=64, E=16, |1=4, O=1, U=0, X=-1024

Dept. Area # of unit area templates
1 12,000 30
2 8000 20
3 6000 15
4 12,000 30
5 8000 20
6 12,000 30
7 12,000 30

Milling (2)

Press (3)

Screw machine (4)

Assembly (5)

Plating (6)

Shipping (7)




Receiving (1)

Milling (2)

ALDEP Example

Screw machine (4)

Assembly (5)
* Department selection
Shipping (7)
Step Department selected Reason for selection

1 4 random

2 2 “E” with 4

3 1 “E” with 2

4 6 random

5 5 “A” with 6

6 7 random

7 3 remaining

e Layout vector
> 4-2-1-6-5-7-3



ALDEP Example

e Layout construction
o Layout vector: 4-2-1-6-5-7-3

B L - S S S S S S

> Sweep width: 2

[
-n

B N - S S S S S

(VSN SN SN S SN NS (U (ST SO (N

B~ S S

R Y N N N SN N SN

[SSTN SR S SS T S

et et et et e S° T SR S SV 3

SR - WAk A R X

(SO SOT (ST SO (]

[ S S S S = W .Y

N SN N S S N

[ T N Vo O o O O S S S -y

S S WO S (R S S U S (S g —'y

665555773
665555773
665555773
665555773
665555773

66667777
666677773

666677770
666677770

6666777730

4 4
4 4
4 4
4 4
4 4
4 4
4 4
4 4
4 4
444

RN SN S SN ST ST QS S (]

(SIS ISRV VIS VR SN

AR L
~

o e BN B

NSRS

[ SO ST SO SO R ]

I~ N

Dept. # of unit area
templates
1 30
2 20
3 15
4 30
5 20
6 30
, 7 30
44222211
44222211
44222211
44 222211
44222211
44441111
44441111
44441111
44441111
44441111
2 5
3
1




ALDEP Example s

» Adjacency score
A=64, E=16, |1=4, O=1, U=0, X=-1024

Adjacent
Departments Relationship Value
4-2 E 16
4-1 | 4
2-1 E 16
1-6 U 0
0-5 A 64
0-7 E 16
5-7 | 4
=2 U 0

Total adjacency score 120



Receiving (1)

ALDEP Example g 2

Press (3)
- alternative solution Screw machine (4
Assembly (5)
¢ Department selection Flating 51
Shipping (7)
Step Department selected Reason for selection
1 2 random
2 1 “E” with 2
3 4 random
4 5 random
> 6 “N” with 5
6 7 “E” with 6
/ 3 remaining

e Layout vector
> 2-1-4-5-6-7-3



ALDEP Example - alternative solution
e Layout construction

* Final layout

° Layout vector: 2-1-4-5-6-7-3

o Sweep width: 2

2211114455686 ¢%6¢67733
22111 1445586¢66¢67733
22111 14455¢6¢66¢67733
22111 14455666¢67733
22111 14455¢686¢%6¢67733
22114 4445566777733
22114 4445566777733
22114 4445566777730
22114 4445566777700
2 2114 4445566777700
1 6
2
5
4 7 |

* Adjacency score
A=64, E=16, |1=4, O=1, U=0, X=-1024

Adjacent Relationship Value
departments

2-1 E 16
1-4 I 4
4-5 I 4
5-6 A 64
6-7 E 16
7-3 U 0

Total 104

Total adjacency score 104




ALDEP Example - solution comparison

* Final layouts:

4-2-1-6-5-7-3 2-1-4-5-6-7-3

* Adjacency scores
120 104

> The final decision depends on the facility planner
° |t is necessary to consider many alternatives



MULTIPLE - Multi-floor Plant Layout Evaluation

e Construction and improvement algorithm
* Distance-based algorithm

» Similar to CRAFT (departments not
restricted to rectangular shapes, discrete
presentation, two-way exchanges)

e But MULTIPLE can exchange non-adjacent
departments

» Uses spacefilling curves to reconstruct a
new layout after each iteration



MULTIPLE - spacefilling Curves (SFC)

o Spacefilling curve connects all the grids in a layout

o Each grid is visited exactly once

o Next grid visited is always adjacent
to the current grid (only horizontal or
vertical moves)

o SFCis generated by the computer
e SFC allows MULTIPLE to

map a layout vector into a
two-dimensional layout

e Procedure:

> The departments are placed based on the layout vector

(similar as MCRAFT)

1

2

4

a4

> The SFC is followed until the required number of grid for

each department is reached




MULTIPLE - Improvement Algorithm

Example

* Create a MULTIPLE layout for the
departments below based on the layout
vector 1-2-3-4-5-6. Then build a new layout
by exchanging the departments 1 and 5. The
facility and SFC are given below.

Department| Area (m”2)
1 16

8

4

16

8

12

Ok WN




MULTIPLE - Improvement Algorithm

Example
e Layout vector 1-2-3-4-5-6

BRI

I
Ty




MULTIPLE - Improvement Algorithm

Example
e Layout vector 1-2-3-4-5-6

Area

16

BRI

1
sy

8

4

16

8

OV WN|FR| O

12




MULTIPLE - Improvement Algorithm

Example
e Layout vector 1-2-3-4-5-6

Area

16

FiRNRER

1
TR

8

4

16

8

OV WN|FR| O

12




MULTIPLE - Improvement Algorithm

Example

Dep. Area

e Layout vector 1-2-3-4-5-6 16

8

4

16

8

Ok, WNI|KF

FENNE=N

12

1
TR




MULTIPLE - Improvement Algorithm

Example

Dep. Area

e Layout vector 1-2-3-4-5-6 16

8

4

16

Ok, WNI|KF

8

12

A [H

]
o

:Irﬂ




MULTIPLE - Improvement Algorithm

Example

Dep. Area

e Layout vector 1-2-3-4-5-6 16

8

4

16

Ok, WNI|KF

8

12

A [
* N

-]
B




MULTIPLE - Improvement Algorithm

Example

Dep. Area

e Layout vector 1-2-3-4-5-6 16

8

4

16

Ok, WNI|KF

8

12

A [
* N

I ]
JIE‘tbt
L e




MULTIPLE - Improvement Algorithm

Example

Dep. Area

* Layout vector 1-2-3-4-5-6 16

8

4

16

8

OV P WINF-R D

12




MULTIPLE - Improvement Algorithm

Example
e Exchange 1and5 - Layout vector 5-2-3-4-1-6

BRI

1
(a5




MULTIPLE - Improvement Algorithm

Example

e Layout vector 5-2-3-4-1-6 > A{Za
: : :
BEAREENIS
4 16
4 1 5 8
‘ 6

Cac|




MULTIPLE - Improvement Algorithm

Example
e |nitial layout L | [ |
e Layout after —
the exchange t—* b




MULTIPLE - conforming Curves

» Conforming curves are hand-generated curves

e They are used:
° |f the building shape is irregular
° |f we want to capture the initial layout exactly
o |f there are numerous obstacles (walls)
o |f there are fixed departments

* Procedure:
> May start and end at any grid

> The curve visits all the grids assigned to a particular
department before visiting other department

> The fixed departments and obstacles are not visited



N B W N

O D ~N h

MULTIPLE - conforming Curves

1 2 345 6 7 8 91011121314151617 18




MULTIPLE - Improvement Algorithm

e Final MULTIPLE layout for the CRAFT
example

2 3 45 6 7 8 91011121314151617 18
Al A GIG|G|G|G]|G

AlA|AIAIA|AIALA

bW N -

AlAJAIA[ALA[ALA

cyec|b|o

o
o
Loe )
o

O o N T W,
MMM DO || D2 2| 2=
I|T|w|w|o
I|Tymmjo

I|jo|m oo
Ololo|o|lo
oO|lojm|m|o
o|lo|jm|m|o

O|OoOm mo

OO oo
OIMMI MO0 |02 ]2
Slmm|mimim|ma|o|o
oOflmmimpmm| Mo
Almm|mmmo | o
M| mm|m]o

M| mmm]O
MMM mm|m]&o
MMM m{m|m]&o
MmTMmimmmMOO|D|D

—
o

* The cost is lower than for the final layout
found by CRAFT!
o MULTIPLE is very likely to obtain lower-cost

solutions than CRAFT, since it considers a larger
set of possible solutions at each iteration



bW N -
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—
o

MULTIPLE - Improvement Algorithm

* Final MULTIPLE layout for the CRAFT
example may also need massaging to
smooth the department borders

1 2345678 9101112131415161718
alalalalalalalalala]lc]cle]c|c|c|c]|e

alG G A G
alalalala A alclcla G
cle|lo|e|efo|e|o|o|o]leE|lelc|c|alc|Gc]|a ﬁ
D plelelelele[e|e]E D E
plelof{elelolelofofclelelelele[elE]E
ele|e|ele|e|e|le|e|F|F|F|F[F|[F[F]E|E £
ele|(e|e|le|e|e|e|e|F|F|F[F|[F|[F|F|F]F
BlH|H]clcleclclelclFlF[FIFIF[F[F[F[F H ¢ F
BlH|H|H|c|c|clec|c|clelc|elrF|F|F[F]F




MULTIPLE - Construction algorithm

* Any SFC or conforming curves could be
used to fill the vacant building

e Any vector can be used as the initial
layout vector

o Alternative layouts can be generated by
trying different SFC

> The cost may not be much different




1 2 3456 7 8 91011121314151617 18

1
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1 2 3 45 6 7 8 9 101112131415 1617 18
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* Original layout vector:
D-B-H-C-F-E
Final layout cost z=54,200

» Alternative layout vector:
D-E-F-B-C-H
Final layout cost z=54,900

» Alternative layout vector:
D-E-F-H-B-C
Final layout cost z=54,540



Conclusion
Layout generation algorithms

* Each layout algorithm has certain strengths and
weaknesses

o Capturing well the initial layout, the building shape, fixed
departments - CRAFT, MULTIPLE

> Generating acceptable shapes (rectangular) 2 BLOCPLAN,
LOGIC

> Generating many alternatives - ALDEP, MULTIPLE
* No algorithm generates an optimal layout

* No computer-based algorithm can capture all the
significant aspects of a facility layout problem

* Human layout planner will continue to play a key role
in developing and evaluating the facility layout



Next lecture

* Facility location I.



