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Table B-1 Results from seven respondents for principle 1

Respondent

Principle 1

[E

N

3

4

5

Initial understanding between production and marketing

413

4

5

Production and marketing functions work together in
responding to customer enquiries

3|5

5

5

Having a systematic database system to enable MTO
companies to respond to customer enquiries

. Achieve 50 per cent reduction in time to respond to
customer enquiries

Understanding its competitors and having a systematic
method for calculating price and delivery lead-time

Table B-2 Results from seven respondents for principle 2

Principle 2

Respondent

2|3

4

5

6

Train employees in understanding all the product
specifications, product design rework and purchasing
process/knowing their suppliers

514

3

5

3

Having a minimum number of parts, forgings or suppliers for
each product

Having a computerized design database with designs that can
be altered for new orders and a direct computer link with the
customer and the shop floor

Achieve 50 per cent “repeat business” which makes it
possible to establish partnerships with some of the suppliers

Achieve 80 per cent “repeat business”

Table B-3 Results from seven respondents for principle 3

Principle 3

Respondent

213

4

5

6

Company helping the customers define their current needs in
the form of product specifications and design

515

3

5

4

Establish a personal relationship between employees and
customers

412

4

5

Having good communication among employees, a common
understanding of organisational objectives and customers’
current needs

Getting customer representatives on the project

Helping the customers meet their goals, rather than providing
customers’ wants
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Table B-4 Results from seven respondents for principle 4

- Respondent
Principle 4 112134151617
1. Improve_ visibility, use simple storage systems to reduce alalalslslsls
search times
2. Improve locations of raw materials, WIP, etc., to cut
. 1 451341325
distances for movement of materials and tools
3. Train shop floor employees on the importance of using the
storage systems and of taking responsibility for their own |4 |3 |4 (4|5 |3 |4
housekeeping
4. Implement housekeeping so that work areas are clean as well
X 41314(3|5]4]|5
as ensuring that the storage systems are properly used
5. The operator takes over his own housekeeping 3[413|3|5|4]|5
Table B-5 Results from seven respondents for principle 5
e Respondent
Principle 5 112132151617
1. Having a practical, simple manual scheduling system that
S 31344544
meets company objectives
2. Havmg_a simple computerized and easily implemented a13l3lalalals
scheduling system
3. Having an effective method of workload control to aid the
. 41414|5|/5]3]|5
company to reduce flow times
4. Achieving average reduction of flow time by 30 per cent 413/3|5(5(3|4
5. Achieving average reduction of flow time by 50 per cent 413[3[5[4[3]|5
Table B-6 Results from seven respondents for principle 6
- Respondent
Principle 6 112131451617
1. Train associates in set-up/ changeover reduction and basic 3ls5lalals|ala
preventive maintenance
2. Achieving _10 per cent average reduction in set-up/ alslal3lslala
changeover time
3. Operators can take over their own preventive maintenance 4/5|4]4|5]4]|5
4. Achieving 30 per cent average reduction in set-up/ 30al3lals|ala
changeover time
5. Employees achieve 50 per cent reductions in set-up/
) 3|13(3[3|4|5/|4
changeover times across all processes
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Table B-7 Results from seven respondents for principle 7

- Respondent
Principle 7 112134151617
1. Job p_rlorltles are clearly understood by all and everyone is 50304lal5(3]2
working to the same plan
2. Having a systematic method to communicate the plan
including manual systems such as a planning board or “work | 4|4 |3|3|5(3|5
to lists” produced by an appropriate software package
3. Office transactions, labor transactions cut by 25 per cent 3[3[3|3|5|3]|5
4. Internal transactions cut by 50 per cent and 80 per cent of 3lslalals|als
external transactions are done by fax/Internet/EDI
5. Internal transactions cut by 80 per cent and 99 per cent of alsl3lalalsls
external transactions are done by fax/Internet/ED
Table B-8 Results from seven respondents for principle 8
_ A Respondent
Principle 8 112132151617
1. !mplement a tram_mg programme for all associates to alalslalslals
increase relevant skills
2. 80 per cent of associates are flexible in appropriate skills and
- 5/5(4/5|5|3|4
able to work on other machines when needed
3. 99 per cent of associates are flexible in appropriate skills and
: 4/513(4(4|3|4
able to work on other machines when needed
4. Experts teach operators to do repairs; downtime cut by 50 413l3l3lal2la
per cent
5. Operators become technicians; downtime cut by 80 percent |4|5|3|4|3|3|5
Table B-9 Results from seven respondents for principle 9
- Respondent
Principle 9 112132151617
1. Encourage employees to make suggestions to improve the 3lalslalalola
process
2. Having strategic planning 414/3[4/3|3|4
3. Sharing information and records with shop floor employees |5|4|3|4|3|3|5
4. Systematic public recognition/ celebration of achievement 415/4(3[5(3|4
5. Variety of low-cost awards to both teams and individuals 41513]3]5]3]5
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Table B-10 Results from seven respondents for principle 10

. Respondent
Principle 10 1121314151617
1. Practice the principles of quality 3/4(5|5|5|3|4
2. Understanding (through training if necessary) in universal 5/4l5/al5/al3
customer wants: speed, flexibility, quality or value (QSFV)
3. QSFV are dominant performance measures 5(4(4|4|5|3|3
4. Second order performance measures (e.g. labor productivity,
. 4(5|3|4(5/4|4
variance) no longer managed
5. Maintain a culture that supports continuous improvement in 4l5)3l5]5]4]3
all processes
Table B-11 Results from seven respondents for principle 11
- Respondent
Principle 11 1121312151617
1. Gathering customer-satisfaction data, review complaints and
. . . 43 31543
make continuous improvement on products and services
2. Gathering data on future customer needs 41414125413
3. Gathering competitive samples and best practice data 5(3|5|3|5|4|4
4. All associates involved in customer/competitive best practice |4 |5|5|4|5|4 |3
5. The company implement full-scale benchmarking for its alalslals|ala
processes




APPENDIX C

Linguistic Evaluation Data
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Table C Linguistic evaluation data related to eight suppliers

Criteria | TTC | PST | PMT | A&F | FPV | FBP | FOD | OTD | TAS | C&C
Company A | F G G G G G | VG F G G
CompanyB | G G F VG G F G G G G
Company C | F F G G G G F VG F VG
CompanyD | VG | G P F F | VP G G F F
CompanyE | F F F G G F G P G F
Company F | F G P F G F G P F G
Company G | G G | VG F G G F P G F
CompanyH | F F G P P G F G P F




APPENDIX D

The Average Fuzzy Evaluation Matrix of Each Sub-criteria Group
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Table D-1 The average fuzzy evaluation matrix for price’s sub-criteria

Total Cost | Price Stability
Total Cost (1,1,1) (1, 3/2, 2)
Price Stability | (1/2, 2/3, 1) 1,1,1)
Payment Term | (3/2, 2, 5/2) (2,5/2, 3)

Payment Term
(2/5, 112, 213)
(1/3, 2/5, 1/2)

(1,1,1)

Table D-2 The average fuzzy evaluation matrix for quality’s sub-criteria

Appearance and
Functions
Failure Prevention

Appearance and
Functions
(1,1,1)

(1/3, 2/5, 1/2)

Failure Prevention

(2,5/2, 3)

(1,1,1)

Table D-3 The average fuzzy evaluation matrix for compatibility’s sub-criteria

Flexibility in Billing
and Payment
Flexibility in Operation
and Delivery

Flexibility in Billing
and Payment
1,1,1)

(3/2, 2, 5/2)

Flexibility in
Operation and Delivery
(2/5, 112, 2/3)

(1,1,1)

Table D-4 The average fuzzy evaluation matrix for service’s sub-criteria

On Time | Technical Assistance
Delivery and Support
On Time Delivery (1,1,1) (1,1,10)
Technical Assistance (1,1,1) 1,1,1
and Support
Cooperation and (1,1,1) 1,1,1)
Communication

Cooperation and
Communication
1,1,1)
1,1,1)

(1,1,1)




APPENDIX E
Important Weight Calculation for the Sub-criteria

by using the classical method
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Table E-1 Transforming results from Table D-1

Sub-criteria Total Cost Price Stability Payment Term
Total Cost 1.000 1.000 1.000 | 1.000 1500 2.000 | 0.400 0.500 0.667
Price Stability | 0.500 0.667 1.000 | 1.000 1.000 1.000 | 0.333 0.400 0.500
Payment Term | 1.500 2.000 2.500 | 2.000 2500 3.000 | 1.000 1.000 1.000
Summation | 3.000 3.667 4.500 | 4000 5.000 6.000 | 1.733 1.900 2.167

An important weight calculation was applied by Formula 3.8. Next, each
calculated weight had to translate into normalized form by using Equation 3.9 as

shown in Table E-2.

Table E-2 Normalization weight for sub-criteria of Price

Price Relative weights Lgcal Normalized local weights
weights
Total Cost (0.191, 0.279, 0.406) 0.292 0.280
Price Stability | (0.144, 0.197, 0.291) 0.211 0.202
Payment Term | (0.376, 0.524, 0.720) 0.540 0.518
Total 1.043 1.00

1.000, 1.000, 1.000
T = [0.280] [0.500, 0.667,1.000

1.000, 1.500, 2.000]
1.500,2.000, 2.500

+ [0.202] [1.000, 1.000,1.000
2.000,2.500, 3.000

0.400, 0.500, 0.667
+[0.518] [0.333, 0.400, O.SOO]
1.000, 1.000, 1.000

(0.689,0.842,1.029)
= 1(0.515,0.596, 0.741)
(1.342,1.583,1.842)

0.689 0.515 1.3427

0.280 * 0.202 * 0.518
0.842 0.596 1.583

0.280 b 0.202 < 0.518
1.029 0.741 1.824

L0.280 d 0.202 * 0.518-

Amax = (2.533,3.004,3.622) ~ 3.053
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 Amax—n_ (3053 —3)

U=——1 ~"@-pn °

cl 0.027

.027

CR = —=———=10.046,(RI = 0.58 from Table 3.6)

RI  0.58

Table E-3 Transforming results from Table D-2

Appearance and

Sub-criteria Functions

Failure
Prevention

Appearance and Functions | 1.000 1.000 1.000 | 2.000 2.500 3.000

Failure Prevention 0.333 0.400 0.500 | 1.000 1.000 1.000

Summation 1.333 1400 1.500 | 3.000 3.500 4.000

The important weight calculation was applied by Formula 3.8. Next, each

calculated weight had to translate into normalized form

shown in Table E-4.

Table E-4 Normalization weight for sub-criteria of Quality

by using Equation 3.9 as

: . . Local . .
Quality Relative weights weights Normalized local weights
Appearance | g3 714 0875) | 0.724 0.713
and Functions
Failure (0.236,0.286,0.354) |  0.292 0.287
Prevention
Total 1.016 1.00

Table E-5 Transforming results from Table D-3

Flexibility in Flexibility in
Sub-criteria Billing Operation and
and Payment Delivery

Flexibility in Billing
and Payment

1.000 1.000 1.000 | 0.400 0.500 0.667

Flexibility in Operation
and Delivery

1.500 2.000 2.500 | 1.000 1.000 1.000

Summation 2500 3.000 3.500 | 1.400 1500 1.667
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The important weight calculation was applied by Formula 3.8. Next, each
calculated weight had to translate into normalized form by using Equation 3.9 as

shown in Table E-6.

Table E-6 Normalization weight for sub-criteria of Compatibility

- . . Local Normalized local
Compatibility Relative weights weights weights
F'e’;'rf’('j' g’;}'/rr‘neBr']'t“”g (0.263,0.333,0.438) | 0.345 0.337
F'ex'tz’i'r']'éyt)'glsg’f;at'on (0.514, 0.667, 0.857) | 0.679 0.663
Total 1.024 1.00

Quality and Compatibility had solely two sub-criteria, thus they could not be

calculated CR (RI equals 0).

Table E-7 Transforming results from Table D-4

Teshnica] Cooperation and
Sub-criteria On Time Delivery | Assistance and Communication
Support
On Time 1,000 1.000 1.000 | 1.000 1.000 1.000 | 1.000 1.000 1.000
Delivery
Technical
Assistance and | 1.000 1.000 1.000 | 1.000 1.000 1.000 | 1.000 1.000 1.000
Support

Cooperation and
Communication
Summation 1.000 1.000 1.000 | 1.000 1.000 1.000 | 1.000 1.000 1.000

1.000 1.000 1.000 [ 1.000 1.000 1.000 | 1.000 1.000 1.000

The important weight calculation was applied by Formula 3.8. Next, each
calculated weight had to translate into normalized form by using Equation 3.9 as

shown in Table E-8.
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Table E-8 Normalization weight for sub-criteria of Service

Service Relative weights Lgcal Normal_lzed L
weights weights
On Time 1 4333 0.333,0333) | 0.333 0.333
Delivery
Technical
Assistance and | (0.333, 0.333, 0.333) 0.333 0.333
Support
Cooperation and | 333 (333 (333) |  0.333 0.333
Communication
Total 1.000 1.00

0.333,0.333,0.333
T = [0.3330] [0.333, 0.333,0.333

0.333,0.333,0.333]
0.333,0.333,0.333

+ [0.333] [0.333, 0.333,0.333
0.333,0.333,0.333

0.333,0.333,0.333
+[0.333] [0.333, 0.333, 0.333]
0.333,0.333,0.333

(1.000,1.000, 1.000)
= 1(1.000, 1.000, 1.000)
(1.000,1.000, 1.000)

r1.000 1.000 1.000

0.333 A 0.333 * 0.333
1.000 1.000 1.000

0.333 * 0.333 * 0.333
1.000 1.000 1.000

-0.333 T 0.333 * 0.333-

Amax = (3.000,3.000,3.000) ~ 3.000

 Amax—n_ (3.000 — 3)

Ccl = = = 0.000
n—1 B3-1

.000
CR = — =———=10.000,(RI = 0.58 from Table 3.6



APPENDIX F
Important Weight Calculation for the Sub-criteria

by using the extent analysis method
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Via pairwise comparison of sub-criteria in Table E-1, E-3, E-5 and E-7, the
extent analysis method on fuzzy AHP was adopted to calculate the weight vector for
sub-criteria by applying Equation 3.16. These results were shown in Table F-1, F-2,
F-3 and F-4, respectively. However, in Table F-1, F-2 and F-3, they had one element

such that [; — u, > 0, the elements of the matrix might be taken normalized.

Table F-1 Preparation data for sub-criteria of Price

Equation L m; u;j
S Ml 0.80 0.98 1.22
S Mg 0.83 0.97 1.20
2 My, 0.85 0.99 1.16

(¥, %35 M/]| 248 2.94 3.58

1 1 1
Spre = (0.80,0.98,1.22) ® ( )

25’597 7a5) = (0:22,033,0.49),

1 1 1
Spsy = (0.83,0.97,1.20) ® ( )

5791 745) = (023,0.33,048),

1 1 1
= (0.85,0.99, 1.1 = (0.24,0.34, 0.
Spyr = (0.85,0.99, 6)®<3.58,2.94,2.48) (0.24,0.34,0.47)

Next, equations 3.20 and 3.21 were used to obtain the degree of possibility

of M; = M,, then

Y . 0.23 — 0.49 _

TTC = =PST/ ™ (033 — 0.49) — (0.33 — 0.23) '

Vs ) 0.24 — 0.49 — 0.99

TTC = “PMT/ ™ (033 — 0.49) — (0.34 — 0.24)
0.22—-0.48

V(Spst = Strc) = =099,

(0.33 —0.48) — (0.33 — 0.22)
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D 0.24 — 0.48 _ 097

PST = OPMT) =033 —0.48) — (0.34— 0.24)
0.22 —0.47

V(Spur = Strc) = a0

(0.34 - 0.47) — (0.33 — 0.22)

0.23 —0.47

=1.03,
(0.34 —0.47) — (0.33 — 0.23) 03

V(SPMT = SPST) =

The weight vector was given by adopting Equations 3.23 and 3.24,
respectively
W' = (min(1.01,0.99), min(0.99,0.97 ), min(1.01, 1.03,))T
w'=(0.99,0.97,1.0)7
The normalized weight vectors with respect to sub-criteria were

w = (0.33,0.33,0.34)7

Table F-2 Preparation data for sub-criteria of Quality

Equation Lij my; u;j
2 Mgy 0.60 0.66 0.74
2 My, 0.60 0.66 0.74

¥, ¥, M/]| 120 1.32 1.48

1 1 1
) = (0.41,0.50,0.62),

Sagr = (0.60,0.66,0.74) ® (1.48' 1.32°1.20

1 1 1
Srpy = (0.60,0.66,0.74) @ (1.48' 132’ 1.20) = (0.41,0.50,0.62)

Next, equations 3.20 and 3.21 were used to obtain the degree of possibility
of M; = M,, then
V(Sagr = Sppv) = 1.00,

V(Sppy = Sagr) = 1.00
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The weight vector was given by adopting Equations 3.23 and 3.24,

respectively
W' = (min(1.00),min(1.00))"
w' = (1.00,1.00)7
The normalized weight vectors with respect to sub-criteria were

W = (0.50,0.50)7

Table F-3 Preparation data for sub-criteria of Compatibility

Equation Lij m; u;j
2 Mg, 0.58 0.65 0.77
2 Miop 0.58 0.66 0.76
Y2, %2, M/]| 116 131 153

1 1 1
Seep = (0.58,0.65,0.77) @ (1.53'1.31'1.16) = (0.38,0.50, 0.62),

1 1 1
Srop = (0.58,0.66,0.76) Q (1.53, 131 1.16) = (0.38,0.50,0.62)

Next, Equations 3.20 and 3.21 were used to obtain the degree of possibility

of M; = M,, then
V(Spgp = Srop) = 1.00,
V(Srop = Spgp) = 1.00
The weight vector was given by adopting Equations 3.23 and 3.24,
respectively
W' = (min(1.00),min(1.00))"

w’ = (1.00,1.00)7
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The normalized weight vectors with respect to sub-criteria were

w = (0.50,0.50)7

Table F-4 Preparation data for sub-criteria of Service

Equation Lij m; u;;
My, 3.00 3.00 3.00
2 M 3.00 3.00 3.00
31 Mlec 3.00 3.00 3.00
[¥i,¥35..M/]| o900 9.00 9.00
S —(300300300)@(1 1 1)—(033033033)
OTD = A=y === 9.00°9.00°9.00/ ~ VT T EeRS
S —(300300300)@(1 1 1)—(033033033)
TAS = A2 EE S = 9.00°9.00°9.00) ~ VT O 000
S —(300300300)@(1 f 1)—(03:’7033033)
BN T T 9.00°9.00°9.00) V7T

Next, equations 3.20 and 3.21 were used to obtain the degree of possibility
of M; = M,, then
V(Sorp = Stas) = 1.00,
V(Sorp = Scac) = 1.00,
V(Stas = Sorp) = 1.00,
V(Stas = Scac) = 1.00,
V(Scac = Sorp) = 1.00,
V(SC&C = STAS) = 1.00
The weight vector was given by adopting Equations 3.23 and 3.24,

respectively
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W’ = (min(1.00, 1.00), min(1.00, 1.00 ), min(1.00, 1.00,))T
W' = (1.00,1.00,1.00)T
The normalized weight vectors with respect to sub-criteria were

W = (0.33,0.33,0.34)7



APPENDIX G

Ranking data generation from Monte Carlo simulation
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Table G-1 Ranking data by using the classical method

Rank

C

2
3
3
1
1
2
3
3
3
2
3
3
3
3
3
1
2
3
3
1
2
2
2
3
3
3
1
1
2
2
1
1
3
1
3
2
2
2
2
2
2
1

Rank

Rank

Rank

Rank

Rank

3
1
2
%
2
3
2
3
2
2
2
3
2
3
1
2
3
2
1
1
2
3
2
2
2
2
3
2
1
3
2
2
3
1
1
3
1
1
3
1
2
3
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Table G-1 Ranking data by using the classical method (continue)

Rank

C

1
1
3
2
2
2
3
2
3
2
1
3
3
2
3
2
2
1
3
3
2
3
1
3
3
1
2
3
3
3
3
2
2
2
2
1
2
3
3
2
2
3

Rank

Rank

Rank

Rank

Rank

2
3
3
1
3
3
3
2
2
2
1
3
2
2
3
2
2
1
3
3
1
2
3
2
2
2
2
3
3
3
1
1
3
3
2
2
2
3
1
3
1
2
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Table G-1 Ranking data by using the classical method (continue)

Rank

C

2
1
2
2
1
1
2
3
3
2
2
1
3
2
3
2
3
2
2
2
2
3
3
2
1
3
3
2
1
2
2
3
2
2
1
1
1
2
1
2
2
1

Rank

Rank

Rank

Rank

Rank

3
2
3
%
2
1
3
2
3
2
1
3
3
3
3
1
3
1
3
2
2
2
2
1
3
2
3
3
2
2
3
2
2
2
3
3
3
2
3
2
2
3




187

Table G-1 Ranking data by using the classical method (continue)

Rank

C

2
2
2
3
2
3
2
3
2
2
3
2
2
2
3
1
3
3
3
2
2
1
3
2
2
2
2
2
2
3
3
2
2
3

Rank

1
3
1
2
2
2
1
2

Rank

Rank

Rank

Rank

2
2
3
2
1
1
1
3
2
2
3
3
2
1
2
1
2
3
1
3
2
1
2
3
3
2
1
3
2
3
3
2
2
1
1
2
3
2
2
2
2
1
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Table G-2 Ranking data by using the extent analysis method

Rank

C

1
2
1
1
2
1
1
1
3
1
3
2
2
2
3
1
2
2
3
2
2
3
3
3
3
1
1
2
3
3
1
2
3
2
1
2
1
3
1
2
2
1

Rank

Rank

Rank

Rank

Rank

2
3
3
1
2
1
1
3
3
3
3
2
1
1
3
3
3
2
3
3
2
1
2
2
1
2
1
1
3
1
2
2
1
3
3
3
3
1
3
2
1
2
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Table G-2 Ranking data by using the extent analysis method (continue)

Rank

C

2
3
3
1
3
1
1
1
1
2
3
2
1
3
1
2
3
1
1
3
2
3
3
3
2
1
2
3
2
3
2
1
2
3
2
3
2
3
1
3
1
2

Rank

Rank

Rank

Rank

Rank

1
2
2
1
1
3
3
2
1
2
3
3
3
3
1
3
3
2
2
3
2
2
2
2
1
2
3
3
1
1
3
2
1
1
2
3
1
1
3
3
1
2
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Table G-2 Ranking data by using the extent analysis method (continue)

Rank

C

3
1
2
2
3
1
3
1
3
2
3
2
3
2
3
3
2
2
2
3
1
1
1
2
2
2
2
1
2
2
3
3
3
1
3
3
1
2
2
1
2
3

Rank

Rank

Rank

Rank

Rank

2
1
3
%
3
1
1
3
2
3
1
1
3
3
1
3
2
2
2
1
2
3
2
2
3
2
2
1
2
3
1
2
1
2
2
2
1
3
3
3
2
3
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Table G-2 Ranking data by using the extent analysis method (continue)

Rank

C

2
2
1
1
1
2
2
3
3
2
1
3
3
]:
3
2
3
2
3
3
3
1
1
2
1
2
1
3
1
2
2
3
1
2

Rank

2
3
2
3
1
1
3
3

Rank

Rank

Rank

Rank

1
3
2
%
3
1
2
2
2
1
1
3
3
2
1
3
2
2
3
3
2
3
1
2
1
1
2
2
3
2
2
3
2
3
3
1
2
3
3
3
1
1




APPENDIX H

A case study’s facility layout
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APPENDIX I

Antcoba coding by MATLAB®



195

main.m

[iter,m,lt,n,e,alpha,beta,h,ds,t] = ants_information; %prepare information
for i=1:iter
[app]=ants_primaryplacing(m,n); %place ant in random position
[at]=ants_cycle(app,m,n,h,t,alpha,beta);
[cost,c]=ants_cost(m,n,It,at);
[t]=ants_traceupdating(m,n,t,at,c,e); % evaporation & deposit
costoa(i)=mean(cost); %information from each iteration of ants_cost
[mincost(i),number]=min(cost);
besttour(i,:)=at(number,:);
iteration(i)=i;
end

subplot(2,1,1);plot(iteration,costoa);

title(‘average of objective value versus number of cycles?;
xlabel('iteration’);

ylabel(‘'days');

subplot(2,1,2);plot(iteration,mincost);

xlabel('iteration’);

ylabel(‘'days');

[z,w]=min(mincost); % z =value of mincost, w = position of the mincost value
title(['optimum objective value is ',num2str(z)]); %convert value k to string

parameter = besttour(w,:)
transform = parameter/2

xlswrite('Antcoba.xlIsx’, transform, 'Parameter’, 'C5’);
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ants_information.m

function [iter,m,lt,n,e,alpha,beta,h,ds,t]=ants_information;
iter=1000;%number of cycles.

m=200;%number of ants.

It = xIsread("Antcoba.xlsx’, ‘Graph’, 'C3:L12"); % lead time from Arena output.
n = length(lt);

e=0.1;%evaporation coefficient.

alpha=1;%order of effect of ants’ sight.

beta=1.5;%order of trace's effect.

y = xlsread('Antcoba.xlsx', 'Graph’, 'C17:L26"); %delivery reliability from Arena
output.

h=y*0.1;

ds = 0.06757; %delivery reliability standard.

fori=1:n
for j=1:n
if h(i,j)<=ds;
h(i,j)=0.00001;
end
end
end

$=0.0001*ones(n);%primary tracing.
pp = xlIsread('Antcoba.xlIsx’, 'Graph’, 'C30:L39"); % prepared path from Arena output.
t=s+pp;

for i=1:n
for j=1:n
if h(i,j) <= 0.00001;
t(i,j)=0.00001;
end
end
end

ants_primaryplacing.m

function [app]=ants_primaryplacing(m,n);
rng(‘'shuffle"); %Resets it to a different state each time.
for i=1:m % units of ant
app(i,1)=fix(1+rand*(n));%ants primary placing. want to make matrix "i x 1" with
interger from command "fix" round down
end
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ants_cycle.m

function [at]=ants_cycle(app,m,n,h,t,alpha,beta);
for i=1:m
mh=h;
for j=1
c=app(i,j);
temp=(t(c,:). alpha).*(mh(c,:).”beta);
s=sum(temp);
p=(1/s).*temp; %the probability with which ant k, from i to choose |
s=0;
[value,pos]=max(p);
%g =0
%g = max(p) %find maximum value of p
%pos = find(p>=q)
app(i,j+1)= pos;
end
end
at=app;% generation of ants tour matrix during a cycle.

ants_cost.m

function [cost,c]=ants_cost(m,n,It,at);
fori=1:m

s=0;

for j=1

s=s+lt(at(i,j),at(i,j+1));

end

c(i)=s;
end
Ccost=c;

ants_traceupdating.m

function [t]=ants_traceupdating(m,n,t,at,c,e);

fori=1:m
for j=1
dt=1/c(i); %Ck the amount of pheromone ant k deposits on the arcs it has visited
t(at(i,j),at(i,j+1))=(1-e)*t(at(i,j),at(i,j+1))+dt;%updating traces.[Pheromone
evaporation & Pheromone deposit]
end

end
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