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FOREWORDS 
CHAIRMAN OF THE ORGANIZING COMMITTEE 

 
First of all let’s pray and say thanks to God for giving us His mercy and blessings. 

The development of technology nowadays is growing up so fast. It aims to meet the 
necessary of the community to get a better life. Technological innovation which needed to 
develop technology products that can help people in improving their lives. Therefore the 
academics are not only required to implement the learning process, but also have to do 
research and community service to produce innovative scientific research. 

Indonesian academics today are eager to involve in research activities. Therefore we 
required a scientific forum for mutual discussion, exchange information about the 
research that has been carried out especially related to Urban Engineering. 

Faculty of Engineering, University of Tarumanagara conducts the second international 
conference to bring the academics, researchers to develop their knowledge and exchange 
ideas so that the researchers can improve the results of research that has been done. The 
conference called the 2ndInternational Conference on Engineering Tarumanagara, 2015, 
which is held on the Auditorium at the 8th floor of M Building, Campus I, University of 
Tarumanagara from 22 to 23 October 2015. The ICET 2015 conference theme is Urban 
Engineering for Future Generations. Future generations as the frontier of national 
development should be prepared from now on, along with the necessary infrastructure. 
The role of technology is to support the enhancement of the ability of future generations. 
This event includes to the presentation of scientific papers by keynote speakers, parallel  
sessions presenting papers of academics and research poster exhibition. 

The more extensive the information obtained, the more knowledge that we gained. Some 
papers submitted by researchers and academics from different countries such as, 
Germany, Malaysia will enrich the science and technological development. 

This conference proceedings contain the full text of all papers presented International 
Conference on Engineering of Tarumanagara 2015. Papers are categorized based on 
Engineering disciplines set by the organizing committee. Then, the presentation is divided 
into parallel sessions. 

On this occasion I would like to thank to: Foundation of Tarumanagara, Rector of 
Tarumanagara University, Dean of Faculty of Engineering Tarumanagara University and 
Sponsors of ICET 2015, for the support and help that has been given. I also would like to 
thank the authors for their contributions. 
 
Finally I would like to apologies if there are deficiencies in the activity. Thank you for all 
the attention. 
 
 
I Wayan Sukania, S.T., M.T. 
Chairman of the Organizing Committee 
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FOREWORDS 
DEAN OF FACULTY OF ENGINEERING 

 
I would like to warmly welcome all participants of the 2nd International Conference on 
Engineering of Tarumanagara (ICET 2015). This conference is organized by Faculty of 
Engineering, Tarumanagara University. The main aim of this conference was to respond 
the problem related to urban engineering for future generation. As this conference was 
designed to gather scientists, engineers, practitioners, and industries in engineering 
related disciplines, I expect intense discussion will happen among them so that some 
brilliant ideas to be used to improve the quality of human life can be produced. 

I hope this conference will create an international networking and collaborating, 
especially in engineering research and publication. 

I would like to congratulate the organizing committee of ICET 2015, for their outstanding 
efforts. I would also like to express my gratitude to the sponsors for their contributions in 
making this conference a resounding success. 

I wish the International Conference on Engineering of Tarumanagara (ICET 2015) a very 
useful and fruitful occasion. 
 
Thank you for your attention and contribution. 
 
 
Prof. Dr. Agustinus Purna Irawan 
Dean of Faculty of Engineering 
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PROGRAM OVERVIEW 
 
Thursday, 22 October 2015 

No Time Program 

1 08.30-09.00 Registration 

2 09.00-09.30 Opening Ceremony  

  a) Balinese Welcome Dance 

  b) National Anthem + Mars Tarumanagara 

  c) Chairman Speech 

  d) Opening by Vice Rector of Academics and Student Affairs, Untar 

  e) Photo Session (WRA, Dean, Chairman, Keynote Speakers, 
Presenters, Sponsors)  

3 09.30-09.40 Sponsorship Presentation 

4 09.40-11.40 Keynote Speaker 1: Prof. Zaidi Mohd. Ripin 
University Sain Malaysia, Malaysia 

  Keynote Speaker 2: Ir. Irwansyah. 
Industrial Estate Association of Indonesia (Himpunan Kawasan 
Industri) Head of Environmental and Spatial Planning 

5 11.40-11.50 Appreciation to Keynote Speakers, Moderator, Sponsors) 

6 11.50-12.00 Sponsorship Presentation 

7 12.00-12.10 Technical Information 

8 12.10-13.00 Lunch 

9 13.00-15.00 Parallel Session I 

10 15.00-15.30 Coffee Break 

11 15.30-17.00 Parallel Session II 

 
Friday, 23 October 2015 

No Time Program 

1 08.30-09.00 Registration 

2 09.00-11.00 Parallel Session III 

3 11.00-11.15 Closing Ceremony 

4 11.15-12.00 Lunch 
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Abstract 

 

This research addresses on developing heuristic model with discretized time horizon for solving the 

alternative machine scheduling problem on single operation. The objective function is to minimize total 

weighted tardiness. To develop the model, there are some asumptions : (1)All the jobs are considered 

available at the time k=1, (2)Processing time job already includes the set up time, (3) The execution of a job 

nonpreemptive, (4)K time horizon considered long enough to complete all the jobs, Ci  K for all I, (5)Every 

job is done simultaneously between one machine and one operator. The Model is applied on numerical 

instance 10 jobs 6 machines and having a good solution. 

 

Keywords: scheduling, alternative machine, heuristic, discrete time horizon 

 
 

INTRODUCTION  

Scheduling is allocation resources to do some jobs on defined time [Baker, 1997].  

The solving of scheduling can be done by mathematic formulating. Morton and Pentico 

[1993] said that there are two versions of matematic formulations : disjunctive constraint 

and discretized time horizon.  

 Some authors have a lot to develop models of alternative scheduling engine. Most 

of them use mathematical formulas disjunctive constraint. Authors include: Ma'Ruf [1995], 

Toha [1996], Halim and Chandrawijaya [1996], Dewi [2000], and Baykasoglu [2004]. 

Ma'ruf [1995] developed a heuristic model disjunctive constraint with a genetic 

algorithm for scheduling problem where job routing alternatives linear structure and 

function mimimisasi purpose makespan. 

Toha [1996] writes integer linear programming model disjunctive constraint for 

alternate routing scheduling problem where job linear structure with the objective function 

minimization actual flow time. 

Halim and Chandrawinata [1996] writes about the disjunctive constraint heuristic 

model with beam search for alternate machine scheduling problem with the objective 

function mimimisasi makespan. 

Dewi [2000] investigated a heuristic model of disjunctive constraint in the 

development of algorithms consider rescheduling affected operation of alternative 

machines to complete the job structure with a linear objective function minimization mean 

flow time. 

Baykasoglu et al [2004] writes about the disjunctive constraint heuristic model with 

Tabu search for alternative scheduling problems linear machine where the job structure and 

function of makespan minimization purposes. 

Meanwhile, some other authors developed a model of alternative scheduling engine 

with a mathematical formulation of the discrete time horizon. They include: Morton and 

Pentico [1993], Suprayogi and Toha [2002], and Sukendar [2007]. 

mailto:irwansukendar@yahoo.com
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Morton and Pentico [1993] developed a model of the classic engine scheduling a 

single operation with a mathematical formula discrete time horizon. 

Based on on the time horizon discrete mathematical formula created by Morton and 

Pentico [1993], Suprayogi and Toha [2002] developed the formulation for modeling 

scheduling alternative engine for the simultaneous minimization total weighted tardiness. 

Based on scheduling model written by Suprayogi and Thoha [2002], Sukendar 

[2007], developed a model of alternative scheduling parallel machines a single operation. 

[Morton and Pentico, 1993] said that Disjunctive constraint version of  mathematic  

formulation can be easily done if we ignore resource conflict. But solving  it is much more 

difficult if there are adding constraint.  But discretized time horizon version of mathematic  

formulation is much more general.  

Based on scheduling model written by Sukendar [2007], this study wanted to 

develop an alternative model of heuristic scheduling parallel machines based on the 

mathematical formulation of the discrete time horizon. 

 

MATERIALS AND METHOD  

Problem-solving approach 

Sukendar [2007] describes the alternative scheduling engine as follows: 

Suppose given a set job I.. Each job has a due date iI Di and wi importance weight. Each 

job has a number of operations iI Ji. Suppose H denote the set of alternative machines. 

Each type of machine has a k h on slot availability HHK. HijH, Hij denote the set of 

alternative machines that can do the job i j operations. Each operation on the job j i can be 

done on one machine hHij. Pij denote the set of operations that become presedence direct 

operations in job i j. Operating time job i on machine j h is expressed by the matrix tijh. 

Dideskritisasi time horizon in K unit time. The execution of each operation j requires 

operators. Availability operator at slot k is expressed by Pk. 

Suppose there are 6 jobs and 4 engines and each job specified due date and weight. 

Job 1 and 4 have two operations, while the other job has one operation. Availability 

engines 1 and 4 each time slot is 1, while the availability of machine 2 and 3 each time slot 

is 2. Horison didiskretisasi time in 8 units of time. Those problems tabulated in Table 1 and 

Table 2 and illustrated in Figure 1. 

 

Table 1. Problems of alternative scheduling engine [Sukendar, 2007] 

 
Job  Operation Job processing time for each 

machine (days) 

Due 

date 

(days) 

Weight Time 

horizon 

(days) 1 2 3 4 

1 1 t111 t112 - - D1 w1 K 

2 - - t123 t124 

2 1 t211 t212 - - D2 w2 

3 1 - - t313 t314 D3 w3 

4 1 t411 t412 - - D4 w4 

2 - - t423 t424 

5 1 t511 t512 - - D5 w5 

6 1 - - t613 t614 D6 w6 

 

 

 

 

 



 
 

International Conference on Engineering of Tarumanagara (ICET 2015) 
Faculty of Engineering, TarumanagaraUniversity, Jakarta-Indonesia, October,22-23,2015 

ISBN: 00-00-00-00-00 
 

 

Table 2. Availability sources in the slot k [Sukendar, 2007] 

 
Sumber The availability of resources (HHK and Pk) 

Time Horizon (K) 

1 2 3 4 5 6 7 8 

Machine 1 1 1 1 1 1 1 1 1 

Machine 2 2 2 2 2 2 2 2 2 

Machine 3 2 2 2 2 2 2 2 2 

Machine 4 1 1 1 1 1 1 1 1 

Oparator 8 8 8 8 8 8 8 8 

 

 

Figure 1. alternate scheduling problem machines [Sukendar, 2007] 

 

Notation 

1. Assemblage 

Hi = the set of alternative machines to do the job i. 

2. index 

i = job 

h = machine 

k = time slot 

3. Parameter 

N = the number of jobs 

Wi = weight of job i 

In = DueDate job i 

K = the time horizon 

tih = processing time job i on machine h, where h Hi 

HHK = constant which indicates the availability of slot machines in k h. 

Pk = operator availability at time slot k 

4. Decision Variabel  

Ci = when completed construction job i. 

Tch = when completed construction job i on machine h 

Xih = binary variable 0-1 stating that the job is done by machine i h 

Cihk 0-1 = binary variable, equal to 1 if the job is done on a machine i h completed in 

the time slot k, is 0 if not. 

Ti = tardiness job i 

Machine 1  

1 

Machine 2 

Machine 3  

3 

Job6 

Machine 4  

4 

Job5 

Job4 

Job3 

Job2 

Job1 

Machine 2  

2 

Machine 3  

3 
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Ei = earliness job i 

ti = time processing job i 

Xihk 0-1 = binary variable, equal to 1 if job i at time slot k h using a machine, worth 0 

if for others 

Bi = We began construction job i. 

5. Performance Measure 

Z = total weighted tardiness  

 

Assumption 

Assuming the model is as follows: 

1. All the job is considered available when k = 1 

2. Processing time job already includes the set up time. 

3. The execution of a job nonpreemptive. 

4. K time horizon considered long enough to complete all the jobs, Ci  K for all i. 

5. Each job is done simultaneously between one machine and one operator 

 

Scheduling Heuristic models Alternative Engines 

Compound job scheduling algorithm for single operation are as follows: 

1. Sort job from a job that has in the shortest until the job that has in the longest 

(ascending). If in the same sort of job start job that has the largest wi until the job that 

has the smallest wi (descending). If wi is same, sort randomly job. Suppose a stated 

order of job. 

2. Set a = 1          [1] 

3. Set h = 1, hHa, Ha = 1        [2] 

4. Set k = 1          [3] 

5. For l = k to l = k + tah-1        [4] 

 if hhl 1 and Pl 1, proceed to step 6.       [5] 

If not, set k = k + 1 and repeat step 5      [6] 

6. Create a temporary schedule,  

set Bah = k; l          [7] 

Xahl = 1,           [8] 

l = k to l = k + tah-1;         [9] 

Cah = Bah + tah-1;         [10] 

Hhl = hhl -1, -1          [11] 

Pl = Pl for l,          [12] 

l = k to l = k + tah-1;         [13] 

Calculate Zah, Zah = max (Cah-Da, 0).wa, then proceed to step 7  [14] 

7. If h <Ma, set h = h + 1, (hHa, Ha = 1) and return to step 4.    [15] 

Otherwise go to step 8        [16] 

8. Compare Zah, tah. Select a schedule that gives the smallest Zah, Zah *.  [17] 

If the same Zah, select a schedule that gives the smallest tah, tah *.   [18] 

If, tah equal, choose a random schedule.       [19] 

Selected h is h * and L chosen is L *. Proceed to Step 9    [20] 

9. Set a fixed schedule: Bah *, XAH * l *, Cah *, Hh * l *, and Pl *.   [21] 

Proceed to Step 10    

10. Reset schedule another temporary: Bah, Xahl, Cah, hhl, and Pl.   [22] 

Proceed to Step 11 

11. If a <N, set a = a + 1 and return to step 3. If it does not stop the algorithm [23] 
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RESULTS AND DISCUSSION  

The Model that has been developed, is applied on scheduling numeric example 10 

job 6 mesin [Sukendar, 2007] : 

 

Table 3. Scheduling Numeric example [Sukendar, 2007] 

 

Job Job processing time for each source (days) 
 

Due 

date 

(days) 

Weight Time 

horizon 

(days) 1 2 3 4 5 6 

1 3 4 3 7 5 6 3 1 12 

2 5 6 4 4 3 2 3 5 

3 5 3 4 6 7 5 3 2 

4 6 7 3 4 6 5 3 3 

5 7 7 6 5 4 3 3 3 

6 3 7 5 6 3 4 3 4 

7 7 4 4 5 6 3 6 4 

8 5 7 3 4 5 6 6 2 

9 7 6 5 3 4 6 6 5 

10 7 7 6 3 5 4 6 1 

Paralel 

source 

2 1 1 1 1 1  

operator  

7 

 

With 10 job 6 engine case scenario, as well as the due date and the weight is 

known, then the scheduling solution is as follows: 

 

Table 4. Sceduling solution  [Sukendar, 2007]  

 

machine Paralel 

source 

Time horizon 

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

1 1 6 6 6          

2 3 3 3          

2 1 1 1 1 1         

3 1 4 4 4 8 8 8       

4 1 9 9 9 10 10 10       

5 1 5 5 5 5         

6 1 2 2 7 7 7        

operator 7 7 7 5 3 2 0 0 0 0 0 0 

operator 

availability 

7 7 7 7 7 7 7 7 7 7 7 7 

 

This scheduling solutions generate total weighted tardiness for 4 days. This solution 

was only slightly with the solutions produced by the model optimization mathematical 

formula on a discrete time horizon Sukendar study [2007], which amounted to 3 days. 

 

CONCLUSIONS  

1. Model alternative scheduling heuristic engine developed discrete time horizon 

consists of 11 step algorithm 

2. The model of numerical example was aplicated to 10 jobs 6 resources. The solution 
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of minimization total weighted tardiness is 4 days. This solution was only sedikt 

optimal scheduling model with time horizon dikret alternative engine developed by 

Sukendar [2007], which is 3 days. 
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