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Abstract

In Job shop Scheduling Energy conservation is a key
factor to be considers for minimizing the lateness and
makespan of the shop here in this paper a new technic
Modified Energy Efficiency Scheduling Algorithm
(MEESA) is used in the proposed work it is divided into
two parts analysing effective rate and modified scheduled
aware mechanism, the MEESA algorithm enhances the
efficiency rate, makespan, in job shop scheduling.
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1. Introduction

Job Shop scheduling is an all-time typical decision-making
problem, that occurs in the job scheduling process in some
machines during some time.

Energy consumption is one of the current issues in our society. The
energy demand in the world has increased tremendously in the
past 10 years. In general, the industry is one of the primary
consumers of energy. Energy is a daily need that the industry relies
on for its safety and ease of accessibility.

The rising energy cost is one of the significant factors with
increased production costs of manufacturing. Industrial experts
handle this in different manners. Energy efficiency is one of the
issues still that occur in many manufacturing industries.
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The power on and off of a machine can be done based on its waits
period for the next job is a good energy-conservation measure.
Because of less consideration to the ecological influence in the past,
the research works addressing Energy Saving have considered the
energy consumption or environmental impact is limited and mostly
focused on machine and flow shop types.

2. Scope of Research

Energy Efficiency (EE) is one of the issues that still occurs in many
manufacturing units, and it has its importance for all job types. It is
important to formulate the problem of when to power on and off of
a machine after its waits for the next is addressed in this paper.

MEESA is proposed for effective EE and optimization of makespan.
This algorithm is addressed to maintain optimal makespan and
improve efficiency rate in job shop scheduling. EC, makespan, and
production efficiency are chosen as an optimization parameters.
The proposed algorithm contains two subparts analysing effective
rate and modified scheduled awareness mechanism.

3. Improving Energy Efficiency wusing Scheduling
Techniques

The proposed work is mainly focused to improve the makespan
and efficiency in the production of manufacturing companies.
Some of the major issues in existing work such as problem
variations, NP-hardness, problem representation, Scheduling
efficiency, the problem of infinite cost, makespan minimization, the
EC of the machine, and makespan prediction

4. Modified Energy Efficiency and Scheduling Algorithm

As illustrated in Fig 1.0 MEESA consist of two parts: (i) Analysis
effective rate and (ii) Modified schedule aware mechanism. The
proposed algorithm is used to improve the efficiency and
performance in the job shop problems
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Modified Energy Efficiency and
Scheduling Algorithm
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Fig. 1.0: MEESA Algorithm

The purpose for ranking is to execute the job first with more
dependencies, first. The first phase finalizes the execution order.
The second phase assigns the jobs according to the priority value of
the jobs.

Calculate the ranking
value
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Select the highest
Job operation priority for high rank
value
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Select the machine
have early finish time

Fig. 1.1: Optimizing Job Operation on the Priority Level

Fig. 1.1 represents the optimizing job operation on the priority
level. For each job J is defined with two-parameter, 1) a particular
job’s minimum finish time on a particular interval of time, and 2) a
constant value is allocated as a minimum finish time which
depends on a job type. Constant value is changed depending on the
job type and the execution cost also changes, adding a task to the
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machine does not increases the running time of the machine in a
full hour, the machine running cost will remain unchanged.

5. Mathematical Model for Makespan Setup and EC

Consider an “‘m” machines and ‘j’ jobs in a typical Energy-efficient
job shop problem and every job is represented as (a =1, 2...h) It
encompasses a sequence of operation Oap, b= 1,2 ... ’Hﬂ, where
H denotes the no of operations in ‘j’. The operations which can be
executed on the machine on X (X=1, 2...1) from a set Us and each
operation Oav will have its corresponding processing time and

E7p and QF represents EC respectively.

W is a large definite number. Rap: Pap and QFavx Cavx are
denoted as decision variables, where Rap, and Pay indicates the
initial and terminal time of Yab respectively, an integer variable
C

abX whose value is 1 and if machine X executes Oap is 0.

Equation 1.1 makespan of all job’s calculated by analysing the time
boundaries of EC

Total makespan ={l,,}.V . (1.1)

Thus, the total EC of all machines, given as in equation 1.2

Total energy = EJ};:J. [E"'.’ + ETF]

(1.2)
Where EN is the sum of EC in standby time of machine X and total

processing Erp represented in equation 1.3

Erp = E{:'a.{:j:oﬁlbeus} QF qpx Capx VX
(1.3)
All machines cannot be allowed to powered-off during idle time

EN this is expressed in equation 1.4

66



Anandapadmanabhan Addressing the Energy Comsumption Factors

Ey=y [{Dab} — mini {Rgp} — E{i'ﬂ-ﬁi'ﬂn.bEUs} QFapx ‘:a.!:x] VX
(1.4)
The machine distribution of each operation is determined by a

scheduling scheme, Gy and on a machine X is the number of
operations executed can be calculated through the equation 1.5

G_x = E{':.ﬂ.[]:l:ﬂnleUS} Cﬂn[].x-' V X
(15)

it Gx operations processed on machine X, Gx =1 idle interval

between adjacent operations will be there.

0 ZM (1 <Z <Gy —

ab is the 1 operation performed on machine

0

X, a'b’ is its subsequent operation on machine X, and the parameters,

sz Ri‘ZH"K nd Wtzﬂlx represented

S0, R respectively,

For a Machine X the EC of each idle interval while applying an
energy-efficient mechanism is expressed in equation 1.6
EE=(Ece™  ifv(REPF W) > Eosene (RS- wEE) >

T (R — W) otherwise (16)

VX, (ﬁ, b)[a‘:b"): Ga..!: = Us,(]arar € US

6. Makespan

Makespan is the total length of the schedule from beginning time
to finish time for completing a set of jobs, i.e. all jobs maximum
completion time.

Table 1.1 contains the Makespan and total energy of a machine in
the manufacturing industry in the EES, MEESA, and APS
algorithms. Makespan Time is presented the below Fig. 1.
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Total Energy Makespan (milliseconds)
EES MEESA APS
Algorithm

7500 560 512 580
8000 590 530 600
8500 600 540 620
9000 620 550 650
9500 640 565 670
10000 680 590 700
10500 700 600 720

Table 1.1 Makespan time in EES, MEESA, and APS algorithm

Makespan

7500 8500 9500 10500

Ul =~

]

Makespan Time(ms)
-8 8888888

Total Energy

MEES W MEES Algorithm = APS Algorithm

Fig. 1.2 Makespan Time

Fig. 1.2 shows the makespan time and it is compared to the existing
algorithms like EES and APS algorithm. An enhanced energy-
efficient mechanism is proposed to optimize the energy level in job
operation. The effective makespan is determined. The EC of the
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machine is based on the operating mechanism and initial time
setup and makespan time is minimized according to the EC of the
machine. This work optimizes the EC and makespan parameter.
The proposed algorithm attains less makespan time for different
energy levels when compared to the existing techniques.

7. Conclusion

Job-shop Scheduling Problem (JSP) is considered one of the hardest
manufacturing problems in the industry. This work addressed the
makespan issues as well the efficiency factors. It showed
improvision in this work using a modified EE algorithm. Finally,
makespan and processing time factors are used to improve the
efficiency of the proposed work. This work achieves less processing
time and makespan values when compared to the other algorithms.
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