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Multi-items Batch Scheduling Model for a Batch Processor to
Minimize Total Actual Flowtime of Parts through the Shop

Nita PA Hidayat'*, Andi CakravastiaZ, TMA Ari Samadhi2 and Abdul Hakim Halim?

Abstract: This study is inspired by a batch scheduling problem in metal working industry which
guarantees to satisfy a due date. The actual flowtime adopts the backward scheduling approach
and considers the due date. Using the actual flowtime as the objective, means that the solution is
oriented to satisfy the due date, and simultaneosly to minimize the length of time of the parts
spending in the shop. This research is to address a problem of scheduling batches consisting of
multiple items of parts processed on a batch processor where the completed parts must be
delivered several time at different due dates. We propose an algorithm maximize the utilization
of the batch processor and to schedule the resulting batches in backwardly non increasing batch

size.
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Introduction

A number of parts processed simultaneously with
sharing a setup time could be defined as a batch, and
a batch processor is a machine that processes one
batch at a time. Today the batch processor is encoun-
tered in many different environments, such as burn-
In operations in semiconductor industry (Cheng, et
al. [1]), heating and pressure operations in aeronau-
tical industry (Malapert, et al. [2]), hardening and
soaking operations in automobile gear manufac-
turing (Gokhalea and Mathirajan [3]), and drying
operations in lumber industry (Gaudreault, et al
[4]). The batch processor is also used in iron and steel
industry for heating ingots up to a proper processing
temperature (Gong, et al. [5]), microbiological labora-
tory for producing agar that is used in food testing
(Chakhlevit, et al.[6]), and bicycle rim manufacturing
(Damodaran, et al. [7]). Those pieces of research
work have addressed problems of batch scheduling
on the batch processor.

The solution for batch scheduling problems on a
batch processor is determined through two phases,
that are batching and scheduling. Decisions on the
batch size are madein the batching phase 1.e., group-
ing the parts into some batches, while arranging the
resulting batches into a specific sequence 1is
performed in the scheduling phase. The size of a
batch represents a number of parts in the batch, and
it is limited by capacity of the batch processor.
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Grouping parts in the batching phase should be
based on a certain rule. Guo, Chengtao [8] has
grouped parts based on the order of processing
machines which is required by the parts. While
Dauzére-Peres and Monch [9] and Chakhlevitch et
al. [6] have grouped parts based on the type of family
of the parts, all parts in the same batch must come
from the same type of family.

The entire parts in the same batch are processed
simultaneously during a certain period of time called
batch processing time, although each part requires a
certain processing time which may differ from
others. In Cheng et al. [1] and Condotta et al [10] the
entire parts in the batch have the same processing
time, and the processing time of batch equals the
processing time of parts. While in Noroozi, et al. [11],
Behnamian et al. [12], Khasan, et al. [13] and Parsa,
et al. [14] the processing time for each part is
different. They set the processing time of batch
equals the longest processing time of parts in the
batch because they assume that an excessive
duration of processing the parts could not lead to any
defect. On the contrary, in Bellanger, et al. [15] each
part has the processing time and a certain limit of
processing time. They allow the real processing time
of parts exceed its processing time as long as it does
not exceed its certain limit of processing time
because the excessive processing time from its limit
may cause any defects. Therefore, only parts whose
processing time intervals intersect can be formed
into a batch.

Those studies adopt the forward scheduling
approach, i.e., sequencing jobs starts from the time
zero, then moving forward to the due date until all
jobs have been scheduled. The schedule is feasible,
but there is no guarantee it could meet the due date.
On the other hand, Halim et al. [16] defined the
actual flowtime of parts as the time that the parts
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spend in the shop from the starting time of
processing until their due date as the delivery time
of the processed parts, and the actual flowtime
adopts a backward scheduling approach i.e.,
sequencing jobs starts from the due date then
moving backward to the time zero until all jobs have
been scheduled. The backward scheduling approach
can satisfy the due date, but it may lead to an
infeasible schedule. This research is inspired by a
batch scheduling problem in metal working industry
which guarantees to satisfy the due date as a
commitment to its customer, thus adopting
backward scheduling approach is a must. It is
assumed that the resulted schedule is always
feasible, and the infeasible schedule case will be
discussed in future research.

The actual flowtime has been applied to problems of
batch scheduling by Halim et al. [17, 18, 19], Sukoyo
et al. [20] and Zahedi et al. [21] but they conduct
batch scheduling research for job processors i.e., the
machine that processes one job at a time. Hidayat et
al. [22, 23] develop the actual flowtime of parts for
batch scheduling problems on batch processors, and
adopt it as an objective where parts to be processed
are a single item with a common due date. Those
model is further developed by Hidayat et al. [24] into
a condition where the parts should be delivered at
different due dates. Halim et al. [25] also develop the
actual flowtime of parts for batch scheduling
problems on batch processors into a condition where
a batch could have different set up time from those of
the other batches.

This research is concerned on batch scheduling
problems at the coating stage performed on a batch
processor in metal working industry. The length of
time for the coating process is determined by coating
thickness of part. When the parts are processed less
or more than the time required for coating, then the
part will not in accordance with the product
specifications. Therefore, only parts which have the
same processing time can be grouped into the same
batch. We define that the parts which have the same
requirement of coating thickness are compatible and
have the same type of item. Therefore, grouping
parts into batches should be based on the same type
of item. The metal working industry produces some
different products and demanded at different due
dates. Each part requires a certain coating thickness
depending on the product that will be formed by the
parts, so that at the coating stage, there are some
parts require different thickness and demanded at
different due dates. Accordingly, we need to develop
the model in Hidayat, et al. [24] into a condition of
multiple items of parts with multiple due dates
(abbreviated as MIMD). The model is developed in
two steps; the first step is that the single item is
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developed into multiple items of parts with a com-
mon due date, and at the second step the developed
model is further developed into multiple items of
parts with multiple due dates.

Methods

The MIMD problem can be explained as follows. Let
there be numbers, n,, n,, n,....n, of multiple items
parts demanded at due dates, di, d,, ds,....d,
respectively. The parts must be processed on a batch
processor, and t, is the part processing time of item
g. The batch processor needs to be set up before
processing a batch, the set up times depends on the
item type of parts in the batch, and s4is the set up
time for item g. The set up time is independent to the
sizes of batches and the position of batches in the
shop. The problems are both to determine batch size
of the multiple items parts and to sequence the
formed batches so as to minimize the total actual
flowtime of parts through the shop (F%).

The following the symbols and notations are used in
this paper.

Indexes

g partitem,g=1,2, .., k

h time interval in a scheduling period, A =1, 2,
..., . It is counted from the end position on a
time scale.

i . position of a batch on a production schedule
which is counted from the end position on a
time scale.

Sets

b; set of parts in a batch sequenced at position i
@=12,..,N

by set of parts in a batch sequenced at position i

@=1,2, .., N,) within interval H,,
Parameters

c capacity of batch processor

d common due date

d, the ht*due date

Hp time period defined as:
H,=d,—dp,forh=1,..,(r— 1)
H, = d, forh=r

k number of item types

m number of machine

ng number of parts item g demanded at com-
mon due date

n total part demanded at common due date,
n=y¢,n,

Npg number of parts item g demanded at due
date dj,

ny, number of parts demanded at due date d,,
Ny = Z§=1 Nhg

r number of intervals in the whole scheduling

period
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s; setup time of batch sequenced at position i

Shi setup time of batch sequenced at position i
within interval Hj,

Sg setup time of item g

t; processing time of batch sequenced at posi-
tion ¢

thi processing time of batch sequenced at posi-
tion i within interval H,

tg part processing time of item g

Variables

B; starting time of processing batch sequenced
at position i

Bp; starting time of processing batch sequenced
at position i within interval Hj,

Dy, number of parts processed within interval
Hy

F® total actual flowtime of parts through the
shop

G; type of item part in the batch sequenced at
position i

K number of shortage parts within interval Hj,

N, number of batches which consisting of part
item g

N number of batches in the whole scheduling
period

Npg number of batches which consisting of part
item g within interval Hj,

Ny, number of batches within interval Hy,
Ny = Zz=1 Npg

Q; number of parts in batch sequenced at posi-
tion i

Qni number of parts in batch sequenced at posi-
tion i within interval H,

Apg : number of parts item g requested to be pro-
cessed within interval Hj,

Zig binary variable equals 1 if parts in the batch
sequenced at position i are members of item
g, otherwise 0

Zpig © binary variable equals 1 if parts in the batch

sequenced at position i within interval Hj,
are members of item g, otherwise 0

Actual Flowtime as a Performance
Measurement

The actual flowtime of parts is defined as the time
required by parts to be on a shop. It is measured
from the processing starting times to their due date
or to their delivery time (Halim, et al. [16]). In an
1deal condition, the part spends in the shop when it
1s processed. So that the part’s actual flowtime
equals to the part procesing time. It can be happened
if the part arrives exactly at its processing starting
time and delivers right after completing the process.
It is assumed that the arrival of parts as a batch can
be setup exactly at its processing starting time. The
actual flowtime of parts will be higher than its
processsing time if those parts are completed before
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their due date. In this case, the parts require longer
time on the shop, since they have to wait until they
deliver to the customer at the due date. Therefore,
minimizing the actual flowtime of parts is essentially
minimizing the waiting time before the delivery time
(due date). Hence, the time duration spends by those
parts in the shop is minimized.

Using the definition in Halim, et al. [16], FPj
denotes the actual flowtime of part P; in batch b,
and P; is j™ part in batch b;, then the actual
flowtime of part P; is as follows.

FPG=d - B
The actual flowtime of batch b; (denoted by Fb})
states the length of time the batch b; spends on the
shop from its arrival time until its due date (see.

equation (2))

Fb*=d-B, i=12.,N ©@)
A concept of the actual flowtime for parts of single
item demanded on a common due date have been
developed in Hidayat, et al. [22]. Figure 1 shows the
sequence of the NN batches processed on a single
batch processor. Fb{* is determined in equation (3),
and the total actual flowtime of batches through the
shop (expressed by FS?) is determined in equation

@).
Fbf = {Zj=i(t +57)} — s

F§® = ?’:1{23’:1(% + Sj)} =S

©)
4)

The actual flowtime of each part in the same batch
equals the actual flowtime of batch, and total actual
flowtime of parts in a batch is a multiplication of the
actual flowtime of the batch by the number of parts
in the batch. The total actual flowtime of parts
through the shop for a single item with a common
due date on a batch processor is determined in
equation (5).

Fo =Y (X (t +55) — s} 6)

Model Development

The first model was developed for multiple items of
parts with a common due date problem (MICD). The
MICD 1is a development of a single item with
common due date problem (abbreviated as SICD) in
Hidayat, et al. [22]. The difference between those two
lies in the number of item type of parts, while
simultaneously on a common due date. Under the
condition of multiple items, the processed part
consist of several different items and each item has
different processing time and set up time.
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d = Due date
BN B3 B2 B1
SN bn §3 b3 52 b2 SI b1
f—IN— 13 12 3 {1—
K——Actual flowtime of batch h2=——}

Actual flowtime of each part in batch b2

N

Actual flowtime of each part in batch b3

Actual flowtime of batch &
Actual flowtime of each part in batch by

(t1t+s1)+(t2+s2)+(t3+s3)+... F(tntsn)-sn

Actual flowtime of batch b3

Figure 1. [llustration of the actual flowtime

It is not allowed to place any parts in any batch if the
parts from other item are already in the batch. The
processing time and setup time of each batch depend
on the item type of parts in the batch. Therefore, we
need a binary variable to indicate the item type of
parts in a batch i.e. Z;;. Where if batch b; consist of
part item g then Z;; =1, otherwise Z;; = 0. It
establishes several conditions that must be met, as
follows.

(1) The processing time of batch b,
YK Zigty Vi=12,..,N

The setup time of batch b; is s; = X5_; Z;5.5,
vi=12,..,N

The number of batches which consist of part
itemgisN, =YL, Z;y Vg=1,2,...k

The number of demanded parts which come
from item gisng = YN0 ZigVg=12,...k

is t; =
@)
3
4

The entire batch on the shop must be processed
within [0,d], which is the available time for
processing the parts. It can be seen from Figure 1
that the required time for the processing of N
batches equals to ¥, (t; +s;) — sy. Definitely we
need YN, (t;+s)—sy<d as a constraint.
Processing of the last batch should be completed
exactly at the common due date. The last processed
batch is the first batch on the schedule, so that we
need B; + t; = d as a constraint. In equation (6), it
can be seen that F* depends on variable decision Q;,
parameters t; and s;, the item type of part does not
determine F¢. Therefore F* for MICD problem is the
same as F® for SICD problem although the
characteristic of the parts is developed from a single
item into multiple items.

Problem MICD is formulated as model M1.

Model M1:

minimize F* = YV

i=

it +55) = s:}Q; (6)

76

Subject to:
ti=Yk_ . Ziyt, Vi=12,.,N (7)
si=XK 1 Zigs, Vi=12,.,N )
N, =3V, 7, Vg=12 ..k 9)
ng=%N10.Z;, Vg=12,..k (10)
Lt +s) —sy<d 11
B+t =d 12)
0<Q;<c Vi=12,..,N (13)
N>k (14)
Ziy = {(1) Vg=12..k; Vi=12,.,N (15

Constraint (7) shows that the processing time of
batch b; depends on the item type of parts in batch
b;. It is the consequence of only parts which have the
same item type 1s grouped into the same batch. It
also applies to the setup time of batch b; in
constraint (8). Constraint (9) ensures that the
number of batches which consist of item g equals to
the sum of the binary variable for each type of item.
Constraint (10) ensures a balance of materials on the
shop. It is necessary to ensure that the number of
demanded parts of item g equals the total of the size
of batches which consist of item g. Constraint (11)
shows that the entire batches must be processed
within an interval [0,d]. Constraint (12) states that
the completion time of the first batch must be equal
to the common due date. Constraint (13) is the upper
limit and lower limit for the size of each batch.
Constraint (14) states that the number of the batch
on the shop is higher than the number of the item,
this indicates that each item can form more than one
batch. Constraint (14) is the value of the binary
variable. It is apparent that if index g is eliminated,
model M1 becomes SICD model in Hidayat, et al.
[22]

The second model is developed for MIMD problem,
which is the development of a single item with multi
due dates problem (abbreviated as SIMD) in
Hidayat, et al. [24].
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Available time of production for nz

Available time of production for nz
Availabel time of production for nz
Figure 2. Available time of production

dm+1y = due date dn = due date
Bann Bh(Ni-1) Bn3 Bn2 Bni
ShNi bnnn Sh(Nt-1) brNi-1) 0000 | si: bhn3 Sh2 bhnz Shi bni

Lh N

hi1TShi h2TSh2, h3TSh3)T... hNTShN)=-Shy
(thitsn1)+(tha+snz) +(ths+snz)+...+(thv+Sns)

th3 th2 Thi

Figure 3. N, batches within interval H},

The difference between those two lies in the number
of item type of parts, while the similarity lies in the
parts that should be delivered several times at
different due dates. Under condition of multi due
dates, the scheduling period is divided into r
partitions of interval H, (h=1,2,...,r) which is the
interval between two consecutive due dates. Under
the condition of multiple items of parts, there are n,,
demanded parts in interval H, which consist of ny,
parts of item 1, n;, parts of item 2 and ny,;, parts of
item k. Therefore a binary variable i.e. Z,;, is needed
This variabel indicates the item type of parts in a
batch by,;, where if batch by; consists of item g then
Zpig = 1, otherwise Z;, = 0. It establishes several
conditions that must be met, as follow.
(1) The processing time of batch by; 1s ty =
Y 1 Znigety VR=12,..,7 Vi=12,..,N,
(2) The set up time of batch by; is sp; = Xk_1 Zpig. 5,
VR=12,..,r Yi=12,..,N,
(8) The number of batches which consist of part
item g is Npg = Z?ZLIZhig Vh=12,..,r Vg=
1,2,..,k

The number of demanded parts item g is

N
Npg = X2t Qni - Znig and ny, = XK_ g
Vh=12,..,r Vg=1.2,..k

The ideal condition is when the entire n,; parts can
be processed within intervals Hy,, but if it can not be
met then the part can be processed in other intervals
before d;,. From Figure 2 it can be seen that if n,
could not entirely be satisfied in H; then the

7

shortage of n, will be fulfilled in other intervals
H,, Hs, ..., H.. Each interval H, can process its
demanded parts and the shortage of other interval’s
demanded parts. unless interval H;, therefore, the
condition of D, =n, can happen in interval
H,, Ha, ..., H,.

Definitely, we need constraints which are formulated
as Yheg+1Dp—mp) =0 Vva=1,2,..,(r—1) and
Yhe1(Dp —nyp) =0. Figure 3 shows that the
required time for processing of N; batches within
interval H), equals to (Z?’:’ll thi + ZEZ;‘_D Spi). This

Np—-1
""" sni < H, as a con-

N
means we need Zi=h1 thi + X0y

straint.

Hidayat, et al. [19] have developed F* model for
SIMD problem, as follows.

F = [Shoa S (2o (sny + thy) — suc}Quil] +

[Xazi{Zh=a41(Dn — n)} (dg — dg41)] (16)

It can be seen that the item type of part does not
determine F¢. Therefore F® for MIMD problem is
the same as F® for SIMD problem although charac-
teristic of the parts is developed from single item into
multiple items.

Problem MIMD is formulated as model M2.

Model M2:
Minimize F® = [$h_i[S {25 (sn) + tny) — sni}Qni]] +
EeziEh=a+1(Dn —np)} (dg — dg41)] a7
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Subject to:
il b + ZEQ”;‘” Spi < Hp

Vh =1.2,..,1 (18)
Shi = Z,;:l Zhig-sg

vi=1,2,..,N, Vh=1,2,..,1 (19)
thi = ZZ:thig- tg

vi=1,2,..,N, YVh=1,2,..,7 (20)
Nug = Zi%y Znig

vg=1,2,...k Vh=12,..,r @1
Dhg = Z?I:hl th -Zhig

vg=1,2,..k Vh=12,.,r (22)
Yhear1Pn—np) =20 Va=1,2,..,(r—1) (23)
Zz:l(Dh - nh) = 0 (24)

N

Y Qu=Dy Vh=12,...,7 (25)
Bh1 +th1 = dh Vh= 1,2,....,T (26)
OSthSC, Vl=1,,Nh, Vh=1,2,...,7" (27)

1

Zhig = {0

Yh=12,..,r;Vi=1.2,..,N;¥Yg =1,2,...,k (28)
Dpg >0

Vh=1,2,..,r;Vg=12,..,k (29)

Constraint (18) shows that in each interval, the
entire of N, formed batches must be processed
within interval H,. Constraint (19) shows that the
setup time of batch b;,; depends on the item type of
parts in batch by;. It also applies to the processing
time of batch by; in constraint (20). Constraint (21) to
ensure that the sum of the binary variable for each
type of item in each interval H, equals to the
number of batches which consist of item g in each
interval Hj,. Constraint (22) is necessary to ensure a
balance of material in each interval. It shows that in
each interval, the number of parts in all of formed
batches which consists of item g, must be equal to
the number of processed parts of item g. Constraint
(23) 1s necessary due to conditions of multi due date.
It shows that the number of processed parts within a
time interval of H, up to H;, must be greater or
equals to the number of demanded parts within the
time interval. Constraint (24) is necessary to ensure
a balance of materials on the shop. It shows that in
the scheduling period, the processed parts must be
equal to the demanded parts. Constraint (25) is
necessary to ensure a balance of material in each
interval. It shows that in each interval the number of
processed parts must be equal to the number of parts
in all of the formed batches. Constraint (26) states
that the completion time of the first batch in each
interval must be equals the due date of that
interval (dy). Constraint (27) states the upper and
lower bounds for the size of each batch. Constraint
(28) 1s the value of the binary variable. Constraint
(29) states the number of processed parts of item g in
each interval H, must be positive.

It is apparent that if the index g is eliminated, model
M2 becomes SIMD model in Hidayat, et al. [24]. If
the index h 1s eliminated model M2 becomes model
M1. Subsequently, if the index h and g are eliminat-
ed, model M2 becomes SICD model in Hidayat, et al.
[22].

Solution Procedure

F2 will be minimum if the batching and the schedul-
ing phase provide a minimum solution. The size of
each batch could not exceed the capacity of the batch
processor so that the highest of batch size equals to
the batch processor capacity, and the lowest is one.
At the maximum batch size, the number of formed
batches will be minimum, which around up the
result of the total demand divided by the capacity,
(ng/c). Rounding up is needed because the number
of the batch must be an integer while the results of
(ng / c) is not always an integer. The decimal point
indicates the unaccommodated parts in a batch.
Rounding up also indicates an idle batch, in which
the size of that batch is lower than the processor
capacity.

Theorem 1. For a shop with N batches and each of
which consists of the same single item. Each batch
has processing time t;, setup time s; and size of the
batch Q; (i=12,...,N). Using backward
scheduling, the total actual flowtime of parts through
the shop will be minimum if the batches are
arranged so that

(ty +s1) < (ty +s2) < (t3 +s3) <. < (ty + sn)
¢ ~— Q@ — Q3 T T Qn

Proof. Suppose there are two sequences of N
batches.The difference between the two lies only in
that the first sequence. It shows that batch b,, is in
the m*™" position and batch b1y is in the (m + 1)
position. For the second sequence shows that the
batch b,, in the (m + 1)** position and the batch
bins1y is in the mt™ position. The total actual
flowtime of parts through the shop under the first
and the second sequences respectively are F'¢ and
F2a,

It is obtained that
Fla — F2a = (tm + 5m)Q(m+1) - (t(m+1) + 5(m+1))Qm

The first sequence will be less than or equal to the
second sequence if and only if:

Fle —F2 <

(tm + Sm)Q(m+1) - (t(m+1) + S(m+1))Qm <0 or
(tm+sm) < (tm+n)+S(m+1))

Qm Qm+1)

The best sequence will be obtained if this procedure
is continued until all the batches are in an increasing
order of (t; +s;)/Q;, fori =1,2,...N
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There are N generated batches, that will be fori =1, 2, ..., Nis obtained. Next, sort the sequence
scheduled on a batch processor. First, arrange the N of batches increasingly in (t; + s;)/Q;, for i = 1, 2, ...,
batches in any order, so that a sequence of batch b; N (see Theorem 1).

Set the value of ¢, d and &k

Forg=1,2,....k Step 0
Set the value of tg, sg and ng
]
2 Batching Phase
Set g=land N=0 | Step I

(8

calculate: Ng'= ng/c| Step 2

Obtained: Ng batches which
consist part of item g and the size
of each batch is ¢

Yes

Ng=rounding up of Ng’

N
Obtained: Ng batches which consist part of item g. The
size of (Ng-1) batches are ¢, and 1 idle capacity batch
has the size equal ng-(Ng-1)c

-

.............................. v cccsscccscsssssccscacsssscsscsssscscsessscassascccnacsssacssaaanaaane

Obtained:
N batch

Z
S)

Arrange N resulted batch in any order. Step 6 Schedulling Phase
Set: #, si and Qi for i=1,2,...N
Calculate: (# + si)/Qi

N

Improve the sequence of N batches Step 7

following the theorem 1: increasing of
(ti+si)/Qi from i=1 to i=N

N
Calculate Total Actual Flowtime | Step 8
Part using equation (5)

N

( Stop )

Figure 4. Flowchart for Algorithm Al
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Set the value of ¢, rand £
For each interval Hu: h=1,2....r Step 0
Set the value of nh and dh
For cach item: g=1,2,...k

Set the value of kg , tg, dan sg
|

N
Set: h=1
O—=
Set: Kog = 0 forg=1,2,...k Step 2

Set : Nn=0 and g=1

Step 1 Batching Phase

2
Calculate: Ahg=nhg+Kn-1)g | Step3
Nng'= Ang/c
Obtained: Nhg batches which consist
<Nhg' integer ? Nhg = Nhg’ part of item g and the size of each
batch is .

NOJ’

Nhg=rounding up of Nhg’

y
Obtained:
Nig batches which consist part of item g. The size of
(Nhg-1) batches are ¢, and 1 idle capacity batch which
the batch size equals Ahg - (Nhg -1) ¢ Step 4

Nh=Nn+Nhg

Obtained:
Nk batches
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®

<

Arrange Nk batches in any order. )
Obtained: fi, sk, Ohi and Ghi Step 7 Scheduling Phase
Calculate: (Zni + Shi)/Ohi  for i=1,2,....Nh

I}

Improve the sequence of Nk batches
following the theorem 2: increasing of (tni +
Shi)/Ohi from i=1 to i=Nh

y

Set: Dng=0forg=12,...k
Set: i =1 FLat =thiand Dh =0
Set: g=1

Step 8

Step 9

g=g+] Step 11

Calculate :
Dhg = Dhg + Qhi

pemmemmememmememmemm———————

Calculate: Step 12
Bhi=dn- FLai

R s Step 15

Calculate:

=i+] >
| FLai = FLaG-1) + Shi-1) + thi

Step 14
Set: Nh=(i—-1)

andg=1

Forg=1,2...k Step 18
Calculate: Khg = Ahg — Dhg
and Dh=Dh+Dhg

Calculate Total Actual Flowtime
Part using equation (15)

Figure 5. Flowchart for Algorithm A2

81



Hidayat et al. / Multi-item Batch Scheduling Model / JTI, Vol. 20, No. 1, June 2018, pp. 73-88

Algorithm A1l to solve problem MICD is developed,
and it is presented as a flowchart in Figure 4.

Algorithm A1l

Step 0.  Set the valueof ¢, d, and k

Set the value of ng, t,, and s,

for g =1,2,..,k.

Set g = 1 and N=0, proceed to Step 2
Calculate N'y = n?g, proceed to Step 3

If N'g integer then N; = N’ and proceed to Step
4 (obtained N, batches which consist part of item
g and the size of each batch is c);
Otherwise N,= rounding up of N’y and proceed
to Step 4 (obtained N batches which consist part
of item g.
The size of (N4-1) batches is ¢, and one idle
capacity batch which the batch size equals
ng — (Nyg—1)c).
Set N = N + Ng, proceed to Step 5
If g < k then g = g+I and proceed to Step 2;
otherwise proceed to Step 6 (Obtained N batches)
Arrange N resulted batches in any order, set
t;,s; and Q; for i=1,2,..,N. Calculate
(t; + s;)/Q; and proceed to Step 7
Improve the sequence of N batches with folowing
the Theorem 1:
(t1+s1) < (t2+s2) < (ts+s3) <. < (tn+sn)

Q1 Q2 Q3 Qn
and proceed to Step 8.
Calculate F? using equation (6) and then stop.

Step 1.
Step 2.

Step 3.

Step 4.
Step 5.

Step 6.

Step 7.

Step 8.

From Figure 2, it can be seen that under the con-
dition of multi due dates, the demanded parts (n;)
can be fulfilled in some intervals before its due date
(dy) unless n,.. Definitely in each interval H;, we need
to distinguish between the demanded part (n;,), the
processed parts (Dpg4), and the required part to
process (Apg) for g = 1,2,..., k. The difference bet-
ween the required parts to process and the processed
parts is the shortage of parts in interval H,, ie,
Kng = Apg — Dpg. Then for the next interval Hpq)
the required parts to process is equal to the sum of
demanded parts and the shortage of parts in the
previous interval, ie., A1)y = Npre1yg + Kng, and
the resulting batches (N(,41)4) is equal to the round
up of Agperyg/c.

Theorem 2. For a shop with r intervals H;, (h=1,2,...,r)
and each interval has N, batches, each bathces
consists of the same single item. Each batch has
processing time ty;, set up time s;; and size of batch
Qn; (=L2,..., Ny). Using backward scheduling, the
total actual flowtime of parts through the shop will
be minimum if the batches in each interval H, are
arranged so that

(thatsna)  (thz*sha) o (thatsna) ., (ennvy +snny)

Qni ~  Qrz ~  Qns

Qnny,

Proof. Suppose in the interval H, there are two
sequences of N, batches. The difference between the
two lies only in that the first sequence shows that
batch by, is in the v™" position and batch by 41y is in
the (v + 1) position, while the second sequence
shows that the batch by, in the (v + 1) position
and the batch by 41y is in the v** position. The total
actual flowtime of parts through the interval under
the first and the second sequences respectively are
Fi? and F2%. It is obtained that

FR® —Fi% = (tw + Snv) Qnew+1) = (th(v+1) +
Sh(+1)) Qno

The first sequence will be better than or equivalent
to the second sequence (Fi* < F?%) if and only if:

(thv + Shv)Qh(u+1) < (th(v+1) + Sh(v+1))th , Or
(thy+Shy) < (thw+1)+Shw+1))
Qnv Qn(v+1)

The best sequence will be obtained if this procedure
is continued until all the batches are in increasing
order of (ty; + Spi)/Qni, fori = 1,2, ... Ny.

(thh+ShNh)

(hatsny) o (EhatSha) - (ths+Sha) <. <
QhNy,

Qni ~  Qn2 T Qs

Algorithm A2 to solve problem MIMD is developed,
and it is presented as a flowchart in Figure 5.

Algorithm A2

Step 0. Set the value of ¢,r dan &

Set the value of dj, for each interval Hy, h=1,2,...,r
Set the value of n,4, t; and s, for g=1,2,....k

Set i =1 then proceed to Step 2

Set Koy = 0 for g=1,2,...,k;

Set N, = 0 and g = 1 then proceed to Step 3
Calculate  Apg = npg + K1)y and Ny = %
then proceed to Step 4

If Ny, integer then Ny, = Nyg, and proceed to
Step 5 (obtained Ny, batches and the size of each
batch are ¢);

otherwise Nj,q = rounding up of Ny, then proceed
to Step 5 (obtained Ny, batches which consist
part of item g.

The size of (Nyg4-1) batches are ¢, and 1 idle capa-
city batch which the batch size equals Ay —
(Npg —1)c)

Calculate Ny = Nj, + Ny, then proceed to Step 6
If g =k then proceed to Step 7 (obtained Nj
batches);

otherwise g = g + 1 then proceed to Step 3
Arrange N, batches in any order (obtained
this Shi» Qni and Gpy);

Calculate: % for i=1,2,...,N;, then proceed to
Step 8

Improve the sequence of N;, batches with folowing
the Theorem 2, then proceed to Step 9

Step 1.
Step 2.

Step 3.

Step 4.

Step 5.
Step 6.

Step 7.

Step 8.
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Step9. SetDp, =0forg=12,.,k;
Set i=1, FL}; = tp,, and Dy = 0 then proceed to
Step 10

Step 10. Set g=1, then proceed to Step 11

Step 11. If g = Gp; then calculate Dy = Dpg + Qp;, and
proceed to Step 13;
otherwise proceed to Step 12

Step 12. g = g + 1, then proceed to Step 11

Step 13. Calculate By; = d, — FL}; and proceed to Step
14

Step 14. If (Bp; — spi) < d(n41) then Ny =i —1 and pro-
ceed to Step 17,
otherwise proceed to Step 15

Step 15. If i = N, then proceed to Step 18; otherwise i =i +
1, and proceed to Step 16

Step 16. Calculate FLy; = FLy(;_1y + Spi-1) + thi» and
proceed to Step 10

Step 17. Calculate Dpg = Dpg — Qp;, and proceed to Step
18

Step 18. Calculate Kpy = Apg — Dpg and D, = Dy — Dpy
for g = 1,2,..., k, proceed to Step 19

Step19. If h # r thenh=h+ 1, proceed to Step 3;

otherwise calculate F® using equation (17), then
Stop

Results and Discussions

In this section we give numerical examples for MICD
and MIMD consecutively.

For the MICD case, we have the numbers of multiple
items parts demanded as many as 30, 20 and 25;
and the due date is 1.000 unit time. Additionally, the
capacity of batch processor is 20 parts, while the
processing time and the setup time of each item are
presented in Table 1.

The calculation is done using Algorithm Al. Table 2
shows the result of MICD numerical example and
the Gantt chart is presented in Figure 6.

For the MIMD case; we have the numbers of
multiple items parts demanded are 270, 260, 275,
310, 290 and 260; and the due dates are 10.000,
9.750, 9500, 9.250, 8.950 and 8.700 unit time
respectively. The part processing time and the setup
time of each item can be seen in Table 3. The
calculation is done using Algorithm A2. The results
are presented as gantt chart (see Figure 7) and
tables (see Table 4 and Table 5).

Analysis

The proposed algorithm shows that we should maxi-
mize the utilization of the batch processor. We
should also schedule backwardly the resulting
batches in a non-increasing batch size.

Table 1. Data for MICD numerical example

g 1 2 3
ng 30 20 25
ty 20 10 30
Sg 7 5 9
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Table 2. The result of MICD numerical example.

i 1 2 3 4 5

G; 2 1 3 1 3

t; 10 20 30 20 30

s; 5 7 9 7 9

0, 20 20 20 10 5

(ti + Si) 0.75 1.35 1.95 2.7 7.8

Q;

FL® 10 35 72 101 138

F® 4,040

The batch size is always equal to the batch processor
capacity unless the value of (n,/c) and (4,,/c) is
rounded up. This step is required in order to get the
minimal number of generated bathces. Moreover,
that value shows the presence of an idle capacity
batch. The maximum number of the idle batch for
each item type is 1, and the maximum number of the
idle batch on the shop equals to the number of item

type.

The batch on the first position is always a full
capacity one which has the lowest (tg + sg). Under
the common due date condition, the first position on
the shop is the ideal position, in which the batch
completion time exactly coincide with the due date.
In this condition, that batch will be delivered directly
after the process is completed, so that the waiting
time of all parts equals to zero. Then, for the batch
on the second until the last position will have
waiting time before they are delivered. As the result
of the placement of a full capacity batch of item
which has the lowest of (tg + sg), the total waiting
time as well as F® is reduced.

Conclusions

There are three steps that should be done to
minimize the total actual flowtime. First, rounding
up the total demand divided by the capacity of batch
processor to find a minimum number of the batch.
Second, the size of each batch equals to the batch
processor capacity, unless there is an idle batch.
Third, the batch on the first position (i.e closest to the
due date) is a full capacity batch of item which has
the lowest of the sum of processing and set up time.

The multi-stage scheduling problem is a complex
problem. In the early stage, we have to understand
the scheduling as a single stage. Therefore, di-
scussion on the batch processor scheduling as a
single stage is a must.

In this paper, we presented a simple system, i.e., a
single stage with multi-item parts and multi due
date.
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Figure 6. Gantt Chart for MICD Numerical Example
Table 3. Data for MIMD numerical example
h 1 2 3 4 5 6
dp 10.000 9.750 9.500 9.250 8950 8700
ny 270 260 275 310 290 260
g 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Npg 90 80 100 75 85 100 90 100 85 100 110 100 110 100 80O 100 90 70
thg 50 30 40 50 30 40 50 30 40 50 30 40 50 30 40 50 30 40
Shg 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
) =178 22260 1=
3=031 +0324 033034035250 . =001+ 0= - Jem =
ch’-U]S(l Qi ?’ (g ,f,jg,;nu Dz@.ng__:g.j QuhQ2=1s 5970 DI-QFHQL:QJ}QN‘{_JL 230 .
¢ 3 ¢ H2 Hi
Bis=h.a80 Bie=n335 Bas=3m Ba=nass  Bar=vam Bos=asu0 Bu=asss  Bn=sen Bar=047 Bn=gom Brs=now Bus=ops Bis=9a80 Biz=p925 Bur=p97
|5 bas |i b |5 bas |S ba [5| ba |S bas |$ b |i bas |5 bz |5 ba |5 bis |s bu bis |5 b |5 bat
N =50 0i=s0 0=l Q=S Quss) 025=50 03 0550 =50 Q=0 =30 0150 01550 =50 Qussh
n=290 =310
Ds=Qs1 +Qs2+ Q53+ 055250 Di=Qur +0ur+ Qa3 QurtQus+0us=300
de=8.700 ds=8.950 d=9.250
¢ Hs ( He
Bss=.740 Bsi=.795 Bsi=g i Bspgfis  Bit=oi Bg=t985 Bis=o.40 Big=0.095 Bis=0.00 Buaiis  Ba=uon i
s| b [s| bs [s| bs o |s| b |$| ba s bas s| b S| ba S| bm 5| be |S| ba
L LY
N 055=50 0550 Qsi=50 0=50 0530 0us=50 Qus=50 Qu=si Qu=50 Q=30 Q=i !
ni=260
1=0 Di=0s1 +062+ 063+ Qss+ Qs Qs Qam+Qust Q55400 Je8.700
6
Bis=a2mm Bas=a.305 Bo=piro Bit=a.025 Bes=s.4m Bos=ssis Bas=gs00 Bar=ssis  Bar=wm 5o
|S bss li bee |5 bsr |S bss |S bes |S bea S| b |5| be 5| ba
AN\ N
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Figure 7. Gant chart for MIMD numerical example
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Table 4. The result of MIMD numerical example

h i Ghi thi Shi Qni % FL%; Fy; Fy Fe
hi
1 2 30 5 50 0,7 30 1.500
2 3 40 5 50 0,9 75 3.750
1 3 3 40 5 50 0,9 120 6.000 26.300
4 1 50 5 50 1,1 175 8.750
5 2 30 5 30 1,17 210 6.300
1 2 30 5 50 0,7 30 1.500
2 3 40 5 50 0,9 75 3.750
2 3 3 40 5 50 0,9 120 6.000 27.175
4 2 30 5 35 1 155 5.425
5 1 50 5 50 1,1 210 10.500
1 2 30 5 50 0,7 30 1.500
2 2 30 5 50 0,7 65 3.250
3 3 3 40 5 50 0,9 110 5.500 29.500
4 1 50 5 50 1,1 165 8.250
5 1 50 5 50 1,1 220 11.000
1 2 30 5 50 0,7 30 1.500
2 2 30 5 50 0,7 65 3.250
3 3 40 5 50 0,9 110 5.550
4 4 3 40 5 50 0,9 155 7.750 41750 939 550
5 1 50 5 50 1,1 210 10.500
6 1 50 5 50 1,1 265 13.250
1 2 30 5 50 0,7 30 1.500
2 2 30 5 50 0,7 65 3.250
5 3 3 40 5 50 0,9 110 5.500 28.500
4 3 40 5 50 0,9 155 7.750
5 1 50 5 50 1,1 210 10.500
1 2 30 5 50 0,7 30 1.500
2 2 30 5 50 0,7 65 3.250
3 3 40 5 50 0,9 110 5.500
4 1 50 5 50 1,1 165 8.250
6 5 1 50 5 50 1,1 220 11.000
6 1 50 5 50 1,1 275 13.750 79.325
7 1 50 5 50 1,1 330 16.500
8 3 40 5 35 1,29 375 13.125
9 1 50 5 15 3,67 430 6.450
Table 5. The result of calculation for each interval
h g Dpg Dy Dy —ny Ny, Npg g
1 50 90 1
1 2 80 230 -40 270 80 2
3 100 100 3
1 50 75 1
2 2 85 235 -25 260 85 2
3 100 100 3
1 100 90 1
3 2 100 250 -25 275 100 2
3 50 85 3
1 100 100 1
4 2 100 300 -10 310 110 2
3 100 100 3
1 50 110 1
5 2 100 250 -40 290 100 2
3 100 80 3
1 215 100 1
6 2 100 400 140 260 90 2
3 85 70 3
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This study, is a step in a series of bigger research for
solving the multi-stage scheduling which consist of
job processor-batch processor — job processor. We
also presented the scheduling for job processor using
backward scheduling approach with flowtime as the
performance criteria.
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