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1. Introduction

Indonesia is a country known for its many islands, various ethnic groups and
cultures. This diversity causes a variety of culinary in Indonesia. Through social
media, we can see many things related to Indonesian culinary which are well
known to people from various countries around the world. Not only reviews about
various kinds of culinary products, but also includes how to cook, process,
package and use them in the business world. Culinary products in Indonesia are
generally in the form of various snacks, food, or drinks.

Beside various culinary delights, Indonesia is also known to have a variety of
fruits, spices, and tubers. Tubers are plants that grow on the ground or in the
ground which can also be used as basic ingredients for food or drink. Several types
of tubers that thrive in Indonesia are potatoes, carrots, sweet potatoes, cassava, etc.

Cassava, as one of the tubers that is easy to grow in Indonesia, is very popular
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in the Indonesian people with its various refined products (S. N. Aini, Syafi’i, &
Kuntadi, 2014). This is because cassava is one of the largest agricultural food
product in Indonesia (Q. Aini, Yulianto, & Amalia, 2021). Most people know that
cassava is a staple food that makes carbohydrates and that its leaves are vegetables.
The cassava plant (Manihot Utilissima) can reach 7 meters in height with a number
of root branches and then enlarge into edible root tubers. The average tuber size is
2-3 cm in diameter and 50-80 cm, depending on the clone/cultivar. The inside of
the tuber is white or yellowish (Sari et al., 2022; Utama & Rukismono, 2018)

One of the typical refined products of cassava that is very popular with
consumers is cassava chips. This is because it tastes good, is practical, is suitable
to be enjoyed in all situations, and the price is affordable (Harsita & Amam, 2019).
So that cassava chips can be used as a promising business potential if they are
packaged in various attractive shapes and processed with various flavors. As
according to (Soebiyakto & Alfiana, 2017) in their article that the profit of selling
packaged cassava chips reaches 45%. Therefore, the flow of the cassava chips
production process is very interesting to research.

Thus, this research is related to the cassava chips production system. The
production system was analyzed using petri net. Next, analyzed with algebra of
max plus. There is related research from (Kansal & Dabas, 2021; Karadogan, 2021;
Maure, Ningsi, & Nay, 2021). While max-plus algebra is the algebraic structure of
the mathematical system max=RU{-o} which is equipped with the operation,
which is maximum (denoted max) and the operation, which is ordinary addition
(denoted +)(Qin & Liu, 2021; Suroto, 2021). There are several previous research
results that have used petri nets and max plus algebra in their research, such as
research on petri net simulations in the fermented milk production process
(Pramesthi, 2021); Petri net design and max-plus algebra on the blessed milk
soyghurt production system (Nurmalitasari & Iswahyuni, 2019); The research
from (Qin & Liu, 2021); (Pamuk, 2015); and (Konigsberg, 2013). However, there are
differences between this study and the previous studies, mainly in the purpose of
using the petri net. Also, using algebra of max plus .

This research is to form a graph of the cassava chips production system, petri
net and coverability tree and to obtain information on the completion time for each
process in the cassava chips production system every day, and to find out
Estimated production completion time each day. In addition, this study begins
with secondary data collection and uses the library method. Furthermore, based
on the data obtained, it can be described the flow of the cassava chips production
process and then formed a graph so that the petri net can be formed using the
Woped 3.1.0 tool. From the results of the petri net then analyzed and can be built
coverability tree. Model of the cassava chips production system was analyzed to
obtain information on the completion time for each process in the cassava chips
production system everyday and the estimated time of completion of production
every day.

2. Method

This research on cassava chips production system with max-plus algebra uses

library methods and secondary data collection. The cassava chips production

process flow that has been obtained (citation) is then formed using a petri net and
analyzed using algebra of max-plus. The following are the stages in this research:
1. Collecting data on the flow of the cassava chips production process,
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2. Draw a graph based on the flow of the cassava chips production process,

3. Establish and analyze a petri net and build a coverability tree for the cassava
chips production system,

4. Create a max-plus algebraic model of the cassava chips production system
that has been formed, and

5. Max-plus algebraic model analysis for system of cassava chips production

The following is a flow of research stages:

Graph System of
Production Flow of .
X production of cassava
Cassava Chips ]
chips.

Petri Net and
Coverability
Tree Cassava

Chips
Production
System

Analyze of Max-Plus Max-Plus Algebra
Algebra Models Models of Cassava

cassava chips Chips Production
System.

Production System

Figure 1. Research Stage Flow of Cassava Chips Production System.

3. Results and Discussion
3.1. Production Flow of Cassava Chips
Assumption:

1. Assumptions in the production flow of cassava chips are that the production
system never experiences disturbances, human resources are always ready
(stand by), electricity is never interrupted, and the availability of materials is
always available.

2. The assumption that in this study the producer of cassava chips is a home
industry producer.

3. The assumption of the weight of cassava required in 1 production is 3000
grams, after peeling and washing the weight becomes 2500 grams, after being
sliced and dried from the soaking process the weight of cassava becomes 2400
grams and after frying the weight of cassava chips becomes 2100 grams.

4. Assume that the taste of cassava chips is only 1 flavor.

5. Assuming the weight of cassava chips that have been packaged with each
package weighing 25 grams/ pack or available84 packs per day from 1 time of
production.

This following is figure of cassava chips production stage.
Cassava that has ( h ( ‘
Cassava Soaking Cassava
been peeled and |:> Slicing Shices
washed L
) Ty
Fried Cassava Cassava Slice ™
Cassava Slices ‘ <:| ‘ Drying ‘<"
Chips t/ (N - —_
drained
Q,J_\? [ Sorting Sorting | |:> | Seasoning | |:>‘ Packaging |
|. Distribution | i@
Figure 2. Cassava Chips Production Stage
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3.2. Graph of Cassava Chips Production System
Based on the figure of the cassava chips production flow in Figure 2, the graph of
the cassava chips production system can be described as follows:

°

The graph for the cassava chips production system can be seen in Figure 3,
which has 10 places with the following information:
Place of 1 (p1) is a place for peeling and washing cassava,
Place of 2 (p2) is a place for slicing cassava,
Place of 3 (p3) is a place for soaking cassava slices,
Place of 4 (p4) is a place for drying cassava slices
Place of 5 (p5) is the place for fried cassava slices
Place of 6 (p6) is the place where the cassava chips are drained,
(P7)
(p8)
)

Figure 3. Cassava Chips Production System Graph

Place of 7 (p7) is a place for sorting cassava chips,
Place of 8 (p8) is a place for seasoning,

9. Place of 9 (p9) is the place of packaging, and

10. Place 10 (p10) is a distribution place.

PN PN

p
p
p

3.3. Petri Net and Coverability Tree Production System of Cassava Chips
3.3.1. Petri Net

Based on Figure 3, it can be formed a petri net using woped 3.1.0. Below can
be described petri net cassava chips production system:

_ petri net sistem produksi keripik singkong.pnml

|22 petrinet sistem produksi keripk sngkong.prnl ]

Figure 4. Petri Net Cassava Chips Production System

Petri net cassava chips production system has 10 places and 10 transitions. The
following is a description of each place and transition:

Table 1. Description of Petri Net Cassava Chips Production System
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Notation Notation Description of Notation of Notation Description of
of Each Each Bt
Each Place o Each Transition
Place Transition
Place for peeling and Time of cassava peeling
pl . tl .
washing cassava and washing
p2 Place for slicing cassava t2 Time of slicing cassava
3 Place for soaking cassava 3 Time of Soaking cassava
P slices slices
1 Place for drying cassava ) Time of drying cassava
P slices slice
pS Place fried cassava slices t5 Time of frymg cassava
slices
Place drained cassava Time of draining cassava
po . t6 .
chips chips
Cassava chips sorting Time of sorting cassava
p7 t7 .
place chips
08 Seasoning place i Time of seasoning cassava
chips
p9 Packing place t9 Time of Packing
p10 Place of distribution t10 Time of Distribution

The petri net is given 1 token in place 1, then the petri net figure is as follows:

| petri net sistem produksi keripik singkeng.pnml

Process! Resources BPEL preview

Horizontal Zoom: 130% 1

[T petrinet sistem produksi keripic singkong.prml |

Figure 5. Petri Net Cassava Chips Production System Given 1 Token
in Place 1

Furthermore, a petri net analysis of the cassava chip production system was
carried out which had been given 1 token in place 1 as follows:

1. This Petri net cassava chip production system has 10 places that can be written
as the set p = {p1, p2, p3, p4, p5, 6, p7, p8, P9, p10} and has 10 transitions that
can be written as the set t = {t1, t2, t3, t4, t5, t6, t7, t§, t9, t10}.

2. Based on the petri net figure of the cassava chip production system that has
been given 1 token in place 1, it can be determined the initial state of the petri
net, namely:

xx=[1 0000000 0 0

3. From the initial state that has been given, it can be seen that the enabled

transition is transition t1, the following is a petri net figure:
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_ petri net sistern produksi keipik singkong.paml

Harizontal

P

] pem nst sstem prodbssl herpk snghong. el

Figure 6. The Enabled Transition Is Transition t1

4. If the transition t1 difire, then the
xy7=[0 1 0 0 0 0 0 0 0 0]

The Petri net looks like this:

* peti et sistom peoels kevpik singhong prerl

state becomes

O O O O]

D'—O‘—D—O‘—D‘—Q'—E%g

Hanzantsl 1

Zoom: 130%
[ et et statem prackdes kerpik singhang poml_|

Figure 7. The Transition Enabled Is Transition t2

The transition that is enabled in the above state is transition t2.

5. If the transition 2 difire, then the
x2=[0 01 0 0 0 0 0 0 0],

The Petri net figure becomes:

state becomes

+ peti n cistam produksi beripi singeang paml

Frocess) Resources BPEL greview

A O =4 O 0O

[ - OA O

tig plo 19 =] s BB 7 ¥7 6

R

) petr netsstom pr ksl kvl sivgiong prnd

Figure 8. The Transition Enabled Is Transition t3

The transition that is enabled in the above state is transition t3.
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6. If the transition 3 difire, then the
x3=[0 0 0100 0 0 0 o],

The petri net figure is

state becomes

= petn net sistem produkes keripis singkong.prenl
FYSceSE)| Resources 9PEL preview

O @ O]

Horttal

O —

| [ oetn et cmtem oroetukos ekt erghongzrn |

Figure 9. The Transition Enabled Is Transition t4

The transition that is enabled in the above state is transition t4.

7. If the transition t4 difire, than the state becomes
xx=[0 00 01 0 0 0 0 0]

1 et et sistem produst keripik singkong anml
Frocess| e

surces | BPEL previes

—>| r_.,f_> d ,(W s (s ,(:) .
>

[

p1

OA O O O |
« B3 < «
ti0 10 s ] 2 0 7 §7 6

e

r—

|
[ ] petn met sstem prot s keripk snghang pomil |

Figure 10. The Transition Enabled Is Transition t5

The transition that is enabled in the above state is transition t5.
8. If the transition t5 difire, then the state becomes

xs=[0 0 0 0 0 1 0 0 0 0].

The petri net figure is

- petri net sistem predubsi keripik singkcag nml
[P | Resarces SR revien

o p7 13 ps

Zoom: 130% ]
| petri et sgtem prad ks berpks srgkerg ool |

Figure 11. The Transition Enabled Is Transition t6
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Transition t6 is an enabled transition

9. Whereas t6 difire when the transition state number 8, then the situation
becomesxs=[0 0 0 0 0 0 1 0 0 0]

The petri net figure is

_ petrinet sistem preduks keripik singheng anml
[PPOCES | Mesources | BPEL oreviem

||||||| =l Zoem; 130% 1

[ pemretsmen e T ——

Figure 12. The Transition Enabled Is Transition t7

The transition that is enabled in the above state is transition t7.

10. If transition t7 difire, then the state becomes
x;7=[0 0 0 0 0 0 0 1 0 0]

= petr mes sistem produes keripik singkeng arml

[Piocess] Resowces 9L e

[ 15 petn net satem pradudes keripk singhorg ol |

Figure 13. The Transition Enabled Is Transition t8

Transition t8 is an enabled transition.

11. If transition t8 difire, then the state becomes
x¢=[0 0 0 0 0 0 0 0 1 0]

) el nel sistern produie: kergik singkong prml
{Frovess| nesources L previen

%}Cﬂ—*@ﬂ—'@—ﬂ—'@ﬂ
[ O

e p1e

OO OO

Horizortdl Tuom: 130% 1

[ 1= poir vt e proba worgie ngiang g |

Figure 14. The Transition Enabled Is Transition t9
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Transition t9 is an enabled transition.

12. If transition t9 difire, then the state becomes
x=[0 0 0 0 0 0 0 0 0 1]".

prochuks kerigik singkong.rml

— petii net sistem

FSEREE] Resousces EFELpreview

< — —O-"1 O O O]

\

*(%D—O‘—D—%g

Heetrontal

Zzom: 120

procid keripis ergherg. prad

Figure 15. The Transition Enabled Is Transition t10

Transition t10 is an enabled transition.

13. Whereas t10 difire when the transition state number 12, then the situation

becomesx;o0=[1 0 0 0 0 0 0 0 0 0]

Transition t1 is an enabled transition. This state is back to initial state :
Xx1=%=1[1 00 0 0 0 0 0 0 o]

Thus, the process will repeat continuously.

3.3.2. Coverability Tree
Based on the petri net analysis, the coverability tree is as follows:

Xo=1[1 0
x;=1[0 1
X, =10 0
x3=1[0 0
x,=1[0 0
xs=[0 0
x¢=[0 0
x;=1[0 0
xg=[0 0
X9=1[0 0

0 0 0O
0 0 0O
1 0 0 O
01 0 0
0 010
0 0 0 1
0 0 0O
0 0 0O
0 0 0O
0 0 0O

0 0 0 o]

0

(@)

)

e
hﬁ

0

0

o

OOt R O O C T "
=)
S
=

0

o

[y

—_—
~

3.4. Analysis Model and Analysis System of Cassava Chips Production
Based on the results of the petri net, the cassava chips production system shows

that it has 10 places that can be written as the set p =

{p1, p2, 3, p4, P5, p6, p7, P8,

P9, p10} and has 10 transitions that can be written as the set. t = {t1, t2, t3, t4, t5, t6,
t7, t8, 19, t10}. To determine the time and length of the cassava chips production
process, the results of the petri net were solved using algebra of max-plus. Before
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forming the algebra of max plus model of the cassava chips production system,
first write down the definition of each variable used in the petri net of the cassava
chips production system as follows:

Table 2. Definition of transitions and variables Petri Net Cassava Chips
Production System

Definition of each Definition of each variable of determine the
transitions of The cassava chips  time and length of the cassava chips production
production system process

Cassava peeling and The length of the process of

t washing time Vi1 = 20 minute peeling and washing cassava
t2  Time of slicing cassava Vo x = 30 minute T}.le. length of the process of
’ slicing cassava
3 Tl.me of Soaking cassava Ve = 60 minute The l.ength of the process of
slices ’ soaking cassava
t Tl.me of drying cassava Vear = 25 minute The. length of the process of
slices ’ drying cassava slices
5 T1.me of frying cassava Vs . = 60 minute Tha::' length of thg process of
slices ' frying cassava slices
t6 Tlme of draining cassava Voo = 15 minute Thg lgngth of the process of
chips ' draining cassava chips
7 Tlme of sorting cassava Ve = 25 minute The.length of the process of
chips ' sorting cassava chips
8 Time of seasoning Vea . = 20 minute The ler.lgth of the process of
cassava chips ' seasoning cassava chips
t9  Time of packing Vg x = 60 minute The l'e ngth of the process of
' packing
t10  Time of distribution Ve10x = 600 minute T.he l.engfch of the process of
’ distribution

The above variables are used to form the algebra of max plus model of system
of the cassava chips production which is given below:

t1(k) = v @ t1(k— 1)
ta(k) = Ve ® t1(k) = Vi ® Vi1 ® t1(k— 1)
t3(k) = vz ® ty(k) = Vg @ Vo @ Ve @ t1(k— 1)
ta(k) = Vg @ t3(k) = Veg @ Vg Ve @ Vg ® t1(k — 1)
ts(k) = Vs @ talk) = Vis i @ Veak Q@ Vizk ® Vg @ Ve ® t1(k— 1)
te(k) = Vo ® ts(k) = Vegr @ Visk @ Vear @ Vez Q Vezx ® Ve ® t1(k — 1)
t7(k) = vz ® te(k) = V7 @ Vior @ Visk & Ve @ Vez e @ Ve @ Verp @
ti(k — 1) tg(k) = vegp @ t7(k) = Vg ® Vez i ® Veox @ Vs @ Vear @ Vegp @
Vegk @ Ve  t1(k—1)
to(k) = Vioi ® tg(k)
= Vo & Vegk @ Vez ke @ Veor @ Vesk Q Vea & Vg @ Vg & Ver e @
t1(k—1)
t10(k) = verox & to(k)
= Vr10k & Veox @ Vigk @ Ve7k @ Vior @ Vis e @ Ve @ Vez e @ Ve @
Ve e @ t1(k—1)

The equations above can be formed matrix as follows:
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£ (k) A E € &€ € & ¢ G
to (k) € € € t, (k)
t5 (k) B € € € € € € ¢ € ¢ t, (k)

3 C € € € € € € € € ¢ 2
ta(k) D € € € € € € € € ¢ t5(k)
ts (k) _|E € e e €€ € ¢ ¢ ¢ ® tq (k)
te (k) F ¢ € € € € € € ¢ ¢ ts(k)
t, (k) G € € € € € € € € ¢ ts(k)
H € € € € € € € € ¢

g (k) I ¢ ¢ ¢ ¢ ¢ € ¢ ¢ ¢ £ (k)
to(k) ] € € € € € € € € ¢ tg(k)
ty0(k) to(k)

With:

A=vp

B =01 @ Ve

C =V Q@ Vig @ Ve1k

D=0, Q@Vizr @ Vg @ Verke

E=v55 @ Viar @ Vezi ® Vo @ Vi1 k

F=vr @ Vs @ Vear & Ve & Vo & Verk

G =7k QVier Q@ Visk @ Vear @ Veze @ Vez e @ Veq

H=vgr QVi7rx @ Vigk @ Visk @ Vear @ Vez i & Veoe @ Ve i

I =09, Q@ Vigr @ Vez @ Ve @ Vs @ Vs & Vez e & Vg & Verk

] =Ve10k @ Veo @ Vigr @ Vezk & Veor @ Vesk @ Veak @ Vg @ Vg & Ver ke

For example,
Vi1, x = 20 minute
Vo x = 30 minute
V3 = 60 minute
Vg = 25 minute
Vs x = 60 minute
Ve = 15 minute
V7 = 25 minute
Vigx = 20 minute
Vo = 60 minute
V0 = 600 minute

So,
£ (k) 20 ¢ € € € € € € & ¢ k= 1)
ty (k) t,(k)
t2 (k) 50 € € € € € € € ¢ € t, (k)
3 110 € € € € € € € € € 2
ta (k) 135 ¢ € € € € € € ¢ ¢ t3 (k)
ts(k) _|195 £ & € € € £ & € ¢ ® ty(k)
te (k) 210 ¢ € € € € € ¢ ¢ ¢ ts(k)
t, (k) 235 € € € € € € ¢ ¢ ¢ te(k)
255 € € € € € € € € ¢
ES 83 315 € € € € € € € & ¢ §7 88
9 915 ¢ € € € € € € & ¢ 8
t10(k) to(k)
When the initial state
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t1"(0)

t,(0) 0

0 | (9

t3(0) 0

t,(0) 1 10

ts(0) | |0

te(0) 8

t7(0) 0

tg(0) 0

t9(0)

So that
t1(k)
t, (k) 20 € € € € € € € € € 0 20
t(k) 50 ¢ € € € € ¢ € € ¢ 0 50
110 € € € € € € € & ¢ 0 110

t4 (k) 135 € € € € € € € € € 0 135
ts(k)_195£s€€€€e£e®0_195
te(l) | 210 ¢ € ¢ € € € & ¢ ¢ o |210
t, (k) 235 € € € € € € € € ¢ 0 235
t (k) 255 & € € £ & € € € € 8 255
o (k) 315 ¢ € € € € € € ¢ ¢ 315
° 915 ¢ € € € € € € € ¢ 0 915

t10(k)

If the production of cassava chips operates Monday to Saturday, starting at
08.00 WIB. Based on the results above, it shows that the first production on that
day when t1 time for stripping and washing cassava is completed at 08.20 WIB, t2
time for slicing cassava is finished at 08.50 WIB, t3 time for soaking cassava slices
is finished at 09.50 WIB, t4 time for drying cassava slices is complete. at 10.15 WIB,
t5> when the cassava slices were fried finished at 11.15 WIB, t6 when the cassava
chips were drained finished at 11.30 WIB, t7 the cassava chip sorting time was
finished at 11.55 WIB, t8 the seasoning time for cassava chips was finished at 12.15
WIB, t9 the packaging time is finished at 13.15 WIB, and t10 the distribution time
is finished at 23.15 WIB.

Thus, every day this cassava chip producer can complete its production from
08.00 to 23.15 WIB. According to the assumptions given, every day the producer
processes cassava as much as 3000 grams per day. The cassava after being peeled,
washed, sliced, dried and fried weighs 2100 grams. Cassava chips are packaged
with each package weighing 25 grams/pack, in other words, producers distribute
84 packs of cassava chips every day.

4. Conclusions

The cassava chips production system can be graphed and a petri net can be formed
using the Woped 3.1.0 tool which has 10 places which can be written as the set p =
{pL, P2, 3, p4, p5, 6, p7, P8, P9, p10 } and has 10 transitions that can be written
as the set t = {t1, t2, t3, t4, t5, t6, t7, 8, t9, t10} and analyzed so that a coverability
tree can be built. These results are modeled into max - plus algebra and analyzed
so that the first production of the day is obtained when t1 the time for stripping
and washing cassava is completed at 08.20 WIB (if production starts at 08.00 WIB),
t2 when slicing cassava is completed at 08.50 WIB, t3 the time of soaking the
cassava slices was completed at 09.50 WIB, t4 the drying time of the cassava slices
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was completed at 10.15 WIB, t5 the time of the fried cassava slices was completed
at 11.15 WIB, t6 when the cassava chips were drained was completed at 11.30 WIB,
t7 the cassava chips sorting time was completed at 11.30 WIB to 11.55 WIB, t8 the
seasoning time of cassava chips was completed at 12.15 WIB, t9 the packaging time
was completed at 13.15 WIB, and t10 the distribution time was completed at 23.15
WIB. Thus, every day this cassava chip producer can finish its production from
08.00 to 23.15 WIB. Suggestions for further research, research can be carried out
with other methods related to determining the optimal time of the cases discussed
in this research.
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