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12 Abstract: A university canteen is a queueing system characterised by non-stationary time of arrival
13 with limited resources where the arrival rate is time dependent and has different pattern of arrival
14 for different time interval. This means at certain time of the day, the arrival rate is much higher
15 than other time and for a university canteen, the arrival rate of customer during the lunchtime is
16 much higher and the food (resources) is limited. Non-stationary time dependent queueing system
17 is not easily modelled mathematically hence such queueing systems are modelled using simulation
18 tools such as ARENA. In order to model a non-stationary time dependent queueing system with
19 limited resources and solve queueing problems using ARENA, researchers have to depend on their
20 knowledge and experience in identifying the appropriate and relevant parameters for the system
21 and make modifications to these parameters of the system to solve queueing problems by means of
22 trial and error. Hence, this research work explores the potentials of applying a systematic problem
23 solving tool, TRIZ to help users to make better decisions in deriving solutions to improve a
24 non-stationary time dependent queueing system with limited resources. A case study was carried
25 out to minimize the waiting time of the customers at the cafeteria of the Faculty of Engineering,
26 Universiti Putra Malaysia (UPM), which has queueing problems for years during lunchtime. TRIZ
27 was applied in this case study and the results showed that TRIZ can assist researchers to derive a
28 solution model that lead to shorter waiting time without incurring additional cost and resources.
29 Keywords: Queuing problem; TRIZ; Arena software; average waiting time
30

31 1. Introduction

32 Queueing problems can lead to serious drawbacks since waiting in a queue will cost time for
33 the customers. Customers who cannot afford to wait will leave the queue and cause losses to the
34 service provider. Queues may occur at a bank or a supermarket where people are waiting for
35  services. There are also queues for public transport where people are waiting for a train or a bus. The
36 most common queueing problem is queueing up for food, which usually occurs at a restaurant.
37  According to Malaysia Food Barometer (MFB), 64.1% of Malaysian population are eating outside
38  rather than having their meals at home [1]. This habit of eating outside means Malaysians will be
39  more likely to encounter waiting queues, which currently are a common sight in restaurants
40  especially during lunchtime. The waiting time during these periods is usually longer than other
41  operation hours.

42 As an effort to reduce this waiting time, researchers used simulation method to aid them in
43  visualizing and understanding the situation. A simulation model implicates a model that has been
44  adapted to be analysed with the use of simulation [2]. In this research work, a simulation model was
45  applied to solve the queueing problem instead of using queueing theory. The simulation model was
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46  derived using Arena, a commercial simulation tool which is well established in various applications
47  for simulation modelling [3]. Arena is using a graphical modelling method to define the simulation
48  model by creating, manipulating and linking a number of available basic building blocks [4]. In
49  applying Arena to solve queueing problems, there are six key model elements needed, namely,
50 Model Entities, Model Activities, Model Resources, Exogenous Event, Endogenous Event and
51  Queue [5]. Based on these key model elements, the model for the university canteen was developed
52 and the Arena parameters were obtained via on-site observations and data collections.

53 Based on past research works, there are several positive opinions and outcomes on using
54  simulation approaches to solve a queueing system problem. The performance criterion of a
55  restaurant can easily be measured through simulation and it helps to understand the situation better
56  as well as to simulate any improvement decision [5]. A simulation model can mirror the actual
57  operation of the restaurant/cafeteria. It can be flexibly adapted to deal with complex service and
58  arrival patterns but a simulation model is still considered to be a simplification of the real-life system
59  [6]. Adding complexity is possible in a simulation to allow the simulation model to mirror the actual
60  operation of the restaurant/cafeteria [7]. The Arena software provides users a friendly interface to
61  model events or activities and others in a system. The statistical reports that can be obtained from
62  Arena after each run are useful and contain valuable information [8]. In a case study to find the
63  reasonable shoreline length of a fishing port, it is reported that with the aid of computer simulation,
64  the approach was able to deal with random service problems and demonstrated good results [9]. The
65  analysis and simulation of factory layouts using Arena have enabled researchers to see the
66  individual movements from one machine to another machine [10].

67 From these past research work, it can be implied that simulation modelling can be used to solve
68  queueing system problems and provides good results. The simulation modelling of queueing system
69  using Arena has been applied in literature to give clear view on the actual real-life scenario on the
70 operation of restaurants and to improve their services. The application of simulation models using
71 Arena allows restaurants to be modelled based on their current scenarios and users can then modify
72 their restaurant based on trial and error basis to remove bottlenecks, number of service counters,
73 layout design and others to improve the performance of their restaurants’ services. Although the
74  application of simulation models using Arena have been successful based on trial and error basis,
75  the trial and error basis can take significant amount of time and effort to come up with a good
76 solution. In addition to that, the time and effort to find a solution to improve a queueing system will
77  substantially increase when the complexity of the system get higher or if the system is huge with
78  many resources, activities and events and the chances of success in finding a good solution will
79  plunge. Therefore, there is a need for a systematic approach that can assist a user in using simulation
80  modelling method such as Arena to find a good solution to improve a queueing system. One of the
81  established tools that have been applied by many enterprises to solve design and manufacturing
82  problems systematically and were proven to be successful is TRIZ [11,12]. In this research work, we
83  explored the application of one the classical TRIZ tool known as the engineering contradiction
84  instead of using the trial and error basis to help users to improve the service performance of a
85  cafeteria located in UPM campus, which frequently experienced long queues particularly during
86  lunchtime.

87 2.TRIZ

88 TRIZ has been applied to help engineers in solving engineering problems for many years and
89  has been used to solve many issues faced by enterprises [12-14]. The application of TRIZ has also
90  been extended into other areas including computer science [15,16], social sciences [17], energy
91 efficiency [18], and manufacturing [14,19,20]. With TRIZ, many leading multi-national and
92  innovative companies are able to record tremendous growth and achievements to enhance their
93  global competitiveness [21,22].

94 TRIZ or the theory of inventive problem solving was derived by Genrich Altshuller [23] based
95  on his study on patent documents since 1940s. The applications of TRIZ were used by many leading
96 enterprises such as Ford, General Motors, Intel, and Xerox to increase their competitiveness [22].
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97  TRIZ is a systematic problem solving method that helps engineers to define and solve technical

98  problems. Figure 1 shows a general model of TRIZ problem solving process. In TRIZ, a specific

99  problem is transformed into TRIZ generic problem and then to TRIZ generic solution before a user
100 translates the TRIZ generic solution to produce specific solution for the specific problem [24].

101

TRIZ GENERIC
PROBLEM

TRIZ GENERIC
SOLUTION

SPECIFIC SPECIFIC
PROBLEM SOLUTION
102

103 Figure 1. General model of TRIZ application

104 One of the major key discoveries of TRIZ is the 40 inventive principles, which are derived from
105  thousands of patents starting from 1946 to 1985 [21,22,24]. This is the basic concept of TRIZ that have
106  been widely applied to generate ideas to solve many engineering problems. There are three
107  categories of contradiction in TRIZ namely administrative contradiction, technical contradiction,
108  and physical contradiction [14,22,24]. Administrative contradiction are contradiction that normally
109  develops from management problems and the solutions to such contradiction are not clear [14].
110 However, administrative contradiction can be transformed into engineering contradiction to be
111 resolved more easily [14]. Physical contradiction is applied for problems with a single antonymous
112 parameter, which creates a contradiction in the same parameter with two different values such as
113 short and long for the length parameter. This contradiction can be solved using Separation
114  strategies, Satisfaction and Bypass [14] of TRIZ. Meanwhile, the engineering contradiction is a tool
115  thatis derived based on the notion that there will be technical contradictions that need to be resolved
116  in order to solve any inventive problem i.e. improving a parameter will cause one or more other
117  parameters to worsen.

118 Inventive problems are problems that involve a parameter or feature of a system where when it
119  is improved due to an action taken or a design change, another parameter or feature of the system
120 will get worsen. Hence, the engineering contradiction tool (also known as engineering contradiction
121 matrix) developed by Altshuller has listed 39 improving parameters or features and 39 worsening
122 parameters or features. Each corresponding improving and worsening parameter will have a list of
123 recommended inventive principles that may provide an idea to solve the problem [12].

124 There are 40 inventive principles in total. A good definition of contradiction and by identifying
125 the root cause of the problem will be essential for an effective TRIZ application. After modelling the
126  problem and identifying the root cause of the problem, there are several steps need to be followed
127  before the application of the contradiction matrix and the inventive principles [12]. In order for the
128  user to solve a problem, the user need to identify a parameter that he wants to improve to solve the
129  problem and due to that improvement, another parameter will become worsen. Based on the
130  identified improving and worsening parameters, the engineering contradiction matrix will provide a
131  list of recommended inventive principles (out of the 40 inventive principles mentioned earlier) that
132 maybe be able to solve that particular problem [25].

133 In applying TRIZ engineering contradiction to solve an identified problem, not all the
134 recommended inventive principles must be used to solve the problem. Sometimes none of the
135  recommended inventive principles can be applied to solve the problem, In fact, quite a few of the
136  identified improving and worsening parameter has no recommended inventive principles (there are
137  quite a number of blanks in the contradiction matrix). However, these inventive principles provide
138  good ideas or hints to the user to think of solutions for an identified problem.
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139 In addition to that, it is advised that the user should identify a single parameter to improve and
140  a single parameter that will become worsen to enable the list of inventive principles recommended
141  will not be too many. Therefore, it is important to model the system by defining the problem and
142 break down the system into components. Then, the user should investigate and explore to determine
143 the root cause of the problem before trying to solve the problem.

144 3. Problem Definition

145 This section elaborates the background of the problem and describes the observations being
146  conducted to identify the actual scenario of the cafeteria.

147  3.1. Introduction

148 It was observed that the waiting time was long at the cafeteria of Faculty of Engineering, UPM,
149  Serdang. Based on the current situation, customers can come from any direction to enter the system.
150  In other words, there is no proper queue or line to enter the system. This situation caused hassles at
I51  the cafeteria, as customers will dash or swarm around the front counter of the cafeteria to pick their
152 meals. A study was conducted during lunch hour, which was from 12.00pm to 1.00pm because it
153  was the peak hour and thus maximum queueing time at the cafeteria consistently occurred during
154  this period. It is important to find out how long a customer had to wait in a queue before they are
155  served and how the waiting time can be reduced without deploying extra working staff. A long
156  waiting time may cause the cafeteria to lose customers since customers tend to leave the queue if
157  they have to wait for a long time to get their lunch.

158 Hence, the development of a simulation model for the cafeteria would help to evaluate possible
159  improvement on the current situation. By performing the simulation, the average waiting time for
160  each customer would be figured out. This case study is important, as it is able to bring benefits to
161  both customers and the cafeteria itself. For instance, if customers know the average waiting time,
162 they can estimate how much time they need to spend if they want to dine at this cafeteria. It helps
163 customers to make decision and provide more efficient time management. Eventually, this might
164  help to reduce the possibilities of balking customers and company would not suffer losses.
165  Nevertheless, the management of the cafeteria is not keen on incurring additional cost such as using
166  automation and on increasing the number of workers. Thus, the objective of this research is to
167  investigate and minimize the waiting time at the cafeteria of Faculty of Engineering, UPM, Serdang,
168  Selangor, Malaysia, without incurring additional cost by using the TRIZ and Arena software.

169  3.2. System description based on observation

170 Observation was done at the cafeteria to identify the actual scenario of the cafeteria in order to
171  enable the modelling of the cafeteria system to be made as accurate as possible. In this research, the
172 observation was done during lunch hour from 12.00pm to 1.00pm. The arrival time of customers was
173 recorded by using a stopwatch. The purpose of the observation was to collect data to be entered into
174 the model.

175 The observation conducted was also to determine the layout of the cafeteria. Figure 2 illustrates
176  the layout of the cafeteria while Figure 3 shows the flowchart of the process of current queueing
177  system. From Figure 2, it can be seen that the cafeteria has a counter that can accommodate variety of
178  dishes. Other than that, it is observed that only one staff is working at the front counter at a time and
179 he acts both as a waiter and a cashier.

180 According to Figure 2, it is shown that customers arriving at the same time at the counter. If the
181  customers want to purchase food from the cafeteria, they have to request for the rice from the
182  working staff. Then, customer will choose and pick the first dish from all of the dishes that were
183  served in the front counter. After that, the customers have to decide whether they want to pick the
184  next dish or not. If yes, customer will take another dish. Otherwise, they will proceed to pay counter
185  and finally leave the system.
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187 Figure 1. Layout of the cafeteria.

186

188
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189

190 Figure 2. Flowchart of the current queuing system at the cafeteria.

191 The time between arrivals of the customers and time taken for each customers being served by
192 the staff were observed. The time was recorded in minutes and the average value obtained from that
193 one-hour observation was inserted into the software as the input. The time to serve customer caused
194  delay to the process and thus queue was forming up during this stage. In this case study, each
195  customer was served by a staff at two different processes. The first process was to serve the customer
196  with rice when the customer requested for it and the second process was to collect payments for the
197  food when the customer wanted to pay.

198 The data of the one-hour observation was recorded and is shown in Table 1. According to the
199  data collected, the average time between arrivals is 2 minutes. This average arrival time was set in
200  the Arena software as an input. In addition to that, the maximum arrival was set to infinity, 10
201  replications, 60 of replication length and the base time unit in minutes were set.
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202 Table 1. Collected data during one-hour observation.
Customer . Service time  Service time at
Customer ith arrival time Tlm.e betw.e ® forrice (min) cashier (min)
(min) arrival (min)
1 12.00pm - 0.25 0.25
2 12.03pm 3 0.25 0.25
3 12.04pm 1 0.5 1.0
4 12.05pm 1 1.0 1.0
5 12.08pm 3 0.5 0.25
6 12.09pm 1 0.5 0.5
7 12.11pm 2 0.5 0.5
8 12.14pm 3 0.25 0.25
9 12.17pm 3 0.25 0.25
10 12.18pm 1 1.0 0.5
11 12.21pm 3 0.5 0.25
12 12.22pm 1 0.5 0.5
13 12.28pm 6 0.25 0.25
14 12.31pm 3 0.5 0.5
15 12.35pm 4 0.25 0.25
16 12.37pm 2 1.0 0.5
17 12.38pm 1 1.0 1.0
18 12.39pm 1 1.0 1.0
19 12.42pm 3 0.25 0.25
20 12.46pm 2 0.5 0.5
21 12.48pm 2 0.5 0.5
22 12.50pm 2 0.5 0.5
23 12.52pm 2 0.5 0.5
24 12.53pm 1 1.0 1.0
25 12.54pm 1 1.0 1.0
26 12.57pm 3 0.25 0.25
27 12.59pm 2 0.5 1.0
28 1.00pm 1 1.0 1.0
Total 58 16 15.5
Average 2.07 0.57 0.55
203
204 4. Arena Model of the Current Queueing System
205 The Arena model of the current queueing system at the cafeteria is as shown in Figure 4. A

206  customer who arrives and wants to have lunch has to request for the rice first. The customer has to
207  request for the rice from the staff before he decides on the first dish that he wants to choose. Then,
208  the customers will proceed to take the first dish and then decide on whether to choose the next dish
209  and so on or going straight to the pay counter before leaving the queue.

210 In this model, the probability of arrival of any server or choosing a dish (Decide module) was
211  setas 20% since there were five dishes (servers) available. The processing time given was based on
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212 Triangular (TRIA) (0.25, 0.5, 1) distribution. There were four assumptions that were made in this
213 model which are:

214 i.  Only five dishes available at the cafeteria at a time.

215 ii. Customers can take as many dishes as they want as long as they do not leave the system.
216 iii. After requested for rice from the staff, customers cannot exit the system without picking at
217 least one dish before paying for the food.

218 iv. Customers enter the system individually, not in groups.

219 Based on the Arena model shown in Figure 4, it can be observed that a user will have difficulty

220  of trying to improve the system using trial and error approach even though the system is just a
221  simple cafeteria with a single server. This difficulty is partly because of the possible involvement of
222 multiple servers, constraints and other factors particularly for new users or users that have little of
223 experience and knowledge in improving a queueing system. This task of improving a queueing
224 system increases significantly, when the system become more complex and large such as a shopping
225  mall

226

227
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230 Figure 4. Arena model of current queueing system in the cafeteria at UPM.
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231 5. Using TRIZ to Improve a Queueing System

232 One of the classical TRIZ tools, the engineering contradiction was applied to improve this
233 queueing problem found at the cafeteria in UPM. The component modelling done by Arena shown
234 in Figure 4 can be used to represent the cafeteria system and the components inside the system as
235  step towards determining the root cause of the long queue in the cafeteria during lunchtime. The
236  cafeteria system can then be modelled functionally as shown in Figure 5 to identify the queueing
237  problems of the cafeteria system based on the observations conducted and the interaction links
238 between components. Based on the observations, the cashier/waiter has an insufficient rate of
239  serving rice to the customer and also insufficient rate of collecting payment from the customer due to
240  high arrival rate of customers. The observation also noted that the rate customer taking dishes is at
241  normal rate and is not causing significant delays.

242 Based on the functional model developed for the cafeteria, a root cause and effect analysis can
243 be carried out to determine the actual cause of the queueing problem and this is shown in Figure 6.
244 Therefore, it is obvious that from the observations, the lone waiter/cashier will be struggling to serve
245 rice to the customer and to collect payment at the same time during lunch time when the arrival rate
246  of customers is high.

247

248
CashierfWaiter

249

--- Insufficient rate

250

——  Normal rate

251

252

253 Figure 5. Functional model of current queueing system in the cafeteria at UPM.

254 Cause and Effect Chain Analysis
usean in Analysi
255

256
257

ici One Worker i
ggg '"S”sfi'fv'ii"gtr?ile = dngnﬁgukfhes
260

261 Long queues during
262 lunch time at

263 cafeteria

264 Insufficient rate of

265 collecting payment
from customer
266

267

268 Figure 6. Root cause and effect of the queueing problem in the cafeteria at UPM during lunchtime.

269

270 This finding corresponds to the results of the Arena model demonstrated in simulation of the
271  scenario at the cafeteria during lunchtime. However, since the owner of cafeteria does not wish to
272 hire additional staff to solve this queueing problem, another inventive solution needs to be figured
273 out to solve or ease the queueing problem at the cafeteria. In view of this, the knowledge and
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274  experience of the user are needed to solve this queueing problem at the cafeteria and the user
275  usually applies trial and error approach to solve this problem. In this research work, TRIZ
276  contradiction matrix will be applied to solve this queueing problem.

277 In applying TRIZ engineering contradiction matrix, the improving feature or parameters in this
278  queueing problem is to speed up the service provided of the lone waiter/cashier to reduce the
279  queueing problem in the cafeteria during lunchtime. However, increasing the speed of the services
280  will definitely help in reducing the queue during the lunch time but the waiter/cashier who is
281  serving the rice to the customer as well as collecting payment from the customer will most likely to
282  be working under duress. The best matching improving parameter from the engineering
283  contradiction matrix for improving the speed of service would be improving parameter number 9,
284  speed. The worsening parameter will be the worker is working under duress and the best matching
285  worsening parameter for working under duress will be worsening parameter number 30, object
286  affected harmful factors. Figure 7 illustrates the part of contradiction matrix that indicates the
287  inventive principles recommended based on the matching improving and worsening parameter.
288  Table 2 summarises the information on the engineering contradiction, improving and worsening
289  parameters as well as the recommended TRIZ inventive principles.
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292 Figure 7. Part of the engineering contradiction matrix indicating the recommended inventive
293 principles 1, 28, 35, 23 based on improving parameters of speed versus worsening parameters of
294 object affected harmful factors.
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299
300 Table 2. Tabulated information about the engineering contradiction, improving and worsening
301 parameters as well as the recommended TRIZ inventive principles.
Description
Engineering Contradiction If the waiter/cashier is to improve his speed in
providing services, then there will not be a long queue
of customers waiting but the waiter/cashier will be
working under duress.
Improving Feature No. 9 Speed (speed of services by the waiter/cashier)
Worsening Feature No.30 Object affected harmful factors (working under duress)
Recommended TRIZ Inventive #1 Segmentation
principles obtained from #28 Mechanics Substitution
Engineering Contradiction Matrix #35 Parameter Changes
#23 Feedback
302

303 6. Potential solution for solving the queueing problem at the cafeteria in UPM based on the

304  recommended TRIZ inventive principles

305 The first recommended inventive principle is inventive principle number 1, which is
306  segmentation. In the current layout of the cafeteria, the lone worker has to perform two tasks, which
307  is to become a waiter that serve rice to arriving customers as well as to collect payment from the
308  customers after the customers have selected their dishes. Segmentation principle is a principle that
309  hint at a solution based on dividing or breaking down a task into separate tasks. This inventive
310  principle immediately provide an idea that the worker may only need to collect payment from the
311  customers as this is most important task for any business. The task of serving of rice can be allocated
312 to the customers themselves as the customers are already choosing and taking up the dishes on their
313 own. This means the tasks of serving rice will be a self-service task. With this task is transferred to
314 the customer as a self-service task, the lone worker can focus to be cashier and can speed up the
315  overall rate of service and reduce the problem of long queueing time.

316 The second recommended inventive principle is mechanics substitution, which implicates a
317  kind of replacement for the current system to solve a particular problem. This inventive principle
318  hinted at a solution that replace the currently manual service to an automated one. This means the
319  serving of rice or the payment collection can be done by an automated system but since the
320  management of the cafeteria prefers not to incur additional cost, hence this solution will not be
321  explored.

322 The third recommended inventive principle is parameter changes. This inventive principle is
323 suggesting a solution to change certain parameters of the system to solve a particular problem.
324  Parameter change principle for the queueing problem in the cafeteria problem means identifying the
325  parameters in the cafeteria that can be changed to solve the queueing problem. With the current
326  layout of the cafeteria, the arrangement of dishes from A to E allows a large number of customers to
327  simultaneously choose and take their dish after requesting for rice and then queue at the cashier
328  point, This will cause long queues at the point of serving rice and the cashier point. If only one
329  worker is serving the rice and collecting the payment then the worker will highly likely to focus on
330  the serving of rice to enable the customers to enter the system but then queue at the cashier point
331  will be very long as the worker is mostly pre-occupied at the point where the rice is served. With the
332 self-service introduced for serving of rice, the lone worker can focus on collecting payment to reduce
333 the queue at the cashier point but the arrangement of the dishes that allows the customers to choose
334  and take their dishes simultaneously may still overwhelm the rate of payment collection. Hence,
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335  parameter changes suggest a change in the layout of the cafeteria to allow the customer to prolong
336 their rate of taking up the dishes in order to balance the rate of payment collection.

337 Based on the parameter changes inventive principle, the layout of the cafeteria was modified to
338  allow a single line queue to access the dishes in order to only allow every customer to choose and
339  take their dish one at time and therefore balancing the rate of taking dishes with the payment
340  collection. After modification, customer can only enter the cafeteria from one designated specified
341  entrance as shown in Figure 8. In this way, customers are single-lined and to queue from a rice
342  serving point. The customers are self-served based on First in First out (FIFO) rule.

343 The last recommended inventive principle is feedback. Based on this principle, the hinted
344  solution should involve some kind feedback that can be incorporated into the cafeteria to solve the
345  queueing problem. A potential solution from this inventive principle is that the cashier point can
346  have abell or ringing system to indicate that there are customers waiting to pay for their food while
347  the worker is focused on serving the rice to the customer. This feedback system via a ringing system
348  can slightly improve the rate of collecting payment for service but with the adoption of the first
349  inventive principle (introduction of self-service in rice serving), this ringing system seems to be
350  unnecessary. Nevertheless, the ringing system can still be introduced at rice serving point to inform
351  the worker when there is a need to replenish rice, which may run out during peak demand. Such
352  feedback system will improve the rate of service significantly.

353 The inventive principle feedback also provides an idea of creating a list of menu (menu-of-the
354  day) to provide feedback to the customer about the dishes that will be served in the cafeteria to
355  prevent unnecessary queueing by customers that are not interested with the dishes served, which
356  may cause delay in serving genuine interested customers.

357 Figure 8 shows the modified layout of the cafeteria and Figure 9 shows the flowchart of the
358  process of the proposed queueing system at the cafeteria. In this modified cafeteria layout,
359  customers are able to see the menu list earlier before entering the queue. In the menu list, all of the
360  dishes of the day are displayed so that customer can make decision faster and easier. If customer was
361  notinterested in the menu on that day, they can leave the queue straight away.

362 Based on Figure 8, customers arrive at the cafeteria in a line or a queue. The customers will take
363 up rice via self-service and the lone worker plays the role of the cashier at the pay counter. Then,
364  customer will decide whether to pick the first dish or go to the next dish. If yes, customer will take
365  thedish or else customers have to decide whether to pick the next dish. The process is the same until
366  the last dish. After the customers are done picking the dishes, they proceed to pay at the counter and
367 finally leave the system.

I |

368

369 Figure 8. Modified layout of the cafeteria.
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370 With the layout design and the processes of food serving at the cafeteria based on TRIZ
371  engineering contradiction tool, the user can apply their modification to the cafeteria model using
372  Arena and re-simulate the proposed cafeteria model to determine whether there were
373 improvements in the queueing problem faced by the cafeteria.

Cusb?m&r e
374
375 Figure 9. Flowchart of the proposed queueing system at the cafeteria.
376 The Arena model of the proposed queueing system for a cafeteria in UPM is as shown in Figure

377  10.In this model, the probability is considered as 50% for each dish because there is a Decide module
378  before every single dish. Customer had to make decision before every dish and they might skip the
379  dish if they want to. In other words, the probability is 50% of whether customer will pick the dish or
380  go to the next dish. The processing time is based on Triangular TRIA (0.25, 0.5, 1) distribution. The
381  number of staff and timeframe was set the same as the current queueing system.

382 There were five assumptions that were made in this proposed model. Assumptions number i, ii
383  and iv were the same as in the current queueing system of the cafeteria. Assumption iii was
384  modified such that customers would take up race via self-service. The new additional assumption
385  was: there was no U-turn for customers who change their mind on choosing the dishes or in short,
386  the customer is not expected to change their mind in choosing their dishes. Once customer passed a
387  dish, they could not go back to the previous dishes.

388
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408 4. Discussion

409 Table 3 shows the summary of the results obtained from the model simulations. According to
410  the table, number of customer entering the system was 32 for both models. This figure was not much
411  different from the observation, which was 28 customers within 1 hour period. For current queueing
412 system, the average waiting time for customer is 5.2557 minutes; the minimum waiting time is 3.8826
413  minutes while the maximum waiting time is 7.0082 minutes. For the proposed model, the average
414  waiting time for customer is 3.6521 minutes. The minimum of the waiting time is 2.8473 minutes
415  while the maximum waiting time is 4.9456 minutes.

416 Table 3. Summary of results of the waiting time for both models.
Current Proposed Improvement
situation solution
simulation simulation
model model
Number of cust
umber of customer 0 0 i
entering the system
A iting time f
verage waring e for 5.2557 3.6521 30.51%
customer (min)
Minimum waiting.time for 3,886 2 8473 26.67%
customer (min)
Maximum waiting.time for 7 0082 49456 99.43%
customer (min)
417
418 The results show that there were significant improvement in terms of average waiting time,

419  minimum waiting time and maximum waiting time in the proposed model compared to the current
420  queueing model. The average waiting time, minimum waiting time and the maximum waiting time
421  were improved in the range of 26% to 31% in the proposed model. Hence, the proposed model has
422 potential to be used as service improvement method of the cafeteria.

423 It is observed that the improvement was achieved without deploying extra working staff or
424  resources, which could incur extra cost. The modification on the layout alone and the introduction of
425  the self-service in serving rice are able to minimize the waiting time of the customers. In addition to
426  that, a list of menu was proposed to be put up in front of the counter before customers enter the
427  queueing system to reduce the potential of balking customer. By showing the menu-of-the-day,
428  customer can make early decision whether to purchase food from the cafeteria or simply leave from
429  the venue. Hence, the application of TRIZ and Arena can be used to help a cafeteria to reduce its
430  queueing problem significantly and this will contribute to the increase of profits and satisfaction of
431  the customers.

432 5. Conclusion and Research Contributions

433 A long waiting time (due to long queues) problem in the cafeteria was investigated and
434  modelled using Arena simulation with the intention of using TRIZ engineering contradiction tool to
435  derive solutions to the problem instead of using trial and errors approach. The root cause for the
436  long waiting time in a cafeteria indicated that the lone worker was unable to cope with the tasks of
437  serving rice and collecting payments at lunchtime where customers arrive in high rate. TRIZ
438  engineering contradiction tool was applied to find the solutions to improve the queueing problem at
439  the cafeteria. The potential solutions derived from the recommended inventive principles of TRIZ
440  was then applied to modify the layout of the cafeteria, convert the rice serving task to self-service
441  and to create menu-of-the-day that will provide feedback to the customers to prevent unnecessary
442  queueing.


http://dx.doi.org/10.20944/preprints201810.0141.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2018 d0i:10.20944/preprints201810.0141.v1

Sustainability 2018, 10, x FOR PEER REVIEW 16 of 17

443 The proposed system was then modelled and tested on the Arena simulation. The results
444  showed that the proposed model based on TRIZ solutions produced promising results with no
445  significant impact on the cost because the number of the resources was kept the same as the current
446  situation. Based on the results, it is proven that the objective of this research was successfully
447  achieved. The results show that the proposed solution model has a shorter waiting time compared to
448  the current model.

449 This research showed that TRIZ could be applied with Arena simulation to contribute to the
450  betterment of the cafeteria management in terms of its minimising the waiting time of the customers
451  to be served. With the minimising of the waiting time for customers, the cafeteria management is
452  able to increase their Quality of Service (QoS) by optimising the layout and workforce to cater
453 customers better and faster. In addition to that, the lone worker of the cafeteria can also work more
454  efficiently in a less duress environment and can focus the key task of collecting payments.

455 The reduction of waiting time at the cafeteria can significantly affect the overall level of
456  satisfaction of the customers. By reducing the waiting time, it will help the company to attract more
457  customers to the cafeteria and company should be able to increase their profits.

458
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