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Abstract 

To  educate  gradua tes  to succeed in industr ies  

which demand  high quali ty sof tware engineers  

is not  easy due to rapidly changing  

organizat ion s tyles  and working environments .  

T h e  major  limitation of universi ty  education 

may  be the lack of opportuni ty to expose  

s tuden t s  to real field problems.  In this article, 

we present  our  exper ience of exposing graduate  

s tuden ts  to a rea l - t ime  plant monitoring and 

control sof tware deve lopment  project and show 

how the sof tware  engineer ing process has been 

cus tomized to educate  them and satisfy the 

user  requi rements  at the same time. 

1. Introduction 

Unlike the env i ronment  of research 

inst i tu tes  and compute r  science related 

depar tments ,  g radua tes  may  be confronted with 

p roduc t -or ien ted  jobs at their  work. Therefore,  

it is not  easy to educate  graduates  to succeed 

in sof tware  industr ies  which demand  high 

quali ty software engineers  due to rapidly 

changing  organizat ion styles and working  

envi ronments .  T h e  major  limitation of 

univers i ty  education may  be the lack of the 

opportuni ty  to expose  s tudents  to real field 

problems.  

When  educat ing s tuden ts  with real projects,  

several  i ssues  such as m a n a g e m e n t  issues,  

technical issues,  and project  phases  control 

i ssues  need to be handled simultaneously.  In 
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school education, I believe that  the m a n a g e m e n t  

issue is more  significant than any other  issue 

due to the difference of cul ture  in school and 

industry.  

Therefore,  it is required to cus tomize  the 

software engineering education in accordance 

with the s tudent  experience level. This  does 

not mean that  some sof tware  engineer ing 

processes  should be deleted. Instead of 

eliminating some process,  certain parts  of them 

mus t  be s t ressed for educational  purposes.  

In this article, we present  our  experience of 

exposing graduate  s tudents  to a rea l - t ime  plant 

moni tor ing and control sof tware  development  

project and show how we have  approached to 

pursue  two objects: to educate  s tudents  and to 

satisfy the cus tomer ' s  requi rements  of the final 

product.  

2. Project description 
The project, sponsored by LG(Lucky 

Goldstar of Korea), was to develop a real-time 

factory monitoring and control system, called 

"EYE-2000". It can monitor and control 

thousands of analog and digital points, has a 

reliable multichannel communication protocol 

between processors, and can display process 

variables in multiple, concurrent ly  updat ing  

windows  on the same CRT screen. T h e  

detailed specifications of EYE-2000 are 

described in Table  1. 

EYE-2000 uses  an o f f - t he - she l f  

microcomputer ,  IBM 586, and Microsoft  
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W i n d o w s  3.1 and can  poss ib ly  be run on a 

mul t i t ask ing  opera t ing  s y s t e m  such  as  

W i n d o w s  95 or  W i n d o w s  NT.  

Tab le  1. T h e  spec i f ica t ions  of E Y E - 2 0 0 0  

Number of analog signal points 500 

Number of digital signal points [1,000 
Number of loop control points 50 
Connected peripheral devices 16 PLCs, SLC, 

Laser printer. 

Dot l~rinter 
Number of windows on a 50 
screen 
Number of reports 30 
Number of displayed event 20,000 
data in a window 
Number of displayed alarm i200 
data in a window 
Sampling time of processlevery 2 seconds 

variables 
Process variable values to be 6 sec, 1 rain. 
saved for analysis 6 min. 1 hr. 

24 hrs average 
value 

E Y E - 2 0 0 0  is c o m p o s e d  of  th ree  main  parts:  

communica t ion ,  p r o c e s s  var iable  moni tor ing,  and 

repor t  genera t ion  for opera tors .  Da ta  f rom 

mult iple  points  can  be  d i sp layed  on the PC tex t  

s c r een  in rea l - t ime,  us ing  mult iple  w indows .  PC 

and propr ie ta ry  P L C s  c o m m u n i c a t e  to upda te  

n e w  data  e v e r y  2 seconds .  Also. reliable 

commun ica t i on  is crucial  in fac tory  control  and 

w e  need to u se  v e r y  rel iable protocol.  

Graphic  u s e r  in te r face(GUI)  is essent ia l  in 

p roces s ing  var iab le  moni tor ing  s o f t w a r e  for 

use r - f r i end l iness .  T h e  u s e r  can open up as  

m a n y  as  16 w i n d o w s ,  m a k e  t h e m  any  size, and 

pos i t ion  them a n y w h e r e  on the  screen.  T h e  

g raph ics  ins ide  each  w i n d o w  are comple te ly  

contro l led  by  the  opera tor .  

T h e  repor t  gene ra t ion  funct ion is requi red  

for  keep ing  plant  opera t ing  records .  W h e n  

e v e n t s  are  de tec ted  b y  a s ens ing / inpu t  dev ice  

of a control  s y s t e m ,  the  even t  is r ecorded  in 

the  e v e n t  d a t a b a s e  h i s to ry  files and can be  

repor ted  to ope ra to r s  accord ing  to the  schedule .  
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W h e n  LG s u g g e s t e d  this pro jec t  to us, 

t hey  ag reed  to p repare  the  speci f ica t ions  and 

provide  re levant  informat ion if reques ted .  Also. 

they  agreed  to s u r v e y  c u s t o m e r s ,  par t icular ly  

fac tory  opera tors ,  potent ial  u s e r s  of  EYE-2000 ,  

to g ive  informat ion  for w i n d o w  design.  

H o w e v e r ,  p rov ided  informat ion w a s  superficial  

and only usefu l  for gu ide l ines  of the  final 

product .  There fore ,  w e  had to organize  a 

pro jec t  t eam be fo re  w e  could c o m m e n c e  the 

s o f t w a r e  eng inee r ing  p rocess .  

Even  t h o u g h  the c l i e n t s  u n d e r s t o o d  that  

school  is not a p ro f i t -o r i en t ed  s o f t w a r e  

engineer ing  enterpr ise ,  they  e x p e c t e d  that  this 

pro jec t  to p roduce  a good  seller. Also,  t ime 

spent  for deve lop ing  s o f t w a r e  w a s  critical to 

them. T h u s ,  w e  had to t ake  ca re  to pe r fo rm 

e v e r y  s teps  in the  s o f t w a r e  engineer ing .  

3. Issues of engaging in software engineering with 

students for real-life projects 

E Y E - 2 0 0 0  is more  than t00,000 lines of 

coded  so f tware .  T o  e x p o s e  s t u d e n t s  to such  a 

large  pro jec t  and to p rov ide  t hem h a n d s - o n  

exper ience ,  severa l  i s sues  should  be  considered.  

S o f t w a r e  eng ineer ing  educa t ion  m a y  heavi ly  

focus  on technical  aspects .  B u t  t hey  a l ready  

have  a t ta ined  suf f ic ient  k n o w l e d g e  f rom w e l l -  

handling o rgan ized  c lasses .  T h e y  only  lack 

handling the real pro jec t  utilizing their  school  

educat ion.  U n d e r  t h e s e  a s s u m p t i o n s .  I tried to 

educa te  s t u d e n t s  by  provid ing  them 

i n d u s t r y - l i k e  work i ng  env i ronmen t s .  

1) Organizing project team 

Team dynamics can signif icantly affect the 

completion of the whole project process. For 

that reason, team organization is very important 

for the success of software engineenng. There 

are va r ious  w a y s  to o rgan ize  s o f t w a r e  

deve l opmen t  p ro jec t  t e a m s  wi th  s tuden ts ,  such  

as  r a n d o m  se lec t ions  and the  t e ac he r  chosen  

approach[I ] .  
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At the project planning stage, I thought  

only three graduate  students would be enough 

to complete this project with eight months 

development time. Based on this estimation, I 

planned to organize the project team with two 

graduate students and one external person. 

Two students had a solid background in data 

structures,  database systems,  operating systems,  

algorithms, Borland C++, and object-oriented 

programming. Also, they knew Microsoft 

Windows programming, OWL, resource 

workshop, and DDE, in addition to software 

engineering. 

The  rationale of including an external 

person was to practice the interpersonal 

communication skill which is required for team 

work. By working with people who have 

different backgrounds, they may practice 

communication sMlls for cooperation. The  

selected external person had some experience in 

Windows programming. He was not a 

professional software engineer, but only had a 

little computer  science background. 

This  kind of team organization might 

provide very similar industry culture for 

students and they acknowledged this working 

environment  was helpful. Even though they did 

not open their minds well at first for 

exchanging information to solve problems or 

k n o w - h o w  of utilizing developing tools, about 

one month later they cooperated very well. 

Each student was implicitly assigned as the 

project manager  for partitioned problems. 

Though I was really responsible for the whole 

project, I planned to show students how to 

manage a real-field project. 

2)Management issues 
The  traditional software development 

l ife-cycle considers every  phase of software 

engineering, such as problem analysis, sys tem 

requirement establishment, design of solution, 

coding and debugging, implementation, 

documentation, testing, and maintenance. 

Instead of applying the conventional approach, 

we used the object oriented technique to model 

and implement the EYE-2000. 

Sys tem analysis is the first step of the 

object modelling technique methodology[2] and 

students  did practice to abstract  object models, 

sequencing of interaction and data 

transformation relations between objects. Since 

the sys tem development environment was 

Microsoft Windows, many objects such as 

"window" and "dialog box" had been considered 

for object modelling. 

(1) How to communicate with clients? 

In most cases, students are generally 

familiar wi th school lab projects which are 

well-organized and well-defined. Therefore, the 

difficulties of f iguring out the clients requests 

in object modeling appealed to the students. 

Since sys tem analysis is not a mechanical 

process, and most  s ta tements  of problems 

provided by clients may lack essential 

information, it is crucial to extract  such 

information either from the requester  or the 

analys t ' s  knowledge. 

The project team had met several times 

with industry engineers and tr;ed to elicit what  

users wanted. I tried not to intrude into their 

discussions unless they were  stuck either for a 

technical problem or adjusting sys tem 

specifications. In the beginning, students 

attended and only observed the meeting 

processes to exchange information for making 

specifications of the final product. They  

sometimes gave their ideas of implementation 

problems at that stage. I wanted to show- how 

students can figure out sys tem design 

specifications from discussions with clients. 

After  each meeting, they were  requested to 

present their opinions and do sys tem analysis 

based on the meetings. As meetings continued. 

I did not attend and students  actively discussed 
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with industry engineers for sys tem analysis. 

From these meet ings and sys tem analysis 

steps, s tudents could acquire the knowledge of 

the use r ' s  present  job[3] and eventually gain 

the knowledge and understanding of the target  

users. 

(2) How to encourage  s tudents?  

Since EYE-2000 emptoyed many graphic 

user  interface screens, the clients wanted to 

survey real users for convenience of screens to 

users  as soon as possible. Therefore,  we 

decided to apply the rapid application 

prototyping technique[4] instead of following the 

s t e p - b y - s t e p  conventional software development 

life-cycle. 

Prototyping is usually used for producing 

very quickly a working version of a piece of 

software[5]. The  main purpose of prototyping is 

to reduce the long time gap between the user  

acceptance phase and sys tem analysis phase in 

conventional life-cycle. The  EYE-2000 

development deadline was very crucial to 

clients as aforementioned. Therefore,  if there 

existed a long time gap, we thought  it would 

be difficult to do mass ive  reconstruction of the 

final software. With these two constraints,  the 

project team had to learn how to prototype the 

EYE-2000. 

The  main difference between a prototype 

and the final desired sys tem was its 

performance,  thus we omitted the PC-PLC 

communicat ion part and user  report generation 

part. A prototyping monitoring sys tem only 

was  tried by sys t em specifications, and we  

used simulated data for observing process 

variable trends. Normally, a prototype sys tem 

can be created using whatever  tools the 

developers may be familiar with. We used 

operational techniques derived from object 

modelling and functional models between 

objects~ 

As the main purpose of prototyping a 

sys tem is to aid the analyst  and design stages 

of a project, we could discuss this with the 

clients and project team. By enabling users to 

see very early what  the sys tem could do, they 

could give more helpful advice for window 

designs. This was especially important for our 

project due to the user - f r iendly  request  

emphasized for the EYE-2000. If the EYE-2000 

designed and implemented only the developers 

point of view, then the users  might  complain 

about some window design based on the 

user- f r iendly  aspect. Therefore,  we applied the 

prototyping technique for the EYE-2000. 

Another  reason for applying the prototyping 

method s temmed from psychological purposes. 

It is quite general  that every  engineer  may feel 

fear when they meet  a new project. In addition 

to this aspect, s tudents  felt more stress  

because they did not have experience with the 

plant monitoring and control process. 

Although we spent much  time studying 

rea l - t ime factory operations, the project team 

looked as if they were  not sure how to start. 

Since this project was the first time for them 

to be involved in a real-l ife project, they 

showed hesitation to dare to solve the problem 

at first. Even though they had a sound 

background and knowledge of sof tware  

engineering and computer  science as 

aforementioned, they still felt fear of what  they 

mus t  solve. 

I felt that  just  documenting the 

specifications was  not enough for these 

students due to their  lack of the real-l ife 

problem experience. Thus,  I applied the rapid 

prototyping method to overcome hesitation and 

fear of failure for the real-l ife problem. 

Through prototyping they could see what  

would be done through this project. Also, this 

assured that they might  vividly see what  they 

could do through prototyping the EYE-2000. By 

prototyping the system, even though in abstract  
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style. it was enough to show them what the 

final outcomes would be. The students were 

finally able to see the solutions. I believed this 

is essential for them to have self-confidence 

before getting into an industrial position. 

This prototyping job was approached with 

systems specification. Since students already 

acquired enough knowledge of system by 

discussion with industry engineers, they were 

able to finish the prototyping within one month. 

obtaining 

problem, 

systems. 

(3) Training to get knowledge from an unfamiliar 

field 

For sys tem analysis, software engineers 

usually need much knowledge of the target 

problem in addition to computer science area 

information. Some parts can be easily attained, 

but it usually requires great pains to get them. 

Most industry jobs request engineers to be 

familiar with these processes. Through 

much knowledge of the target 

they may design more effective 

To practice this process, we asked students 

to attend workshops and seminars to gain 

expertise for real-world problems, they were 

asked to model objects derived from real-world 

problems, such as PLC communication and 

timing problems, by applying object modelling 

techniques. In our experience, attending a 

workshop may be greatly helpful in acquiring 

this related information. If they could get the 

basic information of the target system, they 

could attain necessary information by study 

alone. 

(4) How to cooperate to integrate parts? 
Since EYE-2000 is composed of three main 

parts, each team member was responsible for 

communication, process variable monitoring, and 

report generation subsystems. Also, we 

developed EYE-2000 using Borland C++ and 

Object Windows Library(OWL) which is object 

oriented layers on top of Windows API[6]. 

Students needed to cooperate in system 

integration and test processes. 

Applying object-oriented techniques, 

students could save much effort in integrating 

sub-systems.  Object modelling and class 

designs needed joint effort. It was possible to 

use the advantages of inheritance for GUI 

design. But testing over 100,000 lines of coded 

program significantly required each member ' s  

cooperation. We found that sometimes advice 

from others could solve coding mistakes very 

easily. With this philosophy, students were 

encouraged to actively share their knowledge 

and have an open-minded toward criticism. 

5. Conclusion 

The main purpose of exposing students to 

real-life software projects is to provide and 

experience industry-l ike environments for easy 

transition from school knowledge to 

product-oriented indust~" jobs. The  ways to 

organize projects team, managing students '  fear 

from large scale real-life projects, improving 

communication skills with clients, and getting 

knowledge from an unfamiliar world are 

practically required points, in addition to 

software education. By organizing project team 

with students and an external engineer, we 

could give students a closely simulated industry 

environment. To overcome students '  fear and 

hesitation from large and unfamiliar project, we 

used the rapid prototyping method. 

From this experience we should stress that 

the software engineering process can be 

appropriately customized to educate students, if 

it is required, without failing to meet client 

requests. By customizing software engineering 

processes according to the needs of students, 

university software education may provide a 

more pragmatic real-world working 

environment for software engineering students 

and contribute to their success in industries. 
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****************************************** From Page 5.********************************** 

We need to explore new pedagogical avenues, but we 
c a n n o t  abandon existing topics and approaches without 
thorough consideration of  the intellectual and experiential 
underpinning they provide. We cannot allow ourselves to 
become so enamored of our pet approaches that we fail to 
acknowledge existing alternatives, both old and new. We 
cannot impose our own version of "pedagogical correct- 
ness" on our students. We owe them a balanced presenta- 
tion in the introductory course, a solid foundation on which 
their further education can build. 
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