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Applied Practices on Codification Through Mapping Design Thinking
Mechanism with Software Development Process

Chae Yun Seo' - Jang Hwan Kim™" - R.Young Chul Kim*

ABSTRACT

In the 4th Industrial Revolution situation it is essential to need the high quality of software in diverse industrial areas. In particular
current software centered schools attempt to educate the creative thinking based coding to non-major students and beginners of computer.
But the problem is insufficient on the definition and idea of the creative thinking based software. In addition in a aspect of coding
education for non-major and new students we recognize to have no relationship between creative thinking methods and coding. In other
words we should give them how to practically code and design through learning the creative thinking. To solve this problem we propose
the codification of design thinking mechanism without the knowledge of software engineering through mapping creative thinking with
software development process. With this mechanism we may expect for students to have some coding ability with the creative design.
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2.1 Software Engineering (SE)
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Table 1. Horizental Mapping Relationship

SoftwareEngineering Artifact
Requirement Requirement Specification
Analysis Use-case Diagram

Class Diagram

Stepl ' o
Requirement Specification Using a natural language
R
E
Q
i bers can Gpen throu u
pen 10 young customers When the door s closed, the door s focked h
" o
a device that can be easily R
E
M
E
N
v ity system. - H T
hen truder attempts to open the door by force, an alarm sound and the security 2
svstem is activated. It would also be nice if the lock could be easily opened without H
Step2 Use-case Diagram A
N
Door Lock System A
Strangers
L
4% Y
— Unlock S
NG I
Warn S
Registered
Step3 ——— 0
Class Diagram [; Sequence Diagram D
+ event: Object i E
+ock) [ panet | evescamer | [ comtottr || o0 | S
+unlock() i | |
e LN | toor
: G
/' / | event() - N
Panel [* eyescamer | [*_conoler | [ intgps——— Recognizel)
+event: Object | | +event:Object | | |+ event: Objest J
+send) o) | | [rones + check( Check()
+ confirm) -+ confirmy) INumErrorUP()
+ unlock() -+ NumEror() lock()
+lok)
g warning()
+ NumErorUP()
+isDoorClosed()
+ recognize()
Unlock
Panel EyeScanner Controller | | InfoDB
[Eean0) /*call Fgnction*/ M
Recagnize()
Check()
o
Step4
. public class EyeScanner {
Taee )| public class [DoorLocksystem|{ e travart: 1
Name m
Zone public void scan() {} P
/*call other object’s Function*/ !
- Controller.recognize(); e
Sisect et m
one }
public DoorLockSystem() { .
public class Controller { n
Object event; t
a
} public void unlock() {} |
Viethod )| Public void public void lock() {}
public void public void warn() {} o
public void n
} public void recognize() {}
}

Fig. 1. Software Development Process

The door lock device that our company wants must be simple to be installed on various
types of doors.
Door locks want three functions: locking, unlocking, and warning.

| want a device that only designated members can open through the device and easily open to young
customers.
When the door is closed, the door is locked.

Only certain members, mainly family members, can open the door through the device.
Children and the elderly who are family members also want a device that can be easily
opened.

The unlock function can be unlocked using a password, IC card, or iris.
When the user goes to the door, it must recognize the iris information of the
user and unlock it.

In addition, when an intruder attempts to open the door forcibly,
it is recommended that the door be protected by a security system such as an warn device.
When an intruder attempts to open the door by force, an alarm sound and the security

Design A system is activated.
Sequence Dlagram It would also be nice if the lock could be easily opened without additional tools.
Implementation Code Template Fig. 2. Requirement Specification Using a Natural Language
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Door Lock System

Lock

Unlock

Warn

Fig. 3. Use-case Diagram

EAGA A= Steplo] 8FARG A8 HoJE 7|Hto g
g A AH9] 75-& BE45t Step2. Fr2A0|A tholo]
= gt f2A0lA Holoj g o g &3t kojet
9] 7% ‘Lock’, ‘Unlock’, Warn’ o]t}

3) AA

AAGZA A= BELRA A AT EFES HEL
A2E 9 222 GABIHG]. Fig. 4= Z=olg AlAH”HIS &
g AttolojTagolt}t, Zojg AAHIE QJYPHE QEAE
EQlog Wy TojE 715922 lock(), unlock(), warn()7]
5ol Q. o= AA”HS] AAZE Panel, EyeScanner,
Controller, InfoDB7} itk 42t9] 755 =3517] Hl
4ast £43 HAEE FRISTH7]. AAGANA Step3.
SefjArtoloj a9 F&3Th

Step3. EFattolo|Id £& 24 (Fig. 4)

Stepd. |2A101& &2 4

& AolAR AYH ZF &3 tolo] 1E EAgTh

Fig. 5% o2t A|A® Unlock”1%59] &} toloj1¥
oJt}. a) Unlock Sequence Diagram : Unlock()71%9]
ol &3} HAE 5F IAE EATITHS]

Fig. 62 TZojZA|AH Warn7|s £} tfoloj1solc},
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“DoorLocksSystem

+ event: Object

+ lock()
+ unlock()
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Panel
+ event: Object

+ send()

e

~_EyeScanner “ _Controller InfoDB
+ event: Object + event: Object + event: Object
+ scan() + check() + check()
+ confirm() + confirm()
+ unlock() + NumEtrror()
+ lock()
+warn()
+ NumErrorUP()
+ isDoorClosed()
+ recognize()
Fig. 4. Class Diagram
Unlock
Panel | | EyeScanner Controller | | InfoDB
*call Function*/
Scan() | Recognize() |
Check()
Confirm()
unlock()

Fig. 5. Unlock Sequence Diagram

Warn

%

Loop

event() .

Panel | | EyeScanner || Controller || InfoDB
Scan()
"~ B Recognize()
Check() _
NumErrorUP()
lock()
warn()

Fig. 6. Warning Sequence Diagram

Lock

H Interface ‘ ‘ Controller ‘

IsDoorClosed|()

Fig. 7. Lock Sequence Diagram
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public class[Classhame]{
/*sub class’s variables*/

[AttributeType]|Attribute name | 5
public {

/*object’s constructor generation*/

}

I Method Zone I }

Fig. 8. Skeleton Code Template of Composition Relationship
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DOOR
(OCK/UNLOCK/
AEIOU Method
A
FAMILY

< : : ) SIMELELSING
Doof Lock @7

System

mz— " mog

\RI@E/PW Doo(gﬁk
[
5Wi1H

)

For thosq who have House door
es difficultie} to memorize
passcode]

8l

AT
WHERE WHO

WHEN HOW

WHO __ HOW
3 Ay loor by identifying
through lhe door iris information gf family.

m-a>pmg —

Mindmap

unlock

input
input

lock scan §
- T 3

scan  §

Jsend l e ul

check

send

check R

- confirm §

ut

warn -

R bsicioiad

mou<—-0-0>=mo

Sc:Jutch

' unlock I E

hide
switch backdrop to  close »

Step?. Lock the door.

swilch backdrop o open v

switch costume o stop

switch costume to  user v

o @ x @ €
¢ D

Step6. Unlock the door.
switch backdropto close v RS

switch costume o warn v

Step8. Warning

Fig. 9. Design Thinking Process
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‘ (Object) ‘ ‘ (Interactlon) ‘

Fig. 10. DT Empathy “AEIOU”
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Table 2. AEIOU Method

WHAT WHY WHERE

The AEIOU observation method is very helpful in solving
the problem for those in contact (observing the user).
A’ Activity

Users can lock or unlock the door.

E: Environment

Door unlock can be use only family.

[ Interaction

Door interacts with family members.

O:Objects

Door lock system consists of Lock/Unlock/Warning
U:User

Table 3. Defined 5W1H Method

Empathy AEIOU Define 5W1H
Activity What,Why
Environment Where
InterAction How
Object When
User Who
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* When-AH-713 = AI7H
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* Why-AHg o]
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i},

Easy unlocking device
for Our family of all ages

For those who have
difficulties to memorize
passcode

House door

HOW.

WHEN WHO HOW
When user enters into the house  Family
through the door

Unlock the door by identifying
iris information of family.

Fig. 11. DT Define for 5W1H Method

unlock

_lock ]

send  § Warn J

check 3 confirm §

warn  § —
NumErrorUP |

isDoorClosed §

lock %

Fig. 12. DT Ideate for Mindmap (System Function)
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Fig. 13. Scratch Script for Prototype
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Table 4. Mapping DT with SE at Step]

Design Thinking Software Engineering

AEIOU observation

DOOR
LOCK/UNLOCK/IDEN
TIFICATION

Requirement Specification

e —
object interaction

< Do 3 m
D080~ —c.0o0ox

Table 5. Each Related Elements between DT and SE with an
Example of DoorLockSystem at Step1

DT AEIOU SE RequirementSpec.

Activity Functions of DoorLockSystem

Environment Use the Family

Interaction DoorLockSystem&User
Object Iris/ICcard/Keypad
User Registered Family

3.2 DT Define & SE Analysys

5 WA 9A=, DT “Ho"9F SW “EA4]" vfjgo|rt.

g 1DAA F5H 845 7IFto 2 F HA dA oA
= OARQINA Aol SWIH A4S £&31t) 181, &
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tjo]o] 18- Z/dsiH18].
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Table 6. Mapping DT with SE at Step2.

Design Thinking Software Engineering

5W1H method

+ WHAT-DoorLockSystem
+ WHY-forTheElderlyfamily
+ WHERE-HouseDoor

+ WHEN-EnterHome

+ WHO-Family

+ HOW-Unlock/Lock/Warn

Use-case Diagram

Door Lock System

o Z— g

N <2

Table 7. Each Related Elements between DT and SE with an
Example of DoorlLockSystem at Step2.

DT 5W1H SE Use-case Diagram
What DoorLocksystem
Why forTheElderlyFamily
Where HouseDoor
When EnterHome
Who Registerd Family
How Unlock/Lock/Warn
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Design Thinking Software Engineering
DOOR
LOCKAROCK! AFEIOU Method Requirement Specification Using a natural language
A ________________ [ | oor lock device R
ot £ E
FAMILY that only e Q
E R /. SIMEMRUSING | U — t¢§oung custome u
M Doo Lock e Only certain m familyjnembers, ca I
Childrenand afa
P Syjtem opened R
H E
I R | The unlock function<as se ualos en the user goes M
I IRIS/DEMCE/PW, e ——— = 7-::"—@"—-- - 'r-'*' to the door, it must rejognizethe
. O | :
I
E
! T
! I
! 1
1 1 - |
5W1H Method : 1 Use-case Diagram
_____ I e TSNS o o
WY L\ WHERE i1l Door Lock System :
e = B p———
D for O oy ol ohes | iraee fomemaniy,__OU5€ d09T H ! ol
E passcode ~ 1 Lock : N
F b N - - i A
) \\ N e e e e e e iyl (DGR : L
WHERE WHO . N
N ~ » 130 - - Y
~
o [ .
E v WHEN HOW'\ ./" : Warning €T S
g Door Registered 1 I |
: — | . ;
When|user enters into the house Famil Unlock the door by 1 1
through e door iris infornjation of farhily. \[ ElderlyFamily ] e -i
B | 4 -
s 1 i
Mlnd—Map Method Class Diagram |‘Doortocksystem 1 Sequence D‘agram ‘
| i & : Warn
D _unlock § : Panel ; EyeScanne Controller | InfoDB
E 1
A i | e o Loop {
T ——— ock pa'ﬂ [ﬂ,'?ng veril) B o |
E aoan g " ot = | Recognize()
send | check R : Check()
I ——
check iy \Lcerfim I lock) ‘
a3 b . I
MumErrorUp} ohoorcioseds I warning()
s ispoor 2 I
ok : Lock
Unlock | interface Controller
|
Panel Fv%\r.mnv' Controller || InfoDB
1 IsDoorClosed() |
I Lock() B
|- b
1 1 D
1 1
1 1 Check]) E
1 1
I I e °
1 : unlock() il |
I
1 1 G
1 I N
1 1
1 1
(] | 1
A | T 1 1
public flass |DoorLockSystem { pul?hc claps EyeScanner { ]
P Object eveht; 1
1 1 1 I
R I public voik scan() {} 1 M
(o] : e 1 P
T 1 /*call othef object’s Function*/ }
] Controller. recognize(); H L
o] Object[ vent |; : : 1 E
T } 1 1 ™M
Y public PoorLockSystem() d 1 }
hew Panel() 1 public clask Controller { 1 E
P 1 Object evenk; 1
|1 1 1 N
E 1 1 1 T
1 public void; unlock() {} 1
[P Ry Db,y (e —————— -
Method 1 TCVOIy TRy
Zone public voidywarn() {}
o s o
public void recognize() {}
}

Fig 14. A Coding Development Process Based on Design Thinking and Software Engineering
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The door lock device that our company wants must be simple to be installed on various
types of doors.
Door locks want three functions: locking, unlocking, and warning.

| want a device that only designated members can open through the device and easily open to young
customers
When the door is closed, the door is locked.

Only certain members, mainly family members, can open the door through the device.
Children and the elderly who are family members also want a device that can be easily
opened.

The unlock function can be unlocked using a password, IC card, or iris.
When the user goes to the door, it must recognize the iris information of the
user and unlock it.

In addition, when an intruder attempts to open the door fercibly,

it is recommended that the door be protected by a security system such as an warn device.
When an intruder attempts to open the door by force, an alarm sound and the security
system is activated.

It would also be nice if the lock could be easily opened without additional tools.

Fig. 15. Software Engineering Requirements Specification
Extracted from Design Thinking AEIOU Observation Method

Table 8. Mapping DT with SE at Step3.

Design Thinking Software Engineering
Mindmap Class Diagram
confirm p——
o Input | scan input
I - lock un%end unlock() D
D i check lock() E
send | Wamn wam() o1 S
check input I~ _tock()—] |~ warn()_|
A NumE,m,Upywam l“’f isDoorClosec input input I
T|"® lock 8@ input) i G
% scan()
E isDoorCiosed)| | congyy N
fock) check)
confirm() NumErrorUP()
unlock() lock()
wamn()
confirm
—
o Input scan
lock unlock} send
scan EE=_Unlock
send Warn
check
warn 3
NumErrorUP? isDoorClosed
pu g

lock &
%

Fig. 16. DT “Ideate” Mindmap (Example Door Lock System Function)

“DoorLockSystem

+ event: Object

+ lock()
+ unlock()
/ A ‘\
N Panel ~_EyeScanner ~__Controller ~___InfoDB
+ event: Object + event: Object + event: Object + event: Object
+send() + scan() + check() + check()
+ confirm() + confirm()
+ unlock() + NumError()
+ lock()
+warn()
+ NumErrorUP()

+ isDoorClosed()

+ recognize()

Fig. 17. “Design” Class Diagram in SE (Door Lock System)

Table 9. Each Related Elements between DT and SE with an
Example of DoorlLockSystem at Step3.

DT Mindmap SE Class Diagram
DoorLockSystem DoorLockSystem
Unlock Unlock
Lock Lock
Warn Warn

3.3 DT Ideate & SE Design
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Fig. 172 HARIMA uRIEgo g A4H Zojg 7|
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3.4 DT Prototype & SE Design in Detail Design
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Unlock

Panel EyeScanner Controller | | InfoDB

o —

*call Function*/
Scan() | Recognize() |

Fig. 18. Sequence Diagram Unlock Function

Table 10. Mapping DT with SE in Step4.

Design Thinking Software Engineering
ScratchScript Sequence Diagram
r Lock D
R E
(@) ‘ Interface Controller S
T I
2 G
IsDoorClosed() N
Y Lock()
P
E
52 U 4 Ytk £% tholo] e AAY 5ER A4

gttt Lock/Warn”7]s &xjctolo] 13 ZHASH)

Table 102 £ZESJogste] wAtrtolo] o= o]
& A AHY] 75 9 HEHE AFHX] ATHER #AI A
ojt}, &=} tho|ojdfe] SELE AFHXE HHITE Y|
WA oy o] U, HARIEA S ZEEERICRE &
AE 233 AFHES AL, Aol 1S A
o 4 St

3.5 DT Test & SE Implementatin & Test

oA A4 WA=, DT “HAE S SE “F@ " HAE"
o djxgolct. vhg 4eACNA ATANE AHE Eojgt A
28 75 ATIYPEE 7|0 g FE3) FHEsle] AAYE
SE2 o,
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Table 112 23X AFHYE 7|¥to g ZAH Lot
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SelectDoorFunction

IF Unlock:
CHECKIRIS()
PRESSBUTTONY()
ICCARD()

Else if Lock()

Else
Warn
warn()

Fig. 19. Scenarios of DoorLock System Prototype
based on Scratch Script

Table 11. Skeleton Code Template

public class ClassName {

AttributeType Attribute name;
public ClassName() {

/*object’s constructor generation*/
}
public void method-namel() {...}
public void method-name2() {...}
public void method-name3() {...}

A3t} ClassNames 8T AZEo0]9] o]§o2 HX
sta, I "o Z SAE é“é?‘?lt}
gy 7o) T2 EEeQlo g A E AR ATHES}
sajttolo] O 7|Hte g "Eg] FE o] 7Hs3dltt
4. 2 B

A 2z EgolFATstlA SISO FolH £4) 3
Ao gAY DA BAL BN A
PsshAe, TR A8 S Agoltt o] BAIE 92
317] 948l tixrl 47 Zlue) FRskE AlQk). HAEA
SolA 2LEYo]ZEUTELS WS oL}, B ERojA
3, 2nEgolAERAL QTN T e}
o) 424 A ANL, BA, tiAIA AT
of xx WYL HAZT A, T FHVAC $54

g Bol FEHA 22AGS AEeeh WA, FEHe
R2AFo] TE GBI 1 K] &gt

olg Eo HAFAEL £xEIFS Y QlolE, T
A7 NAUZY TS AN oS Fof P
gA9) mgoke Ajeich B4, 29 Ve 34 eAas
M AT Folc.
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