A W1} 8F3] AL E 9 o] Z8F AAlo] o] E]
2022 12¢ 21




SE = 21 th <) x13}9} <A KAIST ¥ of| i< ufj =< 3
SWEZHE(SSPL) 712 ZA, A, 7] KAIST W el 5= o] &3 16
Can we make dependable SW? FTAU Sy P wg FEHl 35
Evolution of SE Technology POSTECH H o 2w 2 w4 49
23 2T ES 0] 2o AT o et Fel o n

AZES HEB: AT M e X FoE Yot A g zuF HAES 67
BEdAS 7 & R AR POSTECH x4 v} 4 21 76
Mining Software Repositories: Past, Present, and Future sttt Z2ug EA% 109
AdufF/ s TR LZEM AT AT AAY wolLZEHAANIATIHATE 124

A



SE IH2{CrY Tz} 2.

KAIST
School of Computing
2022\ 128 21

HY 2

AT3](1987)o18 22ALO| O E|2(2008)

¥ (http://sigsoft.or.kr/ )

01987. 10 AZEQ|0| 3% A% 4T

01987. 10 M1CH Y JE(H 7= 2F) HE

01987. 12 2T EQ0| ISt AMX| H7ts Ul

0 1993. 12 KoreaJapan Software Engineering Confierence A2 7H4|

0 1994. 12 Asia-Pacific Software Engineering Conference =2 (https://www.apsec-conferences.org/ )

01996. 31 APSEC M2 7l%]|

01999. 02 M12| =L AZELQ|0] Z8t &= 2| 74Z|

02001. 08 Sh=H 2N 2|5t2| o Bl A Z EQ0| 5% ot 7|& 9124 74|
02004. 12 10t APSEC 4t 7l %]

02008. 04 AZEQ|0{Z5t AALO|O{E| HF



http://sigsoft.or.kr/
https://www.apsec-conferences.org/

Software Engineering IH2{Ct &

« SE T HCHY
- {2 CHY: ST & =
« SE Ol M= FE lifec odel, process model
* process 5H 2|0 = 2 = Td5= 7|Ex* 2l building blockO|
SE practice Off Ct2t Fek=2 O] XLt

entity2|

Zn
=
>
|>
0= -

Process

Paradigm  «¢m

Technology Resources

Building Block %!}

. 24
SHTHE
o NH|A
e SW AliE-Il .
s = Procedure  JDbject) Component Service SW Syst m




25| K|

- 1995~1996' CHEDIZ 0N Bt O02Q| ‘Three Omigos’

-

grady booch ivar jacobson

james rumbaugh

"AMRSEES " Higld
H=ouh 8 T U

W 1060507054

g B F471& Mol 71

52
e
19960501 H o AmEQOfE OF
. wdy 10253 i ey 25718 ARESOVPE NS HERAL Wx E gluﬂtdﬂ\tr
\ = (0212 KR 495 TRCAEEIE SHO| (0 F71E X 82
| wrelomoussmza, Amegiof AlAs80| S| CHYSISIBA OIE sH2eP7] it ofzfeteio] 75l Hoh
. SUCL X% A WHES ALERO| 9IS IRl el 5 718 2200 Sl
. i Uil 202 A et ATEsopiel BRIE 28 2 HEE HRdtn EEER o onois o 2 MBS0 25,008 8 4R 7763 58
. 2k 7 Op0I, 561 00 BAO} AOUAZEROfS TN TEfE Pt
P WAl AEO] HOJIML: 22k AYO| RIS 913 HYe 218 OIZARA

2401 0[6 K35 Jcobson) A7} 215480 T80 42 991 % AHOlfCrbcal
el rouTL

sccessfcors and ses g CBD) 2 FHE 308 B oqFo

| AZES0] Al LIEILES 2Ex(0l SAS ALAHUO Ciot RRARRI0IAS Wbl EiCks
| HOICL 0j2i2 W 4 OO AIAHR QPARY HAE S8 4 2A0{0} 3i0{ OIF
REUYH MBS AR UAsoreiCt J21LE HAEX|S| YoRE AlAY
20| §IX] 20 Y2 OIARE D A HNX|YIIYE OIF JHe M

e 83a8AEE0 BHOM hip/wwaiondcok i B4
i

b

B |
omen - a | @ 2enwurzs o a | @ sABNENE I & | @ woon v & | @ 12




HH K|S IR HHE (1/2)

« ETRI, OF20] 7HEYHE 25 243 =T (20023 10& 229)
(https://www.etri.re.kr/kor/bbs/view.etri;jsessionid=3E9AFB135962D1FFCC86C7930C44008B?keyFie
|d=&keyWord=&nowPage=1&b_board_id=ETRIO6&year gubun=&nowBlock=0&b idx=1964&pri
ntable=true )

St M X}E A 9L QI(ETRI http://www.etrire.kr) S/WZ 2N A QA E(EIE ZXI4H2, OF20{(MaRMI,
Magic and Robust Methodology Integrated) 7H 23 H 20| &g 243}t &ot2 01 sHo,

A K| THL W E2/2)

« ETRI SWZljetsH 2 o2 0|RE 7HL (2004, F X} A2)

https://m.etnews.com/200403170192?0bj=Tz040iJzdGRDbGFzcyl6Mjp7czo30ilyZWZlcmVyljt
i

St= XS U AT AETRI) SWS
|2l AD| A (CHE &}

Of XpMEH HE A|ABCRE
RE‘(FShHE 7HY}Ct 17
PENZE AFH 0= Y
oMM AEHE T[] HH
'(Re-Engineering)0f 823t X| A

EI(EIR} HHAFS )2 M A|AH S| 3}

o2 A SWAAHS HEHE
Q% B WwHEOl ‘Op20|-
Ol #0f JHLet ‘O 0|-RE= A E

W ST rE oF 1o
mo > rin 32 riok o2t rQ

S
AEOZ HORSHALL H
HSot= sw i g 20|Ct,

1O it ojn
0



https://www.etri.re.kr/kor/bbs/view.etri;jsessionid=3E9AFB135962D1FFCC86C7930C44008B?keyField=&keyWord=&nowPage=1&b_board_id=ETRI06&year_gubun=&nowBlock=0&b_idx=1964&printable=true
https://www.etri.re.kr/kor/bbs/view.etri;jsessionid=3E9AFB135962D1FFCC86C7930C44008B?keyField=&keyWord=&nowPage=1&b_board_id=ETRI06&year_gubun=&nowBlock=0&b_idx=1964&printable=true
https://www.etri.re.kr/kor/bbs/view.etri;jsessionid=3E9AFB135962D1FFCC86C7930C44008B?keyField=&keyWord=&nowPage=1&b_board_id=ETRI06&year_gubun=&nowBlock=0&b_idx=1964&printable=true
https://m.etnews.com/200403170192?obj=Tzo4OiJzdGRDbGFzcyI6Mjp7czo3OiJyZWZlcmVyIjtOO3M6NzoiZm9yd2FyZCI7czoxMzoid2ViIHRvIG1vYmlsZSI7fQ%3D%3D
https://m.etnews.com/200403170192?obj=Tzo4OiJzdGRDbGFzcyI6Mjp7czo3OiJyZWZlcmVyIjtOO3M6NzoiZm9yd2FyZCI7czoxMzoid2ViIHRvIG1vYmlsZSI7fQ%3D%3D

ZEHE 7|8t AT EQ0{ZSH1/2)

(https://m.mk.co.kr > amp )(Of & A X| 1999)

L 2ADEQ0| PN S0l B8 HEHES &7 B8Y 4 Y=
HEUE WIS A5 98 ARHE T50l/|2 HLY,
LS TYALES TS| 93 Hoz HESE HHOA

R R T ENS/ (S

oz
ofm
dr
N
(@)
(@)
(0F)
i
5
wn
=
r
HH
w
rat
=
d
nz

—

=]
=1

HEHE 7|8 2T EQIN S (2/2)

« ETRI, S/W HEHE d4d 3 TEE T ME (COBALT,ZEE)
COMDEX Awards =4 (20023 128 9Y)
(https://www.etri.re.kr/kor/bbs/view.etri:jsessionid=87C91B8E5606F6F34E1F1D4B8E295069?keyField=8&keyWord=&no
wPage=18&b board id=ETRI07&year_gubun=&nowBlock=0&b _idx=2396&printable=true )

o St MRS A AT R(ETRI, http://www.etrirekr) ZEHESSHALEN(EIZ A4t BEARO|
NS HHBALR () N3Soft(AHE FCH)7t AE2t5H0] HEA M A|Z[(2002. 11.
182 ~229, O|= 2tAH|7IA)0| SEst ALUE 0| ME2{(COBALT Assembler)} ZZHE
HAE S H(COBALT Constructor) &8 M EZF COMDEX ™A|2|7F B Foff ME-SH=
%1491 Best of COMDEX Awards2| Development Tool 200X 29/ E AtX|, =LK
7282 MAO otAIRICE

« THE(COBALT, COmponent-Based Application deveLopment Tool, ZEZHE 7|8 S8
S/W & =FEk= ) E4+= 2001E 123811 2002 620 AZHE =&
&= THCOBALT Assemblen 2t AEHE 4d = 7(COBALT Constructon) 2 2f24 71 &l
AAHOf 7| =0|™ et HZ 0|t

M A|S| M Best of



https://m.mk.co.kr/amp/2184635
https://www.etri.re.kr/kor/bbs/view.etri;jsessionid=87C91B8E5606F6F34E1F1D4B8E295069?keyField=&keyWord=&nowPage=1&b_board_id=ETRI07&year_gubun=&nowBlock=0&b_idx=2396&printable=true
https://www.etri.re.kr/kor/bbs/view.etri;jsessionid=87C91B8E5606F6F34E1F1D4B8E295069?keyField=&keyWord=&nowPage=1&b_board_id=ETRI07&year_gubun=&nowBlock=0&b_idx=2396&printable=true

KCSC &=

- 1999

al
o
300
oK

—

Joi0
7l

oI
104
o

E ADAY EF (BOSC2022)

=
009 AEZ XHALE 7}

£

U 2

Ko
ol

E * 30007H)

on T
=
S

~
Kloor!

ZEHOZ|etsgel)

=

3

KOSTA (%!

o

.
o O

(https://www.etnews.com/200104170179)

HEA 7|20

M 23



https://www.etnews.com/200104170179

L 2 T ™ ||

BOSC 2002 B\l mess 0 bject & ///'.l
W % N % AKX PFa ﬁ ié;e Comp

- ’ Y ( 00,1801‘

- sc?o .
”e

Process Improvement/Assessment

- M 4R, CMM g2 21T =5
* (https://m.fntimes.com/html/view.php?ud=2002042421151154659 18) 20024
- O|Y|E, ®IX| x| SPICE 2|2 E& 215
« (http://www.klnews.co.kr/news/articleView.htmI?idxno=74265) 20024
-CMM 215 215 dad =T
+ (http://www.kbanker.co.kr/news/articleView.html?idxno=5307) 2002 H
-HMCAZE CMM B 5 215 &5
« (https://www.datanet.co.kr/news/articleView.html|?idxno=26878) 2005
- NIPAQ| SP QIE o 2 WH



https://m.fntimes.com/html/view.php?ud=2002042421151154659_18
http://www.klnews.co.kr/news/articleView.html?idxno=74265
http://www.kbanker.co.kr/news/articleView.html?idxno=5307
https://www.datanet.co.kr/news/articleView.html?idxno=26878

Solution Link&

(https://www.sol-link.com/)

19994 12

« SE A A0 M BEALIRE, MAF 2bE XSt d S0t T

- "2t SlE Lt

- "Swe= ZOj BHSX| ZRH”
- Software Engineering ™2 MY Z[X9| =L 2|At
- TR 3

!
L SWAIAE 2A, 87, A 7MY 9 mg
CHTYE TR RS T AIAY 2 A/
:l-

d 7g,

¢ ITScope: ZEME At2| £+

Asia-Pacific Software Engineering Conf.

« 19934, ot A2 &5 I KIAY, M2 7HE (2 #H 8l w
T FE)

« 19943, Asia-Pacific Software Engineering Conf. (=)

« 19954, ot=, Y&, S (Brisbane)

« 19964, 3rd APSEC, M& 7%

« 20044, 11th APSEC, H AL T %|

« 2014, 21th APSEC, M| 7 %]

« 2023, 30th APSEC, MZ 7HZ| o™

** (https://www.apsec-conferences.org/)

10

<
>
oot
sl
-
C
>}
(@)
[l
(@]
>}
L
n
Q
o
D
~
<
H



https://www.sol-link.com/
https://www.apsec-conferences.org/

APSEC 1996

Committees of APSEC "96

Conference Chair

on Sume
Tomgrayong Einéveasity of Paformation Toehmoiogs

Program Co-Chairs
K30 C. Kang. Fohang Univervits af of Seitisce ind Technologs
Shitg-Chi Cheun, Hony Kines Eniversicy af of Seience and Technolagy

ora-n ization Chair
Seng Min Yag, Saongaii Univorsity
Local Arangements
Mo Tlacne TTub, Korea Feiscom

TTo-Won Tung. Kovea Eniversity
Publication
500 Iong Kim, Soonguit Univeriss
Treasurer
Gyo-Sang Shin, Systers Kisginesring Kesearch hestitute
Publiolty
Moon Haz Kim, Kovkst Universiry
Secretal
oo Hnn Bas, Ko Addvanced funtitue of Soiancs and Techaalogy

Staering Commities
Foud Dl (Cniversty of Queeload Aussk)

KA Leung (Hrng: Kong Palytecniu Univecsiy, o Korg)
Poq (Wational Unizersity o Singapere. Sinapors)
Ruel Rewd (La Teobe University, Austealicd
Ninvent Shen Ulvne s Unvenits of Sciemor & Techooloy, Bosg Kong)
ct Seom: National Universis. Koren)
Stan Jurzabok {etional Lniversicy of SIgIRow.

WMessage from the Program Co-Ch

e g o APSSE 56 0t of e by v gl ssions, umd 33
et peesertations dixidel i 15 sessions. The progaim conmisce meecived 115
5 foum A

pipss subraisions: | rica, nd 81 from Asia
s v iy rieved wh et Gehd sl

e o e 1o The confirvie, Al s

5 e s aod pessaion

Curlully oo puphrs v GdeE s 1% resrlon esions with opis Soneing

dnc e Bk ot 0 . 2 wold Lk otk sl e ann who s i
v 2 en. 2 T 10 CHIRSS U Sie<1e appreciation Lo the
erahes of the Bogram Comiee aad Gt evicwes, (o U sxtndinas Sflor in

T 1 oot g s umrm\-,zuculu

i i T o o Ewns Lo b it
Tolhnatory o L g Ko af . Sngen et osivie of Sy
Tt Wil Lo o by o ol S D
ity e U o sy e, s cemfoenen. e hlieve
e e fo e sy ol B et e s i s e

- oy

i f Softwas oo g and oo ieads o s Mo il
In i, s by oy el i covring e st s s o

reiss s B EHRaon of ohjoLRated i Puacils st rarcully
e kalaros pspectives betwern prscliionees and coscarchecs, We

Fngly o s gl o e Spevcer Spp o Bob oo o s JEEE Copier
iy Fos o o o ot g

O KA of e oy aing, oo
and ape yem onjoy e progan.

e ot veleoms you 0 APSES 9

0 €, Kany
Shing-Chi Chemsg
Program Ca-Chaf

APSEC2004

C Chair’s

To i e g i

e 0 vt welcome. 10 1 of oo whos ro. paecipating in the 110k A g2 Pacif
e i Koes ey (IS, orca Soons
Togincesing. Founiaton, Satiog Tstronics, Samamng 859, LG L cronic. Kaves. FT. Inhary. Feorioion

This g v il o you e wide s of ol
o s Eeaciogia ol sagacerh. The pupose of ATSEC o brae ot rescirs s

o st o fr Korn 0 b e bt of APSEC in b yomr 2001 wbich & crgmized by Sothrrs
“voula i iy e
IS o a1 e of e pangrars Coins o s ek . s ot We bt

Kyung Whan Lee. Ph.
Chung-Ang University, Korea

= Call for Papers
11" Asia-Pacific
Software Engineering Conference
Ipsec i (APSEC 2004)
Nov. 30 — Dec. 3 2004
Busan, Korea

e rosearch The past APSEC conterences
B boen very . 115 ADSEC2004 in Busan, Korea. ADSEC2004
e i o “Also, there il be
i . e explored. We irvie youia
cetersad paper s ok

o sopics o erestnciuie, b e s i
E DesigsMethods. Sefrrs Tesing vecnion sad aidsien
mgmmmym Soffware Mainsenance, Sefrus ‘M

Tamprovement
wsmm e, Ovpecs Orieted Tochmelony aad Den Pares, Componens Sesed Sofmwure Eagueerog.

= = Enbedded & 5 Sysems, Project
Managemen:, E Soandards and Lezs] s
Tmportant D
‘Workshop, and Panel proposal Mav1s 2008
Abemracs o My 29,2004
Paper submuission Tme 12 2008
= Jme 13 2008
Motiicason of scceptace 242
ready copy due Az 76 2004
Paper Subniss
Paper submmisions will be reviewd and 1 4 relecusce 1o
5 il sburics il b s eviwes by SR Epars epSTy B0 Tl pepre. The SeCepE Papet
will e pubiished by Compn
I submisfons st be prepared in. [EEE forma (mstmicions st
ot excead 10 pages in lengtt. e wen
e Asepuate. E

2nd Panel Propos:
Apsiuma i it any e day work s Toe workstops sl provide « foren for

szchers and pracisionsrs

T ropomt o Pegen. Commnis Coske i e et s e 5 conts ot et e, macpoge
‘Alzo, APSECI004 will bave severs panel sessions i parallel with paper presentiion sessions. Penel proposals om Sofwars
Engiosering istue i SoCEL PADS Crgmioees e hpac o bt it PEopoSls. 15 ProgEa: Commates Chnk v e
information such s panal organizer's contact informaton, pasel e, it of panaiiss, pavel chair's information, 2nd & 150-words
panel stsement

Conference Committee
Confersnce Chair Program Co-Chairs Zocal trrngemers Chair
Kyung Whan Lee Do Fiwen Bee, Willism C. Ch Eeun Fyak
Cluung Ang Universicy, Korea KATST, Korea,  TumgHai Univ, Tatwan. P Chaversy Kores

For Inquiry

o available st bifpo/se kaistac iriapaec2008

ProerDoo Fiwan Hae

11




CAST International Workshop

‘95 CAST

%

1

INTERNATlONAL WORK

I e =
Dependable Software.

iT =% w
o O sEq03897Y
x | \i(E) SNENNQNREEANTA (4528 PHEEEANDAIENN U 3w EannnERSSAMHIE
AL X
«ZF A M Tz
o L= LT o
e e e
oro A 42 =M}
LS — H 1 = O
= by 8 1
Q}; B /o0 i SE @33 22
A Mw” S SRR i N hs-00.5 1ERE o5 5
LR e el 3 [2neg :
‘i;l: RRACEERES Gk B8 o302 za) L) 5 -
24 Qs 088 (@B e B =
tag ne ( A ) dhleeBlgeds. 19.co ke LR
; Wl as (33333;;."2‘ L e ; E‘M(Hsmmum) Keképostech.ac.kr . e o1
: ¥e(suem) yangBconput ing. soongsi | .ac kr ey g Bad
2A23(AR0eD) mhkinéigalaxy konkuk.ac.kr » (‘?i\?:)) ¥ (A1)
SIS EREROND)  kssungllnic. 1i.ac ke : lwaes A5
r BV TELTT ) kwlee@object . cse.acu.ac ki » A |
LBASIVRIIEY)  yrkwondsalnosa. kaist. ac.kr AR | (@2308) 3000 T
EJl2(2u0em) chonglconput ng. soongs | Skl -
| RHA(MBUED) wochisulplaza snu. ac. ki LRl
FH(sNmaD) sy.mnwunumma ARga
3 EICHIEEN ok QL
B e (e L iy
j‘&l‘ff{gfmﬁm Axelan ngg(g;m;u g? o

olFd g (st A

B

@Qﬂ(‘laﬂiﬁlm)

i

/8987 4
R
LN
9903 - s

12




M 12 2ZEQ0&e eh= 2| 1999
(1/3)

13




M 12 2ZEQ|0Ee eh= CH2] 1999
(3/3)

° *Fkﬂ 170[3:' x ﬂﬁ‘qm M e

19993 39 256U
32k BT Betlenw

7| 9H ol EAM T @ 2 wee W

= T FAl: WEAE S Az Eslo] A4
Zak W EgelAl, W 4% w4, W 2AUHAL, IBM/Sterling

® LGEDS . @ =E wEG U 269
i F 342 AE =TVFNA JHWE 2478 TE
(3) CASE =7 Hlx

o = F 24/34 REEEALY ¢£§M S 350 T
Z=0] = &), IT&)

- = SO AR =AY SE w4 SR W, W A% R,
e s

- AE A E..

19994 49 14
) T

Lol_

SEQ| O|2f=? (1/2)

 SPRi= "2 T MA SW A|EO|M et=0] X X|St= HIS2 1%
of X2 Aon, etz J& MY Lot MA B 4.7%)2 2t
TT(2.4%)0| =1kt SEfCE. (2021)
(_https://www.hankyung.com/it/article/202109206043i )

« SE ZHEO|M EH g7t 24 O0[C g Ao HF ELCH

14



https://www.hankyung.com/it/article/202109206043i

SEQ| O|2i=(2/2)?

» Convergence/Co-existence * Quality Driven Software
el S Engineering
« Safety,
* Scalability
* For Al applications,
- Uis 5.

* Top down and Bottom up
* Large scale complex IT systems,
« System of systems
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|

SWESHE(SSPL)2| H9
(SSPL: SW & Systems Product Line)

e Software Product Line:

— Share a common set of features satisfying the specific
needs for a particular market segment or mission.
(Clements & Northrop, 2001)

* Software Product Family:

— A group of related products that share common features,

components, or subsystems; and satisfy a variety of
markets. (Simpson, 2004)

» Software and Systems Product Line:

— Creates, exploits, and manages a common platform to
develop a family of products (e.g. software products,
systems products & services) at lower cost, reduced time to
market, and with better quality (Dan Lee, IS 26550, 2013)
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(Source: Standish Group, 2019)

2015
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0]= — DoD STARS (SSPL) T2 12

(1975 ~ 1995)

P e L
‘.s"’.’

STARS Program Structure

iain |

VICE

DEMONSTRATION
PROJECTS

STARS PRIME
DEVELOPMENT ORGANIZATIONS

:iaia |

-

LMTDSIARMY

FT )

TRANSITION

- RIG

« AFFILIATES

EFFORTS

- PRODUCTS & SERVICES

- TECHNOLOGY DEMO DAYS
- STARS DELIVERABLES

LMFS/AIR FORCE
COMMAND AND

CONTROL
ARCHITECTURE
INFRASTRUCTURE

STARS TECHNOLOGY BASE

Lockheed Martin
Boeing Fede([ahl‘%s)tems

Lockheed Martin
Tactical Defense

aaTes

- Software Reuse/Architecture

- Concepts, Process, Methods, Tools
« Leverage and Influence Commercial Products

- Soft

Proc: S

- Software Product Line/Megaprogramming
A - Environment (SEE) integration/Solutions

(Source: Lockheed Martin home page, 2021)
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S21018 ITEA (SSPL) T2 1
(1995 ~ 2021)

ARES

(1995 ~ 1998)
ESAPS | CAFE FAMILIES
( EAST-EEA,
ITEA 00009 )
PRAISE ITEA 2
(1998 ~ 2000) (2006 ~ 2014)
Sig e T :
| 91&: 55,000 Man/Year | ITEA 3
 0f] Ak 92' & EURO i (2014 ~ 2021)

=X SSPL =281 Z - R20_11 Spec: 2 50,000 H| 0| X|
(AUTOSAR: AUTomotive Open System Architecture, 2001 ~ & IH)

AUTOSAR Classic Release R20-11

Application Layer

Runtime Environment

Off Board

. Memory y 2 Communication
System Services ” Crypto Services Communcation .
Services % Services
Services
1/0 Hardware
Abstraction
Onboard Device Memory Crypto erele'ss : Communication )
Abetaction Hardware Hardware Communication Hardware Complex Drivers
Abstraction Abstraction HW Abstraction Abstraction
Microcontroller y . erele'zss . Communication y
X Memory Drivers Crypto Drivers Communication i 1/0 Drivers
Drivers DFIVErS Drivers

Microcontroller

* Initiated ITEA 00009 EAST-EEA project in 2001, and started to produce AUTOSAR ECUs in 2008.

* The application software layer is mostly hardware independent.

» Communication between software components and access to BSW via RTE.

» The BSW is divided into: °Services, ECU abstraction, microcontroller abstraction and complex drivers.
- Services are divided into infrastructure for system, memory and communication services.

(Source: AUTOSAR home page, 2021)
19




SSPL E3 5 - 90% of Auto Innovation

4 Volkswagen (HIAHl XS Xt BHE&=9 19) CEO expects SW to make up 90 percent of
auto industry innovation.

+ Herbert Diess, Volkswagen CEO addresses during the annual news conference in
Wolfsburg, Germany.

(Source: Reuters, March 12,2019)

=2 9| Industry 4.0 M&}

(source: German Ministry of Education & Science, 2013)

Securing the future of German manufacturing industry

Recommendations for
implementing the strategic
initiative INDUSTRIE 4.0

Co-chairs %C— (= A|- gt :
Dr. Siegfried Dais, Robert Bosch GmbH
Prof. Dr. Henning Kagermann, acatech - -
1.H#E: QAIHAERI4.022 ADIESHH HZE AL E 2&
WE spokespersons 2. F2 SUOI AT HERY HEHOI BIX A2

WG 1 - The Smart Factory

Dr. Manfred Wittenstein, WITTENSTEIN AG

A
WG 2 - The Real Environment 3.0 0HAERI4.0 2 D=
Prof. Dr. Siegfried Russwurm, Siemens AG _A |:|| xl‘ A 9—-] o-| ol DI-% A DI‘E‘E@', ﬁEE%" O'I _g_il-,
WG 3 - The Economic Environment EU-—I II‘k" [:H SwW = % %’ %
Dr. Stephan Fischer, SAP AG -

4. QIHAERI4.0 =2 21X}
WG 4 - Human Beings and Work
; - T TN XY A Yy

Prof. Dr. Wolfgang Wahlster, DFKI

(German Research Center for Artificial Intelligence) SE2I e84
WG 5 ~ The Technology Factor -H/HIES JH|
Dr. Heinz Derenbach, Bosch Software Innovations
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Industry 4.0 Initiatives of EU Countries

Digital manufacturing initiatives

Member State and Regional - level

Application PPPs: FoF, Austria: Produktion der Zukunft!®, 182 183
SPIRE

Belgium: Made Different™*

S Denmark: MADE®°
Smart Anything ;
Elabiwhiare Finland: FIMEC PPP Programmes (MANU, S-STEP, S4Fleet),

Industrial Internet Business Revolution, and IoT Pilot
ICT PPPs Factory'®®, **/

Vanguard (a  multi- France: Usine du Futur'®®

ion initiati
tegien initlative) Germany: Industrie 4.0, Smart Service World and

Autonomik for Industrie 4.0,
Italy: Fabbrica Intelligente®®
Netherlands: Smart Industry'®?

Poland: INNOMOTO, INNOLOT
Portugal: Produtech®?

Spain: Estrategia Fabricacion Avanzada'®*
Sweden: Produktion 20309

United Kingdom: High Value Manufacturing, Innovate UK**®
(Source: EU 23|21 A, 2016)

The Fourth Industrial Revolution
(Klaus Schwab, 2016)

F ‘VRUM N Y

=

WORLD WORLD WORLD
ECONOMIC EC NOMIC-*'/&;*?,. CONOMIC
v S FORUM ‘ FORUM

_ y
WORLD '
ECONOMIC
FORUM
Naa?”
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Nl 4X &HHSEHH
(CHE2A &) Klaus Schwab, 2016)

+ CIXIE 20k 4=2&=Z0F S2l&E0F Jl=2 dH|HQl
gX) Sees, &€F 10082 JHelel M2, FAl,
=2, A2l&s, EXgs S0l EJ1H2 HE|0l &

+ SEH0| 2 Jlz==2c= U3Xs, XNBRH, SHEEY,
SN, EEHMC, 2L E2E, AIE284, 3DEEE, &

+ 0l D& HE0| AHI X0 X AF/HHIAS S
=011, 33Atel Ad|A2l 2= =010, 20 Mol S
23tA12|10, Ecl2t EHHE NE = JESE,
oIt SAHCZ J|l=2 LeEdES S SollOF g MU0 US

() S R
S MA4X AFSEE 48 A=
(SSPL =4)
Technological challenges & Opportunities
f R
Virtual World ~ System-of-Systems Internet-of-Things Computing
& Multi-Core
autonomous
Safety-Critical Cloud adaptive and
Sysiems Big iata Serlices predictive control l
=y Yy Sy
Application Contexts
o i i i i i i i = Environmental &
Agricultural Inf.
Reference Designs & Architectures = Healthcare
;é = Transport & Mobility
s Seamless Connectivity & Interoperability = Nomadic Devices
§ = Private Spaces
= l I I l I l I = Smart Cities
s System Design Methods & Tools = Energy

smart use)

r "/ £ -"" .

( High-Level Vision 2030, ITEA & ARTEMIS, 2013)
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SSPLMIHEZ HE - 8=20] =2

(ISO/IEC JTC1/SC7 & KOSTA, 2003E ~2022H)

« SSPL 7HHd 1ISO =X &

= HH> iz 2 X} ni!

L &

v SSPL 7|2 2| IS0 =H| SSPL =2 o O:I l =
BEE MM

v SSPL &xnHl |SO =X

EHE HH

LGH X}, AdEH38l, LG CNS,
SK C&C, HLfYUULZE,
SR EE, MDSHIAEEX|,
OfHEZME, MO|HEX|E, T3Q,
MHEHKPMG, ZE|HIE QERE|H,
Hm| ¢, Msjof, CIE|S)o,
AMA3RZ stO|Z2'H, O|HAE,
Fo|HM™Y, st HXSHATLH,
ot ALY,

HEENMATZH SWESHIE

[ RS B

v SSPL =3 2% (KOSTA,
2011.09 - 2012.05)

¢ SSPL §34F (2011.11)

« SSPLO| 77l =00 CHst
IH EE NP SE

« SSPL 3| E=3} F&

¢ SSPL = M| =3} =H|

-

on

SSPL=3E =L &I}
(2011.9. — 2012.5., SSPLEZ J|2 X 2: 850 pages )

SWERYNGEY SSPLAE 2wOlo| SO 252970 SSPL olokst GAA A"

SSPL

{Software & System Product Line Engineering)

o|si2t &zt

Anmgjol #2¢ JIE2¥
SSPLIE
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ISO_IEC_JTC1 SC7 WG4 (SSPL Group)
(1991.1. ~ 2026.12.)

d Systems EN

goftware an

g'meer'mg

ISO/IEC
JIC1/SC7

FLAGSHIP
STANDARD

ISO/IEC JTC 1/SC 7/WG 4

Tools and environment

Dr. Dan Hyung Lee

Convenor

ISO/IEC 26550:2015

Software and systems engineering — Reference model for Product Line
Engineering and Management

ISO_IEC_JTC1 SC7 WG4

USA SSPL_Expert_list

(1/2)

Convenor
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member

SC7_WG4 Korea Dr.
ANSI USA Industry Mr
ANSI USA Standards Ms
ANSI USA Standards Ms
ANSI USA Academia Dr
ANSI USA Academia Dr
ANSI USA Industry Mr
ANSI USA NGO Ms
ANSI USA Academia Dr.
ANSI USA Industry Mr
ANSI USA Industry Mr
ANSI USA Industry Dr.
ANSI USA Industry Mrs
ANSI USA Academia  Prof.
ANSI USA NGO Mrs
ANSI USA Industry Mrs
ANSI USA Industry Ms
ANSI USA Government Ms
ANSI USA Industry Ms
ANSI USA Standards Ms
ANSI USA Industry Mr.
ANSI USA Industry Mr
ANSI USA Industry Ms
ANSI USA Industry Mr
ANSI USA Industry Dr
ANSI USA Industry Mr
ANSI USA NGO Mrs
ANSI USA Industry Mr
ANSI USA Industry Mr
ANSI USA Industry Mr
ANSI USA Government Mr
ANSI USA Government Ms
ANSI USA Industry Mr
ANSI USA Industry Mr

Lee, D.H.
Allgood, Trent
Barra, Lynn
Bennett, Barbara
Binder, Robert
Botman, Pieter
Brill, Ron
Burgess, Susan
Chrissis, Mary Beth
Crerar, Michael
Cummings, Roger
Curtis, Bill
Dahmann, Judith
Daughtrey, Taz
Dekkers, Carol
Doran, Terry
Ferreira, Monique

Fitzgerald-McKay, Jessica

Friedenberg, Debra
Garner, Jennifer
Gayle, Michael
Goris, Filip

Greer, Erin
Hachenberger, Jan
Hackos, JoAnn
Hagar, Jon

Hart, Laura
Henley, Mark
Hervey, Marcus
Hilliard, Rich
Hogan, Michael
Hunt, Theresa
Hurley, William
Joannou, Paul

24

danlee@kaist.ac.kr
trenta@anglepoint.com
Ibarra@itic.org
bbennett@itic.org

p.-botman®ieee.org

ronb@ anglepoint.com
smburgess1978 @gmail.com
mb@ sei.cmu.edu
crerarmj@yahoo.com

roger @antesignanus.com
b.curtis@ castsoftware.com

Jdahmann@mitre.org

DaughtreyH @centralvirginia.edu
dekkers @qualityplustech.com
tsdoran@optonline.net
moniferr@microsoft.com
imfitz2 @nsa.gov

debbie@ northbaytesting.com
jgarner@itic.org

smg558@ gmail.com
filip.goris@corvid.com
ering@anglepoint.com
j-hachenberger@anglepoint.com
joann@jhackos.com
jon.d.hagar@gmail.com
LAURAEHART1@GMAIL.COM
mhenley51@twc.com
marcus.hervey@secureapps.com

r.hilliard@computer.org

michael.hogan@nist.gov
theresa.hunt@navy.mil
whurley@strangeworks.com

pauljoannou@rogers.com
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ISO_IEC_JTC1 SC7 WG4

USA SSPL_ Expert_list

(2/2)

Member ANSI
Member ANSI
Member ANSI
Member ANSI
Member ANSI
Member  ANSI
Member ANSI
Member  ANSI
Member ANSI
Member ANSI
Member ANSI
Member  ANSI
Member ANSI
Member ANSI
Member ANSI
Member ANSI
Member ANSI
Member  ANSI
Member ANSI
Member ANSI
Member ANSI
Member  ANSI
Member ANSI
Member ANSI
Member  ANSI
Member ANSI
Member ANSI
Member  ANSI
Member  ANSI
Liaison INCOSE
Liaison INCOSE
Liaison INCOSE
Liaison INCOSE
Liaison INCOSE

SSPLAIAIEZ MIE & -

USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA

Government Mrs
Industry Mr
Industry Mr
Industry Mr.
Industry Mr
Industry Mr
Industry Mr
Industry Mr
Industry Ms
Academia Dr
Industry Mr
Industry Mr
Industry Ms
Standards Ms
Industry Dr
Industry Mr.
Government Mr
Industry Mr
Industry Mr
Standards Ms
Government Mr
Government Mrs.
Industry Mr
Industry Dr
Government Mr
Government Mr
Industry Mr
Academia  Dr.
Academia Dr.
Industry  Dr
Industry Mr.
Industry Mr.
Industry Dr
Industry Mr.

Jones, Cheryl
Knapp, Tim
Kocab, Jiri
Kurihara, Thomas
Larkin, Pete
Lauwereys, Filip
Liu, Michael
Marnell, Matt
Moss, Michele
Nidiffer, Kenneth
Opheim, Nathan
Palladin, Alexey
Penn, Mary Lynn
Porter, Rachel A.
Reilly, Annette
Roedler, Garry
Ross, Ronald
Savage, Donnie
Shepherd, Richard
Spittle, Deborah J.
Stanton, Brian
Theofanos, Mary
Tozer, Raymond

Van Hove, Suzanne D.

Wagoner, Larry
Waltermire, David
Wesolowski, Charles
Wilson, Mary
Zubrow, David
Clements, Paul
Crowder, Kenneth
Kitterman, Dick
Krueger, Charles
Lerat, Jean-Philippe

(2006 ~ 2026 )

cheryl.l.jones128.civ@mail.mil
timkna
jkocab@cisco.com

cisco.com

tkstds @mindspring.com
pete.larkin@anglepoint.com
filip.lauwereys @corvid.com
michael.liu@anglepoint.com
mmarnell@flexera.com
moss_michele@bah.com
nidiffer@sei.cmu.edu
nopheim®@cisco.com
alpallad@cisco.com
pennpmc@comcast.net
rporter@itic.org
annette.reilly@computer.org
garry.j.roedler@lmco.com
ronald.ross @nist.gov
dsavage@ cisco.com
richard.shepherd@raioam.com
dspittle@itic.org
bstanton@nist.gov
mary.theofanos @nist.gov
rtozer@theraycyngroup.com
sdv@practical-itsm.com
Ildwll@aol.com
david.waltermire@nist.gov
c wesolowski@bellsouth.net
mwilson@sei.cmu.edu
dz@sei.cmu.edu
pclements @biglever.com
kvcrowder@aol.com
rkitterman@cox.net
ckrueger@biglever.com
jplerat@sodius.com

18 Standards
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4 1S 26550:
4 1S 26551:
4 1S 26552:
4 1S 26553:
4 1S 26554:
4 1S 26555:
4 1S 26556:
4 1S 26557:
4 1S 26558:
4 1S 26559:
4 1S 26560:
4 1S 26561:
4 1S 26562:
4 1S 26563:
4 1S 26564:
4 1S 26565:
4 1S 26566:
4 1S 26580:
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Reference model for product line engineering and management
Tools and methods for product line requirements engineering
Tools and methods for product line architecture design
Tools and methods for product line realization

Tools and methods for product line testing

Tools and methods for product line technical management
Tools and methods for product line organizational management
Tools and methods for variability mechanisms in SSPL
Tools and methods for variability modeling in SSPL
Tools and methods for variability traceability in SSPL
Tools and methods for product line product management
Tools and methods for product line technical probe

Tools and methods for product line transition management
Tools and methods for product line configuration management
Tools and methods for product line measurement

Tools and methods for product line maturity framework
Tools and methods for product line texture

Tools and methods for the feature-based approach to SSPL
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Trillion Sensor Visions

100,000,000,000,000
/D
10,000,000,000,000
1,000,000,000,000 L 4
3 i
@ 100,000,000,000
>. ’ ’ ’ \* /
5 S
8 >
<  10,000,000,000 [0 "Abundance"
Q ’ ’ ’ " ‘
% = el A QCOM Swarm Lab, UCB
/ 4 Bosch
1,000,000,000 e? B Hewlett-Packard
,el @ Intel
v, B TIInternet devices
100,000,000 Yole MEMS Forecast, 2012
TSensors Bryzek's Vision
——— 10 year slope
10, ,000 Mobile Sensors Explosion
2007 2012 2017 2022 2027 2032 2037

(Source: EU, Multi Annual Strategic Research and Innovation Agenda, 2016)
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High Priority Technologies
(ISO/IEC JETI, 2022)

Hl 2022 Top Technology Rank (JTC 1 entities + National B«

High Official
Rank Top Technology Importance% Interest% plan%
1 Data privacy 80.6% 52.8% 30.6%
2 Intelligent computing 66.7% 33.3% 8.3%
3 Green Tech 63.9% 52.8% 27.8%
4 Al Engineering 50.0% 41.7% 13.9%
Privacy-Enhancing o - .
5 Computation 50.0% 36.1% 8.3%
6 Remote Education/Learning 47 2% 38.9% 19.4%
7 5G/6G 47 2% 33.3% 8.3%
8 Distributed Cloud 47 .2% 27.8% 11.1%
9 Quantum Computing 44 4% 38.9% 16.7%
10 Al as a Service 44 4% 36.1% 11.1%

* SW for Quantum Computing

24
27



Q & A

&) A=




- SSPL =

P, SEPG 2007 Suzhou, China)

J01)|

H
[k

(CMU

_|

Carnegie Mel STTRGTT
2007.12.12- 14 % 1  “Soues

M ERiay X E
¥ & A2 ok vk X A AR

Xatts Humphrey
#e At AT 2 S
ES S S B S

John Vu
A H A R

‘ AR P BB AL 2

Steve Masters
SEl % 2% CMMI % 3
fa ik H A AFEMH B

Dan Lee

b BY £ A A kA F
# A S AE ok
ot indn X F

EUILD .Hd3S

pue Buusauibua Jaybiy Joy aseq Jamod e buipjing

2= - SSPL £

(2= 8% $3J, 2008 Osaka, Japan )

INEBEEE (W) Profiles

BIFWME  Ivited Speakers
I

Dieter Rombach :

p — —~
| NRIVETE ‘
B £ Chairman ICRURN Panelists
| BR &4 | i ez | 1y w8
2 Ao | :__‘y/ — ~ e
| s o | E5
| Dan Hyung Lee
3 i
3 | | HE =B | #8 =
h, | ﬁ AmATRE T
‘A i"». | — —

Gargi Keeni




DENSO (/2

AL Manji Suzuki <manji@rd.denso.co.jp>
AtEh: danlee@icu.ac.kr
=X}t 2008-03-03 (&) 2= 11:20

L nZ HT
= rrre

X|=: Your slides on Feb. 27th in Osaka

Dear Prof. Dan Hyung Lee,

I'm sorry if you feel any inconvenience with my sudden email.
My name is Manji Suzuki, who works for DENSO gmain supplier
to Toyota), and |'was an audience of your presentation on Feb.
27th in Osaka.

I'm impressed with your presentation.

If possible, I'd like to have vour slides in pdf.

We i _y . .
development, and my position is almost the center of it.

Best regards,

Manji Suzuki
ZY

DENSO (2

= 2 Verification results for the development of
Drive assist system drive assist application within the

= - €OmMpany(Only application functionalities are
empment. St msnaerREn lver et Development period for new 9evelored)

application vehicle motion system s 2
e e opion | Suke managenth functionality Parallel development
of equipment and
ACCle> i applications
4 applications 1/ 2
ISA w>
w; | Development effort for new
®  IF spec compliant to AUTOSAR*VLC spec functionality aDgrel[ggl;]en th nouf ol
eActual control data(ex:60km/h=24km/h, 0.25G deceleration) without consideration of
| - _/Tafget acceleration

e v

0G
0.95G W "-‘ 3
= — ! 8 /Vl" i

Efforts for variant deployment

24:....,’h : — . Target drive torque
D e | oAt Separation of
i ¥ i
2 individual equipment
Nt *.':f ‘ ;\“.Z T ':< e i S performance from
s st ST Adual control torque 6 application control
Application can be developed without consideration of 1/ E 3

vehicle motion system.

Traditional structure New structure

(Source: Denso, 2013) 30
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Cummins Diesel Engine - brief

(Source: Cummins, Alan Kneisz, 2020)

Leading the EVolution in Heavy Duty Platforms

Hydrogenics’ HD Platform leads the market

» Experience: Over 2500 systems working and deployed globally
in Mobility and stationary applications
Leading in Transport Applications:

»  Worlds largest fuel cell bus fleet in China

+ First Commercial Fuel Cell trains with Alstom in Europe
* NewHeavy Duty Trucks platforms with Scania and UPS

Worlds only MW{uel cell running 24/7 Tru -
b/ ALsTOM
sted by the worlds leading companies:

W ocman Q Tora A @Fngn @
J' Cumurins_J

Cummins Diesel Engine - product types

Agriculture (44) Lighting Towers (12) Pump (8)

Bulk Haulers and Tankers (4) |Marine (39) Rail (G-Drive) (31)
Cogeneration (2) Marine Auxiliary Engines (20) |Rail Engines (24)
Commercial Industrial (44) Marine Generators (16) ReCon Marine (8)
Commercial Marine (28) Marine Engines (20) Recreational Marine (25)
Commercial Mobile (8) Medium-Duty Truck (30) Refuse (9)

Compressor (6) Military / AMMPS (2) Rental (G-Drive) (39)
Construction (54) Mining Engines (28) Rental Generators (18)
Crushing / Mining (38) Mining Generators (10) Repower (2)

Data Centers (7) Mission Critical (1) Residential Standby (1)
Drilling (13) Mobile Power (6) School Bus (15)
Dynamic / Rotary UPS (12) Motorcoach (13) Small Business Standby (3)
Euro Truck and Bus (13) Motorhome Engines (24) Standby (G-Drive) (39)
Fire and Emergency (33) Motorhome Generators (11) Standby Power (2)

Fire Pump Drives (8) Natural Gas Engines (10) Telecom (7)

Gas Compression (10) Oil and Gas (G-Drive) (42) Transfer Switches (6)
Healthcare (4) Oil and Gas Engines (48) Transit Bus (32)
Heavy-Duty Truck (35) Oil and Gas Generators (1) Truck Body Builders (13)
High power Industrial (5) Paralleling Controls (6) Underground Mining (3)
Intermodal (23) Pickup Truck (7) Water Treatment (3)
Light Commercial Vehicle (3) |Portable Generators (3) Well Servicing (28)
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SSPL Success in Cummins (1995 ~ 2010)

(source: Cummins, 2010)

Normalized Product and People Growth Versus PL Architectures
12
= 1.0
s 5
=
§ 0.8 g
2 H
] 0.6 S
°
£ g
H 04 %
=
; 3
z 02 &
; + 0.0
Pre-PL PL1 PL2
PL Architecture
[——nNormalized products / yr —— Normalized ppl fyr / prod |
33

SW Tools of Cummins

Requirements

CI SRR )
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SSPL Consulting NDA between Cummins & KOSTA

(2022. 10. 14.)

10 Notices

Any notices from either party to the other will be given in writing to the attention of
the persons listed below, or to other such addresses or addressees as may hereafter
be designated in writing for notices by either party to the other.

If to Cummins
Cummins Inc.
Law
Department
500 Jackson St.
Columbus, IN 47201 (USA)

If to KOSTA

Korea Software Technology
Association ATTN: Dan Hyung Lee
(Chalrman & CEOQ)

SEOUL 07324, Korea

IN WITNESS WHEREOF, the parties hereby, or authorized agents thereof, have
executed this Agreement, which shall be binding upon them and their respective
successors and assigns, as of the day and year first above written

Cummins % T 5/ Korea Software Technology Association
Signed: Z, signed:_ | ¥ \'1 am

Printed: Ryan Day Printed: Tae Kwon, Yune

Indirect Purchasing Leader

Title: Title: Vice Chairman
Accepted and agreed to this Date: Accepted and agreed to this Date:
10/14/2022 10.12.2022. 35
- = H st=2X| A &=
loT SC(SC41) b & et= =
(ISO/IEC JTC1 8t= = It =, 2016. 11. 10.)
o KNB Support | KNB Support | KNB Support K"?ﬁ_‘;‘(’,;”" Ralsys EEEdbEsHD
(11.07) (11.08) (11.09) EEIES WG7 WG9 WG10 | WG11 | Wearable | Chair |Secretariat
Ireland Support Support Neutral Neutral [e] X (o] X [e]
Norway Neutral Neutral Neutral Neutral [¢] X [¢] X [e]
Germany Neutral Neutral Neutral Support [e] X [e] X [e]
us Neutral Support Support Support [0} X o X o
Canada Negative Negative Neutral Support [¢] X [©] [e] [¢] o
China X
India Support Support Support Neutral
Russia Neutral Neutral Negative Support ?
Austrailia Neutral Negative Negative Neutral
Finland Neutral Neutral Negative Support
Netherland (TBD) (TBD) Negative Neutral [e] X [e] X [e]
Singapore Support Support Negative Support 0] X o X o
South Africa Support Negative Neutral Support o SC32 (e] X [e]
France Support Neutral Neutral Support [e] X [e] X SG(?)
Japan (TBD) Neutral Support Support SC38 (e]
UK Negative Negative Negative Neutral o) X o 0 o
Sweden Neutral Negative Negative Support (TBD)
Lebanon (TBD) (TBD) Negative Neutral [¢] X [e]
Korea Support Support Support Support [¢] X (o] X [e]
X% 6 5 4 1|
58 7 6 6 7 |
el 2 B i8] o__ | | |
o s 2 u u \ \
Al 18 18 18 18 1_ }




et - 10T MAHIEZE 2 A== 8 Y

(ISO/IEC JTC1 &3] 2| Z AL, 2016. 11. 10.)

Resolution 12 — Establishment of JTC 1 Subcommittee SC 41, Internet of Things and related
technologies
JTC 1 establishes a Systems Integration entity (see SD 24, Systems Integration Standardization

Guidelines) in the form of a new Subcommittee 41 on Internet of Things and related technologies
initially comprising the work of JTC 1/WG 7 and JTC 1/WG 10.

Title: Internet of Things and related technologies
Scope: Standardization in the area of Internet of Things and related technologies.

1. Serve as the focus and proponent for JTC 1's standardization programme on the Internet of
Things and related technologies, including Sensor Networks and Wearables technologies.
2. Provide guidance to JTC 1, IEC, ISO and other entities developing Internet of Things related

applications.
Administrative support and leadership of SC 41 will be provided as follows:
The National Body of the Republic of Korea will serve as Secretariat for SC 41. The Secretariat has

nominated Francois Coallier to serve as the Chair for SC 41. The J1C 1 Secretariat will issue a call for
membership in SC 41.
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GENTER FOR REAL-TIME EMBEDNED SYSTEMS TEGHNOLOGY I{Eg\

Realtime Software Engineering
for Embedded Systems

2022.12

CREST (Center for Realtime Embedded System Technology)
http://realtime.ssu.ac.kr, Doc Version 0.9.2

Once upon a time,
There were...

« CDC 6600: Fortran & Cobol (1973)
 Zilog Z80 Microprocessor & PBX (1978)
- BMD (Ballistic Missile Defense) (1981)

« “Timing Specification and Verification for
Fault-Tolerant Distributed Computer Syst
(Ph.D. Dissertation, 1986.12)

&

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr

35


http://realtime.ssu.ac.kr/

BMD Scenario (1981)
/ - BMD‘Mission' ' \

Booster Fragments

Low Spesd Fragments Decoys
and Cartain Descoys Reentry Vehicles

-
- .

Medium Speed
Fragments
)

High Speed
Fragments
ecoys

Pyt

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr

- Can We Make Dependable Software,
especially for Realtime Embedded
Systems?

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr
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‘99 CAST Int'l Workshop

| cud I | ] =
‘ _W

‘95CAST INTERNATIONAL WORKSHOP

Workshop on Engineering of Highly Dependable Software.

BHIBIANND JBNUFA 18528 SAEBIMNND ATEQHUGETAE  fE3aupe3RAMATENNIREN

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr

2001 L9/

ol=g
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Three Aspects in Realtime
Emhedded Systems

¢ Realtime-ness
e Robust-ness

¢ \arious-ness

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr

Realtime Software Engineering

« RSE is the Software Engineering for development of
Realtime Embedded Systems which are characterized
by realtime-ness, robust-ness and various-ness.

« My research interests included
+ Realtime-ness [I Realtime Object (RTO) Model &

Realtime Kernel
* Robust-ness 1 Fault-Tolerance &

Integrated Diagnostics

-~ 1

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr
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Why: Integrated Diagnostic S/W

« For robust embedded system, we need
+ Good testing
+ On-line monitoring (including exception handling)
+ Off-line monitoring
+ Fault-tolerance

* Integrated Diagnostics Software is software for fault
detection/isolation/tolerance through the life cycle of
embedded systems

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr

What: Integrated Diagnostic S/W

Test

On-line
Pre-mission Monitoring
Checking —
\
\\
Post-mission Software
Inspection Fault
Tolerance
CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr
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How: Integrated Diagnostics S/W

« Suggest test procedures and methods for system
components as well as for the integrated system

« Suggest fault tolerance schemes appropriate for the
system

+ Develop off-line monitoring system
+ Develop on-line monitoring system

* Integrated Diagnostic Process should extract the
requirement of the diagnosis software from the system’s
requirements

¥

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr

What makes RSE Different and Difficult
D

Logic

Requirement (L)

Reliability
Requirement (R)

Temporal
Requirement (T)

o R&T are directly affected by kernel and target architecture and
they are dependent

.

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr
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Logic
Requirement (L)

Reliability
Requirement (R)

Temporal
Requirement (T)

2022-12-09
CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea

13 &0

http:/ /realtime.ssu.ac.kr
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CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea

¥

http:/ /realtime.ssu.ac.kr
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CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea http:/ /realtime.ssu.ac.kr
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[ The First Korean Software Engineering Conference
. (KEC 99)
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Object-Oriented Software Engineering

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea

http:/ /realtime.ssu.ac.kr
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5. 00 Testing & Maintenance

6. OODB Design using C++

CREST(Center for Real-Time Embedded System Technology), Soongsil Univ, Korea
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Evolution of SE Technologies
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Prologue

“There are no shortcuts in evolution”

Louis D. Brandeis

“Creativity involves breaking out of
established patterns in order to look at things

in a different way.”

Edward de Bono

POSTECH

pyright © 2022 I H
SE Lab., Dept. of CSE
, R.0. Korea

POSTECH,

About me

At the University of Michigan (ISDOS Project)

Developed requirements engineering and meta modeling techniques
and tools (PSL/PSA, Meta System)

At Bellcore and Bell Labs
Experienced software reuse issues in industry

At SEI

Explored reuse issues
Developed FODA, a commonality/variability analysis method

At POSTECH
Experienced SE problems in industry
Extended FODA and created a successor (FORM)
Developing a CASE environment (ASADAL, VULCAN)

At Samsung Electronics
Application of SE techniques to HW engineering
Reengineering of SW products
P?STECH

opyright © 2022 I H
Dej f CSE H

SE Lab., Dept. of
POSTECH, R.O. Korea
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Agenda

Prologue

Technology Evolution: Looking Back
Driving Forces of Technology Evolution
Technology Evolution: Looking Forward
Epilogue

POSTECH

Copyright © 2022
SE Lab., Dept. of CSE
POSTECH, R.0. Korea

Evolution of Computing Technologies

Stand-alone Interoperate >

1970's 1980's 1990's 2000's 2010’s-2020’s

Dumb
Terminal

i

Servers

. Personal Computers

Desktops

J /

PDAs,Pagers, etc.

Mainframe
Computer

$
-@‘)) -ID;®3\
{ 9,
04‘1;\

Dumb
Terminal

d Network d + Wireless
etwork

Environment
y Boundary)

J

Security Self-Adaptiveness

ainframe Desktop
mputing mputing
| Feature Interactions
N Bottom-up integration
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Images from: 1) “Information Model: The Key to Integration,” AutomatedBuildings.com Article, Jan. 2002.;
PCOS_IEZEZ:ZH 2) Judy Quinn, “Why switch from Desktop to Cloud Project Management Software?,” Project Management Articles, Apr. 8, 2012.
SE I‘.’:Ir.r.llg)ept. of CSE u
POSTECH, R.0. Korea 6
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Looking Back: 60°s and 70°s

Programming Language

Problems: Coding

Technical developments:
Abstraction of hardware machine
Creation of logical machines and languages
Development of compilers for “specialization”
Attempted to raise the level of abstraction

= Creation of 1st, 2"d and 3™ generation languages

POSTECH

ab., Dept. of CSE I H
Korea

Looking Back: 70’s and 80°s

Methodology and Code Generator
Problems: Problem complexity; analysis and design

Technical developments: Methodologies and support tools
Requirements models and languages

Attempts were made to generate code from requirement
specifications, but failed;

POSTECH

Dept. of CSE I H
Korea

EEEEEEEEEES___————— T TTI——
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Toward Automating the Software Development Cycle:

“A team of programmers or users would focus their
efforts on developing specification of a user’s
requirement. Then an intelligent system would write
the program in much the same way that today’s
compilers generate machine code from high-level

languages.”
Karen A. Frenkel, 1985

-Psi Project at Stanford University
-Chi Project (Knowledge-Based Software Assistant) at Kestrel Institute
-Programmer’s Apprentice Project at MIT

POSTECH

e IS

My experience at the ISDOS Project i 70s- Early 80's)
Led by Late Prof. Daniel Teichroew

Separation of representation (views) from the model
with increasing number of analysis needs

Separation of system “aspects” with widening
application areas

Meta modeling (to handle evolution the language and
tools)

CASE tools (PSL-Problem Statement Language/PSA-
Problem Statement Analyzer, Meta Generators,
Report Specification Language/Report Generator, etc.)

POSTECH

e IS




Separation of “system aspects” with diverse
application areas

From batch processing systems to real-time reactive
systems

Creation of a meta modeling technique and support
tools such as a report specification language (much like
XML)

“Generalization” in modelling and support tool
development (much like Eclipse)

POSTECH

ab., Dept. of CSE ” I I
Korea

Looking Back: 80°s thru 90’s

Reuse and High-Productivity Techniques
Problems: productivity and quality; Resource sharing
among projects
Technical developments:

Software libraries

Design patterns

Architecture styles

Stepwise refinement/transformation
Model-driven software development

POSTECH

Dept. of CSE w I I
Korea




Evolution of Reuse Concepts

70’s 80’s 90’s

Code Reuse .4

&2-p------14-------+

‘84 ‘87
| Reusable Code Components Object-Oriented Ljbrary (e.g., The Booch C++ Component, libg++, etc.)
i Design Reuse i
i | Design Patterndl ‘94 PLOP conference
i i ‘96 Anti Patterns
i o _E 92 93 Software Architecture
E i DoD Programs
i i Architecture Style
76 DeRemer and Kr0|?, Module Interconnection Language (MIL) E
k- ‘-"""""""""""""""'d:""""'_"'_‘_'_""‘_'_'_'_'_"'_'_ """""""""""" :L Architecture Description Language

i ! ‘94
| ‘84 i Domain Analysis
i e :
E Jim Neighbors Draco i

‘68 ! : ; 94 CBSE

------------------------- b mmm e e e mmme g mmccmm e ———————— ————————

Doug Mcllroy ! , Software

77 Yoshihiro Matsiumoto Software Factory i ‘96 . Product Line
‘76 David Parnas Progi’am Families i I
POSTECH

Copyright © 2022
SE Lab., Dept. of CSE
POSTECH, R.0. Korea

Code Reuse

F Practices:
¢ Generic library reuse
¢ Copy and paste of application level code

F Issues:
¢ Structural mismatch between applications was a major impediment to reuse.

AN . -
gy Reuse of design must occur prior to code reuse.

POSTECH

Copyright © 2022
SE Lab., Dept. of CSE
POSTECH, R.0. Korea
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Design Reuse

B Technologies:

¢ Design Patterns.!"]

= Design should be specific to the problem at hand but also general enough to
address future problems and requirements.

¢ Anti Patterns.l2

= |t is useful to show the presence of certain patterns (AntiPatterns) in unsuccessful
systems.

¢ PLoP (Pattern Languages of Programs) conferences.5!

= Authors have the opportunity to refine and extend their patterns with help from
knowledgeable and sympathetic fellow pattern enthusiasts.

[1] Erich Gamma, Richard Helm, Ralph Johnson and John Viissides, “Design Patterns: Elements of Reusable Object-Oriented Software,”
Addison-Wesley, 25! Printing October 2002, pages:1-31.

[2] William J. Brown, Raphael C. Malveau, Hays W. McCormick Ill and Thomas J. Mowbray, “AntiPatterns: Refactoring Software,
Architectures, and Projects in Crisis,” John Wiley & Sons, Inc., 1998, pages:3-14.
POSTECH [3] “PLoP 2004 Conference,” http://hillside.net/plop/2004/.
Copyrignt ©2022 I H I
SE Lab., Dept. of CSE H‘

POSTECH, R.0. Korea

Design Reuse

F Practices:
¢ Low level design patterns
¢ Copy other design

F Issues:
¢ Adesign made for a specific application context had low reusability.

§> A common design framework (called architecture)
must be established to promote reuse of design.

POSTECH

Copyright © 2022 I H
SE Lab., Dept. of CSE H‘

POSTECH, R.0. Korea
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Software Architecture

F Technologies:
* Architectural Styles.[4]

- Some architectural styles are broadly-used.

- They provide a reuser with the concentrated wisdom of many preceding
designers faced with similar problems.

 Architecture Description Languages (ADLS).[5]

- To support architecture-based development, formal modeling notations and
analysis and development tools that operate on architectural specifications
are needed.

[4] David Garlan and Mary Shaw, “An Introduction to Software Architecture,” tech. report CMU-CS-94-166, ESC-TR-94-21, Software Eng. Inst.,
Carnegie Mellon Univ., Pittsburgh, January 1994.

[5] Nenad Medvidovic and Richard N. Taylor, “A Classification and Comparison Framework for Software Architecture Description Languages,”
Technical report UCI-ICS-97-02, University of California at Irvine, 18 June 1997.

POSTECH

Copyright © 2022 I
SE Lab., Dept. of CSE
POSTECH, R.0. Korea

Software Architecture

F Practices:
¢ Discovery of architecture style
¢ Architecture description language

F Issues:
¢ |tis difficult to define generic architectures that will promote design reuse.

N
== Domain specific architectures must be established.

POSTECH

Copyright © 2022 I
SE Lab., Dept. of CSE
POSTECH, R.0. Korea
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Domain Analysis

B Technologies:

* Feature-Oriented Domain Analysis (FODA).[6]

— FODA is a method for discovering and representing commonalities among related
software systems.

* Domain Specific Software Architecture (DSSA).[7]

- A DSSA can be partly seen as a reference architecture, a meta architecture describing
a known solution for a particular domain.

[6] K. Kang et al., “Feature Oriented Domain Analysis (FODA) Feasibility Study,” tech. report CMU/SEI-90-TR-21, Software Eng. Inst.,
Carnegie Mellon Univ., Pittsburgh, 1990.

[7] Hans de Bruin, “Domain-Specific Software Architecture,” http://www.cs.vu.nl/~hansdb/state/node14.html.
POSTECH

Copyright © 2022 I
SE Lab., Dept. of CSE
POSTECH, R.0. Korea

Domain Analysis

F Practices:
¢ Methods for analyzing a domain and developing architectures

P |ssues:

¢ Establishing / scoping the boundary of a domain was difficult.
¢ Up-front investment is high.

“T?/ ¢ Business context specific scoping is necessary.
e Various process models are necessary.

POSTECH

Copyright © 2022 I
SE Lab., Dept. of CSE
POSTECH, R.0. Korea
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Looking Back: 1990°s thru 2000°s

Strategic Reuse Complying with Market Needs;

New Computing Environments (Ubiquitous Mobile

Computing, Cloud Computing, Service-Orientation)
Problems: Competition to reduce “time-to-market”; Mobile
and pervasive computing

Technical developments:
Product Line Engineering: Strategic software reuse
with the focus on targeting market segments.

Ubiquitous Computing: Pervasive, mobile, context-
aware, and self-healing systems; reflective
middleware.

Context-free Computing: Open API
POSTECH

p CS

Feature-Oriented Domain Analysis (FODA)

ssssssssssssssss

mmmmmmmmmmm

Feature-Oriented Domain Analysis
(FODA)
Feasibility Study

MW

Kyo C. Kang
Sholom G. Cohen
James A. Hess
William E. Novak

A. Spencer Peterson

mmmmmmmmmmmmmmmmmmm

Software Engineering Institute
Camegie Mefion Univ
nsylva

POSTECH
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As of Dec., 2022

Feature-oriented domain analysis (FODA) feasibility studyKC Kang, SG Cohen, J 5668 1990
A Hess, WE Novak, AS Peterson

Carnegie-Mellon Univ Pittsburgh Pa Software Engineering Inst

FORM: A feature-; oriented reuse method with domain-; specific reference archite 1625 1998
cturesKC Kang, S Kim, J Lee, K Kim, E Shin, M Huh

Annals of Software Engineering 5 (1), 143

Software reuse research: Status and futureWB Frakes, K Kang 1040 2005
IEEE transactions on Software Engineering 31 (7), 529-536

Feature-oriented product line engineeringkC Kang, J Lee, P Donohoe 854 2002
IEEE software 19 (4), 58-65

Concepts and guidelines of feature modeling for product line software engineering 559 2002
K Lee, KC Kang, J Lee

International Conference on Software Reuse, 62-77

Issues in requirements elicitationMG Christel, KC Kang 508 1992
Carnegie-Mellon Univ Pittsburgh Pa Software Engineering Inst

Feature-oriented domain analysis feasibility studyKC Kang, SG Cohen, JA Hess, 266 1990
WE Novak, AS Peterson

SEI Technical Report CMU/SEI-90-TR-21

Feature-oriented domain analysis (FODA) feasibility study. Software Engineering | 253 1990

nstituteK Kang, S Cohen, J Hess, W Novak, AS Peterson
Universitas Carnegie Mellon, Pittsburgh, Pennsylvania

POSTECH w

Copyright © 2022
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Feature Model Genealogy

Original Feature Model
(FODA)
(KC Kang et al., 1990)

I
FORM Feature
Model

FeatuRSEB
Feature Model

(KC Kang et al., 1998) (ML Griss et al.,

1998)

—

Van Gurp et al.

Feature Model
(3 van Gurp et al., 2001)

PLUSS Feature
Model

—

Hein et al. Model
(A Hein et al., 2000)

Generative
Programming (GP) __
Feature Model
(K Czarnecki et al., 2000)

Riebisch et al.
Feature Model

(M Riebisch et al., 2002) (K Czarnecki et al., 2002)

(M Eriksson et al., 2005)

POSTECH
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GP-Extended
Feature Model

Cardinality-Based
Feature Model
(K Czarnecki et al., 2004)

Benavides et al.

Feature Model
(D Benavides et al.,
2005)




Product Line Activities

Fourth International Workshop on ®

Variability Modelling of 13th International Software

Software-intensive Systems Product Line Conference (SPLC)
ucelebrating 20 Years Of Feature MOde‘Sl‘ August 24-28, 2009 | Airport Marriott, San Francisco, CA, USA

Johannes Kepler University Linz, Austria — January 27-29, 2010 o
/ Kyo Chul Kang, Ph. D.

FODA: Twenty Years of Perspective on
Feature Models

After receiving his Ph.D_ from the University of
Michigan in 1982, Dr. Kang worked as a visiting
professor at the University of Michigan and as a
member of the technical staff at Bell
Communications Research and AT&T Bell
Laboratories. He joined the Camegie Mellon
Software Enaineering Institute as a senior member of the technical staff in 1987 He
rofessor at the Pohang University of Science and Technology
Korea. He served as director of the Software Engineering Center at
ion Technology Promotion Agency (KIPA) from 2001 to 2003. Also,
reneral chair for the 8th International Conference on Software Reuse
Madrid, Spain in 2004 and as general chair for the 11th International
sonference (SPLC 2007) held in Kyoto, Japan in 2007.

c@

niversity of Mlchlgan he was involved in the development of
__:quirements engineering tool system, and a Meta modeling

fQ%uzzF -,
§% ce then, his resea(ch has focused on software reuse. While on leave
omoted the use of the SEI's Capability Maturity Model (CMM) in

%.,'
<
'e:~ rent research areas include software reuse and product line

Cekbum Event Hangov« qi , and pi ded software

Congratulations to
K0 €. Kang
VaMoS 2010

"'m,_Llnz, Austria ..+
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Domain Oriented Reuse and Software Architecture
Problems: Diverse market needs, Short time-to-market

Technical developments:
Systematic software reuse

Domain Analysis Technology: FODA, Faceted
Classification, KAPTUR, FAST

Software Architecture: Architecture Style, Architecture
Description Language

DSSA (Domain Specific Software Architecture)

Generative programming/Domain-specific application
generator

POSTECH

Copyright © 2022
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POSTECH, R.0. Korea
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Agenda

Driving Forces of Technology Evolution

POSTECH

ab., Dept. of CSE I I |
Korea

Driving Forces of Technology Evolution/Development

Expansion of application domains
Engineering, business, u-health, ...
Evolution of computing platform/environments
Batch, time-sharing, distributed, ubiquitous ...
Evolution of development environments
In-house, Sl, outsourcing, open source, ...
Changes in business environments

Customer-centric, platform-centric (application
platform), ...

Development of new technologies
Compiler, formal verification, machine learning, big

data ...
POSTECH
SE",‘_’;’Q’:‘g:;?_i}’ZCZSi I HH ||
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POSTECH
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B

Ecosystem of Technology Evolution

SW technologies <:> -Computing W
- Networking/communication
* Methods/ Processes/ infrastructure
Tools - Application environment
(e.g., Mobile)

Y7

- New application areas
- Business environment

Agenda

Driving Forces of Technology Evolution
Technology Evolution: Looking Forward

63




Evolution of Software Engineering Technologies

Technical Trends

IELDE] Automatic
Systematic Context-aware
Ad-Hoc Approach :
Approach Self-adaptive SW
Incidental Embedment of
Application of aMneéhods Software
Engineering Tools Engineering
Principles Knowledge in
the System
» Modularization = Commonality and ® Monitor and
w Information hiding variability analysis dynamic reconfigurator
» Encapsulation = Parameterization ® Dynamic binding _
= Template framework ® Architecture reconfiguration
. ® Self-healing

® Runtime Verification

Security Self-Adaptiveness
Feature Interactions

POSTECH 4

Copyright © 2022
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SE Technology Trend

T e

Requirements

Specific I-E\zs?z;lzar?sd Con:ext-aw_are
Engineering g g Self-adaptive
Systems
Engineering
-A single system -A family of systems -A dynamically
-Integration rules reconfigured system
-Asset verification -Run-time verification
-Asset specification
-Adaptation rule specification -Application of ML
techniques
POSTECH

Copyright © 2022
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Machine Learning Technologies

F MACHINE LEARNING APPLICATIONS IN SOFTWARE

ENGINEERING

F edited by Du Zhang (California State University, USA) & Jeffrey J P Tsai
(University of lllinois, Chicago, USA)

ML Applications in Prediction and Estimation

ML Applications in Property and Model Discovery

ML Applications in Transformation

ML Applications in Generation and Synthesis

ML Applications in Reuse

ML Applications in Requirement Acquisition

ML Applications in Management of Development Knowledge

POSTECH
Copyright © 2022 ” H
SE Lab., Dept. of CSE H

POSTECH, R.O. Korea

Epilogue

F Boundary between software engineering and systems engineering
becomes fuzzy

F More and more functions are implemented as hardware

B Software engineering should be done in the context of systems
engineering (“e-type” systems)

P Awareness of contextual changes and self-adaptation is becoming
important; application of ML techniques might be needed

F V&V is becoming harder and more complex
» Detection/prevention of unintended side-effects

e, IR

POSTECH, R.O. Korea
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The End

POSTECH
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AT EQO HAR HAL(1/2)

"HAY S HEtE = Ao Bt [ar e/l 2| BHAZ L= & UAS*

Debugging-Oriented (~1956)

Demonstration-Oriented

Destruction-Oriented
(1979~1982)
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e

Q
ot ro |> oo |

o
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L]
>

o >

IO | A‘o‘HE|

[}

(checkout)0|-7|
Eo U

J

Y

=i/l Y 0|

4

(1957~1978)
« HIAE/ A 22| [C
Baker, 1957]

- HEATY MY B2

X-I ol- [H9_| 7H;<|

u

4

s TH QR E XY Y3t
HAE [G. Myers, 1979]

o HotEl =0 HAE
0|2~ = Z|Cioh B2

[
eREUZ

u J

* D. Gelperin and W. Hetzel, The Growth of Software Testing, 1988

Evaluation-Oriented
(1983~1987)

- 2TEQO| Y &
ofLizt f x| &%

S0 = 52 7t

4

E9l0f BlAE: X2 A

Prevention-
Oriented(1988~1995)

- ST, CIRH,
Ttlo| 088
4R|57| 98 El AT
[W. Hetzel, 1988]

N

W

Process-
Oriented (1996~ Xf)

< T € B B
ObLl JH ot B ot
Aot b

=2 N|A [K. Beck, 1996]

- J

* D. Gelperin and W. Hetzel, The Growth of Software Testing, 1988
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AZEY 0] B AT M

=

Ak

o}

(=) L]
(0] A E ol Ht H} EH = ol A E
"2000 L CHo HIAE Ef OfATE 7Y B RHE S| ZRISZ HAE
AlS o) L —1
=l Xs2mZhE 22| 2 e E
UNIX, GUI
Mainframes (OSS tools)
1980 1985 1990 1995 2000 2010
A A A ==
1998 2001 2004
i A A 4 i
IBM PC A Apple Macintosh BUQZIIIa Jmeter Selenium hone
L sun1 A A OpenSTA
Sun SPARC Intel Pentium ¥ A
° 2000 2002 2005
(Sun Microsystems) Cruise  JIRA Hudson
A A N A Control TDD/xUnit  (Jenkins)
MS-DOS  UNIX System V i Linux Windows NT T A
Netware i A A A Android
i A Windows 3.1 A J2EE | .NET A
A C++ A Java i A Ajax
Smalltalk-80 Eiffel A A Ruby on Rails
A Netscape Internet A A
[ HTI\EUH'I'TP/\V\\'\\ Explorer XML o SOAP e
(Free Software Foundation) f

(Apache Software Féxundation)(Ecli se Foundation)

22|9| &:100% 2™ X} EH|AE!

-

EoHAE

B AE o = E+
I E 240
SEEICY
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=E
9-”O|A AH A

o
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FI0] HIAE #H|0| 2 48 X532}
Fuzzing
Modify: \

- Bitflip
- byteflicp

=

Dynamic Symbolic Execution
/Select:
- Favored inputfirst ____

(a.k.a. concolic testing)
e et

int x.y,z;
ey po e ]
true
2ey . |
else 7 Add inputs that Thow away
z2=x [PC:X>=Y]z=X ¥ covernewpath inputsthat do
to pool not cover new
\ path J
. ; L Opepvde o
®1976'A Symbolic Execution & H ®1988'F Fuzzing & H#
+ [B. Miller, 1988]
®2013H AFL fuzzer &

+ [J. King, 1976], [L. Clarke, 1976]
®2005 4 Dynamic Symbolic Execution & H
+ [P. Godefroid, 2005][K. Sen, 2005]

2T EQ o HAE: X|F M

+ [M. Zalewski, 2013]

=~

— re) | ’”‘" i
ATZEQ O HAE AHO|A MM XS5 =Q Aty "
£%0l T

P I m—

B0OSS-Fuzz: LE AA AT EQOE MO 2 St= K|
I 2 M E @Google
+(2149 68 7|F) 50007 LE

®SAGE: Microsoft2| It &l
JRIE 7L IPHOIM B2

"4 83iE £ 7
+ Microsoft IntelliTest: c# T2 13 XI5 B AE
-

+ () V+Lab CROWN 2.0: c Z2 13 XI5 |
"] Qo= CiYot 2 E AA T =M E (sqQLite, ffmpeg, openssl, &) 2F
7| &0l A dynamic symbolic executionf fuzzing= AHESHY HIAE #H[O|A

A WHE Seetn 9lg

2T EQOf HAR: X A
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"O 2 swol| M Aot= YR HAEDSH| O2&
+0: 12 2 20| 2: 25008 & O| &2 c++ ZEZ EY

JSN HYS HAESE AHS oA BIE HATR
SOlT B MABT| 9Ieh MY ZUS OfEH BEHAATR

=
+EFZl swo| & ZQIE &t xE Lp
+EtZ sw7t @ 7 ALEH S PHESHEX

= A
HE == AKX D,

22|19 B:100% & X

—~—

= A
ElAE A QI MM
P

L QA l

HAE
Ao~ 48

LZEQO HIAR: XI5 A
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Metamorphic testing

Regression testing

Metamorphic
Transformation

Input

Output

X —) Program ) f(X) =
oy

Input Output '

g(x) mm—p [ progam | m— f(g(x)

lnpUtc

output

Program v, - o

Same?

(Likely) Invariant Detection

Text Mining
Orniginal Instrumented —
Progs Program | - ‘
Data Trac
i | Sy Data Base Invariants
—_—/ — s —

Detect
* invariants }

e e

ATEZO HAE Q22 MM

"swZt O S&H=Z ljOF St=X| 0| E A & = A2
STHLRETL RSB A
JHT| PHE AA A,
HIXBIH THE TpAO|/CHE AfREO| A4 AE?
XSO 2, 2 2tTSHA A EE 2 A S O{E A EEE Tts ARI7)

LZESN HAB: XIT M
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Al: 2|0 Al =%

"ol Al 7| =2 Ot OHY
28510l ZE g 7|=0| 245 &
+0ll1: 2 OFRIE AlphaCode: Leetcode =X =F 2|

XG0l 2 FAS S 2ot A E MY
+ 0ll2: GitHub Copilot: & 83tEl T E 4/ D El
+ 0l3: OpenAl ChatGPT: At2f1t Al9| C
Md A+

Input

o
jn
Ofm
o
n
n

a.pop(0)
if a(@)!=b[@] and len(a)!=1:
a-pop(0)

and len(a)==1:

2ZEQof HAR: X|F A

(A) Prompt (B) LLM (C) Post- (D) Selection
Engineering Querying processing & Ranking

* Kang et al., Large Language Models are Few-shot Testers: Exploring LLM-based General Bug Reproduction, ICSE, 2023
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A2ZEQ0 237 Al

North America blackout, 2003 Toyota's ETCS bugs, 2009-11 OpenSSL Heartbleed Bug, 2014
(> 10 deaths) (> 80 deaths) ($500 million loss)

—— T -
Tesla/Uber Autopilot Crashes, Boeing 737 MAX crashs, 2018-19 Ethereum Blockchain Bugs, 2018
2016-19 (5 deaths) (346 deaths) (> $600 million loss)
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EES (1)

EEE (1)
» 2707 S0 7|t MS QIS ZE2ESR
» ZHE A 2707 PKa, HIZZ| PrvKy, 15 HE Ny E 71
= SM7|2 LSSHE MK {msg}rx, £ HIZT| PrvKy2 8= 7ts
» ELCEZIZE QR HEHE 20Io| H|UT|Z S Sl6t0] ASuEso] A5 o1
» NSPK Q1= ZZ2EZ= (1978)

A

oy
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A7 72| 0f]: Needham-Schroeder Public-Key (NSPK) 215

» 2707 S0 7|ESt MS QIS Z2ESR

» 24 C AE Z2UH7| PKa, HIZZ| PrvKy, 019 "E NRE 7HE

= 372 LSSHE HIMIX] {msg}rx, £ HIZT| PrvKy2 si= 7ts

» FLCEZIZE R MEHE 20Io| H|UT|Z S Sl6t0] A uEhslo] A5 o1
» NSPK Q1= Z2EZ= (1978)

A

vy

A.B.{Na.A}px,

A7 272 0: Needham-Schroeder Public-Key (NSPK) 21&

» 3707| S0 7|ESt A4S Q1B ZEES

= Zt e E A= S7H7| PKa, HIRT| PrvKy, 17 E NAE 7H

= SM7|2 LSSHE MK {msg}rx, £ HIZT| PrvKy2 8= 7ts

» FLCEZZ DR FHE 2010 H|LI |2 2E35l6t0] 4SS udltsto] 45 Q1
» NSPK Q15 Z2E = (1978)

A

oy

A.B.{Na.A}px,

B.A{Na.Ng}pxk,
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A7 72| 0f]: Needham-Schroeder Public-Key (NSPK) 215 Z2E= (1)

27| SO 7|HEE M OIS TR ESE

n ZHLE A 207 PKy, HIZTF| PrvKas, 19 BE Ny S 71

» 372 LESSHE M| { msg} o, £ BIZT| PrvKa 2 8= 7Hs

» FLCEZIZE NQ HHE HOlo| H|UT |2 A551510] A5 wEtsio]
= NSPK QIZ TZ2EZ (1978)

MA 2759 0l: Needham-Schroeder ZEEZ (2)

» Man-in-the-middle attack F2H (19950 REHIAZ o=

A

A

A.B.{Na.A}px,

vy

B.A{Na.Ng}pk,

A.B{Ng}pk,

/
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M7 @59 0ll: Needham—Schroeder ZE2EEE (2)

= Man-in-the-middle attack F2f& (1995H0f REAS o= HAHE])

A A1{Ny.A} py, / B

MA 2759 0l: Needham-Schroeder ZEEZ (2)

= Man-in-the-middle attack F2f& (1995H0] REAHAS o= HAHE)

A A.I.{NA-A}PK/ / A.B.{NA-A}PKB
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M7 @59 0ll: Needham—Schroeder ZE2EEE (2)

= Man-in-the-middle attack F2f& (1995H0f REAS o= HAHE])

A A.I.{NA-A}PK/ I A.B.{NA-A}PKB 5

B.A{Na.Ng}pk,

MA 2759 0l: Needham-Schroeder ZEEZ (2)

= Man-in-the-middle attack F2f& (1995H0] REAHAS o= HAHE)

A A.I.{NA-A}PK/ / A.B.{NA-A}PKB

I.A{Na.Ng}pk, B.A{Na.Ng}pk,
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M7 @59 0ll: Needham—Schroeder ZE2EEE (2)

= Man-in-the-middle attack F2f& (1995H0f REAS o= HAHE])

A A.I.{NA-A}PK/ I A.B.{NA-A}PKB 5
[,A,{NA.NB}PKA B.A.{NA.NB}PKA
A. /.{NB}PKB

MA 2759 0l: Needham-Schroeder ZEEZ (2)

= Man-in-the-middle attack F2f& (1995H0] REAHAS o= HAHE)

A A.I.{NA-A}PK/ / A.B.{NA-A}PKB

I.A{Na.Ng}pk, B.A{Na.Ng}pk,

A./.{NB}PKB A.B.{NB}PKB
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A.L{Na.A} pi,

ILA{Na.Ng}pk,

A.B.{Na.A}pxk,

M7 @59 0ll: Needham—Schroeder ZE2EEE (2)

= Man-in-the-middle attack F2d (1995H0| RRAHAS o= W74E)

B.A{Na.Ng}pk,

A-/-{NB}PKB

A.B{Ng}px,
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1
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Credit Rating Customer
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www.engineeringcivil.com

= AFE A|AEIQ ot DA

. O[2f3 IS BB 4 Qe A3HH 0|2

. 0l2{3t 0|20 23t £M /5 7|

Figure 1. Theoretical model of suspension bridge.

Hirai’s research on lateral torsional buckling of suspension bridge starts at the Equation 1.

"
ld'I o 4, d\ d?

2 2h —+—(M =
o~ 2Ho = 2+ = (M) - (5 +(C, ))pbe =0 ]
d’n d'n H.b*\d’n d’y 5
kS M— -EC, GK + —bh, == -8, pbp* =0
= __o+o1|k|o| OE|I:||-I-IO| X - e e e [ : ]dx: bz~ Sipby

Where, 1] and (9 mean main girder’s buckling displacement in vertical and torsional

M7 (Formal Methods)O|2t?

XMai7|H — ZHIEE A|AEI0|| CHgt £~8HA dHitH=

—
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HAHS2| EiS (1981)

“The task of proof construction is in general quite
tedious and a good deal of ingenuity may be required to
organize the proof in a manageable fashion. We argue
that proof construction is unnecessary in the case of
finite state concurrent systems and can be replaced by a
model-theoretic approach which will mechanically

determine if the system meets a specification expressed

Edmund Clarke E. Allen Emerson

in propositional temporal logic.”

Clarke, E. M., & Emerson, E. A. (1981, May). Design and synthesis of synchronization skeletons using
branching time temporal logic. In Workshop on logic of programs (pp. 52-71). Springer.

12

HAHS2| EiE (1981)

“The task of proof construction is in general quite
tedious and a good deal of ingenuity may be required to
organize the proof in a manageable fashion. We argue
that proof construction is unnecessary in the case of
finite state concurrent systems and can be replaced by a
model-theoretic approach which will mechanically

determine if the system meets a specification expressed

Edmund Clarke E. Allen Emerson

in propositional temporal logic.”

= 2007E%= ACM Turing Award : Edmund Clarke, E. Allen Emerson, Joseph Sifakis

Clarke, E. M., & Emerson, E. A. (1981, May). Design and synthesis of synchronization skeletons using
branching time temporal logic. In Workshop on logic of programs (pp. 52-71). Springer.
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2H H4Z (Model Checking)

= AMAEIS QREXSOE H=T|E
—»

» AZEQ0]/SHERI0] TR,
IZEZ ORI, AA IE, -

Lot REAS =51 EXY

Qg —— T

Results

Requirements

n
>-

13

Ha
ne
o
ol
rn
-]

1. A2 HAM| (system specification)

» DEEZ 0] (Promela, Simulink, Verilog, ***)
« IZZ7249 2104 (C, Java, Haskell, =)

N
oY

= ME ™A (property specification)

= functional correctness, safety, liveness, fault tolerance, -

3. B AZ =7
= SPIN, CBMC, NuSMV, -

14
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1. m B (Ny HE)
2. mp BtS (BE3}, N,y &9l
3. ms B (BQIB)

= Responder B 22!

1. ma
2. my
3. ms3
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A B
A.B{Na.A}pk,
m
B.A{Na.Ng}pk,
my
A.B{Ng}pk,
m3
15
D A B
A.B{Na.A}pk,
m
B.A{Na.Ng}pK,,
my
S (523
B (N X2 iy | ABANsber,
S (N, 22l ARIE)
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» Algorithmic challenge: &/Ell =2 =74 (state space explosion)

I24a®o=z =7}

A7t 2ZES 0 20| w2t 7[5
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= Algorithmic challenge: &/Efl =2 ZX| (state space explosion)
« JHsSE MEHQ| £XITF AZEY | FR0| M2} 7|stEaMoZ St

= Modeling challenge: CtQfet AZEQ0| A|AEIO| HAHA|

o o
= YETO|O2Z, SAIY, AMKIFEA, S Z2EF, HAIZEAILH, -

—

19

712X €A (1990 ~ 2020): REAHS L1E|E

» WAl X RE: JE=, BDD, SAT/SMT, Regular languages, logical terms, -
AN2|E, 7|S7|2HEHY Inductions, Interpolation, 1C3, -

Q9F: Partial order reduction, predicate abstraction, CEGAR,

20
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71X A (1990 ~ 2020): 2T

» QAR EAM|: CTL, LTL, CTL*, p-calculus, Hyper-CTL*, -

o A|ABIHN|: Transition system, Petri nets, Process calculus, Term rewriting, =

= Ol HOb/SM Z2EF, MAZEAAH], AO[HEE|A|AH], 2HEH A|AH, -

’

= SIESOf HHA|
= Electronic design automation (EDA)OA £ 24 7|&2 HE| AIEE
» QFO ZFAQ LFENT I YU |H HE0| AZES0] FO0FLLCt 08t
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SHESO] 2|
= Electronic design automation (EDA)MA =2 24 7|=2 HE| AI2E
» QFO ZFAQ DFEIT I Y| HE0| AZES0] FO0FLLCt E0[gt

Model-based development
= Simulink, AADL, Modelica § 222 =72 AZEL0] 71, 24 & IE X5 MY
» XSAL 37|, "k, MuE SO| N Es AT EL 0] o E2] A8

SHESO] 2|
= Electronic design automation (EDA)OA £ 24 7|&2 HE| AIEE
» QFO ZFAQ LFENT I YU |H HE0| AZES0] FO0FLLCt 08t

Model-based development
= Simulink, AADL, Modelica S 223 =12 ATEQ0] 7, B2 U FE X5 MY
» ASKEL 37|, B, M 59| Qe AT EQ0] JHEO| F2[ AL

ol

Z2EZ 3 ZLAAH
« TLSS Zelot0] CiYet SR HA ZI2EZ HS

= Amazon Web Service, Microsoft Azure S SEtRE0A ARE|= 2MLT2|S HS
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@ @ @ e @ @ LW BHEM4HXY

Application System Protocols Implementation Hardware

T. Kulik, et al. A Survey of Practical Formal Methods for Security. Form. Asp. Comput. 34.1 (2022): 1-39. 23

. T2 OFH W4 AlAHO| P2
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Distributions in Software Engineering (from Prof. Margaret-Anne Storey)

Mining Software Repositories (MSR)

e http://www.msrconf.org/

e One of successful SE conferences growing from a workshop.
o Collocated with ICSE
o  The first workshop (One-day)
m  MSR 2004: International Workshop on Mining Software Repositories
o Upgraded
m  MSR2006: The 3rd International Workshop on Mining Software Repositories
e Tow-day workshop.
m  MSR 2008: The 5th Working Conference on Mining Software Repositories
m  MSR 2016: The 13th International Conference on Mining Software Repositories
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Mining Software Repositories (MSR)

e Most influential Papers published in early MSR
o MSR 2004
m  Preprocessing CVS Data for Fine-Grained Analysis
e Thomas Zimmermann and Peter WeilRgerber
o MSR 2005
m  When do changes induce fixes?
e Thefamous SZZ algorithm
e Jacek Sliwerski, Thomas Zimmermann, and Andreas Zeller
m Developer Identification Methods for Integrated Data from Various Sources
e Mining social information from multi repositories
e Gregorio Robles and Jesus M. Gonzalez-Barahona

Views

e Mining
o Whattomine
o Where tomine

o Howtomine . . .
o Use Analysis (Data science, Observation)
o  Whattouse Various SE Tools

o  Wheretouse
o Howtouse
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Distributions in Software Engineering (from Prof. Margaret-Anne Storey)

Views

e Mining
o  Whattomine
m Code, commit histories, bug reports, emails, logs, binary files, etc.
o  Where tomine
m Local/proprietary/online development tools
m Privaterepositories?

|
o Howtomine
m SZ7
m  Common mining strategies such as web crawler, text mining, etc.
|
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Views

e Use

o  Whattouse
m  Various software metrics
m  Features/vectors for deep learning models
m Rawdataused for extracting features automatically
|

o  Wheretouse
m  Various SE tools

e Automated debugging, code review, improving testing tools etc.

o Howtouse

m  Various recommendation models (Machine learning/Deep learning)
e Defect/effort prediction/estimation
e Recommending developers in various tasks
e Codelanguage model

m  Dataanalysis
e Observations of SE data in various aspects
e  Find patterns, ...

Defect prediction and MSR

e One of SE fields taking a lot of advantages from MSR.

113
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Defect Prediction

Process Metrics

CK Metrics | Other Metrics | K4
(D

Feature extraction §

History Metrics using DL ¢

Online LearnlngJIT Model

[ Just-In-Time Prediction Model ] (

— - Universal
[ Prediction Model (Regression) Model [ Deep Defect Localization ]
[ Prediction Model (Classification) ] semi-supervised/active
Heterogeneous
ct Prediction ] Prediction

SIPPOIN

[ Cross-Proje
Cross-Project
Feasibility
Noise Reduction | [ DP + APR ] 9
Data Priv. ) g
11 4

[ Practical Model and Applications

Representative history metrics

f
metrics
SW Repo.* Nagappan@ICSE 05

Moser@ICSE'08

Relative code change churn
Change 17 SW Repo.
Change Entropy | SW Repo. Hassan@ICSE 09
C°é‘; d";eégi:r;;;m 2 SW Repo. D'Ambros@MSR' 10
Popularity 5 Email archive Bacchelli@FASE' 10
Ownership 4 SW Repo. Bird@FSE' | |
56 Mylyn Lee@FSE 11

Micro Interaction Metrics (MIM)
12

* SW Repo. = version control system + issue tracking system
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Mining Software Repositories:
Present

MSR2022 publications

e Empirical study and analysis

o

O O O O ©

An Empirical Evaluation of GitHub Copilot’s Code Suggestions

Does This Apply to Me? An Empirical Study of Technical Context in Stack Overflow

An Empirical Study on the Survival Rate of GitHub Projects

Beyond Duplicates: Towards Understanding and Predicting Link Types in Issue Tracking Systems
Geographic Diversity in Public Code Contributions

Mining Code Review Data to Understand Waiting Times Between Acceptance and Merging: An Empirical
Analysis

e Security data/model

o

o

o

Dazzle: Using Optimized Generative Adversarial Networks to Address Security Data Class Imbalance Issue
Noisy Label Learning for Security Defects
LineVul: A Transformer-based Line-Level Vulnerability Prediction

e Deeplearning/Code language model

o

o
[e]
o

On the Naturalness of Fuzzer Generated Code

Senatus: A Fast and Accurate Code-to-Code Recommendation Engine

GraphCode2Vec: Generic Code Embedding via Lexical and Program Dependence Analyses

How to Improve Deep Learning for Software Analytics (a case study with code smell detection) 14
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ISEL recent work

e WINE: Warning miner for improving bug finders
e On the Naturalness of Bytecode Instructions

15

WINE: Warning miner for improving bug finders

e Yoonho Choi and Jaechang Nam, Information and Software Technology
Mar. 2023
e Goal
o Reduce warninginspection cost for developers of bug finders
o So,improve the quality of bug finders
e Approach
o Find representative warnings only
e Collected warnings
o 247,437 warnings collected from 1,008 ASF open-source Java projects.
o 24rulesin PMD version 6.25.0

16
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WINE: Warning miner for improving bug finders

—— Rule Name # of all alerts # of super-alerts
AssignmentinOperand 23,887 1499
AvoidBranchingStatementAsLastIinLoop 2,732 73
BrokenNullCheck 75 28
IdempotentOperations 31 8
InvalidLogMessageFormat 3189 94
SuspiciousOctalEscape 498 14
UnnecessaryCaseChange 526 95
UselessOperationOnimmutable 98 8
AvoidAccessibilityAlteration 122 34
AvoidDecimalLiteralsinBigDecimalConstructor 662 88
AvoidinstanceofCheckinCatchClause 5373 130
AvoidLiteralsInlfCondition 98,467 987
AvoidLosingExceptioninformation 61 3
DoNotCallGarbageCollectionExplicitly 1114 2
EmptyCatchBlock 80,751 47
EmptyStatementNotinLoop 3.491 219
EqualsNull 581 30
InstantiationToGetClass 246 33
Jumbledincrementer 331 27
MisplacedNullCheck 6 4
StringBufferlnstantiationWithChar 11
UnusedNullCheckinEquals 425 54
UseCorrectExceptionLogging 1489 17
UselocaleWithCaseConversions 23,271 1,675
Sum 247.437 5170 17

WINE: Warning miner for improving bug finders

# of super- el Living Period
Rule Name # of all alerts P generated by # of FPIs 9
alerts (year)
FPls

AssignmentinOperand 23,887 1,499 141 5 15
AvoidBranchingStatementAsLastinLoop 2732 73 il 1 9
BrokenNullCheck 75 28 17 3 15
InvalidLogMessageFormat 3,189 94 44 4 5
AvoidDecimalLiteralsinBigDecimalConstructor 662 88 20 4 16
EmptyStatementNotinLoop 3491 219 1 i, 17
UnusedNullCheckInEquals 425 54 13 4 13
UseCorrectExceptionLogging 1,489 17 6 2 16

Sum 35.950 1,082 243 28 Avg: 13.63

FPI: false positive inducing issues (bugs in bug finders).
PMD developers confirmed all 28 issues and 10 issues already have been fixed. 18
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WINE: Warning miner for improving bug finders

# of all alerts

Rule Name # of all alerts BN generated by # of FPIs g (RElTee
alerts (year)
FPls

AssignmentinOperand 23,887 1,499 141 5 15
AvoidBranchingStatementAsLastinLoop 2,732 73 1 1 9
BrokenNullCheck 75 28 17 4 15
InvalidLogMessageFormat 3189 94 44 4 5
AvoidDecimalLiteralsinBigDecimalConstructor 662 88 20 4 16
EmptyStatementNotinLoop 3491 219 1 i, 17
UnusedNullCheckInEquals 425 54 13 4 13
UseCorrectExceptionLogging 1,489 17 6 2 16

Sum 35,950 1,082 243 28 Avg: 13.63

FPI: false positive inducing issues (bugs in bug finders).
PMD developers confirmed all 28 issues and 10 issues already have been fixed. 19

WINE: Warning miner for improving bug finders

Feedback from one of PMD developers:

“... | think, this would be helpful for projects, with dedicated, paid, or full-time
developers, ... It might be interesting, to integrate your tool into our tool chain. We

have a regression-tester tool which we use currently to compare the results of two

PMD versions on currently two open source projects. That way, we see, e.g., for a pull
request, whether we introduce new false positives or false negatives..."

20
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On the Naturalness of Bytecode Instructions

e Yoonho Choi and Jaechang Nam, ASE2022-nier
e Goal
o Tocheck the possibility of bytecode language models

On the Naturalness of Bytecode Instructions

CIon7 @ — % {q'?}

Source

g Extract
@ coaqae methOdS ALCImbdG//
nonymous
10 Java - Static Inner
Compile & Bytecode

Disassemble
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On the Naturalness of Bytecode Instructions

100

UTF (Non-alphanumerical delimiter)

Bytecode %
instructions
J JG (Java Grammar)
re p rese ntqti ons bigram trigram fourgram fivegram sixgram
*Y-axis: cross-entropy values 23

Mining Software Repositories:
Future

?
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MSR supports Al/Deep learning!

Al for SE can make right progress when data is well-mined and analized.

ChatGPT

#include <stdio.h>

int main()

{
inta=0,b=0;
printf("Input two numbers: ")
scanf("%d %d", a, b)

printf(" bdin", a, b, a + b);

return 0;

This code will not compile because “scanf()* is being used incorrectly. In “scanf()*, the

*xd* format specifier is used to read an integer from the input. However, in this code, “a*

and *b* are not pointers, so ‘scanf()* will not be able to modify their values.

To fix this error, *a* and *b* should be passed as pointers to “scanf()", like this:

) Copy code

scanf(

This way, ‘scanf()* will be able to modify the values of *a* and *b* by dereferencing the

pointers.

Additionally, you should also check the return value of *scanf()* to ensure that the

correct number of values was read from the input. This can be done like this:

B Copy code

(scanf( . 8a, &b) 1=

Handle error

Here, ‘scanf()* returns the number of values that were successfully read from the input.
So, if this value is not equal to 2 (the expected number of values), then there was an

error reading the input.

121
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ChatGPT

ChatGPT

/oid sort(int data[], int size)
{

for(inti = 0;i < size - 1;i

int min_idx =i

for(int j =i + 1; j < size; j++){

if(data[j] < data[min_idx
min_idx

int temp = datali];
datali] = data[min_idx];

data[min_idx] = temp;

This function is an implementation of the selection sort algorithm. It sorts an array of
integers in ascending order. The function takes two arguments: an array of integers

*data’, and the size of the array, ‘size'.

The function works by looping through the array and finding the minimum element in
the unsorted part of the array. It then swaps the minimum element with the first
element of the unsorted part of the array. This process is repeated until the entire

is sorted.

For example, if the input array is *[3, 2, 1]°, the function will first find the minimum

element in the array, which is 1. It will then swap 1 with the first element of the array,

resulting in “[1, 2, 31". The function will then repeat this process to sort the remaining

elements of the array, resulting in a fully sorted array *[1, 2, 3]".

void sort(int dat

{

a[], int size)

for(int i = 0; i < size - 1; i++

int min_idx =

for(int j = 0;
if(data(j] >

size; j++){
ata[min_idx])
min_idx

int temp t
datali] = data[min_idx)]
data[min_idx] = datali]

This function contains a mistake that would prevent it from sorting the array correctly

the s

nd for loop, the loop variable *3* should be initialized to *1 + 1* instead of *6*
This is because the function should only consider elements after the current index *t*
when looking for the maximum element. If *3* is initialized to *6*, the function will
compare all elements in the array, including elements before the current index "1, which
an incorrect index for the maximum element.

will cause the function to selec

In addition, there is a mistake in the swap operation. The line “datalnin_idx] = data[1]®

should be “datalnin_idx] = temp" instead. This is because the line “datalmin_idx] = datalt]"

will simply copy the value of *data[1]" into “data[min_dx]", which will not actually swap

the values of the two elements. The correct way to swap the values of two elements in
an array s to use a temporary variable, as shown in the original implementation of the

algorithm,

Here is the correct implemen function:

O copy code

void sort(int datall, int size)
{
for(int 1= 0; 1 < size -
int min_idx =
for(int j = 1 +
if(data

min_idx

int temp = data
datal1] = data

data = temp;

122
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Hy

SE vs. Al

Software is a tool for communicating with computers.
To produce software products, developers have to write code.
Coding is labor-intensive.
Al can solve this problem?
o  Whatif there is a way to smartly communicate with computers?
o AlI?
e Who will be the SE engineers far future?
o SE engineers will be Al engineers?
e MSR can contribute to this direction.

srE0sm

HANDONG GLOBAL UNIVERSITY

Thank you!

Mining Software Repositories:
Past, Present, and Future

ctsistw MANMISS2 I E

(icnam@handong.edu, https:/lifove.githug.io)
Intelligent Software Engineering Lab
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