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Abstract: Complex software systems (e.g., cyber-physical systems, Internet of Things, and adaptive software system) encounter various

types of uncertainties in their different phases of development and operation. To handle these uncertainties, researchers have carried out a
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lot of research work, proposed a series of methods, and achieved considerable results. However, there is still a lack of systematic
understanding of the current state-of-the-artapproaches. Motivated by this observation, this paper reports a systematic mapping study of
142 primary studies collected by following a rigorous literature review methodology. The scope of the study is about investigating on how
the literature deals with uncertainties appearing in various phases or artifacts produced during a development lifecycle of cyber-physical
systems and Internet of Things. Results show that uncertainties mainly appear in the phases of design definition, system analysis, and
operation. Based on the 142 primary studies, uncertainties are first defined and classified into external uncertainty, internal uncertainty,
and sensor uncertainty, and descriptive statistics are reported in terms of this classification. In order to explore the uncertainty in depth,
external uncertainty is subdivided into environmental uncertainty, infrastructure uncertainty, user behavior uncertainty, and economic
attribute uncertainty, and internal uncertainty is subdivided into uncertainty in system structure, internal interaction uncertainty,
uncertainty in the technology supporting system operation, and uncertainty in the technology dealing with system operation. Furthermore,
another classification is presented and descriptive statistics for those primary studies where uncertainties in eight different types of
artifacts are discussed, including model uncertainty, data uncertainty, and parametric uncertainty. Results also show that researchers
mainly focused on decision-making under uncertainty, uncertainty reasoning, and uncertainty specification/modeling when dealing with
uncertainties. Based on the results, the future research trend is commented on in this area.

Key words: uncertainty; systematic mapping study; cyber-physical systems; Internet of Things
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B 15 BALH AR A & 5 B FE R 48 CPSI. Wik ToT), it R 4155 1 28 Bk R GE e AT A
PRI AR E R T SR AR E B A Dy T R R G R AT BT AR BN ORISR B A
FA O G R TSI R SR ORAIE R SR PR 45 8 B NI LT B TE A A L TRk, B R A 3 T AL B e
W55 SR 1T 7E B 2 RGUIT KA AT I 72 Hp 2238 B & Fh % B 1 AN 58 PE (uncertainty). 5 2% R G 1A 8 PRI &
FUTF Az i S A B B, 9 DR PR T o it , A AS [R] 75 THT S T 17 3R 45 140 1 5 T e bl T AN 1k R R G
PR BT 000 A 36 4 1 R B AR R G I T R M

T b TR AR R X A R G T R B AN E T R AR AR, £ 2R RO SR R G AR & B S R
FLHFRFEEGEESHE 4 NI ER 32 (control). “F & (platform). %% (internet) LA & A (human). AN 58
PEARDAETE T8, I BEAFAE TR, 15 ALK EAIZ A2 H AL A 7E CPS M IoT R4 K iz
A7 3 R b 7R R R B P A A R B A SR IE A B AR TR 2 8 B A QR ) A A B AT
J7ERIF AR FIAS UGS 7] 81 L an P BE R 45 b B R AN B 5 P (measurement uncertainty) 9 77 5 AR B AR 1T S &
TN M 10 T ik B R R 3 R B AN S e 1 5 12k R I A AR R A B,

TR 2 ZR 40 T IR AR AS B 1 )L SN R L B AR R T R B BRORH TR K B R TR S Y
PRI ST AR R B 5 1% AR O SC R B0 OB AR 3G T F0N 51 43 BT R T R A A Sk Bk I ML R
BERAEAFEERNEZNEWMERETHE IR RZMAGEHERH R, L InE 2 KRG A LR TR B2
I8 1) R AL o A (10 AN i 5 M DR 2R 20X e N i S M R B TR O D 2 AR O ) 2 B R A E MRS BT AN
SRR T IR G T A 5 A A B ) gV 24 X b ) R, AR S B B8 5 2k AR G T I R i S R R T AT, B TE
Bt e N UG T A AU T S BILIR DA AATT3E — 2D 4R B I AN B AR T AR I — E S LRI,
AR SCEFE— 30T TSR Sk 1) K e a4 3F R S H 4T i St 7 b A B R AR L 5 R 2 I AL
LN X — HE 0 S0 k.

97 BT bR A AL A, AR SCAE R G A R TR AN TR A R 2k R G THI I A i PR AT
Fr. RGN FAESLATE 6 ALY RIHTE 70 iR e X, A OCSCHRIS 2. SCHRIRE STkt VP4l 5 0k Fe . & M dh
IS A04 . B S ) R B AL B I 10 R SO FRATE e e L T G 2k R HE VER 8 AN 5% 1) L, AN
[ F4) A B T A i 58 PR R AT R AT A 6 AH O SR 2R AR e FRATT DA 81 25 3 SR A 5 i) R H bR, 8 LT — R A
%R IRAEH 0 SCER %O % (1145 TEEE Xplore. ACM Digital Library 201718 % 3L % 51 6 831 f
TR T 48 2R B ) ST B, FRATTAE SCIR I 5 A8 B 58 ST 08 4 A o, o SR B R AT 97 a2, SR BBUAH 56 SClR 438, FRAT
SE ST TRVl HE AR, 97 36 JE AR SCRREEAT B VAN, I8 T SR o B A 0 — P OR B e T 2 R O SR, B ¢
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it 142 v B R AR SR SCHR AR JE O T SE L 3 B TUE SCRAIIT T IR BRATT B O 52 ST ST AN E M Y
ZAN R 73 PR HE (B AE AN E VEIR R T i) i RO SR BRIAN Il 5 1 Ak B 5 9 ) SR A 458 B T 3K 4 7 SRAR HE,
FRATTANIZ AR 5C SR T b S — 28 50 B9 SR R P8, 5 SR 2 AN — S5O E AT 2 RS I B3, DA I BB A 5%
STHR S HAN TR 0 Ja Atk Dy B Bk, 1 0F [ 2250 52 % 2R G AN 8 1 AH DR ORI 7 1) AL

BT X 142 ISR I R GUME 0 BATIREE 1:(1) B RGUAH & HEMICSCHRTE 2015 4E 2 J5 AR

AT TR U b BT X AN F 70 A Y 22 25 R 28 SRR £05(3) 7R AN T8 M AH 6 SCRR A3 P 1) DG g im)
T 5 F 30K B¢ 8 1) % #8174 uncertainty « cyber-physical systems Al Internet of Things,iX FFAT# 52 48 R 745
R BRI (4) TR E TR I B B 2 R GETT R A i AN R B B A R G S R e PR ST R AR
HRAEH T R BRI THE X R IR AT S B (S) EANHA € 1 8L A A 07 B 98 N 01 R O E B
RS PR B & RNAE B RG5E(6) (EAME S K07, AN R FEIET R RE NI A
SE M, T R B AN 6 S 1 S T 32 AR vp PE AR R B M BN i ME R SO B S R TH(7) FE R R
Tff 7 14 D7 ¥ O THDL B TN SR 8 2 DRV IR T 0 A R T IR RS S AN ek HE RN AN 1 R 2 /15 555(8) TEH
SRR A R A T B AS B 7 PR AN () T S5 A P L FH A, B DA R B G B R 4
VIR RN B & RS B R RS, H Bk T OVEAS B AR G AN B X A E 1 S A B AR E B
A 3 BEICTE AR AN 5 AT P AN B 8 M BT R G ) e R AN B R S A SR A AR 2 O R RN
PEFIECHE A e M S, B B4k 32 B OV B AN B M RN S BOAS 0 0 1 S R AN e M A R U v B AR R
FAEANHHE LY . ANHE PEHERR . A0 M 2 AR T 10 ok AN AN 58 PEAL 3, B A 1 20 A E M
HESRANASH 2 1R 264 T 1 TR R4

AL 2 TABEIREAME MR AR 3 WIEMBIR A SCRAMI R AW 7EE 4 37 HE 0
TR SR I 1) L 56 5 T IR A8 R G AN B T R SR IGBE S 34 58 6 90 & S0k AT i 4

2 BHRMAFHEXRIE

AN S I e OB Z B 5 M (lack of certainty)” BT X ANE i M B 50 AT DLIE I B A5 S 4T 2R K B
- % AR T 2 VE R YR R (knowledge) [ 7 72 P (certainty) IR 52 Pl A L2 J5 AT E MEAE S 22 . KFF AR
[ A5 A T 17 AS ) 2 SO — b L L3 P B AN A 5 2 252 18 AR (aleatory) AT 1H (epistemic) F AN 5
PR I8 T T VR AS F0R AR A ) 3 T AT e SRk B e I BRI T RENUAT O G R BT A
A 1 A Sfe DL R ok 388 8 38 3 X6 AR R4 0 (confidence) S B B I HLA R B (5 B B Lk RS e i 25 1
10 22 4 AN 58 1k, G R 138 B R 45 (038 47 IR 58 vh B A AT 5 1k i e 51 T AT i 1O e,
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VB I 7779 2 T A B SR U B 1 AN 1

Shevtson 55 AT X 42 il B8 BOPF (K38 W A% BEAT 1 28 B8 0 SR IR BT, 32 ) B8 B0 0 38 17 1 2 B8 T Ak
SR 5 1A R 2% 0 A B 25 1 R 45 T R B AR AR AT ABAT TSR T 42 AR S SR, O R I
TF &5 SRR, RUAE 0P 3 AN D v PR AR ek 4 1EL K 2 B0 7 #1482 SR ) I At AT 35 Dl £ 4% o
BV A B IE B T TR EEAT 5 AR AIT ST (Ll i [RT B 25 18 P TR AT 3% 1 12 ) AELRE A AT THE SCRR 17170 - B0 H A
B 5 VA 3 22 R E 7 1] e

Salih %5 A JE i 5 G 10 SCHRERd K A B0 75 R TR o A 5 P 1 AT 2 EUSLABATTICAE T 167 RAR RS
Wk, T DL S 5 il F o A A AT 2 SRS A N DREE X e SRR AT 43 A e b IR AR AN E R R T M R 2,
H G T ) H AR (AR AR AR, BARAE AL R 775 s A W 0 ST A EVE (B2 Salih 28 AJFEAT IR H
B AN R BT AT 1]

S 25 N X AL 3% 2% ST R Bl 1 01 2R 45 1 OE BLVE T R T AR G i SRR IR B AR DS AR AT R 1 0 R ER B e R
T 5 1k W JEY 2K DA Ml A T ) B TR 22— 3R i Y1 T i 1 3 P R G BT A AT TR B AN T R PR R 4T 2
2RI LAY B AR T IR FC. 28 T AR B 78 ARG SCRR A AT 5T X0 B 0F R 48 @ REPERY 3 A SRTE mU(BI A
WL RS BORAHE)HEAT T o JFRIX 3 ARIER S BE N ISR S S Horb
PRIF TINS5 B & N R G5 WU REREAT T R IK, [R] IR KX 28 |5 3 N R G % D) e — 22 S AR HL 8824 21 07
RHRIB. B AR AT TIEAE SCRR[ 191 VLA 28 1 H B 2% ST F2 A7 18 ) 1] 8, e A ok A DA 22

3 HIRIEZSR

BT H BT E 3 RGN 5E PRI R 8tk Ak 22, B SCHR 0 P O, Mk LABEAT 4 T (9 48 2= 23 A, DRI Ak AR F &
G5 ik 24534 (systematic literature review, FFR SLR)J7 92120 A SCR BT (B 72 il SR 5602, & & R R SR
B (systematic mapping study)/7 V2. F L R 8 H T2 — S0 Fo 48 22 0 o 1) 03, DA A 380 2 — 3 U 24 i 1
A /KT B e K P BB R b, 76 A S0 b 3R AT T8 3R G TR TF 7 92 SR TR TE 55 2% 3R e I LT R R AT Hh Y
ANH E 1. B G PR — P 3 A SCRRSR AR A VTl R RE 5 AN T S MR AR OC A 5 11 77 v Kitchenham 45
AR T BT FEN G332 A5 FH A 2R 8 VR AIF f LA e OB R A1 e R ol O 3 A 502 6 AR 0 T — M U B SR, R 4
PR ELES 3 NBY B 43 3 8 B B9 R (planning) YA B 4 52 it (conducting) « TR K143 47 5 JE 7R (reporting). LLIX
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Ja BATTRE LT ST S 1) A 5K (9 70 SR A 1 I ol BRI 75 e o8 2 ) SR Jis 128 85 J , 45 - AT TR B A AR 55 STk AN 43
NSRRI () e 2, R 9F 245 AN I il R0 5 3R, O 23 A S 45 SR 2 2% 2 4 19 ANl 5 1 ) AL R S

|
B i) e ?
©

3G SOk 4

PR et i) d}‘ f

- B

3
Stk i
4
SR LA £ L PR

@

 —

—

JEAE R b5 i 4k

SR 52 S (] Sk AR

&

SCHER It P e S A A

U‘ 5
T 5 i) A LR I

Fig.1 The research method applied for conducting the systematic mapping study
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FEAST R FATR B 8 A1) i fre I 7.

(1) B2 R G800 AN R PEATE T A A 5 SCHR I I 18] 68 7 1) e 315 D0 A2 5 FF 1) 238 1 Wk 78 8t i L, B A1 7m0 LA 1
figh 2 AT 5% SR K 5 3R B i o I TR I8 AR 156 10, DAEE 5 4 122 USSR 1) S (A F T i 3

(2) H 2% FRGERI AN 72 PRI 0 AR 5% SCHR A 2 75 R 26 1 4 b2 SR i 3 B0R HE 44 S A 0 R R 2 WU
WS 2368 T 7F 7 A ) R, AT T T LA AR 42 A SR S ) R SR YT R B 2 13, O JiE B IR TN B 0 R I P 1 ik
FRMS%.

(3) H 2% R G A E PEAIT TT A WL 15 4 0% B8 1] LA e AT 2 T B 5 AR A JE R R 2T TN B R 4 AE S
IR P S 1 SRR U] R s R 127 SR ) 2 MR . 308 3 AT T L 1 L BRAT T T DA R R A AR AN i E PR T R
W 32 A o AR MR LG SR 1A E IR AL b — 8 T R OGS R L T RO LB R R

(4) B2 RGEIASIRE PEAR OC SCRR O TE T R GeIT A A= iy Ja 31 (0 ik L8 o B 2388 3o S 7 i, AT ) LA ik —
2 W R 0 R GUAETT AL A R B0 8 2 [ B 2 368 38 AN 5 12 [

(5) ANHf 7 1tk B RIF 0 3 S B 0o R 6 53 % 2R 4 23 it W A e 1) R, AT AT AR — 2B T AT SN B SRV R AR
PRIIFLE 5T 2% 2R 58 ) AN 5 K [ L

(6) B J% A GUANH 52 1 AT 7 P00 £ 2 A 23 5 e 7 i) R, B AT AT B B AR 2% 2R A T E ek B AT R L A
DN RIFNAE

(7) BEXTE A% R GEHI AT E L BE TEN G252 7 WKL AN B 5 1k 1) AL B 75 v 238 o U AT 7 i) R, AT AT DL 4
A BEANTH R R T T3, T T TN SR T BT ik S A 5

(8) #X R 2« RGUH A HE 1, A B AR T SHL AR OC 2 A T2 O BIF 7T, 48 R 28 503 ) 202 B A 28
SR LA T e FATTAT DL A DA b A QU R T AN R PRI T SRV AR ZE SR, O IS B T A TR TN 5
HEAT 2 A SR FU 8 i 2 25 ik 4.
3.2 HXMEER

FATIENE T Kitchenham 1 Charters 5 A\ $2 H /) PICO(Population,Intervention,Comparison and Outcomes)
S8R AR I AT 7 1] A A 5 1 R S B IR R IR, FRATTAE R R 1 R G B RTINS R T S A 13 P VG B, LR AT
i P A G IR SCHRER Far 2% ), 38 o 8t ARATT O I SRR R LR 3 AT T () 485 SRR R Zi Dy AN i e
4 38 7]V, BLHE uncertainty « unpredictability indeterminacy P/ non-determinism;(2) 4% S8R R EE G E
M RG A RSB BB FE requirement. modeling . analysis.  architecture. design. testing
development. specification. operation. verification UL} validation;(3) 28 48 ia] 645 1 B FH A8 A5 B A 3L
£ 4i(cyber-physical systems)f1#J Bk M (Internet of Things). [F] i, FAT7E 2 A S SCRik IS R B L SCRk A B
PR K LR Wi R R 2% R 45, M0 52 LA B8 R Gi(smart system) {E A G RRBEAT B 50 R, 0 7 R AT Rt 38 R 2 v A
R ICHR, AT cyber-physical systems. Internet of Things LA & smart system {E A8 23 58 7.

A F A A TRE AT ) 2R GE I 7 b 4k P 0 SCRR B R AT e A I R 4 AN SCRR % 12
1 R SCHR B >R Y5 IEEE Xplore. ACM Digital Library. ScienceDirect il Springer. H T/~ [/ A Sk 23 2 A A
[ FR) 48 2 7 20, FRAT VB o 45— A SR B R A 2R 7 AN 3 7 T B4 R OB R AT AN [F) O U LA, BATR RR
e 2% B9 A B B ) SCBR B J2E B R R AR R AT B E LR LI T ScienceDirect SCHREE 1% 2 5
N R ES — € PR BATHE R AR 3 AN TFEIATHRX T Springer, ATIFH R
PRI TSR HLRL 27 A B 3h 4% ) 2 2R TH LRS00 3 T P A 2R E B R A AR AI N L8 RE (L HE L 38 N ).

FATVR FH ) 58 L A 2R 4 B A0 AERR 4 AN SCBRECHE e 0 A7 48 R TE RS2 1 SCHR BN 122 44 2 AH S 1) 7 4+
£ B, PR SCRR A0 R SR B (R AE S 10 4F,BP 2011 4 1 H~2020 4F 3 H Z 18], DARIEFRATIAS 2 (0 STk 70 A 45 2R
SEHE T B H AT VR 78 AT TAE IEEE Xplore SCRREHE 22 12E 47 3 R 3R15 STk 192 55, 7E ACM Digital Library SCik
B 23 R 3R AT 399 F SCHR,AE ScienceDirect SCHREHE B 1 2R 3K15 4 497 5% SCHR,7E Springer SCHREUHE 48 R 3k
731743 J5 3CHR, 35T 6 831 5 SCHR. FATLAIX 6 831 i SCHRIF 9 JRUAG M4l 2t 4T 73 #r.
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Table 1 The search strings used in the four digital libraries

L RSO STHR B 27 e HxT B 42 R 7 7

SCHR B TR P R

(“Abstract”:uncertainty 5§, “Abstract”:unpredictability ¥ “Abstract”:indeterminacy Y “Abstract”:non-
determinism) 1 (“Abstract”:requirement Y “Abstract”:modeling I¥, “Abstract”:analysis X “Abstract”:
IEEE Xplore |architecture 3 “Abstract”:design X “Abstract™:testing Ik “Abstract”:development I “Abstract”:
specification B “Abstract”:operation B ‘“Abstract”:verification Y “Abstract”:validation) fl (“Abstract”:
“cyber-physical systems”8{“Abstract”:“internet of things”5{“Abstract”:“smart system”)
recordAbstract:((uncertainty B, unpredictability 5% indeterminacy % non-determinism)#l(requirement ¥
modeling BY analysis B architecture B, design B testing B development 3% specification B{ operation 5§
verification 5% validation)F(“cyber-physical systems” 5 “internet of things”5{“smart system”))
(uncertainty B unpredictability Y indeterminacy B non-determinism)fl(modeling B analysis %
architecture) Fl (“cyber-physical systems” & “internet of things” B “smart system”)(uncertainty X
unpredictability ¢ indeterminacy B non-determinism) fll (design B testing X development IX
specification) fl (“cyber-physical systems” 3% “internet of things” B “smart system”)(uncertainty ¥
unpredictability 5% indeterminacy 5 non-determinism)F (operation ¥ verification 5% validation) Fl(“cyber-
physical systems” 5 “internet of things” 5 “smart system”)

(uncertainty 3% unpredictability 3% indeterminacy 3¢ non-determinism)#(requirement 3 modeling %
Springer analysis 3% architecture 3% design I¥ testing 3% development 5§, specification & operation Z¥ verification
o}, validation)fl(“cyber-physical systems” 5 “internet of things” 5 “smart system™)

ACM Digital
Library

ScienceDirect

3.3 Maklix

FATVER X 3% e 1 2% B W SR, B TE T — ZR F0 0 30 b o, P SR AT R AR 75 B TR SRR HE B STRR, AR B3 AR 5% 3T
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Fig.2 The descriptive statistics on the number of the primary studies published each year
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Fig.3 The distribution of the primary studies published in the four different venues
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Table 4 The top 9 journals having at least two primary studies published
R4 RECEBEADT 2 FHIET 9 AT

4 AT LE3 6

IEEE Access

Automatica

Journal of Systems and Software
Software & Systems Modeling
ACM Transactions on Embedded Computing Systems
Future Generation Computer Systems
IFAC-PapersOnLine

Information and Software Technology

O 0 9 N L AW N =
(NS S S S S U RN |

Journal of the Franklin Institute

Table 5 The top 6 conferences having at least two primary studies published
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Doctoral Conference on Computing, Electrical and Industrial Systems
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Software Engineering for Self-Adaptive Systems III. Assurances
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1
2
3
4 European Conference on Software Architecture
5
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Table 6 The top 10 keywords appearing in the provided keywords lists of the primary studies
RO AT DI IR DT 4 RETHT 10 OG5

HE4 B K
1 uncertainty 30
2 cyber-physical systems 26
3 Internet of Things 25
4 decision making 6
5 self-adaptation 6
6 model-based testing 5
7 industry 4.0 5
8 probabilistic model checking 4
9 cluster 4
10 complex event process 4
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madel predictive canural
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Fig.4 The keywords co-occurrence relations and clustering results in the primary studies
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4.4 WHREE4BERRGOAHEMEXBKSEER GRS w5 B AWML ER?
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Fig.5 The distribution of the primary studies according to uncertainty along with
the various stages of the system development life cycle
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Fig.6 The distribution of the primary studies published in various years along with
the various stages of the system development life cycle
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Fig.7 The distribution of the primary studies concerning different types of systems along
the various stages of the system development life cycle
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TR 2 B 20028 4K, By DA 96 N 53 B8 22 b DGy B 358 (1) AN A o M (n STk [36—-381). H IR B o B 4 R G E ST ML
T2 R B 2 R G RS R K. R R B AT 75 BT 2 (W BBl 500, T 5N T B8 22 1 N e, LG T ) 2%
PR AN T 2R (0 SCHR[39,40]). b Ah, R GEAE S5 P 2 LN F 7 A7 D9 B AN B 8 1t 2 5 B R AT N AR BN
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Fig.8 The distribution of the primary studies according to the internal/external/sensor uncertainty classification
along with the various stages of the system development life cycle
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Fig.9 The distribution of the primary studies according to the four different types of external uncertainties
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Fig.10 The distribution of the primary studies according to the four different types of internal uncertainties
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WA e AR E B IR B8 L RAT BN 058 ORI AT B B, U R 80 58 X ik 5 SN
G HT B B SCHR S 2 (4 R0 SCELT 42.3%). 80 58 N U R G M AN BT D7 TN T 1R 2 0 71, LARS B sl %
I P9 AN AS B 52 M R GEAT R B 3L T P (e 4 ) B 7 T R

T %ot A JE 38 AN B 7 N B ST PR B 3 B8 U T SORIZ AT . E T S B8 A 1 5 2 A 5% [ STk
BB 1R, H XSOk & B R G A AN 5 AR FERIBY B AN B8 20 2 b7 H A K3 A1
8 M A 753X o B 1) SR A

A& R0 5 2% R G0 AN T 1 32 BE OG- A0 A 1 M R P 50 A S L T A0S Bk e MR T 2 o
T IR 52 M, PSS B R 1 B 22 b S v T PN A8 AN G kAT A S P 2R AE R G R TR
B B BTV IE, 4 M AN T 2 T R0 P S AN A 1, 3 B ey T T s U B
4.6.2  RGFFRITFE A 5 AR E 1

AN TR ATE 50N 5% DR 3 (R0 AN il 2 0 R 55 DA BRI 7 AR JBE AR [R], A 1 5 e e R RPEAS A s 1 0 2R O E S AR,
BATTARE 53 41— Folr 3 S 3o AN B e 1 3 A7 43 28 AE FRAT TR 1) 350 43 STk AR I A b 8 T R G TF R I RE )
— ) G (BN T SR BUE . B 2R A AN B E X e ) AN TR A R AR R G R A A B P R A
X432 5 AR A S B s R A AN s e 1R o A [ DR AT 8 — 25 AR R BT R R R A
T ANHTE PR BEAT 733K,

FATVHS STRRFEAT RN I HT 32 H T 8 bl i O AN s 2

o R A E I (requirements uncertainty): 5 T K A UERM . AT EE B L, 7R AW A {15373,

o A5 N Ay 52 1 (model uncertainty): A& 5 A5 1 25 R R A 2 far HH AR G AN B 1, B ORR AR D AT AR

(variability)! 67,
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o SRR E M (parametric uncertainty): /& 1 $ 2 A5 T 2 5000 ANl o2 1 AR R DA 2 B A 108000,

o B ¥E N H 5 M (data uncertainty): 2 3 () ief 25 B30 (0 AN B 2 1161631,
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16465

o {5 B R E Pk (information uncertainty): & #6 AN 58 88 . ORI A ST 52 435 2. 00),
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Fig.11 The distribution of the primary studies concerning uncertainties in different system artifacts

along with the various stages of the system development life cycle
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SRE S F BT AL B € U BOBTTEN TSR R B ANl e P s A S 1k DL s AL ANl 1k ij)
XAEL R ) T R DR G A AR R AR G S S SR T BTV B SR AR AN AL B R S s LU L R IR I SR
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NRARERR BN E M. SR e RS it A TN RS R 2 4. TEE) 2
& S R AN O AR R H R 7 R AN E R G s v R a3 i B, AR R R S AN 1 52 BT
FON G S0 vE, 32 28 I DR 2 0 58 2R o oo A 740 AR A B 2 S BB DABRIA B R S v R A I B A,

TERERY B B 90N G2 GV (2 7 SR s Pk BRI e M. S ECR 8 MEAN A RO 8 11X — 45
ViR, TRk BT DL AR R 2 42 o T I B R R AE A B B B TN SR DT R R AR B R S T TS B
PR, 32 i (R A5 B B R e A B I 2 T P DA 7 v I A 0 AN i 2 A B A A, e R T g s P A TR A A
B 3 B LI 451 1 B A B AR A FIPRAT A2 H AT E IR 0 ik 7 2 (SR [69-71]). 7RIS AT B B HF 92
N A A B SGTE Y) FR AE B ANAA E 1 DA B A AN 1 ST AR AN 4R A I BB SUN B ORI B R BN
P AR I G i B () SCHR B A AR 2D AR A 20 BT H BAA 1 SR AL

AT 25 SR BH X R G o A ot ot PR AN B8 1k B SN D1 22 M G VERR RN e M L R A e
DL K 2 B0OA W 2 AL ) R 4 ) ot D AN 6 2 1 43 S A R A AS TR B B TR AR AN R e L B AT e
VLR S HOAT 8 M F B A e o e B EL.

47 MREBTHNEFRENAHREN ARARRL 7L RHE MBS E?

A [ R AT o A 2 20 0 i O (R i 9 B T 96 N SRR BT AN () 7 7 350 AN o P gk AT AL 3 e B
ZR ARG R AEAT W (5] B B BT T W A Bk o B A D 3 s e A 56 SRR R AT 2, R IR 50 N B3 A R AN A M )
ERTRLA ALLT 6 2.

o R 5E M ¥ B (uncertainty quantification): {37 Fl S [/ 1) & B 05 sk (MR R MR 42 i B R A R ff o 872,

o AN P 4 H (uncertainty management): £ 75 B 5 22 AR, TR A5 B LAY IE AR KT R R ek F2 0374,
PR AN % T (uncertainty reduction )& AN & P B 3 o g — AN B B 4y 5 1731,

o ANHf 5 M B 20/78 A% (uncertainty specification/modeling): 75 ¥ 40 75 3K . BAYSE N Tl i PO JE Al _ S A A 08
A B HEAT L A U0,

o ANHfSE PEHEF (uncertainty reasoning): 5 78 FH T &0 1R R AHE I K J7 25, 491 4n, DL - 30 RN RROR 32 4100,

o AN 5E A T BB 3R (decision making under uncertainty): 3 K¢ & 47 9 AL FNIE B 55 25 A 1
e R G vk LT,

o ANHf5E T A% FE (uncertainty propagation): AN 58 MR VR (W14 A\ 2 HOEUE A € VR X R G AT N (B & B
ARG E AT ) AN R P A 5 i 4 A 0L,

B 12 REoR T AN 58 M A TR 5 3 (R G T 40 AT 17 00 4 PR BT P N BR BB ST (R R R T S 1R T I sk
(58 ¥R)~ AN 2 T HE FE (44 ) LA S AN 58 PR L/ 85 (29 YR) T3 ¥R LS B 4 R G T R ANIZAT Hh a8 31 ) 4%
AT E R R B R, — AN AR E AN T T ] e AR AN R G A R IR B T R 2 R T T
SR R G A A AR AS [RI B BRI 9 N 7 S48 1) ) P AR A AN R M Ak 3 77 VR R A BEZ AN E 1, FRAT T R AN
e 58 PR AL B D7 VETE TF R R AR R B B B /- A B kAT T St B 12 s, AR IR T 500k 58 SCRY B B9
N GAEF T 25 P AN 8 PR AL B 5 325, 0 o AN M SR R T I SR SRS 8 PEHEBE D A B8 2, 4 ik B T
34 YORN 22 YR T AN 5 1 B B v A AR R /0 AN 9 YR TE WU B B, A M 2 A T A e SR (A T T T A
e, B — A S RS S B B B DA B B v ) 2 T AR O R AN T s ek A R A 3 i

ANHE M2 W R ML N &R 88l IR B AT N AR 1 HE B 0 R % 5 i EL i B AR R AR RE ARy R IE R
T 2 A5 L, BT DA 78N B3 20 T AN [0 (0 S f s A 4 B 7 v, B S R SR L0500 42 53 D % L o e 23 781455 i 1y
5% R GRS 58 P HE Y 32 T H AR R 4 R G0 B S AT B8 RS R AT R SR B TR AT A AIRAN
W R E S AL DT R A E B SR BTt . R AT, SRR BA BLAGE AT B BOAN G E VEHE R ELER
W B AN S T Ak B O vk T R A IR B B R R S R O VAR SCHRIE B T 13 R TRIER SR
P (AT S5 V) RO IE R PET. R G0E AT I T SR 2 PRI R 2R G 55 B (fragility)BOV4E gh 4h 7638 47 B BEL AR
T 72 M 25 A T 1 R SR RUAS 8 e ek HE R B DN R A 1 32 AN o ok Ak B U7V IR R R RN KR A 1 &R
02 B IE PR G, U0 SCHR[81,82].
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Fig.12 The distribution of the primary studies concerning methods dealing

with uncertainty at the various stages of the system development life cycle

P12 AN P AL 3 T 1 AE 3 0 A o JE AN [ B9 B 11 43 A1 1 0

TEA ST BATEAT AN B/ A 0 /4% B 2% AN 8 1 R0 AS B 5 A Ak 075 ¥k D A o ek 20 A v 0K 252 81 8 42 1) £
BT3B U A58 FRATIA N IR 22 TR TR A AN B o AL 3 5 VR (N A B A% ) 1 2 7 7 76 FH R (iR
W Mgtz b H AR EE T vk AR R B DR B RS P LA B A S B S AN (R 2 AN o A AT
A AN ] BN T 1) s B0 AN P CAn A AN e M 7% SRAST 58 M) 5 AN s 1 A B 7 9 1) 4 AT o W% 31 B A1 T
22 1) (A S M b a3 R 3R () AN s M JEE R vk T DA Y SR B AR A L 5 LA LA N T R A, AN TR
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Fig.13 The distribution of the primary studies published in various research fields
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Fig.14 The distribution of the primary studies published in various research direction in computer science
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Fig.15 The distribution of the primary studies along with various types of sytems concerned

(software engineering vs. automation)
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Fig.16 The distribution of the primary studies along with the
internal/external/sensor uncertainty classification (software engineering vs. automation)
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Bl 18 R T 8 TREAN B Bh A0 AR 545U 14 SRR AE AN B o 1k A B 7 92500 THI R 2 0B 1 43 A 17 v A R e ]
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BN AU 7t 3 = 2 DT AN T HE BN AN o 1 2 1 R RO SRE SCER B = A IR B 4 R (17.4%) 80 13 5
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Fig.17 The distribution of the primary studies along with the various types of
uncertainty-related systems artifacts (software engineering vs. automation)
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Fig.18 The distribution of the primary studies along with the various types of
uncertainty handling methods (software engineering vs. automation)
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AHEM . REME TR M UL R S B ASH 52 P 7R AT A I8 SCHR o B0 o 350 AS B o P O 9 B 4R
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