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» EHeeERK ITIRIREFIE (Intelligent RE is rooted in Engineering)

“Engineering refers to the practice of organizing
The Nature of . . "

. : the design and construction of any artifice
Engineering ° 4

which transforms the physical world around us
oy ' to meet some recognized need.”

“TREEEZHERTMAEA TH mAEY L
BROER), BRUERIEEAIEL ST A
REEFHANS K. ”

| ==

TITTT -
G.F.C.Rogers

BRREENXXKIE: GFCRogers; The Nature of Engineering: A Philosophy of Technology; Palgrave Macmillan, 1983
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BREENXXKIE: GFCRogers; The Nature of Engineering: A Philosophy of Technology; Palgrave Macmillan, 1983
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» RETEPRHN=EER
B O YIENRE BE BOREER)

N7

X B HIRA T _&EJE’J“E mc2"IEig™
HEXR FMEAHNE, BHEREMERMERING BHiRE

*Michael Jackson and Pamela Zave. Deriving specifications from requirements: an example. Proceedings of the 17th
International Conference on Software Engineering, ICSE ‘95, Seattle, Washington, USA, pages15-24, , April 1995

»x*Anthony Hall, E=mc? Explained, in *Software Requirements and Design: The Work of Michael Jackson, ed. Bashar
Nuseibeh and Pamela Zave, Chatham, NJ Good Friends Publishing Company, 2010.
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» =k TERRTIEIENRESEHIG

“S, £ F RPRERIED “Meta-Theory”(FtIER)-TNEIZEE]

o) EEAEZE(Problem Frames*) @iz miB it ol () BE+RE, @0T)!

#5375 F2 | 3] B ] x>+ H\EEI\ R =

x:f#i%ﬂl‘]r&i* +€D‘iﬁ£ aﬁz‘?&%ﬂ’l‘ﬁ?ﬁl_l_i% pores
y R Lights Controller NBES) -

@ Light Units FUKE)
N U VS [ IR V7 Crossing Buttons SUH(E) e
|

| | I I T ’
| | Al Light Pedest- 1 +7 Orderly ~+ | Road Sensors IH(E) e
I s T rians f“ -<d- _: Safe '

| Lights % \ /7_ | | » < Traffic . 7 Road Layout ﬁjﬁ(E) ......
| Controller Crossing |- = | | - - I .

I | Buttons | | Road | __l.- - | Pedestrians SUKE) e
I Layout | ——] Vehicles -~ 1 B2 I

: ABI " & Drivers 4 | Vehicles & Drivers SHE)
I : :

[ : :

I I Road /
; 1| Sensors

*Michael A. Jackson. Problem Frames: Analyzing and Structuring Software Development Problems. Boston: Addison-Wesley, 2001.

[RIAR#BE, €TFRGFREFER: HASSHFREBAEBLIHT. VAT L R4, 2005528 AR
*xMichael A. Jackson. Jackson, M. A. 2006. What Can We Expect From Verification? IEEE Computer. 39, 10 (Oct. 2006), 53-59

Orderly Safe Traffic ZRR) e
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FooeERTIE - AIAREFIRE4AI
MR : FRRERTENRE/HIB? SQE

( ATARE*: o ATRIIREFEE (e. g. , ATXcoder) , FSRENE 2

System = Machine + Problem World Behaviour  Requirements
— eSS A HTE (AT4Knowledge) : Causality
M, o]« w e B f';q;:i___ R (critical, e. g. formalism/logic) vs Correlation
N<l N e 4--4:53;,‘;“,{"’3::& ——E—‘R;-:E:nzx_al (general, e. g. NLP->KG/AT) — fift &A1/ L1
’ LY — AT NYE)E%UF (AI4Verification) : model
checker (critical, state compression) vs GPU
model checker & AI planning — fFRE J1/HE
i 's | Divi Jacksonis Rivide
N).rc s Al4RE S —  weR4EREEA (AT4Validation) : NLP+cognition
T sZagbm LT fa ?sychology, etc vs user study (NLP+BD/AI)-
— “customers donnot know what they want” -

“maybe AI or BD knows” - f# Ui KT/ HitE
2. Requirements Alﬂfﬁ&ﬁ;ﬂb I:Fil:rllj!ll!:!!:, %%JFRE“!%?

Values, Engineering Medels,
ji e %mm — PURE (Problemoriented Urban Requirements
Engineering) process framework

validation +

upates

1. Problem 3. lrban
Orientation Computing

Service mtervention based

on big data analytics
Stakeholder “updates ML/DM, software,

intentions, values, computation,
CPS bat decisions

— _ - ©2019 1SQE www.isge.com.cn

%}'ﬁ: * modified, taken from: Michael Jackson, Requirements, behaviours, and software engineering (keynote), RE2015, Ottawa, ON, Canada, Aug 24-28, 2015.
** Zheng, ¥ (2016). “Urban Computing: Tackling Urban Challenges Using Big Data,”(keynote) IEEE 24th International Requirements Engineering Conference (RE), Beijing, 2016, pp. 3-3.
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» AI4RE-|aEakgiR
1 B RIS B AU S I A )

BB | B R S RS AR R AR H(Y
RFIERERS, XERFRMTF SE RS )
KEHB S R 5 s BT ES R . ’f

BVEEFA— BRI R g’;
g (—MEERFEREES) , SESEE
AU RSB, X—RANEIRRE
HE SRS R, LEsEN
EEFREFNRERRNRT.

(3EiE: Beta BionicsEN)
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» AI4RE-[a)5a}5A

ARFRRIXENS: iLet{5-ERRIR: HEl, SEEMTHRA1EE

=—HEARSEEERR,  pomsiil etHEMTF6S R L1 RBRRE

FIRDIRREEIEMLRRE  mapn) of
mi - EACHBMERE:

o BENESEIEE J 7’4‘ \

TSR
o ESEMEEELN DL iy -
o MEMLATT = &
o RiIFZHMIESE (3=E: Beta BionicsEM)
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I@;@Fﬂﬂﬁﬁﬁ)}
FPower i . EEEE
WPl [\ T o
- [C
) Proper and
Adarn r e reliable injection
S of Insulin
Controller
Patient
Clock
[c B
Kermed ‘ - e MRS
Medical ; e
[c] Display record ’—.‘ BEAEMCEMZLL
L r._ n
[ A . hnEAREE

TEEK: HiITFHISEENRERARE, BARHEBIRESED
& /BT SLE Alarm L IEERB A B B EE iR th,

BB ER): G-YLiu, Zhilietal CARE: A Computer-Aided Requirements Engineering Tool for Problem-Oriented Software Development,

International Journal of Software Engineering and Knowledge Engineering, volume 25, issues 09n10, pages 1747-1752, December 2015

AR FER T 2 F58 A\ SR DD A"*M*fﬁg%ﬂ*
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https://www.worldscientific.com/doi/10.1142/S0218194015710114
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» AI4RE - [JRREZEER: FRXIEEERKARE (NL2PD)
PATE AL 81 [ 2 4 51

1 Class name % *]., %gj *E s*
2 |controllerfightZone FlightZoneException java ’]\ 1_.
3 | controller flightZone FlightZoneManager java

4 |controllerflightZone ZoneBounds java Fovete Drone COIltI'Ol System *}'L%% L
5 controller helper.Coordinatesjava »

6 controller helper Distance java : i B N

7 | controller helper PointDelta . Central command screens @iﬁ&j e
8 | controller helper ConvertDecimalDegreesToXYCoords java [] . -

9 | controller helper DegreesFormatter java ‘ . A =

10 controllermovement.FlightDirectivesjava Fp*"sm Fllght plan ﬁﬁ ceeean
11 |controller movement. Roundabout java 008 £7 opeions

12 |controller movement.SafetyManager java N ________ %ﬁ :ﬁ

13 |controllervirtualDroneSimulator FightSimulatorjgva ~~ ~  __—— L __DBIn T Operator ‘-b: Tttt

14 |controller virtualDroneSimulator DroneVoltageSimulator java
15 |model.bases.BaseCoordinates java

16 |model bases.BaseManager.java

17 |model bases.DroneBase java

18 |model drone runtime.iDrone java

19 |model drone runtime ManagedDrone java

20 |model.drone runtime.droneFlighthModeState java
21 |model drone runtime droneSafetyhModeState java
22 'model.drone runtime.PhysicalDrone java

23 modeldrone runtime VirtualDrone java N

24 modeldrone fleet DroneFleet java o s iy 15 tooggnaes
25 |model.drone fleet DroneFleetFactory java

26 |model.drone fleet PhysicalDroneFleetFactory java
27 |model.drone fleet VirtualDroneFleetFactory java
28 |model drone fleet RuntimeDroneTypes java el
29 |model flights.data.FlightPlan java
30 model flights.data.Flights java :
31 /modelflightsxml.LoadXMLFlight java :
32 'modelflights.data.FlightPlanWayPointCollection java
33 |model flights.data.InteractiveWayPointDot java

34 |modelflightsxml.SaveXMLFlight java

35 |modelflightsxml XMLFightPlanimportHandler

36 |view.Dronelmage java

37 \view FlightZoneStatusPanel java

) Drone ST N
- GPS it
Central command I e
Base i .
Obstacle b N

R36 E=k Bases will be shown on
the display.

R12 =R
R46 =K

II

DES! {AssipnT, Fiight mods onde
Location. Diseelon, Speed. Uollsz

Bl CoordinatesCammantk
DCS! drone coordinates .~ GPS! returnCoordinates
! track coordinates S

38 |view FlightZoneView java % ?}(
39 view InteractiveFlightPlannerView java seseae seeease
40 |start StartFlightZone java R0

*Goodrum M, Cleland-Huang J, et al. What Requirements Knowledge Do Developers Need to Manage Change in Safety-Critical Systems? RE2017 conference.
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» AI4RE - [2EzZNER: |RIEBNERIRREE (NL2PD)

SRR ER A — A, ERNLPE;
AERERE LSBT NLELER, B
SRS A AL B Bl T l

IS ~
Name Of Nodes . Meta—Model s ]
Graphical Element Descriptions Sentence Parse NLP Techniques
" J
Machine II MachineType The machine is where the software to be run.
Y
Lexical domains provide physical space where the ths_e
Designed I LexicalType data is stored, thus with some causality in their Extraction
Domain ode storage behaviors. Rule
-4
Cau:.;al Causal rcl CausalType Causal domains contain predictability in their / \
Pomian : behaviors ¥
Biddf]ble Biddable BiddableType| biddable domains (usually human beings)do not Domain Phenomenon Property
Domian IF contain predictability in their behaviors.
Domai |_ - _i They describe internal or external causal
maln Property Property relationships or other characteristies of the
Property | | domain
- — — — v
- ‘-— -~ \ . They describe the behavioral references or B
Requirement {Requlrement} Requirement constraints, prescribed by the problem owners. Problem Dlagram
N — Module

Fig. 2. How meta-model elements are mapped PF Nodes

Xiao H, Li Z, Yang Y, et al. An Extended Meta-Model of Problem Frames for
Enriching Environmental Descriptions, 2021 |EEE 29th International
Requirements Engineering Conference Workshops (REW). IEEE, 2021: 428-434.

NL2PD# R B& %k
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» AI4RE - [(E#NEE: NL2PD2ig T HiExR"

O ¢ Traceability4PF

X ® localhost:3000 A M s Q| = .
FIBSA F)lava & BE [ X [ tols [ Hsesd £ 2020 P & ) dataset [ didsepapers ) repair Flnldcode P DL ) #E F) python F7) wordvec F) theia ) RIMIE [ SRAESKE ) @28 [ iE8VME M Gmal € YouTube BF 8 > | [ ks Q
154% ~ @ a X B L & Check  FC test ni2pd - P

(© Ccomponents =
o

Search by shape name

i
lachine GivenDomain : - o]
GivenDomain _GivenDoma'ini';{{;}}_ leengomam —
A GivenDomainA! -
Design Q 5\(\P\\'\a\ \G/l/e ., -
o™ Gj /7; b4 ()
............. 6\\] e‘\oa \(\e\-\‘o\ Ivel; D a//7(\ { e} “\
Requlrement ] \‘!\ 5//78 ,{0 “‘ o
.......... \Aachlne 2
GivenDomainC
© special shapes - G‘VenDomalnC ‘N )_//—-
‘ D!
GivenDomain _/”__’_GlVenDoma‘n 0 CQ(\\/
Givengomain Givenl):)(omain D «\%\(\ Q\@
P G o° °
Venp, &
Give "’a/nE/ S
Givengomain Do maj, in DI[{k}\ / 6\\‘e
GivenDomain
E
4 > ¥
current nath- @

&S 127001...

*X. Chen, Y. Deng, H. Xiao, Z. Li. NL2PD: A Tool for Problem Diagram Generation from Requirements in Natural Language, 315 IEEE International
Requirements Engineering Conference (RE’23), Hannover, Germany, September 2023.
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i d
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» AI4RE — LLMBJEEIZREUAIS £ EIBRHR

IRChatGPTRZHifflH{ERFERYIE H—EIRChatGPT3zHiG, SFILA
EzfE, SELTERER: TREEEFTEE:

_ Cause (constituent (Blood sugar | Structure
Cause Explanation Causal Infer- factors) the | change) the | factor
ence Type value of X value of Y

Diet Consumption of high- | Exogenous Hormonal Im- | {0,1} {0,4.65} 2325

carbohydrate  and  sugary | Variable balance

foods Insulin {0,1} {0,5.70} 2.850
Phveical - R 1 - Tohveical TE Deficiency
Physical activ- egular exercise and physica xogenous insulin_Resis- | {0.1} (0,640} 330
ity activity levels. Variable tance
Stress Physical or emotional stress. Exogenous Genetic {01} {0,220} 1.10

Variable Factors

Medication Certain drugs can affect blood | Exogenous

sugar levels. Variable Insulin Resista
Illness or infec- | Presence of illness or infec- | Exogenous nsulin Resistance
- - - The structural causality
tion tion. Variable coeficient
Hormonal Im- | Imbalances in in- | Endogenous H

. . . ormonal

balance sulin,glucagon,cortisol,and Variable Imbalance

Other hormones. The structu_ralcausality
Insulin Insufficient production of in- | Endogenous st
Deficiency sulin. Variable
Insulin Resis- | Reduced sensitivity of cells to | Endogenous
tance insulin. Variable
Genetic Inherited traits influencing | Endogenous ‘
Factors blood sugar regulation. Variable

2.325 3.2

Ling Xie et al, Augmenting the Problem Frames Approach with Explicit Data Descriptions Using ChatGPT, IEEE
31st International Requirements Engineering Conference Workshops (REW)
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Ziyan Zhao, Zhi Li, Changlan Fu, and Xiao Zhang. A Computer-aided Modeling and Verification Approach for Problem-oriented Software Development. 5th Asia-
Pacific Conference on Computer Aided System Engineering(APCASE2017), pages 21-28, Guilin, 2017. Best Paper Award Winner

AR SHERERR & £ EE N\ B2 AT DD f.“‘:&*‘?%%‘i“‘?ﬁ


http://www.apcase.org/web/
http://www.apcase.org/web/
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Hand\GesturerRecognition

Ziyan Zhao, Zhi Li, Changlan Fu, and Xiao Zhang. A Computer-aided Modeling and Verification Approach for Problem-oriented Software Development. 5th Asia-
Pacific Conference on Computer Aided System Engineering(APCASE2017), pages 21-28, Guilin, 2017. Best Paper Award Winner
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Yajun Deng, Zhi Li, Hongbin Xiao. Trace4PF: A tool for Automated Decomposition of Problem Diagrams with Traceability, 34th
International Conference on Software Engineering and Knowledge Engineering (SEKE22), July 1-10, 2022, Pittsburgh, USA.
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*Y. Li, Z. Li, Y. Bu, H. Xiao, Y. Deng. PF4AMD: A Microservice Decomposition Tool Combining Problem Frames, 31st IEEE International Requirements
Engineering Conference (RE’23), Hannover, Germany, September 2023.
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» MNMITFRZERGZE: REFREEIAEZ-RM2PT

RMZ2PT Overview

Requirements(n)

Enterprise
Application

evolve
Requirements(1)

Natural Language

Cloud-native

» Application

ML-based
Application

validate

Problem Frames »

92e,51128-03"%

Blockchain(DApp)

Prototype(n)

A case tool can automatically generate prototypes from requirements models
, 28th IEEE International Requirements Engineering Conference

Rapid Prototyping for Requirements Validation: A Best-Practice with RM2PT

Yilong Yang, Xiaoshan Li, Zhi Li.
(RE20). Zurich, Switzerland, August 2020
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n@ﬁg(PF) Opseatoc i lObcyOpevamrsCom\ GIJ(U M L)
/ o:GPTlonBut ofBuT sRpienbuLolitug \,~ mend PackageRouter
/ i - Operator
/ N o B ~ ObeyOperatorsCommand
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“ — Display {-D1!{pkgAre(p,.d). pDest(p,d)) 7 ReportMisroutedPackage
\ D Q PAl(plthmghﬂ i < <
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e % :‘ SavingEnergy ," =
\\_ g RSl[s:r\d[pngsl)] ‘ 2 N ot SavingEnergy
o . n:{pkgWeight} P ~
ReadingS . . . Switches
RPATGRare(prgO) ’ FipkgOst i, ReschRiohtsin } y
\} RC!!{switch) / \ e P ReachRight8in
k: SW'(stnle(pngsm \"-\\
/ \
/l PAI(bin1) '\ m:PAl(bin2)
I Bin1 | I Bin2 | O
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7N
| T
L putOnConveyor (package) i
”: S— |
ZE(UML): Bin Switches o ,
|id: Integq |ghSlatus:Stn'ng | turmOn : Boolean L s . ———
n.ame:Stnng ng.htsmus:Boolean name: String L ng () }
binNumber : Int pkgRefBin:1 switchNumber : Integer fid : Integer |
P / pkgRefSwitch:* |
i . OpRefDisplay:* o %
Package Idopl |
id - Integer s [isSwitch]  viaSwitch (Switches) ;
name : String ispaly f
size : Integer emmMsq : String |
weight : Integer swtichld : Integer :‘ B e A A ddal A -
type : String bindid : Integer
isProhibited : Boolean v reachTargetBin () 3
f
= pkgRefAddress:* |
Address |
-
id : Integer r
name : String

Hongbin Xiao, Zhi Li, Yilong Yang, Shangfeng Wei. An Extended Meta-Model of Problem Frames for Enriching Environmental Descriptions. In Proceedings 2021
IEEE 29th IEEE International Requirements Engineering Conference Workshops (REW'21), pages 428-434, September 20-24, 2021, Notre Dame, IN, United States.
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2. Requirements

Values, Engineering Models,
behaviours + + updates
updates Models + tool
™\ validation +
updates
1. Problem | 3. Urban
Orientation Computing
Service, intervention based
on big data analytics
Stakeholder g+updates Y ML/DM, software,
intentions, values, computation,
CPS behaviours decisions

EEXKIR:

Zheng, Y (2016). “Urban Computing: Tackling Urban Challenges Using Big Data,”(keynote) /EEE 24th International Requirements
Engineering Conference (RE), Beijing, 2016, pp. 3-3.
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» Causal Al

m] £« The Causal Al Conference 2022- X =+

X (3 hitps/Awww.causalaiconference.com

CAI 2 2 Welcome to the Causal Al Community: Scaling the global adoption ofitrustworthy Al
DarkoMatovski. CEO, Ca-Founder causalens

The Causal Al Canference @\‘
\
= Session Details =
~ . Actual Causality: a survey
\ ' JoeHalpern, Professor - Computar Science, Comell Univarsity
\
= Sassion Details >
~ Causal Alin the Energy Industry: Lessons learned at TotalEnergies
\®“ toneello, Head of Next Generation Al, TatalEnergi
\
= Sessian Details -
~,  Establishing Partnerships for the Learning of Causal Relationships in Medicine
“®“ Nicholas Chia, Associate Professar, Mayo Clinic
\
N Sessien Details
~,  Panel: Why there's alack of trust in Al - and how can we fix it?
Introducticn \®" Speakers: Puneet Gupts, Andre Franca, Nicholas Chis, Stephen Pritchard
\
Speakers N Saession Details =

WatchOn-Demand

Resaurces =,  Understanding Sales Drivers: Causal Al at Nestle
\ ¢ Jordi Mur. Analyst. Einerging Technalogies Nestlé Innovation, Nestlé
\
N= Session Details =
~,,  Modelling and Decision-Making in ar'Fver-Changing WorIdI
\ ' Annie Hou, SUP - Glohal Head of Al
\
N Sassion Details »
~,. AnEmerging Solution to Harmonize Various\Causal DiscoveryjMethods
\
“@‘ Nima Safaei, Senior Data Scientist, Scatiabank
\
= Session Details -
~,  The Causal Al Community Today and Beyond
“@" Max Sipos, CTO, Co-Founder, causalens
\
= Sassian Details =
Organized by -
causaLens

A\\

Fre-register now
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[ asked it the

Amstat News, Al Special Issue, 555:6-9, September 2023, TECHNICAL F

JUDEA PEARL, Al, and CAUSALITY:
WHAT ROLE DO STATISTICIANS PLAY?

In the first half of 2023, the machine learning programs ChatGPT
and GPT-4 changed the landscape of artificial intelligence research
seemingly overnight. Judea Pearl’s research bridges the subjects of
statistics and artificial intelligence and highlights the importance
of causality in both settings. Dana Mackenzie, Pearl’s co-author for
The Book of Why, interviews him here to get his take on recent de-
velopments. When they wrote their book in 2018, Pearl contended
machine learning had not yet moved past the first rung of the “lad-
der of causation.” Computers could not correctly answer querics
about interventions and still less about counterfactual scenarios.
Has his assessment changed?

MACKENZIE: Can

you tell me your first
reactions to ChatGPT and
GPT-4? Did you find their
capabilities surprising?

PEARL: Aside from being

g
I have had to recon-
sider my proof that one cannot
get any answer to any causal
or counterfactual query from
observational studies. What [
didn’t take into account is the
possibility that the text in the
training database would itself
contain causal information.

The programs can simply cite
information trom the text with-

out exeriencm any I ||s

underlying data.

For example,
questions about the firing squad
[from Chapter 1 of The Book of
Whyl, such as what would have
happened to the (now deceased)
prisoner if rifleman 1 had
refrained from shooting, At first
it goes into side tracks and tells
you, for example, “it is danger-
ous to shoot people.” But if
have time and prompt it correct-

it will et closer to the correct
answer: i
from shooting after receiving the
signal, the prisoner could still
have been killed by soldier 2,
assuming he received and acted
upon the same signal.” Finally, it
gives an A+ answer: “Given the

additional mortion, if each

soldier always fires upon receiv-

his shot, causing the prisoner’s
death. This is an example of
‘overdetermination’ in causa-
tion, where an effect (the pris-
oner’s death) has more than
one sufficient cause (either
soldier’s shot).”

Here, I have to make a cau-
tionary note. In spite of its
impressive command of vocab-
ulary, ChatGPT doesn't have a
causal model itself. It doesn’t
have a structure into which it

i . cnowledge. I
you ask it about another prob-
lem with the same causal struc-
ture, say about inoculations,
you'll have to prompt it again
from scratch. It won't generalize

J. Pearl (Interviewed by D. Mackenzie), "Judea Pearl, Al, and Causality: What Role do Statisticians Play?," ’) 0 ¢
UCLA Cognitive Systems Laboratory, Technical Report (R-531), September 2023. Amstat News, Al Special'lssue, 555:6-9, 0 v
September 2023.
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