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Abstract

This thesis explores the application value of intelligence amplification in decision making. The
intelligence arplification (IA) highlight& dzY | yrir& rol®i6 solving a probleninstead of
replacing humanswith dzi 2 Y G A2y > L! | YLX A FA S aproKenylAy & Q
emphasizes the strengthsf humans and intelligent agents to overcome their respective
limitations through the collaborative effort. In IA system, humans, as a guide, direct and
supervse intelligent agents, while intelligent agents, as an assistant, aid humans to complete
tasks efficiently and effectively

To apply IA in decision making, this thesis proposes an intelligence amplification (IA)
framework. The IA framework introduces sigs of implementing IA in decision makirig:
analysis of decision making process, 2) identification of collaborative tasks, 3) task
decomposition, 4) task assignation, 5) design of intelliggents and 6) implementation

With this IA framework, IA @pplied to solve planning problems of synchrorabttansport

in the simulatedenvironment. Through testing the usefulness of the designed intelligent
agents that are built to cooperate with decision makers, the results validate the
appropriateness of theask assignment instructed by the proposed IA model. It further helps
to validate the practical applicability of the design&dmodel in introducing IA tdecision
making.

The testresults show that the collaborative effort of humans and intelligentrdgenakes a
better decision on planning transportation activities than either humans or intelligent agents
working alone. The results further indicate the potential practical value oihlAnproving

A

decision making om real business case as wellas am@liA y 3 RSOA&AA2Y YI 1 SN&

performanceof making decisions

There isalsoa need to be aware of the potential challenges during applying IA into decision
making. To achieve the expected IA effects, the specific daamsaking process should be
definedaccording to &ertain problem and the desigyf intelligent agents should pay special
attention to the appropriate interaction desigand the individual uniqgueness
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1. Introduction

1.1. Research &ackground
The capabilities of computers in calculating, dptacesing, iformation storage and
retrieval keep improving which enablescomputers tooutperform humansin majority of
routine operationgDanson et al., 2015} or the last 50 years, computer scientists conducted
researchin the domain of Artificial Intellignce with the intention of creating computers and
software capable of intelligent behavior. These intelligent agents are designed to act
autonomously and exhibtiumantlike intelligence. Butomputers are designed primarily to
solve preformulated problemsbased on available data according to predetermined
procedures(Licklider, 196 It is nearly impossibléo foreseeall problems in advance.
However there are otheraspects like goals, business semantics, cultural idiosyncrasies, and
sparks of creativitythat are difficult tobe codifiedinto machine languagéDanson et al.,
2015)

Enteringthe era of Big Datahe sheer volumeand varietyof data keepexpanding due to the
prevailinguse ofpersonaldevices, the increasing numbers @en platformsand the vast
variety ofnetwork systemsThe more data we integrate fronarioussourcesand formats,
the less effective data mining can f®ankar, 2012)lhe massive unbounded data increase
the complexity and difficulty of analyticsyhich could resultn financial and intdectual
frustration, confusionand exhaustion(Danson et al., 2015Hence eventhe advanced
techniques can be distracting for decision makand will not give insights f@eople if these
technologies are not properly applied.

1.2. Intelligence anplification
Hereby, it is time to reevaluate an alterdatd S @A & A 2rgplading MuinanSdorRputers
collaboratively work with humans tamplit K dzYihtglligeQce of makingeffective
RSOAaA2Yyaédsy GKAOK Aa LyGuSttaaSyoOoS ! YLI ATFAOL D

IA was first mentionedoy William Ross Ashby. Ashby (196Bimsthat the intelligentual
power is equivalent to the power of approptéselection. That is, augmengrthe power of
selectionimproves the intelligence of problem solving. J.C.R. ldekl(19®) presentsthe
idea of mancomputer symbiosisHe argues thatdecisions should be madunder the
cooperation ohumarsand machinsrather than depenehgon the predetermined programs
especially when it comes toomplex situationsDue to the fact thateither humars or
computers, two different entities, perform soméasks better than the other, J.C.R.Licklider
suggests to form the funions of humansand computers in @aymbiotic partneship. This
humanmachine symbiosigelates with the task assignment blem from operations
research: what kind of work should be assigned to men and what type of task should be
completed by computersn terms ofthe maxmum efficiency and profit? In other wordthe
symbiotic relationship is to allow both men and computrgocus on hetasks that they are
superior in Douglas Engelbart (1998&lso refersto 1A for he goal of augmentinpumara Q
intellectby organizing theintellectual capabilities into higher levels of synergistic structuring.

The viewpoints given bshby 1956), Licklider 1960 and Engelbar{1995)all emphasize
KdzYl yaQ S dnpdhiamsdlving Huials &re flexibleand capable of applyingon-
linear approaches tadentify questions, iteratively hypothesize, discover new patterns, and
pose atrait of creativity, which are very difficult for computers teplicate (Sankar, 2012)
Licklider(1960) statesthat humansare superior insetting goals,formulating hypotheses,

1



determining criteria, performing evaluation, and handling uncertainti¢aveverz K dzY | y a Q
capabilities are limited in coping witlissues at scale, computation and volume. Heirce

terms ofefficiency humars needcomputer toaid withthe formulated and reatime thinking.
Licklider(1960)suggestghat computersdo all the routire workto preparehumansfor the

insightsto make a decision

Oneof IAQ&  (isNtratklAl @mplifieK dzY I y & Q A vy de§lifhgt wittE@npléxSssuksy
Specifically)A allowshumansto focus ona broader context while allowing technology to
address stadard rules that can be cod#il and executed autonomouslccording to Sankar
(2012), the potential application areas ofi#ll be extensivevith data analytical applications

The medical community caidentify the virus structure with the help of comper, and
diagnose cancer by accessing as many patients medical record as possible. The intelligence
community can inspect global calls, texts, and emails to identify possible terrorists or credit
risk decisions. Police department can integrate and analgta from multiple loca, states,

and federal sources to condutite crime analystyresolving crime in real time. Farmers can
usethe data collected by their equipment, from almost every foot of each planting row, to
increase crop Yyields. Risk and frawgeattion, preventative maintenance, and productivity in
supply chain are also viable candidafer applying IADanson et al., 2015)

Herebythere are great possibilitie®r |A to become critical fothe competitive succesm
businessin the busineswvorld, decision malag is a vital part adecision exists in all activities
and functions ofa business. fie correct and appropriate decisions ensure the succetizadf
businessHowever,it is not always easy to make thight decisiorbecauseof uncertanties,
the uniquenessnature of a problem diverse goals, varioustakeholders, andhe lack of
relevant information(McBurney, n.d.)Therefore, it ismeaningfulfor this thesisto study
whether and how IA can improvdecision makingo make a busiress competitive and
successful

1.3. Research goal
The goal of this thesisto evaluateL | Qa LINI OGAOFf @ f dzZS Ay A YLINE
order to achieve this research goal, this thesis needs to find out an approach to implement
IA.

The approachof applyng IA into decision makino this thesisfocuses onthe business
operations of decision making processBusinessgoals and requirementsvary from
organization to organization. Each business requarasriety ofactivitiesand methods to
support the busiess requirements.In the neantime, eachbusinessscenariodemands
multiple data velocity, structureand analytics complexitylhus, he solution inthis project
aims to introduce aeferenceframework that guides IA practical application in decision
makirg.

1.4. Research questions
The main research @stion of this thesiss:

How to applyintelligence amplitation indecision making

Ths question iglivided into the following underlining questions, whickedto be
answered in order to provide an answer teetmain research question:

1. What is the current state of the art in scientific literature?



a. What is the current state of the art in scientific literature concerning the use
of IA?
b. What is the current state of the aim scientific literature ordecision maing?
2. What kind of 1Arameworkis best suitedor decision making
a. What kind oflAmodelframeworkare availabl&
b. What constructs should be included in the designeffdamework?
c. What relationships between constructeauld existin the designed IA
framework?
3. What are the advantages and disadvantagéapplying the |1Aramework?
a. Howto apply the IArameworkin simulated environment?
b. What effects are produced by applying theframeworkin simulated
environment?
c. Do the effects provéhat |Aoffers superpr insights to decision making?
d. To which extent is the 1A framewodpplicable forareal caseon different
business areas and projects?

1.5. Research ethod
Thedesign science research methodology (DSRM) (Peffers et al.,i2058d to guide this
thesis.Thae are three phases in this thesis: problem investigation, design and validation.

The first step is to define the research problem and justify the value of a solution, followed
by defining the objectives of the solution (Peffers et al., 200RAg problemwill be further
investigated byhe literature review. To conduct a thorough and structured literature review,
the method of Webster md Watson (2002) is applied as tgaide, together with the five
stage grounded theory methgaroposedoy Wolfswinkel etl. (2013¥or rigorously reviewing
literature.

Then the artifact is designed to improve the problem context and satisfy the design
requirements (Peffers et al., 2007). The artifact in this thesis is a framework that introduces
the IA concept in decisionaking process.

Next is to validate the artifact in the problem context. The validation first needs to
demonstrate how to use the designed framework to solve a problem. In this thesis, the
validation method is a case stud§ince hereallife context is complexandhas many external
influencing factors, e proposed IA framework will be validated in the simulated
environment a serious game about transport plannifidne serious gamallows toconduct
testingin a simplified reallife context so thathe valdation ofthe application effects othe
proposedIAframeworkcan be completed effectively and efficiently

Evaluatiorfollowsti 2 Y SI adzNB K2¢g ¢Sff GKS FNIYSs2N]
makirg. In the end, this thesisommunicate and discgses the results of validation, the
artifact effectiveness, and the future improvement.

1.6. Thesisstructure
Chapter2 provides the findings fronthe literature reviewon the currentstate of the art in
sciertific literature concerninglA anddecision making. Then Chapt8rproposes the 1A
framework Next, Chapter 4 introduces the serious game and describesheoframework
worksin the simulated environmeniChapter 5 then illusatesand discussethe validation
results Finally, the overall cogsion can be found in Chapter 6

QX



2. Literature review
This chapter provides a background on Intelligence Amplificgt®and decision making,
based ora systematic review of previousditature.

To conduct a thorough and structured literature reviethis thesisuses the method of
Webster and Watson (2002) as a guide, together with thedtage grounded theory method
proposed by Wolfswinkel et al. (2013)rfrigorously reviewing literatre. First step is to
formulate questions that need to be answered through the literatteeeiew. Thenaforward
search is conducted with introducintbe search queryand selection process. Next, a short
literature overview is presented. In the ena@Backvard ®archis conductedn the selected
articlesto get sufficient knowledge from the studied literature

The search engine is SciVerse Scopus. TheiSsapportsnanysearch specification options

FYR &aSIFNOKSa ljdza O1t & (KN oiifitk, aliskast, agozaNthoR Qa |
information of leading scientific article&oogle Scholar is used to search for full text of the
selected articles.

2.1. Intelligence Amplification (IA): A literature review
In this section, thdA concept is investigate Fist, the overview of literaturesearchand
selectionprocess ipresented In the second part, the role of human in IA system is discussed,
followed by the description of relationship between humans and intelligent agents. Then the
application of IA is disissed and finallghe frameworksframeworks of applyingIA are
introduced.

2.1.1. Literature search and selection process
Based on the research goals and the research questions, it is necessary to find out what has
been studied about the intelligence amplifiaai (IA)by answering the following knowledge
guestions

1. What is the role of human in IA system?

2. What is the relationship between humans and intelligent agents?
3. What is the application of IA? What are the benefits of applying IA?
4. What kind of model frameworkis mentioned for application?

This thesisusestt KS 02 y OSLIiI 2 T todeprgsénd d dlaksdBtlyelautdnanduys i ¢
intelligent agentslike computer and software) that are able tpursue goalsperceivetheir
environment,react on the environmat, learn from other agentsand update its knowledge
base (Mills and Stufflebeam, n.d.)

TheNBE KFay Qi 0SSy | dzy A T 2 aNIRISSHANI K Sediyed kel FO SiyKH(
consensusbout its valuesn practical applicatioa In order to get enougrelated and useful

articles,the literature search uses more than one quehablel shows the search query as

entered inthe website ofScopusComin November, 2015 and the search results of each query.

The asteisk sign (*) helps taclude all results for multiplerorlds defining the same or similar

wordsh {2 GKS &aSIFNDODK GSNY QfFYlIyQs AyOfdzZRSa o2
W dzZaAYSYUlfFQ AyOfdzRSa WIHdAYSY(iQs WHdzAYSYylAy3aQ

Astheconcep2 ¥ WY I OK A y S fe seaich EmitRie subjecyafe@harrow down
the number of research results:



Thesubject areasre limited toW O 2 Y LJdz(i SNJ &
WodzaAySaa YrylFr3aSySyid IyR

OA S
I OO

Tablel Search query

yOSQr Wa2O0Al €
2dzy i Ay3IQ0o

Search query

Search results

TITLEABSKEY ("intelligence amplification™)

14

TITLEABSKEY "amplified intelligence’) 5
TITLEABSKEY "intelligence augmentation) 20
TITLEABSKEY "augment* intelligence") 15
TITLEABSKEY "*man computer symbiosis) 29
TITLEABSKEY "*man machine symbiosi$ 39
TITLEABSKEY "*man machine collaboration) AND ( LIMITF 79
TO(SUBJAREA'COMP") ORLIMIF

TO(SUBJAREA'SOCI) ORLIMIF

TO(SUBJAREADECI) OR LIMIFTO( SUBJAREA'BUSIY) )
TITLEABSKEY "*man computer collaboration’) 73
TITLEABSKEY "*man computer cooperation’) 69
TITLEABSKEY ( "*man machine cooperation”) AND ( LINOT 150
( SUBJAREA, "COMP") OR HMITSUBJAREASOCI") OR
LIMIFTO ( SUBJAREA , "DECI") OR-LMA(SUBJAREA , "BUSI"
Summary 493

The nitial search resulted in 493 resultBigurel illustrates the selection procesof the
relevant aticles.In the first phasearticles wereseleced by the relevance athe title. In the
second phasearticleswere selectedbased on the abstract. Thethis thesisfiltered out the
articlesii K I (i aechsBdfcxétrieve thefull text. The finalpapers were selectedaccording

to the relevanceof the content

Initial search
M=453
Selection
on title
MN=357
MN=96
Selection
on abstract
MN=00
M=30
Full text
available
MN=5
M=31
Relevant
content
MN=11
N=20

Figurel IA Literature selection process

5
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Table2 provides the overview abdwvhich literature addresses whidnowledge questios.

Table2 IA literature review

Role of Relationship between | The application of| Framework /
human humans and intelligen | IA and the framework
agents benefits
1 Ahmed and Hasan, 2014 p321 p320-325 p322
2 Arseneet al.,2015 pl1827 p1827P1833
3 Brangier and Adele, 2011 p14-15 & p20
4 Casini et a) 2015 p200 & p205 | p200-201 p200-202
5 Garcia, 2010 p338 p338339 p339-344
6 Cummings, 2014 p62-68 p63-68
7 Griffith and Greitzer, 2007 p42 p43-49 p43
8 Jacuccet al,, 2014 p5-13 pl1-13
9 Kondo et al 2010 p471-474 pa72-474 p471 & p482 p474p479
10 | Lange etal 2014 p97-98
11 | Lesh et al 2004 p1290-1294
12 | Ramchurn et a) 2015 p8 & p2223 pl-4
13 Reda et al, 2013 P1-6 p4-6
14 | Roy, 2004 pl21-122 pl23
15 | Stumpf et al., 2009 pl-2 p22
16 Sun and Cai, 2011 pl
17 | Tanetal., 2009 pl152 & p154 p153155
18 | Williams et al., 2014 p4690 p46904692 p4695
19 | Woolley and Stanley, 2014 pl & p3 pl & p8
20 | Xia and Maes, 2013 p2 p2-5 p2-3

2.1.2. 1A:therole of human in the IA system
Griffith and Greitzer (2007) contertiat humars should be in the superordinate position to
overcome the limiations of computers. For example, in the object recognitidhe
automated target recognition algorithms suffer fromaessive false alarm rates ahdvean
inability to adapt to different environmental conditions (Williams et al., 2014). Kondo et al.
(2010)suggesto have the presece of a user in the object recognition system, particularly
when there are dynamic charg affecting the targetecognition HdzY | yfléxiQility and
cognitive abilitiescan simplifyrecognition task and increasethe accuracy of theobject
recoqnition. Besides, n the process of acquiringgnowledge to accomplish tasks, the
automatic lhowledgeacquisition methods daot alwayswork wellbecause&knowledge keeps
evolving with timeand is fragmented and scattered througitonany resourcesarcia (2010)
addresseghis limitation by involvindiumars in the knowledgeacquisition processo use
humars(rollective knowledge




The fuly automated processing withodtumara @tervention is error prongCasini et al.,

2015). InCasini et al (2015) researcthumansQinvolvement dramatically increase the
aeaidsSyQa | OOdzNY O& o0& LINBH Segultshof Sunifekab (208NE NJ L
study also indicate the benefits tflumansworking handin-hand with intelligent agents

Woolley and Stanle§2014) demonstrat¢hat humard iflsighsa A Ay A FTA Ol yif & NBRdz
compkxity andenableto find solutbnsfasterthan the fullyautomated process

In general,the above researchemention the benefits of involving humars in resolving

complex and dynamic problesnin comparsonto the full automation But the aim of these

researches to involveumansisto help overcome tk limitations of automation¢ K S & Ry Q
L& FdGSyldAazy (G2 K2¢ KdzY.Cohde@inghd IAJodcRpt, I\hls S I-
GKSaArazr y20 2yfe NBIdZANBAE KdzYlFyaQ Ayg2t gSyYSy
central role insolving problems

2.1.3. IA:the relationship between humans and intelligent agents
LO1 f A RS NI & th&maidorpyiter Byfbidsis. Brangier and Adele (20déhtify four
types of the humartechnology symbiosisCoextension, Gevolution, Ceaction, and Ce
dependenceThey regard symbiosisan interdependent relationshibetween two entities
that both benefit from cohabitation.They further presenttechnosymbiosis to describe the
relationshipthat technologies assishe involved human to improvéhe degree d efficiency
and quality Xia and Maes (2018glievethat the system and the usecan learn from each
other to achieveco-ewvolution. Griffith and Greitzef2007) viewthe symbiosis athe symbiotic
interaction betweenhumars and the information.Jacucci et al. (2014) summarigee
interdependence between humans and machines @$epresence, affective computing,
persuasive technology, mixed initiative interaction, and symbidsygnbiosis magnifies
human abilities througlthe reciprocityof compuer and humans

There arealsoresearches discussittige relationshipbetween humasand intelligent agents
in termsof different tasks.

Ahmed and Hasan (2014) implemeiitK S & Icdzd@ISy i ¢Sl Yg2N] ¢ 02y OS
detection systenwherehumars supavisethe autonomous agent. If the user is unable or not
interested to control tke agent, the agent haability to take decisions based on predefined

rules and priorities. If the decisianade by the agent does not satigfye user, the usecan

make changeto minimize the error rateFor Kondo et al. (2010), the relationshiptween

the user and the recognitiosystem is collaborative and mutlyabeneficial. Theecognition
systemprovides the userwith his/her expectedsupports and in return, te function of

recognition systemis enhanced by the 8 SNDR& Ay @2t gSYSy G o tel y S
humanmachine cooperation into four typesindependent operation, synchronized
cooperation, simultaneous cooperation, and assisted cooperation

According to Garcia (20), the intelligent agents provideiseful complement tK dzY | y a Q
problem solving abilities by expanding their knowledge b#gdliams et al. (20143lsohold

a complementary viewpoinb coopetively fuse the efforts ohumarsand computes. The

ways the introduce to leverage humas and atomated algorithms dr improving object
recognitionare: 1. humars aid automated algorithms via the active feedbacks; 2. automated
algorithms aichumars through saving resources (time and human effort), offering thgou
estimates and providing the complementary informatidhe automated algorithms befie
humars in the aspects whereumars areperceptually limited (Williams et al., 2014asini



et al (2015) develom@ similar formof humarsQintervention in an asynclonous way: a)
systems akfeedbacksrom the operator;, b) therandom inspection by theperator; c)the

operator chooses to inspect dridlown. Both the human operator anchachines mutually
provide active assistansen a close ad continuous interaction d improve the entire

& @ & ( g@erfofmance (Casini et al., 2015).

Based on the above literature review, the rid@ship of humansnd intelligent agents the

IA system can be summarized as collaborative, interdependentualy beneficial and
complementiry. Table 3 reflects the results ofthe literature review concerning the
relationship.

Table3 Literature results of the IA relationship between humans and intelligent agents

Collaborative| Interdependert | Mutually | Complementary
Beneficial

Brangier and Adele (2011) \%

Xia and Maes (2013) \%
Griffith and Greitzef2007) \% \%
Jacucci et al. (2014) \% \% \%

Ahmed and Hasan (2014) \% \%
Kondo et al. (2010) \% \%

Garcia (201D \%
Williams et al(2014) \% \%
Casini et al (2015) V Y,

In Table3, most of researches mentiahat humans and intelligent agents complemeggch
otherin the IA systemThat isJAcombinesthe strengths ohumarsandintelligent agentsto
overcometheir respectivdimitationsthrough the collaborative effort

Humans and intelligent agestboth have their own strengths and weaknessesof the
literature review, Table4 comparesthe strengths and limitations ohumans and intelligent
agents inthe main attributesof solving a problem



Table4 Thestrengths and limitdons of humans and intelligersigents

Attributes Human Intelligent agents
Speed(Cummings, @14) | Comparatively slow Superior

(Casini et al., 2015)

Calculation accuracy | Comparatively weak Superior

(Cummings, 2014)Casini
et al., 2015)

Information capacity &
Memory (Cummings,
2014)(Griffith and
Greitzer2007)(Garcia,
2010)

Limited in single dnnel to gain
information. Good at making
principles and strategies

Superior in sarching, retrieving
processingnd integrating large
volumes of data from multichannel,
and tracking & updating status of task

ReasoningCummings,
2014)(Griffith and
Greatzer 2007)

Inductive& Deductive rasoning

Deductivereasoning

Handling uncertainty
(Griffith and Greitzer
2007)

Superior in anomaly detection /
recognition and adaptability to
change

Weak, depends on formal and
restricted preprogram setting.

Analysis(Cummings,
2014)(Griffith and
Greitzer2007)(Casini et
al., 2015)

Better at judgement, problem
identification, contextual
evaluation, pattern recognition,
nuanced assessment

Good at the quantitative assessment
and resultgpresentation

Creativity (Griffith and
Greitzer2007)

Superior in innovation and creative

insights

Comparatively weglkgood at advising
on alternatives

The collaboration of human ¢ agent combines humarsQflexibility andintelligent agensQ
efficiency to address the complex requiremsr{Tan et al., 2009ntelligent agentgerform
efficiently in identifying task status, suggesting alternatives, monitoing, processg
information, and tesng hypotheses (Griffith and Greitzer, 2007). Huragierformancewill
be augmentedthrough theseeffective functionswithout losing controlwhich attributes to

the intelligent agen® a

| td@ ichdlicitlyi detectthe humangoals.In decison making process,

Garcia (2010) explains thautonomous agents are important in dealing with tremendous
amounts of information, systematically exploring a variety ranges of alternativeices,
checking the decisidconsistency with norms, and dettng changesWhile,humars play
a fundamental role to creatively thinéf solutions and visually perceive patternsevels of
automation helpto understand how humans canteract with a complex system in decision
making(Cummings, 2014) (Roy, 2004).

However, mstead of thnking about which tasks arperformed byhumans and which by
automation, Casini et al. (2015) ggestto think about how tasks cahe best shared by
humans and intelligent agentgorking cooperatively, and how coragencies of humans and
intelligent agentan be enhanced througim approprate formof mutual interaction When
there is a risk obverload, humans should know clearly and concateé on the most critical
tasks thatthey aresuperior to automation in addressing/hile theautomationtakes charge

ofmakng2 4 KSNJ f SGANRA @i KA2vlr 8/ RSOAaAA2YV A

Hereby,n order to acheve IAthe right humanintelligent agent collaborationt is necessary
to study on humanintelligent agentfunction allocationin the 1A systemaccording tathe
nature of specific taskdn other words, there is aeed to find ways tosolve the task
assgnment whenimplementing IA into problemesolution

9
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2.1.4. IA: what IA is used for, and what benefits can it bring to
CKSNE IINE NBASINOKRaY LMdza SWAH O K& | aaXNMiYd 2y é O
complicated tasks successfully.
Williams et al. (2014) peentstrategies to cooperatively employ the skills of human operators
andthe automated computer algorithms in the task of underwater object recognition. From
the experimental results of a réanine search, they demonstrathat fusing the shis of
humans and computerssignifcantly improves the performance which eyond when
humans and computemsorkingalone due todiversity ofviewsandavailable complementary
information. Kondo et al. (201@)sointroduceli K S & 0&YILIFzi SNI O2f £ I 6 2 NI A
to improve the accuracy of object recognition.

In the medicalrea, Arsene et al. (2015) use the idea of collaborating specialistsafittare

to achieve the knowledge sharing among all specialista@imtrease the diagnosis accesa
Garcia (2010)lao suggest® apply IA in the fault diagnosis. In the study of Ahmed and Hasan
(2014), the teamwork of an agent aradhuman gives a better performance to detette
cancer. Their results show th#tte early detection of breast cancer becomes fruitful and
effective, andthe decisions becomenore accurate because of hun&ecreativity and the
F3SyidiQa AydSttAaasSyido

Reda et al. (2013) adopthumancomputer collaborative analysis that ledshuman analyst
and acomputer to work together to accurately identifile movement of terestrial insects.
The computersemiautomatically processs the video visual segment and tracksects,
while the human analyst makegudgemens, interprets A y & Sb@hado®, and gives
corrective interventiols in anambiguous situatio to improvethe tracking precision.

Garcia (20@) and Ramchurn et al. (2015) evaluate thimanagent collaboration in an
uncertain environment the dynamic disagr response. Their results present that the
planning agent augmentsumara gerformance by poviding useful instructions ahtaking

into account thehumancapabilities ad preferencesin the process of path plannin§un and

Cai (2011) integratBumarsQperception, knowledge and experience with tie2 Y LJdz{i S NI &
power and accuracgf computing to educe the complexity of reality conditions and meet

the reaktime requirements.

The examples showed in literatur@ke advantage of the collaboration of humans and
O2YLJzi SNEX odzi R2y Qi NBIFf AT S And Kostfocus Snyite T A G 0
iYLINEBSYSYyG 2F (KS SYGANB aedaidsSyQa LISNF2NXYIyY
dGdzReAy3dI GKS FTYLIEAFAOLIGARZ2Y STFSOla 2R, KdzYl y
humans play a crucial role in! dé&aidSY> GKdza GKSNX Aa | ySS
activities and capabilities are amplified by IA.

From literature, we can indicatthat L ! y 20 2yfe& KSfLA (2 AYLNE
performance of completig tasks, but also magnifidgsimarsQperformance along various

cognitive and physical dimensions (Roy, 2004). The Media Ladueesi KS L2 G Sy G A |
human performance, for instanceS:E G Sy R K dzY | y Q & actdks&aildrgd Istbres| 0 A £ A
ofmemoryi 2 SELJ YR KdzY |l y Saigmért Hyiah éxpresSipanabléipiedpléd A S &

to view and understand situations in new wagstend human awareness to the events that

INBE y2i RSGSOGlIofS o0& GKS dzy ARSR KdzYly &Sy
physical environmenGriffith and Greitze2007) concludehat IA can be usetb increase

10



humarsQunderstanding ofproblems from a variety of contexs, and form more creative
insights by the support of computers

For Garcia (2010), lamplifies humarsQcapability of makingetter decisionsin choosing
alternatives ofgoal oriented tasks. Humans benefit greatly from the knowledge manipulation

and extraction as well aBom the systematic examination of the rargef alternatives

Jacucci et al. (2014)elieve that the colective symbiotic system is arospectivetheme.

' YLI AT e A ycapabKitasydf séarddg can be achieved not only by chaining users to

I OO0dzYdzf S | ff GKS dzaSNRAQ {omimng &iRA wittheR RA & O
automated search W f t S& | yR {GF yf Sez H napmoach, the sate 2 2 2 f f
and quality of searadhgis accelerated by leveraging humsiknowledge without burdening

the user with the responsibility foevaluating all the candidatesnuch of which was

automated by the novelty search.

As mentioned in SectioR.1.3 IA is a mutal beneficial relationship thaboth humans and
intelligent agents can benefit fronTable5 depictsS E I Y LJ S anut@afbenéfits Qril
applications irthe literature.

Table59 EF YLX S& 2F L! Q&4 o6SySTAdGa | yR | LXK AOI

Benefits Beneficiary Examples of application
Increase understanding of the Intelligent agents; Path planning

problem context, andimplify the Humans
complexity of reality conditions
Improve the accuracy of recognitio| Intelligent agents; Obiject recognition

detection and tracking Humans Cancer detection

(Insecs/ animak) Movement
pattern identifiation

Gatherdata from multiple sources | Intelligent agents; Diagnosis
acquiremore valuable knowledge | Humans Collective intelligence
generate more effective solutions

Increase the awareness of Intelligent agents; Disaster response

uncertainties; better deal with the | Humans
uncertain and dynamiconditions

Better decision makingupport Humans Choosing alternative in goal
judgements with better reasoning oriented tasks

More creative insightsvith the Humans Pattern recogition
expanded cognitive activities Accidentsinvestigation

Allthe above examples in literature share some common attributes that give us insights about
what kind of task or problem is more suitableitdroduce thelA concept Figure2 disphys
three common attributes o&n 1A problem

11
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efficiency
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cognition

An IA
Problem

Figure2 Attributes of an IA problem
1. Highy SSR 2F KdzYlyaQ O23yAGADS OF LI oAt AGER

2 KSYy (GKS LINRPoftSY 2NJ aAaiddz GdAz2y Aa @F3dz2S FyR |
and correctve intervention are critical to understanghroblem and recognize the goal of
resolution. Especially, whehe problem is unique andeeds to consider multiple factors or

criteria at the same time, nature ofan |Aproblem has been founthat multiple objectives

cannot easily be combined into orsengle objective (Riddell and Wallace, 2011). Due to the

lack ofthe understanding oproblemcontext, the complete automation is faced with the risk

of acquiringinappragriate knowledge conducting wrong procedusgeand pursuing wrong

goals. In this casdumans play a crucial roey NBRdzOAy 3 LINRof SyQa O2Y
goalshy their cognitive capabilities. Besiddsimanscan direct and supervise intelligent

agents as a guideto find solutiors faster and effectively accomplish tasksMoreover,

humans can poutheir innovative and creative insights to achieve an optimal solution.

2. High requirement of efficiency

Most of complex tasks need to integrate vast volumes of heterogeneous data to generate
more aternativesfor an optimized solution, which requires computer aided resolutids.
illustrated inTable4, intelligent agents are superior in processing large volumes andtyarie
of data in terms of speednformation capacity and memoryBesides, in most of time, the
problemwith many variables and constraints requiresbe solved withirthe limited amount

of time. Automation can address the routine work withmplex requirerents by its efficient
functions tosavetime andefforts. Hence, hmans need the intelligent agenas an assistant,

to fulfill tasks efficiently and effectively.

3. High degree of uncertainty

There is a higly frequent occurrence of uncertainties unexpeted circumstances. Coping

with uncetainties needs reattime adjustments to the dynamic changes of environmental
conditions and affecting variablest is known that automation is inherently itte in
unanticipated events becausautomation can only account fahe quantifiable variakes

identified beforehand. In the contrary, humans are superiomiakingintuitive dedgsions by
detectingand assessgboth quantifiable and galitative informatior®® | dzY | ya @nd¥f SEA 6
cognitive abilities can simplify the complexity of problem andbleto make a rapidesponse

to unforeseen and uncertain situations. Thus, undehigh uncertain circumstancéhe
decisionmaking loopneeds humanso provide flexibilityand creativityin problem solving.
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In a word, when it is necessaty combineautomat2 y Q& S ¥ T hunarS)fegidlity 6 A (i K
and originalityto address complex, ambiguous and uncertain proldemeal time, it maybe
a potential area that IA can contribute to.

2.1.5. 1A: framework frameworkmentioned for application
There are some studies xplaining their vays of introducingthe humanrmachine
collaboration to solve practical problemsondo et al. (2010) ppose a looghack framework
of collaborative recognitiond @ dza A y 3  dzat& imBréve uif&/&adle Isitddtions.
Ahmead and Hasan (2@ build an ayent learning mechanisi 2 Ay Of dzRS KdzY|l y &
through ahumanagent teamwork Tan et al. (2009) believe th#he taskframe working
approach is a good way to enhance themanmachine collaboration througtiefining goals,
roles, and task ctivities. Reda etal. (2013) presenta humancomputer collaborative
workflow with a humarguided video processing rtied to acquire and analyze inse@
behavios.

There are also some researchaiscussing the requirements of a good humatelligent
agent collaboration. Casini et al. (2015) regatuservability & directability and predictability
& learning as the bases of successful andesilient humamamachine teamwork The
observability enhances humafability to understand and evaluate the situatiowhile the
directability helps humans to implement their goalStumpf et al. (2009) concludéree
components ohumarsQnteraction in anintelligent system1) the intelligent system shdi
explain its reasoning toumars, 2) humars should reason theiadjustments and ciiques, 3)
make use of humastieedbacks to benefit the system and ultimately benefit the hunash

et al. (2004) arguethat the true symbiosis requires to achieve three elements:
complementary and effective division of labor beém human and computer; an explicit
NBLINSASYGlFrGA2y Ay (GKS O02YLWziSNI 2F GKS dza SN
utilization of nonverbal communication modalities

az2zald 2F 020S aildzRASa Ay@2ft @S KdzYl § axy LidziOa G2
feedback as a way to achieve the collaboration of humans and intelligent agents in solving
problems. Only Garcia (2010) presetitK S ! D! L! 6! 3SydaQ DdzA Rl yOS
Amplification) frameworKor IA The AGUIA has two basic constai 1) the agents that use

1y26f SRAS (2 SyKIyOS dzASNEQ dzyRSNRGIYRAYy3 27
to find a better solution; and 2) the agents that collect knowledge in the context of the
problem resolution for updating the knowledged®m Therefore, there is a lack of applicable
framework for implementing IA.

The problem solving is comprised of neimus processes in the form pfocess hierarchy (Xia
and Maes, 203). Xia and Maes (2013) argue thataugmentshe system as a whole, iresd
that only humans gain benefitsThey suggesto consider the desired state aofiumam Q
intellect that is planned tde amplified through the process analysis, and to explehat
kind of intelligent agents wecan introduce to simplifyprocesses.|A emphasizes the
importance of humasQinvolvement but A i R 2 S & ¢fig@ i\ onYy&npiffies humarsQ
intelligence Rather both humans and intelligent agents mutually benefit from the 1A system
This collaborative and complementalpmanintelligent agentrelationship will in the end
FdzZa3YSyid (KS geyfdimahts of prébkeri SNidkdereby this thesis concludes
that it is a good wayto start analyzing and framing the whole aggregatedcess of
completing tasks instead of onfpcusing orone ertité Q& A Y LINE @ ShvrGaysioa = S A
intelligent agens.
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On the other hangdwe still need tobe aware othe potential challengesf implemeningIA.
The challenges and effects can tigthe adversarial effects caused twimara i@tervention
(Casini et a).2015) (Xia and Maes, 2013)the increasing burden diumans (Williams et al.,
2014),3) the inappropriate interaction design (Ramchurn et al., 2015) (Roy, 2@04he
O2 YLX SERA G énat@réF(TaK ezl 30G0K)humarsChiased reasoningdarda, 2010),
6) humans becoming depedt on intelligent agens (Xia and Maes, 2013) ard) ethical
guestions (Xia and Maes, 2013).

The desyn process for implementingp eitherstarts with a human approach that improves
KdzYl yaQ LISvNIRHR Nécikie Diport technologies, or startsith an automated
approach that enhances automation results whihmara @puts (Casini et al., 20150
developan IA system thaintegrateshumars and inteligent agents, weshould first analyze
the entire system as ahwle and thenanswer the questiosabout where, when and which
levelthat humars and automation should be in the decisiomaking loop (Cummings, 2014).
Defning roles and assigning taskshoimars andintelligentagents are criticah successfully
designng an effective collaborationarchitecture. The design process will be further
introduced in Section 3.

2.2. Decision making: a literature review
In this section, theconceptof decision making is investigateAfter the overview ofsearch
and selection processs the concept ofdecision makingprocessis discussed. Then the
methods and tools used in decision making are introduced. In the tergdthesis explores
whether IA is valuable to be appli@ddecision making

2.2.1. Literature search and selection process
The below knowledge questions need to be answeredyder to gain insights froracademic
literature.

1. What are the processes of decision making?
2. What methods andools are used in decision making?
3. Is the IA concept needed in decision making?

This thesigocusesorRSOA AA2Y YIF 1 Ay 3 LINE OS a aécisiankndking i KS |
LINEP OS&aaQd ¢KS &SI NOK NBadz G Smimbdeyof searchBquits,n  NB &
the following criteriawere used

1. The research involves the nietds or technolgy to studydecision making process

2. Papers are published between 202015

3. Search is limited to subject are’sO Iz S NJ B ORFBEY@SHOA 2y a4 O0OA Sy OS¢
YEYEF3ISYSyd FyR FO0O02dzyiAy3Q

The search query as entered in Scopus.com in November, 2015 is:

(TITLEABSKEY ( decision making process) AND (ABIHEY ( method ) OR TFAES
KEY (technology ) ) ) AND PUBYEAR > 2009 ANDTQOL(MHUBJAREA , "COMP") OR
LIMIFTO ( SUBJAREA, "BUSI") OR -LIM(ISUBJAREA, "DECI"))

After settingcriteria constraiis, 8,711results remaied which was still a large number. tBes
thesisfiltered articlesby citation count The top 50 cited articleswere selecteased on the
relevance 6the title. Next, this thesisseleced articlesfrom this 50 subsetaccording tathe
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abstract. Then, this thesigtered out unavailable articles. In the end, &8icleswereselected
in terms ofthe relevance othe full content Figure3 present theselectionprocess.

Initial search
M=141,530
Criteria
constrain
MN=132,891
N=8,711
Selection
on title
N=8661
MN=30
Selection
on abstract
MN=20
M=30
Full text
available
N=3
MN=27
Relevant
content
MN=11
MN=16

Figure3 Decision making literature selection process

During the review process, | also used tBackwards &rchin order to gainsufficient
knowledgeon the studied literatureTable6 provides an overviewn which articles givan
answer to whictsearchquestions.There are two articlethat indirectly addresshe research
guestionsthus, Table 6 shows 14 articles instead of 16

Table6 Decision makig literature review

Decision making proces{ Method/tool | IA in decision making
1 Akhouayriet al., 2012 pl67 & pl171
2 Andradeet al.,2006 pl79180 pl79
3 Antuneset al., 2014 p276 p272
4 Draghiciet al., 2013 p65
5 Elmegreeret al., 2014 p944 p945 p944 & p948
6 Guillemetteet al., 2014 p619 p618
7 Moreno-Jiménezt al., 2012| p1922 pl1923 pl921
8 Negoitaet al., 2013 p4-5
9 Nutt, 2008 p425427 & p446447
10 | Pkirs.utep.edu, 2007 P1
11 | Robertq 2004 p625628, p639 & p653
12 | Saaty 2008 p85
13 | Umassd.edu2015 pl
14 | Zhonget al., 2016 p85-87 p87
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2.2.2. Decision makinglecision making process
Decision mking meanstaking actions to make choices that produce outcomes with the
immediate and downstream effects (Nutt, 2008). Decisioakers make decisions by
following the processhat consistsof tactical stepsThese stepdacilitate individuals tdind
out what to doand to reason their actions. The efficient decision makmeans that the
process executesnoothly anddecision makesselect a course ofcdions in a timely manner.
The effective decision making is that the selected course of actions meet the objectives
established during the decision process (Roberto, 2004¢.key factors influencinggecision
making have beerthe catext of decision making environment, the content of decision, the
actionrtaking procedures to make a decision, and the relationships among the previous factors
(Nutt, 2008). Negita et al. (2013) also conclude the factors shapedision making which
arethe nature of issuesolution types, politics, and individual factors

The quality ofrdecision @&pends on the performance afecision making process that offers
insights into the sequence and nature of actions about how to make a decision (Guidemett
et al., 2014). Simon developghree stageframeworkof decision makingntelligence, design,
and choicgPkirs.utep.edu, 2007 heintelligence phas&entifies the problem and gathers
information concerning the problem. Thaesign phaselevelopspossille solutions for the
problem. Finally, thehoice phasevaluatesall alternatives and selectsfimal solution. Some
researchers studieR SOA aA 2y YI 1 Ay Famewoik SHilenteife ef ah (Z@L4) Q &
evaluatethe performanceof decisionmakingprocS & & 0 I & S Rfraghegfvork Antufieg Q &
et al. (2014) extendhe { A Y 2frdnie@orkto four phasesintelligence, Design, Choice and
Implementation & EvaluatiarNegoita et al. (2013j)Isoidentify decisionmakingproces nto
three phases. They explathat the decision process begins with tidentification phas
when the key objectives and direction are identified. Thendbeelopment phas®llows to
analyzerelated solutions. Through evaluating the criteria and priorities, duringst#iection
phase decision makers select theest alternative solutin. Elmegreen et al. (201gyesent
decision making in three stepso: 1) acquire information about the consequences of possible
adions, 2) evaluate alternativactionswith defined weights, and 3)ake jdgemensabout
choosingwhich action.

Some researchers define decision making process in more detffil. b dzi 6§ Q& oHnAn Ny v
the stepsof decision makingre:intelligent gathering, direction setting, option development,
evaluation, and reactive impheentation The ELECTRE method proposedigghici et al.

(2013) definesthe main decision making process problem statement, decision criteria
hierarchy establishment, mathematiciamework definition, optimal solution result, and

optimal solution imfementation According to Umassd.edu (2015), decision making is the
process of selecting alternatives by setting goals, collecting information, and assessing
alternative values. There are seven steps to make an effective dedsiolentify the decision,

2. Gather relevant information, 3. ldentify alternatives, 4. Weight evidence, 5. Choose among
alternatives, 6. Take action, 7. Review decision and consequences

Based on the above literature review, the dgon making process in this thesignsists of
four phasesi. Decision Identification phas@, Solutions Identification phasé,. Selection
phase, andt. Implementation & Evaluation phagseeFigure4). TheDecision Identification
phase recognizes the conteaf making a decisioand gdhers information related to the
decision TheSolutions Identificatiorphasegenerates possiblesdutions for the problem.
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Then, the Selection phase followgsassess all alternatives and seladinal solution Finally,
the selected solution need to bienplemented in the Implementation & Evaluation phase so
that we canevaluae the results of implementatioandfurther decidewhether to redevelop
or make a new decision.

Decision Solutions
Identification Identification

Implementation

Selection &Evaluation

Figure4 Decision making jpcess

2.2.3. Decision makingnethods or tols are used in decision making
Two methods are often employed in decision makimigselecting arappropriateresolution
of complex problems

The analytic hierarchy proces8HP) is arextensively usednulti-criteria decision making
(MCDM) approach Moreno-Jiménez 2012. AHPis a theory that measurepairwise
comparisons and relies on thedgenents of experts to determine the priority scales. AHP
analyzes the problenwithin a hierarchy structure oflecision making pmress, from the top
(objectives) through the intermediate level (criteria and sutteria), and on to the lowest
level (alternaives). With theAHP methodthe decision is made ifour geps. 1. Define the
problem and information collection, 2. Structukeetdecision hierarchy, 3. Construct a set of
pairwise comparison matrices, 4. Weigh the priorit{€aaty, 2008)

Another method is the Fuzzy logic theory. Fuzzy logic dealgiveitieasoning of partial truth
where the truth value ranges between complateirue and completely false (Akhouayri,
2012). According té&\ndradeet al 006),Fuzzy logits a convenienapproach for deaion
making as this methoahcorporates linguistic statements into formdtameworkng. Hence,
the expert opinionsand subjectiveinformation can be combined with the theoretical
knowledge by Fuzzy logic, which ensureatanal decision making’shen handlingcomplex
and dynamic problem The Fuzzy rule to classifputs is based on {FHEN rule
IF variable IS adjective THEN las

Information technology (IT) habeen applied as aseful toolto support decision making
(Guillemette et al., 2014). For examgl&/isual analytics tools suppatécisions by boosting
humansbetter insights (Zhong et al., 2016), ERP Systems providedunaiworkes with
great supports in evaluatingalternatives (Guillemette et al., 2014), Executive Information
System plays an important role in gathering data for decision mg&@uodlemette et al., 2014),
as well aghe variousdecision making suppbisystems (DSS) etc. Duridgcision making
process, we need information to guide our decisions arttbas towards thedesired goal.
Antunes (2014) explainsow DSSsupports decision making through processing and sharing
information: (1) information extracbn and selection; (2) information integration; (3)
information extension, exploration and explanation; (4) information interpretation, event
detection, and prediction; (5) information tracking and pegéent analysis; (6rameworks
presentation; (7) shamg decisionsElmereen et al. (2014) demonstratbat the computer
simulationsupports decision makindpy rapidly creating, merging, searching, displaying and
analyzing data fnm various resourcesZhong et al. (2016) mentiothat the visual
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technologieshelp decision making bil) synthesizing information and derivimgights from
massive, dynamic, ambiguous and conflicting data; (2) dieigtite expected and discoveg
the unexpected; (3) providingmely, defensible and understandalbdssessments; ah(4)
effectivelycommunicatingassessment for actions

In conclusionthe AHP method and the Fuzzy logic theassist decision makers in the
Selection pase to make a choice amoagiernatives The IT toolssupport decision making
mainly throughextracting, diffusing, and visualizingelevant knowledge of the problem
resolutiorsto decision makersOn the other hand, the effective supports provided by IT tools
also indicate the benefit® involve intelligent agent(s) into decision making.

2.2.4. Decision makig: the IA concept idecision making
' & 2y S 2 fundémaal gbgit@e characteristicsdedsion making emphasizeke
KdzY I y Q& indécisibnfmaking drosegdloreno-Jiménez et al., 2012)loreno-Jiménez
et al. (2012) mghlight the importance of human factorsin acquiing knowledge during
decision making, such &dzY | ¥ducationand their continuous learning abilitieglong et
al. (2016) mentiorthat the tacit knowledgeis essential to creaténsights ofan optimal
decision The tacit knowadge isderived from personal experiences whichd#ficult to be
codified into a program.Andradeet al. (2006) also state that embodyinghumara €cit
knowledge and reasoningto decision makingmprovesthe business intelligence arfelps
achieve thestrategic goalsnore effectively Hereby this thesis can state that there is a need
to takeinto accountK dzy'l yaQ dGF OAlG 1y2¢6f SR3IST YSyidalrft O L
making process.

Section2.23A YRAOF GSa GKS o60SySTAGA 27F L ¢ tolachipvea Q & dzl
efficient operationssuch asnformation searching, scenario analysasdhypothesis testing

Particularly when the decision requires to be made within limiteddiand there is a need to
handleunstructured and enormous amousbf datafrom various sources, intelligent agents
canefficiently and effectivelyaid humansto make a decisiom a short time

Each step ofdecision makingis a challenging taskor either humans ormachinesto
successfully and smoothlgomplete, for instance, the taslkf weighing alternatives
(Elmegreen et al.2014) The complexity of business problems in reality increases the
difficulty to make a proper and right decisidne toreaktime requirementsthe uniqueness
of problem, lack of relevant information, diverse ggalariousstakeholders as well as the
high occurrence rate of uncertaintidslmegreen et al. (2014) argtlet it is inability to make

a single best decision by eithehaman or a computerHumans may disagree or be confused
with the outcomedhat areautomatically maé by automationThey suggedhat computers
aid humansin decision making byroviding humans with more valuable informatida
augmenttheir exising knowledge and humans are involvedin the decision making loop
consideringhe broad context and makinthe final decision

Thereby, from the above literature review, the necessfy collaborating humans with
intelligent agentsto make better decisiongan be easily identified. In other words, the
findingsfrom literatureindicate that decision making is a potential research area to stutdyQ a
applicaton.

On the other handwith respect to the amplification of human intelligence, excéipe
problem solvingability, humans can alsbenefit much from the augmentation of cognisiv
aspects such as decision makingemory, motivation and moo@Xia and Maes, 2013). But
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thelAresearch2 y KdzY | ya Q O 2eHdg fo bel b&: orteidd Ao@akds &@ntion
andperception processand less towarsldecision making and thinking (Griffith and Greitzer,
2007).Hereby,the research value dathis thesisis toprovelL ! Q& LINJ Odecisidnt @I f c
making

2.3. Conclusion
This thesis aims to evaluate! Qa 0 Sy S Tsinlpéacti¢alyapplicdlibrt ldz&\ system,
KdzYlya LXFe& | OSYGaNIlIf NRfS Ay LINRPOfSYf NBazf

solving a problemHumans, as a guide, direct and supervise intelligent agents, while
intelligent agents, asn assistant, di humans to fulfill tasks efficiently and effectivelj
emphasizeghe strengths of humans and intelligent agents to overcome their respective
limitations through the collaborative effortderebyin IA system, humans and intelligent

agents have a collabative, mutually beneficial and complementary relationship. Due to this
NBfFGA2YAaKALIZ L! AYLINRO®SE (KS SYyiANB aeaidsSycq

There are many researches taking advantage of the collaborative effort of humans and
computers without ralizing the IA concept. Besides, most of them focus on the benefits in
overcoming the limitation of automation and improving the performance of entire system in
O2YLJ) SGAyYy3 Gl aladad CSo ALISOAFAOI f f &lligantedzRe L !
Thus, the thesis contribute® exploreL ! Q&4 o0SySTAGA YR &aiddzRé @KSI
and performance aramplifiedby IA.

Inordertoevaluatel ! Qa o60SySTAdGasxs GKSNB Aa | ySSR (G2 7T
Since IA is in its infancihe current state of artis lack ofthe applicable framewrk for
implementing IAThis findingndicates the importance of designing an approach on how to
accomplish this task. Thus the goal of solution is to develop a framework that provides
instructions oflA implementation.

In terms of achieving IA, it is necessary to effectively explore the collaborative effort of
utilizing the best of humans and intelligent agents. As IA amplifies the system as a whole, we
can firstly think about the desired state ofropleting tasks, instead of considering humans

or intelligent agents separately. Then we analyze and frame the whole aggregated process to
meet this desired state. During the process analysis, the task assignment can be settled
according to the nature of guific tasks.

To figure out what tasks can be best shared by humans and intelligent agents working
cooperatively, three attributes of an IA problem are identified from literature review: high
cognition, high efficiency and high uncertainBased orthese attributes, decision making is

identified as a good candidate for IA researBlt, the research into the field of IA has less

focused ordecisionmaking / 2YAARSNAY3I RSOAaAA2Y YI1Ay3d wa
to explore how IA influencesecision making ahwhether decision makers can benefit from
intelligence amplification of decision making.
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3. IAframework
This chapteapplies the design science research methodol@pRM]Peffers et al., 200D
develop an IA framework The designactivities are based on the design cycle, namely,
problem investigation, treatment design, and treatment validat{gvieringa, 2014)Figure5
describes the six activities of DSRM in the design cycle.

4. Demonstration 1. Problem identification &
Treatment Problem .
5. Evaluation: lidati investigation motivation
. validation . ..
sEffects of Context & Artifact 2. Define objectives

sEffects satisfy Requirements?
sTrade-offs for different artifacts?
*Sensitivity for different Contexts?

6. Communication Treatment design
3. Design and development:
s Specify requirements,
functionality &
architecture

Figure5 Design Cycle

3.1. Problem identification and Motivation
As discussed in the previous literature review, decision makiaggood candidateo study
L! Qa onPradicalrapplcationHowever, the research into the field of has been less
towards decision making.ir®e there is an increasing desire to have the collaboration of
humans and intelligent agents in decision making prodbgesproblem context of this thesis
has been chosen in théecision makingirea Considering desion makin@ & o6 dza Ay Sa a
this thesisexplores: 1) how IA influenceslecision makingnd 2) vihether humans can benefit
from the amplification of decision making

In order toprovelL ! @laein improving decision makinghere is aneed to find a wayd
introduce IA to decision makinghus the problem of this thesis is about how to apply IA in
decision making.

3.2. Objective

The objective of the dation is to develop drameworkthat gives instructions to apply IA in
dedsion making process. Suaframewak shouldexplore the collaborative effort of utilizing
the best of humans and intelligent agen@ndrepresentwhere, when and which levelf
decision making procesbat humars and intelligent agents shouldelin. In other word, the
designedrameworkshould solvethe task assignmenproblem In terms of achieving 1Ahe
framework should also helgo decideand designthe functionalities of intelligent agents
based on the allocated tasks.

3.3. Design and development
The previous literature review identifigbat building an IA framework through th@ocess
analysigs a good way tintroduce IA. Thus this #sis designs a framework that introduces
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the steps oimplementinglA indecision makingrigure6 presents theframework proposed
by this thesis.

Stepl: Analysis wrool: BPM_N
of decision | uReference:

making process General decision
making process

Step2:

Identification of
collaborative
tasks

:: > Step3: Task .
decomposition aMethod: HTA
Step4: Task
assignation

Step6:
Implementation

Figure6 IA Framework

The first step of applying IA is to analyze decision making process based on a specific case.
The tool to model decision making procesthesBusiness ProcebtodelingNotation (BPMN)

The general decision making process is explainédgare7. Each certain case can base on
this general decision making process to build its @pacific procesdn the first step, the

main activites of making a decision can be classified to three types of tasks: automation task,
human task asvell as the collaborative task on the basis of the nature of tagkgurell
indicates the potential collaborativadasks in the activities of decision making. The
collaborative tasks need to be further decompogedsub tasks that can be assigned to one
entity, either humans or intelligent agent. The method of task decomposition is the
hierarchical task analysis (HTA)hen, according to the result of task assignment, the
functionalities of intelligent agents can be definedhe built intelligent agents are
implemented to work with decision makers so that we can evaluate the effects of
collaboration.
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Figure7 Decision making process

22




3.3.1. General decision making process
Figure7 describes thesteps of decision making procedisgeneral introduction of ach
decision making phase helps lbetter figure ou where, when and which level that decision
makers and intelligent agents should be in decision making proeestfacilitate the
understanding of what tasks of decision making should be assigned to humans and intelligent
agents.

The wholedecision making procesgquiresa knowledge base thagjathers the needed
information tobetter understandhe problem, generate alternativeselectandevaluatethe

best solution in the given context. The knowledge mayeliber in the form of explicit
knowledgethat is available in norms, standards and regulations, or tacit knowledge in the
RSOA&AA2Y YI{1SNRE YAYyR&aIZ $ArciS20208 Maebver, they R O 2
knowledge evolves with time and circumstances thus it needs to be updated acdgrding
According toTable 4, the intelligent agentis superior to humans in handling enormous
volumes of heterogeneous information. Along with the ability to learn fadher agents, the
intelligent agentis able tointeract with humans ad integratea K dz¥dciykaoledgeto
update its knowledge based. As humans are limitedealing with complesituationsdue to

the difficulties in perceiving context and exploring the range of alternatives, there is a need
to hawe aknowledge acquisitioragent that elicits knowledge irthe context of problem
resolutions toaugmenthumarsQ A y  Sduring BeSisio® $naking procesEiqure 8
explairs the process to acquire knowledge.

database

Information
SOUFCES

R

%0 Extract,
O - integrate &
kol edge process data

acquisition
agent

Explicit
Enoweledge

Start acquiring
infarmation

Humans

gr_aa:perience.-’
colledtive
khowledge

Knowledge
base

Y
Y

izathering
needed
infarmation

Tacit
Knowledge

Figure 8 Knowledge acquisition

Decision makingprocess is triggeredy the occurrence of problemn the Decision
Identification phase The problem should bédentified and understoodbefore deciding
whether it is anappropriate situation to make a decisiodumans have intrinsic limitations
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to always keep awaref variants and frequently track updad ina constant chaging world.
Thus,this thesislets the intelligent agentto perceivechangesand continuously maintain
KdzYl y&aQ | dhephdbignsaccurreAcETheknowledge acquisition ageat that time
provides humans with thenformation related tothe problem context in order to help
humans better understand the problem and, in the meantimép avoh R K dzY | y & Q
misconceptions and biasé&arcia,2010) Most of times, problems are noveand anomaly
that need humangfreasoningto frame the information gathered from the knowledge
acquisition agentor the sake ot comprehensive and righinderstanding ofhe context(See
Figure9). After figuring out the problem, ithe dedsion maker recognizes the neéadlfind a
solution of the problemjn the next step, they define the goals ofesolution to guide the
following generation, glection and evaluation pr@sses. Ithe decision makethinks there
is no needto makea decision or can wait to consider the problemn the future, then the
process comes to aend.

1)
Rifiecagnize
problem

GE;J Frame

infarmation on
the problem

gl
Cfld erstand the
cantext

Understand
the problem

Figure9 Problem Identificatio subprocesses

TheSolution Identificatiophase starts with assigning tasks to intelligent agentstamdans

to accomplish the goalefined in theDecision Identificatiophase Figurellreflects that the
task assignment is done by amelligent agent while in the beginning the intelligent agent
requires humans taefine the rulesof task allocationTask analysis is a scientific approach to
framework tasks by defining goa andactivities (Tan et al, 2009 his thesisadopts the
hierarchical task analysis (HTrAg@thodto decompose the taskis the generating, selecting
and evaluating processes into hierarchiesob tasksTable7 identifiesthe top leveltasks
that needto be divided into sub taskeegarding to aspecific problem The further task
decomposition will be introducenh the next chapter based oncase study.

Table7 Top levetasks

Decision Solution Selection phase Implementation &

making identification phase evaluation

process

Task 1. Generate 2. Assess alternatives 3. Evaluation
alternatives

After decomposing the topasks by HTA, each sub task will be classified to four typlis:
based, Ruldased, Knowledgbased, and Expertis€(immings2014) so as tdacilitatethe
taskallocationto humans and intelligent agent$he process to assign tasls displagd in
FigurelO.
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The &ill-based taskcan be acomplished by sensomnotor actions that require very little or

no conscious control to perform once the intention is form@lmmings2014) Automation

is superior in skibased tasks because such tablsvea clearfeedback loop to identify the
differencesbetween a desired outcome anti¢ actual resultThe ule-based tasks are highly
rehearsed by rules, routines, or procedures to select a course of a@immings2014)

Intelligent agents with optimization algorithms work mrily at the rulebasel level

However when faced withuncetainties,automation may not storehe relevantinformation

2 NJ R2 S & ywiables th& imgziRtShe final solutohhy G KA & O 4aSX KdzYl y
cognition is required to decide the criteria and weightaof gotimal solution. Hereby,the

rule-based taskneedthe collaboration of humans arelitomationto createa better solution

The huma@d Qower of induction is critical in the knowleeldpased and expertise tasks.

| dzY | pidedmnent and intuition are esseat to deal withthe situations wherethe goalis

ambiguous, uncertainty is highnd mathematically optimasolutions are unavailablelhe

induction of humansis difficult for computer programming to replicate, especially the true
expertise.Considering effiency, K dzy ya OFy YIF 1S dza8S 2F GKS Ay
in speed, calculation accuracy, memory and information processing capacity to complete the
knowledgebased tasks.

Therefore,tasks can be done by automation, human alometheir collaboraton. The
collaborative tasks can be further decomposido subtasksthat are assigned to and
finishedby a specific agent, either humans or intelligent agents

i
Skill-based | FFhutomatic
F1  aperation
v
Hierarchical Rule-based ol Collaborative
task analysis Kol edge-bazed 7 operation
~

Star assigning End the task
tazks assignments

] .
Expertise [
P N Huma.n
#1  reasoning

FigurelO Task assignment

This thesis alsmodeledthe activities ohumans and intelligent agents and their relationships
in decision making process BPMN(SeeFigurell). Figurell clearly presents which task is
assigned to which entityhumans or intelligent agentélso,Figurell helps to identify which
tasksare accomplishedy a humarintelligent agent collaborative work, whi@re Generate
alternatives, Assess alternativendEvaluation These three collaborative tasks are also the
top level tasks identified ifiable7 that needto bedivided to subtasks.The subtasks of each
top level task wilbe further defined by HTA technologythe later case study
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Figurell Activities of humans and intelligent agents in decision making process
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The task assignment decides the wal generatingalternatives (SeeFigure 12). The
alternatives can b&eome up withl- dzi 2 Y G AOF f €t 82X 2NJ ol ASR 2y KdzY
collaboration of humans and intelligent agents.

The way to
generate
alternatives

i: : Done by

Start intelligent

generating agents
alternatives

s
5O
Avtamation

h 4

End the
generating
alternatives

g
Clgumans'
reasoning

h 4

Cone by humans'
exXpetience or
collective knowledge

Figurel2 Generate alternatives

Before selecting aolution among alternativeshe decision making procegses through the
process of assessing tigenerated alternatives. The selection rules, selection mestaoa
assessment criteriaare decided ahead to meet thedefined goal and to narrow down
alternatives After the assessmenthere might be noa solutionmeeting thedefinedgoal If
happens the process comes back tine Solution Identificationphase to regenerate
alternatives by changing priorities and criteria, or the generation way.

After selectinga solution, we need to impleemt it in reality and evaluatthe implementation
effects. Sometimesuncertainties and usrecognized variables mightappen during the
implementation. Thust is hard to be certain that thdefined criteriaare what characters of
an optimal solution areThe results of the actual implementation decide$fether the
selectedsolution is a right decisiorif the selected solutiosuccessfully solves the problem
and meetexpectations, themecision making comes to tlend. If not,the process restarts in
the Problem identificatiophaseto reconsider the problem and make a new decision. Thus
decisbn makingcan bea loop processBesidesthere is alsca learning process decision
making The experiencegained from theprocesswill feedthe knowledge acquisition agesb
that the later decision making cawconstantly benefit from the continuously updating
knowledge base
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4. Case study
This chapter introduces @ase study for validating thapplication effectand hypothess of
the IAframeworkproposedin Chapter 3. The case is abaaynchromodalitySynchromodality
aims to provide alynamig efficient and environmentally friendly transport plém meetthe
growth transporting demands andii KS Ay ONB | & xeduifeméidza @l cNivdNA Q
synchromodal transport, it needshe interconnectivity of multiple modes and the
cooperation betweerthe involved actors in the transport network

4.1. Problem statement
Section2.1.4identified three attributes ofthe problem that isuitable for IA apptation, that
is, high cognitionhigh efficiency and high uncertainty. Thus in this section, we are going to
andyze synchromodality undénesethree attributesto figure out: 1. whether IA is agpable
in the synchromodality area, 2. whatroblems needs to be solved ithe synchromodality
circumstance.

High cognition

Synchromodality integrates transport services to achiewstomization and responsiveness

With the increasing customerequiremens on logistics servicethere are multiple goals for
synchromodal transport to achieve #te same time Synclmomodal transport should be

efficient, flexible, reliable and sustainable meanwhile kegphe cost at an acceptable level.

Hence there arenanyfactorsto be consideredn order to have a synchromodal transport

such ascapacity, operating timeCQ emission, dynamic planning and operating cost, etc.
Customershave differentemphase on thesefactors or services. To interpretind meet

O dza U 2 de®andis the synchromodal transport planning neeldsdzY | y 4 Q 2dzRISY Sy
cognitive capabilityo define the goabf andthe rules oftransportation planning.

Besidesthe colleboration between stakeholderdike information sharingis the primary

basis b achieve synchromodalty ¢ KSNX A& | ySSR (2 akKATdG adl
their awareness of cooperation. Synchromodal transportimgjuiresthe involvedactorsa

joint-effort to communicate, exchange and share information between each otheighwh

Yy SSRAa Kedgitioy @n@awarenes® integrate both explicit and tacit informatioim

the transport network

Highefficiency:

To achieve synchromodal logistics, it is necessary that decisions are made during the process
execution, not only in thelesign plase. Therefore, synchromodalitgquiresto collect the
needed dataas fast as possi to supportli NIy & LJ2 NJi MdetSion IndbkingHgvwewes Q
the information exchange and integration between stakeholders is hampered by the
fragmentation ofdata, lack of standardization and agreements, incompatibility of information
systems and security issues. Besides, to @etoptimized solution,the synchromodal
transport system should generate more alternatives for decision makers to choose, which
increases the demand fothe computer aided planning=rom studies, intelligent transport
system (ITS) and information communication technology (ICT) are major solutions to facilitate
the information exchangevithin the transport networkoy providing data visiltity, accuracy,
transparency and security athighest possible level.

High uncertainty:
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There is a high frequent occurrence of unexpected disturbances in transportation, for
instance, extreme weather events,traffic congestion and new incoming orders
Synchromodality offers great flexibility to cope witinése uncertainties through reéime
modes switching according the available capacitgnd actual circumstancgo as to meet
customesQrequirements on reliability and responsiveness. iges, the demand pattern is

not easy tobe predicted so that the transporplanning needsx dynamic plaro adjustthe
transportationarrangementaccording tahe reattime demands and modes capacity.

Moreover, here are many challenges to achieggnchromodality.For instances, the
approaches of aoptimized synchromodal planning, architecture of integrated network, the
design of physical network, inforrhan exchanging mechanismriteria of cost serviceand
guality, andlegal issuestc.

Thereby,syrchromodalityisagood candidatéoproveL ! Q& LINI OGO A OF £ @l f dzSa

One of challenges synchromodality is to achieve and offer great flexibility intrassport

network planning Thusthis thesisappliesthe proposed IArameworkind @ Y OK NP ¥ 2 R £ A (

reaktime network planning. The validaticims to prove whether IAelps synchromodality
achieve flexibility in creatingn optimaltransport planning and adjustingthe plan within
limited time as soon asew information arrives (like new orders) or wpected disturbances
happen in the meantimeY SSG Ay 3 Odza G2 YSNE Q &r8eylirsfmeris. | Y R

4.2. Serious gam
The grious game simply exploits amformal, incidental and unconscious way to help people
acquire skills, knowledge, or attitudes bging computer games (liv@mulations or virtual
environments)Korteling et al., 2011)These computer gamdsameworkcertain aspects of
reality with a didactical godhrough combining simulation, learning and pl@orteling et al.,
2011) According © Kortelng et al (2011)using aserious gamas a pramising approach in
training or educationwhen other methods are unattractive, expensive lmave impose
unacceptable risks for the learner or the environmentherefore, onsidering the
expenditure of ime and effort ina real business casehis thesischooses the seriousgame
approach to validatehe practical value of IA and the applicability tbie designedIA
framework

This thesisuses theserious gameSynchroManiadeveloped by TNO, a Dutch reselar
organizationThe SynchroManigPPMC, 2014)imulateshe real operations ofynchromodal
transport planningin the gamgSeeFigurel3), the playertakes a roleas alogisticsplanner

to ship the orders placelly three clients to various locations within a container hinterland
network. At the planning desk of synchro transport services, the timetable represents one
week. Every day has new orders comingpich need to be assigned to one afansport
services Ead order has specific requirements dhtes, locations, modes and demands
imposed by the clientDuringplanning, the planner must strive &atisfy the clien® specific
requirements while loweringhe owerall costand emission level within théme restriction.

FromFigurel3, you can see thathere are three locations: North, South and Destination
which createfive transportingroutes (seeTable8). ByRoute 1, 2, 4 and,3he cargocan be
delivered bythree modes: Truck, Train andaie, while Route3 only allowdrucks to
transportordersfrom port to destination. The cost of each mogalescribedn Table8. Barge
is the cheapd transportation followed by Train anddck sequentially Thedcommittede in
Table8 means the space islreadypre-booked andpre-paid, which is displayeavith gray
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backgroundn the timetable If a playemusesthe committed space, there is no additional cost.

In the timetable, he restof numberswithout backgroundrepresent K S G dzy O2 YY A ( G S
space whichmeans the cost is incurrgger use Figurel3 also illustrateghat there may be

limited or nocapacityof Train andBargein aday, while, the directtrucking has unlimited

space inweek dayslf the order cannot be scheduled becauseno available capacityhe

planner can negotiate with customers whether they agreswstch modes,changedates or

locations.At the end of each round, thgame shows theesults of the weekly transport plan

aboutthe unshipped and shipped volumegst,CQ emission level and customer satisfaction.

(13 18]

Figurel3 Serious gameSynchroMania

In this thesis the performance indicators otransport planningin this serious game
SynchroManiare:

1 Costper TEU

9 Client satisfaction level
1 %volume transported
1 CQ emission level

That is,the transport planning in this seriouzame aimsto minimizethe transport cost,

mearwhile keepng a high client satisfaction levaind saving the environment as much as

possible Toreduce costs, the plannés advisedo use more Barge anddin,try to fill in the

already paiccommitted sp&e,andavoidthe direct trucking.The ncreasing utilizatin rate of

Barge and fin helps to reduce th&€Q emission The customer satisfaction level will be
AYONBI AaSR 6KSYy (KS Odza (2 Y S Nger redeR B NagotiateNE RS €
with the customer decreases the customer satisfaction level
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Table8 Transporting routes and costs

Route Truck costs Train costs Train costs Barge costs Barge costs
committed uncommitted committed uncommitted
1. Port-North 300 0 100 0 90
(direct)
2.Port-South 300 0 100 0 90
(direct)
3. Port-Desti 400
(direct)
4. Port-Desti - 100 200 100 190
(via North)
5. PortDesti - 100 200 100 190
(via South)
4.3. Decision making process

The problem contexbf this SynchroMania gamseasy and clear to be understoothat is,
the player needs to make a transport pleasmen new orders come. Thgpoal of planning has
beenclarified in Sectiod.2. Thus the first phase of decision makigd>ecsion Identification
issimplifiedasFigurel4 shows Nextthe task assignment of humans and intelligent agests
analyzedased on the context of SynchroMania gatmd=igurel4, Generatdanitial transport
planningis the process tor I 1 S
requirements, which represents the process @enerate alternativesn Figure7 Decision
making processThe assessment and approval of solutiom&igure7 are simplified as the
process ofOptimizeplanthat adjusts the initial plato achievethe goals defined beforehand.
The task assignmenliecides the subtasksof the processes of generating and optimizthg

transport planning.

Thenselecting abest transporting plans the end ofSelectiorphase.In the final phase of
decision naking inFigurel4, there is no loop back to the beginning phase. That is because
players cannot (re)arrange the orders in the past dayBut decision makersan gain
experiencs and adjust the decision making strategyough analyzinghe results of the

by AYAGAL €

OGN YALRNIFGAZY

weekly planningvith performance indicators to improvéhe next round planning.
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The need to make
a transport plan

Decision Identification

Figurel4 Synchrdlaniatransport planning decision making process

4.4. Tasks assignment
This thesisadopts the hierarchical task analysis (Hi#&thod to decompose theop lewvel
tasksthat are about generating, optimizing and evaluating the trawsp planning. The
decompositions of these three top level tasks egspectivelydescribedin Figurel5, Figure
16 andFigurel?7. The tasks in blue are advised to be compldbgdntelligent agents, wtel
the yellow one means the tasksr humans. Some second or third level tasks are in black,
which means they r@ collaboratie taskscompleted by the cooperationof humans and
intelligent agents. These collaborative tasie further divided into sub tasks that can be
assigned to a specific entity, either humans or intelligent agents.

From the task decompositiony HTA rethod, the task allocation of humans and intelligent
agentsin this SynchroMania game becomes appardiite tasks allocated to humans also
manifestK dzY | ighgoflance in the decision making of SynchroMania transport planning.
We can further base othis result of task assignment to build the intelligent agents tat
able to copewith the tasks assignet them.
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Figurel5 Task decompsing of generating transport planning
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Figurel7 Task decomposition ofvaluation

4.5. Intelligent agent
Based on the resulbf the tasks assignmernin last previous sectionthe requirementsand
functionalities of intelligenagentsare definedin orderto realize the humasntelligent agent
collaborationand achieventelligenceamplification.

W Urgent order identifier:Identify and highlight the urgent order

Purpose:As the amount ofime to make a decisiofs limited,intelligent agentcould assist
playersin identifyingurgent orders.

Action:Upon activation, this agentontinuously scamall the orders inthe inbox. For althe
orders, ths agentcompares the due date with the current day. If they asame, the agent
savesthe ID of the order and seralcommand to the graphics component to displayisual
marknext to the order with the gien ID.

Input: List of altheorders ini K S LJt | &5 Bidd due dagf ourént day
Output: Display a red rectangle at the coordinates whéne urgentorder is located

Execution: Continuous. Véh switched on, this agerbntinuously rus and highghtsurgent
orders until switched off by the player.

Y Auto assignerAutomatically assign orders

Purpose:In SynchroManiggame, the planner needs to drag orders the timetablewhile

keeping in mind of meeting the ord€@quirements. fe intelligent agent could help reduce

GKS 'Y2dzyG 2F 2NRSNR o6& ldzi2YFdAOlLIffe aaAraiay
with a fixed mode and for which there is avaleltapacity / space to shignis order. This
functionalityhelps save tira so that planners camake and execute decisisefficiently.

Action:When activatedAuto assignechecks althe orders inthe inbox For each order, this
agent knovs about the information aboutestination, modality, time and TEU. Then this
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agentchecls the capacity for the given deénation and the given mode itme first possible
day. The process will be regated for the remaining day# there is capacity availahléuto
assignerassigs the order to theappointed spot of the timetablelf not, the order will be
ignored.

Inputs: List of altthe orders inil K S LJt | (15 NiBtiatidnyn@o@ekEfirsday, due date,
TEL; Current day; list of availabt&pacities per destination arer transport mode.

Output: Call to the game function thatlocaesan orde from the inbox to the timetable

Execution: Continuous or One shdhe agenteither could be seto one shot that executes
players per call ocontinuouslycheclsall inbox orders and try to assign them umid orders
are left in the inboyor the ordeiQ @quirements cannobe satisfied.

-~

y Alternative advisor:Generate alternative options

PurposeThe intelligent agent couldenerate alternatives for the order cumntly under the

LJX | @ SNRa GadyhtorinRHe Wlayaratteen/options to assign the ordeEspecially
when there is na@apacity to meet the requirements tie order, this intelligent agent could
presentoptions for these nsatisfied orders and show the options to the player

Action: Onceactivated this agent will be given the ID of the order currently considered by
the player. For that IDthis agent checks if there mapacity to asign the order alongst
NBIljdZANBYSyiGa I yR (iMSnatdd ab\dsgalsarhecksliiiBeteSshapacilyS a
available for other options in case one of the parameter is chanfpednstances, changing
modality, destination, or delivery date# the check returns positive answexr transparent

icon is displayed at the appropriate position within the schedule, highlighting the component
that has to be negotiated with thelient.

Input: Order under foas (ID, destination, mode, firstay, due date, TEU); list of available
capacitiefrom schedulger destination, per transport modand per day

Output: Call to the game function thalisplaysanorder icon (preferably semtransparen) at
given XY coordinatesfollowed byanother function call to drave red rectangle. And also
call to the game function that assigns ordéw the positionof the timetable.

Execution: One shothis agent is executed per call by the player and wolks when thee
is an order under consideration

Y Negotiator: Negotiate with customers

Purpose: To relieve planrerom taking time to communicateith customers, thentelligent
agent could take charge afaling customers and negotiating with customeabout the
parameter (mode, location or due dgtéhat is decided by planngr

Action:For each parameter (Location, mode, first day, and due date), there is a corresponding
negotiator to be responsible farPlanners will decide to active which negotiat@nce
activated this agent iggiven the ID oftie order currently considered by the play&or that

ID, this agent negotiates with thelient on the relative parameter and in return, shows
planness the negotiation result.

Input: Order under focus (ID, destination, mode, first day, due date, TEU)
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Output: Call to the game function that triggers negotaatifor a given order and forspecific
parameter.

ExecutionOne shotThis agent is executed per call by tHayr and only works when there
is an order under consideration.

Z Optimizer. Optimize the transporting plan

Purpose: Once all the orders are pldce the schedule, plannerstill need to consider
whether the transportation arrangemenheets the goabf lowering cost That is where the
intelligent agent may contribute to. The ad of optimization algorithncan be:

- Maximize the utilizatiorof the committed space
- Reduce the direct trucking
- Maximiz the utilization of Train andaBge

Action: Thisagent enumerateghe cost ofall the assigned orders and then checks the
available capcityl Yy R Odza G 2 Y S NIWih theJbidBnfizatdbafgQrighen Optimizer
proposesnew optionsof re-assigning orders tplannersfor the sake of low costThe options
are displayed at the appropate position within the timetablehighlighting the canponent
that needsto be negotiated with a clientAfter players choosing aaptimization plan, this
agent re-allocates the order to the schedule.

Input: List of althe orders already assigned to the sched(l[®, destination, mode, first day,
due date TEU; Current day; list of availabtepacities per destination, per transport mode
and per day.

Output: Call to the game function to display order icon (preferably seamsparent) aigiven

X, Y coordinates followeghother function call to drawared rectangle After players selecting

a new shippingplan, call to the game function that removes an order from the schedule
followed by the call to another function that assigns the order to the new position within the
schedule.

Execution: One shoThis agehis executed per call by the player and only works when there
is an order under consideration.

Z Predictor, Prediction

Purposet KS Ay UGSt fA3ISyd 3Syd O2dz R I dzZa3Y§opdi LI |y
decision making strategy thugh providing planners witlthe analysis results dhe weekly
plan andan estimation of futurelemand pattern.

Action: On the one handPredictor calculates and shows the overall score of each week
transportation arrangementOn the other hand hisagent loadsthe historyorder data from

the game andredicts ademand pattern as a reference for the futuransportplanning The

information of the demand pattern providk by Predictoris about the weekly pattern of

arrival orders, the characteristics &t A Sy 4§ Qa o0SKI @A2NE FyR (KS TS

Input: Allthe historical ader data (ID¢lient, destination, mode, first day, due date, TEud
Of A Sy (i Qa); tHe)NE&:RySradSporing plan
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Output: Call to the game function that extracésd calculateghe results of perforrance
indictors fromthe game.Andcall to the game function thashowsthe results of theweekly
plan anddisplayshe demand pattern

Execution: ContinuousThis agent continuously shewhe calculationresultsafter finishing
each round and shows the analysis results of historical data before the start of a new round

The intelligent agen§ Alternative advisorZ Optimizerandz Predictorall require a

knowledge baseso as toproduce more feasible optionsand useful information To keep

updating the knowledge base, these intelligent agergsord and analyz& S NE $S S| Q:
transporting plan specificallyanalyzingli K S LJt deyisjp§ Makig strateggnd the
characteristics othe Ot A dghéaviard Therefore, there is a learningechanism in this
SynchroMaia IA system that intelligent agents learn frdammansi 2 Ay 0 S3aNI 6S GKS
tacit knowledge with explicit information. This learning mechanism enables intelligent agents

to proposebettera dz33SadGA2ya (2 LIXIFYYSNED® 2A0K (GKS Ay
planners could be able to make a better decisiortransport planningn comparison to when

they work alone.This mutually beneficial and collaborative relationship embodines IA

concept in SynchroMania decision making.

Table9 presents aclear connection between these sidealintelligent agents and the tasks
assigned tantelligent agens by HTA method

Table9 Connection between intelligent agent's functionalities and tasks

Intelligent agent Tasks of intelligent agents

W Urgent order identifier 1.1.1.2.ldentify the urgent order

Y Auto assigner 1.2. Assign orders with available capacity

y Generate #ernative options 1.3.2.1. Generate options for unassigned orde

1.3.3.3. Show feasible options after negotiatior|
1.3.4.2. Assign orders to schedule

Y Negotiate with customers 1.3.3.2.Execute negotiation call
2.2.4.Execute negotiation call
Z Optimize the transporting plan 2.1.3 Generateoptions to reduce cost

2.2.5 Show feasile options after negotiation
2.3.2. Reassign orders to schedule

Z Predictor 3.1. Analyze the weekly plan

3.2.Predict the future demangattern

4.6. Testing method
Due to the time limitation, this thesigests three intelligent agentmstead of alkix. Urgent
order identifier, Auto assigner and Predictoetested in this thesisThe hypothesi®f testing
are:

HypothesislA improvesiecison making orSynchroManidransportplanning

This thesisfirst separately test these threeintelligent agentsto test whether their
functionalities are defined properly hysing the proposed I&Aamework and whether they
impNR2 @S  LlpdrfofryaBckl Eofhe testing of Wgent order idetifier and Auto assigner
there will be two groupsone group with the help of intelligersigent and anothewithout.
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Thenthis thesiscompares two group performances and analyzes the testing resultsa
Predictor, this thesisomparesthe changes ofach LIt | Yy SN & belG&dh@aiar | y OS
using Predictar

Then based on the results from the separate testing, therehvel final validation that allows
players to choose to use which intelligent agent. Theylebldrgent order identifier andAuto
assignerto function at the same timeor to only use one of themThe purpose othe final
validation is to testl) whether the functionalities of these two agents are defiresuseful
and helpful to each individuahnd 2) whether every individual benefitsom the application
of 1A. The testing group are alstivided into two groups: with and withouhe help ofthe
intelligentagent(s).

4.6.1. Performance indicators and weight
The performance indicators and theeight of each indicator are illustrated Table10. We
use the simple muklattribute rating technique (SMART) to decide the weight of each
indicator. The indicators are assigned-5l points to rank their importancewith the
consideration of the goals defined prieus

As explained iablel0, the targets of minimizinghe transport cosandkeeping a high client
satisfaction levebre equally themost important. The percentage of shipped orders is also
important as it $ the key factor to increase the customer satisfaction lenel meanwhile, it

has positive correlation witthe costto some extent Sometimes, the coss small when less
orders are delivered. In reverse, it could happen that the more orders are shifsygedigher

cost will be. Thus, planners need to balance these three factdrs.reason to give the GO
emission indicator the least weight is because its influencing factors are not clear and obvious
to planners, compared with other indicators. So dunol@nning, players are not able to take
actions to purposely reduce the €@€mission level.

Tablel0 Performance indicators

Performance indicators Importance (15) Weight

Cost per TEU® 5 5/16=0.31
Average customesatisfaction level® 5 5/16=0.31
% TEU shipped), 4 4/16=0.25
CQper TEU® 2 2/16=0.13

4.6.2. Normalization
The data of each performance indicator (A} different units. Therefe, this thesisieeds
to normalizethe data of each Pihto the same scalavhichisfrom 1 to10so that we can
calculateall the Pkin one formulato get an overall score of the weekly planring
"Yoé i B ™p O ™ p ) ™ U O ™ 0'Q pltho8
Equationl

In order to makdahe normalization reasonablahe division of scales is bastn
distribution ofthe datasetthat is gained from three separate tests
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Figurel8 Distribution of cost dataset

Figure18 presens the ranges otostsgenerated by per player in different roundsrom
Figure 18it is clearto decidehow to normalize the cosinto 10 scalesTheTablell depicts
the normalizationresults

Tablell Normalization of Cost

Range ofCostper TEU Scale
<150 10
150-155
155160
160-165
165170
170175
175180
180-185
185190
190-200
g 200

©

OIRINWIA~UIO|N|

By using the same way, the PATEU shippeahd the PICQ /TEUare also normalized into

1-10 scaleTablel2 and Tablel3respectively provides thearmalization results oc%TEU
shippedandCQ/TEUG  a SR 2y (G KS RI (| a SKigQral9dahdFigurd A o dzii A 2
20.
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Tablel2 Normalization of % TEU shipped

Range of % TEU shippec

Scale

100%
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949%92.5%
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Figure20 Distribution of CO2/TEU
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Tablel3 Normalization of CO2/TEU

Range of CO2/TE| Scale

<82

10
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96-100
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XMy

OFRrINWA~OIO(N|0|©

For the average customer satisfaction level, each customer has five possible results about
their satisfaction level of each weekly transporting plan, which is from 0 to 4. The higher score
represents the higher satisfaction level. Thus, 36 possible combinatufribe average result

are generated irFigure21.

Average Satisfaction

0.00.10.20.30.40.50.60.70.80.91.01.11.21.31.41.51.61.71.81.92.02.12.22.32.42.52.62.72.82.93.03.13.23.33.43.53.63.73.83.94.0

Average satisfaction level

Figure21 Distribution of average satisfaction level
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Hereby the average satisfaction level calso easilype normalized ito 1-10 scales as showed
in Tablel4.

Tablel4 Normalization of average satisfaction level

Range of average satisfactior; Scale
level
4
3.7
3.3
3
2.7
2.3
2
1.7
1.3
1

<1

=
o

ORINW A |N|[O|O
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5. Results

5.1. Urgent order identifier
The Ugent order identifiercontinuouslyidentifies the orders of which the due daitg within
the current day and marks the red brackets to give planners the notificakayure 22
illustrates how the Wgent order identifier works.

'\‘[ Tl &_ \’ 1 &- NORTH Q-
MON TUE | MON TUE || TUE WED }'l
egog e @ 18 [13) 18]

1;"1& DS s ;L;"\ 5

MUNM MON TUE me E
6 4 6 8¢ e

Figure22 Urgent order identifier

There are two groups (A and Bhd two scendos (1 and 2) for testing thergent order
identifier. The time of per day is set as 88conds in both scenario 1 and he weekly
capacity is showed iRigure22. In each day, there are several orders that need to be shipped
immediately.The details of each scenario are described in Appefntieprocesses of testing
are:

Group A(4 people)plays scenario 1 without thitelligentagent;
Group B4 people)lays sceario 1 with the help from the tdent order identifier
Group B(4 people)plays scenario 2 without thiatelligent agent;
Group A(4 people)plays sceario 2 with the help from the kgent order identifier.

= =4 =4 4

In total, this thesisgot eight pairs of resultsSTheFigure23 presens the resultsThe human
group represents when players play the gameanal without the help othe intelligentagent
while, the resuls of under the help otthe intelligent agent belong to the intelligence
amplification (IA) groupAll the data are amonthe normal distribution The median score of
the IA groupis 7.65whichis higher than the human group 3.4B5%dataset ofthe human
groupdistributed between 2.4 and 4.95 whichasidently lower than the 1A group of which
75% is among 7.27 and 9.Theresultsof IA group mostly distributedetween 7.27 and 7.65

while, K S KdzYly 3INRdzZLJQada RAAGNRAOGdzGAZ2ZY A& NBfIl 0AODS
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Figure23 Results of khent order identifier

Theexperienced people who are Ebto deal withthe time limitation canreach a high score
when they work alone. The best player managed to rethetscore 8.The lowest score the

IA group is 4.81, neverthelesshen this player worked alone in another scenati® score

is higher 6.25.! OO2NRAY 3 (2 GKA& LI I &S NInlion m&&RO I O =
Urgent order identifier increased her pressure, maukr feel more anxious, andisturbed
her to make a decisiorSince these two score were got underot different scenarios, we
camot directly conclude that this player perfoed worse withthe help of Urgent order
identifier. But, we can learn that there sfriction in the irterface between humans and
Urgent order dentifier, which impactK dzY | yedofarice. Tls finding further indicates
that the design of intelligent agentaries fromperson to personThe inappropriate agent
designmayweakenii K S A y Ri&ci@ianRra#ing. Dhe changes of individual performance
before and after using intelligent agent(s) will be further explaimettie later final validation.

In conclugon, Urgentorder identifiercontributesto improvingplanneistperformancebut the
degree of benefit variew different individualsTo producebetter collaborationeffects this
thesisstill needs tofind out andreduce frictions of the interaction between humas and
Urgent order identifier.

5.2. Auto assigner
When rew orders arrivean each dayAuto assigneautomatically assigns therders of which
the requirements (mode, TEU, route, and delivery dates) can be met according to the
available capacity, and leasvthe ordersthat need the further negotiation with customers to
planners Thelogic rule of deliveryn this agents to assigrorders as early as possiblgure
24 displays howAuto assignefunctions.
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Figure24 Auto assigner

Thereare twogroups (A and Band scenario 3 to tediuto assignerThe time of peday is

set as 30 seconds in scenarioThe weekly capacity is showedRigure24. Most of aders

can be shipped without negotiatiorThe details of each scenario are described in Appendix.
Thetestingprocesses are:

1 Group A6 people) playthe scenario 3 withouAuto assigner
1 Group B(6 people) plays the soario 3 withAuto assigner
1 TheAuto assignefunctionsalone

The purpose ofhe third testing process to investigatehow automaton works in this case.
WhenAuto assigneNdtzy & | f 2 Yy ST \iitK & fixed fnleF (Bagge &r RiR) 3/l Be
shipped by fuck whenthere is no availablBarge/ Train capacityThat isprders are assigned
as long as there is available capacity. The priority of selecting mditst Bargeand Train,
thenis Truck.Figure25 describes thetransporting plan made bgutomation.
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