Yanru Zhang - Zhu Han

- Contract Theory for Wireless
Networks

@ Springer



Contents

1 Background Imtroduction ................................... 1
1.1 Imtroduction ............ ... ... i 1
1.2 Contract Theory: Fundamentals and Classification............. 3

1.2.1 Basic Contract Concepts. . ..............coivveon... 3
122 Classification. . .............cciiiirinirnnenennnns 4
123 Models ...t e 7
124 CompariSons.............cocviiiinniirunininnnnns 8
1.3 Contract Theory: Reward Design . .. ....................... 9
1.3.1 Dimensionof Rewards ............................ 9
1.3.2 Rewards on Absolute Performance or Relative
Performance . ........... ..ottt iiinennnnnns 11
1.3.3 Reward in Bilateral or Multilateral Contracting. . ........ 12
1.4 Applications in Wireless Networks. . ....................... 12
141 AdverseSelection.............ccoviiiiriinnnnn.. 13
142 Moral Hazard ... ........... ... ot iiiiinnnnn. 13
143 MixedProblem............. ..., 14
15 Summary .......c.iei e 15
References. . . ..ottt e e 15

2 Incentive Mechanisms for Device-to-Device Communications
in Cellular Networks with Adverse Selection ................... 17
2.1 Introduction . ...........c.uiimmi e 17
22 Related Work . .. ... .o i e 20
23 SystemModel. ....... ... ... e 21

23.1 TransmissionDataRate ........................... 21
232 UserEquipmentType........ ..., 22
233 BaseStationModel............... ... ... ... . ..., 22
234 UserEquipmentModel............................ 23
23.5 Social Welfare. . ..., 23



3

Contents

2.4 Proposed Solution. .. ..........cov i 23
2.4.1 Conditions for Contract Feasibility . . ................. 24
242 Optimal Contract. ............ccovviininerrunaan. 26
243 Practical Implementation............... ...l 31

2.5 Simulation Results and Analysis. . . ..., 32
2.5.1 Contract Feasibility................ ... .. ... o0t 33
252 SystemPerformance.............. .. .. i 34

2.6 SUMIMATY .. ..t ivttvtein ettt eeeaine i nnnaeonanenan 39

References. . .. ... vt i e 40

Incentive Mechanism in Crowdsourcing with Moral Hazard. . . . ... 43

3.1 Introduction . ...........iieieeninennnninriiien 43

32 SystemModel. ............ 45
32,1 Utilityof User........ccvviiiniiiiiiiiniiaunn. 45
322 Utilityof Principal ........... ... .t 47

3.3 Problem Formulation ................. .. .. .. iiiiiaa.. 47

3.4 Simulation Results and Analysis. . . ..............co0vnt. 50
3.4.1 Optimal Compensation Package Analysis.............. 50
3.4.2 Compensation Package Comparison .................. 52

35 SUMMATY .. ..ot e 55

RefOrences. . .. ..o i vt i e 56

Tournament-Based Incentive Mechanism Designs for Mobile

Crowdsourcing . .......... ... .0ttt 57

4.1 Introduction . ...........ooiiinmunrunntnnr e 57

42 SystemModel......... ..o i e 59
4.2.1 Common Shock Problem . ......................... 59
422 Rank-Order Statistic .................. ... 0.t 60
423 UtlityoftheUsers............... ... ... i, 60
424 Utlity of thePrincipal ............................ 61

4.3 Problem Formulation . ........... ... ... ... .o iiien.. 62
43.1 OptimizationProblem............................. 62
432 TournamentDesign............................... 63

4.4 Simulation Results and Analysis. . ......................... 65
44.1 Simulation Setup. .............. . i 65
442 Rewardby Tournament..................cc.ouuvuen. 68
443 COmPariSOn. . ... ..vvnit ittt 69

45 SUMMAIY .. .ottt i et e ettt 71

R OIS, .« v v vt ot et ettt e e 72



Contents

5 Multi-dimensional Payment Plan in Fog Computing
withMoral Hazard . . . .............. ... .. ... .. .. ... v,
51 Introduction ..........c.iiiieiinii e
52 SystemModel.......... ...
52.1 Operation Cost ........cvivriniinninnnnan.
522 QoS Measurement. ...........c.vvtiinnerneeaeenn.
523 PaymentPlan ............... ... ... ... ...
524 Utlityof FogNode ............. ... ...,
5.2.5 Utility of Network Operator ........................
526 Social Welfare............. ... ... .. ... .
5.3 Problem Formulation .. ........... ... ... .. .. .. .. ... ...
5.4 Simulation Results and Analysis. .. ........................
55 SUMMArY .. ...t e
References. .. ....oviiii i i e e

6 Financing Contract with Adverse Selection and Moral Hazard
for Spectrum Trading in Cognitive Radio Networks . ............
6.1 INtroduction ................ueiinimrinniiii i
62 Related Works ... ... ..ot
63 SystemModel. ......... ... ..
6.4 Problem Formulation ................ .. . ... ... v vua.
6.4.1 PU’s Payoff Maximization Problem ..................
6.4.2 Optimal Contract with Moral Hazardonly .............
6.4.3 Optimal Contract with Adverse Selectiononly ..........
6.4.4 Optimal Contract with both Adverse Selection
and Moral Hazard. . . ......... ... ... ... ... . ...,
6.5 Simulation Results and Analysis. .. ........................
6.5.1 Financing Contract Analysis ... .....................
6.5.2 System Performance . ................ ... ... ...,
6.6 SUMMAIY ... ..o\ttt ittt iianes
References. ... ...t i i

7 Complementary Investment of Infrastructure and Service
Providers in Wireless Network Virtualization. . .................
7.1 Imtroduction ............. ...
7.2 SystemModel. ......... ... ...

7.2.1 Cost and Revenue Functions. .. .....................
722 Shapley Value.............. ... ... ... iaa..
723 Investment Surplus.................. .. .. ... ... ...
73 Problem Formulation .......... ... ... ... .. . . ...
73.1 General Case. . ........cuveenuninnennennnenenenns
7.3.2 Single Provider and Single Resource .................
7.3.3 Nondintegration................c.ovuiniuenin.an.
7.3.4 Infrastructure Integration............... ... .. ..ovut.



Contents

7.3.5 Service Provider Integration ........................ 113
736 Summary............cc.i i 114
7.4 Simulation Results and Analysis. .. ........................ 114
74.1 Simulation Sefup......... ... ... i 114
742 CostCoefficient. ............. ... iiiiiviene... 115
743 MargimalReturn .......... ... ... . i, 116
7.5 Summary ... 117
References. . . ....oviti i it e e e 118
Conclusion and Future Works. ... ........................... 119
8.1 Conclusion Remarks............... .. .o iiiinnienan.. 119

8.2 Future Work. . .....o i i i e e 121



