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Outline of Presentation

InsurTech

» Concept and status
BigData (flows)

» Popular definition and Real-world practice

» Mathematical and statistical modeling
Cloud-computing services

» Concept, platform, and architecture
Blockchain

» Data structure, manager, and applications
Artificial intelligence

» Definition, status, and applications
Resource allocation and insurance policy

» Nash equilibrium, Fairness, and Pareto optimality

» Dividend and portfolio

» Game: Stock/real estate option and InsurContract
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Models of Big Data Flow Dynamics

» Models
» Queueing networks and SDEs/SPDEs

> with jumps and/or skew reflections
» Forward and backward

» Statistical view: functional (e.g., central) limits
» Machine learning system

» High-dimensional time-space regression/series model

» High-dimensional data analysis/analytics and processing
» Discretized high-dimensional SDEs/SPDEs

» with machine learning and intelligent control
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Time-Space BigData (1)

» Consider a second-order B-SPDE

V(t,z) = H(x) +/ b(s)wds —/t V (s, z)dW(s)

2
; ox

» where, for given constants C' and D

H(z) = CW*(T) (x - %)2 (” B %)

» For each s € [0,7], b(s) is either known or unknown
parameter to be estimated
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Time-Space BigData (Il)

» If b(s) is known (e.g., b(s) = 1), B-SPDE is solved
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» If b(s) is unknown, time-space regression models
can be formulated .



Popular Definition of BigData

» BigData is concerned with data sets

v

that are so large or complex that their sizes

v

beyond the ability of commonly used software tools
» to capture, curate, manage, and process data
» within a tolerable elapsed time

> Snijders et al. (2012)

» The size of BigData is a constantly moving target

» Dai et al. (100M, 1996-1998)
» Economist (2011)

» Originality/development of BigData/cloud system
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Latest 3-Dim Definition of BigData

» 3-dim statistical characteristics with respect to
processing capacity

» High-volume amount of instantaneous real-time data
» High-velocity of data in and out
» High-variety range or dimension of data types and sources
» De Mauro et al. (2016)
» New added feature
» All history data
» How to quantify it statistically or mathematically?

» Triply stochastic renewal reward processes
» Lévy driven compound processes

8/51



BigData in InsurTech

» Batch arrivals of claims

» Call intelligent decision engines

» Online data flows from Internet of Things

Car status monitoring

Health status monitoring

Fight traveling status monitoring
House status monitoring

Factory status monitoring

etc.

vV Yy VYV VYV

» Life growth credit data
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Internet of Human Beings (1)

» The system

Policy 5 Made by Human Brain 5

Policy 1 Made by Human Brain 1

Brain-Satellite Tracking/Control and Dialogue System

Call himsglf superman

Policy 4 Made by Human Brain 4

» Dai (2009, IEEE Proceedings)
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Internet of Human Beings (I1)

» It is a wireless communication network system

» That directly links man’s intelligent brain neuron nets
(without computer added smart biochips or other added
smart devices) to wireless Internet (typically a satellite
communication system).

» Through the system, the wireless Internet can read
man’s mind, track man’s movement, control man’s body
functionality, etc.

> Furthermore, the wireless Internet and man’s mind can
conduct dialogue each other directly through the system.

» Source link

http://maths.nju.edu.cn/~wydai/WanyangDaiHtmIC/pollutionC.html
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Triply Stochastic Renewal Reward Process

v

Let 7,, be the jump times in terms of FS-CTMC «(-)
=0, 7, =inf{t > 7,1 :at) #at)}

A process A(-) is called an TSRRP if, during each
random time interval [7,,,7,,1)

v

» A(7, + ) is the counting process corresponding to a
(conditional) delayed renewal reward process with

» arrival rate \(a(7,)) and mean reward m(«(7,))

» squared coefficient of variation o?(a(7,)) € (0,0) and
¢*(a(ry)) (variance divided by the mean square)

History data field: F; = 0{A(s),a(s), s <t}
Examples: MMPP and ON/OFF process

v

v
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FS-CTMC

» A stationary FS-CTMC o = {a(t),t € [0,00)}

> takes value in £ = {1,..., K}
» generator matrix G = (g;) (4,1 € K)

] =G =1,
git _{ v(@i)ga i i #1

> ~(2) is the holding rate for the chain in state ; € {1,..., K}
» Q = (qi) is the transition matrix of its embedded discrete
time Markov chain

» A special form of Lévy processes

13 /51



Single Pool Parallel-Server Center

CPU: Central Processing Unit

Feedback Loop

Buffer: Job or Quantum Particle Packet Storage Unit
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Lévy Processes (1)

» (Q,F,P): a probability space on which, define
» A standard d-dim Brownian motion
» W= {W(t),tel0,T]}
> W(t) = (Wi(t),..., Wa(t))
» A h-dim Lévy process (or subordinator)

> L={L(t),t [0, T]}
» L(t) = (L1(t), ..., Ln(t))
» Defining a filtration by {¥;}:>( with

Fr=0{G,W(s),L(As):0<s <t}

» G is o-algebra independent of W and L
» W, L, their components are independent each other
» L(As) = (L1(A18), ooy L(Ar8)), A= (A1,...A) >0

15 /51



Lévy Processes (Il)

» Poisson random measure

Ni((0,8] x A) = Y Ta(Li(s) — Li(s™))
0<s<t
» I4(:) be the index function over the set A
» v, for each i € {1,...,h} be a Lévy measure

» Centered process

N(X\ds,dz) = (Ni(Mds,dz), ..., Ny(Ands, dz))"

16 /51



BigData-Blockchain and Cloud-Computing

» The multiple intelligent service pools

User 1 User 2
UserJ

‘," < 1 | Virtual big

data service

Pool V
\ : Blockchain l

» The Fourth Industrial Revolution
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Supercomputer
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Cloud-Computing
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Cloud Computing

Adapted from Wiki

19/51



Cloud-Computing Based Services

» Services in Information Era

DaaS (Data as a Service)

SaaS (Software as a Service)
PaaS (Platform as a Service)
laaS (Infrastructure as a Service)

» Blockchains based services in Era of Internet+

vV vy vYyy

CommTech
FinTech
InsurTech
TaxTech
HealthTech
EnergyTech
PowerTech
AgricultureTech

vV VvV VYV VYY
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Block Tables in Blockchain

» Correlated database block tables via a link

Block One Block Two

21/51



Blockchain Manager by Intelligent Engines

22/51



Definition of Blockchain

» A distributed database that is used to maintain

» a continuously growing list of records, called blocks
» Each block contains a timestamp
» and a link to a previous block

» Typically managed by a peer-to-peer network

» collectively adhering to a protocol
» for validating new blocks

» By design, blockchains are inherently resistant to
modification of the data

» Once recorded, the data in any given block cannot be
altered retroactively without the alteration of all
subsequent blocks and the collusion of the network

23 /51



Functionality of Blockchain

» A blockchain can serve as

» an open and distributed ledger
» that can record transactions

> between two parties efficiently
> in a verifiable and permanent way

» The ledger itself can also be programmed

» to trigger transactions automatically

24 /51



Advantages of Blockchain

» Blockchains are secure by design

| 2

| 2

An example of a distributed computing system

» with high Byzantine fault tolerance
Decentralized consensus can be achieved with a
blockchain

» This makes blockchains potentially suitable for

vV Y v VY VY

the recording of events
medical records

records management activities
identity management
transaction processing
documenting provenance

25 /51



History and Applications of Blockchain

» The first blockchain was conceptualised in 2008 by
Nakamoto and implemented in 2009

» as a core component of the digital currency bitcoin
» where it serves as the public ledger for all transactions

» The invention of the blockchain for bitcoin made it
the first digital currency

> to solve the double spending problem
» without the use of a trusted authority or central server

» The bitcoin design has been the inspiration for
other applications

» e.g., in more insurance problems

26 /51



Real BigData Services

» Smart particle storages for queued jobs

» Huge number of real data packets (or batches of packets)
to be transmitted over wireless channels or wireline links
» Data storage to BlockChain or distributed database

» Any data cluster is divided into batches of packets
pre-assigned or optimally being assigned to different
sub-databases

» Applications in

» Communication systems

» Cloud-computing based video-on-demand services
> Internet of Things

» Internet of Human Beings

27 /51



v

v

v

v

Virtue BigData Services

Smart particle storages for queued jobs
» Short data messages to indicate cloud-computing based
huge amount of data service requirements
» Resources-consuming, expensive costs, high complexities

Querying Blockchain, running intelligent engine
» InsurTech & FinTech (e.g., credit evaluation for risk
prediction and portfolio hedging), network control
» Dai (2011, 2015, 2013, Operations Research, etc.)

J.P. Morgan of time priority: ps vs. 360m traders
» Central Bank of China: digital finance
» China Merchants Bank, Agriculture Bank with Ali Cloud

Handing health-care processes
> e.g., gene sequence comparison and diagnosis by mutual
information techniques in Goldsmith et al. (2003)

28 /51



Future Network Architecture

» The Architecture (Dai (2006, 2014))

Users Users

» The invention of cloud system

» Supercomputer, cloud computing and platform 2051
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The Aims of Studying CC (1)

» To meet the requirements for
» large-scale data storage, processing, mining, and services
» How effectively use history data in BlockChain?

» Security (adm) checking with limited data requirement
» Decision-making with BigData support
» Kalman or Wiener Filter? Machine-learning?

» Optimal or reasonable (delay, loss) performance

» Product-form solutions for integrated services packet
networks and cloud computing systems
> Proceedings of MICAI, IEEE CS Press (Dai, 2006)
» Mathematical Problems in Engineering (Dai, 2014)

» Diffusion approximations for multiclass queueing
networks under preemptive priority service discipline

» Applied Mathematics and Mechanics (Dai, 2007) i



The Aims of Studying CC (I1)

» Maximizing profit
» Optimal control with monotonicity constraints for a
parallel-server loss channel serving multi-class jobs

» Mathematical and Computer Modeling of Dynamical
Systems (Dai, 2014)

» Maximizing the utility of resource allocation while
minimizing the operational cost of the system
simultaneously

» Optimal Rate Scheduling via Utility-Maximization for

J-User MIMO Markov Fading Wireless Channels with
Cooperation

» Operations Research (Dai, 2013)
31/51



The History of CC

» First product using platform, architecture, network,
software as a service in a Plug-in and Play way
» SimNet (1996.7-1998, AT&T (now Nokia) Bell Labs)
» for telecommunication network design, performance
evaluation, pricing, tariff, and strategy planning
» Dai (principal investigator and developer), etc.
» AT&T (now Nokia) Bell Labs multi-million US dollars and
multi-organizations “lightning” R&D project
» won “Technology Transfer”
» Listening Post (1997-1998, Bell Labs)
» Dai (independent investigator and developer)
» Earliest studies of cloud-computing systems
» via stochastic processing networks, reflecting diffusions,
and queueing systems
» Whitt (1970’s, Bell Labs), Harrison (1970’s, Stanford),
Dai (1992-96, Georgia Tech), etc.

32/51



Definition of Artificial Intelligence

» Al is intelligence exhibited by machines

» In computer science, the field of Al research defines
itself as the study of “intelligent agents”: any
device that

> perceives its environment and takes actions that
» maximize its chance of success at some goal

» The term *“artificial intelligence” is applied

» when a machine mimics “cognitive” functions
» that humans associate with other human minds

» such as “learning” and “problem solving”

33/51
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Goals and Approaches of Al

The central problems (or goals) of Al include
» reasoning, knowledge, planning, learning
» natural language processing (communication)
» perception/the ability to move and manipulate objects

Approaches include
» statistical methods
» computational intelligence
» traditional symbolic Al

Tools in Al include
» versions of search and mathematical optimization
» logic, methods based on probability and economics

The Al field draws upon
» computer science, mathematics, psychology, linguistics,
» philosophy, neuroscience, artificial psychology, etc.

34 /51



Status and Applications of Al (1)

» Internet of Human Beings

Policy 5 Made by Human Brain 5

Policy 1 Made by Human Brain 1

Brain-Satellite Tracking/Control and Dialogue System

Call himsglf superman

Policy 4 Made by Human Brain 4

» Dai (2009, IEEE Proceedings) 35 /51



vV V. VvV VY

Status and Applications of Al (I1)

Telecommunication networks
» Design, performance evaluation, pricing, and tariff

» The invention of the first product of cloud-computing
platform and system (1996-1999)

Smart grid
» International Conference of Energy and Power, Toronto

Competing at a high level in strategic game
systems, e.g., Chess and Go (AlphaGo)

Self-driving cars

Intelligent routing in content delivery networks
Military simulations

Interpreting complex data

36 /51



Resource Allocation and Insurance Decision

» Resource allocation

» Rate and power scheduling

> Operations Research (Dai, 2013)
» ATO supply chain scheduling

» Dai and Jiang (2007)

> Applications in P2P Net Loan
» Mean-variance Portfolio

» Dai (2011, 2015)

» Insurance decision

» Dividend and inject capital policy of beneficiaries
» Harrison and Taylor (1978), Avram et al. (2007)

» Who are the beneficiaries
» P2P Net Loan and Others?

» Game: Stock/real estate option and InsurContract

> Dai (2011,2015), Liu and Dai (2010)
37/51
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Service Capacity Region (1)
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Service Capacity Region (I1)

->

-———
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Queueing Signal and Particle Storage (1)

» Signal or particle storage process S to be processed

» can be considered as a queueing process
> e.g., in a real communication network system

> denoted by S(-) = (51(-), .-, Sp(-))’

> S;(t) is the number of ith class job packets
> stored in the ith buffer for i € {1, ...,p} at time ¢

» Queueing dynamics of the network

S(t) =S5(0) + A(t) — D(t)

» The ith component A;(t) of A(¢)
> the total number of jobs arrived to buffer i by time ¢
» The ith component D;(t) of D(t)

> the total number of jobs departed from buffer i by time ¢
40/51



Queueing Signal and Particle Storage (1)

» Statistical characterizations of queueing signals

» Lévy driven processes
> as solutions to SDEs with Lévy jumps

» Reflecting Brownian motions (RBMs)
» Approximating models under certain conditions
> e.g., for general renewal or renewal reward input signals

» How to handle the gaps between

» The achievable maximal capacity
» corresponding to the assumed distributions of transmitted
signals under certain coding techniques
> e.g., BMs or Gaussian signals

» The required one
> corresponding to real queueing signals

> e.g., RBMs or Lévy driven non-Gaussian signals
41/51



Insurance Surplus Model

» Cramér-Lundberg model

N(t)
S(t) = +dt—ZOk

» Extended beneficial model

» Beneficial model with inject capital

t)+ > R;(t)

42 /51



Example

» To conduct performance and numerical comparisons
between our designed game and linear-utility based
scheduling policies

» by simulating their corresponding RDRSs and solving the
related game problems

» we take V' =1, J =2, and a(t) =1 for all ¢t € [0, 00)

43/51



Capacity Region for the Example

» Capacity region is assumed to be a non-degenerate
with p? = pl = 1500 and upper bound satisfying
¢ + co = 2000, i.e.,

44 /51



Utility Functions

» Utility functions for user 1 and user 2
¢
2

» which correspond to the proportionally fair and minimal
potential delay allocations respectively

» Based on these utility functions, we can design our
rate-scheduling policy at each time point ¢ € [0, o0)
by a Pareto maximal-utility Nash equilibrium point
to the non-zero-sum game problem (Dai (2013))

45/51



Utility-Maximization Game-Scheduling Policy

» The policy (Operations Research, Dai (2013))
rcne%g(Uj((Lc)? .7 € {07 172}7 qec Ri—

where, Uy(q,c) = Ui(q,¢) + Us(q, c)

» If ¢* = (¢}, ) is a solution to the game problem

UO(Q? *> > UO(Q? )7
Ui(g,¢) 2 Ui(g, ¢y)  with ¢y = (c1,63)
Uz(q,c") 2 Ua(q,¢Zy)  with ¢y = (cf, ¢2)

» i.e., if a game player’s rate service policy is

unilaterally changed, his utility can not be improved
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Dual-Cost Functions

In a real-world system, the parameter vector ¢ is
the randomly evolving queue length process ((t)

How to evaluate the effectiveness of the myopic
service policy designed through the game problem
globally over the whole time horizon [0, o) is our
major concern

To reach this goal, we first identify the associated
dual-cost functions for U;(q, c) with j € {1,2} as

2 3

q1 2q;

, Cy(qe,02) =
2uic ( )

Ci(qr,c1) = -
1(Q1 1) 3#20‘3
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Dual-Cost Non-Zero-Sum Game Problem

min C}(g,c) subject to CL + kel > w
qeR? M1 M2
» for a fixed constant w > 0, a fixed c € R, and all
.j € {07 ]-7 2} Wlth CO(q7 C) - Ol(Qu C) + OQ(Q: C)
» If ¢* = (¢}, ¢) is a solution to the game problem

OO(q*7 C) S OO(q7 C>7
Cl(q*7 C) S Cl(qip C) With qil — (qla (1;)’
Ca(q*,c) < Calqiy,c) with ¢%5 = (47, g2).

» i.e., if a player j with j € {1,2} unilaterally changes

his bid’s policy ¢;, his cost can not be reduced
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Pareto Dual-Cost Minimal Nash Equilibrium

» The unique Pareto minimal Nash equilibrium policy

¢ =(q.4) q
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mean workload

Numerical Simulation Comparisons
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Game between Option and InsurContract

» Game: Stock/real estate option and InsurContract

» Dai (2011,2015), Liu and Dai (2010)
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