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Abstract— In This paper a graph based orange computing 
architecture for cyber-physical Being (CPB) is proposed. The 
Physical world is not entirely predictable, thus Cyber Physical 
Systems (CPS) revitalize traditional computing with a 
contemporary real-world approach that can touch our day-to-
day life. A graph is modeled to tackle the architectural 
optimization in a CPB’s network.  These frameworks of assisted 
method improve the quality of life for functionally locked in 
individuals. A learning pattern is developed to facilitate 
wellbeing of the individual. Surveys were performed for multiple 
CPB’s for different state, activities and quality of life scheme are 
considered.  

I. INTRODUCTION 

Cyber-Physical Systems (CPS) is rapidly 
emerging field, which will touch every aspects of life in 
the near future. Semiconductor and Internet revolutionized 
and transformed our lives on how we interact with 
information and lead to the growth of information 
technology now we are into a new paradigm of CPS that 
would transform the way we interact with and manipulate 
the physical systems. As CPS represents a bold new 
generation of systems that integrate computing and 
communication capabilities with the dynamics of physical 
and engineered systems. 

 
CPS is a revitalized version of traditional computing 

with a contemporary real-world approach. It integrates 
convergence of computing, communication, and storage 
capabilities that can monitor and/or control of entities in the 
physical world. Since CPS is still an immature field, its full 
potential can be conceived improving existing technology 
whether it is C++ like language-object orientation or 
multithreading behavior model or hiding abstraction layers in 
computing systems they all fail to express timing properties. 
The lack of timing in computing abstractions has been 
exploited heavily in such computer science disciplines as 
architecture, programming languages, operating systems, and 
networking. The physical world is concurrent, and our very 
survival depends on our ability to reason about physical 
dynamics. The problem is that we have chosen concurrent 
abstractions for software that do not even vaguely resemble 
the concurrency of the physical world, so when it comes to 
reliability and predictability of a system, it is expected that 
CPS implementation will not be an easy task in application 

such as robotics, air-traffic control, automotive, healthcare, 
entertainment, defense, energy and other consumer 
applications.  It has not been realized how the CPS is going to 
impact economy and social structure as vast major investment 
are being made worldwide in developing this technology. The 
economic and societal potential of such systems is vastly 
greater than what has been realized.  

The physical world, however, is not entirely 
predictable. So we have a wide area open in all area of 
research to explore and exploit the challenges and immense 
research opportunities in this Cyber-Physical System arena, 
and Cyber-Physical Being (CPB). 
 
 

 
 

Figure 1. Basic framework of  Cyber-Physical Being (CPB) 

 
Figure 1 brings out the framework of automation of cyber-
physical system in cyber-physical being level to augment 
human interaction with complex systems that integrate across 
computational and physical world. 

II. PROBLEM FORMULATION 

There have been many combinatorial optimization 
problems be formulated on a graph where the possible 
solution be a directed acyclic graph or a spanning tree. The 
minimum spanning tree (MST) problem is one of these real 
time optimization problems that finds growing interest in both 
theoretical and practical aspects. A network or graph problem 
can be formulated as follows, undirected graph G = (V,E,W) 
where V represents vertices, E represents edges and W 
represents weight. For example in telecommunication 
networks the goal is to provide service to terminal vertex of 
the network with minimum cost.  

The figure 2 shows how a spanning tree of the given graph 
is constructed as a sub-graph and contains all the vertices 
together. When it comes to Machine to Machine (M2M) 
communication network such a spanning tree can yield a 
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reasonable results[4-6]. But for an efficient optimization 
which include both cost and time consumption constraint we 
use a directed graph (DG). 

 

A. Graph based Internet of Things (IoT) Modeling 

 
The emerging internet of things (IoT) requires high level of 

interoperability and hardware-software usability where 
physical systems would interact with one another, which 
requires automatic capability and efficiency to accomplish 
linking resources and synchronization of event[17-20]. For 
example figure 3 contains 10 elements which are 
interconnected. If node 1 has sensor, it updates its data as it 
receives newly sensed information, then the data is 
communicated to another node say node 9, and a event from 
node 3 triggers node 9 to forward the data to node 5 which is 
a destination node. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Connected things with in a network 

 

 

 

B. Connected M2M and an IoT Senario 

As computers become ever-faster and communication 
bandwidth ever-cheaper, computing and communication 
capabilities will be embedded in all types of objects and 
structures in the physical environment. Application with 
enormous societal impact and economic benefit will be 
created by harnessing these capabilities in time and across 
space, thus Cyber-Physical Systems (CPS) are physical and 
engineered systems whose operations are monitored, 
coordinated, and controlled and integrated by a computing 
and communication core. This intimate coupling between the 
cyber and physical will be manifested from the nano-world to 
large scale wide-are systems of systems.  Yes cyber-physical 
systems will transform how we interact with the physical 
world just like the internet transformed how we interact with 
one another. 

But internet on the other hand surpassing its primary function 
to communicate data and connecting people worldwide to an 
entity that brings all things together and inter-connects them. 
As more and more devices are arriving embedded with 
sensors and the ability to communicate we are moving 
towards an automated future, thus we move from internet of 
people to internet of things paradigm[7-9]. Conventional 
internet includes a server and routers and so on, but they miss 
the important factor people out of that conventional 
communication, as humans are imperfect we have limitation 
to remember things, save information, save data or even pay 
full attention or accurately calculate. This proves that fact that 
we are good for nothing in acquiring data from the real world. 
On the other hand if we have computing machine that has all 
the information , they gather data from various sensors and 
computing accordingly and send  

 

 

 

 

 

 

 

 

 
Figure 4. Connected things in an IoT scenario 
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III. LEARNING PATTER FOR ISOLATED INDIVIDUAL 

A. General Learning Method  

 
A general model for locked individual management learning 
agent is shown in figure 5, the accumulation of experience 
that guides the behavior (action policy) is represented by a 
cost estimator whose parameters are learned as new 
experiences are presented to the agent. 
 The agent is also equipped with sensors that define 
how observations about the external process are made. These 
observations may be if necessary combined with past 
observations or input to a state estimator, defining an 
information vector or internal state which represents the 
agent’s belief about the real state of the process The cost 
estimator then maps these internal states and presented 
reinforcements to associated costs, which are basically 
expectations about how good or bad these states are, given the 
experience obtained so far. Finally, these costs guide the 
action policy. The built-in knowledge may affect the behavior 
of the agent either directly, altering the action policy or 
indirectly, influencing the cost estimator or sensors. 
 The experience accumulation and action taking 
process is represented by the following sequence. At a certain 
instant of time, the agent: 
1. Makes an observation and perceives any reinforcement 
signal provided by the 
Process. 
2. Takes an action based on the former experience associated 
with the current observation and reinforcement. 
3. Makes a new observation and updates its cumulated 
experience. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 A general model of the learning agent 

 
 

B. Intelligent DPM Model 

 
           In this section, Intelligent Individual management(IIM) 
designed using reinforcement learning agent method which is 
given In fig 6. This agent learning to predict the best by 
reinforcement learning method  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. An IDPM model of the learning agent 

 
 

B. The Reinforcement Condition of IDPM 

The basic assumption of Markov Decision Processes is the 
Markov condition: any observation made by the agent must 
be a function only of its last observation from the state 
transition and action on select the best policy and change the 
control to the best (plus some random disturbance) 
 

 

Where to  is the observation at time t, ta  is the action taken 

to predict best policy and tw  is the reward weight. to  

Provides complete information about tx . This is equivalent to 

perfect observability of best policy,  
Of particular interest is the discounted infinite horizon 

formulation of the Markov Decision Process problem. Given 

 

  
   Action                                                 
 Selection                                             Sensing 
 

 
Cost Estimation 

 
Experience 

Accumulation 

Process 

Reinforcement  

State  

Agent 

Action  

 
Built-in knowledge 

  
   Action                                                 
 Selection                                             
Sensing 

 
Cost Estimation 

Experience 
Accumulation 

POLICIES 

Reinforcement  

POLICY  

Agent 

Action  

 
REWARD TABLE 

1to =  ttt waof ,,                          



 A finite set of possible actions ,Aa  

 A finite set of polices ,Xx  

 A finite set of bounded reinforcements (payoffs

  axr , ; 

 

The agent gives the reward to which policy minimizes the 
power consumption. The condition of policies for getting the 

reward is power saving savep  in sleep time should be more 

than the sum of power consumption at wake up time 

wakep and power consumption of idle time idlep  of 

embedded system. 
 

idleidlewakewakesavesleepth pTpTpT     

 

To get reward, the policy should make the embedded device 

to sleep state until the above condition is satisfied. So the 

threshold time sleepthT _  is 

save

idleidlewakewake
sleepth p

pTpT
T 




  

To get reward, the policy should make the system idle state, 

above or equal to the threshold time sleepthT _ . 

 
 

The pseudo code for the IIM given below  

 
 
 
 
 
 
 
 
 

 
 
 
 

IV. SURVEY RESULTS 

A survey was conducted based on learning methods 
pattern [14] have either under prediction or over prediction by 
which they pay performance or quality improvement of an 
functionally locked in individual. Our policy makes sure that 
server is ON, when there is an event in the Service Requester 

and Service Queue. Which means that under prediction or 
over prediction will never occur. Performance penalty will 
never occur by the proposed scheme. 

 

 
Figure 7. Activity measurement of a CPB 

 

 
Figure 8. A Measure of quality of life of a CPB 

V. CONCLUSIONS 

 A graph based orange computing architecture with multiple 
CPB for a CPS was proposed in this paper which uses a 
directed graph (DAG) to represent the whole enviroment. 
Parallel M2M establish communication within the network 
and are partitioned and reconfigured dynamically for large 
scale network such as IoT is also presented. Survey were 
performed for multiple CPB’s for different state, activities 
and quality of life scheme are considered. 

ACKNOWLEDGMENT 

This research is supported by the Kyungpook National 
University research fund 2013. 

REFERENCES 

[1] Cedric Eichler, Ghada Gharbi, Nawal Guermouche and Thierry 
Monteil. 2013. Graph-Based formalism for Machine-to-
Machine self-managed Communications. EPURE les 
Publications de la recherché de l’ Universitie de Toulouse. (Feb 
2013) 

[2] G. Schirner, D. Erdogmus, K. Chowdhury and T. Padir, “The 
Future of Human-in-the Loop Cyber-Physical Systems”, IEEE 
Computer, vol. 46, No.1, January 2013. pages 36-45 

0

1

2

3

4

5

Ideal

Active

Sleep

0

1

2

3

4

5

Tranquility

Disturbance

Numbness

REINFORCEMENT AGENT

For every 10 sec 

{ 

 Agent selects the winner from 

reward  

 Table; 

} 

 Th = winner policy Th; 

 If (Th < idle_time) 

      Make the system to sleep; 

IIM 
For every 
sec 
If (any 
request) 
 { 
   …………; 
  } 



[3] J Wu, A Paul, Y Xing, Y Fang, J Jeong, L.Jiao, G Shi. 2010. 
Morphological dilation image coding with context weights 
prediction. Signal Processing – Image Communication, Vol.25, 
Issue 10, 717-728, Elsevier publication. (November 2010) 

[4] VD Le, S Hans and H Paul. 2012. Unified Routing for Data 
Dissemination in Smart City Networks. 3rd International 
Conference on the Internet of Things (IoT), 24-26, October 
(2012) 

[5] Anand Paul, 2013.Dynamic Power Management for Ubiquitous 
Network Devices. Advance Science Letters, Vol. 19, number 7. 
(July. 1993), 2046-2049.  

[6] S. Pandey, M-S. Mup, M-H. C,  and J W Hong, 2011. Towards 
Management of Machine to Machine Networks. Network 
operation and management symposium (APNOMS) 13th Asia-
Pacific, 1-7, September 21-23, (2011) 

[7] Mahmoud Hashem Eiza and Qiang Ni. 2013. IEEE Transaction 
on Vehicular Technology Vol.62, No.4 (May 2013), 14931504. 

[8] Anand Paul, Seungmin Rho and K. Bharanitharan. 2013. 
Interactive Scheduling for Mobile Multimedia Services in M2M 
Environment. Multimedia Tools and Application. (Published 
online May 29th, 2013). 

[9] JJ Blum, A Eskandaran and LJ Hoffman. (2004). Challenges of 
inter-vehicle ad hoc network.  IEEE Transaction on Intelligent 
Transportation Systems, Vo.5, no.4,2004. 347-351 

[10] Anand Paul. 2013. High Performance Adaptive Deblocking 
Filter for H.264/AVC. IETE Technical Review Volume 30, Issue 
2. 157-161. (March-April 2013).  

[11] Jang-Ting Chen, Jia-Ching Wang, Jhing-Fa Wang, An-Chao 
Tsai and Anand Paul. 2006. A Novel Dominant Edge Strength 
Algorithm for Intra Prediction in H.264/AVC Encoder. In  
Proceeding Picture Coding Symposium (PCS), China , Beijing, 
(24-26 April 2006).  

[12] AC Tsai, A Paul, JC Wang, JF Wang. 2007. Efficient Intra 
Prediction in H.264 based on intensity gradient approach. 
Proceedings of ISCAS 2007. International Symposium on 
Circuits and Systems 3952-3955  

[13] ETSI M2M functional architecture technical, report 
http://www.etsi.org/deliver/etsi_ts/102600_102699/102690/01.0
1.01_60/ts_102690v010101p.pdf 

[14] A Paul, TAA Victoire AE Jeyakumar. 2003. Particle Swarm 
approach for retiming in VLSI. In Proceedings of the 46th 
Midwest Symposium on Circuits and Systems (Cairo, Egypt, 
December 27-30, 2003). 

[15] N. Medvidovic, D. S. Rosenblum, D. F. Redmiles, J. E. 
Robbins,Modeling software architectures in the unified 
modelinglanguage, ACM Trans. Softw. Eng. Methodol. 11 
(2002) 2–57.doi:http://doi.acm.org/10.1145/504087.504088. 
URL http://doi.acm.org/10.1145/504087.504088 

[16] Anand Paul, YC Jiang, Jhing-Fa Wang, 2010. Computation 
Aware Scheme for Visual Signal Processing. Journal of 
Software Vol.5 Issue 6. 573-578, (June 2010). 

[17] L. Broto, D. Hagimont, P. Stolf, N. de Palma, S. Temate, 
Autonomic management policy specification in tune, in: ACM 
Symposium on Applied Computing, Fortaleza, Ceara, Brazil, 
2008, pp. 1658–1663. 

[18] An-Chao Tsai, Anand Paul, Jia-Ching Wang and Jhing-Fa 
Wang. 2006. Programmable Logic Array Design for H.264 
Context- Based Adaptive Variable Length Coding. In 

Proceeding  of TENCON 2006, IEEE Region 10 conference in  
Hongkong, 14-17 November (2006).  

[19] M. M. Kand´e, A. Strohmeier, Towards a uml profile for 
software architecture descriptions, in: Proceedings of the 3rd 
international conference on The unified modeling language: 
advancing the standard, UML’00, Springer-Verlag, Berlin, 
Heidelberg, 2000, pp. 513–527. URL 
http://dl.acm.org/citation.cfm?id=1765175.1765230 

[20] P Anand, W Jhing-Fa, W Jia-Ching, T An-chao and C Jang-
Ting. 2006. Projection Based Adaptive Window Size Selection 
for Efficient Motion Estimation. IEICE Transaction on 
Fundamentals of Electronics, Communication and Computer 
Science. Vol 89, Issue 11.2970-2976 (November 2006). 

[21] A Ferreira.(2004). Building a reference combinatorial model for 
MANETs.  IEEE Network Magazine Vol.18, no.5. 2004 24-29 

[22]  A Paul, JF Wang, JF Wang. 2008. Adaptive Search Range 
Selection for Scalable Video Coding Extension of H.264/AVC. 
In Proceeding  of TENCON 2008 IEEE Region 10 conference in 
Hyderabad, India (November18-21, 2008)  

[23] V Thilagavathe and K Duraiswamy. 2011. Prediction Based 
reliability estimation in MANETs with Weibull nodes.  
European Journal of Scientific Research., Vol.64, no.2, 325-
329.( 2011) 

[24] Paul A, YC Jiang, JF Wang, and JF Yang. 2012. Parallel 
Reconfigurable Computing-Based Mapping Algorithm for 
Motion Estimation in Advance Video Coding ACM Transaction 
on Embedded Computing Systems (TECS)Vol. 11, Issue S2. 
(2012). 

[25] P. Selonen, J. Xu, Validating uml models against architectural 
profiles, SIGSOFT Softw. Eng. Notes 28 (2003) 58–67. 
doi:http://doi.acm.org/10.1145/949952.940081.URL 
http://doi.acm.org/10.1145/949952.940081 

[26] Anand Paul, YC Jiang, Jechang Jeong, 2010.Parallel 
reconfigurable computing and its application to hidden markov 
model. IET International conference on Frontier Computing 
August 4-6 Taichung, Taiwan. 82-91. (2010) 

 


