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Time- and Event-Driven Communication Process
for Networked Control Systems: A Survey

Lei Zow, Zidong Wang®*, Hongli Dong"¢, Yurong Lit/* and Huijun Gaé

Abstract

In recent years, theoretical and practical research topicsietworked control systems (NCSs) have gained
an increasing interest from many researchers in a varietglisxfiplines owing to the extensive applications of
NCSs in practice. In particular, an urgent need has arisemderstand the effects of communication processes on
system performances. Sampling and protocol are two fundthaspects of a communication process which have
attracted a great deal of research attention. Most resdaccis has been on the analysis and control of dynamical
behaviors under certain sampling procedures and comntigrigarotocols. In this paper, we aim to survey some
recent advances on the analysis and synthesis issues of M@Sdifferent sampling procedures (time- and event-
driven sampling) and protocols (static and dynamic prdgcd-irst, these sampling procedures and protocols are
introduced in details according to their engineering baslkgds as well as dynamic natures. Then, the developments
of the stabilization, control and filtering problems areteysatically reviewed and discussed in great detail. Rmall
we conclude the paper by outlining future research chadlerfgr analysis and synthesis problems of NCSs with
different communication processes.

Index Terms

Communication processes, sampling procedures, comntigrigarotocols, time-driven sampling, event-driven
sampling, Round-Robin protocol, Try-Once-Discard protoc

. INTRODUCTION

Over the last few decades, developments on networked ¢aystems (NCSs) have led to a growth of attention
about the communication of NCSs. In the typical structur&l@fSs, all components including sensors, controllers,
actuators and systems to be controlled can transmit infimmahrough a shared digital communication network.
There are a great deal of advantages of NCSs such as low esgtpmintenance and high reliability. Due to the
application of digital communication network, the infortioa is firstly sampled into the digital signal before it
transmitted over the network, and the communication betvgierent components is implemented subject to the
certain protocol.

Sampling is a process of transforming a continuous signalardiscrete one. In practice, sampling is realized by
inputting the continuous signal to an analog-to-digitall@Aconverter which can output a sequence of digital signal.
Considering the different processes to generate the apar®sampling intervals (e.g., time-driven sampling and
event-driven sampling), we can divide the communicationcpsses of NCSs into two categories: time-driven
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communication and event-driven communication. In a tirmieeth communication, the signal is sampled at a
sequence of fixed time instants and then transmitted oven#teork. In an event-driven communication, the
signal is sampled only when a certain condition is satisfizitferent communication processes of NCSs can lead
to different effects to the closed-loop systems. Hence, dtfiboth theoretical significance and practical importance
to investigate the analysis and synthesis problems for N&LBfect to the time-driven communication and event-
driven communication. In this paper, we focus on the recdutiaces of NCSs with different sampling procedures
and communication protocols.

Time-driven communication is a conventional communigapeocess in which the sampling instants are generated
dependent on time. Since the time-driven communicatioras/éo implement in engineering, NCSs with time-
driven communication is widely used in practical applicat. Generally speaking, time-driven communication is
implemented based on three different sampling procedyesodic sampling procedure, non-uniform sampling
procedure and stochastic sampling procedure. By applyiagiramework of sampled-data systems, the analysis
and synthesis issues have been developed for NCSs withdiiivern sampling procedures. Based on the structure
of a sampled-data system, a NCS under consideration isediviiltto a continuous-time plant and a discrete-time
controller (or estimator/filter). A general configuratiohNMCSs with time-driven communication is shown in Fig.1.
With the development of digital implementations, sampiiedia systems have played an ever-increasingly important
role in control engineering practice, see, for example, [9], [24], [88] and the references therein.
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Fig. 1. General configuration of NCSs with time-driven conmigation

Event-driven communication is an alternative communigaprocess to time-driven communication aiming to
decrease the frequency of sampling and avoid the unnegesaate of communication and computation resources.
In an event-driven communication, the sampling instantegeanined as the performance of the system under
consideration is getting worse than the requirement (thg.system becomes unstable). Recently, the event-driven
communication has received increasing attention, see [28], [30], [57], [58], [96]. There are two different
sampling schemes in the event-driven communication: evigggiered sampling and self-triggered sampling. General
configurations of NCSs with the event-triggered sampling #ue self-triggered sampling are proposed in Fig. 2 and
Fig. 3, respectively. The difference between the eveggéied sampling scheme and the self-triggered sampling
scheme is that, in the former scheme, sampling is implenddvdsed on the detection of the “event”, while in the
later scheme, sampling is implemented according to theigiied for the occurrence of the “event” based on the
system model and the current measurement (i.e., the “ev@mproduced by the prediction).

The focus of this paper is to provide a timely review on theerg¢heoretical developments of various sampling
procedures and communication protocols in time-driven momcations and event-driven communications for
NCSs. The references discussed in this paper include, butarlimited to the following aspects: (1) NCSs with
time-driven sampling procedures; (2) NCSs with eventatrigampling procedures; (3) NCSs subject to different
communication protocols.

The rest of this paper is outlined as follows. In Section 2 #malysis and synthesis problems of NCSs with
time-driven sampling procedures are reviewed. Sectiors8udises the analysis and synthesis issues of NCSs with
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Fig. 2. General configuration of NCSs with event-triggerathpling
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Fig. 3. General configuration of NCSs with self-triggeredpling

event-driven sampling procedures. Section 4 reviews theldpments of NCSs with different communication
protocols. The conclusions and future work are given in iBed.

[I. TIME-DRIVEN SAMPLING PROCEDURES

In this section, we will recall the recent advances of NCSth wime-driven sampling procedures based on the
structure of sampled-data systems.

A. Periodic Sampling

Periodic sampling is to sample data with a single rate (ite2,sampling interval is a constant). As one of the
most traditional sampling procedures, a great deal of étiemas been paid to the analysis and synthesis problems
of linear systems, nonlinear systems, neural network,iragknt systems and stochastic systems subject to periodic
sampling.

Stabilization is one of the most fundamental performandesampled-data systems and has gained particular
concerns from many researchers. Based on a periodic sampiitedure, a considerable amount of literature has
been published on the stability analysis of sampled-datesys [7], [9], [32], [97]. For instance, in [9], the authors
have studied thé,, input-output stability of the continuous-time closedficgystem under periodic sampling. It has
been shown that the closed-loop system could keggtable if the original system i, stable and the sampling
period is sufficiently small. Moreover, in [97], the, stability has been further extended to the globally Lipschi
nonlinear systems with inputs under the periodic samplirmggdure. In [32], the stability analysis and controller
design have been considered simultaneously for fuzzy sgssubject to multi-rate sampling procedure in which
the sampling period was different from the control updateqge

Considering the occurrence of incomplete information in9$Cvarious attempts have been made to study the
control problem under periodic sampling subject to undetitss [93], packet dropouts [95] and the phenomenon of
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missing input [100]. For example, in [93], the robust stahiion problem has been investigated for a sampled-data
system with nonlinear uncertainties where the periodicpimig setting, data packet dropout and communication
delays are involved together. In [95], the state feedbackrober design problem has been dealt with for sampled-
data NCSs with network-induced delays and data packet dtspay applying a new model of the NCSs. The
stabilization problem has been studied for sampled-datéralosystems with control inputs missing in [100] by
using a switched delay system method. Owing to the fact thrt delays commonly reside in NCSs and constitute
a primary cause of performance degradation or even inggaltiie control problems and fault detection problems
of NCSs with time delays and periodic sampling procedureeHaeen investigated in [27] and [99], respectively.

With respect to thed,, control and filtering problems under the periodic samplingcpdure, we mention some
representative work as follows. In [10], thé., and H» control problems have been developed for sampled-data
systems concerning the case that the sampling period obiemas different from the control update period.
In [94], the robustH ., controllers have been developed for a class of uncertainsdN@igh periodic sampling,
network-induced delays and packet dropouts based on a lna@ix inequality (LMI) approach.The global output
feedback stability method has been proposed in [17] for asct# upper-triangular sampled-data systems with
unknown nonlinearities. Backstepping technique is an i@ approach to designing stabilizing control for a
special class of nonlinear systems. In [86], the backstepgchnique is employed to stabilize a class of nonlinear
systems under periodic sampling.

As a class of complex dynamical networks, neural networkdgNhave gained particular research interests in
the past two decades. In [70], a stable NN-based adaptiveotdras been studied for a class of multi-input-
multi-output (MIMO) nonlinear systems under periodic sdéingp Consensus is a significant kind of cooperative
behaviors which means that all agents reach an agreemergrtaincquantities of interest. So far, many efforts
have been made to study the consensus problem subject tetioglip sampling procedure [23], [49], [73], [89].
For example, the asynchronous consensus problem of sexdadagent systems subject to a sampled-data setting
and time-varying topology has been investigated in [23][49], the average consensus problem has been studied
for multi-agent systems where the logarithmic quantizaaod sampled-data setting are considered simultaneously
in communication. On the basis of a delayed-input approehaverage consensus of multi-agent studied in [49]
can be achieved with a sampling interval which is less thanniaximal allowable one.

B. Non-uniform Sampling

Periodic sampling is convenient to implement in practigaplecation by setting a constant frequency of A/D
converter. However, in the NCSs with a limited bandwidtimpling with the time-varying period could perform
better than periodic sampling strategy [69]. For exampiehe multi-sensor tracking task of a highly maneuvering
target, the faster sampling is desired during the manemyeriode than the constant velocity mode. Hence, it is
natural that sampling with the time-varying period is mogedrable than the system with a periodic sampling in
some practical applications. On the other hand, due to the-tiarying nature of the channel load, the sampling
period might be changed inevitably subject to various reasAs such, the analysis and synthesis issues for NCSs
have been proposed under the framework of non-uniform sadvgdta systems in order to cope with the situation
that fluctuations in sampling period are existed and canadgbored.

The problem of stability and stabilization of non-uniforranspled-data systems has received a fast growing
research interest in recent years and some results haverdyganed in the literature, see, for example, [22], [56],
[69], [75] and the references therein. It is well worth mening that there are two main approaches for stability
analysis of sampled-data systems with time-varying sargpbieriod. The first one is to model the systems under
the non-uniform sampling procedure as a continuous-tinséesy with a delayed control input [19], [51]. It should
be mentioned that, the input delay approach has been reaisddmproved in [51] by applying the scaled small
gain theorem. The second approach is to model the closgddgstems with non-uniform sampling as a hybrid
system [54] by taking the impulsive behavior of samplinggeure into consideration.
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The issues off, control and filtering for NCSs have also received much re$eattention [31], [47], [60],
[71]. For example, in [71], the sampled-dath,, control and filtering design approach have been addressed fo
linear systems with a bounded sampling rate. In [47], khe filtering problem has been studied for 1td stochastic
systems with the quantized output measurement and noarmmisampling. By applying a new type of time-
dependent Lyapunov function, less conservative resulte baen proposed in terms of LMIs. The fuzzy tracking
control problem of nonlinear systems has been investigat§@l] subject to non-uniform sampling and stochastic
actuator faults. Genetic regulatory networks (GRNSs) playnaportant role in process of life and attract considerable
attention from many researchers in different disciplingse H,, filtering problem has been studied in [60] for a
class of stochastic GRNs subject to both extrinsic andnisitidisturbances with the non-uniform sampling setting.
Concerning with the synchronization problem of complexwueks, some results have also been derived with a
non-uniform sampling setting, see [20], [37], [42], [72].

In [24], [84], [88], the consensus problem for multi-ageystems has been concerned under non-uniform
sampling. For instance, the asynchronous consensus pratfleontinuous-time second-order agent systems has
been studied in [24] with fixed topology and time-varying ajed subject to the assumption that every sampling
interval is bounded.

C. Sochastic Sampling

In practical engineering of NCSs, the sampling processislways implemented in a deterministic way. Due to
the effect of networked environment, the sampling interaaht change under some random abrupt changes (e.qg.,
random sampler failures). This kind of phenomenon is charaed by stochastic sampling procedure. Stochastic
sampling procedure is the further extended phenomenondcacdise of non-uniform sampling procedure. In a
stochastic sampling setting, there are several constamtl#ay intervals with known probability of the occurrence
of each sampling interval. By applying a transformation loé discrete time instants, the probabilistic sampling
system is transformed into a continuous time-delay systém stochastic parameters.

In the past decade, stochastic sampling procedure has tissrtiag increasing attention both on control problems
and filtering problems [21], [36], [41], [85], [87]. For exaue, the robusiH,, control problem has been concerned
in [21] for the linear system with parameter uncertaintied atochastic sampling. A Bernoulli distributed variable
has been employed to describe the occurrence of each sgnpaiod. Furthermore, by using a delay system
approach, a new stochastic variable has been introducebtai@aterize the probability of time delay. The same
approach has been extended to fiig filtering problem [87] andH ., output tracking control problem [85].

The distributedH ., filtering problem for sensor networks has been investiget¢@4] with a stochastic sampling
setting. By applying a transformation, tii&,, filtering problem for stochastic sampled-data system cacobgerted
into a stochastic nonlinear systems with multiple boundegidelays. The same approach has been employed to
study the synchronization control problem for dynamicamek with stochastic sampling [65]. The estimation
problem for neural networks with stochastic sampling has &ken studied in [35]. With respect to the Markovian
jumping systems, we refer the readers to [8] where the expi@iesynchronization has been studied for a class
of delayed Markovian jumping neural networks with unknowansition probabilities, time-varying delays and
stochastic sampling. The state estimation problem for tizmegulatory networks has also been investigated in
[34] with a stochastic sampling setting and time-varyindags.

[Il. EVENT-DRIVEN SAMPLING PROCEDURES
A. Event-triggered Sampling

It is a fact that the communication bandwidth and computatissources are limited in practice application.
Therefore, it becomes necessary to improve the efficiencgoaimunication channel by avoiding the unneces-
sary communication. In this case, event-triggered samgiias been widely applied as an alternative scheme to
time-driven sampling. Event-triggered scheme is a spewaipling mechanism where the sampling instants are
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determined in a dynamic way. Different from time-driven gdimg, the sampling instants are derived from the
“event” which is generated by an event generator. Based eretlent-triggered sampling mechanism, signal is
sampled only when a so-called “event-triggered conditimndatisfied. In other words, the situation that whether
the “event” is occurred depends on the event-triggered iiond The event-triggered condition can be categorised
into two types: fixed threshold condition [25], [52], [55] cinelative threshold condition [15], [58], [92], [96].

So far, the problems of event-triggered control and filigfirave gained a great deal of research attention. There
are three representative theoretical frameworks (e.g.Lyfapunov stability theory [30], [58], [96], hybrid system
theory [15], [28] and input-to-state stability (ISS) thedb7], [59]) to analyze the control and filtering issues
with event-triggered sampling scheme. For instance, ir, [A6novel event-triggered sampling scheme has been
proposed in which the minimum interval between triggeremh@ang instants is guaranteed. Furthermore, a delay
system method has been introduced to deal with the desigordfatlers of NCSs under such an event-triggered
sampling scheme. The same event-triggered sampling schecheéhe delay system method has been extended
to the H, filtering problem of NCSs [30]. The co-design approach ofréndggered sampling scheme afl,,
control has been studied in [58] for NCSs in which the eveggered condition and controller were designed
simultaneously. It can be found that the dynamic of the sysiader event-triggered sampling scheme would yield
the impulsive behavior when the “event” occurred. Themfdhe dynamic process of NCSs under event-triggered
sampling scheme can be analyzed based on the structure ohpidsive system, see [15]. In [28], the analysis
based on the impulsive system has been improved by transigrthe impulsive system into piecewise linear
(PWL) model and less conservative results have been delindg87], the addressed system has been reformulated
as a continuous system with a bounded input which is prodbgethe event-triggered sampling scheme. Then,
the performance analysis and synthesis issues can be deeé ba the ISS theory.

Recently, the analysis and synthesis issues of neural nietwensor network and multi-agent systems have
been attracting increasing attention due to the advantagteevent-triggered sampling scheme can reduce the
communication load of the communication channel. In [38F event-triggered state estimation problem for a
class of delayed recurrent neural networks has been igatstl by using a delayed-input approach. The distributed
state estimation problem anfd,, filtering problem have been solved, respectively, in [91d §26]. With respect
to the control problem of multi-agent systems, we mentiomeaepresentative work as follows.The consensus
problem for linear multi-agent systems has been invesiyat [98] via an observer-based controller with the
event-triggered sampling scheme. Both centralized ewrgygered control and distributed event-triggered cdntro
have been developed based on the output-feedback cordrokdvork. In [18], the distributed control has been
designed for multi-agent systems to achieve rendezvousdbas the event-triggered sampling scheme. In the
proposed framework, a hew event-triggered sampling schermdeen proposed based on the convergence analysis.

B. Sdf-triggered Sampling

Event-triggered sampling scheme is implemented with tleegss of frequent detection of the output signal.
This process requires special hardware which may be reabgeapplication-specific integrated circuits (ASIC)
or field-programmable gate array (FPGA) processors. As,saidampling scheme named self-triggered sampling
scheme based on a software approach instead of specialdrartias been proposed. The concept of self-triggered
has been introduced in [77]. In self-triggered samplingesel, the sampling instant is computed by a function of
the data at the previously triggering instant and the dyngmbcess of the plant.

Self-triggered sampling scheme is developed with the hopeeduce network communication load as well as
event-triggered sampling scheme. The main difference dmtvthese two sampling schemes is that in an event-
triggered sampling scheme, the sampling is implementeddas the occurrence of the “event”, but in a self-
triggered sampling scheme, the sampling is implementeédas the prediction of the occurrence of “event”
through the data at the current triggering time and the systedel. Some existing results have been reported
in [2], [3], [38], [77], [81], [82]. For instance, in [2], thdehavior of the plant under the virtual event-triggered
sampling scheme has been firstly analyzed by applying theH&S8y. Then, the self-triggered sampling scheme for
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state-dependent homogeneous systems has been develggeddoathe virtual event-triggered sampling scheme

and dynamic analysis of the homogeneous systems. In [82]f-#&riggered sampling scheme has been proposed to
guarantee the finite-gaih, stability based on the assumption that the magnitude of theegs noise is bounded by

a linear function of the norm of the system state. This resadt been extended in [81] by relaxing the assumption
of the process noise in [82]. The stabilization problem fatass of stochastic systems described by Itd differential

equation has been considered in [1] under the self-trighgeenpling scheme. By applying Lyapunov approach,

the self-triggered sampling scheme has been designed4]ntfié control issue for perturbed nonlinearities subject

to bounded external disturbance and small time delay has te&it with under a self-triggered sampling scheme.

For the control problem of the nonlinear systems with noouodzled parameter uncertainties, disturbances, and
sensing/computation/actuation delays, we refer the reade[6] in which the self-triggered sampling scheme has

been designed.

IV. COMMUNICATION PROTOCOLS

In traditional control systems, the data exchange betwéreht components (e.g., controllers, sensors, actua-
tors) is implemented by the point-to-point communicatilmthe point-to-point communication, the components are
connected by their relative communication channels. s thise, the communications of all the components in the
control systems can be implemented at the same time. Cothpéttetraditional control systems, the communication
in NCSs are implemented in a shared network and therebynlgadi the communication constraints in commu-
nication channels. In a NCS, only one node can make acce$® toetwork and be allowed to transmit data per
transmission. As such, various communication protocole teeen introduced to provide different communication
scheduling approaches among nodes.

A. Round-Robin and Try-Once-Discard protocols

The protocols of NCSs can be divided into two categoriesicséand dynamic protocols. One of the well-known
static protocols is Round-Robin protocol [33]. Round-Roprotocol is a class of periodic protocol in which the
transmission sequence of nodes is fixed by a predetermiled dn this case, nodes are given access to the network
periodically and all the nodes which need to transmit dasganégtwork can gain the opportunities to transmit their
packets according to a circular sequence. Compared witkt#tie protocol, in dynamic protocols, the opportunities
of nodes to transmit data are determined by the states afragstOne of the dynamic protocols is Try-Once-Discard
protocol [79]. In the Try-Once-Discard protocol, the oppaity to transmit data is only assigned to the node with
the largest weighted discrepancy between the current anohttst recently transmitted value of node’s signals [12].

B. Analysis and Control under communication protocols

For the purpose to analyze the stability of the NCSs subgecettain protocols, the hybrid system theory has been
proved to be an effective theory which can be used to deal th#hNCSs with either static protocols or dynamic
protocols [4], [16], [29], [61], [68]. For instance, in [2% new NCSs model has been developed including varying
transmission intervals, varying delays and communicatimmstraints caused by protocols. Based on the Lyapunov
stability theory, the bounds of maximally allowable tramssion interval (MATI) and the maximally allowable
delay (MAD) have been developed to ensure the stability ef NICSs. The stability of the nonlinear networked
control systems has been studied in [78] under a certain eoniwation protocol. The exponential stability can be
guaranteed if the MATI satisfies some certain condition.16][ the stability of NCSs subject to communication
constraints (caused by certain protocols), time-varyirggdmission intervals and time-varying delays has been
investigated by using a switched linear uncertain systeppsaach. It should be mentioned that a framework for
the observer design for NCSs with various static and dyng@maitocols has been proposed in [61] via an emulation-
like approach. Considering the fact that various netwoduged phenomena would drastically degrade the system
performances, a unifying modelling framework has been ldpesl in [76] subject to quantization effects, packet
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dropouts, time-varying transmission intervals, timeyirgg transmission delays and communication protocols. The
ISS andly-gain properties of the NCS under consideration have bealyzsd based on the proposed modelling
framework.

It should be pointed out that, most reported results for N@is either static or dynamic protocols have been
mainly based on the structure of impulsive systems. Thisl kififramework might be difficult to deal with the
systems with non-uniform sampling and uncertain transprisdelays. As such, a new framework has been studied
in [46] to investigate the stability problem of NCSs subjaxiperiodic sampling, transmission delays and Round-
Robin protocol. The framework proposed in [46] was to refolate the closed-loop system with Round-Robin
protocol into a switched system with multiple time-varyidglays. This approach has been extended in [45] by
considering time-vary transmission delays and non-umfeampling. Furthermord,,-gain analysis has also been
studied in [45] based on a time-independent Lyapunov-Krsigofunctional. The stability analysis for NCSs with
packet dropouts has been proposed in [90]. The Round-Rabteddl and packet dropouts are considered in both
two channels (e.g., sensor-to-controller channel andralbetto-actuator channel). Based on the lifting teclueig
a necessary and sufficient condition of the exponentialilgiain mean-square has been developed. In [5], the
authors have proposed an observer-based output-feedbatiolcsubject to Round-Robin protocol, time-varying
transmission intervals and time-varying delays. It shoodd mentioned that, the observer structure in [5] is a
switched one instead of a fixed one.

C. The co-design issue under communication protocols

On another research front, the co-design problem of protmud controller has also gained particular attentions.
In [12], the Try-Once-Discard protocol and the discretaeticontroller have been designed simultaneously in terms
of matrix inequalities. In [102], thé7,, controller has been designed as well as the Try-Once-RQigwartocol for
a class of NCSs with random time delay. Based on the Lyapumaetibn method and switched system theory, a
sufficient condition has been derived in [102] to guarankeeasymptotically stability of the closed-loop system
with the Try-Once-Discard protocol proposed. The co-degigpblem of protocol and observer has been studied
in [13] for a class of linear time-invariant systems. Suéfiti conditions have been derived for the existence of
the proposed protocol and observer via matrix inequalilieg68], the co-design issue for a class of NCSs with
communication protocols and periodic sampling scheme bas btudied by applying a new compensation scheme
and discrete-time switched systems approach.

V. CONCLUSION AND FUTURE WORK

In this paper, we have reviewed some developments of thgsisalnd synthesis problems of NCSs subject to
different communication processes. According to diffésampling procedures, we have divided the communication
processes into two categories: time-driven communicadimh event-driven communication. Based on this, various
stability analysis, control, filtering and protocol desigsues have been surveyed in great detail. Based on the
literature review, some related topics for the future resteavork are listed as follows.

1) The problems of distributed control and filtering with ata@ sampling approach and communication protocol
are of engineering significance. It would be an interestegparch topic to analyze the dynamical behaviors
of sensor networks, neural networks and multi-agent systeabject to different kinds of communication
processes.

2) It would be meaningful to study the problems of control diftdring for time-varying systems subject to a
certain communication protocol over a finite time horizon.

3) For the analysis and synthesis issues subject to a giveamcaication protocol, the systems under consider-
ation are continuous systems in most of the existing resGlimsequently, it makes sense to investigate the
analysis and synthesis issues for nonlinear discretediystems subject to a given communication protocol.
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4) Since the transmission interval (fixed by the communicaprotocol) is always much smaller than the
sampling interval in practice applications, it is neceggarconsider the dynamical behaviors with a “slow”
sampling scheme and a “fast” communication protocol.

5) A practical engineering application of the existing thes and methodologies would be the batch reactor
control system.

6) The existing results on time- and event-driven commuitingorocess for networked control systems can be
extended to more general systems such as complex systenmudtirdgent systems with network-induced
problems [11], [14], [43], [48], [53], [62], [63], [66], [8R [83] by using more up-to-date algorithms [40],
[44], [50], [67], [101].
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