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Abstract : Autonomic IoT systems require variable conduct at runtime to adjust to various framework settings. Building reasonable 

models that range both plan time and runtime is along these lines fundamental for such systems. Be that as it may, existing 

methodologies separate the fluctuation model from the social model, prompting synchronization issues, for example, the requirement 

for dynamic reconfiguration, what's more, reliance management. A few methodologies characterize a fixed number of conduct 

variations and are along these lines inadmissible for exceptionally factor settings. This paper expands the semantics of the DX-MAN 

service model to consolidate fluctuation with conduct. The model permits the plan of composite services that characterize an endless 

number of work process variations, which can be picked at runtime with no reconfiguration instrument. We depict our model's 

autonomic abilities by utilizing a contextual analysis in the area of smart homes.  
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I. INTRODUCTION 

The Internet of Things is an emerging paradigm that imagines 

the interconnection of everything through novel distributed 

services, which are consolidated into complex workflows 

utilizing service structure components. Workflows speak to IoT 

systems made out of billions of services with a staggering 

number of communications. Subsequently, it gets infeasible to 

manage such systems as the scale and complexity increases 

manually. Autonomicity is a crucial goal for managing complex 

enormous scope IoT systems working in exceptionally dynamic 

conditions. It is a property that permits adjusting conduct at 

runtime to various settings with little or no human mediation[1]. 

Autonomicity accordingly requires workflow inconstancy for 

the meaning of elective system practices. Albeit generally 

insignificant in static IoT systems, changing conduct at runtime 

in profoundly factor conditions is an intricate and challenging 

assignment. Hence, variability based autonomicity has been a 

functioning exploration point for software engineering in the 

last decade. Although there are many recommendations for 

managing fluctuation, they fall flat at joining inconstancy in 

conduct components (i.e., in the arrangement space) while 

dodging the awkward, time-consuming assignment of dynamic 

reconfiguration. This paper expands the DX-MAN service 

model's semantics with autonomic capacities for IoT 

systems[2]. The semantics permits adjusting workflows at 

runtime to various settings without requiring any dynamic 

reconfiguration mechanism. 

II. DX-MAN MODEL 

DX-MAN is an algebraic model for IoT systems where services 

and exogenous connectors are first-class entities. An exogenous 

connector is a deployable substance that executes different 

workflows with an absolute control stream[3]. A service S is a 

stateless distributed software unit with a very much 

characterized interface, which can be either nuclear (A) or 

composite (C): 

𝑆 ≔ 𝐴|𝐶                                  (1) 

A service characterizes a workflow space W, a non-empty set, 

where every w 2 W is a workflow variation that speaks to 

elective service conduct. The workflow space establishes the 

service interface and is semantically identical to a service S:  

𝑆 ≡ 𝑊 = {𝑤1, 𝑤2 … }                (2) 
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1. Atomic Services 

An atomic service A will be a tuple (IC, O) comprising of an 

invocation connector IC and a non-void limited set O of j crude 

activities (Fig. 1). It is framed by associating a conjuring 

connector with a computation unit. A computation unit isn't 

permitted to call other computation units and is where j service 

tasks are executed utilizing unique technologies; for example, 

REST[4]. To fulfill an outer solicitation, an invocation 

connector is liable for executing a workflow in W. 

 

Figure 1: A DX-MAN atomic service defines j workflows: |W| 

= j. 

2. Algebraic Composition 

Our idea of algebraic service composition is roused by algebra, 

where capacities are progressively created into a new capacity 

of a similar sort. The subsequent capacity can be further created 

with different capacities, yielding a more mind-boggling one. 

Algebraic service composition is then the activity by which a 

composition connector creates k services into a more 

unpredictable service[5]. The outcome is a (various leveled) 

composite service whose interface is built from the sub-service 

interfaces. A composite service is a variety point, which 

characterizes a new non-void workflow space W utilizing the 

sub-workflow spaces W utilizing algebraic references (Fig. 2). 

W fills in as the composite service interface and is accessible to 

more complex composites. 

 

Figure 2: Algebraic Composition for a Smart Home 

Two-level DX-MAN composition for a smart home with four 

atomic services (i.e., WashingServ, Oven, RotatingServ what's 

more, FrontWheel) and three composite services (i.e., 

SpinComposite, VacuumRobot, and SmartHome). 

3. Workflow Selection 

A composition connector CC is an inconstancy operator that 

characterizes the elective practices of a composite service. It is 

a capacity that characterizes a workflow space W, given a group 

of sub-workflow spaces W: 

𝐶𝐶: 𝑊 → 𝑊                               (3)  

A composition connector approaches atomic sub-workflow 

spaces, however, not to composite sub-workflow spaces. This 

is since a composite sub-service is a black box whose conduct 

is obscure. Subsequently, a composition connector works on n 

components to characterize successive, spreading, or equal 

workflows for a composite c∈C. A concrete workflow tree 

empowers the determination of a workflow variation at runtime. 

It mainly sets explicit qualities for the adjustable control stream 

parameters of an abstract workflow tree, to choose the 

components (i.e., atomic workflows or, on the other hand, 

composite workflow spaces) to remember for a workflow out 

of n possibilities[6]. 

 

III. EMERGENT BEHAVIOUR OF DX-MAN 

COMPOSITIONS USING FEEDBACK 

CONTROL LOOPS 

In DX-MAN, workflow spaces speak to a composite help's 

adaptation space since they give a wide range of workflow 

variants, each speaking to an alternate behavior. In contrast to 

existing approaches, DX-MAN does not need to connect the 

variability model with the behavioral model. Those 

measurements are blended in the semantics of a composite help. 

The determination of workflow variants (i.e., changing 

behavior) occurs at runtime at whatever point the setting 

changes. This is done by building a stable workflow tree that 

best adapts to the current setting. For this, we use Monitoring, 

Analysis, Planning, Execution, and Knowledge (MAPE-K), 

which invest composite services with automaticity[7]. MAPE-

K is a feedback control circle comprising numerous sensors, a 

screen, an analyzer, a planner, an executor, an effector, and a 
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knowledge base. MAPE-K loop manages a composite service 

and gathers information from the external setting. Remarkably, 

autonomicity is an orthogonal measurement to control, data, 

and computation in the DX-MAN model[8]. 

 

 

 

Figure 3: MAPE-K for DX-MAN 

The MAPE-K components can read and update the knowledge 

base, which stores relevant information for realizing autonomic 

behavior. As a matter of course, the knowledge base stores the 

abstract workflow tree for the managed composite service. The 

screen utilizes sensor data to manufacture a setting model for 

the external environment, which the analyzer utilizes to choose 

if another behavior is required. Assuming this is the case, the 

planner decides the best workflow variant for the current setting 

state, coming about in a plan passed to the executor, which 

transforms it into a stable workflow tree matching the abstract 

workflow tree's structure. Finally, the executor utilizes the 

effector to change the managed composite service's behavior by 

executing the picked stable workflow tree. In our current 

implementation, the setting model, the setting state, plans, and 

workflow trees are JSON archives[9]. At runtime, control 

blocks when it reaches an arrangement connector. When a 

MAPE-K decides the "best" workflow for a managed composite 

service, the executor continues the workflow execution by 

passing a stable workflow tree to the managed composite 

connector. As an alternate MAPEK loop manages each 

composite service, any composite at any level in the hierarchy 

can change its behavior at runtime freely. This inevitably 

requires guaranteeing consistency for the current workflow 

execution. Fortunately, dynamic workflow sending isn't needed 

since DX-MAN workflows are executable as it were.  

At whatever point a new workflow is required, the effector 

murders the thread of the current workflow execution, 

consequently instantly halting the sub workflows being 

executed by the managed composite. Another thread is then 

created for the execution of the new workflow. 

IV. CASE STUDY: SMART HOME 

We leverage the capabilities of DX-MAN to avoid dynamic 

reconfiguration and give a wide range of workflow variants. 

The DX-MAN creation for our case study is the composite 

service SmartHome depicted. However, we have each 

composite service with its MAPE-K loop; this segment centers 

around the autonomicity of VacuumRobot and SmartHome. 

1. Autonomic Vacuum Robot Composite 

The Vacuum Robot composite's goal is to clean a room as 

proficiently as conceivable by continually changing the robot 

trajectory. As it operates in a dynamic environment where 

individuals are always moving, the robot changes its trajectory 

when an obstacle is identified. For that, a MAPE-K loop picks 

the most proficient trajectory that cleans each accessible area of 

the room while avoiding impacts. The MAPE-K is furnished 

with three range of sensors that see the external environment of 

the vacuum robot. The infrared vicinity sensor is utilized for 

recognizing obstacles while the robot moves around. A bluff 

sensor is essential to avoid rolling over bluffs (e.g., stairwells 

or edges), and an earth sensor recognizes the messiness level of 

the robot's current situation. The MAPE-K information contains 

data about the surrounding map, notwithstanding the theoretical 

workflow choice section of Vacuum-Robot. The guide contains 

data about snags and dirtiness levels in the room, which are 

refreshed by the monitor to improve future navigation. It is 

questioned at the point when another direction is required. We 

accept that any current methodology controls the dirtiness 

levels. We likewise expect that the guide is bidimensional, 

where each position is a circle shape fitting the robot size. 

Specifically, a plate can be either an impediment or a free space 

with a (high or ordinary) dirtiness level. The analyzer decides 

whether there is an impediment in the current robot position and 

finds new zones to cover. The organizer is told when the 

analyzer identifies an obstruction and utilizes check to 

coordinate on the web cell decomposition to find the best 
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direction. To guarantee a more challenging cleaning, we 

adjusted such an approach to empowering directions where the 

robot turns on the room's dirtiest areas.  

V. CONCLUSION 

DX-MAN model by blending changeability in with conduct in 

composite services. In specific, arrangement connectors are 

fluctuation administrators that characterize composite 

workflow spaces containing a limitless number of workflow 

variations that speak to elective composite administration 

practices. Along these lines, composite services characterize a 

limitless number of Turing machines immediately in the 

planning stage. A MAPE-K deals with composite assistance 

conduct and chooses the workflow variation that best adjusts to 

the current setting. As workflows are non-deployable and 

executable, the agent changes composite help conduct by 

executing the chose variation rather than powerfully 

reconfiguring the entire workflow. The variation is a stable 

workflow tree worked at runtime from a theoretical workflow 

tree. Organization connectors are the genuine deployable 

elements that facilitate the execution of multiple workflows, 

reusing a similar deployment configuration for multiple 

executions. DX-MAN empowers control stream inconstancy, 

making it reasonable for activating tasks that don't need any 

data, e.g., turning the lights on. We intend to research novel 

methods of joining data stream fluctuation by utilizing 

autonomicity, control, data, and computation. 
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