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Traditionally, drinking water supply infrastructures have been designed to store as much water

as possible and to do so during the energy cheap hours. This approach is unsustainable today.
The use of digital systems capable of modeling the behavior of infrastructures and the creation

of intelligent control systems can help to make drinking water supply systems more e±cient and

e®ective, while still meeting minimum service requirements. This work proposes the develop-

ment of a control system, based on multi-agent systems (MAS), capable of generating an
intelligent control over a drinking water infrastructure, based on the use of local interests of the

agents and with an emergent behavior coherent with the needs. To validate the proposal, a

simulator based on the infrastructures of a medium-sized Spanish city of 5000 inhabitants has

been built and the control has been simulated using the MAS. The results show how the system
can maintain the objectives set, handling unknown situations, and facilitating the development

of future physical systems based on a just-in-time paradigm that guarantees sustainability, as it

allows the generation of virtualizations of the infrastructures and their behavior, thus being able

to study the best option for an infrastructure to resolve a supply situation.
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1. Introduction

The drinking water supply systems use the storage of large-quantity storage of water

treated in water tanks at height, as a mechanism for the cost cover and service

assurance. Producing water during the hours of the day where economically it is

cheaper because the cost of energy is lower or because you get photovoltaic plants

[1, 2] has been and remains the mainly used strategy. On the other hand, solving the

possible shortage of consumers at times when it is possible that, due to high demand,

drinking water production systems may not be su±cient, also uses the storage of as

much available water ready to be served [3].

However, this approach generates certain problems that are so far ignored in favor

of lowering the cost of production or preventing water shortages. In the ¯rst place,

storing water in deposits has a cost in conjunction with sustainability, as it involves

extracting water from the underground water to be stored in large deposits, with an

environmental impact [4] and with the need to treat for its potability by chemicals.

Secondly, keeping water tanks ¯lled to the brim using cheap energy causes the existing

volume of water to put pressure on water infrastructures and pumping stations. In

tanks with a bottom inlet, this means that the higher the level in the tank, the more

energy the pumps must use to lift the water [5]. Thirdly, when water consumption is

occurring at a givenmoment, the pumping of water into the tanks has to overcome the

inertia produced by the movement of the mass of water, which means that the pumps

not only have to lift the water into the tanks, but also overcome the °ow of the existing

°ow. This extra e®ortmeans higher energy consumption, and the °ow ofwater into the

tank is less, and therefore the time to ¯ll it also increases, which has a negative impact

on energy consumption. In addition, this generates an undesired overpressure on

the installations, which is also detrimental to the integrity of the infrastructures.

Figure 1(a) shows a basic diagram of the supply infrastructure together with an em-

pirical study. Figure 1(b) shows the e®ects described above for a typical installation in

a medium-sized Spanish city of 5000 inhabitants.

In Fig. 1(b), the pressure (yellow line) decreases when water is consumed from the

city, and that this pressure increases when the pumping station injects water into the

network to re¯ll the water tank. In addition, the sheet of water stored in the tank

does not fall below a height of 2m (red line), which forces the pumps to consume

more energy to bring the water up to the tank due to the pressure they must exert.

The problem we face is therefore the optimization of the use of the infrastructures,

minimizing the sheet of water stored, starting pumping at the most appropriate

times depending on consumption and existing storage, but at the same time ensuring

the city's supply. Furthermore, in the case of much more complex and distributed

scenarios, where there may be di®erent pumping stations, segmented consumer

networks that adopt di®erent consumption patterns (e.g. city vs. beach, seasonal,

etc.), di®erent water storage systems, and even unpredictable unknown situations

(heat waves, mass events, breaks and breakdowns), the complexity of optimized

management can generate an intractable problem [6].
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The problems related to the management of the water supply network refer,

among others, to the optimization of its parameters and the energy saving use,

ensuring the correct distribution of water with the appropriate quality. Given the

complexity of this task, multiple IA-related techniques have been used [7]. The

di®erent alternatives depend on the optimization objective and speci¯c character-

istics of the infrastructures. For example, the use of machine learning is presented as

a suitable way for nonlinear problems in the optimization treatment [8], the use of

neural networks based on multilayer perceptrons is suitable for multi-objective

systems but in closed and isolated environments as a sample [9] and deep learning

techniques may be suitable in systems in open context but with a single objective

[10]. However, the characterization of the problem addressed in this work is that of

an open system that can evolve over time, with multiple objectives and where these

objectives can change. The problem with traditional AI methods based on networks

and algorithms is that they are trained is that change involves retraining the

(a)

(b)

Fig. 1. (a) (Color online) Diagram of the typical supply network of a city, with a pumping group that

supplies a high water tank and a network that connects all the elements and consumers. (b) Graph showing

the evolution of the pressure, the state of the pumps, the ¯lling level of the water tank and the consumption
from the city or the production of water to the water tank. Data based on the empirical study of the

company Aguas de Valencia.
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systems [11]. This involves validation and testing of the models once they are trained

and above all it requires analysis and design of the algorithms in the face of changes.

This is why AI techniques based on systems precisely designed for change are ideal in

this type of context, i.e. multi-agent systems (MASs) [12]. MASs allow adding, re-

moving or modifying objectives, modifying only the logic that is isolated in the agent

that manages it, it is even possible to modify the relevance of the in°uence that an

agent generates, thus making an objective more primordial or not in the system. This

property makes MASs ideal in environments where there are changes in the infra-

structure, in the behavior of the system, in the users of the infrastructure and even in

the objectives, since the control system is °exible and modular [13], being able to

modify a part while maintaining the e®ectiveness of the rest of the system.

The aim of this work, therefore, will be the creation of a control system capable of

satisfying all the optimization objectives set regarding the minimum water level,

maintenance of pressures and minimizing the work of the pumps during the moments

of greatest inertia. For this purpose, the use of a deliberative MAS is proposed, since

these types of agents model very well multi-objective systems, are open to change,

and where it is possible they are able to easily modify the control to adapt it to new

situations. For this purpose, a real case study based on a Spanish city of 5000

inhabitants will be used as an example infrastructure, together with its consumption

patterns and data on pressures and state of the infrastructures. The rest of the paper

is structured as follows: Sec. 2 describes the formal framework that characterizes the

MAS model; Sec. 3 speci¯es the functions of the model for a deliberative system with

internal history; Sec. 4 develops the objectives by modeling agents for the control of

each one of them and establishing the speci¯c parameters of the model; Sec. 5 shows

the tests and validation of the model, where it is veri¯ed that the model meets the

objectives; Sec. 6 discusses the results; ¯nally, Sec. 7 shows the conclusions of our

work and future lines.

2. Proposed Solution

Our proposal uses a MASs approach as its core. MASs were developed to solve large

problems where data may be distributed and have di®erent natures. Furthermore,

they are particularly suited to problems with multiple resolution methods, multiple

perspectives and/or multiple elements that can provide a solution to the problem.

The purpose is to achieve objectives through a distributed system of sensing, com-

munication, processing and control [14]. The use of MAS in complex sensor-related

systems has also been shown to enable the generation of complex behaviors and is

even able to cope with unknown situations [15], to ultimately generate highly e±-

cient specialized control systems [16].

A MAS consists of a set of autonomous agents, each of which tries to execute

actions on the system. Each agent observes a part of the system, and makes decisions

based on this fragmented knowledge, to modify the world to achieve its individual

goal. This is what allows the introduction of multi-objective pursuit within the
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control system. It is the summa of all these attempts to in°uence the world that

generates an overall behavior close to the overall goal of the system.

According to our proposal, formally each agent can be described as an entity �

capable of obtaining information from its environment, which we call the Percept�,

obtaining a perceived state �� from the global environment. It can store this new

perceived state, what we call Mem�, in an internal state ��, which will be the result

of combining the perceived data and its own knowledge up to that point. Using this

perceived information and its own internal state it can make decisions, called

Decision�, and ¯nally because of the decided action, execute it in the Exec� system.

Using formal de¯nitions an agent � is de¯ned as

� ¼ h��;��;P�;��;Percept�;Mem�;Decision�;Exec�i; ð1Þ
where �� ¼ h’1; ’2; ’3; . . . ; ’n; i and ’i is a list of signal-value pairs of perceptions of

the world, the information that an agent will extract from its context and that comes

either from the managed system or from other agents producing new information.

�� ¼ h&1; &2; &3; . . . ; &n; i and &i is a list of the system's internal signal-value pairs,

the information it will store internally.

P� ¼ h�1; �2; �3; . . . ; �n; i and �i is a list of signal-value pairs that de¯ne an action,

an intention to change.

�� ¼ h�1; �2; �3; . . . ; �n; i and �i is a list of output signal-value pairs, called

in°uences, which constitute the centre's attempt to change the state of the world by

outputting new values that it wishes to change in some element.

Percept� : W ! �� function that generates a perception from the state of the

world W.

Mem� : �� ! ��function that generates a new internal state from the perceived

state.

Decision� : �� x �� ! P function that generates an action from the perceived

and internal state.

Exec� : P ! � function that generates an in°uence from the action taken.

The execution of a given action by an agent at a given time does not directly

imply the alteration of the state of the system but is to be taken as an attempt to

change its state, to exert an in°uence � of change. Figure 2(a) shows the internal

scheme of an agent. It is therefore the execution of all decided actions, the sum of all

in°uences of each agent taking part in the system that generates a change from one

state to another. Formally the future state of the system �ðtþ 1Þ can be de¯ned as

the reaction, React, of the system in its current state �ðtÞ together with the union of

all the in°uences of the agents in the system:

�ðtþ 1Þ ¼ React �ðtÞ;
[n

1
ð�iÞ

� �
; ð2Þ

where each �i is de¯ned as

�i ¼ ExeciðDecisioniðPerceptið�ðtÞÞ; &iðtÞÞÞ:
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We can therefore see a MAS as a control system made up of multiple elements, each

of which is focused on a local interest and tries to in°uence the whole system.

The MAS-based management system would be a set of agents, which would receive

information from the world (the water supply system), from all sources of informa-

tion (sensors), each agent would obtain the list of those data about its interest, and

based on this information would try to in°uence the system. It should also be con-

sidered that the in°uence of an agent can be on another agent and not directly on the

physical system. Figure 2(b) summarizes this idea.

The diagram in Fig. 2(b) shows how the control system can receive information

about the sensors of the physical system or the results of other agents. Finally, signals

are sent to the actuators that are the result of the execution of each agent locally.

3. De¯nition of Local Functions

Once the general scheme has been de¯ned, it is necessary to de¯ne the agents that

will form part of the control system, for which the internal Percept, Mem, Decision

and Exec functions of each agent must be de¯ned.

3.1. Percept

This function simply de¯nes the list of signals that will be observed by an agent.

That is, it will be a list of signal names to which the agent will react by perceiving the

state of the world, when one of them changes. Therefore, each agent will de¯ne its

watch list: watchList=[singnal1, signal2, . . ., signaln].

3.2. Mem

The memorization function is responsible for storing in the agent's internal memory a

new state of the perceived world, if there has been a substantial change. We can

(a) (b)

Fig. 2. (a) Visual diagram of an agent and its functions. (b) Diagram of a water supply system and the

control exercised by the MAS.
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therefore say a threshold � which, when exceeded, generates a new internal state to

be stored. To compare the current world state and whether it has changed su±-

ciently we use a distance function. Given an agent, and the list of perceived signals

(’Þ and the stored state (&Þ, the distance function is de¯ned as shown in the following

equation:

distance ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
1

’ðtÞ 2i
maxð’Þ 2i

r
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
1

&ðt�1Þ 2i
maxð&Þ 2i

r

cardð’Þ : ð3Þ

Toavoid that there are signals that can a®ect the distancemore or less (for example, if

a signal moves between the values 1 and 1000 while the rest of the signals move in the

range 0 to 1), each signal will be divided by its maximum value. This scales all signals

to the same range of values between 0 and 1. The value of the perceived state is

subtracted from the value of the stored state. Finally, the value is divided by the

cardinality of’, i.e. the number of signals that are stored. Distance will therefore be a

value between 0 and 1.

Finally, Mem will store the new state of the world whenever distance > �. If we

want the system to be very sensitive to changes, it will be enough to make � = 0, and

then the systemwill react to any change. Ifwedonotwant the agent tobe very reactive,

the value should be close to � = 1. Each agent can be con¯gured with a particular �.

3.3. Decision

The decision function generates an action in case the center detects a condition of

interest. Generating an action implies generating output signals that will try to

in°uence the world, trying to bring about a change. We can de¯ne this function as

SetSignalValueðFunDð’; &ÞÞ if PreDð’; &Þ is verified; ð4Þ
where

. PreD (’; &Þ: Decision precondition function that relates False or True to a percept

and a given internal state: PreD: �� � �� ! Boolean. This de¯nes the trigger

conditions.

. FunD (’; &Þ: Function that associates the perception and internal state of the

agent with a list of e®erent signals that de¯ne an action FunD: �� � �� ! P�.

Therefore, each center will have to determine the signals that generate actions.

3.4. Exec

Finally, we will de¯ne the execution function as a function that emits the signals

generated by Decision, provided that a certain precondition of execution is met:

PostEð�Þ if PreEð’Þ is verified: ð5Þ
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The PostE function generates the output signals or in°uences. They can be the

same signals de¯ned by the action �. The function PreE(’Þ allows to condition the

in°uence attempt to the perceived state, although it can be set to true and thus

in°uence would always be generated.

3.5. Con¯guration table

After de¯ning the internal functions, Table 1 shows the elements to be speci¯ed for

each agent that is part of the control system.

We will use as PreD and PreE the function TRUE, they will always be triggered.

4. Agent-based Control System

Based on the general de¯nitions, we will de¯ne the agents that make up the control

system. Each agent concentrates intentions according to its intentions and wishes so

that we will assign an agent to pursue an intention in the system. We must

decompose the desired global behavior into intentions that can be implemented in

the agents and the priority relations between these intentions following a logical

functional decomposition [17]. The de¯nition of system intentions will be as follows:

. Intention 1: Minimize the sheet of water stored, determining as lower limit 0.5m

and maximum limit 1. It is necessary to maintain this minimum of 0.5 to avoid the

dragging of sediments from the water tank.

. Intention 2: To avoid pumping water during periods of maximum consumption

in the city, thus avoiding the work of the pumping stations against inertia.

. Intention 3: Maintain the pressure of the infrastructure around a reasonable

value, avoiding overpressure or low pressure.

For each of these intentions, we are going to de¯ne an agent with its corre-

sponding con¯guration table.

4.1. Intention 1

To model the behavior of this agent, we are going to establish its output as the desire

to turn the pumping groups on or o® in reaction to the water level,Dl, i.e. the further

Table 1. Parameters and functions to be con¯gured.

Element Description

watchList List of signs to watch out for

� Attention threshold

PreD Decision precondition, triggers an action, can be TRUE
FunD Action taken by the centre (signal modi¯cation)

PostE In°uence generation from action

PreE Condition to trigger in°uence, can always be TRUE

782 C. C. Asensi et al.
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away the value of the water level in the tank is from the ideal, the more the agent will

try to act on the motors, when the value is close to 0.5 or lower it will want to start

the motor (value 1), and when the water level is close to 1 it will want to stop them

(value –1). When the water level is between 0.5 and 1, the agent will not want to take

any action (value 0). Figure 3(a) shows the graph with the behavioral model. Based

on the desire to stop or start, we de¯ne the agent's table of parameters and functions

as shown in Table 2.

4.2. Intention 2

This agent monitors the consumption that is being produced in the city, so when the

pumping groups are not running, the out°ow from the tank will be used as a measure

(waterFromTank), and when the groups are running, the water production °ow of

the pumps will be used (waterFromPump) plus the water °ow towards the tank

(waterToTank). The sensing function would be responsible for ¯ltering the sensing.

The empirical study of the installations indicates that with a consumption of more

than 50m2/h, the inertia of the water can generate pressure and it would be better

not to activate the motors, the agent will try to stop the motors when this value is

exceeded, or what we call the desire to stop due to inertia Di. Figure 3(b) shows the

graph with the behavioral model. The con¯guration table of this agent is con¯gured

as shown in Table 3.

(a) (b) (c)

Fig. 3. (a) Graph modeling the behavior of agent 1. (b) Graph modeling the behavior of agent 2. (c) Graph

modeling the behavior of agent 3.

Table 2. Agent 1 ��� Intention 1.

Element Values

watchList sheetWater

� 0.01m

FunD Dl = 1 if sheetWater < 0.5
Dl = (0.6 – sheetWater)*10 if 0.5 � sheetWater � 0.6

D = 0 if 0.6 < sheetWater < 0.9

Dl = (0.9 – sheetWater)*10 if 0.9 � sheetWater � 1

Dl ¼ �1 if sheetWater > 1
PostE Dl
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4.3. Intention 3

This agent will be responsible for determining the desire to stop or start if the

pressure is not adequate. A pressure of around 48mwc (meter of water column) is

considered adequate; when the pressure is higher, the desire to compensate for the

pressure, Dp, is to stop (negative values) and if the pressure is lower, the desire is to

start (positive value) the pumping. Figure 3(c) shows the graph with the behavioral

model, and its con¯guration table is given in Table 4.

4.4. Modeling the relationship between actors

The result of managing the intentions is that the system now produces three new

signals that materialize the desire to change the state of the system:

. Dl: desire for the level of the sheet of water;

. Di: desire for inertia;

. Dp: desire for pressure.

The values of these signals oscillate between �1 and 1, with �1 indicating a

strong desire to stop engines, 1 indicating a desire to start the engine at maximum

power, and 0 indicating no desire to alter the state of the system. It should be

understood that 0 in any of the signals does not indicate stopping the engine, but

rather that the agent has no intention in changing the state of the system. Faced

with these desire signals, a ¯nal agent will be responsible for converting this desire for

change into a signal that really in°uences the state of the engines. To do so, it will

Table 3. Agent 2 ��� Intention 2.

Element Values

watchList waterConsumption ! waterToTank, waterToPump, waterToTank

� 0.5m2/h
FunD Di = 0 if waterConsumption < 45

Di = – (waterConsumption – 45)/5 if 45 � waterConsumption � 50

Di = –1 if waterConsumption > 50

PostE Di

Table 4. Agent 3 ��� Intention 3.

Element Values

watchList waterPressure

� 0.1mwc

FunD Dp = 1 if waterPressure < 40

Dp = 1 – (waterPressure – 40)/2 if 40 � waterPressure < 42

Dp = 0 if 42 � waterPressure � 54

Dp = – (waterPressure – 54)/2 if 54 < waterPressure � 56

Dp = – 1 if waterPressure > 6

PostE Dp
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weigh the desires against each other, giving a greater weight to Dl, since a possible

lack of supply depends on it, secondly to Dp, since the security of the infrastructure

partly depends on it, and lastly to Di, since it favors a correct use of the infra-

structure. This last agent will be characterized with the con¯guration table as shown

in Table 5.

As can be seen, Im will generate an in°uence towards the engine, a positive or

negative value, between�1 and 1, which will generate a response in the engine that it

wants to stop or that it wants to increase its pumping power. Figure 4 shows an

image of the control system with all the agents and signals.

5. Testing and Validation

To test and validate the proposal, a MAS has been built to show the modeled

behavior on a virtual simulation of the infrastructure of a medium-sized Spanish city

used during the study. This system has been developed using TypeScript, in an

Angular 14 web interface, and allows the observation of the system variables and

their evolution, both the input signals to the MAS and the internal ones (Dl, Di and

DpÞ and the output signal Im. The application can be found in the public repository

[18]. The system is con¯gured with a tank at a height of 48m, which added to an

initial water level of 0.9m, means an initial pressure in the infrastructure of

48.9mwc. In this con¯guration, di®erent consumption situations are generated. The

system simulates the evolution of the signals every 10min, so that each instant of

time is equivalent to that time having elapsed in the infrastructures.

Table 5. Agent 4 ��� In°uence on engine.

Element Values

watchList Dl;Dp;Di

� 0.1

FunD Im ¼ 0:5 �Dl þ 0:3 �Dp þ 0:2 �Di

PostE Im

Fig. 4. Multi-agent control system and signals handled and produced.
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Figure 5 shows the evolution of the system's signals when water consumption in

the city begins.

Consumption increases by 10m3/h every 30min up to 40m3/h. The water level

drops and when the water consumption increases to 40m3/h, the pressure drops

below the desired pressure of 42mwc, and this causes the pumps to be activated to

compensate the pressure. It can be seen how the desire generated by the drop in

pressure (DpÞ, \desirePres" in the graph, increases at instant 11, and when the

pumps are activated and the pressure is compensated above 42mwc, the desire falls

back to 0. As the pumps are running at a rate below 20%, water is being generated

from the pumps but at about 22m3/h, which causes the water level to continue to

fall. Figure 6 shows the simulation of consumption over several hours and it can be

Fig. 5. Behavior of the system when water consumption starts.

Fig. 6. The system after several hours of operation.
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seen how the water level drops to below 0.6m, which activates the motors to a higher

working range, around 60%, which is enough to ¯ll the tank to the desired level of 0.9.

And when this optimum level is reached again, the motors lower their working range

to compensate the pressure again, but without the need to supply water to the tank.

When we subject the system to sudden changes in consumption, going from

40m3/h to 80m3/h, the agents respond by increasing the activity of the pumps.

Figure 7 shows how at instant 97 the increase in consumption occurs (consCalc line)

and at that instant the system compensates for the drop in pressure by activating the

pumps. In addition, the level of pump activation is now higher, since to ¯ll the tank,

it is necessary for the pumps (line bomState) to work at a higher speed. It can be seen

that from instant 97, the pumps have a 100% working speed, whereas before they

were pumping at around 60%.

In the simulator, the model has been subjected to all kinds of system evolutions,

always showing coherent behavior, trying to ¯ll the tank at the desired levels,

maintaining an adequate pressure and avoiding pumping when inertia is high. The

interesting thing about the system is that it o®ers correct behavior in any situation,

even those not contemplated during the modeling and that have not been observed in

the real system. This means that the behavior of the system is continuous and that it

always o®ers a response that tries to maintain the local interests of each agent, favors

the stability of the infrastructure, and brings out a control aligned with what is

sought in this control system.

As this is a simulator, the working ranges of the pumps have been idealized,

so that the system aims for the minimum possible water storage, keeping the

Fig. 7. Behavior of the system when consumption is increased to 80m3/h.
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infrastructure conditions stable, but in exchange for having pumps capable of

working at various power levels.

6. Discussion of the Results

The proposed control system presents several strengths, but also some problems. The

main advantages are those concerning the management of multiple objectives.

As mentioned above, each agent manages a local intelligence that takes care of part

of the control. They only need to perceive a part of the world, and this makes

modeling an objective easy, as it is not necessary to consider the complete state of the

context. To modulate the in°uence that each objective has on the control, it is

su±cient to adjust the agent that combines the in°uences, or the strength with which

the in°uences are emitted on each agent. Adding or removing objectives, i.e. to

change the nature of the control system, is done by adding or removing agents. It is

even easy to temporarily isolate an objective and remove it from the control system

by simply turning that agent o®, i.e. setting its in°uence to neutral.

Another advantage is the robustness of the system in the face of incidents. As the

logic is isolated in several agents, we are dealing with a purely distributed system,

where each agent can even be separated into a di®erent execution environment.

Furthermore, they can be monitored so that if an agent fails, it is easy to replicate it

in another environment. As for the scalability of the system, since it is a distributed

system, it is only necessary to ensure that one agent can be executed, and as we have

seen, each agent actually contains very limited logic.

However, there are also several disadvantages. One of the ¯rst that we can detect

is that the system becomes indeterministic. This means that we cannot be sure that,

faced with the same state of the world, the response will be the same, because among

other things it will depend on the memory of the agents, that is, on their past

experience, and on how the in°uence they generate a®ects the world. For as we have

said, agents do not generate an exact and known change, but an attempt to change

the world. For example, at a certain moment, an agent may want a water pump to

turn on because it requires it to adjust a value, but nevertheless, the world may either

change, or it may change for the worse. The point is that the system tries to adjust

the world to its needs but cannot ensure it.

On the other hand, the control system is limited to the speed of communicationwith

the real world, i.e. control depends on the reception of signals coming from the infra-

structures, which trigger deliberation and generate in°uences. The triggers of control

are therefore the signals from the world. In this case, we are therefore limited to being

able to receive and send these signals. In addition to this communication, it will also be

conditioned by the degree of distribution of the system, i.e. if each agent resides in a

di®erent execution context, the communication time between each execution context

will have to be added to the time for sending and receiving data from the infra-

structures. This can be restrictive in case we need real-time control responses.
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7. Conclusions

The main contribution of our work is the creation of a sustainability-oriented control

system, with di®erent objectives from cost-oriented control systems, capable of

controlling infrastructures in contexts of uncertainty, contradictory objectives,

generic infrastructures, and reactive real-time control. Through the simulation of the

system and using real data, it has been demonstrated that the new system generates

the desired behavior, ensuring the continuous supply of the city.

This work allows the desired behavior to be divided into entities that use the

signals of the physical system to achieve the local objectives of each agent. The union

of all the interests makes the desired global behavior emerge, being a coherent

behavior even in situations that were not initially modeled, such as the sudden

change of consumption in ranges that would be abnormal (such as doubling con-

sumption in a single instant). The main advantage o®ered by this system compared

to other arti¯cial intelligence alternatives is that it allows interests to be easily

aggregated and control to be made more complex, starting from a divide-

and-conquer strategy, and without knowing the whole system.

Another aspect is that it allows modeling the behavior of the system in any

situation, which is especially useful in the design and development of decision sup-

port systems or even virtual modeling systems or digital twins. This way of con-

structing the system makes it possible to re°ect any infrastructure, however complex

it may be, and it is also possible to observe it closely as it evolves. This makes it easier

not only to achieve the desired behavior but also to understand what is happening at

any given moment and to observe how intentions in°uence the execution of the

system. Giving more or less weight to the intentions makes the system more or less

reactive, for example, to pressure variations, to the height of the water sheet or to the

fact that there are inertias in the system. In large infrastructures, with several water

tanks, distributed pumping systems and multiple consumption areas, being able to

adopt strategies even at the local level can be of great interest. Other arti¯cial

intelligence techniques are not observable in their evolution, as they require addi-

tional techniques for the explainability of the algorithms, such as machine learning

and deep learning.

Another very interesting aspect is that this allows you to raise the construction

of in-fracture construction under another new paradigm, with a \just-in-time"

approach, where the minimization of water storage is prioritized, in front of the

traditional approaches to maximize it. Being able to model the system and check how

it would behave in any situation makes it possible to study the design of new systems

from the digital world, or the modi¯cation of existing ones to supply new situations,

as cities grow or shrink, change their stationary nature or even industrial change

generates new consumption models. So far, when developing systems to optimize

infrastructure, only the optimization of energy consumption or infrastructure wear

and tear is used, but not an approach based on environmental sustainability.
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At present, prediction agents are being incorporated as a future line of work.

Existing control agents are based on the perceived state of the world, but thanks to

machine learning techniques, it is possible to generate predictions based on historical

information. Our goal at this point is to bring this predictive character to the system

so that it is able to make decisions not only on the basis of the current state, but in

anticipation of the predicted future state. These synthetic signals, since they would

not belong to the sensorization of the infrastructure, would provide new sources of

information that would allow the sophistication of the system's behavior. In the long

term, and once this feature has been incorporated, we are studying the development

of a pilot experience on the water infrastructures of a small medium-sized Spanish

city, thus being able to check in situ how the digital model manages the real world.
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