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1

Introduction

1.1 Purpose of the document
This document presents a part of the work conducted in task 3.2 “Detailed description of controllers” of
work package WP3 “Definition of Use Cases and Generation of Input Data” of the SmILES project. It
includes a survey of control functions found in partner simulations and the definition of a suitable format
for transferring these functions between different simulation tools and approaches.
One of the main goals of the SmILES project is to combine the modelling and simulation expertise of five
research partners ‐ AIT, DTU, EDF, KIT and VITO. Achieving this is not straightforward: Each of the partners
has a different research focus, simulation approach, choice of toolchain etc. Furthermore, each of the
partners introduces a different system configuration, each with a particular set of possibilities and
limitations. Use cases representing the individual partners’ research interests have been shown to overlap
but to differ considerably in details such as the modelling depth, temporal and geographical scale etc. [1].
The main instrument for achieving this goal will be so‐called cross‐simulation, i.e. the replication of one
partner’s system configuration/use case combination in another partner’s simulation tool. Due to the
large differences in simulation approaches and tools, the direct exchange of simulation code ‐ i.e.
implemented simulation models ‐ is not considered feasible. Instead, the source simulation setup and
many of the underlying assumptions must be documented in sufficient detail to allow a complete
reconstruction in the target environment.
Identifying a reliable method for cross‐simulation between partners will be a large step towards meeting
another main goal of the project: Dissemination of reference simulation models to a wider research
audience outside of the consortium. This can be seen as another cross‐simulation exercise, with the added
difficulty of much less support being available to the implementer in the target environment, especially
after the end of the SmILES project. This further raises the bar for the quality of the documentation.
Work package WP3 “Definition of Use Cases and Generation of Input Data” is central to this
documentation effort. It focuses on two main aspects: Control functions and input data. Control functions
describe the extrinsic dynamic behaviour of individual parts of the system, as opposed to the intrinsic
behaviour which is typically captured in the model equations of the simulation. Input data, on the other
hand, describes exogenous influences on the simulated system by the environment it is embedded into.
This deliverable D3.2 “Specification of a controller definition format” documents the process of identifying
a suitable documentation format for control functions. It is being released together with its sibling D3.3
“Specification of a common data format” which performs a similar exercise in order to identify a
documentation format for input data.

1.2 Scope of document
The work description of task 3.2 “Detailed description of controllers” of the SmILES project defines the
following two subtasks:


Define (develop if necessary) a rich format for the definition of controllers required to implement
the control functions. This includes supervisory controllers as well as local/embedded controllers
which are not contained in the base system configuration but required for a given use case.



Describe all required controllers for each use case, according to the above format.
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The scope of this deliverable is narrower than the task scope and covers only the first subtask, i.e. the
definition of a description format. The application of the description format to all controllers that must be
documented for cross‐simulation and public dissemination, is covered by a later deliverable (D3.5
“Description of controllers”) and will be continuously updated until the final version is released as part of
deliverable D3.7 “Final data set”.

1.3 Structure of the document
The main part of the document begins with a discussion of control functions and their role in transferring
simulations between different tools (section 2).
Section 3 covers the process of gathering requirements for a control function description format.
Subsection 3.1 discusses the evolution of cross‐simulation use cases from the joint use cases defined in
[1]. A preliminary classification of control functions is discussed in subsection 3.2. This classification serves
as an input to a control functions survey which is presented in subsection 3.3, together with its results.
Section 4 is dedicated to the main output of the deliverable: A sufficiently detailed description format for
control functions to be used later in the project. Subsection 4.1 provides a short overview of existing
description formats. Subsection 4.2 defines a number of selection criteria. The final selection is presented
in subsection 4.3, together with a discussion of adaptations in order to suit the needs of the SmILES
project.
The document concludes with a full documentation of all control functions provided as partner input.

1.4 Terminology
The following term definitions have been agreed upon within the SmILES project and are being used
throughout the document.
Use cases (UC) are the descriptions of applications that define the important actors, systems and
technologies, and their requirements that are part of these applications. Use cases tell the story of how
someone or something interacts with a system to achieve a goal. A good use case will describe the
interactions that lead to either achieving or abandoning the goal. A use case may describe multiple
possible interaction paths. In the context of this deliverable, use cases exclusively refer to uses of an
energy system, as opposed to e.g. the use of a simulation tool in order to describe said energy system.
A control function (CF), in the context of SmILES, is a description of an embedded control system (or an
aspect thereof) which, together with the inherent physical properties of the system itself, defines the
behaviour of the control system and its response to dynamic input. Control functions can be seen as a
further detailing, or more formal description, of the mechanisms governing the behaviour of individual
actors in a use case.
A system configuration (SC) is a detailed, technical description of an energy system (a list of energy
domains, system components and their interrelations such as connectivity and hierarchy) and the
inherent properties of the components, i.e. component attributes and constraints. The system
configuration is the "static" part of a system description in the sense that, while dynamic attributes such
as transient parameters may be included in it, it does not contain information about the use of the system.
The description of multi‐energy system configurations includes ‐ but is not limited to ‐ specific building
typologies, local energy resources available, electric and thermal networks, and embedded control layers.
4

SmILES – 730936
D3.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

A test case (TC) provides a set of conditions under which a test can determine whether or how well a
system, component or one of its aspects is performing given its expected function. Test cases do not
specify implementation details such as the configuration of the system under test; neither do they refer
to a particular simulation setup.
The societal context reflects the social, technological, environmental, economic and political (STEEP)
context in which the system configurations and use cases are embedded. Relevant features may typically
include the public and political acceptance for renewable energy and storage technologies, weather
conditions, local availability of energy resources, and particular policy regulations and market structures
that set the legal and financial conditions under which renewable energy technologies can be deployed.
Input data is a detailed description of inputs required in the context of a particular UC or TC. The input
data describes the exogenous variables or parameters which inform the specific behaviour of the
simulated system or its components. Input data may be both static, e.g. by specifying operating modes
for a component, or dynamic, such as time series data.
Most of the above definitions are inspired by, and closely aligned with, similar terminology used in the
ERIGrid project as documented in [2]. The main motivation for this alignment was the recognition of the
benefits of a modular approach to simulation, where the static system data (SC), dynamic system
behaviour (UC) and simulation objectives (TC) could be disentangled, defined separately and combined at
will. This would e.g. allow partners or external users to simulate the application of a previously simulated
function to a different power system.

1.5 Relation to other work within SmILES
Task 3.2 “Detailed description of controllers”, under which the work in this deliverable has been
conducted, depends on other work in the SmILES project. It also provides input to other parts of the
project. The most important of these relations are:


The set of control functions relevant for a particular simulation depends on the use case which
the simulation implements. Task 3.2 “Detailed description of controllers” builds upon the use case
definitions performed during task 3.1 “Definition of use cases “.



Within work package WP3 “Definition of Use Cases and Generation of Input Data”, task 3.2
“Detailed description of controllers” establishes part of the foundation for the execution of task
3.3 “Generation of data required for simulation of use cases”. The set of control functions
required to represent all cross‐simulation use cases determines the minimum range of control
functions which the controller definition format must be able to express.



The control functions complement the simulation model descriptions developed in work package
WP 4 “Consolidated Simulation Approach & Evaluation Criteria”: Where the model descriptions
describe the intrinsic behaviour of system components, control functions describe the extrinsic
behaviour. Both descriptions are necessary input to the main simulation effort in work package
WP5 “Modelling and Analysis”.



Finally, the detailed control function descriptions will eventually be published on the shared
information platform implemented in work package WP6 “Shared Data and Information
Platform”.
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2

Control functions and their role in simulation transfer

A major goal of the SmILES project is to enable the sharing of simulation methods and simulated systems,
between the partners as well as to third parties outside of the project. One of the milestones towards this
goal is to develop the capability for so‐called cross‐simulation, i.e. the replication of one partner’s system
configuration/use case combination in another partner’s simulation tool. This is not a simple task: The
term “simulation” covers a wide range of approaches and techniques, and “energy system simulation” in
particular may refer to any point within a wide range of detail levels, temporal and geographical scales.
As a consequence, the attempt to simulate a particular energy system may yield very different types of
models, depending on where on these scales the phenomena of interest are to be found. Correspondingly,
despite all partners having an expert background in energy system simulation, the nature of their
expertise may be very different. As an example, simulating the energy resources within a single building
with the goal of validating the operation of a fast‐acting energy management system will require a
fundamentally different setup compared to a national‐scale optimization model for determining the
optimal economic allocation of different technologies.
One approach which appears feasible to bridge this gap is a complete abstraction from the
implementation of the source simulation environment, followed by a reinterpretation of the abstracted
information in the context of the target simulation environment. This approach requires a thorough
documentation in sufficient detail to yield an equivalent system as a result of the reconstruction in the
target environment.
Identifying a reliable method for cross‐simulation between partners will be a large step towards meeting
another main goal of the project: Dissemination of reference simulation models to a wider research
audience outside of the consortium. This can be seen as another cross‐simulation exercise, with the added
difficulty of much less support being available to the person interpreting the abstracted information in
the target environment, especially after the end of the SmILES project. This further raises the bar for the
quality of the documentation.
All except the most simple energy systems are in reality systems of systems, i.e. their components are
complex enough to be considered as systems themselves. This paradigm may extend to multiple levels of
subsystems. As an example, a district heating system consists of heat producers, heat consumers and a
heat distribution system, each of which is in turn a complex assembly of subsystems. A heat consumer ‐ a
building ‐ will typically have multiple points of consumption, such as individual radiators. Each of these
radiators may have its own thermostat which determines the heat consumption depending on the local
temperature. Some local temperatures, and thus in effect the action of some thermostats, are coupled,
e.g. through heat exchange between adjacent rooms.
Consider the diagram of a generic system‐of‐systems in Figure 1, showing a main system under test (outer
box) with two hierarchical layers of subsystems embedded into it. The behaviour of each system or
subsystem is defined by its interaction with the encapsulating system, the interaction with its peers and
its own behaviour (which in turn is defined by the behaviour and interaction of its subsystems). Using the
previous example, (1) would correspond to the entire district heating system which is influenced (A) by
its environment such as e.g. the current weather and (2) may be a single building which interacts (B) with
the entire heating system by lowering the temperature of a certain amount of water. The building may
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interact with a neighbouring building (C), for example through heat transfer in a joint wall. Inside the
building, (3) may be an individual radiator interacting with the building (D) and other radiators (E) etc.

Figure 1: Generic system‐of‐systems model

It is possible to continue this division into hierarchies of subsystems all the way to the level of subatomic
particles interacting with each other ‐ this is how the real‐world system is composed, after all. However,
when creating a simulation model of the system, it is not practical to extend the modelling depth this far.
Not only would the effort of creating the model be enormous and the computing resources required for
its execution be prohibitively large, but the simulation would also be extremely difficult to validate against
real‐world measurements. Practical simulations therefore need to be limited to consider phenomena
across a very limited range of both spatial and temporal orders of magnitude, in other words: a reasonable
cut‐off point has to be found for the level of detail to be modelled.
It is easy to see that the behaviour of each subsystem contributes to the behaviour of the system as a
whole. The energy transfer characteristics of a radiator and the insulating properties of the building walls
in the above example will have an influence on the energy consumption pattern of the building, and
eventually that of the entire system. This is an example of the intrinsic behaviour of a subsystem which is
defined by its physical properties.
A corresponding system‐wide impact can be seen depending on whether the radiator subsubsystem is
equipped with a thermostat or not. If a thermostat is present, its function could be either
1. expressed as part of the mechanical‐physical radiator model, for example by adding equations
describing the phase change in a wax motor. As above, this would be a description of the
radiator’s intrinsic behaviour, or
2. modelled as an abstract controlling influence determining the energy dissipation of the radiator
as a feedback loop responding to the ambient temperature. This variant does not require a model
of the underlying physics of the thermostat and is therefore a description of its extrinsic
behaviour. This approach allows the depth of the physical model to be reduced: The inner
workings of the thermostat are not of interest for the example investigation and can be replaced
by the thermostat’s controlling influence on the rest of the system.
In the context of SmILES, such descriptions of extrinsic behaviour are summarized under the term control
functions.
As discussed earlier, in order to replicate one partner’s system configuration/use case combination in
another partner’s simulation tool, the source simulation must be described in sufficient detail to allow an
equivalent system to be reconstructed in the target environment. This description must cover the static
7
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configuration data of the simulated system, the intrinsic and extrinsic behaviour of all systems and
subsystems down to the desired modelling depth, the desired function of the entire system and
exogenous influences on the system.
Table 1 provides an overview of how these documentation requirements map to system configurations,
model descriptions, use cases, control functions and input data, the latter two of which are discussed in
this deliverable and its companion document, D3.3 “Specification of a common data format”.
Table 1: Documentation requirements for cross‐simulation

Documentation
in
System
configuration
Model
description
Use case
Control
function
Input data

Type of information

Examples

Static system data

Line impedances, electrical
topology, nameplate data
Hydraulic equations, electrical load
flow, energy balancing equations
Peak shaving, consumption re‐
duction, optimal storage operation
Solar MPP tracker, constant flow
pump, energy market
Weather data, EV driving patterns,
energy prices

Intrinsic dynamic behaviour of
the system and its components
Desired dynamic behaviour of
the entire system
Extrinsic dynamic behaviour of
individual system parts
Exogenous influence on the
system and its components

Described
where
D2.2, D2.3,
D2.4
D4.1
(partly)
D3.1, D3.7
D3.2, D3.5,
D3.7
D3.3, D3.6,
D3.7
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3

Survey of control functions

The SmILES project proposal, specifically the description of the work in work package WP3 “Definition of
Use Cases and Generation of Input Data”, assumed a bottom‐up procedure in which control functions
would be identified first before use cases would be developed based on the control functions. However,
as described in [1], a top‐down approach where the control functions are determined as part of the
process of detailing the use cases, has been found to be more practical, especially since control functions
only have to be specified for the (much smaller number of) joint use cases. This effectively reverses the
sequence of work compared to what was assumed in the proposal.
In order to define a description format for control functions, a good overview of required control function
types must be obtained. The selected format must be flexible enough to cover all types of control
functions which may be encountered by the project. However, the use cases which have been defined by
the project so far must be assumed to evolve significantly as WP4 “Consolidated Simulation Approach &
Evaluation Criteria” and WP5 “Consolidated Simulation Approach & Evaluation Criteria” get underway,
technical issues manifest themselves and get solved. This will likely affect the set of control functions
underlying these use cases. Nevertheless, the definition of the description format cannot be postponed
to a much later stage of the project.
It can however be assumed that changes to the current set of use cases will be at the detail level; a
fundamental change in the functional descriptions of the simulated systems is not likely. Based on this
assumption, the following procedure was decided upon:
1. Define a preliminary categorization of control function types.
2. Conduct a survey of each partner’s control functions based on one partner‐specific use case,
based on what is known about the use cases at this moment.
3. Map the surveyed control functions to the above categories.
4. If some functions cannot be mapped, add further categories if required. If some categories are
unused, remove them from the list.
5. Identify a description format based on the revised list of categories.

3.1 Cross‐simulation use cases
The objective of an energy system simulation typically entails that a given system is required to exhibit
certain functions. As a reference to formulate the exact properties and thus test requirements for a given
function, use cases specify objectives and desired behaviour of a system such that it can be said to exhibit
the named function.
As part of the work in task 3.1 “Definition of use cases “, the SmILES partners defined 19 use cases based
on their individual research interest. These were then reduced to five cross‐cutting use cases (“joint UCs”)
through a process in which intersections between these research interest were identified [1].
As a direct consequence of representing the intersection of multiple real world use cases, the joint UCs
are neither concrete nor detailed enough for an extraction of control functions, or for the development
into an implementable simulation. They can therefore not be directly used as use cases for cross‐
simulation. Instead, the joint UCs are to be seen as a collection of relevant topics regarding multi‐energy
networks with storage and provide the basis for the definition of cross‐simulations.
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As part of the work on task 2.2 “Selection of the system configurations of interest”, the consortium
adopted a different approach: A separate set of cross‐simulation use cases (“cross UCs”) were to be
developed. Each of these new cross UCs should be developed by one partner who would define a
reference use case for their system configuration while strictly adhering to the scope defined by any one
of the existing five joint UCs. This procedure would eliminate the need for compromise between partners
with different simulation objectives, and thus allow the cross UCs to be more detailed than the joint UCs,
without widening the scope again. In a second step, the other partners then evaluate which of the cross
UCs would be feasible and/or of interest to transfer to their own simulation environments and system
configurations.
Chapter 5 in [3] contains the following analysis of the applicability of joint UCs to the partner specific
system configurations (Figure 2):

Figure 2: Intersection of joint use cases and partner system configurations. Green squares indicate that the SC
allows implementing the UC

Brief definitions of the following cross UCs can also be found in [3]:
1. Self‐supply oriented and grid‐friendly operation of conversion and storage appliances (AIT)
2. Provide regulating power to the electrical transmission network by controlling power‐to‐heat
units (DTU)
3. Timescale of optimum collective self‐supply in sustainable long term urban energy system
planning (EDF)
4. Heat for Electricity – Electrical grid services provided by using flexibility in heat demand (KIT/IPE)
5. Upscaling of local multi‐energy infrastructures with storage (VITO)

3.2 Pre‐classification of control functions
Depending on the level of detail required by the TC or the level of abstraction relevant to the system
under investigation, control functions may take several forms, and the same control function carrying out
a certain (sub‐)function may be described at several levels of detail. In order to direct the discussion of
control functions in the context of SmILES, a set of pre‐classes were defined to differentiate the types of
control functions found in partner use cases.
10
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These categories are:


Function, Deterministic



Function, Stochastic



Algorithmic, Standalone



Algorithmic, Distributed



Implicit

Each category is delimited as described below.
A control function in a Function class is one which is described in terms of the inputs as an algebraic
mathematical model. This model may be both stateless, e.g. a transfer function, or stateful, e.g. a
differential equation. The function classification is further subdivided into deterministic and stochastic,
where a stochastic model may include noise in its description.
A control function in an Algorithmic class is described in an algorithmic way, e.g. as pseudocode or a state
machine. Control functions in this class differ from those in the Function class mainly by their complexity;
a function‐class control function may be easily expressed as an algorithm, whereas the reverse is not easily
done. The class of algorithmic control functions is further subdivided into standalone and distributed
functions, where a distributed function is composed of multiple interacting control functions, and thus
requires specifying a method and protocol for how these control functions interact.
Finally, an implicit control function is one which is not explicitly modelled, but instead implied by the
functional equations of the simulation. These typically appear where the physical behaviour of a sub‐
system is not explicitly modelled, for instance in optimization approaches to simulation. Here, the action
of control functions is instead expressed through the constraints of the optimization problem. An implicit
control function may be used as a placeholder to express that there is a relationship between certain
variables of the simulation, which is not explicitly modelled in the partner’s simulation approach.
As an example, a constraint expressing energy balance is often included in an optimization problem
formulation. This constraint expresses the need for the production of energy (thermal‐ or hydroelectric
plant, wind power, photovoltaic, storage discharge) to equal the consumption of energy (demand by
consumers, storage charging, losses) in order for the system to operate in a stable manner. In actual
operation, the energy balance may be achieved by a combination of dispatch signals, automated
generation control and local droop controllers, where each controllable asset seeks to follow the
uncontrollable net load while respecting stability requirements. Thus, in order for this optimization‐based
simulation to be transferred to a time‐series based simulator, either the method of achieving energy
balance must be described in detail, for instance via a function class control function, or the need to
control energy balance must be represented by an implicit control function. The latter would leave it up
to the receiving partner how to achieve energy balance in their simulation environment.

3.3 Survey process and results
Due to the uncertainty connected to the ongoing process of use case refinement, it was decided to
minimize the effort connected to the survey of control functions, and to only collect information related
to the definition of the description format at this point in time. Each partner was asked to complete the
survey template (Figure 3) for the cross‐simulation use case defined by themselves.
11
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Figure 3: Control functions template

The above template uses the set of type classes listed in the previous section, but employs a slightly
different terminology, representing a state of discussion in the project which significantly precedes the
writing of this report. The template definition of a “transfer function” corresponds to a deterministic
function as defined in section 3.2 whereas the “stochastic description” is the equivalent of a stochastic
function. An “algorithmic description” corresponds to a standalone algorithm in section 3.2 whereas the
addition of a “protocol” constitutes a distributed algorithm. The need for the explicit documentation of
implicit functions had not been discovered at the time of the survey. Gaps in the pre‐classification were
intended to be covered by the “other” category.
The results (reproduced in their entirety in an appendix at the end of this deliverable) indicate that all
type classes defined above were being used by at least one partner. The use of different classes by
partners is summarized in Table 2. Further workshop discussions at a project meeting revealed that
implicit functions were commonly in use, even though not all partners were immediately aware of their
existence.
Table 2: Survey summary

Transfer function

AIT

DTU

X

X

EDF

Stochastic description
Implicit function(*)

VITO

X

Algorithmic description
Algorithmic description and protocol

KIT/IAI

X
X

X
X

X
X

X

X

(*) Not gathered from survey but from plenary discussion at project meeting
Generally, the evaluation of the survey and subsequent consultation with partners found the predefined
type classes to be sufficiently general and to have sufficient coverage to capture all control functions in
all partner use cases.
12
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4

Formats for representing control functions

The requirements outlined in previous sections show a need to find a format which can describe a diverse
range of control function types, ranging from simple mathematical relations to complex algorithms and
distributed processes. This chapter will introduce a number of evaluation criteria, followed by a brief
overview of existing formats. Finally, the chosen solution, an adaptation/extension of an existing
documentation format, will be discussed.

4.1 Evaluation criteria
The general goal for the use of control functions in the SmILES project has been outlined in Section 2: To
enable a complete abstraction from the implementation of the extrinsic behaviour of parts of a simulated
system as implemented in a source simulation environment, followed by a reinterpretation of the
abstracted information in the context of the target simulation environment. The ability to thoroughly
document this aspect of the simulated system was highlighted as essential if an equivalent system should
be the result of the reconstruction in the target environment.
The following evaluation criteria for control function description formats were identified as relevant to
the needs of SmILES:
1. Can the format describe all classes of control functions identified by the survey? This includes
combinations of these classes as well. For example, a control function may consist of an algorithm
which also contains a stochastic function.
2. Is the format flexible enough to be extended towards other classes of control functions? This is of
particular importance if not all classes are supported by the existing format.
3. Does the format allow for sufficient detail to support a reimplementation of the documented
function in another environment, ideally without the need to request supplementary information
from the original author?
4. Is the format implementation independent, i.e. not tied to a particular environment, language,
platform etc. in order to allow the reimplementation of the function in another environment?
This is of particular relevance for machine‐readable formats.
5. Is the format machine processable, i.e. does the format support the (semi‐) automatic generation
of a control function implementation, for example as code or code templates?

4.2 Existing formats
The following generic (i.e. not application specific) formats for the documentation and/or representation
of extrinsic behaviour functions have been used in engineering and science applications. This list is by no
means exhaustive, but considered by the authors to represent the most common documentation
approaches:


Function blocks: An abstraction of software functionality, primarily used to specify the properties
of a user function. A function block contains input variables, output variables, through variables,
internal variables, and an internal behaviour description of the function block. IEC 61131‐3 [4] and
IEC 61499 [5] are two common standards for embedded control logic using the function block
paradigm.

13
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Literate programming: A programming paradigm in which a program is given as an explanation of
the program logic in a natural language, such as English, interspersed with snippets of macros and
traditional source code, from which compilable source code can be generated [6].



Scientific Algorithm Documentation Standard (SADS): A set of guidelines for the scientific
documentation of algorithms, developed by the US National Oceanic and Atmospheric
Administration (NOAA). Its underlying purpose is to describe a standard method for articulating
scientific algorithms in such a way as to be understood by other interested parties.



Unified Modeling Language (UML): A general‐purpose, developmental modelling language in the
field of software engineering, that is intended to provide a standard way to visualize the different
aspects of the design of a system through a set of specialized diagrams. Although originally
intended for object‐oriented design documentation, UML has been extended to a larger set of
design documentation and been found useful in many contexts.



Operational Algorithm Description (OAD): A documentation format developed by NASA in order
to express data processing algorithms in computer‐science terms. The purpose of an OAD is to
provide initial implementation design guidance and capture the “as‐built” operational
implementation of an algorithm.



Block diagrams (BD): A diagram of a system in which the principal parts or functions are
represented by blocks connected by lines that show the relationships of the blocks. Block
diagrams are commonly used in engineering, including control and process flow design. Block
diagrams are typically used for higher level, less detailed descriptions that are intended to clarify
overall concepts.

The above formats were evaluated according to the five criteria discussed in the previous section. The
results have been summarized in Table 3.
Table 3: Evaluation of existing formats for describing extrinsic behaviour. “+” denotes a match for the criterion,
“o” denotes limited support, “‐” denotes a mismatch. Braces (+) indicate a possible match after modifications to
the format are made.

Coverage of all
function types

Coverage
extensible

Sufficient
detail

Implementation
independent

Machine
processable

Function blocks

‐

‐

+

+

+

Literate programming

‐

+

+

‐

‐

SADS

(+)

+

+

+

o

UML

‐

‐

+

+

o

OAD

(+)

+

+

‐

(+)

‐

‐

+

(+)

o

Block diagrams
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4.3 Format selection and adaption
The evaluation result above reveals that none of the surveyed formats is able to offer a satisfactory rating
(“+” or “(+)”) on all of the five criteria. This results in three possible approaches:
1. Combine multiple formats to cover different aspects of the control function description.
2. Remove some of the requirements.
3. Adapt/modify an existing format.
The first approach is not likely to result in a satisfactory solution because of the substantial overhead and
long learning curve associated with using multiple formats in parallel. The second approach would require
a prioritization of criteria. Full coverage of all types of control functions is considered to be an
indispensable criterion among the five criteria listed in the previous section. As can be seen from the
evaluation result, none of the formats is able to describe all function types without limitations.
Consequently, the second criterion, i.e. the ability to extend a format to complete its coverage, must be
considered as well. Only two of the formats (SADS and OAD) pass this bar, identifying the third approach,
i.e. the extension of an extensible format, as the best path towards the full coverage of all function types.
Due to the need to transfer control function descriptions between very dissimilar environments (including
unknown environments in the case of post‐project dissemination), implementation independence is
another criterion which cannot be relaxed. This favours SADS over OAD as the format of choice.
Adapting the original SADS standard to the SmILES project required a number of changes in order to reflect
the narrower purpose and different application case within SmILES, the need for support for additional
types of functions and adaptations of the intended workflow. Last but not least, in order to reduce the
expected workload onto the SmILES partners associated with documenting potentially dozens of control
functions, an effort was made to reduce the number of required categories as well as to shrink the
document length from 19 to 8 pages. The following detailed changes were applied:


Reflection of the narrower purpose in SmILES: The background and problem statement sections
were removed as these will be provided by the system configuration, use case and possibly test
case descriptions. Unlike the original SADS document, control function descriptions in SmILES are
not intended to be standalone descriptions, and are de facto useless without being embedded
into the context of a use case. Due to SmILES’ narrower focus on the description of control
functions (rather than generic algorithms), the “data dictionary” and “data element examples”
sections could be replaced with a much simpler “inputs” section which mirrors the existing
“outputs” section.



Different application case in SmILES: Unlike the original SADS document, control function
descriptions will not serve as a reference for future development of control functions ‐ at least
not within the SmILES context. They are merely meant to provide a snapshot of a current
implementation. Therefore, the “future work” section could be removed. The “applicable
standards” and “interface description” sections were considered to be linked to prototype
descriptions in the original document and were therefore removed from the control function
description due to the different application case.



More types of functions in SmILES: The original SADS document was designed to specifically
describe scientific algorithms. To reflect the broader use in SmILES, all references to algorithms
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SmILES – 730936
D3.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

were updated to also include functions. The “algorithms” section which served as the envelope
for the core sections of the original document, was changed to become one of several optional
description sections. Two new sections corresponding to deterministic and stochastic functions
were created at the same level of the document hierarchy. Finally, a new section on embedded
control functions was introduced in order to describe the way in which embedded control
functions are implicitly contained or embedded in simulation models, solvers, optimization
algorithms etc. This also replaces the “system dependencies” section.


Workflow adaptations: Several changes were introduced for clarity and a better documented
workflow. In the original document, the lengthy pre‐filled pseudocode example section was mixed
with user‐fillable sections. In order to achieve a cleaner structure, these were moved to the end
of the document. Colour coding was used to mark all text related to instructions and examples, in
order to clarify to the user which parts should be deleted before finalizing a control function
description. Mandatory and optional sections were consequently marked throughout the
document. Finally, the “introduction” and “executive summary” sections were merged into the
functional description section.
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4.4 Control function description template
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