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Cigre WG B5.64 Objectives

• Survey the current methods and 
formats for specification of functional 
requirements of PAC systems

• Paper in the Cigre Science & 
Engineering Journal

• Brochure proposing a Domain-Specific 
Language (DSL) for specification of 
functional requirements of PAC 
solutions

• Summary in Electra Magazine

• Tutorial on e-CIGRE
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TF B5.02 Survey & Paper

• Replies from 135 experts in 97 companies from 42 countries

• Lack of formal methods for specification of functional requirements

• IEC 61850 is the de-facto standard for designing PAC systems

• Any new PAC Requirement Language should be:

integrated to IEC 61850, readable by humans and computers, understandable by 
non-expert users, formal and compilable to design languages
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PAC Engineering Process

Engineering Specifications

Agile Engineering Cycle

V-Model Engineering Cycle

Engineering Design Cycle

Waterfall Engineering Cycle

Engineering Design Cycle
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Waterfall Engineering Process

What a system should do

How the system should be built

Which technologies to use

Final functional tests 

Maintenance tests 
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V-Model Engineering Cycle

Verification & Validation

Verification & Validation

Verification
& Validation

Verification
& Validation

What it should do

How it should be built

Which technologies to use

Final commissioning

Test requirement conformance

Test the specification conformance

Test the design conformance

Test component conformance
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Agile Engineering Cycle

Test

Review Build

Design

Sprint

1

Previous

Step

Next

Step

Test

Review Build

Design

Sprint

2

Current

Step
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Engineering Specifications

Intended functionalities 
and performance levels

Compiled requisites of 
the user requirements

Recipe for building the 
functional specification

Final as-built configured 
specifications
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IEC 61850 Engineering Process and Tools

SED

ICD

IID

Instantiated

IED

Description

IED

Capability

Description

System

Exchange

Description
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IEC 61850 Engineering Cycle with User Requirement

BAP

SED

ICD

IID

Instantiated

IED

Description

IED

Capability

Description

System

Exchange

Description

Basic

Application

Profile
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Pragmatics Definition

Semantics Definition

Syntax Definition

Requirement Language Definition

Lexicon Definition

Domain Specific Language
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Lexicon Definition

• Definition

– The vocabulary or symbols (lexemes) used by a language

• Components

– Characters: A … Z, a … z, 0 … 9

– Delimiters: ()[]{}.,;/*““

– Vocabulary: sequence of characters

– Numbers: sequence of digits

– Keywords: with predefined meaning

– Operators: > < ≥ ≤ = ≠ + – × ÷

– Comments: /* … */ or //



W
o
rk

sh
o
p

Syntax Definition

• Definition

– Set of rules to combine the symbols in well-formed phrases

• Components

– systems, messages, data, timing, temporal logic

• Metalanguage

– BNF: Backus-Naur Form

SYSTEM systemName events ; data ; END ;HAS

TYPE systemName
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Syntax Example

SYSTEM Bay HAS
SYSTEM Transformer1 HAS

EVENT Internal-Short-Circuit-to-Ground;
EVENT Internal-Phase-Short-Circuit;
EVENT Inter-Turn-Coil-Short-Circuit;
EVENT Bushing-Ground-Short-Circuit;
EVENT Bushing-Phase-Short-Circuit;
DATA Phase-Current;
DATA Phase-Voltage;
DATA Oil-Temperature;
DATA Capacity;

END; /* system Transformer1 */

SYSTEM Breaker1 HAS
EVENT Opening;
EVENT Closing;
DATA Position;
DATA Gas-Pressure;

END; /* system Breaker1 */

SYSTEM Breaker2 HAS
EVENT Opening;
EVENT Closing;
DATA Position;
DATA Gas-Pressure;

END; /* system Breaker2 */

SYSTEM CT1 HAS
DATA Current;

END; /* system CT1 */

SYSTEM SW11 HAS
EVENT Opening;
EVENT Closing;
DATA Position;

END; /* system SW11 */

SYSTEM SW12 HAS
EVENT Opening;
EVENT Closing;
DATA Position;

END; /* system SW12 */

SYSTEM SW21 HAS
EVENT Opening;
EVENT Closing;
DATA Position;

END; /* system SW21 */

SYSTEM SW22 HAS
EVENT Opening;
EVENT Closing;
DATA Position;

END; /* system SW22 */

SYSTEM CT1 HAS
DATA Current;

END; /* system CT1 */
END; /* system Bay */

BRK1 TR1

CT1 CT2

BRK2

SW11 SW12 SW21 SW22

BUS1 BUS2
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Semantics Definition

• Definition

– Set of rules to specify meaning and behavior to any well-formed 
construct or phrase

• Format

– Informal – natural language description (like IEC 61850)

– Structural – hierarchy and inheritance of organizational elements

– Axiomatic – dynamics of events and data transformation

Temporal

Logic

Expression

<
S

c
o

p
e
>

Automation

Temporal

Logic

Expression

<
S

p
e

c
if
ic

a
ti
o
n

>
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Semantics Example

Breaker1 Transformer
CT1 CT2 Breaker2SW11 SW12 SW21 SW22

BUS1 BUS2

Automation2

Operator

Automation1 Automation3

SYSTEM Automation1 HAS
EVENT Trip;
EVENT Close;
EVENT Alarm;

END;
SYSTEM Automation2 HAS

EVENT Trip;
EVENT Close;
EVENT Alarm;

END;

SYSTEM Automation3 HAS
EVENT Trip;
EVENT Close;
EVENT Alarm;

END;
SYSTEM Operator HAS

EVENT Open;
EVENT Close;

END;

AFTER Transformer.Internal-Short-Circuit THEN
Automation1.Trip TO Breaker1 MUST OCCUR BEFORE A DELAY OF 100 ms,
Automation2.Trip TO Breaker2 MUST OCCUR BEFORE A DELAY OF 100 ms;

AFTER Transformer.External-Short-Circuit THEN
Automation1.Trip TO Breaker1 CANNOT OCCUR BETWEEN A DELAY OF 0 ms
AND A DELAY OF 100 ms;

AFTER CT1.Current > Transformer1.Capacity THEN
Automation1.Trip TO Breaker1 AFTER A DELAY OF 100 ms,
Automation2.Trip TO Breaker2 AFTER A DELAY OF 100 ms;

Structure Behavior
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Pragmatics Definition

• Definition

– Set of available methods and tools for the practical use of the 
language

• Components

– DSL Development Environments

– Requirement Development Environments

– Interpreters and Compilers

– Standard Library Modules

– Application Profiles & Templates
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Compilers and Interpreters

CIM/XMLSCL/XML ST/ILST/XML

DSL

Compiler or
Interpreter

Requirement

Specification

Requirement
LanguageTemplates Library
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XText Language Development Environment

Syntax

Diagram

Language

Structure

Language

Package

Language

Definition
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DSL Requirement Development Environment

Project

Folder

Project

Templates Project

Issues

Project

Structure

User

Requirement
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Model Checking

Verification

Testing

Validation

Applications

Documentation

Applications
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Documentation

SYSTEM PIOC TYPE CmmonLN HAS

SYSTEM Str TYPE ACD HAS END; // Start : Optional

SYSTEM Op TYPE ACT HAS END; // Operate

SYSTEM OpCntRs TYPE INC HAS END; // Resettable operation counter

SYSTEM StrVal TYPE ASG HAS END; // Start value : Optional 

WHEN Str.phsA IS TRUE AND Str.dirPhsA IS “forward” THEN Op.phsA IS TRUE;

WHEN Str.phsb IS TRUE AND Str.dirphsb IS “forward” THEN Op.phsb IS TRUE;

WHEN Str.phsc IS TRUE AND Str.dirphsc IS “forward” THEN Op.phsc IS TRUE;

WHEN InRef1.setSrcRef IS TRUE THEN Op.general IS TRUE;

END;

Requirement

Requirement

RequirementFUNCTION

SUBSTATION & POWER PLANT

SpecificationSERVER

ASSOCIATION

LOGICAL DEVICE Specification

FILE SYNCHRONIZATION

GOOSE SMV RCB/LCB SETTINGS

LOGICAL NODE Specification

DATA DATASET

POWER SYSTEM

PIOC

Logical Node

Measured Values

Status Information

Controls

Str (Start)
Op (Operate)

OpCntRs (operation counter)

inRef (Input reference)
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Validation

Checking that the system 
behaves as expected for

some conditions, after 
implementation

Testing

(Simulation)

Checking that the system 
behaves as expected for

all conditions, before 
implementation

Verification

(Proofing)
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Verification / Testing 

R

X

Verification
Proof that the 
system behaves as 
expected for all 
possible conditions 

Testing
Simulate the 
system for some
possible conditions 
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IEC 61850 Model Checking

BAP

Basic

Application

Profile

SED

System

Exchange

Description

ICD

IED

Capability

Description

IID

Instantiated

IED

Description
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CIGRE WG B5.64

Iony Patriota de Siqueira
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Obrigado!

CIGRE Working Group B5.64
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