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UML 

• The heart of object-oriented problem 
solving is the construction of a model.  

• The model abstracts the essential 
details of the underlying problem from 
its usually complicated real world.  

• Several modeling tools are wrapped 
under the heading of the UML™, which 
stands for Unified Modeling 
Language™.  
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•     UML: Unified Modeling Language  

• An industry-standard graphical language for 
specifying, visualizing, constructing, and 
documenting the artifacts of software 
systems, as well as for business modeling. 

• The UML uses mostly graphical notations to 
express the OO analysis and design of 
software projects.   

• Simplifies the complex process of software 
design 

 

 

What is UML? 
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•     The Unified Modeling Language was 

developed by Grady Booch, Ivar Jacobson 
and James Rumbaugh at Rational Software 
in the 1990s  

• It was adopted by the Object Management 
Group (OMG) in 1997, and has been 
managed by this organization ever since.  

• In 2000 the Unified Modeling Language was 
accepted by the International Organization 
for Standardization (ISO) as industry 
standard for modeling software-intensive 
systems.  

• The current version of the UML is 2.4.1 
published by the OMG in August 2011. 

 

What is UML? 

http://en.wikipedia.org/wiki/Grady_Booch
http://en.wikipedia.org/wiki/Grady_Booch
http://en.wikipedia.org/wiki/Ivar_Jacobson
http://en.wikipedia.org/wiki/James_Rumbaugh
http://en.wikipedia.org/wiki/James_Rumbaugh
http://en.wikipedia.org/wiki/Rational_Software
http://en.wikipedia.org/wiki/Object_Management_Group
http://en.wikipedia.org/wiki/Object_Management_Group
http://en.wikipedia.org/wiki/International_Organization_for_Standardization
http://en.wikipedia.org/wiki/International_Organization_for_Standardization
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UML Logo 
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What can be derived from UML 

(parallel view CIM-61850) 

In case of 61850, each section of SCL 

schema defines a profile, the union should 

be in UML 

Feed SCL with  

IEC 61850 data model from UML 

 

jCleanCim 

• UML validation 
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• UML doc gen 
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(SCL.xsd configuration) 

Instance 
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• schema generation 
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html
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Ultimate objectives  

of the UML task force 
Services 

61850 UML model 

All namespaces 

(part 7-xxx , 6-xxx, 90-xxx) 

including IEC 61400 part 

Model Editing, 
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Release, … 

(UML Tool) 
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Access 
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(XML) 

User 

View/Browse 

Pdf 

Download 
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(UML Tool) 
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Download 
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(XML) Verify 
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(XSD ?) 

Tissue  

process 

hosting 



© OMICRON 

      Why UML for Modeling? 

• A diagram/picture = thousands words 

• Uses graphical notation  to communicate 
more clearly than natural language 
(imprecise) and code(too detailed). 

• Makes it easier for programmers and 
software architects to communicate. 

• Helps acquire an overall view of a system. 

• UML is not dependent on any one 
language or technology. 

• UML moves us from fragmentation to 
standardization. 
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Time 

1997:    UML 1.0, 1.1 

1996:    UML 0.9 & 0.91 

1995:    Unified Method 0.8 

Other methods 

Booch ‘91 

Booch ‘93 OMT - 2 

OMT - 1 

 Year  Version  

2003:    UML 2.0 

2001:    UML 1.4 

1999:    UML 1.3 

History 
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UML 

• The Unified Modeling Language (UML) 
is a standard language for specifying, 
visualizing, constructing, and 
documenting the artifacts of different 
simple or complex systems.  

• UML uses mostly graphical notations 
to express the design of software 
projects. Using the UML helps project 
teams communicate, explore potential 
designs, and validate the architectural 
design of the system. 
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UML 

• The UML is applicable to object-
oriented problem solving.  

• A model is an abstraction of the 
underlying problem.  

• The domain is the actual world from 
which the problem comes. 

• Models consist of objects that interact 
by sending each other messages.  

• Objects have things they know 
(attributes) and things they can do 
(services).  
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UML Modeling Diagrams 

• Use case diagrams 

• Class diagrams 

• Object diagrams 

• Sequence diagrams 

• Collaboration diagrams 

• Statechart diagrams 

• Activity diagrams 

• Component diagrams 

• Deployment diagrams 

 



© OMICRON Page: 16 K02 03 20060309 

 

 

 

 

 

UML: Use Case Diagrams 

• Use case diagrams describe what a 
system does from the standpoint of an 
external observer. The emphasis is on 
what a system does rather than how. 

• A scenario is an example of what 
happens when someone interacts with 
the system. 

• An actor is who or what initiates the 
events involved in that task. Actors are 
simply roles that people or objects 
play.  

• The connection between actor and use 
case is a communication association.  
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          Use Case Diagrams 

 

Library System 

Borrow 

Order Title 

Fine Remittance 

Client 

Employee 

Supervisor 

• A generalized description of how a system will be used.   

• Provides an overview of the intended functionality of the 

system 

 

Boundary 

Actor 

 

Use Case 
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   Use Case Diagram(core 

components) 
Actors:  A role that a user plays with respect to the 

system, including human users and other systems. 

e.g.,inanimate physical objects (e.g. robot); an external 

system that needs some information from the current 

system. 

 

 

Use case: A set of scenarios that describing an 

interaction  between a user and a system.  
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  Use Case Diagram (core 

components) 

 • A use case is a single unit of meaningful 
work – transmit, receive, initiate, etc.   

• Each Use Case has a description which 
describes the functionality that will be built 
in the proposed system.  

 

System boundary: a rectangle diagram 
representing the boundary between the 
actors and the system. 
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       Use Case Diagram(core 

relationship) 

 Association:  communication between an 

actor and a use case; represented by a 

solid line.   

 

Generalization: relationship between one 

general use case and one specific use 

case. 

Represented by a line with a triangular 

arrow head toward the parent use case, the 

more general modeling element. 

 

 employee 
engineer 
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Use Case Diagram(core 

relationship) 

 

<<uses>>

Include: a dotted line labeled 

<<include>> beginning at base use 

case and ending with an arrows pointing 

to the include use case. An “Include” 

relationship is used to indicate that a 

particular Use Case must include 

another use case to perform its 

function.                       

                              <<include>> 

or in MS Visio 
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Use Case Diagram Use 
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Use Case Diagram Use 
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Use Case Diagram Use 
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UML: Class Diagrams 
• Class diagram gives an overview of a 

system by showing its classes and the 
relationships among them. Class 
diagrams are static -- they display what 
interacts but not what happens when 
they do interact. 

• UML class notation is a rectangle 
divided into three parts: class name, 
attributes, and operations. 

Class Name 

Attribute 1 

Attribute 2 

: 

Attribute n 

Service 1 

Service 2 

: 

Service n 
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UML: Class Diagrams 
• Association -- a relationship between 

instances of the two classes. There is an 
association between two classes if an 
instance of one class must know about the 
other in order to perform its work. In a 
diagram, an association is a link 
connecting two classes.  

• Aggregation -- an association in which one 
class belongs to a collection. An 
aggregation has a diamond end pointing to 
the part containing the whole.  

•  Generalization -- an inheritance link 
indicating one class is a superclass of the 
other. A generalization has a triangle 
pointing to the super-class.  
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UML: Class Diagrams 

• Multiplicity of an association end is the 
number of possible instances of the 
class associated with a single instance 
of the other end.  

• Multiplicities are single numbers or 
ranges of numbers. 
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UML: Class Diagrams 

Multiplicities Meaning  

0..1   0 or 1 instance. The notation  

   n . . m indicates n to m instances. 

0..* or *         No limit on the number of instances 

   (including none).  

1   exactly one instance  

1..*   at least one instance  
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UML: Class Diagrams 

DATA 

DataAttribute 

1..* 

1 

1..* 

1 
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1..* 

1 

1..* 

1 

LOGICAL-DEVICE 

1..* 

1 

1..* 

1 

Name 

ObjectName 

ObjectReference 

SERVER 

1..* 

1 

1..* 

1 

Association 

Aggregation 

Generalization 

Multiplicity 
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IEC 61850 Logical Node Class 

Page 30 
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IEC 61850 Data Class 
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IEC 61850 Services 
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UML: Object Diagrams 

• Object diagrams show instances 
instead of classes. 

• They instantiate class diagrams 

InstanceName1:Class Name 

InstanceName2:Class Name InstanceNameN:Class Name 
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UML: Sequence Diagrams 
• Class and object diagrams are static 

model views.  

• Interaction diagrams are dynamic. They 
describe how objects collaborate. 

• A sequence diagram is an interaction 
diagram that details how operations 
are carried out -- what messages are 
sent and when.  

• Sequence diagrams are organized 
according to time.  

 Client Control Object

Oper_req(off)

Oper_rsp+

Report_req(off)

Activation bar 

Message 
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UML: Statechart Diagrams 

• Objects have behaviors and state. The 
state of an object depends on its 
current activity or condition.  

• A statechart diagram shows the 
possible states of the object and the 
transitions that cause a change in 
state. 

• States are rounded rectangles.  

• Transitions are arrows from one state 
to another. 

• Events or conditions that trigger 
transitions are written beside the 
arrows. 
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UML: Statechart Diagrams - SBO 

Ready
Oper_req[Test not ok]^client.Oper_rsp-

WaitForActivationTime

entry / start timer

TimOper_req[Test not ok]^client.TimOper_rsp-

Oper_req[Test ok, sboClass=OPERATE_MANY]^client.Oper_rsp+

TimOper_req[Test ok]^client.TimOper_rsp+

timer expired[Test ok, sboClass=OPERATE_MANY] ^client.TimOper_rsp+

Unselected

Timeout

cancel_req^client.cancel_rsp+

timer expired[Test not ok] ^client.TimOper_rsp-

Sel_req[Test not ok]^client.Sel_rsp-

Sel_req[Test ok]^client.Sel_rsp+

timer expired[Test ok, sboClass=OPERATE_ONCE] ^client.TimOper_rsp+

Oper_req[Test ok, sboClass=OPERATE_ONCE]^client.Oper_rsp+
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Substation Configuration 

Language SCL  
• Must be capable of describing: 

• A system specification in terms of the 
single line diagram, and allocation of 
logical nodes (LN) to parts and equipment 
of the single line to indicate the needed 
functionality. 

• Pre-configured IEDs with a fixed number of 
logical nodes (LNs), but with no binding to 
a specific process . may only be related to 
a very general process function part. 

• Pre-configured IEDs with a pre-configured 
semantic for a process part of a certain 
structure, for example a double busbar GIS 
line feeder. 
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Substation Configuration 

Language SCL  
• Must be capable of describing: 

• Complete process configuration with all 
IEDs bound to individual process functions 
and primary equipment, enhanced by the 
access point connections and possible 
access paths in subnetworks for all 
possible clients. 

• As above, but additionally with all 
predefined associations and client server 
connections between logical nodes on data 
level. This is needed if an IED is not 
capable of dynamically building 
associations or reporting connections 
(either on the client or on the server side). 
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Substation Configuration 

Language SCL  

• Substation section: describes the 
substation single line diagram, and its 
binding to logical nodes as well as the 
placement of logical nodes onto IEDs. 
Thus also the binding of IEDs to 
substation parts and substation devices 
is defined. 

• Communication section: describes the 
communication connections between 
IEDs in terms of connecting 
communication links. 
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Substation Configuration 

Language SCL  

• IED section: describes the capabilities 
(configuration) of one or more IEDs, and 
the binding to logical nodes on other 
IEDs. 

• LNType section: defines which data 
objects are actually contained within the 
logical node instances defined for the 
IEDs. 
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Objectives 
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0,1

0,1

Functional / substation structure
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SCL UML Diagram Example 
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SCL UML Diagram Example: IED 
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Conclusions 

 

• UML diagrams are widely used in different 
parts of IEC 61850 to present the abstract 
models of the substation domain.  

• They represent the foundation of the 
definitions of the object models and 
services, as well as the Substation 
Configuration Language and the different 
types of files used to describe the 
functional hierarchy of the system and 
data used for exchange between IEDs and 
applications.  
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Conclusions 

 

• Part 6 of the IEC 61850 standard specifies 
a description language for configurations 
of electrical substation IEDs – the 
Substation Configuration Language 
(SCL), based on UML and XML 


