\
& ‘?. : . o uMl(hON‘.
=
T ——_ W o
)@ O == .
n @& Do O :

%%

OMICRON

XML and UML - What they are and Why
We Need to Know Them?

Dr. Alexander Apostolov, Thomas Schossig
Sochi, Russia, June 2015



Questions

 What are we doing?
 Why are we doing it?
 How are we doing it?



What are we doing?

How the customer explained How the project leader How the analyst designed it
it understood it
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What are we doing?

How the programmer wrote What the beta testers How the business consultant
it received described it
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What are we doing?

How the project was What operations installed How the customer was billed
documented
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What are we doing?

How it was supported What marketing advertised What the customer really
needed
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What 1s XML?

« SGML - Structured Generalized Markup
Language

« HTML — HyperText Markup Language
« XML - eXtensible Markup Language

« W3C — World Wide Web Consortium

« XSL - eXtensible Stylesheet Language
« CSS - Cascading Style Sheets

OOOOOOOO



What 1s XML?

« XML was developed by members of the W3C and
released as a recommendation by the W3C In
~ebruary 1998.

* It is a simplified version of SGML and a cousin of
HTML.

« SGML was developed to standardize the
production process for large document sets and is
an international standard (ISO 8879) that has been
In use as a markup language primarily for technical

documentation and government applications since
the early 1980s.
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What 1s XML?

 Well-formatted documents
* It Is not sufficient.

* Constraints enforce rules that determine the
presence of elements and their attributes, as
well as the order of these elements.

* These rules are part of what is defined as a
Data Type Definition (DTD) or XML schema.

 This iIs the oldest schema inherited from
SGML.
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XML Files

@

! @ documentxml | 7 | - E]

1
2

3

| Text

<7xml version="1.0" encoding="UTF-8" standalone="yes"?> -
<R xmins wpe="http://schemas.microsoft. com/office/word/2010/wordprocessingCanvas” xmins me=" [J
http://schemas.openxmiformats.org/markup-compatibility/2006" xmlns:o="urn:schemas-microsoft-com:office:office” xmins:r="
http://schemas.openxmiformats.org/officeDocument/2006/relationships” xmlins:m="http://schemas._openxmlformats org/oficeDocument/2006/math” xmins:v="
urn:schemas-microsoft-com:vml” xmins:wp14="http://schemas.microsoft.com/office/word/2010/wordprocessingDrawing” xmlIns:wp="
http://schemas.openxmiformats.org/drawingml/2006/wordprocessingDrawing” xmins:w10="urn:schemas-microsoft-com:office:word" xmlns:w="
http://schemas.openxmiformats.org/wordprocessingml/2006/main" xmins:w14="http://schemas.microsoft.com/office/word/2010/wordml” xmlns:w15="
http://schemas.microsoft.com/office/word/2012/wordml” xmlIns:wpg="http://schemas.microsoft. com/office/word/2010/wordprocessingGroup" xmlns:wpi="
http://schemas.microsoft.com/office/word/2010/wordprocessingink” xmlns:wne="http://schemas_microsoft.com/office/word/2006/wordml” xmlns:wps="
http://schemas.microsoft.com/office/word/2010/wordprocessingShape" me:lgnorable="w14 w15 wp14"=<w:body=<w:p w:rsidR="006A6A15" w:rsidRPr="00B67B39"
w:rsidRDefault="006A6A15" w:rsidP="00FE3E7C"><w:pPr><w:jc wval="both"/><w:rPr><w:sz wval="24"/><w:szCs w:val="24"/></w:rPr></w:pPr><w:bookmarkStart w:id="
0" w:name="PointTmp"/></w:p=<w:p w:rsidR="006A6A15" w:rsidRPr="00B67B39" w:rsidRDefault="006A6A15" w:rsidP="006AB6A15"><w:pPr><w:pStyle wval="Title"/><
w:framePr w.wrap="notBeside"/><w:rPr><w:sz wval="24"f><w:szCs wval="24"/></w rPr></w:pPr><w:r wrsidRPr="00B67B39"><w:rPr><w:rFonts w:eastAsia="Calibri"/><
w:b/><w: sz wval="24"/><w:szCs wval="24"I><fwrPr><w:t xml:space="preserve">XML and UML - What </w:t></w:r><w:r w:rsidR="00B67B839"><w:rPr><w:rFonts
w:eastAsia="Calibri"/><w:b/><w:sz wval="24"/><w:5zCs wval="24"/></wrPr=<wit=t</wt><wr><wr wrsidRPr="00B67B39"><w:rPr=<w:rFonts w:eastAsia="Calibri"/><
wbl=<w:sz wval="24"/><w:szCs wval="24"/></wrPr=<w:t>hey are and Why We Need to Know Them</w:t=</w:r></w:p><w:p w:rsidR="0029025B" w:rsidRPr="00B67839"
wrsidRDefault="0029025B" w:rsidP="00B67B39"><w:pPr=<w:pStyle wval="BodyText2"/><w:rPr=<w:rFonts w:ascii="Times New Roman" w:hAnsi="Times New Roman"
fzaw:bl><w:sz wval="24"><w:szCs wval="24"/></w:rPr></w:pPr=<w:r w:rsidRPr="00B67B39" ><w:rPr><w:rFonts w:ascii="Times New Roman" w:hAnsi="Times New
Roman"/=<w:b/><w:sz wval="24"/><w:szCs wval="24"/></w:rPr=<w:t=Introduction</w:t=</w:r></w:p><w:bookmarkEnd w:id="0"/><w:p wrsidR="00711870" w:rsidRPr="
00B67B39" w:rsidRDefault="00711870" w:rsidP="00711870"><w:pPr=<w:spacing w:after="120"/><w:rPr><w:rFonts w:cs="Anal"/><w:sz wival="24"/><w:szCs wval="24"/>
<hw:rPre<fw:pPr><w:r wrsidRPr="00B67839"><w:rPr><w:rFonts w:cs="Arial"/><w:sz wval="24"/><w:szCs wval="24"/></w:rPr><w:t>The power system automation
community is going through a period of transition from the world of hard wired systems and proprietary configuration and analysis tools into the world of distributed |IEC
61850 communications based systems and object oriented standards based engineering and analysis tools. This requires the development of a new set of skills in order to
help the specialists from our industry understand and use the new technology. </w:t></w:r=</w:p=><w:p wrsidR="00711870" w:rsidRPr="00B67B39" w:rsidRDefault="
00711870" w:rsidP="00711870"><w:pPr><w:spacing wafter="120"/><w:jc w:val="both"/><w:rPr=<w:rFonts w:cs="Arial"/><w:sz wval="24"/><w:szCs wval="24"/><hv:rPr
=<fw:pPre<wir wirsidRPr="00B67B39"><w:rPr=<w:rFonts w cs="Arial"/><w:sz wval="24"/><w:szCs wval="24"/></w:rPr><w:t>The main goal of this paper is to introduce
the Extensible Markup Language (XML} and the Unified Modeling Language (UML) to the protection and control community and focus on the UML diagrams and XML files
used in the |EC 61850 standard and in some |IEEE standards related to protection and control in order to help the readers understand the diagrams and files included in or
defined by the different standards. </w:t></w:r=</w:p><w:p wrsidR="00711
870" wirsidRPr="00B67B39" w:rsidRDefault="00711870" w:rsidP="00711870"><w:pPr><w:spacing w after="120"/><w:rPr><w:rFonts w:cs="Arnal"/><w:sz w:val="24"/><

ws7Cs wval="24"/></w rPre<iw pPre<wr wrsidRPr="00BA7R33" > <w rPr><w rFants w es="Anal"/><w 57 wval="24"/><w s7Cs wval="24"></w Pr><wt>The first half nf

Grd | Schema ‘ Authentic | Browser
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XML Files

& BpReportaom
1 <7xml version="1.0" encoding="UTF-8"?> PA
2 <l edited with XMLSPY v& rel. 4 U (http/iwww. xmispy com) by Viadislav Gavrelov (Altova) —» [
3 <?altova_sps ExpReport sps?>
4 [ <expense-report xmins:xsi="http://mww.w3.0rg/2001/XMLSchema-instance" xsi:-noNamespaceSchemalocation

21 @

26

| ="ExpReport.xsd" currency="USD" detailed="false" total-sum="556.9">

<Personz

<First=Fred</First>

<LastzLandis</Last>

<Title=Project Manager=/Title=
<Phone>123-456-7890</Phone>
<Email=f.landis@nanonull.com</Email >
</Person>

<expense-item type="Lodging" expto="Sales">
<Date=2003-01-01</Date>

<expense>122 11</expense=

</expense-item=

<expense-item type="Lodging" expto="Development">
<Date=2003-01-02</Date>

<expense>122 12</expense>
<description=Played penny arcade</description>
<lexpense-item=

<expense-item type="Lodging" expto="Marketing"=
<Date=2003-01-02</Date>

<expense>299 45</expense>
<description=Treated Clients</description=
</expense-item>

<expense-item type="Entertainment” expto="Development"=
<Date=2003-01-02</Date>
<expense>13.22</expense=

<Misc misctype="TeamBuilding"/>

<description=Bought signed &quot;XMLSPY Handbook&quot; from Larry Kim</description=
Grid Schema | Authertic | Browser |

m
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What 1s UML?

* Unified Modeling Language
— Software engineering

— Standard way to visualize the design of a
system

* Elements visualized
— Activities
— Components and interactions
— How the system is expected to be used



Why UML?

« Changes in Software Engineering
— Distributed applications
— Client / Server architectures
— More complex tasks

 Enables the communication between
the user and the developer

« Used today In many relevant standards



UML Diagram Types

Structural diagram types

Component diagram

Composite Structure Diagram

Deployment Diagram

Package Diagram

Object Diagram
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Behavioral diagram types

Activity Diagram

Communication Diagram

(
\
(
\

Interaction Overview Diagram

Timing Diagram




Understand UML

 Relevant standards for PAC use UML
diagrams...

— |EC 61850 core standards
— |[EC 61850 technical reports
— CIM

e ... to describe
— Functional behavior

— Data structures
— Use cases



State Machine Diagram

m/aitForActiv ationTime \[Cancel_req]
Cancel_resp+, TimOperTermination_req-

[operTm]

+ entry/ start timer

[Cancel_req]
e e Taat /Cancel_resp+, TimOperTermination_req-

[Operative Test not ok
TimOperTermination_req-

+ exit/ reset opRcvd
+ entry/ set opRcvd

[Operative Test oK

/[ PerformTest \ [Operative Test nok ok /Oper_resp-

[Cancel_req]
/Cancel _resp+, Oper_resp-

+ exit/ reset opRcvd
¢ entry / set opRevd

[Operative Test ok . - [Cancel_req]
WaitForExecution Cancel resp+, TimOperTermination _reg-

[Dynamic Test not oK
/TimOperTermination_req-
[dynTestTimeout]

JITimOperTermination_reg-

+ entry/ start timer

[Cancel_req]

/_ WaitForExecution \_/Cancel_resp+, Oper_resp-

[Dynamic Test not ok] /Oper_resp-

+ entry/ start timer

[dynTestTimeout] /Oper_resp-

IMvnamir Tad nld
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Sequence Diagram

The report
service is
described in the
reporting model

Client Control object Operated device
SelVval_req (off)
P Selval rsp+ Select
Oper_req(off)
Activation of the
P Oper_rsp+ Activate output device
BOIWEEN Acquisition of
o status input
Off from device
Report_req(off) o
<
3 I B !
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Class Diagram

e e e e e o e e e e e e e e e e o e
: NameIECE 1 850085ect NamediEC6 185008 ect N coC NamedlECE 1 5500bject :
- - ,
! MetaModel:1D MetaModeliN  |@p— | MetaModel-COC -
1. i
: - objRef :LDReference - objRef LNReference < obRef :COCReference |
| ;
49 -
! i
|+1D |+D |<1D '
' :
! i
| |
|
| ' | Metamtode! -
1
P [
: =LNPHD e !
' :
| 0.° |
1 MeraMode! '
: =INDOMs INDOM 1
' :
1
I ) o B
| S MacaModel :
| =IND NG -
|
| ;
B N e e T S e S L R s L S S S S S S S S S A L S S o yisss )
LNGroupl: LPHD «admin> INGroupl:-LLNO
DomaindN
« PhyNam :DPL - = NamPit LPL[D..1)
< PhyHealth -ENSHealth = NamPlt APLID.7) = Beh :ENSBehaviourMode
< OutOv :5PS0.1] = Beh ENSBehaviourMode <+ Health :ENSHealth [0..1]
< Proxy 5PS = Mealth :ENSHealth [0..1] + Mod ENCEBshaviourMode [0..1]
< InOv :$PS10..1] « Mod ENCBehaviourMode [0..1] = InRef -ORC [0.1]
< OpTmh NS [0.1] = InRef -ORC [0.1] + LocKey SPS10.13
+  NumPwrUp !INS [0.1] + Loc SPs10.1]
a WMiewmCes aue fa 11 constraints < lasten o~ A 11
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Use UML — Example BF Function

pkg Bay Control Functions /
CDC
Use Cases
* ACD + Cument th h Breaker
ment throu rea
+ CDC ACT ¥ : g
=2 E + Neighbour Breaker
E + Supervised Breaker
% + Tiipping Protection Function
() + Brealer Failure Proteclion
REBRF
- Sir :CDC ACD
- OpEx :CDCACT
- Opin :CDCACT
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Use Case and Actors

uc Use Case Breaker Failure/

%\ntate

Tripping Protection
Function

yaw

Current through Breaker

rement

Breaker IED

Breaker Failure
Protection

Posmon/ |
Re-Trlp

Supervised Breaker

_xtern al Trip

3

Neighbour Breaker
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State Machine of BF Function

stm Use Case Breaker Failure/

9 Initial

[StartUp]

Idle

+ entry/ Set Str (Start) to FALSE

Initiate t1 expired [(current=0) AND (Pos=open)]

/ Started \

+ entry / Set Strto TRUE
+ entry / Start t1 (re-trip timer)
&+ entry / Start t2 (failure time,

1| t1 expired [(current<>0) OR (Pos=closed)]

)/ / re-trip

. + entry/ set Opln to TRUE
R / t2 expired [(current=0) AND (Pos=open)]

‘. /set Opin to FALSE

t2 expired [(current<>0) OR (Pos=closed)]
Thisonly for testing

purpose; in reality

when the breaker failure \

failed, the 50BF

function may not reset + entry / set OpEx to TRUE
[current=0] & entry/ set Opln to FALS
/setOpEXx to
FALSE
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Sequence Diagram - Scenarios

sd Breaker Success/

X

Tripping Protection

Function
|

RBRF

! Initiate()

o
I
I
I
I
I
I
I
I
I
I
I
I

(from Use Cases)

{t1 (re-trip)}

; | str= TRUEQ)

X

Current throlugh Breaker
|
|
|
|
|
|
|
|
|
|
l

Pos(Open)

X

Supervised Breaker

Current(0)

__.|:___|:__||:| 'l.___

4

E] ; |Str: FALSE()
|
1

|
|
|

L
|
|
|
|
|
|
|

(from Use Cases)

|
|
|
|
|
|
|
|
|
|
|
[
|
|
|
|
|
|
|
|
|
|

(from Use Cases)
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Sequence Diagram - Scenarios

sd Breaker Failure/

X

Tripping Protection

RBRF %

Current through Breaker
|

Function ! '
| | |

! Initiate() > | |
| |

| |

| |

| |

T T | [e T sw=rueg | |

| |

B |

{t1 efip)}| Pos(Open) !

L | L

{t2 (failure)} I I I
N | |

E] ; | Opln= TRUE() : :

| |

| |

N OpEx= TRUE() |

|

|

|

|

|

|

|

|

(from Use Cases)

X

Supervised Breaker

X

Neighbour Breaker

|

|
L [

| |

| |

| |

| |

| |

1 |
(from Use Cases)
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IEC Tool

* Enterprise Architect from Sparxs

Archilne

of choice

) Hecum

EAlamp=

Resourtes Famyl
Quick Start Vioen Denos
EA O UAA Tutersl

EA Oveny

e POF

Aaailaksie ML

Yral Pyrty Extenpm
DEMS Reportory St
Davenioad Latert Verzion
Spare Syvtemy Mewiietter
Wennar Regataties
fetrare Hutury

thite Community

W Eropecn
Manage Projecs
Open 3 Froject Fie
ate & fprm Pt
CODY & Saze Mojec
onned s Servet
anned b Ouud
Open Projecy
Enterprise d  New Propc:
Architect
Recent Prajects
Prgecs Narve
LAL xaTrie

v @& Bowsefor Project

Puth

C\owers empol0 \AppDets Fommmg Vpers Seste

X Remove Seisction from s

P Do at Strtigp | Open

Canel
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SCL Files in Engineering Process

(Class)

TEMPLATE

IED1

IED2

\ 17 #

icgs
preconfiguref

— 3.3 instantiate
B v

[Simport gind
| <2
IED configurator IED2 e
System Jid,
configurator

Page 25

IED2

.cid

Proprietary files
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IED configurator



The use of XML and UML

<xs:complexType name="tIED">
<xs:complexContent>
<xs:extension base="tNaming">
<xs:sequence>
<xs:element name="Services" type="tServices" minOccurs="0"/>
<xs:element name="AccessPoint" type="tAccessPoint" maxOccurs="unbounded">
<xs:unique name="uniqueLNInAccessPoint">
<xs:selector xpath=".//scl:LN"/>
<xs:field xpath="@inst"/>
<xs-field xpath="@InClass"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="xs:normalizedString" use="optional"/>
<xs:attribute name="manufacturer” type="xs:normalizedString" use="optional"/>
<xs:attribute name="configVersion" type="xs:normalizedString" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

© OMICRON Page 26



The use of XML and UML

1
Function 3>— Subfunction |:] Functional/substation structure
( l;l Product / IED structure
__'1_ Transformer \ |:] Communication structure
Substation C 1 \ 1 SubEaui "
1 ( 0 y Equipment > M pqhulpmen
ase
1 0\ Yotage L[ o 1o
level 1 i L
3 0.2 | [ [
1 ) CBR DIS | | VIR
Terminal
1
ConnectivityNode
1
0.7
. LNode Data
1% Clienta hts ’

1 71

Subnetwork Router
IED
19 o+ Clock
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The use of XML and UML

© OMICRON
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Exporting Event Data to COMFEDE

Vendor
specific Event Data
format Schema
AN N
SOE |—
pata | = @
- Standard
format
A
Fault | — t Validate
Report | — <©>
|IED Vendor >
Summary
report
P Event Data
Log File

IEC 61850
Logs

Others




Integrating Vendors

Event Data
Schema

(@

Analysis
Tool

Vendor 1

Vendor 2

Vendor n

Event Data
Log File



The use of XML and UML

L7yanl version="1 0" encoding="UTF-8"7>
<l-- edited by Brian Li (GE Digtal Energy) -->
<7xml-stylesheet type="text/xsl" href="briantest xsl"7>
sLog xmins="nttp M pes-psre orgfSubcommitteeHICOMFEDE"
xmins: xsi="mip: Aarww w3 org/2001 XMLSchema-instance”
xmnins: SC-H_ComTypes="wy\w pes-psrc.org/SubcommitteeM/CommonTypes”
xsi:schemal.ocation="hilp; www pes-psrc orgSubcommittee HICOMFEDE COMFEDE xsd"
version="2008" revision="A4"
Loghame="estLogName” LogRef="testLogRef" OlEntr="1" OldEntrTm="2009-09-09T13:24:36 638303 Z" NewEntr="9" NewEntrTm="2008-08-08T14:24:33 961444 7"~
<Location stationName="Test Station” companyiame="GE Digital Energy"
hayName="tesiBayName” companyldentificationCode="00" |attude="45 5" longtude="35 2" tmDT="true" tmO1{Set="-300" tmUseDT="talse">
«SC-H_ComTypesVolagelLevel und="v"=120=/SC-H_ComTypes. VollageLevei»
«SC-H_ComTypes EDNameplate name="F35 Demo" vendor="GE Digtal Energy”
hwReve"P" model="F 35-G03-HCH-FEL-USAWTC” serNum="AURCD4001333" swRev="571"
=Location=
<Ertry Entryld="1" TimeOfEntry="2003-029-09T13:24:36 6383031"=
<EntryData eventType="IEDEV">
=DataRef descrigtion="EVENTS CLEARED">EVENTS CLEARED=/DataRef>
=Value==Nae=
<Timestamp>2009-09-09713:24.36 638303Z=/Timestamp=
<Qually validty="good"/>
<ReasonCode decha="true™ gqchg="false™»
=fEntryData=
<Erfry=
<Entry Entryld="2" TimeOfEntry="2008-08-09T13:25:12.070881 "=
=EntryData eventType="SysEvt">
=DataRef description="POWER ON"=-PCYWER ON=DataRef=
<Valugs=alues
<Tenestamp»2009-09-09713:25:19 070831 Z=/Timestamp»
«Qualty validty="good" =
=ReasonCode dchg="falze" gchg="false"/>
=fErtryData=
<fEntry=

© OMICRON Page 31



The use of XML and UML

'ﬁ UR Event Log ;Iilil
Fle Edit View Favorites Tools  Help | l‘.:'t
FEack - €& - [ [2] @ | ) search Favaorites 4 - B i 3 |
Address Ii D:\Files\IEEE'PSRCYHLE Commen Format For Event Data Exchange\GE Example\BrianTest. =ml j ﬂ Go
Google vI 2 search - 50 - o | G- ¥ Bookmarks v | 9P Check = &2 Translate ~ | AutoRil v gy - Sign In =

Sequence Of Events (SOE]

Company: GE Digital Enargy

Station: Test Station Bay: testBayName Yoltage Leval: 120

Latitude: 45.5° Longitude: 35.27 UTC Time Offset (in mins): -200

IED Mame: F35 Demo vendor GE Digital Energy

Model: F35-G03-HCH-FBL-USA-WYC Firmeware: 5.71

Event ID Time of Entry Type Description Quality

1 2009-09-09T13:24:36.638303Z2 IEDEwt EWEMNTS CLEARED good
2 2009-09-09T13:25:19.0708817F SysEwt POWWER OM good
3 2009-09-09T13:25:19.0708817 SysEwt UMIT NOT PROGRAMMED guestionable
4 2009-09-09T13:25:19.0708812 ComEwvt RELAY OUT OF SERVICE invalid
2 2009-09-09T13:25:19.0708812 IEDEwE OSCILLOGRAPHY CLEAR good
5] 2009-09-09T13:26:22.5668512 SysEvt EELAY IM SERVICE good
7 2009-09-09T13:27. 143123232 SysEvt Fa50emo,/PDIS1.0p good
=] 2009-09-09T13:30:52 4958987 IEDEwE OSCILLOGRAPHY TRIG'D good
=] 2009-09-09T14:24:33 9614447 IEDEvE FALULT RPT TRIG good

Payload Data:

Event ID: 9 Type: Distribution Feeder Protection Group#: 1 Fault Type: 2B Trip: true

Signal Prefault Magnitude Prefault Angle Fault Magnitude Fault Angle
Ia 0.5364 180.6deg 0.3334 180.6deg
Ib 0.9374 179.7deg 0.3364 179.7deg
Ic 0.5364 120.2deg 0.3354 120.2deg
Ya 24,1544 Odeg 24,135 Odeqg
wh 24,134 0.2deg 24,111V 0.2deg
e 24,148V 0.1deg 24,125V 0.1deg
=
|ej Done I_l_l_l_l_l 4 My Computer

d_'Starl:l é —?[ﬁﬂ :‘." E
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Conclusions

« XML and UML are some of the key
technologies currently used in many domains
and helping to improve the efficiency of
different business processes.

« With the wide spread acceptance of IEC 61850
and the engineering process supported by it, it
becomes essential for protection and control
specialists to have a good understanding of
what XML and UML are, so they can use them
In their everyday work.
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