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Overview

This tutorial details the creation of a DLL file containing a user-defined model for Transient Stability
Analysis in PowerWorld Simulator. It is catered towards both beginners and expert programmers.
Working knowledge of PowerWorld Simulator and a programming language of your choice is assumed.

Pascal, C++, and Fortran are used in this tutorial. Instructions may slightly differ across different versions
of the IDE used. In the Getting Started sections, instructions are shown how to setup a project for
GovernorUDM. For any other kind of model, the user can rename accordingly.

1. Object Pascal (Embarcadero® Delphi® XE Version 15.0)

Getting Started
1. Start Delphi, and navigate to File > New > Other...

"8 Embarcadero RAD Studio XE

File| Edit Search View Refactor Project Run  Component Tools Window

MNew b |fr Package - Delphi
| 3 Open. {& Unit - Delphi
= Open Project.. Ctrl+F11 2 VCL Forms Application - Delphi B
Open Erom Version Control.. [ Form - Delphi
Reopen 3 "‘D Other...
o S Cs LCustomize...
& SaveAs.
Save Project As...
Save All Shift+Crl+S Projects Resources
% Close
l:_‘l Close All Recent Projects :fcem

2. From Delphi Projects, choose Dynamic-link Library, and click OK.

) NewItems

4 [~ Delphi Projects Q, search
i T ActiveX
~{77] Delphi Files
{71 VCL for the Web E ?E
~{7] WebBroker Console Control Panel = Dynamic-ink MDI Package 501
{77 WebServices Application Application Library Application Application
{7 webSnap . _
; £ M [ |
H 4 L=
7] Other Files
[ Unit Test Service VCL Forms
"] Web Documents Application Application




3. Delphi will automatically load a template. Rename the library to GovernorUDM. This is the name
of the .dll file that will be created later, i.e., GovernorUDM.dII will be created when this project
is eventually built.

@3 Welcome Page |54 Project1 w7 |83
o ibrary ESTEINET

{ Important note about DLL memory management: ShareMem must be the

»

first unit in vour library's USES clause AND vour project's (select
= FProject-View Sources) [

S clause 1f yvour DLL exports any procedurss or
functions that pass strings a5 paramsters or function results. This
szppliss to 311 strings passsed to and from vour DLL--=ven thoss that
are nested in records and classes. ShareMsm 1s the interface wnit to
the BORLNDMM.DLL shared memory manager, which must be deployed along
10 vith your DLL. To aveld using BORLNDMM.DLL, pass string information
using PChar or ShortString paramsters. }

uses
Sy=Utils,

= Classes;

{$R *.res}

m

- Flkegin
20 Lend.

4. Navigate to File > Save Project As...

[ Studio XE - Proj

Edit Search View Refactor Proje
Hew "le
||[BIJ Qpen.. é
- —
Eg‘ Open Project... Ctrl+F11
Open Erom Version Control...
Reopen 3
B save Ctrl+5
‘H  SaveAs..
2. Save Project As...
& Ssaveal Shift+Ctrl+S
%g Close
£l. Close All
B Use Unit... Alt+F11
‘h Print...
S Bt




5. Navigate to the Desktop. Create a new folder, and rename it as GovernorUDM.

‘ Organize ~ o= Views v [ New Folder

Favorite Links Name’ Date modified
—
E Documents
More »» Lh Network
Folders w | e

B Desktop - AB Tutorial
E Saurav Mohapatra [ ] File Folder
F

o idlerc
L jedit ||| dump

A}, FileFolder
1 smplayer Ii]_J
. AppData
2. Application Data , GovernorUDM)
% Contacts & -

File name: Projectl.dproj

Save as type: | Delphi projects (*.dpraj)

* Hide Folders

) Save Project] As_

S X

‘ Mew Folder

Favorite Links Date modified Type
[El Documents This folder is empty.

More »
Folders

. Computer

¥ Network

Control Panel

£ Recycle Bin

. AB Tutorial

. dump I

. GovernorlDM |

. nistuff | <]

I ET Ml GovernorlDM.dproij)

Save as type: [Delphi projects (*.dproj)

= Hide Folders

7. The project is now ready to use. Refer to the template, and sample models written in Pascal to
populate the contents of this project to build a user-defined governor model of your choice.



8. Once the content has been populated, the project can be built by navigating to Project > Build
GovernorUDM.

¥ GovernorUDM - Embarcadero RAD Studic XE - GovernerUDM.dpro)

File Edit Search View Refactor |Project| Run Component Tools Winde

M 9 5 -8 @ & AddtoProject. Shift«F11 |7
3 Structure [ | Remove from Project...
-] Uses

Add to Repository...

L
% =
|

Languages 3
View Source P
Add Mew Project... E)
Add Existing Project... F

QA Metrics... Ec
QA Audits... i

Format Project Sources...

W@ et W

Modeling Support...
¥ Compile GovernorUDM  Cirl+F9
& Build GovernorUDM  Shift+F9
Syntax Check GovernorUDM
(@ Information for GovernorlJDM

Compile All Projects

£ Build All Projects

#F Object Inspector EE Resources and Images...
Dependencies...

Options... Shift+ Ctrl+F11

Properties

9. Delphi also provides an option to debug the .dll file created from the Delphi side. To set this up,
navigate to Run > Parameters...

F4 GovernorlJDM - Embarcaderc RAD Studic XE - GovernorUDM.dpro)

File Edit Search View Refactor Project Component Tools Window Help {:3
L

DI YR8 @ E[® i
R Strucure @@ & » RunWithout Debugging  Shift+Ctrl+F9
-] Uses ] Parameters... I
it Load Process...
y Attach to Process... -'3:
| M ActiveX Server 3 A;f
‘s Step Owver F8 FE
‘& Tracelnto F7 _;:
'gi  Trace to Next Source Line Shift+F7 I ¢
“9'mi Runto Cursor F4 Bt
&' Run Until Return Shift+F8 i
‘Il Show Execution Point
II Program Pause
1E] Program Reset Ctrl+F2
8, Inspect...
Evaluate/Modify... Ctrl+F7
&% AddWatch... Ctrl+F5
i Add Breakpoint 3
& Object Inspector [z




10. The Debugger option should automatically be selected in the left pane. In the Host application
box, populate the full path of the pwrworld.exe file. Click OK. This will allow the project to get
attached to the pwrworld.exe process and breakpoints can thereafter be set within this project.

"3 Project Options for GovernorUDM.dI| - Debug Configuration:

Host application
: -Hints and Warnings = yversion, 170'code 170 orld.exe

-Linking
L Output - CfCH+
4 -Resource Compiler
i..-Directories and Conditionals
- Application
- Version Info
. Packages Working directory
& Debugger
Symbaol Tables
‘... Environment Block
- Build Events Source path

Parameters

|7 pefault

Preliminaries

Type definitions and pointers
Structure of integers

type
TStructureOne = record // name of this structure type
nIntegerOne: Integer; // name of the first element of this structure type

nIntegerN: Integer; // name of the nth element of this structure type
end;
PStructureOne = A~TStructureOne;
// name of the pointer to this structure type

Structure of pointers to array of floating point numbers

type
TDoubleArrayOne = array[0 .. (jl1 - 1)] of Double;
// name of this array type with jl elements

TDoubleArrayM = array[0 .. (JM - 1)] of Double;
// name of this array type with jM elements

TStructureTwo = record // name of this structure type
DoublesOne: “TDoubleArrayOne {PDouble};
// name of the first element of this structure type

DoublesM: “TDoubleArrayM {PDouble};

// name of the mth element of this structure type
end;
PStructureTwo = ~TStructureTwo;
// name of the pointer to this structure type



Array of floating point numbers

type
TDoubleArray =

array|[0 (k -

1)] of Double;

// name of this array type with k elements

PDoubleArray = “TDoubleArray;

Function definitions
Exported functions

function functionNamel (ArgInA: <Type>;
var
// Declare variables here
begin
// Insert content here
end;
procedure procedureNamel (ArgInA: <Type>;
var
// Declare variables here
begin
// Insert content here
end;
Functions internal to the .dll file
function functionName2 (ArgInA: <Type>;
var
// Declare variables here
begin
// Insert content here
end;
procedure procedureName2 (ArgInA: <Type>;

var

// Declare variables here
begin

// Insert content here
end;

Dereferencing
Pointer to structure of integers

with StructureOne” do begin
// Receiving
IntOne := nlIntegerOne;

IntN := nIntegerN;

// Retruning

nIntegerOne := IntOne;
nIntegerN := IntN;
end;

. ArgInZ:

. ArgInZ:

// name of the pointer to this structure type

<Type>): <Type>; stdcall;

. ArgInZ: <Type>); stdcall;

<Type>): <Type>;

. ArgInZ: <Type>);

Pointer to structure of pointers to array of floating point humbers

with StructureTwo” do begin
// Receiving

DoubOnel := DoublesOne”~[0];



DoubMOnejl := DoublesOne”[(jl1 - 1)1;
DoubMl := DoublesM”[0];
DoubMjM := DoublesM*[(JM - 1)1]1;

// Retrurning

DoublesOne”[0] := DoubOneOne;
BoublesOneA[(jl - 1)] := DoubMOnejl;
BoublesMA[O] := DoubMl;
BoublesMA[(jM - 1)] := DoubMijM;

end;

Pointer to array of floating point numbers

// Receiving
Doubl := DoubleArray”~[0];

Doubk := DoubleArray*[(k - 1)1;

// Returning
DoubleArray”[0] := Doubl;

DoubleArray”*[(k - 1)] := Doubk;

Making functions available in the export directory of the .dll file
exports
functionNamel, // continue list with a comma
procedureNamel,
functionName2,
procedureName?2; // end list with a semi-colon

Project file/directory structure
. €« Template » Delphi » - 2| G-

Mame «
__history
=] Debug

= Win32

Template_Lib.dll

E% Ternplate_Lib.dpr

E% Template_Lib.dproj

|| Template_Lib.dproj.local
|| Template_Lib.dsk

|| Template_Lib.identcache
(51 Template Lib.res

|| Template_Lib.~dsk




2. Visual C++ (Microsoft® Visual Studio 2010)

Getting Started
1. Start Visual Studio, and navigate to File > New > Project...

@0 Start Page - Microsoft Visual Studio

File | Edit View Debug Team Data Tools Architecture Test Apalyze Oxygene Window Help

New * | Z] Project... Ctrl+Shift+N
Qpen '@ WebSite... Shift+Alt+MN
Close Lig  Team Project.. I
Close Solution ] Eile.. Ctrl+MN
# Save Selected Items Ctrl+5 Project From Existing Code...
Save § s As... 1y .
Save Selcted tems A5 sal Studio 2010 Uttimate
@ Save Al Ctrl+Shift+S
Export Template...
Subversion L : Get Started I
o Team Foundation Server
bl Page Setup.. Welcome  Winc
4 Print... Ctrl+P che
Recent Files b ecto
Recent Projects and Solutions 3
Exit Alt+F4

2. From Installed Templates, navigate to Other Languages > Visual C++. Choose Win32 Console
Application. Set Desktop as the Location. Type GovernorUDM in the Name, and Solution name
boxes. This is the name of the .dll file that will be created later, i.e., GovernorUDM.dII will be
created when this project is eventually built. Ensure Create directory for solution is checked, and
Click OK.

Recent Templates [.NEI' Framework 4 - ] Sort by: [Default Search Installed Tem @ |
Installed Templates

Type: Visual C
5 Win32 Conscle Application  Visual C++ ypes Hisualirs
= A project for creating a Win32 console

FTMI5 Projects o ) application
RemObjects Oxfuscator MFC Application Visual C++

Other Languages
Visual Basic N Win32 Project Visual C++
Visual C#
Visual C++ .|  Empty Project Visual Co+
Visual F#

Other Project Types ATL Project Visual C++
Database

Delphi Prism

Online Templates MFC DLL Visual C++

MName: GovernorUDM

Location: ChUsershsauraviDesktoph, A

Solution name: GovernorlJDM Create directory for solution
["] Add to Subversion




3. Click Next >.

Welcome to the Win32 Application Wizard

Qverview These are the current project settings:

Application Settings * Console application

Click Fimish from any window to accept the current settings.

After you create the project, see the project's readme. tit file for information
about the project features and files that are generated.

Next> | [  Finish

4. Select DLL, place a check mark at Empty Project, and click Finish.

Overview Application type: Add common header files for:
Application Settings () Windows application
() Console application
@ DLL

() Static library
Additional options:

£

) o




5. Inthe left pane, right click on Header Files, and navigate to Add > New Item...
20 GovernorUDM - Microsoft Visual Studio

File Edit View Project Build Debug Team Data Tools Architecture Test Analyze Oxygene Win
Pl S e 6B - - &5 b b [Debug - | Win32
g aR O,

Solution Explorer > o x

=k
; Solution 'GovernorlUDM' (1 proj
4 [J] GovernorUDM

[z External Dependencies

[ Header Files

[ Resource Fil Add

_ ] Mewltem.. Ctrl=Shift+ A

 Source Files) G Class Wigard.. Ctrl+Shift+X | [ Existing ltem... Shift+ Alt-A

# Cut Ctrl+X 4 Mew Filter

53 Copy Ctrl+C ¢ Class..

4 Paste Ctrl+V “%  Resource..

X Delete Del

Rename
Properties Alt+Enter

Installed Templates Search Installed Templates

4 Visual C++
ul Windows Form Visual C++

Code
Data C++ File (.cpp) Visual C++

© Type: Visual C++

Creates a C++ header file

Resource

Web

Utility

Property Sheets

HTML Page (.htm) Visual C++

Static Discovery File (.disco) Visual C++

Header File (.h) Visual C++

B E?@ [

Midl File (.idl) Visual C++

Resource File (.rc) Visual C++

Bl

56,
5

Server Response File (.srf) Visual C++

Module-Definition File (.def) Visual C++

Registration Script (.rgs) Visual C++

C [ [

MFC Ribbon Definition XML File Visual C++

il E

Property Sheet (.props) Visual C++

Name: GovernorDIl

Location: Ch\Users\saurav\ Desktop\GovernorDM\GovernorUDMY -
e




7. Inthe left pane, right click on Source Files, and navigate to Add > New Item...
=0 GovernorUDM - Microsoft Visual Studio

File Edit View Project Build Debug Team Data Tools Architecture Test Analyze Oxygene Win
i G| & a@E| 9 - - E-E | P P [Debug - [win32
PO b e I |=20PB @85 A:i8 9RO,

Solution Explorer * I X B GovernorDILh x_
| & (Global Scope)
g Solution 'GovernorlJDM' (1 proj 1
4 [7] GovernorUDM
(a External Dependencies
4 |7 Header Files
] GovernorDilh
[ Resource Files
|1 Source File=

Add Y E] Newltem.., Ctrl+ Shift+A
ﬂ Class Wizard... Ctrl+Shift+X 2l Existing Ttem... Shift+Alt+ A
# Cut Ctrl+X 4 Mew Filter
53 Copy Ctrl+C 2 Class..

4 Paste Ctrl+V #%  Resource...
X Delete Del

Rename

Properties Alt+Enter

8. Choose C++ File (.cpp), name it GovernorDIl, and click OK.

Add New Item - GovernorlJDM

Installed Templates Sort by: [Default Search Installed Templates

4 Visual C++
U1
Code
Data
Resource
Web
Utility
Property Sheets

Windows Form Visual Cos [T Type: Visual C++

Creates a file containing C++ source code
C++ File (.cpp) Visual C++

HTML Page (.htm) Visual C++

Static Discovery File (.disco) Visual C++

Header File (.h) Visual C++

= il s L [

Iy

Midl File (.idl) Visual C++

bk

Resource File (.rc) Visual C++

Server Response File (srf) Visual C++

S
]

Module-Definition File (.def) Visual C++

Registration Script (.rgs) Visual C++

C D

MFC Ribbon Definition XML File Visual C++

il

Property Sheet (.props) Visual C++

Name: GowvernorDIl

Location: Ch\Users\sauraviDesktophGovernorUDM\GovernorUDM -
e




9. Repeat step 7. Choose C++ File (.cpp), name it GovernorDlIl.def, and click OK.

Add New Item - GovernorlJDM
Installed Templates

4 Visual C++
U1
Code
Data
Resource
Web
Utility
Property Sheets

MName: GovernorDIl.def

Location:

Sort by: [Default

Windows Form

C++ File (.cpp)

HTML Page (.htm)

Static Discovery File (.disco)

Header File (.h)

=) ¢f s [ [

Iy

Midl File (.idl)

b

Resource File (rc)

o [R]
7

Server Response File (srf)

L@
5

Module-Definition File {.def)

Registration Script (.rgs)

|

MFC Ribbon Definition XML File

[

Property Sheet (.props)

C\Users\sauravi Desktoph GovernorUDM\GovernarlDM

10. Navigate to Project > GovernorUDM Properties...

=0 GovernorlDM - Microsoft Visual Studio

File Edit View

% Add Class...
fﬂ Class Wizard...

=i Add New Itemn...

Solution Explorer
2 Add Existing Ttem...

ECIEEs
; Solution 'Gowve
4 [7] Governd [ Show All Files

[z Extert

4 |7 Head

W G Visio UML

Exclude From Project

Rescan Solution

Project | Build Debug Team Data Tools

[ Resoy
4 |7 Sourd
¢ G

g6 =

Set as StartUp Project
Refresh Project Toolbox Items

GovernorUDM Properties...

Visual C++

Visual C++

Visual C++

Visual C++

Visual C++

Visual C++

Visual C++

Visual C++

Visual C++

Visual C++

Visual C++

Visual C++

Search Installed Templates

| Type: Visual C++

Creates a file containing C++ source code

- Browse...

Ctrl+Shift+X

Ctrl+5Shift+A
Shift+Alt+4A

Architecture

c
=1

A



11. For the .dll file to have the appropriately named functions in its export directory, C++ linker
needs to be told the exact names of these functions. Navigate to Configuration Properties >
Linker > Input. In the Module Definition File box, type GovernorDlIl.def. Click OK.

GovernarUDM Propel

Configuration: [Active(Debug] vl Platform: ’ActiveMinBZ) V] [ Configuration Manager... l

4 Commen Properties Additional Dependencies kernel22.lib;user32.lib; gdi32.libywinspoollib; comdlg32.lib;ad
Framework and References Ignore All Default Libraries

4 Configuration Properties Ignore Specific Default Libraries
S GovermorDiLdet B

Debugging Add Module to Assembly
VC++ Directories

C/C++

Linker
General
Input
Manifest File
Debugging

Embed Managed Resource File
Force Symbol References
Delay Loaded Dlls

Assemnbly Link Resource

System
Optimization
Embedded IDL
Advanced
Command Line
Manifest Tool
XML Document Generator
Browse Information
Build Events
Custom Build Step
Code Analysis

Module Definition File
The /DEF opticn passes a module-definition file (.def] to the linker. Only one .def file can be specified to LINK.

ok || Cancel || apply |

12. The project is now ready to use. Refer to the template, and sample models written in C++ to
populate the contents of this project to build a user-defined governor model of your choice.

@0 GovernorlJDM - Microsoft Visual Studic

File Edit View Project Build Debug Team Data Tools Architecture Test Analyz
PSP 4 aB|9 - - S-5] b b[obug |[wn
P s by A I EZ2 08B 3828 |wR0
Solution Explorer ~ 0 X § GovernorDil.def < [Jeateni[Raes GovernorDll.h
- 1
‘g Selution 'GovernorJDM' (1 proj§l
4 [7] GovernorUDM
(zd External Dependencies
4 |7 Header Files
] GovernorDIlh
|1 Resource Files
4 |7 SourceFiles

¢+ GovernorDll.cpp
=] GovernorDil.def




13. Once the content has been populated, the project can be built by navigating to Build > Build
GovernorUDM.

g0 GovernorUDM - Microsoft Visual Studio
File Edit View Project Build  Debug Team Data
R AR R =) Build Solution Ctrl+ Shift+ B
P b A (2|22 Rebuild Solution

Tools Architecture Test

Clean Solution

Solution Explorer

[ = el

| 5 | = & [#  Build GovernorUDM
E 3
Rebuild G uDm —
g Solution 'GovernorJDM Sulie Bevemer
4 7] GovernorUDM Clean GovernorUDM
R
(zd External Depen Project Only 3
= Hjader Files Ptz et B s ,
h] GovernorDI
[ Resource Files Batch Build...
4 |7 Source Files Configuration Manager...
¢+ GovernorDI : Compile Ctrl+F7

=1 GovernorDliaer—w

14. Visual Studio provides an option to debug the .dll file created from the C++ side. To set this up,
repeat step 10. Navigate to Configuration Properties > Debugging. In the Command box,
populate the full path of the pwrworld.exe file. Click OK. This will allow the project to get
attached to the pwrworld.exe process and breakpoints can thereafter be set within this project.

GovernorUDM Prope

Configuration: | Active(Debug) vl Platform: | Active(Win32)

a Common Properties Debugger to launch:

Framework and References

[Local Windows Debugger

4 Configuration Properties

General Chpwversion. 170 codel70\pwrworld.exe

Debugging

VC++ Directories Comr_‘nand-Arguments . .
CiCe+ Woerking Directory S(ProjectDir)
Linker Attach Mo
Manifest Tool Debugger Type Auto

XML Document Generator Environment
Browse Information Merge Environment Yes
Build Events 50QL Debugging Mo
Custom Build Step

Code Analysis

Command
The debug command to execute,




Preliminaries

Type definitions and pointers
Structure of integers

struct TStructureOne { // name of this structure type
int nIntegerOne; // name of the first element of this structure type

int nIntegerN; // name of the nth element of this structure type

1

Structure of pointers to array of floating point numbers
typedef double TDoubleArrayOne[j1]; // name of this array type with jl1 elements

typedef double TDoubleArrayM[jM]; // name of this array type with jM elements

struct TStructureTwo { // name of this structure type
TDoubleArrayOne* /*double**/ DoublesOne;
// name of the first element of this structure type

TDoubleArrayM* /*double**/ DoublesM;
// name of the mth element of this structure type

1

Array of floating point numbers
typedef double TDoubleArray[k]; // name of this array type with k elements

Function declarations
Exported functions
extern "C" <return type> _ stdcall functionNamel(<type> InArgA, .. <type> InArgZ);

extern "C" void __ stdcall functionName2(<type> InArgA, .. <type> InArgZ);

Functions internal to the .dll file
<return type> functionName3(<type> InArgA, .. <type> InArgZ);

void functionName4(<type> InArgA, .. <type> InArgZ);

Function definitions
Exported functions

extern "C" <return type> _ stdcall functionNamel(<type> InArgA, .. <type> InArgZ)
{

// Declare variables here
// Insert content here

}

extern "C" void __stdcall functionName2(<type> InArgA, .. <type> InArgZ)
{

// Declare variables here
// Insert content here

}

Functions internal to the DLL file

<return type> functionName3(<type> InArgA, .. <type> InArgZ)
{




// Declare variables here
// Insert content here

}

void functionName4(<type> InArgA, .. <type> InArgZ)
{

// Declare variables here
// Insert content here

}

Dereferencing
Pointer to structure of integers

// Receiving
IntOne = (*StructureOne).nIntegerOne;

IntN = (*StructureOne).nIntegerN;

// Returning
(*StructureOne).nIntegerOne = IntOne;

(*StructureOne).nIntegerN = IntN;

Pointer to structure of pointers to array of floating point numbers

// Receiving
DoubOnel = (*((*StructureTwo).DoublesOne))[0O];

DoubMOnejl1 = (*((*StructureTwo).DoublesOne))[(j1 - 1)];
DoubM1 = (*((*StructureTwo).DoublesM))[0];
DoubMjM = (*((*StructureTwo).DoublesM))[(jM - 1)];

// Returning
(*((*StructureTwo) .DoublesOne))[@] = DoubOnel;

(*((*StructureTwo) .DoublesOne))[(j1 - 1)] = DoubMOneji;
(*((*StructureTwo) .DoublesM))[©] = DoubM1;
(*((*StructureTwo) .DoublesM))[(jM - 1)] = DoubMjM;

Pointer to array of floating point numbers

// Receiving
Doubl = (*DoubleArray)[0];

Doubk = (*DoubleArray)[(k - 1)];

// Returning
(*DoubleArray)[©] = Doubl;

(*DoubleArray)[(k - 1)] = Doubk;

Making functions available in the export directory of the .dll file
LIBRARY <Dl11Name> ; This is the name of the .dll file that will be produced
EXPORTS ; semi-colons are used for comments in .def file

functionNamel @1 ; @<number> removes decorations



functionName2 @2 ; one line for each function name
functionName3 @3
functionName3 @4

Project file/directory structure
o« Template » C++ » - P E S

D Marme -

=] Debug
TemplatelDM.dII
#1] TemplateUDM.exp
=2 TemplateUDM.ilk
“4 TemplateUDM.lib
&| TemplateUDM.pdb
= ipch
ternplateudm-Gclac9cl
= Templatel DM
Debug
¢+ TemplateDll.cpp
=] TemplateDIl.def
] TemplateDll.h
7 TemplateUDM.voxproj
z‘ﬂ TemplatelDMvexproj filters
= TemplatelDM.vexproj.user
[ TemplateUDM.sdf
@ TemplatelDM.sln
!3‘@. TernplateUDM.suo



3. Fortran (Microsoft® Visual Studio 2010 with Silverfrost FTN95 plug-

in)

Getting Started
1. Start Visual Studio, and navigate to File > New > Project...

@0 Start Page - Microsoft Visual Studio.

File | Edit View Debug Team Data

Mew
Qpen
Cloze
Close Solution
#  Save Selected ltems
Save Selected ltermns As...
@ SaveAll
Export Template...
Subversion
O Page Setup...
4 Print...
Recent Files
Recent Projects and Solutions

Exit

Tools  Architecture Test Analyze Oxygene Window Help
] Project... Ctrl+Shift+N
@ Web Site... Shift+Alt+MN
Lig  Team Project.. l
1 File.. Ctrl+ N
Ctrl+5 Project From Existing Code...
1al Studio 2010 Uttimate
Ctrl+Shift+5
Get Started G
'o Team Foundation Server
Welcome  Wind¢
Ctrl+P et
ect...
Alt+F4

2. From Installed Templates, navigate to FTN95 Projects. Choose FTN95 Application Extension. Set
Desktop as the Location. Type GovernorUDM in the Name, and Solution name boxes. This is the
name of the .dll file that will be created later, i.e., GovernorUDM.dIl will be created when this
project is eventually built. Ensure Create directory for solution is checked, and Click OK.

Recent Templates

[.NI:—I' Framework 4

v ] Sort by: [Default H Search Installed Tem © |

Installed Templates

Delphi Prism

FTM35 Projects
RemObjects Oxfuscator
Other Languages

Other Project Types
Database

Modeling Projects

Test Projects

Online Templates

FTMNA5 Application
FTN35 Application Extens...FTMNI5 Projects

Type: FTNI5 Projects

Create a new FTN95 application extension
(DLL).

FTMN95 Projects

FTNS5 Visual Clearwin Ap...FTNS5 Projects

Name: GovernarUDM|

Location: ChUsershsauraviDesktoph,

Solution name: GovernorUDM

- Browse...

Create directory for selution
[ "] Add to Subyersion



3. Visual Studio will automatically load a template. In the left pane, navigate to GovernorUDM >
Source Files. Rename the file to GovernorDII.ftn95.

GovernorUDM - Microsoft Visual Studis

File Edit View Project Build Debu
ARt =™ - N NN N
0w b A I '

Solution Explorer

,:; Solution 'GovernorlUDM' (1 project)
4 GovernorUDM

» [ Include Files

4 | Source Files

E{A |GovernorDIILfg5|

» [« References

4. Using Windows Explorer, navigate to the Desktop, and then to GovernorUDM\GovernorUDM.
The following two files should be visible in this directory.

MName E Date modified Type
{E {GovernorDIL.f95 8/16/201212:13 PM  Ftn95 Source File

Google Drive
= = GovernorUDM.ftn95p 8/16/201212:13PM  Ftn95 Project File
E:, Documents

E Pictures
E;h Music
% Recently Changed
E Searches
J Public

Favorite Links

Folders




5. Right click in the directory, and navigate to New > Text Document.

I x|
[ GovemontDu > GovemarvDh -

Burn
Favorite Links MName = Date modified Type Size
F .
B Google Drive . ] GovernarDILf35 8/16/201212:11 §  Folder
GovernorUDM.ftn95p 8/16/201212:13
Ej Documents #| Shortcut
i View 3
E (RS 2] Microsoft Office Access 2007 Database
i Sort B 3
p M ity |&| Bitrnap Image
& Recently Changed Group By 4 Contact
i) Stack B 4
G Searches i @j Microsoft Office Word Document
Public Refresh
- @ Journal Document
Customize This Folder... IT!_I] Microsoft Office PowerPoint Presentation
Paste @j Microsoft Office Publisher Document
Paste Shortcut i ATL MFC Trace Tool settings file
Undo Delete Ctikz |(S|Ted Document
. & Microsoft Visio Drawing
@ SVN Checkout... E2]  Microsoft Office Excel Worksheet
i 3
o [T |1, Compressed (zipped) Folder
MNew 3 a Briefcase
Properties
Folders ~
] 2 items

6. Rename the .txt file to GovernorDll.slink, and press Enter on the keyboard.

~ B Open = Print & Share (@ Burn

Favorite Links MName ‘ Date modified Type Size

& Google Drive F.] GovernorDILf35 8/16/201212:13 PM  Ftn85 Source File 1KB
GovernordDM.ftn35p 8/16/20121213 PM  Ftn35 Project File 15KB

B Documents GovernorDllslink 8/16/201212:23PM  Text Document 0KB

E Pictures

7. lgnore the warning, and click Yes.

I\ If you change a file name extension, the file may become unusable.

Are you sure you want to change it?




8. Return to Visual Studio, and navigate to File > Open > File...
a0 GovernorUDM - Microsoft Visual Studio

File | Edit View Project Build Debug Team Data Tools Architecture Test Analyze Oxygene !

New » [E| B P |Debug -| |win32

Open 4 j Project/Solution... Ctrl+Shift+ 0

Add » | B2 WebSite... Shift+Alt+ 0 l

Close %% Team Project... —
.fﬁ Close Solution 5 File. Ctrl+ O —_
[d  Save GovernorDIlf35 Ctrl+S Convert... .

Save GovernorDILf95 As... [5% Subversion Project... st
@ savenl Chrl#ShiftsS | —moooooe .

Export Template...

Subversion 3
|9} View in Browser Ctrl+Shift+W

Browse With...

O Page Setup...

= Print... Ctrl+P
Recent Files 3
Recent Projects and Seolutions 3
Exit Alt+F4

9. Navigate to the Desktop, and then to GovernorUDM\GovernorUDM. Select GovernorDll.slink,
and click Open. Now, this .slink file is open in the same window, but is not added to the project
yet. This will be done later in step 11.

=)

e
MName Date modified Type

.| GovernorDILfa5 8/16/201212:43 PM  Ftn95 Source File
i | GovernorDllslink 8/16/201212:23 PM  SLIMK File
GovernorUDM.ftn95p 8/16/201212:36 PM  Ftn95 Project File

Favorite Links

B:, Documents

J Projects
g Google Drive
More »

Folders v
Control Panel  ~
£ Recycle Bin

. AB Tutorial
J dump
, GovernorUDM
. GovernorUDM | =
J nistuff
@ wversion170

- | 4]

File name:  GovemorDil slink - [NI Files (%)

[ Cpen |V] [ Cancel

10. Navigate to Project > GovernorUDM Properties...
» GovernorUDM - Microsoft Visual Studio

File Edit View Project | Build Debug Team Data Tools Architec

Pl e | ] Add New Item... Ctrl+Shift+A  De
P Ay R as | 2] Add Existing Item... Shift+Alt+A  |_

e -
Solution Explorer HEEL ’ ol

Set as StartUp Project

3 Solution 'Gové [=] GovernorUDM Propetties...



11. Navigate to Configuration Properties > Compiler Options, and go through each of the options,
starting with Debugging, through Switches. Then, the ones in Linker Options, followed by Build
Events. Ensure all options are set as shown in the screen captures below.

GovernorDM Prope

Configuration: ’Active(Debug) V] Platform: ’Active(WinBZ)

a4 Configuration Properties
a Compiler Options Call DEBUG_SOURCE®@
Debugging Output profile information

Optimisation Call RUN_TRACE@
MNumerical

Language
Source

Plant timing information

- . Debug information
Diagnostics Checking code
Check for undefined variables

Full checking code

Miscellanecus
Switches
> Linker Options

. Build Events Full debug information

Array bounds checking

Always trap overflow
Suppress argument checking
Fail on underflow

[ P ey

GovernorUDM Proy

Configuration: | Active(Debug) v] Platform: ’ACtiVEMiI"IBZ] '] ’ Configuration Manager... ]

4 Configuration Properties

4 Compiler Options Optimise code Mo
Debugging [Ceneae code for P ond sbove | B
Optimisation Optimisation unroll limit
MNumerical
Language
Source
Diagnostics
Miscellanecus
Switches

> Linker Options

> Build Events

Generate code for P6 and above

Uses some instructions which are only available on a Pentium Pro (P8) (or better)
processor (/P6)

ok | [ cancel || apply




Configuration: | Active(Debug)

| Platform: |Active(Win32)

4 Configuration Properties

a Compiler Options
Debugging
Optimisation
MNumerical
Language
Source
Diagnostics
Miscellaneous
Switches

> Linker Options

> Build Events

GovernorUDM Propel

'] ’ Configuration Manager...

Set default INTEGER kind 3
Set default LOGICAL kind 1

Set default REAL kind 2

Set default REAL kind

Set the default REAL kind from 1 to 3 (/DEFREAL_KIND <number=)

Configuration: | Active(Debug)

OK

| [ cancel |[ Apply |

| Platform: |Active(Win32)

4 Configuration Properties

4 Compiler Options
Debugging
Optimisation
Mumerical
Language
Source
Diagnostics
Miscellanecus
Switches

> Linker Options

» Build Events

'] ’ Configuration Manager... ]

Strict ISO rules

Set global SAVE

Zeroise SAVEd variables
Allow recursion

Declare variables

Execute DO loops once
Fortran 200x extensions

Set global IMPLICIT NOME
Scalar to array

Remove wide source warning
Disable non-standard warnings
Allow 'old arrays'

Language Features

oK

| [ cancel |[ aeply




GovernorDM Prope

Configuration: | Active(Debug)

| Platform: |Active(Win32)

a4 Configuration Properties

4 Compiler Options
Debugging
Optimisation
Mumerical
Language
Source
Diagnostics
Miscellaneous
Switches

> Linker Options

> Build Events

GovernorUDM Propel

'] ’ Configuration Manager...

Mangle C_EXTERMNAL
CVF modifications
Import libraries
Specify INCLUDE paths
Specify MODULE paths
Search INCLUDE files
Allow wide source
Wrap source lines

Allow wide source

Mo

Yes

Mo

Removes the 72 column limit with FIXED source, or the 132 limit with FREE

(/WIDE_SOURCE)

Configuration: | Active(Debug)

OK

| [ cancel | [ apply

| Platform: |Active(Win32)

4 Configuration Properties

4 Compiler Options
Debugging
Optimisation
MNumerical
Language
Source
Diagnostics
Miscellanecus
Switches

> Linker Options

> Build Events

Y] ’ Configuration Manager...

Ignore error messages

Suppress comments

Mo

Suppress comments and warning Mo

Fatal Warnings

Output variable listing file
Output assembler listing
Output listing file

Add INCLUDE files to listing
Mo offsets in list file
Generate XREF file

Diagnostic Messages

Mo

Mo
Mo
Mo
Mo
Mo
Mo

OK

| [ cance |[ apply




GovernorDM Prope

Configuration: | Active(Debug)

| Platform: |Active(Win32) '] ’ Configuration Manager...

a4 Configuration Properties

4 Compiler Options
Debugging
Optimisation
Mumerical
Language
Source
Diagnostics
Miscellaneous
Switches

> Linker Options

> Build Events

GovernorUDM Propel

Win32 Debugger Type Visual Studic Integrated

Specify options file

Output compilation statistics

Extra compiler options

Launch arguments

Debug Target DebughWin32\GovernorUDM.dII

Output filename DebughWin32\GovernorUDM.dII
Output filetype Dynamic Link Library {(DLL)

Specify SPARAM
Specify VPARAM

Pre-Process source files Mo |Z|

| [ cancel | [ apply

Configuration: | Active(Debug)

¥ | Platform: |Active(Win32) Y] ’ Configuration Manager...

4 Configuration Properties

4 Compiler Options
Debugging
Optimisation
MNumerical
Language
Source
Diagnostics
Miscellanecus
Switches

> Linker Options

> Build Events

Compiler Switches

/DEBUG /FULL_DEBUG /DEFINT_KIMND 3 /DEFREAL_KIMD 2 /WIDE_SOURCE

QK ] [ Cancel




GovernorDM Prope

Configuration: | Active(Debug)

| Platform: |Active(Win32)

a4 Configuration Properties

4 Compiler Options
Debugging
Optimisation
MNumerical
Language
Source
Diagnostics
Miscellanecus
Switches

4 Linker Options
Linker Options
Switches

> Build Events

'] ’ Configuration Manager...

Set stack size
Set base address
Export all

Set heap size
Virtual common

Extra linker options
Output map file

Supress diagnostic output
Suppress linking

SGovernorDilslink

Extra linker options

Specify any other linker options. The switches along with parameters should be
included

GovernorUDM Propel

Configuration: | Active(Debug)

OK

| [ cancel | [ apply

| Platform: |Active(Win32)

4 Configuration Properties

4 Compiler Options
Debugging
Optimisation
MNumerical
Language
Source
Diagnostics
Miscellanecus
Switches

4 Linker Options
Linker Opticons
Switches

> Build Events

Y] ’ Configuration Manager...

Linker Switches

SGovernorDllslink

OK

| [ cancel




GovernorDM Prope

Configuration: | Active(Debug) ¥ | Platform: |Active(Win32) '] ’ Configuration Manager... ]

a4 Configuration Properties
4 Compiler Options Prevent module dependency che Mo
Debugging
Optimisation Pre-build step
Numerical Exclude pre-build step
Language
Source

Pre-link step

Exclude pre-build step
Post-build step
Exclude post-buld step

Diagnostics
Miscellanecus
Switches

4 Linker Options
Linker Opticons
Switches

> Build Events

Build Dependencies

| [ cancel || aeply

12. The project is now ready to use. Refer to the template, and sample models written in Fortran to
populate the contents of this project to build a user-defined governor model of your choice.

@0 GovernorlUDM - Microsoft Visual Studic

File Edit View Project Build Debug Team Data Tools Architecture Tes
E-;ﬂ'ﬂ'ﬁlﬂﬂ|*—{£:j|ﬂ'M'E'__ﬂ,|> I | Debug
Z20P3uBaQi$]9

MBS GovernorDilslink > Eefrnts](Kiskt

PO b A M|

Solution Explorer
i
; Solution 'GovernorUDM' (1 project)
4 GovernorUDM
1 Include Files
4 | Source Files
PE] GovernorDILfI5
3] References

13. Once the content has been populated, the project can be built by navigating to Build > Build
GovernorUDM.

=0 GovernorUDM - Microsoft Visual Studio.

File Edit View Project | Build | Debug Team Data
P S dd | Build Solution Ctrl+Shift+B

P oy B as IS Rebuild Solution

Tools  Architecture ~

Clean Solution
Solution Explorer
[#¥ Build GovernorlDM

Rebuild G ubm -
; Solution 'GovernorUDM S evemer
p GovernorUDM Clean GovernorUDM
[ Include Files Batch Build...

L

4 & SourcefFiles Configuration Manager...
E1 GovernorDleme =

14. While it may be possible, a method for debugging on the Fortran side hadn’t been successfully
tested at the time this tutorial was written.



Preliminaries

Type definitions and pointers
Structure of integers

type :: TStructureOne ! name of this structure type
integer :: nIntegerOne ! name of the first element of this structure type
integer :: nIntegerN ! name of the nth element of this structure type

end type

Structure of pointers to array of floating point numbers

type :: TDoubleArrayOne ! name of this array type with j1 elements
real :: Array(jl)
end type

type :: TDoubleArrayM ! name of this array type with jM elements
real :: Array(jM)
end type

type :: TStructureTwo ! name of this structure type
sequence
type(TDoubleArrayOne), pointer :: DoublesOne
I name of the first element of this structure type

type(TDoubleArrayM), pointer :: DoublesM
! name of the mth element of this structure type
end type

Note: For structures of mixed types, attention needs to be given byte alignment and sequence of
elements in these structures. The keywords align and sequence could be utilized.

Array of floating point numbers

type TDoubleArray ! name of this array type with k elements
real :: Array(k)
end type

Function definitions
Exported functions

f_stdcall <return type> function functionNamel(ArgInA, .. ArgInZ) result(ArgOut)
use Header
<type> :: ArgInA

<type> :: ArgInZ

| Declare variables here

I Insert content here
end function

f_stdcall subroutine subroutineNamel(ArgInA, .. ArgInZ)
use Header
<type> :: ArgInA

<type> :: ArgInZ

| Declare variables here

I Insert content here
end subroutine



Functions internal to the .dll file

<return type> function functionName2(ArgInA, .. ArgInZ) result(ArgOut)
use Header
<type> :: ArglInA

<type> :: ArgInZz

| Declare variables here

I Insert content here
end function

subroutine subroutineName2(ArgInA, .. ArgInZ)
use Header
<type> :: ArgInA

<type> :: ArgInZ

| Declare variables here

| Insert content here
end subroutine

Dereferencing

Pointer to structure of integers

! Receiving

IntOne = StructureOne’%nIntegerOne

IntN = StructureOne’nIntegerN

I Returning
StructureOne’%nIntegerOne = IntOne

StructureOne’nIntegerN = IntN
Pointer to structure of pointers to array of floating point numbers

I Receiving
DoubOnel = StructureTwo%DoublesOne’%Array(1)

DoubMOnejl = StructureTwo%DoublesOne%Array(jl)
DoubM1l = StructureTwo%DoublesM%Array(1)
DoubMjM = StructureTwo%DoublesM%Array(jM)

I Returning
StructureTwo%DoublesOne%Array (1) = DoubOnel

StructureTwo%DoublesOne%Array(jl) = DoubMOnejl
StructureTwo%DoublesM%Array (1) = DoubM1

StructureTwo%DoublesM%Array(jM) = DoubMjM

Pointer to array of floating point numbers
I Receiving
Doubl = DoubleArray%Array(1)

Doubk = DoubleArray%Array (k)



I Returning
DoubleArray%Array (@) = Doubl

DoubleArray%Array(k) = Doubk

Making functions available in the export directory of the .dll file

// double-slashes are used for comments in .slink file

// LHS denotes the name with which the function will be available in the export directory
of the dl1l

// RHS denotes the name with which the compiler automatically creates the functions, the
Salford compiler for FTN95 makes them allCaps by default

export functionNamel = FUNCTIONNAME1

export subroutineNamel = SUBROUTINENAME1

export functionName2 = FUNCTIONNAME2

export subroutineName2 = SUBROUTINENAME2

Project file/directory structure
.+ Template » FTN95 » - 2B G-

Mame

= TemplatelDM
=] Debug
= Win32
buildlog. bt
2] TemplateDIl.obj
TemplateUDM.dII
Dependencies
E HEADER.MOD
=] link.Ist
£ ] TemplateDIl.f5
TemplateDlIlslink
EH TemplateUDM fn95p
. TernplatelDM.sln
jaTempIateUDM.sun



