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Abstract 

A control system for the control of HVDC, SVC and other FA(3TS 

devices can be developed, tested and debugged using an electmtnagnetic tran- 

sients simulation program. The thesis presents a procedure for the direct conver- 

sion of this developed emtp-type model into the cm~trol language for a real world 

implementation. The procedure is validated by comparing the simulated emtp- 

type output with that from the mal- world control system automatically derived 

from this code. The procedure has been implemenied on the PSCAD/EM.TDC 

emtp-type program and produces control software that can be loaded on to the 

SIMADYN-D control system. The benefits of this capability are to achieve faster 

design of complex controls with greater accuracy and reduced engineering costs. 

Keywords: HVDC, SVC, FACIS, Digital Control Systems, Electro- 

magnetic Transients Simulation 
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Introduction 

Simulation using electmmagnetic transient programs (genei- 

cally called emtp) is gaining wider application in studies concerning the 

performance of Power-Electronics and Controls. Such studies include High 

Voltage M3 Transmission Static VAR Compensation Systems and Flexible 

AC Transmission Systerns (FACE). Several earlier authors have devel- 

oped detailed models for the simulation of HVDC and SVC (Static VAR 

Compensator) Control Systems [1,23]. One reason for this trend is the 

increasing confidence in the models for typicai control blocks availabie in 

the real system. It is indeed possible to have an exact representation of the 

manufacturers' contml blocks in an emtptype program. One such imple- 

mentation is that of the Siemens SLMADYN-D control library which has 

been exactly represented in the emtp-type program PSCAD/EMTDC 171. 
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Pcesent day rnethodology requires that after the successful completion 

of the control and protection simulation studies. the optimized control topology as 

well as the controller parameters have then to be included in the actual hardware 

implementation. This requins great care, particularly when the control systems 

are very large and have an extremely large number of gains, limits. time constants 

and so on. It would therefore be more convenient if the actual hardware installed 

in the real plant be directiy set from the emtp-type program. This is possible today, 

because of the use of digital controls which are programmable via software. This 

thesis will present P prototype system that has been developd which allows the 

genention of software for the Siemens SIMADYN-D Control System from 

PSCADIEMTDC. Thus, when the desired control system design has crystallized 

after the completion of sevenl simulation studies, the designed control system can 

be directly implemented in the real controls. 

1.1 SYMADYN-D control system 

The SIMADYN D control system [5] is a rnulti-pmcessor system for 

fast closed-loop control and arithmetic operations, open-loop control and monitor- 

ing and for signalling and lngging. The programmable SIMADYN D control sys- 
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tem is used by Siemens for al1 HVDC, SVC and FACïS appücations [6] where it 

is utilized both for control and protection hinctions. The whole system can be 

divided into hardware and software parts. 

At the hardware level, the multi-pmcessor contml system is made up of 

various plug-in boards optionaily configured in a rack for HVDC and SVC type 

applications. Severai different pmcessor boards cm be used depending the appli- 

cation and penpherai interface requirements with up to eight processor boards in 

one sub-rack. Each procwor board has its own program and data memory and 

executes its allocated tasks independent of  other processors. The program memory 

sub-module inserted in each processor board contains the system and application 

software. The parallel processors communicate via a local bus through a commu- 

nication buffer board. InpuVoutput boards interface the processors to extemal sys- 

tems and signais with normalized input and output levels. Interface sub-modules 

which can be inserted in the pmcessot board provide a standardized serial inter- 

face (20 mA, V.24 or EIA 485) for data exchange with other equipment and sys- 

tems. Separate Communication boards are also used for serial data exchange if 

rcquircd. 



As for the software part, the programming of control or protection 

hinctions, including al1 control parameter settings, is carried out using a high level 

pmgramming language called STRUC-L. with Function bl& available from an 

extensive library of control functions, which wiii be described and mdysed in 

more detail in the following chapter. The library consists of control blocks, con- 

verter specific blocks, arithmetic blocks, logic and switch blocks, and inpufloutput 

blocks. Execution time step of these funciion blocks from 100 ms and up are 

assigned according to the response time requirements o f  the particular control 

loop or protection application. Up to five different sampling times can be assigned 

to each pmcessor. The vaive firing system ("trigger set") and extinction angle 

measurement are specially created function blocks for HVDC applications wilh 

conesponding specific high-speed processors thai ensure firing pulse and extinc- 

tion angle accuracy of dl. 1'. The software also includes the communication func- 

tions to handle data tmnsfer within the SIMADYN D system and with extemal 

systems. Diagnostic software identifies errorslfaults in the SIMADYN D system 

and provides extemal signals to allow the appropriate contingency actions such as 

switch-over to a redunâant control channel. The software is self documenting and 

the control structure is directly entered using a graphical user interface (called 
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STRWC-G) as in Fig. 1 - 1. On compiling, STRUC-L code is produced as shown 

in Fig. 1-2. 

Fig. 1- 1 STRUC-G Representation 



3 Ç n 4 s  
4 m 4s 
5 HU) 3s 

Fig. 1-2 STRUC-L listing 

1.2 PSCAD/EMTDC Simulation program 

PSCAD is a graphical frontend for the emtp-type simulation program 

EMTDC. It allows the user to make schematic drawing of control circuits using 
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one of its modules called DRAFT. In DRAFT, the complete system (network as 

weil as controis) can be divided into many sub-systems. This allows one to repre- 

sent the controls in a rnodular fashion, with each subsystem representing one spe- 

cific functionality. Every sub-system is a drawing board on which many PSCAD 

components can be drawn as in Fig. 1-3. Each PSCAD component has a definition 

fie defining its graphical appearance and underlying FORTRAN simulation code. 

The data for the component can be entered by filling in the pop-up menu that 

appears when the component is clicked on with the mouse. 

In addition to the vendor-suppüed components, users can also compose 

their own components [4]. Using this approach a comprehensive library has k e n  

developed and iested for the SIMADYN D system [7]. Fig. 1-3 shows one sub- 

system of the PSCAD moduie, in which a SIMADYN-D wave form gen- 

entor is simuiated. 
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. * - - 
I 

'LI- - - 

Fig. 1-3 PSCAD Draft Layout 

The circuit developed in D M  is compiled and mn through an oper- 

ator console type interface called RUNTIME. This interface allows the user to 



Chapter 1 

make changes to the cun while it is in execution, in much the same manner as a 

operator ai a system conml consoie[4]. Gains and set-point can be varied on line, 

switches opened and closed, system quantities can be read on meters or plotted on 

graphs and so on. 

13 Objective 

Since the real control system contains many implementation details, it 

is hard to predict the system behaviour before the control system is built. On the 

other han& simulation programs like PSCAD use differentiai equation rnethods to 

simulate the system behaviour, which include the modeling of the physical electri- 

cal network in addition to the control system. Thus, the objective of this thesis is 

to provide a computer program that can automatically convert the simulation 

scherne into real control code, which can be uploaded into control hardware laier. 

The actual implementation concept is shown in Fig. 1-4. The SiMA- 

DYN-D system is programmed using a language called STRUC-L in which the 

controls are defined. This language is then compiled into assembly within SIMA- 

DYN-D and the resuliing assembly cocie used in the DSP based control hardware. 

For eûse of data entry, SIMADYN -D provides a graphicd interface (STRUC-G) 

to STRUC-L. The simulation software PSCADIEMTDC, on the other hand, also 



has a gnphical interface (DRAFT) to generate the data files and the FORTRAN 

code necessary for running the actual PfOgram. The itself is fully 

interactive via the R m  module, in a manner sidar to andog simula- 

tors[4]. 

(High-level Language) 

Asscmbly Languagc 

Fig. 14 Interfacing PSCAD with SIMADYN-D 

The link between the real controis and the simulation software is made 

bctwecn DRAFT and STRUC-L. The DRAFT program already contains detailcd 

models of the blocks of SIMADYN-D libmy. These blocks, when compiled, 

generate FORTRAN code for PSCAWEMTDC. An additional control switch can 



easily be incorporateci into these blocks, so that instead of generating FORTRAN 

code, they genente STRUC-L, The connection between blocks is already defined 

by the connections shown on the D M  palette and is the same for the simula- 

tion as well as the real implementation. In a similas nanner, STRUC-L code could 

also be read €rom the real controls and implemented in PSCADEMTDC, 

although this feature is not yet implemented. 

This thesis will show a simple implementation to interface PSCAD 

with SIMADYN-D using basic control building blocks. 



S I W Y N - D  STRUC-L and PSCAD 

In Chapter 1, the basic idea of integrating conml generation 

with simulation software has already been explained in bnef. In order to 

realize this integration, the following 3 aspects of the control system and its 

simulation repersentation need to be analyse4 (1) determining what infor- 

mation is contained in the simulation system and in what format is this 

information presented, (2) d e t e d ~ n g  what information is contained in 

the real control system and its format, (3) determining the relationship of 

the above two system, namely detennining what information is common 

for both systems and what information is extra for each system. This rela- 

tionship is shown in Fig. 2-1, where the intersection of the two circles is the 

part of the control system that can be generated directly h m  the simula- 

tion schemes. 
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Fig. 2-1 Control Representation in Simulation and in the Real-wodd 

In general, the relationship between the real-wodd contmls system and 

its simulation representation c m  be summarized below: 

(1)  As for the o v e d i  system behaviour and the control circuit 

structure, the simulation model is an exact representation of 

the real-world model. Al1 the connections, key components 

and their parameters are accurately represented in the simu- 

lation scheme. 

(2) In the reai-world implementation, there are many additional 

details, suc h as analog to digital conversion interfaces, 
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redundant modules and Uiput/output functioos, which are 

sirnpiified in simulation. Since this additional information is 

not included in the control scheme, it will have to be added 

to the real system at a later stage. 

(3) In the simulation system, there are a few functions mainly 

used to monitor or control the simulation pmcess. There is 

no need to include this part of the simulation scheme into 

the real-world control system. They could simply be 

ignored. 

Thus, a border can be drawn within the simulation system, to distin- 

guish those functions that are to be compiled into ceai controls, from those which 

are not to be compiled. 

Since the PSCAD/EMTDC simulation software provides a very con- 

venient subsystem model, the most effective method to define this border within 

the simulation is to partition sub-systems according to their functions. In the simu- 

lation process, attention will be paid to categorize the cornponents, so that those 

components that do not need to be used in the real contml system will be put into 

separate subsystems, later on these subsystems will be marked and filtered out in 
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the compilation procas, so that only those subsystems that are relevant wiIl be 

converted into real control code and downloaded to the control board. 

2.1 The AnaIysis of SIMADYN-D STRUC-L Language 

In this section, the content and the syntax of the STRUC-L language 

wili be analysed. Figure 2-2 shows a piece of sample STRUC-L code for a saw- 

tooth generator package, which is used for discussion purpose in the latter part of 

the thesis. 
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21% R2 < STSAWr 'Sprad' 
22s 81 < O 
23Y M2 . ,SCU-l000 
24QU 81 r 
ZSQL 81 > 
26+ 
27 
28 s m o  z RSS ,msroi.ol.ot 
~L0016000C 2004lt 

29s BI c Smo.QU 
30R BI c 8AW1O.QL 
31Q BI>$- 
32QM 81 > 
33+ 
3 4 
35 Ql,POS=Ol 
36 'Saw tooth gun.*itorm 
37 w 
3 8 

Fig. 2-2 An example STRUC-L code listing 

The Overview 



Each complete SYMADYN-D contml system consists of several 

'function packages". Each function package concentrates on a specfic task such 

as control, protection or commuaication. The total number of function packages 

allowed varies depending on the processor types of the underlying hardware. 

Every function package exists in the format of a singie file in the DOS/ 

Windows environment. Before the SIMADYN-D compiler compiles the file, it has 

a suffix of 'Wp", which means 'iincompüed function package". After the compi- 

lation, an ".O@" file wiLl be generated. In this thesis, the ".uFp" files will be used 

as the entry point to the STRUC-L language, since they contain ail the necessary 

circuit information of the control system, but do not have too many machine 

dependent implementation details. 

The underlying file structure is identicai for both STRUC-L and 

STRUC-G environment. In particular, the information included in the STRUC-L 

data also contains the graphical and the interconnection data. Thus when a 

STRUC-L fie is loaded into STRUC-G, a fully graphicd rendering of the system 

is obtained. 
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2.1.2 The S'ta 

The STRUC-L language has a very strict syntax revirement. Any syn- 

tax error, as littie as a missing space character cm result in "System Error", which 

ultimately leads to the failure of compiiation. This is the reason why special atten- 

tion has to be paid to shidy the file syntax and formats. 

Additionally, a '%hecksum" utility program has been provided by Sie- 

mens AG. This program has to be mn before a ".ufp" file is loaded into the SIMA- 

DYN-D envuonment The program checks the ".ufp" file with a special checksum 

algorithm and generates a checksum code, then adds the code in the ".UV file, so 

that the correctness of the ".ufjP file format is ensured before it is Ioaded into 

SIMADYN-D system. 

Each STRUC-L file can be divided into two parts, the information part 

and the connection part. The Fim part, the Ulformation part, occupies iine 1 

through line 14. The second part occupies the rest of the file. 

As show in Fig. 2-2, each line of the STRUC-L file begins with a line 

number. The line number occupies the right most digits of a four-digit space. Also, 
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a special character needs to be written at the end of the füe to indicate the termina- 

tion of STRUC-L. This special character is ASCII 23 (Decimal). 

If a piece of information is too long to fit in one iine, it can be wrapped 

to the following line, pmvided an ampersand symbol is put in column 4 to indicate 

Lne continuation. As shown in Fig. 2-2, those Ilnes start with double ampersand 

symbols are generated by the checksum program. 

2.1.3 Tke Information Pari 

The information part of the STRUC-L specifles the generai informa- 

tion for this function package, the content of this part is shown in Table 2-1. 

- - 

1 3  1 Content description line 2 1 

Line Numûer 

1 

1 4  1 Content description Iine 3 1 

Description 

File Name, save tirne. library name, library version. 

7 1 Grsphia suffix I 

5 

6 

Higher levcI designer. 

Drawing Number suffu 
r 
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LineNumkr 
9 

Table 2- 1 STRUC-L fde uiformation 

Dacription 
Designer 

10 

11 

12 

13 

2.1-4 The Connection Part 

Origioal document 

Modificaüoa noce and date Iine 1 

Modification note and dace Iie 2 

Modification note md &te Iine 3 

The connection part of the STRUC-L specifies the function block 

parameters and their connections within this function package. Each function 

block in the package is listed in this part, by the sequence of their sampling times. 

WiKithin the same sarnpling tirne, the hinction block that has the lower execution 

sequence number is tisted first. 

For each function block listing, the fmt line specifies the application 

narne and the function block type. Optionally. a position string can be put at the 

end of the line to indicate where in the STRUC-G representation this function 
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block d l  appear. The second iïne of the function block Listing is some code gen- 

erated by the checksum program. This code is unique for each distinctive function 

block. 

Mer  the check-surn code, each connector of the function block is 

listed. In each line, the connector name, connector type and the connection desti- 

nation is listed accordingly. Optionally, the comments and some other types of 

mM1cation labels cm be put at the luie end  The function block Listing ends with 

a plus sign occupying one line. An 'hdT' s i p  needs to be put at the end of the 

whole hiaction package listing file. 

2.2 The PSCAD DRAFT Module 

2.2.1 Dr& Graphical User Inte face 

PSCAD is a graphitai front end for the simulation software EMTDC. 

There are several interfacing points between PSCAD and EMTIX. One such 

point is the Draft file. 
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Whenever the user wants to do a simulation for a certain case, he would 

f i t  use the PSCAD front end to compose a simulation scheme, because PSCAD 

provides a very user-friendly graphical interfaEe on the compter terminal to heip 

usea laying out aii the system components. Fig. 2-3 shows an example system in 

the PSCAD Draft module. 
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Fig. 2-3 PSCAD Draft module 

Mer the system is laid out on the PSCAD Draft module. the graphical 

information will be collected and saved into the Dr& file. Later on, when the 

'kompile" option in PSCAD menu is chosen. the Draft fdes are compiled into 

EMTDC data format required for simulation. Our approach here is to take the 



PSCAD Draft file, which contains dl the component layout information about the 

system, and then generate STRUC-L code for the red control system. 

As mentioned before, the PSCAD Draft module allows the user to 

define severai sub-systems in a simulation case, those subsysterns that do not need 

to be compüed into STRUC-L code are marked as "non-stmcl" subsystems and 

filtered out during compilation. For the rest of the subsystems, each of them will 

be mapped into a single function package file. 

2.2.2 The S'ta of Drajt File 

An example of PSCAD Draft file (genreated via the DRAFT GUI) is 

shown in Fig. 2-4. 
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)tD- V - ~ ~ O P  4-2 -2  
CLITLIL; 
TXTtB: taut 
CREATaD: Hay 03, 1996 (ga8t) 
UST-HODIPIED: O c t o b e r  21, 1996 (michaœl) 
T m - S m :  0.001 
PRTISH-Tm: 50 
P m - S T E P :  0.01 
RTDS-RbClt: O 
RTDS REAL-Tm: Y s 8  
3 SWSYsTEY8 
SüBSYSTSM-TITU! : Para  
SüBgPSTSM-COMUBUT: Aâjuetmeat panmeteri, 
SüBSYSTZM-PRlbtTYODE: AUTO PLOTMODE: AüTO 
46 COBfPûJB#TS 
export 
656 208 2 O 1 
mme : TSAOP 
tmmjcte 
496 208 O O 8 
T-Na : T 
T-Ho : 1 
DPath: l 
B :O 
AName : SAW2 O 
ProSeq: 10 
FbCam:Ramp conttiol 
StgPos: 
WIRZ 
400 208 O O O 
-32 -4 64 4 
WIRE 
432 240 O O O 
-64 -4 64 4 
, . , . . . . , . - . - O , . ,  

Fig. 2-4 A Sarnpte Draft File 



Tbe Draft fde is organized according to sub-systems. The first 1 1 lines 

fonn the general uiformation part. This part contains the following information: 

PSCAD version, circuit title, creator, modifier, creation/rnodification tirne, simuia- 

tion time step and interval as well as the number of sub-systems. 

Following the general idormation part is a listing for each sub-system. 

Within each sub-system listing, the iïrst 4 ünes constitute the sub-system informa- 

tion part, whic h includes su b-system title, subsystem comments, the printlplot 

mode and the number of components in this subsystem. Mer the subsystem infor- 

mation listing, each component in the subsystem is listed individually. 

Most of the PSCAD components listed in the Draft file take the same 

format. The first line for the component Listing is the cornponent name. The sec- 

ond line is position information- There are five integers in this line, each of which 

has a special meaning for the component position, as iliustrated in Table 2-2. 

1 X-coord 1 X coordinate of tbe insertion point 1 
1 1 

2 1 Y-coord 1 Y cùofdinate of the insertion point I 



Table 2-2 Position Information for PSCAD component 

3 

4 

Following the position information line, each parameter and its value is 

listed. A colon separates the parameter narne h m  the value, and each parameter 

takes one line. 

The above format applies to al1 the PSCAD components with the 

exception of the"wire" component Since the "wk" component in PSCAD is 

stretchable, it is necessary to specify the staning and ending position of any spe- 

cific wire, in addition to the insertion point. So for the wire component, the fust 

line is the same as above, while the second line has 4 integer numbers, which are 

the x and y coordinates of the starting and ending point for the line segment(x0, 

yO, x 1, y 1). Since the orientation of the wire is already determined by the f iat  line 

Minor 

Orientation 

Mhor starc: &on mhorcâ. ldmrcd 
Onenration of the componcnt O=no mtauon, 1=90 
de- clock-wise, 2-1 80 d c p ~  degrcc 
dock-wise. 
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of text, only two numben out of these four are actuaiiy usehil, either xO and x 1, or 

y 0  and y l .  

2.3 Cornparison of STRUC-L .ad DRAFT fiie Structures 

We now compare the STRUC-L and PSCAD Draft file with a view to 

developing an automatic translater, the fouowing observations c m  be made: 

(1) Both the STRUC-L language and the DRAFï file describe 

what the control system is composed of and how its compo- 

nents are configured through parameters. ln PSCAD, the 

components take a more general form in order to ease the 

simulation work. For example, the "Logïc Gate" component 

in PSCAD can be configured into an AND/OR./NAND/ 

NOR gate, which are represented separately in the STRUC- 

L language. This relationship can be best represented by 

Fig. 2-5 below: 



PSCAD Coipon.pt Y 
Punction PuPction Fuzrction 
Block 1 Block 2 Block 3 

Fig. 2-5 PSCAD component vs. STRUC-L Function Block 

(2) In STRUC-L, each input connecter has to be defined. How- 

ever, in PSCAD Draft file ttris is not necessary. Defauit val- 

ues are assigned to some of the connectors if there is no 

explicit specification. The relationship berneen PSCAD 

connectors and STRUC-L connectors is illustrated in Fig. 2- 

6. Thus, some rnethod wiil be needed to put the default val- 

ues into the STRUC-L file. For example, if a default value is 

given in a DRAFT file, this value has to be retrieved and 

clearly specified in the STRUC-L file. 



I PSC2AD 
Def ault 
Connectot 

Fig. 2-6 STRUC-L and PSCAD Connectors 

(3) In STRUC-L the connections are specified at each connec- 

ter, while in Draft Ne, the connections are not directly spec- 

ified. In D d t  file, the electrical wire is also treated as an 

independent component and the exact coordinates are 

recorded for each component. Thus, some conversion will 

be needed to extract the connection information from the 

DRAFT file and convert it into STRUC-L format. 

(4) There are many special components in the Draft file for 

monitoring and interacting with simulation, i .e. sliders, plot 
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selection symbols, etc. These component can be igwred 

when converting PSCAD scheme into STRUC-L. 

(5) The Draft ale header contains some general information 

about designer, dateltirne, modification, etc. This informa- 

tion can be used directly in the STRUC-L füe information 

section. A mechanism must be developed to extract this 

information and convert it into the STRUC-L format. Also 

the sampling time information will be oeeded for the SIMA- 

DYN-D master program. This information will be extracted 

and printed out separately. 

(6) Each PSCAD sub-system can be mapped to one STRUC-L 

function package and non compile subsystems will be 

marked and filtered out in the compiler. 

The above six points outline the main methods to compile PSCAD 

Draft file into STRUC-L. In the following chapter, illustrations will be made to 

show how these methods are implemented in a computer program. 
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In order to write a computer program to convert PSCAD Draft file 

directly into SlMADYN-D control code, foilowing tasks need to be conducted: 

(1) define a border which includes the control components to be 

converted to SIMADYN-D (note that the electrical networks 

are not eligible for conversion); 

(2) It is sometimes the case that a particular PSCAD component 

can be mapped into several variants of the SIMADYN-D 

components; the mapping method needs to be described and 

this is done via a seperate Windows95 program designed in 

this thesis. The actural conversion is carried out via a unix 

based program also designed by the author. 

(3) The PSCAD connections are defined by the user, whereas 

SIMADYN-D represents connections on the block. A unix 

based program was developed to cany out this process. 



(5) The finai results of above proceciuns is that a STRUC-L file 

is generated directly h m  PSCAD-Dr&. 

The foiiowing chapter will dimiss the implementation of the various 

cornputer programs required to acbieve the task objectives outüned above. 



Illustration of Algonthms 

In the previous chapter, the clifferences between the SIMA- 

DYN-D system and PSCAD systetns has been aodysed. Now in this chap- 

ter, the computer program that converts Dtaft directly into STRUC-L 

langage wiii be developed and explained This conversion process is 

referced to as the "compile" process hereafter, and the computer program is 

referred to as  PSCAD to SIMADYN-D compiler program. 

The actual algorithms and data structures employed will be 

studied in detail. But More proceeding further, it should be mentioned that 

the software in this project has been designed using the Object-Oriented 

methodology. Thus in ihis thesis, the main focus wiU be kept on how to 

solve the problem, rather than the coding details. 



The notation used in this ihesis basically follows the OMT notation[l]. 

The OMT methodology is a set of object-oriented rules and methods. Using such a 

methodology helps to analyse the problem h the early stage of a cornputer soft- 

ware design project. Each aspect of the problem will be analysed in an implemen- 

tation-independent notation, so that after a few design cycles, the problem itself is 

studied thoroughly and the coding becomes relatively easy. Al1 we need to do in 

the coding stage is to convert the notation of OMT design into the actual code. 

The OMT methodology provides three models to analyse different aspects of a 

problem, in this thesis, the object model and functional mode1 will be the main 

focus, since the dynamic model is trivial for any kind of compiler-type software. 

3.1 The Object Mode1 

The object mode1 breaks a problem into several objects, each object 

contains its own methods and attributes. The public methods of an object define 

the extemai operation that could be performed on this object, the attributes are 

usually hidden from outside for the purpose of data encapsulation. Objects can be 
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abstmcted to classes. A class is a generaiization of the objects that have the same 

methods and attributes. In Fig. 3-1. the class diagram of this project is shown. 

Each rectangle npresents a class and the links between the classes represent an 

association between the them. The Iuiks can be easily irnplemented as pointers in 

C++ language. In the following sections, the attributes of each class will be 

descrÏbed in detail, 
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Fig. 3-1 Class Diagram of the PSCAD to STRUC-L compiler 



In the class diagram shown in Fig. 3- 1. The class "GenericComp" and 

"SpecComp" are both inherited h m  base class 'TSCADComp" class. These 

classes wül process the position and orientation information contained in the 

PSCAD Draft file, and put them into the objects whicb are instantiated from the 

foilowing 5 classes: "NodeMap", 'PinSeq", 'XibList", "SpecInfoList" and "Mod- 

ifierMap9'. me funcBlock class wili then use the above 5 classes to generate the 

STRUC-L file. Next we are going to take a closer look at those 5 classes. 

The basic data structure of the Node Map is a dictionary, with the node 

name as its key and the node description as its information. The node name is gen- 

erated automatically when the compiler program scans through the Dr& füc, the 

node name is unique for each node. The node description part contains al1 the use- 

hl information about this node. An explanation of the node description part is 

shown in Table 3- 1. 

Namc 

point set 

Meaaing 
coUection of ai i  points connecttd for this node 

CKde tY Pe 

app- name 

type of node, ic-CO-ordinate, constant in or extemal. 

application name parameter 



I I constant input I 

Nomc 

const fype 

M- 
type of constant (imuger. float or &cm) if node type = 

The ''NdeMap" class forms a connection between PSCAD simulation 

scheme and the STRUC-L language. It records al1 the nodes and their connected 

points in a data structure, so that later on, al1 the connected nodes c m  be grouped 

together by comparing the points each node contains. This is the method to con- 

vert the component-oriented format in PSCAD to connection-oriented format used 

in STRUC-L. 

- - - - - - 

unit 

ext in nme 

ext out name 

node name base 

node name add-on 

node name 

collapsed2node 

3.2.2 n e  Pin Sequence 

unit 

extemai input comcctor name 

e x m a l  output conncctor aamc 

the base part of the node name 

thc oumber part of  the nodc name 

the naie  name string 
the node name that this node is com~cttd to 



The Pin Sequence is the second intermediate data structure used in the 

compiling process. It is also derived h m  the dictionary structure, but with a dif- 

ferent key and information set, 

The key of the Pin Sequence class is the Sampling tirne, and the infor- 

mation part of the Pin Sequence is the Component Information Sequence, which is 

another data dictionary data structure. The key of the Component Information 

Sequence is the Execution Sequence, and the information part is the Component 

Information, which is hirther explauied in Table 3-2. 

Nome 1 Meanhg 
, 

Table 3-2 The Component Information Sequence 

AppName 

fbP= 
Morn 

PinList 

exSeq 

SampTime 

The structure of Pin Sequence is very sirnilar to the that of STRUC-L 

Application name of the componcnt 

Type ofcomsponding fiioction block 
1 

comments about tbis fuacuon block 

A tist of the comected pins. 

Execution sequcnce of the component- 
, 

Sarnpiing tirne for tbis component 

language. After al1 the nodes have k e n  prcxessed in the compiler, the Pin 



Sequence class wiil be filied with dl the necessary information about the simu- 

lated circuit Thus, the main portion of the comection part of the STRUC-L can be 

generated by writing out information in this class, and check back with the other 4 

intermediate classes. 

3.1.3 Library List, Modifier Map and Special Info. List 

The other 3 intermediate classes are temporary storage classes for 

some extra information, they are generated when the Draft N e  is scanned by the 

program and are checked later in the compilation process. 

The Library list is a linked-list structure and stores the name of the 

User's Library in the STRUC-L file. 

The Modifier Map is derived from the dictionary structure, the key of 

the modifier map is the coordinate of the modifier and the information part is a 

detailed listing about the modifier, including scaling, limitation, unit and connec- 

cor side comments, 

The Special Info List is a class derived hom Iinked list, it contains the 

general information of the whole system, including circuit creator, modifier, m a -  
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tion/modiiation date, circuit title, subsystern title, number of subsystems, 

number of component for each subsystems, sampling time and the subsystem 

comrnents. 

3.2 Functioaal Modeî of the Program 

In 0MT methodology, the functional model describes computations 

within a software system. The hinctionai model is the third leg of the modelling 

tripod. in addition to the object model and the dynamic model. The functional 

mode1 shows how output values in a computation are derived from input values 

[8]. The functional model in this thesis is divided into two levels. The top level is 

shown in Fig. 3-2. There are 3 actors (data terminators) in this project, the 

"PSCAD Draft', the "Master Program Information" and the "STRUC-L Function 

Package". According to OMT notation, these actors are shown as rectangles. The 

6 AD Draft" reoresents_the O- mie. the 
. - Pro- 66 



- - - - . . - - - - - 
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ed as the oufput of There are 2 data stores shown between 

two horizontal bars, which are Library and the Function Package Header riiforma- 

tion. The ellipses represent actions and the arrows represent data flows. 

3.2.1 Top Lmel 

In the top level of the functiond mode1 shown in Fig. 3-2. The labelled 

operations in Fig.3-2 are summarized below: 

(1) Extract general Information and store some information into 

Function Package header Information Data Store; 

(2) Extract some data from the subsystem information part of 

the draft file and also store them in the Function Package 

Header Information Data Store; 

(3) Process the componeat information in the Draft file and 

look up the übrary to put data into Function Block Data 

Store; 
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(4) Combine the Function Package Header information and the 

hinctioo block information and output the STRUC-L hrnc- 

tion package. 
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Function 
Package Function 
Header 
Irlfo* 

STRUC-L 
Function 

Fig. 3-2 Function Mode1 of the Pmgram 
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3.22 The Second Level 

The second level of the functional mode1 is shown in Fig. 3-3. This is 

an expansion of the "process" action in Fig. 3-2. The foilowing is a bief summary 

of the operations for this level: 

(1) The components are divided into speciai components and 

ordinary components. For special components, such as 

"modifier", "%vire" and "jumper", a dedicated method is 

used to transfom the co~ection information and put them 

into classes ''modifier map" and 'hode map". For ordinary 

components, a generic method is defmed to look up the 

library and transfoxm the connection information into the 

"node map" and the "pin sequence". 

(2) After all the components in the Draft N e  have been proc- 

essed, the "node map" pedorms a connection checking pro- 

cedure, in which ail the connected nodes are linked together 

through a linked List. This comection checking procedure 

will be explained in m e r  detail in the next section. 
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(3) Finally, the STRUC-L format is generated jointly by the 

linked node map, pin sequence and the mmer map. 
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Transfonn 

Modifier 
M ~ D  

Fig. 3-3 Functional Model, Second Level 

3.2.3 The Connection Check-up Procedure for the Node Map 
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The comection checkup procedure is performed by the node map 

class. Before the checkup, the information of each node is read directly fmm the 

PSCAD Draft file. These nodes are not related to each other. The connection 

checkup procedure perfom a cwrdinate checking for every node. and links any 

connected nodes together by pointers. 

The details of the connection checking procedure are illustrated by a 

flow chart in Fig. 3-3. The procedure basically contains two lwps, the outer bop 

and the inner loop. The outer loop checks every node in the node map by 

sequence, while the inner loop checks al1 other nodes to evaluate connections to 

the node of the outer bop. If there is a connection, a pointer is put into the node of 

the outer loop, and al1 relevant information is coiiapsed to the node of the inner 

loop. So at the end, by following the node pointer, al1 the connected nodes in 

PSCAD Draft can be grouped together to generate the STRUC-L formatted out- 

put. 
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Fig. 3-4 Flow C'hart of the Connection Check-up Procedure 



Component Library 

In the functional mode1 shown in the previous Chapter (Fig. 3- 

2), it has been mentioned that a special method is defined for each special 

PSCAD component, to process the idormation about the component posi- 

tion, orientation and connectors, and to store the results into the intennedi- 

ate classes. However. for most of the PSCAD components, the information 

about position, orientation and connectors is presented in a standard format 

in PSCAD Draft. Thus, a generic rnethod is defined for these PSCAD corn- 

ponents. and a component library is utüized to store component specific 

information. 

In this chapter, the generic method and the structure of the corn- 

ponent library will be examined. In addition, a special Windows program 
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has been developed to help the creation, modification and maintenance of this 

iibrary. The usage of this program will also be demonsuated. 

4.1 The Component Library 

The basic function of this component library is to map each PSCAD 

component to a corresponding SIMADYN-D function block, as weii as to decide 

on the parameter values of that function block according to the component state. 

The relationship between the PSCAD component and SIMADYN-D 

Cunction blocks as well as their connectors have been explained in previous chap- 

ters. To summarize, (1) one PSCAD component comsponds to one or more 

SIMADYN-D function blocks. depending on a critical component parameter 

value, (2) one SIMADYN-D hinction block connection could be represented in 

one or more styles in PSCAD Dr& module. 

The component library is stored in UNlX files using an indexed 

sequential structure. The benefit of using this structure is (1) to speed up the look- 

up process; (2) to keep the algorithms relatively simple, since the basic Il0 func- 



Chapter 4 

tions of UNIX fües has already been weU developed and provideci by the operat- 

h g  system. There are altogether two tables defined in this library, both of which 

are stored as fmed record data files, the first table is the Functioa Block Narne 

Look-up Table. The second table is the Connector Look-up Table. In the €irst 

table, there are two pointers that point to the starting and eading address of al1 

connectors for each component By foilowing these two address, the connectors 

for the particular function blocks c m  be easiiy located in the second table. The 

definitions of the two tables are illustrateci in Table 4- 1 and Table 4-2. 

Table Entry Name 1 Meanhg 

CompName 1 PSCAD cornponcnt namc 

1 CntPara 1 PSCAD component critical parameter name 1 

Table 4- 1 Func tion B lock Nanie Look-up Table 

CntVal 

FB 

AddrS tart 

AddrEnd 

PSCAD componcat mitical parameter vaiue 

comspondiog function block name 

Staning ad- in Conneetor Look-up Table 

Ending addrcss in Conncctor Look-up Table 
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FB 1 Funaion Block ium 1 
Seq 1 Sequena of  this manetsor in hiiictioa block definition 

l Type 
1 

1 Type of connedon (COORD. CONSïIN or VOIWüT) 

Condi 

CriPacil 

CntVal 

Conditional mapping? 

PSCAD component critical parameur namc 

PSCAD compncnt critical parameter vahe 

Table 4-2 Connecter Look-up Table 

- -  

xCoord 

yCoord 

ConstVai 

The whole look-up process is surnrnarised below : 

Xcoordinatc (if type = COORD) 

Y-coordinate (if typc = COORD) 

Constant value (if type = constin) 

( 1 ) After a PSCAD component is read from the input file, it is 

first compared with al1 the special component narnes. If it is 

a special component, this component will be pmcessed in 

the method that has been defined for it specificaily, other- 

wise, this component is an ordinary component, the library 

look-up method is calleci, go to step 2; 
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(2) Look up the "Function Block Name Look-up Table", for the 

particular PSCAD cornponent name, if there is a match. go 

to the next step. If the component name cannot be found in 

the table, this component is not defmed in the iibbraiy, an 

error message will be generated and the program wiil exit. 

(3) Look up the "Condi" value for this component, if it is 

FALSE, this PSCAD component will be mapped into one 

specific STRUC-L function block unconditionaily. Thus, 

the conversion on f'unction block level is finished, we can 

jump to Step 5 for connecter mappings. On the other hand, 

if the "Condi" value is TRUE, this PSCAD component 

could be mapped on to one of several different STRUC-L 

function blocks, depending on a critical parameter and its 

value. To decide the conditional mappuig, go to the next 

step. 

(4) Read the "CritPara" and "CritVal" €rom the library, then 

check the paranieter value for ''CntPara" of this PSCAD 

component, if it doesn't match the previous value in the 
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library, go to the next record in the library, until a match is 

fouad, From the record that contains the matched critical 

parameters. the correspondhg function block name can be 

decided If no match is found for this PSCAD component 

name. this PSCAD component is not configured in the 

tibrary, an emr  message will be generated and the program 

will exit. 

(5) From the record in the "Function Block Name Look-up 

Table", read the b'AddrStart" and the "AddrEnd" values. 

These two values mark the starting and ending address of 

that particular function block in the "Connector Look-up 

Table". A FOR loop is used to go through all the records 

between the starting and ending and a connector checlaip 

process is performed. 

(6) The connector checkup process is very similar to that of the 

Function Block Narne. If "Condi" is FALSE, the connector 

is unconditionally mapped, otherwise, the mapping exists 

only when the specified condition is satisfied. The condition 
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is specified in the "CritPara" and the "CritVai" in the same 

fashion as that of the Tunction Block Name Look-up 

Table". 

Since both PSCAD and SJMADYN-D are softwate systerns that are 

under continuous development, additionai features may appear in the new version 

of these software systems, it is Likely that the component name. connecter type 

and other details will change with time. Making use of the component library 

gives a good solution to the evolving software issue. If there is any change in the 

new version of PSCAD or SIMADYN-D that might affect the compilation fiom 

PSCAD to STRUC-L, the compüing program does not need to be changed, al1 we 

need to do is to construct a new Iibrary. A lot of t h e  and software maintenance 

effort will be saved by this meth@ and backward compatibility will be main- 

tained, 

In addition, there are currently several SIMADYN-D processor types 

in use with the practical system. The selection of a processor type maùily depends 

on both historical compatibility and the complexity of the control project. It is 

very likely that these difierent processor types will CO-exist for a p e n d  of time. 

The component library also provides a means to generate code for different proc- 



essor types from one simulation case, by compiüng the PSCAD Draft N e  using 

different component iibraries, thus gives the maximum flexibility in choosing 

hardware to realize the control concept. 

4.2 The C d o n  of Composent Librpry 

As mentioned before, the component library is implemented as Fwed 

record files on a UNIX system. In order to generate such a library, two text files 

need to be created first by any kind of UNLX text editors. These two text files 

could be entered manudly, they are just listings of the tables defined in Table 4-1 

and Table 4-2. Mer  these two text files are created, a C program "writedata" will 

read these two files and write hem into two new binary files in fixed record for- 

mat. 

Fig. 4- 1 is an exarnple of the fmt text file. which iisted the function 

block name. This text file must have a file extension name of ".namY'. Each value 

occupies a single line in the file. 
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4 c t .  
1 
B 
O 
Am2 
I 
3 
&&OO~OûOA 2003B 
abc 
d e t m  
1 
B 
1 
Sun 
4 
6 
&&OOUOOOA 2003C 
abc 
P.Wm 
O 
a 
a 
PSSW 
7 
10 
&&OOl2000B 11040 
abc 

Fig. 4- 1 An example the Function Block Narne Table Text File 

Fig. 4-2 is an example of the second text file, which is a listing of the 

connectors. This file must have a file extension name of ".conw. In this fde, the 

details about each connecter are iisted according to the table defmed in Table 4-2. 

Each value occupies a single hne in the füe. 
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4 C L .  
1 
B 
O 
-2 
1 
3 
kroouooon zoosa 
.bc 
8uRf et. 
1 
B 
I 
Slm 
4 
6 
C00011000A 2003C 
abc 
nrwm 
O 
a 
a 
BBW 
7 
10 
&&OOl2000B 2404U 
abc 
inti 
O 
a 
a 
I m  
11 
26 
&&004D0018 2OOfG 
abc 

Fig. 4-1 An Example of the Connecter Text File 

4.3 Windows G U  for Library Creation 



To m e r  facilitate the cceation of the Component Libtary, a Windows 

GUI program has been developed The GUI window is shown in Fig. 4-3. 

Fig. 4-3 Windows GUI to help Creating Component Library 

In the above Windows GUI pmgrarn, the lefi-hand side is a tree stnic- 

ture that shows the relationship between each PSCAD component and the corre- 

sponding SIMADYN-D function blocks. On the right hand side, the graphical 



npresentation of the selected PSCAD component and SIMADYN-D function 

block are presented. B y double-clicking on the srnail rectangie at each SYMA- 

DYN-D function block connector in the lower right window, a dialogue Window 

will pop up to help the configuration of the connector level mapping. The configu- 

ration procedure is very similar to that of the composent level mapping. This win- 

dows program greatly facilitates the creation and modification of component 

libraries by presenting a graphical interface. The text €des that we mentioned 

before will be generated as the result of this program. 



Validation of the PSCAD to STRUC-L 

The previous chapters descriid a compilation program 

designed to convert a PSCAD füe directly to the RA world control system 

SIMADYN-D. In this chapter, severai test cases wiil be presented to vali- 

date the practical value and the usabiiity of this program. 

The basic idea of verification is to load the compilation result 

into the SIMADYN-D system. However, due to the complexity and 

expenses involved in making real control boards, it is not necessary to con- 

duct al1 verification cases completely to the hardware level. The verifica- 

tion can be done in three different levels, as surnmarized below: 
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(1) Level 1: Format Verification. Load the result into the 

STRUC-L editor. If the result can be successfuUy loaded 

into the STRUC-L editor, the syntax of the generated file is 

vetified, since a mis-formatted fde can not be loaded into 

the STRUC-L editor. As a funher test, the generated 

STRUC-L file cm also be loaded into STRUC-G environ- 

ment, so that a graphic representation of the circuit can be 

obtained. Since the compiler program in STRUC-G has an 

auto-placement hinction, the loaded circuit will be laid out 

automaticaiiy. This graphic layout should be modified later 

to improve readability. 

(2) Level2: Sanity C k k .  Compile the STRUC-L file using 

the SIMADYN-D intemal compiler. The SIMADYN-D 

intemal compiler checks the comection and the validates dl 

the function blocks, then generates compiled hinction pack- 

ages (".O@" fies) h m  the corresponding uncompüed files 

(".ufp" fdes). If the STRUC-L fde can be successfully corn- 

piled by the SIMADYN-D interna1 compiler, the circuit 

specified in the STRUC-L file cm be downloaded to the 
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SLMADYN-D control board. For some small scale circuits, 

this level of test is enough, since the behaviour of the digitai 

circuit can be easily figured out fiom the circuit schematic 

drawings. 

(3) Level J: aardware Testhg. Hardware testing. The gener- 

ated ".O@" f i  are loaded into SIMADYN-D control board 

and the real-world perfocmance of the circuit is measured. 

This is the final stage of testing and successful results can 

prove the correctness of the program developed in this the- 

sis. The hardware testing is much more timeconsuming and 

costly than the level2 testing. 

In this chapter, two tests will be presented, one of which is tested at the 

hardware level (level3), the other is tested at level2. 

5.1 Test No. 1, Wave Form Generator 
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The fust test is a wave fonn generator. The schematic drawing in 

PSCAD software of the circuit is shown in Fig. 5-la, Fig. 5-1b and Fig. 5- Lc. The 

correspondhg Draft file is attached as appendix 1. The subsystem "para" sets sev- 

eral parametes for the system. The subsystem ''shus" (Fig. 5-lb) is a sine wave 

generator, it uses two integrators and one reverser to generate a sine wave. The 

subsystem "SAW is a saw-tmth wave generator. It ut- the integrator to gen- 

erate the rarnp signal and resets the integrator when the iimit is reached so that a 

repeating saw-tooth wave is generated at the output. 



Fig. 5- 1 a Subsystem "para" of the Wave Fonn Generator 



Fig. 5- l b Subsystem "sinus" of the Wave Fonn Generator. 



Fig. 5- Lc Subsystem "S AW" of the Wave Form Generator 



Mer all the components are laid out on PSCAD Draft module as 

shown in Fig. 5- 1, the correspoading Draft N e  is pcocessed using the program 

demonsuated in thesis, the result an t h  separate STRUC-L fdes, each of which 

is a stand alone function package. These STRUC-L files are attached in Appendix 

2. The simulation software can simulate the behaviour of such a circuit and the 

result is plotted in Fig. 5-2. The generated real world control should have the same 

result as this one. 

Fig. 5-2 The simulation result. 



The next step for verification is to load the generated code into 

STRUC-L and STRUC-G environment The grapbicai reptesentation of the circuit 

in STRUC-G is obtained, which is shown in Fig.5-3% Fig. 5-3b and Fig. 5-3c. 



Fig. 5-3a Function Package FP-PARA in STRUC-G 
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Fig. 5-3b Function Package Fi?-SINUS in STRUC-G 
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Fig. 5-3c Function Package FP-SAW in STRUC-G 
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Next, use the SIMADYN-D internai compiler to compile the generated 

STRUC-L file. This step has been gone through withwt any e m .  Then. the com- 

piled files were sent to SIEMENS AG for hardware testing. The real worid hard- 

ware output was obtained, which is show in Fig. 5-4 

Fig. 5 4  The reai control output plots 
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Comparing Fig. 5 4  with Fig. 5-2, the reai world result matches the 

simulation results very well. These resuits demonstrate that the idea of integrating 

control gemration with simulation is feasible aod the cornputer program devel- 

oped in this thesis is comct and working with simple cases. 

5.2 Test No. 2, Part of an HVDC Inverter Side Contmlier 

The second test case is taken from part of an HVDC system inverter 

side controller. This case embodies several of the features required in commercial 

applications of SIMADYND. The circuit is shown in Fig. 54 .  The basic function 

of the circuit is to use a selector (CSB .C) to select an input from several sources 

according to the system state parameter, and then feed the selector output to a PI 

controller. The componding Draft file is attached as Appendix 3. 



Fig. 5 4  Subsystem PARA01 of the Second Test 
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Fig. 5-4b Subsystem "Pi" of the Second Test 



For this second test, the venfication work has been completed to the 

test level2 mentioned before (Sanit. Check). The STRUC-L code was genemted 

and checked by the SIMADYN-D intemal compiler, the compilation has been suc- 

cessful. Since the hardware level test has to be camed out in Siemens AG and 

involves many extra resources, no results have been obtained so far. 



Conclusions 

It is possible to develop an integrated environment for simula- 

tion and control development. In this environment, the proposed control 

system can be thoroughly analysed through digital simulation, and the 

crystallized design readily converteci to the software code for the real- 

world controller. 

The featuns avaüable for control rnodeiling in PSCADl 

EMTDC can be exploited to develop this technique. An off-line assign- 

ment program can make the task of assigning SIMADYN D code to the 

PSCAD icon fairly straïghtforward. 



The use of the integrated &velopment/simulation environment wiil 

speed up the design and implementation of complex controls and reduce the engi- 

neering costs. 

The foUowing is a summary of the cornputer program that converts the 

simulated control scheme k t l y  into control code: 

The simulation case is divided into several subsystems, those which do not 

need to be included in the mal world contmls systern can be marked and fil- 

tered out by the program. 

The program performs a component to component mappïng fcom the simu- 

lation scheme to the real world control system. The special components 

such as wire and jumper are handled specially by separate pieces of code. 

The ordinary components are handled by checking out a component iibrary. 

The component library specines the relationship between each simulation 

component and real world control component, as well as the relationship 

between simulation parameters and the real world control pararneters. 
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A few test cases have been conducted and satisfactory cesults has been 

obtained. These test cases validate the idea of integrating control genera- 

tion with simulation software and also prove that the cornputer program 

developed in this thesis works with simple control cases. 

6.1 Recommendations for F d e r  Work 

Fiatiy, any non-trivial real control system WU contains a large number 

of function blocks. In order to utilize the concept developed in this thesis. a very 

comprehensive library needs to be built and tested. 

Another aspect of an integrated simulation and conml implementation 

environment is the engineering cycle for designing and implementing the control 

system. It is quite common in the practical cases tbat some change needs to be 

done for the code on a control board. In such cases, it is highly desirable that the 

changes could be simulated fmt and the changes can be exactly copied into the 

real control board. Thus, to have a Li& from mal control system back to the simu- 

lation software would be very beneficial for such a purpose. The concept of this 

link is show in Fig. 6 1. 
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STRUC-L 1 

Fig. 6- 1 Link from Real-world control back to Simulation Software 



APPENDIX 1 : DRA- Files for Test No. 1 

XDRAFï Version 4.2.2 
Eh.ITtzx3 
m: test 
CREKîED: May 03,1996 (gast) 
MT-MODIFIED: Octobet 21.19% (michd) 
TfME-STEP: 0.00 1 
FINISH-TfME: 50 
PRINT-STEP: 0.0 L 
RTDS-RACK: O 
RTDS REAGTIME: Yes 
3 SUBSYSTEMS 
SUBSY STEM-TITLE: Para 
SWBSVSTEM-COMMENT: Adjustment parameters. 
SUBSYSTEM-PRINTMODE: AUTO PLOTMODE: AUTO 
46 C0MPONEM:S 
export 
656 208 2 O 1 
Name:TS AW 
sumjcîs 
496 208 O O 8 
T-NxT 
T-No: 1 
DPath: l 
B:O 
AName:SAW20 
PmSeq: 10 
E%Com:Rarnp conml 
SigPos: 
WlRE 
400208000 
-324644 
WIRE 
432 240 O O O 
-644644 
WIRE 
560208000 
-324644 
WIRE 
400624000 
-324644 
WfRE 
400656 O O0 
-324644 
impori 
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336 688 O O 1 
Nme:CDOWN 
WIRE 
432 688 O O O 
-64 4 64 4 
export 
656 624 2 O 1 
Niune:WSAW 
W[RE 
560 6240 O 0  
-32 4 64 4 
export 
656 r008 2 O I 
Nrimc:LLOW 
sumjcts 
496 1008 O O 8 
T-NzT 
T- NO:^ 
DPath: 1 
B:O 
AName:S IN20 
ProSeq30 
FbCom: 
S tgeos: 
WIRE 
432 1040000 
-644644 
WLRE 
400 Lûû8OOO 
-324644 
WRE 
560 loo8000 
-324644 
sampletables 
176 112006 
T:T 
TI: IO 
T2:O 
T3:40 
T4: i 60 
T5:320 
export 
656 400 20 1 
Namc:TS IN 
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sumjcis 
496400008 
T-NxT 
T-No: 1 
D h h :  1 
B:O 
ANamc:SIN30 
ProSeq:20 
FbCom:Sin wave period 
S tgP0~:02,03.07 
wm.E 
432 432 O O O 
-64-4644 
WIRE 
560400000 
-32 -4 64 4 
export 
656 848 2 O 1 
Narne:LUP 
sumjcts 
496 848 O O 8 
T-Na:T 
T- NO:^ 
DPaîh: 1 
B:O 
AName:SiN I O 
PmScq:20 
FbCom: 
SigPos: 
WIRE 
432 880 O O O 
-64 -4 64 4 
W I m  
400848000 
-32-4644 
WIRE 
560848 O00 
-32 -4 64 4 
const 
336 240 O O 1 
Va1ue:O 
const 
336 208 O O 1 
Value: 10.24 
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const 
336 432 O O i 
Vd ue:O.O 
const 
336 624 O O I 
Vdue: 1 .O 
const 
33665600 1 
Value- L .O 
const 
336 848 O O 1 
Value: 1 3 
const 
336 880 O O i 
Valuc:O.O 
const 
336 104000 1 
Va1ue:O.O 
const 
336 lOO8OO 1 
Vduc:- l.5 
nswsn 
496 624 0 O 6 
T-Na:T 
T- NO:^ 
ANarne:S AW 10 
ProScq: IO 
FbCom:saw tooth 
S igi?os:O9.08 -97 
WlRE 
496 656 1 O O 
-404 32 
modifier 
46420800 18 
Name: 
Corn: 
EnSw: 1 
Tp 1 :N2 
Tp2:R2 
EnScil :O 
Scal: 1 
EnUnit: 1 
UnitO:2 
Unit 1 :4 
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iJniî2:4 
iJnii3:4 
EnInikO 
hit: 
EnMax0 
M a :  
EnMin:O 
Min: 
const 
3 3 6 4 0 0 0 0  1 
Vdue:O.9990 
wmlz 
4 0 0 4 0 0 0 0 0  
-32 -4 64 4 
modifier 
46440000 18 
Name: 
Corn: 
EnSw: 1 
Tp I :N2 
Tp2:RZ 
EnScal :O 
Scai: 1 
EnUnit: 1 
Uni tO:2 
Unit 1 :4 
Unit2:4 
Unit3:4 
EnIni t:O 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
528 208 O O 18 
Name: 
Corn:abcdefg 
EnSw:l 
TpLS2 
Tp2:R2 
EnScd:O 
Scal: 1 
EnUn i t: I 
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UnitO:2 
Unitk4 
Uni@-4 
Unit34 
En1nit:O 
Lnitr 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
5 2 8 4 0 0 0  18 
Name: 
Com: 
EnSw:O 
TpLS2 
Tp2:R2 
EnSca1:O 
Scal: 1 
EnUnik 1 
UnitO:2 
Unit l:4 
Unit24 
Unit3:4 
Enini~O 
Inil: 
EnMax0 
Max: 
EnMin:O 
Min: 
modifier 
5 2 8 6 2 4 0 0  18 
Narnc: 
Com:Sct value for Saw tooth generator 
EnSw:O 
Tp 1 :N2 
Tp2:E 
EnSca1:O 
Scal: I 
EnUnil: I 
UnitO:2 
Unit 1 :4 
Unit24 
Unit3:4 
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Enini~O 
Init: 
EnMax0 
Max: 
EnMin:O 
Min: 
modifier 
5 2 8 8 4 8 0 0  18 
Nme: 
Corn:Upper Iimit for sinus generalor 
EnSw:O 
Tp 1 :N2 
Tp2:R2 
EnScû1:O 
Scal: 1 
E n U n i ~  1 
Unit0:2 
Unit1:4 
Unit24 
Unit34 
En1nit:O 
Init: 
EnMax:O 
Mm: 
EnMin:O 
Min: 
modifier 
528 1008 00 18 
Name: 
Corn:Lower Iimit for sinus generator 
EnSw:O 
Tp 1 :r 
Tp2:r 
EnScal:O 
Scai: 1 
Enunit: 1 
UnitO:2 
Unit l:4 
Uni tZ:4 
Unit3:4 
Edni  t:O 
Init: 
EnMm:O 
Max: 
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EnMin:O 
Min: 
SUBSYSTEM-TLTLE.. sinus 
SLTBSYSTEM-COMMENT: kgihgjhbj 
SLTBSYSTEM-PRINTMODE: AUTO PLOTMODE: AUTO 
45 COMPONENTS 
import 
208 14400 1 
Name:LüP 
ints 
43246400 17 
mu: 1 
ELL: 1 
QV.0 
QL:O 
S:O 
ESv:o 
ETi: 1 
T-Na:T 
T-No: 1 
LU: 1 .O 
LLs- 1 .O 
SV:O*O 
Ti:O.O 1 
ANrimc:SIN20 
ProSeq:20 
FbCorn: 
StgPos: 
WIRE 
528 144000 
-288 -4 320 4 
ints 
880 17600 17 
ELU: 1 
E U :  1 
QW.0 
QL:O 
S: 1 
Esv: I 
m: 1 
T-Na:T 
T-No: 1 
LU: 1 .O 
LL:- 1 .O 
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SV:O.O 
Tk0.0 1 
AName:SIN IO 
ProSeq: IO 
FbCom: 
S tgpos: 
WIRE 
272 272 1 0 0 
-4 -I28 4 160 
W R E  
336432000 
-64-4644 
irnporî 
208 208 O O 1 
Name:LLOW 
jumw 
272 208 2 0 0 
WIRE 
560208000 
-256 -4 288 4 
WlRE 
240336 100 
-4 -128 4 160 
WRE 
304496000 
-644964 
WlRE 
6% 368 O 0 0 
-320 -4 352 4 
jumpcr 
304432300 
WIRE 
304 368 1 O O 
-40432 
WIRE 
336 464 O O O 
-32 4 64 4 
WIRE 
976 272 1 0 0 
4 -Y6 4 96 
WIRE 
944 176 0 0 0 
0-4324 
WIRE 
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jumper 
816 368300 
WIRE 
816 432 1 0 0  
-4 -32 4 32 
jumper 
816 208 3 O0 
WlRE 
816272 1 O0 
-4 -32 4 64 
WIRE 
816 176000 
O -4 32 4 
WIRE 
560 112000 
-320 -4 320 4 
import 
208 11200 1 
Namc:TSPN 
jumper 
432 368 3 O 0 
jumper 
432 208 3 O 0 
jumpcr 
432 1443 O0 
WIRE 
432 272 1 O 0 
4 -32 4 64 
WLRE 
848 688 O O O 
-32 4 32 4 
jumpcr 
880 368 3 0 0 
WIRE 
880 272 1 O 0 
-4 -32 4 64 
pdcfs 
624 688 O O 7 
T-Na:T 



APPENOIX 1 : DRAFT Files for Test No, 1 

T-No: 1 
Typez0 
AName:SIN40 
ProSeq:40 
FbCom: 
stgpos: 
etes 
784 688 O 0 6 
T-Na:T 
T-No: 1 
AName:SINSO 
ProSq:50 
K o m :  
S tgPos: 
WIRE 
688 688 O 0 0 
-32 -4 64 4 

Group: 
Scde: 1 .O 
M x 2 . 0  
Min:-2.0 
Units: 
gains 
656464008 
T-Na:T 
T-No: I 
G:- 1 
C0M:Gain 
AName:S W3O 
ProScq:30 
FbCom: 
S tgPos: 
const 
560 688 O0 1 
V'ue: 1 .O 
const 
624 752 3 O 1 
Value:O.OO 1 
const 
91227230 1 
Vziluc: 1 .O 



Namc: 
Corn: 
EnSw:O 
TpI: 
Tp2: 
EnScai:O 
Scal: 1 
EnUnit:O 
Uni10:O 
Unit 1 :4 
Unit2:4 
Unit34 
EnInit: I 
Ini t: 100% 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
624 720 3 O L8 
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modifier 
49646400 18 
Name:Sinus 
Corn: 
EnSw:O 
Tpl: 
Tp2: 
Enscai:O 
Scai: 1 
EnUnit:O 
Unii0:O 
Unit 1 :4 
Unit24 
Unit34 
EnIni t:O 
Init: 
EnMax:O 
Max: 
EnMi ri :O 
Min: 
modifier 
688 464 O O 18 

Nnrnc: 
Corn: 
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EnSw:O 
Tpl: 
Tp2: 
EnSd:O 
scal: 1 
Enunit= 1 
UniiO:2 
Unit 1 :4 
unit2:4 
iJnit3:Q 
EnInitO 
Init: 
EnMaX:O 
Max: 
EnMin :O 
Min: 
m 
880 528 1 O O 
-4 -128 4 160 
SUBSYSTEM-TITLE: SAW 
SUBSYSTEM-COMMENT: Saw tooth generator 
SüBSYSTEM-PRINTMODE: AUTO PLOTMODE: AUTO 
21 COMPONENTS 
WIRE 
240 272 O O O 
-44 -4 64 4 
import 
144 336 O O 1 
Nme:WSAW 
import 
14427200 1 
Name:TSAW 
WIRE 
208 336 O O O 
-32 -4 64 4 
in& 
30433600 17 
ELU: 1 
ELL: I 
QU: 1 
QL: I 
S:O 
ESv:o 
ETi: I 
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T'Na:T 
T-No: 1 
LU: 1 .O 
LL- 1.0 
SV.O.0 
Ti:o.o 1 
AName:SAW 10 
ProSeq: IO 
W o m :  
StgPos: 
rsffs 
592400007 
T-Na3 
T-No: 1 
Type:O 
AName:SAWZO 
ProSeq:20 
FbCom: 
SlgPos: 
WIRE 
400304000 
-32 4 64 4 
WIRE 
464 368 O O O 
-96 4 96 4 
WmE 
496400000 
-32 4 64 4 
jurnper 
464368 3 O0 
WRE 
464304 1 0 0  
4 0 4 3 2  

pf3b 
432 208 O O 6 
DL:SAW 
Gmup: 
Sc&: 1 .O 
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Mac2.0 
Min:-2.0 
Unie: 
WIRE 
400336000 
-32 -4 32 4 
jurnper 
4323043 O 0  
WIRE 
432 240 1 O O 
-4 -32 4 32 
const 
24030400 1 
Value: 1 .O 
const 
240 368 O O 1 
Vd ue:- 1 .O 
modifier 
36833600 18 
Nûme: 
Cam: 
EnSw:O 
Tpl: 
Tp2: 
EnScal: 1 
Scal: Loo0 
EnUnit: 1 
iinii0:J 
Unitl:4 
Unit24 
Unit3:3 
EnInit:O 
Init: 
EnMax0 
Max: 
EnMin:O 
Min: 
m d  i fier 
30427200 18 
Name:Speed 
Corn: 
EnSw:O 
TpI: 
Tp2: 
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EnScaf :O 
Scd: 1000 
EnUnit: 1 
UnitOd 
Unitl:4 
UnitSd 
Unit33 
EnInitO 
Mt: 
EnMsur:O 
Max: 
EnMin:O 
Min: 
SEQUENCER D a  [9 16.3801 
Subsysiem #l : Repeat 
Subsystem a: Repeat 
Subsystem #3: Repeat 
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1 FP-PARAS16 
&V42-1 FP-DIA UNC 08.07-96 0854 
& FBSLJB 950QOlV420 A: 
&B: C: 
&&O005563 
2Crt 4S ='test '"Inhalr/Contentl' 
3 c x 2 4 s = '  ' 
4 c r 3 4 ~ = ~  1 

SHLD 3s =' "'AnIagenkcndigher lev-design" 
6 D t S l S = *  ' "ZeichnNrIDcaw. No List suffùrn 
7DGSIS=' ' " , . Graphic sutlix" 
8DPSlS=' ' " BestellerlPurchaser suffùr" 
9DES 2s = 'pst t "BearbeiterLksigner " 

1OORD 4s =' '"Urspr/Original document" 
11MD34S=' / 110-2 i/96/ "'Modific;itionn 
12MD24S=' / 1 '  
13M. l  4s =' f / / *  
14+ 
15 TX=Tl 
16 SAW20 : AJ3D2 ,POS=O 1 .O 1 .O 1 "Ramp controi" 
&&O0 1 LOOOA 2003B 
1 7 x 1  N2 < @TYP=R2,lO[s] 
18x2 N2<0% 
19Y N2 > @TYP=R2,$TSAW "abcdefg" 
2 0 t  
21 
22 SIN30 : ADDZ ,POS=û2.03.07 "Sin wave periodw 
&&Oû 1 LOOOA 20038 
23X 1 N2 c @TYP=R2,0[s] 
24x2 N2 < 0% 
2SY N2 > $TSIN 
2 6  
27 
28 TXtT4 
29 SAW IO : NSW pOS=û9.0897 "saw tooth" 
&&CD12000E 24WU 
30X 1 N2 e 1009b 
31x2 N2<-100% 
321 BI e SCDOWN 
33Y N2 > $WSAW "Set value for Saw tmth generator" 
34+ 
35 
36SINlO :ADD2 ,POS=O1.01.01 
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&&O 1 LOOOA 2003B 
37x1 N2< 15046 
38x2 N2<046 
39Y N2 > $LUP "Upper Iimit for sinus generator" 
40+ 
41 
42SiN20 :ADD2 ~ S = O l . O l . O l  
&&ûû 1 lûûûA 20038 

43x1 N2 <-150% 
44x2 N2 c 0% 
45Y NZ>$LLOW "Lower limit for sinus generator" 
46+ 
47 
48 CM,FOS=ûL 
49 "Adjustmeni pamnelers." 
50 END 
51 

............................................................... 

1 FP-SINUS,P16 
&V4.Z 1 Fe-DIA UNC 08.0'7.96 0854 
& FBSUB 950401V420 A. 
&B: C: 
&&O005563 
2CT 1 4S = 'test "'InhalKonten t" 
3CIZ4S=' * 

4 r n 4 s s *  1 

SHLD 3s =' "' AnIagenkennzJHigher lev.designm 
6DLSIS=' ' "ZeichnNrlDraw. No List suflïx" 
7DGSIS=' ' " . . Graphic suffix" 
8DPSlS='  ' " Besteller/Purchaser suffix" 
9DES 2 s  = 'gast l '%earbeiter/Designer " 
lOORD4S =' "'UrsprIOriginal documenl" 
IIMD34S=' / /1û-2 1/96/ "'Modification" 
I2MD24S=' 1 / / '  
13MDl4S=' 1 / / *  
14+ 
15TX=Tl 
16 SIN10 : INT ,POS=û1.01.01 
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&&004D0018 2ûûIG 
17X N2eSIN3O.Y 
18LU N 2  < $LW 
19LL N 2  cSLLOW 
20SV N 2  < 100% 
2 1TI R2 < STSIN 
22s B 1 < SINSO.QP 
23Y N2 > 
24QU B 1 > 
25QL B 1 > 
2 6  
27 
28 S N 2 0  : lNT ,POS=ûL.O 1 .O I 
&&004D00 18 200LG 
29X N2 < SINlO-Y 
30LU N2 < $ L W  
31LL N2cfUOW 
32SV N 2  < 0% 
33TI R2cSTSKN 
34s B k 0  
35Y N2 > ,'Sinus1 
36QU BI > 
37QL B 1 > 
38+ 
39 
40 SIN30 : SII ~ S = O I . O l . O l  
&&000DOOO8 2ûû3A 
4 1X N2 t SIN20.Y 
42Y N2 > 
43+ 
44 
45 SIN40 : PDE ,POS=Ul .O1 -0 1 
&&O0220010 2-N 

461 B l <  1 
47T T2 < O[s] 
48Q B1> 
49+ 
50 
51 SiN50 :ETE ,POS=Ol.Ol.Ol 
&&O 18000E 24041 
521 B I < SIN40.Q 
53QP BI > 
54QN B 1 > 
55+ 
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56 
57 CMSOS=OI 
58 nkgjhgjhbr 
59 END 
60 

??????????????????????????????????????????????????????????????? 

1 FPSAWPI6 
&V4.2,1 FP-DIA UNC 08.0'7.96 0854 
& FBSLIB 95040 IV420 A: 
&B: C: 
&&O005563 
2Cï1 4S = 'test *%haIt/Contentn 
3CCZ4!3=' 1 

4CT34S=' 1 

5HLD 3s =' "'AnlagenkennzJHigher lev.design1l 
6DLS tS =' ' "2eichn.NrdiIraw. No List suffix" 
7DGS 1s =' l " . . Graphic suffix" 
8DPS 1s ='  I " BestellertPurchaser suffix" 
9DES 2s = 'gui ' ltB&iter/Designer " 
lOORD4S =' "'Urspr/Original document" 
lIMD34S=' / 110-2 1/%/ "Wodificauon" 
12MD24S=' / / l 1  
13MD14S=* / 1 1 '  
1 4+ 
15 TX=Tl 
16 SAWlO : INT J?OS=OL.Ol.OL 
&&WDOOl8 2001G 
17X N2 <$WSAW 
i8LU N2 < 10096 
i 9 U  N2<-100% 
20SV N2 < 0% 
21TX R2 c $TSAW,,'Speeâ' 
22s Bl<O 
23Y N2 > ,SCAL=LOûOFniV] 
24QU B 1 > 
25QL B 1 > 
26+ 
27 
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28SAW20 :RSS ~ 1 . 0 1 . 0 1  
&&O0 I6000C 2004K 
29s B I c SAW 10-QU 
30R B 1 < SAWIO-QL 
314 B b S C D O W N  
32QN B 1 > 
33+ 
34 
35 CM,EQS=ûl 
36 "Saw tooth generator" 
37 END 
38 

??????????????????????????????????????????????????????????????? 
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XDRAFT Version 4.2.2 
EMTDc 
TfTLE: finaie 
CREKED: October 24,1996 (michael) 
MT-MODIFIED: October 24,19!96 (michad) 
TIME-Sm: 0.001 
FINISH-TLME: 20 
PRINT-STEP: 0.001 
RTDS-RACK: O 
nI1IS REAL-TIME: Y- 
2 SUBSYSTEMS 
SUBSYSTEM-m: 
SUBSYSTEM-COMMENT: 
SUBSYSTEM-PRINTMODE: AUTO PLOTMODE: AUTO 
125 COMEQNENTS 
smpletables 
144 144006 
T:T 
Tl: 10 
T2:O 
TT40 
T4: 160 
T5:S 120 
WIRE 
368 368 O 0 0 
-96 4 128 4 
in&-s 
240 368 O O 15 
ELU: 1 
ELL: 1 
QU: 1 
QL: 1 
S: l 
Esv: 1 
EX: 1 
AName:A 1 O 
ProSeq: 10 
T-Na:T 
T,No:4 
LU:9 
LL:O 
SV:O.O 
Ti:O. 16 
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const 
176 368 O O 1 
value: 1 
conSc 
1764ûûOO 1 
Vdue:9 
const 
176 4320 O 1 
Vduc:O 
const 
17646400 1 
Value:O 
const 
176 496 O O 1 
Value:2 
WIRE 
272400000 
04324 
WIRE 
304464 1 O 0  
-4-64496 
WIRE 
240560000 
-32 -4 64 4 
WIRE 
208 528 1 0 0 
-40432 
mux8-s 
528 1008 O O 16 
X1:l 
X2: 1 
X3: I 
X4: 1 
X5: 1 
X6: 1 
X7: 1 
X8: 1 
N: 1 
Ca: 1 
CCS: 1 
QF: 1 
AName:U 10 
PtoSq:60 
T-Na:T 
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T- NO:^ 
const 
464 LOO800 1 
Vdue:O 
COllSt 

464 104000 1 
Va1ue:O 
const 
464 1072 O O 1 
Vat ue:O 
const 
464 110400 1 
Va1ue:O 
const 
464 Il36 O0 1 
Value:O 
const 
464 116800 1 
Vatue: 1 5  
const 
464 1200 O O 1 
Value:O 
const 
464 1232 O O 1 
Value:O 
const 
464 1264 O O 1 
Value:O 
const 
464 1328001 
Value: 1 
WlRE 
432 1296000 
-32 -4 64 4 
WlRE 
4Oû88O 1 0 0  
4 -384 4 416 
mux8-s 
528 56000 16 
XI:l 
X2: 1 
X3: 1 
X4: 1 
Xs: 1 
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X6: 1 
X7: 1 
X8: 1 
N=l 
cm1 
CCS: 1 
QRl 
ANiuned 10 
ProSeq:40 
T-Na:T 
T- NO:^ 
const 
46456000 1 
Vdue:O 
const 
464 592 O O 1 
VaIue:O 
const 
464 624 O O 1 
Vd ue:O 
const 
464 656 O O 1 
Value: 1 
const 
464 688 O O 1 
Va1ue:O 
const 
464 720 O O 1 
Vdue:O 
const 
464 752 O O 1 
Va1ue:O 
const 
464 784 O O 1 
Value:O 
const 
46481600 1 
Va1ue:O 
const 
464 880 O O 1 
Value: 1 
WIRE 
432 848 O O O 
-32 -4 64 4 
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jumper 
400464 LOO 
WIRE 
400400 100 
-4 -32 4 32 
WIRE 
432400 1 0 0  
4 -32 4 32 
WiRE 
720 464 O 0 0 
-416 -4 448 4 
WLRE 
592 432 O O 0 
-160 -4 160 4 
mw8-s 
912 100800  16 
XI: 1 
X2: 1 
X3: t 
x4: 1 
X5: 1 
X6: I 
x7: 1 
X8: 1 
N: 1 
CCI: 1 
CCS: 1 
QF: 1 
AName:G 1 O 
ProSeq:20 
T-Na:T 
T- NO:^ 
const 
848 100800  1 
Value:O 
const 
848 1040 O O 1 
VIilue:O 
const 
848 lO72OO I 
Va1ue:O 
const 
848 110400  1 
Va1uc:O 
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const 
848 1136 O 0  1 
Vaiue:O 
const 
848 1168 O 0  1 
Vdue:O 
cons1 
848 1 2 0  0 O 1 
Vdue:O 
const 
848 1232 O O 1 
Vdue:O 
const 
848 1264 0 O 1 
Value:O 
const 
848 1328 00 1 
Value: 1 
rnux8-s 
91256000 16 
XI: 1 
X2: 1 
X3: 1 
X4: 1 
X5: 1 
X6: 1 
x7: 1 
X8: 1 
N: 1 
CCI: 1 
CCS: 1 
QF: I 
AName:G 10 
ProSeq:20 
T-Na:T 
T- NO:^ 
const 
8 4 8 5 6 0 0 0  1 
Val ue:O 
çonsî 
848 592 O O 1 
Vûiue:O 
const 
848 6 2 4 0 0  1 
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Vdue:O 
const 
848 656 O O 1 
Va1ue:O 
const 
848 688 0 0 1 
Value:O 
const 
84872000 1 
Value:O 
const 
848 752 O O 1 
Vdue:O 
const 
84878400 1 
Value:O 
const 
848 81600 1 
Value:O 
const 
848 880 O O 1 
value: 1 
mux8-s 
9128000 16 
X1:l 
X2: I 
X3: 1 
x4: I 
X5: t 
X6: 1 
X7: I 
X8: 1 
N: 1 
CCI: 1 
CCS: 1 
QF: l 
ANamcG 1 O 
ProSeq:20 
T-Na:T 
T_No:4 
const 
8488000 1 
Value:O 
const 
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848 11200 1 
V'ue:O 
const 
848 1440 O 1 
Vdue:O 
const 
848 176 O O 1 
Vdue:O 
const 
848 208 O O 1 
Vdue:O 
const 
848 240 O O 1 
Vdue:O 
const 
848 272 O O 1 
Vaiue:O 
const 
84830400 1 
Vdue:O 
const 
848 336 O O 1 
Vaiue:O 
const 
84840000 1 
Value: 1 
WIRE 
752400 1 O 0  
-4 -32 4 32 
W[RE 

816368000  
-64 4 64 4 
WIRE 
624 80 O 00 
-32 -4 32 4 
WIRE 
65648 100 
- 4 0 4 3 2  
WTRE 
91248000 
-256 -4 256 4 
WIRE 
624560000  
-32 -4 32 4 
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WIRE 
656 528 1 O 0 
-4 -32 4 32 
WIRE 
912496000 
-256 -4 256 4 
WIRE 
1072560000 
-96 -4 96 4 
WlRE 
1072 80 O O O 
-96-4%4 
WIRE 
816 848000 
-32 -4 64 4 
WIRE 
592 944 O O O 
-1924 1924 
W[RE 

656 lûû8 0 0 O 
-64 -4 32 4 
WIRE 
688 976 1 O 0 
-40432 
WlRE 
912976000 
-224 -4 256 4 
WIRE 
784 880 1 O O 
4 - 3 2 4 6 4  
jumper 
784 976 1 O O 
WIRE 
784 1136 1 O0 
-4 -128 4 160 
WIRE 
8161296000 
-32 -4 64 4 
W R E  
1072 1008 O 0 0 
-96 -4 % 4 
export 
1200 1008 2 0  1 
Name:xud 
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='Cpo=t 
1200 976 2 O 1 
Namc:wud 
ex port 
l2ûûS602O 1 
Nrune:xid 
cxport 
120049620 1 
Nûrncwid 
cxport 
1200 464 2 O 1 
Nrurie:rese t 
export 
12008020 1 
Name:xgam 
cxporl 
lZoO482O 1 
Name: wgam 
mux8-s 
528 8 0 0 0  16 
X1:l 
Yu: 1 
X3: 1 
x4: 1 
m l  
X6: 1 
x7: 1 
X8: 1 
N: 1 
Ca: 1 
CCS: 1 
QF: 1 
ANamc:G 10 
ProSeq:20 
T-NxT 
T- NO:^ 
const 
4648000  1 
Val uc:o 
const 
464 11200 1 
Vriluc:05 
const 
464 14400 1 
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const 
464 176 O O 1 
Va1ue:O 
const 
464 208 O O 1 
V;iluc:O 
const 
46424000 1 
Vdue:O 
const 
464 272 O O I 
Va1ue:O 

const 
46433600 1 
Value:O 
const 
4644OûOO 1 
Vdue: 1 
modifier 
20840000 18 
Name: 
Corn: 
EnSw: 1 
Tpt: 
Tp2:02 
EnScakO 
Scal: l 
EnUnit:O 
Unit0:O 
Unit l:4 
Uni t2:4 
Unit34 
Eninit:O 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
2084320018 
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Nmc: 
Corn: 
EnSw: 1 
Tpl: 
Te202 
EnScai:O 
Scal: I 
EnUnitO 
Unit0:O 
Unit l:4 
Unit24 
Unit34 
EnInit:O 
Init: 
EnMax0 
Max: 
EnMin:O 
Min: 
modifier 
272 368 0 O 18 
Name: 
Corn: 
EnSw: 1 
Tpl: 
Tp2:02 
EnSca1:O 
Scd: 1 
EnUnit:O 
Unit0:O 
Unit 1 :4 
UniQ4 
Unit3:4 
EnInit:O 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
Wb 
113648 1 O 6  
DL:m 1 
Group:MUX 
Scale: 1 .O 
Max:2,O 
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Min:-2.0 
Units: 
pgb 
Il3680 1 O6 
DL:m2 
Group:MüYC 
Scaie: I .O 
Maxr2.0 
Min:-2.0 
Units: 

1136464 1 O6 
DL:reset 
Group: 
Scdc: I .O 
Max:2.0 
Min:-2.0 
Units: 
pgb 
1136496 1 O6 
DL:m3 
Group:MUX 
ScaIe: 1 -0 
Max:2.0 
Min:-2.0 
Units: 
pgb 
1136560 106 
DL:m4 
Group:MUX 
Scde: 1 .O 
Maz2.0 
Min:-2.0 
Units: 
pgb 
1136976 106 
DLm5 
Group:MCTX 
Scalc: l .O 
M i ~ 2 . 0  
Min:-2.0 
Units: 
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pgb 
304368 3 O6 
DL:& 
Group: 
Scde: 1 .O 
M x 2 . 0  
Min:-2.0 
Uniis: 
modifier 
2084960018  
Narne: 
Corn: 
EnSw: 1 
Tpl: 
Tp2:02 
EnSca1:O 
Scal: 1 
EnUnit: 1 
UnitO:2 
Unit l:4 
Unit24 
UniO:4 
En1nit:O 
[nit: 
E n M x 0  
Max: 
EnMin:O 
Min: 
SUBSYSTEM-TlTLE: PI 
SUBSYSTEM-COMMENT: 
SUBSYSTEM-PRINTMODE: AUTO PLOTMODE: AUTO 
184 COMPONENTS 
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MN: 1 
B3N: 1 
A4N: 1 
B4N: 1 
m l  
BSN: 1 
A M 1  
B6N: 1 
AName:GZ 
ProSeq20 
T-NxT 
T-No: 1 
A 1 :-200 
B 1 :-20 
A2:- 100 
B2:- 15 
A3:-50 
B3:O 
A4:O 
B4:20 
AS: 100 
B5: 100 
A6:3ûû 
B6: 150 
WIRE 
336 272 O O O 
-64 -4 64 4 
sumjcls2-s 
240 720 O O 6 
AName:ll 
ProSeq:40 
T-Na:T 
T-No: 1 
DPath: 1 
Type: 1 
WlRE 
176 72000 O 
04324 
WlRE 
176 752 0 0 0  
0 4 3 2 4  
irnport 
14% 720 O O 1 
Name: wid 
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import 
14475200 1 
Nme:xid 
pl 165-5 
592 720 O O 28 
A1N:I 
B1N:l 
A2N: I 
B2N: 1 
A3N: 1 
B3N: 1 
A4N: 1 
B4N: 1 
MN: 1 
BSN: t 
A6N: 1 
B6N: 1 
AName:I2 
Pr0Scq:SO 
T-Na:T 
T-No: 1 
A 1 :-200 
B 1 :-20 
A2:- 100 
B2:- 15 
A3:-50 
B3:O 
A4:O 
B4:20 
A5100 
BS: 100 
A6:300 
B6: 150 
WIRE 
400720000 
-128 -4 1604 
WlRE 
752 720 O O O 
-96 -4 96 4 
nsws-s 
784 272 O O 4 
ANme:G3 
ProSeq:30 
T-Na:T 
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const 
72O3WOO 1 
Vdue: 1.9999 
const 
720 336 O O 1 
Value:O 
WlRE 
880 272 O O O 
-64 -4 96 4 
pl 16s-s 
816 1168 0 0 2 8  
AIN1 
B1N:l 
A2N: 1 
B2N: 1 

i 
B3N: 1 
A4N: 1 
B4N: 1 
MN: I 
BSN: 1 
A6N: 1 
B6N: 1 
ANme:U5 
ProScq: 100  
T-Na:T 
T-No: 1 
A 1 :-200 
B 1 :-20 
A2:- 1 0 0  
B2:- 15 
A3:-50 
B3:O 
A4:O 
Bk20 
AS: 100 
BS: LOO 
A6:300 
B6: 150 
sumjcts2-s 
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240 1168006 
ANamc:U 1 
ProSeq:60 
T-NxT 
T-No: 1 
DPath: 1 
Type: 1 
WLRE 
176 1168000 
-32 -4 32 4 
WIRE 
176 1200000 
-32 4 32 4 
import 
112 116800 1 
Namc:wud 
import 
112 120000 1 
Namc:xud 
sumjcts;?,~ 
240 1328 O0 6 
AName:U2 
PmSq:70 
T-Na:T 
T-No: 1 
DPaih: f 
Type: 1 
WIRE 
176 1360000 
0 4 3 2 4  
WIRE 
208 t 264 1 0 0 
4 -64 4 64 
WIRE 
176 1296 1 O O 
-4 -64 4 64 
jumper 
176 1200 3 O 0 
nsws-s 
4G4 1 IG8 0 0 4  
AName:U3 
ProScq:80 
T-Na:T 
T-No: I 
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nsws-s 
464 12% O O 4 
AName:U4 
ProSeq:90 
T,Na:T 
T-No: 1 
WlRE 
336 1168000 
-64-4964 
m 
336 1328 O O O 
-64 -4 % 4 
WIRE 
624 Il68 O O O 
-128 -4 160 4 
GROW 
752 1392 O O 0 
12 
const 
752 1200 O 0 I 
V'ue:-2 
const 
752 1232 O O 1 
Value:-;! 
const 
752 1264 O O 1 
Val ue:6.2 
const 
752 1296 O O 1 
V'luc:-û.2 
const 
752 1328 O O 1 
Value:-O. 1 
const 
752 1360 O O 1 
Value:-O. 1 
const 
752 139200 1 
Value:O. 1 
const 
752 1424 O O 1 
ValucO. 1 
const 
752 1456 O O 1 
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const 
752 1488 O O I 
Value:O2 
const 
7521520001 
Vdue: 1.9999 
const 
752155200 I 
Value: 1 -9999 
const 
528 752 O O 1 
Value:-;? 
const 
528 784 O O 1 
Value:-2 
const 
52881600 1 
Vdue:-0.2 
const 
528 848 O 0 1 
Vdue:-O.S 
const 
528 880 O O 1 
Valuc:-O. 1 
const 
52891200 i 
Value:-O. 1 
const 
528 944 O O 1 
Vrilue:O. 1 
const 
528 976 O 0 1 
Vdue:O. 1 
const 
528 100800 1 
Val ue:O.î 
const 
528 104000 1 
Val uc:0.2 
const 
528 1072001 
Value: 1 -9999 
const 
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528 110400 1 
Value: 1.9999 
const 
400 120000 1 
Valuc: 1-9999 
consti 
400 123200 1 
Va1ue:O 
consti 
400 136000 1 
Va1ue:O 
const 
4ûû 1296 O O 1 
Valut:- L -9999 
WiRE 
592 12% O O 0 
-96 -4 96 4 
WIRE 
688 1232 1 0 0 
-4 -32 4 64 
WIRE 
688 1040 100 
-4-64496 
jumper 
688 1168 L O O  
W[RE 

752 976 O O O 
-64 -4 96 4 
csbs-s 
lûû8 27200 5 
ANme:Selec t 
ProSq: 1 10 
T-Na:T 
T-No: 1 
M :O 
WIRE 
848 496 1 0 O 
4 -192 4 224 
WlRE 
Yf23WOOO 
-64-4644 
WmE 
880 752 1 O O 
-4 -416 4 416 
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WIRE 
912336000 
-32 -4 64 4 
jumper 
880976 2 O O 
WlRE 
912656 1 O0 
4 -288 4 320 
WIRE 
944368000 
-32 -4 32 4 
consti 
94440000 1 
Vdue:O 
WIRE 
1328272000 
-288 -4 288 4 
mu8-s 
1168 528 0 0 16 
X1:l 
X2: 1 
X3: 1 
x4: 1 
XS: 1 
X6: 1 
x7: 1 
X8: 1 
N: 1 
CCI: 1 
CCS: 1 
QF: 1 
AName:O 1 
ProSeq: 120 
T-Na:T 
T-No: 1 
mux8-s 
116894400 16 
XI:I 
x2: 1 
X3: I 
x4: 1 
X5: 1 
X6: 1 
x7: 1 



APPENDIX 3 : DRAFT files for Test No. 2 

X8: 1 
N: 1 
cm1 
CCS: I 
QF: 1 
AName:03 
ProSeq: 140 
T-Na:T 
T-No: 1 
ptls-s 
1392 528 O O 6 
AName:02 
ProSeq: 130 
T-NxT 
T-No: 1 
ET: 1 
r .0  1 
PfC20 1 ,s 
1648 272 O O 18 
EN: 1 
mv: 1 
S: 1 
HI: 1 
w2: 1 
X1: 1 
n1 
WP: 1 
IC: 1 
YE: 1 
YI: 1 
QU: 1 
QL: I 
AName:04 
PmSeq: 150 
T-Na:T 
T-No: I 
sv:o* 
const 
1584 30400 1 
Va1 uc:O 
const 
1584 336 O O I 
V;iluc:O 
const 
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1584 368 O O 1 
Villuc:O 
const 
158440000 1 
Va1ue:O 
COnst 
1584 432 O O 1 
Value:0.996 
const 
1584 464 O O 1 
Value:-0.94 
const 
1584 4% O O 1 
Valuc:O 
WTRE 
LM0752 1 O0 
-4 -448 4 480 
WlRE 
1072 1232 O 0 O 
-32 -4 64 4 
WIRE 
1072 816 O00 
-32 4 64 4 
consi 
1104 848 O0 1 
Vàiue: 1 
const 
1104 126400 1 
Value: 1 
const 
110494400 1 
Value:4 
const 
110497600 1 
Vaiue:3 
consi 
1104 Io0800 1 
Value:2 
const 
1104 104000 I 
Value: 1 
const 
1104 IO7200 1 
Value:O.O 1 
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const 
1104 il0400 1 
Va1ue:O.O 1 
const 
1104 113600 1 
Vdue:O.O 1 
const 
1104 116800 1 
Val ue:O.O 1 
const 
1104 120000 1 
Va1uc:O.O 1 
const 
110452800 1 
Valuc:OA 
const 
1I0456000 1 
Val ue:O.3 
const 
110459200 1 
valuc:0.2 
const 
110462400 1 
Vdue:O. 1 
const 
110465600 1 
Value: 1 
const 
110468800 1 
Value: 1 
const 
110472000 1 
Value: 1 
const 
110475200 1 
Value: 1 
const 
110478400 1 
Value: 1 
WIRE 
1296 528 O O O 
-64 -4 64 4 
cons1 
1328 56000 1 
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Vduc:O.O 1 
WIRE 
1520 528 O O O 
-96 -4 % 4 
W[RE 
lS5256ûOO O 
-64 -4 64 4 
WIRE 
1488 752 1 0 0 
-4 -192 4 192 
WIRE 
1360944 O 0  O 
-128 -4 128 4 
const 
1584 592 O O L 
Value:O 
const 
1584 624 O O 1 
Value: 1 
const 
1584 688 O O I 
Val uc:O 
WIRE 
1552656000 
-32 -4 64 4 
jumper2 
1520560 3 O O 
WLRE 
1520 624 1 O O 
4 -32 4 32 
jumper 
1520 272 3 O O 
WtRE 
IS2O4ûû 100 
-4 -96 4 96 
WIRE 
1520 208 1 0 0 
-4 0 4 32 
WRE 
848 208 O 0 0 
-672 4 672 4 
sumjcts2,s 
240 272 O O 6 
ANamc:G 1 
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Proseq: 1 O 
T-Na:T 
T-No: 1 
DPath: 1 
Type: 1 
WIRE 
176 272 O O O 
O -4 324 
WUCE 
176304000 
0 - 4 3 2 4  
import 
14427200 1 

import 
14430400 1 

irn port 
144208 O0 1 
Nûmc:rcsct 
egb 
1712 2 7 2 0 0 6  
DL:ouiput 
Group-3NT 
Scale: 1 
Max:60 
Min:O 
Units: 
pgb 
944368306 
DL:& 
Group:SELECT 
Scde: 1 .O 
Max:ZO 
Min:-2.0 
Units: 
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pf3b 
880304306 
DL:s2 
Group:SELECT 
Scde: I .O 
Max:2.0 
Min:-2.0 
Units: 
pgb 
848 272 3 0 6 
DL:s 1 
Group:SELECï 
Scde: 1 .O 
Max:2.0 
Min:-2.0 
Units: 
P@ 
1 1 3 6 2 7 2 3 0 6  
DL:so 
Group:SELECT 
Sale: 1 .O 
M x 2 . 0  
Min:-2.0 
Units: 
const 
3683WOO 1 
Va1 ue:-2 
const 
368 336 O O 1 
Vd ue:-2 
const 
368 368 O O 1 
Val ue:-0.2 
const 
3 6 8 4 0 0 0 0  1 
Value:-0.2 
const 
368 432 O O 1 
Value:-O. 1 

const 
368 496 O O 1 
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Va1ue:O. 1 
const 
,368 528 O O I 
Vdue:O. 1 
const 
36856000 1 
Vdue:0.2 
const 
368 5% O O 1 
Valuc:O12 
const 
368 624 O O 1 
Value: 1.9999 
const 
368 656 O O f 
Vdue: 1 -9999 
pgb 
528 272 3 O 6 
DL:tt2 
Group:SELECï 
Scdile: 1 .O 
Max:2.0 
Min:-2.0 
Uniis: 

pgb 
1040432006 
DL:Sel Word 
Group: 
Scde: 1 .O 
M x 2 . 0  
Min:-2.0 
Uniis: 
pgb 
1456 528 1 O 6 
DL:kp 
Gmup ANI' 
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ScÛle: 1 .O 
M x 2 . 0  
Min:-2-0 
Uniis: 
pgb 
1488656206 
DL:tn 
Gmup:INT 
Scale: 1 .O 
Ma:2.0 
Min:-2.0 
Units: 
modifier 
496 1296 O O 18 
Name:dUdRec 
Corn: 
EnS w:O 
Tpl: 
Tp2: 
EnScd:O 
Scal: 1 
EnUnit:O 
Uni tO:O 
Unit 1 :4 
Unit2:4 
Unit3:J 
Edni t:O 
Init: 
EnMax:O 
M a :  
EnMin:O 
Min: 
modifier 
880 1168 1 0 18 
Name:dUdInv 
Corn: 
EnS w:O 
Tpl: 
Tp2: 
EnScal:O 
Scal: 1 
EnUnit:O 
Uni tO:O 
Unit 1 :4 
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Unid:4 
Unit34 
EnlniW 
bit: 
EnMax0 
Max: 
EnMin:O 
Min: 
modifier 
976 272 O O 18 
NamcdGama 
Corn: 
EnSw:O 
Tp 1: 
Tp2: 
EnScai:O 
Scd: 1 
EnUnit:O 
Unit0:O 
Unit l:4 
Unit2:4 
Unit3:4 
Eninit:O 
bit: 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
976 304 O O 18 
Name:dId 
Corn: 
EnSw:O 
Tpl: 
Tp2: 
EnSca1:O 
Scal: 1 
EnClni~O 
Unii0:O 
Unit L:4 
Unit2:4 
Unit3:4 
En1nit:O 
Init: 
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Max: 
EnMii:O 
Min: 
modifier 
976 336 O O 18 
Name:dUdInv 
Corn: 
EnSw:O 
Tpl: 
Tp2: 
EnScd:O 
Scal: 1 
EnUnit:O 
Unir0:O 
Unit 1:4 
Unit2:4 
Unit34 
EnIni t:O 
In i t: 
EnMax:O 
Mm: 
EnMin:O 
Min: 
modifier 
976 368 O O 18 
Namc:dUdRcc 
Corn: 
EnSw:O 
Tpl: 
Tp2: 
EnSca1:O 
Scal: 1 
En Unii:O 
Unit0:O 
Unit1:4 
Unit24 
Unit34 
En1nit:O 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
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modifier 
1136 528 O 0 18 
Niune: 
Corn:KP gama 
EnSw: 1 
Tpl: 
Tp2:EZ 
EnScai:O 
Scd: 1 
EnUnit:O 
Unit0:O 
Unit 1:4 
UniCk4 
Unit3:4 
Eninit:O 
Init: 
EnMax0 
Max: 
EnMin:O 
Min: 
modifier 
113654û20 18 
Namc: 
Com:KP Id 
EnSw: 1 
Tpl: 
Tp2:EZ 
EnScal:O 
Scd: 1 
EnUn i t:O 
Unil0:O 
Unit 1 :4 
Uniî2:4 
Unit3:4 
En1nit:O 
Init: 
EnMax0 
Max: 
EnMin:O 
Min: 
modificr 
1136 592 2 O 18 
Name: 
Com:Kp Ud 
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EnSw:L 
TpI: 
Tp2Sî 
EnScal:O 
Sd: 1 
EnUnit:O 
Unii0:O 
Unit l:4 
Unit24 
Unit34 
EnInicO 
Ini t: 
EnMax:O 
Milx: 
EnMin:O 
Min: 
modifier 
113662420 18 
Name: 
Corn:KP Ud Inverter 
EnSw:L 
Tp 1: 
Tp2:E2 
EnSca1:O 
Scal: 1 
EnUnit:O 
Unit0:O 
Unit 1 :4 
Unit24 
Uniî3:4 
Enini t:O 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
mdificr 
1136656 2 0  18 
Narnc: 
Coin: 
EnSw: 1 
Tp1: 
Tp2:E2 
EnScal:O 
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Sd: 1 
EnUnicO 
Unit0:O 
Unitl:4 
Unit2.4 
Unii3:4 
EnInikO 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
1136 688 20 18 
Nam: 
Corn: 
EnSw: 1 
TpI: 
Tp2:E2 
EnScal:O 
Scal: 1 
EnUnit:O 
Unit0:O 
Unitl:4 
Unii2:4 
Uni t3 :4 
EniniCO 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
maûi fier 
II36 720 2 O 18 
Name: 
Corn: 
EnSw: L 
TpI: 
Tp2:E2 
EnScal:O 
Scal: 1 
EnUn i t:O 
Uni tO:O 
Uni1 1 :4 
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Mm: 
EnMin:O 
Min: 
modifier 
1 1 3 6 7 5 2 2 0  18 
Name: 
Corn: 
EnSw: 1 
Tpl: 
Tp2:E2 
EnScal:O 
Scal: 1 
EnUnkO 
Unit0:O 
Unit l:4 
Unit2:4 
Unit3:Q 
En1nit:O 
Init: 
EnMax:O 
Mm: 
EnMin:O 
Min: 
modifier 
1136 784 2 O 18 
Namc: 
Corn: 
EnSw:I 
Tpl: 
Tp2:E2 
EnScal:O 
Scal: 1 
EnUnitO 
Uni!O:O 
Unit 1 :4 
Unit2:4 
Unit3:4 
En1nit:O 
Init: 
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EnMax0 
Ma: 
EnMin:O 
Min: 
m d i  fier 
113681620 18 
Nilmc: 
Com:swiich over by max sdection 
EnSw:O 
TpI: 
Tp2:E2 
EnScal:O 
Sciil : 1 
EnUnikO 
Unit0:O 
Unit l:4 
Uniiî:4 
Uniî3:4 
EnInikO 
Inil: 
EnMru:O 
Max: 
EnMin:O 
Min: 
rndi  fier 
113694400 18 
Namc: 
Com:TN gama 
EnSw: 1 
Tpl: 
Tp2:R2 
EnScûl:O 
Scal: l 
EnUnikO 
Unir0:O 
Uniîl:4 
Uni12:4 
Unit34 
EnlnkO 
Init: 
E n M x 0  
Mm: 
EnMin:O 
Min: 
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modifier 
1136 976 2 0 18 
Nme: 
Com:TN Id 
EnSw: 1 
TpI: 
Tp2:R2 
EnSca1:O 
Scd: 1 
EnUnicO 
Unil0:O 
Unit 1 :4 
Unit2:4 
Unit34 
EnInikO 
Init: 
E n M x 0  
Max: 
EnMin:O 
Min: 
modilier 
1136 1 0 0 8 2 0  18 
Name: 
Com:TN Ucl rectifier 
EnSw: 1 
Tp 1: 
Tp2:R2 
EnScal :O 
Scal: 1 
EnUnit:O 
LTni1O:O 
Unit1 :4 
Unit2:4 
Unit34 
Enlnit:O 
In il: 
EnMax:O 
Max: 
EnMin:O 
Min: 
moûificr 
1136 10110 2 O 18 
Name: 
Com:TN Ud inverter 
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EnSw:I 
Tpl: 
Tp2S2 
EnSm1:G 
Scal: 1 
EnUnit:O 
Uni1O:O 
Unit l:4 
Unia4 
Unit3:4 
En1nit:O 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
1 136 1072 2 O 18 
Name: 
Com: 
EnSw: 1 
TpL: 
Tp2:R2 
EnScd:O 
Scal: 1 
EnUnit:O 
Uni t0:O 
Unit L:4 
Uni t2:4 
Unii3:4 
EntnkO 
Init: 
EnMwO 
Max: 
EnMin:O 
Min: 
modifier 
1136 11û420 18 
Name: 
Corn: 
EnSw: 1 
TpI: 
Tp2:R2 
EnSca1:O 
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Scal: I 
EnUnikO 
Unit00 
Unit 1 :4 
Unit24 
Unit3:4 
Edni t:O 
Init: 
EnMax0 
Ma: 
EnMin:O 
Min: 
modifier 
1136 113620 18 
Name: 
Corn: 
EnSw: 1 
Tpl: 
Tp2:R2 
EnScal:O 
Scai: 1 
EnUnit:O 
Unit0:O 
Unit 1 :4 
Uni tî:4 
Unit3:4 
Eninit:O 
Init: 
EnMax0 
Max: 
EnMin:O 
Min: 
modifier 
1136 116820 18 
Nme: 
Corn: 
EnSw: 1 
Tpl: 
Tp2:R2 
EnSca1:O 
Scal: 1 
EnUnit:O 
Unit00 
Unit 1:4 



APPENOIX 3 : DRAFT files for Test No. 2 

Uni12:Q 
Unit34 
EnïnitO 
Init: 
EnM;ur:O 
Max: 
EnMin:O 
Min: 
modifier 
IL36 1200 20 18 
Name: 
Corn: 
EnSw: 1 
Tpl: 
Tp2:R2 
EnScal :O 
Scal: 1 
EnUnit:O 
iinit0:O 
Unit 1 :4 
Unid:$ 
Unit34 
EnLniCO 
[nit: 
EnMsur:O 
Max: 
EnMin:O 
Min: 
modifier 
IL36 1232 2 O 18 
Nmc: 
Com:switch ovcr by max selection 
EnSw:O 
Tpl: 
Tp2:E2 
EnScd:O 
Scal: 1 
EnUnit:O 
Unit0:O 
Unit1 :4 
Unit2:4 
UniO:4 
En1nit:O 
Init: 
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Ir. 

EnMax:O 
Miut: 
EnMin:O 
Min: 
modifier 
1360 528 O O 18 
Niune: 
Corn: 
EnSw: 1 
TpI: 
Tp2:E2 
EnScd:O 
Scal: 1 
EnUnitO 
Uniî0:O 
Unit 1 :4 
Uni124 
Unit34 
En1nit:O 
Inii: 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
l36ûS6OîO 18 
Nam: 
Corn: 
EnSw:O 
Tpl: 
Tp2: 
EnScd:O 
Scal: 1 
EnUnit: 1 
UniW2 
Unit l:4 
Unii2:4 
Unit3:4 
EnInit:O 
Mi: 
EnMax:O 
Max: 
EnMin:O 
Min: 
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modifier 
1424 528 O O 18 
Nsune:KP 
Corn: 
EnSw:O 
Tpl: 
Tp2: 
EnScal:O 
ScdA 
EnUnit:O 
Unit0:O 
Unit 1 :4 
Uniik4 
Unit3:4 
Enlni~O 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
161627200 18 
Name: 
Corn:set point 1 
EnSw:O 
Tpl: 
Tp2: 
EnScaI :O 
Scal : 1 
EnOnit:O 
Unit0:O 
Unit 1:4 
Unit2:4 
Unii3:4 
EninitO 
tnit: 
EnMax:O 
Ma: 
EnMin:O 
Min: 
modificr 
1616 304 2 O 18 
Name: 
Com:set point 2 
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EnSw:O 
TpI: 
Tp2: 
EnScd:O 
Scal: 1 
EnUnit:O 
Unit0:O 
UnitI:4 
Unii2:4 
Unii3:4 
EdnikO 
Init: 
EnMax0 
Max: 
EnMin:O 
Min: 
modifier 
161633620 18 
Name: 
Com:actual value 1 
EnSw:O 
Tpl: 
Tp2: 
EnSca1:O 
Scal: 1 
EnUnit:O 
Unii0:O 
Unit l:4 
Unit2:4 
Unit3:4 
Eninit:O 
Init: 
EnMax0 
Miut: 
EnMin:O 
Min: 
modifier 
16 16 368 2 O 18 
Name: 
Com:acluaI valuc 2 
EnSw:O 
Tpi: 
Tp2: 
EnScai:O 
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Scal: 1 
Enunie0 
Unil0:O 
Unit 1 :4 
Unit2:4 
Unit34 
Enïni t:O 
Init: 
EnMm:O 
Mu: 
EnMin:O 
Min: 
modificr 
1616 4 W î O  18 
Name: 
Com:pre-conml value 
EnS w:O 
Tpl: 
Tp2: 
EnScd:O 
Scal: 1 
EnUniCO 
Unii0:O 
Unit 1 :4 
Unit2:4 
Unit3:4 
EnInitO 
Init: 
EnMax0 
Ma: 
EnMin:O 
Min: 
modifier 
161643220 18 
Name: 
Corn:upper iimit value 
EnS w:O 
Tpl: 
Tp2: 
EnScd:O 
Scal: I 
EnUnit:O 
Unii0:O 
Unitl:4 
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iJnit2-4 
Unit34 
Eninit:O 
Mt: 
EnMax.0 
Max: 
EnMin:O 
Min: 
modifier 
16164642018 
Name: 
Com:Iowcr limit value 
EnSw:O 
Tpl: 
Tp2: 
EnSca1:O 
Scal: 1 
En Uni t:O 
Unit0:O 
Unit 1:4 
Unit24 
Unit3:4 
Eninit:O 
Inik 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
161649620 18 
Namc: 
Com:setting value 
EnSw:O 
Tpl: 
Tp2: 
EnScakO 
Scal: 1 
En Un it:O 
Unit0:O 
Unit 1 :4 
Unit2:4 
UnitX4 
En1nit:O 
Init: 



APPENDIX 3 : ORAFT files for Test No. 2 

EnMax0 
Max: 
EnMin:O 
Min: 
modifier 
1616 528 20 18 
Namc: 
Com:propoiionaI coefficient 
EnSw:O 
Tp 1: 
Tp2: 
EnScai:O 
Scal: 1 
En Uni t:O 
Ur?ilO:O 
Unit 1 :4 
Unit2:4 
Unit3:4 
En1nit:O 
[nit: 
EnMax:O 
Mm: 
EnMin:O 
Min: 
modifier 
1616Sd020 18 

Com:reset time 
EnSw:O 
Tpl: 
Tp2: 
EnSca1:O 
Scril: 1 
EnUnit:O 
Unit00 
Unit 1:4 
Uni12:4 
Unit3:4 
En1nit:O 
lnii: 
EnMax:O 
Mm: 
EnMin:O 
Min: 



APPENOIX 3 : DRAFT files for Test No. 2 

modifier 
1616 592 20  18 
Namc: 
Corn:[-controller 
EnSw :O 
Tpl: 
Tp2: 
EnScd:O 
S d :  1 
EnUnit:O 
Unit0:O 
Unit 1:4 
Unit24 
Unit34 
En1nit:O 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
modifier 
1616 624 20 18 
Name: 
Com:conrtooler enable 
EnSw:O 
Tpl: 
Tp2: 
EnScd:O 
scd: 1 
EnUnicO 
Unit00 
Unit 1:4 
Un it2:4 
Unit3:4 
Eninit:O 
Init: 
EnMax:O 
Max: 
EnMin:O 
Min: 
modificr 
161668820 18 
Namc: 
Corn: hold integtater 



APPENDIX 3 : DRAFT files for Test No. 2 

EnSw:O 
Tpl: 
Tp2: 
EnSca1:O 
Scal: 1 
EnUniCO 
Uni1O:O 
Unit 1 :4 
Unit2:4 
Unit34 
En1nit:O 
Init: 
EnMyr:O 
Max: 
EnMin:O 
Min: 
SEQCIENCER DATA 19 16,2601 
Subsysiem # 1: Repeat 
Subsysicm #2: Repeat 
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1 FP-PARAJ 16 
kV4.2.1 FP-DIA UNC 08.0726 0854 
& FBSLIB 950401V420 A: 
&B: C: 
&&O005563 
2CT1 4S = 'test "'Inhait/Contentn 
3m4s =' 1 

4 m  4s =' v 

SHLD 3s =' '"AnlagenkennzJHigher lev-design" 
6DLSlS=' ' "ZeichnNrJDraw. No Lit suffix" 
7DGSlS=' ' " . . Graphicsut7ix" 
8DPSlS=' ' " BestelkrlPurchaser su ffùrt' 
9DES 2s = 'gast l "Bearbeiterlüesigner " 

lOORD4S=' " WrspdOnginal document" 
llMD34!S=' f /Nb2 1/96.. "'Modification" 
12MD24s=' f / 1 '  
13MD14S =' / / 1 '  
1 6  
1s TX=TI 
1 6 SAW20 : ADD2 ,POS=û 1 .O 1 .O 1 "Ramp control" 
&&O0 1 10OA 2003B 
1 x 1  N2 < @TYP=R2,lO[s] 
18x2 N2<0% 
19Y N2 > @TYP=RZ$TSAW "abcdefg" 
20+ 
2 1 
22 SIN30 : ADD2 ,POSzûZ.03.07 "Sin wave period 
&&O0 1 lOOOA 203B 
23x1 N2 < BTYP=RS,O[sJ 
24x2 N2 c 0% 
25Y Pi2 > $TSIN 
26+ 
27 
28 TX=T4 
29 SAWlO : NSW ,POS=09.08.97 "saw tooth" 
&&O0 t 2000E 2404U 
30x1 N2< 10096 
31x2 N2<-10046 
321 8 1 < $CDOWN 
33Y N2 > SWSAW "Set value for Saw tooih genemtor" 
34+ 
35 
36 SLN 10 : ADD2 ,POW 1 .O 1 .O 1 
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&&O1 lOOOA 20038 
37x1 N2 < 150% 
38x2 N2 <O% 
39Y N2 > $ L W  "Upper iunit for sinus generaior" 
40+ 
41 
42 Sm20 : ADD2 JOSd 1 .O I .O 1 
&&O01 lOOOA 20038 

43x1 N2<-150% 
44x2 N2 < 0% 
4SY N2 > SLLOW 'Zower Iirnit for sinus generator" 
46+ 
47 
48 CM2OS=Ol 
49 "Adjustment parameters." 
50 END 
5 1 

??????????????????????????????????????????????????????????????? 

1 FP-SINUSPL6 
&VU. 1 FP-DIA UNC 08-07.96 08% 
& FBSLIB 95040 IV420 Ar 
&B: C: 
&&O005563 
2CT I 4S = 'test "'InhalrlContent" 
3cl24S=' * 

4cr34sri  ' 
5HLD 3s =' "'AnlagenkennzMigher lev-design" 
6DLSIS= '  ' "ZcichnNrJDmw. No List suilid' 
7DGSiS=' ' " , . Graphic suffix" 
8DPSlS=' ' " Besteller~Purchaser su ffix" 
9DES 2s = 'gast l "Bearbeiter/Designer " 
lWRD 4s = ' "'Urspr/Original documentn 
llMD34S=' / / 10-2 1/96/ "'Modification" 
12MD24Sz1 / / / '  
13MD14S=' / / / '  
14+ 
15 ==TI 
16 SN10 : CNT .POS=ûI.Ol.Ol 
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&&004D0018 2001G 
17X N2 < SIN30.Y 
18LU N2 < $LUP 
19LL N2 4 U O W  
20SV N2 c 10096 
21Tï R24TSIN 
22s B 1 < SIN5O.QP 
23Y N2 > 
24QU B 1 > 
25QL B 1 > 
2- 
27 
28 SIN20 : INT ,POS=Ol.Ol .O 1 
&&004D00 18 200 1G 
29X N2 c SIN 1O.Y 
30LU N2 < $LUP 
3ILL N2 4 U O W  
32SV N2 < 0% 
33TI R2 c $TSIN 
34s BI<O 
35Y N2 > ,'Sinusr 
36QU B 1 > 
37QL B 1 > 
38+ 
39 
40SIN30 :SIX QOS=û1.01.01 
&&000DOOO8 2003A 
4 1 X N2 c SIN20.Y 
42Y N2 > ,ïNlT=i00% 
43+ 
44 
45 SIN40 : PDE ,POS=ûl.O 1 -0 1 
&&O02200 10 2404N 

461 Bi cl 
47T T2 cO[s] 
484 BI> 
49+ 
50 
51SINSO :ETE ~=01.01.01 
&&O0 l8OE 24041 
SU B 1 < SIN40.Q 
53QP B1> 
54QN B 1 > 
55+ 
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56 
57 ~ S = O L  
58 "kgjtigjhbj" 
59 END 
60 

............................................................... 

I FP-SAWp16 
&VU. 1 FP-DIA UNC 08.07.% 0854 
& FBSUB 950401V420 A: 
&B: C: 
&&O005563 
2CTI 4S = 'test 'InhWContent" 
3cr24S=' * 

4m4s=* 1 

SHtcD 35 =' '"AnlagenkennzJWigher lev.designV 
6DtS 1s =' ' "ZeichnNrJDraw. No List s u k "  
7DGS IS =' ' " . - Graphic s u f i "  
8DPS IS = ' * " Besteller/Purchaser sumx" 
9DES 2S = 'gast * "Bearbeiterhigner " 
lOORD4S=' "'UrspdOriginal document" 
IIMD34S=' / /1@2 1 /W '"Modification" 
12MD24!3=' / / / '  
13MD14S=' / / f *  
14+ 
1s TX=TI 
I6 SAWlO : INT ~ S = 0 1 . 0 1 . 0 1  
&&004D0018 2ûûlG 
17X N2 < $WSAW 
I8LU N2 < 100% 
19LL N2 <-LM)% 
20SV N2 < 0% 
2 I Ti R2 < $TSAW,'Splced' 
22s B l e O  
23Y N2> ,SCAbIOOO[MW) 
24QU B I  > 
25QL B 1 > 
26-t 
27 
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28 SAW20 : RSS QOS=ûI .O 1 .O1 
&&O L6000C 204K 
29s B 1 < SAW IO-QU 
30R B 1 < SAW 1O.QL 
314 BI >$CDOWN 
32QN B 1 > 
33+ 
34 
35 CM,POS=O1 
36 "Sriw 100th generator" 
37 END 
38 

............................................................... 
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///lfl/lll////////I//l///IllI/llI/ll//l//~lI/III/Il//ll/I//ll//l/lllllllll 
If// 
// file:globd.M/ 
// Description:Definition of global ciasses, data structures and// 
//functions.// 
f/ Created:Wednesday, Id, 3, 1996/l 
Il AuthorMichael H, Xie// 
/I Email:mhxie@ee.umanitobaca// 
//If 
/////~///l///l//f~llll///l/lllI/l///////lllfll////l///l/I//////Ill/~/Il//l 

#ifnde€ GLOB AL-H 
#define GLOBAL-Fi 

const int GRIT) = 32; 
const inLONGEST-FiLi-NAUE = 100; 
const string NOT-COMPILE-STRING = "NOT-STRUC"; 
const stringNODE-NAME-BASEAMESTRING = "-Node-'*; 
const stringmpFileName = '?npinfo.txt"; 
const stringstdLibName = "FBSWB 950401 V42OW; 
const stn'ngfakedCheckSum = "&&0005563"; 
const stringdefirultPos = "01 .O1 .O 1"; 

enum BOOL( FALSE*, TRLJE=I }; 
enum CONTYPE( COORD=2, CONSTiN=3. VOIDOüT4, SAMPUNGTIME=5 

1; 
enum NODEJYPE ( OUTPUT-PIN4, CONST-M=7, EX71N=8, EX,OUT=9, 

VOID=lO }; 
enum IN-OUTPUT ( M=11, OUT=12 ); 
enum CONST-TYPE ( INTINTCONST=13, FLOAT,CONST=l4, 

TYPE-NOT-SURE-CONST= 15 ) ; 
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// inline functions 

inline int min(int i 1, int i2) ( retum ((i t < i2) ? i l  :i2); ) 
inline int max(int i I, int i2) ( retum ((i 1 < i2) ? i2:i 1); } 

If error function 
inline int emr(chaP msg) 

cerr << msg cc endl; 
exii(i0); 
1 

If string to integer & floating point number 

inline int stoi(const string & sO) 

intbits, temp; 
char *number; 

bits = sO.length0; 
number = new char[bits+l J; 
for(int i d ;  kbits; i++) 
number[i] = sO[il; 
number(bits] = '\O?; 
temp = atoï(nurnbcr): 
delete [Inurnber; 
return temp: 
1 

inline float stof(const string & sO) 
( 
intbits; 
float temp; 
char *number; 

bits = sO.length0; 
number = new charfiits+l]; 
for(int i 4 ;  icbits; i++) 
number[i] = sO[i]; 
number[bits] = 70'; 
temp = atof(number); 
delete nnumbet; 
return temp; 
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// fi11 space chars afier the string to make it desired length 
Ilcut it if it is too long 

inline string strFixLen(string s0, int len) 
{ 
string tempStr = sO; 
if(sO.length0 > len) ( 
return sO.herid(Ien); 
1 

for(int i=sO.lengthO; iden; i++) 
tempStr += " "; 
return tempStr; 
1 

string readCompType(istream&); 
BOOL pSetintersect(set<point>, setepoint>); 
setcpoinb pSetUnion(set<point>, setqoino); 

Il globaI data structures 

s t i c t  Pinlnfo ( 
siringfbName; 
swing pinName; 
string connectorType; 
iN-OUT-PUT inOrOut: 
BOOLqMark; 
poin tpinPos;// for checking modifier map 
CONTYPEconnection; 
stringnodeName;// if is a COORD 
stringconstIn;// if is a CONSTIN (format guannteed in dataBase) 
void print(); 
1; 

struct Specln foListStruc { 
string contentl; 
string conteni2; 
smng content3; 
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string creator; 
string modifier; 
string modifyDate; 
string createDate; 
string time; 
intnumOfSubSys; 
string s u b ~ ~ s ~ a m e ;  
string u~n~ tedsubs~s~ame;  
stringsubs yscomments; 
intnumOfComp; 
stringT 1; 
s tringT2; 
stringT3; 
stringT4; 
stringT5; 
void @nt(); 
1; 

L 

siringsigName;// without single quote 
stringsigcom; 
stringtypeswitchfl the complete type switch string 
stringswitchTo;// the final connecter type 
BOOLEnScal; 

stnnglimiting; 
sttinginitcondition; 
void printo; 
1; 

struct ComplnfoCl ( 
// constructors 

public: 
CompInfbCIQ ( ) ; 

// member variables, public by default 
stringappNiime; 
stringfSpe; 
s tringfbName; 
s tringMom;// F.B. comments 
string secCode; 
stringpos-J/ for load biick 
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intexseq; 
string sampTime; 
listcPinInfo>pinList; 
vaid print(): 
1; 

typedef sortseqcint, ComplnfoCI> CompSmeSTimeCI; 

s m c t  NodeIn f K I  [ 
// constructors 

public: 
NodelnfoC10 [ nodeType=VOID; constaniType=TYPE-NOTOTSUREURECONST; err- 

Flag=FALSE; ) ; 
string getNameO [ reium nodeName; ); 

// member variables 
setepoin~ pointsel; 
NODE-TYPE node'ïype; 
string appName;// if nodeType =output pin 
string connName; 
CONST,TYPE constantType;// if node'I).pe = constant 
float val; 
string scale; 
string unit: 
string exinName;// w/o $ sign 
string exoutName; 
string nodeNameBase;// -NODE-#- 
int nodeNameAddOnfl pin number 
string nodeName$/ -NODE-#-pin number or other 
string col lapsed2Node; 
list<PinInfo>pinPool;// Iist of pins connected to this node 
BOOL errFlag-l/ Indicate any wrong connection between 
// critical pins, (e.g. 2 outputs togethet 
void pn'nto; 
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// Description:declaration of lookup tables and their basic opemtionsJI 
Il Crezited:Wednday, Jul, 3, 1996// 
// AuthocMichael Xie// 
f /  Email:m~ie@ee.umanitoba.c;i/l 
//If 
////f//////ff////////////////////f/l///////////fll/l//l///l/~////~l/l//l/l 

#ifndef DATABASE-H 
Udefine DATABASE-H 

// structure of a record for hinction block name table 
stmct FBNameEntry ( 
charcompName[20] ; 
enumBOOLcondi; 
charcntPûn[l61; 
charcritVal[351; 
charfBName[ll]; 
intaddrS tart; 
intaddrEnd; 
c harseccode 1 [20]; 
c harsecCode2[20]; 
charIib[23]; 
1; 

/* structure of  a record for function block connector table */ 
struct FBConnEntry ( 
charfBNarne[ll]; 
intseq; 
charconnName[41; 
charconnType[4]; 
enumLN_OUT,PUTinOrOut; 
enumBOOLqMark; 
enumBOOtcondi; 
charcritPara[ 161; 
charcn'tVal[35l; 
enu mCONTYPEconnectType; 
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intxcoord; 
inty Coord; 
c harconstVal[20 1; 
1: 

//constructors & destructors 
public: 

FBNameTableCIO ( ) ; 
FBNamcTableCl(string): 

// hasic operations 
public: 

BOOL IookUp(GenenlComp&, FBNameEntryBi); 

// variables 
private: 

string fileName: 
chafileNameChrir&ONGEST-=Nm; 

//constructors & destructors 
public: 

FBConnTableCIO [ ) ; 
FBConnTableCI(stnng); 

ff basic opentions 
public: 

BOOL IookUp(GeneralComp&, FBNameEnuydé, list<FBConnEntry>Bi); 

class convenDBCl ( 
// constructors 

public: 
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// opcrations 
public: 

BOOL dbLookUp(GeneralComp&, FBNameEntryBt, list<FBConnEntry>&); 

11 variables 
private: 

string dBName; 
FBNameTableCl nameTa 
FüConnTableCI connectorTab; 
1; 

void FüNûmeEntryprint(FBNameEntry ); 
void FBConnEntry pnnt(FBConnEntry ); 

class GenemlComp : public PSCADcomp { 

11 basic operations 
public: 
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int pmcess(sortseq<string, NodelnfoCI>Bt, sortseq<string, CompSameSTimeCI>& 
sortseqqoint, ModifierStnmBt, SpecInfoListStmcBt, list<suing>&, string); 

virtual int GeneralCornp::pmcess(sortscq<~tring, NodelnfoCbBt, sortseq<string. 
CompSarncSïimeCI>&, sortseqqmint, ModifierStcucw&, SpecInfoListStmc&, listestring>&) 

( 
tout « "No method Process(nodeMap, compSeq, modifierMap, "; 
cout cc "specCnfoList, liblist) defind fore GeneralComp, a ": 
cout « "databrise name hris to be specified\n"; 
exit(3); 
1 

friend class FBNameTableCl; 
friend class FBConnTableCl; 
friend clûss convertDBCI: 

Il// 
// File:PSCADcomp.h// 
11 Descnption:declantion of PSCAD component concept, structure and// 
//basic operationsJ 
// Created: Wednesday, Jun, 27, 199Wl 
// AuihocMichiiel X i d  
// EmaiImhxie@ee.umanitob~cd/ 
//// 

#i fnde f PSCAD-COMP-H 
#define PSCAD-COUP-H 

#i nclude "globûl.h" 

class PSCADcomp ( 
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II vm*ables 
protected : 

intcompcntfl to make node name base 
chsircompCntStr[q;// convert the count to string 
stringcompType; 
intinsertx, insertY-J/ insertion point coordinate 
int orientation;// 0: O deg. 1: 90 deg. clockwise 
/12: 180 deg. 3: 270 deg. clockwise 
intmirrorJ 0:No 1 :Yes 
intnumOfPanms: 

Il basic opewtions 
public: 

PSCADCompO (1; 
void assignType(string);// assign the type to PSCADcomp 
virtual void mdHead(istmm&);/l read the 9 numbers 
void readOihets(istnmn&)~l read the parmu & values 
void puiCount(int)-J/ for generating node base 
virtual int pnicess(sortseq<string, NodelnfoCb&. sortseq<string, CompSameS- 

TimeCb&, sortseqqoint, i%fodifierStmc>gr, SpecInfoListStruc&, iist<sUinp& ) = O; 
primo; 

1/11 
// File:SpecComp.h// 
II Dcscription:declaration of special componens, i.e. wire, jumperll 
/lpg&, dotted line, sampling table, ..- everything neededll 
IIto be ireated speciallyll 
// Created: Wednesday, Jun, 27, 19W/ 
II AuthorMchael H. Xie// 
II Emriil:mhxie@ee.umanitobaca// 
/Il/ 
//!!//l//llllllllllll///l////l//llI/ll/lll/lll/l/ll///ll/l/l////ll/llllll 
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#i fndef SPECCOMP-H 
#de fine SPECCOMP-H 

class WIRE : puMic PSCADcomp { 
11 constructors 
public: 

WIREO { 1 ; 

// variables 
private: 

intcoe KStart, coeNSm; 
intcocfXEnd, coeCYEnd, coefMirrof; 
int stiutX. strirtY, endX, endX 
intoffsetX1, offsetY 1; 
intoffse- offsetY2; 
intlowX, highX, IowY, highY-J/ for the "for" loop 
pintp3; 
NodeInfoClderNode; 

// operations 
pubtic: 

vinual void readHead(ismm&): 
virtual int process(sortseq<stnng, NodeInfoCl>Bi, sortseq<siring, CompSameS- 

TirneCl>&, sortseqcpoint, ModifierStruc>&, SpecInfoListSinic&, Iist<stn'ng>&); 
1 : 

clas jumper : public PSCADcomp { 

If constructors 
public: 

jumpeNl{ 1: 

// variables 
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// opentions 

public: 
virtual in t process(sortseq<string, NodeInfoCI>&, sorlseqetring, CompSarneS- 

TirneCl>&, sortseqqmint, ModifierStruc>Bt, SpecIn foListStrucSt, list<suing>8t); 
1 : 

cliiss constant: public PSCADcomp ( 

private: 
point p3; 
NodeInfoClderNode; 

public: 
virtual int proc~s(sortseq<strïng, NdeInfoCbh, sortseq<string, CompSameS- 

TirneCl>&, sortseq<point, Modi fierstrudk, SpeclnfoListStruc&, list<smng>a); 
1; 

// integer constants 

class consti : public PSCADcornp { 

private: 
point p3; 
Nodeln foClderNode; 

public: 
virtual int process(sortseq<string, NodelnfoCI>&, sortseqcstring, CompSarneS- 

TirneCl>&, sortseqqmint, ModifierStruo&, SpecInfoListStnic&, list<smng>&); 
1; 
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cl;iss import : public PSCADcomp ( 

private: 
point p3; 
Nodel n foCIderNode; 

public: 
virtual int process(sortseq<string, NodeInfoCI>Bt, sortseqetring, CompSameS- 

TimeCM, sortseq<point, ModifierStrucAk, SpecInfoListStruc&, list<string>&); 
1; 

class export : public PSCADcomp ( 

private: 
Nodeln foClderNode; 
point p3; 

public: 
virtual int process(sortseq<string, NodeInfoCI>Br, sortseq<string, CompSameS- 

TirneCl>&, sortseqcpoint. ModifierStnic>&, SpclnfoListSinic&, list<suin@); 
1; 

// annotation boxes (do nothing) 

clriss anotation : public PSCADcomp ( 

public: 
virtual int process(sortseq<string, NodelnfoCI>& z 1, sottseq<stnng, CompSameS- 

TirneCl>& 22, sortseq<point, ModifierS~uoBt 23, SpecInfoListStnic& 24,list<st.ring>& zS ) { ); 
1: 

class pgb : public PSCADcomp { 
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public: 
virtual int pracess(sortseq<sÉring, NodeInfdW 21, soctseq<string, CompSameS- 

TimeCb& 22, sortseqqoint, ModiRerStmcBt 23, SpecInfoListSimc& z4,listeitring>& zS ) ( ) : 
I: 

// sampling tables 

clriss sampletables : public PSCADcomp ( 

public: 
virtuzil int process(sortseq<string, NodelnfoCb&, sortseq<string, CompSameS- 

TirneCl>&, sortseqcpoint, ModifietStrucSk, SpechfoListStmc&, list<string>Bt); 
1: 

class DASHED-WNE : public PSCADcomp [ 

public: 
virtuzil int process(sortseq<suing, NodeInfoCI>& zl, sortseq<string, CompSameS- 

TimeCI>& 22, sortseqcpoint, ModifierStruc>& 23, SpecInfoListSinic& z4, Iist<string>& zJ ) ( }; 
1; 

cliiss modifier : public PSCADcomp ( 

private: 
point p3; 

public: 
virtual int process(sortseq<st~ng, No&InfoCl>&, sortseqesuing, CompSarneS- 

TimeCb&, sortseqqmint, ModifierSt~o&, SpechfoListStruc&, iist<string>&); 
1: 

/////////l//l/!!/////////////l////lll////l//l////I/l/Il/lllI/ll/lllll///l 
// Wire Label, the "process" method takes care of the connection, it is 
11 responsible for putting wires together and put it into NodeMap 
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class wirelabel : public PSCADcomp ( 

private: 
point p3; 
NodeIn foCIderNode; 

public: 
virtual int pmcess(sortseq<stn'ng, Nodelnfdb&, sortseqetring, CompSameS- 

TirneCl>&, sortseqcpoint, ModifierSuuo&, SpecInfoListSuucdk, Iist<suin@); 
1; 
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