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My ntent and purpose for this project was to explare the muchvaulted techmigues of elgect orterted prograrming
(B 0P). nparticular, I wanted to apply these techniques to the graphical user infertace Windows 30 from MicroSoft.
Windows has develaped a reputation for heing as difficult and tedious for the prograrmmer as 1t 15 easy to use for the
tumcal user. The techmaues of obyect oriented programming are reputed to improve programmerpreductivity and
progearn veliatlty. Windows 3.0 seemed tobe & strngent test for this damm.

T watiafly began ths project, writing a ratroc arpulation progearn, using MicroSoft's C Optimazing Cornpdler, along
wath the McroSoft Software Development Kt (SDE) for Windows 286. This setup did not support object-orievited
prograrereang. The $DK came with severa thousand pages of documentation, covering many featares of Windows
progearmning as welt as the 800+ functions in the Whrary. Most of those functions required qute a feve parameters. [
fond that even the simplest ‘Hello World' program vequred several bandred Snes of code, wostly for setup and
mitiahzation. The difficaty t programming m this enviroment was compounded by having to use separate, o
Ttegrated tools (the comgrler, the linker, resource compiler, the editor, ). I made progress, but # was slove and
tedios, with alot of ime spent cormbing through the documertation.

Abeat five weeks before the end of the sevnester, I purchased Borland's newly released Turbo Paseal for Whndows.
This software proaded a fully itegrated development enwviroment complete with editor, compilers, a debugger, a
resaurce toolkit, and plenty of sample code. In addition, Turbo Pascal’s D OF extensions were aupported, with a wel
destqned Bhrary of window classes were mcluded a5 well, Using tits spstem, I was able to translate and re-design my
C code o afully otyect-erented application i Turbo Pascal

Having written the matrx application essevtially tence, once without object extensions, and then voith, gave Tae 2
umque opporturaty to see the advartages of object onentated progeammnmg. Usmg the Turbo Pascal system, [ was
able to nerease vy preductivity by atactor of four, with far fewer bugs and ‘resets’ along the way. Much of ths gam
was due to Turbo's mtegrated erviroment; however, the object extensions made 1 much easier to witte wel-
structared, bugfree code.

(lect prograreming seems to encowrage a more global, top-down ﬂasigm approach wathout wpostg any veal
restrictions upon the programmer’s creativty. |t is an espectally natural fit with the message-passing, windowr-based



Windows 30. D 0P absoprovrases to approach the ideal of truly reusable code, by allovang one to extend exnsting code
without actnally modifying .

Despite the mpeovements i software tocls such a5 Turbo Pascal, though, Windows prograrmring remams a
fornedable affar. Even i Turbo Pascal the MicroSoft SDR s stil buned under aff the pretty windows and 00P
mqm,mﬂﬂwmmuwhomtodamﬂmjmtﬂww@w TWndows appheations raust stfl learn to
deal withit



MatrixCad Version 1.0 Users Guide

MatrixCad is designed to provide maximum flexibility and ease of use
while working with two dimensional matrices. Version 1.0 provides the
ability to manipulate many different matrices on the screen at the same
time with several methods of selection and display. The individual
matrices are easily navigated and edited using a moving cell pointer
indicated by a solid black border around the current cell. Both unary and
binary mathematical operations are included; the unary operation is
scalar multiplication; binary operations included are addition, subtraction,
and multiplication.

MatrixCad makes use of the MicroSoft Windows 3.0 Multiple Document
Interface (MDI]. This interface provides a number of very flexible window
manipulation options, including window resizing, moving frem one
position to another, minimizing a window, and maximizing a window.

To resize a window [changing the actual size of the window on the
screen), move the mouse cursor to any horder on the window untll the
cursor changes to a double arrow. While holding down the left mouse
button, drag the border of the window to the desired size, and then
release the mouse button. The window will repaint itself to the new size.

To move a windew to a new screen position, meve the mouse cursor to
the title bar of the window. Press the left mouse button down, and while
helding it down, move the window to the desired position. Release the left
meuse button and the window will repaint itself in the new position.

Te minimize a window [change it to an icon], move to the right side of the
window title bar and click on the button with the down arrow. The window
will change te a small icen on the bottom of the parent window.

The system menu is opened by clicking on the button to the left side of
the title bar. It's options include window minimizing, maximizing, and

closing.

MatrixCad's Window menu selection provides means to .



1. create a new matrix window. New matrices are Initialized to 4 rows
by 4 columns, with all elements set te 0. Each matrix window is
automatically named according to its creation order {ie. the third matrix
window created is named Matrix #3].

2. arrange matrix windows by cascading or tiling. Cascading of
windows means to arrange the matrix windows overlapping each other,
top left to bottom right, with title bars showing for easy selection. Tiling of
windows resizes and repositions each matrix windew so that no window
overlaps another, and the paremt window's client area Is completely
covered.

3. arranging icons of matrix windows. This option puts any existing
icons into a neat row at the bottom left of the parent windows client area.

4. clesing all matrix windows. Does exactly that, leaving a clean
window, so make sure that's what you really want te do.

5. selecting a matrix window from a list. Any epen matrix window can
be selected by name from a list, with the currently active matrix window
indicated with a checkmark.

The menu selections Unary Operations, Binary Operations, and Settings,
use pop-up windows called dialog boxes to obtain user input. Each dialog
box has an OK button, selected by either clicking with the mouse cursor or
by pressing enter on the keyboard, which basically means "] like the
selections I've just made, so do the operation I've selected..”. A
corresponding CANCEL button terminates the selected operation. The
input fields can be moved from one to another using the mouse cursor or
the tab key.

Only one unary matrix operatioen is cumrently supperted, and that is
multiplication by a scalar. Scalar multiplication only affects the currently
active matrix.

The binary operations supported are addition, subtraction, and
multiplication. The Binary Operations dialeg box provides the ability to
specify the operation {addition is the default), the matrices to do the
operation with [specified as the left and right operands), and a target



matrix. The operand and target matrices default to the first matrix ereated,
and can be changed using the mouse cursor.

The menu option Settings provides the ability to change the size of the
matrix in terms of the number of rows and columns. Changing column
size will “re-flow” matrix entries inte nextfprevious rows. MatrixCad
internally keeps a matrix as a single dimensional array, and simply
interprets that array as a matrix in line with the current rowfcolumn
settings.

inside a matrix window, the current cell is indicated by a solid black
border, called the cell pointer. The keyhoard arrow keys move the celf
pointer left, right, up, and down, wrapping around both columns and rows.
Pressing a numeric key puts the cell pointer into editing mode, allowing
data entry into the current cell. Editing mede is indicated by an 'Fbeam’
cursor appearing in the current cell. if editing mode is terminated by
pressing the enter key, the cumrent cell is updated, and the cell pointer
moves to the next cell and re-enters edit mode. This allows rapid entry of
matrix cell values. Editing mede can by exited by pressing the escape
key, which will restore the contents to the current cell.
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Program name : MatrixCad

Version # : 1.0

Requirements : MicroSoft Windows Version 3.0.
Langauge : Borland s Turbo Pascal for Windows
Extensions : Borland s ObjectWindows

Programmer : Terry D. Hawkins

Academic Advisor : Dr. M. S. Wainer
Completion Date May 10, 1991

Course : UHON 398

Description : MatrixCad provides addition, subtraction, and multi-
plication of multiple matrices with emphasis on
flexibility and ease of use.

Purpoee : To explore the advantages of object-orisnted

programming technigues, in particular within the context
of a grasphical-user-interface.
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program MatrixCad;
{$R \tpw\MDI.RES)

uses WObjects, WinTypes, WinProce, Strings, StdDlgs;

P 3ORCKCRCRCR K KRR IR KKK KKK R R R ORI OK 3K KK OK HOR KR K R K SRR K K ORI R ORI KK )

{ CONSTANTS }
AR ACK ORI KK KKK AOK SCHROR ORISR KOK SK OK K IS IR R K K KOO KR KO SoR Kook 3ok ok )

const
cm_CountChildren = 102;
id_CantClose = 201;
id_cell = 301;

{ menu command identifiers }
cm_sgpecs = 1001;
cm_scalarMult = 501;
cm_BinaryOps = 601;

{ specs dialog box id's }
id_rowe = 1101;
id_cols = 1102;

{ ops dialog id"s }

id_TimesButton = 2201;
id_PlusButton = 2202;
id_MinusButton = 2203;
id_opStatic = 2301;



{ user defined message constante }
wm_CeliReturned = wm_User;
win_CellEscaped = wm User + 1;

R AR ORISR OK R SR R RO SR K K K K SR R RO K SR R KK R K KR OK KO KOROK SR ROIOK OR HOR R R R K ROK K }
{ TYPE DECLARATIONS }
2 e i e s o o R KKK K K R K K KK A R K K S OK K R OK R KRR KR K KKK R KR R R R R R R KK }

type

{--- Application ---------—-—\——-— " ———————————————— }
TMatrixMDIApp = obJject(TApplication)

procedure InitMainWindow; virtual;
end;

{--- Matrix Specifications Dialog Object ---———-----"o—--———— }
PSpecebDialog = "TSpecaDialog;
TSpecsDialog = cbject{(TDialog)
procedure ok (var meg : TMeseage);
virtual id_First + i1d_0K;

end;
{--—- Binary Operations Dialog Object -—-——-—--—eerrmre—r———m e }
POpsDialog "TOpsDislog;

TOpsDialog = object(TDhialog)
procedure TrapPlusButton{var Meg:TMessage);
virtual id_First + id_PlusButton:
procedure TrapTimesButton(var Msg:TMessage);
virtual id_First + id_TimeasButton:
procedure TrapMinusButton(var Mseg:TMessage);
virtual id_First + id_MinusButton:
end;

{-—-— Bettings Dialog Box Transfer Record ----—-————---——mmmr o —— }
TransferSpecsRecord = record

NumRowe, NumCols : arrayl[0..32] of Char;
end:;

TransferOpeRecord = record
operation: array{0..5] of Char;

IOpList : PStrCollection;
Lindex : integer;

ROpList : PStrlCollection;
Rindex : integer:

TOpList : PStrCollection;
Tindex : integer;:

end;

{ Cell type —-——————————— - }



PCell "TCell;

TCell Object (TObject)
e : integer;
constructor init(r : integer}:
procedure print; virtual;

end;

{ Cell Window type ~~wrmrmmmm e }
PCellWindow = "TCellWindow;
TCellWindow = object(TEdit)
procedure dataEntry (var Meg : TMessage);
virtual wm_first + wm_KeyDown;
end;

{ MPI Child Window type ——————————— }
PMatrixMDIChild = "TMatrixMDIChild;
TMatrixMDIChild = object(TWindow)

Num: Integer;

Name : PChar;
Description : PChar;
TopLabel : PChar;
Sidelabel : PChar;

Cells : PCollection;
CellWindow : PCellWindow;
CellPaint : boolean:
Rows : integer;
Cels : integer;
CurrRow : lnteger;
CurrCol : integer;
xStart : integer;
yStart : integer;
cellwidth : integer;

caellHeight : integer:

constructor Init (AParent: PWindowsObject; ChildNum: Integer);
procedure SetupWindow; virtual;
procedure Paint (PaintDC: HDC; var PaintInfo: TPaintStruct}; wvirtual;

procedure TrapKeyBoard (var Msg: TMessage);
virtual wn_Firet + wm_keydown:;

procedure TrapReturn(var Meg: TMessage);
virtual wm_Firet + wm_CellReturned;

procedure TrapEscape{var Msg: TMessage);
virtual wm_First + wm_CellEscaped;

procedure MoveEditCellRel(e : PChar); wvirtual;
procedure MoveEditCell (i,3 : integer):virtual:

function CanClose: Boolean; virtual;
function CellEval(i, J: integer) : integer; virtual;



function CellStr (i, Jj: integer) : PChar; wvirtual;
procedure CellStore (i,J : integer; r : integer); virtual:
procedure Specs{var Msg : TMessage);

virtual cm_first + cm_specs;
procedure ScalarMult (var Msg: TMessage);

virtual cm_firset + ocm_secalarMult;

end;

{ MDI Window ———————— e }
PMatrixMDIWindow = "TMatrixMDIWindow;:

TMatrixMDIWindow = object(TMDIWindow)

MatrixNames : PStrCollection;
childCount : integer;

constructor Init{(ATitle: PChar}:
procedure SetupWindow; wvirtual;

function CreateChild: PWindowsObject; virtual;

procedure UpdateChildList(var C : PStrCollection);

procedure BinaryOpsDlg (var Msg: TMessage);
virtuvual ecm_first + cm_BinaryCps:

procedure BinaryOpe (indexl, index2, index3:integer;op : PChar); virtual;

procedure AddMatrices (pL,pR,pT : PMatrixMDIChild); virtual;

procedure TimesMatrices(pL,pR,pT : PMatrixMDIChild); virtual;

procedure MinusMatrices(pL,.pR,pT : PMatrixMDIChild)}; wvirtual;
end;

e oK R K KKK R KKK RO SOK SOK HORROICK SR KOR OK AOKSEOR R R ROR SRR KR KR AOK R OR ROK K AR KRR KR }

{ Specs Dialog Methods 1
L 30K KK AAHK KRR A KRR KRR KRR KRR K IOR R KRR KK KK KR KKK KKK K JORK R KR ACK AR KKk }

{ trap id_ok from specs dialog...not currently used }
procedure TSpecsDialog.OK (var Msg : TMessage);
begin
TDialog.ok{mseg);
end;

LR AR ROOK KRR IOR AR R R AOK R BRI AR AOK R R OO R R ORI CRGCR R RO RO RO )

{ Binary Operations Dialog Box }
L HRAHAKKRFKK KR AAAKK KA KKK KKK AR IOK KKK AR K KRR IR KR KKK IOR KRR HIOR KRR KR KKK KKK KK )

procedure TOpsDialog.TrapPlusButton(var Mseg:TMessage);

var

opatr : PChar;
begin

Opstr := "PLUS";

SendDlglitemMsg(id_cpStatic,wm_settext,0,Longint{Opstr));



{--—————— - —————— e }
procedure TOpeDialog.TrapTimesButton(var Msg:TMessage);
var
opstr : PChar;
begin
Opstr := "TIMES";

SendDlgltemMsg(id_opStatic,wm_settext,0,Longint(Opstr));
end;

{ommrmmiiririiiiiiii i o ————_—— e }
procedure TOpeDisalog.TrapMinusButton{var Msg:TMessage);
var
opstr : PChar,;
begin

Opstr := "MINUS";
SendDlgltemMeg(id_opStatic,wm_settext,0,Longint{Opstr)):
end;

AR ROIOKR A0OKRCROKOR0ROK KK K 30RO KK AR AR R K KR K RO K KRR SOK AR ORI OKKOK RO KR O R R KK )

{ CELL METHODS }
{ AR KK KKK AK KRR K AR R KKK KIK AR KRR I KRR K KKK AR K IR KKK R AR KK R KRR KKK )

conetructor TCell.init(r : integer);
begin
e 1= r;
end;

procedure TCell.print;
var
westring : string;
begin
write(e, 7 );
end;

£ KRR AR AR AOKRACK KK R R AR AR O HOK R KRR AR KR OO R ORI RO KOO RO IOR R R R AR R R R R RO K )

{ CELLWINDOW METHODS 1
L R ARAAA K KR AR K A K KRR KA KK AKHAK AR KRR A KRR K A AR KA AR KAK KK KRR AR KKK KKK )

{ resete focus to child window;: Bends user defined notification messages }
procedure TCellWindow.dataEntry (var Msg :TMessage);
begin

{-—— user terminated cell sdit by pressing the return key -—-1}
if msg.wParam = vk_return then



begin
SetFocus{Parent” .HWindow};
SendMessage (Parent” .HWindow,wmn_CellReturned,0,0);

end:
{~~- user terminated cell edit by pressing the return key ---}
if msg.wParam = vk_Escape then

begin

SetFocus(Parent” .HWindow);
SendMeseage {Parent” .HWindow,wm_CellEscaped,0,0);
end;

end;

L AR ICR KR HOK R R KRR KR B K O OKOK KK R K KR 3R KOIOR KOKOK R AR OK R ORI RO R OR K KK §

{ MDI CHILD WINDOW METHODS }
LK SRR K K K SR K SRR KK KR R A ROKOI K KO R KR KK KK KR R KR 3K KRR KR KR RO RO RO R R KRk }
e e }

constructor TMatrixMDIChild.Init(AParent: PWindowsObJject:; ChildNum: Integer);
var

TitleStr: array[0..12] of Char;

ChildNumStr: array{0..5] of Char;

i: integer;
begin

{ assign a numbered default name to this new matrix instance }
Str(ChildNum, ChildNumStr}:

StrCat(StrECopy(TitleStr, "Matrix #7), ChildNumStr):
TWindow.Init(AParent, TitleStr};

CellPaint := true;
{ initialize a collection with B0 item pointers, and increaee by 10

upon demand }

Cells := New{PCollection, Init(H50,10));

{ initialize 50 cells to 0 }

for i := 1 to B0 do Cells”.Insert(New(PCell.,Init(0})):

New(CellWindow, Init{(@Self, id_Cell, ", 50,40,60,25, 24,false))};
end;

procedure TMatrixMDIChild.SetupWindow;
begin
TWindow. SetupWindow;

{ these fields will be displayed (and user selectable) in a later
version }
Name := “a matrix name”;



Description := "a matrix descript’;
TopLabel := "top label”;

Sidelabel “gide label’;
{ default current cell top left }
CurrRow = 1;
CurrCol = 1;
{ initialize to 4 by 4 meatrix }
- cols e
rows = 43

{ top left corner of matrix in pixels }

xStart := HO;

yStart 1= 40;

{ default cell size in pixels }

cellwidth = 80;

cellHeight = 25;
end;
{f--————— }

procedure TMatrixMPIChild.Paint{PaintDC: HDC; wvar PaintInfo: TPaintStruct);
var
rect : TRect;
RowPen,ColPen,01dPen : HPen;
rowY,colX,i,j,x8top,y5top : integer;
petring : stringl79];
wetring : array [0..78] of char;
outstring : array [0..78] of char;
cptr : PCell; :
celllen,x : integer;
begin
{mespagebox(hWindow, "calling child paint”, "test ,mb_ok)}:}

{GetClientRect (HWindow, &rect):}
{ DPtoLP (hDC, (LPPOINT) &rect, 2); }

RowPen := CrestePen(ps_s0l1id,0,RGB(0,0,128));
0ldPen := SelectObject{PaintDC,RowPen);

{¥ draw row lines %}

xStop := xStart + (cols ¥ cellWidth):;
for i := 0 to rowse do
begin

rowY := (i'* cellHelight)} + yStart:
MoveTo (PaintDC, xStart, rowY):
LineTo (PaintDC, xStop, rowY);

if {1 < rows) then
begin
for j := 0 to {cols-1) do
begin '



{ cellllen := CellStr(i,j,wstring);}
Str(CellEval(i+l1l,j+1),wstring);
StrPCopy(outstring,wstring);
{outestring := CellStr{i+l,j+1);}

TextOut(PaintDC, (j¥cellWidth)+xStart+3, rowY+3,o0utstring,strlen{outstring));
end;
end;
end;

ColPen := CreatePen{ps_dot,0,RGB(128,128,128)):
SelectObject(PaintbC,ColPen);

{* draw col lines ¥}
for 1 := 0 to cole do
begin
colX := (i * cellWidth) + xStart;
MoveTo (PaintDC, colX, yStart);
LineTo (PaintDC, colX, rowY);
end;

SelectObject(PaintDC,0ldPen);
DeleteObject (RowPen);
DeleteObject(ColPen);

{ repaint cell edit window }
if CellPaint then
begin
Str(CellEval{CurrRow,CurrCol),wstring);
StrPCopy(outetring,wstring);
CellWindow™ .SetText (ocutstring);
end
else :
CellPaint := true;

end;
{—— e }
{ MATRIX CELL MOVEMENT AND EDITING ROUTINES }
[ e o e e }

procedure THMatrixMDIChild.TrapKeyboard (var Msg: TMessage);
vay

CountStr: arrav{0..5] of Char;

wetring,outetring : array[0..79] of char;

akey, moveWin : boolean;

neg : PChar;
begin
akey = false;
= false;

moveWin :

if msg.wParam = vk_right then
MoveEditCellRel{ "right’)

elpe if msg.wParam = vk_left then



MoveEditCellRel( left”)

else if msg.wParam = vk_up then
MoveEditCellRel({ "up”)

elese if msg.wParam = vk _down then
MoveEditCellRel{ "down”)

{else if meg.wParam = vk_return then

begin
Str(CellEval{CurrRow,CurrCol):5,westring):
StrPCopy{outstring,wstring):
SetFocus (CellWindow™ .hWindow);
CellWindow™ ,Clear;
CellWindow” .S5etText (outstring);

end}

elese if ( (msg.wParam >= ord(°0")}) and
{msg.wParam <= ord{"87}) ) then
begin
case msg.wParam of

ord{"QG") : ns = "07;
ord("1°) z n8 := “1°7:
ord{"2°) : ng = "27;
ord{"3°) : ns := "37;
ord{"4”) : ns = “47;
ord("5") : ns := "5";
ord("8°) : nB8 = "67;
ord("7°) : ns = 77
ord{("8°) : ns := "87;
ord("2°) : ns = "97;

end; { case }

CellWindow™ .Clear;

CellWindow™ .S8etText (ns);

SetFocus (CellWindow™ .hWindow);
end

else if ((meg.wParam >= vk_NumPad0O) and
(meg.wParam <= vk _NumPad9 )) then
begin
case msg. wParam of

vk _NumPad0 : ns := 07
vk_NumPadl : ns = "17;
vk_NumPadZ : ns := "27;
vk_NumPad3 : ns := "37;
vk_NumPad4d : ns := 47 ;
vEk_NumPadb : ns := "57:
vk _NumPadf : ne := "687;
vk_NumPad? : ns := "77:
vk_NumPadB : ns := "87;
vk_NumPad8 : ns := "97;

end; { case }
{StrPCopy(outstring,ns);}
CellWindow™ .Clear;



CellWindow” .SetText (ns&);
SetFocus {CellWindow™ .hWindow);

end;
end:
{-——————————————————————————————————————————— }
{ response method for user-defined message id_CellReturned...
the user pressed the return key to exit editing of the current cell }

procedure TMatrixMDIChild.TrapReturn (var Msg : TMessage);
var
data : arrayl[0. .23} of char:

r : integer;
err : integer;
begin

CellWindow™ .GetText (@data,23);
Val(data,r,err);
if err = 0 then { val reported a sucecessful conversion }
begin
CellStore(Currrow,Currcol,r);
MoveEditCellRel( "right”);
SaetFocus(CellWindow™ .HWindow);
CellWindow™ .Clear;
CellPaint := false;

end
else { val complained ... invalid data }
begin
messagebox{HWindow, data, "invaelid entry , mb_ok);
SetFocus(HWindow);
end;
end;
s }
{ response method for user-defined message id_CellEscaped...
the user pressed the escape key to exit editing of the current cell }

procedure TMatrixMDIChild.TrapEscape {(var Msg : TMessage);

var
wstring,ocutstring : array{0..79] of char;

begin
{ reject cellwindows contents...replace with cell s current contents }
Str(CellEval (CurrRow,Currlol),wetring);
StrPCopy(outstring.wstring);
CellWindow"™.SetText (outstring);

end;
{-——————— e e }
procedure TMatrixMDIChild.MoveEditCellRel (s : PChar);
var
moveWin : boolean;
begin

moveWin := falee;



if strcomp(s, 'right”) = O then
begin
moveWin := true;
if currCeol < cols then
currCol := currCol + 1
else
begin
currCol := 1;
if currRow < rows then
currRow := currRow + 1
else
currRow := 1;
end;
end;

if strcomp(s, "left”") = 0 then
begin
moveWin := true;
if currCol > 1 then
currCol := currCol - 1

else
begin
if currRow > 1 then
currRow := currRow - 1
else
currRow := rows;
currCol := cols;
end;
end; 4

if strcomp(s, ’up”) = 0 then
begin
moveWin := true;
if currRow > 1 then
currRow := currBRow - 1
else
begin
if currCol > 1 then

currCol := currCol -
else
currCol := cols;
currRow := rows;
end;

end;

if strcomp(s, down ") = O then

begin
moveWin := true;
if currRow < rowe then
currRow := currRow + 1
else
begin

if currcol < cols then



currcel = currcol + 1
else
currcol :=
currRow := 1;
end;
end;

1;

if moveWin then
MoveEditCell (CurrRow,CurrCol);

end;
{ ________________________________________________________________________
Procedure TMatrixMDIChild.MoveEditCell(i,Jj:integer);
var
wetring,outetring : arrey{0..78] of char;
begin
{messagebox({hWindow, "calling. moveeditcell , "test” ,mb_ok):}
currRow := 1
currCol := Jj;

MoveWindow (CellWindow™ .hWindow,

(cellwidth ¥ (currCol - 1)) + xStart,
cellHeight * (currRow - 1) + yStart,
cellWidth, cellHeight, True);

Str(CellEval {CurrRow,CurrCol),wstring);

StrPCopy{outetring,wstring);

CellWindow™ .BetText (outstring):

{ messagebox(hWindow, called moveeditcell” , "test ,mb_ok); 1}
end;

{ allows reference to the matrix in the conventional two dimensional
manner. . .returns the integer value of the referenced cell

function TMatrixMDIChild.CellEval(i,J : integer) : integer;

var ‘
index : integer;
cptr @ PCell;

begin
index = ((i-1)*cole) + (J~1);
cptr = cells”.at(index);
CellEval := cptr”.e;
end;
{ ________________________________________________________________________

{ allows reference to the matrix in the conventional two dimensional
manner...updates the integer value of the referenced cell
procedure TMatrixMDIChild.CellStore(i,j : integer;r : integer);
var
index : integer;
cptr : PCell;



begin

index = {{i-1)*cols) + (j-1);
eptr = cells” .at(index);
cptr”.e := r;

end;

{ sllowse reference to the matrix in the conventional two dimensional
manner. . .returns the string value of the referenced cell
function TMatrixMDIChild.CellStr{(i, J : integer) : PChar;
var
tempstring,retstring : array{0..79)] of char;
begin
Str(CellEval(i,j)}:5,tempstring);
StrPCopyv(retstring, tempstring);
CellStr := retstring;
end;

{ multipliee a matrix by a scalar
procedure TMatrixMDIChild.ScalarMult (var Meg : TMessage);
var
inputText: arrayl[0..5] of char;
i,error,scalar : integer;
cptr : PCell;
begin
Str(l,inputText):
if application” .ExecDialog(new(PInputDialog,
Init{(@gelf, "Scalar Multiply , ~ Enter a scalar:”,
InputText, SizeOf{InputText))})) = id_OK then
begin _
Val({InputText, scalar,error};
if error = 0 then

for 1 := 1 to {rows*ecols)} do
begin
cptr = celle” . at(l);
cptr”.e := cptr”.e ¥ scalar;
end;
InvalidateRect (HWindow,nil, true};
end;
end;
e }
{ SETTINGS DIALOG BOX }
T }
{ Settings Dinlog Box; currently only allows setting the number of rows
and columns of a matrix 3}

procedure TMatrixMDIChild.Specs(var Mag : TMessage);
var



D : PDialog;

E : PEdit;

s8l,82 : array{0..32] of char:
err,retValue : integer;
specsRecord : TraneferSpecsRecord;

begin

{ setup transfer record }
str(rows:2, specsRecord.NumRows ) ;
str(cols:2,specsRecord.NumCols);

{ initisalize and execute specs dialog resource }

D:= New{PSpecsDialog,Init(@Self, "Specs’));

New(E, InitResource(D, 1101, SizeOf(specsRecord.NumRows}));
New(E, InitResource(D, 1102, SizeOf(specsRecord.NumCols)));
D” . TransferBuffer := @SpecsRecord;

retvalue := Application”.ExecDialog(D);

{ user clicked id_ok / pressed return key }
if retvalue = id_O¥X then
begin
{ update the matrix object fields }
Val(epecsRecord.NumRows, rows,err);
Val(epecsRecord.NumCols,cols,err);
CurrRow := 1;
CurrCol := 1;
{ make sure Windows repaints the matrix window }
InvalidateRect(HWindow,nil,true);
end;
end;

{ CanClose will be used in a later version in support of file operations }
function TMatrixMDIChild.CanClose;
begin
CanClose := true;
end;
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{ MDI CLIENT WINDOW METHODS }
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conatructor TMatrixMDIWindow.Init{(Atitle : PChar);

begin
TMDIWindow.Init ( MatrixCad , LoadMenu(HInstance, "MDIMENU ));

{Attr.X = O3



Attr.Y := 03
Attr.W := 640;
Attr . H := 300;
Attr._Style := ws_Overlapped or wse_SysMenu or ws_MinimizeBox:}
MatrixNames := New(PStrCollection,Init{10,5));
end;

{ SetupWindow creates the first MDI child }
procedure TMatrixMDIWindow.SetupWindow;
var
ARect: TRect;
NewChild: PMatrixMDIChild;
- begin :
TMDIWindow. SetupWindow;
CreateChild;
end;

{ Create a new MDI child }
function TMatrixMDIWindow.CreateChild: PWindowsObject;
var |

ChildNum: Integer;

function NumberUsed(P: PMatrixMDIChild): Boolean; far;
begin

NumberUsed := ChildNum = P~ .Num;
end:

begin
ChildNum := 1;
while FirstThat{@NumberUsed) <> nil do Inc(ChildNum);
CreateChild := Applicsation”.MakeWindow(New({PMatrixMPIChild,
Init(@Self, ChildNum)));
end;

{ returns &8 list of the names of all matrices
procedure TMatrixMDIWindow.UpdateChildList{(var C : PStrCollection);

procedure GetAChild(AChild: PMatrixMDIChild); far;
begin
C” . Insert(StrNew(achild” .attr.title});
end;

begin
C” .FreeAll; {clear out the collection for updating}
ForEach(@GetAChild);

end;



pProcedure TMatrixMDIWindow.BinaryOpsDlg (var Msg : TMessage);
var
D : PDialog;
S : PStatic;
LL,RL,TL : PlistBox:
81,82 : array([0..32] of char;
i,err,retValue : integer;
opsRecord : TransferopsRecord;

procedure UpdateChildren(p : pMatrixMDIChild); far:
begin
InvalidateRect(p” .HWindow,nil, true);
end;

begin
with opsRecord do
begin

{ initialize matrix name lists }

LOpList := New{(PStrCollection,Init(10,5));
ROpList := New(PStrCollection,Init(10,5));
TOpLiest := New(PStrCollection,Init(10,5));

UpDateChildList(LOpList);
UpDateChildList (ROpList);
UpDateChildList (TOpList);

StrPCopy(operaticon, "PLUS ) ;
Lindex := 0;
Rindex := 0O;
Tindex := Q3
end;

{ initialize and execute diaslog box }

D:= New(POpsDialog,Init{@Self, "BINARY OPS°)};

New( S, InitResource(D, 2301, SizeOf(opsRecord.operation)));
New(LL, InitResource{Db, 2101)};

New(RL, InitResource(D, 2103));

New(TL, InitResource(D, 2105));

D" . TransferBuffer := ®@opsRecord:

retvalue := Application” .ExecDialog(D};

if retvalue = id_0OK then
wlith opserecord do
begin
BinaryOps(Lindex,Rindex,Tindex,operation);
ForEach{(®UpdateChildren);
end;

end;



{ converts the user selected matrix index numbers into child window
pointers, then calls the appropriate operation with those pointers
procedure TMatrixMDIWindow.BinaryOps{indexl, index2, index3 : integer; op :
PChar};
var
i: Integer;
PL,pR,pT : PMatrixMDIChild;
g8 : PChar;

{—-— locates the left operand child window pointer --}
function FindLOp(AChild: PMatrixMDIChild): boolean; far;
begin
FindlOp :=
i:=1i4+ 1:
end;

(i = indexl)};

{~~ locates the right operand child window pointer --}
function FindROp(AChild: PMatrixMDIChild): boolean; far;

begin
FindROp := (1 = index2);
i =4+ 1;

end;

{-- locates the target operand child window pointer —-}
function FindTOp(AChild: PMatrixMDIChild): boolean; far;

begin
FindTOp := (i = index3):
1 :=1i+ 1;
end;
begin
1 = 0;
pL = PMatrixMDIChild(firstthat(@FindlOp));
i := 0;
PR := PMatrixMDIChild(firstthat(@FindROp));
i = 0;
pT := PMatrixMDIChild(firstthat (@FindTOp));

if ((pL<>nil) and {(pR<>nil) and (pT<> nil)) then
if strcomp(op, "PLUS"} = 0 then
AddMatrices(pL.,pR,pT)
else if strcompl{op, TIMESE ) = O then
TimesMatrices({pL,pR,pT)
else if strcomp(op, MINUS" ) = O then
MinusMatrices(pL,pR,pT);

end;



procedure TMatrixMDIWindow.TimesMatrices(pL,pR,pT : PMatrixMDIChild);
var
pLx,pRx,pTx : pcell;
i,j,k : integer;
sum : integer;

{ get the value of the i,J referenced cell in a collection of cells }
function gev (p : pCollection; i,j,cols : integer) : integer;
var

index : integer;
cptr : pcell;
begin
index := ((i-1)*cols)} + (j-1);
cptr := p~.at{index);

gecv = cptr”.e;
end;
{ put the value of the i,j referenced cell in a collection of cells }
procedure pev (p : pCellection; i1,J,cols : integer; putval : integer);
var

index : integer;
cptr : peell;

begin
index := ((i 1)*ceole) + (Jj-1);
cptr := .at{index);
cptr”.e :: putval;
end;
begin
for i = 1 to pL”~.rowe do
for j := 1 to pR .colse do
begin
sum :1= 0;
for kK := 1 to pL”".cols do
sum := sum + (gcv(pL”.cells,i,k,plL” .cols) Xx

gev{pR".celle . k,j,pR" .cola});
pev{pT " .cells,i,j,pR".cole,sum);
end;
pT" .rows := pL”.rows;
pT".cols := pR".cols;

{ subtract two matrices...put the result into the specified target;
NOTE: the left operand controls the row/cols extent of the subtraction }
procedure TMatrixMDIWindow.MinusMatrices(pL,pR,pT : PMatrixMDIChild);
var ’
PLx,pRx,pTx : pcell;
i : integer;



for i := 0 to {(pL".rows % pL".cols) - 1) do

begin
pLx := pL".cells” .at(i);
PRx := pR".cells” .at{(i);
pPTx := pT .cells " .at(i);
pTx".e = plx".e -~ pRx".e;

end;

end;
{------------———-— }

{ add twoc matrices...put the result intc the specified target;
NOTE: the left operand controls the row/cols extent of the addition }
procedure TMatrixMDIWindow.AddMaetrices (pL,PR,pT : PMatrixMDIChild);
var
plyt,pRx,pTx : pcell:;
1 : integer;

begin
for 1 := 0 to ({(pL .rows % pL " .cols) - 1} do
begin
plx := pL " .cells " .at(i);
PRx := pR".cellsg" .at(i);
pTx := pT".celle” .nt(i);
pTx~.e 1= plx".e + pRx".e;
end;
end;
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{ APPLICATION METHODS }
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{ Construct a main window object }
procedure TMatrixMDIApp.InitMainWindow;
begin

MainWindow := New{PMatrixMDIWindow, Init{ MatrixCad ™ )):
end;
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{ MAIN MODULE }
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var

MatrixMDIApp: TMatrixzMDIApp;
begin

MatrixMDIApp.Inlt{ MatrixCad);

MatrixMDIApp.Run;

MatrixMDIApp.Done;
end.
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For the last several decades, structured computer programming
has been an important concept in software engineering. However, in
the last few years a new paradigm called Object-Oriented
Programming (OOP) has quickly become accepted by many as a better
way to productively handle the complexity of modern computer
prograns.

Because of this trend, along with the explosion of interest in
graphical user interfaces (GUI), my objectives for this project
were to further explore the Object-Oriented Programming (OOP)
paradigm under MicroSoft’s GUI Windows 3.0. The vehicle for this
exploration was a mathematical matrix graphics program, called
MtxCad 1.1. This project was based on a similar previous project
which provided simple matrix operations. Noting the synergy between
matrix theory and graph theory, this project extended that by
creating a new mathematical graphics object type.

MtxCad 1.1 provides tools that allow a user to easily draw a
graph using a mouse within a Multiple Document Interface (MDI)
window. Several ideas in MtxCad’s user interface were borrowed from
current PC Computer-Aided-Design (CAD) technolegy. In ’‘point mode’,
new graph nodes can be set to snap to a displayable rectangular
grid, which can be toggled on and off. In ‘edge mode’, new graph
edges can be stretched like rubber-bands between any two nodes,
with automatic capture by the nearest node.

Several mathematical tests can be made on a graph. The



existence of a Euler path can be quickly determined. MtxCad can
also find the shortest path between the first and last nodes in the
graph, displaying the length of the shortest path as well as the
path itself.

The software tools used to create MtxCad 1.1 were Borland’s
Turbo Pascal For Windows 3.0 Version 1.0 (TPW), along with
Borland’s Resource Workshop Version 1.0 (RW). TPW provides a fully
integrated environment under Windows which compares favorably with
the DOS version of Turbo Pascal, featuring seamless editing,
compiling, 1linking, and testing. RW allows easy resource
development with comprehensive project management. When considering
the high complexity of the Windows programming environment,
integrated tools such as these are essential to achieving a

reasonable level of productivity.

II. OBJECT-CRIENTED PROGRAMMING: CONCEPTS

Besides its inherent complexity, development in MicroSoft
Windows is synergistic with the OOP paradigm because Windows also
implements process multitasking by using inter-process message
passing. Similarly, the OOP paradigm says that objects are never
‘called’ like in conventional programs, but that they respond to
‘messages’. For example, instead of a program initializing it’s
objects, it sends messages telling them to initialize themselves.
The program therefore doesn’t need to know anything at all about
the details of initialization. This characteristic is very useful

in promoting the modularity and re-usability of code.
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The primary component of the OOP paradigm is, appropriately
enocugh, the object type. Also commonly referred to as a class, it
defines an object’s data fields and methods. Declared much like a
traditional Pascal record, an object type is a definition for an
object, not the object itself. A program therefore declares
’instances’ of object types.

The object differs from a record in that, in addition to data

fields, operations are defined on those fields which describe the
actions that the object ‘knows’ how to do.
A method, in other words, is a'procedure or function definition in
an object class. An object performs these operations upon itself in
response to the appropriate messages. This binding of both the data
fields and the method definitions is called ‘Encapsulation’.

Another hallmark of OOP is called inheritance. The objects in
a program are related in a hierarchical fashion. Objects can
inherit the properties (ie. the data field and methods) of objects
higher in the hierarchical tree. An ‘ancestor’ is an object from
which another object is descended. Turbo Pascal allows a descendent
to have only one ancestor, although ancestor objects may have any
number of descendants. A descendant has access to all the data
fields and methods of it’s ancestors, and can redefine those
definitions as well as add new ones of it’s own. It 1is this

property of inheritance that allows the reusability of code.

III. IMPLICATIONS OF USING BORLAND'’S OBJECTWINDOWS ON

IMPLEMENTATION OF GRAPH OBJECT DATA STRUCTURES.
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With TPW, Borland ©provides a «class 1library —called
ObjectWindows, from which all of MtxCad’s objects were descended
from. The class TCollection had the most direct impact on the
design of the program, having been used to keep track of nodes as
well as simulate an adjacency matrix for edges along with weights.
The manipulation of matrices normally requires the declaration and
use of multi-dimensional arrays. MtxCad used collections almost
exclusively instead of arrays. Specifically, a collection is an
object that stores a group of pointers and provides a host of
methods for manipulating them, such as item insertion, deletion,
and searching. Collection pointers are untyped so that, unlike
arrays, they can point to any type of data structure.

Collections have two unique features compared to traditional
Pascal arrays: dynamic allocation, and polymorphism. Dynamic
allocation allows collections, even though 1initialized to a
specific size, to grow at run time to accommodate new data stored
into them. Memory then only needs be allocated when it is actually
needed, which is important in a multitasking environment 1like
Windows.

Collections are also useful in using polymorphism; they can
contain objects of different types which may be unknown at compile
time. Since each object knows how to perform operations on itself,
collection behavior depends wholly on the type of objects it
contains. In normal Pascal arrays, all array elements must be of
the same type, and each type must be determine at compile time.

Collections accomplish this because they are essentially dynamic
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arrays of untyped pointers that can not only point to atomic
elements and record structures, but any kind of defined object
instances as well.

This kind of flexibility provides a power that should be
carefully used. It’s a good idea to have all objects in a given
collection to have at least one abstract ancestor object in common.
Some of TCollection’s methods expect to work on TObject-derived
instances; so it’s advisable to use only those type of objects in
TCollections. In practice, this is not a significant limitation.
Another c¢aution; if you put mixed types in a collection, be

careful, or you can create scme very hard to find bugs.

IV. SHORTEST PATH ALGORITHM

MtxCad currently computes the shortest path between the first and
last nodes defined in the graph. This algorithm assumes that we
have a simple, weighted, connected graph where the all the weights
are positive.
We start out with a set of nodes which initially only contains

the starting node, implemented here by setting a boolean value.

InNodes[startNode] := true;
We scan all nodes other than the starting node to determine the
edge weights from the starting node.

for i := 1 to NodeCount do

begin

if i <> startnode then



begin
Scan the edge adjacency matrix for the element associated with the
current pair of nodes.
cptr:=AdjMtxFind(startNode, i);
If the number of edges is greater than 0 between the two current
edges, then record the weight for this edge, and set the
corresponding s element, since this edge is considered the shortest
distance between the two current nodes.
if cptr~.e > 0 then
begin
weights([i] := cptr~.weight;
s[i] := startNode;
end;
end;
end;

The following while loop is where the algorithm does its real work.
Note that InNodes grows as the algorithm proceeds. At any given
time InNodes contains every node whose shortest path from
startNode, using only nodes in InNodes, has so far been determined.
For every node z outside of InNodes, we keep track of the shortest
distance d(z) from startNode to that node, using a path whose only
non-InNodes node is 2z. In addition, we Kkeep track of the node
adjacent to z on this path, s(z).

To determine which node should be next moved into InNode, we
pick the non-InNode node with the smallest weight (i), or distance;

then we have to recompute the weights for all the remaining nodes
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. not in InNodes, because there might be a shorter path from x going
through p than there was before p belonged to InNodes. And if so,
then s(z) must be updated so that p is now shown to be the node
adjacent to z on the current shortest path. Note that the algorithm
terminates when y is put into InNodes, even through there may be
other nodes in the graph not yet in InNodes.
while (not InNodes[endNode]) do
begin
p := smallestWeight;
InNodes[p] := true;
for z := 1 to NodeCount do
begin
. if not InNodes[i] then
begin
oldWeight := weights[z];
cptr := AdjMtxFind(p, z);
weights[z] :=
minweight (weights[z],weights[p],cptr”.weight)
if weights[z] <> oldWeight then
s[z] := p;
end;
end;
end;
The length of the shortest path from between the two nodes will be
found as the value of the endnode’th element of the weights array.

. Int2PChar (weights[endNode]);
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MessageBox (HWindow, pcharBuffer, ‘The length of the
shortest path is:’,mb_OK);
The nodes of the shortest path are found by looking at y, s(y).
s(s(y)), etc until we have traced the path back to x.
These nodes are stored within the object collection PathNodes for
display purposes. Note the use of the methods FreeAll and Insert;
these methods were inherited from TCollection.
| PathNodes*.FreelAll;
i := endnode;
errortrap:=0;
PathNodes~, Insert (Nodes~.At (i-1));
repeat
begin
i 1= s(i};
PathNodes~.Insert (Nodes~.At(i-1});
Inc(errortrap);
end;
until ((i=startnode) or (errortrap>NodeCount));
end;

It can be proven that no shorter path exists.

IV. EULER PATH

It is known that a Euler path exists in a connected graph if

and only if there are no odd degree nodes or there are two odd
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degree nodes. The Euler Path algorithm uses this fact by counting
the number of nodes adjacent to each node and determining whether
that number is odd or even. If the number of odd degree nodes is
zero or two, then an Euler path must exist.

procedure MtxGraph.IsEulerPath (var Msg:TMessage);

var
odd, i,degree,j : integer;
cptr : PCell;
connected : boolean;
begin
odd := 0;
i 1= 0;

Check that this graph is connected.
connected := (Cells~.Count > 0);
Loop through all the nodes until path determination can be made.
while ((odd<=2) and (i<nodeCount) and connected) do
begin

degree := 0;

Scan each row of the adjacency matrix (which represents all the
edges from a given node to all the others), adding up all the
edges.
for j := 0 to (nodeCount-1) do
begin
cptr := Cells~.At((nodeCount#*i)+j);

degree := degree + cptr~.e;
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end;
if degree=0 then

connected := false;

Check for odd degree.
if (degree mod 2 = 1) then odd := odd + 1;
i:=1 + 1;

end; {while}

V. CONCLUSIONS

MicroSoft Windows graphical user interface provides some very
useful tools in developing mathematical graphics software. Of
special use is the Multiple Document Interface, which allows a user
to simultaneocusly work with several graphs and matrices. Also, a
fair assortment of graphics primitives is available for drawing
lines, curves, etc.

Borland’s ObjectWindows allows a structured,.building—block
approach to building Windows applications. Collections are very
powerful, but since most published algorithms use standard arrays,
substantial rewriting is required to use them. This was probably
the most difficult problem in creating the new graphics object.

Overall, even though the programmer’s learning curve is very
steep, OOP with Windows has the potential to create very

maintainable and powerful interactive mathematical software.
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%%ﬂ.‘é-ﬁ-***-ﬁ'**%-ﬁ-**%-ﬂ-*-ﬁ--ﬁ-*%*****************-l'**%******%******************%*}

Jmit MbxGrfag
‘NTERFACE

ises Utils,mitxmsgs,mixids,WinCrt, WObjects, WinTypes, WinProcs, Strings, 8tdDlgs

FNode = "“Nodej

Node = cobiject (TObjiect)
ey & lntegerg
no @ integer; {node numberd
constructor init{py,.py.n:integer)
procedure Faint {(hwiHWnd): virtual

erds;
PCall = ~TCell:
TCell = Object (TObiect)

& : integer:
weight @ integers
metructor Init{i : integer):
end;

FMtxGraph = “MtxGraph;:
MtxGraph = abject (TWindow)
Grididn @ boolean:
ButtonDown 3 boolean;
DisplayFath @ bpoolean;
DIC o MDD
01l dBrush: HBrushs
X1, X2,¥1,¥d & integers;
EditHode » integer: {@:Foint:l:Edgel
Neigh?ﬂmde r ointeger:; {1:0N;Q@Q:0FF3

Moles : PCollection;
FathiModes @ PCollectiong
fCells 7 PCollectiong
ModeCount @ integer;
GridMesh @ integers;
EdgeVl r integery
EdgeV2 : integers:
Vertices 1 integery

constructor Initi{AFarent: FWindowsObjecty ATitle: FChar);

procedure Faint (FaintDC: HDLC: var FaintInfo: TRaintStruct):; virtualj;
Copredure FaintGrid {(FaintDC: HDO; var Faintinfo: TRaintStructl)i virtuals
rocedure FaintEllipse(PaintDC:; HDCjvar FaintInfo: TPaintStruct)d;



procedure FaintNodes (FaintDC: HDCivar FPaintInfo: TRaintStruct)s
procedure FaintBEdges (PaintDC 3 HDCy PainmtInfo: TPaintStruct)d;

rrocedure GetN{var Msg: TMessage); virtual cm_first + GetiN;
procedure ReSst; virtual:

.‘Dcedure GridToggle {var Msg: TMessage) s
virtual em_first + Grid_Toggles

procedure FointToggle {(var Msg: THMessage)
virtual cm_first + FointMaode:

procedure EdgeTogole (var Msqg: Thessage) ;
virtual cm_+irst + EdgeMode;

procedure WeightToggle (var Msg @ TMessage) s
virtual cm_first + ShowWeightMode;

procedure LDlearBEdges {var Msg: TMessage);
virtual cm_first + cm_Cleartdges;
procedure ClearBGraph {var Msg:TMessage)

virtual cm_first + cm_ClearGraphs
procedure JoinAllNodes (var Msg: THessage!d s
virtual om_first + om_JoinAllNodes;
procedure IsBEulerPFath (var Msg: THessage)
virtual cm_First + ocm_IsBEulerFaths
procedure ShortestFath (var Msg @ THessage);
vitrtual om First + om_ShortestFaths
procedure MinSpamnningTree (var Msg @ TMessage)
virtual cm_First + cm_MinSpanTres;

procedure WMLEButtonDown (var Msg: THessage);
. vitrtual wm_First + wa_LButtonbDown;
procedure WMRButtonDown (var Msg: THMessage):
virtual wm_First + wm_RButtonDown;
."Dcedure WMMouseMove (var Msg: THMessaage)
- virtual wm_First + wm_MouseMaves:
procedure WMLButtonUp (var Msg: THessage)
virtual wm_First + wm_LBubttontp;

procedure SnapZbridivar ®,y @ integer)js

function NearestNode(px,py:integer) @ FNodes
procedure MewNodel(m,nrinteger’;

procedure DrawRubberbands

procedure AdiMtxrInits

procedure Adittxingg

function AdiMtsFind{m,n:integer) : FCell;

procedure AdiMtuSet {arow,acol edges,weightrinteger);

function NodeExist(px,py @ integer) @ pNodej
proceduw e DeleteNode {(ANode @ PNode): virtualjg
procedure Deletebdgesirowcol @ integer);
procedure TestInits;

ends;

R
errortrap : integer; {error var used for various error trap functions?
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NORE METHODS
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constructor Node.init{px,py,ntinteger);

begin
¥ O1T= pMi
Y i¥ pvi
s

Hno o=
endy

procedure Node.Faint{hw 2 Hlnd) g
var
DE : HDC:
s 1 FChars:
Radius 1 integer;:

higin
S o= “w'y
DC 1= Gethl(hw);
Radius 1= 33
Ellipsse{DL,x — FRadius, vy ~ Radius, ® 4+ Radius,y + Radius)j
ReleaseDl (hw, DO ; ‘
ends:
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CELL METHODS
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canstructor TCell.Initii : integer);

begin
@ or= iy
weight = @3
endy
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MTXBRAFH UTILITY METHODS
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1 integer) @ phode;

unction MtxGraph.NodekExist (py,py

function Matches (ANode: PNode) : Boolean: +arg

begin
Matches := {{ANode™.x = px} and {(ANode™.y = py)i:
end;
begin
ModeExist 1= Nodes™.FirstThat (8Matches);

ends

Called whenever a ncde has been deleted from graph. The edges adijacency

matirix

is adijusted to reflect the deletion.

rocedure MtxbGraph.DeleteEdges (rowcol @ integer);

vair
o, o integers
I‘I'Ln
1+ Cells™.Count * & then
hegin

L get rid of row >
{NodeCount+1)% (rowcol—1):

5 ga=
for n = 1 to (NodeCount+1l) do

Cells™.AtDeletel(s);
get rid of column
5 1= rowcol—1;
for n = @ to
Cells™.AtDelete(s +

(NodeCount—1) do
{(NodeCount*n));

Delete a specified node

____________________________________________________________________________ K

rocedure MtuGraph.DeleteNode (ANode @ Fiode)s

var
i ¢ integer;:

begin
it NodeCount
hegin

i = Nodes".Index(f (ANode) 3

> @ then

-



it 1 -1 then
begin
Modelount 1= NodeCount -~ 1
Deletetdges(1+1);
Nodes™. &tFree(i);
end;

unction MbxGraph.dNearestNode(px,pysinteger) @ FPNodej
var
rn * FhNodeg
rodist 1 real;

procedure MexthNode (ANode: FPNode)s; farg
begin
r 3= Sgrt{abs(px—anode™.x)+abs(py—anode™.y) };
if¥ n=nil then
begin
n = anode;
dist = 13

end
else
if ridist then
begin
dist 2= r3
n o= Anodes
ervcly
end;
begin
n s= nils
dist = 10003.3;
Modes™.ForEash (@heztMNode) ;
NearestNode = ng
@ricty
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MTXGRAFH IMNITIALIZAVION METHODS

B B B K R F e B R I R e He e 06 36 H 6 3 I I SR 6 S K 06 2 B B 0 3 3 36 00 3 96 0 B N e
S T T S LTI SRS L T Y P P SIS IS SIS S SIS T LI LS RE S L S LT

Initialire a window of type MtxGraph

————————————————————————————————————————————————————————————————————————— ‘1-
J

onstructor MbuGraph. Init (AFarent: PWindowsObject; ATitle: FCharig
ar

I: Imteger;
A Cngle: Integery
V. ans: Healj



egin
TWindow. Init{AFarent, ATitle);

GridOn s= True;
ButtonDown 1= False:
DisplayPath 1= falsey

E..:Ncn:ie

r= [y
WeightMode = @3
NodeCount 1= @3
GridMesh HECIE

Nodes = New{PCollection, Init(20,18));
FathhNodes 1= New(PCollection, Init (20,1@));
Cells 1= New{FCpllection, Init(Z200,10)1;
ReSetl
TestImity >

nid g

-

Create a new node 1n the NODES Collection
rocedure MtuGraph.NewMNode(m,nsinteger);
Var
nptr @ FNodej
bhegin
Nodelount = NodeCount + 1j;
nptr := new(Phode,Init{(m,n,nodeCount});
Nodes™. Insert{nptr);

rocedurse Moabraph. ReSel;
ar
I» Integer:
StephAngle: Integei
Fadians: Reals
eqgin
Stepfnple = 36@ div Vertices;
for [ =@ to Vertices ~ 1 do
begin a
Radians = (Stepfingle % I} * P /7 188;
FointsLIli.x = Cos(Radians);
FointellIl.y 1= Sin{Radians) gl
end:
ol s
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MTXGROFPH MENU RESFONSE METHODS



tR S ELSESSILTEIEL S SIS LE S S SIS SIS LS SIS LS LSS L LSS S E LS L L LS SR T TR
Foo He R K G e R M O 36636 305 I T I N0 N N RN NS

Cl’r‘ all edges from the graph

rocedure MtuGraph.ClearEdges (var Msg: THessage) s

procedure MNextCell (ACell: PCell)y far;
begin
Acell™.e 1= B;
end:

begin

- Cells*.ForEach (&Nextlell);
InvalidateRect (HWlindow, nil, True):

end;

Clear all nodes and edges from the graph
rocedure MtxGraph.ClearSraph{var Msg: THessage):
begin

Cells™.Deleterll;

Modes™.Deletenll:

Nodelount = @;

EditMode 1= 03

InvalidateRect (HWindow, nil, True):

fix this later to not set diagonal entries 3
procedurg Eachfell (aCell @ pCelld; far;
begin )
alell™.e 1= 1
ernds;

begin
AdiMtx Inits
Cells™.ForEach{@EachCell);
InvalidateRect (HMindow, nil, True)l;
end;
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rocedure MtaGrapgh.GridToggle{var Msg: TMessage);
begin
if Griddn=TRUE
then
begin
Grididn:=FALSE;
. CheckMenultem{Attr.Menu,Grid_Toggle,mf_Unchecked);’



@
else

begin

GridOn:=TRUE;

CheckMenultem (Attr.Menu,Grid_Toggle,mF _Checked) i
end; )
.‘Jggl eCheck (Attr.Menu,Grid_Toggle);

PrivalidateRect (HWindow, nil, True);

end;
rocedure MtxGraph.FointToggle (var Msg: THMessage):
begin
EditMode 1= 0;
ered;

rocedure MbxGraph.WeightToggle {(var Msg @ TMessage);
Legin '
it WeightMode = 1
WeightMode := @
else
WeightMode = 13
InvalidateRect (HWindow, nil, Trusl;
erdy

then

#*4 33 S O O S0 e 0 B N R R R
MR NN W MR R W H R H I BN W e IE I MMM NN R H NN AR
MTXGRAFH TESTING AND DEBUGGING METHODS '

K MM B I 00 XK I 236 N 3 06 B e MK R I IR 2 W9 0 I K 3 3 R RN
Fo 5 26 30 36 B 30 30 096 30 36 B 6 B I H 6B R R R 96 R 6 S

Fre—-load graph for testing of methods
rocedure MixGraph.testinits

var

1o integer;

begin

{ insert nodes I
NewNode (156, 20) 3
NewNode (1289, 10@)
NewNode (200, 106
MewNode (100,200 ;
[N ode (200, 208) ;
nNode (150, 250)

¥ -mp AE



L insert cells X
AdiMeInits

G Mt Set (1, 2,1 ,3) 3
AdiMtnSet (1,3,1,8) 3
AdgMEnBet (1,4,1,4) 3
(Nt Set (1 ,6,1,10);
Rt Bet (F,1,1,5) 4
AdiMtuBet (2,4,1,6)3
AdiMbxSet (3,1,1,8);
frel Mt Bet (3,5,1,7) 3
fAdiMtxSet (4,1,1,4) 3
AdiMttaSet (4,2,1,6) 3
AdiMtxBet(4,5,1,1% 3
AdiMtuSet {(4,6,1,3)y
AadiMtebet (5,3,1,7) 3
Ad jMbxSet (5,4,1,1) 2
Ao iMtnSet {5, 46,1,1) 3
Ao Mt Bet {6, 1,1, 1@y
AdiMtxSet (b6,4,1,3) 3
AdiMtubBet (&6,5,1,13
ericts
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MTXGRAFH MOUSE MESSAGE METHODS

procedure MtxGraph.WMLButtonlp (var Msg: THessage)s
procedure MbtxGraph. WMLBottonDown (var Msg: THMessage) s
procadur-g MtxBGraph, WMMouseMove (var Msgr THessage) s
¥ soiwrre MbxGraph. WMREButtonDown {var Msg: THessage) s
procedurse MitxGraph. DrawRubberband;

procedure MityGraph.SnaplZBridivar s,y @ integer);

R P FH R KA R R I N O 3 X R X B 0 X MR N N 6 0 R T B R e 3 R R B O e 3 R M
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wocedure MEbxGraph.BnapZGridivar ®,y : integerl;
bhegin
# 5= Integer (Round {x/GridMesh) #GridMesh) g
y = Integer (Round{y/GridMesh) *6ridMesh) ;
erichy
yrocedure MtxGraph. DrawRubberband;
Y@ 1
MoveTo{DE,X1,¥Y1);
LimeTo(DO, X2,Y2)
el

gl e MtibGraph. WMMouseMove (var Msg: TMessage) s
LN



if ButtonDown then with Msao do
begin
DrawRubberband;: {erase old linel
with Msg do
begin
X2 1= LParamlLog

‘l' Y2 1= LFParamhHi;
DrawRubberband; { draw new line 2
ends;
endsy
ends;

rocedure MtxGraph.WMLButtanDown{var Msg: THessages);

ar

Myy 1 integer;

npte 3 FNodeg
el
Msg.LParamblos;
Msg.LFaramHi ;

it EditMode=@0 then { point mode
begin
i+ GridOn then
Snap2Grid(x,v):
nptr = NodeExist{x,y);
if nptr=nil then
begin
ModeCount = NodelCount + 13

[

nptr = new(Pche,Init(x,y;nodeﬂount));

Nodes™. Insert {nptr);
. nptr™.paint (HWindaw) 3
end
else
begin
DeleteiMode {nptrl;

InvalidateRect (HWindow, nil, Truels

ends;
end;

if EditMode=1 then { edge mode 3
if not ButtonDown then with Msg do
begin
nptr := NearestNode(x,y):
it nptrisnil then
begin
edgeVl:r= nptr™.no;
pe Getbl (HWindow) j
X1 nptr™.x;
Y1 nptr™.v;
Xa LFaramlos
2 2= LParamHis;

41

i

il

SetROFZ2(DLC,r2_Naot);
DrawRubberbandy
ButtonDown = True;

. SetCursor {LoadCursor (@,idec_Cross)):

Setlapture (HWindow) 3

OldBrush := SelectObject (DC,GetStockidbject (hollow _Brush));



ends;

ardsy
il g
.—~.«--w-~m-—~,— ———————————————————————————————————————————————————————————————— 3
- cemdurae MbtuGraph. WhLBottontdp (var Msg: THessage)d
Vat
rm i FPhlodes
begin
i+ ButtonDown then with Msg do
begin
Drawkubberbandsy
ButtonDown 1= Falses;
SetROFP2A(DOC,rZ_Black): B
nm 3= nearestnode{lparamlo,lparamhil;
o rnil then
begin
K2 5= n™une
2 1= nt.viy
EdgeVa := n"™.noj
A Mt Ines ,
Drawiiibberbandg
ey
Selectidbject (DO, 0ldBrush) g
SetCursor {lLoadCursor (B, ido _Arrow) ) s
Releaselaptures
ReleaseDC (HWLndow, DO ;
enc;
el y
Tt et et e B e A O s P AR I 17 S 7 e m.......m..........,........................,............_................._...._._.______...._________.__._-__._....._.._.._......‘....._-.._..._.._..._......._._...}
racedurs MEuGraph. WMRButtonDown (var Msg: TMessage);
VE LT
InvalidateRect (HWindow, nal, Trusds
ariil 3
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MTXERAFH EDGES ADJACENCY MATRIX METHODS

funchtion HMbxGraph.AdittsFinddm,ninteger) @ Flell:

procedure MoxGraph. AdiMtx Initg

procedure MExGraph.&oiMteSel (arow, acol ,edges,weightrinteger);
procedure MixGraph. oMt Incg

procedure Mbubraph. EdgeToggle {var Msg: TMessage);

P B e e e Y R AW e O S N T B e e 3 B e H H 3 R T 3 R M 3 I 36 R 3 e R e
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T c-.-lure MoxGraph . AdiMixrinity



i 2 integer:
begin
for i 1= {(Lells”.Count-1) to NodeCount#NodeCount do
Cells™, Insert (Mew (FCell , Init (@)) )y

end;
m1'. ______________________________________________________________________________ 1
v on MbuGraph.&d3MtuFind (m,nrinteger) ¢ FCells
valr
index @ integer;
eyl

index 1= ({m-1)#NodeCount) + (n-1)j
A iMtxFind &= Cells™.at{index);
ered g

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 7
_______ E

rocedure MtxBraph.AdiMteSet (arow, acol ,edges jweight:s integer) s
Var
cptr @ FCells
begin
cphr = AdiMtuFind{arow,acol);
it cptr < nil then
begin
cptr™.e 1= edgess
cpotr™.weight 1= weightj
endsy
ercty

A
e

rocedigre MhxGraph. AdittteIne
W ar
e integer;s

.Jtr' t poells

b

=
# ",
i

{ assume, for now, ar undirected graph 2
cptr s AdiMtsFind (EdgeVi,EdoeVid);
cpirt.e := cptr™.e + 13

cptr.weight 5= cptr™. ey

cptr 1= Ad

cobeT e s

cphr®™.owelght
e

pod
T
-
=
N
i
e
]
o
<
bl
™
EL
[ia]
M
<
o

"
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rocedure MbrGraph. EdgeTogale {var Msg: THessage);
bhegin :
EditMode 1= 13
{if sdijacency matrix has not beern initialized before, then initl
AadiMtxInits
erd:
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procedure MtxGraph.FaintEllipse{FaintDC: HDLC:

;:)r-.?dur'e MtyGraph.FPaint (FaintDC: HDC:

preedure MtxGraph.FPaintGrid(FPaintDC: HDC:

procedure MbuGraph.FsintNodes (FaintbC: HDCs

procedure MhixGraph.FPaintizdges (FaintDD 1 HDO; FaintInfor:TFaintStruct) g

FHFEEEREREEEEREEREREREH AR EELX AR R EREREEEELEEEERERREREXERA LR XL AR
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rocedure MibxGraph.Faint (PaintDC: HDCy
var Faintinfo: TRaintStruct)

ety
it GridOn then

FaintGrid (FaintDO Faintinfol;

TFaintEllipse(FPainthC,FaintInfol)
FaintNodes(FaintDC,FaintInfo);
FaintEdges (FaintDC,FPaintintol:

Jatwi

Faint snap-to grid for the current graph
irocedurs MtyGraph.Paintbrid{FaintDC: HDC;
var FaintInto: TRaintStruchl)s
| Y
TheRect:s THRect:
NewFern, OldPen: HPsng
tydalrary,y & Integers
IncX: Integer:
BT
MewrFen 3= CreateFen{ps DOT,1 , REBI25,8,8) )
M dFen = Selectibiect {(FaintDC,NewFen)
GetClientRect (HWindow, TheRect ) ;
C IncX = ThekRect.Right div 2043
for i oa= 1 to {({TheRect.Bottom div Oridiesh)-1) do
for 1 := 1 to ({(TheRect.Right div GridMesh!-1) do
begin _ '
= Rownd (GridMesh® ) s
v o= Round (GridMesh#1) g

r 3= 1z
Ellipse(PaintDC,u — vy v — 1y u + F,y + iz
erd;

for 1 1= @ to (TheRect.Bottem div GridMesh) do
bhegin
MaveTo{PaintDC, @, Round (GridMesh#®1) ) 5
LineTo(FaintDC, TheRect.Right ;Round (GridMesh#i))
erncly >
for 1 o:= @ to {(TheRect.Right div GridMesh) do
g lin
MoveTo{FaintDC,,Round (GridMesh#i) @) ;



LineTo (FaintDC,Round (GridMesh#*i) , TheRect.Bottom) ;

ends ¥
Selectlbject {(FaintDC,01dFen?;
Deletellbject (NewFen) ;
rgy

Faint all nodes for the current graph

taocedure MtxGraph.PFPainthNodes (FaintDC: HDCs
var Faintinfo: TRaintStruct):

procedure PainthNextMode (ANode: FNoded); far;
begin
ANode™.Faint (HWindow) 3
end s
begin

Nodes™.ForEach (EFaintiNerstNode) ;
end;

rocedure MtxGraph.FaintBEdges (FaintbC
var
iameynyo.tu, by &

HDE 5

integer:

cptr @ FCell;
mptr ynptr ¥ FNodesg
Hetr or ostringblldyg

EX ol
egin
Tassume undirected graph,
it DisplayFath then

arrayl@..111 of charg

with no loops,

begin
for i:r=1 to FathhNodes™.Lount—-1 do
begin
mptr = FathNodes™.at{i-1);
nptr s= FathNodes™.at (i)
MoveTo{FPaintDC mptr".x,mptr™.vy};
LingTo(PaintDL,nptroox,npter™.ay);
ently
DisplayFPath := false;
end
glse if Cells™.Count »* @ then
begin
for m := 2 to NodeCount do
for n 2= 1 to (m—1) do
begin i
cptr = AdiMitxFind(m,n);
it cptr™.e @ then
begin
: mptr = Nodes™.atim—-1);

nptr = Nodes™.at{in-1):

FaintInfo: TFaintStruct);

for right mow...?’

MoveTo{FaintDC, mptr".x ,mptr™.y);

if WeightMode = 1 then

LineTo(PaintDC,nptr".x,nptr™.y) s

P

Lo ]



T = (mptr™.x® + nptro.x) div 23
ty 2= (mptr™.y + npter.y) div 23

1t Z2FChar (cptr™.weight)

TextOut (PaintDC,tx bty pCharbuffer strilen{pCharbuffer));
encs

. end;
end;

el
end;

wroceduwre MtxGraph.FPaintEllipse (FaintDC: HDC:
var FaintlInfo: TRaintStruchtl;
Lt
CenterX,CenterY, 1,3 ¢ integer;
TheRect: TResct:
Radius,
StephAngler Words
Fadians: reals
begin
GetllientRect (HWindow, TheRect)
Centerd = TheRect.Right div 2j
CenteryY := TheRect.Bottom div 23
Fadius 1= Min(CenterY, CenterX):
Ellipse (FaintBO,CenterX -~ Radius, CenterY - Radius, CenterX + Radius,
CenteryY + Radius)i
for I = B to Vertices - 1 do
hegin
. for J = I + 1 to Vertices — 1 do
brecrim

bl

MoveTo(FaintDD, CenterX + Round(FPointslIi.X # Radius),
CenteryY + Round (Points[I).Y ¥ Radius))y
LineTol(FaintDl, CenterX + Round(Foints{Jd]). X % Radius),
DenterY + Round(Foints[Jl.Y #* Radius))g

el
ey
ey
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Function GethNumber (h @ plindow; n @ integeria,b:Fchar) & integer:
var
inputText: arrayl@..21 of char:
@rror f integers
regin
Strin,inputText):
if application™.BExecDialog{new {Flrnputlialog,
Initih, a,b,InputTest, Sizelf(InputText))l) = id Ok then
Val (InputText nyerror);
GetMumber 2= ny

®



yrocedure Mtubraph.GethM {(var Msg @ THMessage)
begin
Vertices := GetNumber (85Self,Vertices, '# of Vertices' ', 'Enter # of Vertices
if Vertices > 5@ then

. Vertices 1= D@
Rebet

InvalidateRect (HEindow,nil ,trueds
ends;
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MTXGERAFH ANALSIS PROCEDURES

procedure MbuGraph.MinSpanningTree (var Msg @ THMessage) s
procedure MixGraph. IsEulerFath {var Msg: THMessage) s
procedure MixuBGraph. ShortestPFath {(var Msg @ THessage) ;

Ho B B M R 3 3 B I R 36 3 R 3 WA 3OHR W R R R R R R R RO R R R R R R R R RN R N B 3 3 R e R B R W
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Determine if & Euler path exists for the current graph

T
o

yegzedure MtaGraph. IsEulerPath (var Msg: THessage)s

Y
odd, i degree, i 1 integer:
coptr 3 FCellg
connected : boolean;
bhegin
odd = @y
i r= (@A

connected := (Cells™.Count > @)
while {((oddas=2}) and (i1<nodelount) and connected) do
begin
degres 1= @3
for 3 = € to {(nodeCount~1) do
begin
cptr = Cells™. At {{nodeCount*il}+j);
degres = degree + cptr™.ej
end;
it degree=@ then
connected 1= talse;

it (degree mod 2 = 1) then odd 1= odd + 13
i =1 + 13
endy {whilel

if not connected then
MessageHox (HWindow, "braph not comnected. . .Mo Euler path exists’, "Euler
else

.1’1c {odd <= 2} then
MessageBoy (HWindow, Yes, Euler path erists’, "EBEuler Path Check’ mb_0&)

vy

Fa



else

MessageBox (HWindow, ‘No Euler path exists’, "Euler FPath Check’ ,mb_0Ok);
end;

Er.ute the shortest path for the current graph

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ¥

wocedure MtuGraph.BhortestfFath (var Msg @ THessage) ;
Var
weights,s 1 arrayll..200] of integer;
InNeodes = array [1..2001 of booclean;
i.%,paz,oldWeight ,startNode,endNode ¢ integer;
cptr 3 PCellg

procedure shows;
var 1 i integer;
begin
for i = 1 to &6 do
write(sEil)g
writelng
end;

procedure showweights:
var i1 1 integers;
begin
for i o= 1 to & do
writelweightsiil);
writelns )
andy

rogedure Displayfd Mt .
i.,3 3 integers
cptr ¢ FPCelly

begir
for 1 = 1 to NeodeCount do
bregin
for 13 i= 1 to NodelCournt do
begin
cptr = AdjMtxFind{(i,j):
writelcptr™.weight, ™ '7;
endsy
writelns
gnds
ends

function smallestWeight @ integer;
var
i,n ¢ integer:;
hegin
n o i= 327673
smallestlWeight 1= 13
for i:=1 to Nodelount do
it ¢ (not INnodeslil) and (n » weightsfil) and {(weightsfil > @)) then

begin
n 1= weight={i11;
. smallestiWeight 1= i
endsy



ertd;

tunction minWeight(il,i2,iZ:integer)sinteger;
begin
if ((i2=0) or (i3=0)) then
minWeight = il

. else
if ((il=0) or (H24+1F)<ii1Y) then
minkWeight 1= iZ+i3
else
minWeight := 113
end;

begin
startMode 1= 1j;
andNode = NodeCount;
for 1 := 1 to NodeCount do
" begin
weightsEiil 1= 83
s{i] 1= gstartnode;
InNodesfil 1= false;
el g
InNodeslstarthNodel = true;
for 1 1= 1 to NodeCount do
tregin
if i < startnode then
begin
cptri=AdiMtxFind{(startNode,i);
if eptr™.e » @ then

hegin
weightslil 1= cptr™.weight;
. sLil := starthNode;
ends;
end;

endi

while (not InNodesl{endModel) do
begin
p := smallestWeight;
InNodestpl = true;g
for z 1= 1 to NodeCount do

begin
if mot InNodes(il then
bagin
oldieight = weightsiz3d;
cptr 1= AdjimMtxFindip,z):;
waelightslzl = minweight{weightslzl,weightsipl,cptr™.weight);
if weightslzl <> oldWeight then
elald 2= p;
end;
end;
end;

nt2PChar {(weightslendNodel) s
psusagedoy (HWindow,pcharBuffer, 'The length of the shortest path is: "ymb_Ok)g

atdiides . Freefll s
s andnode;



Frortrap: =@;
athNodes™. Insert {(Nodes™. &t {(1—-1));
epeat
begin
i 5= slil;
FathMNodes™. Insert (Ncdes™. At (1—1) )&

.‘u: {errartrap) ;
&=

"
Eae o=

ntil {({i=startnode) or (errortrap>hNodeCount)?};

isplayPath 1= true;
nvalidateRect {(HWindow, nil, True):

InModefrraylll: =endiode;

i 3= 23
while false dol
Fs

IinNodefrraylili==sill;
¥ 1= InNodeArraylendiModel:

rocedure MtxGraph.MinSpanningTree (var Msg @ TMessage):
const
unseen = maxint — 23
var
Esmin,t,V & integer:
oal ,dad @ arrayl@..2001 of integer;
.Jtr“ : Plell:

begin
Vo= NodeCount:
for k = 1 to V do
begin
vallkl := —unseen:
dadlk1l == B
ends .
vall@l = —{unseen+l);
min = 13

= ~valbkls

it vallkl = unseen ther
vallk]l 2= @;
for t := 1 to V do
if valltl<@ then
begin
cptr = AdiMtxFind(k,t)y
if (cptr™.ed:d) and (valltld-cptr™.e) then
begin
vallt]

1= —eptr©.e;
dadltd :

ks

"

. ) end;
if valltls>valiminl then min = t

(2]
1l



erndy
until min = @;
erd;

rd.
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Wrpose

MtuCad

1.1

MicroSoft Windows Version 3.8.
Borland's Turbo Pascal for Windows
Borland’'s ObiectWindows

Terry D. Hawkins
Dr. Mark Beitema
Dec 1@, 1991
LUHON 499

MtuCad 1.1 provides additiorn, subtraction, and multi-
plication of multiple matrices with emphasis on
flexibility and ease of use. It also provides a graphics
window with a variety of graph creation and analysis
tools.

To explore the advantages of object-oriented

pragramming techniques, in particular within the context
of a graphical-user—-interface, along with the effect

on the development of mathematical software.
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file management notes:

FRraMk WINDOW
4 3

a file as the current matris
.+nplace into title bar of frame window if
wwninitializes the

file
successtul

internal matrix +ile header object

oaises the filslpen dialog box

FROAME WINDOW
load & matrix

eneif current file,

containg a
obiect),

vawdif no current file,

wh ik
header

from the current file

callse the loadmatrices dialeog box

list box of matrix names (from the matrix
plus the name of the current file.

opens fileopen dialog box first

tile

then if successful, calls the loadmatrices dialog box

LAD MATRICES DIALOG BOX

weSRlection of matrix
e eselection of

CHILD WINDOW

save the currermt matrix

file

any or all matrices in the selected file

into the current file

o w525 the name ot the cuwrrent matrix

.. iF the name is already in the file,
iz appended to the file as a new object,

the

materix

that obijiect is replaced, glse
ancd the header

record is updated

Capy 0 WINDOW
".;.::*f—\s matris

intg the current file



weause the ftilesave dialog template
«-s@llows changing the name of the matrix

i"c’am MatrinCad:

EF MTXCAD.RES?

ses MbuGrfx , Mt

Wibjects,WinFrocs,WinTypes,WinDos,8tdDlgs,5trings;

B H e F E A R 3 B R BRI K 36 O A A I K 0 3 0 X

CONSTANTS

R R R E IR LR R HERETER R R R RN R MW H IR N R RN HHRANRD

onst
cm_CountChildr

Msgs,Mtxlds, Utils,

er o= 1023

id_CantClose = 281;

id_cell = Z@1:

r

€ menu command identifiers

crm_specs = 10681

cm_scalarMelt
cm_matrixFPower

cm_scalarfdd =
cm_Einarylps =

T
= 3

{ +ile menu command identifiers

cm_Upen ]
c New =
C have =
cim_Kaveds =
Cm_fAbout =

TBiy
72;
F@ZT:
784
o0

{ help commmand identifiers

cm_help = 2000

]
a

T spees dialog box id's b

id irows = 11@

i

id_cols = 11862

{ ops dialog id's X

id_TimesButton
id_FlusButton

id_MirmusButton
id FolyXBution
id_opbtatic

= 2201

el e

-
2

1

e R
= 20033

= 22043

= 2I@1;

o

"
4
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{d- fpplication

i crixMDIApp

= agbject(TApplication}



procedure IntiMainWindow:; virtualg
endy

{-——— About Dialog BPoy -——-————————————
FAaboutDialog = “ThboutDialag;

TAboutDialog = cbject{TDialog)

[ J

{——— Matrin Specifications Dialog Object ——————
FSpecsDialog = "TSpecsbhialog;

TSpecsDialog = obiect(TDialog)
procedure ok {(var msg : TMessage) s
virtual id_First + id_0Ok;
ends

{——— File Open and Matrix Selection DRialog Box
FLoadMatrixDialog “TLoadMatrixDialogs;
TLoadMatrixDialog = object (TFileDialog)

end;

{——— Binary Operations Dialog UObject -——-reemermme—

FOpsDialog = “TOpsDialaog:
TOpsDialog = object (TDialog)
procedure TrapFlusButton {(var Msg: TMessage) s
virtual id _First + id FlusButtons
procedure TrapTimesButton{var IMsg:TMessage);
virtual id_First + id_TimesButtong
procedure TrapMinusButton (var Msg: TMessage) s
virtual id_First + id MinusButtong
procedure TrapPol yXButtaon (var Msg: TMessage) s
virtual i1id_First + id_PolyXButtong
end;

r.

5= Bettings Dialog Box Transfer TECOF T oo oo s o e e e e st s o s o o o e o o

TransferSpecshecord = record
MumRows, NumCols @ arrayli@..321 of Char;:
ernd;

TransferlpsRecord = record
operaticn: arrayl@..51 of Char;g

LOpList 2 FPStrCollection:
Linder @ integer;

FlOplast @ PoOtrlollectiong
Rindex @ integer;

TOpl-ist ¢ PStrCollection:

Tindex 1 integer:;
erndy
B ]y P o o e e o e e e e e e e e e e i o i o st — i
FCell = “TCell;q

TCell = Object(TObject)
2 1 real;
constructor Initi{r : real’:
Cocedure Frinty; virtuals
.*c:ac:ezadur“e‘-? Store(var B: TStreaml; virtualg;



procedure Load (var S: TStream)y
ends;

virtual:

e e e e e e e e e e e it ok bt 0 it s — o = ¥
FPScrateh = “TScratchs
TScratch = Object (TObject)
.?115 » PCollectiong
Lws,cole ¢ integers

constiructor Imitg
procedure InsertlCell{r : real):
end}

el ]l Wimdow Ly P e e o e e e e e e e e e e e e e e e e T 7 o o

FCellWindow = “TCellWindow;
TCellWindow = obiect {TEdit)

vitrtualsy

procedure dataEntry {(var Msg @ THessage) ;

virtual wm_first + wm_

prmcedgre Store {(var S: TStream)
procedure Load {var S: TStream)
@rdy ’

{ MDT Child Wintomw £y pe — o s o oo e ot o e

FeyDown;
3 virtuals
7 virtuals

FMatrixMDIChild = “TMatrisMDICh11d;

TMatrixMDIChild = obiect (TWindow)
ChildMsg: Fohtatics
Mum: Integer:

Name : PChar;
Description @ FChar;
Tonlabel ¢ FPChar;
delabel : FCharg
Cells : FCollection;
CelliWindow :@: PLelldindow;
CellFaint : bhooleans
Rows : integer;
Cols : integer;
CurrRow : integer;:
CurrCol : integers
sohtart integer:

vohtart : integers
cellwidthr : integery
cellieight : integer:

{FileName: arrayl0..fsPathNamel
FileName 2 FCharg
IsDirty, IsNewfile: Boolean:

of CharjiX

constructor Imit (AFarent: FWindowslbject:
procedurs SetupWindow: virtual;

procedure Paint {(FaintDC: HDC;

procedure TrapkeyBoard {(var Msg:

var Faintimfo:

. virtual wm _First + wm_keydowns
rocedure

TrapReturn{var Msg:

THMessage) s

ChildNum: Integer?’:
TRaintStruct) s

TMessage) ;

-

>

virtual;



procedures

procedure
procedure

._:z"zt:timn

furnction
function
procedure
procedure

pi’(.‘JCE‘dL.H"E
procedure

procedure
{procedure

prrocedure
virtual
procedure
virtual
procedurs
virtual
pracedure
virtual

."cac: edure

virocedure
procedure
Do edur e

il g
1

PMaterixMDIW
TMatrixMDIWL

virtual wm_First + wm_CellReturmed:
TrapEscape (var Msg: THMessage)s
virtual wm_First + wm _Cellbscapsd;

MoveEditClellRel (s 1 PCharli; wvirtual:
MoveRditCell {i,J @ integer)ivirtual;

CanClose: Boolean; virtualg

CellEval{i, j: integer) @ reali virtualy
ffellotr (i, J: integer) : FLhari: virtualj
CellStore (i,J @ integer: r & reall); virtual;
Speos (var Meg 1 TMessage);

virtual cm_first + cm_specs;

BralarMolt (var Msg: THMessage);

virftual cm_+first + om_scalarMult;
MatrixFower (var Fsgr: THMessage);

virtual cm_first + cm_MatrixPower;
Sealarfdd (var Msg: THessage) s

virtual em_+first + om_Scal erdadd;

Matrinbave {(var Msg: THessage)y
virtual ocm_first + com_savesl

FileNew{var Msg: THMessage)d
cm_First + ocm_Mews
FileOpenivar Msg: TMessage)
cm First + om_Opeinsg
FileSave{var Msg: THMessage);
cm_First + cm_Save;
FileSavefs (var Msg: THessage):
cm_First + cm_Savehfs;

LoadFiles
FaveFile;
l.oad {wvar

: Thiream); wvirtualy
Store (var S:

TBtrEam)é virtual;

Ul

£ P«‘ID}' N'l ndc:,w o e e e e e e e e s s s ot s o st £ o b b e L L i S s o o ot o ot s s s e e e e — |

ndow = "“THMatriszMDIWindow;
ndow = object {(TMDIWI ndow}

Matrixbames @ PStrCollectiong

childCount

constructo
procedure

procedure
virtual

function
function
Function
procedure
procedure

.-"cmc:e:*dure

: integer:

r Init{ATitle: FChar)
SetupWindow; virtual;

MewEraphWin(var Msg: THessaqe)
cm_First + NewBraphbling

CanClose : boclean; wvivrtualjg

CreateChild: PWindowslbiscts; virtualg
LoadChild: FWindowsObject; virtualy
UpdateChildlist{(var C : FStrCollection)
BinarylpsDlg {var Még: THessage) 3

virtual cm_first + ocm_HinaryOps;

Binarylps (indexl,index?,;indexdiintegeriop @

4

virtuals



procedure AddMatrices (pl,pR.pT
pirocedur e TimesMatrices (plypR,pT
procedure MinusMatrices (pL,pR,pT
procedure FolyXMatrices{(pL,pR.pT

FiatrisMDIChild): virtual
PatrixMDIChild); virtual
FMatrixMDIChild); virtuals;
PMatri«MDIChild); virtual;

{procedure FileOpen {(var Msg: Thessage);
. vivtual cm_first + cm_filebpen;’

nrocedure About (var Msg: TMessage);
virtual om_First + cm_About;

end;
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Stream Registration Regords
R R R R X TR R R R R RO

canst

FMatrixMDIChild: TStreamBRec = |

ObiType 1 2183

Vmtlink 3 Ofe({Typelf (TMatrixMDIChild) ™)
l.oad r @TMatriwMDIChild.load;

Store : @TMatrisMDIChild. Store);

RCellWindow: TStreamRec = (
M iType @ 2284
VmtbLink : Ofs{TypeGf(TCellWindow)™)3
L.oad g @TCellWindow.Load;
Store : @TCellWindow.Store);

F.Ll: TStreamRes = {
b iType = 2383

Vmtbink 2 OFfs(TypelOf (TCell)™);
L.oad r @TCell.load;
Staore y @TCell.Store)y

e R P T A I I I I TS Y IR LI L TR XY
. Blobal Procedures ¥
E RS PR T S R R I R T R R R SRR R T BT LR
rocedure StreamRegistrationg
begin

Register Type (REollection) g

Register Type{(RMatrixMDIChild);

Register Type(RCell);

Register Type (RCel 1Window) ;
enc;

B L L L R E R T T R R B TR R R X T
Specs Dialog Methods
36 e B B B W e I 2 e B B B B K I 3 e B K K 0 B O R0 A B B NI R )
trap id_ok from sgpecs dialog...not currently used
rocedure TSpecsDialog.OF (var Msg : TMessage):
begin
Thialog.ok{msg) g

[ J

Wl b L
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Bimary Operations Dialog Box ¥

oM B B 0 U e e B e B e e 3 B A e 3 N3 B e N R KB R RN N

rocedure TOpsDialog. TrapPlusButtan{var Msg: TMessage);

var

bstr @ FChars;

N3 1
(pstr := "FLUS';
SendDlgltemMsgiid_opStatic,wm_settext,®,longint (Upstr));

end; :

rocedure TOpsDialeg. TrapTimesButton (var Msg: TMessage) s
VEr
opstr @ FChars
begin
Opstr = "TIMES ;
SendDlgltemMsg (id_opStatic,wn_settext,@,Longint (Opstr) )y
ends;

rocedure TOpsDialog. TrapMinusBatton (var Msg: TMessage)
var
opstr . PChars
hegin
Opstr = "MIMUS
SendDlgltemMsg(id opStatic,wm_settext ,B,Longint (Opstr) };
endsy '

rocedure TOpshialog. TrapFol yXButton (var Msg: THMessage) s
V=14
st 3 FChars
bhegin
Opstr = "FOLY ;
SendDlgltemMsg(id_opStatic,wn_settext,d,lLongint (Opstr) )i
ey

T IR T T R R LA SE R RS F LR R R RS S SRR R T RO SISO R 2
CELL. METHODS 3
HERREFHERREEREERERRREEEEE RS EREER LR EEEEREEEEE RN R RRRRR RN R EREREEEED
onstructor TCell.init(r 1 real)l:
bhegin
e 1= i
end:

rocedure TCell.print;

vair

wstring » =tring;
begin

writef{e,’ '}
end;

rocedure TOell.Btorelvar 9D TStream);
begin
.‘. Writele, Sizelf ()
&

]
A



rocedure TCell.Load(var 5: TStream);
begin
8.Read{e, Sizeldf(e));
ends

%*.ﬂ--!—%***********%*****%*%******-ﬁ-*-M-*****%*-ﬁ-***%**************%****%*%*-ﬁ-}
- TSCRATCH METHODS
FREEEEFEFEREERERRFERLEEEEHEREREERFEERAEEREFEERRERREEREFRE R EREEERERRERT
onstructor Thoratch. Init;
var
i1 integer;

[

:= New(FCollection, Init{(568,18));
for 1 1= 1 to S0 do Cells", Insert{New(PCell ,Init(@.@)3);

rocedure Thoratch. InsertCell (r : real);
begin
Cells™. Insert (New(FCell ,Initd{r)));
messagebeep (&) 3
enchy

Yo B e B T 2K B I 3K B 2 e B 3 20 I B K 0 B B 6 R M KRR KRN
- CELLWINDOW METHODS X
FH W RSB R R TR EEEEREEERERFEEEREREEREEHEERF LR ERER LR RN RR R XN R RN R E RN EEERRNRT

resets focus to child windows sends user defined notification messages 7
rocedure TCel lWindow.datakEntry {(var Msg @ TMessage)s
b a3

{——— user terminated cell edit by pressing the retuwn key ———12
if msg.wParam = vk _return then
begin

SetfFocus (Farent™.HWindow)
SendMessage (Farant™.HWindow,,wm_CellReturned,d,8);

&gy
{==~ user terminated cell edit by pressing the return key -3
it msg.wParam = vk_Escape then

begin

setFocus (Farent™~.HWindow) 3 .
SendMessage (Farent ™. Hiindow,wn_CellEscaped,@,@);
end;

end s

rocedure TCellWindow. Store (var S: THtream):
begin
TEdit.Dtore()
exnd g

rocedure TCellWindow. Load {(var 8: TStream)y
hegin

.'Edit. Load(5);
B i
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cnstructor TMatrixMDIChild. Init {(AFarent: FWindowsUObject; ChildNum: Integer):
=12

TitleStr: arrayl®..12]1 of Char;

ChildNumStir: arraybl@..31 ot Char;

it integers
2gin

{ assign a numbered default name to this new matrix instance
Mum = ChildNum;

Str(Childhum, ChildNumStr);

StrCat (BtrECopy(TitleStr, "Matrix’'), ChildMumStir);
Tindow. Init (AFarent, TitleStr);

()

CellPaint = true;

{ initialize a collection with S0 item pointers, and increase by 10
upon demand 3

LCells = New{FCollection, Imit(50,18));

{ initialize 5@ cells to @ ¥

for i 1= 1 to 5@ do Cells™.Insert{New(FCell,Init{@)));

New(CellWindow, Init{(@Self, 1d_Cell, "', 50,4@,5680,25, 24,falsel));

rocedure TMatrixMDIChild.SsetupWindow;.
2gin
TWindow. Setupiindows

{ these fields will be displaved (and user selectable) in a later
version

MName s= Ta matriy name
Description = ‘a matriy descript’j
Topl.abel := ‘top label "3
Sidel.abel r= ‘gide labsl g

{ default current cell top left >

CurrRow H 1z
CurrCol p= 1g
{ initialize to 4 by 4 matrix 2
cols I
w7~ 1= 43

{ top left corner of matrix in pixels 7

wStert g Sl
vStart e

. default cell size in pixels ¥



cellwidth :
cellHeight =

r‘c.'.lure THatrixMDIChild.Faint (FaintDC: HMDC3; var FaintInfo: TRaintStruct)dg
%

Fect @ TRects
RowFen,ColPen,0ldfPen : HFeng
rowY,colX,1,3,x58top,yStop ¢ integer;
patring 2 stringlL791;
wstiring : array L[0..791 of char;
outstring @ artay [(B..791 of charg
cptr ¢ FCellg
celllen,x 1 integer;

begin

{messagebox (hWindow, 'calling child paint’, "test’ ' ,mb_ok);?

{GetllientRect (HWindow, %wectl);?
{ DPtolF (hDEC, (LPPOINTY %rect, 233 3

RowFen 1= CreatefFen(ps_solid,@,RCEQ,8,128));
MdFen 1= Selectlbject (FaintDC,RowFen);

{¥ draw row lines %3
#oDtop = ubtart + (cols * cellbhidth)g
for 1 = B to rows do
begin
FowY = {1 ¥ cellHeight) -+ yStarts
MoveTo (PaintDC, =xStart, rowY);

. LimeTo (FaintDC, xStop, rowY)i
if (i < rows) then
begin
for 4 s= @ to (cole-1) do
begin
{ celllen = CelliStrf{i,j,wastringl;l
Str(CellEval (i+l,i+1) 168, wastring)
StrFlopy (outstring,wstring);
{outstring 1= CellGtr{i+l,3+1)7
TestOut (PaintDC, (j*cel IWidth) +x5tart+3,rowY+3, outstring,strle
end;
erndy

encl 3

ColPen := CreatePen(ps_dot,0,RGB(128,128,128));
SelectObject (PaintDC,ColPen!;

{¥ draw col lines *3
for i = @ to cols do
begin
colX = (i # gcellWidth) + uStart;
MoveTa {(PaintDf, colX, yStart);
LineTo (FaintDC, colX, rowYls
end;

.Sel ectibject (FainthC, 01l cdiPen )';



Deleteln ject (RowFen) g
Deletelbisct (ColFen);
{ repaint cell edit window 2
it CellPaint then
hegin
. Str{CellEval (CurrRow,CurrCol? ywstring) ;
StrFlopy(outstring.,wstringi;
CellWindow™.SetText {outstringl;
emd
else
Cellfaint 1= trues

. FMATRIX CELL MOVEMENT AND EDRDITING ROUTINES

rocedure TMatrixMDIChild. Trapkeyboard (var Msg: THMessage)
2l

Countstr: arrayl®..35]1 of Charg

wstiring,outstring ¢ arrayl@. . 791 of charg

akey, movebin : boolesang

ne @ FPCharg
=0y

aliey 1= false;

movelin 1= false;

it omeg.wFaram = vk_right then

MovebkditCellRel ("right "} '
pdgzes LF mesg. wParam = vl _left then
.:)V@Edi.tCe}. IRel ("lett )

mlae i+ msg.wParam = vk_up then
MovebkditCel lRel ( "up )’

elae i+ msg.wFaram = vk _down then
MovelZditlel lRel ("down "2

felee i+ mesg.wParam = vik_return then

Pregin
Btr (Cellival {(CurrRow,CurrCol )1 J,wstring) g
StrCopyloutstring,wstring)
SetFocus {CeliWindow™.hWindow);
CellWindow™.Clear;
Celliindow™. SetText (outstring);

andl

glae if ( (msg.wFaram »= ord{"@)) and
(msg.wParam <= ord("%°)) ) then

begin
casnge msg.wFaram of
ord B8y o nm = By
ordd’1’) 3 ne 1= 173
ard (72°) ¢ s o= 27
ord ("3 @ ons o= "33
. arcdd 47 s ns 1= 47y
erd (57 1 s w5y



ordy 657 3
orad (7Y s
aord {87 3
ord( %) =
endy { case

CellWindow™.Dlears
Calliindow™.SetTaext
SetFocus (CellWindow™.hlindow) s

elee it
(msg.
beqgi

end

case msg.wParram of

en

fimsg. wFaram

wPar-am <=
It

vi_Numfadd
v NumPadil
v _MumFad
vi NumFad3
vio _NumFacd4
v Numbrads
vis_NumPacdé
vin MumPad?
vi__Mumfad
vi MumFad?

gy { case

1-
F

T ns
N )
HE =
L N
I
PONE
5N
NS
nons
ioNns
*

o

a

in
LLIPIE TR

H]

il

%3 pz %E aw ®F wx OBF wg RT  an

S0~

o oE o HonoH U

‘EE app A g

(ns);

= vk MumPadd)
vk __MumPad? 1))

- - -~ -
~ - - - ~ -~

Gm~NOe U DL -

'R wmp RE ums ‘TR sag WO cuw 'RE -ag

LGtrifCopy (oputstring,ns) 5 3

CeliWindow™.Clear;y

CelldWindow™.S5etText

SetFocus

aridy

e ke

{nsh;

ard
then

(Cel lWindow™.hiWindow) 3

L response method for wser-—defined message 1d_CellReturned...

the user pressed the retuwrn key to exit esditing of the current cell
yrocedure THMateri«MDICHLLd, TrapReturn

var
clata
i~ :
T S

bhegin

arrayl. .
integer;
integer:

e

231 of charg

Cel lWindow®. GetText (Bdata, 23)
Val {data,rmerrly

1+ &
hegi

= @ then
I

{ val reported a successful conversion

{var Msg

CellBtore (Currrow,Currcol 1
MoveEditCael lRel ( 'right ")g
SetFocusilel 1Window™ . Hlindow) 3

CellWindow™.Clear

CellPaint 2=

@rd

@lae {

val compl

begin

messagebox (HWindow,
SetlFocus (HWindow) §

‘l'end;
s

falzey

ained

« invalid data ¥

cdata,

“invalid entry’,

THessage) ;

mbr_ok ) 2

.

H



- response method for user—defined message id_CelilEscaped...
the user pressed the escape key to exit editing of the current cell
TMessage) s

rocedure TMatrixMDIChild. TrapEscape (var Msg

v
.:',tring,c:utstring : arrayl®..791 oFf char;
bagin

{ reject cellwindowe contents...replace with cell’'s current contents

Str{Cel l1Eval (CurvRow,CurrCaol ) ,wstringl
StriPCopy (outstring,wstring);
CellWindow™.SetText (ocutstringlj

=TT H

rocaedare TMatrisMDIChild.MoveEditCellRel (s
Vel ’
movelWin @ booleans
begin
movelWin := false;

it strcompl{s, vight’') = @ then
begin
movelin 1= true;
it currCol 4 cols then
currCol := curvrCol + 1
else
begin
currCol = 13
if currRow < rows then

. currRow = currRow + 1
else
currRow = 13
end}
erd g
if strcomp(s, 'left’? = @ then
begin
moveWin 1= true;
if curvCol > 1 then
currfol 2= cwrlol - 1
else
begin
if currRow > 1 then
currRow 1= cuwrrRow — |
else
currHow 1= rows:
currCol 1= cols;
end;
end;
if strocompis, ‘'up’) = @ then
egin
movelWin 1= trues
if cwrrRow > 1 then

. currRow = currRow = 1
else

PChar);

L

[

[

L



begin
it currfCol > 1 then
currCol = currCol - 1
else
curt-Col = colsy
currRow 1= rowsg

. end;
ends

if streompi{s, ‘down’} = @ then
Gegin
movelWin = true:
i+ cuwrrRow < rows then
currRow := currRow - 1
elce
begin
if currcel < cols then
currcnl = currcol 4+ 1
else
cuwrrcol =
currRow 1= 1j
entl;
e g

i+ movebin then
MoveEditCell (CurrRow ,CurrCol ¥y

el s
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rocadure THatrixMDIChild.MoveEditCell (i, jzinteger);

Al
wstring,outstring @ arravyb®..793 of char:

begin
{messagebox (hlWindow, ‘calling moveediteell ", "test ' ,mb_okl) 32
currRow = ij
curvrCol 1= j;3
MovelWindow (CellWindow™.hWindow,

(cel lwidth % {(currCol - 1)) + xBtart,
cellHeight * {currRow - 1) + y5tart,
cellWidth, cellHeight, True);

Str(CellEval (CurrRow,CurrCol) ,wstring);

StrPFCopy (outstring,wstring)

CellWindow™.SetText (outstring);

{ messagebox (hWindow, called moveeditcell’, "tést’ ,mb_ok);
end;

MATRIX CELL REFERENCE ROUTINES >
allows reference to the matrix in the conventional two dimensional
manner...retuwns the integer value of the referenced cell ¥
anction THatrisMDIChild.CellEvali{i,j @ integer) : real;
ar
indes 3 integer;
: FEell;

Y
@



indey = ({i-1)¥cols) + {(i-1):
cptr 1= cells™.at{index)y
CelleEval := cptr™.e;

nds;

allows reference to the matrix in the conventional two dimensional
f e . . W updates the integer value of the referenced cell

ro®dure TMatrixMDIChild.oCellStore{i,d 2 integerir 1 real);

&

[

index @ integers
cptr @ FCellgs
egin
index t= ({i-1)%*cols) + (j-1);
cptr t= cells™.at{index) g
CpErT.e 5= g
neg

allows reterence to the matrix in the conventional two dimensional
manner...returns the string value of the referenced cell
unction TMatrixMDIChild.CellStr (i, J 2 integer) : PChar;
v EE
tempstring,retstring @ arrayl@..791 of charg
begin
Str{CellEval {i,3):3,tempstring);
StrPCopy (retstring, tempstiring);
CellBtr = retstring;
end;

[}
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muitiplies a matrix by a scalar
rocedure THatrixMDIChild.Scalarfdd {(var Msg ¢ TMessage);
var
itnputText: arrayl®..5]1 of charg
i,error 1 o integer:
scalar @ realy
cptr & FCell:
begin
Str{i,inputText);
i+ application™.ExecDialog(new(FInputDialog,
Init{@Sel+, 'Scalar Add’, °~ Enter a scalar:’,
InputText, Sizelf{InputText)))) = id_0OK then

begin
Val (InputText,scalar,error) s
it error = @ then
for 1 = @ tp (rows¥cols—-1) do
begin
cptr = cells™.atdi);
cptr-.e 1= cptr.e + scalar;
end;
InvalidateRect {(HWindow,nil ,true);
erds;
ends



fue]

- multiplies a matris by a scalar
wocedure THatrixMDICHLLD. ScalarMult (var Msg @ THMessage) g
vat :
inputTerts arrayl8..5) of charg
i,error @ integer;
scalar @ real;
intr @ FCell:
i
Stril,inputText);
it application™.ExecDialog{rnewiFInputbDialog,
Iinit{@5elf, 'Scalar Multiply’', *° Enter a scalar:z:’,
InputText, Sizelf (InputText}))) = id_0OK then

begin
Val {(InputTexnt,scalar,error)g
if error = @ then
for i o= 0 to {(rows#cols—~1) do
baegin
cptr = cellg™.at{i);
cptr.e 1= cphtr™.e ¥ scalar;
ends
InvalidateRect (HWindow, . nil  true);
ends
erichy

-
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wocedure TMatrixMDIChild.MatrivPower (var Msg @ Tressage)
W at
original yscratch ¢ PSBoratohg
imputTesrty arravl@..S5] of charg
th.dsksnysquare,errorexponent @ integers
sum ¢ real;

-'.91’: the value of the i,J referenced cell in & collection of cells ¥
fonction gov (pof plollection: i,j,cols @ integer? @ reals;
var
irndex @ integers
cptr & poelly
bregin
index = ({i—-1)¥cols) + (j-1):
cptr 25 proatiindex)y
gov = ooptrT.es
end;
i put the value of the 1,3 referenced cell in a collection of cells ¥
procedure pecv (p 1 plollectiony i,d,cols @ integer; pubtval ¢ reall;
Var
indexr § inteoer:
cptr @ pcell;
begin
index 1= ({i~-1)#copls) + (j—-1)3
cptr g pTeat{inden) s
cptr™.e 1= putvali
=l g
regin

StriZ2,inputText)s
' application™.ExeclDialoginew(FinputDialog,
Init{@5els, 'Matrix Power!’, ~ Enter a scalar:’,



InputText, Sizeldf (InputText)ld) = id OK then
Val (InputText,edponent,error);

it error = @ then
begin
original 2= New(FScratch,Imnit)y
. scratch = New(FScratch, Init)g
i¥ cols < rows then
square := cols

else
SQUAre = rowst
FOWs 15 SOUares

cols := sguare;
for 1 := 1 to square do
for j = 1 to square do
pcvi{original™.cells,i,ji,cols,gocviCells,i,i,cols));

for n 1= 1 to {(exponent-1l) do
begin
for i ;= 1 to sguare do
C o

for 1 : to sguare do
begin
sum 2= @
for k = 1 to square do

sum 1= sum + {(gocvioriginal ".cells,i k,cols) % gevicells,k, i,
pocviscratch™.cells,i,j,cols,sum);
end
for 1
for j
pcwv

= 1 to sguare do
1= ] Lo square do
{cells,i,jiscols,goviscratech™.cells,i,i,c0ls));
ends
InvalidateRect (HWindow,nil ,true)d s
‘l’end; .

SETTINGS DIALOG BOX

Settings Pialeog RBox: currently only allows setting the number of rows

and columns of a matrix ¥
rocedure THatrixMDIChild.Specs (var Msg 1 THessage)
vaur

D FDialog;

E 1 PEdity

si,s52 @ arrayl@..22]1 of char:
erry,retValue : integer;
speceRecord : TransferSpecsRecords;

begin
{ setup transfer record
str (rows: 2,specsRecord. NumRows ) g
str (cols: 2,specsRecord. NumCol s)
{ initialize and erecute specs dialog resowwce )
.‘:== New (FSpersDialog,Init (@8l +, 'Specs’))y )
=w({E, InitResource(D, 1181, Sizelf(specsRecord.hNumRows)});



New(E, InitResowrce(D, 1182, Sizelf (specsRecord.NumCols) )i
D™, TransferBuffer := @SpecsRecord;
retvalue = fApplication™.ExecDialog(D);

{ user clicked id_ok / pressed return key 7
if retvalue = id_0OK then
begin

{ update the matrix object fields 3

Val {specsRecord. NumRows ,rows ,err)

Val (specshecord. Numlols,cols,err)g

CurrRow == 1;

Curvrlol 1= 1;

{ make sure Windows repaints the matrix window 3

InvalidateRect (HWindow,nil ,truel;

ends;

and;

allow specification of file to save into...
pracedure TMatrixMDIChild.MatrixSavelnto (var Msg: TMessage) s
begin .

L

enc i ¥

procedure TMatrixMDIChild.Matrirbave (var Msg: THMessage)g
var
AFile: arrayl®..121 of Charid

function saveMatrix 1 baolean:
begin

saveMatrixn 1= trueg
end; ¥

{begin
if a cwrent file is open, save this matrix to it I
{ if & current file is not open, then select a file
Strlopy (Afile, "*.%°);
if fpplication™.ExrecDialogiNew{FFilelDialog, Init {(E@S5el+,
FChar (sd_FileSave), AFile=))) = id_0k then
begini
{ file selection was successful, save this matrix to it
fmessagebox (hWindow, ok, "file test ,mb_oklil
end: '
endy ?

fanClose will be used in a later version in support of file operations
uwnction THatrixMDIChild. CanClose;
eain
CanClose = true:
el § :

Lt

(W)

3 ~in File Routines



rocedures TMatrizMDIChild.FileNew(var Msg:

2gin
{Points™.FresAll;
InvalidateRect (Hlindow, nil, True)sl
IsDirty 1= False;
IsNewFile 1= True;

@

—————————————————————————————— 3

THessage) 3

rocaedure THatrixMDIChild.Filelpen (var Msg: THessage) s

egin
i+ CanClose then

i+ Application™.ExecDialog{New(PFileDialog,

Init{@8el+, PChar (ad _Filelpen),

StrCopy (FileMName, “#.MTX’)))) = id Ok then LoadFile;

iy

rocedure TMatrixMDIChild.Filebave(var PMsg:

egin

if IsNewFile then FileSavehAs(Msg) else SaveFile:

Jutul

rocedure THatrizsMDIChild.FileSaveAs{var Msg:

ar
FileDlg: FFRileDialog:

egin
if IsNewFile then Strlopy{(FileName,

if Qpplicatian“.EHecDialog(New(PFileDiaiog,
Trmit (E@Belf, FPlhar(sd_Filebave), FileNames)))

roceduwre THatrisxMDIChild.LoadFiles
A

TempColl: FCollections

TheFile: TDhosbStireams
ein

TheFile.init(FileName, stOpen):

TempColl = PCollection{TheFile.Get);¥

TheFile.Dones .
if TempColl <> nil then
begin
Dispose{Points, Done);
Points = TempColl;
InvalidateRect (HWindow, nil, Truel;
endy ¥ .
IsDirty := Falsej
IsNewFile 1= Falsej;

rocedure TMatrixMDIChild.SaveFile;
ar

TheFile: TDosStream;

24

T@-ile. Init (FileMame, stCreatel:

)

.
4

TMessage) 3

mmmmmmmmmmmmmmmmmmmmmmmmmmmm ¥

THMessage) s

= id_0k then SaveFile;



TheFile.Fut (@%e]lf);
TheFile.Done;
IshewFile := False;

IsDirty
Ialu

:= Falses

rocedure TMatrizpDIChild.Load (var 8: TStream);

begin
TWindow

5. Read

S.Read
S.Read
5. Read
S.Read

S.Read
S.Read
S.Read

5. Read
S.Read
5. Read
S.Read

S.Read
5. Read
5. Read
S.Read

5. Read
S.Read

S Read

sndy
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Load (5
GetChildPtr

{Num ,

(Name,
(Description,
(Tapl.abe] ,
(Sidebabel,

(Cells,
(Celliindow,
(CellPaint,

{Hows ,
(Cols,
{(CurrRow,
(Cwrrol,

(xStart,
(yBtart,
{(cellwidth,
{cellHeight,

(FilehName,
(IsDirty,
(IsMewfile,

(5, ChildMsg);

Sizeldf (Num));

Sizedf (Name)

23

Sizelf {(Description)d )i
Sizelf {(TopLabel) bR
SizeOf (SidelLabel) Ys

SizebDf (Cells)

)
SizelOf (CellWindow? )
SizeDf (Cellfaint) )

Sizelf (Rows)
Sizelf (Cols)

Sizelf (CurrRow)
Sizelf (Curvlol)

Sizelf (xS5tart)
Sizelf (yEtart)
Sizelf (cellwidth)
Sizelf (cellHeight)

Sizelf (FileName)
Sizelds (IsDirty)
Sizelf (Ishewfile)

rocedure THMatri#MDIChild. Store (var S9:

begin
THindow

FutChildiFte

S.Write
S.Write
S.Write
5. Write
S.Write

S.Wirite
S.Write
S.Wirite

S.Write
S.Write

.‘3 Write
S.Write

Store(5)
(5, ChildMsg);

(MNum,
{Name,

(Description,

(TaoplLabel ,
{(Sidelabel,

(Cells,
(CellWindow,
(CellPaint,

(Rows,
(Cols,
{(CurrRow,
{(CwrCol,

Sizelf (Num))
Sizedf {(Name?
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TStream)

)

Sizemf(DescriptiDn))é
Sizel+f (Toplabel) )
Sizelf (BidelLabel}) )

Sizedf (Cells) )
Sirzelf (CellWindow) )
Sizelf (CellFaint) )

Sirzelf (Rows)
SizeDf (Cols)

Sirelf (CurrRow?
Sizelf (CurrCal)
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S.Write (#3tart, Sizeldf{xbtart)
S.Write (yBtart, Sizelf (yEBtart)
S.Write {cellwidth, SizeDf (cellwidth)
S.Write {(cellHeight, SizeOf(cellHeight)
S.Write (FilelName, Sizel+ {(FileNames)
.S.Nrite (IsDirty, BizelOf (IsDirty)
S.Write (IsMewfile, Sizelf (IsNewfile)

N . L )
NEW gy 'EE g B gy ‘29

end;
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MDTI CLIENT WINDOW METHODS . H
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onstructor THMatriaMRDIWindow. Init (Atitle 3 PChar);

Bgin
TMDIWindow. Init ( 'MatrixCad’', LoadMenu{HInstance, "MDIMENL));
{Attr.X = O;
Attr.Y = @;
Attr. W 1= 440;
Attr.H = 308;
Attr.8tyle 1= ws_Overlapped or ws_BysMenu or ws_MinimizeBosxy s
ChildMernuFos 1= 1 '
MatrisNames :1= New(PStrlollection,Init (i, 5));

i

SetupWindow creates the first MDI child }
rocedure TMatrixMDIWindow. SetupWindows
ar
ARect: TRect:
Newlhild: PMatrixMDIChild;
egin
THMDIWLndow. SetupWindows
CreatelChi ldy
{(LoadChildsy
el 3

L)

Create a new MDI child 2
unction THMatrixMDIWIndow,. CreateChild: FHindows0Ob jecty
anr

ChildNum: Integer:

[

function NumberUsed(F: FMatrixMDIChild): Booleanj +arg
begin

NMumberUsed = (ChildiMuam = P*.Nam);
ernd;

eqin
T4 cilum := 1;
wWBP.e FirstThat (ENumberlUsed) <> nil do Inc{(Childium);



CreateChild := Application™.MakeWindow (New (FMatrixMDIChild,
Imit(@5elf, ChildMum)));
nd 3

1l Jure TMatrisMDIWIndow. NewGraphWin{var Msgr: THessage)s
L)
Application™.MakeWindow {(New{(FMtxGraph, Init (@5elf,
Matrix Graph )));

- Load a new MDI child 2
unction TMatrixMDIWindow.lLoadChild: FWindowsObject;
ar

ChildiNum: Integer;

TheFile: TDosStreams

NewMatrix 3 PMatrixsMDIChild;

function NumberUsied{(P: FMatrixMDIChild): Boolean; +farg
tregin

NMumberUsed 1= (ChildNum = F™.Num)
2nd;

&0in

TheFile,.Init ("MATRIXL ', stlpen)y

NewMatrix = FMatrisMDIChild(TheFile.Get);
TheFile.Done:

Ceg leiiNum = 13
v & FirstThat (@NumberlUsed) <> nil do Inc(ChildMum)g
LoadChild = Application™.MakeWindow {(MewMatrix)ss
LoadChild := dpplication™.MakeWindow (New (FMatrisMDIChild,
Init(@5elf, ChildNum)i)):
nds:

urickion TMatrisMDIWindow, CanClose @ booleany

procedure SaveAChild(AChild: PMatrixMDIChild)y fars
h=gin '
messagebox (hidindow, "saving... " ,achild™.attr.title,mb_okl:
AChild™.filename = AChild™.attr.title;
AChi ld™.BaveFile;
@l

begin
messagebox (hiindow, ‘calling canclose’ ', "test " ,mb_ok);
ForEach (BSaveAChild) ;3
Canllose 1= true;
ency
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retuwrns a list of the names of all matrices
rodivire THMatrixMDIWindow. UpdateChildlist (var € @ PFStrCollection)



procedure GetAChilddAChild: PMatrixMDIChildl; far;
begin
Cre Insert(Striew{achild™. attr.titlel));
e 3 '

egin )
M- ieenlls {clear out the collection for updatingl
¢ Each (@6etAChild);

il g

—————————————————————————————————————————————————————————————————————————— b

rocedure THatrixMDIWindow. About (var Msg: THessage) i
var
D+ FDialog;
ReturnValue 1 integer:
begin
D= New(FfboutDialog, Init (8belf, "AORBOUT ")) g
ReturnValue 1= Application™.ExecDialog(D);
erde

- BINARY OFERATIONS DIALOG BOX

rocedure THatrixMDIWindow. BinaryOpsDlg (var Msg @ THMessage) s

Var
D : FDialog:
8 : FStatic;

LL,RL,TL @ FlistBoxs

sl.,s2 @ arvrayld..32] of char;
igerr,retValue @ integers
opsRecord @ TransferopsRecords

[ redure UpdateChildren(p : pMatrixMDIChild)s fars
oegin
InvalidateRect (p™.HWindow,nil ,true);
end;

begin
with opskecord do
begin
{ initialize matrix name lists 3
LOplList := New(FStrCollection,Init(l@,%)}
ROpList 1= MNew(FStrlollection,Init{(i@,3))
TOpList 1= New{FPStrCollection,Init(1@,5))

e

-ma ‘=d

UpDateChildlist (L.OpList)y
UpBateChildbist (ROpList);
UpDateChildlList (TOpl.ist);

StriFCopy (operation, "PLUS )
Lindex = {3

-

{ initialize and execute dialog box ¥
."== New (FOpsDialog,Init (@5elf, "BINARY OFS ) )
A%

{ 8, InitRezsource(D, 2301, Sizelf (opsRecord.operation)));



Mew (L, InitResourceliD, Z1@1));
Mew (Rl , InitResource (D, 218735)) 3
New{TL, ITnitResource(l, 21@3));

D TransferBuffer 1= EopsRecord;
retvalue 1= Application™.ErecDialogiD)y

+ retvalue = id_ ¥ then
with opsrecord do
Preegin

BimaryOps{Lindex ,Rindex , Tindex ,operation) i
Forfach{@UpdateChildren);
ernd s

2l g

r

L converts the user selected matrix index

numbers into child window
pointers,

then calls the appropriate operation with those pointers
oo eduee TMateiaMDIWndow. BinaryOps {indexl,indes2,index3 1 integer: ap
LEE

it Integers

ploypR,pT 3 PMatrixMDIChHilcls

g & Flhary
{~~ locates the left operand child window pointer -~—3
furnction FindlOp(AChild: PHatrixMDIChild): booleany far;
begin
Findlfp = {i = indgsldy
i oas= i + 1 .
ety
locates the right operand child window pointer -—3
fonction FindROp (AChild: PMatrisMDIChild): booleany farg
bregin
FindROp = (1 = index);
i o= 4 + 13
@rcks
{—~ locates the target operand child window pointer -
function FindTOp (AChild: PMatri<MDIChild): booleany far;
begin
FindTOp 2= (i = index3);
i g= 1 + 1j
ericd s
yeagrln
i 2= M

ph. 3= PMatrizMDIChild{firstthat (EFindl0p));
plRoe= FNatrixMDIChild(#irgtthat(@Findﬁﬂp));
= PHatri«MDIChild{firstthat {(EFindT0p));

n.sag;ebm:—: (hiWindow,op, "test ' ,mb_ok);

x
"

1
)

-,
o+

FChar)



if (iphs>nil) and (pRIXMilY and (pT<> nild)) then
if strcomp (op, "FPLUS")Y = 8 then
AddMatrices (pl.,pR,pT)

elss if strcomplop, TIMES ) = @ then
TimesMatrices {(pl.,pR,pT)
else if strcomp(op, MINUS) = 8@ then

MinusMatrices (pL,pR,pT) .
Flose if strcomp(op, FPOLY ) = @ then
begin
{messagebesp (Q) 5 3
FolyXMatrices (pl,pR,pT)
end;
aind

BINARY MATRIX OFERATIONS ' ¥
rocedure THatrixMDIWindow. TimesMatrices(pL,pR,pT : PMatrixMDIChild);
var
ply,pRy ,pTx ¢ pcells
i,d.k 1 integer:
sum : real:

-
<

I

{ get the value of the i,j referenced cell in a collection of cells
function gcv (p @ plollectiony i,j,cols @ integer) @ realj;
Var
index = integer;
cptr @ pocell;s
begin
index = {({(i—~1)#cols) + (j—11)3

e

cptr = p™.at (index);
gev = ocptrles
end g

[

{ put the value of the i,j referenced cell in & collection of cells
procedure pov (p o pCollectiony i,J,cols @ integer; putval @ real)d;
var
index @ integer;
cptr ¢ pocell:

bepin
indey 2= ((i—1)%cols) + (j-1);
cptr = pT.atlindex);
cptr®.e 1= putvalj;
endjy
begin

for i 1= 1 to pL*.rows do
= 1

for 3 ¢ to pR™.cols do

begin
sum 1= @
for k = 1 to pL™.cols do

sum = sum + (gevipl™.cells,i,k,plL™.cols) % govipR™.cells,k,3i,pR"

pevipT™.cellsi,i,pR™.cols,sum);

end;

. rows 1= pbL™.rows:

- C0O



plR matrix is considered to bhe a constant vector 3
T atriy 1w bthe matris variable e
P uatriy is the target matrix X
rocedure TMatrixMDIWindow. PolyXMatrices (pL,pR,pT @ FMatrizMDIChild});

Var

R.asccum,scratch @ PScratchs

inputText: arrayl@. .51 of char:

ty,d.kyn.equare,error maskExponent 1 integsr:

Moaaum o pealas

{ gpet the value of the i,J referenced cell in a collection of cells ¥
function getcvy (p 3 plollectiony; i,i,c0ls @ integer) 3 real;
var )

index @ integer:
cpte s poell;
begin
index = ({i~-1l)¥cols) + {ji-1);
cpbe 2= pTroat (index);
getev = cptr.es;

@y
Toput the value of the i, referenced cell in & collection of cells ¥
procedure putevy {(p @ pCollection: i,j,cols @ integery; putval @ reall;
VEr

index @ integer;
cptr & pocells
e e
index ;= {((I-1)¥gols)y + {j—-1):
cptr g pToat (dndex) g
cptr™.e 1= putvaly
Ericly

1

begin
messagebox (hWindow, ‘calling FOLY! ', "test’ ,mb_okd;

] 1= New(FPScratch,Init)
froum = New(PSocratchoInitdy
boratch = New(Fdcratch,Init);

{% square up variabkle array to minimum dimension #7
it pRM.cols o pRe.rows then

square := pR™M.cols
elae

sgquare 1= pR™.rows:

{# sgquare target for valid result representation #I
pT . rows 1= squares
pT.cols 1= sguares

% copy variable array over to K array structure ¥3
for i = 1 to sguare do
for j == 1 to sguare do
. puteviR™.cells, i, i,square,getcvipR™.Cells,i,j,square) ) ;



{# exponent determined by length of plL vector...

AR, AL LA, ... A (Cols—1) *3
maxExponent 1= (plL™.cols — 1);
% aR™@ 3

. 1= getevipb™.cells,1,1,square);
o 1 := 1 to square do
for 3 := 1 to sguare do
putcv (pT™.cells,i,d.square,x};

{# initialize Accum *3
for i 1= 1 to square do
for 3 = 1 to sguare do
putcviacoum™.cells,i,j,square, 1)

for n = 1 to maxExponent do

begin
for i 1= 1 to square do
for j 1= 1 to sguare do

begin
aum &= g
for k 1= 1 to sguare do

sum = sum + (getcv(R™.cells,i,k,square)

putcv (scratch™.cells, i, J, square,sum) 3

ends

{% copy powered matrix from scrateh back into Accum *3

for i 1= 1 to squars do
for 3 = 1 to sgquare do
putcv{accum™.cells,i,j.square,getcviscratch

. {* multiply accum matrix by constant from piL vector

and update result
¥ 1= getcvipL™.cells,1l,n,square);
for i := 1 to sguars do
for k 1= 1 to sguare da
begin
putocvipT™.cells, i k,square,
getevipT.cells, i k,square) +

(; # getcviaccum™.cells,i,k.square)));

ercly
end}
InvalidateRect {HWindow,.nil ,truel;

@ g

subtract two matrices...put the result into the speciftied target;

# getcv (Accum™

cells,k,

“hoells,i,i,squarel);

NOTE: the left operand controls the row/cols extent of the subtraction 2

rocedure TMatriaMDIWindow. MinusMatrices (ph,pR,pT 1 PMatrixMDIChild);

var
JPpRM,pTH @ poell:

integer;
t.



for i os= B to ((ph.orows # pb™.cols) - 1) do

begin
pLy 1= pL™.cells™, at (i)
pR¥ 3= pR™.cells™.at(i);
pTx 2= pTr.cells™.at (i)
PTr™ .8 1= plu™.e - pRr™.e;

add two matrices...put the result into the specified target;
NOTE: the left operand controls the row/cols extent of the addition

rocedure THMatrixMDIWIndow.AddMatrices (pL,pR.,pT : PHMatrixMDIChild);
var

ply ypRy ,pTx @ peocells
1t integer;

begin
for 1= @ to {(phLrerows * pL™.cols) - 1) do
begin
plx = pL™.cells™.at(i);
pRy 1= pR™.cells™.at{i);
pTy 1= pT .cells™.at{i}y
pTa™.e 1= pLre™.e + pRu™.e;
end;
ency

——————————————————————————————————————————————————————————————————————————— .‘-
E

procedure THatrixMDIWindow.Filelpen (var Msg: ThMessagel)s
var
AFile: arrayl@..12]1 of Charg
bresein
rCopy (Afile, "*.MTX ") g
1f Application™.ErxecDialogi{New (PloadMatrixDialog, Init (E5Selsf,
LOADMATRICES ', AFile))) = id_OK then
beagin
endsy
endy >

R R N IR R I T T T O M R O T S R R TR R T R T R
AFFPLICATION METHIDS ¥

PN N B 3 2 3 2 TE R T N B TR A B e O B R B e e B 3 N T
Construct a main window objiect 7

rocedure TMatrisMDIApp. InlitMainkWindow;

egin ‘
MainWindow = New(FMatrixMDIWindow, Init{ MatrinxCad’ )}
StreamRegistrations { register all streamed obiescts 3
ricdy

B F I 0 3 B B B 0 0 B 36 306 3 3 36 6 0360 U B I K 3 B 0 O e i
MAIN MODULE >

EEHEREHERERER AR AR REEREEREERERERERSRERRBEREEREERREREEEREF LR EERERR AR EREEEHRHD
A

MatrixMDIApp: THMatrixMDIApp;

erin

Ml L FIDIApp . Ini bt MatrixCad ")y

i xMDIApp - Rung



MatriwMDIApp.Dones
el .



R S R R R R SRR T S R AR R R st
ttulad 1,1 User—~defined Messages Hnit

rogrammer: Terry D. Hawkins
l“-h'»-ﬁ.‘e-K--E—%***%ﬁ-%*-ﬁ-**-)Ht‘--lé-**-ﬁ**-**-K--ﬁ--K--K--#.‘-ﬁ--N--ﬁ--ﬁ-i&***%**—!—*****%*-ﬁ--}i—%**%*%*%-ﬁ:—*-ﬁ-%*ﬁ-**%%3‘
Jnit MbwrM=mgss

NTERFACE

lseps WinTypess
Menu bar constants >
tonst
{ user defined message constants )
wn_CellReturned = wr User;
win_ CellEscaped = wm_User -+ 1j;

-

L user defined messages processed by frame window class

Fib MDICHILDDESTROY = WHM_USER -+ 03
FI RESTZEMDICLIENT = WM _USER + 13
Fil SETSTATEARKECT = WM _USER + 23
FW_SETMENUHELR = WM_UBER + 3j
Fil_GE TMENUHELF = WM_USER + 4;
FW_DRAWSTATUSDIVIDE = WM _USER + 5j

t,

{ user defined messages processed by all windows classes

AW _FPATNTHMENUHELF = WM_LISER 4+ 12@;
4 ser defined messages processed by all MRI Child window classes &
Ale_PRINTSTATEBAR = WM _LIGER + 208y

TP EMENTATION

END .



(3 S e B 0 B 03B B 36 T 3 I B e B B BB B T e 36 N 3B B B I 3 3 R 3 I
1t:Cad 1.1 Resource Identifers
rogrammer: Terry . Hawhking

GHE-'i".‘i--!IE--E*-ii--‘!&-**-*%*"K—-K—-K—ﬁ"ﬁ-***-*-*--ﬂ--ﬁ:%%%*%#***-****%*%***-ﬁ-*****-%-ﬁ-%*%**-ﬁ-*%**%%**%%*}

it mbxides

nterface

—onst -
MewGraphiin = Z0D;
GetiN = 281
cm, Clearbraph = Z02: ’
co_Clearkdges = 205
cm_Joinfl lNodes = 2
cm_isEulerFath = 205
cm_ShortestPath = Pk
co MinSpanTres = 27y
Grid_Toggle = S
Square GBrid = By
Folear _Grid = A1l
FaintMode = E203
FdgetMode i
ShowlWeightMode = 3223

o ConintChi ldren = 103y

i Santllose = Z@1;
i cell = 2@1;

ot

T omeEnd comnand identifiers
cm_specs = 1@E1;
cm_scalarMalt = 301

AT

cm_matrixFower = Z@23

cm__scal arédd = J@5;

cm_BinaryOps = &6@01;

L File menu command identifiers

cm_Upen = 7@l
om_New w Fh2s
cm_Save = FE
ocm_Savehs = 704y
cm_ fAbout A1 H

{ help commmand identifiers >
cm_help = Z2U00@;

{ gpecs dialog box id's 3
id_rows = 11013
id_cols = 110%;
{ ope dialog id's 2
i i mesButton = 22@1;
i lusbButton = 2202;



id_MinusButton
id_FolyXButton
id_opStatic

I

mplementation
el

2203
2204;
2301;



ETETE F R RS ST R TR R R R R R R S TSR SRR TR SR R TR A S TS O S F A
itsCad 1.1 Mizsc. Utilities Unit

rogrammer: Terry D. Hawking

*-!‘.(-%Hi"!i-*****-)t'-*-)E-K-*-K-i(-*****-ﬁ:%-!-i--!-%-K'%***-ﬁ-***%-************—*-h:—***%***%*-K-**-K—****3
Init whtilsg

NTERFACE

ses WinTypes,WinProcs,Strings:

unction Min(X, ¥Y: Integer):

rocedure IntZPChar (n @ integer);

tocedure Togglelheck (Menu: HMenu;MenultemID: Word);

Integer:

ar
pCharButfer

: arrayi..791 of char;
StringButfer

stringl8@71;

MPLEMENTAT I0ON

wnction Min(x, Y:

Integer)s Integer;
eain
it X Y then Min = Y else Min 1= X;
ndsz

wroLedure Int2FChar (n 53 integer);
begin

str (n,Stringluffer);

strpcopy (pCharBuffer ,Stringbuffer);
ends

rocedure ToggleCheok (Menu HMenw; MenuItemID: Word) g
v ar

Mettr, WCheck @ Word;

begin
Mattr := GetMenuState (Menu,MenultemlD,M+_ByCommand) i
if¥ (Mattr and mf_Checked) = mf _Checked then
WCheck 1= mf_RyCommand or mf_ _Unchecked
gl ae
WCheck =

= mf _ ByCommand or Mf_Checked;

CheckMenultem {(Menu,Menultem]ID,WCheck) s
endy

nd .



PR e B B W B B I H I H A B I F R W R U A6 H 1 3 B 0 I OE e H A I I T B 0 e
txlad 1.1 Objects Test Driver

roagrammmer: Terry Do Hawhkins
-!&?‘?***%%*-ﬁv**%#-‘ﬁ****ﬁ-*%%-ﬁ-*********-N--?;—*******-ﬁ-*****-*-K-*******-ﬁ'ﬁ-ﬁ-%**-***%*%}
rogram test;

¥R MTXCAD.RES>

ses MEuGrfx ,MtuMsgs ,MtxIds,Utils, .
Wb jects, HinProcs,WinTypesy

e e v — L . Go—— S — —— — e —— . St i i —_— _______—___—_—.—_—_—_.—.—_—_—_—_————._._____..._u_u.._..u._...uu-_n._..".
— O - 3

Ype

TestfApp = object(TApplication)
procedure InitMainWindows virtual:

e 3

ype
FTestMDIWiIin = “TestMDIWin;
TestMDIWin = object (TMDIWindow)
procedure NewGraphWin{var Msg: THMessage) i
virtual cm_Firset + NewGraphWin;
claful

rocedure TestMDIWin. NewbraphWin{var Msg: TMessaged s

e

Application™.MakeWindowi{New (FMtaGraph, Init{@Self,
‘Matrin Graph’)));

s

LA

bonl

rocedure TestApp. InitMainWindow;
el
MairnWindow = Mew{FTestMDIWin,
Init('Matrix Graphics’', LoadMenu(HInstance,MakelntResource{ MDIMENU YY) )y

ar
Testl: Testfpp:

egin

Testi.Init({ Matrixn Graphics’):
Testl.Rung

Testl.Dones

T .
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