Grid and histogram controls for Windows implemented in Forth

N.J. Nelson

Abstract

Grid controls are used extensively for presenting tabular datain Windows
applications. A wide variety of third-party grid controls are readily
available, but none were quite suitable for the application we required.
Graphical controls are also available, but again, none quite fitted the bill.
Finally we plucked up courage and wrote our own controls. This paper
will outline some of the code design, and illustrate the use of the controls
in an application. The codeisin MPE ProForth for Windows.
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First, an apology

| intended to present a paper very similar to thisone at an earlier
conference. Pressure of work prevented me from doing so.

I ntroduction

All of the four applications that we produce for Microsoft Windows
(“Tracknet”, “Rabit”, “Frames’ and “Bender”) require the entry and
presentation of datain tabular form. In most cases, the format of
presentation is fixed and can be specified at design time. The entry and
display methods are also straightforward, and can use standard Windows
controls (editboxes, checkboxes etc.) for editing. Until recently, we have
relied upon the custom controls provided by Simple Software Inc., under
the name “WinWidgets’, to present the tabular controls. (This product is
now obsolete.)

Recently, the requirements of presentation have become more complex.
The table formats are configurable in run time, not at design time. The
data presentation methods are more varied. The marketing department
demands a product that is more distinctive and eye-catching.

A new requirement in some of our applicationsis that historical data must

be presented as a histogram, or some other graphical form. Again, this
must be configurable in run time.
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Possible alter native products

There is awide selection of grid controls available for use with Microsoft
Windows. Thereisasmaller selection of histogram and other graphical
controls available.

The main difficulty that the suppliers of these controls have is that they
must be all things to all men. This makes the customisation of the
controls avery complex business.

A further difficulty is that the interface with the mgority of the newer
controls is by the Microsoft Component Object Model (COM). This
interface is not easy to support in Forth, because the data structures have
been designed specifically to match Microsoft Visual C++. Very few
controls are still available with Dynamic Link Library (DLL) interfaces,
which could easily be linked to Forth.

Finally, the commercial controls are not available in source-code versions
(or are only so available at great expense). Thisis anathemato the Forth
programmer. While we are happy to use “black boxes’ we must always
retain the ability to open the black box when we really need to. There are
very good reasons for this—all previous bought-in code that we have
used has contained bugs, often of the most subtle and complex kind. With
WinWidgets, for example, it was only when we obtained the source code
that we were able to understand completely the work-arounds required for
some of these bugs.

Finally, we decided that the only complete solution lay in producing our
own grid and histogram controls.

Specification for Micross custom controls

1. The controls should become part of an application simply by adding
the source code files to the include list for compilation (no DLL files
or COM interfaces).

2. A design time interface must be provided for the Microsoft dialog
editor, but it need only specify size and position.

3. The appearance and function of each control should be completely
specified in a single data structure.

4. There should be a default action for every feature, so that the control
can be customised only as required and on a step-by-step basis, in
accordance with the tradition of Forth incremental development.
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The design time interface

There are now only two types of control that are supported by the
Microsoft dialog editor. Firstly there are Microsoft’s own controls, both
the traditional type such the buttons, and the later and more complex
additions such as the calendar control. Secondly there are the custom
controls by both Microsoft and third party suppliers, which must use the
COM interface.

Since we had decided that we would not use COM, the only solution was
to use a standard Microsoft control for design time editing. Accordingly
we selected the very simplest control, which is called Static. This control
can be made to assume any desired appearance by using the

SS OWNERDRAW style, and it can be given any desired functionality
by means of subclassing.
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The structural description of a custom control

The structure shown below completely describes both the appearance and

function of agrid control.

STRUCT MGRI D
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD

CELL FI ELD

CELL FI ELD
CELL FI ELD
CELL FI ELD

CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD
CELL FI ELD

CELL FI ELD
CELL FI ELD
CELL FI ELD

CELL FI ELD
END- STRUCT

MG. HAND

MG. HDC

MG. DCX

MG. DCY

MG. CW DTH
MG. CHEI GHT
MG. NCOLS

MG. NROWS

MG. BACKCOL
MG. HVARG N%

MG. VMARG N%

MG. HVARG N
MG. VMARG N
MG. GAP%

MG. Tl T%

MG. GAP

MG. TI TBACKCCOL
MG. TABBACKCCOL
MG. TI TGRI DCCOL
MG. TABGRI DCOL
MG. GRI DW

MG. GRI DX

MG TI TH

MG TI TY

MG. TABH

MG. TABY

MG. FCOLX

MG. FROWY

MG. TI TFONT
MG. TABFONT
MG. FTI TLE

MG. FTABLE

MG. TI TTEXTCOL
MG. TABTEXTCCOL
MG. TEXTTAB%

MG. TEXTTAB

MG. FJUST

MG. FSTYLE
MG. FCOLBACKCOL

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o e

Handl e of w ndow

Devi ce context

X position of grid within DC

Y position of grid within DC

Client width

Client height

Number of col umms

Nunmber of rows

Background col our

Percent age of horizontal dinension which is
mar gi n

Percent age of vertical dinension which is
mar gi n

Hori zontal margin

Vertical margin

Percent age of vertical dinension which is gap
between table and title

Percent age of vertical dinension which is title
Gap between table and title

Titl e background col our

Tabl e background col our

Title grid col our

Tabl e grid col our

Wdth of grid

X coordinate of grid

Hei ght of title block

Y coordinate of title block

Hei ght of table block

Y coordi nate of table block

Function for x coordinate of colum n=0.
Function for y coordinate of row n=0.
Handl e of font for titles

Handl e of font for table

Function for title of columm n=0.

Function for text of columm x=0.., row y=0.
Title text col our

Tabl e text col our

Hori zontal dinmension by which table text is
tabbed (units of 0.1%

Hori zontal dinmension by which table text is
t abbed

Function for justification of table data in
colum n

Function for style of cell data in colum n
Function for colum background col our
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Initialisation of a custom control

When adialog box is created, but before it appears on the screen, the
Window Procedure (“WinProc”) of the dialog box is passed a

WM _INITDIALOG message, in which the application must initialise all
necessary features associated with the dialog.

In the case of adialog box containing a Micross grid control, the
necessary actions include allocating memory for grid control structure,
setting the required parameters into that structure, then allowing to
control to set all its other parameters to default values. Finally the simple
and unsuspecting static control must be subclassed to give it the complex
and sophisticated behaviour of agrid control.

The code examples come from an application which visualises a
multilane commercial ironing machine.

View ironer Biko 1 “

[oned | e Today |% oftasgel Lasthour % af tasgel Calegony Custamer
r_= 1 " 0 1 2 | PIANAVERDE DEP 5 MARE DELLA I
4 ] 2 " i Bl 7 | RILAMATO BIANCD ISTITUZC RIPOSO S M
i 1| 0 11| 2 | LENZUOLOVERDE CO | LABLANALISIMEDEICHE
4 2 i 2 0 | PANMNOLMO IPRE G TR:O RESED x Al
Stalus Funning g 2 i 3 0 | TRAVERSA 120:200 MENDZZIF LI
Hours run ooy o003 5] o 0 o 1} TELOWERTIE COM FES INALL
¥ 1] (1] o 1} TOWVAGLLS 185190 IPAE C TRD RESHD & A
1 1] il — Ik
il 0% 8 0 0 0 0 | PIANABIANCA NOVARTIS NUTRITION
Daossridinne foday 000
Datwilima parcantage % = Temp, (0
1 123
Dperalors o 2 123
EI 3 123

(Theclient for this particular installation isin Italy, hence the obscure
category and customer names.)

The dialog box isinitialised as follows:

: | RONER- | NI TI ALI SE ( hwnd, ness, wparam | param --res )
HDLG HI RONER ! \ Save dial og handl e
MGRI D ALLOCATE DROP | MTS ! All ocate main table structure
MGRI D ALLOCATE DROP | RTS ! All ocate roll table structure
| RONER- SETTEXT Language specific text
HDLG | 2GCOVBO- | D HCTL HI GCOMVBO ! Handl e of grid combobox
Hi de grid combobox
Save original sizes and positions of controls
Set sizes and positions of controls to match
configuration
Set initial data
Handl e ani mation control

\
\
\
\
| RONER- HI DECOVBO \
| RONER- SAVESI ZES \
| RONER- SETSI ZES \

\

\

\

| RONER- SETDATA

-1 I ROLDSTATUS ! | RONER- ANl MATE
4DROP TRUE
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We must never forget to discard the allocated memory when the dialog
box is closed, otherwise a memory leak will occur.

RONER- DESTROY ( hwnd, nmess, wparam | param--res )

|

| MTS @ FREE DROP \ Free main table structure
| RTS @ FREE DROP \ Free roll table structure
oK

Each static control which has to function as a grid control could be
individually subclassed in the dialog initialise function above. However,
in the example application, we have chosen to use “global subclassing”.
This sets al instances a particular window class to have a modified
behaviour. In this case, the only modification actually required is that the
mouse must report its position within the control, so that the owner
window can show, hide and move any edit control associated with the
particular cell of the grid.

: (STAT- EX-W NPROC) { hwnd ness wparam | param-- res } \ Extend to static w nproc

hwnd GW._STYLE W NGETW NDOW.ONG \ CGet window style
SS_OWNERDRAW AND | F \ Check if owner drawn
mess CASE
WM_NCHI TTEST OF \ Override the hit test nmessage
hwnd W NGETPARENT UM CMLBD \ I nform parent
| param hwnd GETDLGCTRLI D WSMD \ about coordinates & id
HTTRANSPARENT
ENDOF
hwnd ness wparam | par am DEFSTATPROC \ Al other nessage use default handler
ENDCASE
ELSE \ Any other style
hwnd ness wparam | par am DEFSTATPROC \ Use default handler
THEN

; ASSI GN ( STAT- EX- W NPROC) W NPROC STAT- EX- W NPROC

To accomplish the global subclassing, awindow of the defined class must
aready exist. A dummy one pixel square window is therefore created
upon which we can operate.

: SUPERSTAT ( --- ) \ Install the global subclassing - Call this from W CREATE
NULL \ exstyle
"Static" ~NULL cl assname, w nnane

SS_OWNERDRAW style
00 X,y
11 w, h

CURR- HANDLE NULL W NAPPI NST@ NULL

W NCREATEW NDOVEX

GCL_WNDPRCC ['] STAT- EX- W NPROC >BCODY
REL>ABS W NSETCLASSLONG WPSTAT !

hparent, hnenu, instance, |param
Create dummy wi ndow to get handl e
Set the new wi nproc
Save the old wi nproc

e e e e —
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Painting the grid control

When the time comes to show the grid control on the screen, the owner
dialog receivesaWM_DRAWITEM message. Because there are two
Instances of the grid control in the example application, the dialog must
first identify which grid control is required, before calling the correct
paint function.

;| RONER- DRAW TEM ( hwnd, ness, wpar am | param--res ) \ Omner draw call

OVER CASE \ According to ID of control
| 2TABLE- I D OF | RONER- DRAWVAI NTABLE  ENDOF \ Main table static
( I2ROLLTEMP-1D ) | RONER- DRAVWROLLTEMPS \ Roll tenperatures table

ENDCASE

In the Windows Application Programming Interface (API), al drawing
functions must specify the handle of the destination window or device
context. Many years ago, we encapsulated all drawing functions, so that
the applications programmer has no need to deal with handles, and can
use the same high level functions on any type of print surface (e.g. the
same function can be used for both a screen and a printer). This
unfortunately results in a complication when responding to a
WM_DRAWITEM message, which has different parameters from the
norma WM _PAINT message.

: | RONER- DRAWVAI NTABLE

{ hwnd ness wparam | param | ops ocw pdis prs[ PRINTSURFACE ] -- res }
| param ABS>REL -> pdis Get pointer to draw item structure
PRINTING @-> ops O PRI NTING ! Save print state & clear
prs[ PRI NTSURFACE ERASE Initialise w ndow structure
hwnd | 2TABLE-1D HCTL prs[ ! Put handl e into w ndow structure
pdis DIS.HDC @prs[ W N-HDC ! Put DC in w ndow structure
CURR- W NDOW - > ocw prs[ (CURR-W NDOW ! Save current wi ndow & repl ace

— e e e —

MAKEOBJECTS Create default objects
\ EE R R R Sk Sk Sk kS kS kO
pdis DI S.HDC @ pdis DI S. RCl TEM \ Draw sunken edge
EDGE_SUNKEN BF_RECT W NDRAWEDGE DROP
| RONER- | NI TMAI NTABLE \ Initialise nain table structure
I MTS @ MGRI D- DRAW \ Draw the grid
\ khkkhkkhkkhkkhkhkhkhkhkhhhhkhhkhhkhkhkhkhhkhk**x*%
KI LLOBJECTS Di scard objects

ocw ( CURR- W NDOW !
ops PRI NTING !
0

Restore current w ndow
Restore printing state
Resul t

—— — —

We expect to hide al of this complexity (i.e. everything except the
section between the stars) by encapsulation before we use the grid control

again.

The word MGRID-DRAW is a highly complex function that uses all the
parameters in the grid structure to produce the desired appearance. It is
not appropriate to explain the exact details here, except to say that the
function can be broken down into distinct sections.
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: MGRID-DRAW{ mg -- } \ Draw grid

MGRI D- DRAVBACK \ Background

MGRI D- DRAVBLOCKS Title and tabl e bl ocks
MGRI D- DRAVGRI DS Title and table grids
MCGRI D- DRAWT| TLES Text for titles

MGRI D- DRAWCELLS Table cell contents

daddda

Editing the grid control

In most grid controls, a subsidiary editing window (editbox, checkbox,
combobox etc.) is displayed whenever the user clicks the left mouse
button within an editable cell of the grid. In our applications, however,
most of the standard controls are already globally subclassed to operate
on the left mouse button and (optionally) display an on-screen keyboard.
These are used when a system has a touchscreen only (no keyboard) or
when it is necessary to enter locale-dependent characters (e.g. French
accented characters with only an English keyboard fitted). Therefore, in
the grid control, the subsidiary editing window appears when the mouse
hovers (without clicking) over the editable field.

The dialog box receives a user defined message from the grid control in
response to the mouse hit test. After identifying the correct grid, the
dialog box function adjusts and positions the subsidiary editing control,
which in this case consists of a combobox filled with either category and
customer names.

: | RONER-LBMIGRI D { hwnd ness wparam | param | col row -- res } \ Muse nove in table

| MTS @ wpar am LOAORD wpar am Hl WORD Get coordi nates

| RONER- SCREENTOCL| ENT Convert to client coordinates

MGRI D- XYTOCR -> row -> col Get colum & row of grid

col 56 WTHINrow -1 <> AND I F Wthin the category & custoner cells
col row | RONER- FI LLCOMBO Fill conmbo with required nanes
row col | RONER- MOVECOVBO Position & size the grid conmbobox
row col | RONER- SHOASELECTI ON Show the current itemin the conbobox
row col | RONER- SHOACOVBO Show grid conbobox

e e e e e —

row H GROW !
col HI GCcOL !

ELSE \ Not within the cat. or cus. cells
| RONER- HI DECOVBO \ Hide the grid combobox

THEN

0 \ Result
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The histogram control

The concept for the histogram control is very similar to that adopted for
the grid control. A typical application of the control is shown below.

E liacknel FRO Hizlory

|Lavater Slkn |£ Siart dale |[;1s1ur£||:| vl Analyse by |Ml:un1h
[ Pt | [ ewot |

=)
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The structure which completely describes the appearance and behaviour
of ahistogram is shown below:

STRUCT MGRAPH \ Ceneralised Mcross G aph object

CELL FI ELD G HWND Handl e of w ndow

CELL FIELD G HDC Devi ce context

CELL FI ELD G DCX X position of graph within DC

CELL FIELD G DCY Y position of graph within DC

CELL FIELD G CW DTH Client width

CELL FI ELD G CHEI GHT Client height

CELL FIELD G HFONT Handl e of horizontal annotation font
CELL FIELD G HFONTV Handl e of vertical annotation font

CELL FIELD G TEXTY Address of text string for y axis

CELL FI ELD G MARG NX Margin x axis

CELL FIELD G MARG NY Margin y axis

CELL FI ELD G NMARKSY Nurmber of marks on y axis

CELL FIELD G NDI VSX Nunmber of divisions on x axis

CELL FI ELD G VALUE Address of function ( nl1=0..---n2 ) which
returns value to plot for x axis itemnl
O fset y axis

Span y axis

Oigin x coordinate

Oigin y coordinate

Address of function which formats y axis
annot ati on

Address of function which formats tooltip
Address of function which formats val ue for
pri ntout

Wdth of marker (on X axis)

W dth of annotation string (on x axis)
Hei ght of annotation block (on y axis)
Length of y axis

Length of x axis

Axi s col our

Annot ati on background col our on x axis
Annot ati on colour (y axis)

Annot ation col our (x axis)

CELL FI ELD G OFFSETY
CELL FIELD G SPANY
CELL FIELD G ORIGX
CELL FIELD G ORIGY
CELL FIELD G FORVATY

CELL FIELD G FORVATTIP
CELL FI ELD G FORVATPR

CELL FI ELD G MARKW
CELL FIELD G TEXTEXT
CELL FI ELD G ANBLKH
CELL FI ELD G YAXI SLEN
CELL FIELD G XAXI SLEN
CELL FIELD G AXI SCOL
CELL FIELD G ABKGCOLX
CELL FI ELD G ANCOLY
CELL FIELD G ANCOLX

CELL FI ELD G STRI NGX Address of function ( n=0..---z$ ) which
returns annotation string on x axis
CELL FI ELD G VALCOL Address of function ( n=0..---rgb ) which

returns colour for value
Background col our
Graph centre col our

CELL FI ELD G BACKCOL
CELL FIELD G GRCOL
END- STRUCT

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o e e

Behaviour of a histogram control
This control clearly cannot be edited in the same way as a grid control,

but it does use a mouse hover in asimilar way, to generate a tooltip
showing the value that each element of the histogram represents.

Grid and histogram controls for Windows implemented in Forth —Euroforth 2000 - Page 11 of 12



Licensing and copyright

In the “open code” spirit of Forth, | would be happy to provide source
code for both the controls themselves and samples illustrating their use.
Fellow Forth programmers are welcome to use the controls in their own
applications, and in turn | would welcome suggestions for devel opment
and improvement. The actual applications in which | have used the
controls must of course remain the copyright of Micross Electronics Ltd.

Conclusion

| hope that the above examples illustrate the power of Forth to harness
some of the more intricate concepts of programming for Microsoft
Windows.

Refer ences

1. The example programs are written in ProForth for Windows V2.1, by
MicroProcessor Engineering Ltd., 133 Hill Lane, Southampton SO15
5AF U.K., Tel. 01703 631441

2. Readers wishing to thoroughly understand the inner workings of these
controls, will need to subscribe to the Microsoft Developer Network
(MSDN), full details of which will be found at
http://msdn.microsoft.com/subscriptions/.

Grid and histogram controls for Windows implemented in Forth — Euroforth 2000 - Page 12 of 12



