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Whereto Find the Source Code

The source code for this graphics package is on the EECG and ECF systems in the directory
~jayar/1387/graphics. The files in this directory are:

graphics.c:The source code for the graphics package.

graphics.h:The header file for the graphics package.

examplec: An example file shaing how to use the graphics.

malefile: The malefile for the @ample program

These files are alswvalable on the web page of the course in the directory:
www.eecg.toronto.edu/~jayar/courses/ecel387/graphics/

The sub-directory “windes” contains a graphics.c and graphics.h that can be compiled using
Microsoft isual C/C++.

General Use of this Graphics Package

Any source files which use graphics must include the line #include “graphics.h” and you must
have both the graphics.c and graphics.h files in your source diretthhgn you compile you
should use a commanddik

gcc my_sowrec graphics.c -0 ®e_name -IX11 -Im

Before ay graphics can be dsen, your program must call init_graphics to set up the X display
Next you should call init_wrld to set up the coordinate system your program desires (you specify
which coordinates correspond to the upper left angdaight corners of the screen). There are
then two ways in which you can use this graphics package, inteefctir non-interactiely. Run

the example program (graphics) to seenhihey look to the useTo create thexample program,
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edit malefile to set the library paths, etc. to the appropriatees for your system, then type
make).

I nteractive Graphics

In this mode, your graphics will be dva and the user can use on-screenvgremom and win-
dow controls to focus on the areas of greatest interesisé& this mode, your program mustéa
a routine which can redrathe entire picture. This routine should not set tloeldvcoordinates
(no calls to init_wrld), since the graphics package changes tivdveoordinates in response to
the user clicking on the pan and zoouttbns. This routine alays dravs the entire picture; the
graphics package translates the points specified by you to the screen so that ithg@roperly
zoomed and panned. The graphics are made interduyi calling the ent_loop routine. This
routine simply responds to user input and monitors the wirgdate, calling your redwaroutine
to redrav the picture as necessakyhen the user clicks on the proceedtdn, control gits the
event_loop procedure and returns to your program. If you return fronvém _éoop and then
wish to call it agin later you may vant to first call init_wrld to set the wrld coordinates (since
the usess panning and zooming mayueachanged them) and then call your redng routine
(since the on-screen picture may bdedént from your ne picture, andent_loop will not call
your draving routine until the user does something).

The huttons shan on-screen in this mode are:
Arrow keys: Pan half a winda width or height in the specified direction.

Zoom In and Zoom OuBlow up the viev to 5/3 or reduce it to 3/5 of its original size, respec-
tively.

Zoom Hkt: Zooms all the &y out so all your graphics fit into the display area. (Returns thetoie
the full coordinate range specified by the last call to irotldv)

Window: After clicking on this btton, you can dr& a box in the graphics area by clicking on its
diagonally opposite corners. The program will zoom in on this box (while preserving the aspect
ratio).

PostScript: This will create a PostScript file that correspondscty to the display you currently
have on screen. The first time you click on thigtbn it creates a file called picl.ps; the second
time it creates pic2.ps and so on.

Proceed:Return to the calling routine (als the main program to compute some more and/or
draw a different picture).

Exit: Abort the program.

Event_loop is called with tawvparameters. The first parameter is a pointer to a function that will be
called wheneer the user clicks on some point in thewdray area (itton clicks in the menu areas

are handled entirely by the graphics package). Wikegrike user clicks auton within the drev-

ing area the function you passed Yer&_loop is called and is passed the coordinates at which the
user clicled. This allavs you to respond to user mouse clicks, perhaps by changing the color of
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the object the clicked on, etc. If you hae no need to respond to mouse clicks on your graphics,
simply create a dummy function that does nothing and pass thisrib_Bop.

The second parameter is a pointer to your screenwaxdydunction.

M essage Area

There is small subwindoat the bottom of the main windowhich displays a single line of mes-

sage tgt. This tet is changed by calling update_message (char *msg). This message will not be
changed in size as the user zooms in and out or pans the graphics, so it is useful for status mes-
sages.

Non-Interactive Graphics

In order to use the interae# graphics, your program must be capable of ré@dgathe entire pic-
ture it wants displayed. If this is impossible or ingenient, you can simply dnathe graphics
piecemeal and call flushinput to ensure the X11 esedravs them. Yu must call either
event_loop or flushinput in order for your graphics to be displayed; otherwise the et say
buffer them foreer. The luttons on the right side of the winddhat normally allev panning and
zooming will be grged out to shw that thg are not selectable.

To create PostScript output in non-interaetmode, simply call init_postscript, nalour drav-
ing calls normallyand then call close_postscript when you are done to close the output file and
redirect graphics to the screen.

Compiling on Machineswithout X Windows

What happens if you incorporate graphics throughout your program and then decidikgcio
run the program on a system that doesapport X Whdows (e.g. Vihdows NT). Dont despair!
Uncomment the line “#define NO_GRAPHICS” at the top of graphics.c and all thendos
calls will be ripped out by the C preprocess@u’ll be able to compile your program and run it,
but of course, the graphics will all be disabled.

Procedure Summary

void init_graphics (bar *window_name)Opens and initializes the X displayalled once at the
beginning of a program, before yamraving occurs. Thevindow_nameparameter will be dis-
played across the title bar of the wimdo

void close_gaphics (void):Closes the X DisplayShould be called once at the end of the pro-
gram, after all dnaing is finished.

void init_postscript (oar *fname):Opens a file with the nanfeame(by corvention you should
specify a name ending in .ps) and directs all graphics output to this PostScript file until a
close_postscript call isxecuted.
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void close_postscript (void)Properly terminates and closes the PostScript file created by
init_postscript, and sets the screen as the outpitadtor subsequent dseng commands.

void event_loop (void (*act_on uiton) (float x, float y), void (*éiwsceen) (void)):Redravs the
window if it has been obscured and modifies tlugldrcoordinates to all® panning and zooming
in response to user input. This routine is passed‘tallback” functions. The dwescreen func-
tion must redra the entire picture when called. The act_arttdn function is called whewrer
the user clicks on the dwéng area. This alles the “callback” function you a defined to look
at the x and y coordinates at which the user elicland ta& some appropriate action.

void drawsceen (void):A usersupplied routine that redss the entire picture. This mustigt if
the interactre graphics are to be used (and you need a dummy routieepdhe compiler hagp
even if you dont use the interaate graphics). The first line of dkacreen should belear-
screen()to erase the old graphics from the windo

void update_mesga (thar *msg): Sets the message to be displayed in the message area to the
string pointed to by msg.

void init_world (float xleft, float ytop, float xright, float ybottor8pecifies the wrld coordinates
used for dreving. The four numbers define the coordinates of the edges of thewviivda
should alvays call init_vorld before gent_loop (since pxéous calls of eent_loop may hze
changed the wrld coordinates in response to the us@anning and zooming) and you should
never call init_world in dravscreen (since thisauld disable the userpanning and zooming). If
necessarythe graphics package will increase either tbeical or horizontal span of theowd
coordinates to maksure the aspect ratio is preseh\(i.e. 1 ertical unit displays as the same
length as 1 horizontal unit).

void flushinput (void)Forces preious draving commands to be displayed, and empties the X
event queue. Only needed during non-intexactiraving, as gent_loop automatically forces the
X sener to update the display

void setcolor (enum cindg Sets the color for subsequentwliragy commands. The colors are
specified by enumerated constants, sg thast alvays be in upper case. The colovaikable are:
WHITE, BLACK, LIGHTGREY, DARKGREY, RED, YELLOW, GREEN, BLUE, CYN,
DARKGREEN, and MASENTA. On black and white displays you should use only the BKA
and WHITE colors -- if you specify other colors the X serwill map them to either black or
white. Defwult: BLACK.

void setlinestyle (enum linestyleJets the linestyle used by subsequeniviina and drarect
calls. The choicesvailable are SOLID or BSHED. Defwult: SOLID.

void setlinvidth (int linavidth): Sets the width of lines dnan by subsequent dsine and
drawrect calls, in pirls. A width of zero requests the thinnest line (Epwide) that the dece
can drav andindicates that lines can be dmausing adst (and slightly less accurate) algorithm.
Default: 0.

void setfontsize (int point_sizeJets the font size used by subsequentidsa calls, in points.
Default: 10.
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void drawline (float x1, float y1, float x2, float yP)raw a line connectingx(l, yJ to X2, yJ. The
on-screen location of these points is determined by the curoslt @oordinates.

void drawrect (float x1, float y1, float x2, float yPraws the outline of a rectangle with the diag-
onally-opposed corners specified B, (y) and &2, y2, in world coordinates.

void drawarc (float xcen, float ycen, fload, float startangfloat angxtent): Draws a circular arc
centered atxcen, ycenwith radiusrad (all in world coordinates)Startangspecifies the staring

angle of the arc, ana@ngextentis the angle swept out from thedaening to the end of the arc.

Both angles are specified ingtees.Startangis specified relate to the positie x-axis of the

screen (a horizontal line from the center of the screen to its right side) and increases in the coun-
terclockwise direction. Litwise a positie angextent specifies a counterclockwise arc, while a
negative angextentdescribes a clockwise arc.

void fillarc (float xcen, float ycen, floaad, float startangfloat angxtent): Fills a circular sg-
ment (pie shape) centered (aten, ycenwith radiusrad (all in world coordinates)Startang
specifies the starting angle of the circulagrsent, andangextentis the angle swept out from the
beginning to the end of the circularggeent. Both angles are ingtees. See dnarc for details
on the coordinate system assumed by startang angtange

void fillrect (float x1, float y1, float x2, float yBraws the filled rectangle specified by the diago-
nally-opposedxl, y) and &2, y2 corners in \rld coordinates.

void fillpoly (s_point *points, int npoints¥ills in the polygon specified. The s_point type is
defined to bestruct {float x; float y;}so the points array specifies the outline of the polygon, and
npointsindicates the number of points making up the polygon boundamese points will be
connected with straight lines; the last point will be connected to the first point to close the figure,
and it will be filled. TheMAXPTSdefined constant in graphics.h determines the maximum num-
ber of points alleved in the points array and is currently set to 100. If you needwowerg com-

plex polygons with @er 100 boundary points, increase this number

void drawtext (float xcen, float ycenhar *text, float boundx):Draws the null-terminated x¢
string pointed to bytext centered atx{cen, ycehin world coordinates. Thexewill not be dravn
if it will be more tharboundxunits (world coordinates) from its left to its right side. Thisvaets
text messages from being @m when the picture isevy zoomed-out if thewould obscure too
much detail. If you want the t&t displayed no matter ofar the user zooms out, specify eryw
largeboundx(e.g. 1.e10).

void cleascreen (void):Clears the graphics windoor PostScript page (erases all the current
geometry).

The following two functions are used only if youant to create e buttons in the menu area or
destry some of thexasting ones. If youe hapy with the luttons the graphics package yides
by default, you dont need to eer use these functions.

void create_ltton (dar *prev_kutton_text, char *button_text, void (*tutton_func) (void (*daw-
screen) (void))):Creates a e button underneath theution containing pre button_tet. The
text on the lntton is gven by lutton_tet, and the function pointer passed to creaitton will be
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called wheneer the litton is pressed. This callback functiondalone ggument -- a function
pointer which points at the screen redray function.

void destoy hutton (dar *button_text): Destrgys the litton with the specifieduston_text (i.e.
name).

Updates

| add nev features to my graphics package as | need them. Periodically | will update the files on
my web page to makthese enhancementgsm#dable to gerybody If you want me to email you
when n&v updates arevailable send an email taaughn@eecg.utoronto.ca. YAfeedback on

your experience with this code is alsery welcome!
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