X Window







How to open windows on your computer



What is a Window System?



Basic Framework for GUI environment
Drawing and moving windows
Interacting with mouse and keyboard



What Is the X Window System?



a topic that cannot be done justice Iin ten minutes



Basics:

e Originally developed at MIT, 1984

 Primarily used by Unix/Unix-like operating systems
e Open Source

e Dominant windowing system on Linux for decades.
 Recently, starting to be replaced by Wayland



Features / Non-Features

* Basic, low level functionality.

* Tools to make a GUI: not the actual GUI

e Designed to be used over network;
completely network transparent

 No native support for audio



I
X Server
X client X client
(browser) (xterm)

X client
(xterm)



Is X really network transparent? can you prove it?
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22pwll@reina:~$ cd cs432/1labé porhresdspdt
22pwll@reina:~/cs432/1ab6$ evince 06-threads.pdf &
[1] 179538

22pwll@reina:~/cs432/1ab6% emacs user/setjmp.S

o, what's Lapponinz? The O librery rontine 2et;ap stores the stete of the mackine i the sarget. When callcd.
zet Jmp alwrys retires 0.0 Later, the prozramncy car choost to rasurrcet the state of the mackine at the point of
tha get jnp with a longjnr. When the lonzjne & callel. it returnz, but rot from {te own eall, but from the eall
to 2ov mp! To dkthe milzh betiveen the twvo Jfferent retircs from eovnp. Zongjup takee & second paracieter that
‘eseribas the returs value from sat'mp. Typleclly thde value 18 noc zers, Your fret job thle weak I to buidd tha

Aassssssssssssssssssssnssssnnssssannssssanesssanassenansnenanssssnnsssaanssesanassesnesssannssenaassssanssesannsneaanssesanssssanesesanesssansesesnnsssnanssesanssssanassasnnsssnnnsnnn. LM h' Jisur Ll e '*I‘L' VLTK.

i[5 =nsczl-ains
File Edit Options Bufferz Tools 4sm

A Little Thread Libraryv, The promize of conltiprogreomming, of comee, 1= to snppoet lots of corewrrent execntions,
[y pically, of corrse (hese difleranl processey e ey Tite lodo wilhiesdiother, Todved ) o large ot ol oue serest e
Lits been spent Chinbong carelully Low Chese peovesses van be eyl 'a! Do eacly olher, Scue e, however, we woukd
ke o Diwve san abstrae lbcn wlere ndated dhreads of exece!one ron coneornatly, levie 2 (o eclbborate vy the solclicn
tnsome peahlemy. 'his week we will think shont the ornstractom cf a very simple Dhray that cllows a <ing e nomita

meerss Fa clone sl inoen attenpt fo perform mere than cne cammmtabior carcenrrertiy, ar "at the <one time
Duar libeary moght suppart this apphestin, snap. -

Tores the current callee zaved registers inta the structure
this routine enters, the register a0l contains the
sTructure. Returnz 0.

d_ncZude "kerzel/ vpus.n”
-0 nde "nsar isar 0!

-0 nde "nsar thaad b

volatile int counzer = Ui /7 Why volatile’!?
setjmp
vold anap(} o
Tor 7int 1 = 0 1« 3 1+4) {
prinve (" %4 :zpac!in'",+ecomuor);
vioZd();

ra,diam)
sp.8(ab]
16(af)
24(at)
A7(af)
dd{at)
45 (af)
s0(at)
fd(afl)
fZ2{at)
aa(af)
’ sd ddlatl)
o A 518, 96(af)
sll, 1D04(ab)
afl,l F return A

£
=
-

\

Lfiniv);

HDon
D e

-

¥
roid cracklal)
for (int i = i< h it A4
printe ("% crackoe!\n' ttcounter? ;
vie_d(};

o

Hownoon o
L

o
-

Tini);

No»
20~

-

¥
void pzpD)

for (int i = 0 i« 4. i++)

w
=

peintf£ (' %4
vieZd();
fini (),
L
int neinfint avgs, caer +=argvl 1
1zl /7 1inztielize thread ayz2zex
crzate (enap) | /¢ create runnable throade
croate (por);
create {erackle] |

gimp(sTruct axT *c, ninth4 rval)
routine stor stores the current context at ¢
s routine returns, 1T should appear Ta return from the target
and returns

4/ let Lha threwds go

.globsz Llongjnp
Inngjnp:

Ld ra,v(ao]
C setjmp.S Top |1 Git main (Assembler)

~or inTcrmation about GKU Emacs and the GNU systaem, type C-h C-a.

}

Here, (e madn wethod moaazes ove treads vooculing (e rucbies smes, crackle, and pope When (he nain
wihod viekls the machine. the Fhrewl s exernte carenmrertiy. Hack thread shares the riemcry of na-n, hit eech alsa

wintsans ot aovn et ontext that mehwles o stark a lowal wrabhles ne |.-n~*.|| It rtpme tremn the shonee

Tegraln oa lel e

f =nap




How basic IS basic?



C library.
<X11/Xlib.h>




How do | start the X window system?



Xinit: reads commands from Xxinitrc

(basically) need some form of window manager on top of X

X will not process events on its own. It will just receive them.

The window manager processes events like changing window focus when the mouse moves.



twm Is default X window manager, often comes packaged with X.
easy to swap out for other window managers: specify in .xinitrc
Lots of cool window managers written for X: DWM, Xmonad, BSPWM, etc.






Xresize.cC

1 #include <X11/Xlib.h>
2 #include <stdio.h>

3 #include <stdlib.h>

|
5 int main(int argc, char** argv)

6 {

7 Display* display = XOpenDisplay(NULL); //get our display

8 int revert;

9 Window window;

10

11 XGetInputFocus(display, &wlndow, &revert); //get current window

12 XResizeWindow(display,window,atoi(argv[1l]),atoi(argv[2])); //resize
13 XCloseDisplay(display); //cleanup, I guess?

14 return 0O;

15 }









Xxmove. C
#include <X11/X1l1ib.h>
#include <stdlib.h>

1

2

3

4 int main(int argc, char** argv)

5 {

6 Display* display = XOpenDisplay(NULL); //get our display
7 int revert;

8 Window window;

9

10 XGetInputFocus(display, &window, &revert); //get current window

11 XMoveWindow(display,window,atoi(argv[1l]),atoi(argv(2])); //move it
12 XCloseDisplay(display); //cleanup (7)

13 return 0;






This Is tedious.

As a user, there is a better way

xdotool: emulate keyboard/mouse input; move/arrange windows
xrandr: arrange monitors

These sorts of tools allow for automating/scripting window arrangements
Which is great!



Desktop environmments are built on top of these low-level C functions.
There's no magic.

If you drag a window to move it on a lab machine, it's probably using X

to detect where the mouse is and using X to change the window's location.



Takeaways:

 Does things that you expect to be done / take for granted on modern computers.
 Easy to overlook how it works.

 But often times how it works is important for security or other reasons.

 Having a basic understanding of how X works lets you automate otherwise tedious tasks.



