Interaction
; o A 7149 F 28w ke shbs AL At
Interaction AFE B2 o) okl BT AL 2 5 ek Aolth
o gaz % (Interactlon)
o ALGAHE B0 28 5 AR B Fohel BEL A B,
.a%uﬂ4%n1 12 A g
= 29 of Gelo] wrgatel Al v
o E2IYE o AR e E vl o))
321190 o AHGAE o A E o) & Rk
2007'd 5 27] = ALgA7) ol Wshol thAl Whgas T Sol WA
3/20/2007
pER
Historical Highlights > MEMEX (1945) <

o0 Vannevar Bush - MEMEX
o J.C.R. Licklider - Man-Computer Symbiosis

O Steve Russell - Spacewar

0 Ivan Sutherland - Sketchpad

o0 Douglas Engelbart - NLS (oNLine System)

0 Xerox PARC - GUI (Graphical User Interface)

Al27HA) 74] rH H o] 1945\ v u} F-A1 = 1939 of] 4] A As we may
think#h= 2§ Atlantic Monthlyoll 23t o] Zol| A “13= w9~ (Memex,
Memory Extender)2}i= 7}3] 7] 71]“ )‘7H. o] A4l fﬁ W ol &7t,
Fetag el =55 wom, A -l & A o= MUE o2 AL

He AHAE 7A ”% A7kt FFE R QB s o] 2o o gt 2 0] BALR
AAA L & :L = Douglas Engelbart , ].C.R. Licklider, Ivan Sutherland %
Aol 221 A5 RSN A G3HE Fo A B RAE 7 A Yk
o Fujas gk slo R 7)o g. A 917] 93

o= L

Man-Computer Symbiosis (1960) <

Spacewar (1961) <

s

19601 J.C.R. Licklider7} 533t Q1317 57| 24 (Man-Computer Symbiosis)

B
o]
A
(e}

=

Az 51/\}_61

A AFE S AR 2 sl 7140l AW S A P AL

e AR T A AR ANFO2A BT £ 02 /158 5 A
Ei&ﬂ_;,_;g}_& E3|A] 217to] & S Qo)A £ ANE IS = YS

=2 T MC
olgta 4. A3t} FHFFE 3He] 4% 28 (Human-Computer Interaction)

MIT 3}4) Steve Russell®] Spacewarhi= 3 2] g5 2H-8- 41
A3 E A Y& 7123 Digital PDP-1 (Programmed Data
Processor- d rrE19%CRT 2A8E *}%fﬂ Teae] A7)
K. A1 3}E &4 o0 7 5}A] ¢ Spacewari= 01 ) ‘4 S0zl
AFEo e A Y Hxo] A9




Sketchpad (1963) <

NLS (1968) <

MIT t 8+¢] Ivan Sutherland ¥}A}F8H9] =+ The Sketchpad:
A Man-Machine Graphlcal Communication System (1963)+= t] 21 7}
S flal L H o] Fe A8 HHFE e A 2EL

ol % Q17k3} A 9] e F vlste] Ao Kok

Douglas Engelbart} SRI (Stanford Research Institute) 3172152
sto] WY A2 7wk oz up§-2 2 A1-g-81= oNLine System (NLS)S 719
NLSE= H %2 sfo] g3, whe-2, o] #2311 ujt].e =i{E
23 AE-(GUDE AR 3T J Rk /id o] 3 7H-S NLSE
BT T Qe mrE T A FHeuA ] A 5 &
(Augmenting human intellect) & 573}, 1968\ 1= -E} tf] g} Lol A

NLS gl =2 Al <.

|

Graphical User Interface (1973) < Graphical Input
o QI AAE A e o A7k 4 At
w E2EH g
Mouse, Keyboard, Trackball
w =8 A g
0] 5430] obd ALEA} 2 19z o] 9] QLEl o] o) o] 5ol
ERREE
oYy R
n YA SEZ RO A PHE AT Bk >
54 374 (measure) ¥} 2] E#] 7 (trigger) = A8 E 5= qlth.

197319l 7151 Xerox PARC Alto 7157 E]+= 2L 9] AL-8-# Q1Ejsfo] &
(GUL: Graphical User Interface) & AF-8-¢F 3 o] 3~ Z1FE o]t} @A)
o] GUIE 7134 0 & o] QIE] s o] =~ & F-E] TrEHE]‘?\iOD:] A=

°]& PUI(PARC User Interface)2t -2t PUIE 4, wilir, ofe] & o
B3 A A 5o e 8 eSS Aeet, ples e 4 S

T B9} gHA *}%5]"3} WIMP (Windows, Icons, Menus, and Pointing
device). JEH” AHEAL QTE g 0] 220 A o @ Avofl ) 3 F2hS T 9 40
s dshe 1Y & A4 22ske] o] Folzlth

L (Request mode)

[T RE
HE R = (Event mode)

o]l

Physical Input Devices

Physical Input Devices

o &84 )94 (Physical input devices)
= A A 4= (Pointing devices)
AR 7L Bl e] @ 914 & A4
-2 4§ AR AL H SE ol
olel mES 7hA AL ek
Mouse, trackball, tablet, lightpen, joystick, spaceball
7122 | (Keyboard devices)
T2 F2} ZEE wkekahs A X
Keyboard

&3l
A% S, JHYES Huj7] 181

trackball light pen
data tablet joy stick space ball




Relative Positioning Device

Logical Input Devices

o HloE H & (data tablet) 22 F3] &= DA =
Az gk,
D}_C,’_/k E‘/HE Zo]/kE] \_Zo}‘i]}\f‘ﬂﬂ—s}—“f——i\—g_%
2 %30 9144 17} AR,
= Rotation of cylinders in mouse
= Roll of trackball
= A A9 A& ] o el

= AAE PAAE JYOR AHET 5 US

o A+ A (String device) - keyboard
w A2} Z 2 713 e] ASCIEAF4 (strings of characters) < A| &
o $1* &3] (Locator device) - mouse, trackball
w ARG 2 el A A A F 3 o] 91X (position) & Al E
o A4 ] (Pick device) - mouse button, gun
= AREAF Z R Ee) 24 o) A AHID) S v
o 418 2] (Choice device) - widgets, function keys,
mouse button
o A8 A EAE S (menu)E S-S HEEES 3
o Aol ] E] 4] (Valuators) - slide bars, joystick, dial
w AREAF 2 e of R 71 9] ¥ (range of value) S Al E
o & %A (Stroke) - mouse drag
u 925 9] v < (array of positions)< Yk

X Window Input

o0 X Window System &2 Se}o] A E o} A1 2d
(client-server model) LﬂE Jﬂi T
w Z1) ¥ 22 AW (Graphics Server) = @l 22 E] t] 2~ & o], 7|1,
vh§-28 7R sl Az o] dolt) o] Anjis t A E ol &Y
AU AE 7| B9 -2 B3 8 U A2 A F3h)
Z}o]QlE (Client) - OpenGL Z &2 13- 183 2~ AW &
Ag-3HE 2ol E o),

Input Modes

o 9E4A = 0sell 455 Hult EFA (triggen) S 7HA 1
ek
w pg-2 H R
u 7| R = A “E] 8l /E]" 7

o 9EFAE EA A AFE A FAX] (measure) =
AT AZE F2d AT 5 0l Ao B9 F
de ol
w g aE SR RIE F

® 7|HE3 “ASCII code” & &

Request Mode Sample Mode
O 872X (Request mode)ol A= X7} E| A€ w714 o0 AMZEE (Sample mode)ol| A= S22 20 o9&
ZQA7L ZR o R WA Gt A gk ALE A} 2o A KV‘«] iié% =
0 ZAYYE 2 st A A v T 2xQ] & S A A7 wgkE v utebA EE 77 2 e shA] g
Zg o & o o: C 22139 getc
5 o2 S0) C a1l olscanf 34 7F AFEE w) 2 1Ao)
ShuslolA] B2 A a7 Aokl A d, 1l
SNl 7] (trigger) & “F2717b4] Bho] g 3} 14 o] 715 8},

Request

Trigger Measure  f——— |
process y process ————i ot
— 1 Trgger " 1 Measure

Sample
Measure =t————

process f———
Measure

Program




Event Mode

Event Types

o tge] A2 oje] 7] dei ]ﬂﬁlﬁﬁlq
w2l e B m S4 Y ]
T8t
o 98 FA7F E2 7] (trigger) 2 Wttt o] Wl E (event) 7t
FEER! , & o) SA A7} 2] A EAHID) 9} v o]
oJHE %(event queue)°ﬂ k(=

0 2] (callback) 5 54 o]l E o} AA 3 o] ALE-Fht

L
mlo
>
Og‘:,“
ob
e
et
oM,
o
tl

Jz
g

Await

Trigger | Measure | Event Iﬂ: Frbgrom I
procosy Trigger oo Measure queve Event

o Window - ¢ =9 resize, expose, iconify

o0 Keyboard - 71 & 75 (press) 2} 7] o 4] ¥ (release)
O Mouse - "F-2= HES 75

O Motion - v}-$-22 2] ¢]

o Idle - o E7} Q15

Programming Event-Driven Input

GLUT Devices

o oM E-F% (Event-drive) Y42 T2 1S %’48}1
oM E ] ol-&3h= Tl K]'—r(callback function) &
gt

o o|MEZFBYA] B

A,

@4l $4>(callback function)©]

o o 59, GLUTA A -2 o] E 9] T2l 3+ main
= Ul Al glutMouseFunc(mouse)E -3l 41 %4 gt}
11/] 3L mouse HA §9] FEj= vhI 2k

void mouse(int button, int state, int x, int y)

o Keyboard
= “normal” keys
= “special” keys
O Mouse
= Position
= buttons
O Joystick
O Tablet
o Dial/button box
O Spaceball

GLUT Keyboard Functions

GLUT Keyboard Event Callback

o glutKeyboardFunc(func)
= ACII ‘character’ 77} el A& ] &4
o glutSpecialFunc(func)
= 55 ‘special’ 717} EE A& W £
o0 glutKeyboardUpFunc(func)
= ACII ‘character’ 7] 7} wl o] 518 o =21 3
O glutSpecialUpFunc(func)
= 55 ‘special’ 717} wlol A& o) B3
o glutGetModifiers()
u oWl E WA A] Shift, Control, Alt keys®] e & %
o glutlgnoreKeyRepeat(val)
= GLUTH Al A 7| = W8 Bl efehar el &

O void keyboard(unsigned char key, int x, int y)
= 7|EE QI B thF A 2] 5 4.
u key ?12H= ACII character code & #] %
wx, yARE 7S RS W] vhe-20] 914

void keyboard(unsigned char key, int x, int y)

{
switch (key): /* g-key exits the program */
{
case “q’:
exit(0);
3
3




GLUT Special Key

GLUT Modifier Key

o0 GLUT 57| (special key) |4
= GLUT_KEY_{F1,F2.,F12}
» GLUT_KEY_{UP,DOWN,LEFT,RIGHT} - - &7|
= GLUT_KEY_{PAGE_UP,PAGE_DOWN,HOME, END,INSERT}

void specialkey(int key, int x, inty)
{
switch(key) {
case GLUT_KEY_F1:
red = 1.0; green = 0.0; blue = 0.0; break;
case GLUT_KEY_F2:

o CTRL, ALT, SHIFT modifier key”} &1 4 =% &<l3l W
int glutGetModifiers(void)A}-&-.
» GLUT_ACTIVE_SHIFT - SHIFT 7] (&-& Caps Lock$! 4+ #)
= GLUT_ACTIVE_CTRL
= GLUT_ACTIVE_ALT

void keyboard(unsigned char key, int x, int y)

if (key == 27) /* ESC-key exits the program */
exit(0);

else if (key ==°r”) {
int mod = glutGetModifier();
if (mod == GLUT_ACTIVE_CTRL)

red = 0.0;
else
red = 1.0;

GLUT Mouse Functions

GLUT Mouse Event Callback

o glutMouseFunc(void (*func)(int button, int state, int X, int y))
= ok W Eo] EHAE W A

o0 glutMotionFunc(void(*func)(int button, int state, int x, int y))
w PRk B Eo] Eel Aol A d o By

o glutPassiveMotionFunc(func)
w vhe2 HEo] we A A B FHoA 4 o Eeld

O void mouse(int button, int state, int x, int y)
® button Aol = GLUT_LEFT_BUTTON, GLUT_MIDDLE_BUTTON,
GLUT_RIGHT_BUTTON
w state 170l = GLUT_DOWN (7}9-2= B] Eo] 3 51 & )
GLUT_UP (v}-2= ¥ Eo] wo] & )
u x, y AARE Bh-22 HEo] AV o] A& wf mhg-229] 914 (in

GLUT window coordinates)

void mouse(int button, int state, int x, int y)

{

GLUT Motion Event Callback

GLUT Mouse Entetr/Leave the Window

O void motion(int x, int y)
u x, y VARE #E9-22 9] A 2 $14] (in GLUT window coordinates)

void motion(int x, int y)

{
3

o void glutEntryFunc(void(*func)(int state));

O void entry(int state)
u state VA= GLUT_LEFT, GLUT_ENTERED

void entry(int state)
{

¥




Mouse Positioning

Drawing squares at cursor location

O GLUT screen coordinate 93-S % 9|5 (top-left
corner) & & 3}il x+v LEF, y+= ol % 2 2 1 pixel
@9z S7HE

(bottom-left corner) & = 3} 31, x++= _‘?_E—Z’—‘T-, y+
9% 0w 2719,

o mhebA, pke-22 e y gk AES-9] £o]
(height)oll A wj==o] O]E OpenGL9| st o] 28-S 13 &

AT y = height - y; /
h

(0,0)

void mouse(int button, int state, int x, int y)

if(button==GLUT_RIGHT_BUTTON && state==GLUT_DOWN)
exit(0);
if(button==GLUT_LEFT_BUTTON && state==GLUT_DOWN)
drawSquare(x, y);
3

void drawSquare(int x, int y)

y = window_height - y; /* invert y position */
glColor3ub( (char) rand()%256, (char) rand )%256,
(char) rand()%256); /* a random color */
glBegin(GL_POLYGON);
glVertex2f(x+size, y+size);
glvVertex2f(x-size, y+size);
glvertex2f(x-size, y-size);
glVertex2f(x+size, y-size);
glEndQ;

If both a mouse button and ALT key are
pressed

GLUT Device Functions

void mouse(int button, int state, int X, int y)

specialKey = glutGetModifiersQ);
if((state==GLUT_DOWN)&&(specialKey == GLUT_ACTIVE_ALT))

{
it (button == GLUT_LEFT_BUTTON) {
red = 1.0; green = 0.0, blue = 0.0;

}
else if (button = GLUT_MIDDLE_BUTTON){
red = 0.0; green = 1.0, blue = 0.0;

o glutJoystickFunc(func)
u Fo]22g 9 AEE v t milliseconds T & 5.F
0 glutTabletMotionFunc(func)
= HEP pucke] #A0e W &=
o glutTabletButtonFunC(funC)
= HEY HE] At W RS W 55
0 glutDialsFunc(func)
s Golde] EERe W 55

¥ o0 glutButtonBoxFunc(func)
= tholdd/ulEnta] Bl Eo] wRlAY Hol M i 5%
Widgets GLUT Menus Functions

OS2 AT AIAES e AFS X A EHH Ol A
(Graphical User Interface) ¢/ Ml E (widgets)S M S
o JeHE CIAZ0I0 g2IIsS MSdts 2+&E
I Il 0l & (Higher-level interface)
o Scl® YAFXIL MBots WEE22 JIsS W38t
o FAMES o
Menus
Buttons
Radio buttons
Sliders
Scroll bars

|}
|}
|}
|}
|}
= Dials

o GLUTE 2t&tet &0l (pop-up menus) J|SE MS8tCh
o X 0w ol &ESsS Fost 2, 0l BYUFE SH
OfA HEDN HAGOF &L (0l OIRA HES SIS I
LIEtE = JAESF).
=2

Iﬂ

O 3 menus Otell sub-menusE 2t= == UL
id = glutCreateMenu(func); [* starts defining a new menu */
glutAddMenuEntry(label, value); /* adds an entry to the menu */
glutAddSubMenu(label, id); /* adds a submenu to the menu */
glutAttachMenu(button); /* defines mouse buttons to pop-up the menu */
O Menus= A& S0l Ot 22 &=+=E WA BtE=5 UCH
= glutSetMenu, glutRevemoMenultem, glutChangeToMenuEntry,
glutChangeToSubMenu
o Menusf o ’:01I Orchet 22 &5 MA B E0il attach
detach?} tS3atCt
[ glutDetachMenu




Defining a simple menu

Menu actions

O int glutCreateMenu(void (*func)(int value));
O void glutAddMenuEntry(char *name, int value);

= name?lAH= w70l LrERLE o] &

= valuel 2= Hl 57 NEZ7F A8 RS ) Sl el mujA = gk
O void glutAttachMenu(int button);

= button?! A}l = GLUT_LEFT_BUTTON,
GLUT_MIDDLE_BUTTON, GLUT_RIGHT_BUTTON

menu_id = glutCreateMenu(menu);

glutAddmenuEntry(“clear Screen”, 1); clear screen

gluAddMenuEntry(“exit”, 2);

glutAttachMenu(GLUT RIGHT. BUTTON) exit

® Menu callback

void menu(int id)

if(id == 1) glClear();
if(id == 2) exit(0);

[

= 27k) o7 A4 A IDE 2,
u glutAddSubMenu(char *submenu_name, submenu id)&
AF&-3}o] sub-menus F7}

Hierarchical Menus

Idle Callback

sub_menu = glutCreateMenu(size_menu);
glutAddMenuEntry(“Increase Size”, 2);
glutAddMenuEntry(“Decrease Size”, 3);
glutCreateMenu(top_menu);
glutAddMenuEntry(“Quit”, 1);
glutAddSubMenu(““Resize”, sub_menu);
glutAttachMenu(GLUT_RIGHT_BUTTON) ;

Quit

Resize —l

Increase Size

Decrease Size

i

o g%utldlel;unc(vmd (*func)(vmd)) o] JAIgrE o
o E7
0 Idle oy wlo] A & 31' ?Joﬂ AH-&-3t, e.g. rotating square
void idle() {
/* change something */
t += dt
glutPostRedisplay(Q);
b

void display() {
glClear();
/* draw something that depends on t */
glutSwapBuffers();
b
o Idle®] default ¥4 34 NULL.

The display callback

glutPostRedisplay

o HzEe o] B34 GLUTA A g=9-7H Al =
12]7](window refresh) & 2.3t o] & E% pAR=
 dES7ASo R 975
. AR AT Wad
= 4=97} expose‘“ < o
w AHEA LRI A H2FE o7k vkl AE )

o glutDlsplayFunc(dlsplay)“ RE GLUT Z 2130 A
WHEA] &2 = display callback ol

O void glutPostRedlsplay() e ATt AR 2o g
da7t e A8 BASE 48 gt

u%%@2&&@@wﬂ%&&?%Qéi%ﬂc&iq,
o] g 4%&mﬂ**ﬂﬂﬂ4M4ﬂﬂﬂM%w4%
GLUT Uﬂ I el AA A, sk B8 e 3 sk

ag71E HLX] gt
O glutPostRedisplay & AF-8-8}H o] 2o oJHIE FX 5
A2l & it f g o) 7t & i A EE dn




Animating a Display

The Reshape callback

o Display callback3}= el A t]=E# o] 5 A= 218 o
glClear() & AH&3to] WA Q1%=-5 cleardtT},
o 2oy, 2 Wl M a8 PR = a7 8o
& o]s} 2ol 5o] qlut.
o wpebA Bk R 2] H= YA Eeol & v .
(single_double_buffer.cpp 3}11)

O glutReshapeFunc(reshape)= Al 74 | E FAI54+5
TE9rh
0 void reshape(int w, int h)
w $1E9-2] W o] (width)S 3] (height)
= °] Cb}/‘\_?} =REHoR redlsplay%
O Reshape callback & <~= 91 %=-7}
TEHER AFIFE QY Oﬂ

Example Reshape

void reshape(int w, int h)

{

glViewport(0, 0, w, h);
glIMatrixMode(GL_PROJECTION); /* switch matrix mode */
glLoadldentity();
if (w<=h)
gluOrtho2D(-2.0, 2.0, -2.0 * (GLfloat) h / (GLfloat) w
2.0 * (GLfloat) h / (GLfloat) w);
else
gluortho2D(-2.0 * (GLfloat) w / (GLfloat) h, 2.0 *
(GLfloat) w / (GLfloat) h, -2.0, 2.0);
gIMatrixMode(GL_MODELVIEW); /* return to modelview mode */




