Poll Everywhere

PollEv.com/javabear text javabear to 22333

What is the (tight) space complexity of Dijkstra's algorithm?

[ N
while(!frontier.isEmpty()) { both pPqY¥e“e aad Map
V_v=frontier.remove(); gcow te size O(1Iv1)
for (WeightedEdge<V> edge : v.outgoingEdges()) { O (() 0 (1) (A)
V neighbor = edge.head();

double dist = discovered.get(v.label()).distance() + edge.weight();

if ('discovered.containsKey(neighbor.label())) { 0 (lVD @
discovered.put(neighbor.label(), new Pathinfo(dist, v.label()));
frontier.add(neighbor, dist);

} else if (discovered.get(neighbor.label()).distance > dist) { 0(|V| + |E|) (C)

discovered.put(neighbor.label(), new Pathinfo(dist, v.label()));
frontier.updatePriority(neighbor, dist);

L o(lVllog|vV]) (D)




Dijkstra's Algorithm Runtime Complexity

(while(!frontier.isEmpty()){ o(W1) tecations
Vv = frontier.remove(); p (|,3\v|) - 0(1v])
for (WeightedEdge<V> edge : v.outgoingEdges()) {0 (1E]) total ifecationg (Woss. all owfer

V neighbor = edge.head(); o(n -0 (1)) loop iteretions)

double dist = discovered.get(v.label()).distance() + edge.weight(); o(1):O0((E)

if (Idiscovered.containsKey(neighbor.label())) { 0 (). 0 (1E1)
discovered.put(neighbor.label(), new Pathinfo(dist, v.label())); a(1)-O(IvI)
frontier.add(neighbor, dist); 9 ( |°,7|"') .O( v ),

} else if (discovered.get(neighbor.label()).distance > dist) { 0(1). 0 (1E1)
discovered.put(neighbor.label(), new Pathinfo(dist, v.label())); a (1) - O (1EI)

1

frontier.updatePriority(neighbor, dist); O( |oJ|V|) -0 ( IEI)
D)
8 E( JIVQ )
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Exam Reminders:

Prelim 2 is tonight, 7:30-9:00 !

Rooms assigned by first letter of your NetiID:
Baker Lab 200 (a-p), 219 (g-s), 135 (t-2)

Bring your Cornell ID Card and a couple writing utensils (pencils, erasers, pens)
Exam is closed-book

More information and review materials linked on website / Ed

You've learned a lot so far! Time to show it off!
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Today's Learning Outcomes

95. Categorize aspects of a GUI application as part of its model, view,
or controller.

96. Write code to set up the component hierarchy of a graphical
application given a mock-up of its design.

97. Describe the work performed by a layout manager and its
interaction with elements in the component hierarchy.

99. Write code that performs custom painting on graphical
components.

CS 2110 Lecture 24: Graphical User Interfaces April 21, 2026




Application Paradigms

Batch Command~Line
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The Mother of All Demos: 1968

Foundation of "Personal Computing"

"Computers can augment the capabilities of the
human mind"

e Computer mice

LU LT

e Application windows - .‘.'

e Hyperlinks .....

e Word processors : -“..,

e File menus :.:.:“'

e Copy-paste T

F Mo Tw Ty
. ERAFLT I

’ LIt
2 Fin

e Teleconferencing
e Document sharing
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GUI Applications

[ ] Tic-Tac-Toe

s your turn Player X. Select a cell o claim. Brainstorm: What new considerations are there to make a
graphical application like this?

X - Cresle windou and Show on $creen
- Add window t:tle
- et close, miniMmize buttens o ork
- Add label to top of Jindou "ley"
- quv] \-Jc‘”‘l dt‘ffefen{' 5'04/85/ Lo ‘01‘5

Reset ) Make bqf'l'ﬂ" do Some }";"J wbhev VA ’.'c({eJ

Keep Hrasu of beald s¥efe turas
- Let phyers select cells fueq redoad ereen

4
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MVC Separation

we (a1 divide o
Mode]

~ Gtale Crepleseatation
of e Mpark eqd"
of tue appli cation

- \}ql‘)’ll"e.s

— oblects

- ;nter feces

— jnvariaats

% pasically, everythily
Je've done So Far
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View
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componeat tuet  pleseats
vyser info or <y to
interdct Uith F/‘OJMM
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- textooy

(Today)
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2 Coding Demo: TicTacToe Model
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GUI Frameworks

GUL applications are a lot wmore complicated thea otyer

Pro\,l‘qms we've Wwnritten Yuis Semestelr

— Tnteraction with Ward ale 6ad 093“‘[’24\7 57516”’

}raction
.l""'cfaecf able + C"ls*om;qu\e

qufs of view + conteoller

= Many layers of abs
— (bood Vies need Ma1y

- Hig\o COuelM; bet~een
are lacge softvare librarles that we wge Yo by:ld GUIg,
ld on top of HTML/ 655/3-&\:45;:,:,}-

uidpe‘l'ﬁ

Framewiorks
Wwebdev . Keacdt, Anaqlar, etc. bui

Java. AWT —> SW""'Q,/_,/)} J_q\/ql:x
% E—

Our choice, bul} (ato \.04,\4095/ low barrier Yo eqhy
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2 Coding Demo: The JFrame Class =
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Swing Widgets

The T (omponeat class serves a3

. Object
e PM‘CIH' of all SwMJ vJ'J;e*S J;C
Three ™main  ones. Component ) base clesses thel headle
' H . ith in
~ T Panel holds + arranses olher vidgets ‘r ‘;‘*‘:::"::f J‘: h"’f’i":h
e s ndéo a7, .
— JlLabel displiys formafted text Container !
_ 3‘ B\,'H-ar, JOCS soMe o c*lﬂ') \l'ﬂe" c ‘:CMCJ / \
‘ JComponent
many others (eneckbox, skler, text pane, “e) W1rxiow /Vf?g V“\
GUI framewiorks are one of the bags Frzme JPanel JLabel JButton
examples ofF the Yemef'fs of deep

inheritance \Nlecarcuies JFrame
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Poll Everywhere

PollEv.com/javabear text javabear to 22333

What is one consequence of the fact that all Swing
widgets extend JComponent?

Every widget must be drawn the same way guerridiag X (A)
It is impossible for third parties to make new Swing widgets X (B)
Every widget will support a common set of core behaviors @

Widgets must override every method of JComponent X (D)

14



The Component Hierarchy

(]
It's your turn Player X. Select a cell to claim. | JFrame

@ *® VIO"' On inheritance

Jiqg(qn of a node

X JLabel / J&Lon \ - diagram

)N

| Reset )

IVI ‘|'L'f$ '}ree, C\'H[J"Nl f“epiesen'l' coatqginment

- The frame (oatains a label , button | and 2 P""el with 9 ppoce
b wttons
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Layout Managers

Sepaf“i'ﬁ obdects associated wiith a  Contaier  that  deterwine
hoW to acfange its  cwild  components.
Wwe'll coasider two,

(9rd Layourl’
(I Feame d&?ﬁu\'l') —
NORT 2 ™
NTER mal M+l Wave Some
Crfws to CENTER EAST roW5 Size
OF'“ frame WESTI€  (default) >
v
SOUTH L

Call chk() on JFM""C Yo asK \Qyoql' Maqojer to arramge components

CS 2110 Lecture 24: Graphical User Interfaces April 21, 2026



Poll Everywhere

PollEv.com/javabear text javabear to 22333

Which are the most appropriate choices of layout
managers in our Tic-Tac-Toe game?

() Tic-Tac-Toe

It's your turn Player X. Select a cell to claim.

x Frame: BorderLayout Panel: Bord%ayout (A)

Frame: BorderLayout Panel: GridLayout @

Frame: Grigtayout Panel: BorderLayout (C)

@ @ Frame: Gr@t\ayout Panel: GridLayout (D)
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2, Coding Demo: Building out the View

It's your turn Player-X.S-electacelltoclaim. - C,Vl 5.‘.am J’C o Mpo/)e 41’ 6 v b L la b; e S
X - Se\' quoovﬁ’ maf\Q7el‘S am& v se Yheir
x conte nts Yo set Fas;}:on:nj n  add()
ot end ofF frame conbtenctor

— call poack()
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Connecting the View and Model

/V\V,H,'Plc qpprolu\oes
M miatain tve vhodel in a  separate 5“55/ access;ble  to
- LY '

! v.ew o p oneats +\1fowj\q alias refereaces
’ \ angd '-1‘)31"6 Gtate
~ Mode

— Helps with Separation of
ceblect ™

hab mdlrj ”le'"-noaj Yo q’qgt‘/

f'cssti‘ﬂ""':” ) \u’er F’oJec+s

view reg-ires obsecver pattern

: date
~ Having molel wp $ (nexr \ectwre)

— Gloce celevaat bits of model within  vied classes

5 pmes  leqds bo cleser code when these are c\ose|7 oK ed
- omem

) b Ftea e€asier 1 smyl|
—(Can  9et wavieldy g lacger P'o"e‘h; @ o

oney

* Wwe'll do a i+t of Loth
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Custom Painting

O\jerr;JQ Pqivfﬂ' Co""\f)oﬂen‘l'() Me'}“':od q‘]’ypicd.l coordinates)
- Lirst \ine mastk be  gyper, Fn;ni‘éompoﬂcd'() 3 z
(oraphics obiect works lUe paiat brugl,

~setColor() 'dips’ iafo o0ve color  paint

—wie draw__() aad £l — () methods
to add lnes/ghapes in fuat  color y
_geY Color (Color. RED),
g drawline (|,7J 8;3)'}
9. set Lolor ( Color. GREEN),
g. fill Oval ('5,6)51.4)1'

¥ Never call pq:nf(ampooen-}() A‘.reLHy, imStead 4l repaint ()
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2 Coding Demo: Painting Demo
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