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%99 TIDON NN RIN DTN 1099 OYID NPXDINIVNN DY INDONY DXIVNN DX THN
NP NNYY IN NNV NYP MPISDONITDY NPY ITI OX .IPSDONIVND XY DY 10N NTIP)
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NONY 2NN, MINOXIMN XD M2 NPIVONI DY XIIPY AN [15] Tpna ansya men
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(MY MORVY ,0959)90) MPDUPNRIVPN  3.1.5

N MM N
IMNX GNYO 19N NTNRON PONNL INPY NN TY DY 27N TMDN NN PRYND 1Y 1wN
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PON DY PHNIN OXNYD MDY ,MNNDY MIAND MDP XD MW NYN (D72 DINYL vIodND
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T2 .Algorithm Visualization N»2n1 ,0°2°59H910 5 NX 5510, TAN )DNN N2 MINN
-DYTN YN OV 97N NN NN I DRIV THX : DIV MNIN-NN MY DININ NIN NIND

oY TIP-ITINDIN NN IX»NYW MY ; Algorithm Graphic Representation n»on Ny , NV

Algorithm Debugger N5 X1, 1N NRY DNPININD

2

Algorithm Debugger x| Algorithm Graphic Representation (=[E3]

7 s RB-INSERT(T , 2)

wiy = nil[T]
) X = root[T]

* i while x 1=nil[T]
W plzl=y

» @ if y == nil[T]
i left[z]= nil[T]
i right[z]= nil[T]
i color[z]= RED

* i RB-INSERT-FIXUP(T ,2)

(

] | StepForward | | StepBack | | Complexity | | Watch | Operation: @) Insert () Delete () Search Reset Random Insert
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(=) eBook {9 (=)[63)]

Red-Black Trees

A binary search tree of height h can implement any of the basic dynamic-set operations such as

|| SEARCH,PREDECESSOR,SUCCESSOR, MINIMUM,MAXIMUM,INSERT and DELETE in O(h) time. Thus, the set operations
are fast if the height of the search tree is small; but if its height is large, their performance may be no better than with a linked list.
Red-black trees are one of many search-tree schemes that are balanced in order to guarantee that basic dynamic-set operations take
O(lg n) time in the worst case. d

1. Properties of red-black trees Red Black Trees Algorl

Red Black Trees for d

A red-black tree is a binary search tree with one extra bit of storage per node: its color, which can be either RED or BLACK. By
constraining the way nodes can be colored on any path from the root to a leaf, red-black trees ensure that no such path is more than Complex Algorlthms Bc
twice as long as any other, so that the tree is approximately balanced. Each node of the tree now contains the fields color, key, left, : - :
right, and p. If a child or the parent of a node does not exist, the corresponding pointer field of the node contains the value NIL. We ?pen Um‘jerSIty Exerci b
shall regard these NILs as being pointers to external nodes (leaves) of the binary search tree and the normal, key-bearing nodes as
being internal nodes of the tree. A binary search tree is a red-black tree if it satisfies the following red-black properties:

¥

1. Every node is either red or black.

2. The root is black.

3. Every leaf (NIL) is black.

4. If a node is red, then both its children are black.

5. For cach node, all paths from the node to descendant leaves contain the same number of black nodes.

~ Algorithm Debugger J Algorithm Graphic Representation (=)[63)
v i RB-INSERT(T , z)
Wy = nil[T]
& X = root[T]
* i@ while x '=nil[T]

7 e ® 4 TRV oy Ie | - ka0 g

LODPLA 20N IMIND NNYPN TPIVONITY PIN OPHY NYPNOY DXNNAD P> 190N TN

STION P9 595 WIddHn NN NHYYN XD DANR ,TI0 NDID NN NYNI
e ————— e

=] Algorithm Graphic Representation =28

Red-Black Trees

A binary search tree of height h can implement any of the basic dynamic-set o
SEARCH.PREDECESSOR,SUCCESSOR., MINIMUM.MAXTMUM.INSERT]
are fast if the height of the search tree is small; but if its height is large, their peg
Red-black trees are one of many search-tree schemes that are balanced in ordeq
O(lg n) time in the worst case.

1. Properties of red-black trees

A red-black tree is a binary search tree with one extra bit of storage per node: i
constraining the way nodes can be colored on any path from the root to a leaf,
twice as long as any other, so that the tree is approximately balanced. Each nod
right, and p. If a child or the parent of a node does not exist, the corresponding
shall regard these NILs as being pointers to external nodes (leaves) of the binary
being internal nodes of the tree. A binary search tree is a red-black tree if it sati

1. Every node is either red or black.

2. The root is black.

3. Every leaf (NIL) is black.

4, If a node is red, then both its children are black.

5. For each node, all paths from the node to descendant leaves contain the sam|

= ‘Algorithm Debugger ®
7 i@ RB-INSERT(T , 2)
Wy = nil[T]
i X = root[T]
* i while x '=nil[T]
w plzl=y
> W if'y == nil[T] operston. @ st @ peiete © Sewrs (Tt ((ommiam] =
wi? left[z]= nil
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VOPLN NTYY 1D NN TIT POINY IWAN PINKY N PDINY >TD NMIN YW Ty NPNAY

,99-0 YW NMMLA WTN MXIPN 1901 NX»YW »1D “Random” 71n90 Dy INHY poond N o»pn
POYNY X “Insert” 7Im95 Dy NINDY ¥ 7901010 INIYW MINN .LDPLN NTY TIN WP XIM
NI NN SNNNNIY,PVITNY XY IR PN “Reset”-n 9IN95 .0opvn NTY TiNa Enter \inbH
Algorithm Y190 N .(Algorithm Debugger-n oN2 maxs PINN 2IPYY IWON) DNPINONND

TNHYY IWAN OX) ININ MDY IWAR ON ,D>TINY N POPNY IWAN Graphic Representation
v PONN HY DT NN

£ Algerithm Visualization

J Algorithm Algorithim Graphic i =28
v 4 RB-INSERT(T , 2)
Wy =nilT]
@ X = root[T]
» @ while x !=nil[T]
w plz]=y
> if y == nil[T]

S
. ggc;?lrlgzs];Riig)(UP(T 2)

L Run J [ Step Forward J L Step Back |Operation: (@) Insert () Delete () Search [ Reset J [ Random ] 52 L Insert ]

| —
- I .
\JjIGIW'HOI £ o[ CG YOE s c@ErEMe o W@ a0 11“2,-“11';'32

TOINDD NYNN DY NTVY ,TPIIIN MYSNNI OXD NMIAND TWAN (Y2 DANNN P2 DM2YN3a
PN NNIN NHITITNA MNYWN NNINN YIY DN ,WTNN DIPND ININYDIN DIPHN NN 535
NYTIN (NXY MWYD 512 1MNNY YPNWND PR DD IR NNV IWAR DYNNN MPNN NN)
TUND DY NNMY NYTIN .DMP I2OY 19010 POIND NDID WNRNYNN TUNRD NN
1D MOINND YDA X NONNNA OXNNT YWY NIPNI) SPIN KD 19010 POIND NOIN WHNYNN
MYPA 7Y YNNI >TD OX5T0NN DNNNDN DI NXIIN YNNIV PIND 2IWN (190101 DX NYIAPN

NIRNN NNNY NYTIN D2P) , 0P KD NNIN PINNY NDI DX .NDIVIN Y¥NINI
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L) Algorithm Viuslization T—— | (]

=J Algorithm Debugger xJ Algorithm Graphic i Eia
* 4 RB-INSERT(T , 2)
W@y = ni[T]
@ X = root[T]
> 4 while x '=nil[T]
w plz]=y
> wp if y == nil[T]
i left[z]= nil[T]
i right[z]= nil[T]
4 color[z]= RED
» 4 RB-INSERT-FIXUP(T ,z)

ERROR Message

o You should enter a valid number

[ Run | | stepForward | | stepBack | | Complexity | |  watch | Operation: () Insert () Delete () Search | Reset | | Random | | no | nsert |

Gl el Noil

=

= 4 9o 2 o . 1240PM
G \O@ = E@S MR o FIE a0 oy

TIP-ITINDD ,DINN 720V MO .poon Algorithm Debugger 1ony nyospNaa nyd NN
.(Algorithm Graphic Representation oNa NIN2IYW NOWAD THVYN TR IMN) 12 YN
NP DY NOND ST DY YPNONY N JIOY NPIPNN-NN NIN N MXNDN NN PSND IWON
NMNA breakpoint 9>©1NY IWAN NMNMDN NNY DY MNOND NV ST DY .NNWN DY YIANHN
N7V DX NMIRIY DPI2 IWIR .Y NN DY W INDD T breakpoint-n NN 7ONY 715 .NNW
NLND OMNNADNND TN DITN NTII MMON NNVYN D KXY X breakpoint nH515 nmMon
.DvmnNnN Xo on “Complexity”-y “Step Back”
M2WaN H2) WIS N3N NIV MDN ¥ .NVOY DY NN INY Pryn “Step Back”
MINK NPSPNOL TPNNNY NITYN DAN .(NMNHDNND PYNI DN NN YTD TIN DX
oOPoON SV NPOON DY YN P MmN “Complexity”’-n 1IN0 LApnnd mawnn
SV N¥ yxan “Step Forward”-n 18no .10OXIVNN NNNNN IR OOYND YTD TIP-ITINDI]

PIND D) 1IN (NN YANA MIMDN NNIN) TONI MININN NININ NNYY TY DNPININI NOWON
INND NN NIPNA NSV MIDINM,TONMN DY TXHN YN N XIN TIP-ITINDIL NNIN NNVY

NaN breakpoint-Y Ty PN Y92 R¥NDI NINY NNIYNN DIINOND DY DX yNan “Run”

Algorithm Graphic Representation-n 1oN2 YW MNMIN AN 13D 92YN DO .Y0NN
YN DY DMPAN 2NN NN DT NINL NINIY IWIN DINSDIV NN GN)
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Algorithm Debugger

Algorithm Graphic

e =

(C]%]

v 4 RB-INSERT(T , 2)

L;

@iy = nil[T]
@ X = root[T]
* & while x !'=nil[T]
@ plz]=y
v if y == nil[T]
i then root[T]= z
” i else If key[z] < key[y]
ig then leftly]=z
w else right[y]= z
i left[z]= nil[T]
i right[z]= nil[T]
@ color[z]= RED
v () RB-INSERT-FIXUP(T ,2)
v % while color[p[z]] = RED
" b do if p[z] == left [plp[z]]]
7 b then y = right[p[p[]]]
7 i if color[y]=RED
) then color[p[z]] = BLACK
iwd color[y] = BLACK
i color{p[p[z]1] = RED
wh z=p[p[z]]]
v i else if z == right[p[z]]
v W then z = p[z]
7 s LEFT-ROTATE (T ,2)
@iy = right(z) v

Operation:  (© Insert Delete Search Reset Random

| | StepForward | | stepBack | | Complexity | |

z00em | |

EN

[o)G @@ cmerma ®raao .on
95 NVNDY NOYND DIZI0 MIVAR NONN DY P> T HAPI ,NIN DI KD TIP-ITINDIN TWND
IPIN NN PAND TIND PONN YD OPPN KD DNNY-DIDTRN DINYNY DXIANN .TNINN

LDIININRN DY INOWI
YOONY DNIAD NN ,NIPOY NPXVINIPND WM AN NN, “Watch”-n 18055 qwNa

DNNVNN DY D¥IIYN DIDD 1) ,))VP PN NM NIN .DIMININI NYYIN MINK PYD M
NNOND T DY NONN NN INDY IWIN )N ¥YII2 DXXINY NTINNDN-NND X NTINNDD DPOIMIIN

“Watch”-n 911n95 5y navin

Algorithm Debugger Mgorithm Graphic Representation @@

v 4 RB-INSERT(T , 2)

&y = nil[T]
W@ x = root[T]
* i while x '=nil[T]
@ plzl=y
v igdif y == nil[T]
7 then root[T]=z
v b else if key[z] < key[y]
i then left[y]l=z
«w else right[y]=z
i left[z]= nil[T]
w right[z]= nil[T]
@ color[z]= RED
7 ) RB-INSERT-FIXUP(T ,7)
v % while color[p[z]] = RED
v b do if p[z] == left [pp[z]]]
” i then y = right[p[p[z]]]
” b If color[y]=RED
4 then color[p[z]] = BLACK
«w color[y] = BLACK
i color[p[p[z]]] =
w z=p[plz]]]
v wi else If z == right[p[z]]
7 then z = p[z]
v b LEFT-ROTATE (T ,2)
Wi y = right(z) v

x = null

y = null

z=287

w = null

(

Run | | StepForward | [ StepBack | | Complexity | |  watch | Operation: = Insert Delete Search Insert

3:09 PM M
10/01/2013 | |

EN | G (y@® &5 T
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: ©IDNN DIVIANN DY NPIYIN PND

(MMNX TYN) Step Back

WY DXTYNN DD DY VDN YD) NN PNIPOYN NN NNOP 1R NN
oY NMND .NIND VN DYMIN KD DAX (NNNX DYNN TNND NI NP
.N2IY9 DIV NYNIN NPN DMPN NINON

(Nyo12°0 Mn”) Complexity

SV NYPION MM DY NOPUYNIN NINNN PIDY NNMN NXRIN NPINIPNON 7IND
NN ONIMONRN DY TIPN NIN D90 NN YT DY .ONINONN DY DHDN Yo
ININ YW NPOIDON MNIN PPN NNONON TN 29D 191 INNDY .N1PI0N MM
NN NINDD DY) ,0aN2 TIMND TN DY NOINY N NYIIINPNS TP Yo
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VIDN NI

, D2 DXNYA VIDN NDWAD POVIYNT NNTY DRIV NI NN VIDN NYIVD
DINY DY NYIVON JOIN NX DAY NN DNIND .IYIDINA TN NI XD 1PN
PODY NYPA IIN D) L(DNNY-DINYTN DINYN N3N DOVIVON) DM
YY1 DN HYVN DIPINVIRNY DINNNN NN WIAXD DMIMIA VON,TINDONIT
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9905 NPNINITY NADIM 90N VOPL NNVHYN

12 INK NY DIRNND DIPN 1907 NPXVONIVNN DX POIND MO NINNN
JPNVONIVND NMON NNPY NN P2V 990N TIND YSINNN P2 PIN) WY YN
NYYA 0NN NITYA NPIDONI DPYIND IWAN 190010 719D ,NIVAD NYIN
TN LD IR DY KD .IPSDORIVND PN NNP I2TH IR MINIDY VOPN NN

NI L(HTML 5y 00120 1915W) 79901 TIN2 1IN NHIN MDA NP NN
(Console Debug -2 ©971 P13 ¥)73) MINN TIN2 NYIVON NN DIYIN

(0>»20M N1tY) Help

TAN TN PISDINIDND WINAD NNNIY MOWOINN NNN YD PI0NY TN W
MPONY YN AN PIADNY TIVXIY I35 NN TN TN ,YPAnNn MDD pwnn
UNNYND YDOIRIVIN YT IONX 1AV PYNNNY

PNV NPHY

NINN DMLY DIWIAND TWNRD MY’ D) 12T IDINNY DIIIYN NN MXRID 2WN
.MV TP
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(V1MPYO NN MINY YONY
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TH9) TP NN JUN DO P MTINN-NNN NN DN 0NN ON TINN-NN
TONPI NN OO DINNINVIN YNNY TXNY MIWIN YNDA M XD .PDY DINNPY
YDONPIN YNNI NYNNYN NY NNID N2X0N Y92 9NN NYIea D) »O NPV In IY)
.ov

YN MAPYI MIPOM MOdINN 3.4

NNHRY NXR DINWD IOOY ,0N0N DININONR DY 7PIVONI DY»Y NOVONNN NX DYAPHY OTP
NN 20N PTIND WY .NTNOY IIVONXIVNN DY INMIND) INNINND TUNI NPHIN MINRY
POV NPN ,TIOD 90D NNOWN [, NWYD Y TNXD NN NI ORD : PXDONIPNN NIVN
A0V PIY YD) TINODN 11D TIONNY TPXONITN NXY 71722 NN NNIVN INTNIOD

MON .1 0N YN NOPMVY OWIPN IR DMDYN NIX PAD) NONND OORVID VINI
.55 199 7990 NN .4 ; MM N0 .3 TPNIVONIVNN DY NNON NV .2 ; PNDINIVNIN
PSVONIVND DY NNN DX HPNY 190N NN NI

SVONIOND MON  3.4.1
NNY NPIVPIPNN DI IR YNRIN )NIVNL NNINY DXMOLI NP2 NI ISHONIVND NON2

MOV WD NVYNNY NPN KD ,NHDNDN NPDIVIPND WNNY YD) TWNRIY YT PADY DIMNIYN

7902 1Y NNIP I MYV .IPSDIRIVNN DY OIPON UTNND WNND XONI N1 ,NY0IN NNON
: DMIPN

TIP-YTRDON DY TANR — DMININD ONY MMINVINIVNN DY DOVIN MY 2PN OT N

NN NANYD NUIND TIP-YTRDN 11PNV TI2 MYV IPVY 297 NN DY TNN)

-1 VNNWND DIPNA 2101 MINRION ,MTINNN-NN ,MTINNN DY 271NN NN

JTree-2 wnNWNY IWANY 191 INNRY NN NID NIPNI) Nown D o»p Control
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PN PRYY DT YHND IWIN NINIY NOYAY MNID W DTN NIAD DINNIN
ONN ADWA NOYTY NYPYN .NI0VNN DN PYND TO DTN DY N DOWPYN
VNND MDY NN 9N NIMN NYND TUNL IDYYY NIYO .NDA 29 19T NOOIN
1WHYY IN IMND DY IN NYTO NN JAT MINN NNV PLIDND NPPONN NN
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SNOND D290 WA D PN XD 1HT) MMI902 WHNNWYND DI NNND LIVNDINID
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MY WIYLVNN ,NNT WYY DT DN WHNY D1DXNNOON NN XD .DNNN DyNn  .a
D172 9»V DXANNN DY NPNVODINN NN NNV YT D27 OMINY MWUYD IOV
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YVINIVNN YV MINN nav  3.4.2
PON DNONND PRI DNYSND TIND N2IWN NVINN ROT TISDINIDND DY NNONN NOY NPN2

YN XY NN NAY N Java-a )0 0PI MN»PY NPSDONIVNN D L, 1OV NVONND
TN .WUTHN DH9HN NN NINNNY NOW T J2 WHNWND IWANY N2 NPID0 ¥ ,11N7190592
TNOY N0 N OIDINY NNV D TPSDINITPND IRNND NON Java-v D) v nn »1d
SV PINN TSN PN I YRNWN PYNN NPND MDIAD .OYP NORDND NXIN DD NPIHONIT
NNOY NNN 1297 NMIAD NINNY P N XY ,(T25 N2 ©Xnnnn NN NetBeans) Java
Java-1 MyvONIT DY 190 NN 2OVD (MINK MIAYA 5551 YW NIV KD) NPXVONIVNN
TIP-ITINDD NYY AWAN .IRNN AN N0 Web now .mwyd o 1270 XD 1NN
D) Java Yy NY9) NVYNNN .Script YY NDDIIN NAVA AN N2 MYPA TPIDININA MAND)
Google Web  Toolkit-a  wonwn>  won  .novn non oNy YOon
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PYNND ,NNTPNN NP0 MIVON ¥ Java-1 2IN00 NIYINND NN — NNV MIND P90
192) N220N DY INMIP OINN NPNMIN NOND XM ,SCripts-2 NHNN v wvindnd Hp
PNYNOLN DY TNYN DN, (JavaFx 2.0) NXY XD TIY 1°97) 12201 DOV NYTY 1IN NNPD?)

.NNannN HTML5-n nmiyd Ha9ya v NNIN
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Abstract

Understanding how an algorithm or data structure works is considered
one of the main obstacles for students to obtain their graduation on
computer science. Our goal is to deepen on how algorithm visualizations
may remove or at least help overcome this barrier. We would also like to
understand what is required to encourage lecturers to make use of
visualizations in a wider way. As part of this final work we developed a
visualization of a non-trivial algorithm and we will bring the conclusions
we arrived as part of the experience. We will also suggest visual elements
that will help on the success of the visualizations. Finally we will analyze
which emerging technologies may help to transform the algorithm
visualization on the primary tool for the learning activity and we will
discuss how.
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