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ABSTRACT

The purpose of this special problem is to develop a program for mathematical solving
and shown the result as a graphic. This program is developing base on JAVA programming
language that have an advantage to use in many platform of operating system. To show the
performance of our program we choose finite elements method as a case study to solving a
problem and then to approve that our program is reliable we compare output from our program

with MATLAB that is a faithful program and had acceptance from users all over the world.
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Parse tree 1udInvzy 0 vy any Inssadan e niuganuuiniu Ineisz@euIasaia

~ Q dy
v H1eonI lugdves wee Tnvazlijtuuudai
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<program>
<stmts>
<stmt>
<yar> = <exprs
a <term> + <term>
<var> const

AN 2.5 Jusuyveadiulel

2.1.3 Syntax Analyzer
M =] o =
{udunenuvee Syntax Analyzer laaiaufvzumsaniuIassafaveslrnnsalmu Tn

Ay ¥ . & P '
A 1 1Au191A Lexical Analyzer mawaawm”lmwag“lugﬂmm parse tree

b
= o 1 @
Tunms@sugtuuy Toinssivesudazmuiiy 1519214 Contexi-free Grammar 150 BNF

14

9) ] P=1 £ =% o o A g A
(Backus Naur Form) 1131930 un1s@en anisdfiengduuy lonsaludnyaziidodnan
' 3 o =y
98194 I D
a1 @ e ' o ¥ Y1
- sduuyhnnssifegludnvasiiamsaouinaudilaldae
Y o y & - Y o o P o
- hensaiunadwund@sulda swaunsoede wiiawes Tdiw wazwzasady
. a Aa ¥ Y o
AanuAanainveslss Toaiduna i laaandae

a1 o ) : Q
- Hdsz Tomisnlunised e object code Tunmonds

J d
WITae03 (Parser)

2

J ¢ a H o ¥ o '
WIS a3 Bvinfe 5 Tnnu 910 Lexical Analyzer udhwinsavaeudn ey uio

'

fl
i o Y 9 a o a o A ' g o ¥
string WU ﬁl'lﬂuulﬂﬂﬂnl'JU?ﬂiﬂWlﬂ’]ﬁﬂW’]ﬂUWﬁﬂlﬂﬂ'l NUUMINITATY parse tree BRNNN

¢

Aeg1)



14

i token ; i :
Source,_ Lexical - 1 Parse _ . Rest of front | Intermidiate
Progranﬂ analysis f Parser ‘ tree > end | representation
L Get next ‘l 7 N L \
T T~y token oo v
i PO
| |
i Symboltable |

T - o - -u d
MAN 2.6 AIUMINNUVOINIT BT

@ S = A o té ::
Tapiu38msada parse tree Jog 2 35040 1111 Top-Down M Bottom-Up Faviaeres

LTl

= Y

FEdnae udnmsderiuife smdoyaduna 1 drolden dvaudszaraiunsed
FENFUVY Top-Down ¢ 1m383719 parse tree 910 root node #IUITMNTHUY Bottom-Up 3211
M3a319 parse tree 911 Icave node

Parse Tree and Derivation

¥ ¥
Tumsaia parse tree YWUTIDIIIBATTAIN

E
- E
{ E )
E
E + E
id id

AN 2.7 waaadimsad1e parse tree YBIBUNA —(id + id )
nnandaiy WuiFasdeg Tunisadhs parse tree ¥03 -(id + id ) Fedsynauli/de
=)
ng lumautasnategngie
E—>-E
E-—>(E)



E—>E+E
E—>E*E
E—>id

LY o

= - ~ o '
153500 E 3uilu Nonterminal Symbol Afe dhududnusinemnsaimsuiasdolyld
>

a

s

Ed
t s ar 1 o ' 4 = ar o =
dnid, (), -t ldewnsodimsutasde WlddusiSendydneaiiminild) Terminal
Symbol
o L) t o %
msmwisagauuiugesdnymefe Top-down parsing LLfi€ Bottom-up parsing
Top-Down parsing
. 3| o = s . a e
Top down parsing (Junsnasliensal Inariludunaanss (input string) TaeiFui
9/ 1 [~ & &
msutasinmaediudne niaisreranes 1831 Wunisade parse tree 108151910 root node 44
o & et i = o ¥ ¥ & ¥ L9
Tunrst top down parsing Nuinauinuddeudunou 18 (Recursive-descent parsing) A1
d‘. T Q’J’ é =1 < s
suui ludinstaudunou {Nonrecursive predictive parsing) Famalenssiinishida anu
a o oAy 3 < =] " a =% aq 9 1 3/
fnawvaslnsal mededuds nsdouduaeunozlife Fanisszgnaldauezoicld
3 @ =]
WuaidnymzAe

. o 4 ey o - ¢
- Recursive descent parser 1Y top-down W15 8105 N3 1991018 Av 09 1) 351607

k4
F=1 w

] =4 ;1 - Py =1 ;V { e (Y i } <
(procedures) RvoulimsGond 18 (Te WimsFonditivuninw Tesamvgiuni
= o 3 © @ <4 . o
T/sFwasiiuozgntit 114 uniia production rules 904 Thunsal
) p
o 4 ) o ) L4
- LL parser (4 top-down W13 enaeidin § context-free grammars 1A092¥11113 W19

3 ° ) \ . 4 ol ey o
10 l1u a3 #3579 leftmost derivation ¥0431152 lua Feamaves bhonsandimsmse

]
L - |

“luﬁﬂumxﬁi%ﬂﬂuamfadw LLgrammars

Bottom-up parsing

= w o

. < oy a9 a <y 0 @
Bottom-up parsing 1jugiuuudimsildtumstinsgideyains linswanuduius

u

[l [}

3 P [ 1 - =) ' ° | =] 1 ‘g ' =1
Fozwnowivzszydwfiugufigavesgianounmz ioidunioggeduae lvng i 18

- d%‘ o a = =) a‘mi/J
Tous wetenvzadadu 18vu Tlded symbol FuduluineinsnouWunes Uy Bottom-up

¥
as

parsing uui’%’nﬁu“lu%aiw "shift-reduce parsing”

LR parser
a’j o L4 d o @ & 1 =y 9
LR parser Tudlumifamesd 115 context-free grammars $49z0118unAn NG 1 l/un
] y . . . ! 4 sdq ¥ ¥ o & Y
1AgRINITe319 Rightmost derivation JWa@IHY03 LR(k) W3 diaedn 19A01UAY 79 k 92819

=& o =) = 1 1 ¥ oA 9/ g @ @ e o = T
faduIneIduna symbol Nozaruarsninegldlumsafaddadulalunismsads aw
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[ [ L ;’ £ =4
Ingjat k v 1 uaztoonssnezgnaz1y context-free grammar v250n14 LR(k) d1% LR(k)
o o w
WS ma0i N0y
=) L4 o = (= ' '
LR(0) AowW1s a0 N 1iin15u03 symbol A33ntT
o o 1 A T 2 o
SLR(1) Aawsaaasuuudeniinisund symbol 831 9nHile6)
5 o - a o ot
LALR(1) iWuwiioaesyianeyved LR parser VENNUITOBANIINY context-free grammar
uly ' o ¢ & a d a t::ly 3 A a a T o g = my
ANINAIAT SLR WS35 cmwnmmawuwuJuuuUwqmwmmwmsm%ﬁ*yuﬂmmﬂm

3 o

o o ot '
ﬂ’)ﬁﬁﬂ‘ujlﬂuﬂﬁ"t)ﬂﬂ’lﬁﬂ‘l_lbl’.ltlf‘liﬂ!ﬂiﬂﬂﬂ'ﬂuﬁﬁigfﬂﬁﬂ”Iﬁ‘UuWﬂ“UEN parsing table WW{ETLVD’E]%U
¥
o«

-] ] ¥ y ] 1 q‘
tiatldInajgnatielaenoyInamesildadinen Inames atiamu yace 130 CUP i

W lhnnige ualianududoumnigalunsii Tl damuess

2.2 faamu (Interpreter)

= ¢ o 1 3 of & p ) . . 4

2RO WIRBTULY I uEDwUY AD Tterative interpreter {46¥¢ Recursive interpreter 4

. . P o o o AN 1w Y @ i a ' L -4
Iterative interpreter wangdmsvlssnnadai lufudeunsonnyuz ASen N primitive °§3
w [~ 4 {et o 1 '
1in9zid)u real machine codes W3® abstract machine codes w?ammﬁmnymxawq aIu
Recursive interpreter Mingdmiumsniianududouvasiids wu msSonilasrudous
v i -~ INY g g Y 4 A
fu w3e madwannaiate Fuvuzdwsunmitunnszdugs Faluldsunsuiey
9 3 o & = ug o dy
WALz uanyme Recursive interpreter mgﬂummwﬁaumu

1. fetch and analyze the program

2. execute the program

4 & g & &

939U fetch and analyze the program Huaziludunou Lexical analyzer, Syntax Analyzer
) o ¥ A Al ' ¢ A & &4 o =
BIVTNINMIATNAINGINI - WITaNT  (Parse  Tree) "U‘LHJHW'E'JHﬂ“lJLl‘]Jﬂﬂ’NiJ‘ﬁﬁﬂU!‘lJH

) ¥ "
meunses uazih lUlFluduRBend Semantic analyzer a5 szuaana ldsunsuuda
dawadntoonun
= ' =1 v ' =< o = o3y .
vinfinarunaiiung i Irgeznaietimaulaluszduiudatly  Intermediate Code

Q

R o @ o &
wudd lumstszgad ¥ nusimunsafivgdhlddun)anmausadszananadidald

@ A a o = L4 o w 9 £ u‘/l o o o o
Vuindmnainsinsedglss Teamdwdy  Fannduaeunmsiinen Indmeselifiog

'
1 ~

' : . . . = 2
UAT YA IUAD Lexical Analysis, Syntax Analysis, Semantics Analyzer Faarufimudinfonts

=

i [ v ¥
Exccute JaoMs1a1u130nsei 1wdougfnnisi Semantics Analyzer 1 1@aruiimnd il

3 ' iy v o .
dumsnoa ) luwanin ldndunouved Syntax Analysis

2.2.1 n1sadasandaniun

¥
Juspumsaisdiznovlide



- b od
dhiivemAna MIzeoMINIANTSIR -
1. oonuuudIneel1nse] (Grammar) veanimt Fesziiufuaesduie du
maaﬂgmﬁmm:ﬁm {Lexical rules) RV IR B PRPAYEE! (Lexical Analysis %350 Scanner)
pardIuveImITAT e W15z Ton (Syntax Analysis M3 Parser) Tudiuwesda3ins 1e¥iius
asadouiuuieslasiionioanldintasiolumsad1ei1d wilunseonuuuididesls

v o

sld? y (=] e q ¥V o ¥ kY r @
Anuiiugumumlamgdezih v hilsunsuianldedgndes  ludiveds

]
1 v ¥ .

= o @ =& LV ad A A o P = s A ' v oA
Wnsievisy leaiuiuegdudaneinuinee lddedanenunidssansnmau Ingiiwd
¥

9 = d o o o LYY =
W lUou Tsunsulaonsamu Tensalvesmuiinez i ldenuazduden  Fatulaong
9/ ' = cr'ul ¢ o L= 3’ T YA 4 o &
HAEIUVINITAATIEH Lonsaiiuee llsutwes  unszlwmaieadelunisadamuds
= 3 & w o 1 LY - 9/ = o
siunuveImsfonazily Context-Free Grammar  HIHAdWSaIuieR [A01nmslns 1z
152 Tonna Wiam3 (Parse Tree)
;’ o ' o @ @ o t
2. nwszdlunseenuuutazaisdiulsznendinsusedsunmsiinuvesdIu
a o 1 = o A
Ans1zd honsaluazdninneisihlseTen Galsgneudie msredeya (Symbol Table)
' = 4 3 { e [ ° ’
wae @ IATIEHANUKNIL (Semantic Analyzer) Iagludiufivzidumsiimisnesldlu
oA o y @ o Y P
wemTieiinsasngeuanumnsagndouasUssananamonHadwE luiul @3
dauilvziianududougauin
3 [ Q we A = v =
3. wantiwazdlumsvhaaau i Remas uanuamsang veallsunsudaosdes

aonuuy ey a1 udualansn i 1d e Teen ludes adn Taud ld i amuuae

O B 4 M A, Y A ¢ ¢
2.2.2 wanmsMnveunIeseminlFlunmsa1BUne I NING3
Lexical Analyzer Generator: JFlex
= a E g [ o o ot e T
IFlex W Tlsunsunldlunmsaddamneamd v §39miunaIn
v = o o . g/ A Aa [ o o t o s = I'd
frawmsenauiudmldmnFaiiGonn Tmau dwmsvdallldan parser Tamsunaiw
& i ¥ ] =4 ) =) =1 1
stutse loagangratusldinsetiolunsvadanszesiidse@ninmwanhinmadiou
4 J o = ' 1 y @ s oa
Wh'li Tages unsizimSesiiofazhims lnsgiguuuvesnseuiodsul jadsea@niam
b 4 4 4
Waw TumslFanniudeyadivesTisunsufisniudnumzuos Regular expression #3d01
o ~ [ [ t Y o o I'd
FullaadmuaveaTisunsufisg ldnarmely  drunadniwaiiureialne ldsunsuves
1 All & ] & = . -] Qo n‘/ é :JJ
uAaENEIVDUNT 0350 F M5V JFlex MU Lexical Analyzer 81935 Un BT MBS Feludu
o o a ¢ ) . . a o @
usnideeiinmsimunzuen1siin e Wi (Lexical Specification) TaviFewmind indlugy

a1 JElex Amua udniudrgTsunsu JFlex iloiimsiszuanandiadne Lex sonun i

Qa o s 1 é ]
Fodmuagiluuuveamsi Lexical T JFlex Usznovludrwamdgagnuislae

o oA as Y 2 @ dy
Ussmﬂwtsuﬁavamaﬂym %% AU

82772
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UserCode

%%

Options and declarations
%%

Lexerical rules

& 1 1 3 o @ A =] o
gaeransolanouuud 1 lugUuuuasumudussiame = nSouvumaloussia

ARG x/

User code

. . b =1 \ 4 a
AU aIuuee User code Razanfoddhd lhiudmmnilave e dalndnee

[} ' o v
UILBIS 1ADAT TudauAoum sz MA@ AN LUETHE 0TI LUTALDINMIA
o ' y o o o ] v o ' Ve
Wwed  Iuauilauaf M uANAN VD91 IHAEMI B NNDI AR 199 Td L TR edeq

b o

FUMSAMUA Lexical Specifications uat Wzt I ld 1Aafidlunaiafiztelunsiam

o o =)

I~ 1 ~ o ' 2
g w30 duduildihaumweduruaniandu Finasaznonoenliivlvdues
VU093

Options and declarations

1 P 2 Y f o @ T o @ [ 3 o

AIUNADIUDY  Lexical specification  Usznevlidwoatlsudriqdmsudsuuda)

< & 0. =

Lexer N9ya3 1301 (Usznoudin JFlex directives Haz 1Aan1i191nnazunsnasllunata

.4 0 o YR ' -

Wed  uanuue’) nsUsEne 80 (Sates) uarmstimuamiag dmsuldanludun

a [ n.

AWAD “Lexical rules” U9 Lexical specification W8 uraz IFlexer directive ABISHAUR Y

A ) w ' P Y A a 7o v o4 4 o

W0 % luudazussia uras lasaiiviedosiimisiimesdmanilaiull soidu

v ;sy | | & ' = e 3 ¥t
HOTUITTINDAIN DN mmummﬂmﬁmzﬁﬂwu'lﬂu,ﬂ

, , y y 4 ) o ey d 4
%class "classname’ 17 JFIex adnaenily “classname” uag [Wou IAaR U NIY

4 "o =1 !
31uWA “classname java” w10 lifmuavzgnasuilu aarade

“Yylex” nagiive dilu “Yylex,java” TaoAsudy

o P ‘3 ° ) = o o
%implements "interface | M 1¥naraRvmmasnIUk s undudduwesafismuald

- 1 & o o { o
1"[, "nterface 2", ..} SnnnnImils  %implements  NnSuwoTiansMua

= = o«
MR GIELERY




%extends "classname"

[ ¥ sy 2 o & A g
'Vlﬂﬁﬂﬁ'lﬂ“l’]ﬁiN"’Uu'ﬂ"lﬂ'lﬁﬁﬂ%ﬂﬂﬁﬁﬂl‘ﬂucﬁﬂﬂﬂWﬁﬂl'ﬂﬁﬂﬁTﬁ

é =1 ] s = ] QB‘I
“classname” WIADANBIUANDIHAEINT© Yoextends SURE U

. o o Y
%public wldnaaiadstudiu public
o : g - , o
%final Mldamanadetiudiueda final Ao liawsorludunes ldsn
@ P Y =1 P ° ] a’:
%%abstract Pldnmeiadaduduyiia abstract fodesirlFunaamiuly

15 19 9

%apiprivate

o ¥ sy 3 @ [ .

i lvinauseaeisiuuazdulsvesnmaiughiuy  private
° o 1Y o = °

sndudmiuneuansmans uaz User code nazdimniimstinua

Y%cup tHHBA next token

a [} 1

b

%{ il dsgnie %! wae % szdlumsdanoniids I dnaad
adai Fuzannsalszmadanlsuasilein1d uasdiunnh

%! wilanana fagihfingssning % uag %} wdorn

* %init{ Midsfiogsendie %l uaz %) smilumsienendidaluis
nowaniames  vesnatafadisiy Fualsignlszmenioluae

Yinit} annsmi 11 duazdillanand 1 daal4

Yocup 8181 %eup @150 190 THua cup compatibility WilpufufIs

A & 'y o & o &
auﬂmm"lmmmwummmwm AU
1. %implements java_cup.runtime.Scanner
2. %function next token
3. %type java cup.runtime.Symbol
4, %eotval{
return new java cup.runtime.Symbol(<CUPSYM> EOF);
%eofval}
5. %cofclose
A 9 P} = 9y ] o
AUTUAUYDI <CUPSYM> 719 sym unzanunsondaoulddodids

Yecupsym

%cupsym "classname"

A )
FumsdsFoldfuamia CUP generate azilsznoulldedovns

a ' 3 .
token ATAUFIUAD sym M1daTins0gnouURIF %cup

%ignorecase

Y%caseless

]
s

I V
ATl JFlex  duszquazdnuszuazddnusfiery 1wy
o e [ - | dy ) ] - '
Ay gHiadn  lasszuuizdwdeniynd daulslueue

v o o o ¥ 3
VBIANIDNYT ATONYI “break™ ﬂWLﬁHﬂﬂﬂ“&l’l%gqﬂ
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((bB][rR][eE]laAl[kK]) A1 %cascless w"lajdwamwwiamﬂ

kY A o ' o 9 a (Y Y o (% (|

AunINIeonusy AT ln a mwmisedugiu A 16 dnaseialuguse
¥

-1 o o @ oo

duamiugnileyley Unicode uazdaduladiownon

Character.toUpperCase 1la¢ Character.toLowerCase U89 Java (D%

JFlex

M5190 2.4 tansedrvuslinm19qd 113y JFlex

Lexical rules

° = L] o
lunsdmuanguesmasinssimily JFLex  sxdsznoulildiedaves  regular

£ o4 & ] w { o [
expression LAz AIUVRIMITOHFTouduldan1B19121 Fazhiaundanaidrsunumed

o o

1 Id
a0 TURMNFURUAIU regular expression s i muaiuanld Tudiuves Lexical rules
' = o 3 1 LS - .
sUuuungYeId IS AR TITHAIIE AR UA 1A BNF unsus (1963 terminal symbol 9%
4 é ey
QNATOUAWIATEINNIY *quotes’) FUSIENMNTATFRAVFAY ¥09 regular expression LAy
vy ' 9
BNF  upsuiwdnsiela
o v ' @ i ~ o i = |
FEUFUNINS IR BINTAIB NIV 1UADY TaeNd1limsiuissantz derliauoA1ves

¥
m‘ljﬂaﬂ‘lﬂ ﬂsnlﬁa{ Lexical rules A41!



21

Y%

N o ¥ & v 4 4 .
Yopublic Mﬂ“lﬁﬂﬂiﬂﬂﬁ1ﬁ7’lgﬂﬁﬁ N*U'Llﬂhvl pubiic

o W e

Y%unicode /3895UNMINIUANBUBY Unicode
{ o H4 24 o . - .
* User Code tROM M UARDIAFIFO N Token Fanmadid ot Iszyatiaveansfius

o 7 J4 o ¥ . = & w 3 oA
JFLexer ﬂ:m'ﬂumﬂuﬂmﬁww Token '114@1;@;'51@1@@1'1mmwuiﬁmumsmwmuu *

%t
public class Yvtoken {
public int type;
public String value:
Yytoken (int 1, String v) {
type =1,
value = v;
b
}
%o}
I 1%H5ﬂﬂm?':ugmmm regular expression TUN T30 1119 */

& S MU Ins M UA A MAD T+

] o s S a dy
Binary = 011(0]1 )= AMIEANNT T | ANAET W30 1A 1 AR 013D | AAIA 1A
o o @ o o o
 dmusn lasdwmiuimundnve e nys »
e T, P .
Char = [a-z] JANIATINNETAO NI LA 2 09 2 IRIF 1 lad Ty

%%
/* Keywords */
o Y g < = o
mnwud ey e ldihinsfutluesthandveesnaia vytoken
o ] o g ¥
WU 1 Az Iudesiie i la v
{Binary} { return new Yytoken (1, yviext()), }
@ Y o &4 o «
» mnnusidnvse IddmsAuwduesdendvasna 1a vywken
IRUe1 2 naziagEe e w1

{Char! [ return new Yvtoken (2, yviext()); |
'y o
.y (1 lideavitez TsmIniae white space !

¥
v nduga Ta 1A nui

<<EQF>> { return null; |
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¥
@ =) o 1 v
vimiusndhmsitaTisunsy JFLex 1a9%1n13na1lu Generate vz 1A 931)

=10
Lexical specification: Quit I
lE:'\\‘; orkSpace'Senior Project) Tools\exam Browse ] Generate J
-
Output directory: :
!E:'\WorkSDaCE'\Senior Project\Tools\ Browse I St ‘
Messages:

S states before minimization, 3 states in minimized DFA
0ld file "E:\WorkSpace\Senior Project\Tools\ Yylex.java" saved as "E:\WorkSpace\Senior Project) Tools\ Yylex.java~"

\Writing code to "E:\WorkSpace\Senior Project\Tools\ Yylex.java"
0 errors, 0 warnings.

Generation finished successfully.

Reading "E:\WorkSpace\Senior Project| Tools\example.xt”
Constructing NFA : 14 states in NFA

Converting NFA to DFA &

6 states before minimization, 4 states in minimzed DFA
0ld file "E:\WorkSpace\Senior Project\ Took\Yylexjava” saved as "E:\WorkSpace\Senior Project Tools\ Yylex.java~"

Writing code to "E:\WorkSpace\Senior Project Tools\ Yviex.java"
0 errors, 0 warnings.

Generation finished successfully.

M 2.8 daeearinoeuellsunsy JFLex

@ 3 Al [ & Er =1 o
wasoniu llsinsuazada Ia Ao YyLexjava i 1¥ viminsnaunsmi 14

Y
Au1dlaomaBeu 1Aaaail
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import java.io.*;

public class TestLexerer {

public static void main(String[] args) throws IOException |
/AENUTEAINTUDUN

String input = "111001 100101a e100101y";
/reoinnadmiueudoya

Reader reader = new StringReader(input);
196 Lexerer :10AANA YyLexer i 142198
YyLexer scanner= new YyLexer(reader);
YyLexer.Yytoken token = null;

/I V'nmﬁmm"lﬂwndm:ﬁfnqrﬂmaﬁﬂmz

while ( (token=scanner.yyLexer()) != null) 4

'
N

AR IR NTRVB AL AZAINDIU 171

System.out.println("Type : " + token.type +

"Value ;" + token.value);

i Command Prompt

E:\WorkSpace\Senior Project\Tools>javac Yylex.java

E:\WorkSpace\Senior Project\Tools>javac TestLexer.java

E:\WorkSpace\Senior Project\Tools>java TestLexer
Type = 1 VUalue : 111681

Type Ualue : 100161

Type Ualue : a

Type Value : e

Type Value 1981081

Type Ualue : vy

E:\WorkSpace\Senior Project\Tools>_

1 d Y]
MNN 2.9 vaaamsaenlwanaznmssy
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Y 4 ¥y g o v A& Y o
MR TUsunsunazNaansuaad lvmuInIUsunTun  JFLex @3193UNINIDRIHUA
& 9 ] @ @ o A& o = v gy o
YoUFIRDIMIULuavIUTBUREAITNYIZRONNNAUAB AT did Ty “111001

100101a e100101y” i iuTusunsuvzitu Idvavg wasansAadnuszgrulisooni

CUP (Constructor of Useful Parsers}
) & a o 1 '3 9 ¢ ] 1 P
cup Aslisunsudmivadie wmimaesuny LALR vingduuvdeivuasiieny &9
maadeiuldsunsy Yace Adouldnudmiunm® o ludmuanifaemdoe
' o o 4 o =
#2u CUP tiudoudionzinndazniulumiszydesmualauds
- ¥y A 3 & Y o
M990 Wt laeR adrumudeiimue
y v Yy ¥ o & o 0w o oo
msld  cup  Aesmfadesmuavunugiuves honsolvosmuidmsums oy
3 1 Sy @ 0 [ o ¥ o Y Aa
oamiadein  Fide9oduda  scanner  lumsuensaaza 1l Inunianunui
PO NTFURDITA AaY 11T INAY
¥

'
ot L 1} =i L]

a
fetsiwgnzuaa lifiumseenuuazmsasedsdl

'
L) =

=00 Y @ © |~ :3} o o I'd
’dnummﬁmmaﬁ%’nmmmmmmmmu’mmwum Iﬂﬂ‘l’liﬂ@uﬂﬁﬂ?%?ﬂﬂ UDTAURTZIS

q

' & o 3 a o kY I/ o o :
Qﬂtlﬂﬂiﬂmﬂﬁ@&’ﬁuWU 7 MINTAIU AUV INAANDBINNIINUID ﬂgulﬂHL’JU']ﬂﬁmﬂl@Qﬂ'ly']ﬂqu

expr list ;= expr_list expr_part | expr_part

cxpr_part ;= expr 'y

exXpr = cxpr '+ expr-expr - expr lexpr* expr
Texpr M expriexpr % expri'(Cexpr 'Y

i '~ expr | number

q o g d 8 ' oar ' qa: 4 ]
NI A3 ALe s UUIL g M IuNT IIAING1Y TuduusniTeeneesEY ounsiam

~ = o . d.dy '

Y04 terminal symbol HezU51nguuBUNA UazdAuee non-terminal symbols Tunsdiies 1A

. 3|
i non-terminal symbol 11w

expr_list, expr _part {81% expr
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@74 terminal symbol a 1ddail

SEMLI, PLUS, MINUS, TIMES, DIVIDE, MOD, NUMBER, LPAREN, 1182 RPAREN

¥ v g1 o o ] 3 o 4 da a o
mnmm@mmummugs1%z;m"hmﬂﬁmmnanuuumﬂtw1 SFINABVAANITIUNININ

d a9 Y o < = o ° ¥ 2
ﬂlﬂQU['Jﬂ]ﬂim ﬂWﬂlﬂi'Jﬁ'W!1ﬂ7§l!ﬂﬂ@@ﬂtﬂuw1ﬁ1’]3uuﬂ’l"l@ﬁ@QLLUUﬂ@ﬂﬂ’ﬂMﬁNWU “IN(I'H Cup

W
L

v Ivisdmua precedence LAY associativities @M 51 terminal A9TUITIRITINTOROY
. ¢ ° Y q o ¥ w ] VY o Ay
Twnsamuudinanld  Tunsdmuagldondieons  vuneglddodmuaiieduves
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i/ dasmuauas CUP SmSunsaunumendiamansadiedie (faldszymsiinw
import java_cup.runtime.*,
* fvuad B uduuesms ¥ e mshauee. *
init with {: scanner.init(); b S seafiTa AT L
scan with {: return getScanner.next_token(); :}; //ﬁwuﬂm‘ﬁﬂﬂﬁ‘ﬁmﬁ AUNUAT
/* Terminals (IMduRAUA190MNMINALALILEBT) */
terminal SEMI, PLUS, MINUS, TIMES, DIVIDE, MOD;
terminal UMINUS, LPAREN, RPAREN;
terminal Integer NUMBER;
/* Non terminals */
non terminal expr list. expr part;
non terminal Integer  expr, term. factor:
/* Precedences (1MUARIAUANUTIARY Tﬂﬂﬁﬁwﬁmuumﬂ'jmgﬁmdw) %/
precedence left PLUS, MINUS;
precedence left TIMES, DIVIDE, MOD;
precedence left UMINUS;
~ lensalvasnut */
expr_list ;== expr_list expr_part |
expr_part

expr_part ::= expr SEMI

expr i~ expr PLUS expr
texpr MINUS expr
i expr TIMES expr
texpr DIVIDE expr
| expr MOD expr
| MINUS expr %prec UMINUS //fiua precedences Tudau lainsainiudadheds
| LPAREN expr RPAREN

[ NUMBER
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LWu?Wﬁ]uMiﬂﬂ%?ﬂumﬂﬂ?ﬂlﬂWWUﬂ1uﬂ1iﬂﬂjﬂqﬂ]UFﬂﬁﬁﬁ13@3W13ﬁﬂ¥ﬂﬁmuu1uﬁ$ﬁluiu

I g 9 s o q Vo J . . £ g [ Ao w A
Inilae Tunsaitimmualdowneinnand java_cup.runtime FuuaIund Ay 1NUUN

o

] | A 9 sy o Y o o = ) ¢ A Y
Lﬂiﬁﬂ§§$uﬁjiﬂﬁﬂﬁuLﬂﬂﬂqﬁmWQﬁJ Uﬁgiﬂﬂﬂ1w§Uﬂ7§ﬁUﬂi%ﬁﬂﬂiﬂu@ﬁfWﬂﬁUmﬂyﬂ

@ ' = o o ' = o . = @ w o '
fa9 11 drunaesiuiuduniinisUsene terminals, non-terminals HAZANNTUNUT 116
ad . = a y I~ - 1 I
agAad Tunsditl terminals MM130AvEsEMAvavosdoyaillu Integer ¥iTovy lilsenian
a z =] @ a =
19 swaziBvavesriiadeyaruaziludivenyiiavesnnogly terminals 1Az non-terminals
1 u’j 4 v " ¢ ya ' " A ” 3 n oy o ' Y
Cwmandy a8 1 Iddseaemen 13N vuien 1191 terminals %30 non-terminals 11 s laiAua113
£ g ~ 14 a Yy X = q9 %Y a ' i A . > = '
maﬂﬂamﬁ‘w“luu‘mmmaymmmmﬂa].wmum terminals ¥13® non-terminals uquﬂawmﬁu
. . { d = ol : S
A1 awnaueziluswazidenve precedences - LY associativities D9 terminals 19y
' v ¥ ] 1
terminals -’ﬂgnﬁwmm precedences ﬁWEJ?gﬂﬁ‘ullﬁﬂﬂﬂ'1 terminals WHN precedences 'ﬁqmqﬂ Tu
' Y \j I~ [ [N o
dugameiuaztluaiuveshuinsu
q o o g o dw Y a g ] Y o
Tumsadians maes 1aveRiiuaiis 19219 CUP generator auudsunudofmua’ll

q U oA ' @ u’j = 9y L 5 g Yo b o
Tu9a%e71 parser.cup AT G un1H U CUP Tagldaidan il

java java_cup.Main < parser.cup

cv Command Prompt

Opening files...
Parsing specification from standard input...
Checking specification...
Warning: Non terminal 'factor' wvas declared but never used
Warning: Non terminal “tern' uvas declared but never used
Building parse tahles...
Computing non—terminal nullabilitu...
Computing first sets...
Building state machine...
Filling in tables...
Checking for non-reduced productions...
Uriting parser...
Closing files...
CUP vA.18j Parser Generation Summary ———————
A errors and 2 warnings
12 terminals. 6 non—terminals, and 12 productions declared.
producing 23 unigue parse states.
2 terminals declared but not used.
B non—-terminals declared but not used.
A productions never reduced.
A conflicts detected <A expected).
Code written to ‘“parser.java’, and "sym.java'.

E:\WorkSpace\Senior Project\Tools\lalr_cup>java java cup.Main < parser.cup i

CwB.18;5)

E:\UorkSpace\Senior Project\Tools\lalr_cup>

MNN 2.10 HaAIMIMNUY83 CUP
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Tunsdifiszuyazade IManmiunasdine sym.java Q2 parser.java INDINUTIUUDY
o ¥ s s A& d o v | v A 4 o & o w
drafiemsames  Fanewiaa i ddresdifivzdhimspumdsdwmiuaaa sym  uay
¥ . ' '
parser 14 sym class uagsznov ldedidndimsumdannand miuuaoy terminal symbol
A o g w o @ 1 v
Fatudugtuuulunsdratialiis symbol 4843 scanner (AWFEIBE1TAAIY "return new
¥
Symbol{sym.SEMI);" ) @94 parser class 1921113 implement parser AR
Y o Yy Ve g 3 o ‘o 4 o ) et o )
mntafinuadadulussrnnaiiimradamnsaesauauiuli1dlined  semantc
. & w = (L 7 3 ] (R ] g A ) o
actions 189 Fafuvenfivaamanisauiiuwso ludunniy monaziimsduinuay
' . qj: o o3 A t n’f .
1UBUADY expression Wit 1518 niludvarin TAmd lUaugasianos Tu CUP 414 action
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A

£Qniuag i code string M gnATOLA
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awdesialugy :vaz b Taoa Tihiussuuagshns
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HutuAnnndsnys 13drodes e us b laneeuiozas19aou8M5AY java code

f
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// dafmusaay CUP awdunisdnanisadiaaansatiodio (ssuntsvinoiu)
import java_cup.runtime.*;

/* mwummut‘%uﬁmﬂaom‘s'[ﬂa'\ul,tazmsvhmusim. */ 5
init  with {: scanner.init(); % //dwuswsaadvinetuafousn
scan with {: return getScanner.next_token(); :}; //AMwuaisaadviinisaunusn

/* Terminals (Tiduidudtaanunannaunuiuas) */
terminal SEMI, PLUS, MINUS, TIMES, DIVIDE, MOD;
terminal UMINUS, LPAREN, RPAREN;

terminal Integer NUMBER;

/* Non terminals */
non terminal expr_list, expr_part;
non terminal Integer expr, term, factor;

/* Precedences (fiwundidiuaindrdry TaoAdrdguinaitagaiuat) */
precedence left PLUS, MINUS;

precedence left TIMES, DIVIDE, MOD;

precedence left UMINUS;

/¥ Liansaiganien */
expr_list ;= expr_list expr_part
I
expr_part

expr_part ::= expr:e
{: System.out.printin{"= " + e); :}
SEMI

expr ;= expr.el PLUS expr:e2 /el +e2
{: RESULT = new Integer(el.intValue() + ezZ.intValue()); :}
|
expr:el MINUS expr:e2 //el-e2
{: RESULT = new Integer{el.intValue() - e2.intValue()); :}
|
expr.el TIMES expr;e2 [/ el *e2
{: RESULT = new Integer(el.intValue() * e2.intValue()); :}
|
expr:el DIVIDE expr:e2 //el/e2
{: RESULT = new Integer(el.intValue() / e2.intvalue()); :}
I
expr:el MOD expr:e2 // el % e2
{: RESULT = new Integer(el.intVaiue() % e2.intValue()); :}
|
NUMBER:n
{: RESULT =n; :}
|
MINUS expr:e /] -e
{: RESULT = new Integer(0 - e.intValue()); :} %prec UMINUS
|
LPAREN expr:e RPAREN //(e)
{: RESULT =¢; :}

I
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7199 1% Production 11909371 729810191

expr:iel PLUS exprie2
{: RESULT = new Integer (el.intValue () + e2.intValue ()); :}
ar n’/’ [ 4 o Ay @ o b4 ' o
114 non-terminals expr # sy lagnfmuaiedin ¢! uazdada lidmuadie e2 daunisil
9 ] . o A ' I~ w M '
1890 9ARY productions 3zgniMuaFoas1uiiuiione RESULT agiane
' = 1 . = kY a i @ J
uAny Symbol NU51nQegln production aziluAviwly untime lavesuiinAved
ko A P S o 0 .
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iy left 50 right whhl daetramn 10 Production M1l cxpriel PLUS exprie2
1 ~ 1 % 1 uf ' 7 Y |
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' Y 2w ' dyd
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ar 1 A 4
MIVIUDINTIYYUTUNULWDS (scanner.java)

/{ Simple Example Scanner Class

import java_cup.runtime.*;

public class scanner implements java_cup.runtime.Scanner {
/* single lookahead character */

protected static int next_char;

/* advance input by one character */
protected static void advance() throws java.io.IOException

{ next char = System.in.read(); }

/* initialize the scanner */
public static void init() throws java.io.lIOException

{ advance(): }




* recognize and return the next complete token */
public Symbol next token() throws java.io.lOException {
for (;;) { switch (next char) {
case '0': case 'l"; case '2": case '3": case '4":
case '5': case '6': case '7": case '8': case '9":

{* parse a decimal integer */

inti val=0;

do {

i val=1 val * 10 + (next_char - '0"); advance();

} while (next char >="'0" && next_char <='9');
return new Symbol(sym. NUMBER, new Integer(i_val)):
case "y'; advance(); return new Symbol(sym. SEMI};
case '+ advance(); return new Symbol(sym.PLUS),
case -': advance(); return new Symbol{sym. MINUS);
case "*': advance(); return new Symbol(sym. TIMES);
case '/': advance(); return new Symbol(sym.DIVIDE);
case '%'; advance(); return new Symbol(sym.MOD);
case '(": advance(); return new Symbol(sym.LPAREN);
case ')": advance(); return new Symbol(sym. RPAREN);
case -1: return new Symbol(sym.EQF);
default: /* in this simple scanner we just ignore everything else */

advance();

break;

t
s

public static void main (String args{]) throws Exception {
o o
scanner s = new scanner(); // A3 900 UIINAFUNUIUDS

¥ o s o
parser p = new parser(s); / I NODUIINANWITTLEOT

p.parse(); /FNMINITUBUNALRIINTdszuana

32
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u’/} o 4 o . " Y n ¥ Qs
nnduhinsaenlna lva parscr.java LI scanner.java LHagIHIY lﬂwﬂ@ﬁ‘;‘l]

\WorkSpace\Senior Project\Tools\lalr_cup?java scanner

;e 4

8

= CRQr2d 7 2%
3

+ 4 /2

4

Colmutioss g
-18

RO CR TR ]

Syntax error

Couldn’t repair and continue parse
Exception in thread "main'" java.lang.Exception: Can’t recover from previous errolll
1r{s)

at java_cup.runtime.le_parser.report_fatal error(lr_parser.java:3682

at java_cup.runtime.lr_parser.unrecovered_syntax_error{lr_parser.java:40

8>
at java_cup.runtime.lr parser.parselr_parser.java:600>
at scanner.main{scanner.java:z:57>

E:\WorkSpace\Senior Project \Tools\lalr_cup>

vV

d' ' N~ ¢
MNA 2.1 uaaskaansnlavaiminoy lna

) 1 o ot ° o { ) A o ° '
ﬂWﬂﬂqﬂU1ﬁﬂﬁﬂﬁujjﬁ]ﬁ]ujﬁﬂﬂ1ﬂ1ﬁﬁﬂiﬁTHamLﬁﬁﬂﬂ?ﬂdﬁNWU@T“ﬁ@THﬂT?ﬂWHjﬂﬁﬂ
W vYs Ay 0 g a o 8 £ @ o dd ,_-f
oonu 14 laailadoin1sdauARUN = 0dIne enter WAANSNIIINGTNNT msilou

= g ) L= = o
WﬂﬂWNﬁDﬂWWHﬂ%GQTRﬂﬂimﬂﬂzuﬁﬂiﬂUWUNﬂWﬁWWHﬁSHQQWWNU

& (Y] a d =
2.3 NUFIUHENMIUBIANNANBINIING OpenGL 11a¥ JOGL
msadamwainia lagls OpenGL

y = 1w d o A @ y
OpenGL 1Huwaiwi lausanldannenuarininiianina Tasdmd g iuszum

v
o w

4 ° Q ° o a o an
120 A9 ﬁﬁ1u1391%ﬂ111u@ﬂmaﬂymz uazmuawmﬁmqmmmua‘wwam‘mmmm

¢
@ ]

AannTdsunsuauisale laus1d openGL 1aTav lifimavans

n 1R A w o v =] o
OpenGL  gnesnuuumlashiadaivszuy emsoianulduunnquwaaesy

' ' v 3 i
(Portability) titoNazussquihminetl OpenGL 3z luiimdandanisduszuulianisee an

gwb 1 o @ dliw a Yq YA 9/ Wcilut’ [} dﬂd< v Y A o
naddlulimdanesy  auwnnndlaenate  vihnisaesednivianegnugiiow 1sunsy

¥ ¥V

' < o A o J S a A @ Y =] @ s
aﬂmqﬁﬂQWNﬂﬁmﬁﬂiwuaﬁ HWMWNW%WUﬂﬂﬂVNWUﬂQﬂﬂQUW1ﬂWﬂn¥MﬂiHﬂiﬂuu

szuul§AMISHUY Windows (§ GLUT: OpenGL Utility Toolkit) 48n31n# OpenGL 84143

L% =

o w @ aa @ [l ' 4 @ a A
Mdsszauganzldnaiagauiiduuududeu sdingusosud oivar wislwana &9

g Y ¥

= Yq 9 o [ aad =Y ' 1 n ¥ 1
OpenGL w3uy I3l dmSuasagddraesenuiiafneginss suadnedsieldun 98 1
P £ yq @ ¥ o e w = alwn. A
nazglvmomasnaedldnuszdonihiginsarariinilszneudn  eliifagUnssenuiiagn

U

o Y = y & o w A Y 9 ¥
Fudou (1a11918 Open Inventor QNATIUNINYAMTIUDY OpenGL 1HOHI 1HA IFm 1150

Amuaaeginssndudou ldTaedn)



34

ﬂmsﬂﬁmmiﬁ'ﬁmﬁuﬁmuﬂmmgmﬂum OpenGL ) OpenGL Architecture Review
Board (ARB) 1s£noudawu5Hn 3DLabs, Apple, ATI, Dell. Evans & Sutherland, HP, IBM,
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b 8-bit integer signed char GLbyte
$ 16-bit integer short GLshort
i 32-bit integer long Glint, GLsizei
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f 32-bit floating-point float GLfloat,GLeclampd
d 64-bit floating-point double GLdouble, GLclampd
ub 8-bit unsigned integer unsigned char GLubyte, GLboolean
us 16-bit unsigned integer unsigned short GLushort

ui 32-bit unsigned integer unsigned long GLuint, GLenum

- - void GLvoid
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GLUT: OpenGL Utility Toolkit
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Non-terminal
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Non-terminal

Class 139951

statement TStatement statement_sequence TStatementSequence
while_statement TWhileStatement for_statement TForStatement
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matrix_initializer

TMatrixInitializer

matrix_ initializer list

TMatrixInitializerList

cube_initializer

TCubelnitializer

identifier

Tldentifer

number

TNumber

string

TString

A19190 3.2 1@Ad Non-terminal symbol Rldanmssenuuulaniainiun

[

n w Y o w = do o o i dy
MRIVVDNMAUAVDINIUATIEN Wﬁ']‘ﬁﬁﬂjﬂﬁlmﬁll JFlex dg1iluaall

%%

%public
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%implements sym
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% {

SymbolTable symbolTable:

import java_cup.runtime.Symbol;
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}
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private Symbol symbol(int symbollD) |

return new Symbol(symbollD);

1
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private Symbol symbol{(int symbolID, Object value) {
return new Symbol(symbollD, value);
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o o ’:Il
/* ﬂﬂ’TuﬂE“lJLL'U“U‘UEN%RJTJMWITU =N

IntegerLiteral — 0 | [1-9]{0-9]*

7 fmuagiiuyvesdidInete ¥

RealLiteral = ({FloatLitlerali}|{FloatLitleral2}) {Exponent}?
FloatLitlerall = {IntegerLiteral} \. [0-9]*

FloatLitleral2 = [0-9]+

Exponent = [eE] [+-]? [0-9]+

7 fviuagtuuuussiaugidou

ComplexLiteral = {RealLiteral} i

~ dvuaglunuvesaeinusy */

StringCharacter = {Mrini"\]

%%
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° A Arad a
/* ﬂ“’iuﬂﬂpﬁﬂu‘ﬂ'ﬂcﬂlﬂuﬂUL’JjﬂWﬁHﬂuWU */

Token Symbol Token Symbol
“while” WHILE “do” DO
“loop” ~ Looe  ond” END
“if” iF — “then™ THEN
“else” ELSE “function™ FUNCTION
“for” FOR “t0” TO
“step” STEP

o =1 1 A‘ [ d'
/¥ fﬂﬂuﬂﬂ"ﬁﬂuﬂﬂf@ﬂ'}tlﬂ5‘VI'€YLLﬂuWU */

{Identifier}

#* fvuamsnual Imaus 1us I aununL */

{RealLiteral}

return symbol(ID, yytext()); }

{ return symbol(REAL, yytext()); }

3 2 ' [ a g =
* mwuﬂmiﬂuﬂﬂmﬂmmamﬂvwauwmmuww 4

{ComplexLiteral}

4 STHUANTAUA INAU 0T NUTE A AN */

{ return symbol(COMPLEX, yytext()): |

\" {StringCharacter}* \" { rcturn symbol(STRING., yytext()); }

% AMUAM AU INALIAT DIMINOA 1 AFNUNY */

{ symbolTable.enter(yytext(), new SymbolTableEntry(yytext()));

Token Symbol Token Symbl
COMMA R LPAR
oy RPAR o’ LBRC
v RBRC “p LBRK
“ RBRK e ASSIGN

e EQ o= NEQ
e LE = LEQ
. GE Mo GEQ
MINUS g PLUS
e TIMES op DIV
o MOD & AND
won> POW P OR
SEMICOL
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(@unsagwesa ldaiauyselludvesnglunsdedr Idludmvosmanuin a.n)

1
G =

' o ar o d o ar
me’m'ﬂﬁU{l}@ﬂmuﬂ“htnﬂimﬁWE‘UTﬂ‘ﬂmw cup %Vl{?{ﬂ\m

terminal WHILE. DO, LOOP. END. IF, THEN. ELSE, FUNCTION, TO, FOR, STEP;
terminal SEMICOL, COMMA:

terminal LPAR, RPAR, LBRC. RBRC. LBRK, RBRK;

terminal ASSIGN, EQ, NEQ. LE, LEQ, GE, GEQ;

terminal MINUS, PLUS, TIMES, DIV, MOD, POW,

terminal AND, OR;

terminal UMINUS;

terminal String D, REAL, COMPLEX;

terminal String STRING;

non terminal TStatement statement.:

non terminal TStatementSequence statement_sequence;
non terminal TWhileStatement while statement;

non terminal TForStatement for statement:

non terminal TIfStatement if’ statement:

non terminal TFunction function declaration;

non terminal TExpressionList expression list;

non terminal TNumberList number list;

non terminal TIdentifierList identifier list;

non terminal TExpression expressionstatement;

non terminal TBooleanExpression boolean _expression;
non terminal TCollectionlnitializer collection initializer;
non terminal TArraylnitializer array initializer;

non terminal TArraylInitializerList array initializer list:

non terminal TMatrixInitializer matrix_initializer;
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non terminal TMatrixInitializerList matrix_initializer list;
non terminal TCubelnitializer cube_initializer;

non terminal Tldentifier identificr;

non terminal TNumber number;

non terminal TString string,

precedence, left associatively

precedence left ASSIGN,;
precedence left AND, OR;
precedence left EQ, NEQ;
precedence left LE, LEQ, GE, GEQ;
precedence left MINUS, PLUS;
precedence left TIMES, DIV, MOD:;
precedence left UMINUS;

precedence right POW;

Grammar rules

statement ;- while statement:whileStmt

1 RESULT = new TStatement(whileStmt); :}

| for_statement:forStmt

{: RESULT = new TStatement(forStmt); :}

| if_statement:ifStmt
{: RESULT = new TStatement(ifStmt); :}

| expression statement:expStmt

{: RESULT = new TStatement(expStmt); :}

| function_declaration:funcDecl

{: RESULT = new TStatement{funcDecl): ;}
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statement_sequcnce ;= statement sequence:stmtSeq statement:stmt SEMICOL
{: RESULT = new TStatementSequence(stmtSeq, stmt); :}
| statement:stmt SEMICOL

{: RESULT = new TStatementSequence(stmt); :}

while_statement ::= WHILE boolean_expression:booleanExp DO statement_sequence:stmtSeq
LOOP

{: RESULT = new TWhileStatement(booleanExp. stmtSeq); :}

for_statement = FOR identifier:iid  ASSIGN - expression statementiexpStmt  TO
expression_statement:expStmt2 DO statement_sequence:stmtSeq LOOP

{: RESULT = new TForStatement(id, expStmt, expStmt2, stmtSeq); :}

| FOR identifier:id = ASSIGN  expression statement:expStmt  TO
expression statement:expStmt2 STEP expression_statement:expStmit3 DO
statement_sequence:stmtSeq LOOP

{ RESULT = new TForStatement(id, expStmt, expStmt2, expStmt3, stmtSeq);

if_statement ::= [F boolean_expression:booleanExp THEN statement sequence:stmt END [F

1 RESULT ~ new TIfStatement(booleanExp. stmt): :}

- IF boolcan expression:booleanExp THEN statement sequence:stmt] ELSE
statement scquence:stmt2 END IF

{: RESULT = new TIfStatement(booleanExp, stmt1, stmt2); :}

L]

function_declaration ::= FUNCTION identifier:returnName ASSIGN identifier:funcName
LPAR RPAR statement_sequence:stmtSeq END FUNCTION

{: RESULT = new TFunction{returnName. funcName, null, stmtSeq); '}
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I FUNCTION identifier:returnName  ASSIGN  identifier:funcName LPAR
identifier_list:idList RPAR statement_sequence:stmtSeq END FUNCTION

{: RESULT = new TFunction(returnName, funcName, idList, stmtSeq); :}

| FUNCTION identifier:funcName LPAR RPAR ASSIGN
expression_statement:expStmt END FUNCTION

{: RESULT = new TFunction(funcName, null, expStmt); :}

{ FUNCTION identifier:funcName LPAR identifier_list:idList RPAR ASSIGN
expression_statement:expStmt END FUNCTION

{ RESULT = new TFunction(funcName, idList, expStmt): :}

| FUNCTION LBRC identifier listidList RBRC ASSIGN identifier:funcName
LPAR RPAR staternent_sequence:stmtSeq END FUNCTION

{: RESULT = new TFunction(idList, funcName, null, stmtSeq); :}

| FUNCTION LBRC identifier list:idList RBRC ASSIGN identifier:funcName
LPAR identifier list:idList2 RPAR statement_sequence:stmtSeq END FUNCTION

{: RESULT = new TFunction(idList, funcName, idList2, stmtSeq); :}

expression_list ;;= expression statement:expStmt
{: RESULT = new TExpressionList(expStmt}; :}
| expression list:expList COMMA expression statement:expStmt

{: RESULT ~ new TExpressionList(expList, expStmt); :}

number list ;= number:num
{: RESULT - new TNumberList(num); :}
| number list:numList COMMA numbet:num

{: RESULT = new TNumberList{numList, num); :}
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identifier_list ::= identifier:id
{: RESULT = new TldentifierList(id): :}
| identifier list:idList COMMA identifier:id

{: RESULT = ncw TldentifierList(idList. id); :}

expression_statement ::= number:num
{: RESULT = num; :}
| identifier:id
{: RESULT =id: :}
| string:str
{: RESULT = str; :}
| identifier:id LPAR RPAR
{: RESULT - new TFunctionCall(id); :}
| identifierid LPAR expression list:explist RPAR
{: RESULT = new ['FunctionCall(id. cxpList); :}
| LPAR expression_statement:cxpStmt RPAR
{: RESULT = expStmt; :}
| MINUS expression statement:expStmt
{: RESULT = new TExpressionPrefix(expStmt, "-"); :} %prec UMINUS
| expression_statement:leftExp PLUS expression_statement:rightExp
{: RESULT = new TExpressionlnfix(leftExp, "+", rightExp); :}
| expression_staternent:leftExp MINUS expression statement:rightExp
{: RESULT = new TExpressionInfix(leftExp, "-", rightExp); :}
| expression_statement:leftExp TIMES expression_statement:rightExp
{: RESULT = new TExpressionInfix(leftExp, "*", rightExp); :}
| expresston_statement:leftExp DIV expression_statement:rightExp
{7 RESULT - new TExpressionInfix(leftb xp, ", rightExp): :}
texpression _statement:leftExp MOD expression_statement:rightExp
{: RESULT = new TExpressionInfix(leftExp, "%", rightExp); :}

| expression_statement:leftExp POW expression_statement:rightExp
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{: RESULT = new TExpressionlnfix(leftExp, """, rightExp); :}
- identifier:id ASSIGN expression_statement:expStmt
{: RESULT = new TAssignment(id. expStmt): @}
| identifier:id ASSIGN collection initializer:collectionInit

{: RESULT = new TAssignment(id, collectionInit); :}

L]

boolean_expression ::= LPAR boolean_expression:boolExp RPAR
{: RESULT = boolExp; :}
| boolean_expression:leftBoolExp AND boolean_expression:rightBoolExp
{: RESULT = new TLogicalBoolean(leftBoolExp, "&&", rightBoolExp); :}
| boolean_expression:leftBoolExp OR boolean_expression:rightBoolExp
{ RESULT = new TLogicalBoolean{leftBoolExp, "||", rightBoolExp); :}
| expression_statement:leftExp EQ expression_statement:rightExp
{: RESULT = new TRelationalBoolcan(leftExp, "==". rightExp}: :}
| expression statement:leftExp NEQ expression statement:rightExp
{: RESULT = new TRelationalBoolcan(leftExp, "=", rightExp); :}
| expression_statement:lcftExp GE expression_statement:rightExp
{: RESULT = new TRelationalBoolean(leftExp, ">", rightExp): :}
| expression_statement:leftExp LLE expression statement:rightExp
{: RESULT = new TRelationalBoolean(leftExp, "<", rightExp); :}
| expression_statement:leftExp GEQ expression_statement:rightExp
{: RESULT = new TRelationalBoolean(leftExp, ">=", rightExp); :}
| expression_statement:leftExp LEQ expression_statement:rightExp

{: RESULT =~ new TRelationalBoolcan(leftExp, "<=", rightExp): :}

collection initializer ;- array initializer:arraylnit
{: RESULT - arraylnit; :}
| matrix_inttializer:matinit
1 RESULT = matlnit; :}

| cube _initializer:cubelnit
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{: RESULT = cubelnit; ;}

array_initializer ::= LBRC number list:numList RBRC

{: RESULT = new TArraylnitializer(numL.ist); :}

array_initializer_list ;= array initializer:arraylnit
{: RESULT = new TArrayInitializerList(arraylnit); :}
| array_initializer list:arraylnitList COMMA array initializer:arraylnit

{: RESULT = new TArrayInitializerList(arrayInitList, arraylnit}; :}

1

matrix_initializer ::= LBRC array initializer list:arraylnitList RBRC

{: RESULT = new TMatrixInitializer{arrayInitList): :}

matrix_initializer_list ;= LBRC matrix imtializer:matinit RBRC

{: RESULT = new TMatrixInitializerList(matlnit); ;|

i LBRC matrix_initializer listmatlnitlist COMMA matrix_initializer:matInit
RBRC

{: RESULT = new TMatrixInitializerList(matInitList, matlnit); :}

cube_initializer ;= LBRC matrix_initializer list:matInitList RBRC

{: RESULT = new TCubelnitializer(matInitList); :}

identifier ;= [D:id
11 RESULT = new Tldentifier(id); :}

| ID:1d LBRK expression statement:expStmt RBRK
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{: RESULT = new Tldentifier(id, expStmt); :}

| 1D:id LBRK expression_statement:expStmt! COMMA
expression_statement:expStmt2 RBRK

{: RESULT = new Tldentifier(id, expStmt1, expStmt2); :}

| ID:1d LBRK expression_statement;expStmt] COMMA
expression_statement:expStmt2 COMMA expression_statement:expStmt3 RBRK

{: RESULT = new Tldentifier(id, expStmt1, expStmt2, expStmt3); :}

number ::= REAL:real
{: RESULT = new TNumber(real, false); :}
| COMPLEX:complex

{: RESULT = new TNumber(complex, true); :}

string ::= STRING:str

{: RESULT = new TString(str); :}
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3.6 @398 GUI nmmsaarefulavasves JOGL wslwlumsuaasnsv

v ¥
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IEMIANAINUGIY
e § 4 o
JOGL 2150199195 m0u J2SE 1.4.2 3ulyl daluniazld rava 1.6.0 uaz a1 Ivae

JSR-231 1.1.0 release candidate 2 U949 JOGL 31N https://jogl.dev.java.net al,ufjﬁamﬁ“l%’mm

o

¥ H ]
JOGL uugti191 JARs uaz DLLs A339sgnindslulasanesvesaumewmuiiaz Ieylu JIRE

dl é ar © ]
lasnned %97 JARs oz DLLs aunsald lasmsivua class-path 1102 A1 java.library.path

U command line
The Callback Framework

JOGL Uaaaueamsasediuuaninans Wnydne 2 aalafe GLCanvas uay GLIPanel

& o a = o & @ )
111190 GLAutoDrawable dwwesadiannsaldanldmiloniu drawing surfaces

dmsuRrdalu OpenGL

Y ]
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o ' 3 My o Yoy 4 4 g ' A 4,
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L2 Q’J’ =] 1 =l 4 Y o
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aldeuwladlu GLCanvas waziimsnasuiidosve 1o GLCanvas gnasialundausn
. N . < 43’ & ; E 7 ta 3 9 '
GLEventListener’s 14598 init() vegnionyuwindyuseatl lolumsldaniuauliunaniug
W99 OpenGL 191 canvas azgnulAsuminasufisnauiinensusn  GLEventListener's
0 3 4 o 4 4 e a4
reshape() 3EM1UALNT WA TR ERIMTAIURVAVTUAUYD I viewport LAY projection
4 by o gy d & o o o
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import com.sun.opengl.util. GLUT:
import javax.media.opengl.glu.GLU;,
import javax.media.opengl,*;

import javax.swing.JFrame;

public class GLGraph extends JFrame implements GLEventListener {
/* Uszma GLIPanel dwfuiuiuiiuanna +
private GLJPanel glJPanel = null;
/* UsgmanaNe GLCapabilities M3 mRudeyanuanso lumsuaaswa *
private GLCapabilities glCapabilities = null;
+ Usznianatd GLU saumidelu gluh +/
private GLU glu = null;
i+ lsgmanana GLUT 39usdalu gluth *

private GLUT glut = null;

public JoglExample() {

setSize(400, 400);

setLocationRelative To(null):

setDefaultCloseOperation(JFrame. EXIT_ON _CLOSE);
padeffmueuaNla
glCapabilities = new GLCapabilities();
pimualdiinsldaimdisanitszuana
glCapabilities.setHardwareAccelerated(true):
i mualdiinigi double buffer
glCapabilities.setDoubleBuffered(true),
adaiufnanwaliiguauianuidma
glJPanel = new GLJPancl(glCapabilitics):
//ﬁmuﬂé’hiaﬁumwmﬁrﬂuﬂmﬁﬁﬁwmﬂwﬁu

glJPanel.addGL EventListener(this);
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sfmuaiuiitaaaliimeid et
setContentPane(glJPanel);
gllPanel.setVisible(true);
/319 GLU uae GLUT soldfany

glu = new GLU():

glut = new GLUT();

setVisible(true);

 axgnidontihamudesy Tusunsa f‘?m%"m??amﬁugmmm */
public void init(Gl.AutoDrawable drawable) {

GL gl = drawable.getGL(},

gl.glClearColor(1.0f, 1.0f, 1.0f, 0.00);

gl.glClearDepth( 1.0f):

gl.glEnable(GL.GL CULL FACE})

gl.glFrontFace(GL.GL CCW):

gl.glShadeModel(GL.GL SMOOTH);

reshape(drawable, 0. 0, getWidth() , getHeight());

* aggndunIdhaudmsunisuananasanniamiiee
public void display(GLAutoDrawable drawable) {
GL gl = drawable.getGL(};
gl.glClearColor(0.0f1, 0.0f, 1.0f, 1.0,
gl.glClear( GL.GL COLOR BUFFER BIT | GL.GL DEPTH BUFFER BIT);

gl.glLoadldentity():

. o
AT NRNT TN
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/* wrgnisonidlefinaalasuunaveanthaie lsunsy #
public void reshape(GLAutoDrawable drawable, int x, int y, int width, int height) {
if (height == 0)
height = 1;
GL gl = drawable.getGL():
i ﬁ"l“}'iuﬂ‘ﬁ?uﬁ viewport
gl.glViewport(0. 0, width. height):
gl.gMatrixMode(GL.GL PROJECTION):
gl.glLoadldentity();
i 8uams T sendudiuuuu perspective
glu.gluPerspective(90.01, (float)width/(float)height, 0.0001f, 50.0f);
gl.giMatrixMode(GL.GL_MODELVIEW);
}
 szgnieriiedinisn/deuntsaeimamiiine »
public void displayChanged(GLAutoDrawable drawable,

boolean modeChanged. boolean deviceChanged) ¢
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1. MNPBUAALULIANAIY (Cavalier) Tunuuiildasidiunmszndng anuntie : anugs -
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37 Wlddmmsuaawanivlminsonanmasenmanioamsunosld

14 IDK 1.0 uaz 1.1 fammdeadunisiiuiaen Printers #1Fusouthadn udisy
91 JDK 1.2 Tu package java.awt.print ﬁﬁﬂmﬁ‘qﬂiﬁﬁjﬁWﬂ'g‘Uﬁuﬁ'@ﬂﬂ Printers ﬁ“l%’améw
iz daven1¥14 Graphics2D ¥1m15 rendering MwiszRu laa1038@ o un vz uaaa
UMW AAETIRYITUNSANWAD Printiob, PagcFormat L1Qg Printable

AR Printob 19§ M3 uAIUANT printing dialog 130 page setup Suuerns uazdalst

2 o = o A o =) oy [ s . 3 ] 1 J
Suinsnud TsunsuAvinsfinddoaasa print job Yunaw uanaraiiid abstract class

¥
o

o =S 9 =4 o [ by X g P}
AIUUVIADIN factory method TN ITUTIY instance YUAD
public static PrintJob getPrinterJob();

A v, ) v y ° a A P ; )
iiold printer job LA AT IADINTHUATINIZTWUN Faluama implements Printable LUDg

i ldmuald print job Tag

public abstract void setPrintable(Printable);

public abstract void setPrintable(Printable, PageFormat);
¥ o ) 7 3 M ) - o ¢ o3 a
WINADINITUAAY printing dialog 1HABATIMUA option TUAITRUW DTN

public abstract boolean printDialog();

I I Y 3 yg Y 1 ¥ = s o o g . Ay )
ffidanauniilu rue uaashAlF il dendnmanun weminihy false Hodosntsly

oo a4

FUMTAWNGON
public abstract void print() throws PrinterException;
= t ) d 5 oA
LAZHINIEYNLANNDUNIIWUNWLTIINLIUN

public abstract veid cancle();
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. o . - 2 as o < r‘»; { = . . dyd
Printable 104 interface # s e adusaiaiimuadsfoeinwly interface Tilies

method 1A8IAD

public abstract int print(Graphic g, PageFormat p, int ind) throws PrinterException;

& 4 X ¥ y 4 4 | . A

AIAAHN implement Printable Ao 190 mNaR muaaz Ao 15ae 11y graphic 7
I o) '8 3 9/ 1 ' ) I o . ° .
Hluwisiimasiiuuma uazazld page format rula dauvisriimes iy int A1MuA9A index

ot = o = - ;d ] { o [
U949 page NVTWUW 106N page 7 0 100 1 interface HiAAINDna0IdfD

public static final int PAGE_EXISTS;
public static final int NO_SUCH_PAGE;

¥
print(}) 3¢ ®3 PAGE _EXISTS RLLLTALRY page B11T1 index WU LADL A
NO SUCH PAGE 113 page Wit ilotTuvmsfium printer job 921500 17 print() vo4

4 o ~ r.,: o o o
Printable 1WA page N rendered 1d214 11WUW Aa1a PageFormat 19Mnuavuiauas

S A da o
orientation VDI page NIEWUW X constructor iy

public PageFormat();
P i I3 A 4 !
%992 19 page format Wl default n301MUA 1A printing dialog LAYINGIFDINT

9 ] ¥y ¥
NHUA page format 03nzAoald

public void setPaper(Paper p);

| o = gt o3,
ATA Paper 8¢ 11 Package java.awt.print 19 M UAYUIANTEATHALHRN constructor 11U

public Paper();

£ 3 oo N < o a e o F=: PN 1
39 paper NUULIA default 131 8.5 x 11" Tavtnfis1oe luRurauddnveunszay ua
= o ; o v 4 = 3|
pzwumwiemeluNunNSon 1 imageable arca F9TUUIA default 151 6.57 x 97

TN M UAYUIRYBY paper LAY imageable 14 1814

Public void setSize(double width, double height);



Public void setlmageableArea(double x, double y, double width,double height);
lunaia PageFormat HAnsRd M5 R 1MUA orientation Y94 page AD

Public static final int LANDSCAPE;
Public static final int PORTRAIT;

Public static final int REVERSE LANDSCAPE;:

Y
Tas PORTRAIT #unszawe1 lunuade d9u LANDSCAPE lunseaivenly
HUIUDY

A0 PageFormat i} method 191519529801 orientation #19

Public int getOrientation();

~ 108 4
WINABINITNS WYL IAYE paper A 1FBYNE N
Public double getWidth();
Public double getHeight();
v oAy Y - 1 o5 o Q’J’ . 2 )
A laeanuinuandlu 172" 43U WIANINTTIUVO protrait page AD 8.57 x 117

vedianilu 612 x 792 §1899715510 imageable area A 1%
Public double getImageableX();
Public double getImageableY();
Public double getlmageableWidth();
Public double getimageableHeight();

v Sdq o
UAZAINDINITNT U paper VDI page format 3N 1

Public Paper getPaper();

96
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// PrintTest java

import java.awt.*;

import java.awt.print.*;

class MyPrintable implements Printable {

public int print{Graphics g, PageFormat pf, int i) {
it (I<0)
return NOO SUCH PAGE;

Graphics2D g2 = (Graphics2D) g;
G2.setFont(new Font(*“Courier New”), Font.PLAIN, 30);
G2.setPaint(Color.red);
G2.drawString("“HELLOQ!”, 140, 140);

Return PAGE EXISTS:

}

class PrintTest {
public satic void main(String args[]) {
PrinterJob pj = PrinterJob.getPrinterJob();
pj.setPrintable(tnew MyPrintable());
i (pj.printDialog(}))
try |
pi.print():

i catch (PrinterException ) {

fnd MyPrintable 11113 implement Printable 1l prin() @14 51 rendering MANIEENA
¥ ¥
a41d Graphics g TuAae19iliiewn e “Hello!™ 11U
. v . & y : v _ .
A81d PrintTest ©1519 PrinterJob pj ulagly getPrinterSob() 1% setPrintable() 11U my
i 4 & saw $ a Lo A . . Vg ¥ )
printable Negwuw 1A antiuson pointDialog() IBLEAY printing dialog ﬁWﬂQi‘hmﬂﬂ option

YW & 4 A a .
Has Gl’é)“UGlﬂﬁ»‘l%%ulﬂﬂ”lﬂﬁ‘UiﬂLﬂu true ﬂi]:LS)Jﬂﬁ‘WM“WTﬂU print()
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4.1 wamsiavealilsunsy

A o o'

3 o [} i @ = Y o ~ 9 o g dy
WoRNgalldmuhAwaawin lannmsdwan laolUsunsuf IdWannduniin

&

| 5 F = = v dw D A v @ ' 9 o
anudu¥ens 33lanimafSeuRvuradwsduTusunsuitiufsonsudusdrsndeung 1wy
=§ =] = A @ r dy
fio TU5unsW MATLAB $us1ezuaaslindiu oo ldns aiftnwidedade 17
d‘ﬁ o [ U
4.1.1 nIdANET : Ml llsunsudImTun1sHIAT %.5.3 aT 7.5,
¥ i a @ & o
srenansaly lUsunsuiidian ldmiswnsesfamanag 1 18Fsaas o
3 ] 3 & Qs =N & @ '
Auguldedasudiu uazuenantiudieinso lisdduntndamaniiialiarae [ddae
0 2D €5 B " A do A de Y o
TasmshaudidamideiusimnsotloufanduiasHandunTonannaron i Fudeiu
' | o L o = 'l < o o
Tuurazyedidanld Taowzendiedilaenmsdisuilandulugilvesansalsi lWddmsuns
MIRTHITI 3NN (H.5.30) UaZhms 1By (7.5.14.)
- 133NN (Great common divide)
function v = ged(a. b)

g Olg

if'a < b then
c—a

a=bhb;

b=c¢;

end if;

while ¢ 1= 0 do
c=a%b;
a=bhb;
b=c¢;



YV =4,
end function$
é -] =3 a 4 dy
Fausreansoin 14 TaemsSonfadsu ged 1w
> ged(25,250)
Output.: 25.0

Qms’wﬁav (Least common multiple)
function v = lem(a. b}
c -1t
X =al
y=b

ifa < b then

while c =0 do
c=a%b;
a=b;
b=c:

loop:

z-=a,

v =(x*y)Vz;

end function$

lé o = o o ;
gusrmioti 11 laomsSonfeddu lemldaeil
> 1em(25,250)
Output.: 250.0
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Taois 1921805 W y = sin(x) Taoma 19 sdaudail

>>x =-4:0.1:4
y = sin(x)

plot(x,y)

vz 1dnsnldagl

<) Figure 1
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DeEae » e e llE «»0

oo x|

1 - ; : : ¢~ Smd

d&T'|
o4t "
02t
g -
02 %
a4t )

06+ \ Vi

08¢ \, /‘

1 L Rt 1 L i

o6} | N

-4 3 ¥ -1 0 1 2

el
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- A10619MINAN TN 1 MatVis

Ed
s A

o o
Taw3192 9051 v = sin(x) Tagms 19 anduaail

> function f(x) = sin(x) end function

> fplot2d("f".-4.4.0.1)
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>>plot3(sin(t),cos(t),t)
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>i=0
o d
Waans: 0.0
>fort=0to 10* Plstep PI/50do
m(i, 0] = sin(t);
mi, 1] =t
mli, 2] = cos(t);
1=1+1;

loop

>Iplot3d(m)
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[X.Y] = meshgrid(-6:.5:6);
R = sqrt(X."2 + Y.A2)
7 =sin(R)./R;

mesh(X.Y.7)
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function f(x,y) = sin(sqrt(x*2+y”"2)) / sqrt(x"2+y”2) end function
m = meshgrid("f",-6,6.0.5)
plot3d(m,25,25)
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‘Funcnon
Funrhon
FUHLUOﬁ
Function
Function
Function
F uriitier
Funetian
:Flﬂ'u tign
Funghdmn
Faagtion
Fulul:;.u
Fer s tioe
Fum_-{mn

Farigtion)

Funthion

Furetion.

Functmn

Fun«_tmn‘ )

Flnttion

Eunction,
Wi, alny’

_Function
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Ed
{1}
x|
Type of identifier or furnction, ‘ Valug of variable or detail of function. | |
ohi [F distribution -
_|Returns the arc tangent of a value; t.. |
t~d|;trsbutlon |
RP!ums the trigonometric cosing of |
‘Read input real number from kF'\.rhu =|
_H-we a sound Beep 1
setaxes of 2d graph
= Returns the hyperbolic tangent of a
Solution of gauss algorithurn
Read input sting from keyboard
'xj.'?! thehumber of columns of rmatr !
find atisalite value 1
Fead rmatted3ta rom anle ’
errEn Qe value W W matrs to Zero i
4 sstorrrabe strinutian $
q et ghid of 2d graph |
¥ Setz-(oordiante label ]
Fetumsthe hyperbolic cosine ofa d
__oolution of integrate.zlgonthur
Jh O Adddest towgraph
o Mfriteomatrid data toa file |
rand armn g
~eSamma d[.-.tnhu!um )
e [ Retumsthe hyperhub:me of 3 dou.
4 Beta d|strltlutmn | |
A€ xPlﬁi ar u.nnh frum nmrtmn £ Bet]

AW T,

= u A A
MWN 0.6 naasninvelUsunsaniemeniany Symbol table

' Y " "
Taof ludaumenuesdrasinedansdmiugnlden Tawnfiden 141w 1 sunsy

v

T TTEANEY

- Matrix tool

A A o ™ - Vg a dany Y Y oy
nsoaodmsuMstansa luwnsnan aade13uds

v 1 [l 9y g a id‘y W & o Y
A200139 U 151 ldad1aunInsrua i laodmualy a -



120

OK | Cancel

a v A A
NINN N7 llﬂﬂ\iﬁu]‘ﬂﬂiﬂi!lﬂiul”ﬂ!ﬁﬂﬂﬂﬁd Matrix tool

Yy ¥ v dcly [

{ a [ W a ¢
VNN 1.7 FuNAIUTFoIMIIaMIdunsng M5 laad1e 1398y Al¥isava

1A a P 3 é ddydél
mslavemnsnandalyl & luintinfe a

Matrix Yiewer

MNN 0.8 uanIHI1990115UnTH Matrix Viewer

v 0.8 Tilsunswazuaasiimoluwmingms 1dase 131disg Taos

Y v A

¥
ausaiimsud lvar luasail laviun
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n.14 mydadmsumslyiandu

a4 o v Yq Y Y w = dao 1 q’f
wennuazaINdmsudlFa Tsunsu ladamsvuuyilanduaeniamuaves

F
@ A

] ] \ '
Tdsunsumor I3 deannsaiuldmavnves Tsunsy aludmveamydail azinie

¥

[~ = () o AY ) @ dy
poniluninanyvegiulszinnveslansundoans 9w Al

Y

- General Hanaunia i)

: 7w a B’ﬁy
- Mathematics memaﬂmmmamwugm

. d o Y a @
- Collection HanFuvoyawiianaamndu
o @ =y

- Graphics Handunsuaananians1wiln
- 10 Hardu 170
- Numerical At Fud s UNs AU ST IENa Y

iV @ w an
- Statistic WINFUNINTDa

B sciencetific software for mathmatical solving and simulation, AR e =101 x|

File Edit Tools

2 Mplot2d "fure narme”, «bingsiax xifc - -
+ General

+ Mathematics
+ Collection
=Graphics

Plot2d FPloted
Plor3d FPlot3d
LPlot3d Title

" Axesed Axes3d
XLapel YlLabel
ZLabel Text
Grided Grid3d

Gfx Clean

+1/0

+ Numerical

+ Statistic

v
<« Il i R

L«

a o ] v b3 ) s v ¢ ar
MAN N9 uﬁmmammm%wsammjaﬂmmumﬂwmﬂanw

@

y g a A d fo Ay A fo A A s o
M3 lrunigInanNHnFuUNABINT Twievoadinvuiieniunee luaasly

' s 9 ] ] = sy 3 o o P & A & o v A

AINNHoE WIoUAWAMTIUIN0I A0 I FF T U Ty Tavszdalludimisde

A qyyvay ¥ g o A - YS Yy aw i - A

wolvgladnlalusgduntien winimeitiudosldnnlszinnla odralunini n.o 1suden

J v ] ; 7w o o

Handu fplot2d Tsunsunezuaas¥olsnFuiazwisinosae fplot2d( "func name”, xMin,
& "y v a ¢ o & w Y &

xMax, xInc ) FaruwaNuNAeelY 4 msiiwes sduludeslaliasuan

v
Tudnaeeswazidoavesuaazdanduiiuee ldnandluindeda la
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n.2 Wansudldlaludlsunan

' ; = = & o ' = A ] o
ludutiszesuedsilentuman JuTilsunsy Tavaznansyiinvaanisaua ¥iin

[

¥ = v dely ¥ 3 P
Yoyaniu uazwadansh laninmsiFileiduiug
J o u'.c
n.2.1 ﬁ’anwm‘lﬂ (General Function)

beeb
String beep()
Return

= &
Y LN ORY]

fibonacci
Real fibonacci(Real r)
Parameter
ri= §1UIU5 1A
Return
AveafladFudTuing
hamonic
Real fibonacci(Real r)
Parameter
r= 1UIUT 199
Return

aoafandue Tuiln

exit
void exit()
Return

VAT
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sleep
void sleep(Real time)
Parameter
. ' | o o T =) =
time::= A1voaIauduimausala eyl
Return

WA DANIANMIHUA

run
String run(String filc name)
Parameter

y = o = @ a
file_name::= Foan3u Idndoanis Inaa Taedossyy Path vou Ind i auud

&

' g Ll ] o ' ]
wu ldeglulasd ¢: Adpaszipilu “cipathifilename” FunadusiAesiinisldnTosvue «
@ o {o g o 4
Maatlatiode msrzdoyafsuuily Sting

Return

mmssuaniil

¢ e 4 A
n.2.2 HaNFuUMIAlinmansW1g1u (Mathematics Function)

sin
Real sin(Real r)
Parameter
' ' = =
ro= A10IYN (Meihingu)
Return

aualanilued Tnmiia

cos
Real cos(Real r)
Paramerer
r= ey (misuilws@en)
Return

Auarla 'l lues Inmiia



tan
Real tan(Real 1)
Parameter
[} ' o =
ro= ﬂﬁlﬂ\‘lllqll (Hmmﬂmimw)
Return

& ] o = -8
AUANLIUN LUAT INUNH

asin
Real asin{Real r)
Parameter
1 1 =1 p=1
re= A1Y0INY (MU RN
Return

A ' o L4 1 v \ = .
Audruospnin lal Tasazeglusie -pi2 89 pir2

acos
Real acos(Real 1)
Parameter
' v =] =3
r= ﬂ']‘U'E'Nl‘!iJ (WH’JULﬂMﬁ!ﬂUH)
Return

=] 1 4 4 ' ] . =1 B
Audvedeiin ln land Tavazetlusgag -pir2 84 pir2

atan
Real atan{Real r)
Parameter
' ' =1 P
r= ﬂT‘U'fNigll (wmmﬂummau)

Return

& 1 o L4 ' ' . =& .
ALATYDILITALNIILNY Tavazog 1ug9 -pi/2 D3 pi2
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cuberoot
Real cubercot(Real r)
Parameter

ri= MIUTe 1A
Return

AUDITINNAW

ceil
Real ceil(Real 1)
Parameter
ri= IHIUTI]R9
Return

o j
SiRIAREE1 YT ASETLY

floor
Real floor(Real r)
Parameter

ri= UIUTI1A
Return

FIMsiafEag

sinh
Real sinh(Real r)

Parameter

¥ 1 = A
ri= AIUBIHY (Huamﬂugsmﬂu)

Return

fmodlanles Tuan ol
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cosh
Real cosh(Real r)
Parameter
ri= A1vBayN (uuThus @)
Return

aweslanlos Tuanlalasl

tanh
Real tanh(Real r)
Parameter
1 4 [~ ! F=
r.:= FH“U'EI\“IIJ?J (WM'JUL‘IJUESL@]U‘LE)
Return

] o = o
Aved lanlos ludnuniuaus

exp
Real exp(Real r)
Parameter

r= 1auTelAg
Return

T o '
Muodvouians oglugl

loge
Real loge(Real 1)
Parameter

r= 1IN A9

Return

AUAIUAIADMTAUTIUTTTUIIA(C)
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log
Real log(Real r)
Parameter
r= IHINDT SR
Return
AuA1vaIaeMIANIU 10
sqrt
Real sqrt(Real r)
Parameter
ri= $IUIUTIIAY
Return

AIINNAD3

max
Real max(Real r1 .Rcal 12)
Puarameter
rli= 938U
2= $1U591A0
Return

AYIRANINTILIUADITIUIY

min

Real min{Real r1.Real r2)

Parameter
rli= $UIUT A9
r2u= %o'lu?uiltﬁaﬁﬁlﬂ“]
Return

MAIYAVINTIUIUADITTUIY
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random
Real random{)
Return

1 ! = =Y
guaenul U Ailoy

abs
Real abs(Real r)
Parameter

r= U9 1A9

sum
Real sum(String func_name, Real r1 ,Real r2)
Parameter
fune name:= Sove sy Tavflinduildiudo s mundiuiladdusiasumnaz
SumisiimesiRnn 1A
(e $uauedelan fdaefivzSus o
20— $wwnialan fudgagedived unanoa
Return

[ (u’;
AN TINVDINIATY

¢ Y]
n.2.3 Wentudoyavlnnoaaat (Collection Function)

matabs
Matrix matabs(Matrix m)
Parameter
S o'
mi= N3N LA
Return

° Y o dq 1 a’j
1’11114?1”!114iuﬂﬁﬂﬂmﬂuﬂm’mﬂﬂﬁwﬂ



det
Matrix det(Matrix m)

Parameter

o o - 9 [~ a
mi= WN3NY IasnAsutluunInah

Return

! =t g [
AMVBDIAUNBDTULUUN

transpose
Matrix transpose(Matrix m)
Parameter
=y o'
mi= WN3NF LAY
Return

MM FOVA WU UIYDIUNGA

mzero
Matrix mzero(Matrix m)
Parameter
=y ot
me= NN 1A
Return

= 1 =Y (Y 4
nlasunnarluwnInldminugud

getRows
Real getRows(Matrix m)
Parameter
Y o
mi= WNIAY A9
Return

A

A9 1UIULDIUDIUNNT ABU U

JUUIAUDILOAZH AN UAY
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getCols

Real getCols(Matrix m)

Parameter

o o
mi= NN lag

Return

¥
) or - o o
ATIUIUHANDUUNITINTUUN

arrayLen

Real arrayLen{Array arr)

Parameter

o
arri= 058199

Retrn

a P o o Q’I’
mmum‘imma‘ﬂuazﬁﬂuuﬂ

arrayToMat

Matrix arrayToMat(Array arr)
Parameter

L
arrii= IS0 1A

Return

g ¥ o a o A A o = de ¢ o
u'ﬂmamUclmﬂummﬂmmum IxN D N ﬂammumammmwagh@zt‘iuuuﬂ

meshgrid

Matrixi meshgrid(String func name, Real rMin, Real rMax, Real in¢)
Parameter

. A o o dar e 913 by ° Y o w '
function_name::= yoveadladdu TasHadsunldiudoismuatluilinduriasum
A 1 Qr

nagAun 2 As

Min:— midiganii ludunm

rMax::

aaiith ldf o

I
=
-

. 44 3 .
inc:= MAuvU LR azsou

Return

- ° o aa
lﬂﬂﬁﬂmﬂ!ﬂumﬂy’ﬁﬁqﬁﬁﬂﬂﬁ'lw 3uA



n.2.4 Handunisuaaanan1an Wil (Graphic Function)

plot2d
String plot2d(Matrix m)
Parameter
=) L4 o 3 9 = o dy
m:= WnIng lashlumsnanimiuazgadaninyadsil
m[N.0] UnuUMAR KU x
m[N,1] UNUANA UNHL y

Return

19NN 2 A

fplot2d
String fplot2d(String func _name, Real xMin. Real xMax, Real xInc)

Parameter

131

& J do AqYe Y o = 7 o a o A
func name::= ¥ovoifantu Inodsngunlsiuassimuadludsnduytiaivnashu

AW TIees 1A
Mins= Alugasiigaivi s
xMax:= mlugasgagedithlldnn
xinci= A1 Az soUNs A0l

Return

ans i 2 TR anfadau

Iplot3d
String Iplot3d(Matrix m)

Parameter

b

Y]

mi= ning Jaoilumsnans wiihs rdaBanIngaRsi
m[N.0] UM X
mIN, 1] nuafigwmia y
m[N.2] LAUMIRG M 2
Return

Nnens vl 3 TAnadoyaifudu



plot3d
String plot3d (Matrix m, Real xMax, Real zMax)
Parameter

¥
o A

a L4 a n’/’ 3/ =
Intzluﬂiﬂ95iﬂﬂﬂiuﬂTS31ﬂﬂ51wlﬂ4ﬂ$QWQGQQWﬂﬂﬂﬂQH

1
U

m[N,0] UNUANA N x
mIN,1] unusid e y
m[N.2] numis M 2
xMax::= f11x qaqmﬂweummﬁﬂmmmm
Max:= A1z gagadurounafiosnana
Return

1Mans1 3 UA

fplot3d
String fplot3d (String f name, Real xMin. Real xMax. Real xIne, Real zMin, Real zMax, zInc)

Parameter

W
¥ °

¥ 7 o fo A @ o 7o a o
f name:= Foyoaflandu Iaodinduilsiudostmuatuiandusiiaiviazau
' =Y o '
AWITNURDT 2 A1

xMin:= A1 x Tugrsdraaniii lldaw

a

v
=3 o

xMax::= 1 x Tuaagegai ldnn
xIncs= A1 x TANAUluuAaz o UATA LG
Min:= 12z luedgai s man
Max:i— M z Tuasqege i T
Zincsi= 1 7 iRuAU TunARz UM AU

Return

aa a’uI/
1180519 3 UAINHIAF U

axes2d
String axes2d(Real xMin, Real xMax, Real yMin, Real yMax)
Parameter

xMin:;:= AN x ‘ﬁsﬁwqw

h.

xMax::= WA x NI

yMinz= ANy y NAI1gA
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yMax::= AWNY y ﬁq&tﬁ

Return

MIATHUAUAULUNTIN 2 1A

axes3d
String axes3d(Real xMin, Real xMax, Real yMin, Real yMax, Real zMin, Real zMax)
Parameter

xMin:i= AU x NEIgA
Y

hi

yMin::= AMAU y ﬁﬁﬁ!ﬂ

==b

xMax::= AWAY X

yMax:i— Funiy figeea

Min:— funt z fid e

zMax:= ALY 2 ‘ﬁq’ﬂ’cm
Return

AMIMAUAUNULUNIIN 3 UA

title
String title(String namc)
Parameter
di - kY 0
name::= waﬂiwwmmmimwuﬂ
Return

Q ﬂ‘ -y
AMrua¥evoaniav 2 Ua

xlabel
String xlabel(String name)
Parameter
ﬁ‘! t=i ¥ o
name::= YaUNH x NHNINTINTHHURA
Return

° & ]
fvuatelvununu x
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yabel
String ylabel(String name)
Parameter
A oy o
name::~ BAUNU y NABINITATHUR
Return

[ d'l 3/ |
fmua¥e iununu y

zlabel
String zlabel(String name)
Parameter
name::= Founy z IABINITAHUA
Return

3 d‘ o 1
fvuagelvununy 2

text
String title(Real xPos, Real yPos, Real zPos, String msg)
Parameter

o ]

xPos::= U UIVUUDU x
xPosi= AIUHUILUIAY v
xPos::= AHUIVULNY 2

Y - g
msg::= VOAITUNHDINTIHUTAY

Return

wivdannu T lunswhdumisiszy 13

grid2d
String grid2d(Real nx. Real ny)
Parameter
nx:= YUIAVDINTA TUUNY X
ny:= YUIALDINTATUUNU v
Return

SruavuaueInialuni i 2 4a



grid3d

String grid3d(Real nx, Real ny, Real nz)

Parameter
nx:= YHIAVBINT A THUNU x
ny:= YHIAVDINTA TWALNY y
nz:i= YUIAYDINIA TULAY Z
Return

AvuaTHIAYDINITA lunI v 3 1

gfixclean
String gfxclear()
Return

k-3 d‘ ' 1 :i c; % & s [} nl 9t
wimsaldounmnogsifesnunaWnndulddsniudu
¢ 7
7.2.5W30%% 1/O (/O Function)

inputReal
Real inputReal(String msg)
Parameter
¥ =y v 4 v o 1w
msgi.= mammwmamﬂmmﬂaﬂaumuwuwawﬂwaga
Return

AT IUINTTINS VNI LA

inputComplex
Complex inputComplex(String msg)
Parameter
9 g 9 & o R
msg.= ‘Ui".lﬂ’.]'lﬂJT]ﬂﬂﬁﬂ'ﬁ‘lWLLﬁﬂiﬁ’f)H‘UU“rTU“]?JTUﬂ'HJ'E)i;I,ﬂ
Return

t o a 3 o o J
ADTUIUEIFTAIUNTUIINADUDTH
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inputString
String inputString(String msg)
Parameter
Y dy Y & Y w 19
msg::= wmmmmm'ﬂwmemauwﬂm%muﬂwwﬁ
Return

LY

¥ - o o
VOANUNITUNNAUUBTA

loadMatrix
Real loadMatrix(String file name)
Parameter
file_name::= 5o IARALAuuMSnFAd8N5 Inan Taokeaszy Path voulrd 1
Fouau aundiaiu Irdoglulasi c: Adasszydiu cipathifile_name” Funaiusdesiimsld

Y P

& cons o = 9/ k% Y9 g ! 3
nTarue < Yartlatieae miizdoyan S uily String

o

Return

1o o A = o o
AITUIUIIINTUINAYUDTAN

saveMatrix
Real loadMatrix(Matrix m, String file_name)
Parameter
A'i = P Y
m:= YOUNINANADINITIrH
- 4 P < s e 1 e =] o A
file_name::+ ¥0 IWafidasmaiy Taouminahignadas legi Idawesiperiun
w
faaldsunsu’ld

Return

FJunnauuningaslulng
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1.2.6 WINTUFIMSUMIA 1IN B30 1aY (Numerical Function)

bisection
Real bisection(String func_name, Real lowerBounds, Real upperBounds, Real epsilon)
Parameter
func_name::= ‘?‘fﬁ)ﬁﬂfﬁ?u
lowerBounds::= fI1U0UAN
upperBound::= AYDUUYU
epsilon::= ANNURANAR
Return

] { ' i 4 o
Arsnvesaunisnog iy ludndu

integrate
Real bisection(String func_name, Real lowerLimit, Real upperLimit, Real epsilon, Real n)
Parameter

¥

Ta

func name:= %ﬂﬂ&
lowerLimits;:= A1810AUDLUAAI
upperLimit::= AINAYBUIVALY
epsilon::= AN NWHANA IR

ni= $1M9UT DT ABINIIA MW

Return

Arsnvesaumsneglurrswmunmsillasea Suniindu

gauss_elim
Matrix gauss elim(Matrix m, Matrix n)
Parameter
= 'L
m:= JNING a9
= o'
ni= WWNING Ao
Return

oS

w3 ndnruIsudtlymmsiidadudsuummd



polym_interpolate
Real polym_interpolate(Real r, Matrix m)
Parameter
r= 1058 1R9
m:= m‘Vl?ﬂ“ff’
Return

Fudtyvwuy IndTuden

ludecompos
Matrix ludecompos(Matrix m,Matrix n)
Parameter
me= NINFUTIA MxN
= NS NEUUIA Nx]
S TUN S YD ULNT A m HURe AU Mg n
Return

aa Y = a W
'J‘ﬁtlﬂﬂiUUH"ILL‘UU LlﬂﬁgﬂﬂﬂNIW’dﬁhu

d o ana el | =
1.2.7 Wan¥unaaon (Statistic Function)

uniformdist
Real uniformdist(Real rl, Real 12)
Parameter
rli= $14UD59]A9
P2 DIUIUT A
Return

=Y o
MINTLNWHVUYUNBIY
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benullidist
Real benullidist{Real r)
Parameter

= 1IN IR
Return

MINTTNWUVUIUY]

binomialdist
Real binomialdist(Real r1, Real 12)
Parameter

rl= 9149UT e 199

2= $1UIULI A9
Rerturn

miﬂﬁzmamm"hmmma

geodist
Real geodist(Real r)
Parameter

r= $13u58 189
Return

A1INTLBHUUT 1DIuNsn

negbindist
Real negbindist(Real r1, Real r2)
Parameter

rl 35189

2 UIURTI1a
Return

=]
msﬂixmmmmuﬂmﬂ"hmﬂua
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poissondist
Real poissondist(Real r)
Parameter

= VIUU %?ﬂﬂﬂ
Return

NINTTDIVUND T AU

gammadist
Real gammadist{Real rl, Real r2)
Parameter
1= Pmaseleg
r2:= UIUTelag
Return

A1INTLINLHUULATNL

weibulldist
Real weibulldist{Real r1, Real r2)
Parameter
rl= $IU5 9 1A9
r2:= uuesalag
Return

NIINISITBLUVIIAUT

snormaldist
Real snormaldist()
Return

13NILAOHLVUDNDADUIIY



normaldist
Real normaldist(Real rl, Real r2)
Parameter
rl:= 31U elaq
r2:= 9N 1AY)
Return

AINITVLVUUDUDA

chisgrdist
Real chisqrdist(Real r)
Parameter

r= 14U %?ﬂﬂc]
Return

msnseneuuy lneunis

tdist
Real tdist (Real r)
Paramerer

= $1uIueselag
Return

AINTENVLUU T

lognormaldist
Real lognormaldist (Real r1, Real r2)
Parameter
rl:= S99 1A
2::= 91Tl
Return

o
NTINITAVHLUVIDAUDUDN
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betadist

Real betadist(Real rl, Real r2)

Parameter
rle= uuesalan
2= PUIUT Ay
Return

N19NITVIWULIUM

fdist
Real betadist(Real rl, Real r2)
Parameter
rl.= 5114’31!%?\31@]“]
r2:= 314U 319
Return

MINTLWLDLON
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a.3 Mo hadanlsuuuneaiaiy

s aadiulsuuuneadndu Tasms eseamneiinn {1 Fudanis
ﬂmm«umlm%’agaiﬂaﬁm?mqunﬂz = Hudanisdeya Taasemsoadiesdusuuy
avadinduld 2 pluuvdte

n.3.1 ozisel

ﬁg‘ﬂuuuﬁaﬁy

varName = {vall, val2, ..., val N}

AI08 NI U

>a={1,2,3}

HARWS: 1.0, 2.0, 3.0

n.3.2 mning

ﬁgﬂuuuﬁaﬁy

varName = { {val 01, val 02,...,val ON}, {val 1l,val 12, ...,val IN}, ... {
val NI1,val N2,...,val NN} }

A0

>b={{1.2}, {3}, {4.5.6} }

HAANT: [0, n]

1.0, 2.0,0.0

[1.n]

3.0,0.0,0.0

[2.n]

4.0.50,6.0



n.4 maadresiandu
samnsodszmaiedtuld s gmmuﬁaﬁy
n.4.1 HanBuyHaaua LA
ﬁgﬂtmuﬁaﬁy
function returnName = funcName(param_list)
Statement sequence;

End function

A208 1N
> function x = f(y,z)
x=y+z+l

end function

@

7 & 7o s o 7 @
HAGWE: sovnailandu: ", dszinnusailadau: Hedduansdldan.

a ' ) 9/ LR | 3/ ;
W?ﬂﬂ?\?ﬂ?i!?ﬂﬂ?‘D’WU‘W\?WD’UW?TSN‘UHN7
> f{10,10)

LY
Waaws: [21.0]

(7] o & 1 v
n.4.2 ﬁ\iﬂ'ﬁuﬁuﬂﬂuﬂ1ﬂﬂ1ﬂﬂ1
=} QU dy
N3dunydadl
Function [return name list] = funcName(param_list)
Statement sequence;

End function

081U U
> function [x.,y] = fla.b)
x~=bta+ 1
y =a*bh + 2,

end function

[

S ) @ aw
wadwt: Fovaaandu: ', Uszianveailesddn: Hedduvedldnm.
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o ! = 9/ o Ay dy
ﬂ?@ﬂ?\?ﬂ?ﬂif]ﬂ?“INTHW\?ﬂWUWfT?7WUHN7
> f12.3)

a o
Waawh: [10.0. 8.0]

d o
n.4.3 M3Uszmanantuuuy Expression
Vv
Hytunudsi

Function funcName(param list) = expression end function

1 IDENIY L
> function f{x) = sin{x) end function
@l A Y o o o @
nadws: Fovosilendu: ', Uszinnuosilenyu: Handuueadlaen.
o ' = ¥ o H oy 4
Fr0819Mssen IFuiNATuRas 9T UL
= 1f(1)

HARWE: 0.8414709848078965

1.5 mssenly nuanansalva
sransorinmssonlfnudsssunnansia IWdnadia Bud18 Inams Bend File >
v (] v
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area = 0%

for i=0 to 2 do
for i=0to 2 do
kMatli. j] = 0.0:
loop:,

fMat[i] = 0.0;

loop$
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B sciencetific software for mathmatical solving and simulation. B e =-10] x|

File Edit Tools

1= 0 - - -
Output 0.0 + General

» =0 + Mathematics

Qutput 00 + Collection

il + Graphics

Qutput 00

= far =0 to 2 do +10
Torj=01t0 2 do + Numerical

kMatli )= 00 + Statistic

loop,
M™atij=010

loop

Output [[00 00 00), 00, ({00, w8, 0] 0.0, [0 040, 0 00.0]
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.1 ?Jgﬂ]‘iaﬂﬁuﬁ Java(TM) SE Runtime Environment

o o qy a A d | . . v A 0
- msauianani 1Wa jre-6-windows-i586.exe Aafinaaalunin v.1

21N 9.1 waadWddmsuRads JRE

' ¥V '
- sﬁ’m‘i’ht}lﬁﬁi License Agreement 1fon Typical setup Haaﬂmuuﬂﬂﬂu Accept A

naaalunin v.2

License Agreement

Please read the following license agreement carefully.

Sun MAcrgsvsteM@mIRc. SYRr$=Cotslicen¥enitreenet -
for te WA SE RUNT IME\ 2 IR ERT WORE T VERSIXRN B
SUN MICROSWSTENSY, INCOQGWLASENTA) o= 1# I1NC FOoLIFZMSE THE
SOFTWARE IBENZIF&EBL BELCW TC YCU CONLY UPEN TZ@ FCNDITIOCN
{THAT YCU LCCRETRALE UFE) THE TERMI CONTAINED AN THIS

| |IBINARY CCDE LICEN-BuLGCREEMENTILND SUFPPLEMENTAL LICENSE
TERMS (COLLECTIVELY™SULGREEMENT=sS"FLENSE READ THE

- - - B . - AT oy o v

LGREEMENT CAREFULLY.D BY DOWNLOADING CR INSTALLING THIS

|

(@ Typical setup - Al recommended features will be installed.

[ Custom setup - Specify the features to install. For advanced users.

WA V.2 HAAIHTID0 License Agreement

Y

& < a & 4 o &
- MA9INTUIAUNTEIE 11T UNTUARA VAT Y VUATENIVUNI19D Complete 1#151
<

o & w3 o - a o . i .
NA Finish N UOWIATIAUIUADUNITARG I Java(TM) SE Runtime Environment 6
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Installing

The program features you selected are being installed.

d Please wait while the Install Wizard installs Java(TM) SE Runtime
[ 7 Environment 6, This may take several minutes.

Status:
Extracting Installer
| TR SR

| s

MNN U3 HAAIHINDUUZMNAIANNT

The Install Wizard has successfully installied Java(TM) SE
| 3 Runtme Envirgnment s, Click Finish to exit the vwizard.

4 v A s o b
NINN V.4 HFAIHHIDDNDMINITIAAANNTIDAU
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|E stracting MatVis\commands. dtd

|E xtracting MatV is\external_commands. xml
‘Ewxtracting Mat¥is\img\splash.prg

| Extracting Mat'/ishima\Thumbs.db

| Extracting MatVis\internal_commands. xml
 Extracting MatVis\lib\gluegen-rt. dlil
Extracting MatVis\lib\gluegen-t.jar
Extracting MatVishlib\imageio_tga_1.1.0.jar
Extracting MatVis\lib\jogl.dll

Extracting MatVis\lib\jogl.jar

Ewtracting MatVishlib\jogl_awt.dll
Extracting MatVis\lib\jogl_cg.dll

Extracting MatVis\lib\Mibgluegen-it. so

|E wtracting MatVishlib\libjogl.so

Destination folder

Installation progress

MUN U7 BFAIHIDDVUMLA

G s G T el ol L e

Cancel

v
L%

N

- il siWamesmisuaenaanaldsunsi]d ainviuden e run,bat ierin Sy

I auldsunsu

Eile Edit View Favorites: Jools Help

Back v £ b b WY e search i Rodecs ¥ o9 X Bongllv
Address G: \Senior ProjectiMatyis
Name Size  Type Date Modified
mg Fie Foider 27/3435510:20
lib File Foider 27/3f2551 ;20
commands.dtd 2KB, DTD Fiie 14/3/2851 18:50
* external_commands.xmi 3068 *MLDogument 93 3:30
*_internal_commands. xmi 2KB XMLDeocument 27312551 2506
¢+ matvis,cfg 1KB Configuraton Setongs  19/3/2551 12:00
160 KB Executadle Jar Fie 7 2:05
148 5 Batch File

Type: M5-DOS Batch File Date Modified: 27/3/2551 0:12 Size: 80 bytes

B0 bytes ‘& My Computer

¥
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a o 3 a & )
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a.1 Tammshinnzimanamanudeuuvgumgingd Taaly MATLAB

Oy m = m e e e e e

%Example

%to solve the two-dimensional Laplace equation given as
Youxx+u,yy=0,0 <x <5 0<y<10

%u(x,0) = 0,u(x,10) = 100sin(pi*x/10),

%u(0,y) = 0.u,x(5.,y) =0

%using linear triangle clements

%

%Variable descriptions

%k = element matrix

%f = element vector

%kk= system matrix

%ff= system vector

%gcoord = coordinate value of each node

%nodes = nodal connectivity of each element

%index = a vector containing system dofs associated with each element
%bcdof = a vector containing dofs associated with boundary conditions
%bcval = a vector containing boundary conditions values associated with

% the dofs in bedof

O e m e mm e emaan
nel=32; % number of elements

nnel=3; % number of node per element
ndof=1; % number of dofs per node
nnode=25; % total number of nodes in system
sdof=nnode*ndof; % total system dofs

%
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% input data for nodal coordinate values

% geoord(i,j)where i-> node no. and j->x ory

geoord(1,1)=0.0;gcoord(1,2)=0.0:
gecoord(2,1)=1.25:gcoord(2,2)=0.0,
gcoord(3,1)=2.5;gcoord(3,2)=0.0;
gecoord(4,1)=3.75;gcoord(4,2)=0.0,
geoord(5.1)=5.0;gcoord(5.2)=0.0:
geoord(6.1)=0.0;gcoord(6.2)=2.5;
geoord(7,1)=1.25:gcoord(7.2)=2.5:
geoord(8,1)=2.5:gcoord(8,2)=2.5;
geoord(9,1)=3.75;gcoord(9,2)=2.5;
geoord(10,1)=5.0;gcoord(10,2)=2.5;
gecoord(11,1)=0.0;gcoord(11,2)=5.0;
geoord(12,1)=1.25;gcoord(12,2)=5.0;
geoord(13,1)=2.5:gcoord(13,2)=5.0;
geoord(14,1)=3.75;gcoord(14,2)=5.0,
geoord(15.1)=5.0:gcoord(15,2)=5.0;
gcoord(16.1)=0.0;gcoord(16,2)=7.5;
geoord(17,1)=1.25:gcoord(17,2)=7.5;
gcoord(18,1)=2.5;gcoord(18,2)=7.5.
geoord(19,1)=3.75:gcoord(19,2)=7.5:
geoord(20,1)=5.0:gcoord(20.2)=7.5,
geoord(21,1)=0.0;gcoord(21,2)=10;
geoord(22,1)=1.25,gcoord(22,2)=10;
gecoord(23,1)=2.5;gcoord(23,2)=10;,
geoord(24,1)=3.75;gcoord(24.2)=10;
geoord(25,1)=5.0;gcoord(25,2)=10;

%

% input data for nodal connectivity for cach element

% nodes(i,j}where i-> clement no. and j-> connected nodcs
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nodes(1,1)=1:nodes(1,2)=2;nodes(1,3)=7;
nodes(2,1)=2;nodes(2,2)=3;nodes(2,3)=8:
nodes(3,1)=3;nodes(3.2)=4;n0des(3,3)=9;
nodes{4,1)=4:nodes(4.,2)=5:nodes(4,3)=10;
nodes(5,1)=1;nodes(5,2)=7;nodes(5.3)=6;
nodes(6,1)=2;nodes(6,2)=8;nodes(6,3)=7;
nodes(7,1)=3:nodes(7,2)=9;nodes(7,3)=8,;
nodes(8,1)=4;nodes(8,2)=10;nodes(8,3)=9;
nodes(9,1)=6:n0des(9,2}=7:nodes(9.3)=12;
nedes(10.1)=7:nodes(10.2)=8:nades{10.3)=13;
nodes(11.,1)=8:nodes(11,2)-"9:nodes(11.3)-14;
nodes(12.1)=9;nodes(12,2)=10;no0des(12.3)=15:
nodes(13.1)=6:nodes(13,2)=12;nodes(13,3)=11;
nodes(14,1)=7;nodes(14,2)=13;nodes(14,3)=12;
nodes(15,1)=8;nodes(15,2)=14:nodes(15,3)=13;
nodes(16,1)=9;nodes(16,2)=15;nodes(16,3)=14;
nodes(17,1)=11;nodes(17,2)=12:nodes(17,3)=17;
nodes(18,1)=12:nodes{18,2)=13:nodes(18,3)=18;
nodes(19.1)=13;nodes(19.2)=14:nodes(19,3)=19;
nodes(20,1)=14;nodes(20,2)=15;n0des(20,3)=20;
nodes(21,1)=11;nodes(21.2)=17;nodes(21,3)=16;
nodes(22,1)=12:nodes(22.2)=18:nodes(22.3)=17;
nodes(23.1)=13nodes(23.2)=19:nodes(23.3)=18:
nodes(24.1)=14:nodes(24,2)=20;nodes(24,3)=19;
nodes(25.1)=16:nodes(25.2)-17:nodes(25.3)=22:
nodes(26,1)=17;nodes(26.2)=18;nodes(26,3)=23;
nodes(27,1)=18;nodes(27.2)=19;nodes(27.3)=24;
nodes(28,!1)=19;nodes(28,2)=20;nodes(28,3)=25;
nodes(29,1)=16;no0des(29,2)=22:nodes(29,3)=21;
nodes(30,1)=17;nodes(30,2)=23;nodes(30,3)=22;

nodes(31,1)=18;nodes(31,2)=24:nodes(31,3)=23:



nodes(32.1)=19:n0des(32.2)-25:nodes(32,3)-24;

%

% input data for boundary conditions

04— —
bedof(1)=1:
beval(1)=0;
bedof(2)=2;
beval(2)=0;
bedof(3)=3;
beval(3)=0;
bedof(4)=4:
beval(4)=0;
bedofl5)=5;
beval(5)-0:
bedof(6)=6;
beval(6)=0;
bedof(7)=11;
beval(7)=0;
bedof(8)=16;
beval(8)=0:
bedof(9)=21;
beval(9)=0;
bedof(10)=22;

beval(10)=38.2683;

bedof(11)=23;

beval(11)=70.7107;

bedof(12)=24;

beval(12)=92.3880;

bedof(13)=25;
beval(13)=100;

%

% first node is constrian
% whose describe value 1s 0
% second node is constrian
% whose describe value is 0
% thrid node is constrian
% whose describe value is 0

% fourth node i1s constrian

% whosc describe value 1s 0

% fifth node is constrian

% whose describe value is 0
% sixth node is constrian

% whose describe value is 0
% 11th node is constrian

% whose describe value is 0
% 16th node is constrian

% whose describe value is 0
% 21th node is constrian

% whose describe value is 0

% 22th node is constrian

% whose describe value is 38.2683

% 23th node is constrian

% whose describe value 1s 70.7107

% 24th node is constrian

% whose describe value is 92.3880

% 25th node is constrian

% whose describe value is 100
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0/0 _________________________________________________________________
ft=zeros(sdof,1); % initialization of system force vector
kk=zeros(sdof,sdof); % initialization of index vector

index=zeros(nnel*ndof,1); % initialization of index vector

%

for iel=1:nel % loop for the total number of clements

%

nd(1)=nodes(iel.1); ~ % st connected node for (iel)-th element
nd(2)=nodes(iel.2); % 2nd connected node for (icl)-nd element
nd(3)=nodes(iel.3); % 3rd connected node tor (iel)-rd clement
x1=gcoord(nd(1).1):y I =gcoord(nd(1).2): % coord valucs of 1st node
x2=geoord(nd{2).1):y2=gcoord(nd(2),2); % coord values of 2nd node
x3=gcoord(nd(3).1);y3=gcoord(nd(3).2); % coord values of 3rd node
%

index=feeldof(nd,nne!,ndof); % extract system dofs for the element
%

k=felp2dt3(x1,y1,x2,y2,x3,y3): % compute element matrix

%

kk=feasmbl1 (kk.k,index); % assemble element matrices

%

end

[kk,ff]l=feaplyc2(kk,ff,becdof.beval);
%
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for i=1:nnode

x=geoord(i,1);y=gcoord(i,2);

esol(i)=100*sinh(0.31415927*y)*sin(0.31415927*x)/sinh(3.1415927),

end
%

0% R &y A ———

% print both exact and fem solutions

num=1:1:sdof:

store=[num’ fsol eso!']

%

% = - _
fori=1:5

for j=1:5

z2(ij) = fsol( (5*(i-1)) + )
end
xx(i) = geoord(i,1)
yy(i) = gecoord(5*i, 2)
end

mesh(xx.,yy,zz)
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Laplace’s and Poisson Equations

function [kk]=feasmbli(kk k,index)

o O .
Y%Purpose:

%Assenbly of element matrices into the system matrix
%

%Synopsis:

%[kk}=feasmbl1(kk.k,index)

%

%Variable Description:

%kk - system matrix

%k - element matrix

%index - dof vector associated with an element

% __________________ -

%
edof = length(index);
for i=1:edof
ti=index(i):
for j=1:edof
Jp=index{j):
kk(iijj)=kk(i1,jj)+k(4);
end

end

function [index]=feeldef(nd,nnel,ndof)

T e Sr T TR L LR R PR P

%Purpose:
%Compute system dofs associated with cach element
%

%4Synopsis:
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%l[index |=feeldofind,nnel,ndof)

%

%Variable Description:

%index - system dof vector associated with element iel

%nd - element node numbers whose system dofs are to be determine
%nnel - number of nodes per element

%ndof - number of dofs per node

%
edof=nnel*ndof;
k=0;
for i=1:nnetl
start=(nd(i)-1)*ndof;
for j=1:ndof
k=k+1,
index(k)=start+j;
end

end

%Purpose:

%element matrix for two-dimensional Laplace's equation
%using three-node linear triangular element

%

%Synopsis:

%{k]=felp2dt3(x1,y1.x2,y2.x3,y3)

%

% Variable Description:

%k - element stiffness matrix (size of 3*3)
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%x1,y1 - x and y coordinate values of the first node of element
%x2,y2 - x and y coordinate values of the second node of clement

%x3,y3 - x and y coordinate values of the third node of element

Y- _—
%

%eclement matrix

%

A=0.5%(x2*y3+x | *y2+x3*y [ -x2*y 1 -x | *y3-x3*y2):
% %arca of the triangle
k(1,1)=((x3-x2)*(x3-x2}+(y2-y 3P (y2-y3I/(4*A);
k(1,2)=((x3-x2)*(x 1 -x3)+(y2-y3)*(y3-y INA(4*A):
k(1,3)=({x3-x2*(x2-x 1 ) Hy2-y3)*(y 1-y2)}/(4*A);
k(2,1)=k(1,2):
k(2,2)=((x1-x3)*(x 1 -x3)+(y3-y D*(y3-y1))/{4*A);
k(2,3)=((x1-x3)*(x2-x1)+(y3-y D)*(y 1 -y2)A4*A);
k(3,1)=k(1.3);

k(3,2)=k(2,3);

k(3,3)=((x2-x D) *(x2-x 1)y 1-y2)*(y1-y2))/(4*A);

L
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a2 dymmsinszimsnomanudeunvugamgiing Taely Matvis

laplace.mvs

// Example:

// to solve the two-dimensional Laplace equation given as

fFu, xx+u, yy = 0,0<x<5,0<y<10

/fulx, 0] = 0.u[x. 10] = 100sin{pi*x/10],

Hul0,y] = 0, u x[5,y] =0

// using linear triangle elements

// {see Fig.5.9.1 for the finite element mesh]

I

// variable descriptions

/' k = element matrix

// f = element vector[array]

/1 kk = system matrix

/1 ff = system vector|array]

// gecoord = coordinate value of each node

// nodes = nodal connectivity of each element

//index = a vector containing system dofs associated with each element
// bedof = a vector containing dofs associated with boundary conditions
// beval = a vector containing boundary conditions values associated with

/I the dofs in bedof

// run finite elements functions

i weemenane rmemnennnnas

run("D:/WorkEx/MatVisProb/prob1/laplace functions.mvs")$
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L L

nx = 5%

ny =58

nel = 32§ // number of elements

nnel = 3§ /f number of node per element
ndof = 1% // number of dofs per node

nnode = 25% // total number of nodes in system
sdof = nnode * ndof$ // total system dofs

I

S S *

// input data for nodal coordinate values

o~

/ geoordfl, jlwhere 1-> node no. and j-> x or y
7 — - P Y (00000 B

i
e

#/ input data for nodal coordinate values

=~

/ geoord[i, jJwhere i-> node no. and j-> x ory

/— S %, W S—

geoord[0. 0] = 0.0$ geoord[0, 1] =0.0%
geoord[1. 0] = 1.25% gcoord[ 1, 1] = 0.08
geoord[2. 0] = 2.58 geoord[2. 1] = 0.08
geoord(3, 0] = 3.75% gecord[3. 1] - 0.08
geoord[4, 0] = 5.0% geoord(4, 1] = 0.08
geoord[5, 0] = 0.0% geoord([5, 1] = 2.58
geoord[6, 0] = 1.25% geoord[6. 1] = 2.35
geoord[7. 0] = 2.58 gcoord[7, 1] = 2.5%
geoord[8, 0] = 3,753 geoord[8. 1] = 2.58
gecoord[9, 0] = 5.0% geoord[9, 1] = 2.5%



geoord[ 10, 0] = 0.0% geoord[10, 1] = 5.08
geoord[11, 0] = 1.258 geoord[11, 1] = 5.08
geoord[12, 0] = 2.5% gcoord[12. 1] = 5.0%
geoord[13, 0] = 3.75% geoord[13, 1] = 5.08
geoord[14. 0] = 5.08 geoord| 14. 1] = 5.0$
gcoord[15, 0] = 0.08 geoord[15. 1] = 7.5%
geoord[16, 0] = 1.25$ gcoord[16, 1] =7.58
gcoord[17, 0] = 2.58 geoord[17, 1] = 7.5%
geoord[18, 0] = 3.75% gcoord[18, 1] =7.58
geoord[19, 0] = 5.08 geoord[19, 1] =7.5%
geoord[20, 0] = 0.08 geoord[20, 1] = 10.08
geoord[21, 0] = 1.258 geoord[21, 1] = 10.0$
geoord[22, 0] = 2.58 geoord[22, 1] = 10.08
geoord[23, 0] = 3.758 gcoord{23, 1] = 10.0$
geoord[24, 0] = 5.08 gcoord[24, 1] = 10.08
7

// input data for nodal conncctivity for cach element

#/ nodes[i, jlwhere i-> clement no. and j-> connected nodes

nodes[Q, 0] = 0% nodes[0, 1] = 1% nodes[0, 2] = 6%
nodes[1, 0] = 1§ nodes[1, 1] = 2% nodes[1, 2] = 7%
nodes[2, 0] = 2% nodes[2, 1] = 3% nodes[2, 2] = 8%
nodes[3, 0] = 3% nodes[3, 1] = 4% nodes[3, 2] = 9%
nodes[4, 0] = 03 nodes[4, 1] = 63 nodes[4, 2] = 58
nodes[5, 0] = 1% nodes[5, 1] = 7% nodes[5, 2] = 6%
nodes[6, 0] = 28 nodes|6. 1] = 8% nodes[6. 2] = 78
nodes[7, 0] = 3% nodes[7. 1] = 9% nodcs[7, 2] = 8%
nodes[8, 0} = 5% nodes[8. 1] = 6% nodes{8.2] = 11§
nodes[9, 0] = 68 nodes|9, 1] = 78 nodes[9, 2] = 128
nodes[10, 0] = 7$ nodes[10. 1] = 8% nodes[10. 2] = 13$
nodes[11, 0] = 8% nodes{11, 1] = 9% nodes[11. 2] = 14$%
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nodes[12, 0] = 5% nodes[12, 1] = 11§ nodes[12, 2] = 10$
nodes[13, 0] = 6% nodes[13, 1] = 128 nodes{13,2] =118
nodes[14, 0] = 7% nodes{14, 1] = 13$ nodes[14, 2] = 128
nodes{15, 0] = 8% nodes[15, 1] = 148 nodes[15, 2] = 138
nodes[16. 0] = 108 nodes[16. 1] = 11$ nodes[16. 2] = 16$
nodes[17.0] = 11$ nodes[17, 1] - 12$ nodesl17. 2] = 178
nodes[18. 0] = 12$ nodes[ 18, 1] = 138 nodes[18, 2] = 183
nodes[19, 0] = 138 nodes{[19. 1] = 148 nodes[19, 2] = 19%
nodes[20, 0] = 103 nodes[20. 1] = 163 nodes[20, 2] = 15%
nodes[21, 0] = 118 nodes[21, 1] = 17% nodes[21, 2] = 16%
nodes[22, 0] = 128 nodes[22, 1] = 183 nodes[22, 2] = 17%
nodes{23. 0] = 13$ nodes{23, 1] = 19% nodes[23, 2] = 18%
nodes[24, 0] = 158 nodes[24, 1] = 163 nodes[24, 2] = 21§
nodes[25. 0] = 16$ nodes(25, 1] = 178 nodes[25, 2] = 22$
nodes[26, 0] = 173 nodes[26. 1] = 18% nodes[26, 2] = 23$
nodes[27, 0] = 18% nodes[27, 1] = 198 nodes[27, 2] = 24$
nodes[28, 0] = 15% nodes[28, 1] = 21$ nodes|28, 2] = 20$
nodes[29. 0] = 16$ nodes|[29. 1] = 22% nodes[29. 2] = 21%
nodes[30. 0] = 17% nodes[30, 1] = 238 nodes[30. 2] = 228
nodes[31.0] = 188 nodes{31. 1] - 24% nodes[31, 2] ~ 23%
H

// input data for boundary conditions

f mmmm e e e oo
bedofl0] = 0% // first node is constrian
beval{0] = 0% // whose describe value is 0
bedof[1]= 1% /! second node is constrian
beval[l] = 0% // whose describe value is 0
bedof[2] = 28 // thrid node is constrian
beval[2] = 0% /! whose describe value is 0
bedof[3] - 3% // fourth node is constrian

beval[3] = 0% // whose describe value is 0
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bedofl4] = 4% /f fifth node is constrian
beval[4] = 0% /! whose describe value is 0
bedof[5] = 5% // sixth node is constrian
beval[5] = 0% // whose describe value is 0
bedofl6] = 108 /{ 11th node is constrian
beval[6] = 0% /! whose describe value 1s 0
bedof[7] = 158 // 16th node is constrian
beval[7] - 0% // whose describe value 1s 0
bedof[8] - 20% // 21th nodc is constrian
beval[8] = 08 !/ whose describe value is 0
bedof[9] = 219 // 22th node is constrian

beval[9] = 38,26838 /I whose describe value is 38.2683
bedof[10] = 228 // 23th node is constrian

beval[10] = 70.7107$ /1 whose describe value is 70.7107
bedof[11] = 23§ // 24th node is constrian

beval[11] = 92.38808 /" whose describe value is 92.3880

bedof[12] = 248 // 25th nede is constrian
beval[12] = 100% /I whose describe value is 100
/
/. N, Wi D | W1\

sdofz = sdof - 1§
ffl0] = 0% /{ initialization of system force vector
kk[sdofz, sdofz] = 0% /{ 1nitialization of index vector

index[0] =08 // initialization of index vector

i

R ARt EEL L Lot et l
/{ loop for the total number of elements

foriel = O tonel - 1 step 1.0 do
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nd[0] = nodes[iel, 0];  // lst connected node for [iel]-th element
nd[1] = nodes[iel, 1];  // 2nd connected node for [iel]-nd element
nd[2] = nodes[iel, 2],  // 3rd connected node for [ict)-rd element
/! coord values of 1st node

x1 = geoord[nd[0], 0];

yl = gcoord[nd[0], 1];

/! coord values of 2nd node

x2 = geoord[nd[1]. 0];

y2 = geoord[nd[1]. 1]:

/1 coord values of 3rd node

x3 = geoord[nd[2], 0]:

y3 = geoord[nd|[2], 1]

/I extract system dofs for the element

[index] = feeldof(nd, nnel, ndof);

// compute element matrix

(k] = felp2dt3(x1, y1, x2, y2.x3, y3);

// assemble element matrices
[kk] = feasmbll(kk, k, index);
loop$

1

[kk, ff] = feaplyc2(kk, ff, bedof, beval)$
saveMatrix(kk, "c:/kk.txt")$

mff = arrayToMat(ff}$

saveMatrix(mff, "c:/ff.txt")$

1

// solve the matrix equation

/ S —
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fsol = ludecompos(kk, mff)$
fsol2 = gauss_elim(kk, mff)$
laplace_functions.mvs

/"

[} nmmmmmmmmmnenn -

fori1=0tonnode - 1 do

x = geoord(i, 0]; y = geoord[i, 1]

esol[i, 0] = 100 * sinh{0.31415927 * y} * sin(0.31415927 * x)/ sinh(3.1413927):
loop$
i

/# print both exact and fem solutions

R & s O ¢

//mfsol = arrayToMat{fsol)$
saveMatrix(fsol, "c¢:/fsol.txt")$

saveMatrix(esol, "c:/esol.txt™)$

saveMatrix(mfsol, "c:/fsol.txt")$

saveMairix(esol, "c:/esol.txt")$

j=0%
fori=0tonx-1do
forj=0tony-1do
pos = nx * i+ j:
mat[pos, 0] = gcoord[pos, 0];
mat[pos, 1] = fsol[pos, 0];
mat[pos, 2] = gcoord[pos, 1];
loop;
loop$

saveMatrix(mat, "c:/gfx.txt"}$



plot3d(mat. nx, ny)$

/{ Purpose:

// Assenbly of element matrices into the system matrix
M

// Synopsis:

/1 tkk = feasmbl1[kk, k, index]

i

// Variable Description:

/1 kK - system matrix

// k - element matrix

/f index - dof vector associated with an element

i -

/

edof = arrayLen(idx) - 1:

i =0,
=0
rkk = kk;

fori =0 to edofdo
1= 1dx[i];
for ; = 0 to edot do
ji = dx(j:
rkk[ii, jj] = rkk[ii, jj} = kv[i. jl:
loop:
loop;

end function$

A — S ——
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function [idx] = feeldof{nd. nnel, ndof)

// Purpose:

// Compute system dofs associated with each element

/

// Synapsis:

/! [index]=feeldof(nd,nnel,ndof)

/

// Variable Description:

/! index - system dof vector associated with element iel

// nd - element node numbers whose system dofs are to be determine
// nnel - number of nodes per element

// ndof - number of dofs per node

1
edof = nnel * ndof;
k=0,
idx[0} = 0;
for i=0to 2 do
start = ( nd[i] - 1 ) * ndof;
for j=1 to ndof do
idx[k] = start + j;
k=k+1;
loop;
loop;

end function$

// Purpose:

/1 element matrix for two-dimensional Laplace's equation
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{/ using three-node linear triangular element

/

// Synopsis:

// [k] = felp2di3(x1. y1, x2, y2, X3, y3)

1

{/ Variable Description:

/1 1k - element stiffness matrix [size of 3*3)

// x1,y1 - x and y coordinate values of the first node of clement

// x2,y2 - x and y coordinate values of the second node of element

// x3,y3 - x and y coordinate values of the third node of element

// element matrix

A=05*((x2*y3)+ (x] *y2) + (x3 *y1) - (x2 * y1) - (xI *y3) -(x3 * y2));
rk[2, 2] = 0;

// area of the triangle

rk[0,0] = ((x3-x2) *(x3-x2) + {y2-y3) *(y2 - y3) /(4 * A):
k[0, 1] = ((x3 - x2)* (x1-x3) + (y2 - y3) * (y3 - y1) /(4 * A):
rk[0, 2] = ((x3 - x2) * (x2 - x1) + (y2 - y3) * (y1 - y2)) / (4 * A):
k{1, 0] = k[0, 1];

tk[1, 1] =((x1 - x3) * (x1 -x3) +(y3-yl} * (y3 - y1))/ (4 * A);
rk[1,2] = ((x1 - x3) * (x2-x1) + (y3 -yD) * (y1 -y2)) /(4 * A);
rk(2, 0] = rk[0, 2],

tk[2, 1]=r1k[1, 2]:

tk[2, 2] = ((x2 - x1) * (x2 - x1) + (y] - y2) * (y1 - y2)) / (4 * A);

end function$

function [rkk, rff] = feaplyc2(kk, ff, bedof, beval)

// Purpose:

/7 Apply constraints to matrix equation [kk |x={f

/



// Synapsis:

// [rkk rff]=feaplyc2(kk.ff,bcdof,beval)

it

/ Variable Description:

// kk - system matrix before applying constraints

// ff - system vector before applying constraints

// bedof - a vector containing constrained dof

// beval - a vector containing constrained value

i

// For example, there are constraints at dof=2 and 10
/1 and their constrained values are 0.0 and 2.5,

// respectively. Then, bedof{1)=2 and bedof(2)=10; and
/f beval(1)=1.0 and beval(2)=2.5.

" ---- = T

i
n = arrayLen(bedof) - 1;
sdof = getRows(kk) - 1;
rkk = kk:
tff = ff;
for i=0 to n do

¢ = bedofli];

for j=0 to sdof do

rkk[c.j] = 0;

loop;

rkk[c, c] = 1;
rfflc] = bevalli];
loop;

end function$
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a1 Tassadrvasnglumasdan

import java_cup.runtime.Symbol;
%%

%public
Scup

%implements sym
%unicode

0/0{
StringBuffer string = new StringBuffer():

SymbolTable symbolTable; // External symbol table

public void setSymbolTable(SymbolTable symbolTable) {
this.symbolTable = symbolTable;
}

private Symbol symbol(int symbolID) {

return new Symbol(symbollD):

K

private Symbol symbol(int symbollD, Object value) {
return new Symbol(symbolID, value);

;

0/0}

/* Identifiers */

Identifier = [:jletter:][:jletterdigit:]*
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/* Integer literals */

IntegerLiteral = 0, [1-9][0-9]*

/* Real number literals */

Sign = [-]

RealLiteral = {Sign}? ({FloatLitlerall}|{FloatLitleral2}) {Exponent}?
FloatLitlerall = {IntegerLiteral} \. [0-9]*

FloatLitleral2 = [0-9]+

Exponent = [eE] {+-]? [0-9]+

/* Complex number literals */

ComplexLiteral = {RealLiteral} i

/* String literals */

StringCharacter = ["\rin\"]

/* Line terminator character */

LineTerminator = \rj\n/\r\n

%yylexthrow Exception

Y%ostate STRING_STATE

%%
<YYINITIAL> {

/* Keywords */

"while" { return symbol(WHILE); }
"do" { return symbol(DOY); }

"loop” { return symbol(LOOP); }

"end"” { return symbol(END); }

"ifr { return symbol(I1F); }

"then" { return symbol(THEN); }

“else" { return symbol(ELSE); }



"function”
"for"

to

”Step”

{Identifier}

{RealLiteral}

{ComplexLiteral}

/* Separators */

"
)

ll(ll
Il)ll

"w_n

"k

H/H

||0/oll
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{ return symbol{(FUNCTION); }
{ return symbol(FOR); }
{ return symbol(TO); }

{ return symbol(STEP); }

{ symbolTable.enter(yytext(), new SymbolTableEntry(yytext()));
return symbol(ID, yytext()); }
{ return symbol(REAL, yytext()); }

{ return symbol(COMPLEX, yytext()); }

{ return symbol(COMMA); }
{ return symbol(LPAR); }
{ return symbol(RPAR); }
{ return symbol{L. BRC): }
{ return symbol(RBRCY);
{ return symbol(L. BRK); |

{ return symbol{RBRK): }

{ return symbol(ASSIGN); }
{ return symbol(EQ); }

{ return symbol(NEQ); }

{ return symbol(L.E); }

{ return symbol(LEQ); }

{ return symbol(GE): }

{ return symbol(GEQ); }

{ return symbol(MINUS); }
{ return symbol(PLUS); |

{ return symbol(TIMES); }
{ return symbol(DIV); }

{ return symbol(MODY), }
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" & { return symbol(ANDY); }
b { return symbol(POW); }

"I { return symbol{OR): }

" { return symbol(SEMICOL):
[\Atbi\frin]+ { /* skip whitcspace */ |
VA { /* end-of-line comment */ }

/* string literal */
\" { yybegin(STRING_STATE), string setLength(0); }
}

<STRING_STATE> {
\" { yybegin(YYINITIAL); return symbol(STRING, string.toString()); }

{StringCharacter}+ { string.append( yytext() ): }

/* escape sequences */

"\b" { string.append( "b' ); }
"W { string.append( "\t ); }
"\n" { string.append( \n' ); }
M { string.append( \f' }; }
"M { string.append( \r' }; }
BN { string.append(\"" ); }
e { string.append( \" ); }
ML { string.append( \V ); }

/* error cases */
\\, { throw new RuntimeException("Illegal escape sequence \""+yytext()+"\""): }

{LincTerminator; { throw new RuntimeException("Unterminated string at end of line"); |
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/* error fallback */
{ throw new Exception(}; }

<<EQF>> { return symbol(EQF); }
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1.2 nanhennsailnssadavesnn

// definition of tokens, if applicable with token type

terminal WHILE, DO, LOOP, END, IF, THEN, ELSE, FUNCTION, TO, FOR, STEP;
terminal SEMICOL, COMMA;

terminal LPAR, RPAR, LBRC, RBRC, LBRK, RBRK;

terminal ASSIGN, EQ, NEQ. LE, LEQ, GE, GEQ;

terminal MINUS, PLUS, TIMES. DIV, MOD, POW:

terminal AND, OR;

terminal UMINUS;

terminal String ID, REAL, COMPLEX:

terminal String STRING:

non terminal TStatement statement;

non terminal TStatementSequence statement sequence;
non terminal TWhileStatement while statement;

non terminal TForStatement for statement;

non terminal TIfStatement if statement;

non terminal TFunction function_declaration;

non terminal TExpressionl.ist expression list:

non terminal TNumberL.ist number list:

non terminal TldentitierList identifier list:

non terminal TExpression expression_statement;

non terminal TBooleanExpression boolean _expression;
non terminal TCollectionInitializer collection_initializer;
non terminal TArrayInitializer array _initializer;

non terminal TArraylnitializerList array_initializer list;
non terminal TMatrixInitializer matrix_initializer;

non terminal TMatrixInitializerList matrix_initializer list;
non terminal TCubelnitializer cube_initializer;

non terminal TAFunctionCall function_call,
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non terminal Tldentifier identifier;
non terminal TNumber number;

non terminal TString string;

/f precedences, left associativity
precedence left ASSIGN;
precedence left AND, OR;
precedence left EQ, NEQ:
precedence left LE, LEQ, GE. GEQ:
precedence left MINUS. PL.US;
precedence left TIMES, DIV, MOD:
precedence left UMINUS:

precedence right POW;

// grammar rules
statement ::= while_statement:whileStmt
{: RESULT = new TStatement(whileStmt); :}
| for_statement:forStmt
{: RESULT = new TStatement(forStmt); :}
| if statement:ifStmt
{: RESULT = new TStatement(ifStmt); :}
| expression statement:expStmt
!: RESULT = new TStatement(expStmt); :}
! function declaration:funcDecl

}: RESULT - new TStatement(funcDecl); ;|

statement_sequence ::= statement_sequence:stmtSeq statement:stmt SEMICOL
{: RESULT = new TStatementSequence(stmtSeq, stmt); :}
| staterent:stmt SEMICOL

{: RESULT = new TStatementSequence(stmt); :}
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while_statement ;= WHILE boolean_expression:booleanExp DO statement_sequence:stmtSeq LOOP

{: RESULT = new TWhileStatement(booleanExp, stmtSeq); :}

L]

for_statement ::= FOR identifier:id ASSIGN expression_statement:expStmt TO
expression_statement:expStmt2 DO statement_sequence:stmtSeq LOOP
{: RESULT = new TForStatement(id, expStmt, expStmt2, stmtSeq); :}
| FOR identitier:id ASSIGN expression_statement:expStmt TO
expression_statement:expStmt2 STEP expression statement:expStmt3 PO
statement sequence:stmtSeq LOOP

{: RESULT = new TForStatement(id, expStmt, expStmt2. expStmit3. stmtSeq); :}

if statement ::= IF boolean_expression:booleanExp THEN statement sequence:stmt END IF
{:RESULT = new TIfStatement(booleanExp, stmt}; :}
| IF boolean_expression:booleanExp THEN statement_sequence:stmt] ELSE
statement_sequence:stmt2 END [F

{: RESULT = new TIfStatement(boolcanExp, stmti, stmt2); :}

r

function_declaration ::= FUNCTION identifier:funcName LPAR RPAR ASSIGN
expression_statement:expStmt END FUNCTION

{: RESULT = new TFunction{funcName, null, expStmt). :}

' FUNCTION 1identificr:funcName LPAR identifier list:idList RPAR ASSIGN
expression_statement:expStmt END FUNCTION

{: RESULT = new TFunction(funcName, idList, expStmt); :}

I FUNCTION identifier:returnName ASSIGN identifier:funcName LPAR RPAR
statement_sequence:stmtSeq END FUNCTION

{: RESULT = new TFunction{funcName, returnName, null, stmtSeq); :}



| FUNCTION identifier:returnName ASSIGN identifier:funcName LPAR
identifier list:idList RPAR statement sequence:stmtSeq END FUNCTION

{: RESULT = new TFunction(funcName, returnName, idList, stmtSeq); .}

| FUNCTION LBRK identifier list:idList RBRK ASSIGN identifier:funcName
LPAR RPAR statement sequence:stmtSeq END FUNCTION

{: RESULT = new TFunction(idList, funcName, null, stmtSeq); :}

| FUNCTION LBRK identifier list:idList RBRK ASSIGN identifier:funcName
LPAR identifier list:idList2 RPAR statement_sequence:stmtSeq END FUNCTION

{: RESULT = new TFunction(idList. funcName, idList2, stmtSeq): :}

expression_list ;= cxpression_statement:expStmt
{: RESULT = new TExpressionList(expStmt); :}
| expression_list:expList COMMA expression_statement:expStmt

{: RESULT = new TExpressionList(expList, expStmt); :}

number_list ::= number:num
{: RESULT = new TNumberList(num); :}
| number list:numlist COMMA numbernum

{: RESULT = new TNumberList(numList, num); :}

identifier list ;;- identifier:id
{: RESULT = new TldentifierList(id); :}
| identifier list:idList COMMA identifier:id

{: RESULT = new TldentifierList(idList, id); :}
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function_call ::=identifier:id LPAR RPAR
{: RESULT = new TFunctionCali(id): :}
| identifier:id LPAR expression_list:explist RPAR

{: RESULT = new TFunctionCall(id. expList): :}

expression_statement ;1= number:num
{: RESULT = num; :}
| identifier:id
{ RESULT =1id; :}
| string:str
{: RESULT = str: :}
{ function call:functionCall
{: RESULT = functionCall; :}
| LPAR expression_statement:expStmt RPAR
{: RESULT = expStmt; :;
| MINUS expression_statement:expStmt
{: RESULT = new TExpressionPrefix(expStmt, "-"): :} %prec UMINUS
| expression statement:leftExp PLUS expression statement:rightExp
{: RESULT = new TExpressionlnfix(leftExp, "+", rightExp); }
lexpression_statement:lcftExp MINUS expression _statement:rightExp
{: RESULT = new TExpressionlnfix(leftExp, "-", rightExp); : }
| expression_statement:leftExp TIMES expression_statement:rightExp
{: RESULT = new TExpressionInfix(leftExp, "*", rightExp); :}
| expression_statement:leftExp DIV expression_statement:rightExp
{: RESULT = new TExpressioninfix(leftExp, "/", rightExp); :}
| expression_statement:leftExp MOD expression statement:rightExp
{: RESULT = new TExpressionInfix(leftExp, "%", rightExp): :}
| expression statement:leftExp POW expression statement:rightExp
{: RESULT = new TExpressionlnfix(leftExp, """, rightExp): :|
| identifier:id ASSIGN expression_statement:expStmt

{: RESULT = new TAssignment(id, expStmt); :}
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| identifier:id ASSIGN collection_initializer:collectionlnit
{: RESULT = new TAssignment(id, collectionlnit); :}
| LBRK identifier list:idList RBRK ASSIGN function_call:functionCall

{: RESULT = new TldentifierCollectionAssignment(idList, functionCall); :}

boolean_expression ::= LPAR boolean_expression:boolExp RPAR

{: RESULT = boolExp: :1

i boolean_expression:leftBoolExp AND boolean_expression:rightBoolExp
{: RESULT = new TLogicalBoolean{leftBoolExp, "&&", rightBoolExp); :}
| boolean_expression:leftBoolExp OR boolean_expression:rightBoolExp
{: RESULT = new TLogicalBoolean(leftBoolExp, "||", rightBoolExp); :}

| expression_statement:leftExp EQ expression_statement:rightExp

{: RESULT = new TRelationalBoolean(leftExp, "==", rightExp); *}

| expression_statement:leftExp NEQ expression_statement:rightExp

{: RESULT = new TRelationalBoolean(leftExp, "!=". rightExp); :}

| expression_statement:leftExp GE expression_statement:rightExp

{: RESULT = new TRelationalBoolean(leftExp, ">". rightExp): :}

| expression statement:leftExp LE expression_statement:rightExp

{: RESULT = new TRelationalBoolean(leftExp, "<", rightExp): :}

| expression_statement:leftExp GEQ expression_statement:rightExp

{: RESULT = new TRelationalBoolean(leftExp, ">=", rightExp); :}

| expression_statement:leftExp LEQ expression_statement:rightExp

{: RESULT = new TRelationalBoolcan(lcftExp, "<=", rightExp); :}

collection_initializer ::= array_initializer:arrayInit

{: RESULT = arrayInit; :}
| matrix_initializer:matlnit
{: RESULT = matlnit; :}

| cube _initializer:cubelnit

I RESULT = cubelnit; :}
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array_initializer ::= LBRC number_list:numList RBRC

{: RESULT = new TArraylnitializer(numList); :}

3

array initializer list ::= array initializer:arrayInit
{: RESULT = new TArraylInitializerList(arrayInit); :}
| array inttializer list:arrayInitList COMMA array initiahizerarraylnit

it RESULT - new TArraylnitializerList(arrayInitList, arraylnit}: ;|

matrix_initializer ::= LBRC array initializer list:arrayInitList RBRC

{: RESULT = new TMatrixInitializer(arrayInitList); :}

matrix initializer list ::= LBRC matrix_initializer:matlnit RBRC
{: RESULT = new TMatrixInitializerList(matInit); :}
| LBRC matrix initializer list:matInitList COMMA matrix_initializer:matinit RBRC

{: RESULT = new TMatrixInitializerList(matInitList, matInit): :}

cube initializer ;= LBRC matrix_initializer list:matinitList RBRC

{: RESULT = new TCubelnitializer(matlnitList); :}

identifier ::= [D:id
{: RESULT = new Tldentifier(id); :}
| ID:id LBRK expression_statement:expStmt RBRK
{: RESULT = new Tldentifier(id, expStmt); :}
| ID:id LBRK expression_statement:expStmtl CCMMA

expression_statement.expStmt2 RBRK
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{: RESULT = new Tldentifier(id, expStmtt, expStmt2); :}
| ID:id LBRK expression_statement:expStmt] COMMA
expression_statementiexpStmt2 COMMA expression_statement:expStmt3 RBRK

{: RESULT = new Tldentifier(id, expStmtl, expStmt2, expStmt3); :}

number ::= REAL real
{: RESULT = new TNumber(real, false); :}
| COMPLEX:complex

{: RESULT ~ new TNumber(complex, true); :}

string ::= STRING:str
{: RESULT = new TString(str); :}

3
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