Mx: A programmindanguagdor sciei ¢ computation

Tiantian Zhou! Hanhua Feng? YongMan Ra ChangWoo Lee?
ftz2002,hf2048,yr86, cl588@colunbia.edu

May 13, 2003

Tiantian Zhou is a second-year Ph.D student of the Department of Computer Science.

2Hanhua Fengis a Tst-y ear Ph.D student of the Department of Computer Science.

3Yong Man Ra and Chang Woo Lee are senior undergraduate students of the Fu Foundation School of Engineering
and Applied Science.



contents

Intro duction

1.1 Background . . . . . .. e e

1.2 Relatedworks . . . . . . . L

1.3 Goal . . .
1.3.1 Portability . . . . .
1.3.2 EXCIENCY . . . . o o e
1.3.3 Ease-of-Use . . . . . . . . e

1.4 Main languagefeatures. . . . . . . . . L e
141 Data types . . . . o e e e e e e
1.4.2 Basicmatrix operations . . . . . . . ... e e
1.4.3 Matrix slicingandmasking . . . . . . . . .. .. e
1.4.4 Program ®ow cortrol . . . . . . ...
1.45 |Internal functions. . . . . . . . . . e

Tutorial

21 WarminQ uP . . . . . o e
2.2 Matrix OperationsS . . . . . . . .. e
2.3 Display your results . . . . . .. e
2.4 Usingprogram 18S . . . . . . . o e
2.5 Example: Lorenzequations . . . . . . . . . .. e e e e
2.6 Example: fractals . . . . . . . . .. e e
2.7 Example: imageprocessing . . . . . . . .. e

Language Reference Man ual

3.1 Lexical cOnvemntions . . . . . . . . . e
311 COMMENS . . . . o o o e e e e e e e e e e e e e
312 Identiers . . . . . . e
313 Keywords . . . . . o
3.1.4 NUMbBEIS . . . . e
315 SHINGS . . . . . e
3.1.6 Othertokens . . . . . . . . . . . e

3.2 TYPES . o e e e

3.3 EXPression. . . . . . . e
3.3.1 Primary eXpressSionS . . . . . . .o e
3.3.2 ddentier . . . .. e
3.3.3 Constant . . . .. e e e
3.3.4 Arithmetic expressions. . . . . . . . . .
3.3.5 Relational expression. . . . . . . ... e
3.3.6 Logical expression . . . . . .. .. e

3.4 Matrix INdexes . . . . . . . e

3.5 Statemerts . . . .. L e e
3.5.1 statemertsin \f" and\g" . . . . . . ..



3.5.2 ASSIgNMENS . . . . . e e e
3.5.3 Conditional statemerts . . . . . . . . .. e e
3.5.4 lterativestatemerns . . . . . . . . . . . e
3.5.5 Function invocation andreturn . . . . . . . . ...
3.5.6 Inclusion of other programs . . . . . . . . . ..
3.6 Function denition . . . . . . . ... e
3.7 Internal functions . . . . . . . . e e e e
3.7.1 Consoleoutput functions . . . . . . . . ... .
3.7.2 Picture drawing functions . . . . . . . ...
3.7.3 Color . .. e e e
3.7.4 Colormap . . . . . . e
3.7.5 File /O functions . . . . . . . . . . e e
3.7.6 Matrix dimensions . . . . . . . . . ... e e e e
3.7.7 Matrix generators . . . . . . . . e e e e e e
3.7.8 Matrix operations . . . . . . .. e
3.7.9 Orderstatistics . . . . . . . . . e e
3.7.10 Mathematic functions . . . . . . . . . . . e
3.7.11 Other functions . . . . . . . . . . e e e e

Pro ject Plan

4.1 TeamResponsibilities . . . . . . . . e

4.2 Programming style (coding corvertions) . . . . . . ...
421 Antlr coding style . . . . . . . .. e
422 Javacoding style . . . . ..

4.3 Project Timeline . . . . . . . . . e e

4.4 Software project ervironment . . . . . ... e e e
4.4.1 Operating SYStEMS . . . . . . . o
442 Javald . . . ..
443 ANtlr .
444 CVS . .
445 TCL . . . o
446 GNU M4 . . . e

45 Projectlog . . . . . . e

Arc hitecture Design

Testing Plan

6.1 Goal . . . . .

6.2 The rst stage:unit testing . . . . . . . . . .

6.3 The secondStage:regressiontest . . . . . . . . . . . e
6.3.1 The testing database:a small awk-likescript . . . .. ... ... ... .........
6.3.2 The testing databaseexecutor: a TCL program . . . . . . . . . . .. . ...
6.3.3 A sampleofthe testingdatabase . . . . .. .. ... ... ... . ... ... ... ...

6.4 The third stage: advancedtesting examples . . . . . . . . . . ... L oL

Lesson Learned

Related issues

8.1.1 Underlying data structures . . . . . . . . . . . . . ..
8.1.2 Comparison of functions betweenJamaand Jamaica . . . . . ... . ... ... ....
8.2 Mx: Implemented asatranslativelanguage . . . . . . . . . . ... ..
8.2.1 Interpretive versustranslative: whichiseasier? . . . . .. ... ... ... ... ....

29

31
31
31
31
31
32
32
33

34



8.2.3 Variableswithout declaration . . . . . . . . . . . . . . .. ... .. 37

8.2.4 Dual SCOPING . . . . . 38

A Language Syntax 40
Al Lexicalrules. . . . . . . e e e 40
A2 Syrtactic rules . . . . ... e e 40
B Code listing 42
B.1 Parser . . . . . . e e 44
B.1.1 Src/grammar.g . . . . ..o e e e e 44
B.1.2 src/walker.g. . . . . . . 50
B.2 Interpreter . . . . . . 54
B.2.1 src/MxXMainjava . . . . . . . e e e e e e e 54
B.2.2 src/MxInterpreterjava . . . . . . . ... e e e e 57
B.2.3 Src/MxBItArra yjava . . . . . . . e 64
B.2.4 src/MxBooljava . . . . . ... 65
B.2.5 src/MxDataT ype.java . . . . . o o i e e e 67
B.2.6 src/MxDouble.java . . . . . . . . e 71
B.2.7 src/MxEXception.java . . . . . . . . e e e e e e 74
B.2.8 src/MxFunction.java . . . . . . . .. 75
B.2.9 src/MxIntjava . . . . . .. 77
B.2.10 src/MXMatrix.ja va . . . . . . oo e e e e e 80
B.2.11 src/MXRange.java . . . . . . .. e e e 87
B.2.12 src/MXSHriNg.java . . . . . . e e e e e e 89
B.2.13 src/MxSymbolTablejava. . . . . . . . . . . . . e 90
B.2.14 src/MxV ariablejava . . . . ... 93
B.2.15 src/MxIn ternalFunction.m4 . . . . . . L. 94
B.2.16src/Make e . . . . . . e 102

B.3 Jamaica . . . . . .. e 103
B.3.1 src/jamaica/MatriX.ja va . . . . . . .. e e e e e e 103
B.3.2 src/jamaica/BitArra y.java . . . . . . 130
B.3.3 src/jamaica/Range.java . . . . . ... e 135
B.3.4 src/jamaica/P ainter.java . . . . . . . ... e e 139
B.3.5 src/jamaica/Plotterja va . . . . . . . . .. 146
B.3.6 src/jamaica/MatrixT estjava . . . . . . . . . . e e e 155

B.4 Testingscript anddatabase . . . . . . . . 160
B.4.1 test/mxtestiCl . . . . . . . . e 160
B.4.2 testtbooltdb . .. .. .. .. 166
B.4.3 test/double.tdb . . . . . .. 168
B.4.4 test/infunctdb . . . . .. 170
B.45 test/inttdb . . . . .. e 171
B.4.6 test/samples.tdb . . . . . . ... 173
B.4.7 test/tzfortdb . . . . . ... 174
B.4.8 test/tzfunc.tdb . . . . ... 175
B.4.9 test/tzloop.tdb . . . . . . .. 176
B.4.10 test/tzmisc.tdb . . . . . L 177
B.4.1l test/tzmx.tdb . . . . . . 181
B.4.12 test/tzrange.tdb . . . . .. L 183
B.4.13 test/tzstring.tdb . . . . L L 184
B.4.14 test/runall.sh . . . . . . . e 185



Chapter 1

Intro duction

In this project, we have designedand implemented a programming language, Mx, designatedto scierti ¢
computations.

1.1 Background

For the past ft y years,the demandsfor high-performancescierti ¢ computations have beenpushing various
computer technologies. Among them, programming languagesthat are more excient, more corveniert, and
more natural to scierti ¢ computations have also beendeweloped. Unfortunately, their progressis more or
lesslaggedbehind other computer technologies.

Fortran is one of the rst-generation programming languageswhich hascreatedmany irreplaceablescien-
tic padkages.Although there were many other generationsof Fortran standards, the backward compatibilit y
constartly hindered its developmert. Fortran can hardly keepup with the developmen of modern program-
ming language and software engineeringtechniques, modern computer hardware architecture, or even the
needsfor mathematical etciency and corveniences.Mearwhile, the progressof computer sciencein recert
years is essetially dominated by the industry of information technologies, where the market of scierti ¢
computations is too small to be seen. Universities no longer implement Fortran so that the population of
Fortran programmer becomeslessand less.

Scierti ¢ investigators have to attempt other possible alternatives. When they choosea programming
languagefor their projects, they would take theseissuesinto accourt: (1) suitable and excient for scierti ¢
computation, (2) easyto learn (better be the languagethey have learnedin class), and (3) popularity, so
that their programswould not easily get out-dated, particularly for lack of maintainers. Unfortunately, these
requisites can be hardly satis’ed simultaneously. Some people chooseto usethose popular languagesthat
are not designatedfor scierti ¢ computations, and have to do lots of unnecessaryand tedious work in order
to implemernt relatively simple mathematical formulas, while other people use non-standardized languages,
which are included in somepopular commercial software padkages. The languagesin Matlab[1] and IDL[2]
are historically satisfactory, but the down-side is that the programs written by these languageswould be
a®ectedby the economicalstatus of their vendors, which is in turn doomed probably by the market size of
these software padkages.

Under this circumstance we present our programming language, Mx, as a small trial in design and
implementation of programming languagesfor scierti¢ computations.

1.2 Related works

Matlab by Mathworks is probably the most popular commerciallanguage(or rather to say, software) of this
kind nowadays. Another choice is IDL, which is developed by Researth Systemsinc., a Kodak compary.
There are someother related softwares such as Maple[3], Mathcad[4], and Mathematica[5]. Some of them
can do (or focus on) symbolic computations.



Inverted by Kenneth E. Iverson,who received the Turing Award of 1980for this reason,APL is alanguage
trying to imitate standard mathematical notations, using hundreds of di®eren \primitiv es" which are hard
to be typed by an ordinary keyboard.

Many open-sourcednumerical tools are also available. GNU Octave[f] is a general numerical interac-
tive language, originally developed for solving chemical reactor design problems. Scilab[7] is another free
numerical tool similar to Matlab.

There area lot of libraries written in C++, trying to make useof object-oriented and operator overloading
techniquesto implement direct matrix/v ector operations by arithmetic operators [8]. Someof them go even
further: by using Blitz++[9 ] the C++ compiler reportedly generatesmuch better binary codethan a Fortran
compiler can. Another project is POOMA[10], which is focusedon parallel computing.

For Java programmersworking with matrix operations and mathematics, there are two padcagespublicly
available on the Internet. The “rst is java.vecmath[1]], a supportiv e part of Java 2D graphics padkage. The
secondis Jama[ld, deweloped by NIST with the help of Mathworks. The dewelopmert of Jama has been
ceasedfor years. Both of them have limited functions. As we can seein the later chapters, along with this
project, we dewveloped another Java Matrix Class (Jamaica), which provides a lot of functions that is not
present in those previously mentioned Java matrix padkages.

Java does not support operator overloading, so it is not possibleto do matrix/v ector operations by
directly using arithmetic operators with these matrix classes. However, investigators are trying to add
operator overloading into Java as well as someother features, in order to make the languagemore suitable
to high-performancescierti ¢ computing. Titanium[13] is such a project led by computer sciertists in UC
Berkeley

Besidesthose basic matrix/v ector operations, there are many advancedfrequertly-used matrix algorithm
in linear algebraand matrix theory. Unfortunately there are little choicesof implementations: even Matlab
and IDL cannot build their own. Matlab currently usesLAPACK[14] and IDL usesalgorithms in Numerical
Recipe (NR)[15]. Both LAPACK (and its relatives) and NR were originally written in Fortran. LAPACK
canbetranslated to C by f2c[16, and Numerical Recipe in C was probably translated from Fortran by hand.
Algorithms in NR is said to be weak in exciency and precision [17] in part becausethose algorithms were
originally implemented with single-precision°oat numbers.

1.3 Goal

The main goal of our languageis to implement and achieve a simple and ease-of-us@rogramming languagefor
numerical computations. The programmer of our languagecan do matrix operations directly by arithmetic
operators such as'+', 'j ' and 'e', aswell as other frequenrtly-used symbols. Moreover, this language also
provided many internal functions for data manipulations, especially plotting and painting functions.

1.3.1 Portabilit y

Our languagewill run on various platforms. For portabilit y we will use ANTLR[18 ] asthe syntax recognizer,
which is running on a Java virtual machine(VM). The current version of our languagewill be interpreted
and executed, by a pure java interpreter. With the help of the portabilit y of Java programming language,
Mx can be virtually run on any machine (including PDA's, hopefully).

1.3.2 Ezciency

Exciency is always oneof the mostimportant evaluations of a programming languagefor scierti ¢ computing.
There are two aspects of exciency: the execution exciency, and the programming etciency. BecauseJava
itself is not so excient as we might expect in sciertic computation, and also becauseour programming
languageis currently interpretiv e, the execution exciency is not very applausable. To reduce interpretive
inexciency, the userof our programming languagecan usematrix operationsinstead of entry-wise operations.

Howewer, Mx greatly improves the programming etciency. For many scierti ¢ computational needs,
especially those in which many matrix and vector operations are involved, the program written by Mx is
very short, aswe can seein examplesgiven in the next chapter.



1.3.3 Ease-of-use

The languagewill be simple and quick-to-start. Only basicand necessaryanguagefeatureswould beincluded
in the languagespeci cation. Meanwhile, most of the needsin numerical computations would be ful Tled.

1.4 Main language features

In this section we describe someof main featuresin our language.

14.1 Data types

Besides some basic data types integer, °oat and string, we support four additional data types: matrix,
function, range, and matrix mask. Matrix mask, or simply matmask is usedfor selectiwely setting matrix
conents.

1.4.2 Basic matrix operations

Basic matrix and vector operations are supported, e.g., addition, subtraction, multiplication, transposeand
inversion. In addition, mathematic functions sud as sin and cos can be applied to every entry of a matrix.
Other imaging processingfunctions, suc asimage °ipping and mirroring, are also provided.

1.4.3 Matrix slicing and masking

In Mx, matrix can be not only operated as a whole or entry-wise, it can be operated through its vectors,
sub-matricesor selectedelemeris aswell. In the latter case,other non-selectedertries of the original matrix
are never touched. The operation of getting a vector or sub-matrix of a matrix for in-place operations is
called matrix slicing, and modifying only the selectedmatrix ertries is called matrix masking

Neither java.vecmath nor Jama supports matrix slicing and masking. Upon the writing of this report,
we found another Java matrix padkage,Jampad[19], is alsopublicly available. Its underlying data structure
soundssupportiv e to matrix slicing. This padkage, however, was implemented di®erenly and is in its early
stage: \The code has only been lightly tested and certainly has bugs”, as the author mentioned in his
homepage.

Failed to nd a good and suitable Java matrix padagefor Mx, we developed our own underlying matrix
class, Jamaica. As a standalone padkage, separated from the Mx interpreter programs, and moderately
tested, Jamaicawill be soon publicly available.

1.4.4 Program °ow control

The statemerts for program °ow cortrol were implemerted, including if-then-else, while, break, cortinue,
and for. In addition, programsin our Mx languagecan de ne and invoke subroutines, include other “les, do
recursive calls, and even passfunctions as parameters.

1.45 Internal functions

The minimum but necessaryset of internal functions such as print, input, load, save, plot, paint, and
mathematical functions are included.



Chapter 2

T utorial

2.1 Warming up

Before getting start, you should know how do ernter and leave the system. To executethe Mx line-by-line
interpreter, type:

OS%ava MxMain
or you want to executeyour program:
OS%ava MxMain myprog.mx
Onceyou ertered the Mx line-by-line mode, type (without ending\;"):
Mx> exit

to return to the operating system. Note that exit is not permitted in your program, pleaseusereturn to
end your program.

Another useful function is what() . You can useit to ched all or speci ed variables in the system, or
speci ed variables.

Mx>a=2;

Mx> what();

<double> 3.141592653589793
<int> a=2

<double> 2.718281828459045
Mx> what(a);

<int> a=2

We can seeYzand e are pre-assigned.You canusePI and Eto accesghem (note that Mx is case-sensitie):

Mx> print(Pl);
3.141592653589793

Supposeyou want to save a matrix

w -
N

to a variable, namely A, type:
Mx>A=1 1, 2; 3, 4],

To print the matrix A, type:
Mx>print( A);



Then do somecomputations:
Mx>print( A * A);
It shows

A =
7.0000 10.0000
15.0000 22.0000

Let us de ne another matrix, say B:
Mx>B=1[ 1, 2; 0, 1];
Then print the product AB and BA (note that they are di®eren):

Mx>print( A* B);
1.0000 4.0000
3.0000 10.0000

Mx>print( B* A);
7.0000 10.0000
3.0000 4.0000

We can add two matrices together:

Mx>print( A+ B);
2.0000 4.0000
3.0000 5.0000

The result can be saved to another variable:
Mx>S = A + B;
To invert a matrix, type

Mx>print( inv(S) );
-2.5000 2.0000
1.5000 -1.0000

or

Mx>print(  1/S );
-2.5000 2.0000
1.5000 -1.0000

To ched its correctness,just compute the product:

Mx>print( S * inv(S) );
1.0000 0.0000
0.0000 1.0000

The result is an identit y matrix, which can be generatedby function eye(n) (n is the dimension):

Mx>print(  eye(3) );
1.0000 0.0000 0.0000
0.0000 1.0000 0.0000
0.0000 0.0000 1.0000

There are two kinds of division of two matrices, say A and B. The right-division, A=B, meansA ainv (B),
and the left-division, A="B, meansinv (B) o A. A="B is alsomeansto solve equation BX = A. For example,



Mx>QR= A/B;

Mx>QL = A/'B;
Mx>print( QR);
QR=

1.0000 -0.0000
3.0000 -2.0000
Mx>print(  QR* B);
1.0000 2.0000
3.0000 4.0000
Mx>print( QL );
QL=
-5.0000 -6.0000
3.0000 4.0000
Mx>print( B * QL);
1.0000 2.0000
3.0000 4.0000

We can seethat the results agree. You can also compute the determinant of a matrix:

Mx>print( det(A) );
-2.0

2.2 Matrix operations

If you want to generatea large matrix, usingways like[1,2;3,4] istoo cumbersome.Function zeros(m,n)
generatesan m £ n matrix with all ertries zero:

Mx>print( zeros(2,3) );
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

Of course,you can use function eye(n) mertioned above. Sometimesyou may want to generatea matrix
with random numbers:

Mx> print(  random(2,3) );
0.2151 0.5153 0.0138
0.0875 0.1132 0.8355

All random numbers are uniformly distributed between 0 and 1 (inclusive). Another very useful matrix
generator is indgen(m,n,s,dsm,dsn) , which meansindex genegting. This function generatesan m £ n
matrix with linear incremert, whosetop-left entry (0;0) is s, and (1;0) is s+ dsm, and (2;0) iss+ dsmo2,
and soforth. Similarly, (0;1) is s+ dsn, and (0; 2) is s+ dsn®= 2, and soforth. For example:

Mx>print(  indgen(3,4,1,1,10)  );
1.0000 11.0000 21.0000 31.0000
2.0000 12.0000 22.0000 32.0000
3.0000 13.0000 23.0000 33.0000

You can useindgen to generatea matrix that cortains a samevalue other than zero:

Mx> print( indgen(2,3,5.7,0,0) );
5.7000 5.7000 5.7000
5.7000 5.7000 5.7000

Next important thing is to get an individual entry from a matrix. In Mx, the rst row is indexed as O,
and the secondrow is 1, and so do columns. To get the secondrow and the fourth elemen from a matrix,
type:



Mx>C = [1,2,3,4,5;6,7,8,9,10;11,12,13,14,15];
Mx>print( C);
C=
1.0000 2.0000 3.0000 4.0000 5.0000
6.0000 7.0000 8.0000 9.0000 10.0000
11.0000 12.0000 13.0000 14.0000 15.0000
Mx>print(  C[1,3] );
9.0000

If youwant to get matrix ertries with someconsecutive rows and consecutive columns, you can userange
two integers separatedby : ,

Mx> print( C[0:1,2:3]);
3.0000 4.0000
8.0000 9.0000

You can get a single row or column by

Mx>print(  C[:,3] );
4.0000
9.0000
14.0000
Mx>print(  C[2,:] );
11.0000 12.0000 13.0000 14.0000 15.0000

These operation are called matrix slicing. Also, it is not necessaryto use only rectangular region: one
can selectmatrix ertries by the results of comparing values of this matrix or other matrices with the same
size. This operation is called matrix masking You can save to a variable of matmask type the information
about which elemerts are selected. Figure 2.1 illustrates the operations of slicing and masking.

Matrix Slicing Matrix Masking
A o 1 2 3 4 B o 1 2 3 4
0 o/ 1/-12/0 0] 1
1 1| 2131247
2 .15 3/-8/-9|20
3 s|1/-4/-5/ 3 0
4 a1 1] 2| 4 89

A[1:3,2] B[B<0]

Figure 2.1: matrix slicing and masking

We can set a matmask variable indicating those ertries that are greater than 2.5 and lessthan 7.5:
Mx>mask = C>2.5 and C<7.5;
and set theseertries to zeros:

Mx> C[mask] = O;

Mx>print(  C);

C=
1.0000 2.0000 0.0000 0.0000 0.0000
0.0000 0.0000 8.0000 9.0000 10.0000
11.0000 12.0000 13.0000 14.0000 15.0000



2.3 Display your results
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Figure 2.2: plot of sin(x)

Let us beginto draw somegraphs. First exampleis to draw a sinusoidal curve:

Mx> A = indgen(200,2,0,0.2,0);
Mx>A[;,1] = sin(A[:;,0]);
Mx> plot(A);

The plot(A); will opena newwindow and draw the curve asin Figure 2.2. A more complicated example
is to draw a 3-dimensionalLissajous trajectory:

Mx>B = zeros(200,3);
Mx>BJ[:,0] = sin(A[:,0]);
Mx> B[:,1] sin(A[:,0]*1.2);
Mx>BJ[:,2] = sin(A[:,0]*1.4);
Mx> colormap(2);

Mx> plot(B);

= Mx Plottsr I [T
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Figure 2.3: 3-d Lissgjous trajectory. The z-coordinate is represened by changing colors.

The plot window is showvn in Figure 2.3. The z-coordinate is represenied by changing colors. Finally, let
us plot something



Figure 2.4: painting a random matrix

Mx>C = random(10,10);
Mx> colormap(1);
Mx> paint(C);

A 10 by 10 imageis very small, but you can resizeit asin Figure 2.4.

2.4 Using program les

When things cannot be done in seeral lines, you can edit a program le. Use any kind of text editor to
create a program ‘le myprog.mxcontains (don't type in line numbers):

func grid( x, y) {
C = (x/25+y/25)%2;
return c;

}

func distance( a, b ) = sqrt(
(a-100)*(a-100)+(b-100)*(b-100));

A = zeros(200,200);

11: for (i = 0:199, j=0:199 ) {
12: AlLjl - =grid( 0, )
13: if ( distance(i,j) >= 60 )
14: ALl = 1AL

15: }

17: colormap(1);
18: paint(A);

This program draws a circle in a chessboard. (Figure 2.5)

Lines 1-4 de ne a function that determinesif point (x;y) is in a black or white square. You can de ne
functions at the beginning of the program. A function de nition always starts with the keyword func.
(Sewral keywords are usedin this language, explained in the next chapter, Language ReferenceManual.)
Function identi er follows the func keyword. Identi er can consistof one or more alphanumeric characters.
Following the identi er is the variable or argumert list enclosedby parerthesis. It can consistof zeroor more



Figure 2.5: circle in a chessboard

identi ers. The function body can contain an expressionled by an assignmen (=), or a group of statemerts
enclosedin f g.

Lines 6-7 de ne a function that calculate the distance between (a;b) and the certer of the board,
(10G; 100).

Line 9 initializes a 100 by 100 matrix. Then in line 11-15,we use a for loop to do the sameoperations
for all points. This is similar to the for/do loop in many other programming languages. The di®erenceis
that Mx have a range type to specify the range of iteration.

Line 12 is an example of calling a function. The return value of a function can be assignedto a variable,
or a matrix entry.

Line 13 usesthe if conditional statemert to chedk whether a point (a;b) is inside the circle. There are
two typesof conditional statemerts, if and if-else The usesof these are exactly the sameas C and Java.
Keyword if is followed by a logical or relational expression. The relational expressioncomparestwo numbers
by operators <, >, ==, = <=, or >=. A logical expressioncan be a boolean expressionof two or more
relational expressions,using keywords and, or, and not as operators.

The last two lines select the black-white colormap and draw the matrix as an image. The picture is
shawn in Figure 2.5

2.5 Example: Lorenz equations

We now begin to shov somecomplicated examples. The rst exampleis the Lorenz equations. The Lorenz
equations were discovered in 1963 by Edward Lorenz, a meteorologistat MIT, when he and other mathe-
maticians did researt in the modeling of convection that takesplacein the atmosphere. They presened a
model with three equations, which is now the famous Lorenz equations:

dvo

e ®Y1i Yo)

d

% = Yo(ri y2)i 1
d

% Yoy1i by

Given an initial condition, they found the system state (three variables) will not goto innit y, and it is not
convergert, either. A small °uctuation will causelarge di®erencein the future, which might be the reason
that the weather is not predictable in a long term. This phenomenonis called chaos.

To simulate such an system, we needa good algorithm to solve di®erertial equations numerically. The
most popular, good and simple algorithm is the fourth-order Runge-Kutta algorithm. Given the parameters
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and initial conditions that ® = 10,r = 28, b= 8=3, and x(0) = 10, y(0) = 0, z(0) = 10, now we code both
Runge-Kutta algorithm and Lorenz equationsin Mx:

/* Simulation of lorenz equation */

a = 10;
b = 8/3.0;
r = 28;

func Lorenz (y, t ) =[ a*y[1]-y[0]):
Y[OI*y[2]  + ry[0] - y[1];
y[O]*y[1] - b*y[2] |

func RungeKutta( f, vy, t, h)

{
ki=h=*f(y t)
k2 = h * f( y+0.5*k1, t+0.5*h );
k3 = h * f( y+0.5*k2, t+0.5*h );
k4 = h * f( y+k3, t+h );
return y + (k1+k4)/6.0 + (k2+k3)/3.0;
}
N = 20000;
p = zeros(N+1,3);
t = 0.0;
h = 0.001;
x =[ 10; 0; 10,
pO;] =X
for ( i=1:N )
{
X = RungeKutta( Lorenz, x, t, h);
pli:] =X
t +=h;
}
colormap(3);
plot(p);
return O;

The important featuresin Mx usedin this program include vector operations, function variables, and
plotting. Figure 2.6 shows what the program generates.

2.6 Example: fractals

Let us draw somepictures of fractals. This example draws the Sierpinski triangle, which is generated by
removing the lower-right quarter from the squareand recurring on rest quarters with the sameaction:

/* A program that plots the
* Sierpinski  Triangle */

func sier(A)

{
n = width(A);

11



Figure 2.6: plot of a solution of Lorenz equations. Parametersare ® = 10, r = 28, b= 8=3, and the initial
condition is (10; 0; 10). The z coordinates are represered in color.

Figure 2.7: the Sierpinski triangle

if (n<=1)

{
A[0,0] = -1.0;
return;

}

sier(A[0::n/2,0::n/2]);
sier(A[0::n/2,n/2:));
sier(A[n/2:,0::n/2]);

}

A=zeros(512,512);
sier(A);

paint(A);

return O;
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Figure 2.8: the Mandelbrot set. The range of x-axis is [j 2:1;0:9] and the range of y-axis is [j 1:5; 1:5].

The important features usedin the program include matrix slicing, recursion and painting. Figure 2.7
shaws the result.

The secondexampleis to draw another important and famous fractal image: the Mandelbrot set. The
value of eat point is generatedby the speed of divergenceof Z by this recursive formula

70+ = (z0)24 70,

where Z© s the coordinates of the point, represernied by a complex number.
The important features of Mx programming languageused here are internal functions, matrix masking,
and painting over an existing image. Figure 2.8 shavs what the program draws.

/* generate Mandelbrot sets */

MAX= 1.5;

border = 100.0;

N = 512;

delta = MAX*2.0/N;

CX = indgen(N,N,-MAX-0.6,0,delta);
CY = indgen(N,N,-MAX,delta,0);

X = CX;

Y = CY;

R = zeros( N, N);

mask= R < -1;
colormap(4);
paint( R, -100, 0 );

for ( i=0:40 )
{
T = mul(X,X) - mul(Y,Y);
Y = 2*mul(X,Y)+CY;
X = T+CX;
msk = mul(X,X) + mul(Y,Y)
>= border*border;
R[msk and not mask] = -sqrt(i+1);
mask = mask or msk;
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opaint( R, mask, 0, 0, -5, -2 );
}

colormap();
color(0,0,0);
opaint( R, not mask);

return O;

2.7 Example: image pro cessing

These examplesare going to show that Mx programming language can be usedto do some basic image
processing.

The rst example (Figure 2.9) shaws the eight orientations of Mr. Potato Head (geometric transforma-
tion):

[* simple geometric transformation */

A = load( "potato.dat", "byte", 128,128 );
colormap(2);
paint( [ A, flip(A), mirror(A),  flip(mirror(A));

A, flip(AY), mirror(A"), flip(mirror(A"))] );
return 0;

Figure 2.9: global geometricimage transformation

The secondexample (Figure 2.10) shavs e®ectsof various local geometric operations:
/* An image processing example */

blur =[ 0,0,01,1,1,0,0,0;
0,0,1,2,3,2,1,0,0;
0,1,2,3,4,3,2,1,0;
1,2,3,4,4,4,3,2,1;
1,3,44,5,44,3,1;
1,2,3,4,4,4,3,2,1,
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Figure 2.10: local geometric operations

011!21314!3121110;
0,0,1,2,3,2,1,0,0;
0,0,0,1,1,1,0,0,0 I

drunk =71 1,1,1,1,1,1,1,1,1;
1,0,0,0,0,0,0,0,1;
1,0,0,0,0,0,0,0,1;
1,0,0,0,0,0,0,0,1;
1,0,0,0,0,0,0,0,1;
1,0,0,0,0,0,0,0,1;
1,0,0,0,0,0,0,0,1;
1,0,0,0,0,0,0,0,1;
111,111,111 Ik

A = load( "lenna.dat®, "byte", 256, 0 );

m1 = height(blur);

nl = width(blur);

B = zeros( height(A)+m1, width(A)+nl);

for ( i=0::height(A), j=0::width(A) )
Bli::m1,j::n1] += blur * AJij];

m2 = height(drunk);

n2 = width(drunk);

C = zeros( height(A)+m2, width(A)+n2);

for ( i=0::height(A), j=0::width(A) )
Clizm2,j::n2] += drunk * AJ[i,j];

[* Fast Sobel algorithm */
D=A;
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Figure 2.11: Brain activation map of "nger tapping, overlaid on a anatomical image. Data was sampled by
functional MRI (fMRI) techniques and pre-processedwith cross-correlation(CC) algorithm (pre-processed
elsewhere).

for ( i=1:height(A)-2, j=1::width(A)-2 )
Dli,j]=abs(A[i-1,j+1]+2*A[i,j+1]+Afi+1,j+1]
-Ai-1,j-1]-2*A[i,j-1]-Afi+1,j-1])
+abs(A[i-1,j-1]+2*A[i-1,j]+A[i-1,j+1]
-Afi+1,j-1]-2*A[i+1,j]-Ali+1,j+1]);

D = D/max(D);
mask= D > 0.2;
D[mask] = 0;
D[not mask] = 1;

colormap(1);
paint( [A'/max(A), B[m1/2::256,n1/2::256]/max(B);
C[m2/2::256,n2/2::256]'/max(C), D1,
0,1);
return 0;

The third example (Figure 2.11) shows the brain activation of one of our authors: his corresponding
brain regions of sequetial nger tapping movemert. The data was acquired on a magnetic resonance
imaging (MRI) scanner.

[* show activation regions of a
* humanbrain from the fMRI data */

A = load( "mri-anat.sdt", "short", 256, 256 );
B = load( "mri-func.fdt", "float", 256, 256 );
A = flip(AY;
B = flip(B";
paint( A);

colormap(4);
opaint( B, B>0.7, 0, 0, 0.7, 1.0 );
return O;

16



Chapter 3

Language Reference Man ual

3.1 Lexical conventions

3.1.1 Comments

The characters \=0" start a commen terminated by \o=", while the characters \==" start a single-line
commert.

3.1.2 Identiers

An identi er consistsof letters, digits and underscore\ _". The Trst character of an identi er should be a
letter or underscore.Upper and lower caseletters are considereddi®eren.

3.1.3 Keyw ords

Theseidenti ers are resened as keywords:

for if else loop
break  continue return  exit
include func and or
not true false

3.1.4 Num bers

A number consistsof digits, optional decimal point \." and optional \e" followed by signedinteger exponert.
Integersand °oating numberswill be distinguished.

3.1.5 Strings

A string is a sequenceof characters enclosedby double quotes\°. A double quote inside the string is
represened by two consecutive double quotes.

3.1.6 Other tokens

Somesymbolic characters or sequence®f symbolic characters are usedin the language:

|
/.

I+ -
1
*

—
)
$ O~ —
—_—

v
I
A
I

PV
A
I
i
i
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3.2 Types

In this languagewe do not have any explicit type speci cations. As a result, the languageis not statically-
typed, though this languageis possibly compiled to Java sourcecode. Data typesare distinguished at run
time. Eacdh variable is bounded by a type tag, which could be cheded at run time.

Implemented run-time types:

2 bool booleanvaluesbeing either true or false

2 int : 32-bit integers

2 double : 64-bit IEEE °oating format

2 matrix : M-by-n matrix containing ertries of the double type
2 string : string of characters

2 function : user-de ned functions

2 matmask: indicating what elemens are selectedin a matrix

2 range : Only for temporary values(cannot be assignedto a variable), usedas matrix indexes

3.3 EXxpression

3.3.1 Primary expressions

Primary expressionsinclude identi ers, constarts, function calls, accessto matrix/v ectors elemerts or sub-
matrix/sub-v ectors, transposeof a matrix, anonymous matrices or vectors, and any other expressionssur-
rounded by \(" and\)".

3.3.2 Identier

An identier itself is a left-value expression. It will be evaluated to somevaluesboundedto this identier.

3.3.3 Constant

A constart is a right-value expression,which will be evaluated to the constart itself.

Function call

A function call consistsof a function identi er, followed by a list of argumerts enclosedby \(* and\)". The
list of argumerts cortains zero or more argumernts separatedby \,". Each argumert is an expression.
Function call is a right-value expression.

Access to array elements or sub-arra ys

This primary expressionconsistsof an array(matrix/v ector) identi er or other left-value expressionsfollowed
by a list of indexesenclosedby \[* and\]". The list of indexescontains one or two range speci ers.
This expressionis itself left-value.

Matrix transp ose

The right-value transposeexpressionconsistsof an array identi er or other left-value expressionsfollowing
by transposeoperator \ ©'.
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Anon ymous arrays

An anornymous array is a way to build up a matrix or vector via individual elemens. Each elemen of an
array could be an expression,separatedby \," or \;", where\;" separatescolumns of an array. The whole
anonymous array is surrounded by \[* and \]".

( expression )

A parerthesized expressionis a primary expression,which returns the value of enclosedexpression. The
presenceof parenthesesis to boost the precedence.

3.3.4 Arithmetic expressions

Arithmetic expressionstake primary expressionsas operands.

Unary arithmetic operators

Unary operators \+" and \j " can be pre xed to a expression. \+" operator returns the expressionitself
whereasthe \ | " operator returns the negative of the primary expression.
They are applicable to int, double, and matrix values.

Multiplicativ e operators

Binary operators\a", \=", \%" and \="" indicate multiplication, division, modulo and pre xed division, *
respectively. They are grouped left to right.
They are applicable to int, double, and matrix values.

Additiv e operators

Binary operators\+", \j " indicate addition and subtraction, respectively. They are grouped left to right.
They are applicable to int, double, and matrix values. Operator \+" is also applicable to string values.

3.3.5 Relational expression

Binary relational operators\>=", \<=" \==", \I =" \>" and \<" indicate whether the "rst operand is
greater than or equal to, lessthan or equalto, equal to, not equal to, greater than, or lessthan the second
operand, respectively. A bool value is returned in casethat both operandsare humbers (int and double),
and exactly two operandsare needed.

Theseoperators are alsoapplicable to matrix. If two matrices are compared,a matmask value s returned.
It can be assignedto a variable, or directly usedasthe index of a matrix.

3.3.6 Logical expression

Logical operators take relational expressionsas operands. Among these operators, operator not has the
highest precedencethen operator and, and operator or is the lowest.
These operators are applicable to either bool valuesor matmask values.

Not operator

A logical expressionconsisting of a not operator followed by a relational expressionreturns the logical
negation of this relational expression.

IModulo is e®ective for both integers and °oating numbers, but not for matrices. For integers and °oating numbers, division
and pre xed division do exactly the same operation, while for matrices, A=B means AB i 1 and A=%B meansBi 1A.
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And operator

Operator and indicates the logical and of two relational expressions. It is short-circuited for bool values,
but not for matmask values.

Or operator

Operator or indicates the logical or of two relational expressions.It is short-circuited for bool values, but
not for matmask values.

3.4 Matrix indexes

Matrix/v ector indexes can have only one component, or two componerts separatedby commal\,". If two
componerts are supplied, ead index componert indicates the index on the corresponding dimension. Both
index componerts can be a single arithmetic expressionwith an integer-compatible value, or two arithmetic
expressionsseparatedby \:" or \:;:;" to form arange If only onecomponert is supplied, this componert can
be integer-valued expression,range, or matmask.

If two arithmetic expressionsof a range are separatedby \:", the rst expressionindicates the lower
bound of the range, and the secondexpressionindicates the upper bound of the range. The upper bound is
the largest possibleindex if it is omitted. If two bounds are both omitted, a single\:" meansall elemens
on this dimension are included.

If two arithmetic expressionsof a range are separatedby \::", the “rst expression(non-negative value)
indicates one bound of the range, and the secondexpression(positive value) indicates how many elemers
are included. None of two expressionscan be omitted in this case.

If range or matmask is used, the languageis basically operating on the selectedelemers of the original
matrix. The expressionA[expr] and A[range;range] are left-values, and the original elemers of matrix A
will be operated.

A 1-by-1 sub-matrix can be handled as a double.

3.5 Statemen ts
Statemerts are basically elemens of a program. A sequenceof statemerts will be executed sequetially,
unlessthe °ow-control statemerts indicate otherwise.

Note that in the following speci cations, elemers enclosedin < and > will be replacedby somecorre-
sponding componert.

3.5.1 statements in \f" and \g"

A group of zero or more statemerts can be surrounded by \f" and \g", in which casethey altogether are
treated as a single statemert.

3.5.2 Assignmen ts
An assignmet is in this form:
<left-value  expr> = <right-value expr>;
where\;" is the terminator of this assignmen statemert.

3.5.3 Conditional statemen ts

A conditional statemert is in this form:
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if ( <logical expression> )
<statement>

or

if ( <logical expression> )
<statement>

else
<statement>

If the logical expressionreturns true, the rst statemert is executed, otherwise the optional second
statemert is executed.

3.5.4 lterativ e statemen ts

Iterativ e statemerts are basically loops. There are two kinds of loops, for and loop.

For statemen t

The for statemert is usually used for indexes of array elemers. It has this form: (note that id means
identi"er)

for ( <id> = <range>)
<statement>

or

for ( <idl> = <range>, <id2> = <range> )
<statement>

More <id> = <range> can be accepted. The range "eld is the sameas matrix indexes. <id1> also acts
asthe label of the for statemert.

Loop statemen t

The Loop statemert is the generaliterativ e statemert. It is in this form:
loop <statement>

or

loop (<label>) <statement>

An innite loop will be introducedif none of break and return is usedin the loop statemert. The label
is an identi er that can be usedby break or cortinue statemerts.

Break statemen t

The break statemert will break the inner-most or labeled iterativ e statemert. This statemert consists of
keyword break , optionally followed by a label, then followed by a \;".

Contin ue statemen t

The contin ue statement will end the current iteration of the inner-most or labeled iterativ e statemert and
proceedto its next iteration. This statemert consistsof keyword contin ue, optionally followed by a label,
then followed by a \;".

21



3.5.5 Function invocation and return
Function call

Di®erert from other expressionsa function call followed by a \;" can be a single statemert.

Return statemen t

The return statemert is usedinside the function de nition body, in order to return from the function at that
point. It can be followed by an optional expression,for the return value, and a \;".

3.5.6 Inclusion of other programs

Keyword include is usedto include other program Tes. The format of this statemert is:

include <string of the path> ;

3.6 Function de nition

A function de nition is in this form:

func <id> ( <var-list> ) = <expression> ;
or

func <id> ( <var-list> ) { <body>}

Field id indicates the name of this function. Field var-list s alist of identi er of (formal) argumerts,
separatedby commas\,”. The list of argumerts canbeempty. Field body is zero,oneor multiple statemerts.
In the rst form, the function returns the evaluated value of "eld expression,whereasthe in the secondform,
the return statemert should be usedin the body in order to return a value.

3.7 Internal functions

3.7.1 Console output functions

Prin t

Function print() takes one or more argumerts and print them to the standard output one by one. This
function returns the “rst argumert.

What

Function what() prints the information of variables, for debuggingpurposes.lIt takeszeroor more argumerts.
If it takesno argumert, it will print all variablesin the current scope.

3.7.2 Picture drawing functions
Paint

Function paint() draws a matrix in a new window as an image. It takesone or three argumerts. The “rst

argumert should be a matrix, and the rest optional argumerts indicate the minimum and maximum values
of this matrix, which canbe di®erert from the real minimum and maximum valuesfor display. This function

returns the rst argumert: the matrix to be drawn.
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Opain t

Function opaint() draws a matrix in the current window, over the existing image. The format of opaint() is
one of

opaint( matrix )

opaint( matrix, mask)

opaint( matrix, X, y)

opaint( matrix, mask, x, y )

opaint( matrix, X, y, min, max)
opaint( matrix, mask, X, y, min, max)

where argument maskis a matmask of the matrix to be drawn. Arguments x and y are the upper-left
coordinates to draw the matrix (default to be (0,0)). Arguments min and maxare similar to thosein paint().

Plot

Function plot() takesone or two argumerts. The rst argumert should be a matrix with 2 or 3 columns,
indicating x-, y-, and optionally z-coordinates of a data point. Each row of the matrix is a data point to
be drawn. The secondargumert is optional, and have two rows and same number of columns as the “rst
argumert, indicating the minimum (the rst row) and maximum (the secondrow) of the “rst argumert.

3.7.3 Color

Function color() setsthe current color. It needsthree double argumerts for red, greenand blue values, in
this order. Thesevaluesshould be no lessthan 0 and no more than 1.

3.7.4 Colormap

Function colormap() sets a colormap for painting imagesand plotting with changing colors. It takes an
argumert of matrix type. This matrix should have three rows: the rst rows for blue values, the secondfor
greenvaluesand the third for red values. None of the entries can be lessthan 0 or morethan 1. Alternativ ely,
the internal color maps can be used,in which casethe userusean integer as the only argumert.

argumert | color map

black/white

grayscaled

all colors (red! orangd yellow! greerl blue! violet)
dark colors (sameasall colors but darker)

hot colors (red! yellow! white)

warm colors (green blue)

cold colors (blue! violet)

OO, WNEFEO

3.7.5 File I/O functions
Load

Function load() loads binary data from a data Te. It takesfour or "v e argumerts, in one of the following
formats:

load( file, type, m, n)
load( file, type, m, n, skip )

whereargumert file is a string indicating the Te name, argumert type is a string indicating the data type
in the Te, and mand n are two dimensions. Optional argumert skip tells the function how many bytes
should be skipped before reading the data from the Te.
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Either mor n, but not both, can be zero, in which caseload() will compute this dimension according to
the Te size.
The argumert type should have one of the following values: \b yte", \short", \int", \°oat", or \double".

Save

Function save() saves a binary data to a data Te. It takesthree or four argumerts, and has one of the
following formats:

save( matrix, file, type )
save( matrix, file, type, skip )

where matr ix is the matrix to be saved, and other argumerts are described in load().

3.7.6 Matrix dimensions

Functions width() and height() ead take one matrix argumert and return the sizesof the horizontal and
vertical dimensions,respectively.

3.7.7 Matrix generators

Let mand n be two dimensions,following functions will generatea new matrix:

zeros( m, n)

random( m, n )

eye( n)

indgen( m, n, s, dsm, dsn )

Function zeros() returns a hew matrix cortaining only zeros. Function random() returns a new matrix
of uniformly distributed random valueswithin range [0,1]. Function eye() returns the identit y matrix, i.e.,
a square matrix whose diagonal entries are onesand other entries are zeros. The last function, indgen(),
generatesa matrix, in which the di®erencebetweentwo vertically adjacert ertries are all equal to dsmand
the di®erencebetween two horizontally adjacert ertries are all equal to dsn. The “rst enry of the new
matrix is s. If dsmand dsn are both zero, indgen() will generatea matrix having all ertries equal to s.

3.7.8 Matrix operations

inv( matrix )
det( matrix )
flip(  matrix )
mirror(  matrix )

Function inv() inverts a matrix (just like 1/matrix does). Function det() returns the determinant of
a matrix (as double). Function °ip() returns a vertically °ipp ed matrix. Function mirror() returns a
horizontally mirrored matrix.

mul( A, B)
div( A, B)

Functions mul() and div() compute the product and the quotient, respectively, of corresponding ertries in
two matrix A and B having the samesize. They both return a matrix with the samesize.

3.7.9 Order statistics

Function min() returns the minimum value of a matrix. Function max() returns the maximum value of a
matrix. They both take a matrix asthe argumert.
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3.7.10 Mathematic functions

The following mathematic functions are supported:

ceil( x )
coor( x)
abs(x )
exp(x )
log('x )
sin( x )
cos(x )
tan( x )
asin( x)
acos(x )
atan( x )

round( X )

pow( X,y )

round to the nearestinteger
smallestinteger greater than
largest integer lessthan
absolute value

e

In x

sinx

cosx

tan x

arcsinx

arccosx

arctan x

xY

Note that x can be either a double or a matrix.

In the latter case,this function is called for all ertries

of this matrix, and a result matrix with the samedimensionsis returned. Argument y cannot be a matrix.

3.7.11 Other functions

Count

Function court() courts the number of entries selectedby a matmask. It acceptsa matmask as the only

argumert.
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Chapter 4

Pro ject Plan

4.1 Team Responsibilities

For the past two months, our team has held regular meetingsfor an hour to discussand update our goals.
Besidesthe meetings, however, we have set a goal for ead menmber of the group to achieve sometype of
accomplishmen by setting goals. Here are the fundamertal tasks for each member:

TianTian Zhou | Team leader; parser and front-end
Hanhua Feng Architecture and back-end
Yong Man Ra Testing and documentation
Chang Woo Lee | Testing and documerntation

4.2 Programming style (coding conventions)

4.2.1 Antlr coding style

If an Antlr rule is short and corntains only one choice without any action, then it will be written in oneline.
The colon\:" always starts at the ninth column unlessthe string in front of \:" is too long. In the oneline
mode, \;" is at the end of this line.

If an Antlr rule has multiple choice or actions, the \;" is placedin a separatedline at the ninth column.
\j" is alsoat ninth column. Short actions are in the sameline of its rule and at the right half of the screen.
Long action lines start at the thirteenth column of the next line. Code in actions follows the Java coding
style.

Lexem (token) namesare in upper casesand syntactic items (non-terminals) are in lower cases,which
may cortain the underscore\ _".

4.2.2 Java coding style

As the programmers using multiple programming languages,we use a coding style that is a little di®eren
to the standard Java coding style.
Indentation and spacing:

2 |ndentation of eadh level is 4 spaces.

2 The left brace\f" occupiesa full line and is at the samecolumn asthe rst character of the previous
text.

2 The right brace\g" occupiesa full line and at the samecolumn of its corresponding \ f".
2 One spacebetweenargumerts and their parentheses\(" \)", but no spacebetweenfunction nameand
\(".
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2 Add spacesbetweenoperators and operandsfor outer expressions.
2 Usespaces,do not usetabs.

2 The then-part and else-partof an\if " statemert must not be at the sameline of \if " or \else". Similar

for \for" statemert.
Names:
2 Classnamesstart with \Mx" followed by English words whoserst character is capital.
2 Variables are in lower cases,and words are separatedby underscore\ _".
2 Do not uselong namesfor local variables. More concise,the better.
2 Method namesare English words whose rst characters are capital except for the rst word.

Follow Java javadoc standard for commerts.

4.3 Pro ject Timeline

Here are the deadlinesfor eat speci ¢ task that was due.

Feb 18 Language white paper
First week of March Language grammar
March 27 Language referencemanual

Secondweek of April | Supporting libraries
Third week of April Front-end

Last week of April Back-end
First week of May Error recovery
May 13th Entire project

4.4 Software pro ject environmen t

Most of the programs are written in Java. The lexer and parser are written in Antlr, and will be translated
to java code. We alsowrote a classin Java with macros, which will be explained later.

4.4.1 Operating systems

Sincethis project is developed in pure Java, it can be usedanywhere that a Java VM is running. Howewer,
we have used other tools, such as TCL and GNU m4. TCL is available on many platforms including Unix
systems,Windows systems,and MAC. GNU m4 is a Unix application. However, GNU m4 is not necessary
to be installed everywhere, unlessthe template java code must be regenerated.

Our team members use Windows and Linux simultaneously. Also thanks to the Cygwin project, we can
easily run TCL, SSHand GNU m4 on a Windows box.

442 Javalid

Java is a \simple, object-oriented, network-savvy, interpreted, robust, secure,architecture neutral, portable,
high-performance, multithreaded, dynamic language".

Unfortunately, Java is not designedfor sciertic computing. Writing our Mx interpreter in Java doesnot
prove that Java is feasiblefor sciertic computing. It just provesthat scieni ¢ computing can be donein
Java. If someonehates programming languagesother than Java, pleasetry our Java matrix class,Jamaica.

443 Antlr

The languageparseris written in Antlr, \a languagetool that provides a framework for constructing recog-
nizers, compilers, and translators from grammatical descriptions containing C++ or Java actions."
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444 CVS

CVS is a well-known concurrert version system for developers. We kept our CVS repository on a Linux
machine, and use SSHto ched infout our programswith securednetwork connections.

445 TCL

TCL is a shell-like scripting language, and is more excient and elegart than shell programs. The testing
executor program is written in TCL. Pleaserefer to the testing chapter for more details.

446 GNU m4

Inspecting our code, one can nd many piecesof similar code. In our opinion, this may happen in many
interpretive programming language applications, as long as there are many types. Java does not support
macros, template and even function parameters (One can usederived classesand late-binding to implement
these,but it is not a good solutions, becauseif so, instead of many similar code segmetts, he will get many
similar classes,saving in many similar program Tes!). Getting tired of typing similar code, we resort to
using an external macro-replacingtool, GNU m4, which has a moderate user population. It is usedonly for
internal functions, becausethere are too many similar functions: sin, cos,...

4.5 Project log

Here are the dates of signi cant project milestones. Most of them comefrom the CVS logs.
Feb 10 CVS repository initialized

Feb 10 The rst version of white paper
Feb 15 Finalized the white paper
Feb 25 The “rst version of syntax

March 6 | Tiantian made signi cant modi cations on syntax
March 21 | The languagereferencemanual is addedto CVS
March 25 | Front-end started

April 1 The rst version of grammar

April 1 The badk-end started

April 9 The “rst version of Jamaica

April 17 | The rst version of the badk-end

April 25 | Early testing stage

May 2 Painter and plotter ready

May 2 Test executor program ready

May 6 Started nal report

May 7 The third testing stage: examples

May 9 Most tests are done

May 10 The rst versionof nal report
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Chapter 5

Arc hitecture Design

The Mx interpreter consistsof thesecomponerts: alexer that readsthe userinput or program Tes to tokens,
a parser that analyzesthe syntactic structure of the program and corverts it to an abstract syntax tree, a
tree walker that travels the abstract syntax tree and calls corresponding functions, an executor that looks
up symbol tables and diverts operations to type systems, a supporting matrix library, and a simple error
and exception processingmecdanism. Figure 5.1 shows its block diagram.

... Frontend

i \

.mx file j Token :
—* AST AST Walker |—2U0U!
console input Stream : L !

Exception L
Processing |_ i Type System Internal Functions
“._ ] JavaMatrix Class
Tl (Jamaica)

Back-end .

\
i

Figure 5.1: the systemdiagram of the Mx interpreter

The lexer, parserand tree walker are implemernted by Antlr[18]. The lexer and parserare implemented in
Antlr “Te grammar.g, and the tree walker is implemented in Antlr "Te walker.g. Source le walker.g contains
short actions calling the methods in the classMxIn terpreter.

The main() method is in the classMxMain. It “rst cheds whether the input is coming from the console
or a le, then initializes the lexer, the parser and the tree walker in di®ereriiated ways. The classMxMain
also handlesexceptionsand errors occursin other classesand prints corresponding messages.

The bad end consistsof a complicated type systems. All data are encapsulatedin classes,which are
derived from a single classMxDataT ype. This classdoesthe common jobs of all types, and produce error
messagesif a method is not specialized (overrided) by the derived class. The specializedfunction of simple
typessuch asbool, int, double, and string are in classesMxBool, MxInt, MxDouble and MxString, respec-
tively. Theseclassesare simply wrapper classesof Java elemenal types. Other data types, suc asrange,
matmask, function, and matrix are in classesMxRange, MxBitArra y, MxFunction, and MxMatrix . These
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classesare wrapper classesf our Java matrix classegamaica.Range jamaica.BitArray and jamaica.Matrix .
By using late-binding methods we implemented di®erertiated functions for various types. There is also
an MxException class, for delivering error messages.The classMxInterpreter also manipulates multi-lev el
symbol tables, implemented by MxSymbolTable. Figure 5.2illustrates the type systemin the Mx interpreter.

MxDataType Base meta type

MxDouble MxFunction
(double) (function)

I

I

1

I

: MxInt MxVariable MxMatrix
| (in) (unassigned variable) (matrix)

I

[}

i wrapper classes

I
I
I
i
MxBitArray |
(matmask) :
I
I

Supporting library (Jamaica)

; [ Matrix } [ Range ] [ BitArray } 3
Figure 5.2: the type systemof the Mx interpreter

In the supporting library, Jamaica, besidesthe classesmertioned earlier, there are Plotter and Painter
classes.Thesetwo classeswill only usebasic functions such aswindows managemen and drawing functions
in the java.swing package. We have heavily documerted the supporting library, with the javadoc standard,
so one can easily know how to usethe matrix classes.On the other hand, the interpretiv e classesare just
slightly in-line documerted, like many non-library open-sourceprograms we have seen.

We have also designeda translativ e system, as an alternativ e, which may acceptthe Mx program les
and translate to Java program Tes. This expected systemincludesa run time ervironment for operations of
range, matmask and matrix types (Operations of other data typescan be directly executedwithout using
other libraries). For this reason, we have separatedthe supporting library from the interpreter and type
systems. Given limited time (the Mx programming languageis quite large by now), we cannot implement
two di®erent systems, but we have some discussionson this translative systemin the chapter of related
issues.

30



Chapter 6

Testing Plan

6.1 Goal

Since our compiler is to conduct mathematic operation, testing is essetial and must cover every possible
input (especially special values), otherwise the results we get would be dramatically di®eren.

Testing is ewlved throughout the compiler developmen, not only at the "nal stage, but also from the
very beginning when the grammar was implemented. Our approad, probably like many others, is to test
eac pieceof our compiler and sewthem together to conduct the nal test.

6.2 The rst stage: unit testing

Initially , we noticed that there are certain Java pacagessupporting matrix operations. Howewer, as we are
using them, it turned that thesepadkagesdid not support someof the functionalities that we need. Thus, we
endedup writing our own matrix operation library. To ensurethat all operations do what we expect, we use
Matlab as our guidance for programming and unit testing. This library hasits own unit testing program.
This testing program saved us a lot of time in the later testing stages,albeit neither exhaustive nor complete.
For the other part of this project, we alsodid a little testing by hand, in order to avoid fundamental errors
in the systemarchitecture.

6.3 The second Stage: regression test

Since many things can go wrong, and bugs could be hidden anywhere, regressiontest is important in the
project. What we want to guarantee is what changeswe make right now do not break the code we have had
before. Thus, only testing the changeswe made currently is not enough. On the other hand, to run through
all the previous tests again and again is time consumingand cumbersome. As a result, we decideto build a
script to automate this procedure. The script, written in tcl, takesa database,which cortains one or many
small *.mx programs and their expected returning values, and evaluates whether these *.mx programs are
doing what they are expectedto do.

This script greatly simpli ed our regressiontest job. At any time after the code modi cation, the batched
test will immediately tell us whether we have broken some previously good code. Also, hundreds of small
testing les are avoided. (With hundreds of small Tes, maintenance of the project Tes will be much more
cumbersome:it would be very hard to track revisions of these Tes in the CVS repository.) To be clear, we
write up di®erent databasesfor di®erer testing targets, such as boolean test, loop test, function call test,
and range test. This approac evertually makesour testing systematic and assorted.

6.3.1 The testing database: a small awk-lik e script

The testing database le cortains one or more ertries of the following:

31



<expected-result> { <a-small-Mx-program> }

Both expected-result and Mx-program can span multiple lines. The expected-result part contains
one or more items separated by spacesor newlines. Each of the items can have the following format:
! switch betweenstdout and stderr (stdout by default)
ignore everything that follows

I<regexp>/ match by regular expression
[<num>,<num>] match a number in a range
<other> exactly match. number comparisonfor numbers
We can add commerts in the testing database. Character ; starts a line of commerts, string ;; starts a
line of commerts that will be printed when a new test is going to be made, and string ;;; starts a line of

commerts that will be immediately printed when the executor program is scanningthe database.

6.3.2 The testing database executor: a TCL program

We deweloped a TCL program to parsethis testing database. This program scansthe database, subtracts
piecesof code surrounded by f and g, executesour Mx interpreter written in Java, and then comparesthe
results printed by the Mx interpreter with the expected results given in the database,item by item.

6.3.3 A sample of the testing database

;;» samples.tdb: a sample of testing
;»»  HanhuaFeng
;,; database for the Mx

;;assign

1234{ a=[1,2;3,4]; return a; }
;;  transpose

1324{ a=[1,2;3,4]; return a; }
;; transpose transpose

1234{ a=[1,2;3,4]"; return a; }
;; triple  transposes
12 4{ return [1;2;4]"™; }

;. vector element

3 { a=[1,2,3]; return a[2]; }

;» matrix element

3{ a=1[123,45,6]; return a[1,0];}

;; matrix add
123 4{ return [1,1;1,1]+[0,1;2,3]; }
;) matrix sub
1111¢{ return [2,3;4,5]-[1,2;3,4]; }
;omatrix  +=
1234{ a=[4,3;2,1];
a+=[-3,-1;1,3];
return a; }
;o matrix -=
12 34{ a=[2,2;4,6];
a-=[1,0;1,2];
return a; }
;. matrix unary -
3-45-6 { return -[-3,4,-5,6]; }

,, matrix element
4{ a=[123];, retun a[2]+1; }
;7 matrix element
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4 { a=[123];, retun 1+a2]; }
;,  matrix element
4 { a=1[1;23], return a[0]+a[2]; }

;v Error

I Error: ... { return true+3; }

;i Error

I Error: ... { return [1,2]*1,2]; }

6.4 The third stage: advanced testing examples

Sincesomeinter-connectederrors might not be found by those small code segmetts, larger testing programs
with scierii ¢ computing needsare extremely necessary All programsin the chapter of tutorial, especially
those complete examples,were acting as testing codes. These examplesnot only helped us 'nd somebugs,
but also greatly boosted our con dence of our Mx programming language. Pleaserefer to the chapter of
tutorial for thesetesting examples.
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Chapter 7

Lesson Learned

During the period of designand implemertation of our Mx programming language, we have learned some
lessons.Theselessonsare important for projects in the future.

2 Before designinga system, one should investigate the feasibility of supporting tools. At the beginning,
we think those previously existing matrix classesmust be useful in our project. Later, when we
begin to designthe details of our programming language,we found those matrix classeshave so many
de cienciesthat it will not be a better choiceto add patchesto it than to write a completely new one.
The detailed discussionwill be in the next chapter.

2 The main frame of a project is its most important part. When we begin to considerhow to designa
system, a small change of mind might create a very di®erert systemin the future. Although there are
many ways in which we can achieve our destination, but which one is the shortest is not clear, even
until you have nished a project. So getting advise from who has experience would make your life
much easier.

2 If you nd a much easierway to implemert a family of functions, then useit immediately and do not
fear of making someof your code uselessbecauseit will save you a lot of time in the future.

As an example,at the beginning, in thosefunctions that needa double-compatibletype asan argumen,
we ched the data typeindividually and call the error processotin ead function; but later we found, an
easierway to implemert this, is to call a method doubleValue() which corverts a data type to double,
or raise an exception if the argumert is not double-compatible. The exceptionis a runtime exception
that can spread through the stadk, so those functions will be much more concise. We implemented
doubleValue() during the dewelopmert and initially did not modify the already coded functions, but
later we found code using doubleValue() has lessbugs, so we nally changedall functions that had
coded before doubleValue() was implemented.
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Chapter 8

Related issues

8.1 Jamaica: Why a new matrix class?

The pre-existing Java matrix classessuc asJamaand java.vecmath, lack somefundamertal functions which
iS necessaryto our programming language. The most important onesare sub-matrix sharing the samedata
of the super-matrix, matrix slicing, and assigningselectedelemers of a matrix, matrix masking Also, it is
not very possibleto add these functions by a wrapper. In Jama, the fundamertal data structure doesnot
support matrix slicing, and we can not get the sourcecode of java.vecmath.

8.1.1 Underlying data structures

It is well known that there are two accessmethods for matrices or multiple dimensional arrays. The “rst
one is using a cortin uous one dimensional array, the actual index of a matrix entry is computed by adding
the secondindex to the product of the seconddimensionand the “rst index, (or reverse,whatever) i.e., if A
isan m £ n matrix,

Ali;j]= Alnmi+j] (or, Ali + maj]):

The secondimplementation is using a level of indirection,
Afli;j]= o(a(A+10)+j);

where @ is to get the content of a pointer. Many systemsusethe secondapproadc, such as numerical recipe
and Jama. The C programming languageusesthe rst approac to allocate a "x-sized multiple dimensional
array. People might think the "rst approad is inetcient becauseof multiplication; however, there is one
more memory accessn the secondapproac: the memory accesss at the third location, which might have
bad cace performance. Moreover, sinceall arrays in Java are objects, and Java will ched index bounds for
arrays, soin Java a level of indirection might be much more inexcient.

Jamaica usesthe rst approadc. The underlying data structure cortains the following “elds:

2 the one-dimensionalarray

2 two dimensionsof the matrix, m and n

2 the start index of the upper-left entry of the matrix, s

2 the di®erenceof the indexesbetweentwo vertical neighboring ertries, ms

2 the di®erenceof the indexesbetweentwo horizontal neighboring entries, ns

This data structure will make in-place transpose, °ip, mirror, and slicing much easier: just create a new
object and sharethe samearray. For example,to create a transposedmatrix, just swap m and n, and also
swap ms and ns. To get a sub-matrix, just re-compute the start index s. We can even get an in-place
diagonal vector of a matrix.
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8.1.2 Comparison of functions between Jama and Jamaica

This is a brief comparisonbetweenJama and our Java matrix class,Jamaica.

Jamaica Jama
status deweloping | discortinued
matrix arithmetic operations yes yes
matrix generators(random,zeros,...) | yes yes
index matrix generator (indgen) yes no
matrix inverse yes yes
sub-matrix yes yes
in-place sub-matrix yes no
transpose yes yes
°ip/mirror yes no
matrix masking assignmen yes no
matrix comparison yes no
solve linear equations yes yes
LU decomposition yes yes
QR decomposition no yes
singular value decomposition no yes
eigervalues/Eigernvectors no yes
Cholesky decomposition no yes
printing yes yes
plotting and painting yes no
Te 1/O0 yes no

8.2 Mx: Implemen ted as a translativ e language

Conceptually, our Mx interpreter receivesinput program les, processeshem, and generatesdesiredoutputs,
soit can also be consideredas a compiler or translator. However, practically, we de ne program processors
that directly generatethe result of the program as interpreters, and those that generate an intermediate
program in other programming languageastranslators, and those that generatescode which can be directly
executedon hardware as a compilers.

Under this de nition, initially, we want to create a translative system. After a few discussions,we
concludethat it will be too hard to implement a translative systemlike Mx in just one semester,although
by now | personally think it is possibly not that hard. So here we just presert someideasin translating
the Mx programing languageor something-alike, such as Matlab and IDL, to an imperative, statical-scoped,
strong-typed programming languagesud as C, and hope that it will be helpful for peoplewho want to build
such a system. These ideas might cortain some fundamertal errors, or might have beenin some formal
literatures which we have never got a chanceto read.

8.2.1 Interpretiv e versus translativ e: which is easier?

In our opinion, if the sourcelanguageand the destination languageare very similar, the translativ e job will be
easy even easierthan developing an interpretive one. Our Mx programming languageis not very similar to
most of imperative programming languagessuch asC, C++ and Java, sothe translativ e job would be a little
lesseasy However, we think for °ow cortrol statemerts, the translative procedure might be simpler than
to actually executeit, becausemost of the programming languageshave the similar °ow-cortrol statemerts.
For those operators, we can translate it to function calls. For example,

B = random(8,8);
A = zeros(4,4);
A[C>3]=B[4:7,5:8];

can be translated to Java code
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B = Matrix.random( 8, 8);
A = new Matrix( 4, 4);
A.assign( C.gt(3), B.slicing( new Range(4,7), new Range(5:8) ) );

using the Jamaica padkage.

Another dixcult y of translator over interpreter is that the translator is harder to be debuggedand tested.
Besides,the supporting library ewlvesalong with the project; sowithout a xed interface, the code in the
translator will not be stable.

8.2.2 Matrix operation: in-line expansion

Someonemay think that it is not necessarnyto call the matrix classmethods in generatedJava code; we can
generatein-line loop code like the following:

B = new double[64];
for ( int i=0; i=8; i++ )
for ( int j=0; j<8; j++ )
B[i*8+j] = Math.random();
A = new double[16];
for ( int i=0; i=4; i++ )
for ( int j=0; j<4; j++ )
Ali*4+j] = 0;
for ( int i=0; i=4; i++ )
for ( int j=0; j=4; j++ )
if ( C[i*4+j] > 3)
Ali*4+]] = B[(4+)*8+(5+)];

To improve performance, the assignmeits of B and A can be both reducedto one-lewel loops, and the
multiplications can alsobe saved. Howewer the two levels of loops of the last assignmemn cannot be reduced.
Moreover, performance of these lines of code can be largely a®ectedif one swaps two levels of loops. For
example,in a C program,

int i, j, AIN]NI;
for ( i=0; i<N; i++ ) VA A
for ( j=0; j<N; j++ )
Al -
for ( j=0; j<N; j++ ) 2]
for ( i=0; i<N; i++ )

A0l

The execution time of [1] might be much shorter than that of [2], becausecacing technology is used
everywherein modern computer architectures, so sequetiial accesswill be much faster than random access.

However, we think it would turn out to be a very hard project, which is impossibleto nish in just one
semesteras a courseproject.

8.2.3 Variables without declaration

A common property of interpretive programming languageis to use a variable without declaration. Our
Mx programming languageis not an exception. Peoplemight think that, without declaration, the type of a
variable will be hard to be determined in compiling time. However, there are ways to get round of it:

1. The type of left-hand side of an assignmen can be determined by the operator and operands,and the
type of an operand can be determined recursively. In ead assignmem, we mark the data typesof the
right-hand-sides.
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2. Ched whether the right-hand sidesof all assignmers of this variable are the same. If so, the type
of this variable is determined. Functional programming languagedoes not need declarations, because
there are no assignmets.

3. If not so, chedk whether thesetypescan be all promoted to sometype, which is also compatible at all
accesyoints of this variable. For example,here x can be promoted to double in the secondline of the
following:

4. Cheding the return type of a function might be a hard job, and it is necessaryfor determination of
typesof variables. This can be done by cheding type in the return statemerts. If there is a recursive
call, it canstill be done by intro ducing somealgorithms about logic.

5. If all above e®ortsfailed, we can promote it to the most generaltype (or say a meta type), which is
exactly the baseclassin the type systemof our interpreter, classMxDataT ype. (Of course,classesof
our interpreter must be included in the run-time ervironment.) As an alternativ e, the translator might
print messagedo ask whether the programmer can changeit.

6. All global variables accessibleby programs but not examined by the translator can be handled as
variables of the meta type.

8.2.4 Dual scoping

We didn't mention the scopingproblem in the languagereferencemanual. However, we have consideredthe
scoping problem in our implementation. Translative languagesprefer static scoping, so by default our Mx
programming languageis also static scoping. However, we have implemented the dual saping medanism
in the interpreter becauseduring the designstage, we do not know what is feasible, static or dynamic. In
the current implemertation, ead time we create a sub symbol table, it hastwo parent symbol tables, oneis
its static parert, the other is its dynamic parert. We can add a quali er before using a variable to force the
interpreter to seard this variable in the dynamic ancestorsof the current symbol table.

In the current implementation, if we use static scoping, the deepbinding medanism is used naturally,
whereas,if we use dynamic scoping, the shallow binding mecanism is used.
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App endix A

Language Syntax

A.1 Lexical rules

alpha ! 'a'..'z" j'A'.'Z" j'

digit ! '0..'9’

id ! alpha (alpha jdigit )*

number ! ( (digit)y+ (." (digit)*)? j'.' (digit)+ ) ( (Eje) (+]j-)? (digit)+ )?
string ] 100 (» (-O@ ) J ( 100 100 ))* 100

Skipp ed tok ens

linebreak ! 'nn
whitespace ! ''j'nt'j'nr'j linebreak
comment ! ('=0' (»'s=)* 'o=' )| '== (»linebreak )* linebreak

A.2  Syntactic rules

program! ( statemert j func-def )*
statemert ! for-stmt j if-stmt j loop-stmt j break-stnt j return-stmt
j load-stmt j assignmet j func-call-stmt j 'f' (statement)* '¢'
for-stmt ! ‘for' '(" id '=' range( ', id '=' range)* ") statemert
if-stmt ! 'if' '(' expression’)' statemert ( 'else’ statemert )?
loop-stmt ! ‘loop' ('(" id )" )? statemert
break-stmt ! ‘'break’ (id)? ;'
cort-stmt ! ‘continue' (id)? ;'
return-stmt ! ‘return' expression';
load-stmt ! ‘include' string ;'
assignmen ! l-value (=" j'+=' j'j =" j'&="j'="j '%="j'/ =" ) expression’;
func-call-stmt ! func-call *;'
func-call ! id '(" expr-list ')’
expr-list | expression( ',' expression)* j 2
func-def! ‘'func' id '(" var-list ') func-body
var-list ! id (') id )*j2
func-body ! '=' expression’; j 'f' (statement)* 'g'
expression! logic-term ( 'or' logic-term )*
logic-term ! logic-factor ( ‘and' logic-factor )*
logic-factor ! (‘'not")? relat-expr
relat-expr ! arith-expr ( (>=" j'<="j'>"j'<"j'==" j'l =) arith-expr )?
arith-expr ! arith-term ( ('+' j'j ") arith-term )*
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arith-term ! arith-factor ( (‘@'j'=j'%'j'=") arith-factor )*
arith-factor ! ('+'j'i ") r-valuej r-value'®

r-value! I-valuej func-call j constart j array

[-value! id (T index 7 )*

index! range(,’ range)?

range! expression(:' (expression)?j "' expression)? j "'
constart ! number

array ! '[' expression( (','j";") expression)* '
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App endix B

Code listing

These are sourceles, testing script and databases,and examples,as of May 13. (Generated les are not
included.)

Jsrc

-rW-r--r-- 1 hanhua phd 6770 May 12 17:42 grammar.g
-rW-r--r-- 1 hanhua phd 6155 May 12 17:42 walker.g
-rW-r--r-- 1 hanhua phd 4628 May 12 19:44 MxMain.java
-rW-r--r-- 1 hanhua phd 11544 May 12 17:42 MxInterpreter.java
-rW-r--r-- 1 hanhua phd 1116 May 12 19:44 MxBitArray.java
-W-r--r-- 1 hanhua phd 1555 May 12 19:44 MxBool.java
-W-r--r-- 1 hanhua phd 3806 May 12 19:44 MxDataType.java
-rW-r--r-- 1 hanhua phd 3771 May 12 19:44 MxDouble.java
-W-r--r-- 1 hanhua phd 347 May 12 19:44 MxException.java
-rW-r--r-- 1 hanhua phd 1963 May 12 19:44 MxFunction.java
-rW-r--r-- 1 hanhua phd 3979 May 12 19:44 MxInt.java
-rW-r--r-- 1 hanhua phd 10306 May 12 19:44 MxMatrix.java
-rW-r--r-- 1 hanhua phd 1852 May 12 19:44 MxRange.java
-rW-r--r-- 1 hanhua phd 999 May 12 19:44 MxString.java
-rW-r--r-- 1 hanhua phd 2914 May 12 19:44 MxSymbolTable.java
-rW-r--r-- 1 hanhua phd 597 May 12 19:44 MxVariable.java
-rW-r--r-- 1 hanhua phd 15394 May 12 17:16 MxInternalFunction.m4
-rW-r--r-- 1 hanhua phd 1429 May 11 12:14 Makefile
Jsrc/jamaica

-rW-r--r-- 1 hanhua phd 42670 May 12 17:13 Matrix.java
-W-r--r-- 1 hanhua phd 5645 May 12 20:13 BitArray.java
-rW-r--r-- 1 hanhua phd 4569 May 12 20:13 Range.java
-rW-r--r-- 1 hanhua phd 11397 May 12 17:13 Painter.java
-rW-r--r-- 1 hanhua phd 14551 May 12 17:13 Plotter.java
-rW-r--r-- 1 hanhua phd 10061 May 12 17:13 MatrixTest.java
Jtest

-PWXT-Xr-X 1 hanhua phd 6847 May 9 10:50 mxtest.tcl
-rW-r--r-- 1 hanhua phd 1515 May 7 10:24 bool.tdb

-rW-r--r-- 1 hanhua phd 1133 May 7 10:39 double.tdb
-rW-r--r-- 1 hanhua phd 1181 May 9 18:41 infunc.tdb
-rW-r--r-- 1 hanhua phd 943 May 7 10:36 int.tdb

-rW-r--r-- 1 hanhua phd 863 May 9 13:55 samples.tdb
-rW-r--r-- 1 hanhua phd 175 May 13 12:44 tzfor.tdb



-rW-r--r-- 1 hanhua phd 407 May 13 12:41 tzfunc.tdb
-rW-r--r-- 1 hanhua phd 209 May 13 12:49 tzloop.tdb
-IW-r--r-- 1 hanhua phd 2086 May 13 12:37 tzmisc.tdb
-rW-r--r-- 1 hanhua phd 684 May 13 12:41 tzmx.tdb
-rW-r--r-- 1 hanhua phd 633 May 13 12:40 tzrange.tdb
-rW-r--r-- 1 hanhua phd 170 May 13 12:40 tzstring.tdb
-rW-r--r-- 1 hanhua phd 264 May 9 13:59 fmri.mx
-W-r--r-- 1 hanhua phd 1394 May 11 23:12 lenna.mx
-rW-r--r-- 1 hanhua phd 609 May 11 23:12 lorenz.mx
-rW-r--r-- 1 hanhua phd 548 May 9 13:58 mandelbrot.mx
-rW-r--r-- 1 hanhua phd 209 May 11 23:12 potato.mx
-rW-r--r-- 1 hanhua phd 291 May 9 13:57 sierpinski.mx
-PWXT-Xr-X 1 hanhua phd 114 May 13 13:44 runall.sh

File listing beginsat the next page. &.mx les are not included becausethey are already in the chapter
of tutorial.
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B.1 Parser

B.1.1 src/grammar.g

/*
* grammar.g : the lexer and the parser, in ANTLRgrammar.
*

* @author Tiantian Zhou - tz2002@columbia.edu
* @version $ld: grammar.g,v 1.15 2003/05/13 23:25:22 hanhua Exp $
*

class MxAntlrLexer extends Lexer;

options{
k =2
charVocabulary = "\3'..\377";
testLiterals = false;
exportVocab = MxAntlr;

int nr_error = 0;

public void reportError(  String s ) {
super.reportError( s );
nr_error++;

}

public void reportError(  RecognitionException e ) {
super.reportError( e )
nr_error++;

}

protected
ALPHA : 'a.'z | ‘ALZ |

protected
DIGIT : '0..'9%

WS S G 9 { $setType(Token.SKIP); }

NL (] (v W) =\t )
{ $setType(Token.SKIP); newline(); }

COMMENT( "/* (
options {greedy=false;}
(NL)
| ~C '\ | A )
)* [
[ "7 (~C \n* ] \r" ))* (NL)
) { $setType(Token.SKIP); }
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LDV_LDVEQ "™ (
(=) =>'=" { $setType(LDVEQ); }
| { $setType(LDV); }

);

LPAREN: '(;
RPAREN:
MULT : "™
PLUS : '+
MINUS : '
RDV i
MOD D%,
SEMI o
LBRACE: '{;
RBRACE: 7,
LBRK : T4
RBRK : T
ASGN : '=%
COMMA : '
PLUSEQ: "+=";
MINUSEQ "-=";
MULTEQ: "*=";
RDVEQ : "/="
MODEQ : "%=";
GE S ES
LE Dot
GT D
LT Dot
EQ Do t=="
NEQ N ES
TRSP . \";
COLON : "%
DCOLON: ":";
ID options { testLiterals = true; }

. ALPHA(ALPHA|DIGIT)*

/* NUMBEBxample:
* 1, 1le, 1., 1l.el0, 1.1, 1.1el10
*/

NUMBER (DIGIT)+ (. (DIGIT)®? ((E|e) (+]-)? (DIGIT)+)? ;

/* Hanhua: the definition  of the string might be different  */
STRING : ™!

(o~ ] )

| ()

)*
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class MxAntlrParser extends Parser;

options{
k = 2;
buildAST = true;
exportVocab = MxAntlr;

tokens {
/I PROG; /[ Hanhua: PROGs actually statements
STATEMENT;
ARRAY_ROW;
ARRAY;
VAR_LIST;
EXPR_LIST;
FUNC_CALL,;
/' FUNC_BODY; /' Hanhua: this level is not necessary
/I FUNC_BODY_ASGN{ Hanhua: this level is not necessary
FOR_CON,;
LOOP;
UPLUS;
UMINUS;

int nr_error = 0;

public void reportError(  String s ) {
super.reportError( s ),
nr_error++;

}

public void reportError(  RecognitionException e ) {
super.reportError( e)
nr_error++;

}

program
: ( statement | func_def )* EOF!
{#program = #([STATEMENT,"PROG"]program); }

statement
. for_stmt

| if_stmt

| loop_stmt

| break_stmt

| return_stmt

| load_stmt

| assignment

| func_call_stmt

| LBRACE|(statement)* RBRACE!
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{##statement = #([STATEMENT,"STATEMENT"$tatement); }

for_stmt
. "for"r  LPAREN!for_con RPARENSLtatement
for_con
ID ASGN!range (COMMAID ASGN!range)*
{#for_con = #([FOR_CON,"FOR_CON"for_con); }
if_stmt
"if*  LPAREN!expression RPARENStatement
(options {greedy = true;}: "else"! statement )?
loop_stmt!
: "loop" ( LPAREN!d:ID RPAREN)? stmt:statement
{
if (null ==#d )
#loop_stmt = #([LOOP,"loop"], #stmt);
else
#loop_stmt = #([LOOP,"loop"], #stmt, #id);
}
break stmt

"break™ (ID)? SEMI!

continue_stmt
“continue™ (ID)? SEMI!

return_stmt
"return"®  (expression)? SEMI!

load_stmt
“include"” STRINGSEMI!

assignment
| value ( ASGNY PLUSEQ}? MINUSEQ} MULTEQ} LDVEQA"
| MODEQ®* RDVEQ"
) expression SEMI!

func_call_stmt
func_call SEMI!
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func_call
. ID LPAREN!expr_list RPAREN!

{#func_call = #([FUNC_CALL,"FUNC_CALL"Jfunc_call); }
expr_list
. expression ( COMMAéxpression )*
{#expr_list = #([EXPR_LIST,"EXPR_LIST"], expr_list); }
| *nothing:  Hanhua: although empty, we should have a node */
{#expr_list = #([EXPR_LIST,"EXPR_LIST"], expr_list); }
func_def
: "func" ID LPARENWar list RPARENfunc_body
var_list

ID ( COMMAD )*
{#var_list = #([VAR_LIST,"VAR_LIST"], var_list); }
| /* nothing. Hanhua: necessary to add an node for empty list */
{#var_list = #([VAR_LIST,"VAR_LIST"], var_list); }

/I Hanhua: an intermediate level is removed
func_body
: ASGN!a:expression SEMI!
{#func_body = #a; }
| LBRACE/(statement)* RBRACE!
{#func_body = #([STATEMENT,"FUNC_BODY'fync_body); }

expression
logic_term ( "or"M logic_term )*

logic_term
logic_factor ( "and"" logic_factor )*
logic_factor
© ("not"™™)?  relat_expr
relat_expr
arith_expr ( (GE*| LEM| GTA| LTA | EQM| NEQ?)arith_expr )?
arith_expr
arith_term ( (PLUS™| MINUSH) arith_term  )*
arith_term

arith_factor ( (MULTA| LDV~ MODY RDVA) arith_factor  )*
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arith_factor
PLUS! r_value
{#arith_factor
| MINUS!r_value
{#arith_factor
| r_value (TRSP?)*;

#(JUPLUS,"UPLUS"], arith_factor); }

#([UMINUS,"UMINUS"], arith_factor); }

r_value

. | _value

| func_call

| NUMBER

| STRING

| “true"

| "false"

| array

| LPAREN!expression RPAREN!
|_value

: ID™ ( LBRK!index RBRK!)*
index

range (COMMAtange)?
{#index = #([EXPR_LIST,"INDEX"], index); }
range
expression (COLON/expression)? | DCOLONeéxpression )? | COLON?

array_row

. expression (COMMAExpression)*

{#array_row = #([ARRAY_ROW,"ARRAY_ROVdttay row); }

array

LBRK!array_row (SEMI! array_row)* RBRK!
{#array = #([ARRAY,"ARRAY"], array); }

cl_statement
. ( statement | func_def )
| “exit"
{ System.exit(0); }
| EOF!
{ System.exit(0); }
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B.1.2 src/w alker.g

/*
* walker.g : the ASTwalker.

*

* @author Tiantian Zhou - tz2002@columbia.edu

*

* @version $ld: walker.g,v 1.24 2003/05/12 21:42:43 hanhua Exp $

*/

{
import java.io.*;
import java.util.*;

}
class MxAntlrWalker extends TreeParser;
options{
importVocab = MxAntlr;
}
{
static MxDataTypenull_data = new MxDataType( "<NULL>");
MxInterpreter ipt = new MxInterpreter();
}
expr returns [ MxDataTyper |
{
MxDataTypea, b;
Vector v;
MxDataType[] X;
String s = null;
String[]  sx;
r = null_data;
}
. #("or" a=expr right_or:.)
{
if ( a instanceof MxBool)
r = ( (MxBool)a).var ? a : expr(#right_or)
else
r = a.or( expr(#right_or) );
}
| #("and" a=expr right_and:.)
{
if ( a instanceof MxBool)
r = ( ((MxBool)a).var ? expr(#right_and)
else
r = a.and( expr(#right_and) );
}
| #("'not" a=expr) { r =anot(); }
| #(GE a=expr b=expr) {r =age( b); }
| #(LE a=expr b=expr) {r=ale( b) }
| #(GT a=expr b=expr) {r=agt( b)) }
| #(LT a=expr b=expr) {r=alt b) }
| #(EQ a=expr b=expr) {r=aeq( b)) }
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#(NEQa=expr b=expr) {r=ane( b); }
#(PLUS a=expr b=expr) {r =aplus( b); }
#(MINUSa=expr b=expr) {r =aminus( b); }
#(MULTa=expr b=expr) { r =atimes( b); }
#(LDV a=expr b=expr) { r = alfracts( b), }
#(RDV a=expr b=expr) { r = a.rfracts( b)) }
#(MODa=expr b=expr) { r = amodulus( b); }
#(UPLUSa=expr) {r=a}
#(UMINUSa=expr) { r = a.uminus(); }
#(PLUSEQa=expr b=expr) {r =aadd( b); }
#(MINUSEQ=expr b=expr) {r=asub( b); }
#(MULTEQ@=expr b=expr) {r=amul( b);, }
#(LDVEQa=expr b=expr) {r=aldiv( b); }
#(RDVEQ=expr b=expr) {r =ardiv( b); }
#(MODEQ=expr b=expr) {r=arem( b); }
#(COLONCcl:. (c2:)?7)?)

{

r = MxRange.create( (null==#cl) ? null : expr(#cl),
(null==#c2) ? null : expr(#c2) );

}

#(DCOLOM=expr b=expr) { r = MxRange.create( a, b, 1); }
#(ASGNa=expr b=expr) {r =iptassign( a, b); }
#(FUNC_CALla=expr x=mexpr)

{ r = iptfuncinvoke(  this, a, x); }

#(ARRAY { v = new Vector(); }

(a=expr { vaadd( a); }

)*

)

{ r = MxMatrix.joinVert( ipt.convertExprList( v) ) }
#(ARRAY_ROW { v = new Vector(); }

(a=expr { vaadd( a); }

)+
)

{ r = MxMatrix.joinHori( ipt.convertExprList( v) ) }
num:NUMBER { r = ipt.getNumber( num.getText() );
str:STRING { r = new MxString( str.getText() );
"true" { r = new MxBool( true ); }
"false" { r = new MxBool( false ); }
#(id:1D { r = ipt.getVariable( id.getText()

( x=mexpr { r = ipt.subMatrix( r, x) }
)*
)
#(TRSP a=expr) { r = atranspose(); }
#("for"  x=mexpr forbody:.)
{
MxInt[] values = ipt.forlnit( X );
while ( ipt.forCanProceed( x, values ) )
{
r = expr( #forbody );
ipt.forNext( X, values );
}
ipt.forEnd(  x );
}
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| #('if" a=expr thenp:. (elsep:.)?)

{
if ( Y a instanceof MxBool) )
return a.error( "if: expression should be bool" );
if ( ((MxBool)a).var )
r = expr( #thenp );
else if ( null = elsep )
r = expr( #elsep );
}
| #(STATEMEN@®tmt:. { if ( ipt.canProceed() ) r = expr(#stmt); } )*)
| #(LOOPIloopbody:.
(loopid:ID { s = loopid.getText(); }
)?
)
{
while ( ipt.canProceed() )
{
r = expr( #loopbody );
ipt.loopNext( s );
}
ipt.loopEnd( s );
}
| #("break" (breakid:ID { s = breakid.getText(); }
)?
) { ipt.setBreak( s ); }
| #("continue" (contid:ID { s = contid.getText(); }
)?
) { ipt.setContinue( s ) }
| #("return" ( a=expr { r = ipt.rvalue( a) }
)?
) { ipt.setReturn( null ); }

| #('func" fname:ID sx=vlist fbody:.)
{ ipt.funcRegister( fname.getText(), sx, #fbody ); }
| #("include" a=expr) { ipt.include( a); }

mexpr returns [ MxDataType[] rv ]

{
MxDataTypea;
rv = null;
Vector v;
}
. #(EXPR_LIST { v = new Vector(); }
( a=expr { vadd( a); }
)*
) { rv = ipt.convertExprList( v);, }
| a=expr { rv = new MxDataType[1l]; rv[0] = a; }
| #(FOR_CON { v = new Vector(); }
( siID a=expr { a.setName( s.getText() ); v.add(a); }
)+
) { rv = ipt.convertExprList( v), }
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vlist returns [ String(]

{

Vector v;
sv = null;
}
;. #(VAR_LIST
(s:ID
)*

sv |

{ v = new Vector(); }
{ v.add( s.getText() );

{ sv = ipt.convertVarList(
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B.2 Interpreter

B.2.1 src/MxMain.ja va

import java.io.*;

import antlr.CommonAST;

import antlr.collections.AST;

import antlr.RecognitionException;
import antlr.TokenStreamException;
import antlr.TokenStreamlOException;
import jamaica.*;

/**

* The main class
*
* @author Hanhua Feng - hf2048@columbia.edu
* @version $ld: MxMain.java,y 1.15 2003/05/13 17:34:31 hanhua Exp $
*/
class MxMain {
static boolean verbose = false;

public static void execFile( String filename ) {
try
{

InputStream input = ( null != filename ) ?
(InputStream)  new FilelnputStream(  filename ) :
(InputStream)  System.in;

MxAntlrLexer lexer = new MxAntlrLexer( input );
MxAntlrParser parser = new MxAntlrParser( lexer );

/I Parse the input program
parser.program();

if ( lexer.nr_error >0 || parser.nr_error > 0)

{

System.err.printin( "Parsing errors found. Stop." );
return;

}

CommonASfee = (CommonAST)parser.getAST();

if ( verbose )

{
/[ Print the resulting tree out in LISP notation
System.out.printin(
! %ree structure 3,
System.out.printin( tree.toStringList() );
}

MxAntlrWalker walker = new MxAntlrWalker();
/I Traverse the tree created by the parser
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} catch(

} catch( RecognitionException

if ( verbose )

System.out.printin(

MxDataTyper = walker.expr(

if ( verbose )

System.out.printin(

sprogram output

if (nul !=r)
r.print();

if ( verbose )

{

System.out.printin(

JPprogram return

gglobal variables

walker.ipt.symt.what();

}

System.err.printin(

System.err.printin(

IOException e ) {

tree );

N
Y.

} catch( TokenStreamException e ) {

System.err.printin(

} catch( Exception e ) {

}

while ( Painter.frameCount()

{

}

public static

System.err.printin(

try
{
Thread.sleep(

} catch ( InterruptedException

"Error; 1/0: " +e);

e) {
"Error:  Recognition: " + e );
"Error: Token stream: " + e );
"Error: " +e);

1000 );

void commandLine() {
InputStream input = (InputStream)

> 0 || Plotter.frameCount()

e) {}

new DatalnputStream(

MxAntlrwalker walker = new MxAntlrWalker();

for

{

(5 )
try
{
while( input.available()
input.read();
}

catch ( IOException e ) {}

System.out.print(

M)

>0)
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System.out.flush();

MxAntlrLexer lexer = new MxAntlrLexer( input );
MxAntlrParser parser = new MxAntlrParser( lexer );

try
{

parser.cl_statement();
CommonASifee = (CommonAST)parser.getAST();
MxDataTyper = walker.expr( tree );

if ( verbose &&r != null)
r.print();
} catch( RecognitionException e ) {
System.err.printin( "Recognition exception: " + e );

} catch( TokenStreamException e ) {
if ( e instanceof TokenStreamlOException ) {

System.err.printin( "Token 1/O exception" );
break;
}
System.err.printin( "Error: Token stream: " + e );
} catch( MxException e ) {
System.err.printin( "Error:  Interpretive: "+ e)

e.printStackTrace();
} catch( RuntimeException e ) {

System.err.printin( "Error: Runtime: " + e );
e.printStackTrace();
} catch( Exception e ) {
System.err.printin( "Error: " +e);
e.printStackTrace();
}
}
}
public static void main( String[] args ) {
verbose = args.length >= 1 &&args[0].equals(  "-v" );

boolean batch = args.length >=1 && args[0].equals(  "-b" );

if ( args.length >=1 && args[args.length-1].charAt(0) =)
execFile( args[args.length-1] );

else if ( batch )
execFile( null );

else
commandLine();

System.exit( 0 );
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B.2.2 src/MxIn terpreter.ja va

import java.util.*;

import java.io.*;

import antlr.CommonAST,;

import antlr.collections.AST;

import antlr.RecognitionException;
import antlr.TokenStreamException;
import antlr. TokenStreamlOException;
import jamaica.*;

[** Interpreter  routines that is called directly from the tree walker.
* @author Hanhua Feng - hf2048@columbia.edu
* @version $ld: MxInterpreter.java,v 1.27 2003/05/12 21:42:43 hanhua Exp $
*/
class Mxinterpreter {
MxSymbolTable symt;

final static int fc_none = 0;
final static int fc_break = 1;

final static int fc_continue = 2;
final static int fc_return = 3;
private int control = fc_none;

private String label;
private Randomrandom = new Random();

public Mxinterpreter()  {
symt = new MxSymbolTable( null, null );
registerinternal();

}

public MxDataType[] convertExprList( Vector v ) {
/* Note: expr list can be empty */
MxDataType[] x = new MxDataType|v.size()];

for ( int i=0; i<x.length; i++ )
X[i] = (MxDataType) v.elementAt( i );
return Xx;

}

public static String[] convertVarList( Vector v ) {
/* Note: var list can be empty */
String[] sv = new String[ v.size() ];

for ( int i=0; i<sv.length; i++ )
svli] = (String) v.elementAt( i );
return sv;
}
public static MxDataTypegetNumber( String s ) {
if ( s.indexOf( '' ) >=0

[| s.indexOf( 'e'" ) >=0 | s.indexOf( 'E' ) >=0)
return new MxDouble( Double.parseDouble( s ) );
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return new MxInt( Integer.parselnt( s ) )

}

public static int getDataType( String s ) {
if ( s.equals( "double" ) )
return Matrix.DT_DOUBLE;
f ( s.equals( "int" ) )
return Matrix.DT_INT;
f ( s.equals( "short" ) )
return Matrix.DT_SHORT;
f ( s.equals( "byte" ) )
return Matrix.DT_BYTE;
f ( s.equals( “float" ) )
return Matrix.DT_FLOAT,;
throw new MxException( "Unknown data type" );

}

public MxDataTypegetVariable( String s ) {
/I default static scoping
MxDataTypex = symt.getValue( s, true, 0 );

if (null ==x)
return new MxVariable( s );
return x;
}
public MxDataTypervalue( MxDataTypea ) {
if ( null == a.name)
return a;
return a.copy();
}
public MxDataTypedeepRvalue( MxDataTypea ) {
if ( null == aname)
return a;

if ( a instanceof MxMatrix )
return ((MxMatrix)a).deepCopy();
return a.copy();

}

public MxDataTypeassign( MxDataTypea, MxDataTypeb ) {
if ( null != a.name)
{

MxDataTypex = deepRvalue( b );

x.setName( a.name );

symt.setValue( x.name, x, true, 0); /I scope?
return  x;

}

if ( a instanceof MxMatrix )

{
BitArray mask = ((MxMatrix)a).mask;

if ( null == mask)
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if ( b instanceof MxMatrix )
((MxMatrix)a).mat.assign( ((MxMatrix)b).mat  );
else
((MxMatrix)a).mat.assign( MxDouble.doubleValue( b ) );

}
else
if ( b instanceof MxMatrix )
((MxMatrix)a).mat.assign( mask, ((MxMatrix)b).mat );
else
((MxMatrix)a).mat.assign( mask, MxDouble.doubleValue( b ) );
}
return a;
}
return a.error( b, "=" );

}

public MxDataTypesubMatrix( MxDataTypex, MxDataType[] mexpr ) {
if ( x instanceof MxMatrix )

{
if ( 2 == mexpr.length )
{
Range mr, nr;
if ( mexpr[0] instanceof Mxint
|| mexpr[0] instanceof MxDouble)
mr = new Range( MxInt.intValue(  mexpr[0] ), 1, 1);
else if ( mexpr[0] instanceof MxRange)
mr = ((MxRange)mexpr[0]).getRange(
((MxMatrix)x).mat.height() );
else
return x.error(  mexpr[0], "slicing" );
if ( mexpr[1l] instanceof Mxint
|| mexpr[1l] instanceof MxDouble)
nr = new Range( MxInt.intvValue(  mexpr[1] ), 1, 1);
else if ( mexpr[l] instanceof MxRange)
nr = ((MxRange)mexpr[1]).getRange(
((MxMatrix)x).mat.width() );
else
return x.error(  mexpr[l], "slicing" );
return new MxMatrix( ((MxMatrix)x).mat.slice( mr, nr ) );
}

if ( 1 == mexpr.length )
if ( mexpr[0] instanceof MxBitArray )

return new MxMatrix( ((MxMatrix)x).mat,
((MxBitArray)mexpr[0]).ba );
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Range range;

if ( mexpr[0] instanceof MxInt

|| mexpr[0] instanceof MxDouble)

range = new Range( MxInt.intValue(  mexpr[0] ), 1, 1);
else if ( mexpr[0] instanceof MxRange)

range = ((MxRange)mexpr[0]).range;
else

return x.error( mexpr[0], "slicing" );

if (1 == ((MxMatrix)x).mat.width() )
return new MxMatrix(
((MxMatrix)x).mat.slice( range, new Range( 0, 0) ) );
else if ( 1 == ((MxMatrix)x).mat.height() )
return new MxMatrix(
((MxMatrix)x).mat.slice( new Range( 0, 0 ), range ) );

}

return x.error(  "slicing" );

}

public MxDataType funcinvoke(
MxAntlrWalker walker, MxDataTypefunc,
MxDataType[] params ) throws antlr.RecognitionException {

/I func must be an existing function
if ( !( func instanceof MxFunction ) )
return func.error(  "not a function" );

/Il Is this function an internal function?
/I Namesof formal args are not necessary for internal functions.

if ( ((MxFunction)func).isinternal() )
return execlnternal(  ((MxFunction)func).getinternalld(),
params );

/I otherwise check numbers of actual and formal arguments
String[] args = ((MxFunction)func).getArgs();
if ( args.ength != params.length )

return func.error(  "unmatched length of parameters" );

/I create a new symbol table
symt = new MxSymbolTable( ((MxFunction)func).getParentSymbolTable(),
symt );

/I assign actual parameters to formal arguments
for ( int i=0; i<args.length; i++ )
{
MxDataTyped = rvalue( paramsli] );
d.setName( args[i] );
symt.setValue( args[i], d, false, 0);
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/I call the function body
MxDataTyper = walker.expr( ((MxFunction)func).getBody() );

/I no break or continue can go through the function
if ( control == fc_break || control == fc_continue )
throw new MxException( "nowhere to break or continue" );

/Il if a return was called
if ( control == fc_return )
tryResetFlowControl(  ((MxFunction)func).name );

/I remove this symbol table and return
symt = symt.dynamicParent();

return r;

}

public void funcRegister( String name, String[] args, ASTbody ) {
symt.put( name, new MxFunction( name, args, body, symt ) );

}
public void setBreak( String label ) {
this.label = label;
control = fc_break;
}
public void setContinue( String label ) {
this.label = label;
control = fc_continue;
}
public void setReturn( String label ) {
this.label = label;
control = fc_return;
}
public void tryResetFlowControl(  String loop_label ) {
if ( null ==label || label.equals( loop label ) )
control = fc_none;

}

public void loopNext( String loop_label ) {
if ( control == fc_continue )
tryResetFlowControl(  loop_label );

public void loopEnd( String loop_label ) {
if ( control == fc _break )
tryResetFlowControl(  loop_label );

}

public boolean canProceed() {
return control == fc_none;
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}

public MxInt[] forlnit( MxDataType[] mexpr ) {
/I very muchlike function call
for ( int i=0; i<mexpr.length; i++ )
if (! ( mexpr[i] instanceof MxRange) )
{
mexprl[i].error( “for: [range expected]" );
return null;

}

/I create a new symbol table
symt = new MxSymbolTable( symt, symt );

MxInt[] x = new MxInt[mexpr.length];
for ( int i=0; i<mexpr.length; i++ )

{
X[i] = new MxInt( ((MxRange)mexpr[i]).range.first() );
X[i].setName(  mexpr[i].name );
symt.setValue( mexpr[il.name, x[i], false, 0 );
}
symt.setReadOnly();
return X;
}
public boolean forCanProceed( MxDataType[] mexpr, MxInt[] values ) {
if ( control != fc_none )
return false;
for ( int i=mexpr.length-1; ; i- )
{
if ( ((MxRange)mexpr]i]).range.contain( valuesJi].var ) )
return true;
if (0==1i)
return false;
valuesJi].var = ((MxRange)mexpr[i]).range.first();
values[i-1].var =
((MxRange)mexpr[i-1]).range.next( values[i-1].var );
}
}

public void forNext( MxDataType[] mexpr, MxInt[] values ) {

values[ values.length-1  ].var++;
if ( control == fc_continue )
tryResetFlowControl( mexpr[0].name );

}

public void forEnd( MxDataType[] mexpr) {
if ( control == fc_break )
tryResetFlowControl( mexpr[0].name );
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/I remove this symbol table
symt = symt.dynamicParent();

}
public MxDataTypeexecinternal( int id, MxDataType[] params) {
return  MxInternalFunction.run( symt, id, params);
}
public void registerinternal() {
MxInternalFunction.register( symt );
}
public MxDataTypeinclude( MxDataTypefile ) {
if ( file instanceof MxString )
{
try
{

}

InputStream input =
(InputStream)  new FilelnputStream(  ((MxString)file).var

MxAntirLexer lexer = new MxAntlrLexer( input );
MxAntlrParser parser = new MxAntlrParser( lexer );

parser.program();

if ( lexer.nr_error >0 || parser.nr_error > 0)
throw new MxException( "parsing erros" );

CommonASfee = (CommonAST)parser.getAST();

MxAntlrWalker walker = new MxAntlrWalker();

/I share the symbol table

walker.ipt.symt = this.symt;

return walker.expr( tree );

catch ( Exception e )

{

}
}

throw new MxException( "why parser let

throw new MxException( "include failed" );
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B.2.3 src/MxBitArra y.java

import java.io.PrintWriter;
import jamaica.BitArray;

/**
* the wrapper class for jamaica.BitArray
*
* @author HanhuaFeng - hf2048@columbia.edu
* @version $ld: MxBitArray.java,y  1.12 2003/05/12 23:44:34 hanhua Exp $
*/
class MxBitArray extends MxDataType{
BitArray ba;

public MxBitArray( BitArray ba ) {
this.ba = ba;
}

public String typename() {
return "matmask”;

}

public MxDataTypecopy() {
return new MxBitArray( ba );
}

public void print(  PrintWriter  w) {
if ( name!= null )

w.print(  name+ " =" );
w.print(  ba.toString()  );
w.printin();

}

public MxDataTypeand( MxDataTypeb ) {
if ( b instanceof MxBitArray )
return new MxBitArray( ba.and( ((MxBitArray)b).ba ) );
return error( b, "and" );

}

public MxDataTypeor( MxDataTypeb ) {
if ( b instanceof MxBitArray )
return new MxBitArray( ba.or( ((MxBitArray)b).ba ) );
return error( b, "or" );

}

public MxDataTypenot() {
return new MxBitArray( ba.not() );

}
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B.2.4 src/MxBo oljava
import java.io.PrintWriter;

/**

the wrapper class for boolean

*
*
* @author Hanhua Feng - hf2048@columbia.edu
* @version $ld: MxBool.java,y 1.9 2003/05/12 23:44:34 hanhua Exp $
*/
class MxBool extends MxDataType{

boolean var;

MxBool( boolean var ) {

this.var = var;

}

public String typename() {
return "bool";

}

public MxDataTypecopy() {
return new MxBool( var );
}

public void print( PrintWriter w) {
if ( namel= null )

w.print(  name+ " =" );

w.printin( var ? "true" "false" );

public MxDataTypeand( MxDataTypeb ) {
if ( b instanceof MxBool)
return new MxBool( var && ((MxBool)b).var );
return error( b, "and" );

}

public MxDataTypeor( MxDataTypeb ) {
if ( b instanceof MxBool)
return new MxBool( var || ((MxBool)b).var );
return error( b, "or" );

}

public MxDataTypenot() {
return new MxBool( var );
}

public MxDataTypeeq( MxDataTypeb ) {
/I not exclusive or
if ( b instanceof MxBool)
return new MxBool( ( var && ((MxBool)b).var )
| ( var &&!((MxBool)b).var ) );
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return error( b, "==");

}

public MxDataTypene( MxDataTypeb ) {
/I exclusive or
if ( b instanceof MxBool)
return new MxBool( ( var &&!((MxBool)b).var )
I ( 'var && ((MxBool)b).var ) );
return error( b, "I=" ),
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B.2.5 src/MxDataT ype.java

import java.io.PrintWriter;

* The base data type class (also a meta class)
*
* Error messagesare generated here.
*
*
*

@author Hanhua Feng - hf2048@columbia.edu

@version $ld: MxDataType.java,yv 1.17 2003/05/12 23:44:34 hanhua Exp $
*/
public class MxDataType
{

String name; // used in hash table

public MxDataType() {
name= null;
}

public MxDataType( String name) {
this.name = name;

}

public String typename() {
return "unknown";
}

public MxDataTypecopy() {
return new MxDataType();
}

public void setName( String name) {
this.name = name;
}

public MxDataTypeerror( String msg) {
throw new MxException( "illegal operation:
+ "( <" + typename() + ">
+ ( name!= null ? name: "<?>" )

L)),

[ msg

}

public MxDataTypeerror( MxDataTypeb, String msg) {
if (null ==hb)
return error( msg);
throw new MxException(
"illegal operation:
+"( <" + typename() + ">
+ ( name!= null ? name: "<?>" )
+" and "
+ "<" + typename() + ">
+ ( name!= null ? name: "<?>" )

L)),

+ msg
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}

public void print(  PrintWriter w) {
if ( namel= null )
w.print(  name+ " =" );
w.printin(  "<undefined>" );

}

public void print() {
print( new PrintWriter(  System.out, true ) );

}

public void what( PrintWriter w) {
w.print(  "<" + typename() + "> " );
print(  w);

}

public void what() {
what( new PrintWriter(  System.out, true ) );

}

public MxDataTypeassign( MxDataTypeb ) {
return error( b, "=" );

}

public MxDataTypetranspose() {
return error( "\ ),
}

public MxDataTypeuminus() {
return error( """ );

}

public MxDataTypeplus( MxDataTypeb ) {
return error( b, "+" );
}

public MxDataTypeadd( MxDataTypeb ) {
return error( b, "+=" );

}

public MxDataTypeminus( MxDataTypeb ) {
return error( b, "" );

}

public MxDataTypesub( MxDataTypeb ) {
return error( b, "-=" );

}

public MxDataTypetimes( MxDataTypeb ) {
return error( b, "" );

}
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public MxDataTypemul( MxDataTypeb ) {
return error( b, "*=" );

}

public MxDataTypelfracts( MxDataTypeb ) {
return error( b, """ );

}

public MxDataTyperfracts( MxDataTypeb ) {
return error( b, "\" );

}

public MxDataTypeldiv( MxDataTypeb ) {
return error( b, "/=" ),

}

public MxDataTyperdiv( MxDataTypeb ) {
return error( b, "N'=" ),

}

public MxDataTypemodulus( MxDataTypeb ) {
return error( b, "%" );

}

public MxDataTyperem( MxDataTypeb ) {
return error( b, "%="),

}

public MxDataTypegt( MxDataTypeb ) {
return error( b, ">" );

}

public MxDataTypege( MxDataTypeb ) {
return error( b, ">=");

}

public MxDataTypelt( MxDataTypeb ) {
return error( b, "<" );

}

public MxDataTypele( MxDataTypeb ) {
return error( b, "<=");

}

public MxDataTypeeq( MxDataTypeb ) {
return error( b, "==");

}

public MxDataTypene( MxDataTypeb ) {
return error( b, "I=" ),

}

public MxDataTypeand( MxDataTypeb ) {
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return error( b, "and" );

}

public MxDataTypeor( MxDataTypeb ) {
return error( b, "or" );
}

public MxDataTypenot() {
return error(  "not" );
}
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B.2.6 src/MxDouble.ja va
import java.io.PrintWriter;

/**

* The wrapper class for double
*
* @author Hanhua Feng - hf2048@columbia.edu
* @version $ld: MxDouble.java,y 1.13 2003/05/12 23:44:34 hanhua Exp $
*/
class MxDouble extends MxDataType{
double var;

public MxDouble( double x ) {
var = X;
}

public String typename() {
return "double";
}

public MxDataTypecopy() {
return new MxDouble( var );
}

public static double doubleValue( MxDataTypeb ) {
if ( b instanceof MxDouble)
return ((MxDouble)b).var;
if ( b instanceof Mxint )
return (double) ((MxInt)b).var;
if ( b instanceof MxMatrix && ((MxMatrix)b).demoteable() )
return ((MxMatrix)b).mat.get(0,0);
b.error( "cast to double" );
return O;

}

public void print(  PrintWriter w) {
if ( namel= null )
w.print(  name+ " =" );
w.printin( Double.toString(  var ) );
}

public MxDataTypeuminus() {
return new MxDouble( -var );

}

public MxDataTypeplus( MxDataTypeb ) {
return new MxDouble( var + doubleValue(b) );

}

public MxDataTypeadd( MxDataTypeb ) {
var += doubleValue( b );
return this;
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public MxDataTypeminus( MxDataTypeb ) {
return new MxDouble( var - doubleValue(b) );

}

public MxDataTypesub( MxDataTypeb ) {
var -= doubleValue( b );
return this;

}

public MxDataTypetimes( MxDataTypeb ) {
if ( b instanceof MxMatrix )
return b.times( this );
return new MxDouble( var * doubleValue(b) );

}

public MxDataTypemul( MxDataTypeb ) {
var *= doubleValue( b );
return this;

}

public MxDataTypelfracts( MxDataTypeb ) {
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )

{

return new MxMatrix(
((MxMatrix)b).mat.invert().selfmul( 1.0 / var ) );

}

return new MxDouble( var / doubleValue(b) );

}

public MxDataTyperfracts( MxDataTypeb ) {
return Ifracts( b );
}

public MxDataTypeldiv( MxDataTypeb ) {
var /= doubleValue(b);
return this;

}

public MxDataTyperdiv( MxDataTypeb ) {
return Idiv( b );

}

public MxDataTypemodulus( MxDataTypeb ) {
return new MxDouble( var % doubleValue(b) );

}

public MxDataTyperem( MxDataTypeb ) {
var %=doubleValue( b );
return this;
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public MxDataTypegt( MxDataTypeb ) {
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable()
return b.gt( this );
return new MxBool( var > doubleValue(b) );

}

public MxDataTypege( MxDataTypeb ) {
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable()
return b.ge( this );
return new MxBool( var >= doubleValue(b) );

}

public MxDataTypelt( MxDataTypeb ) {
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable()
return b.lt( this );
return new MxBool( var < doubleValue(b) );

}

public MxDataTypele( MxDataTypeb ) {
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable()
return b.le( this );
return new MxBool( var <= doubleValue(b) );

}

public MxDataTypeeq( MxDataTypeb ) {
if ( b instanceof MxMatrix && !'((MxMatrix)b).demoteable()
return b.eq( this );
return new MxBool( var == doubleValue(b) );

}

public MxDataTypene( MxDataTypeb ) {
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable()
return b.ne( this );
return new MxBool( var != doubleValue(b) );
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B.2.7 src/MxException.ja va
/*)\'

* Exception class: messagesare generated in various classes
*
* Can we do better?
*
*
*

@author Hanhua Feng - hf2048@columbia.edu
@version $ld: MxException.java,v 1.4 2003/05/12 23:44:34 hanhua Exp $
*/
class MxException extends RuntimeException {
MxException( String msg) {
System.err.printin( "Error:

+ msg);

}
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B.2.8 src/MxF unction.ja va

import java.io.PrintWriter;
import antlr.collections.AST;

/**

* The function data type (including internal functions)
* @author Hanhua Feng - hf2048@columbia.edu
* @version $ld: MxFunction.java,y 1.9 2003/05/12 23:44:34 hanhua Exp $
*/
class MxFunction extends MxDataType{
/I we need a reference to the ASTfor the function entry
String[]  args;

AST body; /[l body = null meansan internal function.
MxSymbolTable pst; /I the symbol table of static parent
int id; /[l for internal functions only

public MxFunction( String name, String[] args,
AST body, MxSymbolTable pst) {
super( name);
this.args = args;
this.body = body;
this.pst = pst;
}

public MxFunction( String name, int id ) {
super( name);
this.args = null;
this.id = id;
pst = null;
body = null;
}

public final boolean isiInternal() {
return body == null;

}

public final int getinternalld() {
return id;

}

public String typename() {
return “function”;

}

public MxDataTypecopy() {
return new MxFunction( name, args, body, pst );
}

public void print(  PrintWriter w) {
if ( body == null )
{

w.printin( name+ " = <internal-function> # +id );
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}

else
{
if ( namel!= null )
w.print(  name+ " =" );
w.print(  "<function>(" );
for ( int i=0; ; i++ )

{
w.print(  args[i] );
if (i >=args.length - 1)
break;
w.print( """ );
}

w.printin( )" );
}

public String[] getArgs() {
return args;

}

public MxSymbolTable getParentSymbolTable()
return pst;

}

public ASTgetBody() {
return body;
}
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B.2.9 src/MxIn tjava
import java.io.PrintWriter;

/**
* the wrapper class of int
*
* @author Hanhua Feng - hf2048@columbia.edu
* @version $ld: Mxintjava,y 1.13 2003/05/12 23:44:34 hanhua Exp $
*/
class MxInt extends MxDataType{
int var;

public MxInt( int x ) {

var = X;

}

public String typename() {
return “int";

}

public MxDataTypecopy() {
return new MxInt( var );

}

public static int intValue( MxDataTypeb ) {
if ( b instanceof MxDouble)
return (int)  ((MxDouble)b).var;
if ( b instanceof Mxint )
return ((MxInt)b).var;
if ( b instanceof MxMatrix && ((MxMatrix)b).demoteable() )
return (int)  ((MxMatrix)b).mat.get(0,0);
b.error( "cast to int" );
return O;

}

public void print(  PrintWriter w) {
if ( namel= null )
w.print(  name+ " =" );
w.printin(  Integer.toString( var ) );

}

public MxDataTypeuminus() {
return new MxInt( -var );

}

public MxDataTypeplus( MxDataTypeb ) {
if ( b instanceof Mxint )
return new MxInt( var + intValue(b) );
return new MxDouble( var + MxDouble.doubleValue(b) );

}

public MxDataTypeadd( MxDataTypeb ) {
var += intValue( b );

77



return this;

}

public MxDataTypeminus( MxDataTypeb ) {
if ( b instanceof MxiInt )
return new MxInt( var - intValue(b) );
return new MxDouble( var - MxDouble.doubleValue(b) );

}

public MxDataTypesub( MxDataTypeb ) {
var -= intValue( b );
return this;

}

public MxDataTypetimes( MxDataTypeb ) {
if ( b instanceof MxMatrix )
return b.times( this );
if ( b instanceof Mxint )
return new MxInt( var * intValue(b) );
return new MxDouble( var * MxDouble.doubleValue(b) );

}

public MxDataTypemul( MxDataTypeb ) {
var *= intValue( b );
return this;

}

public MxDataTypelfracts( MxDataTypeb ) {
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )

{

return new MxMatrix(
((MxMatrix)b).mat.invert().selfmul( 1.0 / (double)var ) );
}

if ( b instanceof Mxint )
return new Mxint( var / intValue(b) );
return new MxDouble( var / MxDouble.doubleValue(b) );

}

public MxDataTyperfracts( MxDataTypeb ) {
return Ifracts( b );
}

public MxDataTypeldiv( MxDataTypeb ) {
var /= intValue(b);
return this;

}

public MxDataTyperdiv( MxDataTypeb ) {
return Idiv( b );
}

public MxDataTypemodulus( MxDataTypeb ) {

78



if ( b instanceof Mxint )
return new MxInt( var %intvValue(b) );
return new MxDouble( var % MxDouble.doubleValue(b) );

public MxDataTyperem( MxDataTypeb ) {
var %=intValue( b );
return this;

}

public MxDataTypegt( MxDataTypeb ) {
if ( b instanceof Mxint )
return new MxBool( var > intValue(b) );
return b.t( this );

}

public MxDataTypege( MxDataTypeb ) {
if ( b instanceof Mxint )
return new MxBool( var >= intValue(b) );
return b.le( this );

}

public MxDataTypelt( MxDataTypeb ) {
if ( b instanceof Mxint )
return new MxBool( var < intValue(b) );
return b.gt( this );

}

public MxDataTypele( MxDataTypeb ) {
if ( b instanceof Mxint )
return new MxBool( var <= intValue(b) );
return b.ge( this );

}

public MxDataTypeeq( MxDataTypeb ) {
if ( b instanceof MxiInt )
return new MxBool( var == intValue(b) );
return b.eq( this );

}

public MxDataTypene( MxDataTypeb ) {
if ( b instanceof Mxint )
return new MxBool( var != intValue(b) );
return b.ne( this );
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B.2.10 src/MxMatrix.ja va

import java.io.PrintWriter;
import jamaica.*;

/**

*

the wrapper class for jamaica.Matrix

*

*

@author Hanhua Feng - hf2048@columbia.edu
@version $ld: MxMatrix.java,v  1.17 2003/05/12 23:44:34 hanhua Exp $

*

*/

class MxMatrix extends MxDataType{
Matrix mat;
BitArray mask;

MxMatrix( Matrix mat ) {

this.mat = mat;
mask = null;
}
MxMatrix( Matrix mat, BitArray mask) {
this.mat = mat;
this.mask = mask;
}

public String typename() {
return "matrix";

}

public MxDataTypecopy() {
return new MxMatrix( mat, mask);

}

public MxDataTypedeepCopy() {
return new MxMatrix( mat.copy(), mask);

}

public void print( PrintWriter w) {
if ( name!= null )
w.printin( name+ " =" );
mat.print(  w, 8, 4, 4);
if ( mask!= null )
{
w.print( " <mask>=");
w.printin( mask.toString()  );

}

public void what( PrintWriter w) {
w.print(  "<" + typename() + "> " );
if ( name!= null )
w.print(  name+ " " );
if ( mask!= null )
w.print( " (masked) " );
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w.printin( " " + mat.height) + ™" + matwidth() );
}

final boolean demoteable() {
return matwidth() == 1 && mat.height) == 1 && mask== null;
}

final MxDouble demote() {
return new MxDouble( mat.get( 0, 0) );

}

public MxDataTypetranspose() {
return new MxMatrix( mat.transpose() );
}

public MxDataTypeuminus() {
return new MxMatrix( mat.uminus() );
}

public MxDataTypeplus( MxDataTypeb ) {
if ( demoteable() )
return demote().plus( b );

if ( b instanceof MxMatrix )
return new MxMatrix( mat.plus( ((MxMatrix)b).mat ) );

return error( b, "+" );

}

public MxDataTypeadd( MxDataTypeb X
if ( b instanceof MxMatrix )

{
if ( null == mask)
mat.selfadd(  ((MxMatrix)b).mat );
else
mat.assign( mask, mat.plus( ((MxMatrix)b).mat ) );
return this;

else if ( demoteable() )

{
mat.set( 0, 0, mat.get(0,0) + MxDouble.doubleValue(b) );

return this;

}

return error( b, "+=" );
}
public MxDataTypeminus( MxDataTypeb ) {
if ( demoteable() )
return demote().minus( b );

if ( b instanceof MxMatrix )
return new MxMatrix( mat.minus( ((MxMatrix)b).mat ) );
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return error( b, "" );

}

public MxDataTypesub( MxDataTypeb ) {
if ( b instanceof MxMatrix )

{
if ( null == mask)
mat.selfsub(  ((MxMatrix)b).mat );
else
mat.assign( mask, mat.minus( ((MxMatrix)b).mat ) );
return this;

else if ( demoteable() )

{
mat.set( 0, 0, mat.get(0,0) - MxDouble.doubleValue(b) );
return this;

}

return error( b, "-=" ),

}

public MxDataTypetimes( MxDataTypeb ) {
if ( demoteable() )
return demote().times( b );

if ( b instanceof MxMatrix && !'((MxMatrix)b).demoteable() )
return new MxMatrix( mat.times( ((MxMatrix)b).mat ) );

return new MxMatrix( mat.times( MxDouble.doubleValue( b ) ) );

}

public MxDataTypemul( MxDataTypeb ¥
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
{
if ( null == mask)
mat.selfrmul(  ((MxMatrix)b).mat );
else
mat.assign( mask, mat.times( ((MxMatrix)b).mat ) );
return this;

}

mat.selfmul( MxDouble.doubleValue( b ) );
return this;

}

public MxDataTypelfracts( MxDataTypeb ) {
if ( demoteable() )
return demote().lfracts( b);

if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
return new MxMatrix( mat.ldivide(  ((MxMatrix)b).mat ) );
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return new MxMatrix( mat.times( 1.0 / MxDouble.doubleValue(

}

public MxDataTyperfracts( MxDataTypeb ) {
if ( demoteable() )
return demote().rfracts( b);

if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
return new MxMatrix( mat.rdivide(  ((MxMatrix)b).mat ) );

return new MxMatrix( mat.times( 1.0 / MxDouble.doubleValue(

}

public MxDataTypeldiv( MxDataTypeb ) {
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
{
if ( null == mask)
mat.selfldiv( ((MxMatrix)b).mat  );
else

mat.assign( mask, mat.ldivide(  ((MxMatrix)b).mat ) );

return this;

}

mat.selfmul( 1.0 / MxDouble.doubleValue( b ) );
return this;

}

public MxDataTyperdiv( MxDataTypeb ) {
if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
{
if ( null == mask)
mat.selfrdiv( ((MxMatrix)b).mat  );
else
mat.assign( mask, mat.rdivide(  ((MxMatrix)b).mat ) );
return this;

}

mat.selfmul( 1.0 / MxDouble.doubleValue( b ) );
return this;

}

public MxDataTypemodulus( MxDataTypeb ) {
if ( demoteable() )
return demote().modulus( b );
return error( b, "%");

}

public MxDataTyperem( MxDataTypeb ){
if ( demoteable() )

{
mat.set( 0, 0, matget( 0, 0 ) % MxDouble.doubleValue( b
return this;
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return error( b, "%="),

}

public MxDataTypegt( MxDataTypeb ) {
if ( demoteable() )
return b.lt( demote() );

if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
return new MxBitArray( mat.gt( ((MxMatrix)b).mat ) );

return new MxBitArray( mat.gt( MxDouble.doubleValue( b ) ) );
}

public MxDataTypege( MxDataTypeb ) {
if ( demoteable() )
return b.le( demote() );

if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
return new MxBitArray( mat.ge( ((MxMatrix)b).mat ) );

return new MxBitArray( mat.ge( MxDouble.doubleValue( b ) ) );
}

public MxDataTypelt( MxDataTypeb ) {
if ( demoteable() )
return b.gt( demote() );

if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
return new MxBitArray( mat.lt( ((MxMatrix)b).mat ) );

return new MxBitArray( mat.lt( MxDouble.doubleValue( b ) ) );
}

public MxDataTypele( MxDataTypeb ) {
if ( demoteable() )
return b.ge( demote() );

if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
return new MxBitArray( mat.le( ((MxMatrix)b).mat ) );

return new MxBitArray( mat.le( MxDouble.doubleValue( b ) ) );
}

public MxDataTypeeq( MxDataTypeb ) {
if ( demoteable() )
return b.eq( demote() );

if ( b instanceof MxMatrix && !((MxMatrix)b).demoteable() )
return new MxBitArray( mat.eq( ((MxMatrix)b).mat ) );

return new MxBitArray( mat.eq( MxDouble.doubleValue( b ) ) );
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public MxDataTypene( MxDataTypeb ) {
if ( demoteable() )
return b.ne( demote() );

if ( b instanceof MxMatrix && !'((MxMatrix)b).demoteable() )
return new MxBitArray( mat.ne( ((MxMatrix)b).mat ) );

return new MxBitArray( mat.ne( MxDouble.doubleValue( b ) ) );
}

private static final int getDim( MxDataTypex, boolean rows ) {

if ( x instanceof MxDouble|| x instanceof Mxint )

return 1,
if ( x instanceof MxMatrix )

return (rows ? ((MxMatrix)x).mat.height()

. ((MxMatrix)x).mat.width());

x.error( "array [none number/array element]" );
return O;

}

public static MxDataTypejoinVert( MxDataType[] x ) {
if ( xlength ==0)
throw new lllegalArgumentException( "No data in array " );
int nrow = getDim( x[0], true );
int ncol = getDim( x[0], false );
for ( int i=1; i<x.ength; i++ )

{
if ( getDim( x[i], false ) !'= ncol )
return  x[i].error( "wrong width" );
nrow += getDim( x[i], true );
}

MxMatrix y = new MxMatrix( new Matrix( nrow, ncol ) );

int rowp = 0;
for ( int i=0; i<x.length; i++ )
{

if ( x[i] instanceof MxMatrix )

Matrix b = ((MxMatrix)x[i]).mat;
int m = b.height();
y.mat.slice( new Range( rowp, m, 1),
new Range( 0, ncol, 1) ).assign( b);

rowp += m;
}
else
{
y.mat.set( rowp, 0, MxDouble.doubleValue( x[i] ) );
rowp++;
}
}
return y;
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}

public static MxDataTypejoinHori( MxDataType[] x ) {
if ( xlength ==0)
throw new lllegalArgumentException( "no data in array" );
int nrow = getDim( x[0], true );
int ncol = getDim( x[0], false );
for ( int i=1; i<x.length; i++ )

{
if ( getDim( x[i], true ) != nrow)
return  Xx][i].error( "wrong height" );
ncol += getDim( x[i], false );
}

MxMatrix y = new MxMatrix( new Matrix( nrow, ncol ) );

int colp = 0;
for ( int i=0; i<x.length; i++ )
{
if ( x[i] instanceof MxMatrix )
{
Matrix b = ((MxMatrix)x[i]).mat;
int n = b.width();
y.mat.slice( new Range( 0, nrow, 1),
new Range( colp, n, 1) ).assign( b);
colp +=n;
}
else
{
y.mat.set( 0, colp, MxDouble.doubleValue( x[i] ) );
colp++;
}
}
return v;
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B.2.11 src/MxRange.ja va

import java.io.PrintWriter;
import jamaica.Range;

/**

*

The wrapper class for jamaica.Range

* @author Hanhua Feng - hf2048@columbia.edu

* @version $ld: MxRange.java,v 1.13 2003/05/12 23:44:34 hanhua Exp $
*/

class MxRangeextends MxDataType{

Range range;

MxRange(Rangerange ) {
this.range = range;

}

public String typename() {
return “"range";

}

public MxDataTypecopy() {
return new MxRange(range );

}
public static MxDataTypecreate( MxDataTypevl, MxDataTypev2 ) {
int s =( null ==v1?0: MxintintValue(vl) );
if (null 1= v2)
int t = Mxint.intValue(v2);
if (t>=0)
return new MxRange(new Range('s, t ) );
return new MxRange(new Range(s, t, 1) );
}
return new MxRange(new Range(s, -1, 1) );
}

public static MxDataTypecreate( MxDataTypevl, MxDataTypev2, int stride ) {
if ( vl instanceof MxInt &&v2 instanceof Mxint ) {
if ( ((MxInt)v2).var <=0)
return v2.error( “invalid range" );
return new MxRange(
new Range( ((MxInt)vl).var, ((MxInt)v2).var, stride ) );

}

return vl.error( Vv2, "cast to range components" );

}

public Range getRange( int n ) {
[* Tricky short-cut: if range is empty, the "number" field stores
* a reverse count: -1 meansn-1, -2 meansn-2, and so on.
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*/
if ( range.empty() )
return new Range( range.first(), n + range.size() );

return range;

}

public void print(  PrintWriter w) {
if ( namel= null )

w.print( name+ " =" );
w.printin(  Integer.toString( range.first() ) + "
+ range.size() + ™" + range.interval() );
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B.2.12 src/MxString.ja va

import java.io.PrintWriter;

/**
* the wrapper class for string
*
* @author HanhuaFeng - hf2048@columbia.edu
* @version $ld: MxString.java,yv 1.6 2003/05/12 23:44:34 hanhua Exp $
*/
class MxString extends MxDataType{
String var;

public MxString( String str ) {
this.var = str;

}

public String typename() {
return "string";

}

public MxDataTypecopy() {
return new MxString( var );
}

public void print( PrintWriter w) {
if ( name!= null )

w.print(  name+ " =" );
w.print(  var );
w.printin();

}

public MxDataTypeplus( MxDataTypeb ) {
if ( b instanceof MxString )
return new MxString( var + ((MxString)b).var );

return error( b, "+" );

}

public MxDataTypeadd( MxDataTypeb ) {
if ( b instanceof MxString )

{

var = var + ((MxString)b).var;
return this;

}

return error( b, "+=" );

89



B.2.13 src/MxSym bolT able.java

import java.util.*;
import java.io.PrintWriter;

/**

* Symbol table class: dual parent supported: static and dynamic

*

*

@author Hanhua Feng - hf2048@columbia.edu
@version $ld: MxSymbolTable.java,y 1.8 2003/05/12 23:44:34 hanhua Exp $

*

*/

class MxSymbolTable extends HashMap{
MxSymbolTable static_parent, dynamic_parent;
boolean read_only;

public MxSymbolTable( MxSymbolTable sparent, MxSymbolTable dparent ) {
static_parent = sparent;
dynamic_parent = dparent;
read_only = false;

}

public void setReadOnly() {
read_only = true;
}

public final MxSymbolTable staticParent() {
return static_parent;

}

public final MxSymbolTable dynamicParent() {
return dynamic_parent;

}

public final MxSymbolTable parent( boolean is_static ) {
return is_static  ? static_parent : dynamic_parent;

}

public final boolean containsVar( String name) {
return containsKey( name);
}

private final MxSymbolTable gotoLevel( int level, boolean is_static ) {
MxSymbolTable st = this;

if (level <0)

/I global variable
while ( null != st.static_parent )
st = st.parent( is_static );

}
else
{

/I local variable

for ( int i=level; i>0; i- )
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while ( stread_only )

{
st = st.parent( is_static );
assert st != null;
}
if ( null != stparent( is_static ) )
st = st.parent( is_static );
else
break;
}
}
return st;

}

public final MxDataTypegetValue( String name, boolean is_static,
int level ) {
MxSymbolTablest = gotoLevel( level, is_static );
Object x = st.get( name);

while ( null == x &&null = stparent( is_static ) )
{

st = st.parent( is_static );

X = st.get( name);

}
return (MxDataType) X;
}
public final void setValue( String name, MxDataTypedata,
boolean is_static, int level ) {
MxSymbolTablest = gotoLevel( level, is_static );
while ( stread_only )
{
st = st.parent( is_static );
assert st != null;
}
st.put( name, data );
}
public void what( PrintWriter  output ) {
for ( lterator it = values().iterator() ; it.hasNext(); )
{
MxDataTyped = ((MxDataType)(it.next()));
if ( ! dinstanceof MxFunction && ((MxFunction)d).isInternal() ) )
d.what( output );
}
}
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public void what() {
what( new PrintWriter(  System.out, true ) );
}
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B.2.14 src/MxV ariable.ja va

import java.io.PrintWriter;

/**
* The wrapper class for unsigned variables
* @author Hanhua Feng - hf2048@columbia.edu
* @version $ld: MxVariable.java,y 1.3 2003/05/12 23:44:34 hanhua Exp $
*/
class MxVariable extends MxDataType{

public MxVariable( String name) {

super( name);

}

public String typename() {
return “"undefined-variable";

}
public MxDataTypecopy() {
throw new MxException( "Variable " + name+ " has not been defined" );
}
public void print(  PrintWriter w) {
w.printin( name+ " = <undefined>" );
}
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B.2.15 src/MxIn ternalF unction.m4

divert(-1)
define(FOREACH, pushdef("$1', )pushdef('$3', “$4"dnl
_foreach("$1', °$2', °$3, "$4', "$5')popdef('$3)popdef("$1)")
define(_argl, $1")
define(_foreach,

“ifelse("$2', 0,
“define("$1', _argl1$2)$5 'define("$3',incr($3))dnl
_foreach("$1',  (shift$2), $3', 84, "$5Y)))

define(EXCEPTION, throw new MxException( "$1() accepts $2 parameter(s)"

define(CHECK_NR_PARAM;,if params.length = $2)
EXCEPTIONS$1, $2);)

define(CASE_MATRIXOP1, casef_$1:
CHECK_NR_PARAM( 1)
if (! (params[0] instanceof MxMatrix ) )
return params[O].error(  "$1" );
return new $3( ((MxMatrix)params[0]).mat.$2() );
)

define(CASE_MINMAX, casef $1:
if ( params.length > 0)

{
if ( isIntList( params ) )
{
int x = MxInt.intValue(  params[0] );
for ( int i=1; i<params.length; i++ )
{
int 'y = Mxint.intValue(  paramsl[i] );
if (y$2x)
X =;
}
return new MxInt( X );
}
double x = ( (params[0] instanceof MxMatrix)?
((MxMatrix)params[0]).mat.$1()
. MxDouble.doubleValue( params[0] ) );
for ( int i=1; i<params.length; i++ )
{
double y = ( (params[i] instanceof MxMatrix)?
((MxMatrix)paramsi]).mat.$1()
: MxDouble.doubleValue( params[i] ) );
if (y$2x)
X =;
}
return new MxDouble( x );
}

EXCEPTIONg1, 1)
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define(CASE_VECOP1, casef_$1:
CHECK_NR_PARAM( 1)
if ( params[0] instanceof MxMatrix )

Matrix p = ((MxMatrix)params[0]).mat;
int m= p.height(), n = p.width();
Matrix X = new Matrix( m, n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, J, $2( p.get(i,)) ) );
return new MxMatrix( x );
}
return new MxDouble(
$2( MxDouble.doubleValue( params[0] ) ) );

)

define(CASE_DIM, case f $1:
CHECK_NR_PARAMI( 1)
if ( params[0] instanceof MxMatrix )
return new MxInt( ((MxMatrix)params[0]).mat.$2() );
return new MxInt( 0 );

)

define(CASE_MULDIV, case f_$1:
CHECK_NR_PARAY( 2 )
if ( params[0] instanceof MxMatrix
&& params[l] instanceof MxMatrix )

{
return new MxMatrix(
((MxMatrix)params[0]).mat.$2(
((MxMatrix)params[1]).mat ) );
}

throw new MxException( "$1: arguments should be matricies" );

)

define(FUNCTIONS, ( print, what, plot, oplot, paint, opaint,

colormap, color,

load, save, width, height,

random, zeros, eye, indgen,

inv, det, flip, mirror,

min, max,

mul, div,

count,

round, floor, ceil, int, abs,

sqgrt, exp, log, pow, sin, cos, tan, asin, acos, atan )
divert

import java.util.Random;
import java.io.lOException;
import jamaica.*;

/**  The internal  functions:  MxInternalFunction.java is generated by
* MxInternalFunction.m4
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*

* @author Hanhua Feng - hf2048@columbia.edu
* @version $Id: MxInternalFunction.m4,v  1.13 2003/05/13 23:25:22 hanhua Exp $
*
class MxiInternalFunction  {
static Randomrandom = new Random();
static int[] rgbtable = Painter.colorMap( Painter.CM_GRAYSCALE
static int defcolor = 0;
static Painter painter
static Plotter plotter

null;
null;

/* if there is no rgbtable, generate an length-1 table from defcolor */
private static int]] getRGBTable() {
if ( null !'= rgbtable )
return rgbtable;
return newint[]{  defcolor };

}

FOREACHUAME,FUNCTIONSINDEX, 0, ~
final static int f 'NAME = INDEX;define(INDEX,incr(INDEX))"

public static void register( MxSymbolTablest ) {
FOREACHUAME,FUNCTIONSINDEX, “0', °
st.put( "NAME", new MxFunction( null, f "NAME ) );' )
st.put( "E", new MxDouble( Math.E ) );
st.put( "PI", new MxDouble( Math.PI ) );

}

private static boolean isiIntList( MxDataType[] params ){
for ( int i=0; i<params.length; i++ )
if (! ( params[i] instanceof MxInt ) )
return false;
return true;

}

public static MxDataTyperun( MxSymbolTable st,
int id, MxDataType[] params) {

switch ( id )
{
case f_print:

for ( int i=0; i<params.length; i++ )

paramsJi].print();
return null;

case f what:
if ( params.length > 0)

for ( int i=0; i<params.length; i++ )
paramsJi].what();
}
else
st.what();
return null;
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case f_paint:
if ( params.length != 1 && params.length != 3))
EXCEPTIONpaint, 1 or 3)
if ( !( params[0] instanceof MxMatrix ) )
throw new MxException( "Only matrix can be drawn" );
painter = Painter.create(  "Mx Painter", 100, 100 );
if ( 1 == params.length )
painter.draw(  ((MxMatrix)params[0]).mat, getRGBTable() );
else
painter.draw(  ((MxMatrix)params[0]).mat,
MxDouble.doubleValue( params[1] ),
MxDouble.doubleValue( params[2] ), getRGBTable() );
return params|O];

case f_opaint:
if ( null == painter )
throw new MxException( "No previous painting window" );
if ( 0 == params.length )
EXCEPTION@paint, 1 or more)
if ( !( params[0] instanceof MxMatrix ) )
throw new MxException( "Only matrix can be drawn" );
BitArray bmk = null;
double min = 0.0, max= 0.0;
int xpos = 0, ypos = 0;
int offset =1,
if ( offset < params.length
&& ( paramsfoffset] instanceof MxBitArray ) )
bmk = ((MxBitArray)params[offset++]).ba;

f ( offset < params.length-1 )

Xpos
ypos

MxInt.intValue(  params|offset++] );
MxInt.intValue(  params|offset++] );

if ( offset < params.length-1 )

min = MxDouble.doubleValue( params|offset++] );
max = MxDouble.doubleValue( params|offset++] );

if ( offset < params.length )
throw new MxException( "Additional arguments” );
if ( max> min)
painter.overdraw(  ((MxMatrix)params[0]).mat, bmk, min, max,
getRGBTable(), xpos, ypos );
else
painter.overdraw(  ((MxMatrix)params[0]).mat, bmk,
getRGBTable(), xpos, ypos );
return params[0];

case f_plot:

if ( 1!= params.length && 2 != params.length )
EXCEPTIONplot, 1-2 );
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if ( ! params[0] instanceof MxMatrix ) )
throw new MxException( "First arg should be a matrix" );
plotter = Plotter.create( "Mx Plotter", 640, 480 );
if ( 2 == params.length )
{
if ( ! params[l] instanceof MxMatrix ) )
throw new MxException( "Second arg should be a matrix" );
Matrix mat = ((MxMatrix)params[1]).mat;
double]] minmax= new double[6];
minmax[0] = mat.get(0,0);
minmax[1] = mat.get(1,0);
minmax[2] = mat.get(0,1);
minmax[3] = mat.get(1,1);
if ( matwidth) >=3)
{

minmax[4]
minmax|[5]

= mat.get(0,2);
= mat.get(1,2);

plotter.draw(  ((MxMatrix)params[0]).mat,

minmax, defcolor, rgbtable );

}
else

plotter.draw(  ((MxMatrix)params[0]).mat, defcolor, rgbtable );
return params[0];

case f_color:
CHECK_NR_PARAMIOrs, 3)
defcolor = Painter.color( MxDouble.doubleValue( params[0] ),
MxDouble.doubleValue( params[1] ),
MxDouble.doubleValue( params[2] ) );
return null;

case f_colormap:
if ( 0 == params.length )
{
rgbtable = null;
return null;

}

CHECK_NR_PARAMIOrs, 1)
if ( params[0] instanceof MxMatrix )

rgbtable = Painter.colorMap( ((MxMatrix)params[0]).mat );
else

rgbtable = Painter.colorMap(  MxInt.intValue(  params[0] ) );
return null;

case f_load:
if ( 4 != params.length &&5 != params.length )
EXCEPTION(oad, 4-5)
if (! (params[0] instanceof MxString
|| params[l] instanceof MxString ) )
throw new MxException( "First two args should be strings" );
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Matrix mat;
try
{
if ( params.length == 4)
mat = Matrix.load(
((MxString)params[Q]).var,
MxInterpreter.getDataType(((MxString)params[1]).var),
MxInt.intValue(  params[2] ),
MxInt.intValue(  params[3] ) );
else
mat = Matrix.load(  ((MxString)params[0]).var,
MxInterpreter.getDataType(((MxString)params[1]).var),
MxInt.intValue(  params[2] ),
MxInt.intValue(  params[3] ),
MxInt.intValue(  params[4] ) );
}
catch ( IOException e )

{
}

if ( null == mat)
throw new MxException( "File not found:
+ ((MxString)params|[0]).var );

throw new MxException( "I/O Exception:" + e );

return new MxMatrix( mat );

case f_save:

if ( 3 != params.length && 4 !'= params.length )
EXCEPTION§ave, 3-4 )

if (! (params[0] instanceof MxMatrix) )
throw new MxException( "Arg 1 should be a matrix" );

if (! (params[l] instanceof MxString
|| params[2] instanceof MxString ) )
throw new MxException( "Args 2 and 3 should be strings" );

try
{
if ( params.length == 3)
((MxMatrix)params[0]).mat.save(
((MxString)params[1]).var,
MxInterpreter.getDataType(((MxString)params|[2]).var) );
else
((MxMatrix)params[0]).mat.save(
((MxString)params[1]).var,
MxInterpreter.getDataType( ((MxString)params|2]).var),
MxInt.intValue(  params[3] ) );
}
catch ( IOException e )
{
throw new MxException( "lI/O Exception:" + e );
}

return params[0];

CASE_DIMidth, width )
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CASE_DIMfeight, height )

case f_random:
if ( 0 == params.length )
return new MxDouble( random.nextDouble() );
if ( 1 == params.length )

if ( params[0] instanceof MxDouble)
return new MxDouble( random.nextDouble()
* MxDouble.doubleValue( params[0] ) );

if ( params[0] instanceof MxInt )
return new MxInt( random.nextint(
MxInt.intvValue(  params[0] ) ) );
}
else if ( 2 == params.length )
return new MxMatrix( Matrix.random(
MxInt.intValue(  params[0] ),
MxInt.intValue(  params[1] ) ) );
EXCEPTION(andom, 0-2 )

case f zeros:
CHECK_NR_PARARI0s, 2 )
return new MxMatrix(
new Matrix(  MxInt.intValue(  params[0] ),
MxInt.intValue(  params[1] ) ) );

case f _eye:
CHECK_NR_PAR/ANK, 1)
return new MxMatrix( Matrix.eye( MxInt.intValue(  params[0] ) ) );

case f_indgen:

CHECK_NR_PARAMNgen, 5 );

return new MxMatrix( Matrix.indgen(
MxInt.intValue(  params[0] ),
MxInt.intvValue(  params[1] ),
MxDouble.doubleValue( params[2] ),
MxDouble.doubleValue( params[3] ),
MxDouble.doubleValue( params[4] ) ) );

CASE_MATRIXOPib{, invert, MxMatrix )
CASE_MATRIXOPdét, det, MxDouble)
CASE_MATRIXOPfip, flip, MxMatrix )
CASE_MATRIXOPrror, mirror, MxMatrix )

CASE_MINMAXin, < )
CASE_MINMAXfax, *>' )

CASE_MULDIMqul, etimes )
CASE_MULDIWiv, edivide )

case f_pow:
CHECK_NR_PARAY( 2 )
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double pwr = MxDouble.doubleValue( params[1] );
if ( params[0] instanceof MxMatrix )

Matrix p = ((MxMatrix)params[0]).mat;
int m= p.height(), n = p.width();
Matrix X = new Matrix( m, n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, j, Math.pow( p.get(i,)), pwr ) );
return new MxMatrix( x );
}
return new MxDouble(
Math.pow( MxDouble.doubleValue( params[0] ), pwr ) );

case f_count:
CHECK_NR_PARAY( 1 );
if ( params[0] instanceof MxBitArray )
return new MxInt( ((MxBitArray)params[0]).ba.count() );
throw new MxException( "count() accepts one bitmask argument" );

CASE_VECOPIigund, Math.round )
CASE_VECOPteil, Math.ceil )
CASE_VECOP1fI6or, Math.floor )
CASE_VECOPaps, Math.abs )
CASE_VECOP&@rt, Math.sqrt )
CASE_VECOP#&kp, Math.exp )
CASE_VECOPIdg, Math.log )
CASE_VECOP&in, Math.sin )
CASE_VECOP#t6s, Math.cos )
CASE_VECOPfgn, Math.tan )
CASE_VECOPA&§in, Math.asin )
CASE_VECOP#&¢os, Math.acos )
CASE_VECOP#&fan, Math.atan )

default:
throw new MxException( "unknown internal function” );

}
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B.2.16 src/Mak ele

# Makefile for the MXprogramming language
# $ld: Makefile,v 1.16 2003/05/11 16:14:50 hanhua Exp $

GRAMMARMxANtIrTokenTypes.java MxAntlrTokenTypes.txt \
MxAntlrLexer.java  MxAntlrParser.java

WALKER MxAntlrwWalker.java \
MxAntlrWalkerTokenTypes.java MxAntlrWalkerTokenTypes.txt

M4JAVA= MxInternalFunction.java
GENJAVA $(GRAMMARYWALKERB(M4JAVA)

CLASSES MxInternalFunction.class \
MxAntlrTokenTypes.class MxAntlrLexer.class  MxAntlrParser.class \
MxAntlrWalkerTokenTypes.class MxAntlrWalker.class \
MxDataType.class MxBool.class MxInt.class MxDouble.class \
MxMatrix.class MxRange.class MxBitArray.class  MxFunction.class\
MxException.class MxSymbolTable.class MxInterpreter.class \
MxVariable.class MxString.class MxMain.class

all : $(CLASSES)

$(CLASSES): %.class : %.java $(GENJAVA)amaica.jar
javac -source 1.4 -g $<

MxInternalFunction.java: MxInternalFunction.m4  Makefile
m4 $< > $@

$(GRAMMAR)grammar.g Makefile
rm -f $(GRAMMAR)
java antlr.Tool $<

$(WALKER):walker.g MxAntlrTokenTypes.txt Makefile
rm -f $(WALKER)
java antlr.Tool $<

jamaica.jar:  jamaica/*.java
( cd jamaica ; javac -g *java )
jar cvf jamaica.jar jamaica/*.class

zip: all
zip -r plt-prj-"date +%y%m%d".zip.java *.class *.g *.m4 Makefile *jar jamaica/*.java

clean:
rm -f *.class *~

dist-clean:  clean
rm -f  MxAntlr* MxInternalFunction.java
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B.3 Jamaica

B.3.1 src/jamaica/Matrix.ja  va

package jamaica,

import java.io.PrintWriter;

import java.io.RandomAccessFile;
import java.io.|IOException;

import java.text.NumberFormat;

import java.text.DecimalFormat;

import java.text.DecimalFormatSymbols;
import java.util.Locale;

/**

* Jamaica - (yet another) Java Matrix Class
*

*

@author Hanhua Feng - hanhua@cs.columbia.edu

*

*/
public class Matrix implements Cloneable {

/** internal data structure

* @serial array to store matrix entries
* @serial number of rows

* @serial number of columns

*

*

@version $ld: Matrix.java,v ~ 1.25 2003/05/12 21:13:54 hanhua Exp $

@serial index (in the array) of the first entry of the matrix

@serial index difference if the row number increments
* @serial index difference if the column number increments

*/
double [] a;
int m, n, r, ms, ns;
/**  Construct an m-by-n matrix and fill  with zeros.
* @paramm number of rows
* @param number of columns
*/
public Matrix( int m,int n) {
thissm = m;
this.n = n;
r =0;
ms= 1; /I the matrix is saved column-by-column
ns = m;
a = new double[m*n];
}
/**  Construct an m-by-n matrix and fill  with a scalar value.
* @paramm number of rows
* @paramm number of columns
* @parans the scalar value to be filled
*/
public Matrix( int m, int n, double s ) {

thism = m;
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this.n = n;

r =0;
ms= 1,
ns = m;

a = new double[m*n];
for ( int i=0; i<a.length; i++ )

afi] =s;
}
[** Construct an m-by-n matrix with an array
* @paramm number of rows
* @param number of columns

* @paramarray the initial array (contructor will not make copies).

* @parambyrow the array is stored by row (default: by column)
*/
public Matrix( int m, int n, double[]] array, boolean byrow ) {

thissm = m;
this.n = n;
r =0;
if ( byrow )
{
ms = n;
ns = 1,
}
else
{
ms = 1,
ns = m;
}
a = array;
}
/** Construct a matrix sharing to the samedata of another matrix.
* @paranmx original  matrix
*/
public Matrix( Matrix x ) {
m= x.m;
n = x.n;
r = X
ms = X.ms;
ns = X.ns;
a = x.a;
}

/**  Construct a matrix to be a submatrix of another matrix
* @paranx original  matrix

@parammr row range

@paramr column range

*

*

*/

public Matrix( Matrix x, Rangemr, Rangenr ) {
if (! mrin( 0, xm-1 ) || ! nrin( 0, x.n-1 ) )
{

throw new lllegalArgumentException(
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"Invalid range: " + x.m + " + x.n
+" [+ mrtoSting()  + "' + nrtoSting()  + 1" );

}

a = x.a;

m = mr.size();

n = nr.size();

r = x.r + mr.first() * x.ms + nr.first() * X.ns;

ms = x.ms * mr.interval();
ns = x.ns * nr.interval();

}

/**  Return an n-by-n identity = matrix

* @param number of rows or columns
* @return n-by-n identity  matrix

*/

public static Matrix eye( int n) {
Matrix x = new Matrix( n, n);
for ( int i=0; i<n; i++ )

x.set( i, i, 1.0 );

return  x;
}
/**  Return an m-by-n matrix with random entries
* @paramm number of rows
* @param nubmer of columns
* @return m-by-n random matrix
*/

public static Matrix random( int m, int n) {
Matrix X = new Matrix( m, n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, j, Math.random() );
return x;

/**  Return an m-by-n matrix with incremental entries. All
* differences between pairs of two vertically adjacent entries
* are the same, and so for for horizontally  pairs.
@paranm number of rows
@paramm number of columns
@parans the value of entry (0,0)
@paramdm  vertical  increment
* @paramdn  horizontal  increment
* @return new m-by-n matrix
*/
public static Matrix indgen( int m, int n, double s,
double dm, double dn ) {
Matrix x = new Matrix( m, n);
for ( int j=0; j<n; j++ )

double p = s;
for ( int i=0; i<m; i++, p+=dm)

105



x.set( i, j, p)
s +=dn;
}

return x;

}

/I Return an string indicating an error for array dimensions
private final String dimErrMsg() {
return “Invalid dimensions: " + m+ " + n;

}

private final String dimErrMsg( Matrix b ) {
return "Dimensions not match: " + m+ ™" +n + " <=>"
+ b.m + ™" + b.n;

}

/I get correspoding bit in bmkfor matrix element (i)

final boolean getBitMask( BitArray bmk, int i, int j ) {
return bmk.get( i+j*m );

}

/I set correspoding bit in bmkfor matrix element (i)

private final void setBitMask( BitArray bmk, int i, int j ) {
bmk.set( i+j*m );

}

/**  Get row dimensions

* @return the number of rows

*/

public final int height() {
return m;

}

/**  Get column dimensions

* @return the number of rows

*/

public final int width() {
return n;

}

/**  Get an entry of the matrix

* @param row index (zero-based)

* @paranij column index (zero-based)

*/

public final double get( int i, int j ) {
return afr+i*ms+j*nsj;

}

/** Assign a value to an entry of the matrix

* @param row index (zero-based)

* @param column index (zero-based)

* @paranmx value to be assigned

*/
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public final void set( int i, int j, double x ) {

afr+i*ms+j*ns] = x;

}

/**  Add a value to an entry of the matrix

* @param row index (zero-based)

* @param column index (zero-based)

* @paranx value to be assigned

*/

public final void setAdd( int i, int j, double x ) {
a[r+i*ms+j*ns]  += x;

}

[**  Subtract a value to an entry of the matrix

* @param row index (zero-based)

* @paranij column index (zero-based)

* @paranx value to be assigned

*

public final void setSub( int i, int j, double x ) {
afr+i*ms+j*ns]  -= x;

}

/**  Multiply a value to an entry of the matrix

* @param row index (zero-based)

* @param column index (zero-based)

* @paranx value to be assigned

*/

public final void setMul( int i, int j, double x ) {
afr+i*ms+j*ns]  *= x;

}

/** Divide a value to an entry of the matrix

* @param row index (zero-based)

* @param column index (zero-based)

* @paranx value to be assigned

*/

public final void setDiv( int i, int j, double x ) {
a[r+i*ms+j*ns] /= x;

}

[** swap two rows

* @paraml row index 1 ( zero-based )

* @param?2 row index 2 ( zero-based )

*/

public final void swapRows(int i1, int i2 ) {

double x;
for ( int j=0; j<n; j++ )
{

x =get( i1, j ),
set( i1, j, get( i2, j ) )
set( 2, j, x);

107



/**  swap two columns
* @paraml column index 1 ( zero-based )
* @param?2 column index 2 ( zero-based )

*/
public final void swapColumns(int j1, int j2 ) {
double x;
for ( int i=0; i<m; i++ )
{
x =get( i, j1 )
set( i, j1, get( i, j2 ) );
set( i, j2, X);
}
}
/**  Generate a copy of this matrix without share of data
* @return copy of this matrix
*/

public final Matrix copy() {
Matrix x = new Matrix( m, n);
int ¢=0, p=r1, q=p;

for ( int j=0; j<n; j++ )

{
qa=p
for ( int i=0; i<m; i++ )
{
x.alc++] = a[q];
g += ms;
}
p += ns;
}
return X;
}
/** Implement the method in interface  Cloneable
* @return copy of this matrix as an object
*/

public Object clone() {
return  copy();
}

/** Let this matrix be as sameas another matrix B (shallow copy)
* @paranb matrix B

* @return this  matrix
*/
public Matrix refer( Matrix b ) {
m= b.m;
n = b.n;
r = b
ms = b.ms;
ns = b.ns;
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a = b.a;
return this;

}

/**  Copy all elements of matrix B to this matrix (deep copy)
* @paranmb Matrix B
* @return this  matrix
*/
public Matrix assign( Matrix b ) {
if ( m!'= bm]|l nl!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
set( i, j, baget( i, j ) )
return this;

}

/**  Copy elements of matrix B to this matrix with bitmasks
* @parambmk  Bitmask indicating  whether permission of assignment
* @paramb Matrix B
*/
public Matrix assign( BitArray bmk, Matrix b ) {
if ( m!=bm]| n!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( getBitMask( bmk, i, | ) )
set( i, j, b.get( i, j ) )

return this;
}
/** Set all elements to a scalar
* @parant scalar
* @return this  matrix
*/

public Matrix assign( double f ) {
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
set( i, j, f);
return this;

}

/**  Copy elements to a scalar to this matrix with bitmasks
* @parambmk Bitmask indicating  whether permission of assignment
* @paranb Matrix B
*/
public Matrix assign( BitArray bmk, double f ) {

for ( int j=0; j<n; j++ )

for ( int i=0; i<m; i++ )
if ( getBitMask( bmk, i, j ) )
set( i, j, f);
return this;
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/**  Get the submatrix of this matrix, sharing the samedata

* @parammr  row range

* @paramr column range
* @return sub-matrix
*/

public Matrix slice( Rangemr, Rangenr ) {
return new Matrix( this, mr, nr );

/* This piece of code is no longer necessary

Matrix x = new Matrix( this, mr, nr );

int ¢l = x.r;

int ¢c2 = xr + (X.m-1)*x.ms;

int ¢c3 = x.r + (X.n-1)*x.ns;

int ¢4 = xr + (X.m-1)*x.ms + (X.n-1)*x.ns;

if (cl<O0]| cl1>=xa.length
| c2 <0 c2 >=x.a.length
| c3 <0 ¢33 >=x.a.length
| c4 <0 c4 >=x.alength )

{
throw new lllegalArgumentException(
"Invalid range: "
+m+ ™ +n+" [" + mrtoString()
+ mmn )'
}
return x;
*/
}
/* Order statistics: minimum
* @return the minimumvalue of a matrix
*/

public double min() {
double d = Double.MAX_VALUE;

for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )

if ( get(i) <d)

d = get(i);
}
return d;
}
/* Order statistics: maximum
* @return the maximunwvalue of a matrix
*/

public double max() {
double d = Double.MIN_VALUE;
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for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )

if ( get(ij) >d)
d = get(i,j);
}

return d;

}

/* Order statistics: minimumof a column
* @paranmcolumn the column number
* @return the minimumvalue of the matrix column
*/
public double min( int column) {
double d = Double.MAX_VALUE;

for ( int i=0; i<m; i++ )
{
if ( get(i,column) <d)
d = get(i,column);
}

return d;

}

/* Order statistics: maximumof a column
* @paranmcolumn the column number
* @return the maximumvalue of the matrix column
*/
public double max( int column) {
double d = Double.MIN_VALUE;

for ( int i=0; i<m; i++ )
{
if ( get(i,column) >d)
d = get(i,column);
}

return d;

}

/**  Transpose this matrix, sharing the samedata
* @return new tranposed matrix
*/
public Matrix transpose() {
Matrix x = new Matrix( this );
int t
t = x.m; x.m = x.n; X.n =t
t = x.ms; Xx.ms = X.ns; x.ns = f;

return  x;
}
/** Flip vertically this matrix, sharing the samedata
* @return new flipped matrix
*/
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public Matrix flip() {
Matrix X = new Matrix( this );
X.r +=(X.m - 1) * x.ms;
X.ms = -X.ms;

return Xx;
}
/** Mirror horizontally  this matrix, sharing the same data
* @return new mirrored matrix
*/

public Matrix mirror() {
Matrix x = new Matrix( this );
X.r +=(x.n - 1) * x.ns;
X.ns = -X.ns;

return  x;
}
/** Negate all elements of a matrix
* @return this  matrix
*/

public Matrix selfneg() {
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
Set( iv j! 'get(lvj) )a

return this;
}
/**  Generate a new matrix that is the negative of this matrix
* @return new negative matrix
*/

public Matrix uminus() {
Matrix x = new Matrix( m, n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, j, -get(i)) );
return  x;

}

/**  Computethe sumof this matrix and another matrix (C=A+B)
* @paranb second operand B
* @return new sum matrix C
*/
public Matrix plus( Matrix b ) {
if ( m'=bm]| nl!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
Matrix X = new Matrix( m, n );
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, |, get(i)) + b.get(i,)) );
return x;

/**  Add another matrix to this matrix (A+=B)
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* @paranmb matrix B
* @return this matrix, which is the sum

*/
public Matrix selfadd( Matrix b ) {
if ( m!'= bm]|l nl!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
setAdd( i, j, b.get(i,)) );
return this;

}

/**  Computethe difference
* @paranmb matrix B
* @return new difference  matrix C
*
public Matrix minus( Matrix b ) {
if ( m!= bm] n!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
Matrix x = new Matrix( m, n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, |, get(i)) - b.get(i,)) );
return x;

between this matrix and another matrix (C=A-B)

}

/**  Subtract another matrix from this matrix (A-=B)

* @paranmb matrix B
* @return this matrix, which is the difference

*
public Matrix selfsub( Matrix b ) {
if ( m!'= bm]|l nl!l= bn)
throw new lllegalArgumentException(
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
setSub( i, j, b.get(i)) );

dimErrMsg( b ) );

return this;
}
/**  Computethe product of this matrix by a scalar (C=fA)
* @parant scalar operand
* @return new product matrix

*
public Matrix times( double f ) {
Matrix x = new Matrix( m, n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, j, get(i)) * f ),

return Xx;
}
/**  Computeelemental product of this matrix and another matrix (C=A.*B)
* @paramb second operand matrix B
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* @return new product matrix
*/
public Matrix etimes( Matrix b ) {
if ( m!'=bm]| nl!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
Matrix x = new Matrix( m, n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, j, get(i) * b.get(i,j) );

return  x;
}
/**  Computethe product of this matrix and another matrix (C=AB)
* @paranmb second operand matrix B
* @return new product matrix
*/
public Matrix times( Matrix b ) {
if (n'!= bm)
throw new lllegalArgumentException( dimErrMsg( b ) );
Matrix x = new Matrix( m, b.n );
for ( int j=0; j<b.n; j++ )
for ( int i=0; i<m; i++ )
{
double t = 0.0;
for ( int k=0; k<n; k++)
t +=get( i, k) * b.get( k j );
x.set( i, j, t);
}
return x;
}
/**  Multiply this matrix by a scalar (A*=f)
* @parant scalar
* @return this  matrix
*/

public Matrix selfmul( double f ) {
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
setMul( i, |, f);
return this;

}

/** Elementally multiply this matrix by another matrix (A.*=B)
* @paranmb matrix B
* @return this  matrix
*/
public Matrix selfemul( Matrix b ) {
if ( m!'= bm]|l nl!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
setMul( i, j, b.get(i,j) );
return this;
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}

/¥ Left multiply by another matrix (at right) (A=BA)
* @paramb matrix B
* @return this matrix
*/
public Matrix selflmul(  Matrix b ) {
return refer(  b.times( this ) );

}

/**  Right multiply by another matrix (at left) (A=AB)
* @paranmb matrix B
* @return this  matrix
*/
public Matrix selfrmul( Matrix b ) {
return refer( times( b ) );
}

/**  Computeelemental division of this matrix and another matrix (C=A./B)
* @paramb matrix B
* @return new quotient matrix
*/
public Matrix edivide( Matrix b ) {
if ( m!= bm] n!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
Matrix x = new Matrix( m, n );
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, |, get(i)) ! b.get(i,j) );
return  x;

}

/**  Computeleft division of this matrix and another matrix (C=B"-1A)
* @paranb matrix B
* @return new quotient matrix
*/
public Matrix Idivide( Matrix b ) {
return b.solve( this );
}

/**  Computeleft division of this matrix and another matrix (C=AB"-1)
* @paramb matrix B
* @return new quotient matrix
*/
public Matrix rdivide( Matrix b ) {
return b.transpose().solve( transpose() ).transpose();

}

/**  Elementally divide this matrix by another matrix (A=A./B)
* @paranb matrix B

* @return this matrix

*/

public Matrix selfediv( Matrix b ) {
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if ( m!'=bm]|l nl!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
setDiv( i, |, b.get(i,)) );
return this;

}

/** Left divide another matrix B from this matrix (A=B"-1A)
* @paramb matrix B
* @return new quotient matrix
*/
public Matrix selfldiv( Matrix b ) {
return refer( Idivide( b)) );

}

/**  Right divide another matrix B from this matrix (A=AB"-1)
* @paranb matrix B
* @return new quotient matrix
*/
public Matrix selfrdiv( Matrix b ) {
return refer( rdivide( b)) );
}

/** Return a bit array indicating whether elements of this matrix is
* greater than a scalar value

* @parant a scalar
* @return new bit array
*/

public BitArray gt( double f ) {
BitArray bmk= new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( get(i,) >f )
setBitMask( bmk, i, j );
return bmk;

}

/** Return a bit array indicating whether elements of this matrix is
* greater than corresponding elements of another matrix B
* @paranmb matrix B
* @return new bit array
*
public BitArray gt( Matrix b ) {
if ( m!= bm] n!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
BitArray bmk= new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( get(i,) > b.get(i,j) )
setBitMask( bmk, i, j );
return bmk;
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/** Return a bit array indicating whether elements of this

* greater than or equal to a scalar

* @paranf a scalar
* @return new bit array
*/

public BitArray ge( double f ) {
BitArray bmk = new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( get(i,) >=f )
setBitMask( bmk, i, | );
return bmk;

}

/** Return a bit array indicating whether elements of this matrix
greater than or equal to corresponding elements of another matrix

*

*

@paranmb matrix B
* @return new bit array
*/
public BitArray ge( Matrix b ) {
if ( m!'=bm]| n!= bn)
throw new lllegalArgumentException(
BitArray bmk = new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )

if ( get(i,j) >= b.get(i,j) )

setBitMask( bmk, i, | );
return bmk;

/** Return a bit array indicating whether elements of this matrix

* less than a scalar

* @paranf a scalar
* @return new bit array
*/

public BitArray It( double f ) {
BitArray bmk = new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( get(i,) <f)
setBitMask( bmk, i, | );
return  bmk;

}

/** Return a bit array indicating whether elements of this matrix
* less than corresponding elements of another matrix B

* @paranmb matrix B

* @return new bit array

*/

public BitArray It( Matrix b ) {
if ( m!'= bm]|l nl!l= bn)
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throw new lllegalArgumentException( dimErrMsg( b ) );
BitArray bmk = new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( get(i,)) < b.get(i,)) )
setBitMask( bmk, i, | );
return bmk;

}

/**  Return a bit array indicating whether elements of this matrix is
* less than or equal to a scalar

* @parant a scalar
* @return new bit array
*/

public BitArray le( double f ) {
BitArray bmk= new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( get(i,j) <=f)
setBitMask( bmk, i, j );
return bmk;

}

/** Return a bit array indicating whether elements of this matrix is
* less than or equal to corresponding elements of another matrix B
@paranmb matrix B
* @return new bit array
*/
public BitArray le( Matrix b ) {
if ( m!= bm] n!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
BitArray bmk= new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( get(i,j) <= b.get(i,j) )
setBitMask( bmk, i, j );
return bmk;

*

}

/** Return a bit array indicating whether elements of this matrix is
* equal to a scalar
@parant a scalar
* @return new bit array
*/
public BitArray eq( double f ) {
BitArray bmk = new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
it ( get(ij) ==f)
setBitMask( bmk, i, | );
return bmk;

*
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/** Return a bit array indicating whether elements of this matrix is
* equal to corresponding elements of another matrix B
* @paranmb matrix B
* @return new bit array
*/
public BitArray eq( Matrix b ) {
if ( m!= bm] n!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
BitArray bmk= new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
it ( get(ij) ==b.get(ij) )
setBitMask( bmk, i, j );
return bmk;

}

/** Return a bit array indicating whether elements of this matrix is
* equal to a scalar within a given error

* @paranf a scalar

* @parameps error below which elements can be considered equal.
* @return new bit array

*/

public BitArray eq( double f, double eps ) {
BitArray bmk = new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( Math.abs( get(i,j) - f) <eps)
setBitMask( bmk, i, | );
return bmk;

}

/**  Return a bit array indicating whether elements of this matrix is
* equal to corresponding elements of another matrix B within a given error

* @paranb matrix B

* @parameps error below which elements can be considered equal.
* @return new bit array

*/

public BitArray eq( Matrix b, double eps ) {

if ( m!= bm] n!= bn)

throw new lllegalArgumentException( dimErrMsg( b ) );
BitArray bmk= new BitArray( m*n);
for ( int j=0; j<n; j++ )

for ( int i=0; i<m; i++ )

if ( Math.abs( get(i,j) - b.get(i,)) ) <eps)
setBitMask( bmk, i, j );

return bmk;

}

/** Return a bit array indicating whether elements of this matrix is not
* equal to a scalar

* @paranf a scalar
* @return new bit array
*/
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public BitArray ne( double f ) {
BitArray bmk = new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( get(i,) I=f)
setBitMask( bmk, i, | );
return bmk;

}

/**  Return a bit array indicating whether elements of this matrix is not
* equal to corresponding elements of another matrix B
* @paranmb matrix B
* @return new bit array
*/
public BitArray ne( Matrix b ) {
if ( m!'= bm]| nl!l= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
BitArray bmk = new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( get(i,)) I= b.get(i,)) )
setBitMask( bmk, i, | );
return bmk;

}

/** Return a bit array indicating whether elements of this matrix is not
* equal to a scalar beyond a given error

* @parant a scalar

* @parameps error below which elements can be considered equal.
* @return new bit array

*/

public BitArray ne( double f, double eps ) {
BitArray bmk= new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( Math.abs( get(i,j) -f ) >=eps)
setBitMask( bmk, i, | );
return bmk;

}

/** Return a bit array indicating whether elements of this matrix is not
* equal to corresponding elements of another matrix B beyond a given error
* @paramb matrix B
* @parameps error below which elements can be considered equal.
* @return new bit array
*
public BitArray ne( Matrix b, double eps ) {
if ( m!'= bm]|l nl!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );
BitArray bmk = new BitArray( m*n);
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
if ( Math.abs( get(i,j) - b.get(i,j) ) >=eps )
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setBitMask( bmk, i, | );
return bmk;

}

/**  Solve the linear equations that AX=B.
* @paranmb matrix B
* @return solution X
*/
public Matrix solve( Matrix b ) {
if ( bm!= m)
throw new lllegalArgumentException( dimErrMsg( b ) );
Matrix x = new Matrix( b.m, b.n );
if ( m==n)
{
int [] index = new int[m];
Matrix lum = copy();
lum.lud( index );

/I exchange rows
for ( int k=0; k<n; k++)
{
for ( int j=0; j<b.n; j++ )
x.set(  k, j, b.get(index[K],j) );
}

/Il solve L*X=B
for ( int k=0; k<n; k++)

{
for ( int i=k+1; i<n; i++ )
for ( int j=0; j<b.n; j++ )
x.setSub( i, j,
x.get(k,j)*lum.get(i,k) );
}

Il solve U*X=X
for ( int k=n-1; k>=0; k-- )

{
double d = lum.get( k, k);
if (d==0)
throw new RuntimeException( "Singular" );
d=10 1/ d;
for ( int j=0; j<b.n; j++ )
x.setMul( k, j, d);
for ( int i=0; i<k; i++ )
for ( int j=0; j<b.n; j++ )
x.setSub( i, j,
x.get(k,j)*lum.get(i,k) );
}
}
else
return null;
return  x;
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public double det() {
if ( m=n)
throw new lllegalArgumentException( dimErrMsg() );
int [] index = new int[m];
Matrix lum = copy();
double x = (double) Ilum.lud( index );
for ( int j=0; j<n; j++ )
X *= lum.get( j, j );

return  x;

}

public int rank() {
return O;

}

public int rank( double eps ) {
return O;

}

public Matrix invert() {
return solve( eye( n) );

}

/** LU decomposethis matrix using Crout's algorithm. Note that
* L and U are saved in this matrix as output.
* @paramindex output: original columns' corresponding indexes
in the decomposedLU matrix
* @return +1 or -1 indicating the sign for det()
*/
public int lud( int]] index ) {

if (( m<n)

throw new lllegalArgumentException( dimErrMsg() );

*

int sign =1,
for ( int i=0; i<m; i++ )
index[i] =1

/I for each column do
for ( int j=0; j<n; j++ )
{
double x, sum;
for ( int i=0; i<j; i++ )

{
sum=get( i, j );
for ( int k=0; k<i; k++)
sum-= get( i, k) * get( k, j )
set( i, j, sum);
}

double maxv = 0.0;
int maxidx = -1;
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for ( int i, i<m; i++ )

{
sum= get( i, j )
for ( int k=0; k<j; k++)
sum-= get( i, k) * get( k ] )
set( i, j, sum);
X = Math.abs( sum);
if ( X >=maxv)
{
maxv = X;
maxidx = i;
}
}
if ( maxidx = j )
{
int t = index[j];
index[j] = index[maxidx];
index[maxidx] =t;
sign = -sign;
swapRows(j, maxidx );
}
if (get( j, j) !=00)
{
x =10/ get( j, j )
for (int i=j+l; i<n; i++ )
setMul( i, j, x);
}
}
return sign;
}
/** Strassen's matrix multiplication algorithm (test purpose only)
* @paramb the second matrix B
* @return product of this matrix and matrix B
*/

public final Matrix strassen( Matrix b ) {
if (m!l=n| n!=bm]| bm!= bn)
throw new lllegalArgumentException( dimErrMsg( b ) );

if (1==n)
return new Matrix( 1, 1, get(0,0) * b.get(0,0) );

if (0!= (n&1) )
throw new lllegalArgumentException(
"Strassen's algorithm is not applicable for matrix
+n+"™ +n);

new Range( 0, n>>1, 1 );
new Range( n>>1, n>>1, 1);

Rangerl
Range r2
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Matrix x = new Matrix( n, n);

Matrix all = slice( r1, rl );
Matrix al2 = slice( rl, r2 );
Matrix a2l = slice( r2, rl );
Matrix a22 = slice( r2, r2 );
Matrix b1l = b.slice( rl1, rl );
Matrix bl2 = b.slice( r1, r2 ),
Matrix b21 = b.slice( r2, rl );
Matrix b22 = b.slice( r2, r2 );

I* pl = (all+a22)*(b11+b22) */
Matrix pl = all.plus( a22 ).strassen( bll.plus( b22) );

/* p2 = (a21+a22)*b1l */
Matrix p2 = a2l.plus( a22 ).strassen( bll);

/* p3 = all*(b12-b22) */
Matrix p3 = all.strassen( bl2.minus( b22 ) );

[* p4 = a22*(-b11+b21) */
Matrix p4 = a22.strassen( b21l.minus( bll) );

/* p5 = (all+al2)*b22 */
Matrix p5 = all.plus( al2 ).strassen( b22);

I* p6 = (-all+a2l)*(b11+bl12) */
Matrix p6 = a2l.minus( all ).strassen( bll.plus( bl2) );

I* p7 = (al2-a22)*(b21+b22) */
Matrix p7 = al2.minus( a22 ).strassen( b21l.plus( b22) );

[* ¢l11 = pl+p4-p5+p7 */
x.slice(rl,rl).assign(pl).selfadd(p4).selfsub(p5).selfadd( p7);

/* ¢l12 = p3+p5 */
x.slice(rl,r2).assign(p3).selfadd(p5);

[* c21 = p2+p4 */
x.slice(r2,r1).assign(p2).selfadd(p4);

/¥ ¢c22 = pl+p3-p2+p6 */
x.slice(r2,r2).assign(pl).selfadd(p3).selfsub(p2).selfadd( p6);

return x;

}

public final static int DT BYTE 1;
public final static int DT_SHORF 2;
public final static int DT_INT= 3;

public final static int DT_FLOATE 4,
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public final static int DT_DOUBLE 5;

private static int]] dt size =newintf{ O, 1, 2, 4, 4, 8 };

/** read a matrix from a binary file. Note at least one dimension should

* be positive

* @paranmfn the file name

* @paranmtype data type: DT_BYTE,DT_SHORTDT_INT, DT_FLOATDT_DOUBLE
* @paramm number of rows (determined by file size if <= 0)

* @param number of columns (determined by file size if <=0)

@paramskip number of bytes to be skipped from the beginning

*/

public static Matrix load( String fn, int type, int m, int n, long skip )
throws |OException {

if ( m<=0&&n<=0)
return null;

RandomAccessFile fle = new RandomAccessFile( fn, "r* );
long | = file.length() - skip;
if (1 <0)
{
file.close();
return null;

}

| /= dt_size[type];
if ( m<=0)
m=(@nt)( | / n);
else if ( n<=0)
n=(@nt)y( 1/
if ( m<=0]| n<

m);
:0)

file.close();
return null;

}

if ( skip = 0)
file.seek(  skip );

Matrix x = new Matrix( m, n);

/* file is default saved by columns */
switch ( type )
{
case DT_BYTE: /* Java byte is signed!! */
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, |, (double) (Oxff & (int) file.readByte()) );
break;
case DT_SHORT:
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )

125



x.set( i, |, (double) file.readShort() );
break;
case DT_INT:
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, |, (double) file.readint() );
break;
case DT_FLOAT:
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
x.set( i, |, (double) file.readFloat() );
break;
case DT_DOUBLE:
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )

x.set( i, j, file.readDouble() );
break;
default:
file.close();
throw new lllegalArgumentException( "lllegal data type" );
}
file.close();
return x;
}
/** read a matrix from a binary file. Note at least one dimension should
* be positive
* @paranmfn the file name
* @paramtype data type: DT _BYTE,DT_SHORTDT_INT, DT_FLOATDT_DOUBLE
* @paramm number of rows (determined by file size if <= 0)
* @paramm number of columns (determined by file size if <=0)
*/

public static Matrix load( String fn, int type, int m,int n)
throws IOException {
return load( fn, type, m, n, 0);

}

/** write a matrix to a binary file.
* @paranmfn the file name
* @parantype data type: DT_BYTE,DT_SHORTDT_INT, DT_FLOATDT_DOUBLE
* @paranskip number of bytes to be skipped from the beginning
*/
public void save( String fn, int type, long skip )
throws IOException {

RandomAccessFile fle = new RandomAccessFile( fn, "rw" );
if ( skip != 0)
file.seek(  skip );

/* file is default saved by columns */

switch ( type )
{
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case DT_BYTE:
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
file.writeByte( (byte) (int) get( i, | ) );
break;
case DT_SHORT:
for ( int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
file.writeShort( (short) (int) get( i, j ) );
break;
case DT_INT:
for (int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
file.writelnt( (int)y get( i, j ) );
break;
case DT_FLOAT:
for (int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
file.writeFloat( (float) get( i, j ) )
break;
case DT_DOUBLE:
for (int j=0; j<n; j++ )
for ( int i=0; i<m; i++ )
file.writeDouble(  get( i, j ) );

break;
default:
file.close();
throw new lllegalArgumentException( “llegal data type" );
}
file.close();
}
/** write a matrix to a binary file.
* @paranfn the file name

* @paramype data type: DT _BYTE,DT_SHORTDT_INT, DT_FLOATDT_DOUBLE
*/
public void save( String fn, int type ) throws IOException {
save( fn, type, 0);
}

/** print a matrix with specified format to the standard output
* @paramwidth field width of each elements
* @paranpecision number of fraction digits
* @paramndent number of additional spaces at the beginning of a line
*
public void print( int width, int precision, int indent ) {
printt  new PrintWriter(  System.out, true ), width, precision, indent );

}

/** print a matrix with user-defined numberformat to the standard output
* @paramformat user-defined number format

* @paramwidth field width of each elements

* @paramndent number of additional spaces at the beginning of a line
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*/
public void print( NumberFormatformat, int width, int indent ) {
print( new PrintWriter(  System.out, true ), format, width, indent );

}

/** print a matrix with specified format
* @paranmoutput the printing device
* @paramwidth field width of each elements
* @parampecision number of fraction digits
* @paramndent number of additional spaces at the beginning of a line
*/
public void print( PrintWriter  output, int width, int precision,
int indent ) {
DecimalFormat fmt = new DecimalFormat();
fmt.setDecimalFormatSymbols( new DecimalFormatSymbols(Locale.US) );
fmt.setMinimumIintegerDigits( 1);
fmt.setMaximumFractionDigits( precision );
fmt.setMinimumFractionDigits( precision );
fmt.setGroupingUsed( false );
print(  output, fmt, width, indent );

/**  print a matrix with user-defined number format
* @paramoutput the printing device
* @paramformat user-defined number format
* @paramwidth field width of each elements
* @paramndent number of additional spaces at the beginning of a line
*/
public void print( PrintWriter  output, NumberFormatformat,
int width, int indent ) {
for ( int i=0; i<m; i++ )

{
for (int j=0; j<n; j++ )
{
String str = format.format(  get(i,j) ),
int space = width - str.length();
if (0==j)
{
space += indent;
}
else
{
output.print( )
space--;
}
for ( ; space>0; space-- )
output.print( ' ' );
output.print( str);
}
output.printin();
}
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B.3.2

src/jamaica/BitArra  y.java

package jamaica;

/**
* The bit array class that functs as an array of boolean, in which
* each elements takes one bit. The return type of matrix comparison.
* @author Hanhua Feng - hanhua@cs.columbia.edu
* @version $Id: BitArray.java,v 1.9 2003/05/13 00:13:13 hanhua Exp $
*/
public class BitArray implements Cloneable {

int size;

int[]  barray;

[** Constructor

* @param size of the bit array

*

public BitArray( int n) {

size = n;
barray = new int[(size+31)/32];
}
/** Constructor from existing integer array
* @param size of the bit array
* @parama integer array containing all bits
*/
private BitArray( int n, int] a) {
size = n;
barray = a;
}
/**  Return a new copy of the bit array
* @return copy of this bit array
*/
public final BitArray copy() {
return new BitArray( size, (int[]) barray.clone() );
}
/**  Implements the method in Cloneable
* @return copy of this bit array as Object
*/

public Object clone() {
return  copy();

}

/**

*

get the length of the bit array

public final
return size;

}

/**

* @parambit

int length() {

Set one bit in the bit array

index of this bit
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*/
public final void set( int bit ) {
barray[bit/32] |= 1<<(bit%32);

}

/**  Clear one bit in the bit array

* @parambit  index of this bit

*/

public final void clear( int bit ) {
barray[bit/32] &= ~(1<<(bit%32));

}

/** Flip one bit in the bit array

* @parambit  index of this bit

*/

public final void flip( int bit ) {
barray[bit/32] N= 1<<(bit%32);

}

/** Clear all barray of the bit array
*/
public final void clear() {
for ( int i=0; i<barray.length; i++ )
barray[i] = 0;
}

/**  Check a bit in the bit array.
* @paranb index of this bit
* @return boolean value indicating whether this bit has been set.
*/
public final boolean get( int bit ) {
return 0 != ( barray[bit/32] & ( 1<<(bit%32) ) );

}

/**  Return a new bit array whose bits are exactly the reverse.
* @return new bit array

*/

public final BitArray not() {
BitArray x = copy();
for ( int i=0; i<barray.length; i++ )
x.barrayli] = ~barray[i];
return  x;

}

/** Return a new bit array whose bits are the bitwise ors.
* @return new bit array

*/
public final BitArray or( BitArray b ) {
BitArray X, V;
int xq, Xxr;
if ( size >= b.size )
{

X = this.copy();
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y = b
Xq = b.size [/ 32;
xr = b.size %32;

}
else
{
X = b.copy();
y = this;
xq = size [/ 32;
Xr = size %32;
}
for ( int i=0; i<xq; i++ )
x.barrayf[i] |= y.barraylil;
if (0!=xr)
x.barray[xq] |= y.barray[xq] & ((1<<xr)-1);
return x;
}
/**  Return a new bit array whose bits are the bitwise
* @return new bit array
*/
public final BitArray and( BitArray b ) {
BitArray X, V;
int xq, Xxr;
if ( size >= b.size )
{
x = this.copy();
y =b;
xq = b.size /| 32;
xr = b.size %32;
}
else
{
X = b.copy();
y = this;
Xq = size [/ 32;
Xr = size %32;
}
for ( int i=0; i<xq; i++ )
x.barrayl[i] &= y.barray[i;
if (0!=xr)
x.barray[xq] &=y.barray[xq] | ~((1<<xr)-1);
return  x;
}
/**  Return a new bit array whose bits are the bitwise
* @return new bit array
*/
public final BitArray xor( BitArray b ) {
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}

BitArray X, V;

int xq, xr;
if ( size >= b.size )
{
x = this.copy();
y = b
Xq = b.size [/ 32;
xr = b.size %32;
}
else
{
X = b.copy();
y = this;

xq = size /| 32;
Xr = size %32;

}

for ( int i=0; i<xq; i++ )
x.barrayl[i] A= y.barrayli];
if (0!=xr)

x.barray[xq] "= y.barray[xq] & ((1<<xr)-1);

return X;

final static int countBits( int x ) {

}

/**

int = X;

y = ( ( y & Oxaaaaaaaa) >>>1)
+ (y & 0x55555555);

y = ( ( y & Oxcccceeee ) >>>2)
+ (y & 0x33333333);

y = ( (y &Oxfofofofo ) >>>4 )
+ (y & oxofofofof  );

y = ( (y & OxffoOff00 >>> 8 )
+ ( y & Ox00ff00ff );

y = ( (y & Oxffff0000 >>> 16 )
+ ( 'y & Ox0000ffff );

return (int) vy;

count the numberof 1's in the bit array.

* @return the count of 1's

public final int count() {

int cnt = 0;
int xq = size / 32;
int xr = size %32;
for ( int i=0; i<xq; i++ )
cnt += countBits(  barray[i] );
if (0!= xr)
cnt += countBits(  barray[xq] & ((1<<xr)-1)
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return cnt;

}

/** convert bit array to a string for printing.
*/
public String toString() {
StringBuffer  str = new StringBuffer();
for ( int i=0; i<size; i++ )
it ( get(i) )
str.append( 1" );
else
str.append( '0" );
return str.toString();
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B.3.3 src/jamaica/Range.ja va

package jamaica;

~
*
*

L I S S

*/

The Rangeclass representing a linear set of integers (usually indexes)

Rangeis basically a triple (number,base,stride), where number
meansthe number of integers, base is the start integer, and
stride is the distance between to consecutive integers.

@author Hanhua Feng - hanhua@cs.columbia.edu
@version $ld: Range.java,y 1.11 2003/05/13 00:13:13 hanhua Exp $

public class Rangeimplements Cloneable {

private int number;
private int base;
private int stride;

[**  constructor

* @paranfirst the start integer of a range

* @paramast the end integer of a range

*

public Range( int first, int last ) {
this.base = first;

number = last - base + 1;
if ( number< 0)

{
number = -number;
stride = -1;
}
else
stride = 1,
}
[**  constructor
* @paranfirst the start integer of a range
* @paransize the number of integers in the range

* @paramnterval the distance between two consecutive integers
*/

public Range( int first, int size, int interval ) {
this.base = first;
this.number = size;
this.stride = interval;

}

/** the first integer of the range
*/
public final int first() {

return base;

}

/** the number of integers in the range
*/
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public final int size() {
return number;

}

/** the last integer of the range
*/
public final int last() {
return base + (number-1) * stride;

}

/** the next integer of the current

* @param current integer

*/

public final int next( int n) {
return n + stride;

}

/** the distance between two consecutive integers
*
public final int interval() {

return stride;

}

/** does a range contain a specified integer?
* @param the specified integer

* @return a boolean value indicating the result
*/
public final boolean contain( int n) {
n -= base;
if ( stride >=0)
return n >= 0 &&n < number * stride && 0 == n %stride;

return n <=0 &&n > number* stride &&0 == (-n) % (-stride);

}

/** does a range is in bounded region
* @paramower the lower bound
* @paramupper  the upper bound
* @return a boolean value indicating the result
*/
public final boolean in( int lower, int upper ) {
if ( stride >=0)
return base >= lower &&( number- 1) * stride + base <= upper;
return base <= upper &&( number- 1) * stride + base >= lower;

}

/**  The smallest (not necessarily the first) integer in a range
*/
public int inf) {
if ( stride >=0)
return base;
return base + (number-1) * stride;

136



/** The largest (not necessarily the last) integer in a range
*
/
public int sup() {
if ( stride <=0)
return base;
return base + (number-1) * stride;

}

/** is a range empty? (contains zero integers)

* @return a boolean value indicating the result
*/

public boolean empty() {
return number <= 0;

}

/Il interesting  methods starting here, although not implemented

/** intersection  of two ranges.

* Note: the intersection of two ranges are still a range
*  NOTimplemented yet
*

public Rangeintersect( Rangex ) {
throw new UnsupportedOperationException(  "intersect"  );

}

/** get the closure range of the union of two ranges.
* Note: union of ranges is usually not a range, but there is
* a minimumrange, namely closure range, covering it.
* NOTimplemented yet
*/
public Range unionClosure( Rangex ) {
throw new UnsupportedOperationException(  "unionClosure" );

}

/** subtract another range from this range
* The subtraction is still a range.

* NOTimplemented yet

*/

public Rangesub( Rangex ) {
throw new UnsupportedOperationException(  "sub" );

}

/**  convert a range to string for printing
*/
public String toString() {

if (1 ==stride )

{
if ( 1 == number)
return Integer.toString( base );
return Integer.toString( base ) + """ + last();
}
return Integer.toString( base ) + ™"
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+ ( stride>=0 ? "+" + stride : "-" + (-stride) )
+ ™" + number;
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B.3.4 src/jamaica/P ainter.ja va
package jamaica;

import javax.swing.*;
import java.awt.*;
import java.awt.event.*;
import java.awt.image.*;

/**
* The painting class that draws the contents of a matrix in a window.
* This class is derived from class JPanel in Java Swing package.
*
* @author Hanhua Feng - hanhua@cs.columbia.edu
* @version $ld: Painter.java,v 1.13 2003/05/12 21:13:54 hanhua Exp $
*/
public class Painter extends JPanel {
private static int]] grayscale = null;
private JFrame frame;
private Image image = null;

public static final int CM_BLACKWHIFH;
public static final int CM_GRAYSCALH,;
public static final int CM_COLORS2;
public static final int CM_DARKCOLGRS,
public static final int CM_HOTCOLORS;
public static final int CM_WARMCOLORS
public static final int CM_COLDCOLGREG,

public static int frame_counter = O;

[** create a painting panel
* @paramframe the parent frame where the painting panel is located

*/
public Painter( JFrame frame ) {
this.frame = frame;
}
/** create a color represented by an integer
* @paranr red value, 0.0-1.0
* @paranmg green value, 0.0-1.0
* @paramb blue value, 0.0-1.0
* @return the color represented by an integer
*

public final static int color( double r, double g, double b ) {
return ( Oxff & (int)(b * 255) )
+ ( ( Oxff & (int)(g * 255) ) <<8)
+ ( ( Oxff & (int)(r * 255) ) << 16 );

}

/** create corresponding color map

* @parantype the id of color maps

* @return the color mapinteger array
*/
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public final static int]] colorMap( int type ) {
intl cm;

switch ( type )
{
case CM_BLACKWHITE:
cm = new int[}{0, OXFFFFFF};
break;
case CM_GRAYSCALE:
cm = new int[256];
for ( int i=0; i<256; i++ )
cmfi] = (i<<16) | (i<<8) | i
break;
case CM_COLORS:
cm = new int[192];
for ( int i=0; i<64; i++ )
cmfi] = (i<<18) | ((63-i)<<10) | Oxff;
for ( int i=0; i<64; i++ )
cmli+64] = (i<<10) | ((63-))<<2) | Oxff0O00O0;
for ( int i=0; i<64; i++ )
cm[i+128] = (i<<2) | ((63-)<<18) | Oxffo0;
break;
case CM_DARKCOLORS:
cm = new int[192];
for ( int i=0; i<64; i++ )
cmfi] = (i<<18) | ((63-i)<<10);
for ( int i=0; i<64; i++ )
cmi+64] = (i<<2) | ((63-i)<<18);
for ( int i=0; i<64; i++ )
cm[i+128] = (i<<10) | ((63-i)<<2);
break;
case CM_HOTCOLORS:
cm = new int[128];
for ( int i=0; i<64; i++ )
cmfi] = Oxff0000 | (i<<10);
for ( int i=0; i<64; i++ )
cm[i+64] = Oxffffo0 | (i<<2);
break;
case CM_WARMCOLORS:
cm = new int[64];
for ( int i=0; i<64; i++ )
cm[i] = Oxff00 | (i<<2);
break;
case CM_COLDCOLORS:
cm = new int[32];
for ( int i=0; i<32; i++ )
cmfi] = ((63-i)<<18) | (i<<2);
break;
default:
return new int[] {0}

}

return cm;
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/** create a color mapform a matrix by columns. The entries of this
* matrix is between 0.0 and 1.0.
* @parammap a matrix whose rows are blue, green and red, respectively
* @return the color mapinteger array
*/
public final static int]] colorMap( Matrix map) {

int n = map.width();

int] cm= new int[n];

for ( int i=0; i<n; i++ )

cm[i] = color( map.get(2,i), map.get(1,i), map.get0,i) );
return cm;

/** create an painting panel inside a new painting frame window
* @parantitle the title of the frame

* @paramwidth  the width of the painting panel

* @paramheight the height of the painting panel

* @return the painter panel

*/

public static Painter create( String title, int width, int height ) {
try {

UlManager.setLookAndFeel(
UlManager.getCrossPlatformLookAndFeelClassName() );
} catch (Exception e) {}

JFrame frame = new JFrame( title );
Painter pane = new Painter( frame );
frame.getContentPane().add(  pane, BorderLayout.CENTER);

frame_counter++;

frame.addWindowListener(
new WindowAdapter()

{

public void windowClosing( WindowEvente ) {
frame_counter--;
[*  System.exit(0); */
}
i

pane.newsize( width, height );

frame.setLocationRelativeTo( null );
frame.setVisible( true );

return pane;

}

/* change the dimensions of the drawing panel */
void newsize( int width, int height ) {
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setPreferredSize(
image = new Bufferedimage( width,

frame.pack();

[** draw a matrix
* dimensions of
* @parammat

* @paranmin

* @parammax

* @paranrgbtable
*/

new Dimension( width,

in a panel with a co

the
the

panel accordingly
matrix

the value of the first
the value of the last
the color table for

height,

height ) );

Bufferedimage. TYPE_INT_RGB);

lor table and adjust the

color
color

intermediate  values

public void draw( Matrix mat, double min, double max, int[] rgbtable ) {

int n = matwidth(), m= mat.height
int [] row = new int[n+n+n];

newsize( n, m);

WritableRaster

double factor

raster

0

= ((Bufferedlmage)image).getRaster();

= (max > min) ? rgbtablellength / ( max- min) : 0;

for ( int i=0; i<m; i++ )
{
for ( int j=0; j<n; j++ )
{
int k = (int)Math.round((mat.get(i,j)-min)*factor);
if (k<0)
k =0;

if ( k >= rgbtable.length
k = rgbtable.length -

row[j+j+j] = ( rgbtable[K]
row[j+j+j+1] = ( rgbtable[K]
row[j+j+j+2] = ( rgbtable[K]
}
raster.setPixels( 0, i, n, 1,
}
repaint();

}

private int[] getGrayScale() {
if ( null == grayscale )
= colorMap( CM_GRAYSCALE

grayscale

return grayscale;

}

[** draw a matrix
* dimensions of
* @parammat
* @parammin

in
the
the
the

)
1;

>> 16 ) & Oxff;
>> 8 ) & Oxff;
) & Oxff;

row );

a panel as a grayscaled

panel accordingly
matrix
value of white
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* @parammax  the value of black

*/

public void draw( Matrix mat, double min, double max) {
draw( mat, min, max, getGrayScale() );

}

/** draw a matrix in a panel with a color table and adjust the
* dimensions of the panel accordingly. The min and maxvalues of
* the matrix are mappedto white and black, respectively.
* @parammat the matrix
* @paranrgbtable the color table for intermediate values
*/
public void draw( Matrix mat, int[] rgbtable ) {
draw( mat, mat.min(), mat.max(), rgbtable );

}

/** draw a matrix in a panel as a grayscaled image and adjust the
* dimensions of the panel accordingly
* @parammat the matrix
*/
public void draw( Matrix mat ) {
draw( mat, mat.min(), mat.max() );

}
/** draw a matrix in a panel over an existing image at some place,
* with a color table and a pixel mask.

* @parammat the matrix

* @parambmk  the maskindicating whether a matrix entry is drawn.
* @paranmin the value of the first color

* @parammax  the value of the last color

* @paranrgbtable the color table for intermediate values

* @paranx the X-coordinate

* @parany the Y-coordinate

*/

public void overdraw( Matrix mat, BitArray bmk, double min, double max,
int]] rgbtable, int x, int y) {

WritableRaster raster = ((Bufferedimage)image).getRaster();

int n = matwidth(), m= mat.height();

intl rgb = new int[3];

double factor = (max > min) ? rgbtable.length / ( max- min) : O;

for ( int i=0; i<m; i++ )

{
for ( int j=0; j<n; j++ )
{
if ( bmk!= null && !'mat.getBitMask(bmki,i,j) )
continue;
int k = (int)Math.round((mat.get(i,j)-min)*factor);
if (k<0)
k =0;
if ( k >=rgbtable.length )
k = rgbtable.length -1
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rgb[0] = ( rgbtable[k] >> 16 ) & Oxff;
rgb[1] = ( rgbtable[k] >>8) & Oxff;
rgb[2] = ( rgbtable[k] ) & Oxff;
raster.setPixel( X+j, y+i, rgb );

}

repaint();

}

/** draw a matrix in a panel over an existing image at some place,

* with a color table and a pixel mask. The min and maxvalues of

* the matrix are mappedto white and black, respectively.

* @parammat the matrix

* @parambmk  the maskindicating whether a matrix entry is drawn.
* @paranrgbtable the color table for intermediate values

* @paranx the X-coordinate

* @parany the Y-coordinate

*/

public void overdraw( Matrix mat, BitArray bmk, int[] rgbtable,
int x, int y) {
overdraw( mat, bmk, mat.min(), mat.max(), rgbtable, x, y );

/** draw a matrix in a panel over an existing image at some place,

* with a color table.  The min and maxvalues of the matrix are

* mappedto white and black, respectively.

* @parammat the matrix

* @paranrgbtable the color table for intermediate values

* @paranx the X-coordinate

* @parany the Y-coordinate

*

public void overdraw( Matrix mat, int[] rgbtable, int x, int y ) {
overdraw( mat, null, mat.min(), mat.max(), rgbtable, x, y);

}

/** draw a matrix in a panel over an existing image at the orgin,

* with a pixel mask. The min and maxvalues of the matrix are

* mappedto white and black, respectively.

* @parammat the matrix

* @parambmk  the maskindicating whether a matrix entry is drawn.

* @paranrgbtable the color table for intermediate values

*/

public void overdraw( Matrix mat, BitArray bmk, int[] rgbtable ) {
overdraw( mat, bmk, mat.min(), mat.max(), rgbtable, 0, 0);

}

public void paintComponent( Graphics g ) {
super.paintComponent (g);

Insets insets = getlnsets();

int width = getWidth() - insets.left - insets.right;
int height = getHeight() - insets.top - insets.bottom;
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if ( null != image)
g.drawlmage( image, 0, 0, width, height, this );
}

/** return the number of plotter windows */
public static int frameCount() {
return frame_counter;

}

/* the test program */
public static void main( String[] args ) {

create( "test", 200, 200 ).draw( Matrix.r-andom( 128, 512 ) );
}
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B.3.5 src/jamaica/Plotter.ja

package jamaica;

import
import
import
import

javax.swing.*;
java.awt.*;
java.awt.event.*;
java.awt.image.*;

The Plotter

(1) multiplot:
in different
(2) overplot:

plot multiple
colors
plot

*
*
* Functions expected in the future:
*
*
*

va

class which draw a curve in a window.

curves by a single matrix

another curve in the same window

* @author Hanhua Feng - hanhua@cs.columbia.edu

* @version $ld: Plotter.java,v

*/

public class Plotter
JFrame frame;
Font tick font;
Font label_font;

final static int nr_curve

Insets border = new Insets(

int tick_width = 6;
int grid_density = 100;
int tick _density = 5;

Color tick_color
Color grid_color
Color border_color
Color[] def_color

1.11 2003/05/12 21:13:54 hanhua Exp $

extends JPanel {

16;

32, 64, 32, 64),

new Color( 0x555555 );

new Color( O0xAAAAAA,;

= new Color( 0xBBBBO0O);
= new Color[nr_curve];

String  xlabel = null;

String ylabel = null;

float]] range;

float[][] curve = new float[nr_curve][];

Color][]
int]] curve_flags

curve_color

int
int

static
static

final
final
public static int

public Plotter(

this.frame = frame;

frame_counter

= new Color[nr_curve][];
= new int[nr_curve];

FL_LINESTYLE= 0x80;
FL_RANGEMASK3;

0;

JFrame frame ) {

146



tick font = new Font( "Monospaced”, Font.PLAIN, 10 );
label_font = new Font( null, Font.PLAIN, 12);
range = new float[24];
for ( int i=0; i<24; i+=2 )
{
range[i] = Of;
range[i+1] = 1f;

public static Plotter create( String title, int width, int height ) {
try {
UlManager.setLookAndFeel(
UlManager.getCrossPlatformLookAndFeelClassName() );
} catch (Exception e) {}

JFrame frame = new JFrame( title );
Plotter pane = new Plotter(  frame );
frame.getContentPane().add(  pane, BorderLayout.CENTER);

frame_counter++;

frame.addWindowListener(
new WindowAdapter()
{
public void windowClosing( WindowEvente ) {
frame_counter--;
[* System.exit(0); */
}
i

pane.newsize( width, height );

frame.setLocationRelativeTo( null );
frame.setVisible( true );

return pane;

}

/* change the dimensions of the drawing panel */

void newsize( int width, int height ) {
setPreferredSize(  new Dimension( width, height ) );
frame.pack();

}

boolean addData( Matrix mat, int idx ) {
int m= mat.height(), n = mat.width();

if (1==n)
return false;
curvefidx] = new floatim+m+m];
for ( int i=0; i<m; i++ )
{
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curve[idx][i+i+i] = (float) mat.get( i, 0);

curvelidx][i+i+i+1] = (float) mat.get( i, 1);
if (n==3)
curve[idx][i+i+i+2] = (float) mat.get( i, 2);
}
return true;
}
void addColorTable( int[] colortbl, int idx ) {
if ( null != colortbl )
{
curve_color[idx] = new Color[colortbl.length];
for ( int i=0; i<colortbl.length; i++ )
curve_color[idx][i] = new Color( colortbl[i] );
}
else
curve_color = null;
}

public void draw( Matrix mat, double[]] rgs,
int def _color, int]] colortbl ) {
removeAllCurve();
if ( l'addData( mat, 0 ) )
return;
setAllRanges( (float) rgs[0], (float) rgs[l], 0 );
setAllRanges( (float) rgs[2], (float) rgs[3], 1);
if ( matwidth() >=3)

{
setAllRanges( (float) rgs[4], (float) rgs[5], 2 );
addColorTable( colortbl, 0 );
this.def_color[0] = new Color( def color );
curve_flags[0] = FL_LINESTYLE;
repaint();

}

public void draw( Matrix mat, int def color, int[] colortbl ) {
double[]] rgs = new double[6];
int n = mat.width();

if (n>3)
n =3,
for ( int i=0; i<n; i++ )
{
rgs[i+i] = matmin( i );
rgsfi+i+1] = matmax( i );
}

draw( mat, rgs, def _color, colortbl );

}

public void draw( Matrix mat, double[] rgs, int def color ) {
draw( mat, rgs, def color, null );

}
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public void draw( Matrix mat, int def color ) {
draw( mat, def color, null );
}

void removeAllCurve() {
for ( int i=0; i<nr_curve; i++ )
{
curve[i] = null;
curve_color[i] = null;

}

private final void setAllRanges( float min, float
range[dimid*8+0] = range[dimid*8+2]

= range[dimid*8+4] = range[dimid*8+6]
range[dimid*8+1] = range[dimid*8+3]

= range[dimid*8+5] = range[dimid*8+7]

}

max, int

min;

max;

private final void setRange( float min, float max,

int dimid, int rangeid ) {

range[dimid*8+rangeid*2] = min;
range[dimid*8+rangeid*2+1] = max;

}

private final static double logl0 = Math.log( 10 );

private final static int closestUnit( double x )
double y = Math.log(x) / logl0;
int order = (int) Math.floor( vy );
y -= (double) order;

if (y<01)

return ( order << 8 ) + 1;
if (y<04)

return ( order << 8 ) + 2;
if (y<08)

return ( order << 8 ) + 5;
return ( (order+l) << 8 ) + 1,

}

private final static double decimalToDouble( int
return Math.pow( 10, order ) * n;
}

private final static String decimalToString( int
if (0==n)
return new String(  "0" );

while ( 0 ==n %10 )

{
n /= 10;
order++;
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}

StringBuffer  str = new StringBuffer( 64 );

if ( order > 4)
str.append(n).append( 'E' ).append( order );
else if ( order >=0)

{
str.append(n);
for ( int i=0; i<order; i++ )
str.append( '0" );
}
else
{
str.append( Math.abs(n) );
int j = str.length();
if (j > -order )
str.insert( jtorder, ' ),
else if (j > -order-3 )
{
for (; j < -order; j++ )
str.insert( 0, 0" )
str.insert( 0, "0." );
}
else
{
if (j>1)
str.insert( 1, ")
str.append( 'E' ).append( order+j-1 );
}
if (n<0)
str.insert( o, - )
}

return str.toString();

}

public void paintRulers( Graphics g, int X, int vy, int length, int breath,
int breath_extend,
double min, double max, double density,
boolean is_vert, boolean with_label ) {

FontMetrics fm = g.getFontMetrics();
int label_ypos;

if ( is_vert )
label_ypos = ( fm.getAscent() - fm.getDescent() ) / 2;

else
{
if ( breath >0)
label_ypos = breath_extend + fm.getAscent();
else
label_ypos = breath_extend - fm.getDescent();
}
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double factor = length / (max-min);

int
int
int
int
int

unit = closestUnit( density / factor );
order = unit >> 8;

Isd = unit & Oxf;

largerl =( 5==1Isd ) ? 2: 5;

larger2 = 10;

double dt = decimalToDouble( Isd, order );

int
for

{

i = (int) Math.ceil( min/dt );
( double t =i * dt; t <=max;t +=dt i++ )
int offset = (int) Math.round( (t-min) * factor );
int ext =0, pe =0, ne =0;
if ( 0==i %larger2 )
{
ext = breath_extend;
if ( with_label )
{
String label = decimalToString( i*Isd, order );
if ( is_vert )
{
int w;
if ( breath_extend < 0)
w = -fm.stringWidth( label )-1;
else
W= 2;
g.drawString(  label, x + breath_extend + w,
y + length - 1 - offset + label _ypos );
}
else
{
g.drawString(  label,
x + offset - fm.stringWidth(  label )/2,
y + label ypos );
}
}
}
else if ( 0==i %largerl )
ext = (breath_extend+breath)/2;
else
ext = breath;
if ( is_vert )
{
int yl =y + length - 1 - offset;
g.drawLine( x, yl, x+ext, yl);
}
else

g.drawLine( x+offset, vy, x+offset, y+ext );
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}

}
public void paintBorder( Graphics g, int win_width, int win_height ) {

int x0 = border.left-1, x1 = win_width-border.right;
int yO = border.top-1, yl1 = win_height-border.bottom;
g.drawLine( x0, y0, x1, y0);

g.drawLine( x1, yO, x1, yl);

g.drawLine( x1, y1, x0, yl);

g.drawLine( x0, yl, x0, y0 );

}

public void paintCurve(
Graphics g, float[] curve, float]] data_range,
Color[] color, Color def_color,
int width, int height, boolean line ) {

if ( data_range[0] >= data_range[l] || data range[2] >= data_range[3]
return;

double xfactor
double yfactor

width / (data_range[l]-data_range[0]);
height / (data range[3]-data_range[2]);

double zfactor = 0;
if ( null != color )
{
if ( data_range[5] <= data_range[4] )
return;
zfactor = color.length / (data_range[5]-data_range[4]);
}

g.setColor(  def_color );

int x = border.left

+ (int)  Math.round( (curve[O]-data_range[0])*xfactor );
int y = border.top + height - 1

- (int)  Math.round( (curve[l]-data