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Studies on Programming Languages of

Statistical Analysis Systems*

Ikunori Kobayashi

Abstract

Statistical analysis systems are environments for viewing and browsing data,
calculating statistics, drawing statistical charts, and exploring essences of the
phenomenon. Now, plenty of methods to analyze data are proposed and used on
such systems, but these methods are often changed or expanded properly accord-
ing to data. Special programming languages are indispensable to the systems for
such tasks. The programming languages of statistical analysis systems are tools
for developing their abilities.

This thesis describes how to have designed and implemented the programming
languages for RASS (Regression Analysis Supporting System), RASS2 and Jasp
(Java based statistical processor), and some results of related researches. RASS
is a kind of expert systems for assisting user’s regression analysis, and Jasp is one
of general purpose statistical analysis systems. The languages for these systems
have been designed to be able to program easily and stably for end users.

This thesis consists of 6 sections. The aims and backgrounds of this research
are clarified in Chapter 1.

Chapter 2 describes requirements for a programming language of knowledge
base supporting systems for regression analysis, and explains how to have de-

signed and implemented the programming language for RASS as the concrete

*Doctor’s Thesis, Department of Information Systems, Graduate School of Information Sci-
ence, Nara Institute of Science and Technology, NAIST-IS-DT0061008, February 5, 2002.
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example. RASS language has been designed not to break the framework of the
supporting mechanism, to combine a logic language and a procedural language
and to represent statistical algorithms easily and simply.

Chapter 3 describes RASS2 and its programming language. RASS2 is an im-
provement of RASS to provide consulting mechanisms with high flexibility and
extendibility to users. To achieve this, extended objects which define rules in-
ternally are used as the basic components of RASS2. Rules in extended objects
have local priorities and are evaluated spontaneously. The RASS2 language is an
environment to define extended objects for users.

In Chapter 4, a simple extending method of objects on the interactive pro-
gramming and prototyping environment in object-oriented script languages is
proposed. This results can be applied also to the language of statistical analysis
systems. To implement this facility, active rules which are specialized methods
based on “condition-acton” form are included into the frame of objects, and the
active rules are made to behave spontaneously. Users can enhance objects in an
easier way compared with general methods.

Chapter 5 introduces the features and the syntax of the language of the general
purpose statistical system Jasp. The Jasp language is a procedural function-based
script language and has object-oriented mechanism which provides much of ease,
flexibility and extendibility. To develop this language, Pnuts, a script language
for Java, is used for the base.

The results achieved in the above researches are summarized in Chapter 6, and
design principles for developing programming languages of statistical analysis

systems are proposed.

Keywords:

Statistical analysis system, Programming language, Language design, RASS, Jasp
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:— load_foreign([’lsdiag.o’, init_lsdiag).
class(1SDiag, 1SRes).

slot(1SDiag, pred, null, > O0O0?).

slot(1SDiag, res, null, > 00?).

slot(1SDiag, stdRes, null, > 0O0O0O0?).
slot(1SDiag, stuRes, null, > JO00O00O0O0OOOO?).
slot(1SDiag, leverage, null, > OO OOO?).
SlOt(lSDiag, dffits, null, ’DEFFITS’).
slot(1SDiag, cook, null, ’CO0K-D’).

slot(1SDiag, dw, null, ’Durbin-Watson’).

method (1SDiag, initialize, [
sm(self, name, Self), % Getting 4 slot values in
sm(Self, depVar, Y), % the upper classes.
sm(Self, indepVar, X),
sm(Self, coef, Coef),
c_lsdiag(X,Y,Coef,Pred,Res,StdRes,StuRes,Dw,Dffits,Cook,Lev),
sm(Self, putValue, pred, Pred), 7 Setting 8 slot values.
sm(Self, putValue, res, Res),
sm(Self, putValue, stdRes, StdRes),
sm(Self, putValue, stuRes, StuRes),
sm(Self, putValue, leverage, Lev),
sm(Self, putValue, dffits, Dffits),
sm(Self, putValue, cook, Cook) ,
sm(Self, putValue, dw, Dw) ,
sm(regAdv, created, Self)]).

021 000 RASSOODOO IshiagOOOooQoOQ
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#include <stdio.h>
#include <math.h>

#include "system.h"
#include "nrutil.h"
#include "matrix.h"

FOREIGN_TYPE c_lsdiag(PROLOG_TERM pl_x,

PROLOG_TERM pl_y, PROLOG_TERM pl_coef,
PROLOG_TERM pl_pred, PROLOG_TERM pl_res,
PROLOG_TERM pl_stdres, PROLOG_TERM pl_stures,
PROLOG_TERM pl_dw, PROLOG_TERM pl_dffits,
PROLOG_TERM pl_cook, PROLOG_TERM pl_leverage) {

int status = TRUE;

long i, j, row, col;

double **hat, *e, *si2;

double *dffits; /* for DFFITS */

list2_size(pl_x, &row, &col); /* set row and col */
hat = dmatrix(1, row, 1, row);
dffits = dvector (1, row);

for (i = 1; i <= row; i++) { /* DFFITS Statistic value. */
dffits[i] = sqrt (hat[i][i] / (1.0 - hat[i][i]))
* e[i] / sqrt (si2[i] * (1.0 - hat[i][i]));

}
void init_lsdiag(void){

PL_register_foreign ("c_lsdiag", 11, c_lsdiag, 0);
}

022 000 RASSOOOO DFFITSOOOO COODODOOOOOOO
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<CLASS> is_subclass_of <SUPER-CLASS> : (
slot(
<SLOT-NAME> type_ <TYPE> slot_comment_ <COMMENT>,
<SLOT-NAME> type_ <TYPE> slot_comment_ <COMMENT>
)
method (
<METHOD-NAME> is_defined_by (
require( <O OOO> ),
do( <ODOO> ),
explanation( <O 0> )
)
<METHOD-NAME> is_defined_by (
require( <O OOO> ),
do( <ODOO> ),

explanation( <[> )

O 23 RASSOOOOOOO
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1SDiag is_subclass_of 1SRes : (
slot(
dfbetas type_lMatrix slot_comment_ ’DFBETAS’
),
method (
calDFBETAS is_defined_by(
require(
exist_slots(indepVar, depVar, nObs)
),
do (
local_variable(beta, s, b, xxih, n, x type_ number),
xxih := sqrt(diag(inv(tr(indepVar)*indepVar))),
beta := inv(tr(indepVar)*indepVar)*tr (indepVar)*depVar,
n := nObs,
dfbetas := indepVar,
while(n >= 1,
x :=nlbs - n + 1,

b := inv(tr(indepVar(~x,*))*indepVar(“x,*))
*xtr (indepVar(“x,*)*depVar ("x,*),
s := (tr(depVar(“x,*)-indepVar("x,*)*b)

* (depVar ("x,*)-indepVar(“x, *)*b)
/ (nObs-indepVar)) ~(0.5) O
defbeta(x,*) := tr((beta-b)/(xxih*s)),
n :=n-1
),
sm(dfbetas, dsp)
),
explanation(’DFBETAS show how each obserbation’,
’influences regression coefficients.’)

0 2.6 RASSOODOOO DFBETASOODOODOODOO
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myBStat is_subclass_of myRegDat : (

slot(
mean type_ 1Matrix slot_comment_ > U7,
minimum type_ 1Matrix slot_comment_ ’> U7,
maximum type_ 1Matrix slot_comment_ ’> U7,
skewness type_ 1Matrix slot_comment_ ’> U0 ’,
kurtosis type_ 1Matrix slot_comment_ ’> U0 ’,
covariance type_ 1lMatrix slot_comment_ > UJO 07,
correlation type_ 1Matrix slot_comment_ > OO0’
)
method (
initialize is_defined_by (
require(
exist_slots(indepVar depVar)
)
do (

local_variable(m type_ 1lMatrix),
m := colBind(depVar, indepVar(*, "1)),

sm(m, mean, Mean), mean := Mean,
sm(m, min, Min), minimum := Min,
sm(m, max, Max), maximum := Max,
sm(m, skew, Skew), skewness := Skew,
sm(m, kur, Kur), kurtosis := Kur,
sm(m, cov, Cov), covariance := Cov,
sm(m, cor, Cor), correlation := Cor
)
),
cov(Varl, Var2, Cor) is_defined_by (
require(
exist_slots(correlation)
),
do(
local_variable(c type_ 1lMatrix),
c := correlation,
sm(c, getValue, Varl, Var2, Cor)
)
),

U 27 0b000ooobboboooooon
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<CLASS> =
CLASS is_subclass.of SUPER :(
class_slot( <SLOT> {,<SLOT>} ),
slot( <SLOT> {,<SLOT>} ),
classmethod( <METHOD> {,<METHOD>} ),
method( <METHOD> {,<METHOD>} ),
class_rule( <RULE> {,<RULE>} ),
rule( <RULE> {,<RULE>} )
).
<SLOT> =
NAME type_ <TYPE> |
NAME type_ <TYPE> slot_comment_ STRINGS
<METHOD> :=
NAME is_defined by (
require( <CONDITIONS> ),
do( <STATEMENTS> ),
explanation( STRINGS )
).
<RULE> ::=
NAME$LOCAL _WEIGHT is defined by (
condition( <CONDITIONS> ),
propose( <STATEMENTS> ),
explanation( STRINGS )

O 3.2 RASS200 000000000 0ODO0OOOOOOOO
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<TYPE> ::= number | vector | list | ... | string | CLASS | <REF>
<STATEMENTS> ::= <STM_LIST> | <LOCAL>, <STM LIST>
<STM_LIST> ::= <STATEMENT> {,<STATEMENT>}
<STATEMENT> ::= <ASSIGN> | <CNTRL> | <CND> | COMMAND
<LOCAL> ::= local_variable(<SLOT> {,<SLOT>})
<ASSIGN> ::= OBJECT := STAT.EXPR
<CNTRL> := <IF> | <WHILE> | <FOREACH>
<IF> ::= if (KCND>, [<STM_LIST>1)
| if (KCND>, [<STM_LIST>], [<ELSE_LIST>])
<WHILE> ::= while(<CND>, [<STM_LIST>1)
<FOREACH> := foreach(VAR, VALUES, [<STM _LIST>])
<CND> ::= COMP.EXPR | <OR> | <AND> | <NOT>
<OR> ::= or( <CND>, <CND> {,<CND>} )
<AND> ::= and( <CND>, <CND> {,<CND>} )
<NOT> ::= not( <CND> )
<REF> ::= @CLASS

O 3.3 RASS20 00000000000 DO0OLOOObOOOO
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0 3.1 RASS200000O0O0OOOOO)
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string gboboobood object
number gooooood object
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3.3.6 004

RASS200Linux 00000000000 DODOOOODOOOO0ODODO0O0ODOO
O0000000Prolog (SWI-Prolog) 00 000000000000 OO0OOO
OOoooboocbooboobooboooog

3.4 RASS20000000O
34.1 01:000000000

oo0o0odoooobooooboooboboobobooobboooboon
O000000000000000000RASS20000000000000A0O
O0o0o0o0ooooooooobooobooogobobooobboooboon
000000000000 000D000b000000 orgbata0 DO OOOODOO

03500000000000000000D0000O0OU0Ccreated-instance [
0000000000000 00b0000 orgbataO0 OO0 O0Oo0oooon
O00D0000000000000 countdnstance(Num) DO OOODOODOO
O00000oo0oooooooboooooooboboooobo0 NumODOg0nO
000000 requireO D OO00OODO existslotO) DO O0OODODOOOOOO
00000000 bobooooobobooooooo

000000 creatednstance0 UU U OO0 OO0O0OOOOOOOODONO
O0000000D000 createdinstancel(Name) D0 OO OD0O0OODOOOO0O
require ) DO O0O0OO0DO0O0O0O0OOODOOwerd0O00O00O0O0O0OODO0O
O00000000D00000D0O0000D0D0D000 bataFileD OO OOOO
O00000000D00 existfile() DODDODODOO0OOOOODODOODOO
O0o0oooooooo [(bl]oobbooboooooobooobooboooo
O00o0o0oobo0ooobooboobbooobDoooboboooboboon
O0o0o0oboooboboooboooobooobboooboooboboon
O00000doO ODD0D0D000O0O0O0ODODODO create_instancel(Name) OO O
J00oobd0oobobobobdoo0biblbO DataFile [ create_instancel
O00 Name OO QOO OO

45



orgData is_subclass_of lsMatrix : (
class_slot( created_instance type_ list ),
class_method(
count_instance(Num) is_defined_by (
require(exist_slot(created_instance)),
do(sm(created_instance, size, Num)),
explanation(’Count number of instances’)
),
create_instanceO is_defined_by (
require(
sm(user, output, [’Input data file name:’]),
sm(user, inputWord, DataFile),
exist_file(DataFile) ),
do(
sm(self, create_instancel, DataFile)
),
explanation(’Create instance’) ),
create_instancel(Name) is_defined_by (
require(
exist_file(Name),
sm(created_instance, nomember, Name)
),
do(
create_instance(orgData, Name),
sm(Name, readFile, Name),
sm(created_instance, push, Name),
sm(Name, activate) ),
explanation(’Create instance’) ) ),
class_rule(
create_my_instance$2 is_defined_by (

condition(
sm(self, count_instance, Size),
Size == 0 ),
propose(sm(self, create_instance0)),
explanation(

’First, we need to read data’ )))

O35 orghData U0 0 OOOOODOODOOODOO

46



createinstancel(Name) U OO DO UODOODOOOODOOOODOOOOOODOOO
O0 doOQOUODOODOOOOO 3.20 createinstance() U OO0 Name J O OO
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O0O0000DOorghatad D0 OODOOO self 00 0OOOOOOOOOOO
Oo0o000obO0O000 oooooobobobbboboooooooooooooo
create instance0 U000 00D OOOOOORASS200000 0 O OorgData
J0o0o0o0obodooboboooboobooooboboobobboobboon
OO0OO0O0OO0OORASS2000000 “O00O0”’00bO00bDO0oooOoboOoDO
go0o0D0o00ooobOoooooooon
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gbobouoguoogbbodgobbooboobbboobbboobboon
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gbboooogbobooogboboogbboboooooboboogn

0 3.60 fFence 000 (ODD0)00fVvalue 000000 O0OOOOODODODO
gbobogbogooboooobogobbooobbooboboooboon
O0000000000000000O Bsj0000000oooonooo3000
gbobogbbogbobbooobouogbobogbbooobboobobon
OO00000000D0000000Db0b00000b0obO0obOOob0OORASS20
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slot(

fFence type_ number slot_comment_ ’Fence for far out values’,
fValue type_ points slot_comment_ ’Position of for out values’
),
method (
calculate_farout is_defined_by (
require(
exist_slot(fFence, data, fValue),
sm(self, row_ordered_label, RowLabel),
sm(self, col_ordered_label, ColLabel) ),
do (
local_variable( up type_ number,
dw type_ number,
uHinge type_ 1lVector,
1Hinge type_ 1lVector,
hinge type_ 1lVector ),
sm(self, hinge, LH, UH, H),
uHinge:=UH, 1Hinge:=LH, hinge:=H,
foreach(Y, ColLabel, [
up:=uHinge (Y)+fFencexhinge (Y),
dw:=1Hinge (Y)-fFencexhinge (Y),
foreach(X, RowLabel, [
if (or(data(X,Y)>=up, data(X,Y)=<dw),
[sm(fValue, pushPoint, X, Y)])
D D),

explanation(’Search for far out values’))

):

036 UbbObooooooboaobobod
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gobogoboboogbboobbudgbbibidl calculate farout U0
O0O00000000Orequire() DOODOOO dataO OO OO IMatrix OO
Oo000oo0oboooubbbooobboobbb0oubOnumData 0000
ObooboooboboooboooD MatrixODOODOOOooooooooooo
goboogboboogbbogbobodbuobibbibUddl rowordered label
[J colordered label U UUOUDDOUOOOOOOOO 1000O0O0OOO0O
gbobobooobbobooooobbboogbobboooon
doOUOUODOOODODOOOOODOODOODDOOODbDOOODD b ODLO
O0gbobd wector U0 gobooobbooboogn
UO000O0Oninged oo obooobogoboooooooan
gboboogbobboogbboogbooobbogbobooboboooboon
gboboogobboggubboooobooobbooobboonoooon
gboboogobobobbogobooobboobooobbuoooboboon
00000 Bb|Oforeach 0000 2000000000000000000O0O
gboboogoboboogbboogbbuoobbouogboooooobobbboon
b if0bougooboooan
gbobouogbobuogobbooobooboogbobooobbooboboo
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gbobobobobooooggdn 3.70 deleteobservation U OO UOOOOON
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O00000000000000000OconditionO) OOOOODOODODOOO
getfarout colMax U U U UDUOODUOOODOOODOODOOOOO ColUOD
goboguobgboodsizeOOOUOO0OOOOSizeO 10 0000O0OOOOOO
guobobooodboobobgbdbceldnngnnn getfaroutValue
gbodbobgbobubodtboestbgboboooboboooboan
000000000000 000000 (Doboooooo0)oDooooooo
gbobogoobbougbbuoogobboooooboooobobodoesdd
gobobooooobooogobobboooobbobid farout g
O0OO00O00oo0ob0oboobboobObDOpropese) O ODOODODOOOOOO
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rule(
delete_observation(Obs,farout)$3 is_defined_by(
condition(
sm(self, get_farout_colMax, Col, Size),
Size == 1,
sm(self, get_faroutValue, Col, Obs)
),
propose (
sm(self, show_BoxPlot, Col),
sm(self, delete_observation, Obs),
sm(self, inactivate) ),
explanation(’Delete a far out value’)
)
),

U 3.7 db0bobbouoooboboogobon

000000000000 D00000000D0000DO000DOCcondition() O
O0000000D0 colOODODODODODOOO showBoxPlot DO DODODODODODO
000000 deleteobservation U UOUOUOOOOOOOO0OOOOOOU
numData 00 0000000000000 DOO0OOO0OOOO0OODOOO0O0OO
0000000000000 000b0b00000D000nDnD agent0000ogon
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0000000000000 0000bO0DbO0obO0o0o0oooOooDooDooDoon
O00000000000b0b00o0o0o0bbo0o0bb0o0bOUnOnumData
O00000D0O00DO00DOO00bO00bOO0obODOo0obOOoooboooog
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proposal >>> test_lsm proposes "check_t_value" : (3.3)[1]
proposal >>> test_lsm proposes "check_f_value" : (3.3)[2]
proposal >>> test_lsm proposes "check_linearity" : (3.2)[3]

adviser >>> test_lsm proposes "delete_indepVar(xl, multicolinearity, severe)" : (4.1)

|:
0 3.8 RASS20 00000000

3.5 RASS20000 RASSOOOO

RASS20 0000000 380000000000 DOU0O0ODbOObOODO
gboboogbobboogboobooobbboogobobobbuooobboon
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OO000D000000000DO0D0ORASS200000000D00OO0

OOO0000dbbDadviserDODOOO0O0OO0OOOo0oObOOoOobOoOogon
DO0O000O0b00b00b00nbd adviser goODOOOOODOODOOOO
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gobogbobboggbboooboobbbooobbooboboooboon
goboogbobboggbboooboobboobooobbuooobboon
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| : sm(adviser, go, 3).
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4. JO00o00ooodboooooobooobooboon
0O

4.1 0O0O0OO
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4.2 O0O0OOOOOO

O000000000000DO0000D000000D 0O CCondition-Action
O00000000000000 (Condition) 0000 (Action) 0000000
gboboogboouodgbobooobooobooobobbobbuooobboon
gbobobooobbbuoogobbuooogbobboogon

gobogogbbbbougoobboogoboboooon

. gggbbooooobobobooooooon

2. 0b0b0boogobobbuoooobobobooobbbbooooboboboa

. ubbboogobobbuoogobobooobbbooooonon

0000000000000 00000oooOO0o0o0o00o0o0 ()Yooooooo
000000000 (1,23)00o00o0ooo0o0o
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OO0000 Pnuts00 00000000000 OOO00ODOODO DynamicClass O
gbdbugbboggbogugbooogboobooooobuooboagnn
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rule (<NAME>, <CONDITION>, <ACTION>)

OODODO<NAME>OOUODOOO0ODODODOOOUOO<CONDITION>O O OO O<ACTION>
gboboogobobobbbooobuoobbbooobbooobbooboan
gboboogbobobogbbooobouogbbuoogbooobooooboan
O00000000OremoveRule(NAME) DO ODOOOODODO0O
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use ("pnuts.oop")

DataVector = defclass("DataVector")
DataVector.var("data")
DataVector.var("sum")

DataVector.var("size")

DataVector.method("new", // constructor
function (x) { this.data = x
this.size = x.length
this.sum = 0

this.calcSum(x) })
DataVector.method("calcSum",
function (x) {for(i=0;i<x.length;i++){
this.sum += x[i] }})
DataVector.method("getSum",
function () {return this.sum})
b
obj = DataVector([1,2,3,4,5]) //create an object
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DataVector.var('"mean")
DataVector.method("calcAverage",

function () {this.mean = this.sum / this.size})
DataVector.method("getAverage",

function () {return this.mean})
b
obj.calcAverage()

obj.getAverage() // ==> 3

U042 gd0ooOooooooboooan
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gbbogbgboggbobooobbodagg 4ebb0 42000000000
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NewDVector = defclass("NewDVector", DataVector)
NewDVector.var('"mean")
NewDVector.method("calcAverage",
function () {this.mean = this.sum / this.size})
NewDVector.method("getAverage",
function () {return this.mean})
NewDVector.method("new", // constructor
function (x) { super.new(x) })
b
new_obj = NewDVector([1,2,3,4,5])
new_obj.calcAverage()

new_obj.getAverage() // ==> 3

044 [S-FADODOOO

bbb obnn b0 mean DO QO OO
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JU00doddd batavector U OO OODODOO0O0ODOOOOOOOOOOO
O000000000D00D0000D0DOO calcAverage() DO OOODODOOO
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4.4 O0O00O0OOOOOOO

gbodgbdobogbboboobuogoobuogboobooooboobobg
gboboogboboggbboooboobooobboobbboobboon
gbooogboogoboogobogoboooboooobboooboan
gboboggboudgooooobboodbboogooobbuooobboon
gubdboobgbobboboobobobobobuogoboboobobg
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NewDVector = defclass("NewDVector")
NewDVector.var("pt", DataVector)
NewDVector .method("setPart",
function (arg) {this.pt=arg})
NewDVector.var('"mean")
NewDVector.method("calcAverage",
function () {
this.mean=this.pt.sum/this.pt.size})
NewDVector.method("getAverage",
function () {return this.mean})
b
new_obj = NewDVector ()
new_obj.setPart (obj)
new_obj.calcAverage()

new_obj.getAverage() // ==> 3

O 4.5 PART-OF O O0OO

DataVector.var("mean")
DataVector.method("calcAverage",

function () {this.mean = this.sum / this.size})
DataVector.method("getAverage",

function () {return this.mean})
DataVector.rule("average",

function () {this.mean == null},

function () {this.calcAverage()})
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DataVector.method("addData",
function () {
this.data = this.data + [x]
this.checkData() })
DataVector.method("checkData",
function () {
d = this.data
for(i=0; i<d.length; i++){
if(d[i] > 10000 )
println("over 10000!")

D
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DataVector.var("preData")
DataVector.method("addData",
function (x) {
this.data = this.data + [x] })
DataVector.method("checkData",
function () {
d = this.data
for(i=0; i<d.length; i++){
if(d[i] > 10000 )
println("over 10000!")
1))
DataVector.rule("checkData",
function () {
this.preData != this.data },
function () {
this.checkData()
this.preData = this.data })
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import pnuts.lang.Pnuts;

import pnuts.lang.Package;
import pnuts.lang.PnutsFunction;
import pnuts.lang.Context;
import pnuts.lang.AbstractData;

public class DynamicClass extends PnutsFunction
implements Serializable {
String name;
private static Context ctx = new Context();
Hashtable attributes;
Hashtable methods;

0 4.10 DynamicClass 0000000

00000000000 410000 ODataVector 0 O O DynamicClass 0 O O
000000000000 00000bbbOb00dU name 000 0oooo
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public static ActiveClass extends DynamicClass {
Hashtable rules_condtion;

Hashtable rules_action;
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public void method(String name, PnutsFunction func){
int narg = minArgs(func);
String expr = packageStatement (func.getPackage()) +
importStatements (func.getImportEnv(narg)) +
"function (this, super) " + func.unparse(narg);

PnutsFunction f = (PnutsFunction)Pnuts.eval(expr, ctx);
Vector vec = (Vector)methods.get (name) ;
if (vec == null){
vec = new Vector();
methods.put (name, vec);
+
if (vec.size() < narg + 1){
vec.setSize(narg + 1);
+

vec.setElementAt (f, narg);

0 4.11 DynamicClass 0 O O O O method()
gdd

DataVector.method("getSum", function (){return this.sum})
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goddo 4100000
obj = DataVector([1,2,3,4,5])
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public void rule(String name, PnutsFunction c, PnutsFunction b){

int nargl = minArgs(c); // for cond

int narg2 = minArgs(b); // for body

String exprl = packageStatement(c.getPackage()) +
importStatements(c.getImportEnv(nargl)) +
"function (this, super) " + c.unparse(nargl);

String expr2 = packageStatement(b.getPackage()) +
importStatements(b.getImportEnv(narg2)) +
"function (this, super) " + b.unparse(narg2);

PnutsFunction f1 (PnutsFunction)Pnuts.eval (exprl, ctx);
PnutsFunction f2 (PnutsFunction)Pnuts.eval (expr2, ctx);
Vector vecl = (Vector)rules_condition.get(name);
if (vecl == null)A{
vecl = new Vector();
rules_condition.put(name, vecl);
+
if (vecl.size() < nargl + 1){
vecl.setSize(nargl + 1);
+
vecl.setElementAt(f1, nargl);

Vector vec2 = (Vector)rules_action.get(name) ;
if (vec2 == null){
vec2 = new Vector();
rules_action.put (name, vec2);
+
if (vec2.size() < narg2 + 1){
vec2.setSize(narg2 + 1);
+
vec2.setElementAt (f2, narg2);

0412 0000000000000 0000000 rule()
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public Object invoke(String name, Object[] args, Context co){

int narg = args.length;
PnutsFunction func =
DynamicClass.this.getMethod(name,nargs,this);
if (func != null){
return func.call(args, co);

}

throw new RuntimeException("no such method:" + name);

0 413 00000 Instance 00000 invoke()

DynamicClass OO0 0000000 OO ODataVectorOO OO OOODOOODO
OO0000b00dOopjUbdbDUObdOb0ObODObDObDO0nDn invoke() O
0000 4.13 0000DynamicClass 0 O 00O getMethod() DO OOODODOO
O000 methods 0000000 OODO PnutsFunction 000000000
O0callOO00O0DDODODO0O0O0O0ODODODOOOOnDOoO

0000000000 000O0000o0bO0ooo0oooOooooooDooon
OO0 invokeO 0D ODOOODOOD 4140 0000000000 invokeFirst()
O0000 413 0000000000000 DOO00000000DDODODODOOO
OO000o00O0oboO0bO0O0bO0o0oOoD fighbogbooob0obbooboobDboo
O0invoke() DO ODODODOODDODOOO0OOODODODDOOOOOOOOODOOO
0000000000000 O0000bO0DOOoOoDo0obOOooDooooDoOoDOon
0000000000000 00bO0O00000bO0o00o0ooDOooDobOOooDOon
000 evaluate) D OO 0O0O0OOOO0ODODOOO0OODODOOOODODOOOOO
OO0 Imstance N0 O0OO0OO0OO0O0O0OODODOOO0O 4150000

OO0 evaluateO D OD0O00O0O0OD0O0OO0ODOODOOO ArrayListOD0O O OO0
000000000000 DO0000O00DO0obOOobOOoDoOoOoOobOOoDOon
0000 invokeRule O OO ODODOODOOODOOO

0415000000000 Instance D0 OO0 evaluate) DO O OOOO
O00000000OActiveClass 00000000 O0O0OOOOOODOOOOOO

71



public Object invoke(String name, Object[] args, Context co){
Object ans = new Object();
ans = invokeFirst(name, args, co);

if(flg == 0){
Object dumy = new Object();
Arraylist vec = evaluate(co);
flg = 1;
for(int i=0; i<vec.size(); i++){
String fn = (String)vec.get(i);
dumy = invokeRule(fn, co);

b

flg = 0;
b
return ans;

}

0414 O00000000000O00OOO invoke()

public ArrayList evaluate(Context context){
Enumeration enum = getRules();
ArrayList vec = new ArrayList();

while(enum.hasMoreElements ()){
String name = (String)enum.nextElement();
PnutsFunction func =
ActiveClass.this.getCondition(name, O, this);
if (func !'= null){
Object ans = func.call(new Object[]{}, context);
if (ans.toString() . compareTo("true") == 0) {
vec.add(name) ;
+
+
+
return vec;

}

0415 0000000000000 00OO0 evaluate()
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public Object invokeRule(String name, Context context){
if ("getType".equals(name)){
return getType();

+
if ("getClass".equals(name)){
return getClass();
+
PnutsFunction func =
ActiveClass.this.getRuleBody(name, 0, this);
if (func !'= null){
return func.call(new Object[]J{}, context);

}

throw new RuntimeException("no such rule:" + name);
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X.eigen ; x0googogd

O00000000000Durbin-WatsonOOO 25| 0000000000000
gboobogobbooogoooo

D=7) (e;—ein)’/) e
=2 i=1

O0000e0:00000000000000O0O0O000O0OC00O0O0O0O0O0OO
0000000 O0O0ooOoOoooaoon
dw = 0.0
for(i=2; i<=res.nr; i++){
dw = dw + pow(res[i,1]-res[i-1,1], 2.0)
+

dw = dw / (res.trans * res)
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5.3.2 JaspOU
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function NAME ( ARGUMENTS ) BODY
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gbobouogbobboggbbooobouoobbboobbooboooboboo
00000 (statement) 0000000000000 COOOOOOOOOOO
O000{’'0’y000000000o0O00oo’,’y00000oo0oooooood
OO0O0b0O0db0O0Jasp0 00000000 if00 switchOODOOOOOO
U0 forUU whileUDOUOODODOOODOOODOOOODOOOOOOOOOO
UO0O0Oreturn 00O OOOO

JaspOOOOOOoODOOOOODbDOOOODbOoOoOobbOoobbooooobooog
gobogbogobodgbobouogbuogboobobbogbboobbagn
OOOo0oboo0boooobod Jaspdboobboooboooooboboon
OboobooobobodbJeasspO OO0 OoonooooboonoboOn Jasp O
U000 JasspdOOOonoobooobooon

0000 Durbin-Watson 0O DO OOO0O JaspO O OO0 (20000000
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function durbin_watson( res ) {
dw = 0.0
for(i=2; i<=res.nr; i++){
dw = dw + pow(res[i,1]-res[i-1,1], 2.0)

}
dw = dw / (res.trans * res)
return dw

0 5.2 Durbin-Waston OO OO0 0O0OODO Jasp OO

5.3.3 JaspO OO
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jaspclass LinearRegression {

method LinearRegression( file ) {
data = read( file )
y = datal[,1]
t = Vector(data.nr, 1.0)
x = c_bind(t, datal,!1], "RIGHT")
this.LinearRegression(y,x)

}

method LinearRegression(y, x) {
this.beta = ols(y, x)
this.estimated = x * beta

}

function ols(y, x) {
coeff = (x.trans*x).inv*x.trans*y
return coeff

}

053 JaspUUODOOOOOODDOOODOODOODOO
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jaspclass Diagnostics(LinearRegression) {

method Diagnostics( file ) {
super.LinearRegression( file )
y = this.depVar
x = this.indepVar
this.Diagnostics(y, x)

}

method Diagnostics(y, x) {
this.hat = hat(x) // projection matrix
this.leverage = diag( this.hat )
this.dw = durbin_watson( this.res )

+
function durbin_watson( res ) {
dw = 0.0
for(i=2; i<=res.nr; i++){
dw = dw + pow(res[i,1]-res[i-1,1], 2.0)
+
dw = dw / (res.trans * res)
return dw

054 JaspUUODOOOOOODOODODOODOODOO

UO0000000000 LinearRegression OO OO DOOOOOOOONO
super HOUOOUOOOOOOO0DOOO filedUOOOOOOOOOOOOOO
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OO0 5200000000000000 Jaspd0bD0O00JaspOO0O0OOO0O
OobOobooooobooboooobobobobog
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OobooooobobobDJavaldOODOOOoOoOoooooobooobobOobon
O0O00boO0bOd0OJaspO0 JavalODODDODOODODODODOODODOODOODOO
JaspOUOOoOoooooooooboooo

JavaOOOO JaspOOOODOODOOODOOODUODO classO 00 import U
000000000000 0O0 classUOOO0ODO JavaO OO O BigDecimal [
pd000O00O0OO00OODOO0OOO

bd = class java.math.BigDecimal

O00O00bpd0 JavaOODODO Bighecimal O OO OOODOOODOODOOONO
gooboooogd

pi = bd(3.14159265358979323846264338328)

000D UdpibO0O0 Bighecimal U UOODOODUOOOOODOON
goboboodbb import U DOUOOO0ODOOOOOODODOOOOO

import ("java.math.BigDecimal")

pi = BigDecimal(3.14159265358979323846264338328)

U0 import U DO DODOUOOOODOUOOOOOODOOOOOOODOOOOOO
goobooogooo

import ("cern. jet.random.*")
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U0OparaU 00000 OOODOODODOOOO0O0O0 mledUOUoooononO

89



0000000 makeModel DU UODOUOOOOOUOOODOOOOOOOOOOO
goboogboboudgoboogobodibdbodddmedel D0 OOO0ODOOO
gooobog
gbodbdbidmlebdboobuoononboobogbobogbgog 50
gboboogbogdbggbobboobobooobooobbuooobboon
OoOoboogbodse0bboboobobobobuoteplolbpilOOd
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function mle(func, data, para){
size = para.length
if(size == 1){
function makeModel(data, model){
function (x1){
p = [x1]
model (func, data, p)
+
+
} else if(size == 2){
function makeModel(data, model){
function (x1, x2){
p = [x1, x2]
model (func, data, p)
+
+
} else if(size == 3){
function makeModel(data, model){
function (x1, x2, x3){
p = [x1, x2, x3]
model (func, data, p)
+
+
} else if(size == 4){
function makeModel(data, model){
function (x1, x2, x3, x4){
p = [x1, x2, x3, x4]
model (func, data, p)
+
+
+
model = makeModel(data, likelifood)

opti = Opti_F9::define(model, size) // set a target model
opti.initialize(para) // set initial values

ans = opti.optimize()
return ans

O 55 UODOOODOODOO JaspO O
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function nor(x, p){// normal distribution

pi = 3.141593

exp(-1x(x-p[0])*(x-p[0]) / (2*p[1]*p[1]))/(sqrt(2*pi)*p[1])
}

// make random data for simulation
data = normal(50)

// initial values of parameters
para = [0.1, 1.1]
ans = mle(nor, data, para)

056 OO0 mleOO OO
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O 5.8 JaspO GUIOOOOO
/*%

* @summary "estimate coefficients"
* @param JaspMatrix y "dependent variable"
* @param JaspMatrix x "independent variables"
* Qreturn "coefficients"
*/
function estimate_coefficients(y, x){
beta = (x.trans * x).inv * x.trans * y
return beta

3
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[The function declaration of estimate_coff |[=|/B/[X]

—Summary
estimate coefficients of a linear regression

-lnput variable
| |dependent variable

| |independent variables

-Output variable
| |coefficients

| oK || Cancel

O 510 DO0ODOOO0ODOOD0ODOO JasspO oo

goodoooood
Oparam TYPE NAME "STRINGS"

UODOOTYPEOUNAMEO O DOUODUOOODOODOOOOOOUOODUSTRINGS
goboooogd
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0590000 s5.100000

5.5 JaspUO Qo

OO000O0JaspOOOO00O0 JaspOUOOOOOOOOOOODOODOOOOJasp
o0 XMLOOOOOoOoOOoooboobooooobuooboobooog

5.5.1 XMLOOOOOO

XML (eXtensible Markup Language) 0 OW3C (World Wide Web Consortium)
0000000000000 00000000b0bD0O0OWebsitedOooogon
O0000000000O00HTML (Hyper Text Markup Language) 00000 O
goddoooooooobbobbbobbbobodoodoouuoouoouo
Joddodoooooooooobbooboboobooooooooooo
goddotoooooobbbbuoooooouooooooo

XMLOOODODODDODOOOOOooOooooooooboobooooooooo
oo0ooOooXMLOOOOODOODODODOOOOOooOobObOooooooooo
oo0ooOoooXMLOOOOOODOOODOOOOoOooDbObOooooooooo
O00000000000000b000Jasp XMLOOOOOODODODODOODOO
Joddoooooooboobbobobbobobbbbooduoduoouoguo
goodoooooo

XMLOOODODODODOOOOOooOoOobOooooooobooooooooo
000 DTD (Document Type Definition) 000000000000 0000O
O000o0oXMLOOOOOO DITDODOOO0ODDOOOOODDOODOO0O0ODO
o000 DIboddodoooooooobTboog XMLOOO
well-formed XML OO O O0ODO

goooXMLOOODOOOOODOoOOOooOoooooobbooboooooooo
O0000o0oobooooDTbOO000oDbOooooboooobboooooo
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O00000000000000000000000ODDI[270 DandD[43]0 0
O000000JaspOOO0XMLODOOO JaspO OO APIOODOODOOODO
O00o00o0oooooooo DTboood XMLOODO JaspOOoooon
goodgood

O000000Jasp00 XMLOOOOOOOOODOM (Document Object Mod-
e) 000D OO0DOO000DO0DO0DODDOOODODOODDODOOOOOOODOMODOO
Java O O O API (Application Programming Interface) 0 WebO OO OO QOO 0O
0000 2]000Jasp000000O0OCODO

JaspOUOOOJavaOOODOOOOODODOOOOOODODOODODOOOOO
APIOOODODOOODO XMLODOOO XMLOOOOOOO JasspOOOOoQOnO
O00000000000000DO000APIODOOOOOOOOOODOOOOO
0000000 JaspOOOODDODODOOOO0OOODOOODODOOOOOOOOO
O0Java0O00OO0O0OO0OOOD APIDOODOODOOODOOOODOODOOODO
0000000000 Wrapper OO D OO0OOD0DOODOO JaspOOOoOoonO
O00D0o00o0ooboO XMLOOOOODODDODOoOoOoooooo

O00OJasp 00O XMLODOODODODODODODOODOOOODTD OOO DandD O
OooooooooooDITDUOb0bO0bOoobbOn acidj.xml O Jasp O
guoddouogoooobbbbuooooooogoo

acid = JaspSimpleXML("acidj.xml")
acid_tree = acid.printTree()

acid_tree

acid_matrix = importDataVector(acid, 3)

acid_matrix

100000XMLOODOO JaspOOOOOOOOOOOOOJaspd O JaspSimpleXML ()
OO0 100000XMLOOOOOOODOODODaciaO DOMOODOOOOODODO
ooooo20000XMLODOOO0OOOO0O0O0O0O0O0O00 printTree() OO
O000D00OOacidtree D String0 000000000 OOOO300000O0
D000 GUIOOODODODODOOOOO0O00ooooooooJaspdbboO
O000000oobo GuUIDDOOO0DbDODOOO0O004000 importDataVector()
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function importDataVector(dom, colNum){
dvec = dom.getDataVector(1)
len = dvec.length
ans = JaspMatrix(len, colNum)
for(i=1; i<=len; i++){
ans[i,1]=dvec[i-1] }
label = dom.getDataVectorAttr(1l, "Id")
ans.setColLabel(label, 1)
for(j=2; j<=colNum; j++){
00 dvec = dom.getDataVector (j)
for(i=1; i<=len; i++){
ans[i,jl=dvec[i-1] }
label = dom.getDataVectorAttr(j-1,"Id")
ans.setColLabel(label, j)
}

return ans

0 5.11 00O importDataVector

OJaspO00O00000O0DOOODOOOOSGIIODO0OOO0OODOOOD1O00O0OO
XMLOOOOODOOOOO 20000000000000D00O0O0 DataVector
O00000b00O0O0b0bO0ob0bOOob0ODOOoU0ooooOooOJaspMatrixOd oo
O000000500004000000000000 GUIDOOODODOOODOO
O 0O importDataVector() DO Jasp D OO ODDOODOOOOODOODOODOO
0000 5110 2000 9000 getbataVector() O JavaO O DO OO OO OO
OO000000000ODOJasppanddD 00O 0O0O0OOODOO0OG60O00 11000
getDataVectorAttr() O ODataVector U DO DOOOOOOODOODOOOODO
0000000000 IDODO00O00O0O0DO0ODOO0o0oDOOo0oDoOoon
JaspMatrix 00 000000000000 writeXML() OO OO well-formed O
XMLOOOOODOODOOwriteXMLO DODODOODOOOODOOOODOOODO
OO0000000000000000 JaspMatrixDOOOOOO
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<JaspMatrix>
<observation>
<x>1</x>
<y>2</y>
<z>3</z>
</observation>
<observation>
<x>4< /x>
<y>5</y>
<z>6</z>
</observation>
</JaspMatrix>

O 5.12 exMatrix.xml O OO

Xy z
Nol 1 2 3
No2 4 5 6

OO00O00O000O testO oo
test.writeXML("exMatrix.xml")

OO00000 XMLOO7exMatrix.xm1”’00 000000 5.120 exMatrix.xml
oo0ooood

5.56.2 0U0OOODOOO

O000000000000000000 TIMSAC (TIMe Series And Control)|[1]
gbogbobodgbodbobobodgbuoobobooboobobbobon
OARODODOOODODO ARMAODODODODD ARODOOOOOOOOObOOODO
goboobodbooboobooboooboobooboOobOod FortranO OO
O00000b0o0ob0bO0o0oDobobbO00bOo coouboUbOMicrosoft
O Windows DO OODOO0OO0D00OO000D0OJaspOO0000 TIMSACOODODO
00000000000 DL0bO0oDO0obO0ObDOoOoJNIDODODODO TIMSACO
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jaspclass Autocorrelation(Timsac) {
VAL
* @summary "Calculation sample autocorrilation from data."
* Oparam JaspMatrix data "Source data of JaspMatrix class"
* Qreturn cov "Instance object of Autocorrelation class"
*/
method Autocorrelation(data) {
this.data = data
lag = (int) (2.0 * sqrt(data.nr) - 0.5)
autcor = TimsacAutcor(datal[,1], data.nr, lag + 1)
this.timsacAutcorResult = autcor

this.autcor = JaspMatrix(autcor.cn).trans
this.autcor.setColLabel (["autcor"])

AutocorrelationResult = this.autcor

this.autcov = JaspMatrix(autcor.cxx) .trans

this.autcov.setColLabel (["autcov"])

AutocorrelationGraph = Display(2, 1)

AutocorrelationPlotl = plot_timeseries(this.data, "data")

AutocorrelationPlot2
plot_correlation(this.autcor, "autocorrelation")

AutocorrelationGraph.add(AutocorrelationPlotl)

AutocorrelationGraph.add(AutocorrelationPlot2)

AutocorrelationGraph

O 5.13 TIMSACOODOODO JaspOOODOODOO
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