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dassociation along with some entropy measures that provide d1agnost1cs for
model selection and testing for independence. Graphical display of the
estimated bivariate dependence density and density-quantile is the
responsibility of the user, but a two step procedure utilizing the GCONTOUR
and G3D procedures of SAS/GRAPH will be suggested in a later section. -
Different installations will have different software to provide three
dimensional plots, hence the plotting option has been excluded from BISAM.
One of the advantages of the modeling approach adopted by the BISAM program
is the ability to obtain quickly and efficiently a set of function values for
a dense grid of bivariate points promoting the examination of three
dimensional .representation of functions of interest.
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A USER'S GUIDE TO BISAM: The Bivariate
Data Modeling Program

1. Introduction

The BISAM (BIvariate SAMple) program is a companion program to the
ONESAM (Parzen and Anderson, 1980) and TWOSAM (Prihoda, 1981) programs i
developed for nonparametric data modeling. The main purpose of BISAM is i
to perform bivariate data analysis using Fourier expansions and quantile #
techniques. The motivation and theory behind the data modeling approach :
incorporated by BISAM is detailed in Woodfield (1982), with foundations i
provided by Parzen (1979), Tartar and Kronmal (1970, 1976), and Kimeldorf 1
and Sampson (1975).

BISAM is a FORTRAN program composed of a main program and 37 subprograms.
Several of the subprograms come from ONESAM and the TIMESBOARD Time Series
Subroutine Library (Newton, 1979). The main feature of BISAM is the ability

| A0

to provide estimates of the bivariate density-quantile function of a set

s | & A

of bivariate data. A univariate analysis is also provided similar to that

of ONESAM but with considerably less output. The univariate analysis is

not intended to replace a ONESAM analysis if such a detailed analysis is
required. The bivariate analysis includes display of various nonparametric
measures of association along with some entropy measures that provide

diagnostics for model selection and testing for independence. Graphical

T M 3 Tyt e 2 AN X

display of the estimated bivariate dependence density and density-quantile
is the responsibility of the user, but a two step procedure utilizing the

GCONTOUR and G3D procedures of SAS/GRAPH will be suggested in a later

AR L IR TE

section. - Different irstallations will have different software to provide

.......................................................................
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three dimensional plots, hence the plotting option has been excluded from
BISAM. One of the advantages of the modeling approach adupted by the BISAM
program is the ability to obtain quickly and efficiently a set of function
values for a dense grid of bivariate points promoting the examination of
three dimensional representation of functions of interest.

This document will explain the algorithms employed in generating output
and the steps necessary to perform an analysis of a set of bivariate data.
The options available and the user input required to execute the BISAM
program will also be described in detail. The user should be thoroughly
acquainted with the input options before attempting to execute the BISAM
program. Incorrectly specified option values may cause errors.
Furthermore, BISAM is a very long and complex program that will be fairly

expensive to use, and hence improper runs should be avoided.

2. Univariate Analyses
The analysis of each of the paired variables separately is essential
to fully understand the nature of the bivariate data set. In particular,
the estimation of univariate density-quantile functions should be performed
in an optimal manner to insure that the estimated bivariate density-quantile
function is appropriate. A univariate analysis will provide diagnostics to
help one understand the nature of the univariate density-quantile function
and thus guide one in the formulation of the bivariate density-quantile.
BISAM provides output for each variable that is a subset of what may be
provided by ONESAM. The univariate analysis is done in two stages, however.
In the first stage, descriptive statistics, an Informative Quantile plot,
and a plot of B(u) are provided in a goodness-of-fit exploration analysis

to guide one in determining the underlying marginal distributions.
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In the second stage, a univariate density-quantile function is estimated
by the autoregressive method for the null case specified and is then used to
form the bivariate density-quantile function as described in section 4. If
6(h) in stage one does not approximate a uniform distribution function for

the null case specified, then one should specify another null value, or the

bivariate density-quantile function estimated will be unreliable.

For a complete description of some of the above concepts, see Parzen (1979).

|
q
!

3. Bivariate Analysis
A bivariate analysis of a set of data includes computation of various

nonparametric correlation coefficients, model selection diagnostics, and

estimation of the bivariate dependence density and density quantile

alCetua il st connn.

functions for a dense grid of points. Scatter plots are produced for

PRy

the original data and the rank transformed data. Obtaining "publication
quality” plots depends on the plotting hardware and software available on i

the system used.

Five correlation coefficients are produced along with various entropy

il S ol A

measures of association. We will assume that the input data set is

denoted by (X], Y]),...,(Xn, Yn). Pearson's product moment correlation j

coefficient is defined by a

n - - n - -
r= iE] (X; - X)(Y,-) /\/iz] (X,-X)2 _'z'] (v,-1)2,
= = i=

and is labeled "PEARSON" in the BISAM output. Spearman's rank correlation

coefficient is given by

n
o =16 L Q- R)% [nta? - 1)1,
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where Q; = rank (Xi) and R, = rank (Yi) and is labeled "SPEARMAN" in the

BISAM output. Three correlation coefficients related to the concepts of

concordance and discordance are also computed, twn of which perform

corrections for tied observations. Kendall's Tau is defined by

-y L._lA[ 4

1 = (N - N)/[nn-1)/2]

where Nc is the number of concordant pairs and ND is the number of
discordant pairs, and is labeled "KENDALL A" in the output. Kendall's

TAU correcting for ties is given by

tg = (Ng = Np)/ (NG + Ny + Ty (NG + Ny + Ty),

where Ty is the number of tied observations in the X variable but not in
the Y variable, and TY is the number of tied observations in the Y
variable but not in the X variable. This measure is labeled "KENDALL B"
in the output. Somer's d is defined by

d= (Nc - ND) / (Nc + Np + TY) ’

and is seen to be similar to Kendall's Tau-B. This measure of association

is labeled "SOMER'S D" in the output.
The ranking procedure employed assigns average ranks for tied observations.

Other methods for assigning ranks to tied observations are often employed but

are not attempted by BISAM. The presence of a large percentage of tied




Lt S AT AL £ RSP AR SCLUINN AR, EREUE G ERL WU L SR DA R B R A A A A SR I
| e A r S AR pNU £ AL R ) AU SN LR PR GRS O SR SR EN £5, . ~

| -5-

observations will weaken the results obtained since underlying continuous
distributions are assumed. One should avoid such situations if possible.
Two methods of bivariate density estimation are performed by BISAM,
the nearest neighbor technique and the orthogonal expansion technique of
Woodfield (1982). However, estimates obtained from the nearest neighbor
technique are not displayed, but instead are used as input values for the
orthogonal expansion technique. Since the density estimation methods
employed are fundamental to the bivariate analysis performed, the next
section will discuss these techniques with considerable attention paid to
the theory and implementation of such methods. Since the entropy measures
of association and model selection diagnostics are so closely related to
the density estimation technique employed, the discussion of these quantities

will also be withheld until the next section.

4. Nonparametric Density Estimation

Nonparametric density estimation is performed three different ways by

BISAM for different purposes. The k-nearest neighbor technique is employed

first for k=6 to provide an estimate of the dependence density as input to

an orthogonal expansion density estimation technique and to produce a raw
estimate of the entropy associated with the joint probability density

function (p.d.f.) and the marginal p.d.f.'s. The orthogonal expansion

method of Woodfield (1982) is then employed to obtain smoothed estimates of

the dependence density for various degrees of smoothing. Finally, autoregressive
estimates of the marginal p.d.f.'s are obtained and used with the estimated
dependence density to produce an estimate of the bivariate density-quantile

function. We now elaborate on the details of these procedures.
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Let (X]. YI),...,(xn,‘Yn) be a bivariate random sample form the random
vector (X,Y) with joint cumulative d.f. Fx y» marginals Fy, Fy, joint
p.d.f. fx.v' marginal p.d.f.'s fx, fy, and quantile functions Qx, Qy. Define

the dependence distribution function D(u]. u2) by

PRSPPI

D(uys up) = Fy y(Qy(ug), Qyluy)), Ozup,up<l

and the dependence density function d(u].uz) by

el BB

_ 32 _ fx’Y(Qx(d])QY(uz)) X
d(u]’"z) - 3u, du, D("I’uz) B ‘fox(u])fYQY(uz)‘ i

Define the information between two densities f and g by

I(f;g) = [ {log g{;’:—}} f(x) dx

and the entropy of a density f by b

H(f) = [© -{log f(x)} f(x) dx.

The information inequality states that for two densities f and g,

1(f;g) > O.

Furthermore, I(f;g) = 0 iff f=g a.e.
It is easy to see that




-

I(fX.Y; ffo) = -H(d) ,

S, A%

which justifies naming d(u].uz) the dependence density, since by virtue of

the information inequality d(u],uz) is indirectly related to a measure of
dependence between X and Y. This fact is exploited in obtaining diagnostics

for model selection and tests of independence.

Let (9, (u)} be a complete orthonormal system of functions in

k=-w

L2(0,1). Then the system {P.. (u,,u,)} defined by
Jk*1°72 j,k=-m

’jk(u]’uz) = gj(“l)ﬂk("z) ’ 0§P]:U2§J. all j,k,

is a complete orthonormal system in the space of bivariate square integrable

functions on the unit square. If log d(u],uz) is square integrable, then

log d(u],uz) = z ejkgj(u1)9k(u2) = V(?) .

j’ T O

in the sense of L2 norm where {ejk} are the Fourier coefficients
j:k=’°

defined by
11 .

The term ¥(8) is included to insure that d(u].uz) integrates to one. For

the truncated m-th order model given by

................
.........................
.......................................
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E (i) = 3 60 (u)8(uy) - ¥ (8)

= log d_(u,,u,) = 6 u u,) - v (o) ,

-} m1tT2 . k=-m Jk73A17P kY2 m'—

:g it follows that log dm(u].u2)+ log d(u].uz) as m-, and hence one calls
* dm(u],uz) the m-th order approximation of d(u].uz). One thus seeks an
Lz estimator of d _(u;,u,) based on a random sample of bivariate data.

5'3 Let

“ U.-” = Ri/("ﬂ)’ u2‘i = Qi/("ﬂ)

: -

3 where R; and Q; are the ranks of X, and Y, as defined before. Thus

-%3 ' (u]], UZI)""’("ln’UZn) approximates a random sample distributed uniformly

on the unit square under an assumption of independence. Dependence of X

and Y suggests alternate uniform distributions that hay include a variety of

i; bivariate density shapes from distributions having uniform (0,1) marginals.

% Next, form a(u],uz) evaluated at these uniform sample points based on the

N -

i k-nearest neighbor techniques. BISAM uses k=6. Form log d(u],uz) and use

:3 this as the dependent variable in a least squares regression routine with

%; independent variables ﬂj(u])ﬁk(uz) s jok=-m,...,m. Essentially, both
- log a(u],uz) and Dj(u])ﬁk(uz) represent bivariate functions imbedded into

3 .

»% univariate representations for a multiple regression analysis. The design

':} matrix X is an n x m’ matrix consisting of the me orthogonal combinations

ey
- evaluated at the n uniform data points. The routine performed by BISAM

%i forms the (2m+1)2 X (2m+1)2 correlation matrix” and then uses a SWEEP operator
A

S}

b *The (0,0) term is incorrorated ir o the integration factor and is not included,
o i.e., the no intercept m “~' ic .mployed, hence, the correlation matrix is not
" {(2m+1)241] x [(2m+1)2 +1) .

$5!

Le

'
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on this matrix to obtain least squares estimates of the Fourier coefficients.

s g L

The resulting estimate is given by

55 log d(u;,u,) = ? 0:.0:(uy)0, (u,)
L 1°72 j,k=-m K531k T2
K . m
;E where {ej'k}j,k=-m is the collection of legst squares estimates of the
* expansion parameters. The integration factor @m(é) is then derived to
}éf insure that d(u],uz) numerically integrates to one. This is accomplished
:é; for a(u],uz) equally spaced in the u; and u, directions within the unit
f:f square. |
Eg Three models are obtained for m=1,2,3 which translates into 8 variable,
‘:g 24 variable, and 48 variable regression models, i.e., the terms with
' subscripts (i,k), i,k=-m,...,m for m=1,2,3 are included. These three models
,:3 produce three density estimates evaluated at the 40 x 40 grid of (“1'“2)
gﬁ coordinates mentioned above. Using raw Riemann sums as numerical
. integrals, one then obtains estimates of the entropy H(d) mentioned earlier.
'i A fourth estimate of the entropy of the dependence density is provided by the
gﬁ nearest neighbor estimate using the formula
Y H(d) = [ [1 Tog d(uy.up)d D, (uy,u,)
EX
2 n . R
: -1 PRL didr §1T> .
.\:
i% where Dn("l’"z) is the empirical c.d.f. of ("11' u21), i=1,...,N.
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As a rule-of-thumb for model selection, H(d) is compared with H(&B),
H(d24), and H(a48). An information criterion modeled after Akaike's
Information Criterion (AIC) familiar to time series analysts is used to

select the "best" model. One forms
AIC (k) = H(d,) - H(d) - 2k/n

and then selects model k for the k value at which AIC(k) achieves its positive
minimum. An alternative approach chooses k for which |AIC(k)| is minimum.
Model selection criterion are still under investigation with promising results
having been achieved for the criterion employed oy BISAM.

Graphical displays of ak suffer from the unruly behavior of ak near
the boundary of the unit square, and hence one may prefer to display

values of the bivariate density-quantile function given by
fQ(u, 5up) = dy (uy,u) FQy(uy) fQy(up)

where fﬁx and fﬁv are the autoregressive estimates of the univariate
density-quantile functions. Figure 1 contains a three dimensional plot

of the bivariate density-quantile function of order 8 for a set of

‘simulated bivariate normal random variables with correlation coefficient

p = 0.9. Figure 2 contains the theoretical bivariate density-quantile
function for the simulated data. The plots were produced using SAS/GRAPH.
Appendix B outlines a two step FORTRAN-SAS procedure that allows one to
produce three dimensional or contour plots of bivariate functions of

interest.

gV \ u;’ ’l’;‘..,“v.: . ,; o '...‘..' .. e,
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5. Using BISAM to Analyze Time Series Data

Although primarily intended to analyze bivariate data in which the data
values are uncorrelated, BISAM can also be used to analyze time series data.
For a univariate data set one may use option IUNIV to do an analysis of a
bivariate data set consisting of the univariate data set paired with lagged
values of the data set.

Consider a Guassian time series X(t) with autocorrelation function p(v)

given by
p(v) = Corr[X(t), X(t+v)], v=0, 11, ...

Define the series Y(t) to be a lagged version of X(t), i.e., Y(t) = X(t+v).
Then

P,y " Corr[X,Y] = Corr[X(t), X{t+v)] = p(v).

For a bivariate normal random vector (X,Y) with correlation coefficient

px’y, it can be shown that

. z - -p2
I(fx,y ; fxfy) .05 1og (1 px’y)

Consequently, the information between X and lagged values of X is

I(v) = -0.5 log (1-p2(v))

In the non-normal case, this equation does not hold so that a nonparametric
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= estimator may be desired to indicate the relationship between X and lagged }
n values of X. ‘
"4
< When one specifies IUNIV = 1, values for KLAG1 and KLAGZ must also
hJ
o
N be specified. Then a bisam analysis is performed on (X(t), X(t+v)) for
2 integer values v satisfying KLAG] < v < KLAG2.
N
]
3 6. Input Options
o
. The following options are input on the first data card in 1115 format.
ﬂ They are input in the order listed, and if NTAPE = 5, the data set follows
A
N this card in the indicated format listed at the end of this section.
A
- NTAPE - number referring to DD statement describing the input data
5 set.
ﬁ I0gx - null distribution for autoregressive smoothing for X input
variable.
;3 IDQy - same as IDQX except for Y input variable.
J; MORD - maximum autoregressive order to be used for univariate
N autoregressive density estimation (< 6).
~
: IPLTT - 0 for no scatter plots.
-
S 1 for scatter plot of data.
2 for scatter plot of rank transformed data.
ﬁ 3 for both scatter plots.
3 IPLT2 - 0 for no univariate density plots.
:~ 1 for best order AR univariate density plots.
2 IDST - 0 for no univariate descriptive statistic.
é 1 for descriptive statistics for both X and Y.
’
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: KDEL - maximum number of extreme points to exclude from bivariate

analysis. An extreme point is located based on the distance

i of the X or Y coordinate from its median. If KDEL=2 and

5 both the extreme X and Y are paired together, then only that
i point will be omitted. If KDEL=3, two points with an

5 extreme X value and one point with an extreme Y value will

E be omitted, i.e., the X-direction received precedence over

the Y-direction for odd values of KDEL. This method of
deleting outliers works well for nearly linear relationships
between X and Y. Its use is questionable for other cases.
I0UTD - 0 if function values are not to be saved.
1 if function values for the three fitted models are to be
written to tapes 1, 2, and 3 respectively.
1f 10UTD=1, the JCL must contain three DD cards for FTPIFPQ1,
FTP2FPP1, and FTP3IFPP1 defining permanent dish data files
where the function values are to be written. Typically, 10
tracks of storage must be alloted for each file.
IREG - 0 if no quantile regression performed.
1 if nonparametric estimates of rQ(u) = E[Y|X = Q(u)] and
r(x) = E[Y|X=x] are desired.
IUNIV - 0 if input data set is bivariate data.

1 if input data set is a univariate time series as described

in section 5.
If IUNIV=1, a second data card is required containing the values KLAG) and
KLAG2 in 2I5 format as described in section 5.

..................................
......................
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If 1IDQX and/or IDQY specify the Pareto to Weibull distributions, a separate
data card must be inserted containing estimates of the parametrs in those
distributions. For the Weibull, the location estimate is given first, with
the input format specified as 2F19.p.

The input data set consists of two univariate data sets containing the
same number of values. It is always assumed that the X data set is read in
first. The values (X,Y) are then paired by the order they are read in. A
univariate data set consists of a title card read in 20A4 format, a description
card containing the number of data points and the format of the input data
read in (15, 4X, 5A4) format, and the data cards containing the data coded
in the format indicated on card 3. If the number of data points indicated

for X and Y do not match, theprogram will terminate.

Example of univariate data set:
YEARLY SNOWFALL IN BUFFALO, 1910-1972
63 (6F10.2)

71.2 69.5 47.8 58.4 29.9 42.5
etc.

The code for BISAM and sample output are contained in the Appendices.

7. Sample Output form BISAM
Following is a listing of the output from BISAM for a typical run with

the input options clearly labeled. The JCL for executing BISAM at Texas

A&M University is given in Appendix A.
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APPENDIX A - JCL for Executing BISAM

// Job Card

//* JES3 Control Cards

//PROCLIB DD DSN=USR.R579.TW.PROCLIB,DISP=SHR
// EXEC BISAM

//SYSIN DD *

PR SRR TeR )

Parameter Input Card(s)

Data if NTAPE=5

If NTAPE#5, the value of NTAPE is coded as a number nn between 8 and 99

except for 11. (The value 11 is currently used for a scratch file.) A DD

card is then inserted defining the input data set. For example,

//FT13FPP) DD DSN=USR.R579.TW.DATA,DISP-SHR

described the dish file containing the input data with NTAPE=13. If

IOUTD-1, three such cards will be required as described in section 6.
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N APPENDIX B - OBTAINING THREE DIMENSIONAL PLOTS

//7 JOR CARD

//7% JES3 CONTROL CARDS

//PROCLIB DD DSN=USR.R579.TW.PROCL!B,DISP=SHR
// EXEC BISAM

//SYSIN DD *

*x¥x OFTION CARD FOLLOWED BY DATA IF NTAFE=3 XXX
Z/FTOLF001 DD DSN=WYL.XX.YYY,STOR1,DISF=0LD
//FTO2F001 DD DSN=WYL.XX.YYY.STOR2,NISP=0LD
//FT0IF001 DD DSN=WYL.XX.YYY.STOR3,DISF=0LD
//7FT13F001 DI' DSN=WYL.XX.YYY.DAT1,DRISF=0LD

/%

//STEFP2 EXEC SASsCONDR=(0sLT)

//FILEl DD DSN=WYL.XX.YYY.STOR1,DISF=0LD

//FTILE2 DD DSN=WYL.XX.YYY.STOR2,DISF=0LD

//FILE3 DD DSN=WYL.XX.YYY,STOR3»DISP=0LD

Z/8SYSIN DD X% :

DATA ONE# INFILE FILE1S INFUT Ul U2 DOHT DHATS

TITLE .F=COMPLEX .H=1 FIRST ORDER BRIVARIATE DENSITYS
FROC GID DATA=0ONE GOUT=A3 FLOT UL1XU2=DQRHTS .

PROC G3D DATA=0ONE GOUT=ER} FLOT U1XU2=DHAT;

DATA TWO# INFILE FILE2F INPUT Ul U2 DQHT DHATS

TITLE .F=COMFLEX .H=1 SECONDI ORDER RIVARIATE DENSITY;
PROC G3D DATA=TWO GOUT=Ci; PLOT U1XU2=DQHT;

FROC G3D DATA=TWO GOUT=D3 PLOT Ui1XxU2=DHAT}

"ATA THREES INFILE FILE3F INFUT Ul U2 DQHT DHATS
TITLE F=COMPLEX +H=1 THIRD ORDER BIVARIATE DENSITYS
FROC G3D DATA=THREE GOUT=E$# FLOT U1xU2=DRQHTS

PROC 63D DATA=THREE GOUT=Fj5 FLOT UixU2=DHATS

nATA COMRBINES SET A B C I E F3

PROC GREFLAY DATA=COMRBINES

/%

NOTES? 1. USE CURRENT SAS/GRAFH JCL IN LINE 16,

3. XX+YYY IS USER’S ACCOUNT.

5. THE SAS FROCEDURE GCONTOUR MAY RE SURSTITUTER FOR G3D TO
FRODUCE CONTOUR FLOTS INSTEAR OF 3D FLOTS.

6. AS INDICATED' FLOTS OF DIHAT MAY NOT BE INFORMATIVE, SO
DHAT FLOTS INDICATED' AROVE ARE USUALLY OMITTED.

7. IN LINES 11-13, THE WYLBUR FILES ARE DUMMY FILES SAVED IN CARD
IMAGE THAT WILL BE WRITTEN TO. IN LINE 14, NTAPE=13 HAS BEEN
SPECIFIED AND DAT! CONTAINS THE BIVARIATE DATA SET TO BE
ANALYZED.

.......................
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APPENDIX C - PROGRAM LISTING

%% CARRINIOE. THAREENARE ORNEENE, IAIENMNND . WM, NIRRT > e Ay HROMAEINDET § - SRR &



PRI A et AL Bl N R

SAIVER PASSRAM FOR SIVARIATE DATA aANaLYSIS

INPUT: NTAPE - YA WHERE DATA SET ACS1IDES
(H,Y) - SIVARIATYE DATA (IMOIVIOUALLY,K % PIagY)
[

MeRD - aogn 70 o¢ 0.!. ron
(3]

un 1
100K, J0OY ° WULL TAIOUTIONS FOR AUTD
I1PLTY - @--> NO SCATYER PLOTS

1-<3 SCATTER PLOT OF DaATA

2-+) SCAY PLOY OF AAWK TRANSFORMED DAYA
3-8 PLOY
1PLYS -« ®--> ND AVTE G IVE DENSIYY PLOTS

1-+> SESY BN DENSIYY PLDYS
IPBY - 0-+> WO Uhlvllllil DESCRIPTIIVE BTAYISTYICS
[ Tive SYA
ENTREME POINYS TO ENCLUDE FROM

xoRL - [ ]

[ 3] LYSIS

180VUT0 - t 1P THE 3 MODELS ESTIMATED aRg 'O NAVE vajues
WATTTEN YO TAPES 1,3, AND 3; O O,

(3] V. €vC. JCL CARDS IUI' I
1ouY .

IREE - v JF OUANTILE ageR (1L} ll"lﬂ o 0w,

TUNTY - 1 17 UNIVARIATE Ta seY Yo 18 anp A
SIvAR]IATR Ta BEY CREATED AS .llll.lt oata
aAND LAGG a., ® 0w

KLAGY . RLAGZ - RANGE OF LAGS INPUT IF JUNIVe

INCLUDED 17

SUSPRSENAMS CTALLED: LCAPLYY CHPINF CPLOT,
&

ESTAY FCODRA,

NOTE: SCRATEN T
’

€ NUMBER 18 SEY AY 11 LN FCO
TV LYP nus

. & DD canmns
1] R JuciLve I THE J€ T .

JULY 1983
PRACCRAMMER: TERAY J. WDOBFIRLO

AANNANARANRNANRAANANNNOANNRANRNANRNANARRNRANRARANANRNAR

L,Y(300) RANKN{B00) RANKY(800)

evaw

OIMENSION LIS}, LABY(20) ,1L40R(20),7(500.3) .wD(6),a1C(8)

.lnt-slnu CHaRiS), NnaME{20), YRaME :Avvll:l.cuuulo)
L]

wi
lvllllll (i,
VivaLEwEE (Y(Y,2),.Y(1)}
NOUT . NIN/S

YNANME/ 100N
LABDR/4nORIC . 4nlNAL, &N

LAGTe®
WRITELNOUTY V)
1 PORMAT(INY)
10) NTAPE, 100X, 100Y MORD. 1PLTY,3PLTY2, 10ST,

» 1 v
10 FORMAT(12!8)
IFLIUNIV. . E0. 1) READININ,10) KLAG! KLAGE
Q.91

OIMIN,L12] BETAPX
.10} B(NIN,12)
.9) AEADININ, V2) Ta
.10} READ(NIN,12) SUTAPY, SETAWY
12 FORMAY(2Ft10.0)

WRIYE(NOUT, 20)

20 FORMAT(//,10%,20(8Nesns]) /, 10K, s’ 78R sisam
o'+ BIVARIATE DATA ANALYSIS USINC FOUR 1 'ol.
o/.100, AND QUANTILE TECHNIOUES

.
L. '. PROGCRAMMER: TEARY J. IDO.'IIL" 190,

IR, ‘"
*/. 100, "0 ', /,10K ,20(aNnene)])
IFlluNtyY .01 €0 YO 28

cALL OAT (NTAPE, W, NWw, L LADK)
PO 200 KLACTKLAG! KLAG2
NONW-KLAG
pO 22 1r9. W
x{1)ewis)
vil)owlTexrag)
22 CONTINUE
oD 24 181,20
28 LABY(I)sLABR(L)
CALL 1CODRA(KLAG. 8M(148) LLA0Y(17))
LABY{1S)sLAaBOL )
LARY(t8)sLABO(2])
co Y0
28 CcONTINVE
CALL DATAINIRTAPE X, NX L LABX)
CALL DATAIN(NTAPE, Y NY, L LABY)
NONK
IP(NN EO.NY) €O TO 40O
WAITE(NOUT,30) LABX, LADY

30 FORMAT( W ,10K,20A4/,10R,20A8,//,10K, "SAMPLE SI1IES NOY EOUAL.'
[

e’ BIVARIATE ANALYSIS INAPROPRIATE.
stor

40 IF(LAGY.GR.Y) 6O TO S
WRITE(NOUT,$0) LABN LABY N, NTAPE, 100X, 1DQY,MORD, IPLY Y, SPLTE,
“108Y, IDIL.IOUTQ 1REC, TUNIY

rORMAT(//7,

/.10%

ECUTION TERMINATED,. ')

[
*v40. IPLTI 2,180 [$1] 100,
o'lo,’lﬂlt " *,13,780,°50UTD ¢ *,13,/,720,

R.(1PLTY.00.3))
LCHAR CAPT,INAME, YNANRE 0]

[
[ OROER BIVARIATE PATA BY ¥ vALUES
[

]
R.(1ACT . SR. 1)) GO TO 82

E8S1VE SMODTHING

TICS FOR % AND ¥

L, louTe,

‘ I AL AR AR A

48
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v g T SN A N e e Tt e s e, TS

caLy .UIIYll R, LASK,LASDR, 100N, ¥ed X328, XME0, . X78, R0AR 30K
(1301 4] ]
..'..l.l'..‘

CALL QUEBNTIN, Y LABY LABBY, 100V Nes 535, VvMED, X78,VEAN,80Y)

¥i

TAIN DAYA SET OF AT MOSY KOEL JuTREME PRINTYS

3

49

e

83 CALL TRIMIE, Y, 2MES, VMED XOEL . ¥, NEwN}
"o ugwe

S8TAIN RANKE OF X AND Y vALVES

non
B

AA.LL'.

CaLL Rankin. u, 33
CALL RANRIY. N, RANRY)

[
[ CONPUTE COARALATION CORPPICIENTS
[

>y

CALL SPRMNIN, AND,BUMB])
LTAUS ,SOMEA NC . ND NINRD, NOEP NPAIRS)

N SSTINATES OF BIVARIATE BEPRUDRNCE DENSITY AND PSNSITY
GUANTILE FUNCTION

CaLL CMPINF (N, MORD, 1DOT, 10OV, IPLTE, IOUTD, IARC . LABN, LABY HD,AIE)
wRITRINGUT, V)

1P{inIne
waiTEinouY,
AMATL /7.8
ITEINOUT, 60) LADS

60  FORMAT(//.VON, :ona I vo: :onn /7,100, ‘SaMPLE S12R +° .18}

(upEr.20.0)) G0 to 88

(B a9t P 0,

J8,0, YIS 1N Y v 08,07

OBTAIN I1NFOAMATION MEASUARS FOR NORMAL CARE

Yatatats i

Tave
SOMER) ¢ -0 lll.lll “BOMNER=SOMEN)
[
[ WAITE VALURS BF CORRELATION COZPPICIENTS
[

-.l'll.'“' ‘Ql R, B).RHO . RNDI.TAUA,TAUA) . TAUR

TAUDL ,SOMEA SOMERT
(1) 3

FORMAY(//. 710,
Y38, . 10(tN-), T tim-}) 7, 710
+T10.D-MAT 8, T38,F11.8.780,F1 AL
L/.710,°9-NAT 48°,T38,P11.8,76

738, " JNFORNATY]

11,6
CAPY(Teg)eCANRIL)
9’8 CconTinug
L LER! L71.00.2)
eCALL PPLOTIN, Y,

.LIPLYY g0.3))
LN,V CHAR CAPY, lluu: YHANE . 0)

1]
200 ceonvinue
SY8P

"we
ruscriIoN

"1, L

-l

€ LESS THAN 191, SEE METHOD.
Tve GDI"IEI!NVI SF OROER . SFE METWOD.
ome 10-VRET

SUTPUT: FUNCTION ANTY vaLvs D' AUTOREGRESS IVE ESTIMATOR EvALUATED
aY u.

SUSROUTINES CALLRD: N
eI IUNEEECE RSN NERNSEOINOINRsNENESRTRENONOSEENNAINEIITERSSREREINREES

coNPLEN OPTCORIL)
= 6

ARARARRARANNAN

[ 'v:Ollal-elluleursulo..:-z PLera))
:o-vnnul
ARESTIOPTHNM/REAL (C*CONJEIG))
RETURN

-
-

SUTINE AUTDEN(W. N, IDON, IPLT2 MORD ,ALPN RYARW, S160,NYW,
LA [}
Cosssnsnsennnes

ave .

THIS SUDPROERAM COMPUTES A SMOOTHED DENSITY QUANTILE
rURCTIO 80 ON THE AUTORECRESSIVE MRTHOD OF PARIEN[I1979).

Se

tAPLTY: w -

FOR NULL DIST, OF W
© RaNKw SORTRD, 1 OTHERWISE.
MORD - MAKIMUM ALLOWABLE OROER (<¢s8)
1PLT2 - ©O--> WO PLOTS

1--> ot
WLAS - VARIA

OENSITY-QUANTILE FUNCTION
OR W IN A4 PORMAY

UTPNT: NYW - O
aLPn -
RVARW -
$160 - Im

OF AUTORECRESSIVE DENSITY ESTIMATOR

PICIENTS FOR AVTOR 48S1VE REPATESENTATION
TOUAL VARIANCE FOR BEST ORD
RATING FPACTOR (SICMA-TIL

OR NULL mMODEL]

SUBPRSERAMS CALLED:

n, Ay
a A PINQ.PLOY SIRINMAR,
MiN, mAN

BOROOINENVRORIORNUBOORPOROPROPRINOIRNIOPRS 'SP RRROSINEOOS
Taw
U(800) . 0N{800).0L1B00) Fe(B00),
18),cATIS) wx1isee)

NIS). ALPHA(18) RESVAR
] A, SNTE D, SNENSL,SNTY
B lnou V.ENARIA. NBLE ,8s4N

[ /3] ] DDCUAGIO 114

et )

SRVANTY 8NILE

*

- e oo
)




L% e
..

~ e
o
- Y
"N ' -
oy
o . R
L . CarY(13)mi A0
WRITE(S,V) wiLAB
[} ‘UNTYARIATE SENSITY ESTIMAYIGN QESULYS POR °,
B
. 50
MemaRBe |
17(M,.67.6) Mg .
I ]
Nel. /PLBAY(N) '
i .10.0) 88 YO 10
! X CALL QUICKR(N,oN) |
{ . 10 coutinveg '
K 13
. € COMPUTE ¥ BOUALLY SPACED V VALUES BETWEEN © AND .
) ¢
A< i
- I
o Uideslaut)en |
Ay 30 comTINUE |
P~ [ 4
- . €  COMPUTR LITTLE @ AND FPO:1/{4LITTLE O)
T ¢
NP1INe
CALL oTOrFe@lON,u, NP1, 0L, 8PCPAC)
[3
4 COMPUTE WEIGHTED SPACINGS (LITTLE DIV]) 0aSR0 ON 1DON DIST.
c
, . 90 40 151, M
. . 40 WKII1)ePOFNCIULIOL), 1DON)
. CALL WSPACE(WNS, CWXS NP1,0L WK1 U ,8160)
€
' € COMPUTE POUAIER TRANSFOAM OF WEIGHTRD SPACINGS
' c
CALL PORIEA(IWES U(2), .0 A, M)
’ [
v € COMPUTE AUTORECRESSIVE CORPFICIENTS FOR ORDERS 1 TD M
c
oy
+
BN M ALPH,PH], RESVAR)
--‘
f
-'
[t
A
b9 . 0
N 100
Py Mot , 4, CAY, NYw)
R ) Y0 118
- d . LOCsILOCINYR)
Y] . DO 110 Set. NV
b . ALPH[1)1ALPNA(LOC)
o . LOCeLOCe )
b 110 CONYINUE
oz 196 CALL CLPLYI(RVAR, M-1,1,4NAVAR, 81,1)
-
b_ . € COMPUTE UNIVARIATE OENSITV-QUANTILE AT 100 POINTS AND PLOY
L 3
W : wRITE(S, 120) S1G0
g 120 X,°s8160 ¢+ ° ,F10.8)
nvu)
u(llnr;nnv(llllot [ ]
. ris1.0
2 . IF(NYRn. €T .0) 'I-Alllv(ulll NYW,RVARW, ALPN]
R . rire. )
A . eoll}e n:lulll 100N) /IFIe8160)
. 100 CONtINUE
) . 1F(IPLYZ RO 1)
. SCALL PLOTXY(U, PQ,100,.CAPTY 4N U,8M FO.1)
RETURN
- UTINE AUTORG(A.LSPY, M, ALPHA, PH],PKN)
cIl'l‘.lll-ll'!l..l'l.ll.l'.'...!ll.l LD ] SBAasanesvrESsERERARES
[ COMPUTES THE COGPFICIENTS ALPNAL.) AND PxN OF THE
c AUTORECRESSIVE ESTIMATOR ACCORDING TO A RECUASIVE
: ;
ot '3 VECTOR OF COMPLEX 'ouultl TRANSPORNM,
-l [ OF DIMENSION AT LEAST
- c Mo (M) IS THE MARIMUM ouola oF scHEmME
Y [3 TO 8§ COmMPUTRD
oo [3 LSP1 : ORDER OF SCHEME SEZINEG COMPUTED PLUS 1., LSPI.GE.2
O ¢ ouTPUY
K [ ALPHA : VECTOR OF COSPFICIENTS DEFINING TNE
" 3 APPRONIMATING PUNCTION, T0 SE DIMEN-
c 20 COMPLEN
3 (L 1] STIMaATOR TO
(3 L4 KAL
. 3 ALPNA, PHI AND FKN SRE USED RECURSIVELY, IZ. TNEIR
L 3 VALUES AT QUTPUT FOR ORDER J ARE USED AS INPUT
< ¢ POR OROER (dJe1)
{ Cesvsensunnanes [ LA NI RTINS NSRS R YR NN Y] sessseRY
A CONPLEN ALLSPI) ALPHAILSPY) ., PNI(LSPT) . C FPun
< CONPLER FRN
o

ATAN(1.0)
PInsCHPLE(O®. ,0.)
PHI(LS) s CwPLE[Y,. ,0.)
1riLs .8 |l RN CONJGIALY))
o0 & 1
& PINIPINGE nJllAllovlnonlllll

N ]
. 1) 60 YO B
K s 48 -1
09 2 1 * 1 ,&
2 ALPNALT) o ALPHA(L) ¢ GePNIiT)
3

3 PHI(1) v CONJBIALPHAILS*Y-1)])
PRUSPEN-FINSTONJIEIPJIN) /CONIGLIIRN)

RETURR
1917, 0AKE,0M,1007) ' cLeLTY
-, S0 00SR0NIRNORONNNRNNEITRPEIUOTRES [194%4)
N cLPLYY
:‘ [ sV WTINE T8 PRAIATY AND FRINTER PLOT THE N-VECYOR X. CLPLTY
i [ CLPLTY
~ ¢ nrer [V 49 3)
! € " CLPLTY
ol ¢ INIY : PREINTED INGER @F FIRSY PRINTED ® CLPLYY
[ "aAME : & €W CTEA LITERAL COWNSTANY QBIVING CLPLTY
b 3 ] (1948 4)
[ LISl 1] COLUMNS 1N PLOTY (LR.v01) [134%4)
[ ey : 9, NT OR GAR FLOT) . [JY434)
t CLPLTY
¢ SYSROUTINGES CALLED : MAR . MIN cLeLT
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- . {
. {
o) 3 CLPLTY BIsAM
‘l.l....llIl....'..ll..lll.l"ll.l.II‘Il.ll...l.'.l....l...l “."' .."ﬂ ‘
o € CLPLYY  DIBAM
.luln.lou llll ALl1v0Y) cLoLYY L] !
- ® .8/ ELoLTY
AN lu*n .llll ll' VAL ] PR LY .
A8 c CLPLTY -51- K
. 10PTus0 CLPLYY |
'} 17{8.87.1) 60 Y0 10 CLPLTY "
\_' WRITEINONT ., n) NaME n{t) CAPLYY y
- tY FORMATY A8, Y) 0 0 PveL8)
ALt o Y0 o LYY N
. e coenTINUG cLPLYY "
<1 [ (1134 H
€  1mtiaLIze ab cLoLTy bl
' 3 cLPLTY
{ onslmm-1)/2 CLPLYY ‘
- DO 38 Jsi, MM cAPLYY q
-, 20 ALiJ)e0OY CLPLYY
™ WRITRINDUT,28) NAME.tALiD), J0) mM) cAPLYY 1
’e! 2B FOAMAT(/ NI, 6X,44/100, 181 1N-),2X,10141) CLPLYS
' o0 30 J¢ CLPLYY :
i) 30 ALIJ)sBLANK cLeLTY 4
" [ CLPLTY
o € FIND MAX AND MIN 1 eLeLYe [
v € CLPLYY
\ CALL MAN{X, N, NMAX, IND) CLoLTY
o CALL MIN(X, N NMIN,LIND) cLPLYY
AN XMAK - AMIN CLPLTY
IP(AX. LY. 1.8-20) JOPYNII enl
- [ 4 CLPLYY
Wi IS L cLPLTY q
4 € CLPLYY y
by JJeIN1Y CoPLYY R
4 o0 Jet, N cLeLTy
1 riiorT CoPLT
o™ cretxta) cLPLYY
' Cieg.01€1-.8) cLeLT )
3 6o 1o 37 cLeLTy
A 38 Creo. cLPLYY
. 37 ReONo[Cley . )1 .8 [13.4% 4] [
ALiK)e2 CLPLT
17410 1} 80 YO 28 CLPLYY
- o0 39 §e1,.K cLeLTY )
b 39 aLl1)e2 eLeLTY
= 38  conTinve cLPLYS
» WAIYE(NOUTY 38) JJ, R(J), 1ALID) 101 M) (I IS 4]
o 38 FORMAT[16X,18,F10.4,2%, 10141} cLPLYY
R cLeLYY
. (39454 "
) cLPLTY k
@ CLPLTY
7 . CLPLTY 9
plasl so conviwue CLPLTY 4
[ ‘ CLPLTY
- 3 cLPLYY
;] 9 convimue CLPLYY
- RETURN CLPLYS
oA (1) CLPLTY
. SUSROUTINE CHPINF(N.MORD, I0OK, I0QY, 1PLTZ, 10UTD, IREG,LABK, LADY,
. *ND.AIC)
.¢ ‘.II.IIII.-l..'.'ll..l.--IIIII....l..-.l.-.l.liltiill.illl'l
Py
v, SUSROUTINE YO COMPUTE COVARIANCE MATREX OF COMPLEN
A EXPONENTIAL "SUPFICIENY STATISTICS® 7O Of USED 1IN .

SEQUENTIAL REGRESSION ROUTINE T0 OOPTAIN “"REGCRESSIGN"
MODELS FOR OR 8 1 THNRDUGH MeM, SUBROUTINE CPTENT 18 USED
TO S0TAIN COSPPFICIENTS POR THRER MAXIMUM ENTADPY
ESTIMATES ©F THE BIVARIATE DEPINDENCE DENSITY. THEN THE
BIVARIATE DENSITY ANTILE 1S PORMRD BY TAKING THNE PRODUCY
OF THME ESTIMATED DEPENODENCE DENSITY AND THE UNIVARIATE

~

q AUTOREGRESSIVE RSTIMATORS.
RN
e INPUT: RAWKE,RANKY - YECTORS CONTAINING RANKS OF X AND CORANKS
L v b
o X,V - SIVARIATE DATA
- w' - sameLE sizE
)] MORD - MAXIMUM AUTOREGRESSIVE OROER TO SE USED FOR
. UNIVARIATE AR DENSITY SSTIMATION {C26)

100X, 100Y - NULL DISTRIDUTIONS FOR AUTOREGRESSIVE SMOOTNHNING
I1PLTZ - ©--> NO AUTORECRESSIVE DENSITY PLOTS
TY PLOTS
] TIVE STAYISYICS
DIGCIIPTIV( STATISYICS FOR X AND ¥
18UTD - * IF TNE 3 MODELS ESTIMATED ARE '0 HAVE vaLuls
WRITTEN YO TAPES 1,2, AND 3;: © O.
101001, EYC. DD JCL CARDS MusY l( INCLUDED IFf
10UTDe Y .
IREG - 1 IF QUANTILE AEZCRESSION PEAPOAMED, © O.W, -
LABK, LABY - L 8 FORA & AND V¥

A

A

oUTPUT: PH] - MATRIX

AAARARAANARNNNANRANRANANAANRANANNNARNNANRNANNANNARANMONNANA

ron,Frovy - JIATE OENSITY QLA ILE FPUNCYIONS
DONAY -~ DIVARIATE DENSITY QUAN & FUNCYION
N - YRCTOR OF ENTROPY ESTIMATOAS: ¢ -
Y 2 - b
" s - 3
.j . X
a AIC - VALUES GF ENTAOPY CAITERION PUNCTION 8 b
‘ ARAIRE'S I1MFORMATION CRITEARION
NSTR: FOR,POV ARE NOT PASSED BACK TO THE CALLING
- . 8150, CCRITERTON FURCTIONS ARE PLOTTES BUT wer Passie 4
J e, BSACK TO THE CALLING PRAOSAAM, v
o2, ;
£ 4 SUBPROGRAMS CALLED: CSOREC,.CPTENT PLOTRY PTRAP AUTDEN MIN J
'- [FX XN} Sessagteccsssan
{ COMMON /DATAR/ X{800) ,Y(800) RANRX{800) ,RARKRY(80O)
o COMMON /PARM/ BETAP,0RTAW
Proo DIMENSION INDIST),RADSQ(S00), IORD(4D), k
4 onp( 1 l <
% .
o'
) b
%1 ,16.10,30,13,9, J
b . . . b
[ 4 RTINS ) )
3 ' ) 10 20
] -IIVIIQ 19) »
.Y 1O PORMATIION, SAMPLE SIZE *.12.° 1S TEO SMALL, CMPINF SKIPPRD. ‘)
¢ agTynn
3 ¢
i € SET VALUES oF CONSTANTS
ol C
« 20 miemea
i o0 21 1
P 31 ne(ilenne.0
;
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N alzl
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PASL S

Y - 9

nean

LLELE]

fRAOG ANN/DN

[ I}
Lem@u (M, 8)
mietm-r b8

) mevey

/PLBAY(NeY)
.osAvTAN(1.0)
Tege /2.0

conoure ARSY WEIGNOOA DENSTITY ESTIMATE AND Raw ESTVIMATR
or gNtm
neoeo. o
56 30 1:3.42
0 28 JoI, N
SOLJI e (RANKEL])-RANKNLS) )00 e {RANKY (1) -RANKY(J))oe2
2¢ nue
t 3
N RMIN, JNDR)
n OIINBR)sPLOATY(20neN]
28 comvinui
YRJSAMINTOENDOMe DENOMIP ]
triveg.e L0] ¥YKJSO . SeDENOMDENDMIP]
BTIL IS ALBG(OTIL)
BTILII)sALOG(3 . 0/(PLDAY (N )ovKI]))
nooeNBO-DYILIT)
200 continve
NO(8)INDO/PLOAT (-4}
COMPUTE MATRIX OF EXPONENTIAL CRDSS-PRODUCTS YO OE USED FOR
COVARIANCE COMPUTATIONS
50 80 101, M2
1rel-0
00 B0 Joi M2
JieJ-M
GM{], J)sCMPLX(0.0,0.0}
40 ®13,N2
TWOPIC(PLOAT{IN )+ RANKRIK)SPLOAT(JI)PRANKYIK) }sDENOM
GeCMPLXLO. ARG) ’
ARGMI] , V) CARGM[] ,J) oL NP (2ARE)
40 convINUE
ARGMI 1, J)sARENM{]I,J)/PLOAYIN-4)
$0 contimue
COMPUTE COVARIANCE MATALK
00 60 Tmet M
To1m-9
12+M0D( 1, M)
11e(1-12)/Mem-pmy
J12e120M-mL
00 88 JNe1 1N
FIFT RN}
22eM00{ v, M)
Jiefd-d2)/m
BIs1t-Jieme
FRIRT RWELLTS .
Jitdtem-my
J2eJTeM-ML
PHILIN, JNIrARGMITL, I J12)vcoNIClARGMIIY, J2))
PHI(JIN, SNICONIGIPNE
ss coutimue
60 comNTINUE
COMPUTE LAST ROW OF COVARIANCE MATRIX
08ARsO. O
°0 70 1s3,.N2
eDYILII)
70
1] R/FLOAT(N-8)
0O 50 1M1, M
feln-t
12:M80(1.M}
« 11e{1-12)/M-My
12512-Mt
LIN}sCMPLE{0.0.0.0)
"z
S(FLOATITI1)PRANKXK(IK)*FLOAT{12)°RANKY (K} )= DENDM
ZARGICMPLE(C . O, ARG)
PHI(MY, IN)SPHI{MT, 1IN} +DTIL(K)eCONIC(CRRAP(ZAREG)}
so  cowtimve
PHI(Y, IN)OPNEIMI, IN]/PLOAT{N-Q)-DBARSCONJGIARGM|T YoM, [3oM))
LL3 ] 1)eCONJCIPNTIIMYI, IN))
%0 cowt (]
PHI(MY M1)00.0
20 100 K3 N2
PHIIMI, MY )oPNIIME MY1)SDTILIK)ODYILEIK)
100 CcoNTINUE
PHIIMI, ME)IPHI (M), M1)/PLOATIN-)-DOARCDBAN
CALL ROUTINE CPTENY YO COMPUTE ANO PLOTY RESIDUAL VARIANCE aND
[TA1 1] @ YHRER MODELS FOR PlVI, UZ)
CALL CPYRNT(N, M, PN, J10RD, . 't ,COF MENT)
COMPUTE UNIVARIATE DENSITY ESTIMATES USING AUTORECRESSIVE
Tecnntoue
wRiITE(S, 134)
136 ORNAT(1nY)
CALL AUTDEN(R N, 100X IPLTZ MORD ALPHX RVARX,SIGK, NVYX 0. 80 X )
wRjTeis, t38)
CALL AVTDEN{Y, W, 1007, IPLYZ MORD ALPHY RVARY, SICY,NVY 1,88 ¥ )
wRitTE(6,.138) wvN, nvY
128 MATI//.10K, "UNIVARIATE PESY ORDERS: WYX o ,13,°, NVY 2°,13)
136 FORRAT{INY, . *,12,° MOOBL:",
0// V0B, UL NTR,TUTT TN, COORT ,IBX, CONAY [/ 10X,
]
®.2) LOCIVYIMENT 1)ot
] €0.3) LOCITsMENT( I )omENT )
20 230 1,
WIs(PLOAT(I)- 8100 028
0 290 Jo) 40
VRe(PLBAT(J) -0 .8)00.028
COMPUTE VALUES OF UNIVARIATE DENSITY-QUANTILE FUNCTIONS
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FoNet . O

IPINYR.CY.0) PONSARESTIVI VYN AVARX ALPNN]}
Clus, 100X}/ (POReSIGR)

-~

MVY.GT.0) FPOVEARESTY(UZ . NVY RVARY, ALPNY)
FOVerOPNCiU2, IDOV)/{POVeBIRY)

COMPUTE SIVARIATE DENSITY QUANTILE BY POANING PRODUECY
OF DEPENDENCE BENSITY AND AUTOREGAKSSIVE RSTIMATRAS

LECONAYs0.0
"

llnllol\oc)-n
120000011, M)

Vieti1-121/Mom

1200200
TWOPLe(FLOAT(IV]IoUutIerLOAT( 12 )0u2)

LicoriLoc)acanp(2a0E))

LBC»LOCe Y

300 COMTINUE
IP{LGONAY .48.1770.) GO YO 203
WRITE{6,202) VI, U2, LE0NAY

. 202 MATL/,tOR, ‘LOG DUAY(’ rs .8, ", ‘i’ 830 .6,
& o CHPLINF, BIVARIATE MOOELING ve0.°)
VRN
203 LEDNAY . LY -20.) LEDNATe-20.

ONATSREP(LCONAT)
ENTSENT-LGONAT S DNAY
PRIIITER)¢PSILITER)SONAT
HT'DHATOPQESFOY
TE1,J)2D0NY
DONT . LE . DOMAX) GO YO 208

oenaxXDONT

UIMAResUt

UIMAXIY2
208 coNTINUE

1M400sM0011 .8}

JMOD MDD v

1761 1m0D.

AND. (JMED .EQ.O)) WRITRI(G.210) VI, U2, PONT DuAY
WAITE(ITER, 290} U1, VU2, DONTY DNATY

230 'lll"lll

230 CONTINUE
PESILITRRI:PSIIITER) /881 .0
TeENT/ 1681 .0
WOLITER)sENT/PBI(ITER)}«ALOGIPSI(ITRA})
wRITE(S.224)
236 FORMAT(//. [ELL Y.
WAITE(6.226) MENT(ITER),PSI(ITER]
278 PORMAT(/, 10N,  INYEGRATING FACTOR POR SROER *,13.° IS *,Pi0 &)
VINSUIMANSFLOAT (M)
UINSUZMAXSPLBATIN)
DOMAN:DOMAX/PSI | IYER)
wRITE(S.227) U|unn.u:nnl.ncnnl vin, uae
229 PORMAT(/, v0X, "
°//,130, 01
°Fv.2,
wAITR(6,230)
230 FOAMATY(// tOR, ° FPICIENTS POR DIVARJATE SEPENORNCE SEMSITY-,
C//. VIR, UL X, CNUTC 2N, REALICOP) IMAGICEF) ./ 10K, 3010 )}
LocLOCITY
00 248 11 .&P
11e7MDILOC) -
12e¢M00(11,m)
T1siil-13)/-m0
12052-mL
wAlTE(S,240) 11,12 . CcOF{LOC)
240 roamat(iox. 218.2710.8)
LOCsLOCe
248  CONTINUE

29
-

siIty .UAI'I\.

Sty e

.y

i

€
[ OISPLAY CONTOUR PLOT DF OEPENDENCE DENSITY OGUANTILE
[

WRITEIG,.288) LAGX, LADY MENT(ITER)

288 FORMAT{INI,/ 10X,20448,/,10K,2044,/,10%, "CONTOUR PLOT FOR °,
+°’SlvaRiaTe OIHSIY' QUANTILE - ORDER ¢ “,12.//)
CaALL CPLOTIAMAT 40,40, ,080)

4

2187 MATL/7,30K, "ORDINATE 13 V1, APSCISSa IS UI‘./ on,
o' CO.QISDDIDI TO X (FIRSY Vllllllll v3a Yo v°)

260 CONTINUE
€

s A Toaa

[ DETEAMINE BEST MODEL BY ENTROPY CRITERION
€

86 270 1v1,23
270 CUS)oiMD(1)-2."PLOATIMENT(1))/PLOATIN)) -ND(4)

(3
L

KMODe 1 v
00 200 1:2.3
280 1F{AIC({1).68.0.) KMOD:])
WRITEIG,290) MENTIRMOD)
290 FORAMAT(/, 10K, ‘BEST MEOEL SY AIC ]S ORDER °,12,° WDOEL.°)

KMOD.R0.2) LOCO MENT (1)
OoMERT(1)omMENT(Z)OY

B.a 8 & A4 2

€
[ 4 PEAPORM QUANTILE REGARSSION
4
IPIIRRC.80.1) CALL OREE(N .M ML ,PS10,10C0,KPAAM, COF ., IND, RADSO,
1)

SUBROUTINE CPLOT(A )
[ T e Ty R Y Y Y RN Y P )

O CONTOUR PLOY OF TNE MATAIR
ALLY TO PROVIDE A
NOENCE DENSITY QUANTILE PROM PROCRAM

SUBROUYI
A, THIS
CONTOUR PLOTY
fisan,

10 PaBYIOE A 10 TI
T 18

INPUT: A - MATRIE 7D 8% PLOTTED
M. - AW AND COLUMN OIMENS
18 - ROW DIMENSION BOF A 1IN

Ng OF A
LING PROGRAM

SUBPAGERAMS CALLE MNINMAR

[ AMMER: PNIL SPRCTOR
MOOIFIED BY TEARY J. WOOGOPFIELOD

PRAARNAABOAANARANANN

1)
LLINEI(S0),LINE2{80),LINEI{80), LINEN({YIO)
LTI, VNS, THe, INO. 1NN, 1NA/
BATA 1SLANR/ N /
[ILLIE Iruosvc!!
SIvMet /P LBATIN

gV e N e g

& ]

s A8 T
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1

AOARNAARNNANNANNRARNANNANANRN

onann

170
180

.2

CALY MINMARIA, 14,6, 0, BNIN, AMAR)
PACTC(NMAN-NMIN)/ VS,
[ [

)
17
20 1@ Ko 1,00
[S1 TSN SEIR] 1N

1NCUIA10,d)-RMIND/ZPACT)e B) ey
TEMPe3) /2

1 [ ] . 171 )88 10 17
(1YRMP B0 .16) ., OR. {ITEMP EO.1B))CO YO 18
VI JIvIBYMBINERT)
10

L

LINEY(J)oISYME
LInE2{d)e
LINE3{J)eIBYMD
G0 T8 Yo

T IPLAGEY
[STIRNRARRER. 11 )]
LINE2(J)riSYMB(?)
co 10 70

S 17L8Cs
LINEVIJIsIBYMO(S)
LINRZ{J}etSYMB(D)

70 CONTINUE

US(FLOAT(1)-0.8)eDIiVvM
WRAITE(S. S0V, LINEY
IPLIFLAG. RO, 1)WAITE
IPCIPLAGY E0. t)WR1TY

o2)1LINE2
.9021L 1683

80 CONTINUE

83 Liman(dllersymals)
NENDINENDS Y

110)G0 Y0 8%
1

Q) IANUMLI) , 10, JHDEK)

3.,3x,°f-.1u,80(a1,130))
{ay, 1R}

903 FORMAT(IN 90X, 31041)
904 PORMATIIN 12K, 40(8N,P8.3))
enp

SUSPROGCRAM TD COMPUTE MAXIMUM ENTROPY ESTINATES OF
THE BIVARIATE DEPENOENTY OENSITY.

THAEE FITTED MODELS wilLL PE RETUANED WITN CORFFICIENTS

In €O ABLE NAMES (INDICES) IN JTND, THR FPIRSY LOCAYION

or cot CIENTS AND INDICES FOR THNE 3IND MODEL IN MENT(1)et, 1 R,
COFIMENTY(1)+1) CONTAINS CORFFPICIENT NUMBER ONE OF THE SECOND
RECRESSION MODEL COARESPONDING YO INDEN INDIMENT{1)e1), @TC.

INPUT: M. - SAMPLE SI12Z, UNIVARIATE MAXIMUM ORDER (Mse3
USED FOR BIVARIATE MAX ORDER)

PH1 - COVARIANCE MATRIX

TORD - VECTOR OF DRDERED 1NOICES FOR SEOUENTIAL RECRESSIONW

AUXILLIARY: NVAR AVAR, BESY - VECTORS AND MATRIX
FAOM ROUTINGE CSOREGC

SUTPUT: COF IND - SEE ABOVE

SUSROUTINES CALLED: CSORRGC.CSWERP . CLPLTY

DIMENSION MENT(3),IND(9T)

DIMENSION 3ORDIAS) NVARIED), INDV({1228) AVAR(AEY)
COMPLEX PHI{80,80) COri97), Ti1238)

Mpte e M

IR TR}

Lomopim, 2}

ML iM-L)/2

TWoPlss . 0saTANLY O}

CALL ROVTINE CSOREC TO PEARFORM SEQUENTIAL REGRESSION ON P!

CALL CSOREG(|PN1, S0 MM, IORD,BEST, INOY, 1225, AVAR, NYAR NIVN)
CALL CLPLYI{RVAR NI1VN, 1 . 8NRVAR, & )

PLACE COEPFICIENTS IN COF FOR EACHN DROER

LBCe Y

00 180 1%1.3
RoMENTIT)

1P(x. 0.0} 60 Y0 t8o0
RIsNVAR(IX)

PO 170 KKsi, M
IRD(LOC) 2 INDVIXT)
cor(soc)pestixy)
Risgied

LBCsLBCe?
conYinve

conNTINUE

RETURN

anp
SUBROUTINE CSOREG{
sccenscrsacntoeseces

AM TO PRAFSAM URNTIAL AUGCARSSION VUSING COVARIANCE
LATION MATRIXK A{NIVeI NiVel),

INPUT: & - COVARIANCE MATRIR (COmMPLEX)
NDIN 1 ] 1IN €A PROGRAM

niy L[]

10RD - CES OF vaRriasLEs
I THE OROER THEY ARE YO O8 ENTEAED INTS THE MODEL

MDIM - DIMENSION OF 1IN CaLLING PR L]

¢« SWEPT COVARIANCE MATRIX .
SEST,INBY - VECTORS SUBSET INPORMATION
BEST CONTAINS LEAST SOUARES PARAMETER ESTIMATES

ouTPuUY;
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1
jauce
CRS OF vaARIABLES 1IN SRIER
Witn vALUES CAVSING

®

VARIASLES INCLUDED 1IN

“l

AR
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'a” a

SUBPAGCRANS CALLED: CIwERP

%:&

)
RARARRRAANAR

COMPLER AINDIN, NDIN), Tim0im)

{MIV) AvAaR(NIY) NvaR({NIY]}

Y’

]

ROUNTIROUNT e

TESTSARALIALIN,ID))sv2¢AIMARIA(ID, ID) ooy
TESTY.AE. 'ltl 60 10 4o

wv, 10,10}

v.-vl)lvl

§0 Y0 20
I'Alltt')ll.t
LC29LET e
viioc)axid
SsT(LOC)s-A(NY, X1D)
LOCeLOCOY
30 continug
6D YO 680
60 NivNeNIVN-9
. 00 80 1:sK,MIVN
- 1ORD{I ) 1ORD( T o)
80 cewvinue
0 10

2 60 Kamned

oy IPIROUNT.LE . NIV) GO T0 10

Yoy RETURN

. (1]

« SUBBOUTINE CSWEEP(A,.NDIM, N, X1 K2}

9 CeeerssensssesvasINe RS Pl 0s NESasNRAEURRiltasEsisrOnensd

SUBDROUTINE YO SWEEP TYTNE NEN COMPLEX MATRIX A ON 1TSS K2
THAU K2 CIAGONAL ELEMENTS (SWPIK)ISWP(K)AsA)

INPUTY
AN, K1, ,X3
MDIM : ROW DIMENSION OF A 1IN CALLING PADGAAM

oUYPUT
a

SUBROUTINES CALLED : NONE

RN ANAARNANAN

COMPLEN D, A{NDIM,NDIM)
DATA NOUT/8/

Fix OLAGONAL &
P90 SO K=K1,K2 .

s
H
fnn ann

o] . TESTIREALIAIK K))so2eAIMAC[AIXK, K))o02
. IF{TRSY L7, 1.8-28) 60 YO 9¢

o) pet./ %)
é alR ,K)et,

ve € KYn Aow :
<

o0 10 Je1 . N
10 A(x, T)eDea(R, 1]

KTH COLUMN

20 20 Jri, M
t1P1J.00.X) 8O0 VO 20
. Ald,R)e-Aly,.K)0p

) 20 conYiNve

» €
[ OTHERS :
. [ 4

LR l' K' €0 Y0 20

AlJ. . 1)281J,0)0a(0 . x)salK, 1)/0D
20 CONTINVE
a0 coOnT INUR

80 conTiNvE

na Aan

e 8o ¥0 110
9 WRITE(NOUT, 100) K, K1, K2

PORMAT(10X,13, 1BHTN DIAG OF FROM,1X,12,1X,2070, 1K,

193,10, 1718 2EA0 IN CSWEEP)

110 RETUAW

e

SUBRBUTINE GATAININTARE

.. L.LAS) DATALIN
esavEssOESORORRERSESS DATVAIN

3 A DAYA 'lll FROM TAPE NTAPE AS FOLLOWS
3
3 ..LABI20) (20A4)
'3 PORMAT Lit),... . L(8), (18,40, 8A8)
¢ CARRY CARDA, ... : DATA X(t),... . K(N) IN L PORNAT
[3
€000 PIBEINRONCORREINERRRRROEOONRIRNRNTRtRENRRTSeSTRERABES
3
IngaSION B(1),018), 0A0120)
! DATALN
oATAIN
2
DATAIN
¢ DATAIN
DATAIN
DATAIN

SUBABUTIN

VATIR, W, NAME, INEAD, L, INTY

YUY, 028,080,078, XDAR




AT VP S St Ml

LB 2

AOUTINE YO PRINT OADEARD ARRAY BV QUANTILES AND COWPUTR
SCAIPTIVE BYATIBYICSH.
INPNY;
N: ARRAY OF OROEA I'A'I.'ICI
1 ]

L RTICH

l' MUSY BE ARRAY OF DIMENSION 30 IN

-
[ 3

Ahll'lll
? UNITY BVUTPUY
® PBR FIASY CALL, V' YuE
v 17 QUANTILES Y0 BC LISTYRD, & DYuRAWISE

aadas

L)

-

ARNANAARARANRARN

o LA ]
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NI(S)oNNINGPLOATI IS o NENE
12 PARRAYIT 1)oPLuS

98 13 et AV,

Jedet

19466, vYJid)rvyminNe

] ” 'llll'll. l
920 48 Re)

(d)e8 . oving

LT M Y

sLus
1 o--lnanl-nnlul/nluc.v.o .
ren

L)-vymin}/y

L] l l (L} ne
’A!llv(l'!vl'l |nill-enanlvl

e

e




e &0

Avllnovlll INPX) . NE.BLANK ]SS
evil), lntll-cnallll

OVil). 1NBX) s um

»
ste.00d)caryy

“0UNTeY
[ L] " fer, LV

™w
I'.Aﬂl.lll (PARRAY(LYPI-1,9) ,J01, LN}

ey SIVNAMEEIE) . YI(12-R0UNTY) ., (PARRAYILYPI-1 J4),Jd01,00)
uouuv-:ou-v.-

Ks®
88 coNvTINuG

R IEINY ] ]

‘ENAROR 1N PPLOT: RANGE OF Vv VALURS YO0 S$MALL')
{1

1 L]

$30 POAMAT (48X, 20AY)

II'UI.

(1

’Ul"l.l Q'IUOIO L] OUAI')

e ssensess eesosssusce
€ '“l PIICI.YILI vaLue or o

[ AT SUANT,

< INPUT:

€ Q@ - YECTOR OF 8128 N

€ L oF vaiLues In v

€ ue

Cecssssnes L Y Y Y Y DI YR YY)

oln)
P s PLBAT(Ne1) ¢ QUANY
s s juvie)
P s Py
1PLY .mE. ©) GOYD
oFind s Qi)
AETURN
\] 114

LY. N) &OTD 2

o ¢ oln)
(13}
2 OFING = [1.-P) o Q1) e P » Ql)et)

AETURN

ud
SUBRGUT I NE .’LO?‘I Y.NY XCHAR,R2,3,N2,12, !C“ll IOID mN, yMx,
e € ‘ e, L1l

B
9
. '3
o <
“d €
y 3 N - YECTOR CONTAINING THE VALMES J/(NYel) wHEme
N, ¢ 411,2,3,...,8Y
3 c v - vecteR OF SiIf MY 7O BE PLOTYED
3 XCHAR - CNARACTER FOR Y IN PLOY
[ LR, LY - VECTOAS DOF SIIE 2 CONTAINING YHE LABELS
€ FOA K AND Y ARSPECTIVELY
. € Le - OF S1IE 30 CONTAINING THR CAPTION FOR
[ v
<, € T -0 NAL VECTOR OF SIZE N2 TO 88 PLOYYED
*y [ X2 - ABSCISSA P
", [ NLINE,STRY,END - VALUES FOR SUS. PLINE WHEN 2 IS & LINE
c MIN AND MAX VALUES FOR OROINATE et
1 3
» ¢
AN :
[
€
c
i [
f Cecsvnnnve
-‘.
|
’q
,$‘
w

e
e lllavluenii
nRIT o
CHNARLI) ¢ RCHA
14 CHAR{

OLARNK ) CHAR(Y) » CHARY

o
& 12
A CALL MIN(Z, N2, ININ, )
- CALL MANIZ,NE, INAK, IER)
ht 1P(ZMIN. LY. vMIN)YMINS ZNIN
SPIZNAR.CT.VHAR ) YMAN * TMAR
" sove ¢
4 3 veIn = YY)
s ymAR s V(NY)
ity 17112 .09, 0} SOTO
Y 241)

1P (ZNIN LT, YMIN) YNIN * EMIN
l';l-‘l .87, VYMAR) VEMAR s 2mAR

v [} conTInue

RANGE » VAR
1wt e .7

L R AR

S

Jet NG
PARRAY(LY, 40 + BASKH

[}




aviNR, J)eBASK
.

3

4

[ ]

<

»e

[ 3

[

[ 4
.JIne

[ L4 0 PLuS

(4 e

17 | WLINE .68, ' ) CALL PLING{INA, NC . NLINE.BYRY, SND,CHARL,

PARRAY , ¥MIN,  YMAR, VINE )

lllv INBE)cCHART 1)
N0 ) ICHAR
AVINAPL-1M0Y, INON ) sCHARL 10)

.8@. XCHAR ) SOTOD &4

IPIPARRAY{NRP - INGY, INDX) . RO.CNAR{L)ICO YO 43
conNtimue
AYINRP - THBY, INOR ) sCHARE Y}
.

BB ES ]

NRP - THOY, INON) vCHAR(2e1)
convINvE
P [ 13 .M. 2 ) cOvS e
00 47 I « 1,N2
1NN » RTLI) o PC o 1.8
1Dz o (241) .8
[ 181 CHNAR(Y) ) cove as

[}
AVINRP1-INBZ,  1NOKZ) ¢ CHARL1O)
onvYiNuve
WRAITE(NUNTY, 100)LC,
DVI . l't.l'ldllcl l FLOAT(NRMI)) » RanGE
>

I
*3,0).NE.PLUS) PARRAYINRPI-T 1.):28R0

1808
DO 88 109, NAMY
IPIIPARAAY(3.1).00.PLUS).OR (PARRAY(], V). .89, 28R0)) SO YO SO
WRITEINUNIT, 108) (PARRAY(D, J) J09,0E)

'i. 70 S8

s YRALUE - DYX
NUNIT,110)YRALUE, {PARRAY(T J) J08,00)
TiNUE
WAITEINURIT 1VO)VMIN, (PARRAYINA, J) . Je 1, 0E)
WRITE{NUNTT 118)X0
WRITE(NUNIT 120)LE, LY
GO0 T8 999
conTiINUE
TEtNUNLITY, 198)0E
TE{NUNIT, 200)
vaLYES ‘)
SIIN(IJ, Ha1,0Y)

rounu1l|l 10710.81}

WAITE(NUMIT, 210)

FORMAT( v VALUES®)

WAITEINUNITY, 208)(Y(1), 11, 0Y)

FORMAT(° ERRCR IN OPLOT POR THE PLOY OF * 3044}

RETUR
FORMAT{ 1N K.2088,/,16%,20A8,/)
at

'll"l'll 1S *,2A4,4X,° , ORDINATE I8 °,2A8)
(3]

SUBRSUTINE TO PRAFOAN QUANTILE RECRESSION

INPUY; N - SAMPLE S138
R,Y - 1In GII-.. sLectx

1CIENT N COF POR OESY
SUTPUT. RO - VECTOR CHNTAINING RECARSEION QUANTILE FUNCTION

SUBPRESRAMS CALLED: PPLOT OUENY. D T.MAR NIN,MINMAR OTOPQ,
OF IND , QUICK , WESPALH ,FOFNE

[

[ 4

€

[

[ 3

(3

[

[ 4

[

[ 4 KPAR 1L T " L
[ 1CIENTS AND INOICES POR RESY
€ "o
€

€

[

(4

€

[

€

[

€

,PUNE’, YL
,1cTR°, D ‘e

v,
RRAMB /0 JHI8° )
Namg /e ‘| Catrt,tY,
YNAMR/ Qe ’ e A
LEONATY
atant. o)

SADER ¥ A3 RAW USTIMATE OF QGUANTILE PUNCTION

20 16 10,0
evidevi
[ [ 2]

» n
VIsiPLOAT(1)- . B)eBIVYN
RO(1)e0.
00 30 Jei, N

[ 2 1X14Y I'ldl' Siepivn




1]
LiceriLoc)ocRuP(3ARE))

\GI“A'O&‘.H‘I.
LOCrLOCe Y
15 Convimug
I1I7{LBDNAT.LE.170.] &0 YO 2%
o) v1,u2, t.lﬂl'

ouANTILE

«20.) LcONAT.-20,
AY)/PSLQ
vi{J)eDuat

[
Uls)e(PLOAT(1)-0.8)eDIVH
T, )i
Tt1,.38smel1)

o8 40 102,
(IRRETIRESRRL T 1]
L, vdevis)
Yis.2)sm0lt)

8o comv?
caLL OYIV. T, NTOIM N,2,CHAR, LABRD, UNAME , YNAME, 1)
CALL PPLOTIN T HTOIM N, 2 CHAR, LABR, XUHAME, YHAMX t)
SMSQ120.

(LRI TEN
El1jevir}-moOll}

TO SMSOVsSMBQtieRII}eRIl)

SMEOIESMSQI/FLOATIN-Y)
WRITEIG, 100) SMSOQN
100 FORMAT(/, 10K, ‘RESIDUAL VARIANCE ¢ *,P18.6)

)4 8 co LIvY otlv)
THE EWPIRICAL QUANTILE PN CAP Q1N Aut THE ¥ vaLURS.
[ INPUY : O,V N0
[4 OUTPUT : X3 : SPACINGS:LITTLE ©(VU)
‘llllll'l.l.l..‘l.l...ll'Illllill..lllll.ll‘ll..ll'.ll.‘l..
DINENSION OIN) UiN) x$in)
$ s 1.210
2P 0 1,80

BU s 1./ (UIN) - UiN-1))
xEL1) » tol2) - 11 /7 tutsl - uln)}
1Ptus{s) .CY. 8P8) 8 + XS(1}
o (O(N) - O(N-1)) = B
AT, 8 . RS(N-t) .GT. EPS) S ¢ NSiN-Y)
..

2
s 3,0M2
ns {elle2) - 0i1)) » DV
17inS8i1) AT, 8 .AND. X8{}) .GT. ZPS) S ¢ x5(1)
"w tenvinug
My s N-Y
8 s & o gpCraAC
B8O 28 3 ¢ 1, MM
|'|l’(l) AR, EPS) NBil) v B3

QUTINE YO COMPUTE OQUANTILE AND ENTROPY STAVISTICS FOR
SAYA S8V N,

INPUY: X .8 « DATA SEY X OF LENEYN W

NAME - NAME FOR ANALYSIS IN 20A4 PORMAY
LAS - LADEL FOR DATA SET 1IN 20A& FORMAY
NULL DISTRIBUYIONS FOR X {SEE FOFNC)
NOIM - DIMENSLIAN OF X IN CALLING PROGRAM

.E78 + LOWER OUARTILE, ﬂl.lll AND UPPER QUARTILE
. ~ SAMPLE MEAN AWND STA ﬂlV ATion

suUTPUT: N28
b ]

SUBPROSAAMS TAT PPLOT NC , WSPACE,KS0,FCODEA

ARAARRNOAARANRANHBNANN
-
z
L3
-
.

COMMD
dingnsion
OIMENSION RiNSIN], Y(802) .00

lelll(:al
3),U(882),.70(1882),0(882]),
a *x1(882). wnz(882) Ridlit}]
CINENSION LAG{I20).1801(20),LA88(20),LAB0(20),LAB0(20)
NAMU(2),NAMIO(2) . NAMCWS (2 ), lchll(:l
LQUanT(d) 1) l!'.t’lltl!)
’ 1 e.90

[
SHPARE, snTe

v ‘ue,
W10, ONVLL L SNNALF 8N LOS8/

CNARL /-.8.9.,.8.0.,°¢° "2/

AMAT,*IVE *, "OUAR", “TILE"," - °,18e’ 7
° 4N .40 AT QWY s 308N an. 0,
0N AT ,000 o ,YeaM /’

[ d SHTRID, SNUTLIG S0 B . 800)

L] /
10, 80lW) 7

Ly Non- TRIC ANALYSIS /780,311 1N0))
starisvics '.. YNSASEPES SATA

]
[ ovitnin,v)
yImeviey
[ 1 199 l.l'l'l". . Wakg,
At

LAD,LOVARY 0, 1,888,000, ,R78)




20 on(1)ev
\: Ix78-%38) )

/
] S LIIEART ]
.
.

.-1.} €OTH SO
e wK2i1)e
so 0o se
t).Le.1.) goOYD YO
00 WKI(N-IeT )y,
70  contTINVE
CALL OPLOT{U WwK2 NOPY BLK,0.,0.,1,0.8LK,2,-1,,1,,2,8TAT,0N0D,
N CHANL, NAMU, NAMIOQ, MAME LADI]
00 78 )+ 1,8
8XIGL1) s GFINDION, NOPY EXVIID)
78 comTINUE
WRITE(NUNIT, 80) EXUV,
80 FomMMAT|//%%0,’ VU °,3% $.1%8),
. /%10, 10lu)’ 3%, 8(P8.8,%]),.///)
RASEoINULe Y
] (1)eL1CASR(KASE )

12Q) ANG RAW FQ {01./0)
CALL OYOPO(ON, U, NOPT WKT crac)
c COMPUTE AND PLOT WEIGATED SPACINGS FOR CASE jCASE
0O 100 I * 1,NO
wr2(3) o FOPNCIULIet]), INUL]
100 cownTINUE
CALL WESPACEIWNS O, NOP1 WK1 WK, U, Sw)
c PLOY CUMULATIVE WEIGHTED SPACINGS WITN De AND D-
CALL RSDID, U, NOPY, DM, UM, D ’)
CALL FCODEA(OP aN(FrT7.6)
CALL PCODEA(UP 8N{FY . a)
CALL FCODEA(DM 8N(F7 .4}
CALL FCODERA(UM, SHIPT &)
La tslelcaset)
L 19 Jetcasei2)
CALL OPLOT(U.D NOPY LK, 0.,0.,1,0,8LK,2,0.,19.,1,0.,%. ASTER,
[ NAMU, NAMCWS . L o.LaB9)
wWATTRINUNITY, 130)
130 FORMAY(/////71)
RgTUAN
END
i 2 UTINE QUICK(N,T)

Coene » ssnnsscenss
[ 4 QUIEK 80 GORITH IS ] a Tiviowep

[4 ERCHANGE SOAY . EXPECTED AUNTIME 1S PROPORTYIOD Y0 WNeLOCG2(W)

(4 ALTHOUGK THR WORSY CASE IS PROPORTIONAL TO wee2|

[4 REFERENCE: DONALD E. KNUTH- THE ARYT OFf COMPUTER PROCRAMMING VOL 3.

[4 INPYY .

1 4 E.N : VECTOR TO OF SOARTED OF LENGYN N

[4

[4 SORTED VECTOM

c ont

[ 4 S0P ENR O NTFOSNEPTARNNESEIETSUENIENERRRASONRCOOENS

REAL TiN).VY

INTEGER P Lv(t6),1v(18) LP, 2UP
(S ZRBES]

Tvi1)sm

1Py

10 1F(IP.LT.1) GO YO IS

18 SPFLIIViIP)-LVIIP)) LT 1) GO YO 20
G0 10 28 .

20 PelipP-
co 10 10

28 LPLViIP) -
1urstvite)
yivilue)

30 1F((lVP
LPzLPe
1IP(T(LP) . AE.Y) GO TO 30O
TIIUP )T LP)

38 1F((IUP-LP) LT .2) GO TO 4O
1UPsIUP- 1
1P(T(1UP) . CE.V) 60 YO 38
TiLPr)sYlIUP) :

GO Yo Jo

40 JUPsLUP- ¢

as T{IWP )y

. IP((RUP-LVLIP)) . LY (IVIIP)-IUP]) GO YO S8
€0 70 ¢o .

88 LY[IPe1 )L vIP)

IviiPer)otup-1
AV{IP)slUPey
co0 T0 7O

80 LY[IPs1)0luPey
1v(iIPst)stv(r)
IviiP)sius-

70 1P IPey
c6 10 18

76 RETURS

#).47.2) GO YO 48

SUBACUTINE RANK(N,N, XR])
[ 4
CRetnntcntacoooernnccsenssssarsaeentotsesusrrurtantosseonensEesanss
13 .
[ SUPROUTINE TO RANK THE N-VECTOR X WITHN RANRS PLACED 1IN
[ THE W-VECTYOR NA.
(3
t TIED VALUES ARE CIVEN AVERAGE RANKS,
[
[ SUBROUTINE CALLED: OAD2
14
o800 a0PeITREIN NSO NRNINsRTREETUNCENEaTENNRIREREsNROIOROREETRS
1 4

OIMENSION XN(N) ¥R({N]} w1(800,2) ,WwW2(800,2),v{808)
[
[ CARATE MATRIX wt WHOSE FIRST COLUMN CONTAINS THE VECTOR X
[ 1 AND WHOSE SECOND COLUMN CONTAINS TNE OSSERVAYISN NuUMBER
€

e 10 191 .M

wilg. shenis)

wili,2)sPL0ATY(D)

11) TINVE
2iwy,m,800)

€
[ [ TE MATAIR W3 wHESE PIAGY CRLUMN Tat [ 14 ® R vaLves
[ 4 ANS WHESE SECOND COLUMN CONTAINE TNE RANKS 8F THE X vaLulS
[ OEPONE COARECTIAS FOR TIRS.
[ 4

08 20 st 0

wall,

wl) 2)ePy

20 contTiNUR

[
[ COAREBEY POR TIES OV ASPLACING RANKS OF TIEG vaLVES BY
€ av & RANR
[
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e

v Ak 250

Y

s

A

ry

R

v

LRI X

- 4

. - -
Ak b A A

AR P Pt o

I

b i i o TN TR

oo~ e S dar i Jiats e e BUCR AR B CAIRL IALICIM TGOS SR

3060 48 1PIR.6T N} GO VO SO

[
L3 ARAL ARITHNEYIC TOLEMANEE PACTOR: ASSUME NeO )P ABS(N).LE.5.8-8
[ 4

wyYgsYy (wgis, 1l-waix, 1))
l!ll'll'.".l.l'l) o YO So
L}

. '. .
e

la-- ]
1PIK3.LE. 1) B0 TO SO
SumMse.
0 60 Jo3,n2
SUNISUMewEiJ, 2)

" t.l'l.ul

1 (3]
vlJl-lunl'lonvcna)
10 Couvik

&8 T0 oo
80 Vit)awa(},b2)
9@ Ik

IP{1.1LY.8) 6O YO 30
Slwain, 1)-w2in-1,1))
2.L1.86.2-6) S8 YO 100
vinlorLOnm tN)

[
13 CREATE VET(PA NA CONTAINING RANKS CORRECTYED FOR TIES
[ 4

100 80 110 1ub. 0
[ 11.2)e0.8
ww)evit)

:::IOU‘IIC SPRMNLIN, ANG ,SUNMD)
(LI R R T R Y RN L R N Y R R N L A N Y NS A I NY]
SUBSRRUTING YO COMPUTR SPRARMAN"S RND.
NKE - TNE VECYOR oF IAUIS or 7“.

RANKY - TuE VECY or s “e
TNE BUMBEAR OF PAII'. IIII.VAVIONI

ENDENT vARIAGL
NOERNT VARIADLE

SUTPUTY: RNE - SPEARMAN‘S RANK COAARRLATION CORPFICIENT,

COMPUTE SOUARE OF ARANK DIFFPERENCES

SUMDe0 .
0O 10 Jsy, N
“xxi1)
UMDeDIF
10 CONTINUE

axvil)
14

€
[4 COMPUTE SPESAMAN'S RANK CUARELATION CORPPICIENY
[ 4

NEWN)
CrP o sR P ORI NS P NR IO PRSI NSRS S RO AN RRr PO PSR RsRlsRRAERERERRRD
3
3 lulvloc AM TO TRIM A BIVARIATE OATA SEY OF AV MOST
3 . ® ON DISTANCE PAOM THR
[3 CTIONS ONLY.
3
€ INPYY: X Y - DATA OF S128 N
€ AMED, YMED - MEDIANS OF X AND ¥
[3 KOEL - MARIMUM WUMBER OF POINTS TO DELETE FROM DAYA SEY
[ 4
3 SUTPUT: X,¥Y - TRIMMED DATA OF SI138 WEWN
€
3 SUBPAOGRAMS CALLED: MAR, MIN, OUICK, OADZ
[
Crooew .
xin), vim), ¢tu(xo 2}, lOlL(i.) togL %0}, vv(tool
NEwNo N
IOIIDIL LE.0) ARTURN
l'lll L.NE.3) 69 YO 3
3 L.LT.N) 89 TO 8
wRITE(S,8)
S PORMATIION, *RDEL 1S GREATER THAN OR ROVAL TO0 N’,./,
+108, ‘XDEL NAS BEEN SET EZOUAL T8 &.°)
KORLsS
¢ JP(KDEL.CT.20) KDELt20
XMO0 MO0 {ROCL, 2}
17 [ XMOD 1) KORLIKDEL-Y
X0 3MEKD
KHALFINDEL/2
00 10 sy KNALP
JeN<14)
oELMil, 1) e NMED- llli
oELMi1 . 2)srL 1
OELMIKIEL-129,1)sR(J)-ANED
-loc.t)-!tllvldl
1 € .
CALL SRD2(PELM, KORL,20)
00 20 1+, RNALF
TOBLII) s IPIRIDREAMIKNALP ] ,2)¢0.8)
20

1} &8 T8 88

20 30 ) []
Yy{ijevis)
%0 CcoOntvINUE
CALL MIN(Y, N, YNIN, S306EN)
CALL MAR{ v L1nan)
a0 1 L
M3, 9)avmEn-YMIN
SELM(T, 2)ePLOAT(ININ)
viImEn) s vmAR
CALL MINIY, W, YNIN, ININ)
e convinue
20 80 101,0
v v(t)

e
V:ll.l'l.,
1)rYMaR-YMED
1o3,8)sPL0ATIIMAR)
VOUIMAS ) o YMIN
[ MANLY,D, YRAK, IMAN}
(1]

.»*-J:- ﬁ\ﬁﬁ 5-‘

Cad
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-y

oy lye Sy b

& W o

..
4T,

-

LLLLL L L L LY. Y YY)

0

0
””?2
100
10

20 coNTINUE
[3

wAail - il oA N g AU A I M Ml B e o | . . e A A L AL

Yerrevvin) ) sisam
CALL ORP2(DELM,.KOEL,20)

b

PINIOELMINNALP O], 2)00.8)

DO 80 JaRNM),XDINM -68-
IPIIBRLL) . NR.1DELIJ]) GO TO SO
108L1J)emey

KOELORDEL =t

conNTINUG

DO 82 101, KBIN

ROBLLELDePR LIISERR)

CALL QUICK(KDIM, NDEL)

08 84 1) ,KPIM

10RL 11 )s1PIN(RDEL{) )0 .0}
conyYinve

IP(XCHK.BQ. V) KDELs?

[1] et kOBL
1IN0 IDRLIKDEL <10 1)

(T TN

IP{1ND.8C.N) GO TO 92

(1] JOIND . N1

R{Jhon(Jot})

viJdleviJe}

coNTINUE

XingwNe1)90. 0

yYiNEwNe)e0 0

NN e NEWN

coNtiNue

wRiTR(S, 110}

FORMAT(1OX, ‘THE FOLLOWING POINTS WERE DELETED FROM THE DATA SE
(e, 1201 (I0BLIT), Vet RDEL)

1ox,818)

.130) XPEL, NEWN

FORMAT{/, 10X, 18,° POINTS WERE DELETED LEAVING ', 18, POINYS °,
4°IN THE DPATA SBY.°)

RETUAN

[ 1] ]

v »
FOR TNE MODEL QLU)sMueSIBMAsQOIY)
1MPUT
XS.N0 : VECYOR .’ LENGTN NO CONTAINING LITYLE OIV)
FOO0 : NYPOTN IR0 GENSITY OUANTLILE PuUNCTIONW
Vv : vecyomn or lﬂl'n NO CONYAINING U vaLuls

WHS : VECYOR OF LENGTN NO CONTAINING D(V)

VECTOR OF LENGTH NO CONTAINING THE

CUMULATIVE D°'S

COMPUTED VALUE OF SICMAO *+ Cousine)

L) L]
1, EWRS(NOPY)

Cwxs{t)eo.
80 10 1 ¥, ,N0
wxs11) » FoQO(l) o us(3)
CWES(Se1) * CwRs[I) * wRS(1)
o convinuve
FLOATING)

/CwEginery)

° PN

Ted No
wEsSl))ewns (1) » o2
CwES (L )oCwaS(1) ¢ DY
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