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Summary

Background to STAT-JR package
Some screen shots of the program features

Multiple membership models for spatial
models/ social networks

STAT-JR named in memory of Jon
Rasbash whose ideas started project.
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The E-STAT project and STAT-JR

STAT-JR developed jointly by LEMMA |l and E-STAT ESRC

nodes

Consists of a set of components many of which we have an

alpha version for which contains:

Templates for model fitting, data manipulation, input and output

controlled via a web browser interface.

Currently model fitting for 90% of the models that MLwiN can fit
in MCMC plus some it can’t including greatly sped up
REALCOM templates

Some interoperability with MLwWiN, WInBUGS, R, BIKE Universicy of
Stata and SPSS (written by Camille Szmaragd) BRISTOL



STAT-JR

Jon identified 3 groups of users:

Novice practitioners who want to use statistical software that

Is user friendly and maybe tailored to their discipline

Advanced practitioners who are the experts in their fields and

also want to develop tools for the novice practitioners

Algorithm Developers who want their algorithms used by

practitioners.
See

for details of Advanced User’s guide for
STAT-JR B University of

BRISTOL


http://www.cmm.bristol.ac.uk/research/NCESS-EStat/news.shtml
http://www.cmm.bristol.ac.uk/research/NCESS-EStat/news.shtml
http://www.cmm.bristol.ac.uk/research/NCESS-EStat/news.shtml

STAT-JR component based approach

Below is an early diagram of how we envisioned the
system. Here you will see boxes representing components
some of which are built into the STAT-JR system. The
system is written in Python with currently a VB.net algebra
processing system. A team of coders (currently me, Chris,
Danius, Camille and Bruce) work together on the system.
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Templates

 Consist of a set of code sections for advanced
users to write.

For a model template it consists of at least:
« an invars method which specifies inputs and types

* An outbug method that creates (BUGS like) model
code for the algebra system

« An (optional) outlatex method can be used for
outputting LaTeX code for the model.

Other optional functions required for more complex

% University of
templates BRISTOL




Regression 1 Example

from EStat.Templating import *

from mako.template import Template as
MakoTemplate

import re

class Regression1(Template):
'A model template for fitting 1 level Normal multiple
regression model in E-STAT only. To be used in
documentation.'

tags = [ 'model’, '1-Level']

invars ="
y = DataVector('response: ')
tau = ParamScalar()
sigma = ParamScalar()
x = DataMatrix('explanatory variables: ')
beta = ParamVector()
beta.ncols = len(x)

outbug=""
model{
for (i in 1:length(S{y})) {

S{y}i] ~ dnorm(muli], tau)
mul[i] <- ${mmult(x, 'beta’, 'i')}

}

# Priors

% for iin range(0, x.ncols()):

betaS{i} ~ dflat()

% endfor

tau ~ dgamma(0.001000, 0.001000)

sigma <- 1 / sqrt(tau)

outlatex = r'"
\begin{aligned}
\mbox{${y}}_i & \sim \mbox{N}(\mu_i, \sigma”2) \\
\mu_i &=

S{mmulttex(x, r'\beta
%foriin range(0, len(x)):
\beta_S{i} & \propto 1 \\
%endfor
\tau & \sim \Gamma (0.001,0.001) \\
\sigma”2 & =1/ \tau
\end{aligned}

o
, |

JJA\
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Invars function

invars ="
y = DataVector('response: ')
tau = ParamScalar()
sigma = ParamScalar()
x = DataMatrix('explanatory variables: ')
beta = ParamVector()
beta.ncols = len(x)

&AW University of
B BRISTOL




An example of STAT-JR — setting up a model

| '] hitp://localhost:8080 /run/

Stat-JR Demonstrator

Template: Regression1 Change Dataset. tutorial Change View Summary

Configuration
response
explanatory variables:

Mame of output results.

normexam
cans,standlrt

ot

Start again

Randorm Seed 1
length of burnin lWUUOi
number of iterations, lsooﬁi
thinning: |1—

Inputs: {" 'normexam’, 'x". 'cons standint}

Done

K University of
BRISTOL




An example of STAT-JR — setting up a model

B viost v BN Latest Hea W customize Links [ Windows Marketplace

- Configuration 1strator

response.  Normexan
explanatory variables.  cons standlrt

Mame of output results:  out

Random Seed: |1

length of burnin: {1000

dirth

number of iterations:  [5000

thinning: |1

University of
ikl BRISTOL



thinning: 1

Equation rendering

normexam; ~ N(,ui,o'z)

p; = Focons; + Gy standlrt; + Uschooljs
Yschoolp ™ N(0,03)
Foox 1
By ol
7~ ['{0.001, 0.001)

ot =1/r
Tu ~ [(0.001,0.001)
ot =1/7,

Model

modsl {

for (i in 1:length(normexam)) {
normexam[i] ~ dnorm{mu[i], tau)

ma[i] <- cons[i] * betad + standlrt[i] * betal + ul[school[i]] * cons[i]
3

for {3 in 1:lengthiu)) {
ul3] ~ dnorm(0, tau_uj

P
betad ~ dflac()
hetal ~ dflati]

tau ~ dyarma(0.001000, 0.001000)
Sigma <- 1 / sgroitau)

tau u ~ dysmea(0.001000, 0.001000)
sigma_u <- 1 / =gre(tau_u)

ml Simu\atel Se\ection|8\mu\ale Specily starting Values| Code ﬁl &I

Inputs: {4 'normexarn’, 'L2ID" 'school’, 'D" 'Normal’, % 'cons,standirt’}

Dane

Note Equations use MATHJAX and so underlying LaTeX can
be copied and paste. The model code is based around the
WinBUGS language with some variation. This is a more
complex template for 2 level models.

Bl University of
BRISTOL
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Equations for model and model code

normexam; ~ N{jt;,02)
L ft; = Bgcons; + [ standlrt; + Ugchooli ——
Yschoolp ™ N(0,0%)
By ox 1
F1 x 1
T~ I'{0.001, 0.001)
o =1/1

ra ~ [(0.001,0.001)

U
o =1/7,

Note Equations use MATHJAX and so underlying LaTeX can

be copied and paste. The model code is based around the A University of
WinBUGS language with some variation. This is a more BRISTOL

complex template for 2 level models.




Outbug function

outbug =""
model{
for (i in 1:length(S{y})) {
S{y}i] ~ dnorm(muli], tau)
muli] <- S{mmult(x, 'beta’, 'i')}

}

# Priors

% for i in range(0, x.ncols()):
betaS{i} ~ dflat()

% endfor

tau ~ dgamma(0.001000, 0.001000)
sigma <- 1/ sqrt(tau)

s University of
AL BRISTOL



Model code In detall

model {
for (i in 1:length(normexam)) {
normexamli] ~ dnorm(muli], tau)
mul(i] <- cons[i] * beta0 + standIrt[i] * betal + u[school[i]] * cons]i]
}
for (j in 1:length(u)) {
ufjl ~ dnorm(0, tau_u)
}
# Priors
beta0 ~ dflat()
betal ~ dflat()
tau ~ dgamma(0.001000, 0.001000)
tau_u ~ dgamma(0.001000, 0.001000)

}

For this template the code is, aside from the length function,
standard WinBUGS model code. Bl University of
BRISTOL




Bruce’s (Demo) algebra system step for parameter u

ol Testbed

File Window Distributions Functions

Preferences  About

- LT S

5= Graph Nodes
normexam][-]

school[-]

Log posterior

Distribution

Match

Match

Sampling parameter

Sampling parameter

Sampling distribution

B8 He xS
mu[-] tau cons[*] betal standiri]-] betal ul*]
tau u
{ { school = J J -
length(normesam)
2
T X cons’
i=1
_ length{normexam) _ . i _|tauwu . i 2
T b ccna;[ normexam + f cons, + f stan J Y, 5 5 Y
i=1
dnorm
length(normexam)
A= -1 ) cons_[ — normexam, + f§ cons, +ﬁlstandh‘t;]
=1
school =
Tength{normexam)
2
T > cons
tau_u
B=- [ 2
fengthinormexam)
T X cona{ — normexam, + f cons + ,ﬁlstand]rt)
# length (normexam) R
2ftau u/2+71 cons” /2
=1
school =
length(normexam)
2
T cons”
tau_u
= 2 .
=2\ E
length (normeam] Tength{normexam)
2
T ) cons;[ — normexam, + 3 cons, +ﬁlstandh‘t;] T > cons
=1 i=1
school = tau_u
u, ~ dnorm| — - 25— 5
i Tength (normean) =12 2
, 1,
2{tau u/2+7 > cons” /2
i=1
school = _

= | A University of
BRISTOL



Bruce’s (Demo) algebra system step for parameter u

A
’ : Grli‘n:f;ml-] mul-] tau cons[-] betal standirt]-] betal
S [ length{normexam) \
T Y cc:ms{[i — normexam + [ cons +f3 lstaﬂdh"t;}
i=1
school =
Sampling parameter u= — :
pangp H length{normexam)
. o,
2{tau u/2+71 Y cons” /2
i=1
school =

\ - J

( length(normexam) 3

2

T ¥ cons.
i=1
. tau u school =
= — :
Sampling parameter 7=2 > + 3 |
H L1 ol J ) J d
Bl University of
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Output of generated C++ code

|| http://localhost:8080;run/

wvoid iterate() {
/4 Update tau
{
double sur0=0;
fori{int i=0; i<length(normexam); i++) {
double seld = double(normexsml[int (i)]);
doukle sell = doublefcons[int(i)]):
double selZ = double(standlrt[int(i)]):
double selS = double(school[int (i)]):
double seld = double(ulintiselS)]):
sumb+=pow | [ { (gell-iketal*sell) ) - (betal®*sell) ) -(sell*seld) ), 2);

std:ierl::gamma distribution<doubles ganwa((0.001+(0.5%lengeh (normexan)) ) ;
taw = (1.0 / {0.001000+(sun0/2))) *+ gavma(eng) ;

¥
// Update sigma_u
{

sigma_u = (1/sqrt(tau uj):
H
// Update u
for (int j=0; j<lengthiu); j++i{
{
double sur0=0;
double sunl=0;
for(int id i=0; id i<lengchiidwap school[31); id i++) { int i = idmap_school[3] [id i]:
double seld = doubleicons[int(i)]);
double sell = double(normexam[int(11]);
double sel3 = double(standlrtlint([i)]):
swl+= [5el0% [ (-sell) +(betald®sel0) +(betalvseld) ) ) ;

i

for(int id i=0:; id_i<length{idwap school[3]): id_i++) { int i = icmwap_school[3] [id_il:
double seld = double(cons[int{i)]):
suml+=pov(seld,z) :

std::trl:inormwal distribution<doubler norwal { (- (taw*suwd) /(2% ((tau w/2)+( (taursuwl] /2))) 1), 1/sgre((2%((tau_u/2)+(icaursunl) /2)1)));

u[i] = norwal{eng); J

/¢ Update betal
{

i

double sum0=0;
double sunl=0;
for(int i=0; i<lengch(normexam): i++) {
double sell = double(standlre[inc(i)]); -

The package can output C++ code that can then be taken

iversity of
away by software developers and modified. University o

1 BRISTOL
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Output of generated C++ code

| 1| httpeflacalhost isoaorng

Af Update u
for(int j=0; j<lengthi{u); J++1{
{
double suwl=0;
double suml=0;
for(int id i=0; id i<length{idmwap achool[j]): id i++) | int i = idmap schooll[j][id i]:
double selld = double(cons[inti(il]):
double sell double (normexsa[int (1)]):
double =e=13 double (standlrt[int (i)]):
suwml+=(s22l0* [ [-sell) +ibetal*=el0)] + (betal*sel31) ) :

}

for(int id i=0; id i<lengthiidwap school[3j]); id i++) { int i
double seld = double(cons[int(i)]):
suml+=pow(seld, 2] ;

idmwap school[3][id i]:

std::tril::normal distribution<double> normal( (- (tau*sumd)/ (2% ((tau_ w/2)+{(tau*swnl)/2))))), Ll/=qgrci

u[j] = normal (eng) :

b

/¢ Update betal
{

double sum0=0;
double sunl=0;
for(int i=0; i<lengch(normesxsam 1:od+d) {

double sell = double(standlre[inc(i)]); -

The package can output C++ code that can then be taken B University of
away by software developers and modified. BRISTFOL




Output from the E-STAT engine

@ Mozilla Firefox

Edit View History Bookmarks Tools Help ( \ 9 o

@ 2 C 4y ([ http://localhost:8080/run/ - " )
- s
2! Most Visited | | Getting Started . Latest Headlines =
|| http//localhost:8080/run/ | = = -
WOTT~ onermiy, Tau_us =
# Priors

betad ~ dflat()
betal ~ dflat()

tau ~ dgamma(0.001000, 0.001000)
tau_u ~ dgamma(0.001000, 0.001000)

Nextgen

9', 'chain mean': '0.0967769363047"
15 (01014055192 5) 0.500821923291 (0.105742639423),0.014987478789 (0.0300961900198) ,0.238277488947 (0.120580045668) ,0.538703814083 (0.0902565244227),0.375508744897 (0.085883
0.563530117888"
: 10.00462774525793
*chain_mean': '0. N

o R R
{‘chain':

beciil | ehain s

betad: {'chain_ess

sigmasq: {'chain ess':

01276017292

sigmasq_u
030 18
16
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5020 712
5
£ 015 =%
I T
2 0.10 E 6
0.05 £
2
0.00, 8
01000 2000 3000 4000 5000 $00 0.05 0.10 0.15 0.20 0.25 0.30
10 tored uodate 10 parameter value
08 08
.06 . 06
I}
204 & 04
02 02 J
000364 "6 8 100 20 "% 7 4 6 & 10 1
0.0006 Laa Lag =
0.0005
0.0004 \
w
& 0.0003
0,0002
0.0001
0.00005—35066 40060 60000 80006100000
updates
sigmasq_u ~

Here the six-way plot functionality is in part taken over to
STAT-JR after the model has run. In fact graphs for all
parameters are calculated and stored as picture files so
can be easily viewed quickly.

:-"E

= | A University of
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Output from the E-STAT engine

@) Mosia Firsiox e
File Edit View History Bookmarks Tools Help ( \ 9 )
@ 2 C Y (L] http://localhost:8080/run/ - | (%~ Google Pad
) O
2! Most Visited | | Getting Started . Latest Headlines <
|| http://localhost:8080/run/ [ + = -
WOTT~ onermiy, Tau_us
§ =
# Priors
betad ~ delat()
betal ~ dflat()
tau ~ dgamma(0.001000, 0.001000)
N tau_u ~ dgamma(0.001000, 0.001000)
Nextgen
7769363047"}
3251 (0.10874 2639423) 0014987478789 (0030096100198 ),0.238277488947 (0.120880045668 ),0.538703814083 (0.0902565244227) ,0.375508744897 (0.0gkes3
sigmasq_u

gigmasqg u: {'chain essz': '2300', 'chain se': '0.02Z03053073e73', 'chain mean': "'0.03877&3383047"}

u: {'chain': "0.371851c4Zg54 (0.05%178817e5273),0.455953482015 (0.101405%15276) ,0.500821523259]1 (0.1057428359423),
betal: {'chain ess': "334&8", 'chain ge': "0.0125628012352", 'chain mean': '0.5€35301178838"}

betal: {'chain ess': "270', 'chain se': "0.04085357cd4e7 4%, 'chain mean': '"0_.00482774525753"}

sigmasg: {'chain_ess': '473Z', 'chain _se': '0.0127€01725Ze4', 'chain mean': '0.565334ce0081"}

L 06 . 06
Is]
=£0.4 Zo4
02 02
000364 "6 8 100 20 "% 7 4 6 & 10 1
0.0006 lag 9
0.0005
00004\
w
gouuoa
0.0002
0.0001
0.0000

20000 40000 60000 80000100000
updates

sigmasq_u v

Here the six-way plot functionality is in part taken over to

STAT-JR after the model has run. In fact graphs for all = "7 University of
parameters are calculated and stored as picture files so BRISTOL
can be easily viewed quickly.




Output from the E-STAT engine

, oo
sigmasqg_u B — 9 i N
0.30 : . : 18 — P Q g 4
16
0.25 P:" 14
@ 0.20 w12
LT L
£ 015 S 1{;
= i I
2. 0.10 E B
U 1::5 i i x q 5668),0.538703814083 (0.0902565244227 ),0.375508744897 {0.08]
’ 2
0.00 - - - 9
0 1000 2000 3000 4000 5000 0,00 0,05 0.10 0.15 0.20 0.25 0.30
1.0 Jﬁﬂm_,_ 1.0 Jﬂlﬂtﬂﬂiﬂluﬁ_,_
0.8 1 nglL
L 06 {08l
[ W]
<04 £ 0.4
0.2 | | 0.2r I
0.00~56 "% "60 80 100 120°% 2 4 & 8 10 12
0.0006 lag Lag
00005
00004
Ll
1 0.0003 |
0,000
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00001 - .%
1 L i ':ﬁ' a a
D'Dﬂuﬂﬂ 20000 40000 60000 B0000100000 3 U'I'.! IVE rﬁlty OF
dates 0 BB BRISTOL

can be easily viewed quickly.




Interoperability with WIinBUGS

Stat-JR Demonstrator |

Template: 2L evelvlod Change Dataset: tutorial Change View Surmmary

Configuration
Start again
response:  normesxal m

Level 21D:  school
specify distribution:  Normal
explanatory variahles.  cons standirt
Marne of output results:  out
Is estimation method by MCMC:.  Yes

Choose estimation engine - eSTAT, WinBUGS, MLwiN.  WinBUGS

nurmber of chains: 3
Random Seed. 1
length of burnin: 1000

number of iterations: 5000

thinning: 1

Equation rendering

NOTINEXAL; ~ N(ui\crz)
p; = Bocons; + G standlrt; +w

“schoolf ™ N(0,a3)

“

schoolji

Interoperability in the user interface is obtained via a few extra

inputs. In fact in the template code user written functions are Elic University of
required for all packages apart from WinBUGS. The transfer of BRISTOL
data between packages is however generic.




Interoperability with WIinBUGS

response.  NOMMEXE

Lewvel 210 school

specify distribution:  Mormal

Template: 2L evelvod Change Dataset:

explanatory variables.  consstandit

Configuration

MName of output results:  out

Is estimation method by MCMC: Yes

exp
Narr

seamaan i N100SE StiMation enging - eSTAT, WINBUGS, MLwil,  WinBUGS

Choose estimation engine - eSTAT,

number of chains: 3 E

Fandom Seed 1

n.

length of burmin: 1000 —

Equation rendering

number of iterations: 5000

thinning: 1 —

Interoperability in the user interface is obtained via a few extra

inputs. In fact in the template code user written functions are Elic University of
required for all packages apart from WinBUGS. The transfer of BRISTOL
data between packages is however generic.




Output from WInBUGS with multiple chains

Results

deviance: {'ES3': '13291', 'estimates': '9208.89586667 (11.7932341641)'}
sigwez: ('ESS': '13987', 'estimates': '0.566120252629 [0.0126968961727) '}
sigwe u: ('ESS': '8361', 'estimates': '0.3096992 (0.0318232860972)')
sigme™2_u: {'ESS': '8428', 'estimate: '0.0969255569767 (0.02016268986626) '}
betal: T'ESS': '12400', 'estimates':

0.563208146667 (0.0125507133515) '}
betal: ('ESS': '644', ‘estimates': '0,003407228903 (0.0407757407075) ')
sigma: ('ES5': '13977', 'estimates': '0.75236252 (0.00823478396777) )
beta0
0.20 10
0.15 o 8
= 010 =
2 5 6
@ 0.05 b}
£ el
G 0.00 T 4
g
& —0.05 o
L]
—0.10
-0.15
0 1000 2000 3000 4000 5000 7%‘2&)‘150‘190‘05.000.050.100‘150.20

1.0 1.0 parameter value

0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0.0 0.0

ACF

02020 %0 60 80 10 120 2 2 4 6 8 10 12
0.0025 Laa Lag
0.0020
w 0.0015
&
o
= 0.0010

0.0005

o 00000 500000000B00@EDO0@E00@EIO000

updates

STAT-JR generates appropriate files and then fires up
WinBUGS. Multiple Chains are superimposed in the sixway plot
output.

Bl University of
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Output from WInBUGS with multiple chains

betal
0.20 ' : : : 10
0.15 > 8
= 010 &
% 005 T 6
= =]
s 0.00 T 4
=
& —0.05 =
i 2_
—-0.10
—-0.15 s - L - 3 A
0 1000 2000 3000 4000 5000 —0.280.150.160.09.000.050.100.150.20
1.0 1.0 ___parameter value
0.8 0.8}
0.6 0.6 |
Q 0.4 b 04}
0.2 [ 0.2t
0.0 — oof WO— o
020> 20 60 80 100 120 °%0 2 4 6 8 10 12
0.0025 . —lag : Lag
0.0020 | s
L 0.0015 | —
(Ta]
2
= 0.0010}
0.0005 | % University of
o
0.0000 . ot BRISTOL
’ (g} | =TTl alalalaia=talalatialalalataYalale s Talalalal

outplt.




Multiple Membership Models

« Example is Scottish lip cancer data
* Response is Poisson (number of cases)

« Use as offset expected cases based on population
size, makeup

* One predictor — percaff — percentage in agriculture,
farming, fishing.

« Use the template MultipleMembershipNLev to

allow both own random effect and neighbour
random effects

« Template will allow fitting in STAT-JR  El¥ university of
BRISTOL
engine, WinBUGS or MLwiIN.




Inputs for model

£ Mozilla Firefox

Edit ¥iew History  Bookmarks

I.j http:/ /localhost:8080/run/

Slice Gallery:

Template: MultiplebMembershiphLev Change Dataset: lips Change View Summary

Configuration

response:
Number of Classifications:
Classification 1:

MM IDs:

AN wieights:

specify distribution:

Is there an offset?:

offset:

explanatory variables:

Name of output results:

Start again
obs
1
area

neigh1 neigh2 neigh2 neighd neighS neight neigh? neigh8 neigh9 neigh10 neigh11

weight1 weight2 weight3 weightd weight5 weightt weight7 weight8 weight9 weight10 weight11
Poisson

Yes

offs

cons,perc_aff

out ]

A B University of

A BRISTOL




LaTeX for Model

£ Mozilla Firefox

File® Edit Wiew History  Bookmarks  Tools  Help
> G htt; localhost:8080frun,
< & E i jrunf
P23 rost visited [ Getting Started Latest Hea § Free Hotmai ag wWeb Slice Gallery

I.j http:/ /localhost:8080/run/
L : ~

Equation rendering
obs; ~ Poisson(r;)
In(sr;) = offs; + Bgcons; + 3, perc_aff; + E W Uy
jeneighlp
(2)
TUarean Yneighlp ™ N(0,03%)
2
u(alzea[z'_; ~ N(0,03;)

Bo o<1

B
Tu
o3
Tul

ul

Model

rmodel {
for (i in 1:lengthiobs)) {

o< 1

~ T'(0.001,0.001)
=1/74

~ T'(0.001,0.001)
=1/7un




Model Code

£ Mozilla Firefox

Edit ¥iew History  Bookmarks:  Tools

I.j http:/ /localhost:8080/run/

raodel {
for (i in 1:lengthiocbhs)) {

obs[i] ~

dpoisi(pl[i])

in(p[i]) <-

offs[i] +

cons[i] * betal + perc aff[i] * betal
ulf[areal[i]] * cons[i] =
weightl[i] wan[neighl[i] ]
weight2 [1] wan[neigh2 [1]]
weight3[i] urm[neigh3 [i] ]
weight4[i] waa[neighd4[i] ]
weightS[i] wan[neighS[i]]
weight6[1i] wan[neighe[i] ]
weight7[i] wan[neigh7[i]]
weightS[1i] wan[neighS[1i] ]
weight9[i] wrm[neigh9[i] ]
weightl0[i] * wan[neighlO[i]]
weightl1ll1l[i] * wan[neighll1[i]]

H

for (il in 1:lengthiul)) {
uif[il] ~ dnorm(0, tau ul)

IR T
ERERE BB BE B B B

¥

for (j in 1:length(wan)) {
wra[j] ~ dnorm(0, tau_ u)
H

# Priors
betald ~ dflat()
betal ~ dflat ()

tau_ul ~ dgaraea (0.001000, 0.001000)
sigmaz_ul <- 1 / tau_ul

tau_u ~ dgswaea (0.001000, 0.001000)
Sigmaz_u <- 1/tau_u

Simulate | | Selection | Simulate | Specify starting Values Save imputed every:|

Done

= | A University of
AL BRISTOL




The E-STAT project — still to come

We have lots of work to do:

Parallel processing.
E-books.

Optimising code generation.
Improving algebra system.

Suites of templates for missing data and social
network models.

Interoperability with SAS and hooking up more

templates for other packages.
% University of
BRISTOL



