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Android Development Advanced Use

e Catch up with Lab 1-2

e Add Voice Recognition functionality

o Update Business Logic to use voice
commands

o  Demonstrate updates



Catch up with Lab 1



Q Select a Project Template

; « ;

Phone and Tablet

No Activity Basic Activity Bottom Navigation Activity Empty Activity

« :
-

Creates a new basic activity with the Navigation component

«

Basic Activity

Create new project with Basic Activity



Configure Image Asset
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Change Application Icon



fragment_second.xmi

<l version encoding >
<androidx. constraintlayout.widget.ConstraintLayout xmlns

xmlns:
: layout_width
ayout_height

:context:

<ListView
:layout_width
layout_height

</androidx. constraintlayout.widget.ConstraintLayout>

traintlayout widget.ConstraintLayout © ListV

© WeatherApp

Add ListView to layout

® Default (en-us)

A Split M Desig:




fragment_second.xml 8 |ist_item_forecast.xml
8 Split B Design

© WeatherApp ® Default (en-us)

>
&
&

<?xml version encoding >
<androidx.constraintlayout.widget.ConstraintLayout
xmln :layout_width
: layout_height
<TextView xmlns:
:layout_width
:minHeight
igravity:
1id

: layout_height

</TextView>

</androidx.constraintlayout.widget.ConstraintLayout>

TextView

Add new layout with TextView for list
items

androidx aintlayout.widget.ConstraintLayout




SecondFragment.java

com. example

android.os.Bundle
android.view.LayoutInflater

androidx. fragnent.app. Fragment
rrayAdapter;
android.widget. ListView

SecondF Fragment {

View onCreateView(

ArrayList< >(Arra)
getActivity()

ArrayAdapters

dViewById(R. id.

New business logic / Populate list with mock (fake)
data
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Catch up with Lab 2



nent.java FirstFragn

SecondFragment Fragment {
ArrayAdapter<String>

ride
View onCreateView(
LayoutInflater inflater, ViewGroup container

Bundle savedInstanceState

String[] data = {

List<String> weekForecast = ArrayList (Arrays.asList(data))
= ArrayAdapter< >(getActivity()
R. layout.
R.id.

weekForecast)
View rootView = inflater.inflate(R.layout. container
ListView listView = (ListView) rootView.findViewById(R.id.
listView. setAdapter( )

rootView

Turn Array Adapter should be public to be
amendable



<?xml versi
<menu xmlns
xmlns:
<item 1id
rtitle:
L ] :showAsAction
</menu>
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Add menu option (Update
Forecast)
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condFragment.java

com. example.weatherapp

SecondFragment Fragment {

ArrayAdapter<String>

View onCreateView(
LayoutInflater inflater, ViewGroup container
Bundle savedInstanceState

rride
onCreateOptionsMenu(Menu menu, MenuInflater inflater)
inflater.inflate(R.menu. menu)

@Override

onOptionsItemSelected(MenuItem item) {

id = item.getItemId()
(id R.id.

.onOptionsItemSelected(item)

Update business logic to support new
menu



AndroidManifest.xml
<?xml version
<manifest xmlns:
package
® Lkuses—permission
<application
:allowBackup
ricon
: label
:roundIcon
:supportsRtl
:theme:
<activity
tname
:label
:theme:
<intent-filter>
<action

<category
</intent-filter>
</activity>
</application>

</manifest>

ma

Merged

Add permission for internet in
manifest



condFragment.java FetchWeatherTask.jay

com.example.weatherapp

FetchWeatherTask AsyncTask<String, Void, String[]> {
String etchWeatherTask. .getSimpleName()

String formatHighLows ( high low)

String[] getWeatherDataFromJson(String forecastJsonStr numDays )

JSONException

G‘/\"‘( V'l\j!‘
String[] doInBackground(String... params)

@Override

onPostExecute(String[] result)

Build business logic to fetch and preview
forecast



FetchWeatherT SecondFragment.java

com. examp le.weatherapp

BecondFragment Fragment {

ArrayAdapter<String>

ide

View onCreateView(
LayoutInflater inflater, ViewGroup container
Bundle savedInstanceState

ride
onCreateOptionsMenu(Menu menu, MenuInflater inflater) {
inflater.inflate(R.menu. menu)

onOptionsItemSelected(MenuItem item) {

item.getItemId()
(id == R.id. UL
FetchWeatherTask weatherTask = FetchWeatherTask()

.onOptionsItemSelected(item)

2 Profiler v i Layout Inspector

Build business logic to fetch and preview
forecast
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Add Voice Recognition Functionality



= Code ZHSplit M Design
1 k?xml version encoding

<fenu xmlns:

xmlns:

<item rid

rtitle
:showAsAction

</menu>

Update

We need a new option in the menu to initiate speech
recodnition



Split M Design
<?xml version encoding
<menu xmlns:
xmlns:
<item d
ititle
:showAsAction

<item
Update

L | :showAsAction
</menu> Ask me!

Add new option “Ask
mel”



<?xml version="1.0" encoding="utf-8" 7>

<menu

xmins:android="http://schemas.android.com/apk/res/android"

xmlins:app="http://schemas.android.com/apk/res-auto">

<item android:id="@+id/action_refresh"
android:title="Refresh"
app:showAsAction="never" />

<item android:id="@+id/voice_commands"
android:title="Ask me!"
app:showAsAction="never" />

</menu>



http://schemas.android.com/apk/res/android
http://schemas.android.com/apk/res-auto

dFragment.java

com. examp le.weatherapp

SecondFragment Fragment {
ArrayAdapter<String>
rride
View onCreateView(

LayoutInflater inflater, ViewGroup container
Bundle savedInstanceState

onCreateOptionsMenu(Menu menu, MenuInflater inflater)

onOptiohsItemSelected(MenuItem item) {

id = item.getItemId()

(id R.id. ) {

FetchWeatherTask weatherTask = FetchWeatherTask()
weatherTask. execute( )

.onOptionsItemSelected(item)

We also need to support this option in our
code



ondFragmen

com. example.weatherapp

SecondFragment Fragment {

ArrayAdapter<String>
View onCreateView(

LayoutInflater inflater, ViewGroup container
Bundle savedInstanceState

onCreateOptionsMenu(Menu menu, MenuInflater inflater)

onOptionsItemSelected(MenuItem item) {
id = item.getItemId()
(id == R.id. ) {

FetchWeatherTask weatherTask = FetchWeatherTask()
weatherTask.execute( )

(id == R.id.

.onOptionsItemSelected(item)

We also need to support this option in our
code



SecondFragment.java

SecondFragment Fragment {
ArrayAdapter<String>
ride
View onCreateView(

LayoutInflater inflater, ViewGroup container
Bundle savedInstanceState

onCreateOptionsMenu(Menu menu, MenuInflater inflater

onOptionsItemSelected(MenuItem item) {

item.getItemId()
R.id. ) {
FetchWeatherTask weatherTask = FetchWeatherTask()
)

weatherTask.execute(

(id == R.id.

startSpeechRecognizer()

.onOptionsItemSelected(item)

startSpeechRecognizer() {
REQUEST_SPEECH_RECOGNIZER =
Intent intent = Intent
(RecognizerIntent.
intent.putExtra(RecognizerIntent.
intent.putExtra(RecognizerIntent.
startActivityForResult(intent, REQUEST_SPEECH_RECOGNIZER)

Add new function to initiate speech recognition using
API



@0Override
public boolean onOptionsltemSelected(Menultem item) {
// Handle action bar item clicks here. The action bar will
// automatically handle clicks on the Home/Up button, so long
// as you specify a parent activity in AndroidManifest.xml.
int id = item.getltemlId();
if (id == R.id.action_refresh) {
FetchWeatherForecast weatherTask = new FetchWeatherForecast();
weatherTask.execute("37.98", "23.73");
return true;
}
else if (id == R.id.voice_commands) {
// Start voice recognition
startSpeechRecognizer();
return true;

}

return super.onOptionsltemSelected(item);



private void startSpeechRecognizer() {
int REQUEST_SPEECH_RECOGNIZER = 3000;
Intent intent = new Intent
(Recognizerintent. ACTION_RECOGNIZE_SPEECH);
intent.putExtra(Recognizerintent. EXTRA_LANGUAGE_MODEL, "en-US");
intent.putExtra(Recognizerintent. EXTRA_PROMPT,"City of Interest?");
startActivityForResult(intent, REQUEST_SPEECH_RECOGNIZER);



dFragment.java

SecondFragment Fragment {

ArrayAdapter<Stri
String

ide

View onCreateView(
LayoutInflater inflater, ViewGroup container
Bundle savedInstanceState

onCreateOptionsMenu(Menu menu, MenuInflater inflater

onOptionsItemSelected (MenuItem item)

startSpeechRecognizer(

onActivityResult( requestCode resultCode
Intent data) {
REQUEST_SPEECH_RECOGNIZER =
.onActivityResult(requestCode, resultCode, data)

Log.i( Integer.toString(requestCode))

Log.i( Integer.toString(resultCode))
(requestCode == REQUEST_SPEECH_RECOGNIZER && resultCode == Activity.
ArrayList<String> text = data

.getStringArrayListExtra(RecognizerIntent. )
= text.get(0)
Log.i( text.get(0))
FetchWeatherTask weatherTask = FetchWeatherTask()
city id =
( .toLowerCase())
Log.i( Integer.toString(city_id))
weatherTask.execute(Integer.toString(city_id))

Handle transcription of speech



onActivityResult( requestCode resultCode
Intent data) {
REQUEST_SPEECH_RECOGNIZER
.onActivityResult(requestCode, resultCode, data)
Log.i( Integer.toString(requestCode))
Log.i( Integer.toString(resultCode))
(requestCode == REQUEST_SPEECH_RECOGNIZER && resultCode == Activity.
ArrayList<String> text data
.getStringArrayListExtra(RecognizerIntent.
= text.get(0)
Log.i( text.get(0))
FetchWeatherTask weatherTask = FetchWeatherTask()
city_id =
( .toLowerCase()){

Integer.toString(city_id))
therTask.execute(Integer.toString(city_id))

System. .println(

&& data

=

)

Naive control for voice commands (Support 3

cities)



@Override
public void onActivityResult(int requestCode, int resultCode,
Intent data) {
int REQUEST_SPEECH_RECOGNIZER = 3000;
super.onActivityResult(requestCode, resultCode, data); Log.i("DEMO-REQUESTCODE",
Integer.toString(requestCode)); Log.i("DEMO-RESULTCODE", Integer.toString(resultCode));
if (requestCode == REQUEST_SPEECH_RECOGNIZER && resultCode == Activity. RESULT_OK && data != null){
ArrayList<String> text = data
.getStringArrayListExtra(Recognizerintent. EXTRA_RESULTS);
mAnswer = text.get(0);
Log.i("DEMO-ANSWER", text.get(0));
FetchWeatherForecast weatherTask = new FetchWeatherForecast();
double city_lat = 0;
double city_long =0;
switch (mAnswer.toLowerCase(){

case "athens” : city_lat = 37.98; city_long = 23.73; break;
case "elefsina" : city_lat = 38.04; city_long = 23.54; break;
case "london" : city_lat = 51.51; city_long = 0.13; break;
case "paris" : city_lat = 48.86; city_long = 2.35; break;

case "aBrva" : city_lat = 37.98; city_long = 23.73; break;

case "eheuaiva”  : city_lat = 38.04; city_long = 23.54; break;
case "Aovdivo"  :city_lat = 51.51; city_long = 0.13; break;
case "mapior” : city_lat = 48.86; city_long = 2.35; break;
default : city_lat = 38.04; city_long = 23.54;
}
Log.i("LAT", Double.toString(city_lat));
Log.i("LONG", Double.toString(city_long));
weatherTask.execute(Double.toString(city_lat), Double.toString(city_long));

}

else{
System.out.printin("Recognizer API error");
}
}



import android.content.Intent;

import android.speech.Recognizerintent;
import android.app.Activity;

import android.util.Log;

public static String mAnswer,



String[] deInBackgreund(String... params) {

numbDays =

+params[0]+ +params[1]

Use input params in FetchWeatherForecast Task



String baseUrl = "https://api.openweathermap.org/data/2.5/onecall?units=metric&exclude=minutely,current,alerts,hourly";
baseUrl = baseUrl+"&lat="+params[0]+"&lon="+params[1];



Deploy Application on real device



15:22

2 © il 46 D
< Developer options ® e Select Deployment Target
DEBUGGING Connected Devices
Xiaomi Redmi 5 Plus (Android 8.1.0, API 27)

USB debugging Available Vi i
Debug mode when USB is connected ‘) vallable:VirtualDevices

[@ Nexus 5X API 26 x86
Revoke USB debugging authorisations [ Nexus 6P API 26

[l Nexus 6 API 26
Install via USB © [ Pixel 2 XL API 26
Allow installing apps via USB

[ Pixel API 26

USB debugging (Security
settings)

Allow granting perrr
simulating input via U!

sions and
SB debugging

Bug report shortcut
Sk £

n in the power menu for

Unlock debug mode

_Create New Virtual Device

oGte inspection o

cancel | (TSN
debug app

No debua application set

= o <
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Emulator Pixel

2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13
2020-11-13

3a_API_30.

com.example.weatherapp

2378-2378/com.
2378-2378/com.
2378-2378/com.
2378-2378/com.
2378-3206/com.
2378-2378/com.
2378-2378/com.
2378-2378/com.
2378-2378/com.
2378-3206/com.
2378-2378/com.
2378-2378/com.
2378-2378/com.
2378-2378/com.
2378-3206/com.

example.
example.
example.
example.
example.
example.
example.
example.
example.
example.
example.
example.
example.
example.
example.

weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp
weatherapp

Debug v weatherapp

I/DEMO-REQUESTCODE: 3000
I/DEMO-RESULTCODE: -1

I/DEMO-ANSWER: Temple

I/DEMO-CITY_ID: @

W/Results: [Ljava.lang.String;@f812210
I/DEMO-REQUESTCODE: 3000
I/DEMO-RESULTCODE: -1

I/DEMO-ANSWER: Waterloo
I/DEMO-CITY_ID: ©

W/Results: [Ljava.lang.String;@dd5417a
I/DEMO-REQUESTCODE: 3000
I/DEMO-RESULTCODE: -1

I/DEMO-ANSWER: Wonder

I/DEMO-CITY_ID: @

W/Results: [Ljava.lang.String;@f74ea%94

Logging of interaction through voice
commands

v| Regex

Show on

d application

e




Review of Lab 3 - Android Application

Development
e Catch up with Lab 1-2

e Add Voice Recognition functionality
o Rename Activity
o  Make property publicly available
o  Update Business Logic to use the Asynchronous task - Involve “Ask me!”
Option
o  Demonstrate updates



Aoknoeig peAetng B2



2 Aoknon B2.2
a)

XPNOIYOTTOIWVTAG TIG TTAPAKATW TTPOTACEIS WG (MIKPOOKOTTIKG) CWHA KEINEVWY EKTTAIOEUONG:
<start> he plays football

<start> he plays cricket

<start> she enjoys good football

<start> she plays good music

<start> he prays to god

<start> please buy me the other ball

<start> he pleases the other players by playing good football

EKTIMAOTE TIC TTIBAVOTNTEG P(t14) TTOU Ba eTTEOTPEPE Eva YAWOOIKO POVTEAO DIYPANUATWY PE
eCopdAuvaon Laplace yia k@0e pia atrd T1I¢ dUO TTAPAKATW TTPOTACEIS

t14 :<start> he please god football

t14 : <start> he plays good football

YT1T00€0TE OTI TO AECIAOYIO V TTEPIEXEI OAEG TIG AECEIG TOU CWHATOG KEIMEVWV (EEQIPWVTAG TO
<start>), omrére |V| = 21. A€i&Te AETTTOPEPWG TOUG UTTOAOYIOPOUG 0OG, XWPIG VA EKTEAECETE
TIG TENIKEG ApIOUNTIKES TTPAEEIC.



@)

e P(<start>, he, please, god, football) = P(he | <start>) P(please | he) P(god | please) P(football | god) =
(4+1)/(7+21) (0+1)/(4+21) (0+1)/(1+21) (0+1)/(1+21)

e P(<start>, he, plays, good, football) = P(he | <start>) P(plays | he) P(good | plays) P(football | good) =
(4+1)/(7+21) (2+1)/(4+21) (1+1)/(3+21) (2+1)/(3+21)

2NUEIWON: ZTNV TTPALN ATTOPEUYOULE BIAdOXIKOUG TTOAAATTAQCIACUOUG TTIBAVOTATWY, UTTOAOYI(OUUE
ouvABwG Tov AoyapiBuo TNG TBavoTNTAG uiag akoAoubBiag Aégewv, dnAadr Ba uttoAoyilaue To log
P(<start>, he, please, god, football), avTi Tou P(<start>, he, please, god, football), 0OTTOTE B0 KATAARYAUE OTO
TTOPOKATW ABpoIoua TEOCOAPWY AoyapiBuwy, avTi TOU TTapATTAVW YIVOUEVOU TEOOAPWY TTIBAVOTATWV:
log[(4+1)/(7+21)] + log[(0+1)/(4+21)] + log[(0+1)/(1+21)] + log[(0+1)/(1+21)]



> I

YT1ro0£oTe OTI £vag XproTng Eypaywe oTo TTANKTPOAGYIO TOU KIVATOU TOU TNV TTAPOKATW

akoAouBia AE¢ewv w14: <start> he pls gd ftball

EkTiuAoTE TIG TMBAVOTNTEG P(t14| w14) TWV OUO UTTOBE0EWV (OKOAOUBIWV AECEWV TTOU I0WG

NBEAE va ypawel) t14 TOU OKEAOUG (a), XPNOIKOTTOIWVTAG £va HOVTENO BopuBwdoug KavaAiou

(BA. OXETIKEG DlIAPAVEIEG) KAl TO YAWOOIKO HOVTEAO DIYPAPUATWY TOU OKEAOUG ().

Qewpnate o1 P(w, [t ) = 1/(LD(w, , t, )+1), 6TI0U LD(w, , . ) n améoTaon Levenshtein atmo T Aégn w, otnv 7, .
A€IgTE AETTTOPEPWGS TOUG UTTOAOYIOUOUG OOG, XWPIG va eKTEAETETE TIG TEAIKEG APIBUNTIKES TTPALEIS KAl XWPIG va
UTTOAOYIOETE TIG aTTo0TACEIG Levenshtein.



@)

XpNOIUOTTOIWVTAG TO BOPURBWAES KAVAAI TV dIA@AVEIWY TNG BIAAEENS, EXOUE:

P(t14| w14) = P(t14) P(w14| t14) / P(w14)

MNa t14 = <start> he please god football:

P(t14) = P(<start>, he, please, god, football)

P(w*| 1,%) | P(w,*) = P(<start> he pls gd ftball | <start>, he, please, god, football) / P(w,*)

H mbavértnta P(<start>, he, please, god, football) ekTipdral atmd 10 YAwooikd JovTENO, OTTWG OTO OKEAOG ().
Xpnoiygotrolwvtag TNV Tpooeyyion P(w, |t ) = 1/(LD(w, , t. )*+1) Tng ekpwvnong (BA. kai dlagdveleg), n mbavoTnTa P
(w14| t14) = P(<start> he pls gd ftball | <start>, he, please, god, football) yiveTai:

P(he, he) P(pls, please) P(gd, god) P(ftball, football) =
1/(LD(he, he)+1) 1/(LD(pls, please)+1) 1/(LD(gd, god)+1) 1/(LD(ftball, football)+1)

H mBavoTtnta P(w14) oev xpelddeTal va ekTiunOEi, yiaTi gival idia Kal yia TIg U0 UTTOBECEIG t14 = <start> he please god
football kai t14 = <start> he plays good football.

OuMoiwg ekTIHOUUE TNV TTIBAVOTNTA P(t14| w14) yla TNV uTTdBe0n t14 = <start> he plays good football.

EmAéyoupe TEAIKG TNV uTT6Be0N .* pe To peyaAdTepo P(t, %] w,?).

2nueiwon: Kai TdAI otnv mpdgn 6a uttoAoyilape Tov AoydpiBuo KaBe yivopévou TlavoTATwy, OTToTE Ba KOTAANYAUE
o¢ abpoiouaTta AoyapiOuwy TTOavoTATWYV, avTi yIvOoueva TTIBavoTATWY.



V)

E¢nynoTe avaAuTika TTwg Ba yivoTav n attokwdIKoTToinon ue beam search (dla@Aaveieg

«Beam search decoder»), av 0 xpoTng ypayel ato TTANKTPOASYIO TNV akoAouBia A£¢ewv w14

TOU OKEAOUG (). XpNOILOTTOIOUKE TTAAI TO YAWOOIKO HOVTEAO DIYPAUUATWY AECEWY TOU

OKENOUG (), EKTTAIOEUPEVO OTO PIKPOOKOTTIKO CWHA EKTTAIOEUONG EKEIVOU TOU OKEAOUG, padi

ME TO HoVTEAO BopuBwdoug KavaAliou Tou oKEAOUG (B).

OewpnoTe o1 TO0 TTAEyua (lattice) avadrTnong cival To akdAouBo, dnNAadr TTepIAapPavel 4 KovTIVES (KaTa
améoTaon diI6pOwoNg) UTTOWNRPIEG CWOTEG AEEEIG (TOU AEGIKOU), Yia KABE AEEN w, TTOU £XEI YPAWEI O XPROTNG.
2.€ KABe Bripa Tou beam search, kpatdue Ta b = 2 KAANUTEPA JOVOTTATIA.



a0

w,= ftball



a0

w,= ftball



@)

Mo k=1

<start, he>: P(he|start) P(he|he) = (4+1)/(7+21) 1/(0+1) = 5/28 = 0.179 **

<start, her>: P(her|start) P(he|her) = (0+1)/(7+21) 1/(1+1) = 1/28 1/2 = 0.018
<start, she>: P(she|start) P(he|she) = (2+1)/(7+21) 1/(1+1) = 3/28 1/2 = 0.054 **
<start, here>: P(here|start) P(he|here) = (0+1)/(7+21) 1/(2+1) = 1/28 1/3 = 0.012



a0

w, = he

‘

w,=pls

ComD G >

k=3 k=4
w,=gd w = ftball



@)

MNak=2

<start, he, please>: P(he|start) P(he|he) P(please|he) P(pls|please) = 5/28 (0+1)/(4+21) 1/(3+1) = 0.0018

<start, he, plays>: P(he|start) P(he|he) P(plays|he) P(pls|plays) = 5/28 (2+1)/(4+21) 1/(1+2) = 0.0071 **

<start, he, players>: P(he|start) P(he|he) P(players|he) P(pls|players) = 5/28 (0+1)/(4+21) 1/(4+1) = 0.0014
<start, he, pleases>: P(he|start) P(he|he) P(pleases|he) P(pls|pleases) = 5/28 (1+1)/(4+21) 1/(4+1) = 0.0029 **
<start, she, please>: P(she|start) P(he|she) P(please|she) P(pls|please) = 3/56 (0+1)/(2+21) 1/(3+1) = 0.0006
<start, she, plays>: P(she|start) P(he|she) P(plays|she) P(pls|plays) = 3/56 (1+1)/(2+21) 1/(2+1) = 0.0016

<start, she, players>: P(she|start) P(he|she) P(players|she) P(pls|players) = 3/56 (0+1)/(2+21) 1/(4+1) = 0.0005
<start, she, pleases>: P(she|start) P(he|she) P(pleases|she) P(pls|pleases) = 3/56 (0+1)/(2+21) 1/(4+1) = 0.0005



a0

t,=pleases

t,=football
t,=volleyball
t,=basketball

k=4
w,= ftball



@)

MNak=3

<start, he, plays, god>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(god|plays) P(gd|god) = 0.0071 (0+1)/(3+21)
1/(1+1) = 0.00015 **

<start, he, plays, good>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(good|plays) P(gd|good) = 0.0071
(1+1)/(3+21) 1/(2+1) = 0.0002 **

<start, he, plays, gone>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(gone|plays) P(gd|gone) = 0.0071
(0+1)/(3+21) 1/(4+1) = 0.00006

<start, he, plays, goat>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(goat|plays) P(gd|goat) = 0.0071 (0+1)/(3+21)
1/(4+1) = 0.00006

<start, he, pleases, god>: P(he|start) P(he|he) P(pleases|he) P(pls|pleases) P(god|pleases) P(gd|god)= 0.0029
(0+1)/(1+21) 1/(1+1) = 0.00007

<start, he, pleases, good>: P(he|start) P(he|he) P(pleases|he) P(pls|pleases) P(good|pleases) P(gd|good) = 0.0029
(0+1)/(1+21) 1/(2+1) = 0.00004

<start, he, pleases, gone>: P(he|start) P(he|he) P(pleases|he) P(pls|pleases) P(gone|pleases) P(gd|gone) = 0.0029
(0+1)/(1+21) 1/(4+1) = 0.00003

<start, he, pleases, goat>: P(he|start) P(he|he) P(pleases|he) P(pls|pleases) P(goat|pleases) P(gd|goat) = 0.0029
(0+1)/(1+21) 1/(4+1) = 0.00003



a0

w,= ftball



@)

MNak=3

<start, he, plays, god, football>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(god|plays) P(gd|god) P(football|god)
P(ftball|football) = 0.00015 (0+1)/(1+21) 1/(2+1) = 0.0000023

<start, he, plays, god, ball>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(god|plays) P(gd|god) P(ball|god)
P(ftball|ball)= 0.00015 (0+1)/(1+21) 1/(2+1) = 0.0000023

<start, he, plays, god, volleyball>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(god|plays) P(gd|god)
P(volleyball|god) P(ftball|volleyball)= 0.00015 (0+1)/(1+21) 1/(8+1) = 0.00000076

<start, he, plays, god, basketball>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(god|plays) P(gd|god)
P(basketball|god) P(ftball|basketball)= 0.00015 (0+1)/(1+21) 1/(6+1) = 0.00000097

<start, he, plays, good, football>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(good|plays) P(gd|good)
P(football|good) P(ftball|football)= 0.0002 (2+1)/(3+21) 1/(2+1) = 0.0000083 **

<start, he, plays, good, ball>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(good|plays) P(gd|good) P(ball|good)
P(ftball|ball)= 0.0002 (0+1)/(3+21) 1/(2+1) = 0.0000028

<start, he, plays, good, volleyball>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(good|plays) P(gd|good)
P(volleyball|good) P(ftball|volleyball)= 0.0002 (0+1)/(3+21) 1/(8+1) = 0.00000093

<start, he, plays, good, basketball>: P(he|start) P(he|he) P(plays|he) P(pls|plays) P(good|plays) P(gd|good)
P(basketball|good) P(ftball|basketball)= 0.0002 (0+1)/(3+21) 1/(6+1) = 0.0000012



@)

k=0 k=1 k=2 k=3 k=4
w_ = he w_= pls w,= gd w = ftball



