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UNIT 11l / CHAPTER 01

31T 1: Exceptions 1 k=™

Abnormal Conditions Td Throwable Hierarchy

[ mowoe |
/ \

e ) (o]
L

RuntimeException Checked types J

Figure 1.1: Simplified Throwable hierarchy; Error and RuntimeException branches are unchecked.

1.1 Learning Objectives

Exception @ 31, normal 3fR abrupt execution, Throwable hierarchy, stack trace g2 Exception 3R
Error § 3idR gusiil|

1.2 Exception &1 8?

Exception Qi fAfa &t represent et & == execution @1 normal flow siifda gt WeraT 81 Java &
thrown condition @ Throwable a1 3Teh! subclass & object & ATEAH ¥ represent fhar ST g1 IGTEIT:
zero ¥ integer division, invalid array index 3T file &1 Iueiees 7 gHTI

Exception handling T 3823 & Teid! iU 9l 81 Program 3uged recovery, meaningful error
message 3T failure propagation & HadT g1

1.3 Error & faf9ys oref
Mg ITEoT ggaH
Compilation error Missing semicolon Compiler
Logical error TTetd formula Output checking
Runtime exception Invalid index Execution
java.lang.Error StackOverflowError 79k runtime condition
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“Error” =T 91T # fohddl mistake @1 A4 §; java.lang.Error hierarchy @1 fafe® type g1 aHf ot HE 7
qust|
1.4 Throwable Hierarchy

Throwable & ¥5@ direct branches Error 3R Exception g1 RuntimeException, Exception &t subclass
g1 Checked/unchecked classification hierarchy & 3iTelR W gidt g1

Type et IETEOT

Throwable Thrown objects T root type Base type

Error M serious runtime failures StackOverflowError
Exception Application-level exceptional conditions IOException
RuntimeException Unchecked exception branch NullPointerException

1.5 Exception & fa=iT Recovery

public class UnhandledDemo {
public static void main(String[] args) {
int divisor = 0;
System.out.println(10 / divisor);
System.out.println("This line is not reached");

Integer division ArithmeticException throw &<dt g1 3ifd# line &l Tedtl Uncaught exception current
thread e termination e Ugd Hehdl 1 314 threads &4 U T process dhlcl §iG GIHT ST g |

1.6 Stack Trace

Stack trace failure & call path @t STFRRT Gt 81 3TH exception type, message, methods 3R source
locations e dad §1 Line numbers compilation/debug metadata & AR g1

java.lang.ArithmeticException: / by zero
at UnhandledDemo.main(UnhandledDemo. java:4)

gg illustrative trace §; actual formatting 3R line number environment & IR §&d ohd & | TIG
Tgat exception type Ug, fthe application &' relevant location Sifd|

1.7 Handling <kt 3qT18¥0T

public class BasicExceptionDemo {
public static void main(String[] args) {
int divisor = 0;
try {
System.out.println(10 / divisor);
} catch (ArithmeticException exception) {
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System.out.println("Cannot divide an integer by zero.");

}

System.out.println("Program continues.");

Output:

Cannot divide an integer by zero.
Program continues.

Thrown condition matching catch # handle g8, $8feiT try-catch & aTg execution SR} &I

1.8 Propagation

afe current method suitable catch =gl &, df exception caller &t 3R propagate i<t 1 Call stack &
matching handler @sit SiTdt 81 Unwinding & &R applicable finally blocks &R synchronized
cleanup semantics & gl &1

static int divide(int a, int b) {
return a / b;

b

Caller divide(10,0) & 318 ArithmeticException handle &R ¥adT g1 Method & exception @& handle
AT ST Tal|

1.9 Good Practices

* Expected recoverable conditions &t T8t level B handle &1

* Empty catch & failure silently 7 f&urd|

« Invalid input 3fR programmer bug & 3faR &3 |

* Throwable T Error ! 9= recovery catch & &0 | 3femge = ehs |
* Meaningful messages 3R causes gxfaid |

1.10 Revision Q& 371%TH

Exceptions runtime W occur gidt g1 Checked classification compiler @t catch-or-declare obligation
gdTdl 8; 39T 31 exception compile time W ged! § 7811 Uncaught failure thread-specific g @ehdT g1

3191 Integer division @I handled program s-T¢1 Stack trace # type 3fR source location UgaM |

MCQs: 1. Thrown object root: A. Object only B. Throwable C. Thread D. Runnable 2.
RuntimeException feh&eht subclass? A. Exception B. Error C. String D. Thread 3. Logical error gaem
exception &t 82 A. 8 B. gl C. &had int D. aeT static

3R 1-B, 2-A, 3-B.
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UNIT 11l / CHAPTER 02

3 2: try-catch Td Multiple Catch
Blocks

Matching Handlers Q& Multi-Catch

2.1 Learning Objectives

Try # protected operations, catch matching, catch order, multiple handlers 3fR multi-catch syntax

st
2.2 Basic Syntax

try {
// Operations that may throw

} catch (ExceptionType exception) {
// Handling action

}

Try body # exception 3fTd g 3T a1 statements skip gid &1 Matching catch execute gidt 81 Catch &
a1e try block @8l & resume g1 g1 STl failure g8 ot

2.3 Complete Example

public class CatchFlowDemo {
public static void main(String[] args) {

int divisor = 0;

try {
System.out.println("Before division");
System.out.println(10 / divisor);
System.out.println("After division");

} catch (ArithmeticException exception) {
System.out.println("Division failed");

}
System.out.println("After try-catch");

Output:

Before division
Division failed
After try-catch
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2.4 Multiple Catch Blocks

public class MultipleCatchDemo {
static void process(String text) {
try {
int index = Integer.parselnt(text);
int[] values = {10, 20};
System.out.println(values[index]);
} catch (NumberFormatException exception) {
System.out.println("Enter a valid integer.");
} catch (ArrayIndexOutOfBoundsException exception) {
System.out.println("Index is outside the array.");
}
}
public static void main(String[] args) {
process("abc");
process("5");
process("1");

Output:

Enter a valid integer.
Index is outside the array.
20

Teh thrown exception & fag g9 try & catch chain ¥ gga matching catch =1 Sirar g1 @+ catches Ueh
T g getet |

2.5 Catch Order
Specific exception handlers broader superclass handler & uga ¥|

try {
Integer.parselnt("abc");

} catch (NumberFormatException exception) {
System.out.println("Invalid number");

} catch (RuntimeException exception) {
System.out.println("Other runtime problem");

}

NumberFormatException ggat RuntimeException catch ¥& &+ W subsequent specific catch
unreachable ghft|

2.6 Multi-Catch

Java 7 & T& handler @8 unrelated alternative types handle & TehdT g1
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try {
int[] values = {10, 20};
int index = Integer.parseInt("5");
System.out.println(values[index]);
} catch (NumberFormatException |
ArrayIndexOutOfBoundsException exception) {
System.out.println("Invalid number or index.");

gg multiple separate catch blocks & 31T syntax g1 Same handling logic gt dt duplication &eT St

gl

2.7 Multi-Catch Restrictions

Alternative types # subclass-superclass relationship =gi g @ehdl|

// INVALID alternatives:
// catch (NumberFormatException | RuntimeException e) { }

Multi-catch parameter implicitly final §; 3& =T exception reference assign g & Tehd |

2.8 Catch Parameter T SUANRT

Operation hTH

exception.getMessage() Message, null +ft g Terd! &
exception.toString() Type 3R message representation
exception.printStackTrace() Stack trace output
exception.getCause() Underlying cause, 3¢ 3ueres

User-facing output & implementation details d+t fd@m sie Sualift g1 Development & faig
meaningful trace/logging &
2.9 Checked Handler &Y Reachability

Compiler checked exception catches & faT analysis &RaT g1 84T checked type catch &=AT St try body
¥ 79 8!, compilation error gt @ehdT §; Exception/Throwable catches @& fagis language rules +ft €1

34 “&1g ot catch gl oft fog gapd € 7 9ws|

2.10 Common Mistakes

Tt qug
Broad catch ugat Specific catch unreachable
Empty catch Failure silently hidden
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Tt g

Related multi-catch alternatives Compilation error

Catch &Y retry dT-T Failed statement 3= 39 GIERT 8l derdt
g¥ failure X generic success print TTeTd application behavior

2.11 31391 Td MCQs

31\gr: Number parsing 3R array indexing @& felg 31T catches fed| fthe same handling &t multi-
catch & sgd|

1. Same thrown exception & felg matching catch count: A. g+t B. ggelm matching C. gR2m & D. &l

el
2. Specific catch @1 sH: A. Broad & a1 B. Broad ¥ Ugat C. &g Mg\ T&l D. ad finally &
3. Multi-catch alternatives related g: A. Valid B. Invalid C. Required D. Always runtime error

3R 1-B, 2-B, 3-B.
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UNIT 11l / CHAPTER 03

314 3: Nested try, throw, throws Td
finally

Propagation 3fR Cleanup

3.1 Nested try
Teh try & Hiar g try g, dt inner 3R outer handlers 3fefT levels TR exceptions handle &R ed 8l

public class NestedTryDemo {
public static void main(String[] args) {
try {
try {
Integer.parselnt("abc");
} catch (NumberFormatException exception) {
System.out.println("Inner handler");
b
int[] values = {10};
System.out.println(values[2]);
} catch (ArrayIndexOutOfBoundsException exception) {
System.out.println("Outer handler");
}

Output: Inner handler, f Outer handler Inner failure handle g 5= & aTg outer try & 3fTet
statements Ted &1

3.2 throw Keyword

Throw actual Throwable object @I exceptional control flow & H<TarT 81

static void validateAge(int age) {
if (age < 18) {
throw new IllegalArgumentException("Minimum age is 18.");

}

gg condition true g R AT exception throw &RdT g1 Throw & a1g 3t normal path & statements

execute gl gid|

3.3 throws Clause

Throws method/constructor declaration & ¥™1a exception types adardt 81 Checked exception &

fag catch-or-declare obligation caller d@& propagate g TehdT 8l

Concepts ¢ Programs ¢ Practice
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static void pause() throws InterruptedException {
Thread.sleep(10);
}

Throws @ & exception 3= 34 throw a1 handle 78 gidtl Unchecked types declare @=AT optional
gl

3.4 throw &91° throws

SITYR throw throws
LIC] Body # statement Method declaration
AT 3T 82 Exception object/expression Exception type list
&t greada # throw TRIEAT/contract declare
EERUY throw new I0Exception() throws IOException
3.5 finally Block

Finally normal completion 3fR exception-related abrupt completion & R cleanup & Tehd! gl

public class FinallyDemo {
public static void main(String[] args) {

int divisor = 0;

try {
System.out.println("Try begins");
System.out.println(10 / divisor);

} catch (ArithmeticException exception) {
System.out.println("Catch executes");

} finally {
System.out.println("Finally executes");

}

System.out.println("After try statement");

Output: Try begins; Catch executes; Finally executes; After try statement!|

3.6 Finally &Y Hfi=mg

“Finally g aRfefa # sraea gerd! 8" qoid: @gt gl &1 Process/JVM termination, abrupt external kill a1
execution & finally e 7 aga-1 St conditions 38 ek Tehd! &1 System.exit & aTe ordinary pending
finally blocks 9= =€ 1 |
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3.7 Return 3iR finally

static int value() {
try {
return 10;
} finally {
System.out.println("Cleanup");
}

Return expression evaluate gidl g, finally execute gidt g, ftht method result &t g afg finally normally
complete &

Finally & return a1 14T throw prior return/exception @ replace &R dadT g1 34faiT finally 9 return
AT I WRIG practice g

// Avoid this design:
// try { return 10; } finally { return 20; }

39 case ¥ result 20 gFT 3R earlier return g STt &1

3.8 try-finally 3R try-with-resources

Ordinary try @t catch, finally ar a1 @1f@q| Try-with-resources & resource header 3fR appropriate
AutoCloseable resource & &1Y catch/finally optional g ded &1

import java.io.StringReader;
public class ResourceDemo {
public static void main(String[] args) throws Exception {
try (StringReader reader = new StringReader("Java")) {
System.out.println((char) reader.read());

}

Output: ]I AutoCloseable resources scope ¥ATE 814 W close gidT g1 Multiple resources reverse
declaration order & close gt €1 Body 3fR close i throw &, df close exception suppressed gt
el &

3.9 Revision Td 3119

Throw object |STdT §; throws types declare &t &1 Finally cleanup & faiT 8, failure f&um & fag 78
Resource management # try-with-resources 3ualii g1

313TE: Age validation exception catch @31 Nested try example s=1841 Return/finally flow SHgET|

MCQs: 1. Actual exception throw: A. throws B. throw C. finally D. import 2. Declaration clause: A.
throws B. throw C. catch only D. new 3. Finally & return: A. Earlier return override & ddhdil & B.
gA2m invalid C. &Y 781 It D. Thread sAT &

3R 1-B, 2-A, 3-A.
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UNIT IIl / CHAPTER 04

3191 4: Built-In, Checked wa Unchecked
Exceptions

Classification 3R Catch-or-Declare Rule

4.1 Learning Objectives

Hierarchy & exception category ggail Checked compile-time obligations 3R runtime occurrence
& ol SR WE HA|

4.2 Checked Exceptions

Throwable hierarchy & RuntimeException 3k 3l subclasses aaT Error 3R 39! subclasses @t
Bisa aThI exception types checked classification & 3frdl 81 Common examples IOException 3R
InterruptedException g|

Compiler ¥=7d checked exception @ suitable catch a1 method throws clause & account &= &t AT
&l &1 Checked exception runtime WR occur gid! &; checking obligation compile time W @] gt &1

4.3 Unchecked Exceptions

RuntimeException branch 3R Error branch unchecked g1 =8 catch a1 declare &A1 compile-time
requirement &l g1 Appropriate handling a1 prevention fthR i} ira<aes g Gepd! 8l

4.4 yq4d Built-In Types

Type Category T hIRUT

ArithmeticException Unchecked Integer zero divisor
NullPointerException Unchecked Null =R instance operation
ArrayIndexOutOfBoundsException Unchecked Invalid array index
NumberFormatException Unchecked Invalid numerical text
ClassCastException Unchecked Incompatible runtime cast
IllegalArgumentException Unchecked Invalid argument

IOException Checked I/0O failure
FileNotFoundException Checked File opening condition
InterruptedException Checked Interruptible waiting interrupted
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Type Category YT hIROT

StackOverflowError Unchecked Error 3raafdieh recursive stack use

4.5 Integer 3iR Floating Division

int divisor = 0;

// 10 / divisor throws ArithmeticException
System.out.println(10.0 / 0.0); // Infinity
System.out.println(0.0 / 0.0); // NaN

Floating division by zero integer division ST exception behavior gl |
4.6 Checked Exception &1 Complete Example

import java.io.IOException;

public class CheckedDemo {
static void load(boolean available) throws IOException {
if (lavailable) {
throw new IOException("Data is unavailable");

}
System.out.println("Data loaded");
}
public static void main(String[] args) {
try {
load(false);
} catch (IOException exception) {
System.out.println(exception.getMessage());
}
}

Output: Data is unavailablel Throws declaration caller &t obligation ¥IE ! g1

4.7 Prevention ¥4 Handling

Array bounds validate &=AT 3/eRR exception-driven normal control flow ¥ sgar g1 Null contract 3R
argument validation API behavior T® &%d g1 File operations # pre-check &=+ & dTg *ff environment
gcl 9ohdT 8, 3AAIT actual operation &t IOException handle -t U8 dahd g1

4.8 Overriding 3R Checked Exceptions

Overriding method superclass method & broader new checked exception declare gl & Tehdl|
Same a1 narrower allowed checked types declare & St &, aT checked exception BIg Ted! 8l
Unchecked exception declarations W dgl widening restriction gl @l
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4.9 Comparison

SR Checked Unchecked

Compiler catch-or-declare gl, applicable analysis Tar

Runtime occurrence &l 8f

Example IOException NumberFormatException
gHeM recoverable? Bl BGl

gHe programmer bug? T8l Tl

Category &ad recovery likelihood & a7 =gl gid; type hierarchy fHuifa® g1

4.10 Revision Td 31

Exception superclass checked g, @fdh9 RuntimeException unchecked branch g1 Catch(Exception)
Error branch @t gl gt Application @t every Throwable blindly recover 78! AT 918l

SIWTH: Ui built-in exceptions @t conditions fed | CheckedDemo & catch gere throws declaration

T YT THS |

MCQs: 1. Checked type: A. IOException B. NullPointerException C. NumberFormatException D.
ArithmeticException 2. Error branch: A. Checked B. Unchecked C. String D. Runnable 3. Checked
exception occur gidt &: A. dhaa compile time B. Runtime W C. &ad import & D. &ad JAR SH1d 99

3R 1-A, 2-B, 3-B.
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UNIT 11l / CHAPTER 05

g™ 5: Custom Exception Classes

Domain-Specific Failures

5.1 Custom Exception <RIT g?

Application & specific failure @I meaningful type &= & fag programmer custom exception &1
gahdT g1 Example: InvalidMarksException, InsufficientBalanceException a1 AdmissionException|

Checked custom type |MT=Id: Exception extend @l 81 Unchecked custom type RuntimeException
extend @ Thdt &1 Choice API contract 3R failure handling design & S aR 3|

5.2 Checked Custom Exception

class InvalidMarksException extends Exception {
private static final long serialVersionUID = 1L;
InvalidMarksException(String message) {
super(message) ;
}
}
public class CustomExceptionDemo {
static void validate(int marks) throws InvalidMarksException {
if (marks < 0 || marks > 100) {
throw new InvalidMarksException("Marks must be 0-100.");

}
System.out.println("Valid marks: " + marks);
}
public static void main(String[] args) {
try {
validate(120);
} catch (InvalidMarksException exception) {
System.out.println(exception.getMessage());
}
}

Output: Marks must be 0-1001 SerialVersionUID serialization-related identifier &; basic handling
1 keyword T&i|

5.3 Constructors 3R Message

Superclass constructor @ message 3% @ getMessage() meaningful information aerdt g1 Cause

preserve & & g

class DataloadException extends Exception {
private static final long serialVersionUID = 1L;
DatalLoadException(String message, Throwable cause) {
super(message, cause);

}
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Wrapping @d 53 original cause sa™T debugging & Gg/—IdT &edT 8l
5.4 Unchecked Custom Exception

class InvalidAgeException extends RuntimeException {
private static final long serialVersionUID = 1L;
InvalidAgeException(String message) {
super(message) ;

}

g9 type & faIT catch-or-declare compile-time obligation T&f &1 eI 31 failure ignore T UG &
T8

5.5 Custom Type &hd SUTNT & ?

W19 caller &t specific domain condition TgaTeR 3T response AT &1, custom type ITARf g1 T
invalid argument & fog existing IllegalArgumentException Taftd g dehdt g1 g ®I¢l condition & faig
T exception class ST TEh gl |

5.6 Exception Propagation 3R Recovery

Validation method throw @t §; UI layer user & correction AT @ehd! 8; business layer transaction
abort & ¥t g1 Handling responsibility @&t abstraction level & 3@ 1 Exception message 3R
success message i 37T behavior & %9 # design &1 |

5.7 Bank Example a1 Method Fragment

static void withdraw(double balance, double amount)
throws InsufficientBalanceException {
if (amount > balance) {
throw new InsufficientBalanceException("Insufficient balance");

}

g fragment & faT InsufficientBalanceException class 3/eRT declare &=t giift| Full application &
negative amounts, representation 3R state update +ff design @<= gitt| Fragment @& balance
update gl &dT!

5.8 Good Practices

* Exception name failure condition Id1q|

* Useful message g; sensitive data 3MTade 7 &Tci |

» Cause @I 94T generic message 7 thah |

« Exceptions normal successful iteration @ fdeed -5 &1

* Unchecked choice &aa compiler obligation @M & foig 7 &3 |
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5.9 Quick Revision Td 31319

Exception extend @<+ W generally checked custom type; RuntimeException extend &=4 &
unchecked typel Super(message) message initialize @=d1 &1 Throw 3fR throws I required roles
AT

319: InvalidAgeException 3R InsufficientBalanceException 9131 Valid 92T invalid paths &=t a1
output fG@g|

MCQs: 1. Checked custom base: A. Exception B. Thread C. String D. Runnable 2. Message
constructor call: A. super(message) B. import(message) C. throws(message) D. final(message) 3.
RuntimeException subclass: A. Unchecked B. Checked g#2m C. Interface D. Error &t direct subclass

IR 1-A, 2-A, 3-A.
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UNIT IIl / CHAPTER 06

3™ 6: Java Thread Model Ta Main
Thread

Concurrency, Processes 3ilk Threads

6.1 Thread =1 8?

Thread program @& execution @l e A g1 Process # 3 threads & @erd! g1 Threads heap 3R
process resources dTT &R Tdhel &, AAfchd U hi execution stack dUT program-counter state 3T

il 81

6.2 Process &1 Thread

SR Process Thread

fAhr Running application environment Execution path

Address space T 3¢l process space Process & fidR shared

Communication IPC afq Shared objects 3R coordination

Failure impact Process-specific Shared application state ufad g Gepd! &

Thread ad “®feT program” gl g; shared state & &RUT concurrency design a3 ¢!

6.3 Concurrency 3R Parallelism

Concurrency # tasks progress overlap @ Tl a1 Parallelism # tasks ardd & Yo GHT TR 3T
execution resources @R Fadt g1 Single-core system scheduling & concurrent progress & 9dT g;
true CPU parallelism & foig 3ugad hardware a1fggl

6.4 Java Thread Model

g9 Y& H conventional platform Thread objects 3R monitors &I 3ual 81 Thread class control
methods 3t 8; Runnable task contract adt g1 Newer virtual-thread APIs g basic unit & examples
H IUANT Tl Y TS 2

Thread lifecycle 3R scheduling JVM @21 underlying system & Sisif&id 81 Program @t arbitrary
execution order TR AR 7g eeAr =nfgul

6.5 Main Thread

Traditional launcher main method @ initial application thread R IaTdT g, [SI=IehT A8 FHMIG: main
gid1 g1 7 fixed language guarantee 78}, code name d&d TehdT 8|

Concepts ¢ Programs ¢ Practice
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public class MainThreadDemo {
public static void main(String[] args) {
Thread current = Thread.currentThread();
System.out.println("Name: " + current.getName());
System.out.println("Priority: " + current.getPriority());
System.out.println("State: " + current.getState());

Typical output:

Name: main
Priority: 5
State: RUNNABLE

Current executing thread RUNNABLE classification & gIdt 81 Priority/default inheritance
configuration & 3 HR §&d Hehdl! g

6.6 ¥qE Methods
Thread.currentThread() Current Thread reference
getName()/setName() Name YUe-T/dgerT
start() New execution schedule &1
run() Task body
join() Target termination &t wdfter
sleep() Current thread @I timed sleep
interrupt() Interruption request
isAlive() Started but not terminated?

6.7 User 3R Daemon Threads

Platform-thread model & daemon status JVM termination behavior & Tsfdd g1 Non-daemon
threads AT 814 TR JVM daemon work & OT 81 &l guarantee Jal adtl Important data saving & feig
daemon thread completion ®R ¥R 93§ 1 Daemon flag thread start g9 & Ugat set &A1 AT

6.8 Shared State

&l threads af¢ shared counter update @&, dt unsynchronized increment # lost updates g Gt g1
Local variables 37efiT stacks ® 8T shared referenced object @t 3799 319 thread-safe g a-aTI
Synchronization chapter Y GUWT T JHTETE T &1
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6.9 Revision T4 319gTH

Threads share heap, individual stacks ¥&dt €1 Scheduling order guaranteed =81 &1 Main thread 3R
worker threads application design # §gaiT &l g1 Sleep thread creation T8l g1

313mE: Current thread 3t details print &1 Concurrency 3R parallelism @ 3faR 3aTeR0T Afgd feid|

MCQs: 1. Current thread reference: A. currentThread() B. newCurrent() C. mainThread() D. run()
2. Threads 9M™=Ia: oIT share @<l 82 A. Heap B. T &f stack a1 C. e PC g821 D. Local primitive
variables 881 3. Concurrency @7 3¢ gH2I parallel CPU execution? A. gf B. gl C. &ad Java & gf D.
hael main

3R 1-A, 2-A, 3-B.
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UNIT 11l / CHAPTER 07

e 7: Threads &1

Extending Thread Ta Implementing Runnable

7.1 Learning Objectives

Thread subclass 3R Runnable task @ execution & &A1 | Start/run & 3R, join 3R uncaught

failures @l gHEIN|

7.2 Thread Class Extend &A1

class Worker extends Thread {
Worker(String name) {
super(name) ;
)
@Override
public void run() {
System.out.println("Worker:

+ getName());

)
}
public class ThreadSubclassDemo {
public static void main(String[] args) throws InterruptedException {
Worker worker = new Worker("Worker-1");
worker.start();
worker.join();
System.out.println("Main finished");

Output:

Worker: Worker-1
Main finished

Join @& %RUT main & 3ifad line worker termination & 1< &1
7.3 Runnable Implement &1

class Task implements Runnable {
@Override
public void run() {
System.out.println("Task thread: "
+ Thread.currentThread().getName());
)
)
public class RunnableDemo {
public static void main(String[] args) throws InterruptedException {
Thread worker = new Thread(new Task(), "Task-1");
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worker.start();
worker.join();
System.out.println("Done");

Output: Task thread: Task-1; Donel Runnable separation & task 3k execution control 31T 8d &1
Class fergt 3= superclass @t extend @&vd §¢ Runnable implement &R Hehd &1

7.4 start() 9919 run()

Method HAgR

start() New thread execution schedule; JVM run call @<l &

run() directly Ordinary method call; current thread execute @t §

Thread worker = new Thread(() ->
System.out.println(Thread.currentThread().getName()));
worker.run(); // Current calling thread

Lambda syntax Runnable task @T concise ®9 g Direct run I3 a1 execution thread g =T |

7.5 Thread Restart =g} gidt

Thread object @ Shad ek IR start & Tehd &1 Termination & 15 39T object UR e start
IllegalThreadStateException & Hehd! &1 GERT execution @1fgg dt a1 Thread 18T

7.6 gt Threads @1 Example

public class TwoThreadsDemo {
public static void main(String[] args) throws InterruptedException {
Runnable task = () -> {
for (int i =1; i <= 3; i++) {
System.out.println(Thread.currentThread().getName()
+ " "+ 1)
h
Ii8
Thread first = new Thread(task, "A");
Thread second = new Thread(task, "B");
first.start();
second.start();
first.join();
second.join();
System.out.println("Both finished");

Qeh possible output:
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W > W > w >
W NN PP

3
Both finished

A/B lines @ interleaving sI&eT ¥ehdT 81 U thread 370+t loop & 1,2,3 sH T@dT g1 Both finished gt
joins & 915 g1

7.7 join 3iR Failure Propagation

Join target thread <t termination &t Udter st €; I8 worker &t thrown exception @t automatically
caller & rethrow 7181 &l UncaughtExceptionHandler a1 task-result abstractions & worker failures
report ST Gehdl 8l

7.8 Comparison

SR Thread subclass Runnable

Declaration extends Thread implements Runnable
Other superclass BIBEE GECH

Task/control separation ) wE

Execution object.start() new Thread(task).start()

7.9 Revision T4 3190TH

Run task body g1 Start concurrent execution % &t g1 Join completion wait g, cancellation =&l
Worker failure main try-catch # ahad start/join & STHUT ¥&@ & automatically catch =g gidi|

319q1Y: gt threads even 3R odd numbers print &2 Join & &g completion message 2|

MCQs: 1. New execution & @t &: A. run directly B. start C. getName D. sleep 2. Thread object
restart: A. A1 B. permitted =gl C. aet daemon D. priority 10 @R 3. Join a1 &l 82 A. Target
termination wait B. gt threads merge C. Exception g&2r rethrow D. Force stop

3R 1-B, 2-B, 3-A.
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UNIT IIl / CHAPTER 08

314 8: Thread Life Cycle ©d Priorities

States, sleep, yield Td Scheduling

start finish
[ NEW RUNNABLE TERMINATED ]

[ BLOCKED ] [ WAITING ] [ TIMED_WAITING ]

Figure 8.1: Selected lifecycle transitions. Waiting states return toward RUNNABLE; no separate RUNNING
enum.

8.1 Thread States

Java Thread.State # ©g values g1 Textbook “running” @' 3T conceptual stage T Tahdt &, ifch
Java enum & 31eT RUNNING state 78! &1

State aref

NEW Thread s+, start =&l

RUNNABLE JVM # runnable/executing; OS scheduling T gdeTR +ft 9@
BLOCKED Intrinsic monitor lock acquire = &t Udter

WAITING Untimed wait/join S waiting

TIMED_WAITING Sleep/timed wait/join i€t waiting

TERMINATED Run AT a1 uncaught failure ¥ AT

State snapshot &d Tehd! g1 getState() coordination protocol T faehed T8l g1
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8.2 Deterministic State Example

public class ThreadStateDemo {
public static void main(String[] args) throws InterruptedException {
Thread worker = new Thread(() -> { });
System.out.println(worker.getState());
worker.start();
worker.join();
System.out.println(worker.getState());

Output: NEW 3R TERMINATED| Start & gid aTg state print @<= &R result scheduling W AR g
8.3 sleep()

Thread.sleep(100);

Current thread timed sleep @xd! 81 Time millisecond request §; exact wake-up instant timers/
scheduler X %R g1 Sleep held monitors @t release gl el

Sleep @ shared-memory visibility a1 g&R task & completion T gATOT 9 7141 Completion & fag join ar
appropriate coordination IudNT &< |

8.4 yield()

Thread.yield() scheduler @t hint &t g f current thread processor use 8t @l willing g1 Scheduler
hint ignore @ Tehdr g1 Yield guaranteed context switch, fairness a1 synchronization &l g1

8.5 Thread Priorities

Platform Thread priority constants:

Constant Value

MIN_PRIORITY 1
NORM_PRIORITY 5
MAX_PRIORITY 10

Priority integer range # g+ @fgq| Effective scheduling system 3R thread-group limits @ AR gt
ekl 81 Higher priority Uget completion &t guarantee &l it
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8.6 Priority Example

public class PriorityDemo {
public static void main(String[] args) throws InterruptedException {
Thread worker = new Thread(() ->
System.out.println("Worker executed"));
worker.setPriority(Thread.NORM PRIORITY);
System.out.println("Configured priority: " + worker.getPriority());
worker.start();
worker.join();

Typical output: Configured priority: 5; Worker executed| Ig example priority & @Rl ordering
grfad gl ear; first line start @ Ugat g1

8.7 Waiting, Blocked 3Rk Sleeping

Intrinsic lock acquisition @ faig BLOCKED g1 Object.wait() condition notification @t udterm 3t g1
Sleep timed delay g1 @t blocking mechanisms Thread.State.BLOCKED gt fa@rd, ag @gt =ig}, library
coordination mechanisms 3eTTT states IUANT & Thd ¢ |

8.8 Interruption

Interrupt request thread @ cooperate @<+ ol Tichd g Sleep/wait/join InterruptedException throw
P Gohdll § 3TR interrupt status clear giar 81 IsInterrupted() status ggdt §; Thread.interrupted()
current thread T status T@aR clear &l gl

8.9 Revision Td 3191

No separate RUNNING enumi Priority order guarantee gl Sleep monitor release gl el
GetState snapshot g1 Terminated Thread ftix NEW gl gt

31T Start ¥ Uget 3fR join & &1g state print @21 Priority constants display @< Sleep 3R wait <t
ot ferd |
MCQs: 1. Thread.State & @i 9817 A. NEW B. RUNNING C. WAITING D. TERMINATED 2. sleep held

monitor Bisdr 82 A. 8f B. TaI C. 8931 31g D. Priority R 3R 3. Higher priority g finish guarantee?
A. 8 B. 78l C. &hael 10 TR D. 2T Linux &R

3<% 1-B, 2-B, 3-B.
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UNIT IIl / CHAPTER 09

3™ 9: Synchronization Td Race
Conditions

Mutual Exclusion, Visibility @d Locks

9.1 Race Condition

Shared state @ operations @T outcome uncontrolled interleaving @ AR &, @l race condition gar &t
gahdt g1 Counter++ read, add 3fR write @T compound operation §; I8 ordinary variable @ atomic

el 8l
g3 & threads value 5 U iR g1 6 fd, @ & increments & a8 expected 7 & @IF W 6 et TehdT &1 50
lost update @gd &!

9.2 synchronized Keyword

Synchronized block a method intrinsic monitor lock T ITART &=t §1 Teh monitor i Teh T UR Uh
thread own @R ehd! 81 Same lock ™ mutually exclusive operations shared invariant gfeérd 3@ ehd

gl

synchronized (lock) {
// Critical section

}

Lock non-null object g1 @1f@q1 Null monitor expression NullPointerException T 8l

9.3 Instance 31X Static Lock

IIHHHHiiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHHiHHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

synchronized instance method this object monitor
static synchronized method Declaring Class object monitor
synchronized(lock) block faq object &1 monitor

&I 31efiT Counter instances @& synchronized methods STHRIG: 3@ locks &d &1 dhael synchronized
keyword e & g+ objects globally serialize &l g1d|
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9.4 Complete Counter Program

class Counter {
private int value;
synchronized void increment() {
value++;
b
synchronized int getValue() {
return value;
b
}
public class SynchronizedCounterDemo {
public static void main(String[] args) throws InterruptedException {
Counter counter = new Counter();
Runnable task = () -> {
for (int i = 0; i < 10000; i++) {
counter.increment();
}
I
Thread first = new Thread(task);
Thread second = new Thread(task);
first.start();
second.start();
first.join();
second.join();
System.out.println(counter.getValue());

Output: 200001 g4 threads T Counter 3R T monitor IT&T &t &1 Joins completion gAfAd Fed
gl
9.5 Visibility 3k Happens-Before

Synchronization &ae mutual exclusion T&l; memory visibility # +t ¥ffrept T@dt 1 Monitor unlock &1
subsequent same-monitor lock & happens-before Ti&e giar 81 Thread start 3R successful join
completion & ft visibility guarantees g1

Sleep @I IUINT memory barrier & fdsed & w9 # g1 ® | Shared updates T correctness proper
synchronization mechanism ¥ a& &<|

9.6 volatile T 3R

Volatile variable reads/writes visibility 3fR ordering guarantees adt g1 @fh volatile int & counter+
+ atomic compound operation =gl S|

private volatile boolean stopRequested;

Simple cooperative flag & el Iualt gF Wepar 1 Compound invariant & @ lock T suitable atomic
abstraction =fgul
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9.7 Reentrancy

Intrinsic monitors reentrant &: thread fS/= monitor &' own &t 8, 38 nested synchronized
operation # ftht acquire @ Terd! 81 I8 WA ¥ lock = IR automatic deadlock dT §; multiple-lock
cycles R off deadlock TgT &R Gahdlt &

9.8 Deadlock

Thread A lock1 @@= lock2 & Udter &, 3R B lock2 @z lock1 &Y Udterm &, dt circular wait gt Ichd! gl
Consistent lock acquisition order deadlock risk Ge™ &l THE A< &

g9 & H SIFegie indefinitely hanging deadlock program execute T&f fasar mar &1 Concept lock
relationships ¥ @58t 3k bounded diagnostics IudT &1 |

9.9 Good Practices

« Related shared operations @& feIg same lock 1

« Critical sections ol 3Tadeh HHT deh G |

« Unknown callbacks 3T slow operations lock & iR draemt & &<

* Thread.sleep lock =gl &t

« Exception & synchronized block 8tg+ 4 monitor automatically release g1 81

9.10 Revision Td 371919

Synchronized protection a Tt ST competing accesses same protocol follow @< Different
locks same state &t mutual exclusion g 2d1 Volatile increment atomic 78l g1

31319: Shared counter synchronized 3R unsynchronized versions geT @21 Unsynchronized
failure g% run & 3Masgss &l

MCQs: 1. Instance synchronized lock: A. this B. 821 Class C. Thread name D. Package 2. Volatile
counter++ atomic? A. 8f B. gl C. &hdd int D. ad priority 10 3. Same monitor ownership: A. G T7d
TR U thread B. @t C. g} gA2m D. unlimited

3R 1-A, 2-B, 3-A.
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UNIT IIl / CHAPTER 10

e 10: Inter-Thread Communication

wait(), notify() @& notifyAll()

10.1 Learning Objectives

Condition-based waiting, monitor ownership, wait sets 3R producer-consumer coordination
gasi | Notifications @t condition predicates T T TWE & |

10.2 Object Methods

Wait, notify 3R notifyAll Object dr methods g1 Calling thread @t €&ferd object &I monitor own AT
T1fey; 3r=er IllegalMonitorStateException g dedl 8l

Method SRt

wait() Object wait set & wait; 38 monitor @t release
wait(timeout) Time-bounded wait request

notify() Teh waiting thread g notify

notifyAll() g+t wait-set threads notify

Notify & &g waiting thread gid execute T lock own gl & ddt| 38 notifier & monitor BYg+ & 915
lock reacquire @<-T UgdT 8l

10.3 while & Condition Check

synchronized (lock) {
while (!condition) {
lock.wait();

}

// Condition-dependent action

Spurious wakeups @#d g1 Notification & &g &Rt thread condition S Hehd! 81 gEfaT if & Swirg
while & predicate g&RT S|

10.4 wait 3R sleep T iR

SR wait sleep
Declaring type Object Thread
Monitor ownership Required Required 7&f
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SITER wait sleep

Lock release Hefad object T monitor Held monitors &t
Purpose Condition coordination Timed delay

Wake reasons Notification, interruption, timeout/spurious Timer/interruption

Wait shaet 34T object @1 monitor release &<t g; thread & 31 held monitors &l
10.5 Single-Slot Producer-Consumer

class Slot {
private int value;
private boolean full;

synchronized void put(int newValue) throws InterruptedException {
while (full) {
wait();
}
value = newValue;
full = true;
notifyAll();
}

synchronized int take() throws InterruptedException {
while (!full) {
wait();
}
int result = value;
full = false;
notifyAll();
return result;

}

public class ProducerConsumerDemo {
public static void main(String[] args) throws InterruptedException {
Slot slot = new Slot();
Thread producer = new Thread(() -> {
try {
for (int i = 1; i <= 3; i++) {
slot.put(i);
)
} catch (InterruptedException exception) {
Thread.currentThread().interrupt();
3
}, "Producer");
Thread consumer = new Thread(() -> {
try {
for (int i = 1; i <= 3; i++) {
System.out.println("Consumed: " + slot.take());
)
} catch (InterruptedException exception) {
Thread.currentThread().interrupt();
3
}, "Consumer");
producer.start();
consumer.start();

Concepts ¢ Programs ¢ Practice 33



JAVA PROGRAMMING FUNDAMENTALS UNIT Il - HINDI + ENGLISH

producer.join();
consumer.join();
System.out.println("Transfer complete");

Output:

Consumed: 1
Consumed: 2
Consumed: 3
Transfer complete

Single slot overwriting 3k empty reading & predicate checks ¥aTdt §1 a8 normal-run teaching
example §; T worker externally cancel gt df partner @t 4t shutdown signal 31 application @t

fSrert 81

10.6 notify I notifyAll

Notify G& unspecified waiting thread F=dt 81 NotifyAll @t waiters @t eligible AT §; G+t gep @1
critical section & 78! gdeT @il Multiple condition predicates aret monitor & notifyAll incorrect
waiter selection ¥ gl liveness problems T Hehd! g1 I8 fairness guarantee gl gl

10.7 Lost Notification

Condition flag & faHT &heae notification W ¥R code event miss &R HhdT g1 Wait & g4 & Ugd notify
gl ST dt notification future wait & fag store 781 gidtI 39T state predicate 3R lock-based protocol
G|

10.8 Revision Q& 3191

Wait object monitor @181 Notify monitor dchidt release g &l While predicate 3iaae g1 Wait
wake 81 IR monitor reacquire @l g1 Interruption @t silently swallow 7 <1

319TH: Producer g numbers transfer @I Buffer full/empty states &' trace table s=TQ|

MCQs: 1. wait forgreht method? A. Object B. Runnable C. Package D. System only 2. wait & fog
monitor ownership? A. Required B. gl C. priority 10 D. &ad main 3. Notify lock immediately ®igdt?
A. gi B. T8l C. @+t locks D. ad integer 4. Predicate check: A. while B. dad if gasm C. &g 8! D.
switch only

3R 1-A, 2-A, 3-B, 4-A.
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UNIT 11l / CHAPTER 11

g™ 11: Thread Suspension,
Resumption T4 Stopping

Legacy Methods 3iiR Cooperative Control

11.1 Syllabus 3R Version Context

g9 31 | suspend(), resume() 37k stop() & historical 3g3a @sit| Java 17 documentation & &
deprecated legacy controls &1 Newer JDKs & 3t availability/behavior 31eiiT g Terd &1 39feig
runnable examples &7 APIs @R f¥R 781 g1

11.2 Legacy Methods

Method Historical 3223 e

suspend() Target execution T Held locks & &ra suspension; deadlock risk
resume() Suspended target 3 TMT Unsafe suspension protocol & ¥R

stop() Forceful termination Protected state inconsistent g ¥ahd! &

Tg “sleep 1" AT “join AT” 781 g1 Sleep current thread &I timed waiting 3R join another thread
termination T wait g1

11.3 suspend <1 Deadlock Risk

gf¢ suspended thread monitor own @t g, 3R resuming thread 3¥ monitor @&t ggat acquire &
<Y IfAT &, @t T T progress T ThdT &1 Suspension monitor &t & condition-wait protocol
&Y dvE release gl Bl

11.4 stop =1 State Risk

Legacy asynchronous stopping thread @t update & i e Gahdlt g1 Locks release g1 WR 817
threads partially updated object state & dahdt &1 Graceful cancellation & worker safe points @
request ggaHadR cleanup &t gl

11.5 interrupt()

Interrupt cooperative request g; force kill Tgi1 CPU loop @t status check &=-T U8 TWehdT g1 Sleep/
wait/join interruption @ InterruptedException &dl § 3R status clear g1 81 Handler cancellation
complete @ AT higher-level policy & foT status restore @I
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11.6 Complete Cooperative Stop Program

import java.util.concurrent.CountDownLatch;

public class CooperativeStopDemo {
public static void main(String[] args) throws InterruptedException {
CountDownLatch started = new CountDownLatch(1l);
Thread worker = new Thread(() -> {
started.countDown();
try {
while (!Thread.currentThread().isInterrupted()) {
Thread.sleep(1000);
}
} catch (InterruptedException exception) {
Thread.currentThread().interrupt();
} finally {
System.out.println("Worker cleanup completed");
}
1)
worker.start();
started.await();
worker.interrupt();
worker.join();
System.out.println("Worker stopped cooperatively");

Output:

Worker cleanup completed
Worker stopped cooperatively

CountDownLatch startup coordination @ library helper g1 Main startup signal @ & a1g interrupt
&t 81 Worker interruption Ugarae exit &l gl

11.7 Status Methods

Call Status behavior

thread.isInterrupted|() Target status Ug; clear &l
Thread.interrupted() Current status Uge clear
thread.interrupt() Request/status set; blocked-operation behavior @]

Catch & 1€ faFT policy & @Teft loop continue 3T cancellation request @& Tehdr 8l
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11.8 Cooperative Pause/Resume Controller

class PauseController {
private boolean paused;
private boolean stopped;

synchronized void pause() {
paused = true;

}

synchronized void resumeWork() {
paused = false;
notifyAll();

}

synchronized void stopWork() {
stopped = true;
notifyAll();

}

synchronized boolean awaitPermission() throws InterruptedException {
while (paused && !stopped) {

wait();

}
return !stopped;

Worker checkpoints @ awaitPermission() call @<t g1 False fiet dt exit &edt §1 Resume notification
state update & 91 gidl 81 Stop paused worker @ +ff wake &R ThdT g1

gg immediate freeze T&l 8: request worker & 31Tet checkpoint TR UTdt gt 81 Worker 31
interruptible blocking operation ® g, @ cancellation policy interrupt +t SUAIT &= Tehdit &1

11.9 Volatile Stop Flag

Simple CPU task # volatile boolean flag visibility & @iehar 81 @ifch flag 31ehet indefinitely waiting
thread @t ST 1811 Waiting worker & fag notification &t interruption &t 3Tasaehdr gl Gehd! g

11.10 Revision Td 31991

Deprecated controls ddd historical understanding @& feiq g1 Interrupt request g1 Join completion
wait 81 Cooperative pause state predicate 3fR wait-notify protocol & gl g1

31\TH: PauseController @t counting worker & Siig | Stop request paused worker &I &d wake &=t
g, THsy |

MCQs: 1. Interrupt: A. Force kill g2 B. Cooperative request C. Constructor D. Priority setting 2.
isInterrupted status clear? A. g B. gl C. ael main D. §A2IT exception 3. Legacy suspend risk: A.
Deadlock B. @ae compile speed C. Array size D. String pool

3% 1-B, 2-B, 3-A.
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UNIT 11l / CHAPTER 12

3™ 12: Revision, Question Bank Ta
Mini Project

Unit III <1 9R/feha sram™

12.1 Revision Table

Throwable Thrown conditions T root

Checked exceptions Catch-or-declare obligation
Unchecked exceptions RuntimeException/Error branches
try-catch Matching failure handling

Multi-catch Unrelated alternatives, one handler
throw / throws Actual throw / declaration

finally Cleanup, termination caveats
Custom exceptions Domain-specific failure types

Thread / Runnable Execution control / task contract
start / run New execution / ordinary method call
join Termination wait

Thread.State Six enum states

synchronized Monitor mutual exclusion 3R visibility
wait / notifyAll Condition coordination

interrupt Cooperative cancellation signal

12.2 Frequently Confused Concepts

Checked / compile-time occurrence Checked obligation compile time; exception runtime

throw / throws Object expression / type list
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Multiple catches / multi-catch Separate blocks / alternatives in one block

final / finally Modifier / cleanup block

start / run New thread schedule / current-thread call

wait / sleep Monitor condition release / timed delay holding monitors
notify / monitor release Notification lock ownership gid =Tg! et

volatile / atomic increment Visibility / compound operation protection

interrupt / stop Cooperative signal / unsafe legacy termination

join / failure rethrow Termination wait / exception reporting 37eiT

12.3 Solved Output Questions

Q1: Exception flow

int divisor = 0;

try {
System.out.print("A ");
System.out.println(10 / divisor);
System.out.print("B ");

} catch (ArithmeticException exception) {
System.out.print("C ");

} finally {
System.out.print("D ");

}

J=R: A C DI B skip gidT 81

Q2: No failure path

try {
System.out.print("Try ");
} finally {
System.out.print("Finally ");
)

IR Try Finally| Catch 3maedes &l 51d finally HIS[G &1

Q3: Type classification NumberFormatException? Unchecked1 IOException? Checkedi
StackOverflowError? Unchecked Error branchi

Q4: Direct run Main ¥ Thread object's run() directly call &= &R 74T thread s-dT1 82 wgi1 Body
calling thread # T 81
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Q5: Completion Worker start, f& join, &2 print("Done") | Done &s? Target worker termination
% a1g, af join normally complete &R

Q6: Synchronized count & threads same Counter # & 500 increments &Rdt § 3R main g1 &l
join @t 81 Expected count? 1000, ¢ increments same lock & correctly protected g1

Q7: Waiting without monitor

Object lock = new Object();
// lock.wait(); // Must own lock and handle checked interruption

f&FT monitor ownership actual wait call IllegalMonitorStateException & ¥ahdt g
InterruptedException obligation +ff compile time W account &=t gt

12.4 MCQ Question Bank

1

0o N o ol b

11

. Throwable @1 subclass branch? A. Exception B. String C. Runnable D. Scanner
2.

Integer division by zero? A. ClassNotFoundException B. ArithmeticException C. IOException D.
InterruptedException

. Checked example? A. NullPointerException B. ArithmeticException C. IOException D.

NumberFormatException

. RuntimeException category? A. Checked B. Interface C. Thread state D. Unchecked

. Error branch category? A. Unchecked B. Checked always C. Primitive D. Runnable

. Catch order? A. Alphabetical B. Specific before broad C. Broad always first D. @13 rule =g

. Multi-catch alternatives related g &t 82 A. haa RuntimeException B. &ad Error C. 78! D. gAsm
. Actual object throw keyword? A. throws B. finally C. final D. throw

. Exception type declaration? A. throws B. throw C. new only D. notify

10.

Finally always despite process kill? A. @ae checked B. &f C. 8f D. &haet JVM WR gf

. Custom checked base? A. Thread B. String C. Exception D. RuntimeException
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

Custom unchecked base? A. IOException B. Runnable C. Scanner D. RuntimeException
Exception message? A. getMessage() B. getName() C. getPriority() D. join()

Thread task interface? A. Package B. Runnable C. Throwable D. String

New thread execution? A. getState B. sleep C. start() D. run directly

Direct run executes? A. 831 7T thread B. &aa daemon C. JVM shutdown D. Calling thread
Restart same terminated Thread? A. =gl B. 8f C. adl interrupt D. &ad priority 10
Target termination wait? A. getName B. join C. notify D. suspend

Current thread reference? A. mainOnly B. getCause C. currentThread D. newCurrent
Thread.State enum & @19 81?2 A. NEW B. RUNNABLE C. TERMINATED D. RUNNING
Sleep @1 usual state? A. TIMED_WAITING B. NEW C. TERMINATED D. Always BLOCKED
Monitor acquire wait state? A. DEFAULT B. BLOCKED C. NEW D. TERMINATED

Platform normal priority constant? A. 10 B.0C.5D. 1

High priority first finish guarantee? A. gf B. &ae Java C. &had int D. =gl

Sleep monitor release? A. &l B. @4t C. ohad this D. gALI Tk
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26. Instance synchronized lock? A. package B. this C. Class gR2m D. Thread name

27. Static synchronized lock? A. String literal 8521 B. null C. Declaring Class object D. this
28. Volatile counter++ atomic? A. g1 B. &dd long C. &had int D. 7gl

29. Object wait requires? A. Monitor ownership B. priority 10 C. final class D. daemon
30. wait method declared in? A. Package B. Object C. Runnable D. System

31. notify monitor gid ®sdi? A. @4t monitors B. &daa Main C. &l D. &f

32. Condition checking best form? A. if g#sm gai B. switch only C. no check D. while

33. notifyAll wakes? A. All wait-set threads to compete B. @4t e @1l lock own C. 98 threads &
D. g+t terminate

34. Spurious wakeups? A. only priority 10 B. =1 C. 31g=7d D. compile error

35. interrupt force kill? A. only daemon B. only Runnable C. =gi D. gRem

36. isInterrupted clears status? A. gf B. 8421 exception C. constructor D. Tg!

37. Thread.interrupted current status clear? A. gf B. g C. &ad child D. only priority 5

38. Legacy suspend main risk? A. String interning B. Deadlock C. Array overflow D. File extension

39. Legacy stop risk? A. Same as join B. Always safe C. Inconsistent shared state D. &ae slow
compile

40. Join worker exception automatically rethrows? A. g82T B. hadt checked C. dhad
RuntimeException D. T&f

12.5 Answer Key

U 531 uy Y A 3N uH L5314
1 A 11 C 21 A 31 C
2 B 12 D 22 B 32 D
3 C 13 A 23 C 33 A
4 D 14 B 24 D 34 B
5 A 15 C 25 A 35 C
6 B 16 D 26 B 36 D
7 C 17 A 27 @ 37 A
8 D 18 B 28 D 38 B
9 A 19 C 29 A 39 C
10 B 20 D 30 B 40 D

12.6 Short-Answer Questions

1. Exception 3fR java.lang.Error @7 3idR Id18U|
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. Checked exception & compile-time obligation =T §?

. Throw 3R throws & 3iR faf@g

. Finally block @& execute gt Hdhd! & 3R P a1 ?
. Thread 3fR process @ 3icR faf@y|

. Start 3fR run T 3R GHSTSU|

. Thread.State & &g values faf@q]

. Sleep 3R wait T 3R IdTETI

. Volatile increment atomic =& gl 82

. Interrupt 3fR forceful stop # 3iaR faf@u|

12.7 Long-Answer Questions

1
2
3

4. Thread a2 Runnable & creation & programs fafEg)

5

6
7
8

12.8 Mini Project: Concurrent Marks Processing

. Exception hierarchy @r diagram 3fR classification 98I
. Multiple catches, nested try 3R finally T flow THeTST|

. Custom exception class example ¥fgd F15TI

. Thread lifecycle 3R priorities THeMEY|

. Race condition &R synchronized gaTa™ explain &HifSg]
. Producer-consumer problem & wait-notifyAll protocol EHgmET|

. Legacy stopping/suspension & risks 3fk cooperative alternatives Sarsql
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&l workers marks process &l g1 Invalid marks & fag custom checked exception g1 Shared
summary synchronized g1 Workers @7 internal execution order & @edr &; final summary joins &
d1g stable g1

Save as MarksProcessingApp.java:

class InvalidMarkException extends Exception {
private static final long serialVersionUID = 1L;
InvalidMarkException(int mark) {
super("Invalid mark: " + mark);
}
}

class Summary {
private int accepted;
private int rejected;
private int total;

synchronized void accept(int mark) {
accepted++;
total += mark;

}

synchronized void reject() {
rejected++;

}

synchronized void display() {
System.out.println("Accepted: + accepted);
System.out.println("Rejected: " + rejected);
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System.out.println("Total valid marks: " + total);

}

class MarksTask implements Runnable {
private final int[] marks;
private final Summary summary;

MarksTask(int[] marks, Summary summary) {
this.marks = marks.clone();
this.summary = summary;
)
static void validate(int mark) throws InvalidMarkException {
if (mark < 0 || mark > 100) {
throw new InvalidMarkException(mark);
}
b
@Override
public void run() {
for (int mark : marks) {
if (Thread.currentThread().isInterrupted()) {

return;

3

try {
validate(mark);

summary.accept(mark) ;
} catch (InvalidMarkException exception) {
summary.reject();

}

}

public class MarksProcessingApp {
public static void main(String[] args) throws InterruptedException {
Summary summary = new Summary();
Thread first = new Thread(
new MarksTask(new int[]{70, 80, 120}, summary));
Thread second = new Thread(
new MarksTask(new int[]{90, -5, 60}, summary));
first.start();
second.start();
first.join();
second.join();
summary.display();

12.9 Commands Td Output

javac MarksProcessingApp.java
java MarksProcessingApp

Accepted: 4
Rejected: 2
Total valid marks: 300
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Valid values 70,80,90,60 g1 Invalid 120 3fR -5 g1 Accepted total 70+80+90+60 = 3001 Inputs g9

example & non-null €1 Full application & input validation 3R interruption @ main cleanup policy +t

SIS

12.10 Project Extensions

* Rejected messages 1@ synchronized log & store &<

« Worker tasks @ packages # 3@

* Producer-consumer queue & marks supply &I

« Cancellation request @ aHf workers interrupt 3R join @I
« Average valid marks feTef; zero accepted case handle &1

« Console output & processing order @t fixed AT & &I W counts verify &3

12.11 Official Reference Reading

gg g&sh Java 17-compatible teaching examples 3udT &<t g1 API details & fg official
documentation Ug:

* Java SE 17 Thread API

 Legacy thread-control explanation

+ Java Language Specification, Chapter 11 (Exceptions)
* Java SE 17 Object API

12.12 3ifaw" Revision Checklist

T 319 try H failure & 91g skipped statements UgdT ¥dhd 87 &I catch order Tg! folg Tehd 82 T
checked obligation runtime occurrence & 37T §? 3T start/run 3R wait/sleep e §? T shared
updates same lock & protected §? &T interrupted waiting @t gl policy & handle &d €2 T kA
stop/suspend & IS safe points T IUANT & Tehd &2 31 questions & Bic examples WA TS|
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