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In a language without exception handling:
When an exception occurs, control goes to the
operating system, where a message is displayed
and the program is terminated

In a language with exception handling:
Programs are allowed to trap some exceptions,
thereby providing the possibility of fixing the
problem and continuing

Many languages allow programs to trap input/
output errors (including EOF)

Def: An exception is any unusual event, either
erroneous or not, detectable by either
hardware or software, that may require
special processing

Def: The special processing that may be required
after the detection of an exception is called
exception handling

Def: The exception handling code unit is called

\ an exception handler
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Def: An exception is raised when its associated
event occurs

A language that does not have exception handling
capabilities can still define, detect, raise, and
handle exceptions

- Alternatives:

1. Send an auxiliary parameter or use the return
value to indicate the return status of a
subprogram
- e.g., C standard library functions

N

. Pass a label parameter to all subprograms
(error return is to the passed label)
-e.g., FORTRAN

w

. Pass an exception handling subprogram to all
subprograms

Advantages of Built-in Exception Handling:

1. Error detection code is tedious to write and it
clutters the program

2. Exception propagation allows a high level of
reuse of exception handling code
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Design Issues for Exception Handling:

1. How and where are exception handlers specified
and what is their scope?

2. How is an exception occurrence bound to an
exception handler?

w

. Where does execution continue, if at all, after an
exception handler completes its execution?

IS

. How are user-defined exceptions specified?

&

. Should there be default exception handlers for
programs that do not provide their own?

o

. Can built-in exceptions be explicitly raised?

~

. Are hardware-detectable errors treated as
exceptions that can be handled?

8. Are there any built-in exceptions?

Qow can exceptions be disabled, if at all? j
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PL/| Exception Handling
- Exception handler form
ON condi t i oBNAP]
BEG N;
END,
exception

to the point of the exception
- Binding exceptions to handlers

- It is dynamic--binding is to the nt
execanest at ement

- Continuation

- Some built-in exceptions return co
statenment where the exception was
- OQthers cause programterm nation

- condition is the name of the associ ate

- SNAP causes the production of a dynam c
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- User-defined exceptions can be desjgni
\ go to any place in the program))at i
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Q her design choices:
CONDI TI ON except i on_nane
SIGNAL CONDI TI ON (except i on_namg

categories:

- User-defined exceptions are defingd
- Exceptions can be explicitly raisgd

- Built-in exceptions were designed i nt}

a. Those that are enabl ed by deflaul

b. The continuation rules are diffi
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coul d be disabl ed by user cdde
b. Those that are disabled by defau|
coul d be enabl ed by user code
c. Those that are al ways enabl e
---> SHOWprogramlisting (p. 543)
- Eval uation
- The design is powerful and flexible,| bu
followi ng probl ems:
a. Dynanmic binding of exceptions tqg haj
makes prograns difficult to wifte |

cul

inpl enent and they make prograns |
to read
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Ada Exception Handling

Def: The frame of an exception handler in Ada is
either a subprogram body, a package body,
atask, or a block

- Because exception handlers are usually local to
the code in which the exception can be raised,
they do not have parameters

- Handler form:
exception
when exception_name {| exception_name}
statement_sequence

when ...

[when others =>
statement_sequence ]

- Handlers are placed at the end of the block or
unit in which they occur

N

=>

J
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- Binding Exceptions to Handlers

- If the block or unit in which an exception is raised
does not have a handler for that exception, the
exception is propagated elsewhere to be handled

1. Procedures - propagate it to the caller

2. Blocks - propagate it to the scope in which it
appears

3. Package body - propagate it to the declaration
part of the unit that declared the package
(if it is a library unit (no static parent), the
program is terminated)

4. Task - no propagation; if it has a handler,
execute it; in either case, mark it "completed”

- Continuation

- The block or unit that raises an exception but
does not handle it is always terminated (also
any block or unit to which it is propagated that
does not handle it)
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- User-defined Exceptions:
exception_name_list : exception;
rai se [exception_name]
(the exception name is not required if itis in a
handler--in this case, it propagates the same
exception)

- Exception conditions can be disabled with:

pragma SUPPRESS( exception_list )

- Predefined Exceptions:

CONSTRAI NT_ERRCR - index constraints, range
constraints, etc.

NUMERI C_ERROR - humeric operation cannot
return a correct value, etc.

N J
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PROGRAM ERRCR - call to a subprogram whose
body has not been elaborated

STORAGE_ERRCR - system runs out of heap
TASKI NG_ERRCR - an error associated with tasks

---> SHOW program (pp. 549-550)

- Evaluation

- The Ada design for exception handling
embodies the state-of-the-art in language
design in 1980

- A significant advance over PL/I

- Ada was the only widely used language with
exception handling until it was added to C++

C++ Exception Handling

- Added to C++ in 1990

esign is based on that of CLU, Ada, and ML j
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Exception Handl ers

try {

}
catch (formal paraneteq
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Form

-- code that is expected to raise
-- handl er code

}

cat chof mal par anetyer{

-- handl er code
}

eatch is the name of all handlers--it ijs al
overl| oaded name, so the formal pararmete

each nust be uni que

The fornal paraneter need not have a

- It can be sinply a type name to di
handler it is in fromothers

The fornal paraneter can be used to
information to the handl er

The fornal paraneter can be an ellip:
which case it handles all exceptio
handl ed
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- Binding Exceptions to Handlers

- Exceptions are all raised explicitlyj]
statement:

throw [ expression];
- The bracketretasynbol s
thdw Wi thout an operand can only a

the exception, which is then han
el sewhere

- The type of the expression disanbi
i ntended handl er

- Unhandl ed exceptions are propagat e}
caller of the function in which i

- This propagation continues to t
function

- |If no handler is found, the
term nated

N )
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a handl er; when it appearsgeriai seinpl

peq

| ed|

gua
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Conti nuati on

- After a handler conpletes its executfon
flows to the first statement after fhe|
in the sequence of handlers of which i

el ement
Qt her Design Choices
- Al exceptions are user-defined
- Exceptions are neither specified nor
- Functions can |ist the exceptions th
- Wthout a speci fication, a functiqg
any exception
> SHOW program | i stpmg $53-554)
Eval uation
- It is odd that exceptions are not na

hardwar e- and syst em sof t war e- det ec|
exceptions cannot be handl ed

- Binding exceptions to handlers throu

of the paraneter certainly does not
readability j
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Java Exception Handling
phi | osophy
descendant s ofThirbeabl e cl ass

Throwabl e :

Hr.ror
such as heap underfl ow
Exception
- User-defined exceptions ar

subcl asses of this

Ru@ridreException (e.g.,
Arrayl ndexOut Of BoundsExcept i on and

\ Nul | Poi nt er Except i on

- Based on that of C++, but nore in lin

- Al exceptions are objects of classes

- The Java library includes two subclas

- Thrown by the Java interpreter

- Never handl ed by user prograns

- Has two predefined subobaspeson

~

e usu
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Java Exception Handlers

- Like those of C++, excepitcaveeyuire:
named paraneter and all paraneters

descendantTr ofabl e

- Syntax of try clause is exactly that|

- Exceptions are thrownmreivt has in Ct+,
but of t enrde ncl udes theav oper at or

create the object, as in:

throw new MyException();

- Binding an exception to a handler i

Java than it is in C++

- An exception is bound to the fir
a paraneter is the sane class a:

obj ect or an ancestor of

- An exception can be handired hawsrby
includtmgvain the handl er (a handl
could also throw a different excep

~

it

)
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Conti nuation

- If no handler is foung consheuct, t

search is continued in the nearestyenc|

construct, etc.

- If no handler is found in the nethod, t
exception is propagated to thecawtdiod

- If no handler is found (al hatie vidyejt o

programis term nated

- To insure that all exceptions are caugh
handl er can be included in any try [con

that catches all exceptions
- Sinply useepmnon class paraneter
- O course, it nmust be the |ast
construct
Qt her Design Choi ces

- The Jaweows clause is quite different

thew cl ause of C++ j
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- Exceptions of drass and RunTi meException
and all of their descendants are call g
unchecked exceptions

- Al other exceptions areheekéed
exceptions

- Checked exceptions that may be thrown b
met hod nust be either:

1. Listed imdvsecl ause, or
2. Handled in the nethod
- A nmethod cannot declare nore exceptions|
- Anethod that calls a nmethod that |ists
particul ar checked exceptitdmons cltause
exception:

1. Catch and handl e the exception

that is listedhiowd td awse

3. Declare it in its throws clause ang/ do
handl e it
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throws clause than the nethod it overrildeg

a

has three alternatives for dealing with t

2. Catch the exception and throw an excep

/

The fi
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---> SHOW Exanpl e prograpp( 558-559)

nally O ause

- Can appear at the eng efonatruct

- Form

v {

- Purpos@o specify code that is to beg
executed, regardless of
triye const ruct

try {
for (index = 0; index < 100;

()1

return;

11** end of if

}
I11** end of try clause

}
finally {
} /1** end of try construct

~

what happens

-tdy construct with a finally clause can
used outsi de exception handling

index++) {

J
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Eval uati on

than in the case of C++

progr anmer )

progr ans

N

- The types of exceptions nekes nore |sen

- The throws clause is better than that
(The throw clause in C++ says lit
- The finally clause is often useful

- The Java interpreter throws a variety
exceptions that can be handl ed by [use]|

~

e

)
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