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Data for iterationData for iteration –– std::std::vectorvector

To do just about anything of interest, we need a collection ofTo do just about anything of interest, we need a collection of
data to work on. We can store this data in adata to work on. We can store this data in a vectorvector.  For example:.  For example:

//// read some temperatures into a vector:read some temperatures into a vector:
int main ()  {int main ()  {

std::vector <double> temps;std::vector <double> temps; //// store temperaturesstore temperatures
double temp;double temp; //// a variable for a valuea variable for a value
while (std::cin >> temp)while (std::cin >> temp) ////  cincin reads a value intoreads a value into temptemp

temps.push_back (temp);temps.push_back (temp); //// storestore temptemp in the vectorin the vector
//// . . .  do something   . . .. . .  do something   . . .

}}
//// actionaction cin >> tempcin >> temp will indicatewill indicate truetrue until we reach the end of file ..until we reach the end of file ..
//// .. or encounter something that isn’t a.. or encounter something that isn’t a doubledouble ((meaningmeaning herehere ""quitquit")")
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std::vectorstd::vector
std::vectorstd::vector is the most useful standard library data type (Stroustrup)is the most useful standard library data type (Stroustrup)

aa std::vector <T>std::vector <T> holds an sequence of values of typeholds an sequence of values of type TT
we canwe can thinkthink of a vector the following way (a bit simplified):of a vector the following way (a bit simplified):

a vector nameda vector named vv contains 5 elements:contains 5 elements: {1, 4, 2, 3, 5}{1, 4, 2, 3, 5}

indirection needed since aindirection needed since a std::vectorstd::vector isis flexibleflexible: grows/shrinks: grows/shrinks
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std::vector  <int> v = { 1, 4, 2, 3, 5 };std::vector  <int> v = { 1, 4, 2, 3, 5 };
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Handling vectorsHandling vectors
std::vector <std::vector <intint> v;> v; //// start off emptystart off empty

v.push_back (1);v.push_back (1); //// add an elementadd an element 11

v.push_back (4);v.push_back (4); //// add an elementadd an element 44 at endat end (“(“the backthe back”)”)

v.push_back (3);v.push_back (3); //// add an elementadd an element 33 at endat end (“(“the backthe back”)”)
v [0]     v [1]      v [2]v [0]     v [1]      v [2]
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(a hypothetical implementation)

Handling vectors (cont.)Handling vectors (cont.)
//// compute meancompute mean ((averageaverage)) and medianand median::
int main ()  {int main ()  {

std::vector <double> temps;std::vector <double> temps; //// say, temperature valuessay, temperature values
double temp;double temp;
while (std::cin >> temp)while (std::cin >> temp) //// read and put into vectorread and put into vector

temps.push_back (temp);temps.push_back (temp);
double sum = 0;double sum = 0;
for (intfor (int ii = 0; i < temps.size (); ++= 0; i < temps.size (); ++ii)  sum += temps [)  sum += temps [ii];];

//// sums temperaturessums temperatures
std::cout << "Mean temperature: " << sum/temps.size () << 'std::cout << "Mean temperature: " << sum/temps.size () << '\\n';n';
std::sort (temps.begin (), temps.end ());     //std::sort (temps.begin (), temps.end ());     // standard algorithmstandard algorithm
std::cout << "Median temperature: " << temps [temps.size () / 2]std::cout << "Median temperature: " << temps [temps.size () / 2]

<< std::endl;<< std::endl; //// adds 'adds '\\n' and flushes buffern' and flushes buffer
}}
//// what if the number stream is empty?what if the number stream is empty?  -- or if  IO errors happen?or if  IO errors happen?
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ExampleExample –– Word listWord list
/*/* read a bunch of strings into a vector of strings, sortread a bunch of strings into a vector of strings, sort

them into lexicographicalthem into lexicographical ((alphabeticalalphabetical)) order ,order ,
and print the strings from the vector to see what we haveand print the strings from the vector to see what we have

*/*/
std::vector <std::string> words;std::vector <std::string> words;
std::string s;std::string s;
while (std::while (std::cincin >> s && s != "quit")>> s && s != "quit") //// andand not EOF . .not EOF . .

words.push_backwords.push_back (s);(s);
std::sort (std::sort (words.beginwords.begin (),(), words.endwords.end ());  //());  // standard algorithmstandard algorithm
for (auto word : words)for (auto word : words) //// use rangeuse range forfor, and, and

std::std::coutcout << word << "<< word << "\\n";n"; //// type deductiontype deduction

but what about error handling?but what about error handling?  -- discussed shortlydiscussed shortly
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fail is not possible for a string

I/O errorI/O error handlinghandling
[simplified from[simplified from StroustrupStroustrup,, 2014,2014, Ch. 10.6, p.Ch. 10.6, p. 354354--358]358]

ReadRead integersintegers fromfrom cincin into ainto a vectorvector until we reachuntil we reach eofeof()() oror '';;''

std::vector <int> v; int i = 0;std::vector <int> v; int i = 0; //// value buffervalue buffer ((initially emptyinitially empty))
whilewhile (std::cin(std::cin >>>> ii)) v.push_back (v.push_back (ii);   //);   // readread andand storestore until “failureuntil “failure””
if  (std::cin.eof ())if  (std::cin.eof ()) return v;return v; //// finefine:: we found the endwe found the end ofof filefile
if  (! std::cin.bad ()) {if  (! std::cin.bad ()) { //// notnot eofeof and notand not badbad =>=> failfail

//// so state isso state is failfail -- probably an integer format error due toprobably an integer format error due to ';'';'
std::cin.clear ();std::cin.clear (); //// clear state,clear state, soso can read morecan read more
char c = ' ';  std::cinchar c = ' ';  std::cin >> c;>> c; //// readread aa charchar,, hopefullyhopefully ';'';'
ifif  ((c =c == ';')= ';') return v;return v; //// got the expected charactergot the expected character -- OKOK
std::cin.unget ();std::cin.unget (); //// clean messclean mess:: put thatput that charchar backback (?)(?)
std::cin.clear (std::ios_basestd::cin.clear (std::ios_base::::failbitfailbit);   //);   // and set state toand set state to failfail()()

}}
errorerror ("input stream is corrupted");  //("input stream is corrupted");  // get out of hereget out of here ((defined laterdefined later))
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I/O errorI/O error handling: summaryhandling: summary
IO streams reduceIO streams reduce all errors to one ofall errors to one of fourfour states (for streamstates (for stream isis))

is.good ()is.good () //// the last operation succeededthe last operation succeeded ((no flags are setno flags are set))
is.eof ()is.eof () //// wewe hit the end ofhit the end of inputinput ("("endend ofof filefile")")
is.fail ()is.fail () //// somethingsomething ""unexpectedunexpected"" happenedhappened ((formatformat))
is.bad ()is.bad () //// somethingsomething unexpectedunexpected andand very badvery bad happenedhappened

Sample integer read “failure”Sample integer read “failure”
"1 2 3 4 5"1 2 3 4 5 **"" =>=> fail ()fail () //   ended by "terminator character":  |//   ended by "terminator character":  |**
"1 2 3 4 5"1 2 3 4 5.6.6"" =>=> fail ()fail () //   ended by format error (for |"//   ended by format error (for |".6.6" part)" part)
"1 2 3 4 5 ""1 2 3 4 5 " =>=> eof ()eof () //   end of file,//   end of file,

//   Ctrl//   Ctrl--Z (Windows), CtrlZ (Windows), Ctrl--D (Unix)D (Unix)
disk errordisk error =>=> bad ()bad () //   something serious ("cannot recover")//   something serious ("cannot recover")

If a stream is in an error state, all subsequent IO operations are ignored.If a stream is in an error state, all subsequent IO operations are ignored.
Reset state: "Reset state: "cin.clear ();cin.clear ();"",, or  sometimes: "or  sometimes: "cin.clear (ios_base::failbit);cin.clear (ios_base::failbit);""
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Word list, againWord list, again –– eliminating duplicateseliminating duplicates
//// eliminate the duplicate wordseliminate the duplicate words ((by copying only unique wordsby copying only unique words):):
std::vector <std::string> words;std::vector <std::string> words;
std::string s;std::string s;
while (std::while (std::cincin >> s && s !=>> s && s != ""quitquit""))  words.push_backwords.push_back (s);(s);
std::sort (std::sort (words.beginwords.begin (),(), words.endwords.end ());());
std::vector <std::string> w2;std::vector <std::string> w2;
if  (if  (words.sizewords.size () >= 1) {() >= 1) { //// not emptynot empty

w2.push_back (words [0]);w2.push_back (words [0]); //// copy at least firstcopy at least first
for (std::for (std::size_tsize_t ii = 1;= 1;  ii << words.sizewords.size (); ++(); ++ii)   //)   // from 2nd itemfrom 2nd item

if (words [iif (words [i--1] != words [1] != words [ii])]) //// not the same againnot the same again
w2.push_back (words [w2.push_back (words [ii]);]);

}}
std::std::coutcout<<<< ""FoundFound "" <<<< words.sizewords.size ()()--w2.size ()<<w2.size ()<< "" duplicatesduplicates\\nn"";;
for (auto word : w2)  std::for (auto word : w2)  std::coutcout << word <<<< word << ""\\nn"";;
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ComputationComputation
Our job is to express computationsOur job is to express computations

correctly, simply, efficientlycorrectly, simply, efficiently

One tool is calledOne tool is called divide and conquerdivide and conquer
to break down big computations into subto break down big computations into sub--problemsproblems

Another tool isAnother tool is abstractionabstraction
provide higherprovide higher--level concepts that hide detailslevel concepts that hide details
both named actions (functions) and userboth named actions (functions) and user--defined typesdefined types

Organization of data is often the key to good codeOrganization of data is often the key to good code
input/output formats, protocols, data structuresinput/output formats, protocols, data structures

Note the emphasis on structure and organizationNote the emphasis on structure and organization
you don’t get good code without analysis, design &you don’t get good code without analysis, design &
some experimentationsome experimentation
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Errors: overview
Errors (“bugs”) really are unavoidable inErrors (“bugs”) really are unavoidable in
programmingprogramming

sources of errors?sources of errors?
kinds of errors?kinds of errors?

To minimize errorsTo minimize errors
organize code and dataorganize code and data
prepare for testing andprepare for testing and
debuggingdebugging

Do error checking and produceDo error checking and produce
reasonable error messagesreasonable error messages

input data validationinput data validation
function argumentsfunction arguments
prepre--/post/post--conditionsconditions

Exceptions & a sampleExceptions & a sample error()error() helper routinehelper routine
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intint main ()  {main ()  {
try  {try  {

//  . . .//  . . .
} catch (std::out_of_range const&)  {} catch (std::out_of_range const&)  {

std::cerr << "vector index "std::cerr << "vector index "
"out"out of  rangeof  range\\n";n";

} catch ( … ) {    //} catch ( … ) {    // catches whatsoevercatches whatsoever
std::cerr << "unknown errorstd::cerr << "unknown error\\nn";";

}}
}}
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On errorsOn errors
ourour most basic aimmost basic aim should be correctnessshould be correctness

wewe must deal with incomplete problem specifications,must deal with incomplete problem specifications, externalexternal
errors and failures,errors and failures, and our ownand our own errorserrors

prior experience, knowledge of the application domain, theprior experience, knowledge of the application domain, the
programming language, tools, etc. matter, tooprogramming language, tools, etc. matter, too
note that "note that "incomplete specifications" may result fromincomplete specifications" may result from
changing circumstances and requirementschanging circumstances and requirements

we’ll mostly concentrate on onewe’ll mostly concentrate on one key area: how to deal withkey area: how to deal with
unexpectedunexpected (invalid) function arguments(invalid) function arguments
also briefly discuss about techniquesalso briefly discuss about techniques for finding errors infor finding errors in
programs: debugging andprograms: debugging and testingtesting
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On errors (cont.)On errors (cont.)
WhenWhen we write programs, errors are natural and unavoidable;we write programs, errors are natural and unavoidable;
how to dealhow to deal with themwith them??

from the start, organizefrom the start, organize software to minimizesoftware to minimize errorserrors
style, idioms, objectstyle, idioms, object--oriented design patternsoriented design patterns

then try to eliminatethen try to eliminate most of the errors wemost of the errors we make anywaymake anyway
by systematically testing and debuggingby systematically testing and debugging

actually cannot guarantee "absolute correctness"actually cannot guarantee "absolute correctness"
eliminate at least the most serious errorseliminate at least the most serious errors

Stroustrup:Stroustrup:
””avoidingavoiding, finding, and correcting errors is 95% or more of, finding, and correcting errors is 95% or more of
the effort for serious softwarethe effort for serious software development”development”
code complexity often grows exponentiallycode complexity often grows exponentially
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Detection of "Detection of "errorserrors""
CompileCompile--time errorstime errors

syntax and type errors: missing/extra token, type mismatchsyntax and type errors: missing/extra token, type mismatch

LinkLink--time errorstime errors
missing or incompatible definition of data/functionsmissing or incompatible definition of data/functions

RunRun--time errorstime errors
detecteddetected byby computer, often by “crashing” the programcomputer, often by “crashing” the program
detecteddetected byby library;  often will throw exceptionslibrary;  often will throw exceptions
detecteddetected byby application: lack of resources, connection failuresapplication: lack of resources, connection failures

Logic errors : code compilesLogic errors : code compiles but produces incorrectbut produces incorrect outputoutput
detected by testing (programmer/test driver)detected by testing (programmer/test driver)  -- we hopewe hope

TerminologyTerminology:: faultfault in code =>in code => errorerror in data/state =>in data/state => failurefailure inin
execution  (state includes theexecution  (state includes the program counterprogram counter PCPC -- i.e., control)i.e., control)
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Checking arguments by the compilerChecking arguments by the compiler

The compilerThe compiler helps by statically checking the numberhelps by statically checking the number and types ofand types of
arguments (depends on the language)arguments (depends on the language)

int area (int area (int length, intint length, int width)  {width)  { //// illustrative, onlyillustrative, only
returnreturn lengthlength ** widthwidth;;

}}
//// call arguments must matchcall arguments must match

int x1 =int x1 = area (area (7);7); //// errorerror:: too few argumentstoo few arguments
int x2 =int x2 = area (area (""seven",seven", 22);); //// errorerror:: 1st1st argarg has a wrong typehas a wrong type
int x3 =int x3 = area (area (7, 10);7, 10); //// okok
int x5 =int x5 = area (area (7.57.5, 10);, 10); //// okok, but, but odd:  7.5 is truncatedodd:  7.5 is truncated to 7;to 7;

//// manymany compilers will warncompilers will warn youyou
int x =int x = area (area (10,10, --77);); //// thisthis is a difficultis a difficult case incase in C/C++:C/C++:

//// correct types but values make no sensecorrect types but values make no sense
//// -- it is a function domain errorit is a function domain error
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BadBad function argumentsfunction arguments
So, howSo, how aboutabout intint x =x = area (area (10,10, --77);); //  or//  or ""area (10, b);area (10, b);",", bb < 0< 0

How toHow to catchcatch such an error?   Alternatives:such an error?   Alternatives:
all callers check: insecure, laborious, hardall callers check: insecure, laborious, hard to doto do systematicallysystematically

tthehe functionfunction checks (so in one place only), and possiblychecks (so in one place only), and possibly
returnsreturns an “error value”an “error value” –– notnot general,general, problematicproblematic
setssets an error statusan error status indicatorindicator –– notnot general,general, problematicproblematic
throwsthrows anan exception: forcing the program check, or terminateexception: forcing the program check, or terminate

a function has no control over how it is called, e.g., considera function has no control over how it is called, e.g., consider
library routines;  so it is wise to be suspicious ..library routines;  so it is wise to be suspicious ..

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

NoteNote: sometimes we can’t: sometimes we can’t ourselves decide about error handlingourselves decide about error handling
someonesomeone else wroteelse wrote the code andthe code and wewe don’t want to or evendon’t want to or even
cannot change itcannot change it
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How to report an error: exceptionsHow to report an error: exceptions
Report an error by throwing anReport an error by throwing an exceptionexception

#include <stdexcept>#include <stdexcept>  //// get the standard exceptionsget the standard exceptions
. . .. . . //// here,here, std:: domain_errorstd:: domain_error

int area (int area (int length, int widthint length, int width)  {)  {
if (if (length < 0length < 0 |||| width < 0width < 0))

throw std::domain_error ("Negative number");throw std::domain_error ("Negative number");
returnreturn lengthlength ** widthwidth;;

}}

Catch and deal with the error (e.g.,Catch and deal with the error (e.g., inin main()main()))
trytry {  . . .{  . . . //// prepare to detect and handleprepare to detect and handle

int z =int z = area (area (xx, y); . . .   //, y); . . .   // ifif area()area() doesn’t throw an exceptiondoesn’t throw an exception
}} //// makemake the assignment and proceedthe assignment and proceed
catch (std:: domain_error const&) {catch (std:: domain_error const&) { //// ifif area()area() throwsthrows

std::cerrstd::cerr <<<< "Bad"Bad areaarea argumentsarguments –– please, fixplease, fix programprogram\\n";n";
}}
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ExceptionsExceptions
Exception handling isException handling is a general solutiona general solution

especially with libraries of reusable componentsespecially with libraries of reusable components
youyou can’tcan’t just forgetjust forget about an exception: the program willabout an exception: the program will
terminate if someone doesn’t handle itterminate if someone doesn’t handle it (with a(with a trytry …… catchcatch))
most errorsmost errors can be reported usingcan be reported using exceptionsexceptions

You stillYou still needneed to figure out what to do about an exceptionto figure out what to do about an exception

errorerror handling is never reallyhandling is never really simplesimple

NoteNote. C++ does not (by default) use exceptions for IO operations. C++ does not (by default) use exceptions for IO operations

can argue that they are not really ”exceptional” errors sincecan argue that they are not really ”exceptional” errors since
we must always check input datawe must always check input data -- it is part of the problem/taskit is part of the problem/task

Juha Vihavainen / University of HelsinkiJuha Vihavainen / University of Helsinki 19194.11.20144.11.2014

Out ofOut of index rangeindex range
TryTry thisthis
std::vector <std::vector <intint>> v (v (1010);); //// aa vector of 10vector of 10 intintss, each, each

//// toto the default value,the default value, 00,,
//// referredreferred toto asas v [v [0]0] .... v [v [9]9]

for (intfor (int ii = 0;= 0; i < v.size ();i < v.size (); ++++ii)) v [v [ii] =] = ii;; //// setset valuesvalues
for (intfor (int ii = 0;= 0; i <= 10i <= 10; ++; ++ii)) //// printprint 1010 valuesvalues ((oopsoops!)!)

std::coutstd::cout << "v[" <<<< "v[" << ii << "] == " <<<< "] == " << v [v [ii] <<] << std::endl;std::endl;

here,here, operator []operator [] ((subscript) is called with a bad index (10)subscript) is called with a bad index (10)
the C++ standard leaves the actual behaviorthe C++ standard leaves the actual behavior unspecifiedunspecified
the behavior can differ with different environmetsthe behavior can differ with different environmets

if  you have some special library with check options andif  you have some special library with check options and
utilities, itutilities, it mightmight reportreport by throwing aby throwing a std::out_of_rangestd::out_of_range
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Example: handling an allocation failureExample: handling an allocation failure
In C++,In C++, newnew//newnew[] replace the[] replace the CC allocator macros (allocator macros (mallocmalloc(), etc.)(), etc.)
IfIf the runtime system cannot allocate memory for an object on thethe runtime system cannot allocate memory for an object on the
heap, then aheap, then a std::bad_allocstd::bad_alloc exception is thrownexception is thrown
StudentStudent ** michael,michael, ** studentArr;studentArr; //// pointerspointers
trytry {{

michael =michael = newnew StudentStudent ("Mike");                    //("Mike");                    // oneone studentstudent
studentArr =studentArr = newnew Student [Student [1000000000000];  //1000000000000];  // hugehuge arrayarray

.. . .. .
} catch (std::bad_alloc const& e)} catch (std::bad_alloc const& e) {{ //// dyn. alloc. faileddyn. alloc. failed

.. . .. .
}}

Note 1. bad_allocNote 1. bad_alloc can be thrown by any nontrivial programcan be thrown by any nontrivial program
Note 2Note 2. We. We can also define a specialcan also define a special newnew--handlerhandler function to deal withfunction to deal with
the failure ofthe failure of newnew, or, or we can usewe can use thethe nothrownothrow--version ofversion of newnew (omitted(omitted
here, see e.g.here, see e.g. Stroustrup or online sources).Stroustrup or online sources).
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Standard exceptionsStandard exceptions
StandardStandard library defines alibrary defines a hierarchyhierarchy of exceptions withof exceptions with std::exceptionstd::exception
as the root  (in headeras the root  (in header <stdexcept><stdexcept>))

ExceptionsExceptions are divided intoare divided into three main categoriesthree main categories

1.1. logic errorslogic errors: precondition violations that in principle should be: precondition violations that in principle should be
guaranteed before calling an operation;  a failure will often meanguaranteed before calling an operation;  a failure will often mean
an erroran error ((bugbug) in) in program logic (e.g., pop from an empty stack,program logic (e.g., pop from an empty stack,
invalid array index, etc.)invalid array index, etc.)

2.2. runrun--time errorstime errors: dynamic errors that cannot really be tested or: dynamic errors that cannot really be tested or
anticipatedanticipated,, e.g., numerice.g., numeric errors (overflow), communication lineerrors (overflow), communication line
failure,failure, or other such external failures..or other such external failures..

3.3. languagelanguage--supportsupport: logic/run: logic/run--time errorstime errors:: bad_castbad_cast,, bad_allocbad_alloc,..,..

SubclassesSubclasses of logic errors useof logic errors use moremore--oror--less selfless self--explanatoryexplanatory names;names;
e.g.,e.g., std::invalid_argumentstd::invalid_argument exceptionexception
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Standard exceptions (cont.)Standard exceptions (cont.)

Logic and runtime exceptions are included from the header <Logic and runtime exceptions are included from the header <stdexceptstdexcept>.>.
The headerThe header <<exceptionexception> provides> provides std::exceptionstd::exception, and related functions., and related functions.
The header <tThe header <typeinfoypeinfo> provides> provides std::bad_typeidstd::bad_typeid andand std::bad_caststd::bad_cast. The. The
header <header <newnew> provides> provides std:bad_allocstd:bad_alloc..
Not the perfect design (says Stroustrup)Not the perfect design (says Stroustrup) -- but supports portability, uniformbut supports portability, uniform
handling of exceptions, and is ready for use.handling of exceptions, and is ready for use.
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C++03

(                    )

C++11 adds the following [Josu12, 42]:
bad_array_new_length
bad_weak_ptr,  bad_function_call
future_error, system_error
nested_exception (with new throws)

Standard exceptions (cont.)Standard exceptions (cont.)
ExceptionsExceptions that are oftenthat are often used for library and runused for library and run--timetime errors:errors:

out_of_rangeout_of_range:: invalidinvalid index for a STL container (index for a STL container (vectorvector::::atat ())())
length_errorlength_error::  aa specified structure/range too longspecified structure/range too long
range_errorrange_error:: errorerror inin numeric computationnumeric computation

Special exceptions are used for C++Special exceptions are used for C++ features ("language support")features ("language support")

bad_allocbad_alloc::  operatoroperator newnew fails to allocate memoryfails to allocate memory
bad_castbad_cast:: dynamic_castdynamic_cast operation fails (on referenceoperation fails (on reference &&))
bad_typeidbad_typeid:: typeidtypeid operator fails onoperator fails on null ptr/ref (null ptr/ref (nullptrnullptr))
ios_baseios_base::::failurefailure:  IO failure:  IO failure (when(when a stream isa stream is configuredconfigured toto
throw exceptionsthrow exceptions); derived from); derived from system_errorsystem_error (C++11)(C++11)

By default, no exceptions are thrown from IOBy default, no exceptions are thrown from IO errors.errors.
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Standard exceptions (cont.)Standard exceptions (cont.)
std::exceptionstd::exception has a special operationhas a special operation what ()what () toto report on thereport on the
error (can be redefined in subclasseserror (can be redefined in subclasses))

class exception {class exception {
public:public:

virtual const charvirtual const char ** what () const noexcept ();   . . .what () const noexcept ();   . . .
};};

. . .  std. . .  std::cerr << e.what ();     //::cerr << e.what ();     // caughtcaught exceptionexception ee

derived exception classes havederived exception classes have constructors toconstructors to specify the valuespecify the value
returned byreturned by what ()what ()::

logic_error::logic_error (std::string const& msg);logic_error::logic_error (std::string const& msg);

there is a similar arrangement for other predefined exceptionsthere is a similar arrangement for other predefined exceptions
thethe constructor takes aconstructor takes a std::stringstd::string value as a parameter but thevalue as a parameter but the
query operationquery operation what ()what () returns a Creturns a C--style character arraystyle character array
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doesn't throw any

Idiom: always handle uncaught exceptionsIdiom: always handle uncaught exceptions

Use exception handlingUse exception handling toto "terminate"terminate programsprograms gracefully"gracefully"

intint main () try  {main () try  { //// using specialusing special function try blockfunction try block syntaxsyntax
//// . . .. . .

}}
catch (std::catch (std::out_of_rangeout_of_range const&) {const&) { //// ((ignoreignore const&const& ..here..here))

std::std::cerrcerr << "oops<< "oops –– some index out of rangesome index out of range\\n";n";
}}
catch (std::exception const& e) {catch (std::exception const& e) { //// some other standard exceptionsome other standard exception

std::std::cerrcerr << "oops: " <<<< "oops: " << e.whate.what () << std::() << std::endlendl;;
}}
catchcatch ( … )( … ) {{ //// all other exceptionsall other exceptions

std::std::cerrcerr << "oops<< "oops –– somesome unknown exceptionunknown exception\\nn";";
}}
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PrePre--conditionsconditions

What does a function require of its arguments (data)?What does a function require of its arguments (data)?

such a requirement is called asuch a requirement is called a prepre--conditioncondition
often (depending on circumstances), it’s good to check itoften (depending on circumstances), it’s good to check it

int area (int length, int width)   {                //int area (int length, int width)   {                // calculate areacalculate area

if  (length < 0 || width <  0)if  (length < 0 || width <  0)
throw std:: domain_error ("Negative number");throw std:: domain_error ("Negative number");

return lengthreturn length ** width;width;
}}

problems are easier to recognize and handle at their beginningproblems are easier to recognize and handle at their beginning
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PostPost--conditionsconditions
What must be true when a function returns?What must be true when a function returns?
Such a requirement is called aSuch a requirement is called a postpost--conditioncondition

int area (int length, int width) {int area (int length, int width) { //// calculatecalculate
if (length < 0 || width < 0)if (length < 0 || width < 0)

throw std::domain_error ("Negative number");throw std::domain_error ("Negative number");
//// the postthe post:: return the result from integer multiplicationreturn the result from integer multiplication
return lengthreturn length ** width;width; //// alwaysalways OK?OK?

}}
Checking can be done by runChecking can be done by run--time systems, libraries, application code,time systems, libraries, application code,
extra sanity checks (extra sanity checks (assert()assert()), or by test drivers), or by test drivers

Note that hereNote that here area()area() may produce an unnoticed integer overflowmay produce an unnoticed integer overflow
C++ doesn't check integer overflow here (neither does Java)C++ doesn't check integer overflow here (neither does Java)
C# providesC# provides optionaloptional check blocks ("check blocks ("checked (achecked (a**b)b)")")
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Principle of "separate responsibilities"Principle of "separate responsibilities"
It is theIt is the responsibility of the callerresponsibility of the caller to ensure thatto ensure that prepre--conditionsconditions areare
not violatednot violated

the algorithm inside the routine body can then assume that thethe algorithm inside the routine body can then assume that the
conditions are valid and just proceed with its calculationconditions are valid and just proceed with its calculation
failed prefailed pre--conditions can show data errorsconditions can show data errors -- or a forbidden stateor a forbidden state

It isIt is the responsibility of the called routinethe responsibility of the called routine to ensure that theto ensure that the postpost--
conditioncondition is trueis true

the caller can assume thatthe caller can assume that ifif the prethe pre--condition is truecondition is true thenthen thethe
postpost--condition is met on return from the routinecondition is met on return from the routine
the failure in postthe failure in post--conditions (usually) means that there is aconditions (usually) means that there is a bugbug

Such contract can simplify both user code and implementation codeSuch contract can simplify both user code and implementation code
In reality, errors (bugs) do happen and so routines provide a preIn reality, errors (bugs) do happen and so routines provide a pre--
condition checks for general safety/robustness (e.g.,condition checks for general safety/robustness (e.g., index checks)index checks)
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PrePre-- and postand post--conditionsconditions
Always think about them as part of program designAlways think about them as part of program design

if nothing else write them as commentsif nothing else write them as comments

Check them “where reasonable” (orCheck them “where reasonable” (or -- at least partially)at least partially)
some failures manifest only after actual attemptssome failures manifest only after actual attempts

accessing scarce resourcesaccessing scarce resources
also consider doing really complicated calculations..also consider doing really complicated calculations..

We will need to check a lot more when looking for a bug . .We will need to check a lot more when looking for a bug . .

Analyzing and checking preAnalyzing and checking pre-- and postand post--conditions can be trickyconditions can be tricky

how could the "posthow could the "post--condition" forcondition" for area ()area () failfail
after the preafter the pre--condition is established (as true)?condition is established (as true)?

what are thewhat are the actualactual prepre-- and postand post--conditions forconditions for area ()area ()??
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Functions and passingFunctions and passing--byby--referencereference

PassPass--byby--referencereference gives a reference (= an address) to the argument:gives a reference (= an address) to the argument:

int f (int f (intint&& aa) { a = a+1) { a = a+1;; returnreturn a; }a; }

intint main () {main () {
intint xx = 0xx = 0;;
std::coutstd::cout <<<< f (f (xx)xx) <<<< std::endlstd::endl;; //// writeswrites 1 ;1 ; changeschanges xxxx
std::coutstd::cout << xx<< xx <<<< std::endlstd::endl;; //// writeswrites 11
intint yyyy = 7;= 7;
std::coutstd::cout <<<< f (f (yyyy)) <<<< std::endlstd::endl;; //// writeswrites 88 ;; changeschanges yyyy
std::coutstd::cout <<<< yyyy <<<< std::endlstd::endl;; //// writeswrites 88

}}

Similar features:  in Pascal,Similar features:  in Pascal, varvar parameter;  C#:parameter;  C#: ref/outref/out parameterparameter
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2nd call (refers to yy)
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a is an alias for xx

Functions and reference parametersFunctions and reference parameters
ReferenceReference argumentsarguments may leadmay lead to obscure bugs when you forget whichto obscure bugs when you forget which
arguments canarguments can bebe changedchanged

intint incr1 (incr1 (intint a) { return a+1; }a) { return a+1; }
voidvoid incr2 (incr2 (intint& a) { ++a; }& a) { ++a; }
intint x = 7;x = 7;
xx == incr1 (incr1 (x);x); //// pretty obviouspretty obvious
incr2 (incr2 (x);x); //// pretty obscurepretty obscure ((inin C#:C#: incr2 (incr2 (refref x);x); ))

OccasionallyOccasionally,, reference arguments may be essential,reference arguments may be essential, e.g.,e.g.,
forfor changingchanging severalseveral values via one single callvalues via one single call
representing sorepresenting so--calledcalled lvaluelvalue (the term is originally from C)(the term is originally from C)
manipulatingmanipulating containers (containers (e.ge.g.,., vectorvector subscriptingsubscripting produces lvalues)produces lvalues)
needed for many technical issues: IO, initialization/copying..needed for many technical issues: IO, initialization/copying..

Note thatNote that constconst referencereference argumentsarguments are veryare very often usefuloften useful
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shows the side-effect
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ByBy--value / byvalue / by--reference / byreference / by--constconst--referencereference

void g (void g (intint a,a, intint& r, const& r, const intint&& crcr)) {{
++++aa;; //// ok:ok: aa acts like a local variableacts like a local variable
++++rr;; //// ok:ok: rr is changedis changed
intint x =x = crcr;; //// ok:ok: crcr is accessed for its valueis accessed for its value
++++xx;; //// ok:  localok:  local xx is changedis changed

}}

intint main ()  {main ()  {
intint xx == 0, y0, y == 0, z0, z = 0;= 0;
g (g (xx, y, z, y, z);); //// after callafter call:: x == 0x == 0;; y == 1y == 1;; z == 0z == 0
g (g (11,, 22, 3, 3);); //// errorerror:: referencereference rr needs a variable to refer toneeds a variable to refer to
g (g (11, y,, y, 33);); //// okok: since: since crcr isis constconst we can passwe can pass ““a temporarya temporary””

}}
//// 3rd argument in the last call can be an expression3rd argument in the last call can be an expression ("x + 1")("x + 1")
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General referencesGeneral references
“reference” is a“reference” is a generalgeneral concept, notconcept, not justjust forfor passpass--byby--referencereference

intint ii = 7;= 7;
intint& r =& r = ii;; //// bindsbinds rr toto ii
r = 9;r = 9; ////  ii becomesbecomes 99
constconst intint&& crcr == ii;; //// bindsbinds crcr toto ii
crcr = 7;= 7; //// errorerror:: crcr refers torefers to constconst
ii == 88;; //// okok
std::coutstd::cout <<<< crcr <<<< std::endl;   //std::endl;   // writeswrites out the value ofout the value of ii ((that’sthat’s 88))

you can thinkyou can think of a reference as an alternative name forof a reference as an alternative name for anan objectobject
actually, theactually, the implementationimplementation is just a pointer (memory address)is just a pointer (memory address)
but with some restrictions; e.g., webut with some restrictions; e.g., we can’tcan’t

bindbind aa referencereference toto another objectanother object afterafter its initializationits initialization
traverse a linked data structure (like pointers)traverse a linked data structure (like pointers)

modify an object through amodify an object through a constconst referencereference
Juha Vihavainen / University of HelsinkiJuha Vihavainen / University of Helsinki 3434
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Guidance forGuidance for passing variablespassing variables
For exampleFor example

class Image {   /*class Image {   /* objects that are potentially hugeobjects that are potentially huge */   };*/   };
void f (Image i); . . .   f (myImage);void f (Image i); . . .   f (myImage); //// copy: can be very slowcopy: can be very slow
void f (Image& i); . . .   f (myImage);void f (Image& i); . . .   f (myImage); //// no copy, butno copy, but bad stylebad style
void f (Image const&); . . .   f (myImage);    //void f (Image const&); . . .   f (myImage);    // can't messcan't mess myImagemyImage

useuse callcall--byby--value for veryvalue for very smallsmall objects  (fit registers and such)objects  (fit registers and such)
uusese callcall--byby--constconst--reference forreference for largelarge objects (to avoid copying)objects (to avoid copying)
use calluse call--byby--reference only when you have to (sometimes you do)reference only when you have to (sometimes you do)

generally, better to returngenerally, better to return a result rather than modify an objecta result rather than modify an object
through athrough a referencereference argumentargument

more readable, less errormore readable, less error--prone, problematic for large valuesprone, problematic for large values
C++11 provides ways to return large objects efficientlyC++11 provides ways to return large objects efficiently
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Motivation for namespacesMotivation for namespaces

classclass GlobGlob { /{ /** . . .. . . **// };};   //// inin Jack’s headerJack’s header filefile jack.hjack.h
classclass WidgetWidget  { /{ /** . . .. . . **// };}; //// alsoalso inin jack.hjack.h

classclass Blob  { /Blob  { /** . . .. . . **// };};   //// inin Jill’sJill’s headerheader filefile jill.hjill.h
classclass WidgetWidget { /{ /** . . .. . . **// };}; //// alsoalso inin jill.hjill.h

#include "#include "jack.hjack.h"" //// thisthis is in your codeis in your code
#include "#include "jill.hjill.h"" //// soso is thisis this

voidvoid myFunc (myFunc (WidgetWidget . . .) {. . .) { //// errorerror: multiple: multiple definitions ofdefinitions of WidgetWidget
// . . .// . . .

}}
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NamespacesNamespaces
tthehe compiler will not compilecompiler will not compile multiplemultiple definitions for a namedefinitions for a name
clashes mayclashes may occuroccur from including headers (historically:from including headers (historically: StringString))
oonene way to prevent this problem is with namespaces:way to prevent this problem is with namespaces:

namespace Jacknamespace Jack  {{ //// inin Jack’sJack’s headerheader filefile
class Glob { /*class Glob { /* . . .. . .*/*/ };};
classclass WidgetWidget { /*{ /* . . .. . .*/*/ }};;

}}

#include "jack.h"#include "jack.h" //// in your codein your code
##include "include "jill.hjill.h"" //// soso is thisis this

void myFunc (void myFunc (Jack::Jack::WidgetWidget . .) {  //. .) {  // Jack’sJack’s WidgetWidget class will notclass will not
//// . . .. . . //// clashclash with awith a differentdifferent WidgetWidget

}}
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NamespacesNamespaces
A namespaceA namespace isis just ajust a namednamed scopescope

only aonly a compilecompile--timetime conceptconcept
no extra memory allocations (memory block)no extra memory allocations (memory block)
no special initializations requiredno special initializations required

TheThe :::: syntax is used tosyntax is used to specifyspecify (qualify)(qualify)
whichwhich namespace younamespace you areare using,using, andand
whichwhich (of many possible) objects of the same(of many possible) objects of the same namename
youyou are referring toare referring to

ForFor example,example, coutcout isis in namespacein namespace stdstd,, so we write:so we write:

std::cout << "Please enter stuff…" << std::endl;std::cout << "Please enter stuff…" << std::endl;
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usingusing Declarations and DirectivesDeclarations and Directives
In order toIn order to avoidavoid using the qualifiersusing the qualifiers

std::cout << "Please enter stuff . . ." << std::endl;std::cout << "Please enter stuff . . ." << std::endl;
you canyou can writewrite aa using declarationusing declaration (in a .cpp file)(in a .cpp file)

usingusing std::std::coutcout; . . .; . . . //  cout//  cout now meansnow means stdstd::::coutcout
coutcout << "Please<< "Please enter stuff . . .";enter stuff . . ."; //// okok:: std::std::coutcout
cincin >> x;>> x; //// errorerror:: cincin not in scopenot in scope

oror youyou cancan writewrite a generala general using directiveusing directive (but avoid this!)(but avoid this!)
usingusing namespace stdnamespace std;; //// allall stdstd namesnames availableavailable
coutcout << "Please enter stuff<< "Please enter stuff… ";… "; //// okok:: std::std::coutcout
cincin >> x;>> x; //// okok:: std::std::cincin

Note.Note. NeverNever place anyplace any usingusing statements into header filesstatements into header files
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EnumerationsEnumerations
AnAn enumenum (enumeration) is a very simple user(enumeration) is a very simple user--defined type,defined type,
specifying its set of values (specifying its set of values (itsits "enumerators");  for example:"enumerators");  for example:

enum class Month {      //enum class Month {      // a usera user--defined type, with its constantsdefined type, with its constants
Jan = 1Jan = 1,, FFebeb,, MarMar,, AAprpr,, MayMay,, JJunun,, JulJul,, AAugug,, SepSep,, OOctct,, NNovov,, DDecec

};};

Month mMonth m == Month::Feb;Month::Feb; //// okok
m = 7;m = 7; //// errorerror:: can’t assigncan’t assign intint toto MonthMonth
intint ii == static_cast <int> (m);static_cast <int> (m); //// okok:: convert to a numeric valueconvert to a numeric value
m = static_cast <Month> (7);m = static_cast <Month> (7);   //// okok:: convertconvert intint toto MonthMonth
i = 20000;i = 20000; //// okok:: assign toassign to intint ((of courseof course))
m = static_cast <Month> (i);m = static_cast <Month> (i); //// Visual Studio doesn't complain!Visual Studio doesn't complain!
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UnscopedUnscoped enumeration values (noenumeration values (no classclass!)!)
Can also define unscoped enum values (by default,Can also define unscoped enum values (by default, unsigned intunsigned ints)s)
//// again, theagain, the first enumerator  hasfirst enumerator  has thethe valuevalue 00, and, and
//// thethe next enumerator has the value “one plus thenext enumerator has the value “one plus the valuevalue beforebefore itit””
enumenum {{ HorseHorse,, PigPig,, Chicken };Chicken }; //// Horse = 0Horse = 0,, Pig = 1Pig = 1,, Chicken = 2Chicken = 2

Here, too we could explicitly control numberingHere, too we could explicitly control numbering
enumenum {{ Jan = 1Jan = 1,, FFebeb,, MarMar . . .. . . };}; //// Feb = 2Feb = 2,, Mar = 3Mar = 3
enumenum StreamStateStreamState {{ Fail =Fail =22,, Bad =Bad =44,, Eof =Eof =88 };  //};  // illustrative, onlyillustrative, only

and practice some (often unsafe) bit manipulationsand practice some (often unsafe) bit manipulations
int ordValue =int ordValue = StreamState::Fail;StreamState::Fail; //// okok:: assignassign 88
intint flagsflags == (int)StreamState::Fail + (int)mState::Eof;(int)StreamState::Fail + (int)mState::Eof; //// okok;; == 1010
StreamStateStreamState s =s = flagsflags;  //;  // errorerror:: can’t assigncan’t assign anan intint toto aa StreamStateStreamState
StreamStateStreamState s2s2 == StreamState (StreamState (flagsflags);                //);                // unsafe conversionunsafe conversion!!
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C++ alternative cast notation

Using enumerationsUsing enumerations
(1)  Simple(1)  Simple listlist ofof namednamed unsigned intunsigned int constants (instead of macros):constants (instead of macros):

enumenum {{ RedRed,, GreenGreen };}; //// meremere enumenum doesn’tdoesn’t givegive a scopea scope
intint aa == RedRed;; //// okok:: RedRed is available hereis available here
enumenum {{ RedRed,, BlueBlue,, PurplePurple };}; //// errorerror:: RReded is defined twiceis defined twice
The underlying type is hereThe underlying type is here unsignedunsigned (but generally(but generally impl. definedimpl. defined).).

(2)  A new "scoped" type,(2)  A new "scoped" type, withwith constant listconstant list
enumenum class Color  { Redclass Color  { Red,, GreenGreen,, BlueBlue . . .. . . };};
enum class Monthenum class Month  {{ Jan = 1,Jan = 1, FFebeb,, Mar,Mar, . . .. . . Nov, DecNov, Dec };};

Month m1Month m1 == Month::Jan;Month::Jan; //// okok
Month m2Month m2 == Color::RedColor::Red;; //// errorerror:: RReded isn’t aisn’t a MonthMonth
Month m3 = 7;Month m3 = 7; //// errorerror:: 77 isn’t aisn’t a MonthMonth
int i = m1;int i = m1; //// errorerror:: m1m1 isn’t anisn’t an intint
int i = static_cast <int> (m1);int i = static_cast <int> (m1); //// okok:: is converted to an intis converted to an int (1)(1)
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the underlying type is int
unless otherwise specified
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Summary: operatorSummary: operator overloadingoverloading
Can overloadCan overload onlyonly existingexisting operators (defined by C++ syntax)operators (defined by C++ syntax)

ee.g.g..,, ++ -- ** /  %/  %  [][] == ()  ̂   !  &  <  <=()  ̂   !  &  <  <=  >>  >=>=

CanCan define operators only with theirdefine operators only with their conventional numberconventional number of operandsof operands
ee.g.g..,, nono unaryunary <=<= ((less than or equalless than or equal)) andand no binaryno binary !! ((notnot))

An overloaded operator must haveAn overloaded operator must have at least one userat least one user--defined typedefined type asas
operandoperand

int operator + (int operator + (intint, int);, int); //// errorerror:: can’tcan’t overload builtoverload built--inin ++
Vect2 operator + (Vect2 const&, Vect2 const&);             //Vect2 operator + (Vect2 const&, Vect2 const&);             // okok
. . .   Vect2 v1, v2;    . . .   v1 = v1 + v2;. . .   Vect2 v1, v2;    . . .   v1 = v1 + v2;

Recommendations (for good programming style):Recommendations (for good programming style):
overloadoverload operators only withoperators only with theirtheir "conventional meaning", e.g.,"conventional meaning", e.g.,
++ should be addition,should be addition, ** be multiplication,be multiplication, [][] be access,be access, ()() be call, etc.be call, etc.
generally, avoid overloadinggenerally, avoid overloading unlessunless very good reasons to do itvery good reasons to do it
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Operator overloadingOperator overloading
You can overload almost all C++ operators (for class or enum operandsYou can overload almost all C++ operators (for class or enum operands  --
but notbut not sizeofsizeof, "? :", ..);  here, using the scoped enum values:, "? :", ..);  here, using the scoped enum values:
enum class Month :enum class Month : charchar { Jan = 1, Feb,  . . .  };{ Jan = 1, Feb,  . . .  }; //// specify impl.specify impl.
Month m = Month::Nov;Month m = Month::Nov;
++m;++m; //// incrementincrement:: mm becomesbecomes DecDec
Month Dec = m++;Month Dec = m++; //// increment but useincrement but use oldold value;value; mm -->> JanJan

Month operator ++ (Month& m) {Month operator ++ (Month& m) { //// prefix incrementprefix increment
m = (m==Month::Dec) ? Month::Jan : Month ((char)m+1);m = (m==Month::Dec) ? Month::Jan : Month ((char)m+1);
//// wraps around if necessarywraps around if necessary
return m;return m;

}}
Month operator ++ (Month& m,Month operator ++ (Month& m, intint) {) { //// postfix incrementpostfix increment

Month old = m; ++m;  return old;Month old = m; ++m;  return old; //  m//  m wraps aroundwraps around
}   .  .  .}   .  .  .
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AssertionsAssertions
AssertionsAssertions are Boolean expressions that define conditionsare Boolean expressions that define conditions
that should never failthat should never fail

CC++ provides++ provides (in header <(in header <cassertcassert>) the predefined>) the predefined macromacro

assert (assert (booleanExpressionbooleanExpression);); //// alreadyalready in standard Cin standard C

ByBy default, is turned on in the testdefault, is turned on in the test versionversion

ifif NDEBUG is not defined and the argument ofNDEBUG is not defined and the argument of assertassert ()()
evaluates toevaluates to false,false, then source file and line are displayed, andthen source file and line are displayed, and
thethe program isprogram is immediately abortedimmediately aborted, by calling, by calling abortabort ()()

assertassert () is() is usually turned off in the productionusually turned off in the production versionversion

whenwhen macro NDEBUG is defined,macro NDEBUG is defined, assertassert () does nothing (it's() does nothing (it's
empty) and thus "extra" checks are eliminated from the codeempty) and thus "extra" checks are eliminated from the code
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Exceptions vs.Exceptions vs. assertionsassertions
Differences between exceptions and assertionsDifferences between exceptions and assertions

failedfailed assertassert immediately terminates the programimmediately terminates the program
you can catch exceptions and try to continueyou can catch exceptions and try to continue
you can turn off assertions (but usually not exceptions)you can turn off assertions (but usually not exceptions)

Differences betweenDifferences between preconditionspreconditions and other assertionsand other assertions
preconditionspreconditions (often)(often) teststests externalexternal failures which the componentfailures which the component
cannot handle itself; instead,cannot handle itself; instead, it mustit must throw failures back to theirthrow failures back to their
original source (the caller)original source (the caller)
many runmany run--time failures (e.g., math. overflow, memory alloc.) cantime failures (e.g., math. overflow, memory alloc.) can
be seen as a kind of "external" factors, too =>be seen as a kind of "external" factors, too => useuse exceptionsexceptions

InvariantsInvariants andand postpost--conditions checkconditions check thethe internalinternal state that cannotstate that cannot
possibly makepossibly make sense to outsiders and indicate a bug in the componentsense to outsiders and indicate a bug in the component
=> use=> use assertsasserts to eliminate themto eliminate them

46464.11.20144.11.2014 Juha Vihavainen / University of HelsinkiJuha Vihavainen / University of Helsinki



24

Summary: Why checks?Summary: Why checks?

Why not leave all checks out of the productionWhy not leave all checks out of the production versionversion

wewe often don't really knowoften don't really know the real reason of the failure: perhaps athe real reason of the failure: perhaps a
programming error or some external resource/factorprogramming error or some external resource/factor
stronglystrongly--typed languages (such astyped languages (such as Java and C#)Java and C#) use checks anduse checks and
exceptions to always prevent unsafe operationsexceptions to always prevent unsafe operations

preconditions/externalpreconditions/external failures provide a pragmatic tradefailures provide a pragmatic trade--off whatoff what
to check, at the boundary of a component or moduleto check, at the boundary of a component or module

note that the C++ standard librarynote that the C++ standard library usesuses the same conventionthe same convention
(provides(provides prepre--conditioncondition checks for selected operations)checks for selected operations)

to generallyto generally use exceptions, must additionally design classes anduse exceptions, must additionally design classes and
operations to beoperations to be exception safeexception safe (i.e., to tolerate unexpected errors(i.e., to tolerate unexpected errors
and their handling thru exceptionsand their handling thru exceptions);  we will discuss this later);  we will discuss this later
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Debugging is hardDebugging is hard
Try to see what the program code really specifies, not what youTry to see what the program code really specifies, not what you
hope or think it should sayhope or think it should say
PayPay special attention to “end cases” (beginnings and endsspecial attention to “end cases” (beginnings and ends))

diddid you initialize everyyou initialize every variable tovariable to a reasonablea reasonable value?value?
ddidid the function get the right arguments?the function get the right arguments?
ddidid the function return the right value?the function return the right value?
ddidid you handle theyou handle the first/lastfirst/last element correctly?element correctly?
diddid you handle theyou handle the empty caseempty case correctly?correctly?

no elements, nono elements, no inputinput
ddidid you openyou open allall filesfiles correctly?correctly?
diddid you actually read thatyou actually read that input? writeinput? write that outputthat output??

Assertions help;  IDE helps (breaks, stepping);  logging helpsAssertions help;  IDE helps (breaks, stepping);  logging helps
need to make the behavior of the programneed to make the behavior of the program apparentapparent//visiblevisible
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How to test a program?How to test a program?

Think of testing and correctness from the very startThink of testing and correctness from the very start
Practice "Practice "testtest--driven developmentdriven development" (TDD)" (TDD)
Systematically analyze input data and design tests for themSystematically analyze input data and design tests for them
WhenWhen possible, test parts of a program inpossible, test parts of a program in isolationisolation

e.ge.g.,., for a critical or very complicatedfor a critical or very complicated functionfunction
write code that callswrite code that calls it withit with different argumentsdifferent arguments toto seesee how ithow it
behaves in isolation before putting it into the real programbehaves in isolation before putting it into the real program
test driverstest drivers help to organize tests and display reportshelp to organize tests and display reports

TestTest bothboth debug options set ONdebug options set ON andand options set OFFoptions set OFF
need to try out both debug version and production versionneed to try out both debug version and production version

See more about this in, e.g, [Stroustrup, 2009, Ch. 26See more about this in, e.g, [Stroustrup, 2009, Ch. 26 TestingTesting]]
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ProgramProgram structure: some general rulesstructure: some general rules
MakeMake the program easy to read so thatthe program easy to read so that wewe have ahave a betterbetter
chancechance of spotting theof spotting the bugsbugs
Use meaningful descriptive names (most important)Use meaningful descriptive names (most important)
Comment and explainComment and explain designdesign ideas (why use this solution)ideas (why use this solution)
Use a consistent layout and indentationUse a consistent layout and indentation

anan IDEIDE maymay help (help (but you arebut you are the onethe one responsible)responsible)
BreakBreak code into small functionscode into small functions

say, trysay, try to avoid functions longer than a pageto avoid functions longer than a page
Avoid complicated/difficult codeAvoid complicated/difficult code

butbut,, of course, youof course, you sometimessometimes cannot avoid suchcannot avoid such
UseUse librarylibrary facilities (abstractions that hide complexities)facilities (abstractions that hide complexities)
Use languageUse language--dependent idioms, and OO design patternsdependent idioms, and OO design patterns
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