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C(++) programs without classes

Call  by reference example



Call with pointer example

Pointer arithmetic



Pointer arithmetic, p.2

Bracket Program (C, C++)



Main() for bracket

Passing arguments: value, reference



Point Class

Point Class, cont.



Point Program Example

An Exquisite Point Class



An Exquisite Point Class, p.2

An Exquisite Point Class, p.3



Using the Point Class

Constructors and 
Destructors Destructors 

Dynamic memory allocation



Constructors and 
Destructors, p.2

Constructors and 
Destructors, p.3

• No memory management in main program or 
functions, as a goal in C++
– In C, memory was managed for each variable

• You had to remember to allocate it and free it 
when done, 

no matter where these events occurred.  
• Dynamic memory errors are over 50% of C 

program errors
– In C++, we build memory management into classes

• ‘New’ only in constructors; ‘delete’ only in 
destructors

• Application developer sees nearly automatic 
b  garbage 
collection. She “never” uses new; creates new 

objects just 
b  d fi i  th  St d t J    i t iby defining them: Student Joe, same as int i
• Class developer has control of garbage 

collection when 
d dneeded

– C++ garbage collection is tough on lists, trees, etc.



Memory Management Errors
• Deleting same memory twice is a bug

– Hard to find!
– Trick: Comment out all deletes if 
you have a weird bug in a program you have a weird bug in a program 
with dynamic memory

• If bug goes away  you’re deleting • If bug goes away, you re deleting 
some memory twice
 N t d l ti   h  d  i   • Not deleting memory when done is a 
leak
– Leaking 100 bytes per call on a Web 
server with a million calls a day 
means buying GBs of memory and 
crashing regularly anyway



Main Program, Stack Template

Inheritance: Access Specifiers



Research project revisited

Undergrad



Research project class

Research project class, p.2



Research project class

Main program


