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Garbage Collection Overview

● C requires the programmer to manually manage memory on the heap by 
default (via malloc/free)

● Garbage collection: automatically free heap objects that cannot be reached 
by any chain of references from any “root”

○ Root: a register or a value on the stack
● Some languages provide this functionality by default to reduce the amount of 

memory bugs in code



Garbage Collection Methods

● Reference Counting
● Baker’s Algorithm (“Mark-and-Sweep”)
● Copying GC
● Partial & Generational GC



Reference Counting

● Maintain a reference counter for each object, counting how many references 
point to this object

● When the reference counter hits zero, free the object!
○ Also, decrement the reference counter for objects referenced by this

● Main problem: fails to free objects in circular reference:
○ x.prev = y; y.prev = x → both have reference count = 1 and will never be freed



Baker’s Algorithm (Mark-and-Sweep)

● Maintain all memory in four sets:
○ Free: a list of free space
○ Unreached: a list of allocated objects, not yet reached via any reference
○ Unscanned: reached (referenced by some pointer chain from root), but not scanned yet
○ Scanned: a list of scanned objects

● Mark phase: Follow all pointers starting from roots, and scan each object 
and objects they reference, moving them to scanned.

● Sweep phase: Move everything in the unreached set to free.



Copying GC

● Maintain two regions of heap 
space: half is in-use by 
objects, half is reserved for 
GC.

● Once in-use memory fills up, 
copy all reachable objects to 
the GC portion, then swap 
the two memory regions.

● Compacts the heap space, 
so alleviates fragmentation

“Mark-and-compact” GC relocates objects together in the same space



Partial GC

● Collecting the entire memory space takes too long to run!
● Instead, only collect from part of the memory region each GC run:

○ Target set: region of memory we’re collecting from
○ Stable set: region of memory we’re not collecting from (assume all reachable)

● Always conservative: may collect less garbage than exists, but will never 
collect more.



Generational GC

● A form of partial GC, based on the observation: most objects have short 
lifetimes

● Maintain multiple generations of memory space (in Java: 2 generations)
○ All new objects are allocated in newest generation
○ When youngest generation is full, GC on only the young generation space (“minor GC”)
○ Some large portion of the surviving objects are moved to the next generation
○ Perform GC on entire space only when oldest generation fills up (“major GC”)


