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BasicGarbageCollection

GarbageCollection (GC) is theautomaticreclamationof heap
recordsthatwill never again beaccessedby theprogram.

GC is universallyusedfor languageswith closuresandcomplex
datastructuresthatareimplicitly heap-allocated.

GCmaybeusefulfor any languagethatsupportsheapallocation,
becauseit obviatestheneedfor explicit deallocation,which is
tedious,error-prone,andoftennon-modular.

GCtechnologyis increasinglyinterestingfor “conventional”
languageimplementation,especiallyasusersdiscover thatfree
isn’t free. I.e.,explicit memorymanagementcanbecostlytoo.

Weview GCaspartof anallocation service providedby the
runtimeenvironmentto theuserprogram,usuallycalledthe
mutator . Whenthemutatorneedsheapspace,it callsan
allocationroutine,which in turnperformsgarbagecollection
activities if needed.
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SimpleHeapModel

For simplicity, consideraheapcontaining“cons” cells.

HEAPSTACK

GLOBALS

Heapconsistsof two-word cellsandeachelementof acell is a
pointer to anothercell. (We’ll dealwith distinguishingpointers
from non-pointerslater.)

Theremayalsobepointersinto theheapfrom thestackand
globalvariables;theseconstitutetheroot set.

At any givenmoment,thesystem’s live data aretheheapcells
thatcanbereachedby someseriesof pointertraversalsstarting
from amemberof theroot set.

Garbage is theheapmemorycontainingnon-live cells. (Note
thatthis is a slightly conservative definition.)
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ReferenceCounting

Themoststraightforwardway to recognizegarbageandmake its
spacereusablefor new cellsis to usereferencecounts.

Weaugmenteachheapcell with acount field thatrecordsthe
total numberof pointersin thesystemthatpoint to thecell. Each
timewecreateor copy apointerto thecell, we incrementthe
count;eachtimewedestroy a pointer, wedecrementthecount.

If thereferencecountever goesto 0, wecanreusethecell by
placingit ona fr eelist.

FREE
LIST

Whenallocatinga new cell, wefirst try thefreelist (before
extendingtheheap).

Pros:
Conceptuallysimple;
Immediatereclamationof storage

Cons:
Extraspace;
Extratime (every pointerassignmenthasto change/checkcount)
Can’t collect“cyclic garbage”
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Mark and Sweep

There’s no realneedto remove garbageaslongasunused
memoryis available.SoGC is typically deferreduntil the
allocator fails dueto lackof memory. Thecollectorthentakes
controlof theprocessor, performsa collection—hopefully
freeingenoughmemoryto satisfytheallocationrequest—and
returnscontrolto themutator. Thisapproachis known
genericallyas“stopandcollect.”

Thereareseveraloptionsfor thecollectionalgorithm.Perhaps
thesimplestis calledmark and sweep, whichoperatesin two
phases:

� First,mark eachlive datacell by tracingall pointersstarting
with theroot set.

� Then,sweepall unmarkedcellsontothefreelist (also
unmarkingthemarkedcells).

struct cell {
int mark:1;
struct cell *c[2];}

struct cell *free;

struct cell heap[HEAPSIZE];

struct cell *roots[ROOTS];

PSUCS577Spr’02Lecture8 c
�

Andrew Tolmach2002 6

/* Initially all cells are on free list.
Use c[0] to link members of free list. */

void init_heap() {
for (i=0; i < HEAPSIZE-1; i++)

heap[i].c[0] = &(heap[i+1]);
heap[HEAPSIZE-1].c[0] = 0;
free = &(heap[0]);

}

struct cell *allocate() {
struct cell *a;
if (!free) { /* no more room => */

gc(); /* try gc */
if (!free) /* still no more room */
die();

};
a = free;
free = free->c[0];
return a;

}
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void gc() {
for (i = 0; i < ROOTS; i++)

mark(roots[i]);
sweep();

}

void mark(struct cell *cell) {
if (!cell->mark) {

cell->mark = 1;
mark(cell->c[0]);
mark(cell->c[1]);

}
}

void sweep() {
for (i = 0; i < HEAPSIZE; i++)

if (heap[i].mark)
heap[i].mark = 0;

else {
heap[i].c[0] = free;
free = &(heap[i]);

}
}

Heremark traversesthelive datagraphin depth-firstorder, and
potentiallyuseslots of stack!A standardtrick calledpointer
reversal canbeusedto avoid needingextra spaceduringthe
traversal.
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Copying Collection

Mark andsweephasseveralproblems:

� It doeswork proportionalto thesizeof theentireheap.

� It leavesmemoryfragmented.

� It doesn’t copewell with non-uniformcell sizes.

An alternative thatsolvestheseproblemsis copyingcollection.
Theideais to divide theavailableheapinto 2 semi-spaces.
Initially, theallocatorusesjust onespace;whenit fills up, the
collectorcopiesthelivedata(only) into theotherspace,and
reversestheroleof thespaces.

ALLOCATION SPACERESERVE SPACE

ALLOCATION SPACE RESERVE SPACE

DATA

DATA  & GARBAGE

DATA

START OF CYCLE:

BEFORE COLLECTION:

AFTER COLLECTION:

ALLOCATION SPACE RESERVE SPACE
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Copying collectionmustfix up all pointersto copieddata.To do
this, it leavesa forwarding pointer in the“from” spaceafterthe
copy is made.

A copying collectortypically traversesthelive datagraph
breadthfirst , using“to” spaceitself asthesearch“queue.”

Copying compactslive data,which improveslocality andmay
begoodfor virtual memoryandcaches.

FROM  SPACE TO   SPACEROOT SET

FROM  SPACE TO   SPACEROOT SET

BEFORE COLLECTION

AFTER COLLECTION
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Copying Collection Details
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struct cell {
struct cell *c[2];

}

struct cell space[2][HALFSIZE];

struct cell *roots[ROOTS];

struct cell *free = &(space[0][0]);
struct cell *end = &(space[0][HALFSIZE]);

int from_space = 0;
int to_space = 1;

struct cell *allocate() {
if (free == end) { /* no room */

gc();
if (free == end) /* still no room */
die();

};
return free++;

}
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gc() {
int i;
struct cell *scan = &(space[to_space][0]);
free = scan;
for (i = 0 ; i < ROOTS; i++)

roots[i] = forward(roots[i]);
while (scan < free) {

scan->c[0] = forward(scan->c[0]);
scan->c[1] = forward(scan->c[1]);
scan++;

};
from_space = 1-from_space;
to_space = 1-to_space;
end = *(space[from_space][HALFSIZE]);

}

struct cell *forward(struct cell *p) {
if (p >=&(space[from_space][0]) &&

p < &(space[from_space][HALFSIZE]))
if (p->c[0] >= &(space[to_space][0]) &&

p->c[0] < &(space[to_space][HALFSIZE]))
return p->c[0];

else {
*free = *p;
p->c[0] = free++;
return p->c[0];

}
else return p;

}
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Comparison

Copying collectordoeswork proportionalto amountof live data.
Asymptotically, this meansit doeslesswork thanmarkand
sweep.Let
���

amountof live data� �
totalmemorysizebeforea collection.

After thecollection,thereis M-A spaceleft for allocationbefore
thenext collection.Wecancalculatetheamortized costper
allocatedbyteasfollows:
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Of course,realmemoriesaren’t infinite, sothevaluesof ���������)�2�)(
matter, especiallyif a significantpercentageof dataareliveat
collection(sincegenerally�)(�34�5� ).


