CS577Spr'02 Lecture Notes
Lecture8
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Simple Heap Model

For simplicity, considera heapcontaining“cons” cells.
= =
GLOBAL/

STACK i, HEAP

Heapconsistof two-word cellsandeachelementof acellis a
pointer to anothercell. (We’'ll dealwith distinguishingpointers
from non-pointerdater)

Theremayalsobe pointersinto the heapfrom the stackand
globalvariablestheseconstitutetheroot set

At ary givenmomentthe systems$ live data arethe heapcells
thatcanbereachedy someseriesof pointertraversalsstarting
from amemberof theroot set.

Garbageis the heapmemorycontainingnon-live cells. (Note
thatthisis a slightly conserative definition.)
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Basic Garbage Collection

Garbage Collection (GC) is theautomaticreclamatiorof heap
recordsthatwill never again beaccessetly the program.

GCis universallyusedfor languagesvith closuresandcomplex
datastructureghatareimplicitly heap-allocated.

GC maybeusefulfor ary languagehatsupportsheapallocation,
becausét obviatesthe needfor explicit deallocationwhichis
tedious.errorprone,andoftennon-modular

GCtechnologyis increasinglyinterestingfor “conventional”
languagemplementationespeciallyasusersdiscover thatf r ee
isn't free. l.e., explicit memorymanagementanbe costlytoo.

We view GC aspartof anallocation sewice provided by the
runtimeervironmentto the userprogram,usuallycalledthe
mutator. Whenthe mutatorneedsheapspaceit callsan
allocationroutine,whichin turn performsgarbagecollection
actvitiesif needed.
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ReferenceCounting

Themoststraightforvardway to recognizegarbageandmake its
spacereusabldor new cellsis to usereferencecounts

We augmenteachheapcell with a count field thatrecordsthe
total numberof pointersin the systenthatpointto thecell. Each
time we createor copy a pointerto thecell, we incrementhe
count;eachtime we destry a pointer we decrementhe count.

If thereferencecountever goesto 0, we canreusethe cell by
placingit onafreelist.

—

FREE
LIST

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

Pros:
Conceptuallysimple;
Immediatereclamatiorof storage

Cons:

Extraspace;

Extratime (every pointerassignmenhasto change/checkount)
Cant collect“cyclic garbage”
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Mark and Sweep

Theres norealneedto remove garbageaslong asunused
memoryis available.SoGCis typically deferreduntil the
allocator fails dueto lack of memory Thecollectorthentakes
control of the processqgrperformsa collection—hopefully
freeingenoughmemoryto satisfytheallocationrequest—and
returnscontrolto the mutator This approachs known
genericallyas“stop andcollect”

Thereareseveral optionsfor the collectionalgorithm.Perhaps
thesimplestis calledmark and sweep which operatesn two
phases:

e First,mark eachlive datacell by tracingall pointersstarting
with therootset.

e Then,sweepall unmarledcellsontothefreelist (also
unmarkingthe markedcells).

struct cell {

int nmark: 1;

struct cell *c[2];}
struct cell *free;
struct cell heap[ HEAPSI ZE] ;

struct cell *roots[ROOTS];
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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(cel I ->c[0]);
mark(cel I ->c[1]);
}
}
voi d sweep() {
for (i = 0; i < HEAPSIZE; i++)

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

el se {
heap[i].c[0] = free;
free = & heap[i]);

}

Heremar k traverseghelive datagraphin depth-firstorder and
potentiallyusedots of stack! A standardrick calledpointer
reversal canbe usedto avoid needingextra spaceduringthe
traversal.
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/* Initially all cells are on free list.
Use c[0] to link nmenbers of free |ist.
void init_heap() {
for (i=0; i < HEAPSI ZE-1; i ++)
heap[i].c[0] = & heap[i+1]);
heap[ HEAPSI ZE- 1] . c[ 0] = O;
free = & heap[0]);
}

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

ge(); 1* try gc */
if (!free) /* still no nore room*/
die();
H
a = free;
free = free->c[0];
return a;

*/
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Copying Collection

Mark andsweephasseveral problems:

e |t doeswork proportionalto the sizeof the entireheap.
o It leavesmemoryfragmented.

e |t doesnt copewell with non-uniformcell sizes.

An alternatve thatsolvestheseproblemss copying collection.
Theideais to divide the availableheapinto 2 semi-spaces
Initially, theallocatorusegust onespacewhenit fills up,the
collectorcopiesthelive data(only) into the otherspaceand
reversegherole of thespaces.

ALLOCATION SPACE RESERVE SPACE

START OF CYCLE:

DATA

ALLOCATION SPACH RESERVE SPACE

BEFORE COLLECTION:

DATA & GARBAGE | ..

RESERVE SPACE. [ALLOGATION SPACE

AFTER COLLECTION:

DATA
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Copying collectionmustfix up all pointersto copieddata.To do

this, it leavesaforwarding pointer in the“from” spaceafterthe
copy is made.

A copying collectortypically traverseghelive datagraph
breadthfirst, using“to” spacdtself asthesearch'queue

Copying compactslive data,which improveslocality andmay
be goodfor virtual memoryandcaches.

a= =
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struct cell {

struct cell *c[2];
}
struct cell space[ 2] [ HALFSI ZE] ;
struct cell *roots[RROOTS];
struct cell *free = &(space[0][0]);
struct cell *end = &(space[ 0] [ HALFSI ZE]);

int fromspace = 0;
int to_space = 1;

11

FROM SPACE ROOT SET TO SPACE struct cell *allocate() {
BEFORE COLLECTION if (free ==end) { /* no room */
gc(); .
if (free == end) /* still no room */
= die();
C1J |
‘ ++:
O i Hw\ L } return free++;
FROM SPACE ROOT SET TO SPACE
AFTER COLLECTION
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Copying Collection Details ge() {
int i;
GRAPH struct cell *scan = &(space[to_space][0]);
\ free = scan;
_ B for (i =0 ; i < ROOTS; i++)
Root A _roots[l] = forward(roots[i]);
Set E while (scan < free) {
scan->c[0] = forward(scan->c[0]);
TO-SPACE C D scan->c[ 1] = forward(scan->c[1]);
scan++;
o[ T[] I
A 5 S = scan pointerF = free pointer from space = 1-from space;
S F D = copied but not scanned to_space = 1-to_space;
@ end = *(space[from space] [ HALFSI ZE] ) ;
. = copied and scanned }
A B C (all pointers are to
S F to-space) struct cell *forward(struct cell *p) {
@) if (p >=&(space[fromspace][0]) &&
p < &(space[from space] [ HALFSI ZE]))
if (p->c[0] >= &(space[to_space][0]) &&
p->c[0] < &(space[to_space] [ HALFSI ZE]))
(4) return p->c[0];
el se {
*free = *p;
p->c[0] = free++;
®) return p->c[0];
}
F el se return p;

}
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Comparison

Copying collectordoeswork proportionalto amountof live data.
Asymptotically this meandt doeslesswork thanmarkand
sweep.Let

A = amountof live data
M = totalmemorysizebeforea collection.

After the collection,thereis M-A spacdeft for allocationbefore
thenext collection.We cancalculatethe amortized costper
allocatedbyte asfollows:

WAt M
Cugs = 4475% for somec;, c;
Ccory = ﬁ% for somecs

As M — oo, Ocopy — 0, while CM&S — Ca.

Of courserealmemoriesarent infinite, sothevaluesof ¢y, ¢, c3
matter especiallyif a significantpercentagef dataarelive at
collection(sincegenerallycs > c1).




