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A Lock-free GCLOCK Page Replacement Algorithm

MaxkoTo Yur, 12 Jun Mrvazaki,
SHUNSUKE UEMURA, Hirokazu KaTo'3
and HAYATO YAMANAT?

In this paper, we propose a lock-free variant of the GCLOCK page replace-
ment algorithm, named Nb-GCLOCK. Concurrent access to the buffer manage-
ment module is a major factor that prevents database scalability to processors.
Therefore, we propose a non-blocking scheme for bufferfixr operations that fix
buffer frames for requested pages without locks by combining Nb-GCLOCK
and a wait-free hash table. Our experimental results revealed that our scheme
can obtain nearly linear scalability to processors up to 64 processors, although
the existing locking-based schemes do not scale beyond 16 processors.
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class Frame {
1 K key; V value;
2 AtomicInteger refcount = new AtomicInteger(1);
3 AtomicInteger pinning = new AtomicInteger(1);
4 Frame(K key, V value) {
5 this.key = key;
6 this.value = value;
7}
8 V volatileGetValue() {
9 memory fence for volatile load
10 return value;
11 }
12 boolean CASValue(V expect,V update) {
13 return CAS(value, expect, update);
14 }
15 void incrRC() {
16 refcount.increment();
17 }
18 boolean decrRC() {
19 return refcount.decrement();
20 }
21 boolean tryEvict() {
22 return pinning.CAS(0, -1);
23 }
24 void evictUnshared() {
25 pinning.CAS(1,-1);
26 }
27 boolean pinCount() {
28 return pinning.get();
29 }
30 boolean pin() {
31 return addIfGT(pinning,-1,1);
32 }
33 void unpin() {
34 pinning.decrement();
35 }
} //end Frame

000000000 000000 Vol.2 No.4 32-48 (Dec. 2009)

class BufferCache {

36 HashTable HASHTBL;

37 ClockBuffer CLOCKBUF;

38 BufferCache(int size) {

39 HASHTBL = new HashTable(size);

40 CLOCKBUF = new ClockBuffer(size);

41 }

42 Frame fixEntry (K key) {

43 Frame entry = HASHTBL.get (key);

44 if(entry '= null && entry.pin()) {

45  entry.incrRCQ);

46 return entry;

47 } else {

48 return addEntry(key, null);

49 '}

50 }

51 Frame addEntry(K key, V value) {

52 for(;;) {

53 Frame newEntry = new Frame(key, value);
54 Frame removed = CLOCKBUF.add(newEntry) ;
55  if(removed != null) {

56 if (HASHTBL.remove (removed.key, removed))
57 purge the removed page

58 }

59  Frame prevEntry = HASHTBL.putIfAbsent(key, newEntry);
60  if (prevEntry != null) {

61 if (!prevEntry.pin()) {

62 if (HASHTBL.replace (key,prevEntry,newEntry)) {
63 newEntry.setValue(prevEntry.getValue());

64 return newEntry;

65 }

66 newEntry.evictUnshared();

67 continue; //jump to line 53

68 }

69 newEntry.evictUnshared();
70 prevEntry.incrRCQ);

71 return prevEntry;
72}

73  return newEntry;
74}

75 } } //end BufferCache

04 O0O0ODOOOOOODODOOOO
Fig.4 Pseudo code of the buffer cache.
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class ClockBuffer {

22
23
23
24

AtomicArray POOL;
AtomicInteger FREE;
AtomicCounter CLOCKHAND = new AtomicCounter(0);
int SIZE;
ClockBuffer (int size) {
this.POOL = new AtomicArray(size);
this.FREE = new AtomicInteger(size);
this.SIZE = size;
}
Frame add(Frame entry) {
do {
int free = FREE.get();
if (free == 0)
return swap(entry);
if (FREE.CAS(free, free - 1))
break;
} while(true);
int idx = CLOCKHAND.get();
while (!POOL.CAS(idx%SIZE, null, entry))
idx++;
CLOCKHAND . increment () ;
return null;
}
Frame swap(Frame entry) {
int numpinning = 0;
int start = CLOCKHAND.get();
for(int i=start%SIZE;;i=(i+1)%SIZE) {
Frame e = POOL.get(i);
if (e == null) continue;

54
55
56
57
}

int pincount = e.pinCount();
if (pincount == -1) { // evicted?
if (POOL.CAS(i,e,entry)) {
moveClockHand (i, start);
return e;
}
continue;
}
if (pincount > 0) { // pinned?
if (++numpinning>=size)
yield this thread and allow others to execute
continue;
}
if (e.decrRC() <= 0) {
if(e.tryEvict() && POOL.CAS(i,e,entry)) {
moveClockHand (i, start);
return e;
}
}
} //end for
} //end swap
void moveClockHand (int curr, int start) {
int delta;
if (curr < start)
delta = curr + size - start + 1;
else
delta = curr - start + 1;
CLOCKHAND. add (delta) ;
}
//end ClockBuffer

0 5 ClockBuffer 00O0O00DO

Fig.5 Pseudo code of t
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1 Frame slot =
PAGE_CACHE.fixEntry(pageld);
2 try {
V page = slot.volatileGetValue();
if (page == null) {
V update = read-in a page of the pageld from disk
slot.CASValue(null, update);
}
do application logic for the page
} finally {

slot.unpin();
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Fig.6 Usage of a buffer in our scheme.
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0 1 SUN UltraSPARC T2 000
Table 1 Specifications of Sun SPARC Enterprise T5120.

Operating System Solaris 10 8/07
Core (Threads/Core) | 8 (8)

Processor frequency 1.2 GHz

Main memory 16 GB

Disk SAS (10,000 rpm)
L2 cache per core 4 M

00 000OSerial ATA Revision 2.5 000000 Native Command Queuingd NCQO
00000 SATAOOOOOOD 3200SCSI0DOOOOOO 2500000000
goobooooog
e [/O0U0000DUDOOUDOOOUDOUOLOULUDOOUDODOOOOSODOOO
[/00000000000/0000000000000000%0
0o0oooooooooDoooooDoooo oSuooboooooooooooooo
0000000000000 0004120000000000000 I/O000OOOO
pread 0 CASOODOO0OODOOO I/O0O0DO0OOOOOOODO

4. 0 0 00O

Nb-GCLOCK ODOODO0000000000 Nb-GCLOCK O LRUOGCLOCKO O
002Q%0000000000000002QY000000000000000 Kiin
0 Klowt0OODOOOODOODO 20%0 30%00000000000000000000
D000000000000000000000000 Test-and-Test-and-Set 0 0 O 24
ooooog

000000 12)0000000000000000000000000000000
O00zipf0OODOODODO0D0O0O0000000000000000000000000
00000000000000000000 Nb-GCLOCKODODODOOOODODOO0O00OO
GCLOCKOOOODOODODODOOO0D00000000 GCLOCKOOOOOOOoO0o0O
000000000000 D00000Doooooogog

0000000000000 100000000 Sun UltraSPARC T2 processor] Sun
SPARC Enterprise T51200000000T51200 0000000800 CPUDOODODO
00000000 8000000000000 DNDON00NDON00NDDNONONONDOnODO 64
0000000000000 00D000000000000000000 Sun JDK 1.60

(© 2009 Information Processing Society of Japan



42 000000 GCLOCKOOOOoOooooooo

ooooon

4.1 DO0000 ZipfOODOOOOODO

TPC-COOO0OD OLTPOOODOODOOODOODOOOOODOODOOODO
D0000000000000a=050 «a=0860 Zipf0O?* 0000000000
0000000000000 000000000000 Zipf0OODOOODOOOODOO
0 O O Independent reference modell?® 00 0000000000000 O0O0O0OO0DO0
000000000000 00000000000000000000000000000
0000000000000 00000000000000
00001,000000000000000000000000000000% 00000
000000000000 0000000000000000 100000000000
WebOOODUOOUOOODUODUOOOOODODOOOOZipfOOOOO 80/20000000
0000000000000 00000000000000 28)000000000000
00000000000000000000000000 Zipf0OODOODOOOO0OO0O0O
0000000029 00Zipf0000000000000000000000000O00
0000000000000000

Zipf 000DOONOOODOODOODOODOOODOD0D000000000i0000000
0000 (i(/N)*0000a=0.8608/2000000000a=0500000000
O000000D00000 45/200000000Zipf00000000000000O00
0000000000000 0000000000000000000000000000
0000000100 000000000000000000000 20%00000000
00000 8KBOODODOOODOODOOOOOOOODODODOOO0000000000
00000000000 000000000000000000000000000000
000000000000 00000D00000000000
0000000000000 D0000Do0o0oOl/00000o00ooooogon
0000000000000000000000000000000 405700000
0000000000000 000000000000000000000000000
000000000 bufferfix 00000000000 000%01000000000I/0
000000000000 D00000000000D 1000000 [JoOooooooo
0000000000000 0000000000000000000 [JoOoooDoo
00000000000000000000000000000000000000000
004,000,000000032GBO00 0000000000000 O0O00ODOOOODOO

000000000 000000 Vol.2 No.4 32-48 (Dec. 2009)

100

——LRU

90 +—
——2Q
GCLOCK
80

=3—=NbGCLOCK

70

buffer hit rate (%)

60 -

50

40 T T T |
4096 8192 16384 32768

buffer capacity

07 DO000O0O0OOO0OOO0OO0OOOOODOOO64 0000000
Fig.7 Relationship between buffer capacity and buffer hit rate (64 threads).
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Fig.8 Throughputs obtained when varying buffer capacity and workload distributions.
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Fig.9 Comparison between “lseek+read” and “pread”.
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Fig. 10 Scalability to CPU processors when pages are resident in memory.
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Fig. 11 Scalability to processors when using pread for disk I/O.
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Table 3 Specifications of each X86-64 machine.

Operating System Linux 2.6.22 Linux 2.6.5
OpenSUSE 10.3 SuSE (SLES) 9
CPU model Quad core Xeon Dual Core Opteron
E5420 880
Architecture SMP ccNUMA
Core (Chips) 8 (2) 8 (4)
Processor frequency | 2.5 GHz 2.4 GHz
Main memory 8GB 32GB
Disk SATA 2 Ultra320 SCSI
(7,200 rpm, NCQ) | (10,000 rpm)
L2 cache per core 6 MB 1MB
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Fig.12 Experiment on X86-64 architecture (8 threads).
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