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Motivation
DSU systems for Java

JVM
Custom Stock

Overhead High JDrums DUSC, DuSTM
Low JVolve, DCE-VM ???
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Goals

• Design Rubah outside the JVM

• Low overhead
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Rubah overview

Running Stopping Migrating Restarting
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Rubah overview

Running Stopping Migrating Restarting

Avoid proxies Update points
(Kitsune)

Update class Control flow
migration
(Kitsune)
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Updated Program

H2 Database Engine
• Open source SQL DBMS written in pure Java
• Use releases as versions

• 1.2.121
• 1.2.122
• 1.2.123

• TPC-C benchmark
• In-memory tables
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Stopping safely

01 class TcpServerThread extends Thread {
02
03 void run() {
04
05
06 // Negotiate protocol params with client
07
08
09 while (!stop) {
10
11 // Process client’s commands
12
13 }
14 }
15 }
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Stopping safely

01 class TcpServerThread extends Thread {
02 Transfer transfer;
03 void run() {
04
05 transfer = new Transfer(clientSocket);
06 // Negotiate protocol params with client
07 transfer.init();
08
09 while (!stop) {
10
11 // Process client’s commands
12 process();
13 }
14 }
15 }
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Stopping safely

01 class TcpServerThread extends Thread {
02 Transfer transfer;
03 void run() {
04
05 transfer = new Transfer(clientSocket);
06 // Negotiate protocol params with client
07 transfer.init();
08
09 while (!stop) {
10 Rubah.update("process");
11 // Process client’s commands
12 process();
13 }
14 }
15 }
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How much manual effort?
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How much manual effort?
Update points
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Migrating the control flow

01 class TcpServerThread extends Thread {
02 Transfer transfer;
03 void run() {
04
05 transfer = new Transfer(clientSocket);
06 // Negotiate protocol params with client
07 transfer.init();
08
09 while (!stop) {
10 Rubah.update("process");
11 // Process client’s commands
12 process();
13 }
14 }
15 }
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Migrating the control flow

01 class TcpServerThread extends Thread {
02 Transfer transfer;
03 void run() {
04 if (!Rubah.isUpdating()) {
05 transfer = new Transfer(clientSocket);
06 // Negotiate protocol params with client
07 transfer.init();
08 }
09 while (!stop) {
10 Rubah.update("process");
11 // Process client’s commands
12 process();
13 }
14 }
15 }
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How much manual effort?
Update points
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How much manual effort?
Update points + Control flow migration
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How much manual effort?
Update points + Control flow migration + NIO, misc
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Tools

JVM

driver
v0

analyzer v0 Descriptor

v1

analyzer v1 Descriptorv1 Descriptor

Update Class

Skeleton Classes

javac Update Class

updater
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Steady state overhead
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Tools
Update example

01 class PageStore {
02 private int writeCount;
03
04
05
06 public Data readPage(int pageId) {
07 Data page;
08 // Read page from store
09
10 return page;
11 }
12
13 public void writePage(int pageId, Data data) {
14 // Write page in store
15 writeCount++;
16 }
17 }

Version 1.2.121
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Tools
Update example

01 class PageStore {
02 private int writeCount;
03 private int writeCountBase;

04 private int readCount;
05
06 public Data readPage(int pageId) {
07 Data page;
08 // Read page from store
09 readCount++;
10 return page;
11 }
12
13 public void writePage(int pageId, Data data) {
14 // Write page in store
15 writeCount++;
16 }
17 }

Version 1.2.122
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Tools

JVM

driver
v0

analyzer v0 Descriptor

v1

analyzer v1 Descriptorv1 Descriptor

Update Class

Skeleton Classes

javac Update Class

updater
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Tools
Stub Update class

01 class UpdateClass {
02
03 void convert(v0.PageStore o0, v1.PageStore o1) {
04 // New fields
05 o1.writeCountBase = 0;
06 o1.readCount = 0;
07
08
09 }
10 ...
11 }

23



Tools
Stub Update class

01 class UpdateClass {
02
03 void convert( v0.PageStore o0, v1.PageStore o1) {
04 // New fields
05 o1.writeCountBase = 0;
06 o1.readCount = 0;
07
08
09 }
10 ...
11 }
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Tools
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Tools
Skeleton Classes

01 class v0.PageStore {
02 public int writeCount;
03
04 public Data readPage(int id) { return null; }
05
06 public void writePage(int id, Data data} { return; }
07 }
08
09 class v1.PageStore {
10 public int writeCount;

11 public int writeCountBase;

12 public int readCount;
13
14 public Data readPage(int id) { return null; }
15
16 public void writePage(int id, Data data} { return; }
17 }
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Tools
Skeleton Classes

01 class v0.PageStore {
02 public int writeCount;
03
04 public Data readPage(int id) { return null; }
05
06 public void writePage(int id, Data data} { return; }
07 }
08
09 class v1.PageStore {
10 public int writeCount;
11 public int writeCountBase;
12 public int readCount;
13
14 public Data readPage(int id) { return null; }
15
16 public void writePage(int id, Data data} { return; }
17 }
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Tools
Update class

01 class UpdateClass {
02
03 void convert(v0.PageStore o0, v1.PageStore o1) {
04 // New fields
05 o1.writeCountBase = 0;
06 o1.readCount = 0;
07
08
09 }
10 ...
11 }
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Tools
Update class

01 class UpdateClass {
02
03 void convert(v0.PageStore o0, v1.PageStore o1) {
04 // New fields
05 o1.writeCountBase = o0.writeCount ;
06 o1.readCount = 0;
07
08 o1.writeCount = 0;
09 }
10 ...
11 }
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Tools
Update class manual effort

121-122

122-123

 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140

Size of the update class (LoC)

Lines edited
Lines added
Lines in new methods
Lines unchanged
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Tools
Update class manual effort

1.2.121 - 1.2.122 1.2.122 - 1.2.123
01 public class UpdateClass 1 2 121 to 1 2 122 implements kitsune.ConversionClass {
02

03 // v0.org.h2.command.dml.TransactionCommand to v1.org.h2.command.dml.TransactionCommand

04 public void convertStatic(v1.org.h2.command.dml.TransactionCommand ignore) {
05 // New fields

06

07 // New constants

08 v1.org.h2.command.dml.TransactionCommand.SHUTDOWN COMPACT = 14;

09

10 // Fields with type changed

11

12

13 v1.org.h2.command.dml.TransactionCommand.BEGIN = 15;

14 }
15

16 public void convert(v0.org.h2.command.dml.TransactionCommand o0, v1.org.h2.command.dml.TransactionCommand o1) {

17 if (o0.type == v0.org.h2.command.dml.TransactionCommand.BEGIN) {

18 o1.type = v1.org.h2.command.dml.TransactionCommand.BEGIN;

19 }

20 }
21

22 public void convert(v0.org.h2.bnf.RuleRepeat o0, v1.org.h2.bnf.RuleRepeat o1) {
23 // New fields

24 o1.comma = false;

25

26 // Fields with type changed

27 o1.rule = o0.rule.convert();

28

29 }
30

31 // v0.org.h2.bnf.RuleRepeat to v1.org.h2.bnf.RuleRepeat

32 public void convertStatic(v1.org.h2.bnf.RuleRepeat ignore) {
33 // New fields

34

35 // New constants

36 v1.org.h2.bnf.RuleRepeat.RAILROAD DOTS = true;

37

38 // Fields with type changed

39 }
40

41 // v0.org.h2.tools.Recover to v1.org.h2.tools.Recover

42 public void convertStatic(v1.org.h2.tools.Recover ignore) {
43 // New fields

44

45 // New constants

46 v1.org.h2.tools.Recover.SUFFIX UNCOMMITTED = ".uncommitted.txt";

47

48

49 // Fields with type changed

50 }
51

52 public void convert(v0.org.h2.store.PageStore o0, v1.org.h2.store.PageStore o1) {
53 // New fields

54 o1.readCount = 0L;

55 o1.writeCountBase = o0.writeCount;

56 o1.writeCount = 0L;

57

58 // Fields with type changed

59 }
60

61 public void convert(v0.org.h2.engine.Database o0, v1.org.h2.engine.Database o1) {
62 // New fields

63 o1.compactFully = true;

64 o1.checkpointAllowed = true;

65 o1.checkpointRunning = false;

66

67 // Fields with type changed

68

69 }
70

71 public void convert(v0.org.h2.index.PageBtreeNode o0, v1.org.h2.index.PageBtreeNode o1) {
72 // New fields

73 o1.rowCountStored = v1.org.h2.index.PageBtree.UNKNOWN ROWCOUNT;

74

75 // Fields with type changed

76

77 }
78

79 public void convert(v0.org.h2.command.ddl.CreateTable o0, v1.org.h2.command.ddl.CreateTable o1) {
80 // New fields

81 o1.sortedInsertMode = false;

82

83 // Fields with type changed

84

85 }
86

87

88 public void convert(v0.org.h2.index.PageIndex o0, v1.org.h2.index.PageIndex o1) {
89 // New fields

90 o1.sortedInsertMode = false;

91

92 // Fields with type changed

93

94 }
95

96

97 public void convert(v0.org.h2.command.dml.Insert o0, v1.org.h2.command.dml.Insert o1) {
98 // New fields

99 o1.sortedInsertMode = false;

100

101 // Fields with type changed

102

103 }
104

105

106 // v0.org.h2.constant.SysProperties to v1.org.h2.constant.SysProperties

107 public void convertStatic(v1.org.h2.constant.SysProperties ignore) {
108 // New fields

109

110 // New constants

111 v1.org.h2.constant.SysProperties.MAX COMPACT TIME = 1000;

112 v1.org.h2.constant.SysProperties.MAX COMPACT COUNT = Integer.MAX VALUE;

113

114 // Fields with type changed

115 }
116

117 public void convertStatic(v1.org.h2.util.Resources ignore) {

118 v1.org.h2.util.Resources.loadFromZip();

119 }
120

121 public void convert(v0.org.h2.tools.Console o0, v1.org.h2.tools.Console o1) {
122 // New fields

123 o1.icon22 = v1.org.h2.tools.Console.loadImage("/org/h2/res/h2-22.png");

124

125 // Fields with type changed

126

127 }
128

129 }

01 import kitsune.Kitsune;

02 import kitsune.KitsuneThread;

03

04

05 public class UpdateClass 1 2 122 to 1 2 123 implements kitsune.ConversionClass {
06

07 public void convert(v0.org.h2.engine.Session o0, v1.org.h2.engine.Session o1) {
08 // New fields

09 o1.scopeIdentity = v1.org.h2.value.ValueLong.get(0);

10

11 // Fields with type changed

12 }
13

14 // v0.org.h2.fulltext.FullText to v1.org.h2.fulltext.FullText

15 public void convertStatic(v1.org.h2.fulltext.FullText ignore) {
16 // New fields

17

18 // New constants

19 v1.org.h2.fulltext.FullText.FIELD SCORE = "SCORE";

20

21 // Fields with type changed

22 }
23

24

25 // v0.org.h2.expression.Function to v1.org.h2.expression.Function

26 public void convertStatic(v1.org.h2.expression.Function ignore) {
27 // New fields

28

29 // New constants

30 v1.org.h2.expression.Function.SCOPE IDENTITY = 154;

31 v1.org.h2.expression.Function.addFunctionNotDeterministic("SCOPE IDENTITY", v1.org.h2.expression.Function.SCOPE IDENTITY, 0, v1.org.h2.value.Value.LONG);

32

33 // Re-add functions with changed number

34 v1.org.h2.expression.Function.addFunctionNotDeterministic("AUTOCOMMIT", v1.org.h2.expression.Function.AUTOCOMMIT, 0, v1.org.h2.value.Value.BOOLEAN);

35 v1.org.h2.expression.Function.addFunctionNotDeterministic("READONLY", v1.org.h2.expression.Function.READONLY, 0, v1.org.h2.value.Value.BOOLEAN);

36 v1.org.h2.expression.Function.addFunction("DATABASE PATH", v1.org.h2.expression.Function.DATABASE PATH, 0, v1.org.h2.value.Value.STRING);

37 v1.org.h2.expression.Function.addFunction("LOCK TIMEOUT", v1.org.h2.expression.Function.LOCK TIMEOUT, 0, v1.org.h2.value.Value.INT);

38

39 // Fields with type changed

40 }
41

42 public void convert(v0.org.h2.server.web.WebThread o0, v1.org.h2.server.web.WebThread o1) {
43 // New fields

44 o1.thread = new KitsuneThread(o1);

45 o1.thread.setName("H2 Console thread (updated)");

46 Kitsune.redirectThreadAfterUpdate(o0, (KitsuneThread)o1.thread);

47

48 // Fields moved to superclass

49 o1.server = o0.server.convert(o1.server);

50 o1.attributes = o0.attributes;

51 o1.listenerLastState = o0.listenerLastState;

52 o1.listenerLastEvent = o0.listenerLastEvent;

53 o1.cache = o0.cache;

54 o1.stop = o0.stop;

55 o1.headerLanguage = o0.headerLanguage;

56

57 // Fields with type changed

58 }
59

60 }
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Update process

Running Stopping Migrating Restarting
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Migrating the program state
Custom heap traversal

Live thread/Static field
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Migrating the program state
Custom heap traversal
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Migrating the program state
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Migrating the program state
Custom heap traversal
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Migrating the program state
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Migrating the program state
Custom heap traversal
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Migrating the program state
Custom heap traversal
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Migrating the program state
Custom heap traversal
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Migrating the program state
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Migrating the program state
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Migrating the program state
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Migrating the program state
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Migrating the program state
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Migrating the program state
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Migrating the program state
Custom heap traversal

Live thread/Static field
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Update process

Running Stopping Migrating Restarting
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Update process

Running Stopping Migrating Restarting

HotSwapping
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HotSwap

01 class ClientClass {
02 void method() {
03 ...
04 PageStore__0 store;
05 ...
06 store.readPage();
07 ...
08 }
09 }

59



HotSwap

01 class ClientClass {
02 void method() {
03 ...
04 PageStore__0 store;
05 ...
06 store.readPage();
07 ...
08 }
09 }
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HotSwap

01 class ClientClass {
02 void method() {
03 ...
04 PageStore__0 store;
05 ...
06 store.readPage();
07 ...
08 }
09 }
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HotSwap

01 class ClientClass {
02 void method() {
03 ...
04 PageStore__1 store;
05 ...
06 store.readPage();
07 ...
08 }
09 }
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Update process
Performance

121-122

122-123

121-122 Dump

122-123 Dump

0 5 10 15

Time to update (seconds)

3% 60% 31% 6%

8% 58% 29% 5%

Stop
Migrate
HotSwap
Restart
Dump SQL
Exit-Relaunch
Import SQL
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Update process
Performance

121-122

122-123

121-122 Dump

122-123 Dump

0 5 10 15

Time to update (seconds)

3% 60% 31% 6%

8% 58% 29% 5%

121-122

122-123

121-122 Dump

122-123 Dump

0 5 10 15

Time to update (seconds)

3% 60% 31% 6%

8% 58% 29% 5%

24% 12% 64%

24% 15% 61%

Stop
Migrate
HotSwap
Restart
Dump SQL
Exit-Relaunch
Import SQL
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Conclusion

• Rubah designed to use a stock JVM

• Low overhead on steady state

• Long update pause
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Next steps

• Improve update pause times
• Minimal JVM support (Efficient HotSwap?)
• Lazy updates

• Further improve steady state performance (8% > 0%)
• More programs, more updates

• Game server
• BitTorrent client
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