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DBMS Architecture
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Second order of business:

Storage hierarchy

Memory Buffer Manager S
w

B | Disk
Transaction T ~ @
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Operations:

e Input (X):

block containing X — memory

e Output (X): block containing x — disk

e Read (x,t): do input(x) If necessary
t <« value of x in block
e Write (X,t): do input(x) If necessary
value of X In block «t

Memory

Re

Buffer Manager

/D&\
7] —

d(x. 1Y Anrite(x,t)

Transaction T

Input() (D
Output (x) W Disk
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Log Commands:

<Start T>
log the start of a transaction

<T1, X, value>

log that T1 (transaction identifier) modified X
(database record) affecting value (value)

<START Tl=
<T1A 5>

<COMMIT T> STARTT2>

. . <12B.10>
log the completion of a transaction |xc:s
<T1.D.20>
<COMMIT T1=
<COMMIT T2=
<START T3>
<T3E25>
<T3F 30>
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Redo logging (deferred modification) |

T1: Read(At); t— tx2; write (A,1);
Read(B,t); t—tx2; write (B,t);
Output(A); Output(B) ©

>
A: 8 A 8
B: 8 B:- 8
~N
memory DB ~

LOG
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Redo logging (deferred modification) |

T1: Read(At); t— tx2; write (A,1);
Read(B,t); t—tx2; write (B,t);

Output(A); Output(B) ©

N <Tl, start>
_ S <T1, A, 16>
A: 816 A: 8 <T1, B, 16>
B: 8716 B: 8 <T1, commit>
~N
memory DB ~_

LOG
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Redo logging (deferred modification) |

T1: Read(At); t— tx2; write (A,1);
Read(B,t); t—tx2; write (B,t);

Output(A); Output(B) ©

outpu <T1, start>
T1, A, 16

Al 816 —~——— A 816 le, B, 162

BZ/8’16 B:- 816 <T1, commit>

memory DB ~

LOG
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Redo logging (deferred modification) |

T1: Read(At); t— tx2; write (A,1);
Read(B,t); t—tx2; write (B,t);

Output(A); Output(B) ©

outpu <T1, start>
T1, A, 16
Al 816 —~——— A 816 le, B, 162
BZ/8’16 B:- 816 <T1, commit>
<T1, end>
memory DB ~—

LOG
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Redo Log Rule:

Rai:

Before modifying any database element X on
disk, it is necessary that all log records
pertaining to this modification of X, including
both the update record <T,X,v> and the
<COMMIT T=> record, must appear on disk
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@l

Redo Example: ppup

R1: _Before modifying any database element X on disk, it is necessary that all B:=B~*2
log records pertaining to this modification of X, including both the update
record <T,X,v> and the <COMMIT T> record, must appear on disk
Step |[Action t M-A M-B D-A D-B |Log
1) <START T=
2} |READ(AT) 3 8 8 8
3 [r=t*2 16 8 8 8
4}  |WRITE(A.1) 16 16 8 8 <T A 16>
3) |READ(B1) 3 8 8 8
6) |t=t*2 16 16 8 8
7} |WRITE(B.i) 16 16 16 8 8 <T.B.16>
8) <CONMMIT T
8} [FLUSHLOG
10) |OUTPUT (A) 16 16 16 16 8
11} |OUTPLUT (B) 16 16 16 16 16
Buffer Manager
Memory -

A S—
o | ——

Read (.Y ANrite(x,t)

Output (x) Disk

Transaction T
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Redo Log: what if a crash happens?

A=A%*2;
B:=B*2;

Step |Action t M-A M-B D-A D-B |Log
1) <START T=
2} |READ(AT) 8 8 3
3} |[t=t*2 16 3 3
4} |WRITE(A1) 16 16 8 3 <T.A 16>
5} |READ(B.1) 8 8 3 3
) |t=t*2 16 16 8 3
7y |WRITE(B.1) 16 16 16 3 3 <T B.16>
8) <COMMIT T
2} |FLUSH LOG
10} [OUTPUT (A) 16 16 16 16 3
11} |OUTPUT (B) 16 16 16 16 16
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Recovery rules: Redo logging

(1) Scan log from beginning. For each log

record <T,X,v> encountered:

a. If T is not committed, do nothing

b. If T is committed, write value of v for database
element X

(2) For each incomplete transaction T,
write an <ABORT T> record to the log
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G

Redo Log: what if a crash happens?

(D Scan log from beginning. For each log record <T,X,v> encountered: A=A*2
a. If T is not committed, do nothing B:=B™*2;
b. If T is committed, write value of v for database element X
(2) For each incomplete transaction T, write an <ABORT T> record to the log
Step |Action t AM-A AM-B D-A D-B  |Log
1) <START T=
2} |READ(AT) a 8 8
3} [t=t*2 16 8 8
4} |WRITE(A.D) 16 16 8 b <T. A 16>
3} |READ(B.t) 3 h a 8
) [t=t*2 16 16 8 8
71 |WRITE(B.) 16 16 16 8 h <T.B.16=
8} <COMMIT T=
9} |FLUSHLOG
107 [OUTPUT (A) 16 16 16 16 8
11} |OUTPUT (B) 16 16 16 16 16
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Redo Log with CheckPoint

(1) Write a log record <CKPT (T1,...Tk) for
all active transactions

(2) Flush the log

(3) Write to disk all database elements that
were written to buffers (dirty) by
transactions that had already committed
when <CKPT .....> was Inserted to log

(4) Write <END CKPT>
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Redo Log with CheckPoint Example

<START Tl
<11 A 5=
<START T2=
<CONDMNIT T1=
<T2.B.10=
<START CKPT (T2)> ¢
<T2C 15
<START T3=
<13 D20
<END CEPT=
<CONDMNIT T2
<CONMIT T3

4
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Key drawbacks:

e Undo logging. cannot bring backup DB
copies up to date

e Redo logging. need to keep all modified
blocks iIn memory
until commit
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Solution: undo/redo logging!

Update = <Ti, Xid, New X val, Old X val>
page X
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Undo/Redo Log Rules:

UR1:

Before modifying any database element X
on disk because of changes made by some
transaction T, it Is necessary that the update
record <T,X,v,w> appear on disk
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Undo/Redo Log Example: A2
UR1: Before modifying any database element X on disk because of changes made B:=B~*2
by some transaction T, it is necessary that the update record <T,X,v,w> appear
on disk
Step [Action t AM-A AM-B D-A D-B |Log
1) <START T=
21 |READ(A®) 5 5 3
3 =¥ 2 16 3 3
4} |WERITE(A.L) 16 16 3 3 <T,A 8,105
3} |READ(Bx1) 8 3 8 3
6) |t=t*2 16 16 5 3
71 |WRITE(B.t) 16 16 16 3 3 <1.B.8,16>
8) |FLUSH LOG
9y  |OUTPUT (A) 16 16 16 16 3
10) <COMNDMMIT T=
11} |OUTPUT (B) 16 16 16 16 16
Buffer Manager
Memory -

Re

A S—
o | ——

Transaction T

x 1Y ANrite(x,t)

Output (x)
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Undo/Redo Log: what if a crash happens?

A=A%*2;
B:=B*2;
Step |Action t AM-A AM-B D-A D-B |Log

1) <START T=>

2} |READ(A®) 8 8 3

3 jt=tr*2 16 & 3

4} |WRITE(AL) 16 16 8 3 <T.A 816>

5} |READ(B.1) 8 8 5 3

6) |t=t*2 16 16 8 3

7} |WRITE(B.t) 16 16 16 8 3 <TB.8.16>

§) |FLUSHLOG

%1 |OUTPUT (A) 16 16 16 16 5

10) <COMDMMIT T=

11} |OUTPUT (B) 16 16 16 16 16
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Recovery process:

e Backwards PAaSS (end of log < latest valid checkpoint start)
— construct set S of committed transactions
— undo actions of transactions notin S

e Undo pending transactions

— follow undo chains for transactions in
(checkpoint active list) - S

e Forward PasSS (latest checkpoint start @ end of log)
— redo actions of S transactions

backward pass

CK- forward pass
pOlnt —
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Undo/Redo Log: what if a crash happens?

A=A%*2;
B:=B*2;
Step |Action t AM-A AM-B D-A D-B |Log

1) <START T=>

2} |READ(A®) 8 8 3

3 jt=tr*2 16 & 3

4} |WRITE(AL) 16 16 8 3 <T.A 816>

5} |READ(B.1) 8 8 5 3

6) |t=t*2 16 16 8 3

7} |WRITE(B.t) 16 16 16 8 3 <TB.8.16>

§) |FLUSHLOG

%1 |OUTPUT (A) 16 16 16 16 5

10) <COMDMMIT T=

11} |OUTPUT (B) 16 16 16 16 16
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Undo/Redo Log with CheckPoint

<START T1=
<11 A 45>
<START T2»
<COMNDMIT T1
<T2B.5.10>
<START CEKPT (T2)=
<T2.C. 14,15
<START T3=
<T3.D.19 20>
<END CKPT=
<COMNDMIT T2
<COMMIT T3
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