


semantics of operations
semantics of database states

items
assemblies a,b



classes
X z,x,
A X, a

X a

X a
A X, a X a
A X, a x; unassigned  assigned
to assembly a D xz;a
x; assigned to assembly a  unassigned

A X, a
Dz a
Dz a
x; unassigned

queued message model



G G
a b 1 G
A X,a x X
a G ?
X b A Xb
G a
a
x X G
Dz ,a ]
G G i H A X,a eA X,b e
Dz ,a
G G
? H
A X,a eD z ,a A X,b
G G 7
D z ,a A X,a
H A X)b
H
H G G
Dz a
A X)b H H H H
A X)b D =z ,a



A X,b

valid tnterchange

A X)b D
D

A X,a
Dz a
X
Dz ,a

y,a

X

bl

a

X

A X,b
A X,b

valid interchange

X, a A Y b
z
A Xb
Dz ,a
A
X, b
H

X, a

bl



T; N
o 0;
O]»L {ot , ok } O]I»’ ok
(OF <) <r
oF L— o
semantic commutativity
P s result P, s
(state P,s , return P,s ) return P,s P state P, s
P
P
fails aborts
P defined s
Assign X, a
X

do not depend

DEFINITION 1 Two operations P and QQ semantically commute | for each database
state s the following two conditions hold:



1. The composition P e () ts defined in state s the composition () e P is defined
i state s.

2. If Pe( and Qe P are defined in state s, then result Qe P,s  result Pe(Q,s .

backward commutativity
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left-to-right commutativity LTR-commutativity
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DEFINITION 2 Operation P is LTR-commutative with an operation () for every
state s of the database the following two conditions hold:

1. If the composition P & () is defined in state s, then () o P is defined in state s.

2. If Pe() is defined in state s, then result () o P, s result P e(Q),s

right backward commutativity
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DEFINITION 3 An operation of LTR-conflicts with an operation m a history H

ok

L
o;" precedes o;

DEFINITION 4 Transformation of history Hy containing two consecutive operations

of and O]I»’ wnto history H; where order of these two operations is reversed s an
operation of does not LTR-conflict with operation O]I»’.

DEFINITION 5 The history H; s LTR-equivalent to the history H; H; can be
transformed into H; by means of a series of LTR-commutative interchanges.
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DEFINITION 6 A multi-level history H 1s LT R-serializable the history at each
level I ( < L < N} is LTR-equivalent to a serial history with respect to the
operations at level L . The LTR-serialization order of operations at each level
L < N determines the LTR-serialization order of their parent operations at level

L

DEFINITION 7 A history Hyp of operations at level L is k-serializable at level L

it can be transformed into a serial history with respect to the operations at level
L by a series of interchanges of operations at level L such that each operation
15 wnvolved in no more than k non-LTR-commutative interchanges.

DEFINITION 8 A history H of operations is multi-level (k , kN )-serializable
(often abbreviated as multi-level K-serializable, or just K-serializable) it is k-
serializable at every level L ( < L < N ), where as before the initial order of the
operations at each level L > is determined by the k™ -serialization order at level
I —

]CL
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uncommitted committed but subject to compensation
commutted and non-compensable

DEFINITION 9 An operation oF of level L is in the state if it has been

issued by its parent operation ol at level L , but it has not been committed.

DEFINITION 10 An operation of of level L is in the
state if it has been already committed but its parent operation ok
has not commaitted yet.

DEFINITION 11 An operation oF of level L is in the
state if it has been committed and its parent operation ok has already committed.
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DEFINITION 12 An augmented operation aoX in a history H is a pair (o, col). If
L

coy s not in the history H then the second element of the pair is empty.
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DEFINITION 13 A history with compensating operations is k™ -compensable at level

L it is k¥-serializable at level L with respect to all augmented operations aok.
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OBSERVATION 1 Abstract serializability by layers [15] is a correciness crilerion
strictly more restrictive than K-sertalizability.

commutative K
kL non-commutative
L
1 1—
1— 1—
backward commutativ-
ity right backward commutativity

for every
state of the database

OBSERVATION 2 Backward commutativity relation [21] is sirictly larger than se-
mantic commutativity.

OBSERVATION 3 Right backward commutativity relation [21] is strictly larger than
LTR-commutativity.
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OBSERVATION 4 Approzimate soundness [11] is a correciness criterion strictly less
restrictive than k-serializability for any given k.

only the semantics of operations

state-independent

K-serializability
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