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Introduction

e Data migration is a fundamental aspect of projects on

modernising legacy systems.

e Business companies annually invest billions of dollars in

data migration tasks,

e e.g., over 5bn from the top 2000 global companies in
2007.

e However, only 16% projects have been successfully ac-

complished.

e One of main reasons is the lack of a well-defined me-
thodology that can help handle the complexity of data

migration tasks.
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Problems of Data Migration

e Heterogeneous data sources that are

Refinement
for Data

Migration e designed by using different data modelling tools, or
Nov 2, 2011

Oy Whema/o e interpreted under different semantics;

Why e Inaccurate, incomplete, duplicate or inconsistent data;
asl1s

Refinement schema

Legacy kernel e Additional semantic constraints on data after being migrated;
Transformations

Strategies e Specification changes in order to repair detected problems:

Properties

Finally e about 90% of initial specifications change, and

Content e over 25% of specifications change more than once.

i
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Invisibility to Users: Preservation of
Database Behaviour

Conservative migration: invisible changes to the database system wi-
thout impact on the application
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Goals of this Paper

e A theoretical framework of refinement for data migration, which

Refinement

for Data provides answers to the following questions.

Migration
p g e How can we react to specification changes in a way of
©Qing Wang/8

keeping track of all relevant aspects the changes may

im n?

Why pact o

ETL basis
For example,

Refinement schema

Legacy kernel e inconsistencies between specifications,

Transformations e interrelated data, and

Strategies . :

. e correctness of implementation.

Properties

Finally e How can we compare legacy data sources with the mi-
grated data in new systems to ensure data was migrated

Content

properly?
Infg tion
For example,

Concept  Topic . . . . .
e preserving desired data semantics and integrity.
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Corresponding database transformations
Why 5
ETL basis [Out&de Scope]

Refinement schema

Legacy kernel . . :
S8y Functionality transformation

Transformations
Strategies . .
e View transformation
Properties
Finall .
naly Interface transformation
Content [First: internal Varia]oilityl

Infog tion _ . . _ . 1 1.
[Assummg: conservative migration without canmbahsm.}
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Contributions: ETL in Data Migration

e QOur first contribution is the formal development of the

ETL processes for data migration.

MUegaC% 1 I\ extract transform load M(new’ 1)
> Ivllegacy > lvlnew >
M(Iegacy,n)} T ™ I\/I(new,m)
T I I ™
I I I I
| | | I
¢ | | v
M ('9930%1)\ extract’ WV transform” V¥ load" M e 1)
= > M"Iegacy > M,
M (Iegacy,n)} I\/I*(new,m)
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® i Contributions: A Refinement Scheme for
Data Migration

Refinemen . . . . .
for Dot e Our second contribution is a refinement scheme specify-
Migration _ . . . .

Nov 2, 2011 ing the refinement of migration transformations in terms

©Qing Wang/8
of two types of refinement correctness.

Refinement schema

Legacy kernel
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Strategies
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e Target at confluence or Church-Rosser properties.
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e Schemata and Databases

e A schema S = (T,X) consists of a finite, non-empty set T' of
ﬁjﬁg%‘% object types and a finite (possibly empty) set > of constraints.
Migration
Nov 2, 2011 e A database over schema (7, Y) consists of a set of objects, which

© Qing Wang/8 . . —_
are of types in 1" and satisfy every constraint in .

A database is in Tarski sense a model of the schemal!

Code ~ - No
Refinement schema YearofProd 4 Tpruck i« Transport < Tnsurance > COmPany
RegNo = Category
Legacy kernel V
Transformations .
No
Strategies Shipper - Shipment |_ gzzgs
Properties Heeeier |
Finally T = {SHIPMENT, TRUCK, INSURANCE, TRANSPORT} and
= )
Content {9017 902}

_ e FD: o1 = Vxl,xg,azg,yl,yg,yg.((TRUCK(xl,xg,azg) N TRUCK(yl,yQ,yg,) Ax1 #£ yl)
Inf tIon = I3 #y‘g),

Concept  Topic e InclD: 2 =Vz1,x2,23,24, x5.(INSURANCE (21, T2, 23, T4, T5) = TRANSPORT (x4, x5)).



J UNIVERSITY
E@ OTAGO
AL -
IR NEW ZEALAND

Powerful Trick: Legacy Kernel

e How to discover a legacy kernel that consolidates legacy data sources

Refinement while preserving constraints of interest?

or ata

Migration ]

Nov 2, 2011 e First stage: For a number of legacy data sources,

©Qing Wang/$3 _ .. : : :
(a) reverse engineer to recover the original design information,

(b) approximate as abstract databases at a high level abstraction.

e Second stage: For abstract databases at the same level of abstraction,

Legacy kernel (a) identify constraints to be preserved between abstract databases,

T f ti : :

Smns OrAHOTE (b) base the comparison of abstract databases on these constraints.
trategies

Properties :

Finally e A legacy kernel is an abstract database that can reflects the abstract data-

base of every legacy data source in terms of their constraints of interest.
Content

i

Concept  Topic



S Migration Transformations
e A transformation (M, My, M, ) consists of
Refinement
J]"\%g%fgn e a non-empty set M of databases together with an initial data-
Nov 2, 2011 base M, € M and a final database M,, € M, and

©Qing Wang/
e a one-step transition function 0 over M, determined by a rule

inductively defined by

e update rule: T(t1, ..., ty) ==t
e conditional rule: if © then r endif
Transformations e block rule: par ..., endpar
Properties .
Finally e forall rule: forall z with © do r enddo
Content

i
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o Two Subclasses of Transformations
e Each migration transformation is the composition of a finite se-
ereent quence of PPTs and PETs.
Migration
Nov 2, 2011 e Property-Preserving Transformation (PPT) II: transforms

©Qing Wang/j3 . .
from one database to another database, in which the schemata

are different but data properties of interest are preserved.

e Property-Enhancing Transformation (PET) A : transforms
one database violating a certain set of properties into another

Transformations database satisfying these properties, while their object types re-
Siireiemies main unchanged.
Properties
Finally
Content
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Example: Property-Preserving

Transformations

Refinement par
Vi forall z with 2 € TRUCK do
S wana s MAPPEDTOCARRIER

enddo

forall x with x € SHIPMENT do

MAPPEDTOSHIPMENT

enddo
e mmatfens forall x with x € TRANSPORT do
Strategies MAPPEDTOTRANSPORT
fi enddo

forall £ with © € INSURANCE do
Content MAPPED TOINSURANCECOMPANYANDINSURANCE

‘ﬁ _ enddo
Infg tion
endpar

Concept  Topic



Example: Property-Enhancing

Transformations
Refinement Seq
%ﬁiﬁﬁn forall x with x € INSURANCE A INVALID(z) do
Nov 2, 2011
©Qing Wang/ DELETEINSURANCE
enddo
forall x with x € TRANSPORT A MISSEDINSURANCE(x) do
seq
SEARCHRECORD
Transformations if FOUNDRECORD then
Strategies ADDINTOINSURANCECOMPANYANDINSURANCE
Properties endif
Finally
endseq
enddo

Content

.ﬁ _ endseq
Info tion
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Migration Strategy: Chicken Little

=D

a) Starting point: modularisation of the existing legacy application

c) Redevelopement of the target application, usage of backward gateways

Modularise application

Develop a plan for stepwise mi-
gration with running system

Develop forward gateways

Use forward gateways referring
to new database

Develop backward gateways

Use backward gateways to old
legacy untransferable data
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Migration Strategies

e Big Bang

e.g., Ai o Il; starts with A; to
cleanse data in the legacy system
and then continue with II; to map
data into the new data source.

Chicken Little

e.g., a two-step process consisting
of P1 = A(l,l) O Hl(l,l) and P2 —

/

H(272) O A(Q’Q).

Butterfly

eg., P = (A ollgyy) oIl o
I11 3y transforms the read-only le-
gacy data source and then succes-
sively temporary data stores.
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Refinement of Property-Preserving
Transformations

e A location invariant between two databases M and

M* denoted as M =~(9) M* describes that abstract

objects in M are translated into more concrete repre-
sentations in M*.

(T, =) I (T,%)

®

f

z(«;) z(c;)'

——>0
—>0

Y
“«——=———>@

S S T

(T, =) T (T*xz")
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= Refinement of Property Enhancing
& 5 Transformations
Refinement
oyl e A constraint invariant between two databases M and
Nov 2, 2011 .
©Qing Wang/3 M* with respect to U (denoted as M ~(¥) M*) de-
scribes that M and M™ are semantically similar in the
sense that they both satisfy constraints in W.
(T, %) A (T, TUW¥)
L L @ > *
Strategies T T T I
Properties | | I !
Finally O L) peCTY L (Gv)
I
| | | |
Content i : t . :

* x * * * %
|non (T*, =) A (T2 UY")
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Proving Properties of a Migration

Transformation
Refinement
oyl e To prove that a migration transformation P* has certain
Nov 2, 2011
©Qing Wang/8 property ¢, there are three steps:
(1) Specify the abstract transformation P that migrates
data from the legacy system to an abstract database
| of the new system;
Strategies
;)_I'Opﬁmes (2) Prove that an appropriate abstract form of the pro-
inally

perty ¢ holds on the abstract transformation P;

Content

ﬁ (3) Prove the transformation P* to be a correct refine-
Info Xion

ment of P that preserves correctness.
Concept  Topic



J UNIVERSITY
E@ OTAGO
AL -
IR NEW ZEALAND

Refinement
for Data
Migration
Nov 2, 2011

©Qing Wang/

Properties

Finally

Content

i

Concept  Topic

Conclusion

e This paper lays down a formal foundation for investigating data migration.

e We developed a theoretical framework for refining transformations occurring
in the process of data migration.

e A legacy kernel can be discovered at a high-level abstraction which conso-
lidates heterogeneous data sources in a legacy system.

e Migration transformations can be specified via the composition of two
subclasses of transformations at flexible levels of abstraction.

e With our notions of refinement correctness, the generic proof method by
Schellhorn can be used to verify the correctness of properties.

e Our theory can be extended to system migration in a broader sense, which
will bring in additional complexity into the refinement scheme.
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