
                              

      P_Staff: 

FName LName Cert 

Gail Brown T 

 

Person: 

FName LName T Age Cert 

Bob Smith P_Client 19  

Ted Jones P_Staff  T 

Gail Brown P_Staff  T 

 u = I (P_Admin, 

       {FName, LName, Pay}, 

       {(Gail, Brown, T)}) 

 

UHM(u) = I (Person, 

  {FName, LName, T, Age, Cert, Pay}, 

  {Gail, Brown, P_Admin, null, null, 3}) 

 

Figure 10: An example of an insert statement translated by an
HMerge CT

UPV(s,FK( F⃗|T.X⃗ → G⃗|T ′.Y⃗)) =
Check(πX⃗σF⃗↙�Cols(Tp)−Keys(Tp);A;V Tp, πY⃗σG⃗T ′)

Figure 9(c) is such a case, where the target of the foreign key ref-
erences the pivot attribute column, so a Check statement is needed
to describe the integrity constraint over the logical schema.
Case 2:T = Tp, T ′ , Tp, ∃(c=v)∈F⃗c = A, V ∈ X⃗ and A < X⃗. The
source table is pivoted, there is a condition on the pivot attribute
column, and the value column V participates in the foreign key.
UPV(s,FK( F⃗|T.X⃗ → G⃗|T ′.Y⃗)) =

FK (F⃗ − {(c = v)}|Tp.(X⃗ − {V} ∪ {v})→ G⃗|T ′.Y⃗)
The result is a single FK involving only one pivoted column v in

the source table, matching the original condition on column A.

D. ADDITIONAL EXAMPLES

D.1 HMerge Translation of Queries
Function QHM translates all references to a table t |= f into the

expression πCols(t)σC=tT . That is, QHM translates a table reference t
into a query that retrieves all rows from the merged table that be-
long to input schema table t as a selection condition on the prove-
nance column, and a projection down to the columns in the input
schema for t.

To prove that function QHM respects the commutativity prop-
erties, one must show that the translation effectively undoes the
outer-union operation, which follows from relational algebra equiv-
alences.

D.2 HMerge Translation of Inserts
Let UHM be the update function for the CT HMerge( f , T ,C), and

let s be its input schema. We define the action of UHM on an Insert
statement I( t, C⃗,Q) where t |= f as follows:

UHM(s, I (t, C⃗,Q)) = I (T , C⃗ ∪ {C},Q × {name(t)})

where name(t) is the string-valued name of table t. The translation
takes all rows Q that are to be inserted into table t and attaches
the value for the provenance column in the output. An example
is shown in Figure 10. Since the output consists entirely of insert
statements, proving that UHM respects the commutativity properties
for insert statements reduces to showing that the newly added rows,
when queried, appear in the input schema in their original form. In
short, we must show that πCols(t)σC=t(Q × {name(t)}) = Q, which
can be shown to be true by relational equivalences.

D.3 Pivot Translation of Drop Element
Let UPV be the update function for the CT Pivot(T, A,V,T ), and

let s be its input schema. We define the action of UPV on Drop
Element DDL statements as follows:

UPV(s,DE(T,C, E)) =
If C = A, then DC(T , E)
Else if C = V , then ∀c∈Dom(A)DE(T , c, E)

Name Period Age 

IBM Sp 19 

IBM Su 22 

MSFT Su 35 

 

Name Sp Su 

IBM 19 22 

MSFT NULL 35 

 
u = DE(Stock, Period, Sp) 

(Equivalent to DELETE WHERE PERIOD = “Sp”) 

 

UPV(u) = DC(Stock, Sp) 

 

Figure 11: An example of a Drop Element statement translated
by a Pivot CT

Else, DE(T ,C, E)
If dropping an element from the attribute column, translate into

a Drop Column. If dropping an element from the value column,
translate into Drop Element statements for each pivot column. Oth-
erwise, leave unaffected (also leave unaffected for any Drop Ele-
ment statement on tables other than T ). An example of Drop Ele-
ment translation is in Figure 11.

E. EXAMPLE PROOF
To demonstrate how to prove the correctness properties of a CT,

we offer as an example a proof for translating the Drop Element
statement DE(T, A, E) through a Pivot CT Pivot(T, A,V,T ) — drop-
ping an element from the attribute column, an example of which
appears in Figure 11. We need to prove the second and third com-
mutativity properties. To prove the second commutativity prop-
erty, we demonstrate that the schema that results from adding the
pivot table with the element still present through the pivot followed
by dropping the element has the same result as pushing the table’s
schema through without the element.
Proposition: Let s be a schema with T undefined. Then:
UPV(s, {AT(T, C⃗ ∪ {A}, D⃗ ∪ {D′ − {E}}, K⃗ ∪ {A})})
= UPV(s, {AT(T, C⃗ ∪ {A}, D⃗ ∪ {D′}, K⃗ ∪ {A}), (DE(T, A, E0))}).

Proof: UPV(s,AT(T , C⃗ ∪ {A}, D⃗ ∪ {D′ − {E}}, K⃗ ∪ {A}))
= AT(T , (C⃗ − {V}) ∪ D′ ∪ {E0},

D⃗ − {Dom(V)} ∪ {∀a∈D′−{E}Dom(V)}, K⃗)
(Push the Add Table statement through the Pivot)

= AT(T , (C⃗ − {V}) ∪ D′, D⃗ − {Dom(V)} ∪ {∀a∈D′Dom(V)}, K⃗),
DC(T , E,Dom(V))

(DDL equivalence)
= UPV(s, {AT(T , C⃗ ∪ {A}, D⃗ ∪ {D′}, K⃗ ∪ {A}),DE(T, A, E)})

(View the statements in their pre-transformation image)
�

Next, we need to prove the commutativity property from Figure
5(c):
Proposition: Let s be a schema with T defined. Then:
QPV(DE(T,C, E)(s), qT )(DC(T, E)(SPV(s))) ≡ qT (DE(T,C, E)(s))
Proof: QPV(DE(T,C, E)(s), qT )(DC(T, E)(SPV(s)))
= (↙�Dom(A)−{E};A;V T )(DC(T , E)(SPV(s)))

(Transforming the query qT , but on a schema where column A
has lost element E)
=↙�Dom(A)−{E};A;VπCols(T)−{E}T

(Dropping a column has the effect of projecting it away)
= σA,E↙�Dom(A);A;V T

(Extended relational algebra equivalence for unpivot)
= σA,EqT (s)

(Pull query back through transformation on original schema)
= qT (DE(T,C, E)(s))

(Effect of Drop Element statement on a key column is to delete
all rows with that value)
�
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