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Abstract

The relevance of physical database design is out of question since long time ago. However, what is becoming
evident these days is the need to reconsider our database schema more and more often, as a reaction to constant
query workload changes. Thus, we need to enhance logical independence to support frequent schema evolution
reacting to those changes, and shield applications from it. Indeed, we propose DORM as a system to migrate data
from the current schema to a new one, and automatically generate the queries corresponding to either one or the
other from an abstract representation in terms of application domain concepts. Our experiments show the impact
of schema evolution in the performance of the DBMS, and demonstrate how DORM allows to effortlessly move
from one schema to another.
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1. Introduction

The relevance of physical database design is well known since the beginning of Relational DBMSs.
Beyond purely indexing, this also includes reshaping the data storage structures by using different
degrees of normalization and partitioning. Together with NOSQL tools also came the wave of workload-
driven design methodologies (e.g., encouraging denormalization to minimize joins), which has motivated
several research efforts to identify and recommend optimal schema designs for a given domain and
workload (e.g., [1, 2, 3]). Moreover, this kind of tools also adopt schemaless data models, offering fluidity
to application functionality evolution. Nevertheless, allowing the evolution of application functionalities
does not mean storage structures underneath are being optimized, rather the opposite.

Indeed, in our recent work [4], we outlined the problem of database refactoring: with workload-driven
design, the changes in workloads (i.e., changes in the frequency of the different queries or access
patterns) entail the need to (frequently) revise the existing physical design. Our investigation, based on
a real case study, demonstrated that initial design optimization can become detrimental in the light of
workload evolution, severely hindering the DBMS performance.

Thus, there is a need for frequent database redesign, which mainly adds an extra cost to (1) the
computing resources, due to data movement itself from old to new structures; and (2) the human
resources required to adapt the client applications (i.e., generate migration scripts and rewrite existing
queries using the new design). Our focus is the latter, which requires applications to be somehow
independent of database physical design.

Beyond the usage of ontologies to facilitate the database design [5], a case for logical data indepen-
dence was recently made in [6], acknowledging the database evolution problem and envisioning the
use of mappings over a global Entity-Relationship model to define schemas and rewrite queries. Here,
we take it a step further by formalizing the expressiveness of our system in terms of a hypergraph with
asserted integrity constraints (IC), evaluating it under a computing perspective on a real case study, and
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Figure 1: System overview

releasing the tool with comprehensive instructions and examples. The same topic of data independence
has been further pushed by [7], which proposed a thought experiment to rebuild the foundations of
Relational database technology in terms of mappings - remarking the interest in this line of research.

The system proposed in this paper is called DORM (Dynamic Object-Relational Mapping) and con-
tributes to the simplification and automation of database schema evolution, supporting its management
and reducing human effort. Indeed, a limitation identified in [4] was the need to manually define
scripts to migrate the data from one schema design to another, as well as to rewrite workload queries in
accordance with the new schemas. Our current work fills such a gap through logical data independence
by simplifying the definition of new schema designs and automating data migration across designs as
well as the rewriting of queries from one design to another. For the prediction of workload changes to
decide when to migrate, we would rely on work like [8, 9], and for index selection on [10].

Figure 1 shows DORM overview, whose main elements are:

Domain: Concepts to be represented in the database in terms of classes, attributes, and relationships
(painted green in all figures and corresponding code snippets).

Design: Abstraction of the structure of the database expressed in terms of Structs and Sets (as in [11])
(painted blue in all figures).

Schema: Implementation of the Design in a given DBMS (i.e., Relational or not), following some
paradigm (i.e., flatten relational, object-relational, JSON, XML).

Starting with a Domain representing the concepts of interest (a.k.a. the global schema) and a
Design abstracting how the data are organized (a.k.a. mappings), DORM automatically generates the
corresponding database Schema (a.k.a. local schema). Thus, the application can express the required
queries in an abstract way in terms of the Domain concepts, which are automatically translated through
the Design into the concrete queries to be executed in the DBMS underneath. As soon as workload
changes and performance degrades are detected, we can create a new Design, which generates both the
corresponding database Schema and the corresponding statements to migrate the data from the old one
- all the while changing neither the queries’ abstract declaration nor the application, which remains
shielded by DORM.

The contributions provided with this paper are:

1. A generic catalog that manages the hypergraph-based representation of Domain and Design infor-
mation (including its corresponding constraints), so that the database Schema can be automatically
generated from them, either as Relational or not (e.g., JSON).

2. A mechanism to automate the migration of data between the Schemas of different catalogs, to
accommodate workload changes.

3. A design-agnostic representation of queries based exclusively on the Domain concepts, and a
mechanism to generate their corresponding DBMS-dependent code.

4. A functional prototype DORM implemented on PostgreSQL, including extensive experiments on its
usefulness with real data and query workloads from Sloan Digital Sky Survey (SDSS) organization.



The outline of the paper is as follows. Section 2 discusses the related literature. A motivating example
is introduced in Section 3, while Section 4 presents the proposed solution. Experiments are discussed in
Section 5 and the conclusions drawn in Section 6.

2. Related Work

Database design Given the workload-driven nature of NoSQL data modeling [12, 13], researchers
have dedicated abundant effort to aid users in identifying the logical schema most suitable to a given
workload. The definition of most suitable can vary, as well as the way to identify it: some papers use
heuristics to directly generate one [1, 14, 15, 16, 17, 18] or more [19] target schemas, others evaluate
more alternative schemas based on a single criterion [20, 21, 2, 22, 23] or multiple thereof [24, 25, 3].

Schema evolution However, all those works limit their scope to the initial design of a logical schema
(i.e., none of them considers the challenge of implementing such schema by refactoring an existing one).
Nonetheless, database schemas are rarely static; schema evolution is common in the early stages of
a project [26] and encouraged by the NoSQL schemaless characteristic (i.e., the concept of attaching
schema information directly to each data item instead of at the table/collection level). Researchers
have looked for patterns in the evolution of schemas in both Relational [26, 27, 28], embedded [29],
and NoSQL databases [30, 31], as well as Wikipedia [32], open source software projects [33], and
data-intensive applications [34]. Recent efforts to support and/or automate the management of schema
evolution have been directed toward keeping track of different schema versions [35], propagating
manually-defined schema modification operations (SMO) to the database [36, 37, 38] and to queries
[39], and evaluating multiple strategies to apply schema changes to the data [40, 37, 41, 42].

Polystore systems There are many proposals to manage heterogeneous storage systems. Thus,
we find polyglot systems [43], which aim to simplify the formulation and/or optimize the execution
of queries over heterogeneous stores. For instance, [44, 45] rely on a high-level dataspace as a global,
integrated view over multiple stores and translate the queries over the dataspace into queries to be
executed on the local stores. On the other hand, polystores (e.g., [46]) adopt a similar approach, but
enable the rewriting of queries from one database system to the others. Though mappings between
schema designs are used, the focus in this line of work is more on the integration of data between
different sources. DORM distinguishes itself from previous work in that its focus is on the migration from
one system (or database schema) to another, thus facilitating the tedious task of database refactoring
and paving the way to the automated evaluation of multiple schema design alternatives.

Mapping management From a broader perspective, mappings have been used extensively in the
past to address data integration and query rewriting issues [47]. We refer the reader to foundational
literature on Global- and/or Local-As-View (GAV, LAV, GLAV) [48] and to recent surveys on their
usage for data integration [49, 50] and query answering [51] purposes. DORM essentially adopts a LAV
approach, with Designs being defined as views over a global (conceptual) Domain, and with queries
being formulated on the same global Domain and translated onto the local Schema; despite the higher
complexity of LAV approaches [48], many works have proposed it and shown its feasibility [52, 53, 54].

3. Use Case Description

SkyServer! is a publicly available Relational database designed to map the cosmos, made available by
SDSS. Access to SDSS data is provided via a web interface, where users can query and download data
through either SQL or interfaces designed for both professional astronomers and educational purposes.

Besides the astronomical data themselves, the server also makes public the SkyServer Traffic
Log,’which captures statistics on SQL queries being executed. This includes columns such as theTime
(datetime of the query), webserver (URL of the server), winname (Windows name of the server),
clientIP (client’s IP address), sql (the SQL statement executed), and error (returned code), among

'https://skyserver.sdss.org/dr18
*https://skyserver.sdss.org/log/en/traffic/sql.asp
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others. It also captures performance metrics like elapsed (query execution time), busy (CPU time
used by the query), and rows (number of rows returned by the query), providing a comprehensive
snapshot of server activity.

In our previous work [4], we already extensively analyzed the changes in the workload of SkyServer
along years, to conclude that the workload significantly changed with different releases. These changes
were relevant enough to justify schema changes in the underlying database, whose investment in
execution time was returned in a few hours or at most days (depending on the release). The open
question, though, was to what extent the human migration effort (in terms of rewriting SQL code as a
response to the new schema) was justified or not.

. . Table Columns | Rows Size
Phot: — PhotoObjAll — SpecODbjAll
ooz F> 0to%0] < FK pect) PhotoObjAll 509 99,980 783MB
. SpecObjAll 195 24,739 39MB
Flgure 2: SDSS tables used Photoz 35 16,925 3.6MB

Table 1: Statistics of source tables

In this work, we decided to use in our experiments data corresponding to Release 18 (available since
December 2023). From this, we sampled the three tables shown in Figure 2 with their corresponding
Foreign Keys (FKs). There, we find data captured from different astronomical objects observed as
PhotoObjAll, whose spectroscopic data are also captured and stored per wavelength intervals into
SpecObjAll. Moreover, their photometric redshift estimations can be found separately in Photoz.
Statistics of the extraction can be seen in Table 1.

4. Proposed Solution

Our proposal is a system (DORM) to facilitate schema evolution by automating data migration and
dynamically adapting queries. The user expresses both database design and queries in an abstract way
in terms of Domain concepts, and the system automatically generates (1) the corresponding database
schema, (2) the migration statements to move data from the existing schema to the new one, and (3)
the queries over the new schema. Section 4.1 specifies the catalog information required in the form
of a hypergraph; Sections 4.2 and 4.3 respectively explain how the DBMS-specific Schema and data
manipulation statements are generated from that (with migration statements being queries over the old
Schema that appropriately reshape the data); Section 4.4 explains how we overcome existing limitations.

4.1. Hypergraph representation

We use a hypergraph formalization (instead of logics), because it seamlessly allows both theoretical
definitions as well as direct implementations. Figure 3 shows the content of the hypergraph that governs
the behavior of DORM. This is a generalized hypergraph formalized as a triple H = (N, E, G), where
hyperedges (called simply Edges from here on) can connect not only Nodes, but also other Edges, and both
Nodes and Edges are uniquely identified by a name. Hence, N = {n1,--- ,np,}and E = {Ey,--- , Ep,}
are nodes and edges, so that Vi € [1,m] : E; C NUE\ E;.> G is just a set of annotations of the Domain
called Guards and will be described later in Section 4.4. Due to lack of space, we do not explicit here the
tens of associated Integrity Constraints (IC), but they are summarized in the project documentation.*

Logically, H can be seen as composed of (a) Domain information (namely Attribute, Class, Association,
and Generalization, highlighted by green zigzag lines in the figure), and (b) Design information (namely
Struct and Set, with diagonal blue lines in the figure).

Domain corresponds to the information we want to represent in our database. We firstly find a
specialization of Nodes that, following UML terminology, correspond to Attributes. Then, Classes
are the kind of DomainEdges that contain some of those Attributes, and are related to each other

*We use lower case for single elements, capitals for sets, and double-line capitals for sets of sets or complex structures.
*https://github.com/alberto0723/DORM/blob/main/README.md
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via Relationships (either Association, or Generalization) that connect some Classes. An Association
has exactly two ends, each with min and max multiplicities; a Generalization has one superclass
and one or more subclasses, besides a Discriminant Attribute (used in the corresponding constraint
predicates to determine to which of the subclasses an instance belongs to). Generalizations can be
tagged as Complete and/or Disjoint.

Design indicates, in an abstract/generic way, how the Domain information has to be represented in
the database. Following the terminology in [11, 55], we use Structs and Sets. The former provides
structural information about an instance (e.g., a tuple or document), while the latter abstracts a
container of instances (e.g., a table or collection) of the kind of some Struct. Thus, a Struct contains
a set of Nodes and Edges of any kind; we call Anchor the subset of a Struct’s content (limited to
Classes or Associations) whose identifiers are used to distinguish its instances, hence, providing
its semantics. Differently, a Set can only contain some Structs (exceptionally, we simplify notation
by allowing it to also contain one Class, as we will see later). We call “rooted” those elements not
contained by any other design construct.

1.%
Hypergraph T Element Contains
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’ *
1.%
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Figure 3: Diagram of the content in the hypergraph make Generalizations complete

Example 1. Figure 4 shows our conceptualization of the tables in Figure 2. Firstly, we can see at RHS
the Classes SpecObjAll, PhotoObjAll, and Photoz corresponding to original tables. Then, the FK
between the first two is shown as an Association SpecObjAll_PhotoObjAll with AssociationEnds
photoobjall_specobjs and specobjall_bestobjid (names can be freely chosen, as long as they
are unique among all the elements). Differently, the FK between the last two has been represented as Gener-
alization G4, because said FK was also PK of Photoz, which corresponds to the Relational implementation
pattern of a generalization/specialization relationship. Moreover, we have conveniently made explicit three
other Generalizations for SpecObj, PhotoObj, and PhotoPrimary. These exist as views in SkyServer
and frequently appear in its queries. In all four cases, the corresponding Discriminant has been defined, but
like any of the other hundreds of attributes, not graphically represented for the sake of simplicity. Finally,
we have added a complementary Class to every Generalization (in light green) to make all of them complete.
This is not really necessary, but it facilitates the lossless representation of horizontal partitions.

Example 2. In Figure 5, we can see some partial snippets of representative Designs alternatives (these are
Just examples, since Sets and Structs can be freely combined at will as soon as they respect the ICs):

a) The Classes and the Association are stored separately. For each of them, we see a Set (representing
the corresponding collection/table) containing a Struct with the corresponding concept (indicating the
content/type of every instance; attributes are omitted for simplicity). The Anchor annotation indicates
which of the potentially many concepts inside give meaning to (i.e., identifies) that content.

b) A collection/table has a pointer to the other. The annotation on top of the Association name indicates
where the pointer must go (the name of the corresponding attribute is that of the AssociationEnd).

’Generated with Visual Paradigm Community Edition v17.2.
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Figure 5: Examples of DORM Design®

¢) Usable only in NF?, as it generates a list of pointers to SpecObjA11l for every PhotoObjAll instance.

d) A horizontal partition of PhotoObjAll according to the specialization G4. Depending on whether
they belong to Photoz or PhotozCompl, instances go to a different collection/table.

e) A wvertical partition of SpecObj. For the sake of simplicity, attributes are not shown, but LHS Struct
would only contain the most commonly used, while RHS one would contain those rarely accessed.

f) Having the information of PhotoObjAll replicated into every SpecObjectAll. Notice that both
are in the same Struct, but the latter is its Anchor (i.e., defines its meaning).

g) Instances of different Classes like PhotoPrimary and Photoz are in the same Set (notice they belong
to the same Generalization hierarchy, hence share the identifying Attribute).

h) Disconnected Classes Photoz and PrimaryObj in the same Struct, which is interpreted as the collec-
tion/table having the instances in the intersection of both.

i) Nesting a list of instances of SpecObjAll inside every PhotoObjAll (this is different from Figure 5c

in that now the list will contain complex instances and not just identifiers).
Jj) A single PhotoObjAll instance (not a set) resides inside the Struct of another Class SpecObjAIl.

These are only some examples of the many feasible Designs (e.g., in Figure 5c, we could include in
SpecObj_list a complex Struct with any number of attributes instead of a simple Class; in Figure 5f,
we can materialize any subgraph of to-one Associations and Classes instead of the single one depicted).

4.2. Schema Generation

The information stored in our hypergraph allows to generate the database corresponding to the Design
in any kind of DBMS. For example, in the case of a Relational one, our translation is as follows:



1. Every rooted Set generates a table with the attributes of the corresponding Structs inside it. The ICs
guarantee that all Structs in a Set have the same meaning and identifier. If attributes of these Structs
do not coincide, the counterparts in the table would simply accept NULL values.

2. Every table will have a Primary Key (PK), generated according to the Anchor of the corresponding
Structs. Concretely, it will be composed by the identifiers of its loose ends. For example, if the
Anchor contains only one Association, its AssociationEnds will be the PK or the table. However, if
the Anchor contains two connected Associations, the PK will be composed by the two disconnected
AssociationEnds (i.e., the loose ends). This generalizes to more complex subgraphs in the Anchor.

3. Every Identifier can potentially give rise to a Foreign Key (FK). If it is a loose end in a Struct or its
Class has Superclasses, we point to tables corresponding to rooted Sets where that Class (or any of its
Superclasses) appears as the Anchor of the Structs inside.

In case of a schemaless system, translation is much easier, because we do not need to declare the
attributes and typically they do not provide FK declaration mechanisms. For example, we can generate
a denormalized translation into an RDBMS using JSON as follows:

1. Every rooted Set generates a table with two attributes: an autoincrement key, and a JSON value.
2. Each one of those tables will have a unique index similarly to PKs in the Relational case.

In any case, once the Schema has been created, we need to migrate the data from the old to the new
one. For this to be possible, both Domains must coincide, Dom (Hyq) = Dom(Hye,, ). Given that, just
realize that migrating data boils down to simply:

1. Find R as the set of all rooted Sets (i.e., collection/table) in the new Design.
2. For every rooted Set s; € R, define a migration DORM query M; with DF; and A; as the Domain
concepts (respectively the DomainEdges and Attributes) contained in s;, either directly or transitively.

1| { "pattern": [DE;], "project": [A;] }

3. Translate every M, into a query (); over the corresponding DBMS, considering the Design of the old

H, : . . .
one, M; —2% Q; (see Algorithm 1 explained in Section 4.3).
4. Execute every (Q; over the Schema corresponding to H;4.
5. Insert the output data into the Schema corresponding to H,eqp.

Hence, migration is just reduced to querying as explained in the next section.

4.3. Data Manipulation

The sharp-eyed reader would have realized that what we have been describing above is a classical data
integration mapping mechanism, where the Domain corresponds to “global”, the Schema to “local”, and
the Design maps them. Thus, we have defined the Schemas as in Local-As-View (LAV), and what we are
looking at now is query translation in such systems [48].

Specifically, we use a recursive algorithm (Algorithm 1) based on the creation of buckets as in [56],
see Algorithm 1. Its input is a Select-Project-Join (SPJ) query in the form of a JSON document including:
pattern determining the involved Classes and Associations, project containing the requested Attributes,
and filter giving the selection predicate. Notice that grouping and aggregating could be easily added by
just including them in the input JSON document and translating the attributes involved like the ones
used in the filter. The algorithm starts by parsing that specification and extracting the different parts
(Line 2). This also checks that all Attributes in project and filter, as well as Classes and Associations in
pattern belong to the Domain and conform to a connected graph there.

Once we have that validated, we need to check (Line 3) if all Classes required in the query are actually
in the Design. A Class may be implicit if its subclasses have been used instead. If this is the case, we
find a Complete Generalization of one of such Classes (Line 4) and get its subclasses (Line 5). Then, we
iterate these and make a recursive call (Line 9) to generate a subquery, replacing in the specification the
superclass with the corresponding subclass. Once we have all the subqueries resolved, since each may



Algorithm 1 GenerateQuery(spec)

Require: spec: SP] query specification
Ensure: sts: list of query statements.
1: sts « ]
2: projAtt, edges, filter, filter Att + parseQuery(spec)
3: if implicitClass(projAtt U filter Att, edges) then
4: superclass < getSuperclass(projAtt U filter Att, edges)
5 subclasses < getSubclasses(superclass)
6: subqueries + [|
7: for s € subclasses do
8: newSpec < spec.replace Edge(superclass, subclass)
9: subqueries.append(GenerateQuery(newSpec))
10: end for
11: if disjoint(subclasses) then

12: sts < combine(subqueries, ‘UNION ALL”)

13: else

14: sts <— combine(subqueries, “UNION?”)

15: end if

16: else > All classes appear in the design

17: alts < combineBuckets(projAttr U filter Attr, edges)
18: for rootedSet € alts do

19: alias < getAlias(rootedSets)

20: discr < getDiscriminants(rootedSets, getClasses(edges))
21: q < generateSELECT (projAttrs, alias)

22: g.concat(generateJOIN S(rootedSets, edges, alias))

23: g.concat(generateW HERE( filter, discr, alias))

24: sts.append(q)

25: end for

26: end if

27: return sts

have generated more than one statement, we produce all their combinations. Such combinations use
“UNION ALL” (Line 12) or “UNION” (Line 14) depending on the Generalization having been declared as
“Disjoint” or not in the Domain. Notice that it might also happen that none of the Generalizations of
the Superclass had been declared as Complete. If that was the case, we take all subclasses (Line 5) from
different Generalizations and combine all the corresponding subqueries with “UNION™.

Once we know that all Classes are explicitly in the Design (Line 16), we can identify the collec-
tions/tables where they are stored. Thus, for each DomainEdge, we generate a “bucket” with all the
collections/tables (i.e., rooted Sets) where it is transitively included. Then, we generate minimal com-
binations of the elements of such “buckets”, by taking one container per “bucket” until they cover
all required concepts and attributes (Line 17). For each of those combinations (Line 18), we end up
generating a query in the result (Line 24) that considers aliases, discriminants (to distinguish subclasses),
attribute projections, joins, and filters. Finally, the algorithm returns all those queries (Line 27).

Example 3. Consider the following query in terms of Design concepts, encoded in our JSON-based syntax:

{ "pattern": ["SpecObjAll"], "project": ["specobjall_specobjid", "specobjall img"],
"filter": "specobjall_dec BEIWEEN 0.199 AND 0.913 AND specobjall_zwarning=0" }

Let us suppose our Design corresponds to a hybrid (i.e., horizontal plus vertical) partition of SpecObjAll,
corresponding to Figure 5e plus another Set with a Struct inside containing SpecObjCompl. Thus, the
absence in such Design of the only requested concept SpecObjAll would be detected in Line 3. The concrete
required Superclass would be identified based on the requested Attributes in Line 4 (i.e., SpecObjAll,
which includes all the requested Attributes), and the corresponding Subclasses in Line 5 (i.e., corresponding
to the two horizontal partitions SpecObj and SpecObjCompl). Hence, the recursive call in Line 9 will
generate a query for each of those Subclasses that will be eventually merged in a single one in Line 12 by
means of “UNION ALL” (given that the Generalization was declared as disjoint).

Assume that the first of those recursive calls is done to replace SpecObjAll by Specobj. The re-




quested Class is explicit, so we jump to Line 17, which generates a “bucket” of containers for each one
of the four Attributes (two in the projection and two in the filter). The “bucket” of specobjall_img
contains SpecObjRare_table (as it is an Attribute rarely requested), the one of specobjall_dec
and specobjall_zwarning contains SpecObjCommon_table (as they are much more common), and
the one of specobjall_specobjid contains both (as this identifier appears in both vertical parti-
tions). Then, the only combination of containers that covers all four Attributes is the one with both
SpecObjcCommon_table and SpecObjRare_table. Aliases are generated in Line 19, and Line 20 de-
tects that in this Design there is no need to use the Discriminant, as the two involved containers do not mix
instances of different subclasses. The next lines compose the corresponding query with all that information.

The second recursive call over SpecObjcompl will be treated similarly, but it is simpler, because the
absence of vertical partition in this case does not require any join. Therefore, assuming a Relational
implementation in 1N F', the whole process would produce the following SOL query:

SELECT t_1.specobjall_specobjid, t_2.specobjall_img FROM SpecObjCommon_table t_1
JOIN SpecObjRare_table t_2 ON t_1.specobjall_specobjid = t_2.specobjall_specobjid

WHERE t_1.specobjall_dec BEIWEEN 0.199 AND 0.913 AND t_1.specobjall_zwarning=0

UNION ALL

SELECT specobjall_specobjid, specobjall_img FROM SpecObjCompl_table

WHERE specobjall_dec BEIWEEN 0.199 AND 0. 913 AND specobjall_zwarning=0;

Data can not only be queried, but also modified - and in a much simpler way (see Section 4.4). DORM
identifies what needs to be modified in the database given a modification specification in terms of the
Domain concepts by just using the same “combineBuckets” call in Line 17 of Algorithm 1. Then, the
corresponding statement aligning the data provided and the current schema is generated.

Example 4. A modification specification can also be specified over more than one concept at once, as soon
as they are all in the same rooted Set in the Design (see Section 4.4) as in Figures 5f and 5j.

{ "pattern"”: ["PhotoObjAll", "SpecObjAll", "SpecObjAll_PhotoObjAll"],
"data": ["photoobjall objid": "1237648720716235050", "specobjall specobjid": "352457551322834940

"o ] )

For example, if used together with the Design in Figure 5f, this would generate:

INSERT INTO SpecObjAll table (specobjall_specobjid, photoobjall objid, ...) VALUES
("352457551322834940", "1237648720716235050", ...);

4.4. Limitations

Using views to query databases is clearly a powerful tool to hide query complexity from users. Never-
theless, the issues of modifying the database through them are also well known since long ago [57, 58].
Thus, this is not surprisingly the main limitation of our approach, too. The problem is that a modification
specification, depending on the Design, might result in more than one possible data modification, making
it ambiguous. We acknowledge the complexity of this problem and, despite recent research in the field
[59], take a very conservative approach. Thus, any modification request requiring the modification of
more than one rooted Set or not including all Identifiers determined by its Anchor is rejected by DORM.
Indeed, current DBMSs like Oracle and PostgreSQL take a similar approach and allow modifying tables
through views only if the view is defined over a single table, and its PKs are provided.

To mitigate the problem and prevent this limitation from interfering with the functionalities of
the client application of DORM, we annotate H with a set of Guards G associated to the Domain. A
Guard is a set of Attributes plus a set of DomainEdges (i.e., one of our SPJ queries without any filter).
Then, at Design creation time, all Guards in the Domain are tested to guarantee that the corresponding
modifications will be possible later on from the application. If any of them is not, the Design is rejected.




INF Concept Representation Workload
Design |[Association [PhotoObjAll |PhotoObj PhotoPrimary [Photoz  |SpecObjAll |SpecObj |Migration

Baseline [FK Table Table Table -

D1 FK Horizontal P. |Horizontal P. [Vertical P. Join Mat. Table

D2 Table Horizontal P. |Horizontal P. [Vertical P. Join Mat. Table

D3 FK Table Join Mat. |Horizontal P. |Vertical P.

D4 Table Table Join Mat. |Horizontal P. |Vertical P.

D5 FK++ Horizontal P. |Horizontal P. [Table Join Mat. |Horizontal P. |Vertical P.

D6 Table Horizontal P. [Horizontal P. |Table Join Mat. [Horizontal P. |Vertical P.

Figure 6: Characteristics of the considered Designs in 1IN F'

5. Experiments

To empirically demonstrate our point from a computing perspective, we analyzed in detail the real effect
and benefit of schema evolution on an extract of the SkyServer workload. For this, we considered the
average workload during the months of May and June 2025. Firstly, in Section 5.1, we explain how we
characterized the different workloads identifying the most common query patterns (i.e., ignoring mostly
unique queries in the very long tail of frequencies). Then, in Section 5.2, we detail the multiple Designs
of our sample of SkyServer database that we easily tested with DORM and compare their performance
according to both workloads. DORM automatically migrates the data from the baseline schema to each
one of the others and rewrites the frequent query patterns previously identified and declared just in
terms of the Domain concepts. Finally, in Section 5.3, we analyze both the cost of queries in each Schema
as well as the cost of moving the data from one to another, to see how beneficial each movement is.
DORM is implemented in approximately 3,000 lines of Python (v3.12) code.® Tests have been executed
on a PostgreSQL (v17) instance, running on a server with an i7-8700 CPU and 64 GB of RAM. For
reproducibility, the code is publicly available in GitHub,® including a convenient running example.”

5.1. Workload extraction

We generated the workload for the experiments as follows:

1. Fetched the data: Connecting to SkyServer and retrieving log entries® corresponding to the given
period, which finished correctly, elapsed some time, and returned some rows (i.e., “error = 0 AND
elapsed > 0 AND rows > 07).

2. Parsed the retrieved queries: Identifying the different parts of the queries (i.e., projected attributes,
selection predicate, tables involved, and other characteristics like distinct or top) and discarding those:
a) Corresponding to DDL; b) Accessing the database catalog; c) Using user-defined materialized
views; and d) Using stored procedures in the FROM clause (those in the WHERE clause were simply
replaced by query parameters).

3. Generated patterns: Grouping queries that use the same tables in the FROM clause and have the
same characteristics (like distinct or top) and whose projected attributes are above a given threshold
of Jaccard distance (i.e., they share a minimum percentage of projected attributes, set to 80%). We
kept only patterns that appeared more than 2%, and generated an aggregated filter clause as the
intersection of all clauses in the group.

Thus, we generated two different workloads with the characteristics in Table 2. The frequencies
of query patterns are respectively [33%, 12%, 10%, 7%, 6%, 2%) and [40%, 16%, 9%, 5%, 5%, 4%, 4%, 4%,
which clearly reflect their dissimilarity. As an example, the most frequent (33%) pattern in May is:

SELECT objid, petroRad_r FROM PhotoObj;

Which we encode in JSON-based syntax like:

Shttps://github.com/alberto0723/DORM
"https://github.com/alberto0723/DORM/blob/main/DOLAP_running_example.md
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Table 2
Extraction summary

# Queries
Month - # Patt
on Discarded Kept Total atterns
May 2025 3,954,198 | 2,191,734 6,145,932 6
June 2025 5,178,312 | 5,806,285 | 10,984,597 8

{ "pattern": ["PhotoObj"], "project": ["photoobjall _objid", "photoobjall petrorad r"] }

On the other hand, the most frequent one (40%) in June is:

SELECT s.run2d, s.plate, s.mjd, s.fiberID
FROM PhotoObjAll AS p JOIN SpecObjAll AS s ON p.objID = s.bestObjID;

Which we encode in JSON-based syntax like (notice that we do not encode join attributes, as we
assume they correspond to relationships already expressed in the Domain):

{ "pattern": ["PhotoObjAll", "SpecObjAll", "SpecObjAll_PhotoObjAll"],
"project": ["specobjall_ fiberid", "specobjall_mjd", "specobjall_plate", "specobjall_run2d"] }

5.2. Alternative Designs

Given the Domain information in Figure 4, we took as baseline the original design in SkyServer as in
Figure 2. This is roughly a simple one-to-one mapping between classes and tables (i.e., three tables
overall for PhotoObjAll, SpecObjAll, and Photoz), just adding one discriminant attribute in the
superclass for every Generalization (namely G'1 to G4) encoding the corresponding subclass of each
row. The association is also implemented as an FK. Then, we implemented different combinations of
the following patterns in Figure 5 applied to those classes:

Intermediate table (Figure 5a): The association between PhotoObjAll and SpecObjAll with an
intermediate table (Designs D2, D4, and D6).

Foreign key (Figure 5b): The association between PhotoObjAll and SpecObjAll with an FK in
the table corresponding to SpecObjall (Designs D1, D3, and D5).

Horizontal partition (Figure 5d): Two different horizontal partitions accommodating subclasses
of PhotoObjAll and SpecObjAll in different tables (Designs D1, D2, D5, and D6 for
PhotoObjAll; and D3, D4, D5, and D6 for SpecObjAll).

Vertical partition (Figure 5e): Two vertical partitions separating the attributes most used in the
queries over PhotoObjAll (Designs D1, and D2) and SpecObjAll (Designs D3, D4, D5, and D6).

Figure 6 summarizes the Designs implemented in First Normal Form (1VF'). We did not aim at
finding the optimum database schema, but just to showcase the flexibility and possibilities of DORM.
Nevertheless, just to guarantee some performance impact, we paid attention to the two sets or query
patterns to choose these Designs. For example, we avoided redundancy as much as possible, but in
the case of Photoz, we decided to always materialize its join with PhotoObjAll. Also, it is worth
noting that in D5, together with the FK in SpecObjAl1l, we stored the discriminants of PhotoObjAll
(indicated as “FK++” in the table), aiming to improve one of the query patterns in June’s workload.

For each one of the patterns, we see the overall time to populate it with the data in the baseline,
together with the weighted average of the query execution time of both workloads. These times were
directly obtained from PostgreSQL by means of “EXPLAIN (ANALYZE, SUMMARY)”, and are expressed
in milliseconds. The colors indicate the ranking of the different Designs for the corresponding workload
(red for higher and green for lower values). Thus, we can see that not only the average cost per query
changes depending on the month, but also the relative positions of the Designs. In both cases, the worst
is the baseline, but the best Design for May would be D2, while the best one for June would be D5.
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Figure 7: Tradeoff between migration costs (dotted lines) and query benefits (oblique lines) per new 1N F' Design

Changing just one parameter of DORM (no redesign being necessary at all), it switches to a Non-First
Normal Form (N F?) implementation with JSON, which enables multiple design possibilities nesting
Sets and Structs. Nevertheless, given the hundreds of attributes in our use case, extracting them from
the documents is too expensive, and performance is two orders of magnitude worse than that in 1NF in
all the cases. Thus, due to lack of space, we omitted their execution times.

5.3. Benefit quantification

Figures 7a and 7b showcase the cost-benefit analysis of migrating from the baseline to the new Designs
in 1N F' (Figure 6), respectively in May (a) and June (b). For each Design (indicated by the different
colors), the dotted horizontal line is a threshold indicating the migration time. The solid oblique line
indicates the cumulative benefit eventually gained (i.e., the improvement in the average query execution
time with respect to the baseline) weighted by the frequency of queries in the workload (0.85 query/sec
in May, 2.24 query/sec in June). The star marks the turning point of a Design (i.e., after how much time
the migration to the new Design becomes “profitable”, in that the cumulative benefit has compensated
the migration time). Execution times for both migration and workload queries correspond to those in
Section 5.2. Interestingly, among the tested Designs, the “cheapest” ones with regard to migration time
(D3 and D4, respectively in green and red) are also the least convenient, while D5 (in purple) dominates
as the one becoming “profitable” in the shortest time (for both workloads).

This analysis® demonstrates how the tradeoff between migration costs and query benefits varies
significantly between different Designs, thus supporting our motivation in proposing a system to
automate the evaluation and potential adoption of multiple Design alternatives.

6. Conclusions

We have presented DORM, a system to automate database schema evolution management. It uses
catalog information to define the concepts (i.e., classes, attributes, and relationships) in the application
domain. These can be used later to define multiple database designs in an abstract way (in terms of Sets
and Structs), which are automatically translated into the underlying DBMS-specific data structures (e.g.,
tables if it is Relational, or collections if it is a document store). DORM not only automatically generates
the corresponding data definition statements, but also the data management statements to migrate the
data from one Schema to another. Queries are also defined in an abstract syntax, and automatically
translated into the specific statements depending on the data organization indicated by the Design, so
that users are not affected by changes. Extensive experiments demonstrate the use of our system and
show the immediate benefit of schema evolution in performance in a use case with data from SDSS.
As future work, we plan to extend DORM with automatic Design generation and a search mechanism
to automatically optimize the benefit of schema evolution. This should also consider the possibility of
generating redundant structures (e.g., materialized views), which increases the search space.

SThe analysis is limited to 1N F' Designs as all the N F'? ones generate a significant performance drop with respect to the 1NF
baseline, making the migration clearly inconvenient.
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Artifacts

The code of the prototype is publicly available at:
https://github.com/alberto0723/DORM
An explanation of the main components is in:
https://github.com/alberto0723/DORM/blob/main/README.md
A demo video (5 min) is in:
https://github.com/alberto0723/DORM/blob/main/DORMdemo.mp4
Finally, step by step instructions to reproduce the experiments are in:
https://github.com/alberto0723/DORM/blob/main/DOLAP_running_example.md
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