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Expressive Representations 
of Missing Values 
in Relational Database Systems



NULL values in SQL

Person
Name Age
Jane NULL

John NULL

Mary 30
Carl 23

Name
Mary
Carl

SELECT Name 
FROM   Person 
WHERE  Age = Age

The age of John and Jane is unknown



What does NULL mean?
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Semantics of NULL
A: The value does not exist (NA)
B: Nothing is known about the value (NI)
C: It denotes a non-applicable �eld (NA)
D: The value exists and could be anything (EU)
E: The data is dirty (D)
F: The value exists

and is equal to an unknown constant (EU)
G: There is a bug (D)
H: The value exists

and is equal to a known constant (C)
I: Other [Please specify]
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Figure 4: (a) Popularity of di�erent semantics of NULL; (b) Combinations of NULL semantics chosen by the participants.

algebra, known as generic queries [3, 5]. These types of queries
do not generate new values by means of function application or
aggregates. On the other hand, Section 5.2 focuses on how NULL is
dealt with when applying arithmetic functions and aggregates.

5.1 Generic queries
We look at three di�erent aspects of such queries with respect to
NULL handling: (1) comparisons involving NULL, (2) positive queries
without NOT, and (3) negative queries using NOT.

The latter are more likely to cause issues given what we know
from the literature [44, 46], due to the way the 3-valued logic is
handled in query evaluation.

Comparisons involving NULL. We would like to see whether sur-
vey participants were satis�ed with the way SQL evaluated com-
parisons between NULL and

• a constant equal to: 0 for numerical types, and empty string
for character types;

• another constant;
• another NULL.

We use the results of four build-the-answer questions (Figure 1a)
to study both equality and disequality comparisons, and are in-
terested in the percentage of participants who disagree with the
way SQL handles such comparisons; the higher the value is, the
more problematic such a comparison. The results, summarized in
Table 2, show that the desired behavior does not depend on the
data-type. Moreover, contrary to a popular belief neither the empty
string or the integer value 0 are treated di�erently than any other
constant (even though the former is used as a substitute for NULL in
some RDBMSs). Around 20% of our respondents would want SQL
to view two NULL values as equal (i.e., use syntactic equality for
them), while around 10% would like them to be di�erent. Finally

Table 2: Proportion of answers that di�er from SQL.

Operator (a): 0 or � (b): Constant (c): NULL

Equality String 5.1 3.8 22.2
Equality Integer 3.3 2.6 21.5

Inequality String 41.6 48.7 11.0
Inequality Integer 41.6 43.0 8.72

around 40% would like for SQL to evaluate disequality comparisons
between NULL and a constant to false rather than unknown.

When it comes to queries, we aim to learn whether the answer
the participants would like to see returned in the presence of NULL

• coincides with the SQL answer, or
• contains the SQL answer, or
• is contained in the SQL answer, or
• is incomparable with the SQL answer.

Positive queries. In these queries there is no negation; they are
built using joins as well as IN and EXISTS subqueries. For each
individual query testing a particular feature, more than 90% of
our participants say that the answer should be the same as the
one SQL returns. At the same time, the percentage of participants
who say that the result should be the same as SQL for every query
using those features is 84%. If we consider the whole positive frag-
ment of SQL generic queries, and therefore also take into account
the answers obtained with �ltering queries on equality conditions
(Table 2), this percentage drops to 68%. Thus even for fairly uncon-
troversial queries it is hard to �nd a uniform agreement across a
query workload. But things quickly get much more problematic
when we consider the interaction of NULL with queries that involve
negation.

Toussaint, Guagliardo, Libkin, Sequeda: “Troubles with Nulls, Views from the Users”. PVLDB 2022



Existing-unknown or Non-applicable?Missing value vs. Non-applicable

Person

ID Name Phone

1 Jane NULL Does Jane have a phone?
2 John NULL Does John have a phone?

There is no way of knowing whether a NULL here means that

I there is a currently unknown value for phone (missing value)

or

I there is no value for phone (non-applicable value)

3 / 23



Existing-unknown or Non-applicable?

Existing-unknown

Non-applicable

Disambiguation flag



An excerpt from MusicBrainz



https://musicbrainz.org/search?query=Maxx+%26%26+Lambert&type=artist

The artist did not retire

so there is no end date



https://musicbrainz.org/search?query=Conviction+%26%26+Arkansas&type=artist

The artist retired but

we don’t know when



Getting rid of non-applicable nulls
NULL and schema design

Getting rid of non-applicable values

Person

ID Name

1 Jane
2 John

PersonWithPhone

ID Phone

1 NULL

PersonWithPhone(ID) REFERENCES Person(ID)

Pros:

I NULLs in Phone represent missing values

I Phone can be declared NOT NULL if needs be

Cons:

I How do we say “I don’t know whether John has a Phone”?
(we could add a column HasPhone to Person...)

7 / 23

Exponential blow-up of the schema, possibly slow query performance



Limitations of SQL nulls as unknown valuesLimitations of SQL’s NULL as missing values

Person

Name Age

Jane NULL
John NULL
Mary 27
Carl NULL

Age of Jane, John and Carl is unknown

We know Jane and John have the same age

Marked nulls (not part of SQL)

I Each missing value has an identifier

I Allow cross-referencing of missing values

8 / 23

We cannot say that John and Carl have the same unknown age



Marked Nulls

Essentially nulls with identifiers

Limitations of SQL’s NULL as missing values

Person

Name Age

Jane NULL
John NULL
Mary 27
Carl NULL

Age of Jane, John and Carl is unknown

We know Jane and John have the same age

Marked nulls (not part of SQL)

I Each missing value has an identifier

I Allow cross-referencing of missing values

8 / 23

⊥2

⊥1

⊥3



The MusicBrainz example
with marked nulls

original

with abstract marked nulls



Marked Nulls

Essentially nulls with identifiers

Limitations of SQL’s NULL as missing values

Person

Name Age

Jane NULL
John NULL
Mary 27
Carl NULL

Age of Jane, John and Carl is unknown

We know Jane and John have the same age

Marked nulls (not part of SQL)

I Each missing value has an identifier

I Allow cross-referencing of missing values

8 / 23

⊥2

⊥1

⊥2

 Allow for co-references!



Non-repeating marked nulls

No two marked nulls have the same identifier

Limitations of SQL’s NULL as missing values

Person

Name Age

Jane NULL
John NULL
Mary 27
Carl NULL

Age of Jane, John and Carl is unknown

We know Jane and John have the same age

Marked nulls (not part of SQL)

I Each missing value has an identifier

I Allow cross-referencing of missing values

8 / 23

⊥2

⊥1

⊥3



Do SQL nulls model non-repeating marked nulls?

A
NULL

B C
1 NULL

2 NULL

R S
A B C

NULL 1 NULL

NULL 2 NULL

R × S

A B C
⊥1 1 ⊥2

⊥1 2 ⊥3

R × S
A
⊥1

B C
1 ⊥2

2 ⊥3

R S

Guagliardo, Libkin: “On the Codd Semantics of SQL Nulls”. Inf. Syst. 86: 46-60 (2019)



SQL nulls are not fit for 
representing unknown values



Implementing marked types in real systems

• NULL and marked constants should behave exactly as for base types

• Marked nulls should comply with naive evaluation as follows:


- two marked nulls are equal iff they have the same id

- a marked null and a constant are never equal 

Fixed-size
Base Marked

INT INTT
DATE DDATE

Variable-size
Base Marked

TEXT TEXTT
NUMERIC NUMERICC

Desiderata



Semantics
Casting rules

 = base type
<latexit sha1_base64="DQFOPfhrTMXfnWrco/ANeBeHGpc=">AAAB63icbZC7SgNBFIZn4y3GW7x0NoNBsAq7FtHOgIiWEcwFkiXMTibJkJnZZeasEJe8go2FIra2PoilnWXexNkkhSb+MPDx/+cw55wgEtyA6347maXlldW17HpuY3Nreye/u1czYawpq9JQhLoREMMEV6wKHARrRJoRGQhWDwaXaV6/Z9rwUN3BMGK+JD3Fu5wSSK0WkLidL7hFdyK8CN4MChef4+uPg4dxpZ3/anVCGkumgApiTNNzI/ATooFTwUa5VmxYROiA9FjToiKSGT+ZzDrCx9bp4G6o7VOAJ+7vjoRIY4YysJWSQN/MZ6n5X9aMoXvuJ1xFMTBFpx91Y4EhxOniuMM1oyCGFgjV3M6KaZ9oQsGeJ2eP4M2vvAi106JXKpZuvUL5Ck2VRYfoCJ0gD52hMrpBFVRFFPXRI3pGL450npxX521amnFmPfvoj5z3H++JkqE=</latexit>⌧
<latexit sha1_base64="At694gS5fU4wu2j0t+sICYhxCe8=">AAAB+XicbVDJSgNBEO2JW4zbuNy8DAbBU5jxEL0ZENFjBLNAMoSenkrSpGehuyYSh/yJFw+KePDiX3j05jF/Ymc5aOKDgsd7VVTV82LBFdr2t5FZWl5ZXcuu5zY2t7Z3zN29qooSyaDCIhHJukcVCB5CBTkKqMcSaOAJqHm9y7Ff64NUPArvcBCDG9BOyNucUdRSyzSb99wH5MKHtIk0GbbMvF2wJ7AWiTMj+YvP0fX7wcOo3DK/mn7EkgBCZIIq1XDsGN2USuRMwDDXTBTElPVoBxqahjQA5aaTy4fWsVZ8qx1JXSFaE/X3REoDpQaBpzsDil01743F/7xGgu1zN+VhnCCEbLqonQgLI2scg+VzCQzFQBPKJNe3WqxLJWWow8rpEJz5lxdJ9bTgFAvFWydfuiJTZMkhOSInxCFnpERuSJlUCCN98kieyYuRGk/Gq/E2bc0Ys5l98gfGxw/9LZhZ</latexit>

e⌧ = marked variant of 
<latexit sha1_base64="DQFOPfhrTMXfnWrco/ANeBeHGpc=">AAAB63icbZC7SgNBFIZn4y3GW7x0NoNBsAq7FtHOgIiWEcwFkiXMTibJkJnZZeasEJe8go2FIra2PoilnWXexNkkhSb+MPDx/+cw55wgEtyA6347maXlldW17HpuY3Nreye/u1czYawpq9JQhLoREMMEV6wKHARrRJoRGQhWDwaXaV6/Z9rwUN3BMGK+JD3Fu5wSSK0WkLidL7hFdyK8CN4MChef4+uPg4dxpZ3/anVCGkumgApiTNNzI/ATooFTwUa5VmxYROiA9FjToiKSGT+ZzDrCx9bp4G6o7VOAJ+7vjoRIY4YysJWSQN/MZ6n5X9aMoXvuJ1xFMTBFpx91Y4EhxOniuMM1oyCGFgjV3M6KaZ9oQsGeJ2eP4M2vvAi106JXKpZuvUL5Ck2VRYfoCJ0gD52hMrpBFVRFFPXRI3pGL450npxX521amnFmPfvoj5z3H++JkqE=</latexit>⌧

single-head 
double-headarrows denote casts = implicit


= explicit

<latexit sha1_base64="+N7lnqGjDxWXMxXq41VSw4R3J9k=">AAAB6XicbZBLSwMxFIVv6qvWV9Wlm2ApuCozLtRlQQSXVewD2qFk0kwbJpMZkoxQhiK4duNCEVeKP0hw578xfSy09UDg45x7yb3XTwTXxnG+UW5peWV1Lb9e2Njc2t4p7u41dJwqyuo0FrFq+UQzwSWrG24EayWKkcgXrOmH5+O8ecuU5rG8McOEeRHpSx5wSoy1rjtZt1hyKs5EeBHcGZSq5fD+7v3ts9YtfnV6MU0jJg0VROu26yTGy4gynAo2KnRSzRJCQ9JnbYuSREx72WTSES5bp4eDWNknDZ64vzsyEmk9jHxbGREz0PPZ2Pwva6cmOPMyLpPUMEmnHwWpwCbG47VxjytGjRhaIFRxOyumA6IINfY4BXsEd37lRWgcV9yTysmVW6pewFR5OIBDOAIXTqEKl1CDOlAI4AGe4BmF6BG9oNdpaQ7Nevbhj9DHD9QpkVE=</latexit>

{

lossless cast from base type to corresponding marked type

marked nulls are converted to NULL

if there is an underlying implicit cast from !1 to !2



Semantics
Comparisons

The reason for this is indexing, which requires a total order on non-NULL values

Standard SQL behaviour

+


Naive evaluation



Semantics
Arithmetic and string operations

means converting to base type

means converting to marked type

Basic rule

Exceptions

- These break distributivity but most DBMSs do not optimise arithmetic expressions

- The result may depend on how the query is written (this is not new)

<latexit sha1_base64="BR/vCxhiuuUdix7eCamCXpzOGbw=">AAAB7XicbZDNSgMxFIXv1Kq1Wq26dBMtgqsy46J1WRDBZQX7I+1QMmmmjc0kQ5IRytB3cONCEbfufAafwZ1vY/qz0NYDgY9z7iX33iDmTBvX/XYya9n1jc3cVn57p7C7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo8tp3nqgSjMpbs04pn6EB4KFjGBjrWZXxjzRvWLJLbszoVXwFlCqFT6yn3fH2Xqv+NXtS5JEVBjCsdYdz42Nn2JlGOF0ku8mmsaYjPCAdiwKHFHtp7NpJ+jUOn0USmWfMGjm/u5IcaT1OApsZYTNUC9nU/O/rJOY8MJPmYgTQwWZfxQmHBmJpqujPlOUGD62gIlidlZEhlhhYuyB8vYI3vLKq9A8L3uVcuXGK9WuYK4cHMEJnIEHVajBNdShAQTu4RGe4cWRzpPz6rzNSzPOoucQ/sh5/wHXjJGN</latexit>� is an operator



Semantics
Aggregate functions

MIN / MAX
COUNT
SUM
AVG

same as SUM
same as AVG

counts non-NULL values (constants and marked nulls) in S
follow the ordering defined by < and =

Note that SUM / COUNT is not the same as AVG !!!

For a bag S of marked values

<latexit sha1_base64="3aLLcipXONi2N1Xhbo6UMV/lcko=">AAAB6nicbZBLSwMxFIXv1Fetr1GXboKlUDdlxkV1WRDBZaX2Ae1QMmmmDc1khiQjlKEI7t24UMSNgv9HcOe/MX0stPVA4OOce8m91485U9pxvq3Myura+kZ2M7e1vbO7Z+8fNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8mefOWSsUicaNHMfVC3BcsYARrY9WKtZOunXdKzlRoGdw55CuF4f3d+9tntWt/dXoRSUIqNOFYqbbrxNpLsdSMcDrOdRJFY0yGuE/bBgUOqfLS6ahjVDBODwWRNE9oNHV/d6Q4VGoU+qYyxHqgFrOJ+V/WTnRw7qVMxImmgsw+ChKOdIQme6Mek5RoPjKAiWRmVkQGWGKizXVy5gju4srL0DgtueVS+drNVy5hpiwcwTEUwYUzqMAVVKEOBPrwAE/wbHHr0XqxXmelGWvecwh/ZH38AKwKkSg=</latexit>

(S)
<latexit sha1_base64="3aLLcipXONi2N1Xhbo6UMV/lcko=">AAAB6nicbZBLSwMxFIXv1Fetr1GXboKlUDdlxkV1WRDBZaX2Ae1QMmmmDc1khiQjlKEI7t24UMSNgv9HcOe/MX0stPVA4OOce8m91485U9pxvq3Myura+kZ2M7e1vbO7Z+8fNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8mefOWSsUicaNHMfVC3BcsYARrY9WKtZOunXdKzlRoGdw55CuF4f3d+9tntWt/dXoRSUIqNOFYqbbrxNpLsdSMcDrOdRJFY0yGuE/bBgUOqfLS6ahjVDBODwWRNE9oNHV/d6Q4VGoU+qYyxHqgFrOJ+V/WTnRw7qVMxImmgsw+ChKOdIQme6Mek5RoPjKAiWRmVkQGWGKizXVy5gju4srL0DgtueVS+drNVy5hpiwcwTEUwYUzqMAVVKEOBPrwAE/wbHHr0XqxXmelGWvecwh/ZH38AKwKkSg=</latexit>

(S)
<latexit sha1_base64="3aLLcipXONi2N1Xhbo6UMV/lcko=">AAAB6nicbZBLSwMxFIXv1Fetr1GXboKlUDdlxkV1WRDBZaX2Ae1QMmmmDc1khiQjlKEI7t24UMSNgv9HcOe/MX0stPVA4OOce8m91485U9pxvq3Myura+kZ2M7e1vbO7Z+8fNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8mefOWSsUicaNHMfVC3BcsYARrY9WKtZOunXdKzlRoGdw55CuF4f3d+9tntWt/dXoRSUIqNOFYqbbrxNpLsdSMcDrOdRJFY0yGuE/bBgUOqfLS6ahjVDBODwWRNE9oNHV/d6Q4VGoU+qYyxHqgFrOJ+V/WTnRw7qVMxImmgsw+ChKOdIQme6Mek5RoPjKAiWRmVkQGWGKizXVy5gju4srL0DgtueVS+drNVy5hpiwcwTEUwYUzqMAVVKEOBPrwAE/wbHHr0XqxXmelGWvecwh/ZH38AKwKkSg=</latexit>

(S)

COUNT
<latexit sha1_base64="3aLLcipXONi2N1Xhbo6UMV/lcko=">AAAB6nicbZBLSwMxFIXv1Fetr1GXboKlUDdlxkV1WRDBZaX2Ae1QMmmmDc1khiQjlKEI7t24UMSNgv9HcOe/MX0stPVA4OOce8m91485U9pxvq3Myura+kZ2M7e1vbO7Z+8fNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8mefOWSsUicaNHMfVC3BcsYARrY9WKtZOunXdKzlRoGdw55CuF4f3d+9tntWt/dXoRSUIqNOFYqbbrxNpLsdSMcDrOdRJFY0yGuE/bBgUOqfLS6ahjVDBODwWRNE9oNHV/d6Q4VGoU+qYyxHqgFrOJ+V/WTnRw7qVMxImmgsw+ChKOdIQme6Mek5RoPjKAiWRmVkQGWGKizXVy5gju4srL0DgtueVS+drNVy5hpiwcwTEUwYUzqMAVVKEOBPrwAE/wbHHr0XqxXmelGWvecwh/ZH38AKwKkSg=</latexit>

(S)

COUNTThe ratio can be used as a confidence score for SUM and AVG



What does the SQL Standard offer?

SQL allows for the creation of ROW types


User-defined composite types that are rows (tuples) of values


Can be forced to satisfy specific constraints



Flag-based encoding

flag value

flag is FALSE, value is non-NULL
Null ID

flag is TRUE, value is non-NULL
Constant

We need to rule out the case when both flag and value are NULL
(NULL, NULL) IS NULL evaluates to TRUE but it’s typed differently from NULL 



ID-based encoding

const nullid

const is NULL, nullid is non-NULL
Null ID

const is non-NULL, nullid is NULL
Constant



The MusicBrainz example again
but this time with SQL-based marked types

with abstract marked nulls

https://git.ecdf.ed.ac.uk/pguaglia/markedsql

https://git.ecdf.ed.ac.uk/pguaglia/markedsql


What works with Standard SQL features

Casts 
• implemented via standard CREATE CAST command


Comparisons | string operations | arithmetic

• implemented as functions via standard CREATE FUNCTION

• SQL does not support user-defined operators

• we must write eq(x,y) rather than x = y


Aggregates 
• COUNT works out of the box

• MIN / MAX work consistently with < and > but only by chance!

Queries must be rewritten!



AVG / SUM should be explicitly defined on marked types

• SQL does not support user-defined aggregations

• workaround: AVG( CAST ( expr AS base_type ) )


MIN / MAX work only because of how mark types are defined in PostgreSQL

• they break if we swap the const and nullid fields in our composite type

• they return the record pseudo-type (not usable in functions / casts)


⟹ type mismatches in comparisons with MIN / MAX subqueries

Other limitations of Standard SQL

Queries must be rewritten!

in which x and y are of the same marked type



Should we do away with portability?
Or sacrifice important functionality to maximise portability?

id name retired

(,1) (,John) (,2022-12-03)
(,2) (,Jane) (123,)
(,3) (,Juan)
(,4) (,Jason) (234,)
(,5) (,Joseph) (123,)

id name retired

1 John 2022-12-03
2 Jane NULL:123
3 Juan
4 Jason NULL:234
5 Joseph NULL:123

Table 2: Support for UDTs and row types in popular DBMSs. Advanced features include hashing, indexing, advanced joins (what
are these?), and aggregations.

DBMS UDTs
Row
types Low-level UDTs

User-de�ned
operations

User-de�ned
aggregations

Advanced
features

PostgreSQL 3 3 3 C 3 3 3
Oracle Database 3 3 3 C/C++/Java 7 7 7
MS SQL Server 3 7 3 IL (.NET) 3 7 7

IBM DB2 3 7 7 3 7 7
MariaDB 7 † 7 † 7 7 7 7

MySQL 7 7 7 7 7 7
SQLite 7 7 7 7 7 7

1 typedef struct Intt_t {
2 char is_const;
3 char val [4];
4 } Intt_t;

(a) INTT

1 typedef struct Datee_t {
2 char is_const;
3 char val [4];
4 } Datee_t;

(b) DATEE

1 typedef struct Textt_t {
2 // length of the textt_dat field
3 char textt_len_ [4];
4 // an instance of Textt_internal_t
5 char textt_dat [];
6 } Textt_t;
7

8 typedef struct Textt_internal_t {
9 char is_const;

10 char val []; // raw string data
11 } Textt_internal_t;

(c) TEXTT

1 typedef struct Numericc_t {
2 // length of the numericc_dat field
3 char numericc_len_ [4];
4 // flat is at the end
5 // the first n-1 bytes is a numeric
6 // or a null id
7 char numericc_dat [];
8 } Numericc_t;

(d) NUMERICC

Figure 4: The underlying C structures of our marked types.

Observe that, even though this implementation is �ag-based, it
does not su�er from the same limitation a�cting that particular
encoding in Standard SQL, namely that null identi�ers are values of
the corresponding base type. Here, the �exibility o�ered by direct
memory manipulation in C allows us to have null identi�ers with
a uniform type (we chose INT) across all of the di�erent marked
types, as in the ID-based encoding.

So far we have only discussed data types with a �xed length;
we now turn our attention to the variable-length types TEXTT and
NUMERICC. PostgreSQL requires variable-length UDTs to strictly
follow a speci�c layout, the so-called varlena structure.6 This con-
sists of a 4-byte header storing the length of the (variable amount
of) actual data that follows it. When instances of such a structure
are saved onto disk, PostgreSQL automatically strips away the 4-
byte length indicator and adds a terminator byte at the end of the
actual data content.
6See https://doxygen.postgresql.org/structvarlena.html (last accessed: May 14, 2024).

The C structures of the TEXTT type are given in Figure 4c, where
Textt_t is a clear example of varlena structure. The textt_len_
�eld is a 4-byte unsigned integer indicating the length (in bytes) of
the �exible array member textt_dat, which contains an instance
of the Textt_internal_t structure. In turn, this is similar to the
structure for INTT introduced earlier, with the di�erence that here
val is a �exible array member, since the data content has variable
length. Note that the length of val need not be speci�ed explicitly,
as it is given by textt_len_ minus the size of the is_const �ag
(i.e., 1 byte).

Figure 4d shows the C structures for the NUMERICC type. It dif-
fers from the TEXTTwe just discussed. For the NUMERICC, the �ag is
appended at the end, which keeps the original structure of NUMERIC
complete. Note that to get exact the same NUMERIC value, the length
indicator numericc_len_[4] needs to be minus 1 (to ignore the
�ag). While in TEXTT, the original structure of TEXT was split into
two parts, and the �ag is inserted between them. This necessitated

7

No widespread support even for essential features (UDTs and row types)



Non-standard SQL-based implementation
in PostgreSQL 

Custom operators and aggregate functions

• solve the problems with AVG / SUM / MIN / MAX


Interfacing marked types with indexes and access methods

• enables hash and sort-merge joins, parallel execution, partial aggregation

https://git.ecdf.ed.ac.uk/pguaglia/markedsql

https://git.ecdf.ed.ac.uk/pguaglia/markedsql


Explicit casts are needed to avoid type mismatch errors in some cases

• " = 'abc' fails when " is of type TEXTT


⟹ we must write " = 'abc'::TEXT

• CASE WHEN · · · THEN " ELSE 0 END fails when " is of type NUMERICC or INTT


⟹ we must explicitly cast the scalar 0 to "’s type

• Set operations fail for the same reason: SELECT 1::INTT UNION SELECT 0

Limitations

Non-standard SQL-based implementation
in PostgreSQL https://git.ecdf.ed.ac.uk/pguaglia/markedsql

query rewriting is unavoidable

https://git.ecdf.ed.ac.uk/pguaglia/markedsql


SQL-based marked types
Estimating storage requirements

• All base types converted to corresponding marked types

• No marked nulls

• Same information content

Each marked value requires a 24-byte header (including a 1B null bitmap)
Thanks to TOAST (The Oversized-Attribute Storage Technique)

• the header is reduced by 3 bytes for data up to 105 bytes

• up to 5 bytes of padding may also be ammortized in such cases

Overhead per table is between   16# · $    and   24# · $    bytes

with # = # of rows and $ = # of columns  

Worst-case scenario



Heap size overhead for SQL-based marked types
on TPC instances at different scale factors

The overhead here is measured in %

The red-shaded part is the estimated overhead

TPC-H TPC-DS

The diamond is the effective measured overhead



Measured overhead in size of indexes
on TPC instances with scale factor 1

TPC-H

218%

TPC-DS

226%



Total (measured) overhead in database size
on TPC instances with scale factor 1

TPC-H

209%

TPC-DS

277%

The size of the database more than triples!



Runtime overhead for SQL-based marked types
on TPC-H instances with scale factor 1

The overhead here is measured as the ratio runtime on marked instances
runtime on base instances

Red bars indicate timeout



SQL-based marked types
Summary

• Huge storage overhead


• Very poor query performance


• Not exactly “user-friendly”


• Portability is not guaranteed



Standard SQL features are not fit 
for implementing marked types



An efficient implementation
in PostgreSQL https://git.ecdf.ed.ac.uk/pguaglia/ids4nulls

https://git.ecdf.ed.ac.uk/pguaglia/ids4nulls


Fixed-size types

We use the highest order bit as a flag

! same size (4 bytes) ⟹ no storage overhead

! fits in a datum ⟹ can be passed by value (fast)

" half the range ⟹ casts from INT may overflow

INTT (marked variant of a 4-byte INT)

01111111 11111111 11111111 11111111

The binary representations of non-negative integer constants coincide

is -1 as an INTT

On a big-endian machine:

11111111 11111111 11111111 11111111 is -1 as an INT

11111111 11111111 11111111 11111111 is an INTT marked null with id 2147483647



Fixed-size types

As for INTT we use the highest order bit as a flag

! same size (4 bytes) ⟹ no storage overhead

! fits in a datum ⟹ can be passed by value (fast)

! full range of dates fits in 31 bits

DDATE (marked variant of a DATE)



Variable-size types
TEXTT (marked variant of TEXT)

Pure varlena type = header + raw data (flexible member array)


We append one byte to the raw data as the flag ⟹ " 1-byte overhead

• If the highest-order bit of the flag is set


⟹ raw data is a 31-bit null ID stored in reverse-byte order

• Otherwise, the raw data (except the last byte) is a character string



Variable-size types
TEXTT (marked variant of TEXT)

Marked null with ID 287346378

00 00 00 08 CA 8E 20 91
varlena header flag byte

raw data in reverse order 91 20 8E CA
clear bit 32 to get null ID 11 20 8E CA = 287346378

ASCII string “HELLO”

00 00 00 0A 48 45 4C 4C 4F 00
varlena header flag bytecharacter string

TEXTT

00 00 00 09 48 45 4C 4C 4F
varlena header character string

TEXT



Variable-size types
NUMERICC (marked variant of NUMERIC)

varlena type with an additional numeric header


XX
00 means positive number

01 means negative number

10 short numeric

11 special value

YY (when XX = 11)

00 Not-a-Number (NaN)

01 negative infinity

11 positive infinity

10 not used ⟹ we hijack it for the flag!



Variable-size types
NUMERICC (marked variant of NUMERIC)

• If the 4 highest-order bits of the numeric header are 1110

⟹ the flexible member array is a null ID (4-byte unsigned integer)


• Otherwise

⟹ we have a standard numeric constant (including NaN and infinity)

! no overhead ! piggy-back on NUMERIC for constants



Storage requirements
Theoretical analysis

Proposition



Storage overhead on TPC instances

Individual table statistics for TPC-H



Storage overhead on the IMDB dataset

The overall overhead in database size is 1.2%



Runtime overhead on TPC-H benchmark

Query plans are the same as or very similar to those generated on base instances



Runtime overhead on IMDB/JOB



Future work

• Reminder to myself: finish experiments!


• Case study: computation of certain answers


• Usability study with real database users


• Specialised statistics and index structures for marked values


• Handle constraints (starting with Primary Keys and Foreign Keys)
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