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RDBMS systems, developments, future ..

* Relational Model as theoretical basis for data and query languages
e SQL standard unifying implementations and knowledge portability

* Robust data platforms in terms of
» Reliability, transactionality, security, performance, distribution, ..

* Data types extending the relational data model of SQL

* CLOB — character large objects
 BLOB — binary large objects
e XML -SQL/XML, Xpath, ..
- path expressions, filter expressions, ..

* JSON —SQL/JSON adapting JavaScript Object Notation from IETF RFC 8259
- text-based, language-independent data interchange format



A sample JSON object

- using text-based, case-sensitive language - independent of programming languages

"Ilmage™: |

"Width"™: BOO,

"Height™: 600,

"Title™: "Wiew from 15th Floor®,

"Thumbnail™: {
"Url™:"http:/ fwww.example . com/imgd819™
"gl1ze":"1250x100"

¥
"TAnimated™ : false,
"IDs": [1lle, 943, 234, 3B793]



On SQL/JSON standard

e Data Model adapted from IETF RFC 8259

* Storage
* Left to implementations — CLOB, BLOB, native JSON/BSON?

e JSON Query functions

e ISJSON —validation predicate with options
* [SJSON WITH UNIQUE KEYS
* ISJSON WITHOUT UNIQUE KEYS - left as default ‘

e JSON_EXISTS — JSON matching predicate

* JSON_VALUE — extracting a single value

* JSON_QUERY — extraction a query of values

e JSON_TABLE — mapping JSON values to SQL table format
* Aggregate functions ...

 JSON_KEYS — directory of member keys in JSON object

- missing in standard, but implemented in MySQL/MariaDB
e Data Manipulation

* Left to implementations => “Babel effect” messy
* “to-do” developments..?



JSON - structure, concepts, name/value pairs (“key”:value)

I member
B number
"Ilmage®™: {
members " Width™: BOO, string
(fields) "Height™: 800,
/ "Title™: "View from 15th Floor®,
: "Thumbnail™: |
object ~ object object "Url™:"http://www.example.com/imgd4819"
AN "sizeT:"125x100"
1, literal
"TAnimated™ : false,
™ - m .
} IDs™: [1ll6, E%EﬁmEBQ' 3BTH93]

} array



A JSON test document of scalar and structured data types

Array of elements:

Document Primitive (scalar) - ordered list of values
object 'y examples: - without keys
(top-level) "meml": 123, - found by position only
Members: "mem2": "123" , - append only
. IETE REC: "mem3": true, - delete by set to null
unordered collection "mem4d": null,
but in practice: Structured (nested) examples:
append only list "mem5": [ 123, "123", true, false, null, [1, 21, {} 1,
- found by key only "mem6": { "m6l":1, "moez2":"123", "m6e3":true, "mod":null,

"moed5": [2, 3], "meo": {} }

empty object
object with members Py OBl



Sample JSON column “J” in an SQL table

Adapted from SQL/JSON Part 2 proposal

CREATE TABLE T (
K INT NOT NULL PRIMARY KEY,
J —-- BLOB|CLOB|VARCHAR () 1in Db2
—-— JSON |BLOB | CLOB|VARCHARZ () 1n Oracle
JSON —- in MySQL/MariaDB
JSONB - 1in PostgreSQL
—— NVARCHAR () in SQL Server, JSON expected?
IS JSON WITH UNIQUE KEYS —- different implementations

) ;

On WITH UNIQUE KEYS clause
- if missing, the default is WITHOUT UNIQUE KEYS

allowing duplicate key names within members of an object
- Below we will test the implications



On the WITHOUT UNIQUE KEYS clause

IETF RFC 8259 on JSON objects:

“The names within an object SHOULD be unique.”

“When the names within an object are not unique, the behavior of software that receives such
an object 1s unpredictable. Many implementations report the last name/value pair only. Other
implementations report an error or fail to parse the object, and some implementations report
all of the name/value pairs, including duplicates.”

SQL/JSON part 2 of ISO/IEC JTC1l/SC32 WG3:
“Thus it is recommended that JSON objects should have unique key name, but it is not required.
We decided that there may exist JSON texts that do not enforce this uniqueness constraint, and
also that users may be interested in enforcing the uniqueness constraint. Therefore we propose
two options on the IS JSON predicate, to either enforce the constraint or not. The two choices
are i1llustrated as follows:

T.C IS JSON WITH UNIQUE KEYS

T.C IS JSON WITHOUT UNIQUE KEYS
Since enforcing a constraint is costly, the default is not to check, that is, T.C IS JSON is
equivalent to T.C IS JSON WITHOUT UNIQUE KEYS.”

By adopting the IETF RFC's “SHOULD” statement into SQL/JSON extension of SQL standard, the WG3
forgets the reliability requirement in RDBMS context. The “costly implementation” does not justify the
decision made by WGS3.

According to documentations, Oracle and PostgreSQL have implemented the constraint.
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Testing implications of allowing duplicate key names

INSERT INTO T (K, J) VALUES (3, '{ "duplica":"First", "duplica":"Second", "duplica":"Third","duplica":"Last"}");
Note: implementations manage the list of members ordered

Db2 LUW: SQL16406N JSON data has non-unique keys.
Oracle 23ai: SQL Error: ORA-40473: duplicate key names 'duplica' in JSON object

SQL Server XE: seLECT LEFT (K, 4) AS K, JSON VALUE(J, '$.duplica') AS Duplica FROM T1 WHERE K=3;

K Duplica
(1 row affected)
MariaDB: SELECT LEFT (K, 4) AS K, JSON VALUE(J, '$.duplica') AS Duplica FROM Tl WHERE K=3;
R S ———— +
| K | Duplica |
t—m R ———
t—m R ———
1 row in set (0.000 sec) . . .
All data in these members is hidden!
PostgreSQL: (SELECT J FROM T1 WHERE K=3);
J
{"duplica": "Last] LaSt
(1 row)

All data in these members is lost!
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Conclusions

* The tested database products behave differently

* Application developers trusting in default behaviour of the used
RDBMS may build applications, which will lose data from databases
due to wrong default decision on WITHOUT UNIQUE KEYS by ANSI
WG3 and RDBMS implementors

* Great care is required to prevent duplicate keys in storing members of
the same object, either by using the WITH UNIQUE KEYS option or
applying corresponding constraint

* The SQL/JSON standard and implementations should be fixed
accordingly to protect data integrity in databases
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