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Availability of SQL Macros

• Planned for 20c 
=> wasn't released

• Implemented in 21c 
=> Innovation release

• Fully available in 23ai

• Partially backported to 19c
(Only table macros)





What are SQL Macros

Functions

That return a string

Which is a SQL Fragment

That will be integrated into the query

(an expression or a complete select statement)

(at hard-parse time)



Two types of SQL Macros

Table Macro

Returns a query or a table(name)
Can only be used in from clause

Can have parameters of 
three 'special' datatypes:

• dbms_tf.columns_t
• dbms_tf.columns_with_type_t
• dbms_tf.table_t

Scalar Macro

Returns an expression
Can only be used everywhere else

Can have parameters of 
two 'special' datatype:

• dbms_tf.columns_t
• dbms_tf.columns_with_type_t

Using dbms_tf.table_t leads to:
PLS-00777: scalar SQL macro cannot have 
 argument of type DBMS_TF.TABLE_T



Very simple example of scalar Macro

create or replace function now_formatted
return varchar2 sql_macro (scalar)
is
begin
return (q'[to_char(sysdate

,'yyyy-mm-dd hh24:mi:ss'
)

]'
);

end;

Makes it a macro of type "scalar"

Is what will be merged 
into the query

select now_formatted() as Now
from dual

select to_char(sysdate
,'yyyy-mm-dd hh24:mi:ss'
)  as Now

from dual

Becomes



Very simple example of table Macro

create or replace function give_me_rows
return varchar2 sql_macro (table)
is
begin
return (q'[select level  as row_order

from dual
connect by level <= 5
]'

);
end;

Makes it a macro of type "table"
(In 19c: just "sql_macro")

Is what will be merged 
into the query

select row_order
from give_me_rows()

select row_order
from (select level as row_order

from dual
connect by level <= 5
)

Becomes



Two things to notice…..

select row_order
from give_me_rows()In previous example….

Reference to column that doesn't exist

But function is replaced at hard-parse

So column will be known before 
select list is evaluated

Parenthesis are mandatory for table 
macros, even if there are no 
parameter values



So…..? Parameters? Of course.

create or replace function select_parameters
(p_1  in varchar2
,p_2  in varchar2 default 'X'
,p_3  in varchar2 default 'X'
)
return varchar2 sql_macro (table)
is
begin
dbms_output.put_line ('p_1: '||p_1);
dbms_output.put_line ('p_2: '||p_2);
dbms_output.put_line ('p_3: '||p_3);

  
return ('select '''||p_1||'''  as p_1

,      '''||p_2||'''  as p_2
,      '''||p_3||'''  as p_3
from dual'

);
end;

Let's try them like we're used to

select *
from select_parameters

(p_1 => 'X'
,p_2 => 'X')

Parameter values are NOT accessible inside the Macro
(Except for numeric ones that receive a literal)



create or replace function select_parameters
(p_1  in varchar2
,p_2  in varchar2 default 'X'
,p_3  in varchar2 default 'X'
)
return varchar2 sql_macro (table)
is
begin
dbms_output.put_line ('p_1: '||p_1);
dbms_output.put_line ('p_2: '||p_2);
dbms_output.put_line ('p_3: '||p_3);

  
return ('select p_1  as p_1

,      p_2  as p_2
,      p_3  as p_3
from dual'

);
end;

Parameter name inside the string

select *
from select_parameters

(p_1 => 'X'
,p_2 => 'X')

Parameters, the correct use

The name is a placeholder, substituted at hard-parse



Local variables

create or replace function local_variables
return varchar2 sql_macro (table)
is
cn_a constant varchar2(15)  := 'Constant value';
l_b varchar2(15)  := 'Variable value';

begin
return ('select '''||cn_a||''' as const

,      '''||l_b ||''' as var
from dual'

);
end;

select *
from local_variables()

Variables and Constants 
that are local to the macro
do get concatenated and 
are accessible



Can we do some SQL injection?

create or replace function sql_injection
(p_1  in varchar2
)
return varchar2 sql_macro (table)
is
begin
return ('select p_1  as p_1

from dual'
);

end;

select *
from sql_injection

('''||default_tablespace from user_users union all select dummy||''')

The parameter values get quoted,
So start and end our malicious string
with a literal quote to create empty
strings in combination with the
quoting of the parameter

So….
NO!!

(For now…. )



How about scalar macro with same name as column?

create or replace function min_salary
return varchar2 sql_macro (scalar)
is
l_stmnt   varchar2(32767);

begin
l_stmnt := '5000000';

return l_stmnt;
end;

select job_title
,      min_salary
from jobs
where job_id = 'IT_PROG'

Unfortunately ( ): Nope

select job_title
,      min_salary         as col_name
,      macro.min_salary   as fully_qual
,      min_salary()       as parenthesis
from jobs
where job_id = 'IT_PROG'
;

What you can do:
- Fully qualify the macro
- Add parenthesis



Special datatypes for parameters

Parameters of type
• dbms_tf.table_t 

 to pass in a table to the macro
 ONLY to a table macro!!

• dbms_tf.columns_t
 to pass in a (list of) columns

• dbms_tf.columns_with_type_t
 to pass in a (list of) columns 
 including their datatype



dbms_tf.table_t

create or replace function couple_of_rows
(p_table in dbms_tf.table_t
,p_rows in integer
)
return varchar2 sql_macro (table)
is
begin
return ('select *

from p_table
fetch first p_rows rows only
'
);

end;

select *
from couple_of_rows(departments, 3)

select *
from couple_of_rows(locations, 3)



Things to notice…

Pass in a table identifier
NOT a quoted table name

Even the returned structure may be completely
different, depending on the input



Input

Input for a dbms_tf.table_t parameter can be
table
View
CTE

Input can not be
Pipelined table function



Structure of table_t

TYPE TABLE_T IS RECORD
(column TABLE_COLUMNS_T
,schema_name dbms_quoted_id
,package_name dbms_quoted_id
,ptf_name dbms_quoted_id
,table_schema_name dbms_quoted_id
,table_name dbms_quoted_id
);

TYPE TABLE_COLUMNS_T
IS TABLE OF COLUMN_T;

TYPE COLUMN_T IS RECORD
(description COLUMN_METADATA_T
,pass_through BOOLEAN
,for_read BOOLEAN
);

TYPE COLUMN_METADATA_T IS RECORD
(type PLS_INTEGER DEFAULT TYPE_VARCHAR2
,max_len PLS_integer DEFAULT -1
,name VARCHAR2(32767)
,name_len PLS_INTEGER
/* used for numerical data */
,precision PLS_INTEGER
,scale PLS_INTEGER
/* used for character data */
,charsetid PLS_INTEGER
,charsetform PLS_INTEGER
,collation        PLS_INTEGER
/* may be used in future */
,schema_name DBMS_QUOTED_ID
,schema_name_len PLS_INTEGER
,type_name DBMS_QUOTED_ID
,type_name_len PLS_INTEGER
);



But???

But I only supply a table identifier???
Not this structure???

It's magic!
The structure is automatically populated
based on the table identifier
And for the query the table name is 
automatically extracted from this

Do not expect this to work with regular functions/procedures

create or replace procedure regular_proc
(p_table in dbms_tf.table_t
)
is
begin
null;

end;

begin
regular_proc (departments);

end;



But you CAN use the entire structure inside the Macro

create or replace function no_numeric_cols
(p_table in dbms_tf.table_t)
return varchar2 sql_macro (table)
is
l_column_rec dbms_tf.column_metadata_t;
l_columns varchar2(1000);

begin
for i_col in 1 .. p_table.column.count
loop
l_column_rec := p_table.column(i_col).description;
if dbms_tf.column_type_name (l_column_rec) <> 'NUMBER'
then
l_columns := l_columns || case 

when l_columns is not null
then ','
end ||l_column_rec.name;

end if;
end loop;

return ('select '||l_columns||' from p_table');
end;

Loop through all the 
records with column 
data in the table 
parameter

Skip if its a number

Make comma separated 
list of columns

Select only those columns



Using this Macro

select *
from no_numeric_cols (employees)
fetch first 3 rows only
;



dbms_tf.columns_t

TYPE COLUMNS_T IS TABLE OF DBMS_QUOTED_ID;

It's a collection of strings 

Columns do not have to exist anywhere, but have to be valid identifiers
 If needed enclosed in double quotes

Each collection-row contains one of the column names

Use pseudo-operator columns() to pass it a list of columns 
Example:

from my_macro (columns(first_name, email, salary, "123_column"))

Parameters of this type can NOT be included as a placeholder in the sql string
 Need to be processed by the code
 Result must be concatenated to the sql string



Example dbms_tf.columns_t

create or replace function null_count
(p_columns in dbms_tf.columns_t
)
return varchar2 sql_macro (scalar)
is
l_sql varchar2(1000);
l_columns varchar2(1000);

begin
select listagg('nvl2('||column_value||',0,1)'

,'+'
) 

into l_sql
from table (p_columns)
;

             
return (l_sql);

end;

select location_id, postal_code,state_province
from locations
where null_count

(columns(postal_code,state_province)
) > 0



dbms_tf.columns_with_type_t

A collection of records of type COLUMN_METADATA_T
(See TABLE_T type)

Works similar to COLUMNS_T, but….

• Need to supply datatypes with the column names

• Find the column names in

• Find the datatypes like this

from my_macro (columns(first_name varchar2(50), salary number(10,2)))

p_columns_param(i_row).name

dbms_tf.column_type_name (p_columns(i_col))



But….?? Hold on….??

• The values of a 'columns' parameter can be 
accessed inside the macro…

• Whatever you do with the parameter, the
result must be concatenated to the sql…

• The input must be valid identifiers…
• But they do not have to be existing columns…
• Anything is a valid identifier if enclosed in 

double quotes 

First Conclusion: 
This can be (ab)used to pass in scalar parameters 
that are accessible within the macro

But worse………..



Let's be evil
create or replace function sql_injection
(p_columns in dbms_tf.columns_t
) 
return varchar2 sql_macro (table)
is
l_stmnt varchar2(32767);
l_cols varchar2(32767);

begin
l_stmnt := 'select first_name

,      last_name 
from employees
where  '||replace(p_columns(1),'"')||' = 103
';

return l_stmnt;
end;

select *
from sql_injection(columns(employee_id))

select *
from sql_injection(columns(manager_id))

select *
from sql_injection

(columns("1=1 or null"))



Macros and CTEs – Part 1

Input for a TABLE_T parameter 
can also be a CTE

create or replace function first_3_rows
(p_table in dbms_tf.table_t
) 
return varchar2 sql_macro (table)
is
l_stmnt varchar2(32767);

begin
l_stmnt := 'select count(*)

over() as total
,      t.*
from p_table t
fetch first 3 rows only
';

return l_stmnt;
end;

with
commissioned as
(
select first_name
,      last_name
,      commission_pct
from employees
where commission_pct is not null

)
select *
from first_3_rows (commissioned)
;



Macros and CTEs – Part 2
with 
function first_3_rows
(p_table in dbms_tf.table_t
) 
return varchar2 sql_macro (table)
is
l_stmnt varchar2(32767);

begin
l_stmnt := 'select count(*) 

over() as total
,      t.*
from p_table t
fetch first 3 rows only
';

  
return l_stmnt;

end;
--
select *
from first_3_rows(countries)

Macros can be defined in a with clause

Useful?

But you can.



Macros and CTEs – Part 3

Macros can NOT be used in a CTE
create or replace function first_3_rows
(p_table in dbms_tf.table_t
) 
return varchar2 sql_macro (table)
is
l_stmnt varchar2(32767);

begin
l_stmnt := 'select count(*) 

over() as total
,      t.*
from p_table t
fetch first 3 rows only

';

return l_stmnt;
end;

with
couple_of_locations as
(
select *
from first_3_rows (locations)

)
select *
from couple_of_locations



Macros and CTEs – Part 4

The query returned by a table 
macros can contain a with clause

create or replace function give_me_rows
(p_rows in integer
) 
return varchar2 sql_macro (table)
is
l_stmnt varchar2(32767);

begin
l_stmnt := 'with

many_rows as
(
select level as id
from dual
connect by level <= 1000

)
select id
from many_rows
where id <= p_rows
';

return l_stmnt;
end;

select *
from give_me_rows(4)



Macros and CTEs – Part 4….. However…..

Currently parameters can NOT be 
referenced inside that with clause

select *
from give_me_rows(4)

create or replace function give_me_rows
(p_rows in integer
) 
return varchar2 sql_macro (table)
is
l_stmnt varchar2(32767);

begin
l_stmnt := 'with

many_rows as
(
select level as id
from dual
connect by level <= p_rows

)
select id
from many_rows
';

return l_stmnt;
end;



Warning

Macros are implicitely deterministic,
Can't add the determenistic keyword to its definition

Make sure its behavior is indeed determenistic

create or replace function current_count
return varchar2 sql_macro (scalar)
is
l_count integer;

begin
dbms_output.put_line 
('### MACRO IS EXECUTED ###');

select count(*)
into l_count
from job_history
;

  
return (l_count);

end;

select count(*)          as real_count
,      current_count ()  as macro_count
from job_history



Macros in packages

A macro can be in a package
However…

Won't compile if used in 
the same package

create or replace package try_macro
is
function current_datetime
return varchar2 sql_macro (table);

  
procedure use_macro;

end try_macro;

create or replace package body try_macro is
function current_datetime
return varchar2 sql_macro (table) is
begin
return
('select sysdate as now from dual');

end current_datetime;
  
procedure use_macro is
l_now date;

begin
select now into l_now
from try_macro.current_datetime();

end use_macro;
end try_macro;



Makes sence, because…

create or replace function current_datetime
return varchar2 sql_macro (table)
is
begin
dbms_output.put_line 
('### MACRO IS EXECUTED ###');

  
return ('select sysdate as now

from dual'
);

end current_datetime;

create or replace procedure use_macro
is
l_now date;

begin
select now
into l_now
from current_datetime()
;

end use_macro;

Will macros cause the revival 
of standalone functions?

Time will tell.



Which functions are macros?

New column SQL_MACRO in user_ | all_ | dba_procedures views  

The Docs:

select nvl(p.sql_macro
,'NOT a macro'
)       as sql_macro

,      count(*)   as macro_count
from dba_procedures p
where p.owner = 'MACRO'
group by p.sql_macro
order by p.sql_macro

select nvl(p.sql_macro
,'NOT a macro'
)       as sql_macro

,      count(*)   as macro_count
from dba_procedures p
join dba_users u
on u.username = p.owner
and u.oracle_maintained = 'Y'

group by p.sql_macro
order by p.sql_macro

Oracle itself takes
"NULL" very litteraly



“Stupid questions do exist.
But it takes a lot more time and energy to correct a stupid mistake than it 
takes to answer a stupid question, so please ask your stupid questions.”

a wise teacher who taught me more than just physics



Thanks !!
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