
Write Less (Code)
With More (Features)

select department_id,
       count(*) number_of_employees,
       avg(salary) avg_salary
from employees
group by department_id
having max(salary) > 2 * min(salary)

Can you read 
this query 

easily?
If not, please 

sit closer

Oren Nakdimon

www.db-oriented.com

 oren@db-oriented.com

      @DBoriented
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Demo – GTFS

General Transit Feed Specification

 File Set
 agency.txt

 stops.txt

 routes.txt

 trips.txt

 stop_times.txt

 calendar.txt

 calendar_dates.txt

 ...

 London Underground
 https://data.bus-data.dft.gov.uk/timetable/download/gtfs-file/london/ 

https://data.bus-data.dft.gov.uk/timetable/download/gtfs-file/london/
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EXTERNAL TABLES

➢ Ad-Hoc Queries

➢ Ongoing Loading

➢ Runtime Adjustments



Inline External Tables

Runtime definition

No persistent objects in the data dictionary

10
@xt_in

18c



EXTERNAL TABLES

✓ Ad-Hoc Queries

➢ Ongoing Loading

➢ Runtime Adjustments



Demo – Data Model

TRIPS

# trip_id
* route_name
o trip_headsign

STOP_TIMES

# stop_sequence
* arrival_time
* departure_time
* pickup_type
* drop_off_type

STOPS

# stop_id
* stop_name
* location
o stop_code
...

CALENDAR

# service_id
* start_date
* end_date
* Monday
* Tuesday
* Wednesday
* Thursday
* Friday
* Saturday
* Sunday



Persistent external tables

A procedure for reload

@xt_gt



 The "problem" with persistence

@xt_gt2

$ egrep '(ERROR|ORA-)' install.log
ERROR at line 1:
ORA-00942: table or view does not exist
ERROR at line 1:
ORA-00942: table or view does not exist
ERROR at line 1:
ORA-00942: table or view does not exist
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create or replace package gtfs as
  procedure reload;
end gtfs;



procedure reload is
  begin
    delete stop_times;
    delete stops;
    delete trips;
    delete calendar;
  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;



procedure reload is
  begin
    delete stop_times;
    delete stops;
    delete trips;
    delete calendar;
  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;

procedure load_calendar is
  begin
    insert into calendar
      (service_id,
       monday,
       tuesday,
       wednesday,
       thursday,
       friday,
       saturday,
       sunday,
       start_date,
       end_date)
      select service_id,
             monday,
             tuesday,
             wednesday,
             thursday,
             friday,
             saturday,
             sunday,
             to_date(start_date, 'yyyymmdd'),
             to_date(end_date, 'yyyymmdd')
      from   calendar_x;
  end load_calendar;



What if it's huge?

procedure load_calendar is
  begin
    insert into calendar
      (service_id,
       ...
       start_date,
       end_date)
    select 
      (service_id,
       ...
       start_date,
       end_date)
    from   calendar_x;
  end load_calendar;

procedure load_calendar is
  begin
    insert /*+ APPEND */ into calendar
      (service_id,
       ...
       start_date,
       end_date)
    select 
      (service_id,
       ...
       start_date,
       end_date)
    from   calendar_x;
  end load_calendar;



What if it's huge?

procedure load_calendar is
  begin
    insert /*+ APPEND */ into calendar
      (service_id,
       ...
       start_date,
       end_date)
    select 
      (service_id,
       ...
       start_date,
       end_date)
    from   calendar_x;
  end load_calendar;

select count(*) from calendar
              *
ERROR at line 1:
ORA-12838: cannot read/modify an object 
after modifying it in parallel

procedure load_calendar is
  begin
    insert into calendar
      (service_id,
       ...
       start_date,
       end_date)
    select 
      (service_id,
       ...
       start_date,
       end_date)
    from   calendar_x;
  end load_calendar;



What if it's multiple?

procedure load_calendar(
   p_year int default null) is
  begin
    insert /*+ APPEND */ into calendar
      (service_id,
       ...
       start_date,
       end_date)
    select 
      (service_id,
       ...
       start_date,
       end_date)
    from   calendar_x
    where  start_date 
      like to_char(p_year)||'%';
  end load_calendar;

procedure reload is
  begin
    for yr in 2020 .. 2023
    loop
      load_calendar(p_year=>yr);
    end loop;
    load_trips;
    load_stops;
    load_stop_times;
  end reload;



What if it's multiple?

procedure reload is
  begin
    for yr in 2020 .. 2023
    loop
      load_calendar(p_year=>yr);
    end loop;
    load_trips;
    load_stops;
    load_stop_times;
  end reload;

SQL> exec gtfs.reload
*
ERROR at line 1:
ORA-12838: cannot read/modify an object 
after modifying it in parallel
ORA-06512: at "DEMO.GTFS", line 7
ORA-06512: at "DEMO.GTFS", line 4
ORA-06512: at line 1

procedure load_calendar(
   p_year int default null) is
  begin
    insert /*+ APPEND */ into calendar
      (service_id,
       ...
       start_date,
       end_date)
    select 
      (service_id,
       ...
       start_date,
       end_date)
    from   calendar_x
    where  start_date 
      like to_char(p_year)||'%';
  end load_calendar;



procedure load_calendar is
  begin
    insert /*+ APPEND */ into calendar
      (service_id,
       ...
       start_date,
       end_date)
    select 
      (service_id,
       ...
       start_date,
       end_date)
    from   calendar_x;
  end load_calendar;

select count(*) c from calendar

        C
---------
    12860

procedure reload is
  begin
    for yr in 2020 .. 2023
    loop
      load_calendar(p_year=>yr);
    end loop;
    load_trips;
    load_stops;
    load_stop_times;
  end reload;

SQL> exec gtfs.reload

PL/SQL procedure completed successfully.
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procedure reload is
  begin
    delete stop_times;
    delete stops;
    delete trips;
    delete calendar;
  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;



procedure reload is
  begin
    delete stop_times;
    delete stops;
    delete trips;
    delete calendar;
  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;

route_id,service_id,trip_id,trip_headsign,block_id,shape_id,wheelchair_accessible,trip_direction_name
45840,0,VJ71d9dd27f0154e5439851cc2759b97e046091774,"Belgravia",,,0,""
45840,0,VJb901a98e988dc5897ab4eae7aa8643e42b42db55,"Belgravia",,,0,""
45840,0,VJ71d32da0c45a1f74619b1d281b190b047f61b771,"Belgravia",,,0,""
45840,0,VJ753120258014a76706f0f5ffe3876d5f0b3fc428,"Belgravia",,,0,""
45840,0,VJ3c313f9bd790ed6e0fa93098ed3fd4db91905c63,"Belgravia",,,0,""
45840,0,VJ8db6cf13fbce044edf4b6cde1777e6899c64ef81,"Luton Airport",,,0,""
45840,0,VJ43908c0f672d3e968b475e91a90a740414ae6737,"Luton Airport",,,0,""
45840,0,VJ70a8eb954b75178a42f999242a5e2279b792f3cc,"Luton Airport",,,0,""
45840,0,VJ3162628884a261d6e3d690f9268297f753d04bdb,"Luton Airport",,,0,""
31485,1,VJc195461cbdb9b039452a2d10463bf2790022f9bc,"Victoria",,,0,""
31485,2,VJ1dd39883f73952b54b1f2a7fd434a84194b64ac2,"Hull",,,0,""

trips.txt



procedure reload is
  begin
    delete stop_times;
    delete stops;
    delete trips;
    delete calendar;
  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;

route_id,service_id,trip_id,trip_headsign,block_id,shape_id,wheelchair_accessible,trip_direction_name
45840,0,VJ71d9dd27f0154e5439851cc2759b97e046091774,"Belgravia",,,0,""
45840,0,VJb901a98e988dc5897ab4eae7aa8643e42b42db55,"Belgravia",,,0,""
45840,0,VJ71d32da0c45a1f74619b1d281b190b047f61b771,"Belgravia",,,0,""
45840,0,VJ753120258014a76706f0f5ffe3876d5f0b3fc428,"Belgravia",,,0,""
45840,0,VJ3c313f9bd790ed6e0fa93098ed3fd4db91905c63,"Belgravia",,,0,""
45840,0,VJ8db6cf13fbce044edf4b6cde1777e6899c64ef81,"Luton Airport",,,0,""
45840,0,VJ43908c0f672d3e968b475e91a90a740414ae6737,"Luton Airport",,,0,""
45840,0,VJ70a8eb954b75178a42f999242a5e2279b792f3cc,"Luton Airport",,,0,""
45840,0,VJ3162628884a261d6e3d690f9268297f753d04bdb,"Luton Airport",,,0,""
31485,1,VJc195461cbdb9b039452a2d10463bf2790022f9bc,"Victoria",,,0,""
31485,2,VJ1dd39883f73952b54b1f2a7fd434a84194b64ac2,"Hull",,,0,""

trips.txt



create sequence trips_seq;

create table trips (
  trip_id
    integer
    default trips_seq.nextval
    not null 
    constraint trips_pk primary key,
  route_name
    varchar2(100)
    not null,
  service_id
    not null 
    constraint trips_fk_calendar references calendar(service_id), 
  trip_headsign
    varchar2(100),
  trip_x_id
    varchar2(100) 
    invisible
    not null
    constraint trips_uk unique
);



create sequence trips_seq;

create table trips (
  trip_id
    integer
    default trips_seq.nextval
    not null 
    constraint trips_pk primary key,
  route_name
    varchar2(100)
    not null,
  service_id
    not null 
    constraint trips_fk_calendar references calendar(service_id), 
  trip_headsign
    varchar2(100),
  trip_x_id
    varchar2(100) 
    invisible
    not null
    constraint trips_uk unique
);



create sequence trips_seq;

create table trips (
  trip_id
    integer
    default trips_seq.nextval
    not null 
    constraint trips_pk primary key,
  route_name
    varchar2(100)
    not null,
  service_id
    not null 
    constraint trips_fk_calendar references calendar(service_id), 
  trip_headsign
    varchar2(100),
  trip_x_id
    varchar2(100) 
    invisible
    not null
    constraint trips_uk unique
);



create sequence trips_seq;

create table trips (
  trip_id
    integer
    default trips_seq.nextval
    not null 
    constraint trips_pk primary key,
  route_name
    varchar2(100)
    not null,
  service_id
    not null 
    constraint trips_fk_calendar references calendar(service_id), 
  trip_headsign
    varchar2(100),
  trip_x_id
    varchar2(100) 
    invisible
    not null
    constraint trips_uk unique
);

12.1



create sequence trips_seq session;

create table trips (
  trip_id
    integer
    default trips_seq.nextval
    not null 
    constraint trips_pk primary key,
  route_name
    varchar2(100)
    not null,
  service_id
    not null 
    constraint trips_fk_calendar references calendar(service_id), 
  trip_headsign
    varchar2(100),
  trip_x_id
    varchar2(100) 
    invisible
    not null
    constraint trips_uk unique
);

procedure reload is
  begin

delete stop_times;
delete stops;
delete trips;
delete calendar;

  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;



create sequence trips_seq session;

create table trips (
  trip_id
    integer
    default trips_seq.nextval
    not null 
    constraint trips_pk primary key,
  route_name
    varchar2(100)
    not null,
  service_id
    not null 
    constraint trips_fk_calendar references calendar(service_id), 
  trip_headsign
    varchar2(100),
  trip_x_id
    varchar2(100) 
    invisible
    not null
    constraint trips_uk unique
);

12.1 procedure reload is
  begin

delete stop_times;
delete stops;
delete trips;
delete calendar;

  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;



create sequence trips_seq session;

create table trips (
  trip_id
    integer
    default trips_seq.nextval
    not null 
    constraint trips_pk primary key,
  route_name
    varchar2(100)
    not null,
  service_id
    not null 
    constraint trips_fk_calendar references calendar(service_id), 
  trip_headsign
    varchar2(100),
  trip_x_id
    varchar2(100) 
    invisible
    not null
    constraint trips_uk unique
);

12.1

@xt_tr



procedure reload is
  begin
    delete stop_times;
    delete stops;
    delete trips;
    delete calendar;
  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;

procedure load_trips is
  begin
    insert into trips
      (trip_x_id,
       route_name,
       service_id,
       trip_headsign)
      select t.trip_id,
             r.route_short_name,
             t.service_id,
             t.trip_headsign
      from   routes_x r,
             trips_x  t,
             calendar c
      where  t.route_id = r.route_id
      and    c.service_id = t.service_id;
  end load_trips;



procedure reload is
  begin
    delete stop_times;
    delete stops;
    delete trips;
    delete calendar;
  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;

procedure load_stops is
  begin
    insert into stops
      (stop_id,
       stop_code,
       stop_name,
       location)
      select stop_id,
             stop_code,
             replace(stop_name, ' Underground Station'),
             mdsys.sdo_geometry(2001, -- 2 dimensional point
                                8307, -- lat/long coord. system
                                mdsys.sdo_point_type(stop_lon,
                                                     stop_lat,
                                                     null),
                                null, -- n/a for point type
                                null) -- n/a for point type         
      from   stops_x;
  end load_stops;



procedure reload is
  begin
    delete stop_times;
    delete stops;
    delete trips;
    delete calendar;
  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;

procedure load_stops is
  begin
    insert into stops
      (stop_id,
       stop_code,
       stop_name,
       location)
      select stop_id,
             stop_code,
             replace(stop_name, ' Underground Station'),
             mdsys.sdo_geometry(2001, -- 2 dimensional point
                                8307, -- lat/long coord. system
                                mdsys.sdo_point_type(stop_lon,
                                                     stop_lat,
                                                     null),
                                null, -- n/a for point type
                                null) -- n/a for point type
      from   stops_x;
  end load_stops;



procedure reload is
  begin
    delete stop_times;
    delete stops;
    delete trips;
    delete calendar;
  
    load_calendar;
    load_trips;
    load_stops;
    load_stop_times;
  
    commit;
end reload;

procedure load_stop_times is
  begin
    insert into stop_times
      (trip_id,
       stop_sequence,
       arrival_time,
       departure_time,
       stop_id,
       pickup_type,
       drop_off_type)
      select t.trip_id,
             st.stop_sequence,
             st.arrival_time,
             st.departure_time,
             st.stop_id,
             st.pickup_type,
             st.drop_off_type
      from   stop_times_x st,
             trips        t
      where  st.trip_id = t.trip_x_id;
  end load_stop_times;



EXTERNAL TABLES

✓ Ad-Hoc Queries

✓ Ongoing Loading

➢ Runtime Adjustments



Overriding Parameters in a Query

Overridable Clauses

 DEFAULT DIRECTORY

 LOCATION

 ACCESS PARAMETERS

 REJECT LIMIT

@xt_ov
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SERVICE_ID     MONDAY    TUESDAY  WEDNESDAY   THURSDAY     FRIDAY   SATURDAY     SUNDAY START_DATE END_DATE
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
         0          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         1          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         2          0          0          0          0          1          0          0 11/10/2024 11/04/2025
         3          1          1          1          1          0          1          1 07/10/2024 16/04/2025
         4          1          1          1          1          1          1          1 07/10/2024 27/03/2025
         5          0          0          0          0          1          1          1 07/10/2024 23/03/2025
         6          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         7          0          0          0          0          1          0          0 07/10/2024 16/04/2025
         8          1          1          1          1          0          1          1 07/10/2024 16/04/2025
         9          1          1          1          1          1          1          1 07/10/2024 16/04/2025
        10          1          1          1          1          1          1          1 07/10/2024 16/04/2025
        11          1          1          1          1          1          1          1 07/10/2024 27/03/2025
        12          0          0          0          0          1          1          1 07/10/2024 23/03/2025
        13          1          1          1          1          1          0          0 07/10/2024 16/04/2025
        14          0          0          0          0          0          1          1 07/10/2024 16/04/2025
        15          1          1          1          1          1          0          0 07/10/2024 16/04/2025
        16          0          0          0          0          0          1          1 07/10/2024 16/04/2025
        17          0          0          1          0          0          0          0 07/10/2024 16/04/2025
        18          0          0          0          1          0          0          0 07/10/2024 16/04/2025
        19          1          1          1          1          1          1          1 07/10/2024 16/04/2025

The CALENDAR Table



SERVICE_ID     MONDAY    TUESDAY  WEDNESDAY   THURSDAY     FRIDAY   SATURDAY     SUNDAY START_DATE END_DATE
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
         0          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         1          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         2          0          0          0          0          1          0          0 11/10/2024 11/04/2025
         3          1          1          1          1          0          1          1 07/10/2024 16/04/2025
         4          1          1          1          1          1          1          1 07/10/2024 27/03/2025

5          0          0          0          0          1          1          1 07/10/2024 23/03/2025
         6          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         7          0          0          0          0          1          0          0 07/10/2024 16/04/2025
         8          1          1          1          1          0          1          1 07/10/2024 16/04/2025
         9          1          1          1          1          1          1          1 07/10/2024 16/04/2025
        10          1          1          1          1          1          1          1 07/10/2024 16/04/2025
        11          1          1          1          1          1          1          1 07/10/2024 27/03/2025
        12          0          0          0          0          1          1          1 07/10/2024 23/03/2025
        13          1          1          1          1          1          0          0 07/10/2024 16/04/2025
        14          0          0          0          0          0          1          1 07/10/2024 16/04/2025
        15          1          1          1          1          1          0          0 07/10/2024 16/04/2025
        16          0          0          0          0          0          1          1 07/10/2024 16/04/2025
        17          0          0          1          0          0          0          0 07/10/2024 16/04/2025
        18          0          0          0          1          0          0          0 07/10/2024 16/04/2025
        19          1          1          1          1          1          1          1 07/10/2024 16/04/2025

The CALENDAR Table



SERVICE_ID     MONDAY    TUESDAY  WEDNESDAY   THURSDAY     FRIDAY   SATURDAY     SUNDAY START_DATE END_DATE
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
         0          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         1          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         2          0          0          0          0          1          0          0 11/10/2024 11/04/2025
         3          1          1          1          1          0          1          1 07/10/2024 16/04/2025
         4          1          1          1          1          1          1          1 07/10/2024 27/03/2025
         5          0          0          0          0          1          1          1 07/10/2024 23/03/2025
         6          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         7          0          0          0          0          1          0          0 07/10/2024 16/04/2025
         8          1          1          1          1          0          1          1 07/10/2024 16/04/2025
         9          1          1          1          1          1          1          1 07/10/2024 16/04/2025
        10          1          1          1          1          1          1          1 07/10/2024 16/04/2025
        11          1          1          1          1          1          1          1 07/10/2024 27/03/2025
        12          0          0          0          0          1          1          1 07/10/2024 23/03/2025
        13          1          1          1          1          1          0          0 07/10/2024 16/04/2025
        14          0          0          0          0          0          1          1 07/10/2024 16/04/2025
        15          1          1          1          1          1          0          0 07/10/2024 16/04/2025
        16          0          0          0          0          0          1          1 07/10/2024 16/04/2025
        17          0          0          1          0          0          0          0 07/10/2024 16/04/2025
        18          0          0          0          1          0          0          0 07/10/2024 16/04/2025
        19          1          1          1          1          1          1          1 07/10/2024 16/04/2025

The CALENDAR Table



SERVICE_ID     MONDAY    TUESDAY  WEDNESDAY   THURSDAY     FRIDAY   SATURDAY     SUNDAY START_DATE END_DATE
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
         0          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         1          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         2          0          0          0          0          1          0          0 11/10/2024 11/04/2025
         3          1          1          1          1          0          1          1 07/10/2024 16/04/2025
         4          1          1          1          1          1          1          1 07/10/2024 27/03/2025
         5          0          0          0          0          1 1 1 07/10/2024 23/03/2025
         6          1          1          1          1          1          1          1 07/10/2024 16/04/2025
         7          0          0          0          0          1          0          0 07/10/2024 16/04/2025
         8          1          1          1          1          0          1          1 07/10/2024 16/04/2025
         9          1          1          1          1          1          1          1 07/10/2024 16/04/2025
        10          1          1          1          1          1          1          1 07/10/2024 16/04/2025
        11          1          1          1          1          1          1          1 07/10/2024 27/03/2025
        12          0          0          0          0          1          1          1 07/10/2024 23/03/2025
        13          1          1          1          1          1          0          0 07/10/2024 16/04/2025
        14          0          0          0          0          0          1          1 07/10/2024 16/04/2025
        15          1          1          1          1          1          0          0 07/10/2024 16/04/2025
        16          0          0          0          0          0          1          1 07/10/2024 16/04/2025
        17          0          0          1          0          0          0          0 07/10/2024 16/04/2025
        18          0          0          0          1          0          0          0 07/10/2024 16/04/2025
        19          1          1          1          1          1          1          1 07/10/2024 16/04/2025

The CALENDAR Table



Can we do better than 1s and 0s?

SQL> select * from calendar;

SERVICE_ID  MON  TUE  WED  THU  FRI  SAT  SUN START_DAT END_DATE
---------- ---- ---- ---- ---- ---- ---- ---- --------- ---------
     58736    0    1    0    1    1    1    0 11-SEP-22 17-NOV-22
       947    1    1    0    1    0    1    0 10-OCT-22 01-DEC-22
      1436    1    1    0    1    0    0    0 19-OCT-22 24-NOV-22
      ...



Can we do better than 1s and 0s?

create table calendar23 (
    service_id number(4) not null,
    monday     boolean   not null,
    tuesday    boolean   not null,
    wednesday  boolean   not null,
    thursday   boolean   not null,
    friday     boolean   not null,
    saturday   boolean   not null,
    sunday     boolean   not null,
    start_date date      not null,
    end_date   date      not null
);
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Can we do better than 1s and 0s?

begin
  dbms_redefinition.start_redef_table(
     user, 'calendar', 'calendar23',
     col_mapping=>
       'service_id            service_id,
        to_boolean(monday)    monday,
        to_boolean(tuesday)   tuesday,
        to_boolean(wednesday) wednesday,
        to_boolean(thursday)  thursday,
        to_boolean(friday)    friday,
        to_boolean(saturday)  saturday,
        to_boolean(sunday)    sunday,
        start_date            start_date,
        end_date              end_date'
     );
end;



Can we do better than 1s and 0s?

alter table calendar23 add
  constraint calendar23_pk primary key (service_id);

begin
  dbms_redefinition.finish_redef_table(
     user, 'calendar', 'calendar23');
end;



Can we do better than 1s and 0s?

SQL> desc calendar

 Name                          Null?    Type
 ----------------------------- -------- -----------
 SERVICE_ID                    NOT NULL NUMBER(4)
 MONDAY                        NOT NULL BOOLEAN
 TUESDAY                       NOT NULL BOOLEAN
 WEDNESDAY                     NOT NULL BOOLEAN
 THURSDAY                      NOT NULL BOOLEAN
 FRIDAY                        NOT NULL BOOLEAN
 SATURDAY                      NOT NULL BOOLEAN
 SUNDAY                        NOT NULL BOOLEAN
 START_DATE                    NOT NULL DATE
 END_DATE                      NOT NULL DATE



select c.*
from   calendar c
where  trunc(sysdate) between c.start_date and c.end_date
and    decode(to_char(sysdate, 'fmDay', 'nls_date_language=english'),
              'Sunday',   c.sunday,
              'Monday',   c.monday,
              'Tuesday',  c.tuesday,
              'Wednesday',c.wednesday,
              'Thursday', c.thursday,
              'Friday',   c.friday,
              'Saturday', c.saturday) = 1;



select c.*
from   calendar c
where  trunc(sysdate) between c.start_date and c.end_date
and    decode(to_char(sysdate, 'fmDay', 'nls_date_language=english'),
              'Sunday',   c.sunday,
              'Monday',   c.monday,
              'Tuesday',  c.tuesday,
              'Wednesday',c.wednesday,
              'Thursday', c.thursday,
              'Friday',   c.friday,
              'Saturday', c.saturday) = 1;



select c.*
from   calendar c
where  trunc(sysdate) between c.start_date and c.end_date
and    decode(to_char(sysdate, 'fmDay', 'nls_date_language=english'),
              'Sunday',   c.sunday,
              'Monday',   c.monday,
              'Tuesday',  c.tuesday,
              'Wednesday',c.wednesday,
              'Thursday', c.thursday,
              'Friday',   c.friday,
              'Saturday', c.saturday) = 1;



select c.*
from   calendar c
where  trunc(sysdate+1) between c.start_date and c.end_date
and    decode(to_char(sysdate+1, 'fmDay', 'nls_date_language=english'),
              'Sunday',   c.sunday,
              'Monday',   c.monday,
              'Tuesday',  c.tuesday,
              'Wednesday',c.wednesday,
              'Thursday', c.thursday,
              'Friday',   c.friday,
              'Saturday', c.saturday) = 1;



select c.*
from   calendar c
where  trunc(date'2024-08-29') between c.start_date and c.end_date
and    decode(to_char(date'2024-08-29', 'fmDay', 'nls_date_language=english'),
              'Sunday',   c.sunday,
              'Monday',   c.monday,
              'Tuesday',  c.tuesday,
              'Wednesday',c.wednesday,
              'Thursday', c.thursday,
              'Friday',   c.friday,
              'Saturday', c.saturday) = 1;



Parameterized Views?



Table SQL Macro – Parameterized Views

create or replace package body gtfs_sm as

  function services(i_date in date default sysdate)
    return varchar2 sql_macro(table) is
  begin
    return q'<
select c.service_id
from   calendar c
where  trunc(i_date) between c.start_date and c.end_date
and    decode(to_char(i_date, 'fmDay', 'nls_date_language=english'),
              'Sunday',   c.sunday,
              'Monday',   c.monday,
              'Tuesday',  c.tuesday,
              'Wednesday',c.wednesday,
              'Thursday', c.thursday,
              'Friday',   c.friday,
              'Saturday', c.saturday) = 1
>';
  end services;
end gtfs_sm;
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Table SQL Macro – Parameterized Views

create or replace package body gtfs_sm as

  function services(i_date in date default sysdate)
    return varchar2 sql_macro(table) is
  begin
    return q'<
select c.service_id
from   calendar c
where  trunc(i_date) between c.start_date and c.end_date
and    decode(to_char(i_date, 'fmDay', 'nls_date_language=english'),
              'Sunday',   c.sunday,
              'Monday',   c.monday,
              'Tuesday',  c.tuesday,
              'Wednesday',c.wednesday,
              'Thursday', c.thursday,
              'Friday',   c.friday,
              'Saturday', c.saturday) = 1
>';
  end services;
end gtfs_sm;

21c 19.7



Table SQL Macro – Parameterized Views

create or replace package body gtfs_sm as

  function services(i_date in date default sysdate)
    return varchar2 sql_macro(table) is
  begin
    return q'<
select c.service_id
from   calendar c
where  trunc(i_date) between c.start_date and c.end_date
and    decode(to_char(i_date, 'fmDay', 'nls_date_language=english'),
              'Sunday',   c.sunday,
              'Monday',   c.monday,
              'Tuesday',  c.tuesday,
              'Wednesday',c.wednesday,
              'Thursday', c.thursday,
              'Friday',   c.friday,
              'Saturday', c.saturday) = 1
>';
  end services;
end gtfs_sm;

21c 19.7

@sm1



declare
  v_in clob := q'<select t.route_name,count(*) number_of_trips
                  from gtfs_sm.services(sysdate) s, trips t
                  where  t.service_id = s.service_id
                  group  by t.route_name
                  order  by number_of_trips>';
  v_out clob;
begin
  dbms_utility.expand_sql_text(input_sql_text => v_in,
                               output_sql_text => v_out);
  dbms_output.put_line(v_out);
end;
/
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SELECT "A1"."ROUTE_NAME" "ROUTE_NAME",
       COUNT(*) "NUMBER_OF_TRIPS"
FROM   (SELECT "A3"."SERVICE_ID" "SERVICE_ID"
        FROM   (SELECT "A4"."SERVICE_ID" "SERVICE_ID"
                FROM   "DEMO_WLWM"."CALENDAR" "A4"
                WHERE  TRUNC(SYSDATE) >= "A4"."START_DATE"
                AND    TRUNC(SYSDATE) <= "A4"."END_DATE"
                AND    DECODE(TO_CHAR(SYSDATE, 'fmDay', 'nls_date_language=english'),
                              'Sunday',"A4"."SUNDAY",
                              'Monday',"A4"."MONDAY",
                              'Tuesday',"A4"."TUESDAY",
                              'Wednesday',"A4"."WEDNESDAY",
                              'Thursday',"A4"."THURSDAY",
                              'Friday',"A4"."FRIDAY",
                              'Saturday',"A4"."SATURDAY") = 1) "A3") "A2",
       "DEMO_WLWM"."TRIPS" "A1"
WHERE  "A1"."SERVICE_ID" = "A2"."SERVICE_ID"
GROUP  BY "A1"."ROUTE_NAME"
ORDER  BY COUNT(*)

select t.route_name,count(*) number_of_trips
from gtfs_sm.services(sysdate) s, trips t
where  t.service_id = s.service_id
group  by t.route_name
order  by number_of_trips



21c> select d.day,
  2         s.service_id
  3  from   (select trunc(sysdate)+level-1 day from dual connect by level <= 3) d,
  4         gtfs_sm.services(d.day) s
  5  order by s.service_id, d.day;



21c> select d.day,
  2         s.service_id
  3  from   (select trunc(sysdate)+level-1 day from dual connect by level <= 3) d,
  4         gtfs_sm.services(d.day) s
  5  order by s.service_id, d.day;



21c> select d.day,
  2         s.service_id
  3  from   (select trunc(sysdate)+level-1 day from dual connect by level <= 3) d,
  4         gtfs_sm.services(d.day) s
  5  order by s.service_id, d.day;

DAY        SERVICE_ID
---------- ----------
2024-10-24          0
2024-10-25          0
2024-10-26          0
2024-10-24          1
2024-10-25          1
2024-10-26          1
2024-10-25          2
2024-10-24          3
2024-10-26          3
2024-10-24          4
...



21c> select d.day,
  2         s.service_id
  3  from   (select trunc(sysdate)+level-1 day from dual connect by level <= 3) d,
  4         gtfs_sm.services(d.day) s
  5  order by s.service_id, d.day;

DAY        SERVICE_ID
---------- ----------
2024-10-24          0
2024-10-25          0
2024-10-26          0
2024-10-24          1
2024-10-25          1
2024-10-26          1
2024-10-25          2
2024-10-24          3
2024-10-26          3
2024-10-24          4
...

23c> select d.day,
  2         s.service_id
  3  from   (select trunc(sysdate)+level-1 day           connect by level <= 3) d,
  4         gtfs_sm.services(d.day) s
  5  order by s.service_id, d.day;

DAY        SERVICE_ID
---------- ----------
2024-10-24          0
2024-10-25          0
2024-10-26          0
2024-10-24          1
2024-10-25          1
2024-10-26          1
2024-10-25          2
2024-10-24          3
2024-10-26          3
2024-10-24          4
...

The obsession with DUAL ☺
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21c> select d.day,
  2         s.service_id
  3  from   (select trunc(sysdate)+level-1 day from dual connect by level <= 3) d,
  4         gtfs_sm.services(d.day) s
  5  order by s.service_id, d.day;

DAY        SERVICE_ID
---------- ----------
2024-10-24          0
2024-10-25          0
2024-10-26          0
2024-10-24          1
2024-10-25          1
2024-10-26          1
2024-10-25          2
2024-10-24          3
2024-10-26          3
2024-10-24          4
...



create or replace package gtfs_sm as

  function services(i_date in date default sysdate) return varchar2 sql_macro(table);

  function services
  (
    i_from_date in date,
    i_days      in integer
  ) return varchar2 sql_macro(table);

end gtfs_sm;



create or replace package body gtfs_sm as
  function services(i_date in date default sysdate) return varchar2 sql_macro(table) is
  ...
  end services;

  function services
  (
    i_from_date in date,
    i_days      in integer
  ) return varchar2 sql_macro(table) is
  begin
    return '
select day, service_id
from (select trunc(i_from_date)+level-1 day from dual connect by level<=i_days),
     gtfs_sm.services(day)';
  end services;

end gtfs_sm;



create or replace package body gtfs_sm as
  function services(i_date in date default sysdate) return varchar2 sql_macro(table) is
  ...
  end services;

  function services
  (
    i_from_date in date,
    i_days      in integer
  ) return varchar2 sql_macro(table) is
  begin
    return '
select day, service_id
from (select trunc(i_from_date)+level-1 day from dual connect by level<=i_days),
     gtfs_sm.services(day)';
  end services;

end gtfs_sm;
@sm2



-0.11641, 51.48416

@sm3



create or replace function nearby_stops
(
  i_longitude in number,
  i_latitude  in number,
  i_radius    in number
) return varchar2 sql_macro(table) as
begin
  return '
    select * 
    from stops s 
    where sdo_within_distance(
          s.location,
          sdo_geometry(2001, 8307, 
                       sdo_point_type(i_longitude, i_latitude, null), null, null),
                       ''distance=' || i_radius || ' unit=meter'') = ''TRUE''';
end nearby_stops;
/



create or replace function nearby_stops
(
  i_longitude in number,
  i_latitude  in number,
  i_radius    in number
) return varchar2 sql_macro(table) as
begin
  return '
    select * 
    from stops s 
    where sdo_within_distance(
          s.location,
          sdo_geometry(2001, 8307, 
                       sdo_point_type(i_longitude, i_latitude, null), null, null),
                       ''distance=' || i_radius || ' unit=meter'') = ''TRUE''';
end nearby_stops;
/



create or replace function nearby_stops
(
  i_longitude in number,
  i_latitude  in number,
  i_radius    in number
) return varchar2 sql_macro(table) as
begin
  return '
    select * 
    from stops s 
    where sdo_within_distance(
          s.location,
          sdo_geometry(2001, 8307, 
                       sdo_point_type(i_longitude, i_latitude, null), null, null),
                       ''distance=' || i_radius || ' unit=meter'') = ''TRUE''';
end nearby_stops;
/

@sm4



Table SQL Macro – Polymorphic Views

create or replace function nearby_points
(
  i_longitude in number,
  i_latitude  in number,
  i_radius    in number,
  i_table     in dbms_tf.table_t,
  i_column    in dbms_tf.columns_t
) return varchar2 sql_macro(table) as
begin
  return 'select * from i_table s 
  where sdo_within_distance(
                    s.' || i_column(1) || ',
                    sdo_geometry(2001, 8307, 
                                 sdo_point_type(i_longitude, i_latitude, null),
                                 null, null),
                    ''distance=' || i_radius || ' unit=meter'') = ''TRUE''';
end nearby_points;
/



Table SQL Macro – Polymorphic Views

create or replace function nearby_points
(
  i_longitude in number,
  i_latitude  in number,
  i_radius    in number,
  i_table     in dbms_tf.table_t,
  i_column    in dbms_tf.columns_t
) return varchar2 sql_macro(table) as
begin
  return 'select * from i_table s 
  where sdo_within_distance(
                    s.' || i_column(1) || ',
                    sdo_geometry(2001, 8307, 
                                 sdo_point_type(i_longitude, i_latitude, null),
                                 null, null),
                    ''distance=' || i_radius || ' unit=meter'') = ''TRUE''';
end nearby_points;
/



Table SQL Macro – Polymorphic Views

create or replace function nearby_points
(
  i_longitude in number,
  i_latitude  in number,
  i_radius    in number,
  i_table     in dbms_tf.table_t,
  i_column    in dbms_tf.columns_t
) return varchar2 sql_macro(table) as
begin
  return 'select * from i_table s 
  where sdo_within_distance(
                    s.' || i_column(1) || ',
                    sdo_geometry(2001, 8307, 
                                 sdo_point_type(i_longitude, i_latitude, null),
                                 null, null),
                    ''distance=' || i_radius || ' unit=meter'') = ''TRUE''';
end nearby_points;
/

@sm5



select s.stop_id,
       count(*) number_of_trips,
       sum(st.pickup_type) no_pickups,
       sum(st.drop_off_type) no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       stop_times st
where  st.stop_id = s.stop_id
group  by s.stop_id
order  by number_of_trips;

@av



select s.stop_id,
       s.stop_name,
       count(*) number_of_trips,
       sum(st.pickup_type) no_pickups,
       sum(st.drop_off_type) no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       stop_times st
where  st.stop_id = s.stop_id
group  by s.stop_id
order  by number_of_trips;



select s.stop_id,
       s.stop_name,
       count(*) number_of_trips,
       sum(st.pickup_type) no_pickups,
       sum(st.drop_off_type) no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       stop_times st
where  st.stop_id = s.stop_id
group  by s.stop_id
order  by number_of_trips;

ERROR at line 2:
ORA-00979: not a GROUP BY expression



When error messages don't give the message

select s.stop_id,
       s.stop_name,
       count(*) number_of_trips,
       sum(st.pickup_type) no_pickups,
       sum(st.drop_off_type) no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       stop_times st
where  st.stop_id = s.stop_id
group  by s.stop_id
order  by number_of_trips;

ERROR at line 2:
ORA-00979: not a GROUP BY expression



When error messages don't give the message

select s.stop_id,
       s.stop_name,
       count(*) number_of_trips,
       sum(st.pickup_type) no_pickups,
       sum(st.drop_off_type) no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       stop_times st
where  st.stop_id = s.stop_id
group  by s.stop_id
order  by number_of_trips;

ERROR at line 2:
ORA-00979: "STOP_NAME": must appear in the GROUP BY clause or be 
used in an aggregate function

23ai



Option 1

select s.stop_id,
       s.stop_name,
       count(*) number_of_trips,
       sum(st.pickup_type) no_pickups,
       sum(st.drop_off_type) no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       stop_times st
where  st.stop_id = s.stop_id
group  by s.stop_id,
          s.stop_name
order  by number_of_trips



Option 2

select s.stop_id,
       min(s.stop_name) stop_name,
       count(*) number_of_trips,
       sum(st.pickup_type) no_pickups,
       sum(st.drop_off_type) no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       stop_times st
where  st.stop_id = s.stop_id
group  by s.stop_id
order  by number_of_trips



Option 3 – ANY_VALUE

select s.stop_id,
       any_value(s.stop_name) stop_name,
       count(*) number_of_trips,
       sum(st.pickup_type) no_pickups,
       sum(st.drop_off_type) no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       stop_times st
where  st.stop_id = s.stop_id
group  by s.stop_id
order  by number_of_trips

19c



Option 4

select s.stop_id,
       s.stop_name,
       st1.number_of_trips,
       st1.no_pickups,
       st1.no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       (select st.stop_id,
               count(*) number_of_trips,
               sum(st.pickup_type) no_pickups,
               sum(st.drop_off_type) no_drop_offs
        from   stop_times st
        group  by st.stop_id) st1
where  st1.stop_id = s.stop_id
order  by st1.number_of_trips;



Option 4

select s.stop_id,
       s.stop_name,
       st1.number_of_trips,
       st1.no_pickups,
       st1.no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       (select st.stop_id,
               count(*) number_of_trips,
               sum(st.pickup_type) no_pickups,
               sum(st.drop_off_type) no_drop_offs
        from   stop_times st
        group  by st.stop_id) st1
where  st1.stop_id = s.stop_id
order  by st1.number_of_trips;



Option 4 - don't forget the join!

select s.stop_id,
       s.stop_name,
       st1.number_of_trips,
       st1.no_pickups,
       st1.no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       (select st.stop_id,
               count(*) number_of_trips,
               sum(st.pickup_type) no_pickups,
               sum(st.drop_off_type) no_drop_offs
        from   stop_times st
        group  by st.stop_id) st1
order  by st1.number_of_trips;



Option 4 - don't forget the join!

-----------------------------------------------------------------------
| Id  | Operation                                | Name               |
-----------------------------------------------------------------------
|   0 | SELECT STATEMENT                         |                    |
|   1 |  SORT ORDER BY                           |                    |
|   2 |   MERGE JOIN CARTESIAN                   |                    |
|   3 |    TABLE ACCESS BY INDEX ROWID           | STOPS              |
|*  4 |     DOMAIN INDEX (SEL: 0.000000 %)       | STOPS_IX_LOCATION  |
|   5 |    BUFFER SORT                           |                    |
|   6 |     VIEW                                 |                    |
|   7 |      HASH GROUP BY                       |                    |
|   8 |       TABLE ACCESS BY INDEX ROWID BATCHED| STOP_TIMES         |
|   9 |        INDEX FULL SCAN                   | STOP_TIMES_IX_STOP |
-----------------------------------------------------------------------

SQL Analysis Report (identified by operation id/Query Block Name/Object
-----------------------------------------------------------------------
   1 -  SEL$5C160134
           -  The query block has 1 cartesian product which may be
              expensive. Consider adding join conditions or removing the
              disconnected tables or views.
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Option 5

select s.stop_id,
       s.stop_name,
       st1.number_of_trips,
       st1.no_pickups,
       st1.no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
               (select count(*) number_of_trips,
                       sum(st.pickup_type) no_pickups,
                       sum(st.drop_off_type) no_drop_offs
                from   stop_times st
                where  st.stop_id = s.stop_id) st1
order  by st1.number_of_trips;



Option 5

select s.stop_id,
       s.stop_name,
       st1.number_of_trips,
       st1.no_pickups,
       st1.no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
               (select count(*) number_of_trips,
                       sum(st.pickup_type) no_pickups,
                       sum(st.drop_off_type) no_drop_offs
                from   stop_times st
                where  st.stop_id = s.stop_id) st1
order  by st1.number_of_trips;



Option 5

select s.stop_id,
       s.stop_name,
       st1.number_of_trips,
       st1.no_pickups,
       st1.no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
               (select count(*) number_of_trips,
                       sum(st.pickup_type) no_pickups,
                       sum(st.drop_off_type) no_drop_offs
                from   stop_times st
                where  st.stop_id = s.stop_id) st1
order  by st1.number_of_trips;

ERROR at line 11:
ORA-00904: "S"."STOP_ID": invalid identifier



Option 5 – LATERAL Inline Views

select s.stop_id,
       s.stop_name,
       st1.number_of_trips,
       st1.no_pickups,
       st1.no_drop_offs
from   nearby_stops(-0.11641, 51.48416, 1000) s,
       lateral (select count(*) number_of_trips,
                       sum(st.pickup_type) no_pickups,
                       sum(st.drop_off_type) no_drop_offs
                from   stop_times st
                where  st.stop_id = s.stop_id) st1
order  by st1.number_of_trips;
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select st.*,
       s.stop_name
from   stop_times st,
       stops      s
where  st.trip_id = 171
and    s.stop_id = st.stop_id
order  by st.stop_sequence;



create or replace view trip_end_points_v as
select 
  st.trip_id,
  min(st.departure_time) trip_start_time,
  max(st.arrival_time) trip_end_time,
  ? first_stop_name,
  ? last_stop_name
from   stop_times st,
       stops      s
where  s.stop_id = st.stop_id
group  by st.trip_id;



create or replace view trip_end_points_v as
select 
  st.trip_id,
  min(st.departure_time) trip_start_time,
  max(st.arrival_time) trip_end_time,
  any_value(s.stop_name) keep(dense_rank first order by st.stop_sequence) first_stop_name,
  any_value(s.stop_name) keep(dense_rank last order by st.stop_sequence) last_stop_name
from   stop_times st,
       stops      s
where  s.stop_id = st.stop_id
group  by st.trip_id;



create or replace view trip_end_points_v as
select 
  st.trip_id,
  min(st.departure_time) trip_start_time,
  max(st.arrival_time) trip_end_time,
  any_value(s.stop_name) keep(dense_rank first order by st.stop_sequence) first_stop_name,
  any_value(s.stop_name) keep(dense_rank last order by st.stop_sequence) last_stop_name
from   stop_times st,
       stops      s
where  s.stop_id = st.stop_id
group  by st.trip_id;



create or replace view trip_end_points_v as
select 
  st.trip_id,
  min(st.departure_time) trip_start_time,
  max(st.arrival_time) trip_end_time,
  any_value(s.stop_name) keep(dense_rank first order by st.stop_sequence) first_stop_name,
  any_value(s.stop_name) keep(dense_rank last order by st.stop_sequence) last_stop_name
from   stop_times st,
       stops      s
where  s.stop_id = st.stop_id
group  by st.trip_id;



create or replace view trip_end_points_v as
select 
  st.trip_id,
  min(st.departure_time) trip_start_time,
  max(st.arrival_time) trip_end_time,
  any_value(s.stop_name) keep(dense_rank first order by st.stop_sequence) first_stop_name,
  any_value(s.stop_name) keep(dense_rank last order by st.stop_sequence) last_stop_name
from   stop_times st,
       stops      s
where  s.stop_id = st.stop_id
group  by st.trip_id;



create or replace view trip_end_points_v as
select 
  st.trip_id,
  min(st.departure_time) trip_start_time,
  max(st.arrival_time) trip_end_time,
  any_value(s.stop_name) keep(dense_rank first order by st.stop_sequence) first_stop_name,
  any_value(s.stop_name) keep(dense_rank last order by st.stop_sequence) last_stop_name
from   stop_times st,
       stops      s
where  s.stop_id = st.stop_id
group  by st.trip_id;
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create function datetime
(
  i_date in date,
  i_time in varchar2
) return varchar2 sql_macro(scalar) is
begin
  return q'<trunc(i_date) 
            + numtodsinterval(to_number(substr(i_time, 1, 2)), 'hour’)
            + numtodsinterval(to_number(substr(i_time, 4, 2)), 'minute')
            + numtodsinterval(to_number(substr(i_time, 7, 2)), 'second')>';
end datetime;
/



Scalar SQL Macro

create function datetime
(
  i_date in date,
  i_time in varchar2
) return varchar2 sql_macro(scalar) is
begin
  return q'<trunc(i_date) 
            + numtodsinterval(to_number(substr(i_time, 1, 2)), 'hour’)
            + numtodsinterval(to_number(substr(i_time, 4, 2)), 'minute')
            + numtodsinterval(to_number(substr(i_time, 7, 2)), 'second')>';
end datetime;
/
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Scalar SQL Macro

create function datetime
(
  i_date in date,
  i_time in varchar2
) return varchar2 sql_macro(scalar) is
begin
  return q'<trunc(i_date) 
            + numtodsinterval(to_number(substr(i_time, 1, 2)), 'hour’)
            + numtodsinterval(to_number(substr(i_time, 4, 2)), 'minute')
            + numtodsinterval(to_number(substr(i_time, 7, 2)), 'second')>';
end datetime;
/

21c
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What if you forgot?

create or replace function datetime_non_macro
(
  i_date in date,
  i_time in varchar2
) return date is
begin
  return trunc(i_date) 
            + numtodsinterval(to_number(substr(i_time, 1, 2)), 'hour')
            + numtodsinterval(to_number(substr(i_time, 4, 2)), 'minute')
            + numtodsinterval(to_number(substr(i_time, 7, 2)), 'second');
end;
/



What if you forgot?

select
  trip_id,
  datetime_non_macro(sysdate,trip_start_time) true_start,
  datetime_non_macro(sysdate,trip_end_time) true_end
from   trip_end_points_v
where  datetime_non_macro(sysdate,trip_start_time) > sysdate;



What if you forgot?

SQL> alter session set sql_transpiler = on;

Session altered.

select
  trip_id,
  datetime_non_macro(sysdate,trip_start_time) true_start,
  datetime_non_macro(sysdate,trip_end_time) true_end
from   trip_end_points_v
where  datetime_non_macro(sysdate,trip_start_time) > sysdate;

23ai



What if you forgot?

-------------------------------------------------------
| Id  | Operation         | Name              | Rows  |
-------------------------------------------------------
|   0 | SELECT STATEMENT  |                   |     1 |
|*  1 |  TABLE ACCESS FULL| TRIP_END_POINTS_V |     1 |
-------------------------------------------------------

Predicate Information (identified by operation id):
---------------------------------------------------

1 - filter(TRUNC(SYSDATE@!)+NUMTODSINTERVAL(TO_NUMBER(
SUBSTR("TRIP_START_TIME",1,2)),'hour')+NUMTODSINTERVAL(
TO_NUMBER(SUBSTR("TRIP_START_TIME",4,2)),'minute')+
NUMTODSINTERVAL(TO_NUMBER(SUBSTR("TRIP_START_TIME",7,2)),'second')
>SYSDATE@!)



create or replace package body gtfs as
  ...
 procedure get_departures
  (
    i_stop_id   in stops.stop_id%type,
    i_from_date in date default sysdate,
    i_days      in integer default 1,
    o_rc        out sys_refcursor
  ) is
  begin
    open o_rc for
      select t.route_name,
             datetime(s.day, st.departure_time) departure_time
      from   stop_times st,
             trips t,
             gtfs_sm.services(i_from_date, i_days) s
      where  st.stop_id = i_stop_id
      and    t.trip_id = st.trip_id
      and    s.service_id = t.service_id
      order  by t.route_name,
                departure_time;
  end get_departures;



create or replace package body gtfs as
  ...
 procedure get_departures
  (
    i_stop_id   in stops.stop_id%type,
    i_from_date in date default sysdate,
    i_days      in integer default 1,
    o_rc        out sys_refcursor
  ) is
  begin
    open o_rc for
      select t.route_name,
             datetime(s.day, st.departure_time) departure_time
      from   stop_times st,
             trips t,
             gtfs_sm.services(i_from_date, i_days) s
      where  st.stop_id = i_stop_id
      and    t.trip_id = st.trip_id
      and    s.service_id = t.service_id
      order  by t.route_name,
                departure_time;
  end get_departures;



create or replace package body gtfs as
  ...
 procedure get_departures
  (
    i_stop_id   in stops.stop_id%type,
    i_from_date in date default sysdate,
    i_days      in integer default 1,
    o_rc        out sys_refcursor
  ) is
  begin
    open o_rc for
      select t.route_name,
             datetime(s.day, st.departure_time) departure_time
      from   stop_times st,
             trips t,
             gtfs_sm.services(i_from_date, i_days) s
      where  st.stop_id = i_stop_id
      and    t.trip_id = st.trip_id
      and    s.service_id = t.service_id
      order  by t.route_name,
                departure_time;
  end get_departures;



create or replace package body gtfs as
  ...
 procedure get_departures
  (
    i_stop_id   in stops.stop_id%type,
    i_from_date in date default sysdate,
    i_days      in integer default 1,
    o_rc        out sys_refcursor
  ) is
  begin
    open o_rc for
      select t.route_name,
             datetime(s.day, st.departure_time) departure_time
      from   stop_times st,
             trips t,
             gtfs_sm.services(i_from_date, i_days) s
      where  st.stop_id = i_stop_id
      and    t.trip_id = st.trip_id
      and    s.service_id = t.service_id
      order  by t.route_name,
                departure_time;
  end get_departures;



create or replace package body gtfs as
  ...
 procedure get_departures
  (
    i_stop_id   in stops.stop_id%type,
    i_from_date in date default sysdate,
    i_days      in integer default 1,
    o_rc        out sys_refcursor
  ) is
  begin
    open o_rc for
      select t.route_name,
             datetime(s.day, st.departure_time) departure_time
      from   stop_times st,
             trips t,
             gtfs_sm.services(i_from_date, i_days) s
      where  st.stop_id = i_stop_id
      and    t.trip_id = st.trip_id
      and    s.service_id = t.service_id
      order  by t.route_name,
                departure_time;
  end get_departures;



create or replace package body gtfs as
  ...
 procedure get_departures
  (
    i_stop_id   in stops.stop_id%type,
    i_from_date in date default sysdate,
    i_days      in integer default 1,
    o_rc        out sys_refcursor
  ) is
  begin
    open o_rc for
      select t.route_name,
             datetime(s.day, st.departure_time) departure_time
      from   stop_times st,
             trips t,
             gtfs_sm.services(i_from_date, i_days) s
      where  st.stop_id = i_stop_id
      and    t.trip_id = st.trip_id
      and    s.service_id = t.service_id
      order  by t.route_name,
                departure_time;
  end get_departures;



create or replace package body gtfs as
  ...
 procedure get_departures
  (
    i_stop_id   in stops.stop_id%type,
    i_from_date in date default sysdate,
    i_days      in integer default 1,
    o_rc        out sys_refcursor
  ) is
  begin
    open o_rc for
      select t.route_name,
             datetime(s.day, st.departure_time) departure_time
      from   stop_times st,
             trips t,
             gtfs_sm.services(i_from_date, i_days) s
      where  st.stop_id = i_stop_id
      and    t.trip_id = st.trip_id
      and    s.service_id = t.service_id
      order  by t.route_name,
                departure_time;
  end get_departures;
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select route_name, number_of_trips,
       to_char(from_time,'hh24:mi')
         ||nvl2(to_time,
                ' - '||to_char(to_time,'hh24:mi')||' every '||minutes||' minutes',
                null) departures
from (
  select t.route_name,
         datetime(s.day, st.departure_time) departure_time
  from   stop_times st, trips t, gtfs_sm.services(i_from_date, i_days) s
  where  st.stop_id = i_stop_id
  and    t.trip_id = st.trip_id
  and    s.service_id = t.service_id
) match_recognize (
    partition by route_name
    order by departure_time
    measures X.departure_time from_time,
             last(Y.departure_time)  to_time,
             (first(Y.departure_time)-X.departure_time)*24*60 minutes,
             count(*) number_of_trips
    pattern (X Y{2,} | X)
    define
      Y as departure_time-prev(departure_time) = first(Y.departure_time)-X.departure_time
) t
order by route_name, from_time;



select route_name, number_of_trips,
       to_char(from_time,'hh24:mi')
         ||nvl2(to_time,
                ' - '||to_char(to_time,'hh24:mi')||' every '||minutes||' minutes',
                null) departures
from (
  select t.route_name,
         datetime(s.day, st.departure_time) departure_time
  from   stop_times st, trips t, gtfs_sm.services(i_from_date, i_days) s
  where  st.stop_id = i_stop_id
  and    t.trip_id = st.trip_id
  and    s.service_id = t.service_id
) match_recognize (
    partition by route_name
    order by departure_time
    measures X.departure_time from_time,
             last(Y.departure_time)  to_time,
             (first(Y.departure_time)-X.departure_time)*24*60 minutes,
             count(*) number_of_trips
    pattern (X Y{2,} | X)
    define
      Y as departure_time-prev(departure_time) = first(Y.departure_time)-X.departure_time
)
order by route_name, from_time;
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