NOTE

itty bitty fonts in this
presentation

SQL> exec sample font

Can you read this ? j
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moral of the story



don’t believe anything



try, try, try






awesome



sometimes

do
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simple syntax
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<function> ( <arg>,<arg>,.. )
OVER (
<partition clause>
<sorting clause>
<windowing clause>

20



that’s it !

21



quick example #l
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employees by salary

23



SQL> select empno, ename,

2 from emp
3 order by sal;

EMPNO ENAME

job, hiredate, sal

HIREDATE

7654 MARTIN
7934 MILLER
7844 TURNER
7499 ALLEN
7782 CLARK
7698 BLAKE
7566 JONES
7902 FORD
7788 SCOTT
7839 KING

CLERK
SALESMAN
SALESMAN
CLERK
SALESMAN
SALESMAN
MANAGER
MANAGER
MANAGER
ANALYST
ANALYST

17-DEC-80
03-DEC-81
12-JAN-83
22-FEB-81
28-SEP-81
23-JAN-82
08-SEP-81
20-FEB-81
09-JUN-81
01-MAY-81
02-APR-81
03-DEC-81
09-DEC-82

PRESIDENT 17-NOV-81



Yhiring sequence”

25



MARTIN
MILLER
TURNER

ALLEN
CLARK
BLAKE
JONES
FORD

SCOTT
KING

SMITH was hired "first”

JOB HIREDATE

17-DEC-80
03-DEC-81
12-JAN-83
22-FEB-81
28-SEP-81
23-JAN-82
08-SEP-81
20-FEB-81
09-JUN-81
01-MAY-81
02-APR-81
03-DEC-81
09-DEC-82
PRESIDENT 17-NOV-81

ADAMS was hired ‘“last”

= .

[

[
O WO UUADNIMNMNOOWNMOHR



Oracle 8 and below
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SQL> select e.empno, e.ename, e.job,
2 e.hiredate, e.sal, x.seq

3 from emp e,
4 ( select e2.empno, count(*) seq
5 from emp el, emp e2
6 where el.hiredate <= e2.hiredate
7 group by e2.empno
8 ) x
9 where e.empno = x.empno
10 order by sal;



| 0 | SELECT STATEMENT | | 10 | 1390 |
| 1 | SORT GROUP BY | | 10 | 1390 |
| * 2 | HASH JOIN | | 10 | 1390 |
| S MERGE JOIN | | 10 | 310 |
| 4 | SORT JOIN | | 14 | 126 |
| 5 | TABLE ACCESS FULL| EMP | 14 | 126 |
| * 6 | SORT JOIN | | 14 | 308 |
| 7 TABLE ACCESS FULL| EMP | 14 | 308 |
| 8 | TABLE ACCESS FULL | EMP | 14 | 1512 |



SQL> select empno,

2

ename,

job, hiredate,

sal,

rank () OVER (order by hiredate) as hire seq

3 from emp

4 order by sal;

EMPNO ENAME

MARTIN
MILLER
TURNER
ALLEN
CLARK
BLAKE
JONES
FORD
SCOTT
KING

CLERK
SALESMAN
SALESMAN
CLERK
SALESMAN
SALESMAN
MANAGER
MANAGER
MANAGER
ANALYST
ANALYST

HIREDATE

17-DEC-80
03-DEC-81
12-JAN-83
22-FEB-81
28-SEP-81
23-JAN-82
08-SEP-81
20-FEB-81
09-JUN-81
01-MAY-81
02-APR-81
03-DEC-81
09-DEC-82

PRESIDENT 17-NOV-81

= R

[

[
O WO UUADNIDNMNOOWMSMOHR



function

rank () OVER (
order by hire date) as hire seq

§

sorting clause

31



functions
for ranking

32



RANK

1, 2, 5 3 5 .

functions
for ranking

33



DENSE_RANK

1, 2 3 3 4, .

functions
for ranking

34



SQL> select ename, sal,
2 100*cume dist() over ( order by sal ) as pct
3 from emp
order by sal;

CUME_DIST

MARTIN
MILLER
TURNER
ALLEN
CLARK
BLAKE
JONES
FORD
SCOTT
KING




SQL> select ename, sal,

2 100*percent rank() over ( order by sal ) pct
3 from emp

order by ename;

PERCENT RANK

MARTIN
MILLER
SCOTT
SMITH
TURNER
WARD




SQL> select ename, sal,
2 ntile(4) over ( order by sal ) as quartile
3 from emp
order by ename;

QUARTILE

MARTIN
MILLER
SCOTT
SMITH
TURNER
WARD

1
2
3
3
4
1
3
4
2
2
4
1
2
1




functions
for ranking

ROW_NUMBER 1, 2 3 4,5 .



functions
for aggregation
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SUM
AVERAGE
MIN
MAX
COUNT

40



quick example #2

41



SQL> select deptno, empno, ename, job, sal
2 from emp
3 order by deptno, empno;

DEPTNO EMPNO ENAME JOB SAL
10 7782 CLARK MANAGER 2450
10 7839 KING PRESIDENT 5000
10 7934 MILLER CLERK 1300
20 7369 SMITH CLERK 800
20 75606 JONES MANAGER 2975
20 7788 SCOTT ANALYST 3000
20 7876 ADAMS CLERK 1100
20 7902 FORD ANALYST 3000
30 7499 ALLEN SALESMAN 1600
30 7521 WARD SALESMAN 1250
30 7654 MARTIN SALESMAN 1250
30 7698 BLAKE MANAGER 2850
30 7844 TURNER SALESMAN 1500

30 7900 JAMES CLERK 950



"department salaries,
running total
by employee name”

43



SQL> select deptno, empno, ename, job, sal,

2
3
4
5
6

DEPTNO

sum(sal) OVER (
partition by deptno
order by ename) as running total
from emp
order by deptno, ename;

EMPNO ENAME JOB SAL RUNNING TOTAL
10 1782 CLARK MANAGER 2450 2450
10 7839 KING PRESIDENT 5000 7450
10 7934 MILLER CLERK 1300 8750
20 1876 ADAMS CLERK 1100 1100
20 7902 FORD ANALYST 3000 4100
20 7566 JONES MANAGER 2975 7075
20 7788 SCOTT ANALYST 3000 10075
20 7369 SMITH CLERK 800 10875
30 7499 ALLEN SALESMAN 1600 1600
30 7698 BLAKE MANAGER 2850 4450
30 7900 JAMES CLERK 950 5400
30 7654 MARTIN SALESMAN 1250 6650
30 7844 TURNER SALESMAN 1500 8150

30 7521 WARD SALESMAN 1250 9400



SQL> select deptno, empno, ename, job, sal,

2
3
4
5
6

DEPTNO

sum(sal) OVER (
partition by deptno
order by ename) as running total
from emp
order by deptno, ename;

EMPNO ENAME JOB SAL RUNNING TOTAL
10 1782 CLARK MANAGER 2450 2450
10 7839 KING PRESIDENT 5000 7450
10 7934 MILLER CLERK 1300 8750
20 1876 ADAMS CLERK 1100 1100
20 7902 FORD ANALYST 3000 4100
20 7566 JONES MANAGER 2975 7075
20 7788 SCOTT ANALYST 3000 10075
20 7369 SMITH CLERK 800 10875
30 7499 ALLEN SALESMAN 1600 1600
30 7698 BLAKE MANAGER 2850 4450
30 7900 JAMES CLERK 950 5400
30 7654 MARTIN SALESMAN 1250 6650
30 7844 TURNER SALESMAN 1500 8150

30 7521 WARD SALESMAN 1250 9400



SQL> select deptno, empno, ename, job, sal,

2
3
4
5
6

DEPTNO

sum(sal) OVER (
partition by deptno
order by ename) as running total
from emp
order by deptno, ename;

EMPNO ENAME JOB SAL RUNNING TOTAL
10 1782 CLARK MANAGER 2450 2450
10 7839 KING PRESIDENT 5000 7450
10 7934 MILLER CLERK 1300 8750
20 1876 ADAMS CLERK 1100 1100
20 7902 FORD ANALYST 3000 4100
20 7566 JONES MANAGER 2975 7075
20 7788 SCOTT ANALYST 3000 10075
20 7369 SMITH CLERK 800 10875
30 7499 ALLEN SALESMAN 1600 1600
30 7698 BLAKE MANAGER 2850 4450
30 7900 JAMES CLERK 950 5400
30 7654 MARTIN SALESMAN 1250 6650
30 7844 TURNER SALESMAN 1500 8150

30 7521 WARD SALESMAN 1250 9400



SQL> select deptno, empno, ename, job, sal,

2

o U1 W

DEPTNO

sum(sal) OVER (
partition by deptno
order by ename) as running total
from emp
order by deptno, ename;

EMPNO ENAME JOB SAL RUNNING TOTAL
10 7782 CLARK MANAGER 2450 2450
10 7839 KING PRESIDENT 5000 7450
10 7934 MILLER CLERK 1300 8750
20 71876 ADAMS CLERK 1100 1100
20 7902 FORD ANALYST 3000 4100
20 7566 JONES MANAGER 2975 7075
20 7788 SCOTT ANALYST 3000 10075
20 7369 SMITH CLERK 800 10875
30 7499 ALLEN SALESMAN 1600 1600
30 7698 BLAKE MANAGER 2850 4450
30 7900 JAMES CLERK 950 5400
30 7654 MARTIN SALESMAN 1250 6650
30 7844 TURNER SALESMAN 1500 8150

30 7521 WARD SALESMAN 1250 9400



SQL> select deptno, empno, ename, job, sal,

2

o U1 W

DEPTNO

sum(sal) OVER (
partition by deptno
order by ename) as running total
from emp
order by deptno, ename;

EMPNO ENAME JOB SAL RUNNING TOTAL
10 7782 CLARK MANAGER 2450 2450
10 7839 KING PRESIDENT 5000 7450
10 7934 MILLER CLERK 1300 8750
20 71876 ADAMS CLERK 1100 1100
20 7902 FORD ANALYST 3000 4100
20 7566 JONES MANAGER 2975 7075
20 7788 SCOTT ANALYST 3000 10075
20 7369 SMITH CLERK 800 10875
30 7499 ALLEN SALESMAN 1600 1600
30 7698 BLAKE MANAGER 2850 4450
30 7900 JAMES CLERK 950 5400
30 7654 MARTIN SALESMAN 1250 6650
30 7844 TURNER SALESMAN 1500 8150

30 7521 WARD SALESMAN 1250 9400



function
partition clause

sum(sal) /OVER (
partition by deptno
order by ename) as running total

-

sorting clause

49
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SQL> select deptno, empno, ename, job, sal,

2

o U1 W

DEPTNO

sum(sal) OVER (
partition by deptno
order by ename) as running total
from emp
order by deptno, ename;

EMPNO ENAME JOB SAL RUNNING TOTAL
10 7782 CLARK MANAGER 2450 2450
10 7839 KING PRESIDENT 5000 7450
10 7934 MILLER CLERK 1300 8750
20 71876 ADAMS CLERK 1100 1100
20 7902 FORD ANALYST 3000 4100
20 7566 JONES MANAGER 2975 7075
20 7788 SCOTT ANALYST 3000 10075
20 7369 SMITH CLERK 800 10875
30 7499 ALLEN SALESMAN 1600 1600
30 7698 BLAKE MANAGER 2850 4450
30 7900 JAMES CLERK 950 5400
30 7654 MARTIN SALESMAN 1250 6650
30 7844 TURNER SALESMAN 1500 8150

30 7521 WARD SALESMAN 1250 9400



SQL> select deptno, empno, ename, job,

sal,

order by ename) as running total

SAL RUNNING TOTAL

2 sum(sal) OVER (
3 partition by deptno
4
5 from emp
6 order by deptno, empno
DEPTNO EMPNO ENAME
10 7782 CLARK
10 7839 KING
10 7934 MILLER
20 7369 SMITH
20 7506 JONES
20 7788 SCOTT
20 7876 ADAMS
20 7902 FORD
30 7499 ALLEN
30 7521 WARD
30 7654 MARTIN
30 7698 BLAKE
30 7844 TURNER
30 7900 JAMES

MANAGER
PRESIDENT
CLERK
CLERK
MANAGER
ANALYST
CLERK
ANALYST
SALESMAN
SALESMAN
SALESMAN
MANAGER
SALESMAN
CLERK

2450 2450
5000 7450
1300 8750
800 10875
ACNS) 7075
3000 10075
1100 1100
3000 4100
1600 1600
1250 9400
1250 6650
2850 4450
1500 8150

950 5400



lots of power
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SQL> select deptno, job, ename, sal,

2 sum(sal) over () total sal,

3 sum(sal) over

4 ( partition by deptno) sal by dept,

5 sum (sal) over

6 ( partition by deptno, job) sal by dept job,

7 from emp

8 order by deptno, job;

DEPTNO JOB ENAME SAL TOTAL SAL SAL BY DEPT SAL BY DEPT JOB
10 CLERK MILLER 1300 29025 8750 1300
10 MANAGER  CLARK 2450 29025 8750 2450
10 PRESIDENT KING 5000 29025 8750 5000
20 ANALYST  SCOTT 3000 29025 10875 6000
20 ANALYST  FORD 3000 29025 10875 6000
20 CLERK ADAMS 1100 29025 10875 1900
20 CLERK SMITH 800 29025 10875 1900
20 MANAGER  JONES 2975 29025 10875 2975
30 CLERK JAMES 950 29025 9400 950
30 MANAGER  BLAKE 2850 29025 9400 2850
30 SALESMAN TURNER 1500 29025 9400 5600
30 SALESMAN MARTIN 1250 29025 9400 5600
30 SALESMAN WARD 1250 29025 9400 5600
30 SALESMAN ALLEN 1600 29025 9400 5600



STDDEV_SAMP VAR_POP

STATS T TEST .. COVAR_SAMP
GROUP_ID MEDIAN STATS MODE
STDDEV
CORR STATS BINOMIAL TEST —
STATS CROSSTAB GROUPING ID B
COLLECT

and a whole lot more..

STATS MW _TEST

PERCENTILE CONT
STATS WSR TEST STDDEV_POP

COVAR_POP
B VARIANCE GROUPING

STATS ONE WAY ANOVA

STATS KS TEST
_Bo_ PERCENTILE_DISC STATS F TEST

VAR SAMP



important note M



aggregations



calculated

not

restrictive

58



conventional
aggregation

59



SQL> select deptno, sum(sal)
2 from Shle
3 group by deptno;

DEPTNO SUM (SAL)

60



SQL>
2

3
4
5

select ename, deptno,

sum(sal) over

( partition by deptno) as deptsal

from emp
order by deptno

DEPTNO

o
14

DEPTSAL

MILLER
JONES
FORD
ADAMS
SMITH
SCOTT
WARD
TURNER
ALLEN
JAMES
BLAKE
MARTIN

there is
still 14 rows

61



two kinds

62



aggregation

63



“same aggregate for each row in a partition”

reporting
aggregation

64



SQL> select ename, deptno,
2 sum(sal) over ( partition by deptno) as deptsal
3 from emp
4 order by deptno;

ENAME DEPTNO DEPTSAL
""""""""""""""" same for
CLARK 10 8750

KING 10 8750 each row
MILLER 10 8750 in partition
JONES 20 10875

FORD 20 10875

ADAMS 20 10875 4_____——”//

SMITH 20 10875

SCOTT 20 10875

WARD 30 9400

TURNER 30 9400

ALLEN 30 9400

JAMES 30 9400

BLAKE 30 9400

MARTIN 30 9400

65



“changing aggregate for each row in a partition”

windowing
aggregation

66



<function> ( <arg>,<arg>,.. )
OVER (
<partition clause>
<sorting clause>
<windowing clause>

defines how “broadly” the
aggregating function applies



salary cumulative total”



SQL> select

2

~ o U b W

empno,

sum (sal)
over ( order by empno

rows between unbounded preceding and current row )

from

order by empno;

Shie!

JONES
MARTIN
BLAKE
CLARK
SCOTT
KING
TURNER
ADAMS
JAMES
FORD
MILLER

ename,

sal,

CUMTOT

as cumtot

69



SQL> select

2

~ o U b W

empno,

sum (sal)
over ( order by empno

rows between unbounded preceding and current row )

from

order by empno;

Shie!

JONES
MARTIN
BLAKE
CLARK
SCOTT
KING
TURNER
ADAMS
JAMES
FORD
MILLER

ename,

sal,

CUMTOT

as cumtot

70



SQL> select

2

~ o U b W

empno, ename, sal,
sum(sal)
over ( order by empno

rows between unbounded preceding and current row )

from

order by empno;

Shie!

JONES
MARTIN
BLAKE
CLARK
SCOTT
KING
TURNER
ADAMS
JAMES
FORD
MILLER

CUMTOT

as cumtot



SQL> select

2

~ o U b W

empno, ename, sal,
sum(sal)
over ( order by empno

rows between unbounded preceding and current row )

from

order by empno;

Shie!

JONES
MARTIN
BLAKE
CLARK
SCOTT
KING
TURNER
ADAMS
JAMES
FORD
MILLER

CUMTOT

as cumtot



Y"esum across 3 rows”
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SQL> select deptno,
sum(sal) over (

2

~ o O b W

ename,

partition by deptno

order by hiredate

rows between 1 preceding and 1 following) as x
from emp

order by deptno,

DEPTNO

10
10
10
20
20
20
20
20
30
30
30
30
30
30

CLARK
KING
MILLER
SMITH
JONES
FORD
SCOTT
ADAMS
ALLEN
WARD
BLAKE
TURNER
MARTIN
JAMES

hiredate;

HIREDATE

hiredate,

sal,

09-JUN-81
17-NOV-81
23-JAN-82
17-DEC-80
02-APR-81
03-DEC-81
09-DEC-82
12-JAN-83
20-FEB-81
22-FEB-81
01-MAY-81
08-SEP-81
28-SEP-81
03-DEC-81

2450
5000
1300

800
2975
3000
3000
1100
1600
1250
2850
1500
1250

950

7450
8750
6300
3775
6775
8975
7100
4100
2850
5700
5600
5600
3700
2200



SQL> select deptno,
sum(sal) over (

2

~ o O b W

ename,

partition by deptno

order by hiredate

rows between 1 preceding and 1 following) as x
from emp

order by deptno,

DEPTNO

10
10
10
20
20
20
20
20
30
30
30
30
30
30

CLARK
KING
MILLER
SMITH
JONES
FORD
SCOTT
ADAMS
ALLEN
WARD
BLAKE
TURNER
MARTIN
JAMES

hiredate;

HIREDATE

hiredate,

sal,

09-JUN-81
17-NOV-81
23-JAN-82
17-DEC-80
02-APR-81
03-DEC-81
09-DEC-82
12-JAN-83
20-FEB-81
22-FEB-81
01-MAY-81
08-SEP-81
28-SEP-81
03-DEC-81

2450
5000
1300

800
2975
3000
3000
1100
1600
1250
2850
1500
1250

950

7450
8750
6300
3775
6775
8975
7100
4100
2850
5700
5600
5600
3700
2200



SQL> select deptno,
sum(sal) over (

2

~ o O b W

ename,

partition by deptno

order by hiredate

rows between 1 preceding and 1 following) as x
from emp

order by deptno,

DEPTNO

10
10
10
20
20
20
20
20
30
30
30
30
30
30

CLARK
KING
MILLER
SMITH
JONES
FORD
SCOTT
ADAMS
ALLEN
WARD
BLAKE
TURNER
MARTIN
JAMES

hiredate;

HIREDATE

hiredate,

sal,

09-JUN-81
17-NOV-81
23-JAN-82
17-DEC-80
02-APR-81
03-DEC-81
09-DEC-82
12-JAN-83
20-FEB-81
22-FEB-81
01-MAY-81
08-SEP-81
28-SEP-81
03-DEC-81

2450
5000
1300

800
2975
3000
3000
1100
1600
1250
2850
1500
1250

950

7450
8750
6300
3775
6775
8975
7100
4100
2850
5700
5600
5600
3700
2200



SQL> select deptno,
sum(sal) over (

2

~ o O b W

ename,

partition by deptno

order by hiredate

rows between 1 preceding and 1 following) as x
from emp

order by deptno,

DEPTNO

10
10
10
20
20
20
20
20
30
30
30
30
30
30

CLARK
KING
MILLER
SMITH
JONES
FORD
SCOTT
ADAMS
ALLEN
WARD
BLAKE
TURNER
MARTIN
JAMES

hiredate;

HIREDATE

hiredate,

sal,

09-JUN-81
17-NOV-81
23-JAN-82
17-DEC-80
02-APR-81
03-DEC-81
09-DEC-82
12-JAN-83
20-FEB-81
22-FEB-81
01-MAY-81
08-SEP-81
28-SEP-81
03-DEC-81

2450
5000
1300

800
2975
3000
3000
1100
1600
1250
2850
1500
1250

950

7450
8750
6300
3775
6775
8975
7100
4100
2850
5700
5600
5600
3700
2200



6 month moving average”

78



SQL> select deptno, ename, hiredate, sal,
2 avg(sal) over (

3 partition by deptno

4 order by hiredate

5 range between interval '6' month preceding and current row ) x

6 from emp

7 order by deptno, hiredate;

DEPTNO ENAME HIREDATE SATL X

10 CLARK 09-JUN-81 2450 2450
10 KING 17-NOV-81 5000 3725
10 MILLER 23-JAN-82 1300 3150
20 SMITH 17-DEC-80 800 800
20 JONES 02-APR-81 2975 1888
20 FORD 03-DEC-81 3000 3000
20 SCOTT 09-DEC-82 3000 3000
20 ADAMS 12-JAN-83 1100 2050
30 ALLEN 20-FEB-81 1600 1600
30 WARD 22-FEB-81 1250 1425
30 BLAKE 01-MAY-81 2850 1900
30 TURNER 08-SEP-81 1500 2175
30 MARTIN 28-SEP-81 1250 1867

30 JAMES 03-DEC-81 950 1233



SQL> select deptno, ename, hiredate, sal,
2 avg(sal) over (

3 partition by deptno

4 order by hiredate

5 range between interval '6' month preceding and current row ) x

6 from emp

7 order by deptno, hiredate;

DEPTNO ENAME HIREDATE SATL X

10 CLARK 09-JUN-81 2450 2450
10 KING 17-NOV-81 5000 3725
10 MILLER 23-JAN-82 1300 3150
20 SMITH 17-DEC-80 800 800
20 JONES 02-APR-81 2975 1888
20 FORD 03-DEC-81 3000 3000
20 SCOTT 09-DEC-82 3000 3000
20 ADAMS 12-JAN-83 1100 2050
30 ALLEN 20-FEB-81 1600 1600
30 WARD 22-FEB-81 1250 1425
30 BLAKE 01-MAY-81 2850 1900
30 TURNER 08-SEP-81 1500 2175
30 MARTIN 28-SEP-81 1250 1867

30 JAMES 03-DEC-81 950 1233



SQL> select deptno, ename, hiredate, sal,
2 avg (sal) over (

3 partition by deptno

4 order by hiredate

5 range between interval '6' month preceding and current row ) x

6 from emp

7 order by deptno, hiredate;

DEPTNO ENAME HIREDATE SATL X

10 CLARK 09-JUN-81 2450 2450
10 KING 17-NOV-81 5000 3725
10 MILLER 23-JAN-82 1300 3150
20 SMITH 17-DEC-80 800 800
20 JONES 02-APR-81 2975 1888
20 FORD 03-DEC-81 3000 3000
20 SCOTT 09-DEC-82 3000 3000
20 ADAMS 12-JAN-83 1100 2050
30 ALLEN 20-FEB-81 1600 1600
30 WARD 22-FEB-81 1250 1425
30 BLAKE 01-MAY-81 2850 1900
30 TURNER 08-SEP-81 1500 2175
30 MARTIN 28-SEP-81 1250 1867

30 JAMES 03-DEC-81 950 1233



SQL> select deptno, ename, hiredate, sal,
2 avg (sal) over (

3 partition by deptno

4 order by hiredate

5 range between interval '6' month preceding and current row ) x

6 from emp

7 order by deptno, hiredate;

DEPTNO ENAME HIREDATE SATL X

10 CLARK 09-JUN-81 2450 2450
10 KING 17-NOV-81 5000 3725
10 MILLER 23-JAN-82 1300 3150
20 SMITH 17-DEC-80 800 800
20 JONES 02-APR-81 2975 1888
20 FORD 03-DEC-81 3000 3000
20 SCOTT 09-DEC-82 3000 3000
20 ADAMS 12-JAN-83 1100 2050
30 ALLEN 20-FEB-81 1600 1600
30 WARD 22-FEB-81 1250 1425
30 BLAKE 01-MAY-81 2850 1900
30 TURNER 08-SEP-81 1500 2175
30 MARTIN 28-SEP-81 1250 1867

30 JAMES 03-DEC-81 950 1233



dynamic windows
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sum sales from previous
close of processing”

84



SQL> create or replace
2 function LAST CLOSE (p_purchase_date date)

3 return number 1is

4 Dbegin

5 return

6 case to_char (p purchase date, 'DY')
7 when 'SUN' then 2

8 when 'MON' then 3

9 else 1
10 end;
11 end;
12/

Function created.

SQL> select
% prod id, cust 1id,

3 sum (amount_ sold)

4 over ( order by purchase date

5 range between LAST CLOSE (purchase date) preceding) as bus_ tot
6 from sales

7/
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window boundaries
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first value / last value

87



“compare each salary with lowest
in organisation and depariment”

88



SQL> select deptno, empno, ename, sal,
2 first value(sal) over ( order by sal

3 range unbounded preceding ) lo_sal,

4 first value(sal) over ( partition by deptno

5 order by sal

6 range unbounded preceding) lo dept sal

7 from emp

8 order by deptno, sal;

DEPTNO EMPNO ENAME SAL LO SAL LO DEPT SAL

10 7782 CLARK 2450 800 2450
10 7839 KING 5000 800 2450
20 7369 SMITH 800 800 800
20 7876 ADAMS 1100 800 800
20 7566 JONES NS 800 800
20 7902 FORD 3000 800 800
20 7788 SCOTT 3000 800 800
30 7900 JAMES 950 800 950
30 7521 WARD 1250 800 950
30 7654 MARTIN 1250 800 950
30 7844 TURNER 1500 800 950
30 7499 ALLEN 1600 800 950
30 7698 BLAKE 2850 800 950

40 7934 MILLER 1300 800 1300



SQL>

O O J oy U1 » W

select
dept

100 * sal / first value(sal)
over ( order by sal ) lo_sal pct,
100 * sal / first value(sal)
over ( partition by deptno
order by sal ) lo dept sal pct

from
order

DEPTNO

no, empno,

emp
by deptno,

ename,

SAL LO SAL PCT LO DEPT SAL PCT

MARTIN
TURNER
ALLEN
BLAKE
MILLER

2450 306.25 100.00
5000 625.00 204.08

800 100.00 100.00
1100 137.50 137.50
2975 371.88 371.88
3000 375.00 375.00
3000 375.00 375.00

950 118.75 100.00
1250 156.25 131.58
1250 156.25 131.58
1500 187.50 157.89
1600 200.00 168.42
2850 356.25 300.00



implicit windows



recall
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SQL> select ename, deptno,
2 sum(sal) over ( partition by deptno ) as deptsal
3 from emp
4 order by deptno;

ENAME DEPTNO DEPTSAL
CLARK 10 8750
KING 10 8750
MILLER 10 8750
JONES 20 10875 reportj_ng
FORD 20 10875
ADAMS 20 10875 aggregate
SMITH 20 10875
SCOTT 20 10875
WARD 30 9400
TURNER 30 9400
ALLEN 30 9400
JAMES 30 9400
BLAKE 30 9400
MARTIN 30 9400

93



SQL> select deptno, empno, ename, job, sal,

2 sum(sal) OVER (
3 partition by deptno
4 order by ename) as running total

5 from emp

DEPTNO EMPNO ENAME JOB SAL RUNNING TOTAL
10 7782 CLARK MANAGER 2450 2450
10 7839 KING PRESIDENT 5000 7450
10 7934 MILLER CLERK 1300 8750
20 7876 ADAMS CLERK 1100 1100
20 7902 FORD ANALYST 3000 4100
20 7566 JONES MANAGER 2975 7075
20 7788 SCOTT ANALYST 3000 10075
20 7369 SMITH CLERK 800 10875
30 7499 ALLEN SALESMAN 1600 1600
30 7698 BLAKE MANAGER 2850 4450
30 7900 JAMES CLERK 950 5400
30 7654 MARTIN SALESMAN 1250 6650
30 7844 TURNER SALESMAN 1500 8150
30 7521 WARD SALESMAN 1250 9400

windowing aggregate



<function> ( <arg>,<arg>,.. )
OVER (
<partition clause>
<sorting clause>
<windowing clause>

but I didn’t specify
one of these ?



IF this is an
aggregate function ..

AND you have included
an ORDER BY clause ..

<function> ( <arg>,<arg>,.. )
OVER (
<partition clause>
<sorting clause>
<windowing clause>

THEN you get one of
these automatically !

range between unbounded preceding and current row



function
partition clause

sum(sal) /OVER (
partition by deptno
order by ename )
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”OVER”
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lag / lead

100



SQL> select

empno,
lag(sal,l)

ename,

hiredate,

3
4
5 from
6

Shie!

order by hiredate;

HIREDATE

sal,

TURNER
MARTIN
KING
JAMES
FORD
MILLER
SCOTT
ADAMS

17-DEC-80
20-FEB-81
22-FEB-81
02-APR-81
01-MAY-81
09-JUN-81
08-SEP-81
28-SEP-81
17-NOV-81
03-DEC-81
03-DEC-81
23-JAN-82
09-DEC-82
12-JAN-83

over ( order by hiredate ) prev_hiree sal

PREV_HIREE SAL

800
1600
1250
2975
2850
2450
1500
1250
5000

950
3000
1300
3000



and then..
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“imagination is more
important than knowledge”

- Albert Einstein

103



NOT just warehousing

104



classical problems
made simple

105



Yremove the duplicates”

106



SQL> select * from BAD EMP;

EMPNO

ENAME

TURNER
ALLEN
SMITH
FORD
JAMES
WARD
MARTIN
MILLER
BLAKE
CLARK

MGR

HIREDATE

ANALYST
SALESMAN
CLERK
PRESIDENT
MANAGER
CLERK
SALESMAN
SALESMAN
CLERK
ANALYST
CLERK
SALESMAN
SALESMAN
CLERK
MANAGER
MANAGER

09-DEC-82
20-FEB-81
17-DEC-80
17-NOV-81
02-APR-81
12-JAN-83
08-SEP-81
20-FEB-81
17-DEC-80
03-DEC-81
03-DEC-81
22-FEB-81
28-SEP-81
23-JAN-82
01-MAY-81
09-JUN-81
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SQL> select * from BAD EMP;

EMPNO

ENAME

TURNER
ALLEN
SMITH
FORD
JAMES
WARD
MARTIN
MILLER
BLAKE
CLARK

MGR

HIREDATE

ANALYST
SALESMAN
CLERK
PRESIDENT
MANAGER
CLERK
SALESMAN
SALESMAN
CLERK
ANALYST
CLERK
SALESMAN
SALESMAN
CLERK
MANAGER
MANAGER

09-DEC-82
20-FEB-81
17-DEC-80
17-NOV-81
02-APR-81
12-JAN-83
08-SEP-81
20-FEB-81
17-DEC-80
03-DEC-81
03-DEC-81
22-FEB-81
28-SEP-81
23-JAN-82
01-MAY-81
09-JUN-81



SQL> select empno, rowid,

2

(G2 TN OV)

row_number () over

( partition by empno order by rowid ) as r

from BAD EMP

AAARXWAAEAAATIMAAA
AAARXwAAEAAAT]1OAAA
AAARXWAAEAAATIMAAB
AAARXwAAEAAAT]1OAAB
AAARXWAAEAAATIMAAC
AAARXWAAEAAATIMAAD
AAARXWAAEAAAT1IMAAE
AAARXWAAEAAATIMAAF
AAARXWAAEAAATIMAAG
AAARXWAAEAAATIMAAH
AAARXWAAEAAATIMAAT
AAARXWAAEAAATIMAAJ
AAARXWAAEAAATIMAAK
AAARXWAAEAAATIMAAL
AAARXWAAEAAAT1IMAAM
AAARXWAAEAAATIMAAN

F PR RPRRPRPRRPRPRERRPRERPRRNEDNR
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SQL> delete from BAD EMP
2 where ROWID 1in

3 ( select rowid

4 from

5 ( select rowid,

6 row_number () over

7 ( partition by empno
8 order by rowid) as r
9 from BAD EMP
10 )
11 where r > 1
12 )
13/

2 rows deleted.

110



“65 highest salaries
from each department”

111



SQL> select deptno, salary
2 from
( select
deptno,
salary,
rank () owver (
partition by deptno
order by salary) top 5
from EMPLOYEES

)
where top 5 <= 5

= O W 6 J o O b W

=
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“mind the gap”

113



SQL> select X from T;

114



SQL> select
% X,
3 lag(x) over ( order by x) prev
4 from T ;

X PREV

2

3 2

4 3

7 4

38 )
12 8
13 12
15 13
16 15
17 16
19 17
20 19
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SQL> select
% X,
3 lag(x) over ( order by x) prev
4 from T ;

X PREV

2

3 2

4 3

7 4

38 )
12 8
13 12
15 13
16 15
17 16
19 17
20 19
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SQL> select
% X,
3 lag(x) over ( order by x) prev
4 from T ;

X PREV

2

3 2

4 3

'/ 4

38 )
12 8
13 12
15 13
16 15
17 16
19 17
20 19
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SQL> select
% X,
3 lag(x) over ( order by x) prev
4 from T ;

X PREV

2

3 2

4 3

7 4

38 '/
12 8
13 12
15 13
16 15
17 16
19 17
20 19
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SQL> select
% X,
3 lag(x) over ( order by x) prev
4 from T ;

X PREV

2

3 2

4 3

7 4

38 )
12 8
13 12
15 13
16 15
17 16
19 17
20 19
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SQL> select

% X,
3 case
4 when nvl (lag(x) over (order by x) ,x) !'= x-1
5 then x end loval
6 from t;
X LOVAL
2 2
3
4
7 7
8
12 12
13
15 15
16
17
19 19
20
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SQL> select

% X,
3 case
4 when nvl (lag(x) over (order by x) ,x) !'= x-1
5 then x end loval
6 from t;
X LOVAL
2 2
3
4
7 7
8
12 12
13
15 15
16
17
19 19
20

121



SQL> select

% X,
3 case
4 when nvl (lag(x) over (order by x) ,x) !'= x-1
5 then x end loval
6 from t;
X LOVAL
2 2
3
4
7 7
8
12 12
13
15 15
16
17
19 19
20

122



SQL> select

% X,
3 case
4 when nvl (lag(x) over (order by x) ,x) !'= x-1
5 then x end loval
6 from t;
X LOVAL
2 2
3
4
7 7
8
12 12
13
15 15
16
17
19 19
20

123



SQL> select x, max(loval) over (order by x) loval

2 from (
3 select x,
4 case
5 when nvl (lag(x) over (order by x),x) != x-1
6 then x end loval
7 from t );
X LOVAL
% %
3 %
4 %
7 7
8 7
12 12
13 12
15 15
16 15
17 15
19 19
20 19
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SQL> select x, max(loval) over (order by x) loval

2 from (
3 select x,
4 case
5 when nvl (lag(x) over (order by x),x) != x-1
6 then x end loval
7 from t );
X LOVAL
% %
3 %
4 %
'/ 7
8 7
12 12
13 12
15 15
16 15
17 15
19 19
20 19
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SQL> select min(x)||’-' | |max(x) ranges from (
2 select x,max(loval) over (order by x) loval

3 from (
4 select x,
5 case
6 when nvl (lag(x) over (order by x),x) != x-1
7 then x end loval
8 from t))
9 group by loval;
RANGES
2-4
7-8
12-13
15-17
19-20

126






SQL> select

2 min(x)|[["'="[]

3 case when min (x) = max (x)

4 then min (x)

S else max (x)

6 end rng

7  from

8 (select X

9 , row number () over (order by X) rn
10 from t

11 )
12 group by x - rn
13 order by min (x);



in-1ist processing
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) Mozilla Firefox

File Edit ‘jew History  Bookmarks  Toaols

C 2 %P Mail |

_ Subrnit |

sql_string =
"select * from ACCOUNTS where ACCT NO in ( " + :acct input + ")"

EXEC SQL PREPARE sql string;

130



F -
3 Mozilla Firefox

File Edit Miew History  Bookmarks Tools  Help
E g X7 Mail | File: [/ )iC: [Documents and Settingshamcde

Account Mumbers|0): drop table ACCOUNTS cascade constraints purge]

| Submit |




123,456,789

sql string =
"select * from ACCOUNTS where ACCT NO in ( :bindvar )"

EXEC SQL PREPARE sql string;

ORA-01722: invalid number

132



SQL> ticket = '123,456,789"
SQL> select substr (:ticket,

% loc+1l,nvl (

3 lead (loc) over ( order by loc ) - loc-1,

4 length(:ticket)-1oc)

5 ) list as rows

6 from (

7 select distinct (instr(:ticket,',',1,level)) loc
8 from dual

9 connect by level < length(:ticket) -
10 length (replace(:ticket, ', ")) +1
11 ) ;

LIST AS ROWS

133



SQL> with MY LIST as select substr(:ticket,

2

o J o O b W

11
12
13
14

" loc+1,nvl (

lead(loc) over ( order by loc ) - loc-1,
length (:ticket) -1loc)
) val
from (
select distinct (instr(:ticket,',',1,1level)) loc

from dual
connect by level < length(:ticket) -
length (replace(:ticket, ', ")) +1
)
select *
from ACCOUNTS
where ACCT NO in ( select val from MY LIST)
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other goodies
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FIRST / LAST extension
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“Show me lowest salary for each department..”

SQL> select deptno, min(sal)
2 from emp
3 group by deptno;

“.and I need to know who has that

lowest salary as well”

SQL> select deptno, empno, min(sal)
2 from emp
3 group by deptno;

ORA-00979: not a GROUP BY expression



SQL> select deptno, min(sal), min (empno)
2 KEEP ( dense rank FIRST order by sal) empno

3 from emp
4 group by deptno
5 / Emp 7934 has the
lowest salary in dept 10
DEPTNO MIN (SAL) EMPNO
10 1300 7934
20 800 7369
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ignore nulls extension

139



SQL> select empno, ename,

2 from

emp

3 order by sal;

sal, deptno

DEPTNO

MARTIN
MILLER
TURNER
ALLEN
CLARK
BLAKE
JONES
SCOTT
FORD
KING

20

30

40
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SQL> select empno, ename,

2

oW

EMPNO

sal, deptno,

last value (deptno IGNORE NULLS)
over (order by sal) as last dept

from emp
order by sal

ENAME

MARTIN
MILLER
TURNER
ALLEN
CLARK
BLAKE
JONES
SCOTT
FORD
KING

DEPTNO

20

30

40

LAST DEPT



SQL> select last dept, count(*)

2 from

3 ( select

4 last value(deptno ignore nulls)

5 over (order by sal) as last dept
6 from emp2

7T )

8 group by last dept;

LAST DEPT  COUNT (*)

30 6
20 4
40 1
10 3
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inverse analytics

143



recall

144



cume dist

145



SQL> select ename, sal,
2 100*cume _dist() over ( order by sal ) as pct
3 from emp
4 order by sal;

ENAME SAL PCT
SMITH 800 7.14
JAMES 950 14.29
ADAMS 1100 21.43
WARD 1250 35.71
MARTIN 1250 35.71
MILLER 1300 42 .86
TURNER 1500 50.00
ALLEN 1600 57.14
CLARK 2450 64.29
BLAKE 2850 71.43
JONES 2975 78.57
FORD 3000 92 .86
SCOTT 3000 92 .86
KING 5000 100.00
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"what is the 60" percentile
salary ?”

147



SQL> select ename, sal,
2 100*cume _dist() over ( order by sal ) as pct
3 from emp
4 order by sal;

ENAME SAL PCT
SMITH 800 7.14
JAMES 950 14.29
ADAMS 1100 21.43
WARD 1250 35.71
MARTIN 1250 35.71
MILLER 1300 42 .86
TURNER 1500 50.00
ALLEN 1600 57.14
CLARK 2450 64.29
BLAKE 2850 71.43
JONES 2975 78.57
FORD 3000 92 .86
SCOTT 3000 92 .86
KING 5000 100.00
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SQL> select ename, sal,
2 100*cume _dist() over ( order by sal ) as pct
3 from emp
4 order by sal;

ENAME SAL PCT
SMITH 800 7.14
JAMES 950 14.29
ADAMS 1100 21.43
WARD 1250 35.71
MARTIN 1250 35.71
MILLER 1300 42 .86
TURNER 1500 50.00
ALLEN 1600 57.14
CLARK 2450 64.29
BLAKE 2850 71.43
JONES 2975 78.57
FORD 3000 92 .86
SCOTT 3000 92 .86
KING 5000 100.00
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"WTIHIN GROUP”

150



SQL> select
2 percentile disc(0.6)
within group
(order by sal) as dicrete pct,
percentile cont (0.6)
within group
(order by sal) as continuous_ pct

0 J o U & W

from emp;

DICRETE PCT CONTINUOUS PCT

151



classical problems
made simple
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“median salary for
each department?”’

153



SQL> select deptno, avg(distinct sal) median
2 from

3 (select cpl.deptno, cpl.sal
= from emp cpl, emp cp2
5 where cpl.deptno = cp2.deptno
6 group by cpl.deptno, cpl.sal
7 having sum(decode(cpl.sal, cp2.sal, 1, 0)) >=
8 abs (sum(sign(cpl.sal - cp2.sal))))
9 group by deptno
10 /
DEPTNO MEDIAN
10 3725
20 2975 huh?
30 1375
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SQL> select
2 deptno,
3 percentile cont(0.5)
= within group (order by sal) as median
5 from emp
© group by deptno;

SQL> select
2 deptno,
3 median (sal)
4 from emp
5 group by deptno;

DEPTNO MEDIAN (SAL)

10 3725
20 2975
30 1375
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hypothetical analytics
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" I was paid $3000,
where would I rank in
each department?”’

157



SQL> select
2 deptno,

3 rank (3000) within group
= ( order by sal ) as ranking
5 from emp
© group by deptno;
DEPTNO RANKING
10 2
20 4
30 7
40 2
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ratio to report

159



salary percentage
breakdown across employees”

160



SQL> select

2 empno,

3 ename,

4 sal,

5 100*ratio to report(sal) over () as pct
6 from emp;

EMPNO ENAME SAL PCT
7521 WARD 1250 4.69
7566 JONES 2975 11.17
7654 MARTIN 1250 4.69
7698 BLAKE 2850 10.70
7782 CLARK 2450 9.20
7788 SCOTT 3000 11.27
7839 KING 5000 18.78
7844 TURNER 1500 5.63
7876 ADAMS 1100 4.13
7900 JAMES 950 3.57
7902 FORD 3000 11.27
7934 MILLER 1300 4.88

161



partitioned outer join

not really analytic ?



SQL> select * from bookings;
HR ROOM WHO
8 Room?2 PETE
9 Rooml JOHN
11 Rooml MIKE
o .
14 Room? JTLL SQL> select from hrs;
15 Room?2 JANE
HR
16 Rooml SAM i
8
9
10
11
12
13
14
15
16




bookings by hour

(conventional outer join)

164



SQL> SELECT hrs.hr, tl.room, tl.who
2 from hrs, bookings tl
3 where hrs.hr = tl.hr(+)

HR ROOM WHO
8 Room?2 PETE
9 Rooml JOHN

10

11 Rooml MIKE

12

13

14 Room2 JILL

15 Room2 JANE

16 Rooml SAM

165



room occupancy

(partitioned outer join)

166



SQL> SELECT hrs.hr,

2 FROM

3 PARTITION BY
4 RIGHT OUTER JOIN hrs ON (hrs.hr

tl.room, tl.who

bookings tl

(tl.room)

JOHN

MIKE

SAM
PETE

JILL
JANE

tl.hr);
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things to note

168



cannot be a predicate

169



SQL> select ename, deptno, sal
2 from emp

3 where
4 sum(sal) over
5 ( partition by deptno) > 10;

sum(sal) over
*

ERROR at line 4:
ORA-00934: group function is not allowed here
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inline view

171



SQL> select ename, deptno, sal
2 from (
select ename, deptno, sal,
sum(sal) over
( partition by deptno) as deptsal
from emp

)
where deptsal > 10;

o J o O > W
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careful with views..

173



indexed column

create view RANKED ACCOUNTS as
select account num,

customer name,

acct type code,

rank () over ( order by gross sales ) as seq
from ACCOUNTS;

174



SQL> select * from RANKED ACCOUNTS

2 where ACCOUNT NUM = 12345

| Id | Operation | Name |
| 0O | SELECT STATEMENT | |
| 1| VIEW | RANKED ACCOUNTS |
| 2 | WINDOW SORT | I
| 3 | TABLE ACCESS FULL| ACCOUNTS |

175



a, more holistic view

176



question

solution

177



frequent itemsets

178



SQL> select DEMO
2 from DEMOGRAPHIC;

SQL> select SEX
2 from GENDER;

DE

(@] ¢! SE SQL> select CEREAL NAME
Te 2 from BRANDS ;

Ad

Ma
Fe
Un

CEREAL NAME

CornFlakes
Weetbix
CocoPops
FrootLoops
NutriGrain
AllBran
SultanaBran
Porridge
JustRight
Rice Bubbles




SQL> desc BREAKFAST FOOD

CUST ID
DEMOGRAPHIC
GENDER
BRAND
RATING

NUMBER (3

VARCHARZ
VARCHARZ
VARCHARZ

8)
2
2
2
VARCHAR2 (2

0
0
0
0

~— S’ N’ S

(
(
(
(
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SQL> select *
2 from BREAKFAST_FOOD;

O J o U b w N

= e
N — O W

DEMOGRAPHIC
Child
Teenager
Child
Adult
Child
Adult
Child
Child
Teenager
Child
Teenager
Child

GENDER

Male
Female
Male
Female
Male
Male
Female
Female
Male
Female
Male
Male

Weetbix
AllBran
FrootLoops
AllBran
Weetbix
FrootLoops
SultanaBran
Weetbix
Weetbix
NutriGrain
Rice Bubbles
CornFlakes

RATING

181



SQL> create view CUSTOMER ATTRIBUTES as

2

O J o O b W

9
10
11
12
13

SELECT cust 1id, demographic
FROM breakfast food
UNION ALL

SELECT cust 1id, brand
FROM breakfast food
UNION ALL

SELECT cust id, rating
FROM breakfast food
UNION ALL

SELECT cust 1id, gender
FROM breakfast food
/

View created.

182



SQL> create or replace type VC LIST
2 as table of varchar2 (30);
3/

Type created.

183



SQL> SELECT

% CAST (itemset as vc list) itemset

3 , round (100*support/total tranx,2) pct

4 FROM

5 TABLE(DBMS_FREQUENT_ITEMSET.FI_TRANSACTIONAL

6 ( cursor

7 ( SELECT * FROM CUSTOMER ATTRIBUTES )
8 , 0.03 -- threshold

9 , 3
10 , 4
11 , cursor
12 (SELECT cereal name FROM brands)
13 , NULL
14
15 )

16 order by 2 desc
17 /

184



ITEMSET PCT

VC_LIST('AllBran', 'Child', 'Hate') 6.27
VC LIST('AllBran', 'Hate', 'Male') 4.65
VC LIST('Child', 'Hate', 'JustRight') 4.40
VC LIST('CornFlakes', 'Hate', 'Male') 4.27
VC LIST('AllBran', 'Child', 'Male') 4.20
VC LIST('Child', 'Hate', 'SultanaBran') 4.15
VC LIST('Adult', 'FrootLoops', 'Hate') 4.12
VC LIST('Child', 'CornFlakes', 'Hate') 4.06
VC LIST('Child', 'Hate', 'Weetbix') 4.04
VC LIST('Adult', 'CocoPops', 'Hate') 3.81
VC_LIST('AllBran', 'Child', 'Hate', 'Male') 3.78
VC_LIST('Adult', 'Al1Bran', 'Love') 3.75
[snip]

28 rows selected.
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“what will my child like
for breakfast that is not CocoPops”

186



SQL> SELECT CAST (itemset as vc list) itemset

2 FROM

3 table ( DBMS FREQUENT ITEMSET.FI TRANSACTIONAL

4 ( cursor

5 ( SELECT * FROM CUSTOMER ATTRIBUTES )
6 , 0.03 == threshold

7 , 3

8 , 4

9 , Ccursor
10 (SELECT cereal name FROM brands)
11 , NULL) )

12 where 'Child' member of itemset
13 and 'CocoPops' not member of itemset

14 and 'Love' member of itemset
15 /

ITEMSET

VC _LIST('Child', 'FrootLoops', 'Love')
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wrap up

188






analytics

190






less code

192
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