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PhonelD Call_timest Duration| Cost | Store_timest_start Store_time_end
02-123-678 |2012-01-01-10.00.00 124| 3.2|2012-02-01-03.02.10 |2012-02-01-03.02.10

02-123-678|2012-01-01-10.00.00 124| 2.3|2012-02-01-03.02.10 [9999-12-31-24.00.00




Time-varying data: Additional Examples
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PROD _ID| PRICE VAT VALID FROM_DATE VALID TO DATE
Pl 325 21% 02-gen-12 29-feb-12
Pl 299 21% 29-feb-12 31-dic-99
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PHONE_NR CUST_ID BUS_STA DT BUS_END_DT ¥ SYS_END_DT
02-444-111 C. Rossi . 31.12.9999 . 31.12.9999

PHONE_NR CUST_ID BUS_STA DT BUS_END DT SYS_STA DT SYS END_DT
02-444-111 C. Rossi 01.01.2000 31.12.9999 01.01.2000 24.08.2001
02-444-111 C. Rossi 01.01.2000 20.08.2001 24.08.2001 31.12.9999

02-444-111 A. Bianchi  20.08.2001 31.12.9999 24.08.2001  31.12.9999

Time in the Real World and System Time
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Time-varying data is pervasive

+ (&$
((
(
3 # & #o|
(&
/

( # (&

0 "AB

Bi-temporal Relations: Entity Integrity
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PHONE_NR CUST_ID BUS_STA_DT BUS_END_DT SYS_STA DT SYS_END_DT
02-444-111 C. Rossi 01.01.2000 31.12.9999 01.01.2000 24.08.2001

02-444-111 C. Rossi 01.01.2000 20.08.2001 24.08.2001  31.12.9999
02-444-111 A. Bianchi  20.08.2001 31.12.9999 24.08.2001  31.12.9999

Duplicates exist when
Same Natural Key (Phone Nr) AND ...
Overlapping Business Time periods AND ...
Overlapping System Time periods
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Preliminary Findings - 2




Bi-Temporal Relations: Graphical Representation implified)
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Inserting Records into a “Bi-temporal Relation”
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Updating Records in a “Bi-temporal Relation” -1

Updating Records in a “Bi-temporal Relation - 2
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Updating Bi-Temporal DM: considerations
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Temporal Data Support
in SQL:2011
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Temporal Feature 15t Attempt: 1995-2001
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Temporal Feature 2nd Attempt: 2008-2011
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Temporal Data

T181 - Application-time period tables (1 of 2)
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T181 - Application-time period tables (2 of 2)
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Creating an application-time period table

CREATE TABLE employees
(emp_name VARCHAR(50) NOT NULL,
dept_id VARCHAR(10),
start_date DATE NOT NULL,
end_date DATE NOT NULL,
PERIOD FOR emp_period (start_date,
end_date),
PRIMARY KEY (emp_name, emp_period
WITHOUT OVERLAPS),
FOREIGN KEY (dept_id, PERIOD emp_period)
REFERENCES departments (dept_id,
PERIOD dept_period));




T180 - System-versioned tables
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Creating a System-versioned tables

CREATE TABLE employees
(emp_name VARCHAR(50) NOT NULL,
dept_id VARCHAR(10),
system_start TIMESTAMP(6) GENERATED
ALWAYS AS ROW START,
system_end TIMESTAMP(6) GENERATED
ALWAYS AS ROW END,
PERIOD FOR SYSTEM_TIME (system_start,
system_end),
PRIMARY KEY (emp_name),
FOREIGN KEY (dept_id) REFERENCES
departments (dept_id);
WITH SYSTEM VERSIONING;




Four Different Types of Tables

APPLICATION TIME PERIOD

SYSTEM TIME PERIOD

NO

YES

NO

Non Temporal

Application Time Period Table

System Versioned Application

YES System Versioned Table Time Period Table
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Temporal Data Support
in DB2 10




Temporal Data in DB2
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Temporal Data Support: System Time
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DB2 10: System Time Support
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System Time Support: Example
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CREATE TABLE SYS_INTEREST_RATE
(TYPE CHAR(6) NOT NULL
, CUST_SEGMENT CHAR(12) NOT NULL
. INTEREST_RATE DECIMAL(5,2) NOT NULL
,SYS_BEGIN TIMESTAMP(12) NOT NULL
GENERATED AS ROW BEGIN
,SYS_END  TIMESTAMP(12) NOT NULL
GENERATED AS ROW END
PERIOD  SYSTEM_TIME(SYS_BEGIN, SYS_END)

, TRANS_ID  TIMESTAMP(12) NOT NULL

GENERATED ALWAYS AS TRANSACTION START ID) ;

0 C_&

CREATE TABLE SYS_INTEREST_RATE_HISTORY LIKE
SYS_INTEREST RATE;

) & | I (

ALTER TABLE SYS_INTEREST_RATE ADD VERSIONING

USE HISTORY TABLE SYS_INTEREST_RATE_HISTORY;




System Time Support: Example (cont.)
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INSERT INTO SYS_INTEREST_RATE
("TYPE", CUST_SEGMENT, INTEREST_RATE)
VALUES ('DEBIT', 'VIP', 5.32) ;

INSERT INTO SYS_INTEREST_RATE
("TYPE", CUST_SEGMENT, INTEREST_RATE)
VALUES ('CREDIT', 'VIP', 1.03) ;

R S+,)=) S=')

CUST

TYPE |SEGMENT

SYS
BEGIN

5YS
END

TRANS
1D

DEBIT [VIP

2011-09-21-15.10.00.545719

9999-12-31-24.00.00.000000

2011-05-21-15.10.00.545719

CREDIT [VIP

2011-09-21-15.10.16.425539

9999-12-31-24.00.00.000000

2011-09-21-15.10.16.425539
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System Time Support: Example (cont.)
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CUST  |INTEREST|sYS %3 TRANS
= |TYPE |SEGMENT BEGIN END D
I [oesir [vie 5,32|2011-09-21-15.10.00.549719 |9999-12-31-24.00.00.000000 |2011-09-21-15.10.00.549719
8 |crenilvie 1,032011-09-21-15.10.16.425539 |9999-12-31-24.00.00.000000 [2011-09-21-15.10.16.425539
o CUST  |INTEREST|[sYS sYs TRANS
" |rvee  |secment BEGIN END D
+
M >/")
UPDATE SYS_INTEREST_RATE
SET INTEREST_RATE = INTEREST_RATE + 0.12
WHERE TYPE ="'CREDIT'
AND CUST SEGMENT = 'VIP',
CUST  |INTEREST|sYS %3 TRANS
= |TYPE |SEGMENT BEGIN END D
I [oesiT [vie 5,32|2011-09-21-15.10.00.549719 |9999-12-31-24.00.00.000000 |2011-09-21-15.10.00.549719
8 [crenir|vip 1,15(2011-09-21-15.56.26.342058 |9000-12-31-24.00.00.000000 |2011-09-21-15.56.26.342058

CUST

TYPE |SEGMENT

INTEREST (5YS

BEGIN

SYS
END

TRANS
1D

VIP

,0

3

2011-09-21-15.10.16.425539
=

2011-05-21-15.56.26.342558

2011-09-21-15.10.16.425539

ey T




System Time Support: Example (cont.)
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CUsST INTEREST (SYS SYS TRANS
TYPE |SEGMENT|RATE BEGIN END 1D
DEBIT [VIP 5,32|2011-09-21-15.10.00.549715 |9999-12-31-24.00.00.000000 |2011-05-21-15.10.00.545719
CREDIT [VIP 1,15(2011-09-21-15.56.26.342958 |9000-12-31-24.00.00.000000 (2011-09-21-15.56.26.342058
CuUsT INTEREST 5YS SYS TRANS
TYPE |SEGMENT|RATE BEGIN END 1D
CREDIT [VIP 1,03(2011-09-21-15.10.16.425539 |2011-09-21-15.56.26.342958 (2011-09-21-15.10.16.425539

M)))

12

DELETE FROM SYS_INTEREST_RATE
WHERE TYPE = ‘DEBIT'
AND CUST_SEGMENT = 'VIP";

1 —
E)=1 K &2
CUST INTEREST |5YS 5YS TRANS
TYPE SEGMENT|RATE BEGIN END (1]
CREDIT |VIP 1,15(2011-09-21-15.56.26.342958 |9999-12-31-24.00.00.000000 (2011-09-21-15.56.26.342958
CUST INTEREST |5YS 5YS TRANS
SEGMENT|RATE BEGIN END D
VIP 1,03|2011-09-21-15.10.16.425539 (2011-09-21-15.56.26.342958 (2011-09-21-15.10.16.425539
5,32(2011-09-21-15.10.00.549719 |2011-09-21-16.13.59.525322 (2011-09-21-15.10.00.549719

System Time Support: Example (cont.)

C+ =R 0>==),

CUsT INTEREST |5Y5 5Y5 TRANS
TYPE |SEGMENT|RATE BEGIN END 1D
CREDIT |VIP 1,15(2011-09-21-15.56.26.342958 |9900-12-31-24.00.00.000000 |2011-09-21-15.56.26.342058
CUST INTEREST |SYS 5YS TRANS
TYPE |SEGMENT|RATE BEGIN END 1D
CREDIT [VIP 1,03|2011-09-21-15.10.16.425539 |2011-09-21-15.56.26.342958 (2011-09-21-15.10.16.425539
DEBIT (VIR 3,32|2011-09-21-15.10.00.545719 |2011-09-21-16.13.59.525322 |2011-09-21-15.10.00.545719
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SELECT *
FROMSYS_INTEREST_RATE

FOR SYSTEM_TIME AS OF
TIMESTAMP '2011-09-21-16.00.00.000000'
WHERE CUST_SEGMENT = 'VIP'

&

CUST INTEREST (5YS 5YS TRANS
TYPE |SEGMENT|RATE BEGIN END 1D
CREDIT [VIP 1,15(2011-09-21-15.56.26.3425958 [9999-12-31-24.00.00.000000 |2011-09-21-15.56.26.342958

5,32

2011-09-21-15.10.00.545719

2011-09-21-16.13.59.525322

2011-09-21-15.10.00.543719

T




System Time Support: Example (cont.)

cusT INTEREST |5YS 5YS TRANS
7° |TYPE_|SEGMENT|RATE  |BEGIN END D
W |creDiT|vip 1,15/2011-09-21-15.56.26.342958 |0909-12-31-24.00.00.000000 |2011-09-21-15.56.26.342958
(<]
cusT INTEREST |SYS ' TRANS
@ |TYPE |SEGMENT|RATE __|BEGIN END D
4+ |creniT]vie 1,03/2011-09-21-15.10.16.425539 |2011-09-21-15.56.26.342958 |2011-09-21-15.10.16.425539
O |peeiT vip 5,32/2011-09-21-15.10.00.549719 |2011-09-21-16.13.59.525322 |2011-09-21-15.10.00.545719
M <&< G &9
3 < 6+/ 4

SELECT * FROM SYS_INTEREST_RATE
FOR SYSTEM_TIME FROM '2011-09-21-00.00.00.000000°

TO CURRENT TIMESTAMP

WHERE CUST_SEGMENT ="VIP';

&

CUST INTEREST |5YS SYS TRANS
TYPE |SEGMENT |RATE BEGIN END 1D
CREDIT |VIP 1,15)2011-09-21-15.56.26.342558 |9999-12-31-24.00.00.000000 |2011-09-21-15.56.26.342958

ViIP

1,03

2011-05-21-15.10.16.425539

2011-09-21-15.56.26.342958

2011-08-21-15.10.16.425539

VIP

5,32

2011-09-21-15.10.00.545719

2011-09-21-16.13.59.525322

2011-09-21-15.10.00.549719

Business Time Support: Example
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CREATE TABLE BUS_INTEREST_RATE

CHAR(6) NOT NULL

, CUST_SEGMENT CHAR(12) NOT NULL
, INTEREST_RATE DECIMAL(5,2) NOT NULL
, BUS_BEGIN_DATE DATE NOT NULL
, BUS_END_DATE DATE NOT NULL
RIOD

BUSINESS TIME
(BUS BEGIN DATE, BUS END DATE)

PRIMARY KEY(TYPE, CUST_SEGMENT,

BUSINESS_TIME WITHOUT OVERLAPB¥);

&L &

IXNAME COLNAME COLSEQ |ORDERING| PERIOD
BUS_INTE_£_NTH|TYPE 1A
CUST_SEGMENT 2|A
BUS_END_DATE 3/A C
BUS_BEGIN_DATE aa B




Business Time Support: Example (cont.)
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INSERT INTO BUS_INTEREST _RATE
("TYPE", CUST_SEGMENT, INTEREST_RATE,
BUS_BEGIN_DATE, BUS_END_DATE)
VALUES (DEBIT', 'VIP', 5.32,
'18.10.2011', '31.12.9999) ;

INSERT INTO BUS_INTEREST_RATE
("TYPE", CUST_SEGMENT, INTEREST_RATE,
BUS_BEGIN_DATE, BUS_EN)
VALUES ('CREDIT', 'VIP', 1.03,
'18.10.2011', '31.12.9999) ;

>S+,)=) S=')
CUST INTEREST (BUS BEGIN [BUS END
TYPE SEGMENT|RATE DATE DATE
DEBIT VIP 5,32|12011-10-18 |9999-12-31

CREDIT |VIP 1,02(2011-10-18)9999-12-31

Business Time Support: Example (cont.)

)E =) CUST INTEREST |BUS BEGIN |[BUS END
TYPE SEGMENT|RATE DATE DATE
DEBIT VIP 5,32|2011-10-18 |9999-12-31
CREDIT |VIP 1,03|2011-10-18 [9999-12-31
M >/')

UPDATE BUS_INTEREST_RATE
FOR PORTION OF BUSINESS_TIME FROM DATE '11.10.2012'
TO DATE '31.12.9999'
SET INTEREST_RATE = INTEREST_RATE + 0.12
WHERE TYPE ="'CREDIT';

E )E )= CUsT INTEREST [BUS BEGIN (BUS END
TYPE SEGMENT |RATE DATE DATE
DEBIT VIP 5,32|2011-10-18 [9999-12-31
CREDIT |VIP 1,15(2012-10-11 (9999-12-31
CREDIT |VIP 1,03(2011-10-18 (2012-10-11




BUSINES Time Support: Example (cont.)
)E =) CUST INTEREST |BUS BEGIN [BUS END
TYPE SEGMENT |RATE DATE DATE
DEBIT VIP 5,32|2011-10-18 |9999-12-31
CREDIT |VIP 1,15|2012-10-11 |9999-12-31
CREDIT |VIP 1,03|2011-10-18 |2012-10-11

M >/') 12

UPDATE BUS_INTEREST_RATE
FOR PORTION OF BUSINESS_TIME
FROM DATE '11.08.2012° TO DATE '31.12.2012'
SET INTEREST_RATE = 1.27
WHERE TYPE = 'CREDIT" ;

'E ): 'E )= CuUsT INTEREST [BUS BEGIN [BUS END
TYPE SEGMENT |RATE DATE DATE
CREDIT [VIP 1,03({2011-10-18 [2012-08-11
CREDIT [VIP 1,15({2012-08-11 [2012-10-11
CREDIT [VIP 1,27(2012-10-11 [2012-12-31
CREDIT [VIP 1,15({2012-12-31 [9993-12-31
DEBIT VIP 2,32|2011-10-18 [9993-12-31

Business Time Support: Example (cont.)

CUST INTEREST |BUS BEGIN |BUS END

TYPE SEGMENT |RATE DATE DATE
CREDIT VIP 1,03(2011-10-18 [2012-08-11
CREDIT VIP 1,15(2012-08-11 (2012-10-11
CREDIT VIP 1,27(2012-10-11 (2012-12-31
CREDIT VIP 1,15(2012-12-31 (9999-12-31
DEBIT VIP 5,32|2011-10-18 |9999-12-31

M <&< G &9

3 12 6+ 4

SELECT * FROM BUS_INTEREST_RATE
FOR BUSINESS_TIME AS OF DATE'2011-12-21"
WHERE CUST_SEGMENT = 'VIP;

& CUST INTEREST |[BUS BEGIN |BUS END
TYPE SEGMENT |RATE DATE DATE
CREDIT VIP 1,03(2011-10-18 [2012-08-11
DEBIT VIP 5,32(2011-10-18 (9999-12-31




BUSINES Time Support: Example (cont.)

BUS BUS
JE=) CUST  |INTEREST [BEGIN  |END
TYPE __ |SEGMENT|RATE _ |DATE DATE

CREDIT _|vIP 1,03[2011-10-18 [2012-08-11

CREDIT _|vIP 1,15[2012-08-11 [2012-10-11

CREDIT _|vIP 1,27|2012-10-11 [2012-12-31

CREDIT _|vIP 1,15|2012-12-31 [9999-12-21

DEBIT__|vIP 5,32[2011-10-18|9999-12-31

M))) 12

DELETE FROM BUS_INTEREST_RATE
FOR PORTION OF BUSINESS_TIME
FROM DATE '11.07.2012° AND DATE '11.11.2012'
WHERE TYPE = 'CREDIT" ;

'E)= 'E)=
CUST INTEREST |[BUS BEGIN |[BUS END
TYPE SEGMENT |RATE DATE DATE
CREDIT |VIP 1,03(2011-10-18 (2012-07-1
CREDIT |VIP 1,27(2012-11-11 (2012-12-3
CREDIT |VIP 1,15(2012-12-31 [9995-12-3
DEBIT VIP 5,32|2011-10-18 |9999-12-3

Bi-Temporal Support: Example

0 & ! I
CREATE TABLE INTEREST_RATE
(TYPE CHAR(6) NOT NULL

, CUST_SEGMENT CHAR(12) NOT NULL
, INTEREST_RATE DECIMAL(5,2) NOT NULL
., BUS_START_DATE DATE NOT NULL
, BUS_END_DATE DATE NOT NULL
, PERIOD BUSINESS TIME ( BUS START DATE
. BUS_END DATE )
,SYS_BEGIN  TIMESTAMP(12) NOT NULL
GENERATED AS ROW BEGIN
, SYS_END TIMESTAMP(12) NOT NULL
GENERATED AS ROW END
, PERIOD SYSTEM TIME( SYS_BEGIN, SYS_END)
,TRANS_ID  TIMESTAMP(12) NOT NULL
GENERATED ALWAYS AS TRANSACTION START ID) ;




Bi-Temporal Support: Example (cont.)

0 C &
CREATE TABLE INTEREST_RATE_HISTORY
(TYPE CHAR(6) NOT NULL

, CUST_SEGMENT CHAR(12) NOT NULL

, INTEREST_RATE DECIMAL(5,2) NOT NULL
, BUS_START_DATE DATE NOT NULL

, BUS_END_DATE DATE NOT NULL

, SYS_BEGIN TIMESTAMP(12) NOT NULL
, SYS_END TIMESTAMP(12) NOT NULL
, TRANS_ID TIMESTAMP(12) NOT NULL

)
# & nn o

CREATE TABLE INTEREST_RATE_HISTORY
LIKE INTEREST_RATE;

Bi-Temporal Support: Example (cont.)

) & ! I (

ALTER TABLE INTEREST_RATE
ADD VERSIONING USE HISTORY TABLE
INTEREST_RATE_HISTORY;

! N o< ((

ALTER TABLE INTEREST_RATE
ADD UNIQUE (TYPE, CUST_SEGMENT,
BUSINESS_TIME WITHOUT OVERLAPH




Bi-Temporal Support: Example (cont.)

) & ! I (  (
ALTER TABLE INTEREST_RATE
ADD VERSIONING
USE HISTORY TABLE INTEREST_RATE_HISTORY,;

! < ((

ALTER TABLE INTEREST_RATE ADD UNIQUE
(TYPE, CUST_SEGMENT, BUSINESS_TIME WITHOUT OVERLAP}H

+ <
S pren

INSERT INTO PRIM893.INTEREST_RATE ("TYPE", CUST_SEG  MENT,
INTEREST_RATE, BUS_START_DATE, BUS_END_DATE)
VALUES (‘DEBIT', 'VIP', 5.32, DATE '11.08.2011°
, DATE '31.12.9999" ;

INSERT INTO PRIM893.INTEREST_RATE ("TYPE", CUST_SEG  MENT,
INTEREST_RATE, BUS_START_DATE, BUS_END_DATE)
VALUES (CREDIT, 'VIP', 1.03, DATE '11.08.2011"

, DATE '31.12.9999) ;

Querying Bi-Temporal

SELECT *
FROM INTEREST_RATE

FOR BUSINESS_TIME AS OF '31.08.2011"

ORDER BY 1;
BUS BUS
CUsT INTEREST |BEGIN END SYS SYS TRANS
TYPE |SEGMENT|RATE _ |DATE DATE BEGIN END D
CREDIT |vIP 1,03(2011-08-11 |9999-12-31 [2011-10-11-17.19.04 [9995-12-31-24.00.00 [2011-10-11-17.19.04
DEBIT |vIP 5,32|2011-08-11 [9599-12-31 [2011-10-11-17.19.04 |9995-12-31-24.00.00 [2011-10-11-17.19.04
, - RS)O+# RS), =S+ (




Updating Bi-Temporal Data

> 09)+ 7< ! mn
- LISID",

UPDATE INTEREST_RATEFOR PORTION OF BUSINESS_TIME
FROM '01.09.2011' TO '31.12.9999
SET INTEREST_RATE =1.99
WHERE TYPE ='CREDIT'
AND CUST_SEGMENT ='VIP';
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