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ABSTRACT

In a time-versioned storage mechanlism, data 1s stored as a
plurality of records, each 1ncluding at least one attribute,
a time span indilicating the time span for which the attribute

1s valid, an 1nsertion time 1ndicating when the record was

created, and a type field. The type field i1ndicates whether

the record 1s a concrete record, a delta record that possibly
modifies the attribute value of a previous concrete or delta
record, or an archive record replaclng one or more records
that have been archived. The data 1s accessed to find an

F

attribute value from the point of view of a specified

viewpolnt time, by retrieving only records wlith 1nsertion

times not later than said viewpolnt time, and constructing an

attribute value from the retrieved records. The data 1is
updated only by adding concrete records or delta records,
without modifying attribute values 1n the concrete records or

delta records.
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TIME-VERSTIONED DATA STORAGE MECHANISM

Background to the Invention

This invention relates to a time-versioned data storage

mechanism.

In conventional data storage mechanisms (such as relational

databases for example), queries to the data storage mechanism

will return results that reflect the current state of the

data, at the date on which it was last updated. Also,
exlsting versioning systems are based on the premise that

changes are always made to the current state and that changes

1n the past or future are not supported.

However, 1t would be desirable to be able to view the state

P

of the data from any selected point in time. It would also

pe desirable to be able to make changes to the past or future
states of the system, not just to the current state.
However, conventional data storage mechanisms do not have

these capabilities.

The object of the present invention is to provide a novel

data storage mechanism that supports the ability to view the

state of the data from any selected point in time.

summary of the Invention

According to the invention data processing apparatus

comprises means for storing a plurality of records, each

record 1including:
(a) at least one attribute:

() a time span indicating the time span for which the

attribute is wvalid;
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(Cc) an 1insertion time indicating when the record was created;

and

(d) a type field, indicating whether the record is a concrete
record, or a delta record that possibly modifies the

attribute value of a previous concrete or delta record.

Brief Description of the Drawings

Figure 1 is a block diagram of a data processing apparatus

embodylng the invention.

Figure 2 is a flow chart showing a database update function.

Figure 3 shows examples of the operation of the database

update function.

Figure 4 is a flow chart showing a database read function.

P

Figure 5 1s a diagram illustrating the operation of the

database read function.

Description of an Embodiment of the Invention

One data processing apparatus including a time-versioned data

storage mechanlism 1in accordance with the invention will now

P

be described by way of example with reference to the

accompanyling drawings.

The data storage mechanism supports a time-versioned view of

the objects. Central to this is the ability to view the

state of objects from any particular point in time,
supporting queries such as “what would the result of an
evaluation have been if performed in 1960?” There are two

main concepts:
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1) View point time, Ty. This is the point in time from which

the state 1s being viewed.

2) Target time span, [Ts,Tz]. This is the time span over which

the data 1s required.

For example, 1f [Ts,Tg] and Ty were all “1/1/1960”, this would
represent the state of the system exactly as of 1960. If Ty
was 1/1/1995 and [Ts,Tg] were both 1/1/1960 then this would
represent the state of the system as of 1960 but including

any changes that had been made to the 1960 state up until
1995 (e.g. to fix errors in the 1960 state). Note that it

can also be sensible to discuss future object state, for

example where one has been informed of the fact that “from

1/1/1999 X will be living at Y”.

To support the above behaviour it is necessary to ensure that

all modifications to object state are associated with the

time that they were made and with the time they apply for,

and that no information is ever lost in the modification

process.

 hiad gt

Also of practical concern is the cost of the approach, both

1n terms of storage required to maintain time-versioned state
(both on-line and archived) and the process costs involved in
pbuilding a particular view of an object's state from the

stored data. The following discussion assumes that:

1) The normal pattern of use of object state will be “the

current state” as opposed to state in the past or future.

The current state will normally exist “from now onwards”,

as opposed to “from now until X”.

2) The normal pattern of update will be changes to the current

state as opposed to changes to the past or future state.
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Changes will normally apply “from now onwards”, as opposed

to “ftrom now until X”.

3) That an archiving approach will be required for data older

than a certain age.

Overview of the system

Referring to Figure 1, the apparatus comprises a computer
system 10, which includes a database 11, and a client
application 12 which accesses the data in the database. The
client accesses the database by way of an update function 13,
and a read function 14. The apparatus also includes an

archive store 15.

Database

The database comprises a large number of records (or rows),

each of which comprises the following fields (or columns):

UniquelID: This identifies the object to which the record
relates. For example, it may identify a particular person,

such as a customer or employee.

Attributes: One or more attributes of the object to which the

record relates. For example, a record may contain attributes

representing a person's name, salary, date of birth, and so

on. It may also contain special values representing “none”
(lndicating that it is known no value exlsts) and “unknown”
(lndicating that it is not known whether or not a value

exlsts).

StartTime: The start of the time span for which the data in

this record is defined.
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EndTime: The end of the time span for which the data in this

record 1s defined.

InsertTime: The date on which this record was created.

Type: The record type. This may have one of three values:

"concrete", "delta", and "archive™.

In the present example, StartTime, EndTime, and InsertTime

are defined in a simple date format (dd/mm/yyyy). Special

date values “top” and “bottom” are reserved to denote

hypothetical maximum and minimum dates.

A “concrete” record is a record that denotes the attribute
values of the object over the specified time span. The
StartTime value in the concrete record is non-inclusive: that
1s, 1t 1is one day before the real start of the time span.

The EndTime field, on the other hand, is inclusive: it is

equal to the actual end of the time span. The effect of this

1s that, for adjacent concrete records, the EndTime of one

record 1s equal to the StartTime of the next.

A “delta” record is a record that captures a (non-proper)
subset of attribute values, normally with respect to an
exlsting concrete record and potentially other delta records.

Field entries for unaffected attributes have the value

"unused”. Unlike the “concrete” records, the StartTime for =

d

“delta” record is i1nclusive.

An “archive” record indicates that any values with insertion
time up to and including a specified archive point time Ta

have been archived. If access to these values is requlred

the archive store will need to be consulted.

MEVIMF A M PRI AL 1 A M A A B0 i hmemiT 2L tEa el taa] ep. s SRboiedWmg) Kaed To LI dmE




CA 02278822 1999-07-26

_6-

For clarity, the UniquelID fields have been omitted in the
following discussion and figures, and it has been assumed

that each object contains just a single attribute value.

Updating the Database

In the following discussion of the update function the start

times of all concrete records referred to are the actual
start times, not the recorded start times (which are one less
than the actual). This is to aid understanding; the logical

algorithm is unaffected.

The database update function is shown in Figure 2. It is
assumed that 1t 1s required to update a particular attribute

with a new value Y for the target time span [Tg, Tg].

(Step 21) The update function first uses the database read
function described below (Steps 41, 42, 44 and 45 only), over
time span [Ts,Te], with Ty set to “current time”. This will
return zero or more concrete records. The interesting value

1s the latest concrete record C;, which is assumed to have

attribute value X and time span [Tsrarr, Texp] . If no such

exlsting concrete record is found, this implies that the

update 1s being applied to a time prior to the creation of

the attribute.

(Step 22) If no existing concrete record was found, or i1f the
time span of this existing record does not run to “top”, the
update 1s performed by creating a single delta record having

attribute value Y and time span [Ts, Tg].

Otherwise, the situation is more complex, depending on the
relation between the target time span [Ts,Tz] and the critical

point Tgrarr, as will now be described.
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The following description will be illustrated with reference
to Figures 3A to 3F. Note that in these figures the values
stored for concrete record start times are one less than the

actual start times.

Figure 3A shows an existing concrete record, having value X,
and time span [06/06/1996,top]. (It will be recalled that
the StartTime of a concrete record is non-inclusive and so
the real start of the time span for each concrete record is

actually one day after the StartTime value in that concrete

record). The critical point Tgrarr is therefore 06/06/1996 in

thlis example. Figures 3B to 3F show the result of updating

this existing record with a new value Y for various target

time spans [Ts, Tg].

(Step 23) If the target time span [Ts,Tg] lies wholly before
the critical point Tgrarr, the update is performed by creating

a single delta record having attribute value Y and time span

[Ts, Tg] . For example, Figure 3B shows the case where the

target time span is [04/04/1994,05/05/1995].

(Step 24) If the target time span [Ts,Te] lies after the

critical point Tgsrarr, and extends to “top”, the update 1is

performed by creating a single concrete record having

attribute value Y and time span [Ts,top]. The EndTime value

Of the existing concrete record is changed to Ts-1. For

example, Figure 3C shows the case where the target time span
is [07/07/1997,top].

(Step 25) If the target time span [Ts,Te] lies after the
critical point Tsrarr, but does not extend to “top”, the update
1s performed by creating a first concrete record having
attribute value Y and time span [Ts,Te], and a second concrete

record having attribute value X and time span [Tg+l,top]. The

EndTime value of the existing concrete record is changed to
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Ts-1. For example, Figure 3D shows the case where the target
time span is [07/07/1997,08/08/1998].

(Step 260) If the target time span [Ts,Tz] starts at or before
the critical point Tsrarr, and extends to “top”, the update 1is
performed by creating a concrete record having attribute

value Y and time span [Tsrarr+l,top], and a delta record having

attribute value Y and time span [Ts, Terarr]. The EndTime value
of the existing concrete record is changed to Tsrare. FOr

example, Figure 3E shows the case where the target time span
1s [05/05/1995, top].

(Step 27) Otherwise, the target time span [Ts, Tg] spans the

critical point Tsrarr, but does not extend to “top”. In this

case, the update is performed by creating a concrete record
having attribute value X and time span [ Tg+1,top], and a delta
record having attribute value Y and time span [Ts,Twz]. The
EndTime value of the existing concrete record is changed to

Te. For example, Figure 3F shows the case where the target
time span is [05/05/1995,07/07/1997]7.

Note that 1in all cases where an existing record is updated,

the update is restricted to changing the EndTime value of
that record. This only ever happens to concrete records, and
when 1t does it is always a change from “top” to a lower
value Tx. Note also that a new concrete record is always

created over the time span [Tx+1, top].

A value can be deleted by updating the record as described,

inserting the special “none” value in the appropriate field.

It can be seen that, with this update process, information is
never lost during an update to the database. New data is
recorded 1n such a way that it is possible to deduce that the

new data supersedes the old data.
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Creation

The creation of an attribute with value Y for the target time

span [Ts,Tg] 1s equivalent to an update of a hypothetical

concrete record, “unknown” [bottom-1,top], in place of

X[Tsrarr, Tenp] (i.e. C; ) in the description of the update

function above. This results in execution of either step 24
or 25, which produces either one or two concrete records.

The change to Tgyp of the hypothetical record is lgnored.

Accessing the database

Figure 4 shows the database read function. This finds the

P
p—

value o]

an attribute for a specified time span [Ts,Ter] from

the point of view of time Ty.

InsertTime <= Ty and
EndTime >= Ts and

StartTime <= Tg.

This will return zero or more concrete or archive records,

and zero or more delta records. The retrieved records are

then processed as follows. (It will be appreciated that the

processing described below with reference to Steps 42-47 is

performed on retrieved copies of the records; the original

stored records are not changed).

(Step 42) If an archive record is found, the archive store 15

1s consulted, and the record is replaced with the
corresponding records from the archive store. This process

1s repeated recursively until there are no more archive

records that need unpacking.
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(Step 43 If the end time Tz of the last concrete record is not

“top”, 1t is now set to “top”. (The update that changed this
record’'s end time to be other than “top” must have occurred

later than Ty and so does not need to be considered).

(Step 44) If the start time of the last concrete record 1s

equal to Tg, this record is discarded.

(Step 45) The start times of all remalining concrete records

are 1incremented by 1 to give an inclusive start time.

(Step 46) Any delta records retrieved are sorted into

descending insertion time order.

(Step 47) The records are then processed by scanning the time
range 1n increasing time order and, for each point in time,
taking the record with the latest InsertTime and reading off

its value.

This process can be visualised as stacking the delta records

on top of the underlying contiguous concrete records, and

then reading the values off by looking down at the values

from above and taking the first value encountered. (Note
there are never any concrete records with insertion times
later than or equal to those of the delta records over the
same period). If there are time periods for which neither a
concrete nor a delta record applies, the value for this

period 1s “unknown”.

For example, Figure 5 shows a sequence of concrete records

Cl, C2, and delta records D1, D2, D3. Time spans are

represented along the horizontal axis, and insertion times

along the vertical axis. It can be seen that, in this

example, the read function returns the following sequence of

values:
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[t1l,t2-1]
[ t2,t3-1]
[£3,t5-1]
L[ t5,t7]

[t7+1,t8]

ng

ng permits old parts of object state to be stored in

ne or offline storage to minimise the storage

requirements of the main object store.

Archivi
which 1

the dat

ng 1s implemented by means of an archiving process,

S run periodically. The archiving process scans all

abase, to find records with an insertion time and end

time earlier than or equal to a specified archive polnt time
I'a. Each of these records is written into the archive store
15, and they are replaced Py a single archive record in the

database 11.

The archive record contains the following fields:

InsertTime = "bottom"

StartTime = "bottom"

EndTime = T,

Attribute = an archive reference that points to the

location of the archived records 1n the archive store.

This process can be applied repeatedly with archive records

themselves being archived.

1t should be noted that the archiving process does not remove

delta records that may apply to the archive period but were

written

after the archive point.
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Some possible modifications

It will be appreciated that many modifications may be made tO

the system described above without departing from the scope

—
p—

of the present invention.

For example, when reading data the values can be returned
incrementally over time, starting with the most recent
values. The most significant advantage with this approach 1s

that the unpacking of archive data can be delayed until

absolutely necessary. If the client of the data decides that

g

only a subset of [Ts,Tg] 1is requlred then this can result 1in

significant savings.

The approach taken with concrete records, where theilr
recorded start time is one less than the real start time, can
be changed to use the real start time. The impact of this

F

would be that when reading records one extra unit of time

would have to be considered, with the potential of also
finding unwanted delta records as well as the extra concrete
record. (This could be avoided by extending the query logic

but the added cost of this would be incurred in all reads).

Concrete records could be done away with altogether and pure
delta records utilised. This would reduce the storage
required by the system but would increase the processing cost

of assembling object state and complicate archiving.
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CLAIMS

1. Data processing apparatus comprising: means for storing a
plurality of records, each record including:

(a) at least one attribute;

(b) a time span i1ndicating the time span for which the

attribute 1s wvalid;

(c) an 1nsertion time indicating when the record was created;

and

(d) a type field, indicating whether the record is a concrete

record, or a delta record that possibly modifies the

attribute value of a previous concrete or delta record.

2. Data processing apparatus according to Claim 1 including

N

means for finding an attribute value from the point of view

of a specified viewpolnt time, by retrieving only records

wlith 1nsertion times not later than said viewpoint time, and

constructing an attribute value from the retrieved records.

3. Data processing apparatus according to Claim 1 including

an updating mechanism for updating the records only by adding

concrete records or delta records, without modifying

attribute values 1n the concrete records or delta records.

4. Data processing apparatus according to Claim 3 wherein

the updating mechanism performs different actions according

o=

to the time relationship of the time span of the updated

value relative to the start time of the latest concrete

record relevant to the value to be updated.

>. Data processing apparatus according to Claim 1 wherein
the type field also indicates whether the record is an

archive record, replacing one or more records that have been

transferred to an archive store.
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6. A data processing method comprising storing a plurality
of records, each record including:

(a) at least one attribute;

(b) a time span 1indicating the time span for which the
attribute is valid;

(c) an 1nsertilon time indicating when the record was created:
and

(d) a type field, indicating whether the record is a concrete

record, or a delta record that possibly modifies the

attribute value of a previous concrete or delta record.

/. A data processing method according to Claim 6 including
the step of finding an attribute value from the point of view
0f a specified viewpolnt time, by retrieving only records

wlth 1nsertion times not later than said viewpoint time, and

constructing an attribute value from the retrieved records.

3. A data processing method according to Claim 6 including

the step of updating the records only by adding concrete

records or delta records, without modifying attribute values

1n the concrete records or delta records.

9. A data processing method according to Claim 6, including

—
p—

the step of performing different actions according to the

time relationship of the time span of the updated value
relative to the start time of the latest concrete record

relevant to the value to be updated.

10. A data processing method according to Claim 6 including
the step of replacing one or more records that have been

transferred to an archive store with an archive record.
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11. A data carrier including a computer program for

performing a data processing method comprising storing a

plurality of records, each record including:

(a) at least one attribute;

(b) a time span indicating the time span for which the

attribute is wvalid;

(c) an 1insertion time indicating when the record was created:;

and

(d) a type field, 1indicating whether the record is a concrete

record, or a delta record that possibly modifies the

attribute value of a previous concrete or delta record.
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FIG. 3A
Existing data - Critical point = 06/06/1996

Attribute StartTime EndTime InsertTime Type
05/06/1996 | tor 01/01/1997 | concrete

FIG. 3B
Upaate Y, [04/04/1994, 05/05/1995] - Before critical point

Attribute StartTime | EndTime

X 05/06/1996 | tor 01/01/1997 | concrete
04/04/1994 | 05/05/1995 |01/01/1998 | delta

FIG. 3C
Update Y, [07/07/1997, top] - After critical point, to tor

Attribute StartTime EndTime InsertTime | Type
X 05/06/1996 | 06/07/1997 | 01/01/1997 | concrete
Y 06/07/1997 | top 01/01/1998 | concrete
FIG. 3D
Update Y, [07/07/1997, 08/08/1998] - After critical point, not to tor

StartTime | EndTime InsertTime
X 05/06/1996 | 06/07/1997 |01/01/1997
01/01/1998 | concrete
to 01/01/1998 | concrete

FIG. 3E
Update Y, [05/05/1995, top] - Spanning critical point, to tog

Attribute StartTime EndTime InsertTime Type

05/06/1996 | 06/06/1996 |01/01/1997 | concrete
Y 06/06/1996 | tor 01/01/1998 [ concrete
Y 05/05/1995 | 06/06/1996 |[01/01/1998 |delta

FIG. 3F
Update Y,[05/05/1995, 07/07/1997] - Spanning critical point, not to tog

Attribute StartTime InsertTime | Type

X 05/06/1996 | 07/07/1997 |01/01/1997 | concrete
X 07/07/1997 |top 01/01/1998 | concrete
05/05/1995 | 07/07/1997 | 01/01/1998
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READ [Ts, Te ], Ty

.

RETRIEVE ALL RECORDS WITH

InsertTime <= T\, AND 41
EndTime >= T5 AND -
StartTime <= T¢

REPLACE ARCHIVE RECORDS | 42

IF END TIME OF LAST CONCRETE 43
RECORD IS NOT “top”, SET IT TO “top”
IF START TIME OF LAST CONCRETE | 44

RECORD IS Tg, DISCARD IT ~
- N

INCREMENT START TIMES OF ALL 45
REMAINING CONCRETE RECORDS
SORT DELTA RECORDS INTO _-46

DESCENDING INSERTION TIME ORDER

READ OFF VALUES FROM RECORDS | _47

FIG. 4
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INSERT
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D1
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