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1 Introduction

In the last three worked example papers, we constructed a reference object 

ontology model for spatial patterns by re-engineering low-level three entity for-

mats. We now turn to the similar task of constructing a generalised reference 

objectontology model for temporal patterns. We do this by re-engineering the 

two low-level entity formats; bank holiday and weekend. Their re-engineering 

reveals temporal patterns that are very general and will be found in most sys-

tems. Now, that we are familiar with the steps in the re-engineering process, we 

focus on what is being re-engineered.

Figure  MW4–1                  
Two examples of 
temporal 
patterns

The spatial patterns that we re-engineered in the previous examples were rea-

sonably intuitive. The analysis can be seen as, in some ways, a clarification of our 

BANK

HOLIDAY
WEEKEND

TEMPORAL PATTERNSTEMPORAL PATTERNS

M W 4
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common-sense views of space. The re-engineering of time is different. The object 

paradigm offers such a radically different view of time and temporal patterns 

that our intuitions cannot give us any sensible guidance (as we saw when we 

examined its semantics in OP4—Business Object Ontology Paradigm). Even though 

the temporal model we re-engineer in this paper provides a good explanation of 

our everyday uses of temporal terms, the patterns themselves initially seem 

odd. This is a good sign; it is to be expected from a radical re-engineering.

2 Re-engineering an existing system’s bank holiday 
entity format

We start by re-engineering the bank holiday entity format. As usual we start by 

looking at some of the existing entities. Table MW4–1 gives us a Partial Bank Holi-

day Listing.

From this, we can deduce the entity format shown in Table MW4–2.

2.1  Bank holiday as a relational entity

Bank holiday is a relational entity type. It is derived from the entity types, coun-

try and day. It is not a pseudo entity type, such as the employee–project we dis-

cussed in OP1—Entity Ontology Paradigm (see its Figure OP1–25). Those were a 

Table MW4–1: Partial bank holiday listing

Country Code Date

UK 09-Apr-93

UK 03-May-93

US 18-Jan-93

US 16-Feb-93

US 31-May-93

Table MW4–2: Bank holidays entity format

Entity Type Attribute Type #1 Attribute Type #2

Bank holidays Country code Date
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workaround solution to the problem of handling many-to-many relational 

attribute types in the entity paradigm. Unlike them, bank holiday is real. We will 

confirm this when we see the object that it is transformed into. But, like the 

pseudo entity types, bank holiday’s two attribute types link it to the entity 

types from which it is derived (illustrated in ).

Figure  MW4–2                  
Bank holiday 
relational entity

When re-engineering a real or pseudo relational entity type, we follow a similar rule 

to re-engineering a relational attribute. We re-engineer the related entity types 

before we re-engineer the relational entity type. So here we re-engineer country 

and day before we re-engineer bank holiday. Country has already been re-engi-

neered in a previous example; so, we only need to re-engineer day.

3 Re-engineering day

Most computer systems do not have a day file (corresponding to the entity type 

shown in ) with a record (entity) for each day. In other words, the day (or date) 

entity is not usually found explicitly implemented in most computer systems. 

However, it is there, but implemented implicitly. The individual day entities are 
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deduced from the day code attributes of other entities. It can be thought of as 

an entity implemented as a process.

We need to re-engineer this implicit entity. The easiest way to do this is to con-

struct an explicit entity format for it and subject this to the standard re-engi-

neering procedure. Once the format is constructed, we can continue as usual. We 

familiarise ourselves with the entity format by looking at some examples of what 

we are going to re-engineer. Table Table MW4–3 gives us a partial day listing. 

From this, we deduce the entity format shown in Table MW4–4.

3.1  Re-engineering the day entity type sign

In this example, we only re-engineer the day entity type sign. We do not need to 

re-engineer its associated day code attribute type sign. If we were to re-engineer 

it, then it would fall under the naming pattern re-engineered in the previous 

papers. For the day entity type sign, we follow the second rule and re-engineer a 

couple of day entities before the day entity type.

We start with an individual day selected from Table MW4–3—9th April 1993. 

From an entity point of view, the sign refers to a period of time—a day. It starts 

just after midnight of the 8th April 1993 and continues until midnight 9th April 

1993. 

Table MW4–3: Partial day listing

Day Code

09-Apr-93

10-Apr-93

11-Apr-93

12-Apr-93

13-Apr-93

14-Apr-93

Table MW4–4: Day entity format

Entity Type Attribute Type #1

Day Day Code
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The examination of the object semantics of temporal patterns, in OP4—Business 

Object Ontology Paradigm, tells us what object this entity is transformed into. It is 

a temporal stage of the whole of space-time. It is every part of space-time for 

the period that starts just after midnight of the 8th April 1993 and continues 

until midnight 9th April 1993. Because it persists through time, it is a physical 

body. A space-time map of the object is given in Figure MW4–3, an object schema 

in Figure MW4–4. Other days can be re-engineered into similar patterns.

Figure  MW4–3                  
Space-time 
map for 9th 
April 1993

Figure  MW4–4                  
9th April 1993 
object schema

This is a very different way of seeing time, but we can translate the way we talk 

into it. We normally say ‘today is the 9th April’. This can be understood as ‘now is 

a temporal part of the four-dimensional object 9th April’. This is a mouthful and 

so not a practical alternative for everyday conversation.

00:00:01

9th APRIL 1993

24:00:00

9th APRIL 1993

SPACE-

TIME

9th

APRIL

1993

BODIES

9th

APRIL

1993
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3.1.1  Re-engineering the entity type sign

We follow the normal re-engineering pattern. The entity type sign is re-engineered 

into the class of objects that the entity signs were re-engineered into. This gives 

us the class days. The members of this days class divide the four-dimensional 

space-time ‘sausage’ into regular day long slices. This is illustrated in the space-

time map in Figure MW4–5 and modelled in Figure MW4–6.

Figure  MW4–5                  
The days class

Figure  MW4–6                  
Days object 
schema

SPACE-

TIME

9th
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9th

APRIL

1993
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11th

APRIL

1993
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DAY
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3.2  Re-engineering other time periods

We can extrapolate this pattern to give an object-oriented view of other time 

periods, such as months and years. These divide the space-time ‘sausage’ into 

larger month and year long temporal slices (shown in the space-time map in Figure 

MW4–7). The smaller slices are temporal parts of the larger slices. So, in the 

object paradigm, a day is part of a month and a month part of a year in the same 

way as my hand is a part of my arm.

Figure  MW4–7                  
Year, month and 
day space-time 
Map

All three classes can be regarded as members of a calendar periods class (shown 

in the object schema in Figure MW4–8). This gives us one of the groups of basic 

temporal patterns we need for our temporal object model. The remainder of the 

re-engineering will give us the rest.

1993APRIL
SPACE-

TIME
9th
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Figure  MW4–8                  
Calendar 
periods object 
schema

4 Re-engineering bank holiday

Now that we have re-engineered country and day, we can re-engineer the derived 

relational entity, bank holidays.

4.1  Re-engineering the bank holiday entity type sign

We follow our rules and start with an entity, an individual bank holiday. Let’s start 

with the 9th April 1993 in the United Kingdom, the first entry in Table MW4–1. 

What does this refer to? From an entity point of view, it is a period of time—a 

day— that is a bank holiday in the United Kingdom. 

We know what this bank holiday’s related objects, United Kingdom and 9th April 

1993, are. These give us a clue to what the bank holiday object is. It is the inter-

section (overlap) of the two objects the United Kingdom and the 9th April—in 

other words, that bit of space-time that is part of both objects. This is illus-

YEARS

YEAR

1993 APRIL 9th

MONTHS

MONTH

DAYS

DAY

CALENDAR

PERIODS

THINGS

WHOLE-PART TUPLES
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trated in the space-time map in Figure MW4–9. This shows that the intersected 

bank holiday object is constructed from the other two objects.

Figure  MW4–9                  
United 
Kingdom’s 9th 
April bank 
holiday space-
time Map

We follow the standard pattern of re-engineering for the entity type sign. It 

re-engineers into the class of objects that its entity signs were re-engineered 

into; this is the bank holidays class. All the members of this class are logically 

dependent on the whole–part tuples that they have with members of the coun-

tries and days classes. This makes the members derived, but not the class itself. 

This is shown in the object schema in Figure MW4–10.

Figure  MW4–10                  
Bank holidays 
object schema
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UNITED
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DAYSCOUNTRY/BANK HOLIDAY
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Notice that the bank holiday’s connections to the intersecting objects are 

whole–part; they are structural connections between extensions. These define 

the individual bank holiday object and so we classify it as derived. The re-engineer-

ing of the other bank holidays follows the same pattern.

It may seem odd that a bank holiday is a physical object. But it gives a good expla-

nation of the way we talk. If we are travelling through a country on a bank holiday, 

we say, ‘it is a bank holiday here’. In object-oriented English, this translates into 

‘my here object is part of the bank holiday object’. If we were to travel straight 

onto the next country, we would say, ‘it is not a bank holiday here’. This translates 

as ‘my here object is not part of a bank holiday object’.

4.2  State of the object model for temporal patterns

This completes the re-engineering of the bank holiday entity formats. It has given 

us a reasonable foundation for the object model of temporal patterns. The calen-

dar periods are useful general patterns that can be re-used in most re-engineer-

ings. The bank holiday pattern is lower level, but still reasonably useful. It also 

links us in to the spatial patterns’ object model by way of countries. Later on in 

this paper, we will see how we can generalise this link up to geo-political areas.

5 Re-engineering an existing system’s weekend 
entity formats

We now turn to the re-engineering of the second example—the weekend entity 

format. We start, as usual, by looking at the existing entities; a partial list is 

given in Table MW4–5. 

Table MW4–5: Partial weekend listing

Country Indicators

Code Monday Tuesday Wednesday Thursday Friday Saturday Sunday

UK No No No No No Yes Yes

US No No No No No Yes Yes



MW4-11

BORO
5.1 Re-engineering the weekend entity type sign

Re-Engineering Time

From this, we get the entity format in Table MW4–6.

5.1  Re-engineering the weekend entity type sign

We follow the rules and pick an individual weekend entity sign to re-engineer—the 

United Kingdom (coded as UK) from the partial listing in Table MW4–5. This indi-

cates that the United Kingdom’s weekend is Saturday and Sunday. Even though 

Saturday and Sunday appear as individual entities in this system, they are entity 

types. Their entities are individual Saturdays and Sundays—such as the 6th and 

7th May 1995. This means that the United Kingdom entry we selected from Table 

MW4–5 is also an entity type with entities.

A partial listing of these entities—particular United Kingdom weekends—is 

given in Table MW4–7 . We start re-engineering at this level and work our way up to 

the selected entity sign. We select an example weekend—the 6th/7th May 

1995—to re-engineer.

Table MW4–6: Weekend entity format

Entity Type Weekend

Attribute Type #1 Country code

Attribute Type #2 Monday indicator

Attribute Type #3 Tuesday indicator

Attribute Type #4 Wednesday indicator

Attribute Type #5 Thursday indicator

Attribute Type #6 Friday indicator

Attribute Type #7 Saturday indicator

Attribute Type #8 Sunday indicator

Table MW4–7: Particular United Kingdom weekends 

partial listing

Weekends Dates Days

#101 6th/7th May 1995 Saturday/Sunday

#102 13th/14th May 1995 Saturday/Sunday

#103 20th/21st May 1995 Saturday/Sunday
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The particular weekends shown in Table MW4–7  have a similar pattern to bank hol-

idays. They are a particular period of two days in a particular country—the 

United Kingdom. They each contain a particular Saturday and a particular Sun-

day. This pattern of whole–part connections is shown in the space-time map in 

Figure MW4–11. All of the United Kingdom’s weekends share the same pattern.

Figure  MW4–11                  
United 
Kingdom’s 6th/
7th May 
weekend space-
time map

Figure  MW4–12                  
.United 
Kingdom’s 
weekends 
object schema

The particular Saturday—the 6th May 1995—belongs to the Saturdays class: 

the particular Sunday—the 7th May 1995—belongs to the Sundays class. We 

can generalise this pattern across all the days of the week. This gives us the 

object schema in Figure MW4–13. This is a useful addition to the temporal object 

model—this general group of objects is common in systems. If we want to, we can 

also add the sign for a weeks class to the model, where each week is the fusion of 

seven consecutive days, starting with a Monday. 

6th/7th MAY 1995
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UNITED
KINGDOM
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Figure  MW4–13                  
Days of the 
week

We are now ready to re-engineer the entity type sign. It is transformed into a 

class of classes, the country’s weekends class, which has, for instance, the 

U(nited) K(ingdom)’s weekends class as a member. The UK weekends class’s 

tuples are generalised into tuples classes (shown in Figure MW4–14). This is simi-

lar to the naming tuples’ generalisation into naming tuples classes shown in Figure 

MW1-33.

Figure  MW4–14                  
Country 
weekends class 
object schema

The generalisation of UK weekends’ temporal–whole–part tuples raises a nota-

tion issue. Temporal–whole–part tuples link individual objects—not classes. At 

the UK weekends level, this does not pose a problem because its members are at 

the individual object level. However, it does pose a notation problem at the level of 

country weekends, which is a class of classes. Here, there is no individual object 

to be a whole–part of. This is resolved by using a combination of existing compo-

SATURDAYS

6TH MAY 1995 7TH MAY 1995 8TH MAY 1995 9TH MAY 1995 10TH MAY 1995 11TH MAY 1995 12TH MAY 1995

SATURDAY

SUNDAYS

SUNDAY

MONDAYS

MONDAY

TUESDAYS

TUESDAY

WEDNESDAYS

WEDNESDAY

THURSDAYS

THURSDAY

FRIDAYS

FRIDAY

DAYS OF

THE WEEK

COUNTRY/
WEEKEND
TUPLES CLASSES

COUNTRY
WEEKENDS

COUNTRY
WEEKEND/DAY
TUPLES CLASSES

DAYS

DAY

SATURDAYS

SATURDAY

COUNTRIES

COUNTRY

UK WEEKEND/SUNDAY
TUPLESSUNDAYS

SUNDAY

UNITED
KINGDOM

UNITED KINGDOM/WEEKEND
WHOLE-PART TUPLES

UK WEEKENDS
UK WEEKEND/SATURDAY

TUPLES

Composite 
Temporal-Whole-Part-Of-Member

Tuple Class Sign

Temporal-Whole-Part-Of-Member
Component Sign

CLASS OF CLASSES

CLASS
MEMBER

UK
WEEKEND



MW4-14

6 Re-engineering our conceptual patterns for bank holiday and weekend

Re-Engineering Time

BORO

nents to construct a new composite sign, the temporal–whole–part-member-of 

sign (shown in Figure MW4–14).

5.2  The status of the object model for temporal patterns

This completes the re-engineering of the weekend entity format. It has added 

two important new groups of patterns to the object model—days and country 

weekends. These are, like calendar periods, useful general patterns that are found 

in many systems. Even though the country weekend pattern is lower level, and so 

less common, it is still useful. It also usefully illustrates how patterns are gener-

alised up the class–member hierarchy as well as the super–sub-class hierarchy.

It is worth noting that a number of the temporal patterns captured in the model, 

such as particular UK weekends and days of the week, are traditionally imple-

mented as date calculation processes. This is an example of the point that data 

and process in the information system are not a direct reflection of bodies and 

events in the real world. Like this case, individual bodies can be implemented as 

processes.

6 Re-engineering our conceptual patterns for bank 
holiday and weekend

So far we have constructed the temporal object model by re-engineering entity 

formats from existing systems. We now look at some of the more complex con-

ceptual patterns that we can re-engineer to make the model substantially more 

accurate. We look at two patterns:

• Non-country/day holidays, and

• Time zones

All these patterns can be found in manuals listing information on holidays. For 

example, in the financial sector, SWIFT produces a manual for its customers 
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whose lists contain these patterns (I have taken the following examples from an 

old copy).

6.1  Non-country/day holidays

Not all holidays fit into the simple country and day intersection pattern that we 

have just re-engineered. There are a number of non-country/day holiday patterns. 

We look at two of them:

• Non-country holidays, and 

• Half-day holidays.

Many examples of both of these patterns can be found in the Financial Institution 

Holidays section of the SWIFT manual. We use some of them to generalise the 

model.

6.1.1  Non-country holidays

Some holidays apply to only a part of the country. For example, the 9th November 

1993 was only a holiday in Madrid—not in the rest of Spain. This gives us an 

opportunity to generalise the link between countries and bank holidays re-engi-

neered earlier in this paper (illustrated in Figure MW4–10). 

Madrid is a city and so a geo-political area. We capture the pattern for its 9th 

November 1993 holiday by generalising the country/bank holiday whole–part 

tuples link from country to geo-political area. This gives us geo-political area/bank 

holiday whole–part tuples (shown in Figure MW4–15).



MW4-16

6 Re-engineering our conceptual patterns for bank holiday and weekend

Re-Engineering Time

BORO

Figure  MW4–15                  
Geopolitical 
area bank 
holidays

6.1.2  Half-day holidays

The SWIFT manual has many examples of holidays that last for only part of a day. 

For example, Korea only has Saturday afternoon as a holiday; people work in the 

morning. Similarly, Italy, among others, has the afternoons of the 24th and 31st 

December 1993 as holidays. To re-engineer this, we need objects for mornings 

and afternoons as both calendar and weekly periods. I leave this as an exercise for 

you. The object model you produce should generalise bank holidays’ connection to 

day up to a more general calendar period object.

6.2  Time zones

There is one important conceptual pattern we have not touched on yet and that 

is time zones. We all know that the world is divided into time zones. At a certain 

time of the year, when it is 2 pm in England, it is 9 am in New York. Different parts 

of the globe at the ‘same’ moment in time have different ‘times’. Some big coun-

tries, such as the United States and Australia, have more than one time zone and 
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so more than one time. The SWIFT manual has a section that describes these 

called delta time zones. Table MW4–8 shows a selection of its information.

An object-oriented view of Table MW4–8 sees GMT and local times as objects. The 

GMT objects are temporal slices straight through the overall space-time object. 

The local times objects, however, make zigzag slices through space-time, ‘overlap-

ping’ with different GMT time objects in different countries. For example, the 

local 2nd January 1993 day starts with the 23:00 GMT event object in Austria 

and Portugal, but starts with the 24:00 GMT event object in the United King-

dom. This particular zigzag pattern is illustrated in Figure MW4–16. 

Figure  MW4–16                  
Local day 
object—a 
zigzag pattern 
space-time map

Table MW4–8: Selected time zone information

Country Effective Dates  GMT Differences

Austria 01 Jan 1993 to 27 Mar 1993

28 Mar 1993 to 25 Sep 1993

26 Sep 1993 to 31 Dec 1993

+1:00 

+2:00

+1:00

Portugal 01 Jan 1993 to 27 Mar 1993

28 Mar 1993 to 25 Sep 1993

26 Sep 1993 to 31 Dec 1993

 +1:00 

+2:00

+1:00

United Kingdom 01 Jan 1993 to 27 Mar 1993

28 Mar 1993 to 23 Oct 1993

24 Oct 1993 to 31 Dec 1993

 +0:00 

+1:00

+0:00

UNITED KINGDOM

AUSTRIA

PORTUGAL
SPACE-
TIME

24:00 GMT
EVENT OBJECT

23:00 GMT
EVENT OBJECT

2nd
JANUARY

1993
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We do not necessarily need to change the model as a result of this analysis. If we 

are happy with a locally consistent model, then we can say the days class (shown 

in Figure MW4–13) has our local days as members. If, however, we want a globally 

consistent model, we need to make some changes. We must model both the 

standard GMT time objects and the various time zones’ local times objects. This 

involves explicitly modelling time zones.

7 The object model for temporal patterns

We have now completed all the work on the temporal patterns object model. The 

re-engineering of the entity formats for bank holidays and weekends gave us a 

general model for some simple and basic temporal patterns—calendar periods 

and days of the week. The brief look at our conceptual patterns has made us 

aware that existing systems only really capture the simple patterns. There is a 

range of more sophisticated patterns that we need to model and generalise. 

However, the model, as it stands, is a good basis for going forward. It is a strong 

foundation that can be built on and enhanced as more re-engineering is done. 

This example also illustrates an important aspect of re-engineering. It shows how 

the object paradigm’s amalgamation of space and time to space-time reveals 

previously common but mysterious temporal patterns as structural whole–part 

patterns. Bank holidays are revealed as the intersection of countries and days 

objects. Country weekends are also revealed to be classes of temporal parts of 

countries. These examples show how the reference of temporal patterns 

becomes much clearer when it is revealed as four-dimensional extension. This also 

clarifies the sense of the patterns; many of the connections between objects are 

revealed as structural extension-based patterns.

8 Summary

This is the last of the examples. Working through them has achieved a lot. 

Together they have:
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• Given us a feel for what re-engineering is like and the sort of models it 
produces,

• Shown us the details of a systematic approach to re-engineering the 
entity formats in the existing system,

• Given us a feel for what analysing object semantics means in practice, and

• Illustrated how the object syntax and notation work on business 
examples.

In addition they have provided us with three object models:

• Spatial patterns,

• Temporal patterns, and

• Naming patterns.

These contain fundamental and general objects that can be re-used in our re-engi-

neerings.

The worked example papers have focussed on the challenges faced in the process 

of applying the methodology, rather how a BORO approach affects the way in 

which a project needs to be managed. MA1—Starting a Re-Engineering Project 

takes up this aspect - and outlines some of the challenges you will face when you 

set up a re-engineering project using the BORO approach.
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C

class of classes
country’s weekends class  - - - - - - - - - - - MW4-13

complexity
conceptual patterns  - - - - - - - - - - - - - - - - MW4-14

E

entity
relational - - - - - - - - - - - - - - - - - - - - - - MW4-2–MW4-3

explicit
implicit pattern - - - - - - - - - - - - - - - - - - - - - - MW4-3

extension
four-dimensional - - - - - - - - - - - - - - - - - - - - -MW4-18

F

fusion  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MW4-12

O

object syntax - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MW4-19
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reference  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MW4-18

S

space-time
amalgamation of space and time - - - - MW4-18

temporal slice
example   -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -MW4-17

time objects  - - - - - - - - - - - - - - - - - - MW4-5–MW4-7

super–sub-class hierarchy - - - - - - - - - - - - - - MW4-14

T

temporal–whole–part  - - - - - - - - - - - - - - - - - - - MW4-13

time objects
See also space-time, time objects
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