T ime Patterns Sub mission for EuroPLoP ’98

6/2/98

© 1998 byManfred Lange, Permission is granted to make copies for EuroPLoP ’98 and PLoP ’98

Time Patterns

Author: Manfred Lange

Hewlett-Packard GmbH

NSL (Net wor k Support Lab)

Herrenberger Str. 130

71034 Boeblingen e-mail: Manfred_Lange@hp.co m

Abstract

Manysystems need to deal with time. T ime can be just an additional type, such as for the date of birth, or it can be an additional dimension, e.g. when a histor yo f data is needed. T his paper summarizes so me of the patterns that help to design these systems.

Overview

Christian August Crusius (1715-1775), a German philosopher wrote that each existing thing has its ver yo wn place in space and time [CRUS1744]. Objects as theyare used in software industr yalso represent existing things. Objects represent also concepts and ideas. T here are onlyfew papers regarding time, but a lot more dealing with space, assuming that a particular object can exist only once.

Adding time to a system model is like adding another dimensio n. Many systems exist that need to deal with time. An accounting system need s timestamps in order to track, when each entr ywas made. A system for managing resources needs time periods for ensuring that the same reso urce is not used twice at any time. A revision control systemneeds to track the changes of files over time.

All these cases have so me aspects in co mmo n, e.g. having time as a type, or tracking the state of object over time.

T he follo wing figure sho ws the patterns described in this paper and also ho wthey relate to each other.

1 . T i m e A s A

T y p e

2 . T i m e S e r v e r

3 . T i m e - V a l u e

P a i r s

4 . T r a n s a c t e d

O b j e c t

5 . T i m e d

R e f e r e n c e

6 . H i s t o r y

P r o v i d e r

D e p e n d e n c y

T his paper contains a couple of examples. All examp les are for matted the same way as this paragraph using a border and a light gray shading.

T ime Patterns Sub mission for EuroPLoP ’98

6/2/98

© 1998 byManfred Lange, Permission is granted to make copies for EuroPLoP ’98 and PLoP ’98

Disclaimer

In general, there are not a lot of patterns that specifically focus on time related design issues. T his paper tries to describe some solutio ns that have worked in practice, but the paper does not claimto be a final set of time related patterns.

If the paper happens to beco me a starting point in the co mmunity, it has well served its intent!

Common Forces

Whenever time co mes into play, this adds another level of comp lexity. Not only is it difficult to understand, which implicatio ns "time" has, but it is also hard to explain and sometimes even harder to model.

So the co mmo n force is additional co mplexity, especiallywhen several of the techniques described in this paper are applied at the same time.

Known Uses

All the patterns described in this paper are used in proprietarynetwor k support software currently in use b yHewlett-

Packard. Some of the patterns, e. g. "T ime As A T ype" and "Time Server" are also used in a medical product HP

Series 50 TraceVue.

In one of our net wor k support software we take snapshots of the custo mer s networ k. T he support engineers need to kno w, when the snapshot was created and when the snap shot was transferred to the database containing the custo mers networ k data. T he C++ class representing the snapshot looks as follo ws:

class CSnapshot

{

� // other members private:

// Attributes:

CTime m_snapShotDateTime;

CTime m_transferDateTime;

};

Other possible uses include, but are not restricted to revision control systems and data mo nitors such as any technical devices that need to track values over time.

1. Time As AType

Motivation

T ime and time periods are used frequently. So it is helpful to be able to use it as a built-in type.

Forces

1. So me programming languages are not stronglytyped. T his allo ws for errors that are not discovered until runtime.

2. So me programming languages don’t support definition of types at all.

3. In so me programming languages a whole bunch of different libraries with different implementations o f classes for time and time periods exist. T hese types are often not compatible. T his is even worse, when the platfor mon which the software runs requires the use o f different time types, depending on the API to be used.

T ime Patterns Sub mission for EuroPLoP ’98

6/2/98

© 1998 byManfred Lange, Permission is granted to make copies for EuroPLoP ’98 and PLoP ’98

Solution

Define and imp lement a class for both time and time period 1 .

Provide for a rich set of conversio n operations between the newly implemented classes and the alread yexisting ones.

CTime CTimeSpan

T he actual data is kept in data me mbers. T he number and types of the data members depends on the requirements. A good tradeoff for both classes is, that both have data members for year, mo nth, day, hour, minute, seco nd and milliseconds.

If the type must be optimized for space, then as manydata members as possible sho uld be omitted, e.g. in so me cases milliseconds maynot be required.

If the type must be optimized for precision, then additional members can be added to the classes, e.g. a float member for milliseconds to represent fractions of milliseconds instead of a 2-byte value representing just the milliseco nds.

For both classes a number of methods should be implemented, e.g. conversio n fro m/into other types o f the develop ment environment.

On a Win32 platfor mconversio n operators would be provided from/into FI LET IME, COleDateT ime, time_t etc.

Consequences

+ Easyuse of time as a type as the new classes can be used the same wayas built-in types.

+ Use of only one type throughout the soft ware. Only this class needs to be learned.

+ Better portability, as in principle onlythis class needs to be ported.

+ Precision can be chosen depending o n applications requirement.

- Introduction of yet another time class and yet another time period class. T his problemcan be so ftened if one of the existing time classes can be reused, e.g. in the for mof delegation.

Implementation Issues

1. Depending on the accuracyrequired b ythe target application, the private member(s) representing the time or timespan can be anything from 4 b yte integer s to sophisticated structures having a member for each part of the time value, e. g. millisecond s, seconds, minutes, etc.

2. If the programming language supports it, provide operators for conversion fro m/into other types, assignment, compariso n, addition, subtractio n etc. CT ime and CT imeSpan objects can then be used the same way as built-in types, which makes their use mo re convenient.

3. For the implementation o f conver sion operators the follo wing typical problemarises: What if an object with a higher precision is converted into a CT ime or CT imeSpan object? T he follo wing options are available:

� Silentlyround the value, e.g. fractions of milliseconds.

� T hrowan exception (if supported bythe programming language), which must be handled by the

application.

� Write a warning to the trace log during runtime.

4. T he function for retrieving the current system time can be a method of the CT ime class, or it can be a standalo ne

functio n.

1 T he terms time period and timespan are used interchangeably in this document.

6/2/98

2. Timeserver

Motivation

Several reasons exist why the system time of a machine can change. Daylight savings time and lo w batter yare just

two of them. On the other hand so me applications need to have a reliable time series, that means it must be

guaranteed that for each call of the time function the resulting value is new than all values for preceding calls.

A possible solutio n to the problemis additional hard ware that receives signals fro man atomic clock. T he system

time is then synchronized with the transmitted time. Here a so ftware onlysolution will be discussed, that proved to

be helpful in so me environments. But even when an ato mic clock signal is available, this does not solve all problems

as sho wn in the sample.

Sample: Assume you have an application where notes o f different types are sorted bytime. Further the first note is

entered at 05:00 PM actual time and a second note is entered at 07:00 PM actual time. At 06:00 PM actual time the

user finds o ut that the systemclock needs to be adjusted and sets it back 3 ho urs, resulting in a system time of 06:00

PM. T his means that the first note - which was entered at 05:00 PM actual time - was entered at 08:00 PM system

time, too. T his is then the same system time as for the second note. If the application no w would sort the notes just

bya systemdate, the order of the notes would not be correct. At first sight, the application may decide to have so me

kind of serial number attached to each note, so that the system time does not playa role. But what if the user wants to

add a third not that is associated with 07:30 PM actual time? T his third note then the position of the third note sho uld

be between the other two, which then causes problems with the ser ial number.

Extension to the samp le: Assume the application has to keep track on when the systemtime has changed and b ywhat

amount for legacyreaso ns. T his, too, can’t be solved using a serial number, and there, a timestamp is need again. But

which timestamp should be used? T he systemdoes not kno w about the actual time. It has the systemtime and it can

keep track of the changes that occur because of user interventio n or because of adjustments caused bythe signal of

the ato mic clock signal receiver.

Forces

1. Application needs to track all user -initiated changes to the systemclock.

2. Application needs a series o f timestamps that are guaranteed to be sorted in ascending order.

Solution

Run a service per manently while the system is up and running. Alternatively make sure that the service is running

while a process runs that changes the system clock programmatically or while a user is logged in who can change the

clock using the console.

While running the timeserver maintains a list o f time-time pairs. Each pair consists of a timestamp that represents the

actual system time and the other timestamp represents the time extrapolated of the previous times.

Consequences

+ It is possible to track the changes in the system clock. T he track record contains infor mation on when the clock

was changed, b ywhich amo unt it was changed and what time the systemclock wo uld have if the change wo uld

not have occurred.

+ If the application always gets the timestamp s fro mthe timeserver, it is guaranteed that theyare generated in

ascending order.

- It must be ensured that the service is running all the time. T his might be a problem, if the workload of a system

is alread yhigh.

6/2/98

Implementation Issues

T he T imeserver should be implemented as a service. T his means it should all the time, when the system is up and

running. Depending on the operating systemthe T imeser ver mayuse different mechanisms to find out whether the

time has changed: Under Win32 Windo ws Messages are being sent to processes in case the time setting has been

changed the user.

3. Time-Value Pairs

Motivation

So me systems need to track the histor yof one single attrib ute in an object.

T o track the evolution o f an emplo yee’s salar ythe association could be modeled like this:

CEmployee CSalary

1

0..*

1

Forces

T he system has to provide a means for storing the different salaries over a certain period of time.

When quer ying the object, the caller has to specifywhich time and/or time period he wants to retrieve.

Solution

I mplement the attribute as an ordered collection with time-value pairs. T he pairs are ordered bytime. When a change

to the value occurs, a new pair is created and added to the tail of the ordered collection.

Each emplo yee typically has different salaries over time. T o keep track of the different salaries a list of previous

salaries is added to class CE mplo yee. A reference to a single CSalar yobject is kept for referring to the current salar y.

1

0..*

{Ordered by

time}

CEmployee CSalary

1

0..* HistoricSalaries

CurrentSalary

T he client no w has the possibilityto retrieve the value, which is associated with a specific time.

So me (error-handling related) problems pop up here:

1. What happens, if a collaborator of an emplo yee object tries to get a value for a time that is older than the oldest

entr yin the HistoricSalaries collection?

T his can be solved in several wa ys, e.g. b yreturning a Null Object (See "Related Patterns" section for reference

material regarding Null Object.), or bythro wing an exception (if the programming language supports it).

6/2/98

2. What happens, if a collaborator of an emplo yee object tries to get a time-value pair that does not exist?

Again, a Null Object maybe returned here or an exception may be thro wn. Another possibility is, that the

closest time-value pair or the time-value pair with the previous timestamp is retur ned, thus assuming, that each

time-value pair is part of that state of the emp lo yee object and that the emplo yee object not onlyhas a state at

specific times but continously.

An emplo yee is hired on Januar y1 st . His salar yis 5,000 US-$. At July1 st , the emplo yee gets a salar yincrease of

500 US-$. If so mebodywants to kno wwhat is the salar yas of April 1 st , then correct value wo uld be 5,000 US-$,

although no time-value pair for April 1 st exists.

3. What happens, if a collaborator of an emplo yee object tries to get a time-value which is newer than all existing

time-value pairs?

Again this can be handled the same way as described in 2.

Consequences

+ All changes to the value can be undone.

+ Only changes are stored, thus saving resources.

- Interface must provide an in-parameter for specifying the time. T he inter face beco mes a little bit more difficult

to use.

- T he implementation has to deal with the additional parameter. T he implementatio n beco mes more co mplex, too.

Implementation Issues

If the current value is used frequently, it may be cached in order to improve the perfor mance. In this case, the code

for changing the salar ymust also make sure that the cached value is updated.

T he ordered collection of historic salaries maybe imp lemented such that the collection co ntains the values

themselves or it may be implemented, so that the collection holds references to the value objects. Depending on ho w

the classes are used one of the two maybe faster.

Related Patterns

Historic Mapping

In his book [FOW1997, p. 305] Martin Fo wler describes a pattern named "Historic Mapping". He also describes a

varietyo f derivations of that pattern. He also suggests having a list o f previous values, each of themhaving a time

period associated with them, ordered bytime, and having the constraint that time periods must not overlap.

T he difference between the proposal of Martin Fo wler to the pattern presented here is minimal. Instead of associating

a time period as Martin Fo wler proposes, this pattern uses a time. T he advantage is, that the constraint regarding

overlapping time periods is not needed no more.

Null Object

A "Null Object", as described byBobbyWolf in [PLOPD98, page 5], may be used to return a value indicating, that

the requested time-value pair does not exist.

Observation

T he "Observation" pattern [FOW1997, page 42] can be used, if additional requirements for tracking attribute values

comes into play, e.g. also mo nitoring who made a change.

6/2/98

In contrast to the time-value pairs an observatio n keeps track of a measurable value, which consists o f a quantityand

a categor y. T ime-value pairs do not have this restriction.

Timeserver

T he T imeserver pattern is used for creating a series of timestamps that is guaranteed to be sorted in ascending order.

4. TransactedObject

Motivation

T ime-Value pairs may not be sufficient for so me systems, or it maynot be feasible to track several attributes using

the time-value approach. Changing more than o ne attribute one after the other leads to intermediate objects state

where onlyso me o f the attrib utes are changed. T hese inter mediate states are of no interest to the application.

Sample: A CNetworkI nterface class mayrepresent a network inter face card (NIC) in a network device 2 . Attributes

fro mthat NIC can be done through so me net wor k management protocol, e.g. SNMP.

Retrieving the attributes fro ma physicallyexisting network interface card ma y consist o f getting the number of b ytes

read on that inter face card and the packets discarded there. If at a later point in time the same t wo attrib utes are read

again, there might be two different methods to modifythe state of the NIC, e.g. SetB ytesRead() and

SetPacketsDiscarded(). It does not make sense to set one and then to set the other value. Also, it does not make sense

to have methods that set both at the same time. A NIC can easily have dozens o f attributes associated with it. So if

we want to set all or nothing, then that single method wo uld take dozens of attributes, which makes it ver yhard to

use.

Forces

1. T rack the state of an object with a generic solution.

2. Maintain encapsulation of the tracked object.

3. Maintain consistencyo f the object’s state.

Solution

Add a transactio n mechanism to the object. All transactio ns are serialized and obeythe ACID 3 principle of

transactio ns. Each collaborator accessing a transacted object starts a transaction, calls methods on that object and

commits the transaction. Only one transaction per object can be active at anygiven time.

2 A network device can be a comp uter, a router, a switch, a bridge, a router, a printer and so on.

3 ACID: See appendix for further details.

6/2/98

T r a n s a c t e d O b j e c t

+ B e g i n T r a n s a c t i o n ( )

+ C o m m i t T r a n s a c t i o n ( )

+ R o l l b a c k T r a n s a c t i o n ( )

- m _ b I s L o c k e d : b o o l e a n = f a l s e

F o o C l a s s

S t a t e

+ G e t S t a t e A s A t ( ) : C T r a n s a c t e d O b j e c t

1 . . 1

1 . . n

Beginning a transactio n means locking the object for both, read and write access. T he lock is remo ved when the

transactio n is co mmitted or rolled back.

If a second collaborator tries to access an object for which a transaction is alread yactive, then the second call to

BeginT ransaction() is blocking until the first collaborator commits its transactio n.

A transacted object mayhave references to other transacted objects. When a transactio n is started the transacted

object is locked. Referenced objects are not auto maticallylocked. T his decision is left to the implementation of the

methods. If a method wants to access a transacted object, the method implementation has to start a transaction, use

the referenced object and finally co mmits the transaction.

T he solution can be enhanced b yadding a parameter to the BeginT ransactio n()-call which indicates, whether the

object will be accessed for read or write access. Allo wing other concurrencymo dels, e.g. multiple readers or one

writer/multiple readers, can enhance parallelism.

Consequences

+ Objects always have consistent states, even when used b ycaller s executing fro mdifferent threads

+ Use of transacted object can made ver y easyb y hiding the transactio n-related code in a smart pointer

implementation.

+ Systemreso urces only limit the number of state changes.

+ As long as a transaction is active a client of the object can be sure that the state of the object does not change.

+ If a T ransacted Object refers to other Transacted Objects, then these objects are auto matically locked in a

transactio n.

- Classes of T ransacted Objects are harder to implement than nor mal classes.

- T ransacted objects performslo wer because o f the additional over head.

- All accesses to a transacted object must be done when a transaction is active. T his also applies to read access.

- T ransaction handling is ver yto ugh to implement. If possible the transaction mechanismo f a database systemor

a transaction monitor should be used instead of implementing a proprietarysolutio n.

- T he proposed solution does not work for long transactions (check-out, check-in model).

Implementation Issues

1. T he transaction mechanismcan be implemented in a co mmon base class:

6/2/98

2. When imp lementing the T ransactedObject class a locking scheme must be implemented too. A simple locking

scheme could be that onlyone client could have a transactio n on an object, e.g. byusing a semap hore or a

mutex. If a transactio n on a particular object is alreadyactive, then a successive call o f BeginT ransaction()

wo uld be a blocking call.

3. T he current state can be stored upon BeginT ransaction() or upon Co mmitT ransaction(). T he for mer stores the

state of the object even if the state does not change. T he latter prevents this, but the current state is duplicated.

4. For multithreaded applications or applications that consist of co mpo nents running in several processes a

mechanismmust be imp lemented to detect deadlocks. A simple mechanism could be to define a timeout for

BeginT ransaction(). If the time out occurs, the function wo uld return with an error state.

Related Patterns

Memento

[GAM1995] lists a pattern named memento: "Without violating encapsulation, capture and externalize an object’s

internal state so that the object can be restored to this state later." [GAM1995, p. 283]

Memento is a straightfor ward solutio n good in situatio ns where it is not necessar ythat several clients possibly

executing on different threads access the same object at the same time. T herefore the memento provides no means

for transactio ns.

5. Timed Reference

Motivation

Generallyan object is accessed through a reference to it. Methods accessing its private data can be used onlywith a

reference at hand 4 . Having an object with possiblymore than one state, it is also necessar y to specify which

state/version of the object should be used.

Sample: Given a network management application that retrieves data about a network interface card (NIC) on a

regular basis, e. g. ever yhour. Assume that the follo wing attributes for the NI C are retrieved: "bytes in" and "packets

discarded". An object represents the NIC. T he NIC class is a transacted object, as we want to keep the histor yo f the

object’s states.

T he values for "bytes in" and "packets discarded" are part of the state o f the NI C object. If, at a later time, these

values are retrieved again and the state of the NIC object is updated, the NIC object stores its previous state, as it is a

transacted object. Its methods modify the state o f the NI C object.

No wtwo or more states for the same object are available. With traditional designs, a reference simp lykno ws which

object it refers to, but it does not care for anyspecific state. T he object just has one state.

With histor yat hand, it is not sufficient for a reference to kno w onlythe identityo f the object, but it also must kno w

which state of the object it refers to. T he reference must refer to a co mbinatio n of object identityand state.

Forces

1. Usage o f a T imed Reference sho uld be consistent with the usage o f a nor mal reference.

2. So me programming languages don’t support operator overloading.

4 Except, if class methods are used, which do not need to have an instance of that class.

6/2/98

Solution

I mplement a class that represents a reference. Provide for a means to parameterize each instance o f that class with a

timestamp during runtime:

Use instance of the T imedRef class to refer to objects that have multiple states in a histor ylist. B ylooking at the

T imedRef object, the referenced object can decide which state it has to load when being accessed.

CTimedRef

ReferencedObject

Reference

1..*

0..1

CState

CTransactedObject

1 1..* 1

CFooClass

Consequences

+ T imedRef can be used the same way as nor mal references. T he learning curve is flat.

- T imedRef adds a level of indirection, which adds overhead. T his overhead is similar to the overhead of a virtual

functio n versus a statically linked functio n in C++.

Implementation Issues

1. So me programming languages such as C++ support operator overloading. In this case the T imedRef class wo uld

be implemented as a smart pointer. Co mpared with a traditional smart pointer a T imedRef need s an additional

timestamp value upon instantiation. When calling functio ns through a T imedRef object FooClass will be told

which state to load.

2. It might be possible to derive the T imedRef class fro man alread yexisting smart pointer class.

3. If the programming language supports it, the T imedRef class can be implemented as a template, with the class of

the referenced object as a template parameter.

6. Histor yProvider

Motivation

So far, all patterns in this paper described mechanisms for single objects. Additional problems arise when objects are

referring to other objects, e.g. with associations or aggregations.

Sample: Assume that an application continuouslymonitors a network infrastructure. It detects devices, collects data

and finds out ho wthey are interconnected. Such a discover y/topologycycle usuallytakes a longer period of time (up

to several hour s) depending on the size and the characteristics of the net wor k.

6/2/98

A router, for instance, contains two or more network inter face cards (NIC). Using a management application an

interface o f a router can be turned off during runtime, replaced and initialized again. T his can be modeled using the

follo wing class diagram:

N e t w o r k D e v i c e N e t w o r k I n t e r f a c e C a r d 1 . . n

c o n t a i n s

If both classes were derived fro mT ransactedObject, then updating their attributes, e.g. remo ving an inter face (this is

a modificatio n of the attribute of attribute representing the collectio n of references to the NICs of the router),

changing the values for "BytesI n" and "PacketsDiscarded" wo uld be done in transactions. Each object wo uld keep

their o wn histor yas an ordered collection of states.

First the application detects that an interface has been removed. T he application starts a transaction for the

Networ kDevice object, calls the functio n to remove the interface, and finallyco mmits the transaction. Next, the

application starts a transaction on the NIC object, calls the methods in order to change the attributes "BytesI n" and

"PacketsDiscarded", and finally co mmits the transactio n.

Both transactio ns almo st always have different time stamps, let’s say 04:00:00 and 04:00:02. If a client wants to have

the router objects at a time o f 04:00:01, the status of the NIC objects have not been updated yet, eventually leading to

an inco nsistent state of the complete model.

As the example sho ws, having a histor yper object is not sufficient. Independent transacted objects cannot solve the

problemof ensuring the co nsistency of the histor yo f several objects related to each other.

Forces

1. Objects referring to each other build a network of objects (cluster). A change o f the state of one or more objects

mayalso include a change in the set of references between these objects.

2. T wo access methods are required to access the objects and their states: T he traditional approach b yhaving root

or anchor objects, which are then used for further navigation. T his is at the same time the logical view of the

problemdo main (if the time aspect is left out). T he other access method is to look at a set of objects and see ho w

theyhave changed over time. T his is the histor yaspect.

3. An object A refers to a different object B. During a change of the state of object A, the reference to B is

removed. Object B will be "deleted" if the object A was the onlyobject referring to object B. Object B is deleted

and not deleted at the same time.

Solution

T he solution consists of several co mponents. T he basic idea is to record all state changes of each object. T he histor y

provider does this. It keeps track of objects and their states.

On the logical level this is done in an array:

6/2/98

D

T i m e

O b j e c t I d

0 x 0 9 1

0 x 6 5 3

0 x 4 3 8

0 x 7 0 5

0 0 : 1 0 0 0 : 1 5 0 0 : 2 5 0 0 : 2 7

D

O b j e c t S t a t e

T he arrayhas t wo dimensions: One dimensio n is the object identifier, the other dimension is time. In other words:

each ro win the table represents the histor yof the object’s state, each column represents the set of states that is the

result of a transactio n.

A graysq uare indicates that a state for the object with that ID exists at that time. Letter "D" in a graysquare indicates

that the object has been deleted at that time.

Note that it is not necessar y, that the time periods between the columns are the same.

T he sample arraysho ws fo ur objects with different curriculum vitae. Object 0x091 exists all during the co mplete

period. Object 0x653 has been deleted at 00:25. Object 0x0438 was created at 00:15. Finally, object 0x705 was

created at 00:15 and it was deleted at 00:25.

Ho wto handle the gaps between the times (00:10, 00:15, etc) in the table, will be covered later.

T he structure of the patter looks as follo ws:

CTimedRef

0..1

1..*

CTransactedObject

1 *

CHistoryProvider

- m_states : array<CObjectID,CTime>

1 *

CState

1..*

{Singleton}

Reference

ReferencedObject

Objects of class

CObjectID represent

unique identifiers, e.g.

UUIDs.

6/2/98

Consequences

1. It must be carefullyconsidered whether to applythis pattern, as it is ver yco mplex. It is not onlydifficult to

understand, but also difficult to imp lement.

2. Just storing modified states of objects reduces the resource requirements for the array. I f the objects’ state has

not changed a placeholder would be introduced into the array, e. g. referring to the last state that has been stored.

Related Patterns

Singleton

Histor yProvider is implemented as a singleto n [GAM1995].

Object Recovery

António Rito Silva, João Dias Pereira and José Alves Marques present their paper [PLOPD98, p. 261] a pattern

called "Object recovery" which sho ws ho wto keep a log of objects. T he authors state themselves that the pattern

generates an over head as a copyis generated each time the object is altered even, when its state is not changed at all.

Additionally, their paper does not contain any hint on ho w to solve the problem, when several objects are

interconnected. "HistoryProvider" treats the instantiated associations as part of the state of the objects and keeps

track of them, too. Byusing T imed References it is still possible to navigate within a consistent state.

T he intent of "Object Recovery" is different. "Object Recover y" tracks states in case these states are needed later.

Most of the time the old states will not be used at all. In contrast "Histor yProvider" makes eq ual-rights objects out of

the old states and also provides access mechanisms in t wo dimensions:

� Within a consistent state of a network of objects.

� Within the histor yo f all states of a particular object.

Timeserver

T he T imeserver pattern is used to generate a series of timestamp s that is guaranteed to be sorted in ascending order.

7. Appendix

Literature

[FOW1997] Martin Fo wler, "Analysis Patterns - Reusable Object Models", Reading Massachusetts,

1997, Addison-Wesley, ISBN 0-201-89542-0

[CRUS1774] Christian August Crusius, "Entwurf der nothwendigen Vernunft-Wahrheiten, wiefern sie

den zufälligen entgegen gesetzet werden.", Leipzig 1745

[GAM1995] Erich Gamma et al., "Design Patterns - Elements of Reusable Object-Oriented Software",

Reading Massachusetts, 1995, Addison-Wesley, ISBN 0-201-63361-2

[MSDN1998] Microsoft Developer Network: http://premium. microsoft.com/ msdn/librar y/default. htm

[PLOPD98] Robert Martin et al., "Pattern Languages of ProgramDesign 3", Reading Massachusetts,

1998, Addison-Wesley, ISBN 0-201-31011-2

ACID Properties

"T ransactions provide the ACID properties.

6/2/98

Ato micity

A transactio n either co mmits or aborts. If a transaction co mmits, all of its effects remain. If it aborts, all of

its effects are undone. For examp le, in renaming an object, the new name is created and the old name is

deleted (commit), or nothing changes (abort).

Consistency

A transactio n is a correct transfor matio n of the system state. It preserves the state invariants. For example,

byadding an element to a doublylinked list, all fo ur for ward and backward pointers are updated.

Isolation

Concurrent transactions are isolated fro mthe updates o f other inco mp lete transactions. T hese updates do not

constitute a consistent state. T his propertyis often called serializability. For example, a second transaction

traversing the doublylinked list mentioned in the consistency example will see the list before or after the

insert, but it will see onlyco mplete changes.

Durability

Once a transaction co mmits, its effects will persist even if there are systemfailur es. For examp le, after the

rename in the ato micity example, the object will have the new name even if the systemfails and is restarted

right after the co mmit co mpletes." [MSDN98]

8. Acknow ledgements

Without the feedback o f my colleagues at HP, this paper would n’t have been possible. Special thanks go to Gerhard

Eujen and T homas T itze for their inputs and constructive comments.

I would also like to thank my shepherds for the EuroPLoP 98 conference Massimo Ar noldi and Kent Beck who

provided me with ver y valuable feedback and suggestions. T heir co mments not onlyhelped me to improve the

qualityo f the co ntents and the appearance of this paper, but also to viewmy paper fro mdifferent perspectives, which

helped me a lot.