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Abstract 
Propagator is an approach for consistently updating objects in a dependency 

network. Here, “a dependency network” can be any network that consists of any kinds 
of objects. For instance, MAKE, WWW, spreadsheets, GUIs, reactive control systems, 
simulation systems, distributed file systems, distributed databases, workflow systems, 
and multilevel caches, and so on. 

 
Propagator is a family of patterns. There are four main patterns: STRICT 

PROPAGATOR, STRICT PROPAGATOR WITH FAILURE, LAZY PROPAGATOR, 
and ADAPTIVE PROPAGATOR.  

 
In the strict propagators a change of an object results in the update of all the 

other objects in the network. The strict propagators with failure tolerate failures. In 
the lazy propagator, the updated object makes itself current by setting a timestamp 
without notifying the other objects. The adaptive propagators support a combination 
of strict, optimistic, lazy, and periodic update schemes.  



 

1. Propagator 

Propagator is also known as CASCADED UPDATE. 

1.1. Motivation 

Networks of dependent objects are applied in many fields. In some applications 
changing one object may cause other direct and indirect objects to be updated either. 
The updates may only copy data from one object to the others or involve 
transformation. In both cases, a change forwards to the leaves of the network through 
several intermediate levels. 

Consistence of the updates should be taken good care of. Some possible update 
strategies are listed below: 

1. Updates propagate immediately. For instance, if a cell is changed in a 
spreadsheet, the user wants to see the effect immediately. 

2. Updates may fail and prevent further propagation. For example, 
computation of a cell, it may be divided by zero or a small number such 
that an error occurs. In such cases, the inconsistency should be detected 
and eliminated. 

3. Updates on demand only. For example, in MAKE if a dependent object 
like an executable program needs to be up-to-date then the network 
should be traversed backwards to bring all intermediate objects 
up-to-date. 

4. Periodical updates. For example, the display of a simulation is updated 
once a second while the simulation runs much faster. 

5. A combination of the strategies above. 
While applying these strategies, several aspects should be considered: 

1. A changed object cannot perform updates of other objects itself. 
2. Several parallel updates may propagate through the network. 
3. There might be updates with no effect.  
4. Updates can be critical in large networks. 
5. The structure of a dependency network may change during the life of the 

system. 
6. The structure of a dependency network may contain cycles. 

The four main propagation patterns apply different update propagation 
strategies in different cases.  

Strict propagator updates the whole network immediately and reestablishes 
consistency. Strict propagator with failure acts similarly but tolerates update failures. 
Applying these two patterns, two problems should be taken good care of: 

1. A change can cause an avalanche of updates. 



2. There can be repeated updates before changed objects are used.  In 
other words, redundant updates may occur. 

Lazy propagator avoids both these drawbacks because it starts update only when 
an up-to-date object is requested. It also can be used for periodic updates. But it also 
has a drawback: to make sure that an object is current, it must traverse the network 
backwards to the root and compare the timestamps. It can be a problem when the 
object is quite away from the root. 

Adaptive propagator avoids all the drawbacks and allows dynamical 
propagation mode. 

1.2. Structure 

The general structure of a propagator is shown in Figure 1 
 

 

Figure 1 General structure of a Propagator 

The class propagator is in charge of all dependency network related operations. 
And the class concretepropagator implements all update operations. The dependents 
relation is a m:n relation. 

Other patterns can be used in describing the graph structure. For example, in 
order to monitor a predecessor, observer pattern can be applied for a dependent. 
Furthermore, the dependency network information can be encapsulated by mediator 
pattern, which can be shared with all the objects in the network. Also strategy pattern 
can be used to implement the algorithms for propagation operation. 
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1.3.  Consequences 

The dependency structure of a network can be changed by adding or removing 
dependents.  

The abstract class propagator maintains the dependency graph and cascades the 
change. It has no knowledge about the concretepropagator. Only the update method 
knows the mapping between an object and its predecessor. 

Care must be taken to the consistency of update while the network structure is 
changed. 

The cost of propagation depends on both the particular dependency network and 
the cost of updates. 

In some cases the completion of the update for all objects impacted by a change 
comes to be an issue. For example, the update may fail and prevent propagation from 
actually reaching all dependents. 

2. Strict propagator 

The strict propagator is also known as forward propagator, immediate 
propagator or eager propagator. 

Some assumptions have been made for this pattern: 
1. Updates always completes; 
2. An object keeps tracking only its dependents. 

2.1. Structure 

The structure of a strict propagator is shown in Figure 2 

 

Figure 2 Structure of a strict propagator 
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The class StrictPropagator knows its direct dependents, and provides a 
notification interface and an updating interface. A template method can be used for 
propagating the notifications and updates through the network recursively. A method 
for adding and deleting direct dependents should also be provided. 

The class ConcretStrictPropagator stores the state of an object, sends 
notifications to its dependent when its state changes. The update interface should be 
implemented. 

2.2. Implementation 

At several aspects attention should be paid while implementing this pattern. 
1. Cycles. If the graph of dependencies contains cycles, a graph marking 

procedure should be used to terminate the recursion. 
2. Smart propagation. On update, each node can stop sending further 

notification if its content does not change due to the change of the 
originating node. Many techniques can be applied, e.g. Memento. 

3. Compression and Deltas. In some systems, the amount of data to be 
transferred is so large that use of compression technique should be 
considered. Alternatively, a particular technique called delta can be used. 
The delta encodes the difference between the old and new state. 

4. Bundling updates from several predecessors. Because one object can have 
several predecessors and the updates of these predecessors may be caused 
by a single change, a more sophisticated algorithm can be applied. This 
algorithm may use a topological sort of the dependency graph and 
propagate changes in the order. 

5. Maintain the dependency graph. Each strictpropagator can simply maintain 
a list of its dependents. A graph manager such as a hash table can be used to 
save some space but lower speed. 

6. Event notification. When a node changes, it notifies the event manager. 
Then the event manager sends either notification or data to its dependents. 

7. Dynamically changing the dependency graph. In order to avoid redundant 
updates while adding or removing an edge, the entire dependency graph 
should be built with its roots initialized before the update method is called. 

8. Depth-first or breadth-first propagation.  
9. Distribution, Replication, and Fault tolerance. For example in distributed 

systems, nodes can be on different computers. Islam et al describes how to 
deal with such problems. 

2.3. Applications 

Applications of this pattern can be found in GUIs, spreadsheets and many 
reactive control systems. 



3. Strict Propagator with Failure 

This pattern is also known as Optimistic Propagator. 

3.1. Motivation 

Sometimes an update cannot be finished successfully. The Strict propagator 
cannot solve this kind of problems, so a new pattern called Strict Propagator with 
Failure is introduced. 

3.2. Implementation 

The strictpropagator is extended with a valid marker, which is a Boolean 
variable. The update method returns a Boolean value indicating successful or 
unsuccessful update. 

The notifyDependents method tests the outcome of update. If update is 
unsuccessful it calls an alternate method, invalidateDependents, instead of recursing. 
InvalidateDependents visits dependent objects in the same order as notifyDependents 
but marks them as invalid. 

This technique must be extended since an object may have several predecessors. 
The marker should be able to record from which path it is marked as valid or invalid. 

3.3. Applications 

An example is the spreadsheet which handles arithmetic overflow. This pattern 
can also be found in system building tools. 

4. Lazy Propagator 

This pattern is also known as Backward propagator or Update no demand. 

4.1. Motivation 

Sometimes propagation can be expensive due to the update operation or the 
extent of the dependency network though only several objects need to be up-to-date. 
In other cases, an explicit event requests only one or a subset of the objects to be 
brought up-to-date. 



4.2. Structure 

The classes representing lazy propagator are shown in Figure 3 

 

Figure 3 Structure of lazy propagator 

In this pattern, a timestamp is used to indicate the last modification time of an 
object\s state. 

The class LazyPropagator knows its direct predecessors. An updating interface 
is provided. Template methods are included for checking whether an object is 
up-to-date and for initiating updates if it is not. It also contains a timestamp. Methods 
for adding and removing direct predecessors are provided. 

The class ConcreteLazyPropagator stores the state of interest an implements the 
updating interface. 

4.3. Implementation 

The implementation hints of strict propagator can be applied analogously.  
Smart propagation backward is somehow different. Suppose an object notices 

that an update did not change its content, so its dependents need not be updated. The 
timestamps of the unchanged object must be touched to reflect its currency, but 
downstream updates should not be triggered. This could be handled by passing back 
an indicator that says that the timestamp is reset but the object is not changed. The 
receiving object can then suppress its update and touch its timestamp. 
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4.4. Applications 

One well-know application is MAKE, a system build tool. Other applications 
can be found in interactive environments with demand compilation, web browsers and 
so on. 

5. Adaptive Propagator 

It’s also known as Adaptive Update. 

5.1. Motivation 

Since both strict and lazy propagators have their own drawbacks, adaptive 
propagator can be seen as improvement. 

The adaptive propagator takes approach of immediately forward propagating 
only the invalid marker and separately updates in three modes: optimistic, periodic, 
and on demand. 

Optimistic update mode starts with the changed object and causes those objects 
that are affected by the change to be updated - at a pace slower than the propagation 
of the invalid marker and possibly concurrently with other activities on objects in the 
dependency network. 

Periodic update mode allows the impact of several changes to accumulate 
before actually updating the affected objects. The period of this update mode is 
determined by the user of this pattern, e.g., a simulation system updating the display 
once every second while simulated events may occur at a finer granularity. 

On demand update operates similar to lazy propagator, i.e., update propagation 
does not start until an object is actually requested by the user. However, update 
propagation only needs to follow links backwards as long as invalid markers are set, 
and may therefore not have to trace back all the way to the roots. If invalid markers 
are retracted in the order in which forward propagation sets them, then we can even 
let forward and backward propagation run simultaneously without causing 
inconsistency of the markers. 

5.2. Implementation 

Figure 4 shows the state diagram for adaptive propagator. 
Normally, an object receives invalidation and enters the state Invalid. After 

certain time, the actual update starts and the object enters the state UpdateInProgress. 
If the update completes successfully, then the object returns to state valid, otherwise 
to the state invalid. 

However, an additional invalidate may arrive while the update is in progress. In 



that case, the object enters the UpdateInvalid state, which it can leave only with 
update completion or failure. 

 

Figure 4 State diagram for adaptive propagator 

5.3. Applications 

Spreadsheets are examples of multiple level dependency structures that operate 
in immediate update propagation mode, but allow this mode to be disabled for 
demand or periodic update. 

Some applications can be found in distributed file systems and database with 
and without replication, single and multi level caching. 

6. Summary 

In this paper, each pattern is represented as a pattern of classes. These patterns can 
also be viewed as role patterns. See Describing and Composing Patterns Using Role Diagrams, D. 
Riehle, Proceedings of WOON’96. 
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