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1. Abstract 
This document defines the definitions and rules related to Complex-Joins. It discusses the model from the author’s point of view how complex joins are working. The actual runtime model could be different.
2. Definitions and rules
A flow object (as a result gateways) can be executed only if it is enabled. 
A Complex-Join flow object is enabled if there is at least 1 token on the incoming links and the incoming flows condition script evaluates to true. The script can check if there is a token on every incoming flow. If other tokens arrive after the flow object was executed then those tokens will be discarded. Note that tokens coming from different iteration of a cycle will be treated separately.

This section discusses the model from the author point of view how complex joins are implemented. The actual runtime model could be different.

Definition: Complex-Join Activation Id

The Complex-Join Activation Id is a unique Integer that is generated when the Complex-Join is activated. All tokens created as a result of the execution of this instance of the Complex-Join will carry this Id until they come again to the same Complex-Join. If a token passes several Complex-Joins then it will have several Activation Ids – one for each complex Join flow object. If a token didn’t go through a particular Complex-Join then the activation Id for this join is “0”.
Definition: Token property “complexJoinActivations” 
Every token has a property called “complexJoinActivations” of type Map. The keys of this map are the objects Ids of the complex Joins and the values are Set of Activation Ids for this particular complex Join

It is possible a token to have several Activation Ids per complex Join as result of merging 2 tokens – one coming from the cycle 1 and another coming from the cycle 2 of the same complex Join. Thus the result token will be considered as coming from cycle 1 and cycle 2 for the same complex join.
Rule: Updating complexJoinActivations property when Joining/Splitting for AND and OR gateways
After a split all produced tokens will have copy of the same value for their property complexJoinActivations. (Note: However those properties will NOT point to the same map e.g. by changing in the future a value in one of the map it will not affect all maps)
When joining multiple incoming flows, the value for “complexJoinActivations” of all produced tokens will be calculated using the values of the “complexJoinActivations” of all incoming tokens.

The rule is

Outgoing complexJoinActivations = union(complexJoinActivations of all incoming tokens)

For example:

Let’s have AND-Join “J1” and there are 2 incoming lines into it – L1 and L2. Let also T1 is a token on L1 and T2 is a token on L2
T1 = { complexJoinActivations = [ (A, {1}), (B, {10}) ]  }

T2 = { complexJoinActivations = [ (A, {5}), (B, {10}), (C, {10}) ]  }

· Here A, B and C are complex-Joins. 

· T1 was generated as result of 

· Activation of A and is part of the cycle “1” 
· Activation of B and is part of the cycle “10”

· T2 was generated as result of 

· Activation of A and is part of the cycle “5” 

· Activation of B and is part of the cycle “10” 

· Activation of C and is part of the cycle “10” 

All new tokens will have a copy of the following structure as value for their property complexJoinActivations
New Tokens = { complexJoinActivations = [ (A, {1, 5}), (B, {10}), (C, {10})]  }

Definition: “tokensToBeDestroyed” property of Sequence Flow
Every sequence flow has a property “tokensToBeDestroyed” of type Set containing activation Ids. This property belongs to the runtime model of a running BPD e.g. if 2 instances of the same BPD are executed then this property will be different object for same sequence flow in the model e.g. no mixing of this property between different instances of BPDs.
Rule: Enabled Complex-Join
A complex join is enabled if there is at least 1 token on the incoming links and the enabled condition returns true for tokens having the same activation Id for the current Complex-Join. 
It is possible tokens from different cycles to arrive at a Complex-Join. According to the BPMN Specification those tokens should be treated separately.

To check if a complex join is enabled the following algorithm is used:

1. Create a ordered Set of activation Ids for this Complex-Join using the available tokens on all incoming links
2. Sort the set. This step is placed here to forced determinism for the next steps e.g. 2 different execution of the same process should lead to the same result. However authors should not rely on this!
3. For each activation Id in the set
a. Find all tokens that carry this activation Id

b. Make this information available to the process e.g. the process authors shall be able to access those tokens in the IncomingCondition
c. If the IncomingCondition evaluates to true then exit the cycle and return result that the Complex-Join can be enabled
4. If the IncomingCondition script evaluates to “false” for all activations Ids then the Complex-Join cannot be enabled.
Example 1:

The example demonstrates how the engine will determine if a complex-join is enabled.


[image: image1]
Problem:
The picture above shows a complex join with 3 incoming flows A, B, C. There is a token on every line T1, T2, T3. 

T1 = { complexJoinActivations = [ (J1, {2}) ]  }

T2 = { complexJoinActivations = [ (J1, {1, 2}) ]  }

T3 = { complexJoinActivations = [ (J1, {3}) ]  }

Using the above rules check if the complex join is enabled

Solution

1. Create a ordered Set of activation Ids for this Complex-Join using the available tokens on all incoming links.

Set activationTokenIds = { 1, 2, 3 }

2. Sort the set. 

Set activationTokenIds = { 1, 2, 3 }

3. For each activation Id in the set
a. currentActivationId = “1”

b. Find all tokens that carry this activation Id

Tokens = { T2 }

c. Evaluate the Incoming Condition script. Here the script will have information that there are tokens only on flow B, but NOT on A and C. The tokens on A and C belong to different cycles and shall be treated separately. The condition will return false (the condition is A and B or C and we have token only on B)

d. Move to the next activation Id. currentActivationId = “2”

e. Find all tokens that carry this activation Id

Tokens = { T1, T2 }

f. Evaluate the Incoming Condition script. Here the script will have information that there are tokens only on flow A and B, but NOT on C. The token on C belongs to different cycle and shall be treated separately. The condition will return true. Here we will return that the complex join can be enabled.

Note:

If the flow object is enabled after its activation we will query it again at a later point to check if it can be enabled again. This is to handle the case where the arriving tokens are from different cycles and the join can be activated for more then 1 of those cycles.
Rule: Activating Complex-Join
When a complex Join is activated all tokens on the incoming flows with the activationId for which the IncomingCondition did evaluate to “true” will be consumed. (In “Example 1” those will be tokens T1 and T2)
All incoming flows without tokens at that time will have their property “tokensToBeDestroyed” updated to include the activation Id of the consumed tokens. Thus when the Complex-Join is activated again the first token from the same activation cycle for every incoming flow without token at the time the Complex-Join was activated will be consumed (See the rule “Sequence flow destroying a token”) (In “Example 1” the property “tokensToBeDestroyed” of flow “C” will be updated to include activation Id “2” )
Rule: Completing Complex-Join
When the join completes it will create new tokens (if needed). At that time the join will generate new Activation Id and will place it on every outgoing token.
Rule: Sequence flow destroying a token
When a token is about to be placed on a flow (connected to a Complex-Join) the flow will be consulted for its “tokensToBeDestroyed” property. If the token carries an activation Id for this Complex-Join that exists in “tokensToBeDestroyed” set then the token will be destroyed and the activation Id will be removed from “tokensToBeDestroyed”. Thus when a Complex-Join is activated it will ignore only 1 token of every incoming link that didn’t have tokens when the Complex-Join is activated.
Incoming Condition:


(A and B) or C





Flow: C


Token: T3





Flow: B


Token: T2





Complex Join J1
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Flow: A


Token: T1
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