DRAFT

MAPS AND BUSINESS RULES

Business rules, which are created for individual business units (Departments), describe conditions that must be evaluated for each proposal.. Before proposals are submitted to the sponsors, they must receive approvals at various levels within MIT.  The routing of proposals within the institution is handled using business rules and routing maps.  This document describes the evaluation of the business rules and the routing process.

Maps

Maps consist of an ordered set of stops with approvers and possibly alternate approvers defined for each stop. (Sequential stops are known as "levels" in the database, and users within a level are at different "stops".)

Maps are created for use in approval routing to obtain the necessary approvals for a proposal. They can be either "direct" or "indirect".  Indirect maps are automatically applied based on specific business rules. Direct maps, however, are manually selected prior to initiating the approval cycle. 

Notification maps can also be created to be used during the notification process where a particular unit or individual requires notification of a processed proposal but may not necessarily be in the approval chain.  .

Business Rules

There are three types of business rules - routing rules, notification rules, and validation rules.   When a routing or notification rule is evaluated, a map is assigned to the rule.  Maps are not associated with validation rules - they are evaluated as either true or false.

Composition of a rule

Business rules are composed of one to many conditions.  Each condition can be made up of multiple expressions.  

Rules are expressed in the following form: 


If condition one is true Then use  map 1  


Else if condition two is true then use  map 2


…


Else use map n.

(For validation rules, the form is the same, except instead of the evaluation resulting in a map, it will result in Valid or Invalid.)

Conditions can be made up of multiple expressions with the form:


LEFT HAND VALUE  Operator  RIGHT HAND VALUE  (eg. Total Cost > $1000)

The LEFT HAND VALUE can be a column from the database, or a proposal yes/no question, or a 'business rule function'.

Business rule functions are more involved than simple columns, and are written as stored procedures.  (An example of a function is 'Check if the principal investigator is not a faculty member'.)

When Rule evaluation takes place

Routing rules are evaluated if the 'Submit Proposal' or 'Show Routing'  menu options are selected.   The only difference between the two options is that 'Show Routing' does not update the status of any map stops or of the Proposal itself.

Validation rules are evaluated if the 'Validation Checks' option is selected and also before a proposal is submitted.

Notification rules are evaluated after the proposal is submitted.

Order of rule evaluation

Metarules

Meta Rules instruct the system how to apply the business rules and in what order those rules should be applied.

Validation rules before routing rules

When a new proposal is submitted for approval, the system will first check all validation rules before evaluating routing rules. Only validation rules defined for the proposal’s lead unit will be evaluated. (This is the owned_by_unit of OSP$EPS_PROPOSAL.)
Routing rules

The system will  apply the appropriate business rules to the proposal and build a set of routing maps.  The business rules that are applied are dependent on the proposal lead unit (owned_by_unit in OSP$EPS_PROPOSAL ) and the units of all investigators (units in OSP$EPS_PROP_UNITS). The rules of these units are applied first, and then rules of all units up the heirarchy tree.
Notification rules

Notification maps are built after the routing maps.

Validation rule evaluation
The processing begins in pkg_get_maps.fn_proposal_validation.  All validation rules for the proposal are evaluated, and an array containing the failed rules is returned to Powerbuilder for display to the user.
The following pseudo code describes the high level processing:

Loop until no more rules


get next rule to be evaluated



    Check the metarule detail table for the last rule 


     Return the next rule, depending on the last rule's result 


evaluate rule


if rule fails, then add to list of failed rules

End loop




Routing rule evaluation
Evaluation of routing rules will result in building a set of approval maps. 

The processing begins in pkg_build_maps.fn_build_maps.

The actual evaluation of rules takes place in the pkg_get_maps package (described elsewhere).

The following two tables are used in building the approval map tree:

OSP$EPS_PROP_APPROVAL - contains the map ids

OSP$EPS_PROP_APPROVAL_MAPS - contains details of each map

Pseudo-code for building of routing maps

Get the starting units (units of all investigators = units in osp$eps_prop_units)

build linked list segments for each starting unit 


go up the tree to the root from each starting unit 



Build linked list of maps within each unit (fn_build_unit_maps)

call function to evaluate all applicable rules for the unit (pkg_get_maps.fn_get_maps)




Now we have separate map lists corresponding to the unit list segments



Connect the map lists (fn_establish_link)



Insert the maps into the database

Example :  Show routing for a proposal with the PI from unit 402300, and another investigator from unit 151000.  
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First, here is the unit hierarchy:
1. Starting units are 402300 and 151000

2. Build the unit list from starting units        
Start with 402300 and go up the tree to the root (index 1 - 4)

Then start with 151000 and go up the tree to the root (index 5 - 8)

	Index
	Unit
	Parent unit

	1
	402300
	404400

	2
	404400
	401000

	3
	401000
	000001

	4
	000001
	000000

	5
	151000
	150000

	6
	150000
	442500

	7
	442500
	401800

	8
	401800
	401000


     So the unit hierarchy that will be evaluated for rules is
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3. Build the map list. For each unit in the list, build a local map structure (i.e. evaluate all the rules for the unit).   Then add to to the global map list structure.

Each node in the list has a node number, map sequence number, parent map sequence number (which will be -1 if there is no parent), a unit id, and a map id (that is the unique osp$unit_map id).

After doing this the map list will look like this:

	Node
	Map seq
	Parent map
	Unit

	1
	1
	2
	402300

	2
	2
	3
	402300

	3
	3
	-1
	402300

	4
	4
	-1
	404400

	5
	5
	-1
	401000

	6
	6
	-1
	000001

	7
	7
	8
	150000

	8
	8
	-1
	150000

	9
	9
	-1
	442500

	19
	10
	-1
	401800


Note that rule evaluation for unit 402300 resulted in 3 maps, rule evaluation for unit 150000 resulted in 2 maps, rule evaluation for unit 151000 resulted in no maps, and rule evaluation for the other units resulted in 1 map for each unit.

4. Link the maps together according to the unit hierarchy.  This is done in the recursive procedure fn_establish_link - called with arguments unit, and ai_link.

Start at the root unit
Get the bottom map for the unit (map that has no children)

Get the child units 




If there are child units then





For each unit repeat the above




If there are no more child units then





Get top map for theunit





Link it to the parent unit's bottom map

With our Example we get:

 
Level 1 call (000000 , 0)

   Level 2 call (000001 , 0 )

             Level 3 call (401000, 6)


Level 4 call (404400, 5)



Level 5 call (402300, 4)


Level 4 assignment - unit 404400, set top map to 3, link to 4

                                             Level 3 assigment - unit 401000, set top map to 4, link to 5


Level 4 call (401800, 5)



Level 5 call (442500, 10)




Level 6 call (150000, 9)





Level 7 call (151000, 7)




Level 6 assignment -unit 150000, set top map to 0, link to 7



Level 5 assignment - unit 442500, set top map to 8, link to 9


Level 4 assignment - unit 401800 set top map to 9, link to 10

                                              Level 3 assignment - unit 401000 - set top map to 10 , link to 5




   Level 2 assignment - unit 000001 - set top map to 5, link to 6

Resulting map tree:
	Node
	Map seq
	Parent map
	Unit
	Map descripiton

	1
	1
	2
	402300
	All proposals for 402300

	2
	2
	3
	402300
	Unit 402300-sponsor is 000500

	3
	3
	4
	402300
	Map for instruction and research

	4
	4
	5
	404400
	404400 human testing

	5
	5
	6
	401000
	401000 map

	6
	6
	-1
	000001
	space change for 000001

	7
	7
	8
	150000
	150000 map for budget gt 50000

	8
	8
	9
	150000
	150000 - humans

	9
	9
	10
	442500
	human testing for 442500

	10
	10
	5
	401800
	401800 map for human testing


   This is how the maps are displayed in Coeus:

 

5. Now the map list is complete. Insert the maps into the database tables (fn_insert_maps_in_db)

Note: direct maps are inserted into database tables by powerbuilder front end when the user chooses the direct map from the proposal window.  Direct map ids are set to 999 in osp$eps_prop_approval and osp$eps_prop_approval_maps.

Delete old maps (if any, because of previous show routing or rejection), but do not delete direct maps.

If there is a direct map


Get the proposal.owned_by_unit


Get the bottom map for this unit (1st map to be routed)


Set parent map of the direct map to this bottom map in database and global map list

Insert all indirect maps into osp$eps_prop_approval and osp$eps_prop_approval_maps

6. If the option is 'Submit', then 

Update  OSP$EPS_PROPOSAL.CREATION_STATUS_CODE  to '2'

Get starting map(s). (the maps that are no one's parent, as well as the first direct map)

    For each map: (fn_initialize_map)

Update approval_status in OSP$EPS_PROP_APPROVAL_MAPS to 'P' (in progress)

Update approval_status in OSP$EPS_PROP_APPROVAL to 'W' for users at all stops in level 1

Insert inbox messages for all users at first level ( either 'Please approve this proposal' or 'You are designated as an alternate approver for this proposal') - Note: the "from user" is the submittor

Notification rule evaluation

Evaluation of notification rules will result in insertion of messages into the inbox of people specified by resulting maps.  A set of ordered maps is NOT built, as it is in routing rule evaluation. 

The processing begins in pkg_build_maps.fn_notification.

The actual evaluation of rules takes place in the pkg_get_maps package (described elsewhere).

Pseudo code

Get starting units

For each unit

call pkg_get_maps.fn_notify  that will evaluate rules for unit, and notify all people in resulting maps..

Proposal Routing (Approval/rejection) process

Processing begins in pkg_build_maps.fn_proposal_action (whether throught Powerbuilder or CoeusWeb).  The arguments are the proposal number, the map id, the level, stop, update user, action (approve or reject), and approve_all indicator.
Tables that will be updated:


OSP$EPS_PROP_APPROVAL


OSP$EPS_PROP_APPROVAL_MAPS


OSP$INBOX


OSP$EPS_PROP_NOTEPAD (for rejections)


OSP$MESSAGE (for rejections)
Notes on Approvals

The sequential stops of a map are denoted by the database column LEVEL.

The multiple users at a sequential stop are denoted by the database column STOP.

Alternate users have the same STOP number

If the approver is present at more than one stop in the routing process, then at approval of a stop

a) if the person is a primary approver at some other stop, then all the approver’s stops will be approved if requested.  

b) If the approver is an approver at some other stop and the status of that other stop is ‘Waiting for Approval’, the other stop will be approved automatically.
If the approval was successful, and it was last stop of the approval cycle, then the system will check if the user has the rights to submit the proposal to the sponsor.  If so, and the user chooses to submit the proposal, the status of the proposal will be set to ‘Submitted’.  If the user does not have submission rights, or if the user chooses not to submit the proposal immediately, the proposal status will be set to ‘Approved’.

Pseudo code for Approvals and Skips (Bypass)


if approve_all_flag is set then



approve this stop



approve all stops for this user where stop status = 'T' and this user is primary approver

else

approve this stop

update approval_status of user to "A" and alternates to "O"

(if it is a bypass, update approval status of all people at the stop to "B")

update inbox message to "Proposal approved" for this user and "approved by other" for alternates

(it it is a bypass, update inbox message for all to bypassed)



initialize next stop

If no more stops are 'Waiting for Approval' at this level then


If there is another level for this map

get the next level for current map



update the 'To be submitted' stops at the new level to 'Waiting'



insert inbox messages for these stops



if there is not another level then




finish up this map 

update osp$eps_prop_approval_maps.approval_status to A




get next map

if there is a parent map then fn_init_next_map

else proposal is finished (return to powerbuilder)


end if

if this user has any 'W's (as a primary approver) elsewhere then

 approve them 

      handle weird case for inbox messages

Pseudo code for Rejections

update OSP$EPS_PROPOSAL creation_status_code to rejected

update OSP$EPS_PROP_APPROVAL_MAPS approval_status to rejected for this map

update OSP$EPS_PROP_APPROVAL approval_status to rejected for this user's stop

update OSP$EPS_PROP_APPROVAL approval_status to 'rejected by other' for other users at this LEVEL 

update inbox message for this user to rejected

update inbox messages for other users who have Please approve messages to  "Proposal rejected by other user"

insert  rejection message in proposal notepad

insert inbox rejected messages for aggregators (role 100)

Package descriptions

pkg_build_maps

Description

Build map tree for a proposal when proposal is submitted, when Show Routing is requested

Build notification map tree for a proposal 

Handle approval and rejections.

The package uses the following structures:

	Structure
	Nodes

	Gtbl_map_list
	Unit id; map id; map sequence; parent map id; parent map sequence

	Gtbl_unit_list
	Unit id; parent unit id


The  leafs of the map tree (the maps with no children) are the first maps in the approval cycle, and the top of the tree (map with parent of 0) is the last map in the cycle.

Direct maps always have map id = 999

Entry points



fn_build_maps



fn_proposal_action

fn_notification

External calls

pkg_get_maps.fn_get_maps

pkg_get_maps.fn_notify

pkg_get_maps

Description

Evaluates routing rules for the proposal and returns list of maps

Evaluates notification rules for the proposal and notify people (via inbox messages)

Evaluates validation rules for the proposal and returns list of broken rules.

The package uses the following structures:

	Structure
	Nodes

	gtbl_map_list
	Unit id; map id; map sequence; parent map id; parent map sequence

	gt_broken_rules
	 List of numbers of broken validation rules


Entry points

fn_get_maps - called from build_maps_pkg

fn_notify - called from build_maps_pkg

fn_proposal_validation

External calls

Fn_insert_message

Fn_send_notification

API for functions

fn_proposal_validation

Description:

Called from Powerbuilder  to do proposal validation. 

Arguments:

	Argument
	Type
	Description

	proposal number 
	Varchar2(8)
	Proposal  number

	unit number
	Varchar(8)
	owned by unit of proposal

	update user
	varchar2(8)
	logged on user

	rule list (passed by reference)
	Array of longs (Powerbuilder type)

pkg_get_maps.t_rules_list (Oracle type)
	will contain the rule ids of any failed validation rules


Returns:

number of failed validations, and list of failed rules in rule list argument 

Calls:

pkg_get_maps.fn_proposal_validation
fn_build_maps
Description:

Builds maps for a proposal.

Called from Powerbuilder  when a proposal is submitted or to display routing.

Arguments:

	Argument
	Type
	Description

	Proposal number
	Varchar2(8)
	Proposal number

	Unit number
	Varchar2(8)
	unit

	Update user
	varchar2 (8)
	Logged on user

	option
	varchar2
	'S' (submit) or 'D' (display)


 Returns:

Number of maps

-1 for error

Calls:

pkg_build_maps.fn_build_maps

fn_proposal_approval

 Description:

Handles approval or rejection of a proposal stop.

Called from Powerbuilder or CoeusWeb when an approver approves or rejects the proposal.  

Arguments:

	Argument
	Type
	Description

	Proposal number
	Varchar2(8)
	Proposal number

	Map id
	Number
	Routing map

	Level number
	 Number
	Level of map just approved

	Stop number 
	 number
	Stop of map just approved

	user
	Varchar2(8)
	Logged on user

	Action
	Varchar2(1)
	Approval option (‘A’ or ‘R’ or 'P')

	Approve_all
	Number
	0 – approve this stop only;

 1 – approve all


Returns:

1   
successful approval

2 
successful approval of last stop of routing chain

-1 
error




Calls:

pkg_build_maps.fn_proposal_action

fn_submit_notification

Description

Called from Powerbuilder  after proposal is submitted.

Arguments:

	Argument
	Type
	Description

	Proposal number
	Varchar2(8)
	Proposal number

	unit
	Varchar2 (8)
	Logged on user's unit

	user
	Varchar2(8)
	Logged on user


Calls

pkg_build_maps.fn_notification
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