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This document proposes text to be introduced in section 6 and section 7 of Release 6 TS 32.412 “Performance Management IRP: Information Service”. 

The objective is to specify the information service for Threshold Management in the context of Performance Management IRP information service. 

6.2.1 
Attributes and relationships
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Figure 6.1(b): Information Object Class UML Diagram
6.2.2
Inheritance
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Figure 6.2: Information Object Class Inheritance UML Diagram
6.3
Information Object Class Definitions
6.3.6
Monitor

6.3.6.1
Definition

It represents a capability to determine the threshold-crossing and threshold-clearing. This class is abstract in that it cannot be instantiated.  The ThresholdMonitor inherits this class.

The instance of this extended class, such as the ThresholdMonitor, shall emit notifyMonitorCreation when it was first created; and shall emit a notifyMonitorDeletion when it is deleted.

The instance of this extended class shall also emit notifyNewAlarm, notifyChangedAlarm and notifyClearedAlarm according to the rules specified in Annex A: Threshold Alarm Triggering Events.

.

6.3.6.2

Attribute

	Attribute name
	Visibility
	Support Qualifier
	Read Qualifer
	Write
Qualifier

	monitorId
	+
	M
	M
	-

	monitorGranularityPeriod
	+
	M
	M
	-

	eventType
	+
	M
	M
	-

	probableCause
	+
	M
	M
	-

	specificProblem
	+
	M
	M
	-

	direction
	+
	M
	M
	-


6.3.6.3
Notification

	Name
	Qualifier

	notifyNewAlarm
	See 7.9.1.

	notifyClearedAlarm
	See 7.9.2.

	notifyChangedAlarm
	See 7.9.3.

	notifyMonitorCreation
	See 7.9.4.

	notifyMonitorDeletion
	See 7.9.5.


6.3.7
ThresholdMonitor
6.3.7.1
Definition

In order to monitor the overall health of the network, the thresholds are set by the authorized users to generate network performance related alarms.  The ThresholdMonitor contains the values of the threshold settings for the PM parameters. If the threshold is crossed, a Quality of Service Alarm Notification will be emitted.

6.3.7.2

Attribute
	Attribute name
	Visibility
	Support Qualifier
	Read Qualifer
	Write
Qualifier

	pMAttributeName
	+
	M
	M
	O

	subCounterName
	+
	O
	M
	O

	thresholdMonitorStatus
	+
	M
	M
	-


6.3.8
ThresholdLevel
6.3.8.1
Definition

It defines the thresholding criteria (via ThresholdLevel.pMAttributeValue and ThresholdLevel.hysteresis) for a PMAttribute or subCounter.  It also specifies the severity level (via ThresholdLevel.severity) carried in the alarm triggered by the threshold crossing event.

This instance cannot be modified once created.
6.3.8.2

Attribute
	Attribute name
	Visibility
	Support Qualifier
	Read Qualifer
	Write
Qualifier

	thresholdValue
	+
	M
	M
	O

	severity
	+
	M
	M
	O

	hysteresis
	+
	M
	M
	O

	notifyOnOff
	+
	O
	M
	O


6.4
Information relationship definitions
6.4.5

relation-pMIRP-tMonitor (M)

6.4.5.1

Definition

This represents the relationship between PMIRP and ThresholdMonitor. 

6.4.5.2

Role

	Name
	Definition

	theThresholdMonitor-1
	It represents the ThresholdMonitor.


6.4.5.3

Constraint

	Name
	Definition

	inv_uniqueMonitorId
	The monitorIds of all thresholdMonitors, playing the role of theThresholdMonitor-1, are unique within a particular PMIRP.


6.4.6

relation-tMonitor-mE (M)

6.4.6.1

Definition

This represents the relationship between ThresholdMonitor and ManagedEntity. 

6.4.6.2

Role

	Name
	Definition

	TheThresholdMonitor-2
	The ThresholdMonitor reads the monitored PMAttributes or subCounters of the related ManagedEntity instances.
When playing this role, the ThresholdMonitor is aware of the class name and DN of the ManagedEntity whose PMAttributes or subCounters are being monitored.

	theME 
	TheME, when playing this role, represents the actual network resource instance whose PMAttributes or subCounters are being monitored for threshold-crossing and threshold-clearing.


6.4.6.3

Constraint

	Name
	Definition

	applyToSameObjectClass
	The ThresholdMonitor, which playing the role of ‘theThresholdMonitor-2”, can monitor the thresholds of the pMAttributes of one or multiple managed object instances of the same managed object class, which playing the role of “theME”.


6.4.7

relation-tMonitor-tLevel (M)

6.4.7.1

Definition

This represents the relationship between ThresholdMonitor and ThresholdLevel. 

6.4.7.2

Role
	Name
	Definition

	TheThresholdMonitor-3
	When playing this role, the ThresholdMonitor can access the threshold-crossing and clearing criteria (i.e., ThresholdLevel.thresholdValue, ThresholdLevel.hysteresis) of the monitored pMAttribute or subCounter.  It can also access the associated severity (i.e., ThresholdLevel.severity).

	theThresholdLevel
	When playing this role, the ThresholdLevel captures the threshold-crossing and threshold-clearing criteria and its associated severity level.


6.4.7.3

Constraint

	Name
	Definition

	noMoreThanThreeLevels
	A ThresholdMonitor can only have no more than three ThresholdLevels.  


6.5
Information attribute definition

6.5.1
Definition and legal values

	Attribute Name
	Definition
	Legal Values

	monitorId
	It specifies the unique ThresholdMonitor in the PMIRP Agent.
	String.

	pMAttributeName
	It identifies a name of one PMAttribute whose value is being monitored for threshold-crossing and threshold-clearing.
	String

	subCounterName
	It identifies a name of one subCounter whose value is being monitored for threshold-crossing and threshold-clearing.
	String

	thresholdMonitorStatus
	It specifies the current status of the ThresholdMonitor.
	ENUM of <

   Active – ThresholdMonitor is working;

   Suspended – ThresholdMonitor is suspended.

>

	monitorGranularityPeriod
	It specifies the period between two successive reading of the thresholdValue to determine threshold-crossing and threshold-clearing.
	It can be 5 minutes, 15 minutes, 30 minutes, 1 hour, 12 hours or 24 hours.

	eventType
	It identifies the event type carried by the threshold crossing alarm.
	It is “qualityofService”.

	probableCause
	It identifies the probable cause (of the threshold crossing) carried by the threshold crossing alarm.
	String.

	specificProblem
	It identifies the specific problem (causing the threshold crossing) carried by the threshold crossing alarm.
	String

	direction
	Some PMAttribute, the higher its thresholdValue, the higher is the severity.  For others, the lower its thresholdValue, the lower is its severity.  This attribute identifices if the PMAttribute is of the former (i.e., “Increasing”) or latter type (i.e., “Decreasing”).

If it is “Increasing”, the threshold is said to be crossed when the value rises (when compared against the last read value) across one or more threshold values.  The threshold is said to be cleared when the PMAttribute value falls (when compared against the last read value) across one or more threshold values.

If it is “Decreasing”, the threshold is said to be crossed when the PMAttribute value falls across one or more threshold values.  The threshold is said to be cleared when the PMAttribute rises across one or more threshold values and is now above all threshold values.
	ENUM 

< “Increasing”, “Decreasing”>

	thresholdValue
	It defines the threshold value of the monitored pMAttributes or subCounters. If the value is crossed, the performance alarm may be emitted.
	If the monitored pMAttribute or subCounter is of Gauge type, this thresholdValue shall be of the same type.

If the monitored pMAttribute or subCounter is of counter type, then this value should be expressed as a rate, i.e., the number of units of type of the monitored PMAttribute or subCounter over unit of time.

Note this rate is independent from the monitorGranularityPeriod.  This means that changes in the monitorGranularityPeriod should not impact the rate used for threshold monitoring.



	hysteresis
	A threshold has a value.  It can have a hysteresis.  A threshold with a hysteresis has a threshold‑high and a threshold‑low values that are different than the threshold value.  A threshold without a hysteresis can be considered as a threshold whose threshold-high and threshold-low values are equal to the threshold value.

A hysteresis, therefore, defines the threshold-high and threshold-low levels within which the PMAttribute value is allowed to oscillate without triggering a threshold-crossing or threshold-clearing condition.

See appendix A: Threshold Notification Triggering Events.   
	Integer or Real

	severity
	It identifies the severity of the threshold crossing event.
	ENUM < Minor, Major, Critical>

	notifyOnOff
	It specifies whether the performance alarm will be emitted when threshold is crossed. 
	Boolean


6.5.2
Constraints

	Name
	Definition

	numberOfThresholdLevelPerThresholdMonitor
	In relation-tMonitor-tLevel, the multiplicity of theThresholdLevel is “1..3”.

If PMIRP supports multi-level severity, then there are at most 3 ThresholdLevels relating to one ThresholdMonitor.  All ThresholdLevel.severity instances shall hold a different value that is chosen from the following: ‘Critical’, ‘Major’ and ‘Minor’  

If PMIRP does not support multi-level severity, then there is only one ThresholdLevel relating to one ThresholdMonitor.  The sole ThresholdLevel.severity shall hold one of the following: ‘Critical’, ‘Major’ or ‘Minor’. 

	multiLevelSeverityOrder
	The multiple ThresholdLevel(s), related to one ThresholdMonitor, shall be of the following order.  If ThresholdLevel.severity of one instance is higher than that of the other instance and the direction is ‘Increasing’, then the ThresholdLevel.thresholdValue is higher than that of the other.   If ThresholdLevel.severity of one instance is higher than that of the other instance and the direction is ‘Decreasing’, then the ThresholdLevel.thresholdValue is lower than that of the other.  

	multiLevelSeverityHysteresisOverLap
	The values of ThresholdLevel.hysteresis, relating to one ThresholdMonitor, shall not overlap.


7 Interface Definition
7.1 Class diagram
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Figure 7.1 : Class Diagram
7.5
PMIRPOperations_2 Interface

7.5.1
Operation createThresholdMonitor (M)
7.5.1.1
Definition
IRPManager can request the NE/EM to create a ThresholdMonitor to define the threshold for some specific pMAttributes or subScanners. If the threshold defined is crossed, the qualityofService notification will be emitted to subscribed IRPManager(s). 
Two cases are allowed.  One case only accepts threshold monitoring of PMAttribute(s) that are already under monitoring by an existing MeasurementJob.  This kind of PMIRP will not monitor a PMAttribute for threshold-crossing and clearing if that PMAttribute is not already subject to a MeasurementJob monitoring.  This kind of PMIRP will only determine the threshold crossing and clearing events when the related MeasureJob(s) are in Active states.  The IRPManager, when interacting with this kind of PMIRP, must first start a MeasurementJob to monitor the PMAttributes and then invoke this operation for the same PMAttributes.  

The other case is that it can accept threshold monitoring of PMAttribute(s) regardless if they are already under monitoring by existing MeasurementJob(s).  
7.5.1.2
Input parameters

	Parameter Name
	Qualifier
	Information type
	Comment

	monitorId


	M
	Identifier of the ThresholdMonitor. 
	It specifies the unique identifier of the ThresholdMonitor in the PM IRP Agent.

	moClass
	M
	ManagedEntity.objectClass
	It specifies the managed entity class name.


	moInstanceList

	M
	List of ManagedEntity.DistinguishedName
	It specifies the list of managed object instances whose pMAttributes or subCounters will be monitored.

MoInstance can be absent. If so, the threshold of all known (to PMIRP) instances of the specified MO class will be monitored.



	thresholdInfoList
	O
	LIST of STRUCT < ThresholdMonitor.pMAttributeName,

ThresholdMonitor.subCounterName,
Monitor.probableCause,

Monitor.specificProblem,

Monitor.direction,

thresholdPack

}
where thresholdPack is list of thresholdPackElement.

The thresholdPackElement is STRUCT

<

ThresholdLevel.thresholdValue,

ThresholdLevel.severity,

ThresholdLevel.hysteresis
ThresholdLevel.notifyOnOff

>
[editor’s note] The notifyOnOff need to be discussed.
	It specifies the thresholds to specific pMAttributes or subCounters.

see 6.5.1.

	monitorGranularityPeriod
	O
	Monitor.monitorGranularityPeriod
	See 6.5.1


7.5.1.3
Output parameters

	Parameter Name
	Qualifier
	Matching Information
	Comment

	unsupportedList
	M
	List of STRUCT <

       ManagedEntity.objectClass,
       ManagedEntity.objectInstance,

ThresholdMonitor.pMAttributeName,
ThresholdMonitor.subCounterName,

ThresholdLevel.reason

>
	To create a ThresholdMonitor, best-effort is required. This parameter identifies the unsupported but requested PMAttribute(s)/subCounter(s). 

The reason can be:

(a) The PMIRP has trouble starting monitoring the threshold of this PMAttribute/subCounter. 

(b) The PMAttribute/subCounter is illegal.

(c) The PMAttribute/subCounter exists but it is not currently under monitoring by any MeasurementJob and that the PMIRP requires that it be under monitoring by MeasurementJob (before it can be monitored for thresholding).
(d) Hysteresis is overlapped.
This parameter is used only when the operation returns ‘PartialSuccess’.


	status
	M
	ENUM (Success,Failure, PartialSuccess)
	An operation may fail because of a specified or unspecified reason.




7.5.1.4
Pre-condition
validGranularityPeriod AND uniqueMonitorId AND someValidPMAttribute AND validDirection AND validNumberOfThresholdPackElements AND validOrderOfThresholdPackElements.
	Assertion Name
	Definition

	validGranularityPeriod
	The monitorGranularityPeriod is valid.

	uniqueMonitorId
	The ThresholdMonitor.monitorId is unique in the PMIRP.

	someValidPMAttribute
	At least one requested PMAttribute/subCounter can be monitored for thresholding.

	validDirection
	The direction is valid.

	validNumberOfThresholdPackElements
	If PMIRP supports multi-level severity, it is valid if the number of elements in thresholdPack is 1, 2 or 3.

If PMIRP does not support multi-level severity, it is valid if the number is 1.

	validOrderOfThresholdPackElements
	This assertion is applicable if PMIRP supports multi-level severity.  It is valid if it satisfies the constraint defined by multiLevelSeverityOrder of 6.5.2.


7.5.1.5
Post-condition
thresholdMonitorIsCreated
	Assertion Name
	Definition

	thresholdMonitorIsCreated.
	“The ThresholdMonitor identified by monitorId exists. And the performance alarm way be emitted if the thresholds are crossed. The ThresholdMonitor.thresholdMonitorStatus will be Active.


7.5.1.6
Exceptions

	Exception Name
	Definition

	invalidClassOrInstances
	Condition: (validClassAndInstances) not verified.
Returned information: output parameter status is set to ‘Failure’.
Exit state: Entry State.

	invalidGranularityPeriod
	Condition: (validGranularityPeriod) not verified.
Returned Information: Name of the exception; status is set to ‘Failure’.

Exit state: Entry state.

	noValidPMAttribute
	Condition: (someValidPMAttribute) not verified.

Returned information: output parameter status is set to ‘failure’.
Exit state: Entry State.

	invalidMultiLevelSeverityOrder
	Condition: (validMultiLevelSeverityOrder) not verified.

Returned information: output parameter status is set to ‘failure’.
Exit state: Entry State.

	invalidMultiLevelSeverityHysteresis
	Condition: (validMultiLevelSeverityHysteresis) not verified.

Returned information: output parameter status is set to ‘Failure’.
Exit state: Entry State.

	invalidDirection
	Condition: (validDirection) not verified.

Returned information: output parameter status is set to ‘Failure’.
Exit state: Entry State.


7.5.2
Operation deleteThresholdMonitor (M)
7.5.2.1
Definition
IRPManager can request NE/EM to delete a specified ThresholdMonitor throuth Itf-N. 
At the time of the removal, all outstanding threshold-crossing alarms will stay (i.e., the FM IRPAgent’s AlarmList will contain an AlarmInformation indicating threshold-crossing).  The IRPManager needs to use other means to remove the AlarmInformation in the FMIRP AlarmList.
7.5.2.2
Input parameters

	Parameter Name
	Qualifier
	Information type
	Comment

	monitorId
	M
	ThresholdMonitor.monitorId
	It specifies the ThresholdMonitor to be stopped.



7.5.2.3
Output parameters

	Parameter Name
	Qualifier
	Matching Information
	Comment

	status
	M
	ENUM (Success, Failure)
	An operation may fail because of a specified or unspecified reason.




7.5.2.4
Pre-condition
thresholdMonitorExists.
	Assertion Name
	Definition

	thresholdMonitorExists
	“ThresholdMonitor specified exists.”


7.5.2.5
Post-condition
thresholdMonitorIsDeleted.
	Assertion Name
	Definition

	threhsoldMonitorDeleted.
	“the thresholdMonitor identified by monitorId doesn't exist. ”


7.5.2.6
Exceptions

	Exception Name
	Definition

	unknownMonitor
	Condition: (thresholdMonitorExists) not verified.

Returned information: output parameter status is set to ‘Failure’.
Exit state: Entry State.


7.5.3
Operation listThresholdMonitors (M)
7.5.3.1
Definition
This operation allows NM to list detailed information about all or specified ThresholdMonitors.. 
7.5.3.2
Input parameters

	Parameter Name
	Qualifier
	Information type
	Comment

	retrieveInfo
	M
	LIST of ThresholdMonitor.monitorId
	This parameter specifies the criteria to list the ThresholdMonitors. 

If the parameter specifies the list of monitorIds to be retrieved, then the corresponding information of ThresholdMonitors will be returned. 

If the parameter contains no information, all the ThresholdMonitors in the PMIRP Agent are retrieved.


7.5.3.3
Output parameters

	Parameter Name
	Qualifier
	Matching Information
	Comment

	monitorInfoList
	M
	LIST OF STRUCT <

ManagedEntity.objectClass,

LIST of ManagedEntity.DistinguishedName,

attributes of ThresholdMonitor (see 6.5.2),

thresholdInfoList (See 7.5.1.2)

>
	Returned information of corresponding ThresholdMonitors. If no ThresholdMonitor satisfied the criteria, then the length of the list will be 0.

	status
	M
	ENUM (Success, Failure)
	An operation may fail because of a specified or unspecified reason.


7.5.3.4
Pre-condition
retrieveInfoIsValid
	Assertion Name
	Definition

	retrieveInfoIsValid
	“retrieveInfo specified in the input parameter is valid.”


7.5.3.5
Post-condition
thresholdMonitorsAreReturned AND thresholdsAreUnaffected
	Assertion Name
	Definition

	thresholdMonitorsAreReturned
	“the information of required ThresholdMonitors are returned in the output parameters. ”

	thresholdsAreUnaffected
	“The ThresholdMonitors are not affected.”


7.5.3.6
Exceptions

	Exception Name
	Definition

	errorCriteria
	Condition: (retrieveInfoIsValid) not verified.

Returned information: output parameter status is set to ‘Failure’.
Exit state: Entry State.


7.6
PMIRPOperations_3 Interface
7.6.1
Operation suspendThresholdMonitor (O) 

FOR DISCUSSION: There may be problem supporting this operation in multiple IRPManager environment since the suspension, requested by one IRPManager, will not be known by other IRPManagers.

7.6.1.1
Definition
A ThresholdMonitor can be suspended, and then the NE/EM will not emit according performance notification when the thresholds are crossed. But the ThresholdMonitor still exists, and it will work again when it is resumed.
7.6.1.2
Input parameters

	Parameter Name
	Qualifier
	Information type
	Comment

	monitored
	M
	ThresholdMonitor.monitorId
	It specifies the ThresholdMonitor to be suspended.


7.6.1.3
Output parameters

	Parameter Name
	Qualifier
	Matching Information
	Comment

	status
	M
	ENUM (Success, Failure)
	An operation may fail because of a specified or unspecified reason.


7.6.1.4
Pre-condition
thresholdMonitorExists AND thresholdMonitorIsNotSuspended.
	Assertion Name
	Definition

	thresholdMonitorExists
	“ThresholdMonitor specified in the input parameter exists.”

	thresholdMonitorIsNotSuspended
	“ThresholdMonitor specified in the input parameter is not suspended.” 


7.6.1.5
Post-condition
thresholdMonitorIsSuspended.
	Assertion Name
	Definition

	thresholdMonitorIsSuspended.
	“the ThresholdMonitor identified by monitorId is suspended, that means it will not work until it is resumed. The ThresholdMonitor.thresholdMonitorStatus will be ‘suspended’.


7.6.1.6
Exceptions

	Exception Name
	Definition

	unknownThresholdMonitor
	Condition: (thresholdMonitorExists) not verified.

Returned information: output parameter status is set to ‘Failure’.
Exit state: Entry State.

	ThresholdMonitorHasBeenSuspended
	Condition: (thresholdMonitorIsNotSuspended) not verified.

Returned information: output parameter status is set to ‘Failure’.
Exit state: Entry State.


7.7
PMIRPOperations_4 Interface
7.7.1
Operation resumeThresholdMonitor (O)

FOR DISCUSSION:  See comments on suspendThresholdMonitor.

7.7.1.1
Definition
A suspended ThresholdMonitor can be resumed by IRPManager. When the ThresholdMonitor is resumed, NE/EM may emit performance notifications when the thresholds are crossed. 
7.7.1.2
Input parameters

	Parameter Name
	Qualifier
	Information type
	Comment

	thresholdMonitorId
	M
	ThresholdMonitor.monitorId
	It specifies the ThresholdMonitor to be resumed.


7.7.1.3
Output parameters

	Parameter Name
	Qualifier
	Matching Information
	Comment

	status
	M
	ENUM (Success, Failure)
	An operation may fail because of a specified or unspecified reason.


7.7.1.4
Pre-condition
thresholdMonitorExists AND thresholdMonitorIsSuspended
	Assertion Name
	Definition

	thresholdMonitorExists
	“ThresholdMonitor specified in the input parameter exists.”

	thresholdMonitorIsSuspended
	“ThresholdMonitor specified in the input parameter is suspended.” 


7.7.1.5
Post-condition
thresholdMonitorIsResumed
	Assertion Name
	Definition

	thresholdMonitorIsResumed.
	“the ThresholdMonitor identified by monitorId is resumed, that means it will work again. The ThresholdMonitor.ThresholdMonitor.thresholdMonitorStatus will be Active.


7.7.1.6
Exceptions

	Exception Name
	Definition

	unknownThresholdMonitor
	Condition: (thresholdMonitorExists) not verified

Returned information: output parameter status is set to ‘Failure’
Exit state: Entry State

	thresholdMonitorIsNotSuspended
	Condition: (thresholdMonitorIsSuspended) not verified

Returned information: output parameter status is set to ‘Failure’
Exit state: Entry State


7.8
PMIRPOperations_5 Interface
7.8.1
Operation modifyThresholdMonitor (O)

FOR DISCUSSION: Since the modification of the threshold data by one IRPManager is not known by other IRPManager, there may be some problem in a multi IRPManager environment (similar problem with suspend/resume operations.) 

7.8.1.1
Definition
The parameters of ThresholdMonitor, such as ‘thresholdInfoCounterList’, ‘thresholdInfoGaugeList’ and ‘monitorGranularityPeriod’, can be modified by IRPManager. The ThresholdMonitor should be suspended before it is modified. Any change on a threshold value will only be taken into account for the next granularity period, see TS 32.401(requirement of threshold management).
7.8.1.2
Input parameters

	Parameter Name
	Qualifier
	Information type
	Comment

	thresholdMonitorId
	M
	ThresholdMonitor.monitorId
	It specifies the ThresholdMonitor to be modified.

	moClass
	O
	Name of ManagedEntity
	It specifies the Managed Object Class to which the threshold will be applied.

	moInstanceList
	O
	LIST of DistinguishedName
	It specifies the Managed Object Instances to which the threshold will be applied.

	thresholdInfoList
	O
	See the same parameter defined in 7.5.1.2.
	If the thresholdInfoList is to be modified, the parameter carries the new value of thresholdInfoList.

	monitorGranularityPeriod
	O
	ThresholdMonitor.monitorGranularityPeriod
	If the monitorGranularityPeriod is to be modified, the parameter carries the new value of monitorGranularityPeriod.


7.8.1.3
Output parameters

	Parameter Name
	Qualifier
	Matching Information
	Comment

	status
	M
	ENUM (Success, Failure)
	An operation may fail because of a specified or unspecified reason.


7.8.1.4
Pre-condition
thresholdMonitorExists AND thresholdMonitorIsSuspended
	Assertion Name
	Definition

	thresholdMonitorExists
	“ThresholdMonitor specified in the input parameter exists.”

	thresholdMonitorIsSuspended
	“ThresholdMonitor specified in the input parameter is suspended.” 


7.8.1.5
Post-condition
thresholdMonitorIsModified
	Assertion Name
	Definition

	thresholdMonitorIsModified.
	“the ThresholdMonitor identified by monitorId is modified.


7.8.1.6
Exceptions

	Exception Name
	Definition

	unknownThresholdMonitor
	Condition: (thresholdMonitorExists) not verified

Returned information: output parameter status is set to ‘Failure’
Exit state: Entry State

	thresholdMonitorIsNotSuspended
	Condition: (thresholdMonitorIsSuspended) not verified

Returned information: output parameter status is set to ‘Failure’
Exit state: Entry State


7.9
PmIRPNotifications_2 Interface

7.9.1

notifyNewAlarm (M)


7.9.1.1
Definition

Refer to the notifyNewAlarm notification of Alarm IRP: IS [X].  
The PM IRPAgent emits this notification to the Alarm IRPAgent and Notification IRPAgent for processing. Then, the notification is observable across the Itf‑N.
7.9.1.2
Input parameters

See the corresponding table in Alarm IRP: IS [x].  

Note that the parameters objectClass and objectInstance shall relate to the ThresholdMonitor instance.

Note a new parameter threshold is used instead of using the thresholdInfo parameter defined in Alarm IRP: IS. The parameter threshold contains ThresholdMonitor.pMAttributeName, ThresholdMonitor.subCounterName, Monitor.direction, ThresholdLevel.thresholdValue, ThresholdLevel.hysteresis and the observed value. 
7.9.1.3   Triggering Event

Refer to Annex A: Threshold Notification Triggering Events.

7.9.2
notifyChangedAlarm (C)

7.9.2.1
Definition

The PM IRPAgent emits this notification to the Alarm IRPAgent and Notification IRPAgent for processing. Then, the notification is observable across the Itf‑N
7.9.2.2 Input parameters

See the corresponding table in Alarm IRP: IS [x].  

Note that the parameters objectClass and objectInstance shall relate to the ThresholdMonitor instance.

Note a new parameter threshold is used.  See 7.9.1 for its definition and usage.

7.9.2.3   
Triggering Event

Refer to Annex A: Threshold Notification Triggering Events.

7.9.3 
notifyClearedAlarm (M)

7.9.3.1
Definition

Refer to the specification of notifyClearedAlarm Notification of Alarm IRP: IS [x].  

The PM IRPAgent emits this notification to the Alarm IRPAgent and Notification IRPAgent for processing. Then, the notification is observable across the Itf‑N.
7.9.3.2 Input parameters

Refer to the specification of notifyClearedAlarm Notification of Alarm IRP: IS [x].  

Note that the parameters objectClass and objectInstance shall relate to the ThresholdMonitor instance.

Note a new parameter threshold is used.  See 7.9.1 for its definition and usage.

7.9.3.3   Triggering event

Refer to Annex A: Threshold Notification Triggering Events.

7.9.4 
notifyMonitorCreation (M)

7.9.4.1
Definition

Refer to the specification of notifyObjectCreation Notification of Kernel CM IRP: IS [y]. 

The PM IRPAgent emits this notification to the Notification IRPAgent for processing. Then, the notification is observable across the Itf‑N.
7.9.4.2 Input parameters

Refer to the specification of notifyObjectCreation Notification of Kernel CM IRP: IS [y].  

The parameters objectClass and objectInstance shall relate to the ThresholdMonitor instance.  

7.9.4.3 Triggering event

The ThresholdMonitor is created.

7.9.5 
notifyMonitorDeletion (M)

7.9.5.1
Definition

Refer to the specification of notifyObjectDeletion Notification of Kernel CM IRP: IS [y]. 

The PM IRPAgent emits this notification to the Notification IRPAgent for processing. Then, the notification is observable across the Itf‑N.
7.9.5.2
Input parameters

Refer to the specification of notifyObjectDeletion Notification of Kernel CM IRP: IS [y].  

The parameters objectClass and objectInstance shall relate to the ThresholdMonitor instance.  

7.9.5.3 Triggering event

The ThresholdMonitor is created.

Annex A (normative):
Threshold Notification Triggering Events

This annex defines the Triggering Events for the various notifications.  The Triggering Events normally are defined by each notification type, such as notifyChangedAlarm, under the sub-clause “Triggering Events”.  The Triggering Events related to thresholding are defined here collectively for ease of reference.  

The Triggering Events are defined in a state transition table.  The column labels (e.g., 0, 1, 2 of table in A.1) denote the to-state while the row labels denote the from-state.  The cell denotes the emission action.  

There are two sub-clauses.  The A.1 defines the Triggering Events for PMIRP that supports notifyChangedAlarm.  The A.2 defines those for PMIRP that does not support notifyChangedAlarm.Change history

A.3 provides samples of triggering events.

A.1 For PMIRP supporting notifyChangedAlarm
	
	To state 0
	To state 1
	To state 2
	To state 3

	From State 0
	no emission
	1 notifyNewAlarm
	1 notifyNewAlarm
	1 notifyNewAlarm

	From State 1
	1 notifyClearedAlarm
	no emission
	1 notifyChangedAlarm
	1 notifyChangedAlarm

	From State 2
	1 notifyClearedAlarm
	1 notifyChangedAlarm
	no emission
	1 notifyChangedAlarm

	From State 3
	1 notifyClearedAlarm
	1 notifyChangedAlarm
	1 notifyChangedAlarm
	no emission


The horizontal ‘0’, ‘1’, ‘2’ and ‘3’ are the to-states indicating the current PMAttribute value with respect to the different threshold levels.  Threshold levels are associated with severity level.  Higher threshold level associates with higher severity level.

For example, if direction = ‘Increasing’, state-0 means the PMAttribute value is below all thresholds.  State‑2 means that the PMAttribute value is above threshold level 2 but below threshold level 3.  If direction = ‘Decreasing’, state-0 means the PMAttribute value is above all thresholds.  State‑2 means that the PMAttribute value is below threshold level 2 but above threshold level 3.

The vertical ‘0’, ‘1’, ‘2’ and ‘3’ are the from-states indicating the last-read PMAttribute value with respect to the threshold levels. 

A threshold has a value.  It can has a hysteresis.  A threshold with a hysteresis has a threshold‑high and a threshold‑low values that are different than the threshold value.  A threshold without a hysteresis can be considered as a threshold whose threshold-high and threshold-low values are equal to the threshold value.

For the direction = ‘Increasing’, the shaded cells indicate transitions caused by PMAttribute values rising across one or more threshold‑high values.  The non-shaded cells indicate transition caused by PMAttribute values falling across one or more threshold‑low values.

For the direction = ‘Decreasing’, the shaded cells indicate transitions caused by PMAttribute values falling across one or more threshold‑low values.  The non-shaded cells indicate transition caused by PMAttribute values rising across one or more threshold‑high values.

Each cell indicates the notification emission when from-state transits to to-state.  The notifyNewAlarm and notifyChangedAlarm shall carry the severity level associated with the to-state.

The Monitor determines, at GP=X, if a threshold has been crossed by comparing the value read at GP==X with the value read at GP==X-1.  In initial condition (i.e., when the Monitor reads the value at GP=1), the (hypothetical) value read at GP==X-1 is assumed to be at state-0.

A.2 For PMIRP Not Supporting notifyChangedAlarm

	
	To State 0
	To State 1
	To State 2
	To State 3

	From State 0
	no emission
	1 notifyNewAlarm
	2 notifyNewAlarm(s)
	3 notifyNewAlarm(s)

	From State 1
	1 notifyClearedAlarm
	no emission
	1 notifyNewAlarm
	2 notifyNewAlarm(s)

	From State 2
	2 notifyClearedAlarm(s)
	1 notifyClearedAlarm
	no emission
	1 notifyNewAlarm

	From State 3
	3 notifyClearedAlarm(s)
	2 notifyClearedAlarm(s)
	1 notifyClearedAlarm
	no emission


If multiple notifyNewAlarm(s) are emitted, the different notifications shall carry different severity levels associated with the crossed threshold levels.  In cell to-state‑2/from-state‑0, two notifyNewAlarm(s) are emitted.  One carry severity level associated with threshold level 1.  The other carry security level associated with threshold level 2.

The Monitor determines, at GP=X, if a threshold has been crossed by comparing the value read at GP==X with the value read at GP==X-1.  In initial condition (i.e., when the Monitor reads the value at GP=1), the (hypothetical) value read at GP==X-1 is assumed to be at state-0.

A.3  Examples

A.3.1   Example 1

The following figure illustrates a multi-level severity threshoding behavior.  The horizontal axis indicates the time intervals specified by the SimpleMonitor.monitorGranularityPeriod (GP).  The vertical axis indicates the monitored PMAttribute values.  The PMAttribute of this example is of type gauge.  The SimpleMonitor.direction is set to “Increasing”.

Further suppose that the PMAttribute is monitored for a two-level-severity-threshold-crossings.  

The threshold for the lower-level-severity is set to 3 with a hysteresis low and high levels set to 2 and 4 respectively.  The severity level is Minor.

The threshold for the higher-level-severity is set to 7 with a hysteresis low and high levels set to 6 and 8 respectively.  The severity level is Major.

The notification triggering events are:

1. At GP interval 2, trigger a notifyNewAlarm with perceivedSeverity (ps) = Minor.

2. At GP interval 5, if the PMIRP supports notifyChangedAlarm, trigger a notifyChangedAlarm with ps = Major; else a notifyNewAlarm with ps = Major.

3. At GP interval 8, if the PMIRP supports notifyChangedAlarm, trigger a notifyChangedAlarm with ps = Minor; else a notifyClearedAlarm clearing the last emitted Major alarm.

4. At GP interval 15, trigger a notifyClearedAlarm clearing the last emitted Minor alarm.
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A.3.2    Example 2

The following figure illustrates another multi-level severity threshoding behavior for PMIRP supporting notifyChangedAarm.  The horizontal axis indicates the time intervals specified by the GP.  The vertical axis indicates the monitored PMAttribute values.  The PMAttribute of this example is of type gauge.  The SimpleMonitor.direction is set to “Decreasing”.

Further suppose that the PMAttribute is monitored for a two-level severity threshold-crossings.  

The threshold for the major-level severity is set to 7 with a hysteresis high and low levels set to 6 and 8 respectively.  

The threshold for the minor-level severity is set to 9 with a hysteresis high and low levels set to 8 and 10 respectively.  

The notification triggering events are:

1. At GP interval 1, trigger a notifyNewAlarm with ps = Major.  See A.1 table for transition State-0 to State-2.

2. At GP interval 5, trigger a notifyChangedAlarm with ps = Minor.  See A.1 table for transition State-2 to State‑1.

3. At GP interval 8, trigger a notifyChangedAlarm with ps = Major.  See A.1 table for transition State‑1 to State‑2.
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A.3.3   Example 3

The following figure illustrates a single-level threshoding behavior.  The horizontal axis indicates the time intervals specified by the GP.  The vertical axis indicates the monitored PMAttribute values.  The PMAttribute of this example is of type gauge.  The SimpleMonitor.direction is set to “Increasing”.

The threshold is set to 4 with a hysteresis high and low levels set to 5 and 3 respectively.  The severity level is Critical.

The notification triggering events are:

1. At GP interval 3, trigger a notifyNewAlarm with ps = Critical.

2. At GP interval 11, trigger a notifyClearedAlarm with ps = Cleared.
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Hysteresis at 4 with high and low level set at 5 and 3 respectively
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[image: image6.wmf]Thresholding behavior with hysteresis
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