CIM Representation of Minimal Common Attributes
1 Introduction

 The minimal common attributes are basic data about grid services, queues and clusters that most of grids can advertise and show using their grid monitoring system. They are mapped to multiple resource information schemas utilized by the grids and A mapping to CIM based schema is shown in this memo.  
2  Minimal Common Attributes

2.1  Service

 The Service attributes represent what kind of services are working on the Grid resources and their operational status. 
2.1.1 Type
 This shows type of the service working on the grid to distinguish it among services developed by various grid projects with functions of job submission service, file transfer service, information service and so on (e.g. ws-gram-pbs, prews-gram-pbs, PBS-Torque, org.glite.wms, Gsiftp, BDII)
[Service.Type, LRMS.Type]
2.1.2 Version
 This shows version of the service: <major version number>.<minor version number>.<patch version number> 
[Service.Version, Info.LRMSVersion, Info.GRAMVersion]
2.1.3 Host
 This shows host name of the system hosting access point of the service.
[Info.HostName]
2.1.4 Port
 This shows port number of the service access point.
2.1.5 Path
 This shows path information of the service access point.
2.1.6 URL

 This shows the service access point in the form of URI that is the combination of above three attributes.

[Service.Endpoint]

2.1.7 Status
 This shows operational status of the service: OK, etc. 
[Service.Status]
2.1.8 AuthVO
 This shows list of VO/group/Role (FQAN in VOMS terminology) to be authorized to access to the service. 
2.2 Software
 The Software attributes represent collections of software installed on the Grid resources. There are so many software elements installed on a system that some of possible installation patterns are defined beforehand. 
2.2.1 PackageName
 This shows name of the collection of installed software.
[Host.AppSoftRunTimeEnvironment]
2.2.2 Version
 This shows version of the collection of installed software.
2.2.3 Description
 This is description about the pre-defined collection of software.
2.3 Queue

 The Queue attributes represent status of job queues managed by job submission services appeared in 2.1.
2.3.1 Name
 This shows name of the batch queue. It distinguishes the queue in the job submission service managing the queue.  
[ComputingElement.Name]
2.3.2 TotalCPUs

 This shows number of CPUs available to jobs submitted to the queue.
[Info.TotalCPUs]
2.3.3 RunningJobs

 This shows the number of jobs in running state.
[State.RunningJobs]
2.3.4 WaitingJobs

This shows the number of jobs in waiting state.

[State.WaitingJobs]

2.3.5 MaxWallTime

This shows the maximum of wall clock time allowed to each job.
[Policy.MaxWallTime]
2.3.6 MaxCPUTime

This shows the maximum of CPU time allowed to each job.

[Policy.MaxCPUTime]
2.3.7 MaxTotalJobs

 This shows the maximum allowed number of jobs on the queue.
[Policy.MaxTotalJobs]
2.3.8 MaxRunningJobs

This shows the maximum allowed number of jobs in running state on the queue.

[Policy.MaxRunningJobs]

2.3.9 AuthVO

This shows list of VO/group/Role (FQAN in VOMS terminology) to be authorized to submit and execute jobs on the queue.
[VOView.AccessControlBaseRule]
2.4 Cluster

 A cluster is a heterogeneous or homogeneous set of physical computer systems for job execution submitted to batch queues shown in 2.3.
2.4.1 Type

 This shows whether the cluster is heterogeneous or homogeneous.
2.4.2 Name
 This shows unique name of the cluster and it may be host name of head node of the cluster.
[Cluster.UniqueID, SubCluster.UniqueID]
2.4.3 TotalNodes

 This shows total number of computing nodes in the cluster.
2.5 Storage

 The storage attributes represent basic properties in terms of storage resources accessible from clusters or hosts executing jobs.
2.5.1 Name

 This shows name of the storage resource.
[StorageElement.Name]
2.5.2 Type

 This shows persistence type of the storage: permanent, temporary, etc.  
[StorageArea.Type]
2.5.3 SizeTotal

 This shows total size [GB] of the storage.
[StorageElement.SizeTotal]
2.5.4 SizeFree

 This shows available size [GB] of the storage for new files.
[StorageElement.SizeFree]

2.6 Host

 The host attributes represent basic properties in terms of each computer system which is an element of a cluster.
2.6.1 Name

 This shows hostname.domainname of the system.  
2.6.2 ProcessorType

 This shows the type of processors in the system. 
[Host.ProcessorModel]
2.6.3 ProcessorSpeed

 This shows the clock speed [MHz] of processors in the system.
[Host.ProcessorClockSpeed]
2.6.4 SMPSize

 This shows physical number of processors in the system. 
2.6.5 RAMSize
 This shows total physical memory size [MB] in the system.  
[Host.ProcessorRAMSize]

2.6.6 OperatingSystemName

 This shows name of the operating system running on the system.
[Host.OperatingSystemName]

3  CIM Representation

 In CIM Schema, the following classes correspond to the minimum common attributes. Definitions of the attributes are described in MOF files of CIM Schema. Values of key properties (CreationClassName etc.) defined in the classes are required to be entered in addition to the minimal common attributes.
Service

BatchService

ServiceAccessPoint

ServiceAccessURI
SoftwareFeature
CollectionOfMSEs
JobQueue
ConcreteJob
Account

RedundancySet
UnitaryComputerSystem

Processor
OperatingSystem

StorageExtent

FileSystem

Some extensions of original CIM classes represents the common attributes. The Service and ServiceAccoessPoint class is extended for various Grid Services, the CollectionOfMSEs class is extended for installed sets of software, the JobQueue class is extended to represent some of policies and the Account class is extended to show authorized VO/group/role.
The following association classes and aggregation classes are required in order to relate information classified in the different classes with each other. 
ServiceAccessBySAP

HostedService (w)
HostedAccessPoint (w)
SoftwareFeatureServiceImplementation

ServiceAvailableToElement

CollectedMSEs
JobDestinationJobs
HostedJobDestination (w)

QueueForBatchService
MemberOfCollection
LogcalIdentity

SystemDevice (w)

HostedFileSystem (w)
ResidesOnExtent
InstalledOS (w)
An extended association class represents VO authorization information in terms of queue.

3.1 Service
  A CIM_Service object is a logical element that contains the information that is necessary to represent and manage the functionality provided by a CIM_Device or a CIM_SoftwareFeature object. The CIM_SoftwareFeature class defines a particular function or capability of a product or application system. This class captures a level of granularity describing a unit of installation, rather than the units that reflect how the product is built or packaged. CIM_SoftwareFeatures are always defined in the context of a CIM_Product, using the CIM_ProductSoftwareFeature association. Features are delivered through Products.
CIM_ServiceAccessURI represents the ability to utilize or invoke a service using a URI. In the context of a CIM_ServiceAccessPoint, a URI contains the information necessary to access an associated service (associated through CIM_ServiceAccessBySAP), using a syntax that is specific to that service. 
3.1.1 Type

 CIM_Service.Name : string {key}
The Name property uniquely identifies the Service and provides an indication of the functionality that is managed. The CIM_Service is a super class of classes for representing various types of services; CIM_BatchService for LRMS and NRG_GridService for grid services of job execution, file transfer, information service, etc.   
3.1.2 Version

 CIM_SoftwareFeature.Version : string {key}

 NRG_GridService.GridServiceVersion : string

The scoping Product's version associated through CIM_SoftwareFeatureServiceImplementation and CIM_ProductSoftwareFeature. The added property in NRG_GridService shows version of grid services.
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3.1.3 Host
 CIM_Service.SystemName : string {key}
 The host name of the system hosting the service.
3.1.4 Port

 NRG_ServiceAccessPath.PortNumber : uint32
 The NRG_ServiceAccessPath class extends CIM_ServiceAccressPoint class and the PortNumber property shows port number of the service access point.
3.1.5 Path

 NRG_ServiceAccessPath.Path : string
 The Path property shows path information of the service access point 
3.1.6 URI
 CIM_ServiceAccessURI.LabeledURI : string {required}
The LabeledURI property is based on RFC 2079 and its value and syntax are service-specific.
3.1.7 Status
 CIM_Service.OperationalStatus : uint16[] {enum}
This is a property of the CIM_ManagedSystemElement which is the base class for the System Element hierarchy and the OperationalStatus property indicates the current status(es) of the element.
ValueMap { "0", "1", "2", "3", "4", "5", "6", "7", "8", "9",

          "10", "11", "12", "13", "14", "15", "16", "17", "18", "..",

          "0x8000.." }, 

       Values { "Unknown", "Other", "OK", "Degraded", "Stressed",

          "Predictive Failure", "Error", "Non-Recoverable Error",

          "Starting", "Stopping", "Stopped", "In Service",

          "No Contact", "Lost Communication", "Aborted", "Dormant",

          "Supporting Entity in Error", "Completed", "Power Mode",

          "DMTF Reserved", "Vendor Reserved" },
3.1.8 AuthVO

 NRG_VomsAccount.Name : string {key}

 The NRG_VomsAccount class extends CIM_Account class and the Name property shows a VO/group/Role (FQAN in VOMS terminology) to be authorized to access to some systems. The CIM_Account is the information held by a security service to track identity and privileges managed by that service. Common examples of a CIM_Account are the entries in a UNIX /etc/passwd file. Several kinds of security services use various information from those entries. The Name property defines the label by which the object is known. 
 CIM_ServiceAvailableToElement association class is used so as to relate (extended) CIM_Service objects with VO entries to be authorized to access to the services.
3.2 Software
 The CIM_CollectionOfMSEs object allows the grouping of CIM_ManagedSystemElement objects for various identification purposes and to reduce the complexity of associating settings and configurations. It is abstract to require further definition and semantic refinement in subclasses. The CIM_CollectionOfMSEs is extended for the collections of software installed on the Grid resources. Elements of the collection are CIM_SoftwareFeature or CIM_SoftwareElement objects aggregated through CIM_CollectedMSEs class.
3.2.1 PackageName
 NRG_CollectionOfInstalledSoftware.CollectionID : string {key}
 The identification of the Collection object. When CIM_CollectionOfMSEs is subclassed, the CollectionID property is overridden to be a key property.
3.2.2 Version
 NRG_CollectionOfInstalledSoftware.Version : string
 The added property shows version of the collection : <major version number>.<minor version number>.<patch version number>
3.2.3 Description

 NRG_CollectionOfInstalledSoftware.Description : string

This is a property of the CIM_ManagedElement which is the root class in CIM Schema and this property provides a textual description of the collection.
3.3 Queue
 The CIM_JobQueue class shows status and configuration of a job queue. Jobs are held on a queue, and can move from queue to queue until being processed. The batch service is indicated by the CIM_QueueForBatchService association class. The CIM_JobQueue is extended for representing some of the policies and parallel job executions. NRG_JobQueue class extends CIM_JobQueue and NRG_ClusterJobQueue class extends NRG_JobQueue.
3.3.1 Name

 CIM_JobQueue.Name : string {key}

 This shows name of the batch queue and it is unique in the system hosting the queue.

3.3.2 TotalCPUs

 NRG_JobQueue.NumberOfCPUsPerNode : uint32

 NRG_ClusterJobQueue.NumberOfNodesPerQueue : uint32

A NRG_JobQueue is supposed to express a queue with single computing node and the NumberOfCPUsPerNode property is number of CPUs in the computing node. A NRG_ClusterJobQueue is supposed to express a queue with multiple computing nodes and the NumberOfNodesPerQueue property is number of nodes of the queue. Total number of CPUs of the queue is NumberOfCPUsPerNode * NumberOfNodesPerQueue.

3.3.3 RunningJobs

 CIM_ConcreteJob.JobState : uint16 {enum}

The CIM_ConcreteJob class represents a generic and instantiable unit of work, such as a batch job. The JobState property is an integer enumeration that indicates the operational state of a Job. It can also indicate transitions between these states, for example, “Shutting Down” and “Starting”.

ValueMap { "2", "3", "4", "5", "6", "7", "8", "9", "10", "11",

                   "12..32767", "32768..65535" }, 

       Values { "New", "Starting", "Running", "Suspended",

              "Shutting Down", "Completed", "Terminated", "Killed",

              "Exception", "Service", "DMTF Reserved", "Vendor Reserved" }

 The RunningJobs attribute is the count of the objects in which CIM_ConcreteJob.JobState is 4 (“Running”) and related with the CIM_JobQueue object through CIM_JobDestinationJobs association class.
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3.3.4 WaitingJobs

CIM_ConcreteJob.JobState : uint16 {enum}

CIM_ConcreteJob.JobState = 2 (“New”) indicates that the job has never been started. The WaitingJobs attribute is the count of the objects in which CIM_ConcreteJob.JobState is 2 (“New”) and related with the CIM_JobQueue object through CIM_JobDestinationJobs association class.
3.3.5 MaxWallTime

NRG_JobQueue.MaxJobExecutionTime : uint32 {units (“Seconds”)}
The added property shows the maximum of wall clock time allowed to each job submitted to the queue..

3.3.6 MaxCPUTime

CIM_JobQueue.MaxJobCPUTime : uint32 {units (“MilliSeconds”)}

This specifies the maximum of CPU time that a job queued to the queue can consume to complete its execution. In case multiple CPUs deal with the job, it is upper limit of sum of time consumed by each CPU.
3.3.7 MaxTotalJobs

 CIM_JobQueue.MaxJobsOnQueue : uint32

This specifies the maximum number of jobs that can reside on the queue. A value of 0 (the default) indicates that there is no upper limit. 
3.3.8 MaxRunningJobs

NRG_JobQueue.MaxRunningJobsOnQueue : uint32

The added property specifies the maximum number of jobs in running state that can reside on the queue. A value of 0 (the default) indicates that there is no upper limit.
3.3.9 AuthVO

NRG_VomsAccount.Name : string {key}

 The NRG_VomsAccount class extends CIM_Account class and the Name property shows a VO/group/Role (FQAN in VOMS terminology) to be authorized to access to some systems.
 An extended NRG_AccountOnJobQueue association class is used so as to relate (extended) CIM_JobQueue objects with VO entries to be authorized to access to the queue. 
3.4 Cluster
 A cluster system is described as an object of CIM_RedundancySet class which is a collection of CIM_ComputerSystem objects. The CIM_RedundancySet is a class derived from CIM_SystemSpecificCollection that is a special collection of CIM_ManagedElements. This collection indicates that the aggregated elements together provide redundancy, or that redundancy is provided via sparing. All elements collected in a CIM_RedundancySet SHOULD be instantiations of the same object class. Members of the cluster and identified using CIM_MemberOfCollection aggregation class to the RedundancySet. The RedundancySet is tied to its virtual system via CIM_LogicalIdentity.
3.4.1 Type

 Type of a cluster is homogeneous when all of members of the CIM_RedundancySet object have the same values with respect to host attributes shown in 2.6.2 – 2.6.6: processor type, processor speed, SMP size, RAM size and OS name. Otherwise it is a heterogeneous cluster.

3.4.2 Name

 CIM_ComputerSystem.Name : string {key}

 This shows unique name of the cluster, where the CIM_ComputerSystem object is associated with the CIM_RedundancySet object via CIM_LogicalIdentity class.
3.4.3 TotalNodes

 The total number of computing nodes in the cluster is the count of CIM_UnitaryComputerSystem objects associated with CIM_RedundancySet object representing the cluster through CIM_MemberOfCollection.


[image: image3]
3.5 Storage

 The CIM_StorageExtent class describes the capabilities and management of the various media that exist to store data and allow data retrieval. This super class could be used to represent the various components of RAID (hardware or software) or as a raw logical extent on top of physical media.
3.5.1 Name

 CIM_StorageExtent.DeviceID : string {key}

 An address or other identifying information to uniquely name the device.
3.5.2 Type

 CIM_FileSystem.PersistenceType : uint16 {enum}

 An enumerated value representing the file system's perception of its own persistence characteristics. This property would typically be set at the time the file system is instantiated and would not be changed by external actions. 

       ValueMap { "0", "1", "2", "3", "4" }, 

       Values { "Unknown", "Other", "Persistent", "Temporary", "External" }

The file system is related with a StorageExtent object through the CIM_ResidesOnExtent association class.
3.5.3 SizeTotal

 CIM_StorageExtent.NumberOfBlocks : uint64

CIM_StorageExtent.BlockSize : uint64 {units (“Bytes”)}

The NumberOfBlocks property shows total number of logically contiguous blocks which form this Extent and the BlockSize property shows the size of a block. The total size of the Extent can be calculated by multiplying BlockSize by NumberOfBlocks. If the BlockSize is 1, the NumberOfBlocks property is the total size of the Extent.
3.5.4 SizeFree

CIM_FileSystem.AvailableSpace : uint64 {units (“Bytes”)}

 The AvailableSpace property indicates the total amount of free space for the file system. If unknown, enter 0. The value of SizeFree attribute is sum of values of the AvailableSpace of FileSystems associated with a StorageExtent object through the CIM_ResidesOnExtent class.
3.6 Host

 The CIM_UnitaryComputerSystem class is derived from CIM_ComputerSystem that represents a Desktop, Mobile, NetPC, Server or other type of a single node computer system.
3.6.1 Name

 CIM_UnitaryComputerSystem.Name : string {key}

 This shows hostname.domainname of the system.  

3.6.2 ProcessorType

 CIM_Processor.Family : uint16 {enum}

This shows the Processor family type. The CIM_SystemDevice aggregation class ties the CIM_Processor class with CIM_UnitaryComputerSystem.
ValueMap { "1", "2", "3", "4", "5", "6", "7", "8", "9", "10", 

          // 11                 

          "11", "12", "13", "14", "15", "16", "17", "18", "19", 

          // 24                 

          "24", "25", "26", "27", "28", "29", "30", "31", "32", "33",

          "34", "35", "36", "37", "38", "39", 

          // 48                 

          "48", "49", "50", "51", "52", "53", "54", "55", 

          // 64                 

          "64", "65", "66", "67", "68", "69", 

          // 80                 

          "80", "81", "82", "83", "84", "85", "86", "87", "88", 

          // 96                    

          "96", "97", "98", "99", "100", "101", 

          // 112                 

          "112", "120", "121", "122", "128", "130", "131", "132", 

          // 144                    

          "144", "145", "146", "147", "148", "149", "150", 

          // 160                    

          "160", "176", "177", "178", "179", "180", "181", "182", "183", "184", "185", 

          // 190                 

          "190", 

          // 200                 

          "200", "201", "202", "203", "204", 

          // 250                 

          "250", "251", "260", "261", "280", "281", 

          // 300                 

          "300", "301", "302", "320", "350", "500" }, 

       Values { "Other", "Unknown", "8086", "80286", "80386", "80486",

          "8087", "80287", "80387", "80487", 

          // 11                   

          "Pentium(R) brand", "Pentium(R) Pro", "Pentium(R) II",

          "Pentium(R) processor with MMX(TM) technology",

          "Celeron(TM)", "Pentium(R) II Xeon(TM)", "Pentium(R) III",

          "M1 Family", "M2 Family", 

          // 24                  

          "K5 Family", "K6 Family", "K6-2", "K6-3",

          "AMD Athlon(TM) Processor Family",

          "AMD(R) Duron(TM) Processor", "AMD29000 Family", 

          // 31                  

          "K6-2+", "Power PC Family", "Power PC 601", "Power PC 603",

          "Power PC 603+", "Power PC 604", "Power PC 620",

          "Power PC X704", "Power PC 750", 

          // 48                   

          "Alpha Family", "Alpha 21064", "Alpha 21066", "Alpha 21164",

          "Alpha 21164PC", "Alpha 21164a", "Alpha 21264",

          "Alpha 21364", 

          // 64                   

          "MIPS Family", "MIPS R4000", "MIPS R4200", "MIPS R4400",

          "MIPS R4600", "MIPS R10000", 

          // 80                   

          "SPARC Family", "SuperSPARC", "microSPARC II",

          "microSPARC IIep", "UltraSPARC", "UltraSPARC II",

          "UltraSPARC IIi", "UltraSPARC III", "UltraSPARC IIIi", 

          // 96                   

          "68040", "68xxx Family", "68000", "68010", "68020", "68030", 

          // 112                   

          "Hobbit Family", "Crusoe(TM) TM5000 Family",

          "Crusoe(TM) TM3000 Family", "Efficeon(TM) TM8000 Family",

          "Weitek", "Itanium(TM) Processor",

          "AMD Athlon(TM) 64 Processor Family",

          "AMD Opteron(TM) Processor Family", 

          // 144                   

          "PA-RISC Family", "PA-RISC 8500", "PA-RISC 8000",

          "PA-RISC 7300LC", "PA-RISC 7200", "PA-RISC 7100LC",

          "PA-RISC 7100", 

          // 160                   

          "V30 Family", "Pentium(R) III Xeon(TM)",

          "Pentium(R) III Processor with Intel(R) SpeedStep(TM) " 

          "Technology", "Pentium(R) 4", "Intel(R) Xeon(TM)", 

          // 180                   

          "AS400 Family", "Intel(R) Xeon(TM) processor MP",

          "AMD Athlon(TM) XP Family", "AMD Athlon(TM) MP Family",

          "Intel(R) Itanium(R) 2", "Intel(R) Pentium(R) M processor", 

          // 190                   

          "K7", 

          // 200                   

          "S/390 and zSeries Family", "ESA/390 G4", "ESA/390 G5",

          "ESA/390 G6", "z/Architectur base", 

          // 250                   

          "i860", "i960", "SH-3", "SH-4", "ARM", "StrongARM", 

          // 300                   

          "6x86", "MediaGX", "MII", "WinChip", "DSP", "Video Processor" }
3.6.3 ProcessorSpeed

 CIM_Procrssor.CurrentClockSpeed : uint32 {units (“MegaHeltz”)}

 This shows current speed of this Processor.

3.6.4 SMPSize

 The number of processors in the computer system is the count of CIM_Processor objects associated with the CIM_UnitaryComputerSystem object representing the computer system through CIM_SystemDevice.

3.6.5 RAMSize

 CIM_OperatingSystem.TotalVisibleMemorySize : uint64 {units (“KiloBytes”)

The total amount of physical memory (in Kbytes) available to the OS. This value does not necessarily indicate the true amount of physical memory, but what is reported to the OS as available to it.  

3.6.6 OperatingSystemName

 CIM_OperatingSystem.Name : string {key}

 CIM_OperatingSystem.OSType : uint16 {enum}
The Name property serves as key of an CIM_OperatingSystem instance within a CIM_ComputerSystem. The OSType property is an integer indicating the type of OperatingSystem.
       ValueMap { "0", "1", "2", "3", "4", "5", "6", "7", "8", "9",

          "10", "11", "12", "13", "14", "15", "16", "17", "18", "19",

          "20", "21", "22", "23", "24", "25", "26", "27", "28", "29",

          "30", "31", "32", "33", "34", "35", "36", "37", "38", "39",

          "40", "41", "42", "43", "44", "45", "46", "47", "48", "49",

          "50", "51", "52", "53", "54", "55", "56", "57", "58", "59",

          "60", "61", "62", "63", "64", "65", "66", "67", "68", "69",

          "70" }, 

       Values { "Unknown", "Other", "MACOS", "ATTUNIX", "DGUX",

          "DECNT", "Tru64 UNIX", "OpenVMS", "HPUX", "AIX", 

          //10 

          "MVS", "OS400", "OS/2", "JavaVM", "MSDOS", "WIN3x", "WIN95",

          "WIN98", "WINNT", "WINCE", 

          //20 

          "NCR3000", "NetWare", "OSF", "DC/OS", "Reliant UNIX",

          "SCO UnixWare", "SCO OpenServer", "Sequent", "IRIX",

          "Solaris", 

          //30 

          "SunOS", "U6000", "ASERIES",

          "HP NonStop OS" , "HP NonStop OSS", "BS2000", "LINUX",

          "Lynx", "XENIX", "VM", 

          //40 

          "Interactive UNIX", "BSDUNIX", "FreeBSD", "NetBSD",

          "GNU Hurd", "OS9", "MACH Kernel", "Inferno", "QNX", "EPOC", 

          //50 

          "IxWorks", "VxWorks", "MiNT", "BeOS", "HP MPE", "NextStep",

          "PalmPilot", "Rhapsody", "Windows 2000", "Dedicated", 

          //60 

          "OS/390", "VSE", "TPF", "Windows (R) Me",

          "Caldera Open UNIX", "OpenBSD", "Not Applicable",

          "Windows XP", "z/OS", "Microsoft Windows Server 2003",

             "Microsoft Windows Server 2003 64-Bit" } 
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Figure 1  CIM based schema for services and software
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Figure 2  CIM based schema for jobs, queues and VO

