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CIM Operations

A CIM Server receives and 
processes CIM Operation requests 
and issues CIM Operation 
responses.

What is the value of 
CIM_OperatingSystem.
NumberOfProcesses?

(See Core Model)

EnabledLogicalElement

System

(See System Page (System)

ComputerSystem

(See System Page (System)

OperatingSystem

CreationClassName : string {key}
Name : string {override, key}
OSType : uint16 {enum}
OtherTypeDescription : string
Version : string
LastBootUpTime : datetime
LocalDateTime : datetime
CurrentTimeZone : sint16
NumberOfLicensedUsers : uint32
NumberOfUsers : uint32
NumberOfProcesses : uint32
MaxNumberOfProcesses : uint32
TotalSwapSpaceSize : uint64 {units}
TotalVirtualMemorySize : uint64 {units}
FreeVirtualMemory : unit64 {units}
FreePhysicalMemory : uint64 {units}
TotalVisibleMemorySize : uint64 {units}
SizeStoredInPagingFiles : uint64 {units}
FreeSpaceInPagingFiles : uint64 {units}
MaxProcessMemorySize : uint64 {units}
Distributed : boolean
MaxProcessesPerUser : uint32

Reboot() : uint32
Shutdown() : uint32

InstalledOS

*

RunningOS

FileSystem

See System Model
page (File Systems))

BootOSFromFS *

Association

Aggregation
Association with WEAK reference

Inheritance

Aggregation with WEAK reference

w

w

* equivalent to :  0 .. n

1

0..1

0..1

w *

Managed Resources

CIM Providers

Managed Node

Management Node

CIM Client

CIM Server

C
IM

 Schem
a

A CIM Client issues CIM 
Operation requests and receives 
and processes CIM Operation 
responses.

CIM Client Perspective
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CIM Operations

A CIM Server receives CIM 
Operation requests, coordinates 
the processing of requests and 
responses among the Providers 
and sends CIM Operation 
responses back to the CIM Client.

HP-UX 
CIM_OperatingSystem

Provider

A CIM Provider translates 
CIM formatted requests into 
resource specific operations and 
translates resource-specific 
responses into CIM formatted 
responses.

HP-UX

A Managed Resource is a 
manageable entity (e.g., memory, 
process, system, application, 
network) plus the resource-specific 
instrumentation capable of 
monitoring and controlling the 
resource.

What is the value of 
CIM_OperatingSystem.
NumberOfProcesses?

Get the value of 
psd_activeprocs using 
pstat_getdynamic. 

(See Core Model)

EnabledLogicalElement

System

(See System Page (System)

ComputerSystem

(See System Page (System)

OperatingSystem

CreationClassName : string {key}
Name : string {override, key}
OSType : uint16 {enum}
OtherTypeDescription : string
Version : string
LastBootUpTime : datetime
LocalDateTime : datetime
CurrentTimeZone : sint16
NumberOfLicensedUsers : uint32
NumberOfUsers : uint32
NumberOfProcesses : uint32
MaxNumberOfProcesses : uint32
TotalSwapSpaceSize : uint64 {units}
TotalVirtualMemorySize : uint64 {units}
FreeVirtualMemory : unit64 {units}
FreePhysicalMemory : uint64 {units}
TotalVisibleMemorySize : uint64 {units}
SizeStoredInPagingFiles : uint64 {units}
FreeSpaceInPagingFiles : uint64 {units}
MaxProcessMemorySize : uint64 {units}
Distributed : boolean
MaxProcessesPerUser : uint32

Reboot() : uint32
Shutdown() : uint32

InstalledOS

*

RunningOS

FileSystem

See System Model
page (File Systems))

BootOSFromFS *

Association

Aggregation
Association with WEAK reference

Inheritance

Aggregation with WEAK reference

w

w

* equivalent to :  0 .. n

1

0..1

0..1

w *

CIM Server

C
IM

 Schem
a

CIM Provider Perspective
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CIM Server Role

CIM_IPRoute
Provider

CIM Server

CIM_OperatingSystem
Provider

CIM_ComputerSystem
Provider

A CIM Server receives CIM 
Operation requests, coordinates 
the processing of requests and 
responses among the Providers 
and sends CIM Operation 
responses back to the CIM Client.

CIM Client
osinfo

CIM Client
csnfo

CIM Operation Processing
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CIM Server Role

(See Core Model)

EnabledLogicalElement

System

See System Page (System)

ComputerSystem

See System Page (System)

OperatingSystem

CreationClassName : string {key}
Name : string {override, key}
OSType : uint16 {enum}
OtherTypeDescription : string
Version : string
LastBootUpTime : datetime
LocalDateTime : datetime
CurrentTimeZone : sint16
NumberOfLicensedUsers : uint32
NumberOfUsers : uint32
NumberOfProcesses : uint32
MaxNumberOfProcesses : uint32
TotalSwapSpaceSize : uint64 {units}
TotalVirtualMemorySize : uint64 {units}
FreeVirtualMemory : unit64 {units}
FreePhysicalMemory : uint64 {units}
TotalVisibleMemorySize : uint64 {units}
SizeStoredInPagingFiles : uint64 {units}
FreeSpaceInPagingFiles : uint64 {units}
MaxProcessMemorySize : uint64 {units}
Distributed : boolean
MaxProcessesPerUser : uint32

Reboot() : uint32
Shutdown() : uint32

InstalledOS

RunningOS

Process

See System Model
page (Processing)

OSProcess

1

0..1

0..1

w *

w *

1

UnixProcess

See System Page (Unix)

PG_UnixProcess

See Pegasus Schema

PG_UnixProcess

Enumerate the instances of 
the class PG_UnixProcess.
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CIM Server Role CIM Operation Processing

CIM Server

CIM_OperatingSystem 
Provider

CIM_ComputerSystem 
Provider

CIM Client

Enumerate the instances of 
the class PG_UnixProcess.

HP-UX

PG_UnixProcess
Provider

Enumerate the instances of 
the class PG_UnixProcess.
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CIM Server Role

(See Core Model)

EnabledLogicalElement

System

See System Page (System)

ComputerSystem

See System Page (System)

OperatingSystem

CreationClassName : string {key}
Name : string {override, key}
OSType : uint16 {enum}
OtherTypeDescription : string
Version : string
LastBootUpTime : datetime
LocalDateTime : datetime
CurrentTimeZone : sint16
NumberOfLicensedUsers : uint32
NumberOfUsers : uint32
NumberOfProcesses : uint32
MaxNumberOfProcesses : uint32
TotalSwapSpaceSize : uint64 {units}
TotalVirtualMemorySize : uint64 {units}
FreeVirtualMemory : unit64 {units}
FreePhysicalMemory : uint64 {units}
TotalVisibleMemorySize : uint64 {units}
SizeStoredInPagingFiles : uint64 {units}
FreeSpaceInPagingFiles : uint64 {units}
MaxProcessMemorySize : uint64 {units}
Distributed : boolean
MaxProcessesPerUser : uint32

Reboot() : uint32
Shutdown() : uint32

InstalledOS

RunningOS

Process

See System Model
page (Processing)

OSProcess

Association

Aggregation
Association with WEAK reference

Inheritance

Aggregation with WEAK reference

w

w

* equivalent to :  0 .. n

1

0..1

0..1

w *

w *

1

UnixProcess

See System Page (Unix)

PG_UnixProcess

See Pegasus Schema

The CIM_EnabledLogicalElement class 
extends LogicalElement to abstract the 
concept of an element that is enabled and 
disabled, such as a LogicalDevice or a 
ServiceAccessPoint.

CIM_EnabledLogicalElement

CIM_OperatingSystem

CIM_ComputerSystem

PG_UnixProcess



Copyright © 2003 Hewlett-Packard Development Company, L. P. 
9

OpenPegasus Developer Conference

HP-UX HP-UX

CIM Server Role CIM Operation Processing

CIM Server

CIM_OperatingSystem 
Provider

CIM_ComputerSystem 
Provider

CIM Client

Enumerate the instances of the class 
CIM_EnabledLogcialElement.

HP-UX

PG_UnixProcess
Provider

Enumerate the instances of 
the class PG_UnixProcess.

Enumerate the instances of the 
class CIM_ComputerSystem.

Enumerate the instances of the 
class CIM_OperatingSystem.

CIM_EnabledLogicalElement

CIM_ComputerSystemCIM_OperatingSystem PG_UnixProcess
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CIM Provider Role

CIMClient  client;

client.connectLocal();

client.disconnect();

client.enumerateInstances();

OSInfoProvider::enumerateInstances()
{
}

Managed Resources

CIM Providers

Managed Node

Management Node

CIM Client

CIM Server

C
IM

 Schem
a

(See Core Model)

EnabledLogicalElement

System

(See System Page (System)

ComputerSystem

(See System Page (System)

OperatingSystem

CreationClassName : string {key}
Name : string {override, key}
OSType : uint16 {enum}
OtherTypeDescription : string
Version : string
LastBootUpTime : datetime
LocalDateTime : datetime
CurrentTimeZone : sint16
NumberOfLicensedUsers : uint32
NumberOfUsers : uint32
NumberOfProcesses : uint32
MaxNumberOfProcesses : uint32
TotalSwapSpaceSize : uint64 {units}
TotalVirtualMemorySize : uint64 {units}
FreeVirtualMemory : unit64 {units}
FreePhysicalMemory : uint64 {units}
TotalVisibleMemorySize : uint64 {units}
SizeStoredInPagingFiles : uint64 {units}
FreeSpaceInPagingFiles : uint64 {units}
MaxProcessMemorySize : uint64 {units}
Distributed : boolean
MaxProcessesPerUser : uint32

Reboot() : uint32
Shutdown() : uint32

InstalledOS

*

RunningOS

FileSystem

See System Model
page (File Systems))

BootOSFromFS *

Association

Aggregation
Association with WEAK reference

Inheritance

Aggregation with WEAK reference

w

w

* equivalent to :  0 .. n

1

0..1

0..1

w *

CIM Operation

CIM Operation Processing

A CIM Provider is responsible for the actual 
processing of CIM Operations on managed 
resources.  It provides the mapping between 
the CIM interface and the resource-specific 
interface.
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CIM Provider Types

Association
Providers

References, ReferenceNames,
Associators, AssociatorNames

InvokeMethod

GetInstance, EnumerateInstances,
EnumerateInstanceNames, 
CreateInstance, ModifyInstance, 
DeleteInstance

GetClass, CreateClass, ModifyClass, 
DeleteClass, GetQualifier,
SetQualifier, DeleteQualifier, 
EnumerateQualifier, 
EnumerateClasses,
EnumerateClassNames, 

CIM Operation

CIMOM

Method 
Provider

Instance 
Provider

Implementation 
Owner

A CIM Provider contains the 
implementation for a set of 
CIM Operations for a defined 
set of managed resources. 
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Provider Registration

Resource

Provider

Managed Node

CIM
Server

(See Core Model)

EnabledLogicalElement

System

(See System Page (System)

ComputerSystem

(See System Page (System)

OperatingSystem

CreationClassName : string {key}
Name : string {override, key}
OSType : uint16 {enum}
OtherTypeDescription : string
Version : string
LastBootUpTime : datetime
LocalDateTime : datetime
CurrentTimeZone : sint16
NumberOfLicensedUsers : uint32
NumberOfUsers : uint32
NumberOfProcesses : uint32
MaxNumberOfProcesses : uint32
TotalSwapSpaceSize : uint64 {units}
TotalVirtualMemorySize : uint64 {units}
FreeVirtualMemory : unit64 {units}
FreePhysicalMemory : uint64 {units}
TotalVisibleMemorySize : uint64 {units}
SizeStoredInPagingFiles : uint64 {units}
FreeSpaceInPagingFiles : uint64 {units}
MaxProcessMemorySize : uint64 {units}
Distributed : boolean
MaxProcessesPerUser : uint32

Reboot() : uint32
Shutdown() : uint32

InstalledOS

*

RunningOS

FileSystem

See System Model
page (File Systems))

BootOSFromFS *

Association

Aggregation
Association with WEAK reference

Inheritance

Aggregation with WEAK reference

w

w

* equivalent to :  0 .. n

1

0..1

0..1

w *

C
IM

 
R

ep
os

ito
ry

HP-UX 
CIM_OperatingSystem

Provider

A Provider registers with a CIM 
Server to implement a set of 
operations (i.e., Provider Type) for a 
class in a particular namespace.
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Provider Registration CIM Operation Processing

HP-UX

CIM Server

CIM_OperatingSystem 
Provider

CIM Client

What is the value of 
CIM_OperatingSystem.
NumberOfProcesses?

What is the value of 
CIM_OperatingSystem.
NumberOfProcesses?

Get the value of 
psd_activeprocs using 
pstat_getdynamic.

cimInstances = client.enumerateInstances( 
NAMESPACE,  
CLASSNAME,
deepInheritance,
localOnly,  
includeQualifiers,
includeClassOrigin );

1. Operation
2. Namespace
3. Class

A Provider registers with a CIM 
Server to implement a set of 
operations (i.e., Provider Type) for a 
class in a particular namespace.
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Provider Registration

CIM_OperatingSystem Provider  Registration

root/cimv2Namespace

CIM_OperatingSystemClass

Instance Provider OperationsSet of Operations

Management Node

CIM Client

Managed Node

HP-UX

HP-UX 
CIM_OperatingSystem

Provider

CIM Server

(See Core Model)

EnabledLogicalElement

System

(See System Page (System)

ComputerSystem

(See System Page (System)

OperatingSystem

CreationClassName : string {key}
Name : string {override, key}
OSType : uint16 {enum}
OtherTypeDescription : string
Version : string
LastBootUpTime : datetime
LocalDateTime : datetime
CurrentTimeZone : sint16
NumberOfLicensedUsers : uint32
NumberOfUsers : uint32
NumberOfProcesses : uint32
MaxNumberOfProcesses : uint32
TotalSwapSpaceSize : uint64 {units}
TotalVirtualMemorySize : uint64 {units}
FreeVirtualMemory : unit64 {units}
FreePhysicalMemory : uint64 {units}
TotalVisibleMemorySize : uint64 {units}
SizeStoredInPagingFiles : uint64 {units}
FreeSpaceInPagingFiles : uint64 {units}
MaxProcessMemorySize : uint64 {units}
Distributed : boolean
MaxProcessesPerUser : uint32

Reboot() : uint32
Shutdown() : uint32

InstalledOS

*

RunningOS

FileSystem

See System Model
page (File Systems))

BootOSFromFS *

Association

Aggregation
Association with WEAK reference

Inheritance

Aggregation with WEAK reference

w

w

* equivalent to :  0 .. n

1

0..1

0..1

w *

CIM Operation

A Provider registers with a CIM 
Server to implement a set of 
operations (i.e., Provider Type) for a 
class in a particular namespace.

Description of Provider
Capabilities
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CIM Providers

HP-UX CIM Provider Directory

HP WBEM Services for HP-UX Fact: CIM Providers 
are implemented as shared libraries.
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Provider Registration

Operating System Provider

libOSProviderLocation

Interface Version

Interface Type

Management Node

CIM Client

Managed Node

HP-UX

HP-UX 
CIM_OperatingSystem

Provider

CIM Server

(See Core Model)

EnabledLogicalElement

System

(See System Page (System)

ComputerSystem

(See System Page (System)

OperatingSystem

CreationClassName : string {key}
Name : string {override, key}
OSType : uint16 {enum}
OtherTypeDescription : string
Version : string
LastBootUpTime : datetime
LocalDateTime : datetime
CurrentTimeZone : sint16
NumberOfLicensedUsers : uint32
NumberOfUsers : uint32
NumberOfProcesses : uint32
MaxNumberOfProcesses : uint32
TotalSwapSpaceSize : uint64 {units}
TotalVirtualMemorySize : uint64 {units}
FreeVirtualMemory : unit64 {units}
FreePhysicalMemory : uint64 {units}
TotalVisibleMemorySize : uint64 {units}
SizeStoredInPagingFiles : uint64 {units}
FreeSpaceInPagingFiles : uint64 {units}
MaxProcessMemorySize : uint64 {units}
Distributed : boolean
MaxProcessesPerUser : uint32

Reboot() : uint32
Shutdown() : uint32

InstalledOS

*

RunningOS

FileSystem

See System Model
page (File Systems))

BootOSFromFS *

Association

Aggregation
Association with WEAK reference

Inheritance

Aggregation with WEAK reference

w

w

* equivalent to :  0 .. n

1

0..1

0..1

w *

CIM Operation

Provider register includes 
"implementation" information (e.g., 
location of the shared library).

Description of 
Physical Package

(e.g., Shared Library)
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CIM Provider Manager

CIM Server

Resource

CIM Object 
Manager

CIM Provider 
Manager

Provider
Registration 

Data 

Provider

CIM Repository 
Schema

CIM Client

CIM-XML Server 
Protocol Adapter

The CIM Provider Manager is 
responsible for Provider Registration, 
Provider Loading and Unloading, and 
the interface between the CIMOM 
and CIM Providers.  

Note: A CIM Server may support 
multiple provider interfaces.

CIM Provider Manager 
Abstraction

C++ Provider 
Manager

Java Provider 
Manager

C Provider 
Manager

Provider Provider Provider Provider Provider Provider
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Provider Registration

Operating System Provider

OSProviderLocation

2.1.0Interface Version

C++DefaultInterface Type

Management Node

CIM Client

Managed Node

HP-UX

HP-UX 
CIM_OperatingSystem

Provider

CIM Server

(See Core Model)

EnabledLogicalElement

System

(See System Page (System)

ComputerSystem

(See System Page (System)

OperatingSystem

CreationClassName : string {key}
Name : string {override, key}
OSType : uint16 {enum}
OtherTypeDescription : string
Version : string
LastBootUpTime : datetime
LocalDateTime : datetime
CurrentTimeZone : sint16
NumberOfLicensedUsers : uint32
NumberOfUsers : uint32
NumberOfProcesses : uint32
MaxNumberOfProcesses : uint32
TotalSwapSpaceSize : uint64 {units}
TotalVirtualMemorySize : uint64 {units}
FreeVirtualMemory : unit64 {units}
FreePhysicalMemory : uint64 {units}
TotalVisibleMemorySize : uint64 {units}
SizeStoredInPagingFiles : uint64 {units}
FreeSpaceInPagingFiles : uint64 {units}
MaxProcessMemorySize : uint64 {units}
Distributed : boolean
MaxProcessesPerUser : uint32

Reboot() : uint32
Shutdown() : uint32

InstalledOS

*

RunningOS

FileSystem

See System Model
page (File Systems))

BootOSFromFS *

Association

Aggregation
Association with WEAK reference

Inheritance

Aggregation with WEAK reference

w

w

* equivalent to :  0 .. n

1

0..1

0..1

w *

CIM Operation

Provider register includes 
"implementation" information (e.g., 
interface type and version).

Description of 
Physical Package

(e.g., Shared Library)
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Provider Registration Schema

PG_Provider

PG_ProviderCapabilitiesElements

 PG_ProviderCapabilities

ProviderModuleName: string;
ProviderName: string;
CapabilityID: string;
ClassName: string;
Namespaces: string;
ProviderType[]: uint16;
SupportedProperties[]: string;
SupportedMethods[]: string;

1

Description: string;
Caption: string;
ElementName: string;

CIM_ManagedElement

CIM_LogicalElement

InstallDate : datetime;
Name: string;
Status: string
OperationalStatus : uint16;
StatusDescriptions[] : string;

CIM_ManagedSystemElement

Vendor: string;
Version: string;
InterfaceType: string;
InterfaceVersion: string;
Location: string
OperationalStatus: uint16(enum);
OtherStatusDescription: string;

uint32 start();
uint32 stop();

PG_ProviderModule

PG_ProviderModuleElements

1

PG_ProviderModule
PG_ProviderCapabilities

PG_Provider

Description of 
Physical Package

(e.g., Shared Library)

Description of Provider
within Physical Package

Description of Provider
Capabilities



Copyright © 2003 Hewlett-Packard Development Company, L. P. 
20

OpenPegasus Developer Conference

Provider Capabilities

 PG_ProviderCapabilities

ProviderModuleName: string;
ProviderName: string;
CapabilityID: string;
ClassName: string;
Namespaces: string;
ProviderType[]: uint16;
SupportedProperties[]: string;
SupportedMethods[]: string;

PG_ProviderCapabilities

HP-UX 
CIM_OperatingSystem

Provider

1. Operation
2. Namespace
3. Class

Operating System Provider

root/cimv2Namespace

CIM_OperatingSystemClass

Instance Provider OperationsSet of Operations

instance of PG_ProviderCapabilities
{

ProviderModuleName = "OperatingSystemModule";
ProviderName = "PG_OperatingSystemProvider";
CapabilityID = "1";
ClassName = "CIM_OperatingSystem";
Namespaces = {"root/cimv2"};
ProviderType = { 2, 5 }; // Instance and Method
SupportedProperties = NULL; // All properties
SupportedMethods = NULL; // All methods

};

Description of Provider
Capabilities
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Provider Module

1. Interface Type
2. Interface Version
3. Location

Vendor: string;
Version: string;
InterfaceType: string;
InterfaceVersion: string;
Location: string
OperationalStatus: uint16(enum);
OtherStatusDescription: string;

uint32 start();
uint32 stop();

PG_ProviderModule

PG_ProviderModule

Operating System Provider

OSProviderLocation

2.1.0Interface Version

C++DefaultInterface Type

instance of PG_ProviderModule
{

Name = "OperatingSystemModule";
Vendor = "Pegasus Community";
Version = "2.0.0";
InterfaceType = "C++Default";
InterfaceVersion = "2.1.0";
Location = "OSProvider";

};

HP-UX 
CIM_OperatingSystem

Provider

Description of 
Physical Package

(e.g., Shared Library)
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Namespaces

root/PG_Internal Namespace

root/cimv2 Namespace

root/PG_InterOp Namespace

PG_Provider

PG_ProviderCapabilitiesElements

 PG_ProviderCapabilities

ProviderModuleName: string;
ProviderName: string;
CapabilityID: string;
ClassName: string;
Namespaces: string;
ProviderType[]: uint16;
SupportedProperties[]: string;
SupportedMethods[]: string;

1

Description: string;
Caption: string;
ElementName: string;

CIM_ManagedElement

CIM_LogicalElement

InstallDate : datetime;
Name: string;
Status: string
OperationalStatus : uint16;
StatusDescriptions[] : string;

CIM_ManagedSystemElement

Vendor: string;
Version: string;
InterfaceType: string;
InterfaceVersion: string;
Location: string
OperationalStatus: uint16(enum);
OtherStatusDescription: string;

uint32 start();
uint32 stop();

PG_ProviderModule

PG_ProviderModuleElements

1

PG_ProviderModule

PG_ProviderCapabilities

PG_Provider

The Provider Registration 
Schema is located in the 

root/PG_InterOp Namespace.
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OSProvider Registration

instance of PG_ProviderModule
{

Name = "OperatingSystemModule";
Vendor = "Pegasus Community";
Version = "2.0.0";
InterfaceType = "C++Default";
InterfaceVersion = "2.1.0";
Location = "OSProvider";

};

instance of PG_Provider
{

ProviderModuleName = "OperatingSystemModule";
Name = "PG_OperatingSystemProvider";

};

instance of PG_ProviderCapabilities
{

ProviderModuleName = "OperatingSystemModule";
ProviderName = "PG_OperatingSystemProvider";
CapabilityID = "1";
ClassName = "CIM_OperatingSystem";
Namespaces = {"root/cimv2"};
ProviderType = { 2, 5 }; // Instance and Method
SupportedProperties = NULL; // All properties
SupportedMethods = NULL; // All methods

};

instance of PG_ProviderCapabilities
{

ProviderModuleName = "OperatingSystemModule";
ProviderName = "PG_OperatingSystemProvider";
CapabilityID = "2";
ClassName = "PG_OperatingSystem";
Namespaces = {"root/cimv2"};
ProviderType = { 2, 5 }; // Instance and Method
SupportedProperties = NULL; // All properties
SupportedMethods = NULL; // All methods

};

PG_ProviderModule

PG_Provider

PG_ProviderCapabilitiesPG_OperatingSystem20R.mof

cimmof –nroot/PG_InterOp PG_OperatingSystem20R.mof
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cimprovider Utility

cimprovider – disable, enable, remove or list 
registered CIM  Providers or CIM Provider 
modules.
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cimprovider Utility

List Provider Modules

List Providers
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C++ Provider Overview
� Concept Overview
� Provider Example
� Instance Provider API
� Method Provider API

Module Content
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Instance Provider

Instance ProviderGetInstance, EnumerateInstances,
EnumerateInstanceNames, CreateInstance,
ModifyInstance, DeleteInstance

Implementation OwnerCIM Operation

CIMClient  client;

client.connectLocal();

client.disconnect();

client.enumerateInstances();

Managed Resources

CIM Instance Provider

Managed Node

CIM Server
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Instance Provider Example

Packaged with CIM Server is an Operating 
System Provider that serves as an Instance 
Provider for the CIM_OperatingSystem and 
PG_OperatingSystem classes in the 
root/cimv2 namespace.  

Managed Resources

Operating System 
CIM Provider

Managed Node

CIM Server

CIM Client
osinfo
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Instance Provider Example

In the C++ Client Overview Module, we 
developed a client, EnumInstanceExample,  
that accessed the OS Provider packaged with 
HP WBEM Services. 

Managed Resources

Operating System 
CIM Provider

Managed Node

CIM Server

CIM Client
EnumInstanceExample
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cimInstances = client.enumerateInstances( 
NAMESPACE,  
CLASSNAME,
deepInheritance,
localOnly,
includeQualifiers,
includeClassOrigin );

Uint32 index = cimInstances[0].findProperty("NumberOfProcesses");
Uint32 numberOfProcesses;
cimInstances[0].getProperty(index).getValue().get(numberOfProcesses);
cout << "Total Number of Processes: " << numberOfProcesses << endl;
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Module Example

In this module , we'll replace the packaged Operating System Provider 
with our own implementation.

We'll use EnumInstanceExample to test our new Provider.
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OS Provider Implementation

What is the value of 
CIM_OperatingSystem.
NumberOfProcesses?

Managed Resources

CIM Providers

Managed Node

Management Node

CIM Client

CIM Server

C
IM

 Schem
a

CIM_ERR_NOT_SUPPORTED

Let's start with a simple, but rather 
uninteresting OS Provider 

implementation.
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OSInfoProvider::getInstance()

OSInfoProvider::enumerateInstances()

OSInfoProvider::enumerateInstanceNames()

OSInfoProvider::modifyInstance()

OSInfoProvider.cpp

GetInstance, EnumerateInstances,
EnumerateInstanceNames, 
CreateInstance, ModifyInstance, 
DeleteInstance

CIM Instance Provider
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Build Instructions
Hack Alert: In this module, we'll 
temporarily replace the packaged 
Operating System Provider with 
our own implementation.

1. Disable and Unload OS 
Provider

2. Build New Provider

3. Replace OS Provider.

4. Enable OS Provider
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void OSInfoProvider::enumerateInstances(
const OperationContext & context,
const CIMObjectPath & classReference,
const Boolean includeQualifiers,
const Boolean includeClassOrigin,
const CIMPropertyList & propertyList,
InstanceResponseHandler & handler)

{
throw CIMNotSupportedException("OSInfoProvider "

"does not support enumerateInstances");
}

OSInfoProvider.cpp
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Provider Implementation

Managed Resources

CIM Providers

Managed Node

Management Node

CIM Client

CIM Server

C
IM

 Schem
a

12345

Now let's try something slightly more 
complicated, but not really more useful. 

☺

Instead of returning NOT SUPPORTED. 
The new implementation will return the 
value 12345 for NumberOfProcesses.

What is the value of 
CIM_OperatingSystem.
NumberOfProcesses?
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EnumInstancesExample.cpp

const CIMNamespaceName NAMESPACE = CIMNamespaceName ("root/cimv2");
const CIMName                     CLASSNAME = CIMName ("CIM_OperatingSystem");

cimInstances = client.enumerateInstances( 
NAMESPACE,  
CLASSNAME,
deepInheritance,
localOnly,
includeQualifiers,
includeClassOrigin );
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Operating System Provider

CIM_OperatingSystem

CreationClassName: string [key]
Name: string [key]
OSType: uint16
OtherTypeDescription: string
Version: string
LastBootUpTime: datetime
LocalDateTime: datetime
CurrentTimeZone: sint16
NumberOfLicensedUsers: uint32
NumberOfUsers: uint32
NumberOfProcesses: uint32
MaxNumberOfProcesses: uint32
TotalSwapSpaceSize: uint64
TotalVirtualMemorySize: uint64
FreeVirtualMemory: unit64
FreePhysicalMemory: uint64
TotalVisibleMemorySize: uint64
SizeStoredInPagingFiles: uint64
FreeSpaceInPagingFiles: uint64
MaxProcessMemorySize: uint64
Distributed: boolean
MaxProcessesPerUser: uint32

Reboot(): uint32
Shutdown(): uint32

PG_OperatingSystem

OperatingSystemCapability: string
SystemUpTime: uint64;

CIM Data Model

As an Instance Provider our OS Provider 
replacement will need to implement 
GetInstance, EnumerateInstances, 
EnumerateInstanceNames, CreateInstance, 
ModifyInstance and DeleteInstance for the 
CIM_OperatingSystem and 
PG_OperatingSystem classes.
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EnumerateInstance

CIM Server

Issue CIM 
Operation 
Request

CIM Client

enumerateInstances

Array<CIMInstance> enumerateInstances (
const CIMNamespaceName& nameSpace,
const CIMName& className,
Boolean deepInheritance = true,
Boolean localOnly = true,
Boolean includeQualifiers = false,
Boolean includeClassOrigin = false,
const CIMPropertyList& propertyList = CIMPropertyList()

);

EnumerateInstances
CIM Operation

<namedInstance>*EnumerateInstances (
[IN] <className> ClassName,
[IN,OPTIONAL] boolean LocalOnly = true,
[IN,OPTIONAL] boolean DeepInheritance = true,
[IN,OPTIONAL] boolean IncludeQualifiers = false,
[IN,OPTIONAL] boolean IncludeClassOrigin = false,
[IN,OPTIONAL,NULL] string PropertyList [] = NULL

)

OpenPegasus C++ Client API

Client Perspective
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EnumerateInstance

enumerateInstances

virtual void enumerateInstances (
const OperationContext & context, 
const CIMObjectPath & classReference, 
const Boolean includeQualifiers, 
const Boolean includeClassOrigin, 
const CIMPropertyList & propertyList, 
InstanceResponseHandler & handler) = 0; 

EnumerateInstances
CIM Operation

<namedInstance>*EnumerateInstances (
[IN] <className> ClassName,
[IN,OPTIONAL] boolean LocalOnly = true,
[IN,OPTIONAL] boolean DeepInheritance = true,
[IN,OPTIONAL] boolean IncludeQualifiers = false,
[IN,OPTIONAL] boolean IncludeClassOrigin = false,
[IN,OPTIONAL,NULL] string PropertyList [] = NULL

)

OpenPegasus C++ Provider API

CIM Server

CIM Provider

Provider Perspective

Process CIM 
Operation
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CIM Operation

enumerateInstances

virtual void enumerateInstances (
const OperationContext & context, 
const CIMObjectPath & classReference, 
const Boolean includeQualifiers, 
const Boolean includeClassOrigin, 
const CIMPropertyList & propertyList, 
InstanceResponseHandler & handler) = 0; 

OpenPegasus C++ Provider API

CIM Provider

enumerateInstances

Array<CIMInstance> enumerateInstances (
const CIMNamespaceName& nameSpace,
const CIMName& className,
Boolean deepInheritance = true,
Boolean localOnly = true,
Boolean includeQualifiers = false,
Boolean includeClassOrigin = false,
const CIMPropertyList& propertyList = CIMPropertyList()

);

OpenPegasus C++ Client API

CIM Server

CIM Client
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CIM Provider Logic

Begin 
enumerateInstance

Processing

Populate 
NamedInstance

Deliver 
NamedInstance

End 
enumerateInstance

Processing

EnumerateInstances
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CIM Provider Logic EnumerateInstances

Begin enumerateInstance
Processing

Populate NamedInstance

Deliver NamedInstance

End enumerateInstance
Processing

handler.processing();

handler.deliver(instance);

handler.complete();

enumerateInstances

virtual void enumerateInstances (
const OperationContext & context, 
const CIMObjectPath & classReference, 
const Boolean includeQualifiers, 
const Boolean includeClassOrigin, 
const CIMPropertyList & propertyList, 
InstanceResponseHandler & handler) = 0; 

OpenPegasus C++ Provider API
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CIM Provider Logic

Begin 
enumerateInstance

Processing

Populate 
NamedInstance

Deliver 
NamedInstance

End 
enumerateInstance

Processing

EnumerateInstances

1. Initialize instance with key 
properties; set object path.

2. Add non-key properties to 
instance.
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1. Initialize instance with key properties
2. Set object path.
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3. Add non-key properties to 
instance.

Uint32 NumberOfProcesses = 12345;
instance.addProperty(CIMProperty("NumberOfProcesses", 

NumberOfProcesses));
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Build New Version of Provider
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More Things to Consider …

enumerateInstances

virtual void enumerateInstances (
const OperationContext & context, 
const CIMObjectPath & classReference, 
const Boolean includeQualifiers, 
const Boolean includeClassOrigin, 
const CIMPropertyList & propertyList, 
InstanceResponseHandler & handler) = 0; 

OpenPegasus C++ Provider API

const OperationContext & context

const CIMPropertyList & propertyList

const Boolean includeClassOrigin

const Boolean includeQualifiers
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C++ Provider Overview
� Concept Overview
� Provider Example
� Instance Provider API
� Method Provider API

Module Content
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Instance Provider

Instance ProviderGetInstance, EnumerateInstances,
EnumerateInstanceNames, CreateInstance,
ModifyInstance, DeleteInstance

Implementation OwnerCIM Operation

CIMClient  client;

client.connectLocal();

client.disconnect();

client.enumerateInstances();

Managed Resources

CIM Instance Provider

Managed Node

CIM Server
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Instance Provider Example

Packaged with CIM Server is an Operating 
System Provider that serves as an Instance 
Provider for the CIM_OperatingSystem and 
PG_OperatingSystem classes in the 
root/cimv2 namespace.  

Managed Resources

Operating System 
CIM Provider

Managed Node

CIM Server

CIM Client
osinfo
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Process Provider CIM Data Model

PG_UnixProcess

ParentProcessID: string
RealUserID: uint64
ProcessGroupID: uint64
ProcessSessionID: uint64
ProcessTTY: string
ModulePath: string
Parameters: string
ProcessNiceValue: uint32
ProcessWaitingForEvent: string

CIM_Process

CSCreationClassName : string [Key]
CSName : string [Key]
OSCreationClassName : string [Key]
OSName : string [Key]
CreationClassName: string [key]
Handle: string [key]
Priority: uint32
ExecutionState: uint16
OtherExecutionDescription: string
CreationDate: datetime
TerminationDate: datetime
KernelModeTime: uint64
UserModeTime: uint64
WorkingSetSize: uint64

In this module, we'll replace the 
packaged Process Provider with 
our own, significantly less useful, 
implementation.



Copyright © 2003 Hewlett-Packard Development Company, L. P. 
53

OpenPegasus Developer Conference

Process Provider Registration

instance of PG_ProviderModule
{

Name = "ProcessModule";
Location = "ProcessProvider";
Vendor = "Pegasus Community";
Version = "2.0.0";
InterfaceType = "C++Default";
InterfaceVersion = "2.1.0";

};

// Provider for PG_UnixProcess

instance of PG_Provider
{

ProviderModuleName = "ProcessModule";
Name = "ProcessProvider";

};

instance of PG_ProviderCapabilities
{

ProviderModuleName = "ProcessModule";
ProviderName = "ProcessProvider";
CapabilityID = "1";
ClassName = "CIM_Process";
Namespaces = { "root/cimv2" };
ProviderType = { 2 }; // Instance
SupportedProperties = NULL; // All properties
SupportedMethods = NULL; // All methods

};

instance of PG_ProviderCapabilities
{

ProviderModuleName = "ProcessModule";
ProviderName = "ProcessProvider";
CapabilityID = "2";
ClassName = "PG_UnixProcess";
Namespaces = { "root/cimv2" };
ProviderType = { 2 }; // Instance
SupportedProperties = NULL; // All properties
SupportedMethods = NULL; // All methods

};

PG_ProviderModule

PG_Provider

PG_ProviderCapabilitiesPG_OperatingSystem20R.mof

cimmof –nroot/PG_InterOp PG_UnixProcess20R.mof
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ProcessProvider.cppBuild New Version of Provider
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getInstance

getInstance

void getInstance(
const OperationContext & context,
const CIMObjectPath & instanceReference,
const Boolean includeQualifiers,
const Boolean includeClassOrigin,
const CIMPropertyList & propertyList,
InstanceResponseHandler & handler) = 0;

OpenPegasus C++ Provider API

CIM Provider

getInstance

CIMInstance getInstance(
const CIMNamespaceName& nameSpace,
const CIMObjectPath& instanceName,
Boolean localOnly = true,
Boolean includeQualifiers = false,
Boolean includeClassOrigin = false,
const CIMPropertyList& propertyList = CIMPropertyList()

);

OpenPegasus C++ Client API

CIM Client

GetInstance,
EnumerateInstances,
EnumerateInstanceNames, 
CreateInstance, ModifyInstance, 
DeleteInstance

CIM Operation
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CIM Provider Logic

Begin 
getInstance
Processing

Validate Input

Deliver Instance

End 
getInstance
Processing

getInstance

Validate Input

Build Instance

Deliver Instance

Build Instance
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Validate Input

Build Instance
_initializeNamedInstanceKeys()
_initializeNamedInstanceNonKeys()
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Build Instance
_initializeNamedInstanceKeys()
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Build Instance
_initializeNamedInstanceKeys()
_initializeNamedInstanceNonKeys()

getInstance
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CIM Provider Logic

Begin 
getInstance
Processing

Validate Input

Deliver Instance

End 
getInstance
Processing

Deliver Instance

Build Instance



Copyright © 2003 Hewlett-Packard Development Company, L. P. 
61

OpenPegasus Developer Conference

enumerateInstances

enumerateInstances

virtual void enumerateInstances (
const OperationContext & context, 
const CIMObjectPath & classReference, 
const Boolean includeQualifiers, 
const Boolean includeClassOrigin, 
const CIMPropertyList & propertyList, 
InstanceResponseHandler & handler) = 0; 

OpenPegasus C++ Provider API

enumerateInstances

Array<CIMInstance> enumerateInstances (
const CIMNamespaceName& nameSpace,
const CIMName& className,
Boolean deepInheritance = true,
Boolean localOnly = true,
Boolean includeQualifiers = false,
Boolean includeClassOrigin = false,
const CIMPropertyList& propertyList = CIMPropertyList()

);

OpenPegasus C++ Client API

GetInstance, 
EnumerateInstances,
EnumerateInstanceNames, 
CreateInstance, ModifyInstance, 
DeleteInstance

CIM Operation

CIM Provider

CIM Client
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CIM Provider Logic

Begin 
enumerateInstances

Processing

Validate Input

Deliver Instance

End 
enumerateInstances

Processing

Validate Input

Build and Deliver
Instances

Build Instance
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enumerateInstanceNames

enumerateInstanceNames

void enumerateInstanceNames(
const OperationContext & context,
const CIMObjectPath & classReference,
ObjectPathResponseHandler & handler) = 0;

OpenPegasus C++ Provider API

enumerateInstances
Array<CIMObjectPath> enumerateInstanceNames(

const CIMNamespaceName& nameSpace,
const CIMName& className

);

OpenPegasus C++ Client API

GetInstance, EnumerateInstances,
EnumerateInstanceNames,
CreateInstance, ModifyInstance, 
DeleteInstance

CIM Operation

CIM Provider

CIM Client
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CIM Provider Logic

Begin 
Processing

Verify 
Authorization

Build & Deliver 
ObjectPath

End 
Processing

Validate Input

Build and Deliver
ObjectPaths

Validate Input

Verify Authorization
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Validate Input

Build and Deliver
ObjectPaths

Verify Authorization

enumerateInstanceNames
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Verify Authorization

enumerateInstanceNames
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Build and Deliver ObjectPaths

_initializeObjectPath

enumerateInstanceNames
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createInstance

createInstance

virtual void createInstance(
const OperationContext & context,
const CIMObjectPath & instanceReference,
const CIMInstance & instanceObject,
ObjectPathResponseHandler & handler) = 0;

OpenPegasus C++ Provider API

createInstance

CIMObjectPath createInstance(
const CIMNamespaceName& nameSpace,
const CIMInstance& newInstance

);

OpenPegasus C++ Client API

GetInstance, 
EnumerateInstances,
EnumerateInstanceNames, 
CreateInstance, ModifyInstance, 
DeleteInstance

CIM Operation

CIM Provider

CIM Client
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modifyInstance

modifyInstance

virtual void modifyInstance(
const OperationContext & context,
const CIMObjectPath & instanceReference,
const CIMInstance & instanceObject,
const Boolean includeQualifiers,
const CIMPropertyList & propertyList,
ResponseHandler & handler) = 0;

OpenPegasus C++ Provider API

modifyInstances

void modifyInstance(
const CIMNamespaceName& nameSpace,
const CIMInstance& modifiedInstance,
Boolean includeQualifiers = true,
const CIMPropertyList& propertyList = CIMPropertyList()

);

OpenPegasus C++ Client API

GetInstance, 
EnumerateInstances,
EnumerateInstanceNames, 
CreateInstance, ModifyInstance,
DeleteInstance

CIM Operation

CIM Provider

CIM Client
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deleteInstance

deleteInstance
void deleteInstance(

const OperationContext & context,
const CIMObjectPath & instanceReference,
ResponseHandler & handler) = 0;

OpenPegasus C++ Provider API

deleteInstance

void deleteInstance(
const CIMNamespaceName& nameSpace,
const CIMObjectPath& instanceName

OpenPegasus C++ Client API

GetInstance, 
EnumerateInstances,
EnumerateInstanceNames, 
CreateInstance, ModifyInstance, 
DeleteInstance

CIM Operation

CIM Provider

CIM Client
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initialize

initialize

void initialize(CIMOMHandle & cimom) = 0;

OpenPegasus C++ Provider API

CIM Provider

The initialize function allows the provider to conduct the necessary 
preparations to handle requests. It is called only once during the 
lifetime of the provider. This function must complete before the CIM 
Server invokes any other function of the provider, other than 
terminate.
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terminate

terminate

void terminate(void) = 0;

OpenPegasus C++ Provider API

The terminate function allows the provider to conduct the necessary 
preparations for termination. This function may be called by the CIM 
Server at any time, including initialization. Once invoked, no other 
provider functions are invoked until after an eventual call to initialize.

The provider may, for example, do the following in the terminate
function:
• close files or I/O streams
• release resources such as shared memory
• inform concurrently executing requests to complete immediately    
• kill subprocesses
• etc.

CIM Provider
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Initialize and Terminate
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C++ Provider Overview
� Concept Overview
� Provider Example
� Instance Provider API
� Method Provider API

Module Content
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Method Provider

Method ProviderInvokeMethod

Implementation OwnerCIM Operation

CIMClient  client;

client.connectLocal();

client.disconnect();

client.invokeMethod();

Managed Resources

CIM Method Provider

Managed Node

CIM Server
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Process Provider CIM Data Model

In this module, let's add a "kill" 
method to the Process Provider 
we developed in the previous 
module.

To do this, we will need to add the 
definition of a "kill" method to the 
PG_UnixProcess class.

PG_UnixProcess

ParentProcessID: string
RealUserID: uint64
ProcessGroupID: uint64
ProcessSessionID: uint64
ProcessTTY: string
ModulePath: string
Parameters: string
ProcessNiceValue: uint32
ProcessWaitingForEvent: string

uint32 kill ([IN] uint32 SignalNumber,
                 [OUT] string ProcessName);

CIM_Process

CSCreationClassName : string [Key]
CSName : string [Key]
OSCreationClassName : string [Key]
OSName : string [Key]
CreationClassName: string [key]
Handle: string [key]
Priority: uint32
ExecutionState: uint16
OtherExecutionDescription: string
CreationDate: datetime
TerminationDate: datetime
KernelModeTime: uint64
UserModeTime: uint64
WorkingSetSize: uint64
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PG_UnixProcess Extension

PG_UnixProcess

ParentProcessID: string
RealUserID: uint64
ProcessGroupID: uint64
ProcessSessionID: uint64
ProcessTTY: string
ModulePath: string
Parameters: string
ProcessNiceValue: uint32
ProcessWaitingForEvent: string

uint32 kill ([IN] uint32 SignalNumber,
                 [OUT] string ProcessName);

CIM_Process

CSCreationClassName : string [Key]
CSName : string [Key]
OSCreationClassName : string [Key]
OSName : string [Key]
CreationClassName: string [key]
Handle: string [key]
Priority: uint32
ExecutionState: uint16
OtherExecutionDescription: string
CreationDate: datetime
TerminationDate: datetime
KernelModeTime: uint64
UserModeTime: uint64
WorkingSetSize: uint64

We can use the cimmof compile to 
load the new PG_UnixProcess 
class definition.



Copyright © 2003 Hewlett-Packard Development Company, L. P. 
79

OpenPegasus Developer Conference

invokeMethod

invokeMethod

void invokeMethod(
const OperationContext & context,
const CIMObjectPath & objectReference,
const CIMName & methodName,
const Array<CIMParamValue> & inParameters,
MethodResultResponseHandler & handler) = 0;

OpenPegasus C++ Provider API

CIM Provider

invokeMethod
CIMValue invokeMethod(

const CIMNamespaceName& nameSpace,
const CIMObjectPath& instanceName,
const CIMName& methodName,
const Array<CIMParamValue>& inParameters,
Array<CIMParamValue>& outParameters

);

OpenPegasus C++ Client API

CIM Client

invokeMethod

CIM Operation
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Note: We need to define the 
ProcessInfoProvider as both a 
CIMInstanceProvider and a 
CIMMethodProvider.
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CIM Provider Logic

Begin 
invokeMethod

Processing

Validate Input

Deliver Results

End 
invokeMethod

Processing

Validate Input

Execute the operation

Deliver Results

Execute the 
Operation
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Validate Input

Execute the operation

Deliver Results
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Provider Registation

Note: We still need to register the Process 
Provider as the "kill" method provider for the 
PG_UnixProcess and CIM_Process classes.  
First, we need to update the registration mof, 
PG_UnixProcess20R.mof.
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Provider Registation

Note: Now we just need to re-
register the Process Provider.
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