Multifunction Hardcopy Device Power Management
Are your printers awake tonight?
With rising environmental concerns and operating costs in today’s businesses, power management issues for printers and multifunction hardcopy devices are becoming more prominent.  These issues are reflected in many of the references at the end of this article.  Around the world, government agencies and industry consortia have published power management guidelines and standards for office equipment and other consumer electronic devices, e.g., US Energy Star [ESCOMPUTER] and [ESPRINTER].
Note:  It is important that MPSA members respond to the power management survey associated with this article, to allow the PWG to present the power management needs of end users, tool suppliers, and managed print service providers to printer and multifunction hardcopy device manufacturers.
Introduction

Fleet management systems that manage printers and multifunction hardcopy devices are deployed in companies the world over, from large enterprise networks to branch offices.  Power usage ratings from evaluation labs and manufacturers frequently have a major influence on decisions: (a) to purchase new printers and multifunction hardcopy devices systems; and (b) to select existing devices for retirement and replacement.

Currently, all printers and multifunction hardcopy devices that support power management only implement proprietary solutions.  Therefore, fleet management tools cannot currently support vendor-neutral power management of printers and multifunction hardcopy devices.  The ongoing PWG Power Management project in the PWG WIMS WG [PWG-WIMS] is designed to remedy this situation.  The new IETF Energy Management project [IETF-EMAN], chartered in October 2010, intends to define power management for the much wider scope of all network-attached devices.
Multifunction Hardcopy Device Power Consumption
Multifunction hardcopy devices have evolved so that their functionality is no longer limited to local document printing, scanning, and copying.  Increasingly, these multifunction hardcopy devices are connected to home and office networks.  
Multifunction hardcopy devices share the following major power consumption components in common with desktop computers, routers, and other office equipment:
· Processors
Multifunction hardcopy devices often include multiple processors (CPUs) devoted to specific functions (e.g., network interfaces, imaging job processing, markers, and scanners).
· Storage Devices
Multifunction hardcopy devices often include multiple storage devices (e.g., hard drives, CD drivers, and NVRAM memory) and file system partitions on those storage devices devoted to specific types of data (e.g., firmware, applications, and user documents).
· Network Interfaces
Multifunction hardcopy devices often include multiple network interfaces (e.g., Ethernet, 802.11, and Bluetooth).
· Consoles
Multifunction hardcopy devices often include sophisticated local consoles with displays, keypads, touchpads, status lights, etc.
Multifunction hardcopy devices also include the following unique major power consumption components:

· Motors
Multifunction hardcopy devices often include multiple motors devoted to specific functions (e.g., media paths, markers, scanners, and automatic document feeders).

· Lights
Multifunction hardcopy devices often include high-intensity lights for scanners.

· Heaters
Multifunction hardcopy devices often include heaters for markers.

· Media Trays
Multifunction hardcopy devices often include multiple input and output media trays with special functions (e.g., manual input trays and locking output trays).
· Finishers
Multifunction hardcopy devices often include multiple finishing functions (e.g., collating, stapling, drilling, and folding).

Overview of PWG Power Management Model

The sections below describe the PWG Power Management Model [POWER-MODEL] in detail.
History of PWG Power Management Project


Major milestones of the PWG Power Management project include:
· April 2009 – Initial BOF for PWG Power Management Project at PWG meeting in Mt Laurel, NJ

· June 2009 – Charter of PWG Power Management Project approved by PWG Steering Committee

· July 2009 – First draft of PWG Power Management Model

· December 2009 – First draft of PWG Imaging System Power MIB

· April 2010 – Final Prototype drafts of PWG Power Management Model and MIB

· May 2010 – MPSA/PWG Focus Group on Power Management

· June to September 2010 – Prototype by Samsung of PWG Imaging System Power MIB 

· September 2010 – Stable drafts of PWG Power Management Model and MIB

· October 2010 – PWG Last Call on PWG Power Management Model and MIB

· December 2010 – MPSA/PWG Article and Survey on Power Management

· January 2011 – PWG Formal Vote on PWG Power Management Model and MIB

Mappings of PWG Power Management Model

The PWG Power Management Model [POWER-MODEL] already has several mappings including: 

· PWG Imaging System Power MIB [POWER-MIB] – SNMP 
A complete mapping of every element defined in the PWG Power Management Model into an SMIv2 [RFC2578] SNMP MIB – developed by the PWG Web-based Imaging Management Solutions WG [PWG-WIMS].

· PWG Semantic Model XML Schema [PWG-SM] – Web Services
A complete mapping of every element defined in the PWG Power Management Model into a set of XML Schema files and WSDL operation definitions – developed by the PWG Multifunction Device WG [PWG-MFD].
Component Terminology
The PWG Power Management Model imports and uses the standard component terms (e.g., Console, Marker, Interface, etc.) defined in the IETF Printer MIB v2 [RFC3805].  For simplicity, the PWG Power Management Model folds the overall System into this list of managed components.  The IETF Printer MIB v2 uses the term “Subunit” for components, so this term is used in the PWG Power Management Model and in many other PWG specifications.  The IETF Finisher MIB [RFC3806] defines the details of the Finisher component.  The remaining multifunction hardcopy device components (e.g., Scanner and Scan Media Path) are defined in the PWG Standardized Imaging System Counters v1.1 [PWG5106.1] and imported by the companion PWG Imaging System State and Counter MIB v2 [PWG5106.3].

Power Terminology
The PWG Power Management Model imports and uses the standard power modes [IEEE1621] and power states [DSP1027] defined in the IEEE and DMTF specifications cited below.
Power Modes

The following power modes are defined in the IEEE Standard for User Interface Elements in Power Control of Electronic Devices Employed in Office/Consumer Environments [IEEE1621] and imported by the PWG power specifications (in order of decreasing power usage):
· On Mode
The set of power states where incoming jobs can be accepted immediately and existing jobs can be processed immediately (i.e., with no delay for a power state transition).

· Sleep Mode
The set of power states where incoming jobs MAY be accepted immediately, but existing jobs

cannot be processed immediately (i.e., without a short delay for a power state transition to On Mode).

· Off Mode
The set of power states where incoming jobs cannot be accepted immediately and existing jobs cannot be processed immediately (i.e., without a long delay for a power state transition to On Mode).

Stable Power States


The following stable power states are defined in the DMTF Common Information Model (CIM) [DSP0004], mapped into the corresponding ACPI v4.0 [ACPI] power states in the DMTF Power State Management Profile [DSP1027], and imported by the PWG power specifications (in order of decreasing power usage):
· On
The stable “On Mode” power state where the system or component is in the Idle, Processing, Stopped, or Testing operational state, with no delay required for a power state transition before processing incoming jobs.
· Standby
The stable “Sleep Mode” power state with the shortest wake-up transition to the On power state – typically, mechanical elements (motors, lamps, heaters, etc.) are turned off or turned down, but processors and network interfaces are fully active (e.g., normal clock rate) – some or all network interfaces are operational.
· Suspend

The stable “Sleep Mode” power state with the lowest power consumption of any “Sleep Mode” power state – typically, mechanical elements (motors, lamps, heaters, etc.) are turned off, but processors and network interfaces are partially active (e.g., lower clock rate) – kernel and application programs and data are preserved (i.e., periodically refreshed) in main memory – at least one network interface is operational.
· Hibernate
The stable “Off Mode” power state where all kernel and application programs and data have been saved (e.g., to a hard disk) such that a transition to On allows recovery and continued processing without any loss of jobs or data – limited auxiliary power is consumed, e.g., console lights – no network interfaces are operational and human intervention is required to power up the system – compare with OffHard and OffSoft.

· OffSoft
The stable “Off Mode” power state where only limited auxiliary power is consumed, e.g., console lights – no network interfaces are operational and human intervention is required to power up the system – compare with Hibernate and OffHard.

· OffHard
The stable “Off Mode” power state where system power is mechanically or electrically turned off – no power is consumed – no network interfaces are operational and human intervention is required to power up the system – compare with Hibernate and OffSoft.

Vendor Extension Stable Power States 


The PWG Power Management Model allows vendor extensions for stable power states (up to 5 for each base stable power state) in order to expose the existing vendor differentiation in power state granularity.  However, the PWG Power Management Model also prohibits the definition of vendor extensions for special power states (i.e., orderly shutdowns and resets), in order to avoid ambiguity.

Special Power States 


Numerous special power states (i.e., orderly shutdowns and power resets) are defined in the DMTF Common Information Model (CIM) [DSP0004], mapped into the corresponding ACPI v4.0 [ACPI] power states in the DMTF Power State Management Profile [DSP1027], and imported by the PWG Power Management Model, including the following examples:
· OffSoftGraceful
This special power state performs a graceful soft power off – an orderly shutdown, followed by a soft power off cycle – and completes in the OffSoft power state.

· ResetHard
This special power state performs a hard power reset – hard power off cycle, followed by normal power on cycle – and completes in the On power state.

· ResetMBR
This special power state (based on a master bus reset) performs a hard power reset – hard power off cycle, followed by normal power on cycle – and completes in the On power state.
Operational State Terminology

The following standard System operational states are defined in the IETF Host Resources MIB v2 [RFC2790] and IETF IPP/1.1 [RFC2911], mapped into the IcServiceStateTC textual convention in the PWG Imaging System State and Counter MIB v2 [PWG5106.3], and imported (and extended to Subunits) by the PWG Power Management Model:
· Down
The System is in the OffHard, OffSoft, or Hibernate power state and is not available for either testing or normal Job processing.
· Idle
The System is in the On, Standby, or Suspend power state and is not currently processing any Jobs.

· Processing
The System is in the On power state and is currently processing one or more normal Jobs.
· Stopped
The System is in the On, Standby, or Suspend power state and is currently stopped (i.e., human intervention is required to resume processing).
· Testing
The System is in the On power state and is currently testing and is NOT available for processing of normal Jobs.
Structure of PWG Power Management Model

The following managed element classes are defined in the PWG Power Management Model.
Power Status Class

This managed element class contains the following power element groups (that must only be set by the System itself):
· Power General – REQUIRED 
This element group lists the basic power management capabilities (especially the set of all supported stable and special power states) for the System.
· Power Monitor – REQUIRED 
This element group lists the current power state for each managed component (System or Subunit).

· Power Log – REQUIRED 
This element group lists the most recent power state transitions for each managed component (System or Subunit).
· Power Counter – OPTIONAL 
This element group contains lifetime counters for power state transitions for each managed component (System or Subunit).
· Power Meter – OPTIONAL 
This element group contains current, monthly, and lifetime meters for power usage for each managed component (System or Subunit).
Power Capabilities Class

This managed element class contains the following power element groups (that must only be set by the System itself):

· Power Support – OPTIONAL 
This element group lists the supported DMTF CIM stable power states and any vendor extension stable power states for each managed System or Subunit.

· Power Transition – OPTIONAL 
This element group lists the supported transitions between DMTF CIM stable power states and any vendor extension stable power states for each managed System or Subunit.

Power Settings Class

This managed element class contains the following power element groups (that may be set by either the System or the Administrator):

· Power Request – OPTIONAL 
This element group enables user requests for power state transitions for each managed System or Subunit.
· Power Calendar – OPTIONAL 
This element group lists the configured calendar-based power state change policies (e.g., triggered every Friday at 7pm) for each managed System or Subunit.
· Power Event – OPTIONAL 
This element group lists the configured event-based power state change policies (e.g., triggered by a paper jam) for each managed System or Subunit.
· Power Timeout – RECOMMENDED
This element group lists the configured timeout-based power state change policies (e.g., triggered by 300 seconds of inactivity at console and network interfaces) for each managed System or Subunit.
The Bottom Line
· Murky Present

Current printers and multifunction hardcopy devices only implement proprietary power management solutions, preventing any vendor-neutral enterprise power management.

· Green Future

Future printers and multifunction hardcopy devices can implement the open standard PWG Power Management Model (via SNMP, Web Services, and other management protocols), enabling vendor-neutral enterprise power management.
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Survey questions
1. Do your clients consider power usage important when making purchasing decisions for printers and multifunction hardcopy devices?
2. Do your clients currently use fleet management tools that include power management for printers and multifunction hardcopy devices?
3. Do your clients want power state monitoring and logging for printers and multifunction hardcopy device?

4. Do your clients want power usage meters for printers and multifunction hardcopy devices?

5. Do your clients want power state change notifications from printers and multifunction hardcopy devices?

6. Do your clients want detailed power state capabilities for printers and multifunction hardcopy devices?

7. Do your clients want remote power state change operations for printers and multifunction hardcopy devices?

8. Do your clients want power state transition policies for printers and multifunction hardcopy devices?
a. Calendar-triggered Policies?

b. Event-triggered Policies?

c. Timeout-triggered Policies?

9. Are you or your clients aware of the IEEE, DMTF, and ACPI power management standards?

10. Are you or your clients aware of the ongoing PWG Power Management project?
11. Are you or your clients aware of the new IETF Energy Management project?
