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§  US	
  datacenter	
  energy	
  consump;on	
  –	
  91Billion	
  KWH	
  
§  34	
  500MW	
  power	
  plants	
  
§  State	
  of	
  Minnesota	
  –	
  68Billion	
  KWH	
  
§  Power	
  Usage	
  Effec;veness	
  
§  Energy	
  Star,	
  SERT,	
  Regula;ons	
  

Mo;va;on	
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A	
  prac%cal	
  approach	
  to	
  energy	
  management	
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OPTIMIZE	
  
Op;mize	
  assets	
  and	
  
infrastructure	
  for	
  
energy	
  efficiency	
  

DISCOVER	
  
Measure,	
  collect,	
  and	
  
benchmark	
  energy	
  

informa;on	
  to	
  iden;fy	
  
opportuni;es	
  

REPORT	
  
Track	
  and	
  verify	
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OCC	
  Overview	
  

What	
  is	
  OCC?	
  
§  Hardware/Firmware	
  that	
  controls	
  power,	
  performance	
  &	
  thermal	
  
§  405	
  processor	
  with	
  512k	
  dedicated	
  RAM	
  
§  General	
  Purpose	
  Engines	
  (GPE)	
  to	
  offload	
  the	
  405	
  

What	
  does	
  OCC	
  do?	
  
§  Reads/controls	
  system	
  power	
  
§  Reads/controls	
  chip	
  temps	
  

•  Enables	
  efficient	
  fan	
  control	
  
•  Provides	
  OT	
  protec;on	
  

§  Power	
  Capping	
  
§  Fault	
  Tolerance	
  
§  Energy	
  saving	
  
§  Performance	
  boost	
  

Physical paths not shown!
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Main	
  Memory	
  Uses	
  
§ Ini;al	
  Load	
  
§ OPAL	
  communica;on	
  
§ OCC	
  communica;on	
  

Main	
  Memory	
  Measurement	
  
§ Temperature	
  Sensing	
  
§ U;liza;on	
  Measurement	
  
§ Bandwidth	
  control	
  

Processor	
  
§ Temperature	
  Sensing	
  
§ Core	
  Frequency	
  Control	
  -­‐	
  PSTATES	
  
§ Chip	
  Voltage	
  Control	
  –	
  PSTATES	
  
§ U;liza;on	
  Measurement	
  

BMC	
  
§  Report	
  power/temperature	
  
§  Provide	
  Power	
  Cap	
  
§  DCMI	
  compliance	
  

OCC	
  -­‐	
  Hardware	
  Block	
  Diagram	
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Cloud	
  
Sogware	
  

Opera;ng	
  
System	
  /	
  KVM	
  

Standard	
  Opera;ng	
  
Environment	
  
(System	
  Mgmt)	
  

Power	
  Open	
  Source	
  So=ware	
  Stack	
  Components	
  

Exis;ng	
  
Open	
  Source	
  
Sogware	
  

Communi;es	
  

Firmware	
  

Hardware	
  

New	
  OSS	
  
Community	
  

OpenPOWER	
  
Technology	
  

OpenPOWER	
  
Firmware	
  

July	
  2014	
  Power8	
  open	
  source	
  firmware	
  stack	
  
contributed	
  thru	
  GitHub	
  

Toolkits	
  and	
  resources	
  for	
  por;ng	
  and	
  op;mizing,	
  
growing	
  repository	
  on	
  website	
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OCC	
  Internal	
  Details	
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PSTATE	
  Details	
  

POWER8 BMC 

System 

Qemu 
libvirt Linux	
  Hypervisor	
  

Linux 
Guest 
(LPAR) 

Linux 
Guest 
(LPAR) 

Qemu 

SLOF SLOF 

OPAL 

OCC 

Host Boot 

Linux 
Host Kernel 

Platform 
Drivers 

cpuidle 

OCC mem 
PORE 

cpufreq 

Cpufreq	
  –	
  exploits	
  SPR	
  
based	
  P-­‐state	
  change	
  

Host Power 
Mode Policies 

U;liza;on	
  and	
  
governor	
  policy	
  are	
  
inputs	
  to	
  cpufreq	
  in	
  
Hypervisor	
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Management	
  Op;ons	
  
Linux	
  Governors	
  –	
  OCC	
  measures/clips	
  for	
  capping/OT	
  

	
  Balanced	
  
	
  Performance	
  
	
  Power	
  save	
  

	
  

OCC	
  Controls	
  Frequency	
  
	
  Dynamic	
  Power	
  Save	
  
	
   	
  Favor	
  Power	
  or	
  Favor	
  Performance	
  
	
  Fixed	
  Frequency	
  Mode	
  
	
  Fixed	
  Maximum	
  Frequency	
  
	
  Idle	
  Power	
  Save	
  
	
  Power	
  Capping	
  
	
  Over	
  Temperature	
  Protec;on	
  

	
  

Processor	
  Idle	
  States	
  
	
  Nap	
  
	
  Sleep	
  
	
  Winkle	
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User	
  Set	
  Power	
  Limit	
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Processor	
  Over	
  Temperature	
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Core + L2 

L3 cache 

Power7 Chip  
(8-core) 

Used by default for short Idle Periods 
Stop clocks to only processor  

core execution engines. 
Leave all caches running.   

Saves ~ 10% power  
with ~ Xus latency (i.e. fast) 

NAP 
(per core) 

Core + L2 

L3 cache 

Running  
Core 

Chiplet 

Sleep 
Core + L2 

L3 cache 

Used for longer Idle Periods 
Power OFF the core plus private L2 cache.   

Leave shared L3 cache running.   
Saves ~ 80% power with < Yms Latency 

Used for deconfigured cores 
Power OFF the entire chiplet.   

Requires restore/re-init to wakeup. 
Shared  L3 performance loss. 

Saves ~ 95% power with < ZZms Latency 

Core + L2 

L3 cache 

Winkle 

Turn Processors Off – Nap/Sleep/Winkle 



Power/thermal 
measurement 

Hardware OCC 
CPU 

Host OS 

Node 

IB pathway 
Tighter workload coupling 

Performance concerns 
Jitter concerns 

 

Measurement – In Band vs Out of Band 

OOB pathway 
Measure without affecting system performance 
Difficult to correlate to system jobs/events 

BMC/FSP 

Main 
Memory 
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Measurement	
  Op;ons	
  

FSP	
  Based	
  Systems	
  –	
  P7	
  and	
  some	
  P8	
  systems	
  
	
  Out	
  of	
  Band	
  
	
   	
  CIM	
  –	
  Buffers	
  of	
  30	
  second	
  readings.	
  	
  	
  System	
  Power/Thermal	
  only	
  
	
   	
  IPMI/DCMI	
  –	
  System	
  power/thermal	
  only	
  
	
   	
  AMESTER	
  –	
  Detailed,	
  Power/thermal/health/performance	
  
	
  In	
  Band	
  
	
   	
  HMC	
  –	
  Performance	
  Monitor	
  
	
  	
  

	
  

BMC	
  Based	
  Systems	
  –	
  Open	
  Source	
  P8	
  
	
  Out	
  of	
  Band	
  
	
   	
  IPMI/DCMI	
  -­‐-­‐	
  System,	
  Every	
  Power	
  Rail,	
  Core	
  temperatures	
  
	
   	
  AMESTER	
  –	
  Open	
  Source	
  (coming	
  soon)	
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AMESTER: Automated Measurement of Systems for Energy 
and Temperature Reporting – Out of Band 

§  Scriptable research tool that runs on a laptop or server (Windows/Linux). 

§  Connects to remote system to measure 

§  Uses management network and service processors 
– Does not interfere with operating system or workloads 
– No performance loss 

§  POWER8 On-Chip Controller (OCC). 
– POWERPC 405 processor 
– Firmware for power management 
–  Implements AMESTER command set 
– No installation required on POWER 

OCC 

Service 
Processor 

POWER8  
system AMESTER Internet 

Power measuring circuits 

P8 chip 
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AMESTER overview for POWER8 
§  Sensor data collection 

– Whole system power measurement 
Component power on POWER: Processor 
Vdd, Memory, IO, Storage, Fans 

–  Core: temperature, frequency, utilization, 
memory bandwidth, instructions per second. 

–  Histograms 

§  250 µs tracing into 8KB buffer 
–  E.g.1 sensor for 1 second 

§  2 ms tracing into 8KB buffer 
–  E.g. 1 sensor for 8 seconds 

§  Amester is a Tcl interpreter 
–  All functions of Amester can be scripted by 

Tcl scripts 
–  Data library to collect and graph user data 
– Output to CSV file for import into Excel or 

Matlab 

§  Parameter interface, provides ability to read/
write key firmware variables 

–  Core frequency override 
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Sensor	
  Descrip;on	
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Sample	
  Sensor	
  list	
  
440	
  Total	
  Sensors	
  –	
  Power,	
  Thermal,	
  Performance,	
  u;liza;on,	
  health	
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Insights 

§  Visualization is key to rapid prototyping and problem solving 

§  Correlation of power consumption with other metrics 

§  Time-alignment of sensor data is crucial for debugging firmware algorithms 

§  Examples 
– Measuring settling time of power capping controller after workload changes 
– Developing dynamic voltage/frequency scaling algorithms 
– Discovering small non-steady behavior when steady-state behavior was expected 
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Collecting sensor data for a POWER6 system 
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POWER7 voltage slew study 

§  Data imported to Matlab for graphing 
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POWER7 histograms and traces of any sensor 
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POWER6 core temperature measurement (custom script) 



What’s	
  Next	
  

•  GPU	
  incorpora;on	
  

•  Open	
  source	
  AMESTER	
  

•  In	
  band	
  AMESTER	
  

•  Processor	
  on/off	
  –	
  latency	
  improvements	
  

•  Higher	
  peak	
  frequencies	
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Summary	
  
•  Power	
  and	
  Performance	
  are	
  ;ghtly	
  linked	
  

–  Power	
  consump;on	
  is	
  a	
  large	
  por;on	
  of	
  TCO	
  
–  Performance	
  is	
  king	
  

•  Measurement	
  at	
  the	
  right	
  granularity	
  is	
  key	
  
– Measure,	
  then	
  control	
  and	
  op;mize	
  

	
  
•  Visualiza;on	
  speeds	
  analysis	
  

•  Open	
  POWER	
  enables	
  innova;on	
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 Open	
  Power	
  Blog	
  link:	
  

§  hmp://openpowerfounda;on.org/press-­‐releases/occ-­‐firmware-­‐code-­‐is-­‐now-­‐open-­‐source/	
  

	
  
GitHub	
  pages:	
  
§ OpenPOWER	
  project:	
  hmps://github.com/open-­‐power	
  

§ OCC:	
  hmps://github.com/open-­‐power/occ	
  

§ Building	
  OpenPOWER:	
  hmps://github.com/open-­‐power/op-­‐build	
  

§ New	
  AMESTER	
  open	
  source	
  link	
  

EnergyScale	
  White	
  Paper	
  
hmp://www-­‐01.ibm.com/common/ssi/cgi-­‐bin/ssialias?
infotype=SA&subtype=WH&htmlfid=POW03125USEN	
  

	
  

Youtube	
  CIM	
  link:	
  	
  hmps://www.youtube.com/watch?v=SsKE1Vg7PPg&feature=youtu.be	
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Programming Amester 

§  Amester is 40K lines of [incr Tcl] 
–  Object-oriented Tcl 
–  Uses Tk and BLT libraries for GUI 

§  Extend with Tcl, [incr Tcl], or C code 
–  Can replace existing functions on-the-fly (debug as you run!) 
–  Complete control 

§  Distributed as Tcl starpack 
–  Everything is wrapped in a single binary image 

•  Tcl interpreter binary, all Tcl libraries, Amester application, documentation 
–  Simple to install and uninstall 

§  Amester commands on measured server finish in under 1ms 
§  Amester round-trip command latency is 50-300 ms, depending on the service processor 

firmware and network latency. 


