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spEEDO Project
● spEEDO: Energy Efficiency through Debug 

suppOrt

● University of Cambridge Computer Laboratory 
in Collaboration with UltraSoC Limited.

● Funded by the UK TSB (Innovate UK).

● Stage 1 October 2013.  Stage 2 October 2015.
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Power Aware Design

What battery life will I get ?

Do I need to turn on another rack in my datacentre ?

Should I offload this task to the GPU ?

Is compiler option -Oblah helpful in terms of total
                                                        energy for this task ?

Will using single-way associativity in L1 for the stack 
                                                   segment save energy?

Should I use one core or four and at what clock frequency ?
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spEEDO 1 - Tagline

“Find out which thread on which core expended 
which picoJoule of energy on which IP block.”

Zynq 7010 device with PSU
instrumentation that is binary
compatible with our SystemC 
virtual platform (PRAZOR).

The spEEDO APIs are implemented
in the virtual platform.

Currently we are implementing the
`energy digestor' in the Zynq
FPAG and also in a new RISC-V SoC.
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spEEDO 1
● Aim: Develop a power API for three purposes:

● Embedded software energy reflection API
● Remote debugger energy accounting and logging

 - Extend GDB schemas for energy regs
● Debug access to power-gated regions.

    
Initial achievements:

- Developed a strawman energy API  for access to
                'On Chip Analytics'
     - Trialed on SystemC virtual SoC
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spEEDO – Overview/Solution
● Measure raw current and voltage at the regulator 

inputs and  instrument SMPSUs. 

● Use micro-architecture event counters to trace local 
energy expenditure but these are banked.

● Convey 'customer identifiers' over on-chip networks for 
remote accounting – these say which banked register 
to increment.

● Energy digestor  remote reads event banks and PSU 
instruments to give up-to-date, fine-grain energy API.

● Virtualise the digester via the O/S to get per-thread 
energy consumption.

● Export debugging schema for viewing + calibration. 
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PC CPU Power Probe

Measures 12 volt rail 
to motherboard CPU 
socket.

Measures volts and 
amps at 10 Hz rate.

Accuracy:
   consistency of about 
1 percent between 
runs (single-user mode 
or bare metal).



  

David J Greaves et al                                                                                   FDL'15 Barcelona

New Power Supply Monitors

Resistive shunt
 measurement Measurement using 

switched-mode
(SMPSU) duty

cycle
 measurement

Linear 
measurement using

resistive shunt
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Switched-Mode PSU Controller

● SMPSU contains digital control logic that is easy to monitor.

● Provided we know the input rail voltage, we rely on the output 
rail being accurate and measure local duty cycle to get current.

Regulators can have complicated
drive waveforms … but this matters not.
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Basic Blade/PC Architecture
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MSRs

Machine-Specific 
Registers:

Oprofile example.

Oprofile gives 
a uniform API to a wide 

variety of hardware 
platforms.

Listing shows monitorable 
event counters on AMD

x86-Hammer
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Intel's Power Gadget MSRs
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Augmented Reference Architecture
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Software Event Counts

Existing event counters in device drivers and hardware can also be 
projected through a calibration matrix to give energy estimates.
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Register Energy/Power ABI Strawman
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A Hello World C app – a powerful step forward infact:

Simplistic (Invasive) Energy Logging
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Output from
the very-
simple

C Program

(The C++ Figure 3 
in the paper

prints nicely in 
picoJoules.)
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GDB only understands uniform memory arch.
We wish to route register+mem reads to a specific core.
We abuse the thread select RSP command to address cores.

GDB/RSP Abuse/Extensions
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Baseline GDB energy reporting ...

Here a Python script reads the
spEEDO API and prints one
energy line.

Problems:
 - Highly invasive,

 - Simplistic,

 - Static power while paused?

 - No standard for automation,

 - GDB poorly coded for
           generic extensions.
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spEEDO API Stack
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Programmable FSMs

spEEDO account registers can be context switched by generalised
watchpoint breakpoint and debug trace programmable FSMs.  
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Banked Register Management 

- At least one alternate energy register bank is needed
for atomic snapshot on the live system.

- We extend this concept with customer numbers conveyed
over the on-chip busses so that appropriate event counter
bank can be credited in a peripheral.

- Debug tools and the 'energy digestor' require knowledge
of bank to customer mapping - we provide this.

The complete 'spEEDO package' will consist of H/W cells, 
debugger plugins and S/W library shims. These can be
commercialised or open sourced.
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Tiny CLR
demo.

VM on virtual platform!

.net/mono runtime

Gives energy use per
CLR thread.

Perform profile-directed
energy optimisations?

Compare results
between H/W and
virtual plaform.
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Energy Report With Customer Nos
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Running on two cores...
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Future Work

● FPGA Implementation of the digestor.
● LowRISC RISC-V SoC implementation.
● Event/fluent/energy/power abstract modelling 

calculus, simulator and extrapolator.
● spEEDO-2 applied to UK gov for funding.
● Liase with industrial partners. 
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Current/power versus time plots.
(note monostable back edges)

Integer
ALU

Floating 
Point ALU

Memory Access:
Disjoint Footprints

Memory
Access:
Overlapping
 Footprint

Vertical bar -> 1 second.
Horizontal scale -> 100 Watts.

System has 6 cores 
sharing one DRAM bank.
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Event/Fluent/Energy/Power
calculus+modelling language prims
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lowRiSC
RISC-V

Open Source SoC

● “lowRISC is producing fully open hardware 
systems. From the processor core to the 
development board, our goal is to create a 
completely open computing eco-system.” 

● spEEDO banked energy registers to be 
contributed.

● spEEDO energy digestor perhaps to run on one 
core or else be in H/W.

● See openrisc.io/orconf (Geneva 9-11th October 2015).



  

David J Greaves et al                                                                                   FDL'15 Barcelona

Thankyou for listening

David J Greaves
Ali M Zaidi
M Puzovic
Klaus McDonald-Maier
Andrew Hopkins

University of Cambridge
Computer Laboratory

FDL'15
Power Aware Modelling + Design Session.
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BACKUP SLIDES NOW FOLLOW
.... 

TLM Modelling
and TLM POWER 3
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SMP OpenRISC Demo Platform

1 to 64 cores (four shown)
Shared or split or no L1 Cache
Flexible cache architectures
L2 and L3 caches easily added

Each cache has power-annotated tag and data RAMs 
SRAM parameters from CACTI
DRAM modelled by Univ Maryland DRAMSIM2 

Verilated OpenRISC Core
Or fast ORSIM ISS
(Or MIPS64)
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Customer Number 
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Transaction Level Modelling

Note that the roles of initiator and target do not necessarily relate to the 
sources and sinks of the data. 

Infact, an initiator can commonly make both a read and a write transaction on 
a given target and so the direction of data transfer is dynamic. 
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TLM: Loose Timing 

  
  b_putbyte(char d)
  {
    printf(“Byte '%c'\n”, d);
    wait(250, SC_NS);
  }
  

  
 
b_putbyte(char d, sc_time &delay)
{
  sc_time del(250, SC_NS); 
  printf(“Byte '%c'\n”, d);
  delay += del; 
}

Naive Coding Style Loosely-Timed Coding Style

But, at any point, any thread can resynch itself with the 
kernel by performing:

   // Resynch idiomatic form:
   sc_wait(delay);
   Delay = 0;

Have a local variable 'delay' associated with each thread.

Simulation performance is reduced when there are frequent resynchs, 
but true transaction ordering will be modelled correctly. 
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Loosely-timed TLM Modelling: General Structure
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Spatial Layout Support

● Every SC_MODULE has a chip/region 
designation.

● The area of a module is sum of 
● its children with the same chip/region name
● its locally defined 'excess area'. 

● Inter-module wiring lengths  can be estimated 
using Rent's Rule on area of lowest-common-
parent.

● Actual X-Y co-ordinates could be allocated by a 
placer.
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Report Formats (3: VCD)

● Each account  and their summations can be plotted in various forms

● 1: Ascii-art table format

● 2: SYLK or CSV spreadsheet format

● 3: VCD temporal display (using dirac impulse response or 
average over interval)

● A physical layout file is also written.
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Report Formats (2: Ascii-art text file)
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 Measured v Predicted: Runs 19-24 extrapolated
from data fitting on 1-18.

Energy

Time
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C API – Registers via HAL
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Power Estimation: Project Flow
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