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GTD GmBH

Who we are and what we do:

- We are a software company in the south of Germany

« Part of the European group GTD with headquarters in Barcelona

We mainly work for:
+ European Space Agency (ESA)
« German Aerospace Center (DLR)
« German federal institutions (UBA, BAM)

Since 2019 we have our software in space
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SOFTWARE OVERVIEW, THEORY,
AND IMPLEMENTATION



Tue G OUR SOFTWARE

To measure computer energy efficiency we must
« Measure the computing performance

» Measure the power demand

« Compute the energy efficiency based on the performance and power demand

Existing benchmarks
- Focus only or mostly on performance (e.g., PCMARK)

- Alter the measured performance by having extra interfaces connected to the Unit Under
Test and run client software to report the results to a controller computer (e.g., SPECpower)

- Are not open and do not run on different operating systems (e.g., SYSmark)
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TeEsT SUITE OVERVIEW

The main characteristics of the Test Suite developed by GTD are:

« It is based on the open-source Phoronix Test Suite

« It runs a series of worklets'

« It executes native binaries in Microsoft Windows, MacOSX, and Linux

« Measuring power does not alter the performance or the power demand

« All the results are fused together in a single meta-efficiency metric value

A worklet is a set of tasks, placed in a workflow, that is, in a sequence of activities that can be easily reproduced on a

regular basis.
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PHORONIX TEST SUITE OVERVIEW

Phoronix? Test Suite is an open-source framework for automated benchmarking:

« Runs on Microsoft Windows, Linux, MacOSX
« Automates the whole testing process from dependency installation to test results
aggregation

« Has a huge collection of predefined test-profiles (i.e., worklets)

Easily configurable for our use-case (e.g., new worklets)
« Results can be visualized by Phoronix Result-Viewer or exported to CSV, plain text

« Support for external measurement devices

2https://www.phoronix-test-suite.com/
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WORKLETS CONSIDERED FOR OUR ASSESSMENT

Category # Worklets Activities

System 18 CAD, 2/3D-image processing, office, idle, browsing, OS
CPU 11 Compressing/decompressing, video encoding, arithmetic
Disk 5 File and database reading/writing

Graphics 7 Gaming

Memory 5! Memory reading/writing and caching

Total 46

Usage Profile-based worklets
They replicate a typical user activity: LibreOffice, FreeCAD, GIMP, etc.

Synthetic worklets
They target mainly specific hardware components: Cachebench, 7zip Compression, etc.
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ASSESSMENT OF WORKLETS

For the assessment and suitability of the worklets the Test Suite does the following;:

« executes the worklets with native binaries for Microsoft Windows, MacOSX, and Linux

« automatically re-runs the worklets until performance falls within a certain measured

tolerance of repeatability to avoid outliers
« provides the performance, power demand, and energy efficiency per worklet

- fuses all energy efficiency results into a single value
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Tue ENERGY EFFICIENCY WE COMPUTE

o®

For the assessment of the energy efficiency we compute an efficiency metric
Worklet Efficiency

Is the division of the performance (e.g., frames per second, inverse of the time to run the
worklet) by the average power demand in Watts.

1
( worklet time )
Average Watts

Xiefficiency —
Meta Energy Efficiency

A geometric mean is then calculated based on the individual efficiencies of all the executed
worklets. Geometric mean calculations are most appropriate for combining values which have
not a defined weighting.

Meta Energy Efficiency = \/x1 - X2+ * - Xn, n : Number of worklets
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TesT Suite GUI

Welcome to Computer Efficiency UUT GUI
This program manages the Computer Energy Efficiency
test suite on this machine. This software helps you
with the following steps:
- Installing the test suite
- Running the benchmarks/worklets
- Merging the performance and power results
Test configuration and control
Name of test configuration: MacBookPro
Description of test: Test1
Synchronize clock via Internet
Run short test (to check setup)
Run full test

Status: Working... Test 2 of 8

{ Hide detailed status information

Cancel running task

This software was developed by

GTD GmbH
Ravensburger Str. 32a

GmbH D-88677 Markdorf

www.gtd-gmbh.de

This software is based on various third-party and
open source software.
Open acknowledgements and licenses.

Computer Efficiency UUT GUI

GRAPHICS Intel UHD 630 + AMD Radeon Pro 5386M 208
Monitor: Color LCD
Scree 30721920

MOTHERBOARD: Apple MacBook Pro

MEMORY ¢ 2 x 8 6B DDRU-2667MHz

DIsK: 46668
File-System: APFS

OPERATING SYSTEM:  mac0S 10.15.5
Kerne: 19.5.8 (x86_64)
Compiler: Clang 11.8.3 + 6CC 11.0.3

Test Description: Testl

To Provide Performance-Per-Sensor Outputs for sys.power.

Sensars To e Logged:
ysten Power Demand

Libjpeg-turbo tibench 2.0.
cal/bench-1.1.1 [Test: Decompression Throughput]
Test 1 of
Eitinated Teisl un count: 3
Estinated Test Run-Tim
Eitinated Tine To compistion: 12 Minvtes [16:22 CEST]
Started Runl @ 15:11:20
Started funz @ 15:1
ted Rund @ 15:11:38
Test Finiohos b 16:41:48

Test: Decompression Throughput:
200.187304
192.77417
197.863176

Avarage: 196.921660 Hagapixals/sa
Deviatio

osBench:
pEs/osbench-1.0.1 [Create Files)
Test
Eetinated Trisl Run Count:
Estimated Test Run-Time:
Estinated Time To Completion: 1 Mnutes t15:22 cesty
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REsuLT COMPUTATION

Efficiency is computed taking into account that:
« the Power Meter is connected to a controller computer that records the power
measurements
« the UUT is not connected to any external devices to avoid a false increase in power demand

« power is measured continuously during the whole time the Test Suite is running, including
all of the worklets

« however only the power measured during the execution of the worklets goes into the
efficiency computation for each individual worklet

« UUT and controller computer clocks are synchronized via NTP before starting the test

This represents an important improvement wrt. existing Test Suites (Phoronix, SPECpower, etc.)
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TesT SUITE EXECUTION WORKFLOW

Power &
Performance Measurement Performance
E by repeated Worklet Execution Merge
—— (TR P TN QR
First Last
UUT Worklet Worklet
Start End
Efficiency
E Results
= Assessment
Controller | ' Power Demand Measurement '
Computer  stant End
Recording Recording
Timeline | - | >
Approx. 6h < 1min
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PowER MEASUREMENTS EXAMPLE

Measurements between worklet tries are discarded for efficiency computation

+ t;: Worklet1try1start  15:47:57 « t; WorkletTtrylend 15:48:04
* t;: Worklet1try2 start  15:48:06 * tg Worklet1try2end  15:48:12
+ t: Worklet1try3 start  15:48:14 + tg Worklet1try3end 15:48:21
+ tz Worklet2 try1start  15:48:31 * ty Worklet2trylend  15:48:59

Power Measurements (W)

t, t, t t, ts t t, ty
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RESULT VIEWER

Meta Performance Per Watts

Xonotic Meta Performance Per Watts ESI
Performance Per Watts p Il
DTS G system Power Demand e e e L T

MBP-copy-all-data .
Xonotic v0.8.2 ESIl 5y ) 5 " %
System Power Demand ]
W P2 (ry 1) 1283 512 10135 System Power Demand Monitor
W ver2(ry2) 1646 509 100,66
LR O 0 System Power Demand Monitor ESI
v Vit Fower s Batter Phoroni Test Suito 6.1 Phoronix Test Suite System Monitoring p h
Wiercopyarcas 426 sz 6arz
wats Proroni Test st 961
L B e e e e e e e e e e S e e
L et R e LT
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TEST SET-UP AND PROCEDURE



GTD AND INTERTEK TEST RESULTS
INTERPRETATION AND ASSESSMENT



TesTts CARRIED OuT

« Intertek has run the Test Suite on 7 computers
« GTD has run it on more than 6 computers
« The complete Test Suite runs in ca. 6 hours in its current configuration

« We use the Yokogawa WT310 Power Meter
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META EFFIciENCY COMPARISON

Computer Test1 Test2 Test3 Average Deviation
MacBook Pro 2019° 3.74 3.78 B195 3.82 0.09
Windows Desktop 2018* 2.19 2.23 2.27 2.23 0.03
Windows Laptop 2019° 2.80 3.0 2.96 2.92 0.09
Ubuntu Linux Laptop 2020° 3.37 3.43 3.44 3.41 0.03
Windows Laptop 2020° 1.85 1.86 1.76 1.82 0.04
Arch Linux Desktop 2015 1.98 2.0 N.A. 1.99 N.A.
Windows Desktop 2015’ 1.32 1.34 N.A. 1.33 N.A.
Ubuntu Linux Desktop 2015° 1.57 1.58 N.A. 1.58 N.A.

Higher is better!

3Intel Core i7, 16GB RAM, Intel UHD 630 + AMD Radeon Pro 5300M Graphics

4Intel Core i5-7500, 8GB RAM, Intel HD 630 Graphics

5Intel Core i5-8265U, 16GB RAM, NVIDIA GeForce GTX 1050 + Intel UHD 620 Graphics
SAMD Ryzen 7 3700X, 32GB RAM, NVIDIA GeForce GTX 1660 Ti Graphics

7Intel Core i7-6700K, 16GB RAM, NVIDIA GeForce GTX 980 Graphics

8AMD A8-6410, 8GB RAM, AMD Radeon R4 Graphics
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Day 2: 3 executions of 7-Zip Compression benchmark (Avg: 47.4 W, Dev.: 0.7 W, 26s)
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REPRODUCIBILITY ASSESSMENT

Day 2: 20 executions of DaCapo Tradebeans benchmark (Avg: 47.1 W, Dev.: 0.6 W, 30s)
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WORKLET REPRODUCIBILITY ASSESSMENT

¥ Watts, Fewer Is Better Phoronix Test Suite 9.6.1

10 I et

15 executions of Gimp benchmark (17s the longest, 10s the other ones)
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SOFTWARE DISSEMINATION AND
FEepBACK TooL



SOFTWARE DISSEMINATION

The test software, test procedure, this presentation and other resources are available via the

following website:

gtd-gmbh.de/pceet

ORe0
O
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