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Abstract—This paper presents Open-PEOPLE, a hardware and software platform which aims to widen access to accurate power consumption measurement to the scientific community. The idea behind this platform is to centralize and abstract the instrumentation effort and the investment cost then allow geographically remote users to make power measurement remotely without requiring any specific costly hardware and/or software. Keywords-Power consumption evaluation, Embedded Systems.



I. I NTRODUCTION Energy autonomy is one of the most important challenging issues in the design of mobile embedded systems. Considering this constraint in the design process of such systems is crucial. For this purpose, theoretical and simulation tools exist for energy estimation and evaluation. However, their results may grossly distort the reality and lead to inappropriate energy saving strategies. This is due to the difficulty to fully model/simulate the complexity of modern embedded systems and the interaction between their components. Physical power consumption measurement may detect unpredictable behaviors and reveal missed parameters or unconsidered interactions in the evaluated systems. It is an effective and complementary solution to the theoretical and simulation approaches. In order to be exploitable, the power measurement should be precise and accurate. The most challenging task to achieve accurate power consumption measurement of embedded system are : 1) isolating the power consumption of each subsystem and 2) dealing with low electrical and temporal values. In fact, many embedded systems require hard instrumentation techniques to reach access points for measuring separately the power consumption of the processor, the DSP, the memory, etc. As illustrated in Fig. 1, it might be needed to break or interrupt the embedded board rail to insert shunt resistor1 in series. Moreover, when an appropriate measurement point in available, it is necessary to use precise and sensitive equipment to measure very low power values at a high sampling rate. This kind of device may be very costly. Consequently, researchers in the field of power consumption of embedded systems may be discouraged by these difficulties 1 Shunt



resistor are a high precision resistor with a limited inductance effect.
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and had to settle with approximate power measurement or, more simply, to use simulation. Open-PEOPLE [1], which stands for : Open-Power and Energy Optimization Platform and Estimator, is a platform aiming to iron out these difficulties and widen access to accurate power consumption measurement to a large scientific community. The idea behind this platform is to centralize and abstract the instrumentation effort and the investment cost an allow the researchers (geographically distributed endusers) to make power measurement remotely without requiring any specific costly hardware and/dor software. They are thus off-loaded from the burden of dealing with the above cited difficulties and can focus merely on evaluating the power consumption of the targeted systems. Moreover, thanks to Open-PEOPLE, users are able to share/compare their user experience and results since they work on a common platform. The centralization of the power consumption measurement should not impact the flexibility. The end-users should dispose of the maximum control on the remote platform in order to implement the desired evaluation scenarios without the need of any remote intervention. This is the main objective which directed the design/implementation of this platform. The remainder of this paper is organized as follows: in section II, some related works on power consumption estimation and measurement are described. Then, a background on power and energy measurement techniques is presented in section III. The Open-PEOPLE platform architecture and a use case are presented in section IV and V respectively. Finally, a conclusion and future perspectives are given in section VI. II. R ELATED W ORKS Simulators allow to estimate the energy consumption of a running application without using physical measurement tools. For example, Wattch [2], based on SimpleScalar processor simulator [3], uses a suite of parameterizable power models for different hardware structures. It is based on a per-cycle resource usage count generated through cycle accurate simulations. In the same way, the McPAT simulator [4] estimates the energy consumption of multi-core architectures. Other simulators exist for Graphical Processing Units (GPU) [5], memory hierarchy [6], and flash memories [7].



Fig. 1: Example of Embedded board instrumentation in Open-PEOPLE platform



These simulator tools allow hardware architects to explore the energy efficiency of processor architectures early by testing the impact of different hardware configurations. However, they are hard to build and require a very deep knowledge of the targeted microprocessors micro-architecture. Moreover, these simulators allow to estimate the power consumption of only subsystems of a complete system and thus cannot consider the interactions between them. In [8], SoftWatt simulates a complete system composed of a CPU, memory hierarchy and a low-power disk subsystem but this is far from representing modern embedded systems containing more complex hardware such as DSP, GPU, FPGA, ASIC and display devices. To evaluate the power consumption of a complete system while considering the interaction between its different components, the physical power measurement may provide valuable information. For example, in [9], they consider both the processor and the memory power consumption. They show that the memory often contributes significantly to the overall power consumption, which leads to a much more complex relationship between energy consumption and core voltage and frequency than is frequently assumed. In [10], they show, that, in some cases, GPP video decoding may be more energy efficient than DSP video decoding by contrast with what one might expect. More recently, in [11], [12], They use physical power measurement to evaluate where goes the consumed energy in smart-phones which provide precious information on how is spent the energy budget in those devices. As explained in the previous section, it is hard to set-up accurate power consumption measurement due to the investment cost and the needed instrumentation effort. An interesting approach is proposed in [13] where they use a combination of low cost energy probe and an open source tool. However, they use an energy probe which is not very precise and the instrumentation effort is still needed. Open-PEOPLE addresses these issues and aims to conciliate accurate power measurement, ease of use and low cost power measurement. III. BACKGROUND O N P HYSICAL P OWER M EASUREMENT The power consumption depends on the voltage V and the current intensity I. P = V.I (1)



Fig. 2: Power consumption measurement strategies



To measure the power consumption of a given electronic circuit, one can use an ampere-meter in series with that circuit to measure the current intensity and a voltmeter in parallel to measure the voltage as illustrated in Fig. 2-a. Unless using sophisticated power analyzer (which regroups the functions of the ampere-meter and the volt-meter), it is difficult to measure simultaneously I and V and correlate their values. It is more practical to measure Vshunt and Vc , the voltage around a shunt resistor Rshunt and the circuit respectively. In this case, Vc .Vshunt . However, this approach I = Vshunt R , therefore, P = R should be used carefully. In fact, to avoid a high drop in the voltage around the targeted circuit (which may not guarantee a correct operating of the circuit ), the shunt resistor should have a low value (usually, tens of milliOhms). Consequently, the voltage around Rshunt is very low. It thus requires a very sensitive equipment in order to be measured accurately. The advantage of using the first approach (power analyzer) is that it avoids the noise induced by using a shunt resistor (ex. imprecision in its value). Moreover, it allows to measure the actual voltage variations rather than the differential values around Rshunt which is surly more accurate. In the OpenPEOPLE platform, both of two approaches are supported using a high precision power analyzer. and digitizers.



Fig. 3: Sampling rate in energy consumption measurement The energy consumption is the amount of consumed power within an interval of time. Z t E(t) = P (t)dt (2) 0



In practice, to measure the energy consumption, the integral formula is approximated by a discrete sampling measurement. E(t) =



n X i=0



Pi .∆t



(3)



Fig. 4: Open-PEOPLE architecture Equipment N6705A DC NI PCI-4472 NI PCI-5105 Agilent M9149A



Sampling rate 100 KS/s 100 KS/s 60 MS/s N/A



Precision 1.5 mV/15 µA 1.19 µV 7.3 mV N/A



Description High precision Power Analyzer High precision digitizer High density digitizer Switch multiplexer



TABLE I: Power measurement materiel



Embedded boards MistralEVM3530 PandaBoard SABRE Xilinx SP605 Xilinx ML550 Cyclone III LS



Main component OMAP3530 SoC OMAP4460 SoC Freescale i.MX 6 SoC SPARTAN 6 FPGA Virtex-5 LXT FPGA Altera Cyclone III FPGA



TABLE II: Embedded boards ∆t is the sampling interval and Pi is the measured power at the ith interval. The higher is the sampling rate (1/∆t), the more accurate is the energy consumption measurement. As illustrated in Fig. 3, measuring with a high sampling rate allows to evaluate accurately the energy consumption with a short-time variation. In the field of embedded systems, this may correspond to events like a frequency switching in DVFS processors, a context switch in process scheduling or interprocessor communication in SoC. In section V, we present a use case considering this later example and analyze its impact on the overall energy balance thanks to the Open-PEOPLE platform. IV. O PEN -PEOPLE P LATFORM D ESCRIPTION The Open-PEOPLE platform is composed of two parts : the hardware and the software part. A. Hardware The hardware part is exclusively centralized at Universit´e de Bretagne Sud in Lorient City (France). It is composed of a high-end measurement equipment including a high precision digitizer, a power analyzer and a set of heterogeneous embedded systems (target systems). Table I shows the available measurement equipment. In addition to the power analyzer, two kinds of digitizers are available. One is dedicated for high precision measurements (1.19 µV precision) and a second is for high density measurement (60 Mega Sample/s). Table II shows some embedded boards integrated in the platform. As illustrated in Fig. 1, instrumentation, when necessary, are achieved on these boards to make available access points for measuring the power consumption of the processing elements, GPU, the memory, the storage subsystems, etc. B. Software The role of the software part it to automate the management of the measurement equipment and the embedded boards remotely. The developed software run at both remote-user



Fig. 5: Open-PEOPLE GUI



side (client side) and at the Open-PEOPLE hardware platform location side (server side). 1) Remote-user side: A GUI (implemented in JAVA) should be installed on the remote-user workstation running a Linux or Windows OS. Its role is to manage the authentication process with the server, upload the power measurement test case (an archive file), monitor its execution status then download the results. Fig. 5 shows a screen-shot of the GUI. The test case archive is a self-contained archive consisting of the actual power measurement test case. It includes an XML configuration file and eventual additional resources. In the configuration file, the user can specify : • targeted embedded board and the measurement points. • sampling rate • cross-compiled binaries for remote execution. • cross-compiled Linux kernel for remote execution. Any additional resources (libraries, data files, etc) can be added to the archive to be installed on the remote target. 2) Server side: On the server side, the role of the software is to receive the power measurement test case from the remote clients (GUI) then to drive the measurement equipment and install the user resources (binaries and/or data) on the embedded boards. The communication with the measurement equipment is achieved using drivers provided by the vendors. On the other hand, the communication with the embedded boards is achieved using tftp and ssh network protocols and



Power (W)



(a) DSP frame decoding (4cif) power consumption Overhead



DSP Decoding



DSP idle/ ARM idle



1,2



VI. C ONCLUSION



Memory DSP + ARM



Frame processing periode



DSP active/ARM idle



Decoded frame transfer using DMA



1 0,8 0,6



DSP idle/ ARM active



0,4



Memory power increase due to frame copy.



0,2 0



10



20



30



40 50 Time (ms)



60



70



80



90



100



Fig. 6: Power consumption of DSP video decoding cif decoding Energy consumption (Harbour) ARM DSP



The Open-PEOPLE platform served as an efficient power measurement tool to students, multiple academic research projects and industrial partners (Thales Group, Inpixal). It allows to the users to focus on evaluating and modeling the power consumption of embedded systems without worrying about the underlying instrumentation complexity. Two major future works are planned on the platform. First, the upgrade of the targeted embedded boards to newer ones using more recent hardware and technologies. Second, the integration in the platform of smart-phone devices with the perspective to execute energy consumption benchmarks.
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Fig. 7: GPP vs DSP Energy efficiency of video decoding



in some cases using serial ports. The communication between the client and the server uses HTTP/SOAP protocol which makes the platform accessible even via network firewalls. The configuration of the software (ex. adding a new board) is achieved by the platform administrator. The results of the power measurements executed by different users can be saved at the server side in look-up tables. This allows to share the results between the users and build power models database for the different studied architectures. Fig. 4 depicts the architecture of Open-PEOPLE platform. V. U SE C ASE In this section, we describe a use case of an extensive power consumption measurement tests achieved in [10] where authors focus on the energy efficiency of video decoding. The objective of this study is to compare the energy efficiency of GPP and DSP video decoding in terms of the video quality and the processor clock frequency. The experimental setup required huge amount of tests corresponding to the combination of different processor architecture, processor frequencies, video bit-rate and resolution. In addition, an extensive software configuration was necessary to install DSP driver, customize and profile the Linux kernel and the Gstreamer video decoder. Thanks to the flexibility of the Open-PEOPLE platform, all theses configuration was achieved remotely from Universit´e de Bretagne Occidentale at Brest (France). Using a high sampling rate (100 KHz), an intra-videoframe power analysis was achieved and the energy overhead of the GPP-DSP inter-processors communication was measured accurately as illustrated in Fig. 6. This allowed to fully compare the energy efficiency of the video decoding on GPP and DSP as shown in Fig. 7. More details on the obtained results can be found in [10], [14], [15].



[1] Open-PEOPLE. (2012) Open-power and energy optimization platform and estimator platform. [Online]. Available: http://www.open-people.fr [2] D. Brooks, V. Tiwari, and M. Martonosi, “Wattch: a framework for architectural-level power analysis and optimizations,” in Computer Architecture, 2000. Proceedings of the 27th International Symposium on, June 2000, pp. 83–94. [3] D. Burger and T. M. Austin, “The simplescalar tool set, version 2.0,” SIGARCH Comput. Archit. News, vol. 25, no. 3, pp. 13–25, Jun. 1997. [4] S. Li, J.-H. Ahn, R. Strong, J. Brockman, D. Tullsen, and N. Jouppi, “Mcpat: An integrated power, area, and timing modeling framework for multicore and manycore architectures,” in Microarchitecture, 42nd Annual IEEE/ACM International Symposium on, 2009, pp. 469–480. [5] S. Hong and H. Kim, “An integrated gpu power and performance model,” SIGARCH Comput. Archit. News, vol. 38, no. 3, pp. 280–289, Jun. 2010. [6] S. J. Wilton and N. P. Jouppi, “Cacti: An enhanced cache access and cycle time model,” Solid-State Circuits, IEEE Journal of, vol. 31, no. 5, pp. 677–688, 1996. [7] V. Mohan, S. Gurumurthi, and M. R. Stan, “Flashpower: A detailed power model for nand flash memory,” in Proceedings of the Conference on Design, Automation and Test in Europe, ser. DATE ’10. European Design and Automation Association, 2010, pp. 502–507. [8] S. Gurumurthi, A. Sivasubramaniam, M. J. Irwin, N. Vijaykrishnan, M. Kandemir, T. Li, and L. K. John, “Using complete machine simulation for software power estimation: The softwatt approach,” in Proceedings of the 8th International Symposium on High-Performance Computer Architecture, ser. HPCA ’02, 2002. [9] D. C. Snowdon, S. Ruocco, and G. Heiser, “Power management and dynamic voltage scaling: Myths and facts,” in Proceedings of the 2005 Workshop on Power Aware Real-time Computing, September 2005. [10] Y. Benmoussa, J. Boukhobza, E. Senn, and D. Benazzouz, “GPP vs DSP: A performance/energy characterization and evaluation of video decoding,” in Proceedings of the 2013 IEEE 21st International Symposium on Modelling, Analysis & Simulation of Computer and Telecommunication Systems, ser. MASCOTS ’13, 2013, pp. 273–282. [11] A. Carroll and G. Heiser, “An analysis of power consumption in a smartphone,” Proceedings of the 2010 USENIX conference on USENIX annual technical conference, pp. 21–21, 2010. [12] C. A. and G. Heiser, “The systems hacker’s guide to the galaxy energy usage in a modern smartphone,” in Proceedings of the 4th Asia-Pacific Workshop on Systems, ser. APSys ’13. ACM, 2013, pp. 5:1–5:7. [13] Linaro Project. (2013) Arm energy probe. [Online]. Available: http://git.linaro.org/tools/arm-probe.git [14] Y. Benmoussa, J. Boukhobza, E. Senn, and D. Benazzouz, “Energy consumption modeling of h.264/avc video decoding for gpp and dsp,” in Digital System Design (DSD), 2013 Euromicro Conference on, Sept 2013, pp. 890–897. [15] Y. Benmoussa, J. Boukhobza, E. Senn, Y. Hadjadj-Aoul, and D. Benazzouz, “Dyps: Dynamic processor switching for energy-aware video decoding on multi-core socs,” SIGBED Rev., vol. 11, no. 1, pp. 56–61, Feb. 2014.



























[image: OpenML: A Collaborative Science Platform -]
OpenML: A Collaborative Science Platform -












[image: A Web Platform for Collaborative Multimedia Content ...]
A Web Platform for Collaborative Multimedia Content ...












[image: A Collaborative Tool for Synchronous Distance Education]
A Collaborative Tool for Synchronous Distance Education












[image: ECHO for - Virtual Community for Collaborative Care]
ECHO for - Virtual Community for Collaborative Care












[image: A Sketch-Based Interface for Collaborative Design]
A Sketch-Based Interface for Collaborative Design












[image: A Robust Solution for Collaborative Data Mining - IJRIT]
A Robust Solution for Collaborative Data Mining - IJRIT












[image: A research agenda for collaborative commerce]
A research agenda for collaborative commerce












[image: A Constraint-based Collaborative Environment for ...]
A Constraint-based Collaborative Environment for ...












[image: A Distributed Multi-Agent System for Collaborative ...]
A Distributed Multi-Agent System for Collaborative ...












[image: A Hybrid Probabilistic Model for Unified Collaborative ...]
A Hybrid Probabilistic Model for Unified Collaborative ...












[image: A Distributed Multi-Agent System for Collaborative ...]
A Distributed Multi-Agent System for Collaborative ...












[image: A Constraint-based Collaborative Environment for ...]
A Constraint-based Collaborative Environment for ...












[image: Pay-per-Tracking: A Collaborative Masking Model for ...]
Pay-per-Tracking: A Collaborative Masking Model for ...












[image: Collaborative Planning as a Tool for Strengthening ...]
Collaborative Planning as a Tool for Strengthening ...












[image: A Tool for Model-Driven Development of Collaborative Business ...]
A Tool for Model-Driven Development of Collaborative Business ...












[image: A Robust Solution for Collaborative Data Mining - IJRIT]
A Robust Solution for Collaborative Data Mining - IJRIT












[image: Collaborative, Trust-Based Security Mechanisms for a ...]
Collaborative, Trust-Based Security Mechanisms for a ...












[image: Transfer Learning for Collaborative Filtering via a ...]
Transfer Learning for Collaborative Filtering via a ...












[image: A MDA-based Development Process for Collaborative ...]
A MDA-based Development Process for Collaborative ...












[image: A Privacy-Protecting Architecture for Collaborative ...]
A Privacy-Protecting Architecture for Collaborative ...












[image: A Privacy-Protecting Architecture for Collaborative ...]
A Privacy-Protecting Architecture for Collaborative ...












[image: A Novel Scheme for Remote Data Storage - Dual Encryption - IJRIT]
A Novel Scheme for Remote Data Storage - Dual Encryption - IJRIT












[image: A remote sensing surface energy balance algorithm for ...]
A remote sensing surface energy balance algorithm for ...















Open-PEOPLE, A Collaborative Platform for Remote ...






One is dedicated for high precision ... with the server, upload the power measurement test case (an ... 2) Server side: On the server side, the role of the software. 






 Download PDF 



















 733KB Sizes
 0 Downloads
 278 Views








 Report























Recommend Documents







[image: alt]





OpenML: A Collaborative Science Platform - 

The massive streams of experiments that are being executed to benchmark new algorithms, test hypotheses or model new datasets have many more uses ...














[image: alt]





A Web Platform for Collaborative Multimedia Content ... 

model, since, for every new activity, the company needs to invest time and ... ly applied to extract relevant information from Internet .... The typical way to access.














[image: alt]





A Collaborative Tool for Synchronous Distance Education 

application in a simulated distance education setting. The application combines video-conference with a networked virtual environment in which the instructor and the students can experiment ..... Virtual Campus: Trends for Higher Education and. Train














[image: alt]





ECHO for - Virtual Community for Collaborative Care 

ECHO. Colorado faculty, staff and partners have dedicated themselves to de- monopolizing knowledge in order to expand access to best-practice care.














[image: alt]





A Sketch-Based Interface for Collaborative Design 

tems (e.g., CAD systems), on the other hand, provide con- siderable ... A more flexible approach for sketch- ing 3D shapes of ..... phous elements, such as clouds, fire and water, tradition- .... Human Factors in Computing Systems (1995), pp.














[image: alt]





A Robust Solution for Collaborative Data Mining - IJRIT 

... is the approach in which multiple data providers share their data for data mining tasks .... He is Microsoft Certified System Engineer & CISCO Certified Network ...














[image: alt]





A research agenda for collaborative commerce 

Collaborative commerce is the collaborative, electronically enabled business .... connected legal entities bound together by volumes of contractual documents to ..... Gartner symposium 'C-Commerce: The New Enterprise in the Internet Age', ...














[image: alt]





A Constraint-based Collaborative Environment for ... 

and therefore a collaborative system must be able to address collaboration issues as ... Various strategies for computationally supporting online collaborative ...














[image: alt]





A Distributed Multi-Agent System for Collaborative ... 

collaborative agents to help users access, manage, share and exchange information. ... superior to unstructured lists, hierarchical folder organization forces users to think in ..... Yates R., Information Retrieval, Data Structures and. Algorithms ..














[image: alt]





A Hybrid Probabilistic Model for Unified Collaborative ... 

Nov 9, 2010 - automatic tools to tag images to facilitate image search and retrieval. In this paper, we present ... semantic labels for images based on their visual contents ... related tags based on tag co-occurrence in the whole data set [48].














[image: alt]





A Distributed Multi-Agent System for Collaborative ... 

Mail Stop 269-2 ... aided by easy sharing utilities as well as automated information .... between agents is supported with automatic indexing methods in.














[image: alt]





A Constraint-based Collaborative Environment for ... 

Department of Computer Science and Software Engineering. University of Canterbury ... year university students taking a course in Introduction to Software Engineering. Section 4 ... Tutor [19] and DEGREE [6], and an example of the systems addressing 














[image: alt]





Pay-per-Tracking: A Collaborative Masking Model for ... 

addthis.com weborama.fr adtech.de gemius.pl outbrain.com criteo.com theadex.com betrad.com smartadserver.com akamaihd.net tumblr.com openx.net turn.com amazon-adsystem.com gstatic.com cedexis.com serving-sys.com adverticum.net casalemedia.com adnxs.c














[image: alt]





Collaborative Planning as a Tool for Strengthening ... 

Dec 6, 2001 - University of Memphis. Joy Clay. University of ..... Boulder, CO: Institute of Behavioral Science, University of Colorado. Gray, Barbara. 1989.














[image: alt]





A Tool for Model-Driven Development of Collaborative Business ... 

In [13, 15] a model-driven development method for collaborative business processes, which is based on the Model-Driven Architecture (MDA) [10], has been ... encourages a top-down approach and supports the modeling of four views: ..... Workshop of Req














[image: alt]





A Robust Solution for Collaborative Data Mining - IJRIT 

His research interests include networking and cloud computing. ... He is Microsoft Certified System Engineer & CISCO Certified Network Administrator, ...














[image: alt]





Collaborative, Trust-Based Security Mechanisms for a ... 

ures, in order to illustrate the operation of the trust system in a sample scenario ..... Data, folders, and files could have a data type as well as a re- lease restriction ...














[image: alt]





Transfer Learning for Collaborative Filtering via a ... 

aims at predicting an active user's ratings on a set of. Appearing in Proceedings of ...... J. of Artificial Intelligence Research, 12, 149â€“198. Caruana, R. A. (1997).














[image: alt]





A MDA-based Development Process for Collaborative ... 

into account in a MDA approach for collaborative processes, in order to guar- antee that the ... standards based on Web Services Composition, such as BPEL (Business Process ..... esses, to express the global view and the parallel processing of the pa














[image: alt]





A Privacy-Protecting Architecture for Collaborative ... 

Sep 15, 2011 - Rom ance. Sci-FiWar M. isteryDocum entary. Anim ation. FantasyHorrorChildren. M usical. W estern. Film. -N oir. IM .... User side. Network side.














[image: alt]





A Privacy-Protecting Architecture for Collaborative ... 

Despite the many advantages recommendation systems are bringing to users, the information ... about the idea that their profiles may reveal sensitive information such as health- ..... For this purpose, the module keeps a record of all the items that 














[image: alt]





A Novel Scheme for Remote Data Storage - Dual Encryption - IJRIT 

stored in the cloud. By using the corresponding private key, the embedded data and the key can be extracted successfully from the cloud. This scheme ensures ...














[image: alt]





A remote sensing surface energy balance algorithm for ... 

(e.g. Sellers et al., 1996) can contribute to an improved future planning .... parameter is variable in the horizontal space domain with a resolution of one pixel.


























×
Report Open-PEOPLE, A Collaborative Platform for Remote ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















