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MOBUJIBHBIN LINPACK: IIEPBBIN OIIBIT BEJEHUSA PEMTUHIA
IIPOU3BOAUTEJIBHOCTI MOBUJIbBHBIX YCTPOMICTB

0. 0. dunuk', 1. A. Hukurenko?, C. . Cobones>

CoBpeMeHHbIE BEIYUCICHNST YCTONIMBO ACCOIMUPYIOTCS C TIAPAJIIEIM3MOM Ha BeeX ypoBHsX. OT mep-
COHAJIbHBIX [JIAHIIIETOB U TeJIe(DOHOB BILIOTH JI0 JIy YIIIUX CYIIEPKOMIIBIOTEPOB — OTJIMYAITCSI MAaCIIITa-
OBl U TIOJIXO/bI K PEIIeHUIO 3aJ1a9, HO HJlesi PACIpPEee/IeHNs] BBIYUCIUTEIbHON pabOThl IPUCYTCTBYET
moBciofy. V3ydenne BOZMOKHOCTE MaPAJIIEIBHBIX BRIYUCIEHUN 15T MOPTATUBHBIX IL1ATMOPM HAYa-
sock B Hayuno-uccnenosarenbckom BoraucanresbaoM nearpe MIY mv. M.B. JTomonOCOBa HECKOIBKO
ster Hazal, B 2014 roxy. Beutn paspaboransl Bepcun momysisipaoro beramapka Linpack s Android
u 10S. HYerbipe rojia JOCTYITHOCTHA PEATUHTA JIJIsl [T0JIb30BATE el BBLIMJIMCH B IIOYTH JABAIIATH THICSY
pe3yJIbTaToOB TECTOB. B craThe paccMarpuBaroTCs (DAKTHI U TEHJIEHIUH, [IOJIyYEeHHBIE B PE3YJIbTATE
aHaJM3a TUX JIAHHBIX. B TOM 4YmCIe, MOJIyUYeHHbIE Pe3yJIbTaThl IMOATBEPXKIAI0T 11eJIeCO00Pa3HOCTh
JMAIbHENINEero pa3BUTHs PEATUHTa MOOMIIBHBIX YCTPOMCTB.

KimroueBbie cjioBa: aHajn3 MPOU3BOAUTEIHHOCTH ITOPTATUBHBIX YCTPOMCTB, OEHIMAPK JJIsi MOOMJIBHBIX
m1aTdOpM, ITPOU3BOIUTEILHOCTh MOOMIBHBIX ycTpoiicTB, Android, iOS, 0/ pbIHKa MOOWJIBHBIX yYCTPOMCTB,
CTPYKTYPa PBIHKA MOOUJIbHBIX YCTPONCTB.

1. Introduction. The Linpack performance test based on the solution of a system of linear algebraic
equations [1] is widely known for its extensive history of application in the field of supercomputer systems.
So, on its principle basis, since 1993, the World Top500 Ranking has been formed [2], since 2004 — the Top50
Ranking of the most productive systems in Russia and the Commonwealth of Independent States (CIS) [3], and
a number of other regional ratings [4, 5]. Despite all the shortcomings currently observed, first of all, a weak
compliance with the algorithms inherent in most real applications, the results of the test expressed in floating
point operations per second (Flop/s) remain the generally accepted measurement standard for the computer
systems vendors, which is the main advantage of the test at the moment.

2. The Mobile Linpack. Modern mobile platforms inherit the same principles of parallel data processing
data that are used in the construction of high-performance systems: multicore and multithreading, the use
of specialized accelerators, and so on. In 2014, the team of authors proposed the first implementation of the
Linpack test for mobile platforms in order to determine the trends and features of this segment with respect to
the performance and efficiency in the same units as for traditional computing platforms [6]. At the first stage, a
parallel version for the Android OS was implemented. For the second most common mobile operation system —
i0OS, just a basic sequential implementation was developed. Since 2015, mobile applications are available in the
application stores of the respective platforms. For these 4 years of the project existence, a rich database with
results has been accumulated with more than 18 000 entries, each of which corresponds to the successful run of
the Linpack test on some mobile device.

This paper discovers the results of the analysis of accumulated data presented to determine the main trends
in the segment of mobile devices as well as to determine the prospects for the development of the rating itself.
The initial data is under the control of the MySQL database management system, the analysis is based on
the formation of appropriate SQL queries and their subsequent processing for convenience of perception — the
choice of diagrams, etc.

At the first stage of the analysis, an assessment was made concerning the suitability of the data for
constructing the trials, during which some insignificant artifacts were identified that did not affect the feasibility
of the analysis, such as some inaccuracies in the versions of the OS used. This did not significantly decrease
the dataset size, because there had been just around several hundred of entities excluded. The analysis of the
cleaned accumulated data was carried out in a number of directions and showed the following.
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3. Number and regularity of rest runs. Since the first presentation of the rating at the largest in
Europe conference series ISC (International Supercomputing Conference) in 2015, a fairly constant rate of
launch has been established — from 400 to 600 per month without obvious failures (Fig. 1). There are periods of
increased activity corresponding to the periods of supercomputer conferences and events, in which the audience
was invited to participate in the ranking.
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Fig. 1. Number of Runs by Month

These results allow us to continue the data study at the level of a monthly and less frequency.

4. Mobile platforms. The dominating majority of runs are made on Android platforms (Fig. 2). In
many respects this is determined by the availability of a parallel Android implementation and just by a serial
implementation for i0S. At the same time, this also corresponds to the hypothesis that the target advanced
audience prefers more flexible devices.
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Fig. 2. User Device OS Share by Month

The results clearly show that we should exclude iOS devices from the further statistics analysis until we
have a reasonable parallel implementation.

5. Performance growth. The rate of performance growth itself is a characteristic for the entire computing
area, showing almost a triple increase every two years. By now, the average device performance has increased
eleven times since the project start in late 2014 (Fig. 3).

Attention should be paid to the low value of the worst results showed by the lowest line. This can be
explained by a significant number of launches with no run parameters optimization, accordingly, with no device
features unfolding. Affirming this, we can also see the median values below averages.

These results demonstrate the necessity to develop a tool that would recommend run options for each
device, or at least the user should be explicitly invited to try various options to achieve good performance.

6. Cores and memory. Just as in the whole computing, there is an increase in the number of processor
cores in the world of portables. Top devices have about 8 cores per CPU at present. Of course, computational
tasks grow as well, which requires an increase of the amount of memory, too.

But what is actually the most interesting revealed fact, the performance per core ratio increases a few times
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slower than the bytes per core ratio (Fig. 4). That is just opposite the trend in big computing. The reason for
that is actually the focus on local data processing and strong power limitations for the mobiles. The portables
do not need so much memory for typical applications, even games, but are very sensitive to energy and pricing
issues. Ignoring such limitations would just throw the device away from the mass market.
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Fig. 3. Test Run Performance Evolution, GFlop/s
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Fig. 4. Performance per Core vs RAM per core Evolution
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Fig. 5. Topl0 Android Device Models by Performance

7. Top devices by performance. One can see a variety of Samsung devices demonstrating the performance
that is enough to get into the top ten (Fig. 5), showing from 2.1 and up to 4.9 GFlop/s that is just 12 times slower
then Top500 #1 system in the first world ranking (1993, Los Alamos SuperSparc-based CM-5/1024, having 59.7
GFlop/s). This proves a good idea to enrich the Mobile Linpack results interface with examples of historic and
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well-known Top500 systems for comparison [7]. With this, any user can feel having a past supercomputer in his
present pocket. This is also a good illustration of the performance growth for the public.

There are just three of ten devices of other manufacturers in the top — Motorola, KGT and Sony. It is
surprising to see no Xiaomi, Huawei or other top vendors among these ten.
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8. Top vendors. Excluding virtual machines from consideration at the data preparation stage, as well as
iOS Apple devices due to inaccessibility of the serial version of the test, there is a Samsung leadership found
both in terms of test runs number and in total performance, but slightly giving its performance share away. This
can be seen in Figs. 6 and 7, which demonstrate two complimentary visions of the market share — performance
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share, and the number of test runs share, that is popularity. The graphs look similar at a glance, so Fig. 8
provides the comparison.

The second place is taken by Xiaomi by a jump since middle 2016. The “Others* group is clearly seen
as numerous devices with a rather low achieved performance. A steady increase in the number of launches is
observed on Huawei devices while LGE drops its share from 14% to 5%.

Figure 9 illustrates the results of the above-mentioned shares comparison in dynamics. We can see also that
Samsung has a better share regarding performance in 4 of 5 half a year periods. It proves that the vendor has
been always targeting top-level portables segment, what we have just seen in Fig. 5 for the year 2018.
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9. Further work. With a high and constant rate of application run we see the user interest in respect to
the ranking, and it is proved by the statistical data analysis results, so the ranking should be evaluated. The
further development splits into these two main branches.

The obtained results represent interesting trends and facts. The most interesting trend is that the ratio of
performance per core increases a few times slower than the bytes per core ratio, that is just opposite the trend
in big computing.

First, it is a development of benchmark application that should support the features, which the present
implementation definitely lacks:

— i0S parallel implementation,

— support for onboard accelerators,

— user-friendly option adjustment interface.

Second, it is a ranking engine development. As of today, the authors suggest moving to the engine based
on the renewed Top50 supercomputer ranking.

The authors are grateful for any feedback and contribution of the users, any ideas or bug reports are warmly
welcome.

The research is carried out using the equipment of the shared research facilities of HPC computing resources
at Lomonosov Moscow State University.
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Abstract: Contemporary computing is strongly associated with parallelism. From personal tablets and
phones and up to the top supercomputers - the scales and approaches differ, but the idea of work distribution is
present everywhere. A study of portable platforms parallel computing capabilities was started at the Research
Computing Center of Lomonosov Moscow State University several years ago, in 2014. There were Android and
iOS implementations of popular benchmark developed. Four years of the test availability for regular users turned
into almost 20 thousand of test results. This paper addresses the investigation of facts and trends, mined out
of this data, proving the reasons for the further Mobile Linpack development.

Keywords: portable device performance analysis, mobile platform benchmark, mobile device performance,
Android, i0S, mobile market share.
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