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How To Go Beyond the Limitations of the Top500 Methodology ?
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Computing History of Moscow State University
(from 1956 up to now)

5+ Pflop/s

2009-2018




Supercomputer technologies are everywhere...
(how to choose the best computing platform for solving the problem?)
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“Top500” methodology to compare computing platforms
(Top500, Graph500, HPCG)

problems for evaluation of computer platforms
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General methodology to compare computing platforms
(using any algorithm)

problems for evaluation of computer platforms

-
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theoretical potential community experience




General methodology to compare computing platforms
(using any algorithm)

How can we describe
theoretical potential and implementation details
of any algorithm?



Description of Algorithms
(What features of algorithms should be included in the description?)

Information Graph Determinacy
Computational kernel

Locality of computations
Scalability Macrostructure

Performance B N . Data locality Mathematical description
Communication profile . o
Serial Complexity Properties and Features Efficiency

Resource of Parallelism Computational intensity
Input / Output data




AlgoWiki

Description of Algorithms
(What features of algorithms should be included in the description?)

For positive definite Hermitian matrices (symmetric matrices in the real case), we use the decomposition 4 — [ [.*.where [, isthe
lower triangular mal General Description [ion 4 = [J*[J . where [] is the upper triangular matrix&. These forms of the Cholesky
decomposition are equivalent in the sense of the amount of arithmetic operations and are different in the sense of data represntation.

s sassass adihis sessmessiios sanslate s the lmsslosssatatioe af fasmnlasakiaiaed uniquely for the elements of the matrix [, from
Input data: a symmetric positive definite matrix 4 whose elements are denoted by @45 ).

features.
Output data: the lower triangular matrix [, whose elements are denoted by EVE-J- )- Performance
The Cholesky algorithm can be represented in the fo| The following number of operations should be pery ™
o, — \/ﬂ— Mathematical Description matrix of order ;. using a serial version of the Chd ™
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Description of Algorithms
(What features of algorithms should be included in the description?)

Algorithms: Theoretical Part

(machine-independent properties,
“Once.and for all” )

Algorithms: Implementation Issues
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‘ w algowiki-project.org/en/Open_Encyciopedia_of_Parallel_Algarithmic_Festures

Page  Dacussion

Open Encyclopedia of Parallel Algorithmic Features

AlgoWiki is an open encyclopeda of algorithms’ properties and foatures of their implementations on different hardware and software platforms
from maksle to extreme scale, which allows for colaboration with the workdwide computing commumity on algorthm descnptions.

AlgoWiki prondes an exhausiive descriplion of an algonthm. In addition ta classscal sigoothm proparties such as serial complexity, AlgoWiks also
prasants additionat mformation. which togsthes provdes a complets descogtion of the algonthm: &5 parallal complexaty. paralsl structrs, determinaey,
data localty, performance and scalability estimates. communication profées for specic implementations, and many others.

Read more: About progsct.

Project structure
Algorthm classfication — the main section of AlgoWiki which contans descriptions of all algonthms. Algonthms are added to the appropnate
category of the classfication, and classificabion s expanded weh new sections f nacessary.

Featured article

Cholesky decomposition

B¢ Provs

1 Properties and structure of the algorithm

1.1 General description

The Cholesky decomposition algorithm was first proposed by Andre-Loois Cholesky (October 15,
1875 - Auguet 31 1918) & the end of the First Workd War sheelly before he was killed in battle He was

Properties of the algorithm:
« Saquential complaxity. 0("3)
« Haight of the paraliel form (1)
« Width of the paralisl form: ((ni?)

3 French mistary oficer and mathamatician. The idaa of this algorithm was published in 1924 by his « Amount of iput daca: 2B+ 1)
fellow oficer and, iater, was used by Banachiewicz in 1938 [7) I the Russian mathematical Merature, 2
the Cholesiy decomposibon s s known 28 the square-1oot method |1-3) dus ta the square 200t o Arount of utput data: (1)
operations used in this decompasition and not used in Gaussian elimnation 2

Originally, the Cholesky decomposition was used only for dense real symmetnc positive definte
matnces. At present, the application of this decomposdtion is much wider For axamgle. & can also be employed for the case of Harmitian matices. In
order to merease the computing peformance, ¢ bock verssons are often apphed

In the case of sparse matnces, the Cholesky decompostion is also widely used as the mam stage of 3 direct method for soling Anear systems. In

o s

w8 9 3 =

Crame accoual Log 0

Aesd  View noarce  View matory | Search Q

Work organtzatio
Descrption of algonthm propestes and structurs:
Guides to wnting sactions of the algorahm's desanption
Glossary

Help with editing

Readiness of articles

Finished articles
» Smgle-quist transform of a state vector
« Two-sided Thomas algonthm, pomtwise verson
« Poisson aquation, sobang with DFT
« Thomas algonthm. pointwise version
« Backward substitution v

http://AlgoWiki-Project.org



AlgoWiki: algorithm classification

Algorithm classificat

(tree structure)
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Alg

oWiki

1 Linear algebra problems

Salving systems of Enear algebraic equations

2 Algorithms on lists and arrays
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1.1 Matrix and vector
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AlgoWiki: Problem — Method — Algorithm — Implementation

(What do we have for each algorithm in AlgoWiki?
An exhaustive description of the chain)

Algorithm \

Implementation
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AlgoWiki: from Problems to various Implementations
(+ run-time data: performance time...)
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Implementation\

+ performance
data:
+ time;
+ dynamic

> characteristics;
+ ..

“Top500” list

for the Algorithm

Computer J
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AlgoWiki: from Problems to various Implementations
(+ run-time data: performance time...)

Al
E \.

Method

AIgonthm + performance
data:
+ time;
+ dynamic
Imple atlon > characteristics;
+ ...
“Top500” list

for the Algorithm
Computer
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AlgoWiki: from Problems to various Implementations

(+ run-time data: performance, time...)
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Algorithm classification and comparison of computers
(what have we had up to now? Three points on the entire set)

Algorithm classification

1 Linear algebra problems

3 Salving systems of linear algehraic squations

2 Algorithms on lists and arrays
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Algorithm classification and comparison of computers
(what can AlgoWiki add to the standard three lists?)

Algorithm classification

1 Linear zlgebra problems 1 Sulving systems of Enear algehraic squations 2 algorithms on lists and arrays
Ey——
1.1 Matrix and vector i 1 2.1 Search algorithms
aricas srangacalzon . Linkar darcb: Frcing an i an actirary ey )
LT Vackor cpantces .
'-YWM-’ —_— List3 Oflogin))
1 mmnm
[
-l Fairna s fruntans P T — Sarting
= ] N g
::LMmﬂm‘n antor Faal carnlon,nariabguaralal — List8 "‘““__r“m_ﬂ“m‘_“.mmw . ;M-::.m
£ [ T s paradel s st Bl ssiogaigaton b sk o agialiid & Mg nerrinarial ol paradal acianm
S deaciabganalal ararrcfte backnand sutaidon

& [l Matode o ohing Tikagonal SuiEs.
 Maee banadn e sanandznalLll Sacanpaa e

e s ' g —>| Graph500

L3 M vmciar cRantas
4.1 Blping 8 noruingutsr i by 3 vaczor

443 Bulriplying a reacrhy of apaiad forme by vacror 2 [ Pagaannd Tharmsa aigarihes, poinavias vantlon
P 2 [ dsting sgacnen i gnmmmm‘m‘u .
PR
PR J S —_— List13 o
[, s g g g BT -
4 [ STty Far st Tramasborm, racho 2 24k o im
2 FaaIFourier Tans £m o g dn (o e -G T O o, 5 [0 e Sramartan (2558
—_— List1 T Raddan atad s sigartten
e ——— . PP
. s —— — List10
[T ——. N
Bt e st i (s et e s g . i@
P e o sﬂcmmmmmmum.w-
= Matri: e +- I omplam cyche raducdon
L T 2 Cyele s ien ragAam £ 8 ra righehandlaiss.
[T ———— L Barhrkgred iy
J—— _) List14 FETPI O - 7 s wsar st rache

Bk o e S el dralen

L et i i bt sl WG :MIM::.-;::M-MMM ;
+ L Scmponsn s Gt st s Hagirarasias . R,
- . — List7 p— .
) P
v

F carracnd
bl B 4k ing bk Tckegoral T s £ EI3C wigarttvs e ring s amangly canracd campanaa.

s o
, e e
S @——{ e
— Rt
R e

. Tworaidad Thomad. agarin,Sock varare

—_— Top500 P BT T ——
P ——

& Bsck bartaciog atod

£ 0 S, adinatin i, o

PR carsraricas -
BT — List16
PR S ——— B i arrmanca S igen Gesdanr 50
[ TR — B Beeobiotm adarramsiad e S St
4 [ St s saaa e s e R g
] ot et i e O g s 14 Sobving i -
48 I
BT T
° J e ——
@ ST — SR g
PR e —— IS ot s i LS
+ ksl arhogunatsaton nebad . . S
2 [ St et kot —_— List12 o
[ Tt Sacamaston o ey
o
i

T — sipucen 3 i
e T s s s

. . —_— List9 £ Dumoriing A A b sl niara

s aies et e e aTCAL O S
. ’ ALancaoe st

[ —————— .

1 ey . —_— Computer analysts and modeli

pon e O List15 4 Compater anay siing

& [ gttt e caon et wingela vakita et wingeda vrn

HPCG

2 Ghana (oo radcson s rifagenal e
. s

- Ju— 4[] i it g st e

S ey et bdarty rchora i cemgacrirm. [T S e —— .

e — Q—| sz

i . £ 08 s a e el dcogalon eregirs

. . —=| Lst5
s 1.5 Algebrn of polynomials

2 gt vaki
gt sk St g et ikt 0 g e ket [ Eee—




AlgoWiKki

“Top500” list for the given Problem and Method
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Algorithm Implementation Computer

- compare different algorithms, implementations and
computing platforms for the problem and method;
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AlgoWiki

“Top500” list on “Strongly Connected Components”
(Method = Forward-Backward)

Algorithm Implementation Computer

- compare different algorithms, implementations and
computing platforms for the problem and method;

707

Algoritm ‘

Implementation
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“Top500” list on “Strongly Connected Components”

(Method = Forward-Backward)

Rating Method Implementation Platform MTEPS GraphType GraphSize
1 Forward-Backward RCC for GPU Lomonosov-2 (PL00) 634,00 RMAT 2n20
2 Forward-Backward RCC for GPU Lomonosov-2 (P100) 620,00 RMAT 2n21
3 Forward-Backward RCC for CPU Lomonosov-2 564,00 RIMAT 2n34
4 Forward-Backward RCC for GPU Lomonosov-2 (P100) 544,00 RMAT 2n332
5 Forward-Backward RCC for GPU Lomonosav-2 (P100) 528,00 RMAT 2h23
& Forward-Backward RCC for CPU Lomonosov-2 498,00 RMAT 2826
7 Forward-Backward RCC for CPU Lomonosov-2 497,00 RMAT 2425
8 Forward-Backward RCC for CPU Lomonosov-2 486,00 RMAT 2127
g Forward-Backward RCC for GPU Lomonosov-2 (P100) 456,00 RMAT 2h25

10 Forward-Backward RCC for GPU Lomonosov-2 (P100) 453,00 RMAT 2n3a
11 Forward-Backward RCC for CPU Lomonosov-2 452 00 RMAT 28232
12 Forward-Backward RCC for CPU Lomonosov-2 440,24 S5CA-2 2821
13 Forward-Backward RCC for CPU Lomonosov-2 432 00 RMAT 2423
14 Forward-Backward RCC for CPU Lomonosow-2 426,00 RMAT 2421
15 Forward-Backward RCC for GPU Lomonosov-2 (P100) 426,00 RMAT el
16 Forward-Backward RCC for CPU Lomonosov-2 418,00 RIMAT 2820
17 Forward-Backward FBGL MPI IBM BlueGene,/P 232,86 RMAT 2120
18 Forward-Backward RCC for GPU Lomonosov-2 195 00 RMAT 2818
19 Forward-Backward PBGL MPI Lomonosov 91,07 RMAT 2421
20 Forward-Backward RCC for CPU Lomonosov-2 55,44 RMAT 2018
21 Forward-Backward RCC for CPU IBM Regatta 53,60 55CA-2 2n18
22 Forward-Backward FBGL MPI IBM BlueGene,/P 45,75 RMAT 2020
23 Forward-Backward RCC for GPU Lomonosov 44 78 RIMAT il
24 Forward-Backward RCC for CPU Lomonosov 42,00 RMAT 28232
25 Forward-Backward RCC for CPU Lomonosov 41,00 RMAT 2820
26 Forward-Backward RCC for CPU IBM Regatta 36,90 RMAT 2n18
27 Forward-Backward RCC for CPU Lomonosov 32,54 RMAT 2120
28 Forward-Backward PBGL MPI IBM BlueGene/P 13,39 S55CA-2 =
29 Forward-Backward FBGL MPI IBM BlueGene,/P 13,12 55CA-2 N8
30 Forward-Backward RCC for CPU Lomonosov 10,05 S5CA-2 2820
31 Forward-Backward RCC for CPU Lomonosov Q.20 S5CA-2 2818
32 Forward-Backward RCC for CPU Lomonosow 8.30 S8CA-2 2220
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“Top500” list for the given Problem
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Algorithm Implementation Computer

- compare different ways of solving the problem;

Algorithis

Implementation
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“Top5007” list on “Strongly Connected Components”
(various methods, algorithms, implementations, computers)

Algorithm Implementation Computer

- compare different ways of solving the problem;
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“Top500” list on “Strongly Connected Components”

(various methods, algorithms, implementations, computers)

Rating Method Implementation Platform MTEPS GraphType GraphSize
1 Shiloach-Vishkin Ligra Lomonosov-2 1307,00 RMAT 2826
2 Shiloach-Vishkin Ligra Lomonosov-2 986,00 RMAT 2n23
3 Shiloach-Vishkin Ligra Lomonosoy-2 947,00 RMAT 2n232
4 Shiloach-Vishkin Ligra Lomonosoy-2 894,00 RMAT 2h324
5 shiloach-Vishkin Ligra Lomonosoy-2 g64,00 RIMAT an35
= Shiloach-Vishkin Ligra Lomonosov-2 830,00 RMAT 2120
7 Shiloach-Vishkin Ligra Lomonosaov-2 782,00 RMAT 2n21
8 Forward-Backward RCC for GPU Lomonosov-2 (P100) 634,00 RMAT 2820
9 Forward-Backward RCC for GPU Lomonosov-2 (P100) 620,00 RMAT 2421
10 Forward-Backward RCC for CPU Lomonosov-2 564,00 RMAT 2424
11 Shiloach-Vishkin GAP Lomonosov-2 547 .00 RMAT 2120
12 Forward-Backward RCC for GPU Lomonosaov-2 (P100) 544,00 RMAT 2n332
13 Forward-Backward RCC for GPU Lomonosaov-2 (P100) 528,00 RMAT 2n23
14 Forward-Backward RCC for CPU Lomonosov-2 498,00 RMAT 2h2B
15 Forward-Backward RCC for CPU Lomonosov-2 497 00 RMAT 2825
16 Forward-Backward RCC for CPU Lomonosov-2 486,00 RMAT 2827
17 shiloach-vishkin GAP Lomonosov-2 480,00 RMAT 2422
18 Forward-Backward RCC for GPU Lomonosaoyv-2 (P100) 456,00 RMAT 2n25
19 Forward-Backward RCC for GPU Lomonosov-2 (P100) 453,00 RMAT 2h324
20 Forward-Backward RCC for CPU Lomonosov-2 452 00 RMAT 2833
21 Forward-Backward RCC for CPU Lomonosov-2 440,24 S5CA-2 2n21
22 Forward-Backward RCC for CPU Lomonosov-2 432 00 RMAT 2823
23 Forward-Backward RCC for CPU Lomonosov-2 426,00 RMAT 2821
24 Forward-Backward RCC for GPU Lomonosov-2 (PL00) 426,00 RMAT 2n26
25 Forward-Backward RCC for CPU Lomonosov-2 413,00 RMAT 2120
26 Shiloach-Vishkin GAP Lomonosov-2 387,00 RMAT 2n23
27 Shiloach-Vishkin GAP Lomonosov-2 335,00 RMAT 2821
28 Forward-Backward FBGL MPI IBM BlueGeng,/P 232,86 RMAT 2120
29 Shiloach-Vishkin GAP Lomonosov-2 231,00 RMAT 2n3d
30 Forward-Backward RCC for GPU Lomonosov-2 195,00 RMAT 2818
31 Shiloach-Vishkin GAP Lomonosov-2 180,00 RMAT 2425
32 Shilnarh-vishkin GAP | pnnonsow-2 174 00 RMAT IAIE

AlgoWiki data:
submitted by
different people
from everywhere...



AlgoWiki

AlgoWiki: an easy step back to analyze “Top500” results

(comprehensive evaluation of computing platforms)

SSSP problem: | Method | Implementation | Computing Platform | MTEPS |GraphTypE |Graph5ize |

oeiiair-roid BULC 1O Wy AWOITIDHUOUNV -4 “wdiOV Vi FARF AR
Bellman—Ford Graph500 MPI Lomonosov 350,0 RMAT |2A20
Bellman-Ford RCC for CPU Lomonosov-2 2041 RMAT |2A20
Dijkstra's PBGL MPI Cluster / "Angara" interconnect | 150,0 SSCA-2  |2A20
Delta-Stepping PBGL MPI Lomonosov 1241 SSCA-2 |2A21
d Graph500 MPI Lomonosov 120,0 RMAT [2A20

Dijkstra's PBGL MPI IBM BlueGene/P 8,9 SSCA-2  |2/A20 J
Dijkstra's PBGL MPI Lomonosov 5,3 SSCA-2  |2h21

Problem Method Algorithm Implementation Computer
(Algo o
Dijkstra's algorithm
:"\‘:f“: PIVRANY BUETOM OF VG QRSCIPDON AN D0 M1V VOdwiOe {5900 3 2 1.6 Serial complexity of the sigorithm
< e YA The serial compéesty of the algorenm & O{CI m + Cyn), weese
. -"“ . (-‘] 16 M2 rranber of perBIOnS 10 0 Ie35ing e dstane (2 8 node
o O 15 7 cumber of operatioes for CaRUSaENg mnma
The ceignal Cisstra's algormm used ists a3 an mernal das stncture Forsuchists Oy = O(1). € = O(n), and the totai compesty = On? )
Prytote e, 3 ‘

1.8 Paralielization resource of the algorithm

Dijesira’s aigonthm aomis an oficiont paratioization Blgs AVerage execubon trme i ()("l,v!i ln u) ang Do computationa compiarity s ()(" lIl n-+ vu)

The aigorithim of A-steppng can be regarded as a parabel version of Dikstra’s agonthm




General methodology to compare computing platforms
(using any algorithm)

problems for evaluation of computer platforms

| | L | | |
AlgoWiki as an extension of the Top500 Methodology
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Well-known Well-described
theoretical potential community experience
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