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1 INTRODUCTION

Responding to increasingly larger and more diverse graphs, and
the need to analyze them, both industry and academia are devel-
oping and tuning graph analysis software platforms. Already tens
of such platforms exist, among them PowerGraph [3], GraphX [4],
PGX.D [6], and GraphMat [5], but their performance is often dif-
ficult to compare. Moreover, the random, skewed, and correlated
access patterns of graph analysis, caused by the complex interaction
between input datasets and applications processing them, expose
new bottlenecks on the hardware level, as hinted at by the large
differences between Top500" and Graph500? rankings. Approaches
such as Graph500 do not capture the complex behavior of graph
workloads when comparing graph-analysis platforms. To overcome
this issue, in this paper we introduce our approach at achieving
an in-depth, fair, and objective comparison of graph processing
platforms.

To perform in-depth performance evaluation and analysis, we
have developed the LDBC Graphalytics [2] benchmark suite, which
has been adopted by companies and researchers in the field. Central
to Graphalytics is the idea of objective comparison between graph-
processing platforms by controlling the key parameters, using (i) a
comprehensive suite of real-world algorithms, and synthetic and
real-world datasets, (ii) an extensive set of metrics to quantify sys-
tem performance, scalability (we quantify horizontal/vertical and
weak/strong scalability), and robustness (we quantify failures and
performance variability), and (iii) a renewal process to curate and
possibly change the algorithms, datasets, and gathered metrics. It is
symptomatic that other de-facto standard benchmarks in the field
do not have the properties (i)-(iii).

Based on the LDBC Graphalytics suite, in this paper, we introduce
the Graphalytics Global Competition, a platform which enables the
fair and objective comparison of graph-analysis platforms. It makes
it possible for graph processing platform vendors to benchmark
their own systems, evaluate their performance in a fine grained
manner, and compare the results to other similar platforms. To
allow vendors to perform such comparisons in a realistic manner,
a systematic and periodic evaluation is required. Our competition
framework allows vendors to upload their results and participate
in competitions to compare the platforms according to a specified
scoring system per competition. At this moment, the Graphalytics
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Global Competition consists of two types of competitions where
vendors can participate in: (1) the Graphalytics competition and (2)
the relative-performance competition. The results of a few compe-
titions have been currently published and can be accessed online
through the Graphalytics website>.

In this document, we explain both types of competitions.

2 GRAPHALYTICS GLOBAL COMPETITION

After completing a benchmark using Graphalytics, an output file
containing the results is generated. This output file can be submitted
on the Graphalytics Global Competition website to a competition.
After reviewal by the Graphalytics team, the benchmark can be
accepted to the competition. In this section, we briefly describe
two types of competitions that currently exist on Graphalytics: the
Tournament Competition and the Relative-Performance Competi-
tion.

2.1 Tournament Competition

The Graphalytics competition method focuses on two primary
scores: performance and cost-performance.

Furthermore, this competition follows a tournament-based ap-
proach where the system performance is ranked by means of com-
petitive tournaments [7]. Generally, a Round-Robin pair-wise tour-
nament [1] (from hereon, tournament) of p participants involves
a balanced set of (pair-wise) comparisons between the results of
each pair of participants; if there are ¢ criteria to compare the par-
ticipants, there will be % X ¢ X p(p — 1) pair-wise comparisons. In a
pair-wise comparison, a predefined amount of points (often, 1 or 3)
is given to the better (winner) participant, from the pair. It is also
common to give zero points to the worse (loser) participant, from
the pair, and to split the points between participants with equal per-
formance. Similar tournaments have been used for decades in chess
competitions, in professional sports leagues such as (European and
American) football, etc.

The Tournament competition consists of a number of matches,
where each match represents a type of experiment that focuses
on a specific performance characteristic that is common across all
systems, for example, the EVPS of the BFS algorithm on a Data-
gen dataset. Each match consists of a set of instances, with the
tournament score being for each system the sum of instance scores
accumulated by the platform across all matches in which it partic-
ipates. Each instance is a head-to-head comparison between two
systems, for example, comparing the EVPS of any algorithm-dataset
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for the pair (Giraph, GraphX): the winner receives 1 point, the loser
0 points, and a draw rewards each platform with 0.5 points each.

2.2 Algorithm

Algorithm 1 shows a simplified example of how the scores are ob-
tained from a set of cells for the tournament competition. A set
of cells is provided as an argument to the runMatchesGraphalytics
function. Each cell corresponds to a single platform and dataset,
for a particular metric and algorithm. An example of cells can be
seen in Table 1 where a set of cells represents the values in a single
column for a dataset.

Algorithm 1: Match cells (Graphalytics)

1 Function runMatchesGraphalytics(cells, metric)

Data: (1) cells: a set where each cell is the (result) value
from a given platform and dataset, corresponding to
an algorithm. (2) metric: The current metric of the
cells.

Result: A score corresponding to the value of each cell

entry.
2 for i <cells.length do
3 for j in range(i+j, cells.length) do
4 cellA = cells[i]
5 cellB = cells[j]
6 if metric == ‘evps’ then
7 ‘ matchHigherValuelsBetter(cellA, cellB)
8 else
9 L matchLowerValuelsBetter(cellA, cellB)

Each cell is compared to one another (lines 2-3). Depending on
whether the given metric represents a value that is better when it
is higher (line 6 for EVPS) or lower (line 8 for PPP, TL, TP, TM), the
appropriate method is called to compare the values of the two cells.
Algorithm 2 shows the matchLowerValuelsBetter function, which
assigns a winning score to the cell where the value is lower or an
equal score when the two values (of the two cells) are equal.

The function matchHigherValuelsBetter is not shown in this doc-
ument, but is similar to the matchLowerValuelsBetter function. The
only difference is that a higher value of a cell would receive the
winning score.

2.2.1 Exceptional cases.
Zero points are given to cells that do not have a value. Cells that do
have a value and are being compared against a cell without value,
would receive a point.

2.3 Example

An example of a published Tournament competition can be cur-
rently viewed online. A raw snippet of some of the results is shown
in table 1. To further elaborate on the scoring scheme based on the
example table: each platform in the column of dataset Graph500-25
is compared to one another. Since GraphX does not beat Graph-
Mat, but does beat PowerGraph, it gets a score of 1. GraphMat is
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Algorithm 2: Match lower value is better

1 Function matchLowerValuelsBetter(cellA, cellB)
Data: cellA and cellB: both used to compare against one

another.
Result: Updated score for cellA and cellB.

2 valA = cellA.value
3 valB = cellB.value
4 if valA <valB then

cellA.score += 1
6 cellB.score += 0
7 else if valA >valB then
8 cellA.score += 0
9 cellB.score += 1
10 else
11 cellA.score += 0.5
12 cellB.score += 0.5

faster than both GraphX and PowerGraph and gets a score of 2.
PowerGraph doesn’t beat any platform and gets a score of 0. If we
repeat this process for each dataset (column), we can compute the
the total score for each platform.

Table 1: An example snippet of the Tournament competition
for BFS. The scores have been prefixed by +.

System name | Total score | Graph500-25 | Datagen-8_5-Fb
GraphX 3 281.98 (s) +1 142.79 (s) +2
GraphMat 2 44.80 (s) +2 -(s) +0
PowerGraph 1 405.19 (s) +0 221.83 (s) +1

Note that a platform value (and therefore its score) could not
have been calculated due to several reasons, such as a time-out
error. In this case, a score of 0 is assigned.

2.4 Relative Performance Competition

The drawback of the method used in the Tournament competition
is that it does not take into account the scale of how much a system
is better or worse than another system. To tackle this problem, the
relative-performance competition can be used. A detailed descrip-
tion and example is provided below.

2.5 Algorithm

Initially, the minimum and maximum values of the cells are obtained
(line 2-3). The condition on line 4 checks whether a value in the cells
is missing by determining if the minimum value is not a negative
value. If that is the case (line 6), a similar structure (line 8, 10) as the
Graphalytics competition is used to determine whether the type of
metric for a given value is better if the value is lower or higher. In
the case where a lower value is better (as in table 2), take the lowest
observed value per column min, take the multiplicative inverse (i.e.
1/value) and map the resulting values in range [0, 1/min] to scores
in range [0, 1]. For values where a higher one is better (e.g., for the
EVPS metric), take the highest observed value max and map the
values in range [0, max] to scores in range [0, 1].
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Algorithm 3: Match cells (Relative-performance)

1 Function runMatchesRelativePerformance(cells, metric)
Data: (1) cells: a set of cells where each cell is the (result)
value from a given platform and dataset,
corresponding to a particular metric and algorithm.
(2) metric: the current metric of the cells.
Result: A score (between 0 and 1) corresponding to the
value of each cell entry.

2 minVal = min(cells)

3 maxVal = max(cells)

4 if minVal <0 then

5 ‘ scaleToZeroOneMissingVal(cells, metric, maxVal)
6 else

7 for cell in cells do

8 if metric == ‘evps’ then

9 ‘ cell.score = 1/ cell.value / (1 / maxVal)

10 else

11 L cell.score = 1/ cell.value / (1 / minVal)

2.5.1 Exceptional cases.
Similar as with the tournament competition, zero points are given
to cells that do not have a value. Cells that do have a value and are
being compared against a cell without value, would receive a point.

2.6 Example

An example of this type of competition is shown in table 2.

To further elaborate on the scoring scheme: consider the val-
ues for dataset (column) Graph500-25. The fastest performer for
this dataset is GraphMat, which has a value of 44.80. We take the
multiplicative inverse of this value: 1/44.80 = 0.022. Then we
map each value in this particular column for the other datasets
according to: 1/value/0.022. E.g., for GraphX, this would become:
1/281.98/(1/44.8) = 0.16. By repeating this process for every col-
umn (and taking the best from each column as well), we can calcu-
late the total score.

Table 2: An example of the Relative-Performance competi-
tion for BFS. The scores have been prefixed by +.

System name | Total score | Graph500-25 | Datagen-8_5-Fb
GraphX 1.16 | 281.98 (s) +0.16 142.79 (s) +1.00
GraphMat 1.00 44.80 (s) +1.00 - (s) +0.00
PowerGraph 0.75 | 405.19 (s) +0.11 221.83 (s) +0.64

3 CONCLUSION

The LDBC Graphalytics is an industrial-grade benchmark for graph
analysis platform. The main goal of Graphalytics is to enable the
fair and objective comparison of graph-analysis platforms. Users
of this benchmark suite can submit their benchmark results on the
Graphalytics Global Competition website to a competition. At this
moment, the website contains two types of published competitions:
(1) Tournament competition, which compares each platform with
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one another in a pairwise manner, and the (2) Relative-Performance
competition, which emphasizes the relative differences between
the performance of the best-performing systems. After review by
the Graphalytics team, the result can be seen and compared along
other graph processing platforms.
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