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346 MR. K. PEARSON ON THE MATHEMATICAL THEORY OF EVOLUTION.
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Pearson, K. (1895). "Contributions to the Mathematical Theory of Evolution. |l. Skew Variation in Homogeneous

Material". Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences.
186: 343-414. [
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Computing Extremely Accurate Quantiles Using ¢-Digests

Ted Dunningt

MapR Technologies, Inc
Santa Clara, CA

E-mail: ted.dunning@gmail.com
Otmar Ertl

Dynatrace
Linz, Austria

E-mail: otmar.erti@gmail.com

Summary. We present on-line algorithms for computing approximations of rank-based statis-

tics that give high accuracy, particularly near the tails of a distribution, with very small sketches.

Notably, the method allows a quantile ¢ to be computed with an accuracy relative to max(g, 1—-
q) rather than absolute accuracy as with most other methods. This new algorithm is robust
with respect to skewed distributions or ordered datasets and allows separately computed
summaries to be combined with no loss in accuracy.

An open-source Java implementation of this algorithm is available from the author. Indepen-
dent implementations in Go and Python are also available.

Keywords: quantiles, median, rank statistics, t-digest
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DDSketch: A Fast and Fully-Mergeable Quantile Sketch
with Relative-Error Guarantees

Charles Masson Jee E. Rim Homin K. Lee
Datadog Datadog Datadog
620 8th Ave. 620 8th Ave. 620 8th Ave.
New York, NY New York, NY New York, NY
charles.masson@datadoghqg.com jee.rim@datadoghg.com homin@datadoghqg.com
ABSTRACT ‘
Summary statistics such as the mean and variance are easily main- "
tained for large, distributed data streams, but order statistics (i.e.,
sample quantiles) can only be approximately summarized. There !
. . . el . load balancer
is extensive literature on maintaining quantile sketches where the

emphasis has been on bounding the rank error of the sketch while
using little memory. Unfortunately, rank error guarantees do not
preclude arbitrarily large relative errors, and this often occurs in
practice when the data is heavily skewed.

Given the distributed nature of contemporary large-scale systems,
another crucial property for quantile sketches is mergeablility, i.e.,
several combined sketches must be as accurate as a single sketch of
the same data. We present the first fully-mergeable, relative-error
quantile sketching algorithm with formal guarantees. The sketch is
extremely fast and accurate, and is currently being used by Datadog
at a wide-scale.

PVLDB Reference Format:

Charles Masson and Jee E Rim and Homin K. Lee. DDSketch: A fast
and fully-mergeable quantile sketch with relative-error guarantees. PVLDB,
12(12): 2195-2205, 2019.

DOI: https://doi.org/10.14778/3352063.3352135
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Figure 1: A distributed web application, with each container
sending metrics to the monitoring system.

an event storage system) can be high enough that simply forward-
ing all this information can strain the capacities (network. memory.
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CIRCLLHIST

A LOG-LINEAR HISTOGRAM DATA STRUCTURE FOR IT INFRASTRUCTURE MONITORING

Heinrich Hartmann Theo Schlossnagle
heinrich.hartmann@circonus.com theo.schlossnagle@circonus.com
Circonus Circonus

January 22, 2020

ABSTRACT

The circllhist histogram is a fast and memory efficient data structure for summarizing large numbers
of latency measurements. It is particularly suited for applications in IT infrastructure monitoring,
and provides nano-second data insertion, full mergeability, accurate approximation of quantiles with
a-priori bounds on the relative error.

Open-source implementations are available for C/lua/python/Go/Java/JavaScript.

1 Introduction

Latency measurements have become an important part of IT infrastructure and application monitoring. The latencies of
a wide variety of events like requests, function calls, garbage collection, disk 10, system-call, CPU scheduling, etc. are
of great interest of engineers operating and developing IT systems.

There are a number of technical challenges associated with managing and analyzing latency data. The volume emitted
by a single data source can casily become very large. Furthermore, data has to be collected and aggregated from a large
number of different sources. The data has to be stored over long time periods (months, years), in order to allow historic
comparisons and long-term service quality estimations (SLOs).
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@ OpenHistogram

Vendor-neutral log-linear histograms for
the compression, mergeability, and analysis
of telemetry data

OpenHistogram is an open source data structure for quickly and efficiently summarizing
large numbers of measurements.

Get started

N .|'"n

Organizations using OpenHistogram
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Evaluation - Contenders

exact Exact quantile computation based on numpy arrays [6].
prom Quantile estimation based on Prometheus Histograms [4].
hdr The HDR Hisotgram data-structure introduced in [5].
dd The DDSketch data-structure introduced in [1].
t-digest The t-digest data-structure introduced in [3].

circllhist The circllhist data-structure described in this document.

Hartmann, Schlossnagle - Circllhist (https://arxiv.org/abs/2001.06561)
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Sparse high-resolution histograms for
Prometheus

Author: Bjorn Rabenstein

2020-06-08: Started work on draft.

2021-02-10: First published version.

2021-02-25: Prometheus dev-summit approves doc as guideline for experiments.
2021-03-15: All review comments so far addressed.

Terminology

In this document, the capitalized word Histogram refers to the Prometheus metric type, while the
lower-case word histogram refers to the statistical concept in general.

Further terms explained:

Bjérn Beorn Rabenstein
Principal Software Engineer at Grafana Labs
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https://docs.google.com/document/d/1cLNv3aufPZb3fNfalJgdaRBZsInZKKIHo9E6HinJVbpM/edit




& open-telemetry [ oteps @ Watch ~ 69

<> Code (D) Issues 9 1 Pull requests 16 (*) Actions [T Projects [0 wiki ) Security

Add exponential bucketing to histogram protobuf #149

)9l yzhuge wants to merge 5 commits into open-telemetry:main from yzhuge:exponential-histogram (7]

() Conversation 22 - Commits § [F) Checks 1 Files changed 1

YZ yzhuge commented on 8 Mar - edited ~ © -
Follow up of open-telemetry/opentelemetry-proto#226
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Open Telemetry - GitHub
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