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Hi, I'm Heinrich
Talks & Publications
- Statistics for Engineers (SRECon 2015..2019)
- How to measure Latency (P99 Conf 21)
- State of the Histogram (SLOConf 2021) 
- Latency SLOs Done Right (FOSDEM 2019)
- Circllhist - A Histogram Data Structure (arxiv)
- blog: heinrichhartmann.com
- twitter: @HenrichHartmann

Head of SRE @

Data Scientist @ 

Mathematician @ 

Bio

https://github.com/HeinrichHartmann/Statistics-for-Engineers/
https://www.p99conf.io/session/how-to-measure-latency/
https://www.youtube.com/watch?v=Z-5PNlv8eK0
https://archive.fosdem.org/2019/schedule/event/latency_slos_done_right/
https://arxiv.org/abs/2001.06561
https://www.heinrichhartmann.com/
https://twitter.com/heinrichhartman
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# Visualisations
# Summary Statistics
# Latency SLOs
# Sampling

Statistics for Engineers
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# Visualizations
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# Example Dataset - Normal Noise

Rugplot

Histogram

Linechart
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# Example Dataset - Request Rates
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# Example Dataset - Request Latencies
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# Example Dataset - Request Latencies over Time
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# Example Dataset - Request Latencies over Time
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Density Heatmap
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# Example Dataset - Request Latencies over Time

Latency

Time (h of day)
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Grafana Histograms

source: https://grafana.com/docs/grafana/latest/fundamentals/intro-histograms/
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Production Example - Request Latencies over Time
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# Summary Statistics
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Aggregating Telemetry Data

◉ Across Time (Graphs, SLOs)

◉ Across Hosts / Containers (www-*)

◉ Across Endpoints (/, /posts, /archive)



AVERAGES
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Summary Statistic - Averages
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Summary Statistic - Averages
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Summary Statistic - Averages
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Summary Statistic - Averages

Normal Noise

Request Rates

Request Latency
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Can you spot the average?
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Spike Erosion - Full Picture

max throughput = 14 rps

min

max

average

more on blog.circonus.com  - Show me the Data (2016)

https://www.circonus.com/2016/01/spike-erosion/
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# Example Dataset - Request Latencies over Time
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# Example Dataset - Request Latencies Mean Values

Latency
Averaged Latency
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"Looking at your average latency is like measuring 
the average temperature in a hospital."

Source: Dogan Ugurlu @ Optimizely 

https://blog.optimizely.com/2013/12/11/why-cdn-balancing/
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Averages

◉ Most data we see on graphs is averaged: Be aware of Spike Erosion.

◉ Averages are easy to compute and mergeable

◉ Looking at average latency has little value



MEDIAN
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Median Definition

178 values 178 values

The Median
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Median Definition

178 values 178 values

Where goes the Median?
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Median Definition

178 values 178 values

The central Median 

Median Range
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Summary Statistic - Medians

Normal Noise

Request Rates

Request Latency

Median
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# Example Dataset - Request Latencies over Time
Median
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# Example Dataset - Request Latencies Mean Values

Latency
Median Latency
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Median - Take Aways

◉ Median values give "central representatives" of a data-set

◉ Medians are robust to outliers

◉ Fact: Medians are not easily mergeable



PERCENTILES
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p90 Example

90 values 10 values

p90
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Percentile Definition

X% of values (100 - X)% of values

p X
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Percentile Special Cases

➔ p0 = Minimum

➔ p50 = Median

➔ p100 = Maximum
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Percentile Definition

90 values 10 values

Where goes the p90?
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Lots of choices found in the wild
more on heinrichhartmann.com  - Quantiles

Wikipedia - Percentiles Hyndman, Fan (1996)

https://www.heinrichhartmann.com/archive/quantiles.html
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Summary Statistic - Percentile
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Latency Percentiles
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Latency Percentiles - over time
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Example - Production View - Request Latency over Time

p99.9

p99

p95

p50
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Aggregated Percentiles

True p90 Averaged p90 (68% off)
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Don't average percentiles!
(... and expect the results to be something meaningful)
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Distributions with the same p90

90 values 10 values

p90

90 Million values 10 Million values

90 10

90 10



@HeinrichHartmann | Statistics for Engineers | SRECon EMEA 2022

How to do better? Use Histogram data-structures!

- HDR Histogram
- T-Digest
- OpenHistogram (Circllhist)
- DD/UUD-Sketch
- Prometheus Sparse Histograms (upcoming)
- OpenTelemetry Histograms (upcoming)

http://www.hdrhistogram.org/
https://github.com/tdunning/t-digest/
https://openhistogram.io/
https://arxiv.org/abs/2004.08604
https://docs.google.com/document/d/1cLNv3aufPZb3fNfaJgdaRBZsInZKKIHo9E6HinJVbpM/edit#heading=h.2ywoyp13c0bx
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Percentiles - Take Aways

◉ Percentiles generalize min/max/median

◉ Percentiles (p90, p99, p99.9) are used to describe latency

◉ Percentiles can't be aggregated (need histograms for this!)
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#2 Latency SLOs
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Latency SLO

99% of the requests in the past 28 days were served within 100ms.
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Was the SLO met?p99
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Option #1 - Counter Metrics

total requests

slow requests
(>100ms)
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Option #2 - Histograms
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Option #2 - Histograms
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#3 Sampling
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Sampling Costs
Logs/Metrics/Traces

Accuracy
Graphs, Dashboards, KPIs, SLOs
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Telemetry 
Data Statistics

Report
- Request Rate
- Error Rate
- Latency Percentiles
- ...

Telemetry
Data

Sub-Sample
Est

imate
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Sampling

100 values "around"
10

Values
10% sampling estimate 10x

Report
"around" 100 values
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Sampling - Simulation (10K iterations)

100 
values

~ 10
Values10% sampling estimate 10x

Report
100 values (+/-30%)

Measured stddev: 2.98 Measured stddev: 29.8

30% 
Error
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Sampling - Request Rates

100 
rpm 10% sampling estimate 10x

Chart
100 rpm (+/-30%)

30% 
Error

~ 10
rpm
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Sampling - Request Rates

1000 
rpm 10% sampling estimate 10x

Chart
1000 rpm (+/-10%)

10% 
Error

~ 100
rpm
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Sampling - Request Rates

10 rpm 10% sampling estimate 10x

Chart
10 rpm (+/-94%)

94% 
Error

~ 1
rpm
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Sampling - Theory

N 
values

N*p
Valuesp-% sampling  divide by p

Report
X values

Proposition

- X is a random variable following a scaled binomial distribution

- The expected value of X is N

- The standard deviation of X is  SQRT( (1 - p) / (N * p) )
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Sampling - Simulation - Percentiles p90

1000
Latency
Values

10% sampling p90

Report
p90 = 39ms(+/- 36%)

36% 
Error

100
values



@HeinrichHartmann | Statistics for Engineers | SRECon EMEA 2022

Sampling - Simulation - Percentiles p95

1000
Latency
Values

10% sampling p95

Report
p95 = 56ms (+/-65%)

65% 
Error

100
values
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Sampling - Simulation - Percentiles

800K
Latency 
Values

over 24h
10% sampling p90

Report
p90 = ?

? % 
Error

80K 
Values
/24h
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Sampling - Take Aways

◉ Effective way to trade costs vs. accuracy

◉ Accuracy loss depends on sample size and other factors

◉ Simulation gives effective tool to study sampling impact 
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The Sampling Error Calculator
heinrichhartmann.com/sampling

https://www.heinrichhartmann.com/sampling/
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Thank You!
Further Reading

- twitter: @HenrichHartmann

- blog: heinrichhartmann.com / sampling

- source: github.com/HeinrichHartmann/Statistics-for-Engineers

https://twitter.com/heinrichhartman
https://www.heinrichhartmann.com/
https://github.com/HeinrichHartmann/Statistics-for-Engineers/

