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Figure 1 (Color online) Traffic measurement model in high-speed networks
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Figure 2 (Color online) Data structure and example of Adaptive Sketch
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Table 1 Parameter settings for Adaptive Sketch

Layer Type Size (bits) k Sampling probability P’
1 Reversible counter 8 3 0.5 0.5
2 Reversible counter 8 3 - 0.5
3 Sample counter 13 3 0.5 -
4 Sample counter 13 3 0.25 -
5 Sample counter 13 3 0.1 -

TENE PN JEARER A2 P (10 = 2) WIS, NY IERSE T Ny (M. L, 8
AL (4)~(6), FTLMFENA £ RE R/ Ny BT AR, B

k (min - k2

Ny =

+ aki1Thy + akThy | . 7
Pk ko - p; L 2) (7)
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AL SHE— B 12 OO IIAR S % (Intel(R) Xeon(R) CPU E5-2643 v4 3.40 GHz) b, 1%k
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Table 2 Number of counters and on-chip memory usage

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Memory (kB)
2000 1800 3000 2000 1000 13.23
2000 1800 4000 3000 2000 17.99
2000 1800 5000 4000 3000 22.75
2500 2000 3000 2000 1000 13.92
2500 2000 4000 3000 2000 18.68
2500 2000 5000 4000 3000 23.44
3000 2000 3000 2000 1000 14.40
3000 2000 4000 3000 2000 19.17
3000 2000 5000 4000 3000 23.92
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Table 3 Comparison of ARE for different flow size estimations under 13.23 kB on-chip memory

Algorithm 1 k~2 k 2 k~4 k 4 k~6 k 6 k~8 k 8 k~10 k > 10 k
Adaptive Sketch 8.686 4.527 2.496 1.944 1.438 1.010
vHLL 32.576 15.885 9.287 6.403 4.766 2.191
Count-Min 22.201 10.929 6.304 4.279 3.425 1.621

* 4 17.99 kB f LABFETREEGH M FIRMERGITH ARE R

Table 4 Comparison of ARE for different flow size estimations under 17.99 kB on-chip memory

Algorithm 1 k~2 k 2 k~4 k 4 k~6 k 6 k~8 k 8 k~10 k > 10 k
Adaptive Sketch 4.517 2.129 1.201 1.042 0.798 0.589
vHLL 29.090 13.903 7.968 5.577 4.289 1.920
Count-Min 14.426 7.066 4.040 2.820 2.194 1.033

#*5 22.75 kB F ERAEFETREEHNTEMERMAEITH ARE iR

Table 5 Comparison of ARE for different flow size estimations under 22.75 kB on-chip memory

Algorithm 1 k~2 k 2 k~4 k 4 k~6 k 6 k~8 k 8 k~10 k > 10 k
Adaptive Sketch 2.228 1.004 0.672 0.685 0.626 0.487
vHLL 25911 12.666 7.197 4.951 3.810 1.701
Count-Min 10.069 4.946 2.846 1.953 1.498 0.718
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Adaptive Sketch: accurate flow size measurement in high-speed
networks
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Abstract The measurement of flow size in high-speed networks faces a significant challenge due to the scarcity
of high-speed memory resources, making it difficult to meet the real-time storage demands of massive flow data.
Existing works commonly rely on memory-sharing techniques to place designed estimators in the limited high-
speed memory. However, this approach introduces a substantial amount of noise that is hard to eliminate, leading
to lower estimation accuracy for medium and small-scale flows. This paper proposes an Adaptive Sketch technique
that adapts the memory space based on the flow size to address this issue. Building upon this technique, a high-
precision, low-memory-cost flow size estimator is designed. The flow size estimator efficiently filters out massive
noising/small flows using reversible counters and further employs sample counters with decreasing sampling
probabilities at each level to adaptively sample different-sized flows. This technique effectively controls memory
usage by large flows, achieving low cost and high precision in flow size measurement. Experiments based on the
real network dataset CAIDA 2019 demonstrate that the proposed flow size estimator reduces the average relative
error by nearly 1 order of magnitude compared to existing mechanisms.

Keywords high-speed network, flow size measurement, Sketch, small flows filtering, reversible counters
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