Towards Hardware-Aware Tractable Learning of Probabilistic Models
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e , , The properties of Arithmetic Circuits allow us to reliably predict resource usage. Experiments on a smartphone-based Human Activity Recognition
Tractable probabilistic models possess a set of traits that make them ideal for We propose the Hardware-aware cost, given in terms of a specific hardware benchmark with gyroscope and accelerometer sensor signals,
embedded sensory applications: resource (e.g. energy consumption). and statistical features. The cost is given in terms of relative

. : : energy consumption.
-Robustness to missing data allows them to cope with sensor failure. Scalable system properies: \ 9y P

-Small data needs allow them to adapt to different users quickly. ) Potential cost savings of up to 90 % with accuracy loss of less
-Tractability enables reliable inference under constrained resource budgets. HarCuare avare inierence cos than 1 % enabled b;?a combination of feature and sensor

runing, model simplification and precision reduction.
Arithmetic Circuits are one of those tractable representations [Darwiche2009]: Prning Pt P
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Probabilistic Compilation

Graphical

Model Or Tractable pf(;‘s;"’bei:”i;fic Map to trade-off space | Cac(ar, nb) = C(nb) + Cx (nb) + Crmem (1) + Ceache(nh)
inference :

P(A|B, ~0) query

. Learn P(-~A|B,=C) P(A|-B, O) : Strategy P4 946 2 {Sl}
Leng2otLy T —> Find the optimal

% Very hard optimization . $
configuration for O oroblem (>NP): : 0.2 0.4

a given accurac '
J and cost Y we rely on a sequence of Normalized Cga H

Motivation > greedy searches.

Limitations of the state of the art:

o ={a,F, S nb} |G = 2 o Pt. | Acc. S*

Inference cost v P1 | 97.3 28 {S1, 52}
P2 | 97.3 | 17 | {51,955}
P3| 96.9 | 10 {S1}
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Precision red.
—6—— Model scaling
—w— Pareto fs.

Final Pareto
— © — Model scaling fail

Pr(A)=» Pr(A|B,C)Pr(B)Pr(C)= — - — Final Pareto fail
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1. Tractability notions disregard hardware implementation details and are
given in abstract terms (e.qg. time and space).

Scale each system property individually and get Pareto optimal after each
stage.
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Greedy feature and sensor pruning | | | |
local fetch P(4I-5, ©) al?orithm for each model in (X that 02 0.4 06 08
1 fulfills max Acc/Cya Normalized Cya |-]

local save memory fetch

Full feature

P(A|B, ~C) N . . .
’ /®‘\ D@ @ G A setQn Potential use for on-line scenarios where resources and
P(C) Ao performance must be traded-off dynamically

Prune two features

P(-A|B, -C) P(A|-B, C)

memory fetch
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Prune three features, one sensor
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2. Traditional resource aware techniques do not exploit hardware scaling
opportunities (e.qg. turning sensors off, reducing bits and precision). (4) Precision b

. Fie Fou [ FaZD Standard IEEE floating point: 64, 32, 16, 8 bits.
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Feature extraction B |iF s Feature cost 1’ | All sensors ererences

F2a Fiw [FaNFa =0 [Darwiche2009]:A. Darwiche. Modeling and Reasoning with Bayesian Networks. —
* F:NFp # 2 Cambridge University Press, 2009. : 0.2

» FoNFp 7é %) .
\ v [Liang20171]: Y. Liang, J. Bekker and G. Van den Broeck. Learning the Structure of Normalized Cygp |-
0 Feature + semsor cost 1 L LTU0€5A Probabilistic Sentential Decision Diagrams. UAI 2017.
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Feature extraction A
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Feature extraction D
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F1 ={Fa1,Fp2, Fp1} Fo ={Fp1,Fpo, Fp1}
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