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Motivation
• Accuracy in the analysis using real-valued floating-point arithmetic data representations.

• Computational overflows, quantization errors, and scalability barriers.

(a) Matrix decomposition [6]
(Two-dimensional tiles)

(b) Tensor decomposition
(High-dimensional tiles)

Capturing non-linearly separable functions by degrees

Related works
• Novel parallel computing frameworks to

offload computations [1]

• Scalability [2, 3]

• Computation and communication efficient
schemes [4, 5, 6]

Our Contributions
• Fundamental limits of non-linear multi-

user distributed-computation setting.

• Unearthing the connection between dis-
tributed computing and high-dimensional
tiling, sparse tensor factorization, and
large random matrices theory.

System model and key parameters
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ℓ is computed in server n}, where p ≜ (p1, . . . , pL)
The system rate: R ≜ K

N

The system capacity C: The supremum of all rates allowing error-free function reconstruction.

Future directions
• Optimal achievable rate

• Lossy setting with bounded error

• Converse bounds
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Achievable lossless reconstruction: the tensor decomposition approach

• F̄ into 8 three-dimensional tiles of size ∆ × Λ1 × Λ2.

• The sparse tiling of D and Ē with tiles Lj and R̄j , respec-
tively.

• F̄ is covered by the eight S̄j = R̄j ×1 Lj , j ∈ [8], guar-
anteeing sparsity δ = λ1 = λ2 = 1

2 , γ = 1 for D and Ē ,
respectively. This yields N = 8 × 2 = 16.

• LM =
∏

ℓ∈[L]
Pℓ − 1 = 15 basis subfunctions by the matrix

factorization approach [6]. The number of required servers
with the same computation and communication cost:

K

∆

[⌊LM

Γ
⌋

× min(∆, Γ)
T

+ min(∆, mod(LM , Γ))
T

]
= 30 .

• The achievable gain in the number of required servers:
≈ 47%.


