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In this project, we combine Ideas of approximate and coded computing to
further accelerate computation. We develop two successive approximated
coding (SAC) methods, each produces a sequence of increasingly accurate
approximations of the desired computation as more and more workers report
In. SAC guarantees exact recovery upon completion of a sufficient number of
workers. We theoretically provide design guidelines for our SAC methods, and
numerically show that SAC achieves a better accuracy-speed tradeoff iIn
comparison with previous methods.
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Successive Approximated Coding (SAC)
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Goal: Extend single-layer approximation of eAMD to SAC.

7z

-

Coded Computing Using Polynomial Bases

Goal: Compute C = AB, A € RWx*N2) B € R(N2*Ny) across N workers.
Method: Distributed coded matrix multiplication to mitigate stragglers.
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* Encoding via polynomial basis : {Tj (x)}x=1.x, K = 2.

EXxp. MatDot (MD) OrthoMD (OMD) | Lagrange (Lag)

Basis Monomial Orthonormal Lagrange

A(x) ATy (x) + AT (x)

B(x) | BiT2(x) + BTy (x) BT (x) + BT, (x)

» Decoding via polynomial basis {Q,-(x)},—1.gto recover {C,},-1.r, R = 3.

Q1) Q(xi) Qs(xi)][c,] [A(xi,)BCx)
Ql(xlz) QZ(xlz) QB(xlz) CZ — A(xiz)B(xiz
Q1(x;,) Q2(x;,) Qsz(xi,) _C3_ _A(xl-g)B(xl-g)

(not always needed): C = X;_; ax AV )Bi)-Y = ik

Proposed Method 1) Group-wise SAC (G-SAC)

* ~R approximation layers, D groups of Approx. layers.

 Exp 1) Two-group SAC,D =2,K,; € {2,1}

 ldea: Carefully re-order the coefficients of the encoding polynomials.

A(X)B(x) = (A + Ayx + A3x?)(B3x* + Byx + Bz)

o o =ABy+ (ABy+ AB)x | Y| L
A e X - (A1B3 + A;B, + A3B))x* A RP33(=x)4 | Pa(x)
A, xt T (AzB3 + A Bl)x R=5
“A L e 4+ (ABg)xt _

* Exp 2) Multi-group SAC, D = 3,K,; € {1,1,1}.
* ldea: In analogy with discrete Conv., Inject delays amongst coefficients of
encoding polynomials to avoid interference b/w them.

A(X)B(x) = (A1 + A,x + A3x>)(B3x® + Box + Bl)

_ Py(x)°

5. 122 < =48, } Ry = 1 P (%)

" o + (A1B; + 4;B)x fo =2
& v +A;Bx* Py (x)
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01 o3 + (A3B, + A1 B3)x k=7
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£y | * pb1 %2 + A3B 3X6

7z

-

Accuracy-Speed Tradeoff via Approximation

Benchmark: e—approximate MatDot (¢AMD) [Jeong et al].
 |dea: Evaluate A(x)B(x) at sufficiently small points x € {x,}n=1:N.

¢ EXp) K = 3, A(X)B(X) —_ (Al + Azx —+ A3x2)(31x2 + Bzx + B3)
— A B1 (Ale A BB)X }
+ (4;By + A,B, + A3B3)A2

+ (A28, + A3By)x3 + AgBy x4~ Bxact.Rec, R =5

P(x) = A(x)B(x)
Approx. Rec, R = 3

Proposed Method 2) Layer-wise SAC (L-SAC)
* Apply SAC to the codes that require post-decoding, (e.g., OMD, Lag).
« Evaluate A(x)B(x) at points x € X4, distinct from that of OMD and Lag.

» |dea: (1) Divide X, to K disjoint splits, e.g., {yk'i}ke[l{] N KT

(2) Set y ; In split k to be “s —close” to y, € Y.

= successively recover the terms that make up C = Yn_, ai, A(vi)B(yi).

« EXp)K =3
(N,5) code
! \
OMD/Lag x: | x, i ExactRec. R =5 il o
(N,5) code
SAC(e > 0) ! 1 1 Approx. since R; =1

> V2

via OMD/Lag Yi1]| - 3'1%' Y21 VoHN||V31] - }'3%'

3

ExactRec.,, R=75

(N/3,1) (N/3,1) (N/3,1)
I J l i —
SAC (€ = 0) - - y Approx. since Ry 1’ -

viaOMD/Lag |Yt |~ | V1| |Y2 | |Y2| [Y3] |73

» Vi Y21])V3

Exact Rec. R :N—g+ 1
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Simulation Results
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Jle = Call+ e~ Gl
Approx. Err.

Source of errors:

Computation Err.

Setting.
+ N =40,K =8, A, € R100X1000 nq B, g R1000X100 _7r(( 1),
« MMD: (30,6) MD code for Y.>_, A, B, and (10,2) MD code for Y7 _- A; By,

12mTn N

+ G-SAC: D=2, K, € {6,2} + Ky € {8,0}, Xompiex = 10.15¢ N
+ L-SAC via OMD: y,; e-close to u{®“"*? ¢ € {5 x 1074, 0}.
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» Fig 2: L-SAC via Lag: yy; e-close to k. ¢ = 3.33 x 107~.

+ Fig2: Ay = 24© + AP and B, = 1B + BV, A©, . BV~ (0,1).
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Degree of correlation(A)
Takeaways:
 G-SAC (K; = 8) similar to eAMD upto n = 8, improve In estimate as n T.
* G-SAC (K; = 6) earlier estimates since n = 6, better estimates n > 14.
* L-SAC via OMD continuous improvement since n = 1.
 When ¢ = 0, slightly better estimation, but walit longer for exact recovery.

* Fig 2: even for n = 8, G-SAC & L-SAC better estimates than eéAMD if
highly correlated (A large) and parameters set optimally.
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