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FIG. 16

‘A methad for performing secure multi-party computations produces a result while
preserving privacy of input data contributed by individual parties as follows

a dealer computing system creates a plurality of sets of related numerical masKing data
camponents, wherein for each set of related numerical masking data components, each
component of the set s one of: a scalar, a vector and a matrix

the dealer computing system secret shares, among a plurality of party computing systems,
each component of each set of the plurality of sets of related numerical masking data

')

for each party computing system of the plurality of party computing systems, the party
computing system:

Teceives 3 respective secret share of each component of each et of the pluraity of sets of
numerical masking data from the trusted dealer

executes a set of program instructions that cause the party computing system to perform,

in conjunction and communication with others of the party computing systems, one or
more multi-party computations to create one or more instances of computed secret

shared data, wherein for each instance, the party computing system computes a secret
share of the instance based on at least one secret share of a set of input data or at least
one secret share of another instance of computed secret shared data, wherein received

secret shares of numerical masking data components are used to mask data communicated

during the computations, and wherein the computations include at least one of (a) and (b}

as follows:

(al a Fourier series oran using
I Is, of a continuous function;

16 a secret share reduction that fransforms an mstance of computed secret shared

Gata stored in floating-point representation into an equivalent, equivalently precise,

and equivalently secure instance of computed secret shared data having a reduced
memory storage

‘transmits a secret share of an instance of computed secret shared data to one or more
others of the plurality of party computing systems

¥

for at least one party computing system of the plurality of party computing systems, the party
computing system:

Teceives one of more secret shares of an instance of computed secret shared data from
one or more others of the plurality of party computing systems

Combines the received secret shares of the instance of computed secret shared data 1o
produce the result

(57) Abstract: A method for performing privacy-preserving or secure mul-
ti-party computations enables multiple parties to collaborate to produce a
shared result while preserving the privacy of input data contributed by individ-
ual parties. The method can produce a result with a specified high degree of
precision or accuracy inrelation to an exactly accurate plaintext (non-privacy-p
reserving) computation of the result, without unduly burdensome amounts of
inter-party communication. The multi-party computations can include a Fourier
series approximation of a continuous function or an approximation of a contin-
uous function using trigonometric polynomials, for example, in training a ma-
chine learning classifier using secret shared input data. The multi-party compu-
tations can include a secret share reduction that transforms an instance of com-
puted secret shared data stored in floating-point representation into an equiva-
lent, equivalently precise, and equivalently secure instance of computed secret
shared data having a reduced memory storage requirement.
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