
















































CLAIMS 

1. A system for transforming sparse elements to a dense matrix, the system 

comprising: 

a first group of sparse element access units configured to fetch sparse 

elements associated with a first dense matrix; and 

a second group of sparse element access units configured to fetch sparse 

elements associated with a second dense matrix that is different from the first dense 

matrix, 

wherein the first group of sparse element access units and the second group 

of sparse access units are arranged in a two-dimensional mesh configuration or a 

two-dimensional torus configuration; 

wherein the system is configured to: 

receive a request for an output dense matrix based on sparse elements 

including sparse elements associated with a first dense matrix and sparse 

elements associated with a second dense matrix, wherein the sparse 

elements associated with the first dense matrix and the sparse elements 

associated with the second dense matrix are multi-dimensional matrices; 

obtain the sparse elements associated with the first dense matrix 

fetched by the first group of sparse element access units; 

obtain the sparse elements associated with the second dense matrix 

fetched by the second group of sparse element access units; and 

transform the sparse elements associated with the first dense matrix 

and the sparse elements associated with the second dense matrix to generate 

the output dense matrix that includes the sparse elements associated with the 

first dense matrix and the sparse elements associated with the second dense 

matrix, wherein the output dense matrix is a vector. 

2. The system of claim 1, 

wherein the first group of sparse element access units includes a first sparse 

element access unit and a second sparse element access unit, 

wherein the first sparse element access unit is configured to fetch a first 

subset of the sparse elements associated with the first dense matrix, and 
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wherein the second sparse element access unit is configured to fetch a 

second, different, subset of the sparse elements associated with the first dense 

matrix. 

3. The system of claim 2, wherein the first sparse element access unit is 

configured to: 
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receive a request for a plurality of sparse elements including the sparse elements 

associated with the first dense matrix and the sparse elements associated with the 

second dense matrix; and 

transmit the request to the second sparse element access unit. 

4. The system of claim 3, wherein the first sparse element access unit is 

configured to: 

determine that an identify of a particular sparse element of the plurality of 

sparse elements matches with an identify of one of the first subset of the sparse 

elements associated with the first dense matrix, and 

wherein the first sparse element access unit is configured to fetch the first 

subset of the sparse elements associated with the first dense matrix including the 

particular sparse element in response to determining that the identity of the particular 

sparse element of the plurality of sparse elements matches with the identify of one of 

the first subset of the sparse elements associated with the first dense matrix. 

5. The system of claim 2, 

wherein the first sparse element access unit is configured to fetch the first 

subset of the sparse elements associated with the first dense matrix from a first data 

shard, and 

wherein the second sparse element access unit is configured to fetch the 

second, different, subset of the sparse elements associated with the first dense 

matrix from a second, different data shard. 

6. The system of claim 2, 

wherein the first sparse element access unit is configured to transform the first 

subset of the sparse elements associated with the first dense matrix to generate a 

third dense matrix, and 

wherein the second sparse element access unit is configured to: 

receive the third dense matrix; 

transform the second subset of the sparse elements associated with 

the second dense matrix to generate a fourth dense matrix; and 

transform the third dense matrix with the fourth dense matrix to 

generate a fifth dense matrix that includes the first subset of the sparse 
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elements associated with the first dense matrix and the second subset of the 

sparse elements associated with the first dense matrix. 

7. The system of claim 1, wherein the first group of sparse element access units 

and the second group of sparse element access units are arranged in the two-

dimensional mesh configuration. 

8. The system of claim 1, wherein the first group of sparse element access units 

and the second group of sparse element access units are arranged in the two-

dimensional torus configuration. 

9. A method of transforming sparse elements to a dense matrix, the method 

comprising: 

receiving a request for an output matrix based on sparse elements including 

sparse elements associated with a first dense matrix and sparse elements 

associated with a second dense matrix, wherein the sparse elements associated 

with the first dense matrix and the sparse elements associated with the second 

dense matrix are multi-dimensional matrices; 

obtaining the sparse elements associated with the first dense matrix fetched 

by a first group of sparse element access units; 

obtaining the sparse elements associated with the second dense matrix 

fetched by a second group of sparse element access units, wherein the first group of 

sparse element access units and the second group of sparse access units are 

arranged in a two-dimensional mesh configuration or a two-dimensional torus 

configuration; and 

transforming the sparse elements associated with the first dense matrix and 

the sparse elements associated with the second dense matrix to generate an output 

dense matrix that includes the sparse elements associated with the first dense matrix 

and the sparse elements associated with the second dense matrix, wherein the 

output dense matrix is a vector. 

10. The method of claim 9, 
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wherein the first group of sparse element access units includes a first sparse 

element access unit and a second sparse element access unit, and wherein the 

method further comprises: 

fetching, by the first sparse element access unit, a first subset of the sparse 

elements associated with the first dense matrix, and 

fetching, by the second sparse element access unit, a second, different, 

subset of the sparse elements associated with the first dense matrix. 

11. The method of claim 10, further comprising: 

receiving, by the first sparse element access unit, a request for a plurality of 

sparse elements including the sparse elements associated with the first dense matrix 

and the sparse elements associated with the second dense matrix; and 

transmitting, by the first sparse element access unit, the request to the second 

sparse element access unit. 

12. The method of claim 11, wherein fetching the first subset of the sparse 

elements associated with the first dense matrix further comprises: 

determining, by the first sparse element access unit, that an identify of a 

particular sparse element of the plurality of sparse elements matches with an identify 

of one of the first subset of the sparse elements associated with the first dense 

matrix, and 

in response to determining that the identity of the particular sparse element of 

the plurality of sparse elements matches with the identify of one of the first subset of 

the sparse elements associated with the first dense matrix, fetching the first subset 

of the sparse elements associated with the first dense matrix including the particular 

sparse element. 

13. The method of claim 10, 

wherein fetching the first subset of the sparse elements associated with the 

first dense matrix further comprises fetching the first subset of the sparse elements 

associated with the first dense matrix from a first data shard, and 

wherein fetching the second, different, subset of the sparse elements 

associated with the first dense matrix comprises fetching the second, different, 

28 



subset of the sparse elements associated with the first dense matrix from a second, 

different data shard. 

14. The method of claim 9, wherein the first group of sparse element access units 

and the second group of sparse element access units are arranged in the two-

dimensional mesh configuration. 

15. The method of claim 9, wherein the first group of sparse element access units 

and the second group of sparse element access units are arranged in the two-

dimensional torus configuration. 

16. A system for transforming sparse elements to a dense matrix, the system 

comprising: 

one or more processors configured to send a request for an output dense 

matrix based on sparse elements including sparse elements associated with a first 

dense matrix and sparse elements associated with a second dense matrix that is 

different from the first dense matrix, wherein the sparse elements associated with the 

first dense matrix and the sparse elements associated with the second dense matrix 

are multi-dimensional matrices; 

a sparse-sense transform unit comprising: 

a first group of sparse element access units configured to fetch the 

sparse elements associated with the first dense matrix; and 

a second group of sparse element access units configured to fetch the 

sparse elements associated with the second dense matrix that is different 

from the first dense matrix, 

wherein the first group of sparse element access units and the second group 

of sparse access units are arranged in a two-dimensional mesh configuration 

or a two-dimensional torus configuration; 

wherein the sparse-sense transform unit is configured to: 

receive the request for the output matrix; 

obtain the sparse elements associated with the first dense matrix 

fetched by the first group of sparse element access units; 
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obtain the sparse elements associated with the second dense matrix 

fetched by the second group of sparse element access units; and 

transform the sparse elements associated with the first dense matrix 

and the sparse elements associated with the second dense matrix to generate 
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the output dense matrix that includes the sparse elements associated with the 

first dense matrix and the sparse elements associated with the second dense 

matrix, wherein the output dense matrix is a vector. 

17. The system of claim 16, 

wherein the first group of sparse element access units includes a first sparse 

element access unit and a second sparse element access unit, 

wherein the first sparse element access unit is configured to fetch a first 

subset of the sparse elements associated with the first dense matrix, and 

wherein the second sparse element access unit is configured to fetch a second, 

different, subset of the sparse elements associated with the first dense matrix. 

18. The system of claim 16, wherein the first group of sparse element access 

units and the second group of sparse element access units are arranged in the two-

dimensional torus configuration. 
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