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Abstract: This work introduces a hardware parallel-gradient boolean satisfiability solver, Fold-SAT, enabled by com-

pute-in-memory technology and multilevel resistive memory storage. As shown in its name, Fold-SAT folds multiple claus-
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es into one column of the compute-in-memory array. Compute-in-memory can utilize its computing parallelism to acceler-
ate the solving process of satisfiability problems on hardware. A conventional in-memory SAT-solver only stores one clause
per column. It shows high sparsity when stored in memory and usually occupies large memory capacity. During computing
iterations, the compute-in-memory accelerator conducts multiply-and-accumulate operations on the array to calculate the sat-
isfiability result of each clause. Fold-SAT uses multiple resistance states to represent the structural information of different
clauses. It stores the information of multiple clauses in each column and decodes the satisfiability results of the clauses dur-
ing readout process. Parallel gradient algorithm is an efficient algorithm for satisfiability problems. The clause-folding
scheme applies to both the forward-pass array and the backward-path array in parallel gradient algorithm. To explore the
compression result of Fold-SAT, this work designs the resistance ratio of multilevel storage and examines its effects on data
compression. Results reveal that, when the forward-pass array uses a resistance ratio of 1:4:16, it reduces the array size to 1/3
of conventional methods and reduces the overall storage sparsity from 97.0% to about 92.8%. The storage sparsity refers to
the portion of cells that do not store effective information. Moreover, this work explores the data compression in the back-
ward-pass array. It reduces the required array size to half that of conventional methods. This work discusses the impacts of
device non-idealities. Simulated results show that the device-programming algorithms should reduce the device errors to
less than 1 S, and the deviation of conductance mean values should be controlled within 10%. There is a series of design
spaces regarding the multilevel devices for the backward-pass array. It could reach acceptable computing precision when the
resistance ratio is set between 1:8 to 1:16 for the backward-pass array. Simulation results show that this work achieves a me-
dian solving time of 19.74 ws, which is close to the leading work in the literature. This illustrates that this work could re-
duce the memory capacity cost while maintaining comparatively high solving speed.

Keywords: satisfiability; resistive memory; in-memory computing; data compression; multilevel storage
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Figure 9 The schematic of the readout circuit
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