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Memory accesses are the bottleneck of modern computer systems both in terms of 

performance and energy. This barrier, known as "the Memory Wall", can be break by 

utilizing memristors. Memristors are novel passive electrical components with varying 

resistance based on the charge passing through the device [1]. In this abstract, the term 

"memristor" covers also an extension of the definition, memristive devices, which vary 

their resistance depending on a state variable [2]. While memristors are naturally used as 

memory cells, they can also be used for other applications, such as logic circuits [3].  

We present a novel architecture that redefines the relationship between the memory and 

the processor by enabling data processing within the memory itself. Our architecture is 

based on a memristive memory array, in which we perform two basic logic operations: 

Imply (material implication) [4] and False. These operations create a complete logic 

structure, thus enabling any desired processing of data within the memory, such as image 

processing, as shown in Figure 1. 

Data-processing as well as standard memory tasks are managed and performed by a 

designated memory controller. This sophisticated controller operates according to 

instructions originated in the processor, using a pre-defined instruction set. The controller 

translates logic tasks to voltage values that are applied on the desired memristors to 

changes their resistances. 

We present a memory controller that is able to perform any logic and arithmetic operation 

inside the memory, regardless of the size, location and orientation of the data. This 

concept, implemented and simulated in ModelSim environment, dramatically improves 

performance and energy by significantly reducing the memory access necessity, especially 

in intensive applications, such as image processing. 
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Figure 1. Performing OR operation of MxN images within a memristive memory: 𝑨 𝒐𝒓 𝑩 = (𝑨 → 𝟎) → 𝑩 

(1) 𝑨 → 𝟎 = 𝑨′  : Takes M cycles and MxN operations.  

(2) 𝑩 → 𝟎 = 𝑩′ : Takes M cycles and MxN operations.  

(3) �̅� → 𝟎 =  𝑩 : Takes N cycles and MxN operations.  

(4) �̅� → 𝑩 = 𝑨 𝒐𝒓 𝑩 : Takes M cycles and MxN operations.  

(5) 𝑨 𝒐𝒓 𝑩 → 𝟎 =  𝑨 𝒐𝒓 𝑩 ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ : Takes N cycles and MxN operations.  

(6) 𝑨 𝒐𝒓 𝑩 ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ → 𝟎 = 𝑨 𝒐𝒓 𝑩 : Takes M cycles and MxN operations. 

Takes a total of: 4M+2N cycles, 6MxN operations 
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