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RRAM-based Computation

Å Emerging Devices, such as RRAM devices, provide a promising solution 

to realize better implementation of brain inspired circuits and systems in a 

high energy efficiency way
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Related Work about RRAM-based NNs

ÅArchitecture and circuit designs

ïRRAM-based Deep Neural Networks 

[Hu_DAC_2012,Chi_ISCA_2016,Liu_IEEE TCAS I_2016, etc]

ïRRAM-based Spiking NNs [Tang_DATE_2015,Hu_IEEE 

TCAD_2016]

ïRRAM-based Convolutional NNs [Wang_ISCAS_2016, 

Shafiee_ISCA_2016]

ïTraining NN on RRAM [Hasan_IJCNN_2014]

ÅEDA tools

ïSimulator [Xia_DATE_2016]

ïDesign optimization tool [Gu_ASPDAC_2015]

ÅDemonstration

ïNN/Hopfield Network [Prezioso_Nature_2015,Lee_IEDM_2016]

ïConvolver [Gao_IEEE Electron Device Letters_2016]
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ÅFault Classification of RRAM Device:

ïHard Fault (Stuck-At Faults)

ÅThe resistance is unchangeable

ïSoft Fault

ÅThe resistance is changeable 

but not correct

ïStatic Fault

ÅAlready happened before using

ïDynamic Fault

ÅHappened during using

ÅSoft faults can be tolerant by

inner fault tolerance of NN 

[Gu_ASPDAC_2015]

ÅPrevious designs ignore the influence of hard faults

RRAM Device Meets Kinds of Faults
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Impact of Hard Faults

ÅThe yield (the percentage of available cells) of RRAM 

device varies from 60% to more than 90% in different 

materials and technologies [Chen_IEEE TC_2015] 

ÅWe test the classification accuracy of a 784x100x10 NN on 

MNIST test bench with random stuck-at-0 and stuck-at-1 

faults:

ÅHard faults can obviously influence the performance of 

RRAM-based computation

Yield Ideal 95% 90% 80%

Accuracy 97.8% 26.7~60.4% 15.5~38.6% 10.6~28.0%

Reduction - >37% >59% >69%
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Fault-tolerant Research

ÅMemory-oriented methods use redundant cells and arrays 

to substitute faulty cells [Wang_DAC_12,Koh_ICCD_09]

ÅThese methods are not available for RRAM-based 

computation

ïRedundant cell is helpless: the basic unit is the whole column 

instead of single cell 

ïUnable to directly shut down faulty cells: if the size of RRAM 

crossbar array is M * N, M * N control lines are needed to control 

every cell independently, which is unacceptable

ÅWe need computation-oriented research to tolerant the hard 

faults in RRAM-based computation system
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Fault-tolerant Method for RRAM-based

Neural Computing System

ÅBackground

ïNNs on RRAM

ïRRAM Faults

ÅProposed Methods

ïFault-tolerant mapping and redundant scheme

ÅFuture Work
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Proposed Methods

ÅMapping algorithm with inner fault-tolerant ability

ÅRedundant schemes and circuits  
ÅRedundant crossbars

ÅIndependent Redundant Columns
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ÅWorkflow of RRAM-based Computation



Mapping Algorithm

ÅTraditionally, two RRAM crossbars are needed to represent the positive and 

negative values of matrix:

ÅOriginal mapping algorithm accords to the sign of weights to determine the 

RRAM values:

ÅThis mapping method doesnôt consider RRAMfaults

ï Example

ï Target Value: -5

ï Range of value 

represent by RRAM devices: [1, 10]
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Mapping Algorithm

ÅHowever, in some situations, the influence of hard faults can be 

directly tolerant in mapping phase

ÅProposed Mapping Method

Å Target: minimize the difference between 

the ideal value of matrix and the 

practical value represented by RRAM

Å Step 1: Initializing

Å Step 2: Greedily mapping the weights 

cell-by-cell

Å Cannot solve all situations



Proposed Method

ÅMapping algorithm with inner fault-tolerant ability

ÅRedundant schemes and circuits 
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Hardware Structure

ÅTwo Redundant schemes and corresponding redundant circuits 

are proposed  
ÅRedundant crossbars

ÅIndependent Redundant Columns

Proposed Redundant Circuit



Redundant Crossbars

ÅStructure: Using multi-crossbars as redundant crossbars
ïOriginal structure (Original crossbar):

ïModified structure (Original crossbar + Redundant crossbars):
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Redundant Crossbars

Mapping algorithm: Co-mapping different crossbars to get the 

best available results
ÅTarget application matrix: C

ÅOriginal computing process:

ÅComputing process with redundant crossbars:
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Redundant Crossbars

Cell-by-cell Mapping Process
Target Value: -5

Range of value represent by  

RRAM devices: [1, 10]

Redundancy Ratio (Number of Redundant Crossbars): 1

ÅInitialization:

Å Step 1 (Adjust the first cell): skip

Å Step 2 (Adjust the second cell):

Å Step 3 (Adjust the third cell):

Å Step 4 (Adjust the fourth cell):



Redundant Crossbars

ÅComputing Process: merge the results from the original RRAM 

crossbar and the results from redundant crossbars together
ÅDefinition: R is the redundant ratio, standing of extra RRAM crossbar arrays 

that used as redundant structure
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Independent Redundant Columns

ÅGiven the fault ratio of a single device is P, the size of RRAM 

crossbar array is M x N, the expectation of faults in each 

column is P x M
ïSolution: A smaller redundant unit which only contains P x M cells

ïDivide each column into P x Mparts (called ócutô), while the 

expectation of faults in each cut is 1

ïR indicates the number of redundant devices in a redundant column 

for one cut
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Independent Redundant Columns

Structure: Using small independent columns as Redundant 

Columns
ÅOriginal structure (Original crossbar):

ÅModified structure:
Original crossbar Redundant columns
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