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• Stochastic computing (SC) is a re-emerging computing 

paradigm.

– Early proposed in 1960s.

– Recently applied in image processing

and neural networks.

• SC computes on bit streams rather than radix-2 numbers.

• Value of a bit stream: probability of 1 in it.

• SC realizes complicated computation with simple circuit.

Introduction to Stochastic Computing (SC)
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• SC circuit is currently implemented by CMOS 

technology, and it can still be faulty.

• Question: can we repair the faulty SC circuit?

Motivations of This Study
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Motivations of This Study
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Large 

• computation latency

• energy consumption

Long bit streams to 

ensure accuracy

i.e., 512 or 1024

SC drawbacks

SC benefits 

Simple circuit

Small 

• critical-path delay

• circuit area

• power consumption

Fault tolerance Fault-tolerant applications

• Question: can we further minimize SC circuit 

during design time?



• We make an important observation

• Our contributions

 Repair the faulty SC circuit by LFSR reseeding.

 Minimize the SC circuit by constant replacement with accuracy 

recovery through LFSR reseeding.

Observation and Contributions
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The computation error of the faulty LFSR-based SC 

circuit can be reduced by LFSR reseeding without 

any hardware modification.
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• An LFSR is a basic primitive for both digital circuit design and 

test.

• LFSR seed: initial states of the registers

• An n-bit maximum-length LFSR provides an output sequence 

with a period of 2𝑛 − 1.

• LFSR reseeding

• Each LFSR has extra ports to load a given seed.

Preliminaries: LFSR Reseeding
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period of 15
for the 4-bit 

LFSR

Possible LFSR seeds
(0,1,0,1), (1,1,1,0),…

𝑜1 𝑜2 𝑜3 𝑜4

feedback path

change the 
LFSR seed

change LFSR 
output sequence



• Stuck-at fault

 Caused by manufacturing defects

 A signal fixed to logic 0 or 1

 Usually causes output error of the circuit

• Constant replacement

 Replace an internal signal by a constant 

logic 0 or 1.

 Effect is similar to a stuck-at fault, but 

deliberately applied at design time.

 An approach used in approximate 

computing to simplify circuit.

 Also leads to output error.

Preliminaries:  Stuck-At Fault and Constant Replacement
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after simplification

output error!



• A general architecture of the SC circuit considered in 

this study

• SC circuit studied here (proposed by Zhao et. al., 2015)

Preliminaries: Architecture of the SC Circuit 

Applicable for this Study
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LFSR seed vector:

𝑆𝑉 = (𝑠1, 𝑠2, ⋯ , 𝑠𝑛+1)
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SC Circuit Repair by LFSR Reseeding

Basic Idea

• 𝑒∗: reference output error (ROE), minimum output error of fault-free circuit

Stage 2

Stage 1

offline characterization

online test and pair

• Find faults may 
need repair

• Collect related 
info.

• Refined seed vector 
set for repair

• Try to repair each 
faulty SC circuit

• 𝑣∗: reference seed vector (RSV)

• Basically, obtained by exhaustive search over all seed vectors for 

the fault-free SC circuit.
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Stage 1: Offline Characterization

• Decisive seed vector: in set V

(1) leads to 𝑒 ≤ 𝑒∗

(2) gives minimum error if all 𝑒 > 𝑒∗

𝐶𝑓: 

SC circuit 
with fault f

• Error bound is not given. Enumerate all possible faults.

𝑒𝑣∗ output error of 𝐶𝑓 under RSV 𝑣∗

𝑣𝑟 decisive seed vector (DSV)

𝑒𝑟 output error of 𝐶𝑓 under DSV 𝑣𝑟

fault space Don’t need 

repair.

May need 

repair.

𝑆𝑉1 𝑆𝑉2 𝑆𝑉3

𝑆𝑉1 𝑆𝑉2 𝑆𝑉3 𝑆𝑉4 𝑆𝑉5



Stage 2: Online Test and Repair

• The user-defined error bound 𝑒𝑏 is now given.
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𝑆1
′

𝑆1

𝑒𝑣∗

𝑒𝑟

𝑣𝑟
𝐶𝑓: 

𝑓 ∈ 𝑆1
′

Set 𝑉𝑝: 

holds promising 
seed vectors for 
later repair

Test

fabricated 
SC circuit

𝑣∗
𝑒

𝑒 > 𝑒𝑏

𝑒 ≤ 𝑒𝑏

faulty!

not faulty (no 
need repair)

Repair
apply each seed

vector in 𝑉𝑝
𝑒 ≤ 𝑒𝑏 repaired!

𝑒 > 𝑒𝑏 irreparable

𝑒𝑣∗ ≤ 𝑒𝑏: 
do not 
need 
repair

𝑒𝑟 > 𝑒𝑏: cannot repair
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Minimize SC Circuit by Constant Replacement 

with LFSR Reseeding

• For LFSR-based SC circuit, probability conversion 

circuit (PCC) consumes a large portion of hardware cost.

• Area-delay product (ADP) is used to measure the 

hardware cost.

Combination of PCC and SC core
area: 𝐴𝑐𝑜𝑚𝑏, delay: 𝐷𝑐𝑜𝑚𝑏
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Basic Idea

Original SC circuit Apply constant replacement to PCC

SC circuit minimized by

constant replacement

Accuracy recovered by

LFSR reseeding

hardware cost 

reduced 

error bound 

satisfied
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• Benchmarks used in this experiment.

• SC circuit architecture. Independent LFSRs are used.

Experiment 1: Unshared-LFSR Design

21



• Repairing rates over different error bounds.

Experiment 1: Unshared-LFSR Design

(1) Faulty SC Circuit Repair 
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• For WCAE, 585× average cost reduction for online repair over a 

straightforward method (reseeding over 10k random seed vectors).

𝑟𝑒𝑝𝑎𝑖𝑟𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 % =
#𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑓𝑎𝑢𝑙𝑡𝑠

#𝑓𝑎𝑢𝑙𝑡𝑠 𝑣𝑖𝑜𝑙𝑎𝑡𝑖𝑛𝑔 𝑒𝑏 𝑏𝑒𝑓𝑜𝑟𝑒 𝑟𝑒𝑠𝑒𝑒𝑑𝑖𝑛𝑔
× 100%

WCAE: worst-case 

absolute error

MAE: mean absolute 

error

Repairing rates are relatively large!

The larger, the better!

Repairing rates > 30%



• Minimize SC circuit by constant replacement with LFSR reseeding (1k 

random seeds). relative error bound 𝛼 = 1.5

Experiment 1: Unshared-LFSR Design

(2) SC Circuit Minimization 
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relative error bound 𝛼 = 1.1𝑒𝑏 = 𝛼 ∙ 𝑒𝑟𝑒𝑓

> 66%

> 66%



• Partially-shared design vs. fully-shared design

– 1 more LFSR is added

– Increased area is further reduced by PCC minimization.

– LFSR reseeding space is enlarged, leads to lower output error

# LFSR seed vector choice:

• fully-shared: 15

• partially-shared: 3825

Experiment 2: Shared-LFSR Design

24fully-shared LFSR design partially-shared LFSR design

an additional LFSR



• For partially-shared design, better repairing rates over 

different WCAE bounds.

• Compared to fully-shared, partially-shared has smaller error, 

larger ADP, but both less than the original case.

Experiment 2: Shared-LFSR Design
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• Partially-shared design: a new tradeoff between area and error.

Experiment 2: Shared-LFSR Design
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output 
error

circuit
area

1 additional 

LFSR 

total LFSR area

increased

LFSR reseeding 

space increased

comparator simplified by 

constant replacement

output error

increased

total comparator 

area reduced

total net area

reduced

output error

recovered by 

LFSR reseeding
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• We observe the output error of the faulty LFSR-based SC 

circuit can be reduced by LFSR reseeding.

• An efficient LFSR reseeding method is proposed to repair the 

faulty SC circuit.

• At design time, we minimize SC circuit by deliberate constant 

replacement, followed by accuracy recovery through LFSR 

reseeding.

• Experiment indicates a new way to design the low-cost high-

accuracy partially-shared LFSR-based SC circuit.

Conclusions
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