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Introduction

* Precise computing is not required for many applications, e.g.,
image processing, clustering and recognition.

* Many approximate designs have been proposed for multiplication
and addition [1].

* A static approximation leads to either a hardware-efficient
design with a low accuracy or a very accurate design with a
limited hardware saving.

* An adaptive approximation approach is proposed for the design
of a divider.



* For a 2n/n array divider, the circuit area and critical path are in O(n?).

* Truncation is an efficient approach to reducing hardware consumption
for approximations in an adder or a multiplier [1,3].

* The traditional truncation ab, deh, ash, by

proposed. ]
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Proposed Adaptive Approximation-based Divider (AAXD)

A B
* Input are pruned using leading one k2 YL
position  detectors (LOPD) and s .
multiplexers (MUX). T T
* Using a reduced-width divider to MUX MUX
compute the division. Ap%Zk By K

2(k+1)/(k+1) Divider

* A subtractor is used to compute the

number of bits needed to be shifted. | Subtractor Tkl
* The quotient of the reduced-width 1 |
divider is shifted by a shifter. Shifter
Q. 4 1
* The error correction unit consisting of os{ o o Jod]
OR gates is used to recover the error @@tw

caused by shifting.

Circuit structure of AAXD. 4



Proposed Approximate Divider -- input Pruning (1)

eCasel: L and m
 2k/k bits (O /O ) are selected starting from the most significant ‘1’.

* The redundant least significant bits (LSBs) are truncated.

* The largest quotient of — s { ‘ C p.

e A 2(k+1)/(k+1) divider is used to compute the division of Ap/Bp.
« A/B is obtained by left shifting® /6 for(@ & Qbits.

bit position 2n-1 IA [A-2K 0
2n-bit binary number0o| .. 01 a,.2d - @
‘ 2k-bit ;:tru ncated bi?s

Pruning scheme for a 2n-bit unsigned number Awhend ¢ Q p [4].



Proposed Approximate Divider -- input Pruning (2)

and n

* 2k/k bits are selected starting from the most significant ‘1, 0 /O .
e Zeros are appended to the LSBs of O .

e A 2(k+1)/(k+1) divider is used to compute the division of Ap/Bp.

« A/B is obtained by left shifting® /6 for(d & "Qbits.

bit position n-1 a 0 :appended bi:t
n-bit binary numbey 0 O|21|b, o - |bs|O 0
) k-bit >

Pruning scheme for a n-bit unsigned number Bwhend ¢ Q P.



Proposed Approximate Divider -- Input Pruning (3)

eCase 3: L and H|

* When the dividend A is zero, O is set to O (i.e., with the same
leading one position as number TME 1T p )

*Cased: L and m
 An accurate 2n/n division is performed by using a 2(k+1)/(k+1)
divider.

« A/B is obtained by left shiftingd® /6 for (¢ & "Qbits.



Simulation Results -- Error Characteristics

* Smallest maximum error distance, ED__,
 Relatively smaller error rate, ER
* Moderate NMED and MRED

mEDmax = ER (%) mNMED (%) = MRED (%)
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EDmax and ER of approximate 16/8 d|V|ders. NMED and MRED of approximate 16/8 dividers.

NMED: the mean value of the error distances normalized by the maximum possible accurate output.
MRED: the mean value of the relative error distance. 8



Simulation Results -- Circuit Measurements

* Compared to the exact design, EXDr
* 27%-61% improvement in critical path delay

* 34-66% reduction in power dissipation
* 52%-86% improvement in power-delay product (PDP)

 Compared to the other approximate dividers
* AAXD is faster and more power-efficient.
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Simulation Results -- Discussion

*The MRED and PDP are T | = o
selected as representatives to 14 N “E o
show the error and circuit dN © & Mo
characteristics. 2 \‘
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* The proposed AAXD has a much e i
smaller value of MRED than b e
the other approximate designs 2 T2 g) 'ﬁx&
when a similar PDP s T e am s am sw aw

PDP (f1)

con5|dered. A comparison of approximate dividers in PDP and MRED.
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Image Processing Applications -- Change Detection

« AAXD-10 and AXDr3-9 ‘7‘ ‘7"
perform similarly well as %—- %‘-
{‘3

an accurate divider. -3

Input image 1 Input image 2 Accurate output
* AXDr2-10 and DAXD-12

produce results with a -

low quality. AXDr1-10(32.14 dB) AXDr2-10(18.39 dB) AXDr3-9 (39.27 dB)

SEERAD-4 (36.61 dB) DAXD-12 (23.56 dB) AAXD-10 (40.16 dB)
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Image Processing Applications -- Foreground Extraction
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Conclusion

* An approximate unsigned divider using adaptive approximation is
proposed.

* A novel pruning scheme and error correction circuits are utilized for the
divider to attain a high accuracy.

* The proposed design is very power-efficient with a high-performance.

* With a similar PDP, the proposed design is more accurate than the
other approximate dividers.

* The proposed divider outperforms the other approximate designs in
image processing.
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