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FIR Filter

Coefficient: h(m)

Input

f(n)

Output

y(n)

xh(M-1)

f(n)

z-1

x

+ z-1

x

+

h(M-2) h(1)

z-1

x

+

h(0)

y(n)

Number of taps = M, m = 1, 2.. M
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FIR Filter

Coefficient: h(m)

Input

f(n)

Output

y(n)

xh(M-1)

f(n)

z-1

x

+ z-1

x

+

h(M-2) h(1)

z-1

x

+

h(0)

y(n)

Number of taps = M, m = 1, 2.. M

Multiple Constant Multiplication (MCM) Block

h(M-1) x f(n) h(0) x f(n)h(1) x f(n)h(M-2) x f(n)
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Input

f(n)

x259 x447

259 x f(n) 447 x f(n)

Multiplier Based

� Multipliers are  implemented by Adders (or 
subtractors)  and Hardwired binary shift

259 x f(n) 447 x f(n)

<<6

+-

Input

f(n)

Multiplierless Based 

+
+

<<6

+
+

-

<<2

+

<<9
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Multiplierless Based MCM Block 
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65 x f(n)
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259 x f(n) 447 x f(n)
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Input

f(n)

Multiplierless Based MCM Block 

+
+

-
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+

<<9

65 x f(n)
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MCM Block

33 673 383 449
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Oset = {EE��24E��EFE��33,EE��24E��EFE��33,}

MSD Representation

1 0 1 0 1 0 0 0 0 1

#nzbit of 673= 4

Digit Pattern

Extraction
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Oset = {EE��24E��EFE��33,EE��24E��EFE��33,}

MSD Representation

1 0 1 0 1 0 0 0 0 1

#nzbit of 673= 4

Digit Pattern

Extraction

LT673

(1) 673 =            29+ 161

(2) 673 =            27+ 545
(3) 673 =            25+ 641

(4) 673 =    21 x 25+     1

(5) 673 =      5 x 27+   33

(6) 673 =    17 x 25+ 129
(7) 673 =      5 x 25+ 513

(8) 673 =  145 x 2 + 383

(9) 673 =    33 x 25– 383

(10) 673 =      7 x 25+ 449
(11) 673 = -255 + 449 x 2

(12) 673 =  145 +   33 x 24
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#nzbit of 673= 4

Digit Pattern

Extraction

LT673

(1) 673 =            29+ 161

(2) 673 =            27+ 545
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(4) 673 =    21 x 25+     1

(5) 673 =      5 x 27+   33

(6) 673 =    17 x 25+ 129
(7) 673 =      5 x 25+ 513

(8) 673 =  145 x 2 + 383
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(10) 673 =      7 x 25+ 449
(11) 673 = -255 + 449 x 2
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Oset = {EE��24E��EFE��33,EE��24E��EFE��33,}

MSD Representation

1 0 1 0 1 0 0 0 0 1

#nzbit of 673= 4

Digit Pattern

Extraction

LT673

(1) 673 =            29+ 161

(2) 673 =            27+ 545
(3) 673 =            25+ 641

(4) 673 =    21 x 25+     1

(5) 673 =      5 x 27+   33

(6) 673 =    17 x 25+ 129
(7) 673 =      5 x 25+ 513

(8) 673 =  145 x 2 + 383

(9) 673 =    33 x 25– 383

(10) 673 =      7 x 25+ 449
(11) 673 = -255 + 449 x 2

(12) 673 =  145 +   33 x 24

Proposed

Expansion
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Expanded search space: 

Shifted Sum and Difference 
of Oset coefficients , (SSD 

search space)
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LT
383

(1)   383 =    1 x 29 6 129

(2)   383 = 6 1 x 25 + 511

(3) 383 = 6 0�������1����E�(�*+

(4) 383 =    1 x 28 + 127

(5) 383 =    1 x 27 – 255

LT
449

(1)   449 =    1 x 29 6 63

(2)   449 = 6 1 x 26 +513

(3) 449 =     0������1���4�(�*2

LT
33

(1)    33 = 25 1 1            
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Similarly, ….
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383

(1)   383 =    1 x 29 6 129

(2)   383 = 6 1 x 25 + 511

(3) 383 = 6 0�������1����E�(�*+

(4) 383 =    1 x 28 + 127

(5) 383 =    1 x 27 – 255

LT
449

(1)   449 =    1 x 29 6 63

(2)   449 = 6 1 x 26 +513

(3) 449 =     0������1���4�(�*2
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(1)    33 = 25 1 1            
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Cset :the set of all sub-expressions 

in all look-up tables of all Oset

coefficients 

Similarly, ….
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C673 � C161+ C545+ C641+ C21

+ min { C5, C 33}

+ min { C 17 , C 129 }

+ min { C 5 , C 513 }

+ min { C 145 , C 383 }

+ min { C 33 , C 383 }

+ min { C 7 , C 449 }

+ min { C 255 , C 449 }

+ min { C 145 , C 33 } 
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+ min { C5, C 33}
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C673 � C161+ C545+ C641+ C21

+ min { C5, C 33}

+ min { C 17 , C 129 }

+ min { C 5 , C 513 }

+ min { C 145 , C 383 }

+ min { C 33 , C 383 }

+ min { C 7 , C 449 }

+ min { C 255 , C 449 }

+ min { C 145 , C 33 } 

AndAnd CC673673 = 1= 1
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C673 � C161+ C545+ C641+ C21

+ min { C5, C 33}

+ min { C 17 , C 129 }

+ min { C 5 , C 513 }

+ min { C 145 , C 383 }

+ min { C 33 , C 383 }

+ min { C 7 , C 449 }

+ min { C 255 , C 449 }
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AndAnd CC673673 = 1= 1
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+ min { C5, C 33}
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+ min { C 7 , C 449 }
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AndAnd CC673673 = 1= 1
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logic depth: 

D65 = 1
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65 x f(n)

logic depth: 

D65 = 1

logic depth: 
D259 = D447 = 2
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66 ��������������������//9
���"������9
���"������nn .. **
DDnn = = LDLDmaxmax (1 (1 -- CCnn) + ) + CCnn

66 ��������������������//9
���"������9
���"������nn �� **
LDLDmaxmax (1 (1 -- CCnn) + 2C) + 2Cn n �� DDnn �� LDLDmaxmax
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C673 � (LDmax − D161)

+ (LDmax − D545)

+ (LDmax − D641)

+ (LDmax − D21)

+ (LDmax − Max {D5,D33})

+ (LDmax − Max {D17,D129})

+ (LDmax − Max {D5,D513}) 

+ (LDmax − Max {D145,D383}) 

+ (LDmax − Max {D33,D383})

+ (LDmax − Max {D7,D449})

+ (LDmax - Max {D225,D449})

+ (LDmax − Max {D33,D145})

$)*+,
>0@ 24E .����������*,1�020
>*@ 24E .����������*41�+3+
>E@ 24E .����������*+1�230
>3@ 24E .���*0�(�*+1�����0
>+@ 24E .�����+�(�*41���EE
>2@ 24E .���04�(�*+1�0*,
>4@ 24E .�����+�(�*+1�+0E
>F@ 24E .��03+�(�*�1�EFE
>,@ 24E .����EE�(�*+6 EFE
>0?@ 24E .������4�(�*+1�33,
>00@ 24E .�/*++�������1�33,�(�*
>0*@ 24E .��03+�������1���EE�(�*3
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If 673 is synthesized, If 673 is synthesized, i.e.i.e.CC673673=1=1

D161 � LDmax − 1;  or

D545 � LDmax − 1;  or

D641 � LDmax − 1;  or

D21 � LDmax − 1;   or

Max {D5,D33} � LDmax − 1;      or

Max {D17,D129} � LDmax − 1;   or

Max {D5,D513} � LDmax − 1;    or 

Max {D145,D383} � LDmax − 1; or 

Max {D33,D383} � LDmax − 1;  or

Max {D7,D449} � LDmax − 1;    or

Max {D225,D449} � LDmax − 1; or

Max {D33,D145} � LDmax − 1;
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�-�24E

C673 � (LDmax − D161)

+ (LDmax − D545)

+ (LDmax − D641)

+ (LDmax − D21)

+ (LDmax − Max {D5,D33})

+ (LDmax − Max {D17,D129})

+ (LDmax − Max {D5,D513}) 

+ (LDmax − Max {D145,D383}) 

+ (LDmax − Max {D33,D383})

+ (LDmax − Max {D7,D449})

+ (LDmax - Max {D225,D449})

+ (LDmax − Max {D33,D145})
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If 673 is synthesized, If 673 is synthesized, i.e.i.e.CC673673=1=1

D161 � LDmax − 1;  or

D545 � LDmax − 1;  or

D641 � LDmax − 1;  or

D21 � LDmax − 1;   or

Max {D5,D33} � LDmax − 1;      or

Max {D17,D129} � LDmax − 1;   or

Max {D5,D513} � LDmax − 1;    or 

Max {D145,D383} � LDmax − 1; or 

Max {D33,D383} � LDmax − 1;  or

Max {D7,D449} � LDmax − 1;    or

Max {D225,D449} � LDmax − 1; or

Max {D33,D145} � LDmax − 1;
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If 673 is synthesized, If 673 is synthesized, i.e.i.e.CC673673=1=1

D161 � LDmax − 1;  or

……

Max {D33,D145} � LDmax − 1; 
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KK
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If 673 is synthesized, If 673 is synthesized, i.e.i.e.CC673673=1=1

D161 � LDmax − 1;  or

……

Max {D33,D145} � LDmax − 1; 
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673 
D673 � LDmax

+
+

<<91

161
D161 � LDmax − 1

>0@ 24E .�0�(�*, 1�020
If 673 is synthesized, If 673 is synthesized, i.e.i.e.CC673673=1=1

D161 � LDmax − 1;  or

……

Max {D33,D145} � LDmax − 1; 
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673 
D673 � LDmax

+
+

<<91

161
D161 � LDmax − 1

>0@ 24E .�0�(�*, 1�020

673
D673 � LDmax

+
+

<<433

145

>0*@ 24E .�03+�1�EE�x 24

logic depth 
(higher of the two)
� LDmax − 1

If 673 is synthesized, If 673 is synthesized, i.e.i.e.CC673673=1=1

D161 � LDmax − 1;  or

……

Max {D33,D145} � LDmax − 1; 
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Logic depth = 3 33 = 1 + 25 0*,�.�0�1�*4

2E�.�6 0�1�*2 383 = - ./0�1�29

673 = 33 x 25 - 383 449 = 29 - *,
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n = ±S1 × 2p ±S2 × 2q,

� S1 = (n + S2) × 2−p; 

or

� S1 = (n − S2) × 2−p; 
or

� S1 = (−n + S2) × 2−p;

or

� S1 = n + S2 × 2q; 

or

� S1 = n − S2 × 2q; 

or

� S1 = −n + S2 × 2q
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n = ±S1 × 2p ±S2 × 2q,

� S1 = (n + S2) × 2−p; 

or

� S1 = (n − S2) × 2−p; 
or

� S1 = (−n + S2) × 2−p;

or

� S1 = n + S2 × 2q; 

or

� S1 = n − S2 × 2q; 

or

� S1 = −n + S2 × 2q

� S2 must be a 
coefficient in Oset;

� No. of non-zero bit of n

� No. of non-zero bit of S1
+1;

� No. of non-zero bit of n

� No. of non-zero bit of S2
+1.
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� D673 � LDmax (2 − C673 ) − Min{C5, C33}

� D673 � LDmax (2 − C673 ) − Min{C17, C129}

� D673 � LDmax (2 − C673 ) − Min{C5, C513}

� D673 � LDmax ( 1 − Min{C5, C33} − Min{C17, C129} − 
Min{C5, C513} )
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