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Common Sub-expression Elimination

* When a portion of an expression (sub-expression)
occurs more than once, it can be calculated once and
the result can be used further.

e Sub-expression can be any bit patterns within the
CSD coefficients.  (101,101,1001)

— Horizontal Sub-expression
— Vertical Sub-expression
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Horizontal Sub-expression
Elimination

* Sub-expressions can be found and eliminated
horizontally:

y=(1010101),

P xt x<< 24 x<< 4+ x<< 6
Y= xt x<< 24 (x+ x<<2)<< 4
s=x+t x<<20 (101)
y=sts5<<4
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Vertical Sub-expression
Elimination

* When coefficients are staked, sub-expressions can
be found vertically:

y= (1p0 1 Q1)x[0] y = x[0]- x[0]<< 24 x[0]<<5
+ (10100{)x[- 1] t x[- 1]+ x[-1]<< 3+ x[-1]<< 5

s= x[0]+ x[-1]
y= st 85<<5- x[0]<< 2+ x[-1]<< 3
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Design Procedure

e Stack Coefficients Vertically

* Creating Graph of Vertices. V.,

* Creating Partial Identification Graph:G;,
-Gy = (Vy.Ey) Ey= Eyt E,

* Creatingthe Final Edge: £, = £}, - E,,....

* Creating Identification Graph: G, = (V4. E.,)
e Creating the Search graph: s
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Design Procedure

e Suppose afilter with following coefficients:
¢,= 10101001  ¢;= 10000101

* Creating the vertical stack:

Co 10101001
Ci 10000101
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Design Procedure

* Graph of Vertices: Vi = {3}

Vertex Digit Polarity | Coefticient | digit
(Non-zero digit) Position
V, +1 0 8
V. +1 0 6
Co 10101001 V; -1 0 4
C1 10000101 Vi +1 0 1
Vs +1 1 8
Vs +1 1 3
V +1 1 1
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Design Procedure

* Partia ID Graph: G,

h,6,+

Co 10101001 T

) —
Ci 10000101 9T
o h,1, h,l, h,Z,-
Gy= Vi Ey)

V9+9(C[}5C1) V!‘+!‘(CD!‘C1)

OO @
h,6,+

Ey = EytE,
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Edgelist £, with Edge Properties:

Edge | (V.,Vy) | Type | Polarity | Length | (C;,C»)
1 (1.2) | h + 1
2 | (I.3) | h - 3
3 (1.4) | h + 6
4 | (15 | v + - | (Co.C1)
5 23) | h -
6 | 24) | h + 4 ]
7 34) | h - | 2 | e
8 | (4.7) | v + ---- | (Co.C1)
9 | (5.6) | h + 4
10 | 5.7 | h + 6
11 | (6.7 | h + 1
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Design Procedure

* Completed ID Graph: G,

E,=E,;-E

unique
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Design Procedure

Search Graph:

S S1 Ss I
Ss
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Design Procedure

e HamiltonianWalk: S, S, S, S, S, S, S, S,

S S2 3
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Design Procedure

* |D Graph Vertex Avallability Table after (S6, S3)

Elimination:

Via 1 | Available
Via 2 | Not Available
Via 3 | Available
Viaed | Not Available
Via 5 | Not Available
Via 6 | Not Available
Via 7 | Available
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Design with Genetic Algorithm

* Fitness Function:

n

ﬁtness:z (OC,-1) (IfOC>1€se0)

i=1

e (OC: Occurrence Count: Number of Elimination

Hamiltonian Walk (Chromosomes):
S71 $1 $’ $1 $1 84, Sl, &
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Example

e 10" order FIR filter with 16bit CSD digits and

maximum 3 non-zero digits:

a0 (0(-3H| 0 |0 O |-3H| O |O| O Oy O |O] O |-I| 00
al [0 O |-5H(Of 1 | O | O |O|-5H|0] O [O] 0|0} 0 |0
a2 (0 0 0|0 0 |+6V| O |09V |0 |+1IV]O] 0 O 0 O
a3 (0 0 | 0 |O|+1H| O |+1H|O| O |-I} O O[O |O| 0 |0
a4 (0 0 0|0 O | O |[+IH|O|+IH|O| -1 [O] O O 0 O
aS 0] 0 | 0 0] O [+6V| O [0 [+9V |0 [+1IV 0| 0 |0] O |0
a6 (0 0 0|0 0|0 |-5H|O| -1 |0 0 |O[-5H|0| 0 |0
al [0{ 000, O O | 01| OO} O [O]0]0] 0|0
a8 (00010000 ]|O0O-5H|O O |-1]0]0|-5H|0
a9 [0 00O, OO | 00| 0 ]0}-3H|0]0]0]-3H|0
alojf0f 0 010,070 01]0 010 -3H|O]-1]0-3H|0
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Improvement Table

e 10th order FIR filter with 16bit CSD digits:

Filter Original |Reduction | Additions Reduction

(by non-zero | Addition |(additions) | Required After | (%)

digit count) |Count Elimination
6 45 14 31 31.1%
5 36 10 26 27.7%
4 40 13 27 32.5%
3 29 7 22 24.1%
2 20 6 14 30.0%
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Future Works

e Using Immune Programming as an optimization
function

* Trying Different Algorithmsfor Elimination

Payman Samadi, March 23, 2007

18




