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Fixed-point number

y=zk a,2" wherea,€(0,1}, keZ

For example:

50.125=2>4+2"+2°4+2'+2%4 27
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Verifying fixed-point number
50.125=2"42"+2°4+2'+2°4 27

Radix point

kK 5§ 4 3 2 1 0 -1 -2

a 1 1 1 0 1 1 0 O

k 8 7 6 5 4 3 2 1 0

aa 1 1 1 0 1 1 0 0 1

Radix point
473=2"%59.125=2°+2"+2°4+2%+2°+2°
Zk akzk

f

,whereke|0,1,2,...|, for somek,



Integer transform

* The entries of the transform matrix 4; can be
represented by fixed-point number.

* Property:

- If the entries of the input v, —Zk a ;2" forsomea
then Av—z a]k2 f0rs0mea
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Goals to meet

|. If x Is fixed-point number, that y=A4 x is also
fixed-point number

|.Reversibility 4™ Ax=x

ll.High accuracy



Some Problems of Integer

Transform
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If A=10,4" = f A= 7|4 -2
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det (A)=2" A Aisinteger transform,

odet(A™)=2" A A" is also integer transform.
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Prototype Method

0.3536 03536 03536 03536 03536 03536 03536 0.3536 \]
0.4904 04157 0277 0.0075  —0.0075 —02778 04157 —0.4904
0.4619 01913  —0.1913 -04619 —-04619 -—-0.1913 01913 04619
04157 —0.0075 —04904 02778 02778 04904 00975  —04157
0.3536 —0.3536 —0.3536 03536  0.3536 —03536 —0.3536  0.3536
0.2778  —0.4904 00975 04157 04157 —-0.0975 04904 —0.277
0.1913 —04619 04619 —0.1913 -0.1913 04619 —0.4619  0.1913
\[I.[l!}?'-'fr —0.2778 04157 —0.4904 04904  —04157 0277 —l].EI'E}TEr)
i
1 1 1 L L 1 L \ 1 2 3 4 5 6 7 i
*3 %2 k3 ¥2 *¥3 %) *3 0
b ¢ d —-d —c —-b —a e e :
f —-f —e —e —f f e 3 %9 ¥3 k4 *3 2
304 30 3
—d -a —¢c ¢ a d b k3 kg *3 1
-1 -1 1 1 -1 -1 1 e ;
— d E; _b _d (1 — lifb=a-c+b-d+c-d
*2 must be orthogonal due to the 3rd dyadic symmetry
— f —f (o —E f *3 must be orthogonal due to the Tth dyvadic symmetry
B a o b c —ﬂf ) *4 must be orthogonal as their dot product equals zero



Implementation
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Lifting Scheme
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Lifting Scheme
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Case 1

T=cos(9) —sin(9)=1 003.(9()9;1 1 0
° Isin(0) cos(0) > sin(0) 1

0 1

Case 2

T=cos(9) sin(0) |_|cos(6) —sin(@)[l 0
° Isin(@) —cos(0)| |[sin(0) cos(0) |0 -1
| cos(@)—lI | —(cos(@)—l)I
— sin(9) sinl(Q) (1)] 1 sin (0)
0 1 0 ~1

Lifting Scheme
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Lifting Scheme
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Lifting Scheme

(a+bi)+(c+di)=(a+c)+(b+d)i
(a+bi)X(c+di)=(ac—bd)+(ad+bc)i
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Lifting Scheme
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Triangular Scheme
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Triangular Scheme

Assume|(det (A))|=1, choose permutation P A Q such that R=PAQ

Fii T2 T3 1 s, sp)1 0 Of1 uy wup;
=\r,, ry» ru|=|0 1 0|l 1 0|0 1 wu,|=T,T,T,;
31 T T 0 0 1 .,131 L) 1,.0 0 K,




Triangular Scheme
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Algorithm ||

Triangular Scheme

Ay u,+tay,=l

S13=hy;

512+513h32=h12

Ay U3t antytay=0

Ay Uy tas iy t+a;=1

S11+Slzh21+313h31=h11
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Rounding

_1. 11
Y=y Mi=lTe 2|
V2 .0 llxz

1 1
J’1:1_6x1+5x2

If O(x+a)=x+0(a)V x€Z, we call Qis integer — shift invariant

Floor, Ceiling



Rounding

V1 1wy, ups|x
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Forward Transform
J/1=Q(x1+”12x2+”13x3>=x1+Q(”12x2+”13x3)
y2=Q(x2+u23 x3)=x2+Q(u23 x3)
y3=Q(x3)=x3

Inverse Transform

X3= V3

x2=y2—Q(u23 x3)
x1=y1—Q(u12x2—|—u13x3)
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