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Algorithm E1: Modified 77 P, Encoder of N, Algorithm E3: Modified 77" P, Encoder of y

1

Input: N., N., A, = (81, 82);
if N > 0 then

InPUt: Y, Q» [17 W]vA = (61762763)§
1 ey =y—7; Ay =061+ 02 + 933
2 if |ey| < Ay then

2 Encode e,, = 0 using DTebg; Update DT ebg;
3 € = No — Neoj Ae = 81 + 8o, 3 Encode y, = 0 using DTybg; Update DT'ybo;
4 if |ec| < 01 then // Rl Range 4 if [ey| < 01 then ' // Rl Range
5 Encode e,, = 0 using DTeb; ; Update DTeb; 5 Encode yn, = 0 using DT'ybs; Update DTyby;
6 Encode e,, = |e.| using Eed1¢; Update Eedq ¢; 6 Encode yn = |y | using Eyd1¢; Update Eyor¢;
7 else 7 else
8 Encode e,, = 1 using DTeby; Update DTeby; 8 Encode yn = 1 using DT'yb1; Update DT'yb1;
9 if |¢] < Ae — 1 then // R2 Range 9 if |ey| < d1 + 02 then ) // R2 Range
10 | Encode |e.| — 61 using Eedaf; Update Eedal; 10 Encode y;,, = 0 using DTyb2; Update DTybo;
1 else // R6 Range 1 Encode |e, | — 01 using Eyd2{; Update Eydo/l;
12 Encode d2 — 1 using Eedol; Update Eedal; 12 else _ // R3 Range
13 Encode z, = |ec| — Ae — 2 using Alg. E2; 13 ‘ Encode y, =1 umng DTwybo; Update DTybs;
14 Encode e, = sgn(|e|) using DTebs; Update DT ebs; 14 Encode |, |-61-02 using Eyd3¢; Update Eyds;
15 else 15 else // R5 Range
16 Encode e,, = 1 using DTebp; Update DTeb; 16 Encode y,, = 1 using DT'ybo; Update DT'ybo;

17 y2 =+ Ay;ne = [logg (W —y2 + 1);

18 Binarize (W — y)(10y as bny—1... b1 b0<2>;

19 fori =0,1,...,n2 —2do

. . 20 Encode ; = b; using ByL; Update ByL;
Algorithm E2: Modified EGC Encoder of z., L Yn+ti = 0s uSing 5y L; UP Y
Tnput: = 21 ifbn,—1...0100 < W —ya +1— 27271 then
Y — < . .

| ifz, — 1 then 2 | Encode z,, = by, 1 using BR5; Update BR5;

2
3
4

‘ Encode z,, = 1 using BR4; Update B R4 using (1);

else

N = [log2(z~)] ; // (m'v)(l()) =1bn_1.. .blbo(g)

fori=1,2,...,Ndo // Unary rep. of N
L Encode z,, = 0 using BR4; Update BR4;

Encode z,, = 1 using BR4; Update BR4;

Binarize () (10) as m@);

fori=N—-1,N—-2,...,0do // Last N digits
L Encode z,, = b; using BR5; Update BR5;




Algorithm E4: Modified 77T P, Encoder of x
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Input: z, , ¢ (to signal sorted x), [1, H], A = (41, 02, 03);
€ =2 — & Ay =61 + 02 + I3
if |ex| < Ay then
Encode z,, = 0 using DT'zbg; Update DT'zbo;
if |ex| < 01 then // R1 Range
Encode z,, = 0 using DT'zb;; Update DT'xb;;
Encode z,, = |e,| using Exd1¢; Update Exd1 ¢,
else
Encode z,, = 1 using DT'zb;; Update DT'zby;
if |ex| < 01 + 62 then // R2 Range
Encode z,, = 0 using DT'zb>; Update DT'zby;
‘ Encode |e;| — 1 using Exdol; Update Exdal;
else // R3 Range
Encode z,, = 1 using DT'zb2; Update DT xb2;
‘ Encode |¢;|-01-02 using Exdsl; Update Exds/;
if ¢, then // Was x sorted?
| Encode sgn(|ex|) using DT'xbs; Update DT'xbs;

else
Encode =, = 1 using DT'zbo; Update DT xzbg;
1 =& — Ag;n1 = [logy z1];
x2 =%+ Ag;na=[logy (H —z2 +1)];
if x1 < 1 then // Deterministic case R5
Binarize (H — z)(w) asbp,—1...b1 b0(2);
fori =0,1,...,n2 —2do

L Encode x,,1; = b; using BxL; Update Bx L;
ifbr,m,l oobibo < H—xz20+1— 2n2=1 then

‘ Encode x,, = bp,_1 using BR5; Update BR5;
else if zo > H then
Binarize (z — 1)(10) asbp,—1... blbo(2);
fori =0,1,...,n1 —2do

L Encode z,,; = b; using BxzL; Update BxL;
ifbn,—1...01b0 <x1 — 271~ then

| Encode , = by, 1 using BR4; Update BRA4;

// Deterministic case R4

else
ifz <& — Ay, then // R4 Range
Encode z,, = 0 using DT:Bb‘li; Update DTxbil;
Binarize (z — 1)(10) asbp,—1... b1bo(2);
fori =0,1,...,n1 —2do

L Encode b; using BxL; Update BxL;
ifbn,—1...01b0 <z — 271~ 1 then

| Encode by, 1 using BR4; Update BR4;
else // R5 Range
Encode z,, = 1 using DTxb‘ll; Update DTa:b’f;
Binarize (H — z)(lo) asbpy—1... b1b0(2);
fori =0,1,...,n2 —2do

L Encode b; using BxL; Update BxL;
ifbry—1...0100 < H — 29 +1— 27271 then

| Encode by, using BR5; Update BR5;

Algorithm D1: Modified 77 P, Decoder of x
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Input: 2, [1, H], cz, A = (61,02,03);
Output: z;
bo < Decode using DT'zbo; Update DT'xbg;
if bg = O then
b1 < Decode using DT'zb;; Update DT'xb;
if b1 = O then z < Decode using Exd;1¢; Update Exd1¢ ;
else
b < Decode using DT'zby; Update DT zby;
if b2 = O then // R2 Range
‘ =01+ Decode using Exd2¢; Update Exd2/;
else x =01 +02+Decode using Ezdz¢; Update Exdzl;
bs = 1;
if c; then bs; < Decode using DT 'xbs; Update DT xb; ;
z 4 (bs =0)2(2 —2): (& + 2);
else
r=0;x1 =% — 061 —d2 —d3; x2 = T + 01 + d2 + J3;
n1 = [logy x1]; n2 = [logy (H —z2 + 1)];
if 1 < 1 then // Deterministic case R5
fori: =0,1,...,n2 —2do
b < Decode using BxL; Update BxL;
ifb=1thenz = (1 < 7)|z;

ife < H—x9+1—2"2"1 then

b < Decode using BR5; Update BR5;

ifb=1then z = (1 <K (n2 —1))|z;

else if zo > H then // Deterministic case R4

fori =0,1,...,n1 —2do

b < Decode using BxL; Update BxL;
ifb=1then z = (1 < i)|x;

ifx <x; —271~1 then

b < Decode using B R4; Update B R4;
ifb=1then z = (1 < (n1 —1))|z;
else
bf < Decode using DTxb‘li; Update DTzb?;

if b‘li = 0 then // R4 Range
fori =0,1,...,n1 —2do

b < Decode using BxL; Update BxL;
ifb=1then z = (1 < i)|x;

ifx < xy — 2711 then

b < Decode using BR4; Update BR4;
ifb=1then z = (1 < (n1 —1))|z;

else // R5 Range
fori=0,1,...,n2 —2do

b < Decode using Bz L; Update BxL;

| ifb=1then z = (1 < i)|z;

ifr <H—129+1—2"2"1 then

b < Decode using BR5; Update BR5;
ifb=1then z = (1 <K (n2 — 1))|z;

46 Return z;




Algorithm D2: Modified 77 P, Decoder of N,

Input: Ne, A = (61,02);
Output: N;
1 by <Decode using DT'eby; Update DT 'ebg;
2 if bp = O then
3 b1 < Decode using DT'eb;; Update DTeby;
if by = 0 then e < Decode using E'ed; ¢; Update Eed1 ¢ ;
else
e < Decode using DT'eby; Update DT 'eby;
if e = 62 — 1 then
‘ e < 01 + d2 — 2+ Decode using Alg. 3;
else e <+ 01 + ¢
10 bs < Decode using DT'ebs; Update DT ebs;
1 Return N, = (bs = 0)?(Ne — ) : (Ne + €);
12 else
13 | Return No =0
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Algorithm D 3: Modified EGC Decoder of z.,

Output: z-;
1 z~ <Decode using BR4; Update BR4;
2 if 24 = O then
3 N = 1; z~ <Decode using B R4; Update BR4;
4 while x = 0 do
5 | N = N+1;zy <Decode using BR4; Update BR4;

6 fori=N—-1,N—-2,...,0do
| 2y = (zy < 1)+Decode using BR5; Update BR5;

8 Return z-;

Algorithm D4: Modified 77 P, Decoder of y

Input: yv [17 W]7 A= (617 527 53);

Output: y;
1 bo < Decode using DT'ybg; Update DTybg using (1);
2 if bg = O then

3 b1 < Decode using DT'yby; Update DT'yby;

4 if b1 = O then // R1 Range
5 ‘ y = ¥ + Decode using Eyd1¢; Update Eyd1{;

6 else

7 b2 < Decode using DT'ybo; Update DT ybs;

8 Yy 9+ 01

9 if b2 = 0 then // R2 Range
10 ‘ y=y+Decode using Eyd2¢; Update Eydz/;

11 else // R3 Range
12 y=y+d2+Decode using Eydz¢; Update Eydzl;
13 else // R5 Range
14 y=0;n2 =[logg (W —9g—86 —d2—d3+1)];

15 fori =0,1,...,n2 —2do

16 b < Decode using ByL; Update ByL;

17 ifb=1then y = (1< 1i)|y;

18 ify <W —9§ —81 —3 —63+1—2"2"1 then

19 b < Decode using B R5; Update B R5;

20 ifb=1then y = (1 < (n2 —1))|y;

21 Return y;




