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I. UEC CODING RATE WHEN THE SYMBOL VALUES OBEY A GEOMETRIC DISTRIBUTION

Substituting H[p] = plog,(1/p) and [1, (1)] into [1, (11)] yields

R= % > P(x)log, <(1)H> . (1)

Respecifying the logarithmic terms of (1) in a more convenient form gives

R o (1) vte- v ()

zeN;
1 1 1 1
= —log () P(z)+ —log ( ) P(z)x — P(z)| . 2)
i) 2 P e T ) | & P 2 P
Substituting > -, P(z) =1 and )\ P(z)z = [ into (2) yields
1 1 1 1
= “logy [ — )+ —logy [ —— )1 —1].
R Iy 082 <p1> T, 1082 <1 —p1> (-1 3)
Substituting [ = 1/p; from [1, (6)] into (3) gives
1 1 1 1
R="pilogy [ — ) +-(1-p)]l . 4
~p1log, (p1>+n( p1) 0g2<1p1> 4)

Finally, the expression H[p] = plog,(1/p) can be applied to (4) in order to obtain [1, (12)].



II. CONDITIONAL TRANSITION PROBABILITIES

Substituting [1, (8)] into [1, (9)] gives

s [ % b

=

itm’ € {1,2,3,...,r =2}, m=m/+2

m/!
2

172£=1 | P(z)|+P(z) a=[2]

[ ] if m €{1,2,3,...,r —2}, m =1+ odd(m)

P(m|m') = -2 P 5)
— - ifm’ e {r—1,r} m=1+odd(m’)
[1-S2 P+ [1-5-S2 P@(e-3)]
-2 -2 ' Pa)(a—2
Tl[ 2 1 T12)] ifm’E{r—l,r}, m=m'
-5 P+ -2 P@)(e-3)]
0 otherwise.
Combining the terms in the denominators of (5) yields
%]
R ifm' €{1,2,3,....,r =2}, m=m'+2
sl 1 e
P(z) o [m’
/—[121 itm' € {1,2,3,...,7 — 2}, m =1+ odd(m’)
R
P(m|m’) = 51 (6)

1->2 , P e ,
=1 ifm'e{r—1,r}, m=1+ odd(m
4+-5-32_) P(z)(1+2—3) { ! (m’)

mroyz)} P(a)(ze—1%)
r_
1H-5-227 P(a)(1+a—3)

itm’ e{r—1,r}, m=m'

0 otherwise.



III. AREA BENEATH THE INVERTED UEC EXIT CURVE

Substituting [1, (8)] and (6) into [1, (13)] gives

A

1
2ln

e [ [F]
1- Z P(z)| log,

[

vzfﬂ’
1-y1 3 P

m/=1 r=1
- S,
3 [P oy 102 | - p%_],l,_[mj( |
SHIE 0 1og2<1” S SEiC z()H 5))
m/=r—1 z=1 - P(x
o] p 221 1+1-%2— Z; 11P(x)( —|—a:—r)>
l—=— P(z) (z— =) logy 2 — 2
m/=r—1 L 2 :; ( ) ¢ ( - 75 - 212 1 P(x) (i[,'— %)

)

The first two summations over m’ in (7) can be replaced with summations over & = [m /2] and multiplying them by two.
Furthermore, since the terms within the third and fourth summations over m’ in (7) are independent of m’, they can be replaced
with a multiplication by two. This yields

A

Ly

=1

I—ZP
1 r1
EZP log2<

1 5- 141 Zrl P(z) (L+z - 3)
~ 17213(@ 10g2< 11— 11P(;v) )

log, (1 Yo P(w))
1- Zz:l P(l’)

— Yo P(a)
P(z)

In

ro1

liz l_’_zp (

1

1+1-2— %; Px)(1+z-1%)
log 2 z=1 22 1.
) 2< 5 i;llp(f) T —

2

®)



Separating each logarithmic term in (8) into two parts yields

A

1 -1 & 1

Py [1 "2 ] loss (1 Y P<x>>
1 31 & 1

— 1- P(x)|logy | —————
12 1

n ;::1 P(z)log, <P(a'c)>

123 1

— P(z)logy | —————

w 2 s <1—z;_1p<x>>

2 _1°g2<1—z§1:11P(x>>
S
111_1_;113@_ 1Og2(1+z—£— .5:11113(”?)(1“"5))
% _l—;—iz::llp(m) (33—2) log, <l_;_29§_111P(1:) (:E-Q))
% l_;_gp(x)@_;) log2<1+z525_11113(@(1”5))

Combining terms in (9) having the same logarithmic subterm yields

A

—1

©))

;1 P(z)log, (P(lx))

2_:1 1_;13(3:) log, (M)

L

:1;]3@) - (1— El‘fp(m)
l;;lp(x)(xg)]ngQ - 5:31P<x><w—;)>

1

5 i Pa) (1+a - S)) |
(10)



In the first summation over & in (10), the special case where & = r/2 — 1 can be removed and treated separately. Likewise,
the special case where £ = 1 can be removed from the second summation over & in (10) and treated separately, yeilding

1
A = Z P(z)log, ( (x))

+ iéz: 1—§:P(x) log, ; +i 1—§P(m) log, T;
in = a=1 1-3 1 P(a) in - 11— P(a)
1 -1 F—1 1 1 0

MZPZm@b&&:gﬂ%QMPZM@
1 i 1

+ I—ZP l0g, (1 21P(z)>

x=1
=1

+ % “**ZP )(e=3) 10g2<lT25_11P(w)(w )>

r_q
1 S r .
_ 471+l——— P(z) (1+x—3)| log T '
- > Pa) (1+2-3) 2<1+z—;—z;fP<x>(1+w—£)>

(1)

In (11), the special case from the first summation over & is equal to another term in the expression, allowing them to be
combined. Meanwhile, the special case from the second summation over & can be eliminated, since its logarithm has a value
of zero. Finally, a transformation can be applied to one of the remaining summations over &, so that these two summations
cancel each other out. This leads to

4 *Z o105 ()

Tl
2 1
+ —|1- P(z)| logy | —————
In Z . 2(1— ;_EP@)
T_1
1 1
+ — l—f— P(z)(z— 5 log2< . >
in 2P0 (x-3)| e 1 §— i Pla) (- 3)
1 = 1
r
- = 1+g_7_ P)(l1+xz—<)| log T ‘
n Z ( 2) 2<1+l_’2“— ;zllP(a:)(l—i-x—;))

(12)

Finally, the expression H[p] = plog,(1/p) can be applied to (12), in order to obtain [1, (14)].



IV. AREA BENEATH THE INVERTED UEC EXIT CURVE WHEN THE SYMBOL VALUES OBEY A GEOMETRIC DISTRIBUTION

Substituting [1, (1)] and [ = 1/p; from [1, (6)] into (12) gives

T

1 .
A =p)*t(1+z-1%)

r—1
P r—1 1 )
A = — 1- lo _
n Z;]n( 2 gQ(plG-—pnm‘l
2 Ei 1
14 r—
+ = 1-2]31(1—]91) ! 10%2( T 1)
n =1 1= i —p1)*~
B = 1
P r Z—1 T
+ = *—*—Zpl(l_pl) (x—*) log, : F—)
n _p1 2 ot 2 ;% __% -y pl(l__ln)w—l(m__
P i 1 r iy r 1
1 -1
N 1—p1)® (1 —7) 1
L = p1 2
The identities
r—1
k=0
"\ rinr™tt — (n 4+ 1)r" + 1)
Zkr = 2
pors (r—1)
can be employed to obtain
r_1
dop—p)*t = 1-(1—py)it
=1
Ll 1 1
e r r -1 1
pi(l—p 1(3:—7) = — = - - 1—p1)2
; i 1) 2 2 p1 ( )
Ei 1 1
_ r r r_
> il —pr)” 1<1+$—§> = 1+ ——5-—(1-p)* '
p—t N V41
Ei 1 r
p(1—p)* Hz—-1) = —1+(2——>1—p 51
;;; 1(L=p1)* (z—1) o o 2 (1—p1)

Substituting (14), (15) and (16) into (13) gives

r_1

2
b1 1
= 1—p)*
- }:11?1( P1)

N % (1= p1)® "] log, ((1_p1)—1>

A:

p1

1-— - 1
L

p1 |1 Tl] 1
- —|—1—=p1)2 lo -— |-
n |:p1( pl) gQ(pll(l p1)§71

13)

(14)

15)

(16)

A7)

(18)



Separating the logarithmic terms of (18) yields

z—1

a4 =B im(l —p)* {(x — 1) log, (1—1])1) *logs (piﬂ

r=1

2P1 r_1 /(T 1
—(1— - —1]1

t (1—=p1)> (2 ) Og2<1—p1>
1—p r_q |7 1 1
—(1 - =1 — ) =1 —

+ " (1-p1)2 {2 082 (1 —p1) 082 (plﬂ
1 - r 1 1

- —(1=-pD2t|(z—-1)1 — ) =1 — ).
n( p1)? {(2 ) 089 (1—]91) 089 (p1>}

(19)
Regrouping the logarithmic terms of (19) gives
1 1 5!
A = —log (pl) pr| Y o pi(1=p)" | A pr(1—pr)o !
x=1
1 1 [ [ 1
r r
~1 1—p)* Yz —1)| — 2— — ——)J(1—p)zt
+ - log (1p1> p1 ;pl( p)" (@—-1)| —m ( o 2)( p1)
) (20)
Substituting (14) and (17) into (20) yields
1 1 1 1
A= “ppl — ]+ =(1—=p)1 : 21
p1log, <p1>+n( p1) 0g2<1_p1) 2D

Finally, the expression H[p] = plog,(1/p) can be applied to (21), in order to obtain [1, (15)].
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