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NRBTETE, ASCRE CH#R 2 @ HBMET —J0ik Fo = {0,1} KIBEHARE ¢ FRONA/RAE
B, KRR BRI A A v AR A B T B

e By ERIZ AR RGN, 2% & Z ST BEILFAF R A R AR M Al 22 L
JHER TR WEM AL 0/1 A, X TR 9 2% AT /R AL B, MRS v SR 73 A 24 1A
AE. Ty I, AEHAETE S F R (SRR E) B p = 1/2 1) ‘07 R, I BeAi /R AL
EMHC0 BEER po = prob(& = 0) FAH T AMEE AT (“HIEA ) BEAAET po.
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il

1.1 HREENREER
B & NARAS R, RIS MBS, HGHRIE S B BUR TR DA P(€) = (po,p1), FH

po = prob({ =0), p1 = prob({ =1).

EX 1.1 BAi/RAERR ¢k, A8 pe = po — p1, BN & BIRZERL.
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BAR, pe 5 P(€) Z AT LU LI e AR € — € = (-1)¢, U]

pe = EE = 2po — 1, (1.1)
3

2
TR IR A AT LR B, pe SLbr FRAXT T P(&) BRI MFFIESHL.
5 1.1 AR ¢ Wik, WG B I R AR P S 402 Shannon 1 25 H (106

DPo

H (&) = —pology po — p1logy p1 = —pology po — (1 — po) logy (1 — po). (1.3)

AR, H(E) 1EN po € [0,1) FISREL 76 [0,1/2] HHA 0 BN E] 1, HUL po = 1/2 AP0 EEL
SRR, ARFEETF po ZRMMRIEA EAEMT. AN pe POABEREIR, R (1.2) A1 (1.3) ASHERF 20T
R 1.1 & M pe bk, M ¢ RO H(E) 2 pe MIBAEL A
1 P
H(Q:l_ﬁzlm' (1.4)

k>
RASPUE WS R B A E MRS 1 pe S50 H (&) Z IR R A,
Bl 1.2 W, o, WMSLEA/RASE, RIS MRG0T, THE I Fy ERAAE o = oy
Dry @ - D wn KIDAAHZHAE:

p(x =0) = Z Hp(xl =q). (1.5)

(c1:---sen) EFY =1
ci1+-+cp=0

T3, BT AT RAR R ay ST, R

E(-1)* = E(-1)"ttHon = ﬁE(—l)“.

Hi (1.1) ERRAS R AA E B 2 ROCRHERR S 2 (2 WKk [2,3)):
WRE 1.2 W,z AMSIHIARER, =21 G o - Sz, M

ﬁm :ﬁzl Xpmg Xooee Xﬁrny (]-6)
plzx=0)= thal VP2 ngl P .
FRgE IR, BT R ZE M RIE T (1.6) 3L (1.7) XA (1.5) BN, 5 T ES
T
5 1.3 XT—AZH py = prob(£ = 0) REKIA/RARR ¢ B n RESEREEEp=1/2 1
kg, WA K G250y

_ §n — np :fn_n/QZ &_ n
= e~ S - () )

Hrb &, N n UCREEFR 00 B BUIR. R3E O IR e H#E ¥ (Lindeberg-Lévy EH), x,, HFIMIR /A5
NARHEIEAS 24 N(0,1), H i1 Borel 38 KEGEREM, &, /n IR 1 B8 T po, W1 xn WHE T

X = (2po — 1)v/n = pev/n. (1.9)

(1.7)

1572



RERE . B AT E F 11

AN S5 B4t T HREATR R & MM T p = 1/2 BOS6 R KT, AL B B RS52530, 3ooF n
HGEHREABLL, pe £ € HISMARFE, T X2 = np? HIR SURTEASECT R m BOPIH DA v f3E
SEHFTF A RS B = Lmo?.

12 BB ORI

EX 1.2 WT Q EREHLEM A, MR p(A), 7K
p(A) = p(A) = p(4) = 2p(4) - 1 (1.10)

N A IR,
BAR, p(A) 5 p(A) ITLLEAMRR, B

p(A) = : (1.11)

X REHLEAE A, ATME—E XA /R A

. 0, W AKE,
1, W ARNKE.

R, R FARA S ¢, WME—E L Q T ANREHLFEE A= {¢ =0} FATRREIR ¢ A1 A RAER, X
Tolohes I8 9% 2 A58 i T (143 7 B o] AZE AR T S0 S A /R A (K i 22 5 2 () B SR sttt HLAT

P(A) = pe. (112)

AR 5 SC, ASHEHE H R 1 Joi:
el 1.3 (Aftk) SHMEEBHSMT A

P(A) = —p(A). (1.13)

AR 1.4 (W3RME) 8o,y M2 AAREE, A = {zv=y}, Ao ={y=2} & A 5 A, T
Sz,

plx = z) = p(A1) - p(A2) = p(z = y)p(y = 2). (1.14)

R 1.5 (AInt)  WHEfF Dy, D, NEANE Q WA RR, Bl D; (i =1,2,...,n) ZIAHJF,
E— U?:l D; = Qa )I_\“J

PA) = p(Di)p(A | D). (1.15)
=1
R R, TSRS Z S 5 WA 28 2 X, T LA LA WSR3 L 1 B R R 2K
ALY A D0 BT T DA R SR PRk 25 S L i 2.
TEBRD A0, MR T2 M2 p, TR p = 2p — 1 REANEEWSH (S 00 [5]).
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2 EAHBRHNEELAEN

BENL S AE RO 2R — 7 TR AT R RORER B X, 59— 5 T A0 TE Gk, AT AR 7 S o =%
MR, EAR R 5 I N7 (0 1 P SR FRAR.

e R T SR 1 2 X, T4 R s L

EX 2.1 W AR By,..., B, & Q EMEEHLFE, By,..., B, MWL, B A {B;} 23,
WER SRR 2 DL R R &R

(1) KHERE 4, p(A | By) = 0 B p(A | By) = 1;

(2) p(A | B) =1/2,
WFR By,..., By N A K52 BSR4, IR 5

1, R pA|B) =1,

Ci=p(A| B;) =
—1, WHE p(A|B;)=0

N B; Ft A BEEHIR L
1 FiR e SCF, AMEUE B U0 R iy 25
R 2.1 W By,...,B, N A W52 B e g,

ﬁw=2%wm (2.1)
p(4) = LT Z% Cip(Bi) (2.2)

FE5E X 2.1 WIZRAET, S0 A WTLZ B 70 R0
(1) £ B LS, FF A BB E;
(2) FEFF B; LN, SiF A DIRKAEEULAN KA, RIEEAE B, N3 A $REE TN p(B;) [ “ib
PRIUE, BE p(A) ATRAZr A “EREAL” (FIREE) A1 <JEBENL (BRI 26 MFtiie) P, PR
BXWREE. BAMER (WMER) KW T #5E 2 08, HEE R F AR IE ., 7R
B, ZRWNRS C Fox T By FHI T HM A DIRBL 75 XA
R IR no=1 RREE, Bl B SR, A 158 B hlH 4, Bhr,

, p(B), WHpA|B)=1,
p(A) =

_1+2p(4)  1£p(B)

p(A) 5 5

Hr |p(A)] = p(B) BT M A b IRE B HIRERL, T p(A) BIIE Fda T IR B0 75 AR 7
). AL, AR S bR bR AT A ki) 2% 1 A B R

AR A, Xl SR R E Q = Fy TP RIBENLEE, B A & P A, i H
FeHFANME—.
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3 H/REHEMEXME RSN

Ttk Py R ARE AL, B Fy — Fy BIMRSTE, FROY n JOAT R BREL. AR B AU 8] AR SR 2
fi 27 v ) 22 ) AL

MERE 51, .. x NHSLEISARAER, B on JOA /KRR f(2) FSHAHN AR E [
B, BAT5E AR Bk iﬂl f(x) BRMZERNHATRZE [ WMER pr. 21,

#Hr eFy | fx) =0} —#{zeFy | f(z) =1}
271

—1)f(=)
_ Zze]l*‘;;n 1) . (3.1)

HE— b, IR PR BT, T LI A AR AR £ e M A S BN B
f=(Df=1-2f.

SR, AIRERE f(x) T g(a) IRDEME A0S VERT LUEI SHEREHLAE & £ A1 g Ritie. MBI T
TmZE L, 218 T 5 s
FER 3.1 f ISRURI T ZE0T i f IR 2 P e
< > Ef = by, fle) NEHCGEAY p; = +1;
(2) Df =1 - 52, f(z) AHHEM ALY Df =o0.
®F 3.2 & f(v) M gla) N n TOAREEL W F R g BB 25

Cov(f.§) = prag — Psby- (3.2)
R 3.3 Ai/REEL f(2) M g(x) AHIRYHALY Cov(f,§) =0, B
Prog = DfPg- (3.3)

By 22 e T R EE AR RN, SRR R AT DM A RRE I R E. 2 f () A g(a) WA
WO, s AR RN

¢Dflm__¢ﬂ—ﬁ%0—ﬁ@7
[FEF, FRATTHIE o Bk B S AR AT /R BRI AE DS 2R3 0. B Cauchy-Schwartz A ATAT [C(f, 9)
<L C(f,9) & TARREC R AROCRERE: RECH 0 I R OG; R B 4 E AR, TAH G
PhlksE; REOEH] £1 B EMY f =29, B f(2) = g(z) B f(x) = g(z) ® 1, LA ASIERCK.
EIRTHIRFRI, A5 R BR AR A S AT DA ek e 22 B TRV B AR Y, e iRk T R IR A R
Btk

C(f, ): COV(f,@) _ ﬁf@g_ﬁfﬁg (34)

4 TIREREBKRT MR R S
18 n TCARRRERARR F, WHERE ¢ = (c1, ..., cn) € F3, & LETEREL

n
C-T = @Cil‘i.
=1

1575



T RE: A /RAR R SR

LEVERR I F AR R, R BRATTRE R B, AR 2R S o e A bR AL
XFFATRREL f(x) € Fry 2

]' xr cr mn
Wi(e) = 5 3 (-1)/@%e=, ce Ry,

weFy

PR Wy = {We(e)} N f(z) B Walsh 1. AXEF H,

¢ a)—p(f(x) #c-x) =p(f(z) =c-2), (4.1)

3
S
~
I
!
—~~
~
—~
8
~
I

B We(e) 2 f(z) 5 ez HERTRREE (f(2) 5 ¢ o 0% FIHER), LURRIHEHN pr(c).

AR R EK) Walsh 5 BAT B RS A AV o, X7 T A KRE TR AIR, AR R4 Redin
T (ZWCHR [5-7)):

5138 4.1 ¥4 Walsh i Wy = (r(c))ocecan FIARIEALEREL f= (f(:b))0<m<2n EAE 2m 4EsE R
Gl e, NN c= (c1,...,c0) Ml a = (21,...,2,) R 2EHIZEL, N

(1) Wy 5 f Z i Hadamard ZF#55 R:

Wry=H'f=2""HF, (4.2)
f=HW,, (4.3)

Hit H = (—1)")ogijeon, i+ j T i M j B Z3EH RBUAELE Fo B
(2) Wy W2 — RSFAE AN IR &R

> brle) = (1), (4.4)
celFy
> (r(e)? = 1. (4.5)
celFy

H 51 R AT LA 23 N 5 A5
Rl 4.1 ERIEAE SO, /REREL f(z) AT ME— RS R M R B I A &

f@)= " pr(e) (=) = Y prle)(e-a), (4.6)
ceF? cEF?
AR IR BR Bk T b B T SR 20 i K
MR AR, FERMEACE ST, f(a) ENERIEREUR {c- o | c € F3} BIIMBLAES,
BARENEN f(x) B Walsh i85, G o& BB 5 1 BT R R ECE T B — LIRSS, f(2) HEMERREL
¢z LAERHEAABM R TR S RE DR a0, mEEILE 1 RBEL ‘o= b7 #RIR
“a 5 b b5,

*1 EABERSBREE

Q IR f@)=0 f@)=zn f@)=z2p-1 - f@=21® - -Dxp
BAME  5(0) ps(1) Py (2) pr(2" 1)
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PRI, — R AR L AT 7R bR K ) G T 5 A8 e et 2 7 R A0 AT L )T SOk 3 A, T 2 P b
& {c- x| c e Ty} ENMRRE, WONARZRYE ) R AREG VEAL R bR ik, T4 H e 3 T A I FH S 461
P ZHRRREL f(x) T g(x) IIFFERED M HAMRIER EEZ S, HRAME N

fog  WrHTEW,

P(f(@) = 9(@)) = B(-1/ O = Bf@)g(a) = 5= = ———— = Wy - Wy,
Sooh T Fo i BRERE O . A B A
Wl 4.2 W f(x),g(x) € Fn, W
Prag = P(f(z) = g(x)) = Wy - W,. (4.7)

Wt 4.1 f g M2 Cov(f,g) = Wy - W, — by,
3 R 43 BT I R T AR B L A f( ) 1 g(w) HRT 3T 2R 53 88 3 B bR B ZH B IR S

B b, W r B R
pr(0) pr(2"-1)
Pr(1)
Pq(l)
2 (0) ,(27—1)

TL

M,

Pf(x) =g(@) = Y p(f(x) =c-x)plc o =g(x)) = > pr(c)pg(c) = Wy - W,

celFy celFy
IR TR AS B P SR AR AL f () BB i
Dy ={4r(d) | 4r(d) = p(f(z) = f(z ® d)),d € F3}, (4.8)
X SEAT R R AL B BRRE. MHMER d e Ty, 2 g(2) = f(z @ d), W

Bga) = c-2) = p(f (e ®d) = c-2) = p(f(2) = ¢ - (¢ @ d)
= p(f(@) = c-a®e-d) = (~)"P(f(a) = ¢ - ).

=)
—~
S
N
Il
=
—~
~
—~
8
~
I
=2
8
~
~—
I
=
~
—~
&
I
o
&
=
<
—~~

g)=c-x) =) (~1)""p}(o).

celFy celFy

LTS 1E 5 Walsh 5 (9E R (S 0L 3CHR [5,8-10]):
R 4.3 4 W} KIS Walsh %0 81 J5 51 &E, Dy WEESIFE (G;(d))oca<an, W

Dy = HW3.
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Analysis of Boolean variables using formal probability

HUANG MinQiang

Abstract In this paper, we analyze the probabilistic measurement of random binary variables, by differentiating

its deterministic part from white noise, and introduce a new concept of formal probability which is different from

the concept of classical probability. Using formal probability, we develop a concise method for analysis and

computation of Boolean variables, to solve problems which are difficult to analyze and compute with classical

methods.
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