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Lucky Locks

-Using Latin HyperCubes to Find The Optimum Solutions For A Series Of

Defect Combination Locks.

Abstract

There is a combination lock that has D knobs, and each knob has N kinds of
different numbers. We solved the least attempts of combination to open the lock, if one
wrong digit of these D knobs remains acceptable due to the designed structural defects.
This case is equivalent to or considered as searching for a set of points with N elements
in D dimensions, and each point in the set of points is able to draw an extension lines to
its dimension, if each point in the multidimensional block is connected to the least

extension lines.

In the 43th Taiwan Scientific Affair, someone had postulated the 3-knob case.
Later we analyzed the 4-knob case. Unlike the 3-knob case that are found with a least
number of extension lines, the 4-knob case can be estimated by a range of extension line
numbers. Moreover, a special case, when D=N+1 except N=2 and 6, can use the Latin
hypercubes to exactly construct one set of points connecting to their extension line set
without redundancy. We call this a “Optimum Solutions” which guarantees the least

number of times to open the lock is N ™.
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d (= 550)wbA6MR £4rdIF B S5 BILFIB  6Ag s 2 P K BEINE6R

Betrdic > E1Bb#r ]S B T o B L46d 678k E4REce s 4T o
1.% 108 =g 4 + 58 = 2 625 7 4 Bh e A & 4

£S={s|sH0<s <624} o st B A5k - Hed i

X, (s) = int(s +125)

X, (S) = mod(int(s + 25),5)
X;(S) = mod(int(s +5),5)
X, (s) = mod(s,5)

fe & Hc o

N

»int( ) 5~ # - mod( ,5) EdpBbitimin

A% 108 e B 58 M HPF S AR R FIXXo X3 X B R 4 L fich €

£ -
2 H2BET S R R 2R

Fg2ap T S B - S e bR IR T oo AT

® xfoyihlf ik 2 o S

O 1 2 [ E xR gy s dpke o 2 R P(Y)H AP
Peoip@32vugEz- BT 3. b yipk
Px,y)=x |p. F o ofx=x B P(XY)=P(xy) g 2y v
+aymodn |- B 3 [2]

PO [ — | O

WESHERATIG AR APLL
x5(5)5x1+x2+x3+x4m0d5

Xe(s) = x1 + 2x, + 3x3 + 4x,mod5 >
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e x(8) X 5% +x,(s) X 5% + x3(s) X 51 +x,(s) = s (= .15%)

®0~624 ¢ 228pfrqE x,(p) = x,(q), x,(p) = xp(q), x.(p) = x.(q),
xq(p) # x4(q) &R dptkab,c,d L4 43154 04 B i R

xs5(p) — x5(q)
= [xa(p) — x4(q) + x, () — x,(q) + x. (D) — x(q) + x4(P) — x4(q)]
= x4(p) — xa(q)mod5

P X5 (P)- % (@) = X4 (P)- Xy (a) +5K » k EjEdc o * X, (p)-X,4(0) # E5:h7

X (D)X (@) £ 0 0 B T X(S) LB R AL R o

22 X (P) - X6 (@) = d x[X, (p) - X4 (@)]modS = d < [X, (p) - X, (@)] +5h >

BEAORAC EREEEEE S
(05)=1 1d<5 X E) K@ %0 - P 1 x(5) Lip i e

=g o
SHEM HrE GO0 BHFIMF AR - B2RT G ¢

E 1 2 #2418 C(S) = (X,(5), %, (8), X(5), X, (8), % (5), X,(5)) » { C(5) | s€S }
Pl E 410 625 6.2 & A HREh > 1%l A 4r % %HipAqR] &+ 8:C(p)£C(q)

S E 2B HEipieqrt RC(p)rC(q) a6 &k Btk # A frdl iz dadc
FAR A A2BRENR A T2ET G F o A AP E S FP 0%k C(p)f-C(q)
HIEALAREF AR 0 Plpfeq- AP F L0 4 3R C(p){-C(a) L L
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F137 © F C(p)FrC(q) (X0, X2, X3,Xa) i AP o

X,(P) = %,(0), %, (P) = %,(0), X, (P) = %;(a), X, (P) = X,(q)
d (2 15%)7 @ e

p = x1(p) X 53+x,(p) X 5% + x3(p) X 5 + x,(p)
=q = x,(q) X 53+x,(q) X 52 + x3(q) x 51 + x,(q)

F1 4+ C(p)F=C(a) 7 (X, Xy, X5, X, ) 48 T BF > Alp=q > C(p)=C(q) °

%248 1 % C(p)FrC(q) s (Xa X0 XeXs) A B4R I @,b,c € 1,2,3,4;

xq(p) = x%4(q), x5 (p) = x5(q), x.(P) = x(q), x5(p) = x5(q)

= x5(p) = x5(q)
Alxy (p) + x2(p) + x3(p) + x4(p) = x1(q) + x2(q) + x3(q) + x4(g)mod5
x4(p) = x4(q)mod5

xqa(p) — xq(q) = 5k, k2JF#

> |xqg(p) = xa(q) <5

k=0

xqa(p) = xa(q)

d (2 .15%)%F 5 %%p=q -

7]t BEC(p) F=C(q) e9(Xa Xo,Xc,X5) 4P I B > RIC(p)=C(q) °

%347 1 % C(p) 4w C(q) h(Xa X0 XeXe) A AR I > a,b,ce{,2,3,4}
xqa(0) = x,(q), xp,(p) = x5(q), x.(P) = x.(q), x6(p) = x6(q)
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 x6(p) = x6(q)
Alxy (p) + 2x2(p) + 3x3(p) + 4x4(p)
= x1(q) + 2x,(q) + 3x3(q) + 4x4(q)mod5
dx4(p) = dxy(q)mod5
dlxq(p) —xa(q)] = Sk

x {de(p) —x4(q)| <5
d<5

=~ xq(p) = x4(q)
d (2. 15%)% 3l %5p=q

72t 2LC(p) FrC(q) i7(Xa,Xn, X, X) F 48 FE 2 ¥ 17 C(p)=C(q) °

$ 448 1 % C(p) 4= C(Qq) e(XaXo,Xs.Xe) i Hedp I > a,b,c,d €{1,2,3,4}

xqa(0) = x4(q@), x,(p) = xp(q), x5(p) = x5(q), x6(P) = x6(q)

= x5(p) = x5(q), %6(p) = x6(q)

] { x:.(p) + x4(p) = x.(q) + x4(q)mod5
cx.(p) + dxy(p) = cx.(q) + dxy(q)mod5

{(c — d)(xq(p) — x4(q)) = Omod5
(d - C)(xc(p) - xc(Q)) = Omod5

{(c — d)[xa(p) — x4(q)] = 5k

(d - Olxe(p) — x(q)] = 51 ©NEHE

R { (c—d)+0
lxq(p) — x4(q)| <5

wexq(p) = x4(q@), x.(p) = x.(q)
£d (2. 1542 7 F p=q o
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2+ BEC(p) 1= C(Q) 5(Xa,Xn,Xs,X6) % 48 > 7 18 C(p)=C(q) °

AP T E 625 BEY 0 ER2B A FEAIBRG § R AR - B2
BTG oo R F g L p o Pkt B F BB 6x 4+1=25 5 47

F 625 (B Bhorad AR X @ F 1 25% 625=50 13 B FlaE A F dp 7 inhS

BELS AR R > FUEP 0 S BO25ZEE S BAZ: S o0 E5A6M R AL F ]

Bl ks LRFEH] -

(T) $N3 FHr > FBNZN+LEehn £ 23 H)

B2 R 4725 frbA 6 ‘”K#“ MR E A4l E o ePEa EE AR 4

AbMenf T 2 2 frd A7 S HLEAGMRY T Az 2 BRI Ik > R T

ESE FHcan 48 S8 547 - BFRE[2] AP NSRRI - HDF
B oo
£S={s|sH0<s<n™!—1cfFd} fosiy Al chn i i dk

x,(s) =int(s+n"?)
X, (s) = mod[int(s +n""*),n]
£ %3(8) =mod[int(s +n""*),n]

X, (s) =mod[s,n]

BEFLEE2BR AL

X,(S) =X + X, + X5 +...+ X, ,modn
X,.1(S) =X +2X, + 3%, +...+(n—=1)X,_, modn

L

#Zx () XN 2+ x,(s) XNV 3+ x5 (s) XN+ -+ x_(s) = s (7 .15%)

T EIFIBEC(S) = (X,(8), X, (8), X5(8),, X, 4(S)) » % P,QeS, p=qRlizHI2

C(p)#C(a) -
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ApEp g LC(p)frC(a) iz An-13 AR AP > 15D B2 S AR e i 4] 8 -

AP e AR C B e TG - - E

138 1 £2C(P)A-C(Q)ehTin-1:a R 4n e
X (P) =%.(0), X, (P) = %, (a), X, (P) = X5(q),...X, 4 (P) = X,4(q)
4 (.15%)%® p=q o F1 BLC(P) = C(a) (X, Xy, Xg,e X g) F AR FE > FE1F

C(p)frC(q) = & I 18 -

¥ 247 1 E C(P)FrC(q) (X, X, X X, X)) AR I > ,7&,{

xi, (0) = x4, (@), %3, (p) = x3,(q), -+, x3,,_, (D) = x3,,_,(@), £ % (P) = 2 (q)
B e{1,23,n—1} 2 §j# ko dpiki; # i

v xn(p) = xn(q)

= x1(p) + x2(p) + x3(p) -+ + x4 (p)

= x1(@) + x2(q) + x3(q) -+ + xp-1(q) + nk

= x4, ,(p) = x;,_,(q@) + nk

e (@) —x,_ (@] <n=K=0

wx (@) =x, (@)

4 (2.15%)% p=q , &B-C(p)f=C(q) (X, X, , X, X, %) 48 I

l&é}?’lfg&qo
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%34+ % C(p)f-C(q) (X Xy s Xy oo X, Xnun) AR B0
X;, (P) =X, (), %;, (P) =X, (@),---%; , (P) =X, (), 2 X,.:(P) = X,..(4)
Hei,e{123.n-1}> 2% j2k o 4aiki, =i,

¥ Xn+1 () = Xn41(q)
= x1(p) + 2x2(p) + 3x3(p) -+ (n — Dixp_1(p)
= x1(q) + 2x,(q) + 3x3(q) - (n — Dxp_4(q) + nK
iy XX, (p) =ipg X, (@) + 1K
= ip_1 X [xl-n_l(p) - xin_l(q)] =nK

K

fﬂ

Fo

i1 <n K=o
S K=
|%i,_, @) = x;,_, (@] <7

wx (@ —x, (@ =0

(7 .1%)¥F 5 p=q -

Ft 2L C(p) 1= C(Q) (X Xy X Xs X)) FARR 0 % G BE o

#4850 F C(P)FrC(a) (X, X, Xi oo Xy Xy X)) 4B B
X, (p) =%, (@), X, (p) =X, (A),..x; . (P)=X__ (), X, (P) =X,(q), X,1.(P) = X,,.,(q)

AP n-3mdptEie{123.n-1} % j=kpF > dai =i -

| { xi, @) +x;_ () =x, ,(q@) +x;,_,(g@)modn
ln—2 "Xip_, () +ip_1- xin_l(p) =lp-2 "Xip_, (@) +ipq- xin_l(Q)mOdn
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(in-2 = in-1) X [x4,_, (0) = x;,_, (q)] = Omodn
(-1 = ln-2) X [x4,_,(0) = x;,_,(q)] = Omodn

{(in—Z —lp-1) X [x;,_, (@) —x;,_ (@] =nK

. ) K -HE & &
(inot — ing) X X (0) —x;,_.(q)] = nH LB EE

Fl&n {’P‘rﬁi’—‘Tl/ (in—l_in—z) ‘f‘? Xin_l(p)_xin_l (q) SRS ZRICE

in—l - in_z #0 K =0
Ko
) | X% (p)—x_ (q) |<5

e

T (% (M)=x_(a)
Cx L (p)=x_,(q)

L fs AP d (7 AN)EF R p=q

Flot BEC(P) FoC(Q) (X, X X v Xi o X X)) F AR > % G e 18

iy 1 Ny 1 Nig e

Flgb v b oA E ey gt MR A AR 2T e b FRE P AT £ 4o
A & Bt pSE gk (n+1)(n-1)+1=n > “rEon" Bt ¥ R E L E

Nxn®=n"" el FPL A PR o EnT BERE L0 A n+ 1 aRAE i) 4

B2 AR ERY

R -

()~ EnE A 27 X600 KB f#i‘én;bn+l.?iﬁ7?uif;:#dﬁ‘qa

Ao PR AR G R AN AP R éjl%[m]éﬁ
SR R BARATAHZ 2 S M o F n ALK T20 260 FdpF o A ¥ 2 order neil %

#7 2 ERR ke fporder n, AEN-1ehE T A7 2 2 8 o

HELS={s|sHO0<s<n" — 1) f sHE S -1 an itk
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x (s) = int(s +n""?)
X, (s) = mod(int(s +n""®), n)

X,(s) = mod(int(s +n"*),n)

X, ;(S) =mod(s,n)

Bl % (S)xN"% 4+ X, () xn" 2 + X, (S)xN"* +..+ X, _,(S) =S (= .15%)

BYLH2B e RS2 BT Az S 4
x4 A@;).a;=i+]j mod n  B(b;),b;=i-j mod n 1<i,j<n R e -
2 p %_,F,“A(ai,j)a B(biyj) {ﬁ B order net F 3 oo
£ %0 (8) = A (8), AC (8), A3 (8)s A, 5 (8), %, 4(5))..)))

Xn:1(8) = BOX(8), ACX, (8), A(X3 (8),:++s A(Xy 5 (8), X1 4(8) ) - - -

AL HEC(S) = (4(9).%(8), % () X0 (8) * # PGS, PRl

C(p)=C(q) -

AP g gp FLC(P)frC(Q) hE L n-18 4R ¢ Ank » 5 8 547 b by

B o

AL X AR CIY B phT G - - k4

% (P) =%.(a), %, (P) = %,(0), X;(P) = X3(),-.-X,_1(P) = X, 4 (@)

d (21397 p=q ° Fl BC(P) = C(q) (X, Xy, X, X y) F AR

#EFC(p)f=C(q) = 5 F 18k -
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:);2?‘ "’C(p)—frc(q) ( iy ! '2 X'3 X'k—l’Xik+1’Xik2. ing? n);fgﬂ,:- y 4 )Jw}q_\

X (P) = %, (a), X, (P) = X, ()X, 5 (P) = X, 4 (A), X (P) = X121 (@)s- X, (P) = X, (9
AR e X (P)=x.(a) ,
Xk+l( p) = Xk+l(q) """ Xn—l( p) = Xn—l(q)

é'i T? lJi'— yk = A(Xk+1( p)i A(Xk+2( p)l"! A(Xn—z( p)l Xn—l( p)))

= A%1 (@), A% 2 (@) AlX (@) X4 () ) - -
Bk A (P), Vi) = A% (Q), Vi)
= F1%,(p) = %), % (D) = X, (@)X 1(P) = X 4(0)
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