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MO RONG LUQC DO NGUONG CUA SHAMIR
CHO VIEC CHIA SE DONG THOI NHIEU Bi MAT

VU HUY HOANG!, HO THUAN?
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2Vién Cong nghé théong tin, Vién Khoa hoc va Cong nghé Viét Nam

Abstract. Secret sharing schemes are important techniques in the key management in cryptography
and distributed computation. In 1979, Shamir [6] proposed a threshold secret sharing scheme, in
which one secret is divided into w pieces (shares) and delivered to w users such that only groups of
t or more users (f < w) could cooperately reconstruct the secret.

In this paper, the main idea of the proposed secret sharing scheme is the use of the secrets to be
shared as the coefficients of the polynomial a(x). Numerical examples are given not only to illustrate
the approach, but also show deeper comprehension of the method presented in [9].

Tém tat. Céc lwge db chia sé bi mat 14 nhitng k¥ thuit quan trong dé quan Ii khéa trong mat ma
va trong tinh toan phan tan. Nam 1979, Shamir [6] dé xuit mot lirge do chia sé bi mat ngudng, theo
d6 mét bi mat duge chia lam w manh va trao cho w ngudi dung, sao cho chi nhirng nhém ¢ ngudi
dung hay nhiéu hon (t < w) c¢6 thé hop tac véi nhau dé khéi phuc lai bi mat.

Y twdng chinh cia lrge dd chia sé bf mat duoe dé xudt trong bai bdo nay 1a viée st dung ngay
cdc bi mat cin dwge chia sé lam cdc hé s6 cia da thite a(x). Nhitng vi du dugce dwa ra & day ngoai
viéc minh hoa cho chinh cich ti€p cin mdi cia bai bdo nay, con ¢ y nghia gitp hiéu sau sic hon vé
phwong phdp duwge trinh bay trong [9].

1. PAT VAN PE

Chia sé bi mat la mdt cong cu quan trong va dwoc nghién ctru rong rai trong mat ma va
tinh todn phan tan. Mot lroc do phan chia bi mat la mot giao thitc trong dé nguoi dieu
hanh D (diéu phoi) phan chia mot bi mat thanh nhimg manh nhd dwoc goi 14 cdc phéan chia
va phan phdi mot cdch bi mat cho mot tap ngudi tham gia hé thong (thanh vién) sao cho
chi mot s6 tap con xéc dinh (goi 14 cac tap dirge quyén) 1a cé thé khoi phuc dirge bi mat da
phan chia. Vi vay, cling v&i su phat trién cia cac ky thuat mat ma thi lwge do chia sé bf mat
dwoc nghién citu va phét trién manh mé nhwr cdc lirge dd dwoce trinh bay trong: L. Csirmaz
[1], Farras O, Marti-Farré J, Padré C [2], J. Marti-Farré, C. Padré [3], hay phwong phép day
doc lap dwoc duwoc giGgi thiéu bdi C. Blundo, A. De Santis, R. De Simone, U. Vaccaro trong
[4] va dwoc tong quat hod bdi Padré va Sdez trong [5].

Vao nam 1979, Shamir [6] dé xuat lwge do chia sé bi mat (hay con dwgce goi 1a phan chia

bi mat) va dwoc goi la lrge @6 ngudng cia Shamir. Lwgc do ngudng Shamir cho mot cach
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chuyén mot bi mat don thanh w phan chia. Tuy nhién trong trirdng hop phan chia dong thoi
t bi mat ma ta ap dung ¢ lan lirge d6 Shamir 16 rang la khong hiéu qud, bdi vi véi moi mot
khéa K déu phai thiét 1ap lai viéc chia sé, dan dén tdng khong gian lwu triv va khdi lwong
tinh toan.

Bai bdo dé xuat st dung ¢ bi mat k; (0 < j <t —1), dé xay dung mot da thic a(z) c6
bac t6i da la t — 1 va sau d6 tao ra w phan chia bang cach tim gid tri cia da thirc tai w diém
méi. Do d6 lirge do sé hieu qua vé khéng gian lwu trit va khéi lirong tinh todn. Moi thanh
vien p; s& c6 mot diém (z;,y;) trén da thirc. Viéc sit dung thém mot ham bam va hé mat

RSA an toan v4i s6 mi gidi ma lém [8] & day nham lam tang do an toan cia lwgc do.

2. PHUONG PHAP CHIA SE NHIEU Bf MAT
SU DUNG HE PHUONG TRINH PAI SO TUYEN TiNH

Giai doan khdi tao

1. D chon w phan tir khdc nhau, khdc khong trong Z, va ki hiéu 1a z; (1 <4 < w). V6i
1 <4 <wD sé trao gia tri x; cho thanh vién p;. Céc gid tri z; 1a cong khai.
Phan phdi cAc manh

2. Gid sit D mudn phén chia ¢ bi mat k; € Z, (0 < j < t—1), trong d6 p la s6 nguyén t6 16m
vat < w. D sé chon mot cdch ngau nhién ¢ phan tir phan biét khdc 0 cia Z,\{z1, z2, ..., Ty}
Ky hi¢u cdc phan tir d6 1a z; véi (0 < j <t —1), va D tinh kj = kj + h(Z;)( mod p), trong
d6 (0<j <t—1) va h la ham bim,

3. D xay dung da thitc a(z) ¢d bac t6i da la t—1, trong da thirc nay céc hé s6 ag, ay, ..., az_1
theo thit tu tirong ng 14 ko, k1, ..., k1, v6i (0 < j <t —1). Vi vay da thitc a(x) ¢ thé viét

nhu sau

a(z) = ko + kiz + ... + k12" ( mod p).

4. Tinh da thitc a(z) tai w diém phan biét y; = a(z;) trong dé (1 < i < w).

5. Céc phan chia dugce cho bdi (4, v:), vi = a(z;), véi (1 <i < w).
Pha khéi phuc

DéE xay dung lai ¢t bi méat kj € Z,, mot tap duwoc quyén nhirng ngudi tham gia cé thé tinh
gid tri cac khéa k; nhwr sau.

6. St dung bat ky ¢ phan chia nao c¢é dwoc tir buée 5 & trén dé tao ra da thitc a(z).
Khong lam mat tinh tong quét, gia st ching ta cé t phan chia (zi,, iy ), (T, Yin ), s (Tiys Yiy )

ta c6 hé phwong trinh duwéi dang ma tran nhw sau

2 t—1 7
1 Ty Xy :Eil k‘o Yiq
, 2 t—1 T ,
Loy, x, .. T k1 _ | ¥ (1)

1z, = .. T, ki1 Yiy
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Vi ma tran cdc hé s6 clia hé phirong trinh (1) 1a mot ma tran Vandermonde nén luén ton

tai nghich dao [7]. Do dé tinh dwoc ko, ki, ..., k1.
7. Ngudi diéu hanh D sir dung khéa cong khai cia thanh vién p;; dé ma héa Z; theo cong
thitc

€;.
A= J .
Cj =T, mod n;;,

trong d6 e;;, mn;; la khéa cong khai cia hé¢ mat RSA an toan véi s6 mi gidl ma 1én va
0<j<t—1.

Nguoi dieu hanh D sé trao gia tri ¢; cho thanh vién p;; (vé mat cai dat, c6 ! cdch ma héa
tap z; dé chuyén cho cdc thanh vién twong tng trong tap dwoc quyen).

8. Moi thanh vién (0 < j <t —1) trong tap duge quyén sé khoi phuc gid tri Z; bang cdch
tinh

di,
r. — 5 J .
I;=¢ mod n;;,

trong do d;; la khoa bi mat cia pi; va trao gia tri z; tinh dwge cho ¢t — 1 thanh vién khéc
trong cung tap dwoc quyeén.

9. Téap dwoc quyén nhing nguoi tham gia st dung Z; véi (0 < j < ¢t — 1) va cédc
hé s6 ko, k1, ..., ke—1 tinh dwoc tir bude 6 sé khoi phuc diroe ¢ khod bi mat tiwrong tng 1a
ko, k1, ..., kt—1 bang cdch tinh k; = k;j — h(Z;)( mod p), v6i (0 < j <t —1).

Dé danh gid, so sanh vé do phitc tap tinh todn va kha nang tiét kiém bo nhé cia hroc do
de xuat so véi viec ap dung nhiéu lan lroe do Shamir, trong [9] da nghién citu, dwa ra cic
nhan xét va ménh dé chirng minh viéc Mé rong lroc do ngudng ciia Shamir cho viéc chia sé

dong thoi nhiéu bi mat sé hiéu qua vé khong gian liwu trir va khéi lwrong tinh todn.

3. UNG DUNG

DPé& minh hoa cic két qua da trinh bay & trén, ta xét mot s6 vi du.
Vidu 1. Gid str rang p = 809, t = 4, w = 6 céc toa do x cong khai la z; =4, 1 <4 < 6. Bon
khod can chia sé kg = 573, k1 = 401, kg = 798, ks = 231, va str dung ham bam SHA-256, hé
mat RSA an toan véi sé mu gidi ma lén [8].

Ap dung phwong phdp str dung hé phwong trinh tuyén tinh nhw sau.
Giai doan khdi tao

1. Chon 6 phan tir khdc nhau, khdc khong trong Z, va ki hiéu 1a ;. O day d¢ don gian,
chon z; =i+, véi 1 <4 <6. Trao cac gid tri x; cho p;. Cac gia tri x; la cong khai.
Phan phdi cidc phan chia

2. Gan z; = j, v6i (0 < j < 3) ta dwge Tp = 0,71 = 1,%2 = 2,Z3 = 3 va D tinh
h(Zo) = h(0)
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= 43388321209941149759420236104888244958223766953174235657296806338137402595305.
ko = ko + h(zo)( mod p) = 502.
W) = h(1)
=48635463943209834798109814161294753926839975257569795305637098542720658922315.
k1 = k1 + h(z1)( mod p) = 150.
hE2) = h(2)
=96094161643976066833367867971426158458230048495430276217795328666133331159861.
ko = ko + h(Z2)( mod p) = 8.
h(zs) = h(3)
=35203215426786447154857697798367884701614677727176325092965345248689205321678.
ks = k3 + h(z3)( mod p) = 276.
3. Tao da thitc a(x), trong da thitc nay cdc hé s6 ag, ay, ..., a;—1 theo thit tu twong ting
1a ko, k1, ..., ky—1, v6i (0 < j <t —1). Tacd
a(z) = ko + kiz + ... + k127 mod p) = 502 + 150z + 822 4 276x3( mod 809).
4. Tinh a(x) tai 6 diém khéc biét da dwoce chon & buée 1, trong dé y; = a(x;), (1 <i < 6)
y1 = a(b) = 356, yo = a(6) = 631, y3 = a(7) = 341, y4 = a(8) = 333, y5 = a(9) = 645,
ys = a(10) = 506.
5. Céc phan chia dwoc cho bdi (5,356), (6,631), (7,341),(8,333), (9,645), (10, 506),
twong 1rng véi 6 phan chia cho 6 thanh vién.
Pha khéi phuc
6. St dung bét ky 4 phan chia nao c¢6 dwrgc tir bude 5 & trén dé tao ra da thirc a(x).
Chang han, néu st dung 4 phan chia (6, 631), (7, 341), (9, 645), (10, 506), sé thu dwgc 4

phirong trinh tuyén tinh 4 an. Ta c6 thé viét dirdi dang ma tran nhw sau

1 6 62 637 [ao 631
1 7 7 Bl la| |34
1 9 92 93| |ag| ~ |645
1 10 10% 103| |as 506

Do dé tinh duwoc ag = 502, a; = 150, ag = 8, a3 = 276 trong Z,. Gan ko = ag, k1 =
ai, ko = as, k3 = as.

7. Ngudi diéu hanh D st dung khéa cong khai cia thanh vién p;; dé ma héa Z; theo cong
thitc ¢; = :E;Z] , trong d6 e;;, n;; la khéa cong khai ciia hé mat RSA an toan véi s6 ma giai
malénva0<j<t—1,taco

Khoa cong khai cia thanh vién pg :

ng = 21388778669, ey = 13, v4i Tg = 0 ta cé ¢ = 0. Gia tri ¢g nguoi dieu hanh D sé trao
cho thanh vién pg.

Khoa cong khai cia thanh vién p; :

ny = 69465342119, e; = 7, vé6i 1 = 1 ta ¢6 ¢; = 1. Gid tri ¢ ngudi dieu hanh D sé trao
cho thanh vién p;.
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Khoa cong khai cia thanh vién ps :

no = 30639320424421, ex = 5, véi To = 2 ta c6 ¢ = 32. Gid tri é nguwdi dieu hanh D sé
trao cho thanh vién ps.

Khoa cong khai cia thanh vién ps :

n3 = 92411498779, e3 = 7, v4i T3 = 3 ta c¢6 ¢3 = 2187. Gid tri ¢3 nguoi diéu hanh D sé
trao cho thanh vién ps.

8. Mobi thanh vién i (0 <j <t—1) trong tap dwoc quyén sé khoi phuc gid tri zj bang
cach tinh z; = E;lij mod n;;, trong d6 d;; la khéa bi mat cia i -

Khoa bi mat cua thanh vién py :

do = 9871313029, v6i ¢p = 0 ta c6 g = 0 va trao gid tri g cho 3 thanh vién khac trong
cung tap dwoc quyén.

Khoéa bi mat cia thanh vién py :

d1 = 39694131223, véi ¢y = 1, ta ¢ 1 = 1 va trao gia tri 1 cho 3 thanh vién khac trong
cung tap dwoc quyén.

Khoéa bi mat cia thanh vién po :

do = 6127861858729, v4i ¢ = 32, ta c6 To = 2 va trao gid tri s cho 3 thanh vién khac
trong cung tap dwoc quyeén.

Khoéa bi mat cia thanh vién ps :

ds = 52805065783, v&i ¢3 = 2187, ta c6 T3 = 3 va trao gid tri 3 cho 3 thanh vién khac
trong cung tap dwoc quyeén.

9. St dung céc gid tri ko = ag, k1 = a1, ko = ag, k3 = a3 c6 dwoc tir bude 6 va thay
To, T1, T2, T3 vao cong thike k;j = kj — h(Z;)( mod p), (0 < j <t—1) dé khoi phuc céc khod
ko, k1, ko, k3. Ta ¢6 kg = 573, k1 = 401, ko = 798, k3 = 231.

Vi du 2. Gid str ring

p = 76397637586405678471682365953256746848653439824536719824561,

t =4, w =6, cdc toa dd x cong khai 1 z; =4, 1 <7 < 6. Bén khoa can chia sé:

ko = 967468486534398245368236198243795957623493240983457,

k1 = 3098346428995796746848653439826234932415389512567401,

ko = 5498430782579674684865343576043982676879354230798,

ks = 753421098673823619824379524536957623490542315,
va str dung ham bam SHA-256, hé¢ mat RSA an toan v4i s6 mu gidi ma lém [8].

Ap dung phwong phép st dung hé phwong trinh tuyén tinh nhw sau:

Giai doan khdi tao

1. Chon 6 phan tir khdc nhau, khdc khong trong Z, va ki hiéu 1a ;. O day d¢ don gian,

chon z; =i+, véi 1 <4 <6. Trao cac gia tri x; cho p;. Cac gia tri x; 1a cong khai.
Phan phdi cidc phan chia

2. Gan 7; = j, v6i (0 < j < 3) ta dwge g =0, 71 =1, Ty =2, T3 =3 va D tinh
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h(zo) = h(0)
= 43388321209941149759420236104888244958223766953174235657296806338137402595305.
ko = ko + h(Z)( mod p)
= 37560107882319014789092885567209489720101024479144215553113.
W) = h(1)
=48635463943209834798109814161294753926839975257569795305637098542720658922315.
k1= k1 + h(z1)( mod p)
= 33270613290627067387094415033747290966405277653504501656182.
hE) = h(2)
=96094161643976066833367867971426158458230048495430276217795328666133331159861.
kg = ka + h(Z2)( mod p)
=13000441294379920802629524138318318830231258987256500308718.
h(zs) = h(3)
=35203215426786447154857697798367884701614677727176325092965345248689205321678.
ks = k3 + h(z3)( mod p)
= 60429813832002478596511566941278031991957271459810522271712.
3. Tao da thitc a(z), trong da thitc nay cdc hé s6 ag, ay, ..., a;—1 theo thit tu twong tng
1a ko, k1, .y ki1, v6i (0 < j <t —1). Tacé
a(z) = ko + kiz + ... + k127 mod p).
= 37560107882319014789092885567209489720101024479144215553113
+ 33270613290627067387094415033747290966405277653504501656182.2
+13000441294379920802629524138318318830231258987256500308718 .
+60429813832002478596511566941278031991957271459810522271712 .23
( mod 76397637586405678471682365953256746848653439824536719824561).
4. Tinh a(z) tai 6 diém khéc biét da dwoc chon & bude 1, trong d6 y; = a(w;), (1 < i < 6):
y1 = a(b) = 60898989122665956827600506761699495193956638328038933937068.

y2 = a(6) = 6464696383271819949994832478993190912009480843868478872865.
y3 = a(7) = 14370731765367756944958369667743764238690298800361671120022.
ya = a(8)= 65207790328940247033148690209335672882475521833698045186006.
ys = a(9) = 63168929547570090963541000031896627703188139755520415753723.
ye = a(10) = 65242482067649446428475236970067833257958022026545037155201.

5. Céc phan chia dwoc cho bdi:
(5, 60898989122665956827600506761699495193956638328038933937068),
(6, 6464696383271819949994832478993190912009480843868478872865),
(7, 14370731765367756944958369667743764238690298800361671120022),
(8, 65207790328940247033148690209335672882475521833698045186006),
(9, 63168929547570090963541000031896627703188139755520415753723),
(10, 65242482067649446428475236970067833257958022026545037155201),
twong 1rng véi 6 phan chia cho 6 thanh vién.
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Pha khéi phuc

6. St dung bat ky 4 phan chia nao cé dwoge tir bude 5 & trén dé tao ra da thirc a(z).
Chang han, néu st dung 4 phan chia

(6, 6464696383271819949994832478993190912009480843868478872865),

(7, 14370731765367756944958369667743764238690298800361671120022),

(9, 63168929547570090963541000031896627703188139755520415753723),

(10, 65242482067649446428475236970067833257958022026545037155201),

sé thu dwroc 4 phwong trinh tuyén tinh 4 an. Ta c6 thé viét dwdi dang ma tran nhir sau

1 6 62 637 [ao Y2
1 7 72 73 ar|  |Ys
1 9 92 9| |a| |y
1 10 10% 10%| |as Y6

Do d6 tinh dwoc:

ag = 37560107882319014789092885567209489720101024479144215553113,

a1 = 33270613290627067387094415033747290966405277653504501656182,

as = 13000441294379920802629524138318318830231258987256500308718,

as = 60429813832002478596511566941278031991957271459810522271712,
trong Z,. Gan ko = ag, k1 = a1, ko = as, k3 = as.

7. Ngudi diéu hanh D sir dung khéa cong khai cia thanh vién p;; dé ma héa Z; theo cong
thite ¢; = :E;Z] mod n;;, trong d6 e;;, n;; la khéa cong khai cla hé mat RSA an toan véi so
mi gidi ma lém va 0 < 5 <t — 1, ta co:

Khéa cong khai ctia thanh vién pg :

ng =

3498629316222743350817988491077149800756241597601168678789068560400000345 23005

0561168760869977419363418236106561415799783692620206621622186725617312870144540

3469327630345410111128491092030834410761706258590995835801560776699573071254169

5842042376518086210560989159219958534825506521200268604924687908271783217872921

4011538731429422718869054830821491710929722017211562825856641807031255008372788

65713028392511,

eg = 43556142965880123323311949751266331066371,
véi Tg = 0 ta cb ¢y = 0. Gia tri ¢y ngwoi diéu hanh D sé trao cho thanh vién pg.

Khoa cong khai cia thanh vién p; :

nl =

16741052714908875472710492356658305321461117149867075679832815473479254155906277

36936092804434677263426518338194570485695836377211407086402207264713236176841341

86060800875925792056191182046449356174317225732587969985552452125946088740873204

75071523131147437107746432526311105614854444616601891168042114908939018916139429

2824102395650839855049880377588775956667617,
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véi

véi

véi

cach tinh z; = ¢
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e; = 79228162514264337593543950337,

Z1=1tacé e = 1. Gid tri ¢; ngwdi dieu hanh D sé trao cho thanh vién p;.

Khoa cong khai cia thanh vién ps :

ne =
60586834049305648094481492320776615696280867214532783417811007380129957319549413
35391459720972638751233080269825043908253842754882647840479403554074116972882114
70789482969787752017455937768103962241942251000766239092675526114537817213581800
23580125435684114849240283505131906518339047208634013282287393558355288396157646
4516107907,

eo = 1180591620717411303427,

To = 2 ta co

Cy =
389562692045860855174461162819000441450232370149664549247334010630671256352673847
125859297060640434449501390056806379421240960356832342775778270655484773018908356
992320174742677192056554017862377954650372249486235555955527030094220693567618416
152832482417001489213240280758509427090612291145048453265123588781633633486786200
422228.

Gi4 tri ¢ nguoi diéu hanh D sé trao cho thanh vién ps.

Khoa cong khai cia thanh vién ps :

ng =
690521750900152492791455692246237796556979441950841671201369251631974253255171502
868469689601387297110754491745684686826739779131085873712937863816923566053469472
343302526506835150424961940846703659685993863558252245322380955420387252923784279
847596240607988619126588794547291397386193070485500597997955307,

es = 1099511627777,

T3 =3 tacd

C3 =
446284346279724811998304778241750908835925780563255127357335072065751980517003500
968629828085046403756611811444790620307670993419228795995178171958042740126986324
511470237323221930891977152165914653171837178156810145674908863384280186434167612
577890964179973205789622891194522644319468371358813216413400791.

Gi4 tri e3 nguoi diéu hanh D sé trao cho thanh vién ps.

8. Moi thanh vién pi; (0<j <t—1) trong tap dwgc quyén sé khoi phuc gid tri z; bang
d;.
i
Khoda bi mat cia thanh vién py :

d(] —
344833362991899974678582683076712194792791636475628486351442074827610972616390269
519234436579546537458481932503412954095366041244733436258144278700448825174512894
629315764933099984875703597280800654670632918902564608391909159588335991945180846

mod n;;, trong d6 d;; la khéa bi mat cua p;; .
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618313426190663917701649085519992489219205098002455262379602440389930145283361626
403115124055682812369184128091575615011997883134960539695008729187176342261733831
731,

véi ég = 0 ta cé Tg = 0 va trao gid tri Zg cho 3 thanh vién khéc trong cliing tap dwoc quyén.
Khoéa bi mat cia thanh vién py :
dl —
113228074442598180399082868023946275100863247065714145510633086802749059342279345
323791919081307706476224370724372680817429941767482604911851892136848822463884822
287418231051983690671641316069839330375342956570649788916359077528609250317442991
429516747500457385654739926551522091273370106075550049286732372788354031840115650
244263610899893349356963359467031098073,

vGicy =1 ta cé T1 = 1 va trao gid tri Z1 cho 3 thanh vién khéc trong cung tap dwoc quyén.
Khoéa bi mat cia thanh vién py :
do =
4625719491816831720705969561157024490170682330310812893125496253379705370541169724
3903601951711844192859925758729825026748906330234127132521196691682904481455661099
7199535092097061322016298051124854221492073736694171565137619307426312204257234313

411959150922235387084797502954716320487104964342692035808499541167037857668392458603,

vGi ég =
3895626920458608551744611628190004414502323701496645492473340106306712563526738471
2585929706064043444950139005680637942124096035683234277577827065548477301890835699
2320174742677192056554017862377954650372249486235555955527030094220693567618416152

832482417001489213240280758509427090612291145048453265123588781633633486786200422228,

ta c6 Xy = 2 va trao gid tri Xo cho 3 thanh vién khac trong ciing tap dwoc quyen.
Khéa bi mat cia thanh vién ps3 :
d3 —
6006323860925745338006067281798184945681516685601617512468024850693419637321076666
7314023535536586463767737950943588110730786150005125830325683849076578826104917086
2802794625026482699220545874501295048970644689431268820306952715024229871612896789
211666332177739542027693739491478351849727989379758218895353,
vGi e3 =
4462843462797248119983047782417509088359257805632551273573350720657519805170035009
6862982808504640375661181144479062030767099341922879599517817195804274012698632451
1470237323221930891977152165914653171837178156810145674908863384280186434167612577
890964179973205789622891194522644319468371358813216413400791,
ta c6 X3 = 3 va trao gid tri X3 cho 3 thanh vién khac trong ciing tap dwoc quyen.
9. Str dung céc gia tri ko = ag, k1 = a1, ks = ag, k3 = az ¢6 dwoc tir bude 6 va thay
To, T1, T, T3 vao cong thic k; = (kj — h(Z;)) mod p, (0 < j <t — 1) dé khoi phuc céc
khod kg, k1, ko, k3. Ta co:
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ko = 967468486534398245368236198243795957623493240983457,
k1 = 3098346428995796746848653439826234932415389512567401,
ko = 5498430782579674684865343576043982676879354230798,
k3= 753421098673823619824379524536957623490542315.

4. KET LUAN

Phirong phap chia sé¢ nhiéu bi mat dwoc dé xudt nay 14 mot cai tién tir lroc do ngudng
ctia Shamir. Phwong phap nay c¢é thé diroc 4p dung dé chia sé nhiéu bi mat cting mot lic,
tiét kiem dwroge khong gian Iwru trir va khdi lwong tinh todn, phit hop véi viée phan phdi nhiéu

khéa khi str dung mat mé dé bao vé thung tin.
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