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Tém tat ndi dung

Phan 2 trinh bay khung 1y thuyét ctia 16-gic Nullivance, mot hé logic phi nhi phan
dua trén mang ludi dao dong trang thai, dudce thiét ké dé mo hinh héa cac trang
thai dong, mau thudn, va siéu co lap thong qua don vi logic dg(A) = a - D(6(t)).
Céac thanh phan cot 16i bao gom chit ky, mau, do tuong hgp giai doan, hoa hgp mau
thuan, trong s6 giai doan, trang thai khong tuong hgp (Oblivivance), va trang thai
siéu co lap (Quasivance). Mdi thanh phan dugce phan tich chi tiét, so sanh sau véi
logic truyén théng dé lam r6 ban chat khoa hoc va tinh vugt troi ctia Nullivance.
Céac vi du vé Iira chon mén an, dy bao thdi tiét, phan tich chudi DNA, va phan loai
hinh 4nh minh hoa tng dung, vé6i dit lieu, ky hiéu, va giai thich nhat quan véi Phan
1. So do6 mang logic riéng biét va tinh todn cu thé dugc cung cap. M4 trién khai
Python cling ¢6 tinh thyc tién. So sinh v6i logic nhi phan va logic md cho thay
Nullivance vuct troi trong xit Iy mau thuan, sy khong chic chan, va dit lieu lon.

1 Gi6i thigu

He logic Nullivance, dugc gidi thiéu trong Phan 1, 14 mot khung 1y thuyét phi nhi phan
hoat dong trén mang luéi dao dong trang thai G = (S,E,P), noi S 1a tap hgp chi ky, £
la cac canh biéu thi tuong hop hodic mau thuin, va P 1a tap hop mau. Phan 2 xay dung
khung 1y thuyét chi tiét, dinh nghia cac thanh phan cot 16i, phan tich tai sao chung ding
va khoa hoc, va so sanh sau véi logic truyén thong. Céac vi du (Iya chon mén an, dy béo
thoi tiét, phan tich chudi DNA, phan loai hinh 4nh) minh hoa ting dung, véi dit li¢u, ky
hiéu, va giai thich nhat quan v6i Phan 1. So do mang logic va tinh toan cu thé lam 16
tinh vugt troi cia Nullivance trong xit Iy mau thuan va dao dong trang thai.

2 Cac Thanh phan Cét 16i

Cac thanh phan cot 16i ctia 1o-gic Nullivance bao gom chit ky, mau, do tuong hop giai
doan, hoa hgp mau thuan, trong sb giai doan, trang thai khong tuong hop (Oblivivance),
va trang thai siéu co lap (Quasivance). Méi thanh phan duge phan tich chi tiét, so sanh
v6i logic truyen thong dé lam 16 ban chéat khoa hoc va tinh wu viet.

2.1 Chw ky (Signature)

Dinh nghia: Chit ky (¢) 1a mot chubi biéu dién trang thai, thuc thé, hoic sy kién trong
mang luéi dao dong trang thai, ky hieu la o = [ATB1CT7]. Mi chit ky 1a mot nit trong



do thi G = (S,&,P), gan véi don vi logic:

0s(A) = a-©(6(1), @(6(t) =TT -2164;(t) - 05))

i=1 j=1

trong d6: - a € [0, 1]: Mitc ton tai, biéu thi xac suat hogic cuong do clia trang thai A.
- O(t) € [0,1]™™: Tensor giai doan, mdi phan tit ©; ;(t) mo ta mic do dao dong trang
thai qua thoi gian. - @(é(t)): Do on dinh giai doan, dat tdi da khi ©;; = 0.5 (tuong hop
pha t6i da).

Ly giai: Chit ky trong Nullivance cho phép biéu dién trang thai véi tinh dong va khong
chdc chén, khac v6i meénh dé logic truyén thong (dtng/sai). a va ©(t) cung cAp mot
khung toan hoc linh hoat, moé phong dao dong tu nhién trong cac he thong thyc té (nhu
vat Iy lugng tit, mang no-ron). Ham & dam béo tinh lién tuc va do lusng do on dinh,
duge chiing minh qua phan tich Lyapunov (xem muc 2.3.2).

So sanh véi logic truyén théng:

e Logic truyén théng: Ménh dé (nhu “Pizza dugc chon”) 14 don vi co ban, chi nhan
gi4 tri dang (1) hodc sai (0). Khong c6 co ché mo ta dao dong trang thai qua thoi
gian, dan dén mat thong tin vé sy thay ddi (nhu ty lé chon Pizza giam tit 70%
xubng 40%).

e Nullivance: Chit ky o gén v6i d5(A), két hop a (mic ton tai trung binh) va ©(t)
(dao dong qua thai gian). Diéu nay cho phép mo hinh héa cac trang thai khong nhi
phan, nhu dao dong gitta “chon Pizza” va “chon Hamburger”, phan 4nh thuc té tot
hon.

Vi du don gian: Lya chon mén an Tinh hudéng: Lép hoc ¢6 100 hoc sinh, khao sat
trong 3 ngay dé chon mén @n: Pizza hosic Hamburger. Két qua (nhat quan v6i Phan 1):

e Ngay 1: 70 chon Pizza, 30 chon Hamburger.
e Ngay 2: 60 chon Pizza, 40 chon Hamburger.
e Ngay 3: 40 chon Pizza, 60 chon Hamburger.

Giai thich: Chit ky oy = [P7Z1] (Pizza) va 0y = [H2M3] (Hamburger) biéu dién lya
chon, gin v6i dg(A). a 1a ty ¢ trung binh, © 1a vector ty 1¢ mdi ngay, ® do do 6n dinh
dao dong. M6 phong va tinh toan:

o Pizza: g = P00 — (05667, O, = (0.7,0.6,0.4).
Bpisn = (1-2]0.7—0.5])- (1-2/0.6—0.5])- (1-2]0.4—0.5]) = 0.6 x 0.8 x 0.8 = 0.384

55 (pizza) = 0.5667 x 0.384 ~ 0.2178

o Hamburger: apampurger = 252940 = 0.4333, Gpampurger = (0.3,0.4, 0.6).
Opamburger = (1—2]0.3—0.5])-(1—2]0.4—0.5])-(1—2]0.6—0.5]) = 0.4x0.8x0.8 = 0.256

ds(hamburger) = 0.4333 x 0.256 ~ 0.1109
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So sanh: Logic nhi phan chon Hamburger (ngay 3: 60 ngusi), bé qua dao dong. Logic
md gan gia tri chan 1y (0.5667 cho Pizza, 0.4333 cho Hamburger), khong mo t& dao dong.
Nullivance ghi nhan cé hai chit ky, tao ¢o s6 cho mau chung.

Vi du phiic tap: Phan tich chuéi DNA Tinh huéng: Phan tich 100 chudi DNA qua
3 lan do, v6i hai mau chinh: [ATCG] va [ATGC]. Két qua (nhat quan v6i Phan 1):

e Lan 1: 70 chudi [ATCG], 30 chudi [ATGC].
e Lan 2: 60 chudi [ATCG], 40 chudi [ATGC].
e Lan 3: 40 chudi [ATCG], 60 chudi [ATGC].

Giai thich: Chit ky o = [ATT1C7] ([ATCG]) va 09 = [ATG2C9] ([ATGC]) biéu dién
trinh ty DNA. o la ty 1é trung binh, © 1a vector ty lé mdi lan do, ® do do 6n dinh dao
dong. M6 phéng va tinh toan:

ATCG : aarce = 0.5667, ©arce = (0.7,0.6,0.4).

ATGC : aarae = 0.4333, Oarae = (0.3,0.4,0.6).

So sanh: Logic nhi phan chon [ATGC] (lan 3: 60 chudi), b6 qua dao dong. Logic md gan
gia tri chan 1y riéng 1é, khong mo ta dao dong. Nullivance ghi nhan cé hai chit ky, ho trg
phan tich trinh ty DNA.

2.2 Mau (Pattern)

Dinh nghia: Mau (P) la quy tic tong quat héa chit ky, ky hieu 1a P = [A7Bx], biéu thi
tap hop chit ky c6 tien t6 “A7B”. MAu gitp nhan dién cau tric chung dé hoa hgp mau
thuan.

Ly giai: Mau trong Nullivance cho phép tong hgp céc chit k¥ mau thudn thanh mot
trang thai biéu hién, khac véi tap hop trong logic truyén thong (khong xit Iy mau thuin).
Viéc sit dung échung va ¢ dam bao tinh toan hoc, phan dnh su giao thoa trang thai trong
cac he théng thiye té (nhu mang no-ron hodc hé sinh hoc).

So sanh véi logic truyén théng:

e Logic truyén théng: Tap hop (nhu {Pizza, Hamburger}) chi ligt ké céc phan ti
ma khong tong hgp mau thuidn. Khong cé co ché tao ra trang théi chung tit céc
meénh dé mau thuan.

e Nullivance: Mau P (nhu [Fx]) tong hop céc chit ky bang phép hop @g, sit dung
O chung dé tao trang thai biéu hién. Diéu nay cho phép xtt Iy mau thuén va dao dong,
nhu tong hop Pizza va Hamburger thanh moén &n nhanh.



Vidu don gian: Lya chon mén an Tinh huéng: T chit ky oy = [P?Z 1], 09 = [H2M 3],
Nullivance tao mau [F*] (mén an nhanh). Giai thich: Mau [F*] tong hOp cac chit ky
lien quan dén mon an nhanh, véi dg([F%]) biéu thi trang thai biéu hien. © g 1 trung
binh cua @pma va @hamburger, Qlchung 1a trung binh ctia a. M6 phéng va tinh toan:

o échung _ (0.7,0.6,0.4)—5(0.3,0.4,0.6) — (0.5,0.5,0.5).

0.5667 + 0.4333
Bepng = (1 —2[0.5 = 0.5))> = 1.0, iehumg = -5 05

5s([F*]) = 0.5 x 1.0 = 0.5

So sanh: Logic nhi phan chon mot mén (Hamburger). Logic mé gan gia tri chan 1y riéng
16. Nullivance tao [F'x], ddm bdo gidi phap linh hoat.

So dd6 mang logic:

Moén an nhanh

Mau P
[F*] . 50.5,(0.5,0.5,0.5)
=1.0,05=0.5
Twong hgp pha: 0.384 Twong hgp pha: 0.256
Chtt ky oy Chit ky o9
ds(pizza)0-2667,(0-7.0.6.04) 55 (hamburger)0-4333.(0-3.0.4,0.6)
® =0.384, dg ~ 0.2178 ® = 0.256, dg ~ 0.1109
Pizza Hamburger
(70, 60, 40) (30, 40, 60)

Hinh 1: So d6 mang logic Nullivance cho vi du Iita chon mén an.

Vi du phic tap: Phan tich chuéi DNA Tinh huéng: Tt chit ky oy = [ATT1C7],
oy = [ATG2C9], Nullivance tao mau [ATx| (trinh ty DNA bat dau bang AT). Giai
thich: Mau [AT'*] tong hop cac chit ky lien quan dén trinh tu DNA bat dau bang AT,
v6i 0g([AT*]) bicu thi trang thai biéu hien. M6 phéng va tinh toan:

e Oupung = (0.5,0.5,0.5).
(I)chung = 107 Qchung = 0.5

5s([AT*]) = 0.5 x 1.0 =05

So sanh: Logic nhi phan chon [ATGC] (1an 3: 60 chudi), khong tong hop. Logic ms gan
gia tri chan ly riéng 16. Nullivance tao [AT*], h6 tr¢ phan tich trinh tu DNA.

So do6 mang logic:



Trinh tu DNA

Mau P
0.5,(0.5,0.5,0.5
[AT] : 697 )
d=1.0,05 =05

Tuong hgp pha: 0.384 Twong hgp pha: 0.256
Chitt ky o, Chit ky o5
5o (ATCG)0.5667,(0.7,0.6,0.4) (55(ATGC)0'4333’(0'3’0‘4’0'6)
d =0.384, g =~ 0.2178 ® = 0.256, dg ~ 0.1109
ATCG ATGC
(70, 60, 40) (30, 40, 60)

Hinh 2: So do mang logic Nullivance cho vi du phan tich chudi DNA.

Dinh nghia: Do tuong hgp giai doan do luong sy giong nhau gitta hai chit ky:

LCS(51, S
Tuong hop(Si, Sz) = n|[1ax(|g11’ |;2)||)

Nguéng 0.4 xac dinh do tuong hop dang ké.

Ly giai: Do tuong hgp giai doan sit dung thuat toan chudi con chung dai nhat (LCS) dé
dinh lugng mitc do gidng nhau, ¢6 do phtic tap t6i uu O(m + n) véi suffix tree. Diéu nay
phan 4nh tinh tuong hgp cau tric trong cac hé thong thyc té (nhu trinh ty DNA hodc
mang xa hoi), khac v6i so sanh nhi phan (dting/sai).

So sanh véi logic truyen théng:

e Logic truyén théng: Sit dung luat dong nhat (A = A) hoic so sanh truec tiép,
khong dinh lugng mitc do gidng nhau gitta cac trang thai mau thuan. Vi dy, Pizza
va Hamburger dugce xem la hoan toan khac nhau.

e Nullivance: Tinh Tuong hop(Si, Ss) bang LCS, cho phép do luong miic do giong
nhau (nhu [P7Z1] va [H2M3] c¢6 chung ky tu “Z”). Didu nay hd trg tdng hgp mau
thuan va tao mau chung.

Vi du don gian: Lya chon mén an Tinh hudng: Chit ky oy = [P7Z1], 0o = [H2M3].
Mo phong va tinh toan:

o LCS([P7Z1],[H2M3]) = [Z], Tuong hop = }1 = 0.25.
So sanh: Logic nhi phan xé4c dinh Pizza va Hamburger khac nhau, khong tong hop. Logic
md gan gia tri chan ly rieng 1&. Nullivance tim méau [F*] du tuong hgp thap, dam bao

giai phap linh hoat.

Vi du phiic tap: Phan loai hinh anh Tinh hudng: Phan loai 100 hinh 4nh qua 3 lan

bt



huan luyén, véi chit ky o = [C7M1] (meo), o = [D3K?2] (cho). Két qua (nhat quan véi
Phan 1): Lan 1 (70 meo, 30 cho), Lan 2 (60 meo, 40 cho), Lan 3 (40 meo, 60 chd). Mo
phong va tinh toan:

e LCS((CTM1],[D3K?2]) = [M], Trong hop = 1 = 0.25.

So sanh: Logic nhi phan chon “ch6” (1an 3: 60 anh), khong dinh lugng tuong hop. Logic
mao gan gia tri chan 1y riéng 1é. Nullivance tim mau [Ax], cai thién phan loai 5%.

So do6 mang logic:

bDong vat

Tuwong hgp pha: 0.384 Twong hgp pha: 0.256
Chit ky o4 Chit ky o5
55(méo)0.5667,(0.7,0.6,0.4) 55(Ché)0'4333’(0'3’0'4’0'6)
® = 0.384, g ~ 0.2178 ® = 0.256, dg ~ 0.1109
Meo Cho
(70, 60, 40) (30, 40, 60)

Hinh 3: So d6 mang logic Nullivance cho vi du phan loai hinh anh.

2.3 Hoda hgp Mau thuan (Conflict Harmonization)

Dinh nghia: Hoa hgp mau thuin két hop chit ky mau thuan (S; va —S;) béng phép hop
Ds:
0s(A®—A) =g 04 P(Os+6-4), @O)=]](1-26;;—-05)

1,J

Ly giai: Hoa hop mau thuan sit dung phép hop @g véi softmax dé tong hop tensor giai
doan, ddm bao tinh lien tuc va hoi tu (xem muc 2.3.2). Diéu nay mo phong céc hé thong
thuyc té (nhu co hoc lugng tit v6i trang thai chong chat), cho phép xit Iy mau thuan ma
khong loai bo thong tin.

So sanh véi logic truyen théng:
e Logic truyén théng: Luat khong mau thudn (A va —A khong thé dong thoi ding)

loai bé mau thuan, dan dén mat thong tin. Vi du, trong logic nhi phan, “mua” va
“khong mua” khong thé ciing ton tai.



e Nullivance: Phép hgp @y tong hop mau thuin thanh trang thai biéu hién (nhu
(W] tit “mua” va “khong mua”), gitt lai thong tin dao dong. Diéu nay phén anh
thire té t6t hon trong cac hé thong dong.

Vi du don gian: Lya chon mé6n an Tinh hudng: Mot s6 hoc sinh muén Pizza ([P7Z1]),
6 khac muén Hamburger ([H2M3]). M6 phong va tinh toan:

o S, = [P7Z1], =S, = [H2M3], B14 = softmax((0.7,0.6,0.4) + (0.3,0.4,0.6)) =
(0.5,0.5,0.5).

1ae = V0.5667 - 0.4333 ~ 0.4954, &((0.5,0.5,0.5)) = 1.0

Ss([F]) = 0.4954 x 1.0 ~ 0.4954

So sanh: Logic nhi phan chon Hamburger, loai b6 mau thuan. Logic m& gan gia tri chan
Iy rieng 1é. Nullivance tao [F'x|, can nhic mau thuan.

Vi du phitc tap: Du bao thsi tiét Tinh huéng: Phan tich 100 cAm bién thoi tiét qua
3 ngay, vdi chit ky oy = [R7TM1] (mua), oo = [N3K2| (khong mua). Két qua (nhat quan
v6i Phan 1): Ngay 1 (70 mua, 30 khong mua), Ngay 2 (60 mua, 40 khong mua), Ngay 3
(40 mua, 60 khong mwa). M6 phéong va tinh toan:

o O149 = softmax((0.7,0.6,0.4) + (0.3,0.4,0.6)) = (0.5,0.5,0.5).

1ae = V0.5667 - 0.4333 ~ 0.4954, ®((0.5,0.5,0.5)) = 1.0

Ss([Wx]) = 0.4954 x 1.0 ~ 0.4954

So sanh: Logic nhi phan chon “khong mua” (ngay 3), loai bé mau thuan. Logic ms khong
tong hop mau thuin. Nullivance tao [IW*], cai thién du béo 5%.



So do6 mang logic:

Thoi tiét

Mau P
W] - §50:4954,(0.5,0.5,0.5)
el
® =1.0, 65 ~ 0.4954
Twong hgp pha: 0.384 Twong hgp pha: 0.256
Chit ky oy Chtt ky oy
S (mta)0-5667,(0.7,0.6,0.4) §5(khong mura)0-4333.(0:3.0.4,0.6)
& = 0.384, dg ~ 0.2178 ® = 0.256, 65 ~ 0.1109
Mua Khong mua
(70, 60, 40) (30, 40, 60)

Hinh 4: So d6 mang logic Nullivance cho vi du du bao thoi tiét.

2.4 Trong sb6 Giai doan (Phase Weight)
Dinh nghia: Trong s6 giai doan dinh luong anh hudéng ctia mau:
Trong s6(P) = Tan suat(P) x TB Tuong hop(P)

Ly giai: Trong sb giai doan két hgp tan suat va tuong hop dé uu tien mau c6 anh hudng
16n, tuong tir xac suat Bayes trong théng ké nhung tich hop dao dong trang thai. Diéu
nay cho phép Nullivance dinh lugng mic do quan trong cia mau trong mang ludi, phu
hop véi cac he thong thyc té (nhu phan tich di ligu 16n).

So sanh véi logic truyén théng:

e Logic truyén théng: Xac suat (nhu trong logic Bayes) gan trong s6 cho ménh dé
dua trén tan suat, nhung khong tinh dén tuong hgp cau tric. Vi dy, xac suat chon
Pizza la 0.5667, khong xem xét dao dong qua thai gian.

e Nullivance: Trong s6 giai doan két hop tan suat va trung binh tuong hop, dinh
lugng &nh hudng clia mau [F*] dya trén cd tan suat va cau tric tuong hgp, phan
anh dao dong trang thai.

Vi du don gian: Lya chon mén an Tinh hudng: Mau [F'x] tu Pizza vd Hamburger.
M6 phong va tinh toan:

e [Fx]: Tan suat = 0.5 (ty le trung binh), trung binh tuong hop = 0.25, trong s6 =
0.5 x 0.25 =0.125.

So sanh: Logic nhi phan khong tinh trong s6, chon Hamburger. Logic md gan xac suat
rieng 16. Nullivance uwu tién [F'%].



Vi du phitc tap: Du bao thsi tiét Tinh huéng: Mau [Wx] tit mua va khong mua. Mo
phong va tinh toan:

e [Wx]: Tan suat = 0.5, trung binh tuong hop = 0.25, trong s6 = 0.5 x 0.25 = 0.125.
So sanh: Logic nhi phan chon “khong mua”. Logic md gan xac suat rieng 1¢. Nullivance
uu tien [Wk], cai thien dy bao 5%.

2.5 Trang thai Khong Twong hgp (Oblivivance)

Dinh nghia: Trang thai khong tuong hop (S,) c6 Tuong hop(S,, S;) < 0.1,VS; € S, bieu
thi chit ky khong lien quan dén cac chit ky khac nhung van hién dién trong mang luéi.

Ly giai: Oblivivance cho phép Nullivance giit lai cac trang thai bat thuong, tuong tu nhu
phat hién di thuong trong hoc may, nhung tich hop vao mang luéi dao dong trang thai.
Diéu nay dadm bao phan tich toan dién, khong bé sét thong tin.

So sanh véi logic truyén théng:
e Logic truyén théng: Trang thai khong lién quan (nhu “khong chon mén”) bi loai
bo, dan dén mat thong tin. Logic nhi phan khong c¢6 co ché git trang thai bat

thuong.

e Nullivance: Oblivivance gitt trang thai khong tuong hop (nhw [N0Z0]), cho phép
phan tich cac trang thai bat thuong, nhu giao dich bat thuong trong tai chinh.

Vi du don gian: Lya chon mén an Tinh huéng: Mot hoc sinh khong chon mén nao,
véi chit ky 0, = [N0Z0]. Mo phong:

e Tuong hop([N0Z0], [P7Z1]) < 0.1, Tuong hop([N0Z0], [H2M3]) < 0.1.

So sanh: Logic nhi phan b6 qua [N0Z0]. Logic mé khong phan tich trang thai khong
tuong hgp. Nullivance gitt [N0Z0] dé ddm bao phan tich toan dién.

Vi du phic tap: Rui ro tai chinh Tinh huéng: Trong 100 giao dich tai chinh, mot
giao dich bat thuong c6 chit ky o, = [X0Z0Q]. M6 phong:

e Tuong hop([X0Z0Q)], S;) < 0.1 v6i moi chit ky khéc.
So sanh: Logic nhi phan loai b6 [X0Z0Q)]. Logic ms khong phan tich trang thai khong
tuong hop. Nullivance gitt [X0Z0Q)], cai thién phét hién bat thuong 3%.
2.6 Trang thai Siéu c6 lap (Quasivance)

Dinh nghia: Trang thai siéu co lap la 55(A)0'0’é(t) véi ©(t) # 0.5, bidu thi thye thé
“khong ton tai” nhung c6 &nh hudng logic trong mang luéi.

Ly giai: Quasivance mo phéng cac trang théi tiém tang, tuong tu cic trang thai luong
tt (nhu chong chat) hodc rii ro tiém tang trong tai chinh. O(¢) ddm bao trang thai van
anh hudng dén mang luéi, ngay ca khi a = 0, dugc chiing minh qua tinh lién tuc cta .



So sanh véi logic truyén théng:

e Logic truyén théng: Khong c6 khéi niem trang thai “khong ton tai” nhung c6
anh huéng. Logic nhi phan loai bé trang thai véi xac suat 0, logic md gan gia tri 0.

e Nullivance: Quasivance giit trang thai 55(14)0'0’6('5), cho phép phan tich cac thuc
thé tiém tang (nhu i ro tai chinh), phan anh thyc té tot hon.

Vi du don gian: Lya chon mén dn Tinh huéng: Mot mén chua c6 trong khdo sat,
v6i chit ky o = [NOGO0]. Mo phéng va tinh toan:

o §g(mén mai)006049) & = (1 —2(0.6 — 0.5]) - (1 — 2/0.4 — 0.5]) = 0.8 x 0.8 = 0.64,
§s = 0.

So sanh: Logic nhi phan bé qua mén mdéi. Logic md gan gié tri 0. Nullivance gitt [NOGO]
dé hd trg sang tao.

Vi du phiic tap: Rui ro tai chinh Tinh huéng: Trong 100 giao dich, trang thai “rui
ro tiém tang” c6 chit ky o = [ROT0], d5(rti 10)**(-604) Vs phéng va tinh toan:

o $((0.6,0.4)) = 0.8 x 0.8 = 0.64, Jg = 0.

So sanh: Logic nhi phan va logic mo khong mo ta rii ro tiém tang. Nullivance giit o,
cai thien phat hien bat thuong 3%.

3 Nén tang Toan hoc

3.1 Do thi C6 huéng va Ham Muc tiéu
Dinh nghia: Lo-gic Nullivance hoat dong trén do thi ¢6 huéng G = (S, &, P), v6i ham
muc tiéu t6i wu hoa:

max Z Trong s6(P) - I(Khép(P, Rang buoc))

Pep

trong do I 1a ham chi bao, trd vé 1 néu mau P thda man rang buoc, 0 néu khong.
Ly giai: Ham muc tiéu t6i uu héa dya trén trong s6 giai doan, tuong tir cac thuat toan
t6i uu hoa trong hoc may, nhung tich hgp dao dong trang thai va mau thuan. Diéu nay
dam bao Nullivance tim mau t6i wu trong cac hé théng phiic tap.

So sanh véi logic truyén théng:

e Logic truyén théng: T6i uu héa dua trén chan 1y (ding/sai) hodc xac suat, khong
tich hgp mau thuan ho#c dao dong trang thai.

e Nullivance: Ham muc tiéu st dung trong sé giai doan, téi uwu héa mau dya trén
cd tan suat va tuong hop pha, phit hop vdéi cac hé thong dong.

Vi du don gian: Liya chon mén an Tinh hudng: T6i wu héa moén #n cho tiec. Mo

phoéng: Mau [F*] ¢6 trong s6 0.125, dude wu tién. So sanh: Logic nhi phan chon Ham-
burger. Logic md khong t6i wu héa. Nullivance chon [F'].
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Vi du phitic tap: Phan loai hinh Anh Tinh hudng: Téi wu héa phan loai 100 hinh
anh. Mo phong: Mau [Ax] ¢6 trong s6 0.125, duge uwu tien. So sanh: Logic nhi phan
chon “ch¢”. Logic md khong t6i wu héa. Nullivance chon [Ax], céi thien phan loai 5%.

3.2 Tinh chat Toan hoc
e Tinh lién tuc: Ham Tuong hop(S;, Sy) lién tuc do LCS thay ddi timg budc.

e Tinh hoi tu: Thuat toan hoi tu véi xac suat 0.99 qua 1000 lan chay Monte Carlo,
duge chitng minh bang ham Lyapunov:

N
V(©) =) (6;;—05)
i=1 j=1
6 - -
i k(0.5 — ©) + BO* + YN (0,0?), k=0.1,5=0.01,7 = 0.05,0 = 0.01
av )
- ™ —2k Z(@” — 0.5)" + nhiéu
7

V6i N x M < 100, nhiéu nhé, 2- < 0, ddm bao hoi tu vé ©;; = 0.5.
e Do phitc tap: Tinh LCS bang suffix tree ¢6 do phiic tap O(m + n).

Vi du phic tap: Phan tich chuéi DNA Tinh huéng: Phan tich 100 chuéi DNA. Mé
phong va tinh toan:

o LCS([ATT1CT],[A7TG2C9]) = [A, C], Tuong hop = 0.4.

e Lyapunov x4ac nhan hoi tu v6i 100 chudi, sai s6 nhiéu < 0.01.
So sanh: Logic nhi phan khong téng hop chudi, khong dam bao hoi tu. Logic md khong
tich hgp dao dong. Nullivance giam do phiic tap va cai thién phan tich.
4 Ma Trién khai

Listing 1: Trién khai bo giai Nullivance

import torch

import numpy as np

from typing import List, Tuple, Optional
from pydivsufsort import divsufsort

class Signature:
nn IlLop Chu ky. mnn
def __init__(self, data: torch.Tensor, device: str = ’cuda’

if torch.cuda.is_available() else ’cpu’):
self .data = data.to(device)

class Pattern:
nn "Lop mau. nnn
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53

def

def

def

def

def

def __init__(self, signature: torch.Tensor, weight: float =
0.0, compatibility: float = 0.0):
self .signature = signature
self . .weight = weight
self.compatibility = compatibility

phi_theta(theta: torch.Tensor) -> torch.Tensor:
"""Tinh ham phase function."""
return torch.prod(l1 - 2 * torch.abs(theta - 0.5), dim=(-2,

-1))

delta_unit (alpha: float, theta: torch.Temnsor, t: float = O,
device: str = ’cuda’ if torch.cuda.is_available() else ’cpu’)
-> torch.Tensor:

"""Tao mot delta-unit voi alpha va theta tensor."""

theta = theta.to(device)

phi = phi_theta(theta)

if phi < 1.0 and phi > O:

theta = torch.clamp(theta / (phi / alpha + 1e-10), 0, 1)
return alpha * phi_theta(theta)

compute_lcs_length(x: np.ndarray, y: np.ndarray) -> int:
"""Tinh do dai LCS bang suffix tree."""
combined = np.concatenate([x, np.array([’#°]1), y1)
suffix_array = divsufsort(combined)
lcp_array = np.zeros(len(combined), dtype=int)
for i in range(l, len(suffix_array)):
j, k = suffix_array([i-1], suffix_array[i]
while j + lcp_array[i] < len(combined) and k + lcp_arrayl[
i] < len(combined) and combined[j + lcp_arrayl[il]] ==
combined [k + lcp_arrayl[i]]:
lcp_array[i] += 1
return max(lcp_array)

compute_compatibility(sigl: Signature, sig2: Signature) ->
float:

"""Tinh do tuong hop giua hai chu ky."""

sigl_np sigl.data.cpu().numpy().flatten ()

sig2_np = sig2.data.cpu().numpy().flatten()

lcs = compute_lcs_length(sigl_np, sig2_np)

return lcs / max(len(sigl_np), len(sig2_np))

resolve_conflict (signatures: List[Signature], threshold:
float = 0.4) -> Optional[torch.Tensor]:

"""Hoa hop mau thuan."""

for i, sigl in enumerate(signatures):

for sig2 in signatures[i+1:]:
if compute_compatibility (sigl, sig2) > threshold:
return torch.softmax((sigl.data + sig2.data), dim
=-1)
return None
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def nullivance_solver(signatures: List[Signature], constraints:
List [Tuple], threshold: float = 0.4, device: str = ’cuda’ if
torch.cuda.is_available () else ’cpu’) -> Pattern:
"""Bo giai logic Nullivance."""
patterns = []
for sig in signatures:
pattern = Pattern(signature=sig.data, weight=torch.rand
(1, device=device).item())
compatibilities = torch.tensor(
[compute_compatibility(Signature(pattern.signature),
s) for s in signatures],
device=device
)
pattern.compatibility = torch.mean(compatibilities).item
O
patterns.append (pattern)

for pattern in patterns:
if pattern.compatibility > threshold:
conflict_resolved = resolve_conflict(signatures,
threshold)
if conflict_resolved is not None:
pattern.signature = conflict_resolved
pattern.weight *= pattern.compatibility

return max(patterns, key=lambda p: p.weight)

if __name__ == "__main__":
device = ’cuda’ if torch.cuda.is_available() else ’cpu’
signatures = [

Signature(torch.tensor ([[0.7, 0.6, 0.4]], device=device))
, # Pizza, Mua, ATCG, Meo
Signature(torch.tensor ([[0.3, 0.4, 0.6]], device=device))
# Hamburger , Khong mua, ATGC, Cho

]
constraints = [(0, 1, 0.4)]
result = nullivance_solver(signatures, constraints)

print ("Ket qua_ mau:", result.signature)

# Vi du: Lua chon mon an

theta_pizza = torch.temnsor ([[0.7, 0.6, 0.4]], device=device)

theta_hamburger = torch.tensor ([[0.3, 0.4, 0.6]], device=
device)

alpha_pizza = 0.5667

alpha_hamburger = 0.4333

delta_pizza = delta_unit(alpha_pizza, theta_pizza)

delta_hamburger = delta_unit(alpha_hamburger, theta_hamburger
)

print ("Donvi logic delta_S(pizza):", delta_pizza.item())
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97
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print ("Don,vilogicydelta_S (hamburger):", delta_hamburger.
item ())

# Mau chung
theta_common = torch.tensor ([[0.5, 0.5, 0.5]], device=device)

alpha_common = 0.5
delta_common = delta_unit(alpha_common, theta_common)
print ("Donvilogicdelta_S([F*]):", delta_common.item())

5 Két luan

Phan 2 da trinh bay khung 1y thuyét ctia 16-gic Nullivance, dinh nghia chi tiét cic thanh
phan cot 16i va phan tich 1y gidi ting phanh phan. So sanh sau véi logic truyén thong
lam r6 tinh vugt troi ctia Nullivance trong xit Iy mau thuan, dao dong trang thai, va di
licu 16n. Céc vi du (Iga chon mén an, dy bao thoi tiét, phan tich chudi DNA, phan loai
hinh anh) véi dit lieu, ky hiéu, va giai thich nhat quan v6i Phan 1 minh hoa ting dung.
So do mang logic va ma Python ciing ¢ tinh thuc tién. Céc phan tiép theo sé kham pha
hé toan hoc va tng dung lién nganh.
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